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Chapter 1

Introduction

1.1 Introduction to device server

Device servers were first developed at the European Symohradiation Facility (ESRF) for controlling
the 6 Gev synchrotron radiation source. This documentisgrBmmer’s Manual on how to write TANGO
device servers. It will not go into the details of the ESRHF; it® Control System nor any of the specific
device servers in the Control System. The role of this doauiisdo help programmers faced with the task
of writing TANGO device servers.

Device servers have been developed at the ESRF in orderve g main task of Control Systems
viz provide read and write access to all devices in a distedbsystem. The problem of distributed device
access is only part of the problem however. The other patt@froblem is providing a programming
framework for a large number of devices programmed by a latgaber of programmers each having
different levels of experience and style.

Device servers have been written at the ESRF for a largetyasfedifferent devices. Devices vary
from serial line devices to devices interfaced by field-lmsmemory mapped VME cards or PC cards to
entire data acquisition systems. The definition of a deveggedds very much on the user’s requirements.
In the simple case a device server can be used to hide thelserijarotocol required to communicate with
a device. For more complicated devices the device servebearsed to hide the entire complexity of the
device timing, configuration and acquisition cycle behirstaof high level commands.

In this manual the process of how to write TANGO client (apations) and device servers will be
treated. The manual has been organized as follows :

A getting started chapter.

« The TANGO device server model is treated in chapter 3

« Generalities on the Tango Application Programmer Intaaare given in chapter 4
« The TANGO Java client Application Programmer Interfacdascribed in chapter 5
e Chapter 6 describes the TANGO C++ client Application Pemgmer Interface

< Chapter 7 is an a programmer’s guide for the Tango AppbecatoolKit (TangoATK). This is a Java
toolkit to help Tango Java application developers.

« How to write a TANGO device server is explained in chapter 8
« Chapter 9 describes advanced Tango features

Throughout this manual examples of source code will be gireder to illustrate what is meant. Most
examples have been taken from the StepperMotor class - dasiamuof a stepper motor which illustrates
how a typical device server for a stepper motor at the ESREtifums.

20
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1.2 Device server history

The concept of using device servers to access devices wagrtiosed at the ESRF in 1989. It has been
successfully used as the heart of the ESRF Control Systerthdoinstitute accelerator complex. This
Control System has been named TAC®@hen, it has been decided to also used TACO to control dgvice
in the beam-lines. Today, more than 30 instances of TACOuameing at the ESRF. The main technologies
used within TACO are the leading technologies of the 80’ $tin Remote Procedure Call (RPC) is used
to communicate over the network between device server aplitapons, OS-9 is used on the front-end
computers, C is the reference language to write device eavel clients and the device server framework
follows the MIT Widget model. In 1999, a renewal of the cohiystem was started. In June 2002, Soleil
and ESRF offically decide to collaborate to develop this weri@f the old TACO control system. Soleil
is a French synchrotron radiation facility currently undenstruction in the Paris suburbs. Segtp get

all information about Soleil. In December 2003, Elettranpthe club. Elettra is an Italian synchrotron
radiation facility located in Trieste. Se&(] to get all information about Elettra. Then, beginning 0030
ALBA also decided to join. ALBA is a Spanish synchrotron iéhn facility located in Barcelona. See
[4] to get all information about ALBA. The new version of the Alftlettra/ESRF/Soleil control system is
named TANGQ and is based on the 21 century technologies :

« CORBA?® to communicate between device server and clients
e C++ and Java as reference programming languages
e Linux, Solaris and Windows-NT as operating systems

« Modern object oriented design pattern

1TACO stands fofTelescope anécceleratorControlled withObjects
2TANGO stands foiTAco Next GenerationObject
3CORBA stands foCommonObject RequesBroker Architecture



Chapter 2

Getting Started

2.1 A Java TANGO client

The quickest way of getting started is by studying this examp

| %%

* Example of a client using the TANGO Api
*/

import fr.esrf.Tango. *

import fr.esrf.TangoDs. *

import fr.esrf. TangoApi. *

public class TestDevice

{

public static void main (String args[])

{
try
{
/I Connect to the device.
DeviceProxy dev = new DeviceProxy("my/serial/device");
/I Send a write command to the device
DeviceData argin = new DeviceData();
argin.insert("Hello World !");
dev.command_inout("DevWriteMessage", argin);
/I Send a read command to the device
DeviceData argout = dev.command_inout("DevReadMessage" );
String  received = argout.extractString();
System.out.printin(received);

/I Read a device attribute (double data type)

DeviceAttribute da = dev.read_attribute("TheAttr");
System.out.printin("\nRead " + da.extractDouble() + " on "

22

+

dev.getName|
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}
catch (DevFailed e)
{
Except.print_exception(e);
}

}
}

Modify this example to fit your device server or client’s negcompile it.

Do not forgetwhen you start it to set the parameter TANGO_H@h <host_name>:<port_number>
(i.e. java -DTANGO_HOST=tango:20000 TestDevice).

And forget about those painful early Tango days when you béebirn CORBA and manipulate Any’s.
Life is going to easy and fun from now on.

2.2 A C++ TANGO client

The quickest way of getting started is by studying this examp

| *

* example of a client using the TANGO C++ api.
*/

#include <tango.h>

using namespace Tango;

int main(unsigned int argc, char *x argv)
{

try

{
1

/I create a connection to a TANGO device
Il

DeviceProxy  *device = new DeviceProxy(“sys/database/2");

1
/I Ping the device
1

device->ping();

1
/I Execute a command on the device and extract the reply as a st ring
1

string db_info;

DeviceData cmd_reply;

cmd_reply = device->command_inout(“Dblinfo”);
cmd_reply >> db_info;

cout << “Command reply “ << db_info << endl;

1
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/I Read a device attribute (string data type)
1

string spr;
DeviceAttribute att_reply;
att_reply = device->read_attribute(“StoredProcedureRe lease”);
att_reply >> spr;
cout << “Database device stored procedure release: “ << spr < < endl;
}
catch (DevFailed &e)
{
Except::print_exception(e);
exit(-1);
}

Modify this example to fit your device server or client’s nsgcompile it and link with the library -ltango.
Forget about those painful early TANGO days when you hadaml€ ORBA and manipulate Any’s. Life's
going to easy and fun from now on!

2.3 A TANGO device server

The code given in this chapter as example has been genesateROGO. Pogo is a code generator for
Tango device server. Seeq for more information about POGO. The following exampleiefly describe
how to write device class with commands which receives andmeifferent kind of Tango data types
and also how to write device attributes The device classemphts 5 commands and 3 attributes. The
commands are :

¢ The commandevSimpledeals with simple Tango data type

* The commandevString deals with Tango strings

» DevArray receive and return an array of simple Tango data type

» DevStrArray which does not receive any data but which returns an arrayinfjs

» DevStruct which also does not receive data but which returns one ofab&aingo composed types
(DevVarDoubleStringArray)

For all these commands, the default behavior of the statGima¢command always allowed) is acceptable.
The attributes are :

» A spectrum type attribute of the Tango string type cafiichttr

* A readable attribute of the Tango::DevLong type calleshgRdAttr . This attribute is linked with
the following writable attribute

» A writable attribute also of the Tango::DevLong type callmngWrAttr .

2.3.1 The commands and attributes code in C++

For each command called DevXxxx, pogo generates in the ée&léass a method named dev_xxx which
will be executed when the command is requested by a clierthisrchapter, the name of the device class
is DocDs



CHAPTER 2. GETTING STARTED 25

2.3.1.1 The DevSimple command

This method receives a Tango::DevFloat type and also retudata of the Tango::DevFloat type which is
simply the double of the input value. The code for the methateted by this command is the following:

1 Tango::DevFloat DocDs::dev_simple(Tango::DevFloat ar gin)
2 |
3 Tango::DevFloat argout ;
4 DEBUG_STREAM << "DocDs::dev_simple(): entering... " << endl;
5
6 I Add your own code to control device here
7
8 argout = argin * 2;
9 return argout;
10 }

This method is fairly simple. The received data is passeldartethod as its argument. Itis
doubled at line 8 and the method simply returns the result.

2.3.1.2 The DevArray command

This method receives a data of the Tango::DevVarLongAgnag ind also returns a data of the Tango::DevVarLongArray
type. Each element of the array is doubled. The code for thbadeexecuted by the command is the fol-
lowing :

1 Tango::DevVarLongArray * DocDs::dev_array(const Tango::DevVarLongArray *argin)
2 |
3 I POGO has generated a method core with argout allocation.
4 I If you would like to use a static reference without copyin
5 I See "TANGO Device Server Programmer’s Manual"
6 I (chapter x.x)
7 Jlrmmmm e
8 Tango::DevVarLongArray *argout = new Tango::DevVarLongArray();
9
10 DEBUG_STREAM << "DocDs::dev_array(): entering... !" << endl;
11
12 I Add your own code to control device here
13
14 long argin_length = argin->length();
15 argout->length(argin_length);
16 for (int i = 0;i < argin_length;i++)
17 (+argout)[i] = ( *argin)[i] * 2;
18
19 return argout;

20 }
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The argout data array is created at line 8. Its length is sietl5 from the input argument length.
The array is populated at line 16,17 and returned. This noetliocates memory for the argout array. This
memory is freed by the Tango core classes after the data lesredent to the caller (no delete is needed).
It is also possible to return data from a statically allodageray without copying. Look at chaptér2 for
all the details.

2.3.1.3 The DevString command

This method receives a data of the Tango::DevString typeatsalreturns a data of the Tango::DevString
type. The command simply displays the content of the inpuigtind returns a hard-coded string. The
code for the method executed by the command is the following :

1 Tango::DevString DocDs::dev_string(Tango::DevString argin)
2 |
3 I POGO has generated a method core with argout allocation.
4 I If you would like to use a static reference without copyin
5 I See "TANGO Device Server Programmer’'s Manual"
6 I (chapter x.x)
7 [lrmmmm e s
8 Tango::DevString argout;
9 DEBUG_STREAM << "DocDs::dev_string(): entering... !" << endl;
10
11 I Add your own code to control device here
12
13 cout << "the received string is " << argin << endl;
14
15 string str("Am | a good Tango dancer ?");
16 argout = new char[str.size() + 1];
17 strcpy(argout,str.c_str());
18
19 return argout;
20 }

The argout string is created at line 8. Internally, this roetfs using a standard C++ string. Memory
for the returned data is allocated at line 16 and is initediat line 17. This method allocates memory for
the argout string. This memory is freed by the Tango coreselaafter the data have been sent to the caller
(no delete is needed). It is also possible to return data &a@tatically allocated string without copying.
Look at chapteB.2for all the details.

2.3.1.4 The DevStrArray command

This method does not receive input data but returns an afrstyings (Tango::DevVarStringArray type).
The code for the method executed by this command is the foipw

1 Tango::DevVarStringArray * DocDs::dev_str_array()

2 |

3 I POGO has generated a method core with argout allocation.
4 I If you would like to use a static reference without copyin
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20 }

I See "TANGO Device Server Programmer’s Manual"

1 (chapter x.x)

{I{ango::DevVarStringArray xargout = new Tang()-:-:-lgé;/-\-/-;rStringArray();
DEBUG_STREAM << "DocDs::dev_str_array(): entering... I" << endl;

I Add your own code to control device here

argout->length(3);

( *argout)[0] = CORBA::string_dup("Rumba");
( *argout)[1] = CORBA::string_dup("Waltz");
string str("Jerck");

( *argout)[2] = CORBA::string_dup(str.c_str());
return argout;

The argout data array is created at line 8. Its length is skteatl4. The array is populated at line
15,16 and 18. The last array element is initialized from addad C++ string created at line 17. Note the
usage of thestring_dupfunction of the CORBA namespace. This is necessary forggrarray due to the
CORBA memory allocation schema.

2.3.1.5 The DevStruct command

This method does not receive input data but returns a steidtuthe Tango::DevVarDoubleStringArray
type. This type is a composed type with an array of double arati@y of strings. The code for the method
executed by this command is the following:

Tango::DevVarDoubleStringArray * DocDs::dev_struct()

{
I POGO has generated a method core with argout allocation.
I If you would like to use a static reference without copyin g
I See "TANGO Device Server Programmer’s Manual"
1 (chapter x.x)
Jlrmmmm e
Tango::DevVarDoubleStringArray xargout = new Tango::DevVarDoubleString/
DEBUG_STREAM << "DocDs::dev_struct(): entering... I" < < endl;
I Add your own code to control device here

argout->dvalue.length(3);

argout->dvalue[0] = 0.0;
argout->dvalue[l] = 11.11;
argout->dvalue[2] = 22.22;

argout->svalue.length(2);

argout->svalue[0] = CORBA::string_dup("Be Bop");
string str("Smurf");

argout->svalue[1l] = CORBA::string_dup(str.c_str());
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24 return argout;
25 }

The argout data structure is created at line 8. The lengtheoflbuble array in the output structure is
set at line 14. The array is populated between lines 15 andli& length of the string array in the output
structure is set at line 19. This string array is populatdd/een lines 20 an 22 from a hard-coded string
and from a standard C++ string. This method allocates mefiootyre argout data. This memory is freed
by the Tango core classes after the data have been sent tll#rgico delete is needed). Note the usage of
thestring_dupfunction of the CORBA namespace. This is necessary forgsramray due to the CORBA
memory allocation schema.

2.3.1.6 The three attributes

Some data have been added to the definition of the deviceiolasder to store attributes value. These
data are (part of the class definition) :

1

2

3 protected :

4 I Add your own data members here
5 1

6 Tango::DevString attr_str_array[5];
7 Tango::DevLong attr_rd;

8 Tango::DevLong attr_wr;

One data has been created for each attribute. As the Stititingde is of type spectrum with a maxi-
mum X dimension of 5, an array of length 5 has been reserved.

Several methods are necessary to implement these attrilfDte method to read the hardware which
is common to all "readable" attributes plus one "read" metioo each readable attribute and one "write"
method for each writable attribute. The code for these nustl®the following :

1 void DocDs::read_attr_hardware(vector<long> &attr_li st)

2 {

3 DEBUG_STREAM << "DocDs::read_attr_hardware() entering .. '<< endl;
4 /I Add your own code here

5

6 string att_name;

7 for (long i = O;i < attr_list.size();i++)

8 {

9 att name = dev_attr->get_attr_by_ind(attr_list[i]).g et_name();
10

11 if (att_name == "LongRdAttr")

12 {

13 attr rd = 5;

14 }

15 }

16 }
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18 void DocDs::read_LongRdAttr(Tango::Attribute &attr)

19 {

20 DEBUG_STREAM << "DocDs::read_LongRdAttr() entering.. . "<< endl;
21

22 attr.set_value(&attr_rd);

23}

24

25 void DocDs::read_LongWrAttr(Tango::Attribute &attr)

26 {

27 DEBUG_STREAM << "DocDs::read_LongWrAttr() entering.. . "<< endl;
28

29 attr.set_value(&attr_wr);

30 }

31

32 void DocDs::write_LongWrAttr(Tango::WAttribute &att r

33 {

34 DEBUG_STREAM << "DocDs::write_LongWrAttr() entering. . "<< endl;
35

36 attr.get_write_value(attr_wr);

37 DEBUG_STREAM << "Value to be written = " << attr wr << endl;

38 }

39

40 void DocDs::read_StrAttr(Tango::Attribute &attr)

41 {

42 DEBUG_STREAM << "DocDs::read_StrAttr() entering... "< < endl;
43

44 attr_str_array[0] = CORBA::string_dup("Rock");

45 attr_str_array[1] = CORBA::string_dup("Samba");

46

47 attr_set_value(attr_str_array, 2);

48 }

Theread_attr_hardware(inethod is executed once when a client execute the readhuddsiCORBA
request whatever the number of attribute to be read is. Tlh@fthis method is to read the hardware and to
store the read values somewhere in the device object. Inxann@le, only the LongRdAttr attribute internal
value is set by this method at line 13. The metheald LongRdAttr()s executed by the read_attributes
CORBA call when the LongRdAttr attribute is read but aftez tead_attr _hardware() method has been
executed. Its rule is to set the attribute value in the TAN@@ classes object representing the attribute.
This is done at line 22. The methoelad_LongWrAttr(will be executed when the LongWrAttr attribute
is read (after theead_attr_hardware(jnethod). The attribute value is set at line 29. In the sameneran
the method calledead_StrAttr(will be executed when the attribute StrAttr is read. Its edkiinitialized
in this method at line 44 and 45 with tis&ring_dupCORBA function. Thewrite_LongWrAttr(method is
executed when the LongWrAttr attribute value is set by antli#he new attribute value coming from the
client is stored in the object data at line 36.

Pogo also generates a file called "DocDsStateMachine.dpp'a(Tango device server class called
DocDs). This file is used to store methods coding the devate shachine. By default a allways allowed
state machine is provided. For more information about apdire state machine, refer to the chapter
"Writing a device server".

2.3.2 The commands and attributes code in java

For each command called DevXxxx, pogo generates in the éeléass a method named dev_xxx which
will be executed when the command is requested by a clierthisrchapter, the name of the device class
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is DocDs

2.3.2.1 The DevSimple command

This method receives a Tango DevFloat type and also retudiasseof the Tango DevFloat type which is
simply the double of the input value. Using java, the TarlgeviFloat type is mapped to classical java float
type. The code for the method executed by this command isotioeving:

1 public float dev_simple(float argin) throws DevFailed
2 |

3 float  argout = (float)0;

4

5 Util.out2.printin("Entering dev_simple()");

6

7 /I ---Add your Own code to control device here ---
8

9 argout = argin * 2

10 return argout;

11 '}

This method is fairly simple. The received data is passeldartethod as its argument. Itis
doubled at line 9 and the method simply returns the result.

2.3.2.2 The DevArray command

This method receives a data of the Tango::DevVarLongAsmag ind also returns a data of the Tango::DevVarLongArray
type. Each element of the array is doubled. Using java, tingd®evVarLongArray type is mapped to an
array of java long. The code for the method executed by thentamd is the following :

1 public int]] dev_array(int[]] argin) throws DevFailed
2 |

3 int[] argout = new int[argin.length];

4

5 Util.out2.printin("Entering dev_array()");

6

7 /I ---Add your Own code to control device here ---
8

9 for (int i = 0;i < argin.length;i++)

10 argout[i] = arginli] * 2;
11 return argout;

The argout data array is created at line 3. The array is ptgulé line 9,10 and returned.
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2.3.2.3 The DevString command

This method receives a data of the Tango DevString type awreturns a data of the Tango DevString
type. The command simply displays the content of the inpirigsand returns a hard-coded string. Us-
ing java, the Tango DevString type simply maps to java Stiihg code for the method executed by the
command is the following :

1 public String dev_string(String argin) throws DevFailed

2 A

3 Util.out2.printin("Entering dev_string()");

4

5 /I ---Add your Own code to control device here ---

6

7 System.out.printin("the received string is "+argin);

8

9 String argout = new String("Am | a good Tango dancer ?");
10 return argout;

11 '}

The argout string is created at line 9.

2.3.2.4 The DevStrArray command

This method does not receive input data but returns an afrsiyings (Tango DevVarStringArray type).
Using java, the Tango DevVarStringArray type maps to anyaofgava String. The code for the method
executed by this command is the following:

public String[] dev_str_array() throws DevFailed
{

Util.out2.printin("Entering dev_str_array()");

I/l ---Add your Own code to control device here ---

1
2
3
4
5
6
7
8 String[] argout = new String[3];
9 argout[0] = new String("Rumba");
10 argout[1] = new String("Waltz");
11 argout[2] = new String("Jerck");
12 return argout;

13}

The argout data array is created at line 8. The array is ptgalié line 9,10 and 11.

2.3.2.5 The DevStruct command

This method does not receive input data but returns a steictfuthe Tango DevVarDoubleStringArray

type. This type is a composed type with an array of double anareay of strings. This is mapped to a

specific java class called DevVarDoubleStringArray. Theector the method executed by this command
is the following:
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1 public DevVarDoubleStringArray dev_struct() throws Dev Failed
2 |
3 DevVarDoubleStringArray argout = new DevVarDoubleStrin gArray();
4
5 Util.out2.printin("Entering dev_struct()");
6
7 /I ---Add your Own code to control device here ---
8
9 argout.dvalue = new double[3];
10 argout.dvalue[0] = 0.0;
11 argout.dvalue[l] = 11.11;
12 argout.dvalue[2] = 22.22;
13
14 argout.svalue = new String[2];
15 argout.svalue[0] = new String("Be Bop");
16 argout.svalue[1l] = new String("Smurf");
17
18 return argout;
19 }

The argout data structure is created at line 3. The doubdg arrthe output structure is created at line
9. The array is populated between lines 10 and 12. The striag & the output structure is created at line
14. This string array is populated between lines 15 and 1 frard-coded strings.

2.3.2.6 The three attributes

Some data have been added to the definition of the deviceiolasder to store attributes value. These
data are (part of the class definition) :

1 protected String[] attr_str_array = new String[5];
2 protected int attr_rd;
3 protected int attr_wr;

One data has been created for each attribute. As the Stitiibude is of type spectrum with a maxi-
mum X dimension of 5, an array of length 5 has been reserved.

Unfortunately, Java Tango device server are not at the sawe df development than C++ device
servers. This is why they are not written exactly the sametivay C++ device servers. Three methods are
necessary to implement these attributes. The code for thetieods is the following :

1 public void write_attr_hardware(Vector attr_list)

2 |

3 Util.out2.printin("In write_attr_hardware for "+attr_ list.size()+" attribut
4

5

for (int i=0 ; i<attr_list.size() ; i++)
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{
int ind = ((Integer)(attr_list.elementAt(i))).intValu e();
WALttribute att = dev_attr.get w_attr_by ind(ind);
String attr_name = att.get_name();
1 Switch on attribute name
I
if (attr_name.equals("LongWrAttr") == true)
{
1 Add your own code here
attr_wr = att.get_lg_write_value();
System.out.printin("Value to be written = "+attr_wr);
}
}

public void read_attr_hardware(Vector attr_list)

{

Util.out2.printin("In read_attr_hardware for "+attr_ list.size()+" attribute

I Add you own code here
I

for (int i=0; i<attr_list.size() ; i++)

{
int ind = ((Integer)(attr_list.elementAt(i))).intVal ue();
Attribute att = dev_attr.get_attr_by ind(ind);
String attr_name = attr_list.elementAt(i);
if (attr_name.equals("LongRdAttr") == true)
{
attr rd = 5;
}
else if (attr_name.equals("StrAttr") == true)
{
attr_str_array[0] = new String("Rock");
attr_str_array[1] = new String("Samba");
}
}

public void read_attr(Attribute attr) throws DevFailed

{

String attr_name = attr.get_name();
Util.out2.printin("In read_attr for attribute "+attr_ name);

1 Switch on attribute name
1
if (attr_name.equals("LongWrAttr") == true)

{

I Add your own code here
attr.set_value(attr_wr);
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60 }

61 if (attr_name.equals("LongRdAttr") == true)
62 {

63 I Add your own code here
64 attr.set_value(attr_rd);

65 }

66 if (attr_name.equals("StrAttr") == true)

67 {

68 I Add your own code here
69 attr.set_value(attr_str_array);

70 }

71}

Thewrite_attr_hardware(Jnethod is executed when an attribute value is set by a clieour example
only one attribute is writable (the LongWrAttr attributéljhe new attribute value coming from the client
is stored in the object data at line 16. Tiead_attr_hardware(jnethod is executed once when a client
execute the read_attributes CORBA request. The rule ohtleithod is to read the hardware and to store
the read values somewhere in the device object. In our exartipg LongRdAttr attribute internal value
is set by this method at line 38 at the StrAttr attribute in&é¢walue is set at lines 42 and 43. The method
read_attr()is executed for each attribute to be read by the read_a#sUORBA call. Its rule is to set the
attribute value in the TANGO core classes object represgrlie attribute. This is done at line 64 for the
LongRdAttr attribute, at line 59 for the LongWrAttr attriteuand at line 69 for the StrAttr attribute
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Chapter 3

The TANGO device server model

This chapter will present the TANGO device server object ehdebreafter referred as TDSOM. First, it
will introduce CORBA. Then, it will describe each of the af@atures of the TDSOM and their function.
The TDSOM can be divided into the following basic elementse-device the server the databaseand
theapplication programmers interfacé his chapter will treat each of the above elements sepgrate

3.1 Introduction to CORBA

CORBA is a definition of how to write object request broker&fk). The definition is managed by the
Object Management Group (OMG]). Various commercial and non-commercial implementagierist

for CORBA for all the mainstream operating systems. CORB@éswsprogramming language independent
definition language (called IDL) to defined network objedenfaces. Language mappings are defined
from IDL to the main programming languages e.g. C++, JavaC@BOL, Smalltalk and ADA. Within

an interface, CORBA defines two kinds of actions availablig&outside world. These actions are called
attributes andoperations

Operations are all the actions offered by an interface. i&iance, within an interface for a Thermostat
class, operations could be the action to read the temperatuo set the nominal temperature. An attribute
defines a pair of operations a client can call to send or re@alue. For instance, the position of a motor
can be defined as an attribute because it is a data that yosentr get. A read only attribute defines a
single operation the client can call to receives a value.asef error, an operation is able to throw an
exception to the client, attributes cannot raises exceiwept system exception (du to network fault for
instance).

Intuitively, IDL interface correspond to C++ classes and. I@perations correspond to C++ member
functions and attributes as a way to read/write public meméeable. Nevertheless, IDL defines only the
interface to an object and say nothing about the object imetgation. IDL is only a descriptive language.
Once the interface is fully described in the IDL languagepmpiler (from IDL to C++, from IDL to
Java...) generates code to implement this interface. @biipyou still have to write how operations are
implemented.

The act of invoking an operation on an interface causes the tORend a message to the correspond-
ing object implementation. If the target object is in anothddress space, the ORB run time sends a
remote procedure call to the implementation. If the tarfpgct is in the same address space as the caller,
the invocation is accomplished as an ordinary function taivoid the overhead of using a networking
protocol.

For an excellent reference on CORBA with C++ referh [The complete TANGO IDL file can be
found in the TANGO web pag#] or at the end of this document in the appendix 2 chapter.
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3.2 The model

The basic idea of the TDSOM is to treat each device aslgect. Each device is a separate entity which
has its own data and behavior. Each device has a unique naitle idéntifies it in network name space.
Devices are organized accordingdasseseach device belonging to a class. All classes are derived fr
one root class thus allowing some common behavior for alicgsv Four kind of requests can be sentto a
device (locally i.e. in the same process, or remotely i.eosxthe network) :

» Execute actions viasommands

« Read/Set data specific to each device belonging to a clasS8\WNGO attributes

* Read some basic device data available for all devices viRBfOattributes.

< Execute a predefined set of actions available for everycdewia CORBA operations

Each device is stored in a process calletbaice server Devices are configured at runtime yieoperties
which are stored in database

3.3 The device

The device is the heart of the TDSOM. A device is an abstrantept defined by the TDSOM. In reality, it
can be a piece of hardware (an interlock bit) a collectionasfivare (a screen attached to a stepper motor)
a logical device (a taper) or a combination of all these (arelecator). Each device has a unique name
in the control system and eventually one alias. Within Targgfour field name space has been adopted
consisting of

[/[FACILITY/IDOMAIN/CLASS/MEMBER

Facility refers to the control system instance, domainrecsfe the sub-system, class the class and member
the instance of the device. Device name alias(es) must alsmigue within a control system. There is no
predefined syntax for device name alias.

Each device belongs to a class. The device class containaplet® description and implementation
of the behavior of all members of that class. New device eksan be constructed out of existing device
classes. This way a new hierarchy of classes can be builtaighiort time. Device classes can use existing
devices as sub-classes or as sub-objects. The practicasihgeexisting classes is classical for Object
Oriented Programming and is one of its main advantages.

All device classes are derived from the same class (the elewiat class) and implemettie same
CORBA interface. All devices implementing the same CORBA interface ensalie®ntrol object support
the same set of CORBA operations and attributes. The devite€lass contains part of the common device
code. By inheriting from this class, all devices shared aroom behavior. This also makes maintenance
and improvements to the TDSOM easy to carry out.

All devices also support black box where client requests for attributes or operations arerdech
This feature allows easier debugging session for devieadyrinstalled in a running control system.

3.3.1 The commands

Each device class implements a list of commands. Commaedgeay important because they are the

client’s major dials and knobs for controlling a device. Goands have a fixed calling syntax - consisting

of one input argumentand one output argument. Argumengsityyst be chosen in a fixed set of data types:
All simple types (boolean, short, long (32 bits), long (6&hifloat, double, unsigned short, unsigned long

(32 hits), unsigned long (64 bits) and string) and arraysropte types plus array of strings and longs and

array of strings and doubles). Commands can execute angisegof actions. Commands can be executed
synchronously (the requester is blocked until the commande@) or asynchronously (the requester send
the request and is called back when the command ended).



CHAPTER 3. THE TANGO DEVICE SERVER MODEL 38

Commands are executed using two CORBA operations nammdhand_inoutfor synchronous com-
mands anccommand_inout_asyndor asynchronous commands. These two operations calledaasp
method implemented in the device root class -dbemmand_handlenethod. Theommand_handleralls
anis_allowedmethod implemented in the device class before calling timencand itself. Thes_allowed
method is specific to each commantt checks to see whether the command to be executed is citmepat
with the present device state. The command function is egdanly if theis_allowedmethod allows it.
Otherwise, an exception is sent to the client.

3.3.2 The TANGO attributes

In addition to commands, TANGO devices also support nozedldata types called attributesCom-
mands are device specific and the data they transport areonogtized i.e. they can be any one of the
TANGO data types with no restriction on what each byte me&his means that it is difficult to interpret
the output of a command in terms of what kind of value(s) irespnts. Generic display programs need
to know what the data returned represents, in what units gliss additional information like minimum,
maximum, quality etc. Tango attributes solve this problem.

TANGO attributes are zero, one or two dimensional data whate a fix set of properties e.g. quality,
minimum and maximum, alarm low and high. They are transtkimea specialized TANGO type and can
be read, write or read-write. A device can support a list mitaites. Clients can read one or more attributes
from one or more devices. To read TANGO attributes, the tlises theead_attributes operation. To
write TANGO attributes, a client uses theite attributes operation. To write then read TANGO attributes
within the same network request, the client usesvthite_read_attributes operation. To query a device
for all the attributes it supports, a client uses get_attribute_configoperation. A client is also able
to modify some of parameters defining an attribute withgbe attribute_configoperation. These four
operations are defined in the device CORBA interface.

TANGO support thirteen data types for attributes (and aradyor one or two dimensional data) which
are: boolean, short, long (32 bits), long (64 bits), floatlle, unsigned char, unsigned short, unsigned
long (32 bits), unsigned long (64 bits), string, a specifimdgpe for Tango device state and finally another
specific data type to transfer data as an array of unsignedidtiea string describing the coding of these
data.

3.3.3 Command or attributes ?

There are no strict rules concerning what should be retuaseztbmmand result and what should be im-
plemented as an attribute. Nevertheless, attributes are atapted to return physical value which have
a kind of time consistency. Attribute also have more prapsnivhich help the client to precisely know
what it represents. For instance, the state and the stamp@ier supply are not physical values and are
returned as command result. The current generated by thermupply is a physical value and is imple-
mented as an attribute. The attribute properties allowentlio know its unit, its label and some other
informations which are related to a physical value. Commenedwell adapted to send order to a device
like switching from one mode of operation to another modepration. For a power supply, the switch
from a STANDBY mode to a ON mode is typically done via a command

3.3.4 The CORBA attributes

Some key data implemented for each device can be read witheuteed to call a command or read an
attribute. These data are :

¢ The device statentranet.esrf.fr/
¢ The device status

¢ The device name

1In contrary to the state_handler method of the TACO deviceesenodel which is not specific to each command.
2TANGO attributes were known as signals in the TACO deviceesemodel
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e The administration device name called adm_name
* The device description

The device state is a number representing its state. A saedgfined states are defined in the TDSOM.
The device status is a string describing in plain text theadestate and any additional useful information
of the device as a formatted ascii string. The device namis isame as defined .3, For each set of
devices grouped within the same server, an administrageitd is automatically added. This adm_name
is the name of the administration device. The device desonijs also an ascii string describing the device
rule.

These five CORBA attributes are implemented in the devicéclass and therefore do not need any
coding from the device class programmer. As explainegl.inthe CORBA attributes are not allowed to
raise exceptions whereas command (which are implemenieg GORBA operations) can.

3.3.5 The remaining CORBA operations

The TDSOM also supports a list of actions defined as CORBA aifmars in the device interface and
implemented in the device root class. Therefore, theseratire implemented automatically for every
TANGO device. These operations are :

ping to ping a device to check if the device is alive. Obviguglchecks only the
connection from a client to the device and not all the devicefionalities

command_list_query  request a list of all the commands suppdy a device with their input and
output types and description

command_query request information about a specific commarch are its input and output type
and description

info request general information on the device like its natime host where the device
server hosting the device is running...

black_box read the device black-box as an array of strings

3.3.6 The special case of the device state and status

Device state and status are the most important key devioenaftions. Nearly all client software dealing
with Tango device needs device(s) state and/or statusdbr tw simplify client software developper work,
it is possible to get these two piece of information in thréetent manners :

1. Using the appropriate CORBA attribute (state or status)
2. Using command on the device. The command are called St&tats

3. Using attribute. Even if the state and status are not te#date, it is possible to get their value using
the read_attributes operation. Nevertheless, it is nosiplesto set the attribute configuration for
state and status. An error is reported by the server if atdiigio do so.

3.3.7 The device polling

Within the Tango framework, it is also possible to force exgry command(s) or reading attribute(s) at a
fixed frequency. It is calledevice polling This is automatically handled by Tango core software with a
polling threads pool. The command result or attribute valgeestored in circular buffers. When a client

want to read attribute value (or command result) for a paditdbute (or a polled command), he has the
choice to get the attribute value (or command result) witba access to the device of from the last value
stored in the device ring buffer. This is a great advantagésfow” devices. Getting data from the buffer

is much faster than accessing the device itself. The teahdisadvantage is the time shift between the
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data returned from the polling buffer and the time of the esjuPolling a command is only possible for
command without input arguments.

Two other CORBA operations callesbmmand_inout_history ahdread_attribute _history Jéllow
a client to retrieve the history of polled command or attiébstored in the polling buffers. Obviously, this
history is limited to the depth of the polling buffer.

The whole polling system is available only since Tango de2 x and above in CPP and since Tan-
gORB release 3.7.x and above in Java.

3.4 The server

Another integral part of the TDSOM is the server concept. Sémwer (also referred as device server) is a
process whose main task is to offer one or more services toom®re clients. To do this, the server has
to spend most of its time in a wait loop waiting for clients tnaect to it. The devices are hosted in the
server process. A server is able to host several classesiokdeln the TDSOM, a device of th2Server
class is automatically hosted by each device server. Tagsa@f device supports commands which enable
remote device server process administration.

TANGO supports device server process on three operatingraysLinux, Solaris and Windows NT.

3.5 The Tango Logging Service

During software life, it is always convenient to print milaaeous informations which help to:
e Debug the software
* Report on error
 Give regular information to user

This is classically done using cout (or C printf) in C++ orrilin method in Java language. In a highly
distributed control system, it is difficult to get all thesédrmations coming from a high number of different
processes running on a large number of computers. Sincgéisse 3, Tango has incorporated a Logging
Service called the Tango Logging Service (TLS) which allgriat messages to be:

« Displayed on a console (the classical way)
e Sentto a file

» Sent to specific Tango device called log consumer. Tangkgagchas an implementation of log con-
sumer where every consumer device is associated to a gedpitierface. This graphical interface
display messages but could also be used to sort messagdtertméssages... Using this feature, it
is possible to centralise display of these messages comongdifferent devices embedded within
different processes. These log consumers can be:

— Statically configured meaning that it memorizes the listafido devices for which it will get
and display messages.

— Dynamically configured. The user, with the help of the graphinterface, chooses devices
from which he want to see messages.

3.6 The database

To achieve complete device independence, it is necessargvieo to supplement device classes with a
possibility for configuring device dependencies at runtimibe utility which does this in the TDSOM is
theproperty database Propertie$are identified by an ascii string and the device name. TANGi@ates

SProperties were known as resources in the TACO device setodel
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are also configured using properties. This database is sézbto store device network addresses (CORBA
IOR’s), list of classes hosted by a device server proceséistraf devices for each class in a device server
process. The database ensure the uniqueness of device ndokadias. It also links device name and it
list of aliases.

TANGO uses MySQL§] as its database. MySQL is a relational database which imgfgs the SQL
language. However, this is largely enough to implementaliftinctionalities needed by the TDSOM. The
database is accessed via a classical TANGO device hostedeviee server. Therefore, client access the
database via TANGO commands requested on the database.devica good reference on MySQL refer
to [7]

3.7 The controlled access

Tango also provides a controlled access system. It's a siogitrolled access system. It does not provide
encrypted communication or sophisticated authentificatlosimply defines which user (based on com-
puter loggin authentification) is allowed to do which commdar write attribute) on which device and
from which host. The information used to configure this colfed access feature are stored in the Tango
database and accessed by a specific Tango device serverigshithe classsical Tango database device
server described in the previous section. Two access laveldefined:

» Everything is allowed for this user from this host

» The write-like calls on the device are forbidden and acitaytb configuration, a command subset is
also forbidden for this user from this host

This feature is precisely described in the chapter "Adveieatures”

3.8 The Application Programmers Interfaces

3.8.1 Rules of the API

While it is true TANGO clients can be programmed using ony @ORBA API, CORBA knows nothing
about TANGO. This means client have to know all the detailetifeving IORs from the TANGO database,
additional information to send on the wire, TANGO versiomtol etc. These details can and should be
wrapped in TANGO Application Programmer Interface (APIDETAPI is implemented as a library in C++
and as a package in Java. The API is what makes TANGO clieststeawnrite. The API's consists the
following basic classes :

» DeviceProxy which is @roxyto the real device

» DeviceData to encapsulate data send/receive from/tee@@ commands

» DeviceAttribute to encapsulate data send/receive frodgvice via attributes
» Group which is groxyto a group of devices

In addition to these main classes, many other classes alofufi interface to TANGO features. The
following figure is a drawing of a typical client/server ajgpkion using TANGO.
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TANGO
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Devices

TANGO
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The database is used during server and client startup phastablish connection between client and
server.

3.8.2 Communication between client and server using the API

With the API, it is possible to request command to be execoted device or to read/write device at-
tribute(s) using one of the two communication models immatad. These two models are:

1. The synchronous model where client waits (and is blocta@dhe server to send the answer or until
the timeout is reached

2. The asynchronous model. In this model, the clients semdathuest and immediately returns. It is
not blocked. It is free to do whatever it has to do like updatirgraphical user interface. The client
has the choice to retrieve the server answer by checkingifeply is arrived by calling an API
specific call or by requesting that a call-back method is etastwhen the client receives the server
answer.

The asynchronous model is available with Tango release 2laode.

3.8.3 Tango events

On top of the two communication model previously describBAINGO offers an "event system”. The
standard TANGO communication paradigm is a synchronoufdspnous two-way call. In this paradigm
the call is initiated by the client who contacts the servére Server handles the client’s request and sends
the answer to the client or throws an exception which thentbatches. This paradigm involves two calls
to receive a single answer and requires the client to beeautiinitiating the request. If the client has a
permanent interest in a value he is obliged to poll the sdorean update in a value every time. This is not
efficient in terms of network bandwidth nor in terms of clipnbgramming.

For clients who are permanently interested in values thated®ven communication paradigm is a
more efficient and natural way of programming. In this pagadthe client registers her interest once in
an event (value). After that the server informs the cliemrgtime the event has occurred. This paradigm
avoids the client polling, frees it for doing other thingsfast and makes efficient use of the network.

TANGO uses the CORBA OMG COS Notification Service to generateents. TANGO uses the
omniNotify implementation of the Notification service. oiNotify was developed in conjunction with
the omniORB CORBA implementation also used by TANGO. Thetafahe Notification Service is the
notification daemon. The omniNotify daemons are the pr@sessich receive events from device servers
and distribute them to all clients which are subscribed.rtfeoto distribute the load of the events there is
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one notification daemon per host. Servers send their evetiie tdaemon on the local host. Clients and
servers get the IOR for the host from the TANGO database.

The following figure is a schematic of the Tango event system.

Schematic of TANGO Events system

event subscription

— event filter

. device server #1
client #1
N

Y
event(s)

client #2

~ @@

event(s) device server #2

Y

client #3

~ @@

database server ———=| events table:

notifd/host: IOR
server/name: IOR

The event system is available with Tango release 4 and above
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Chapter 4

Writing a TANGO client using TANGO
APIs

4.1 Introduction

TANGO devices and database are implemented using the TANS@alserver model. To access them the
user has the CORBA interface e.g. command_inout(), writebates() etc. defined by the idl file. These
methods are very low-level and assume a good working knayeled CORBA. In order to simplify this
access, high-level api in C++ and Java have been implemuerttiett hides all CORBA aspects of TANGO.
In addition the api hides details like how to connect to a deviia the database, how to reconnect after a
device has been restarted, how to correctly pack and ungaitduées and so on by implementing these in
a manner transparent to the user. The api provides a unifiedlgndling for all TANGO and CORBA
errors. Unlike the CORBA C++ bindings the TANGO api suppodsive C++ data types e.g. strings and
vectors.

This chapter describes how to use these API’s. It is not aeefe guide. See chaptéfor the C++
API details or chaptes for a Java API reference guide.

4.2 Getting Started

Refer to the chapter "Getting Started" for an example orirgggtart with the C++ or Java api.

4.3 Basic Philosophy

The basic philosophy is to have high level classes to dealT@hgo devices. To communicate with Tango
device, uses th®eviceProxyclass. To send/receive data to/from Tango device, useD#veceData

or DeviceAttribute classes. To communicate with a group of devices, usé&tioeip class. If you are
interested only in some attributes provided by a Tango @eguises théttributeProxy class. Even if

the Tango database is implemented as any other deviceslarefdre accessible with one instance of
a DeviceProxy class), specific high level classes have beeslapped to query it. Uses tlizatabase
DbDevice DbClass DbServer or DbData classes when interfacing the Tango database. Callback for
asynchronous requests or events are implemented@allBack class. An utility class calledpiUtil is

also available.

4.4 Datatypes

The definition of the basic data type you can transfert usang® is:

45
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| Tango type namg C++ equivalent type |
DevBoolean boolean
DevShort short
DevLong int (always 32 bits data)
DevLong64 long long on 32 bits chip or long on 64 bits chip
always 64 bits data
DevFloat float
DevDouble double
DevString char *
DevEncoded structure with 2 fields: a string and an array of unsigned char
Only for attribute
DevUChar unsigned char
DevUShort unsigned short
DevULong unsigned int (always 32 bits data)
DevULong64 | unsigned long long on 32 bits chip or unsigned long on 64 lhiis ¢
always 64 bits data
DevState Tango specific data type

Using commands, you are able to transfert all these data tygeepted the DevEncoded data type),
array of these basic types and two other Tango specific dp&stgalled DevVarLongStringArray and
DevVarDoubleStringArray. Attribute also supports the Bagoded data type. See chap®e? to get
details about them. You are also able to create attribuiag asly of these basic data types to transfer data
between clients and servers.

4.5 Request model

For the most important API remote calls (command_inout re#tribute(s) and write_attribute(s)), Tango
supports two kind of requests which are the synchronous haodithe asynchronous model. Synchronous
model means that the client wait (and is blocked) for theesetw send an answer. Asynchronous model
means that the client does not wait for the server to send aweaan The client sends the request and
immediately returns allowing the CPU to do anything elde(lipdating a graphical user interface). Within
Tango, there are two ways to retrieve the server answer wéiag asynchronous model. They are:

1. The polling mode
2. The callback mode

In polling mode, the client executes a specific call to chéthea answer is arrived. If this is not the case,
an exception is thrown. If the reply is there, it is returnedte caller and if the reply was an exception, it
is re-thrown. There are two calls to check if the reply isvaxi

» Call which does not wait before the server answer is retlitaghe caller.

« Call which wait with timeout before returning the servesaer to the caller (or throw the exception)
if the answer is not arrived.

In callback model, the caller must supply a callback methbditivwill be executed when the command
returns. They are two sub-modes:

1. The pull callback mode
2. The push callback mode
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In the pull callback mode, the callback is triggered if thevee answer is arrived when the client decide
it by calling asynchronizatiormethod (The client pull-out the answer). In push mode, thbaek is
executed as soon as the reply arrives in a separate threadéiver pushes the answer to the client).
4.5.1 Synchronous model

Synchronous access to Tango device are provided usirehieeProxyor AttributeProxyclass. For the
DeviceProxyclass, the main synchronous call methods are :

e command_inoutfp execute a Tango device command

« read_attribute()or read_attributes(jo read a Tango device attribute(s)
« write_attribute()or write_attributes(to write a Tango device attribute
« write_read_attribute(jo write then read a Tango device attribute

For commands, data are send/received to/from device us@igaviceDataclass. For attributes, data are
send/received to/from device attribute using freviceAttributeclass.

In some cases, only attributes provided by a Tango devicanteesting for the application. You can
use theAttributeProxyclass. Its main synchronous methods are :

 read()to read the attribute value
 write() to write the attribute value
« write_read()to write then read the attribute value

Data are transmitted using tBeviceAttributeclass.

4.5.2 Asynchronous model

Asynchronous access to Tango device are provided u3awceProxyor AttributeProxy, CallBackand
ApiUtil classes methods. The main asynchronous call methods atidlasses are :

» To execute a command on a device
— DeviceProxy::command_inout_asynch(idDeviceProxy::command_inout_replyg) polling
model.

— DeviceProxy::command_inout_asynclifgviceProxy::get_asynch_repliesf)dCallBackclass
in callback pull model

— DeviceProxy::command_inout_asynchfpiUtil::set_asynch_cb_sub_modefind CallBack
class in callback push model

* To read a device attribute

— DeviceProxy::read_attribute_asynclaf)dDeviceProxy::read_attribute replyif) polling model

— DeviceProxy::read_attribute_asynchDeviceProxy::get_asynch_repliesf)dCallBackclass
in callback pull model.

— DeviceProxy::read_attribute_asynch@piUtil::set_asynch_cb_sub_modeif)dCallBackclass
in callback push model

* To write a device attribute

— DeviceProxy::write_attribute_asynch() polling model
— DeviceProxy::write_attribute_asynchgphdCallBackclass in callback pull model
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— DeviceProxy::write_attribute_asynchBpiUtil::set_asynch_cb_sub_modeif)dCallBackclass
in callback push model

For commands, data are send/received to/from device usmBPdviceDataclass. For attributes, data
are send/received to/from device attribute usingDlesiceAttributeclass. It is also possible to generate
asynchronous request(s) using #t&ibuteProxyclass following the same schema than above. Methods to
use are :

» read_asynch(andread_reply()to asynchronously read the attribute value

« write_asynch(andwrite_reply()to asynchronously write the attribute value

4.6 Events

4.6.1 Introduction

Events are a critical part of any distributed control systefeir aim is to provide a communication
mechanism which is fast and efficient.

The standard CORBA communication paradigm is a synchronoasynchronous two-way call. In
this paradigm the call is initiated by the client who consaitte server. The server handles the client’s
request and sends the answer to the client or throws an éxceyhich the client catches. This paradigm
involves two calls to receive a single answer and requireslient to be active in initiating the request. If
the client has a permanent interest in a value he is obligpedltdhe server for an update in a value every
time. This is not efficient in terms of network bandwidth notérms of client programming.

For clients who are permanently interested in values thatesdven communication paradigm is a
more efficient and natural way of programming. In this pagadthe client registers her interest once in
an event (value). After that the server informs the cliemrgtime the event has occurred. This paradigm
avoids the client polling, frees it for doing other thingsfast and makes efficient use of the network.

The rest of this chapter explains how the TANGO events aréemented and the application program-
mer’s interface.

4.6.2 Event definition

TANGO events represent an alternative channel for readikidQ@0O device attributes. Device attributes
values are sent to all subscribed clients when an event ©.cEwents can be an attribute value change, a
change in the data quality or a periodically send event. Tieats continue receiving events as long as
they stay subscribed. Most of the time, the device servdingahread detects the event and then pushes
the device attribute value to all clients. Neverthelessdme cases, the delay introduced by the polling
thread in the event propagation is detrimental. For suces;a®me API calls directly push the event. The
omniNotify implementation of the CORBA Notification sereics used to dispatch events.

4.6.3 Eventtypes

The following five event types have been implemented in TANGO

1. change- an event is triggered and the attribute value is sent wheatthibute value changes signif-
icantly. The exact meaning of significant is device attibdépendent. For analog and digital values
this is a delta fixed per attribute, for string values thisng aon-zero change i.e. if the new attribute
value is not equal to the previous attribute value. The d=taeither be specified as a relative or
absolute change. The delta is the same for all clients ualéhsr is specified (see below). To easily
write applications using the change event, it is also tnigdén the following case :

(&) When a spectrum or image attribute size changes.
(b) At event subscription time
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(c) When the polling thread receives an exception duriripate reading
(d) When the polling thread detects that the attribute tpuédictor has changed.

(e) The first good reading of the attribute after the pollihgead has received exception when
trying to read the attribute

(H The first time the polling thread detects that the attigbguality factor has changed from IN-
VALID to something else

(g) When achange eventis pushed manually from the devigersawde. Devicelmpl::push_change_event()

(h) By the methods Attribute::set_quality() and Attribuset_value_date_quality() if a client has
subscribed to the change event on the attribute. This hasitmgdemented for cases where the
delay introduced by the polling thread in the event propagas not authorized.

2. periodic - an event is sent at a fixed periodic interval. The frequeri¢kie event is determined by
the event_periocproperty of the attribute and the polling frequency. Thdipglfrequency deter-
mines the highest frequency at which the attribute is red évent_period determines the highest
frequency at which the periodic event is sent. Note if theneveeriod is not an integral number of
the polling period there will be a beating of the two frequiest Clients can reduce the frequency
at which they receive periodic events by specifying a filtetlee periodic event counter.

3. archive - an event is sent if one of the archiving conditions is s&ikfiArchiving conditions are
defined via properties in the database. These can be a moftdedta_change and periodic. Archive
events can be send from the polling thread or can be manuadlygal from the device server code
(Devicelmpl::push_archive_event()

4. attribute configuration - an event is sent if the attribute configuration is changed.

5. data ready - This event is sent when coded by the device server programme uses a specific
method of one of the Tango device server class to fire the ¢Dentcelmpl::push_data_ready evet()
The rule of this event is to inform a client that it is now pdésito read an attribute. This could be
useful in case of attribute with many data.

6. user - The criteria and configuration of these user events are gehby the device server pro-
grammer who uses a specific method of one of the Tango devigersaass to fire the evenbgévi-
celmpl::push_event))

The first three above events are automatically generatedebJANGO library or fired by the user code.
Even number 4 is only automatically sent by the library aredl#ist two are fired only by the user code.

4.6.4 Event filtering

The CORBA Notification Service allows event filtering. Thigams that a client can ask the Notification
Service to send the event only if some filter is evaluatedue.t\Within the Tango control system, some
pre-defined fields can be used as filter. These fields deperk@vent type.

| Eventtype| Filterable field namé Filterable field value | type |
delta_change_rel Relative change (in %) since last event | double
delta_change_abs Absolute change since last event double
change quality Is set to 1 when the attribute quality factor hgsdouble
changed, otherwise it is 0
forced_event Is set to 1 when the event was fired on exceptiotiouble
or a quality factor set to invalid
periodic counter Incremented each time the eventis sent | long

Inote: the polling is not synchronized is currently not syoclized on the hour
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delta_change_rel Relative change (in %) since last event | double
delta_change_abs Absolute change since last event double
quality Is set to 1 when the attribute quality factor hgsdouble
changed, otherwise it is 0
archive Incremented each time the event is sent
counter for periodic reason. Set to -1 if event long
sent for change reason
forced_event Is set to 1 when the event was fired on exceptiotiouble
or a quality factor set to invalid

delta_event Number of milli-seconds since previous eventdouble

Filter are defined as a string following a grammar defined byRB®@. It is defined in [§. The
following example shows you the most common use of thesedfiltethe Tango world :

» To receive periodic event one out of every three, the filtesnbe
"$counter % 3 == 0"

 To receive change event only if the relative change is grahtin 20 % (positive and negative), the
filter must be

"$delta_change_rel >= 20 or $delta_change_rel <=-20"
» To receive a change event only on quality change, the filtestrine
"$quality == 1"

For user events, the filter field name(s) and their value dirattby the device server programmer.

4.6.5 Application Programmer’s Interface

How to setup and use the TANGO events ? The interfaces desdnire are intended as user friendly inter-
faces to the underlying CORBA calls. The interface is madielieer the asynchronoe®@mmand_inout()
interface so as to maintain coherency. The event systenosigipoish callback modelas well as theull
callback model.

The two event reception modes are:

» Push callback model: On event reception a callbacks method gets immediatelyuted.

» Pull callback model : The event will be buffered the client until the client is dgao receive the
event data. The client triggers the execution of the cakimaethod.

The event reception buffer in thpll callback model, is implemented as a round robin buffer. The client
can choose the size when subscribing for the event. Thisheglient can set-up different ways to receive
events.

» Event reception buffer size = 1 : The client is interestely amthe value of the last event received.
All other events that have been received since the lastmgauate discarded.

< Eventreception buffer size > 1 : The client has chosen tp k@esvent history of a given size. When
more events arrive since the last reading, older eventdbwitliscarded.

e Eventreception buffer size = ALL_EVENTS : The client buffall received events. The buffer size
is unlimited and only restricted by the available memorythar client.
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4.6.5.1 Configuring events

The attribute configuration set is used to configure undert whiaditions events are generated. A set of
standard attribute properties (part of the standard at&ilsonfiguration) are read from the database at
device startup time and used to configure the event engirieelé are no properties defined then default
values specified in the code are used.

4.6.5.1.1 change The attribute properties and their default values for thetge" event are :

1. rel_change- a property of maximum 2 values. It specifies the positive meghtive relative change
of the attribute value w.r.t. the value of the previous cleagent which will trigger the event. If
the attribute is a spectrum or an image then a change eveaherated if any one of the attribute
value’s satisfies the above criterium. If only one propestgpecified then it is used for the positive
and negative change. If no property is specified, no eveatgamerated.

2. abs_change a property of maximum 2 values.lt specifies the positive meghtive absolute change
of the attribute value w.r.t the value of the previous chaegent which will trigger the event. If
the attribute is a spectrum or an image then a change eveaherated if any one of the attribute
value’s satisfies the above criterium. If only one propestgpecified then it is used for the positive
and negative change. If no properties are specified therethéve change is used.

4.6.5.1.2 periodic The attribute properties and their default values for trezitalic" event are :

1. event_period- the minimum time between events (in milliseconds). If nogarty is specified then
a default value of 1 second is used.

4.6.5.1.3 archive The attribute properties and their default values for threhime" event are :

1. archive_rel_change- a property of maximum 2 values which specifies the positivé megative
relative change w.r.t. the previous attribute value whigh twgger the event. If the attribute is a
spectrum or an image then an archive event is generated ibramyf the attribute value’s satisfies
the above criterium. If only one property is specified theis itised for the positive and negative
change. If no properties are specified then no events areajene

2. archive_abs_change a property of maximum 2 values which specifies the positive megative
absolute change w.r.t the previous attribute value whidhtrigger the event. If the attribute is a
spectrum or an image then an archive event is generated braapf the attribute value’s satisfies
the above criterium. If only one property is specified theis itised for the positive and negative
change. If no properties are specified then the relativegianused.

3. archive_period - the minimum time between archive events (in millisecond$§)no property is
specified, no periodic archiving events are send.

4.6.5.2 C++ Clients

This is the interface for clients who want to receive eveiiise main action of the client is to subscribe
and unsubscribe to events. Once the client has subscrilmtbtor more events the events are received in
a separate thread by the client.

Two reception modes are possible:

* On event reception a callbacks method gets immediatelgutzd.
* The event will be buffered until the client until the clidatready to receive the event data.

The mode to be used has to be chosen when subscribing foréhe ev
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4.6.5.2.1 Subscribing to events The client call to subscribe to an eventis narbediceProxy::subscribe_event()
. During the event subscription the client has to choosevkateeception mode to use.
Push model

int DeviceProxy::subscribe_event(
const string &attribute,
Tango::EventType event,
Tango::CallBack * callback,
const vector<string> &filters,
bool stateless = false);

The client implements a callback method which is triggeréemthe event is received. Note that this call-
back method will be executed by a thread started by the wyidgrORB. This thread is not the application
main thread.

Pull model:

int DeviceProxy::subscribe_event(
const string &attribute,
Tango::EventType event,
int event_queue_size,
const vector<string> &filters,
bools stateless = false);

The client chooses the size of the round robin event reaeptiffer. Arriving events will be buffered until
the client use®eviceProxy::get_eventsf) extract the event data.

On top of the user filter defined by ttidters parameter, basic filtering is done based on the reason
specified and the event type. For example when reading the a&ta the reason specified is "change"
the event will be fired only when the state changes. Eventsisbaf an attribute name and the event
reason. A standard set of reasons are implemented by tlarsyestditional device specific reasons can be
implemented by device servers programmers.

The stateless flag = false indicates that the event subiseripiil only succeed when the given attribute
is known and available in the Tango system. Setting stateldsue will make the subscription succeed,
even if an attribute of this name was never known. The realtesughscription will happen when the given
attribute will be available in the Tango system.

Note that in this model, the callback method will be exectitethe thread doing thBeviceProxy::get_events()
call.

4.6.5.2.2 The CallBack class In C++, the client has to implement a class inheriting from Tango
CallBack class and pass this to tBeviceProxy::subscribe_eventf)ethod. The CallBack class is the
same class as the one proposed for the TANGO asynchronaduglualis as follows for events :

class MyCallback : public Tango::CallBack

{
virtual push_event(Tango::EventData *);
virtual push_event(Tango::AttrConfEventData *);
virtual push_event(Tango::DataReadyEventData *);
}

where EventData is defined as follows :

class EventData

{
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DeviceProxy =*device;

string &attr_name;

string &event;

DeviceAttribute * attr_value;
bool err;

DevErrorList &errors;

}

AttrConfEventData is defined as follows :

class AttrConfEventData

{
DeviceProxy  =*device;
string &attr_name;
string &event;
AttributeInfoEx * attr_conf;
bool err;
DevErrorList &errors;

}

and DataReadyEventData is defined as follows :

class DataReadyEventData

{
DeviceProxy  =*device;
string &attr_name;
string &event;
int attr_data_type;
int ctr;
bool err;
DevErrorList &errors;
}

In push model, there are some cases (same callback use@&faseoming from different devices hosted in
device server process running on different hosts) wheredtigack method could be executed concurently
by different threads started by the ORB. The user has to cgdmhback method in thread safemanner.

4.6.5.2.3 Unsubscribing from an event Unsubscribe a client from receiving the event specified by
event_ids done by calling th®eviceProxy::unsubscribe_eventiethod :

void DeviceProxy::unsubscribe_event(int event_id);

4.6.5.2.4 Extract buffered event data When the pull model was chosen during the event subscription
the received event data can be extracted WithiceProxy::get_events(Jwo possibilities are available for
data extraction. Either a callback method can be executesl/&yy event in the buffer when using

int DeviceProxy::get_events(
int event _id,
CallBack =*cb);

Or all the event data can be directly extracted as EventDsttaittrConfEventDataList or DataReadyEvent-
DataList when using

int DeviceProxy::get_events(
int event_id,
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EventDatalList &event_list);
int DeviceProxy::get_events(
int event_id,
AttrConfEventDatalist &event_list);
int DeviceProxy::get_events(
int event_id,
DataReadyEventDatalist &event_list);

The event data lists are vectors of EventData, AttrConfiYata or DataReadyEventData pointers with
special destructor and clean-up methods to ease the mermodyirg.

class EventDatalist:public vector<EventData *>
class AttrConfEventDataList:public vector<AttrConfEve ntData *>
class DataReadyEventDataList:public vector<DataReadyE ventDataList *>

4.6.5.2.5 Example Here is a typical code example of a client to register andivecevents without
specifying additional filters. First, you have to define dlmatk method as follows:

class DoubleEventCallBack : public Tango::CallBack

{
void push_event(Tango::EventData *);
2
void DoubleEventCallBack::push_event(Tango::EventDat a *myevent)
{
Tango::DevVarDoubleArray *double_value;
try
{
cout << "DoubleEventCallBack::push_event(): called attr ibute "
<< myevent->attr_name
<< " event "
<< myevent->event
<< " (err="

<< myevent->err
<< n)u << endl,

if (!myevent->err)

{
myevent->attr_value >> double_value;
cout << "double value "
<< (*double_value)[0]
<< endl
delete double value;
}
}
catch (...)
{
cout << "DoubleEventCallBack::push_event(): could not ex tract data '\n";
}
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Then the main code must subscribe to the event and choosaghepthe pull model for event recep-
tion.
Push model

DoubleEventCallBack *»double_callback = new DoubleEventCallBack;
vector<string> my_filters;

Tango::DeviceProxy *mydevice = new Tango::DeviceProxy("my/device/1");

int event id;

const string attr_name("current");

event_id = mydevice->subscribe_event(attr_name,
Tango::CHANGE_EVENT,
double_callback,

my_filters);
cout << "event_client() id = " << event_id << endl;
/I The callback methods are executed by the Tango event recep tion thread.
/I The main thread is not concerned of event reception.
/I Whatch out with synchronisation and data access in a multi threaded environment!

sleep(1000); // wait for events

event_test->unsubscribe_event(event_id);

Pull model:

DoubleEventCallBack *double_callback = new DoubleEventCallBack;
vector<string> my_filters;
int event_queue_size = 100; // keep the last 100 events

Tango::DeviceProxy *mydevice = new Tango::DeviceProxy("my/device/1");

int event id;

const string attr_name("current");

event_id = mydevice->subscribe_event(attr_name,
Tango::CHANGE_EVENT,
event_queue_size,

my_filters);
cout << "event_client() id = " << event_id << endl;
/I Check every 3 seconds whether new events have arrived and t rigger the callback method
/I for the new events.
for (int i=0; i < 100; i++)
sleep (3);
/I Read the stored event data from the queue and call the callb ack method for evel

mydevice->get_events(event_id, double_callback);

}

event_test->unsubscribe_event(event_id);
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4.6.5.3 JavaClients

This is the interface for java clients who want to receivergseThere are two ways to receive events using
the TANGO java API ;

1. Using Callback.
2. Using Java listener

Using callback, is very similar to a C++ clients. Using lis¢e is more in the Java philosophy.

4.6.5.3.1 Using CallBack In Java when using callback, the client has to implement ssdlgheriting
from the Tango CallBack class and pass this toDeeiceProxy.subscribe_eventfethod. The CallBack
class is the same class as the one proposed for the TANGOhaeyiocis call. This is as follows for events

class MyCallback extends CallBack

{
public void push_event(EventData ewvt)
{
}

}

where EventData is similar to the C++ EventData class. Teatllie to an event, use tBeviceProxy.subscribe_event()
method. To unsubscribe from an event, uselegiceProxy.unsubscribe_event({@thod.

4.6.5.3.2 Using listeners The Tango API defined four Java interfaces called
» ITangoChangelListendor the change event
 |TangoPeriodicListenefor the periodic event
» ITangoQualityChangeListenéor the quality change event
 |ITangoArchiveListenefor the archive event

All these interfaces defined one method respectively calleahge() periodic(), qualityChange()and
archive() which will be called when the event is received. The user mu#e a class implementing
the interface for which he (she) want to receive event.

To install or remove a listener, use th@ngoEventsAdaptetass which has methods to install/remove
listeners for the four different types of listener. This §akventAdapter class is created from the Tango
device name.
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4.6.5.3.2.1 Example Here is a typical example of what a client will need to do toistag for and
receive events. First, you have to define a class implengeatirinterface as follows:

class DoubleEventListener implements ITangoPeriodicLis tener
{
public void periodic(TangoPeriodicEvent event)
{
DeviceAttribute attr = event.getValue();
double[] double_value;
try
double_value = attr.extractDoubleArray();
System.out.printin(* double value " + double_value[0]);
}
catch (Exception e)
{
System.out.printin(
"DoubleEventListener.periodic() : could not extract data "),
}
}

The main code looks like (suppose the device generating s/ealledmy/event/testeand the attribute
name isdouble_event

DoubleEventListener listener = new DoubleEventListener( );
TangoEventsAdapter adapter = new TangoEventsAdapter("my levent/tester") ;

String[] filters = new String[0];
adapter.addTangoPeriodicListener(listener,"double_e vent" filters);

4.7 Group

A Tango Group provides the user with a single point of confivola collection of devices. By analogy,
one could see a Tango Group as a proxy for a collection of devi€or instance, the Tango Group API
supplies a&ommand_inout{nethod to execute the same command on all the elements ofip.gro

A Tango Group is also a hierarchical object. In other wort$s possible to build a group of both
groups and individual devices. This feature allows cregtigical views of the control system - each view
representing a hierarchical family of devices or a subesyst

In this chapter, we will use the terherarchyto refer to a group and its sub-groups. The t€&mup
designates to the local set of devices attached to a specdigpG
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4.7.1 Getting started with Tango group

The quickest way of getting started is to study an example. ..

Imagine we are vacuum engineers who need to monitor andatdnindreds of gauges distributed
over the 16 cells of a large-scale instrument. Each cellainatseveral penning and pirani gauges. It also
contains one "strange" gauge. Our main requirement is tdheta control the whole set of gauges, a
family of gauges located into a particular cell (e.g. all f@aning gauges of the 6th cell) or a single gauge
(e.g. the strange gauge of the 7th cell). Using a Tango Graugh features are quite straightforward to
obtain.

Reading the description of the problem, the device hiegabdtomes obvious. Our "gauges" group
will have the following structure:

-> gauges
| -> cell-01

| [-> inst-cOl/vac-gauge/strange
| [-> penning

[ | [-> inst-cOl/vac-gauge/penning-01
[ | [-> inst-cOl/vac-gauge/penning-02
I I

| | |-> inst-cOl/vac-gauge/penning-xx
| [-> pirani

| |-> inst-cOl/vac-gauge/pirani-01
[ [-> ...

[ [-> inst-cOl/vac-gauge/pirani-xx

| -> cell-02

| [-> inst-cO2/vac-gauge/strange

| [-> penning

[ [-> inst-c02/vac-gauge/penning-01
I

I

I

I

I

I

I

|
| [-> ...
|

[-> pirani

| [-> ..
-> cell-03

[-> ...
| > ..

In the C++, such a hierarchy can be build as follows (basisiua):

/I- stepO: create the root group
Tango::Group  *gauges = new Tango::Group("gauges");

/l- stepl: create a group for the n-th cell
Tango::Group  *cell = new Tango::Group(“cell-01");

/I- step2: make the cell a sub-group of the root group
gauges->add(cell);

/I- step3: create a "penning" group
Tango::Group  *gauge_family = new Tango::Group("penning");

/l- step4: add all penning gauges located into the cell (note the wildcard)
gauge_family->add("inst-cOl/vac-gauge/penning *");
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/I- step5: add the penning gauges to the cell
cell->add(gauge_family);

/I- step6: create a "pirani" group
gauge_family = new Tango::Group(“pirani");

/l- step7: add all pirani gauges located into the cell (note t he wildcard)
gauge_family->add("inst-cO1l/vac-gauge/pirani *");

/I- step8: add the pirani gauges to the cell
cell->add(gauge_family);

/l- step9: add the "strange" gauge to the cell
cell->add("inst-cO1/vac-gauge/strange");

/I- repeat step 1 to 9 for the remaining cells
cell = new Tango::Group("cell-02");

Here is the Java version:

import fr.esrf. TangoApi.Group;

/I- step0: create the root group Group
gauges = new Group("gauges");

/I- stepl: create a group for the n-th cell
Group cell = new Group(“cell-01");

/I- step2: make the cell a sub-group of the root group
gauges.add(cell);

/I- step3: create a "penning" group
Group gauge_family = new Group("penning");

/I- stepd: add all penning gauges located into the cell (note the wildcard)
gauge_family.add("inst-cO1l/vac-gauge/penning *");

/I- step5: add the penning gauges to the cell
cell.add(gauge_family);

/I- step6: create a "pirani" group
gauge_family = new Group("pirani);

/l- step7: add all pirani gauges located into the cell (note t he wildcard)
gauge_family.add("inst-cOl/vac-gauge/pirani *");
/I- step8: add the pirani gauges to the cell cell.add(gauge_ family);

/I- step9: add the "strange" gauge to the cell
cell.add("inst-cOl/vac-gauge/strange");
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/l- repeat step 1 to 9 for the remaining cells
cell = new Group(“cell-02");

Important note: There is no particular order to create the hierarchy. Hanehe insertion order of
the devices is conserved throughout the lifecycle of thai@and cannot be changed. That way, the Group
implementation can guarantee the order in which resultsedmened (see below).

Keeping a reference to the root group is enough to managetib&waierarchy (i.e. there no need to
keep trace of the sub-groups or individual devices). Theu@iaterface provides methods to retrieve a
sub-group or an individual device.

Be aware that a C++ group allways gets the ownership of itglieli and deletes them when it is
itself deleted. Therefore, never try to delete a Group @etyely a DeviceProxy) returned by a call to
Tango::Group::get_group(respectively tarango::Group::get_device))Use theTango::Group::remove()
method instead (see the Tango Group class API documentatidetails).

We can now perform any action on any element of our "gaugesligr For instance, let’s ping the
whole hierarchy to be sure that all devices are alive.

/l- ping the whole hierarchy
if (gauges->ping() == true)

{
std::cout << "all devices alive" << std::endl;
}
else
{
std::cout << "at least one dead/busy/locked/... device" << std::endl;
}

4.7.2 Forward or not forward?

Since a Tango Group is a hierarchical object, any actionop@dd on a group can be forwarded to its
sub-groups. Most of the methods in the Group interface hase @alledforward option controlling this
propagation. When set falsg the action is only performed on the local set of devices.e@tise, the
action is also forwarded to the sub-groups, in other wordspggated along the hierarchy. In C++ , the
forward option defaults to true (thanks to the C++ defaiguanent value). There is no such mechanism in
Java and the forward option must be systematically specified

4.7.3 Executing a command

As a proxy for a collection of devices, the Tango Group presi@n interface similar to the Device-
Proxy’s. For the execution of a command, the Group interfam#ains several implementations of the
command_inounethod. Both synchronous and asynchronous forms are segpor

4.7.3.1 Obtaining command results

Command results are returned using a Tango::GroupCmdRispl¥his is nothing but a vector containing
a Tango::GroupCmdReply for each device in the group. ThgdaGroupCmdReply contains the actual
data (i.e. the Tango::DeviceData). By inheritance, it mip a&ontain any error occurred during the
execution of the command (in which case the data is invalid).

We previously indicated that the Tango Group implementatjoarantees that the command results
are returned in the order in which its elements were attathéige group. For instance, if g1 is a group
containing three devices attached in the following order:
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gl->add("my/device/01");
gl->add("my/device/03");
gl->add("my/device/02");

the results of
Tango::GroupCmdReplyList crl = gl->command_inout("Stat us");

will be organized as follows:
crl[0] contains the status of my/device/01
crl[1] contains the status of my/device/03
crl[2] contains the status of my/device/02
Things get more complicated if sub-groups are added "bethaevices.

g2->add("my/device/04");
g2->add("my/device/05");

g4->add("my/device/08");
g4->add("my/device/09");

g3->add("my/device/06");
g3->add(g4);
g3->add("my/device/07");

gl->add("my/device/01");
gl->add(g2);
gl->add("my/device/03");
gl->add(g3);
gl->add("my/device/02");

The result order in the Tango::GroupCmdReplyList depenmdthe value of the forward option. If set to
true, the results will be organized as follows:

Tango::GroupCmdReplyList crl = gl->command_inout("Stat us", true);

crl[0] contains the status of my/device/01 which belongs to g1
crl[1] contains the status of my/device/04 which belongs to g1.g2
crl[2] contains the status of my/device/05 which belongs to g1.g2
crl[3] contains the status of my/device/03 which belongs to g1
crl[4] contains the status of my/device/06 which belongs to g1.g3
crl[5] contains the status of my/device/08 which belongs to g§i43.
crl[6] contains the status of my/device/09 which belongs to gf.g3.
crl[7] contains the status of my/device/07 which belongs to g1.g3
crl[8] contains the status of my/device/02 which belongs to g1
If the forward option is set tfalse the results are:

Tango::GroupCmdReplyList crl = gl->command_inout("Stat us", false);

crl[0] contains the status of my/device/01 which belongs to g
crl[1] contains the status of my/device/03 which belongs to g1
crl[2] contains the status of my/device/02 which belongs to g1

The Tango::GroupCmdReply contains some public membeosvialy the identification of both the
device (Tango::GroupCmdReply::dev_name) and the comr{iEantjo::GroupCmdReply::obj_name). It
means that, depending of your application, you can assoaiatsponse with its source using its position
in the response list or using the Tango::GroupCmdReply::deme member.
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4.7.3.2 Case 1: acommand, no argument

As an example, we execute the Status command on the whodadtigrsynchronously.

Tango::GroupCmdReplyList crl = gauges->command_inout(" Status");

As a first step in the results processing, it could be intergsb check value returned by timas_failed()
method of the GroupCmdReplyList. If it is set to true, it medmat at least one error occurred during the
execution of the command (i.e. at least one device gave)error

if (crl.has_failed())

cout << "at least one error occurred" << endl;
else
cout << "no error " << endl;

In Java, we should write:

import fr.esrf. TangoApi.Group;

GroupCmdReplyList crl = gauges.command_inout("Status", true);
if (crl.has_failed())
{
System.out.printin("at least one error occurred");
}
else
{
System.out.printin("no error");
}

Now, we have to process each "individual response" in the lis

4.7.3.3 A few words on error handling and data extraction

Depending of the application and/or the developer’s pnognang habits, each individual error can be han-
dle by the C++ (or Java) exception mechanism or using thecdeztihas_failed()method. The GroupRe-
ply class - which is the mother class of both GroupCmdReply @noupAttrReply - contains a static
method to enable (or disable) exceptions cafladble exception(By default, exceptions are disabled (in
both Java and C++). The following example is proposed witi leaceptions enable and disable.

In C++, data can be extracted directly from an individualyeffhe GroupCmdReply interface con-
tains a template operator >> allowing the extraction of amyp®rted Tango type (in fact the actual data
extraction is delegated to DeviceData::operator >>). Gatbaated extract method is also provided in order
to extract DevVarLongStringArray and DevVarDoubleStAmay types to std::vectors.

Error and data handling C++ example:
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e e L
/I- synch. group command example with exception enabled
e
/l- enable exceptions and save current mode

bool last mode = GroupReply::enable_exception(true);

/[- process each response in the list ...

for (int r = 0; r < crl.size(); r++)

{

/I- enter a try/catch block
try
{

/l- try to extract the data from the r-th reply
/l- suppose data contains a double
double ans;
crl[r] >> ans;
cout << crl[r].dev_name()
<< "t
<< crl[r].obj_name()
<< " returned "

<< ans
<< endl;
}
catch (const DevFailed& df)
{
/I- DevFailed caught while trying to extract the data from re ply
for (int err = 0; err < df.errors.length(); err++)
{
cout << "error: " << df.errors[err].desc.in() << endl;
}
/[- alternatively, one can use crl[r].get_err_stack() see below
}
catch (...)
{
cout << "unknown exception caught";
}

}

/I- restore last exception mode (if needed)
GroupReply::enable_exception(last_mode);

/l- Clear the response list (if reused later in the code)
crl.reset();

e e S
/I- synch. group command example with exception disabled
e e S
/I- disable exceptions and save current mode bool
last_ mode = GroupReply::enable_exception(false);
/l- process each response in the list ...
for (int r = 0; r < crl.size(); r++)
{
/[- did the r-th device give error?
if (crl[r].has_failed() == true)

/[- printout error description
cout << "an error occurred while executing "
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<< crl[r].obj_name()
<< " on"
<< crl[r].dev_name() << endl;
/l- dump error stack
const DevErrorList& el = crl[r].get_err_stack();
for (int err = 0; err < el.size(); err++)

{
cout << ellerr].desc.in();
}
}
else
{
/l- no error (suppose data contains a double)
double ans;
bool result = crl[rf] >> ans;
if (result == false)
{
cout << "could not extract double from "
<< crl[r].dev_name()
<< " reply”
<< endl;
}
else
{
cout << crl[r].dev_name()
<< Mt
<< crl[r].obj_name()
<< " returned "
<< ans
<< endl;
}
}

}

/I- restore last exception mode (if needed)
GroupReply::enable_exception(last_mode);

/l- Clear the response list (if reused later in the code)
crl.reset();

Error and data handling Java example:

e e L
/I- synch. group command example with exception enabled

e
/l- enable exceptions and save current mode

boolean last mode = GroupReply.enable_exception(true);

/[- process each response in the list ...

