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Abstract « Diagnose of unsuccessful actions.
* Print, on demand, details of the set-up protocol (list of

A knowledge based application, called SETUP, to elementary actions and tests, results messages, etc.)
initialize and diagnose the CERN/PS accelerators' control The solutionwas chosen to provide requested Sca|abi|ity
equipment is described. The object model and the gengyh two modern technologies: knowledge based description
features of control algorithms are presented, together wigh application domain combined witlobject oriented
their relation to the knowledge description of the setting gpproach .
of the system .The different ways of the integration of the
SETUP in the control system are outlined. 1. KNOWLEDGE REPRESENTATION

|. INTRODUCTION 2.1. Basics

The purpose of this paper is to present the main ideas andrhe threefollowing basic points were consideredsielect
solutions as well as the experience in the use of a knowlegge set-up knowledge description method:
based faC|||ty (Ca”ed SETUP) implemented in the CERN. Well-defined aigorithms for Setting up any type of
Proton SynChrOtron Control SyStem (F|g 1) for initialization Controi equipment present Currentiy in the System_
and testing of accelerators’ control equipment. * Presence of CERN/PS Equipment Interface library [3],
providing the basis of the object oriented approach of
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Fig. 1. Layout of CERN/PS control system 2.2. Knowledge Base Structure

The evolving nature of the rejuvenation project of this The source knowledge base tiie SETUP facility is a
system [1,2] requires new flexible methods and tools {scription of the system objects with their control rules. It
append and to change easily the set of objects under contgsists of the class definition section and of the instantiated
and their initialization algorithms. For each of the objecgbject description section.
the tools should be capable to perform the following The first one contains the descriptions of object classes,
functions: corresponding control rules and operational algorithms. This

* Initialization (from zero) of hardware, setting up of thgection is developed by specialists of domain and varies only
initial  characteristic values, then testing of th@hen a class should be added/suppressed or an algorithm
equipment. should be changed.

» Non-destructive test of the different objects. The second section describes the concrete object list, i.e.,

« Information about the current state of the objects unddie instantiations of object classes of the current system.
control., in real time, during action execution. This section is built by progranfrom the data of the general

\
| issued by a userl.he PROSC facility is describedith more
| details in [4,6].




purpose database of the control system. Insertions orWorking Set- predefined set &quipment
deletions of equipment units, hardware modules, crates, etc.;The EQP_Aggregateclass is declared as a template of
are hidden for userffor the case only wherthis doesn't equipment aggregations where correlatiorthefir states is
demand a correction of the firsiection). The section is possible and should be checked.
updated automatically after any reloading of the main
database followed by the SETUP facility restart. 3.2. Object Inheritance

An other part of the knowledge base, containing the real
facts relative to the corresponding object, appears during runThe scheme shown in Fig.2 demonstraties definitions
time. It is created at compilation time of the sourasf the differentobject class levels. It allows an efficient
knowledge base and it exists during the whole life time dfstribution between parents and children of theetup
the SETUP. Its content reflects the result of inferenedgorithms and system element properties.
processes and the status of external events. Those databas€®, subclasses dhe Equipmentclasscan be either a

are accessible via the user interface facilities. simple equipment as defined in [3] (RCAMC, PTIM) or can
belong to a composite equipmentd inherit therules of the
[1l. OBJECTMODEL FORCERN/PS ©NTROL Composite_Equipmentlass and the test algorithm(s) of
SYSTEM EQP_Aggregate.The last one starts checkirnanly after
finishing all the started initializations .
3.1. General Scheme CAMAC_Module_with_coupled_EQP and

QUAD_vacuuminherit theproperty of CAMAC_Moduleof
The object model developed followihe controlsystem the included equipmenand the mentioned algorithm of
structure. Thebasic object classes, defined to describe tiE#QP_AggregateMoreover they haveheir own algorithms

structural elements of the system, are the following: of checking and recovering included equipment.
* MACHINE - accelerator control subsystem; Differences of CAMAC_Cratesubclassesire caused by
« DSC - Device Stub Controller (VME crate) basedresence or absence of inserted control mocanesby their
subsystem; position in theloop. Neverthelesall of them inherit the
+ LOOP - loop of serial CAMAC; property of CAMAC_Crateto include RCAMC equipment
« CAMAC Crate representing Fhe crate controller. _ _
« VME Madule; A DSC objecthasdifferent set-up algorithms depending

on the hardwarday-out (VME, CAMAC or both) of the

) CAMAC_ModuIe i corresponding control subsystems.
* Equipment - as defined for CERN/PS control system

[3];

SYSTEM_OBJECT

Equipment EQP_Aggregate CAMAC_Module CAMAC_Crate DSC VME_Module
| —
p— LOOP
{ REAM @ CEonJipcr)r?gﬁF DOR V?E?]&Bvr\rl:;hrﬁ Dg/gl\ﬁycht:h’
quip e —_—_—
MACHINE
PTIM LGUN QUAD | : C
DSC_with_
| ‘ VEquipment_
|:| 77777 :|r and_CAMAC Working_Set

