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Routing optimization model and algorithm for takeout distribution with
multiple fuzzy variables under dynamics demand

LI Tao-ying', LYU Xiao-ning, LI Feng, CHEN Yan
(School of Maritime Economics and Management, Dalian Maritime University, Dalian 116026, China)

Abstract: The business pattern of takeout is very complex and there are shot of references focusing on the optimization of
takeout distribution. In view of this, a time penalty cost is introduced for deliveries outside a specified time window, which
is based on the vehicle routing problem with simultaneous pickup and delivery. Then, the objective function is set as the
sum of the incremental costs of takeout distribution, which includes the fixed distribution costs as well as the additional
distribution cost and time penalty cost of new orders. As the random parameters have an impact on the computational
complexity of this problem, a specified distribution area is designed, although orders that have not yet been completed
remain with the original vehicle while new orders are dispatched. Then the time penalty cost is used as a variable cost
to modify the objective function, and the time window is removed to reduce the mathematical complexity. We employ
k-means clustering to group “seller-customer” items and a genetic algorithm to identify the optimal routes for seller—
customer pairs in the same cluster. Finally, random simulation algorithm is used to generate a dynamic order test dataset,
and R language is used to test the effectiveness of the algorithm.

Keywords: vehicle routing problem; takeout distribution; k-means clustering; genetic algorithm; random simulation

algorithm; dynamics demand

5 =

HHTARE C2CHM T &, AN E AN R T 4
5% P14 Ah 2 C 3E A D9 42 1R 020 1 3 22 S HE A,
B WE LI R OS2t — DY ik S K.
SR, R DX PR BR )« I R oKL R A
XA A 1 2 SR A, A S E I MDA A J s A T, )
TRRCIE LA IR A LT 6 B K HHE L A% SE i e %

Ytis HEA: 2017-08-21; 1&[E HEA: 2018-05-25.
HEEmE:

DA R A 1] R Vi 378 1k~ 73 T2 i) @ (Location
# 42 LAL 17 7L (Vehicle
routing problem, VRP) Al [F] i} 1% HL £ VRP |1 @ (VRP
with simultaneous pickup and delivery, VRPSPD). LAP
H AU I E BL ik h O Fe AL B A SOV K [l
i s VRP R 70 VF 6 A8 B 5[], {H 2R TT IR 55 45
AL E AU R — R ik 0, B = F# O S B iE

allocation problem, LAP).

A 2R H (15CGLO031);  [FH K BARAEEGITH (71271034); KET )= IRAAGUH SR

PRI H (2015R063);  H g s e SR At Bk 45 9% & Wik 4 151 H (3132018160, 3132016306).
{EZ B 20kl (1983—), &, BIHEZ, -5, NEHIRZI . 2 M09, BRH(1952—), 2o, #d%, 1124 S,

MFEERIZI . 245 RAR S ERETA.
VA IFA/EH. E-mail: ytaoli@126.com.



%28

EME S X IEHSF RGN BERERNAER R H K 407

HOG BUTR, 5 R LIS 1) 3 72 VRPSPD R A I 1%
BB 0 2R A7 4% 1) ) AEL PTG TG 3% DR 4 98 2 I %
OB EIR R R A N R IR S IE =
Bz H .

b SZC 1% R0 A% S8 W I G 16 1 B oK 22 R AE T
1) A 2 DA T 52 0 T 326 P 0 B B 32 1 22 AN UL TR i 2)
BRI B2 WA 2 36 21 [ 5 1) JLAN B i Aot 3) B i
A ZE R 1 TR W) o AR A IR BT 3% S IR 21 B 1 Hb;
4) HhSERCIE R SR 2 BT LE MR R T A S IR LR
HiURTIE B B AEIT B R K % B AR Bh A K,
L I ZE R A B AN [ 5 5 5) £E AN SERCIR Hh, N T
G T 68 b Jo B 55 T, — A2 oK 4 /5 30 min i ik
B, 5 VA A LU, A T T 0 2K B[] 2 B, R
AhSZRCI I PR B AN BEIZE, 75 BN AP SEACIE R 4 & B
1 X35 6) BH T R SSEARBLBN A AL, 148 T2 5 4k
ARG LA B 1 26 1R i 31 #2512k I [ 72 A8 52 ). 3
6 R] 3% 1 3 ] 52 0, s 43 A7 32 T 3% 19 Bl AL 2 B i,
SECIE A 2 B A 0 1) A2 A AL R P I R S 5
T, ¥ A B, A SCHR A A SERC IR AR AL 2 SR A
J7 T8 A SCHR 4], 3 DA AR S22 38 it 75 (1) B[]
KA B T 5 B, R R IR 1Y) S R AR

