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Research on vehicle routing problem with driver experience under
knowledge-driven approach

XU Rui, ZHU Yan-yan, XIAO Weit
(School of Business, Hohai University, Nanjing 211100, China)

Abstract: In real-world logistics transportation, leveraging historical route data can provide valuable insights into
drivers’ route preferences, enabling them to avoid potential risks and enhance route planning reliability. Based on this,
this paper studies the vehicle routing problem with the driver’s experience, introduces a dual path evaluation index
considering both the path reliability and driving distance, and then establishes the corresponding integer programming
model. On the basis of fully analyzing the characteristics of the problem, a knowledge-based dynamic multi-start
variable neighborhood search algorithm is proposed. Firstly, generalized sequence pattern mining techniques are
employed to extract experience paths, including frequent and potential sequence, from a large dataset of vehicle
trajectories. Then, a knowledge-based conflict resolution strategy is proposed to construct high-quality initial solutions
by integrating the aforementioned experience paths. Finally, a dynamic multi-start variable neighborhood search
algorithm is introduced to improve the initial solutions. Through empirical analysis using real logistics distribution data
from a jewelry company, the proposed algorithm demonstrates significant improvements compared to traditional
variable neighborhood search algorithms. It effectively reduces the scale and solving time of the problem, while
simultaneously minimizing driving distance and improving the reliability of path planning, which provide a valuable
decision-making foundation for path planning in actual logistics enterprises.

Keywords: route planning; driver experience; degree of reliability; knowledge-driven; variable neighborhood
search; frequent sequence mining
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step 1: XA FEREARLE S Yk 2P AT il R4 222
X TBTA sol € Sy, AT LT #24E:

1) POIMEE P51 Vir, Vir = Vi {sol, C(sol, Vi)},

1 F% Vi o SCRF BE B v B BT 5 pona TE N — A

i 18] 5 51, BB 1) 7~ sol = {sol, pmax }

2) EEPATHAE D, HBIVy = o;

3) B Bt 2 W1 4a f#4E Insoly = Insoly | sol.

step 2: 4 Insoly Xl 73 5 B il £ S FIAS 58 2 i
£ SL, EHIAE P AT ##4E Insol = Insol | Ss.

BB 3: ol R B AR .

step 1: % T Vsol € S5, ABEHLIET r(O\{sol}) Vi

H R R %, BT sol = {sol, r(O\{sol})}, H Hr#]

4E AT 4T A 4E Insol = Insol € sol.
step 2: X Vsol € Insol, }AT 4 3 41 1) 45 5 i

BERAE, 3 — P AR IR R,

23 FEZELTMEEER
AR 4335 48 2 (variable neighborhood search, VNS)

AR AN A AR I A R R B AR S T AR

SR BNEZ -7, 85 2 R TRk 2 Fh AL &

Mo Ab T R S T 90 46 i 40 2 SR B R RRAIE, AR SC 51N

75 % i AR AR 1 4% % (dynamic multi-start variable

neighborhood search, DMVNS), ¥ A8 4 5k 48 2% 3t — 25

. 76 2.2 19, A SCE I GSP HE 1298 Bk kA5 ]

WL 52 B8 A% H A 7 H1 R0 700791, iIX PSR T 91 =2

AL B2 G S5 R RS F e 1) BLAR R IR 2. 7R

HEAT W UR f AL S I, 2 H — ol o SR VA i SR B (KCR),

I X PR 2 7 1 AR R B8 v o B IR AR . IR BE

JoT B A AL B, 1E A AR A FR O AR b, e A Y A

AN]R8 B0 A1) a3 AT 1 R RS DAY /) ) A

5L, T 07 50 SR VFRE AT i B 2H, 3 K 2 1A 48 R

0 [l AR 3 B A0 ) ffE. KCRSEIG (KBTI N T 2
RURFE CLORIE S 7 21 1 2 46k, oS s B
AP, AT DR 5 n) URRAE 1530 B 20 2 18 8, AT 5
0 R v b AL 3 S ) 7L
231 &1 W

