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Vehicle Routing Optimization on Express Distribution
MA Cun-rui®, BAI Yun®*®, ZHAO Xin-miao’, ZENG Wei*

(a. MOE Key Laboratory for Urban Transportation Complex Systems Theory and Technology; b. Integrated Transportation
Research Center of China, Beijing Jiaotong University, Beijing 100044, China)

Abstract:  Given the differences between express distribution and logistics distribution, this paper
establishes a mathematical model in line with routing optimization problem of express distribution. In order
to solve the model, a genetic algorithm is designed that uses natural number coding and the decoding style
fully considering express number constraint, vehicle load constraint, and vehicle capacity constraint. By
validating an express distribution case with 20 customer points, the results show that: the model established
and the algorithm designed in the paper can obtain reasonable distribution paths and service time for each
customer distribution point. Finally, the results of sensitivity analysis and four-wheeled van example show
that: in current actual situation, courier’ s maximum distribution time and express operated time each
distribution point should be considered in studying on route optimization for express distribution; the
existing vehicle load and capacity can meet requirement of express distribution in the current situation, and
no need to replace distribution vehicle with a larger load and capacity.
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distribution

0 31 & AT TS S 4 R S M UL e S — 2 B A i O
W 1 L 1 55 DR R e RSB AT Ve A TRl R g R, Rt M K A 0 A i e —
DAL 55 T SR ING 0 Z B R ORI AR R R P IOk TR TR A R, (R

i HHA:2017-03-17 & B HH#A:2017-04-26 XHFBH#:2017-05-24

HEWA: F 5K 8 2R Bl % 3 4/ National Natural Science Foundation of China (71390332, 71621001-3); [E 5% JEREATF 7T 1 %1370
H /National Basic Research Program of China(2012CB725406).

BB MATH(1986-), T3, HIR =N, f L 4E. *J@{E1EH : yunbai@bjtu.edu.cn



CAVESE ¥R

PRI FLIR B AR AL 5 183

PRI % AN ] B S R Wi Bk A LR
PRt — R R R FHA /N R SR N A
Yy B % B AR A A 19 % 0 0] 82 VRP(Vehicle
Routing Problem)[i1] &, [5 N FMR 22278 2k FH 4 AE
SN AT T R R AR o2, s Sk 1
SRARRCR AR 5.

PRLish i 26 XoF T 6 2 3 AL DRF SRR AE A B
PR I BER A0 T 2 R PR A 2 R
PRI 2 m, 2 AN 2.5 m, EEHE/NT
T 50 kg, BUNTAET 0.25 m’, IS R E
PR R AT P BC % | TS A I K 2R RN
) T4 00 [ R TE 2 A X Lt A 6 s 42
DAk I B, 22 6 O 7R F 5% v 2% T DR 58 A 45 o e
V] , A% 0 40 T T 326 66 A8 ) 0 v 118) 4 3 o 2 R
UK R R R R AT R S T R s &
JF Milk-Run A PRGE IR, BRI b 2 1T 4290
] 2 N T AR G 2R A AR () B 5 11 i
Tl b WS T 2 BRI A0 T A B i — B0vE 4 ik
T Ir) L, ZEASE R b e rp 2 SR T A A i 2 AR AT DA
F i, X SE A 5T P BE 26 -5 ) U 2k Y S R
R 2% 18 eI /D 2R 5 2 IR R | AR
AR Pk B TR, LS FR B R
18 U8 B TR AL % 5 R T 187 S b o Al A 5 e
e Y R 2R 55

PR BC % A Lo i Bk H ik i 2, R —
T RIS AP A [ R, AR M R A 4k 3] 4
SRR R B — AR A SR A s R
AR K HR A R 38 P AR A0 1k 1] R R R ) A
A P L 2% AR P Ak ] R ) B AR AR i —
T ‘L ) A B NP R A R A TR A

1 [E)REHEIR

s i 2% AR Ak T 0 % AR A Y
U | S B3 T 2% A28 A 5 0 L B A 1
A SRR IR, BB LT 345

(1) PPFREAE R PR AN,

PRih e 0T PR K R A
A —E FIRLE | T TR BC 3% — RO R E B8
O S A

(2) Hi 55 8B RAS ],

PR3 T AH LA Tt T 326 X s ] 174 222 SR 3 ™

Ft , PR3 B 2% Ao ] — SBEER A 1R AR RS ], AR i 45
ANBC 2% 250 R S OB R[] 9 iR 55 B [, 225K 2
FRBERCIE () PR AT 2 R FHLAE B[] P B 2% 5 .
SR, 40 9L Tck 126 Xof st 1] (14 2SR A 6 A0S, i 55 st [
() R PR

(3) Beik sl ASIA].

