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Coordination and negotiation among agents are often necessary tor medical diagnoscs
when a community of experts is called to be involve 1n a joint diagnosis and treatment
for a patient. However., most of existing diagnostic systems are single-agent and rule-
based. using probability theory or Bayesian networks. Fuzziness and uncertainty of
concepts, facts and rules should also be considered to meet the needs of ractical medical
diagnoses. especially for Traditional Chinese Medicine.

In this thesis. a novel model of a multi-agent diagnosis helping system (MADHS) is
given, where distributed knowle ™ :-based systems are considered as cooperative agents
in medical diagnoses. A final diagnosis compatible with both patient’s anamnesis and
existing medical principles can be reached through a joint decision-making procedure in
this model. Fuzziness and uncertainty are incorporated into infcrence techniques to form
the reasoning mechanism of the agents. The del is implemented to create a prototype
system using Java, Java Agent Development Framework (JADE), Java Expert System
Shell (JESS) 2 | NRC Fuzzyl Toolkit. The prototype system has been tested by medical
cases, especially those in Traditional Chinese Medicine (TCM).

[t is anticipated that the proposed mod¢ and methodologies will be wic  y used in many
applicative areas, such as multi-agent medical diagnosis, medical helping. and other
automatic diagnosis and decision-making systems.

Key words: coordination and negotiation among agents. fuzziness and uncertainty in

reasoning. joint diagnosis, medical diagnostic system.
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1 Intrc luction

1.1 Overview

The aim of this research is to investigate, develop. design and implement a prototype
system for modelling of coordination and negotiation among agents in a multi-agent
medical diagnostic system. The final medical diagnoses should be achieved by combining
the decisions madc by several . :nts.

This chapter introduces the motivations for developing such a prototype system. This is
followed by a brief introduction of the system model. In addition. a list of rescarch

objectives and the outline of the thesis will be provided at the end of this chapter.

1.2 Motivation

The goal of an autonomous agent can be satisfied more completely by gaining the
collaboration of other agents. Thus. using cooperative multiple agents to improve the
system’s overall utility is an increasingly pervasive way of conceptualizing automatic
diagnosis and decision-making systems.

However, most existing medical diag stic systems use a single knowledge base. in
other words. a single agent during their diagnosing. The web-based interactive medical
decision support software EasyDiagnosis [20] is an example of them. Several multi-agent
expert system models related to medical diagnosis have been proposed earlier. such as

ALIAS [5] and Promedas [22]. But they are still unc  development. The establishment
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(Record (name "Aversion to Cold and Coldness of Limbs") (decision TRUR)
(CE 2g)))

—>

(open

multi/framework/patientManagement /002 /RulebaseS2Deficiency of Spleen Yan
g.txt outRouter "a") »

(bind ?7HMTOMS (new framework.decisiontree.CrispNode))

(call ?HMTOMS setName "Has More Than One Major Symptoms™)

{call ?HMTOMS setResultCF I.O) B - B B

{call ?HMTOMS setResultDecision TRUE)

{call ?*MainRulel”* addMustHaveSymptom ?HMTOMS)

{assert (Has More Than One Major Symptoms Done))

Main Rule:

(defrule MainRulel "MainRulel™

(declare (salience 100))

(Pale and Enlarged Tongue Done)

(White Fur or Slippery Tongue Done)
(Deep Slow and Adynamic Pulse Done)
(Has More Than One Major Symptoms Done)
(
(

>
call ?*MainRulel* setResult(CrF)

assert (Record (name "MainRulel") (decision (call (call ?*MainRulel*
getResult) getDecision)) (CF (call (call ?*MainRulel* getResult)
getCr))))

(assert (MainRulel Done))

Note that the salience of Sub Rule is declared as 250, while the salience of Main Rule is
declared as 100. Saliences should be set during programming. A rule with higher salience
will be fired first in Jess knowledge bas:  So the Sub Rule at the lower level will be fired
before the Main Rule on the h™ "er level.

Fuzziness of an inference tree is shown by the fuzzy variables and certainty factors
assigned to the internal nodes. MajorS1, ich is marked by coloi in Figure 5, 1s a
fuzzy node with correspondii  fu: | vi ible “foods d”.