Iterator it = crl.iterator();

/l- try to extract the data from the each reply

/l- suppose data contains a double

double ans;

while (it.hasNext())
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{
/[- cast from Object to GroupCmdreply

GroupCmdreply cr = (GroupCmdreply)it.next();
/I- enter a try/catch block

try

{

/I- extract value from data (may throw DevFailed)
ans = get_data().extractDouble();

/I- verbose
System.out.printin(cr.dev_name()
+ "t
+ cr.obj_name()
+ " returned "
+ ans);
}

catch (DevFailed d)

/I- DevFailed caught while trying to extract the data from re
for (int err = 0; err < d.errors.length; err++)

{

System.out.printin("error: " + d.errors[err].desc);

/[- alternatively, one can use cr.get_err_stack() see belo

}
catch (Exception e)
{
System.out.printin("unknown exception caught");
}

}

/I- restore last exception mode (if needed)
GroupReply.enable_exception(last_mode);

e
/l- synch. group command example with exception disabled
e
/I- disable exceptions and save current mode
boolean last mode = GroupReply.enable_exception(false) ;
/I- process each response in the list ...
Iterator it = crl.iterator();
/l- try to extract the data from the each reply
while (it.hasNext())
{
/I- cast from Object to GroupCmdreply
GroupCmdreply cr = (GroupCmdreply)it.next();
/l- did the device give error?
if (cr.has_failed() == true)

/[- printout error description
System.out.printin("an error occurred while executing '
+ cr.obj_name()
+ " on "
+ cr.dev_name());
/I- dump error stack
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DevError[] de = cr.get_err_stack();
for (int err = 0; err < de.length; err++)

{ System.out.printin("error: " + de[err].desc);
}

}

else

{

/l- no error (suppose data contains a double)
double ans = cr.get_data().extractDouble();

/I- verbose
System.out.printin(cr.dev_name()
+ "
+ cr.obj_name()
+ " returned "
+ ans);
}
}

/I- restore last exception mode (if needed)
GroupReply.enable_exception(last_mode);

Now execute the same command asynchronously. C++ example:

e
/[- asynch. group command example (C++ example)

e e L
long request_id = gauges->command_inout_asynch("Status ");
/l- do some work

do_some_work();

/I- get results
crl = gauges->command_inout_reply(request_id);

/I- process responses as previously describe in the synch. i mplementation
for (int r = 0; r < crl.size(); r++)
{

/l- data processing and error handling goes here
/l- copylpaste code from previous example

}
/I- clear the response list (if reused later in the code)
crl.reset();

The same asynchronous example in Java:

e
/[- asynch. group command example (Java example)
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1
int request_id = gauges.command_inout_asynch("Status",
/l- do some work

do_some_work();

/I- get results

crl = gauges.command_inout_reply(request_id);

/I- process responses as previously describe in the synch. i
Iterator it = crl.iterator();

/l- try to extract the data from the each reply

while (it.hasNext())

{

/I- data processing and error handling goes here

/I- copylpaste code from previous example

67

false,true);

mplementation

4.7.3.4 Case 2: acommand, one argument

Here, we give an example in which the same input argumentgBeapto all devices in the group (or its

sub-groups).
In C++:

/l- the argument value

double d = 0.1;

/l- insert it into the TANGO generic container for command: D
Tango::DeviceData dd;

dd << d;

/I- execute the command: Dev_Void SetDummyFactor (Dev_Dou
Tango::GroupCmdReplyList crl = gauges->command_inout("

eviceData

ble)
SetDummyFactor”, dd);

In Java:

/l- the argument value

double d = 0.1;

/l- insert it into the TANGO generic container for command: D
DeviceData dd = new DeviceData();

dd.insert(d);

/I- execute the command: Dev_Void SetDummyFactor (Dev_Dou
GroupCmdReplyList crl = gauges.command_inout("SetDummy

eviceData

ble)
Factor", dd, false, true);

Since the SetDummyFactor command does not return any vhkimdividual replies (i.e. the GroupCm-
dReply) do not contain any data. However, we have to chedk tias_failed()method returned value to
be sure that the command completed successfully on eacted@dknowledgement). Note that in such a

case, exceptions are useless since we never try to exttadirdin the replies.
In C++ we should have something like:
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/I- no need to process the results if no error occurred (Dev_V oid command)
if (crl.has_failed())
{

/I- at least one error occurred
for (int r = 0; r < crl.size(); r++)

{
/I- handle errors here (see previous C++ examples)
}
}
/I- clear the response list (if reused later in the code)
crl.reset();

While in Java

/I- no need to process the results if no error occurred (Dev_V oid command)
if (crl.has_failed())
{

/I- at least one error occurred
for (int r = 0; r < crllength; r++)

/I- handle errors here (see previous Java examples)

}
}

See case 1 for an example of asynchronous command.

4.7.3.5 Case 3: acommand, several arguments

Here, we give an example in whichspecificinput argument is applied to each device in the hierarchy. In
order to use this form of command_inout, the user must have griori" and "perfect” knowledge of the
devices order in the hierarchy. In such a case, command &msrare passed in an "array" (with one entry
for each device in the hierarchy).

The C++ implementation provides a template method whicletsca std::vector of "C++ type for
command argument". This allows passing any kind of datagusisingle method.

Since templates are not (already) supported in Java, thieingmtation is somewhat different and an
array of DeviceData is used to pass the specific arguments.

In both cases (C++ and Java), the size of this vector must #ygilaumber of device in the hierarchy
(respectively the number of device in the group) if the favaption is set to true (respectively set to
false). Otherwise, an exception is thrown.

The first item in the vector is applied to the first device inlirerarchy, the second to the second device
in the hierarchy, and so on. .. That’s why the user must hapedect" knowledge of the devices order in
the hierarchy.

Assuming that gauges are ordered by name, the SetDummylEactonand can be executed on group
"cell-01" (and its sub-groups) as follows:

Remember, "cell-01" has the following internal structure:
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-> gauges
-> cell-01
[-> inst-cOl/vac-gauge/strange
[-> penning
| |-> inst-cOl/vac-gauge/penning-01
| |-> inst-cOl/vac-gauge/penning-02
| [-> ...
| [-> inst-cOl/vac-gauge/penning-xx
[-> pirani
|-> inst-cOl/vac-gauge/pirani-01
[-> ...
|-> inst-cOl/vac-gauge/pirani-xx

Passing a specific argument to each device in C++:

69

/l- get a reference to the target group
Tango::Group  *g = gauges->get_group(“cell-01");
/l- get number of device in the hierarchy (starting at cell-0
long n_dev = g->get_size(true);

/[- Build argin list

std::vector<double> argins(n_dev);

/I- argument for inst-cOl/vac-gauge/strange

argins[0] = 0.0;

/l- argument for inst-cOl/vac-gauge/penning-01
argins[1] = 0.1;

/I- argument for inst-cOl/vac-gauge/penning-02
argins[2] = 0.2;

/l- argument for remaining devices in cell-01.penning

/I- argument for devices in cell-0O1.pirani

/I- the reply list
Tango::GroupCmdReplyList crl;

/l- enter a try/catch block (see below)
try

{

/I- execute the command
crl = g->command_inout("SetDummyFactor", argins, true);
if (crl.has_failed())

/[- error handling goes here (see case 1)
}

}

catch (const DevFailed& df)

{

/I- see below

}

crl.reset();

1)

If we want to execute the command locally on "cell-01" (i.@t on its sub-groups), we should write

the following C++ code:
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/l- get a reference to the target group
Tango::Group  *g = gauges->get_group(“cell-01");
/l- get number of device in the group (starting at cell-01)
long n_dev = g->get size(false);

/[- Build argin list

std::vector<double> argins(n_dev);

/I- argins for inst-cOl/vac-gauge/penning-01
argins[0] = 0.1;

/I- argins for inst-cOl/vac-gauge/penning-02
argins[1] = 0.2;

/I- argins for remaining devices in cell-01.penning

/I- the reply list
Tango::GroupCmdReplyList crl;

/l- enter a try/catch block (see below)
try

{

/I- execute the command

crl = g->command_inout("SetDummyFactor”, argins, false)

if (crl.has_failed())
{

/I- error handling goes here (see case 1)
}

}

catch (const DevFailed& df)

{

/I- see below

}

crl.reset();

Passing a specific argument to each device in Java:

/l- get a reference to the target group

Group g = gauges.get_group(“cell-01");

/l- get pre-build arguments list for the whole hierarchy (st
DeviceData[] argins = g.get_command_specific_argument_
/l- argument for inst-cOl/vac-gauge/strange
argins[0].insert(0.0);

/I- argument for inst-cOl/vac-gauge/penning-01
argins[1].insert(0.1);

/I- argument for inst-cOl/vac-gauge/penning-02
argins[2].insert(0.2);

/I- argument for remaining devices in cell-01.penning

/I- argument for devices in cell-01.pirani
/I- the reply list GroupCmdReplyList

crl = null;
/l- enter a try/catch block (see below)

arting@cell-01)
list(true);
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try

{

/I- execute the command
crl = g.command_inout("SetDummyFactor”, argins, false, t rue);
if (crl.has_failed())
{

/[- error handling goes here (see case 1)
}

}

catch (DevFailed d)

{

/l- see below

}

Note: if we want to execute the command locally on "cell-G2&.(not on its sub-groups), we should
write the following code:

/l- get a reference to the target group

Group g = gauges.get_group(“cell-01");

/I- get pre-build arguments list for the group (starting@ce 11-01)
DeviceData[] argins = g.get command_specific_argument_ list(false);
/I- argins for inst-cOl/vac-gauge/penning-01

argins[0].insert(0.1);

/I- argins for inst-cOl/vac-gauge/penning-02

argins[1].insert(0.2);

/I- argins for remaining devices in cell-01.penning

/I- the reply list
GroupCmdReplyList crl;
/l- enter a try/catch block (see below)

try

{

/I- execute the command
crl = g.command_inout("SetDummyFactor”, argins, false, f alse);
if (crl.has_failed())
{

/[- error handling goes here (see case 1)
}

}

catch (DevFailed d)

{

/l- see below

}

This form ofcommand_inouithe one that accepts an array of value as its input argupreat) throw
an exceptiorbefore executing the command if the number of elements in the inpayaloes not match
the number of individual devices in the group or in the hiehngr(depending on the forward option).

Java developers should use tBmup.get_command_specific_argument Hedper method (see previ-
ous example). It guarantees than the "returned array" leasght number of elements. This array may be
kept and reused as far as the group size is not changed (iagldhar remove of elements).
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An asynchronous version of this method is also available.@se 1 for an example of asynchronous
command.

4.7.4 Reading attribute(s)

In order to read attribute(s), the Group interface contageeral implementations of thread_attribute()
andread_attributes(jnethods. Both synchronous and asynchronous forms are sagpReading several
attributes is very similar to reading a single attributanfly replace the std::string used for attribute name
by a vector of std::string with one element for each attelbname. In case of read_attributes() call, the
order of attribute value returned in the GroupAttrReplylissall attributes for first element in the group
followed by all attributes for the second group element andrs

4.7.4.1 Obtaining attribute values

Attribute values are returned using a GroupAttrReplyLidthis is nothing but an array containing a

GroupAttrReply for each device in the group. The GroupA¢ply contains the actual data (i.e. the De-
viceAttribute). By inheritance, it may also contain anyoewccurred during the execution of the command
(in which case the data is invalid).

Here again, the Tango Group implementation guaranteeshbaittribute values are returned in the
order in which its elements were attached to the group. Sé&iitig command results for details.

The GroupAttrReply contains some public methods allowing identification of both the device
(GroupAttrReply::dev_name) and the attribute (GroupRRétply::obj_name). It means that, depending of
your application, you can associate a response with itceaising its position in the response list or using
the Tango::GroupAttrReply::dev_name member.

4.7.4.2 A few words on error handling and data extraction

Here again, depending of the application and/or the deee®programming habits, each individual er-
ror can be handle by the C++ exception mechanism or using édeatedhas_failed()method. The
GroupReply class - which is the mother class of both GroupRepdy and GroupAttrReply - contains
a static method to enable (or disable) exceptions caleable exception()By default, exceptions are
disabled (in both Java and C++). The following example ispps®d with both exceptions enable and
disable.

In C++, data can be extracted directly from an individualyephe GroupAttrReply interface contains
a template operator>> allowing the extraction of any sufgabFfango type (in fact the actual data extraction
is delegated to DeviceAttribute::operator>>).

Reading an attribute is very similar to executing a command.

Reading an attribute in C++:

Jommm e

/l- synch. read "vacuum" attribute on each device in the hier archy
/I- with exceptions enabled - C++ example

et

/l- enable exceptions and save current mode

bool last mode = GroupReply::enable_exception(true);

/l- read attribute

Tango::GroupAttrReplyList arl = gauges->read_attribute ("vacuum™);
/[- for each response in the list ...

for (int r = 0; r < arl.size(); r++)

{

/I- enter a try/catch block
try
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{
/l- try to extract the data from the r-th reply

/l- suppose data contains a double
double ans;
arl[r] >> ans;
cout << arl[r].dev_name()
<< "t
<< arl[r].obj_name()
<< " value is "
<< ans << endl;
}
catch (const DevFailed& df)
{
/I- DevFailed caught while trying to extract the data from re ply
for (int err = 0; err < df.errors.length(); err++)

{
}

/[- alternatively, one can use arl[r].get_err_stack() see below

cout << "error: " << df.errors[err].desc.in() << endl;

catch (...)
{

}

cout << "unknown exception caught"”;

}

/I- restore last exception mode (if needed)
GroupReply::enable_exception(last_mode);

/I- clear the reply list (if reused later in the code)
arl.reset();

Reading an attribute in Java:

Jlrmmm s

/l- synch. read "vacuum" attribute on each device in the hier archy
/I- with exceptions enabled - Java example

Jlrmmmmm e e

/l- enable exceptions and save current mode
boolean last mode = GroupReply.enable_exception(true);
/l- read attribute
GroupAttrReplyList arl = gauges.read_attribute("vacuum " true);
/l- try to extract the data from the each reply
/l- suppose data contains a double
double ans;
while (it.hasNext())
{
/I- cast from Object to GroupAttrReply
GroupAttrReply ar = (GroupAttrreply)it.next();
/I- enter a try/catch block
try
{
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/I- extract value from data (may throw DevFailed)
ans = get_data().extractDouble();

/I- verbose
System.out.printin(cr.dev_name()

+ "
+ cr.obj_name()
+ " returned "
+ ans);

}

catch (DevFailed d)

{

/I- DevFailed caught while trying to extract the data from re

for (int err = 0; err < d.errors.length; err++)

{
}

/[- alternatively, one can use cr.get_err_stack() see belo

}

catch (Exception e)

{
}

System.out.printin("error:

System.out.printin("unknown exception caught");

}

/I- restore last exception mode (if needed)
GroupReply.enable_exception(last_mode);

+ d.errors[err].desc);
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ply

In C++, an asynchronous version of the previous exampleddoeil

/l- read the attribute asynchronously

long request_id = gauges->read_attribute_asynch("vacuu
/l- do some work

do_some_work();

/I- get results
Tango::GroupAttrReplyList arl = gauges->read_attribute

/l- process replies as previously described in the synch. im

for (int r = 0; r < arl.size(); r++)

{

/l- data processing and/or error handling goes here
}

/I- clear the reply list (if reused later in the code)
arl.reset();

m");

_reply(request_id);

plementation

The same asynchronous example in Java:
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/I- read the attribute asynchronously

int request_id = gauges.read_attribute_asynch("vacuum" Jtrue);
/l- do some work

do_some_work();

/I- get results

GroupAttrReplyList arl = gauges.read_attribute_reply(r equest_id);
Iterator it = arl.iterator();

/l- try to extract the data from the each reply

while (it.hasNext())

{

/[- data processing and error handling goes here

/I- copylpaste code from previous example

4.7.5 Writing an attribute

The Group interface contains several implementationsefite _attribute()method. Both synchronous
and asynchronous forms are supported. However, writingeiti@n one attribute at a time is not supported.

4.7.5.1 Obtaining acknowledgement

Acknowledgements are returned using a GroupReplyList iBmothing but an array containing a GroupRe-
ply for each device in the group. The GroupReply may contajnearor occurred during the execution of
the command. The return value of thas_failed()method indicates whether an error occurred or not. If
this flag is set to true, theéroupReply::get_err_stack@ethod gives error details.

Here again, the Tango Group implementation guaranteeghbadttribute values are returned in the
order in which its elements were attached to the group. Seaiftiog command results for details.

The GroupReply contains some public members allowing thetification of both the device (GroupRe-
ply::dev_name) and the attribute (GroupReply::obj_narteneans that, depending of your application,
you can associate a response with its source using its ogitithe response list or using the GroupRe-
ply::dev_name member.

4.7.5.2 Case 1: one value for all devices

Here, we give an example in which the same attribute valugiisenw on all devices in the group (or its
sub-groups). Exceptions are supposed to be disabled.
Writing an attribute in C++:

e et

/I- synch. write "dummy" attribute on each device in the hier archy
Jlrmmm s

/l- assume each device support a "dummy" writable attribute

/l- insert the value to be written into a generic container

Tango::DeviceAttribute value(std::string("dummy"), 3. 14159);
/I- write the attribute
Tango::GroupReplyList rl = gauges->write_attribute(val ue);

/l- any error?
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if (rl.has_failed() == false)
{

}

else

{

cout << "no error" << endl;

cout << "at least one error occurred" << endl;
/[- for each response in the list ...
for (int r = 0; r < rl.size(); r++)
{
/[- did the r-th device give error?
if (rl[r].has_failed() == true)

/I- printout error description
cout << "an error occurred while reading "
<< rl[r].obj_name()
<< "on "
<< rl[r].dev_name()
<< endl;
/l- dump error stack
const DevErrorList& el = rl[r].get_err_stack();
for (int err = 0; err < el.size(); err++)

{
}

cout << ellerr].desc.in();

}
}

/l- clear the reply list (if reused later in the code)
rl.reset();

Writing an attribute in Java:

1
/l- synch. write "dummy" attribute on each device in the hier
1
/l- assume each device support a "dummy" writable attribute
/I- insert the value to be written into a generic container
DeviceAttribute value = new DeviceAttribute("dummy"), 3.

/- write the attribute

GroupReplyList rl = gauges.write_attribute(value,true)

/l- any error?

if (rl.has_failed() == false)

{

System.out.printin("no error");

}

else
{

System.out.printin("at least one error occurred");
/[- for each response in the list ...

14159);

76
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Iterator it = rl.iterator();
while (it.hasNext())
{
/l- cast from Object to GroupReply
GroupReply gr = (GroupReply)it.next();
/[- did the r-th device give error?
if (gr.has_failed())
{

/I- printout error description
System.out.printin("an error occurred while reading "
+ gr.obj_name()
+ " on"
+ gr.dev_name());
/I- dump error stack
DevError[] el = gr.get_err_stack();
for (int err = 0; err < ellength; err++)

{
}

System.out.printin(el[err].desc);

Here is a C++ asynchronous version:

/I- insert the value to be written into a generic container
Tango::DeviceAttribute value(std::string("dummy"), 3. 14159);
/I- write the attribute asynchronously

long request_id = gauges.write_attribute_asynch(value) ;

/l- do some work

do_some_work();

/I- get results
Tango::GroupReplyList rl = gauges->write_attribute _rep ly(request_id);

/l- process replies as previously describe in the synch. imp lementation ...

The same asynchronous example in Java:

/l- insert the value to be written into a generic container

DeviceAttribute value = new DeviceAttribute("dummy", 3.1 4159);
/I- write the attribute asynchronously
int request_id = gauges.write_attribute_asynch(value,t rue);

/- do some work
do_some_work();

/I- get results
GroupReplyList rl = gauges.write_attribute_reply(reque st_id, 0);

/l- process replies as previously describe in the synch. imp lementation ...
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4.7.5.3 Case 2: a specific value per device

Here, we give an example in whichsgecificattribute value is applied to each device in the hierarchy. |
order to use this form ofrite_attribute() the user must have an "a priori" and "perfect" knowledgdef t
devices order in the hierarchy.

The C++ implementation provides a template method whicletsca std::vector of "C++ type for
command argument". This allows passing any kind of datagusisingle method.

Since templates are not (already) supported in Java, thieimgmtation is somewhat different and an
array of DeviceAttribute is used to pass the specific argusnen

In both cases (C++ and Java), the size of this vector must #ggilaumber of device in the hierarchy
(respectively the number of device in the group) if the favaption is set to true (respectively set to
false). Otherwise, an exception is thrown.

The first item in the vector is applied to the first device in ¢ineup, the second to the second device
in the group, and so on. .. That's why the user must have a€pitnowledge of the devices order in the
group.

Assuming that gauges are ordered by name, the dummy adtrilaunt be written as follows on group
"cell-01" (and its sub-groups) as follows:

Remember, "cell-01" has the following internal structure:

-> gauges
-> cell-01
[-> inst-cOl/vac-gauge/strange
[-> penning
| [-> inst-cOl/vac-gauge/penning-01
| |-> inst-cOl/vac-gauge/penning-02
| [-> ...
| |-> inst-cOl/vac-gauge/penning-xx
[-> pirani
|-> inst-cOl/vac-gauge/pirani-01
[-> ...
[-> inst-cOl/vac-gauge/pirani-xx

C++ version:

/l- get a reference to the target group
Tango::Group  *g = gauges->get_group(“cell-01");
/l- get number of device in the hierarchy (starting at cell-0 1)
long n_dev = g->get_size(true);

/I- Build value list

std::vector<double> values(n_dev);

/I- value for inst-cOl/vac-gauge/strange

values[0] = 3.14159;

/[- value for inst-cO1l/vac-gauge/penning-01
values[1] = 2 * 3.14159;

/I- value for inst-cO1l/vac-gauge/penning-02
values[2] = 3 *  3.14159;

/[- value for remaining devices in cell-01.penning

/I- value for devices in cell-O1.pirani

/I- the reply list
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Tango::GroupReplyList rl;

/l- enter a try/catch block (see below)
try

{

/I- write the "dummy" attribute
rl = g->write_attribute("dummy"”, values, true);
if (rl.has_failed())
{

/I- error handling (see previous cases)

}
}
catch (const DevFailed& df)
{
/l- see below
}
rl.reset();

Here is a Java version:

/l- get a reference to the target group

Group g = gauges.get _group("cell-01");

/l- get pre-build arguments list for the whole hierarchy (st arting@cell-01)
DeviceAttribute[] values = g.get attribute_specific_va lue_list(true);
/I- value for inst-cOl/vac-gauge/strange

values[0] = 3.14159;

/I- value for inst-cO1l/vac-gauge/penning-01

values[1] = 2 *  3.14159;

/[- value for inst-cO1l/vac-gauge/penning-02

values[?2] = 3 *  3.14159;

/[- value for remaining devices in cell-01.penning

/I- value for devices in cell-01.pirani

/I- the reply list
GroupReplyList rl;
try

{

/I- write the "dummy" attribute
rl = g.write_attribute("dummy"”, values, true);
if (rl.has_failed())

/I- error handling (see previous cases)

}
}
catch (DevFailed d)
{

/I- see below

}
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Note: if we want to execute the command locally on "cell-G1&.(not on its sub-groups), we should
write the following code (example is only proposed for C+-aval port is straightforward):

/l- get a reference to the target group
Tango::Group *g = gauges->get_group(“cell-01");
/I- get number of device in the group

long n_dev = g->get_size(false);

/[- Build value list

std::vector<double> values(n_dev);

/I- value for inst-cO1l/vac-gauge/penning-01
values[0] = 2 *  3.14159;

/[- value for inst-cO1l/vac-gauge/penning-02
values[1] = 3 *  3.14159;

/[- value for remaining devices in cell-01.penning

/I- the reply list
Tango::GroupReplyList rl;

/l- enter a try/catch block (see below)
try

{

/I- write the "dummy" attribute
rl = g->write_attribute("dummy"”, values, false);
if (rl.has_failed())

/I- error handling (see previous cases)

}
}
catch (const DevFailed& df)
{

/l- see below

rl.reset();

This form ofwrite_attribute()(the one that accepts an array of value as its input argunreay) throw
an exception before executing the command if the numberephehts in the input array does not match
the number of individual devices in the group or in the hielngr(depending on the forward option).

Java developers should use Beoup.get_attribute_specific_value_llstlper method (see previous
example). It guarantees than the "returned array" hasghémumber of elements. This array may be kept
and reused as far as the group size is not changed (i.e. na aelshove of elements).

An asynchronous version of this method is also available.

4.8 Device locking

Starting with Tango release 7 (and device inheriting frommiBe_4Impl), device locking is supported. For

instance, this feature could be used by an application d@iscan on a synchrotron beam line. In such a

case, you want to move an actuator then read a sensor, mo&ettiador again, read the sensor...You don’t

want the actuator to be moved by another client while theiegipbn is doing the scan. If the application

doing the scan locks the actuator device, it will be sure thigtdevice is "reserved" for the application

doing the scan and other client will not be able to move itluhé scan application un-locks this actuator.
A locked device is protected against:



CHAPTER 4. WRITING A TANGO CLIENT USING TANGO APIS 81

e command_inoutall except for device state and status requested via cochaad for the set of
commands defined as allowed following the definition of addwcommand in the Tango control
access schema.

 write_attributecall

e write_read_attributecall

 set_attribute_configall

« polling and logging commands related to the locked device

Other clients trying to do one of these calls on a locked aewiitl get a DevFailed exception. In case of
application with locked device crashed, the lock will becamatically release after a defined interval. The
API provides a set of methods for application code to lockickdevice. These methods are:

 DeviceProxy::lock(rndDeviceProxy::unlock(Jo lock/unlock device

« DeviceProxy::locking_status(peviceProxy::is_locked(PeviceProxy::is_locked_by mefdDe-
viceProxy::get_locker(jo get locking information

These methods are precisely described in the API referdraqeers.

4.9 Reconnection and exception

The Tango API automatically manages re-connection betvedient and server in case of communi-
cation error during a network access between a client andverseBy default, when a communica-
tion error occurs, an exception is returned to the caller thedconnection is internally marked as bad.
On the next try to contact the device, the API will try to reifduthe network connection. With the
set_transparency_reconnectiomilethod of the DeviceProxy class, it is even possible not tee teny
exception thrown in case of communication error. The API trl to re-build the network connection as
soon as it is detected as bad. This is the default modet 3&€or more details on this subject.

4.10 Thread safety

Starting with Tango 7.2, some classes of the C++ API has beslerihread safe. These classes are:
» DeviceProxy
» Database
e Group
* ApiUtil

AttributeProxy

This means that it is possible to share between threads éeptina DeviceProxy instance. It is safe to

execute a call on this DeviceProxy instance while anothewatthis also doing a call to the same Device-
Proxy instance. Obviously, this also means that it is pdss$thcreate thread local DeviceProxy instances
and to execute method calls on these instances. Neverthdbgs local to a DeviceProxy instance like its

timeout are not managed on a per thread basis. For a DevigeiPgtance shared between two threads, if
thread 1 changes the instance timeout, thread 2 will alsthé2ehange.
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4.11 Compiling and linking a Tango client

Compiling and linking a Tango client is similar to compiliagd linking a Tango device server. Please,
refer to chapter "Compiling, Linking and executing a Tangwide server process8(©) to get all the
details.




Chapter 5

TANGO Java API

THIS CHAPTER DOCUMENTS THEJAVA AP| FOR THE TANGO DATABASE AND DEVICE SERVERS

83
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TANGO Java API Architecture

Connection
DbAttribute DbDatum reconnection()
name name set_timeout()
R - get_timeout()
is_empty() is_empty() command_inout()
insert() insert() -
extract() extract() ‘
DbClass Z%
name Database
get_property() get_class_property() f..n
get_server_info()
get_device_property() ApiUtil
Dbserver | | oL/ Static Vector of
Database Objects
name —
get_info()
put_info()
DbDevice DeviceData DeviceAttribute
insert() insert()
name extract() extract()
DeviceProxy
get_property()
................. name
ping() DeviceDataHstory
command_list_query()
info() getTime() —

AttributeProxy

name

ping()
read()
write()

info()

5.1 Introduction

5.1.1 Description

This chapter documents the high level interface for Java.

Remarks:

This java api is based afacorbORB implementation. ThdacorbandTangoclasses are both available in
TangORB.jar file.

5.1.2 Basic Philosophy

The basic philosophy is to have high level classes for theldeste, properties, device, group and database
object info. Classes also exist for sending and receivingtdese or device values.
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All classes and data types are definedriasrf.TangoAppackage. Group related classes are in a
package callett.esrf. TangoApi.GroupEvent related classes are in a package céllesrf. TangoApi.events
5.1.3 Classes
5.1.3.1 Data object classes

DeviceData: Obect used to send and receive data on device.

DbDatum: Object used to put or get properties on database.

DbDevinfo: Object used to read device information on database.
DbDevimportinfo: Object used to read imported device information on database

DbDevExportinfo: Object used to read exported device information on database

5.1.3.2 Asynchronous callback related classes

CallBack: Object called at asynchronous call reply

CmdDoneEvent: Object to pass asynchronous command reply data to a Callégekt.
ReadAttrEvent: Object to pass asynchronous read_attribute reply data &dlBaCk object.

AttrWrittenEvent:  Object to pass asynchronous write_attribute reply dataGaliBack object.

5.1.3.3 Devices and Database access classes
DeviceProxy: Device access (aggregates DbDevice class).
Group: Multiple device access class

Database: Direct access to TANGO database.

DbClass: Class properties access to TANGO database.
DbServer: Server properties access to TANGO database.

DbDevice Device properties access to TANGO database.

5.1.4 Reporting errors

For the device and database classes, most methods thBsvFailed exception in case of error. See
Writing a TANGO Device ServehapteReporting Errors(8.2.4 , except those which specified.

In opposite, for the data object classes, only the specifietthod thronwDevFailedexception in case of
error.

The reason field could be set to:

e TangoApi_TANGO_ HOST_NOT_SEThe TANGO_HOSTenvironment variable has not been set
or has been set with a syntax error.

e TangoApi_DATABASE_CONNECTION_FAILED'he database server cannot be connected (bad
TANGO_HOSTor database server stopped).

* TangoApi_CANNOT_IMPORT_DEVICHhe device is exported but cannot be connected.
* TangoApi_DEVICE_NOT_EXPORTEDhe device has not be exported.
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5.1.5 Compiling a Java client
5.1.5.1 Supported java release

Tango client written using Java language needs rele&s@(or above) of the Java environment.

5.1.5.2 Setting CLASSPATH and other environment variables
To correctly compile a Java Tango client, the CLASSPATH emvinent variable must be set to :

e The jar file with all the Tango, TangoDs, TangoApi and Jaqmabkage classes. This file is named
TangORB . jar

* The jar file with all the JDK classes (not always necessanyliccbe implicit)
* Your own package directory

For UNIX like operating system, setting environment valéab done with thexportor setenncommand
depending on the shell used. For Windows, setting environiraiable is possible from the control panel.

The client/server timeout as been fixed by default to 3000sedonds but it can be set to another value
a startup usingANGO_TIMEOUTenvironement variable.

eg :java -DTANGO_HOST=hal:20000 -DTANGO_TIMEOUT=5000 myzae.MyClient

Will start MyClientclass using the database server running on the host nlaahed port 20000 with a
command timeout of 5 seconds.

5.2 Reference manual

The Tango Java API documentation is now managed using thddal'javadoc" and is available online at

Tango Java API reference documentation


http://www.esrf.eu/computing/cs/tango/tango_doc/kernel_doc/tango_java_api/classes/index.html

Chapter 6

The TANGO C++ Application
Programmer Interface

6.1 Tango::DeviceProxy()

The high level object which provides the client with an e&syse interface to TANGO devices. De-
viceProxy is a handle to the real Device (hence the name Pang is not the real Device (of course).
DeviceProxy provides interfaces to all TANGO Device inéeds. The DeviceProxy manages timeouts,
stateless connections (new DeviceProxy() nearly alwayksypand reconnection if the device server is
restarted.

6.1.1 Constructors
6.1.1.1 DeviceProxy::DeviceProxy(string &name, CORBAORB *orb=NULL)

Create a DeviceProxy to a device of the specified name. TheG@BNAOST environment variable is used

to determine which TANGO database to connect to. The cliantspecify an ORB as argument if she

wants to. The constructor will connect to the TANGO databgeery for the client’s network address and

build a connection to the device. If the device is defined @ TANGO database but the device server is
not running DeviceProxy will try to build a connection evéipe the client tries to access the device. If
the device is not defined an exception is thrown. Example :

DeviceProxy *my_device = new DeviceProxy(“my/own/device”);

See appendix on device naming for all details about Tang@eeaming syntax. If an alias name is
defined for the device, this alias name can be used to creaf@eviceProxy instance.
Exception: WrongNameSyntax, ConnectionFailed

6.1.1.2 DeviceProxy::DeviceProxy(const char *name, CORB:ORB *orb = NULL)

Idem previous call

6.1.2 Miscellaneous methods
6.1.2.1 Devicelnfo DeviceProxy::info()

A method which returns information on the device in a Deviéektructure. Example :

87
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cout << " device info : " << endl

Devicelnfo dev_info = my_device->info() << endl;

cout << " dev_class " << dev_info.dev_class;

cout << " server_id " << dev_info.server_id;

cout << " server_host " << dev_info.server_host;

cout << " server_version " << dev_info.server_version;
cout << " doc_url " << dev_info.doc_url;

cout << " device type " << dev_info.dev_type;

All Devicelnfo fields are strings except for the server_i@rserver_version which is a long integer.
Exception: Connection Failed, CommunicationFailed, Deglddl from device

6.1.2.2 DevState DeviceProxy::state()

A method which return the state of the device as a Tango::@2¢e8/pe. Example :

dev_state = my_device->state() << endl;

Exception: ConnectionFailed, CommunicationFailed

6.1.2.3 string DeviceProxy::status()

A method which return the status of the device as a stringnipka.:

cout << "device status " << my_device->status() << endl;

Exception: ConnectionFailed, CommunicationFailed

6.1.2.4 int DeviceProxy::ping()

A method which sends a ping to the device and returns the tiapsed as microseconds. Example :

cout << " device ping took " << my_device->ping() << " microse conds" << endl;

Exception: ConnectionFailed, CommunicationFailed

6.1.2.5 void DeviceProxy::set_timeout_millis(int timeat)

Set client side timeout for device in milliseconds. Any naathwhich takes longer than this time to execute
will throw an exception.
Exception: none
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6.1.2.6 int DeviceProxy::get_timeout_millis()

Get the client side timeout in milliseconds.
Exception: none

6.1.2.7 int DeviceProxy::get_idl_version()

Get the version of the Tango Device IDL interface implemdritg the device
Exception: none

6.1.2.8 void DeviceProxy::set_source(DevSource source)

Set the data source (device, polling buffer, polling butffiein device) for command_inoutand read_attribute
methods. The DevSource is an enumerated type which can lof {iDEV, CACHE, CACHE_DEV}. The
default value is CACHE_DEV. See chapter on Advanced Fedtural details regarding polling.

Exception: none

6.1.2.9 DevSource DeviceProxy::get_source()

Get the device data source used by command_inout or restutdtmethods. The DevSource is an enu-
merated type which can be one of {DEV, CACHE, CACHE_DEV}. Sbapter on Advanced Feature for
all details regarding polling.

Exception: none

6.1.2.10 vector<string> *DeviceProxy::black box(intn)

Get the last n commands executed on the device server amd agbointer to a vector of strings containing
the date, time, command, and from which client computer tramand was executed. This method
allocates memory for the vector of strings returned to thkercdt is the caller responsibility to delete this
memory.

Exception: ConnectionFailed, CommunicationFailed, Daald€ from device
6.1.2.11 string DeviceProxy::name()
Return the device name (from the device itself)

Exception: ConnectionFailed, CommunicationFailed

6.1.2.12 string DeviceProxy::adm_name()

Returns the name of the corresponding administrator devicis is useful if you need to send an admin-
istration command to the device server e.g. restart it.
Exception: ConnectionFailed, CommunicationFailed

6.1.2.13 string DeviceProxy::dev_name()

Return the device name as it is stored locally

6.1.2.14 string DeviceProxy::description()

Returns the device description as a string.
Exception: ConnectionFailed, CommunicationFailed
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6.1.2.15 DbDevlmportinfo DeviceProxy::import_info()

Query the device for import info from the database. This meétreturns a DbDevimprtinfo type. The
DbDevimportinfo type is a struct defined as follows :

class DbDevimportinfo {
public :
string name;
long exported;
string ior;
string version; };

Exception: NonDbDevice

6.1.2.16 void DeviceProxy::set_transparency_reconnech(bool flag)

If flag is true, no exception will be thrown in case of netwodnamunication error between client and
server. The APl will try to re-build the network connectiogtiveen client and server as soon as an error is
detected. Seé.17more more details on reconnection and exception

6.1.2.17 bool DeviceProxy::get_transparency_reconnégt()

Returns the transparency reconnection flag.

6.1.2.18 string DeviceProxy::alias()

Returns the device alias name if one is defined otherwisewtha DevFailed exception with the reason
field set to Db_AliasNotDefined.

6.1.3 Synchronous command oriented methods
6.1.3.1 CommandInfo DeviceProxy::command_query(stringommand)

Query the device for information about a single commands Ebhimmand returns a single Commandinfo
type. The Commandinfo type is a struct described in commiaidquery().
Exception: ConnectionFailed, CommunicationFailed, Daldd from device

6.1.3.2 CommandInfoList *DeviceProxy::command_list_qery()

Query the device for info on all commands. This method ret@rvector of Commandinfo types. This
method allocates memory for the vector of Commandinfo retdtto the caller. Itis the caller responsibility
to delete this memory. The CommandiInfo type is a struct défasefollows :

typedef _Commandinfo

{
string cmd_name; / * command name as ascii string */
long cmd_tag; /[ * command as binary value (for TACO) */
long in_type; * in type as binary value */
long out_type; / * out type as binary value */
string in_type _desc; [/ * description of in type (optional) */
string out_type desc; / * description of out type (optional) */
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Tango::DispLevel disp_level, / * Command display level */
} Commandinfo;
typedef CommandinfoList vector<cCommandIinfo>;

Exception: ConnectionFailed, CommunicationFailed, Daaldd from device

6.1.3.3 DeviceData DeviceProxy::command_inout(string)

Execute a command on a device which takes no input argumani¢d.(The result is returned in a Device-
Data object (cf. below how to insert and extract data fromiBelvata).
Exception: ConnectionFailed, CommunicationFailed, @elnlocked, DevFailed from device

6.1.3.4 DeviceData DeviceProxy::command_inout(constah*)

Idem previous call

6.1.3.5 DeviceData Deviceproxy::command_inout(strind)eviceData &)

Execute a command on a device. Input arguments are passé@&kii@Data object, output is returned as
a DeviceData object (see below on how to insert and extraatfdam DeviceData).
Exception: ConnectionFailed, CommunicationFailed, @elnlocked, DevFailed from device

6.1.3.6 DeviceData DeviceProxy::command_inout(constah*, DeviceData &)

Idem previous call

6.1.3.7 vector<DeviceDataHistory>*command_history(sing &, int)

Retrieve command history from the command polling buffelne Tirst argument is the command name.
The second argument is the wanted history depth. This meattadns a vector of DeviceDataHistory
types. This method allocates memory for the vector of DévataHistory returned to the caller. It is the
caller responsibility to delete this memory. Class DeviatBistory is detailed on chapt®i3. See chapter
on Advanced Feature for all details regarding polling.

DeviceProxy dev = new DeviceProxy("...");

vector<DeviceDataHistory> * hist;
hist = dev->command_history("Status",5);
for (int i = 0;i < 5;i++)
{
bool fail = (= hist)[i].failed();
if (fail == false)
{ .
string str;
(* hist)[i] >> str;
cout << "Status = " << str << endl;
}
else
{

cout << "Command failed !" << endl;
cout << "Error level 0 desc = " << (( * hist)[i].errors())[0].desc << endl;

}

cout << "Date = " << ( =*hist)[i].date().tv_sec << endl;
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}

delete hist;

Exception: NonSupportedFeature, ConnectionFailed, CanmoationFailed, DevFailed from device

6.1.3.8 DeviceDataHistoryList *command_history(constlear *, int)

Idem previous call

6.1.4 Synchronous attribute related methods
6.1.4.1 Compatibility between Tango release 4 and releaseégarding attribute properties

Between Tango V4 and Tango V5, attribute configuration has beodified to incorporate alarm and event
related parameters. This explains why it exists two stmectypes for attribute configuration parameters.
All Tango V4 parameters are defined in a structure calltdbutelnfo and a new structure callefit-
tributelnfoEx has been defined for all Tango V5 parameters. NeverthelégstuielnfoEx inherits from
Attributelnfo and it is always possible to call the Tango D&viceProxy::attribute_queryhethod and to
store its result in one Attributelnfo structure thus allogicompatibility for client written for Tango V4
but linked with Tango V5. It is also possible for a client weit and linked with Tango V5 to call Tango
V5 DeviceProxy::attribute_queryfnethod to all kind of Tango devices. For device using Tangothd
alarm and event related parameters will be retrieved frantdttabase instead of from the device.

6.1.4.2 AttributeInfoEx DeviceProxy::attribute_query(string attribute)

Query the device for information about a single attributbisicommand returns a single AttributelnfoEx
type which inherits from the Attributelnfo type. The AttuteInfoEx and Attributelnfo types are structures
described in get_attribute_config() and get_attributafigoex().

Exception: ConnectionFailed, CommunicationFailed, Daldd from device

6.1.4.3 AttributeInfoList * DeviceProxy::attribute_lis t_query()

Query the device for info on all attributes. This method mesua vector of Attributelnfo types. The
Attributelnfo type is a structure described in get_atti#biconfig(). This method allocates memory for the
vector of Attributelnfo structures returned to the calleis the caller responsibility to delete this memory.

6.1.4.4 AttributelnfoListEx * DeviceProxy::attribute | ist_query_ex()

Query the device for info on all attributes. This method netua vector of AttributelnfoEx types. The
AttributeInfoEx type is a structure described in get_htiteé_config_ex(). This method allocates memory
for the vector of AttributeInfoEx structures returned te ttaller. It is the caller responsibility to delete this
memory.

6.1.4.5 vector<string> *DeviceProxy::get_attribute_Ist()

Return the names of all attributes implemented for thisakeeas a vector of strings. This method allocates
memory for the vector of strings returned to the caller. this caller responsibility to delete this memory.
Exception: ConnectionFailed, CommunicationFailed, Dald€ from device
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6.1.4.6 AttributelnfoList *DeviceProxy::get_attribute _config(vector<string>&)

Return the attribute configuration for the list of specifi¢lilbutes. To get all the attributes pass a vector
containing the string AllAttr (defined in tango_const.hhig method allocates memory for the vector of
Attributelnfo returned to the caller. It is the caller resgibility to delete this memory. Attributelnfo is a
struct defined as follows :

typedef struct _Attributelnfo

{
string name;
AttrWriteType writable;
AttrDataFormat data_format;
int data_type;
int max_dim_x;
int max_dim_y;
string description;
string label;
string unit;
string standard_unit;
string display_unit;
string format;
string min_value;
string max_value;
string min_alarm;
string max_alarm;
string writable_attr_name;
vector<string> extensions;
Tango::DispLevel  disp_level;

} Attributelnfo;

Exception: ConnectionFailed, CommunicationFailed, Daldd from device

6.1.4.7 AttributelnfoListEx *DeviceProxy::get_attribu te_config_ex(vector<string>&)

Return the extended attribute configuration for the list pécsfied attributes. To get all the attributes
pass a vector containing the string AllAttr (defined in tanganst.h). This method allocates memory for
the vector of AttributeInfoEx returned to the caller. It fetcaller responsibility to delete this memory.
AttributeInfoEx is a structure defined as follows :

struct AttributelnfoEx: public Attributelnfo

{
AttributeAlarminfo alarms;
AttributeEventinfo events;
vector<string> sys_extensions;

h

struct AttributeAlarminfo

{
string min_alarm;
string max_alarm;
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string min_warning;
string max_warning;
string delta_t;
string delta_val,
vector<string>  extensions;

2

struct AttributeEventinfo

{
ChangeEventinfo ch_event;
PeriodicEventinfo  per_event;
ArchiveEventinfo arch_event;

2

struct ChangeEventinfo

{
string rel_change;
string abs_change;
vector<string>  extensions;

2

struct PeriodicEventinfo

{
string period;
vector<string>  extensions;

%

struct ArchiveEventinfo

{
string archive_rel_change;
string archive_abs_change;
string archive_period;
vector<string>  extensions;

2

Exception: ConnectionFailed, CommunicationFailed, Daldd from device

6.1.4.8 AttributeInfoEx DeviceProxy::get_attribute_cafig(string&)
Return the attribute configuration for a single attribufese AttributelnfoEx is a structure defined above.
Exception: ConnectionFailed, CommunicationFailed, Daldd from device
6.1.4.9 void DeviceProxy::set_attribute_config(AttribdelnfoList &)
Change the attribute configuration for the specified atteigu
Exception: ConnectionFailed, CommunicationFailed, @etnlocked, DevFailed from device
6.1.4.10 void DeviceProxy::set_attribute_config(AttrilunteInfoListEx &)

Change the attribute configuration for the specified atteigu
Exception: ConnectionFailed, CommunicationFailed, @elnlocked, DevFailed from device
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6.1.4.11 vector<DeviceAttribute> *DeviceProxy::read_#ributes(vector<string>&)

Read the list of specified attributes. To extract the valueheve to use the operator of the class DeviceAt-
tribute which corresponds to the data type of the attribM@®TE: There is no automatic type conversion
from the attribute native type to user type e.g. if an attebeeturns a short you cannot extract it as a
double, you have to extract it as a short. By default, if thevesereports error for one of the attribute
in the list, this error will be passed to the user using exoepivhen he (she) will try to extract the data
form the corresponding See sub-chapter on DeviceAttritnuiearn how to change this default behaviour.
DeviceAttribute object. This method allocates memory Fa Yector of DeviceAttribute objects returned
to the caller. This is the caller responsibility to deletis themory. Example :

vector<DeviceAttribute> * devattr;
vector<string> attr_names;

attr_names.push_back("attribute_1");
attr_names.push_back("attribute_2");

devattr = device->read_attributes(attr_names);
short short_attr_1;

long long_attr_2;

(*devattr)[0] >> short_attr_1;

( *devattr)[1] >> long_attr_2;

cout << "my_attribute value " << short_attr;
delete devattr;

Exception: ConnectionFailed, CommunicationFailed

6.1.4.12 DeviceAttribute DeviceProxy::read_attributegtring&)

Read a single attribute. To extract the value you have to hiseperator of the class DeviceAttribute
which corresponds to the data type of the attribute. NOTEr&lis no automatic type conversion from the
attribute native type to user type e.g. if an attribute mesua short you cannot extract it as a double (this
will return 0) you have to extract it as a short. See exampteab

Exception: ConnectionFailed, CommunicationFailed

6.1.4.13 DeviceAttribute DeviceProxy::read_attribute¢onst char *)

Idem previous call

6.1.4.14 void DeviceProxy::write_attributes(vector<DeiceAttribute>&)

Write the specified attributes. To insert the values to wyriita have to use the operator of the DeviceAt-
tribute class which corresponds to the data type of thebatei NOTE: There is no automatic type conver-
sion from the user type to the attribute native type e.g. i&tribute expects a short you cannot insert it as
a double (this will throw an exception) you have to insertsitaashort. Note that this is the only API call
which could throw a NamedDevFailedList exception. $ek5.10to get all the details on this exception.
Example :

vector<DeviceAttribute> attr_in;
string attl_name("First_attr");
string att2_name("Second_attr");
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short short_attr;

double double_attr; attr_in.push_back(DeviceAttribute (attl_name,short_attr));
attr_in.push_back(DeviceAttribute(att2_name,double attr));
device->write_attributes(attr_in);

Exception: ConnectionFailed, CommunicationFailed, @elnlocked, DevFailed or NamedDevFailedList
from device

6.1.4.15 void DeviceProxy::write_attribute(DeviceAttibute&)

Write a single attribute. To insert the value to write youdivuse the operator of the class DeviceAttribute
which corresponds to the data type of the attribute. NOTEr&lis no automatic type conversion from the
user type to the attribute native type e.g. if an attribufgeexs a short you cannot insert it as a double (this
will throw an exception) you have to insert it as a short. Seamle above.

Exception: ConnectionFailed, CommunicationFailed, Retnlocked, DevFailed from device

6.1.4.16 DeviceAttribute DeviceProxy::write_read_attibute(DeviceAttribute&)

Write then read a single attribute in a single network cajl. dBfault (serialisation by device), the execution
of this call in the server can't be interrupted by other digerTo insert/extract the value to write/read you
have to use the operator of the class DeviceAttribute whichesponds to the data type of the attribute.
NOTE: There is no automatic type conversion from the usee tgpthe attribute native type e.g. if an
attribute expects a short you cannot insert it as a douhieitl throw an exception) you have to insert it
as a short.

Exception: ConnectionFailed, CommunicationFailed, @elnlocked, DevFailed from device

6.1.4.17 vector<DeviceAttributeHistory> *DeviceProxy:attribute_history(string &, int)

Retrieve attribute history from the attribute polling kerff The first argument is the attribute name. The
second argument is the wanted history depth. This methadn®t vector of DeviceAttributeHistory
types. This method allocates memory for the vector of DeMicéuteHistory returned to the caller. It is
the caller responsibility to delete this memory. Class De#itributeHistory is detailed on chapt@isSee
also chapter on Advanced Feature for all details regardafigng.

DeviceProxy dev = new DeviceProxy("...");
vector<DeviceAttributeHistory> * hist;
hist = dev->attribute_history("Current",5);

for (int i = 0;i < 5;i++)

{
bool fail = ( *hist)[i].has_failed();
if (fail == false)
{
cout << "Attribute name = " << ( * hist)[i].get_name() << endl;
cout << "Attribute quality factor = " << ( * hist)[i].get_quality() << endl;
long value;

(* hist)[i] >> value;
cout << "Current =

<< value << endl;

else
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{
cout << "Attribute failed !" << endl;
cout << "Error level 0 desc = " << (( * hist)[i].get_err_stack())[0].desc << end];
}
cout << "Date = " << ( =*hist)[i].get_date().tv_sec << endl;
}
delete hist;

Exception: NonSupportedFeature, ConnectionFailed, CanmoationFailed, DevFailed from device

6.1.4.18 vector<DeviceAttributeHistory> *DeviceProxy:attribute_history(const char *, int)

Idem previous call

6.1.5 Asynchronous command oriented methods
6.1.5.1 long DeviceProxy::command_inout_asynch(strinfname, bool forget)

Execute asynchronously (polling model) a command on a devkich takes no input argument. The last
argument is dire and forgetflag. If this flag is set to true, this means that the client dusscare at all
about the server answer and will even not try to get it. A falstault value is provided. Please, note that
device re-connection will not take place (in case it is nei@ifehe fire and forget mode is used. Therefore,
an application using only fire and forget requests is not bButomatically re-connnect to device. This
call returns arasynchronous call identifiewhich is needed to get the command result.

Exception: ConnectionFailed

6.1.5.2 long DeviceProxy::command_inout_asynch(congtar *name, bool forget)

Idem previous call

6.1.5.3 long DeviceProxy::command_inout_asynch(stringname, DeviceData &argin, bool forget)

Execute asynchronously (polling model) a command on a devicput arguments are passed in a De-
viceData object (see following chapters on how to insera dtatb DeviceData object). The last argument
is afire and forgetflag. If this flag is set to true, this means that the client dosscare at all about the
server answer and will even not try to get it. A false defaalue is provided. Please, note that device
re-connection will not take place (in case it is needed)éffine and forget mode is used. Therefore, an
application using only fire and forget requests is not abkeuimmatically re-connnect to device. This call
returns arasynchronous call identifiewhich is needed to get the command result.
Exception: ConnectionFailed

6.1.5.4 long DeviceProxy::command_inout_asynch(constar *name, Devicedata &argin, bool for-
get)

Idem previous call

6.1.5.5 DeviceData DeviceProxy::command_inout_replyghg id)

Check if the answer of an asynchronous command_inout igearr(polling model). id is the asynchronous
call identifier. If the reply is arrived and if it is a valid rigpit is returned to the caller in a DeviceData
object. If the reply is an exception, it is re-thrown by thédlc An exception is also thrown in case of the
reply is not yet arrived. Example :




CHAPTER 6. THE TANGO C++ APPLICATION PROGRAMMER INTERFACE 98

Tango::DeviceProxy dev("...");
long asyn_id;
asyn_id = dev.command_inout_asynch("MyCmd");

Tango::DeviceData arg;

try
{
arg = dev.command_inout_reply(asyn_id);
}
catch(Tango::AsynReplyNotArrived)
{
cerr << "Command not arrived !" << endl;
}
catch (Tango::DevFailed &e)
{
Tango::Except::print_exception(e);
}

Exception: AsynCall, AsynReplyNotArrived, Communicet&led, DevFailed from device

6.1.5.6 DeviceData DeviceProxy::command_inout_replyghg id, long timeout)

Check if the answer of an asynchronous command_inout igear(polling model). id is the asynchronous
call identifier. If the reply is arrived and if it is a valid rigpit is returned to the caller in a DeviceData
object. If the reply is an exception, it is re-thrown by th&lcIf the reply is not yet arrived, the call will
wait (blocking the process) for the time specified in timeduafter timeout milliseconds, the reply is still
not there, an exception is thrown. If timeout is set to 0, thibwaits until the reply arrived.

Exception: AsynCall, AsynReplyNotArrived, Communicatiled, DevFailed from device

6.1.5.7 void DeviceProxy::command_inout_asynch(strin§name, CallBack &chb)

Execute asynchronously (callback model) a command on aelevhich takes no input argument. The
last argument is a reference to a callback object. Thisaallobject should be an instance of a user class
inheriting from theTango::CallBackclass with themd_ended(nethod overloaded.

Exception: ConnectionFailed

6.1.5.8 void DeviceProxy::command_inout_asynch(constar *name, CallBack &ch)

Idem previous call

6.1.5.9 void DeviceProxy::command_inout_asynch(stringname, DeviceData &argin, CallBack
&ch)

Execute asynchronously (callback model) a command on aelewnput arguments are passed in a De-
viceData object (see following chapters on how to inser iigb DeviceData object). The last argumentis
a reference to a callback object. This callback object gshbalan instance of a user class inheriting from
theTango::CallBackclass with themd_ended(@nethod overloaded.

Exception: ConnectionFailed
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6.1.5.10 void DeviceProxy::command_inout_asynch(conshar *name, DeviceData &argin, Call-
back &cb)

Idem previous call

6.1.6 Asynchronous attribute related methods
6.1.6.1 long DeviceProxy::read_attribute_asynch(strig &name)

Read asynchronously (polling model) a single attributeis Tall returns arasynchronous call identifier
which is needed to get the attribute value.
Exception: ConnectionFailed

6.1.6.2 long DeviceProxy::read_attribute_asynch(conshar *name)

Idem previous call

6.1.6.3 long DeviceProxy::read_attributes_asynch(vest<string> &names)

Read asynchronously (polling model) the list of specifi¢diaites. This call returns aasynchronous call
identifierwhich is needed to get attributes value.
Exception: ConnectionFailed

6.1.6.4 DeviceAttribute *DeviceProxy::read_attribute reply(longid)

Check if the answer of an asynchronous read_attributeiigedr(polling model). id is the asynchronous
call identifier. If the reply is arrived and if it is a valid rigpit is returned to the caller in a DeviceAttribute
object. If the reply is an exception, it is re-thrown by th&lc An exception is also thrown in case of the
reply is not yet arrived. To extract attribute value, youdntwuse the operator of the class DeviceAttribute
which corresponds to the data type of the attribute. NOTEer&lis no automatic type conversion from
the attribute native type to user type e.g. if an attributarres a short you cannot extract it as a double,
you have to extract it as a short. Memory has been allocatatiéddeviceAttribute object returned to the
caller. This is the caller responsibility to delete this noeyn
Exception: AsynCall, AsynReplyNotArrived, Communicet&led, DevFailed from device

6.1.6.5 DeviceAttribute *DeviceProxy::read_attribute reply(longid, long timeout)

Check if the answer of an asynchronous read_attributeiigedr(polling model). id is the asynchronous
call identifier. If the reply is arrived and if it is a valid rigpit is returned to the caller in a DeviceAttribute
object. If the reply is an exception, it is re-thrown by th&lcIf the reply is not yet arrived, the call will
wait (blocking the process) for the time specified in timeduafter timeout milliseconds, the reply is still
not there, an exception is thrown. If timeout is set to 0, thkk waits until the reply arrived. To extract
attribute value, you have to use the operator of the clasgBAttribute which corresponds to the data type
of the attribute. NOTE: There is no automatic type conversiom the attribute native type to user type
e.g. if an attribute returns a short you cannot extract itésuble, you have to extract it as a short. Memory
has been allocated for the DeviceAttribute object returoetie caller. This is the caller responsibility to
delete this memory.

Exception: AsynCall, AsynReplyNotArrived, Communicatiled, DevFailed from device

6.1.6.6 vector<DeviceAttribute> *DeviceProxy::read_atibutes_reply(long id)

Check if the answer of an asynchronous read_attributesivedr(polling model). id is the asynchronous
call identifier. Ifthe reply is arrived and if it is a valid rigpit is returned to the caller in a vector<DeviceAttribute
If the reply is an exception, it is re-thrown by this call. Arception is also thrown in case of the reply
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is not yet arrived. To extract attribute value, you have te tie operator of the class DeviceAttribute
which corresponds to the data type of the attribute. NOTEr&lis no automatic type conversion from the
attribute native type to user type e.g. if an attribute netua short you cannot extract it as a double, you
have to extract it as a short. Memory has been allocated éoréhtor<DeviceAttribute> object returned to
the caller. This is the caller responsibility to delete thismory.

Exception: AsynCall, AsynReplyNotArrived, Communicet&led, DevFailed from device

6.1.6.7 vector<DeviceAttribute> *DeviceProxy::read_atibutes_reply(longid, long timeout)

Check if the answer of an asynchronous read_attributesivedr(polling model). id is the asynchronous
call identifier. Ifthe reply is arrived and if it is a valid rigpit is returned to the caller in a vector<DeviceAttribute
If the reply is an exception, it is re-thrown by this call. Iifet reply is not yet arrived, the call will wait
(blocking the process) for the time specified in timeout.fiéatimeout milliseconds, the reply is still not
there, an exception is thrown. If timeout is set to 0, thewalits until the reply arrived. To extract attribute
value, you have to use the operator of the class DeviceAt&itvhich corresponds to the data type of the
attribute. NOTE: There is no automatic type conversion ftbenattribute native type to user type e.g. if an
attribute returns a short you cannot extract it as a double hyave to extract it as a short. Memory has been
allocated for the vector<DeviceAttribute> object retudrie the caller. This is the caller responsibility to
delete this memory.

Exception: AsynCall, AsynReplyNotArrived, Communicatiled, DevFailed from device

6.1.6.8 long DeviceProxy::write_attribute_asynch(DeweAttribute &argin)

Write asynchronously (polling model) a single attribute. ifisert the value to write you have to use the
operator of the class DeviceAttribute which correspondbéodata type of the attribute. NOTE: There is
no automatic type conversion from the user type to the atgibative type e.g. if an attribute expects a
short you cannot insert it as a double (this will throw an @tic®) you have to insert it as a short. This
call returns arasynchronous call identifiewhich is needed to get the server reply.

Exception: ConnectionFailed

6.1.6.9 long DeviceProxy::write_attributes_asynch(veéor<DeviceAttribute> &argin)

Write asynchronously (polling model) the specified attiisu To insert the value to write you have to use
the operator of the class DeviceAttribute which correspgdndhe data type of the attribute. NOTE: There
is no automatic type conversion from the user type to théattr native type e.g. if an attribute expects
a short you cannot insert it as a double (this will throw anegition) you have to insert it as a short. This
call returns arasynchronous call identifiewhich is needed to get the server reply.

Exception: ConnectionFailed

6.1.6.10 void DeviceProxy::write_attribute reply(longd)

Check if the answer of an asynchronous write_attributerigest (polling model). id is the asynchronous
call identifier. If the reply is arrived and if it is a valid rigpthe call returned. If the reply is an exception,
it is re-thrown by this call. An exception is also thrown irseaof the reply is not yet arrived.

Exception: AsynCall, AsynReplyNotArrived, Communicetaled, DevFailed from device

6.1.6.11 void DeviceProxy::write_attribute reply(longd, long timeout)

Check if the answer of an asynchronous write_attributerigeat (polling model). id is the asynchronous
call identifier. If the reply is arrived and if it is a valid rigpthe call returned. If the reply is an exception,
it is re-thrown by this call. If the reply is not yet arrivedhet call will wait (blocking the process) for the
time specified in timeout. If after timeout millisecondsg tteply is still not there, an exception is thrown.
If timeout is set to 0, the call waits until the reply arrived.

Exception: AsynCall, AsynReplyNotArrived, Communicatiled, DevFailed from device
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6.1.6.12 void DeviceProxy::write_attributes_reply(lory id)

Check if the answer of an asynchronous write_attributegrigeal (polling model). id is the asynchronous
call identifier. If the reply is arrived and if it is a valid rigpthe call returned. If the reply is an exception,
it is re-thrown by this call. An exception is also thrown irseaof the reply is not yet arrived.

Exception: AsynCall, AsynReplyNotArrived, Communicet&led, DevFailed from device

6.1.6.13 void DeviceProxy::write_attributes reply(lom id, long timeout)

Check if the answer of an asynchronous write_attributegigeal (polling model). id is the asynchronous
call identifier. If the reply is arrived and if it is a valid rigpthe call returned. If the reply is an exception,
it is re-thrown by this call. If the reply is not yet arrivedhet call will wait (blocking the process) for the
time specified in timeout. If after timeout millisecondsg tteply is still not there, an exception is thrown.
If timeout is set to 0, the call waits until the reply arrived.

Exception: AsynCall, AsynReplyNotArrived, Communicatiled, DevFailed from device

6.1.6.14 void DeviceProxy::read_attribute_asynch(strig &name, CallBack &cb)

Read asynchronously (callback model) a single attributee [ast argument is a reference to a callback
object. This callback object should be an instance of a uass inheriting from th&ango::CallBackclass
with theattr_read()method overloaded.

Exception: ConnectionFailed

6.1.6.15 void DeviceProxy::read_attribute_asynch(conshar *name, CallBack &chb)

Idem previous call

6.1.6.16 void DeviceProxy::read_attributes_asynch(vemr<string> &names, CallBack &cb)

Read asynchronously (callback model) an attribute liste st argument is a reference to a callback
object. This callback object should be an instance of a uass inheriting from th@ango::CallBackclass
with theattr_read()method overloaded.

Exception: ConnectionFailed

6.1.6.17 void DeviceProxy::write_attribute asynch(DeieeAttribute &argin, CallBack &chb)

Write asynchronously (callback model) a single attributbe last argument is a reference to a callback
object. This callback object should be an instance of a uass inheriting from th&ango::CallBackclass
with theattr_written()method overloaded.

Exception: ConnectionFailed

6.1.6.18 void DeviceProxy::write_attributes_asynch(w&or<DeviceAttribute> &argin, CallBack &cb)

Write asynchronously (callback model) an attribute lisheTast argument is a reference to a callback
object. This callback object should be an instance of a uass inheriting from th&ango::CallBackclass
with theattr_written()method overloaded.

Exception: ConnectionFailed

6.1.7 Miscellaneous asynchronous related methods

6.1.7.1 long DeviceProxy::pending_asynch_call(asyn getype req)

Return number of device asynchronous pending requestsnpheparameter is an enumeration with three
values which are:

POLLING : Returns only device polling model asynchronouguest number
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CALLBACK : Returns only device callback model asynchroneceguest number
ALL_ASYNCH : Returns device asynchronous request number

Exception: None

6.1.7.2 void DeviceProxy::get_asynch_replies()

Fire callback methods for device asynchronous requestsalriéady arrived replied. Returns immediately
if there is no replies already arrived or if there is no asyonnbus request for the device. Example :

class MyCallBack: Tango::CallBack

{
public:
MyCallback(double d):data(d) {};
virtual void cmd_ended(Tango::CmdDoneEvent *);
private:
double data;
¥
void MyCallBack::cmd_ended(Tango CmdDoneEvent *cmd)
if (cmd->err == true)
Tango::Except::print_error_stack(cmd->errors);
else
{
short cmd_result;
cmd->argout >> cmd_result;
cout << "Command result = " << cmd_result << endl;
cout << "Callback personal data = " << data << endl;
}
}
int main(int argc, char *argv(])
{
Tango::DeviceProxy dev("...");
double my_data = ..
MyCallBack cb(my_data);
dev.command_inout_asynch("MyCmd",cb);
dev.get_asynch_replies();
}

Exception: None, all errors are reported using the err antbes fields of the parameter passed to the
callback method. See chaptBfor details.
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6.1.7.3 void DeviceProxy::get_asynch_replies(long tineit)

Fire callback methods for device asynchronous requestarand and attributes) with already arrived

replied. Wait and block the caller for timeout millisecorifithey are some device asynchronous requests

which are not yet arrived. Returns immediately if there isasgnchronous request for the device. If

timeout is set to 0, the call waits until all the asynchron@egiests sent to the device has received a reply.
Exception: AsynReplyNotArrived. All other errors are reged using the err and errors fields of the

object passed to the callback methods. See ch&pdor details.

6.1.7.4 void DeviceProxy::cancel_asynch_request(lord)i

Cancel a pending asynchronous request. id is the asynasaadl identifier. This is a call local to the
client. It simply allows the caller not to get the answer of isynchronous request. It does not interrupt
the call execution on the remote device.

Exception: AsynCall
6.1.7.5 void DeviceProxy::cancel_all_polling_asyncheguest()

Cancel all pending polling asynchronous requests. Thiscalldocal to the client. It simply allows the
caller not to get the answers of the asynchronous requéstses$ not interrupt the call execution on the
remote devices.

6.1.8 Polling related methods
6.1.8.1 bool DeviceProxy::is_command_polled(string &cih_ name)

Returns true if the command "cmd_name" is polled. Otherweterns false.

6.1.8.2 bool DeviceProxy::is_command_polled(const chdcmd_name)

Idem previous call

6.1.8.3 bool DeviceProxy::is_attribute polled(string &ttr_name)

Returns true if the attribute "attr_name" is polled. Othiseyreturns false.

6.1.8.4 bool Deviceproxy::is_attribute_polled(const cir *attr_name)

Idem previous call

6.1.8.5 int DeviceProxy::get_command_poll_period(strig &cmd_name)

Returns the command "cmd_name" polling period in mS. If thaimand is not polled, it returns O.

6.1.8.6 int DeviceProxy::get command_poll_period(cohshar *cmd_name)

Idem previous call

6.1.8.7 int DeviceProxy::get_attribute_poll_period(sting &attr_name)

Returns the attribute "attr_name" polling period in mSh &ttribute is not polled, it returns 0.

6.1.8.8 int Deviceproxy::get_attribute_poll_period(cast char *attr_name)

Idem previous call
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6.1.8.9 vector<string> *DeviceProxy::polling_status()

Returns the device polling status. There is one string fohgmlled command/attribute. Each string is
multi-line string with :

¢ The attribute/command name

* The attribute/command polling period (in mS)

The attribute/command polling ring buffer depth
* The time needed for the last command/attribute executiomg)

* The time since data in the ring buffer has not been updated

The delta time between the last records in the ring buffer

* The exception parameters in case of the last commanbigtréxecution failed
This method allocates memory for the vector of string(s)netd to the caller. It is the caller responsibility
to delete this memory.
6.1.8.10 void DeviceProxy::poll_command(string &cmd_nane,int period)
Add the command "cmd_name" to the list of polled command. d@dikng period is specified by "period"
(inmS). If the command is already polled, this method willlafe the polling period according to "period”.
6.1.8.11 void DeviceProxy::poll_command(const char *cmchame, int period)

Idem previous call

6.1.8.12 void DeviceProxy::poll_attribute(string &attr_name, int period)

Add the attribute "attr_name" to the list of polled attriesit The polling period is specified by "period"” (in
mS). If the attribute is already polled, this method will apelthe polling period according to "period".
6.1.8.13 void DeviceProxy::poll_attribute(const char *#r_name, int period)

Idem previous call

6.1.8.14 void DeviceProxy::stop_poll_command(string &nd_name)

Remove command "cmd_name" from the list of polled command.

6.1.8.15 void DeviceProxy::stop_poll_command(const chAcmd_name)

Idem previous call

6.1.8.16 void DeviceProxy::stop_poll_attribute(stringkattr_name)

Remove attribute "attr_name" from the list of polled attités.

6.1.8.17 void DeviceProxy::stop_poll_attribute(constttar *attr_name)

Idem previous call
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6.1.9 Event related methods

6.1.9.1 int DeviceProxy::subscribe_event(const string &ttribute, EventType event, CallBack *cb,
const vector<string> &filters)

The client call to subscribe for event reception inplush model The client implements a callback method
which is triggered when the event is received. Filteringaa@based on the reason specified and the event
type. For example when reading the state and the reasorfisdesi'change" the event will be fired only
when the state changes. Events consist of an attribute nagitb@event reason. A standard set of reasons
are implemented by the system, additional device speciisaies can be implemented by device servers
programmers.

Theattribute parameter is the device attribute name which will be senhavant e.g. “current’gvent
parameter is the event reason and must be on the enumerhtesd:va

e Tango::CHANGE_EVENT

+ Tango::PERIODIC_EVENT

« Tango::ARCHIVE_EVENT

« Tango::ATTR_CONF_EVENT
« Tango::DATA_READY_ EVENT
e Tango::USER_EVENT

chbis a pointer to a class inheriting from the Tango CallBackskand implementinggush_event@hethod,

filtersis a variable list of name,value pairs which define additidittars for events.
Thesubscribe_event@all returns an event id which has to be specified when unsibibsg from this

event. Please, note that the parameter is a pointer. The lifetime of the pointed to objeust at least

be equal to the time when events are requested because emgitiier is stored into the event machinery.

The same thing is true for the DeviceProxy instance on whiielstibscribe_event(hethod is called.
Exception: EventSystemFailed

6.1.9.2 int DeviceProxy::subscribe_event(const string &ttribute, EventType event, CallBack *cb,
const vector<string> &filters, bool stateless)

This subscribe event method has the same functionalitysasited in the last section. It adds an additional
flag calledstateless.When thestatelesglag is set tofalsg an exception will be thrown when the event
subscription encounters a problem.

With thestatelesdlag set tarue, the event subscription will always succeed, even if theasponding
device server is not running. The keep alive thread will trgrg 10 seconds to subscribe for the specified
event. At every subscription retry, a callback is executééttvcontains the corresponding exception.

Exception: EventSystemFailed

6.1.9.3 intDeviceProxy::subscribe_event(conststring &ttribute, EventType event, int event_queue_size,
const vector<string> &filters, bool stateless)

The client call to subscribe for event reception in tha#l model. Instead of a callback method the client
has to specify the size of the event reception buffer.

The event reception buffer is implemented as a round robffebuThis way the client can set-up
different ways to receive events.

« Event reception buffer size = 1 : The client is interestely amthe value of the last event received.
All other events that have been received since the lastmgae discarded.

« Eventreception buffer size > 1 : The client has chosen tp ke@eevent history of a given size. When
more events arrive since the last reading, older eventdwitliscarded.
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e Eventreception buffer size = ALL_EVENTS : The client buffall received events. The buffer size
is unlimited and only restricted by the available memorythar client.

All other parameters are similar to the descriptions givethe last two sections.
Exception: EventSystemFailed

6.1.9.4 void DeviceProxy::unsubscribe_event(int eventd)

Unsubscribe a client from receiving the event specified\®nt_id event_ids the eventidentifier returned
by theDeviceProxy::subscribe_eveniflethod.
Exception: EventSystemFailed

6.1.9.5 void DeviceProxy::get_events(intevent_id, C&hck *cb)

The method extracts all waiting events from the event reégeituffer and executes the callback method
cb for every event. During event subscription the client mwstehchosen thpull model for this event.
event_ids the event identifier returned by tBReviceProxy::subscribe_eventflethod.

Exception: EventSystemFailed

6.1.9.6 void DeviceProxy::get_events(intevent_id, EvéDataList &event_list)

The method extracts all waiting events from the event récemiuffer. The returnedvent_listis a vector
of EventData pointers. The EventData object contains teataauformation as for the callback methods.
During event subscription the client must have choserptiiemodel for this event.event _idis the
event identifier returned by tHeeviceProxy::subscribe_eventflethod.
Exception: EventSystemFailed

6.1.9.7 void DeviceProxy::get_events(intevent_id, At€onfEventDataList &event_list)

The method extracts all waiting attribute configurationrggérom the event reception buffer. The returned
event_listis a vector of AttrConfEventData pointers. The AttrConfEi®ata object contains the event
information as for the callback methods.

During event subscription the client must have choserptiiemodel for this event.event_idis the
event identifier returned by tHeeviceProxy::subscribe_eventflethod.

Exception: EventSystemFailed

6.1.9.8 void DeviceProxy::get_events(intevent_id, DaReadyEventDatalist &event_list)

The method extracts all waiting attribute configurationrggdrom the event reception buffer. The returned
event_lisis a vector of DataReadyEventData pointers. The DataReamhtBata object contains the event
information as for the callback methods.

During event subscription the client must have choserptiiemodel for this event.event _idis the
event identifier returned by tHeeviceProxy::subscribe_eventfjethod.

Exception: EventSystemFailed

6.1.9.9 int DeviceProxy::event_queue_size(intevent)id

Returns the number of stored events in the event receptiterbfter every call tadDeviceProxy:get_events()
the event queue size is 0.

During event subscription the client must have choserptiiemodel for this event.event_idis the
event identifier returned by tHeeviceProxy::subscribe_eventflethod.

Exception: EventSystemFailed
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6.1.9.10 TimeVal DeviceProxy::get_last_event date(isvent_id)

Returns the arrival time of the last event stored in the execgption buffer. After every call tBevice-
Proxy:get_events(jhe event reception buffer is empty. In this case an exaeptill be returned.
During event subscription the client must have chosemtiilemodel for this event.event_idis the
event identifier returned by tHeeviceProxy::subscribe_eventfjethod.
Exception: EventSystemFailed

6.1.9.11 bool DeviceProxy::is_event_queue_empty(intewt_id)

Returns true when the event reception buffer is empty.

During event subscription the client must have choserptiiemodel for this event.event _idis the
event identifier returned by tHeeviceProxy::subscribe_eventflethod.

Exception: EventSystemFailed

6.1.10 Property related methods
6.1.10.1 void DeviceProxy::get_property (string&, DbDaa&)

Getasingle property for a device. The property to get isifipd@s a string. Refer to DbDevice::get_property()
and DbData sections below for details on the DbData type.

Exception: NonDbDevice, ConnectionFailed (with dataa€®mmunicationFailed (with database),
DevFailed from database device

6.1.10.2 void DeviceProxy::get _property (vector<string&, DbData&)

Get a list of properties for a device. The properties to getspecified as a vector of strings. Refer to
DbDevice::get_property() and DbData sections below faaitkeon the DbData type.

Exception: NonDbDevice, ConnectionFailed (with dataha€®mmunicationFailed (with database),
DevFailed from database device

6.1.10.3 void DeviceProxy::get property(DbData&)

Get property(ies) for a device. Properties to get are spekcifsing the DbData type. Refer to DbDe-
vice::get_property() and DbData sections below for detail

Exception: NonDbDevice, ConnectionFailed (with dataha€®mmunicationFailed (with database),
DevFailed from database device

6.1.10.4 void DeviceProxy::put_property(DbData&)

Put property(ies) for a device. Properties to put are sgetifising the DbData type. Refer to DbDe-
vice::put_property() and DbData sections below for dstail

Exception: NonDbDevice, ConnectionFailed (with dataa€®mmunicationFailed (with database),
DevFailed from database device

6.1.10.5 void DeviceProxy::delete_property (string&)

Delete a single property for a device. The property to detespecified as a string.
Exception: NonDbDevice, ConnectionFailed (with databa€®mmunicationFailed (with database),
DevFailed from database device

6.1.10.6 void DeviceProxy::delete_property (vector<sing>&)

Delete a list of properties for a device. The properties letdeare specified as a vector of strings.
Exception: NonDbDevice, ConnectionFailed (with databa€®mmunicationFailed (with database),
DevFailed from database device
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6.1.10.7 void DeviceProxy::delete_property(DbData&)

Delete property(ies) for a device. Properties to deletespeeified using the DbData type. Refer to DbDe-
vice::get_property() and DbData sections below for detail

Exception: NonDbDevice, ConnectionFailed (with dataha€®mmunicationFailed (with database),
DevFailed from database device

6.1.10.8 void DeviceProxy::get_property_list(const sing &filter,vector<string> &prop_list)

Get the list of property names for the device. The paraniidtierallows the user to filter the returned name
list. The wildcard character is *. Only one wildcard chater is allowed in the filter parameter. The name
list is returned in the vector of strings passed as the methodnd argument.

Exception: NonDbDevice, WrongNameSyntax, Connectidedrgwith database), Communication-
Failed (with database), DevFailed from database device

6.1.11 Logging related methods
6.1.11.1 void DeviceProxy::add_logging_target(constréhg &target_type target_name)

Adds a new logging target to the device. The target typgetaname input parameter must follow the
format: target_type::target name. Supported targestgpe:console file anddevice For a device target,
the target_name part of the target_type_target name péeamust contain the name of a log consumer
device (as defined iA.8). For a file target, target_name is the full path to the fileogpto. If omitted, the
device’s name is used to build the file name (which is somgtliie domain_family_member.log). Finally,
the target_name part of the target_type_target_name pgvatneter is ignored in case of a console target
and can be omitted.

Exception: DevFailed from device

6.1.11.2 void DeviceProxy::add_logging_target (const eln *target_type_target_name)

Idem previous call

6.1.11.3 void DeviceProxy::remove_logging_target(constring &target_type_target name)

Removes a logging target from the device’s target list. Hngdt type target name input parameter must
follow the format: target_type::target_name. Supporteddt types areconsole file anddevice For a
device target, the target_name part of the target_typgettaname parameter must contain the name of a
log consumer device (as defined in ). For a file target, targahe is the full path to the file to remove. If
omitted, the default log file is removed. Finally, the targetme part of the target_type_target _name input
parameter is ignored in case of a console target and can liedmi

If target_name is set to "*", all targets of the specified ¢érdype are removed.

6.1.11.4 void DeviceProxy::remove_logging_target (conshar *target_type target name)

Idem previous call

6.1.11.5 vector<string> DeviceProxy::get_logging_taes ()

Returns a vector of string containing the current device{ging targets. Each vector element has the
following format: target type::itarget name. An emptyteeds returned is the device has no logging
targets.

