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Uncapacitated M ultiple 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. TPP also could be extended
to the vehicle routing problem(VRP) by incorporating additional constraints such as multi-purchaser, capacity,
distance and time restrictions. In the last decade, TPP has received some attention of the researchers in the
operational research area. However it has not received the equivalent interest as much as TSP and VRP.
Therefore, there does not exist a review of the TPP. The purpose of this paper is to review the TPP and to
describe solution procedures proposed for this problem. We also introduce the ILP formulation for the multiple
TPP(mTPP) which is generalized type of TPP. We compare the system performance according to change from

TPP to mTPP.

Keywords: Multiple Traveling Purchaser Problem, Inbound L ogistics Optimization, Supply Chain M anagement
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<=3] 7ol A2 # (TPP, traveling purchaser problem)= & 427l
3| Huf 2 A|(TSP, traveling sdlesman problem)] Y xtstH
FH 2 &3t 2ol Aot Fujsiord nrlel A= (pro-
duct) R ol EAstaL 2t AFEL T T ol Jom T
A= 2 29 depotel Hxlqhi}, =3k 3 o) 49 A EL EA

T Ao stE mol o] W (market) ol A5t AE
A Fe] VALl d A Fe Aot v Aol 22 121 depot
o} Zh v AE 7E2] o] FH] & (travel cost)& AR o] LA 9l
ol W, TPP= 2t A|F9| Tl 8 7%FE& FEatdA AA 7+
]%er o] FHI &5 HAg st Add ”sz] HRE A3}

TAE AYATt 71 Ao R 7F A F H AT 5k o
}o] wf Aol A Fufl 745 8ke] o 311 depotoll A & o] 3 A F
T F glon BE AFY FlTEFE HEA F5
sojof gtrt, ojw) B4 A F 1 Huldte WA i o A OH"*X%I

E—\:. T HXOZ
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and ¢, {0, 1} foral i and 7, g;, : W17 i ol A F-uff 7}
19 FF)Y TAE
2 unrestricted TPP)2} 3}aL 3F wj Aol A o] @ T3S
T oo & WA 8 7FY FAEE Ffste

it &5 42 EA4E CTPP(capacitated TPP, limited
TPP, S restricted TPP)2} &tk UTPPE THE S AgF7ujdl
&4 Byo|H CTPPE b5 k7ol A &3 B30l
o w3 w3t o] FH8-o] A (symmetry)$l 79 TPPE
STPP(symmetric TPP)2} 3}al HIthAQl 7 -%E ATPP(asym-
metric TPP)2} 3ot 7] &) tl & TPP A7+ 1= o] &
(graph theory)S 2 &-ato] wj a7t o] 572 thA 4o whet
STPPS} ATPPoll th3t 2] &S Adolstal 7ttkaAl E3 8]
o st= A M| Aot wekA & AFdA s FojA(AHE),
% vt 53 L TE ol HA(index)E 3= 3F A ¥4
(three index type)S] E71H-& & &3t WA 7k o] 5 A2 9 o
Ao BT WA e TP S FA T TPPE NP-hard
9.7 3hite Aol A ¥k F-uj 7}
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A ool gE B4

ot Zh mj o] o4 st AFTHE Aujsts A¢E 7t
A3 TPPY gk & e o] 7] ILHE—OIE}

£
TPP% Ol%ﬁﬂiﬂr A8H o2 Ad 4d 2 OR £oF
wopgitt, o] FolRth TPP7}
TSP4 ¢ %} EME TPP A& 53 TSPoll th 3t 2o}
& o3& 7heA otn FujA £, FeiAe o) &%, Azt
Aok 59 Alefo] F7}E A VRP(vehicle routing problem)

o] 34T 7}58ke] TSP, VRPS} 8174 T Hofo] o] 24 =H
ol A A52&(synergy) 2 71T S 4= 917] Wl &olt} A&7 =

