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Decision-makings in online multi-sourcing multi-attribute reverse auction
with bilateral negotiation under uncertainty
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Engineering, Nanjing University of Information Science & Technology, Nanjing 210093, China; 3. School of
Economics and Management, Wuhan University, Wuhan 430072, China)

Abstract: Aiming at the online multi-sourcing multi-attribute reverse auctions (OMSMARA) with existence of
interactive negotiation in reality, and taking into account the uncertainties of different aspects faced by buyers and
sellers, this paper uses the bi-level programming theory and the fuzzy theory to research the decision-making questions
in the OMSMARA with bilateral negotiation under uncertainties. Firstly, based on the description of problems and the
appropriate assumptions, a new fuzzy mixed integer bi-level programming (FMIBLP) model with interaction and
negotiation is established, which is accurately conversed through the augmented fuzzy maximin decision method. Then,
considering the characteristics of the problem model and the advantages of the PSO algorithm, a bi-level distribution
iterative algorithm (PSO-BLDI) based on the modified PSO is proposed. Subsequently, the feasibility of the model and
the effectiveness of the algorithm are demonstrated by the numerical example and comparative analysis. Finally, the
sensitivity analysis is used to study the influence of the relevant parameter change on the model results, which further
demonstrates the rationality of the model and the effectiveness of the decision-making method.

Keywords: online multi-sourcing multi-attribute reverse auction; uncertainties; augmented fuzzy maximin decision
method; bi-level programming; decision-making
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(ULDM-2)
max A+ p{wipp, (P;) + wapir, (R:)}; (3D
s.t. 7(26) ~ (30). (32)

H X2 AR ERBE M RME BN =
min{pp, (P;), pr, (Ri)}; pH— 7050 /N IE S, HAE
M5 B2 AR (23) ) o K BL wi ~ we BRI
KBERBIONE, w +wy =1, Hwiwwy > 0.
2eid Bk T7 R R AL i, BRI 5K ) FMIBLP
1557 A BSORS f JF 2X1 MIBLP A 28, I | 25K i
ULDM-2, | JZKfif LLDM-2.
33 EESRBRERRIT
TE AL 15 B S 4 MIBLP A B A5 R v, | 25K

JE 7 3 I SR i ULDM-2 SR 8w it g = {q1, e,

coqn AR BRI i H A, T TR E R
LERER AL R =35 BB = )RS R E L =S IR RS
HaE AR, T HL A SCHE H () MIBLP 52 8 2 28
PEHAE M, A ORI 249 3, SR Aid AR SR AH 24 IR X (NP-
hard). B4 K-Tik . T BT mE AR AT, BT
R [AVRE I 1) 24, oK A AR SCR R B AR B4R, %) B
P R BB SRS HL 42 R USSR R 7 o ) A0 B (n
WAL L (GA) L #EHIE (PSO)) B 1E A 3K i A8 ST
v ey gt R A 2SR~ B AL A VR R I AR T A8 A
1 — A AR kA BRI e 5 GA R A, 2 I BE
MU BT GG PTAT i R R, 1885 24 44 5 B
Pfg AT A5 B AL AR G AWk AL B L AR
L. (EAET GA, PSO B N, B/ 2T “&
X7 AR AR T T SR H SRR, PSO B
BEASRL AR P SRR AR 0] i 1) — A 3 A, e 1) A0
B 3 TOUA H bR v B N R 5 SR A
SE. AR BEAE M YEfR 23 18] T, 28 AR A B RN A
X; = (@, @iz, -, Tn ), M EE AT KRR ANV, =
(i1, Vi, -+, viar ), FIEE L t RER G, e 3% FAEUEH
HIORE 4 I A4 S A 38 37 B 4B R pbest; = (pir, Piz,s

oo Din)s VA SCEEA R ) A ) e R & S BE A
gbest; = (gi1, gi1, - - -» ginr ). WIFEES ¢ + 1R, %
T 2E R o AN B

via(t) = wua(t — 1) 4+ cy1ry(pbest,; — zq(t — 1))+

WK e N0,1] 2] 3 A FIRENLEL. PSO SR
FEARFE U 2 AT .