6.1.11.6 int DeviceProxy::get_logging_level ()

Returns the current device’s logging level (0=OFF, 1=FATREERROR, 3=WARNING, 4=INFO, 5=DE-
BUG).
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6.1.11.7 void DeviceProxy::set_logging_level (int level
Changes the device’s logging level. (0=OFF, 1=FATAL, 2=ERR 3=WARNING, 4=INFO, 5=DEBUG).

6.1.12 Locking related methods
6.1.12.1 void DeviceProxy::lock(intlock validity = 10)

Lock a device. The lock_validity is the time (in seconds)lthek is kept valid after the previous lock call.

A default value of 10 seconds is provided and should be finedstitases. In case itis necessary to change
the lock validity, it's not possible to ask for a validity Eghan a minimum value set to 2 seconds. The
library provided an automatic system to periodically rekldice device until an unlock call. No code is
needed to start/stop this automatic re-locking system.ldtiéng system is re-entrant. It is then allowed
to call this method on a device already locked by the samegssocThe locking system has the following
features:

« Itis impossible to lock the database device or any devicees@rocess admin device
» Destroying a locked DeviceProxy unlocks the device
« Restarting a locked device keeps the lock
« Itis impossible to restart a device locked by someone else
» Restarting a server breaks the lock
A locked device is protected against the following calls wik&ecuted by another client:

e command_inoutall except for device state and status requested via cochaad for the set of
commands defined as allowed following the definition of addwcommand in the Tango control
access schema.

« write_attributecall
e write_read_attributecall

« set_attribute_configall

6.1.12.2 void DeviceProxy::unlock(bool force = false)

Unlock a device. If used, the method argument provides athackon the locking system. If this argument
is set to true, the device will be unlocked even if the cakkenat the locker. This feature is provided for
administration purpopse and should be used very carefiitlyis feature is used, the locker will receive a
DeviceUnlockedluring the next call which is normally protected by the loakiTango system.

6.1.12.3 string DeviceProxy::locking_status()

This method returns a plain string describing the devickifagstatus. This string can be:

* "Device <device name> is not locked" in case the device tdanked

 "Device <device name> is locked by CPP or Python client Wil <pid> from host <host name>"
in case the device is locked by a CPP client

« "Device <device name> is locked by JAVA client class <mdass> from host <host name>" in case
the device is locked by a JAVA client
6.1.12.4 bool DeviceProxy::is_locked()

Returns true if the device is locked. Otherwise, returrsefal
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6.1.12.5 bool DeviceProxy::is_locked by me()

Returns true if the device is locked by the caller. Otherwisturns false (device not locked or locked by
someone else)

6.1.12.6 bool DeviceProxy::get_locker(LockerInfo &Ii)

If the device is locked, this method returns true an set saleer process informations in the structure
passed as argument. If the device is not locked, the methodhesfalse. The LockerInfo structure defini-
tion is

typedef union

{
pid_t LockerPid;
unsigned long UuID[4];
}Lockerld;
enum LockerLanguage
{
CPP,
JAVA
2
struct LockerInfo
{
LockerLanguage II;
Lockerld li;
string locker_host;
string locker_class;
2

The structurdl field is set to either CPP or JAVA depending on the locker pgedanguage. In case
of CPP client, thei union is set to the locker process pldbckerPidfield). In case of Java client, it is set
to the Java client UUID (Universal Unig IDentifier) in théJID field. Thelocker_hosfield is initialised
with the host name where the locker process is running (P itgiress as a string if it is not possiblr to get
the name associated with this address). Dloker_clasdield is set to the Java virtual machine main class
name when the locker client process is written in Java. Fé& €lRent, it is set to the string "Not defined".

6.2 Tango::DeviceData

This is the fundamental type for sending and receiving datan fdevice commands. The values can be
inserted and extracted using the operators << and >> regplgcand insert() for mixed data types. A
status flag indicates if there is data in the DbDatum objectadr An additional flag allows the user to
activate exceptions.

6.2.1 Operators

The insert and extract operators are specified for the faig++ types :
1. bool
2. short
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unsigned short
DevLong
DevULong
DevLong64
DevULong64
float

double

© © N o g b~ w

10. string

11. char* (insert only)

12. const char*

13. vector<unsigned char>
14. vector<string>

15. vector<short>

16. vector<unsigned short>
17. vector<DevLong>

18. vector<DevULong>
19. vector<DevLong64>
20. vector<DevULong64>
21. vector<float>

22. vector<double>

Operators exist for inserting and extracting the native GXNCORBA sequence types. These can be
useful for programmers who want to use the TANGO api intdynialtheir device servers and do not want
to convert from CORBA to C++ types. Insert and extract opmsagxist for the following types :

1. DevVarUCharArray * (const DevVarUCharArray * for exttam)
DevVarShortArray * (const DevVarShortArray * for exttemn)
DevVarUShortArray * (const DevVarUShortArray * for eattion)
DevVarLongArray * (const DevVarLongArray * for extraoti)
DevVarULongArray * (const DevVarULongArray * for extragn)
DevVarLong64Array * (const DevVarLong64Array * for eatition)
DevVarULong64Array * (const DevVarULong64Array * for gaction)

DevVarFloatArray * (const DevVarFloatArray * for extitaamn)

© © N o 0 &~ 0w N

DevVarDoubleArray * (const DevVarDoubleArray * for eatttion)

=
©

DevVarStringArray * (const DevVarStringArray * for eaction)

=
[E=Y

. DevVarLongStringArray * (const DevVarLongStringAyrafor extraction)
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12. DevVarDoubleStringArray * (const DevVarDoubleStixrgay * for extraction)

Note :
Insertion by pointers takes full ownership of the pointed tomemory. The insertion copy the data in
the DeviceData object and delete the pointed to memory. Thefore, the memory is not more usable
after the insertion. Also note that when using extraction bypointers, the pointed to memory is inside
the DeviceData object and its lifetime is the same than the dé&eData object lifetime.

Operators also exist for inserting TANGO CORBA sequence typreference. The insertion copy the
data into the DeviceData object. Insert operator existferfollowing types :

1. DevVarUCharArray &
DevVarShortArray &
DevVarUShortArray &
DevVarLongArray &
DevVarULongArray &
DevVarLong64Array &
DevVarULong64Array &
DevVarFloatArray &

© © N o 0 & w0 DN

DevVarDoubleArray &

=
o

DevVarStringArray &

=
=

. DevVarLongStringArray &
12. DevVarDoubleStringArray &

Additional methods exist for inserting a mixture of strirayed long (Tango::DevVarLongStringArray) and
string and doubles (Tango::DevVarDoubleStringArray)e3é are :

1. insert(vector<long>&, vector<string>&)

2. insert(vector<double>&, vector<string>&)
3. extract(vector<long>&, vector<string>&)
4. extract(vector<double>&, vector<string>&)

All the extraction methods returns a boolean set to falskdfextraction has failed (empty DeviceData,
wrong data type...)

Special care has been taken to avoid memory copy betweerethenk layer and the user application.
Nevertheless, C++ vector types are not the CORBA native &ykone copy is unavoidable when using
vectors. Using the native TANGO CORBA sequence types avaydcapy. When using these TANGO

CORBA sequence types, insertion into the DeviceData olgjecsumes the memory pointed to by the
pointer. After the insertion, it is not necessary to delatrmemory. It will be done by the destruction of
the DeviceData object. For extraction, the pointer usedHerextraction points into memory inside the
DeviceData object and you should not delete it

Here is an example of creating, inserting and extractingesdata type from/into DeviceData object :
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DeviceData my_short, my_long, my_string;
DeviceData my_float vector, my_ double_vector;
string a_string;

short a_short;

DevLong a_long;

vector<float> a_ float vector;
vector<double> a_double_vector;

my_short << 100; // insert a short
my_short >> a_short; // extract a short
my_long << 1000; // insert a long
my_long >> a_long; // extract a long

my_string << string(“estas lista a bailar el tango ?”); // in sert a string
my_string >> a_string; // extract a string

my_float vector << a_float_vector // insert a vector of flo ats

my_float_vector >> a_float_vector; // extract a vector of f loats
my_double_vector << a_double_vector; // insert a vector of doubles
my_double_vector >> a_double_vector; // extract a vector o f doubles

1

/I Example of memory management with TANGO sequence types wi thout memory leaks

1
for (int i = 0;i < 10;i++)
{
DeviceData din,dout;
DevVarLongArray *in = new DevVarLongArray();
in->length(2);
(*im[0] = 2;
(xin)[1] = 4
din << in;
try
{

dout = device->command_inout(*Cmd”,din);

}
catch(DevFailed &e)
{

}

const DevVarLongArray * OUt;
dout >> out;
cout << “Received value = “ << ( * out)[0];

Exception: WrongData if requested

6.2.2 bool DeviceData::is_empty()

is_empty() is a boolean method which returns true or falggedding on whether the DeviceData object
contains data or not. It can be used to test whether the DBsiechas been initialized or not e.g.

string string_read;
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DeviceData sl _read = my_device->command_inout(“ReadLin e");
if (! sl_read.is_empty())
{
sl_read >> string_read;
}
else
{
cout << “ no data read from serial line !” << endl;
}

Exception: WrongData if requested

6.2.3 int DeviceData::get_type()
This method returns the Tango data type of the data insidBéhieData object

6.2.4 void DeviceData::exceptions(bitset<DeviceDataumFlags> )

Is a method which allows the user to switch on/off exceptionwing when trying to extract data from an
empty DeviceData object or using a wrong data type. The dteégato not throw exception. The following
flags are supported :

1. isempty_flag- throw a WrongData exception (reason = APl_EmptyDevicalituser tries to ex-
tract data from an empty DeviceData object

2. wrongtype_flag- throw a WrongData exception (reason = API_Incompatibld@ngumentType)
if user tries to extract data with a type different than theetysed for insertion

6.2.5 bitset<DeviceData::numFlags> exceptions()

Returns the whole exception flags.

6.2.6 void DeviceData::reset_exceptions(DeviceDataxweept_flags fl)

Resets one exception flag

6.2.7 void DeviceData::set_exceptions(DeviceData::emt_flags fl)

Sets one exception flag
The following is an example of how to use these exceptiorzdedimethods

DeviceData da;

bitset<DeviceData::numFlags> bs = da.exceptions();
cout << "ps = " << bs << endl;

da.set_exceptions(DeviceData::wrongtype_flag);
bs = da.exceptions();

O©CoO~NOULEAWNPE

cout << "bs = " << bs << endl;
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6.2.8 ostream &operator<<(ostream &, DeviceData &)

Is an utility function to easily print the contents of a Deafitata object. This function knows all types
which could be inserted in a DeviceData object and print teoordingly. A special string is printed if
the DeviceData object is empty

DeviceProxy *dev = new DeviceProxy(“...");
DeviceData out;

out = dev->command_inout(“MyCommand”);

cout << “Command returned: ” << out << endl;

6.3 Tango::DeviceDataHistory

This is the fundamental type for receiving data from deviesmmand polling buffers. This class inherits
from the Tango::DeviceData class. One instance of thisdkaesreated for each command result history.
Within this class, you find the command result data or the gxae parameters, a flag indicating if the
command has failed when it was invoked by the device serdiingahread and the date when the com-
mand was executed. For history calls, it is not possibletirns command error as exception. See chapter
on Advanced Features for all details regarding device p@lliOn top of the methods inherited from the
DeviceData class, it offers the following methods

6.3.1 bool DeviceDataHistory::has_failed()

Returns true if the corresponding command has failed whesast executed by the device server polling
thread. Otherwise returns false (amazing!)
Exception: none

6.3.2 TimeVal &DeviceDataHistory::get _date()

Returns the date when the device server polling thread rexsuted the command.
Exception: none

6.3.3 const DevErrorList &DeviceDataHistory::get_err_gack()

Return the error stack recorded by the device server pditirepd in case of the command failed when it
was invoked.
Exception: none

6.3.4 ostream &operator<<(ostream &, DeviceDataHistory &

Is an utility function to easily print the contents of a Desf@ataHistory object. This function knows all
types which could be inserted in a DeviceDataHistory oject print them accordingly. It also prints date
and error stack in case the command returned an error.

DeviceProxy *dev = new DeviceProxy(“...");

int hist_depth = 4;

vector<DeviceDataHistory> * hist;

hist = dev->command_history(“MyCommand”,hist_depth);
for (int i = 0;i < hist_depth;i++)
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{

cout << ( +hist)[i] << endl;
}
delete hist;

6.4 Tango::DeviceAttribute

This is the fundamental type for sending and receiving dasat from device attributes. The values can be
inserted and extracted using the operators << and >> regplgand insert() for mixed data types. There
are two ways to check if the extraction operator succeed :

1. By testing the extractor operators return value. All tkigaetors operator returns a boolean value set
to false in case of problem.

2. By asking the DeviceAttribute object to throw exceptinrcase of problem. By default, DeviceAt-
tribute throws exception :

(a) when the user try to extract data and the server repontedrar when the attribute was read.
(b) When the user try to extract data from an empty Devicd#tte

6.4.1 Constructors

Many constructors have been written for this class. The¥athg constructors exist :

1. The C++ basic constructors

(a) DeviceAttribute();
(b) DeviceAttribute(const DeviceAttribute&)

2. Constructors for scalar type with name as C++ string onstohar *"

(a) DeviceAttribute(string &, bool);
(b) DeviceAttribute(string &, short)
(c) DeviceAttribute(string &, DevLong);
(d) DeviceAttribute(string &, DevLong64);
(e) DeviceAttribute(string &, float);
(f) DeviceAttribute(string &, double);
(g) DeviceAttribute(string &, unsigned char);
(h) DeviceAttribute(string &, unsigned short);
(i) DeviceAttribute(string &, DevULong);
() DeviceAttribute(string &, DevULong64);
(k) DeviceAttribute(string &, string &);
() DeviceAttribute(string &, DevState);
(m) DeviceAttribute(string &, DevEncoded &);
(n) DeviceAttribute(const char *, bool);
(o) DeviceAttribute(const char *, short)
(p) DeviceAttribute(const char *, DevLong);
(q) DeviceAttribute(const char *, DevLong64);



CHAPTER 6. THE TANGO C++ APPLICATION PROGRAMMER INTERFACE 117

(r) DeviceAttribute(const char *, flogt)

(s) DeviceAttribute(const char *, double);

(t) DeviceAttribute(const char *, unsigned char)
(u) DeviceAttribute(const char *, unsigned short);
(v) DeviceAttribute(const char *, DevULong);
(w) DeviceAttribute(const char *, DevULong64);
(x) DeviceAttribute(const char *, string &);

(y) DeviceAttribute(const char *, DevState);

(z) DeviceAttribute(const char *,DevEncoded &);

3. Constructors for C++ vector types (for spectrum attebutith name as C++ string or "const char *"

(a) DeviceAttribute(string &, vector<bool> &);
(b) DeviceAttribute(string &, vectarshort &);
(c) DeviceAttribute(string &, vector<DevLong> &);
(d) DeviceAttribute(string &, vector<DevLong64> &);
(e) DeviceAttribute(string &, vector<float> &);
() DeviceAttribute(string &, vector<double> &);
(g) DeviceAttribute(string &, vector<unsigned char> &);
(h) DeviceAttribute(string &, vector<unsigned short> &);
(i) DeviceAttribute(string &, vector<DevULong> &);
() DeviceAttribute(string &, vector<DevULong64> &);
(k) DeviceAttribute(string &, vector<string> & );
(I) DeviceAttribute(string &, vector<DevState> &);
(m) DeviceAttribute(const char *, vector<bool> &);
(n) DeviceAttribute(const char *, vector<short>;&)
(o) DeviceAttribute(const char *, vector<DevLong> &);
(p) DeviceAttribute(const char *, vector<DevLong64> &);
(q) DeviceAttribute(const char *, vector<float> &)
(r) DeviceAttribute(const char *, vector<double> &);
(s) DeviceAttribute(const char *, vector<unsigned chaiz &
(t) DeviceAttribute(const char *, vector<unsigned shagi
(u) DeviceAttribute(const char *, vector<DevULong> &);
(v) DeviceAttribute(const char *, vector<DevULong64> &);
(w) DeviceAttribute(const char *, vector<string> & );
(x) DeviceAttribute(const char *, vector<DevState> &);
4. Constructors for C++ vector types (for image attributéhwame as C++ string or "const char

*"'_ These constructors have two more parameters allowiegutter to define the x and y image
dimensions.

(a) DeviceAttribute(string &, vector<bool> &, int, int);
(b) DeviceAttribute(string &, vector<short> &, int, ipt
(c) DeviceAttribute(string &, vector<DevLong> &, int, int
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(d) DeviceAttribute(string &, vector<DevLong64> &, ingt);

(e) DeviceAttribute(string &, vector<float> &, int, int);

(f) DeviceAttribute(string &, vector<double> &, int, int)

(g) DeviceAttribute(string &, vector<unsigned char> &t,imt);

(h) DeviceAttribute(string &, vector<unsigned short> &t,iint);

(i) DeviceAttribute(string &, vector<DevULong> &, int, t

() DeviceAttribute(string &, vector<DevULong64> &, inint);

(k) DeviceAttribute(string &, vector<string> &, int, int)

() DeviceAttribute(string &, vector<DevState> &, int,th
(m) DeviceAttribute(const char *, vector<bool> &, int, )nt

(n) DeviceAttribute(const char *, vector<short> &, intf)n

(o) DeviceAttribute(const char *, vector<DevLong> &, iiitit);

(p) DeviceAttribute(const char *, vector<DevLong64> &t,imt);
(q) DeviceAttribute(const char *, vector<float> &, int, )nt

(r) DeviceAttribute(const char *, vector<double> &, intt);

(s) DeviceAttribute(const char *, vector<unsigned charr&, int);

(t) DeviceAttribute(const char *, vector<unsigned shagi>nt, int);
(u) DeviceAttribute(const char *, vector<DevULong> &, jiitt);
(v) DeviceAttribute(const char *, vector<DevULong64> &t,iint);
(w) DeviceAttribute(const char *, vector<string> & , int);

(x) DeviceAttribute(const char *, vector<DevState) &,,iimtt);

6.4.2 Data Extraction and Insertion : Operators and Methods

Special care has been taken to avoid memory copy betweerethenk layer and the user application.
Nevertheless, C++ vector types are not the CORBA native &ygkone copy is unavoidable when using
vectors. Using the native TANGO CORBA sequence types in masts avoid any copy but needs some
more care about memory usage.

« For insertion into DeviceAttribute instance from TANGO COR BA sequence pointers, the De-
viceAttribute object takes ownership of the pointed to memaoy. This means that the pointed
to memory will be freed when the DeviceAttribute object is destroyed or when another data is
inserted into it.

e The insertion into DeviceAttribute instance from TANGO CORBA sequence reference copy
the data into the DeviceAttribute object.

» For extraction into TANGO CORBA sequence types, the extradbn method consumes the
memory allocated to store the data and it is the caller respasibility to delete this memory.

As it has been done for constructors, a lot of insertors dpefar classical C++ data types have been
defined :

1. Insert operators for the following scalar C++ types :
(a) bool
(b) short

(c) DevLong
(d) DevLong64
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(e) float

() double

(g) unsigned char
(h) unsigned short
(i) DevULong

() DevULong64
(k) string

(I) DevState

(m) DevEncoded
(n) DevString

(o) constchar*

2. Insert operators for the following C++ vector types foespum attributes :

(a) vector<bool>

(b) vector<short>

(c) vector<DevLong>

(d) vector<DevLong64>
(e) vector<float>

(f) vector<double>

(g) vector<unsigned char>
(h) vector<unsigned short>
(i) vector<DevULong>

() vector<DevULong64>
(k) vector<string>

() vector<DevState>

3. Insert methods for the DevEncoded data type
(a) insert(char *&, unsigned char *&, unsigned int)
The last argument is the size of the buffer passed to the methds second argument

(b) insert(string &, vector<unsigned char &>)

4. Insert methods for the following C++ vector types for imagtributes allowing the specification of
the x and y image dimensions :

(a) insert(vector<bool> &,int, int)

(b) insert(vector<short> &,int, int)

(c) insert(vector<DevLong> &,int, int)

(d) insert(vector<DevLong64> &,int, int)
(e) insert(vector<float> &,int, int)

(f) insert(vector<double> &,int, int)

(9) insert(vector<unsigned char> &,int, int)
(h) insert(vector<unsigned short> &,int, int)
(i) insert(vector<DevULong> &,int, int)
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() insert(vector<DevULong64> &,int, int)
(k) insert(vector<string> &,int, int)
() insert(vector<DevState> &,int, int)

Extractor operators are specified for the following C++ b&gpes

1. Extract operators for the following scalar C++ types :

(a) bool

(b) short

(c) DevLong

(d) DevLong64

(e) float

(f) double

(9) unsigned char
(h) unsigned short
(i) DevULong

() DevULong64
(k) string

() Tango::DevState
(m) Tango::DevEncoded

2. Extract operators for the following C++ vector types fpestrum and image attributes :

(a) vector<bool>

(b) vector<short>

(c) vector<DevLong>

(d) vector<DevLong64>
(e) vector<float>

() vector<double>

(g) vector<unsigned char>
(h) vector<unsigned short>
(i) vector<DevULong>

() vector<DevULong64>
(k) vector<string>

() vector<DevState>

3. Extract methods to extract only the read value of an attilnto a C++ vector. The dimension of
the read value can be read by using the methods get_dim_d@letndim_y() or get_r_dimension().
The methods use the same return values as the extractioatogsenith exceptions triggered by the
exception flags:

(a) bool DeviceAttribute::extract_read (vector<bool>&)
(b) bool DeviceAttribute::extract _read (vector<shor}>&

(c) bool DeviceAttribute::extract_read (vector<DevLo#g;
(d) bool DeviceAttribute::extract _read (vector<DevL6Ag&);
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(e) bool DeviceAttribute:
() bool DeviceAttribute:

(g) bool DeviceAttribute::
(h) bool DeviceAttribute::
(i) bool DeviceAttribute::
() bool DeviceAttribute::
(k) bool DeviceAttribute::
() bool DeviceAttribute::
(m) bool DeviceAttribute:
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:extract_read (vector<float>&)

:extract_read (vector<douh$g;

extract_read (vector<unsidiebar>&);
extract_read (vector<unsidsbort>&);
extract_read (vector<DevUIgx&);
extract_read (vector<DevUlgg#>&);
extract_read (vector<strid)>

extract_read (vector<Dev@tak);
:extract_read(string &, vectonsigned char> &);

. Extract methods to extract only the set value of an atiitito a C++ vector. The dimension
of the set value can be read by using the methods get writien x() and get_written_dim_y()
or get w_dimension(). The methods use the same returnsvalsiehe extraction operators with
exceptions triggered by the exception flags:

(a) bool DeviceAttribute:
(b) bool DeviceAttribute::
(c) bool DeviceAttribute::
(d) bool DeviceAttribute::
(e) bool DeviceAttribute:
() bool DeviceAttribute:
(g) bool DeviceAttribute:
(h) bool DeviceAttribute::
(i) bool DeviceAttribute:
() bool DeviceAttribute:
(k) bool DeviceAttribute:
() bool DeviceAttribute:
(m) bool DeviceAttribute:

:extract_set (vector<bool>&);
extract_set (vector<short>&)
extract_set (vector<DevLoi&g?
extract_set (vector<DevLoAg®);
.extract_set (vector<float>&);
:extract_set (vector<doubler&
.extract_set (vector<unsigebdr>&);
extract_set (vector<unsigsedrt>&);
:extract_set (vector<DevULo&);
:extract_set (vector<DevUL@P&);
.extract_set (vector<stringp&
:extract_set (vector<DevStaig;
.extract_set(string &, vectarsigned char> &);

5. Special extract method for the Tango::DevEncoded dak ty

(a) bool DeviceAttribute::extract(const char *&, unsighghar *&, unsigned int &);
The last argument is the size of the buffer passed to the rethds second argument

(b) bool DeviceAttribute::extract(string &, vector<ugeied char> &);

Operators also exist for extracting some native TANGO CORBAuence types. These can be useful for
programmers who want to use the TANGO api internally in tdeirice servers and do not want to convert
from CORBA to C++ types.

1. Insert operators for spectrum attribute and for the ¥falhgy types by pointer :

(a) DevVarBooleanArray *
(b) DevVarShortArray *
(c) DevVarLongArray *
(d) DevVarLong64Array *
(e) DevVarFloatArray *

(f) DevVarDoubleArray *
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(g) DevVvarUCharArray *
(h) DevVarUShortArray *
(i) DevVarULongArray *

()) DevVarULong64Array *
(k) DevVarStringArray *

() DevVarStateArray *

2. Insert operators for spectrum attribute and for the Yalhg types by reference :

(a) const DevVarBooleanArray &
(b) const DevVarShortArray &
(c) const DevVarLongArray &

(d) const DevVarLong64Array &
(e) const DevVarFloatArray &

(f) const DevVarDoubleArray &
(g) const DevVarUCharArray &
(h) const DevVarUShortArray &
(i) const DevVarULongArray &
() const DevVarULong64Array &
(k) const DevVarStringArray &
() const DevVarStateArray &

3. Insert methods for image attribute and pointers. Theshadeallow the programmer to define the x
and y image dimensions. The following methods are defined :

(a) insert(DevVarBooleanArray *, int , int)
(b) insert(DevVarShortArray *, int , int)
(c) insert(DevVarLongArray *, int , int)
(d) insert(DevVarLong64Array *, int, int)
(e) insert(DevVarFloatArray *, int , int)

(f) insert(DevVarDoubleArray *, int, int)
(9) insert(DevVarUCharArray *, int, int)
(h) insert(DevVarUShortArray *, int , int)
(i) insert(DevVarULongArray *, int , int)
() insert(DevVarULong64Array *, int, int)
(k) insert(DevVarStringArray *, int , int)
() insert(DevVarStateArray *, int, int)

4. Insert methods for image attribute and reference. Thetkad allow the programmer to define the
x and y image dimensions. The following methods are defined :

(a) insert(const DevVarBooleanArray &, int , int)
(b) insert(const DevVarShortArray &, int, int)
(c) insert(const DevVarLongArray &, int , int)
(d) insert(const DevVarLong64Array &, int, int)
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(e) insert(const DevVarFloatArray &, int, int)

(f) insert(const DevVarDoubleArray &, int, int)
(9) insert(const DevVarUCharArray &, int, int)
(h) insert(const DevVarUShortArray &, int , int)
(i) insert(const DevVarULongArray &, int, int)
() insert(const DevVarULong64Array &, int, int)
(k) insert(const DevVarStringArray &, int , int)
() insert(const DevVarStateArray &, int, int)

5. Extract operators for the following types :

(a) DevVarBooleanArray *
(b) DevVarShortArray *

(c) DevVarLongArray *

(d) DevVarLong64Array *
(e) DevVarFloatArray *

(f) DevVarDoubleArray *
(g) DevVvarUCharArray *
(h) DevVarUShortArray *

(i) DevVarULongArray *

(j) DevVarULong64Array *
(k) DevVarStringArray *

(I) DevVarStateArray *
(m) DevVarEncodedArray *

Here is an example of creating, inserting and extractingesDeviceAttribute types :

DeviceAttribute my_short, my_long, my_string;
DeviceAttribute my_float_vector, my_double_vector;
string a_string;

short a_short;

DevLong a_long;

vector<float> a_float vector;

vector<double> a_double_vector;

my_short << 100; // insert a short

my_short >> a_short; // extract a short
my_long << 1000; // insert a long

my_long >> a_long; // extract a DevLong

my_string << string("estas lista a bailar el tango ?"); // in sert a string
my_string >> a_string; // extract a string

my_float vector << a_float_vector // insert a vector of flo ats

my_float vector >> a_float_vector; // extract a vector of f loats
my_double_vector << a_double_vector; // insert a vector of doubles
my_double_vector >> a_double_vector; // extract a vector o f doubles

1

/I Extract read and set value of an attribute separately
/I and get their dimensions
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1l
vector<float> r_float _vector, w_float vector;
my_float_vector.extract read (r_float vector) // extra ct read values
int dim_x = my_float_vector.get_dim_x(); /I get x dimensio n
int dim_y = my_float vector.get_dim_y(); /I get y dimensio n
my_float vector.extract set (w_float vector) // extrac t set values
int w_dim_x = my_float vector.get written_dim_x(); // ge t x dimension
int W_dim_y = my_float_vector.get_written_dim_y(); // ge t y dimension
1
/I Example of memory management with TANGO sequence types wi thout memory leaks
1l
for (int i = 0;i < 10;i++)
{

DeviceAttribute da;

DevVarLongArray  *out;

try

{

da = device->read_attribute("Attr");
da >> out;

}

catch(DevFailed &e)

{

}

cout << "Received value = " << ( * out)[0];

delete out;
}

Exception: WrongData if requested

6.4.3 bool DeviceAttribute::is_empty()

is_empty() is a boolean method which returns true or falggedding on whether the DeviceAttribute
object contains data or not. It can be used to test whetheDéheeAttribute has been initialized or not

e.g.

string parity;

DeviceAttribute sl_parity = my_device->read_attribute( "parity");
if (! sl _read.is_empty())
{
sl_parity >> parity;
}
else
{
cout << " no parity attribute defined for serial line !" << end ;
}

Exception: WrongData if requested
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6.4.4 void DeviceAttribute::exceptions(bitset<Devicefiribute::numFlags>)

Is a method which allows the user to switch on/off exceptionwing when trying to extract data from an

empty DeviceAttribute object or with a wrong data type. Tbkofving flags are supported :

1. isempty_flag- throw a WrongData exception (reason= API_EmptyDevice#dte) if user tries to

extract data from an empty DeviceAttribute object. By défdhis flag is set.

2. wrongtype_flag- throw a WrongData exception (reason = API_IncompatibiieékgumentType) if
user tries to extract data with a type different than the tyged for insertion. By default, this flag is

not set.

3. failed_flag- throw an exception when the user try to extract data fronbiaceAttribute object and
an error was reported by the server when the user try to reaalttibute. The type of the exception

thrown is the type of the error reported by the server. By ulgfthis flag is set.

4. unknown_format_flag - throw an exception when the user try to get the attributa é@mat from
the DeviceAttribute object when this information is not geailable. This information is available
only after theread_attributecall has been sucessfully executed. The type of the excefptiown is

WrongData exception (reason = API_EmptyDeviceAttribuB) default, this flag is not set.

6.4.5 bitset<DeviceAttribute::numFlags> exceptions()

Return the whole exception flags.

6.4.6 void DeviceAttribute::reset_exceptions(DeviceAtbute::except_flags fl)

Reset one exception flag

6.4.7 void DeviceAttribute::set_exceptions(DeviceAttbute::except_flags fl)

Set one exception flag

The following is an example of how to use these exceptiorsedimethods

O©CoO~NOULEA WNPE

DeviceAttribute da;

bitset<DeviceAttribute::numFlags> bs = da.exceptions(
cout << "bs = " << bs << end;

da.set_exceptions(DeviceAttribute::wrongtype_flag)
bs = da.exceptions();

cout << "bs = " << bs << endl

6.4.8 bool DeviceAttribute::has_failed()

Returns a boolean set to true if the server report an erronwieeattribute was read.
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6.4.9 const DevErrorList &DeviceAttribute::get_err_stack()

Returns the error stack reported by the server when thew@#rivas read.
The following is an example of the three available ways todgeh out of a DeviceAttribute object.

126

©CoO~NOULA,WNPE

DeviceAttribute da;
vector<short> attr_data;

try

{
da = device->read_attribute("Attr");
da >> attr_data;

}

catch (DevFailed &e)

{

}

DeviceAttribute da;
vector<short> attr_data;

da.reset_exceptions(DeviceAttribute::failed_flag)

try
{

}
catch (DevFailed &e)
{

}

if (I(da >> attr_data))
{

da = device->read_attribute("Attr");

DevErrorList &err = da.get_err_stack();

DeviceAttribute da;
vector<short> attr_data;

try
{

da = device->read_attribute("Attr");
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49 }

50 catch (DevFailed &e)

51 {

52 .

53 }

54

55 if (da.has_failed())

56 {

57 DevErrorList &err = da.get_err_stack();
58

59 }

60 else

61 {

62 da >> attr_data,
63 }

The first way is coded between lines 1 and 13. It uses the ddfahhviour of the DeviceAttribute
object which is to throw an exception when the user try toaettdata when the server reports an error
when the attribute was read. The second way is coded betiveehd and 40. The DeviceAttribute object
now does not throw "failed" exception any more and the rewatoe of the extractor operator is checked.
The third way is coded between line 43 and 63. In this caseatthi®ute data validity is checked before
trying to extract them.

6.4.10 string &DeviceAttribute::get_name()

Returns the name of the attribute

6.4.11 void DeviceAttribute::set_name(string &)

Sets attribute name

6.4.12 void DeviceAttribute::set_name(const char *)

Sets attribute name

6.4.13 AttrQuality &DeviceAttribute::get_quality()

Returns the quality of the attribute: an enumerate type wtan be one of {ATTR_VALID, ATTR_INVALID,
ATTR_ALARM, ATTR_CHANGING or ATTR_WARNING}.

6.4.14 int DeviceAttribute::get_dim_x()

Returns the attribute read x dimension

6.4.15 int DeviceAttribute::get_dim_y()

Returns the attribute read y dimension

6.4.16 int DeviceAttribute::get_written_dim_x()

Returns the attribute write x dimension
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6.4.17 int DeviceAttribute::get_written_dim_y()

Returns the attribute write y dimension

6.4.18 AttributeDimension DeviceAttribute::get_r_dimension()

Returns the attribute read dimension

6.4.19 AttributeDimension DeviceAttribute::get w_dimeasion()

Returns the attribute write dimension

6.4.20 long DeviceAttribute::get _nb_read()

Returns the number of read values

6.4.21 long DeviceAttribute::get_nb_written()

Returns the number of written values. Here is an exampleasitiast methods usage.

DeviceAttribute da;
vector<short> attr_data;

try
{

da = device->read_attribute("Attr");
da >> attr_data;

}

catch (DevFailed &e)

10 {

O©COoO~NOOUILAS WN P

12}

14 long read = da.get _nb_read();
15 long written = da.get_nb_written();

16

17 for (long i = 0;i < read;i++)

18 cout << "Read value " << i+1 << " = " << attr_data[i] << endl;
19

20 for (long j = 0; j < written;j++)

21 cout << "Last written value " << j+1 << " = " << attr_data[j + r

6.4.22 TimeVal &DeviceAttribute::get date()

Returns a reference to the time when the attribute was resehier

6.4.23 int DeviceAttribute::get_type()
Returns the type of the attribute data.

ead] << e
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6.4.24 AttrDataFormat DeviceAttribute::get_data_format()

Returns the attribute data format. Note that this infororats valid only after the call to the device has
been executed. Otherwise the FMT_UNKNOWN value of the AdtdB-ormat enumeration is returned or
an exception is thrown according to the object exceptiorsflag

6.4.25 ostream &operator<<(ostream &, DeviceAttribute &)

Is an utility function to easily print the contents of a Dexddtribute object. This function knows all types
which could be inserted in a DeviceAttribute object and fitiem accordingly if the data are valid. It also
prints the date returned within the attribute, the atteboame, the dim_x and dim_y attribute parameter
and its quality factor.

DeviceProxy *dev = new DeviceProxy("...");
DeviceAttribute attr;

attr = dev->read_attribute("MyAttribute");

cout << "Attribute returned: " << attr << endl;

6.5 Tango::DeviceAttributeHistory

This is the fundamental type for receiving data from devitgbate polling buffers. This class inherits
from the Tango::DeviceAttribute class. One instance of thass is created for each attribute result history.
Within this class, you find the attribute result data or theegtion parameters and a flag indicating if the
attribute has failed when it was invoked by the device sepatling thread. For history calls, it is not
possible to returns attribute error as exception. See ehaptAdvanced Features for all details regarding
device polling. On top of the methods inherited from the Bewittribute class, it offers the following
methods

6.5.1 ostream &operator<<(ostream &, DeviceAttributeHigory &)

Is an utility function to easily print the contents of a DesddtributeHistory object. This function knows
all types which could be inserted in a DeviceAttributeHigtobject and print them accordingly. It also
prints date, attribute name, attribute dim_x and dim_y peaters, attribute quality factor and error stack
in case the attribute returned an error.

DeviceProxy *dev = new DeviceProxy(“...");
int hist_depth = 4;

vector<DeviceAttributeHistory> * hist;

hist = dev->attribute_history(“MyAttribute”,hist_dept h);
for (int i = 0;i < hist_depth;i++)

{

cout << ( +hist)[i] << endl;

}

delete hist;
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6.6 Tango::AttributeProxy()

The high level object which provides the client with an essytse interface to TANGO device attributes.
AttributeProxy is a handle to the real Attribute (hence thene Proxy) and is not the real Attribute (of
course). The AttributeProxy manages timeouts, statetassections (new AttributeProxy() nearly always
works), and reconnection if the device server is restarted.

6.6.1 Constructors
6.6.1.1 AttributeProxy::AttributeProxy(string &name)

Create an AttributeProxy to an attribute of the specified@anie constructor will connect to the TANGO
database, query for the device to which the attribute beldogetwork address and build a connection
to this device. If the device to which the attribute belongsstdefined in the TANGO database but the
device server is not running, AttributeProxy will try to liiia connection every time the client tries to
access the attribute. If an alias name is defined for thebaté; this alias name can be used to create
the AttributeProxy instance. If a device name alias is defiioe the device, it can be used instead of the
three fields device name. If the device to which the attritnatlengs to is not defined in the database, an
exception is thrown. Examples :

AttributeProxy *my_attr = new AttributeProxy("my/own/device/attr");
AttributeProxy *my_attr_bis = new AttributeProxy("attr_alias");
AttributeProxy *my_attr_ter = new AttributeProxy("dev_alias/attr");

See appendix on device/attribute naming for all detailsiabango device or attribute naming syntax.
Exception: WrongNameSyntax, ConnectionFailed
6.6.1.2 AttributeProxy::AttributeProxy(const char *nam e)

Idem previous call

6.6.2 Miscellaneous methods
6.6.2.1 DevState AttributeProxy::state()

A method which returns the state of the device to which thébate belongs to. This state is returned as a
Tango::DevState type. Example :

dev_state = my_attr->state() << endl;

Exception: ConnectionFailed, CommunicationFailed
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6.6.2.2 string AttributeProxy::status()

A method which return the status of the device to which thebattte belongs to. The status is returned as
a string. Example :

cout << "device status" << my_attr->status() << endl;

Exception: ConnectionFailed, CommunicationFailed

6.6.2.3 int AttributeProxy::ping()

A method which sends a ping to the device to which the attilmgiongs and returns the time elapsed in
microseconds. Example :

cout << "device ping took " << my_device->ping() << “ microse conds” << endl;

Exception: ConnectionFailed, CommunicationFailed

6.6.2.4 string AttributeProxy::name()

Returns the attribute name

6.6.2.5 DeviceProxy *get_device_proxy()

Returns the DeviceProxy instance used to communicate hétldévice to which the attributes belongs.

6.6.3 Synchronous related methods
6.6.3.1 Attributelnfo AttributeProxy::get_config()

Return the attribute configuration. Attributelnfo is a strdefined as follows :

typedef struct _Attributelnfo {
string name;
AttrWriteType writable;
AttrDataFormat data format;
int data_type;
int max_dim_x;
int max_dim_y;
string description;
string label,
string unit;
string standard_unit;
string display_unit;
string format;
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string min_value;

string max_value;

string min_alarm;

string max_alarm;

string writable_attr_name;
vector<string> extensions;
Tango::DispLevel disp_level,

} Attributelnfo;

Exception: ConnectionFailed, CommunicationFailed, Daald€ from device

6.6.3.2 void AttributeProxy::set_config(Attributelnfo & )

Change the attribute configuration.
Exception: ConnectionFailed, CommunicationFailed, Retnlocked, DevFailed from device

6.6.3.3 DeviceAttribute AttributeProxy::read()

Read the attribute. To extract the value you have to use teeatgr of the class DeviceAttribute which
corresponds to the data type of the attribute. NOTE: Therigsutomatic type conversion from the
attribute native type to user type e.g. if an attribute mesua short you cannot extract it as a double (this
will return 0) you have to extract it as a short.

Exception: ConnectionFailed, CommunicationFailed, Daaldd from device

6.6.3.4 void AttributeProxy::write(DeviceAttribute&)

Write the attribute. To insert the value to write you have $e the operator of the class DeviceAttribute
which corresponds to the data type of the attribute. NOTEr&lis no automatic type conversion from the
user type to the attribute native type e.g. if an attribufgeexs a short you cannot insert it as a double (this
will throw an exception) you have to insert it as a short.

Exception: ConnectionFailed, CommunicationFailed, Retnlocked, DevFailed from device

6.6.3.5 DeviceAttribute AttributeProxy::write_read(DeviceAttribute&)

Write then read a single attribute in a single network cajl. dBfault (serialisation by device), the execution
of this call in the server can't be interrupted by other digerTo insert/extract the value to write/read you
have to use the operator of the class DeviceAttribute whichesponds to the data type of the attribute.
NOTE: There is no automatic type conversion from the usee tgpthe attribute native type e.g. if an
attribute expects a short you cannot insert it as a douhiletl throw an exception) you have to insert it
as a short.

Exception: ConnectionFailed, CommunicationFailed, @elnlocked, DevFailed from device

6.6.3.6 vector<DeviceAttributeHistory> *AttributeProx y::history(int)

Retrieve attribute history from the attribute polling krff The argument is the wanted history depth. This
method returns a vector of DeviceAttributeHistory typehisimethod allocates memory for the vector of
DeviceAttributeHistory returned to the caller. It is thdlearesponsibility to delete this memory. Class
DeviceAttributeHistory is detailed on chap&ESee chapter on Advanced Feature for all details regarding

polling.
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AttributeProxy attr = new AttributeProxy("my/own/device [Current");
vector<DeviceAttributeHistory> * hist;

hist = attr->history(5);

for (int i = 0;i < 5;i++)

{

bool fail = ( * hist)[i].has_failed();
if (fail == false)

{
cout << "Attribute name = " << ( * hist)[i].get_name() << endl;
cout << "Attribute quality factor = " << ( = hist)[i].get_quality() << endl;
long value;
(= hist)[i] >> value;
cout << "Current = " << value << endl;
}
else
{
cout << "Attribute failed !" << endl;
cout << "Error level 0 desc = " << (( * hist)[i].get_err_stack())[0].desc << end];
}
cout << "Date = " << ( ~*hist)[i].get_date().tv_sec << endl;
}
delete hist;

Exception: NonSupportedFeature, ConnectionFailed, CanmoationFailed, DevFailed from device

6.6.4 Asynchronous methods
6.6.4.1 long AttributeProxy::read_asynch()

Read the attribute asynchronously (polling model). Thisreturns anasynchronous call identifiexhich
is needed to get the attribute value.
Exception: ConnectionFailed

6.6.4.2 DeviceAttribute *AttributeProxy::read_reply(l ong id)

Check if the answer of an asynchronous read is arrived (mpftiodel). id is the asynchronous call identi-
fier. If the reply is arrived and if it is a valid reply, it is tgined to the caller in a DeviceAttribute object. If

the reply is an exception, it is re-thrown by this call. An egtion is also thrown in case of the reply is not
yet arrived. To extract attribute value, you have to use flexator of the class DeviceAttribute which cor-

responds to the data type of the attribute. NOTE: There isutanaatic type conversion from the attribute

native type to user type e.g. if an attribute returns a shautgannot extract it as a double, you have to
extract it as a short. Memory has been allocated for the Béttabute object returned to the caller. This

is the caller responsibility to delete this memory.

Exception: AsynCall, AsynReplyNotArrived, Communicatiled, DevFailed from device

6.6.4.3 DeviceAttribute *AttributeProxy::read_reply(l ongid, long timeout)

Check if the answer of an asynchronous read is arrived (mpttiodel). id is the asynchronous call iden-
tifier. If the reply is arrived and if it is a valid reply, it i®turned to the caller in a DeviceAttribute object.
If the reply is an exception, it is re-thrown by this call. Iifet reply is not yet arrived, the call will wait
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(blocking the process) for the time specified in timeout.fiéatimeout milliseconds, the reply is still not
there, an exception is thrown. If timeout is set to 0, thewalits until the reply arrived. To extract attribute
value, you have to use the operator of the class DeviceAt&itvhich corresponds to the data type of the
attribute. NOTE: There is no automatic type conversion ftbenattribute native type to user type e.g. if an
attribute returns a short you cannot extract it as a double hyave to extract it as a short. Memory has been
allocated for the DeviceAttribute object returned to thibecaThis is the caller responsibility to delete this
memory.

Exception: AsynCall, AsynReplyNotArrived, Communicatiled, DevFailed from device

6.6.4.4 long AttributeProxy::write_asynch(DeviceAttribute &argin)

Write the attribute asynchronously (polling model). Todrtshe value to write you have to use the oper-
ator of the class DeviceAttribute which corresponds to tht dype of the attribute. NOTE: There is no
automatic type conversion from the user type to the atteibative type e.g. if an attribute expects a short
you cannot insert it as a double (this will throw an exceptipou have to insert it as a short. This call
returns arasynchronous call identifiexhich is needed to get the server reply.

Exception: ConnectionFailed

6.6.4.5 void AttributeProxy::write_reply(long id)

Check if the answer of an asynchronous write is arrived ifpgplmodel). id is the asynchronous call
identifier. If the reply is arrived and if it is a valid reple call returned. If the reply is an exception, it is
re-thrown by this call. An exception is also thrown in cas¢hefreply is not yet arrived.

Exception: AsynCall, AsynReplyNotArrived, Communicatiled, DevFailed from device

6.6.4.6 void AttributeProxy::write_reply(longid, long timeout)

Check if the answer of an asynchronous write is arrived ipglmodel). id is the asynchronous call
identifier. If the reply is arrived and if it is a valid reple call returned. If the reply is an exception, it is
re-thrown by this call. If the reply is not yet arrived, thdlaaill wait (blocking the process) for the time
specified in timeout. If after timeout milliseconds, thelyeis still not there, an exception is thrown. If
timeout is set to 0, the call waits until the reply arrived.

Exception: AsynCall, AsynReplyNotArrived, Communicetaled, DevFailed from device

6.6.4.7 void AttributeProxy::read_asynch(CallBack &cb)

Read the attribute asynchronously using the callback motleé argument is a reference to a callback
object. This callback object should be an instance of a uass inheriting from th&ango::CallBackclass
with theattr_read()method overloaded.

Exception: ConnectionFailed

6.6.4.8 void AttributeProxy::write_asynch(DeviceAttribute &argin, CallBack &cb)

Write the attribute asynchronously using the callback rhodée argument is a reference to a callback
object. This callback object should be an instance of a uass inheriting from th@ango::CallBackclass
with theattr_written()method overloaded.

Exception: ConnectionFailed

6.6.5 Polling related methods
6.6.5.1 bool AttributeProxy::is_polled()
Returns true if the attribute is polled. Otherwise, retdaise.
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6.6.5.2 int AttributeProxy::get_poll_period()
Returns the attribute polling period in mS. If the attribigt@ot polled, it returns 0.

6.6.5.3 void AttributeProxy::poll(int period)

Add the attribute to the list of polled attributes. The pudliperiod is specified by "period” (in mS). If the
attribute is already polled, this method will update thdipglperiod according to "period".

6.6.5.4 void AttributeProxy::stop_poll()

Remove attribute from the list of polled attributes.

6.6.6 Event related methods

6.6.6.1 int AttributeProxy::subscribe_event(EventTypeevent, CallBack *ch, const vector<string>
&filters)

The client call to subscribe for event reception inplush model The client implements a callback method
which is triggered when the event is received either by pgléir a dedicated thread. Filtering is done based
on the reason specified and the event type. For example whdimgethe state and the reason specified is
"change" the event will be fired only when the state changeents consist of an attribute name and the
event reason. A standard set of reasons are implementee@ Isystem, additional device specific reasons
can be implemented by device servers programmers.

Theeventparameter is the event reason and must be on the enumerhates:va

e Tango::CHANGE_EVENT

e Tango::PERIODIC_EVENT

e Tango::ARCHIVE_EVENT

e Tango::ATTR_CONF_EVENT

chis a pointer to a class inheriting from the Tango CallBackskand implementinggush_event@hethod,
filtersis a variable list of name,value pairs which define additidiftars for events. Thesubscribe_event()
call returns an event id which has to be specified when unsibosg from this event.

Exception: EventSystemFailed

6.6.6.2 int AttributeProxy::subscribe_event(EventTypeevent, CallBack *cb, const vector<string>
&filters, bool stateless)

This subscribe event method has the same functionalitysasited in the last section. It adds an additional
flag calledstateless When thestatelesglag is set tofalsg an exception will be thrown when the event
subscription encounters a problem.

With thestatelesdlag set tarue, the event subscription will always succeed, even if theasponding
device server is not running. The keep alive thread will trgrg 10 seconds to subscribe for the specified
event. At every subscription retry, a callback is executbéttvcontains the corresponding exception.

Exception: EventSystemFailed

6.6.6.3 int AttributeProxy::subscribe_event(EventTypesvent, int event_queue_size, const vector<string>
&filters, bool stateless)

The client call to subscribe for event reception in thal model. Instead of a callback method the client
has to specify the size of the event reception buffer.

The event reception buffer is implemented as a round robffebuThis way the client can set-up
different ways to receive events.
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Event reception buffer size = 1 : The client is interesteg amthe value of the last event received. All
other events that have been received since the last readimtisaarded.

Event reception buffer size > 1 : The client has chosen to keegvent history of a given size. When
more events arrive since the last reading, older eventdbwitliscarded.

Event reception buffer size = ALL_EVENTS : The client bufell received events. The buffer size is
unlimited and only restricted by the available memory fa dfient.

All other parameters are similar to the descriptions givetine last two sections.

Exception: EventSystemFailed

6.6.6.4 void AttributeProxy::unsubscribe_event(int evat_id)

Unsubscribe a client from receiving the event specified\®nt_id event_ids the eventidentifier returned
by theAttributeProxy::subscribe_eventf)ethod.
Exception: EventSystemFailed

6.6.6.5 void AttributeProxy::get_events(intevent_id, @lIBack *cb)

The method extracts all waiting events from the event regeituffer and executes the callback method
cb for every event. During event subscription the client ninave chosen the pull model for this event.
event_id is the event identifier returned by the Attribute®r:subscribe_event() method.

Exception: EventSystemFailed

6.6.6.6 void AttributeProxy::get_events(intevent_id, EentDatalList &event_list)

The method extracts all waiting events from the event régeituffer. The returned event_list is a vector
of EventData pointers. The EventData object contains teataaformation as for the callback methods.
During event subscription the client must have chosen tlenpadel for this event. event id is the
event identifier returned by the AttributeProxy::subseribvent() method.
Exception: EventSystemFailed

6.6.6.7 void AttributeProxy::get_events(intevent_id, AtrConfEventDataList &event_list)

The method extracts all waiting attribute configurationrggdrom the event reception buffer. The returned
event_list is a vector of AttrConfEventData pointers. Thitr@onfEventData object contains the event
information as for the callback methods.

During event subscription the client must have chosen ttlenpadel for this event. event id is the
event identifier returned by the AttributeProxy::subseribvent() method.

Exception: EventSystemFailed

6.6.6.8 int AttributeProxy::event_queue_size(int eventid)

Returns the number of stored events in the event receptfterbafter every call to DeviceProxy:get_events(),
the event queue size is 0.

During event subscription the client must have chosen tlenpadel for this event. event id is the
event identifier returned by the AttributeProxy::subseribvent() method.

Exception: EventSystemFailed

6.6.6.9 TimeVal AttributeProxy::get_last_event_datefit event_id)

Returns the arrival time of the last event stored in the exergption buffer. After every call to Device-
Proxy:get_events(), the event reception buffer is empiyhis case an exception will be returned.
During event subscription the client must have chosen thienpadel for this event. event id is the
event identifier returned by the AttributeProxy::subseribvent() method.
Exception: EventSystemFailed
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6.6.6.10 bool AttributeProxy::is_event_queue_empty(irevent_id)

Returns true when the event reception buffer is empty.

During event subscription the client must have chosen thlenpadel for this event. event id is the
event identifier returned by the AttributeProxy::subseribvent() method.

Exception: EventSystemFailed

6.6.7 Property related methods
6.6.7.1 void AttributeProxy::get_property (string&, DbD ata&)

Get a single property for the attribute. The property to gespecified as a string. Refer to DbDe-
vice::get_property() and DbData sections below for detil the DbData type.

Exception: NonDbDevice, ConnectionFailed (with databa€®mmunicationFailed (with database),
DevFailed from database device

6.6.7.2 void AttributeProxy::get_property (vector<string>&, DbData&)

Get a list of properties for the attribute. The propertiegeébare specified as a vector of strings. Refer to
DbDevice::get_property() and DbData sections below faaitkeon the DbData type.

Exception: NonDbDevice, ConnectionFailed (with databa€®mmunicationFailed (with database),
DevFailed from database device

6.6.7.3 void AttributeProxy::get_property(DbData&)

Get property(ies) for the attribute. Properties to get aexied using the DbData type. Refer to DbDe-
vice::get_property() and DbData sections below for detail

Exception: NonDbDevice, ConnectionFailed (with databa€®mmunicationFailed (with database),
DevFailed from database device

6.6.7.4 void AttributeProxy::put_property(DbData&)

Put property(ies) for an attribute. Properties to put aecsjed using the DbData type. Refer to DbDe-
vice::put_property() and DbData sections below for dstail

Exception: NonDbDevice, ConnectionFailed (with dataha€®mmunicationFailed (with database),
DevFailed from database device

6.6.7.5 void AttributeProxy::delete_property (string&, DbData&)

Delete a single property for an attribute. The property tietéeis specified as a string. Refer to DbDe-
vice::delete_property() and DbData sections below foaitkedn the DbData type.

Exception: NonDbDevice, ConnectionFailed (with dataha€®mmunicationFailed (with database),
DevFailed from database device

6.6.7.6 void AttributeProxy::delete_property (vector<gring>&, DbData&)

Delete a list of properties for an attribute. The propeitiedelete are specified as a vector of strings. Refer
to DbDevice::get_property() and DbData sections belowd&iails on the DbData type.

Exception: NonDbDevice, ConnectionFailed (with databa€®mmunicationFailed (with database),
DevFailed from database device
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6.6.7.7 void AttributeProxy::delete_property(DbData&)

Delete property(ies) for an attribute. Properties to a@efge specified using the DbData type. Refer to
DbDevice::get_property() and DbData sections below foaitke

Exception: NonDbDevice, ConnectionFailed (with dataha€®mmunicationFailed (with database),
DevFailed from database device

6.7 Tango::ApiUtil

This class is a singleton. Therefore, it is not necessarydate it. It will be automatically done. A static
method allows a user to retrieve the instance

6.7.1 static ApiUtil *ApiUtil::instance()

Return the ApiUltil singleton instance.

6.7.2 static void ApiUtil::cleanup()

Destroy the ApiUtil singleton instance.

6.7.3 long ApiUtil::pending_asynch_call(asyn_req_typeeq)

Return number of asynchronous pending requests (any devide input parameter is an enumeration
with three values which are:

POLLING : Return only polling model asynchronous requeshhar

CALL_BACK : Return only callback model asynchronous requesnber

ALL_ASYNCH : Return all asynchronous request number

Exception: None

6.7.4 void ApiUtil::get_asynch_replies()

Fire callback methods for all (any device) asynchronousiests (command and attribute) with already
arrived replied. Returns immediately if there is no rephéready arrived or if there is no asynchronous
requests.

Exception: None, all errors are reported using the err anobes fields of the parameter passed to the
callback method. See chaptBfor details.

6.7.5 void ApiUtil::get_asynch_replies(long timeout)

Fire callback methods for all (any device) asynchronousiests (command and attributes) with already
arrived replied. Wait and block the caller for timeout nsiéliconds if they are some device asynchronous
requests which are not yet arrived. Returns immediatelyafe is no asynchronous request. If timeout is
set to 0, the call waits until all the asynchronous requesisisas received a reply.

Exception: AsynReplyNotArrived. All other errors are reied using the err and errors fields of the
object passed to the callback methods. See ch&pdor details.
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6.7.6 void ApiUtil::set_asynch_cb_sub_model(cb_sub_rdel model)

Set the asynchronous callback sub-model between the pdilbash sub-model. See chapteb to read
the definition of these sub-model. The cb_sub_model datig/pn enumeration with two values which
are:

PUSH_CALLBACK : The push sub-model
PULL_CALLBACK : The pull sub-model

By default, all Tango client using asynchronous callbacldei@re in pull sub-model. This call must be
used to switch to the push sub-model. NOTE that in push sutbeina separate thread is spawned to deal
with server replies.

Exception: None

6.7.7 cb_sub_model ApiUtil::get_asynch_cb_sub_model()

Get the asynchronous callback sub-model.
Exception: None

6.7.8 static int ApiUtil::get_env_var(const char *name,ring &value);

Get environment variable. On Unixes OS, this call tries totlge variable in the caller environment then
in a file .tangorcin the user home directory and finally in a filtc/tangorc On Windows, this call looks
in the user environment then in a file stored in % TANGO_HOM#&gorc. This method returns 0 of the
environment variable is found. Otherwise, it returns -1.

Exception: None

6.8 Asynchronous callback related classes
6.8.1 Tango::CallBack

When using the event push model (callback automaticallg@es), there are some cases (same callback
used for events coming from different devices hosted inaeserver process running on different hosts)
where the callback method could be executed concurentlyiffereht threads started by the ORB. The
user has to code his callback method ithieead safemanner.

6.8.1.1 void CallBack::cmd_ended(CmdDoneEvent *event)

This method is defined as being empty and must be overloadibe mser when the asynchronous callback
model is used. This is the method which will be executed wherserver reply from a command_inoutis
received in both push and pull sub-mode.

6.8.1.2 void CallBack::attr_read(AttrReadEvent *event)

This method is defined as being empty and must be overloadibamser when the asynchronous callback
model is used. This is the method which will be executed wherserver reply from a read_attribute(s) is
received in both push and pull sub-mode.

6.8.1.3 void CallBack::attr_written(AttrWrittenEvent* event)

This method is defined as being empty and must be overloadibemser when the asynchronous callback
model is used. This is the method which will be executed wherserver reply from a write_attribute(s)
is received in both push and pull sub-mode.
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6.8.1.4 void CallBack::push_event(EventData *event)

This method is defined as being empty and must be overload#tehyser when events are used. This is
the method which will be executed when the server send es)dntthe client.

6.8.1.5 void CallBack::push_event(AttrConfEventData *&ent)

This method is defined as being empty and must be overload#itehyser when events are used. This
is the method which will be executed when the server senitbatitr configuration change event(s) to the
client.

6.8.1.6 void CallBack::push_event(DataReadyEventDataevent)

This method is defined as being empty and must be overload#tehyser when events are used. This is
the method which will be executed when the server send atéritbata ready event(s) to the client.

6.8.2 Tango::CmdDoneEvent

This class is used to pass data to the callback method in lasymmus callback model for command exe-
cution. It contains the following public field

device : The DeviceProxy object on which the call was exat(ifango::DeviceProxy *)

cmd_name : The command name (string &)

argout : The command argout (DeviceData &)
err : A boolean flag set to true if the command failed. Falsemtise (bool)
errors : The error stack (DevErrorList &)

6.8.3 Tango::AttrReadEvent

This class is used to pass data to the callback method in lasymaus callback model for read_attribute(s)
execution. It contains the following public field

device : The DeviceProxy object on which the call was exat(ifango::DeviceProxy *)

attr_names : The attribute name list (vector<string> &)

argout : The attribute data (vector<DeviceAttribute>*)
err : A boolean flag set to true if the request failed. Falsewtise (bool)
errors : The error stack (DevErrorList &)

To extract attribute value(s), you have to use the operdttiteoclass DeviceAttribute which corresponds
to the data type of the attribute. NOTE: There is no autontgfie conversion from the attribute native
type to user type e.g. if an attribute returns a short you acgextract it as a double, you have to extract it
as a short. Memory has been allocated for the vector of DAttidBute objects passed to the caller. This
is the caller responsibility to delete this memory.
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6.8.4 Tango::AttrWrittenEvent

This class is used to pass data to the callback method in lasymaus callback model for write_attribute(s)
execution. It contains the following public field

device : The DeviceProxy object on which the call was exat(ifango::DeviceProxy *)
attr_names : The attribute name list (vector<string> &)
err : A boolean flag set to true if the request failed. Falsewtise (bool)

errors : The error stack (DevErrorList &)

6.8.5 Tango::EventData

This class is used to pass data to the callback method wheveatis sent to the client. It contains the
following public field

device : The DeviceProxy object on which the call was exat(ifango::DeviceProxy *)
attr_name : The attribute name (std::string &)

event : The event name (std::string &)

attr_value : The attribute data (DeviceAttribute *)

err : A boolean flag set to true if the request failed. Falsewtise (bool)

errors : The error stack (DevErrorList &)

To extract attribute value(s), you have to use the operdttiteoclass DeviceAttribute which corresponds
to the data type of the attribute. NOTE: There is no autontgfie conversion from the attribute native
type to user type e.g. if an attribute returns a short you cbextract it as a double, you have to extract it
as a short. Memory has been allocated for the vector of DAvidbute objects passed to the caller. This
is the caller responsibility to delete this memory.

6.8.6 Tango::AttrConfEventData

This class is used to pass data to the callback method whettrdnut® configuration event is sent to the
client. It contains the following public field

device : The DeviceProxy object on which the call was exat(ifango::DeviceProxy *)
attr_name : The attribute name (std::string &)

event : The event name (std::string &)

attr_conf : The attribute configuration (AttributelnfoEx *

err : A boolean flag set to true if the request failed. Falsewtise (bool)

errors : The error stack (DevErrorList &)
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6.8.7 Tango::DataReadyEventData

This class is used to pass data to the callback method whetribnte data ready event is sent to the client.
It contains the following public field

device : The DeviceProxy object on which the call was exat(ifango::DeviceProxy *)
attr_name : The attribute name (std::string &)
event : The event name (std::string &)

attr_data_type :The attribute data type (int)

ctr : The user counter. Set to 0 if not defined when sent by theesént)
err : A boolean flag set to true if the request failed. Falsewtise (bool)
errors : The error stack (DevErrorList &)

6.9 Tango::Group

6.9.1 Constructor and Destructor
6.9.1.1 Group::Group (const std::string& name)

Instanciate an empty group. The group name allows retrieisub-group in the hierarchy.
See also: Group::~Group(), Group::get_group().

6.9.1.2 Group::~Group ()

Delete a group and all its elements.

Be aware that a group always gets the ownership of its chilainel deletes them when it is itself deleted.
Therefore, nevertry to delete a Group (respectively a RMioxy) returned by a call ftango::Group::get_group()
(respectively taTango::Group::get_device))Use theTango::Group::remove(jnethod instead.

See also: Group::Group(), Group::remove(), Group::reznail().

6.9.2 Group Management Related Methods
6.9.2.1 void Group::add (Group* group, int timeout_ms =-1)

Attaches a (sub)group.

Be aware that a group always gets the ownership of its childred deletes them when it is itself
deleted. Therefore, never try to delete a Group attachedGooap. Use thésroup::remove()method
instead.

If timeout_mgarameter is different from -1, the client side timeout agsed to each device compos-
ing the group added is set tismeout_msnilliseconds. Iftimeout_mss -1, timeouts are not changed.

This method does nothing if the specified group is alreadhch#d (i.e. it is silently ignored) and
timeout_ms= -1.

If the specified group is already attached &nttout_mss different from -1, the client side timeout of
each device composing the group given in parameter is siehéout_msnilliseconds.

See also: all other forms of Group::add() and Group::seedut_millis().
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6.9.2.2 void Group::add (const std::string& pattern, int timeout_ms = -1)

Attaches any device which name matches the spe@fdtern

The pattern parameter can be a simple device name or a dexice pattern (e.g. domain_*/ fam-
ily/member_*).

This method first asks to the Tango database the list of deigees matching the pattern. Devices are
then attached to the group in the order in which they are metliby the database.

Any device already present in the hierarchy (i.e. a deviderggng to the group or to one of its
subgroups) is silently ignored but its client side time@utét tatimeout_msnilliseconds iftimeout_mss
different from -1.

Set the client side timeout of each device matching the Bpdgatternto timeout_msnilliseconds if
timeout_mss different from -1.

See also: all other forms of Group::add() and Group::seediut_millis().

6.9.2.3 void Group::add (const std::vector<std::string=& patterns, int timeout_ms = -1)

Attaches any device which name matches one of the specifteatpa

Thepatternsparameter can be an array of device names and/or device rattamg.

This method first asks to the Tango database the list of degices matching one the patterns. Devices
are then attached to the group in the order in which they awened by the database.

Any device already present in the hierarchy (i.e. a deviderggng to the group or to one of its
subgroups), is silently ignored but its client side timeisiget totimeout_msnilliseconds iftimeout_mss
different from -1.

If timeout_mgs different from -1, the client side timeouts of all devieeatching the specifiggatterns
are set tdimeout_msnilliseconds.

See also: all other forms of Group::add() and Group::seedut_millis().

6.9.2.4 void Group::remove (const std::string& pattern, bool fwd = true)

Removes any group or device which name matches the speciitip
Thepatternparameter can be a group name, a device name or a device n@ene (g domain_*/family/member_*).
Since we can have groups with the same name in the hierarghgua name can be fully qualified to

specify which group should be removed. Considering th@fadtg group:

-> gauges
| -> cell-01
[ [-> penning
I I l-> ...
[ [-> pirani
[ [-> ...
| -> cell-02
[ [-> penning
[ | [-> ...
[ [-> pirani
[ [-> ...
| -> cell-03
[ [-> ...
I
I

->

A call to gauges->remove("penning") will remove any groupmed “penning” in the hierarchy while
gauges->remove("gauges.cell-02.penning") will only oemthe specified group.

If fwd is set to true (the default), the remove request is also fatedhto subgroups. Otherwise, it is
only applied to the local set of elements. For instance,dlievfing code remove any stepper motor in the
hierarchy:
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root_group->remove(" * [stepper_motor/ *");
See also: all other forms of Group::remove().

6.9.2.5 void Group::remove (const std::vector<std::sting>& patterns, bool fwd = true)

Removes any group or device which name matches the specaitings.

The patternsparameter can be an array of group names and/or device nahes device name pat-
terns.

Since we can have groups with the same name in the hierarghgua name can be fully qualified to
specify which group should be removed. See previous methodktails.

If fwd is set to true (the default), the remove request is also fateghto subgroups. Otherwise, it is
only applied to the local set of elements.

See also: all other forms of Group::remove().

6.9.2.6 void Group::remove_all (void)

Removes all elements in the group. After such a call, thegi®empty.
See also: all forms of Group::remove().

6.9.2.7 bool Group::contains (const std::string& pattern bool fwd = true)

Returns true if the hierarchy contains groups and/or dewdeich name matches the specifigattern
Returns false otherwise.

The pattern can be a fully qualified or simple group name, é&cdenvame or a device name pattern.

If fwd is set to true (the default), the request is also forwardesutmyroups. Otherwise, it is only
applied to the local set of elements.

See also: Group::get_device(), Group::get_group().

6.9.2.8 DeviceProxy* Group::get_device (const std::stnig& device_name)

Returns a reference to the specified device or NULL if thermislevice by that name in the group. This
method may throw an exception in case the specified devicmbslo the group but can’t be reached (not
registered, down...). See example below. See also the T&myiceProxy class documentation for details.

try
{
Tango::DeviceProxy *dp = g->get_device("my/device/01");
if (dp == 0)
{
/I my/device/01 doe snot belongs to the group
{
}
catch (const Tango::DevFailed &df)
{
/I my/device/01 belongs to the group but can't be reached
}

The request is systematically forwarded to subgroupsifi;eo device named device_name could be
found in the local set of devices, the request is forwardesitgroups).

Be aware that a group always gets the ownership of its ciildred deletes them when it is itself
deleted. Therefore, never try to delete a DeviceProxy netiby theGroup::get_device(@nethod. Use the
Tango::Group::remove()nethod instead.

See also: other form of Group::get_device(), Group::dee(} Group::get_group(), Group::contains().
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6.9.2.9 DeviceProxy* Group::get_device (long idx)

Returns a reference to the "idx-th" device in the hierarchi]NOLL if the hierarchy contains less than
"idx" devices. This method may throw an exception in case thefggetdevice belongs to the group but
can’t be reached (not registered, down...). See previoasiple. See also the Tango::DeviceProxy class
documentation for details.

The request is systematically forwarded to subgroupsi{itbe local set of devices contains less than
"idx" devices, the request is forwarded to subgroups).

Be aware that a group always gets the ownership of its ciildred deletes them when it is itself
deleted. Therefore, never try to delete a DeviceProxy netiby theGroup::get_device(@nethod. Use the
Tango::Group::remove()nethod instead.

See also: other form of Group::get_device(), Group::ge¢(y Group::get_group, Group::contains().

6.9.2.10 DeviceProxy* Group::operator(] (long i)

Returns a reference to the "idx-th" device in the hierarahiydLL if the hierarchy contains less than "idx"
devices. See the Tango::DeviceProxy class documentatiatetails.

The request is systematically forwarded to subgroupsi{itbe local set of devices contains less than
"idx" devices, the request is forwarded to subgroups).

Be aware that a group always gets the ownership of its ciildred deletes them when it is itself
deleted. Therefore, never try to delete a DeviceProxy netiby theGroup::get_device(@nethod. Use the
Tango::Group::remove()nethod instead.

See also: other form of Group::get_device(), Group::dee(} Group::get_group(), Group::contains().

6.9.2.11 Group* Group::get_group (const std::string& group_name)

Returns a reference to the specified group or NULL if thereoigroup by that name. The group_name
can be a fully qualified name.
Considering the following group:

-> gauges
[-> cell-01
| [-> penning
I | l-> ...
| [-> pirani
| [-> ...
[-> cell-02
| [-> penning
[ | [-> ...
| [-> pirani
| [-> ...
| -> cell-03
[ [-> ...
I
|

->

A call to gauges->get_group("penning") returns the firgiugr named "penning" in the hierarchy (i.e.
gauges.cell-01.penning) while gauges->get_group(“gsuegll-02.penning”) returns the specified group.

The request is systematically forwarded to subgroups {fi.eo group named group_name could be
found in the local set of elements, the request is forwardetdibgroups).

Be aware that a group always gets the ownership of its ciildred deletes them when it is itself
deleted. Therefore, never try to delete a Group returnechbyGroup::get_group()method. Use the
Tango::Group::remove()nethod instead.

See also: Group::get_device(), Group::contains().
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6.9.2.12 long Group::get_size (bool fwd = true)

Return the number of devices in the hierarchy (respectittedynumber of device in the group) if the
forward option is set to true (respectively set to false).

6.9.2.13 std::vector<std::string> Group::get_device ist (bool fwd = true)

Returns the list of devices currently in the hierarchy.

If fwd is set to true (the default) the request is forwarded to sulgqus. Otherwise, it is only applied to
the local set of devices.

Considering the following hierarchy:

g2->add("my/device/04"); g2->add("'my/device/05");
g4->add("my/device/08"); g4->add("'my/device/09");

g3->add("my/device/06");
g3->addg(g4);
g3->add("my/device/07");

gl->add("my/device/01");
gl->add(g2);
gl->add("my/device/03");
gl->add(g3);
gl->add("my/device/02");

The returned vector content depends on the value of the fdretion. If set to true, the results will be
organized as follows:

std::vector<std::string> dl = gl->get device_list(true );

dI[0] contains "my/device/01" which belongs to g1
dI[1] contains "my/device/04" which belongs to g1.g2
dI[2] contains "my/device/05" which belongs to g1.g2
dI[3] contains "my/device/03" which belongs to g1
dI[4] contains "my/device/06" which belongs to g1.g3
dI[5] contains "my/device/08" which belongs to g1.9g3.g4
dI[6] contains "my/device/09" which belongs to g1.9g3.g4
dI[7] contains "my/device/07" which belongs to g1.g3
dI[8] contains "my/device/02" which belongs to g1

If the forward option is set to false, the results are:

std::vector<std::string> dl = gl->get device_list(fals e);

dI[0] contains "my/device/01" which belongs to g1
dI[1] contains "my/device/03" which belongs to g1
dI[2] contains "my/device/02" which belongs to g1

6.9.3 "Ala" DeviceProxy Methods
6.9.3.1 bool Group::ping (bool fwd = true)

Ping all devices in a group. This method returns true if allickes in the group are alive, false otherwise.
If fwd is set to true (the default), the request is also forwardesutmgroups. Otherwise, it is only
applied to the local set of devices.
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6.9.3.2 void Group::set_timeout_millis(int timeout_ms)

Set client side timeout for all devices composing the groupiilliseconds. Any method which takes longer
than this time to execute will throw an exception.
Exception: none (errors are ignored).

6.9.3.3 GroupCmdReplyList Group::command_inout (const &::string& ¢, bool fwd = true)

Executes a Tango command on a group. This method is synals@mal does not return until replies are
obtained or timeouts occurred.

The parametet is the name of the command.

If fwd is set to true (the default), the request is also forwardesutmgroups. Otherwise, it is only
applied to the local set of devices.

Command results are returned in a GroupCmdReplyList. Seaitdig command result for details
(4.7.3.2. See also Case 1 of executing a commahd.B.9 for an example.

6.9.3.4 GroupCmdReplyList Group::command_inout (const &::string& ¢, const DeviceData& d,
bool fwd = true)

Executes a Tango command on each device in the group. Thisohit synchronous and does not return
until replies are obtained or timeouts occurred.

The parametet is the name of the command.

The second parametdris a Tango generic container for command carrying the condraagument.
See the Tango::DeviceData documentation.

If fwd is set to true (the default), the request is also forwardesutmgroups. Otherwise, it is only
applied to the local set of devices.

Command results are returned in a GroupCmdReplyList. Segittibg command resultgl(7.3.] for
details. See also Case 2 of executing a command3.4 for an example.

6.9.3.5 template<typename T> GroupCmdReplyList Group::ommand_inout (const std::string&
¢, const std::vector<T>& d, bool fwd = true)

Executes a Tango command on each device in the group. Thisohit synchronous and does not return
until replies are obtained or timeouts occurred.

This implementation of command_inout allows passing a ifipagoput argument to each device in
the group. In order to use this form of command_inout, the osest have an "a priori" and "perfect”
knowledge of the devices order in the group.

The parametet is the name of the command.

The std::vectod contains a specific argument value for each device in thepg®imce this method is a
template, d is able to contain any Tango command argumeai tigosize must equal Group::get_size(fwd).
Otherwise, an exception is thrown. The order of the argumaoies must follows the order of the devices
in the group (d[0] => 1st device, d[1] => 2nd device and so on).

If fwd is set to true (the default), the request is also forwardesutmyroups. Otherwise, it is only
applied to the local set of devices.

Command results are returned in a GroupCmdReplyList. Sdai@hg command resultsi(7.3.)
for details. See also Case 3 of executing a command 3.5 for an example of this special form of
command_inout.

6.9.3.6 long Group::command_inout_asynch (const std::8hg& c, bool fgt = false, bool fwd = true,
long rsv =-1)

Executes a Tango command on each device in the group asymelsly. The method sends the request
to all devices and returns immediately. Pass the returrepaess id toGroup::command_inout_replyt®
obtain the results.

The parametet is the name of the command.
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The parametefgtis a fire and forget flag. If set to true, it means that no repéxisected (i.e. the caller
does not care about it and will not even try to get it). A falséadlt value is provided.

If the parametefwd is set to true (the default) request is forwarded to subggoQpherwise, it is only
applied to the local set of devices.

Finally, rsv is reserved for internal purpose and should not be modifys parameter may disappear
in a near future.

See Case 1 of Executing a command/(3.9 for an example.

6.9.3.7 long Group::command_inout_asynch (const std::ehg& ¢, const DeviceData& d, bool fgt
= false, bool fwd = true, long rsv = -1)

Executes a Tango command on each device in the group asymelsly. The method sends the request
to all devices and returns immediately. Pass the returrepaess id toGroup::command_inout_replyt®
obtain the results.

The parametet is the name of the command.

The second parametdris a Tango generic container for command carrying the condraagument.
See the Tango::DeviceData documentation for details.

The parametefgtis a fire and forget flag. If set to true, it means that no repéxisected (i.e. the caller
does not care about it and will not even try to get it). A falséadlt value is provided.

If the parametefwd is set to true (the default) request is forwarded to subggoQpherwise, it is only
applied to the local set of devices.

Finally, rsv is reserved for internal purpose and should not be modifys parameter may disappear
in a near future.

See Case 2 of Executing a command/(3.9 for an example.

6.9.3.8 long Group::command_inout_asynch (const std::ehg& c, const std::vector<T>& d, fgt =
false, bool fwd = true)

Executes a Tango command on each device in the group asymelsly. The method send the request to
all devices and return immediately. Pass the returned s¢dghieo Group::command_inout_reply to obtain
the results.

This implementation of command_inout allows passing aifip@aput argument to each device in the
group. In order to use this form of command_inout_asynehuger must have an "a priori" and "perfect"”
knowledge of the devices order in the group.

The parametet is the name of the command.

The std::vectod contains a specific argument value for each device in thepgrdus able to contain
any Tango command argument type. Its size must equal Ggripsize(fwd). Otherwise, an exception is
thrown. The order of the argument values must follows theoad the devices in the group (d[0] => 1st
device, d[1] => 2nd device and so on).

The parametefgt is a fire and forget flag. If set to true, it means that no repéxisected (i.e. the caller
does not care about it and will not even try to get it). A falséadlt value is provided.

If fwd is set to true (the default), the request is also forwardesutmyroups. Otherwise, it is only
applied to the local set of devices.

See Case 3 of Executing a commandd/(3.5 for an example of this special form of command_inout.

6.9.3.9 GroupCmdReplyList Group::command_inout_reply (ong req_id, long timeout_ms = 0)

Returns the results of an asynchronous command.

The first parametaeq_idis a requestidentifier previously returned by one of the camininout_asynch
methods.