HAXNE A4 2AEH, dojstsd, AZ2EA T Tofl
&5 9 oH(Singh and Oudheusden, 1997) TPP A3 2 =
SCM (supply chain management)©] %= Q5o 4987
1A o A7 203 & ol 59, ¢
A AF # & 93 f5EF(outbound logistics)2] 2
oﬂ 24& 5 TSP 2 VRPY| tf 3t A7} &hdks] 39

A AFAS AT 2E H AARY P E A 2EE

F(inbound logistics) 5]7‘45}2 202 5= TPP= Atd o
E AT A7t st B A4bge] Aol A A7t E ¢
o TPl thet O B2 A77F B asiita & = 9lTh

2 AT E AG7A AFEAYD @Y FojAekE 74
& TPPS sl B 3ol A A (TPP, multiple TPP)
o AFAE FYUREE AN AFE T3 B FeA

el
=
A
3
H

EA7F B4 Fula BA 2 Ag o] w2 A 28 9] A 5 (per-
formance) M35 1&g} o] wf, wjAFo Ao Ful&F A oF

o] §l= UTPPE 7HA43tt) Al 249l A 7&Ed S 123}
A 3l A mTPPY] el B3 S A A st Al 4ol A A3
O£, Al 578l A A& &3 AT FA & A A g

mlo H

2. 71&xd 1%
UTPPE Burstall(1966), Buzacott and Dutta(1971)2] 2} ~#A &
2 (job scheduling) ATl A 22 Yepdh Burstall(1966)
Lomnicki(1966)7} A A3+ & el 5ol 7]9Hek Fel 2 S A
stod 2770 e (R ) ok 1770 A (A F) thd AAE A
&9tk o] ¥4 8172-< 94l Buzacott and Dutta(1971)= &3]
AZ el 71nksk 2 2 A 2} (exact procedure) S 7 ket | 9l
Singh and Oudheusden(1997)> 2A &%, o357 (warehous-
ing), 74 Z& A (routing problem), 2] 1 Current et al.(1984)<]
7 Z 7 W &£ A (SCPP, shortest covering path problem) &l
UTPP7} 28 7hs3he Bl vk 9L, B4l VIES A A7 (tele-
communication network design) EoFME &€ ub gtk
(Ravi and Salman, 1999).
Ramesh(1981)= &4 <& 7 TPP~ H 22 AR UTPP
HAS AT F A dugEE stk A HAE HA
3 &) & (exact algorithm) <! IeX|cograph|c searchZ & 43| &
BAs7]= sty A 5 (performance)o] A %o} wj-¢- &2 3
719 EA o ARt A& 7hssith F WAE Fe2g 7

&3 7o 2 £A 79
H 2l near neighbour & 112] 502 7 29f 3o nf A& 49l

3k 202 A Asko] B8-2) w2 (greedy way) & & THE BE

A WA 0 2 Ahglete] A2 E sk ol

Golden et al.(1981)& UTPPol tf 3 F] ~ ¥ ) o2 GSH
(generalized savings heuristic) S A QF3FATh. o] depoto} 7+
2 MR 7Hg B2 o AFS Bk it 236t
© 27] AE(toun)E FABE H 049 Hl-&A- 7 o] T3}
Z] &S W7k pg 28 EAEE M s v A

A o] A 2o AUshe dargEolth

0ng(1982)& Golden et al.(1981)9] ¥z E< 7jA3 TRH
(tour reduction heuristic)E A|¢Fat$ITh. ol GSH 71Holu &
& gAAAR ALY Aol o e QT FE FEAT =AY
7bFedt afel A FEAR R FAE 2V HEERH A
Zgto] o o) o] A ¢S WA HHEH o R
74 2 WS- TE 7HA o= WA Al ASHE ¢ Eolth

