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Fig. 1 Comparison diagram of cooperative vehicle routing problem with three enterprises
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Fig. 2 Comparison of the sub-coalition satisfaction with two cost-sharing solutions
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M;n +M?" _ SeS;, 2”7235 Sni n SeS;, 2’l72553,u
2 [CI<S) + 02(5)] - Z [(31(S> + 02(5)]
SeSp, SeSy
= 271—2
2 e(8) = 2 e(s)
SeSip SeSy
= 211—2

=M, ,1<i<n-1
(24)
gas Pk, — A (25) Rt
(26) BoT.
n-1 n-1
(N =2 M, ;(N) = D, M;,
k=1 k=1

y!l +Zfl = n + n

n-1

¢ (N) +¢,(N) =Y, (M, + M)
= ! (25)

n

n-1
e(N) = X M,
_ k=1

H, «* =" +27 JIEEE,
B4 PSS HA 0N S A X R AR
PE, A c(S) =k xe,(S) +a(S), Hhk >o0,
, a,) NEEWN R, a(S) =
zmﬁmw>5quﬁm%m¢ﬁ%m@%%

My, I ¢, (S) BY SBCAM 3L ey ) R
2, SBCAM X} c(S) WML R E N «* = k x
v+ a. XPR T LR BRI, DS [FTEZR A R
WS RS IR R P BIME BUAR 45 B 43 e A BUAS
SR A AR AL

iERA  #%HE SBCAM Bit&(21) , HREE
4 e AE R, A1FE(27) BT

Y e(S) - Y, e(S)

a :(al’ a,, -

M, = angs"i Jl<is<n-1
D ke, (8) +a(8)] =Y, [he, (S) +a($)]
SeS;, SeS,;
= 27172 (27>
Ta®-Taw®
= x 20m zn_;Eb"i +(a; —a,)

=k XMin +(a;, —a,)
W24 &t (21) =l (27), Wi
R(28) FIH(29) WE LT

n-1
e(N) = Y M,
k=1

n
n n-1
kXcl(N)+Zai —2 (kxM,, +a, -a,)
_ izl k=1 (28)
n
n-1
CI(N> - ZMIIHL
:k)(—k=l +an
n
=kxy, +a,
x, =x, +M (l<i<n-1)
=kxy +a, +kxM, +a, -
y’l a", m al an (29)
=kx(yn+M;n) +aq;
=k xy, +a,
P, x" = kxy" +a s
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BES R BEE, RDAS A]
rh B A [ 321 B BT R ) B 53 - 235 SR a0 o A ).
Xof o SR PRIR] A, Y A 5 Y S B T R A [+
FLRUAR 43 00 2 AH 5

IER AREEC(21) , RB O i, (i # ) Xt
PR IR A BRE AR, BMBRHERE S C
N,HigS,jesS, WHc(SUIil) =c(SU
1) oL, e M, ST 0, BRI i, j /1Y
JILAR 43 PSR Ah h S AH A

BiEe WHEEANEEN, BRI MR
AREEREG AR TS U T, X 52 R/ 4 )
B, SRR MERA I R 5 0 P AS TTRAROC
SRR PR IR S I A R DGR

MR RO S(21) , BB, (A
J) HIRBRIES ) IEH R A R 156 A A3
AME, A i, j ML R A0 S B,
I, 0 B A RS R S AR5 J0 0%

BAE7 AT R, R R AR 5L T A
LA B B A AR 43 ME 2 SR 1) 2 ). R S
PR a)E, B 51— M i 5 A B 53 LR
SE A B A, SRR Ak O[]
IA T HER 28 5 A AT 32 3 DT 5

ER RIS (21), RUNG o AS
B LB n AT DA S AT B -1 N0 1) 5T
wk2E5, BIHAB KR 5 o AH LB SN STk M, H
SARYE(15) AT, TR SR A (R b oaT LAk
PAER n - 1 AVERSY A SR, HOTE(21)
A LUAETE SR AR ] il 7k 2 B R, BRI,
SBCAM 434 J7 i RE A5 A5 PR BEAT 22 P A AR )

iR etz g
3.3 SBCAM itEEZEN

AR (27) A7, SBCAM (945 2 24k
MAETRE I Hn -1 DM H(1<i<n-1),
WHEARE A M, L5 S, #S, Ty
TERBNAAE, 10 S, F1 S, H i FEE R N
2" A, Bt M, (R 2R T = (30) 1AL

o(M,) =2"2 42" = 2! (30)

LA SBCAM (T 2= B 25X (30) 1 n-1 4%,
HAg =T X (31) #m.