TEIEARAE R SRV XA AT R AT B E LA &
SRR R AR5 A SR H T BR B0 R A B AN W]
AT e, 3B I AR R A A LR TR IR R V (s) R
NE s BRI, 0 TRE& IR r € s, Hq(r) BoR
ZERAE BT P RS TR, NS T
A T AL, 4 S o (s) R SRR

¢(s) = Y p-max{0,q(v) —Q}.  (13)

VeV (s)

SEG 75 E SR H AR e U B Al BN _BIR A
1 T0 DAZE G VP AG A 1R o i, 26 30 DR 1 R L — MR
18, ARIEAEIEAGS AR P AW AT R 20K
232 WHETHEHEHET

A WSR2 8 R AR BT SG8E, e T4
FE R i AR A 77 X5 45 2R B T B R ) i
Mg o

1) Pesh 1.

PRBN T 1R B /L AR 7 5K, AR
EREAS B HH =1 A5 R 2 1) 1) ey B e A AL AR SRR
MLAT 3R sh 57

@ n-remove: M 4R EE AL H BEALIZL $E n A5 SO
B, 4GB — 2R,

@ inter2opt: Pl HLZE & T 2% (]2 (1 AN 15 A
N~ N2, B ny ~ng Z AT ER AR I G, AT RUANAR,

® doublebridge: fEf# 7> B4 B F HHT 4 & koK.

2) ARIRET.

Vidal S5E26) 42 H (178 & 18 4% 5032 (hybrid genetic
search algorithm, HGS) % i # I\ 4 A& 5% = 24110 =K i
HE O i 8 K NEVE 2 —, AR R =
RE AT T Ry A SR s AR B A v A o
G5 K. ASCBET A SRR T 5 HGS A [R] ) #4514,
IS H BT T AR A R IR A A
LA (P AR N A 2R, T ST R w IR AR I BR S o R T ()
k%A1 mER G, o N u ) — N0 R L o flly 4y

SR PA R AR E (W3R 2).
233 ZIEFMHF

IR AIREOE B e K IE AR IEL i, BOELEIEA
2 USRI SRR BT, 34 2R 4 1k 8 A TR



3854 wo# 5 ok R %39%
w2 WEHET F X T AT T A i R BRI AR L B
K ARIEEN e i, 4n =% 3 fr .

1) insertl 15 w 2% 25, WS w 4 3] o J5
2)insert2 WIS . o HREE P, WG w2 4 E] o T
3)insert3 W w. o # R S UK 2\ wifiF) o 5T
4y swapl ML w. v % 8, IS I w o 16 B
5)swap2 Wi u. z\ v &R AL AL wy o Tl WAL E
6) swap3 IR u @ v y HRE P WA S u o flo, y 0ELE
7) 20ptl [ P ERES, o\ v 2 [ BR R 17 RS, LA A
8) 20pt2 [RIBKIAIENSL, o\ v Z RN ARHEAT BRAL, HoA 1Y AR
3 HESER

9% IE KDMVNS 53 18 200k, i it — R 5140
B S 56, 5 s5 A RO R R B AR AR RCR L 47
O PR B I BR AR AT SE 4R bR WA %S
AT T HEAT VRS S2E6 A5 A0 E LR B N Windows
Server 2016 #1E R4, N 1731 GB, &b B 45 4 Intel(R)
Xeon(R) Gold 5218 CPU @2.30 GHz, GPU A NVIDIA
Tesla V100-PCIE-32 GB, HL#% % > B H B AE 8 i
& 1. Anaconda # i F Python3.7 % 5 SZ 81, J& K X
P B R 7 {5 FH Matlab R2019a #4452 31, 38 i GPU Jf:
AT HLEINE DM VNS 505 1 SR ik 72, EFE 40 8.
3.1 HIEKRERSHRE

ASCAE B s SRR T b B Bk A R R AR
VTR 5 B BC IR 3% % F W0 v i i £ 5 G 5
A AR T RN R A, DA 2 4 [ 2%
T T 3 7 5K, B A S AR RRA TR, 45 3 T A2 A+t
S —. B2 8 B TSR S KT RS
ZHERLIE TAE. 9 i Hood B I SE B i, JI ML A 2
MR B 20 50 5 T F0 R4 727 1 B A Al L R . AR
SR IR A T 2019 ~ 2022 4E 3L 4 4 (1 ) S R i%
P AR U SR SR B R AL A58, B S, R 2023 421 A 1
H ~20234 1 H 31 H3E31 RATT 875 R SR 36 1E
KDMVNS 5% 1A 3.

