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Ant Colony System for Vehicle Routing Problem with
Simultaneous Delivery and Pick-up under Time Windows

Sang-Heon Lee

+ Yong-Dae Kim

Department of Operations Research, Korea National Defense University, Seoul, 122-875

This paper studies a vehicle routing problem variant which considers customers to require simultaneous delivery
and pick-up under time windows(VRPSDP-TW). The objective of this paper is to minimize the total travel
distance of routes that satisfy both the delivery and pick-up demand. We propose a heuristic algorithm for
solving the VRPSDP-TW, based on the ant colony system(ACS). In route construction, an insertion algorithm
based ACS is applied and the interim solution is improved by local search. Through iterative processes, the
heuristic algorithm drives the best solution. Experiments are implemented to evaluate a performance of the

algorithm on some test instances from literature.
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TH(Chung and Park, 2004).

A ZEA A et HF5AS Z¥2 Danzig and Ramser
(19597} A 22 At om, AFAU AFHEEZAANA &
Ad w3} £ 170 tXH’B‘P% AFAZEAE T2 Al
T RO E FEE F At A
e Eol Sl WA gt HHI*% npzl o] % 7 1
Aol gk A e 25 AAShE AR FAZEC] Ye AFAE
& A|(VRP with Backhauls, VRPB),  H Al = VRPBOI| A A7 5}
1 YE BE W EAY S HEA AR Y o S48t Fas)
of dth= M & g W2 AV EFE AFHZEA
(VRP with Mixed Delivery and Pick-up, VRPMDP)©| T}, A] 1Al =
gt oA WD FAVE BT gAY gy FAE
Aol a8k g4 2 A (VRP with Simultaneous Delivery
and Pick-up, VRPSDP)Z &3 & 9t} 53] VRPMDP+= 7}
A WGEFH FAEF] 00 He 4-$< VRPSDPY
Eolg AlE| 2 1 H ¥ 4= A TH(Pisinger and Ropke, 2007).

2 AFNAE 7€ AT o] FAHE Mg FAE
A FdshE AdA Yot & FaAdA F A s

SO a8t A7EA 2K(time windows) S F713F A HA =
EAE 2T o]H 439 A ZEAE A 7R kst v 2}
FAE S Fst= A ZE A (VRP with Simultaneous

Delivery and Pick-up under Time Windows, VRPSDP-TW)2} 1
w3k}
VRPSDP= A9 34 (complexity) -2 {15te] VRPBO]
Hg) Aold o g 7]& drEdo] 4o, £ AFA A&
© 2 1% VRPSDP-TWE VRPSDPOIl A|7HA| &S 713}
43 EA 24 VRPSDPRT} 8] 23}7] o2& NP-hard &4

ot}

VRPSDPo| #3F A= M (1989)°ﬂ ofate] HxE o] Fof
Aok Min& "= 28k0] 0F 3 AHEA A v FH Y
2N AYEAM T EAAE % w2, FAHE ArElEA o Of

3 AFHEE Aot 30A & V“ AAE AN AT A
A dANAE AA 1AES 27T ERFeta, F W
A DA = A %@Z}E 7t A3 @93, nhA|
2t A A= TSP7IH & A &std AFHEEE AR5
Dethloff(2001)= VRPBS} VRPSDP 2| #A| S 743} 3 VRPSDP
£ Z7) Y wrH o2 A1 7]Hk] cluster-first and route-second
Fe2g 7 e AdstAnt. 1AEE AYstr] Asl o
7HA 71Es AHgst e, 1AE AUE W F7tol A g
(travel distance) S A Y71+ A2 AL g3, A3 o &
EQE 3t 71EE At =9
A4 (depot) =HE He] Bojl IAEY EFET A
¥3}t7] ¢k B 37 2l (radial surcharge)S} BB A9 7]F2
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& VRPMDPO 42 412 55 A88tA 3, £4 1A
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Q AF&F
Vo AF AT
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=
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ZHE 2y H22 EF(trail)o] 93 TS o) FAHEE A

g3},
olg g M el FFFHoLERY HAE MTHA 2~
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O G 02 ACSE et 2 o E sS40 |
A mN e o] HEES] 273} 7 (initialization rule)ol] wheh
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e o] 77 2 (state transition rule)ol] we} TFg-of WES
& gt A& A dARAH & AT o] 2 g g 3
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UERd .
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A F 2R A j) Aol A F AR E = A ko

