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Preface

This volume conlains the papers accepted for presentation at ECSQARU-33, the
European Conference an Symbolic and Quantitative Approaches to Reasoning and
Uncertainty, held at the University of Granada, Spain, from November 8 to 10, 1993,

In recent years it has hecome apparent that an important part of the theory of
Artificial Intelligence is concerned wilh reasoning on the basis of uncertain,
incomplete, or inconsistent nformation. Classical logic and probability theory are only
partally adequate for this and a variety of other formalisms both symbolic and
numerical have been developed, some of the most famifiar being non-monotomic logic,
fuzzy sets, possillity theory, belief funciions, and dynamic models of reasoning such
as belief revision and Bayesian networks. '

These are new and active areas of research with many practical applications and many
interesting theoretical problems as yet unresolved. Several Furopean research projects
and working groups have been formed and it soon hecame apparent that there was a
need for a regular European forum where work in this area could be presented and
discussed by specialists. The first conference was held at Marseille in 1991 (LNCS
548). This, the second of a regular biennial series, has again been sponsored by the
major European research project in this area, DRUMS (Defeasible Reasoning and
Uncertainty Management Systemns, ESPRIT BRA 6156}, involving 21 Huropean
partners and by the newly-formed European Society for Automated Practical
Reasoning and Argumentation (ESAPRA}.

The execuotive Scientific Committee for the conference consisted of Philippe Besnard
(TRISA, Rennes), Rudoll Kruse (University of Braunschweig), Henri Prade (IRIT,
Toulowse) and Michae! Clarke (QMW, University of London). We gratefully
acknowledge the contribution of the many referees, (oe many to list individually, who
were involved in the reviewing process. Finally we would like o thank the University
of Granada for providing all the necessary facilities and Serafin Moral of the
University of Granada who was responsible for the local organisation.

August 1993 Michacl Clarke, Chairman
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RES: A formalism for reasoning with
relative-strength defaults

Z. An M. McLeish
Department of Computing and Information Science
University of Guelph
Guelph, Ontario
N1G 2WI, Canada

Areas: Common Sense Reasoning, Knowledge Representation, Probabilistic
Reasoning,.

Abstract

RES is a system lor reasoning about evidential support relationships be-
tween statementsil, 2. In RES, the preferences of these supports are
represented symbalically, by dircctly comparing them, instead of by nu-
merical degrees. Z7¥ is u formalism for reasoning with variable-strength
defanlts[f] which provides a mechanism te compute a mipimum adimnis-
sible ranking for models (subject to the consistency condition) from the
elven intcger strengths of defaults.

In this paper, wc combine the two systems, We show that the same con-
sistency condition of Z7 can be applied to RES even though the prefer-
ences of rules are represenled ay arelation in RES. A similar procedure is
devised which can produce the admissible relative strengths (a relation}
and can produce the relation on models with respect to the strengths of
the rules they violate. A conseguence relation is defined and a procedure
to answer queries copcerning it s devised. The resulting system, also
called RES, is then compared lo ZT. We show that, while RES is very
similar to ZTand displays comparable reasoning processes most of the
time, they are not the same and RES is more in agreement with common
sense i some sibvations. Comparing RES to the stratified ranking sys-
temn [6] shows that RES, as presented, also shares some limitations with
zt,

1 Introduction

It has been widely acknowledged that all defaults are not created equal [5, 11]
and that defaults differ in many aspects such as in their importance and their
firmness. It has been widely agreed also that a language or a mechanism must
be devised for expressing this valuable knowledge. The only problem remaining
s what aspects about this knowledge should be represented and how.

The general way of representing this knowledge is by the strengths of defaults.
Thus 1t will be very desirable if we can have a standard measurement of such
strengths. As a matter of fact, there are many cases where such a measurement
is available. These situations have been studied extensively in the literature.
Different measurements have been proposed and both quantitative and quali-
tative reasoning with those measurements have been investigated([3, 8, 12, 13].
There are cases, however. where a normal measurement is nol available or 1s not
suitable. At the same time, there are also cases where the desirable reasoning
patterns arc amenable to some other represeniations simpler and more primitive
than such measurements.

RES is a system for reagsoning about evidential support relationships hetween
staterments, where the preferences of these supports are represented symbolically,
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by directly comparing these supports, mstead of by nwnerical degrees. That is,
we begin with a set of arguments and a relation on this set which reflects the
strengths of the arguments. Here, by an argument we miean the relafionship
hetween stalements € and p, represeniing that when ¢ is found te be true, there
is a justification to conclude that p is true. It has been shown that RES, in a de-
fined sense, can represent all the information in a probability distribution, belief
function, or possibility distribution and can reflect many reasoning patterns[l, 2].

