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A Hybrid Heuristic Algorithm for Solving the Green VRP with Priority Delivery
Cui Huanhuan, Guan Lihe"

(School of Mathematics and Statistics, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: This paper considers the problem that some customers' goods cannot be mixed in logistics
distribution. Based on the traditional green vehicle routing problem with simultaneous pickup and
delivery, customers are divided into three types: priority delivery, non-priority only pickup without
delivery, and non-priority pickup with delivery. A single objective nonlinear optimization model is
established to minimize the total cost. A hybrid heuristic method based on simulated annealing and
adaptive large neighborhood search algorithm is designed. An improved saving algorithm is used to
construct the initial solution. And 5 kinds of destruction operators and 2 kinds of repair operators are
used in the simulated annealing algorithm framework for adaptive large neighborhood search, until
stability is achieved. The simulation results indicate that the proposed method can effectively reduce total
costs and the number of vehicles, and has fast convergence speed and strong stability.
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5 TSD(HAMELI%) SA-ALNS(fJEALI%) A 22/ %

(C,.Z) (C,. 0) (Z,, 5,) (C,.Z) (C,, ) (Z,, 5,) RE, RE, RE,
Rdpl01 (16,18 862) (16.1,0.32) (19158,241) (14,17725) (14.2,042) (17949,148) 1429 641 6.74
Rdpl02  (16,18990)  (16.3,0.48) (19193,164) (14,17945) (14.4,0.52) (18239,110) 1429 582 523
Rdpl03  (16,18830) (16.5,0.53) (19171,261) (14,17 563) (14, 0) (17670,96) 1429 721 8.0
Rdpl04 (16,18 866) (17.1,0.57) (19 659,349) (14,18 150) (14.7,0.48) (18312,119) 1429 395 735
Rdpl05 (16,18 771)  (16.6,0.52) (19367,342) (15,17 965) (15, 0) (18069,72)  6.67 449 7.19
Rdpl06  (17,18877) (17.3,0.48) (19489,385) (14,18172) (14.5,0.53) (18330,125) 21.43 3.88 6.32
Rdpl07  (17,19338) (17.1,0.32) (19 807,246) (15,18 493) (15, 0) (18669,102) 1333 457 6.09
Rdpl08 (16,18 783) (16.3,0.48) (19137,211) (14,17882) (14.5,0.53) (18220,273) 1429 5.03 5.03
Rdpl09  (17,19271) (17,0)  (19666,204) (15, 18 333) (15, 0) (18374,44) 1333 512 7.03
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Rdpll2  (17,19317) (17.4,0.52) (19948,298) (15,18 050) (15, 0) (18290,202) 1333 7.2 9.06
TFHME (16.5,19102)  (16.9,0.42) (19 560,262) (14.5,18076) (14.7,021) (18263,124) 1385 5.68 7.10
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Cdpl02  (19,22149)  (19.5,0.53) (22339,195) (14,20 710) (14, 0) (20 865,147) 3571 695 7.07
Cdpl03 (19,22 763) (19,0) (23 042,217) (16,20 859) (16, 0) (20954,67) 1875 9.13 9.97
Cdpl04 (20,21 247) (20, 0) (21301,24) (15,20532) (15.9,0.32) (20904,380) 33.33 348 1.90
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o TSD(HMMACI) SA-ALNS(f4EALI%) AR R /%
(C,,Z) (C,, ) (Z,, 5,) (C,, Z) (C,, ) (Z,, 0,) RE, RE, RE,
Cdp105  (19,21696)  (19.1,0.32) (21762,96) (14,21 157) (14, 0) (21367,113) 3571 254 1.85
Cdpl06 (20,22 439) (20, 0) (22439,0)  (14,21108)  (14,0) (21163,64) 4286 630 6.03
Cdpl07 (20,21 976) (20,0)  (22757,275) (15,21092) (15.6,0.52) (21198,84) 3333 419 736
Cdpl08  (19,21967) (19.3,0.48) (22060,65) (14,20508) (14.4,0.52) (21153,259) 3571 7.12 429
Cdp109  (19,21668) (19.7,0.48) (21819,92) (16,20 552) (16, 0) (20 653, 73) 18.75 543 5.64
SEHIME (19.3,21857)  (19.6,0.26) (22063, 123) (14.8,20 669) (15.1,0.19) (20893,150) 31.20 5.76 5.61
RCdp101 (18, 23 336) (18, 0) (23 394,69) (14,22 186) (14, 0) (22 385,264) 2857 518 4.51
RCdpl02 (18,23 678) (18, 0) (23 740,37) (14,20 901) (14, 0) (21236,170)  28.57 1329 11.79
RCdp103 (18,25 139) (18, 0) (25282,86) (14,22019)  (14,0) (22174,159) 2857 14.17 14.02
RCdpl104 (18, 23 887) (18,0) (24060, 121) (14,21069) (14.5,0.53) (21420,288) 28.57 1337 12.32
RCdp105 (18, 23 635) (18,0)  (24061,279) (14,20 715) (14, 0) (20913,86)  28.57 14.09 15.06
RCdp106 (18,22 866)  (18.1,0.32) (23 438,408) (14,20864) (14.6,0.52) (21195,309) 28.57 9.59 10.58
RCdpl07 (18,24 685) (18.2,0.42) (25243,360) (14,20 406) (14, 0) (20525,87)  28.57 20.97 22.99
RCdpl08 (17,23488) (17.9,0.32) (23922,295) (14,21 819) (14, 0) (21932,76) 2143  7.65 9.07
SEIME (17.9,23839)  (18,0.13) (24 142,207) (14,21247) (14.1,0.13) (21472,180) 27.68 12.29 12.54
BYME (17.8,21264)  (18,0.29) (21 601,204) (14.4,19756) (14.7,0.18) (19964, 148) 23.05 7.53 8.14

