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Abstract

This paperpresentsSTANGC - an objectorientedcontrol
systerrbasedon CORBA?2. TANGOhasbeendevelopedat
the ESRFE All control pointsin TANGO are implemented
as methodsor attributesof CORBA networkobjects(ser
vants). Contmwol actionsare executedby invokingmethods
on objects. Objectsare servedby device serves. TANGO
device serves can be written in C++ or Java. Device
serves can run on Linux, Windows/NT Solaris, or HP-
UX. TANGOis fully compatiblewith the ONCRPCbhased
TACO [1] control systems.In this paperthe TANGOdI
definition,device pattern,databasenamingservice event
serviceandscriptinglanguagesare presentedThepresent
statusof TANGO and how it will be deployedin a TACO
contmol systenwill bereviewed.

1 INTRODUCTION

The task of building a control systemin today's world

hasbeenhewily influencedby the ever increasingchoice
of Commodity-Of-The-Shelf(COTS) products. Many of

the control problems(hardware and software) have been
solved and canbe boughtreadyto useoff-the-shelf. This
hasadvantagesn termsof price,functionalityandtime-to-
be-ready However the productshave to be integratedin

orderto form a controlsystem.Systemnintegrationis there-
fore oneof themaintasksof acontrolsystenbuildertoday

TANGO hasbeendevelopedwith systemintegrationasone
of its maindesigngoals.

In TANGO systemintegration is achiezed by wrapping.
Wrappingmeansdnsertinga layer of softwarebetweerthe
productto be integratedandthe systemin which it hasto

be integrated. The wrapperlayer runson the productplat-

form and communicateswith the control systemvia the
network. Thewrappersoftwareneedgo be multi-platform,
network basedand languageindependent. TANGO has
chosenCORBA asits COTS wrappersoftware.

2 WHAT ISCORBA ?

CORBA is a definition of how to write object request
brokers. The definition is managedy the Object Man-
agementGroup (OMG [4]). Various commercial and
non-commercialimplementationsexist for CORBA for
all the mainstreamoperatingsystems. Implementations
which respectthe CORBA 2.0 (and later) standardare
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inter-operableover the network using the IIOP protocol.
CORBA usesa programminglanguageindependentiefi-

nition languageg(IDL) to definenetwork objectinterfaces.
CORBA definesa numberof commonservicesfor vari-

ouscommonlyneededunctionse.g. naming,events,trad-
ing. Languagemappingsare definedfrom IDL to the
main programminganguage®.g. C++, Java, C, COBOL,

Smalltalk. For anexcellentreferenceon CORBA with C++

referto [2].

Which ORBto use? At the ESRFwe have testedvari-

ousfree andcommercialORB’s. The commercialORB’s

arevery expensve in generaland not all of themrespect
the CORBA norm. A numberof free ORB'’s exist but they

do not all offer full CORBA compliang plus supportfor

C++, Java and multi-threading. After trying out different
productswe choseOrbacusfrom OOC [5] asORB. It is

fully CORBA compliant,hasC++andJava supportmulti-

threading,s free for non-commercialiseandcomeswith

full source.In additionit is reliableandhasgoodsupport.

3 TANGO PHILOSOPHY

Isn’t choosingCORBA enough? CORBA hasbeende-
signedasmiddlewvareandthereforeonecouldimaginethat
thechoiceto baseacontrolsystermon CORBA is sufficient.
Unfortunatelynot. CORBA is first andforemosta way of
definingobjectsandaccessinghemi.e. it doesnottreatthe
problemof controlsystemspecifically Secondlyit is very
rich andoffersalargenumberof possibilitiesandservices.
A control systemhasto limit itself to a subsetof thesein
orderto ensureinter-operability Whatinterfacesandser
vicesto useandhow to usethemis whatmakesup alocal
controlsystems philosophyandflavour. The TANGO phi-
losophyandits justificationcanbe summarisedasfollows:

1. A singletype of network object- all control objects
areof the Device type. This meansonly asingleIDL
file andonly a single type of objectto support. All
controlobjectswill be derivedfrom Device. This en-
suresall objectssupportthe samebasicinterfaceand
functionality. Supportfor multiple versionsof the De-
vice objectwill beaddedby deriving new versionsof
Device e.g.Device 2.

