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Improved Salp Swarm Algorithm for Solving Multi-objective
Emergency Location Routing Problem with Time Windows

XU Fan, MA Liang, ZHANG Huizhen", CHEN Xi

(School of Management, University of Shanghai for Science & Technology, Shanghai 200093, China)

ABSTRACT: In order to ensure timely and efficient delivery of emergency resources to disaster areas, the work aims to
construct a multi-objective optimization model for the multi-objective emergency location routing problem by taking into
account the time windows of the disaster area and road safety during resources transportation, with the objectives of
minimizing economic costs, time penalty costs, and maximizing road safety. At the same time, an improved salp swarm
algorithm is designed to solve the problem, in order to verify the feasibility of the model and the effectiveness of the
algorithm. Based on the characteristics of the model, the algorithm was improved by combining random generation and
greedy algorithm to generate initial solutions. The position update operation of the original algorithm was improved by
crossover operators and neighborhood search operators. The elite retention strategy of NSGA-II was introduced to
improve the performance of the algorithm. After test of multiple examples, this algorithm could quickly obtain a cluster of
Pareto solutions and was compared with the original salp swarm algorithm. The improved algorithm had better
performance. For the emergency location routing problem of timely response after a disaster, the improved salp swarm
algorithm has certain advantages, and can provide decision-makers with satisfactory solutions based on the preferences of
multiple objectives. It has a certain reference value for the field of emergency location routing problems.
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Tab.1 Relative data of test examples

K it R A i R (OJL 18 ChEAER RS A RS
20-5-1 20 U(10, 20) 5 300 1000 70
20-5-1b 20 U(10, 20) 5 300 1000 150
50-5-1 50 U(10, 20) 5 300 1000 70
50-5-1b 50 U(10, 20) 5 300 1000 150
50-5-2 50 U(10, 20) 5 300 1000 70
50-5-2b 50 U(10, 20) 5 300 1000 150
100-5-1 100 U(10, 20) 5 1000 1000 150
100-5-1b 100 U(10, 20) 5 1000 1000 150
100-5-2b 100 U(10, 20) 5 1000 1000 150
100-10-1 100 U(10, 20) 10 300 1000 150
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T, IFHMMBIERALT SSA R A 24t
05, Ua A Rt e RS A B PR R S A, REASF
R =ai )
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Tab.2 Effect of parameter N, on solution

Fy F, Fy B AT mf(a]/s
ML
20-5-1 50-5-1b 20-5-1 50-5-1b 20-5-1 50-5-1b 20-5-1 50-5-1b
0.5n 76 301.89  202241.53 233876.80 598 586.24 3.48 0.96 9.43 13.78
n 75224.09 198 141.40 272 543.58 493 003.30 3.55 1.02 9.61 23.25
1.5n 74750.72 191 854.20 196 962.61 483 603.90 3.47 1.08 14.32 38.52
2n 72 883.79 186 284.20 172 775.50 445503.11 3.34 1.13 20.90 90.11
2.5n 77 489.19 207 946.15 213 220.42 455386.43 3.14 1.13 17.92 61.16
3n 75000.09  206310.50 196 848.30 463 848.60 3.52 1.05 27.97 121.72
x3 HEHERILL
Tab.3 Comparison of algorithm results
SSA ISSA
I (g L (g N1 N1 SN SN N2 N0
" gk R wr P00 T wen MU B agr T TR war
20-5-1 6.54 2.87 3.81 7.74 2.07 3.44 5.67 2.39 3.74 7.29 1.82 3.34
20-5-1b 12.6 12.6 2.86 14.2 6.73 2.02 8.87 11 3.14 11.8 4.78 2.52
50-5-1 30.5 4.42 200 329 4.11 1.82 20.3 0 2.07 25.3 1.54 1.99
50-5-1b 25.0 98.5 082 256 13.2 0.57 15.8 0 1.27 19.2 6.27 1.12
50-5-2 274 420 200 291 2.61 1.02 20.7 0 2.03 25.5 1.92 1.74
50-5-2b 26.8 38.8 200 584 4.08 1.22 13.2 0 2.02 15.1 1.76 1.29
100-5-1 54.8 139 1.77 59 26.6 0.97 329 1.02 200 428 6.74 1.22
100-5-1b  60.1 41.9 032 652 11 0.20 40.8 0 1.00 495 2.67 0.89
100-5-2b  62.1 439 029 671 11.9 0.15 41.1 0 1.00 485 2.31 0.96
100-10-1 535 948 3.65 57 137 2.58 25 17.3 4.06 31.1 24.8 3.16
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L = Rarccos[(sin y, sin y, +cos y, cos y, cos(x, — x,)] (22)
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Tab.4 Candidate depot coordinates

% 5 2RI £/ Fiiit/kg
01 121.462 056 31.255 923 2500
0 121.435865  31.159 439 2500
03 121.327 012 31.200 458 2500
04 121.81509  31.157 478 2500

