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8 [ ]
jéf 30.70 | -
30.65 |
[ )
30.60 |
30.55 . :
30.50 ! ! ! 1 !
120.6 120.7 120.8 120.9 121.0 121.1 121.2
e
3 ik M EES R
x1 HEFEHEXSH
W Fm /L
G HoE i1 M2 M3 fRfi4
1 1 19 300
2 2 12000 12000
3 3 16000 14300 14300
4 3 15000 16000 16 000
5 3 10800 13000 16 000 -
6 4 13000 10000 10000 14 000
x2 MBHEEREEESHIEE
1 H i
FABE E AR/ (78 - ) 200
BB IE LAY/ (TG - km ') 2.5
BN EIETI N A/ (I8 - kL) 100
B R T A8 /h 12
A EE R/ (KL - min™") 1
R ERATRCE R 0.8
PTG B % 0.9




£ OEE: AL AT R B A R B T Rk A s AR A AL

x3I MBI EITRER
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Ir

AT

0

1 (1,14000,3), (2,10000,3)

2 (3,16000,2), (4,16000,3), (5,15000,3)

3 (6,14000,2), (7,10000,2), (8,12000,3)

4 (9,13000,3), (10,16000,3), (11,14000,2)
(12,13000,2), (13,10000,2), (14,14000,3),

(15,14 000,3)
6 (16,12000,2)
7 (17,10000,3), (18,15000,2), (19,13 000,3)

8 (20,16 000,3), (21,16 000,3)
o (22.14000.3), (23.10000.3), (24,16000.2),
(25,15 000,2)
10 (26,16 000,3), (27,14 000,2)
3.2 HEEKkBEERST

S ] Python 3. 8. 13 Zi 2 5230, 76 AMD

Ryzen 5 4600HV with Radeon Graphics, N7 8 GB, ##
YEZ S Windows 10 P55 T i1,

TEARWR S BEE VNTS S500 .« it Kk Rk
Hiter,,, = 1500, AT E MM P4 AE 1Y B R UEL
b =250, WEIGIIRKEL =5, HEESH
KB CL = 10, L P E T M ERE TR N5
RERKEDL =5,

FIFH INNH X5 9] 46 T A7 i 347 K i, AR 45 AN [+
WS EA A AT Z A5 i B bR 5 1 1
Syt e, O B ARG % R (R B
N 4 F1 5 FR . ARG T OC T BRI AR h,
KT AR BN R TT

FERI IR A i -, 53 BB AR B8 TS AAR SC
BTHAY VNTS #7010 SR A DA I 2R A5 3 Bl foe AL i
P R SR A 5 SRR o7 1) A 3% 8 R A A 3%
FEAE 6 ~9 PR, FBk ISl ih & an i 4 57w
Horp TS AR 1176 IEACIRAG T AL %, VNTS
SEVETESS 269 kIR A

H12 6 ~9 TN, WA I 1 25 e A Sy
2851.08 JT, Hr Wiz siA 1 951. 08 7, [ &
i R A Ry 800. 00 JT, 1T ER451 2% i A< > 100. 00 JT;
TS R A5 B I AL A 0 e X 18 1) 25 4 T 26 AR A
2256.32 oG, H H ¥y i i i AR A1 656.32 0T,