. CAMAC_Crate|
CAMAC_Module | Serial_Crate for_control

with_coupled_EQP

T

— DOR ;
TlmlngiModuI# ’ ; — 5 ‘ Serial Crate CAMAC_Crate
’ with_coupling for_control | | with DICODINIE
|
UAD Serial_Crate_
’ QUADJ’aC““’ﬁ ’ Wi%ﬁcoubling‘ with_DICODIME

Fig. 2. Simplified scheme of class inheritance



the facts been established liyge user interface due to the

3.3. Inclusions of Objects issued user commands mentioned above.
It is considered that the objects needing set-up are: CLASS SYSTEM_OBJECT
« All the CAMAC crat e e e
eLrs crates _ Full Setup IF Init_Command;
» The Equipment belonging to one of the equipment Nondestructive Setup IF Test_Command.
classes mentioned in the SETUP facility knowledge base  a) Definition of SYSTEM_OBJECT superclass
« All other objects including at least one of the previous
two . EN) .
. If execution of the If execution of the
If, for example, a CAMAC module includesnly set-up procedure set-up procedure wasn't
equipmentthat do noneed any set-up actions, tBAMAC e oo fharted, started, execute it
module will not be included intadhe system structure diagnosis

description. This has to be taken irgocount studying the
definitions of the objects' inclusions.
An object ofthe classesMACHINE and LOOP includes b) ?\,%hnedrggtr‘tfc';‘\’,'éSseett‘fj%%r:gcedures
eachobject ofthe next class in the list (one stewer in the ) o
real systemstructure). ADSC classobjectcan include VME Fig. 3. Definitions for root class SYSTEM_OBJECT
based equipment and/or loops of CAMAC crates. Figure 3 can beonsidered also as a general illustration
A CAMAC_Moduleand VME_Moduleobjectinclude a of combination of control rules expressed via procedures and
set of theEquipmentobjectsrepresenting control equipmentyirect rules of forward chaining.
(only if that equipmentis not alower level member of  other rules of the reaction on awent for differenbbject

another equipment). _ _ classesare listedbelow (the corresponding class is indicated
A CAMAC_Crate object includes a set of;, parentheses):

CAMAC_Module objects representing all theCAMAC . 1egt the host equipment if one of lower level equipment

modules inserted ti, aswell asEquipmentobjectsincluded is attempted to initializeQomposite_Equipment
to those CAMAC_Modules Each CAMAC_Crate object ., check all the equipment included if one of them is

includes also theéEquipmentobject representing the crate

attempted to initialize
controller. o , o (CAMAC_Module_with_coupled_EQ@P
An Equipmentobjectincludes otheEquipmentobjects if , gacover all the vacuum control equipment if one of them
the latter ones represent its lower level members. is attempted to initializeQUAD_vacuuny

* Test the previous crate in the loop (its crate controller) if
a crate hasn't responde€@iX\MAC_Crat¢;
Among the "rules inprocedures” we notéhat aset-up
rocedure for a compositebject provides foiits elements
5ncludedobjects)the execution othe same action, i.eull
etupor Nondestructive Setuprocedure, additionally to the
actions forthe hostobjectitself. Figure 4 demonstrates the
scheme of the command “distribution” during the
initialization of a DSC.

V. OBJECTCONTROL

The functions listed in chapter 1 apeovided for each
object included in the current structure description i
accordance to the rulemnd procedures prescribed for th
corresponding class. Stwo basicrules defined for super
class SYSTEM_OBJECT declathat the procedureFull
SETUP should be executed the Start Setupcommand has
been issuedand the procedure Nondestructive SETUP

should be the reaction on the commaiedt Equipment The Command
definition of SYSTEM_OBJECT classnd generascheme
of both procedures are shown with Fig. 3. &1

The remarks near the aradescribethe action and DSC
condition of its execution. Therefore, first thight arcwill —~\
be attempted to executEhe node marked with 0 is the final L
node of any procedurgraph. It isachieved ifthe set-up Loop, . Loop, N
procedure is executed successfully. this arc hasbeen V-Equipment, .. V-Equipment;
rejected and therefore the condition of the left arc has become
true, then the diagnostic procedure will find the reason of the

set-up fault. Fig. 4. Scheme of DSC initialization
Theprocedures of setting up as well as of diagnosing are
defined differently for each class, but PROSC selects the V. SOFTWARE STRUCTURE

proper procedure according to the class of the harotifedt.

