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A Study on a Stochastic Material Flow Network with Bidirectional and Uncertain Flows

Hwang Heung-Suk

{Abstract)

The efficiency -of material flow systems in terms of optimal network flow and minimum cost flow has always
been an important design and operational goal in material handling and distribution system. In this research, an
attempt was made to develop a new algorithm and the model to solve a stochastic material flow network with
bidirectional and uncertain flows. A stochastic material flow network with bidirectional flows can be considered
from a finite set with unknown demand probabilities of each node. This problem can be formulated as a special
case of a two-stage linear programming problem which can be converted into an equivalent linear program. To
find the optimal solution of proposed stochastic material flow network, some terminologies and algorithms together
with theories are developed based on the partitioning and subgradient techniques. A computer program applying
the proposed method was developed and was applied to various problems.
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HRAM(XME) * Bidirectional Flow Plan of External Flow Bl*
1963d STARRER o) gA} 00 T T T T s e )
Arc Ok} T(k) Flow Capa. Cost Flow
1979 Bz At A ® fmt Cos
19823 TG FYFY -
) 11 2 0 10 8 0
28 N N 2 1 3 15 15 7 105
1986~87'd v] A AR A AT A(AM- 3 3 2 0 9 10 0
' SAA) R@8ATY 4 2 4 10 12 8 80
1982~90') 24383 72(ADD) 4 > 3 4 0 7 9 O
Jazg 6 3 5 6 9 8 48
dAT 7 4 5 3 8 5 15
& A FYddw AT 8 2 1 0 0 10 0
P4 9 1 0 0 4 4 0
gao i . 0 2 3 0 0 10 0
BAEE EFA2E, FAAY & 11 4 9 0 0 8 0
ZINALN, @ ZT2HE 12 4 3 0 0 8 0
73 13 5 3 0 0 9 0
14 5 4 0 0 6 0
TOTAL COST = 248.00
974 53 Hx F<, 97 83 AE F EXPECTED VALUE = 17360
(52 1) Sample Output * Bidirectional Flow Plan of External Flow B2 *
_______________________________________________________________________________________________________ Ac Ok) T(k) Flow Capa. Cost Flow
Example Run  : 1997 5. 10, fonit  Cost
** Project Name é } % 12 }2 §/ 182
ABC Co. Material Flow Planning **
3 3 2 1 9 10 10
Extemal Flow 4 2 4 12 12 8 %
Bl = (15, 10, -9, -7, -9), Prob(B1) = 0.7 s 3 4 4 1 o 3
B2 = (20, 6, -7, -16, -3), Prob(B2) = 0.3 & 3 s 3 9o 8
CmPme s 2 1 0 o w0
Arc Ok} Tk Flow Capa. Cost Flow 9 3 1 0 4 4 0
Uit Cost 0 2 3 0 0 10 0
""""""""""""""""""""""""""""""""""""""""""""""""""""" 11 4 2 0 0 8 0
1 1 2 0 10 6 0 12 4 3 0 0 8 0
2 1 3 0 15 4 0 13 5 3 0 0 9 0
33 2 0 9 8 0 14 5 4 0o 0 6 0
4 2 4 0 12 5 O e et et en e
5 3 4 0 7 7 0 TOTAL COST = 311.00
6 3 5 0 9 5 0 EXPECTED VALUE = 93.30
7 4 5 0 8 3 0
8 2 1 0 0 10 0
9 1 0 0 0 4 0
10 2 3 0 0 10 0 ** THE TOTAL COST = 266.90 **
il 4 2 0 0 8 0
12 4 3 0 0 8 0 * Jteration 1:
13 5 3 0 0 9 0 Arc Selected to Change : 6
14 5 4 0 0 6 0 Min Gradient ;-3
""""""""""""""""""""""""""""""""""""""""""""""""""""" Flow Change H
TOTAL COST = 0.00 Expected Total Cost 1 25790

EXPECTED VALUE = 0.00
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Plention 2 eed 1 Change o * Optimal Bidirectional Flow Plan of Flow Bl
Min Gradient © -3 Arc Ok) T(k) Flow Capa. Cost Flow
Flow Change . 0 /Unit  Cost
Expected Total Cost D257.90 0
I i 2 0 10 8 0
* Jteration 3: 2 1 3 0 0 7 0
Arc Selected to Change 14 3 3 2 0 9 10 0
Min Gradient 13 4 2 4 0 2 8 0
Flow Change 2 10 5 3 4 0 9 9 0
Expected Total Cost : 227.90 6 3 5 3 5 8 24
. 7 4 5 3 8 5 15
* Iteration 4:
Arc Selected to Change 4 g § i 8 1(5) lg 8
Min Gradient -3
Flow Change - 10 2 3 0 0 10 0
Expected Total Cost 1 22790 11 4 2 0 10 8 0
12 4 3 0 0 8 0
* Iteration S: 13 5 4 0 3 9 0
Arc Selected to Change 2 14 5 4 0 0 6 0
;'{;"w%’::;f; 3 TOTAL COST = 39
Expected Total Cost 182.90 EXPECTED VALUE = 27.30
* Hteration 6: * Optimal Bidirectional Flow Plan of Flow B2
Arc Selected to Change S S -
Min Gradient 115 Arc Okk) Tk Flow Capa. Cost Flow
Flow Change : 0 fUnit  Cost
Expected Total Cost 18290 0 T S
1 1 2 S 10 8 40
** OPTIMAL SOLUTION ** 21 3 0 0 7 0
3 3 2 1 9 10 10
o , 4 2 4 2 2 8 16
* Optimal Initial Material Flow Plan 5 3 4 4 7 9 36
Arc  Ok) Tk Fow Capa. Cost Flow 2 Z g 8 g 2 8
____________________________________________________________________ Mnit  Cost | 8 2 1 0 0 10 0
9 3 1 0 15 4 0
T S S R o230 0w 0
3 3 2 0 9 8 0 11 4 2 0 10 8 0
12 4 3 0 0 8 0
4 2 4 10 12 5 50 13 5 3 0 3 9 0
> 34 6o 7 1 0 45 4 0 0 6 0
6 3 5 3 9 5 15 e e e
7 4 5 0 8 3 0 TOTAL COST = 102
8 2 1 0 0 10 0 EXPECTED VALUE = 30.60
9 3 1 0 0 4 0
10 2 3 0 0 10 0 ** THE TOTAL COST = 182.90 **
11 4 2 0 0 8 0
12 4 3 0 0 8 0 ** OPTIMAL FLOW PLAN **
13 5 3 0 0 9 0
145 4 0 0 6 0 T=( 0, 15, 0, 10, 0, 3, 0 )
-------------------------------------------------------------------------------------------- 7=(0,0.0,0.0,3,3,0,000000)
TOTAL COST = 125 =(501,2433¢0000000)



