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A Combined Location and Vehicle Routing Problem

7 A’
Kang, Inseon

Abstract

The cost and customer service level of a lo%istics system depend
primarily on the system design of the physical supsfl y system and physical
distribution system. The study presents the mathematical model and a
huristic solution method of "a combined location - vehicle routing
roblem(LVRP), In LVRP, the objective is to determine the number and
ocation of the distribution centers, the allocation of customers to
distribution centers, and the vehicle delivery routes, so as to minimize
the logistics total cost and satisfy the customer.
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2. LW AL

EfF24 LWRPEYE ABEA Fig. 1 3 ol veld 4 drct. 7AEFUES
4428} (Transportation Consolidation)& At ZY¢EH(Physical Supply
System) R Zo| M= Y}l ZFH (Supplier)oll 4 231(Warehouse)Zte| ek WHel=
LTL(Less-than Truckload)olw 23eljA A2+A 8 (Factory)Zt2 TL{Truck Load)e|T}.
2 a]3 %ol BF (Physical Disribution System)fEo| A= MAtA A (Factory)o] ] &/
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AlEjatol= iy oy bau 2& TL(Truck Load) ¥ CL(Car Loads)® ti&d &
2%o0] thif o] Folxx gtt BFME| M 4% (Market)rto]d] WPl FE £
ttgl ¥}E ¢l LTL(Less-than Truck Load)Z A AP LeRBEE day oA & &3t
Bo] o]Folx ott. ol L4 FMe §8E Geoffrion[519 2 AoM ol &
2 B2 Q. & ERAE S22 atolel st mld(Mile)d #Eul&o] At
71*'°M ERANEZIE 285 ZuTh 10ujo]4 &2 v gol wAUL AAHT ut ol
th. watd QAMPEYe] 2SS Sujol iy BHUY AEo] FostA dFHH, o
S 23] EFURATE HY M Yete] wHwElA MY £+ alth

F

Supplier Factory Factory Market

Warehouses Distribution Centers

(a)Physical Supply System (b)Physical Distribution System

Fig. 1 Logistics System (Transportation Consolidation)

ol x}-7 2 23] (Location-Vehicle Routing Problems :LVRP)®] &% Fig. 2
of A uiel o] ol ez HFH 4 glch LVRPY =,-7g e (1)EHAH
A dy el AR L Holm 1%tA (Layer) 7]' o] FojAof ¥ir}, _'"’?'}7‘] U BY¥
SR A2 EA 7 "ot ()XY ES Hojx ¢ H °|"“ ‘f—-_}"““"}"b]: g
ch. 23A o4& F¥

TTEFAE 'zl—r1117} =ltt, Perl2 LVRPE MIPE £
ol& —*\v_—z}’ﬁi(Sequentlal)"‘ﬁ°i e "‘7HU}°“‘°U1
Laporte[7]+= ILP(Interger linear programmmg) & 278 E  Exect
algorithme. 2 F=2 Zstgct. i LVRP— MIP(M1xed Integer
Programming)® 23 e ﬁlﬂ'E*(Tlme Complex1ty)°l NP AZEE
(Complete)o}7] mZol slA% = Q= BAel 277 vl$ Mgy B+ 3¢

&
ol treto] ThFolA girh.

ICombind Location-Vehicle Routing Probleml
]

I

[ Warehouse Location Problem [AVehicle Routing Problem ‘
-Transportation Location Problem -Multi-DC Vehicle Dispatching Problem
-Location Allocation Problem -Vehicle Dispatching Problem
-Allocation Problem -Multi-Traveling Salesman Problem

-Traveling Salesman Problem

Fig. 2 Classification of LVRP

3. LVRP &8&A}dl

)LVRP S g Roto] tistd 4™ gtz atdle ch&zk gl (Table 2 3
(1) Burnes®} White[2]:= &jmbsl 91X A A A} Jraiv}ovl LVRPEH & C}F
AT, #1e) AL A&Ho|m, FojU 487 20| mjet WEY +ax2 Wi
2 Re e FoxE AR dud eHBEAS
, YA A AHZA ¢to] TSP(Traveling Salesman

e WA g AAst
}. TTH(Tree-Tour Heuristic)
LA(Alternate Location

(2)Jacobsen-u]- Madsen[ 1&
o ot AlEA EFAAWY HAE tiF
2lx WER A= 7E Wyt Copperl A

podil
ol
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Allocation) 12]3 Clarke?} Wright [3]¢] Savings Method(SAV)& ZH &3t
WA wg H2ste] el 2 FH0Z SAV-DROPEXIE &3}t
(3)0re}l Pierskalla[lll: N W] 4317 $ste] FB Aol A
Bl HeJ2%(Blood Banks)?] #IXHAL ¢ +EHUAY ¥Y =
(Transportation Location-Allocation)g& yilsigdon Y23l 9
°

olu] Hajzl AEIE spHEO TN WAL x| M EAE chER kTt

rr e o

(4)Nambiar et al[10]& wejo]x]ole] MAnajulisrte] AlsEHE co}F
don, xFo] LEAulEIIE SYIHAN LFLEE £ ABH A}
2ojA YUY AT ol ATARZT A B ARYE FEALHOZEA
v & (Allocation)Zt A& g stx] ¢fakcl,