The RES systermn as presented has a serious problem in that it doesn’t have a
built-in way to scale up. In RES, the two statements in an argument (e, p}, 2.c. e
and p, are required to belong to separated first order logics. Conclusions reached
canfiot be used as evidence to trigger further reasoning. In this paper, we try
10 remedy this fault of RES by applying the ZT mechanism {3]. The arguments
will be treated as rules as in Z1, but instead of associating integers with rules,
preferences among rules will be represented as a relation, called the base relation.
A procedure will be proposed which can form the relative strengths of the rules
given the base relation and can produce arelaiion on the models of the language
with respect to the relative strengths of the rules which are falsified in these
models (subject to the same consistency condition). In this way, we extend the
reasoning capabilily of RES.

In the following section, the presentation of Z¥ formalism i [5] is parailelled
but in relative terms. We define sorme important terias and present she rwo
procedures mentioned above. The resulting systemn will also be denoted as RES.
Examples are presented showing that RES can display stilar reasoning pro-
cesses as ZT in miany cases. In section 3. RES is compared to 27 showing that
they are not completely the same and in some situations RES can display reason-
ing processes more defensible than these displayed by Z1. RE&ES is also compared
to the stratified ranking system, showing that R&ES shares some limitations with
Z*1_ In the last section, the conclusions are sununarized.

2 Relative Rule Strength and Plausible Conclusions
As with Z1, we consider a set of rules A = % — ¢; where @ and ¢; are
propositional lormulas over a fintte alphabet of literals, “—" denctes a now
connective. Bt different from Z7. the preferences of such rules are represented
as a relation. That is, we have a relation .5 over A (denoted as “<”). These
relations are required to be reflexive and transitive and are called dase relations.

Following the terms with 2%, we will call a truth valuation of the literals in
the language ¢ model. For a formmla 7 of the language, M is said 10 he a model
for 1, denoted as M |= o, l % is true in M. A mode] M 1s said to veregfy a rule
v oMY Ae to fm’sify ¥ — @ U M = v A ¢, and to safisfy ¢ — o if
ME=v > 6. Arulew — ¢ is tolerated by A iff there cxists a moricl M such
Lhat M verifies v — ¢ and satisfies all the rules n A,

With thesc torms, the formalisrn 271 can be presented using relative terms.
One should notice the parallel between the following presentation with that of
Z¥ in [A].

Definttion 1 A relation B on the models of the language s called a prionty
relation if ¢t is reflezive and transifive.

Such a relation is supposed to have the same role as that of the rankipg in Z1.
That is, M; = M4 15 to be read as M| s vo more abnormal than Myl

1The reverse of the relation, representing norwalily, might be more ntuitive and more
consistent with the temn priority relationf4]. We use this direction sa the following presentation

can be in parallel with that of Z7T.
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In the following, we will also use M) < M to denote (My < M)A (Ms £ M)
and other notations conventionally.

Definition 2 A model M7T for 4 15 said {o be a minimal nodel for o under
priovily relation K1 iff there is no model M for ) such that M < M7T.

A priority relation K on models of the language 15 said 1o be admissible with
regard fo a default set A off for every rule ¢; — ¢;, of M_,Jf is a minimal mode!
for iy A d; and M7 is a minimal wmodel Jor @i A -y, then M_T_' < MT

The minimal priorily relation admissible to A will be denoted as R
Notice that the base relation, which carries the preference information among the
rules, 13 not used in the definition above. In fact, the mimmal priority relation
defined above is composed of the preference relationships which are derivable
from the specificity considerations on the rules[10].

From the definition, we can define a set of defaults to be consisient i it admiis
at leasl one priority relation. A theorem similar to Theoremn 1 in [3] can be
reached. Thig is actually very casily soen, as Theorem 1 in [5] has established
thal whether a sel of default rules is consistent 1s compleiely independent of the
strengths of the rules.

Butl we need to incorporate a base relation 5 into a priority relation when &
is not empty. To do this, we need to define the relative strengths of rules firss.

