540 55 3 1 R N A R N S A Vol. 40 No. 3
2023 43 H Control Theory & Applications Mar. 2023

5 ) R B R I 3R SR I 18] B R ok 0. 22 R R
AR 1) 7

ZSEE 1,2’ ﬁﬂ %1,21, i ﬁw,z’ ST 1’ 2 pgn2
(1. BWF TR ERITAESESMEER, =8 B 650500; 2. BIIFE T K% mrd N LBAEE S b s, =0 B9 650500)

TR RIS T AELE B B ) R 4 2 AR TR P 2 R AR K AR 1) /(G2E-HVRP-TW), AR SCHE tH— P& &0
FUK-means B VE(WKA) I 2= = 5 85 #HE B I 2 52 1 (LDVPLA)BEAT SR AR, 8 2%, AR9R % 1) BRI R K . 20 0 22 1) e A,
K FHWKAY J5 178 G2E-HVRP-TW 73 il — /N Sk 0 2 22 R 2 55 6 42 1 7] /% (GHVRP) A — 2H 5 B[] % [ GHVRP
(GHVRP-TW), M Tt SZEL 7 2% I ) (40 350 40 ke, LA-Ar PR 4 /N R 23 W), SR, I FILDVPLASR R4 iR i) — R 5T
) B, K 4% 7 TRl R 5 05 9 380 TR i) ) . LDVPLAYE 35 22 BOKs b v FllHB 196 38 5905 (VPLA) Fh S5 MA &
BERAE B ¥ — RYVHET ERAE, 1 L RE05 B H AT 10 B2 AR 25 1] P9 S04 T 25 VPLANLEI 2R, T3 i R 0%,
TE5 ST W BOAe) gt — 2 MR8 R PR A 0 6 2 25 O HEAR RAR R ARAS 2., A R T DR 2l By A R 281 adk it 2 i) o 110 90 At X 3k
PATH 2, TERIKIY BE ¥ oh —Fh 25 S, AT il G vk B RN R e . B U5, 38 i 704 [R) RUASE S5 48] L 1 1 B SE
IR FABIFNS LL, B8R 1 BT R B A 25tk

SRR P GRS 1) SR 2 4R, IR R AN K-means5092:; HERIBXFESLE

SIRMER: 22153, S, B, 5. 5 o) 2 B BHE R B B2 R AR B 1R) 1 A 4 (0 22 R B TR 0 R A5 1) L.
i EE 5 M, 2023, 40(3): 549 — 557

DOL: 10.7641/CTA.2022.10819

A learning discrete volleyball premier league algorithm for
solving green two-echelon heterogeneous-fleet vehicle
routing problem with time windows

LI Zheng-wen'2, HU Rong!2f, QIAN Bin'2, JIN Huai-ping', LU Yang!?
(1. Faculty of Information Engineering and Automation,
Kunming University of Science and Technology, Kunming Yunnan 650500, China;
2. Yunnan Key Laboratory of Artificial Intelligence, Kunming University of Science and Technology, Kunming Yunnan 650500, China)

Abstract: This paper proposes a learning discrete volleyball premier league algorithm (LDVPLA) combined with the
weighted K-means algorithm (WKA) for the widely existing green two-echelon heterogeneous-fleet vehicle routing prob-
lem with time windows (G2E-HVRP-TW). Firstly, according to the characters of the problem with a large scale and strong
constraints, the WKA is used to split the G2ZE-HVRP-TW into a green heterogeneous-fleet vehicle routing problem (GHVR-
P) and a series of GHVRP with time windows (GHVRP-TW), so as to realize the partial decoupling between the two-level
problems and reasonably reduce the search space. Then, the LDVPLA is designed to solve those subproblems, the solutions
of each subproblem are combined to obtain the solution of the original problem. The LDVPLA replaces the real number
individual updating operations of the volleyball premier league algorithm (VPLA) with a series of proposed arrangement
operations in the competition phase, so that it can perform the search directly in the discrete solution space based on the
mechanism of VPLA, which can improve the search efficiency. In the learning phase, a three-dimensional-based proba-
bilistic model is designed to learn and accumulate the information of high-quality solutions, which is conducive to driving
the algorithm to reach the high-quality solution area in the solution space to perform the search. In the elimination phase,
a restart mechanism is designed to avoid falling into local optimal algorithm too early. Finally, the effectiveness of the
proposed algorithm is verified by simulation experiments and algorithm comparisons on different scale examples.
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Lqeentl = IN| Ny, -+, N, VR FE = 4 i 5
PRI A TR, A R 2 R
TB1L R T EIANE T s =1, 1%
REYIHS,(gen — 1),5 =1,2,--+ ,n.