TR T RIAR 1L

| SRR B R e
v
N oy
A3 S U L pbest
v
N T
I 7S 85 1 T gbest

v

Je B3 (33), (34) AT R T
)38 55 o T

T AL 2% 1R 2

2 PSOEZE—MRiZE

PSO BN H B AR RSB MR R 1% 2 255
()75 k. 40 Alrashidi 252U P46 [B] i | PSO HyE7E H
71 F 58 I AH 5% B B 9T, Sibalija 25122 Fi H PSO 5
AR P 0 T AR A ) SR I A 5 )
I, ) FH PSO 325 AR i v 00 J2 A0 K1) 1] i F A DG 1t
FEAA WL, W 5K PP AR A8 SO g A
247 W] L PSO By A SRk B v SR A — M g X2
BHEbR (2 B AR 1) 88, A4 5 52z H 21K
BRI A HC B ) R O O B AR A T
(U5 2 2% 1 i S Y BT B G T i 333
1 WS SR AR T VEAFAE A B AR T —FhE T 0UZ KL
TR B I 250 46 SRS o i SRS

¥ DL AT &0 PSO S AR R Pk, [R] B 25 18 2
OMSMARA 5 8 I RE /L, A SCHR H — AN T2 1E
PSO VL XUZ 73 A s A E % (PSO-BLDI).

T e, TE KT 5B 2 30 6 PSO B3k A g 45
B AT A& IE, 45 tH BEIE A8 E 2 38 3T IR E A
= B

W(t) = Wmax — {(t - 1) * (wmax - wmin)/
(maxIter — 1)}. (39)

P9 AR/ ot S TR/ AVEIK AR 7E BRI N
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AR 4 R R AE ), TAEEAS B A B R A &)
FE R BE ), A Rt b 1R TN R R A AR,
N T P AR SR ARSI, X ) T — B0 N FE b £
B L o o B (8 KB D 3 o 5 R, A SO T
82 J3E BRI 25 R T 2 TR AR A A R ) AL, 24 2
FANEE AN AL I 28 T 38 I JEE o £ — MK ) A
PR, AT PR AUE L B T I AT AR DR AR W] AT 3 rp. A
SCRFH 038 B R 50N
fitness(-) = sum(cons) 4+ 1/obj(ULDM — 2)+
1/sum(obj(ULDM — 2)). (36)

Horb B 1 UL IR BT 0T B 1R 3 S B4R, 26 2 TN
2 B bR R E T R R B A, B S — BN R JZ B
P BRI o IR 1 3 A

AL [ PSO-BLDI Sy FE AR HE 1 .

step 1: WAL B B AR AR o) RS R T o ) 4 1)
TS nPOP. i KIEARIK B maxlter /> i KA
B Winax FH winin LA KL 4EE m, BEALIE £ 0T 46
K07 B o 5 HATUE 8 E o (X 5LE B2 B8 HLE H
PRI B 72 R 0R), B t = 0.

step 2: ¥ {8 X (36) T FbL T B BT A R 24
AR ERY3E 3L B AU

step 3: LLEC SR T & N B S5 B & D B dF
H pbest; [F13& R EAE K/, W HT#H /DN T L T) 54,
D) R 224 7 3 7 PR A 5 46 9 SR AN A B AL AL B pbest;;
3, DR B A A s d AR

step 4: P & RL 1 18 B FE A -5 AR B g sk
I I r B gbest I B BE AR /. A SR mr & /T (R
T 5, TR 22 A S PR 4 I SR D SR A R
{1t gbest; 7132, DR BERL1-FhEE P S 42 = e A

step 5: AR FE R T E . A B DA RAE A K
(33) ~ (35) HEAT KL BB, FF 1 550 J5 A L A 3
FEAH.

step 6: 4 W7 71 A X H 2 A5 3k B B oK Sk AR IR E
maxTter. WIHLIE, W GRVEAS 15, fa HH A P00 07 A A A
AR B, Bt =t + 1, ¥ step 2.
4 HBTESERS T