2. Hide CORBA detailsfrom programmers controlsys-
temprogrammersieedonly know abouttheir specific
partof the systemandnot the detailsof network pro-
gramming. This is achiezed by providing program-
merswith a Device patternfor implementingnew con-
trol classesClientsaccessetwork objectsvia anAPI



whichwrapsthe CORBA specificknowledgerequired
to build up andmaintaina connectiorto a sener.

3. Supportfor controlsystemcommunicatiorparadigms
- this meansproviding synchronousasynchronous
andeventbasedccommunication.

4. Keepit simpleandgeneric- simplicity andgenerality
have beenfavouredin orderto keepTANGO applica-
ble to awide rangeof problemsandscaleable Speci-
ficity is implementedat the Device level by deriving
a new control objectandimplementingit in a device
senere.g.ccdcameraor insertiondevice

5. Useonly freely available software - in orderto col-
laboratewith external groupsexpensie commercial
ORB’s anddatabasebave beenavoided.

4 IDL FILE

Seeingasthereis only oneinterfaceto supporthereis only
onelDL file. ThelDL file containsthefollowing network
interfaces

¢ Device - the basicinterfaceof all control objectsin-
cludingthe databaseEachDevice hasstate.Actions
are performedon devices by executing commands
which passoneinput parameteandreturnoneoutput
parametefoneof the TANGO predefinediatatypes).
Commandscan be executedsynchronouslyor asyn-
chronously Asynchronousommandsave to supply
a Callbackobjectto receve the answer Devicessup-
port a list of attributeswhich canbereador write. A
device canreturn generalinformation aboutitself or
its state. Every device hasa black box of the lastn
commandsndimplementssecurity

e Callback- client objectwhich will be called by the
sener to returnan asynchronousesponse.The call-
backhasa handlermethodwhich is calledwhenthe
responsés unpacled.

e Monitor - a systemnetwork objectfor monitoringde-
vicesor attributes.Clientsregistertheir interest.

e Consumer aclientobjectfor receving eventsfrom a
monitor.

TANGO also supportssome pseudonetwork interfaces.
Pseudonetwork interfacesare implementedonly on the
clientsideandnotin thesener. Thefollowing pseudmet-
work interfacesaresupported

e GroupDeice - a client objectfor grouping Devices
andexecutingcommand®n a groupof Devices

e GroupAttributes- a client objectfor groupingDevice
Attributesof differentDevicesandreadingandwrit-
ing them.

A copy of the TANGO idI file canbefoundonthe TANGO
webpage.
5 DEVICE PATTERN

Device senersarewrittenusingthe Device pattern(seefig-
ure 1). The aim of the Device patternis to provide the

control programmemwith a framework in which s/hecan
developnew controlobjectsderivedfrom the Device class.
The Device patternusesotherdesignpatterndik e the Sin-
gleton,Commandand Factorypatterng(cf. [2]). The De-
vice patterncreateghefollowing hierarchyof classes
Command-> MyCommand: a classfor eachcommand
to implementbasedon the Commandpattern. Eachclass
mustimplementtheis_allowed()andexecute()methods.
DeviceClass-> MyDeviceClass aSingletonclassperde-
vice classwhichcreateslist of commandsindstoregshem
in avector ThedervedMyDeviceClasshasFactorymeth-
odsfor creatingthelist of commandsinddevices(retrieved
from thedatabase).

Device.impl —> MyDevice : device classimplementing
the hardware accessecessaryor eachcommandandall
device attributesin its methodsand storesall device spe-
cific information.

Device.impl —> DSener : a special instanceof De-
vice_impl which exists only once per sener and imple-
mentscommandsiecessaryo stop, restartandadminister
thesener.

6 MULTITHREADING

Multithreadingis an efficient way of implementingcon-
curreny. TANGO supportsmultithreadingat two levels
- at the ORB level and at the sener/client programmer
level. CORBA 2.2 distinguishedbetweersingleandmulti-
threadedORBs however it doesnot specify the underly-
ing threadingpoliciesin the caseof multithreading. It is
up to eachORB implementatiorto defineand provide its
own multithreadingsupport. Orbacusprovidesa rich set
of multithreadingmodels. Seners can usethe blocking,
reactve, one-thread-peclient, one-thread-perequestor
threadpool model. Which modelto useis specifiedwhen
the sener startsup (via acommandine option for exam-
ple). TANGO useghereactve modelfor senerswhichim-
plementhardwareaccessandthreadpool for senerslike
the databasevhich needto sene a large numberof clients
simultaneouslyanddo not have concurreng conflicts. At
theprogrammetevel TANGO is thread-safée. senerand
client programmersrefreeto createthreadsasthey need
themandmalke callsto othersenersin thesethreads.