VoR(1996)= UTPP & 2-& H&ll WletFel 28 7]l 54
(dynamic) EF-A X|(TS, tabu search) 9} Al &-#] o E] = 01 7J(SA
simulated annealing) ol 7] ¥+g+ A% 2 2} 3}(post-optimization) é
A5 AN 1 B g 2EY YS el F A F
2 =< reverse elimination method9} cancellation seguence
methodE A8t 27 AE F4& el 7 7HA e~
€] 2491 ADD-procedure$} DROP-procedure S # ¢+a} ¢ Tt

Singh and Oudheusden(1997)- ] &3] d12] 52 EA 3
H (branch-and-bound) & 718ttt ol BE 7 A& F
ge o Ae REHFOE Tt 74 REHT o el 7
Zu 43 ?LUH Hlf’% ol fH“P 0}6*( er bound)& Al 4Het=
< s Asto Abeta o]y

ﬁ%%%% PES fEsE BEYTl kel H=
ES L R EEEERE

Pearn and Chien(1998)-2 Golden et al.(1981)2} Ong(1982)%]
718& A% PS-GSH(parameter selection GSH), TS-GSH(tie
selection GSH), 28] 22 CAH(commodity adding heuristic)S Al
et PSGSHE sfute] o131 wj Aol 4 o) Frujn] & A
Zelo] 7tEA g Fato o5& A tete 7hEdtd
A7+ (weighted saving function) & AH&3h= Frel2gol1
TSGSHE PS-GSHO| A atol Al A7 Ao o] B &7
o A FS Bt wjAo] v B S 4-¢ depotst 7+
IV S Adste 4 Eolth CAHE BE AEFS B
< ol A Fel7ks stk 7H stell 7l 2l 2Eof dle A
A Al F i HAHE S E Tk B 2B b AlF
< TujetHA Houds BEste MRS AR X3
U g wehs B3l 4N & A EE FASE g Eolth

CTPP= Al F 1= FHgdte WA oA Eubzoz Fujg
T de BF 55T 7 §lo] b9 g A £ sy
oF 3hz 749 TPPolth, UTPPOlTH = &t=| 9| 7]&9| TPP
ATE LA A CTPPS H 22 A9k Laporte et al.(2003)&
UTPPS} CTPPYl| 25 A& 7153t MAH(market adding heuri-

1:1
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stic)& 7NZake] A8l 71 ) &4 D(branch-and-cut) &3
g5 Z&3th o] Fo2g M FaFs WEeA
x3he AFS Blste viAS HEH R H 2 F7131d
AREAXA o §Hste Mot A7t s B2 8
SHA o e o H, vl i AlFe wig, 1ea
W uf o] gt o] FHlEo Wi wEAQ Aol 93
A3 2 A 3} (post-optimized) © .

Boctor et al.(2003)< Pearn and Chien(1998)] &&] 2~ 7| ¥
S Bg3te] R A o )43k PH(perturbation heuristics) 71
HE AQFstATh UTPPO R A 2 0 = 282 4 9l Peamn
and Chien(1998)¢] CAH 7|1 & 23t PHE Al 7}A 2 UTPP
o] 31242 93] UPH13} UPH2, CTPPY] &4 & $13t CPH7E 11
otk o] Al 71A] 71%& wl A 7 (market drop), w1757 Hmarket
add), =72 8H(market exchange), TSP 2] 28, & A1) &4
(cheapest insertion), 5 &4 A (double market drop), F &
$H(double market exchange)] 7714 71824 AAE ME ¢ &
W02 st Abgste Aot

Teeninga and Volgenant(2004)= Golden et al.(1981)¢] GSH,
Pearn and Chien(1998)2] CAH, 123 Ong(1982)¢] TRHol &
45+ A g (pre-processing) ¢} 733} A A} E(intensification pro-
cedures)= BT m A WA nl) AFY 77 FL3
(m = n) Z+7} 25, 50, 100, 2007091 74 $-oll tha) GSH, CAH,
I3 TRH Al 71 9] @<z, A, dropopt(F H1-8 74 7}
A A ARAA LA 7o WA AASA BEE AT
Ashe 719, 18] 2 A2 dropopt 2 &9l tiE A 5S Hlw
3ol GSH 719 o] A4kA] 7H(computing time)S <2 2]
A A AENET M S ST IEY S B3