LA SCHR KB 2 A2 0 T A S A X5, 4hsiz
i R IR 5 R S5 5 T, T A OSSR IRk AR A i)
R RIE S8 A AE P B Bl AL T 2% B (R] R T 7 24 3R
VRP [ @ B AR 2. B B i S R AT B A 5] N
JAT TS 0 AR, AL T AT R I A D B ATL AL 2 £ SR RN
R, A= e 5581 £ 5 2 FRAT W R B | AT Bt (1] 45 A
72,0 T MEROR K 5B E A A 1 2 B iR
TRA AR Sk, T 5EA5 BB 7T ) 8 1) $5¢A Pareto
A Tk VB SOV ST [R] 3% TR 1 B ATL R AT N TR
ZE IR 4% 18] | (STT-VRPSPD) frI AL 4> £ 3 1 K1) A Y
R T 0 BCHS 28 G50V SR A SRS SR R AR S5 1OV A 7R
TR A W BV A U 5 A6 AN R 0 1) A, B S 5
PR A AR B (v R T 5, 7 S HUR IR AS B S T
HEAT SIS U B S5, Tk R S U A TR SR R B I TR
AR B, J2 1 R4 k00 8 B4R 2 ST AR AL R Y,
TR G o B 2R AR AR A R 1) AR AT S R
1R AR Zarandi SEU BT T COETELIE 0 A B
AL B T SR [ LIk I [R] B AL A 7] R
Ghaffari-Nasab ZFU3VBF 78 1 22 4045 25 5 R il 1 A5 R
T 3% INF (7] (1) FC 26 AL, ) 8 Singh S5 U4 9 fif e X TR] <
FEE R S 0] R, 42 T — P B4 B TR Y A O
FEAR N g ST 1] 3 47 5 T ASER I6F 8] 1) B0 A T A5
BIAL; Yoleu S5 1SR 1 — P24 ISR ) 8] P 51 6

W 77 4%, R I VA TR0 7 92 1R M R SR B IE 77 vk ) TE
4£; Anastasios S0V DL T f /N A B 2 B TR AT E S
79 B, B 55 AT FE TR N R LR AT I
[F1) Ay 322 232 5 R0 5 15 20 B V1A% 8 ) 5 2 A5 28 s Sumaiya
STV — AN 0 3 T R A N T 500k, FH oK
i e 2 H bR 5 8] 2240 26 4% 10] 7 Duygu 5081 £ H
i BRI 25 R B 5 8] B 101 0 22 B LU A8 4 A 3 Jd
AR SR R EIEMIE AT AT I ZE A R 42

25 b A SCRIE S R A SERCIE AL 10 A — 2R RE IR
Y ZE AP R A T, B ) B L AT AN R R AT I T L IR 55
PA], ) B AR A A ECET . B BIs 77 oK
1 2R~ % AL B B0 25 A8 AL 1R 4 5 % 4% 1) 7L (Vehicle
routing problem with simultaneous pickup and
delivery, stochastic travel and service times, and time
windows, and dynamic demand, VRPSPDSTWD).
VRPSPDSTWD 7 £ $t ff] 7 I 5] % VRPSPD H 5] A
AATCIEN A, RS, BOERRR, HR-Z/
BB Z SRR, 558 T AR T R s
0, TRV NP ASEAOL 17 LT B A F i) ) B8 114 43 A7 175 450 LA R B
ANVT BT 2K 25 AL B 3 A 00, JF DA 8] 2% 31
S AS 8T B 2 0 380 2k 2 7 I R L IS RS L 5 X
AR B 80N Ah S LIk A 38 B S AR 605 1) 8
VT B [ 8 BC IR AR . T A R 58 BT L R BC & A
AR B 26 4 E 4R IR AHL 18 R 52 )T B0 A TS 3 AR
2) BH A, 5 SCONENG ML AR AN (8] 7 311 A 2
. A SC SR R VRPSPDSTWD ) i, ¢ 5 Bt 32 [X 45,
YO L 0F T B AT R PRI, AR RAEL G R 52 ) 1T
TS R ZERC IR, H ORI B 48 1 AR E N Bl A
&I B b B3, B4 25 B (8] 5 29 0, BRI RVE SR i
ML, SRARFIER “RIZ-2 77 X sm ., SRl
P2 AR AL SR L BEHUB SR, B A Rl R
8 E 07 E A S B ERIE.
1 RRHR KA R ST

AT FTRIE 7T 0] AT A 0 R s R — Ah SR )
254 o A A FE DR M (R X UK B ) Mo N B
A BE A BB 4 (7 20, W I KBS v L =
(1,2, o} B Ly = (1,2, mo}, BRI RS
NI = LUL = {1,2,--- ,m; + ma ), \ DA ZE
5, my DN AR FEZS P O REmg AR ), ne AN B
W ARIE B2 7 O B mp 4> B 73 E R 20, o LA %
PRGN = {mi+ma+1,mi+ma+2,--- ,my+
mo+ni P Ty = {mi+ma+ni+1,mi+ma+n,+
2, myi+ma+ng+ne L, BEFERGNT = U =
{mi+ma+1,mi+ma+2,--- ,,mi+ma+n;+ns},