(5)Per1[12]S E%¢¥ BHM Hadx|dFd a3 EAE AAlstadct
29 AL siHo] &y HFIwWHertE A Axo|n, EFAHL dA|AA
2 XPA2Y 4 g2HE Azt & EFAHYAEAY 3 71 7]
E 38020l x|MA(Location), 4QLXu]H (Allocation), 23 AFHE
(Routing)& 4 TH FTHoM tiFdrh e LWRPEAE MIPE 2¥ st
o] AxlE AAlstgch

Table 2 LVRP Applications

Layer
Application References
1 2 3
Blood Banks Blood Hospitals Or &
(Chicago) Bank(3)#% (17) Pierskalla
(11]
Newspaper Delivery|Printing |Transfer [Retail-| Jacobsen &
{Denmark )} Plants Points ¥ |ers Madsen[6]
(21) (37)
Rubber Collection |Factories|Collection|Small Nambiar et
(Malaysia) (8) = Stations |Holders| al, [10]
(50) |(3750)
Distrbution of Factories|DC # Custom-| Perl &
Customer Goods (4) ers D?skﬁn
12

Note : 1) #* indicates locational decision,
2) Layers{ ) is number of sites,

4. LVRP 483 ny
BN gAd3 9322l
, afll

5 Oy cddnge ey ged
Per1[12],0r & Pierskalta[ll]o] #A|AJ§F 3} Kapsich, & 2L EFAHN
A oz Fewt asioct

<71% 4% >

i = &Fd=(DC)

J = £82

k=R3E

1= /48 = 3¢

J = $£8z2 = AY

K= 23742 3y

m: APFR Ho] &4k

C A HEJA: (ciy) (i,je TuJ)
T: BEE 229 ERAE A0l WA (tuy) (i, je Tu J)
fi : Y 18 234 (ie 1)
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vi : &FAE 18 TAEFY 1T MY (ie D)

Vi Vi - ERAY i U BFHERT 59 2R X2 HrjPe
s1y 0 AAAR 1M EFAY i7b Y AF dH4Ey (lelie D)
dy @ #8272 jo FEF (je J)
uy @ FRA jo AES stgsted £8F = A7 (je J)

D : AFFE ko Hc)H &P

Ex : B2 k& Hrjdg 23A¢e

Te : ZE ko] Hr)s & YA

X =1 SFAYH i7l A2 kol =82 o d4H AL
ik Eo 33;‘2%}73; & oll 'l ;r,'fé luJ%ké'@)_ ST

yi =1 BRAY i A4Y 2 (ic1),
Lo e ae 2e

ziy =1 84 j7t ERNE 28 Hqulag g FL.
'L Isnuens R F

Min 2 fiyi+ 3 Y wvidjziy + X% 2 h) CijXijk

iel iel ieJ keK ielud jelud
5.t W o=l (ded) (1)
R e s Dk (kek) ()

iZiog Efraiee s B (kek) (3)

T (keK 4
iZ10g JRioGraxean JEJ“Jieluff""‘s w (kek) (4)

W ids je?:lu,’,‘)% 21 (25 S <iluli; S<lud: Snd#p ) (5)

jE?UJxL‘k —.].E?UJXJH‘ =0 ( kEK, iEIUJ) (6)
iél JéJ Xige <1 ( keK ) (7)
- Zig *+ pélu&x‘pk + Xpyx) £ 1 ( iel, jeJ, keK ) (8)
Xige =0, 1 (ielw, jelUl, keK)
yi =0,1 (iel) )
ziy =0, 1 (iel, jed)
(FHEA A2 EfAdE e 3o} Wen], ERMENN $ax7H9 &
Fol 5o Az7ugos THEG, oY Y& HAHYT
(A eFA (1) xtfMulAe] Hgog zb $ox]olM chdxpafo] 2)sie]
HEE FI Yl
(xhaloFy (2), (3), 9 (4) = 3o A&z, HosgRAz, |
38 EBAZE AU AL EARCH A7 Aok (2)= 2 ]P0l
Tdsict AAEE B $ F Di=Do|® (8)4 o2 EAY 4 Ut}
@i~ay + DY xign < D-dy ¥y, 4eH, i % j (9)
KkEV
(2hA Al (5)= B2 dAYANo| del BE $axE: A2 EF
Ael e} AdAHS A},
(ah)A A (6)2 xtgto] EFAME EE $ox8 YEY A$, I o2
%}i% WEA HER} RoA Lol HE EASE BERY 454 ouiy
T



