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Heuristic Approach for the Capacitated Multiple Traveling
Purchaser Problem

Myung-Jin Choi + Sang-Heon Lee

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

The traveling purchaser problem (TPP) is a generalization of the well-known traveling salesman problem
(TSP), which has many real-world applications such as purchasing the required raw materials for the
manufacturing factories and the scheduling of a set of jobs over some machines, and many others. In the

last decade, TPP has received some attention of the

researchers in the operational research area. However,

all of the past researches for TPP are restricted on a single purchaser (vehicle). It could be the limitation to
solve the real world problem. The purpose of this paper is to suggest the capacitated multiple TPP
(CMTPP). It could be used in inbound logistics optimization in supply chain management area and many
others. Since TPP is known as NP-hard, we also developed the heuristic algorithm to solve the CMTPP.

Keyword: capacitated multiple traveling purchaser problem, inbound logistics optimization, heuristic

algorithm, supply chain management
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<= 3] o) A& A (TPP, traveling purchaser problem)= 2 &7l
<= 3| Fof| L5 A (TSP, traveling salesman problem)2] Y HF3}H &
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S FE) ~E S O 2 GSH(generalized savings heuristic) S A 2+
3+ 2.1 Ong(1982) Golden ¢ #/(1981)8] L8] &5 7|43
TRH(tour reduction heuristic)S | QFSF T E 3 Voll(1996)=
UTPP &4 < 913l wetfe] 2€ 71 Q) &2 (dynamic) BH-A]
Z)(TS, tabu search)$} A| & H 0] E] & o] d &(SA, simulated anneal-
ing)oll 7183k AF$ 2 2] 8}(post-optimization) A AHE A A8 0.
™ Singh and Oudheusden(1997) | A8 &8 &3 ¥4 A
H (branch-and-bound) S 7} &3 B} 91 Th. 0] & Pearn and Chien
(1998)°] Golden ez a/.(1981) %} Ong(1982)¢] 7]'4-& 7} A1 3k PS-GSH
(parameter selection GSH), TS-GSH(tie selection GSH), 18] 3 CAH
(commodity adding heuristic)S | QF3}FA T}, Laporte er 4/.(2003)0]
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MAH(market adding heuristic)S 7] &3}e] H 23] 7] £4 4
Hbranch and cut) L8] 5ol &-83H T Boctor e l.(2003)
Pearn and Chien(1998)2] &) A E| 7| & B &&te] B} R A 2] o
7193k PH(perturbation heuristics) 7] 5 & | 2F8} 9] 2L Teeninga
and Volgenant(2004)= Golden et a/.( 1981)9] GSH, Pearn and Chien
(1998)¢] CAH, 18] I Ong(1982)¢] TRH| 285 = A A 2 (pre-
processing)?} 743} A 2}E(intensification procedures)e A7) 5+
T}, &3} Riera-Ledesma and Salazar-Gonalez(2005a)= 5 7]2] o]
£ 88 7ted A wEH Y GALS, local search) &
DY EE A¢HES I Riera-Ledesma and Salazar-Gonalez(2006) =
ATPPO] gk H A& 42+&7]H S A9+ vl 91T o] 3, Bontoux
and Feillet(2008)2 ACO(ant colony optimization) &1L 8] E-& 7|4t
© 2 g 9] 733l E 93] Riera-Ledesma and Salazar-Gonalez(2005a)
9] 1S ¢ 18]S 435 DMD-ATA(dynamic multi-dimensional
anamorphic traveling ants algorithm)E 7] &3} 2™ Goldbarg et
l.(2008)-2 UTPP & CTPP2] 3] 2 & 9|3 Jain er 4/.(2003)9] 4%
F+ A2} o] F(horizontal gene transfer)¥ Margulis(1992)9] W] 343
(endosymbiosis) 7]'d-& A &3+ F 2] ~EQl TA(transgenetic algo-
tithm) & A ¢Fat St
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§9229] o) £ 02 Q5] Foul £ ok o BHlE
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(2008) @Y 7|7HekS 1 skE 7]E Aok 2l A B
ol whet w4l A Bl sk Al F 9] 4 Hquantity)©] ZHAFHE
7448} D-TPP(dynamic TPP)E ] ¢+8} 91 k. Mansini and Toc-
chella2009)= 52 g4 W ol] o] 1] -7 F-ulj ] §-0] L2 = 3}
© 712 TPP A9} 2 8lato] o] 51| §-0] E2 3 U ol A
285 2 ] &2 A oFA YAl A FA T EARE = 4k
F3} TPP(TPP-B, TPP with budget constraint)E #| ¢+ v} 9T}

TPP= 2% 2A1E 9, o184, B EEA 9 Hokell &
£ 51 912 ™(Singh and Oudheusden, 1997) TPP AA| 2% SCM
(supply chain management)0] FEH= Q 5o Y FS 1

o]

