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ABSTRACT 
In this pa.per, a. comprehensive synthesis stra.tegy for conflict reso.lutions in distributed expert systems is 

proposed. It consists of four steps: (a.) if the ra.nge of uncertainties of solutions a. re not in {0, 1 ], the heterogeneous 
transforma.tion functions a.re used to tra.nsform the uncertainties of propositions from that range to the range 
of {0, 1}; (b) if the conflict degree is great, the cluster stra.tegy is used to classify the uncertainties into several 
subsets to reduce the conflict degree; (c) for each subset, if there are more than one uncertainty value, the 
synthesis stra.tegy for inconsistency is used to obtain the final uncertainty a.mong uncertainty values; and {d) if 
there are more than one subset, the synthesis strategy for contra.diction is used to obta.in the fina.l uncertainty 
among subsets. In each step, values for some importa.nt pa.ra.meters have been selected. The innovations of this 
stra.tegy a.re tha.t (a.) it ca.n ha.ndle quite a. wide ra.nge of conflicts in distributed expert systems, a.nd {b) it is 
fea.sible to use beca.use the va.lues of some importa.nt parameters ha.ve been selected. 

1 Introduction 

1.1 Overview 

What is conflict? Conflict is a pervasive and inevitable 
aspect of life [1]. Generally speaking, there are three 
kinds of conflict in human society. These are: belief 
conflict, resource conflict, and goal conflict [13]. Be-
lief conflict appears when cooperating members obtain 
different results or different uncertainties to the same 
proposition. For example, when two scientists predict 
a potential earthquake in a certain area, and both sci-
entists take a geological point of view, one may believe 
that there is more likely to be a class 7 potential earth-
quake in the future while the other scientist may insist 
that a potential earthquake will less likely be class 7. 
Resource conflict occurs when two or more people want 
to use a given resource which cannot handle both of 
their demands simultaneously, e.g. two doctors want 
to use the same "CT machine" at the same time. Goal 
conflict happens when one person has goals that can-
not be achieved if other people's goals are to be real-
ized. For instance, when two engineers design a house, 
the distribution engineer may design large windows on 
the sun-facing front of a house in order to get more nat-
ural light in the house, but the electrical engineer may 
offer a proposal with small windows in the. sun-facing 
front of the house in order to reduce cooling costs in 
the summer. 

Like human society, the same kinds of conflicts may 
occur when expert systems (ESs) cooperate together. 
Belief conflicts are very common conflicts in distributed 
expert systems (DESs) because most DESs concentrate 
on getting solutions to problems [11). 

Obviously, it is not good for DESs to offer many 
solutions to the same problem. The aim of conflict 

resolution in DESs is mainly concerned with deciding 
what is the final solution based on many solutions. 

Because conflict is inevitable in DESs, conflict reso-
lution is a necessary and important aspect of any dis-
tributed expert system (DES). Alternatively we can 
say that a good conflict resolution strategy is a neces-
sary condition for a good DES. 

However, it is difficult to design a good conflict reso-
lution strategy in DESs because conflicts are very com-
plex problems. Usually, conflicts occur because the 
conflicting parties have inconsistent results, insufficient 
resources, or incompatible goals. 

1.2 Conflict analysis in DESs 
In DESs, if more than one expert system (ES) is used 
to solve the same problem, the results may be different. 
There are roughly three cases which are as follows [6]. 

Case 1: Absolute conflict. 

·For the same proposition p, some ESs get the con-
clusion p = true while others get the conclusion 
p =false. 

Case 2: Knowing - ignoring. 

For the same proposition p, some ESs get the con-
clusion p =true or false, but some others cannot 
get any conclusion. 

Case 3: Different values for attributes. 

One of the important attributes for an ES is uncer-
tainty. Sometimes, although for the same propo-
sition p, ESs may get different uncertainties, e.g. 
ES1 says that the uncertainty is z 1 while ES2 says 
the uncertainty is z 2. If z 1 "# z 2, there is a con-
flict. We define lz1 - z2l as the conflict degree. 
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Suppose we use the EMYCIN [7] inexact reasoning 
model to represent the uncertainties. The range of un-
certainties is from [ -1, 1]. If the conclusion is p = true, 
the uncertainty is 1. If the conclusion is p = false, 
the uncertainty is -1. If the conclusion is unknown, 
the uncertainty is 0. So if :z:1 = 1 and :&2 = -1 or 
vice versa, case 3 degenerates to case 1 (absolute con-
flict). If :z:1 = -1 or 1 and :z:2 = 0 or vice versa, case 
3 degenerates to case 2 (knowing - ignoring). There-
fore, absolute conflict and knowing - ignoring can be 
represented as the special cases of different values for 
attributes. In other words, the different solutions from 
different ESs can be represented as the same solution 
with different uncertainties. Conflict resolution in this 
case is how to synthesize these different uncertainties 
reasonably. 

