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A Study on A Methodology for Centralized Warehouse
Problem Considering Multi-item and Budget Constraint
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다품종 예산제약을 고려한 중앙창고문제 
해결방법론에 대한 연구

This paper deals with a centralized warehouse problem with multi-item and capacity constraint. The objective of this paper 
is to decide the number and location of centralized warehouses and determineorder quantity (Q), reorder point (r) of each centralized 
warehouse to minimize holding, setup, penalty, and transportation costs. Each centralized warehouse uses continuous review in-
ventory policy and its budget is limited. A SA (Simulated Annealing) approach is developed and its performance is tested by 
using some computational experiments.
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2. 수학모형

(coalition) . 
, 

. , 
, 
. 

(setup cost) A, 
(holding cost) h, (penalty 

cost) p .

. 

Ak : k
hk : k
pk : k
Ck : k
W : 
Z : N(0, 1)
N : 
U : , {1, 2, 3, , N}
S : 
sj : j
dij : j i , dii = 0.
uk : k km
tijk = ukdij : k j i

Dik : i k
Djk : i sj j

k ,
μik, σik : (lead time) i k

.
μjk, σjk : i sj j

k
,  ∑∈  ∑∈

Vjk : μjk σjk j
k

. 
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Ljk(rjk) : i sj j  
k ,

  




∞

 

, (Vjk-rjk)+ = max[0, Vjk-rjk] gjk(vjk)
 j k .

Qjk : j k , 
Q  :={Qjk : j, k} 

rjk : j k . 
R :={rjk : j, k} 

xij : i j  
1 0, X :={xi : i, j} 

yj : j 1 0, 
Y :={y j : j} 

j
.

: ∑


: ∑

 

: ∑



: ∑∑∈

 
(F1) .

 





∑



 




      

∑ 





 (1)

subject to

∑  ≤≥  ∀ (2)

≤  ∀  (3)




   ∀ (4)

∈  ∀  (5)

∈  ∀ (6)

  ≥  ∀ (7)

(1)
. (2)

j (W)
γ . 

P(·) . Ck k , W

. 
(3) j
j . (4)

. 
(5)~ (7) (non- neg-
ative) . F1 . 

, Qjk rjk

.
Lee et al.[8] F1 (2)

SA(Simulated Annealing)
. , Ghalebsaz-Jeddi et al.[2] Lee et al.[8]

(1) (2) (7)

. 
2 . 

3. 제안된 알고리듬

3.1 Subproblem과 2가지 해법들

F1 (j)
(i) , i j

. Qk

rk . 

, , j Qk

rk Subproblem . 

Subproblem (S1) 






















subject to j (2) (7) 

∑  ∑  ∑
Y~N    . (2) .




  ≤
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(S1)
.



  





















             ∑  

Qk, rk, λ 0

 




 (9)

 


 (10)




    (11)

, F(·) . 

(11)

  ∑ 
Qk, rk  λ g(λ)

. g(λ) > 0 (2) g(λ) < 0
(2) .

, (S1) (9)~ (11)
Qk, rk, λ . 

Qk, rk, λ , Qk, rk, 
λ . , Qk, rk, λ

. 
Hadley and Whitin(HW) 

Lee et al.[9] .

Hadley and Whitin (HW)
1 : g(λ1)>0 g(λ2)<0 λ1, λ2 0 .
2 : λ = λ1 

 
, λ = λ2 

 
 . 

(9) (10)

 
 

 
 .

3 : λ3 = (λ1+λ2)/2 (9) (10)

 
 . g(λ3) 

> 0 λ1=λ3,      . g

(λ3) < 0 λ2=λ3,     .
4 : ε , g(λ1)-g(λ2) 

< ε . 3 .

HW Lee 
et al.[9] .

G(z) = 1-F(z) Das[1] L(z) G(z) 2
.

L(z) a(G(z))2+bG(z)+c (12)

a = 0.79838, b = 0.39694, c = -0.0000044 .

(10) (9) (12)  
.

 


± (13)

  
  



  

.
G(z) z . 
G(z) > 0.0132

  ±

× 

0.0014 G(z) 0.0132 G(2.2) = 0.0132, G(2.6) 
= 0.0047, G(3.0) = 0.0014 z

, G(z) < 0.0014 z = 3.0 . 

Lee et al.[9] .

2 : λ = λ1 
 
, λ = λ2 

 


. (13) G(z) . G(z)
z

.    (9) 
 



 
 .

1, 3, 4 HW .

3.2 SA 해법

SA Kirkpatrick et al.[7]
“uphill move”

(local optimal)
(globlal optimal) . SA 
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3.1
(S1) Q r SA 

.

1 : ( ) T0 Tf . 
s C(s)

HW . iter = 0, best
= x, Cbest = C(x) . 