For each device in the hierarchy, if the command result iyabavailable, command_inout_reply wait
timeout_mgnilliseconds before throwing an exception. This exceptidhbe part of the global reply. If
timeout_mss set to 0, command_inout_reply waits "indefinitely".
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Command results are returned in a GroupCmdReplyList. Seaiftiog command resultgl(7.3.) for
details.

6.9.3.10 GroupAttrReplyList Group::read_attribute (const std::string& a, bool fwd = true)

Reads an attribute on each device in the group. This metlsytidhronous and does not return until replies
are obtained or timeouts occurred.

The parametea is the name of the attribute to read.

If fwd is set to true (the default) request is forwarded to subggoQpherwise, it is only applied to the
local set of devices.

Attribute values are returned in a GroupAttrReplyList. S#staining attribute valuesi(7.4.) for
details. See also Reading an attribute/ (4 for an example.

6.9.3.11 long Group::read_attribute_asynch (const stdstring& a, bool fwd = true, long rsv = -1)

Reads an attribute on each device in the group asynchrondim method sends the request to all devices
and returns immediately. Pass the returned requestGadop::read_attribute_reply(o obtain the results.

The parametea is the name of the attribute to read.

If fwd is set to true (the default) request is forwarded to subggoQpherwise, it is only applied to the
local set of devices.

The last parameter (rsv) is reserved for internal purpodeshould not be modify. It may disappear in
a near future.

See Reading an attributé.{.4 for an example.

6.9.3.12 GroupAttrReplyList Group::read_attribute_reply (long req_id, long timeout_ms = 0)

Returns the results of an asynchronous attribute reading.

The first parameteeq_idis a request identifier previously returned by read_atteibasynch.

For each device in the hierarchy, if the attribute value isy@i available, read_attribute_reply wait
timeout_mgnilliseconds before throwing an exception. This exceptidhbe part of the global reply. If
timeout_mss set to 0, read_attribute_reply waits "indefinitely".

Replies are returned in a GroupAttrReplyList. See Obtajmittribute values4.7.4.] for details.

6.9.3.13 GroupReplyList Group::write_attribute (const DeviceAttribute& d, bool fwd = true)

Writes an attribute on each device in the group. This metlagl/nchronous and does not return until
acknowledgements are obtained or timeouts occurred.

The first parametet is a Tango generic container for attribute carrying bothettiebute name and the
value. See the Tango::DeviceAttribute documentation &aidks.

If fwd is set to true (the default) request is forwarded to subggoQpherwise, it is only applied to the
local set of devices.

Acknowledgements are returned in a GroupReplyList. Seai®ibg acknowledgementd.(7.5.) for
details. See also Case 1 of Writing an attribute’ (5.2 for an example.

6.9.3.14 GroupReplyList Group::write_attribute (const sd::string& a, const std::vector<T>& d,
bool fwd = true)

Writes an attribute on each device in the group. This metBagl/nchronous and does not return until
replies are obtained or timeouts occurred.

This implementation of write_attribute allows writing aegjific value to each device in the group. In
order to use this form of write_attribute, the user must havéa priori" and "perfect” knowledge of the
devices order in the group.

The parametea is the name of the attribute.

The std::vectod contains a specific value for each device in the group. Shisertethod is a template,
d is able to contain any Tango attribute type. Its size musbkGroup::get_size(fwd) Otherwise, an
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exception is thrown. The order of the attribute values makbdvs the order of the devices in the group
(d[0] => 1st device, d[1] => 2nd device and so on).

If fwd is set to true (the default) request is forwarded to subggoQpherwise, it is only applied to the
local set of devices.

Acknowledgements are returned in a GroupReplyList. SeaiBing acknowledgementé.(7.5.) for
details. See also Case 2 of Writing an attribut&’ (5.3 for an example.

6.9.3.15 long Group::write_attribute_asynch (const DeweAttribute& d, bool fwd = true, long rsv
= -1)

Writes an attribute on each device in the group asynchrdpoushe method sends the request to all
devices and returns immediately. Pass the returned reglesGroup::write_attribute _reply(}o obtain
the acknowledgements.

The first parametet is a Tango generic container for attribute carrying bottetttiebute name and the
value. See the Tango::DeviceAttribute documentation &aids.

If fwd is set to true (the default) request is forwarded to subggoQpherwise, it is only applied to the
local set of devices.

The last parametesv is reserved for internal purpose and should not be modifyay disappear in a
near future.

See Case 1 of Writing an attributé.7.5.93 for an example.

6.9.3.16 long Group::write_attribute_asynch (const stdstring& a, const std::vector<T>& d, bool
fwd = true)

Writes an attribute on each device in the group asynchrdpoushe method sends the request to all
devices and returns immediately. Pass the returned regliesGroup::write_attribute_reply(}o obtain
the acknowledgements.

This implementation of write_attribute_asynch allowstimg a specific value to each device in the
group. In order to use this form of write_attribute_asyrtble, user must have an "a priori* and "perfect”
knowledge of the devices order in the group.

The parametea is the name of the attribute.

The std::vectod contains a specific value for each device in the group. Shisertethod is a template,
d is able to contain any Tango attribute type. Its size musbkeGroup::get_size(fwd) Otherwise, an
exception is thrown. The order of the attribute values makbdvs the order of the devices in the group
(d[0] => 1st device, d[1] => 2nd device and so on).

If fwd is set to true (the default) request is forwarded to subggoQpherwise, it is only applied to the
local set of devices.

See Case2 of Writing an attributé.7.5.3 for an example.

6.9.3.17 GroupReplyList Group::write_attribute_reply (long req_id, long timeout_ms = 0)

Returns the acknowledgements of an asynchronous attsilritieg.

The first parameteeq_idis a requestidentifier previously returned by one of theavattribute_asynch
implementation.

For each device in the hierarchy, if the acknowledgemertdtiget available, write_attribute_reply wait
timeout_msnilliseconds before throwing an exception. This exceptidhbe part of the global reply. If
timeout_mss set to 0, write_attribute_reply waits "indefinitely".

Acknowledgements are returned in a GroupReplyList. Se@i@bg acknowledgements7.5.1for
details.

6.9.3.18 GroupAttrReplyList Group::read_attributes (const std::vector<std::string>& al, bool fwd
=true)

Reads several attributes on each device in the group. Thisoghés synchronous and does not return until
replies are obtained or timeouts occurred.
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The parametedll is a vector containing the name of the attributes to be read.

If fwd is set to true (the default) request is forwarded to subggoQpherwise, it is only applied to the
local set of devices.

Attribute values are returned in a GroupAttrReplyList. S#ataining attribute valuesi(7.4.) for
details. See also Reading an attribute7 (4 for an example. The order of attribute value returned in the
GroupAttrReplyList is all attributes for first element iretigroup followed by all attributes for the second
group element and so on.

6.9.3.19 long Group::read_attributes_asynch (const stdvector<std::string>& al, bool fwd = true,
long rsv =-1)

Reads several attributes on each device in the group asymmisly. The method sends the request to all
devices and returns immediately. Pass the returned reguesGroup::read_attributes_replyfp obtain
the results.

The parameteal is a vector containing the name of the attributes to be read.

If fwd is set to true (the default) request is forwarded to subggoQpherwise, it is only applied to the
local set of devices.

The last parameter (rsv) is reserved for internal purpodeshould not be modify. It may disappear in
a near future.

See Reading an attributé.{.4 for an example.

6.9.3.20 GroupAttrReplyList Group::read_attributes_reply (long req_id, long timeout_ms = 0)

Returns the results of an asynchronous attribute reading.

The first parameteeq_idis a request identifier previously returned by read_atteibuasynch.

For each device in the hierarchy, if the attribute value isymt available, read_attributes_reply wait
timeout_msnilliseconds before throwing an exception. This exceptidhbe part of the global reply. If
timeout_mss set to 0, read_attributes_reply waits "indefinitely".

Replies are returned in a GroupAttrReplyList. See Obtajmitiribute values4.7.4.) for details. The
order of attribute value returned in the GroupAttrReplylissall attributes for first element in the group
followed by all attributes for the second group element andrs

6.10 Tango::Database

A high level object which contains the link to the databaséak methods for all database commands e.g.
get_device_property(), device_list(), info(), etc.
6.10.1 Database::Database()

Create a TANGO Database object. The constructor uses thmement variable “TANGO_HOST” to
determine which instance of the TANGO database to conne&xample :

using namespace Tango;
Database =*db = new Database();
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6.10.2 string Database::get_info()

Query the database for some general info about the tablé® idatabase. Result is returned as a string.
Example :

cout << db->get_info() << endl;

will return information like this :

Running since 2000-11-06 14:10:46

Devices defined = 115

Devices exported = 41

Device servers defined = 47

Device servers exported = 17

Class properties defined =5

Device properties defined = 130

Class attribute properties defined = 20
Device attribute properties defined = 92

Exceptions: ConnectionFailed, CommunicationFailed, Exl\ed from device (DB_SQLError)

6.10.3 void Database::add_device(DbDevInfo&)

Add a device to the database. The device name, server asdacaspecified in the DbDevlinfo structure.
Example :

DbDeviInfo my_device _info;
my_device_info.name = “my/own/device”;
my_device_info._class = “MyDevice”;
my_device_info.server = “MyServer/test”;
db->add_device(my_device_info);

Exception: ConnectionFailed, CommunicationFailed, Daldd from device

6.10.4 void Database::delete_device(string)

Delete the device of the specified name from the databasenjiga

db->delete_device(“my/own/device”);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froewide (DB_SQLError, DB_DeviceNotDefined)
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6.10.5 DbDevimportinfo Database::import_device(string&)

Query the database for the export info of the specified devibe command returns the information in a
DbDevimportinfo structure. Example :

DbDevimportinfo my_device_import;

my_device_import = db->import_device(“my/own/device”) ;
cout << “ device " << my_device_import.name;

cout << “exported " << my_device_import.exported;

cout << “jor " << my_device_import.ior;

cout << “version " << my_device_import.version;

cout << endl;

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froewide ( DB_SQLError, DB_DeviceNotDefined)

6.10.6 void Database::export_device(DbDevExportinfo&)

Update the export info for this device in the database. ewame, server, class, pid and version are
specified in the DbDevExportinfo structure. Example :

DbDevExportinfo my_device_export;
my_device_export.name = “my/own/device”;
my_device_export.ior = “the real ior”;
my_device_export.host = “dumela”;
my_device_export.version = “1.0";
my_device_export.pid = get_pid();
db->export_device(my_device_export);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froewide (DB_SQLError, DB_DeviceNotDefined)

6.10.7 void Database::unexport_device(string)

Mark the specified device as un-exported in the databasenjira

db->unexport_device(“my/own/device”);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.8 void Database::add_server(string &, DbDevInfos&)

Add a group of devices to the database. The device namegrsemes and classes are specified in the
vector of DbDevlnfo structures.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)
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6.10.9 void Database:.delete_server(string &)

Delete the device server and its associated devices frodetiabase.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.10 void Database::export_server( DbDevExportinfo&)

Export a group of devices to the database. The device na@Bsgclass, server name, pid etc. are specified
in the vector of DbDevExportinfo structures.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.11 void Database::unexport_server(string &)

Mark all devices exported for this server as unexported.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.12 DbDatum Database::.get_services(string &serviname,string &instname)

Query database for specified services.The insthame paaoaet be a wildcard character ("*").

string servicename("HdbManager");

string instname("ctrm™);

DbDatum db_datum = db->get_services(servicename,instna me);
vector<string> service_list;

db_datum >> service_list;

Exception: ConnectionFailed, CommunicationFailed, Calde from device

6.10.13 void Database::register_service(string &servename,string &instname,string
&devname)

Register the specified service wihtin the database.

string servicename("HdbManager");

string instname("ctrm™);

string devname("sys/hdb/1");
db->register_service(servicename,instname,devname);

Exception: ConnectionFailed, CommunicationFailed, Cxde from device

6.10.14 void Database::unregister_service(string &sergename,string &instname)

Unregister the specified service from the database.

string servicename("HdbManager");
string instname("ctrm");
db->unregister_service(servicename,instname);

Exception: ConnectionFailed, CommunicationFailed, Ca\de from device
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6.10.15 DbDatum Database::get_host_list()

Returns the list of all host names registered in the database

DbDatum db_datum = db->get host_list();
vector<string> host_list;
db_datum >> host_list;

Exception: ConnectionFailed, CommunicationFailed, Cxde from device

6.10.16 DbDatum Database::get _host_list(string &wildced)

Returns the list of all host names registered in the datalwaseh match the specified wildcard (eg: "l-
c0*").

string wildcard("I-cO *");

DbDatum db_datum = db->get_host_list(wildcard);
vector<string> host_list;

db_datum >> host_list;

Exception: ConnectionFailed, CommunicationFailed, Calge from device

6.10.17 DbDatum Database::get_server_class_list(stgr&server)

Query the database for a list of classes instancied by ttafigukeserver. The DServer class exists in all
TANGO servers and for this reason this class is removed frmmedturned list.

string server("Serial/1");
DbDatum db_datum = db->get_server_class_list(server);
vector<string> class_list;
db_datum >> class_list;

Exception: ConnectionFailed, CommunicationFailed, Calge from device

6.10.18 DbDatum Database::get_server_name_list()

Return the list of all server names registered in the databas

DbDatum db_datum = db->get server_name_list();
vector<string> server_list;
db_datum >> server_list;

Exception: ConnectionFailed, CommunicationFailed, Ca\de from device
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6.10.19 DbDatum Database::get_instance_name_list(stg &servername)

Return the list of all instance names existing in the datalf@sthe specifed server.

string servername("Serial");
DbDatum db_datum = db->get_instance _name_list(serverna me);
vector<string> instance_list;
db_datum >> instance_list;

Exception: ConnectionFailed, CommunicationFailed, Cxde from device

6.10.20 DbDatum Database::get_server_list()

Return the list of all servers registered in the database.

DbDatum db_datum = db->get_server_list();
vector<string> server_list;
db_datum >> server_list;

Exception: ConnectionFailed, CommunicationFailed, Calge from device

6.10.21 DbDatum Database::get_server_list(string &wildard)

Return the list of all servers registered in the databasehuvmiatch the specified wildcard (eg: "Serial/*").

string wildcard("Serial/ *");

DbDatum db_datum = db->get_server_list(wildcard);
vector<string> server_list;

db_datum >> server_list;

Exception: ConnectionFailed, CommunicationFailed, Calde from device

6.10.22 DbDatum Database::get_host_server_list(stringhostname)

Query the database for a list of servers registred on thefigukbost.

string host("kidiboo");

DbDatum db_datum = db->get _host_server_list(wildcard);
vector<string> server_list;

db_datum >> server_list;

Exception: ConnectionFailed, CommunicationFailed, Ca\de from device
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6.10.23 DbServerinfo Database::get_server_info(strin§server)

Query the database for server information.

string server("Serial/1");
DbServerinfo info = db->get_server_info(server);

Exception: ConnectionFailed, CommunicationFailed, Calge from device

6.10.24 void Database::put_server_info(DbServerinfo &ifo)

Add/update server information in the database.

DbServerinfo info;

info.name = "Serial/1"; // Server (namel/instance)
info.host = "kidiboo"; // Register on host kidiboo
info.omode = 1; // Controlled by Astor flag (0 or 1)
info.level = 3; /I Startup level (Used by Astor)
db->put_server_info(info);

Exception: ConnectionFailed, CommunicationFailed, Calde from device

6.10.25 void Database::delete_server_info(string &seer)

Delete server information of the specifed server from thalukzse.

string server("Serial/1");
db->delete_server_info(server);

Exception: ConnectionFailed, CommunicationFailed, Cxde from device

6.10.26 DbDatum Database::get device name(string &, $tg &)

Query the database for a list of devices served by the spesifiever (1st parameter) and of the specified
class (2nd parameter). The method returns a DbDatum type d&hice names are stored as an array of
strings. Here is two code example of how to extract the nanoas the DbDatum type :

vector<string> device_names;
device_names << db_datum,;

or:
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for (int i=0; i< db_datum.size(); i++)

{

device_name[i] = db_datum.value_string(i];

}

Exception: ConnectionFailed, CommunicationFailed, Daldd from device

6.10.27 DbDatum Database::get_device_exported(string)&

Query the database for a list of exported devices whose naatisy the supplied filter (* is wildcard
for any character(s)). This method returns a DbDatum typee tB8e method get_device_name() for an
example of how to extract the list of aliases from the DbDatype.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.28 DbDatum Database::get_device_domain(string &)

Query the database for a list of device domain names whichmthe wildcard provided. Wildcard char-
acter is * and matches any number of characters. Domain naraesse insensitive. This method returns
a DbDatum type. See the method get_device_name() for anptearhhow to extract the list of aliases
from the DbDatum type.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.29 DbDatum Database::get_device_family(string &)

Query the database for alist of device family names whiclehidite wildcard provided. Wildcard character
is * and matches any number of characters. Family names aeeigsensitive. This method returns a
DbDatum type. See the method get_device_name() for an dgarfipow to extract the list of aliases from

the DbDatum type.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.30 DbDatum Database::get_device_member(string &)

Query the database for a list of device member names whichimtae wildcard provided. Wildcard
characters is * and matches any number of characters. Menalpees are case insensitive. This method
returns a DbDatum type. See the method get_device_namegihfexample of how to extract the list of
aliases from the DbDatum type.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.31 DbDatum Database::get_device_class_list(stgi&server)

Query the database for a list of devices and classes servétkspecified server. Return a list with the
following structure: {device name,class name,device natass name,...}

string server("Serial/1");
DbDatum db_datum = db->get_device_class_list(server);
vector<string> dev_list;
db_datum >> dev_list;

Exception: ConnectionFailed, CommunicationFailed, Ca\de from device
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6.10.32 string Database::get_class_for_device(stringd&vname)

Return the class of the specified device.

string devname("sr/rf-cavity/1");
string classname = db->get_class_for_device(devname);

Exception: ConnectionFailed, CommunicationFailed, Calde from device

6.10.33 DbDatum Database::get class_inheritance_foredice(string &devname)

Return the class inheritance scheme of the specified device.

string devname("sr/rf-cavity/1");

DbDatum db_datum = db->get class_inheritance_for_devic e(devname);
vector<string> class_list;

db_datum >> class_list;

Exception: ConnectionFailed, CommunicationFailed, Calge from device

6.10.34 DbDatum Database::get device exported_for_sls(string &classname)

Query database for list of exported devices for the speaifiss.

string classname("MyClass");

DbDatum db_datum = db->get device exported for_class(c lassname);
vector<string> dev_list;

db_datum >> dev_list;

Exception: ConnectionFailed, CommunicationFailed, Calge from device

6.10.35 DbDatum Database::get _object_list(string &wildard)

Query the database for a list of object (free propertiesifioich properties are defined and which match
the specified wildcard.

string wildcard("Optic *");

DbDatum db_datum = db->get object_list(wildcard);
vector<string> obj_list;

db_datum >> obj_list;

Exception: ConnectionFailed, CommunicationFailed, Ca\de from device



CHAPTER 6. THE TANGO C++ APPLICATION PROGRAMMER INTERFACE 160

6.10.36 DbDatum Database::get_object_property_list(shg &objectname,string
&wildcard)

Query the database for a list of properties defined for theipeé object and which match the specified
wildcard.

string objname("OpticID9");

string wildcard("Delta *");

DbDatum db_datum = db->get object_property_list(objnam e,wildcard);
vector<string> prop_list;

db_datum >> prop_list;

Exception: ConnectionFailed, CommunicationFailed, Calge from device

6.10.37 void Database::get_property(string, DbData&)

Query the database for a list of object (i.e. non-devicepertes for the specified object. The property
names are specified by the vector of DbDatum structures. Téibad returns the properties in the same
DbDatum structures. To retrieve the properties use theextperator >>. Here is an example of how to
use the DbData type to specify and extract properties :

DbData db_data;
db_data.push_back(DbDatum(“velocity”));
db_data.push_back(DbDatum(“acceleration™));
db->get_property(“mymotor”, db_data);

float velocity, acceleration;

db_data[0] >> velocity;

db_data[1l] >> acceleration;

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.38 void Database::put_property(string, DbData&)

Insert or update a list of properties for the specified objetihe property names and their values are
specified by the vector of DbDatum structures. Use the irg@tator >> to insert the properties into the
DbDatum structures. Here is an example of how to insert ptigsanto the database using this method :

DbDatum velocity(“velocity”), acceleration(“accelerat ion”);
DbData db_data;

velocity << 100000.0;

acceleration << 500000.0;

db_data.push_back(velocity);

db_data.push_back(acceleration);

db->put_property(“mymotor”, db_data);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)



CHAPTER 6. THE TANGO C++ APPLICATION PROGRAMMER INTERFACE 161

6.10.39 void Database::delete_property(string, DbData

Delete a list of properties for the specified object. The progpnames are specified by the vector of
DbDatum structures. Here is an example of how to delete ptiegdrom the database using this method :

DbData db_data;
db_data.push_back(DbDatum(“velocity”));
db_data.push_back(DbDatum(“acceleration™));
db->delete_property(“mymotor”, db_data);

Exceptions: ConnectionFailed, CommunicationFailed, Exled from device

6.10.40 vector<DbHistory> Database::get property histry(string &objname, string
&propname)

Get the list of the last 10 modifications of the specifed objgoperty. Note that propname can contain a
wildcard character (eg: "prop*").

vector<DbHistory> hist;
DbDatum result;
string objname("jIptest");
string propname("test_prop");
hist = db->get_property_history(objname,propname);
/I Print the modification history of the specified property
for(int i=0;i<hist.size();i++) {
cout << "Name:" << hist[i].get_name() << endl;
cout << "Date:" << hist[i].get_date() << endl;
if( hist[i].is_deleted() ) {
cout << "Deleted !" << endl;
} else {
hist[i].get_value() >> result;
for (int j=0; j<result.size(); j++)
cout << "Value:" << result[j] << endl;

Exceptions: ConnectionFailed, CommunicationFailed,F2#ed from device

6.10.41 void Database::get_device_property(string, Dbida&)

Query the database for a list of device properties for theifipd object. The property names are specified
by the vector of DbDatum structures. The method returns tbpegties in the same DbDatum structures.
To retrieve the properties use the extract operator >>. ldear example of how to use the DbData type to
specify and extract properties :
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DbData db_data;
db_data.push_back(DbDatum(“velocity”));
db_data.push_back(DbDatum(“acceleration™));
db->get_device_property(“id11/motor/1”, db_data);
float velocity, acceleration;

db_data[0] >> velocity;

db_data[1l] >> acceleration;

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.42 void Database::put_device_property(string, DbBta&)

Insert or update a list of properties for the specified devitbe property names and their values are
specified by the vector of DbDatum structures. Use the irg@tator >> to insert the properties into the
DbDatum structures. Here is an example of how to insert ptigsdnto the database using this method :

DbDatum velocity(“velocity”), acceleration(“accelerat ion”);
DbData db_data;

velocity << 100000.0;

acceleration << 500000.0;

db_data.push_back(velocity);

db_data.push_back(acceleration);

db->put_device property(“id11/motor/1”, db_data);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.43 void Database::delete_device property(strin@@bData&)

Delete a list of properties for the specified device. The prijpnames are specified by the vector of
DbDatum structures. Here is an example of how to delete ptiegdrom the database using this method :

DbData db_data;
db_data.push_back(DbDatum(“velocity”));
db_data.push_back(DbDatum(“acceleration™));
db->delete_device_property(“‘id11/motor/1”, db_data);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.44 vector<DbHistory> Database::get_device propsr_history(string &dev-
name, string &propname)

Get the list of the last 10 modifications of the specifed depcoperty. Note that propname can con-
tain a wildcard character (eg: "prop*"). An example of usafi@ similar function can be found in the
documentation of the get_property_history() function.

Exceptions: ConnectionFailed, CommunicationFailed,F2#ed from device
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6.10.45 void Database::get_device_attribute_propertgring, DbData&)

Query the database for a list of device attribute propefteshe specified object. The attribute names
are specified by the vector of DbDatum structures. The methioans all the properties for the specified

attributes. The attribute names are returned with the numbproperties specified as their value. The
first DbDatum element of the returned DbData vector contiiedirst attribute name and the first attribute

property number. The following DbDatum element contairesfitst attribute property name and property
values. To retrieve the properties use the extract operatoriere is an example of how to use the DbData
type to specify and extract attribute properties :

DbData db_data;

db_data.push_back(DbDatum("velocity"));
db_data.push_back(DbDatum("acceleration"));
db->get_device_attribute_property("id11/motor/1", db _data);

float vel_max, vel _min, acc_max, acc_min;

for (int i=0;i < db_data.size();i++)

{
long nb_prop;
string &att name = db_data[i].name;
db_data[i] >> nb_prop;
i++:
for (int k=0;k < nb_prop;k++)
{
string &prop_name = db_data[i].name;
if (att_name == "velocity")
{
if (prop_name == "min"
db_datafi] >> vel_min;
else if (att_name == "max"
db_datai] >> vel _max;
}
else
{
if (prop_name == "min"
db_datafi] >> acc_min;
else
db_datai] >> acc_max;
)
i++;
}
}

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.46 void Database::put_device_attribute_propert\gtring, DbData&)

Insert or update a list of attribute properties for the sfettidevice. The attribute property names and their
values are specified by the vector of DbDatum structuresthésmsert operator >> to insert the properties
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into the DbDatum structures. Here is an example of how tarihgedate propertiesin, maxfor attribute
velocityand propertiesnin, maxfor attributeaccelerationof deviceid11/motor/linto the database using
this method :

DbDatum velocity("velocity"), vel_min("min"), vel _max( "max");
DbDatum acceleration("acceleration"), acc_min("min"), acc_max("max");
DbData db_data;

velocity << 2;

vel_min << 0.0;

vel_max << 1000000.0;

db_data.push_back(velocity);

db_data.push_back(vel_min);

db_data.push_back(vel_max);

acceleration << 2;

acc_min << 0.0;

acc_max << 8000000;

db_data.push_back(acceleration);

db_data.push_back(acc_min);

db_data.push_back(acc_max);
db->put_device_attribute_property(“id11/motor/1”, db _data);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.47 void Database::delete_device_attribute props(string, DbData&)

Delete a list of attribute properties for the specified devithe attribute names are specified by the vector
of DbDatum structures. Here is an example of how to deletettiteproperty of thevelocityattribute of
theid11/motor/1device using this method :

DbData db_data;

db_data.push_back(DbDatum("velocity"));
db_data.push_back(DbDatum("unit"));
db->delete_device_attribute_property(“id11/motor/1" , db_data);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.48 vector<DbHistory> Database::get_device_attriie property history(string
&devname, string &attname, string &propname)

Get the list of the last 10 modifications of the specifed de\dtiribute property. Note that propname and
atthame can contain a wildcard character (eg: "prop*"). Aaneple of usage of a similar function can be
found in the documentation of the get_property_histonyiction.

Exceptions: ConnectionFailed, CommunicationFailed,F2#ed from device
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6.10.49 DbDatum Database::get_class_list(string &wildard)

Query the database for a list of classes which match thefggrbuwiildcard.

string wildcard("Motor *");

DbDatum db_datum = db->get class_list(wildcard);
vector<string> class_list;

db_datum >> class_list;

Exception: ConnectionFailed, CommunicationFailed, Cxde from device

6.10.50 DbDatum Database::get class_property_list(shg &classname)

Query the database for a list of properties defined for theipeé class.

string classname("MyClass");

DbDatum db_datum = db->get_class_property_list(classna me);
vector<string> prop_list;

db_datum >> prop_list;

Exception: ConnectionFailed, CommunicationFailed, Calde from device

6.10.51 void Database::get_class_property(string, DbD&&)

165

Query the database for a list of class properties. The ptyppames are specified by the vector of DbDatum
structures. The method returns the properties in the sanB@fdim structures. To retrieve the properties
use the extract operator >>. Here is an example of how to ws®HbData type to specify and extract

properties :

DbData db_data;
db_data.push_back(DbDatum("velocity"));
db_data.push_back(DbDatum("acceleration"));
db->get_class_property("StepperMotor”, db_data);
float velocity, acceleration;

db_data[0] >> velocity;

db_data[1l] >> acceleration;

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)
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6.10.52 void Database::put_class_property(string, DbOa&)

Insert or update a list of properties for the specified cl@b® property names and their values are specified
by the vector of DbDatum structures. Use the insert operatdo insert the properties into the DbDatum
structures. Here is an example of how to insert propertiestire database using this method :

DbDatum velocity("velocity"), acceleration("accelerat ion");
DbData db_data;

velocity << 100000.0;

acceleration << 500000.0;

db_data.push_back(velocity);

db_data.push_back(acceleration);

db->put_class_property("StepperMotor”, db_data);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.53 void Database::delete_class_property(string,liData&)

Delete a list of properties for the specified class. The mtypemes are specified by the vector of Db-
Datum structures. Here is an example of how to delete priggeirom the database using this method

DbData db_data;
db_data.push_back(DbDatum("velocity"));
db_data.push_back(DbDatum("acceleration"));
db->delete_class_property("StepperMotor”, db_data);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.54 vector<DbHistory> Database::get_class_propstt history(string &classname,
string &propname)

Get the list of the last 10 modifications of the specifed clasperty. Note that propname can contain a

wildcard character (eg: "prop*"). An example of usage ofmiksir function can be found in the documen-

tation of the get_property _history() function.
Exceptions: ConnectionFailed, CommunicationFailed,f2#ed from device

6.10.55 DbDatum Database::get_class_attribute_listfshg &classname,string &wild-
card)

Query the database for a list of attributes defined for theifipd class which match the specified wildcard.

string classname("MyClass");

string wildcard(" *");

DbDatum db_datum = db->get_class_attribute_list(classn ame,wildcard);
vector<string> att_list;

db_datum >> att list;

Exception: ConnectionFailed, CommunicationFailed, Ca\de from device
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6.10.56 void Database::get_class_attribute propertyifsng, DbData&)

Query the database for a list of class attribute propertiethie specified object. The attribute names are
specified by the vector of DbDatum structures. The methagrmstall the properties for the specified
attributes. The attribute names are returned with the numbproperties specified as their value. The
first DbDatum element of the returned DbData vector contiiedirst attribute name and the first attribute
property number. The following DbDatum element contairesfitst attribute property name and property
values. To retrieve the properties use the extract operatoriere is an example of how to use the DbData
type to specify and extract attribute properties :

DbData db_data;

db_data.push_back(DbDatum("velocity"));
db_data.push_back(DbDatum("acceleration"));

db->get_class_attribute _property("StepperMotor”, db_ data);

float vel_max, vel _min, acc_max, acc_min;

for (int i=0; i< db_data.size(); i++)

{
long nb_prop;
string &att name = db_data[i].name;
db_data[i] >> nb_prop;
i++:
for (int k=0;k < nb_prop;k++)
{
string &prop_name = db_data[i].name;
if (att_name == "velocity")
{
if (prop_name == "min"
db_datafi] >> vel_min;
else if (att_name == "max"
db_datai] >> vel _max;
}
else
{
if (prop_name == "min"
db_datafi] >> acc_min;
else
db_datai] >> acc_max;
)
i++;
}
}

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.57 void Database::put_class_attribute property(sng, DbData&)

Insert or update a list of attribute properties for the sfticlass. The attribute property names and their
values are specified by the vector of DbDatum structuresthésmsert operator >> to insert the properties



CHAPTER 6. THE TANGO C++ APPLICATION PROGRAMMER INTERFACE 168

into the DbDatum structures. Here is an example of how tarihgedatemin, maxproperties for attribute
velocityandmin, maxproperties for attributaccelerationproperties belonging to clagtepperMotointo
the database using this method :

DbDatum velocity("velocity"), vel_min("min"), vel _max( "max");
DbDatum acceleration("acceleration"), acc_min("min"), acc_max("max");
DbData db_data;

velocity << 2;

vel_min << 0.0;

vel_max << 1000000.0;

db_data.push_back(velocity);

db_data.push_back(vel_min);

db_data.push_back(vel_max);

acceleration << 2;

acc_min << 0.0;

acc_max << 8000000;

db_data.push_back(acceleration);

db_data.push_back(acc_min);

db_data.push_back(acc_max);

db->put_class_attribute property("StepperMotor”, db_ data);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.58 void Database::delete_class_attribute_propststring, DbData&)

Delete a list of attribute properties for the specified cladse attribute names are specified by the vector
of DbDatum structures. All properties belonging to theciisattributes are deleted. Here is an example of
how to delete thanit property of thevelocityattribute of theStepperMotoclass from the database using
this method :

DbData db_data;

db_data.push_back(DbDatum("velocity"));
db_data.push_back(DbDatum("unit"));
db->delete_class_attribute_property("StepperMotor”, db_data);

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.59 vector<DbHistory> Database::get_class_attriia_property _history(string
&devname, string &attname, string &propname)

Get the list of the last 10 modifications of the specifed chtssbute property. Note that propname and
atthname can contain a wildcard character (eg: "prop*"). Raneple of usage of a similar function can be
found in the documentation of the get_property _histonyfiction.

Exceptions: ConnectionFailed, CommunicationFailed,f2#ed from device

6.10.60 void Database::get_alias(string dev_name, stgr&dev_alias)

Get the device alias name from its name. The device name ¢Hfiggeby dev_namend the device alias
name is returned idev_alias If there is no alias defined for the device, a DevFailed eticaps thrown.
Exceptions: ConnectionFailed, CommunicationFailed, Esled from device (DB_AliasNotDefined)
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6.10.61 void Database::get_device_alias(string dev_ai, string &dev_name)

Get the device name from an alias. The device alias is spediffedev_aliasand the device name is
returned indev_namelf there is no device with the given alias, a DevFailed exioeds thrown.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_DeviceNotDefined)

6.10.62 void Database::get_attribute_alias(string attralias, string &attr_name)

Get the full attribute name from an alias. The attributesaiiaspecified bwattr_aliasand the full attribute
name is returned iattr_name If there is no attribute with the given alias, a DevFailedeaption is thrown.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.63 void Database::put_attribute alias(string &att name, string &alias_name)

Set an alias for an attribute name. The attribute alias isitpé by alias_name and the attribute name is
specifed by att_name. If the given alias already exists\@&Biéed exception is thrown.
Exceptions: ConnectionFailed, CommunicationFailed,fE2#ed from device (DB_SQLError)

6.10.64 void Database::delete_attribute alias(string &ias_name)

Remove the alias associated to an attribute name.
Exceptions: ConnectionFailed, CommunicationFailed,f2#ed from device (DB_SQLError)

6.10.65 DbDatum Database::get device_alias_list(stgr&filter)

Get device alias list. The paramesdiasis a string to filter the alias list returned. Wildcard (*) iggported.
For instance, if the string alias passed as the method p#gameénitialised with only the * character, all
the defined device alias will be returned. The DbDatum reddioy this method is initialised with an array
of strings and must be extracted into a vector<string>.dfetis no alias with the given filter, the returned
array will have a 0 size.

DbData db_data;
string filter(" *");
db_data = db->get_device_alias_list(filter);
vector<string> al_list;
db_data >> al_list;
cout << al list.size() << " device alias defined in db" << end l;
for (int i=0;i < al_list.size();i++)
cout << "alias = " << al list[i] << endl;

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.66 DbDatum Database::get_attribute alias_list(ahg &filter)

Get attribute alias list. The parametias is a string to filter the alias list returned. Wildcard (*) is
supported. For instance, if the string alias passed as thileoshgparameter is initialised with only the
* character, all the defined attribute alias will be returnethe DbDatum returned by this method is
initialised with an array of strings and must be extracted avector<string>. If there is no alias with the
given filter, the returned array will have a 0 size.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)
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6.10.67 void Database::put_device_alias(string &dev_mae,string &alias_name)

Create a device alias. Alias name has to be unig within a Tangtrol system and you will receive an
exception if the alias is already defined.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.10.68 void Database::delete_device_alias(string &ak_name)

Delete a device alias.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froevide (DB_SQLError)

6.11 Tango::DbDevice

A database object for a device which can be used to query oifyrm@perties, import and export infor-
mation for a device. This class provides an easy to use ateffior device objects in the database. It uses
the methods of the Database class therefore the readeeisagto these for the exact calling syntax and
examples. The following methods are defined for the DbDesligss :

6.11.1 DbDevice::DbDevice(string &)

A constructor for a DbDevice object for a device in the TANG&abase specified by the TANGO_HOST
environment variable.

6.11.2 DbDevice::DbDevice(string &, Database *)

A constructor for a DbDevice object for the device in the s$fiet database. This method reuses the
Database supplied by the programmer.

6.11.3 DbDevimportinfo DbDevice::import_device()

Query the database for the import info of this device. RetarDbDevimportinfo structure.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.11.4 void DbDevice::export_device(DbDevExportinfo&)
Update the export info for this device in the database.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)
6.11.5 void DbDevice::add_device(DbDevInfo&)
Add/Update this device to the database.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)
6.11.6 void DbDevice::delete_device()
Delete this device from the database.

ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.11.7 void DbDevice::get_property(DbData&)

Query the database for the list of properties of this devisee Database::get_device_property() for an
example of how to specify and retrieve the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)
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6.11.8 void DbDevice::put_property(DbData&)

Update the list of properties for this device in the datab&ee Database::put_device_property() for an
example of how to specify the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.11.9 void DbDevice::delete_property(DbData&)

Delete the list of specified properties for this device in da¢abase. See Database::delete_property() for
an example of how to specify the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.11.10 void DbDevice::get_attribute property(DbData&

Query the database for the list of attribute propertiesisfdbvice. See Database::get_device_attribute_prdperty
for an example of how to specify and retrieve the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.11.11 void DbDevice::put_attribute property(DbData&)

Update the list of attribute properties for this device ia tlatabase. See Database::put_device_attribute_prQpert
for an example of how to specify the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.11.12 void DbDevice::delete_attribute property(DbDta&)

Delete all properties for the list of specified attributestfos device in the database. See Database::delete_dattideute propert
for an example of how to specify the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.12 Tango::DbClass

A database object for a class which can be used to query offyrdss properties.

6.12.1 DbClass::DbClass(string)

A constructor for a DbClass object for a class in the TANGQabase specified by the TANGO_HOST
environment variable.

6.12.2 DbClass::DbClass(string, Database *)

A constructor for a DbClass object for the class in the spatifiatabase. This method reuses the Database
supplied by the programmer.

6.12.3 void DbClass::get_property(DbData&)

Query the database for the list of properties of this class.[Fatabase::get_class_property() for an example
of how to specify and retrieve the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)
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6.12.4 void DbClass::put_property(DbData&)

Update the list of properties for this class in the datab&se.Database::put_class_property() for an exam-
ple of how to specify the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.12.5 void DbClass::delete property(DbData&)

Delete the list of specified properties for this class in taladase. See Database::delete_property() for an
example of how to specify the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.12.6 void DbClass::get_attribute property(DbData&)

Query the database for the list of attribute propertiesisfdlass. See Database::get_class_attribute_property()
for an example of how to specify and retrieve the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.12.7 void DbClass::put_attribute property(DbData&)

Update the list of attribute properties for this class indatabase. See Database::put_class_attribute_prgperty(
for an example of how to specify the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.12.8 void DbClass::delete_attribute property(DbDat&)

Delete all properties for the list of specified attributestfos class in the database. See Database::delete_dtagsite property()
for an example of how to specify the properties.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.13 Tango::DbServer

A database object for a device server which can be used ty quenodify server database information.

6.13.1 DbServer::DbServer(string)

A constructor for a DbServer object for a server in the TANGEZathase specified by the TANGO_HOST
environment variable.

6.13.2 DbServer::DbServer(string, Database *)

A constructor for a DbServer object for the server in the #getdatabase. This method reuses the
Database supplied by the programmer.

6.13.3 void DbServer::add_server(DbDevinfos &)

Add a group of devices to the database. The device namegrsames and classes are specified in the
vector of DbDevlnfo structures.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.13.4 void DbServer::delete_server()

Delete the device server and its associated devices frodetiadase.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)
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6.13.5 void DbServer::export_server(DbDevExportinfos &
Export a group of device to the database. The device namBs d@ss, server name, pid etc. are specified
in the vector of DbDevExportinfo structures.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)
6.13.6 void DbServer::unexport_server()

Mark all the devices exported by the server as un exported.
ExceptionsConnectionFailed, CommunicationFailed, DevFailed froavide (DB_SQLError)

6.14 Tango::DbDatum

A single database value which has a name, type, address laiedaval methods for inserting and extracting
C++ native types. This is the fundamental type for spec@ydlatabase properties. Every property has a
name and has one or more values associated with it. The veduelse inserted and extracted using the
operators << and >> respectively. A status flag indicatdseifd is data in the DbDatum object or not. An
additional flag allows the user to activate exceptions.
6.14.1 Operators
The insert and extract operators are specified for the faigZ++ types :

1. boolean
unsigned char
short
unsigned short
DevLong
DevULong
DevLong64

DevULong64

© © N o g & w0 D

float

=
©

double

[
[

. string

[any
N

. char* (insert only)

[E=Y
w

. const char *

H
I

. vector<string>

[E=Y
a1

. vector<short>

[E=Y
»

. vector<unsigned short>

=
~

. vector<DevLong>

[E=Y
o]

. vector<DevULong>

[any
©

. vector<DevLong64>
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20. vector<DevULong64>
21. vector<float>
22. vector<double>

Here is an example of creating, inserting and extractingssbivDatum types :

DbDatum my_short("my_short"), my_long(“my_long”), my_s tring("my_string");
DbDatum my_float vector("my_float_vector"), my_double _vector("my_double_vector");
string a_string;

short a_short;

DevLong a_long;

vector<float> a_float vector;

vector<double> a_double_vector;

my_short << 100; // insert a short

my_short >> a_short; // extract a short

my_long << 1000; // insert a DevLong

my_long >> a_long; // extract a long

my_string << string("estas lista a bailar el tango ?"); // in sert a string
my_string >> a_string; // extract a string

my_float vector << a_float_vector // insert a vector of flo ats
my_float_vector >> a_float_vector; // extract a vector of f loats
my_double_vector << a_double_vector; // insert a vector of doubles
my_double_vector >> a_double_vector; // extract a vector o f doubles

Exception: WrongData if requested

6.14.2 bool DbDatum::is_empty()

is_empty() is a boolean method which trues true or false migipg on whether the DbDatum object con-
tains data or not. It can be used to test whether a propergfiisat! in the database or not e.g.

sl_props.push_back(parity_prop);
dbase->get_device_property(device_name, sl_props);
if (! parity_prop.is_empty())

{
parity_prop >> parity;
}
else
{
cout << device_name << " has no parity defined in database !" < < endl;
}

Exception: WrongData if requested
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6.14.3 void DbDatum::exceptions(bitset<DbDatum::numFags>)

Is a method which allows the user to switch on/off exceptlmowing for trying to extract data from an
empty DbDatum object. The default is to not throw exceptibime following flags are supported :

1. isempty_flag- throw a WrongData exception (reason = APl_EmptyDbDatdmgér tries to extract
data from an empty DbDatum object

2. wrongtype_flag- throw a WrongData exception (reason = AP|_IncompatibipnentType) if user
tries to extract data with a type different than the type dsethsertion

6.14.4 bitset<DbDatum::numFlags> exceptions()

Returns the whole exception flags.

6.14.5 void DbDatum::reset_exceptions(DbDatum::excepflags fl)

Resets one exception flag

6.14.6 void DbDatum::set_exceptions(DbDatum::except &tjs fl)

Sets one exception flag
The following is an example of how to use these exceptiorsedimethods

DbDatum da;

bitset<DbDatum::numFlags> bs = da.exceptions();
cout << "bs = " << bs << endl

da.set_exceptions(DbDatum::wrongtype_flag);
bs = da.exceptions();

©CoO~NOULA WNPE

cout << "bs = " << bs << endl

6.15 Tango::DbData

A vector of Tango::DbDatum structures. DbData is used ta @gmeturn one or more database properties
or information. Itis the standard input and output type fbmeethods which query and/or update properties
in the database.

6.16 Exception

All the exception thrown by this API are Tango::DevFailedegtion. This exception is a variable length
array of Tango::DevError type. The Tango::DevError typa fsur fields structure. These fields are :

1. A string describing the error type. This string replace®aor code and allows a more easy man-
agement of include files. This field is callezghson

2. A string describing in plain text the reason of the errdrisTield is calleddesc

3. Astring giving the name of the method which thrown the @tiom. This field is namedrigin
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4. The error severity. This is an enumeration with threeeslyhich are WARN, ERR or PANIC. Its

name isseverity

This is a variable length array in order to transmit to themiwhat is the primary error reason. The
sequence element 0 describes the primary error. An excegléies hierarchy has been implemented within
the API to ease API programmers task. All the exception elstherits from the Tango::DevFailed class.
Except for theNamedDevFaildeListxception class, they don’t add any new fields to the excepti®y

just allow easy "catching". Exception classes thrown oniytie API layer are :

ConnectionFailed
CommunicationFailed
WrongNameSyntax
NonDbDevice
WrongData
NonSupportedFeature
AsynCall
AsynReplyNotArrived
EventSystemFailed
NamedDevFailedList

DeviceUnlocked

On top of these classes, exception thrown by the device (fdbgvFailed exception) are directly passed
to the client.

6.16.1 The ConnectionFailed exception

This exception is thrown when a problem occurs during theneotion establishment between the appli-
cation and the device. The API is stateless. This means teat®Proxy constructors filter most of the
exception except for cases described in the following table

be

| Method name]| device type | error type | Level | reason |
TANGO_HOST not set 0 API_TangoHostNotSet
with Device notdefinedindb| 0 DB_DeviceNotDefined
database or 1 APIl_CommandFailed
DeviceProxy Alias not defined in db 2 API_DeviceNotDefined
constructor with database Database server 0 API_CorbaException
specified in dev name not running 1 API_CantConnectToDatabas
without Server running but device 0 API_CorbaException
database not defined in server 1 API_DeviceNotExported
TANGO_HOST not set 0 API_TangoHostNotSet
0 DB_DeviceNotDefined
Device notdefinedindb| 1 API_CommandFailed
AttributeProxy with 2 API_DeviceNotDefined
constructor database 0 DB_SQLError
Alias not defined in db 1 API_CommandFailed
2 API_AliasNotDefined
with database Database server 0 API_CorbaException
specified in dev name not running 1 API_CantConnectToDatabas
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DeviceProxy without Server not 0 API_CorbaException
or database running 1 API_ServerNotRunning
AttributeProxy Server not running 0 API_DeviceNotExported
method call with Dead 0 API_CorbaException
(except database server 1 API_CantConnectToDevice
cmd_inout Dead database server 0 API_CorbaException
read_attribute) when reconnection needed 1 API_CantConnectToDatabase
without Server 0 API_CorbaException
DeviceProxy database not 1 API_ServerNotRunning
cmd_inout running 2 API_CommandFailed
and Server 0 API_DeviceNotExported
read_attribute not running 1 API_CommandFailed
0 API_CorbaException
or with Dead 1 API_CantConnectToDevice
AttributeProxy database server 2 API_CommandFailed
read or API_AttributeFailed
and Dead database 0 API_CorbaException
write server when reconnection 1 API_CantConnectToDatabase
needed 2 API_CommandFailed

The desc DevError structure field allows a user to get moreiggaenformation. These informations
are :

DB_DeviceNotDefinedThe name of the device not defined in the database
API_CommandFailed The device and command name
API_CantConnectToDevice The device name

API_CorbaException The name of the CORBA exception, its reason, its localisycdimpleted flag and
its minor code

API_CantConnectToDatabaseThe database server host and its port number

API_DeviceNotExported The device name

6.16.2 The CommunicationFailed exception

This exception is thrown when a communication problem igcted during the communication between
the client application and the device server. Itis a twolieVango::DevError structure. In case of time-out,
the DevError structures fields are:

| Level | Reason | Desc | Severity |

0 API_CorbaException] CORBA exception fields translated into a string ERR
1 API_DeviceTimedOut  String with time-out value and device nameg ERR

For all other communication errors, the DevError strucdields are:
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| Level | Reason | Desc | Severity |

CORBA exception fields translated into|a
string

String with device, method, com
mand/attribute name

0 API_CorbaException ERR

1 APIl_CommunicationFailed ERR

6.16.3 The WrongNameSyntax exception

This exception has only one level of Tango::DevError stitet The possible value for the reason field are

API_UnsupportedProtocol This error occurs when trying to build a DeviceProxy or arribttteProxy
instance for a device with an unsupported protocol. Ref¢eéappendix on device naming syntax
to get the list of supported database modifier

API_UnsupportedDBaseMaoadifier This error occurs when trying to build a DeviceProxy or arrittteProxy
instance for a device/attribute with a database modifienppgrted. Refer to the appendix on device
naming syntax to get the list of supported database modifier

API_WrongDeviceNameSyntaxThis error occurs for all the other error in device name synth is
thrown by the DeviceProxy class constructor.

API_WrongAttributeNameSyntax This error occurs for all the other error in attribute nametay. It is
thrown by the AttributeProxy class constructor.

API_WrongWildcardUsage This error occurs if there is a bad usage of the wildcard dtara

6.16.4 The NonDbDevice exception

This exception has only one level of Tango::DevError stitest The reason field is set to API_NonDatabaseDevice.
This exception is thrown by the APl when using the DeviceRraxAttributeProxy class database access

for non-database device.

6.16.5 The WrongData exception

This exception has only one level of Tango::DevError stitet The possible value for the reason field are

API_EmptyDbDatum This error occurs when trying to extract data from an emptip&iom object

API_IncompatibleArgumentType This error occurs when trying to extract data with a typesgéht than
the type used to send the data

API_EmptyDeviceAttribute This error occurs when trying to extract data from an emptyi@ttribute
object

API_IncompatibleAttrArgumentType This error occurs when trying to extract attribute data \witipe
different than the type used to send the data

API_EmptyDeviceData This error occurs when trying to extract data from an emptyi@ata object

API_IncompatibleCmdArgumentType This error occurs when trying to extract command data with a
type different than the type used to send the data



CHAPTER 6. THE TANGO C++ APPLICATION PROGRAMMER INTERFACE 179

6.16.6 The NonSupportedFeature exception

This exception is thrown by the API layer when a request t@tufe implemented in Tango device interface
release n is requested for a device implementing Tango el@vierface n-x. There is one possible value
for the reason field which is AP1_UnsupportedFeature.

6.16.7 The AsynCall exception

This exception is thrown by the API layer when a the asynchusrmodel id badly used. This exception
has only one level of Tango::DevError structure. The pdssiblue for the reason field are :

API_BadAsynPollld This error occurs when using an asynchronous request figenthich is not valid
any more.

API_BadAsyn This error occurs when trying to fire callback when no callbaas been previously regis-
tered

API_BadAsynReqType This error occurs when trying to get result of an asynchren@gquest with
an asynchronous request identifier returned by a non-cohasgnchronous request (For instance,
using the asynchronous request identifier returned bgramand_inout_asynchf)ethod with a
read_attribute_reply(attribute).

6.16.8 The AsynReplyNotArrived exception

This exception is thrown by the API layer when:

* arequestto get asynchronous reply is made and the repbt iseharrived

* a blocking wait with timeout for asynchronous reply is madel the timeout expired.

There is one possible value for the reason field which is ABY/ReplyNotArrived.

6.16.9 The EventSystemFailed exception

This exception is thrown by the API layer when subscribingiesubscribing from an event failed. This
exception has only one level of Tango::DevError structiitee possible value for the reason field are :

API_NoatificationServiceFailed This error occurs when th&ibscribe_eventfhethod failed trying to ac-
cess the CORBA notification service

API_EventNotFound This error occurs when you are using an incorrect event tlidansubscribe_event()
method

API_InvalidArgs This error occurs when NULL pointers are passed to the silfgsor unsubscribe event
methods

API_MethodArgument This error occurs when trying to subscribe to an event whih diready been
subsribed to

API_DSFailedRegisteringEvent This error means that the device server to which the devitmnge to
failed when it tries to register the event. Most likely, it ams that there is no event property defined

API_EventNotFound Occurs when using a wrong event identifier in thesubscribe_evemethod
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6.16.10 The NamedDevFailedList exception

This exception is only thrown by theeviceProxy::write_attributes@nethod. In this case, it is necessary
to have a new class of exception to transfer the error stackefeeral attribute(s) which failed during the
writing. Therefore, this exception class contains for eatttibutes which failed :

* The name of the attribute
* Itsindex in the vector passed as argumen tof the writdbates() method

* The error stack as describedGril6

6.16.10.1 long NamedDevFailedList::get_faulty attr nf

Returns the number of attributes which failed during theevrttribute call.

6.16.10.2 vector<NamedDevFailed> NamedDevErrorList:re_list

Public data member of the NamedDevFailedList. There is ¢ement in this vector for each attribute
which failed during its writing.

6.16.10.3 string NamedDevFailed::name

Public data member of the NamedDevFailed class. It conth@meame of the attribute which failed.

6.16.10.4 long NamedDevFailed::idx_in_call

Public data member of the NamedDevFailed class. It conthmsndex in the write_attributes method
parameter vector of the attribute which failed.

6.16.10.5 DevErrorList NamedDevFailed::err_stack

Public data member of the NamedDevFailed class. This isrtioe gtack.
The following piece of code is an example of how to use thisskxception

catch (Tango::NamedDevFailed &e)

{
long nb_faulty = e.get faulty attr nb();
for (long i = 0;i < nb_faulty;i++)
{
cout << "Attribute " << e.err_list[il.name << " failed!" << e ndl;
for (long j = 0;j < e.err_list[i].err_stack.length();j++)
{
cout << "Reason [' << j << "] = " << e.err_list[i].err_stack]j ].reason;
cout << "Desc [" << j << "] = " << e.err_list[i].err_stack]j]. desc;
}
}
}

This exception inherits from Tango::DevFailed. It is pb$sio catch it with a "catch DevFailed" catch
block. Inthis case, like any other DevFailed exceptionsgli@only one error stack. This stack is initialised
with the name of all the attributes which failed in its “reaséeld.
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6.16.11 The DeviceUnlocked exception

This exception is thrown by the API layer when a device lockgdhe process has been unlocked by an
admin client. This exception has two levels of Tango::DewEstructure. There is only possible value for
the reason field which is

API_DeviceUnlocked The device has been unlocked by another client (administratient)

The first level is the message reported by the Tango kernel fine server side. The second layer is added
by the client API layer with informations on which API callgerates the exception and device name.

6.17 Reconnection and exception

The Tango API automatically manages re-connection betwkemnt and server in case of communication
error during a network access between a client and a serhertr@nsparency reconnection mode allows
a user to be (or not be) informed that automatic reconnetiok place. If the transparency reconnection
mode is not set, when a communication error occurs, an exceigtreturned to the caller and the con-
nection is internally marked as bad. On the next try to cdritecdevice, the API will try to re-build the
network connection. If the transparency reconnection ni®det, the API will try to re-build the network
connection has soon as the communication error occurs anchtter is not informed. Several cases are
possible. They are summarized in the following table:

Case Server state call nb exception (transparency exception (transparenc
false) true)
Server killed before call n n CommunicationFailed | ConnectionFailed
Server killed | down n+1 glcs)?necnonFalled(z lev idem
and re-started down n+2 | idem idem
Running n+x | No exception No exception
Server died before call n n CommunicationFailed | ConnectionFailed
Server died | died n+1 gcs)?necnonFalled (3lev idem
and re-started died n+2 | idem idem
Running n+x | No exception No exception
Serverkilled | S€'ver killed and re-started be- CommunicationFailed | No exception
fore calln
and re-started Running n+x | No exception No exception
Server died Server died and re-started be- n CommunicationFailed | No exception
fore calln
and re-started Running n+x | No exception No exception

Please note that the timeout case is managed differentlyuisecit will not enter the re-connection
system. The transparency reconnection mode is set by tiefarle for Tango version 5.5!



Chapter 7

TangoATK Programmer’s Guide

This chapter is only a brief Tango ATK (Application ToolKffogrammer’s guide. You can find a reference
guide with a full description of TangoATK classes and methimdthe ATK JavaDoc17].

A tutorial document??] is also provided and includes the detailed descriptiomefATK architecture
and the ATK components. In the ATK Tutoria?4] you can find some code examples and also Flash
Demos which explain how to start using Tango ATK.

7.1 Introduction

This document describes how to develop applications usiedango Application Toolkit, TangoATK for
short. It will start with a brief description of the main capts behind the toolkit, and then continue with
more practical, real-life examples to explain key parts.

7.1.1 Assumptions

The author assumes that the reader has a good knowledge Isag@rogramming language, and a thor-
ough understanding of object-oriented programming. Aists expected that the reader is fluent in all
aspects regarding Tango devices, attributes, and commands

7.2 The key concepts of TangoATK

TangoATK was developed with these goals in mind
* TangoATK should help minimize development time
* TangoATK should help minimize bugs in applications

» TangoATK should support applications that contain atitéls and commands from several different
devices.

» TangoATK should help avoid code duplication.

Since most Tango-applications were foreseen to be displaysome sort of graphic terminal, TangoATK
needed to provide support for some sort of graphic buildileghs. To enable this, and since the toolkit
was to be written in Java, we looked to Swing to figure out hoddahis.

Swing is developed using a variant over a design-patteriMibael-View-Controller (MVC) pattern
calledmodel-delegatenvhere the view and the controller of the MVC-pattern aregedrinto one object.

182
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Core Widget
|

Device State
viewer

Command
list Command

Viewer

This pattern made the choice of labor division quite eadyn@i-graphic parts of TangoATK reside in
the packages benedihesrf.tangoatk.core , and anything remotely graphic are located beneath
fr.esrf.tangoatk.widge t. More on the content and organization of this will follow.

The communication between the non-graphic and graphictdgee done by having the graphic object
registering itself as a listener to the non-graphic obget the non-graphic object emmiting events telling
the listeners that its state has changed.

7.2.1 Minimize development time

For TangoATK to help minimize the development time of grappplications, the toolkit has been devel-
oped along two lines of thought

» Things that are needed in most applications are include8péash , a splash window which gives
a graphical way for the application to show the progress ohg loperation. The splash window is
moslty used in the startup phase of the application.

« Building blocks provided by TangoATK should be easy to use fllow certain patterns, eg every
graphic widget has aetModel method which is used to connect the widget with its non-gi@aph
model.

In addition to this, TangoATK provides a framework for erteandling, something that is often a time
consuming task.

7.2.2 Minimize bugs in applications

Together with the Tango API, TangoATK takes care of most efltlard things related to programming
with Tango. Using TangoATK the developer can focus on dguialpher application, not on understanding
Tango.

7.2.3 Attributes and commands from different devices

To be able to create applications with attributes and conads&om different devices, it was decided that
the central objects of TangoATK were not to be the device ratlter theattributes and the commands
This will certainly feel a bit awkward at first, but trust magetdesign holds.

For this design to be feasible, a structure was needed totkaelp of the commands and attributes,
so thecommand-list and the attribute-listas introduced. These two objects can hold commands and
attributes from any number of devices.

7.2.4 Avoid code duplication

When writing applications for a control-system without arnfrework much code is duplicated. Anything
from simple widgets for showing numeric values to error Hargchas to be implemented each time. Tan-
goATK supplies a number of frequently used widgets alony wiframework for connecting these widgets
with their non-graphic counterparts. Because of this, tnetbper only needs to write tlggue - the code
which connects these objects in a manner that suits thefigaeapplication.
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7.3 The real getting started

Generally there are two kinds of end-user applications: lisppons that only know how to treat one
device, and applications that treat many devices.

7.3.1 Single device applications

Single device applications are quite easy to write, eveh wigui. The following steps are required
1. Instantiate an AttributeList and fill it with the attrilagt you want.
2. Instantiate a CommandList and fill it with the commands waunt.

3. Connect the wholAttributeListwith alist viewerand / or eaclindividual attributewith anattribute
viewer,

4. Connectthe wholeommandListo acommand list viewesind / or connect eaghdividual command
in the command list with @ommand viewer

list

(

| .

Attribute
I
I
Error...

\_

The following program (FirstApplication) shows an implemtion of the list mentioned above. It
should be rather self-explanatory with the comments.

package examples;

import javax.swing.JFrame;
import javax.swing.JMenultem;
import javax.swing.JMenuBar;
import javax.swing.JMenu;

import java.awt.event.ActionListener;
import java.awt.event.ActionEvent;
import java.awt.BorderLayout;

import fr.esrf.tangoatk.core.AttributeList;
import fr.esrf.tangoatk.core.ConnectionException;
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import fr.esrf.tangoatk.core. CommandList;

import fr.esrf.tangoatk.widget.util.ErrorHistory;

import fr.esrf.tangoatk.widget.uti. ATKGraphicsUtils ;
import fr.esrf.tangoatk.widget.attribute.ScalarListV iewer;
import fr.esrf.tangoatk.widget.command.CommandComboV iewer;

public class FirstApplication extends JFrame

{
JMenuBar menu; /I So that our application looks
/I halfway decent.
AttributeList attributes; /I The list that will contain our
/I attributes
CommandList commands; /I The list that will contain our
/[ commands
ErrorHistory errorHistory; /I A window that displays error S
ScalarListViewer sListViewer; /I A viewer which knows how t o
/I display a list of scalar attributes.
/I 1f you want to display other types
/I than scalars, you'll have to wait
/I for the next example.
CommandComboViewer commandViewer; // A viewer which knows how to display
/I a combobox of commands and execute
/I them.
String device; /I The name of our device.
public FirstApplication()
{
/I The swing stuff to create the menu bar and its pulldown menu S

menu = new JMenuBar();
JMenu fileMenu = new JMenu();
fileMenu.setText("File");
JMenu viewMenu = new JMenu();
viewMenu.setText("View");
JMenultem quitltem = new JMenultem();
quitltem.setText("Quit");
quitltem.addActionListener(new
java.awt.event.ActionListener()
{
public void
actionPerformed(ActionEvent evt)
{quitltemActionPerformed(evt);}
D
fileMenu.add(quitltem);
JMenultem errorHistltem = new JMenultem();
errorHistltem.setText("Error History");
errorHistltem.addActionListener(new
java.awt.event.ActionListener()
{
public void
actionPerformed(ActionEvent evt)
{errHistltemActionPerformed(evt);}
D

viewMenu.add(errorHistltem);
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menu.add(fileMenu);

menu.add(viewMenu);

1

/I Here we create ATK objects to handle attributes, commands
I

attributes = new AttributeList();

commands = new CommandList();

errorHistory = new ErrorHistory();

device = "id14/eh3_mirror/1";

sListViewer = new ScalarListViewer();
commandViewer = new CommandComboViewer();

A feature of the command and attribute list is that if you
supply an errorlistener to these lists, they'll add that
errorlistener to all subsequently created attributes or
commands. So it is important to do this _before_ you
start adding attributes or commands.

attributes.addErrorListener(errorHistory);
commands.addErrorListener(errorHistory);

Sometimes we're out of luck and the device or the attribute
are not available. In that case a ConnectionException is t
This is why we add the attributes in a try/catch

try
{

Another feature of the attribute and command list is that t

can add wildcard names, currently only * *' IS supported.

When using a wildcard, the lists will add all commands or
attributes available on the device.

attributes.add(device + "/ *");
}
catch (ConnectionException ce)
{
System.out.printin("Error fetching " +
"attributes from " +
device + " " + ce);

See the comments for attributelist

try
{

}

commands.add(device + "/ *");

186

and errors.

hrown.

hey
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catch (ConnectionException ce)
{
System.out.printin("Error fetching " +
"commands from " +
device + " " + ce);

1
/I Here we tell the scalarViewer what it's to show. The
/I ScalarListViewer loops through the attribute-list and p icks out
/I the ones which are scalars and show them.
1
sListViewer.setModel(attributes);

I
/I This is where the CommandComboViewer is told what it's to
/I show. It knows how to show and execute most commands.
Il

commandViewer.setModel(commands);

1
/I add the menubar to the frame
1

setJMenuBar(menu);

1
/I Make the layout nice.
1

getContentPane().setLayout(new BorderLayout());
getContentPane().add(commandViewer, BorderLayout.NOR TH);
getContentPane().add(sListViewer, BorderLayout.SOUTH );

Il

/I A third feature of the attributelist is that it knows how
/I to refresh its attributes.

Il

attributes.startRefresher();

1
/I JFrame stuff to make the thing show.
1

pack();
ATKGraphicsUtils.centerFrameOnScreen(this); //ATK uti lity to center window
setVisible(true);

}

public static void main(String [] args)

{

new FirstApplication();
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i)ublic void quitltemActionPerformed(ActionEvent evt)

{ System.exit(0);

i)ublic void errHistltemActionPerformed(ActionEvent evt )
{ errorHistory.setVisible(true);

}

The program should look something like this (depending amr ypdatform and your device)

ext coder

int coder

0,186 mm

0745 mm

(B ]
File View
—~
Z Mirror Center | 154958 mm 515& s__ajé J
Y Mirmar Centerl 5515 mm @gggélg I
Mimor Roll | 4590mRad (004 590 | - |
Mirrar P'ltt:hl 5179 mRad 0005179 D
Mimor Y aw |:19.32E| mRad - ﬁﬁlé ,52'5 D
rront'coderl _0.622 mm D

7.3.2 Multi device applications

Multi device applications are quite similar to the singlevide applications, the only difference is that it
does not suffice to add the attributes by wildcard, you needitbthem explicitly, like this:

try

/Il a StringScalar attribute from the device one
attributes.add("jlp/test/1/att_cing");

/I a NumberSpectrum attribute from the device one
attributes.add("jlp/test/1/att_spectrum");

/I a Numberimage attribute from the device two
attributes.add("sr/d-ipc/id25-1n/Image");

}
catch (ConnectionException ce)
{
System.out.printin("Error fetching " +
"attributes" + ce);
}

The same goes for commands.
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7.3.3 More on displaying attributes

So far, we've only considered scalar attributes, and not thrat, we've also cheated quite a bit since we just
passed the attribute list to thieesrf.tangoatk.widget.attribute.ScalarListViewer

and let it do all the magic. The attribute list viewers areyoavailable for scalar attributes (Number-
ScalarListViewer and ScalarListViewer). If you have oneeveral spectrum or image attributes you must
connect each spectrum or image attribute to it's corresipgrattribute viewer individually. So let’s take a
look at how you can connect individual attributes (and notwhe attribute list) to an individual attribute
viewer (and not to an attribute list viewer).

7.3.3.1 Connecting an attribute to a viewer
Generally it is done in the following way:
1. You retrieve the attribute from the attribute list
2. You instantiate the viewer
3. Your call thesetModel method on the viewer with the attribute as argument.
4. You add your viewer to some panel

The following example (SecondApplication), is a Multi-des application. Since this application uses
individual attribute viewers and not an attribute list veayit shows an implementation of the list mentioned
above.

package examples;

import javax.swing.JFrame;
import javax.swing.JMenultem;
import javax.swing.JMenuBar;
import javax.swing.JMenu;

import java.awt.event.ActionListener;
import java.awt.event.ActionEvent;
import java.awt.BorderLayout;
import java.awt.Color;

import fr.esrf.tangoatk.core.AttributeList;
import fr.esrf.tangoatk.core.ConnectionException;

import fr.esrf.tangoatk.core.IStringScalar;

import fr.esrf.tangoatk.core.INumberSpectrum;
import fr.esrf.tangoatk.core.INumberimage;

import fr.esrf.tangoatk.widget.util.ErrorHistory;
import fr.esrf.tangoatk.widget.util. Gradient;

import fr.esrf.tangoatk.widget.uti. ATKGraphicsUtils

import fr.esrf.tangoatk.widget.attribute.Numberimage Viewer;
import fr.esrf.tangoatk.widget.attribute.NumberSpect rumViewer;
import fr.esrf.tangoatk.widget.attribute.SimpleScala rViewer;
public class SecondApplication extends JFrame
{

JMenuBar menu;

AttributeList attributes;  // The list that will contain our

ErrorHistory errorHistory; // A window that displays error

attributes
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IStringScalar SSAtt;
INumberSpectrum nsALt;
INumberimage niAtt;
public SecondApplication()
{
/I Swing stuff to create the menu bar and its pulldown menus
menu = new JMenuBar();
JMenu fileMenu = new JMenu();
fileMenu.setText("File");
JMenu viewMenu = new JMenu();
viewMenu.setText("View");
JMenultem quitltem = new JMenultem();
quitltem.setText("Quit");
quitltem.addActionListener(new java.awt.event.Action Listener()
{
public void actionPerformed(ActionEvent evt)
{quitltemActionPerformed(evt);}
D
fileMenu.add(quitltem);
JMenultem errorHistitem = new JMenultem();
errorHistlitem.setText("Error History");
errorHistitem.addActionListener(new java.awt.event.A ctionListener()
{
public void actionPerformed(ActionEvent evt)
{errHistltemActionPerformed(evt);}
Dk
viewMenu.add(errorHistltem);
menu.add(fileMenu);
menu.add(viewMenu);
1
/I Here we create TangoATK objects to view attributes and err ors.
1l
attributes = new AttributeList();
errorHistory = new ErrorHistory();
1
/I We create a SimpleScalarViewer, a NumberSpectrumViewer and
/I a NumberlmageViewer, since we already knew that we were
/I playing with a scalar attribute, a number spectrum attrib ute
/I and a number image attribute this time.
1
SimpleScalarViewer ssViewer = new SimpleScalarViewer();
NumberSpectrumViewer  nSpectViewer = new NumberSpectrumV iewer();
NumberimageViewer nimageViewer = new NumberimageViewer( );
attributes.addErrorListener(errorHistory);
I
/I The attribute (and command) list has the feature of return ing the last
/I attribute that was added to it. Just remember that it is ret urned as an
/I |Entity object, so you need to cast it into a more specific o bject, like
/I 1StringScalar, which is the interface which defines a str ing scalar
I
try
{
ssAtt = (IStringScalar) attributes.add("jlp/test/1/att _cing");

tt_spectrum™);
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niAtt = (INumberlmage) attributes.add("sr/d-ipc/id25-1 n/Image");
}
catch (ConnectionException ce)
{
System.out.printin("Error fetching one of the attributes "+ "+ ce);
System.out.printin("Application Aborted.");
System.exit(0);
}
1
/I Pay close attention to the following three lines!! This is how it's done!
/I This is how it's always done! The setModel method of any vie wer takes care
/I of connecting the viewer to the attribute (model) it's in c harge of displayin
/I This is the way to tell each viewer what (which attribute) i t has to show.
/I Note that we use a viewer adapted to each type of attribute
1l
ssViewer.setModel(ssAtt);
nSpectViewer.setModel(nsAtt);
nimageViewer.setModel(niAtt);
1
nSpectViewer.setPreferredSize(new java.awt.Dimension (400, 300));
nimageViewer.setPreferredSize(new java.awt.Dimension (500, 300));

}

Gradient g = new Gradient();

g.buidColorGradient();

g.setColorAt(0,Color.black);

nimageViewer.setGradient(g);
nimageViewer.setBestFit(true);

1l

/I Add the viewers into the frame to show them

Il

getContentPane().setLayout(new BorderLayout());
getContentPane().add(ssViewer, BorderLayout.SOUTH);
getContentPane().add(nSpectViewer, BorderLayout. CENT
getContentPane().add(nlmageViewer, BorderLayout.EAST
I

/I To have the attributes values refreshed we should start th
/I attribute list's refresher.

1l

attributes.startRefresher();

Il

/I add the menubar to the frame

Il

setJMenuBar(menu);

1l

/I JFrame stuff to make the thing show.

I

pack();

ATKGraphicsUtils.centerFrameOnScreen(this); //ATK uti
setVisible(true);

public static void main(String [] args)

{
}

new SecondApplication();

public void quitltemActionPerformed(ActionEvent evt)

ER);
);

lity to center window
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{
System.exit(0);
}
public void errHistltemActionPerformed(ActionEvent evt )
{
errorHistory.setVisible(true);
}

This program (SeondApplication) should look something likis (depending on your platform and
your device attributes)

e =

File | View
1.0 Error History | - - - T T T

0.0 _5u'.u 000 500 2000 FRY)
ilpftestit/att_spectrum (Y1) 100% [416,248] Selection  [Mane

7.3.3.2 Synoptic viewer

TangoATK provides a generic class to view and to animate ym®tics. The name of this class is
fr.esrf.tangoatk.widget.jdraw.SynopticFileViewer. i3 lclass is based on a “home-made” graphical layer
called jdraw. The jdraw package is also included inside D& distribution.

SynopticFileViewer is a sub-class of the class TangoSyadpndler. All the work for connection to
tango devices and run time animation is done inside the TeyigapticHandler.

The recipe for using the TangoATK synoptic viewer is thedaling

1.
2.

You use Jdraw graphical editor to draw your synoptic

During drawing phase don’t forget to associate partsefitawing to tango attributes or commands.
Use the “name” in the property window to do this

. During drawing phase you can also aasociate a class énglgia “specific panel” class) which

will be displayed when the user clicks on some part of the drgwUse the “extension” tab in the
property window to do this.

. Test the run-time behaviour of your synoptic. Use “Tangodptic view” command in the “views”

pulldown menu to do this.

. Save the drawing file.

. Thereis a simple synoptic application (SynopticAppliieh is provided ready to use. If this generic

application is enough for you, you can forget about the step 7

. You can now develop a specific TangoATK based applicatibitlwvinstantiates the SynopticFile-

Viewer. To load the synoptic file in the SynopticFileViewarwhave the choice : either you load it
by giving the absolute path name of the synoptic file or youl lttee synoptic file using Java input
streams. The second solution is used when the synoptic filelisded inside the application jarfile.
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The SynopticFilerViewer will browse the objects in the spgtiofile at run time. It discovers if some parts
of the drawing is associated with an attribute or a commamthi case it will automatically connect to the
corresponding attribute or command. Once the connectismdsessfull SynopticFileViewer will animate
the synoptic according to the default behaviour descritetavi:

» Fortango state attributesthe colour of the drawing object reflects the value of théestA mouse
click on the drawing object associated with the tango stttiéate will instantiate and display the
class specified during the drawing phase. If no class is péthe atkpanel generic device panel is
displayed.

» Fortango attributes the current value of the attribute is displayed throughdiaving object

e For tango commands the mouse click on the drawing object associated with themand will
launch the device command.

« If the tooltip property is set to “name” when the mouse extary tango object attribute or com-
mand), inside the synoptic drawing the name of the tangacoigalisplayed in a tooltip.

The following example (ThirdApplication), is a Synopticijgation. We assume that the synoptic has
already been drawn using Jdraw graphical editor.

package examples;

import java.io. *

import java.util. *

import javax.swing.JFrame;

import javax.swing.JMenultem;

import javax.swing.JMenuBar;

import javax.swing.JMenu;

import java.awt.event.ActionListener;

import java.awt.event.ActionEvent;

import java.awt.BorderLayout;

import fr.esrf.tangoatk.widget.util.ErrorHistory;
import fr.esrf.tangoatk.widget.uti. ATKGraphicsUtils ;

import fr.esrf.tangoatk.widget.jdraw.SynopticFileVie wer;

import fr.esrf.tangoatk.widget.jdraw.TangoSynopticHa ndler;

public class ThirdApplication extends JFrame

{
JMenuBar menu;
ErrorHistory errorHistory; // A window that displays error
SynopticFileViewer sfv; /I TangoATK generic synoptic view

public ThirdApplication()
{
/I Swing stuff to create the menu bar and its pulldown menus
menu = new JMenuBar();
JMenu fileMenu = new JMenu();
fileMenu.setText("File");
JMenu viewMenu = new JMenu();
viewMenu.setText("View");
JMenultem quitltem = new JMenultem();
quitltem.setText("Quit");
quitltem.addActionListener(new java.awt.event.Action Listener()

{

er
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public void actionPerformed(ActionEvent evt)
{quititemActionPerformed(evt);}
D
fileMenu.add(quitltem);
JMenultem errorHistitem = new JMenultem();
errorHistlitem.setText("Error History");
errorHistltem.addActionListener(new java.awt.event.A ctionListener()
{
public void actionPerformed(ActionEvent evt)
{errHistltemActionPerformed(evt);}
D
viewMenu.add(errorHistltem);
menu.add(fileMenu);
menu.add(viewMenu);
1l
/I Here we create TangoATK synoptic viewer and error window.
1l
errorHistory = new ErrorHistory();
sfv = new SynopticFileViewer();

try
{
sfv.setErrorWindow(errorHistory);
}
catch (Exception setErrwExcept)
{
System.out.printin("Cannot set Error History Window");
}
1
/I Here we define the name of the synoptic file to show and the t ooltip mode
1
try
{
sfv.setidrawFileName("/users/poncet/ATK_OLD/jdraw_f iles/id14.jdw");
sfv.setToolTipMode (TangoSynopticHandler. TOOL_TIP_NA ME);
catch (FileNotFoundException fnfEx)
{
javax.swing.JOptionPane.showMessageDialog(
null, "Cannot find the synoptic file : id14.jdw.\n"
+ "Check the file name you entered;"
+ " Application will abort ..\n"
+ fnfEX,
“No such file",
javax.swing.JOptionPane.ERROR_MESSAGE);
System.exit(-1);
}
catch (lllegalArgumentException illEX)
{

javax.swing.JOptionPane.showMessageDialog(
null, "Cannot parse the synoptic file : id14.jdw.\n"
+ "Check if the file is a Jdraw file."
+ " Application will abort ..\n"
+ llEX,
"Cannot parse the file",
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}

javax.swing.JOptionPane.ERROR_MESSAGE);
System.exit(-1);

}
catch (MissingResourceException mrEx)
{
javax.swing.JOptionPane.showMessageDialog(
null, "Cannot parse the synoptic file : id14.jdw.\n"
+ " Application will abort ..\n"
+ mrEx,
"Cannot parse the file",
javax.swing.JOptionPane.ERROR_MESSAGE);
System.exit(-1);
}

1

/I Add the viewers into the frame to show them
1

getContentPane().setLayout(new BorderLayout());
getContentPane().add(sfv, BorderLayout. CENTER);
I

/I add the menubar to the frame

1

setJMenuBar(menu);

1

/I JFrame stuff to make the thing show.