HPS uf A7 A o] At & 4 QI THChoi and Lee, 20100).
I8y 7| &9 th F-E TPP A7+ & Tkt ol =35
0](Choi and Lee, 20102) E472] A1 &ZF& 235l EFE 4335}
= 71984 S 1A d4 S840 "ol HZof 0|2
g A oF o] g g A ALY FES A3l B4 AFe st
© B 3] 7| A2 A (MTPP, multiple TPP)O]| th 3 A7} 4
Y= AT}, Choi and Lee(20100)= & A ¢Fo] §le B €3+
1) 2} & A (UMTPP, uncapacitated multiple TPP)ol| o] 3 4=2] =&
= TEL B9 TR A B¢ FujA ] He wE
3o E4Wst QA T w2 ALAZEY S7HE 1 F
St 1 9, Fujel 4k Aok g AAFE st o4t
Aok 13 & F B4 3] Fuf AHE A (HMTPP-B, hetero-
geneous multiple TPP with budget constraint)7} 7% H} 2
(Choi and Lee, 2010b), 4 & 7% #7| &7 J 232 98 tr| 7}
(multi period) ¥ TH&-& AFE 183 /| &F B5 &
3| -l AHE A (PHMTPP, periodic heterogeneous multiple TPP)7}
A k= 1} 91 THChoi and Lee, 2009). T=3F MTPP2] $+31¥ & &)
E A FrEA G50 285 AT HASE 530
23t A7E Y= vl A THChoi, 2010). ©] = YHHY TPP(Z
< MTPP)9] HA 0] o] 1| &3} Fuju] &9 A3t FHa]
AA & ZAF A Al Fuu]&of gt I RohE o] FH &
HA37L oS AATE Q4YS wYste] 5H 3o A T
H &S AAS Y R EAS B ik Ao w2 A<
o 558 507 3= FA ot}

H Ao & Choi and Lee(201002] UMTPPE Bt} Y uks}
Sl CMTPP(capacitated multiple TPP)E THE 0} CMTPP -2 2.8
o UMTPP}] o] H & WA 3tal CMTPPY| 32 913 F
2| 28 71W & A Al

2. CMTPP 2.3 9 &

2.1 CMTPP 58|28

B Ao A A A 8= CMTPP 78] 28 74 913 714 A
3}-& UMTPP(Choi and Lee, 201009} -AF8LE] A F9] Foj &7
o] o] Aaola oA AF EFFE o2 ¥ (binary)
o] ol 0 &2 ko] Ak dolFo] Yt} 3 YAAA
W <=(decision variable) Yi = UMTPPO| A= o] Z gl wHiaf
CMTPPO| A = 0 &2 oF<] A7) Hnt.

CMTPP 2| 2 g9 F24) 5l A o4 2 UMTPPSL T U
T-Z0|t}. ©, Choi and Lee(2010c) 19| A ] UMTPP 8] 28
of A oFA] (N~ kA 9)7F CMTPPO A= 2] (1), 4] Q)= ThA|
A}
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40,4 @k 54 4e LYk 27} o) Lol 5
ook 313 mhgel 4 AF oz A5 b AF5e
A% ool WS 2348 5 gleks o)t E,

2.2 CMTPP 3| ¥

B Mol A= eMTPP 3 A& A Fel 28 4859 GVAH
(Generalized Vehicle Allocation Heuristic)S A A8t} GVAH=
Golden er 2/(1981)2] GSH & Ong(1982)2] TRHE 7|H 0.2 27|
BERAY, ZE N, A i A8 ZY AAE FAET =
7173 & BA ol GSH, 4 27 ol = TRHE & &-3}0] 3}t
0 FEE P o] AR E3¢H wAES AW7tsA
(feasibility) & B A 710 B9 apgkel| st 7)d ol th. o]
o, GSH, TRHS| T4 8-0] ofd MTPPol| A 9] A 71543 B
e ol FAst FEt9 dd AE A Al o] FH &
o A7H& 913 3-opt 18 F A-E3A T Lin(1965)0] A<t
& 3 Z(cyde)oll A kY] T E T2 kY T2 tiA st
K-optimal $1 8] F-& "¢ E&3Q Fe2g 7| o= ¢y
A oH I F k=3 A&3kE 3-opt B FO] YRS
2 ol AHgE7| wFo|tt B Agd njAed dugls
< 5ol 7129 &Y FujAE g TPPY o R d A
27153 MTPPE 8| A5t Sith.