RETREESQL F108 KT 196437

(ap)A kAl (7)& o] wh FhHul ERAEHE Y-S Uehle ZFoE
of A% zto] o $2Ao] MulAdiHA 23d ol FFMEHZ WEsl
£ A& WAzt ¢ o)

(AhA A (8)2 dAAFHSE xiyk yi, 20,2 0 B 19 3E 7S Y
Bl &= Bz Zloltt

AXAH A3 RH 2 1x} $£40] Fol AHe]|E R on, 11]‘4’5*
(2)dhal (11)M & Apgstgdrt, 9| 3l NP-completed| {¥Fo] &3ly, T3
o] FrJ AAo| uwle} A Atk (Complexity)o] tidtA](Polynomial)lo 2 # 2},
o|etZo] o] Ex= 7|22 MIPREOE IAY 4 ¢gorL BE T3t/ AT
FTE&F WA duejg Aygol HeAsT gch gHH Perl[12]HAE
EAHE MIPE B35l o|F CDC Cyber 980/310f A= APEXIV MIP A X
E9Jo] 1}7]A| 2} Hyper Lindo/PCE Al&3}o] #A3|S F5tdct 2 A3} CPUA|
ZFo] CDC Cybero A= 1000% oj4t A Q= ¢lon, ol& Hyper Lindoo] &%
AL 6A ol o] £Q8Fo] MIPE Ax ERFAAHEA FZAlF| 7] 4
25l ot & AJAlsta
5. Felad daeE AN

E AojA Aetst Felak ¢l F8 HFS o »ch (1)E
E EFAE FRA o £ox|o iy Aey ZI'E gy 3o|c}. (2)F2xH
o] 838l FEIUL HAHo|rt, (3)7} xS b Lt F2Zont wiyH
tl, ()RE EFxZS e wjFH BFAEAA FUstd 2 £2XF &
3 WES ¥ 22 A8 A7 AHE Bl st AMEY JEE Y
st chg 3t Uk

713 Ad

G: oaxe Ayt

Gz . ERANY FR=xie Ayt

K" : ﬁ-ﬁ"“‘ﬁ r dZ" X9 Y

K1 : R z

oo %ggﬂlzo 1

Rl . g.ﬁ.ﬂ] O pd

Rz : % %-ﬁ“”‘ 9 %

Ciy : ,9_21 TE= %-Fr"" stole] E-93u|-8

Ci i BRAE rolM o] ik u]E

St4 D BRAE ro] $ax i,j% dAH & Ay &

PR, - i ERAE rof tigt 24 12 $& e G RS

Qi oz ig 2EY

MAXCAPA : B F A} A3

Q« o xpE ko] A AT

TBC : ﬂf’\ﬂ%-ﬁ“ﬂl%

STOT" : EBHAE ro] EFIAE

TR” : E-ﬁ"‘“ﬂ 1‘4 E-ﬁ"’l%

F : %ﬁ"l

oP sy = FZHi, J°ﬂ CH” 7 iy

MOP", . EBRMY rof thsled o] o] tiyl HeisY R

dp ¢ S ERFAY rof oigt ReEE

B g Ee 7)o EFAE FEAZ AR JjEsY TAFLE 7o
=71 AL EFAHE R ze g sAAlA zich ubE 385 23
A 875t EFAEY $of 2 A4S gaelE Axle gt Agd o
2EL 7|22 SAV-DROPE ¥ A3 Zog tiga 22 HoA zoli& F2
sk, (HEFAE Hrj&ssd S 1astd 25 sy, (2)58%]
xpaFu) g WS 29 x| zte] AHAHS $MFow aystgdon, (I)xFEY
WAL HejddE 2 e 5SS &t

A4 1 2N ZAHLA

1)Ki ={@ } K2 = { G, }

Ry = { Gz } Rz
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Ddig=( ( Xe =Xy )2+ (Yo -¥))%2)>°®