Definition 3 Let RE be the minimal admissible prierity relation of A and let §
be a kase relafion on A. A relation ST on A is called the relative strengths
derived from A and S provided that fer any two rules vy and vy, v > 7; € §F
(meaning v; s no sironger than v; ) iff
1. for ewery minimal model My falsifinng vy, and cvery model My folsifying
ri, Mae < My or
2. we can have neither r; > r; € ST nor R P ST from the step aboue
and v; > vy €5,
The definition specifies that the relative strength is reached by first adding the
relationships which are derivable from the speaificity considerations. After that,
relationships from the base relation are added if the two rules in those relalion-
ships are not comparable so far. [f these two rules have become comparable
already from specificity considerations, their relationships from 5, 1if existing,
will be blocked and not be reficcted in 5T,
A priority relation on models reflecting both A and 5 can be defined as
follows:

Definttion 4 The priority relation R of A and 5, denoted as “<7
on madels m which My < My off
o My doesn’t falsify any rule; or

15 a reletion

Fl

o for any rule v; which s falsified by My, lheve exisls a rule v; which is
falsified by My such that vy > vy € S*. That is, for any rule falsified by
M;, there exists a stronger rule which is falsificd by Mo,
Obvicusly, Rt D RQL. We can also define a consequence relation using R1.

Definition 5 A formula ¢ is rafled a plansible conclusion of ¥, denoled as ¥ F &,
if ¢ is true in all minimal modelds for b,

The similarity between absolute strength and relative strength doesn’t stop
here. Similar procedures can be devised for constructing the priority relalion
and for testing whether a pair of formulae belongs Lo the consequence relation
with regard to aset of default rules and a base relation. These procedures are
presented below:
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Procedure RS

Input: A consistent sct A of default rules. A base rejation 5 on A
Output: The priority relation on models and the relative sirengih relatlo‘l gt
on A : :

Part I

t. Let RZT be an empty set, A, be A, and ‘-’0 be an empty T‘E‘1at101'l on A,

2. While RZ+ £ A do:
?,hi Let Ay %e the set of rules tolerated by Ay and RZT = RZT U A,.

(b) St = ST U{r: > vl € Ag,r; € RZ™, there exists at least one
modr\l MI which verifics ry andd falsifies i, and there doesn’t exist any
other model M’ which verifies r; and falsifies only part of those rules
fa]aiﬁed by M.}

(e} Ay = Ay — Aq.

Par¢ 11
1. 5% is a relation on A such that for any rules ry, vy €Ay oy € 5

o>y Ebr ;
Ty Z ?j (f St ] ﬁ ?'a'-‘z‘gr:?md i 2 T'j ES-

2. KT can be calculated as shown in Definition 4.

Procedure PC

Input: A consistent set A the relation BT from A, and a pair of consistent
formulas ¥ and ¢.
Outpat: Answer YES/NO/AMBIGUOUS depending on whether & - ¢, ¥ +
-, or neither.

L. If A is empty, then RETURN(AMBIGUOUS)Z.
2. TEST! whether there is 2 model M such that 3 = A ¢ and M satishes
AL
3. TEST?2 whether there 1s a model M such that Af | A - and M satisfies
A
4. CASES on the results of TESTL and TEST2:
o [F TESTI=Yes and TEST2=No then RETURN(#* I ¢).
e [F TESTI=No and TEST2=Yes then RETLURN{v l—
o [F PEYT1=Yes and TESTY=Yex then
RETURN{AMBIGUOUS).
e IF TESTI=No and TEST2=No then let MIN be the set of all mm-
imal rules with respect to B7. Set A to be A — MIN and go back
bo step 1.

]

—1@)

Example 1 Flying birds.

Let & ={b— f,p— —=f.p— b} and & be an arbitrary relation on A. The rales in
A stands for the “birds fly™, “penguins don’t™, and “penguins are birds® respectively.
Ash — Fistoleraled by Abut p — band p — —f arc Lolerated only by & —(b — f),
from part 'of the RS procedure-we reach that §F = {p —of b= fip—b>b— f}.
When we are asked whether p F f or p = —f s in the consequence rclation, the
firsi ronnd of the PC . procedure will produce “Na” answers for both tests. This will
lead to the removing of rule & — f as it s the weakest. The second round will then

#This test is actually necessary even for T+,
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return with the answer pt +f. [t should be neticed that the answer p A b E —f could
be reached in the same manner.

1t should be noticed alse that it is the specificity considerations embodied in ihe
RS procedure which renders minimal models falsifying the rule & — f to be preferred
to minimal models falsifing rule 3 — b and/or p — —f. In this example, the basc
relation § can be anything {including the empty relation) and the resuli would not
change as the relationships in 5 will be blocked anyway.

In the following, an example is presented in which the base relation matters.