408 # % 5

MHAREERESNK = {1,2,-- A} A AT
EEAV = IUJ = {1,2,---,my + my + 0y +
not, Vo = LUJLEEGE = {(i,7)]i,jeV}, &%
K E R dyj, 5 REBCIE A A 7, BRI L% I 8] 2y
T = (trijtaij, tsgs), &S j (Ge ) MFRBER L =
(t1j,t2,j,t3,5), RG-S BN T _service;, I 8] & PR 1 9
[ET;, LT, & O B2 () i 8] [R) B& A 1. AN (3, )
Xof N PE—2 P g, RIKH [ P R s [F) — 2 P L B i, A
RE HH A — 2R e 55, B IR SS — k. R 2 A1
F ARG — AR BN Z A R
TEB A H A UL i X, U Be A — 2 IR 55 4%,
FONBE B ORI AR R B R, & RO JE — N8 1)
AL E. 02T CICBE ORISR 1T B, R E
ZE 5 2 1 0 7 B B DA v 2K PR U, B P AT H 20
ERZANEE RS . AN X A 2 B IR, 4240
WRBEENQ, MR MKEENP,(iel). AL FMIR
BRENEANC. PR w0 RN ke B
M55 T30 (4, 5), W 2240 k EAE RS T30 (4, 5), W
NN O0; 2 RoRBE T jRBWHE R (RS, &N
L5 R0;bj, FRom% ] j 2 AR E 4 Ik ICIE, 2
LR BANER T, ), Fm W k&t (i, §) 3
KT AR BR8], DR  3 25 75 SRR AR T ik I [R] 35
AR, WEA A E .
HHRE P B 2 A5y

min Z =

Z(ZZZCX%H

i€l jeJ keK

Z Z Z Cij X Tijk + E(G))+
i€V jeV keEK
(X5 Y o

i€ly jeJr keEK

Z Z Z Cij X Zijr + E(ég)) (1)

i€V2 jeVa k€K

stoY Y mie =1, VjeT; )
i€V jeK
zijr = 0, Vi€V, VEEK; 3)
> Ziy =1, VjeT; )

i€l

FF2

injk - Zfﬂjik =0, VjeV, VkeK; (5)

eV icV

> <@, VkeK; (6)
icl jeJ

DD k<A@ )

icl jeJ keK

xR %34%
SN 2u<IS| - 1, VSed, VkeK; )
€S jes
gev heV

Viel,VjeV,VkeK; ©9)
rquk = fpik + T'_service;,
ViEI,VjGJ, Zi5 X bjk = 1, E|p, qEV; (10)
C(szk x c@<Q> > DPI, VkeK: (11)
i€V jeJ
Cr(Zzij x c@<Pi) > API, Viel; (12)
jeJ
ik <zij X b, Viel,VjeV,VkeK; (13)

Zij, bk, xij€{0,1}, Viel,VjeV,VkeK. (14)

"

HRTR g = e 4 B2 SRR, F AR BB (1) iR/
A 0 B T J5 A B B A R,y T S A BB 5
PR ZEE T SBE A O, AN AT R IR, T B R
AR, DR B AS R BLLE b o6 B . A Bh A A 4%
BRI FRAS IR 1) 86 7 A, T 28 50 Pl A 4 e BTy
e AR %R T B3k (28 B AR L
FE 5 DR IR MR AR S T AR A 2 2. i T
AT 15 AN BEBR B 3R, SR R A A A 3% Rl A
ROV [F) 85 1 AR TE 4 T 520, SR P AT UR DLV 4 7
HH R 5 T IEE BE(F — Fy) M E(G) 0. h
T Y A L LA P TSRO B AR A SR H
2% 7 SRR R 5% 7 5 WA O A9 0 SR % A A
F — BAUZREA J, 5 0, BE B 5. A 1A 78 51
FRA G 5 2545 5 o ) 6 B [ 1 B A 7 PR A 3R
A I 6] R L 191, B 224 242 R — AN T AT 1
Pz e Bk 28 PN, LT B T 7 Fe v K B B )
[X 1) 8] 325, 55 32— 5 1R 45 45 A A 3R A 1o )
TS AR (T A 3l T

@Y
Il

{ewssoma (21, = Y- 3 Toe) 0]+

kEK i€V

{cacay x max [ (S0 3" Ty — 115 ),0] }.

keK i€V

<

j €

.

<

€

<.

(15)
HA: eyvait 1 Caetay 73 R 78 FEAIAE IR BIAR BT 25 1Y
58’]%4‘1@3]5522!—" H T T AN E 75 SR M AT B
SERIRE i, JoVE T BE AL, thovkgs ik A 3K,
E&JZEE%%Hﬂ’l‘%&%a*$%>&ﬁmﬁlﬂE’JL AT
SR, Dy b5 AR B [R) M A 5% i ] L
PP s 1A FRY TR AT IR 1. 20 5 B B3 I 18] | I 18] 4 41 e
ASHR 52 2 5 RANBEHUIRAT I 18] 3L [ 52



