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AN ORDERING MODEL TO DETERMINE PRODUCTION
QUANTITY IN JUST-IN-TIME PRODUCTION SYSTEM

Beum-Jun Ahn'’
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Abstract In this paper we consider multi-stage, multi-product production, inventory systems which have
assembly-tree-structure. We propose a new mathematical model for pull type ordering systems based on JIT
manufacturing systems. To apply the model to an actual automobile parts manufacturer, the objective of proposed

model is to minimize the sum of inventory and setup costs.

results are given to illustrate the proposed model.
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1. INTRODUCTION

The decision process in production planning involves
many complex problems and the decision maker is
confronted with conflicting factors. For example, there is
the minimum safety inventory problem. This field has
received much attention in production control literature.
There are many different models and solution methods
have been published and applied([1], [2], [3])-

There has been increased interest in the Japanese JIT
technique with Kanbans by production managers. JIT
production system is the system by which only the
necessary products and produced in the necessary
{61). The

objective is to keep a constant minimum inventory level.

quantities at the necessary time([4], [5],

In JIT production system research, Bitran and Chang|[2]

first proposed a model to determine the number of
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Finally, a numerical example and computational
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Kanbans with mathematical programming. In the model,
they provide a nonlinear programming originally. Next,
they transformed the resulting model to a mixed integer
programming model and then to a linear programming
model. Their model is built for single-product multi-stage
production process on single-card Kanban system. Bard
and  Golany{1]

programming model to determine the number of Kanban

proposed  another = mathematical

involving the concept of setup, lead time for the
multi-product production system. On the other hand,
Moeeni and Chang{3] proposed a simple heuristic model
for computing the number of Kanbans in the system
which has a multi-stage, uncapacitated, assembly-tree-
structure, with every stage producing only one item at a

time.

2. MODEL DESCRIPTION

In this paper, we consider a multi-stage production
process with dual Kanban and that the final assembly

process produces multiple products. And the model
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applied to an automobile parts manufacturer consists of N
stages. Let n={1,2,..., Ntbe an index of the stages
with the condition that 5 =1 stands for the final stages.
Each n={l,2,..., N} means

process and includes an immediately succeeding inventory

stage a production
point and an on-hand inventory point for the immediately
succeeding stage. Let t={(,1,..., 7} be an index of
the time periods with the condition that the planning
horizon starts at the beginning of period 1 and finishes at
the end of period 7.

We assume the applied model satisfies the following

conditions.

(1) Demands for final products in each period is
suggested by customers.

(2) Each stage produces M types of items and let
i€{1,2, ..., M} be an index of items.

(3) The quantity of production and transportation
ordered for each stage is calculated at the end of
the preceding period.

(4) The processing time for each item at each stage is
known and fixed in the planning horizon.

(5) One full container of item ; at each stage is

exactly required to make one full container of item

i at the immediately succeeding stage.

Therefore, parameters and variables for production,
inventory and transportation quantity in the model stand

for the number of Kanbans.

2.1 Parameters

s(#):immediately succeeding stage of stage g;
(n=2,3,....N)

J'}:operation time at production process of stage y in

period ¢
Jiz0 (n=1,2,...,Nt=1,2,..., 1)

a ":processing time required to make one full
container of item ; at production process of
stage gz
(i=1,2,...,Mn=12,....N)

D(,i) :demand for the final product ; in period £
DY=(0,1,2,...}
(=12,....Mt=1,2,..., )

B%initial on-hand inventory quantity of final
product i available to customers( x=1) and
item of stage # for production process of stage
sin) (n=2,3,...,N)

By’={0,1,2,...} (i=1,2,....M)

I g(i):initial inventory quantity of final product i
(#=1) and item ; fabricated by stage #
(n=2,3,...,N);

C '6(i):inventory cost for one full container of item ;
fabricated by stage ;

(i=12,....Mn=1,2,...,N)

K "m:setup cost for item ; fabricated by stage #;
(i=12,....M»=1,2,...,N)

2.2 Variables

B",(i>:on-hand inventory quantity of final product ;
available to customers( =1) and item ; of
stage nw( n=2,3,...N) at the end of period ¢
G=12,....Mt=1,2,..., D).

