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Two-echelon vehicle path optimization based on Memetic algorithm
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Abstract: Aiming at the problem of low accuracy and long convergence time of traditional method in solving
the two-echelon vehicle routing problem, we proposed a kind of Memetic algorithm based on Q learning
theory and differential evolution. Firstly, the two-echelon vehicle routing problem was studied, and the
optimum partition method was used to obtain the reasonable distribution plan for SDVRP (split delivery
vehidle fouting problem) in first stage, and then the total mileage and delivery vehicles were determined for
both the two stages. Secondly, according to the distribution scheme of the second level of MDVRP (multi-
depot vehivle fouting problem), the Memetic algorithm was designed with Q learning theory and
differential evolution algorithm, which was used to achieve the global optimization of MDVRP distribution
scheme. Finally, through simulation verified the effectiveness of the proposed algorithm.

Keywords: Q learning; differential evolution; Memetic algorithm; two-echelon; vehicle routing optimization

W #s B #9 :2016-08-23

BEETE « 6 S IR B 5 H (2012BAH20F01) 5 74 1 Bh57 K~ 1 - 3k 5 98 B 50 H (16ZX7105) 5 PU 1148 BHE T
PEBh I H (2014GZX0009) .
Supported by National Key Technology Research and Development Program of the Ministry of Science and
Technology of China(2012BAH20F01) ,Doctoral Fund Project of SWVSY (16ZX17105) and Project of Science
&. Technology Department of Sichuan Province(2014GZX0009).

ER BN BRALAR (19740, B VIR RO L B U7, 2 A5 B AL #1771 19 T 50, (E-mail) 27736784 @qq.com,



96 TR KX FFR % 40 %

Bl 22D 2 K e S N RAETE B it 32 71 WD Ui 9 N IR H AR TR E) A B R Bk Ok B . TEAL S B s
iR 7R AR A AR 1) (vehicle routing problem, VRP) i {15 5 1) W% 1 iy ok 6 S B 4% 7 180 1 % » B A
JE v B0 % 0 A LR % O 2K o LR PR A A K 3 i P P O AR R B R R AN
e oy 35 J AT S B 2 L7 A A ™ B ) MR e R ACHETCTS S s T P TR T O R A A AR R R AR A
AR 67 d R A2 0 S A7 BRAT BRAS A4 1 - o B 2 49 % Tk — R 2 o 1 i B 0 B R I R L 1% A8 IX A s
FE R R /N TR PC R A ) 0% R 1 R R DX P AN [ A SR AR 6 e R A A A A R A g A
Ak 5] 8 ( Two-echelon vehicle routing problem,2E-VRP),

2E-VRP & VRP # L - 5K i 75 sFIMEBE E AR B R — 2 — BC ik R RR 5 A AL e O A i
TRV W A ARG i 22 HLIs B (K Ry [R) 8, 24 %5 %F 2E-VRP J5 i) BRI 9T . 5 50K 05 XA R Ak o7 =8 2
o, T SCHR L2 19 HE 7P 0 2 00 3 A2 U A 1) R0 A% 8 i A B ) T 0 SO0 1 O 0 R AT SR Ak L R o (HLIS AT I ) 7
K s SCRRLS IR b 34 73 S U0 53 0 A7 it o F — 20 i s B3 e MR B 5 STk L4 Il 0 A 25 05 vk 5 Al 70 S DD vk
H T 5 2 A0 AR 00 A T 32 5 P RN sl 1 5 SCHR (5 19t b T e o 4 A i 4 1) R Jia e K ik ORI TSR 2R
S /NVE RS 7 A2 B 2E-VRP 14 J8 & 2R i SCRRL6 42 1 Btk A% 48 R 53 0k, X 2E-VRP i 4k [ B9 175K
i WS40 & 2E-VRP [T FESCHRL7 32t 55— 2E-VRP [n) @R ff 9 A% S48 R 05 s, S AR 1 45 2R
SCHRL8 JBE TR & WO 3 12: 92 L 2E-VRP fo A 1] 5K fife » 122 55 vk A1) 4% S 4 R R A7 Rl oAk » 5 B s Ak i
FERRCHE . KA SRE R R AR IS AT I [ AN IS TR B ML R 2% . XTI i e SUBRE i as T AR an SCER L9 J 42
o SRR IR AT IR A T 1 8 A B AR OO AL IR R A Sy 2 AT A O ) R R SR X 2 AT
[ 73 9 SR A o EEINPR T A R R AH RS S 0 A 5 02 1 B A R SR A L AT AR N A . 2, L X T 2E-
VRP [a] {8 ) 0F 5 R AH X LD

