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Multitask-based Assisted Evolutionary Algorithm for Vehicle Routing Problems in

Complex Logistics Distribution Scenarios

LI Jian-Qiang"?> CAI Jun-Chuang' SUN Tao' ZHU Qing-Ling' LIN Qiu-Zhen'

Abstract In complex logistics, addressing the vehicle routing problem (VRP) with simultaneous pickup and deliv-
ery and time windows, an NP-hard problem, becomes increasingly challenging as the scale expands. Traditional
heuristic methods, often unable to leverage prior optimization knowledge, result in slow convergence. To address
this, we introduce a multitask-based evolutionary algorithm (MBEA), which assists the optimization of the original
large-scale problem by constructing multiple simple and similar subtasks and utilizing transfer learning to acceler-
ate convergence speed. First, a subset of orders is randomly selected from the original problem to construct various
subtasks, and then a multitask evolutionary approach is applied to generate candidate solutions for the original
problem and subtasks. Given that the subtasks are simpler yet similar to the original problem, useful routing traits
can be shared through knowledge transfer among the tasks, thereby speeding up its evolutionary search. To valid-
ate MBEA s efficacy, empirical studies were conducted on a large-scale express dataset from Jingdong, and the res-
ults demonstrate that MBEA outperforms recently proposed vehicle routing algorithms.

Key words Vehicle routing problem (VRP), time windows constraint, simultaneous pickup and delivery, evolution-
ary algorithm, transfer optimization
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Fig.1 The model of the VRPPDT
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: for Restart := 1 to N, do
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: while W X< TF do
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: end while
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2

3

4

5

6: P=ES(P,Q, F(V, E), F(Vi, E1), -
7

8

9: end for
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Fig.3 The coding method of an individual
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HEEERG 1 B 6 I RUE N T 1T 55 I 05 0k i 1,
2,3, 6,4, 5. HTTAES R MNEAES T REHLESRE D
ANE R, X R T ARSI 2R, JRA )
TIRAE Sk R B s U bbb, T AR R
574, HAR N 5 FAT S5 AL, EAEXS 25
5y SR, WFAT 55 Re B8 A Bl in AR AT 554 4 R

L V=10

P uessmm (L0 2[8 36 7[4]9 5

H ran, = 0.5, |V} =5 lran—06W| 6

B I EIENEIS AN EE N ES I FE N PA RN ER AN EE AN ES I
we |
- ANBENE Mo’ (2[e 645

_________________________________________________________

K4 ARSI

Fig.4 The generation and decoding
process of the subtask

AR SIGE . 1% AT 55 A A AU AE SR 3.5
L AT IS S BGAIE.

% 2. EEEM (TG)

HIN. F(V, E): VRPPDT 4, k: FEEA4L, P FhEE

M. ENTAES FOA, B, - -, F(Ve, By), FiBE P

1: for i =1 to k do

2: PEAE—ABENEL ran (ran € (lower, 1));

3: D=lran x |V|];

4:  BEFEF(V, BE)TREIN 1B DF) DAK TR S
G5V M RLAE BAER B AERTAES F(V;, B

5: end for

6: for pe P do

7 U p X k + 1 AMES BIIERAE I EAE R
HFARM fp;
T p BHFRL A AR A B T HEAL s

L p AR RSERIE op = [1/ mingeqo ... 4y i)
10: HHEHBER T 7 = argmin 73, 5 € {0, 1, - - -, k};
11: end for

R, TE58 6 ~ 11 1T, TG Bt H i th 2%
i) 4 NSH: BT AU (Factorial cost)s 74
i (Factorial rank). 3 & 1& M & (Scalar fitness)
FiRER ¥ (Skill factor)P. A& p 400 £,
N HAERE EAT S B N R HARE. T k41
MES, 2H—NKERNE+ 1R E, K4
[t p FEAHRAESS ERE R . K5 HEL vy, FOR
AN p FEFPFE SR SN R PR G| 2P RS PR
AMELE— AR EAE S BT TR . A
T p BRSO R o, A2 AR FLAE BT A7 A 55 Hh 6 B
ALk U, B @) = [1/ minjeqo, ..., 5y 73] A
p KIEEERR T 7, ?%TEF)T%E%EP p RIEA R
f£5%, Bl 7, = argmin #J, j € {0, 1, - - -, k}. &Ja, TG
kNS F(A, E1) F(Va, E2) <oy F(Vi, Eg)
MFREE P N 2 AT LLE M, BENLARR kA T1F
A A B2 O(k), i EMEE P (FhEERIR
N N) FSA bR A A4 E /2 O(N), #it MBEA
R AT 55 AR AR AR T S SR A I TA) R
O(k + N).