For example, suppose there are three ESs (e.g. 
ES11 ES2 , ESa) to decide the identity of the organism 
for a specific patient. ES1 says that it is pseudomonas 
with uncertainty 0.36 and proteus with uncertainty 
-0.9, ES2 says that it is pseudomonas with uncer-
tainty 0.5 and serratia with uncertainty 0.4, and ES3 
says that it is serratia with uncertainty 0.1 and proteus 
with uncertainty 0.85. Because ES1 doesn't mention 
serratia, we believe that ES1 has no idea about it. We 
can represent this unknown by using uncertainty 0 in 
the EMYCIN model. Then the above solutions are 
represented in table 1. 

Pseudomonas Serratia Proteus 
ES1 0.36 0 -0.9 
ES2 0.5 0.4 0 
ESa 0 0.1 0.85 

Table 1: The uncertainties for each attribute value ob-
tained by the ESs. 

The purpose of the conflict resolution here is how to 
decide the final uncertainty of pseudomonas from 0.36, 
0.5, and 0, or the final uncertainty of serratia from 0, 
0.4, and 0.1, and so on. 

1.3 Different cases of belief conflicts 
Suppose there are n ESs in a DES, the range of un-
certainty of ESs is [-1, 1] and the set of uncertainties 
given by different ESs is {:z:,:}, where i = 1, 2, ... , n. 

Belief conflicts can be divided into two cases: 

Case 1: Inconsistency 

The opinions of all ESs in a DES are different. 
Some of the ESs believe the proposition is partially 
true but others believe not. We can represent this 
case in the following way: 3:z:; E {:z:,:}, :r:; < 0 and 
3:r:~: E {:r:i},:r:~: > 0. 

In the following sections, we will propose and analyze 
a comprehensive synthesis strategy for conflict resolu-
tion to solve both inconsistency case and contradiction 
case. In section 2, we outline the principle of the syn-
thesis strategy. In sections 3, 4, 5, and 6, we describe 
individual part of this strategy respectively. The re-
lated work is discussed in section 7 and conclusion is 
in the last section. 

2 The principle of a compre-
hensive synthesis strategy 

2.1 The problem description 
Suppose there are n ESs in a DES to evaluate the values 
of an attribute of an object, (e.g. what is the identity 
of the organism for a specific patient), the solution for 
ES;, can be represented as 

(< object >< attribute > (V1 CFi1 Ai) (V2 CFi2 
Ai) ... (Vm CFim Ai)) 2.1 
where Vj represents jth possible value, C Fi; represents 
the uncertainty for jth value from ESi, Ai represents 
the authority for ESi, and m indicates that there are 
exactly m possible values for this attribute of the ob-
ject. For example, there are exactly 6 possible values 
for the face-up of a dice. 

From the synthesis point of view, all ESs are con-
cerned with the same attribute of an object. So we 
will omit the attribute of an object in the representa-
tion. Here is the representation of m possible values 
with uncertainties from n ESs. 

(Vi CF11 A1)(V2 CF12 Al) ... (V,.. CF1-rn A1) 
(Vi CF21 A2)(V2 CF22 A2) ... (V,.. CF2m. A2) 2.2 

('Vi CF,.1 A,.)(V2 CF,.2 A,.) ... (Vm CF,.,.. A,.) 

The synthesis strategy is responsible for obtaining final 
uncertainties (V1 CF.1 A.)(V2 CF.2 A.) ... (Vm CF.m 
A.) based on matrix 2.2. 

2.2 The principle of the strategy 

All of the ESs in a DES believe that the proposi- This strategy is mainly used to solve belief conflicts in 
tion is partially true (or partially false). The dif- DESs. It includes four steps: 
ference is their uncertainties. This situation can 
be described as: 'V:r:i, Xi > 0, which means the 
proposition is partially true, (or 'Va:;,, :r:;, ::::; 0, which 
means the proposition is partially false), where 0 
represents unknown in the EMYCIN inexact rea-
soning model [7] . 

