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Abstract: As effective tools for dealing with uncertainty, three-way decision models have been widely applied in

the study of conflict analysis. However, existing three-way conflict analysis models are'mostly-based on single-type

JEE IR H < [H 5 A R4 342 (62206228,62076040,61976130,62276217) ; Z A # ASCHE S BHEAFFE 342 (21YIC630092 ) 5 8 5 4
4 (202206985004 ) .

This work was supported by the National Natural Science Foundation of China (62206228, 62076040, 61976130, 62276217), the Project
of Humanities and Social Sciences of Ministry of Education of China (21'YJC630092), and the Foundation of China Scholarship Council
(202206985004).

WORS H 49 :2023-05-22 &l 199:2023-08-14



FEF F: FEEFHWRER RGP RIRA— B E X WK 1233

conflict information systems, which fail to address the challenges of practical situations where agents may have
missing or multiple types of ratings. Furthermore, the existing definitions of alliance sets are typically based on a
given agent. Particularly, agents in an alliance set are allied to the given agent, but they are not necessarily allied
with each other. To address these issues, this paper proposes a three-way conflict analysis model in an incomplete
heterogeneous conflict information system. Additionally, this paper presents the definition and algorithm of a family
of maximal consistent alliance interval sets, where agents are allied with each other. Firstly, the incomplete heteroge-
neous conflict information system with single-dimensional multi-type ratings is transformed into a two-dimensional
fuzzy incomplete conflict information system with two-dimensional single-type ratings. This is achieved by defining
the support and opposition degrees for different rating types of agents. Secondly, the agent-based alliance, conflict,
and neutral interval sets using optimistic and pessimistic distance functions between agents are defined. Finally, a
family of maximal consistent alliance interval sets is defined and obtained by adopting the algorithm of maximal
clique enumeration.

Key words: three-way decision; conflict analysis; incomplete heterogeneous information system; maximal clique;

family of maximal consistent alliance interval sets
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DX ] 4 | i 5 DI AR 37 DX ) 42 79 1 A4 22 7T REAS
S
T o AR B DL E e
Bl 122 R R SE s SR A B RS S=(4,1.V,)
Hof A={x, x,,n,, 0, 00,1 5 2 J=1={i0,,05,0,.05) o
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Table 2 Incomplete heterogeneous conflict information system
I/

A ; 5 5 ; 5

i i, i i i
X, -1 * {-0.20,+0.60,+0.90} +1 [+0.80, +1]
X, +0.90 {-0.10,0,+0.10} * -0.90 -1
x5 [+0.60,+0.80] -0.80 -1 -0.80 [-0.10,+0.10]
X, 0 [-0.94,-0.20] -1 s -0.90
X5 {+0.30,+0.80} -1 -0.80 {-0.70, -0.80, -0.90} {-0.70, -0.80}
X [-1,+1] ® [-0.90,-0.40] [-0.20,+0.40] +0.85

S=(A,1V,deg) , i3 P, X (8) n] #4442 7]
b OB U SRS S U S | R B S e
RNo BEBME a=037 1 B=0.6, & X 11753 5%
T J I X ) AR | 5 DX [A] B P ST IX (R R

AS( NEREAREREAY A
) [{xs} {xzyxuxmxs}]
=[©

3 AuBEFHIMRGERRS

ENERRENENENEN]

Table 3 Two-dimensional fuzzy incomplete

conflict information system

1

A i, iy i, is

deg” deg deg' deg deg’

deg” deg' deg deg' deg

X
{xz»xzaxwxg}] I

% 090 0

0 1.00 = * 050 007 1.00 0 09 0

0.03 0.03

*

* 0 090 0 1.00

%, 070 0 0 080 0 1.00 0 080 003 0.03
=[D w6} X%, 0 0 0 057 0 100 * % 0 090
=D {x,,%0,,%,,%.}] x5 0.55 0 0 100 0 08 0 080 0 0.75
= {3,205 (%0200 240 X s ) %, 025 025 % % 0 065 013 003 085 0
)=[D S« }]
( =D 25,0420} Ha RBLZ T UUBAE 70y SR dis)
S j(x)=[{w,. x5 {o,,5,20,,5,2} ] Table 4 Optimistic distance dis| between
(% =[D {x,,x4}] agents with respect to J
=D {x,,x,,%5,%,}] A x, X, X x, X %,
=[{x,, %40, %), {2,005, %0,,%5, %] x, 0 0.57 0.58 0.42 0.62 0.30
=[{w L {x )= 1x,) %, 0.57 0 0214 016 © 017 038
1D )] x, 058 021 0 0:18 013 028
%, 042 046 018 0 013 026
=[{w ) {x,, x5,0,,25,0,}]
% 062  017. 013 013 0 0.32
=12 . ] 0300 0388 028 026  0.32 0