7 ATTRIBUTES+ PROPERTIES

Whatare TANGOattributesand properties?In additionto
commandsTANGO devicesalso supportnormaliseddata
typescalledattributesandproperties Propertiecanbede-
vice, classor attribute specific.
Whydoweneedattributes? Commandsredevice specific
andthedatathey transportarenot normalised.e. they can
be arny one of the TANGO datatypeswith no restriction
on whateachbyte means.This meanghatit is difficult to
interpretthe outputof a commandin termsof what kind
of value(s)it represents.Genericdisplay programsneed
to know whatthe datareturnedrepresentsn whatunitsit
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Figurel: Device Pattern Class Diagram (referto [3] for
classdiagramnotation)

is, plus additionalinformation like minimum, maximum,
quality etc. Attributessolve this problem.

TANGO attributes arezero,oneor two dimensionaldata
which have a fixed setof attribute propertiese.g. quality,
minimum andmaximum,alarmlow andhigh, engineering
units,descriptionetc. They aretransferredn a specialised
TANGO typeandcanbereador read-write.A device can
supportsa list of attributes. Clientscanreadoneor more
attributesfrom oneor moredevices.

TANGO device propertiesrepresentievice specificinfor-
mation like device descriptionand device configuration
information like hardware addressesr for examplefirst-
stepratespeedor acceleratiorfor a steppemotor. Proper
tiesarestoredin thedatabasendcanberetrieved,updated
or insertedvia the databaselevice sener. Propertiescan
beany simpletypeor sequencef simpletypes.

8 DATABASE

TANGO usesMySQL [6] asthe databasdor storingper
manentinformation. Permaneninformationcanbe device
namesand aliases,network addresse¢§lOR’s), list of de-
vices and their classeger device sener, and properties.

3not to be confusedwith CORBA attributeswhich canrepresentry
datatype

MySQL is arelationaldatabasehichimplementsa subset
of SQL.
Thefollowing tableshave beendefinedfor TANGO :

o device - containsdevice namesaliases)OR'’s, class,
version,startandstoptimestamp

o device properties containsdevice specificproperties
e.g. hardwareaddressegjevice minimum and maxi-
mum

e classproperties containsclassspecificproperties.g.
default minimumandmaximum

e attribute properties- containslist of predefinedat-
tribute propertie®.g. engineeringinits,attribute min-
imum andmaximum

The databasés accessedia a device sener. The device
sener sendsSQL requestdo the MySQL sener to inter-
rogateor updatethe databaseMySQL runson mary plat-
forms. Performances not a problem(MySQL is one of
thefastesrelationaldatabasearound).MySQL is freefor
non-commercialiseandcomeswith full source.

9 NAMING

Namingandfinding network objectsis a fundamentaker
vice in ary distributed system. CORBA offers a nam-
ing servicewhich is hierarchicallyorganised. TANGO on
the other hand usesa 6 field naming scheme- [//facil-
ity/Jdomain/class/member]/attribe.progrty]. Wherefa-
cility refersto thecontrolsysteminstancedomainrefersto
the subsystemclassthe classand memberthe instanceof
thedevice. Attribute andpropertyprovide fine grainedac-
cessto device attributesand properties.BecauseTANGO
hasits own databasét hasits own repositoryfor names.
Device namesand network addressegin the form of a
stringified CORBA IOR) are storedin the device tablein
the databasewhen the device sener startsup. Clients
only needto connecto the databaselevice senerin order
to retrieve ary device name. The databaselevice sener
is startedon a known port and host as a namedsenant.
Clientsconnectto the databas@&evice sener usingan Or-
bacusextensionwhich corvertstheportandhostandname
into a CORBA network object. Oncethe client hascon-
nectedto the databasedevice sener it usesthe TANGO
namingserviceto retrievethedevice IOR from thedatabase
andbuild andmaintainaconnectiortoit. TheTANGO API
hidesthedetailsof this two stepbootstrappingnechanism.
Reconnectioiis managedsfollows: if asenerisrestarted
theclientgetsa CORBA communicatiorexceptionthefirst
time, from this pointon everytimeit accessethedeviceit
requestshenew IOR from thedatabasandtriesto rebuild
the connectionuntil it succeedslf the device is restarted
immediatelythenatmostonerequests lost. If thedatabase
seneris restartedhenthe namedsenantautomaticallyre-
connects.

