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A multi-attribute decision-making method based on case-based reasoning
and grey correlation analysis in heterogeneous information environment

ZHAO Jing-hua't, SHI Jia', ZHANG Yan®', LIN Jie?

(1. Business School, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. School of
Economics and Management, Tongji University, Shanghai 200092, China)

Abstract: Considering the ambiguity of decision information and the interaction of attributes, a heterogeneous multi-
attribute decision-making method based on case-based reasoning and grey correlation analysis is proposed to solve the
issue of the inability to accurately push similar cases in case retrieval with heterogeneous information and improve the
accuracy and efficiency of case retrieval. Firstly, the generalized Shapley values under different attributes are calculated
based on fuzzy measures to reflect the correlation between attributes and their weight information. Secondly, based on the
idea of case-based reasoning, the grey relational model is used to calculate the similarity between the target case and the
historical case. In addition, by combining the generalized Shapley value with grey correlation, the grey correlation degree
between the target case and historical case is obtained, thereby obtaining processing measures that can be referenced by the
current target case. Finally, the feasibility and practicality of the proposed method are verified through the case retrieval
problem of judicial enforcement cases, which can improve the heterogeneous multi-attribute decision-making theoretical
system, broadening new paths to solve difficulties in the judicial field.

Keywords: heterogeneous information; generalized Shapley values; case-based reasoning; grey relational analysis;
case retrieval; multi-attribute decision-making
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FETN — 28R % S Xk BORr AL 1 S A I, vk
B A B B2 50 R E LU L A A S W, U AT AT
HRER RS RG], G B A e 3. B AT
RER R ARG BRI KRB RO RE M E
PR E B AN T T AT 5 20 AR MR, AT S EILR RE HE
. OB E PRIE s AL TR, 285 SR AL
i R T AR ALLRE B T K 2 A DL AP ) G o
] A, I XA T A R SR B KE P L%
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1, S AR R ME AT BEBRAIC, S BER B R ACR AT I
1. DALkt ey SR HCE G 3 A 2 Sk &R O e B H b
I FE AR EH .

B B I AE 75 LR — B AT NI 55 B b 24
HEAT B AP AR AT BB E 2R, AT A R
HME DA HS W, 55 B R R P Sh R AR, R AT AR
FEAE W 55 B B AT kA7 TlAdy, LA stk 4 By JHG Al H A 2%
TR SR I\ A 2241 FE v, 3 BRORH [R) 22 A 2R 2R B Al
7] 8 |1 (1) S 4, SR AN BE LA I 10 N 24 2, ~
Z1o. 75 & B AT N AR PAT S A 1 3= 4k, 128 HU A3 3
AT NI — L8 @ PERFAEAE AT AR & 1, B dE AT
BRI (Ch, BAL: T3 70) BN (Co, B AL: JiT0) BE
PP (C3)s WK (C) AT H(Cs) A
TEAE (Co). Horr: Cy MRS B N FE T EL Oy HIX [H]
;05 ~ CoMHMARIEF RIER R, LGS 5
SMALe, = {lo =1RZ,LL =%,y =—MK,l3 =

Dol =R Y Lo, = {lo =3E%m, L =&, =
— W, 13 =8, 1y =AEFAR Y, Lo, = {lo =R miF
i, b = KRR, o = 58, 13 KB AR, 1, = K
Bﬁ%ﬂjﬂj&%},Lcﬁ = {lo :4E§,l1 :%,12 :#Eﬁ, I3 =
UF, 1y =ARLF Y. kN T gh H I PRAN S 1 R () A5 R
TSy 3N u(CL) = 0.60, u(Cy) = 0.80, u(Cs) =
0.65, 11(Cy) = 0.45, 1(Cs) = 0.60, 11(Cs) = 0.45.
41 RESE

step 1: AT N GRS g s RAF 2R G 1B O, 45
WG PR B 12 2 i FRAK R (3) s (4) & L4\ K
(8) F H AT BT AL

step 2: FH PEA I 14 A5 (1 ASOR FE 0 =X (10) 1T 43
A = —0.996 5; R O) MNEHHH R MK BT
B2 (RROR I B, FLAA G 28 3 B . MR 5 380 F R A0
FE 2 0 (11) i 5E % J8 T8 (1)  Shapley 18, B &
R 4 7R,