2.3 ETZESERERE

AN AIET ZAE 5 EIRIER MBKT #1E.
TEA AR R, Bl i B bR FR R BV AR
FhEE P ARIEFER A SARAME. LD ARAME)E T
[ —AMES I, MBEA K5 38 T B8 42 1 28 AR %,
T 0], MBEA R IR 58 kAT F1iR T #
AR VRG] MBKT (2558, 53k 3 dhisy
AT e, MBKT A #ANN: FiEE P FIAT
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50 %

H1E5% F(V, E), FVi, Ev), -+, F(Vi,, E). 55 1
17, MBKT Sl — A MlE Q WIda A TP EE.
NG, MBKT 24 il AR IR e A8 i 3
Q, HE Q HMAAREEIAR N NERTRA
i, 7R3 347, MBKT 15 26185 S hn 281 92 A A
RFEE PR B AN SCRAME py Bl po. 2R)E, MB-
KT 2 FIW0 py MERE T 7, Alpy BIHRER F 7,
TEMHE. R, ET 7, Wp Moy MARTEIZAT
R —PEUF. )5, 725 517, MBKT # R4
1% F(Vo, , Er)) E‘ZF(VTPQ, E:,.) ¥ p1 Fpo fif AL
N py Fipy. B4 Bon T IR YE F(V,,,, Er,) 5%
F(Vy,, . B ) 4 J5 46 23 18] v i i 28 7 i o 7 23
). L 3 AT LAG Y XA T 2 AT 5 1 AT
Pt 75 B BRI TR B 2R 2 O(IN).

5% 3. ETZESHANRIEH (MBKT)

M. M P, FEES% F(V, E), F(A, E1), -+ -,
Ey)

. TAOMEE Q

L MR AR Q s,

2: while |Q| # N do

3 MRS PR P o TS pr, po;

4: if 7, ==, do

WIAES F(Vr,,, Ery VB F (Vs Er,) B pr,

pa MRS py, ph;

6 ¥y, ph V15 B T 5648

T P'p plg BT AR c1, C2;

8

9

F(Vi,

o

else
RIEFALS F(V, E) ¥ p1, po MR p), ph;
p/p p'Q ﬁﬂiﬂﬂiﬁ*ﬁiﬁk%fﬁ c1, €25
11:  end if
12 ¥ Rer, co IMAFIEE Q;
13: end while

TERE 4 w5 R S A R I 4E 500 10, iR
TAES F(Vi, B1) A 5 %P, 84 MBKT 2/
BRMR[1, 10, 2,8, 3,6, 7, 4,9, 5] F KT 5 Zwtd, N
MR TAES F(Vi, EV) WIfR(L, 2, 3, 4, 5. 2R)5, 1F
6 17, MBKT ¥ p/| F pl, BI4mA 770 N2 4 412
Bl 5 BoR T ¥ MR gig R N 2 2k B A T FE.
PR IEL N1, 2, 3, 4, 5], AR N 10, 40
JRA R 20, %% IR S5 I TE] /g 0. 78 36 2 I 8] 3 A2
MABRLRMEMET, B FH A LA 3 FiRTE
MR R: a=10,1,0,2,0,3,0,4,5,0], b =
[0,1,2,0,3,4,0,5,0 M c=10,1,0,2,3,0, 4,
5, 0]. MBKT &1 E AR B AR B RA, A&kt
IRA AR EEAZ. DLERAE ¢ PR 2R [0, 1, 0] i,

-9

i BPGS

)« H P HIFRE
RIS R

BRI
AT IR

A

a Bl i )

N~ Vs GRS

100 125

5 MRV ISR

Fig.5 The splitting process of a solution

ITRERA R 30, ZERRAN 20, BRI E BAA 50.
MBKT i 584 0 BEB AR 10 SRR e, AT
AT B A B AR R 42: [0, 1, 0, 2, 3, 0, 4, 5, 0],
SR 275.