Example 2 The Nizen diamnond.

Let A = {g — p,r — —p} where the rules are read as “Quakers are pacifists” and
“Republicans are not pacifists”. The part { of the procedure RS will find that both
rules are tolerated by A and will produce an empty relation for 57, Part I of the
procedure will then make 5% to be the same as 5, the base relation which is the input.

If we know an individual to be either a Kepublican or a Quakers but not both, the
result is obvious. In the case of the “Nixon-diamond™ where Kixou Is both a Republican
and a Quakers, what conclusion should we make?

Now the base relation & can be one of the four cases depending on which rule is
preferred.

1. 5 = ¢. That is, we have no knowledge as to which rule is stronger {which might
be an honest representation of somebody’s knowledge of this matter.) For the
first round, the PC procedure will produce “No” answers for bath tests and make
A empty as both rules arc minimal. After that, the answer “AMBIQUOUS" will
be returned.

2. 5 ={r —p>qg— =p}. This thne, models viclating r — p is preferred to thosc
violating ¢ — —p which makes r A g & p the relurned answer.

3. S={g—=p>=r—rp} The refatmns{nip is reversed from the above case, so s
the answer.

1 S={r—p>q— p,g — p >t — p}. The rclationships i both directions
are presented. This is a verbose way to say that the two rules are of the same
strength. The process of the first case is then repeated which produces the
answer “AMBIGUOLUS™.

4 Relative vs. Absolute

The difference between the relative method and the method using integers is
that, for the relaiive method, the resulting relation on both rules and models
can be partial. The integer method always displays a universal relation. That
is, using integers will render every pair of rules or models comparable.

This might not always be an advantage. For asimiple example, case I of exam-
ple 2 cannot be represented honestly, even though the resull and the reasoning
process of case 1 i3 dentical to those of case 4.

There are situations where adhering to numbers will cause some problems
which are more serious. In Example 3, we show that the Ztranking will change
the relationship between rules in an undesirable way. In Example 4, we show
that the fact that integers are comparable universally will block some ntuitive
reasoning. :

Example 3 English speaking.

Let A—{rjie—e,rg:q¢——e,rz:q— ¢,rg:le — e} bethe sot of default
rules and let the integer strengths of these rules be 81,8, 83, 84 respectively,
where &; are non negative integers. Rules in A stand for “Clanadians speak
English”, “Quebecois don’ speak English”™, “Quebecois are Canadians”, and
“People who learnt English speak English” respectively. It can be noticed that
this default set is isomophic to the “Flying Birds” problem except for the last
rule.
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Figure 1. Relationships of relevant modeis

fpAaba=fAn ) { rabafa-n
- - \[_.,\f : ; “‘-—-,.%-'—-:u_ .
\px'\b,f\ff\n ] (p!\bx’\ﬁff\-m :(_p.ﬂba’\fa‘\n) Ga’\b_.f\*f!\—nzi

p—»—j b+ f 7 — —n b— f
bh—n b—n
{ pAbAfA-n ) { pAbA~FAn )
— f b— f
—_ 1 T — T

Suppose that we are querying a person who is a Quebacois and wiro learnt
English. What should be our conclusion” The Z% ranking of the rules will be
computed ta be 81,8, -85 + 1,8 + 63 + 1 and &4 respectively. AsgnleAche
will violate r» and g Afe A A e will violate vy, the result will be dependent on
whether & + &3 &+ ] is larger than, smaller than, or equal lo 8. For example, if
we set fa = 84 = 2 and &, = §; = | {for good reasous), the answer will be that
this persen does not spesk English.

However, this conclusion can hardly be justified. Hecall that it 1s the speci-
ficily considerations which have incrcased the ranks of vy and r3 and this speci-
ficiky should, obviously, have nothing to do with ry. But now the conclusion is
reached by ovelrullng raq with those considerations, even though we are told that
rq ig firmer than ry at the outset. This is surprisiug as removing rule 7, will
reverse the answer!

It should be noticed that this kind of reasoning is not ju.atiﬁa,ble by referring
back to probdbihstl(‘ reasoning on which the 2+ system is based, In fact, no
matter what & is, this set of rules embodies a conflict in probabilistic assertions.
Asserting infinilesimal probabilities to all the rules will lead to the conclusion
that g A le i3 tmipossible.

Using RES, the procedure will not affect the relationship bﬁtwefhn ry and rg
and thus the result will be decided depending on ihe input relationship belween
ro and ro. We can justify conclusions like this very simply as follows: Recause
there are minimal models which violate only one of these rules, the conclusion
should be made by considaring which rule is preferred.

