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Conflict analysis of decision-makers’ combinatorial behavior based on
stability definitions

HAN Yu, XU Hai-yan', CHEN Lu
(College of Economics and Management, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: According to the existing four stability definitions, symmetric equilibriums are usually obtained, which assume
that decision makers (DMs) have the same behavior pattern. In order to study the influence of DMs’ different behavior
patterns on the evolution analysis and resolution in conflict, this paper proposes a new conflict analysis method considering
DMs’ combinatorial behavior. Firstly, on the basis of four basic stability definitions in the theory of the graph model
for conflict resolution, DMs’ different behavior patterns are identified by two indicators, namely foresight degree and
risk attitude. Secondly, the concept of normalized combinatorial equilibrium is defined to reflect the influence of DMs’
different behavior patterns on the conflict decision. Then, a combinatorial equilibrium solution method based on the
matrix behavior pattern analysis function is given to optimize calculation. Finally, the proposed method is used to solve
the conflict of the implementation of the decent labor security system. The results show that the proposed method can
improve the strategic analysis ability and decision-making standard of the graph model for conflict resolution.
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e B R PERE 2 Y N AR E A AR s = i R ) —
MNAE BB, LN s € §Y7. H: §Y" RR AR [F B
FEEAER - MEREEBSY TRRE g
#4,Y* € {Nash, GMR, SMR, SEQ}.

o4, 75— B AN PSR & 2H R I o 5% o, A
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. 53— 77 T, 0P RR I A fg T fe S B S TR SR A AT
R ANFE VT L, TP 2 5 22 () 2 3 A7 ffd S e 1
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HEAA B E SR A, BRI,

step 1: i & AIE F2 B P R AR 5, d =X () A
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(DY TCEE 2 A 2, X S Rk AT A
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RFAF BT E fF AN A S
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3.1 ARERWMARTURREITAERIRS

H 1999 45 1 bR o7 TR 22 1 he H “ k1 55 ) 718
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NI (R =R VAR Nk od | ANA: K 7 REA1E & i
IR Feh, WO RIS AR R R 2 5, S E
SREINJ). AE S P ) B2 I, BT 51 T 5 ARl 18] 1)
HEEHE B, S 8O % & HARZE G HL S0, BURE N
B =T 0 S AT P A I 8 2 P AS.
320 WRIRHE RH SRR

iR RAEAE 3 AN R K (decision maker, DM):
7 T (DM1). 1)k (DM2) FIBUR (DM3). = #F k5 H
E BER AR HAN [ 1) SR B

LA VAR BRARAE. R LI S 1A
bR R 28, 33E— 20 e BRSO AR TH S B B R SR, BRAR
HEZh R S

AP AT 3 AN AT SRS 1) 4 IS BUR. ks
i SR, A0 9 BRI TN, BT AT
TR SR RO, BAR SR IAE Al = B S it 4% T4
W 2% AF, VR SO v G ARG #h R
e R i i 22 4 AR R A 2) 304 SEHEUSR. Ak S

BURF B 45 WM, S0 4018 20U IBUR. 456 k)
R, IR R 5 Al R R AR o F B AT
S, 3) M AE. AV AT RE H T2 R A BT AR, I R
L&, A AT B,

BURFA 2 A SR 1) 18 B0 70 UK. BUR 56 3 1%
TR, BT T LR, RAIE 53 T AN AL 1) 25 6
PRTH 57 S ] P A3 3K A2 R, 56 o S A 1R 1 4
M HEAT il B T 2) 58 A HEAT BUR. BURFAUES £
PUAR, 34T I AR AT 18 2, LA 32 Hh 3 B B
Z R RE.

322 WATREE

R A P AN S I 2 S HE M R 26 = 64
ANIRAS. BRI, % £l 1 55, B4 T S8 it R, 850
43 SIS, B B 4, D] AV SR 1) 2) K1 3) AN
A A A 3 4, 5 ot L = 3% —. SBU L, BURT 1A SR T
Bk GARE MBRITAATATRE R, FR T
ARSI 124N, Bk insR 4 s, Ho: “N” RoRik
SFH A AN IRPRZ NG, YRR R A ik 4
.