SRIG, TE58 74T, MBKT XN SARAMAE p) Al
ph 38 2 T B8 A2 1) 28 B A A AR A
ey Bl 6 BoR T HTBAARIZE XHE T LR
S F PN ASARANE py A ply, FETBRAZ IS XN T8
SoAE o) PEENLIE R — 2512 Route 2, [ 7E pf, 1
BEMWLIE B — % B8 12 Route 2. 125 %% p), 0 #4%
Route 2 #:24 p| FHIEE1E Route 2 LA BGHT TR
co. FEMLE I RER, o HI— L0 P AR
(& A), FFHAERE P AP (WEF B).
It AT B AR 28 ST T BB o R ERAT. S
MIBE co 19 Route 1 IR A, SR BN
co B Route 2 W, A£G BN ¢, FAR e B
AT DA% [FIRE R 7 1R 2.

W 7, AT 7, W MBKT K447 HHIE
B, 1o, MBKT RSB S F(V, E) ¥ p
g FRRG R p, A pl, (55 9 47). #RJG, MBKT X%
ANSZARANE iy I ply A L 28 B2 AT
A e BT o (55 10 7). MRUF A8 U I E & 7
B, W28 Ui 8k B SUARAMA pl 751 1H)
—B (9, 2, 10, 4 1ETA er WM BN E . R)E,
g 738 X EF4 phy TR T B (9, 2, 10, 4] HIgmhY
I FHENE] ¢ 1, NIRRT e, FARA
1A e AT DL RIRE R AR R 24 FARRREE Q T i)
AMEBCEILRE N B, AR TR EREL R, A,
MBKT i [ FACHH# Q.

78 pvi

REN AL BES H1E. 2915 B SCAF0#F
PRIFAMEE Q B, MBEA Wi £ 5 4F (A4 A7

2.4
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Fig.7  The operation process of the order crossover

RN NVEN I BS #ERIP IR, ik 4 44
HTERHNARL. ES 5 HEPEME QM
BANME. 5 247, ES R —ANFEHLEL ran €
(0,1). BRJgG, 5 3 ~ 74T, BEAE Q FHIAME ¢ DL
50% [Pk 28 4k 7K SCARAE py B RER 7 7y, BREA
50% [Pk 28 4k K SCARAE po (I FL BRI £ 7, TEEE
8 17, ES M4 HERER T 7. X ¢ $AT R 18 R 4
VB, JEEH ¢ FEALS F(V,,, B, KT f.. #%
Tk, 5 947, ES ¥ ¢ FETA RIS ES B T
R fo E N oo, FEXFEE Q WY AT A MR EAT
PAS G, TE58 1147, BS B AP R P A ARRh
Q EHN—/NHFEE R ARG, /55 1247, ES
FhEE R AT SRR T HEAL A bR B IE N . TR
134T, M MAMPREIGENE, ES WAEE R

1 B i 1) N ASAMEE BT F R P ARIE RS —
R G, B A B AT P AR NS BRI,
THRHE Q WIR/NA N, WHHEE 4 513, Rk
B A (8] 2% B2 O(N).

Bk 4. IMEIRFE (ES)

WA PR P, TARIEE Q FTRIES F(V, E), F(V1, E1),

oy F(Vi, By)

Wik, BrieEE P

1: for ce Q do

2: PEAE—ABENEL ran € (0, 1);
if ran < 0.5

¢ ZRARSCATT A py BIELRERE T 7p 5
else
¢ FEARSART KT po BIBLRER T 7,5

end if
c XSS F(Vr,, Er,) 1 H RS R I B HH T
KA fe;
9:  WE o X RHAN R AE S I E TR fo 4 oo
10: end for
11: GBS R R = PU Q;
12: FEHT R A AN R T HECL AR 5d B
13: MR b B 0E B i I I ) N AN MRS B R —

RIFEE P.

