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FHE: A 2t TARRAL R 6 89 8 TG 12 L s AR A KB 1) ok K 3] F AR 69 TTAT AR et oL, 42
T—AATABAEFRE AE SO RAARME F A&, ZA RS A E R RAELEENFRIATH
Rem Ak, MR GRAKE, IR TEE PO RME YL Z) £ MR R AT T EESH, &
BEPHMELE HEOTEFLEEXT THIXGMBBAERLE., A F B, 2-0opt.
Relocation ARSI T # 4T B & B R AL & . R A RE MG FIFHE S F okt /745 £
Bk, AR TR EABRI F ik, A H R 2 A0 R B3R, BIWRRA

KEIA: R T ELE ; B EMBAREA; AEN TARK &, WiRRk

&S 2S:0221.7; U116.2

Wil 5 R 23 % L SIS B KO, Bk R 2 1
YR EWIT R s 4. 5% ARl 441 ke,
L 3l 4 B A B AR 75 e HE s R I A  (EL [ B T
S R . SRR | FE A A ],
i 15 ¥ B)) 4 4 #% 1% [n] 1 (Electric Vehicle Routing
Problem, EVRP) 1R fift 8 N4 4 .

72 4 1% 4% [A) T (Vehicle Routing Problem, VRP)¥!
J2 LAY ) NP-hard [R]BES 70K 5 XS0 A D5 05 1,
SCHR (6] 1 FH 43 32 FHE X VRP #4717 SR A, 7T
SR 260 w5 B VRP. SCHK [7] 6 1 & BE o 583k
K I IR BB A Sl 3 A B SR A 1 - 1), SRR R A TR
fift o SCHR [8] $2 0 T — R 15 4 {HTH3E Tk, RBS 4T
A= AR AR . X TG A TR R, RS A R
R TR TE A LA IS R) DA &5 L0 0 A, PR 22 R
Ja B SR M . SCHR [9] 3 R T —Fh SRS S
LA, G A RGN & T RE AR
HREE T, IR Sk M ] T R R, SR
[10] fff FH 2% = 48 & Bk Xy A BE AL T oK 1 3h &
VRP JEAT T REBR A . SCHR [11] £F 0k RIA R
Gy BN R SR A A BRI, 32 T —Fh Z AR TR
fb. % 7% (Multi-phases Particle Swarm Optimization,
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MPSO), X4 % i} [6] %7 (1) VRP 4T 7 @R, SC
fik [12] ¥ 3& 7 —FsR f VRP B H @& N R B, fiE
AT S5O i e /NS Y VRP, SCRR [13] 7257850 73 B
TR B R HRS b, M TR AR Y R S
FARAES 1, il 8 AL 5505 X VRP 47 T A R0k
fift o SCHk [14] 1 9] &4 VRP, X248 28 R AL 1T
TR KN o R T OR BB Y VRP, BT R AT A
[F] AR A, 308 ol P 22 4 2R B TR 5 1 B W O0 [ st
PEAT R i, Hovp AR 4B 35 #8 & (Variable Neighborhood
Search, VNS)'"* & fift e MR VRP (94 80 k. X
Hik [16] K A2 SR &R FEE S R LA Gk, R
B ZASFRTTHLEN, KM T 7 B 8] 2 0% W 30 42 3 B A
i) 1 (EVRP-TW)., SCHR [17144 F 3 5 RS 418 dul 4
KGR R PFAGE G, $2 1 T —Fh 3 38 N A
LB I 2 B SR s Hh ] 38k 1Y) EVRP, AR B AE A [F] £
Bl A A4 R R IR [ A N I ) 3 i AR A
PEFE . SCHK [1810H AR &R 4848 &R N — 4 2 4 [m] 2 T
B VRP #4717 3K Ml . SCHR [19] W58 1 &8 43 e HL Y
EVRP-TW, 2t T —F A8 4R 548 % 43 S ocia k=X
k. SCHR [20] T —Fh ket i A28 SR B R Ak
X6 PRSI 21 G 7 A KR VRP #E 7oK i, I
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TS 3R s R o Bk s R e . SCiik [21]
S T PIRR IR AT UME DT S, ] T — M EE A 3
RSB R R AR T 2 A0 I IR % 1Y VRP. SC
Bk [22] X 1R 4 25 28 (R 5 ) ) 967 1) VRP JEAT T A,
FEAd 2 2 4 8 R AT TSR A