%4 INNH HHHERBREFTE

LiFg's AT eSS it
2 1 (1,2) 0-10
3 1 (2,14), (3,15), (1,26) 0-5-10-0
3 2 (1,27), (3,6), (2,11) 0-10-34-0
4 1 (1,25), (2.,24), (3,22) 090
4 2 (3,20),(1,5),(2,4) 0-8-2-0
4 3 (3,10),(1,18),(2,19) 0470
4 4 (3,21),(1,3),(2,1) 0-8-2-1-0
6 1 (2,13),(4,12),(1,16),(3,7) 0-5-6-3-0
6 2 (3,23),(1,8),(2,17),(4,9) 09-3-74-0
%5 INNH HiHBEWREER
e g 2 HBJ%_ ‘ﬁi ‘J‘éﬁ'}# ‘?jﬁﬁi
FEl/h BAS/T WA/T A/ TG
2 2.14 200. 00 270. 66 0.00
3 6.86 200. 00 598.77 0. 00
4 10. 18 200. 00 621.97 100. 00
6 6.06 200. 00 459. 68 0.00
2900
a— — VNIS
2800 - i R
|
2700 E
§ 2600} 'll
= L
= 2500} I‘.
|
2400 L ‘
|
2300 I
22005 250 500 750 1000 1250 1500
EARUEL
B4 EEWsh%E
F6 TSHHMEWEERR
ERCE Y [[RESyE S LSS
3 1 (1,3) 0-2-0
3 2 (2,6),(3,8),(1,11) 0-3-4-0
4 1 (3,21),(1,5),(2,4) 0-82-0
4 2 (1,25),(2,24),(3,20) 0-9-8-0
4 3 (2,14),(1,27),(3,26)  0-5-10-0
4 4 (2,10),(1,18),(3,19) 04-70
6 1 (2,13),(4,15),(1,16),(3,7) 0-5-6-3-0
6 2 (1,12),(2,2),(4,1) 0-5-1-0
6 3 (2,23),(4,22),(3,17),(1,9) 0-9-74-0
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R7 VNTS B ERBEE TR

g TR i 3% J7 % BRI %
3 1 (1,6),(3,8),(2,11) 0-34-0

3 2 (2,14),(3,15),(1,26)  0-5-10-0

4 1 (3,20),(2,3) 0-8-2-0

4 2 (3,10),(1,18),(2,19) 04-7-0

4 3 (1,25),(2,24),(3,22) 0-9-0

4 4 (3,21),(1,5),(2,4) 0-8-2-0

6 1 (2,23),(3,17),(1,9) 0-9-7-4-0

6 2 (3,7),(4,27),(1,12) 0-3-10-5-0

6 3 (2,13),(1,16),(3,2),(4,1) 0-5-6-1-0

%8 TSHHEMERmREZEE

gy P ik Eh ok
omtlE/h RA/T O WA/IE A/ T

3 3.35 200. 00 222.47 0.00

4 10.52 200. 00 667.31 0.00

6 9.44 200. 00 766. 54 0.00

£R9 VNTS HiHRIEWEXER

gy S ik Eh ok
TomtlE/h lA/T O WAR/IE A/ T

3 5.62 200. 00 442 .49 0.00

4 8.49 200. 00 432.79 0.00

6 9.01 200. 00 771.03 0.00

SEfd ARl 600. 00 JT, 1T BB 2 AR A 0. 00 JT;
VNTS A5G 4 3T A8 F5c AL A XoF 107 ) 25 6 T 326 B AR
2226.31 7T, H oWy iiiz i A 1.626. 31 I, [
FE i REAS A 600. 00 JG, 1T L 25 1iAR 4 0. 00 JC

T 4R A R, INNH 78 R fi I o % 1&
ST SN 1T B C 36 55 5K, P25 TR 2R A0 3% PR AR
(P, , DR LA 0 i XoF 7 1 2 T 26 AR, A i
BT AT AR R BCL Y &L, @3 TS F1 VNTS 1Y
ALG , BT AR T R ktE, TS Ak ) 1
7L AL T 594,76 TC (29,5 20.9% ), 1T
B ARG A 0. 00 TG, Bk 40 4 %2080
9 3 45 VNTS PLAb e 9 75 SR ECIE A8 /> T 624. 77
TC(AH 21.9% ), Flik E4 B 4 W40 R 3 4,
TTEAS 2 B AS (AR o 0. 00 JC, %5 b FF ik, TS FiI
VNTS SR fiff 3 A5 16 22 0 T 3% 7 2 8B $4  ml A7
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PEAHELZ T, VNTS 3R A5 19 i 149 25 6 T 26 LA T
%, HLZERR AR ) S A DR B I ASF 5 Aol 1 75
Ko BEAh, WELE 4 W LA B, VNTS W SI0H B L A%
Beit TS B, B EAT S SR AR