Q(SBCAM) = (n-1)2(M,)) = (n-1)2""

(31)

4 BUEAS KT SBCAM ] o e A
g (HBER n ARSI SBCAM FH ARt 2tk
3.4 SBCAM BRITE KRB

1E LR SBCAM [+ E & 2 I, JEAR
=X (20) #EFWIF AR - 14 M, A, IiiTE
VI M, (B B0 Ak J AH R 9 3, AR5
FRHg B T

FEMSCESE T — AN IR R
WE, FEREPKAIR . 1) SR ZHEHRIECE BS It
FORTIM ; 2) ¥ M, (G A SR R (32)
fis s 3) ST |, (80 R W& 4 FTR.

Hni _Hin
Mi" = n-2
2
H_:zc(s),ISi$n—l (32)
SeS;,
H, = 3 c(8)
SeS,;

4: For j=1 to 2"n-1 do

1: Input array ¢S including 2"n-1 cost value of subcoalition;
2: Hy==0; /WA Hy (SR n-1 AN TTH)
3t Hy=0; IR H, (YRS n-1 A TTH)

5: BS<Binary(j, n); /7755 j A FIERT N IGE S n A0 0-1 B (k)
i BS()=1, ForiE i NIRRT I, RZIR;

6 For i=1 to n-1 do

7: If BS(i)=1 and BS(n)=0 then // 4% JE T Si;
8: Hil1(i)4_Hn1(i)+ CS(]);

9: EndIf

10: If BS(i)=0and BS(n)=1 then //*45jFIEE)ET S
11: Hy(D)<Hyu(i)+ ¢S();

12: EndIf

13: EndFor

14: EndFor

15: M, =(H;, - H,;)/2(n-2);

16: Return M,,

Hd4 REZHHRTFHRATITIHE M, TEE

Fig. 4 Parallel computing M;, by using binary representation sub-coalition
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S 531 TRYEIREE (n - 12" AL, AL
PEE (n = 1) /2 £ BRYRTZHLA SA S Py 352
BN 2" — 1 DFIRBEMAE L, B Z D52
W20 — 1 AFECE, IS A BS RS SBCAM
TSR B EICR =R KT

4 HEXBESERIW

4.1 SBCAM Kf#it 8

AFHRSr K F SBCAM K 1 AL 46 BIME L 3% 7]
TR N IR AR 22 AR - e [ . SR A 4 SR S5 4%
(ST T LA, At T o WAl SR 00 O 25 0k 1

125 125

125

Ll 1B AL
Alb2mieserhie

«({3})=20 5 5

((1])=50 5
b’ ' {]

@ Dl EE AAV3EEFL g
A 2R

1k SBCAM FYR fff Fi i >R MatlabR2018b i f
{7 ¥4 . CPU 4 Inter (R) core (TM) 2 Duo,
WAEHR 2.0G, FHH 2.93GHz.

HOERIERF A B 3 AR, W RAFTE S
Py ST 2 10K 0 W o 4 B A5 A K T T
FHZE B A 2 B 7] 15, SBCAM — &2 RE % SR fi 15
Pz, BN WE S iy
TPMERCE [P A8, oA BCE A 1, 4k 2, 4
k3, ol 1A 3 AN, il 2 43 M,
3 A 6 ANEE, HAAE TR &k 30,
A P BCEE G338 R 100, AR, Ak 1 A
2 FHEYREE 1 FRBCE G40, 3 T ZLIRI% 2 9
ZEIATHRCE. IR HA 1, Ak 2, Ak 3 UMERTRY
BCik A 7390 R e({11) =50, e({2}) =20,
c({31) = 40.

