o W & # R
ELECTRONIC MEASUREMENT TECHNOLOGY

2023 410 H

DOI:10. 19651/j. cnki. emt. 2212476

G5 VRP fHGR NS BB E B %

CE A B SR S 2 S
(1I.AMBEIREEEIREL gah4FE L9 650500; 2. RWUE T X Fd TEFE L9 650500)

W OE: MG OEE MK (GHFVRP) , 857 T LhiR/IME 240 8 8 B4 730 AR B ke HE B4 2 0 2t 4k
A B R 5 BE RO R AR AL (MIIP) , IF 52ty — FP A s Ak B9 H AR st 2 U R (ELRHAY BEAT SR A . 1 206 3 i WA st M 24 3
AR5 X {1 T A 3 80 A9 W91 i L 5 R 8 3 BRI A% 3 I 3 1 SR AR 9T I 345 i Il A ) T AL 5 L 3t
TR B BOS K NE R T R R LA, AR B AT AT R SR TR RV B R B R AT U LS, SRR A5 R R
W1 - 75 AH W] S B BR A R X 17 AN B34 T 20 R ELRHA SP-X R B BR O 4. 4990 AH%E Gurobi $£71 3. 2804, [F] B 5 H:
EREX LSRR T ELRHA ek RS g EA . oL, ELRHA fgf 2Kk it GHFVRP.

XEER: ROZFE R WA WA RS BN R s RO B H AR R TR

PESES: TP391.9  XEARIRE: A EREFEEFHSEKEG: 510.80

Enhanced lagrange relaxation heuristic algorithm for solving green VRP
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(1. School of Information Engineering and Automation, Kunming University of Science and Technology, Kunming 650500, China;

2. School of Mechanical and Electrical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Aiming at the green heterogeneous [leet vehicle routing problem(GHFVRP), a mixed integer programming
(MIP) model with the optimization objective of minimizing the sum of vehicle fixed cost, driving cost and carbon
emission cost was established, and an enhanced Lagrange relaxation heuristic algorithm (ELRHA) is proposed to solve
it. Firstly, the dual problem is constructed by relaxation difficulty constraint and decomposed into two subproblems.
Then the Lagrange multiplier is updated by subgradient method, and the lower bound of the original problem is
obtained by solving the two subproblems. Secondly, a two-stage heuristic algorithm is designed to repair and optimize
the lower bound to obtain a better feasible solution and update the upper bound. Finally, the simulation experiment is
carried out, The experimental results show that 17 examples are tested for 20 times under the same experimental
environment. The average solving gap of ELRHA is 4.49%, which is 3.28% higher than Gurobi. Meanwhile, the
comparison with other algorithms further verifies that ELRHA can solve the problem with high quality upper bound. It
can be seen that ELRHA can ellectively solve GHFVRP.
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FIUE) T AT A BTG SR % L SR R RCRAN T s T ELRHA AR 35
(52 R e i it ) ESCRES 5 X 240 2T A 7 i) RS0 fe 7 1 1
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5 46 & woF o

=

2

#OAR

o) L Bt AV N R e e R i) 025 5 SR A o [) o 35 - i) A
FF s BT T B A SRR R A S 4 1 L e R R ) R T AT R O
ST AT SR AT i A AR S A% 2, BB AE & FE s 8] PN SR BR IR A
BiE LR B GHFVRP 48 1L % 49 fr & An f . B %
ANEFAL G 17 AR, Gurobi 263022 B ] Y RE SR 14 4
B, {5 TC 3k % 8] Pn70-k10.Pn76-k5.Pnl01-k4 #1574
R ) Gap K 7. 8750, FHSRAFHT AT 2 965.5 5
M ELRHA ¥8EXT 17 A8 4147 4 80K # . V38 Gap
H 4. 499 SRRt E) S 602. 3 s, ELRHA ()5 Y (8] B
TN RBRETE R, %Y ELRHA B4 Rmee ik T
Gurobi,
3.3 S5HMEZERLE

ELRHA AL AE3 B GHFVRP 8 F &, A& sk
il o B AR E B VR Al L IR Bt BB R #% GHEVRP 153 3| 4%

e E5D . it —5 B IF ELRHA B3R i, ¥ H
5in 8 E A T PSR % VRP 9B A & B DTS #
ALNSPY 47 %t . B F ELRHA K35 43 i 6] B F 35 B
(] P, 0 DTS # ALNS EBAN Bk BT S B h 8%
SRR B, B % E DTS #l ALNS #3247 i) ]
S ELRHA s B Bt & B S 1932 47 i), 4% HL 3
K H I IBAT 20 3K,