241 TR ] A 30k Tl P ash i 26 O VA SE R ELOE B
SCERTTRITTMRSS PRk 1 Bk — il ik
S AR R B[R] Y P G T R 55 1 &
SR L% SO B A RS, I AE i Pt B 1)
BLik , X fH A5 PR 0L A — ARk S S RS 2%
FU, NI 23 4 L 3% s AT 17 SR 00 20 0% AR 02 554
b, T SRR R ORI 1 B 5 38 A
oy RV SRR PR .

2 R
21 BHEENX

SR FHIRRAS P9 2% [ SR A R L 32 I 4%, 23 e n A1
AU w58 & B G=<V,Eq> , Hop
V={vg,0,, v, e BB U0 BRI EE ol
FASAEL , 8 P R TR 8 A 401 X A7 Bk e ] SCTRC
EHUDESRS, ={v,), Beik S ESS, ={v, 0.}, T
£ v=S,US, , K & B % % W £ & .
1,i=0,1,--+,n55=0,1,++,n) K FC 2% P 45 B AP AT 2
ST R PR L% 20 7 344 T 3R B[] 5 RS, A L 3% a5
EEFES | RS, FR BRI AL s 5 A RS WL
B 5 ¢, = 1,2, ++,n) N L2 5 RO DA 0
m(j=1,2,---,n) J Bl 2% A5 ;0P E
r(j= 1,2, n) A ECRE S PRAHAR ; ok B — R
PREE NSRS 5L PR T, Bk B — Pl
(RT3 B3 -SSR ] 0ok B — R I 2 7 5
BRI IAL 5y, (7 = 1,2, -+, n) A ALK 53 B B WA HE
FFT], 8,(j=1,2,+++,n) A B & A5 1) S S A B 1]
W BCI% 5 A S IR ], 7 A Reash B FE TRC % 1Y
IR AR 55 Bt ) 5 Q ok dme R e M- B8 i, MR A8 i
KA I, RN G IR BRI, DA K
AT 9 B[], 7 A R — PR 3o T 2 2 4 1Y e R T 3% e
K3 CFRIRBLIE 57, E TR BLIE 57 7 1) 5 7 Ml 55
Z L AR 15 0 5 i A 55 i 220



184 TiHEHM AL LS ER

201748 A

2.2 PBOLEEEMILIER
min 7= ZZZIM + ZZZW% +
keKieV jeV keK eV jes (1)
ZZZ@% + ZZZV%

keKieV jes keKieV jes
1 1

s.t.
aq; =Y V]‘ES, (2)
Bg,=8;, VjeS (3)
wq; =W, VjeS “4)
Y6+ W.<T, VjeS] Q)
szv‘kq/ <Q,Vkek (6)
icVjes,
sziﬂ;mj <M, VkeK @)
ieV jes
> Y x,ur, <RVkek (®)
icVjes,
> Y xut,<D.Vkek 9)
iEVjES]
22%% + EZ%W + 225/%1 +
eV jeV ieV jes ieV jes
> Y Wa, <T.YkeK (19)
ieV jes,
E <C<L,€eS, (11)
N, — Y, =0,YkeK; VeV (12)
eV ieV
Y Y, =1.Yjes, (13)
eV kekK
Y Y, =1Vies, (14)
jeVkek

Zzxw$‘RSl|—1,VRSICSI;VkeK (15)

x,=1{1,0},VieV;VjeV;Vkek (16)