RS AE 4 SCHRLO T A J7 =2 — SR FURE i ) e D0 80 3803 AR Dy — S Al ) SR Ak — 280R T ik 1Y)
QDEMA 53347 42 Jay S0« e Ak B9 25 530 0k g #  [0) L, O AR SV G847 I 1)

1 FREWREEZEEHR

PE-VRP [ 1 5 .S~ S, H—G o ~c =
S0 FF P T B R RS IR R I 4 (— S SE 4k, — i
%4,
DE-VRP $2% B0 % T /N 0 % B 44 60 JB0 , B0 05 I — 0 %5
52 T 26 T B A I /N
f=min(C,.0), (D . hoer S
SR, C o FER B RORE B . 5% (2) 3 SR R 5T 2 Sl b T ' °
—%

B 1 2E-VRP [
Fig.1 Problem of 2E-VRP
Zyikzlvizlvzs'"ana (2)
=1

A Yo FOR AT AL . R OMBEERY D Ya =0k =1.2,n— 10 D07 Vi # 1L HIY
AR ke JRBA T HEL kA1,

DU Yo <HD Y (3)

KO FRBEY D07 Yo =0 i B FTIT A TR B v, =0,
i< > Yusk=1,m, b

KO RIS D07 Yo = 1 YT AR v, =1,
DU Yu < H X yik=1,n, 5

K B FSEVHITH B, AR .y, =151 24178 B, &y, =0, 3(6) ~ (8) 4 H 52 4% 44
VR PR A -



% 34 Mk AE L 5 A T Memetic k69 % B & 45 55 24540 97

G
kag < 1.k =1.,m. (6)
va HXy, k=1, %)
zzvkg :zyky (8)
k=1 g=1 k=1

KV RR A B T 206 BRI IT 5 BB — 58 52 A U RoR iz & g il 4
A HEAT BL I - ARk O 0.
2O g 4 7 i BRI

Zey 2, FHA =V, k=1, n,g =1,.G, €))

Ah.e, BEREW AR, RAOMAD Y EHIK B, #E4 58

Ty = jg::i:p,iﬂy —HUO—y,)k=1,un, 10
=1 i=1
T <iil’iY,‘k’—H(l—yk),/e:L“',n, (D
P=1i=1
K, p, FOREM R 3 A2) ~ ) %5 R w1 BR
u, < HXy,,kh=1,.n, (12)
u, =r,
{uk g, BT (13)
Juk”rt%;l + 1t —HQ@ =V, — Vi) <up <
w, Fth s —HQ@2 =V, — Vi), b
lkzzv'"yn;k/:l,"‘,k—l;gzl,...’G’

K we RARTEW b RN, Q5 E BT HECER ] T, Y FR
JTk < HX oy, ok =1,.n,
wp 15 At —HA =V <up <up 15+t —HA—V,) s (15)
Ik =2, ;g =1,,G,

2 QEIJERSDEEHEE

21 ESHEUEFE
243 Ak (differential evolution algorithm , DE) , 45 i & 45 44 17 B0 USSR ARG BE AR 15 30 712 i .
% DE 5354 NP AR K S G ARFREE
P, ={X,(G),.X,(G),, Xnp(G)}, (16)
XX (G)i€l, - NP REFBENK P N2 FiE . DE Bk iR ol @ T #E st
FB 1 (WA X G=0 FRRNEE AN X, (O TTLEIE B L X win » X o JH 5T BEHLH) 16 4L
ijan ={ T im0 s T ) 0

17
X e = { Lt %% s T } o
Kh.D Jy DE FE4ERE . IF4 75 G=0 0K ¢ 1955 5 Ao R ATl X is 1k
25 (0) =2, Frand,; (001 X (L) — Ty » (18)
A, rand,; (0, 1) K0, 1K [0] {34 5] 4345 o 45 IR AELO, IJEIEﬂWFﬁMT‘DﬂM&ﬁX%iI? Cr,
B]2: CER) brif DE A2 S R HLE R 2 DR A (X a1 (G X a2 (G il I 5 H B K

X, (GO AT W & = A 5 AR V(G



98 TR KX FFR % 40 %

Vi(G) =X, (G)+ F (X4 (G) — X, (G) +
Fi(X i 1(G) = X 2 (G))
Kb F O BT F € 0,20, SO fa 8025 5 7 sk ().
TR 3: (OB HEA 2 FILI 52 X T7 20, 735 — R 0P X
S BRI BV, (GO R LR X (GO AT 3 P A A U (G)
) (G _{‘UI_, (G),if rand;; < Cr or j = runa »

x; (G) ,otherwise,

19

20)

