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A b s t r a c t 

Recent work has pointed out tha t diagnosis 
strategies are a necessary tool for the diagnosis 
of complex systems. Nevertheless, though cur­
rent diagnosis systems are able to use expl ic i t 
system models, their representation of diagno­
sis strategies is only imp l i c i t . In this paper we 
int roduce a fo rmal meta language to express 
strategic knowledge in an expl ic i t way, Th is 
language is sufficient to formal ize al l strategies 
in t roduced in previous work, and extends pre­
vious diagnosis strategies by the integrat ion of 
empir ica l knowledge and by expl ic i t statements 
about dependencies between actions. We pro­
vide a declarat ive semantics for this language 
and an archi tecture for imp lementa t ion . 

1 I n t r o d u c t i o n 
In order to handle the complex i ty of large-scale diag­
nosis we have to use more than one system model and 
see diagnosis as a dynamic process control led by diag­
nosis assumptions made expl ic i t as work ing hypotheses 
(as formal ized first by Struss in [8]). In the same spi r i t 
Boettcher and Dressier ( [ l ] , [2]) developed a catalogue of 
diagnosis strategies and provided an in tu i t i ve semantics 
and an ATMS-based imp lementa t ion for these strate­
gies. The disadvantage of their approach is tha t they use 
a static set of strategies which is coded into the diagnosis 
a lgo r i t hm. Missing a declarat ive semantics for these d i ­
agnosis strategies independent of a par t icu lar implemen­
ta t ion makes the def in i t ion of new or appl icat ion-specif ic 
strategies more di f f icu l t than i t should be. 

In this paper we extend this approach by in t roducing 
a fo rma l meta- language for the def in i t ion of diagnosis 
strategies. Th i s language makes strategies expl ic i t and 
allows to define strategies specific to an appl icat ion s imi ­
lar to def ining system models. So our f ramework extends 
model-based diagnosis in the sense that not only the be­
havior of the system but also the strategic knowledge 
about the system model is represented expl ic i t ly . 

2 Work ing Hypotheses 
We consider a system described by a set of formulas SD 
in a language C. An observat ion OBS of the system SD 
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3 A Formal Language for Strategies 
3.1 P r e l i m i n a r y C o n s i d e r a t i o n s 
Diagnosis strategies contro l the diagnostic process by 
specifying which diagnosis assumptions should be used 
in a given s i tua t ion . The state of the diagnostic process 
manifests i tself in the current set of possible diagnoses. 
Thus the specif ication of a diagnosis strategy consists of 

• a property of the current set of diagnoses, character­
iz ing a certain s i tuat ion tha t can occur dur ing the 
diagnostic process 

• an assumption or act ion modeled by a work ing hy­
pothesis tha t is sui table for hand l ing that s i tuat ion 

E x a m p l e 3 .1 Diagnosis Strategy 
Consider an abstract component C as described in ex­
ample 2.2. By default, we only use the abstract model 
of this component for diagnosis, i.e. —refine(G) is used 
as working hypothesis. The detailed model is only used 
when C is identified as faulty. This can be captured by 
the following rule: 

If an abstract component C occurs in all di­
agnoses, activate a more detailed model for C 

making its subcomponents visible to the diag­
nostic process. 

In order to check if a given strategy should be applied 
we have to evaluate a condition on the current set of 
diagnoses. Such a condition cannot be modeled as part 
of the system description. So Boettcher and Dressier 
implement the check of these conditions as part of the 
diagnosis system. 

However, the only flexible way of evaluating these con­
ditions is by introducing a meta-level in the diagnosis 
system as shown in figure 1. So the strategies are de­
fined on the meta level and they are evaluated using the 
knowledge obtained so far during the diagnostic process 
which is represented by the current possible diagnoses. 

So diagwfi(SD U OBS) as defined in the previous 
section is the information on which the decisions on 
the meta-level are based. For some strategies it is not 
sufficient to have information about the faulty compo­
nents only. For example, one necessary precondition 
for proposing a measurement point is that the value at 
that point is not known. To evaluate this condition we 
need to extend the diagnoses by the values predicted in 
the corresponding system models. So we postulate that 
diagwH(SD UOBS) contains all predicates needed by 
the preconditions of the diagnosis strategies. 

3.2 T h e M e t a L a n g u a g e 
The language Cstrat for defining diagnosis strategies de­
fines modal logic operators specifying properties of the 
current diagnoses as well as for proposing working hy­
potheses. Before we give a formal definition of the lan­
guage we motivate the need for these modal operators 
informally. 

M o d a l Opera to rs fo r Cha rac te r i z i ng the 
C u r r e n t State o f t he D iagnos t i c Process: 
As already stated the preconditions for the application 
of diagnosis strategies are statements about the current 
set of possible diagnoses. The atomic statements in these 
conditions are: 

• a property p(x) is true under all possible diagnoses, 
or 

• a property p(x) is true under at least one possible 
diagnosis. 
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M o d a l O p e r a t o r s f o r P r o p o s i n g W o r k i n g 
H y p o t h e s e s 
Strategy formulas specify which work ing hypotheses 
should be assumed in a given s i tuat ion. Th is is achieved 
by the fo l lowing ( in fo rmal ly described) modal operators: 

is a necessary work ing hypotheses in the 
current s i tua t ion , i.e. the diagnostic process cannot 
be cont inued w i thou t assuming wh. 

is a possible (allowed) work ing hypotheses 
in the current s i tuat ion. 