A SCLA R AR W i A FE 40 5 5, X RRLASE AT 1 1)
T AJ [A] R BT 1 L B 42 50 2 42 18] # (Electric Vehicle
Routing Problem with Backhauls and Time Window,
EVRP-BTW) 47 T &34 . FIHIZE - if[a] 7 L
PR A5 B T i RO ) 6 A A U s B
1% 2 708 G Sl % 2R R VE T 4 R IO AR SRR R AR 1Y
0L, $& T — s ARG A 3 N AR B4 R B
(Adaptive Variable Neighborhood Search, AVNS), %
TR AR B R T, IR A A & MY 2-opt,
Relocation, Cross-change %% 7 U417 T AR 4RIk 8 %K .
S A FHAS T RS 1 52 B J38 B8k 0 S0 T 1 A SO
AR

1 [l K FRE

EVRP-BTW A DU Jfy: BE I TT L 2% Hh o0 A 45
T IR, T2 N AN P TR S, Hoh 2
AR, RIS . BLAh, ki A N AR
HL 3, 70 L O I TR TR AR o AR U ) Ml SR
i, V1) M5 P RE P A L 7 R Sl R 0
T A M 5§ 8 ) IS () B [, 1,1, BN 8] Ay B8 Ff
(B, 7 ZE S0 A 80 8 WO 75 LR A T S 1, B/ NI S5
BEAR SRy Py, X 70 R B T 6 O T G I ] B 4
TR5 R b R R B 1 BT 0 B R AR R G300 R w
vy, A ML, i o T E 0 B 6 G, DU R R ) 1 S5
AR FRHER R 0; Ho5 i S5 j Z IR R g .
(L7 SN R4 G WL R 1 S NN LB Iy N
RUARH ) e KRR AR AT 90 AR LR AT W,
Vi L, /NERIESRN R E A8 T 1A
BIA W, o Vi o Ly, KONGRS TR i B R [ 52 , 35
N T, BN FEHRA N P, B /N4 A 1 [
VAR BLAR AT A Py Py, BETORAT 30 RAR 43 5 R
Dy, D, .

& re 2R kS FATI R AR, ot r,
FORVI )L 5 AE A4S v PRI R iy 2 g = 0 2R
BLik ftys N, R FH B AR 2 AR 0 R
Ny AR K ALS S B (S & P Bl rpa, 72
HLIE ) s my N k5 AR B RS IR a — A% P IR
FEs Too Mk SR BFEHREE, C,; #RER LK
5 A FEH I TE B AR T R L BUE R 0 5K 1, 2

1 WBE k5 AR AR, 25 0, WIBER & 542/
BARY; by BUE N 085 1, Y i M s RIR %% P R E M A
A i Wk SRS, W byu=1, L Z b= 0 5 45 i HikT
PN T L BBC K L, WU by=0 5 AR AL AR R A
AL TP RE P REIRAS | ATREAS | FE R AR AR S5 o
S, VLB A e/ o FL RS, S 0 R A R i el

N, Ny—1
minZ = Z ( Z (lle + (1 - lk)DS)dfk,fk(m)-’-
k=1 \ i=0 (1)

P+ (A =1L P) + TPy + T, P,

N, Ny
> D buu=N @)
k=1 i=0
N,
D bus<1 3)
k=1
D w, LW+ (=)W, @)
i=0
v ViA=LV, )
i=0
Ny
D w, LW+ (1= 1) W, (6)
i=my+1
Ny
PR AZER R A2 @
i=my+1
CA(;H\_I
Dy, b+ (=L L, ©)
i=Cy+1
trk[ < tei (9)

R, 3 (1) S B AR R X 2) R TE
% s B UTI); 3 (3) PRIIE T BR 4% % 7 BB —
W2 MR g5 — 0 3K (4). 3K (5) B8 4 B A A e AT
ek A 18 e MR 29385 3 (6). 3K (7) 2350100 4 4
TG AT Rl AR B9 B AR 295 2 (8) S HL B
B AR LR, ORI T 4R BE A8 10 B B FR T AT
BT —AFur i 3 (9) SRR Y R 55 i [E]
S