1

pack();
ATKGraphicsUtils.centerFrameOnScreen(this); //TangoA
setVisible(true);

public static void main(String [] args)

{
}

new ThirdApplication();

public void quitltemActionPerformed(ActionEvent evt)

{

System.exit(0);

public void errHistltemActionPerformed(ActionEvent evt

{
}

errorHistory.setVisible(true);

195

TK utility to center window

The synoptic application (ThirdApplication) should loaknsething like this (depending on your synoptic

drawing file)
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7.3.4 A short note on the relationship between models and wiers

196

As seen in the examples above, the connection between a arudlés viewer is generally done by calling
setModel(model) on the viewer, it is never explained what happens behind¢baes when this is

done.

7.3.4.1 Listeners

Most of the viewers implement some sort lastener interface, eg INumberScalarListener. An object
implementing such a listener interface has the capabifityeceiving and treatingventsfrom a model

which emits events.

/I this is the setModel of a SimpleScalarViewer
public void setModel(INumberScalar scalar) {
clearModel();
if (scalar '= null) {
format = scalar.getProperty("format").getPresentation
numberModel = scalar;

Il this is where the viewer connects itself to the

/I model. After this the viewer will (hopefully) receive
/I events through its numberScalarChange() method
numberModel.addNumberScalarListener(this);

numberModel.getProperty(“format").addPresentationLi
numberModel.getProperty("unit").addPresentationList

}
}

/I Each time the model of this viewer (the numberscalar attri
/I calls the numberScalarChange method of all its registere
/I with a NumberScalarEvent object which contains the

/I the new value of the numberscalar attribute.

1

public void numberScalarChange(NumberScalarEvent evt) {
String val,
val = getDisplayString(evt);
if (unitVisible) {
setText(val + " " + numberModel.getUnit());
} else {

0

stener(this);

ener(this);

bute) decides it is time,
d listeners
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setText(val);

}
}

Alllisteners in TangoATK implement thi&rrorListener interface which specifies tleerorChange(ErrorEvent
e) method. This means that all listeners are forced to handbessin some way or another.

7.4 The key objects of TangoATK

As seen from the examples above, the key objects of TangoAgd KiaCommandList and theAttributeList
These two classes inherit from the abstract claBstityList which implements all of the common
functionality between the two lists. These lists use thecfiomality of the CommandFactory , the
AttributeFactory , which both derive fronAEntityFactory, and theDeviceFactory

In addition to these factories and lists there is one (fortilme being) other important functionality
lurking around, the refreshers.

7.4.1 The Refreshers

The refreshers, represented in TangoATK byRieéresher  object, is simply a subclass giva.lang.Thread
which will sleep for a given amount of time and then call a noetrefresh on whatever kind tRefreshee
it has been given as parameter, as shown below

/[ This is an example from DeviceFactory.
/I We create a new Refresher with the name "device"
/I We add ourself to it, and start the thread

Refresher refresher = new Refresher("device");
refresher.addRefreshee(this).start();

Both theAttributeList and theDeviceFactory  implementthdRefreshee interface which
specify only one methodefresh() , and can thus be refreshed by tRefresher . Even if the new
release of TangoATK is based on the Tango Events, the refresbcanisme will not be removed. As a
matter of fact, the method refresh() implemented iImAIBUTEL IST skips all attributes (members of the
list) for which the subscribe to the tango event has sucakadd calls the old refresh() method for the
others (for which subscribe to tango events has failed).

In a first stage this will allow the TangoATK applications taxthe use of the old tango device servers
(which do not implement tango events) and the new ones inahescode. In other words, TangoATK
subscribes for tango events if possible otherwise TangoiilKrefresh the attributes through the old
refresher mecanisme.

Another reason for keeping the refresher is that the suisevent can fail even for the attributes of
the new Tango device servers. As soon as the specified &ttitbnot polled the Tango events cannot be
generated for that attribute. Therefore the event suligmnipvill fail. In this case the attribute will be
refreshed thanks to the ATK attribute list refresher.

The AttributePolledList class allows the application programmer to force expliditle use
of the refresher method for all attributes added in an AttePolledList even if the corresponding de-
vice servers implement tango events. Some viewers (ftasgoatk.widget.attribute. Trend) need an At-
tributePolledList in order to force the refresh of the &tite without using tango events.
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7.4.1.1 What happens on a refresh

Whenrefresh is called on théAttributeList and theDeviceFactory , they loop through their
objects,|Attributes andIDevices , respectively, and ask them to refresh themselves if theyar
event driven.

When ATTRIBUTEFACTORY, creates ahAttribute , TangoATK tries to subscribe for Tango Change
event for that attribute. If the subscription succeeds tihenattribute is marked as event driven. If the
subscription for Tango Change event fails, TangoATK treesubscribe for Tango Periodic event. If the
subscription succeeds then the attribute is marked as driean. If the subscription fails then the attribute
is marked as to be “ without events”.

In the REFRESH) method of the ATRIBUTELIST during the loop through the objects if the object
is marked event driven then the object is simply skipped. iBtite object (attribute) is not marked as
event driven, the&ReFRESH) method of the ATRIBUTELIST, asks the object to refresh itself by calling
the “REFRESH)” method of that object (attribute or device). TREFRESH) method of an attribute will
in turn call the “readAttribute” on the Tango device.

The result of this is that th&Attributes fire off events to their registered listeners containing
snapshots of their state. The events are fired either betai$ATTRIBUTE has received a Tango Change
event, respectively a Tango Periodic event (event drivgeotd), or because tireFRESH) method of the
object has issued a readAttribute on the Tango device.

7.4.2 The DeviceFactory

The device factory is responsible for two things
1. Creating new devices (Tango device proxies) when needed
2. Refreshing the state and status of these devices

Regarding the first point, new devices are created when tigegsked for and only if they have not already
been created. If a programmer asks for the same device taheeis returned a reference to the same
device-object.

TheDeviceFactory  contains a Refresher as described above, which makes atithalallDevices
in the DeviceFactory updates their state and status and fire events to its listener

7.4.3 The AttributeFactory and the CommandFactory

These factories are responsible for taking a name of arbeatitrior command and returning an object
representing the attribute or command. Itis also respta&bmaking sure that the appropridizevice

is already available. Normally the programmer does not wanise these factory classes directly. They
are used by TangoATK classes indirectly when the applingtimgrammer calls the AttributeList's (or
CommandList'snDD () method.

7.4.4 The AttributeList and the CommandList

These lists are containers for attributes and commandg. ddlegate the construction-work to the factories
mentioned above, and generally do not do much more, apantdomtaining refreshers, and thus being able
to make the objects they contain refresh their listeners.

7.4.5 The Attributes

The attributes come in several flavors. Tango supports fleviog types:
» Short
e Long
* Double
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« String

Unsigned Char
* Boolean
« Unsigned Short
* Float
e Unsigned Long
According to Tango specifications, all these types can beefdllowing formats:
 Scalar, a single value
e Spectrum, a single array
* Image, a two dimensional array

For the sake of simplicity, TangoATK has combined all the eumtypes into one, presenting all of them
as doubles. So the TangoATK classes which handle the nuitriloutes are : NumberScalar, Number-
Spectrum and Numberimage (Number can be short, long, ddildmdé, ...).

7.4.5.1 The hierarchy

The numeric attribute hierarchy is expressed in the folhgwnterfaces:

INumberScalar extenddNumber

INumberSpectrum extenddNumber

INumberimage extenddNumber

and INumber in turn extendsAttribute

Each of these types emit their proper events and have tragieplisteners. Please consult the javadoc for

further information.

7.4.6 The Commands
The commands in Tango are rather ugly beasts. There exéstsltbwing kinds of commands
* Those which take input
» Those which do not take input
* Those which do output
* Those which do not do output
Now, for both input and output we have the following types:
* Double
* Float
« Unsigned Long
* Long

Unsigned Short
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e Short
« String

These types can appear in scalar or array formats. In addaithis, there are also four other types of
parameters:

1. Boolean

2. Unsigned Char Array
3. The StringLongArray
4. The StringDoubleArray

The last two types mentioned above are two-dimensionas@antaining a string array in the first dimen-
sion and a long or double array in the second dimension, c&sply.

As for the attributes, all numeric types have been convéntedioubles, but there has been made little
or no effort to create an hierarchy of types for the commands.

7.4.6.1 Events and listeners

The commands publish results to thEResultListener s, by the means of ResultEvent . The
IResultListener extendslErrorListener , any viewer of command-results should also know
how to handle errors. So a viewer of command-results imphésn®esultListener interface and registers
itself as a resultListener for the command it has to showeksalts.
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Chapter 8

Writing a TANGO device server

8.1 The device server framework

This chapter will present the TANGO device server framewdtrivill introduce what is the device server
pattern and then it will describe a complete device senanméwork. A definition of classes used by the
device server framework is given in this chapter. This mamuaot intended to give the complete and
detailed description of classes data member or methods, tieefg] to get this full description. But first,
the naming convention used in this project is detailed.

The aim of the class definition given in this chapter is onlyhadp the reader to understand how a
TANGO device server works. For a detailed description obéhelasses (and their methods), refer to
chapteB.4or to [3].

8.1.1 Naming convention and programming language

TANGO fully supports two different programming languagesiet areC++ andJava. When the Java
code differs from the C++ code, examples in both languagédwigiven. For C++, its standard library
has been used. Details about this library can be founé]in [

Every software project needs a naming convention. The raoanvention adopted for the TDSOM is
very simple and only defines two guidelines which are:

 Class names start with uppercase and use capitalizati@ofiopound words (For instance MyClass-
Name).

< Method names are in lowercase and use underscores for compmrds (For instance my_method_name).

These conventions will be use hereafter for both C++ and Java

8.1.2 The device pattern

Device server are written using the Device pattern. The dithis pattern is to provide the control pro-
grammer with a framework in which s/he can develop new cowotifects. The device pattern uses other
design patterns like the Singleton and Command patternasselpatterns are fully described ir]. The
device pattern class diagram for stepper motor device iwrdia figure8.1. In this figure, only classes
surrounded with a dash line square are device specific. Albther classes are part of the TDSOM core
and are developed by the Tango system team. Different kicthe$es are used by the device pattern.

» Three of them are root classes and it is only necessary #ritfhlom them. These classes are the
Devicelmpl, DeviceClassandCommand classes.

» Classes necessary to implement commands. The TDSOM dsporways to create command :
Using inheritance or using the template command model pibssible to mix model within the same
device pattern

202
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(a) Device pattern class diagram

Figure 8.1: Device pattern class diagram
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1. Usinginheritance. This model of creating command heavily used the polymanploffered
by each modern object oriented programming language. $nsttfiema, each command sup-
ported by a device via the command_inout or command_ingyhcoperation is implemented
by a separate class. The Command class is the root classdooéshese classes. It is an
abstract class. Axecutanethod must be defined in each sub-class_Allowedmethod may
also be re-defined in each class if the default one does rfdt 4llithe needs. In our stepper
motor device server example, the DevReadPosition comnwiogvk this model.

2. Using thetemplate commandmodel. Using this model, it is not necessary to write onesclas
for each command. You create one instance of classes aldedidgd in the TDSOM for each
command. The link between command name and method whichtodeglexecuted is done
through pointers to method for C++ and through method nawmreddva. To support different
kind of command, four classes are part of the TDSOM. Thessekare :

(&) TheTemplCommand class for command without input or output parameter

(b) TheTemplCommandin class for command with input parameter but without output pa
rameter

(c) The TemplCommandOut class for command with output parameter but without input
parameter

(d) TheTemplCommandInOut class for all the remaining commands

 Classes necessary to implement TANGO device attributbshdse classes are part of the TANGO
core classes. These classes areMiéiAttribute , Attribute , WAttribute , Attr , SpectrumAttr
andlmageAttr classes. The last three are used to create user attributh.afabute supported by
a device is implemented by a separate class. The Attr claiss i®ot class for each of these classes.
According to the attribute data format, the user class implating the attribute must inherit from
the Attr, SpectrumAttr or ImageAtttr class. SpectrumAtass inherits from Attr class and Image
Attr class inherits from the SpectrumAttr class. The Attsdalass defined three methods called
is_allowed read andwrite. These methods may be redefined in sub-classes in order tenrapt
the attribute specific behaviour.

* The other are device specific. For stepper motor devicg,aleenamed StepperMotor, StepperMo-
torClass and DevReadPosition.
8.1.2.1 The Devicelmpl class

8.1.2.1.1 Description This class is the device root class and is the link betweerD#hgce pattern
and CORBA. It inherits from CORBA classes and implementsha@lmethods needed to execute CORBA
operations and attributes. For instance, its mettmdmand_inouis executed when a client requests a
command_inout operation. The methoameof the Devicelmpl class is executed when a client requests
the name CORBA attribute. This class also encapsulates keynéevice data like its name, its state, its
status, its black box.... This class is an abstract clasgamaot be instantiated as is.

8.1.2.1.2 Contents The contents of this class can be summarize as :

« Different constructors and one destructor

* Methods to access instance data members outside the citsderivate classes. These methods are
necessary because data members are declared as protected.

« Methods triggered by CORBA attribute request
« Methods triggered by CORBA operation request

e Theinit_device()method. This method makes the class abstract. It should pkerinented by a
sub-class. It is used by the inherited classes constructors

1The default is_allowed method behavior is to always alldvescommand
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« Methods triggered by the automatically added State aniStaammands. These methods are de-
clared virtual and therefore can be redefined in sub-cla3$esse two commands are automatically
added to the list of commands defined for a class of devicesy &te discussed in chap&&i.5

* A method calledalways_executed_hook#jways executed for each command before the device
state is tested for command execution. This method givesrtgrammer a hook where he(she) can
program some mandatory action which must be done before@nyand execution. An example
of the such action is an hardware access to the device toteegahl hardware state.

< A method calledread_attr _hardware(}riggered by the read_attributes CORBA operation. This
method is called once for each read_attributes call. Thithatkis virtual and may be redefined in
sub-classes.

* Methods for signal management (C++ specific)
+ Data members like the device name, the device status, thesdgate

* Some private methods and data members

8.1.2.2 The DbDevice class

Each Devicelmpl instance is an aggregate with one instahtteedbDevice class. This DbDevice class
can be used to query or modify device properties. It provadesasy to use interface for device objects in
the database. The description of this class can be foun@imahgo java or C++ APl documentation.

8.1.2.3 The Command class

8.1.2.3.1 Description of the inheritance model Within the TDSOM, each command supported by a
device and implemented using the inheritance model is impfged by a separate class. The Command
class is the root class for each of these classes. It is amaabstass. It stores the command name,
the command argument types and description and mainly defiveemethods which are thexecuteand
is_allowedmethods. Thexecutamethod should be implemented in each sub-class. A defawatiowed
method exists for command always allowed. A command alsest® parameter which is the command
display type. Itis also used to select if the command mustgmal/ed according to the application mode
(every day operation or expert mode).

8.1.2.3.2 Description of the template model Using this method, it is not necessary to create a separate
class for each device command. In this method, each commsaegresented by an instance of one of the
template command classes. They are four template commasskesl. All these classes inherits from the
Command class. These four classes are :

1. TheTemplCommand class. One object of this class must be created for each cathmighout
input nor output parameters

2. TheTemplCommandin class. One object of this class must be created for each cachmighout
output parameter but with input parameter

3. TheTemplCommandOut class. One object of this class must be created for each cathwithout
input parameter but with output parameter

4. TheTemplCommandInOut class. One object of this class must be created for each cachwigh
input and output parameters

These four classes redefine teeecuteandis_allowedmethod of the Command class. These classes
provides constructors which allow the user to :

« specify which method must be executed by these classasutenethod



CHAPTER 8. WRITING A TANGO DEVICE SERVER 206

« optionally specify which method must be executed by thésssess _allowedmethod.
The method specification is done via pointer to method with @ad simply with method name for java.
Remember that it is possible to mix command implementatiethod within the same device pattern.
8.1.2.3.3 Contents The content of this class can be summarizes as :
* Class constructors and destructor
 Declaration of theexecutemethod
 Declaration of theés_allowedmethod
* Methods to read/set class data members
» Methods to extract data from the object used to transfer dathe network
* Methods to insert data into the object used to transferalatae network
» Class data members like command name, command input gegadgmmand input data descrip-
tion...
8.1.2.4 The DeviceClass class

8.1.2.4.1 Description This class implements all what is specific for a controllegeobclass. For in-
stance, every device of the same class supports the saroédmtnmands and therefore, this list of avail-
able commands is stored in this DeviceClass. The structttened by the info operation contains a
documentation URE This documentation URL is the same for every device of theesalass. There-
fore, the documentation URL is a data member of this claserdshould have only one instance of this
class per device pattern implementation. The device ligtsig stored in this class. It is an abstract class
because the two methodsvice_factory(pndcommand_factory@re declared as pure virtual. The rule
of the device_factory(Jnethod is to create all the devices belonging to the devigsscl The rule of the
command_factoryfhethod is to create one instance of all the classes neededpors device commands.
This class also stored tlatribute_factorymethod. The rule of this method is to store in a vector of ggijn
the name of all the device attributes. This method has a Hefaplementation which is an empty body
for device without attribute.

8.1.2.4.2 Contents The contents of this class can be summarize as :

e Thecommand_handlenethod

Methods to access data members.

Signal related method (C++ specific)

 Class constructor. Itis protected to implements the ®iogl pattern

Class data members like the class command list, the dastce |

8.1.2.5 The DbClass class

Each DeviceClass instance is an aggregate with one instditice DbClass class. This DbClass class can
be used to query or modify class properties. It provides aiy &ause interface for device objects in the
database. The description of this class can be found in thgol@va or C++ API| documentation.

2URL stands fotUniform Resource. ocator



CHAPTER 8. WRITING A TANGO DEVICE SERVER 207

8.1.2.6 The MultiAttribute class

8.1.2.6.1 Description This class is a container for all the TANGO attributes defif@mdthe device.
There is one instance of this class for each device. This @dawainly an aggregate of Attribute object(s).
It has been developed to ease TANGO attribute management.

8.1.2.6.2 Contents The class contents could be summarizes as :
« Miscellaneous methods to retrieve one attribute objettiéraggregate

* Method to retrieve a list of attribute with an alarm levefided

Get attribute number method

Miscellaneous methods to check if an attribute value isidetthe authorized limits

« Method to add messages for all attribute with an alarm set

« Data members with the attribute list

8.1.2.7 The Attribute class

8.1.2.7.1 Description There is one object of this class for each device attributés €lass is used to
store all the attribute properties, the attribute value alhthe alarm related data. Like commands, this
class also stores th attribute display type. It is foresedretused by future Tango graphical application
toolkit to select if the attribute must be displayed accogdio the application mode (every day operation
or expert mode).
8.1.2.7.2 Contents

e Miscellaneous method to get boolean attribute infornmatio

» Methods to access some data members

« Methods to get/set attribute properties

Method to check if the attribute is in alarm condition

Methods related to attribute data

Friend function to print attribute properties

< Data members (properties value and attribute data)

8.1.2.8 The WAttribute class

8.1.2.8.1 Description This class inherits from the Attribute class. There is orsance of this class
for each writable device attribute. On top of all the dateadty managed by the Attribute class, this class
stores the attribute set value.

8.1.2.8.2 Contents Within this class, you will mainly find methods related taibttite set value storage
and some data members.
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8.1.2.9 The Attr class

Within the TDSOM, each attribute supported by a device idémgnted by a separate class. The Attr class
is the root class for each of these classes. It is used in rotigm with the Attribute and Wattribute classes
to implement Tango attribute behaviour. It defines threenoad which are thes_allowed, reacandwrite
methods. A defaulis_allowedmethod exists for attribute always allowed. Defagtid andwrite empty
methods are defined. For readable attribute, it is necessaryerwrite theread method. For writable
attribute, it is necessary to overwrite theite method and for read and write attribute, both methods must
be overwritten.

8.1.2.10 The SpectrumAttr class

This class inherits from the Attr class. It is the base classi$er spectrum attribute. It is used in conjonc-
tion with the Attribute and WAttribute class to implementngm spectrum attribute behaviour. From the
Attr class, it inherits the Attis_allowed read andwrite methods.

8.1.2.11 The ImageAttr class

This class inherits from the SpectrumAttr class. It is theebelass for user image attribute. It is used in
conjonction with the Attribute and WALttribute class to iraplent Tango image attribute behaviour. From
the Attr class, it inherits the Atis_allowed read andwrite methods.

8.1.2.12 The StepperMotor class

8.1.2.12.1 Description This class inherits from the Devicelmpl class and is thesclagplementing the
controlled object behavior. Each command will trigger amoetin this class written by the device server
programmer and specific to the object to be controlled. Tlasscalso stores all the device specific data.

8.1.2.12.2 Definition

1 class StepperMotor: public Tango::Devicelmpl

2 {

3 public

4 StepperMotor(Tango::DeviceClass * string &);

5 StepperMotor(Tango::DeviceClass * const char *);

6 StepperMotor(Tango::DeviceClass * const char * const char *);
7 ~StepperMotor() {};

8

9 DevLong dev_read_position(DevLong);

10 DevLong dev_read_direction(DevLong);
11 bool direct_cmd_allowed(const CORBA::Any &);

13  virtual Tango::DevState dev_state();
14  virtual Tango::ConstDevString dev_status();

15

16  virtual void always_executed_hook();

17

18  virtual void read_attr_hardware(vector<long> &attr | ist);
19

20 void read_position(Tango::Attribute &);

21 bool is_Position_allowed(Tango::AttReqType req);
22 void write_SetPosition(Tango::WAttribute &);

23  void read_Direction(Tango::Attribute &);
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24
25
26
27
28
29

virtual void init_device();
virtual void delete_device();

void get device_properties();

30 protected :

long axis]AGSM_MAX_MOTORS];
DevLong position[AGSM_MAX_MOTORS];
DevLong directionfAGSM_MAX_MOTORS];
long state[AGSM_MAX_MOTORS];

31
32
33
34
35
36
37
38
39
40
41
42
43
44 };
45

Tango::
Tango::
Tango::

Tango::
Tango::

Tango::

DevLong  =attr_Position_read;
DevLong  =attr_Direction_read;
DevLong attr_SetPosition_write;

DevLong min;
DevLong max;

DevLong  *ptr;

46 } /| » End of StepperMotor namespace */

Line 1 : The StepperMotor class inherits from the Deviceloiass
Line 4-7 : Class constructors and destructor

Line 9 : Method triggered by the DevReadPosition command
Line 10-11 : Methods triggered by the DevReadDirection c@anch

Line 13 : Redefinition of thelev_statenethod of the Devicelmpl class. This method will be triggere

by the State command
Line 14 : Redefinition of thelev_stats method of the Devicelmpl class. This method will be trigger
by the Status command
Line 16 : Redefinition of thelways_executed hoaokethod.
Line 25 : Definition of thanit_devicemethod (declared as pure virtual by the Devicelmpl class)
Line 26 : Definition of thedelete devicenethod
Line 30-44 : Device data

8.1.2.13 The StepperMotorClass class

8.1.2.13.1 Description This class inherits from the DeviceClass class. Like thei@&Vass class,

there should be only one instance of the StepperMotorCIHgs. is ensured because this class is written
following the Singleton pattern as defined iri]]. All controlled object class data which should be defined

only once per class must be stored in this object.

8.1.2.13.2 Definition

1 class StepperMotorClass : public DeviceClass

2{
3 public:

4 static StepperMotorClass *init(const char *);
5 static StepperMotorClass *instance();
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6 ~StepperMotorClass() {_instance = NULL;}

7

8 protected:

9 StepperMotorClass(string &);

10 static StepperMotorClass *_instance;

11 void command_factory();

12

13 private:

14 void device_factory(Tango_DevVarStringArray *);
15};

Line 1 : This class is a sub-class of the DeviceClass class

Line 4-5 and 9-10: Methods and data member necessary foiiilgéef®n pattern

Line 6 : Class destructor

Line 11 : Definition of thecommand_factorgnethod declared as pure virtual in the DeviceClass call
Line 13-14 : Definition of thalevice_factorynethod declared as pure virtual in the DeviceClass class

8.1.2.14 The DevReadPosition class

8.1.2.14.1 Description This is the class for the DevReadPosition command. Thisdlaplements
the executeandis_allowedmethods defined by the Command class. This class is necdsszayise this
command is implemented using the inheritance model.

8.1.2.14.2 Definition

1 class DevReadPositionCmd : public Command

2{

3 public:

4 DevReadPositionCmd(const char *, Tango_CmdArgTypegda@mdArgType, const char *, const
char®);

5 ~DevReadPositionCmd() {};

6

7 virtual bool is_allowed (Devicelmpl *, const CORBA::Any)&

8 virtual CORBA::Any *execute (Devicelmpl *, const CORBAny &);

9%

Line 1 : The class is a sub class of the Command class

Line 4-5 : Class constructor and destructor

Line 7-8 : Definition of theis_allowedandexecutemethod declared as pure virtual in the Command
class.

8.1.2.15 The PositionAttr class

8.1.2.15.1 Description This is the class for the Position attribute. This attriigta scalar attribute and
therefore inherits from the Attr base class. This class é@mgnts theeadandis_allowedmethods defined
by the Attr class.
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8.1.2.15.2 Definition

1 class PositionAttr: public Tango::Attr

2{

3 public:

4 PositionAttr():Attr("Position”,Tango::DEV_LONG, Tae::READ);

5 ~PositionAttr() {};

6

7 virtual void read(Tango::Devicelmpl *dev, Tango:: Aliuite &att)

8 {(static_cast<StepperMotor *>(dev))->read_Positait)(}

9 virtual bool is_allowed(Tango::Devicelmpl *dev, Tang&itReqType ty)
10 {return (static_cast<StepperMotor *>(dev))->is_Riosi_allowed(ty);}
11}

Line 1 : The class is a sub class of the Attr class

Line 4-5 : Class constructor and destructor

Line 7 : Re-definition of theead method defined in the Attr class. This is simply a "forwardthe
read_Positiormethod of the StepperMotor class

Line 9 : Re-definition of thes_allowedmethod defined in the Attr class. This is also a "forward" to
theis_Position_allowednethod of the StepperMotor class

8.1.3 Startup of a device pattern

To start the device pattern implementation for stepper nagwice, four methods of the StepperMotorClass
class must be executed. These methods are :

1. The creation of the StepperMethodClass singleton viaiit§ method
2. Thecommand_factoiy method of the StepperMotorClass class

3. Theattribute_factory) method of the StepperMotorClass class. This method hasaald empty
body for device class without attributes.

4. Thedevice_factorf) method of the StepperMotorClass class

This startup procedure is described in fig8r2. The creation of the StepperMotorClass will automatically
create an instance of the DeviceClass class. The congtafttee DeviceClass class will create the Status,
State and Init command objects and store them in its commnisind |

Thecommand_factoy method will simply create all the user defined commandsaatttithem in the
command list.

Theattribute_factory) method will simply build a list of device attribute names.

Thedevice_factorf) method will create each StepperMotor object and stonmtinghe StepperMotor-
Class instance device list. The list of devices to be createtheir names is passed to thevice_factory
method in its input argument. StepperMotor is a sub-cla€3avicelmpl class. Therefore, when a Step-
perMotor object is created, a Devicelmpl object is also te@aThe Devicelmpl constructor builds all the
device attribute object(s) from the attribute list builttne attribute_factory(method.
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described how the method implementing a command is exeauteth a command_inout CORBA
operation is requested by a client. Tbemmand_inoumethod of the StepperMotor object (inherited
from the Devicelmpl class) is triggered by an instance ofagglgenerated by the CORBA IDL compiler.
This method calls theommand_handl€y method of the StepperMotorClass object (inherited friwen t
DeviceClass class). Tmmmand_handlanethod searches in its command list for the wanted command
(using its name). If the command is found, tdevays_executed_hoakethod of the StepperMotor object
is called. Then, thés_allowedmethod of the wanted command is executed. Ifithallowedmethod
returns correctly, thexecutemethod is executed. Thexecutenethod extracts the incoming data from the
CORBA object use to transmit data over the network and dadisiser written method which implements
the command.

8.1.5 The automatically added commands

In order to increase the common behavior of every kind of aevin a TANGO control system, three
commands are automatically added to each class of devibeselcommands are :

* State
e Status
* |nit

The default behavior of the method called by the State condrdapends on the device state. If the device
state is ON or ALARM, the method will :

« read the attribute(s) with an alarm level defined

» check if the read value is above/below the alarm level arehially change the device state to
ALARM.

* returns the device state.

For all the other device state, the method simply returngithéce state stored in the Devicelmpl class.
Nevertheless, the method used to return this state (cd#edstatgis defined as virtual and can be rede-
fined in Devicelmpl sub-class. The difference between tHauleState command and the state CORBA
attribute is the ability of the State command to signal anreo the caller by throwing an exception.

The default behavior of the method called by the Status camdndapends on the device state. If the
device state is ON or ALARM, the method returns the devictustatored in the Devicelmpl class plus
additional message(s) for all the attributes which areanmalcondition. For all the other device state, the
method simply returns the device status as it is stored i#acelmpl class. Nevertheless, the method
used to return this status (callddv_statupis defined as virtual and can be redefined in Devicelmpl sub-
class. The difference between the default Status commahtharstatus CORBA attribute is the ability of
the Status command to signal an error to the caller by thrpaimexception.

The Init command is used to re-initialize a device withouamrging its network connection. This
command calls the devicdelete devicenethod and the devicmit_devicemethod. The rule of the
delete_devicenethod is to free memory allocated in tht_devicemethod in order to avoid memory
leak.

8.1.6 Reading/Writing attributes

8.1.6.1 Reading attributes

A Tango client is able to read Tango attribute(s) with the ®@BRead_attributes call. Inside the device
server, this call will trigger several methods of the delzss (StepperMotor in our example) :

1. Thealways_executed_hookfjethod.
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2. A method callread_attr_hardware() This method is called one time per read_attributes CORBA
call. The aim of this method is to read the device hardwaretarstore the result in a device class
data member.

3. For each attribute to be read

(@) A method calleds_<att name>_allowed() The rule of this method is to allow (or disallow)
the next method to be executed. It is usefull for device witms attributes which can be read
only in some precise conditions. It has one parameter wkitie request type (read or write)

(b) A method calledead_<att name>() The aim of this method is to extract the real attribute
value from the hardware read-out and to store the attrilaitesvinto the attribute object. It has
one parameter which is a reference to the Attribute objeléetread.

The figure8.4is a drawing of these method calls sequencing. For attriblays readable, a default
is_allowedmethod is provided. This method always returns true.

StepperMotor object PositionAttr class StepperMotor object

read_attribute
E—— — always_executed_hook

F

|
read_attr_hardware I
is_Position_allowed
is_allowed D -
read_Position
read D

Figure 8.4: Read attribute sequencing

8.1.6.2 Writing attributes

A Tango client is able to write Tango attribute(s) with the RBA write_attributes call. Inside a device
server, this call will trigger several methods of the de\dlzss (StepperMotor in our example)

1. Thealways_executed_hookflethod.

2. For each attribute to be written

(&) Amethod calleis_<att name>_allowed()The rule of this method is to allow (or disallow) the
next method to be executed. It is usefull for device with sattebutes which can be written
only in some precise conditions. It has one parameter whitte request type (read or write)

(b) A method calledvrite_<att name>() It has one parameter which is a reference to the WAt-
tribute object to be written. The aim of this method is to det tata to be written from the
WALtribute object and to write this value into the corresgioig hardware.

The figure8.5is a drawing of these method calls sequencing. For attriaways writeable, a default
is_allowed method is provided. This method always allwaygms true.
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StepperMotor object PositionAttr class StepperMotor object

write_attribute
I — always_executed_hook \

is_Position_allowed
is_allowed

- write _Position
write =

L F

Figure 8.5: Write attribute sequencing

8.1.7 The device server framework
8.1.7.1 Vocabulary

A device server pattern implementation is embedded in agsocalled a@evice server Several instances
of the same device server process can be used in a TANGO tsydtem. To identify instances, a device
server process is started with arstance namewhich is different for each instance. The device server
name is the couple device server executable name/devigersastance name. For instance, a device
server started with the following command

Perkin id11

starts a device server process with an instance name id Exeamntable name Perkin and a device server
name Perkin/id11.

8.1.7.2 The DServer class

In order to simplify device server process administratiilevice of the DServer class is automatically
added to each device server process. Thus, every devicer ggocess supports the same set of adminis-
tration commands. The implementation of this DServer dielésws the device pattern and therefore, its

device behaves like any other devices. The device name is

dserver/device server executable name/device servanceshame

Forinstance, for the device server process described ptetal.7.1 the dserver device name is dserver/perkin/id11.
This name is returned by the adm_name CORBA attribute dlaifar every device. On top of the three
automatically added commands, this device supports thafivlg commands :

* DevRestart

* RestartServer
e QueryClass

e QueryDevice

* Kill
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« SetTracelevel (Java server only)

« GetTracelLevel (Java server only)

e SetTraceOutput (Java server only)

e GetTraceOutput (Java server only)

e AddLoggingTarget (C++ server only)
« RemovelLoggingTarget (C++ server only)
« GetLoggingTarget (C++ server only)
« GetLoggingLevel (C++ server only)
« SetLoggingLevel (C++ server only)
e StopLogging (C++ server only)
 StartLogging (C++ server only)
 PolledDevice

» DevPollStatus

e AddObjPolling

¢ RemObjPolling

e UpdObjPollingPeriod

« StartPolling

 StopPolling

< EventSubscriptionChange
 LockDevice

e UnLockDevice

* RelLockDevices

» DevLockStatus

These commands will be fully described later in this docutmen

Several controlled object classes can be embedded withisaime device server process and it is the
rule of this device to create all these device server pattena to call their command and device factories
as described i8.1.3 The name and number of all the classes to be created is kmothistdevice after
the execution of a method callethss_factoryWith C++, it is the user responsibility to write this method
Using Java, this method is already written and automagicalrieves which classes must be created and
creates them.

8.1.7.3 The Tango::Util class

8.1.7.3.1 Description This class merges a complete set of utilities in the sams.clas implemented

as a singleton and there is only one instance of this clas$guize server process. It is mandatory to create
this instance in order to run a device server. The descnptfall the methods implemented in this class
can be found in{].
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Tango::Util Database

server_init() 1
server_run()

Device server pattern(s) implementing device class{es)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| Devicelmpl ! 3 DeviceClass !
} DServer i | AClass i
| i |
| | (

Figure 8.6: A complete device server

8.1.7.3.2 Contents Within this class, you can find :

Static method to create/retrieve the singleton object

Miscellaneous utility methods like getting the serverpuittrace level, getting the CORBA ORB
pointer, retrieving device server instance name, gettiegserver PID and more. Please, referdo [
to get a complete list of all these utility methods.

Method to create the device pattern implementing the DSartass gerver_init()
Method to start the servesérver_run()

TANGO database related methods

8.1.7.4 A complete device server

Within a complete device server, at least two implementstaf the device server pattern are created (one
for the dserver object and the other for the class of devizeshtrol). On top of that, one instance of the
Tango::Util class must also be created. A drawing of a coteplevice server is in figui@ 6

8.1.7.5 Device server startup sequence

The device server startup sequence is the following :

1.
2.

Create an instance of the Tango::Util class. This witiatize the CORBA Object Request Broker

Called theserver_initmethod of the Tango::Util instance The call to this metholdl wi

(a) Create the DServerClass object of the device patterlemamnting the DServer class. This will
create the dserver object which during its constructioh:wil
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i. Called theclass_factorymethod of the DServer object. This method must create all the
xxxClass instance for all the device pattern implementegimbedded in the device server
process.

ii. Callthecommand_factorgnddevice_factorpf all the classes previously created. The list
of devices passed to each call to ttevice_factorynethod is retrieved from the TANGO
database.

3. Wait for incoming request with theerver_run(method of the Tango::Util class.

8.2 Exchanging data between client and server

Exchanging data between clients and server means mosttofitnpassing data between processes running
on different computer using the network. Tango limits theetpf data exchanged between client and server
and defines a way to exchange these data. This chapter dle¢sitsfeatures. Memory allocation and error
reporting are also discussed.

Allthe rules described in this chapter are valid only for data exchanged between client and server.
For device server internal data, classical C++ or Java typesan be use.

8.2.1 Command / Attribute data types

Commands have a fixed calling syntax - consisting of one iagguiment and one output argument. Argu-
ments type must be chosen out of a fixed set of 19 data typedolitwing table details type name, code
and the corresponding CORBA IDL types.

The type name used in the type name column of this table is #her@me. In the IDL file, all the
Tango definition are grouped in a IDL module named Tango. Therhodule maps to C++ namespace.
Therefore, all the data type are parts of a namespace callegbT For Java, the IDL module maps to Java
package and name are not changed related to the IDL file.

| Type name | IDL type
Tango::DevBoolean boolean
Tango::DevShort short
Tango::DevLong long
Tango::DevLong64 long long
Tango::DevFloat float
Tango::DevDouble double
Tango::DevUShort unsigned short
Tango::DevULong unsigned long
Tango::DevULong64 unsigned long long
Tango::DevString string

Tango::DevVarCharArray sequence of unsigned char
Tango::DevVarShortArray sequence of short
Tango::DevVarLongArray sequence of long
Tango::DevVarLong64Array | sequence of long long
Tango::DevVarFloatArray sequence of float
Tango::DevVarDoubleArray | sequence of double
Tango::DevVarUShortArray | sequence of unsigned short
Tango::DevVarULongArray | sequence of unsigned long
Tango::DevVarULong64Array | sequence of unsigned long long
Tango::DevVarStringArray sequence of string
Tango::DevVarLongStringArray| structure with a sequence of long and a sequence of string
Tango::DevVarDoubleStringArray structure with a sequence of double and a sequence of string
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enumeration
structure with a string and a sequence of char

Tango::DevState
Tango::DevEncoded

The CORBA Interface Definition Language uses a type caémliencdor variable length array. This
sequence type is mapped differently according to the lagguaed (C++ or Java). The Tango::DevUxxx
types are used for unsigned types. The Tango::DevVarxeagdmust be used when the data to be trans-
ferred are variable length array. The Tango::DevVarLorig§array and Tango::DevVarDoubleStringArray
are structures with two fields which are variable lengthyaofaiTango long (32 bits) and variable length
array of strings for the Tango::DevVarLongStringArray aradiable length array of double and variable
length array of string for the Tango::DevVarDoubleStrimggy. The Tango::State type is used by the State
command to return the device state.

8.2.1.1 Using command data types with C++

Unfortunately, the mapping between IDL and C++ was definddrbethe C++ class library had been
standardized. This explains why the standard C++ stringsala vector classes are not used in the IDL to
C++ mapping.

TANGO commands argument types can be grouped on five groygendiang on the IDL data type
used. These groups are :

1. Datatype using basic types (Tango::DevBoolean, TabgoShort, Tango::DevLong, Tango::DevFloat,
Tango::DevDouble, Tango::DevUshort and Tango::DevUlDong

2. Data type using strings (Tango::DevString type)

3. Data types using sequences (Tango::DevVarxxxArraystgpeept Tango::DevVarLongStringArray
and Tango::DevVarDoubleStringArray)

4. Data types using structures (Tango::DevVarLongStringypand Tango::DevVarDoubleStringArray
types)
5. Data type using enumeration (Tango::DevState type)
In the following sub chapters, only summaries of the IDL totGwapping are given. For a full description

of the C++ mapping, please refer tg [

8.2.1.1.1 Basic types For these types, the mapping between IDL and C++ is obviodslafined in the
following table.

Tango type name | IDL type | C++ typedef
Tango::DevBoolean boolean CORBA::Boolean unsigned char
Tango::DevShort short CORBA::Short short
Tango::DevLong long CORBA::Long int
Tango::DevLong64 long long CORBA::LongLong long long or long (64 bits chip)
Tango::DevFloat float CORBA::Float float
Tango::DevDouble double CORBA::Double double

Tango::DevUShort

unsigned short

CORBA::UShort

unsigned short

Tango::DevULong

unsigned long

CORBA::ULong

unsigned long

Tango::DevULong64

unsigned long long

CORBA:ULonglLong

unsigned long long or unsigned long (64 bits ch
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The types defined in the column named C++ should be used fdtex pertability. All these types are
defined in the CORBA namespace and therefore their qualiietks is CORBA::xxX.

8.2.1.1.2 Strings Strings are mapped tohar *. The use ofnewand deletefor dynamic allocation
of strings is not portable. Instead, you must use helpertiomg defined by CORBA (in the CORBA
namespace). These functions are :

char *CORBA::string_alloc(unsigned long len);
char *CORBA::string_dup(const char *);
void CORBA::string_free(char *);

These functions handle dynamic memory for strings. §thieg_allocfunction allocates one more byte
than requested by the len parameter (for the trailing 0). fihetion string_dupcombines the allocation
and copy. Bottstring_allocandstring_dupreturn a null pointer if allocation fails. Thatring_freefunction
must be used to free memory allocated wsthing_allocandstring_dup Calling string_freefor a null
pointer is safe and does nothing. The following code fragriseain example of the Tango::DevString type
usage

1 Tango::DevString str = CORBA::string_alloc(5);

2 strepy(str,"TANGO");

3

4 Tango::DevString strl = CORBA::string_dup("Do you wamtianse TANGO?");
5

6 CORBA::string_free(str);

7 CORBA::string_free(strl);

Line 1-2 : TANGO is a five letters string. The CORBA::stringjoa function parameter is 5 but the
function allocates 6 bytes

Line 4 : Example of the CORBA::string_dup function

Line 6-7 : Memory deallocation

8.2.1.1.3 SequencesIDL sequences are mapped to C++ classes that behave likers@gth a variable
number of elements. Each IDL sequence type results in aaep@r+ class. Within each class repre-
senting a IDL sequence types, you find the following methady(the main methods are related here)

1. Four constructors.

(a) A default constructor which creates an empty sequence.

(b) The maximum constructor which creates a sequence withaneallocated for at least the
number of elements passed as argument. This does not liemitiumber of element in the
sequence but only the way how memory is allocated to storeezié

(c) A sophisticated constructor where it is possible togasshe memory used by the sequence
with a preallocated buffer.
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(d) A copy constructor which does a deep copy

2. An assignment operator which does a deep copy
3. Alengthaccessor which simply returns the current number of elesriarthe sequence

4. A lengthmodifier which changes the length of the sequence (whicHfisrdnt than the number of
elements in the sequence)

5. Overloading of the [] operator. The subscript operat@rfivides access to the sequence element.
For a sequence containing elements of type T, the [] opeistmrerloaded twice to return value of
type T & and const T &. Insertion into a sequence using the Brapor for the const T & make a
deep copy. Sequence are numbered between @agth) -1.

Note that using the maximum constructor will not prevent from setting the length of the sequence with a
call to the length modifier. The following code fragment issmample of how to use a Tango::DevVarLongArray

type

1 Tango::DevVarLongArray *mylongseq_ptr;

2 mylongseq_ptr = new Tango::DevVarLongArray();
3 mylongseq_ptr->length(4);

4

5 (*mylongseq_ptr)[0] = 1;

6 (*mylongseq_ptn)[1] = 2;

7 (*mylongseq_ptr)[2] = 3;

8 (*mylongseq_ptr)[3] = 4;

9

10 // (*mylongseq_ptr)[4]=5;

11

12 CORBA::Long nb_elt = mylongseq_ptr->length();
13

14 mylongseq_ptr->length(5);
15 (*mylongseq_ptr)[4] = 5;

16
17 for (inti = 0;i < mylongseq_ptr->length();i++)
18 cout << "Sequenceelt " << i+ 1 <<" =" << (*mylongseq_pir{ endl;

Line 1 : Declare a pointer to Tango::DevVarLongArray typdeths a sequence of long

Line 2 : Create an empty sequence

Line 3 : Change the length of the sequence to 4

Line 5 - 8 : Initialize sequence elements

Line 10 ; Oups !l The length of the sequence is 4. The behafithis line is undefined and may be a
core can be dumped at run time

Line 12 : Get the number of element actually stored in the sege

Line 14-15 : Grow the sequence to five elements and initi@ieenent number 5

Line 17-18 : Print sequence element

Another example for the Tango::DevVarStringArray typeiieeg
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1 Tango::DevVarStringArray mystrseq(4);

2 mystrseq.length(4);

3

4 mystrseq[0] = CORBA::string_dup("Rock and Roll");
5 mystrseq[1] = CORBA::string_dup("Bossa Nova");

6 mystrseq[2] = CORBA::string_dup(“Waltz");

7 mystrseq[3] = CORBA::string_dup("Tango");

8

9 CORBA::Long nb_elt = mystrseq.length();

10

11 for (inti = 0;i < mystrseq.length();i++)

12 cout << "Sequence elt" << i+ 1 <<" =" << mystrseq|[i] << endl;

Line 1 : Create a sequence using the maximum constructor

Line 2 : Set the sequence length to 4. This is mandatory ewsuiised the maximum constructor.
Line 4-7 : Populate the sequence

Line 9 : Get how many strings are stored into the sequence

Line 11-12 : Print sequence elements.

8.2.1.1.4 Structures Onlythree TANGO types are defined as structures. These &ypdke Tango::DevVarLongStringArray,
the Tango::DevVarDoubleStringArray and the Tango::Desdtfed data type. IDL structures map to C++

structures with corresponding members. For the TangoVBwongStringArray, the two members are

namedsvaluefor the sequence of strings alvdluefor the sequence of longs. For the Tango::DevVarDouble#tiray,

the two structure members are caldhluefor the sequence of strings anddaluefor the sequence of

double. For the Tango::DevEncoded, the two structure mesrdre callecencoded_formafor a string

describing the data coding amthicoded_datéor the data themselves. The encoded_data field type is a
Tango::DevVarCharArray. An example of the usage of the daimgvVarLongStringArray type is detailed

below.

1 Tango::DevVarLongStringArray my_vl;

2

3 myvl.svalue.length(2);

4 myvl.svalue[0] = CORBA _string_dup("Samba");
5 myvl.svalue[1] = CORBA_string_dup("Rumba");
6

7 myvl.lvalue.length(1);

8 myvl.lvalue[0] = 10;

Line 1 : Declaration of the structure
Line 3-5: Initialization of two strings in the sequence afre member
Line 7-8 : Initialization of one long in the sequence of longmber

8.2.1.1.5 Enumeration Only one TANGO type is an enumeration. This is the Tango:Rate type
used to transfer device state between client and server.elimerated types map to C++ enumerations
(amazing no!) with a trailing dummy enumerator to force eruamtion to be a 32 bit type. The first
enumerator will have the value 0, the next one will have tHeeva and so on.
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1 Tango::DevState state;
2

3 state = Tango::ON;

4 state = Tango::FAULT;

8.2.1.2 Using command data types with Java

All the rules described in this chapter are valid only foradakchanged between client and server. For
device server internal data, classical Java types can be use

TANGO commands argument types can be grouped on four graemending on the IDL data type
used. These groups are :

1. Data type using basic types (DevBoolean, DevShort, Degl ®evFloat, DevDouble, DevUShort,
DevULong and DevString)

2. Data types using sequences (DevVarxxxArray types exgepYarLongStringArray and DevVar-
DoubleStringArray)

3. Data types using structures (DevVarLongStringArray BedVarDoubleStringArray types)
4. Data type using enumeration (DevState type)
In the following sub chapters, only summaries of the IDL t@aJaapping are given. For a full description

of the Java mapping, please refer 1@]|

8.2.1.2.1 Basic types For these types, the mapping between IDL and Java is obviwudefined in the
following table.

| Tango type name IDL type | Java type|
DevBoolean boolean boolean
DevShort short short
DevLong long int
DevLong64 long long long
DevFloat float float
DevDouble double double
DevString string String
DevUShort unsigned short short
DevULong unsigned long int
DevULong64 | unsignedlonglong long

The Java int is a 32 bits typand therefore, the DevLong type maps to Java int. Java ddesipport
unsigned types, this is why the DevUShort type maps to smatrtlae DevULong type maps to int. In the
contrary of C++, Java does not support a preprocessor anefthe, declaring a data from the DevLong
type (or any other type in the previous table) will result ampiler errors. Instead, the Java types must be
used.

IDL string maps directly to java.lang.String class.

3The Java long type is a 64 bits data type
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8.2.1.2.2 SequencesIDL sequences map to Java array. The following tables detfaél mapping used

for Tango sequence types.

Tango type name | IDL type | Java type|
DevVarCharArray sequence of byte byte(]
DevVarShortArray sequence of short short]]
DevVarLongArray sequence of long int[]
DevVarLong64Array sequence of long long long(]
DevVarFloatArray sequence of float float[]
DevVarDoubleArray sequence of double double(]
DevVarUShortArray sequence of unsigned short| short[]
DevVarULongArray sequence of unsigned long int[]
DevVarULong64Array| sequence of unsigned long long long]]
DevVarStringArray sequence of string String]]

8.2.1.2.3 Structures IDL structures map to a final Java class with the same name. Cldss provides
instance variables for all IDL structure fields. It also poms a default constructor and a constructor from
all structures fields values. The class name, the field nahéypes are summaries in the following table

field name | field Java type]

Tango type name Java class name
DevVarLongStringArray | DevVarLongStringArray Ivalue int[]
svalue String]]
DevVarDoubleStringArray DevVarDoubleStringArray dvalue double(]
svalue String][]
DevEncoded DevEncoded encoded_format String
encoded_data char[]

8.2.1.2.4 Enumeration Enumeration does not exist in Java. An IDL enumeration ispedpo a final
class with the same name as the enum type. This class hadltvarig members :

1. Avaluemethod which returns the value as an integer.

2. A pair of static data members per label.
(a) The first one is an integer with a name equals to the labeénaepended with an underscore

(“_") like _ON for instance.
(b) The second one is a reference to an object of the classseming the enumeration with its

value set to the label value.
3. An integer conversion method callé@m_int which returns a reference to an object of the class
representing the enumeration

4. A private constructor
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The following code fragment is an example of Tango commanal yapes usage

1 shortl=2;

2

3 String[] str_array = new String[2];

4 str_array[0] = new String("Be Bop");

5 str_array[1] = new String("Break dance");

6

7 System.out.printin("Elt nb in DevVarStringArray data ‘str_array.length);
8 for (inti = 0;i < str_array.length;i++)

9 System.out.printin("Element value =" + str_array[i]);
10

11 DevVarLongStringArray Is = new DevVarLongStringArrgy(
12 Is.lvalue = new int[1];

13ls.lvalue[0] = 1;

14 Is.svalue = new String[2];

15 Is.svalue[0] = new String("Smurf");

16 Is.svalue[1] = new String("Pogo");

17

18 DevState st = DevState.FAULT;

19 switch (st.value())

20 {

21 case DevState._ ON:

22 System.out.printin("The state is ON");

23 st = DevState.FAULT;

24 break;

25

26 case DevState. FAULT :

27 System.out.printin("The state is FAULT");

28 st = DevState.ON;

29 break;

30}

Line 1 : Use of a DevShort type (pretty simple no)

Line 3-5: Use of a DevVarStringArray data type with 2 elensent

Line 7-9 : Print DevVarStringArray data element number aaldig

Line 11-16 : Use of a DevVarLongStringArray data type

Line 18 : Initialization of a DevState data with the FAULT t&ta

Line 19 : Test on the DevState data value

Line 21 : Use the integer value associated to each enumetabel to test DevState data
Line 23 : Update DevState data value

8.2.2 Passing data between client and server

In order to have one definition of the CORBA operation usedetodsa command to a device whatever
the command data type is, TANGO uses CORBA lary object. The IDL typeany provides a universal
type that can hold a value of arbitrary IDL types. Tygrgytherefore allows you to send and receive values
whose types are not fixed at compile time.

Typeanyis often compared to a void * in C. Like a pointer to void,amyvalue can denote a datum of
any type. However, there is an important difference; wheeeaoid * denotes a completely untyped value
that can be interpreted only with advance knowledge of e tywalues of typ@any maintain type safety.
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For example, if a sender places a string value intaay the receiver cannot extract the string as a value
of the wrong type. Attempt to read the contents obalyas the wrong type cause a run-time error.
Internally, a value of typany consists of a pair of values. One member of the pair is theahualue
contained inside thanyand the other member of the pair is the type code. The typeisadescription
of the value’s type. The type description is used to enfoype tsafety when the receiver extracts the
value. Extraction of the value succeeds only if the recedxracts the value as a type that matches the
information in the type code.
Within TANGO, the command input and output parameters ajeoth of the IDLany type. Only
insertion/extraction of all types defined as command datagys possible into/from thes@yobjects.

8.2.2.1 C++ mapping for IDL any type

The IDL any maps to the C++ cla&ORBA::Any . This class contains a large nhumber of methods with
mainly methods to insert/extract data into/from the anyrdivides a default constructor which builds an
any which contains no value and a type code that indicatess&hee”. Such an any must be used for
command which does not need input or output parameter. Temtp<<= is overloaded many times
to insert data into an any object. The operaipe is overloaded many times to extract data from an any
object.

8.2.2.1.1 Inserting/Extracting TANGO basic types The insertion or extraction of TANGO basic types
is straight forward using the <<= or >>= operators. Nevdebg the Tango::DevBoolean type is mapped
to a unsigned char and other IDL types are also mapped to chartype (The unsigned is not taken
into account in the C++ overloading algorithm). Therefdtés not possible to use operator overload-
ing for these IDL types which map to C++ char. For the TangevBoolean type, you must use the
CORBA::Any::from_booleaor CORBA::Any::to_booleamtermediate objects defined in the CORBA::Any
class.

8.2.2.1.2 Inserting/Extracting TANGO strings The <<= operator is overloaded for const char * and
always makes a deep copy. This deep copy is done using the 80sihg_dupfunction. The extraction
of strings uses the >>= overloaded operator. The main pethtit the Any object retains ownership of the
string, so the returned pointer points at memory inside thge. Ahis means that you must not deallocate
the extracted string and you must treat the extracted sasngad-only.

8.2.2.1.3 Inserting/Extracting TANGO sequences Insertion and extraction of sequences also uses the
overloaded <<= and >>= operators. The insertion operatovésloaded twice: once for insertion by
reference and once for insertion by pointer. If you inseralue by reference, the insertion makes a deep
copy. If you insert a value by pointer, the Any assumes theawship of the pointed-to memory.

Extraction is always by pointer. As with strings, you mustitrthe extracted pointer as read-only and
must not deallocate it because the pointer points at memaegynal to the Any.

8.2.2.1.4 Inserting/Extracting TANGO structures This is identical to inserting/extracting sequences.

8.2.2.1.5 Inserting/Extracting TANGO enumeration This is identical to inserting/extracting basic
types

1 CORBA::Any a;
2 Tango::DevLongI1,12;

311=2;
4 a<<= |1;
5a>>=12;

6
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7 CORBA::Any b;

8 Tango::DevBoolean b1,b2;

9 bl =true;

10 b <<= CORBA::Any::from_boolean(bl);
11 b >>= CORBA::Any::to_boolean(b2);
12

13 CORBA:Any s;

14 Tango::DevString strl,str2;

15 strl ="1 like dancing TANGO";

16 s <<= strl;

17 s >>=str2;

18

19 // CORBA::string_free(str2);

20 // a <<= CORBA::string_dup("Oups");
21

22 CORBA::Any seq;

23 Tango::DevVarFloatArray fl_arrl;

24 fl_arrl.length(2);

25fl_arrl[0] = 1.0;

26 fl_arrl[1] = 2.0;

27 seq <<=fl_arrl;

28 const Tango::DevVarFloatArray *fl_arr_ptr;
29 seq >>=fl_arr_ptr;

30

31// delete fl_arr_ptr;

Line 1-5: Insertion and extraction of Tango::DevLong type

Line 7-11 Insertion and extraction of Tango::DevBoolegretusing the CORBA::Any::from_boolean
and CORBA::Any::to_boolean intermediate structure

Line 13-17 : Insertion and extraction of Tango::DevStripget

Line 19 : Wrong ! You should not deallocate a string extradteth an any

Line 20 : Wrong ! Memory leak because the <<= operator will ld® ¢topy.

Line 22-29 : Insertion and extraction of Tango::DevVarxxrdy types. This is an insertion by refer-
ence and the use of the <<= operator makes a deep copy of thersmg Therefore, after line 27, it is
possible to deallocate the sequence

Line 31: Wrong.! You should not deallocate a sequence ebedifcom an any

8.2.2.2 The insert and extract methods of the Command class

In order to simplify the insertion/extraction into/from fuebjects, small helper methods have been written
in the Command class. The signatures of these methods are :

1 void extract(const CORBA::Any &,<Tango type> &);
2 CORBA::Any *insert(<Tango type>);

An extractmethod has been written for all Tango types. These methodatihe data from the Any
object passed as parameter and throw an exception if the ataytgpe is incompatible with the awaiting
type. Aninsertmethod have been written for all Tango types. These methemtean Any object, insert
the data into the Any and return a pointer to the created Amy. Tengo types mapped to sequences or
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structures, twansertmethods have been written: one for the insertion from poiael the other for the
insertion from reference. For Tango strings, twsertmethods have been written: one for insertion from a
classical Tango::DevString type and the other from a coasy®::DevString type. The first one deallocate
the memory after the insert into the Any object. The secoreany inserts the string into the Any object.

The previous example can be rewritten using the inserteitrelper methods (We suppose that we can
use the Command class insert/extract methods)

1 Tango::DevLong I1,12;

211=2;

3 CORBA::Any *a_ptr = insert(I1);
4 extract(*a_ptr,12);

5
6 Tango::DevBoolean b1,b2;
7 bl =true;

8 CORBA::Any *b_ptr = insert(b1);

9 extract(*b_ptr,b2);

10

11 Tango::DevString strl,str2;

12 strl ="l like dancing TANGO";

13 CORBA::Any *s_ptr = insert(strl);
14 extract(*s_ptr,str2);

15

16 Tango::DevVarFloatArray fl_arrl;

17 fl_arrl.length(2);

18 fl_arrl[0] = 1.0;

191l_arrl[1] = 2.0;

20 insert(fl_arrl);

21 CORBA::Any *seq_ptr = insert(fl_arrl);
22 Tango::DevVarFloatArray *fl_arr_ptr;
23 extract(*seq_ptr,fl_arr_ptr);

Line 1-4 : Insertion and extraction of Tango::DevLong type

Line 6-9 : Insertion and extraction of Tango::DevBoolegrety

Line 11-14 : Insertion and extraction of Tango::DevStripget

Line 16-23 : Insertion and extraction of Tango::DevVarxxrdy types. This is an insertion by refer-
ence which makes a deep copy of the sequence. Thereforeliaét@0, it is possible to deallocate the
sequence

8.2.2.3 Java mapping for IDL any type

The IDL any maps to the Java clasgg.omg.CORBA.Any. This class has all the necessary methods to
insert and extract instances of IDL native types (shortfioat, string..). The method name to insert native
IDL types isinsert_<type nameXinsert_shorf), insert_floaf), insert_strind)). They all take a reference

to the element to be inserted as argument. The method namtrdaoteasic types iextract_<type name>
(extract_shorf), extract_flo&() or extract_string)). These extract methods do not need argument and
return a reference to the extracted data. If the extractpmmations have a mismatched type, the CORBA
BAD_OPERATION exception is raised. An “any” object is cansted with thecreate _ang) method of

the CORBA “orb” object. This orb object represents the Obfequest Broker. Within a Tango device
server, you can retrieve it with a method of the TangoUtissldescribed in).
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8.2.2.3.1 Inserting/Extracting TANGO basic types and stiigs The insertion or extraction of TANGO
basic types and strings is straight forward using the irsextract methods provided by the org.omg.CORBA.Any
class.

8.2.2.3.2 Inserting/Extracting TANGO sequences, structes or enumeration The IDL to Java com-
piler generates Helper classes for all types defined in thefilB. The generated classes name is the name
of the type followed by the suffidelper (DevVarCharArrayHelper, DevLongHelper). Classes areegen
ated even for types which directly map to native Java typese@l static methods needed to manipulate
the type are supplied in these classes. These include “Arsgrt and extract operations for the type. For a
data type <typename>, the insert and extract method are :

* public static void insert(org.omg.CORBA.Any a, <typerei) {..}
* public static <typename> extract(Any a) {...}

Such classes exists for all the TANGO data types. The foligwiode fragment is an example of the
insertion/extraction in/from Any object with Java

1 Any a = TangoUtil.instance().get_orb().create_any();
2intll =1,

3 a.insert_long(l1);

4 int12 = a.extract_long();

5

6 DevLongHelper.insert(a,|1);

7 int I3 = DevLongHelper.extract(a);

8

9 Any s = TangoUtil.instance().get_orb().create_any();
10 String str = new String("l like dancing TANGO");

11 s.insert_string(str);

12 String str_ex = s.extract_string();

13

14 DevStringHelper.insert(s,str);

15 String str_help = DevStringHelper.extract(s);

16

17 Any arr = TangoUtil.instance().get_orb().create_gny(
18 int[] array = new int[2];

19 array[0] = 1;

20 array[1] = 2;

21 DevVarLongArrayHelper.insert(arr,array);

22 int[] array_ext = DevVarLongArrayhelper.extract(arr)

Line 1 : Create an instance of the Any class.

Line 3 : Insert a DevLong data into the Any object. The methacha is insert_long because this is a
method to insert an IDL long type into the object even if thé IDng type maps to an int in Java.

Line 4 : Extract a DevLong type from the Any

Line 6-7 : Insert or Extract DevLong data type to/from the Axject using the Helper class.

Line 9-12 : Create an Any object and a DevString data. InsettExtract this string into/from the Any
using the method provided by the any object

Line 14-15 : Insert or Extract string into/from the Any usimgthods provided by the Helper class

Line 17-22 : The same thing for data of the DevVarLongArrgyety Note that DevVarLongArray is
not a basic IDL type and the Any class does not provide methatsert/extract data of this type into/from
the Any. The use of the methods provided by the Helper clasmisdatory in this case.
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8.2.2.4 The insert and extract methods of the Command claserfJava

In order to simplify the insertion/extraction into/from fuebjects, small helper methods have been written
in the Command class. The signatures of these methods are :

1 <java type> extract_<Tango type_name>(Any);
2 Any insert(<Tango type>);

An extractmethod has been written for all Tango types. These methadaxhe data from the Any
object passed as parameter and throw an exception if the Ataytgpe is incompatible with the awaiting
type. All theseextractmethods take the same input parameter and only differ im tairn type which is
not taken into account for method overloading. Therefdre name of the method depends on the type of
the data to be extracted. The following is some example aktimeethod names and signatures :

« int extract_DevLong(Any) throws DevFailéal the DevLong type
* int[] extract_DevVarULongArray(Any) throws DevFailédr DevVarULongArray type
« String[] extract_DevVarStringArray(Any) throws DevFeadlfor DevVarStringArray

An insert method have been written for all Tango types. These metheateran Any object, insert the
data into the Any and return a pointer to the created Any. Theipus example can be rewritten using the
insert/extract helper methods (We suppose that we can asedimmand class insert/extract methods)

lintll=1;

2 Any a = insert(I1);

3int12 = extract_DevLong(a);

4

5 String str = new String ("l like dancing TANGQO");
6 Any s = insert(str);

7 String str_ex = extract_DevString(s);

8

9 int[] array = new int[2];

10 array[0] = 1;

11 array[1] = 2;

12 Any arr = insert(array);

13 int[] array_ext = extract_DevVarLongArray(arr);

Line 1-3 : Insertion/Extraction of DevLong type
Line 5-7 : Insertion/Extraction of DevString type
Line 9-13 : Insertion/Extraction of DevVarLongArray type

8.2.3 C++ memory management

The rule described here are valid for variable length conthtiata types like Tango::DevString or all the
Tango:: DevVarxxxxArray types.

The method executing the command must allocate the memex taspass data back to the client
or use static memory (like buffer declares as object data lmeemf necessary, the ORB will deallocate
this memory after the data have been sent to the caller. fatetly, for incoming data, the method have no
memory management responsibilities. The details aboutanemanagement given in this chapter assume
that the insert/extract methods of the Tango::Command @es used and only the method in the device
object is discussed.
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8.2.3.1 For string

Example of a method receiving a Tango::DevString and r@tgra Tango::DevString is detailed just below

1 Tango::DevString MyDev::dev_string(Tango::DevStrangin)

2{

3 Tango::DevString argout;

4

5 cout << "the received string is " << argin << endl;
6

7 string str("Am | a good Tango dancer ?");
8 argout = new char[str.size() + 1];

9 strcpy(argout,str.c_str());

10

11 return argout;

12}

Note that there is no need to deallocate the memory used biyntbening string. Memory for the
outgoing string is allocated at line 8, then it is initiakizat the following line. The memory allocated
at line 8 will be automatically freed by the usage of emmand::insert(inethod. Using this schema,
memory is allocated/freed each time the command is execufed constant string length, a statically
allocated buffer can be used.

1 Tango::ConstDevString MyDev::dev_string(Tango::Dewfg argin)

2{

3 Tango::ConstDevString argout;

4

5 cout << "the received string is " << argin << endl;
6

7 argout = "Hello world";
8 return argout;
9}

A Tango::ConstDevString data type is used. It is not a new @lahgo data type. It has been introduced
only to allowsCommand::insert(method overloading. The argout pointer is initialized aeli7 with
memory statically allocated. In this case, no memory willfleed by theCommand::insert(ynethod.
There is also ho memory copy in the contrary of the previousmle. A buffer defined as object data
member can also be used to set the argout pointer.

8.2.3.2 For array/sequence

Example of a method returning a Tango::DevVarLongArrayataded just below
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1 Tango::DevVarLongArray *MyDev::dev_array()
2{

3 Tango::DevVarLongArray *argout = new Tango::DevVarLaémay();
4

5long output_array length=...;

6 argout->length(output_array_length);

7 for (inti = 0;i < output_array_length;i++)

8 (*argout)[i] =1i;

9

10 return argout;

11}

In this case, memory is allocated at line 3 and 6. Then, theesexg is populated. The sequence
is created and returned using pointer. T®@@mmand::insert()nethod will insert the sequence into the
CORBA::Any object using this pointer. Therefore, the CORB¥y object will take ownership of the
allocated memory. It will free it when it will be destroyed thhe CORBA ORB after the data have been
sent away. Itis also possible to use a statically allocateshary and to avoid copying in the sequence used
to returned the data. This is explained in the following eglmassuming a buffer of long data is declared
as device data member and named buffer.

1 Tango::DevVarLongArray *MyDev::dev_array()

2{

3 Tango::DevVarLongArray *argout;

4

5long output_array_length=...;

6 argout = create_DevVarLongArray(buffer,output_artapgth);
7 return argout;

8}

At line 3 only a pointer to a DevVarLongArray is defined. Thisimter is set at line 6 using the
create_DevVarLongArrayhethod. This method will create a sequence using this bwiteout memory
allocation and with minimum copying. THReBommand::insert(jnethod used here is the same than the one
used in the previous example. The sequence is created in ¢hatthe destruction of the CORBA::Any
object in which the sequence will be inserted will not degtte buffer. The following create_xxx methods
are defined in the Devicelmpl class :

| Method name | datatype |
create_DevVarCharArray() | unsigned char
create_DevVarShortArray() short
create_DevVarLongArray() DevLong
create_DevVarLong64Array()) DevlLong64
create_DevVarFloatArray() float
create_DevVarDoubleArray() double
create_DevVarUShortArray()| unsigned short
create_DevVarULongArray()| DevULong
create_DevVarULong64Array() DevULong64
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8.2.3.3 For string array/sequence

Example of a method returning a Tango::DevVarStringArsagietailed just below

1 Tango::DevVarStringArray *MyDev::dev_str_array()
2{

3 Tango::DevVarStringArray *argout = new Tango::DevVangiArray();
4

5 argout->length(3);

6 (*argout)[0] = CORBA::string_dup("Rumba");

7 (*fargout)[1] = CORBA::string_dup("Waltz");

8 string str("Jerck");

9 (*argout)[2] = CORBA::string_dup(str.c_str());

10 return argout;

11}

Memory is allocated at line 3 and 5. Then, the sequence islatguliat lines 6,7 and 9. The usage
of the CORBA::string_dugunction also allocates memory. The sequence is createdetmched using
pointer. TheCommand::insert(jnethod will insert the sequence into the CORBA::Any objegihg this
pointer. Therefore, the CORBA::Any object will take ownlgigs of the allocated memory. It will free
it when it will be destroyed by the CORBA ORB after the dataénéeen sent away. For portability
reason, the ORB uses tEORBA::string_fredunction to free the memory allocated for each string. This
is why the correspondinGORBA::string_dp or CORBA::string_allodunction must be used to reserve
this memory.lt is also possible to use a statically allogdaemory and to avoid copying in the sequence
used to returned the data. This is explained in the follovexgmple assuming a buffer of pointer to char
is declared as device data member and named int_buffer.

1 Tango::DevVarStringArray *DocDs::dev_str_array()
2{

3int_buffer[0] = "first";

4 int_buffer[1] = "second";

5

6 Tango::DevVarStringArray *argout;

7 argout = create_DevVarStringArray(int_buffer,2);

8 return argout;

9}

The intermediate buffer is initialized with statically @tlated memory at lines 3 and 4. The returned
sequence is created at line 7 with ttreate_DevVarStringArray@nethod. Like for classical array, the
sequence is created in a way that the destruction of the CORBobject in which the sequence will be
inserted will not destroy the buffer.
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8.2.3.4 For Tango composed types

Tango supports only two composed types which are Tangov&é&wngStringArray and Tango::DevVarDoubleStringArray
These types are translated to C++ structure with two se@seficis not possible to use memory statically

allocated for these types. Each structure element mustitiglized as described in the previous sub-

chapters using the dynamically allocated memory case.

8.2.4 Reporting errors

Tango uses the C++ and Java try/catch plus exception mexhdaireport errors. Two kind of errors can
be transmitted between client and server :

1. CORBA system error. These exceptions are raised by the @RBindicates major failures (A
communication failure, An invalid object reference...)

2. CORBA user exception. These kind of exceptions are definéee IDL file. This allows an excep-
tion to contain an arbitrary amount of error information dfierary type.

TANGO defines one user exception call@dvFailed This exception is a variable length arrayldévEr-
ror type (a sequence of DevError). The DevError type is a fouddistructure. These fields are :

1. A string describing the type of the error. This string esgls an error code and allows a more easy
management of include files.

2. The error severity. It is an enumeration with the threeeslwhich are WARN, ERR or PANIC.
3. A string describing in plain text the reason of the error
4. A string describing the origin of the error

The Tango::DevFailed type is a sequence of DevError strestin order to transmit to the client what
is the primary error reason when several classes are ushthwitcommand. The sequence element 0
must be the DevError structure describing the primary erfomethod calledprint_exceptiof) defined

in the Tango::Except class prints the content of excep@DRBA system exception or Tango::DevFailed
exception). Some static methods of the Tango::Except clfsdthrow_exceptiof) can be used to throw
Tango::DevFailed exception. Some other static methodedced_throw_exception(jnay also be used
when the user want to add a new element in the exception segaed re-throw the exception. With Java,
these functions are static methods of the Except classil®etathese methods can be found . [

8.2.4.1 Example of throwing exception using C++

This example is a piece of code from tbemmand_handl€¢y method of the Devicelmpl class. An excep-
tion is thrown to the client to indicate that the requestemhic@nd is not defined in the command list.

1 TangoSys_OMemStream o;

2

3 0<<"Command " << command << " not found" << ends;
4 Tango::Except::throw_exception((const char *)"API| nGnandNotFound",
5 o.str(),

6 (const char *)"DeviceClass::command_handler");

7

8

9try

10{

11 ...

12}
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13 catch (Tango::DevFailed &e)

144

15 TangoSys_OMemStream o;

16

17 o0 <<"Command " << command << " not found" << ends;
18 Tango::Except::re_throw_exception(e,

19 (const char *)"API_CommandNotFound",

20 o.str(),

21 (const char *)"DeviceClass::command_handler");

22}

Line 1 : Build a memory stream. Use the TangoSys_MemStrearause memory streams are not
managed the same way between Windows and Unix

Line 3 : Build the reason string in the memory stream

Line 4-5: Throw the exception to client using one of theow_exceptiostatic method of the Except
class. This throw_exception method used here allows theitlefi of the error type string, the reason
string and the origin string of the DevError structure. Temaining DevError field (the error severity) will
be set to its default value. Note that the first and third patens are casted toanst char * Standard
C++ defines that such a string is alreadgamst char *but the GNU C++ compiler (release 2.95) does
not use this type inside its function overloading but ratiegs achar * which leads to calling the wrong
function.

Line 13-22 : Re-throw an already catched tango::DevFaileggtion with one more element in the
exception sequence.

8.2.4.2 Example of throwing exception using Java

This example is a fragment of code from tbemmand_handl€y method of the Devicelmpl class. An
exception is thrown to the client to indicate that the re¢g@sommand is not defined in the command list.

1 StringBuffer o = new StringBuffer("Command ");

2 o.append(command);

3 o.append(" not found");

4

5 Except.throw_exception("APlI_CommandNotFound",
6 o.toString(),

7 "DeviceClass.command_handler");

Line 1-3 : Build a string with a message describing the effbe StringBuffer class is used instead of
the String class because the StringBuffer class allowsmimeesizing of the string.

Line 5-7 : Throw the exception to client using the stdtiow_exceptiommethod of the Except class.
Thethrow_exceptiomethod used here allows the definition of the reason strirggdéscription string and
the origin string of the DevError structure. The remainingvBrror field (the error severity) will be set
to its default value. Like C++, some statie throw_exceptionfhethods also exist to re-throw DevFailed
exception with one more sequence element.

Note that the CORBA system exception inherits from the Jam@.RuntimeException. Exception
derivate from this class do not need to be catched or re-thrdwis is the case for the BAD_OPERATION
exception thrown when a mismatched type is used to extraatfdanm an Any object. CORBA user ex-
ception (like the DevFailed exception) inherits from thegj&xception class and needs to be catched or
re-thrown.



CHAPTER 8. WRITING A TANGO DEVICE SERVER 236

8.3 The Tango Logging Service

A first introduction about this logging service has been dorghapter3.5

The TANGO Logging Service (TLS) gives the user the contr@rdvow much information is actually
generated and to where it goes. In practice, the TLS allovgglect both the logging level and targets of
any device within the control system.

8.3.1 Logging Targets

The TLS implementation allows each device logging requesgsint simultaneously to multiple destina-
tions. In the TANGO terminology, an output destination ilethalogging target Currently, targets exist
for console, file and log consumer device.

CONSOLE: logs are printed to the console (i.e. the standatjol),

FILE: logs are stored in a XML file. A rolling mechanism is ugedackup the log file when it reaches
a certain size (see below),

DEVICE: logs are sent to a device implementing a well knowiNGO interface (see sectign8 for a
definition of the log consumer interface). One implementatf a log consumer associated to a graphical
user interface is available within the Tango package. lalked the LogViewer.

The device’s logging behavior can be control by adding angimoving targets.

Note : When the size of a log file (for file logging target) reeslthe so-called rolling-file-threshold
(rft), it is backuped as "current_log_file_name" +"_1" anukeav "current_log_file_name" is opened. Ob-
viously, there is only one backup file at a time (i.e. any éxisbackup is destroyed before the current log
file is backuped). The default threshold is 2Mb, the minimarB@0 Kb and the maximum is 20 Mb.

8.3.2 Logging Levels

Devices can be assigned a logging level. It acts as a filteotaral the kind of information sent to
the targets. Since, there are (usually) much more low leglstatements than high level statements,
the logging level also control the amount of informationgwoed by the device. The TLS provides the
following levels (semantic is just given to be indicativevdiat could be log at each level):

OFF: Nothing is logged

FATAL: A fatal error occurred. The process is about to abort

ERROR: An (unrecoverable) error occurred but the procestiliglive

WARN: An error occurred but could be recovered locally

INFO: Provides information on important actions performed

DEBUG: Generates detailed information describing therivebehavior of a device

Levels are ordered the following way:

DEBUG < INFO < WARN < ERROR < FATAL < OFF

For a given device, a level is said to be enabled if it is greatequal to the logging level assigned
to this device. In other words, any logging request whickelés lower than the device’s logging level is
ignored.

Note: The logging level can’t be controlled at target levidie device'’s targets shared the same device
logging level.

8.3.3 Sending TANGO Logging Messages

8.3.3.1 Logging macros in C++

The TLS provides the user with easy to use C++ macros wiithtf and streamlike syntax. For each
logging level, a macro is defined in both styles:

* LOG_{FATAL, ERROR, WARN, INFO or DEBUG}
* {FATAL, ERROR, WARN, INFO or DEBUG} STREAM
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These macros are supposed to be used within the device'simpiementation class (i.e. the class that
inherits (directly or indirectly) from the Tango::Devieepl class). In this context, they produce logging
messages containing the device name. In other words, thegnatically identify the log source. Section
8.3.3.2gives a trick to log in the name of device outside its main inpéntation class. Printf like example:

LOG_DEBUG(("Msg#%d - Hello world", i++));

Stream like example:

DEBUG_STREAM << "Msg#" << i++ << "- Hello world" << endl;

These two logging requests are equivalent. Note the dowasngthesis in the printf version.

8.3.3.2 C++ logging in the name of a device

A device implementation is sometimes spread over seveagbeb. Since all these classes implement
the same device, their logging requests should be assdaiatie this device name. Unfortunately, the
C++ logging macros can't be used because they are outsidiethee’s main implementation class. The
Tango::LogAdapter class is a workaround for this limitatio

Any method not member of the device’s main implementati@s<| which send log messages asso-
ciated to a device must be a member of a class inheriting frenTango::LogAdapter class. Here is an
example:

1 class MyDeviceActuallmpl: public Tango::LogAdapter

2{

3 public :

4 MyDeviceActuallmpl(...,Tango::Devicelmpl *device)..

5 :Tango::LogAdpater(device)

6{

7...

8/

9 // The following log is associated to the device passedaatmstructor
10/

11 DEBUG_STREAM << "In MyDeviceActuallmpl constructor" <endl;
12

13....

