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Salp swarm algorithm for solving the two-echelon location routing
problem with simultaneous pickup and delivery

ZHANG Wenmei,  ZHANG Huizhen, HAI Sheshe
(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In a two-echelon logistics network, to simultaneously meet the pickup and delivery
requirements of each customer, a mixed integer programming model was established to minimize the
costs associated with distribution center location, vehicle activation and vehicle transportation. An
improved salp swarm algorithm was designed based on the specific characteristics of the model to solve
this problem. The greedy clustering algorithm was employed to generate the initial solutions. An

adaptive weighting strategy, adjusting food source quantity strategy, elite retention strategy and various
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search operators were introduced. The constructed model and algorithm were verified through testing

instances of different customer sizes, and the original salp swarm algorithm, genetic algorithm, immune

algorithm, grey wolf optimizer, and whale optimization algorithm were used for solving the problem. A

comparative analysis of the operation results of each algorithm verified the feasibility of the constructed

model and the effectiveness of the improved algorithm.

Keywords: location routing problem; two-echelon; simultaneous pickup and delivery; improved salp

swarm algorithm
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My Bk A, BT AN R4,
OX B+ HA— BN, A5 T EE LY
EKie . BAARREMT
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NP E 5118 5 o e N £V o VA P T B A W

a R B b OB IR AT 3 4 IR 3k 48 19 o7
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B3 WIS FE MR LA E a B0 HE
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22 A B TR b — 25 A ) AR R

FI 240 T OX A T RAARE, BkES
tRIER T, BEERER B YIER Foourees(d) LA IS
SHEMEFQ WRLE RN 2 F 5, B Fouees() TN
BEAE 25 Z A g {5 2. [5,11,8,1] £/ B 24>
W FEEDMMHFEME, & FOMEXGEER
[10,2,7,4,3,6,9,12], F& JE M\ 22 B A7 0 AR A A
F(t+1) WA E 2 rp, AR B3 § AR B
ISE IR

| 2 | 5 |11| 8 | 1 |10| 3 |12| 4 | 9 | 7 | 6 |F,m.me,(t){FwaFw}

|lO|2|5|7|4|3|11|8|6|9|12|1|R(t)

4

|10|5|11|8|1|2|7|4|3|6 9|12|F‘(;+1)

B2 InFXEFRA
Fig.2 Example of order crossover operator
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W A5 32 # (two-points exchange ) 5 R fifi #1 12&
FEACACA RPN B, FFKe X R A7 B E A7 28 He
PR N TR A RIAT R O, TEEREN
MBI P S Z R TR E . AR

W1 A AR P BENL I E A BEPLAE
5, ICHVENE a RV E b;

B2 HALE a FIALE b gt (s BN
A BT — A A

3G T WS AR T R B R, R
SRR BRI AL E R 2 S, XA A Rt (5
oS AL, 8 2 FE 5 AR MA

25 (1181|103 (12|49 (7|6

4

21 (1128|5103 (12|49 (7|6

B3 maAXmETFR
Fig.3 Example of two-points exchange operator
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P56 A (single-point mutation) 5. - BV Bl AL 1

BEACARA R PIAL B, IR B — A7 B 10 G )
AR A BN . BRI

pagd 38 W e AW R 7 NS S IR = R R
ki, CVENIE a A E b

B2 AIE a ML B AALE b HTH
F A BB AR

K4 2510 T N4 A i BRI, Bk
ACRRARGR SR 07 B R 2 0 S, HXER A i (s
B s AL, Kegmtd S i AGAS 1R, mifEE]
B

[ 1

2|5 (111(8|1]10|3|12(4 (9| 7|6

4

21111851103 |12(4 ]9 |76

B4 BIBEANETRE
Fig.4 Example of single-point mutation operator
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N T R R ERES, FIRARE R
B H S5 BIOF BN Al 21k, ARSI A S
(swap mutation) 5. BEARRARLT
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2 (51181103 (12|49 (7|6

2 (1|8 115|103 (12|49 (7|6

5 TRETRO

Fig.5 Example of swap mutation operator
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29 EiER#E
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PR VRAEELESE, SR N,
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WA ro S24E s

B2 MR, RAZUOCREE AN

PIRRFHEA A 5
i K R L ST X E A 3 A LA AR
AR E B

FR4 W AERAER T r R FE S
B BEE, MR A N E R, 7 T A R
WORGUE, BN EREE ;

SOSIRERAIRR |

le

PR AR 8 N R T HE R

!

