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Second generation expert systems dre gble to combine reagsoning
based on heurtistic rules with reasoning based on system model s.
The paper outlines a graph form of a cousal model of a technical
system. The probltem solving algorithms as well as deep reasoning
based on the mode! are cutlined.
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1. INTRODUCTION

Expert systems are scftware systems consisting of two
basic components: the knowledge base consisting of facts and
rules as well as the shell procassing the knowledge base. It
differs from conventicral programs with regard to crganization,
performance and user—oriented dialogue (Hayes—Roth. 1984, Lavrad
et al., 1986).

First generation expert systems rely completely on
heuristic kncwledge given in the form of rules, most often in
IF-THEN form (Bili¢ et al., 1989). However . second generation
expert systems. in addition te heuristic rules introduce the
causal model of a system, covering the whole research domain.

It is a drawback of the first generation expert systems
that they do nct functicon beyond the domain defined by heuristic
rules (Lavrae et al.. 19846 while second generation xpert
systems, if they do not find a soclution within the rule defined
area, do not stop working (Steels: 1985), but pass on to
reasoning via the system model (deep reascning) (Steels et al..
1986), which results in gradual degradation of expert system
performance.

With second genaration expert systems the manner of
problem sclution is more lagical and easier to understand, since
they can use the system model which has the possibility of
deeper understanding cof the system behaviour.

The most important advantage of the second generaticon
expert systems lies, However ;s in knowledge acqguisition. With
first generation expert systems,\finding new heuristic rules 1is
an extremely difficult task: it takes a long time toc come up
with solid rules; thes existing ruleset is never complete and it
cften shows inconsistencies. These inconsistencies are due to
different experiences of experts creating  the rules. Second
generation expert systems, on the cther hand, solve the problem
using the model, at the same time having a learning capacity,
i.e. a capacity for finding riew heuristic rules extracted from
reascning based cn the system model .
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2. CAUSAL MODEL

2.1.Causal Model Representation

Functioning of complex technical systems can be
represented by a causal model (Steels et al., 1986) consisting
of a set offinterdependent properties «f the system components.
The value of a property is determined by the values of one or
more other properties. Causal relations showing the properties
of the components can be represented with a network of nodes
(Neapolitan, 1986).

Fig. 1 shows a part of a TV set causal model (supply
circuit). The state of the device as well as expected values cof
particular properties are given.
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Fig. L A part of a TV set causal model

Froperties of the model are shown in socdes frem 1 to 21.
Designaticons: A » easily observable properties
g » less easily observable properties
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in voltage measurements)

C » barely cbservable properties

(e. Q.

a.2. DEEP REASONING

in compcnent checking)

Deep qFasoning can be carried out using the following
principles:

—if the effect of a property (component) 1is aormal, then there
is reason to believe that this property (component) is normals

—if the effect of a property is anomalcous, then the property
jtself may be ancmalous too.

A deep reasoning algorithm begins with an ancmalous
property and investigates the causes of this property until
cbservable properties are arrived at. 1T these properties are
ancmalous. then the cause of the ancmaly has been found. If
these properties are noermal (i.e. ijn accordance ‘with the
expected values). the sclution of the problem lies elsewheres

i.e.
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3. CAUSAL MODEL REFRESENTATION AND DEEP REASONING ALGORITHMS
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The causal model shown in Fig. { can be represented by a
directed graph (Fig. 2). In order to efficiently meet the
requirements of the top—down graph (the cause of malfunction is
being investigated) and bottom—up graph (the manifestation of
the malfunction is being looked for), a twofold representation
of the same graph is given (gne graph can computationally be
reconstructed from another). The node record is permanently set
by the féelds: the node number and the property description,
which ares during the examination procedure; added a temporary
value (’T?, ’F7, N’y "E’, 7 7).

If we wish to predict all the forms of a known anomaly we
shall use a bottom—up algorithm based on making the @I queue
consisting of anomalous nodes. Initially the anomaly (the number
of the node with improper property) is written intoc the @I
queue. Then to each node in QI are added all the successcors
missing from the QI queue.