3.3 BEEANESH

) HHT AR A DT R T IR Y R oS
1], A5 HE 46 B 5 B A% (] JL ) Solomon A 7 I X
LEREER b 2 i dE v ¢ B R B RC HY 3 2R
KA T ST RAE | DT AL HDL I 7ok 3 225 1) A3 11 5
£ BRI BB B S T RAE M R I DI i
P (R 8 O AR Al P 2 P VR A i | 255 Rt
ARAT B I T SRR AE BE ML AR s O T 924,
95# 984 3 Tl A TT BB S 2 i, ARV T A% 4250
FECESECS 3.1 /N R E AR ek i i 24 41
B, Horp Bl 44 07 X C1-820-060-V6 , KR
J& T CBIREE 1 ANSE, Horb AL 20 Ak AT 60
ANVTHR O B4 40N 6 4.,

N T IRAEA ST VNTS BsR i fig |, 4 1
SRR A% #% Gurobi LA M Stefan 45/ 31 1 by oK i
TR AR 0] LAY 1 38 B K 48348 R 51 (adaptive
large neighborhood search, ALNS) #4175 Fe 434, M
TA# ALNS 38 FHF A SC ) @8 R A, 36 F 2.4 /N1
HRTISE T B 40 3k 245 4 % B ALNS 4RI+, ik
Ah, R T RIESR I B PP VNTS il ALNS 1
PAIR] AN i o i s AT A0, HLZ R S i
FHIAL,

X FBE— 5, SeIRF Gurobi SR fif 7 X 7] 50
(TR 5 B OSSR HE AT SR A, 10 SRR il 2 AE e R
OV ] PR R A 4 o OO0 e 1 B B2 A8 A7 e 1] 5 SR
JE 4y BIMR G ALNS F1 VNTS X385 5K it 10 ¥k, i 5%
IR 10 B AT 45 R B AL (E T 3918 Ar i 25 0
SEHEA TR ]

AR L Python 2 1] Gurobi 9. 5.0, #4
SRAGFL AL 15 B Gurobi K i % B oK i i) 18] Ry
1 800. 00 s, AE i fiff 422 52 1) Joe A0 ik 5 22 T ik 1) 22 BB
Gap {E4 0. 001, VNTS S5 B 5 3.2 /N1 Al
), X 3 A5 ik 06 T A [ B 461 %) oK A 45 R A0
AL 10 PR,

TEZRTO M, Obj 2R 7R 55125 FSK Al 1 K ik 4175 1Y
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F10 EERBRIALEK

Gurobi ALNS
=R B

Obj/JG  CPU/s | Ob/JG  Mean/Jt

C1-805-09-V6 1501.67  0.97 1501.68 1521.31

C2-805-06-V6 1454.22  0.51 1454.22 1473.94
(C3-510-019-V6 | 2238.15 27.86 | 2438.15 2449.95
C4-510-017-V6 | 2812.60 23.00 | 2925.28 3054.14
C5-515-025-V6 | 3799.55 1800.00| 4107.08 4299.29
C6-515-028-V6 | 3947.28 1800.00| 4150.02 4433.20
C7-S20-039-V6 | 5914.60 1800.00| 6373.25 6925.91
(C8-520-040-V6 | 7419.02 1800.00| 7878.35 8385.54
R1-505-012-V6 1394.85 4.68 1572.32 1638.16
R2-505-010-V6 1707.05 0.95 1788.12 1816.85
R3-S10-019-V6 | 2004.55 27.35 | 2004.55 2085.19
R4-510-016-V6 | 2097.40  7.47 | 2197.40 2209.10
R5-S15-028-V6 | 2743.10 1800.00| 3038.12 3 138.08
R6-515-029-V6 | 4826.83 1800.00| 5175.35 5286.05
R7-S20-038-V6 | 4882.60 1800.00| 5118.65 5429.05
R8-520-040-V6 | 5326.45 1800.00| 5445.70 5512.29
RC1-505-09-V6 | 1116.40  0.80 1116.40 1245.82
RC2-505-010-V6 | 1147.20 1.03 1147.20 1205.75
RC3-510-019-V6 | 2851.38  7.33 3361.82 3361.82
RC4-510-021-V6 | 2660.35 282.20 | 2839.55 3110.31
RC5-515-027-V6 | 2790.70 1800.00| 2963.65 3187.95
RC6-515-029-V6 | 3568.43 1800.00| 3750.88 3886.25
RC7-520-035-V6 | 4909.27 1800.00| 4841.70 5104.40
RC8-520-038-V6 | 6673.55 1800.00| 6798.92 7345.38

