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Abstract. With the rise of big data, cloud computing and artificial intelligence, the logistics field is also
growing rapidly which is reflected in the development direction of smart logistics. The outstanding
performance of smart logistics is first reflected to the informationization of logistics. The higher the coverage
rate of logistics informationization, the higher the intelligence of logistics, the emergence of T — JIT is the
symbol of the degree of informationization of logistics, and it is also very concerned by academic circles in
recent years. Under the innovative theory of T — JIT in the supply chain, the study of how to coordinate
management online or offline for the dual-channel supply chain to reduce risk is a hot topic in supply chain
management research in recent years. To cope with the complexity of the supply chain coordinative risk
determined by the uncertainty of the supply chain itself and the external environment, and the diversity of

customer requirements, the research of collaborative risk optimization of dual-channel supply chain under the
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T - JIT theory background is proposed. Combining fuzzy mathematics theory with factor analysis method ( FAM)

and TOPSIS method, the fuzzy evaluation model of supply chain coordinative risk is established, which reduced

the dimension of multi-attribute evaluation indicator and solved the problem of integration of risk evaluation

indicators and excellent evaluation indicators. At the same time, considering the influence of information sharing

factors on the expected profit decision-making of dual-channel supply chain under the T - JIT environment, to

maximize the benefits of enterprises in each node of dual-channel supply chain, the Stackelberg game model is

established, the feasibility and validity of the model and the proposed method are verified by example and

numerical simulation and compared with the existing research methods, It provides a new theoretical guidance and

a feasible method for studying the collaborative risk optimization in dual-channel supply chain.
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Stackelberg game model
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Fig. 2 Influencing factors of collaborative risk in dual-channel supply chain
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(NS NI SRR N i W N L TEGE AP P T
b SRR IR A B, DA A
WM 3 A ATl (H,, Hy, Hy ) i —4 i
ARV I B AL B T3 R4 PR U A AR . oA
RO RV 415 b Bl [P A8 s 3 s R) R, SO 2
WG T 8 LK (M, My, My, My, Ms, M,