This line of reasoning is reflecied faithfully in the ES proecdure. Here, part §
enforces the specificity by changing only the relationships between r; and ro, '3
and keeps the relatlonshm between vy and ry untouched.

Example 4 Flying birds and nesting ones.

Let A= {f - f.p——Ffip—bben,r——-nr—>}and 5 be an empty relation.

in this example, another set of rules asserting a hird property and jts exception is
added to the rules of Example 1. The addltlonal rules stand for “Birds nest”,“Robins
don't” and “Robins are birds”.

This doubling of roles shows a good feature of the relaiive strength system. It will
sroduce the relationships between madels as shown in Figure 1. In those models, cither
pAborTAbils true In the figure, an amow will lead from one model te another if
the later modcl is more normal than the former and the rules below a model are those
violated in the model.



BIBLIOTHEQUE DU CERIST

These relationships arc suitable for the relative sirength system to display desirable
reasoning processes. For example, we have f A n given b, = f An given p Ak f A1
given r Al and —f A —n given p A r A D

This extended set of rules, as already noticed in [5], will cause problems for the
Z* formalism of default strengths. By arranging the integers assigned to those rules
carcfully, we can have either “penguins nest” or “robins fly”. Bul no master what
integers are assigned to vhose rnles, we cannot have both al the samc time,

To see how this happens, we need to cansider the two dashed links in Figure 1. To
have “penguins nest” we need the dashed link on the left part. The only way to do
thus with integer strengths is (o wake the integer assigned to b — n greater than that
to b — f.

Symmetrically, to have that “robins fly” will necd to assign a bigger integer to b — n
than to & — f.

We can do neither {make them equal), either {one bigger than another}, but not
both.

The analysis has made it obvious that this problem is cavsed by the fact that all
integers are comparable universally. This fact will make the madel which violates both
5 — f and b — »n to'be equally minimal as it is one model which violates only one
of these two rules. Using relative strenglhs of rules overcomes this problem. Models
violating both rules are set to be more abnormal than meodels violating only one of
these rules, no matter which rule it is. This is done by keeping the two runles not
comparable.

In the following example, we show that RES also shares some limitations with
zr.

Example § (Dead battery) [6])

The rule set is A = [tk — es,th Abd — —rs, lo — bd} encodes the information that
“I'ypically if I turp the ignition key the car starts™, “Tvpically if [ turn the ignition
key and the battery is dead the car will notl starl”, and “I'ypically if I leave the head
lights an all night the battery is dead™. The relation on the defaults is empty. That
is, there is no knowledge concerning the strength of the rules,

For this example, RES systemn falls short just as Z* does. The problem is that the
desirable conclusion “lo Atk - —es” cannot be reached. This is because both the Z7F
ranking procednre and the RS procedure embody anly the specificity considerations,
and there are no reasons from specificity considerations to prefer {o — bd to th — cs.

To reach the desired conclusion, other considerations are needed. In 6], an-
other kind of ranking, called stratified ranking, is described. Stratified ranking,
among other things, embodies the considerations of the direction of causal rela-
tionships. Using stratified ranking, the situation presented in this example can
be elegantly handled.

Stratified ranking, on the other hand. has problems of its own. As il adheres
to the prababilistic e-semantics more closely than Z7T, it cannot incorporate
some rule preferences.

% Conclusions

In this paper, we have shown that the same consistency condition of defaults in
Ztcan be applied to the RES system where preferences among rules are repre-
sented as g relation among those rules. Similar pracedures have been devised
so that the relation representing the relative strengths of rules and the priority
relation on models can be computed and queries concerning the consequence
relation can be answered, as with system Z7,

However, RES is not completely the same as ZF and can display some good
featirres which are lacking in Z%. We have shown that there are problems with
Z7T: Ranks are calculated which might change relationships between rules in an
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undesirable way; The fact that integers are universally comparable might exciude
sorne desirable reasoning processes. Both problems are solved very siply in
RES.

"RES also shares some limitations with Z1. ft {alls short in some common
sense reasoning situations such as those where the direction of causal relation-
shipg is important.

It will be interesting to see how othier common schse reasoning consideralions
can be incorporated with relative strengths. For example,

o Comparing RES to studies on preferential relations and reasoning based
on them(7, 9];

¢ Extending the concept of argnment in RES to be composed of a set of rules
mstead of only one. As an argument-is direcled by definition, this might
provide a way to incorporate the causal relation considerations,
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