«({2))=20+20=40

k3%
BT R I A30, EWERIHR100

125

125 12.5

BMER

o({1,2,3))=(50+30+10)+10=100 |

125

Y EALE LS
@ el

5
® : I!]/
o DBE  [E]el3EE
A& D% WEFREIA30, a0

& 3EE

B 5
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Fig.5 Acollaborative distribution problem with three enterprises
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B AR ATV 5 BMETCIE BA M R A 80T AT 5 — 115 —

TR 3 AN UMERCEE , Ak 2 Fidlk 3 2
) AT LASS# P AN B, DT REEFE il 2 Fi4iall
3 AT 6 I 5 0 ) 4 6 2= 10 A1 30, (B EAE
2 Al 3 (Y RC % oL A BL SR, R L A
AN EE 10 BN (Al 2 Ak 3 AYHCRE hocs B
Hh5) MR B SAS. B LA EME 5 R % A AR
c(11,2,3}) = (50 +10 +30) + 10. ZWMER %
BLAR 43 I A5 BT 366 B DMV 3 1) A S
BN 2 R,

IR UM LI BUAS 43 (] R F SBCAM J7
AT LIS B R = (50, 35, 15), i
FEUNE 6 Fik.

1 RE2 n- 19> c(S)RREM

BH1c{3}=20,c{2}=40, {2,3}=50, c{1}=50,
{1,3}=70, c{1,2}=90, c{1,2,3}=100

F2 3 ANEMERAAIEERDIE R AN 444 8] 3 F BE B A AR
Table 2 The cost of all sub-coalitions of collaborative distribution

problem with three enterprises

e THER Y B e(§)
1 {31 (0.0.1] 20
2 {2} (o, 1,0] 40
3 12,31 (o, 1, 1] 50
4 {1} [1.0.0] 50
5 {1,3} (1.0, 1] 70
6 1,24 (1,1, 0] 90
7 {1,2,3} 1,1 100

2 {R#En-14N M, SR

X3=[c(N)-(M13+M23)]/n
=[100-(35+25)]/3
=45/3=15

M13=(H13-H31)12°(3-2)
=[(c{1}+e{1,2})-(c{3}+c{2,3})]/2
=[(50+90)-(20+50)]/2=35

M23=(H23-H32)/2(3-2)
=l(cf2}+e{1,2})-(c{3}+c{1,3D)]/2
=[(40+90)-(20+70)]/2=20

x1=x3+M13=15+35=50

x2=x3+M23=15+20=35

B AILATR S *49(50,35,15)

*

B6 SBCAMTHERTEE
Fig. 6 Diagram of SBCAM calculation process

HAix™ =(50, 35, 15) BEA [ EU AR 53
PEAZA M. 48R, ASJE BT I AR 43 ) R A7
FE— AT e, (AT 7 50k B X 07 1 Ik 2R
A A, R, R TAR 22 AR S )
SBCAM K45 R T GEA — & A% M. B4
SBCAM WK fgERE S A 2 K 22517
4.2 SBCAM RFEM4REIIE

BT EFEIAE SBCAM (14 3R il 3 3 F R fif
BTt RE. B RSB RSy 1) TR
R PMVERBCIE 5] BUE A (S0 SR R B ) 5 2) 24
T SRR A AR 0 [ R (B0 SK A T £ )
4.2.1  WAFELIE 5] 2 4

AHR A SCHR[40 ] ROBFSE R, R A
BT, YRR SR, TR, R oA A
G5 B, AN UMERC % R R UME AT, HAARRE
HIESE CHR[40 ] AEHR o UMERC L B et
FL 4.

1) i1t 28 A, % BUEH 3 ~
30, HARA &R 100

2) BN 5B R AEC % Cs B ALY &) 43
ATE 10 km x 10 km X I P, B AL A =
100 km®;

3) AT FECHEPMERGE A R (33) ~
(34) A3

n Ki
EstML = Y, Y, EstTL; + f(A,,n)
i=1

N (33)
> X f(Ayn) +f(A,,n)

i=1

EstTL = f(A,n)

= a VAn

(0.7124 +a xn") x/n x JA
(34)