MR 2 B A 50K 1] REASE B (R A S S E0 B N
BWERBRGIQ = 2004/%, H AR R EAT 5 A
HRAHw = 05, FilFHEe = 0.1 FsL b, KESL
36 3R B, w B HUE 6 S VR M R AT S ). JE I K sE
B, 1 5 SVEE P 41 S 0 A0 B S B BIE 2 )
0 = 04,0 = 0.2. 2% H =R, 3 E DMVNS
FIEMRSHC T T 1 = 10000, 283850 & R4
k = 10,8034 R i KB R B tmax = 100,52 K
IERA B R E 2 = 5.

3.2 LWBERESH
321 T RBERERS

AR R () ) RIS T AN R T, AR S

T AER A KCR S0 ) AT 46 A ek A% v, J8 e 5 A

*3 TREAWR

i REAASE ST R D EEB /% IECR b s /%

(0, 30] 3 25 —20.21 305.33 —15.47
(30, 50] 8 41 —16.45 836.75 —10.02
(50, 80] 13 65.62 —21.09 2163 —11.71
(80, 100] 7 88.86  —23.23 3911.71 —14.01

Ty 55.12 —20.25 1804.20 —12.80

FH 2 3 AT 0, AP B )1 e A ) 1) R ) T A
ROR A9 B3, 1 i B 5 1 1 R 2 D i) R )
BT 25105k 0 20.25 Y%, 121 50T 35980/ 12.80 %, A ]
210 51 ONATE #5320 B B4 ek /D Bl AR T 4 s B ek 2D
Ee A5, Ak, A0 T T A s 1 R S R )
SR LA U6 il S H 2 18] (19 5% &, 48 spearman AH
KR BORVEAG AR 5 2 (8] F A G PR AT B 3 VAR 56,
BAS K N 99 % (W3 4). [F I, 38 it 2 ) = 4k 1L
s B — 20 R AR [RGB, T 3 s

<4 spearman X RHITA
RAR R (T s kD) AR & QA Eusb)
B AR
Spearman P Spearman P
RS SE 0.962 < 0.001  0.976 < 0.001
IR R HL 0.918 < 0.001 0.931 < 0.001
A 25
@ 20 &
.- r o 15 ES
o ® 10 :E
& [ 2 o i?*

i 60
PR i, ‘gl/?ij "“éjf( 80 N

(a) T RHIRD I A

I ) ’%]Z]QZ ﬁ/ﬁ 4 N
0
(b) SE 4

B3 TRaRBERD SRR

255 VR 23 M vl 0, 1 A b R i S L)
R R GG A B TR K e . B AR

o
=



F11#

W3 AiRIR) T F R S]ALE e 69 F 4R A2 1P AL AT A

3855

111 5, Bt 5 i 1) US4 a4 A5 1) A B 8 o, =%
D ECR D R S ] S, B R A e R 2%, KCR
SRS P 1) i ] A E 77805

322 HEMERS

N 56 IFE KDMVNS 53k K ML 2% 22 I i i A
M, X EE 23 M KDMVNS/KDMLNSt 5 4% 48 MVN/
MLNSE8 &35 [ 14 B& 8 IH, 8 A Wilcoxon Fk Al

I RV S R E DA AR EE R LB 5
MVNS. MLNS 532 (1471 46 i a8 it B A1 AR B 7 =3k
3, KA r A S B0 B R FF — 3L RS T 405
VEAE 31 S T IE AT 10 IR B K i 25 5, H o Gap
B 7R BN AR OK Bl B L AR A T A g R I o i
oyt K6 R T AR EIEAE 99 % BAS KPR
Wilcoxon kA4 45 .