E: Cv Zyv CMZ 70 ZR7S 10 YORMR IS A EL e DU BRAS 138 ZE i 8ORT~- 22) 5 A

o, fll o, 73 AR B4

BB A RIBFHEZE ;. RE | RE,» RE, 5} RIFRINMRIECIE SN T IR B . P35 A AR A X i 22 o

(1) SA-ALNS BIEAEIT A H A4 b0 S H
BERAD, Hr, REREHPE 1-35, P
13.85%; C 25471 Jk /> 3~6 i, ~F 398D 31.2%:;
RC K E 9> 3~4 48, 3987 27.68%. 1] 0.,
SA-ALNS Hyxt 5 7 M A7 B o A s i) C 2855
WA U I R R, 756 55br.

(2) SA-ALNS SLRAE A B4 E 1) S A )
Hob, Hr, R CHEFRCRE BT 55 5
WD 5.68% 5.76% 12.29%. KT % 1 AL H
RE A I RC EHE B, SA-ALNS H ik H A KT
A R AL R, 1T R A C 2R S AR Ak
RRAHI .

(3) M 10 KR ARl RIMbrE 2 EH, R, C
FARCRE] b, B IE TN 1) AR A 22
SFHAY N 0420 0.26+ 0.13, SRASERUEZE T
SN 262. 123, 207; SA-ALNS 535 6 42 5 %k
FRUEZE 25 5090210 0.19. 0.13, S SAS bR
ZEF- 1155 B R 1240 150 180, IX % B B3 SA-

ALNS ¥ B AR E M

Zr b, SR SEEIE HERE Y % SA-ALNS /£
SR AL e 1% % 7 i GVRP-SPD i, 7F ZE 4 3
FUR SR PR 7 T T e e ph i ik 3w, HOR
A BRI E

97— IAE SA-ALNS Sk A ik, 78
CMTX &4 b5 SCik[12] 7 A AL B HH-ILS 3EAT
Xf b SESG . T HH-ILS 55095 oK % FR AR 2 fid i 75
K, A S TT 575 & — E R L e iR %
P Nk, SER I RAR SR EL IR A IR B B R
BN RO CE &, 8 A R BR S % i
—IRE, AR AT AT i A IR DL S Rk
REMATIFE .. FA RN CMTX HH A 5 5] 4k
SERAE10IK, S5 R4 PR,

M 4TI, 0 A A BB ) CMTX & 41
SA-ALNS HyE TR 15 1 4. a1
HH-ILS &%, HAr#EZ# /N . £ SA-ALNS &
FRAMN, HEAREfREM.
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3.2 HTHERKRE

A5 SA-ALNS Bk i AN 6] 51 (A 20k
ik SA-ALNS % B B T hhe{H.H, H,,
H, H 1,1, G 559 SA-ALNS-he K 5FIK 6
45 tH T 6 53 Solomon B4 1) SR EG 45 . IR 5 FIR
6 Al W, M ELIE: SA-ALNS H AT 52 J: b 5 P 3K 51