Riera- Led%ma and Salazar-Gondlez(20058)= 5 7] 9] ©
%3 Tbs et 799 WHEA 29 gA(LS, local search) a1y

= Ak A WA o] o tigk AAbe Foj7l A7t
T AR UY A&t AES I AR &34 ¥ oA
EEHNEAHOR ‘94;76‘/\171% S8 dA&ste A & A
o HAs) 7t T AW AAag F WA e Sk (obje-

ctivevaug)®| A4S FEdE M WA 7Hsd B 9
AEE Folx Ad7ks A & vl Adete Aol

Riera-Ledesma and Salazar-Gondlez(2006)= ATPPoﬂ o3k &
A =71 At BAME G e &85
&A1 9] Bl & Tt 1L ATPPS] STPPE 9] A ghojl thsf okt

Bontoux and Feillet(2008)< ACO(ant colony optimization) & 1.

< 7|4 2 gl o] 7335k 9] 3] Riera-Ledesmaand Salazar-
Gondlez(20058) 8] LS ¥ie]E< 2% DMD-ATA(dynamic
multi-dimensional anamorphic traveling ants algorithm) S 7] -3}
Tk UTPPOl thall H 2 a7 el o A (instance) ol th 8l A
+ Laporte et al.(2003)] EA AT g5 AP A} v
WaRI HHH 7t AR BE A= RieraLedesma and
Salazar-Gondlez(2005a) 9] LS € E] 59 A¥e} Hlwsle 1
Ao Azgan

nhi°

A gk
o},
%%

[e]
=
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Goldbarg et al.(2008)> UTPP % CTPPS] 32 913 Jain et
al.(2003)¢] % -7 A} o] F(horizontal gene transfer) 2} Margulis
(1992)2] Wi &4 (endosymbiosis) 71 & A &3 Fel 2~E QU TA
(transgenetic algotithm)S A+l Ath. CTPPO thak A& o] A]
TAS A%< Riera-Ledesma and Salazar-Gondlez(20053)¢] LS
4325 9 Laporte et al.(2003)Y FAAT g5 vl
Tk 3 UTPPe| thak A & ol A= Riera-Ledesma and Salazar-
Gondlez(20053)¢] LS ¢ 12 & 2 Bontoux and Feillet (2008)<]
DMD-ATA S 8 5& HlaL gk vt o,

HZole ALY F7o WE TPP F3 FEol A Blof
U ddd 18845 NET WY e TPP7F AFH A
t}. Riera-Ledesma and Salazar-Gondlez(2005h)= TPP2] &2
FollA AGH F ul& A0 Fo|d £ 0 E el Fuju] &
o] Zhat o] EH| L9 2712 2T & YU EAZS B
317] $18) o] =2 TPP2TPP, biobjective TPP)E Al ¢+t T
2TTPE ToiH] &3 o] 5H &9 HA3E 7 /e 2eld &
2O & ZhFatal spute] v &4l §HA (bound)E A 8HH
A T2 v &340 HE S Fate JAFAA F7H(decision
space)ol M ¢ S E 2 A 3 (pareto optimal solution) S A4
O ZMN F &7k #F3(trade-off)ol] Th3F BHS A Z3
o A9 HAE el FAES GugEs A P ar

o

AN BE5E Y8 AoK(saving) 7uke] FEl2EH 7)H
common cut-pool 7] S &-&-38}4i ),

Angelelli et al.(2009)> ©¢ 7]7HeHe 13t 7]E A7
2y A7 B8 wet wjgd A dujste AFY FF
(quantity)©] % i?j—% 7}4 8l D-TPP(dynamic TPP)E A Qta}
Atk 719 dE0] 874 A (deterministic) ©] T 7 2 (static) 2!
S 71 E EAQ HHE D-TPPE Al7te] 8o uhe Al &