3 {hEXW

3.1 SCIRE

NS FTHE T MBEA EE1A Rk, R
AL MR IR BLE I &= KU VRPPDT 77
THT, AR SCASE ) — AN RS 5 AR B 21 A Dy it )
AL FEMEHEEE b, A0 MBEA 54 i 5
% (MATE®, EMA®, CCMO®™, GVNS® Al
VNSME!™) #t4T th#. 71X 5 Rt L& ik
MATE #2& i Bt A0 N 5] 5 48 22000 455 I AR DR 5
%, GVNS 2 BAMER gt H kK X F %, VNSME
e HT 4 MR R R A AP B ST ) T fE R K
5%, EMA 2L 2 AR5 T8 7 21 5k, CCMO
e FARS R EE . 23, AR ST RS,
IR T B2 122 X (Route-based crossover,
RBX) HFFfiF42 X (Order crossover, OX) #
THIARE. e, R30S T MBEA 124 lower
MBH kB ERPERERIEm, S48 K TS
AR, 28 lower /R TAEST 2 I BUR HOTE
HACHIAE (N x lower, N) Z.[8]. Hdk =0 &R
WA MBEA 8 I 7A4E 55, o7 OR300k 14F
% %F MBEA PEREIR THI A . X T8 kM
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(8

lower, &SNS AT ZHBUBNE 73 #7.

1) B, A SO FSCHER [62] £ H R U2
PEEESRIFAS MBEA KITERE. ZEHRERA X ERY
MEIE RS, EZARGT, BRRIRIER LR
dn A, I T EUSCHCR  R (B, A R 1 P
T EEYEAS ()T ), IR 9 3 0 ZBUTE TR (D[R] 7 P
PR PR MRS . R, A5 B R B %
i) 751 A] DL AR A SR SR VRPPDT. Ji 46 54
MR G — B N P2 AR B 2 AN P RSB SR
WA RN, )G, REHHEH T AEREA 200,
400~ 600+ 800 F1 1000 75 F 1 5 FhA AR 3 1] 851
X T RE R RIS (0] R, 2 M S G 508 b AR B 4 S SE A
B & A SIS FRBE AL A 20 AN S I B3I R 4E
XN, X NV (F%E) 8 TD (T3
PR FIRALI A e . X (4) FRISE uy Flu,
FARIEPIRECIE RGPS THES B 1, HEH AR
s/ME TC (B RUA), BRI ZERH I B BAFNAT B8 2% 72
FRAS Z . KRS 5 AR i R ) B AR v Bk 1 A
N R\ VIREFEE, CHERRE, AT
BUEEX e

£ 1 FUREIREMRAE
Table 1  Properties of Jingdong dataset
i) 75 [V c J uy U2
F201 ~ F204 200 2.5 500 300 0.014
F401 ~ F404 400 2.5 500 300 0.014
F601 ~ F604 600 2.5 500 300 0.014
F801 ~ F804 800 2.5 500 300 0.014
F1001 ~ F1004 1 000 2.5 500 300 0.014

2) R E. ASCEM BIESE R 5 R EEAE
FXFH L, 4% MATE. EMA. CCMO. GVNS
A VNSME. X} L5210 2 3R 48 FR 18 S 45 1)
WeAZ S HOEAT W E. BT A AL KU R 5 4
[ 20 SefEl EASTIZEAT 20 YR MBEA 5L 7E4H
RN 2 fin. MBEA 5 T N SHFHERE, o
A& Evaluations TEv Ny N« Ny~ kX lower.
Bvaluation 5& S VF IR E, MBEA FEGE LR
PR IR BHR 3 E N 18000. MBEA & —Fh Z b Bt
sy, Hob R kN N BN 36, B BRI
Wk ¥ TE B8 N 3600, BIEE—ANF BORPREHELL
100 fX. MBEA M Bt % N, WE N 5. 24 MBEA
FER— BT BT REN T —ANBY B, PP OR B A
—B B Ny, AN S AR, TR R A A
HFYIHL.

AMIE R R O R A KIS RFI 4
* 341 T MBEA 5 5 M5 E (MATE.