Case 2: Contradiction 

(a) If the range of uncertainties of solutions is not in 
[0,1], the uncertainties of propositions are trans-
formed from that range to the range of [0, 1] by 
using the heterogeneous transformation functions 
[8]. For example, if an ES uses the EMYCIN 
model, the range of [-1, 1] should be transformed 
into the range of [0, 1]. 
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(b) If the conflict degree is great, the cluster strategy 
[6] is used to classify the uncertainties into several 
subsets. In each subset, the conflict degree should 
satisfy a certain requirement. At least, it should 
fall in the case of inconsistency (recall subsection 
1.3). 

(c) For each subset, the synthesis strategy for incon-
sistency is used to obtain the final uncertainty 
among uncertainty values if there is more than one 
uncertainty value in a subset of uncertainties. 

(d) If there is more than one subset, the synthesis 
strategy for contradiction is used to obtain the fi-
nal uncertainty for the whole set of uncertainties. 

In the steps (c) and (d), both uncertainties of propo-
sitions from different ESs and the authorities for each 
ES are considered. 

3 The Heterogeneous Transfor-
mation of Uncertainties 

In DESs, the transformation of uncertainties of a 
proposition between different inexact reasoning mod-
els is one of the fundamental problems for cooperative 
problem solving. 

It has two roles (10] for heterogeneous transforma-
tion: 

(a) If ESs in a DES use different inexact reasoning 
models, it is necessary to transform the uncer-
tainties of propositions from different models to 
a single model when ESs cooperate. For exam-
ple, if one ES uses the EMYCIN model, the range 
of uncertainties is in (-1, 1) and another ES uses 
the probability model, the range of uncertainties 
is in (0, 1). The transformation function should be 
used to transform the uncertainties of propositions 
from the EMYCIN model to the probability model 
((-1, 1]--+ (0, 1]) or vice versa ([0, 1]--+ [-1, 1]). 

(b) If the range of uncertainties in some ESs is not in 
(0, 1], the transformation function should be used 
to transform the uncertainties to the range of [0, 1) 
because it is assumed that the synthesis strategy 
works on the range of [0, 1]. 

It is very easy to define many transformation func-
tions which can transform uncertainties from one range 
to another range. Questions here are: 

23 

MYCIN and EVIDENCE THEORY (5]) are semigroup 
structures. Based on such conclusion, Zhang proposed 
that homomorphic transformation is the principal cri-
terion for a transformation function. He also defined 
the transformation functions between any two mod-
els among the EMYCIN, PROSPECTOR, and MYCIN 
models. 

Here is a transformation function [8] from the 
EMYCIN model to the PROSPECTOR model [8] (the 
range of uncertainties in the PROSPECTOR model is 
[0, 1]). 

F(•) = { 

:c :::; 0 & Po < 0.2 
:c > 0 & Po < 0.2 
:c :::; 0 & Po ::2: 0.2 
a: > 0 & Po ::2: 0.2 

where z = Po * (1 - 0.6a:- 0.4a:2 ) and Po is the prior 
probability for a specific proposition in the PROSPEC-
TOR model. The argument a: is an uncertainty in 
the EMYCIN model with the range of (-1, 1]. F(a:) 
is an uncertainty in the PROSPECTOR model with 
the range of (0, 1] corresponding to a: in the EMYCIN 
model. For example, if a proposition P is false, a: = 
-1 in the EMYCIN model and F( -1) = 0 in the 
PROSPECTOR model. If a proposition P is unknown, 
a: = 0 in the EMYCIN model and F(O) = p0 in the 
PROSPECTOR model. From now on, we will use p 0 
to represent the unknown of a proposition and uncer-
tainty range will be in (0, 1]. 

This transformation function satisfies the criterion 
of homomorphic transformation criterion (8]. 

For example, suppose there are ten ESs working in 
the EMYCIN model in a DES. Table 2 shows their un-
certainties from the EMYCIN model. Table 3 shows 
the results of the transformation of their uncertain-
ties from the EMYCIN model to the PROSPECTOR 
model. Here we let p0 = 0.2. 

EMYCIN Pseudomonas Serratia Proteus 
ES1 -0.8 0.9 -0.9 
ES2 -0.6 0.8 -0.8 
ES3 -0.4 0.6 0.0 
ES4 -0.2 0.4 -0.1 
ESs 0.0 0.2 -0.2 
ESs 0.2 0.0 -0.2 
ES1 0.4 -0.2 0.7 
ESa 0.6 -0.4 0.7 
ESg 0.8 -0.6 0.2 
ES1o 0.9 -0.8 0.2 

(a) what are the criteria for judging a good transfor- Table 2: The uncertainties in EMYCIN model 
mation function and 

(b) how to construct a transformation function which 
is closer to the criteria than other transformation 4 Cluster Strategy 
functions. 