AR 3 A PR A A S
G SRR AR

=+l

PR 5 U546
WU AT RO

LR LN as N (DR : DA
AR S BTN A B AT SR

l

BEATHH

RS S A8 IR

R

6 ISSA miEE
Fig.6 Flow chart of ISSA
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SEBS HE 2.4 WTHUHRIE T T A T

FIB 6 MG 2.5 F 2.7 1R WX B BE
HEAT 5 5

FET ARG 2.7 RS YIRE T

S8 W RL KM, R E IR A
R, AR FAE R 3,

3 EHIoH

A A 525 1 {d ) Matlab R2021b g F&2 52

P, 7F Intel(R) Core(TM)i5-12500H2.50 GHz. 16 GB
WA . BRVER SN 64 11 Window 11 FJZETC A fiki
L HEFTI

T 2E-LRPSPD & A FrifESR 1], A SCXT 2E-
LRP #r7ERE B 1Y Prodhon £dE BEA7 A0 R B ik, R
FHAM 43 8 24 jL R B BURIR TR ok, D& ik
R NFEA R R R, Bk =t (28) fF
No ARSCABL02F10.8, AP AS [R] 2 R (1 [
W, ko z B WY 3 A T AR
P2 v 8 A B8 LA A

*x3 EHIEIE
Tab.3 Data of tested instances

G GRUPAS

TG AR B BB B DBIERE A BB S B B A

1 Coord20-5-1-2¢ 20 5 210
2 Coord20-5-2-2¢ 20 5 210
3 Coord50-5-1-2¢ 50 5 630
4 Coord50-5-2-2¢ 50 5 525
5 Coord50-5-3-2¢ 50 5 630
6  Coordl100-5-2-2¢ 100 5 1260
7 Coord100-5-3-2¢ 100 5 1260
8 Coord100-10-2-2¢ 100 10 840

5000 70 1000
5000 70 1000
5000 70 1000
5000 70 1000
5000 70 1000
5000 70 1000
5000 70 1000
5000 70 1000

pc={ A+ g, cHAEL (28)

(1=Dqe, cHEEL
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Tab.4 Parameters setting

ZHAS
E =4
1 2 3 4 5 6
7o 04 0.5 0.6 0.7 0.8 0.9
"y 0.6 0.5 04 0.3 02 0.1
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Tab.5 Influence of the popsize on the solutions
Z%) WY
TR LA
AVG MAX MIN TIME/s AVG MAX MIN TIME/s
25 47960 48161 47900 8 46568 49068 39336 8
50 47525 48067 39438 15 44192 48944 39301 15
75 47521 48040 39371 22 43703 48185 39300 22
100 46639 47952 39274 28 43214 48034 38430 29
125 46650 47973 39315 36 44153 48982 39301 36
150 47089 47997 39370 43 44926 48083 38343 43
* 6 BIEMANEREFIEN I
Tab.6 Influence of the adaptive weight factors on the solutions
Z%) Wl
ZHAMHEG
AVG MAX MIN TIME/s AVG MAX MIN TIME/s
1 47508 48003 39357 29 44535 48090 39246 30
2 47076 47979 39319 29 43734 48926 39252 29
3 46172 47980 38243 29 42778 48137 38240 29
46639 47952 39274 28 43214 48034 38430 29
5 47089 48023 39371 28 46432 48979 39335 28
6 47523 48003 39380 28 47292 48971 39184 28
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Fig.7 Sensitivity analysis of parameters
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B R Lk O BRI IR 55 Y O %, AR
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IR 25 52 5 58 o

