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(A Study on the Optimal Location of Physical Distribution Centers).

The problem treated is that of locating distribution centers( depot) in a network, 50 as to minimize
the total cost which is the sum of transportation cost, (from factery to centers and from centers to de-
mand points), comstruction cost, inventory cost and trafbic increasing cost. This problem is mathemati-
cally an integer program and a non-linear model. This study avoids various inefhcient aspects, which
many studies have shown, by introducing a matrix notation, node and link function.

An algorithm, for determining the optimal location of distributicn center which has zone in which de-
mand points 2re located at some node of a network, is presented.

Finally this paper describes a numerical example and discusses its results.
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Fig, 2 Flow dagram of depot location
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Tsbie 1. Pata of each value C won/ton,

F won/man, 0 wen/man, Z,, 1 or ()

L,
Zisx |, 1~9ton/man 10~49 50~99 100~199 200~399 4008
if .
C 5, 000 4, 500 4,000 3, 500 3, 000) 2, 500
1 i i F 200000 179, 600 140, 000 110, 000 70, 000 40, 060
O 40,000 35, 000 30, 000 25, 000 20, 000 10, 000
C 5, 500 5, 000 4, 500 4, 000 3, 500 3, 000.
1 2 | F 120,000 100, 000 86, 000 46, 000 40, 000 20, 000
O 25000 20, 60| 15, 000 12, 000 8,000 4,000
o 5, 500 5, 009 4, 500 4,000 3, 500 3,000
1 3 | F 100,000 90, 000 80, 000 60, 000 40, 600 20, 000
©  .20,000 18, 000 16, 000 12, 000 8, 000 2,000
c 4,000 3, 700 3, 500 3, 000 2, 000 2,000
1 41 F 80, 000 70, 000 &0, 000 50, 090 40, 000 20, 000
Q 16,000 14, 000 12, 000 10, 000 8, 000 4, 0oc
c 7, 000 6, 500 8, 000 5, 500 4, 500 3, 500
1 5 | F 100,000 94, 000 80, 000 40,000 40,000 20, 000
O 20,000 18, 000 16, 000 12, 000 8, 600 4,000
¢ 3,000 2, 800 2, 500 2, 200 " 2,800 1, 500
] 6 | F 120,000 100, 000 80, 000 60, 000 40, 000 20, 000
O 25,000 20, 000 16, 000 12, 000 8, 000 4,000
C 4,000 3, 700 ! 4, 500 3,000 2, 500 2,000
1 7| E 150, 000 130, 000 110, 000, 80, 000 60, 000 23, 000
© 30,000 26, 000 22, 000 16, 000 12, 000 6,000
C 2, 0ol 1,800 1, 600 1,300 1,000 800
1 8 | F 100,000 90, 000 80, 000 40, 000 40, 000 20, 000
Q 20,000 18, 000 16, 000 12, 000 8, 000 4,000
c 5,000 4, 500 4,000, 3, 500 3, 000 2, 500
1 ¢ L F 100,000 90, 000 80, 000 40. 000 40, 000 20, 000
O 20,000 18, 000 16, 000 12, 000 8, 000 4, 000
C 8, 000 7, 500 7,000 4, 000 5, 000 4,000
! 10 | F 100,000 90, 000 80, 000 40, 000 40, 000 20, 00C
O 20,000 18, 000 16, 00. 12, 000 8, 000 4,000
c 9, 000 8, 500 8, 000 7,000 4,000 5,000
1 1| F 100,000 90, 000 80, 000 0, 000 40, 000 20, 000
o 20,008 18, 000 16, 000 12, 00G 8, 000 4,000
C %, 000 8, 500 8, 600 7, 000 &, 000 5,000
? 12 | F 89, 000 70, 000 &0, 000 50, 000 40,000 20, 600
O 14,000 14, 000 12, 000 10, 00C 8,000 4,000
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Table 2 Data of each value C won/ton, R,a (non-dimension)