F4 AT SCHEAREGEMRERIE AR BATIRES
e e R
VS &3 qng

S1 52 83 S4 S5 Se S7 S8 S9 S10 S11 812
5 T.DM1 BRA1E N N N N N N Y Y Y Y Y Y
54T S N N N N Y Y N N N N Y Y
£k DM2 43 sl ife N N Y Y N N N N Y Y N N
HE4E Y Y N N N N Y Y N N N N
B 53 N Y N Y N Y N Y N Y N Y

B DM3 o
SEAEAT Y N Y N Y N Y N Y N Y N

323 WREHBEER

B2 T 3N R FEH MRS AL IE DL, “o”
AR 12 PRl ATARAS, I & Sk 7 10 7R B W1 RE IR A ]
PAIERS BRI IIRAS, ) i Sk R PR A4S 2 ) (4% 6 2
A .

DM1

<>
2

324 fRIFEE
FEA LS 3 LA R 50 R (e b,
XA PIATARAS AT LA R 25 &, LR “ Al 57

TR

AT 57 50 O B ) B8 St b 2R 7 v 5 A WSR3 1) v
HER. A

DMl:s15 >1 83 =1 Sg >1 81 =1 S11 »1 S9 ™1
S4 71 82 71 87 =1 810 =1 S5 =1 S6;

DM2: s >2 S5 >2 S3 >2 S1 >2 Si2 >2 S2 >3
87 =2 810 =2 811 =2 89 =2 54 =2 Sg;

DM3: 59 >3 S12 >3 S5 >3 S11 >3 S3 >3 S1 >3
S10 »~3 S7 >3 S8 ™3 Sg »3 S4 >3 So2.
3.3 HRIREMSH

AR P4 7k, TR B R A T 3SR R Gt
NUAAGMCR" B, T S HS i 5% 1A R e i A AL
G, BAR IR S s, 5“7 RoRER L
R B PEME S R, 0 TAH R B — SR T 5 1R 2
HASEM, F(si) (i) R T H AT i, B
PREL T TS BRSPS AE A 58 A [ AT e
A S .
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5 BRREWREEMNER
Sk Nash GMR SMR SEQ Fi(sy)(ci)
. DM1 DM2 DM3 Eq DM1 DM2 DM3 Eq DM1 DM2 DM3 Eq DM1 DM2 DM3 Eq DM1 DM2 DM3
sV v v Vv Y Y A A RV Vv 0 3 0
52 v £  V Vv v Vv 5 5 5
s3 v v Vv Y A Y A RV AV * 0 1 0
sa Vv v v 0 5 5
S5 v v Vv v v v Vv 5 0 0
S6 Vv Vv v Vv 5 0 5
s7 v v vV v v v vV 2 0 0
ss Vv v v 0 5 5
So v Vv Vv v v v Vv 2 5 0
S10 v vV v v Vv 2 4 1
S11 \/ \/ \/ \/ \/ \/ \/ 0 4 3
siz vV VvV oV VY VRV ARV v vV o 0 0 0
331 ARWER A THEAT AR TR 5 B PR B o] B, AH 3 AR 1S Ak Al 5

51 T A ATBUR AT AR R e = 20 c0 = 4.
cs = 1,185 & 4 30(2) nT LA & i R AAE 51018
B G351, 5 TRS. sio BRI H BT EES A &
FTAL 3R SE . A& IS 1R B 5 2038 R, B A
155 B DR B ] B2 FR AR FH1E & B B R R BI04 R, I
Tn CASE it 328 BB -5 Al A B R A A B A B A
H. 5 IR, BT AR B BEABUR B il € 1 4 5 BUE,
AV 77 5 BURF AT BN 280 ir i, 0 5R A5 2O
(1)K 73 3CHF, SIS 1) AR Ak, A3 05K L T v 3 5
KA ORHIER. 514b, 5 TAE A R T i sing B
W6 7, BAR 5 ARl W i B AR A2 0 AT I PR TS, RE 6%
Cictu PSR NI TEZR IR L S AEB= 0 LI R S E2IP: =y
AR PR e, A 2 S TR 510 7T 0, IR P RAMNAS
CASig e, 11 B 22 07« 2 4 FE W i I 1 Al R AR T 57
R B 1] P A T 2% B8 1 A [R] R S AN [ AT e X,
A BT OB 51 TR 28, thA Bh X % 07 R I BOR 17
Hh, A BT S B AT RS R .
3.3.2 STRERS HEBERR LT