P rand; Tl j o R 8 BEHLEL
P88 AR B LL L D Jrf AL IE O A » A B AR 10 & X (GO R 81, FROR H 5 bR ) & V. (GO 4T
TCE G . [FIAEAE XA LL, D Jrp B AL ) — AR 550 Lo A S 44 0] 58 o3 R 45 8 A 1 1) 42 19 s R A
B W45 Fose SOE s
0, (G sfor j = (n)p sy (n4+L—1)p,
w, (G) =
' |z, (G) sotherwises
K, (o )p FoRBR N D BB REL.
WA GEFOX FTHE HIRREL /o) /MU, DE Bk Sk 8y Ul Rk n
U, (G)Hif (U (G) < f(X,(G))»

X,-(G—O—l)—{ (22)
X (G),if fWUA(G)) > f(X:(G)),

@D

22 QEIER

Q 2 JE— R AL 2 JF kB E R T DR PR R A A L OF T I B A A B 2 B (AT L
T ol 6 A 1) 2 W0 10 D AT o AR SEBR R FEARAS s X ARORRES s (0 S i AT B R AR ME . Q 2 2 WA
AR AR s 14 de £ 3l 77 58 il [ 42

L S= {51 s, AR ERE T EBHIREER A= e oa, B RBEIRTERE 5 € S Ak £ 19 3
PERER sr Gia D RN B BEMAERS s, B FESIIE o, WYL BRI JA) 14150 Csiva ) B BEARAEARZS 50 B FE I E
a; BIF—RAE s BB REG Yy NIETIARE N E RGN 7.7y € [0.115:Q (i na, ) W REMARES 5, 2k
FEAE o) MR R . W Q (s a) AT ik Kt

Q(s,a):r(s,a)Jr)’{/Q(B(s,a)):r(s,a)ermaxa/Q(a(s,a),a/), (23)
KV e AERES s R EERE . TR H Q F 2T Milsr stk g
Q(ssa) < (1—a)Q(ssa) +a X (r(s,a) +y max, Q5 (ssa)sa’)), (24)

R FEREMN QG a)FEBNE a 811 6 (s ya) I} ,Q-value B3 M- N hVEXE v (ssa) B RT Q(s.a) 4
WAL AL 7 0 4T, M o =0 BHF k22 . Y o =1 B RRF AR R B B HEE . WMIET ¥y ek
K G B EEM:, y=0 FRTE REE Y/ y=1 W ERREETFER &R .

3 EHT QDEMA Hi%iH) 2E-VRP [a@E 4L

3.1 —Z SVRP R8I & %

JHT TR 3 HLR SR U0 V0 50 05 =0 A7 0 1 R B A 2 AR )5 FL A QDEMA 53k 347 2E-VRP [A] kS 44
k.

2E-VRP ] B AE—%% SDVRP F1 =2 MDVRP §f& 0] @, o] N — 9 3| — FI0T ke . & ek e i#l
A5 3] — 9% SDVRP [n] @A A 3 2% 1400, UL A 7% sl 350, R /E o QDEMA BiE Y ia il . SR Ja K —
¢ MDVRP [t i% 7 2159 ) 6 BB SR 2%, i QDEMA Rifb 9% P Bc ik 7 28 ok A B T4
ERCR, BRI ERE AR IE 20,



%34 M A5, % R T Memetic F % 69 % 4R % 45 3 12 R AL 99

i=1

DR £, A9
WK, FE SRR

f

B AR A
oA ]

B mEEAEIN
A B

oY |
n s [ 8K

B2 SMRPNEEE
Fig.2 Algorithm of optimal catting

3.2 Z 4% MVRP BEgiEE 1L

QDEMA 5.3 R 1 22 4y i AL 5005 S B 42 Jmy -0 I 2% 43 Q 2% 2 (differential Q learning, DQL) %33 52
WRFIREIRR . QDEMA WA WL 1, 2R F .

BB 1 (W) TEW) 1 Rt Ak R/ NP 4E%0 D P e . 2 8Oy 28Rl 2 (3) L Q-table 91t 1k
R NEUE L IR Q-value BEE K 2 % K 100, WK T A1 B Y Q-table {4 1;

W 2: (S8 A E N Q-table X5l AR i £ L HRIEIE L SE MW LGN F F. ik F=F, %
Al A

5.+ 10F,
pp,) = QLel0E) (25)

>IQG, . 10F)
NRFEEE—4T Q-value 19 HIEWLE AE X EILO, 11 BEAL ™ A R (E ro SR )5 e B F) L 3 2

j—1 J
>IP(F=F,) <r< >,P(F=F,)
1 m=1

m=

"1 Q5. 10F,) " QG 10F,)
- Z”;jl S <1< Z”;jl .