4in the future this might be replacedby a CORBA compliantboot-
strappingmechanism



10 DATA TYPES

WhatdatatypesdoesTANGOsupport? TANGO supports
a fixed set of datatypesfor transferringdatawith com-
mandsandfor attributes.All simpletypesandsequencesf
simpletypesare supported.In addition TANGO supports
sequencesf stringsand longs, sequencesf stringsand
doublesandsequencef TANGO attributes. The CORBA
Any typeis usedto packthe different TANGO typesand
passthemoverthenetwork.

11 MONITORS

Monitorskeepregisteredclientsinformedof device events
(e.g. statechanges)without the clients having to poll.

Clientsregistertheir interestin an eventby sendinga re-
guestto the monitor service. The clients have to provide
a Callbackobjectwhich will be calledwhenan eventoc-
curs. Systemwide eventsi.e. available for all TANGO

devices,arestatechangeyvaluechangedandalarms. De-
vice sener programmerganaddtheir own device specific
eventse.g. countingstoppedor buffer overflow. Themon-
itors will rely on internalpolling andthe device cacheto

generatevents. Monitors dispatcheventsto clientsusing
COREBA onaway calls. For the momentwe have decided
againstusingthenew CORBA Notify servicefor distribut-

ing eventsbecausedhereis no free implementationavail-

able. This mightchangen the future.

12 DEVICE CACHING

In alarge control system(e.g. of 10 000 devices)running
onalargenumberof hostsit is necessaryo providefastac-
cesdo alargenumberof devicessimultaneouslyo clients.
With the normaldevice accesgaradigmthis is not possi-
ble becausaccessinghe hardwareof hundredsf devices
takestime evenif all accessearestartedin parallel(asis
the casefor asynchronousalls). The solutionto this s to
usecachedvalues.For mary clientsa cachedvaluewhich
is guaranteedotto beolderthanacertaintimeis perfectly
acceptable TANGO hasa device cachewhich is filled by
systempollers. Clientscanchooseto readthe cachedor
realvalueby togglingthe sourceflag of a device.

13 API

If CORBA is a high level object broker why do we need
an API still ? While it is true TANGO clients can be
programmedisingonly the CORBA API, CORBA knows
nothingaboufTANGO. Thismeanglientshave to know all
the detailsof retrieving IORs from the TANGO database,
additionalinformationto sendon the wire, TANGO ver-
sion control etc. Thesedetailscanandshouldbe wrapped
in aTANGO API. The API is implementedasa library in
C++andasapackagen Java. The API alsoimplementghe
pseudo-netwrk objectdik e Groupsandswitchesautomat-
ically betweenreal, cachedand othere.g. TACO, device

sources.The API is what makes TANGO clients easyto
write.

14 SCRIPTING

Scripting is still one of the most efficient and powerful

waysof doing rapid codedevelopment. TANGO proposes
to supportscriptingattwo levels- atthe device level andat

theclient level. Scriptingat the device level meansdown-

loadingscriptsto the device senerwhich will beactvated
andexecutedocally e.g. automatinga startupsequencer

monitoringa slow device. Tcl will be supportedasscript

language. At the client level a numberof well known

scripting languageswill be supportede.g. Tcl, Python,
LabView, Matlah All thescriptinglanguagesvill have the

samegenericinterfaceto TANGO.

15 PLATFORMS

TANGO is supportedon 4 platforms presently- Linux,
Windows NT, SolarisandHP-UX. All featuresof TANGO
aresupportedn all platforms. This meansdevice seners,
thedatabasandclientscanrunonall platforms.Frontends
runLinux (on VME or PCs)or Windows (on PCs).Clients
run on PCs,workstationsr senermachines.

Tablel: Performance- TANGOperformancdiguresmea-
suredon Windows/NTon a Pentiumlll @ 450MHz, Linux
ona Pentium@ 200MHz,HP-UX on an HP9000/735 So-
laris on an UltraSpac 1, networkwas Ethernet10baseT
Notethetimespresentedere representhe minimumover-

headto trigger an action, thetime to executethe actionin

the serverhasto be addedto this.

from - to platform | transferred time
client- device WIn/NT 8 bytes 0.9ms
client- device Linux 8 bytes 1.7ms
client- device HP-UX 8 bytes 3.0ms
client- device Solaris 8 bytes 3.7ms
client- device Linux 1 Mbyte 1.5s
build connection| Linux 1 device 10.0ms
16 STATUS

TANGO is still beingactively developedthereforenot all
partsof TANGO describedabore are implemented. The
first device senerscontrollingsimulatedandrealhardware
arerunning. The databasalevice sener is available and
thefirst simpleclients(without the API) areworking. The
TANGO gatevay which providesTANGO clientswith ac-
cessto the old TACO [7] device senersis running. The
next stepis to implementdevice attributes,asynchronous
calls, monitorsandinterfacesto scriptinglanguages.We
will evaluateusingthe Notify servicefor eventsandAsyn-
chronoudMessagindor asynchronousalls.