N T EE D R WA A B R A L B R
TR R A5 r (1) 4 2 T AR 0 PR B A A AT R B
Gy AT RS H R RORAE A RS E MR E T, 0N T
JI G P38 T 5, 1R AS A v SR A (1) X6 % 32 1 A
(equilibrium, 45 5 N “Eq” ). HH 3R 5 * 1 Eq 41 7T %0,
TZ AT 5 R0 Bk 3 15 fidE 53 930 09 s1(GMR A1 SMR 3 )
s3(GMR. SMR #1SEQ¥J#). s7(GMR 1 SEQ ¥J1)+
510(GMR ¥ 1) s1;(GMR Y1) Fl 515(Nash. GMR.
SMR £ SEQ 7).

AR, IR AR R — A
5 BIRAFAE 22 /N R 280 47 At L 35 R R ke b 9%, B
T IX LG ST AR A AN S A ], B AR R
E‘- Lﬁy¢%@?ﬁ64\ﬁﬁki@@m§81\83\87\510\811\
S19, I XS AT RMEREAT B & 1) X T sq, BURF R B

TXZIBUR FIPATIC &, R BUR S22 2 1 58 K
RELASG. JE— 20 Hh, Al 2 LI 50K 5 SO A J) T 7E )
fE R, Nl 5 5 T TA) B i SR I A e o, MR AR A
FEAE R —Fha A BT AR 2) X T s3, 75 B8 2 BURT il
SE B SR 5 Al [A] DL C FE NS AN e 58 A& T Ak
EEZRINEZN 5 1 3 (1 W1E a7 a4 P b N 1| = M PN s o0 4
T BB 3 AT IR IBUSR, 15 I AR BUBUR I SCRF. 1 —
AP b, 3T AN A H T R, PRAT B 40 UK I 28 4
ANBEARUE 2 TR 28 1) 78 0 S B BRL U, 3 T C & AR
WA AN, AN 1 4 S5 AT 26 FR 2 e, AR T4
THE & R RS & — AN RIS EDIRE. 3) % T
s7, BUR R 4= T HEAT D1 AR T 25 3l DR B i B2, 51 T
SR M W A TH 55 2, AH A5 AN 21 Al 2 T SCRE, B 2R
TCVEEIE M & S B PR UL, 2 eRES I 3 i 2 B i G
AR, B U AR — AN I RS 4) X T s,
TS VAR IR RS G, BT 3R BEUR
FE I BE BT VR AT, H G R BR 8 BUAS Ak, & —
BRI 5) X T s10, B L H NG 1E, ¢
A SIS SR, (L st By S0 AR BT BRI A TS L X 2
— AN TR (1% S5 B AN AH T T 1R 350 4 A

AR, BN T AR BT 22 A A A TR R B
A RN, HEE G RERN A SR,
KA 22 A KRR S5 48 i, I dn fer A AR IR R — AN =T
5 TR PR X TR 5 1 e A O A AR R ) 0. B 0 90 A2 T
R 6 A0 IR BT it 2 —, 6 e ade Dy b SR e 4 )
AR, )3 — 10 458 1 3L S 4 AART T >R 2 BV 22 A6t
PR S5 48 i T, 30 4 L — A o dm 28 91 06 A R
SRR, SR AR NG ST, s10 WA ME— B R
g5 R, 25 s KRR T = J7 Fr A A RAT AU
PHORE BE, BB A% JL S B 53 T A ANBUR 73 3l
a1 = 2,00 = 4,c3 = VT HAMRFKE. BT Bk
I MR R LG I ARG /N T RS R Ik BT,
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oM % AT REA R R WAIT A TSN 1901

RE 0% 25 H RS ff ) W SR AL T L, R R T X R 44 i
fift s11 R s12, s10 RETE 7053 PRI B 75 38047 BUR Y B
WREE AN RS R L.