2 HEuEE

A 4R Bk ¥ & B 7k (Variable Neighbourhood
Search, VNS) 5k & — e 2 (1) Jmy 048 R ik, L
T A R DR LAY 2H 5 DL A ), B ] AR R o
T 3 o A AR 4 AT R 2 M AR R i S ), A AR
SRR SR8 0 I A R S X o T 11 A Y A |
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i F2# ( Shaking Procedure) 148 @ 45 ¥ 5 8 2 1 72
( Variable Neighborhood Descent,VND) , £}3lid #2 #)
TR AR A5 2 R TR R UG A 2 ), BEDL
N7 0 At e AT 1R S, AR T AR Bk
JRIER IR A A o TR 7S QB Rk AR, Sk
B0 M R A R B A8 A A, S TR O AR FBRE
TRk gl BT SRR £ 0 (N3 N5, - N | AR 4
SRR E 4 3R o R T U A AR A 45 8 (VYN N )
[ ()RR TIAT AR x A B B s EUE, T VNS Bk
AEAR R AN T (he/ MK F AR BR (R -

(D& AR x0 , 2 IR Xoows = X0 o

(2) 45 LA, AP IR (7)5 73 0, Bl ML M
IR Koo FOFE—AR I N TP B IR x4 S AR A S R 4
EUEN Y

(3)&i=0, FHhhiktT

(4)7E X 1Y Ny 2B
AU X

(5)H f(X) < f Gobest) s T o = X7,
i++

(6) 45 i<n,, FRLER(4); B, 5 FIEHR(2) .

(7) i H et F1 S (Xest) <

T PR GERE R, AL YR(3)~L YR (T) N AR SRR 5
BRI R s kRO R T I8 B e R T A U R
IR T B A AB AT I R) e KA AR

ARSI AR R
AT R R AR, A 2 R

i=0; &0,

3 AVNS B

FEAS GBI R 1 5 1, A AR 4 A R R A 0
PR B T 10 325 4 380 BT 000 P AT e 9 1 0, ORE B X 3
P 2 G R SRR IREIE IR ROR . B X
bR TR AR, A SCHR A AVNS B3 S AR 4 4540
S B, F S N R % 1R A AN 4R Sk 1 T4
F ML, DA/ B335 AE — S K (1] G B i 408 35
(4 R ], P Ak AR . AVNS Bk
— 5 TR B BT R AR R B
31 —SEHFHAVNS EX

WS 0 & P, R TR PO B4R
BNy AT R R R, WIIR(E R 1 — TR
AVNS S 0T R 00) 07 2 5 M 3 ) o 5
2ot AR5 Ny 8 RSB T ek, WK Py, 2
/NPy, B

— m'n(Pi+A, Pmax), f ! < ( )
L I S A O NS ML

St AR SRR N, R 2R U5 15 0 R R
5 A ST BERIG R, W BN Py WY

e RWUE, — M 1. Tl B P, BUE R 0 (1)
T OL, PRUESE A 9 ZREM:, K P, 1 de/ INHRU(E B )
NP, 0< P <15 B Py, /ML ) 3,
P ERRE R —A> P FEURAR S W, ST R — 4R
P AR IR AT 25 /N T JC B R B, A 4 ) TR
WA & PSS T P I Py, B9 B0E XT AR
SERATIR AR . — b, ARtk ekt )R
TR AR, R P AU KN S 2 X6 g
LRI NY /NI, B R SR Bk vy R, PR
BE AR
3.2 MEREFT AVNS Ei.

B B BB AVNS B33k 2500 53— U A8 AR I % B
RS RSB Ny B SO REL b, MICHGHE R w, | SR
J& TR BRI AR AR SRR B 48 R EE AT, A by 1w, X
BEMERBEAT TR B, Sy T kS S ECE R AR o 3
TEFEME R ) /N T4 0 B9 I, AR IE AR I Y 2k
PR, [RIFEBCE Py o A SR M= ) i A s /M, B
(bi—w)) )
(bi+w) 7

H VNS 148 ZALH AT, 76 R — U 0 A8 S I
FEHZ b, SRR T B R, LR A AR A EOEE
S, WA AR B RNEE G-w) AZ
J , T B R DUAE R BT (bi+wy) DA SE B ST iy 1
it . FESERXT PR E, UL P TR ROC R (E
R FEEAENT P, AT IH—1k:

P; = max[P;/ max (P,), Py] (12)