(D) H bR R &L, R die M PRk P v

Jir IR 55 L) RV TBC 36 B ], G045 2407 7 g (] %%
WA 9 B B ) PRIEE D S AR ] L % P A8 ST ]
P AR A T I I [R1 PR P02 A4 e 18 B bR S
B AT Bl Fsf (1], 28 AT IT T 2 If ] 4 PR sk 53 338 %5 P
BC % U5 R AT P R AT o b PR S AR A
A6 2R AR [R] PR B3 A5 o BT [ 48 RLish D3 3] 3k i i
RO A B WOE S T ARG SR BRI
(Y EF ], 25 P 28 ST 8] 45 725 7 B3R C 26 AU L2
ZESCHRATE T AL 2 B I R] A 45 PR D BB A] A
X PR B R & P &2 i )4 20 2)~X (4)
30 Ay PR s DA T 3 A ) PR A 8 AT T 1 A 2 I

] | A5 A ) R0 P 2 A hst ] i 1332 5X(5) bk
1o B3 TERC L A AR 55 s 1] 200 2R(6) AT R i i
ZE A T B PR I BB 2 PR, 2R T B R
B AN B R I Bk N 53 T O % 1 B 2 R
K(7)MK(8) 7 BN Az AR A R AR, R
7N B — R TC 26 0 T T 6 A PR R RS R T 4
i AN i 29 A AR A TRl R 25
FE R RE AR L% AR B AN 3 2R — R L 1Y)
SR AT I A [] 5 20 (10) B — e 6 2290 Y B A T
LI AT, RIS B A fe ke TAERTHE ; 2Rk
R [F1) 7 247 3R, B0 45 B 26 i 14 e 7 R 5 G IR 45 2215
K (12)F R ECE ZE LB PO A, S8 B AT:
% J5 s B A & ) 1) JEC 2% O s SR 3) A (14) 7
WERE—ANACRE A A — 2 R 55 5 2015 PRIE
Blik S T ASTE T I X6y LT 0-1
BHUE R« = 13N AR BCIE B2 AL B A
T B AR« = O R AR

3 BEEEEKRE
3.1 LBHRESHEG

K H AR B S 1Y 7, B A ARECER &
TR S S, 0 R L% TG SR FHIX
T b T A 80 A G (AR IR T L2 EA T ARG A 2 T
TSR W I e A A 5 3% B L% PO B 5 0
G BRI LR PR R AR A R Y
W HRRR TR AR A B e AR R HES |, 22 5
B Pk g B H PR E R RS
B — AL IR SR S5 W T 2 A A
PRI 270 {8 24y > 5 42 40 A TC 326 B A%, R R AR 7 =X
MUK Ry i G e 4 rb JFL Al 56 PR fie bl | o 381 A i TR
FAS 50 B, BT A 20 9 T A R DRy A i i g £ 1R
1Y) Fe i .
3.2 BEEFIZIT

(1) 28 LB, RS 53 DR e 38 M58 i A8 X
HRAE.

@ TEEE PG b AL — A2
X, 414=05(32147|68,B=01|23456|78;

@ ¥ Y AR BV 2 i X UM B e o R A F
et PR AR 2 FE DX 38 31 G otk B 45 21 L o {4k
A=023456|53214768,B=032147/123



CAVESE ¥R

PRt Lk AR DAL TS 185

45678;

@ J3HIAES LR AFIB ] 32 FE XU ARk
MY 63k 5 5 P X Il [ ) 2 e SR A, A5 3 AR
fkA"=023456178,B'=032147568.

(2) A2 55T 3l 1 o G (A 8 25 DR
B 58 A SRR A

(3) FEFEF T, SRIT A LI 10 e SRR 7 A 2L
B 58 UE R RS S ) 5478 E— 1R e A
PR E AT —AR

4 EHHEIER
b T 6 v 0 IR 45 JE FRL 20 M C S A5 T
% HUO A SRS PR D3RI 6 A4, s D B

() T AE R ) 54 4 480 min, Btk 42 2 5 14 h
300 kg, A EEN 1.5 m*, — R 1 i 2 P4
R 60 14, Bt ik 440 B K A T 3L ] 247 300 min, £%
T 2 A5 18 IR 25 1) 1) A 9:00-18:00. 2813 X6 LA A B 4
PEAT A3 M A5 B i B3 Bl — A DL (8 2 IR -4
HERS T[] PR AE R[] % P 1 2 A U [i] 43 31)
2.5 min.2 min. 1.5 min. Bt He 34 Bl 5
TR 2% s, 22 () A PR s i 2% 7 4 - 249 47 B i f)
W3R 1 PR, A Bl S i PR £ | F AR R An
2R, N T T UL, SCR RN BB 1R i
PR CIE T g5 UL B, 43 % & 5L iR
KN A 100 LR LA 100 35553 DU BL 38 RN
0.95 540 0.1.