%28

EME S X IEHSF RGN BERERNAER R H K 409

LIREKAF (2) GYRIUE T BAK FAHE — %%
PR A%, HAH R 5 B R 2 A0 B8 AR, 20 R 4% A
(2) RIBSPRAE T3 (4, 5) ME— XN E 7 5, M— R
TEMNZA T RN, 2K B EZ AR
WA (@) PRAE T BN & P AR 7 e B — NG 4
HEAF (5) Dtk o P4 20 5, RAE T AN e Bk A
B B ZE AR B[R] 2R 56 (6) () Bt — %
AT AR RC AT AR e L R R KR )
WA () bR L HETHBR 2R, S A RS T 6
LRI AR AR AR (9) TRIE T % 7 5 BT & 1 e
TR A B AR ARG 2 26 (10) PRIE T 5 Je 31k
IR U, Z R BIA R P j AT AR (1) (12) A%
A B 2 QAR AT (13) PRIE T B BRI
120 W6 550 R 55 R T 5 RTC 38 2 470
2 BEEKCKER

1T VRPSPDSTWD ] /& Jy NP #E ] /&, A iy 55
FEAT AR AR AEALE A ROt 18] 9 SR AR, 8 R SRRV ANR &
Ja R AL SRR 2 TR B A SE LIk 1 3 A 7R K,
G NG AT 8 N L 1% 25 7 B0 5K, BT DAY A8
X2, R SRR AR B /N AR [FURE B B, AR SR
Th “CRET R AL FE T R AR RIRA “ =M
B R W B BT A PR AR KR 1T Bk
ATHCXS AL FE, AR B “ R R-Z 7R, 58 I Bk 2 BT
“TER-FREAT RIE, E M BOS R — 2R N R
K- 7 L FL AT R AR, S R RC_KMGA
R LR AR B TR,

ﬁ?ﬂ

SR~ BT U R
Woks n A BHAT I . %P
OBL LA o n A B0 %

k=it ] #ﬁﬁﬁ;&iﬁ@ZJ

RS
%i%%@&i%&
K H k-means B BH n M5 — SR
%%ﬁ%%%mkﬁﬁtaﬁ¢%+Eg%gﬁfg%f
(A G HH [el<Q , 5T U e, HRET k47

&

1 DC_KMGA B EEKRTE
21 “BMR-FRP” EXREE
W AMSEAT IR K 2 7 1R IR A 4 FE AT RO XY
WIAT B XS RE “ R 225 7 R R R AL B (B vy,
YEFE vo)y 2 LB (B JE vs, 4EJE vy) 1 J7 BT, B

A& V.
22 B
k-means Hi2 2 i & . N H B2 R b
J7 %, He B AR A0 2R P BE 2R 0] g, R 1H) FE R AT
e K. ASCR A k-means HVEN “FIR-% 7 HHAT R
K, BRI E B BN BCE R B H . T AR SR
RV FE I NG A AR, 5 & 1 1 S A bR #E AR [, T
% AL iR, HAMSE &R K % P A T
() 308 P /S DX 4 A BC 3G, DR 1 5 At R FH R PG B 5
AR R R =B, AR F KRR NEN
iR S R B 1 S Sy 1l = N
> DD miilvi — )’
1<I<k €D jEV

Z Zﬂ'j(@ - a)”

1<I<kieD
Hf:D = 1,2,3, 4R RIS RN 449 L4
B 0 BT R G E BB o BRSO R iRl
s ¢ o o B 1 4EIIE 7 FRORXT R j 22 1
TRLRENL N0 AL S LER S 1) 3 E A [,
H—MX R8T %A KW b

2% J& B 4% 4 k-means B0 H 46 58 KO ik
LG B g, o0 308 BUAS 24 B 2 ROK s i i A TR 4
ST, WU BE A S T VR SR P AR TR B R L,
et J5 1 k-means F2 BARDERUNR.

Step 1: FITHALEREH k = A\og(\o = m()(i)n{ﬁﬁ‘ﬁ(
R, AR BT AL,

Step 2: FIEA kAN TR0

Step 2.1: X} V; MR/ ERE « € D, AR BUE TG A
RELf = INT(VE)(VE — 1 < f<VE),INT() %R T

Step2.2: fE4ERE: b fEHEUETEE A £ 74, B
2 | D vge,mancvy | KIEE £ 855 S50 A0S,

Step2.3: HELAEN A p B S 4 H 4
I 2 B 7 0 5500 EE KB O HE.

Step 2.4: HUHEF JG HIHT kAN, H AR mol
M pr,pas- - vpu Wiy = O f = m(é),iﬁ
Step 2.2 ~ Step 2.4; 753 WU N BN WA AT 1L — miAE A
TR TS kAR 2 S5 B g kMR P .