Si(gen —1) = kznj P, ;x(gen —1). (39)
=1
AERSBENLEr, r € [0, Xn: Sp(gen — 1)], #r € [0,
h=1

Si(gen—1)], WMINg=1, %r_e [S:(gen—1), S, .1 (gen—
D,te{1,2,-- ,n—=1} WINs =t +1,s=s+1.

S22 ERRERES AR, 1 € o,
Z ‘F)ifl,wFl (gen),h(gen—l)]’ %T]‘ € [07 Z R%l,wFl (gen),1
h=1 h=1

(gen—1)], MNg =1, #rl [; Py oy (B0n-

t+1
1)7 };1 Pz'—l,wifl(gen),h(gen - 1)]? te {17 2, ,n—
1L MNg =t+1,s=5+1

BEI  His < n, PATPIR2, BIEH weent!,

M B R S B SRR A
3.2.5 HIKHB

YRR U AR 2L AR SEHTI, SRt N iR
B B AR, B R

X2 B U i 3 358 0 R 43 0 A AT S IR
interchange (7, u, v) #1E, 48 J5 $hAT insert_pr (7, r)
VE. A BT i 1 2 13 B b 25 PP 8. R
IR HERAE, A2 Bipopsize - 0, AN BTA, A2 B HT A B
e 1 |17 FhRE IS BT AR 22 Hpopsize - O, M. Forh:
8, N VE UK 2 interchange (7, u, v) ¥ AT 44 ffim AL
BuMfr B B % 7 347 58 e insert_pr (m, ) #AF
NEENLERE— M E, WA E AR EARE
B T . IR B G SRR DR A e
3.2.6 LDVPLAifE

LDVPLAit#2 Bl U2,

| TR AR e |

!

X R A AR SRR A T R A P A 22 1

SINEE

o

LA

.............................

HHEES: 6 OREH

ST LA AR T I PR B2 R B 0 AR AT TR

TR B

iy

R L SE R A

it = D A

K 2 LDVPLAiFER]
Fig. 2 Flow chart of LDVPLA
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4 SERBTHS T
41 SERWHE

ARSI A5 S F bR AE2E- VR PR (1) 35843
S, FFAEZ A I 3RS BN T 45 Y B R0 ]
B, g 5 AR AT 7Ehttps:/pan.baidu.com/s/1Y
70xe05qAUEMLYM4 foGQygH' N (FZHY: 9cxb).
FT A 32407 F Delphi20 102w FE 230, BR1E R 4%
;N Windows 10, JERE/RI7AEFE2%(3.2 GHz), 8 GAT.
42 ZHEE

AW 27 T HRG2E-HVRP-TWA 7Y o 2 8 %%
BN c;=T7.3 J0/L, P.=15 Ji/h, P,=20 Ji/h, sev,=
20 min, sevy, = 8 min, v; = 60 km/h, vo = 80 km/h,
fi1 = 1300 7G, fio = 1100 7, fi3 = 900 JC, for =
700 TG, fao = 500 TG, fo3 = 300 Jo. JHAEREA P H A
S E S R [18], WKAT B HE B max [ =
50, 0 = 8. KM Bt S, = 0.3. LDVPLAM & EIf
FAESHUNFEE K/ Npopsize, ¥R i O 24 Bl 5%
U R A B ARES. A SCR FH 5238 e v h 7 V2 AT 5

0% 43 Hr, 1210 06 52 LDVPLA ¢ 08 S 54 & 08
popsize = 40, 0, = 0.3, 5 = 5.
421 SRS

AT, KBV EA FASTIE AT 30K,
T A FVE AR GE AT B ) A [ (ng X ne x 0.1s).
% ) R B 1) B A 4 SR R R . 7R EE U B 2,
ALY AR A], 24 RIS 73 B R AH SG I
R, B2 HHN IR 45 SR W] #Ehttps:/pan.baidu.com
/s/1yEzmMTOROELrhmyO 1A5dsQ 71 F % (32 B il
h314).
4.2.2 KAIEWKARA Rtk

RIS UEWKAR A 20, 76 A 3 i) @, K LDV-
PLA_WKA5LDVPLA KA, LDVPLA_KMI1FILDVP-
LA R 47%f . LDVPLA_KARILDVPLA_KM1 A 7E
LDVPLAH 43I PAFE B AR P RFE A K -means 5.
V2, DR B RIS 8] B 9 25 P REAE FLRR AR AN 2 AH 55 (1)
K-means &2 5 15 %, LDVPLA _RNFENLE %5 /1 23 Bie
YT IR FHLDVPLA SR AR, 4S5 W222.