+= S HiAMEEXIL
KDMVNS MVNS KDMLNS MLNS
i RIS
Hir A /s Htr A /s Hix A /s Htr IFIA] /s
(0, 30] 0.44 0.71 0.31 1.02 0.42 0.38 0.39 0.51
(30, 50] 0.49 3.08 0.38 3.98 0.45 1.22 0.33 1.83
(50, 80] 0.44 19.11 0.33 28.13 0.43 9.90 0.33 14.70
(80,100] 0.46 74.83 0.36 96.50 0.39 42.79 0.33 63.78
Ty 0.46 25.77 0.35 34.71 0.43 14.17 0.34 21.09
Gap +35.29% —25% +26.47 % —32.81%
£ 6 BLXTE Wilcoxon FAFNEIE (RREIE %)
EizLin Fic o} A i oS 2218, Z P Cohen’s d
KDMVNS vs MVNS 0.1+ 0.067 4.799 < 0.0001 1.499
R KDMLNS vs MLNS 0.095 + 0.104 3.662 < 0.0001 1.136
KDMVNS vs MLNS 0.114+0.119 4.095 < 0.0001 1.570
KDMVNS vs MVNS —3.67 + 11.684 4.821 < 0.0001 0.243
FiF ] KDMLNS vs MLNS —2.785 + 8.914 4.618 < 0.0001 0.284
KDMVNS vs MLNS 2.49 + 5.84 4.762 < 0.0001 0.162

i1 22 5 A 0, AR 3K S) Y KDMVNS/KDMLNS 5.

%5 MVNS/MLNS 5% A B, fif (1) ot & ~F 25 ik
35.29%/26.47 %, K fift 5 [6] - 153 745 49 25 % /32.81 %.
B A ) R ASE ) O, R K B R AR I T AR
AEMRE. EER6E R, 9% EEKFET,
KDMVNS/KDMLNS %35 75 3K fif Jig B A1 SR g 206 7
I 2 2% L T MVNS/MLNS 5132, B 48 it 22 & L.
M T 15 48 MLNS, /R & KDMVNS 5355 3R fil ] 18] 47
T340, AR H AR (A 22 53 03 RS tH 4510 0 7]
LA 50 RN 8 R NEE Re s o 35 $ T BvE MR,

RO HLERI A 2RI A 1 0] RSR A ) 52 A R B, v
FYERR AR RCR, R, KCR H VL RES SR L T8 & &
PIRTaE A, 3t — 20 bk 1 WSSl B2 A AL SR A H A5
323 WEESEBEERST

RO TSR RE R bR T SRS R 5 N TR
PRAT 2 0] ) 22 5, AR SORS B 7 AN R VA HEE B AR 1 ]
HE B AIAT I BE B, I8 B Wilcoxon FR RIS 36 K VE A%
ANFHAR TR bR & AR R 2 R, 45 R WK T
8. Horh, Gap {1 %7 HoAth 77 7% 5 KDMVNS fr 15
fife 2 8] B i b 22 .

x=7 EIMHEERIEE

KDMVNS MVNS MVNS(F & 5 55) Manual

i) R AR
AR JEES /km CIE[4:3 FEES /km g9 PEE /km CIE 93 R /km
(0, 30] 1.19 5219.47 0.95 5156.90 0.94 5146.82 0.52 5214.44
(30, 50] 0.88 7375.83 0.67 7413.21 0.43 7401.20 0.39 8048.00
(50, 80] 6.57 10463.93 5.11 10522.20 0.43 7401.20 1.33 11152.11
(80, 100] 12.01 13413.17 10.20 13 408.66 9.26 13335.01 2.01 15257.36
) 5.16 9118.10 4.23 9125.24 3.82 9074.71 1.06 9917.98
Gap +21.99% —0.08% +35.08% +4.78 % +386.79 % —8.06%




3856 = # 5 X R %39%
#= 8 X8 Wilcoxon BANELE (REILL BAF)
R K 4 ARvE
i X A% fio Xt Z{H Z P Cohen’s d
KDMVNS MVNS (7 5 554
S 9680.66 & 2828.13 9639.98 + 2848.28 0= 127.276 1.047 0.295 0.013
CIET35 4.78 & 5.09 2.92 + 4.20 —0.92 4 1.69 4.86 < 0.001 0.335