R T WA RO S IR A s R
ASTH B AN ACE H T R A SR R
F AR RS SO B AL A 37510 o ISSA-T. ISSA-IT,
ISSA-II, K HizE4T 10 WK, K e =24 B ffE HhrE
(best) FlftE HARERSEEME (mean) 5302
) ISSA B gE Wgtfixt b, W 6, WUEH, &
BORAFIN LT WA | o () AR R 38 [ 22 S PR R A AE I
2R R A RIOR TR . S AR SRR
HSE-YESRE , R ISSA BRI BT A | 1 [H]

BUAS S B i A PR T AR BRI T — &
it , fE—aE B RE T RIEM IR

FEZ BFRIRASIIE, AN [F) 5 bR pR 0 0] B T AE o
58 FIASUAT &5 55 (5 45 — P figt TG 12 IR B g 2 BT A B s i
Pt o XA G T 25 H AR pR &0 AS [W])PE B AP A6 7
Mo AP0, SR Z B AR R i N 2SR H
FrRaB i AL A, T2 4R B —Fh AU 25 B Fr 5 B iy 2
R X HUR A ISSA Xt AR, SRS R H
ARFHEMRINZE 7~8 PR, Hrr, & 7 i Bestl,
Best2. Best3 430l 0 F, (&3 A ), F, (B 4E]
WA ), F, GERSZ M) MR T RIS B,
PHACLf A 00 BT e A vy HLA ST R, e i
8 S P AR R AR B A P BT R R Ak 3R
8 H1, 5 1~25 FIRFTHKEL, 01, 020 03, 04 TIRME
PEGPE. R 7 ATAL, HEALCRTE R B AR R BUE X T
&% s PREE MR BT, 2 Pl R
PR AR B A AL R e T SCr R
PSS AR RN B3 ) A 8 e B S 2
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Tab.5 Information of demand point

——
GE ZEC) R ﬁ*%ﬁg:iﬁif
1 121.4959 31.259 08 380 1.5
2 121.253 4 31.355 57 200 1
3 121.524 7 31.278 97 400 2
4 121.3819 31.1139 300 1.5
5 121.709 9 31.195 55 380 2.5
6 121.629 31.122 02 220 1
7 121.743 4 31.064 28 200 1.5
8 121.414 31.011 79 400 1.5
9 121.227 3 31.013 52 300 2
10 121.513 30.928 16 220 1.5
11 121.437 5 31.272 97 250 1.5
12 121.600 4 31.192 32 240 1
13 121.490 6 31.4118 250 1.5
14 121.46 31.197 37 200 1.5
15 121.144 31.161 29 250 1
16 121.337 9 30.762 86 240 2.5
17 121.534 9 31.314 61 230 1.5
18 121.383 9 31.214 77 200 2
19 121.428 9 31.185 29 180 1.5
20 121.518 7 31.243 46 192 1.5
21 121.4317 31.203 93 229 1
22 121.473 6 31.238 91 223 2.5
23 121.648 2 30.916 52 228 1
24 121.460 4 31.203 96 284 2
25 121.414 31.011 79 246 1.5
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Tab.6 Algorithm improvement comparison
e ISSA-I ISSA-IT ISSA-III ISSA
A =c\
best mean best mean best mean best mean
F, 42559.60 42956.183 43 157.80 49 701.53 45 169.95 48 506.89 42 553.31 42 766.39
F, 1721.61 2 456.70 2 154.86 2 810.55 8263.29 14 372.50 1316.67 1.929.68
F; 1.26 1.19 1.11 0.82 1.19 0.88 1.28 1.19
BATH}E]/s 23.37 23.8 20.05 21.92 23.04 23.85 23.05 23.76
®7T BERRUENEHRE (m=4, n=25)
Tab.7 Representative valid solutions (m=4, n=25)
FI A R £
VES X;
£ 5 5
Bestl Xi=1, Xo=1, X5=1 42 604.69 9938.14 1.01
Best2 Xi=1, Xo=1, X5=1, X4=1 55432.91 251091 0.10
Best3 Xi=1, Xp=1, X5=1 46 825.53 17 167.25 1.13
HUAR X=1, X=1, X3=1 42 604.69 9938.14 1.01
A Xi=1, Xo=1, X3=1, X,;=1 54 930.58 22 429.02 0.57
FHIE 48 479.68 12 396.69 0.76
*8 HEEMAKEML
Tab.8 Route planning for the ideal solution
KR UETRS Lk KRBT PR
K| 01—22—12—11—0, 4S5 0,—5—7—6—0,
K i) 0,—1—-14—-20—0, L4 6 0,—4—23—-10—25—0,
ZEH 3 0,—3—17—13—0, ZE5 7 03—2—15-59—0;
L1 4 0,—19—-21—-24—0, ZEH 8 03—8—16—18—0;3
WA A — SN, I R 8T A e M7
4 i %L MBI B R S B EUR £ 15 B Rl
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A fe/ M | I TR A fie /M B T s 2 2 e A
o E B, R TR SR R O e ik bR R A R TG K B
RMTT R O T AR Z AARIL AR, R4 LRP
B (R 5 SRR TR T (SSA ) AT R L 2
T — Mk R Rk (ISSA), IR SR MY
BRI FL A T X . T 2 AP B L
B, UESE T SO PR AR RN BB PRI S
TESR AR R HA —E I . fR)m s ISSA T
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