dl o] 37 o| W slat &
9T D-TPPIA A2 +
AR A geA QA &

o & 54 A o] WAt Al
ARAANA AFHTE Ao s EA AFY o] ZadtH
GNARAE SN HaE FEFH A7 A g AR
£ g5 "ok i ol A 7o 7he e A F 1Y FF ¢
A7kl gk H] 37184 (non-increasing function) 2 A 7He] &
ol met sY3 ol RAHAY £ 44T B S 5
© Sithe F4AA4 S Yt depotE st ATt 0L
E 8 g, ) WA oA Beleke AE 19 70
toll A o] kS 242} ofm et gk Al 5o wet AlF
o] iFo] ZrATHE st M (S M), Mi(S M) Nt
oA o Z 3] A FS Aujste A HFY, AdE AF 1 & H
mf k= mj Aol F e A7 ofu| gttt Angelelli et al.(2009)
ol g 4 stol A o] EH & FujH]&& HAdEHA B
< AFY FeTEFES FEe Ae FEE st FE43
(greedy) ¥r2] 28 <! Product-driven, Market-driven, Consumption-
driven, 28] 1 Tradeoff-driven criteria A| <3} %3 Tt

S+& 4 (stochastic) ‘g5l A &) TPPet &

Ur AE THE A 2e #d
A7 B el ATE
259 N2 HET} YA



Uncapacitated Multiple Traveling Purchaser Problem 81
Table 1. Classification of TPP
Type . Number of
- Solution
Author Capacity ) purchaser
- - Variants — - -
UnCapacity | Capacity Exact Approximation| Single | Multi
[1] Ramesh(1981) o o o) o)
[2] Golden et al.(1981) o) @) @)
[3] Ong(1982) @) @) ¢)
[4] Vol3(1996) O 0 0
O
[5] Singh and Oudheusden(1997) 5 @) @)
[6] Pearn and Chien(1998) @) @) @)
0
[7] Laporte et al.(2003) 5 O O O
@]
[8] Boctor et al.(2003) 5 @) 0
0
[9] Teeninga and Volgenant(2004) 5 @) O
@]
[10] Riera-Ledesma and Salazar-Gonalez(2005a) 5 @) @)
[11] Riera-Ledesma and Salazar-Gonalez(2005h) @) 2TPP @) @) )
O
[12] Riera-Ledesma and Salazar-Gonélez(2006) 5 @) @)
[13] Bontoux and Feillet(2008) @) @) @)
0
[14] Goldbarg et al.(2008) 5 O @)
[15] Angelelli et al.(2009) @) D-TPP @) O
@]
[16] Mansini and Tocchella(2009) 5 TPP-B O @)
[17] This study O mTPP ) O
Mansini and Tocchella(2009)= 54 &4 ol o] 5l &3 7 3 multiple UTPP 48] &8
oju] o] AHHNW 7]E9 TPP A9} AE 83l o] ]
&0 FATE oA H2RH T 8L A NN 5 pane w g
A7} B A = = of 4k ks TPP(TPP-B, TPP with budget con-
sraint) 2 A ¢FakA T ol 2 d #A 9 )AL 913 Rieraledesma & Aol A Al mUTPP(multiple UTPP)= &€ depot

and Salazar-Gondlez(20058) ¢} LS ¢ 112 &
o &4 (enhanced LS) €8] & 2 Tkl o
ble neighborhood search) 711 & A| 9+5} % Tt

AF7HA] =2 E vHE A 2|3t <Table 1>3} 2T}, <Table 1>
oA e 71E TPP A7+ Tl A 7 18 @Y Fujak A
of F3tETh A B At g FojAte Mg 7)E
TPPE ¥utslste] v o Fuja7} Al F2 Tl & S8l B =E
A5t mTPPE Al¢tdt). & A+ Fuja 71 B0l
depot 57 100 FEl A (A )= AlF Ful(HA) &F A ool
9l-8-& 7}A 3o},