PROCEDURE Bottom—-Up {(fault); (% retrieval for causal model *)

Init (Q_I); (¥queue of number of the node with improper *)
(#properties *)
Add (@_I, Tault), (®¥improper property’s node number *)

at:= First (@_1);
WHILE NOT Empty (€_I) DO
al:= First(al’'s successor)j (% from Bottom-Up graph *)
WHILE more al’s successors DO
IF NOT Containned (Q_I, ag) THEN
add (Q_1., a2}

ENDIF
a2:= Neuxt (al’s successor)
ENDWHILE;
WRITE (atl)s; {# This is one successor - conseqence ¥)
al:= Next (@_I)
ENDWHILES .
ENDPROCEDURE 3 (* end of Bottom—Up algorithm %)

Ses in case of an improper property the QI queue in node 13
would be:
1S 12 572 3 1.

1f we wish to find out the cause of an improper property
(component); the top—down algorithm, based on 21 queue Will be
used. The numbers of improper nocdes, as well as numbers of nodes
with unknown properties having no normal successors; are written
in this queue. The cause of the anomaly (sclution) ig that
member of 31 queue which has no improper predecessor.

FROCEDURE Top_Down (symptom)s (% retrieval for causal model *)
(#symp tom=- initial node’s number with a fault %)
Init Q_F; (# @_P= queue of potential faulty nodes® numbers *)

FOR all ncdes set node.value := ~7 T3

Add (B_F, symptom):

change_GF := trusa:

a:= First (Q_F):i

WHILE change_&@F ARND more Q_F’s member DO

change _OF = falses
al := First (a’s predecessor)]i (% from Top_Down graph *)
IF al.value =7 ° THEN

INFUT- Cal.value) (# T —true, TEr_false, N’ — unknown:
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s*g’—-eliminated = falses, but with a faulty predecessor *)
ENDIF;
WHILE more a’s predecessor Do
1F al.value = "N’ THEN

IF NDT,Correct_Successor (al1) THEN
add (Q_P.s al)ls
change_0OP := truej
4 ELSE .
al.value = T’ (* has correct successor *)
ENDIF
ELSE
I{F al.value = °F’ THEN
Add (Q_P, al)s
change_0QP := true

ENDIF 3

iIF atl.value = ’E’ THEN change_@F == true ENDIF
ENDIF; :
al = Next (a’s predecessor);

ENDWHILE;

IF change_@F THEN
a.value == “E7}
a := Next (Q_F}

ENDIF
ENDWHILES
WRITE (a)s (# This is the cause of the fault #)
ENDPROCEDURE ; (* Top_Down *)

FUNCTION Correct_Successor ( x: node): booleans
(# true if any x’s successor is correct %)
Init (@ U3 (# queue of unknown nodes’ numbers *)
Add (R_U, x .number); '
Correct_Successor := falses
x1 = First (Q_U)3
WHILE NOT Empty (@_U) AND NOT Correct_Successor DO
x@ 1= first (x1’s successor) i (* from Bottom_Up graph *)
WHILE more x1°S successors AND NOT Correct _successor Do
IF x2.value = ’T7 THEN
Correct_successor i< true
ELSE
IF x2.value = > 2 THEN
INPUT (x2.value); (% rE? /T /N *)
ENDIF;
IF x2.value = T’ THEN
Correct_Successor :% true

ELSE
IF NOT Contained(Q_U: x2.number)
Add (Q_U» x2.number)
ENDIF i
ENDIF N
ENDIF 3
x2 := Next (x1’s successor)
ENDWHILE
x1 == Next (Q_U)
ENDWHILE

ENDFUNCTION (# Correct_Successor *)
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4. CONCLUSION

The paper describes a part of a causal model of a
technical system (TV set). The node network methed is wused for
model representation. The way of finding a soluticn in the
domain not covered with heuristic rules 1is described. Algorithms
for TOP—-DOWN and BOTTOM-UF examination based on deep reasoning
are giveni The computer program described can be used as a shell
of the causal model applicable in other domains.

It is characteristic of engineering systems that all the
nodes are not equally accessible. Therefore an expert system
should aim at solving the problem using only easily accessible
nodes, and only 1in case of failure pass  to less easily
accessible ones. Such an approach will be implemented and
described in the paper to follow.
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