In [12], Zhang verified that the four popular inexact 
reasoning models (EMYCIN [7], PROSPECTOR (2), 

Suppose there are n ESs in a DES. For a propo-
sition, n ESs will produce a set of n uncertainties 
{a:i},i = i,2, ... ,n. Firstly the set {a:i} is divided 
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PROS- Pseudomonas Serratia Proteus 
PECTORS 

ES1 0.05 0.69 0.03 
ES2 0.10 0.53 0.05 
ESa 0.14 0.36 0.20 
ES4 0.17 0.28 0.19 
ESs 0.20 0.23 0.17 
ESs 0.23 0.20 0.17 
ES1 0.28 0.17 0.43 
ESs 0.36 0.14 0.43 
ES9 0.53 0.10 0.23 
ES1o 0.69 0.05 0.23 

Table 3: The· transformation of uncertainties from 
EMYCIN to PROSPECTOR 

into two subsets {:c;} and {:z:~c}, where V;,:z:; :::; Po 
and V~c,:z:~c > p0 ,(p0 is the uncertainty to represent 
unknown). In each subset, the conflict would be the 
case of inconsistency (recall subsection 1.3). Secondly, 
for any one subset { :z:;} or {:z:~c}, if the conflict degree 
is great, i.e. 3Z, m, l:z:1- :vml > c1 (cl :=::; Po), the cluster 
strategy [6] is used to further divide the subset into 
several small subsets again. 

method is to find the intersection of these three groups 
of subsets. In the above example, the intersection 
will be {ES1ES2} {ESaES4ESs} {ESs} {ES1ESs} 
{ESgES1o}. The worst case is that the intersec-
tion will be {ESl} {ES2}{ESa} {ES4} {ESs} {ESG} 
{ES1} {ESs} {ESg} {ES10}. 

Therefore, the real result of cluster is shown in table 
4. 

subset ES Pseu- Serr- Prot-
domonas atia eus 

subset1 ES1 0.05 0.69 0.03 
ES2 0.10 0.53 0.05 
ESa 0.14 0.36 0.20 

subset2 ES4 0.17 0.28 0.19 
ESs 0.2 0.23 0.17 

subs eta ESs 0.23 0.20 0.17 
subset4 ES1 0.28 0.17 0.43 

ESs 0.36 0.14 0.43 
subset5 ESg 0.53 0.10 0.23 

ES10 0.69 0.05 0.23 

Table 4: The result of cluster 

The concept of cluster strategy [6] is to divide the 
uncertainty set {:z:;} (or {:z:~c}) into subsets {g;,},i = 5 
1, ... m. So we have 

Synthesis Strategy for Incon-
sistency 

{1) U~du;.} = {:c;}, 

{2) {gi} n{g~c} = l/J, for i =I k, and 

(3) l:z:i1 - :Ci2l < C2 

and 1:•2 =:•1 1 < c3, Vjl,h,il,i2,ia,i4, such that 
"3 ,. .. 

i1 # h, :Z:;,11 :Z:i 2 , :C;,3 E 9i 1 and :z:;.. E 9}2 are valid. 
Note: we suppose that there are n elements in 
{ :z:;} and j :=::; n. We can use the same method to 
divide the uncertainty set { :z:~c} into subsets. 

Here c2 :=::; po and ea is the parameter used to ad-
just the number of subsets. We still use the same 
example as in section 3 to illustrate the cluster al-
gorithm. In this example, let c2 = Po = 0.2, ea = 
2. After cluster, the first column has three sub-
sets. They are subset1 = {0.05,0.10,0.14,0.17,0.2}, 
subset2 {0.23, 0.28, 0.36}, and subset3 

{0.53,0.69}. The second column consists of subset1 = 
{69,0.53},subset2 = {0.36,0.28,0.23}, and subseta = 
{0.2, 0.17, 0.14, 0.10, 0.05}. The third column is divided 
into subset1 = {0.03, 0.05, 0.20, 0.19, 0.17, 0.17}, and 
subset2 = {0.43, 0.43, 0.23, 0.23}. 