AME 2

A8 BEAFE A

SEA(VNS, varia-

of Ful A7k 1991 71E2) TPPE Yukslste] & depotoll v
o] Tl A (RF) 7 EA I 2 A F2 depotoll A 2L B &
At n7HA ﬂlaﬂ THLTHFE SEEA AT o F
14, Tl && Hastehs 2A0I @ & A7 UHMﬂ
AH Tl & Aol 9l UTPPE &3t uh, o] & &
gl £&2 9 2ol
mUTPP 2] 28 752 43 7P A S ta3t 2.

« &< depotoll v th o] 2peFo] EA) gt}
» Zh ) S 5 B2 T depoto] A3k o) Fof 2k,
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<Notation>

m 2 A (inde)dE WA § ie M ={1, -, m},
i =1: depot

M depotE AT WA A, a =\ {1}

n AZARIFEAFY F e N=1{1,-,n}

v kEARIEE AFY T ke V=11, v}

by, Aol Bujets AE 19 M4

Cij - o & i A o) g 2O o] FHI R i, jeEM

d, T AF Y FULTE, d =1, VIEN

g WA A BEEAF 19 FF, ¢,210,1),
VieM ,VIeEN

c AFLF

<Decision variable>
. {1 A k7t g B 3 olube} j HEA
Tik = 10 otherwise
_ {1 A k7F A ol A AlE 1A
Yin 0 otherwise
wowy HEAZ AR GRS

v

min Y )] (CijE?i,jk

+ E Erv( bilk;Vyikl) (1)

iEMIEM\ kEV i IE]
subject to
M Diwy =1 ViEM )
iEMkEV
by T =1 VEEV ©)
JEM
lejkzl vVkEV (4)
JEM
ui—uj—Fm;injkém—l 2<i=j<m (5)

Z Zyikl:dl VIEN (6)

ieM kEV

Yy =0 ViEM , VEKEV,VIEN ©
JEM

Dy =0 ViEM , VEKEV,VIEN (8)
JEM

Qil_zyiklzg ViEM , VIEN (9)
kEV

DDy <C VEEV (10)

iEM IEN
z,;,£1{0,1} ViEM, N jEM,VEEV (1)
yu<{0,1} ViEM , VEEV,VIEN (12)

o

9 FE R B3 4 (1)L o L3 AR U3
Hl & F FojH &2 HasgtE orjott 4 (2)
w42 18] olsket Wt 7hsdtthe o wlolth 4 (3)
A& HEEA] depot 2 5] 8 of gt ojmojt}, 4
A2 depotoll A 13]5F W2 = Qltke 9fmjolt. 4 (5)
Miller et al.(1960)0] A A8k TSPol| A o] HEA 2 WA] A oF
(SECs, subtour elimination congtraints)2] 28 e} 2 mUTPP|
ME T3l Aedt 4 (6)2 Ze AFS AYs| a75F
THEeE sl ofof ghth= ofmjojth. 4 (7), A (82 54 WA
2oete 427} ol £3o] Hojok s uf el A o] AlF ol
7} 7¥sstthe Sjnlolth. 2] (9) & WAl A AlE-E BAslof 7+
o] 7¥estthe Sfwlolth. 2] (10)& AF#e] HA| &5F A k& ofv]
Atk 4 (11), 4 (12)= AR o) Ar2a e et

o

fo rlr
rr b o\

>
=
fr b el e

¢

(o

rn 2 2, oft
~

~

]