14}

15};
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8.3.3.3 Logging in Java

In order to send a log from a device implementation methad (& method of a class inheriting from
TangoDs.Devicelmplthe developer makes use of they.apache.log4j.Loggdnstance which reference
is returned by th®evicelmpl.get_loggemethod. Theorg.apache.log4j.Logger.{fatal,error,warn,inémd
debug}methods provide the actual logging features. See for mdognration about the Logger class.
Here is an example of Logging usage with Java:

1 public class myDevice extends Devicelmpl implements d&anst
2{

3.

4

5 public void init_device()

6{

7

8// A Debug log

9

10 get_logger().debug("Initializing device " + get_naie(
11

12 try

13{

14 // Initialization code

15 String p = get_property("startup property");

16 if (p == null)

174

18 get_logger().warn("No startup property defined for " + game());
19 ...

20}

21}

22 catch (Exception e)

23

24 |/ An error log

25

26 get_logger().error("unknown exception caught");

27}

28}

29 ...

30}

8.3.3.4 Logging in the name of a device with Java

Using Java, you can log in the name of a device from anywheyeun code as far as you get a reference
to this device. Use the devigget_loggerpublic method to obtain its associated logger then procsed a
describe ir8.3.3.3

8.4 Writing a device server

Writing a device server can be made easier by adopting theat@pproach. This chapter will describe how
to write a device server. It is divided into the following f&ar understanding the device, defining device
commands, choosing device state and writing the neceskmses. All along this chapter, examples will
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be given using the stepper motor device server. Writing acdeserver for our stepper motor example
device means writing :

» Themainfunction

* Theclass_factorynethod (only for C++ device server)

* TheStepperMotorClasslass

» TheDevReadPositionCmahdDevReadDirectionCmdlasses
» ThePositionAttr SetPositionAttandDirectionAttr classes

« The StepperMotoclass.

All these functions and classes will be detailed. The steppueor device server described in this chapter
supports 2 commands and 3 attributes which are :

« Command DevReadPosition implemented using the inhesdtarodel
« Command DevReadDirection implemented using the temptatenand model

* Attribute Position (position of the first motor). This dtite is readable and is linked with a writable
attribute (called SetPosition). When the value of thislaite is requested by the client, the value of
the associated writable attribute is also returned.

« Attribute SetPosition (writable attribute linked withetiPosition attribute). This attribute has some
properties with user defined default value.

« Attribute Direction (direction of the first motor)

As the reader will understand during the reading of the feithgy sub-chapters, the command and attributes

classes PevReadPositionCmdevReadDirectionCmdPositionAttr, SetPositionAttrand DirectionAttr)

are very simple classes. A tool callPdgohas been developped to automatically generate/maintase th

classes and to write part of the code needed in the remaimi@gRee xx to know more on this Pogo tool.
In order to also gives an example of how the database objact®pthe Tango device pattern could

be used, our device have two properties. These propertes #ne Tango long data types and are named

“Max” and “Min”.

8.4.1 Understanding the device

The first step before writing a device server is to develop radetstanding of the hardware to be pro-
grammed. The Equipment Responsible should have descriptithe hardware and its operating modes
(manuals, spec sheets etc.). The Equipment Responsibteaisagrovide specifications of what the de-
vice server should do. The Device Server Programmer shauntthdd an exact description of the registers,
alarms, interlocks and any timing constraints which havbeadept. It is very important to have a good
understanding of the device interfacing before startingjgteng a new class.

Once the Device Server Programmer has understood the hartlveanext important step is to define
what is a logical device i.e. what part of the hardware wilBbstracted out and treated as a logical device.
In doing so the following points of the TDSOM should be keptrimd

e Each device is known and accessed by its ascii name.
» The device is exported onto the network to be imported byiegons.

» Each device belongs to a class.

A list of commands exists per device.

Applications use the device server api to execute comman@sdevice.
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The above points have to be taken into account when desiginénigvel of device abstraction. The def-
inition of what is a device for a certain hardware is primathe job of the Device Server Programmer
and the Applications Programmer but can also involve theifigent Responsible. The Device Server
Programmer should make sure that the Applications Progemagrees with her definition of what is a
device.

Here are some guidelines to follow while defining the levalle¥ice abstraction -

« efficiency, make sure that not a too fine level of device abstraction &as bhosen. If possible group
as many attributes together to form a device. Discuss thisthe Applications Programmer to find
out what is efficient for her application.

» hardware independency one of the main reasons for writing device servers is toidethe Appli-
cations Programmer withsoftwareinterface as opposed tchardwareinterface. Hide the hardware
structure of the device. For example if the user is only #gtd in a single channel of a multichan-
nel device then define each channel to be a logical deviceu3éreshould not be aware of hardware
addresses or cabling details. The user is very often a stievito has a physics-oriented world
view and not a hardware-oriented world view. Hardware irghelency also has the advantage that
applications are immune to hardware changes to the device

 object oriented world view, anotherraison d’etrebehind the device server model is to build up
an object oriented view of the world. The device should rdderthe user’s view of the object as
closely as possible. In the case of the ESRF's beam linescaonple, the devices should resemble
beam line scientist’s view of the machine.

< atomism, each device can be considered like an atom - is a indepeonbgtt. It should appear
independent to the client even if behind the scenes it sisame hardware or software with other
objects. This is often the case with multichannel devicesrelthe user would like to see each chan-
nel as a device but it is obvious that the channels cannotdgrgmmed completely independently.
The logical device is there to hide or make transparent &k ff it is impossible to send commands
to one device without modifying another device then a simfgleice should be made out the two
devices.

« tailored vs general one of the philosophies of the TDSOM is to provide tailoretlsons. For
example instead of writing ongerial line class which treats the general case of a serial line device
and leaving the device protocol to be implemented in thettiee TDSOM advocates implementing
a device class which handles the protocol of the device. Whisthe client only has to know the
commands of the class and not the details of the protocolhiNgtprevents the device class from
using a general purpose serial line class if it exists of seur

8.4.2 Defining device commands

Each device has a list of commands which can be executed gpiblecation across the network or lo-
cally. These commands are the Application Programmergaritknobs and dials for interacting with the
device.

The list of commands to be implemented depends on the céfehdf the hardware, the list of sensible
functions which can be executed at a distance and of couestitictionality required by the application.
This implies a close collaboration between the EquipmerspBesible, Device Server Programmer and
the Application Programmer.

When drawing up the list of commands particular attenticousth be paid to the following points

» performance, no single command should monopolize the device server fongtime (a nominal
value for long is one second). Commands should be implerdentsuch a way that it executes
immediately returning with a response. At best try to keemm@nd execution time down to less
than the typical overhead of an rpc call i.e. som millisesrithis of course is not always possible
e.g. a serial line device could require 100 millisecondsrotgrol exchange. The Device Server
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Programmer should find the best trade-off between the usgtsrements and the devices capabili-
ties. If a command implies a sequence of events which coatddaa long time then implement the
sequence of events in another thread - don’t block the deeioeer.

 robustness should be provided which allow the client to recover fromoeconditions and or do a
warm startup.

8.4.2.1 Standard commands

A minimum set of three commands exist for all devices. Thesemands are
 State which returns the state of a device
« Status which returns the status of the device as a formagidstring
« Init which re-initialize a device without changing its me&trk connection

These commands have already been discussgd i

8.4.3 Choosing device state

The device state is a number which reflects the availabifith@device. To simplify the coding for generic
application, a predefined set of states are supported by TANGis list has 14 members which are

ON
OFF
CLOSE
OPEN
INSERT
EXTRACT
MOVING
STANDBY
FAULT
INIT
RUNNING
ALARM
DISABLE
UNKNOWN

The names used here have obvious meaning.

8.4.4 Device server utilities to ease coding/debugging

The device server framework supports one in C++ and two sdtilitfes to ease the process of coding and
debugging device server code. These utilities are :

1. The device server verbose option
2. The device server output redirection system (Java spgcifi

Using these two facilities avoids the usage of the classititdef DEBUG” style which makes code less
readable.
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8.4.4.1 The device server verbose option

Each device server supports a verbose option calleBour verbose levels are defined from 1 to 4. Level
4 is the most talkative one. If you use the -v option withowgafying level, level 4 will be assumed.
Since Tango release 3, a Tango Logging Service has beeduced (detailed in chapt&:3). This
-v option set-up the logging service. If it used, it will aatatically add aconsoletarget to all devices
embedded within the device server process. Level 1 and 3etithe logging level to all devices embedded
within the device server to INFO. Level 3 and 4 will set thedog level to all devices embedded within the
device server to DEBUG. All messages sent by the API layeasseciated to the administration device.
Java specific: A device server started with output level hpriht all the messages of level between 1
and n. For instance, if you start a device server using -vidoponly the output for level 1,2 and 3 will be
displayed. Output for level 4 will not be printed. If you dbosed the -v option, the output level is set to
0. By convention, level 3 and 4 are reserved for print messagigedded into the Tango library. Level 1
and 2 are free for the user.

8.4.4.1.1 Choosing the output level using C++In C++ device server, this feature is now implemented
using the Tango Logging Service (TLS), see chaptéto get all details on this service.

8.4.4.1.2 Choosing the output level using JavaWith Java, four static objects inside the Util class have
been defined. These objects are cabeiil, out2, out3andoutd These four objects support tipeintin
method exactly as theut object inside the System class does. The first obuatl] defines a message
which should be printed only when output level 1 or more isussjed. The second oneut?) defines a
message which should be printed only when output level 2 aensorequested. The same philosophy is
used forout3andout4. The usage of thesautxobjects is the same than the classmai

1 Util.out3.printin("What a nice dance");

2 Util.out3.printIn("What's its name ?");

3

4 System.out.printin("lts name is TANGO");

Line 1-2 : The two questions are level 3 messages.

Line 4 : This print will be printed whatever the print level is

If this piece of code is part of a device server started with2aoption, only the message defined line 4
will be displayed. If the device server is started with a &} or -v option, the two messages defined at
lines 1 and 2 will also be displayed.

8.4.4.1.3 Changing the output level at run time (Java specd) It is possible to change the output
level at run time. You do so using commands of the dservercdelihese two commands are :

e SetTracelLevel. This command needs the new trace levepas jrarameter. Using this command
supersedes the level requested at device server processacahtine

¢ GetTracelLevel. This command returns the actual tracé.leve

8.4.4.2 Device server output redirection (Java specific)
Two commands of the dserver device allow device server ougalirection. Theses two commands are :

e SetTraceOutput. This command sets all the device sertpubused to print message to be redi-
rected to a file. This command needs the complete file pathpas parameter. The file is local to
the computer where the device server process is running.
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e GetTraceOutput. This command returns the name of the fid ts redirect device server process
output. If no SetTraceOutput command has been used pridret@xecution of this command, it
returns a special string (“Initial Output”) to indicatesattthe output is still the output defines at
process startup.

8.4.4.3 Java usage example

These two previously described features can ease devig sibugging. Suppose a device server process
is started with the following command line (UNIX commandd)n

Java -DTANGO_HOST=xxx Perkin/Perkin id22 >/dev/null

This command line does not define any output level. Thereharelefault output level is chosen (0) and no
message are printed. Sending a SetTraceLevel commandtieguevel 4 and a SetTraceOutput command
with a file name /tmp/server.out will make the device seresrding all the output to the /tmp/server.out
file without stopping the process The inspection of the /tmp/server.out file will hopefullgip to find the
reason of the device server problem. When the output aregeatad anymore, sending a SetTraceOutput
command with the input parameter set to “Initial Outputldated by a SetTracelLevel command with a
requested level of O will return the server to its originaltet

8.4.4.4 C++ utilities to ease device server coding

Some utilities functions have been added in the C++ releasase Tango device server development.
These utilities allow the user to

« Init a C++ vector from a data of one of the Tango DevVarXXX#yidata types
« Init a data of one of the Tango::DevVarxxxArray data typenfra C++ vector
 Print a data of one of Tango::DevVarxxxArray data type

They mainly used the “<<” operator overloading features.e Tdllowing code lines are an example of
usage of these utilities.

1 vector<string> v1;

2 v1.push_back("one");

3 vl.push_back("two");

4 v1.push_back("three");

5

6 Tango::DevVarStringArray s;
7s<<vl,

8 cout << s <<endl;

9

10 vector<string> v2;
11v2<<s;

12

13 for (inti=0;i < v2.size();i++)
14 cout << "vector element =" << v2[i] << end];

Line 1-4 : Create and Init a C++ string vector

Line 7 : Init a Tango::DevVarStringArray data from the C++ctar

Line 8 : Print all the Tango::DevVarStringArray element imedine of code.

Line 11 : Init a second empty C++ string vector with the cohtdrthe Tango::DevVarStringArray
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Line 13-14 : Print vector element

Warning: Note that due to a strange behavior of the Windows VC++ ctamgiompared to other
compilers, to use these utilities with the Windows VC++ cdlerpyou must add the line “using namespace
tango” at the beginning of your source file.

8.4.5 Avoiding name conflicts
8.4.5.1 Using C++

Namespace are used to avoid name conflicts. Each devicerpatfdementation is defined within its own
namespace. The name of the namespace is the device pasiesmeime. In our example, the namespace
name isStepperMotor.

8.4.5.2 Using Java

Package are used to avoid name conflicts. Each device patipfementation is defined within its own
package. The name of the package is the device pattern aass. in our example, the package name is
StepperMotor.

8.4.6 The device server main function

A device server main function (or method) always follows saene framework. It exactly implements all
the action described in chapt®rl.7.5 Even if it could be always the same, it has not been includeda
library because some linkers are perturbed by the preséma® onain functions.

8.4.6.1 Using C++

1 #include <tango.h>

2

3 int main(int argc,char *argv(])

4{

5

6 Tango::Util *tg;

7

81try

9{

10

11 tg = Tango::Util::init(argc,argv);

12

13 tg->server_init();

14

15 cout << "Ready to accept request” << endl;
16 tg->server_run();

17}

18 catch (bad_alloc)

194

20 cout << "Can't allocate memory!!!" << endl;
21 cout << "Exiting" << endl;

22}

23 catch (CORBA::Exception &e)

24 {

25 Tango::Except::print_exception(e);
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26

27 cout << "Received a CORBA::Exception” << end|;
28 cout << "Exiting" << endl;

29}

30

31 tg->server_cleanup();

32

33 return(0);

34}

Line 1 : Include theaango.hfile. This file is a master include file. It includes severalestfiles. The
list of files included by tango.h can be found &j [

Line 11 : Create the instance of the Tango::Util class (alstog). Passing argc,argv to this method is
mandatory because the device server command line is chedlestdthe Tango::Util object is constructed.

Line 13 : Start all the device pattern creation and initeiian with theserver_init()method

Line 16 : Put the server in a endless waiting loop with skever_run()method. In normal case, the
process should never returns from this line.

Line 18-22 : Catch all exceptions due to memory allocationredisplay a message to the user and
exit

Line 23 : Catch all standard TANGO exception which could oatwring device pattern creation and
initialization

Line 25 : Print exception parameters

Line 27-28 : Print an additional message

Line 31 : Cleanup the server before exiting by callingskever_cleanup(nethod.

8.4.6.2 Using Java

Themainmethod can be defined in any class. There is no mandatorywles® it should be defined. In
our StepperMotor example, tlreain method has been implemented in the StepperMotor class $edau
is the most logical place.

1 package StepperMotor

2

3 import java.util.*;

4 import org.omg.CORBA.*;

5 import fr.esrf.Tango.*;

6 import fr.esrf.TangoDs.*;

7

8 public class StepperMotor extends Devicelmpl implem&atgyoConst
9

10 public static void main(String[] argv)

114

12 try

13{

14

15 Util tg = Util.init(argv,"StepperMotor");

16

17 tg.server_init();

18

19 System.out.printin("Ready to accept request");
20
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21 tg.server_run();

22}

23 catch (OutOfMemaoryError ex)

24 {

25 System.err.printin("Can’t allocate memory !!1");
26 System.err.printin("Exiting");

27}

28 catch (UserException ex)

29 {

30 Except.print_exception(ex);

31

32 System.err.printin("Received a CORBA user exception")
33 System.err.printin("Exiting");

34}

35 catch (SystemException ex)

36{

37 Except.print_exception(ex);

38

39 System.err.printin("Received a CORBA system excep}jon
40 System.err.printin("Exiting");

41}

42

43 System.exit(-1);

44

45}

46}

line 1 : The StepperMotor class is part of the StepperMotokage

Line 3-6 : Import several packages. The reason of importiege package will be explained when the
StepperMotor class will be detailed later in this chapter

Line 8 : Definition of the StepperMotor class (will be explaihlater)

Line 10 : Definition of themainmethod

Line 15 : Create the instance of the Util class (a singletd®gssing argv to this method is manda-
tory because the device server command line is checked wleedttl object is constructed. The second
argument of thisnit method is the device server executable name as defirted.in.1

Line 17 : Start all the device pattern creation and initetian

Line 21 : Put the server in a endless waiting loop. In normakc#he process should never returns
from this line.

Line 23-27 : Catch all exceptions due to memory error andlaysp message to the user. It seems
strange to deal with memory allocation error with Java. Td@darbage collection system reclaims mem-
ory only for object which have a reference count equal to z&fdnside a program, objects are created
and stay with an object reference count different than zbey, will never be destructed. If many of these
objects are created, memory allocation errors can occumg.may think that the author of this manual is
paranoid but have a look at ]

Line 28-34 : Catch CORBA user exception included the TANGQEzgled exception which could
occur during device pattern creation and initialization

Line 30 : Use the statiprint_exceptiormethod of the Except class to print all the data members of the
exception object.

Line 35-41 : catch CORBA system exception.

Line 37 : Use the statiprint_exceptiormethod of the Except class to print all the data members of the
exception object.

Line 43 : Exit the device server
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8.4.7 The DServer::class_factory method (C++ specific)

As described in chapted.1.7.2 C++ device server needsciass_factorf) method. This method creates
all the device pattern implemented in the device server Bingaheir init() method. The following is an
example of alass_factorynethod for a device server with one implementation of theaeserver pattern
for stepper motor device.

1 #include <tango.h>

2 #include <steppermotorclass.h>

3

4 void Tango::DServer::class_factory()

54

6

7 add_class(StepperMotor::StepperMotorClass::inig@ierMotor"));
8

9}

Line 1 : Include the Tango master include file

Line 2 : Include the steppermotorclass class definition file

Line 7 : Create the StepperMotorClass singleton by calltagnit method and stores the returned
pointer into the DServer object. Remember that all classethe device pattern implementation for the
stepper motor class is defined within a namespace catiepperMotor

8.4.8 Writing the StepperMotorClass class
8.4.8.1 Using C++
8.4.8.1.1 The class definition file

1 #include <tango.h>

2

3 namespace StepperMotor

4{

5

6 class StepperMotorClass : public Tango::DeviceClass
74

8 public:

9 static StepperMotorClass *init(const char *);

10 static StepperMotorClass *instance();

11 ~StepperMotorClass() {_instance = NULL;}

12

13 protected:

14 StepperMotorClass(string &);

15 static StepperMotorClass *_instance;

16 void command_factory();

17 void attribute_factory(vector<Tango::Attr *> &);
18

19 public:

20 void device_factory(const Tango::DevVarStringArray *
21}

22

23} /* End of StepperMotor namespace */
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Line 1 : Include the Tango master include file

Line 3 : This class is defined within ti&tepperMotonamespace

Line 6 : Class StepperMotorClass inherits from Tango::De€ilass

Line 9-10 : Definition of thanit andinstancemethods. These methods are static and can be called
even if the object is not already constructed.

Line 11: The destructor

Line 14 : The class constructor. It is protected and can’tdiled from outside the class. Only thet
method allows a user to create an instance of this class. 1Se®[get details about the singleton design
pattern.

Line 15 : The instance pointer. It is static in order to sed iINULL during process initialization phase

Line 16 : Definition of thecommand_factorgnethod

Line 17 : Definition of theattribute _factorymethod

Line 20 : Definition of thedevice_factorynethod

8.4.8.1.2 The singleton related methods

1 #include <tango.h>

2

3 #include <steppermotor.h>

4 #include <steppermotorclass.h>

5

6 namespace StepperMotor

74

8

9 StepperMotorClass *StepperMotorClass::_instance = NUL
10

11 StepperMotorClass::StepperMotorClass(string &S):

12 Tango::DeviceClass(s)

13{

14 INFO_STREAM << "Entering StepperMotorClass constrdcts endl;
15

16 INFO_STREAM << "Leaving StepperMotorClass construttsr endl;
17}

18

19

20 StepperMotorClass *StepperMotorClass::init(const ¢hame)
214

22 if (_instance == NULL)

23 {

24 try

25 {

26 string s(hame);

27 _instance = new StepperMotorClass(s);

281}

29 catch (bad_alloc)

30{

31 throw;

32}

33}

34 return _instance;
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35}

36

37 StepperMotorClass *StepperMotorClass::instance()
38

39if (_instance == NULL)

40{

41 cerr << "Class is not initialised !!" << end|;
42 exit(-1);

43}

44 return _instance;

45}

Line 1-4 : include files: the Tango master include file (tahiahe StepperMotorClass class definition
file (steppermotorclass.h) and the StepperMotor classitiefifiile (steppermotor.h)

Line 6 : Open thestepperMotonamespace.

Line 9 : Initialize the static _instance field of the SteppetbdtClass class to NULL

Line 11-18 : The class constructor. It takes an input paramehich is the controlled device class
name. This parameter is passed to the constructor of thec®eldss class. Otherwise, the constructor
does nothing except printing a message

Line 20-35 : Theinit method. This method needs an input parameter which is theeatiea device
class name (StepperMotor in this case). This method checitseiinstance is already constructed by
testing the _instance data member. If the instance is nattearied, it creates one. If the instance is
already constructed, the method simply returns a pointir to

Line 37-45 : Theinstancemethod. This method is very similar to tidt method except that if the
instance is not already constructed. the method print aagessnd abort the process.

As you can understand, it is not possible to construct mane time instance of the StepperMotorClass
(it is a singleton) and thimit method must be called prior to any other method.

8.4.8.1.3 The command_factory method Within our example, the stepper motor device supports two
commands which are called DevReadPosition and DevReattdine These two command takes a Tango::DevLong
argument as input and output parameter. The first commamdasez! using the inheritance model and the

second command is created using the template command model.

1

2 void StepperMotorClass::command_factory()

34

4 command_list.push_back(new DevReadPositionCmd("BadRosition",
5 Tango::DEV_LONG,

6 Tango::DEV_LONG,

7 "Motor number (0-7)",

8 "Motor position"));

9

10 command_list.push_back(

11 new TemplCommandIinOut<Tango::DevLong,Tango::Deg>on
12 ((const char *)"DevReadDirection",

13 static_cast<Tango::Lg_CmdMethPtr_Lg>

14 (&StepperMotor::dev_read_direction),

15 static_cast<Tango::StateMethPtr>

16 (&StepperMotor::direct_cmd_allowed))

17);
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18}
19

Line 4 : Creation of one instance of the DevReadPositionClasisc The class is created with five
arguments which are the command name, the command type @oitie ihput and output parameters and
two strings which are the command input and output paramescription. The pointer returned by the
new C++ keyword is added to the vector of available command.

Line 10-14 : Creation of the object used for the DevReadlimaccommand. This command has one
input and output parameter. Therefore the created objactisstance of the TemplCommandInOut class.
This class is a C++ template class. The first template pasnsethe command input parameter type,
the second template parameter is the command output pamatyye¢. The second TemplCommandInOut
class constructor parameter (set at line 13) is a pointéraartethod to be executed when the command is
requested. A casting is necessary to store this pointer amgepto a method of the Devicelmpl clédss
The third TemplCommandInOut class constructor paramsgdrdt line 15) is a pointer to the method to
be executed to check if the command is allowed. This is nacgssly if the default behavior (command
always allowed) does not fulfill the needs. A casting is neagsto store this pointer as a pointer to a
method of the Devicelmpl class. When a command is created)uke template command method, the
input and output parameters type are determined from thplégenC++ class parameters.

8.4.8.1.4 The device_factory method The device_factorynethod has one input parameter. It is a
pointer to Tango::DevVarStringArray data which is the deviname list for this class and the instance of
the device server process. This list is fetch from the Tarajalzhse.

1 void StepperMotorClass::device_factory(const TandoevVarStringArray *devlist_ptr)
2{

3

4 for (long i = 0;i < devlist_ptr->length();i++)

54

6 DEBUG_STREAM << "Device name : " << (*devlist_ptr)[i] << dh
7

8 device_list.push_back(new StepperMotor(this,

9 (*devlist_ptr)[i]));

10

11 if (Tango::Util::_UseDb == true)

12 export_device(device_list.back());

13 else

14 export_device(device_list.back(),(*devlist_pyi]

15}

16}

Line 4 : A loop for each device

Line 8 : Create the device object using a StepperMotor classtouctor which needs two arguments.
These two arguments are a pointer to the StepperMotorClatmice and the device name. The pointer to
the constructed object is then added to the device list vecto

Line 11-14 : Export device to the outside world using theport_devicanethod of the DeviceClass
class.

4The StepperMotor class inherits from the Devicelmpl classtaerefore is a Devicelmpl
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8.4.8.1.5 The attribute_factory method The rule of this method is to fulfill a vector of pointer to
attributes. A reference to this vector is passed as argutodnis method.

1 void StepperMotorClass::attribute_factory(vectomger: Attr *> &att_list)
2{

3 att_list.push_back(new PositionAttr());

4

5 Tango::UserDefaultAttrProp def_prop;

6 def_prop.set_label("Set the motor position™);

7 def_prop.set_format("scientific;setprecision(4)");
8 Tango::Attr *at = new SetPositionAttr();

9 at->set_default_properties(def_prop);

10 att_list.push_back(at);

11

12 att_list.push_back(new DirectcionAttr());

13}

Line 3: Create the PositionAttr class and store the poiot#his object into the attribute pointer vector.

Line 5-7 : Create a Tango::UserDefaultAttrProp instanaksat the label and format properties default
values in this object

Line 8 : Create the SetPositionAttr attribute.

Line 9 : Set attribute user default value with thet default_properties(hethod of the Tango::Attr
class.

Line 10 : Store the pointer to this object into the attribudénper vector.

Line 12 : Create the DirectionAttr class and store the poitdehis object into the attribute pointer
vector.

Please, note that in some rare case, it is necessary to atidtatto this list during the device server life
cycle. Thisattribute factory(Imethod is called once during device server start-up. A ntidlld_attribute()
of the Devicelmpl class allows the user to add a new attribotéhe attribute list outside of thiat-
tribute_factory()method. Seeq] for more information on this method.

8.4.8.2 Using Java
8.4.8.2.1 The singleton related method

1 package StepperMotor;

2

3 import java.util.*;

4 import fr.esrf.Tango.*;

5 import fr.esrf.TangoDs.*;

6

7 public class StepperMotorClass extends DeviceClassimghts TangoConst
8{

9 private static StepperMotorClass _instance = null;
10

11

12 public static StepperMotorClass instance()

13{

14 if (_instance == null)
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15

16 System.err.printin("StepperMotorClass is not inisdl !!!");
17 System.err.printin("Exiting");

18 System.exit(-1);

19}

20 return _instance;

21}

22

23

24 public static StepperMotorClass init(String class_epthrows DevFailed
25

26 if (_instance == null)

27

28 _instance = new StepperMotorClass(class_name);

29}

30 return _instance;

31}

32

33 protected StepperMotorClass(String name) throws Did-a
34 {

35 super(name);

36

37 Util.out2.printin("Entering StepperMotorClass constor");
38

39 Util.out2.printin("Leaving StepperMotorClass coustior");
40}

41}

Line 1 : This class is part of the StepperMotor package.

Line 3-5: Import different packages. The first ofevga.lang.util) is a classical Java package from the
JDK. The second ondr(esrf.Tango) is the package generated by the IDL compiler from the Tamyjo |
file. The last onef(.esrf.TangoDs) is the name of the package with all the root classes of thedeerver
framework.

Line 7 : The StepperMotorClass inherits from the Device€kasd implements thEangoConstinter-
face. The TangoConst interface does not defines any methainbply defines constant variables. The
TangoConst interface is a member of the TangoDs package.

Line 9 : The instance pointer. It is static and private. Inisialized to NULL

Line 12-21 : Theinstancemethod. This method is very similar to ti@dt method except that if the
instance is not already constructed. the method print aagessnd abort the process.

Line 24-31: Theinit method. This method needs an input parameter which is thieadle device
class name (StepperMotor in this case). This method checlitseiinstance is already constructed by
testing the _instance data member. If the instance is nattaried, it creates one. If the instance is
already constructed, the method simply returns a pointier to

Line 33-40 : The class constructor which is protected. letalin input parameter which is the con-
trolled device class name. This parameter is passed to tistractor of the DeviceClass class (line 35).
Otherwise, the constructor does nothing except printingeasage

As you can understand, it is not possible to construct mare @ime instance of the StepperMotorClass
(it is a singleton) and thimit method must be called prior to any other method.
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8.4.8.2.2 The command_factory method Within our example, the stepper motor device supports two
commands which are called DevReadPosition and DevReattdine These two command takes a Tango_DevlLong
argument as input and output parameter. The first commamdaset using the inheritance model and the

second command is created using the template command model.

1 public void command_factory()

2{

3 String str = new String("DevReadPosition");

4 command_list.addElement(new DevReadPositionCmd(str,
5 Tango_DEV_LONG,Tango_DEV_LONG,

6 "Motor number (0-7)",

7 "Motor position™));

8

9 str = new String("DevReadDirection");

10 command_list.addElement(new TemplCommandInOut(str,
11 "dev_read_direction",

12 "direct_cmd_allowed"));

13}

Line 4: Creation of one instance of the DevReadPositionClaslsc The class is created with five
arguments which are the command name, the command type oods fnput and output parameters
and the parameters description (input and output). ThedabgV_LONG constant is defined in the
TangoConst interface. The reference returned byntgwveJava keyword is added to the vector of available
command via thaddElementnethod of the Java Vector class.

Line 10-12 : Creation of the object used for the DevReadl@imaccommand. This command has one
input and output parameter. Therefore the created objectisstance of the TemplCommandInOut class.
The second TemplCommandInOut class constructor pararfseteat line 11) is the method name to be
executed when the command is requested. The third Templ@maiimOut class constructor parameter
(set at line 12) is the method name to be executed to check ddmmand is allowed. This is necessary
only if the default behavior (command always allowed) doesfulfill the needs. When a command is
created using the template command method, the input apditop@rameter types are determined from
the given method declaration.

8.4.8.2.3 The device_factory method The device_factorynethod has one input parameter. It is a
pointer to a DevVarStringArragata which is the device name list for this class and the mstaf the
device server process. This list is fetch from the Tangolzese.

1 public void device_factory(String[] devlist) throws Dreailed
2{

3 for (inti = 0;i < devlist.length;i++)

4{

5 Util.out4.printin("Device name : " + devlist[i]);

6

7 device_list.addElement(new StepperMotor(this,

8 devlist[i],

9 "A Tango motor",

10 DevState.ON,

5DevVarStringArray maps to Java String|[]
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11 "The motor is ON"));

12

13 if (Util.instance()._UseDb == true)

14 export_device(((Devicelmpl)(device_list.lastElen{¥));
15 else

16 export_device(((Devicelmpl)(device_list.lastElem{y),
17 devlist[i]);

18}

19}

Line 3 : A loop for each device

Line 7 : Create the device object using a StepperMotor classtouctor which needs five arguments.
These five arguments are a reference to the StepperMotsriBktance, the device name, the device de-
scription, the device original state and the device origgtatus. The reference to the constructed object is
then added to the device list vector with higdElemeniethod of the java.util.Vector class.

Line 13-17 : Export device to the outside world using theport_devicanethod of the DeviceClass
class. ThdastElementmethod of the java.util.\Vector class returns a referencant@bject of the java
Object class. It must be casted before being passed exiimt devicenethod

8.4.8.2.4 The attribute_factory method The rule of this method is to fulfill a vector of references to
attribute. A reference to this vector is passed to this netfidve Tango core classes will use this vector
to build all the attributes related objects (An instance had MultiAttribute class and one Attribute or
WALtribute object for each attribute defined in this vector)

1 public void attribute_factory(Vector att) throws DeViedli
2{

3 att.addElement(new Attr("Position",

4 Tango_DEV_LONG,

5 AttrWriteType.READ_WITH_WRITE,

6 "SetPosition"));

7

8 UserDefaultAttrProp def_prop = new UserDefaultAttrRop
9 def_prop.set_label("set the motor position™);

10 def_prop.set_format("scientific;setprecision(4)");

11 Attr at = new Attr("SetPosition",

12 Tango_DEV_LONG,

13 AttrWriteType.WRITE));

14 at.set_default_properties(def_prop);

15 att.addElement(at);

16

17 att.addElement(new Attr("Direction”,

18 Tango_DEV_LONG));

19}

Line 3-6 : Build a one dimension attribute of TANGO_DEV_LONge with an associate writable
attribute. Store a reference to this attribute in the vedtothis example, the attribute display type is not
defined in the Attr class constructor. Therefore, it will béialized with its default value (OPERATOR).
Several Attr class constructors are defined with or withbetttribute display type. Seg]ffor a complete
constructor list.
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Line 8-10: Create a UserDefaultAttrProp instance and s=tathel and format properties default values
in this object

Line 11-13 : Build a one dimension writable attribute.

Line 14 : Set attribute user default value with et _default_properties@hethod of the Tango::Attr
class.

Line 15 : Store the reference to this attribute object intoatiribute vector.

Line 17-18: Build a one dimension attribute. Store the rfiee to this attribute object into the attribute
vector.

Please, note that in some rare case, it is necessary to datidtatto this list during the device server life
cycle. Thisattribute factory(Imethod is called once during device server start-up. A ntdlld_attribute()
of the Devicelmpl class allows the user to add a new attribotthe attribute list outside of thiat-
tribute_factory()method. Seeq] for more information on this method.

8.4.9 The DevReadPositionCmd class
8.4.9.1 Using C++
8.4.9.1.1 The class definition file

1 #include <tango.h>

2

3 namespace StepperMotor

4{

5

6 class DevReadPositionCmd : public Tango::Command

74

8 public:

9 DevReadPositionCmd(const char *, Tango::CmdArgType,

10 Tango::CmdArgType,

11 const char *,const char *);

12 ~DevReadPositionCmd() {};

13

14 virtual bool is_allowed (Tango::Devicelmpl *, const CBR:Any &);
15 virtual CORBA::Any *execute (Tango::Devicelmpl *, cdrGORBA::Any &);
16}

17

18} /* End of StepperMotor namespace */

Line 1 : Include the tango master include file

Line 3 : Open theéstepperMotonamespace.

Line 6 : The DevReadPositionCmd class inherits from the da@@pmmand class

Line 9 : The constructor

Line 12 : The destructor

Line 14 : The definition of thés_allowedmethod. This method is not necessary if the default behavior
implemented by the defauk_allowedmethod fulfill the requirements. The default behavior isltags
allows the command execution (always return true).

Line 15: The definition of thexecutemethod
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8.4.9.1.2 The class constructor The class constructor does nothing. It simply invoke the @amd
constructor by passing it its five arguments which are:

1. The command name

2. The command input type code

3. The command output type code

4. The command input parameter description
5. The command output parameter description

With this 5 parameters command class constructor, the commtigplay level is not specified. Therefore
it is set to its default value (OPERATOR). If the command do@tshave input or output parameter, it is not
possible to use the Command class constructor defined wétpdéikameters. In this case, the command con-
structor execute the Command class constructor with tHezeents (class name, input type, output type)
and set the input or output parameter description fields thighset_in_type_desor set_out_type_desc
Command class methods. To set the command display levepdtssible to use a 6 parameters constructor
or it is also possible to set it in the constructor code withdbt _disp_levahethod. Many Command class
constructors are defined. Sedfpr a complete list.

8.4.9.1.3 The is_allowed method In our example, the DevReadPosition command is allowed ibnly
the device is in the ON state. This method receives two argtimigich are a pointer to the device object
on which the command must be executed and a reference torimaad input Any object. This method
returns a boolean which must be set to true if the commandawed. If this boolean is set to false, the
DeviceClassommand_handtenethod will automatically send an exception to the caller.

1 bool DevReadPositionCmd::is_allowed(Tango::Devigaltdevice,
2 const CORBA::Any &in_any)

34

4 if (device->get_state() == Tango::ON)

5 return true;

6 else

7 return false;

8}

Line 4 : Call theget_statamethod of the Devicelmpl class which simply returns the cegitate
Line 5 : Authorize command if the device state is ON
Line 7 : Refuse command execution in all other cases.

8.4.9.1.4 The execute method This method receives two arguments which are a pointer tde¢hee
object on which the command must be executed and a refereribe tommand input Any object. This
method returns a pointer to an any object which must be liziéid with the data to be returned to the caller.

1 CORBA::Any *DevReadPositionCmd::execute(

2 Tango::Devicelmpl *device,

3 const CORBA::Any &in_any)

4{

5 INFO_STREAM << "DevReadPositionCmd::execute(): amdive< endl;
6 Tango::DevLong motor;
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7

8 extract(in_any,motor);

9 return insert(

10 (static_cast<StepperMotor *>(device))->dev_readitm(motor));
11}

Line 8 : Extractincoming data from the input any object usifgommand clasaxtracthelper method.
If the type of the data in the Any objectis not a Tango::Deuviidheextractmethod will throw an exception
to the client.

Line 9 : Call the stepper motor object method which execugdtvReadPosition command and insert
the returned value into an allocated Any object. The Any obgdlocation is done by thmsert method
which return a pointer to this Any.

8.4.9.2 Using Java

8.4.9.2.1 The class constructor The class constructor does nothing. It simply invoke the @amd
constructor by passing it its five arguments which are:

1. The command name

2. The command input type code

3. The command output type code

4. The command input parameter description
5. The command output parameter description

With this 5 parameters command class constructor, the commtigplay level is not specified. Therefore
itis set to its default value (OPERATOR). If the command doashave input or output parameter, it is not
possible to use the Command class constructor defined wétpdéikameters. In this case, the command con-
structor execute the Command class constructor with tHemeents (class name, input type, output type)
and set the input or output parameter description fields thi#hset_in_type_desor set_out_type_desc
Command class methods. To set the command display levepdtssible to use a 6 parameters constructor
or it is also possible to set it in the constructor code withsibt_disp_levahethod. Many Command class
constructors are defined. Sedfpr a complete list.

8.4.9.2.2 The is_allowed method In our example, the DevReadPosition command is allowed ibnly
the device is in the ON state. This method receives two argtiwigich are a reference to the device object
on which the command must be executed and a reference torimaaid input Any object. This method
returns a boolean which must be set to true if the commandawed. If this boolean is set to false, the
DeviceClaszommand_handtenethod will automatically send an exception to the caller.

1 package StepperMotor;

2

3 import org.omg.CORBA.*;

4 import fr.esrf.Tango.*;

5 import fr.ersf.TangoDs.*;

6

7 public class DevReadPositionCmd extends Command impieniangoConst
8{

9 public boolean is_allowed(Devicelmpl dev, Any data_in)

10
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11 if (dev.get_state() == DevState.ON)
12 return(true);

13 else

14 return(false);

15}

16

17}

Line 1 : This class is part of the StepperMotor package

Line 3-5: Import different packages. The first oimeg.omg.CORBA) is a package which contains all
the CORBA related classes. The second dnes{f.Tango) is the package generated by the IDL compiler
from the Tango IDL file. The last onérersf.TangoDs) is the name of the package with all the root classes
of the device server pattern.

Line 7 : The DevReadPositionCmd class inherits from the Cammirclass and implements than-
goConstinterface. The TangoConst interface does not defines anlyatidiut simply defines constant
variables. The TangoConst interface is a member of the Tasgackage.

Line 11 : Call theget_statemethod of the Devicelmpl class which simply returns a refeecto the
device state

Line 12 : Authorise command if the device state is ON

Line 14 : Refuse command execution in all other cases.

8.4.9.2.3 The execute method This method receives two arguments which are a referenbe tibevice
object on which the command must be executed and a referertce tommand input Any object. This
method returns a reference to an any object which must Halinétd with the data to be returned to the
caller.

1 public Any execute(Devicelmpl device,Any in_any) throesvFailed
g EJtiI.out2.println("DevReadPositionCmd.execute()j\md");

g int motor = extract_DevLong(in_any);

? return insert(((StepperMotor)(device)).dev_readitfmpgmotor));

8}

Line 5 : Extract incoming data from the input any object
Line 7 : Call the stepper motor object method which execugdtvReadPosition command, insert its
return value into an any and return.

8.4.10 The PositionAttr class
8.4.10.1 Using C++
8.4.10.1.1 The class definition file
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1 #include <tango.h>

2 #include <steppermotor.h>

3

4 namespace StepperMotor

54

6

7

8 class PositionAttr: public Tango::Attr

9{

10 public:

11 PositionAttr():Attr("Position",

12 Tango::DEV_LONG,

13 Tango::READ_WITH_WRITE,

14 "SetPosition") {};

15 ~PositionAttr() {};

16

17 virtual void read(Tango::Devicelmpl *dev, Tango:: Alttite &att)
18 {(static_cast<StepperMotor *>(dev))->read_Positait);}

19 virtual bool is_allowed(Tango::Devicelmpl *dev, TangdtReqType ty)
20 {return (static_cast<StepperMotor *>(dev))->is_Riosi_allowed(ty);}
21};

22

23} /* End of StepperMotor namespace */

24

25 #endif // _STEPPERMOTORCLASS_H

Line 1-2 : Include the tango master include file and the stappor class definition include file

Line 4 : Open thestepperMotonamespace.

Line 8 : The PosiitionAttr class inherits from the TangotrAfiass

Line 11-14 : The constructor with 4 arguments

Line 15 : The destructor

Line 17 : The definition of theead method. This method forwards the call to a StepperMotorsclas
method calledead_Position()

Line 19 : The definition of thés_allowedmethod. This method is not necessary if the default behaviou
implemented by the defauft_allowedmethod fulfills the requirements. The default behaviouo ialtvays
allows the attribute reading (always return true). Thishodtforwards the call to a StepperMotor class
method calleds_Position_allowed()

8.4.10.1.2 The class constructor The class constructor does nothing. It simply invoke the édin-
structor by passing it its four arguments which are:

1. The attribute name

2. The attribute data type code

3. The attribute writable type code

4. The name of the associated write attribute

With this 4 parameters Attr class constructor, the attgldisplay level is not specified. Therefore it is set
to its default value (OPERATOR). To set the attribute digpével, it is possible to use in the constructor
code theset_disp_levahethod. Many Attr class constructors are defined. Sger[a complete list.
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This Position attribute is a scalar attribute. For spectatimbute, instead of inheriting from the Attr
class, the class must inherits from the SpectrumAttr cladsany SpectrumAttr class constructors are
defined. Seed]for a complete list.

For Image attribute, instead of inheriting from the Attrsdathe class must inherits from the ImageAttr
class. Many ImageAttr class constructors are defined. & o complete list.

8.4.10.1.3 The is_allowed method This method receives two argument which are a pointer to the
device object to which the attribute belongs to and the typesquest (read or write). In the Posi-
tionAttr class, this method simply "forwards" the requestitmethod of the StepperMotor class called
is_Position_allowed(passing the request type to this method. This method retuba®lean which must
be set to true if the attribute is allowed. If this booleangsts false, the Devicelmpl read_attribute method
will automatically send an exception to the caller.

8.4.10.1.4 The read method This method receives two arguments which are a pointer taévece
object to which the attribute belongs to and a referenced@tiresponding attribute object. This method
"forwards" the request to a StepperMotor class caféstl Position(Jpassing it the reference on the at-
tribute object.

8.4.11 The StepperMotor class
8.4.11.1 Using C++
8.4.11.1.1 The class definition file

#include <tango.h>
#define AGSM_MAX_MOTORS 8 // maximum number of motors per d evice

1
2
3
4
5 namespace StepperMotor
6
7
8
9

{
class StepperMotor: public Tango::Devicelmpl
{
10 public
11 StepperMotor(Tango::DeviceClass * string &);
12 StepperMotor(Tango::DeviceClass * const char *);
13 StepperMotor(Tango::DeviceClass * const char * const char *);
14 ~StepperMotor() {};
15

16 DevLong dev_read_position(DevLong);
17 DevLong dev_read_direction(DevLong);
18 bool direct_cmd_allowed(const CORBA::Any &);

19

20 virtual Tango::DevState dev_state();

21 virtual Tango::ConstDevString dev_status();

22

23 virtual void always executed_hook();

24

25 virtual void read_attr_hardware(vector<long> &attr_| ist);
26

27 void read_position(Tango::Attribute &);
28 bool is_Position_allowed(Tango::AttReqType req);
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29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

void write_SetPosition(Tango::WAttribute &);
void read_Direction(Tango::Attribute &);

virtual void init_device();
virtual void delete_device();

void get _device_properties();

protected :

b

long axisf]AGSM_MAX_MOTORS];
DevLong position[AGSM_MAX_MOTORS];
DevLong directionfAGSM_MAX_MOTORS];
long state[AGSM_MAX_MOTORS];

Tango::DevLong  =attr_Position_read;
Tango::DevLong  =attr_Direction_read;
Tango::DevLong attr_SetPosition_write;

Tango::DevLong min;
Tango::DevLong max;

Tango::DevLong  *ptr,

53 } / » End of StepperMotor namespace */

Line 1 : Include the Tango master include file

Line 5 : Open thestepperMotonamespace.

Line 8 : The StepperMotor class inherits from the Deviceloiass
Line 11-13 : Three different object constructors

Line 14 : The destructor which calls tlelete _devicefnethod

Line 16 : The method to be called for the execution of the Ded®®sition command. This method
must be declared as virtual if it is needed to redefine it irmaInheriting from StepperMotor. See chapter

8.7.2for more details about inheriting.
Line 17 : The method to be called for the execution of the Dexd®erection command

Line 18 : The method called to check if the execution of the ReadDirection command is allowed.
This method is necessary because the DevReadDirection anthismicreated using the template command

method and the default behavior is not acceptable
Line 20 : Redefinition of thelev_stateThis method is used by the State command
Line 21 : Redefinition of thelev_statusThis method is used by the Status command

Line 23 : Redefinition of thalways_executed_hoakethod. This method is the place to code manda-

tory action which must be executed prior to any command.
Line 25-30 : Attribute related methods
Line 32 : Definition of thanit_devicemethod.
Line 33 : Definition of thedelete devicenethod
Line 35 : Definition of theget_device propertienethod
Line 38-50 : Data members.
Line 43-44 : Pointers to data for readable attributes Ros#ind Direction
Line 45 : Data for the SetPosition attribute
Line 47-48 : Data members for the two device properties



CHAPTER 8. WRITING A TANGO DEVICE SERVER 262

8.4.11.1.2 The constructors Three constructors are defined here. It is not mandatoryftoedethree
constructors. But at least one is mandatory. The three wansts take a pointer to the StepperMotorClass
instance as first parameterThe second parameter is the device name as a C++ string oclassical
pointer to char array. The third parameter necessary omlyhfothird form of constructor is the device
description string passed as a classical pointer to a chay.ar

1 #include <tango.h>

2 #include <steppermotor.h>

3

4 namespace StepperMotor

54

6

7 StepperMotor::StepperMotor(Tango::DeviceClass tithg &S)
8 :Tango::Devicelmpl(cl,s.c_str())

9{

10 init_device();

11}

12

13 StepperMotor::StepperMotor(Tango::DeviceClasstrist char *s)
14 :Tango::Devicelmpl(cl,s)

15¢

16 init_device();

17}

18

19 StepperMotor::StepperMotor(Tango::DeviceClasstrist char *s,const char *d)
20 :Tango::Devicelmpl(cl,s,d)

21

22 init_device();

23}

24

25 void StepperMotor::init_device()

26 {

27 cout << "StepperMotor::StepperMotor() create " << devitame << endl;
28

29long i;

30

31 for (i=0; i< AGSM_MAX_MOTORS; i++)
32{

33 axis[i] = 0;

34 position[i] = 0;

35 direction[i] = 0;

36}

37

38 ptr = new Tango::DevLong[10];

39

40 get_device_properties();

41}

42

43 void StepperMotor::delete_device()
44

6The StepperMotorClass inherits from the DeviceClass aakfbre is a DeviceClass
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45 delete [] ptr;
46}

Line 1-2 : Include the Tango master include file (tango.h) tredStepperMotor class definition file
(steppermotor.h)

Line 4 : Open theéstepperMotonamespace

Line 7-11 : The first form of the class constructor. It exedhteTango::Devicelmpl class constructor
with the two parameters. Note that the device name passédstodnstructor as a C++ string is passed to
the Tango::Devicelmpl constructor as a classical C stfiien theinit_devicemethod is executed.

Line 13-17 : The second form of the class constructor. It ebeethe Tango::Devicelmpl class con-
structor with its two parameters. Then tiné_devicemethod is executed.

Line 19-23: The third form of constructor. Again, it execthie Tango::Devicelmpl class constructor
with its three parameters. Then tim_devicemethod is executed.

Line 25-41 : Thenit_devicemethod. All the device data initialization is done in thistha. The
device properties are also retrieved from database withl éoctine get_device propertiemethod at line
40. The device data member callgdl is initialized with allocated memory at line 38. It is not ee to
have this pointer, it has been added only for educationgiqae.

Line 43-46 : Thedelete_devicenethod. The rule of this method is to free memory allocatethén
init_devicemethod. In our case , only the device data menpters allocated in theénit_devicemethod.
Therefore, its memory is freed at line 45. This method isechlly the automatically added Init command
before it calls thénit_devicemethod. It is also called by the device destructor.

8.4.11.1.3 The methods used for the DevReadDirectioncommé The DevReadDirection command
is created using the template command method. Therefaes th no specific class needed for this com-
mand but only one object of the TemplCommandInOut classs Thmmand needs two methods which
are thedev_read_directiomethod and théirect_cmd_allowednethod. Thalirect_cmd_allowednethod
defines here implements exactly the same behavior than fheldene. This method has been used only
for pedagogic issue. Thaev_read_directiomethod will be executed by thexecutenethod of the Tem-
plCommandInOut class. Thdirect_cmd_allowednethod will be executed by the allowedmethod of
the TemplCommandInOut class.

1 DevLong StepperMotor::dev_read_direction(DevLongpxi

2{

3if (axis < 0 || axis > AGSM_MAX_MOTORS)

4{

5 WARNING_STREAM << "Steppermotor::dev_read_directiokis out of range !";
6 WARNING_STREAM << endl;

7 TangoSys_OMemStream o;

8

9 0 << "Axis number " << axis << " out of range" << ends;

10 throw_exception((const char *)"StepperMotor_OutOfgel,

11 o.str(),

12 (const char *)"StepperMotor::dev_read_direction");

13}

14

15 return direction[axis];

16}

17

18

19 bool StepperMotor::direct_cmd_allowed(const CORBAy. &in_data)
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20 {

21 INFO_STREAM << "In direct_cmd_allowed() method" << endl|
22

23 return true;

24}

25

Line 1-16 : Thedev_read_directiomethod

Line 5-12 : Throw exception to client if the received axis raamis out of range

Line 7 : A TangoSys_OMemStream is used as stream. The Tasg&B§emStream has been defined
in improve portability across platform. For Unix like op&rg system, itis a ostrtream type. For operating
system with a full implementation of the standard librarys ia ostringstream type.

Line 19-24 : Thedirect_cmd_allowednethod. The command input data is passed to this method in
case of itis needed to take the decision. This data is stkeainto the CORBA Any object.

8.4.11.1.4 The methods used for the Position attribute To enable reading of attributes, the Stepper-
Motor class must re-define two or three methods cattedl_attr _hardware(), read_<Attribute_name>()
and if necessary a method called

is_<Attribute_name>_allowed()The aim of the first one is to read the hardware. It will be chbtaly
once at the beginning of each read_attribute CORBA call. §¢eond method aim is to build the ex-
act data for the wanted attribute and to store this valuetimoAttribute object. Special care has been
taken in order to minimize the number of data copy and allonatThe data passed to the Attribute ob-
ject as attribute value is passed using pointers. It mustlbeated by the methddand the Attribute
object will not free this memory. Data members called atéttebute _name>_read are foreseen for this
usage. Theead_attr _hardware(method receives a vector of long which are indexes into the
tributes vector of the attributes to be read. Téad_Position()nethod receives a reference to the Attribute
object. The third methodq Position_allowedf)aim is to allow or dis-allow, the attribute reading. In
some cases, some attributes can be read only if some corgdétie met. If this method returns true, the
read_<Attribute_name>(jnethod will be called. Otherwise, an error will be generdtadhe attribute.
This method receives one argument which is an emumerategrideng the attribute request type (read or
write). In our example, the reading of the Position attréistallowed only if the device state is ON.

1 void StepperMotor::read_attr _hardware(vector<longti list)
2{

3 INFO_STREAM << "In read_attr_hardware for " << attr_kte();
4 INFO_STREAM << " attribute(s)" << endl;

5

6 for (long i = 0;i < attr_list.size();i++)

74

8 string attr_name;

9 attr_name = dev_attr->get_attr_by_ind(attr_lisipt _name();
10

11 if (attr_name == "Position")

12 {

13 attr_Position_read = &(position[0]);

14}

15 else if (attr_name == "Direction")

16 {

17 attr_Direction_read = &(direction[0]);

71t can also be data declared as object data members or mercieyet as static
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18}

19}

20}

21

22 void read_Position(Tango::Attribute &att)
23 {

24 att.set_value(attr_Position_read);
25}

26

27 bool is_Position_allowed(Tango::AttReqType req)
28 {

29 if (req == Tango::WRITE_REQ)
30 return false;

3lelse

32{

33if (get_state() == Tango::ON)

34 return true;

35else

36 return false;

37}

38}

Line 6 : A loop on each attribute to be read

Line 9 : Get attribute name

Line 11 : Test on attribute name

Line 13 : Read hardware (pretty simple in our case)

Line 24 : Set attribute value in Attribute object using #&t_value(method. This method will also
initializes the attribute quality factor to Tango::ATTRAMD if no alarm level are defined and will set the
attribute returned date. It is also possible to use a metabedset value_date qualityghich allows the
user to set the attribute quality factor as well as the atteilate.

Line 33 : Test on device state

8.4.11.1.5 The methods used for the SetPosition attributeTo enable writing of attributes, the Step-
perMotor class must re-define one or two methods callgte_<Attribute_name>()and if necessary a
method calleds_<Attribute_name>_allowed()The aim of the first one is to write the hardware. The
write_Position()method receives a reference to the WALttribute object. Thgevim write is in this WAt-
tribute object. The third methods(_Position_allowedf)aim is to allow or dis-allow, the attribute writing.
In some cases, some attributes can be write only if some tonslare met. If this method returns true, the
write_<Attribute_name>()nethod will be called. Otherwise, an error will be generdtedhe attribute.
This method receives one argument which is an emumerat&oribang the attribute request type (read or
write). For read/write attribute, this method is the sanraéading and writing. The input argument value
makes the difference.

For our example, it is always possible to write the SetRmsitittribute. Therefore, the StepperMotor
class only definesariteSetPosition()nethod.

1 void StepperMotor::write_SetPosition(Tango::WAttrie &att)
2{

3 att.get_write_value(sttr_SetPosition_write);

4

5 INFO_STREAM << "Attribute SetPosition value = ";
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6 INFO_STREAM << attr_SetPosition_write << endl;
7

8 position[0] = attr_SetPosition_write;

9}

Line 3 : Retrieve new attribute value
Line 5-6 : Send some messages using Tango Logging system
Line 8 : Set the hardware (pretty simple in our case)

8.4.11.1.6 Retrieving device properties Retrieving properties is fairly simple with the use of théadmse
object. Each Tango device is an aggregate with a DbDeviazblgee figurd&.1). This has been grouped
in a method calledjet_device_properti€s The classes and methods of the Dbxxx objects are dedcribe
in the Tango API documentation.

1 void DocDs::get_device_property()
2{

3 Tango::DbData data;

4 data.push_back(DbDatum("Max"));
5 data.push_back(DbDatum("Min"));
6

7 get_db_device()->get_property(data);
8

9 if (data[0].is_empty()==false)

10 data[0] >> max;

11 if (data[1].is_empty()==false)

12 data[1] >> min;

13}

Line 4-5 : Two DbDatum (one per property) are stored into a Bialobject

Line 7 : Call the database to retrieve properties value

Line 9-10 : If the Max property is defined in the database,aettits value from the DbDatum object
and store it in a device data member

Line 11-12 : If the Min property is defined in the databaseramttits value from the DbDatum object
and store it in a device data member

8.4.11.1.7 Theremaining methods The remaining methods are tlev_state, dev_status, always_executed_hook
dev_read_positiomndread_Direction()methods. Thelev_statemethod parameters are fixed. It does

not receive any input parameter and must return a Tango tBev8ata type. Theev_statugparam-

eters are also fixed. It does not receive any input parametkmaist return a Tango string. Tlad
ways_executed_hooéceives nothing and return nothing. Tdev_read_positiomethod input parameter

is the motor number as a long and the returned parameter imab@ position also as a long data type.
Theread_Direction()method is the method for reading the Direction attribute.

1 DevLong StepperMotor::dev_read_position(DevLong)axis
2{

3

4 if (axis < 0 || axis > AGSM_MAX_MOTORS)
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6 WARNING_STREAM << "Steppermotor::dev_read_positioaQis out of range !";
7 WARNING_STREAM << endl;

8

9 TangoSys_OMemStream o;

10

11 o << "AXxis number " << axis << " out of range" << ends;

12 throw_exception((const char *)"StepperMotor_OutOfgel,

13 o.str(),

14 (const char *)"StepperMotor::dev_read_position");

15}

16

17 return position[axis];

18}

19

20 void always_executed_hook()

21

22 INFO_STREAM << "In the always_executed_hook method <&i;en
23}

24

25 Tango_DevState StepperMotor::dev_state()

26 {

27 INFO_STREAM << "In StepperMotor state command" << endl;
28 return Devicelmpl::dev_state();

29}

30

31 Tango_DevString StepperMotor::dev_status()

32{

33 INFO_STREAM << "In StepperMotor status command" << endl;
34 return Devicelmpl::dev_status();

35}

36

37 void read_Direction(Tango::Attribute att)

38

39 att.set_value(attr_Direction_read);

40}

Line 1-18 : Thedev_read_positiomethod

Line 6-14 : Throw exception to client if the received axis raamis out of range

Line 9 : A TangoSys_OMemStream is used as stream. The Tasg@B§emStream has been defined
in improve portability across platform. For Unix like op&rgy system, it is a ostrtream type. For operating
system with a full implementation of the standard librarys ia ostringstream type.

Line 20-23 : Thealways_executed hoohkethod. It does nothing. It has been included here only as
pedagogic usage.

Line 25-29 : Thedev_statemethod. It does exactly what the defadiv_statedoes. It has been
included here only as pedagogic usage

Line 31-35 : Thedev_statusnethod. It does exactly what the defadéiv_stats does. It has been
included here only as pedagogic usage

Line 37-40 : Theead_Directionmethod. Simply set the Attribute object internal value
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8.4.11.2 Using Java

8.4.11.2.1 The constructor The constructor take a reference to the StepperMotorGiatasrice as first
parametét. The second parameter is the device name as a Java string.

1 package StepperMotor;

2

3 import java.util.*;

4 import org.omg.CORBA.*;
5 import fr.esrf.Tango.*;

6 import fr.esrf. TangoDs.*;

7

8 public class StepperMotor extends Devicelmpl implem&atgyoConst
9

10 protected final int SM_MAX_MOTORS = 8;

11

12 protected int[] axis = new int{fSM_MAX_MOTORS];
13 protected int[] position = new intfSM_MAX_MOTORS];
14 protected int[] direction = new intfSM_MAX_MOTORS];
15 protected int[] state = new intfSM_MAX_MOTORS];
16

17 protected int[] attr_Direction_read = new int[1];

18 protected int[] attr_Position_read = new int[1];

19 protected int attr_SetPosition_write;

20

21

22 StepperMotor(DeviceClass cl,String s,String desc,
23 DevState state,String status) throws DevFailed

24 {

25 super(cl,s,desc,state,status);

26 init_device();

27}

28

29 public void init_device()

30{

31 System.out.printin("StepperMotor() create motor " ¥ deame);
32

33inti;

34

35 for (i=0; i< SM_MAX_MOTORS; i++)

36{

37 axis[i] = 0;

38 position[i] = 0;

39 direction[i] = 0;

40 state[i] = 0;

41}

42

43}

44}

8The StepperMotorClass inherits from the DeviceClass aa:fbre is a DeviceClass
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Line 3-6: Import different packages. The first of@v@.lang.util) is a classical Java package from the
JDK. The second on®fg.omg.CORBA) is a package which contains all the CORBA related classes. T
third one {r.esrf.Tango) is the package generated by the IDL compiler from the Taiyofile. The last
one (r.esrf.TangoDs) is the name of the package with all the root classes of theedeerver pattern.

Line 8 : The StepperMotor class inherits from the Devicelelpks and implements tli@ngoConst
interface. The TangoConst interface does not defines anlyaddiut simply defines constant variables.
The TangoConst interface is a member of the TangoDs package.

Line 10 : Define an internal constant

Line 12-15: Device internal variable

Line 17-19 : Device internal variable linked to attributes

Line 22-27 : The class constructor. It execute the Devicébitgss constructor with five parameters.
Then thenit_devicemethod is executed.

Line 29-43 : Thdnit_devicemethod. All the device data initialization is done in thisthua.

8.4.11.2.2 The methods used for the DevReadDirection commé The DevReadDirection command
is created using the template command method. Therefaes th no specific class needed for this com-
mand but only one object of the TemplCommandInOut classs Thmmand needs two methods which
are thedev_read_directiomethod and thdirect_cmd_allowednethod. Thalirect cmd_allowednethod
defines here implements exactly the same behavior than fheldene. This method has been used only
for pedagogic issue. Thaev_read_directiomethod will be executed by thexecutemethod of the Tem-
plCommandInOut class. Thdirect cmd_allowednethod will be executed by thie_allowedmethod of
the TemplCommandInOut class.

1 publicint dev_read_direction(int axis) throws DevFdile

2{

3if (axis < 0 || axis > SM_MAX_MOTORYS)

4{

5 Util.outl.printin("Steppermotor.dev_read_direc{ipraxis out of range !");
6

7 StringBuffer o = new StringBuffer("Axis number ");
8 0.append(axis);
9 o.append(" out of range");

10

11 Except.throw_exception("StepperMotor_AxisOutOfgelh
12 o.toString(),

13 "StepperMotor.dev_read_direction()");

14}

15

16 return direction[axis];

17}

18

19 public boolean direct_cmd_allowed(Any data_in)

20{

21 Util.out2.printin("In StepperMotor.direct_cmd_adled method");
22

23 return true;

24}

Line 1-17 : Thedev_read_directiomethod

Line 3-14 : Throw exception to client if the received axis raamis out of range

Line 19-24 : Thedirect_cmd_allowednethod. The command input data is passed to this method in
case of itis needed to take the decision. This data is stkeainto the CORBA Any object.
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8.4.11.2.3 The write attribute related method To enable writing of writable attributes, the Stepper-
Motor class must re-define a method calledte attr _hardware() The aim of this method is to write the
hardware. This method receives a vector of Integer objecisasameters. These data are the indexes of
the attributes to be written into the main attribute vectored in the MultiAttribute object. Methods of
the MultiAttribute class allow the retrieval of the the aect attribute object from these indexes. The value
to be written is stored in the WALttribute object and can beeetd with WAttribute class methods called
get_xx_write_value()A data member calledttr <Attribute_name>_writés foreseen to temporary store
this extracted value.

1 public void write_attr _hardware(Vector attr_list)

2{

3 Util.out2.printin("In write_attr_hardware for "+atfist.size()+" attribute(s)");
4

5 for (inti=0;i < attr_list.size();i++)

6{

7 intind = ((Integer)(attr_list.elementAt(i))).intVady();
8 WAttribute att = dev_attr.get w_attr_by ind(ind);
9 String att_name = att.get_name();

10

11 if (att_name.equals("SetPosition") == true)

124

13 attr_SetPosition_write = att.get_Ig_write_value();
14 Util.out2.printin("Attribute SetPosition value = "tatSetPosition_write);
15 position[0] = attr_SetPosition_write;

16}

17}

18}

Line 5 : A loop on each attribute to be written

Line 7-9 : Retrieve attribute name

Line 11 : A test on attribute name

Line 13 : Retrieve new attribute value

Line 15 : Set the hardware (very simple in our example)

8.4.11.2.4 The read attribute related methods To enable reading of attributes, the StepperMotor class
must re-define two methods calleshd_attr_hardware(@ndread_attr(). The aim of the first one is to read
the hardware. It will be called only once at the beginningaifteread_attributes CORBA call. The second
method aim is to build the exact data for the wanted attrilaune to store this value into the Attribute
object. This method will be called for each attribute to badre Special care has been taken in order
to minimize the number of data copy and allocation. The datsed to the Attribute object as attribute
value is passed using pointers. It must be allocated by thttadeand the Attribute object will not
free this memory. Data members called attr_<Attribute_eranmnead are foreseen for this usage. As for
thewrite_attr_hardware(method, theead_attr_hardware(jnethod receives a vector of long which are
indexes into the main attributes vector of the attributebaaread. Theead_attr() method receives a
reference to the Attribute object.

91t can also be data declared as object data members or merceyet as static
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1 public void read_attr _hardware(Vector attr_list)

2{

3 Util.out2.printin("In read_attr_hardware for "+attistlsize()+" attribute(s)");
4 for (inti = 0;i< attr_list.size();i++)

54

6 int ind = ((Integer)(attr_list.elementAt(i))).intVady();

7 String attr_name = dev_attr.get_attr_by ind(ind).game();
8

9 if (attr_name == "Position")

104

11 attr_Position_read[0] = position[0];

12}

13 else if (attr_name == "Direction")

144

15 attr_Direction_read[0] = direction[0];

16}

17}

18}

19

20

21 public void read_attr(Attribute attr) throws DevFailed
22 {

23 String attr_name = attr.get_name();

24 Util.out2.printin("In read_attr for attribute "+attmame);
25 if (attr_name.equals("Position") == true)

26 {

27 attr.set_value(attr_Position_read);

28}

29 else if (attr_name.equals("Direction™) == true)

30{

31 attr.set_value(attr_Direction_read);

32}

33}

Line 4 : A loop on each attribute to be read

Line 6 -7: Get attribute name

Line9 : Test on attribute name

Line 11 : Read hardware (pretty simple in our case)
Line 23 : Get attribute name

Line 25 : Test on attribute name

Line 27 : Set attribute value in Attribute object

8.4.11.2.5 Retrieving device properties Retrieving properties is fairly simple with the use of théatmse
object. Each Tango device is an aggregate with a DbDeviazblgee figurd&.1). This has been grouped

in a method calledjet_device_properti€s The classes and methods of the Dbxxx objects are dedcribe
in the Tango API documentation.

1 void public get_device_property() throws DevFailed
2{
3 String[] prop_names = {"Max","Min"};
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4
5 DbDatum[] res_value = db_dev.get_property(prop_names)
6

7 if (res_value[0].is_empty() == false)

8 min = res_value[0].extractInt();

9if (res_value[l].is_empty() == false)

10 max = res_value[1].extractInt();

11}

Line 3 : Define the names of the properties to be retrieved

Line 5 : Call the database to retrieve properties value

Line 7-8 : If the Max property is defined in the database, ettita value from the DbDatum object
and store it in a device data member

Line 9-10 : If the Min property is defined in the database, attits value from the DbDatum object
and store it in a device data member

8.4.11.2.6 Theremaining methods The remaining methods are tllev_state, dev_status, always_executed_hook()
anddev_read_positiomethods. Thelev_statenethod parameters are fixed. It does not receive any input
parameter and must return a DevState data type.d€kestatuparameters are also fixed. It does not re-

ceive any input parameter and must return reference to asfiang. Thealways_executed hookceives

nothing and return nothing Thiev_read_positiomethod input parameter is the motor number as an int

and the returned parameter is the motor position also as aatia type.

1intdev_read_position(int axis) throws DevFailed

2{

3

4 if (axis < 0 || axis > SM_MAX_MOTORS)

54

6 Util.outl.printin("Steppermotor.dev_read_positipis out of range !");
7

8 StringBuffer o = new StringBuffer("Axis number");

9 o.append(axis);

10 o.append(" out of range");

11

12 Except.throw_exception("StepperMotor_AxisOutOfgelh
13 o.toString(),

14 "StepperMotor.dev_read_position()");

15}

16

17 return position[axis];

18}

19

20 public void always_executed _hook()

21

22 Util.out2.printin("In always_executed_hook methqd")
23}

24

25 public DevState dev_state() throws DevFailed

26 {

27 Util.out2.printin("In StepperMotor state command");



CHAPTER 8. WRITING A TANGO DEVICE SERVER 273

28 return super.dev_state();

29}

30

31 public String dev_status() throws DevFailed

32{

33 Util.out2.printin("In StepperMotor status command");
34 return super.dev_status();

35}

Line 1-18 : Thedev_read_positiomethod

Line 4-15 : Throw exception to client if the received axis raamis out of range

Line 20-23 : Thealways_executed_hoakethod.It does nothing. It has been included here only as
pedagogic usage.

Line 25-29 : Thedev_statemethod. It does exactly what the defadiv_statedoes. It has been
included here only as pedagogic usage

Line 31-35 : Thedev_statusnethod. It does exactly what the defadéiv_statusioes. It has been
included here only as pedagogic usage.

8.5 Device server under Windows

Two kind of programs are available under Windows. Thesekaigrograms are called console application
or Windows application. A console application is startezhira MS-DOS window and is very similar to
classical UNIX program. A Windows application is most of thme not started from a MS-DOS window
and is generally a graphical application without standapdit/output. Writing a device server in a console
application is straight forward following the rules debexdl in the previous sub-chapters. Writing a device
server in a Windows application needs some changes deiailkd following sub-chapters.

8.5.1 The Tango device server graphical interface

Within the Windows operating system, most of the runningliappon has a window user interface. This
is also true for the Windows Tango device server. Using orthistinterface is up to the device server
programmer. The choice is done with an argument tostir@er_init()method of the Tango::Util class.
This interface is pretty simple and is based on three windekish are :

¢ The device server main window
* The device server console window

* The device server help window

8.5.1.1 The device server main window

This window looks like :

Four menus are available in this window. The File menu alltvesuser to exit the device server. The
View menu allows you to display/hide the device server ctimaindow. The Debug menu allows the user
to change the server output verbose level. All the outpués go the console window even if it is hidden.
The Help menu displays the help window. The device servereniardisplayed in the window title. The
text displayed at the bottom of the window has a default vétlne one displayed in this window dump)
but may be changed by the device server programmer usingethenain_window_text(hethod of the
Tango::Util class. If used, this method must be called pdhe call of theserver_init()method. Refer to
[8] for a complete description of this method.
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Figure 8.7: Tango device server main window

Tango device server : opcfandy M =] E3
File iew [Debug Help

Tango
Device
Server

European Synchrotron Radiation Facility (ESRF)
COREBA based device server
Developped by Tango team
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8.5.1.2 The console window

This window looks like :

1 device(s) defined =
Device name : etfopctl

Entering MultiAttribute class constructor for device etfopch
Leaving MultiAttribute class constructor

Fluids::Fluids() create device etfopctl
DeviceClass::export_device() arrived

Leaving Device Class:export_device method()
DeviceClass::export_device() arrived

Leaving Device Class:export_device method()

It simply displays all the logging message when a consofgetas used in the device server.

8.5.1.3 The help window

This window looks like :

'I_ TAMNGO device server
Ds

Device serser: opc/andy
TAMNGO release : xy

TAMNGO |DL definition release : 1
Semver release

European Synchrotron Radiation Facility (ESRF)

This window displays

» The device server name

» The Tango library release

» The Tango IDL definition release

e The device server release. The device server programmgeisatahis release number using the
set_server_versionfhethod of the Tango::Util class. If used, this must be doier po the call of
theserver_init()method. If theset_server_version(hethod is not used, x.y is displays as version
number. Refer tod] for a complete description of this method.
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8.5.2 MFC device server

There is nomain function within a classical MFC program. Most of the time,uy@pplication is rep-
resented by one instance of a C++ class which inherits frarMRC CWinApp class. This CWinApp
class has several methods that you may overload in yourcapipln class. For a device server to run cor-
rectly, you must overload two methods of the CWinApp claskese methods are theitinstance()and
Exitinstance(methods. The rule of these methods is obvious following thames.

Remember that if the Tango device server graphical user intdace is used, you must link your
device server with the Tango windows resource fileThis is done by adding the Tango resource file to
the Project Settings/Link/Input/Object, library modweisdow in VC++.

8.5.2.1 The Initinstance method

The code to be added here is the equivalent of the code wiitteiclassicamain() function. Don't forget
to add thetango.hfile in the list of included files.

1 BOOL FluidsApp::Initinstance()

2{

3 AfxEnableControlContainer();

4

5 // Standard initialization

6 // If you are not using these features and wish to reduceizke s
7 /1 of your final executable, you should remove from the ol
8 // the specific initialization routines you do not need.

9

10 #ifdef _AFXDLL

11 Enable3dControls(); // Call this when using MFC in a stdpéL

12 #else

13 Enable3dControlsStatic(); // Call this when linking té-® statically
14 #endif

15 Tango::Util *tg;

16 try

174

18

19 tg = Tango::Util::init(m_hInstance,m_nCmdShow);

20

21 tg->server_init(true);

22

23 tg->server_run();

24

25}

26 catch (bad_alloc)

27

28 MessageBox((HWND)NULL,"Memory error”,"Command lingI1B_ICONSTOP);
29 return(FALSE);

30}

31 catch (Tango::DevFailed &e)

32{

33 MessageBox((HWND)NULL,e.errors[0].desc.in(),"Corand line",MB_ICONSTOP);
34 return(FALSE);

35}

36 catch (CORBA::Exception &)
37{
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38 MessageBox((HWND)NULL,"Exception CORBA","Commanddi',MB_ICONSTOP);
39 return(FALSE);

40}

41

42 m_pMainWnd = new CWnd;

43 m_pMainWnd->Attach(tg->get_ds_main_window());

44

45 return TRUE;

46}

Line 19 : Initialise Tango system. This method also analisesargument used in command line.

Line 21 : Create Tango classes requesting the Tango Wind@aphgal interface to be used

Line 23 : Start Network listener. Note that under NT, thid caturns in the contrary of UNIX like
operating system.

Line 26-30 : Display a message box in case of memory alloga&ticor and leave method with a return
value set to false in order to stop the process

Line 31-35 : Display a message box in case of error duringesémitialization phase.

Line 36-40 : Display a message box in case of error other themany allocation. Leave method with
a return value set to false in order to stop the process.

Line 37-38: Create a MFC main window and attach the Tangotgcapinterface main window to this
MFC window.

8.5.2.2 The Exitlnstance method

This method is called when the application is stopped. Fagdadevice server, its rule is to destroy the
Tango::Util singleton if this one has been correctly canstied.

1 int FluidsApp::Exitinstance()

2{

3 bool del = true;

4

S5try

6{

7 Tango::Util *tg = Tango::Util::instance();
8}

9 catch(Tango::DevFailed)

10

11 del =false;

12}

13

14 if (del == true)

15 delete (Tango::Util::instance());
16

17 return CWinApp::Exitinstance();
18}
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Line 7 : Try to retrieve the Tango::Util singleton. If this @fmas not been constructed correctly, this
call will throw an exception.

Line 9-12 : Catch the exception in case of incomplete Tatlibsingleton construction

Line 14-15 : Delete the Tango::Util singleton. This will egister the Tango device server from the
Tango database.

Line 17 : Execute th&xitinstancanethod of the CWinApp class.

If you don’t want to use the Tango device server graphic&rfate, do not pass any parameter to the
server_init()method and instead of the code display in lines 37 and 38 irpteeious example of the
Initinstance()method, use your own code to initialize your own application

8.5.2.3 Example of how to build a Windows device server MFC ksed

This sub-chapter gives an example of what it is needed to bHoitld a MFC Windows device server. Rather
than being a list of actions to strictly follow, this is somengral rules of how using VC++ to build a Tango
device server using MFC.

1. Create your device server using Pogo. For a class hameddttyMhe following files will be needed
: class_factory.cpgMyMotorClass.hMyMotorClass.cppMyMotor.handMyMotor.cpp.

2. On a Windows computer running VC++, create a new projetyyd “MFC app Wizard (exe)” using
static MFC libs. Ask for a dialog based project without Aefi/controls.

3. Copy the five files generated by Pogo to the Windows computgdadd them to your project

4. Remove the dialog window files (xxxDlg.cpp and xxxDlg tmg Resource include file and the re-
source script file from your project

5. Add #include <stdafx.h> as first line of the include filest in class_factory.cpgMyMotorClass.cpp
andMyMotor.cppfile. Also add your own directory and the Tango include dimegto the project
pre-compiler include directories list.

6. Enable RTTI in your project settings (see chaptér1.)

7. Change your application class:

(a) Add the definition of aicxitinstancemethod in the declaration file. (xxx.h file)

(b) Remove the include of the dialog window file in the xxx.dpe and add an include of the
Tango master include files (tango.h)

(c) Replace thénitinstanc€) method as described in previous sub-chapter. (xx.cpp file
(d) Add anExitinstance(method as described in previous sub-chapter (xxx.cpp file)

8. Add all the libraries needed to compile a Tango deviceesgisee chapte8.6.1.9 and the Tango
resource file to the linker Object/Libraries modules.

