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Abstract: The time dependent vehicle routing problem (TDVRP) with fuzzy demand and time window is solved accord-
ing to the idea of pre-optimization and re-dispatch in this paper. In the pre-optimization stage, the fuzzy chance constrained
optimization model was constructed on the basis of fuzzy credibility theory, the model insures that fuzzy demand of cus-
tomers can participate in optimization. Besides, Ichoua speed time-dependent function was used to represent the driving
speed of vehicles in different traffic conditions of roads and time periods in the problem formulation, an adaptive large
neighborhood search algorithm (ALNS) is designed to obtain the pre-optimization scheme. In the re-dispatch stage, s-
tochastic simulation algorithm was used to simulate the real demand of customer and re-dispatch strategy was adopted to
adjust the pre-optimization scheme. The effectiveness of the model and algorithm is verified by an improved Solomon
example. The research results can enrich the related research of TDVRP problem and provide theoretical basis for the
optimization decision of realistic distribution scheme.
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Table 1 Speed time dependent function of Figliozzi

4 ITREEE

TD1a=[1.00, 1.60, 1.05, 1.60, 1.00]
1 TD2a=[1.00, 2.00, 1.50, 2.00, 1.00]
TD3a=[1.00, 2.50, 1.75, 2.50, 1.00]
TD1b=[1.60, 1.00, 1.05, 1.00, 1.60]
2 TD2b=[2.00, 1.00, 1.50, 1.00, 2.00]
TD3b=[2.50, 1.00, 1.75, 1.00, 2.50]
TD1c=[1.00, 1.00, 1.05, 1.60, 1.60]
3 TD2c=[2.00, 2.00, 1.50, 1.00, 1.00]
TD3c=[2.00, 2.50, 1.75, 1.00, 1.00]
TD1d=[1.00, 1.00, 1.05, 1.60, 1.60]
4 TD2d=[1.00, 1.00, 1.50, 2.00, 2.00]
TD3d=[1.00, 1.00, 1.75, 2.50, 2.50]
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A5, Figliozzi il i 24 P2 /& 7E Solomon 2 {4t (1) s #E
DA (1) FE A 386 T 440 1) [B) 4% 8 6% 2. Drr. Sol-
omon $2 f [ M X F 48 P K L hitp://w.cba.neu.edu/
~msolomon/problems.htm. Figliozzi’ff — K 1 T {E K}
() 35 &) 73 5564, 43 180, 0.2T), [0.2T7,0.47),
[0.4T,0.6T), [0.6T,0.8T), [0.8T, T|, H B &% — K47
TR WA RIRG iy Ue, [R1 b 150 BB 4 ZFL I R At e £ e 1
J7s.
4.1 75K E B B 5eIE

H 1 % T TDVRPEDTW i A b #E K B4, 95k

Gl SR 7 R A A R 2 T 7 AR BLP
TD AR RA, NFRRESZ TR 504, 2 Besty
H A E b _E A B .

PR P 2 B, 2B A VRPTW R fift 45 3, ¢
Wk [2 LI7ESR AR RO FA5) 1, BEAE R 274N 5451 1 e A
8, FHIC103FIC104K et & B F A, XA G4
ISR 4 R 5 B ARAE 1R 22 20 531 090.10%, 0.51%; M
OB FIIE KT, SCHR [191FT=RIF IR AR AR
841, AT ALl iV BB R U, IR ZE R T
1.52%, SCHR [21145 SR ZEABRT U, (H0.63%,

R BE, B S I FigliozzidR FECI2S BB SR AR SCIY B I&E B K KU A1 34 2R SHE Re 4 R 3 450
R KB E FITDVRPTW, 545 RnF 230K, 1% BB

&2 FERARREEEFMATRRIAELE

Table 2 The results of demand determine and constant speed

) Best Raal %Dev Figliozzi ™ %Dev AL %Dev
™D N ™D N ™D N ™D N
Cl01 82894 10 828.9 10 0 — 10 — 82894 10 0
C102 82894 10 828.9 10 0 — 10 — 8894 10 0
C103 82806 10 828.9 10 0.10 — 10 — 8806 10 0
Cl04 82478 10 828.9 10 0.51 _ 10 — 82478 10 0
C105 82894 10 828.9 10 0 — 10 — 8894 10 0
Cl06 82894 10 828.9 10 0 — 10 — 82894 10 0
C107 82894 10 828.9 10 0 — 10 — 8894 10 0
C108 82894 10 828.9 10 0 — 10 — 8894 10 0
Cl09 82894 10 828.9 10 0 — 10 — 82894 10 0
B 82838 10 828.9 10 0.63 841 10 152 82838 10 0

VE: ST (A @ Best knownsk B AN R 1243 tHHALEC E FITHE I ], @ 28 E&E NFERIE RN, Q) FigliozziA
7%Intel(R) Core(TM) 2Duo 1.2 GHz, 19 min; @) <3 5% Intel(R) Core(TM) i7-7500 3.4 GHz, 11 min.