d

4.4 3

4148279 94

2 A9 24& o3 2o WA 100 x 100 234+ £
T ol depots 233 wAo] HEE Y dE E(uniform
distribution)l] weh 729 2 A FH A AF F nd DA
g 5 m3 5L (m=n) A3 WA i (ieir)dl
A Bufdks AF 1(1eN)Y TF ¢, & U3S 002 238 12
FA AT, 7HA b, g, Fhol 131 Al F 3l [10, 30] 9l A
A gAste] B3t o depotol A e oW AEL
HfotA] YOEE ¢, 9 p,9 #& BF 00E A4t =
EAEY THLTF g, =Y VIEMNIEE F T 27 FL
AFE 4 nd 59 FAZ AYHT AP A= ILOGA] 3
28} =791 CPLEX ver. 11.1S &-83l9 H 43| & AEgt)

ol & F71 A3l 9 2A & ez 6 vl L AFE, A
F O 2 AF T(AA)EFE 30E 44 AL A E
Agste] A =& AA A tisf A g o] wf F Fuj e
THE AE 9 U3 607 AAAT WA, 14 WAL
depot= dt= 671 whAko] A28l Wel EAsts 2 v
i, j(i = §) 2 o1 EAH ¢/ & <Table2>9} o] AA g},
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Table 2. Distance between nodes
Node T > 3 2 : 5 HA sl = 1665 0.763% ol AFZEH U 24 AFgE HAA
1 0 51 26 37 20 13 EF 151 16-12 747 EE 50| <Table 2> 1A o] FH| &
2 51 0 40 64 35 59 S Z 660l 289 % Utk 5¥ mAell A Y 7 FEE 1,
3 26 40 0 24 31 39 2 4tﬂ Olﬂi 6 uf o] % 3,5 6W O 77t EF o] T
4 37 64 24 0 51 49 2997} 285 ‘2;15} <Table 45 #1314 ZHJ, 59 AE
5 20 35 31 51 0 24 = Xﬂﬂ?& UmA AFL AA7A FujEdsS € T 3
6 13 59 39 49 24 0 th. 69 w4 depotoll A A g 7F 74 747k& vl Aol v 69 v
Ao Ao Fuf F2 33 6W AFo] BT | F AFTA
;‘uﬁ%}oﬂﬁ B3 AF 19 FFS <Table >3 2o A4 HA/MAo|Bg HAH 2o LFE AT} EF o Foj o
3ok 1M S EEdepotE A FE BHEFS RF 002 A8 FEUL 2 40 AFF 4H AFS A o}~ &) 3,5 wj

Table 3. Available products in each node

i

l 3

L =l

NI E=1k=1 I

RlOo|lkRr|k|kL|lo

O, O/, OO

L L E=AE=] K

oUW N
P Ok, IPIOO]lO

7 gl A o Al FE 7HA b, <Table 4>9} 2ol AA 3T

Table 4. Price of product 7 at node

i l 1 2 3
1 0 0 0
2 20 0 13 23 0
3 22 17 17 26 0 25
4 15 26 13 0 11 16
5 11 18 0 24 26 0
6 16 17 11 0 23 12
100
.7
a0 .2
&0 12 .
70 ® 20 1 .3
.0 ®a
. 2
50
®g
0 DEPOT .17
16
30 \/ LY
20 '’ ' ®13
e9
10
-
- ) 10 20 30 a0 50 &0 J0 80 [0 100
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Table 5. Comparison of solutions

- Sang-Heon Lee

Type Number of Vehicles ID Optimal tour Optimal value Computing time(Sec)
UTPP 1 1 1-11-5-16-18-1 362 2.26
1 1-11-5-1
2 1-8-1
mUTPP 4 418 0.75
3 1-19-1
4 1-18-9-1
Table 6. Comparison of objective value and computing timein 5 cases
Case Capacity of vehicle |Lower bounds of number of vehicles Optimal value Computing time(Sec)
1 4 5 480 57.03
2 8 3 399 4.04
3 12 2 374 4.00
4 16 2 374 3.50
5 20 1 362 1.54
Table 7. Computing time for problem size
Size Computing time
m n Number of vehicles hour minute second
10 10 1 0.51
1 151
20 20
2 2.32
1 53.84
30 30
3 11 26
1 1 20 19
40 40
4 1 31 33
1 4 36 4
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