2N .
D

’ x]axzax%axwxs}]

BE TR K A i

B K — Bk WX ) 4

1 LIRS A 58 # 548 oh A B R U e

#5 ARBELZ MC T USRS B dis)

Table 5 Pessimistic distance dis, between

agents-with respect to J

A x, X, X5 X, X5 X
162 4RI 58 5 th 5457 L R Ge, I e SCER B IX . 5 N o o5 o5 0%
[) £ | 2 [X ) 4 A A 371X ) £ R 8 10 21 2 ] 1Y) . {97 0 04l 056 037 o8
KR AT — BRI K — B0 B X A%, I 5 078 041 0 038 013 048
FIIFH A K 141 ) Bron-Kerbosch-Degeneracy 5.1 % 082 056 038 0 033 0.66
(TR F% BKD 53325 ) 4 Bl R — S0k B IX () 4R 7 o x 082 037 013 033 0 0.52
RESC T H Y R AR B e R M E L. % 050 078 048  0.66  0.52 0
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WA E XS5 Bitie, yedS,(x)e@,y)eR, . HIt,
AS (x) BT B AS)(x)={y e Aldis)(x,y) < a} A FE 4 5E X
HAS(x)={yeAlx,y)eR}} , Horh R} 3R i AR WL BE 2
PRAICE AR DG R B (v,y) e R} & dis)(xy)< @ o
[P, AS (x) 1 EFA AST(v)={y e Aldis)(x,y)< o} 7] 55
Wi LN AS)(0)={y e Alw,y)e R}} , Hrf RY s i 2R
LR R e R SR B OC R L B (vy)eR) &
dis;)(x,y)< a. CS,(x) il NS (x) AR Lo IR
TR R FURMLIB B ¢ & R W2 A RCPE R PR
IR — g AL ME . T 15 2 9 9 A OC Y kA
B0 UM R — B0k B X () R R 4N T

12 B S=(A,1V,deg) & — YERER A 58 45 np
REB RS, H @ EWMBH KR R ={(x,y)eAx Al
dis;(x,y)< o RO BE 3‘@ E R?Z{(W’}’)EAXAl
dis)(x,y)< o} o FETBOE T J WK — S0k B 41
JRH X ] £ TR

MA, =[MA,MA"] (11)

HY T 8 2 (B 1 A7 AE , 1R — B0 HE 4R R 1l o X
F— A X, Hoh MAY BRI FIRWEE B E R R
AR R — B0k WL AR IR (DL L 6) , gl R —Z5k B X
AR T 5L MAT J2 5 T AR B O & R B K
— B AR (UL L 6) , Sl R — 50k W X Ja) 4 i
) B

A E 10, Z4EBOMI A 58 5 0 M5 B R 4
S=(A,1,V,deg) FIYEI S SE R R RURWLEL B 56 R
Ry W62 A VRIS R (HAS — g W e AL b M, T
WA MK RE G =V, E) )i A% 2 [ B e
Fo H v FRRACHENTLAE, B FRoRBKME X
RMWEE . HARERH, ¢ T READTSHEA H
oo ERRPE AT AL g AN [ 0 =2 (B A A, —
A J7 AR 2530 o AR IR X T A, Y R B
AT LY H R, I 5 AR SR T 2% 30 1 Ak O — 2%
TC ] ), Fon B B ¢ R AA ) 18 G A — A
Tla i P G=(V.E) , b v= v FRox AUBEAR A9 TS
&, E NSRRI R TIN5, il wT
A3 LT AR LR B 56 R R MR LB BRIGC R R H) i
PTG P G =(V,E™) M1 GE =(V, E™) o A
SC12 AT, B e ih RAG B R G h B T
AR T BOR —BOR B AR R MA, =[MAT.MA'] , 5%
ST 6T R I T AR M B OC R R IR —3K
IR AR5 MAS FIE TR B C R R) IR —2K
BB MAT o AR 2 SC 6 AT, B R — S0k B 4R Tk

R A WK — S0 B AR A B B B R AR — Bk
R A v A LA B DG AR o X 3 G ) T B
Bl G =(V,E) H M R — S0k B8 42 BRI Ay T00 e P4 79 AH 34 11
WK TE TR EEE ., HIL, T 4 B0 A 58
£ A5 B FR G0 PR — S0BC T IX [ SE E A [in) Rk
FAL R4y R 6* =(vV,E™) F 6" =(V,E®) H BT A oK
SE4 T IR TS AR BIVSRB K AT B4 o0 4 [R] R