VNTS

Std CPU/s Obj/ 7T Mean/ Tt Std CPU/s
51.72 1.69 1501.68 1508.10 24.42 3.15
18.30  0.69 1454.22  1459.00 12.39 1.58
19.33 2.13 | 2291.30 2432.71 35.17 4.15
62.52 1.72 | 2856.10 2995.15 54.42 3.65
101.86 2.09 | 3876.57 4003.55 70.98 3.97
155.57 2.74 | 3880.00 4014.49 24.88 4.88
179.85 3.42 | 5856.45 6183.60 124.09 6.04
224.37 3.04 | 7148.99 7471.47 169.58 5.79
18.77 1.06 1439.50 1614.64 59.52 2.09
54.75 1.37 1788.12 1791.95 8.70 2.54
42.30  2.40 | 2004.55 2053.71 31.20 4.59
21.55 1.94 | 2197.40 2207.40 17.30 3.46
55.75 3.21 2743.10 2788.51 39.74 5.78
103.48 2.08 | 4689.95 4859.14 60.08 4.35
156.64 2.78 | 4908.49 5340.79 171.24 4.66
56.95 3.07 | 5322.51 5493.45 43.65 5.79
36.23 1.21 1116.40 1241.58 23.64 2.43
45.29 1.72 | 1147.20 1181.18 43.11 3.60
0.00 1.05 | 2895.48 3310.96 106.06 2.26
117.28 1.82 | 2741.25 3070.34 131.66 3.36
102.61 2.59 | 2803.40 2909.11 46.85 5.84
64.03 3.11 3581.83 3727.41 65.14 6.22
177.34  3.04 | 4780.94 4857.87 48.77 5.72
335.39  2.85 | 6365.49 6681.02 111.43 4.57

AR BFRME (TC) , CPU FRFEFFIZ AT (s) 5
Mean Fl Std 43 3R EILIZIT 10 R T1F45 5 0°F
PIE (OT) M,

HH 2 10 ATLAE Hh 76 SR A B 8] 5 T, %6 T80
FUBLHY A (5 .10 3k ) , Gurobi SR fiff 2 AT LAITEAL
L[] PN 58 BT 4 Jy o A1 ik 1 K A, (FL B 2 5 5K
AR i DT BRI (9 1 0 SR AR AR [ 22 4 2K
MK, HLJC AR R Bz 32 B R) Y R AR R B A T
ALNS Fl VNTS [ % 55 RIS 114 552 051 475 fig 552 B0 X6 [i]
R PR SR A PRI LA et i S T

PSR BUE DT T, 2% Gurobi SR ff- #1157 45
F AT F b S ECk 5 R 10 M5, VNTS BARR
AR A 2] ) R 4 ) S DR A, AL AR R A5 1) 30 L
RS2 RmER AT TR, KRR 2Z AR
it 5% X Ful B 15 #1120 Y5, Gurobi 3K fif
T TEBEE (1 e R AN [E] (1.800. 00 s) P E T i 4K