The following part of this section wi explain how inference trees are formed from

small nodes (leaves) to the trunk for knowledge bases in MADHS.



























CE,

dajor_Minor

Finally, the certainty factor asserted with the consequent of a Major Minor Rule

is calculated by Equation 3 below:

:(CFA * /IM +CF Minor* (1 —_/?’May'or))* CF/(/IQ/’(W_ Minor_Rule (3)

lajor ajor

Beca e Major symptoms are more important than Minor symptoms in the
diagnosing of diseases, a weight A tajor 18 given to the CF of Major symptoms
calculated by Equation 1,1 le 1— /7,‘4,(1,.0, is :weight given to the CF of Minor

symptoms calculated by Equation 2. CFy, ., sior rue in Equatic 3 represents the

CF given to this Rule by the domain expert.

As mentioned earlier in Section 2.5 and Section 3.4.3, in most of the time,
negative CFs are not calculated in MADHS. The reason can be explained clearly
here by an example. For instance, in Table 3, the first rule of “Rheumatic Heart

Disease™ requires tl : a patient ith this disease should have two or more major

symptoms; or on¢ or m« : major symptoms and two or more minor symptoms. I

a patient has already got enough numbers of major symptoms and minor
symptoms, then the negative CFs of the remaining symptoms should not affect the

CF calculation of this Rule.

2) Must May Rule:

A Must May Rule is a Rule d¢  ing with Must-Have symptoms and May-Have

symptoms in the diagnosis ofad ase.
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fire this rule, all three Nodes for the tongue. fur and pulse symptom should be checked;
and all five Nodes for the Major symptoms should be checked too.

MainRule2  tes that the | 1ts with this disease have two or more Major symptoms
and two or more Minor symptoms. In order to fire this rule, all seven Nodes for the Minor
symptoms should be checked; and all five Nodes for the Major symptoms should be
checked again.

At this phase of development, no algorithm has be  applied to :duce this redundancy
in the checking process of the LHS of different rules. Methods that ca be used to solve
this problem are listed as follows:

a) Nodes could be organized better to avoid this redundancy.

b) Remember past LHS test results during the rule activations. Search the blackboard
or the related records of the patient for existing result first before checking one
node/rule.

Jess rule bases (for Traditional Chinese Medicine) use Jess inference engine and
corresponding nowledge base encoding. The inference trees are converted into “if-then’
rules and then input as knowledge base to Jess inference engine. Expert system building
tools like Jess use a very efficient infe ice technique known as the Rete (Latin for ner)
algorithm [3]. In the Rete a” »rithm, the inefficiency described above is reduced by
remembering past test results in the rule activations.

Rete has one obvious advantage: it : H»ws the rules to share nodes across a pattern
network. Redundant/same nodes in the LHS (left-hand-side) part of different rules are
combined into just one node. That means each unique node in the rule ase is tested for

just one time.
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5 Examples and Tesf

5.1 Overview

In the previous chapter, the functions of the prototype system have been illustrated using
the figures and examples. This chapter will focus on the testing of the prototype system
using traditional Chinese medi ~imples and western medical examples.

The tests with Chinese and western m  cal examples are designed as follows:

Objective: To test the multi-agent diagnosing functions of the prototype system with
traditional Chinese medical and western medical records (anamneses) collected from
medical textbooks and medical ma 1als. These patients have alrcady been diagnosed. The
results produced by MADHS can be compared with the known diagnoses provided by the
human experts.

Methods: To diagnose 16 cases coll ed from 3 different trad onal Chinese medical
books, including 11 men (68.75%) and 5 women (31.25%). w 1 an average age of 32.
Eight of them have stomach diseases (50%); the other eight pz :nts have heart diseases
(50%). The medical records of all 16 patients are ted in Appendix C of this thesis.
These patients are chosen on purpose. The stomach diseases and heart diseases they have

are very confusing.
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(5) A similar REQUEST mess. : (No. 14) is sent to Specialist 2, who is also in the
team for diagnosing “Deficiency of Stomar -Qi”. Specialist 2 sends back its
diagnosis with an INFORM me 1ge (No. 14).