HH 2% 7 7] %0, KDMVNS 52 76 26 42 R 7 1
A HE FEAIAT B R B FR AR _EASAE T MVNS AN TR &)
459 MB T MVNS/A T, KDMVNS 532 ft # &1 %
110 F] 5 B~ 282 T 21.99 % /386.79 %, i B8 ~F- 24145
% 0.08 %/8.06 %. KDMVNS 52 i, 550 % 5 5] (1) A
AR LRAIE T BR AR T 52 B2 (4R T AH X AT e 2 3
AT B R B (R 1Y 0, A AR SR AR A B A T S FE D T
FIUTE . ST 5, 12 A 4 AT Bk B S 1 [
I E R T T BRAT AT SE L, RS AL 1 29D A 1 [
I R v AL R, A e (R I S i 3L

b4k, 5 DU & B R N 4G B AR B MVNS 5%
AH LG, £% -6 7 L8 ] 5 B2 AIAT B 7R B (1) KDM VNS &%
JIT LRI % 4% B AT 5 FE T 3882 T T 35.08 %, 17 B B 9
W T 4.78%. 4563 8% Z{H. P{HE M Cohen’s dfH
MIGE T b 45 TR BN, 7599 % (1 B A5 K R, BAR W
Tl BV T3R5 B A0 A () B S 4R A T S M 2 e (B AT
FE P AR AR WAH S, RIFH ST PE 25 55 8 1) MVNS 5925,
B B AR T Y KDMVNS 592 58 0% 52 (it 25 25 40 4 (5 7T
SEFETEAR AR

R 5% 2 T R ) B AR BRI RCR, DL 2023 4 1
H 25 HiT 5535 K A6, B 4 & 7" 7 KDMVNS /&
MVNS 1 5 77 L (B AR 02, b Lt g iR RN

(a) KDMVNS (D=5954.58km,R=1.92)

(b) MVNS (D=6100.44km,R=1.91)

4 T RBEEBEHITIIEL

TEAHERE R A R L E BT SR B AR R A B

438, 5 MVNS 5L A E, {8 KDMVNS 5
TRHEAT ZE 50 B A5 00K e 6% 3R 15 50 J AT R 2 D LA
S B R AR R, TR B T AT T th B
R, M 4(a) FF AT PLR B, KDMVNS S5 HEEE 1 %
P e 1L 2328 By AE IR “ 8887 (R R 51, 3 RX
— PR K AT S RSB AN IR T2 S 47 U 19 A 25 1
e S P A i m VT B A B B, R LA B ) B B
T FERAR A 3R A 551 R SR 11 XU
3.2.4 WHFFVRFGHT

ST HI SR AL T 200 B2 10225 Hsid Ty sk
B R T Il R A 8 ) 7 BITE SRR A B
A1) 1 5 P[] BNE AT 4 R B G T 0 A AL D Tl R
H GG N DA B E T R SR
BOAER 531 177 51 () 0 BE M FOAG ROME, AT SR 8
fRI 0 EE S5 ¥ E KDMVNS 5535k P51 %5 471 J7 )
FE 51 RS2 35 P B4 5909 0 = 0.4,0 = 0.2, AN %
J1F % KDMVNS_Litel . KDMVNS_Lite2 &% 1
S5 SR B S 560 = 0.4,0 = 0.2; FiAh
SHERFEAAE. B S 53 RN T AR S v 3 Fh By
(10 SR AT 8] (B 28 1) LA K BScidk MVNS B335 5K ik 45
(18 3 bl (RRRAE T 1),

43 BT B 5 AT 1) #H 8T KDMVNS_ Litel 574,
KDMVNS Bk 7E R 2 #0se ) b # Re 3R 15 5L, B
TEFTA S 18 E 4% B8 i ) SRR R, IX R BV 1 7
FIHIRI4Y fe 8B SR T Bk R R e MERUR AR RR; 2)
% e KDMVNS 5 KDMVNS_ Lite2 5256 45 5 m %0,
W B I I B T 41 A AN AN 2 A 15 SR g B 1) K i
JEE 30, TR 348 2 o B0 P R M ad A — e P2 1) £