I — AN ARATT FAR ST ) 55 ) A A
B, RIS AIE BT B H SRR (A . B S a3 — 2B A i Al
KRBT H SR 5K fife 25 R (1 5
4.1 HAEEASSHRE

FE i VR A R U R A 2R 4 S2 07 AR
e —Hk 2R Q) IR FE A — VR MR, FF R 7R
FEE B BRI (52 B B RR A o) 58 IR I 42 i 1) 4

B AEZIR AR 7= 1 CRIG/HA S2J7) 15 4% K AT RFQ LA
Jii s n AR MR R GEAE Sy, Sa, - -+, S) TIAE
OMSARA H1, - HE47 2% 155 P bR, SR 5 S 5k
P PRV P15 B VE L3R 1, T 2 WA 1 (R A7 7E, U
Ak (A5 S ERBOR [X ) 000 47 220 1. ) -4 /N Bt S 7
(I PEAT ANFE T T 17 BE DA K AR 45 W A5 B AT v
D2 2, BRI RS #obn A5 B TV AR = i A
fih S G+ BE RIS 1T 5 HS 2 AANAE B

®1 REVAHRFESHEISH

= ct cv i

11 14 3
TR P 7Y R" R
S1 10 13 2 3
So 11 14 2 4
S3 12 14 3 5
Sy 13 15 3 6

*2 HNBEHES ARBRESRESFRERXEH

EINTEE S kio ci1 Ci2 ci3 hi1 hi2
S1 350 5 6 8 240 120
Sa 320 6 7 9 240 120
Ss 320 7 8 9 210 100
Sa 320 8 9 10 200 100

B R ASH T

1) b2 CEFZ AR 77) A K S 5 W06 B E AT
Tty = 2, RIWEREQ = 2000, 132758 % AT HI
] 58 A g; = 300, TR AE B — R AV G AT T i A%
AR R B cq = 1000, BT B AT — fE 57 7 1) 3¢ A1
KR & g™ = 200, i KKIE R g™ = 1200, 3 15%
PRI B = 4, 1 REH R ULDM-2
HAR R E IR RN 6 = 62 = 0.5, HIUE
o1 = 0o = 0.001.

2) T2 (BE LR A ¢ 2 5 4 B RS 4k T 17
Jj = 1,2,3, FERFHAET LLDM-2 H fx & £+
FIRLE wy = wy = 0.5,y HUE 0.001.
42 BHIRBUARAER AR

BT B0 SCHE R BV R AR, AR SCE A Matlab
R2017a #E47 4w F%, H-7F Window 10 £ 4t, CPU: INTEL
V1% 3450, N 17 4 GB P58 g AT. PF ML E N
300, iz RIEAR K 72 N 100. B E HAT IR 30 X,
O . AL B P10 B I T 7 PR KRt & SR e ¢ F
{8 FH A SC PSO-BLDI S K figk 4.1 15 5451 (R AR DAL,
TR 3 B,



3030 = % 5 *x K %37 %
19 — %3 ATEESTH 7 ERRBER
—— R 71535
o 17 KL R TR A A
% C 11.3330 11.004 5
ors t 2 2
a1 1070 1070
1.3 q2 573 751
0 20 i;{ﬁthg 80 100 q3 357 179
RAAK
qa 0 0
B3 AMEZESE 7 EERBRERMILITIEXTEE 0 0.8890 0.9985
AL R 5 25 R 3. AR, N T E % ULDM-2 R 08899 0.0995
. N . . R JEAFI IR /s . _
L A e A T SCHR [7) R 2 GA sk AL e i sosto
SR (B M I R BB 5 1R AR vk, g i AR S DR,
A FE B R iR st B A SO i s gt a7t 43 SRERMES R

B, HAR S ) WL 3 AR 3.

FH 2% 3 1 45 S ) AT DU th: 28 S PSO-BLDI
SRF AT A g b SR A BT B HH T OMSMARA ] AR 7Y
T B3¢ 2% B R G T AL SR A L R #5225 5 38
JEAE 35 — e i ek, BPSR B T i i ARk e 1 2
B ) AT DL e 0 AR G T AR, L b, E SR AR 1) 3R
AR 1) AR AR 4 0, X — R ] T AR SCRIA

N T BRI RS HU A2 ot FAGI B ()4 %R
il 8 PRS2 0, AR ST R i S A AR A K AR S i
SRR RZ ) 5] 7, AT AH 5% 2 B U

TEAR R 46 3 B H % ULDM-2 5 LLDM-2
HH 2K D75 5 P Al A R 2 8 B M 0.5, 6 AN AL EL 4.
A AT S, DOV B A SR 45 S M AR A O, B A
SR N4,