Act ions can also be expressed in this approach by us­
ing a restr icted fo rm of procedural at tachment in the 
system descr ipt ion. For example, we have a work ing 
hypotheses mcasure (x ) for proposing a measurement. 
The measurement itself is then implemented by a pro­
cedure g e t _ v a l u e , which executes the measurement and 
remembers the value. The combinat ion of the two con­
cepts is modeled by a rule 

in the system descr ipt ion. Thus, f rom the logical view­
po in t , the only effect of the predicate g e t ^ v a l u e is that 
it tests if v is the value of x. Our language allows to ex­
p l ic i t l y represent dependencies between actions, eg i t 
is possible to express tha t action a is to be preferred over 
action b if bo th are possible (see section 5). 

S y n t a x o f Cstrat 
Besides the moda l operators Lstrat contains the usual 
logical connectives and quanti f iers. In the fo l lowing def­
in i t ions we only consider V,—>,A since this is already a 
complete set. 

E x a m p l e 3.3 Ls t ra t -Formula f o r Structura l Refine­
ment 
For component C the strategy "St ructura l Refinement." 
can be expressed by the strategy fo rmu la 

By introducing a predicate re f inab lc (c ) in the system 
descript ion, which is true f o r a l l components that have 
subcomponents, we can generalize this rule: 

More examples for the formal izat ion of diagnosis 
strategies can be found in section 5. In the next sec­
t ion we define the declarative semantics for the strategy 
language. 

4 Declarative Semantics for Strategies 
We consider a diagnosis problem that is now described 
by 

( S D , S T R A T , C O M P S , D B S ) 

where SD is the system descript ion, ST R A T is a set of 
L$f ra t - Formulas , C O M PS is a set of components and 
O B S is a set of observations. 

Diagnosis strategies are used to guide the diagnostic 
process. The semantics introduced in this section an­
swers two questions: 

♦ W h a t are the possible sequences of diagnostic de­
cisions impl ied by the given diagnosis strategies, 
i.e. which diagnostic process is consistent w i th re­
spect to the given strategies S T R A T (and w i th SD, 
CO MPS, OBS)? 

• Wh ich diagnoses are the result of such a consistent 
diagnostic process? 

4 . 1 C h a r a c t e r i z a t i o n o f t h e D i a g n o s t i c 
P r o c e s s 

The state of the diagnostic process can be characterized 
by a set of work ing hypotheses. Then , given S D U O B S 
the diagnoses can be inferred by app ly ing d iagwH-

The diagnostic process as a whole can be characterized 
by specifying which states can be adopted or which t ran­
sit ions between states are considered. We wi l l therefore 
define a state t rans i t ion relat ion as fol lows: 

D e f i n i t i o n 4 . 1 State Transi t ion Relat ion 
A State Trans i t ion Relat ion is a binary relat ion 7v C 
2 WHYP x yWHYP t e a re lat ion among sets of working 
hypotheses. 

In the next example we show how a diagnostic process 
can be encoded by a state t rans i t ion re lat ion: 

Suppose we have two components C1 and C2, each hav­
ing a structure as used in example 2.2. For this sys­
tem we use strategies f o r s t ructura l refinement, and a 
measurement strategy that proposes Y as a measurement 
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point if its value t$ unknown. Having made some obser­
vation we start the diagnosis in the most abstract model 
without assuming any hypotheses. A look at the result­
ing diagnoses reveals that we do not know the value of 
Y and so we cannot say whether C\ or C2 ls faul ty . So 
we measure the value of Y, i.e. we adopt the hypothesis 
m e a s u r e ( Y ) and compute the diagnoses again. Now we 
ident i fy C2 as the fau l ty component. Therefore we look 
at a more detailed model of C2 to find out which subcom­
ponent of C2 caused the error. So we addi t ional ly adopt 
the hypothesis refine{C>2)- A f t e r recomputing the diag­
noses we know that C 2 2 is the fau l ty component. This 
diagnostic process can be characterized by the fo l low ing 
state t rans i t ion relat ion R: 

The first element of R denotes that in the state 
described by the empty set of work ing hypotheses we 
adopted the hypothesis measu re (Y ) which caused a mea­
surement. A f t e r measuring we addi t ional ly considered 
the hypothesis r e f i ne (G2 ) - The te rminat ion of the diag­
nostic process in the state { m e a s u r e ( Y ) , r e f i n e { C 2 ) } is 
modeled by the cycle in that state. 

The course of the diagnostic process need not be l inear. 
If we had also considered ref ining component C1 instead 
of making the measurement, we would characterize the 
diagnostic process by 

So, the state t rans i t ion relat ion is jus t an encod­
ing of the work ing hypotheses we used in each step of 
the diagnostic process and is influenced by the diag­
noses found and the strategies given. In the declar­
ative semantics we judge whether or not a diagnos­
tic process (represented by a state t rans i t ion relat ion) 
is correct w r t a diagnosis prob lem characterized by 
( S D , S T R A T , C O M P S , O B S ) . 