My, Mgt HSIRSE/NAL, X XU £ 17 B 1) XU 45

Mog+r=1-0, Blo=
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PRiEAT ) R A o SR B TE 08 B BT FAM - ®3 ERNERAXREBBNESTE
TOPSIS = 7ff 72 A 4 8 11k 107 58 114 KU 5 3 PE M 45 #7 Tab.3 Total variance of correlation coefficient of
R E MR AES Y, EBAF . principal component matrix
B RANERAL, SSRGS Mk RN by
REHE IR Y 38 ASSRFRIEATHT4Y, JErh & 5K 46 : 2 : : >
kA B 52 (. B IEEE 2 f, el K42 0.963 0.023 0.157 0.258  -0.083
SEBRE 5 2 . PR S e 2 e 5 2 K82 0.939 -0.122  0.213 -0.243 0. 130
R, DAIOSMEOBTAEI, AU B g Y OO 1 on o ean e
HUEUN Z AT AT Ay FOb, Ay, R0D O o0 b a0t
S i G T4 O ~10 4. T ~8 43 K92 0.891 -0.373 -0.192  -0.075 0.116
S~6/4r. 3~4 4. 1 ~2 4% FJi FAM ik £ 1 K61 0.875 -0.207  0.106 —0.432 0.025
BAREATAHT, IR OO RS A R sy B D e Rl
Wi, W32 W3 R RIS N Z, K71 0.849  0.375 0.340  -0.018  —0.045
WIS Fn AE 3 6 Fh 2. AR T 07 224> K113 0.806 -0.339 -0.074  0.061 0. 494
PHETTA AT AR R BB R EN T HE K2 070 S0 0.0 0,095 0273
SN K, Ky, Ko Ky, Ky, Ko FLH B 2 K112 0.783  -0.205 0.021  -0.196  -0.536
A B E L A E R W = (0. 19, K41 0.725 0.553 0.230  0.247 0.230
0.174, 0.167, 0.164, 0.17, 0.159), ot 0676 0.615 0528 0.280  -0.050
%2 KMO 71 BATLAB &1 1 K111 0.647 -0.189  -0.582 -0.141  -0.416
Tab.2 KMO and BATLAB moderate test K102 -0.339  -0.856 -0.162 0.182 -0.279
HORE LA 1 Kaiser-Meyer-Olkin Ji 5t 0. 784 K62  -0.023 0.869 -0.132  —0.056 0.498
T Ty — 85. 958 KIl  -0.519  0.856 -0.036  0.079 0.153
ar 17 K32 0.021 0.816 -0.416 -0.162  -0.363
Sig 0.005 K133 0.035 0.789  0.092  0.428  —0.449
K123 0.027 -0.757  0.126  —0.488 0.395
2} K122  -0.226 -0.739  0.131 0.425 0. 464
10 K74 0.494  0.757 -0.177 0.114 0.413
= 8r K12 0.580  0.675 0.434  -0.220 0.043
E j i K83 0.385 0.671 0.279  -0.555  -0.166
L K63 0.263 0.076  -0.890  0.285 0.226
ol K33 -0.033 0.521 0.822  0.221  -0.176
1 4 7 10 13 16 19 22 25 28 31 34 K132 0.080  0.637 -0.733  —0.047 0.226
RAH K21 0.510  0.307 -0.725 0.267  —0.224
E5 #maE Ki42  -0.138  —0.087 0.713 0. 698 -0.072
Fig.5 Scree plot K101 0.374 -0.522 -0.669  0.18  -0.275
F2 9, KMO i} 0.784 >0.5, FHAAS &A1Y K52 0.131  -0.610  0.68  0.157  -0.322
KA T Z, &SI T 504 Bartlett BRRK 50 5 K72 0.401  0.622  0.633  0.274 0. 065
KV 0.005 <0.05, A i RIAFFEAR G HE, K121 0.592  -0.526  0.599  0.134 0.026
EEWINForHr. 33 il L R B AR A dE K73 0.548  -0.357  -0.531 0.427 0.362
Wi Ko, Koo Koo Ky Ky Koy Koo Ky TXLE K31 0.233 0.602  0.160 -0.695  —0.271
AR R N — R AE bRl e K, K, K5, K, KI41  -0.304  0.612  0.138  0.712  -0.178
Ko, Kro KI24  -0.569  0.451 0.044  0.012 0. 694
PR 2. Xk E R R I TR BB £L K131 0.575 —0.150  0.393  —0.184 0. 694