®1 EEHPOIEESREXSAEEZE R ERF YT E

Table 1 Vehicle average travelling time from distribution center to
delivery points and between delivery points (min)

fidiki o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
0 0 20 43 27 53 43 39 34 56 53 50 27 55 49 41 32 20 23 34 26 26
1 20 0 60 38 24 20 20 35 41 43 44 44 26 47 38 34 22 44 52 52 41
2 43 60 0 32 55 49 59 57 42 25 38 29 55 28 51 54 60 60 45 36 30
3 27 38 32 0 32 54 20 35 23 47 22 20 57 31 31 44 48 54 49 39 28
4 53 24 55 32 0 50 39 38 58 50 24 44 35 50 44 43 34 26 29 37 52
5 43 20 49 54 50 0 41 60 50 34 26 46 40 22 48 40 26 58 25 57 48
6 39 20 59 20 39 41 0 32 37 22 59 48 26 55 53 43 27 27 53 39 26
7 34 35 57 35 38 60 32 0 40 50 36 31 43 47 50 49 39 25 35 54 21
8 56 41 42 23 58 50 37 40 0 41 47 37 24 58 57 42 34 39 35 54 32
9 53 43 25 47 50 34 22 50 41 0 38 31 60 32 50 43 28 51 54 36 40
10 50 44 38 22 24 26 59 36 47 38 0 56 21 60 43 22 41 27 54 45 46
11 27 44 29 20 44 46 48 31 37 31 56 0 28 54 25 24 50 32 58 31 33
12 55 26 55 57 35 40 26 43 24 60 21 28 0O 25 50 54 49 44 50 30 25
13 49 47 28 31 50 22 55 47 58 32 60 54 25 0 20 22 53 54 28 24 42
14 41 38 51 31 44 48 53 50 57 50 43 25 50 20 0 20 24 38 50 48 42
15 32 34 54 44 43 40 43 49 42 43 22 24 54 22 20 O 23 37 28 48 3l
16 20 22 60 48 34 26 27 39 34 28 41 50 49 53 24 23 0 37 29 43 41
17 23 44 60 54 26 58 27 25 39 51 27 32 44 54 38 37 37 0 45 26 40
18 34 52 45 49 29 25 53 35 35 54 54 58 50 28 50 28 29 45 0 59 48
19 26 52 36 39 37 57 39 54 54 36 45 31 30 24 48 48 43 26 59 0 57
20 26 41 30 28 52 48 26 21 32 40 46 33 25 42 42 31 41 40 48 57 O
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Table2  Express information of all delivery points

Blks 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Mo

g}l}f 1m 12 8 9 6 10 26 5 8 4 12 13 13 9 11 23 31 14 19

gﬁ? 37 28 30 10 10 15 30 36 15 12 40 46 32 30 45 35 38 50 48 40

H;Jﬂil: 0.50 0.20 0.25 0.25 0.33 0.35 0.25 0.25 0.33 0.03 0.45 0.35 0.40 0.36 0.36 0.40 0.50 0.50 0.45 0.48
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Table 3  Distribution routing information
A R FGAMCE  ACRE || B R FIAACE  fdk
] A 7S
SO g ROEBE e arkomin| s PO S aKmin
1 06812 16:00 420 4 03111451550 1528 388
10—4—0
XUl — 19— 17— :57 7 5 —13—2—>0—16— 5:5
B 2 019170 13 29 013259160  15:54 414
3 0185150 1527 387 6 02070 14:51 351
016151413
B2 1 55189836  — 1157 | 2 019177 — 907
2029110
12510—4—1—0
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Serviced time and belonged delivery path of delivery points of example 1