A (12) 7T, B— IR ARG, P s s
HE—NILRMBUER 1. ATUER, 5—2 8 H
AL, BB AR Py — S8, XS H)
AT AR
33 BRI S

SCHEK [23] XF VNS 8375 19 4 R W sk 64T T8
WEUEEH , AR 3C AVNS 55035 1 4B 38 25 4 L BB 80 1) ok
A5 VNS Bkt e —8, T IRE T /NPl st
WESE, AVNS BIETEW SR 4 Jm) B AR M Z Wi, B kaE
U BB HE R AT LUR ZRIE R T 0, B AVNS 5392
1A 4 Jep WL S ME AR TH T Bl SR [23] R OC T VNS Bk
4 SRS S IR B O v AR o B 1 S — 2D R AR
BOE#H 7T A AVNS Bk iR .

P,:max P1+

(11)

4 EVRP-BTW BYIIG#RAE pk 5 eBi8 45

4.1 FIAMEiaE
TE A T 0 46 Ak 15, R P 2 1 i B A7 T )
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Start

Generate initial solution x 0,
x _best=x 0

|

Initialize probability selection vector
P,t=0, t max

AVNS with one
step update

AVNS with phased
update

AVNS with one step update

or
AVNS with phased update?

No No
t <t max? t <t max?
Yes Yes
i=1,Get x' from i=1, Get x' from
x_0 by shaking x_0 by shaking
-~
P_i>rand(0, 1)?
No
Apply local search method to obtain a Initialize improvement times
local optimum x” in neighbourhood i b i =0, no improvement times w_i =0
A
No Apply local search method to obtain a
local optimum x” in neighbourhood i;
Y Record b i, w i
Yes .
++
x best=x",i=1
- No
Y - e Yes
Update p_i according to
formula(10)
C x best=x",i=1
< J
v

Update P_i according to|
formula(11)~ (12)

(

End

Bl 1 AVNS kAR Al
Fig. 1 Flow chart of AVNS algorithm
EAE B R ZER, Ml MR EpIr Ak WS ELERARNEFES R C, T ChisE
Wi WAEREAITI R PO, AR A A L A3) RS cE S Y



698 R T R ROA KRB O

546 35

EEE s M WEMBIE T i (EY o, W&
IATHENE P BN ¢, W AR REE R P G R
)]ty = ti+ 1, S (14) IFEZ P i K j 1Y
IF[A] DCRCFE BE Ary o FHIN (B %3 0 90T A, =1, — 1 R
FRFE P j IR SS IF 1R 6 0 e A R L, I ) 7 B A
BV A, /N, WIZRAR B R A 55 e 1] 2 B AN A
IHE P 2 T S A — T S B R 5 AR I T R, D
TERAETTIR)IZ % I B 7 B Y B 3de B ik 1] 73 4 2
[ri] I5F 25 7 7 i 2 ) 8 b i AU o 2 s, DR R AT
A B AR AT REAE A i S I (8] T AR RS B0 T, A
Fe 7 R ik 55 I [B) 1 BE A R 25 1

sij=do+djp—d; (13)

t;—(ti+1;), if ty; <ty

Atij = 0, lf tsj < tan‘j < tej (14)

too, if ty,; > 1,;

HeAh, B EEHN W R U5 0] (1) % 7 j = A 2 R
PIR, I B R F % i B RS AR AT AT
W L 2R KRTES RS BSR4, , &%
XEFBGAE P j IR RARERAE K S j i
e R AT IR . AR BT P R T — U5
(25 PN, FRATT A B 2 0 S fh ] T R T A SR
I [B] DG CFR B2 B IR SE AR I . S SEE B
W E Y, EE s (15) RITE AT & P R R
Jj AT EEE .