Ak o A2 S Baakd A A G )Y A2

Fho) vl & & TP £ 2 (15)9 2t
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Figure 1. An example of performing swap algorithm
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3.2.1 197841 7+3(Local Updating Rule)
A A TR QYo 2L 27t n)Eol A A5 A=

£ TAY Fol $RIT AREL HHBARA AT0] A
ol met Fukeie, AelE Ao oA B, A
E2E Gl E A2 4 (18)% 2.

(t+1) =(1—p)r, () +1/L" (18)

a} 7;“

=
ZANTA

A71A, pE HEZE
ter)2 03 14019 gk
AYE ot}

I (pheromone evaporation parame-
LAt TR AR %

=
o
S
=

t]

3.2.2 A1 &4 (Local Search)

et A 2Fe A 27]9
» EA =8o] _?_5[*4*3}—7 Ao H A3 TH
ok gHE o= AL o of ) Alo] T & & 9 Tgﬂtﬁ/‘c}
ate, o] 2 Q3 =5 2] A3l (local optimum)ol W3] =
Atk ol DHE Besy] flote] £ AFME A
}\ﬂ 7]]?:‘-] = swap OEJ—E]%— t‘il—_‘iﬂ o=z x%&o}oq 17]

7N gd,

r.n—
S 12 i tZ off (o
2 oz Sk

o

e swap ¥ILE &

IB-ACS©ll & Y8 271 swap 7]W < =3
Aog AgstogH o] xS AT} sw ap 7]%_“-} T
B2 oNA 47 shte) m=g Al ﬂo}O% BT wgshe WY
ojth. Aoz & Wt wo] 7k 13

Aol o1& Wk weho] o] FojRn, o3t AFFAPH &
T3 O oIzl E ANt A5 FAEs 9 AE

7Ndgd,

swap 719 9] 74 & The 3} 2},

1A - Jeole) 4= A

297 - Ao AR st e Y, AT we

3GA ke

o 2 o] x-3f A4

497 7V S ol e A

<Figure 1>& swap ¥ 59 FIAAY o & BoETh
A2 19 dedil xu A2 20 Qe L EE AT 0
o 2L AFAEE 743 o3 HHERH S T
A ol %3] F71EY SRR ESE AFH=E A
gisto] 2718 & /) et

3.2.3 297841 72 (Global Updating Rule)
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S5, M e ARE AR A A2 5ol 3]
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A7NM, L= QA iteration A 2] A HHAAZ ool
3, 87 A AHARE GepdT A, j)7h A A A
Z(9")ell &l o 1/L,0l e AL, ofUHE HZE F
A pol ol HEE &2 2 EA At o] Y HEE
HolEx &2 420 o B HEZS SHANA 819 ¢
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s
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B ATl Ak dugEL AR TG oH, A
& Pentium IV(2.4GHz, 512M RAM) PCE73 3ol A 4288319
o 2 AT AP A4 Frjad o TR
o HA S24dA s FYRE S AF8] Hetd £84
FTAE FAE AR oA o tiske] CPELX A 39} IB-ACS
de| 59 A#HE Hasgla, G Pl A = VRPSDP-TW
of #& 7| AAVE EASA BOERE Solomon(1987)9
VRPTW A Al ¢} Park(2008)2] VRPSDPe] Aol 2 &3lo] 7=
AT ARgH v nE Fa B AFNA AL e EY
&S H7reta, AZEAI ko] 9l VRPSDPO] thgt o Al &