The fact is, after cluster, different columns in the 
uncertainty matrix (recall table 3) may have different 
subsets. For example, after cluster, column 1 is divided 
into subsets {ES1 ES2ESaES4ESs}, {ESsES1ESs} 
and {ESgES1o}, column 2 is divided into {ES1ES2} 
{ESaES4ESs} {ES6 ES1ESaESgES10} and column 
3 is divided into {ES1 ES2ESaES4ES5 ESs} and 
{ ES1ES8 ES9 ES10 }. In this case, what is the re-
sult of cluster based on all columns? The simple 

In matrix 2.2, for the one column l, if Vi, CF;.1 belongs 
to the interval [0, Po], or Vi, CF;,1 belongs to interval 
[P0 , 1], then we say the solutions of all ESs satisfy the 
"consistency treatment condition", so the consistency 
treatment strategy can be used {see section 5.1). After 
cluster the n uncertainties in one column l is divided 
into subsets. The uncertainties in every subset satisfy 
"consistency treatment condition". 

In each subset, a strategy is needed to synthesize 
these uncertainties to obtain a final uncertainty if there 
is more than one uncertainty in a subset. 

In this section, a synthesis strategy is described 
which includes: 

(a) consistency treatments for modifying ESs' uncer-
tainties; and 

(b) the synthesis of uncertainties. 

5.1 Consistency treatments 
The purpose of consistency treatments is to adjust the 
uncertainties of all ESs bases on the influences between 
them. In this paper, we introduce a reciprocal influence 
strategy for the consistency treatments [4]. 

The principal aim of the reciprocal influence strategy 
is to emphasize the role of all ESs and the influences 
among them. The basic ideas are: 

(a) quality requirement: If CF;, > CF;, then CFf < 
CF;, after CF;, is influenced by CF;, where CFf 
represents the CF;, after adjusting. 
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(b) quantity requirement: The contribution of 0 F;, 
plays major role to the 0 Ff. The influences of 
other ESs on 0 Ff is minor. 

Based on these requirements, OFf is given by the 
following formula: 

lo 

OFt= CF,+a*""' ~•(1-Po-ICF;- CF,I)•(CF;-CF,) L..J A;+ A, 
i=l 

5.3 

In formula 5.3, OF;, is the original uncertainty, a is 
a constant which is used to adjust the degree of in-
fluence of other ESs on ES;,, and A;, is the authority 
of ES;. Because the influence from other ESs should 
be minor, we take a: = t• where k is the number of 
ESs in a subset. Formula 5.3 can work properly only 
when 0 F;, satisfies the consistency treatment condition. 
Otherwise, it may violate the requirement for quality. 
For example, if OF1 = 0.95, OF2 = 0.1,po = 0.2, a= 
0.5, A1 = A2 = 0.9, then OF{ = 0.967, which is bigger 
than OF1. 

Here is the example of the consistency treatments. 
We use the results of the example of table 4 in section 
4 to test the consistency treatments. The results after 
adjusting for five subsets are shown in table 5. We still 
take Po = 0.2. 

sub ut a ES Autho- Pseu- Serr- Prot-
rity omonas atia eus 

subset1 0.5 ES1 0.6 0.06 0.67 0.03 
BS2 0.5 0.09 0.56 0.05 
ES3 0.7 0.15 0.34 0.20 

subset2 0.3 --:ss4 0.8 0.17 0.28 0.19 
ESs 0.6 0.19 0.25 0.18 

subset3 1 ES6 0.7 0.23 0.20 0.17 
6uboet4 0.5 ES7 0.5 0.30 0.16 0.43 

ES8 0.8 0.35 0.14 0.43 
6ubs<ts 0.5 ESs 0.8 0.55 0.09 0.23 

.~>.:.10 u. U .56 U.uo U.;.<.> 

Table 5: The result of consistency treatment 

5.2 Synthesis of uncertainties 

After adjusting uncertainty values using the above 
strategy, a set of uncertainties are still different. The 
purpose of synthesis is to combine these adjusted un-
certainties in some appropriate way to obtain an un-
certainty value to present a common view of the ESs 
in a subset. 

Suppose that FO F denotes a final uncertainty value, 
MEAN is the mean value of all uncertainties (OFs) in 
a subset, and UNIFORMITY is the deviation of un-
certainty values, the FOF will depend on both MEAN 
and UNIFORMITY of uncertainties. One method of 
calculating MEAN and UNIFORMITY is as follows: 
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Note: UNIFORMITY=O if all OFf are same. Oth-
erwise UNIFORMITY> 0. 