PO, EEIALAE RN 4 PR,
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Tab. 4 Trapezoidal intuitionistic fuzzy decision matrix

TR Al

5 BB Ky

EHRE Ky,

TSR AU K s,

R Ky,

T3 BME R Ky

BERIIAR K

M,

H,
H,
H,

<(2234);07,02>
<(456,7);06,03>
<(23,68);0504>

<(1,34,5);050.1>
<(2,3,4,6);0.6,0.3>
<(2,34,5);08,02>

<(1,4,6,7);0.6,0.3>
<(3,4,59);0.7,0.2>
<(2,4,5,7);0.5,0.4>

<(13,3,5;0503>
<(24,68);0602>
<(13,5,6);07,02>

<(4,5,7,8);07,02>
<(3,5,6,7);0.8,0.1>
<(2,4,5,6);0.6,0.3>

<(3,5,6,7);0.7,0.2>
<(3,5,8,9);0.5,0.4>
<(2,4,68);0.6,0.1>

M,

H,
H,
H,

<(34,5.8);05,04>
<(1,2,2,4);0.8,0.0>
<(2,2,5,7);07,0.2>

<(134,5;08,02>
<(2,4,68);0504>
<(12,6,8);0.6,0.2>

<(1,23,5);0.6,0.2>
<(2,6,8,9);0.8,01>
<(3,5,7,8);07,02>

<(1,2,6,7);0.5,0.4>
<(2,4,6,8);0.8,0.1>
<(3,5,6,8);0.7,0.2>

<(13,6,9);0.8,0.2>
<(2,3,5,6);0.7,02>
<(2,4,6,7);0.8,0.1>

<(2,5,6,7);0.7,0.1>
<(3,5,7,8);0.7,02>
<(12,3,7);07,02>

H,
H,
H,

<(4,589);05,02>
<(2334);08,0.1>
<(1,3,4,5);0.7,0.0>

<(2,3,6,7);0.6,0.3>
<(3,5,78);07,02>
<(14,6,7);0.5,04>

<(1,2,4,5);07,0.1>
<(3,4,5,7);08,01>
<(24,78);07,02>

<(2,3,5,7);06,03>
<(2,4,6,8);08,02>
<(3,6,7,8);0.6,0.3>

<(34,57);07,01>
<(13,5,6);0.8,01>
<(34,78);08,02>

<(3,5,7,8);0.8,0.1>
<(23,6,7);0.504>
<(3,5,6,9);0.7,0.2>

H,
H,
Hy

<(3,4,7,8);0.8,0.1>
<(2,234);06,0.3>
<(2,4,6,8);0.7,0.0 >

<(2,3,6,8);0.8,0.1>
<(1,2,6,7); 0.6,0.1>
<(2,6,7,8);0.7,0.2>

<(3,6,7,7);0.6,0.3>
<(4,5,6,9);07,02>
<(1,2,3,5);05,03>

<(2,4,6,7);05,03>
<(1,2,5,7);0.5,03>
<(2,4,6,8);0.6,0.2

<(4,5,7,7);0.7,0.2>
<(2,4,7,8);08,02>
<(3,4,6,8);0.7,0.2>

<(24,89);06,02>
<(4,6,79);0.5,0.3>
<(3,5,6,7);0.8,0.1>

Ms

H,
H,
H,

<(5,6,7,8);0.8,0.1 >
<(22,34);0.7,02>
<(3,5,6,7);0.6,0.2>

<(1,3,4,6);0.8,0.2>
<(3,5,7,9);0.50.4>
<(2,4,6,8);0.7,0.3>

<(24,5,7);07,02>
<(33,6,7);0.8,02>
<(3,6,7,8);0.7,02>

<(2456);07,01>
<(3,5,7,8);0.8,01>
<(3,5,7,8);0.7,0.2>

<(2,3,7,9);0.8,0.2>
<(2,4,6,8);0.7,0.2>
<(3,6,6,7);0.8,0.1>

<(13,58);0.5,03>
<(2,3,7,8);0.6,0.3>
<(3,5,7,8);0.8,0.2>

M

H,
H,

<(2,4,6,7);0.5,0.4>
<(2,3,3,5);0.8,00>
<(34,58);0.7,0.2>

<(2,3,5,6);0.8,0.2>
<(3,5,7,8);0.5,0.4>
<(2,3,5,8);0.6,02>

<(234,7);0.6,02>
<(3,6,7,9);0.8,0.1>
<(3,5,8,9);07,02>

<(2,4,5,7);0.5,0.4>
<(2,5,7,8);0.8,0.1>
<(3,4,78);07,02>

<(24,79);0.8,02>
<(2,5,6,7);07,02>
<(3,5,7,9);08,01>

<(24,68);07,0.1>
<(34,69);0.7,02>
<(2,3,6,8);0.7,02>

<(4,6,79);0.5,02>
<(3,4,5,7);0.8,0.1>
<(2,4,6,8);0.7,00>

<(2,5,89);0.6,0.3>
<(3,5,6,8);0.7,0.2>
<(2,4,6,8);05,0.4>

<(2,4,6,8);07,01>
<(3,5,7,9);0.8,0.1>
<(3,2,6,7);0.7,0.2>

<(2,3,5,7);0.6,0.3>
<(3,5,7,8);0.8,02>
<(4,6,8,9);0.6,03>

<(3,5,7,9);0.7,0.1 >
<(2,5,6,8);0.8,0.1>
<(3,5,6,8);0.8,02>

<(2,5,6,7);0.8,0.1>
<(3,5,7,8);0.5,0.4>
<(3,6,7,9);0.7,0.2>

H,

<(3,5,6,7);0.8,0.1>
<(3,4,5,6);0.6,0.3>
<(2,3,7,8);0.7,0.0>

<(2,4,79);08,0.1>
<(2,3,7,8);0.6,0.1>
<(3,5,7,9);0.7,0.2>

<(3,5,8,9);0.6,0.3>
<(4,5,7,9);0.7,0.2>
<(3,4,57);05,03>

<(2,3,5,7);0.5,0.3>
<(2,3,48);0.5,03>
<(34,58);0.6,0.2

<(3,6,8,9);0.7,0.2>
<(2,3,5,7);0.8,0.2>
<(2,4,78);0.7,0.2>

<(2,5,7,9);0.6,0.2>
<(4,5,6,8);0503>
<(3,4,7,8);0.8,0.1>

PR3 IR PSREE MRS PR .