F2 A R AT 2 S v — A 22 LY NP E [R] E, ©
5 — B R X = R B, Bron-Kerbosch ik
(fA7 AR BK 74032 ) 42 Bron Fil Kerbosch T 1973 4- 42 H (9
MO R B 32 o BRSE 32 5% [l 39 1) O st A7 4
R 2% R 03"") L3 BL NI/ [ b 0 A A
B, AL — DI, R )G B0 TR
T 2 A R B4k S R BT A . 7E BR AL
el I, Tomita %45 ) T BK-Pivot 5 1 (fij % BKP
L) BKPHEIER T/ RS 0], 5] A—A Akl
T, B8 J5 76 38 U 0 T Bk 2% R b 5 9 A 28 T
SV W E D T B VAR B ORI R R Y
MR . BKPF LM 8] 2 42 8 T ik 3] 02" R
(4% B0 R, i ) A2 28 A AR 2 03"") . BR B L
BKP 7 1) i 1] &2 4 B w6 5058 4 34 45 T v T A
B AH G, AN T T A R

Eppstein 553 F BKP .75 #2 11 T BKD 5%,
R T T 3R 17 (degeneracy order) , i
T A0 URORE A TS Sk i A S B 0 18 43 51 9
BKP B9k, IR A B R A . 6 F — > ] B
T B G=(V,E) , Hk if B b B4 e L — 44 7€ /D
8 d #1156 B HEE PRI 2 D — 1
ANH L d P TS o SR A TS B AE 7 2oL TR A 4
TP, BRIV IO BE RO /NI AS o3 00 st A 3 A4 2
M0 o Titws 1R Ak 3 1R 3K A m] LA FH AL 58 BA 31 S 30
B BT A TS AR SE A B, SR S R R B K]
HA RS IR /I 18 T A, 44 JHC R 408 IO skt A B 25000 1, %
JaEE LR, HEIBAS 2SO Az Bk R a2
Ze S O(dx ||V < 3") . UBKD & i 38 i 1B Ak B 25 1
T0 S AE R H o5, D8 AT TUAR I AR, DA 76 7
Bl LRI RAFAPERE. T AR S5 R
F 45 i i (R AR R R O &R T R 2R M g IR, AR ST
FE T BKD™ R 2 43 A A2 I T AR LR B C R R AN
I C R R 1 A L8 67 =(V.E) Bl 6" =
(VE™) v B K P, AT 0 BB, K — 0086 21X ] 4
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KAE(C =(V.E) B C" =(V,E") ); TH AL w HIARAS T
WA adju)=AS,(u)~{u) s BF R s T IELEHCE
AIHL s B P RN IE TR AR &, BIMTS 9K Al LTS fin 2
T A X R AR T 5 |
5 i AT A TR AN AR AR B THUA
§i%1 BKD ik
FA - TC R G =(V.E) o v Tk, E hindk.
i - PRI R BT RO MC
Function Bron-Kerbosch-Pivot (R,P,X) :
if 54 P hEH X % then
RSB RES MC
else
PERE— RN ve PUX
for ue P\adj(v)
Bron-Kerbosch-Pivot (R U u, P () adj(u), X () adj(u))
P<—Pwu
X—XUu
end
Xof A T i FRORAR P HE R L A5 2 0,005,000,
for v,eV
P—{v, 0100500}
R—{v,v,, v}
Bron-Kerbosch-Pivot ({v,},P ) adj(v,),X () adj(v,))
return MC
i 3T R B L B HE
Bl 2 AR A 1, o3 0l R gk R TSR W BB B OC &
R} ={(x,y) e A X Aldis}(x,y)< 0.37} F1 4R WL B B3 56 &
R? ={(x,y)eA XAldis;'(x,y)< 0.37) B 5T In] faj 2 &
G =(VE") B G =(V,E) N LR 2 B . R
2 53 B SE 1 15 308 TR MR B G R R
FHE TSR ULER B2 OC 22 RY BB KWL, an 1] 3 A IE] 4 i
TN o HTIHCARAR IR R — B R IX ] A e -
MA, =[MAT MAT]=[{X] X7 XX, XXX XY

X1 X6
o o

X2 Q 9 X4
Xs X3

1L F BRI R WAL R ¢ =(v.EY)
Fig.l Simplified graph G =(V,E") based on

pessimistic alliance relations

X1 X6

x5 X4

X5 X3
P2 JE TR R M R R ¢ =(V.EY)
Fig.2 Simplified graph G* =(V,E") based on

optimistic alliance relations

P33 R F U WG & IR K 1A
Fig.3 Maximal cliques based on

pessimistic alliance relation

Pel4 B3 SR ML MIOG 2 IR 14D
Fig.4 Maximal cliques based on

optimistic alliance relation
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