Step3: TFHE XG5 F kA0 o HIEE T, B4
Nt k24 B 8 B 95,

{17 32(012‘ —v;i)® < Z(Cm' —vji)%;
Ti; =

F(C,T) =

(16)

i€D i€D

0, else,

Vr < kAT #L 17)



410 # % 5

xR #34%

Step4: ALK e A X GB o] = D 7).
eV
W31 < R ] > QIR E 2k 85 oh 0y B
QN5 Folh | — QAN Sk B BS VIR 92K,
LU 92K RO ELIA Q. WU B35 33 A, LAtk
K, R e ) 1.
Step5: +5 HARE ¥ F(C, T) Wi, 57 % 210
oL o, BIVEE /N R BT 6 210 T
Z’Uji X iTy5
JeEV
cri an . (18)
JEV

Step6: H & Step3 ~ Step 5, HLEEL P IX F(C,
) 4 IR sk R 14 72 UK.

g b TG kA9 min {8 2SR, 2 R 2
AT S8}, H o (2 B A5 TR AT 8 5 B R R
A, 4T B K/ I (IR % 068, 52 4 T B p %
B R T I 2 (L7 PR 7 W09, T A
% (T B0 80, kAE B 9 24 B 2 9, [
A AT 2B A 2R R R . X T
2 T 2, T e 4 R 7 R I AR TR A
P A SIS T A T 4 0 R, B U A SR
LS AN KB Ko T R
T BT %R0 T 34 P ) — 902 5K 5 B, 9 %
BB, % 7 B AR .

2.3 BREMILKRRES

$ W S TR 2, T LA E AR S 1T
FXR. %) BRI R, 2 Fx T A%, 55
SRR I S0 A% SRR I S0 4 F

1) GBI, M — AN p ML (p
ST B0 (O AR, L AR T B 6 A
IR, AN BE TR A 5 2 ARG B, BT — R AR 5 4 (0
B JE— R P i RS 5, p AN DR 45 B 7 5
R 25 I HE 1. T 2 5 2 6 6 AN TT 26 3 £
1 BT LR T AR R, B %

© (9)
ONFL)
8] © © Q)
12345678 09101112
ffy CELLL LT I
ey

IR SS
5
2 6T XS R AR RAD RS 2
2) AR FPLIRM. Beit 3 b F YL 52 X AT e
ANy, 28 SORIAZ e 1 B TR R 2K % O AR 5%
WPy, A2 S5 T 8 il AL 346 38 1 2k TR ER R R 5L,

AT LA BENLE R A R R P 5. &
HR S5 5, 16 2 346 A7 B ATL 328 39 1) R 2 R 2 1)
MR 27 T 1B 3 D90 N 2 1) 3 b 301 s v g
7R R AR

Mg (s3] 8]4]3]8]9]7]2]10]11]12]

2 [5]3]2]4]3]8]9]7]8]io]11]12]

e |s]3]2]1o[ 3] 8[o]7]8[4[11]12]

wie [5]3]2]4]9]8]3]7]8]10][11]12]
B3 3SR

BEIEACK FH S22 (M 30%) BEPL G % 3
Fh SR 2 — 163G I T . 4 3 Fh -0 W (1) ik
BEREZE 29N Brs Ban B3, W42 Br, B2, B €[0,1], H.
Bi + Bo + B3 = L. FPAERIAEIEA] B8 2 AT A, 0]
REfE AN AT AT i (n B 3 rh sz i g 1 48380, A ATAT AR 5
AR HUE IE.
24 BEHRMESE

% FE B A T2 IO 1A A R AEAT B X A5k 5 A S e ]
BEAT, 6 038 X 38047 ) INF, At o0z 8 8 7 A0 32 e
SR, T A, — AN X IR A A 21T 875 R ST
IEAB L. [RI, FhS2 T B AR PR 2 A IR AR I )
L A

B D, B AL SR a0 F

Step 1: A&4LL ™ A2 A 32T 75 K. AE 5N 11
HNSEAT FE gy v 3T 0 AT R I T

.01 t—u)?
qt:INT(OO xSe,(%uQ) )
\ 2To

H: S NZ XTI A N GRS, p NANSEIT B3
() v Ve I Z1, o b ST B 7 SR B0 B 11 e S R
FE,INT () A FEUCE R E. 140 s g 1 B 12

(19)

YME p = 12,10 1y = 18. [, 45 & 42T AR (b 1
B, E o = 0.5, 10 68.2 % M 4P L LI # H I 7E 6
BT~ S5 2 /N, 95.4 % A S2 0 16 #48 H R P I AT
Ja 1/ .

Step 2: A=A VT BT B AT ¢ B % BT B T
R g, ERFENL = AT R R B A4 5.

Step 2.1: B¢ AT IX S8 N I K I 22 L 4 2 20 %1 5%
M S5y, & NG A N AR 4 e N SRy,
DRI S K BT A X b &l 40 M2 AN FRG, % FEIX
BRI 53 N2 A Hoa. — i/ X380E B, AT BURE
S, O FE B R A K B 4R BE B (R GIS H Il A BE ),
AT % B 26 % X AN AR TG mE AR T K T T3
SYHBRI 43 B M2 ARG, RIS LR, B KBRS 1)



%28

FAE F: FEHE T KRB AR AR R H &

411

— AT 2158 0.25 km?, H BT RO e R %8 3.

TGN T R BRI

Step2.2: A A (0,11 Y8 Bl A () BE HLEL o AT o,
INT (o M)+ INT (o M) 12 91T BT K PITAE L IC I 22
ZhE.

Step2.3: A B — AN (0, 17 78 FBl P9 B9 B AL o A
g, INT (a3 M) INT (g M) 8 N TT B P BITAE BTG
2N

Step 2.4: & Step2.2 ~ Step 2.3, H: ¢, IX.