Hrrg =2.2430,b =-0.587 7.
BETTF S AT 725 P A AR i 7 28

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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TWZEFERR R Dev% , T T AN=0(35) Fizw. ;
Z X _yi‘s () +2, + 0 +x,) +
n ) 37
Dev% g; no 100% (yi +y + 0 +y,) = (37)
ev = —————— X
’ 2C(N) o 2N
X +x, + e+ x, = C(N) (35) lﬂ.’.,ﬁiﬁ(?)S) ﬁij
ity +o+y, = C(N) S ey
_ist T
v, =0,0=1,2,...,n 0% < Dev% = 2C(N) < 100% (38)

] PAUEBA Dev% ) BUE Y2 Bl 2 A [0%
100% 1. WEBAINR (36) ~ R(37) Ak,
; ‘xi =Y

=0

(36)

539K A SBCAM A1 SCHik [ 29 ] He 4~ f# 96
IR 7 ok g T 13k 28 R, SRfgAE
i & SBCAM Fl1 4% 1~ fift ) Dev% 15 B % 3
FiR.

&3 SBCAM 5#%Z{-fEHEKRB 28 M HAIMEEMREELER
Table 3 The speed and deviation results of 28 instances solved by SBCAM and nucleolus method

Times/s Times/s
No. n Dev/ % No. n Dev/%
SBCAM Nucleolus SBCAM Nucleolus
1 3 0.000 1 0.3800 5.13 15 17 1.123 0 4.74E +06 -
2 4 0.000 1 0.620 0 5.74 16 18 2.239 1 1.90E +07 -
3 5 0.000 2 1.060 0 5.92 17 19 4.5303 7.58E +07 -
4 6 0.000 5 2.800 0 6.15 18 20 8.650 2 3.03E +08 -
5 7 0.000 9 10.440 0 5.40 19 21 16.871 3 1.21E +09 -
6 8 0.001 9 34.2112 5.01 20 22 33.079 9 4.85E +09 -
7 9 0.003 9 115.913 6 4.95 21 23 62.958 8 1.94E + 10 -
8 10 0.008 2 394.241 1 4.03 22 24 123.216 5 7.76E +10 -
9 11 0.0150 1297.841 6 3.70 23 25 244.842 9 3.11E +11 -
10 12 0.028 6 4321.8222 4.36 24 26 465.636 3 1.24E +12 -
11 13 0.058 4 18 508.348 0 3.79 25 27 917.800 2 4.97E +12 -
12 14 0.124 8 7.40E +04 - 26 28 | 1910.177 1 1.99E +13 -
13 15 0.265 2 2.96E +05 - 27 29 | 4005.4856 | 7.95E +13 -
14 16 0.514 8 1.18E +06 28 30 | 7710.5614 | 3.18E+14

HH 2 3 AI %, SBCAM ()R fif o it it e T
1 58 SR i A% i ARG IR 4 ME BRI 7 1, SBCAM
REAEAE 1s Z NSRRI R 16 1 BLAS 43k (0] 5T
AL GEAGA it 5 15 5 BEARERT 13.7 KA cpu BiF[E].
SBCAM 3K fift & if i 5 ) AR ASE f 186 o, B A i
KU, 2 FER LIS, MifE 5 A RKELL 4 1%
)AL J3E 1 B IS . PR I >4 )RR A B, 3
BT ERE T E K METE], W =15 B, R
FAAB GRS Ty R A% A s BEFE SR (1) CPU
IR 3.4 K, n =20 BFFF B8 9. 6 4F, 1l
Y n =30 BN SE B4 1 008. 279 4 JT4E. AR,
X FRICE & W PMERL 60, ZOREMEZE RS

SEZNHEAT A3, AR A G2 07 25K A% A fit
B, SYEMER AL 15 B BT 5 22 A 5 s (]
BLC 28 & PV L, TR ] SCE AR A SB-
CAM T35 n =30 Y8 LA DR T 2% [0 8, X
W7 2 /NN YRR, X HORARZ A 2 58
AT B 412 {5, TEAR IR AER 3
M /NTEET 13 I, FEI N SEPRs AR, Y
n KT 13 BEHSR g FERTE A AR 2], AR
IEARAEIG PR LM AL J5 155K f# Nucleolus #E 1 B
R REERLA A 1 B, AR RMERE TN 4 15 Y
AR, MR NFERTER 3 R R AT
ok kg (3R, L, MFUEK T 13 B JC Shapley
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SRAGEE S, BT LAXT N B 22 38 A8 Dev% H < =7
FrRif.