Table 4
R WA |G R
1 14:01-15:07 3 6 9:39-10:39 1
2 11:35-12:47 5 7 11:41-14:17 6
3 9:27-10:15 4 8 11:16-11:46 1
4 14:13-15:07 1 9 13:12-14:00 5
5 13:05-13:41 3 10 13:43-13:49 1

RS WARTA 8 RS WR
11 10:35-11:59 4 16 14:28-15:34 5
12 12:10-13:22 1 17 11:16-13:34 2
13 9:49-11:07 5 18 9:34-12:40 3
14  12:24-13:42 4 19 9:26-10:50 2
15  14:02-14:57 4 20 9:26-11:20 6
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Table 5  The impact of vehicle load and capacity as well as the maximum number of express on distribution path
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300 6 2257 1.5 6 2257 60 6 2257 6 2257
500 5 2231 2.0 5 2206 80 4 2 146 4 2170
700 5 2231 3.0 5 2191 100 3 2119 3 2105
1 000 5 2231 4.0 5 2191 150 3 2077 2 2 064
1500 5 2231 5.0 5 2191 200 3 2077 2 2 064
2000 5 2231 6.0 5 2191 300 2 2 066 1 2039
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Fig. 1~ Chromosome population evolution procedure

5 & it

S LT R 204 i s A b BT o I A A
e, 30 J 0P bR P06 RV 25 AT HL B AT, A
TP ek G AR AR AR T T SR A
5 38 2 S SR A 2R AR SO e ) iR A L R S
555 Hb SR i SCHR T R S 1) P 6 AR T A A
AT LAy bRt 06 350 T HR A s ek A B 22 HE R
328 574 B HETC 16 S A0 AR o 5 Tk o 1) IR 55 Pof 20 LAY
PSR S, AT 4518 .

(1) X TP Bk B 0L, B TR Bk
BRI —FE 2% TR AR NS e 2 A, 25D
6 PR RO A R — AR AT R AR, HL
P D3 AE A AL A VR ML B ) R H e KL%
TR A5 D Bk B A I A A e 2075 % 1.

(2) R HL B =58 24 Ay Heash % 2240, o4k
RIS AT DA A R B — KA — IR SE R %
YT T TG S e 2 T A A S AL 26 4

(1]

3]

[5]

BAKER B M, AYECHEW M A. A genetic algorithm for
the vehicle routing problem[]J]. Computers & Operations
Research, 2003, 30(5): 787-800.

e G, AT . WU P 2 B AL A B S i AL B
ST, 2SIz i R S8 TR 5 45 B, 2006, 6(6): 120~
124. [GAO P, XU R H. A study of modified genetic
algorithm for vehicle routing problem[J]. Journal of
Transportation Systems Engineering and Information
Technology, 2006, 6(6):120-124.]

ZH, K5, PRI AR UL B BT TS )], PR,
2008, 27(3): 39-41. [JIANG Y, GUAN X. Study on
vehicle routing problem of express business[J]. Logistics
Technology, 2008, 27(3): 39-41.]

Pt te, XU, Rl PR A ik A I fe & D 5 D). 31
SEHLOG EL, 2014, 31(8): 443-446. [YANG H X, LIU T.
Optimization and simulation of express’s vehicle routing
in commercial district[J]. Computer Simulation, 2014, 31
(8): 443-446.]

XUME T, WCE AL % T8 SCm P3E S T AR P AP —
BV AR IR R[], 7Y R 538 K 4R, 2016, 51
(5): 931-937. [LIU H Y, RU Y H. Consistent vehicle
routing problem considering traffic congestion and
workload balance[J]. Journal of Southeast Jiaotong
University, 2016, 51(5): 931-937.]

TR, S8 HE G ST IR ] (L Y 2 v bR A ) 4%
Ptk 2000, & 4 TR BRiE 5 52 R, 2010, 30(12):
2129-2136. [HUANG J H, DANG Y Z. Optimization
method of multi- criteria express super—network based
on time threshold[J]. Systems Engineering— Theory &
Practice, 2010, 30(12): 2129-2136.]

POTTS J C, GIDDENS T D, YADAV S B. The
development and evaluation of an improved genetic
algorithm based on migration and artificial selection|]].
IEEE Transactions on Systems Man & Cybernetics,
1994, 24(1): 73-86.