Step 3: W E L MBNANL B, X ¢ B ZIHIHTIT 5,
IEARBE ML= AR R0 U T A4 B i At T
2 RIRES, M8 58 1% 28 4 00 0 BN B B (1% X 5
(RO B WA RAE T SR s v, AR | —&
FRL B R
3 EBIBRT K 4 RAMAT

N T 58 FE RC_KMGA & 3% K fif VRPSPDSTWD
7] 8P A K, 25 R B ILA B R A A A T
SR IR A0 S C K AR v IR 48], oA SC 2 HREA A3
O20 LIk &, W r= AR A1 LR, HF 45 th i B 45

31 MKEBmEESHRE
BTSR[] i, LA R S50 (0 2808, A % X
PR A N RS A 1000 N5 B4R 7E 52530 - 384T
FHE ST HLF357 38 B2 o A 5], 24 30 km/h(0.5 km/m); £
WL (W £, = diy/v 19(0.75,1.0,1.25); 4
JE B A C N 2 RMB; B 25 3 %68 B R BC I A ¢
AR TC 325 ) 1) 38 LA 5 A7 ) [ Bl A s 5 A S 2% (1)
EBREDL, cwaie = 0, T_service; 4 2 m, Fict i i [] %
[ET;, LT,] 4 (0,301 MR ] 4 [10: 00, 14: 00]; [X 42k
EHEANR R B 55 8104 X
B bR N (1,2, -, 10} SER R RIE S EPCHL B
1847 (i7-4800MQ 4b FE 2%, 16 G N 17, Windows8 64 11/
BER D).

W5 A5 AL LA N R 3R TR
P M, 25 SEBR S B O, K 2 8 ZHINR AR, iE 9 { Ry,
Ro, -+, Re}, BLARMRAE ¥ &8 M an e 1 BT, [FI R A
S —FRCtE, D9 AR A 2 SRS Ik E 6 H S HUE T &,
%2

=1 MAENEHIEE
. WA
MikdE — - -
BN TR G/ M cielay /RMB/m)  ERIHEQ B A uc/(RMB/m)  XIBERA/km
R, 5 5 0.2 8 0.2 5
R, 8 5 0.2 8 0.2 5
Rs 5 5 0.2 6 0.2 6
Ry 8 5 0.2 6 0.2 6
Rs 5 3 0.2 8 0.2 6
Re 8 3 0.2 8 0.2 5
R, 5 3 0.2 6 0.2 5
Rs 8 3 0.2 6 0.2 5
T2 oMPEIEEARTMREMNES 10XMIEFIEES
8 bt 2
F5 SEEUE T % (B, Bz, Bs] R,y R, Rs Ry Rs Rs R; Rg
mean o mean (e mean (o2 mean (e mean o mean (e mean o mean (e
1 [0.4,0.3,0.3] 1423 19 1444 39 1367 9.0 141.0 7.7 460.1 55 2379 11.1 4863 64 2404 6.06
2 [0.2,0.2,0.6] 1472 09 1514 129 1502 4.8 1499 1.6 4637 139 2428 34 4844 53 2313 11.64
3 [0.6,0.2,0.2] 1322 1.6 1388 11.6 137.7 6.6 150.5 3.0 4683 2.5 2272 5.7 4703 107 2295 5.58
4 [0.2, 0.6, 0.2] 161.8 2.7 1537 14 1350 87 1483 7.5 4745 11.8 2392 113 481.1 4.1 2459 522
5 [0.3,0.2,0.5] 1503 6.7 1633 13.7 135.6 6.9 1382 2.1 4693 120 2392 11.3 480.7 3.8 2332 6.12
6 [0.5,0.2,0.3] 1362 4.6 146.6 2.6 1323 49 1379 95 4734 64 2443 40 4664 79 2434 39

32 HEER

R2FET A H T 6 FhAlsiE £ 77 T 8 il 4
[ 10 VX SE 56 #5118 (mean) FIFR T 2 (o). 45 B BoR: 5
3 AT () A AE B /N, 3 B B A T g e 2
B AN bR AE 2 /N, U IH 207 R EUE BN
JE.

B4 852 [B1, Ba, B3] = [0.6,0.2,0.2], K 4(a) NTE
ti = 3m. Cdetay = 0.2RMB/m. Q = 8, uc = 0.2
RMB/m. A = 5km 5L, 3K AR L5 Bl 20 EN 1)
Ak 2% B 4(0) NAEN = 8+ Cdelay = 0.2RMB/m,
Q = 8. uc = 0.2RMB/m. A = 5kmfH F, KA
25 JLBE LT S AT BE B 1] 61 (1 A2 Ak T 285 Bl 4(c) ATEN =



412

xR #34%

8/A =5.ti =3m.Q = 8. uc = 0.2RMB/m. A =
5km 15 5L N, 3K AR 45 B8 A8 B e 328 B A7 I 8] B A
Cdelay HIZEAL HITZE; B 4(d) HEEX = 8/A = 5.ti = 3m.
Cdolay = 0.2RMB/m+ A = 5km LT, K5 R bt
i 8 QML th 2k, W 4(e) ATEN = 8/X = 5.