FANE S 3 AMUAEF H SBCAM [1RR ffAERT
FEL i FLAE X H AT DL B SBCAM. 44
SRR BN S, 28 DNMRBIRZE S I 2418
bk Dev%o KARSIHRAE 3.70% ~6.15% Z[H).

4.2.2  LERF AL PERA 55 B )

A A A A S BEER 25 20 T Rl R L )

ZHFSY, SCHR[30 ] HHAFSE T 24T 5 G SCRR

TGRSR DG AR 7 vk, SR A%
file = T 2. ASFR 43>k ] SBCAM J5 65K il 1
5 d SCEkH A, JF 5 SR 30 ] Y IE R A
AT TXF L. TR A R R 4 Fos. f5 248
e 4 T o(S)IRERF AR (S)REA, Fli
3T ) AU AR A3 e (] AR ] LSS 46, By
H e(S) =v(N) = v(N\S).

H3% 4 %0, SBCAM R fif 45 B 5 [n) S A% (.
B R ZETE 1.36% ~5.06% 2 [).

F4 SBCAM KRS NEGERSZICHBIIRE

Table 4 The deviation between the results of five instances solved by SBCAM and the method for nucleolus

B BT AT 3K B 6 38 1 A B S 1 A

s v(S) S v(S) [+ S v(S) [+ c(S) [+ v(S)
{14 0. 060 {1} 0. 00 {1} 1.275 375 144 46 125.0
{2} 0. 168 {2} 0. 00 {2} 3,471 245 280 17 437.5
{34 0. 030 {3} 0. 00 {3} 1. 466 211 239 5812.5
14} 0. 249 {4} 0. 00 1,2} 7. 005 568 232 69 187.5
{54 0. 000 1,21 0. 68 1,3} 4,081 551 055 53 812.5
1,2} 0.378 11,3} 0.24 12,3} 5.672 452 411 30 750. 0
11,3} 0. 144 1,4} 0.75 {1,2,3} 11.210 772 500 90 000. 0
1,4} 0. 408 12,3} 0.26
1,5} 0. 182 12,4} 0.51
12,3} 0. 337 (3,4} 0. 07
12,4} 0. 538 i1,2,3} 1.03
12,5 0.279 11,24} 1.53
13,4 0.383 {1,3,4} 1.02
13,51 0. 083 12,3 ,4} 0.75
14,5 0. 386 i1,2,3,4} 1.89
11,2,3} 0. 536
11,2,4} 0. 747 Sk 41 ] X, X, X5 X, X Dev%
11,2,5} 0. 485 Nucleolus | 0.165000 | 0.320500 | 0.084 500 | 0.374 500 | 0.055 500 s 0
11,34} 0.546 SBCAM 0.162050 | 0.297 800 | 0.099 175 | 0.360 925 | 0.080 050
{1,3,5! 0.255 k[ 42] % %) % %y Dev%
{1,4,5} 0.561 Nucleolus 0.75 0.48 0.18 0.47 s o6
{2,3,4} 0.706 SBCAM 0.66 0.54 0.19 0.50
{2,3,5} 0.379 SCHk[43] x) % %3 Dev%
{2,4,5} 0.668 Nucleolus 3.089 3 5.2853 2.8355 _
{3,4,5} 0.473 SBCAM 3.295 8 5.189 3 2.724 8
{1,2,3,4} 0.906 SCHik[ 44 ] ¥ %, 3 Dev%
11,2,3,5] 0.573 Nucleolus | 331695.3 | 233051.3 | 207 753.5 .
i1,2,4,5| 0.874 SBCAM 342205.7 | 227951.7 | 202342.7
{1,3,4,5} 0.634 CHik[45] X %, % Dev%
{2,3,4,5 0.801 Nucleolus 52 687.5 24 468.8 12 843.8 se
{1,2,3,4,5} | 1.000 SBCAM 51 750.0 25 875.0 12 375.0
XA UL W] AR SBCAM J7 BRI IR, W2/ 58, 3 500 SV A 2 P S E

RRAZA M RA —E 20, (X PIA R R A
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AR B A SCIBE I, HL 24 AR 73 4 ) AL A2 o B
3 I SBCAM SRARES R A%, HIL, SBCAM
AR SRR 2 R AR W T T A T AZA A