BRI RS B A, 1T VINTS A5 BE bR SR A 1] SEUAR 5 |
HABK LK 4 R R g2 25 e A,
I it 25 1) R0 MASE g 184 K, VNS A SR figt PE R | o7 L
e, MHECT VNTS, ALNS £ ARt ] LAAE 5 5 Y it
[E1) PA9 SE X 1] R4 SR gk, HL ALNS 25 5 B A Jwd 38 B
R, AT ARA5 ) B 0 A 4 2 1t ] AR T VINTS

PR e e My T, 456 R P 8, AT VNTS
AT 10 WA I 45 3 01 Y (8 Fbr off 26 75 S A
KT ALNS, KL E B VNTS B 47 fa < 1, IF
H VNTS BB LT ALNS,

AN, EEXF C AL R B RC RIS, VNTS #§
A BRI ZRIN, UL B AE DI B WO A I
SRAE ST RS I 2k 2 ORI R 3 I ik sk SR 43 A7
MR 5 P Re A BN A . DL B S Ul B
XFT MCMTVRPLC [m] 8 i) 5K i , A% SCi i1 VNTS
BB (0 5 T S5 A Sk
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4 & i

AR SCES A I B SE B B T R R A
LY MO 22 AT RE A Bt TH IR O AR AR )
R, DABCIR Z5 6 A S I B AR 1 ) B A VR
HRO IR BAY ARl 56 70 AL AR 10 SR A 3R s 1k
T —FhIE T B BR- T A A ARk 25 44 A AR A Ak 2
R IF BT T AN R RS 1) 5 061) 5 45 3 i T
BRI R A R R SEIR 25 21, v AR an
e,

(1) % T Gurobi K f# &%, VNTS FIk g5 78
NIRRT PR UE — 5 10 SR ARG B2, TR B A5
B BEAS LI /N T Gurobi SR A % 4 5K e I 7] 345
Pt AP, (2) AHES T SCHR [ 23 ] H Y ALNS,
VNTS 345 1 fe A0 ffk 4 Jot ek SOoR e PEREsE AR, (3)
VNTS X A [RIRIASE FAN [] 3 o543 A 1 50 T 1) B i
T [P RAR AT 0 1438 M | B A% B2 AL 45 v ot
(R U 24 I 7 28, DT A B 080 38 N 53 2R A7 4 R
RIS 2 RS BT 32 bz fi h A A e T
E 4328 i LA Rty ks B 52 4 6 il 55 A I TR 2, T —
N R BSF 18] T 240 B it T T 326 R A28 I A
TFIRBIESE
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Optimization of routes for multi-compartment, multi-trip refined oil

secondary distribution with loading combination constraints

WANG Cheng” ™, YU Haonan", GUO Hengjun” , ZHANG Wenzhu "
( ¥ College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023 )
( ™ Taizhou Research Institute, Zhejiang University of Technology, Taizhou 318001)
Abstract

The optimization problem of multi-compartment, multi-trip refined oil secondary distribution with loading com-
bination constraints is addressed in this study. Heterogeneous multi-compartment oil tankers are utilized to transport
different types of refined oil orders from oil depots to gas stations, with each order assigned to a single compart-
ment. Loading multiple orders on the same vehicle must satisfy certain loading combination constraints. A mixed-
integer programming model is established with the objective of minimizing the total distribution cost including the
distribution cost of vehicles and the penalty cost for unfilled orders. To solve this model, a variable neighborhood
tabu search heuristic algorithm based on the cluster-first, route-second strategy is proposed. Based on improving the
initial solution constructed by the improved nearest-neighbor insertion algorithm, this algorithm optimizes the solu-
tion by applying ‘ removal-reinsertion’ neighborhood operations to obtain an approximate optimal solution. Compu-
tational experiment results demonstrate that the proposed algorithm can effectively solve the problem within a short
time. The proposed model and algorithm can provide theoretical support and decision-making guidance for refined
oil sales enterprises in developing their secondary distribution schedules.

Key words: refined oil secondary distribution, multi-compartment, multi-trip, loading combination con-

straint, route optimization
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