ti = 3m. Cgelay = 0.2RMB/m. Q = 8. A = 5km
TH LR, SR 25 F I 22 5538 47 B B [B) BRAS uc 1) A8
T 28 B 4(6) NTEX = 8/ = 5. ti = 3m. Cdelay =
0.2RMB/m. Q = 8. uc = 0.2RMB/m{E M T, KfiE
&t LB T 1% X 350 R A 78 H i 2

15

30 15
— 8L
. . o ial o SELES
S 10f S 20t S 107
= = =
8 S5t 5 10+ 3 S5t
O0 2i5 5j0 715 10.0 00 2I.5 510 7I.5 10.0 00 2I.5 510 7I.5 10.0
! ti Celay
(a) BlZEAEL A0 28 (b) BT HLIAIBRAT R o 19281k 28 (c) i AEIR 1 PR T ) AR 11 A Ak it 2
5 15
15F
T . — 4
) I 8 417 _— pyiees
s 4 s 1or S 1of
= — 87 e N =
§ 3t T S é 5t § 5t
2O 5 IIO 1I5 20 00 215 5i0 715 10.0 00 3 6 9 12
0 uc A
(d) BEAH7 R O AR kil 2k (e) Bl ZE5iE AT FRALIN [H] AR ue AR 1k 28 () BlCIE X I A ARk i 2k
El4 KRERNTILHLZ

Bl 4 45 R 2R 1) SR 45 56 B R0 1 1
DT aa PR %, Bl S PR R R in. itk
ATRN, R AR D o T BUAE IR BT ik AR I 5, R4 K
% 2> FEUR > ZE 40 A H 228U, 7 W ZE I B . 2) 3R
fifi &35 SR i o () 98 ESF [) (0 38 B B, 2 5 T
R ok M FERAE T R EE. 456 1Tk
B i 0, R B 36 ) PR A2 P B G IS 20 M IT B, e T
[5) B B 18] 4 3 m AT S m, 76 [10: 00, 14: 00] ) 4 4~ /N st
W3l 277 4 169 103N 1T 5L . 18] B BT 7] y
3mitf, 845y B 1) B I 18] 9 5 50 22 B 5 B
GEG S AN 6 BIFE ARG L, 3 m A R] B IR () B g 422
T SR AR L TE) IR 1) 9 1 m BR 2 m N, 77 A2 B o 2% 2
o2, S EEGE T Ol £, b O RR LRI B X
BB 1 N T 36 AR A 3) 8 4 7 T DA I R ik, AN
AEAE IR BOAR; T S 5 25 B, SR At 5 SR I 2B 38 Jic 1%
LIS ] AR B 1t HG A, 15 W S 3R AT AR 5 SR il 4
AR, 9 T BRAR E AR 2, 77 R T BR T EIR
FRAR. 4) SR 28 B A 2 25 B ) B N T PRI, (H R A
STHEMITE I T, FEKT AN 45 RA TG ST E
PITEOL R, B E KT 140 45 A F R 5) KRS R
W o B AT BT TR AT AR 26 P 3 0, TR Lk 75 R mT g
AR E ) IS AT I TA]. 6) 3K 25 R BE A X ek

D NTR: N (EP R N GE LS AN IR TSNS S (=
I 5 [X 3 PRl PR K, 5 0 2 IR L I8 Fs AR 3 n e e

25 b, A SElc ik Ak 1) R TR 229G H % IR I X 45
T X5k P % R R R T B RS e e e
Z, H I A R R A M 1 2R S A, (] B A R A B AR TG
TR ] 5 R A 2 5 ) FH 2R R B /N RS B A AR
SCRETRY AN AT DA SGS A i 1745 () 200, A2 1852 A B 52
M 458 /8 LSRR 2 A Bl /N TR O 58, 38 T LARRE D
AL PR 2 T R4 58 T e 5 3 R B R A s AR IR AR Ak 7
FAEESEAEN
4 & ®

HH T 24 AR A S Ah S IE LA 18] /B A RIE 7L, AR
SCEF X VRPSPDSTWD i) 8, 5] N B[] 7 i AR, 48
L AP SERCIE A Y B RIS 2B R IT S [ E A
KGR A, I 58 AL B AR NS ML AR F
(3551 AR . 25675 1B 2 500 | B AL 2 52 0,
KR “RIR-2 77 B Semg RIS L B4k 5
s B ATLASE B S 3 SR AR S 491, B0 T SR B R
PE, FEA3 DL R 41

1) 7£ VRPSPDSTWD [ il b, SR BT ik 1) (7] 42
LT ORI N TN TS TS v R VA 11 N
P BEIIE AT BT I TR AN | T3k IX ek v e S A



%2 MR E: FEANE T RO RERLBRAAEARH & 413

SR T REN BLIRTT S AR RS .