34 (THEATUIERR

IR 5238 40 IR 25, Al 5 53 T AR B AR 15 e
e, 5 4, e b R E ) M 20204F 3 A H A UG
C &5 1R 48 55 R 20 T AR IE 105 3 AR o [ 1 sE Ak
FREYEEREOCH, Z s E K& THS
I 4 L i BE a8, H ar, WA R ST 38R, I T
SRR AR FEAL, A 1 55 20 DR B ()38 sk 5 SRR N
7 F A (1 U VR AR B SR XA R B0 2 L AR
55 TAERIAS R A T 84k, 33— 5 46 AT A=
FH J5 5K 1) GMR A1 SEQ #R B B [ 1T 978 4 Nash Z A%
ABEAT 9, Al AT AR GMR — AR <7 B AR Ry
GMR. SMR F1 SEQ ¢ il {57 84, WURF 147 A4 2 i
J= K 1) GMR . SMR HlI SEQ e il { < 14 4% 4 Nash Z 4%,
RS AL, v 5 =T5 AT IR AU ey = 2,¢0 =
4,c5 =18 Ney = 0,60 = 1,¢5 = 0. HERS AT I, 1
RIH G IR 510 25N s3. BEET, =77 P98 H ~F- 1
I8 [7] ) 3ok 3 SR #, 2R 0 BTS2 % R R R, R AT I B
TAATH] 57 3 £ 1] 5 75 245K o T 1) A A2 0 3,
A A B4k S HEE NPT

Ty 40, AT R AR 2 e b o 5 AR gk —
AR RE: B — AR N AEAT AR 2 5% $ 3= AR AR

SO, HL 2 A PR R s 2 L AN RS P A B A
BRA 2RI e — R PR 5N, A A)
TER RS — B2 LR 2 5y i R 5 =,
REE B2 B i A AT e R AR AR AR, IX M
— PRI TR EDE T X 53 5 AN A
AT A B, 285k, Tt B A& 1T N
PN HT 5102 A BT AT (1, 0T A R IS 5% ] R
BH—ERNZEME.

4 4 »

MR RGN FEAT AR S5 H Z 2 H
RS, ASCIRAN T B P9 o A i 2 ok e SR
ANFAT B IRTEA R G DL, AL BE Al Edg T
— Pl () 2 T LAY HR R P SR 3 A AT AR SR 4y
W7k %7 A W N R A

1) RGPEHIRE T AN [FIRR R 1 A S Wt 1 e 5
BAT B 2 S, BRI AT T AN RS H B
AT NI RS SRR AL

2) e T AT R XS g o3 M R AR B e AR
SE 1 43 B 350 40 B S, AR AL T i SR 40 BT I v S D R,
PR 9 53 BT B B B8 (1R 2R BE ARG 4L

3) e IR a3 A AR R B i F) o 1k A R
P, 20 & T A E 8 S0 0T i AR AR B AR T 5 B R
SR AT IR B, 2 1T A o SR AL I R

AR A G AT AR RO iR T 4
ol i A A E R A, R SR AT AR SR ABL ) U5 i 05 i
TR PR e At ) — e AR R P S e ) 2
7 R, AR E PO B SSEQ A 2 8. Ah, AL
7 T ] B A P T 1, RAGE T LUK AL B A7 LA
NI IR 3 W RS TR PR S A B AN 72 i 4
AEORA Dt e BT 5 i e S5 AN RE AR 85

22 3k (References)

(1] RE, 80, XSCH. 5 EREE O AT NRHE R

W AR R ST IR T[], RS TR R 5 SRk,
2017, 37(5): 1304-1312.
(Yu G F, Li DF, Liu W Q. Method for incentive
type variable weight decision making considering
decision maker’s psychological behavioral character[J].
Systems Engineering — Theory & Practice, 2017, 37(5):
1304-1312.)