52 (AL A+0.01) P AL, ™, if L —dij > diin;

pij = { (15)

0, if Ligg —dij < din
K . B pa BT AAE . B A DT PC R B A B
(] i A R B A R I F B I 5 ey RN IE B
P RITR TR R K P j R . R T —
BT & PR, BT R mARE P ES C
P I piy . SRS A8 B A4 J7 gk
ITRER R, . EIEAT R BE BRI, RIFEfH T HE=R
PERERY Ty 2K, B 75 S0 A0 L L i s 2
DIMER P /N R, UMER1-P B R ER, &
Bop, PR FEHLREE O Y A R A RS 2 LA
B3k I B i o] Ml 55 % B, DU A Rl | 7 HRL
HEAT TR, HEIE WG, A S gkaont % P gk TR
MRS -
4.2 SBILEMIAIE T FNIREE

TEFEAT A 3 10 AR SR A8 R, e R BT Bt A
B e . R T A 8] SR IR Y AR R B A R L 2-
opt .. Cross . F L) & Relocation 5. &Rl Fy>

AT R, [F BT Se 4R fE Rl Sk B i . 7
it FH AR 38l X B AR HEA T AR M T, 23 e M BR B AR
rh Y TR HL S s SR RS R 4.1 7 Y TR L SR
7o FL il A A B AR S Y B AR v B TR A 4
HI B AR AL

(1) REHUR 6458 Bisg #e (Part-change) o 6 HU 9%
B&AE F Bosg o2 e A 4240 Bk BT L R AR Il AR
GRS, BEATL BRI E. A il WO 45 B AR, 8 R AR AR
B = T SN N B U O ¥ 8 e L s ta Y ST S
BRAR I BRAR A 1k USRS B, WA T B AR A s A5
], B A8 4

(2) 3 F 25 [a] & 35 M 1) 3% 42 B B 28 4 ( Seg-
change) . 375 [A) 41T 1) A% i B 38 4 ) A S
R B AR R B 0 W1 i e 28 P 1 2 ] & 1k
A7 X M b R AT B AR R B AS e, AR R 1 an 1A 2
i

O—»O—»0—»O0—»O0—»0

=
O—»0—»O0—>»O—»O0—»0

K2 @R R B

Fig. 2 Route segment exchange

(3)2-opt B+, 2-opt -+ J& 45 AL HEBE£E M 5%
BRAE, NS5 AR T 4 BB — % P AT B, 2
S5 I AR A ELRA BT B, R AT AR
B s 0N, A A

(4)Cross .. 7E Cross 5. H, SoktLk £
SRIEAE, SR N SRR R 45 A B — A& P ER
BEAR BT A, B — SR AR o L T PR, B Jm AT 58
X, BRAER BN TEL 3 s .

O—»O0—»O0—»O—»O0—»0

—>
O—»0—O0—>O0—>»0—>»0

B3 22 XH#EAE

Fig. 3 Cross operation
(5) Relocation 5. ¥ . Relocation J& i M. — 55 %
RS — % 5, LA A B H A P AR
M FEAZ P Z i, 5T R ERAE R R A5 H
SBAS LR [, I BEAT BAR AL 55 s S I, AN AT
ABAE . BB BN 4 s .
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o——ua——xy;%k»—+o——+o

B 4 HEMERE

Fig. 4 Relocation operation

5 SLIGEER

At 2R SR BC i s 00 0 S PR B VE M
SRS o SR C A T O B DR L R Bl A Ok 4y
A AEAI X B 1000 4% 44 % P AT IR B ik . A SC
A3 %2 PO A 1100, 1200, 1300, 1400, 1500
(RS EAT T 5258 70 #r, 70 o (9 4300 200 4,
/NBTFERL AR S 100 T, BN SRR LA 24 T, B
R A ) A R 8 L, AT i RO S B R (] S Y
H 24 55, 70 B 70l A v A Bk PR . LA
ERMFE VLK FREBIANER 1, 36 2 PR,

A AR, T2 . BTG R K B ) 7 5
RS B EBEEN FRISEEEWNT: a=5.
B=10. n=10,/NERIELHER P, = 0.9; —HHH

#1
Table 1

Jr A i e/ NEEEE SR ) & Py, =[0.3,0.6,0.8,0.8,0.8] ,
B BT 7 AP i e/ N Py = 0.3, — T
TR 5 A, = 0.002, B BEHH 20T iR
HA B Appaee = 0.01 ¢

3 S TR 9% 5 W 19 max-min WSCHE B G
(Ant Colony System, ACS)*Y. #i Il 1B & & &
(Simulated Annealing, SA)*', VNS 5k | — 25 5 Al
B Bt BT T A AVNS BT 5 AR [a] BRASE %) 5 4 E
TR piAb, BRIz 1T 0 Fe KB AT E] £, 2 300 s,
TERFRP A AL T H1 525247 100 IR, AHR Y T LA
A AE O i R RE e bR . LI N
MATLAB 2016b, Xeon®W-2133 ZbHl%, 546 45 5 4n
3N, 55 P RYEUE 9 AVNS H EET VNS 8%
AR 53 M