2 : (1) ( ) j
. no_ware
, j CWm(1 m

no_ware+1) k = no_ware 
+1 CWno_ware+1 = {j} open

CWm j . 
y . HW

Qk, rk

F1 C(y) .
(2) (Metropolis ) C = C(y)-C(s) , 

. 
    C 0 C(y) < Cbest , 

. , best = y, Cbest = C(y)  
, x = y, C(x) = C(y) . iter = 0 .

    C 0 C(y) > = Cbest . 
x = y, C(x) = C(y) .

    C > 0 , exp(- C/Titer) x = y, C(x) = 
C(y) (uphill move). 

. , x = x . 
3 : ( ) iter max_iter Tf < Titer

iter = iter+1, Titer+1 = α×Titer 2
.

4. 실험조건 및 결과

50 10 100
10 . 3

(lead time)
3 50km $1

0.02$/km . 
(Cj), (Aj, setup cost), 

(hj, holding cost), (pj, pen-
alty cost) . 

. , 
(μi) (σi)

. 
<Table 1> (U, Uniform 

Distribution) . 
W = 400,000, γ = 0.903, z1-γ = -1.3

. 2 x
, y U[0km, 50km] . 

<Table 1> Uniform Distributions Used for the Examples

  

U[50, 150) U[5, 10] U[20, 30]

  

U[50, 100] U[100, 1000] U[10, 50]

‘C ’ Intel Core 
i3(2.10GHz) CPU PC . SA

. 
max_iter : 100,000
T0 : . 5000( 90% ).
Tf : 1,
α : 0.95 

10
(Average) (S.D., Standard Deviation), 
(Time), (Call Counts) , <Table 
2> <Table 3> . 
(Qjk) (rjk)

. 
SA-Approx. SA Lee 

. 
, SA-HW SA HW 

HW (9) (10)
. 50 6,636,013/2,938,932 

= 2.26 , 100
18,407,348/8,675,812 = 2.12

. , HW 2
. 

, 50
3 8 SA-HW

. 
= [(SA-Approx.)-(SA-HW)]/(SA-HW) = 0.57%

. 100
SA-HW

1.12% . 
50 100

SA-Approx.
. , (CV, Coefficient 

of Variation)
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<Table 2> The Result for 3 Items and 50 Stores

Data

SA-Approx. SA-HW

Total Cost Time
(sec)

Call
Counts

Total Cost Time
(sec)

Call
CountsAverage  S.D. Average  S.D.

1 312789 4420 7 3948430 309470 2746 14 8725812
2 276620 3063 6 2689427 272992 4971 11 6134605
3 346448 3091 6 3311507 347115 5392 12 7315227
4 233146 1797 6 2738813 231646 2578 11 6087346
5 286897 2977 6 2744926 285155 1887 11 6387536
6 294013 2169 6 3036553 292604 2183 12 6973212
7 251685 4119 5 2280668 249403 3368 10 5377538
8 290914 2104 6 3358922 293000 4593 12 7409034
9 300586 4689 6 2764208 299228 3482 11 6273188

10 347457 5001 5 2515864 343326 3588 10 5676637
Average 294055 3343 5.9 2938932 292394 3479 11.4 6636013

<Table 3> The Result for 3 Items and 100 Stores 

SA-Approx. SA-HW

Total Cost Time
(sec)

Call
Counts

Total Cost Time
(sec)

Call
CountsAverage  S.D. Average S.D. 

1 799146 6245 32 13516864 797773 5529 58 27304581
2 805929 6637 28 10309273 793214 4515 48 20981168
3 704052 5387 24 6800099 693445 6504 38 15010771
4 809068 5874 28 10327990 804106 7320 47 21110409
5 641226 4296 24 6681187 639293 6143 38 14665389
6 770163 5175 29 10779212 756207 5126 50 22350413
7 545068 4493 23 6439019 538298 4293 38 15133998
8 618921 6621 23 6106016 611418 6248 37 14026194
9 717747 5540 27 9494799 708542 9534 45 19522469

10 640461 8727 23 6303662 631487 5341 37 13968091
Average 705178 5900 26.1 8675812 697378 6055 43.6 18407348

50 SA-Approx. SA-HW 0.0114, 0.0119
100 0.0084, 0.0089

. , 
.

(CPU time, ) 50
100 SA-Approx.

. 10 , 
. , 

50 SA-Approx. . 2
9 6 , 1 7 .

5. 결론 및 미래연구

, 

. 

. SA-HW
SA-Approx. SA-HW (Q) (r)

Hadley-Whitin(HW) SA
, SA-Approx. Q

r Lee SA
. SA 

.

SA-HW 2 Q r  
. 

SA-HW SA-Approx. 2
.

SA-HW SA-Approx.
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1% 
.

SA-HW SA-Approx.

.

, (Q), 
(r) 

. , 

. 
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