R HES &R, center# S 4= TGS

1 2 3 4 5 ¢
| .
A B o)A 8 C|lA B C|A B C!a 8 Cia 3 ¢
; 2¢ 13101 25 2¢ 1.5 3.0 25 20] 55 4.5 251100 3,0 &0
R a b N
2| 8.5 0 \ 20 L5 LOY 50 40 3.0 50 40 3,0, %00 8.0 6.0
R a C
a3l 0.4 0 6.1 0.4 N 40 3.0 20| 2.3 25 5. 40 83 4.0
R a - I
4] 0.1 o 6.4 0 0.1 0.4 \
R a
5104 ¢ .1 0.6 0.3 o0 0.3 0.4
6| 0.5 ¢ 0.3 0.8 0.4 0 0.4 04
71 06 @ 0.4 0.6 0.4 0 0.4 0.4
8| 05 o 0.3 0,6 0.4 0 0.4 D4 0.2 o, atr o
5| 0.6 & 6.6 0.6 0.5 0 0.5 0.4 2,4 0 e.a 2
151 6.4 1 0.2 0.6 0.2 0 0.3 0.4 o100 2.3 3
S I 0.2 0.6 8.2 o 0.3 0.4 61 0 0.3 0
2] 0.4 @6 0.2 0.6 6.2 0 0.3 0.4 P01 0 0.3 0
. s . .
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ToEAEl HESIg ol o] BRE 29 center
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2 o BERBSES, T REd GEt ERE,
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Lo 4 Sl ~ i
22,3 e
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51,5 Loos *
816,7,8,9,10,11,12  [#7,390, 00000 .o //
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A : 20ton/man, B : 21~50ton/mayq, C : 51~ton/man
? 8 ? H n 12
A a C A 8 (v A B [ A B C A -] C A I C
20100 80110 20 70140110 80100 B0 &0[150 129 8.0 150 120 8.2
TROITO 601120100 501140110 8.0 2.0 7.0 6.0__ 140 110 B.D 40170 8¢
N,e 20 76|00 80 60]13011.0 80 70 50 40;12010,9 8,0 12,0 i0,0 o
150120 80111406110 8.0 [ 17815120 11,0 2,0 7.0 160 14.0 2.0 16,0140 12,0
80 6.0 4.0 70 55 40]10.9 B0 4.0 4,0 30 29 wo 7.0 590 0 70 50
30 25 20 20 15 1,0 490 30 2.0 %0 7.5 5.0_ 1.6 B.0 &0 10,0 B o &0
30 25 Xoi 20 1.5 1.0)10,0 &0 46,01 50 40 3.0 70 590 3.0
R a \ o
0 o T~ 50 40 230|110 9.0 7.0} 8.0 60 40| 10.0 8.0 6.0
R o
0.1 o o 0 8.0 60 4.0 3.0 2.5 2.0| 50 4.0 3.0
. [ o
0.2 0 0.1 [¢] 0.1 0.4 5.0 4.0 3.0 50 4.0 3.0
* R a
[v] €] 0.1 0 .1 0.4 0.1 4] 20 1.5 1.¢
o
Q a Il o 0 0.4 0.1 ] 0.1 0.3
Table 4 Initial set of j and numbers of distribution centers
Numbers of
centers 1 2 3 4 5 é
Initial set ] 1,2 1,2,3 1,2,3, 4 152,3,4,5 12,3, 4,
| 56
Numbers of )
centers 7 8 s 10 N f 12
litial set 152,3,4, 5, 1,2,3, 4,5, 1,2,3,4,5, 122,945 [122,3,4,5,6,7,11,2,3,4,5,5,7,
&, 7 6,7,8 &,7,8,% 6,7, 8,%,10 8,9,10,1 8.9,i0,13,12
I . Operatmg cost Cnventuty, Materil bandling, miurmanen cuets
L.400 b I:Ccnglrcctim cost . ,R
1,20 I:I‘nnspcrm:ian cust [from factary to centers) il
E: Transpertatica(from cexter fo demaad pt) P73 i1
1,000 _J__—- + I
] j—“—_‘]
400
200 I '
N
2 3 4 5 & T & -] q H_. o, ﬁm

Fig. 6 Cost Portion
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Appendix'
SOURCE . STATEMENT
c PROGRAM FOR OPTIMIZATIVE LOCATION OF DISTRBUTION CENTER

DIMENSION D{12),CF(12,6},F(12,4},0(12, 6),C(12,12,3),R(12,12), A(12, 12),NG(12), T
A(12,12), NMG (12}, MG(12,12), TT{(12), DX 12}, Tm012), 2(12)
o INPUT
IR==7
W=3
READ(IR, 99) NN
READ(IR, #) (D{),I=1,NN), (Z(1),1=1,NN}
READ{IR, 8} {{CF(l,KK),KK=1,6),1=1, NN)
READ(IR, 9) ((F(l,KK),KK=1,6),I=1,NN)
READ(IR, ) ({O(],KK),KK=1,6),1 =1,NN}
READ(IR, 19} {({(C{l,),K),K=1,3),J=1,NN},I=1,NN)
READ(IR, 8) ((R(!,J},J=1,1),1=1,NN)
READ(IR, 8) ({A{,2),1=1,1},1=1,NN}
%9 FORMAT(13)
1% EQORMAT (13F5. 1)
9  FORMAT (12F6. 1}
8  FORMAT (2CF4.1)
DO 102 |=1,NN
DO 102 J=1,NN
DO 102 K=1,3
CL,LKY=C(L 1K)
162 CONTINUE
DO 102 I=1,NN
DO 102 S=1,1
R{L1)=R{, J)
AULD=A0 D)
103 COMTINUE
DO 1 ND=1,NN
ICT=1
17 =10000000.
DO 16 IX=1,ND
10 NG{X) =X
& DO 20 M=1,ND
I=NG{IX)
DO 20 J=1,NN
IF(D{))—50.) 21,22,22

22 K=3
GO 10 25
21 IF(D{1}—20.)23, 23,24
23 K=1
GO 10 25
24 K=2
25  CONTINUE
X1=C{(1,1,K)
¥2=D(J)

X=1. +R{, D+A(, 1)
TAQ, D =X1#X2%X

20 CONTINUE
DO 32 IX=1,NN

32 NMG(IX) =0
DO 30 J=1,NN
TMIN=10000000.



33

3

38

82

41

43

42

435

47

46
A9

48
34

35
37

72

71
73

74

DO 31 IX=1,ND
1=NG{IX)

F{TMIN-TALY, 1)) 31, 53,83
TMIN=TA(L, )

MGX =1

=%

CONTINUE
K=NMG(LN+1

MG, K)=1

NMG (1)) =K

CONTINUE

DO 40 IX=1,ND

TT{IX) =0,

DX{IX)=0.