Init_CommandandTest_Commanih the class definition are ~ The SETUP facility software is composed of the
knowledge base togethewith three program parts: the
knowledgeinterpreter, the interface facilitiesd the current



structure generatorGeneral structure o$oftware with its The knowledge interpreter together with equipment
environment is shown in Fig. 5 as a data flow diagram.  access facilityuns onone of the controdystem servers. The
777777777777777 current structure generator runs thdrefore starting the
| sETUP “Knowledge base | knowledge interpreter.
— User interface facilitycan be arranged (via program

interface) on thebase of anyapplication running on a
workstation or X-terminatapable to communicate with the
PS control system. An example of suafiplementation is
outlined in the next section.

An autonomous Motif based applicatiotalling the
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Cquipmen) | SETUP widgetand a progranable to connect tthe PROSC
access ) <~ Realtime from alphabetical terminal have also been implemented.
| (DBRT)
- fg ;’;’;ﬁ; [ g [ The software environment:
icati CERN/P
@ Equipment » Operating system: ULTRIX.
\ f 7 » Programming languages: C, PROSC.
Operators, Control . Netwo'rklng: TCP/IP. . '
maintenance staff equipment » Graphic user interface: X-Windows / OSF Moitif.
Fig. 5. SETUP facility software structure VI. EXPERIENCE OFUTILIZATION

The PROSCKnowledge interpreteris an event driven  The operationalconsole of CERN/PS contrasystem
inference  machinethat compiles the knowledge base jncludes a series of generic applications allowing the control
immediately afterstarting, starts the Equipmerdccess andobservation ofill theaspects ofhe running machines. It
interface and thenoperates withobjects inaccordance of \as the most natural andsuitable way to integrate the
events occurring (facts been establishadyl of therules sSETUP facility.
prescribed with the contrddnowledge. It is an applications  One of the most popular applications call&BdARM
independent produendneeds therefore an interface layer t9ane| [7]was selected athe first platformfor the SETUP
deliver facts and to execute real control actions. utilization. TheALARM system performs aegular checking

Each interfacdacility is a separate process (a group @ff the control equipmerand displayseventual faults. The
processes) in order taccess a group of contralystem SETUP application wasntegrated to it via the program
elements via a standasystem facility. Communications of jnterface. It provideshe possibility of workingeither with
the knowledge interpreterto/from interface facilities are the SETUP widget for human control or via the direct request
based on UNIX sockehechanism. The communications argy the knowledgeinterpreter to initialize a set dafelected
completely asynchronous. control equipment.

The Equipment accesmterface provideghe accelerators  The ALARM application itself was improveduring the
control via standard PS Equipment Interf§gk Thisfacility SETUP exploitation to provide accesst only to equipment
communicates with different DSCs via parallel processes. ynits but also to crates, loops, etc.

The Program interfacefacility is a librarycontaining the  The first operational version of tHacility was installed
functions to connect to tHeRROSC knowledg@nterpreter as gn February 1994 for onmachine, second versicior 3
a program server in a local area netwarkd toaccess a machines - on October 1994 [8]. Since March 1995 the list of
graphic user interface in X-Windows/OSF  Motif ohjectsunder control includes 5 acceleratmmplexes, about
environment. The functions have to be linked to a user tagk VME crates (DSC subsystems)ith more than 150
intended to use the facility. modules, about 40 loops e&rial CAMAC including more

The User interfaceis a OSF Motif widgethat can be than 130 crates with moréhan 700 modulesAbout 3000
called from any application via a program interfdgeility ynits of control equipment arbased onthe hardware
for user control othe set-upprocess.e. selection of a set-up mentioned. The curreknowledge baseontains definitions
action, observing irreal time the progress of th&et-up of 100 object classes and about 200 control procedures.

process,then looking throughand eventually printing the Two more (exceptthe ALARM system) generic
control protocoland all thefacts related tothe selected appjications use now the SETUP facility.
objects. The experience of thBETUP facility in operatiomluring

The Current structure generatoris the only “off line” morethenone year showeits efficiency in twoimportant
part of thefacility. It prepares irPROSClanguage the list of 35pects:

currently presentedbjectsunder control via contrasystem
database containing all the configuration data.



* It became a popular tool for accelerator operators, ugéH J-M. Bouché, G. Daems, V. Filimonov, V. Khomoutnikov,
several times per day (much more during the startup after Y. Ryabov. "Knoviledge Based SETUP Facility. User Guide", -
a shutdown). CERN/PS/CO Note 94-81, November 1994,

 The facility allows the specialist of a domain to modify
and reinforce knowledge easily as it was demonstrated
during the extension of the knowledge base with the new
equipment class definitions for the added accelerators (it
has been done three times).

VIl. CONCLUSIONS

The SETUP facility presented ishe product of the
collaboration of CERN/P%nd Petersburg NucleaPhysics
Institute thatwasstarted orDecemberl992. ltwasintended
to provide a flexiblénigh level tool for setting up accelerator
equipment in the rejuvenated contsylstem.This goal has
been completely fulfillechind theimplemented solution are
checked every day in real practice.

To the authors' opinion thHenowledge based system can
be a good solution for a wide field oal time control
systems.
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