The formula of calculating FOF is: 

l'Ol' = { 'Y • MilAN- fl1 • UNIPORMI"l"Y if UBAN ~:PO 
., • MBAN+/12 • UNIFORMITY if MBJAN <PO 

where 'Y, /31, and /32 are constants. 
Reasons for us to use both MEAN and UNIFOR-

MITY to calculate the final uncertainty value are: (a) 
MEAN is the principal part of the final uncertainty 
value; and (b) for the same MEAN, different UNIFOR-
MITY should slightly affect the final uncertainty value. 

If MEAN~ po, FOF represents partial truth. In 
this case, the UNIFORMITY will reduce the degree 
of partial truth. So we use minus between MEAN 
and UNIFORMITY. In contrast, if MEAN< p0 , that 
means FOF represents partially false. In this case, the 
UNIFORMITY will still reduce the degree of partially 
false. So we use plus between MEAN and UNIFOR-
MITY. Take particular note, if an uncertainty is less 
than Po, the smaller the uncertainty, the stronger the 
degree offalsity. The extreme cases are that if OF= 0, 
it is the strongest falsity, but if OF= p0 , it is the weak-
est falsity. 

Now we decide the coefficient 'Y, /31 and /32. If all ESs 
give the same uncertainty, i.e. UNIFORMITY= 0, 
then FOF should be equal to the MEAN. Therefore 
'Y = 1 is reasonable. (Note, if the entropy method is 
chosen to calculate UNIFORMITY,-y < 1 [9]). 

If MEAN ~ Po (i.e. each uncertainty is greater than 
Po), we believe FOF should be bigger than p0 , because 
there is no reason why the final uncertainty value rep-
resents partially false when each uncertainty represents 
partially true. So MEAN- {31 *UNIFORMITY~ 

. 0 < {3 < MEAN- po Th 1" "t Po, Le., 1 - UNIFORMITY· e upper nm 
of /31 will depend on the maximum of the UNIFOR-
MITY. In a subset with k uncertainties, if~ uncertain-
ties are equal to Po and other ~ uncertainties are equal 
to 1, the UNIFORMITY of k uncertainties is maxi-
mum. In this case, MEAN is 1V0

, UNIFORMITY is 
( ~(1- MEAN)+ ~(MEAN- Po))/k = (1- 1 ~Po) = 
1-:p, /3r :5 ( l~po - Po)/(<1-;'Po)) = 1. If /31 = 0, the 
UNIFORMITY has no affect on FOF. If {31 = 1, the 
UNIFORMITY has the biggest affect on FOF. We 
choose /31 =!so that UNIFORMITY has a moderate 
affect on FOF. Using the same idea, we can calculate 
the upper limit /32 = 1 too. So we choose {32 = ! again. 

After cluster, if more than one subset exists, the syn-
thesis strategy for contradiction is used to calculate 
the final uncertainty value for all subsets (see next sec-
tion). In this case, we should decide a new authority 
for each subset. The formula is the geometric mean: 

FA = t/n:=1 A;, where FA means a new authority 
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for a subset and le is the number of uncertainties in the 
subset. We know the geometric mean is less than the 
arithmetic mean. The reason that we select the geo-
metric mean is that FCF for a subset is weaker than 
MEAN (which is evaluated by the arithmetic mean) be-
cause of the affect from UNIFORMITY. Thus FA for 
a subset should be weaker than the arithmetic mean of 
authorities. 

We continue using the results of examples in section 
5 to illustrate this synthesis strategy. 

MEAN UNIFORMITY FA FCF 
subset1 0.0736 0.0149 0.5477 0.0811 
subset2 0.1690 0.0127 0.6952 0.1754 
subset3 0.2300 0.0000 0.7000 0.2300 
subset~ 0.3308 0.0237 0.6325 0.3189 
subsets 0.6013 0.0548 0.7483 0.5740 

Table 6: The synthesis results for Pseuomonas 

MEAN UNIFORMITY FA FCF 
subset1 0.6200 0.0545 0.5477 0.5927 
subset2 0.2914 0.0324 0.6952 0.2752 
subset3 0.2000 0.0000 0.7000 0.2000 
sub sett 0.1477 0.0095 0.6325 0.1524 
subsets 0.076 0.0149 0.7483 0.0835 

Table 7: The synthesis results for Serratia 

MEAN UNIFORMITY FA FCF 
subset1 0.0391 0.0099 0.5477 0.0410 
subset2 0.1905 0.0063 0.6952 0.1937 
subset3 0.1700 0.0000 0.7000 0.1700 
subset~ 0.4300 0.0000 0.6325 0.4300 
subsets 0.2300 0.0000 0.7483 0.2300 

Table 8: The synthesis results for Proteus 

After combining tables 6, 7 and 8, (keep FCF and 
FA only), it is shown in table 9. 