2) ASCHE ST AR AT R PRk DX ask A E
B DE AR AR, e T I B9 A SRR I RS ) L ) 0 B
1%, BT 9 oh S RC A I A il AR BT (5K A K8 %, DA
HhSEREIE T 6 I B SR A B R 5

AR SR S CIE )RR St Tk R Rk AR
AR BRI T — B U A

S 3Rk (References)

[1] Salhi S, Rand G K. The effect of ignoring routes when
locating depots[J]. European J of Operational Research,
1989, 39(2): 150-156.

[2] Karaoglan I, Altiparmak F, Kara I, et al. A branch
and cut algorithm for the location-routing problem with
simultaneous pickup and delivery[J]. European J of
Operational Research, 2011, 211(2): 318-332.

[3] Min H. The multiple vehicle routing problem
with simultaneous delivery and pick-up points[J].
Transportation Research Part A General, 1989, 23(5):
377-386.

(4] BREE, 2R F TN )99 25 B2 1) 020 b 2 ik BR AR 1R
AT BRAIE 7 [3]. o B BEARL, 2016, 24(A1): 170-176.
(Chen P, Li H. Optimization model and algorithm based
on time satisfaction for O20 Food Delivery[J]. Chinese J
of Management Science, 2016, 24(A1): 170-176.)

(5]  EBESC, HHT, 2l AR B G BE 454 5200 X 3K 23

Mt — B T vp 0O SR 1 = BIRTIT (], Rz,
2009, 23(7): 46-50.
(Wang X W, Tian X, Li K. An analysis of factors
influencing governance structure of supply chain —
Based on the Case of Delivery System[J]. Soft Science,
2009, 23(7): 46-50.)

[6] Kao E P C. A preference order dynamic program for
a stochastic traveling salesman problem [J]. Operations
Research, 1978, 26(6): 1033-1045.

(71 S, B, SRR, 45, 5 T REALAL 2 20 R
TR RAT Rl 1) B SR 05 (0], K Reoedle: A
SRFHERR, 2015, 35(S1): 179-183
(Ma H R, Zhao F, Jia L M, et al. Traveling salesman
problem and its solution algorithm based on random
chance constrained programming model[J]. J of Chang’an
University: Natural Science Edition, 2015, 35(S1): 179-
183.)

(8] ZFEE, L%, SRAFBENLIRAT N A ) C-VRP il B I &
WL [T]. RGVE B, 2014, 23(6): 819-825.
(Li F, Wei Y. Hybrid genetic algorithm for capacitated
vehicle routing problem with stochastic travel time[J]. J
of Systems & Management, 2014, 23(6): 819-825.)

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

Tk, ARG, B, S5, R BB I B AR AT B[]
A BR A ) REOTVE (1], R G AR HE R 5 SEER, 2011
31(10): 1912-1920.

(Zhang T, Yu C Y, Liu L, et al. Method for the
stochastic traveling time VRPSPD problem [J]. Systems
Engineering — Theory & Practice, 2011, 31(10): 1912-
1920.)

FRIEAHE, Y05 B, 2508, AR A ) 2 ORI bk BR A
PLE 2y aE AL J B (0], RS TR HLR 5 S K, 2016,
36(2): 442-453.

(Zhang X N, Fan H M, Li J F. Chance-constrained model
and algorithm for LRP with multiple fuzzy variables
under change-reward [J]. Systems Engineering — Theory
& Practice, 2016, 36(2): 442-453.)

SR IGE RS, Vi TR . RO 7R OR R AR 1 AL S SE IR
). BRI 4R, 2016, 50(1): 123-130.
(Zhang X N, Fan H M. Optimization and real-time
adjustment for vehicle routing problem with fuzzy
demand[J]. J of Shanghai Maritime University, 2016,
50(1): 123-130.)

Zarandi M H F, Hemmati A, Davari S. The multi-depot
capacitated location-routing problem with fuzzy travel
times[J]. Expert Systems with Applications, 2011, 38(8):
10075-10084.

Ghaffari-Nasab N, Ahari S G, Ghazanfari M. A hybrid
simulated annealing based heuristic for solving the
location-routing problem with fuzzy demands[J]. Scientia
Iranica, 2013, 20(3): 919-930.

Singh P, Borah B. An efficient time series forecasting
model based on fuzzy time series[J]. Engineering
Applications of Artificial Intelligence, 2013, 26(10):
2443-2457.

Yolcu O C,Lam H K. A combined robust fuzzy time series
method for prediction of time series[J]. Neurocomputing,
2017, 247: 87-101.

Anastasios D, Panagiotis P R, Christos D. Assessing
customer service reliability in route planning with
self-imposed time windows and stochastic travel times[J].
Transportation Science, DOI: org/10.1287/trsc.2017.
0748.

Sumaiya Igbal, Kaykobad M, Sohel Rahman M. Solving
the multi-objective vehicle routing problem with soft
time windows with the help of bees[J]. Swarm and
Evolutionary Computation, 2015, 24: 50-64.

Duygu Ta, Ola Jabali, Tom Van Woensel. A

vehicle routing problem with flexible time windows[J].
Computers and Operations Research, 2014, 52(A): 39-54.

(FAEHE: F F)