DO 41 J=1,NN
K=NMG(IX)

DO 38 li=1,K
IF(J-MG(IX, 1)) 38,82, 38
CONTINUE

GO TO 41

TTXY =TT +TAQ, J)
DX {IX) =DX(1X) + D{))
CONTINIUE

[=NG{IX)
F(DX(IX)-400.) 42, 43,43
KK=4¢

GO TO a7
IF(DX(1X)-200.) 44, 45,45
KK=35

GO 10 37

IF{DX(IX}-100. }46, 47, 47
KK=4

GO TC 37
F{DX(IX)-50.) 48,49, 49
KK=2

GO 10 87
IF(DX{IX)-10.) 35,36, 35
KK=2

GO 1O 37

KK=1

CONTINUE

TTX =TT{X) 4+ (CFQ, KK +F{, KK Y¥Z() + O (1, KK )*DX(1X)
TMIN=TT(IX)

NO=NG(IX)

NMGZ =NMG(iX)

DO 50 K=1,NMGZ
I=MG{IX,K)

TC= (CF {1, KKY +F (1, KKI*Z (5} + Q¢ KK} )*DX(IX)
DO 57 L=1, NMGZ
1=MG{IX, L)

F(D{H-50.) 71,72,72
KL=3

GO 10 75

F(D()-20.) 73,73,74
Kt=1

GO TC 75

KL=2

47



75

51

53

50

40

40
25
200
250
201
202

203

204

205
300

206

207
252

208
500

62

501

61

209

ani

CONTINUE
TC= (1. 0+R(, 1)+ A, Y¥C{, LKL *D () =TC
CONTINUE

IF{TC-TMIN) 53, 53,50

TMIN=TC

NO=!

CONTINUE

TIOX}=TMIN

NG(IX)} =NO

CONTINUE

TX=0.

DO 80 I¥=1,ND

TH=TXHTT{IX)

IF{ICT-1) 250, 251, 250

WRITE(IW, 200)

FORMAT (1H1)

WRITE{I'W, 201) ND,ICT

FORMAT(1HD, 1 THSTEP RESULT, 5X, 1H{, 12, 1H~, 12, 8HSTAGE)
WRITE(IW, 202) NN

FORNAT (1H, 5X. 18HSHOO OF DEMAND PT=,13)
WRITE(IW, 203) ND

FORMAT (1H, 5%, 15HSHOO OF CENTER=, 13}

DO 300 IX=1,ND

K=NMG(IX)

WRITE('W, 204)1%, NG(IX), K

FORMAT (1H, 10X, 3HCHE, |2, 7ZHCENTER(, 12, 2?HZONE) SHOO OF DEMENDSH ARE, 12}
WRITE(IW, 205) (MG{IX, KK}, KK=1,K)
FORMAT(TH, 14X, 15HZONE DEMAND PT, 5%, 12 15}
CONTINUE

WRITE(l W, 206) (i,[=1,NN)

FORMAT {|Ho, 5%, 15HTABLE OF T DASH//1CX, 1219)
DO 252 I=1,NN

WRITE(IW, 207) (TA(l, J), J=1,NN)

FORMAT(1H, 17X, 12F9. 0)

CONTINUE

DO 500 IX=1,ND

WRITE{IW, 208) TT{IX)

FORMAT (1H, 5%, TORTOTAL COST, 5%,F15.0)
CONTINUE

IF(TZ-TX) 61,61,62

TZ=TX

WCT=ICT+1

DO 501 I=1,NN

DO 501 J=T1,NN

1Aa(,1)=0

GO 1O 48

TW{ND) =TX

- WRITE(IW, 200)

WRITE(IW, 208)

FORMAT(THOD, 19HOPTIMIZATION RESULT)
WRITE(I'W, 202} NN

WRITE{(iw, 203) ND

DO 301 X=1,ND

K=NMG(IX)

WRITE(IW, 204 1%, NG(IX), K

WRITE(IW, 205) (MG (1X, KK), KK=1,K)
CONTINUE



210

63

2N

WRITE{ W, 210) TX
FORMAT(IH, 5X. JOHTOTAL COST, 5%, F 15, 0, EHCHUN ~WON)
CONTINUE

TMIN= 100000000,

DO 63 ND=1,NN
IF{TW{ND)-TMIN) 44, 64, 63
TMIN=Tw (ND)

NX==ND

CONTINUE

WRITE (1w, 200}

WRITE(IW, 211)

FORMAT(THO, 1 3HFINIAL RESULT)
WRITE(IW, 202) NN

WRITE(IW, 203) NX

WRITE(IW, 210) TMIN

sTOP

END
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