d1uelE A Ao s AT ALAE 0, DA A

g o, @A A 20| 23HA B 4 S ¢, WA ol
A Bfks AFE 19 7 o0, 1), WA 4, j3E ol ERIES
c(i,j), AF 19 Ful 8 7FE da(1) ek gk o] o, fla, )&
A A& W wj Aol A B ate A F 1 AATE, g(a, ¢ 1)
v ¢t A A2 2FHA G E AF 1 7HE Y A&, a8 A
s(i, j, & 7L @A BE W] 7 AT WA 4, j Abolol A
A2 wjo] vl g9 AZHE st ofef 4 3)~2] (5)9 2o
geojdt)

fla, 1) =min{b(i, )i Ea} 3)
gla, g, 1) =max{f(a, 1) d(1)—blg, 1)><d(l), 0} @)
s(i, 7, @)=cli, ) —cli, 9—clq, j)+§]g(a7 ¢ 1) )

GVAH €18 59 A& th2 3} 2t} Sep 1-1~Step 1-7&
271782 AA, Step 2-1~Step 2-55 AZ WA, 18]I Step
3-1~Step 3-10- A WA S dag] 5o g

<Generalized Vehicle Allocation Heuristic procedure>
L. 27|32 A

Step 1-1: v, A g A7 7HE B2 AFS st 3

RS PEUPECEE ik

Step 1-2: 0, 2 i* & A g o A %
Brjohs AlF S AR 5 TR
B g e Y

S AT 1 T A Y0, 1) ghol A4 5*
=1

g Hea,

Step 1-3: & AF 1o & F8FE FF A7HA Step 125
wER

Step 1-4 : o W) M)A W EEAE 3-0pt G152 55 AujE
@

Step 1-5 : 2 1% o9 XA &2 ZE ¢l t3l fla. 1),
gla, g, 1) & ALts

Step 1-6 : O} 2 & THEFE ool TFEA &L ¢+ a9
238 4T A 0 i, 8 2T
s(i*, 5%, ¢*) =max{s(i, j, ¢) l¢Z o, i andj are

two adjacent markets € o}
Step 1-7 : s(i*, j*, ¢*) < 0°]¥ 3-opt ¥ T2 F3f L& &
AE Augaitt. 182 gkom & *9} j* ALo]
of A9 o8t ZE o] W fla, 1), BE 19}
gz all ¢ A& gla, ¢ 1) = HEI] ES}IL Step 1-6
S & Fojztt

| Find ;* and Tnitialize ¢ |

| Find /" and Update < |<—
No
Is the demand satisfied?

Yes

| Apply 3-opt to & |

I

| Compute f(ﬂff) E(C(.q.f) |

!

Find ¢ . 7. J" such that satisfy

s/
ml' No Tusert ¢ between i and J -
Update <, f(af) g(a.q.!)

Yes

| Apply 3-opt to & |

Figure 1. Initial tour construction procedure
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Step 2-1: Step 1-79] HF3| & 27]3] 2 gt}
Step 22 : 2t WA i(€a)ell i3l i7t a oA AAE AL w9
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Tl &2 ST g(i) & okl o} 2ol Al

E [min{b(j, )< d()ljEa,j=1i}

=y

—min{b(j,l) dDliEa}]
Step 2-3: o 2L WEShE o WA A AHT WA i,
i, i s Zet

s, d' it ) =max{e(ip, i)+ (i, i) —c(iy, i)

— q( )|z+7 i, and i_arethree adjacentmarkets € a}

Step 2-4 : s(i%, i, L) < 00]® Step 252 74T} s(i', ", i)
> 00 F ol L9 & AATOEHN oA
R = Zﬂ AL Step 2-2% 44}

Step2-5: AF A O FAH AR &) 3-0pt LY EL A

3ol W EAE ANL T

Step 2-1~2-57421 & A= /4 &
gure 2> 9} 2T}

dl@l.»
‘ Compute g (.z) [
v
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sl )

o
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{

Figure 2. Tour improvement procedure
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Figure 3. Vehicle Allocation Procedure
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& CPLEXY] A% H oF 872201 wj & L A F F7} 259
75 % 4,000% o] o] 229 ¥ GVAHE B 122 ¢

Table 1. Experiment Results for the Small Size Instances

Size Optimal solution(CPLEX) Near optimal solution(GVAH)
o R Total demand Num?er of | Objective function | Computing time | Objective function | Computing time ?;}))
vehicles value (Sec.) value (Sec.)

15 42.3 2 654.5 1.05 687.3 1 5.02

15 20 55.5 2 869.9 32.74 915.5 1 5.25
25 74.9 3 1,143.7 32.88 1,212.1 1 5.99

15 43.8 2 722.9 12.2 775.9 1 7.37

20 20 55.8 2 895.1 41.18 978.9 1 9.38
25 74.6 3 1,124 422.1 1,203.7 1 7.15

15 43.4 2 655 113.6 693 1 5.82

25 20 56.1 2 935.7 2,820.3 1,004 1 7.29
25 73.8 3 1,094.1 4,373.7 1,165.3 1 6.52

Average 57.80 2.33 899.43 872.19 959.52 1 6.64
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