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ABSTRACT 

Thrs paper discusses an expert system to assist 
operation and running of the CERN PS accelerators, The 
expert system aimed for in future will be an essential 
tool to ease maintenance, fault finding and eventually 
operation. It Will reduce downtimes of the 
accelerators and should facilitate setting up beams. 
Two prototypes are discussed, One written with an 
EMYCIN-based shell, the other with a powerful hybrid 
frame, logic and production rule based development 
tool. The prototypes are based on deep-knowledge 
modelling of the structure and functionality of the 
accelerator and the computer control system. It will 
create its knowledge base directly from data bases 
describing the system. In addition it includes 
heuristics of experts’ knowledge about the running of 
the accelerator and dealing with breakdowns. 

Introductron to the control svstem 

The CERN PS accelerator complex consists of 
several particle accelerators, accumulator rings and 
various beam transfer lines, They are controlled from 
a central control room through a network of about 2.0 
minicomputers and about 150 mrcrocomputers located in 
CAMAC, our interface to the process hardware The 
accelerators serve many users In a recurring sequence 
of cycles of beams of different characteristics. 
Operators in the main control room can tuna these 
beams concurrently CFlg.11. 
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There are about 4000 Interface modules installed 
1” about 250 CAMAC crates, and the application 
software behind that control system amounts to 1200 
programs with about 400 displays representing 150 
manyears of software. 

The accelerators, their modes of operation and the 
control system has been described II-I numerous articles 
elsewhere, but a good ImpressIon and overall view of 
the complexity and size of the control system can be 
found in Lll. 

Backqround of the Protect 

For a system of the complexity described here. 
maintenance and fault diagnoses become a task deman- 
ding a high degree of competence and effort from the 
maintenance team. In parallel with a constant quest 

for improved reliability, methods had to be found to 
organize and optimize the procedures used in fault 
finding for efficient interventions. The use of expert 
system technology 1s considered as the most promising 
direction. To evaluate what that new technology can 
offer, a prototype has been implemented for fault- 
finding in a subdomain of the control system. 

At the same time it can be said that most of the 
efforts going into the task of conceptualization and 
modelling the accelerator environment for fault 
diagnosis can be useful for a much wider range of 
applications: hardware and software maintenance and 
installation procedures, cold startup of the 
accelerator and finally operations like tuning beam 
lines and parts of the accelerator can very well 
profit from such a knowledge-based system. 

Very few references can be found in the literature 
mentioning similar applications in the accelerator 
field [Zl, [31. 

First Fault Findinq Prototvue 

The Domain for our Prototvue 
The prototype 1s vertical: it covers a small part 

of the system but treats quite some details [41. The 
subdomain chosen is ‘an accelerator parameter attached 
to a console knob’. This domain is representative of 
hardware faults and a great deal of software problems. 
The prototype treats possible problems when an 
operator attaches an accelerator parameter to a knob 
on the console, e.g current in a power supply or - on 
a higher level - a combination of timings and power 
supplies for controllrng a closed orbit deformation. 
Examples of such problems are: the acquired value of 
the parameter is not identical to the intended control 
value or that the operator cannot control his 
parameter via the knob. 

A call to corresponding software modules sets up 
conditions and sends out information via the CAMAC 
interface system to act on the desired elementlsl in 
the accelerator. Mainly elements such as power sup- 
plies and timing generation modules are dealt with. 
General information is included from the operator’s 
environment in the fault finding process [alarm 
information, error messages displayed to him etc, 1 
which is entered by dialogue Errors in the specific 
equipment itself are not treated. 

Assuming for this prototype that the rest of the 
control system, i.e. consoles’ and computers’ hardware 
and software IS working correctly, our domain is 
reduced to equipment drivers and their action chain 
through the interface to the accelerator components. 

One of the difficulties is to deal with a mixture 
of hardware and software, a problem that becomes 
particularily apparent for the microprocessors and 
their software. 

The prototype is not on-line. Therefore, the 
expert system ~111 ask a lot of information during the 
consultation. It could get this information on-line 
directly from the control system and from the database 
describing the design parameters of the accelerator 
and the hardware and software of the control system. 
For a prototype of this modest kind, implementation of 
such links was not considered the main problem. 

The TI Personal Consultant Expert Svstem Shell 
Shells are expert systems with an empty knowledge 

base. There exist now several commercial software 
packages or shells more or less adapted to different 
kinds of expert system applications and of any degree 
of sophistication. Some of those shells run on 
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conventlonal computers some, very powerful, run on 
special harware. 

We used a shell to be able to concentrate on the 
conceptualization and design problems and to get some 
experience in the field leaving out details about 
knowledge engineering. A shall permits to do so by 
providing mechanisms to treat the knowledge which we, 
as experts In the domain, program into the shell. 

To gain experience In using such tools the use of 
a rather simple tool was started, providing a good 
user Interface and some way of structuring the 
problem. 

The shell at the disposal through courtesy of 
Texas Instruments is called Personal Consultant I51 
and runs on a TI-PPC (Portable Professional Computer). 
It is based on a shell called EMYCIN [Sl. a decendent 
of MYCIN, the expert system for diagnosing infectious 
deseases. 

To represent knowledge In the Personal Consultant 
one has to use rules with a condition and an action 
part. These rules can be grouped together to describe 
or treat objects which are called contexts here, 
ObJects can be arranged hlerarchically in a context 
tree. 