£S5 RERENE (w))

Tab.5 Decision makers’ weights (w:;)

PN SEHRIRTE S,
Wl FEAR K, SEKK K, ) RRRKE Ky SRR K, WERMERR K, EE i K K,
H, 0.165 58 0.225 97 0.227 01 0.204 23 0.225 48 0.218 05
w! H, 0. 145 28 0.204 98 0. 236 35 0.229 29 0.227 06 0.229 01
H, 0.229 52 0. 185 02 0.236 01 0.218 93 0.179 21 0.226 15
H, 0.288 04 0.265 99 0.241 04 0.264 89 0.230 55 0.268 32
w? H, 0.251 98 0.286 21 0.230 21 0.210 68 0.235 21 0.290 52
H, 0.265 42 0.231 02 0.269 64 0.213 12 0.267 31 0.215 22
H, 0.271 43 0.314 83 0.293 03 0.333 56 0.269 32 0.362 45
w? H, 0.292 98 0.313 02 0.318 34 0.318 40 0.305 43 0.278 53
H, 0.276 02 0.341 26 0.338 46 0.352 05 0.251 09 0.285 83
H, 0.394 11 0.280 02 0.261 00 0.414 07 0.326 31 0.331 25
w H, 0. 344 83 0.347 01 0. 356 21 0.337 03 0.287 89 0.273 21
H, 0.334 33 0. 287 66 0.292 36 0.312 05 0. 369 45 0.372 07
H, 0. 321 40 0. 382 05 0.447 12 0.263 32 0.410 03 0.324 21
w’ H, 0. 400 08 0.315 21 0. 346 98 0.373 01 0.412 16 0.389 57
H, 0.367 06 0.417 44 0.328 24 0. 355 68 0.398 94 0.367 34
H, 0. 321 56 0.432 52 0.325 46 0.367 43 0.348 70 0.395 45
w H, 0. 345 35 0. 387 64 0.346 78 0. 325 68 0.357 89 0.297 65
H, 0.297 84 0.313 57 0. 398 64 0.389 32 0.297 22 0.312 97
H, 0.493 13 0.298 64 0.298 63 0.434 76 0.367 32 0.367 83
w’ H, 0.365 74 0.397 541 0.387 53 0.359 32 0.312 47 0.296 23
H, 0.325 67 0.382 14 0.32575 0. 365 42 0.396 52 0. 396 32
H, 0.388 75 0.421 54 0.465 75 0.374 21 0.435 67 0.364 32
w H, 0.487 64 0. 124 64 0.376 53 0.423 21 0.476 42 0. 467 32
H, 0.387 95 0.367 89 0.378 433 0.350 14 0.401 23 0.401 24
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Tab. 6 Aggregate trapezoidal intuitionistic fuzzy decision matrix

Al fREX: Ky EHRS: Ky

SR K sy

TETENE: Ky TEPMERE Ky IBERESINE Ky

H;; <(5.354,6.8,838,12) ><(2.94,6,7.4,8.10) > <(2.96,5.2,7.3,9.9) > <(2.68,5.6,8,9.7) > <(4.06,6.5,8.8,13) >

HZ
Hy  <(296,53,7.8,13) > <(299,5.4,7.9,13) >

i <(1.92,3.44.8,63)> <(3.93,6.4,84,12)> <(459,6.9,9.3,14)> <(2657,85,14)> <(2.4553,7.2,14) >
<(3.83,7,8.4,13) > <(3.69,6.2,7.6,9.8) > <(3.95,6.4,7.9,9.9) >

<(2.88,5.4,8.8,13) >
<(3.92,7.2,9.3,15) >
<(3.6,5.7,9,12) >

x7 HEEXEME.GERFR
Tab.7 Positive and negative ideal schemes of trapezoidal

intuitionistic fuzzy

R* R~

<5.27,6.91,9.73,10.9 > <1.98,3.8,4.85,6.68 >
<3.92,6.26,8.28,15 > <3.44,5,6.3.9,8.9>
<4.59,6.77,9.16,12.3 > <2.96,5.16,7.07,8.76 >
<3.88,6.26,8.48,16.57 > <2.60,5.56,7.7,9.68 >
<4.06,6.39,8.8,11.9 > <2.44,5.3,7.08,9.86 >
<3.92,7.2,9.3,11.59 > 2.88,5.32,7.97,12.4 >