34, ik — 2B PEAl SBCAM Jr vEPERE S AT
MR, X T — S B R A% AT A% 5 Shapley
EI IR, ol Jr ik o il e % 1 SCHk [ 26 ] i
Heuristic-Nucleolus . 3C#ik [ 27 ] H B9 Approximate-
Nucleolus ¢ SCHik [ 46 ] T () LPSA-Shapley , 3C ik
[5 15 B-T Shapley, BEFFIX L5 ik 1) L 2
JEIRLETT LI e K A AZ A A Shapley {ELAITUTR
WO, I HARTET 2 SE N R RAIBSC TER S ~
7 HNHEISFRIE S SR 45 R M7 i SBCAM
I B-T SBCAM 15 ix 26 5 J5 i 647 17 1L,

r B-T SBCAM 2 5% I M 3 15 22 il 4 2% B STk
[5]H Z X453 f# 15 Binary Tree $F+ Shapley i
FER WG, BT B Y £ F+ SBCAM 7 ¥ 1 fig
T

TEZR 6 HIETSCHR[ 26, 27 ] i I a3 51l L
B 10 FIRLEL 18, XJ L 1 AHN J7 55 SBCAM Ay
g, AR BE O 22 J2 18 S5 %1% Nucleolus X Lb
ML AER T AT SCER[ 46 ] il R 51 1L
BL25, XFLE T ARN I s 5 SBCAM fYTERE, Hh
A i 22 7248 5 Shapley {H %] FL B9 45 S, 75 248
AR, SRARE B AUXT LE AT BB AR — B 1R 25, X
F R B AT 6 R 45 07 T B 225
Jr i B

#5 SBCAM 5ZFKMBZICMR Shapley [EF7 5 R IR IB4FIEXTLE

Table 5 Comparison of SBCAM with the latest method for nucleolus and Shapley value on theoretical characteristics

2021 9 H

5 TRy JR BN (e SRS PEHUR
) TEMW R
Heuristic-Nucleolus?®! . o - Ptk 2" B G A R I LR R AR S E S LS §
TR RAL
TR
Approximate-Nucleolus "] ?E‘l’?fiﬁ;ﬁ Ptk 2" B L R A SRR A A W RS R
Shapley I G B BT R Y 2" B R B A M A X
LPSA-Shapley[*] TR BTRR A" RO R + AR WBl /D Bt Mok i
B-T Shapley™®’ AU NDITN A 2n - 1 B TR AR AT | Binary Tree 730K M
SBCAM - I5¢ Sl 2 R 4 A AE 2n BRI M AR 1 A 5 I 4 Py IfAT SR
B-T SBCAM TR R R A A AE 2" -1 U R FEREARAR AR | Binary Tree 04050
R 6 SBCAM SR KMBIZIMITEZNLWERI L
Table 6 Comparison of SBCAM with the latest method for nucleolus on experimental result
ik I n K BE 22/ %0 SRIFHBE/ s 55 SBCAM #EHT Lt
Nucleolus 10 ~18 0.00 4321.82 L | KF40 2T
Heuristic-Nucleolus 2°! 18 5.54 23.75 10. 60
Approximate-Nucleolus "] 10 5.32 2.00 200. 00
SBCAM 10 ~18 4.36 0.01 ~2.24 1.00

R7 SBCAM S5&E# KR Shapley [H77 AHI KWL RITLE
Table 7 Comparison of SBCAM with the latest method for Shapley value on experimental result

itk B/ n KR 22/ % SR HBE/ s 5 SBCAM FEHT H
Shapley!® 25 0.00 15 080. 49 61.59
LPSA-Shapley ¢! 25 3.65 34.75 0.14