Models of Dlaqnostic Problems 
Dlagnosrs is one class of problems for which 

expert system technology has proven to be s”ccessful. 
There are two extremes in the way to look at a system 
to diagnose. One is to observe the system from the 
outslde and say ‘if the system behaves like this, then 
that 1s the fault’. To be able to state this, one has 
to use experience galned before. One sets up a list of 
symptom/fault pairs. This klud of statements about 
known facts and relations 1s called heuristics. The 
other extreme is to describe the system in detail and 
deduce the fault by determinlstlc methods. Then one 
has ‘deep knowledge’ about the system. 

In the heuristic case the fault is deduced from 
knowing how the system misbehaves for each specific 
fault. In the second case faults can be deduced by 
knowing about the system decomposition and the 
behavlour of the different subparts. The diagnostic 
reasoning in this case is based on some kind of 
simulation 

If a good model of the system behaviour 1s 
available, power is added to the simple heurrstic 
approach. One is now able to diagnose faults that have 
never appeared before. Efficient expert systems use 
both ways. The main difficulty is to model the 
diagnostic problem and to represent the knowledge In a 
way so that it 1s easy to malntazn. 

The Personnal Consultant 1s suited for a 
conceptualization of the problem In terms of an obser- 
vatlon-diagnosis-treatment-space using heuristic 
statements [rules). The shell permits some classi- 
ficatlon of these rules v1.a the context tree. By using 
this posslbllity one can mirror the physical layout of 
the hardware and software modules representing the 
domain. and the reasoning chain used in diagnosis 
IFlg.21. 

The contexts in the context tree represent 
substructures of the domain and the parts to be 
diagnosed and be checked one after the other. In the 
parent context on the next higher level, the flndlngs 
on the lower levels are reasoned about by combining 
the lnformatlon. The higher level contexts are capable 
of deciding if or not to enter the lower level 
contexts. The model consists of about 130 rules. 

The shell allows for using certainty factors In 
the rules They were used when the conclusion in the 
rule was not 100% sure or to Increase the cetainty of 
a conclusion when several rules deduce the same fault 

Conclusions from the First Prototvue 
The prototype worked very well for problems in the 

domain covered. The possrbility of quick prototyping 

6% t Wli”, 

u 
iAgo/ 1 

F;g 2 CONltXI iRiME FOK il PC ,V0iOiYPf 
REFL ECilrJG A FXULi CLASSIFICATION 

(3 months by two half time people1 were also 
appreciated. which 1s one of the advantages offered by 
the exploratory programming style coming along with 
expert system technology. It was decided to continue 
in that directlon and to appiy these techniques to the 
full complexity of the control system and to the 
environment of accelerator operation. 

Exoert Systems In an Ooeratlonal Environment 

Models -- 
For an expert system to be a good tool there are a 

certain number of issues to be solved. A deep model of 
the structure and behaviour of the components In the 
control system 1s necessary This gives the 
possibility to separate the objects from the reasoning 
mechanism. This separation should flnally allow to use 
more or less the same domain knowledge for different 
krnds of tasks: diagnosis, simulation and control 
(operations planning]. It also gives the expert system 
the power of solving difficult problems. For this one 
needs a too1 that gives the possiblllty of object 
orlented programmrng. 

Use of Databases 
Related to the problem of describing the physlcal 

structure LS the whish to use a general source for our 
information of the software and hardware layout. The 
structure and the functionality of our control system 
15 described in a relatlonal database [ORACLEI. There 
are essentially three different ways to use a database 
for the expert system. One can first create the 
complete knowledge base off-line Secondly an access 
to the database can be done directly whenever an item 
is needed by the system. The third way 1.5 to let the 
expert system make an ‘intelligent guess’ of what 
might be needed during the consultation. All this has 
to be seen in the light of efficiency and consistency 
considerations and the choice depends on the size of 
the database and the required access time. 

Sensors and Testooints for Diagnosis 
Another important Issue LS the problem of sensors 

Somehow the expert system has to be infcrmed about the 
state of the control system. In this system parts of 
the diagnosed system Itself are used when an on-line 
access is done. The control system has to be probed LII 

using parts of the system itself. In diagnosing a 
breakdown, It has to be considered that the testpolnts 
are no longer avallable. since that part of the system 
might be down in the first place or down as well. The 
expert system should be able to change access path 
whenever possible and necessary. Here again an object 
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oriented interface for the expert system to the 
existing software in the control system is vital. 

User Interface 
The user i nterface is essential and it should be 

based on qraphic s and adaptable to the skill of the 
user. Explanations of why the system comes up with 
suggestions and solutions should guide the user and 
give him confidence. 

Extendabilitv of the Domain 
One advantage of expert systems LS that they are 

more easily extendable than conventional software 
systems. A second prototype is now implemented 
coverlng the same subdomain as the first but in such a 
way that rt can grow to cover more and more of the 
control system including the on-line requirements 
stated above. Diagnosis will be added on the beam 
level by including descriptions of beam entities 
[magnets. kickers, . ..I and their behaviour and beam 
properties [radial displacement, chromaticity, . ..I. 
Beam diagnosis and the diagnosis of the control system 
can be seen as well separated tasks. The expert system 
should be able to couple them together and switch 
levels when appropriate. Qualitative reasoning methods 
will be included and commonsense models for beam 
diagnosis and optimisation to short cut complicated 
simulation models. 

Development Environment 

To be able to continue our work according to our 
requirements a Symbolics LISP machine is used with a 
powerful software development tool KEE [71. It 1s 
connected via an Ethernet link to the NORSK-DATA 
computer network controlling the accelerator and to an 
IBM mainframe as host machine for ORACLE. KEE is a 
too1 which gives the possibility to develop an object 
oriented model. It has very powerful graphics tools 
and Will allow for access to ORACLE. With KEE it is 
possible to design good reasoning structures adapted 
to the specific problem one wants to solve. 
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