RS FARMFMBHF LR

Tab.8 Comparison of optimal solution orders of schemes

H1E D+ - _ B ETEIEESE BB
ol ' ’ ' HEF TOPSIS ity ik
H, 0.69 0.76 0.5579 H, H,

H, 0.79 0.65 0.4806 H, H,

Hy 0.59 0.92 0.5487 H, H,

K8ATLLE W H, > Hy > Hy, W H, ZEALH 7
%o MHEAHMZRIEISTIE™, AU JE0
LSRRI AR /s R A5 L, RIS SR A FAM 3%
XF P ERTEAR HEATRRAEAL B, R 6 4> B — g8 br
PEATRL, W T (R I A ORI RO R
REREAATHE, LEMEMIE I E R B, 1
WL 220 ] R SR SR 5 T S A R A R AR, /) R
HAK s HUCOH ] TOPSIS 32 LU X 2 45 1k £ B
TR AR XTI RE S, X 22 @ My SR A T HE LR
BN RS S e T RS X ) (A AR
4.2 FAEF|EEERE

PepE RPN R B IR N S e i a5
R, DOSESEMEM R AR RN HbR, X Bk
PR PEAT DT EITE, A5 H X PR R R A ) 52 0 XU
PENIBELE I 2R A PIR XA B Rs% R G —
Al E R DT E R R AT, 2%
SCHRL32 18- 2ROy R, HBUYETEREATE .

n,6e(0,1,2,3,4,5,6,7,8,9);

we (12,18 , 22, 28,32,38,42,48,52,58);
te (0.001v) ;
ri. r,e(0.160, 0.21v, 0.260, 0.31v, 0.360);
S;, sje(O. 15v, 0.35v, 0.50v, 0.65v, 0.8v);
ve (16, 21, 26, 31, 36);
a e (100, 200, 300, 400, 500) ;
0, A, ¢, f, we (0.1, 0.2, 0.3, 0.4, 0.5,
0.6,0.7,0.8,0.9,1.0);
Te(12,22,32,42,52); ke (20),
Hop b A AR e, BB B WA B IR 55 +h i 36
AT
K Matlab i F2 X 40 - 397 28 ) e 450 R 36 47 £
b, FERUE 6 FroR: po op fEE (a) . (b)
IR 2 il ARy, c AURETTY v,

(®) p;

E6 p Fip BEEEMcHTK
Fig.5 p; and p; varying with £ and ¢
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K7 /LIRS g A, QB = BSE I n ;
RIS A, Q, B ¢ BB Ind e, BEuin] Ll
3 TGRSR N B 5 R AR B XU
XESRORAE, 8 BB BRI B L
AT 5 4 A 95 DR 2 % A5 i s g AR
AR, ik 8., 189 FR.
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B8 (FRILZEEI MR AR
Fig. 8 Influence of information sharing factor on supply

chain profits

&l 8 7] LI th b 15 B 3 = B AR - 3 m
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Fig. 9 Influence of advertising promotion factor on

supply chain profits

T, 7 AL A A R A BTk b, R R A T A
B BRERORE, BN R A S R T i R
FEE TR AN, DI re ) & A 51 5 A ) B2 5
R, A HER BER I ACP 23me XH P 8 mf
DA 5 B AT T 5 B IS B0 A1) i 1
R, AT DLIEUR DAY ARk 2 45 R
FALLHI,

5 #hig

SCEES T - JIT PR35 SR A LN 5E 4k | &R
XS DRI A HEA T B9, B e 4 A BRI bR 4
FETHRIE e BORI% FAM — TOPSIS (1) £ J& 4t 35 1
W71k R i U JRUIS: DE B 48 B A TR M A B A
AT Ry [ A AR R IRURS: A 1) A e
PSR R 2R, DA T8 % AR R #5 B KAL o B, D
F stackelberg 1825 #3637 ) SR ) He SR B AL, I
FAD 5B A B A 4548

(1) 4 ThT o At e 3 LR T L 10 % JXUIS: 48
SR Z, FFHERIE B BOMIER FAM 35X 2 & 1
RFRIEA T A A B T2 R e IR 28 RIAR
[FIEEF TrIF WA S5 F0 B9 A6 TEASOR B0 SR (T T Fa ok
FE MR E,

(2) BIHBEHIR A TOPSIS i TE B M
TE A BRAR Ty 22 AR G I 3 B HE Y, A e O X
S5 i = S A i ATl | s 2 PR A 9 =
FRASCH TR RO

(3) UL IE Hb 1 4% Pp ] 5 1 2 1A ) i de R AR 1Y
IR N, 15 B IL SR sn iy, ik iy A2 8 i 4R Ak
PR B, EM S Yl s B
ERARPER SR, WS R SR e, FESRE
TR AW 505, i fulf 1) DA T 3 7 o) 25 B
ek B

(4) HERHE F AR BUR AR T2 m R (5 B k5
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