et Aighe =233t

41 242438

AT A AA G FERY HAFS $5te] ILOG CPLEX
0E o] &3t FaA 77, AF 202 FAE AAFY HA
AZEAES AT 84 F B = <Table 1>} 2o},

A9 el BH & F 255709 AFAFH F 1287] 9] o] xIH
$E F29%0H, ILOG CPLEX$} IB-ACS ¢ E9 A3}
H] 3L <Table 2>} 214,

A8 A3 ILOG CPLEX 9} IB-ACS €8 Eo] $Y3 A3

Table 1. Customer data of mathematical model validation

ETAE AT A EHA 2 165

HE AETOoTH B AT AN S Y B S
A=At 21U AR EA O A E ALY A}
o|7} u - 2to} 17 9] 427} Bold 4= [LOG CPLEX ] ¢
St H A& abEAIZko] AAIZEO] AR BE 1y EA ot
Me 712 A7 Fe 28 dugE 2353 nustd ¢u
59 84S ddit)

4.2 849

4.2.1 NZEAI%Fo] Q= A 2 E A (VRPTW)

F 227} 257 FA8 Solomon(1987) Al Al 5 RCIEFY S
Aot B A9 gaugso] &8ttt 7|E AN &
A Best SolutionZ} A3 gk HI W E 53l dugE9 S84
< AFetdon, 94 seuE 448& ¢
st Abd AE S YT 7| EEd
FRA o g A o]

HSA7|HA A A o, garol AZ 2 S
7&‘7’]'% E—%é‘]’oq «, ﬂ“\f‘ l
M0 Fm)st AZE FAE(p), , BE
[100, 1000]°ll A1 1003]4 HMs}A|7]HA g A}
5003 o] S = M gto] Tt 5003 = AAsH T
<Table 3> £ A7) ¢ 5ol &3 A4 71& 4
T-9] Best Solution< Hl 1w gt Az}o|t}, AP A7 RCIOIAAE
AYstrE LE oA o et 224 0.4% o] Ul Z Best

=y
ZEA

O L

Table 2. Comparison between results of [ILOG CPLEX and

IB-ACS
ILOG CPLEX |IB-ACS Travel route
Total distances 174.75 174.75 |route 1 : 0-7-2-4-3-0
Run time (sec) 245 0.17 |route2 : 0-5-6-1-0

Customer X y - Demand - Service time Time windows
Delivery Pick-up Lower Upper
0 25 25 - - - 0 230
1 3 22 23 - 9 147 197
2 29 13 14 - 6 96 146
3 42 19 22 15 15 113 163
4 44 5 13 23 14 88 138
5 36 40 17 21 15 104 154
6 32 45 - 25 10 128 178
7 15 3 - 13 5 17 67
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Table 3. Comparison between results of Best-Solution and IB-ACS for RC 1 type

Best solution IB-ACS
Type - - - - Gap(%)
Total distance No. of vehicles Total distance No. of vehicles
RC101 461.1 4 473.5 4 2.7
RC102 351.8 3 352.7 3 0.3
RC103 332.8 3 333.9 3 0.3
RC104 306.6 3 307.1 3 0.2
RC105 411.3 4 412.8 4 0.4
RC106 345.5 3 346.5 3 0.3
RC107 298.3 3 298.9 3 0.2
RC108 294.5 3 295.4 3 0.3
Average 350.24 3.25 352.60 3.25 0.7
Solution3} 71 ¢} EUL Y AHE =T B w7 el & F LA Fol TLIAL AF= YT B-ACSTF ACSE
Aol A= Best SolutionZ} B¢ 22H& 0.7% o= Wlwa § o B °F2.7% 711*% ANE 3 B-ACSY 58S
THAE =2 €A Hojzo
<Table 4> £ Ao A A eket B-ACS $aE F3 7] £ 3
LACS ¢85S F8A7F 2570 A E R EFY ol Aol 4 422 W2 FAE FA O T = A ZEA (VRPSDP)