®2 PITROGIRRRIER

Z Gy Cs Cs C, Cs Cs

Z 119 [2030]  {1:(0.85),15(0.15)}  {I2(0.5),15(0.5)}  {l0(0.2),1,(0.8)}  {11(0.6),15(0.4)}
Z, 155 [510] {15(0.2),14(0.8)} {15(0.7),15(0.3)}  {15(0.6),14(0.4)}  {10(0.2),1,(0.8)}
Z, 376 [1520]  {15(0.2),1,(0.8)}  {12(0.7),15(0.3)}  {I2(0.5),15(0.5)}  {1.(0.6),1>(0.4)}
Z, 235 [58] {15(0.3), 1,(0.7)}  {12(0.2),15(0.8)}  {I5(0.5),14(0.5)}  {11(0.3),1>(0.7)}
Z. 105 [11,15] {16(0.7),1,(0.3)} {1:(0.5),12(0.5)}  {1,(0.6),12(0.4)}  {10(0.3),1,(0.7)}
Zs 7.3 [4,8] {15(0.2),14(0.8)} {1(0.4),15(0.6)} {15(0.7),14(0.3) } {12(0.5),13(0.5)}
Z; 11 [4,7] {12(0.7),15(0.3)} {15(0.5),14(0.5)}  {13(0.6),14(0.4)}  {I2(0.6),15(0.4)}
Zs 6 5000 {lo(0.7),1:,(0.3)}  {12(0.4),15(0.6)}  {I2(0.6),15(0.4)}  {12(0.3),15(0.7)}
Zs 22 [8,10] {12(0.5),15(0.5)} {12(0.5),15(0.5)}  {1:(0.7),12(0.3)}  {10(0.1),1,(0.9)}
Z1o 17 [1520] {1,(0.5),12(0.5)} {1,(0.6),12(0.4)}  {1,(0.8),12(0.2)}  {1,(0.7),12(0.3)}
Zo S0 [1520]  {1o(0.2),1,(0.8)}  {11(0.7),12(0.3)}  {15(0.8),1s(0.2)}  {l2(0.5),15(0.5)}

=3 PITRGERMETFENERINE

JE AR AR RS TR 2 JR SR ORI 2 JE TS AW
{1} 0.60 {3,5} 0.8614 {2,3,5} 0.9747 {1,3,4,6} 0.9603
{2} 0.80 {3,6} 0.808 5 {2,3,6} 0.9640 {1,3,5,6} 0.9720
{3} 0.65 {4,5} 0.7809 {2,4,5} 0.958 4 {1,4,5,6} 0.9541
{4} 0.45 {4,6} 0.6982 {2,4,6} 0.9416 {2,3,4,5} 0.9876
{5} 0.60 {5,6} 0.7809 {2,5,6} 0.958 4 {2,3,4,6} 0.9817
{6} 0.45 {1,2,3} 0.9747 {3,4,5} 0.9251 {2,3,5,6} 0.9876
(1,2} 0.9217 {1,2,4} 0.958 4 {3,4,6} 0.8960 {2,4,5,6} 0.9786
(1,3} 0.8614 {1,2,5} 0.9706 {3,5,6} 0.9251 {3,4,5,6} 0.9603
(1,4} 0.7809 {1,2,6} 0.958 4 {4,5,6} 0.8807 {1,2,3,4,5} 0.997 1
{1,5) 0.8413 {1,3,4} 0.9251 {1,2,3,4} 0.9876 {1,2,3,4,6} 0.9947
(1,6} 0.7809 {1,3,5} 0.946 4 {1,2,3,5} 0.9919 {1,2,3,5,6} 0.997 1
(2,3} 0.9318 {1,3,6} 0.9251 {1,2,3,6} 0.9876 {1,2,4,5,6} 0.9935
(2,4} 0.8913 {1,4,5} 0.9140 {1,2,4,5} 0.985 4 {1,3,4,5,6} 0.986 1
2,5} 0.9217 {1,4,6} 0.8807 {1,2,4,6} 0.978 6 {2,3,4,5,6} 0.9947
(2,6} 0.8913 {1,5,6} 0.9140 {1,2,5,6} 0.985 4 {1,2,3,4,5,6} 1

13,4} 0.8085 {2,3,4} 0.9640 {1,3,4,5} 0.9720
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x4 PITREBRBMTENT X Shapley &

JEMELE 18 JEPELE =) JEMELE 5 R =}
11} 0.1299 {3,5} 0.1312 {2,3,5} 02747 {1,3,4,6} 02154
2} 02106 {3,6} 0.0715 {2,3,6} 0.2470 {1,3,5,6} 0.2304
(3} 0.1269 {4,5} 0.1218 {2,4,5} 0.2620 {1,4,5,6} 02104
{4} 0.0573 {4,6} 0.0622 {2,4,6} 0.2343 {2,3,4,5} 0.3032
{5} 0.1119 {5,6} 0.0742 {2,5,6} 02518 {2,3,4,6} 0.2755
16} 0.0522 {1,2,3} 03088 {3,4,5} 0.1520 {2,3,5,6} 0.2931