I 7(") :inventory quantity of final product #( »=1) and
item ; fabricated by stage »(%=2,3,...N) at
the end of period §

(i=1,2,...,.Mt=1,2,..., ).

P ',’<_")1: ;:actual production quantity in period ¢ which
is ordered by production-ordering Kanban of
final product ; for final stage 5= 1 and item

; for stage n(xn=2,3,...N) at the end of
period
=1 (i=1,2,....M¢t=1,2,....T)

d ™9, ,:actual withdrawal quantity in period 7 which
is ordered by withdrawal Kanban of final
product ; for final stage ;=1 and item ; for
stage w(n=2,3,...N) at the end of period
=1 (=1,2,....Mt=1,2,.... 7).

Y ',’(f)l;t:variable to represent setup at production
process of item ; for stage s at period £

(i=1.2,....M;n=1,2,..., Mit=1,2,...,D)

Variables for the number of production-ordering and

withdrawal Kanban which are presented to each stage by
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managers at the beginning of planning horizon are as

follows.

U .number of production-ordering Kanban of final
product ; for final stage »=1 and item ; for
AN (=12, 0.

V'S(D:number of withdrawal Kanban of final product

stage w(n=2,3,..

{ for final stage =1 and item ; for stage #

(n=2,3,...N) (i=1,2,...,M).

Variables for the number of production-ordering and

withdrawal Kanban which are calculated and presented as
order to each stage at the period ¢ (¢=1,2,...,7T) are

as follows.

U ’f(i) :number of production-ordering Kanban of final
product i for final stage »=1 and item ; for
stage n(#=2,3,...N) at the end of period
5 (i=1,2,....Mt=1,2,..., 1)

V’Z(i):number of withdrawal Kanban of final product
i for final stage 2 =1 and item ; for stage %
(n=2,3,..
(i=1,2,.

_N) at the end of period ¢
Mit=1,2,..., 1)

We denote these notations by column vectors as follows.

a"=[a"], D,=[D’Z(i)], Bg=[B’&(i)],
ry=[ry".  Bi=[B1], n=[n"],
vy=[uy™, vi=[vi?l, ui=[uiC),
vi={vi7], =[P,

= [d’:'it] Y=Y

(i=1.2,. =1,2,....Nt=1,2,....7

Fig. 1 shows a conceptual diagram of the model for

multi-stage capacitated assembly-tree-structured
production system producing M types of item at each

stage.
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1 A conceptual diagram of multi-stage production

system( =05}

Fig.

2.3 Formulations of pull type ordering model
Using the notation defined above, we formulate a
mathematical model for pull type ordering systems based

on JIT manufacturing systems as follows.

BY=B, +d' .- D, M
(t=1,2,..., 1)

B"=B%_,+d"_.,— P%", (3]
(n=2,3,...,Nt=1,2,..., 1)

=11 \+Pi_.,—d}_, 3)
(t=1,2,....D
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V1t= Vltfl_dlt—lzt'f'Dt &)
(t=1,2,....7)
Vi= Vi —di .+ P, Q)
(n=2,3,...,.Nt=1,2,...,T)
Ui=U%-1— P+ d?—l:t ©)
(n=1,2,...,Nt=1,2,..., 1)
< Vi ™
(n=12,...,Nt=1,2,....7)
Pi<Ut ®

(n=1,2,...,N¢t=1,2,...., D
. [o,if P71, =0

SR g P >0 ©)
(i=1,2,....Mn=1,2,... ,Nt=1,2,..., T
M . .
> @ P ST (10)

(n=1,2,...,Nt=1,2,.... T
Bnh 7’ nta 7, ’t‘—l:ta d’;‘l:ta ?)’ V?) .

nonnegative integer

(n=1,2,...,Nt=1,2,..., )

Under the above mentioned constraints(1)~(11), we
consider the following optimize program which is
minimized the objective function(12). The term of the
objective function(12) indicates the sum of inventory costs
which are represented by the number of initial Kanban.