(6) The Coord ator sends a REQUEST message (No. 15) to Specialist 1. who is
available to diagnose the second potential disease “Deficiency of Spleen-Qi™.
Specialist 1 asks Lab1 to conduct the stool test (No. 16, No. 17) first. Then it will
send back its diagnosis to the Coordinator using an INFC M message (No. 15).
The Lab agent (Labl) also saves a copy of the lab result to the file system. and
sent another copy to the blackboard. Coordinator sends a REQUEST message
(No. 18) to Specialist 2, who is also available to diagnose “Deficiency of Spleen-
Qiv...

That is what can be seen from this runtime s shot. The complete multi-agent
communication process is too long; therefore it is recorded only by snapshots. Fortunately
JADE has also provided the function of saving a complete message list.

Figure 19 shows that the Finite State Machine in the Coordinator (introduced in Section
4.3) functions well. It also demonstrates the hierarchical structure among the cooperative

agents.
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(defrule Rule Weak or Adynamic _or RKI pulse
"Rule Weak or Adynamic or RKI pulse”

(declare

->

(open

multi/framework/patientManagement/016/RulebaseS2Deficiency of Heart Qi.t

(salience 300))
(Record (name "Weak or Adynamic or RKI Pulse")

xt outRouter "a")

(printout outRouter "Weak or Adynamic or RKT Pulse” crlf)
printout

outRouter 2y crlf)

printout outRouter ?x crlf)
bind ?WAR {new framework.decisiontree.CrispNode))

call ?WAR setName "Weak or Adynamic or RKI Pulse")

call ?WAR setResultDecision ?y)

call ?*MainRulel”* addMustHaveSymptom ?WAR)
assert (Weak or Adynamic or RKI Pulse Done))
save-facts

multi/framework/specialist2/FactsS2Deficiency of Heart Qi.clp)

)

defrule Rule Vitality Exhausted "Rule Vitality Exhausted”

(
(
{
(
(call ?WAR setResultCF 7x)
(
{
(
(

(

(declare (salience 350))

(Record (name "Vitality Exhausted") (decision ?y)
:> -

(open

multi/framework/patientMa

Xt outRouter "a")

printout
printout
printout
bind ?VE

call ?VE
call ?VE

outRouter "Vitality Exhausted" crlf)
outRouter ?y crlf)

outRouter ?x crlf)

(new framework.deci .ontree.CrispNode))
setName "Vitality FExhausted")
setResultCF ?x)

setResultDecision ?y)

call ?*Subtreel* addMinorSymptom ?VE)
assert (Vitality Exhaus Done) )
save-facts

(
{
{
(
(call ?VE
(
(
(
{
(

nulti/framework/specialist2/

)

defrule Rule Speechless "Rule Speechless™

(

(declare (salience 350))

(Record (name "Speechless") (decision ?y) (CF 7?7x))
=>

(open

multi/framework/patientManagement/016/RulebaseS2Deficiency of Heart Qi.t
xt outRouter

(printout
(printout
(printout
(

bind ?SBS

Ha")

outRouter "Speechless" crlf)
outRouter ?y crlf)

outRouter 7x crlf)

L (new framework.decisiontree.CrispNode))
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(decision ?vy)

:nt/016/RulebaseS2Deficiency of Heart Qi.t

‘tsS2Deficiency of Heart Qi.clp)




?5BSL setName "Speechless")
?3BSL setResultCH 7?7x)
?SBSL setResultDecision ?y)
?*Subtreel* addMinorSymptom ?2SBSL)
assert (Speechless Done))
save-facts
multi/framework/specialist2/FactsS2Dcficiency of Heart Qi.clp)
)

defrule Rule Whitish Co1 lexion "Rule Whitish Complexion"

{

(declare (salience 350))

(Record (name "Whitish Complexion™) (decision ?y) (CF ?x))
=>

(open

multi/framework/patientManagement/016/RulebaseS2beficiency of Heart Qi.t
xt outRouter "a™)