[2]  Galtung J. Peace by peaceful means: Peace and conict,
development and civilization[M]. Thousand Oaks: Sage,
1996: 71-126.

[3] Neumann V J, Morgenstern O. The theory of games and
economic behavior[M]. Princeton: Princeton University
Press, 1944: 17-34.

[4] Nash J F. Equilibrium points in N-person games[J].
Proceedings of the National Academy of Sciences of the
United States of America, 1950, 36(1): 48-49.

(5] RIAR-ILEEHE). A7 AR X5 B A S8 i 7T (M.
A5 R ER K L, 2006: 41-126.

(Colin - Camerer. Behavioral game theory: Experiments
in Strategic Interaction[M]. Beijing: China Renmin
University Press, 2006: 41-126.)

(6] i, IR RHAIH A 28 KIS R 1 I ) S M F 7 1ol
B [7]. FEEIARAL, 2016, 36(1): 89-92.

(Wang M, Cheng Y. A review of the inuence
of negotiators’ emotional style on negotiation[J].
Modernization of Management, 2016, 36(1): 89-92.)

(7] )2, BaF. BB ERE A R EAMEAT R L

e B — 1A 411 S (0 S We s 23 B (9], o A B R 2,
2017, 25(7): 102-112.
(Gao G X, Fan Z P. Seller’s revenue in online temporary
buyout-price auctions considering bidders’ bounded
rationality behavior[J]. Chinese Journal of Management
Science, 2017, 25(7): 102-112.)

[81 Kilgour D M, Hipel K W, Fang L P. The graph model for
conflicts[J]. Automatica, 1987, 23(1): 41-55.

[9] Fraser N M, Hipel K W. Solving complex conflicts[J].
IEEE Transactions on Systems, Man, and Cybernetics,
1979, 9(12): 805-816.

[10] Fang L P, Hipel K W, Kilgour D M. Conflict
models in graph form: Solution concepts and their



1902

# # 5

xR ¥37%

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

interrelationships[J]. European Journal of Operational
Research, 1989, 41(1): 86-100.

Leake C, Fang L P, Hipel K W, et al. Interactive decision
making: The graph model for conflict resolution[J].
The Journal of the Operational Research Society, 1994,
45(12): 1467.

Xu H Y, Hipel K W, Kilgour D M, et al. Conflict
models in graph form[C]. Conflict Resolution Using the
Graph Model: Strategic Interactions in Competition and
Cooperation. Cham: Springer, 2018: 75-109.

PRk, (TRI7, J7 80, 5. “ EhlER-pNE " o
[7i) 1) it = AR o SR B A LT (D). A R A, 2012(3):
180-181.

(ChenHZ,He LF,Fang Z G, et al. The equilibrium design
of “main manufacturer-supplier” cooperative interest
subject hypergame[J]. Management World, 2012(3):
180-181.)

ZEHENN, 7 FLAET. T GMCR [ W 2% B 15 10 A {2
F 1) TR AR, 2020, 39(7): 101-107.

(Li Y L, Fang F S. A four-pole game study of
network public opinion based on GMCR[J]. Journal of
Intelligence, 2020, 39(7): 101-107.)

Tl B MR R R T EIBORAE SR T B D A
FES- T 131, BRHE, 2015, 29(9): 140-144.

(Yu J, Zhao M, Chen Y. Decision makers’ attitudes
analysis under the framework of GMCRIJ]. Soft Science,
2015, 29(9): 140-144.)

L#a, iRt PR BT B AR B 2R A0 1 TR SR
RIS FR I TERE E PERIT I (J]. 4216 5 1R 3K, 2019,
34(2): 298-308.