&M 2 Aot Ay
l)C1 = miﬁ C‘ —s( Cf - mian| Q sr € R,

Z)SLJ = Cy + Cjy - Cij
3)r € Ry of tha Quick Sort

€A 3 ERAdepd se2xud

I)max ( Siy ) (Fi,jeKz, re Ry ) {r" | BEFANY r2} dd" i, jo| 824 }

2)Pir' = max (Pi,)
3)K2) Kz - {i}
K” K*" uf{i}

€M 4 reRo T FFAcSY A2

&M 5 APE £o2] WPL EFF=Y 43
l) SxJ= max (SiJ) r e R:
2) ARHALLS A2

ZieK“
(2) 22599 394 23
A
s (X' @ xRt HA g Hae A4 )
® ﬁg’;";pﬁ’;okq% A%, T8 ged 2AAE BESGE THE gl

3) 2] He}7 2 (Maximum Savings Path) ¢l E& ol &gic)
«M 6 A g 43
1)STOT" = F" + V" + TR  r e R,y
2)Toc = 5 SEOT” r e Ry
A 7 ANtgaE B3
1)8%5 = max (8.3 ) r e Ry
S;_g = max (Siy ) r e Ri-{r"}
2)0P; = 81y - Sy,
3)Pia= max (0Py,)

€A 8 : HHAE EFAEL HF
1)dg ?EEIMOPT..— F', rekR

2)dp = Min (d5)
Rt =Rt - {r"} Rz=Rzu{r"}

3)3Y SRAVE 47t AdY drix ARed +£3U EFAY AL
<A 2

6. x| AHg

AAH Felay daege [KA4HIE By 9t £ £xAEE
Per1[12]¢] HIAERAE AlL3ldT
A Ffol o] sy Azlx e
o3) T3 HAX Aol SAY 3hol
el CPUAZt2} vy AL Perle
g AP E B
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1) 1etA B =

7 X} ak 73 2 af ek 2 Al ek o
g “-Jﬁ QRoute) ﬂ%gft) EI;J ' ﬁﬁﬁ%o %:F%]/a)
DC, | 21 7-2-1-6-8-9-12 140 49 6360 36.8
DC2 | # 2 10-11-5-3-4 100 44 4400 33.0
& A 240 93 13720 69.8(C)
7 2.34] (D L}) zjsk vl (E
(74) ‘ffﬁl] DL, - 190 (+h E'F‘a?“}i ! é';ﬁﬂ"’% =103.6
MEel DC, - 1 A #2 0 0. 74e5¢30= 71
AA= 200 A =i77.2
(th) sHA (C)+(D)+(E)=447.
(2) 29A A=
7 2tk A 2 (Rout ek | E2Az | B 2 Ef
48| HY| 3= (Route) | *fa)” | TTAB®) RTS8
b} (A) B)
DC; | # 1 5-4-3-2-1-6-8 140 57 7980 43
* 2 12-11-10-7-9 100 54 5400 41
%} A . 240 111 13380 84(A)
(7}) 23w} (B) () WEu (C)
-E—#—."_‘EI(DCI) 1100 AeE #1 : 0,74 ¢ 7 % 20 = 103,6
Aoy #2 1 0,74 25 %20 = 74,0
(ch) §A (A} + (B) + (C)= 361.1 274 = 177.6
3 3
2
1
5 4 5
§
7
8 4
DC2
DCy
3
19
i
12 A
<{Legend) (Legend)
W : Distribution Center( DC ) o Distrihutior} Canter( DC )
" @ ¢ Customer . ® @ Customer
(a) First approach (b)Second approach

Fig. 3 Solution to the Test Problem

7. AE
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Hzge ERHILY F2E dFHE vl o]zt glon) mij&e] oiu] o 20%8 A
g vid F51 S4ol dch o2 AbddAle] A9 19903 AHEHERuI Lol ONPY
oF 11%8 A gy} glod ERUIRLASF 4447} 352048 A& o, &
BUAS +4u7 ANEFY L 59%F A2 AL 2™ vl gl ol ool 4,
s Awe g2t} BRSte] LVRP(UAIHA U A2 EA)s 2¢d W@ ol EF
A& dAMNN ERUSALN 202422 BAY dAZAAFAN FoY
gdAeE AAH 4 oth. & dF= LVRPY FZAWE AR Uy EHHE A
Alstgdch. 2el3 LVRPol ol Hal2¥ Y& B3l MIPE Rl ¥ F2Pa vz
sle] Azl ZtHM SdAo] AL Bdth A EFEAE ogsix] ¥7H e
Faiglol tig® 4 e ML FdMdo] v FA3ER oo iy A7} Ydo=
oy Zioz Asfr}
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