3.2

¥ i 50 &
# 2 MBEA HiESHRE
Table 2 Parameter settings in MBEA
ZH a X (!
FEvaluation HE BN IR 18 000
TE BEB BT UKk 3 600
N PR AN 36
Ny W BL# 5
Ny PRE AR B 18
k TAES AL 1
lower FAL S HEFE AR S 0.7

EMA. CCMO. GVNS fll VNSME) £ K H 5 4<
e L Rx et IR, 05k T A MEE NVL TR
B TD. BJEA TC (TC = 300 x NV +TD) fl CPU
BFTE]. 7E5R 3 19 20 NS H &, MBEA 7E 18 4>
DA o) A B S e /N TCO{E, Ik MBEA 234
HRAR AL T B B G IR . 7R R 200 (190
& -, MBEA il MATE BUR AL AR ZE AL
MBEA 7& F202 1 F204 ] @ _ R &I, MATE
76 F201 F1 F203 [0 @ L HUAS e aF 45 5 1 EMA.
CCMO. GVNS il VNSME 7£ LA L 4 /4> Ja) @ _E# %
IR 72, S AR RS Sl 45 R 4 1n) 1 2 A
B 3] 400, 600+ 800 A1 1000 i, MBEA HIALAL,
ROR B R 4 T oAt 5 FR &L, BN, 7R 7 BN
400 FII A &L, MBEA f°FY) TOE A2 124669,
EMA [fJ°F#4) TC{E 2 149 109, MATE [)°F#4 TC
{2 136 450, CCMO [1J~F3¥) TCEHZE 155 794,
GVNS H°F TCO {8 /& 180370, 1fi VNSME f°F
¥ TCEA 141789. NIt, MBEA B3 T Bl i
¥) TC1i. 5 MATE, EMA, CCMO, GVNS #l
VNSME #ilLt, MBEA itk B¥s{E (TC) 75l
& 1 8.63%, 16.39%, 19.98%, 30.88% F1 12.07%.
15 H A% P BLEE 48 (600, 800+ 1 000) I,
MBEA ¥ TC1E 7778 188 614, 220804 Kl
327730; MATE [*F3) TCIE4r 3N 214 861,
243393 1 359 545;: EMA W TC1H % 5N
250678, 296 887, 443675; CCMO [ F-¥) TC1E %
WIS 241545, 293280 Al 444823; GVNS %) TC
543594 266 184, 308 754 Al 446 854; 1ii VNSME
(-2 TCAE 5y 514 215069, 242376 1 346 777.
PRI, 7E3X 3 ME P RIS 4 |, 5 MATE #
tt, MBEA 4k BFRME (TO) mil3m T 12.22%,
9.28% #1 8.85%; 5 EMA #1tt, MBEA 1k H
FE (TC) 53 3R T 24.75%, 25.62% F 26.13%;
5 CCMO #itk, MBEA Ktttk B ¥ (TC) 45
HE T 21.91%, 24.71% F1 26.32%: 5 GVNS L,
MBEA [tk B Rl (TC) 20 B4R T 29.14%,
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28.48% Fl 26.65%; 5 VNSME #Lt, MBEA [l 600~ 800 A1 1000 ¥, SR A 1] 28 FA) e 2 LRI G n, XS
HWHIME (TC) 73l T 12.30%, 8.90% 1 5.49%. EE SV AR MR B B AL AE XA, MBEA
T MBEA Rt JR 4R el @ 73 il o4 &k A% B i) @, By MATBARA EZENS. By MBEA 7] LUl
DL By ) S 1 2% P MU 0N, DRIt g e g b AR TR ELRURACUR) 74T 55 TR A ) A2 45
JEF v B 75 5 SR A O B E M 3R A B i i, BURUESS, B LAREA RO R IEAT 55 ISR 2. [
5 Tl 9 e B AR, SR R s UK MBEA BUPRAGTERE I B AF T ILA 5 O H L.
ISR B T A B A SRR RS . 33 B S34F
1E3 3 1, MBEA 13 2 45 R 7850 Bk | AR50 s
e e I 8 4t T MBEA A 3 FLUAZS: (EMA,
W EIRIE R I A . 55— 7T, 4 in) % P AR .
. Ak gt 2 CCMO. MATE) HyidkftithZ:. 1T GVNS fl VNSME
IEF] 800 A1 1000 Hf, MBEA [I-F-3738 47 i 18] 4331 B AL i 40 48 b e g e A
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Fig.8

Averaged search convergence traces of the proposed method and the compared algorithms
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