% 2 WKAR 25
Table 2 WKA'’s effectiveness verification

Ep ne ns LDVPLA KA LDVPLA_KM1 LDVPLA R LDVPLA_WKA
wRIUE  CPSE &E CPYE EOUME CFSE &IME A
Set2a_E-n22-k4-s6-17 21 2 4564 4689 4572 4714 4551 4836 4630 4808
Set2a_E-n33-k4-s1-9 32 2 4993 5196 5002 5259 4983 5466 4837 5172
Set2b_E-n51-k5-s2-17 50 2 5578 5988 5699 5903 5630 6182 5548 5836
Set2b_E-n51-k5-s6-12-32-37 50 4 5709 6017 5651 6005 5740 6371 5540 5862
Set6_A-n76-4 75 4 9523 10102 9047 9626 8692 10014 8751 9374
Set6_A-n76-5 75 5 9493 9996 9238 9749 9598 10283 9084 9682
Set6_B-n76-6 75 6 9321 9934 9195 9716 9628 10318 8977 9574
Set6_A-n101-4 100 4 12607 13216 12023 12741 12912 13850 12085 12477
Set6_A-n101-5 100 5 12527 13079 12091 12876 12733 13831 11893 12494
Set6_B-n101-6 100 6 12682 13049 12104 12719 13249 14256 11932 12324
Set5-200-10-1 200 10 30879 32315 30921 31957 32148 34921 29508 30685

4.2.3 KUFLDVPLA K H SRR A Rt
NI IFLDVPLA R % 2] By Bt AL IR B BE B &
RO, AE A S ] B L B LDVPLA_WKA 5DVPLA
WEKAANIMA 2 S BEFLDVPLA_WKA)FILDVPL-
ANP_WKA (7 K M BER FH BEATLAE B 5 3 22 1)
FE)EAT N H; N ESIFLDVPLA A 2501, 18 AR 32 ) 5t
I, ¥¥DVPLA_WKA 5VPLA_ WKA(# #7 ##fEVPLA
IIAWKABAT I FATRT L, Mlatah LR 3.
4.2.4 WIFLDVPLA_WKA K15 %%
HNEUFLDVPLA WKAFIA 0, 1A STt
HLDVPLA WKA 5 [H bR T b SRAFRFRCLR &) F &
Mg A& 5% (adaptive genetic algorithm, AGA)!O AT

5% CW Bk (improved Clarke and Wright savings heu-
ristic algorithm, ICW)IBEATXFEL, MliA4s S 3 4.
425 SERERSH

FRF S FE MR T G AT, LEEZAT30IK
FAS-F-IMEAE R IAAE A, $295% B AS X Hykig T
ST S B FE AR SR, 24558 WERS.

i #2257 41, LDVPLA_WKA B4 T LDV-
PLA_KA, LDVPLA_KMI1FILDVPLA R, iX 3 B i it
WKAZRE T B P & R EH e B R B N &
PR 2 o Bo s TRt WL BEN LS 2 il &
HR A TR 7 XM LU e 0 A 2R X3

H 2312257 %1, LDVPLA_WKA & Z 1 T DV-
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PLA_WKA, LDVPLANP_WKAFIVPLA_WKA, iX 5
iE T LDVPLAH 24 2 By BERIVR IR I B A Rk s il
BHLDVPLA X FHAH N HE P45 E & bRt VPLA B B A
SR () B 2 A B H A R,

i 41250 %1, LDVPLA _WKA & 2 {10 T 7 F
B IEAGATIICW, HAE K HIUAR ) @ A #5812,
X R BE A Hh il A% P 508 N, G2E-HVRP-TW i

AN OR, X IR A B HE (IICWHTAGA)
XTI RREEAT BEAR G R TSR AR, A DAAE B RTINS [R] P 3R A
P fi; [ElE B EGIE T LDVPLA _WKA K F 3R 25y
fifE SRS ANAE =B BOHE AL T 8 v A et i, v e SRR
FHEEERE.

2 | ] &1, LDVPLA_WKA #& 3K fi# G2E-HVRP-
TW A .