&3t X}%EE 79E Ml

& Zolth 48AT A% =

LEC

Table 4. Comparison between results of IB-ACS and ACS for R1 type

FAN o et AFEZEA O e el A=

Type : AL : i : Gap(%)
Total distance No. of vehicles Total distance No. of vehicles
R101 625.2 8 618.3 8 -1.1
R102 581.9 7 569.0 7 2.2
R103 472.5 5 465.5 5 -1.5
R104 443 4 4 427.5 4 3.6
R105 5433 6 5373 6 -1.1
R106 489.1 5 482.5 5 -1.3
R107 434.7 4 433.6 4 -0.3
R108 420.7 4 402.8 4 43
Average 522.95 6 510.55 6 2.7
Table 5. Customer data of VRPSDP
Coordinate Demand Coordinate Demand
Customer Customer
X y Delivery Pick-up X y Delivery Pick-up

1 95 75 1300 1000 8 81 90 1000 1000
2 45 20 0 600 9 10 70 1300 800
3 47 100 900 800 10 18 40 1100 300
4 40 70 700 800 11 110 53 1400 850
5 114 90 1200 130 12 68 60 1300 700
6 72 20 1000 500 13 96 48 1100 1300
7 132 60 500 1600

Note) Depot :

(60, 60), =+eF 4o, 8- : 4000.



Ant Colony System for Vehicle Routing Problem with Simultaneous Delivery and Pick-up under Time Windows
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Table 6. Comparison between results of ILOG CPLEX and

IB-ACS
ILOG CPLEX |IB-ACS Travel route
Total distance|  554.67 554.67 |Route 1 :D-8-1-5-7-D
Route 2 : D-11-13-6-2-D
Route 3 : D-10-9-3-4-D
Run time(sec)| 1478.66 | 0.82 |0 "
Route 4 : D-12-D

. =
423 A 7HA ¢k 9= VRPSDP Qo] = £80] BAolT. CONEIAS TAHL 7777 0]
423143 47 50%< SCAEFS} TL3HA EZH I YA 50%< [10073,
AZEA o] Sl VRPSDPO thk ol Al= Dethloff2001)7h 200319} 73kel 24 #-53HA w28 wfeb F¢] 199
AT oA Aol whet AYEAE FARAL SR G F o B4 FUA AL OFA Hrt 1A
AHER FAY IASL 100, 10019 AHF ] T 95 F8FL [1 10019 Pl A Aoz W 0.5 A
stol AP Ao e F 7 dHE FAEG S0 AHL FAF pE (05 %) x 4,8 FAL ol &sto] AP T 7]
Table 7. Customer data of SCA103 problem
Coordinate Demand Service | Time windows Coordinate Demand Service | Time windows
Customer - - . Customer - - .
X y |Delivery |Pick-up| time | Lower | Upper X y |Delivery |Pick-up | time | Lower | Upper
1 82 | 712 90 65 31 109 | 139 26 65 | 98 32 24 11 0 | 184
2 36 | 20 58 66 25 30 60 27 57 | 6l 61 73 27 0 | 183
3 63 | 84 64 59 25 99 | 129 28 39 | 82 28 33 12 154 | 184
4 97 | 77 39 38 15 0 | 200 29 43 | 84 23 28 10 0 | 187
5 4 | 65 90 76 33 88 118 30 98 | 97 87 89 35 0 | 194
6 77 | 36 42 52 19 135 165 31 16 64 62 84 29 28 58
7 51 17 29 17 9 0 189 32 51 5 38 36 15 175 205
8 62 | 31 85 70 31 0 185 33 1 65 62 64 25 135 165
9 30 7 50 48 20 0 | 181 34 31 | 98 30 26 11 77 | 107
10 32 | 14 33 42 15 0 | 209 35 24 | 59 71 55 25 0 | 197
11 83 | 55 61 42 21 0 | 190 36 99 | 93 26 34 12 0 | 192
12 60 | 60 77 94 34 0 | 203 37 63 | 49 50 32 16 0 | 185
13 26 | 55 51 54 21 87 | 117 38 59 | 68 12 14 5 0 | 203
14 35 1 97 52 56 22 25 55 39 43 8 50 54 21 86 | 116
15 38 | 14 66 43 22 80 | 110 40 12 | 15 32 48 16 0 | 188
16 10 | 62 71 67 28 74 | 104 41 42 | 47 7 7 3 171 | 201
17 70 | 21 5 7 2 93 | 123 42 27 | 17 51 43 19 0 | 192
18 74 | 76 82 58 28 159 189 43 26 7 64 55 24 0 206
19 83 | 41 47 40 17 149 179 44 42 59 39 22 12 43 73
20 54 | 54 63 37 20 0 188 45 14 76 27 17 9 131 161
21 6 | 28 96 79 35 0 | 191 46 84 | 52 80 119 40 0 | 182
22 37 | 33 22 16 8 119 | 149 47 63 | 33 29 34 13 82 | 112
23 24 | 69 59 65 25 27 57 48 21 | 88 16 14 6 0 | 196
24 15 | 25 40 43 17 154 | 184 49 73 12 33 17 10 0 | 208
25 90 | 53 39 20 12 46 76 50 30 | 23 95 65 32 78 | 108
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Table 8. The experimental result of SCA103 problem