6 Synthesis Strategy for contra-
diction 

From section 5, we know that the synthesis strategy for 
inconsistency can calculate the final uncertainty value 
for each subset after cluster. However, if there is more 
than one subset after cluster, the synthesis strategy 
for contradiction is needed to calculate the final uncer-
tainty value among subsets from each final uncertainty 
value for each subset. In this case, evidential theory [5] 
is used to form the synthesis strategy for contradiction . 

SupposeS is a finite set, S = {s1, s2, ... , sm} where 
s1, s2, ... , sm are propositions. 2• denotes the set of all 
subsets of S. Suppose P.k and P.l are two basic support 
functions over the same set 2• . J-Lk(s.:) and P.l(s.:) are 
used to measure the uncertainty of proposition Si by 
ES~c and ES1 respectively. 

The synthesis function is defined as follows: 

Pseuomonas Serratia Proteus FA 
subset1 0.08 0.59 0.04 0.55 
subset2 0.18 0.28 0.19 0.70 
subset3 0.23 0.20 0.17 0.70 
subset4 0.32 0.15 0.43 0.63 
subsets 0.57 0.08 0.23 0.75 

Table 9: Three values from five subsets 

lA(• ·) _ IA~(•i)IAI(•i) + IA~(•i)IAI(•) + IA~(•)IAJ(• i ) 

' - l'lo(•)I'J(• ) + L:::l (~A~o(•i)l'!(•i) + IAJo(•i )IAJ(•) + I'Jo(•)IA! (•i)) 
6.1 

If the denominator of formula 6.1 is 0, formula 6.1 is 
undefined. This means that J.l.k and J.l.l are in absolute 
conflict. In this case, the synthesis strategy cannot be 
used and other strategies are suggested to be used to 
solve the conflict. 

In the above functions, P.l(s.:) and P.l(s) are given by 

'( ·) _ { p.~'(si) *FA, 
J.i.l s, - "( ) Jl-1 Si 

'( ) _ { p.?( s) * FA, 
J.l.l s - "( ) Ill s 

m 

if p.~'(s.:) < Po 
otherwise 

if p.~'(s) < Po 
otherwise 

6.2 

6.3 

6.4 

6.5 

p.~'(s) = F1(F2(1- 2:: CFzi) * F Az) 6.7 
i=l 

where GF1i is the uncertainty value for the ith possi-
ble value from the lth subset after cluster, F A1 is the 
authority for the lth subset. F1 is the transformation 
function from the EMYCIN model to the PRESPEC-
TOR model and F2 is the inverse function of F1 (recall 
section 3). The same method can be used to define 
J.l.k(si) and J.i.lc(s). 

Why do we define J.J.I(s.:) in formula 6.6 this way? 
The reasons are as follows : 

Case 1: If F Az = 1, i.e. full authority, then 
adjusting p.~'(s.:) should be the same as GFli. For-
mula 6.6 works as 

because F1 is the inverse function of F2 . 

Case 2: If F A1 = 0, i.e. not any authority, then 
adjusting J.J.I'(si) should be unknown. Formula 6.6 
should be as J.J.i(s.:) = F1(F2(CFzi) * 0) = F1(0) = 
Po because 0 in the EMYCIN model represents an 
unknown and function F 1 transfers the unknown 
in the EMYCIN model to the unknown in the 
PROSPECTOR model. 
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Case 3: The bigger the authority, the stronger 
the degree of truth. For example, suppose F Az 
is 0.9, FA.~: is 0.1, CFu = 0.8, CF.~:.: = 0.8 and 
po = 0.2, then JL~'(s,:) = F1(F2(0.8) * 0.9) = 0.60 
and JL~(s.:) = F1(F2(0.8)*0.l) = 0.21. So JL/'(si) > 
JL~(s,:); 

Case 4: The bigger the authority, the stronger 
the degree of falsity. For example, suppose F Az = 
0.9, FA.~: = 0.1, CFu = 0.1, CF.~: = 0.1, and Po = 
0.2, (note: if an uncertainty is less than po, then 
the uncertainties represent partially false), then 
JLz'(s,:) = F1(F2(0.1) * 0.9) = 0.11 and JL~(si) = 
F1(F2(0.1) * 0.1) = 0.19. So JL~'(s.:) < JL~(si). 