11,2} 0.285 4 {1,2,4} 02907 {3,4,6} 0.0906 {2,4,5,6} 0.2697

{1,3} 0.2030 {1,2,5} 03108 {3,5,6} 0.1026 {3,4,5,6} 0.1326

{1,4} 0.1755 {1,2,6} 02756 {4,5,6} 0.0865 {1,2,3,4,5} 0.3808

{1,5} 02012 {1,3,4}  0.1994 {1,2,3,4} 03232 {1,2,3,4,6} 0.3456

{1,6} 0.1660 {1,3,5} 02250 {1,2,3,5} 03433 {1,2,3,5,6} 0.3706

12,3} 02476 {1,3,6}  0.1898 {1,2,3,6} 03081 {1,2,4,5,6} 0.3373

(2,4} 02315 {1,4,5} 02137 {1,2,4,5} 03266 {1,3,4,5,6} 02755

{2,5} 0.2486 {1,4,6}  0.1785 {1,2,4,6} 02915 {2,3,4,5,6} 0.3456

{2,6} 02210 {1,5,6}  0.1935 {1,2,5,6} 03165 {1,2,3,4,5,6} 1

{3,4} 0.0765 {2,3,4} 02575 {1,3,4,5} 02506

step 3: M4 2 (13) T 5 H bR 440 5 11 52 A4
IR TR R B (€5 ] mnn N

*

&=

<

0.9877 0.8479 0.9193
0.8444 0.7770 0.5081
0.9960 1 1

0.9548 0.7407 0.5319
0.6552 0.9444 0.8738
0.4401 0.7245 0.5081
0.6814 0.7062 0.6522
0.3333 0.7770 0.8738
0.9432 0.8239 0.6371
10.8771 1 0.7684

0.6704 0.566 2
0.7132 0.7759

0.7132 0.6887

0.5800 0.6978
0.8856 0.5601
0.6408 0.8738
0.5652 0.7759
0.6408 0.6486
0.6704 0.5626
0.9393 0.5634

0.6802]
0.6371
0.680 2
0.686 6
0.6417
1
0.9057
0.8277
0.6322
0.6704]

step4: R (14) 1HHE B 2R 5 P L 240
0.6806, ¢ = 0.6052, ¢% =
= 0.6642, ¢

= 04831, ¢f =

IRERBRE N ¢ =
0.7567, ¢5 = 0.6255, ¢f
0.5383, ¢z = 0.6250, ¢}

0.6574, ¢7, = 0.6910.

step 5: fiff 5 f¢ A AHALLIR S 49, 1K step 4 H 7 52 56
15 H bR A K ORI BE RN GEAT HE P, P 45 5
HNZy = Zyg = Z1 = Zs = Zg = Zy = Zq = Ty =
Zs = Zs.

step 6: i e 5 H b 58 451 458 A AL 1) S8 401 4. A
Wy = 095, MERASH TEHMHUEREy =
0.643 2, \If 3845 5 H b5 Z BB R 614 2 =
{ZB,Zw,Zl,ZmZg}-

step 7: ZH K F H AL S 4R, X B AR S 41 R
A . [ A B4 e, DA AT RO
42 XftEoth

N T UL SCRTHR R I B B R R, K %
T3 15 HAth 3 FhAS [R] R e 5 07 V04T X B A3 A, BoAd
R S prow. ] U W, HAR 3 Bl ik I HE T 45 358
Ty T =Ty = Zs = T Ty = Zo = Zy = Zg >
Zg. Hor: AR5 HoAx 3 B0 07 R 159 I AH AL St e
ANGN Zs, Zro, Z1, Zs S ZA P 45 R — 0 TAHALE
AR At Zo, Zs HE P 45 FARAR ), H 50 T
KR TTERIATATE,