A SE I 45 AT DU Y, ORI RO,
A Gy BN R B B AR, WOSCR 322 5 il LR K
YL AT LR, BT 3R 40 R T AR SO S 1 23
250, I HAE A 45 R VNS 8 23l s — 20 BT
AVNS B 3L AR B BB AVNS B3k 1 45 S e i, A
5 P& P BRI AR J5 ) B 28BS 1) £ R 0B, T e A
FHH AT A AVNS BOA B R R I A B E
200

ERE

Vehicle type information

Vehicle ~ Maximum volume /m’ Maximum mass /kg Maximum recharge mileage /km Fixed cost /CNY Unit cost /(CNY km ™)
Type 1 12 2 000 100 200 12
Type 2 16 2500 120 300 14
w2 OHESHED
Table 2 Customer sample
Customer ID Location/km Service type Mass /kg Volume/m’ Time window/h
1 (10,10) Pick 15 1 [8.5,9.0]
2 (20,15) Delivery 40 0.45 [14.2,15.0]
Table 3 Experimental result
Logistics cost/CNY
Customer scale
ACS SA VNS AVNS with one step update AVNS with phased update
1100 275 699.87 243 005.19 242 097.10 241 317.22(0.32%) 241 274.73(0.34%)
1200 308 882.92 273 290.14 271 857.66 270 673.45(0.44%) 271 039.10(0.30%)
1300 305 021.27 269 940.70 269 681.19 267 968.52(0.64%) 268 770.87(0.34%)
1 400 397 603.40 357417.85 356 075.16 355 452.63(0.17%) 354 097.12(0.56%)
1500 407 020.35 362 772.20 362 595.07 361 568.38(0.28%) 361 694.37(0.25%)
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DL P RN 1500 80 R i, S 6 4
B T — 28 AVNS IR BCE 3 AVNS R kA7
PLEZ G0 5 Rl e B Rl st 26 . X —
A HH AVNS, i FRIETEIULE IR Je kg e 1
U B, B SRR AR PR FE ST AL S IR 83
JITBCE ) e NP R A1 Py, = [0.3,0.6,0.8,0.8,0.8],
HA LRI T P B2 . BT BT BT AVNS
(A ARE 56 1) O SICHR 26 0T DL H, @3/ )N, X 1
B PR A 1% A R R T A S 3 /N B A, A
TR 36 A0E T — 25 B AVNS H 1) 5/ N Bk = ) 1
WEMNGHEME., ARG RATUEL, HIL T
VNS B9k, A SCHR ) AVNS B3 BE % T4 S50 ik
R R A, 1) 5T A B A T

121
- 1.0k
'_c.: 0.8 —
el
g 067
3 041
Q
[
021
0 50 100 150 200 250 300
Iteration
-- Part-change; — Seg-change; - 2-opt;
Relocation; — Cross

Bl5 —LEH AVNS T 2R IS £k
Fig. 5 Select probability vector convergence curves under one

step update

12
b L0 i e =
Z 08F
<
el
2 06}
a,
3 04
g - i
0.2}
0 50 100 150 200 250 300
Iteration
- Part-change; — Seg-change; - 2-opt;
Relocation; —~ Cross

6 BrBeaig AVNS Ay RR el Sth 2k
Fig. 6 Select probability vector convergence curves under phase
update

6 REERE

ARSCHR T — M B 3 AR AR A R
W, AEFRE T ORI B T — R, JF
i P — 205 S R B B 7 b 7 O e AR A )
PEAT T HUR, R T RE I OR . XA E T
i, FA i A 8 P . A SL T RO s (8] 27 m]

] R G 11 R B 4 400 B AR ) A0 1) B~ A AR, 1) R
[i) 9 B L % P M A AR R A BT R B R
U f# ; 1 2-opt. Relocation, Cross-change 5% 5. F ik
77T BN A AR IAH 2R . Tl X 5 41 TR & P B
1) S B B AR 1 0 LT3R W, AVNS Bk gt B
A R AR T A, S E T R A R -

SE 30k

[1] DAVIS B A, FIGLIOZZI M. A methodology to evaluate
the competitiveness of electric delivery trucks[J]. Trans-
portation Research: Part E. Logistics and Transportation
Review, 2013, 49(1): 8-23.