It should be noted that synthesis strategy. for incon-
sistency is concerned with one column only when it 
synthesizes different uncertainties in one column (re-
call section 5). However, synthesis strategy for contra-
diction is concerned with the whole uncertainty matrix 
when it synthesizes different uncertainties in one col-
umn. 

Each time, two uncertainty values can be synthe-
sized using formula 6.1. If there are n ESs in a DES, 
after applying formula 6.1 n- 1 times, the final uncer-
tainty value for the proposition s,: is obtained. Note, 
each time a new authority is needed for further synthe-
sis. The formula can be N FA= wa+wtj F Ar'•.F AZV", 
where Wi is the weight for lth subset and W.~: is the 
weight for kth subset. The weight W is measured by 
the number of elements in a subset divided by the num-
ber of elements in the whole set. The formula for the 
new weight should be NW = Wz + Wk. 

We take Table 9 as an example. 
After using formula 6.1 four times, three uncertain-

ties for three values from five subsets are obtained 
which are shown in table 10. 

Pseudomonas 
0.507 

Table 10: The final result of uncertainties for three 
values. 

7 Related Works 
During recent years, conflict resolution has been a crit-
ical capacity required for coordination in DESs. The 
synthesis method is considered to be a good way to 
solve belief conflicts in DESs [6]. 

In 1985, Khan [3] first proposed an uncertainty man-
agement strategy to solve belief conflicts in DESs. In 
this strategy, the contributions are: 

(a) cooperative ESs influence each other and show co-
operative behavior by modifying their values of 
uncertainties; and 

(b) the final decision of a certain proposition is based 
on not only the average of uncertainties of the 
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P!Opositions but also the uniformity among ESs 
about the proposition. 

This strategy still had several limitations: 

(a) It assumes the range of uncertainties for all ESs 
is in [0, 1]. To those ESs whose uncertainties take 
from [-1, 1] or other ranges, such as the EMYCIN 
model, this strategy doesn't work. 

(b) When it synthesizes the uncertainties, it does not 
take. the authority of each ES into- account. 

(c) When the conflict degree is great, it doesn't work 
well. 

(d) In this strategy, there are several uncertain pa-
rameters to decide the contributions of different 
factors. Khan didn't give a clue about how to set 
them. If the parameters are set improperly, this 
strategy will be less useful. 

In 1990, Zhang [9] introduced a homomorphic trans-
formation method to realize the heterogeneous trans-
formation of the uncertainty of a proposition between 
different inexact reasoning models. This method im-
proved Khan's strategy to work in the EMYCIN model. 
So it overcame the first limitation only of Khan's strat-
egy. Zhang also proposed a new method for calculating 
the average value of uncertainties and uniformity cor-
responding to the new range of uncertainties. 

Recently, Liu [4] has done further research and in-
troduced the influence of the authorities of ESs. So 
this strategy overcomes the second limitation only of 
Khan's strategy. Liu also introduced a new method for 
calculating the average value of uncertainties and uni-
formity considering both uncertainties of propositions 
and authorities of ESs. 

Lu [6] introduced a cluster strategy to further classify 
all uncertainties in a DES into several subsets to reduce 
the conflict degree. It overcomes the third limitation 
only of Khan's strategy. 

Summarizing, Khan · [3] proposed the basic frame-
work of the synthesis strategy in DESs. Zhang [9], Liu 
[4], and Lu [6] improved the framework by each over-
coming one limitation. However, no one strategy can 
work well to solve a wide range of conflicts. The key 
problems remaining in synthesis strategies in previous 
research are: 

(a) how to allow these strategies to be really useful, 
because each strategy can only solve problems in 
special conditions; 

{b) how to find clues to determine some important 
parameters in these strategies. Otherwise these 
strategies cannot solve real conflicts. This is a 
very difficult and important problem. It has not 
been solved in previous researches. 

In our new comprehensive strategy, we have: 

(a) combined the advantages of the above strategies 
to solve a wide range of conflicts; and 
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(b) given a guideline for setting some important pa-
rameters in the strategy and they are verified. 

8 Conclusion 
In this paper, a comprehensive synthesis strategy is 
proposed to solve belief conflicts in DESs. This strat-
egy can solve a wide range of conflicts in DESs because 
it overcomes the limitations of other strategies. This 
strategy is feasible because the values for some impor-
tant parameters have been selected and verified. 

The limitation of this strategy is that it can't solve 
absolute conflict. Furthermore, this strategy will be 
used in real DESs to analyze its effects. 
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