% 3 F K2 TDVRPTW K £: R
Table 3 The results of TDVRPTW that requirement determination

. X . IECE!! —-SAlSI AL (ALNS
TS [ B 4 p ( )
TD N CPU TD N CPU TD N CPU
TDla 879 10 19.1 852 10 13.7 839 10 12.9
14 TD2a 864 10 17.7 841 10 14.6 834 10 15.0
TD3a 880 10 17.3 859 10 17.4 862 10 17.7
TD1b 892 10 19.7 891 10 15.1 838 10 14.5
o4 TD2b 893 10 19.0 893 10 17.8 850 10 16.4
TD3b 866 10 18.7 846 10 132 828 10 13.0
TDl1c 865 10 19.6 854 10 15.1 829 10 14.3
34 TD2c 863 10 18.2 841 10 10.5 837 10 10.1
TD3c¢ 862 10 18.1 852 10 17.7 854 10 17.7
TD1d 872 10 19.4 861 10 15.2 831 10 16.5
HaH TD2d 856 10 18.7 847 10 18.4 840 10 17.2
TD3d 867 10 18.7 853 10 14.9 832 10 14.2

R ) 3 B B HLIR B (D IECEH ntel(R) Core(TM) 2Duo 1.2 GHz; @ p-SAH #Intel(R) Core(TM) i7-2620 2.7 GHz;
@ A HEIntel(R) Core(TM) i7-7500 3.4 GHz.
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T, AR RO T, AR SRS M BR AT T 7
ZERRHEHS 0%, SRARSE RAS T ; TERE 1R AAS J5 HI,
AR F AR T SR [1911 T B85 3L, 55Tk
181/ TH B AH LU, A SUANAETD3a, TD3c T8 1 [H]
WA RN BISR R A 22, 76 S 10Fh 18 B2 i [
WA R BT 1R A 45 AR T SCHRk[18], ALNSH
IECE. SAMHLUPERER A B, 28 B Ui BAA SO A
RERLAR, 70 SRR Z 7 75 SR 22 (U TDVRPTW [ fi e,
RESR BT (.
4.2 TDVRPFDTWZH B R R IE
4.2.1 T T KR

NI ALNSH 6 TDVRPFDTW K |H & F A
2, EUF 0 5 TDVRPEDTW X 3 [ TDVRPTW
A C1O TR A TR Ko B EAT IR, B R 4050 o Bk
RIRHTD1a, fEAIRE P U7 SRS OR35S 2
PR A, HEITE R (1 — v)d, d, (1 +7)d),
Hrhy = 0.25, fRiFHa € (0, 1], SRARK 4 ai%iE 5

0. 1301 . AS[F) R i-ME T, 1% R0 AR 25 7 7SRO H. 42
AT G FE I AR R 1O TRACAL 25 SR an R4 i, 3R
o N g s A P 75 B 45948 FH 2, %oDev iR
I ZEE RS E W .

4R ;S A FH i ZE A AR 1 e ) 22
BN, Ui B ALNS EVEAE R IR TDVRPEDTW 1] i iy
PERERSE. F9oh, A FEPRERE b oot LA 25 S
A EGH R R, NRAFRARAE T LA H, B
T U B I3 K, BC I Fl AR Ak 2 AR vy (1)
A, afE0.1~0.52 [ I, ik A % B b fa e,
BAR KA N965, 240.9 > o > 0.6, Ftik A iH &
A3 1, aH0.9B I, Feik AN B = A 1056. 25 1, 7E
7 IR 1) T 20 SR L2 P 55 SRR P IR TR AR5 28 2 At
B R, PSRk T R R, R — bk
P16 R Dy ) v B P i vy, 75 A5 HH PR SE B AT I8 ik
ATRAFNTERAG; [, WSk i ) TR A7 8L, X1
— PR BC I 2R L) 7R 52 R P HBRARG, 75 45 HH 1 S B
Ticik RS A AR T R 7

& 4 TR LR TR 810K TR
Table 4 Results of the 10 pre-optimizations under the time-varying speed and fuzzy demand

™
0.1 971 976 1027 972 997 979 999 1020 990 977 12 971 1027 991 %
02 978 988 989 1017 965 1011 1029 985 965 992 12 965 1029 992 %
03 983 999 1029 1017 965 1011 1051 985 965 992 12 965 1051 1000 %
04 978 999 1024 1017 1029 1016 1002 1028 965 1001 12 965 1024 1006 %
0.5 1038 1054 987 1020 1041 972 973 972 1042 981 12 972 1054 1008 i—gg
0.6 1019 1051 1013 1044 1013 1009 1014 1036 1009 1025 13 1009 1051 1023 %
0.7 1053 1074 1073 1030 1017 1035 1034 1047 1079 1056 13 1017 1079 1050 %
0.8 1045 1041 1049 1077 1042 1063 1041 1072 1077 1046 13 1041 1077 1055 ;—gg
09 1058 1067 1056 1056 1056 1060 1069 1056 1068 1056 13 1056 1069 1060 %
1.0 1056 1056 1053 1057 1083 1056 1056 1070 1056 1056 13 1056 1083 1060 (2)—??