J T ik — 15 ISSA 3K f# 2E-LRPSPD [ 4
RVE, A 3C ik Bt 1% 5 ¥E (genetic algorithm,

GA). . J% % 7 (immune algorithm, 1A), KR %
% (grey wolf optimizer, GWO), f5 fii 5 7% (whale
optimization algorithm, WOA) #17X%} L 43 #1. GA
FIA D9 2 L R REL AL, GWO IS IE TR
S 3CHE [19], WOA HE LIRS % Sk [20].
IR ) B Matlab S, T HES
X, REARIME IR, L IBIETLIE
i, ISSA SKfffS B M e 4 R T Hofh s, L
HAE 100 % A B 550401 4R THOh B3 H
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Tab.7 Comparison of results between SSA and ISSA

SSA ISSA
B E S|
AVG MAX MIN TIME/s AVG MAX MIN TIME/s
V4 29251 29283 29238 14 29238 29241 29230 16
l w 31774 33825 29271 14 29257 29270 29243 16
z 30263 30278 30251 14 30246 30251 30243 16
? w 30861 40832 30249 14 30264 30302 30248 17
V4 48002 48075 47947 28 46172 47980 38243 29
} W 48735 49052 48177 28 42777 48137 38240 29
V4 52591 53447 52429 28 52414 52487 52356 29
! w 53571 53662 53468 29 53195 53468 52469 31
Z 34013 34113 33968 26 33965 33991 33930 27
’ w 35143 35219 35062 27 34750 35062 34035 29
V4 126432 139094 125241 49 125254 126238 124367 50.
° W 134805 142286 127633 52 127175 128552 125464 53
V4 124889 125137 124717 48 124666 124872 123849 50
’ W 126931 127366 126230 51 125582 126088 124874 52
z 187966 190807 187181 52 187083 187267 186126 54
’ W 217348 234234 189299 56 189088 190235 188154 57
&8 WEEG 3 HERMELSBEMRTER
Tab.8 Optimal location and routing planning sheme of W-type tested instance 3
KR KR g KR KR ipkk
1 0—54—53—0 6 54—41—19—14—54 11 54—50—47—17—26—54
2 0—53—0 7 53—13—22—8—45—37—53 12 54—2—3—39—34—54
3 53—12—48—23—33—53 8 54—15—10—19—54 13 53—29—36—32—7—53
4 53—44—31—9—35—4—53 9 53—43—1—28—6—353 14 53—42—40—24—27—25—53
5 54—11—18—38—16—30—54 10 54—21—20—5—46—54
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Tab.9 Comparison of results from different algorithms
ISSA GA 1A GWO WOA
GRS
AVG MIN TIME/s AVG MIN TIME/s AVG MIN TIME/s AVG MIN TIME/s AVG MIN TIME/s

z 29238 29230 16 29488 29245 14 29345 29262 48 29253 29230 23 29321 29253 17
: w 29257 29243 16 31802 29266 15 29663 29268 48 31293 29245 23 29409 29317 17

z 30246 30243 16 30269 30243 14 30258 30246 48 30263 30243 23 30327 30285 17
? W 30264 30248 17 30321 30250 14 30322 30253 488 30294 30250 25 30384 30339 19

V4 46172 38243 29 47603 39536 28 47754 39968 120 46773 39497 60 46843 39976 30
’ W 42777 38240 29 47426 39550 29 46862 39864 120 45175 39421 62 46712 40021 32

z 52414 52356 29 52651 52454 28 52955 52495 120 52489 52442 58 53004 52786 30
* w 53195 52469 31 53531 52690 30 53541 52909 121 53404 52496 59 53986 53880 32

z 33965 33930 27 34120 34068 26 34154 34076 118 34066 34008 61 34432 34354 28
’ W 34750 34035 29 35117 34183 28 35136 34594 119 35089 35057 58 35475 35366 33

Z 125254 124367 50 136693 125560 49 135341 125806 271 128386 125461 88 140028 139932 52
° W 127175 125464 53 134685 126790 51 136553 128060 266 127680 126546 89 139964 131454 57

Z 124666 123849 50 125366 125261 49 125374 124636 262 124965 124227 88 126094 125956 52
! W 125582 124874 52 126569 125543 50 126420 125902 265 125819 125261 89 127964 127269 58

Z 187083 186126 54 190137 187568 53 190932 187886 266 188614 187347 94 191190 188383 56
’ W 189088 188154 57 193879 190917 56 194220 191289 270 191329 189573 95 194303 191665 61
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