>, Qs 10F) > Qs 10F)
$ B 3. (DE #15) F H DE H it 17 MAHEF AR S 0.2 F AR e HAanE. X f IH—1k

(26)

fw SR HEY  ATARAE GO ¢ IHET R HORZES Y s, 0 r =10 NP B AT Bk,

>
PR 4:(Qtable HHDAREN s BMRIEPATERAE F, JFAIRSAE Ny s, o Fo B b 0y 6035 s 08 2 #1 1
IER A EH Qs 10F,) JE N
QCs,+10F,) = (1 —a)Q(s, . 10F,) +
a(reward(s, . 10F;) 4+ 7 max; (s, ,10F")), @27
L Qs 10F ) R H 1 2 Jih Al it — K 88 s reward (s, , 10F ;) 3R 7R % Jil K A5 .
RS CHWISO BE IR 2~4, BB 5F 3R Bk AL B0 2 CSOR FE .



100 TR KX FFR % 40 A

&1 QDEMA HikfhR B
Table 1 QDEMA algorithm pseudo-code
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endif
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endif
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Table 2 Simulation results

Branch and Cut Multi-start QDEMA
e8|

Best Time Best Time Best Time

E-n22-k4-s6-17 417 4.94 421 16.12 427 4.21
E-n22-k4-s8-14 384 5.76 384 9.23 379 4.58
E-n22-k4-s9-20 481 4.89 472 4.77 458 4.65
E-n22-k4-s10-14 371 3.64 375 5.87 382 6.07
E-n22-k4-s11-12 427 7.87 444 9.15 418 4.26
E-n22-k4-s12-16 392 6.82 403 8.34 384 4.67
E-n33-k4-s1-9 730 17.92 757 22.64 721 7.64

E-n33-k4-s2-13 714 22.52 733 26.14 742 6.46
E-n33-k4-s3-17 707 35.8 754 39.28 698 8.84
E-n33-k4-s4-5 778 33.25 792 34.18 765 8.51

E-n33-k4-s7-25 756 25.87 756 31.24 745 9.30
E-n33-k4-s14-22 779 10.75 824 19.57 758 4.37
E-n51-k5-s2-17 597 15.27 614 25.31 581 7.36
E-n51-k5-s4-46 530 12.87 533 18.74 541 7.26
E-n51-k5-s6-12 554 18.34 564 26.47 545 8.40

2 g5 3 MO B RE LA W B B0 s L R P Best S BALZ kM, Time g2 s, K4 (a) ~
B 4(h) 43 5l 45 3 Fh ARk 1 7 A C 326 B A (R A7 I RD X LU 18] . 18] 4 Ca) ] R S 7 e DI T 326 B 458 1 J T B
MZAK,{H QDEMA B EZE A F Branch and Cut fil Multi-start 2 %} &, T Multi-start 2 R4
i, F Branch and Cut BE, 7EE 4(b) fr/nis470tE] |, Multi-start 33 B I B E] % 1 , Branch and Cut & &
(35 47 Fir 7 B TA] vk, FH B e 19 2 QDEMA 53k, Ui B Branch and Cut il Multi-start 2 83540 L,
Multi-start J& 7298 7153 I 8] 9 [F] i 52 5 1 SR SO 2 T QDEMA B3 AN H I SORT B2 288 T 2 iRk
HARIZAT I 8] b A S T b Ak s HLRE -1 X as A7 i [ P4 . AR SIS B0 an B3] 4 by T3 B 401 55
B, Branch and Cut 1 Multi-start 2 /NMEE B 17 I A & 8 2420 5 e QDEMA S5 s 7 f [A] i, %
S FA ok T L T QDEMA Bk 75 ok AP BE SO0 L FE TR . £8 B TR QDEMA B33 58 5 R AL
2E-VRP [a] 8, 1M 5E PR h 2E-VRP [n) AL HS 2 3 K

T A E-n22-k4-s9-20 2] R, 45 Y QDEMA , Branch and Cut Fl Multi-start 592 f4 it 2 #4261, 0
Kl 5Ca) ~ K 5(h) It . i, 5 Ca) Jy B 10 715 e I 25 1L ] v 44 o oty o D) A TR 326 B8 3 PR kML, ] 5(b)
I3 gE H EOA 3 R L BIE R ECR B AR . R 2 D LR LSRR . QDEMA B3 i e A E 18 AR R B B
A 458 kM, 1fii Branch and Cut B %l 6 BEES N 481 kM, Multi-start 22354 472 kM, QDEMA %4 ¥ 75 it 1% #E
BT X R . AL AT R E L, QDEMA B2 2L T Branch and Cut Al Multi-start 53,
S(hYZ AR BRI I 28, Bl Al & QDEMA B g X 3% L3 2 .
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