(printout outRouter "Whitish Complexion" crlf)

(printout outRouter 7y crlf)

(printout outRouter ?x crlf)

(bind ?WC (rniew framework.decisiontree.CrispNode))

(call ?WC setName "Whitish Complexion")

(call 7WC setResultCF ?x) -

(call ?WC setResultDecision ?y)

(call ?*Subtreel* addMinorSymptom ?WC)

(assert (Whitish Complexion Done))

(save-facts
multi/framework/specialist2/FactsS2Deficiency of Heart Qi.clp)

)

defrule Rule Spontaneous Perspiration "Rule Spontaneous Perspiration”

(

(declare (salience 350))

(Record (name "Spontaneous Perspiration") (decision ?y) (CF ?x))

=2

(open
multi/framework/patientManagement/0l6/RulebaseS2Deficiency of Heart Qi.t

xt outRouter

(printout
(printout
(printout
(bind ?8P
(call 7?SP
(call 7?8P
(call 7SF
(call
(assert
{

"a")

outRouter "Spontaneous Perspiration"” crlf)
outRouter ?y crlf)

outRouter 7?x crlf)

(new framework. 'isiontree.CrispNode) )
setName "Spontaneous Perspiration”)
setResul tCF ?x)

setResultDecision ?y)

?*Subtreel* addMinorSymptom ?SP)
(Spontaneous Perspiration Done))

save-facts
multi/framework/specialist2/FactsS2Deficiency of Heart Qi.clp)

)

defrule Rule Insomnia or Amnesia "Rule Insomnia or Amnesia"

(
(declare
(

>

(salience 350))
Record (name "Insomnia or Amnesia®)

(decision ?y) (CF ?2x))
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{open

multi/framework/patientManagement /016/Rulebases?Deficiency of Heart i
xt outRouter "a")

{printout outRouter "Insomnia or Amnesia”™ crlf)

(printout outRouter 7?2y crlf)

(printoul outRouter ?x crlf)

(bind ?TA (new framework.decisiontree.CrispNode))

(call ?IA setName "Insomnia or Amncsia")

(call ?IA setResultCF ?x)

(call ?IR setResultDecision ?y)

(call ?TA setAnd Or Flag TRUE)

(call ?*Subtree2” addSometimesHaveSymplom ?TA)

(assert (Insomnia or Amnesia Donc))

(save-facts B
multi/framework/specialist2/FactsS2Deticiency of Heart Qi.clp)
)

(defrule Rule Somnolence "Rule Somnolence”
(declare (salience 350))

(Record (name "Somnolence™) (decision ?y) (CF ?2x))
=>

(open

multi/framewcrk/patientManagement/016/Rulebases2beficiency of Heart oi.t

xt outRouter "a')

{(printout outRouter "Somnolence" crlf)

(printout outRouter 2y crlf)

(printout outRouter ?x crlf)

(bind 7?8 (new framework.decisiontroe.CrispNode))
(call ?S setName "Somnolence'")

(call 7S setResultCFEF 7?x)

(call 2?8 setResultbDecision 2y)

(call ?$ setAnd Or Flag TRUE)

(call ?*SubtreeZ* addSometimesHaveSymplom ?S)
(assert (Somnolence Done))

(save-facts
multi/framework/specialist2/FactsS2beficiency of Heart Qi.clp)

)

(defrule Rule Chest Pain "Rule Chest Pain”
(declare (salience 350))

(Record (name "Chest Pain") (decision ?y) (CF ?x))
=> -

(open

multi/framework/patientManagement/016/RulebasesS2Defliciency of Heart Qi.t

xt outRouter "a™)

{(printout outRouter "Chest Pain" crli)

(printout outRouter ?y crif)

(printout ocutRoutcr 7x crlf)

(bind ?CP (new framework.decisiontree.CrispNode))
{call 2CP setName "Chest Pain")

(call ?CP setResultCF ?7x)

(call ?CP setResultDecision ?vy)

(call 2CP setAnd Or Flag TRUE)

(call ?*3Subtreel* addMinorSymptom ?2CP)














