x5 ARIFGEMELSH

SCHR [5] SCER[21] JE RN ST + B — 5 A5
ARALLEE

ARALLEE rank ARALLEE rank ARALLEE rank ARALLEE rank
o7 0.8719 3 0.8704 3 0.778 6 3 0.680 6 3
@5 0.8114 7 0.8258 7 0.7093 7 0.6052 8
IO 09163 1 09143 1 0.8464 1 0.7567 1
@ 0.802 6 8 0.8134 8 0.698 6 8 0.6255 6
¢; 0.8514 4 0.8579 4 0.760 1 4 0.664 2 4
o) 0.7655 9 0.7854 9 0.6979 9 0.5383 9
fou 0.8302 5 0.8336 5 0.7144 5 0.6250 7
¢§ 0.753 1 10 0.7585 10 0.683 5 10 0.4831 10
g 0.8164 6 0.8261 6 0.7116 6 0.6574 5
4)1‘0 0.874 1 2 0.8856 2 0.803 1 2 0.6910 2
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R Zy, Zy, Zy, Zo HEFF 25 B — B i X Fp
2 S B SRR — T T AE T, SCHR 5,211 ¥ A IR F
PR M 8] A7 78 10 DG I, RIS 8¢ Ja 2 2 A BBk 57
[, Forb SCHR [S] R0 25 22 B R ARV, AR B T 3 3 VAN
BRI AR e SRR M E w = [0.1774,
0.0988,0.2356,0.1537,0.194,0.140 5]". i% J7 i 3K 15
Y g5 /) B A L A FE YN (C), (BB IE N AR SEH
bR 2250525 ) e B R MR b R R FEUR
A (Co), X5 LR SAFE. R TSCHR[21], 78
PERUE 2 NN E R T 1, B E B e 1 1 B A
JE ) — B0, AT & BV HE b 1 B BN TR S 45 R
R SE M, 7E SEPRIEAT PRSI, & P (R AR A AR AR —
B R B 0 m)VE AT AR TR AT A IR IK
SIE— T FE L b U 9K T, 2 s e B 5
P2 RIS B = A B, R E AS NAEAS B 45 SR A 2
TEAE Gy AT R A B 98 .. T SR AT X Shapley
B2 R BRI 1 2k 2 B 1, 78 4 S5 pE B 4%
A& M 18] 1R A2 B, A 459 A0 R SR A B I 5 3,
N F A SR B 51— 77 T, SCER [5, 21] K ARl 3
PRI JB P AE A AL FE AT SR A, AT R AT 25 S 491 1]
()6 G A AL FEE AL FLARALLFE AR JoT 1 2 £ B 2 7
10, FE B IR T R AR R R AE, HE A e
T 52 Pl 8 AP PR A 0 T R BB . 7 L 52 ) 2 B A Al o
FH 5N, AT R R B T E AR, A1
UK EERR & 25 B2 2 H br 2405 i st AT AR B,
T3t T T, SR e S R AR M AT A TE . T 2K £
R B AZ 0 JEAR R DU 21 it 2 ) LART TR AR P 2 0 5 2
FIBTH IR R 5 B, IOCHRFE Ag 01 R 0 Hh S iR 244
ARG 6 2R, AT A B AH AL FE A5 JEL. AR SCHE
PR B0 T PR R 2, R P R € DRI o AV B E A
ZEA 5 1 s SR A B ARCL RS, 36T LA R G 1) A B 23 i 1)
NG IS

BeAh, 5 e e JE Moy A R MERCE — S
0, OISR FH AR SCHR H 10 S o A3 B IR 1 K € R A
R LA B AR SAT 5 o sk S A ACLRE 45 30 B 45
RESCHR[5,21]— 2, X AT 3 B TR A&
—E I AAT RIS e M. SR A, AR ST EA
R R MR () 28 LG R, M H AR f P T
ZEA 8] PR RRVBARR B2, 48 1 5% 285 SR B 10 e S o R SR 77
il
5 4 #

ENEIPOUR PSS M e e VES VPR
THEHEIR IR 1) R, B H 1 — b ik T SR HE B AN K 5 OC Bk
S3HT I SR 22 P R SR V2. e, P RS B SR ]

o 1 T 0 BB 2, 3 i 4% e 1 (1) Shapley {E 15 2 %
JER AL, A 3 R SR X AN (7] e 2 ) A R
0BT IR RBE AR E H AR S5 P SL =1 %
VR JEE, 12 7 46 T 5 I8 8 00 52 2 80 g A LU SE 00 2, e
G VA5 SR, PR T RS B R S
I HERE 0 J 22 5 PR S IS ol I R SR A B
2T AR A 451, TE T S B 17 AL S 451 SRS VA Fr)
Fes B, R i 3 05 1k B T RE AT A IR R )
e, LUl D7V T AT PE AT Rk, 5B T ik
FEG, AT VE B A U0 R R R

1) K Shapley {H flt \ 21 52 5 {5 /S 2 J& PERF P 5
AR, T35 RE T P A R L ORIPRS pR 4 R K
SN, WA B 24 DA 45 SR D) & SE P i O

2) 3 TR T S AR S K G SRR AR, DA
ARG LTS B AR G155 1 S =B K R,
NN ipeAssy R ES R

3) R S HE R e 2 7 S B, SRR
(RIAR B S B £, 3o I A 5 5 SR HDURR 2 1) Ak B 565 T,
DR TS JS 2 SR Mk R SR R 1 R B

4) R %R FTTE N T B AT A o 4k
AT A 2R ) R, A BT 5 ¥ R 2 e vk
WA R, il e m R AT U T A ) L T 1
f#

I T I SEFR I 0 R R R A 2k, A SR AE — 8
HIRIRAE, & — 25 BT ST ) A R P 78t ) ER S5 7k
HEI BB A, RIS 52 5 B AT T~ R
SRR IRt R 7 T A Rp il DRI
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