[2] FENG W, FIGLIOZZI M. An economic and technological
analysis of the key factors affecting the competitiveness of
electric commercial vehicles: A case study from the USA
market[J]. Transportation Research: Part C. Emerging
Technologies, 2013, 26: 135-145.

[3] HORI Y. Future vehicle driven by electricity and control-
research on four-wheel-motored UOT electric march II[J].
IEEE Transactions on Industrial Electronics, 2004, 51(5):
954-962.

[4] DANTZIG G B, RAMSER J H. The truck dispatching
problem[J]. Management Science, 1959, 6(1): 80-91.

[5] LENSTRA J K, KAN A H G R. Complexity of vehicle
routing and scheduling problems[J]. Networks, 1981, 11(2):
221-227.

[6] LAPORTE G, HELENE MERCURE, NOBERT Y. An ex-
act algorithm for the asymmetrical capacitated vehicle rou-
ting problem[J]. Networks, 1986, 16(1): 33-46.

[7] CHRISTOFIDES N, MINGOZZI A, TOTH P. Exact al-
gorithms for the vehicle routing problem, based on span-
ning tree and shortest path relaxations[J]. Mathematical
Programming, 1981, 20(1): 255-282.

[8] PAESSENS H. The savings algorithm for the vehicle rou-
ting problem[J]. European Journal of Operational Research,
1988, 34(3): 336-344.

(9] Tz, EWF, EIRE. BT REREEEA R 0.
H kAR, 2014, 40(9): 1976-1983.

[10] TAILLARD E. A tabu search heuristic for the vehicle rou-
ting problem with soft time windows[J]. Networks, 1996,
44(3): 469-4717.

(1] SKIEER, s, SRR, ot kLT TSR B A B
i) 5] 7 4 4905 18] 88 ) 80 v 1) 2 T (0], AR 2R LT R 22 2 4k
(FIERRLAR), 2009, 35(5): 774-778.

(121 XUZEA, o4, SeBRAE. BT A3 I O 3301 1 A2 i
FRIAERIFSE ] #5615 PR, 2005, 20(5): 562-566.

[13] JIANG D. A study on the genetic algorithm for vehicle
routing problem[J]. Systems Engineering-Theory & Prac-
tice, 1999, 19(6): 40-45.

(141 Sk, R, s, 4. — 280 B SR LAk Y
RHEAS B Rk SR HI[T]. AR TR A2 R (A 4R


http://dx.doi.org/10.1016/j.tre.2012.07.003
http://dx.doi.org/10.1016/j.tre.2012.07.003
http://dx.doi.org/10.1016/j.tre.2012.07.003
http://dx.doi.org/10.1016/j.trc.2012.06.007
http://dx.doi.org/10.1016/j.trc.2012.06.007
http://dx.doi.org/10.1109/TIE.2004.834944
http://dx.doi.org/10.1287/mnsc.6.1.80
http://dx.doi.org/10.1002/net.3230110211
http://dx.doi.org/10.1002/net.3230160104
http://dx.doi.org/10.1007/BF01589353
http://dx.doi.org/10.1007/BF01589353
http://dx.doi.org/10.1016/0377-2217(88)90154-3
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3321/j.issn:1001-0920.2005.05.018
http://dx.doi.org/10.1016/j.tre.2012.07.003
http://dx.doi.org/10.1016/j.tre.2012.07.003
http://dx.doi.org/10.1016/j.tre.2012.07.003
http://dx.doi.org/10.1016/j.trc.2012.06.007
http://dx.doi.org/10.1016/j.trc.2012.06.007
http://dx.doi.org/10.1109/TIE.2004.834944
http://dx.doi.org/10.1287/mnsc.6.1.80
http://dx.doi.org/10.1002/net.3230110211
http://dx.doi.org/10.1002/net.3230160104
http://dx.doi.org/10.1007/BF01589353
http://dx.doi.org/10.1007/BF01589353
http://dx.doi.org/10.1016/0377-2217(88)90154-3
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3969/j.issn.1006-3080.2009.05.022
http://dx.doi.org/10.3321/j.issn:1001-0920.2005.05.018

$sil A, 45 BT D AR AT A Y RS L 3l 4 A= e Al 701

Bl£RR), 2018, 44(4): 581-587. Research, 2007, 34(9): 2743-2757.