F 4 RENENTHTEK RS RN
TRiA B t q1 q2 qs qa e} 0 Obj(ULDM-2)
(0.1,0.9) + (0.5, 0.5) 2 1070 747 183 0 11.0270 0.9910 0.9920
(0.3,0.7) + (0.5, 0.5) 2 1070 750 180 0 11.0145 0.9935 0.9945
(0.5,0.5) + (0.5,0.5) 2 1070 751 179 0 11.0145 0.9985 0.9995
(0.7,0.3) + (0.5,0.5) 2 1070 748 182 0 11.0135 0.9955 0.996 5
(0.9,0.1) + (0.5, 0.5) 2 1070 752 178 0 11.0230 0.9926 0.9936
(0.5,0.5) + (0.1, 0.9) 2 1070 745 185 0 11.0270 0.9916 0.9926
(0.5,0.5) + (0.3,0.7) 2 1070 754 176 0 11.0132 0.9927 0.9937
(0.5,0.5) + (0.7,0.3) 2 1070 747 183 0 11.0083 0.9986 0.9996
(0.5,0.5) + (0.9, 0.1) 2 1070 752 178 0 11.0045 0.9988 0.9920
4 BB aT LU L B A SO, Hs 5 & ®

BR K A [ 0 R PR A R 2 o B 2 R A S A SR ok
ANTRIRE E HY R, (BB A B AR SR /N. X F B 2RI
M A 5 A B TR Y B AR A 2, 2 T H A
A SIS RE 6 38 1) 5 KPR 5 R R 10 R D AR
X R R BRI I &, W RS B SR A
ST A% T, BIVRE G T B R A SR R e
DML, W BE 5 — 2 AR L3R i L J2 R R A5
S, AR R I e AR, 3t 5 B S L — 3. [k,
SR e T R LA I 25 Rl e e 5 3 I T ) B i
bf, DRSS (R 47 S 45 2R

I, ARG B SE SRR ST PR - (BER ) 76K
V) 4 S A A7 TE P 7 28 EL I B S 1 B, MO
F ] OMSMARA 15 B DL J2 8 55 %65 B2 1) 3R g 75 72
A E B 5 IS T, AL AR X
J2 R B VR AR B AR B AN E 1 T T B A
7 (1) OMSMARA # 3 il 5 1] 8, 49 g 1 — /> A5
B VR A FEHOWZ H 8 (FMIBLP) B 78 . 7E 1% 465 7 o %
TR 2 b2 R, AL R 2 N R R SRR
10 T 1 B T 45 A b (L N R ) SR D R AZ B
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], 5] 5B R AT A BEAR AN S ke, A8 T d
I R B AT PR FE AR A SR 5 el R D Y D SR D £ 4 L
. R, A SCiE$E 1 T PSO-BLDI &2 ] T 15 74 1)
KA. e, B BUEH B RN T Fiid 2 OMSMARA
v AU 7R (33 P 1k, 388 A [R] 5 7R 45 A B e
SR S ATk — 2D BB T A SR R I S 1 AR
ERIVESEEL

A I FE AR NI SE [ OMSMARA 2 5%
PEALA 35 10 W SR 225, AT DL R R W 1 52 1) 25 A
R R, AR SO AFLE A — SN 2, il n: ARSI
SR B RIS L 52 /)N A Y A 3 43 4 5 T A, 1R 22 1] g
AFAE I &8 1 B 1 T AR REAEASE B o A AR, T 12 )
PEFE bR SR 0T A 100 I 1R AL B2 o 2 XU 40 2K AR
DA R 3t R i e 52 i 0 B B R 2 5 A S L2 BROAR
8. SR ST DAIE I B O RIS SR D 41 Sz s i — 25
B0 UE AR ST H 1) 22 98 1) 411 S R SR AR AR 5 4 O oR
il S 1) S FH PR RN 0 (R B 25 R BE 2 1) AT RE IR
SEAEBE, AW T8 A SCY AT IR SE A AR, R kik
W 73— DA () IR 745 P B A [0 B AT Dy (an
BT SR 5 1.0 B TR0 55) R ¥ OMSMARA
FHOCPRSRARTY | J7 3 J SR A B E3047 ¥ R W 72, AN i
F='E OMARA FIFH I FL P 2%, B8 aF IR 45 T ARk 1)
OMARA 5L .
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