WMRRAES R AuER 5 Uros , b ELRHA rheg i) g 595 5k
S RSB 0 Y B R R R IR ], DTS 1 ALNS i fi]
BB ATE R, A T MRS R MR RS, |
% 5 [, FER/ME |, ELRHAALNS DTS ) d5 43R 43
Sk 58. 8% .52. 9% M 23. 5% s 7E ¥ {E b, ELRHA 54
RN 94.1%, ALNS, DTS 4> %] & 5.9% #1 0. B I,
ELRHA # (k¥ 88 R 47, 25k i GHEVRP (A R 2%

%5 ELRHA 5 DTS.ALNS #y3f b

3 1] DTS ALNS ELRHA

B4 R wME CFHIME itE/s woME FIE mE/s  m/ME FIHE EEYs
Pnl6-k8 (1,0,1) 811.907  815.471 55.1 811.894  812.956 55. 0 811.894  812.339  53.3
Pnl9-k2 (0,1,1) 922.863  936.737 54.1 922.863  934.945 54.0 926.650  931.021  53.5
Pn20-k2 (0,1,1) 938.823  945. 920 53.1 938.823  941.379 53.0 939.364  940.394  52.1
Pn21-k2 (0,1,1) 941.285  949.133 52.1 939,792 945.758 52.0 941.280  941.281  51.8
Pn22-k2 (0,1,1) 944.595  956. 805 55.1 944,595  950.972 55.0 947.195  948.529  54.8
Pn23-k8 (0,1,1) 944.626  953.505 55. 2 944. 626  946. 901 55. 0 944.626  948.248  54.9
Pn40-k5 (1,1,2) 1829.318 1895.062 114.3 1794.043 1847.677 114.0 1 819.776 1826.189 113.7
Pn45-k5 (2,1,2) 2 177.755 2208.966  131.5  2099.427 2163.882 132.3  2098.222 2 101.893 130.5
Pn50-k10 (1,2,3) 2 678.726 2 700.419  167.6  2599.123 2692.192 167.0 2 624.316 2 633.158 166.1
Pn51-k10 (1,2,2) 2 288.608 2337.467  154.4 2 217.776 2 298.634  159.2  2216.812 2232.301 153.5
Pn55-k7 (2,2,3) 2915.723 2 967.055  220.8 2 872.311 2987.390  224.0 2 869.546 2 883.768 219.4
Pn60-k10 (1,2,4) 3201.685 3272.827  213.4  3120.904 3215.115 212.0 3 118.672 3 130.093 211.9
Pn60-k15 (1,2,4) 3318.719 3381.040 209.8 3 139.874 3262.830 209.0 3 145.698 3 159.552 208.9
Pn65-k10 (2,2,4) 3595.150 3 615.669 238.7 3431.517 3592.386  238.0 3 418.362 3 436.296 237.6
Pn70-k10 (1,3,4) 3712.449 3 754.961  250.0  3590.691 3 705.492  249.0 3 577.072 3592.168 249.0
Pn76-k5 (1,2,5) 3 843.757 3 856.245 258.4 3 714.856 3 867.430  257.0  3703.923 3720.918 257.0
Pnl0ol-kd (2,2,5) 4 352.362 4 383.353  285.2  4249.327 4441.427  282.0 4 098.121 4 123.690 281.6
4 @ 2% Rt E B AR R R IR A ROR fERE

- % % 3Tk
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SRR, LU /NG ZE 5 1 8 AR AT B A R Bk R s AR
ZHEAL B R, B2 T GHFVRP (iR & 5 BOW £ 1 7
(mixed integer programming, MIP), 3K f# GHFVRP,
T —f ELRHA, 155 @ il A8 it 4 8 200 e i
5t 1) B 43 g Ry P A T IR R, S S SR R T R R R AR IR R T
F 5 BB Z N T AR AT AL 15 ) R ALY T AT
it 5 B JE 4 A IRl AR AR TE T 6 i S SR A Xt AT AT g R AT
YNEAY FX, R B 0] B v B R AR O E A B 2Rk
SRAFPIR 0] B EARA T A, FELREIE T ELRHA
e ROk GHEVRP, J5 245 2 A OO 7T 56 Rk I, i —
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