IEEE TRANSACTIONS ON FUZZY SYSTEMS, VOL. 8, NO. 6, DECEMBER 2000 821

and distance-to-travelto those present in the working memory, as The difference between evidence aggregation and rule firing goes to
pictorially illustrated in Fig. 6. Current agenda: empty. The inferendge very heart of FuzzyShell. We would like to reproduce here some of
process is complete. The results are equal to those obtained if the otlerending sentences of the main paragraph in the left column of p. 578
of firing rules would be 1, 2, 3, and 4. Itis easy to check, that any ordef our paper.

of rule firing (for example 1, 3, 2, 4, 4, 3) will give identical results. “Therefore, as far as fuzzy inference is concerned, we may think
of rule-1 and rule-2 as being bundled together. But note that
V. CONCLUSION bundling together does not imply that rule-2 should be fired

immediately after rule-1. In general, the consequent side of a rule

In this comment, | described a way the FuzzyCLIPS addresses the (such as rule-2) will include action elements that are nonfuzzy;

issue of allowing fuzzy evidence to be aggregated yvhen fuzzy infer- the inference process with regard to these action elements must
ences are made about the same fuzzy variable by different rules when

an expert system works in the fuzzy logic controller regime. It seems proceed in the traditional mannér.
P Y y 109 gime. —To further explain this distinction between rule firing and evidence

to me that the much simpler way to handle the abovementioned diffi- . . . . .
culty in the fashion described in the cited paper would be allowing tg‘ gregation as implemented in FuzzyShell, we will use the following

agenda to work as a queue (a FIFO data structure). exarrl;plle: 11F (Xis A) THEN (Y is B) and (W is D)
ule is is B) an is

Rule 2 IF (X is A) THEN (Y is B')

REFERENCES Rule 3 IF (Y is B) THEN (Z is C).
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[3] —, “Representation of fuzzy data in RETE network,Rroc. 7th Int. ~ Since the consequents of both the rules affect the antecedent of Rule 3,

Fuzzy Syst. Assoc. World Congresdl. Il, Prague, 1997, pp. 504-508. the fuzzy evidence corresponding(® is B) of Rule 1 and(Y is B)
of Rule 2 isaggregatednto one single linguistic term that will sub-
sequently be used to enable Rulé\®te, however, that this does NOT
imply that Rule 1 must be fired before Rul&@8e evidence aggregation
step has no bearing on the order in which the rules are fired. In this ex-
ample, where we assumed tthepthstrategy, the rules will be fired in

Authors’ Reply the order: Rule 2» Rule 3— Rule 1. That can be easily established by
. . observing that for thdepthconflict resolution strategy, the terfd is
Guilherme N. DeSouza and Avinash C. Kak D) in the consequent of Rule 1 is not asserted in the working memory

until after Rule 3 is fired, regardless of whether W is a fuzzy variable
Index Terms—Expert systems, fuzzy expert systems, fuzzy logic, fuzzy ora C“Sfp one. . .
reasoning, fuzzyshell, Rete networks. We will now address what Dr. Sosnowski refers to as a simpler solu-
tion for dealing with rule chaining in fuzzy expert systems. This solu-
tion relies on a refinement of fuzzy evidence through a mechanism that
We would like to thank Dr. Sosnowski for his interest in our workymounts to reassertion of facts in the working memory. What he refers
on FuzzyShell. While he has made some cogent observations aligUis ‘refining the existing value of variables in the working memory
FuzzyShell, his main conclusions about our work are ill founded. We:cording to global contributioriss, we believe, inherently inefficient
believe that his erroneous conclusions were caused by his misungffcause it relies on a reassertion of facts in the working memory after
standing the difference betweenle firing andevidence aggregation the computation of their “global contribution.” This strategy entails the
in our work. following: 1) rules that were previously fired be placed back in the
Referring to FuzzyShell, Dr. Sosnowski states: agenda after the system calculates the global contributions and 2) fuzzy
“... preventing to trigger another rule before firing of all rulesvariables be temporarily defuzzified, to be “reassessed” again at a later
that contain the same linguistic variable in the consequent sidiene and then defuzzified again. Placing the rules back in the agenda
would violate the one of the fundamental principle of expetue to the reassertion of facts with global contribution decreases the
system.(..) namely rule priority: performance of the system by unnecessarily firing the same rule re-
Dr. Sosnowski is wrong. FuzzyShell doret demand that all the peatedly. Intermediate defuzzification and reassessment of the fuzzy
rules that address the same linguistic variable in their consequents/agables make the system assert erroneous fuzzy facts even ifitis only
fired before any other rule with that linguistic variable in its antecedefdr a short period of time. This can be a serious problem especially for
is allowed to fire. The main paragraph in the left column on p. 578 oéal-time applications.
our paper makes clear the distinction between rule firing and evidenceAs for the unnecessary firing of rules, as the example in Section IV
aggregation. While all the rules that address the same linguistic variabfeDr. Sosnowski’'s comment shows, a rule that depends on two other
in their consequents are used for evidence aggregatitypne of them rules (Rules 3 and 4 in that example) will be fired twice instead of just
is fired. The choice of the rule that is fired is dictated completely by thence in FuzzyShell. In generalyif rules depend on other rulespm
conflict resolution strategy used. rules will be fired in the proposed system, as opposecdHon rules in
FuzzyShell. This difference in the number of rules fired becomes even
Manuscript received August 22, 2000, larger if we consider I_onger chains of rules. For exampderules that
The authors are with the School of Electrical and Computer Engineerin%?pend on.L rules Whl(?h also dgpgnd dnot.her rules will Cau§e the
Purdue University, West Lafayette, IN 47906 USA. system to firen xn % k times, while it would fire onlymn + n + k times
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Finally, we would like to take issue with Dr. Sosnowski's obserrule-firing order, representation of uncertainty, nonmonotonicity, etc. It
vation that expert systems are based on a set of fundamental priiief course possible to design toy expert systems that could be called
ples. Expert systems amdtbased on a set dfindamental principles well-principled. Such systems could, for example, adhere strictly to the
In contrast with other more formal branches of knowledge such penciples of Baysian belief networks, fuzzy logic, or nonmonotonic
probability theory, various forms of logic (propositional logic, predireasoning, etc. But all expert systems that have ever been devised for
cate calculus), etc., that are based on a set of axioms, the branchkledling with large and complex real-life scenarios depend heavily on
knowledge that is called expert systems is based essentially on rulebaidristics. To even ensure that the underlying knowledge based is con-
thumb and common sense, especially when it comes to issues suchkistent is often not possible in practice.