FHR2MIEEE TR 1A, 7E9ANFBI L S
RIE BFEWIN, R TR TSR AR R A 2
EEES R

3.3 Hiklesk ikt

T SA-ALNS Sk e stk , 2450 178
G BEABNSIE A 28

Fea  WIFPHEIETE CMTX H4 4 3
Table 4 Results of two algorithm on CMTX instances
- i HH-ILS[12] SA-ALNS FEXT i 22 (o)
(G, Z, (C,, 0) (Z,, o) (C, 2) (C, 0) (Z,, 0y) RE, RE, RE
CMTX1 50 (8,11501) (8.5,0.7) (11966, 402) (7,9 332) (7, 0) (9462,108) 14.29 23.24 2647
CMTX2 75 (13,14030) (14.1,0.7) (15606, 623) (11,12420) (11.3,0.5) (12596, 148) 18.18 12.96 23.90
CMTX3 100 (16,21872) (17.8,1.6) (23 290,994) (12,17 672)  (12.1,0.3) (17 710,43) 33.33 23.77 31.51
CMTX4 150 (22,28793) (23.3,1.2) (29769,1115) (19,24 089) (19, 0) (24 236,87) 15.79 19.53 22.83
CMTX5 199 (32,38297) (32.8,0.9) (41115,1488) (25,32737) (25,0)  (33010,154) 28.00 16.98 24.56
CMTX6 50  (9,12133) (10,0.7) (12 878, 547) (7,9 301) (7,0) (9301,0) 28.57 30.44 38.46
CMTX7 75 (15,15100) (16.4,1.1) (15939,604)  (11,12562) (11.1,0.3) (12769,84) 36.36 20.21 24.83
CMTX8 100 (18,22980) (19.1,0.7) (24 120,970) (13, 17 270) (13,0) (17408, 118) 38.46 33.07 38.56
CMTX9 150 (22,29050) (23.9,0.9) (30139,687) (19,23932)  (19,0) (24062,100) 15.79 21.38 2525
CMTXI10 199 (33,40029) (33.6,0.7) (41740,1519) (25,32683) (25.4,0.5) (33252,263) 32.00 22.48 25.53
CMTX11 120 (16,27745) (16.9,0.9) (28421,516)  (14,25949) (14.3,0.5) (26409,442) 1429 692 7.62
CMTXI12 100 (15,20963) (16.3,0.9) (22429,1349) (13,19143) (13.3,0.5) (20037,529) 15.38 9.51 11.94
CMTX13 120 (16,26295) (17.4,0.7) (28856,1124) (14,25850) (14.4,0.5) (26293,383) 1429 1.72 9.75
CMTX14 100 (15,20456) (15.7,0.7) (21818,1414) (13,18 593) (13,0)  (19215,412) 15.38 10.02 13.54
FIME (17.9,23517)  (19,09) (24 863,954) (14.5,20110) (14.6,0.2) (20411,205) 22.87 18.02 23.20
%5  HPSA-ALNS IR 1 e A 45 R
Table 5 Results of destruction operators in SA-ALNS
Epl SA-ALNS SA-ALNS-H, SA-ALNS-H, SA-ALNS-H, SA-ALNS-H, SA-ALNS-H;
Z, AZ,-H, AZ,-H, AZ,-H, AZ,-H, AZ,-H,
Rdp101 17 949 +22 +9 +161 +21 +93
Rdp103 17 670 +71 +73 +90 +56 +17
Rdp105 18 069 +145 +16 +230 +48 +2
Cdp102 20 865 +673 +334 +400 +273 +302
Cdp103 20 954 +276 +67 +150 +119 +104
Cdpl105 21367 +336 +117 +145 +146 +98
RCdp103 22 174 +16 +45 +399 +9 +13
RCdp104 21420 +1 071 +1 040 +1419 +879 +676
RCdp105 20913 +577 +459 +596 +491 +496
A +354 +240 +399 +227 +200

1E: AZ-h IR SA-ALNS-h AHIT T SA-ALNS (AL B A S ([ 14 & .
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6 FiLSA-ALNS MBS BT PERE 45 R
Table 6 Results of insertion operators in SA-ALNS

MWE 2 LA, #E SA-ALNS H ki St
FEH, R, RCZEE AL BRI R 3

4 SA-ALNS  SA-ALNS-/; SA-ALNS-/, o . i .
Z, AZ,-1, AZ,-1, SR P T 5 A WA R B SR I 1 ol s C 2R 51
Rdp101 17949 +80 +23 15 B i & 40~60°C ¥ [ A 2] 0k S . B A
RAplo3-— 17670 o 0 SA-ALNS 53 3R i A 7 26 2 519134 i s i e )
Rdp105 18 069 +112 +58 - . o ks
Cdp103 20 954 +105 +67 RIS R AN B
Cdp105 21367 +168 +181
:I: »
RCdp103 22 174 +55 +96 4 él:ﬂ//‘f\‘
RCdp104 21420 +1 040 +1 098 i
T +281 +251 MSEHCIR % 1 IX — SR brtE o0, AL 1 LB A B
AN EERIR AR L AL B . B0 %, SR
_x10¢ . e . e TN Vs
e — Rdpl02 DU T A FE MG W IR, JF DL SA SR 9 HE
198 — Replos BT R S MRS TR 2 R B S TR
] 190 SA-ALNS HIEHEAT WAL ZORff - E Solomon 5.
2 Lss {5 % CMTX S5 E RO LE 25 W) SA-ALNS g
1.80f S S — A RLPRAR S AR > A, HE A BRI
. ] S P B R RS e . 7 SEPRIIURERIS
“100 80 60 40 20 . . NN "
7°C FUIL BN SRAEAL R AE AW AR AL, AN e
o, (SR SRR . ERE, Hi,
X
| _— 74 JEE I o T DA — 5% 1 4 P 7 SR 1 Sl
' —— Cdp104 FE S
R iif) Cdp107
N & 5 .
£ 205 e E BTN
e (1] B, JIF2E, AT, %5, AL o (05 0
215 | B 55K i FE T LSRR (1], R LR BEIR 5 SU Rk,
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(b) CHFEB LA Green Vehicle Routing Model and Its Algorithm in
24 - x10* Logistics Distribution[J]. Systems Engineering-Theory &
' RCdp101 Practice, 2021, 41(1): 213-230
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Fig.2 Convergence curve of SA-ALNS
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