% 3 LDVPLA_WKA 5DVPLA_WKA, LDVPLANP_WKA#VPLA_WKA &9 5t b 45 %
Table 3 Comparison results of LDVPLA_WKA, DVPLA_WKA, LDVPLANP_WKA and VPLA_WKA

LDVPLANP_WKA VPLA_WKA LDVPLA_WKA

RIME  CPE RIME CPSE BOUE FHE

i ne ns DVPLA_WKA
RILE FEIE

Set2a_E-n22-k4-s6-17 21 2 4690 5059
Set2a_E-n33-k4-s1-9 32 2 5100 5334

Set2b_E-n51-k5-s2-17 50 2 5767 6141

Set2b_E-n51-k5-s6-12-32-37 50 4 5614 6046
Set6_A-n76-4 75 4 9176 10029
Set6_A-n76-5 75 5 9713 10582
Set6_B-n76-6 75 6 9633 10454
Set6_A-n101-4 100 4 12620 13302
Set6_A-n101-5 100 5 12432 13140
Set6_B-n101-6 100 6 12061 12764
Set5-200-10-1 200 10 30539 31731

4802 5053 4569 4881 4630 4808
5008 5427 5094 5276 4837 5172
5834 6493 5707 6003 5548 5836
5618 6368 5556 5952 5540 5862
9383 10299 9179 9806 8751 9374
9648 10215 9668 10284 9084 9682
9611 10557 9792 10647 8977 9574
12461 13352 12565 13148 12085 12477
12448 13637 12947 13533 11893 12494
12012 13382 12406 13117 11932 12324
31553 34833 32290 33759 29508 30685

% 4 LDVPLA_WKA 5AGA#=ICW 89 %f rb 2%
Table 4 Comparison results of LDVPLA_WKA, AGA, and ICW

AGA

ICW LDVPLA_WKA

5 ng  ng

wIUE FAOE &EE &IUME CTE &EE RUE CFYE SEE

Set2a_E-n22-k4-s6-17 21 2 4702 4906 5217 4518 4602 5068 4630 4808 5021
Set2a_E-n33-k4-s1-9 32 2 4934 5236 5777 4822 5022 5478 4837 5172 5324
Set2b_E-n51-k5-s2-17 50 2 5628 6186 6422 5617 5905 6477 5548 5836 6062
Set2b_E-n51-k5-s6-12-32-37 50 4 6025 6320 6721 5318 6015 6453 5540 5862 6147
Set6_A-n76-4 75 4 9485 10097 11046 8878 9448 10434 8751 9374 9820
Set6_A-n76-5 75 5 9718 10417 11064 9218 9697 10397 9084 9682 10027
Set6_B-n76-6 75 6 9687 10469 11169 9296 9735 10355 8977 9574 9908
Set6_A-n101-4 100 4 12783 13484 14228 11962 12627 13312 12085 12477 13072
Set6_A-n101-5 100 5 12919 13748 14407 12087 12767 13857 11893 12494 13201
Set6_B-n101-6 100 6 12978 13391 14438 12073 12553 13624 11932 12324 12964
Set5_200-10-1 200 10 33129 34139 36473 29867 31009 34266 29508 30685 32001
k5 gt R
Table 5 Results of statistical analysis
[LRaE L ple AT A plE
LDVPLA_KA, LDVPLA_WKA 0.000009 LDVPLA_KAI1, LDVPLA_-WKA 0.000014
LDVPLA R, LDVPLA_WKA 0.000002 DVPLA_WKA, LDVPLA_WKA  0.000002

LDVPLANP_WKA, LDVPLA_WKA  0.000002
AGA, LDVPLA_WKA 0.000002

VPLA_WKA, LDVPLA_-WKA  0.000002
ICW, LDVPLA_WKA 0.001333
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A SCET X A ) B 4 €0 22 AR R P A s A2 1)
B (G2E-HVRP-TW), & t — 1 45 & 1 AL K-means 5
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KA. SR W0 R AR A 1) B X AR 25 8] P2 K G2E-
HVRP-TW, % ]l WKA %} G2E-HVRP-TW HE4T 43 ik,
A A 2R A PR TR /N HLR 0 At s 1) [X 3k
HHHET; 2) FELDVPLAH BTN [FIHE - #E & b
VPLAH . — AN 37 77 30, v 7E OR B AR 1 VPLA
BRI AT EE PR RV AE R UG, 3) M — 4%
SR BEAR I 22 SRR BUAR AR R R A AR
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