B-T Shapley! 25 4.09 0.00 /NF 100 T4y 2 —
SBCAM 25 3.08 244. 84 1.00

B-T SBCAM 25 3.98 0.00 /NF 100 1432 —




59

B TR ATV B WM E TR BA 7 A AT LT

— 119 —

WL RS ~F T XTI LA, WR A
AT Y SBCAM HI Shapley J7 B, sk fig
BAREMHBEMTFRERMAE &I TTEN
A~ f# Nucleolus. N3 6 fiz~, SCHK[26, 27 ]
S P A% A A SR 7 35 1R SR RS JE 5 SBCAM
ARl HLHR A o B B R BU AL B0 SR iR A i 1)
ﬁzzigiir}% A5 SBCAM #H Lb. B} 8 B 48, 7E 3% 7
th, it 5 Shapley J5 2% Fllf 3t 2k i#E ) Shapley
75/2( LPSA-Shapley 1 B-T Shapley) H %5, Al L)
KK RS B 5 B i Y Shapley J7 ¥ A Eb HL
A 2LAKS B W 2, SBCAM 18 B ZEP T Shapley
J5¥k, (B PR Shapley 77 LPSA-Shapley #il
B-T Shapley ¥JZI0] i (5818, [HAf &8, 456
SCHR(S ] o iy = SO A3 9 SR m AT LA 52 42 1 ]
F] SBCAM JE AL B-T SBCAM, il i SZ 56 & FLB-T
SBCAM (13K fift M &£ 5 B-T Shapley #HiT.

Wt bR LA, SBCAM FY 3R fife 3 il
i 5 Y W R T A AR B, B A BRI s
71, BBl sR. Al T B UGRIM I, 3C
ALY SBCAM 5 i 5 2 H AN I T ALK i A%
A=A, T — AN A B S AR A S R
FUE PR R AR S AT BAT AR, 2R
RYRSE ST HT SBCAM 1K il 45 51 5 A~k i IN T
RHE.

4.3 SBCAM 51Z{Zf% Nucleolus fJXBX 53 #7
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Fair and effective cost-sharing method for collaborative distribution based
on a third-party platform

RAO Wei-zhen', XU Feng', ZHU Qing-hua’" , WEI Fang-fang’, LIU Cong-hu’

1. College of Economics and Management, Shandong University of Science and Technology, Qingdao
266590, China;

2. Antai College of Economics and Management, Shanghai Jiao Tong University, Shanghai 200030,
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3. Sino-US Global Logistics Institute, Shanghai Jiao Tong University, Shanghai 200030, China

Abstract: It is crucial to develop a fair and effective cost-sharing solution within reasonable time for
collaborative distribution based on a third-party platform. The nucleolus solution is recognized as a
commonly-accepted fair allocation solution, but it needs complicated optimization calculation. In this
paper, an efficient method is proposed to calculate the nucleolus solution approximately and quickly by a
formula, which finds that for any sub-coalitions with a cost-sharing solution x that satisfies the overall
rationality, the sum of e( S, x), or the sum of satisfaction,of all 2" — 1 (n is the player number of the big
coalition N) sub-coalitions S(S is a subset of N) is a constant, and that the sum of satisfaction of any
sub-alliance S and complementary alliance N\S with different x is e(S, x) plus e(N\S, x), which is

equal to a constant L;. Based on the rule that the more balanced the sub-coalitions’ satisfaction e(S, x) ,
the more reasonable the cost-sharing solution x, this paper constructs a function f(x) = z [e(S, x) -

0.5L¢]? which quantifies the satisfaction balance of all sub-alliances with the cost-sharing solution x.
Apparently, the smaller the value of f(x), the more balanced the sub-coalitions’ satisfaction e(S, x). It
is proved that there exists a cost-sharing solution x* that minimizes function f(x), and that x* satisfies
many reasonable attributes of cost-sharing solutions, such as overall rationality, uniqueness, additivity,
relative invariance with respect to strategic equivalence, consistency, anonymity, and comparability.
Last, many cost-sharing instances from previous publications are calculated by the method proposed in
this paper and the traditional methods for finding nucleolus, respectively. The results demonstrate that
the calculation speed of the proposed method is tens of thousands of times faster than that of the traditional
linear programming for finding the nucleolus solution. The proposed method is also superior to the latest
effective algorithm for calculating the nucleolus solution and the Shapley value. In addition, the average
deviation is only about 5% between the result calculated by the proposed method and the nucleolus
solution. More importantly, the proposed method is able to explain its connotation by scientific principles
and can be applied to any cost-sharing problems of cooperative games with transferable payment.

Key words: collaborative distribution; cost-sharing method; satisfaction; nucleolus
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