The procedural semantics which is only briefly dis­
cussed in th is paper computes correct diagnostic pro­
cesses based on this semantics. The user of the diagnosis 
system only has to provide the system descr ipt ion and 
the strategies. 

In order to check i f the decisions made dur ing the d i ­
agnostic process are consistent w i t h the given diagnosis 
prob lem, we define how strategies can be interpreted as 
statements about the diagnostic process. First, we de­
fine logical structures which provide the in terpretat ion 
for the strategies. 
D e f i n i t i o n 4 .3 Lstrat~Model 
A model f o r Cstrat is a structure M — (W, D, R1, R2, F ) , 
where W is a set of indiv iduals (called worlds), D is a 
domain of individuals, R1 and R2 are accessibility rela­
t ions on the worlds, i.e. subsets of W x W and F is an 
in terpretat ion func t ion . 

F provides the in terpreta t ion for predicates and 
ground terms (in our case al l ground terms are con­
stants). The values of the variables are given by an 
assignment: 

1724 QUALITATIVE REASONING AND DIAGNOSIS 



NEJDL, FROHLICH. AND SCHROEDER 1725 



Now we are going to show that for a big subclass of the 
strategies that is suitable for specifying all the strategies 
presented in this paper, we can guarantee that the di­
agnostic process wil l reach a stable state if the system 
description is not contradictory in itself. 

4 .3 M o n o t o n i c i t y 
By monotonicity, we mean that on each transition in 
the diagnostic process we only add some new working 
hypotheses to the set of hypotheses we already assume. 
D e f i n i t i o n 4.13 Monotonicity of a State Transition 
Relation 
A state transition relation 7v is monotonic, iff 
WHRWH' implies WH C WW 

We want the effect of strategies to be persistent, un­
less this leads to inconsistency. When applying struc­
tural refinement, we do not want to switch back to the 
abstract model we already used. When applying a focus­
ing assumption we want to keep this assumption until we 
have either found a diagnosis, or we know that this as­
sumption leads to inconsistency. Even actions like mea­
surements can be described in a monotonic way by a 
hypothesis which has the effect that we know the mea­
sured value of a component c. Our meta-language is 
powerful enough to express the monotonicity of a set of 
strategies by adding additional formulas. 
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Our approach allows to formal ize al l other strategies 
presented by Boettcher and Dressier as well . However in 
some cases we f ind it more appropr iate to express them 
by preferences on diagnoses (see [6] for a discussion of 
this issue). The next strategies are completely new ones. 

5.3 I n t e g r a t i n g H e u r i s t i c K n o w l e d g e i n t o 
M o d e l — B a s e d D i a g n o s i s 

Consider an electronic device, where a single chip con­
tains a number of gates (e.g. and-gates). Assume we 
have n such chips. From experience we know that a diag­
nosis conta in ing two and-gates on different chips is much 
less l ikely than a diagnosis conta in ing two and-gates on 
the same chip, as the lat ter can be explained by a sin­
gle cause tha t damaged the whole chip. Such heurist ic 
knowledge if. easy to describe in our strategy language. 
We use loeation{A, C) to denote that component A is 
located on chip C. The heuristic assumpt ion expressing 
our belief t ha t a l l fau l ty and-gates are on one chip is 
represented by the work ing hypothesis focus.chip. The 
effect of this assumption is expressed in the system de­
scr ipt ion as fol lows: 

5.4 M e a s u r e m e n t s a n d D e p e n d e n t A c t i o n s 
If different consistent models of the system predict, dif­
ferent values for some measure point -V we can d iscr imi ­
nate between these values by mak ing a measurement, as 
represented by the fo l low ing strategy rule 

Since measurements require interact ion w i th the user, 
we want to express tha t measurements should only be 
made when no other strategies are available. 

In some s i tuat ions, more than one assumption is sup­
ported at the same t ime . l strat allows to expl ic i t ly spec­
i fy tha t a work ing hypotheses wh should only be consid­
ered, if wh' is not supported. For example the fol low­
ing formulas specify the strategies st ructura l refinement 
and measurements so that measurements are only per­
fo rmed, i f al l useful s t ruc tura l refinements have already 
been considered. 

I 

Since we only consider m i n i m a l models of these fo rmu­
las, measure(x) w i l l only be assumed if all the condit ions 
on the left side of the last fo rmu la are satisfied. 

6 Conclusion and Further Work 
Th is paper defines the concept of diagnosis strategies us­
ing a modal logic language that makes strategic knowl­
edge expl ic i t . Our approach allows not only to express 
system models in a declarative way (which is one of 
the main advantages of model-based diagnosis), but ex­
tends this dec larat iv i ty to the meta level by al lowing the 
declarative descript ion of diagnosis strategies. 

We are current ly work ing on an efficient implementa­
t ion of the fo rmal concepts introduced in this paper us­
ing t ransformat ions of our meta- language in to f i rst order 
logic and m i n i m a l model semantics w i th in our D R U M 
diagnosis system. 
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