AT 4 T RN, ARG ISR TR A 7 &
ITAEAL AR 9965, T8 BRICIEAT 55 75 22 1240 24, #H
LT AL B A2 G 6 T
422 HiE

HHHT SC/ 4T a] %0, ZFETDVRPEDTW [ firty, B[
T P T EOE R RIS Cr > o,

T RS HBCIBAE 55— W] USSR, sk 24
FRYBAMT BB S LS PR SR AR IR B U ) — N R
TH BRI, AR RAFTAF T 7 SR AR AT
Ja R SRR AR, fE T 1Rl T ST
TT S B BOSRAR 100K, SRR R T A IR S5
R, R BestzE B o N R AT T SR ITRRA, e
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Fig. 6 The chart of optimal pre-optimization routes

MRS IS5 R AT UG Y, B RS W A (o
FEOK, Y BCIE R A A A S A R B
Fa, YT RS G A T Oy 2, BCIA I
BUIR 55 I T REPEREIN, 20 0. 98K T, BRIk )
WONRANO, BIRSEE OR TR =, AN B
HR 55 SR MO, BRI A 7 S8 i A B S, fie /N S K

A N1056; 2 P 5 RS fim 45 A8 vt I, B 4 fELov
N0, B2 Pl 75 IR A iR %2, P/ 2R Am B bl ot
55 RGBT A PR 2R 5582 15.38 %, 3K Ul B E R
SR DAY i 45 A0 e B, AR 5 7 2B R 55 R I, A
111 7 ZEHT IR 70 5 il SR IR AT 55

k5 o T EREMMAT FhYAELER
Table 5 Adjustment results of each pre-optimization

scheme under « increasing

N IR N IR
Best ce ct N Best ce ct N

0.1 971 232 1203 15 0.6 1009 105 1114 14
02 965 161 1126 14 0.7 1017 107 1124 14
0.3 965 181 1145 14 0.8 1041 94 1135 13
04 965 148 1113 14 09 1056 0 1056 13
05 972 113 1085 14 1.0 1056 0 1056 13

NI T 5 5 I B IE T 5 SEBR AR )
KA, it EAR I REREERS
aNO0.9B I s L TRAR A 7 SR M FE 45 2R, H &
WA 4 XS LR 6 . R &SR AR TR AL 77
FCATF AT )BT A R1965, a90.98%
LIS SRR TR T S8 (LA TaIRR 7 22) B Bl Ak ik
AH1056.

& 6 RREFMA T EE L

Table 6 Results of re-dispatch on different pre-optimization schemes

5 LES UE )
1 0-5-3-7-8-10-11-9-6-4-0 0-5-3-7-8-10-11-9-6-4-0
2 0-20-24-25-27-22-21-0 0-20-24-25-27-22-21-0
3 0-43-42-41-40-44-46-45-48-51-50-52-49-47-0 0-90-87-86-83—82-84-85-88-89-0
4 0-13-17-18-19-15-16-14—0-12-0 0-67-65-63-62-74-0
5 0-98-96-95-94-92-93-97-100-0 0-98-96-95-94-92-93-91-0
6 0-31-35-37-38-39-36-34-0 0-17-18-19-15-16-14-12-0
7 0-81-78-76-71-70-73-77—79-80-0 0-81-78-76-71-70-73-77—79-80-0
8 0-90-87-86-83-82-84—85-88-89-91-0 0-57-55-72-61-64-66-69-0
9 0-57-55-54-53-56-58-0-60-59-0 0-13-97-100-99-2-1-75-0
10 0-63-99-2-1-75-0 0-32-33-29-30-28-26-23-0
11 0—67-65-62-74—72-61-64—68—66—-69—0 0-43-42-41-40-44-46-45-48-51-50-52-49-47-0
12 0-32-33-29-30-28-26-23-0 0-54-53-56-58—-60—59—-68—0
13 0-31-35-37-38-39-36-34
SR 1127 1056

T DAELBR AR RS RIS BT R A2

MEROT] R, 5 G 1AL SE b AL I8 1 F2 P AT 1% 424
AN AR O 2% 5 A2 LY IR 55 SR IO, BRIV 8 444 79
ZESERICIEAE S5, 52 A BLIEAE 55 S PR 7 21440

ZEPCIE, BEARAL T R TR B A28 458N 1 16.67%,
HSEBR R A N 1127, M T T A 77 & 1 A
965N T 16.79%. 75 Z224F L FRbiciE i fErh A2
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