(Kong Y, Xu H Y, Fang Y H. Research on conflict
stability of decision-makers’ power asymmetry based on
matrix representation of solution concepts[J]. Control and
Decision, 2019, 34(2): 298-308.)

Wi R, X B, J7 5, S5 D 1% SRR U R
BT A (3], i2 %58 L, 2019, 28(1): 108-115.

(Tao L 'Y, Liu S F, Fang Z G, et al. On conflict analysis
model with uncertain preference sensitive to scenarios[J].
Operations Research and Management Science, 2019,
28(1): 108-115.)

Bernath Walker S G, Hipel K W, Inohara T. Attitudes and
preferences: Approaches to representing decision maker
desires[J]. Applied Mathematics and Computation, 2012,
218(12): 6637-6647.

Xu P, Xu HY, Ke G Y. Integrating an option-oriented
attitude analysis into investigating the degree of stabilities
in conflict resolution[J]. Group Decision and Negotiation,
2018, 27(6): 981-1010.

R LR, AR, R, BT R R I 1 R
T AT IR (7). ) 5 PR, 2018, 33(8): 1497-1504.
(Zhao S N, Xu H Y, Zhu J J. Graph model for
conflict resolution with consistent preference and its

application[J]. Control and Decision, 2018, 33(8):
1497-1504.)

[21] Zhao SN, Xu H'Y, Hipel K W, et al. Mixed stabilities for
analyzing opponents’ heterogeneous behavior within the
graph model for conflict resolution[J]. European Journal
of Operational Research, 2019, 277(2): 621-632.

[22] A<, fRiae, MR, T R RY R B B A TR

SR O BAT NHRFAE P R A2 1 (], 42 1) 5 TR 3R, 2020,
35(7): 1730-1740.
(Zhao J S, Xu H Y, Yang B H. Conflict stability of
decision-makers’ psychological behavior characteristics
based on matrix representation of solution concepts[J].
Control and Decision, 2020, 35(7): 1730-1740.)

[23] Owen G, Howard N. Paradoxes of rationality: Theory of
metagames and political behavior[J]. Behavioral Science,
1973, 18(2): 128-129.

[24] Wang J J, Hipel K W, Fang L P, et al. Behavioral
analysis in the graph model for conflict resolution[J].
IEEE Transactions on Systems, Man, and Cybernetics:
Systems, 2019, 49(5): 904-916.

[25] Xu HY, Hipel K W, Kilgour D M. Matrix representation
of solution concepts in multiple-decision-maker graph
models[J]. IEEE Transactions on Systems, Man, and
Cybernetics—Part A: Systems and Humans, 2009,
39(1): 96-108.

[26] SKMT, VEIETE. FE T IR0 RR IR 55 55 0 R AT

— I “INGER BT R B (], W R R AT T,
2015(5): 124-128.
(Zhang X, Xu Q Q. Research on labor relations based
on asymmetric game model-also on the limitation of
“prisoner’s dilemma” [J]. Research on Financial and
Economic Issues, 2015(5): 124-128.)

271 E =05, @ DRI T AR B AR A

BT RS, 2017(12): 223-230.
(Wang L F. The consideration of the change of enterprise
employees from excessive decommercialization to
excessive commodification: 1949 to this day[J].
Academics, 2017(12): 223-230.)

[28] Régo L C, Vieira G I A. Symmetric sequential stability
in the graph model for conflict resolution with multiple
decision makers[J]. Group Decision and Negotiation,
2017, 26(4): 775-792.

fEZ BN

ERH (1991-), 2, A4, WS, BREULR T
9T, E-mail: yuhan@nuaa.edu.cn;

RIHE (1963 ), 22, #4%, A5 0m, MR
FRE VLR L HZE L 5T, E-mail: xuhaiyan @nuaa.edu.cn;

MR (1994 —), Zc, 44, MF R4 HT . AR e o 21
5 5 1FIF 7T, E-mail: chenlu@nuaa.edu.cn.

(FriEthih: ABEE)