SO 25 b BB 5 AN ) F 5 A R ORAE
T B R RS R e 1
3.2.5 WEEENERBBURE ST

NI AR AT 5 A AR B w X AR R 2 TR 1
5, A SC B AL 366 B 43 SE A, TF AN R w BU(E T
KDMVNS At #1142 (1 0] 5 55 FAT Bk 2 2, 25 SR DL
F9. w R WL AT 5E 54T B PR B 1) A R, w B
fELBR K, W3k 3 et 1) 1 2 R WLER 56, 3k % ] S FE
o PR B AR5 e 2 DUAGE ) P 757 B2 2 B 6 ) 42
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200

150

100

50

Gap 18/ %

7

1 7626
12824

1{ 1046
== KDMVNS (obj)

1387

1 143
153

H#

|
-50t H

SR A E] /s

KDMVNS (time)
== KDMVNS_Litel (obj)
KDMVNS_Litel (time)
== KDMVNS_Lite2 (obj)
KDMVNS_Lite2 (time)

o = w2

] R AN

& 5

®9 WEENERBBBESN

w=20.1

w=20.5 w=0.9

Sl

FTGERE B km PTHERE BN km ATHERE BN /km

2023-01-01
2023-01-03
2023-01-09
2023-01-13
2023-01-26

13.39 13944.25

9.84
3.73
15.77
11.11

12562.17
9067.48

14370.54
10575.43

13.39
11.18
4.20

15.77
12.36

13944.25
12571.08
9170.59

14370.54
10638.09

13.50
11.18
4.20
15.77
12.85

14208.63
12571.08
9170.59

14370.54
10929.88

F R, TR S Ag) v, w U H A S RHHERE
15 0 P R AR BR AL B S b w AR L 6] R
PRAE SRR B R T “ B R RINLE S 5 “ e/
ATBERE RS AR A B AR PP RAR L. IS
A, A HLIE B AR TR AAAE K& “oelk” A 7 41 I,
PR AL E b 18] R 7 J& B R 98, B2 45 S B w 1)
A AY TE SRR, AT B EE B A H TG Ik R R A
ML ARE R SRR, Lk H b2 (B e
BN, B AR IRI T % LT AN B w R A T A2 k.

4 & #

ARICHEFL T RIREREN T 2% L& R L4 56 1) 42 4 %
12 17) 8 (VRPWDE), ¥t | —Fp&x& 2% [8 nl 5¢ B2 AT
B B 1) BR AR VAN PR b, AR LB TE T — P AR K
A EN 2 256 R AR AR I A ZR BV (KDMVNS). 1% 5
TRERA LA IR0 R e SRR AR 35, B S A8 GSP
SR FIHUAT 9 2458, SR JE 38 HE 2T iR o 580
fife AW (KCR) LASRAS W UG A, B Jo A B0 748 2 8 mi A%
L1 I3 2R (DMVNS) ARG L. Hhah - H T — % &
AT A Y S R D 7 X, 7EOR B 4R 50 B A I [F)
R A PR i e e X N MUN e R
FIRTE 7T 45 51, FH EE T 4% 48 MVNS 9%, KDM VNS 5%
RE % 75 50 J6 B[] 9 19 24T B PE B SR AR B AR T S
B R, 25 E TR, KDMVNS 89505 @ ML 4 56 78
SN R R AFE R, R W BER D) s F
FH R B 52 o A2 H 0, B 1 0 200 158 2 1) A A 2)
TE AL BRAFBA ] /B TG 75 M SR A4, KORF s T 3K

0
2125293435363744 454750525657 585862 636572747680 80 8284 8989929294

BRENFIVEEMREEL

R 2 3) D S e AR R O AU P A1 ) R E— 20 52
ey AR PR AT S, A BT AT RS PR R I 2 1
T A BRI R 4) BN T AN 2 3] P R 206,
JS2AN [R] S SRS 358 i A A [

AR FTAT ASE DR A M il & R R R 5 2
T AIENE, LA D 2% S 2R it A e . — 1o, ik —
SRR IR R AL B4R T AR R R e s Eihs
BAARE:, Bnag A% B0 L A A VRS 55— T L R R

B 1A 42 B Al B 7 VR R 3Rk T 5 DA e SRR AR
B, N SEBRR BC 1A B At B G AT SE R O TT R
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