17 EXAMPLES

Whatare examplesof TANGO device serves ? They can
rangefrom simpledigital I/O, seriallines,steppemotorsto

ccdcamerasndplc subsystemsThefirst TANGO device
seners are an Oregon steppemotor controllerfor VME

andPC/104onLinux, aserialline device senerfor PC/104
or PC underLinux, an OPC device sener for talking to

PLC'’s from Windows.

18 BACKWARDSCOMPATIBILITY

How to deployTANGOin the existing ESRFcontmol sys-
tems? The ESRFcontrol systemsare basedon the pre-
decessoof TANGO - TACO. Thereareover 30 instances
of the TACO control systemrunningthe ESRF accelera-
torsandbeamlines.The acceleratocontrol systemhasal-
most 10 000 devices belongingto almost200 classesand
hundredsof clients. Portingall the classesand clientsto
TANGO is out of the question.In additionit mustbe pos-
sibleto integrate TANGO senersandclientsin a running
TACO systemwithout shuttingdown the TACO control
system. Fortunately TANGO is very similar to TACO in
its basicconcepts(device orientedaccesskyndit is easy
to map TACO to TANGO and vice versa. By providing
gatevayswhichtranslatefrom TANGO to TACO andfrom
TACO to TANGO it is possibleto integrate new seners
andclientsinto the runningsystemsmoothly Therespec-
tive APIs switch automaticallyto usethe correctprotocol
andgatevay.

19 ADDED VALUE

Whathavewe gainedby rekuilding TACO usingCORBA?
Here is someof the addedvalue brought by rehuilding
TACOusingCORBA :

1. supportfor systemevents thereby providing faster
clientaccesandreducingthe network load

2. genericdataacceswvia attributes

. amodernprotocol (IIOP) which supportsweb-based
solutions

. supportfor C++andJava

. immediatereconnectiorbetweerclientandsener

. supportfor scriptingsenersandclients

. reluilding TACO enablesus to improve it basedon
our experiencee.g. implementingscanningin fron-
tends

w
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Whathavewelostby retuilding TACO with CORBA? Here
is someminus value broughtby rekuilding TACO using
CORBA :

1. seners and clients require more memory e.g. the
sharedibrariesrequirea few megabytescomparedo
hundredof kilobytesin TACO

2. thenew controlsystendoesnotrunonOS-9,thecom-
mercialOSwe arepresentlyusingon VME

SOLE Proces<Control

20 OPEN SOURCE

The TANGO project (like TACO) is an Open Souce
project. All codewill be availablefree of chageandwar
rantyfrom ourftp site(follow link onwebsite[8]). Anyone
candownloadit, useit, andevencollaborateonimproving
it. Any improvementsor bug fixesmadewill beincorpo-
ratedinto the next release.

21 CONCLUSION

AlthoughCORBA hasasteefearningcurve andhasarich
setof servicedt is easyto usefor building simpletypesof
network objectslike Device which do not rely on ary of
the CORBA servicesThehigh-level of abstractiorandthe
C++ bindingssucceedn hiding all detailsof network pro-
gramming.Performancef CORBA (overheadf afew ms
percall) is morethanenoughfor anobjectorientedcontrol
system.The paradigmof device orientedaccessasagain
provedto be very powerful andadaptedo the problemof
control systems Although TANGO is notfinishedyetit is
alreadypossibleo write TANGO device senersandclients
anddeploy themin the existing control systems.TANGO
offerssignificantimprovementsomparedo TACOe.g.its
supportfor modernprotocols(1lOP) andlanguagegJava,
C++),immediatereconnectionscripting. In thefuturenew
developmentsand improvementse.g. scanningon fron-
tends,will take placeonly in TANGO and not in TACO
in orderto encouragdACO usersto moveto the 21stcen-
tury.
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