[15] HANSEN P, MLADENOVIC N. Variable neighborhood [21] POLACEK M, BENKNER S, DOERNER K F, et al. A co-
search: Principles and applications[J]. European Journal of operative and adaptive variable neighborhood search for the
Operational Research, 2001, 130(3): 449-467. multi depot vehicle routing problem with time windows[J].

[16] SCHNEIDER M, STENGER A, GOEKE D. The electric Business Research, 2008, 1(2): 207-218.
vehicle-routing problem with time windows and recharging [22] PARASKEVOPOULOS D C, REPOUSSIS P P,
stations[J]. Transportation Science, 2014, 48(4): 500-520. TARANTILIS C D, et al. A reactive variable neighbor-

[17] SCHNEIDER M, STENGER A, HOF J. An adaptive VNS hood tabu search for the heterogeneous fleet vehicle rou-
algorithm for vehicle routing problems with intermediate ting problem with time windows[J]. Journal of Heuristics,
stops[J]. OR Spectrum, 2015, 37(2): 353-387. 2008, 14(5): 425-455.

[18] WEIL, ZHANG Z, LIM A. An adaptive variable neighbor- [23] BRIMBERG J, HANSEN P, MLADENOVIC N. Attrac-
hood search for a heterogeneous fleet vehicle routing prob- tion probabilities in variable neighborhood search[J]. Jour-
lem with three-dimensional loading constraints[J]. IEEE nal of Operation Research, 2010, 8(2): 181-194.
Computational Intelligence Magazine, 2014, 9(4): 18-30. [24] STUTZLE T, HOOS H. The MAX-MIN ant system and

[19] BRUGLIERI M, PEZZELLA F, PISACANE O, et al. A local search for the traveling salesman problem[C]//Pro-
matheuristic for the electric vehicle routing problem with ceedings of IEEE International Conference on Evolutio-
time windows[EB/OL]. arxiv. org. 2015-05-31 [2019-07- nary Computation and Evolutionary Programming. USA:
15]. arxiv.org/abs/1506.00211. IEEE, 1997: 309-314.

[20] KYTOJOKI J, NUORTIO T, BRAYSY O, et al. An effi- [25] KIRKPATRICK S, JR G C, VECCHI M P. Optimization
cient variable neighborhood search heuristic for very large by simulated annealing[J]. Science, 1983, 220(4598): 671-
scale vehicle routing problems[J]. Computers & Operations 680.

Large-Scale Electric Vehicle Route Optimization Based on Adaptive
Variable Neighborhood Search

ZHAO Canhua, SHI Hongbo
(Key Laboratory of Advanced Control and Optimization for Chemical Processes, Ministry of Education,
East China University of Science and Technology, Shanghai 200237, China)

Abstract: The variable neighborhood search algorithm may have difficulty in searching a better feasible solution
in some neighborhoods for a long time in later stage. Aiming at the shortcoming, this paper proposes an adaptive
variable neighborhood search algorithm based on neighborhood selection probability. The proposed algorithm can
adjust the selection probability in some neighborhoods adaptively according to the optimization circumstance of this
neighborhood such that the optimization efficiency can be improved. This paper designs two select probability update
methods and analyzes their characteristics. By setting the minimum selection probability, the selection probability may
be avoided to reduce to zero and the diversity of the neighborhood can be ensured. Due to battery capacity limitations
and charging requirements, the optimization problem of the electric vehicle route is more complicated than the
traditional vehicle route problem. By modeling and analyzing the large-scale electric vehicle routing problem under the
actual urban distribution logistics, this paper propose an efficient initial solution generation algorithm according to the
geographic location and the time window of the service customer. Some neighborhood operators using segmentation-
exchange, 2-opt, and relocation are designed to achieve the adaptive variable neighborhood search. Finally, the
simulation experiments with different scales data are made. It is shown from the results that the variation curves of the
two select probability update methods have the same tendency, which verifies the rationality of minimum selection
probability vector setting. Compared with the traditional variable neighborhood search algorithm, the proposed adaptive
variable neighborhood search algorithm can effectively jump out of the local optimal solution and reduce the logistical
cost under urban distribution.

Key words: urban distribution logistics; electric vehicle route problem; adaptive variable neighborhood search;

logistics cost
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