. Loading amounts
Vehicle number Travel route - -
Delivery Pick-up
1 0-14-34-48-45-28-29-0 176 174
2 0-43-40-21-24-0 232 225
3 0-23-16-5-33-0 282 272
4 0-4-30-36-38-0 164 175
5 0-20-27-12-3-26-0 297 287
6 0-11-25-46-6-19-0 269 273
7 0-8-15-39-9-10-0 284 257
8 0-31-35-13-0 184 193
9 0-7-49-17-47-37-0 146 107
10 0-1-18-0 172 123
11 0-2-42-50-22-41-0 233 197
12 0-44-0 39 22
13 0-32-0 38 36
Total travel distance 1,329.9
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Figure 2. Converging process of SCA103 problem
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Table 9. The experimental results of VRPSDP-TW problem
Type No. of vehicles Total Run time Type No. of vehicles Total Run time
distance (sec) distance (sec)
SCA101 16 1659.5 741.4 CON101 15 1116.0 884.1
SCA102 15 1562.9 797.0 CON102 11 945.4 970.1
SCA103 13 1329.9 866.8 CON103 10 938.9 1087.3
SCA104 11 1209.2 960.1 CON104 10 910.6 1226.5
SCA105 15 1487.4 841.2 CON105 12 955.3 964.5
SCA106 13 1368.0 988.6 CON106 11 958.7 1055.6
SCA107 13 1425.6 1100.5 CON107 10 845.2 1287.2
SCA108 12 1332.7 13214 CON108 10 846.4 1455.2
Average 13.5 1421.9 952.1 Average 11.1 939.6 1116.3
SCA201 4 1170.4 1030.2 CON201 4 926.5 1143.1
SCA202 4 1014.3 1155.2 CON202 4 881.5 1254.5
SCA203 3 986.8 1267.5 CON203 3 714.4 1333.2
SCA204 3 753.3 1445.6 CON204 3 676.2 1514.1
SCA205 3 1098.1 1204.3 CON205 3 745.8 1298.5
SCA206 3 975.8 13245 CON206 3 730.5 1356.7
SCA207 3 845.9 1555.6 CON207 3 693.4 1607.4
SCA208 3 784.0 1612.2 CON208 3 642.5 1701.4
Average 3.25 953.6 1324.4 Average 3.25 751.4 1401.1
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