8.5.3 Win32 application

Even if it is more natural to use the C++ structure of the MF&sslto write a Tango device server, it
is possible to write a device server as a Win32 applicatiorstelad of having anain() function as the
application entry point, the operating system, providéérVain()function as the application entry point.
Some code must be added to tiénMainfunction in order to support Tango device server. Don't &rg
to add thetangah file in the list of included files. If you are using the projedes generated by Pogo,
don’t forget to change the linker SUBSYSTEM option to "Winddd (Under Linker/System in the project
properties window).
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1 int APIENTRY WinMain(HINSTANCE hinstance,
2 HINSTANCE hPrevinstance,

3 LPSTR IpCmdLine,

4 int nCmdShow)

59

6 MSG msg;

7 Tango::Util *tg;

8

9try

10

11 tg = Tango::Util::init(hinstance,nCmdShow);
12

13 string txt;

14 txt = "Blabla first line\n";

15 txt = txt + "Blabla second line\n";

16 txt = txt + "Blabla third line\n";

17 tg->set_main_window_text(txt);

18 tg->set_server_version("2.2");

19

20 tg->server_init(true);

21

22 tg->server_run();

23

24}

25 catch (bad_alloc)

26 {

27 MessageBox((HWND)NULL,"Memory error”,"Command ling1B_ICONSTOP);
28 return (FALSE);

29}

30 catch (Tango::DevFailed &e)

31{

32 MessageBox((HWND)NULL,e.errors[0].desc.in(),"Coamd line",MB_ICONSTOP);
33 return (FALSE);

34}

35 catch (CORBA::Exception &)

36{

37 MessageBox((HWND)NULL,"Exception CORBA","Commanddi',MB_ICONSTOP);
38 return(FALSE);

39}

40

41 while (GetMessage(&msg, NULL, 0, 0))
42

43 TranslateMessage(&msgQ);

44 DispatchMessage(&msg);

45}

46

47 delete tg;

48

49 return msg.wParam;

50}
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Line 11 : Create the Tango::Util singleton

Line 13-18 : Set parameters for the graphical interface

Line 20 : Initialize Tango device server requesting the ldigpf the graphical interface

Line 22 : Run the device server

Line 25-39 : Display a message box for all the kinds of errairduTango device server initialization
phase and exit WinMain function.

Line 41-45 : The Windows message loop

Line 47 : Delete the Tango::Util singleton. This class dedtor unregisters the device server from the
Tango database.

Remember that if the Tango device server graphical user intéace is used, you must add the
Tango windows resource file to your project

If you don’t want to use the tango device server graphicat ungerface, do not use any parameter in
the call of theserver_init()method and do not link your device server with the Tango Wiveloesource
file.

8.5.4 Device server as NT service

With Windows NT, if you want to have processes which surviviegoff sequence and/or are automatically
started during computer startup sequence, you have to thieta as service. It is possible to write Tango
device server as service. You need to

1. Write a class which inherits from a pre-written Tango slealled NTService. This class must have
astartmethod.

2. Write a main function following a predefined skeleton.

8.5.4.1 The service class

It must inherits from theNTServiceclass and definesstart method. The NTService class must be con-
structed with one argument which is the device server eabteiname. Thstart method has three argu-
ments which are the number of arguments passed to the metiwdrgument list and a reference to an
object used to log info in the NT event system. The first twesamyst be passed to the Tango:: Util::init
method and the last one is used to log error or info messadpesclass definition file looks like

1 #include <tango.h>

2 #include <ntservice.h>

3

4 class MYService: public Tango::NTService

54

6 public:

7 MY Service(char *);

8

9 void start(int,char **, Tango::NTEventLogger *);
10};

Line 1-2 : Some include files

Line 4 : The MY Service class inherits fromango::NTServicelass
Line 7 : Constructor with one parameter

Line 9 : Thestart() method

The class source code looks like
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1 #include <myservice.h>

2 #include <tango.h>

3

4 using namespace std;

5

6 MYService::MYService(char *exec_name):NTServiceexeme)
74

8}

9

10 void MY Service::start(int argc,char **argv, Tango::BWentLogger *logger)
114

12 Tango::Util *tg;

13 try

144

15 Tango::Util::_service = true;

16

17 tg = Tango::Util::init(argc,argv);

18

19 tg->server_init();

20

21 tg->server_run();

22}

23 catch (bad_alloc)

24 {

25 logger->error("Can’t allocate memory to store devicgot);
26}

27 catch (Tango::DevFailed &e)

28 {

29 logger->error(e.errors[0].desc.in());
30}

31 catch (CORBA::Exception &)

32{

33 logger->error("CORBA Exception");
34}

35}

Line 6-8 : The MY Service class constructor code.

Line 15 : Set to true theservicestatic variable of th&ango::Util class.

Line 17-21 : Classical Tango device server startup code

Line 23-34 : Exception management. Please, note that watisigrvice. it is not possible to print data
on a console. This method receives a reference to a loggectobjhis object sends all its output to the
Windows NT event system. It is used to send messages whercapt®sn has occurred.

8.5.4.2 The main function

The main function is used to create one instance of the clessrithing the service, to check the service
option and to run the service. The code looks like :
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1 #include <tango.h>

2 #include <MY Service.h>

3

4 using namespace std;

5

6

7 int main(int argc,char *argvl[])
8{

9 MYService service(argv[0]);
10

11 int ret;

12 if ((ret = service.options(argc,argv)) <= 0)
13 return ret;

14

15 service.run(argc,argv);

16

17 return O;

18}

Line 9 : Create one instance of the MYService class with tleeetable name as parameter

Line 12 : Check service option with tleptions()method inherited from the NTService class.

Line 15 : Run the service. Then() method is inherited from the NTService class. This methdt wi
after some NT initialization sequence execute the stt() method.

8.5.4.3 Service options and messages

When a Tango device server is written as a Windows NT seritisgpports several new options. These
option are linked to Windows NT service usage.

Before it can be used, a service must be installed. A name &t B associated to each service. For
Tango device server used as service, the service name dsfimrih the executable name followed by the
underscore character and the instance name. For examejce derver service executable file named
“opc” and started with “fluids” as instance name, will be nai@pc_fluids”. The title string is built from
the service executable name followed by the sentence “Tdegjoe server” and the instance name between
parenthesis. In the previous example, the service titlebgil‘opc Tango device server (fluids)”. Once a
service is installed, you can configure it with the “Servicgsplication of the control panel. Services title
are displayed by this application and allow the user to $elee specific service. Once a service is selected,
it is possible to start/stop it and to configure its startypetas manual (with the Services application) or
as automatic. When the automatic mode is chosen, the sestaite when the computer is started. In this
case, the service executable code must resides on the cemtgmat! disk.

Tango device server logs message in the Windows event sygtemthe service is started or stopped.
You can see these messages with the “Event Viewer” appicg8tart->Programs->Administrative tools-
>Event Viewer) and choose the Application events.

The new options are -i, -s, -u, -h and -d.

* -i: Install the service
» -s: Install the service and choose the automatic startugemo
e -u: Un-install the service

» -dbg : Run in console mode to debug service. The service havg been installed prior to used it.
The classical -v device server option can be used with the@tidm.

On the command line, all these options must be used aftertiealserver instance name (“opc fluids -i”
to install the service, “opc fluids -u” to un-install the siery; “opc fluids -v -d” to debug the service)
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8.5.4.4 Tango device server using MFC as Windows NT service

If your Tango device server uses MFC and must be written asaovis NT service, follow these rules :
» Don't forget to add thetdafx.Hfile as the first file included in all the source files making thejgct.
e Comment out the definition of VC_EXTRALEAN in thetdafx.Hfile.
e Change the pre-processor definitions, replace _ WINDOWSGYNSOLE
e Add the /[SUBSYSTEM:CONSOLE option in the linker optionswow of the project settings.

e Add a call to initialize the MFCAfxWinlInit()) in the service main function

1 int main(int argc,char *argv[])

2{

3 if ((AfXWinlInit(::GetModuleHandle(NULL),NULL,::Get@mmandLine(),0))
4{

5 cerr << "Can'tinitialise MFC !" << endl;
6 return -1;

7}

8

9 service serv(argv[0]);

10

1lintret;

12 if ((ret = serv.options(argc,argv)) <= 0)
13 return ret;

14

15 serv.run(argc,argv);

16

17 return O;

18}

Line 3 : The MFC classes are initialized with tA&WinlInit() function call.

8.6 Compiling, linking and executing a TANGO device server po-
cess

8.6.1 Compiling and linking a C++ device server
8.6.1.1 On UNIX like operating system

8.6.1.1.1 Supported development toolsThe supported compiler for Linux igccrelease 2.95.3 and
above. For Solaris with its native C++ compiler, CC releasei$ supported (FORTE C++ 6 Update 2).
Please, note that to debug a Tango device server running uimde, gdb release 5 and above is needed
in order to correctly handle threads.

8.6.1.1.2 Compiling TANGO for C++ uses omniORB (release 4) as underlying CORBAeCthRe-
quest Broker1]. To compile a TANGO device server, your include search jpatist be set to :

e The omniORB include directory

e The Tango include directory

 Your development directory
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8.6.1.1.3 Linking To build a running device server process, you need to link gode with several
libraries. Nine of them are always the same whatever theatipgrsystem used is. These nine libraries
are:

* The Tango libraries (callelibtango andliblog4tango)
* Three omniORB package libraries (calldtbmniORB4, libomniDynamic4 andlibCOS4)
e The omniORB threading library (calldtbomnithread)

On top of that, you need additional libraries depending endperating system :

» For Solaris, add the posix4 librarlit{posix4), the socket libraryljpsocket), the nsl library [ibnsl)
and the posix thread librarjilfpthread)

 For Linux, add the posix thread librarlit{pthread)

The following table summarizes the necessary options topdera Tango C++ device server. Obviously,
the options -1 and -L must be updated to reflect your file sysieganization.

| Operating systen)  Compiling option | Linking option |

-mt -L.. -ltango -llog4tango -lomniORB4 t
Solaris CC -mt-l.. lomniDynamic4 -ICOS4 -lomnithread -Iposix4 |-
Isocket -Insl -Ipthread
. -L.. -ltango -llog4tango -lomniORB4
Linux gec -D_REENTRANT I lomniDynamic4 -ICOS4 -lomnithread -Ipthread

The following is an example of a Makefile for Linux. Obviousifl the paths are set to the ESRF file
system structure.

1#

2 # Makefile to generate a Tango server

3#

4

5CC=c++

6 BIN_DIR = suse82

7 TANGO_HOME = /segfs/tango

8

9 INCLUDE_DIRS = - $(TANGO_HOME)/include/$(BIN_DIR)\
10-1.

11

12 LIB_DIRS = -L $(TANGO_HOME)/lib/$(BIN_DIR)
13

14

15 CXXFLAGS = -D_REENTRANT $(INCLUDE_DIRS)
16 LFLAGS = $(LIB_DIRS) -ltango \

17 -llog4tango \

18 -lomniORB4 \

19 -lomniDynamic4 \

20-ICOS4\
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21 -lomnithread \

22 -Ipthread

23

24

25 SVC_OBJS = main.o\

26 classfactory.o\

27 steppermotorclass.o\

28 steppermotor.o

29

30

31 .SUFFIXES: .0 .cpp

32 .cpp.o:

33 $(CC) $(CXXFLAGS) -c $<
34

35

36 all: StepperMotor

37

38 StepperMotor: $(SVC_OBJS)
39 $(CC) $(SVC_O0OBJIS) -0 $(BIN_DIR)/StepperMotor $(LFLAGS
40

41 clean:

42 rm -f *.0 core

Line 5-7 : Define Makefile macros

Line 9-10 : Set the include file search path

Line 12 : Set the linker library search path

Line 15 : The compiler option setting

Line 16-22 : The linker option setting

Line 25-28 : All the object files needed to build the execugabl

Line 31-33 : Define rules to generate object files

Line 36 : Define a “all” dependency

Line 38-39 : How to generate the StepperMotor device sexecigable
Line 41-42 : Define a “clean” dependency

8.6.1.2 On Windows using Developer Studio

Supported Windows compiler for Tango is Visual C++ releasd above. Most problems in building
a Windows device server revolve around the /M compiler dwimily. This switch family controls
which run-time library names are embedded in the object, flad consequently which libraries are used
during linking. Attempt to mix and match compiler settingsldibraries can cause link error and even if
successful, may produce undefined run-time behavior.

Selecting the correct /M switch in Developer Studio is ddweugh a dialog box. To open this dialog
box, click on the “Project” menu and select the “Settingstiop. To change the compiler switch click on
the “C/C++" tab and select “Code Generation” from the “Catgg drop-down list. The “Use run-time
library” drop-down list is used to change the compiler switdy looking at the string in the “Project
options” edit box, you can see what the switch value is forditog-down list selection.

 Single-threaded = /ML

e Multithreaded = /MT (Supported)

» Multithreaded DLL =/MD (Supported)
e Debug Single-threaded = /MLd
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e Debug Multithreaded = /MTd (Supported)
e Debug Multithreaded DLL = /MDd (Supported)

Compiling a file with a value of the /M switch family will impesat link phase the use of libraries also
compiled with the same value of the /M switch family. If younepiled your source code with the /MT
option (Multithreaded), you must link it with libraries alsompiled with the /MT option.

The omniORB package used by TANGO, makes extensive use eptmas and RTTF. This requires
the /GX and /GR options be enabled when compiling. The ggttan be found in Developer Studio in
the “Project Settings” dialog box. Click on the “C/C++" tabdaselect “C++ language” in the “Category”
drop-down list.

On 32 bits computer, omniORB and TANGO relies on the premsaeidentifielVIN32 being defined
in order to configure itself. On 64 bits computer (x64 arattitee), the preprocessor identifidfIN64
has to be defined. If you build an application using staticaliles (option /MT or /MTd), you must add
_WINSTATIC to the list of the preprocessor identifiers. If you build aplagation using DLL (option /MD
or /MDd), you must addl OG4TANGO_HAS DLL andTANGO_HAS DLL to the list of preprocessor
identifiers.

To build a running device server process, you need to link gode with several libraries on top of the
Windows libraries. These libraries are:

* The Tango libraries (calletingo.lib andlog4tango.libor tangod.lib andlog4tangod.libfor debug
mode)

« The omniORB package libraries (see next table)

| Compile mode | Libraries |
Debug Multithreaded omniORB4d.lib, omniDynamic4d.lib, omnithreadd.lib an@®&4d.lib
Multithreaded omniORBA4.lib, omniDynamic4.lib, omnithread.lib and COI8%

Debug Multithreaded DLL| omniORB414 _rtd.lib, omniDynamic414 _rtd.lib, omnithd34 rtd.lib,
and COS414 rtd.lib

Multithreaded DLL omniORB414 rt.lib, omniDynamic414 _rt.lib, omnithredd3t.lib
and COS414 rt.lib

e Windows network librariesniswsock.libandws2_32.lij

« Windows graphic librarydomctl32.lib)

To add these libraries in Developer Studio, open the “Pt@ettings” dialog box and click on the “Link”
tab. Select “Input” from the “Category” drop-down list andidethese library names to the list of library in
the “Object/library modules” box.

The “Win32 Debug” or “Win32 Release” configuration that yotaage with the “Build/Set active
configuration” menu changes the /M switch compiler. Foréansg, if you select a “Win32 Debug” config-
uration in a "non-DLL" project, use the omniORB4d.lib, odghamic4d.lib and omnithreadd.lib libraries
and the tango.lib library in thdebugdirectory (at the ESRF). If you select the “Win32 Releaseifiu-
ration, use the omniORBA4.lib, omniDynamic4.lib and omretd.lib libraries and the tango.lib library in
thereleasedirectory (at the ESRF).

WARNING : In some cases, the Microsoft Visual Studio wizard usedndyproject creation generates
an include file callecstdafx.h If this file itself includes windows.h file, you have to ade threprocessor
macro _WIN32_WINNT and set it to 0x0400.

10RTTI stands foiRun Time Typel dentification
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8.6.2 Running a C++ device server

To run a C++ Tango device server, you must set an environnaighle. This environment variable is
calledTANGO_HOST and has a fixed syntax which is

TANGO_HOST=<host>:<port>

The host field is the host name where the TANGO database desiger is running. The port field is the
port number on which this server is listening. For instaacglid syntax is TANGO_HOST=dumela:10000.
For UNIX like operating system, setting environment valgak possible with thexportor setenvcom-
mand depending on the shell used. For Windows NT, setting@mwent variable is possible with the
“Environment” tab of the “System” application in the corltpanel.

If you need to start a Tango device server on a pre-definedportTango database device server or
device server without database usage), you must use one ohtterlying ORB optioendPointike

myserver myinstance_name -ORBendPoint giop:tcp::<partlver>

8.6.3 Compiling a Java device server
8.6.3.1 Supported java release

Tango device server written using Java language needsedlega0(or above) of the Java environment.

8.6.3.2 Setting the CLASSPATH
To correctly compile a Java Tango device server, the CLAS&RP&nvironment variable must be set to :

* The Tango jar file. All Tango and TangoDs package classes haen stored in this jar file. On
top of that, this file also includes all the CORBA ORB classkEsORB classes). This file is named
TangORB.jar

« The jar file with all the JDK classes (not always necessamylccbe implicit)
¢ Your own directory

For UNIX like operating system, setting environment valgab done with theexportor setenvcommand
depending on the shell used. For Windows NT, setting enwiet variable is possible with the “Environ-
ment” tab of the “System” application in the control panel.

8.6.3.3 Makefile

The following is an example of a Makefile for a Java Tango desgerver. Obviously, all the paths are set
to the ESRF file system structure.

1#

2 # Makefile to generate a TANGO java device server
3#

4

5 JAVAC = javac -classpath $(CLASSPATH)...

6
TH#
8 #
9 # The compiler flags
10#

11 #
12
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13 JAVAFLAGS = -g
14
15#
16
17
18 CL_LIST = DevReadPositionCmd.class \
19 StepperMotor.class \

20 StepperMotorClass.class

21

22 PACKAGE = server

23

24 #

25 # Rule for compiling

26 #

27

28 .SUFFIXES: .class .java

29 .java.class:

30 $(JAVAC) $(JAVAFLAGS) $<

31
32#
33
34
35 all: $(PACKAGE)

36

37 $(PACKAGE): $(CL_LIST)
38

39 clean:

40 rm -f *.class

Line 5 : Definition of the java compiler

Line 13 : The java compiler flag

Line 18 : List of class to be compiled

Line 28 : Define a dependency name

Line 29-30 : Define how source files must be compiled
Line 35: The “all” dependency

Line 47 : The device server dependency

Line 39-40 : The “clean” dependency

8.6.3.4 Tango core software release number

All the Tango core classes are packaged in the Tango.jaiiligtle utility tool called TangoVersallows
a user to know which release of the Tango core classes he¢sling. This utility is available only with
Java 1.2 virtual machine. To run this utility, simply type

TangoVers <path to Tango.jar file>

if the directory /segfs/tango/bin is in your PATH environmgariable.
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8.6.4 Running a Java device server

A correct setting of the CLASSPATH environment variable @& enough to run a Java Tango device
server. You must also set a Java system property. The narhe system property iBANGO_HOST and

its syntax is the same than the syntax described in ch&me2 Setting a Java system property is done
by using -D option of the java interpreter command. To runva Jango device server, the command line
must start with

java -DTANGO_HOST=<host>:<port> Xxxx

As all the device server files are part of a package, you havertohis command in the directory above
the package directory. For instance, for our StepperMatoiog server started witht as instance name,
all files must be stored in a directory called StepperMotat e command line must be

java -DTANGO_HOST=<host>:<port> StepperMotor/SteppetiM et

run from the directory above the StepperMotor one.
If you need to start a Tango device server on a pre-definedportTango database device server or
device server without database usage), you must use one ohtterlying ORB option OAPort like

java -DOAPort=<port number> myserver myinstance_name

8.7 Advanced programming techniques

The basic techniques for implementing device server patier required by each device server program-
mer. In certain situations, it is however necessary to doghout of the ordinary. This chapter will look
into programming techniques which permit the device seseeve more than simply the network.

8.7.1 Receiving signal (C++ specific)

It is UNSAFE to use any CORBA call in a signal handler. It is also UNSAFE $e some system calls
in a signal handler. Tango device server solved this prolgmsing threads. A specific thread is started
to handle signals. Therefore, every Tango device servart@naatically a threaded process. This allows
the programmer to write the code which must be executed wisggnal is received as ordinary code. All
device server threads masks all signals except the spdgifialshread which is permanently waiting for
signal. If a signal is sent to a device server process, omsitinal thread will receive it because it is the
single thread which does not mask signals.

Nevertheless, signal managementis not trivial and soneet@are to be taken. The signal management
differs from operating system to operating system. It isrecommended that you install your own signal
routine using any of the signal routines provided by the afeg system calls or library.

8.7.1.0.1 Using Linux The classical thread library is used by the Tango deviceeserVhe thread
management offered by the Linux kernel and this library isueekernel-thread based implementation.
This means that each thread is seen as a process (each thsemddparate PID, tipscommand displays
one line for each thread) even if they are not real processaHango device server,@scommand will
show you several threads. One of them is the signal threadifth one). Chapte®.3 details how thread
are managed within a Tango device server or client.

The PID stored in the Tango database is the PID of the signedith All signals should be sent to the
signal thread. To kill a server from a console window, the Bfhe signal thread should be used. The
Linux thread library is using the SIGUSR1 and SIGUSR?2 sidoaits own purpose. It is forbidden to use
these two signals in a Linux Tango device server. The Tang® dasses will refuse to install something
for these two signals.

Nevertheless, the Linux thread library is not fully POSDéwaiant about thread and signal manage-
ment. The POSIX specification says that an asynchronoualsigumst be delivered to one of the thread of
the program which does not block the signal (it is not spegtifidaich). Using this Linux thread library,
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the signal is delivered to the thread it is been sent to, basetthe PID of the thread. If that thread is
currently blocking the signal, the signal remains pendifbis is a problem for Tango device server under
Linux using thealarm() system call. In this case, the system will send the signdlegalevice server thread
which has calleélarm() and not to the device server signal management thread. Aaspase of theeg-
ister_signamethod (detailed in the next sub-chapter) have been dpedlfor such case. This is available
only for Linux.

8.7.1.0.2 Using Solaris There is no restriction on the signal to be used.

8.7.1.1 Using signal

It is possible for C++ device server to receive signals fraieds or other processes. The TDSOM sup-
ports receiving signal at two levels: the device level areldlass level. Supporting signal at the device
level means that it is possible to specify interest into ikéeg signal on a device basis. This feature is
supported via three methods defined in the Devicelmpl clabgese methods are calleegister_signal
unregister_signaand sgnal_handler

Theregister_signal method has one parameter which is the signal number. Thisadétforms the
device server signal system that the device want to be irddrwhen the signal passed as parameter is
received by the process. There is a special case for Linuxgaieed in the previous sub-chapter. It is
possible to register a signal to be executed in the a sigmalleacontext (with all its restrictions). This is
done with a second parameter to thagister_signaimethod. This second parameter is simply a boolean
data. If it is true, the signal_handler will be executed ingmal handler context in the device server main
thread. A default value (false) has been defined for thismpater.

Theunregister_signal method also have an input parameter which is the signal nuriibes method
removes the device from the list of object which should benedrwhen the signal is received by the
process.

The signal_handler method is the method which is triggered when a signal is vedeif the corre-
spondingregister_signahas been executed. This method is defined as virtual and cadéfined by the
user. It has one input argument which is the signal number.

The same three methods also exist in the DeviceClass cldmsr action and their usage are similar
to the Devicelmpl class methods. Installing a signal at thssclevel does not mean that all the device
belonging to this class will receive the signal. This onlyame that thesignal_handlemethod of the
DeviceClass instance will be executed. This is useful if etipa has to be executed once for a class of
devices when a signal is received.

The following code is an example with our stepper motor degierver configured via the database to
serve three motors. These motors have the following nana€el/rotor/01, id04/motor/02 and id04/motor/03.
The signal SIGALRM (alarm signal) must be propagated onlyrtomotor number 2 (id04/motor/02)

1 void StepperMotor::init_device()

2{

3 cout << "StepperMotor::StepperMotor() create motor " € chame << end|;
4

5longi;

6

7 for (i=0; i< AGSM_MAX_MOTORS; i++)
8{

9 axis[i] = 0;

10 position[i] = 0;

11 direction[i] = 0;

12}

13

14 if (dev_name == "idO4/motor/02")
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15 register_signal(SIGALRM);

16}

17

18 StepperMotor::~StepperMotor()

194

20 unregister_signal(SIGALRM);

21}

22

23 void StepperMotor::signal_handler(long signo)
24 {

25 INFO_STREAM << "Inside signal handler for signal " << sigr< endl;
26

27 I/ Do what you want here

28

29}

Theinit_devicemethod is modified.

Line 14-15: The device name is checked and if it is the comante, the device is registered in the list
of device wanted to receive the SIGALARM signal.

The destructor is also modified

Line 20 : Unregister the device from the list of devices whétiould receives the SIGALRM signal.
Note that unregister a signal for a device which has not presly registered its interest for this signal does
nothing.

Thesignal_handlemethod is redefined

Line 25 : Print signal number

Line 27 : Do what you have to do when the signal SIGALRM is reedi

If all devices must be warned when the device server proeessves the signal SIGALRM, removes
line 14 in theinit_devicemethod.

8.7.1.2 Exiting a device server gracefully

A device server has to exit gracefully by unregisteringlittem the database. The necessary action to
gracefully exit are automatically executed on receptiotheffollowing signal :

e SIGINT, SIGTERM, SIGHUP and SIGQUIT for device server rimgon Solaris or Linux
e SIGINT, SIGTERM, SIGABRT and SIGBREAK for device servenning on Windows-NT

This does not prevents device server to also register sttatelevice or class levels for those signals. The
user installegignal_handlemethod will first be called before the graceful exit.

8.7.2 Inheriting

This sub-chapter details how it is possible to inherit fromeaisting device pattern implementation. As
the device pattern includes more than a single class, intgfrom an existing device pattern needs some
explanations.

Let us suppose that the existing device pattern implementatfor devices of class A. This means that
classes A and AClass already exists plus classes for all @mdsoffered by device of class A. One new
device pattern implementation for device of class B must bigem with all the features offered by class A
plus some new one. This is easily done with the inheritancétindy a device pattern implementation for
device of class B which inherits from device of class A means :

* Write the BClass class
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» Write the B class
« Write B class specific commands

e Eventually redefine A class commands

8.7.2.1 Using C++
The miscellaneous code fragments given below detail onbt\whs to be updated to support device pattern
inheritance

8.7.2.1.1 Writing the BClass Asyou can guess, BClass has to inherit from AClass.ciimemand_factory
method must also be adapted.

1 namespace B

2{

3

4 class BClass : public A::AClass
54

9 BClass::command_factory()

10{

11 A::AClass::command_factory();
12

13 command_list.push_back(....);
14}

15

16} /* End of B namespace */

Line 1 : Open the B namespace

Line 4 : BClass inherits from AClass which is defined in the Aespace.

Line 11 : Only thecommand_factorynethod of the BClass will be called at start-up. To create the
AClass commands, trmommand_factorgnethod of the AClass must also be executed. This is the reason
of the line

Line 13 : Create BClass commands

8.7.2.1.2 Writing the B class As you can guess, B has to inherits from A.

1 namespace B

2{

3

4 class B : public A:A

9 B::B(Tango::DeviceClass *cl,const char *s):A::A(cl,s)



CHAPTER 8. WRITING A TANGO DEVICE SERVER 293

10

11 ...

12 init_device();

13}

14

15 void B::init_device()
16 {

17 ...

18}

19

20 } /* End of B namespace */

Line 1 : Open the B namespace.
Line 4 : B inherits from A which is defined in the A namespace
Line 9 : The B constructor calls the right A constructor

8.7.2.1.3 Writing B class specific command Noting special here. Write these classes as usual

8.7.2.1.4 Redefining A class commandlt is possible to redefine a command which already exist in
class Aonly if the command is created using the inheritance mode(but keeping its input and output
argument types). The method which really execute the classdmand is a method implemented in the
A class. This method must be definedvagual. In class B, you can redefine the method executing the
command and implement it following the needs of the B class.

8.7.2.2 Using Java
The miscellaneous code fragments given below detail ont\Wwhs to be updated to support device pattern

inheritance

8.7.2.2.1 Writing the BClass As you can guess, BClass has to inherit from AClass. Somegehanist
be done in the definition of thmit andinstancemethods. Theommand_factorynethod must also be
adapted.

1 public class BClass extends AClass implements TangoConst
2{

3 public static AClass init(String name) throws DevFailed
4{

5

6}

7

8 public static AClass instance()

9

10

11}

12

13 public void command_factory()

14 {

15 super.command_factory();

16

17 command_list.addElement(....);
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19}

Line 1 : BClass inherits from AClass and implements TangaCorterface

Line 3 : The return data type of thrit method must be the same as the type defines in the AClass
(therefore a reference to AClass) otherwise, the compdergains. BClass inherits from AClass and a
reference to a BClass is also a reference to the AClass

Line 8 : The return data type of thiestancemethod must also be adapted as explained foiirthie
method

Line 15 : Only thecommand_factorynethod of the BClass will be called at start-up. To create the
AClass commands, thmommand_factorgnethod of the AClass must also be executed. This is the reason
of the line

Line 17 : Create BClass commands

8.7.2.2.2 Writing the B class As you can guess, B has to inherits from A. Tihi¢_devicemethod must
be adapted, the constructor has to be modified and an instarieble must be added

1 public class B extends A implements TangoConst
2{

3 boolean constructed = false;
4

5 A(DeviceClass cl,String s)
6{

7 super(cl,s);

8 constructed = true;

9..

10 init_device();

11}

12

13 public void init_device()
14 {

15 if (constructed == false)
16 {

17 return;

18}

19 super.init_device();

20

21 ...

22}

23}

Line 1 : B inherits from A and implements TangoConst integfac

Line 3 : A boolean initialized to false is added as instanaétde

Line 8 : The constructor is modified to set the constructeddzoto true after all the super classes
have been created and before the call toitiite devicemethod.

Line 15-18 : Theinit_devicemethod immediately returns if the constructed boolean lgeféf the
super classes are not correctly created)

Line 19 : Theinit_devicemethod of class A is called
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8.7.2.2.3 Writing B class specific command Noting special here. Write these classes as usual

8.7.2.2.4 Redefining A class commandlt is possible to to redefine a command which already exist in
class Aonly if the command is created using the inheritance mode(but keeping its input and output
argumenttypes). The method which really execute the clags®mand is a method implemented in the A
class. With Java, it is possible to redefine all methods ebtbege which are declared as “final”. Therefore,
in class B, you can redefine the method executing the commashdhgplement it following the needs of
the B class. The following is an example for a command xxx Whicprogrammed to call eny_cmd
method.

1 public class A extends Devicelmpl implements TangoConst
2{

3 public void my_cmd(long input)

4{

5}

6}

7

8 public class B extends A implements TangoConst
9{

10 public void my_cmd(long input)

11

12}

13}

Line 3 : Themy_cmdmethod is defined in class A

Line 10 : Themy_cmdmethod is redefined in class B

Inside the device pattern, the device object is created asstance of class B. Java will call the
my_cmdmethod of the B class when the command is received. It isiidisible to call theny_cmd
method of the A class with the help of the Java “super” keywinsite the code of theny_cmdnethod of
the B class.

8.7.3 Using another device pattern implementation withinhe same server

It is often necessary that inside the same device servertlgoohexecuting a command needs a command
of another class to be executed. For instance, a devicepatiplementation for a device driven by a
serial line class can use the command offered by a seriatlass embedded within the same device server
process. To execute one of the command (or any other CORBAaties/attributes) of the serial line
class, just call it as a normal client will do by using one amste of the Deviceproxy clasthe ORB will
recognize that all the devices are inside the same processiirexecute calls as a local calls. To create
the DeviceProxy class instance, the only thing you need ¢tovkia the name of the device you gave to the
serial line device. Retrieving this could be easily done Bpiago device property. The DeviceProxy class
is fully described in chapters related to the Java or C++ dakplication Programming Interface (API)

11n the commanaxecutemethod
12y thedevice_factorymethod of the BClass class
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Chapter 9

Advanced features

9.1 Attribute alarms
Each Tango attribute two several alarms. These alarms are :
* A four thresholds level alarm

* The read different than set (RDS) alarm

9.1.1 The level alarms

This alarm is defined for all Tango attribute read type anahfon
depend on the attribute value when it is read :

erical data type. The action of this alarm

« If the attribute value is below or equal the attribute comfagion min_alarm parameter, the at-
tribute quality factor is switched to Tango::ATTR_ALARM diif the device state is Tango::ON, it

is switched to Tango::ALARM.

If the attribute value is below or equal the attribute comfegionmin_warning parameter, the at-

tribute quality factor is switched to Tango::ATTR_WARNINERd if the device state is Tango::ON,

it is switched to Tango::ALARM.

If the attribute value is above or equal the attribute camfidjonmax_warning parameter, the at-

tribute quality factor is switched to Tango::ATTR_WARNINgRd if the device state is Tango::ON,

it is switched to Tango::ALARM.

If the attribute value is above or equal the attribute camrijon max_alarm parameter, the at-

tribute quality factor is switched to Tango::ATTR_ALARM diif the device state is Tango::ON, it

is switched to Tango::ALARM.

If the attribute is a spectrum or an image, then the alarmtig aay one of the attribute value satisfies the

above criterium. By default, these four parameters are efineld

and no check will be done.

The following figure is a drawing of attribute quality fac@nd device state values function of the the

attribute value.

i min_alarm min_warning max_warning max_alarm
Attribute | | |
value =
| I | T
Attribute quality ATTR_ALARM  ATTR_WARNING ATTR_VALID ATTR_WARNING ATTR_ALARM
factor
ALARM ON ALARM

Device state

Figure 9.1: Level alarm
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If the min_warning and max_warning parameters are not Betattribute quality factor will simply
change between Tango::ATTR_ALARM and Tango::ATTR_VALIIttion of the attribute value.

9.1.2 The Read Different than Set (RDS) alarm

This alarm is defined only for attribute of the Tango::READRWE and Tango::READ_WITH_WRITE
read/write type and for numerical data type. When the aiteilis read (or when the device state is re-
guested), if the difference between its read value and gievatten value is something more than or equal
to an authorized delta and if at least a certain amount of seitonds occurs since the last write operation,
the attribute quality factor will be set to Tango::ATTR_ARM and if the device state is Tango::ON, it
is switched to Tango::ALARM. If the attribute is a spectrumam image, then the alarm is set if any one
of the attribute value’s satisfies the above criterium. TEi@&@m configuration is done with two attribute
configuration parameters calleiélta_val anddelta_t. By default, these two parameters are not defined
and no check will be done.

9.2 Device polling

9.2.1 Introduction

Each tango device server automatically have a separaiagtiread pool. Polling a device means peri-
odically executing command on a device (or reading devitiate) and storing the results (or the thrown
exception) in a polling buffer. The aim of this polling is éefold :

« Speed-up response time for slow device
« Get afirst-level history of device command output or attiévalue
» Be the data source for the Tango event system

Speeding-up response time is achieved because the commaudCORBA operation is able to get its
data from the polling buffer or from the a real access to thacge For “slow” device, getting the data
from the buffer is much faster than accessing the deviceurRietg a first-level command output history
(or attribute value history) to a client is possible due te olling buffer which is managed as a circular
buffer. The history is the contents of this circular buff€@bviously, the history depth is limited to the
depth of the circular buffer. The polling is also the datarseudor the event system because detecting an
event means being able to regularly read the data, memoéane ideclaring that it is an event after some
comparison with older values.

9.2.2 Configuring the polling system

9.2.2.1 Configuring what has to be polled and how

Itis possible to configure the polling in order to poll :
¢ Any command which does not need input parameter
« Any attribute

Configuring the polling is done by sending command to theaeserver administration device automat-
ically implemented in every device server process. Sevemuands are dedicated to this feature. These
commands are

AddObjPolling It add a new object (command or attribute) to the list of otfdo be polled. It is also
with this command that the polling period is specified.

RemObjPolling To remove one object (command or attribute) from the pollgéai(s) list

UpdObjPollingPeriod Change one object polling period
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StartPolling Starts polling for the whole process

StopPolling Stops polling for the whole process

PolledDevice Allow a client to know which device are polled
DevPollStatus Allow a client to precisely knows the polling status for a wev

All the necessary parameters for the polling configuratimsiored in the Tango database. Therefore,
the polling configuration is not lost after a device servergasss stop and restart (or after a device server
process crash!!).

Itis also possible to automatically poll a command (or arilatte) without sending command to the
device server administration device. This request somimgdd method call) in the device server software
during the command or attribute creation. In this case, ¥eryedevices supporting this command or this
attribute, polling configuration will be automatically ugtéd in the database and the polling will start
automatically at each device server process startup. kssiple to stop this behavior on a device basis
by sending a RemObjPolling command to the device serverrasirition device. The following piece of
code shows how the source code should be written.

void DevTestClass::command_factory()

{

command_list.push_back(new IOStartPoll("lOStartPoll ,
Tango::DEV_VOID,
Tango::DEV_LONG,
"Void",

"Constant number"));

O©COoO~NOUILAS WN P

10 command_list.back()->set_polling_period(400);

15 void DevTestClass::attribute_factory(vector<Tango: Attr - +> &att list)
16 {

18 att_list.push_back(new Tango::Attr("String_attr",

19 Tango::DEV_STRING,
20 Tango::READ));

21 att_list.back()->set_polling_period(250);

A polling period of 400 mS is set for the command called “IQfRall” at line 10 with theset_polling_period
method of the Command class. Therefore, for a device of tagscthe polling thread will start polling its
IOStartPoll command at process start-up except if a Rem@ibjB indicating this device and the IOStart-
Poll command has already been received by the device satw@nstration device. This is exactly the
same behavior for attribute. The polling period for atttéoalled “String_attr” is defined at line 20.

Configuring the polling means defining device attribute/omand polling period. The polling period
has to be chosen with care. If reading an attribute needs Z)@hare is no point to poll this attribute with
a polling period equal or even below 200 mS. You should alke tato account that some "free" time has
to be foreseen for external request(s) on the device. Omageefor one attribute needing X mS as reading
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time, define a polling period which is equal to 1.4 X (280 mSdar example of one attribute needing
200 mS as reading time). In case the polling tuning is giveexternal user, Tango provides a way to
define polling period minimun threshold. This is done usirgide properties. These properties are named
min_poll_period cmd_min_poll_periodndattr_min_poll_period The property min_poll_period (mS)
defined a minimun polling period for the device. The properid_min_poll_period allows the definition
of a minimun polling period for a specific device command. Pheperty attr_min_poll_period allows
the definition of a minimun polling period for one device dtite. In case these properties are defined,
it is not possible to poll the device command/attribute veitholling period below those defined by these
properties. See Appendix A on device parameter to get aggegntax description for these properties.
The Jivep 1] tool also allows a graphical device polling configuration.

9.2.2.2 Configuring the polling threads pool

Starting with Tango release 7, a Tango device server pranagshave several polling threads managed
as a pool. For instance, this could be usefull in case of éswvidthin the same device server process but
accessed by different hardware channel when one of the ehenmot responding (Thus generating long

timeout and de-synchronising the polling thread). By difdlie polling threads pool size is set to 1 and

all the polled object(s) are managed by the same thread (padimg system in Tango releases older than

release 7) . The configuration of the polling thread pool irelasing two properties associated to the
device server administration device. These propertienameed:

 polling_threads_pool_siz#efining the maximun number of threads that you can have ipdoé
« polling_threads_pool_comfefining which threads in the pool manages which device

The granularity of the polling threads pool tuning is theidevYou cannot ask the polling threads pool to
have thread number 1 in charge of attribatel of devicedevland thread number 2 to be in chargeati?
of the same devicdevl

When you require a new object (command or attribute) to biegotwo main cases may arrive:

1. Some polled object(s) belonging to the device are alrpatlgd by one of the polling threads in the
pool: There is no new thread created. The object is simplyddd the list of objects to be polled
for the existing thread

2. Thereis no thread already created for the device. We havsub-cases:

(@) The number of polling threads is less than the pollingeads pool_size: A new thread is
created and started to poll the object (command or attrjbute

(b) The number of polling threads is already equal to theipglithreads_pool_size: The software
search for the thread with the smallest number of polledatbjend add the new polled object
to this thread

Each time the polling threads pool configuration is changéswritten in the database using the polling_threads| pmonf
property. If the behaviour previously described does néillfyour needs, it is possible to update the
polling_threads_pool_conf property in a graphical waygghe Tango Astorl[9] tool or manually using

the Jive tool P1]. These changes will be taken into account at the next deséoeer process start-up. At

start-up, the polling threads pool will allways be configliess required by the polling_threads_pool_conf

property. The syntax used for this property is describedhanReference part of the Appendix The

following window dump is the Astor tool window which allowslling threads pool management.
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Edit
Pelling Threads Mangement

E%ﬂ PoolThreadTest/pv

7 da] Thread 1
By pvithread-poolitest1
By pwithread-pooltest2
7 da] Thread 2
By pwithread-pooltest3
7 da] Thread 3
By pwithread-pooltests
7 da] Thread 4
By pwithread-pooltest4
By pwithread-pooltest6
By pwithread-pooltest7
s Thread 5
s Thread 6
ds| Thread 7
ds| Thread 8
ds| Thread 9

Apphy Dismiss

In this example, the polling threads pool size to set to 9 bilit 4 polling threads are running. Thread
1isin charge of all polled objects related to device pvildrpool/test-1 and pv/thread-pool/test-2. Thread
2 is in charge of all polled objects related to device pvildrpool/test-3. Thread 3 is in charge of all
polled objects related to device pv/thread-pool/testfFiaally, thread 4 is in charge of all polled objects
for devices pv/thread-pool/test-4, pv/thread-poolt&and pv/thread-pool/test-7.

It's also possible to define the polling threads pool sizegpammatically in the main function of a de-
vice server process using tbiél::set_polling_threads_pool_sizet)ethod before the call to thdtil::server_init()
method

9.2.3 Reading data from the polling buffer

For a polled command or a polled attribute, a client has thossibilities to get command result or attribute
value (or the thrown exception) :

* From the device itself
* From the polling buffer

e From the polling buffer first and from the device if data ire tholling buffer are invalid or if the
polling is badly configured.

The choice is done during the command_inout CORBA operdiipipositioning one of the operation
parameter. When reading data from the polling buffer, sé\aror cases are possible
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« The data in the buffer are not valid any more. Every time da¢arequested from the polling buffer,
a check is done between the client request date and the datetiv data were stored in the buffer.
An exception is thrown if the delta is greater than the pgliperiod multiplied by a “too old” factor.
This factor has a default value and is up-datable via a devimgerty. This is detailed in the reference
part of this manual.

e The polling is correctly configured but there is no data petie polling buffer.

9.2.4 Retrieving command/attribute result history

The polling thread stores the command result or attributeevan circular buffers. It is possible to re-
trieve an history of the command result (or attribute valinejn these polling buffers. Obviously the
history is limited by the depth of the circular buffer. Fornomands, a CORBA operation calledm-
mand_inout_history_&llows this retrieval. The client specifies the command nantkthe record number
he want to retrieve. For each record, the call returns the waen the command was executed, the com-
mand result or the exception stack in case of the commanetifaihen it was executed by the polling
thread. In such a case, the exception stack is sent as ausmoember and not as an exception. The same
thing is available for attribute. The CORBA operation namesad_attribute history 2For these two
calls, there is no check done between the call date and thedrdate in contrary of the call to retrieve the
last command result (or attribute value).

9.2.5 Externally triggered polling (only for C++ device sever)

Sometimes, rather than polling a command or an attributdaegwith a fixed period, it is more interesting
to "manually” decides when the polling must occurs. The Bgmglling system also supports this kind of
usage. This is calledxternally triggered polling To define one attribute (or command) as externally
triggered, simply set its polling period to 0. This can be elaith the device server administration device
AddObjPolling or UpdObjPollingPeriod command. Once irstiniode, the attribute (or command) polling
is triggered with therigger_cmd_polling()method (ortrigger_attr_polling() method) of the Util class.
The following piece of code shows how this method could beldiseone externally triggered command.

r L

2

3 string ext_polled_cmd("MyCmd");

4 Tango::Devicelmpl +xdevice = ..... ;

5

6 Tango::Util *tg = Tango::Util::instance();
7

8 tg->trigger_cmd_polling(device,ext_polled_cmd);
9

o L

line 3 : The externally polled command name
line 4 : The device object
line 8 : Trigger polling of command MyCmd

9.2.6 Filling polling buffer (only for C++ device server)

Some hardware to be interfaced already returned an arragitofgdue, timestamp. In order to be read with
thecommand_inout_histomgr read_attribute_historgalls, this array has to be transferred in the attribute
or command polling buffer. This is possible only for attibwr command configured in the externally
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triggered polling mode. Once in externally triggered pallimode, the attribute (or command) polling
buffer is filled with thefill_cmd_polling_buffer(jnethod (offill_attr_polling_buffer()method) of the Util
class. For command, the user uses a template class ¢attedCmdDatéor each element of the command
history. Each element is stored in a stack in one instancdehalate class calle@mdHistoryStackThis
object is one of the argument of the fill_cmd_polling_buffenethod. Obviously, the stack depth cannot
be larger than the polling buffer depth. S&é.4to learn how the polling buffer depth is defined. The same
way is used for attribute with thEmedAttrDataandAttrHistoryStackkemplate classes. These classes are
documented ind]. The following piece of code fills the polling buffer for awonand called MyCmd which

is already in externally triggered mode. It returns a DeV\@gagArray data type with three elements. This
example is not really something you will find in a real hardevanterface. It is only to demonstrate the
fill_cmd_polling_buffer() method usage. Error managenmastalso been removed.

1

2

3 Tango::DevVarLongArray dvla_array[4];

4

5 for(int i = 0;i < 4;i++)

6 {

7 dvla_array[i].length(3);

8 dvla_array[i][0] = 10 + i;

9 dvla_array[i][1] = 11 + i;

10 dvla_array[i][2] = 12 + i

11 }

12

13 Tango::CmdHistoryStack<DevVarLongArray> chs;
14 chs.length(4);

15

16 for (int k = Ok < 4;k++)

17 {

18 time_t when = time(NULL);

19

20 Tango::TimedCmdData<DevVarLongArray> tcd(&dvla_arr ay[k],when);
21 chs.push(tcd);

22 }

23

24 Tango:: Util *tg = Tango::Util::instance();
25 string cmd_name("MyCmd");

26 Devicelmpl  xdev = ...

27

28 tg->fill_cmd_polling_buffer(dev,cmd_name,chs);
29

300 .

Line 3-11: Simulate data coming from hardware

Line 13-14 : Create one instance of the CmdHistoryStacls@asl reserve space for one history of 4
elements

Line 16-17 : A loop on each history element

Line 18 : Get date (hardware simulation)

Line 20 : Create one instance of the TimedCmdData class \aith @hd date

Line 21 : Store this command history element in the histoaglst The element order will be the
insertion order whatever the element date is.
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Line 28 : Fill command polling buffer

After one execution of this code, a command_inout_hisjarg(l will return one history with 4 ele-
ments. The first array element of the oldest history recolichave the value 10. The first array element of
the newest history record will have the value 13. A commamaluti() call with the data source parameter set
to CACHE will return the newest history record (ie an arrajhwialues 13,14 and 15). A command_inout()
call with the data source parameter set to DEVICE will retwhat is coded is the command method. If
you execute this code a second time, a command_inout_y({stail will return an history of 8 elements.

The next example fills the polling buffer for an attributeledIMyAttr which is already in externally
triggered mode. Itis a scalar attribute of the DevStringdgbe. This example is not really something you
will find in a real hardware interface. It is only to demonggrthe fill_attr_polling_buffer() method usage
with memory managementissue. Error management has alsodmeved.

1

2

3 AttrHistoryStack<DevString> ahs;

4 ahs.length(3);

5

6 for (int k = Ok < 3;k++)

7 {

8 time_t when = time(NULL);

9

10 DevString  *ptr = new DevString [1];
11 ptr = CORBA::string_dup("Attr history data");
12

13 TimedAttrData<DevString> tad(ptr,Tango::ATTR_VALID ,true,when);
14 ahs.push(tad);

15 }

16

17 Tango::Util *tg = Tango::Util::instance();

18 string attr_name("MyAttr");

19 Devicelmpl  +dev = ...;

20

21 tg->fill_attr_polling_buffer(dev,attr_name,ahs);

22

23 L.

Line 3-4 : Create one instance of the AttrHistoryStack ckasd reserve space for an history with 3
elements

Line 6-7 : A loop on each history element

Line 8 : Get date (hardware simulation)

Line 10-11 : Create a string. Note that the DevString objgectéated on the heap

Line 13 : Create one instance of the TimedAttrData class datfa and date requesting the memory to
be released.

Line 14 : Store this attribute history element in the histtigck. The element order will be the insertion
order whatever the element date is.

Line 21 : Fill command polling buffer

It is not necessary to return the memory allocated at linerb@fill_attr _polling_buffer()method will
do it for you.
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9.3 Threading

When used with C++, Tango used omniORB as underlying ORBs T®RBA implementation is a
threaded implementation and therefore a C++ Tango deviverser client are multi-threaded processes.

9.3.1 C++ device server process
A classical Tango device server without any connected ibas five threads. These threads are :
1. The main thread waiting in the ORB main loop
2. An ORB implementation thread (the POA thread)
3. The ORB scavanger thread
4. The signal thread
5

. The heartbeat thread (needed by the Tango event system)

On top of these five threads, you have to add the thread(s)hys#te polling threads pool. This num-
ber depends on the polling thread pool configuration anddcbalbetween 0 (no polling at all) and the
maximun number of threads in the pool.

Linux specific (for kernel < 2.6) : On top of the 5 basic threatlways there, there is a sixth thread
which is the Linux thread manager. If you type a "ps" commaod, will see at least six "processes". The
signal thread is the fifth one and its PID is the PID which sbdnd used when sending signal to the device
server process.

A new thread is started for each connected client. Deviceesare mostly used to interface hardware
which most of the time does not support multi-threaded ecceerefore, all remote calls executed from
a client are serialized within the device server code bygismutual exclusion. See chapt@i3.1.1on
which serialization model are available. In order to linhitdad number, the underlying ORB (omniORB)
is configured to shutdown threads dedicated to client if trenection is inactive for more than 3 minutes.
To also limit thread number, the ORB is configured to createtbnead per connection up to 55 threads.
When this level is reached, the threading model is automlitiswitch to a "thread pool" model with up
to 100 threads. If the number of threads decrease down th&Q@hteading model will return to "thread
per connection” model.

If you are using event, the event system for its internal theat system periodically (every 200 sec-
onds) sends a command to the device server administratidcedé\s explained above, a thread is created
to execute these command. The omniORB scavanger will tetmthis thread before the next event system
heartbeat command arrives. For example, if you have a deeiceer with three connected clients using
only event, the process thread number will permanently gbdretween 5 and 8 threads (6 and 9 under
Linux with kernel < 2.6).

In summary, the number of threads in a device server proa@sde evaluated with the following
formula:

4+1+k+m

k is the number of polling threads used from the polling tdeggool and m is the number of threads used
for connected clients.

9.3.1.1 Serialization model within a device server

Four serialization models are available within a deviceyserThese models protect all requests coming
from the network but also requests coming from the pollingdld. These models are:

1. Serialization by device. All access to the same devicesarlized. As an example, let’s take a
device server implementing one class of device with twaainses (devl and dev2). Two clients are
connected to these devices (clientl and client2). Clienlizhat be able to access devl if clientl is
using it. Nevertheless, client2 is able to access dev2 wligatl access devl (There is one mutual
exclusion object by device)
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2. Serialization by class. With non multi-threaded legaafjvgare, the preceding scenario could gen-
erate problem. In this mode of serialization, client2 is alole to access dev2 while clientl access
devl because dev2 and devl are instances of the same class {§bne mutual exclusion object

by class)

3. Serialization by process. This is one step further thanptfevious case. In this mode, only one
client can access any device embedded within the devicersata time. There is only one mutual
exclusion object for the whole process)

4. No serialization. This is an exotic kind of serializatemdshould be used with extreme carenly
with device which are fully thread safe. In this model, mdsthe device access are not serialized
at all. Due to Tango internal structure, tpet_attribute configset_attribute configead_attributes
andwrite_attributesCORBA calls are still protected. Reading the device statestatus via com-
mands or via CORBA attribute is also protected.

By default, every Tango device server is in serializatiomlbyice mode. A method of the Tango::Util class
allows to change this default behavior.
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1 #include <tango.h>

2

3 int main(int argc,char *argv[])

4 {

5

6 try

7 {

8

9 Tango::Util *tg = Tango::Util::init(argc,argv);
10

11 tg->set_serial_model(Tango::BY_CLASS);

12

13 tg->server_init();

14

15 cout << "Ready to accept request” << endl;
16 tg->server_run();

17

18 catch (bad_alloc)

19 {

20 cout << "Can't allocate memory!!!" << endl;
21 cout << "Exiting" << endl;

22 }

23 catch (CORBA::Exception &e)

24 {

25 Tango::Except::print_exception(e);

26

27 cout << "Received a CORBA:Exception" << endl;
28 cout << "Exiting" << endl;

29 }

30

31 return(0);

32 }

The serialization model is set at line 11 before the servanitimlized and the infinite loop is started.
See p] for all details on the methods to set/get serialization elod

9.3.1.2 Attribute Serialization model

Even with the serialization model described previouslgaee of attributes carrying a large number of data
and several clients reading this attribute, a device atieilserialization has to be followed. Without this
level of serialization, for attribute using a shared buféethread scheduling may happens while the device
server process is in the CORBA layer transferring the aitelldlata on the network. Three serialization
models are available for attribute serialization. The ditia well adapted to nearly all cases. Nevertheless,
if the user code manages several attributes data buffeitané&nages its own buffer protection by one way
or another, it could be interesting to tune this serial@atevel. The available models are:

1. Serialization by kernel. This is the default case. The&&kis managing the serialization

2. Serialization by user. The user code is in charge of thalstion. This serialization is done by
the use of a omni_mutex object. An omni_mutex is an objectiged by the omniORB package.
It is the user responsability to lock this mutex when appedprand to give this mutex to the Tango
kernel before leaving the attribute read method
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3. No serialization.

By default, every Tango device attribute is in serializatiy kernel. Methods of the Tango::Attribute class
allow to change the attribute serialization behavior angive the user omni_mutex object to the kernel.

1 void MyClass::init_device()

2 {

3

4

5 Tango::Attribute &att = dev_attr->get_attr_by name('T heAttribute");
6 att.set_attr_serial_model(Tango::ATTR_BY_USER);
7

8

9

10 }

11

12

13 void MyClass::read_TheAttribute(Tango::Attribute &a ttr)
14 {

15

16

17 the_mutex.lock();

18

19 /I Fill the attribute buffer

20

21 attr.set_value(buffer,....);

22 attr->set_user_attr_mutex(&the_mutex);

23 }

24

The serialization model is set at line 6 in the init_devigagthod. The user omni_mutex is passed to
the Tango kernel at line 22. This omni_mutex object is a ded@ta member. Seé][for all details on the
methods to set attribute serialization model.

9.3.2 C++ client process

Clients are also multi threaded processes. The underlying@RB (omniORB) try to keep system re-

sources to a minimum. To decrease process file descriptageusach connection to server is automati-

cally closed if it is idle for more than 2 minutes and automelty re-opened when needed. A dedicated

thread is spawned by the ORB to manage this automatic clesingection (the scavanger thread).
Threrefore, a Tango client has two threads (3 under Linuwgkvare:

1. The main thread
2. The ORB scavanger thread

If the client is using the event system and as Tango is usmgtbnt push-push model, it has to be a server
for the Notification service. This increases the number ofdl. The client now has 6 threads (7 under
Linux with kernel < 2.6) which are:

1. The main thread

2. The ORB scavanger thread
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3. The main server ORB loop thread
4. The server POA thread

5. The thread created by omniORB has soon has an event hasdrgdyy a Notification service. This
thread will execute the callbacks

6. A Tango internal event system thread (called the KeegAliread)

9.4 Generating events in a device server

The server is at the origin of events. It will fire events asrsae they occur. Standard eventbgnge
periodicandarchive) are detected automatically in the polling thread and fisesiamn as they are detected.
Theperiodicevents can only be handled by the polling thre@dange, Data readgndarchiveevents can
also be pushed from the device server code. To allow a chesntbscribe to events of non polled attributes
the server has to declare that events are pushed from the Tloe methods are available for this purpose:

Attr::set_change_event(bool implemented, bool detect
Attr::set_archive_event(bool implemented, bool detect
Attr::set_data_ready_event( bool implemented);

t rue);
true);

whereimplementedtrue indicates that events are pushed manually from the anddetecttrue (when
used) triggers the verification of the same event propesefer events send by the polling thread. When
settingdetectfalse, no value checking is done on the pushed value! Tiss @avicelmpl also supports
the first two methods with an addictional parameter attr_andefining the attribute name.

To push events manually from the code a set of data type depéntethods can be used:

Devicelmpl::push_change_event (string attr_name, ....) ;
Devicelmpl::push_archive_event(string attr_name, .... );

For the data ready event, a Devicelmpl class method has tedikta push the event.

Devicelmpl::push_data_ready_event(string attr_name,T ango::DevlLong ctr);

See the class documentation for all available interfaces.

For non-standard events a single call exists for pushingléte to the CORBA Notification Service
(omniNotify). Clients who are subscribed to this event hewv&now what data type is in the DeviceAt-
tribute and unpack it accordingly.

To push non-standard events, use the following api callagiavle to all device servers :

Devicelmpl::push_event( string attr_name,
vector<string> &filterable_names,
vector<double> &filterable vals,
Attribute &att)

whereattr_names the name of the attribut&ilterable_namesandfilterable_valsepresent any filterable
data which can be used by clients to filter on. Here is a tygicample of what a server will need to do to
send its own events. We are in the read method of the "Sine/saitfibute. This attribute is readable as
any other attribute but an event is sent if its value is pasitvhen it is read. On top of that, this event is
sent with one filterable field called "value" which is set te #itribute value.
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1 void MyClass::read_Sinusoide(Tango::Attribute &attr)

2 |

3

4 struct timeval tv;

5 gettimeofday(&tv, NULL);

6 sinusoide = 100 * sin( 2 =+ 3.14 =* frequency =« tv.tv_sec);
7

8

if (sinusoide >= 0)

9 {

10 vector<string> filterable_names;

11 vector<double> filterable_value;

12

13 filterable_names.push_back("value");

14 filterable_value.push_back((double)sinusoide);
15

16 push_event( attr.get_name(),

17 filterable_names, filterable value,
18 &sinusoide);

19 }

20

21

22

23 }

line 13-14 : The filter pair name/value is initialised
line 16-18 : The eventis pushed

9.5 Memorized attribute

It is possible to ask Tango to store in its database the latewwalue for attribute of the SCALAR data
format and obviously only for READ_WRITE or READ_WITH_WRETattribute. This is fully automatic.
During device startup phase, for all device memorizedattés, the value written in the database is fetched
and applied. A write_attribute call can be generated toyaftyd memorized value to the attribute or only
the attribute set point can be initialised. The followingqe of code shows how the source code should be
written to set an attribute as memorized and to initialisly time attribute set point.

void DevTestClass::attribute factory(vector<Tango:: Attr x> &att list)
{
att_list.push_back(new String_attrAttr());

att_list.back()->set_memorized();
att_list.back()->set_memorized_init(false);

O~NO O, WN B

-

Line 4 : The attribute to be memorized is created and inséntdtk attribute vector.
Line 5 : Theset_memorized@nethod of the attribute base class is called to define thibattras
memorized.
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Line 6 : The set_memorized_init() method is called with tegmeter false to define that only the set
point should be initialsied.

9.6 Transfering images

Some optimized methods have been written to optimize imagester between client and server using the
attribute DevEncoded data type. All these methods have imegged in a class called EncodedAttribute.
Within this class, you will find methods to:

< Encode an image in a compressed way (JPEG) for images cod&(pay scale), 24 or 32 bits

e Encode a grey scale image coded on 8 or 16 bits

« Encode a color image coded on 24 bits

« Decode images coded on 8 or 16 bits (gray scale) and retarBext 16 bits grey scale image

» Decode colorimages transmitted using a compressed f¢dPRG) and returns a 32 bits RGB image

The following code snippets are examples of how these methade to be used in a server and in a client.
On the server side, creates an instance of the EncodedAgribass within your object

1 class MyDevice::Tango::Device_4impl
2 |

3

4 Tango::EncodedAttribute jpeg;
5

6 }

In the code of your device, use an encoding method of the Eewsitribute class

1 void MyDevice::read Encoded_attr_image(Tango::Attri bute &att)
2 {

3

4 jpeg.encode_jpeg_gray8(imageData,256,256,50.0);

5 att.set_value(&jpeq);

6}

Line 4: Image encoding. The size of the image is 256 by 256hpacl is coded using 8 bits. The
encoding quality is defined to 50 in a scale of 0 - 100. imagaBathe pointer to the image data (pointer
to unsigned char)

Line 5: Set the value of the attribute usind\#ribute::set_value(jnethod.

On the client side, the code is the following (without exé@pmanagement)
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DeviceAttribute da;
EncodedAttribute att;

int width,height;
unsigned char  xgray8;

da = device.read_attribute("Encoded_attr_image");
att.decode_gray8(&da,&width,&height,&gray8);

P RPOO~NOOTA,WNE

= O

delete [] grays;

The attribute named Encoded_attr_image is read at line@.immage is decoded at line 8 in a 8 bits
gray scale format. The image data are stored in the buffet@dito by "gray8". The memory allocated by
the image decoding at line 8 is returned to the system at lne 1

9.7 Device server with user defined event loop

Sometimes, it could be usefull to write your own process ehandling loop. For instance, this feature
can be used in a device server process where the ORB is onbf seeeral components that must perform
event handling. A device server with a graphical user iatsfmust allow the GUI to handle windowing
events in addition to allowing the ORB to handle incominguests. These types of device server therefore
perform non-blocking event handling. They turn the maireéar of control over each of the vvarious
event-handling sub-systems while not allowing any of therblock for significants period of time. The
Tango::Util class has a method calledrver_set _event loop) deal with such a case. This method has
only one argument which is a function pointer. This functémes not receive any argument and returns
a boolean. If this boolean is true, the device server proeriss. The device server core will call this
function in a loop without any sleeping time between the.chlls the user responsability to implement
in this function some kind of sleeping mechanism in ordertoomake this loop too CPU consuming.
The code of this function is executed by the device servenitimead. The following piece of code is an
example of how you can use this feature.

1

2 bool my_event loop()

3 {

4 bool ret;

5

6 some_sleeping_time();

7

8 ret = handle_gui_events();
9

10 return ret;

11 }

12

13 int main(int argc,char *argVv[])
14 {

15 Tango::Util *1g;

16 try

17 {

18 /I Initialise the device server



CHAPTER 9. ADVANCED FEATURES 313

19 1

20 tg = Tango::Util::init(argc,argv);

21

22 tg->set_polling_threads_pool_size(5);

23

24 /I Create the device server singleton

25 I which will create everything
26 1

27 tg->server_init(false);

28

29 tg->server_set_event_loop(my_event_loop);
30

31 /I Run the endless loop

32 1

33 cout << "Ready to accept request" << endl;
34 tg->server_run();

35 }

36 catch (bad_alloc)

37 {

38

The device server main event loop is set at line 29 beforedhéocthe Util::server_run() method. The
function used as server loop is defined between lines 2 and 11.

9.8 Device server using file as database

For device servers not able to access the Tango databaseofrifustime due to network route or security
reason), it is possible to start them using file instead ohhdatabase. This is done via the device server

-file=<file name>
command line option. In this case,
» Getting, setting and deleting class properties
» Getting, setting and deleting device properties
» Getting, setting and deleting class attribute properties
» Getting, setting and deleting device attribute propsrtie

are handled using the specified file instead of the Tango ds¢ablhe file is an ASCII file and follows a
well-defined syntax with predefined keywords. The simplesf to generate the file for a specific device
server is to use the Jive application. S&é] o get Jive documentation. The Tango database is not only
used to store device configuration parameters, it is alst tosgtore device network access parameter (the
CORBA IOR). To allow an application to connect to a devicetbdsy a device server using file instead
of database, you need to start it on a pre-defined port, andwstiuse one of the underlying ORB option
calledendPointiike

myserver myinstance_name -file=/tmp/MyServerFile -ORB&gint giop:tcp::<port number>

to start your device server. The device name passed to tg aepplication must also be modified in order
to refect the non-database usage. Sekto learn about Tango device name syntax. Neverthelesgg usin
this Tango feature prevents some other features to be used :
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* No check that the same device server is running twice.
* No device or attribute alias name.

« In case of several device servers running on the same heatser must manually manage a list of
already used network port.

9.9 Device server without database

In some very specific cases (Running a device server withatbadlring hardware development...), it
could be very useful to have a device server able to run evilaeié is no database in the control system.
Obviously, running a Tango device server without a datalmasans loosing Tango features. The lost
features are :

* No check that the same device server is running twice.

* No device configuration via properties.

* No event generated by the server.

* No memorized attributes

« No device attribute configuration via the database.

« No check that the same device name is used twice within tine santrol system.

« In case of several device servers running on the same heatser must manually manage a list of
already used network port.

To run a device server without a database,-ti@db command line option must be used. One problem
when running a device server without the database is to gagsedname(s) to the device server. Within
Tango, it is possible to define these device names at twarelifféevels :

1. At the command line with thedlist option: In case of device server with several device pattern
implementation, the device name list given at command Sromly for the last device pattern created
in the class_factory(Jmethod. In the device name list, the device name separatbeisomma
character.

2. Atthe device pattern implementation level: In the cla$erited from the Tango::DeviceClass class
via the re-definition of a well defined method calldevice_name_factory()

If none of these two possibilities is used, the tango corssela defined one default device name for each
device pattern implementation. This default device nani¢aslame Device definition at the command
line has the highest priority.

9.9.1 Example of device server started without database uga

Without database, you need to start a Tango device serveposrdefined port, and you must use one of
the underlying ORB option calleehdPointike

myserver myinstance_name -ORBendPoint giop:tcp::<partlrer> -nodb -dlist a/b/c

The following is two examples of starting a device servemsitg the database when thevice_name_factory()
method is not re-defined.

« StepperMotor et -nodb -dlist id11/motor/1,id11/motor/2
This command line starts the device server with two deviessetid11/motor/landid11/motor/2

« StepperMotor et -nodb
This command line starts a device server with one device déNn&lame
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When thedevice_name_factoryfdethod is re-defined within the StepperMotorClass class.

1 void StepperMotorClass::device_name_factory(vector< string> &list)
2 |
3 list.push_back("sr/cav-tuner/1");
4 list.push_back("sr/cav-tuner/2");
5 }

» StepperMotor et -nodb
This commands starts a device server with two devices nameal-tuner/landsr/cav-tuner/2

« StepperMotor et -nodb -dlist id12/motor/1
Starts a device server with only one device named id12/rfbotor

9.9.1.1 Java device server without the database

Itis also possible to start a Java device server without shatdhse using exactly the principle described in
the above lines. Nevertheless, a java device server progteieves its list of device pattern implementation
from the database! Thereforeadd_class(nethod is defined in the java Util class and the main method
must be updated.

1 package StepperMotor

2

3 import java.util. *

4 import org.omg.CORBA. =*;

5 import fr.esrf.Tango. *

6 import fr.esrf.TangoDs. *

7

8 public class StepperMotor extends Devicelmpl implements TangoConst
9 {

10 public static void main(String[] argv)

11 {

12 try

13 {

14

15 util tg = Ultil.init(argv,"StepperMotor");

16

17 tg.add_class("StepperMotor");

18 tg.server_init();

19

20 System.out.printin("Ready to accept request");
21

22 tg.server_run();

23 }

24 catch (OutOfMemoryError ex)

25 {

26 System.err.printin("Can’'t allocate memory !!!1");
27 System.err.printin("Exiting");

N
(o]
—
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29 catch (UserException ex)

30 {

31 Except.print_exception(ex);

32

33 System.err.printin("Received a CORBA user exception")
34 System.err.printin("Exiting");

35 }

36 catch (SystemException ex)

37 {

38 Except.print_exception(ex);

39

40 System.err.printin("Received a CORBA system exception
41 System.err.printin("Exiting");

42 }

43

44 System.exit(-1);

45

46 }

47 '}

The add_class() method is used at line 17 before the devitarp@) implementation initialization.

9.9.1.2 Start a java device server without database

Without database, you need to start a Tango device serveposrdefined port, and you must use one of
the underlying ORB option OAPort like

java -DOAPort=<port number> myserver myinstance_namdbndlist id11/motor/1,id11/motor/2

9.9.2 Connecting client to device within a device server stied without database

In this case, the host and port on which the device servemigimg are part of the device name. If the
device name is/b/c the host isnycomputeand the porii234 the device name to be used by client is

mycomputer:1234/a/b/c

See appendig.1for all details about Tango object naming.

9.10 Multiple database servers within a Tango control systa

Tango uses MySQL as database and allows access to this satgheaa specific Tango device server. It
is possible for the same Tango control system to have seVanglo database servers. The host name and
port number of the database server is known via the TANGO_H@#%ironment variable. If you want to
start several database servers in order to prevent seasdr,arse the following TANGO_HOST syntax

TANGO_HOST=<host_1>:<port_1>,<host_2>:<port_2>,<¢h8%:<port_3>

All calls to the database server will automatically switclatrunning servers in the given list if the one
used dies.
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9.11 The Tango controlled access system

9.11.1 User rights definition

Within the Tango controlled system, you give rights to a uskser is the name of the user used to log-in
the computer where the application trying to access a dévieening. Two kind of users are defined:

1.
2.

Users with defined rights

Users without any rights defined in the controlled systéhese users will have the rights associated
with the pseudo-user called "All Users"

The controlled system manages two kind of rights:

Write access meaning that all type of requests are allomatedevice

Read access meaning that only read-like access are allowéd_attribute, write_read_attribute
and set_attribute_config network calls are forbidden).chiag a command is also forbidden ex-
cept for commands defined asllowed commands. Getting a device state or status using the
command_inout call is always allowed. The definition of tHeveed commands is done at the de-
vice class level. Therefore, all devices belonging to theesalass will have the allowed commands
set.

The rights given to a user is the check result splitted in ®vels:

1.

At the host level: You define from which hosts the user maselverite access to the control system
by specifying the host name. If the request comes from a hbithais not defined, the right will
be Read access. If nothing is defined at this level for the, tiserrights of the "All Users" user
will be used. It is also possible to specify the host by its dielr@ss. You can define a host family
using wide-card in the IP address (eg. 160.103.11.* meaanigchost with IP address starting with
160.103.11). Only IP V4 is supported.

. At the device level: You define on which device(s) requestaiowed using device name. Device

family can be used using widecard in device name like dorsumitfy/*

Therefore, the controlled system is doing the followingaitsawhen a client try to access a device:

Get the user name
Get the host IP address

If rights defined at host level for this specific user and tRisaddress, gives user temporary write
acccess to the control system

If nothing is specified for this specific user on this hostegito the user a temporary access right
equal to the host access rights of the "All User" user.

If the temporary right given to the user is write access &dbntrol system

— If something defined at device level for this specific user
= If there is a right defined for the device to be accessed (ahfodevice family), give user
the defined right
* Else
- If rights defined for the "All Users" user for this deviceygihis right to the user
- Else, give user the Read Access for this device

— Else

= If there is a right defined for the device to be accessed (oth®idevice family) for the
"All User" user, give user this right
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» Else, give user the Read Access right for this device
« Else, access right will be Read Access

Then, when the client tries to access the device, the fatigwigorithm is used:

« Ifrightis Read Access

— If the call is a write type call, refuse the call
— If the call is a command execution

x |f the command is one of the command defined in the "Allowedmamds" for the device
class, send the call

* Else, refuse the call

All these checks are done during the DeviceProxy instannstoactor except those related to the device
class allowed commands which are checked during the comnivamat call.

To simplify the rights management, give the "All Users" uBest access right to all hosts ("*.*.*.*")
and read access to all devices ("*/*/*"). With such a set-oipthis user, each new user without any rights
defined in the controlled access will have only Read Accesd ievices on the control system but from
any hosts. Then, on request, gives Write Access to specé#ioamsspecific host (or family) and on specific
device (or family).

The rights managements are done using the Tango Aslddol which has some graphical windows
allowing to grant/revoke user rights and to define devicexkllowed commands set. The following
window dump shows this Astor window.
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S Tlango Access Control"Manager
File Action help
[( Users | Allowed Cmd

al Access to pcantares:11111

¢ ghll Users

¢ % Allowed Addresses
E%-— LR

o & Devices
. 'ﬁ'Jl,."'ﬁ'Jr."'ﬁ'

@ 5’ taurel

¢ % Allowed Addresses

%5 1680.103.5.157 (pcantares)
¢ & Devices

@ fo/ v

@ sr/d-ct, 01

¢ 5’ verdier

¢ % Allowed Addresses
S 160, 103.5.*

¢ {8 Devices
@ svsdew 01

Devices: @ Read/Write @ Read Only

LS

In this example, the user "taurel" has Write Access to thécge\sr/d-ct/1" and to all devices belonging
to the domain "fe" but only from the host "pcantares"” He haslraccess to all other devices but always
only from the host pcantares. The user "verdier" has writessto the device "sys/dev/01" from any host
on the network "160.103.5" and Read Access to all the remgidévices from the same network. All the
other users has only Read Access but from any host.
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9.11.2 Running a Tango control system with the controlled azess

All the users rights are stored in two tables of the Tangolsega. A dedicated device server callkeoh-
goAccessControlaccess these tables without using the classical Tangoatsaerver. This TangoAc-
cessControl device server must be configured with only onéee The propertyservicesbelonging to

the free objecCtrISystem is used to run a Tango control system with its controlled s€c&his property

is an array of string with each string describing the selglcrinning in the control system. For controlled
access, the service name is "AccessControl". The servitarine name has to be defined as "tango". The
device name associated with this service must be the nanhe dingoAccessControl server device. For
instance, if the TangoAccessControl device server degiceimedsys/access_control/bne element of
the Services property of the CtrlSystem object has to beset t

AccessControl/tango:sys/access_control/1

If the service is defined but without a valid device name @poading to the TangoAccessControl
device server, all users from any host will have write ac¢sssulating a Tango control system without
controlled access). Note that this device server connethetMySQL database and therefore may need the
MySQL connection related environment variables MYSQL_BSihd MYSQL_PASSWORD described
inA.12.3.3

Even if a controlled access system is running, it is possiley-pass it if, in the environment of the
client application, the environment variable SUPER_TAN@GQIlefined to "true". If for one reason or
another, the controlled access server is defined but nossibde, the device right checked at that time will
be Read Access.




Appendix A

Reference part

This chapter is only part of the TANGO device server referene guide. To get reference documen-
tation about the C++ library classes, seeq]. To get reference documentation about the Java classes,
also see {].

A.1 Device parameter

A black box, a device description field, a device state andistre associated with each TANGO device.

A.1.1 The device black box

The device black box is managed as a circular buffer. It isipiesto tune the buffer depth via a device
property. This property name is

device name->blackbox_depth

A default value is hard-coded to 50 if the property is not cadinThis black box depth property is retrieved
from the Tango property database during the device creptiase.

A.1.2 The device description field

There are two ways to intialise the device description field.

» At device creation time. Some constructors of the Deviggletass supports this field as parameter.
If these constructor are not used, the device descriptithifieset to a default value whichAsTango
device

« With a property. A description field defines with this methmatrrides a device description defined
at construction time. The property name is

device name->description

A.1.3 The device state and status

Some constructors of the Devicelmpl class allows the iigtéion of device state and/or status or device
creationtime. If these fields are not defined, a default vialapplied. The default state is Tango::UNKOWN,
the default status islot Initialised.

A.1.4 The device polling

Seven device properties allow the polling tunning. Thesgerties are described in the following table

321
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| Property name | property rule | default value]

poll_ring_depth Polling buffer depth 10
cmd_poll_ring_depth Cmd polling buffer depth
attr_poll_ring_depth| Attr polling buffer depth

poll_old_factor "Data too old" factor 4

min_poll_period Minimun polling period
cmd_min_poll_period Min. polling period for cmd
attr_min_poll_period| Min. polling period for attr

The rule of the poll_ring_depth property is obvious. It defirihe polling ring depth for all the device
polled command(s) and attribute(s). Nevertheless, whergfthe polling buffer via the fill_cmd_polling_buffer()
(or fill_attr_polling_buffer()) method, it could be helgfto define specific polling ring depth for a com-
mand (or an attribute). This is the rule of the cmd_poll_ridgpth and attr_poll_ring_depth properties.
For each polled object with specific polling depth (commanattribute), the syntax of this property is
the object name followed by the ring depth (ie State,20ySta6). If one of these properties is defined,
for the specific command or attribute, it will overwrite thalwe set by the poll_ring_depth property. The
poll_old_factor property allows the user to tune how long diata recorded in the polling buffer are valid.
Each time some data are read from the polling buffer, a cleedline between the date when the data were
recorded in the polling buffer and the date when the useragithese data. If the interval is greater than
the object polling period multiply by the value of the polldofactor factory, an exception is returned to
the caller. These two properties are defined at device lewtltlaerefore, it is not possible to tune this
parameter for each polled object (command or attribute)e [alst 3 properties are dedicated to define
a polling period minimum threshold. The property min_pp#riod defines in (mS) a device minimum
polling period. Property cmd_min_poll_period defines (i8)rxa minimum polling period for a specific
command. The syntax of this property is the command namewelll by the minimum polling period
(ie MyCmd,400). Property attr_min_poll_period definesrti8) a minimum polling period for a specific
attribute. The syntax of this property is the attribute ndolwed by the minimum polling period (ie
MyAttr,600). These two properties has a higher priorityrttae min_poll_period property. By default
these three properties are not defined mening that therermgmmun polling period.

Four other properties are used by the Tango core classegiaga#he polling thread. These properties
are:

 polled_cmd to memorize the name of the device polled congman
« polled_attr to memorize the name of the device pollediaite

e non_auto_polled_cmdto memorize the name of the commaiahwghoule not be polled automati-
cally at the first request

e non_auto_polled_attrto memorize the name of the atitatich should not be polled automatically
at the first request

You don’thave to change these properties values by yourBedfy are automatically created/modified/deleted
by Tango core classes.