The second term indicates the sum of setup costs:

Minimize
N X D¢ (D ; %) ;
F= 3 2 C"UViP+ B+ U™+ 17
5 & & nhyali
+ nz=1 Zl zZlK Vil

(12)
st (1)~(11)

The model we formulated above has the following
characteristics;

(1) Dual card Kanban is adopted.

(2) The concept of setup is considered.

(3) Multi-product production system is adopted.
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3. APPLICATION TO AUTOMOBILE
PARTS MANUFACTURER

In order to demonstrate the effectiveness of the model
developed in the above section, we apply the model to an
manufacturer and make a

actual automobile parts

numerical  experiment  using the  mathematical
programming package. The system consists of 5 stages
and its diagram is the same as Fig. 1. Each production
process corresponding to Fig. 1 is as follows;

(1) assembly process : =1
(2) press process I : =2
(3) press process 2 @ =3
(4) bending process : u=4
(5) cutting process : n=5
Each stage produces 3 types of the item and press

processes (stage 2 and 3) require the setup.

3.1 Numerical experiments

We assume that the planning horizon starts at the
beginning of period 1 and finishes at the end of period
T=5 and each stage produces 3 types of item. Table 1, 2
and 3 show initial inventory quantity, demand for the

final products and inventory cost respectively.

Table 1. Initial inventory quantity

i=1 i=2 =3 i=1 i=2 =3
B 5 4 1 I 5 4 1
B 6 5 2 730 6 5 2
B¥? 6 5 2 IE 6 5 2
B 6 5 2 40 6 5 2
By 6 5 2 FE 6 5 2

Table 2. Demand

i=1 i=2 i=3
DY? 20 15 5
Dy 30 25 5
DY 30 25 5
Dy 30 25 5
Dy 20 15 5
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Table 3. Inventory cost Table 6. Behaviour of inventory quantity at the end
o1 =2 i3 period(assembly process: stage 1)

) l i=1 i=2 i=3 i=1 i=2 i=3

c'\@ 5 6 7 B s 1 1 70 s 4 1
c*? 4 56 BY® 511 0 o o2 1
C3 3 4 5 Blz(i) 2 4 0 112(1') 8 6 0
cio 2 3 4 BYY 2 1 0 Iy 5 20
o) 1 2 3 B 6 0 0 I 0 0 0
BYY 0 0 0 1o 15 0 0

3.2 Computational results From these tables, we obtain the following.

By computing for the above mentioned input data, we
obtained the number of initial Kanban(Table 4) and

(1) If we present the number of initial Kanban such as

Table 4 to each stage, this manufacturing system

quantities of actual production and production ordering will be operated well

(Table 5). Table 6 shows the behaviour of inventory (2) The actual quantities of production are not more
quantity of stage 1. than the number of production-ordering Kanban

presented as order(Table 5).
Table 4. Number of initial Kanbans

i=1 i=2 =3 i=1i=2 i=3
Vh(i) 27 25 4 Ulo(i) 30 20 4 4. CONCLUS'ONS
vi? 29 17 3 Uy’ 19 15 3 In this paper we developed an optimization model for
VBO( 0 28 17 3 7% 24 13 3 the multi-stage, multi-product production system with dual
Kanbans. In order to clarify the effectiveness of the
vy ¥ 173 Uy 0153 proposed model, we applied the model to an actual
yED 20 15 3 Uk 20 15 2 automobile parts manufacturer and carried out the

numerical calculation.
As results, we obtained the following.
Table 5. Quantity of actual production and production (1) By applying to automobile parts manufacturer, we
ordering(assembly process: stage 1) knew that the proposed model gradually minimize

i=1 i=2 i=3 i=1 i=2 i=3 the inventory level(Table 6).

; ; (2) And we assist managers to determine the number
PiO 26 20 4 UL 30 20 4 ) g

of circulating Kanbans at each stage.

pPYD 24 22 4 Ui? 19 15 3

() 1(2)
PYs 27 18 S U 24 13 3 REFERENCES
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