A.1.5 The device logging

The Tango Logging Service (TLS) uses device properties wrobdevice logging at startup (static con-
figuration). These properties are described in the follgwable

| Property namg property rule | default value
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logging_level | Initial device logging level WARN

logging_target| Initial device logging target No default
logging_rft | Logging rolling file threshold 2 Mega bytes

logging_path Logging file path /tmp/tango or C:/tango (win32

* The logging_level property controls the initial loggireykl of a device. Its set of possible values is:
"OFF", "FATAL", "ERROR", "WARN", "INFO" or "DEBUG". This poperty is overwritten by the
verbose command line option (-v).

» The logging_target property is a multi-valued propertptaining the initial target list. Each entry
must have the following format: target_type::target _n@wieere target_type is one of the supported
target types and target_name, the name of the target). 8epparget types areconsole file and
device For a device target, target_name must contain the nameogf@hsumer device (as defined
in A.8). For a file target, target_name is the name of the file to lodftomitted the device’s name
is used to build the file name (domain_family_member.logpaly, target name is ignored in the
case of a console target. The TLS does not report any errar@ctwhile trying to setup the initial
targets.

— Logging_target property example :
logging_target =[ "console", "file", "file::/home/me/mydee.log", "device::tmp/log/1"]

In this case, the device will automatically logs to the stddutput, to its default file (which
is something like domain_family_member.log), to a file ndmeydevice.log and located in
/home/me. Finally, the device logs are also sent to a loguwoes device named tmp/log/1.

» The logging_rft property specifies the rolling file threkh¢rft), of the device’s file targets. This
threshold is expressed in Kb in the range [500, 20480]. Whensize of a log file reaches the
so-called rolling-file-threshold (rft), it is backuped asufrent_log_file_nanfe+ " 1" and a new
current_log_file_name is opened. Obviously, there is onfyleackup file at a time (i.e. any existing
backup is destroyed before the current log file is backupédie default threshold is 2Mb, the
minimum is 500 Kb and the maximum is 20 Mb.

* Thelogging_path property overwrites the TANGO_LOG_PAdi¥ironmentvariable. This property
can only be applied to a DServer class device and has no efiesther devices.

A.2 Device attribute

Attribute are configured with two kind of parameters: Partrshard-coded in source code and modifiable
parameters
A.2.1 Hard-coded device attribute parameters

Seven attribute parameters are defined at attribute crdatie in the device server source code. Obviously,
these parameters are not modifiable except with a new soadsecompilation. These parameters are

| Parameter name| Parameter description |
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1}

name Attribute name
data_type Attribute data type
data_format Attribute data format
writable Attribute read/write type
max_dim_x Maximum X dimension
max_dim_y Maximum Y dimension
writable _attr name Associated write attribute
level Attribute display level

A.2.1.1 The Attribute data type

Eight data types are supported. These data types are

Tango::
Tango::
Tango::
Tango::
Tango::
Tango::
Tango::

Tango::

DevBoolean

DevShort
DevLong

DevFloat

DevDouble

DevUChar

DevUShort

DevString

A.2.1.2 The attribute data format

Three data format are supported for attribute

324

| Format |

Description

Tango::SCALAR

The attribute value is a single number

Tango::

SPECTRUM

The attribute value is a one dimension numliper

Tango::IMAGE

The attribute value is a two dimension number

A.2.1.3 The max_dim_x and max_dim_y parameters

These two parameters defined the maximum size for attribfitee SPECTRUM and IMAGE data format.

data format

| max_dim_x | max_dim_y |

Tango::SCALAR

1 0

Tango::SPECTRUM

User Defined 0

Tango: IMAGE

User Defined

User Defined
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For attribute of the Tango::IMAGE data format, all the dataalso returned in a one dimension array.
The first array is value[0],[0], array element X is value[B}.1], array element X+1 is value[1][0] and so
forth.

A.2.1.4 The attribute read/write type
Tango supports four kind of read/write attribute which are :

» Tango::READ for read only attribute

» Tango::WRITE for writable attribute

* Tango::READ_WRITE for attribute which can be read and &vrit

» Tango::READ_WITH_WRITE for a readable attribute asstaziao a writable attribute (For a power
supply device, the current really generated is not the vaesuerent. To handle this, two attributes are
defined which argenerated_currerandwanted_currentThewanted_currenis a Tango::WRITE
attribute. When thgenerated_currerdttribute is read, itis very convenient to also gettlamted_current
attribute. This is exactly what the Tango::READ_WITH_WHmEattribute is doing)

When read, attribute values are always returned within eayaven for scalar attribute. The length of this
array and the meaning of its elements is detailed in thevatig table for scalar attribute.

| Name | Array length | Array[0] | Array[1]
Tango::READ 1 Read value
Tango::WRITE 1 Last write value
Tango::READ_WRITE 2 Read value Last write value
Tango::READ _WITH_WRITE 2 Read value | Associated attributelast write valu

D

When a spectrum or image attribute is read, it is possiblede ¢the device class in order to send only
some part of the attribute data (For instance only a Regiomt@fest for an image) but never more than
what is defined by the attribute configuration parameters miax_x and max_dim_y. The number of data
sent is also transferred with the data and is nadied x anddim_y. When a spectrum or image attribute
is written, it is also possible to send only some of the aiteldata but always less than max_dim_x for
spectrum and max_dim_x* max_dim_y for image. The followtalgle describe how data are returned for
spectrum attribute. dim_x is the data size sent by the sarkien the attribute is read and dim_x_w is the
data size used during the last attribute write call.

| Name | Arraylength [ Array[0->dim_x-1]| Array[dim_x->dim_x + dim_x_w -1]|
Tango::READ dim_x Read values
Tango::WRITE dim_x w Last write values
Tango::READ_WRITE dim_x+dim_x w Read value Last write values
Tango::READ_WITH_WRITE| dim_x + dim_x_w Read value Associated attributelast write values
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The following table describe how data are returned for ingtgéute. dim_r is the data size sent by the
server when the attribute is read (dim_x * dim_y) and dim_whesdata size used during the last attribute

write call (dim_x_w*dim_y_w).

| Name | Arraylength | Array[0->dim_r-1]| Array[dim_r->dim_r + dim_w -1] |
Tango::READ dim_r Read values
Tango::\WRITE dim_w Last write values

Tango::READ_WRITE di

m_r+dim_w Read value

Last write values

Tango::READ_WITH_WRITE| dim_r + dim_w Read value

Associated attributelast write value

bS

Until a write operation has been performed, the last writaesés initialized toO for scalar attribute of
the numeriacal type, ttNot Initialised" for scalar string attribute and toue for scalar boolean attribute.
For spectrum or image attribute, the last write value isahited to an array of one element setdor
numerical type, to an array of one element sdrtie for boolean attribute and to an array of one element
set to 'Not initialized' for string attribute

A.2.1.5 The associated write attribute parameter

This parameter has a meaning only for attribute with a TaRfAD_WITH_WRITE read/write type.
This is the name of the associated write attribute.

A.2.1.6 The attribute display level parameter

This parameter is only an help for graphical applicationis l& C++ enumeration starting at O or a final
class for Java. The code associated with each attributéaglisgvel is defined in the following table

(Tango::DispLevel).

name | Value |

Tango::OPERATOR} O

Tango::EXPERT 1

This parameter allows a graphical application to suppaottiypes of operation :

* An operator mode for day to day operation

* An expert mode when tuning

is necessary

According to this parameter, a graphical application kndvise attribute is for the operator mode or for

the expert mode.

A.2.2 Modifiable attribute parameters

Each attribute has a configuration set of 20 modifiable paiensieThese can be grouped in three different

purposes:
1. General purpose parameters

2. Alarm related parameters
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3.

Event related parameters

A.2.2.1 General purpose parameters

Eight attribute parameters are modifiable at run-time vievaa# call or via the property database.

| Parameter name Parameter description |
description Attribute description
label Attribute label
unit Attribute unit

standard_unit Conversion factor to MKSA unit
display_unit | The attribute unitin a printable form

format How to print attribute value
min_value Attribute min value
max_value Attribute max value

Thedescription parameter describes the attribute. Tdlgel parameter is used by graphical application
to display a label when this attribute is used in a graphipglieation. Theunit parameter is the attribute
value unit. Thestandard_unit parameter is the conversion factor to get attribute valugit8A units.
Even if this parameter is a number, it is returned as a strinthe deviceget_attribute configall. The
display_unit parameter is the string used by graphical application tplaysattribute unit to application

user.

A.2.2.1.1 The format attribute parameter This parameter specifies how the attribute value should be
printed. It is not valid for string attribute. This formatdsstring of C++ streams manipulators separated by
the; character. The supported manipulators are :

fixed
scientific
uppercase
showpoint
showpos
setprecision()

setw()

Their definition are the same than for C++ streams. An exaofdlermat parameter is

scientific;uppercase;setprecision(3)

. A class called Tango::AttrManip has been written to haldile format string. Once the attribute format
string has been retrieved from the device, its value can inéeprwith

cout << Tango::AttrManip(format) << value << endl|;
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A.2.2.1.2 The min_value and max_value parameters These two parameters have a meaning only for
attribute of the Tango::WRITE read/write type and for nuiaesl data type. Trying to set the value of an
attribute to something less than or equal to the min_valuarpater is an error. Trying to set the value
of the attribute to something more or equal to the max_vahrampeter is also an error. Even if these
parameters are numbers, they are returned as strings bgtiwedet_attribute_config@all.

A.2.2.2 The alarm related configuration parameters

Six alarm related attribute parameters are modifiable attimme via a device call or via the property
database.

| Parameter name Parameter description |
min_alarm Attribute low level alarm
max_alarm Attribute high level alarm
min_warning Attribute low level warning
max_warning Attribute high level warning
delta_t delta time for RDS alarm (mS)
delta_val delta value for RDS alarm (absolutg)

A.2.2.2.1 The min_alarm and max_alarm parameters These two parameters have a meaning only
for attribute of the Tango::READ, Tango::READ_WRITE anchfja::READ_WITH_WRITE read/write
type and for numerical data type. When the attribute is rdat} value is something less than or equal
to the min_alarm parameter or if it is something more or etu#he max_alarm parameter, the attribute
quality factor will be set to Tango::ATTR_ALARM and if the diee state is Tango::ON, it is switched
to Tango::ALARM. Even if these parameters are numbers, treyreturned as strings by the device
get_attribute_config@all.

A.2.2.2.2 The min_warning and max_warning parameters These two parameters have a mean-
ing only for attribute of the Tango::READ, Tango::READ_ W and Tango::READ_WITH_WRITE
read/write type and for numerical data type. When the aittilis read, if its value is something less than
or equal to the min_warning parameter or if it is somethingerar equal to the max_warning parameter,
the attribute quality factor will be set to Tango::ATTR_WRRNG and if the device state is Tango::ON, it
is switched to Tango::ALARM. Even if these parameters amalpers, they are returned as strings by the
deviceget_attribute_config@all.

A.2.2.2.3 The delta_t and delta_val parameters These two parameters have a meaning only for at-
tribute of the Tango::READ_WRITE and Tango::READ_WITH_\WE read/write type and for numerical
data type. They specify if and how the RDS alarm is used. Wherattribute is read, if the difference
between its read value and the last written value is somgthiore than or equal to the delta_val parameter
and if at least delta_val milli seconds occurs since theviaisé operation, the attribute quality factor will
be set to Tango::ATTR_ALARM and if the device state is Tan@d!, it is switched to Tango::ALARM.
Even if these parameters are numbers, they are returnethas ty the devicget_attribute_config@all.

A.2.2.3 The event related configuration parameters

Six event related attribute parameters are modifiable atinu@ via a device call or via the property
database.
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| Parameter name | Parameter description |
rel_change Relative change triggering change evegnt
abs_change Absolute change triggering change event
| period | Period for periodic event |
archive_rel_change Relative change for archive event
archive_abs change Absolute change for archive event
archive_period Period for change archive event

A.2.2.3.1 The rel_change and abs_change parameterfel_change is an array property with a maxi-
mum of 2 values. It specifies the positive and negative rdaihange of the attribute value w.r.t. the value
of the previous change event which will trigger the eventth# attribute is a spectrum or an image then
a change event is generated if any one of the attribute \sabatisfies the above criterium. If only one
property is specified then it is used for the positive and tiegahange.

Abs_change is an array property of maximum 2 values.It §ipsdhe positive and negative absolute
change of the attribute value w.r.t the value of the previthenge event which will trigger the event. If
the attribute is a spectrum or an image then a change eveaheated if any one of the attribute value’s
satisfies the above criterium. If only one property is spegdithen it is used for the positive and negative
change. If no properties are specified then the relativegdnanused.

A.2.2.3.2 The periodic period parameter The minimum time between events (in milliseconds). If no
property is specified then a default value of 1 second is used.

A.2.2.3.3 Thearchive_rel_change, archive_abs_changedarchive_period parameters archive_rel_change
is an array property of maximum 2 values which specifies ttsitipe and negative relative change w.r.t.
the previous attribute value which will trigger the eventthle attribute is a spectrum or an image then
an archive event is generated if any one of the attributeel@katisfies the above criterium. If only one
property is specified then it is used for the positive and tieggjahange. If no properties are specified then
a default fo +-10% is used

archive_abs_changeis an array property of maximum 2 vatheh specifies the positive and negative
absolute change w.r.t the previous attribute value whidhtrkigger the event. If the attribute is a spectrum
or animage then an archive eventis generated if any one aftifileute value’s satisfies the above criterium.
If only one property is specified then it is used for the pusitind negative change. If no properties are
specified then the relative change is used.

archive_period is the minimum time between archive evants{lliseconds). If no property is speci-
fied, no periodic archiving events are send.

A.2.3 Setting modifiable attribute parameters

A default value is given to all modifiable attribute paramgtey the Tango core classes. Nevertheless,
it is possible to modify these values in source code at atgiloreation time or via the database. Values
retrieved from the database have a higher priority thanesfjiven at attribute creation time. The default

value set by the Tango core classes are

| Parameter type Parametername | Library default value |
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description No description
label device name/attribute name
unit No unit
general standard_unit No standard unit
purpose display_unit No display unit
format 6 characters with 2 decimal
min_value Not specified
max_value Not specified
min_alarm Not specified
max_alarm Not specified
alarm min_warning Not specified
parameters max_warning Not specified
delta t Not specified
delta_val Not specified
rel_change Not specified
abs change Not specified
event period 1000 (mS)
parameters | archive_rel_change Not specified
archive_abs_change Not specified
archive_period Not specified

It is possible to set modifiable parameters via the datalidsedevels :
1. Atclass level

2. At device level. Each device attribute have all its modbigparameters sets to the value defined at
class level. If the setting defined at class level is not abffice one device, it is possible to re-define
it.

If we take the example of a class calBdmperPowerSupplyith three devices callest/bump/1sr/bump/2
andsr/bump/3and one attribute calledanted_currentFor the first two bumpers, the max_value is equal
to 500. For the third one, the max_value is only 400. If the nvakue parameter is defined at class level
with the value 500, all devices will have 500 as max_valughHewanted_currenattribute. It is necessary
to re-defined this parameter at device level in order to haeertax_value for device sr/bump/3 set to 400.

For the description, label, unit, standard_unit, displayit and format parameters, it is possible to
return them to their default value by setting them to an emsping.

A.3 Device class parameter

A device documentation field is also defined at Tango devizesdevel. Itis defined as Tango device class
level because each device belonging to a Tango device ¢lasfdshave the same behaviour and therefore
the same documentation. This field is store in the DevicesGtass. It is possible to set this field via a
class property. This property name is

class name->doc_url

and is retrieved when instance of the DeviceClass objecested. A default value is defined for this field.

A.4 The device black box

This black box is a help tool to ease debugging session fonaimg device server. The TANGO core
software records every device request in this black box. Mydeclient is able to retrieve the black box
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contents with a specific CORBA operation availabble for gwimvice. Each black box entry is returned as
a string with the following information :

* The date where the request has been executed by the deviue.dafe format is dd/mm/yyyy
hh24:mi:ss:SS (The last field is the second hundredth ngmber

* The type of CORBA requests. In case of attributes, the ndnigearequested attribute is returned.
In case of operation, the operation type is returned. Fomfoand_inout” operation, the command
name is returned.

¢ The client host name

A.5 Automatically added commands

As already mentionned in this documentation, each Tang@eleupports at least three commands which
are State, Status and Init. The following array details camdinput and output data type

| Command name Input data type] Output data type]

State void Tango::DevState
Status void Tango::DevString
Init void void

A.5.1 The State command

This command gets the device state (stored inl@gice_statelata member) and returns it to the caller.
The device state is a variable of the Tango_DevState typek@okinto a CORBA Any object when it is
returned by a command)

A.5.2 The Status command

This command gets the device status (stored idétgice_statudata member) and returns it to the caller.
The device status is a variable of the string type.

A.5.3 The Init command

This commands re-initialise a device keeping the same nm&taannection. After an Init command exe-
cuted on a device, it is not necessary for client to re-conteethe device. This command first calls the
devicedelete_device(nethod and then execute itst_device()method. For C++ device server, all the
memory allocated in thmit_device()method must be freed in tlielete _device(nethod. The language

device desctructor automatically calls thelete devicenethod.

A.6 DServer class device commands

As already explained iB.1.7.2 each device server process has its own Tango device. TVitedripports

the three commands previously described plus 27 commaod€{f+ device server, only 25 for Java de-
vice server) which are DevRestart, RestartServer, Quasg;QueryDevice, Kill, QueryWizardClassProp-
erty, QueryWizardDevProperty, QuerySubDevice, the pgllielated commands which are StartPolling,
StopPolling, AddObjPolling, RemObjPolling, UpdObjPalijPeriod, PolledDevice and DevPollStatus, the
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device locking related commands which are LockDevice, WukDOevice, ReLockDevices and DevLock-
Status, the event related command called EventSubscriptiange (only for C++) and finally the logging
related commands which are AddLoggingTarget, Removelmggirget, GetLoggingTarget, GetLoggin-
gLevel, SetLoggingLevel, StopLogging and StartLoggindre Tollowing table give all commands input
and output data types

| Command name Input data type | Output data type |
State void Tango::DevState
Status void Tango::DevString
Init void void
DevRestart Tango::DevString void
RestartServer void void
QueryClass void Tango::DevVarStringArray
QueryDevice void Tango::DevVarStringArray
Kill void void
QueryWizardClassProperty Tango::DevString Tango::DevVarStringArray
QueryWizardDevProperty, Tango::DevString Tango::DevVarStringArray
QuerySubDevice void Tango::DevVarStringArray
StartPolling void void
StopPolling void void
AddObjPolling Tango::DevVarLongStringArray void
RemObjPolling Tango::DevVarStringArray void
UpdObjPollingPeriod | Tango::DevVarLongStringArray void
PolledDevice void Tango::DevVarStringArray
DevPollStatus Tango::DevString Tango::DevVarStringArray
LockDevice Tango::DevVarLongStringArray void
UnLockDevice Tango::DevVarLongStringArray Tango::DevLong
RelLockDevices Tango::DevVarStringArray void
DevLockStatus Tango::DevString Tango::DevVarLongStringArray
| EventSubscribeChange| Tango::DevVarStringArray | void |
AddLoggingTarget Tango::DevVarStringArray void
RemovelLoggingTarget Tango::DevVarStringArray void
GetLoggingTarget Tango::DevString Tango::DevVarStringArray
GetLoggingLevel Tango::DevVarStringArray | Tango::DevVarLongStringArray
SetlLoggingLevel Tango::DevVarLongStringArray void
StoplLogging void void
StartLogging void void

The device description field is set to “A device server devidBevice server started with the -file
command line option also supports a command called QuentE¥annellOR. This command is used
interanally by the Tango kernel classes when the eventmyistased with device server using database on
file.

A.6.1 The State command

This device state is always set to ON
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A.6.2 The Status command

This device status is always set to “The device is ON” folldwsy a new line character and a string
describing polling thread status. This string is eitheréfolling is OFF” or “The polling is ON” according
to polling state.

A.6.3 The DevRestart command

The DevRestart command restart a device. The name of thead®vbe re-started is the command input
parameter. The command destroys the device by calling $iswigor and re-create it from its constructor.

A.6.4 The RestartServer command

The DevRestartServer command restarts all the devicerpétjeembedded in the device server process.
Therefore, all the devices implemented in the server pees destroyed and re-bdilt The network
connection between client(s) and device(s) implementéldrdevice server process is destroyed and re-
built.

Executing this command allows a complete restart of theogesérver without stopping the process.

A.6.5 The QueryClass command

This command returns to the client the list of Tango deviesg(les) embedded in the device server. It
returns only class(es) implemented by the device servagranomer. The DServer device class name
(implemented by the TANGO core software) is not returnedidy command.

A.6.6 The QueryDevice command

This command returns to the client the list of device namelfiathe device(s) implemented in the device
server process. Each device name is returned using thevioliesyntax :

<class name>::<device name>

The name of the DServer class device is not returned by thisrand.

A.6.7 The Kill command

This command stops the device server process. In orderhbatlient receives a last answer from the
server, this command starts a thread which will after a sielety, kills the device server process.

A.6.8 The QueryWizardClassProperty command

This command returns the list of property(ies) defined folaaxstored in the device server process prop-
erty wizard. For each property, its name, a description aghefault value is returned.

A.6.9 The QueryWizardDevProperty command

This command returns the list of property(ies) defined forewick stored in the device server process
property wizard. For each property, its name, a descriimha default value is returned.

1Their black-box is also destroyed and re-built
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A.6.10 The QuerySubDevice command

This command returns the list of sub-device(s) importeddnhalevice within the server. A sub-device is a

device used ( to execute command(s) and/or to read/wriibu#(s) ) by one of the device server process
devices. There is one element in the returned strings aorageich sub-device. The syntax of each string is
the device name, a space and the sub-device name. In casaa# slerver process starting threads using
a sub-device, it is not possible to link this sub-device tg process devices. In such a case, the string
contains only the sub-device name

A.6.11 The StartPolling command

This command starts the polling thread

A.6.12 The StopPolling command

This command stops the polling thread

A.6.13 The AddObjPolling command

This command adds a new object in the list of object(s) to Be@oThe command input parameters are
embedded within a Tango::DevVarLongStringArray data tyith one long data and three strings. The
input parameters are:

| Command parametgr Parameter meaning |
svalue[0] Device name
svalue[1] Object type (“command” or “attribute”
svalue[2] Object name
Ivalue[0] polling period in mS

The object type string is case independent. The object nimg §command name or attribute name)
is case dependant. This command does not start pollingsfstdpped. This command is not allowed in
case the device is locked and the command requester is nlocthewner.

A.6.14 The RemObjPolling command

This command removes an object of the list of polled objedt® command input data type is a Tango::DevVarStringArray
with three strings. These strings meaning are :

| String | Meaning |
string[0] Device name
string[1] | Object type (“command” or “attribute”
string[2] Object name

The object type string is case independent. The object nimg §command name or attribute name)
is case dependant. This command is not allowed in case tlgedsvocked and the command requester is
not the lock owner.
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A.6.15 The UpdObjPollingPeriod command

This command changes the polling period for a specified dbj@be command input parameters are
embedded within a Tango::DevVarLongStringArray data twith one long data and three strings. The
input parameters are:

| Command parametgr Parameter meaning |
svalue[0] Device name
svalue[1] Object type (“command” or “attribute”
svalue[2] Object name
Ivalue[0] new polling period in mS

The object type string is case independent. The object nimg §command name or attribute name)
is case dependant. This command does not start pollingsfstdpped. This command is not allowed in
case the device is locked and the command requester is nlocthewner.

A.6.16 The PolledDevice command

This command returns the name of device which are polledh E&ing in the Tango::DevVarStringArray
returned by the command is a device name which has at leasbom@mand or attribute polled. The list is
alphabetically sorted.

A.6.17 The DevPollStatus command

This command returns a polling status for a specific devide iput parameter is a device name. Each
string in the Tango::DevVarStringArray returned by the coamd is the polling status for each polled
device objects (command or attribute). For each polledaibj¢he polling status is :

* The object name

* The object polling period (in mS)

* The object polling ring buffer depth

* The time needed (in mS) for the last command execution obaté reading

* The time since data in the ring buffer has not been updateid.allows a check of the polling thread

* The delta time between the last records in the ring buffdris Bllows checking that the polling
period is respected by the polling thread.

* The exception parameters in case of the last command éxeautthe last attribute reading failed.

A new line character is inserted between each piece of irdtiom.

A.6.18 The LockDevice command

This command locks a device for the calling process. The canthmput parameters are embedded within
a Tango::DevVarLongStringArray data type with one longadeatd one string. The input parameters are:

| Command parametdr Parameter meaninjy

svalue[0] Device name
Ivalue[0] Lock validity
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A.6.19 The UnLockDevice command

This command unlocks a device. The command input paramsteesnbedded within a Tango::DevVarLongStringArray
data type with one long data and one string. The input paensate:

| Command parametdr Parameter meaninjy

svalue[0] Device name
Ivalue[0] Force flag

The force flag parameter allows a client to unlock a deviceaaly locked by another process (for admin
usage only)

A.6.20 The ReLockDevices command

This command re-lock devices. The input argument is theofistevices to be re-locked. It's an error to
re-lock a device which is not already locked.

A.6.21 The DevLockStatus command

This command returns a device locking status to the caltsrinput parameter is the device name. The
output parameters are embedded within a Tango::DevVarkuimgArray data type with three strings and
six long. These data are

| Command parametgr Parameter meaning |
svalue[0] Locking string
svalue[1] CPP client host IP address or "Not defined"
svalue[2] Java VM main class for Java client or "Not defined"
Ivalue[0] Lock flag (1 if locked, O othterwise)
Ivalue[1] CPP client host IP address or 0 for Java locke
Ivalue[2] Java locker UUID part 1or O for CPP locker
Ivalue[3] Java locker UUID part 2 or O for CPP locker
Ivalue[4] Java locker UUID part 3 or O for CPP locker
Ivalue[5] Java locker UUID part 4 or O for CPP locker

A.6.22 The EventSubscriptionChange command (C++ server dy)

This command is used as a piece of the "heartbeat" systenebetan event client and the device server
generating the event. There is no reason to generate ef/émsa is no client which has subscribed to it.
It is used by théDeviceProxy::subscribe_eventflethod and the event thread on the client side to inform
the server to keep on generating events for the attributed@stipn. It reloads the subscription timer with
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the current time. Events are not generated when there argentscsubscribed within the last 10 minutes.
The input parameters are:

| Command parameter Parameter meaning
argin[0] Device name
argin[1] Attribute name
argin[2] action ("subscribe" or "unsubsribe")
argin[3] event name ("change", "periodic", "archive","attr_cgnf"

A.6.23 The AddLoggingTarget command

This command adds one (or more) logging target(s) to thefsgeédevice(s). The command input param-
eter is an array of string logically composed of {device eatarget_type::target name}groups where the
elements have the following semantic:

 device_name is the name of the device which logging beh#to be controlled. The wildcard "*"
is supported to apply the modification to all devices enclapsd within the device server (e.g. to
ask all devices to log to the same device target).

« target_type::itarget name: target_type is one of themtipg target types and target_name, the name
of the target. Supported target types azensole file anddevice For a device target, target_name
must contain the name of a log consumer device (as defineédn For a file target, target_name
is the full path to the file to log to. If omitted the device’sma is used to build the file name
(domain_family_member.log). Finally, target _name isoiged in the case of a console target and
can be omitted.

This command is not allowed in case the device is locked amddimmand requester is not the lock owner.

A.6.24 The RemovelLoggingTarget command

Remove one (or more) logging target(s) from the specifiedcéés). The command input parameter is an
array of string logically composed of {device _name, tartygte::target_name} groups where the elements
have the following semantic:

» device_name: the name of the device which logging behasitar be controlled. The wildcard "*"
is supported to apply the modification to all devices enclapsd within the device server (e.g. to
ask all devices to stop logging to a given device target).

« target_type::itarget name: target_type is one of themtipg target types and target_name, the name
of the target. Supported target types azensole file anddevice For a device target, target_name
must contain the name of a log consumer device (as defineédn For a file target, target_name
is the full path to the file to log to. If omitted the device’sma is used to build the file name
(domain_family_member.log). Finally, target _name isoiged in the case of a console target and
can be omitted.

The wildcard "*" is supported for target_name. For instarRemovelLoggingTarget (["*", "device::*"])
removes all the device targets from all the devices runninthé device server. This command is not
allowed in case the device is locked and the command requsgstet the lock owner.
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A.6.25 The GetLoggingTarget command

Returns the current target list of the specified device. Tdremand parameter device_name is the name
of the device which logging target list is requested. Thiadiseturned as a DevVarStringArray containing
target_type::target_name elements.

A.6.26 The GetLoggingLevel command

Returns the logging level of the specified devices. The conumaput parameter device_list contains
the names of the devices which logging target list is reqeesThe wildcard "*" is supported to get the
logging level of all the devices running within the servenelstring part of the result contains the name of
the devices and its long part contains the levels. Obviousbult.lvalueli] is the current logging level of
the device named result.svalueli].

A.6.27 The SetLoggingLevel command

Changes the logging level of the specified devices. Theggpamt of the command input parameter contains
the device names while its long part contains the logginglevThe set of possible values for levels is:
0=0OFF, 1=FATAL, 2=ERROR, 3=WARNING, 4=INFO, 5=DEBUG.

The wildcard "*" is supported to assign all devices the saogging level. For instance, SetLoggin-
gLevel (["*"] [3]) set the logging level of all the devices maing within the server to WARNING. This
command is not allowed in case the device is locked and thermaomd requester is not the lock owner.

A.6.28 The StopLogging command

For all the devices running within the server, StopLoggiages their current logging level and set their
logging level to OFF.

A.6.29 The StartLogging command

For each device running within the server, StartLoggingores their logging level to the value stored
during a previous StopLogging call.

A.7 DServer class device properties

This device has two properties related to polling threadd pmnagement. These properties are described
in the following table

| Property name | property rule | default value]

polling_threads_pool_siz¢ Max number of thread in the polling pod 1
polling_threads_pool_conf  Polling threads pool configuration

The rule of the polling_threads_pool_size is to define th&iman number of thread created for the
polling threads pool size. The rule of the polling_thregu®l confis to define which thread in the pool
is in charge of all the polled object(s) of which device. Thisperty is an array of strings with one string
per used thread in the pool. The content of the string is simplevice name list with device name splitted
by a comma. Example of polling_threads_pool_conf propiert threads used:

dserver/<ds exec name>/<inst. name>/polling_threads_po ol_conf-> the/dev/01
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the/dev/02,the/dev/06
the/dev/03

Thread number 2 is in charge of 2 devices. Note that there éntay in this list only for the used threads
in the pool.

A.8 Tango log consumer

A.8.1 The available Log Consumer

One implementation of a log consumer associated to a gralplger interface is available within Tango.
It is a standalone java application calledgViewer based on the publicly available chainsaw application
from the log4j package. It supports two way of running whiok: a

» The static mode: In this mode, LogViewer is started with eapgeter which is the name of the log
consumer device implemented by the application. All messagnt by devices with a logging target
type set tadeviceand with a logging target name set to the same device nameftbatevice name
passed as application parameter will be displayed (if thgileg level allows it).

* The dynamic mode: In this mode, the name of the log consuméce implemented by the applica-
tion is build at application startup and is dynamic. The wsighn the help of the graphical interface
chooses device(s) for which he want to see log messages.

A.8.2 The Log Consumer interface

A Tango Log Consumer device is nothing but a tango deviceating the following tango command :
void log (Tango::DevVarStringArray details)

where details is an array of string carrying the log detditsstructure is:

* details[0] : the timestamp in millisecond since epoch @211970)

details[1] : the log level

details[2] : the log source (i.e. device name)

details[3] : the log message

details[4] : the log NDC (contextual info) - Not used buteased
« details[5] : the thread identifier (i.e. the thread from @¥the log request comes from)

These log details can easily be extended. Any tango devjmeosting this command can act as a device
target for other devices.

A.9 Control system specific

It is possible to define a few control system parameters. Byrobsystem, we mean for each set of
computers having the same database device server (the a0’ HOST environment variable)

A.9.1 The device class documentation default value

Each control system may have it's own default device classig@ntation value. This is defined via a class
property. The property name is

Default->doc_url

It's retrieved if the device class itself does not define amgy dirl property. If the Default->doc_url property
is also not defined, a hard-coded default value is provided.
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A.9.2 The services definition

The property used to defined control system services is né&8redcesand belongs to the free object
CtrISystem. This property is an erray of strings. Each string definesda®available within the control
system. The syntax of each service definition is

Service name/Instance name:service device name

A.10 C++ specific

A.10.1 The Tango master include file (tango.h)
Tango has a master include file called
tango.h
This master include file includes the following files :
e C++ language include filetypeinfo
» Tango configuration include filetango_config.h
e CORBA include file :idl/tango.h
» Some network include files for WIN32winsock2.handmswsock.h

¢ C++ streams include file :

— iostream, sstreamandfstream for Windows NT and Solaris with its natif compiler
— iostream.h strstream.h, fstream.handsstreamfor Linux and Solaris with gcc

» Some standard C++ library include filestring andvector
* The main include file generated by the CORBA IDL compil@tl/tango.h
» The Tango database and device API include fildsapi.h anddevapi.h
A list of other Tango include files tango_const.h utils.h, device.h command.h, except.h, se-
gvec.h, device_2.h, log4tango.h, attrmanip.anddserver.h
A.10.2 Tango specific types
Operating system free type

Some data type used in the TANGO core software are not the sade¥ UNIX like operating system and
Windows NT. In order to have less “#ifdef” in the source coslame Tango types have been defined. They
are described in the following table.

| Type name | Unix like | Windows NT |
TangoSys_MemStreanj strstream stringstream
TangoSys_OMemStrean ostrstream ostringstream
TangoSys_Pid pid_t int
TangoSys_Cout _1O_ostream_withassigh  ostream
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These types are defined in the tango_config.h file

A.10.2.1 Template command model related type

As explained ir8.4.8 command created with the template command model uses céating. Many type
definition have been written for these casting.

| Class name | Command allowed method (if any) Command execute method]
TemplCommand Tango::StateMethodPtr Tango::CmdMethPtr
TemplCommandin Tango::StateMethodPtr Tango::CmdMethPtr_xxx
TemplCommandOut Tango::StateMethodPtr Tango::xxx_CmdMethPtr
TemplCommandInOu Tango::StateMethodPtr Tango::xxx_CmdMethPtr_yyy

The Tango::StateMethPtr is a pointer to a method of the Devicelmpl class which retar®olean
and has one parameter which is a reference to a const CORBAakect.

TheTango::CmdMethPtr is a pointer to a method of the Devicelmpl class which retmotting and
needs nothing as parameter.

TheTango::CmdMethPtr_xxx is a pointer to a method of the Devicelmpl class which retaething
and has one parameter. xxx must be set according to the meé#inacheter type as described in the next
table

| Tango type | short cut (xxx) |
Tango::DevBoolean Bo
Tango::DevShort Sh
Tango::DevLong Lg
Tango::DevFloat Fl
Tango::DevDouble Db
Tango::DevUshort us
Tango::DevULong UL
Tango::DevString Str
Tango::DevVarCharArray ChA
Tango::DevVarShortArray ShA
Tango::DevVarLongArray LgA
Tango::DevVarFloatArray FIA
Tango::DevVarDoubleArray DbA
Tango::DevVarUShortArray USA
Tango::DevVarULongArray ULA
Tango::DevVarStringArray StrA
Tango::DevVarLongStringArray LSA
Tango::DevVarDoubleStringArray DSA
Tango::DevState Sta

For instance, a pointer to a method which takes a Tango::Bé&tvingArray as input parameter must
be statically casted to a Tango::CmdMethPtr_StrA, a poiite@ method which takes a Tango::DevLong
data as input parameter must be statically casted to a T&mgdMethPtr_Lg.
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TheTango::xxx_CmdMethPtr is a pointer to a method of the Devicelmpl class which retalata of
one of the Tango type and has no input parameter. xxx must lbesearding to the method return data type
following the same rules than those described in the previable. For instance, a pointer to a method
which returns a Tango::DevDouble data must be staticalyechto a Tango::Db_CmdMethPtr.

The Tango::xxx_CmdMethPtr_yyy is a pointer to a method of the Devicelmpl class which returns
data of one of the Tango type and has one input parameter affdhe Tango data type. xxx and yyy must
be set according to the method return data type and paratyptefollowing the same rules than those
described in the previous table. For instance, a pointentethod which returns a Tango::DevDouble data
and which takes a Tango::DevVarLongStringArray must bicstily casted to a Tango::Db_CmdMethPtr_LSA.

All those type are defined in the tango_const.h file.

A.10.3 Tango device state code

The Tango::DevState type is a C++ enumeration starting Bih® code associated with each state is defined
in the following table.

| State name | Value |
Tango::ON 0
Tango::OFF 1
Tango::CLOSE 2
Tango::OPEN 3
Tango::INSERT 4
Tango::EXTRACT 5
Tango::MOVING 6
Tango::STANDBY 7
Tango::FAULT 8
Tango:INIT 9
Tango::RUNNING 10
Tango::ALARM 11
Tango::DISABLE 12
Tango::UNKNOWN | 13

A strings array calledango::DevStateNamecan be used to get the device state as a string. Use the
Tango device state code as index into the array to get theatring.

A.10.4 Tango data type

A “define” has been created for each Tango data type. Thisisrsrized in the following table

| Type name | Type code | Value |
Tango::DevBoolean Tango::DEV_BOOLEAN 1
Tango::DevShort Tango::DEV_SHORT 2
Tango::DevLong Tango::DEV_LONG 3
Tango::DevFloat Tango::DEV_FLOAT 4
Tango::DevDouble Tango::DEV_DOUBLE 5
Tango::DevUShort Tango::DEV_USHORT 6
Tango::DevULong Tango::DEV_ULONG 7
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Tango::DevString Tango::DEV_STRING 8
Tango::DevVarCharArray Tango::DEVVAR_CHARARRAY 9
Tango::DevVarShortArray Tango::DEVVAR_SHORTARRAY 10
Tango::DevVarLongArray Tango::DEVVAR_LONGARRAY 11
Tango::DevVarFloatArray Tango::DEVVAR_FLOATARRAY 12

Tango::DevVarDoubleArray Tango::DEVVAR_DOUBLEARRAY 13
Tango::DevVarUShortArray Tango::DEVVAR_USHORTARRAY 14
Tango::DevVarULongArray Tango::DEVVAR_ULONGARRAY 15
Tango::DevVarStringArray Tango::DEVVAR_STRINGARRAY 16

Tango::DevVarLongStringArray| Tango::DEVVAR_LONGSTRINGARRAY 17
Tango::DevVarDoubleStringArray Tango::DEVVAR_DOUBLESTRINGARRAY| 18

Tango::DevState Tango::DEV_STATE 19
Tango::ConstDevString Tango::CONST_DEV_STRING 20
Tango::DevVarBooleanArray Tango::DEVVAR_BOOLEANARRAY 21
Tango::DevUChar Tango::DEV_UCHAR 22
Tango::DevLong64 Tango::DEV_LONG64 23
Tango::DevULong64 Tango::DEV_ULONG64 24
Tango::DevVarLong64Array Tango::DEVVAR_LONG64ARRAY 25
Tango::DevVarULong64Array Tango::DEVVAR_ULONGG64ARRAY 26
Tango::Devint Tango::DEV_INT 27
Tango::DevEncoded Tango::DEV_ENCODED 28

For command which do not take input parameter, the type cadgd::DEV_VOID (value = 0) has
been defined.

A strings array calledango::CmdArgTypeNamecan be used to get the data type as a string. Use the
Tango data type code as index into the array to get the caatréug.

A.10.5 Tango command display level

Like attribute, Tango command has a display level. The TabBigpLevel type is a C++ enumeration
starting at 0. The code associated with each command dikplalis already described in pagé6
As for attribute, this parameter allows a graphical appliceto support two types of operation :

e An operator mode for day to day operation
< An expert mode when tuning is necessary

According to this parameter, a graphical application knifiee command is for the operator mode or for
the expert mode.

A.11 Java specific
A.11.1 Packages

All the Tango core classes are bundled in the a Java packdlge éaesrf.TangoDs All the classes
generated by the IDL compiler are bundled in a Java packatgdaesrf.Tango. All the Tango Java
API classes are bundled in Java packages céllesif. TangoApi andfr.esrf.TangoApi.Group. All the
CORBA related classes are stored in a package catigdmg.CORBA. These package Tango, TangoDs,
TangoApi, Group and CORBA are stored in the same jar file daikengORB.jar.
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A.12 Device server process option and environment variabée

A.12.1 Classical device server

The synopsis of a device server process is
ds_name instance_name [OPTIONS]
The supported options are :

e -h,-? -help
Print the device server synopsis and a list of instance naefieadl in the database for this device
server. An instance name in not mandatory in the commanddinse this option

 -v[trace level]
Set the verbose level. If no trace level is given, a defaudltezaf 4 is used

« -file=<file name path>
Start a device server using an ASCII file instead of the Tarsgalzhse.

e -nodb
Start a device server without using the database.

« -dlist <device name list>
Give the device name list. This option is supported only \thign-nodb option.

* ORB options (started with -ORBxxx)
Options directly passed to the underlying ORB. Should belyaused except the -ORBendPoint
option for device server not using the database

A.12.2 Device server process as Windows service
When used as a Windows service, a Tango device server sgggodral new options. These options are :

Install the service

°-S
Install the service and choose the automatic startup mode

e -u
Un-install the service

» -dbg
Run in console mode to debug service. The service must hareibstalled prior to use it.

Note that these options must be used after the device seistance name.

A.12.3 Environment variables

A few environment variables can be used to tune a Tango doststem. TANGO_HOST is the most
important one but on top it, some Tango features like Tanggita service or controlled access (if used)
can be tuned using environment variable. If these envirarimariables are not defined, the software
searches in the filBHOME/.tangorc for its value. If the file is not defined or if the environmentiedle

is also not defined in this file, the software searches in teédit/tangorcfor its value. For Windows,
the file is$TANGO_ROOT/tangorc TANGO_ROOQOT being the mandatory environment variable of the
Windows binary distribution.
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A.12.3.1 TANGO_HOST

This environment variable is the anchor of the system. Itiles where the Tango database server is
running. Most of the time, its syntax is

TANGO_HOST=<host>:<port>

host is the name of the computer where the database servenisg and port is th eport number on which
it is litenning. If you want to have a Tango control systemethihas several database servers (but only one
database) in order to survive a database server crashabgusiowing syntax

TANGO_HOST=<host_1>:<port_1>,<host_2>:<port_2>,<¢h8%:<port_3>

Obviously, host_1 is the name of the computer where the fatsttithse server is running, port_1 is the port
number on which this server is listenning. host_2 is the nafhtlbe computer where the second database
server is running and port_2 is its port number. All accesiat@abase will automatically switch from one
server to another one in the list if the one which was used ieak d

A.12.3.2 Tango Logging Service (TANGO_LOG_PATH)

The TANGO_LOG_PATH environment variable can be used toi§p#we log files location. If not set it
defaults to /tmp/tango under Unix and c:/tango under Wirglowor a given device-server, the files are
actually saved into STANGO_LOG_PATH/{ server_name}/{ser_instance_name}. This means that all
the devices running within the same process log into the shraetory.

A.12.3.3 The database and controlled access server (MYSQUSER and MYSQL_PASSWORD)

The Tango database server and the controlled access sérused) need to connect to the MySQL
database. They are using two environment variables callg8@L._USER and MYSQL_PASSWORD
to know which user/password they must use to access theadatali these environment variables are not
defined, they will connect to the DBMS using the "root" login.

A.12.3.4 The controlled access

Even if a controlled access system is running, it is possibley-pass it if in the environment of the client
application the environment variable SUPER_TANGO is defitee"true”.
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The TANGO IDL file : Module Tango

The fundamental idea of a device as a network object whichmtethods and data has been retained for
TANGO. In TANGO objects are real C++/Java objects which carinstantiated and accessed via their
methods and data by the client as if they were local objedtss iterface is defined in CORBA IDL. The
fundamental interface is Device. All TANGO control objeutdl be of this type i.e. they will implement
and offer the Device interface. Some wrapper classes gioap iAPI will hide the calls to the Device
interface from the client so that the client will only see thpper classes. All CORBA details will be
hidden from the client as far as possible.

B.1 Aliases

AttributeConfigList
typedef sequence<AttributeConfig> AttributeConfigList;

AttributeConfigList_2

typedef sequence<AttributeConfig_2> AttributeConfigList

AttributeConfigList_3

typedef sequence<AttributeConfig_3> AttributeConfigL&st

AttributeDimList

typedef sequence<AttributeDim> AttributeDimList;

AttributeValueList

typedef sequence<AttributeValue> AttributeValueList;

AttributeValueList_3

typedef sequence<AttributeValue_3> AttributeValueLBst

AttributeValueList_4
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typedef sequence<AttributeValue 4> AttributeValuelLdst

AttrQualityList

typedef sequence<AttrQuality> AttrQualityList;

CppClintident

typedef unsigned long CppClintident;

DevAttrHistoryList

typedef sequence<DevAttrHistory> DevAttrHistoryList;

DevAttrHistoryList_3

typedef sequence<DevAttrHistory 3> DevAttrHistoryLi3t

DevBoolean

typedef boolean DevBoolean;

DevCmdHistoryList

typedef sequence<DevCmdHistory> DevCmdHistoryList

DevCmdInfoList

typedef sequence<DevCmdinfo> DevCmdInfoList;

DevCmdInfoList_2

typedef sequence<DevCmdInfo_2>DevCmdInfoList_2;

DevDouble

typedef double DevDouble;

DevErrorList

typedef sequence<DevError> DevErrorList;

DevErrorListList

typedef sequence<DevErrorList> DevErrorListList;

DevFloat
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typedef float DevFloat;

DevlLong
typedef long DevLong;

DevShort

typedef short DevShort;

DevString
typedef string DevString;

DevULong
typedef unsigned long DevULong;

DevUShort

typedef unsigned short DevUShort;

DevVarCharArray

typedef sequence<octet> DevVarCharArray;

DevVarDoubleArray

typedef sequence<double> DevVarDoubleArray;

DevVarEncodedArray

typedef sequence<DevEncoded> DevVarEncodedArray;

DevVarFloatArray

typedef sequence<float> DevVarFloatArray;

DevVarLongArray

typedef sequence<long> DevVarLongArray;

DevVarShortArray

typedef sequence<short> DevVarShortArray;

DevVarStateArray
typedef sequence<DevState> DevVarStateArray;
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DevVarStringArray

typedef sequence<string> DevVarStringArray;

DevVarULongArray

typedef sequence<unsigned long> DevVarULongArray;

DevVarUShortArray

typedef sequence<unsigned short> DevVarUShortArray;

EltinArrayList

typedef sequence<EltinArray> EltinArrayList;

JavauulD

typedef unsigned long long JavaUUID[2];

NamedDevVErrorList
typedef sequence<NamedDevError> NamedDevErrorList;

TimeValList

typedef sequence<TimeVal> TimeVallList;

B.2 Enums

AttrDataFormat
enum AttrDataFormat
{
SCALAR,
SPECTRUM,
IMAGE,
FMT_UNKNOWN

g

AttributeDataType

enum AttributeDataType

{
ATT_BOOL,
ATT_SHORT,
ATT_LONG,
ATT_LONGS64,
ATT_FLOAT,
ATT_DOUBLE,
ATT_UCHAR,
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ATT_USHORT,
ATT_ULONG,
ATT_ULONG64,
ATT_STRING,
ATT_STATE,
DEVICE_STATE,
ATT_ENCODED,
NO_DATA

AttrQuality

enum AttrQuality

{
ATTR_VALID,
ATTR_INVALID,
ATTR_ALARM,
ATTR_CHANGING,
ATTR_WARNING

AttrWrite Type

enum AttrWriteType

{

READ,
READ_WITH_WRITE,
WRITE,
READ_WRITE

g

DispLevel

enum DispLevel

{
OPERATOR,

EXPERT
h

DevSource

enum DevSource
{
DEV,
CACHE,
CACHE_DEV

g

DevState
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enum DevState

{
ON,
OFF,
CLOSE,
OPEN,
INSERT,
EXTRACT,
MOVING,
STANDBY,
FAULT,
INIT,
RUNNING,
ALARM,
DISABLE,
UNKNOWN

ErrSeverity

enum ErrSeverity
{

WARN,

ERR,

PANIC

g

LockerLanguage

enum LockerLanguage
{

CPP,

JAVA

g

B.3 Structs

ArchiveEventProp
struct ArchiveEventProp
{
string rel_change;
string abs_change;
string period;
DevVarStringArray extensions;

g

AttributeAlarm
struct AttributeAlarm
{
string min_alarm;
string max_alarm;
string min_warning;

:MODULE TANGO
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string max_warning;

string delta_t;

string delta_val;
DevVarStringArray extensions;

k

AttDataReady
struct AttributeAlarm
{ .
string name;
long data_type;
long ctr;

g

AttributeConfig

struct AttributeConfig

{ .
string name;
AttrWrite Type writable;
AttrDataFormat data_format;
long data_type;
long max_dim_x;
long max_dim_y;
string description;
string label;
string unit;
string standard_unit;
string display_unit;
string format;
string min_value;
string max_value;
string min_alarm;
string max_alarm;
string writable_attr_name;
DevVarStringArray extensions;

AttributeConfig_2

struct AttributeConfig_2
{ .
string name;
AttrWrite Type writable;
AttrDataFormat data_format;
long data_type;
long max_dim_x;
long max_dim_y;
string description;
string label;
string unit;
string standard_unit;
string display_unit;
string format;
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string min_value;

string max_value;

string min_alarm;

string max_alarm;

string writable_attr_name;
DispLevel level,
DevVarStringArray extensions;

AttributeConfig_3

struct AttributeConfig_3

{ .
string name;
AttrWrite Type writable;
AttrDataFormat data_format;
long data_type;
long max_dim_x;
long max_dim_y;
string description;
string label;
string unit;
string standard_unit;
string display_unit;
string format;
string min_value;
string max_value;
string writable_attr_name;
DispLevel level,
AttributeAlarm alarm;
EventProperties event_prop;
DevVarStringArray extensions;
DevVarStringArray sys_extensions;

AttributeDim

struct AttributeDim
{

long dim_x;

long dim_y;
3

AttributeValue

struct AttributeValue
{
any value;
AttrQuality quality;
TimeVal time;
string name;
long dim_x;
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long dim_y;
h

AttributeValue_3

struct AttributeValue_3
{
any value;
AttrQuality quality;
TimeVal time;
string name;
AttributeDim r_dim;
AttributeDim w_dim;
DevErrorList err_list;

AttributeValue_4

struct AttributeValue_4

{
AttrValUnion value;
AttrQuality quality;
AttrDataFormat data_format;
TimeVal time;
string name;
AttributeDim r_dim;
AttributeDim w_dim;
DevErrorList err_list;

ChangeEventProp

struct ChangeEventProp

{
string rel_change;
string abs_change;
DevVarStringArray extensions;

g

DevAttrHistory

struct DevAttrHistory
{

boolean attr_failed;
AttributeValue value;
DevErrorList errors;

g

DevAttrHistory 3
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struct DevAttrHistory 3
{
boolean attr_failed;
AttributeValue 3 value;

k

DevAttrHistory 4

struct DevAttrHistory 4

{
string name;
TimeValList dates;
any value;
AttrQualityList quals;
EltinArrayList quals_array;
AttributeDimListr_dims;
EltinArrayListr_dims_array;
AttributeDimList w_dims;
EltinArrayListw_dims_array;
DevErrorListList errors;
EltinArrayList errors_array;

DevCmdHistory

struct DevCmdHistory
{
TimeVal time;
boolean cmd_failed;
any value;
DevErrorList errors;

3

DevCmdHistory 4

struct DevCmdHistory_4

{
TimeValList dates;
any value;
AttributeDimList dims;
EltinArrayList dims_array;
DevErrorListList errors;
EltinArrayList errors_array;
long cmd_type;

DevCmdInfo
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struct DevCmdIinfo

{
string cmd_name;
long cmd_tag;
longin_type;
long out_type;
string in_type_desc;
string out_type_desc;

DevCmdinfo_2

struct DevCmdInfo_2
{
string cmd_name;
DispLevel level,
long cmd_tag;
long in_type;
long out_type;
string in_type_desc;
string out_type_desc;

DevEncoded

struct DevEncoded

{
DevString encoded_format;
DevVarCharArray encoded_data;

g

DevError

struct DevError
{ .

string reason;
ErrSeverity severity;
string desc;

string origin;

g

Devinfo

struct Devinfo

{
string dev_class;
string server_id;
string server_host;
long server_version;
string doc_url;
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Devinfo_3

struct Devinfo_3

{

string dev_class;
string server_id;
string server_host;
long server_version;
string doc_url;
string dev_type;

DevVarDoubleStringArray

struct DevVarDoubleStringArray
{

DevVarDoubleArray dvalue;
DevVarStringArray svalue;

g

DevVarLongStringArray

struct DevVarLongStringArray
{

DevVarLongArray Ivalue;
DevVarStringArray svalue;

g

EltinArray

struct EltinArray
{

long start;
long nb_elt;

g

EventProperties

struct EventProperties

{

ChangeEventProp ch_event;
PeriodicEventProp per_event;
ArchiveEventProp arch_event;

g

JavaClntldent

struct JavaClntldent

{

string MainClass;
JavaUUlID uuid;

g
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NamedDevVError

struct NamedDevError
{ .
string name;
long index_in_call;
DevErrorList err_list;

k

PeriodicEventProp

struct PeriodicEventProp

{

string period;
DevVarStringArray extensions;

g

TimeVd

struct TimeVal
{
long tv_sec;
long tv_usec;
long tv_nsec;

g

B.4 Unions

AttrValUnion
union AttrValUnion switch (AttributeDataType)
{
case ATT_BOOL.:
DevVarBooleanArray bool_att_value;
case ATT_SHORT:
DevVarShortArray short_att value;
case ATT_LONG:
DevVarLongArray long_att value;
case ATT_LONG64:
DevVarLong64Array long64_att value;
case ATT_FLOAT:
DevVarFloatArray float_att value;
case ATT_DOUBLE:
DevVarDoubleArray double_att value;
case ATT_UCHAR
DevVarCharArray uchar_att value;
case ATT_USHORT:
DevVarUShortArray ushort_att_value;
case ATT_ULONG:
DevVarULongArray ulong_att_value;
case ATT_ULONG64:
DevVarULong64Array ulong64_att value;
case ATT_STRING:
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DevVarStringArray string_att_value;
case ATT_STATE:
DevVarStateArray state_att value;
case DEVICE_STATE:
DevState dev_state_att;
case ATT_ENCODED:
DevVarEncodedArray encoded_att value;
case NO_DATA:
DevBoolean union_no_data;

k

Cintldent
union Clntldent switch (LockerLanguage)

{
case CPP:

CppClntldent cpp_clint;
case JAVA:!
JavaClntldent java_clint;

3

B.5 Exceptions

DevFailed
exception DevFailed

{
DevErrorList errors;

g

MultiDevFailed
exception MultiDevFailed

{

NamedDeVErrorList errors;

3

B.6 Interface Tango::Device

The fundamental interface for all TANGO objects. Each Devica network object which can be accessed
locally or via network. The network protocol on the wire wiké [IOP. The Device interface implements
all the basic functions needed for doing generic synchrsmmal asynchronous I/O on a device. A Device
object has data and actions. Data are represented in theofokttributes. Actions are represented in the
form of Commands. The CORBA Device interface offers attiélstand methods to access the attributes
and commands. A client will either use these methods didotim C++ or Java or access them via
wrapper classes implemented in a API. The Device interfaseribes only the remote network interface.
Implementation features like threads, command securiigrify etc. are dealt with in server side of the

device server model.

B.6.1 Attributes

adm_name
readonly attribute string adm_name;
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adm_name (readonly) - administrator device unique aseiitifler

description

readonly attribute string description;
description (readonly) - general description of device

name

readonly attribute string name;
name (readonly) - unique ascii identifier

state

readonly attribute DevState state;
state (readonly) - device state

status

readonly attribute string status;
status (readonly) - device state as ascii string

B.6.2 Operations

black box
DevVarStringArray black _box(in long number)
raises(DevFailed);

read list of last N commands executed by clients

Parameters

number — of commands to return
Returns

list of command and clients

command_inout

any command_inout(in string command, in any argin)
raises(DevFailed);

execute a command on a device synchronously with no inpanpeter and one one output parameter

Parameters:

command — ascii string e.g. "On"

argin — command input parameter e.g. float
Returns

command result.

command_list_query
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DevCmdInfoList command_list_query()
raises(DevFailed);

query device to see what commands it supports
Returns
list of commands and their types
command_query

DevCmdInfo command_query(in string command)
raises(DevFailed);

query device to see command argument
Parameters

command — name
Returns

command and its types

get_attribute_config

AttributeConfigList get_attribute_config(in DevVarSgifarray names)
raises(DevFailed);

read the configuration for a variable list of attributes framevice

Parameters
name — list of attribute names to read
Returns

list of attribute configurations read

info

Devinfo info()
raises(DevFailed);

return general information about object e.g. class, type, .
Returns
device info
ping

void ping()
raises(DevFailed);

ping a device to see if it alive

read_attributes
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AttributeValueList read_attributes(in DevVarStringAyrnames)
raises(DevFailed);

read a variable list of attributes from a device

Parameters
name — list of attribute names to read
Returns

list of attribute values read

set_attribute_config

void set_attribute_config(in AttributeConfigList new_¢€pn
raises(DevFailed);

set the configuration for a variable list of attributes frdra tlevice

Parameters
new_conf — list of attribute configuration to be set

write_attributes

void write_attributes(in AttributeValueList values)
raises(DevFailed);

write a variable list of attributes to a device

Parameters
values — list of attribute values to write

B.7 Interface Tango::Device 2

interface Device_2 inherits from Tango::Device

The updated Tango device interface. It inherits from Tam@grice and therefore supports all at-
tribute/operation defined in the Tango::Device interfa®eo CORBA operations have been modified to
support more parameters (command_inout_2 and read udtri®). Three CORBA operations now retrun
a different data type (command_list_query 2, commandryg@eand get_attribute_config)

B.7.1 Operations

command_inout_2
any command_inout_2(in string command, in any argin, ing®wce source)
raises(DevFailed);

execute a command on a device synchronously with no inpanpeter and one one output parameter

Parameters:
command — ascii string e.g. "On"
argin — command input parameter
source — data source

Returns
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command result.

command_inout_history 2

DevCmdHistoryList command_inout_history 2(in stringr@amand, in long n)
raises(DevFailed);

Get command result history from polling buffer. Obvioushe command must be polled.

Parameters:
command — ascii string e.g. "On"
n — record number
Returns
list of command result (or exception parameters if the conmirfailed).
command_list_query 2

DevCmdInfoList 2 command_list_query_2()
raises(DevFailed);

query device to see what commands it supports
Returns
list of commands and their types
command_query 2

DevCmdInfo_2 command_query_2(in string command)
raises(DevFailed);

query device to see command argument
Parameters

command — name
Returns

command and its types

get_attribute_config_2

AttributeConfigList_2 get_attribute_config_2(in DevVaiSgArray names)
raises(DevFailed);

read the configuration for a variable list of attributes framevice

Parameters
name — list of attribute names to read
Returns

list of attribute configurations read

read_attributes_2
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AttributeValueList read_attributes_2(in DevVarString&y names, in DevSource source)
raises(DevFailed)

read a variable list of attributes from a device

Parameters
name — list of attribute names to read
Returns

list of attribute values read

read_attribute history 2

DevAttrHistoryList read_attributes_history 2(in sginame, in long n)
raises(DevFailed)

Get attribute value history from polling buffer. Obvioudlye attribute must be polled.

Parameters
name — Attribute name to read history
n — Record number
Returns
list of attribute value (or exception parameters if theilatite failed).

B.8 Interface Tango::Device 3

interface Device_3 inherits from Tango::Device 2

The updated Tango device interface for Tango release 5hétrits from Tango::Device 2 and there-
fore supports all attribute/operation defined in the Tarevice 2 interface. Six CORBA operations
now return a different data type (read_attributes_3, watibutes_3, read_attribute_history 3, info_3,
get_attribute config_3 and set_attribute_config_3)

B.8.1 Operations

read_attributes_3

AttributeValueList_3read_attributes_3(in DevVarSg#Aaray names, in DevSource source)
raises(DevFailed);

read a variable list of attributes from a device

Parameters
name — list of attribute names to read
source — data source

Returns
list of attribute values read

write_attributes_3

void write_attributes_3(in AttributeValueList values)
raises(DevFailed, MultiDevFailed);
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write a variable list of attributes to a device
Parameters
values — list of attribute values to write
read_attribute history 3

DevAttrHistoryList_3read_attributes_history_3(inistr name, in long n)
raises(DevFailed)

Get attribute value history from polling buffer. Obvioudlye attribute must be polled.

Parameters
name — Attribute name to read history
n — Record number

Returns

list of attribute value (or exception parameters if theilatite failed).
info_3

Devinfo_3info()
raises(DevFailed);

return general information about object e.g. class, type, .
Returns
device info
get_attribute_config_3

AttributeConfigList_3 get_attribute_config_3(in DevVaiBgArray names)
raises(DevFailed);

read the configuration for a variable list of attributes framevice

Parameters
name — list of attribute names to read
Returns

list of attribute configurations read

set_attribute_config_3

void set_attribute_config_3(in AttributeConfigList 3 nesenf)
raises(DevFailed);

set the configuration for a variable list of attributes frdra tlevice

Parameters
new_conf — list of attribute configuration to be set
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B.9 Interface Tango::Device 4

interface Device_4 inherits from Tango::Device_3

The updated Tango device interface for Tango release 7étits from Tango::Device_3 and therefore
supports all attribute/operation defined in the Tango:i@®\3 interface.

B.9.1 Operations

read_attributes_4

AttributeValueList_4 read_attributes_4(in DevVarSgiirray names, in DevSource source,in Cintl-
dent cl_ident)

raises(DevFailed);

read a variable list of attributes from a device

Parameters
name - list of attribute names to read
source — data source
cl_ident — client identificator
Returns
list of attribute values read

write_attributes_4

void write_attributes_3(in AttributeValueList_4 valyés Clnildent cl_ident)
raises(DevFailed, MultiDevFailed);

write a variable list of attributes to a device

Parameters
values — list of attribute values to write
cl_ident — client identificator

command_inout_4

any command_inout_4(in string command, in any argin, ingmwce source, In Cintldent cl_ident)
raises(DevFailed);

Execute a command on a device synchronously with one inpabpeter and one one output parameter

Parameters:
command — ascii string e.g. "On"
argin — command input parameter
source — data source
cl_ident — client identificator
Returns
command result

read_attribute history 4



APPENDIX B. THE TANGO IDL FILE : MODULE TANGO 367

DevAttrHistory 4 read_attributes_history 4(in strirenme, in long n)
raises(DevFailed)

Get attribute value history from polling buffer. Obvioudlye attribute must be polled.

Parameters
name — Attribute name to read history
n — Record number
Returns
Attribute value (or exception parameters if the attribatiéetl) coded in a structure.

command_inout_history 4

DevCmdHistory 4 command_inout_history 4(in string coamah, in long n)
raises(DevFailed);

Get command value history from polling buffer. Obvioushg tommand must be polled.

Parameters:
name — Command name to read history
n — Record number
Returns
Command value (or exception paramteters) coded in a stauctu

write_read_attribute_4

AttributeValueList_4 write_read_attribute_4(in AttuteValueList_4 values, in Cintldent cl_ident)
raises(DevFailed,MultiDevFailed);

Write then read a variable list of attributes from a device

Parameters
values — list of attribute values to write
cl_ident — client identificator

Returns
list of attribute values read

set_attribute_config_4

void set_attribute_config_4(in AttributeConfigList_3 nesenf, in Cintldent cl_ident)
raises(DevFailed);

set the configuration for a variable list of attributes frdra tlevice
Parameters

new_conf — list of attribute configuration to be set
cl_ident — client identificator



Appendix C

Tango object naming (device, attribute
and property)

C.1 Device name

A Tango device name is a three fields name. The field sepasatioe/i character. The first field is named
domain, the second field is namdadmily and the last field is namedember.A tango device name looks
like
domain/family/member

It is a hierarchical notation. The member specifies whiclmelat within a family. The family specifies
which kind of equipment within a domain. The domain groupgaks related to which part of the accel-
erator/experiment they belongs to. At ESRF, some of the madaontrol system domain name are SR for
the storage ring, TL1 for the transfer line 1 or SY for the dyotron booster. For experiment, ID11 is

the domain name for all devices belonging to the experimehiral insertion device 11. Here are some
examples of Tango device name used at the ESRF :

 sr/d-ct/1: The current transformer. The domain part is sr for storaye Mhe family part is d-ct for
diagnostic/current transformer and the member part is 1

« fe/v-pen/id11-1: A Penning gauge. The domain part is fe for front-end. Thelfapart is v-pen for
vacuum/penning and the member name is id11-1 to specifyttisas the first gauge on the front-end
part after the insertion device 11

C.2 Full object name

The device name as described above is not enough to covearaglloTusage like device server without
database or device access for multi control system. Withémeing schema, we must also be able to name
attribute and property. Therefore, the full naming schesna i

[protocol://][host:port/][device_name][/attribute][-property][#dbase=xk

The protocol, host, port, attribute, property and dbasddiare optional. The meaning of these fields are

protocol  : Specifies which protocol is used (Tango or Tacahgdb is the default

dbase=xx : The supported value for xxyissandno. This field is used to specify that the device is a
device served by a device server started with or withouthdesia usage. The default value is
dbase=yes
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host:port : This field has different meaning according todhase value. Iflbase=yegthe default), the
host is the host where the control system database servanigng and port is the database
server port. It has a higher priority than the value definetheyTANGO_HOST environment
variable. Ifdbase=nohostis the host name where the device server processgéneidevice
is running and port is the device server process port.

attribute : The attribute name
property  : The property name

The host:port and dbase=xx fields are necessary only whatirggethe DeviceProxy object used to re-
motely access the device. The -> characters are used tdyspgubperty name.

C.2.1 Some examples
C.2.1.1 Full device name examples

e gizmo:20000/sr/d-ct/1: Device sr/d-ct/1 running in a specified control system with database
server running on a host called gizmo and using the port nu@®@00. The TANGO_HOST envi-
ronment variable will not be used.

« tango://freak:2345/id11/rv/1#dbase=noDevice served by a device server started without database.
The serveris running on a host called freak and use port nud34&. //freak:2345/id11/rv/1#dbase=no
is also possible for the same device.

» Taco://sy/ps-ki/1: Taco device sy/ps-ki/l

C.2.1.2 Attribute name examples
« id11/mot/1/Position: Attribute position for device id11/mot/1

« sr/d-ct/1/Lifetime : Attribute lifetime for Tango device sr/d-ct/1

C.2.1.3 Attribute property name
 id11/rv/1/temp->label: Property label for attribute temp for device id11/rv/1.

* sr/d-ct/1/Lifetime->unit : The unit property for the Lifetime attribute of the sr/dictlevice

C.2.1.4 Device property name

« sr/d-ct/1->address. the address property for device sr/d-ct/1

C.2.1.5 Class property name

 Starter->doc_url : The doc_url property for a class called Starter

C.3 Device and attribute name alias

Within Tango, each device or attribute can have an alias riefieed in the database. Every time a device
or an attribute name is requested by the API’s, it is posdiblese the alias. The alias is simply an open
string stored in the database. The rule of the alias is todpwice or attribute name a hame more natural
from the physicist point of view. Let’s imagine that for exjmeent, the sample position is described by
angles called teta and psi in physics book. Itis more natarghysicist when they move the motor related
to sample position to ugetaandpsirather device name likelxx/mot/lor idxx/mot/2 An attribute alias is a

synonym for the four fields used to name an attribute. Foaits, the attribut€urrentof a power-supply

device calledsr/ps/dipolecould have an aliaBipoleCurrent This alias can be used when creating an
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instance of a AttributeProxy class instead of the full bttte name which isr/ps/dipole/CurrentDevice
alias name are uniq within a Tango control system. Attritalias name are also uniq within a Tango
control system.

C.4 Reserved words and characters, limitations

From the naming schema described above, the reserved traraces #,/ and the reserved string is>.
On top of that, the dbt_update tool (tool to fulfill databasmnf the content of a file) reserved tHevice
word

The device name, its domain, member and family fields andi#s are stored in the Tango database.
The default maximum size for these items are :

| Item | max length]
device name 255
domain field 85
family field 85
member field 85
device alias name 255

The device name, the command name, the attribute name adpeny name, the device alias name and
the device server name aase insensitive
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Starting a Tango control system

D.1 Without database

When used without database, there is no additional prooestaitt. Simply starts device server using the
-nodb option (and eventually the -dlist option) on specifictp See9.9 to find informations on how to
start/write Tango device server not using the database.

D.2 With database

Starting the Tango control system simply means startingatabase device server on a well defined host
using a well defined port. Use the host name and the port nutmbeild the TANGO_HOST environment
variable. See3.6.2to find how starting a device server on a specific host. Oblgotise underlying
database software (MySQL) must be started before the Taatgdase device server. The Tango database
server connects to MySQL using a default logging name sebimt™. You can change this behaviour with
the MYSQL_USER and MYSQL_PASSWORD environment variablbgfine them before starting the
database server.

If you are using the Tango administration graphical toolezbAstor, you also need to start a specific
Tango device server callegtarter on each host where Tango device server(s) are running. 1Sgéf
Astor documentation. This starter device server is abl&at sven before the Tango database device server
is started. In this case, it will enter a loop in which it petically tries to access the Tango database device.
The loop exits and the server starts only if the databasedevicess succeed.

D.3 With database and event

On top of what is described in the previous chapter, usingtaneans using CORBA Notification service.
Start one Notification Service daemon on each host whereelserver(s) used via events are running. The
Notification Service daemon event channel factory IOR hdmetoegistered in the Tango database. This is
done with thenotifd2db command. The notification daemon is a process with a higlathnember. By
default, Unix like operating systems reserve a big amoumemmory for each thread stack (8 MByte for
Linux/Ubuntu and Solaris, 10 MByte for Linux/RedHat 4). iyr process has several hundreds of threads,
this could generate a too high memory requirement on vino@mory and even exceed the maximun
allowed memory per process (3 GBytes on Linux for 32 bits cat@r). The notification service daemon
works very well with a value of only 2 Mybtes for thread stade Unix command line "ulimit -s 2048"
asks the operating system to give 2 Mbytes for each threa#t.stexample of starting and registering a
Notification Service daemon on a UNIX like operating system
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1 ulimit -s 2048
2 notifd -n -DDeadFilterInterval=300 &
3 notifd2db

The Notification Service daemon is started at line 2. Its "daBFilterInterval” option is used to specify
some internal cleaning of dead objects within the notifaraservice. The "-n" option is used to disable
the use of the CORBA Naming Service for registering the defauent channel factory. The registration
of the Notification Service daemon in the Tango databaseris dbline 2.

It differs on a Windows computer

1 notifd -n -DDeadFilterinterval=300 -DFactorylORFileNa me=C:\Temp\evfact.ior &
2 notifd2db C:\Temp\evfact.ior

D.4 With file used as database

When used with database on file, there is no additional psacestart. Simply starts device server using
the -file option specifying file name port. S8eto find informations on how to start Tango device server
using database on file.

D.5 With file used as database and event

Using event means using CORBA Notification service. StaetMatification Service daemon on the host
where device server(s) using events are running. The Natiic Service daemon event channel factory
IOR has to be registered in the file(s) use as database. Tdosewith thenotifd2db command. Example
of starting and registering a Notification Service daemon @iNIX like operating system

1 notifd -n -DDeadFilterInterval=300 &
2 notifd2db -o /var/myfile.res

The Notification Service daemon is started at line 1. Its ‘eption is used to disable the use of
the CORBA Naming Service for registering the default evdrdmmel factory. The registration of the
Notification Service daemon in the file used as database is @oline 2 with its-o command line option.

It differs on a Windows computer because the name of the fdd by the CORBA notification service
to store its channel factory IOR must be specified using itseBmand line option. This file name has
also to be passed to the notifd2db command.

1 notifd -n -DDeadFilterinterval=300 -DFactorylORFileNa me=C:\Temp\evfact.ior &
2 notifd2db C:\Temp\evfact.ior -o C:\Temp\myfile.res
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D.6 With the controlled access

Using the Tango controlled access means starting a speeificalserver called TangoAccessControl. By
default, this server has to be started with the instance isatrie "1" and its device name is "sys/access_control/1".
The command line to start this device server is:

TangoAccessControl 1

This server connects to MySQL using a default logging narhs&oot”. You can change this behaviour
with the MYSQL_USER and MYSQL_PASSWORD environment valeab Define them before starting
the controlled access device server. This controlled acestem uses the Tango database to retrieve user
rights and it is not possible to run it in a Tango control systenning without database.
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The notifd2db utility

E.1 The notifd2db utility usage

The notifd2db utility is used to pass to Tango the necessdioyrnation for the Tango servers or clients to
build connection with the CORBA natification service. Itags is:

notifd2db [notifd2db_IOR_file] [host] [-0 Device_servelatabase_file_name][-h]

The [notifd2db_IOR_file] parameter is used to specify the fihme used by the notification service
to store its main IOR. This parameter is not mandatoty. Ifaulevalue is /tmp/rdfact.ior. The [host]
parameter is ued to specify on which host the notificatiomisershould be exported. The default value
is the host on which the command is run. The [-0 Device_sedatabase_file_name]is used in case of
event and device server started with the file as databasefi{ghdevice server command line option). The
file name used here must be the file name used by the device serige-file option. The [-h] option is
just to display an help message. Notifd2db utility usagerge:

notifd2db
to register notification service on the current host usimgdéfault notifictaion service IOR file name.
notifd C:\Temp\nd.ior
to register a notification service with IOR file named C:\Ténahior.
notifd -o /var/my_ds_file.res

to register notification service in the /var/my_ds_filefilesused by a device server started with the device
server -file command line option.
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The property file syntax

F.1 Property file usage

A property file is a file where you store all the property(iesated to device(s) belonging to a specific
device server process. In this file, one can find:

< Which device(s) has to be created for each Tango class atatéd the device server process
 Device(s) properties
 Device(s) attribute properties

This type of file is not required by a Tango control system. sehimformations are stored in the Tango
database and having them also in a file could generate soméulalication issues. Nevertheless, in some
cases, it could very very helpful to generate this type of fileese cases are:

1. If you want to run a device server process on a host whick doehave access to the Tango control
system database. In such a case, the user can generate fitoerfite database content and run the
device server process using this file as database (-fileropfidevice server process)

2. In case of massive property changes where no tool will beemdapted than your favorite text editor.
In such a case, the user can generate a file from the databdasat;change/add/modify file contents
using his favorite tool and then reload file content into thtatase.

Jive[21] is the tool provided to generate and load a property file. @oegate a device server process
properties file, select your device server process in thevegetab, right click and select "Save Server
Data". A file selection window pops up allowing you to chooseifile name and path. To reload a file in

the Tango database, click on "File" then "Load Property'File

F.2 Property file syntax

e
2 # SERVER TimeoutTest/manu, TimeoutTest device declarati on
3 B e

4

5 TimeoutTest/manu/DEVICE/TimeoutTest: "et/to/01"\

6 "et/to/02" )\

7 "et/to/03"

8

9
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10 # --- et/to/01 properties

11

12 et/to/01->StringProp: Property
13 et/to/01->ArrayProp: 1,\

14 2\

15 3

16 et/to/01->attr_min_poll_period: TheAttr,\

17 1000

18 et/to/01->AnotherStringProp: "A long string"
19 et/to/01->ArrayStringProp: "the first prop”\
20 "the second prop"
21

22 # --- et/to/01 attribute properties

23

24 et/to/01/TheAttr->display_unit: 1.0

25 et/to/01/TheAttr->event_period: 1000

26 et/to/01/TheAttr->format: %4d

27 et/to/01/TheAttr->min_alarm: -2.0

28 et/to/01/TheAttr->min_value: -5.0

29 et/to/01/TheAttr->standard_unit: 1.0

30 et/to/01/TheAttr->_ value: 111

31 et/to/01/BooAttr->event_period: 1000doc_url
32 et/to/01/TestAttr->display_unit: 1.0

33 et/to/01/TestAttr->event_period: 1000

34 et/to/01/TestAttr->format: %4d

35 et/to/01/TestAttr->standard_unit: 1.0

36 et/to/01/DbAttr->abs_change: 1.1

37 et/to/01/DbAttr->event_period: 1000

38
39 CLASS/TimeoutTest->InheritedFrom: Device_4impl
40 CLASS/TimeoutTest->doc_url:  "http://www.esrf.fr/so me/path”

Line 1 - 3: Comments. Comment starts with the '# character

Line 4: Blanck line

Line 5 - 7: Devices definition. "DEVICE" is the keyword to dart a device(s) definition sequence.
The general syntax is:

<DS name>/<inst name>/DEVICE/<Class name>: devl,dev3,de

Device(s) name can follow on next line if the last line chéeads '\' (see line 5,6). The " characters
around device name are generated by the Jive tool and areamotatory.

Line 12: Device property definition. The general device prbpsyntax is
<device names><property name>: <property value>

In case of array, the array element delimiter is the charattérray definition can be splitted on several
lines if the last line character is ’\'. Allowed characteffsea the ;" delimiter are space, tabulation or
nothing.

Line 13- 15 and 16 - 17: Device property (array)

Line 18: A device string property with special charactegates). The
the string

Line 24 - 37: Device attribute property definition. The gexieievice attribute property syntax is

character is used to delimit

<device name>/<attribute names<property name>: <property value>
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Allowed characters after the ":’ delimiter are space, tabioh or nothing.
Line 39 - 40: Class property definition. The general clasperty syntax is
CLASS/<class hame><property name>: <property value>

"CLASS" is the keyword to declare a class property definitidiiowed characters after the '’ delimiter
are space, tabulation or nothing. On line 40, the ™ chaescround the property value are mandatory
due to the '/’ character contains in the property value.
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