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Research Note

Determination of the Number of Kanbans and
Batch Sizes in a JIT Supply Chain System

S.K. Chaharsooghi1;� and A. Sajedinejad1

Abstract. Under stochastic demand in the multi-stage SCM in a JIT environment, the probability
of generating a function of the stationary distributions of the backlogged demand was extended. The
batch size of WIPs has a great impact on the packing, unpacking or transferring costs of a chain; it
has been attempted to integrate the delivery batch size of each plant in a multi-stage serial chain with
the production-ordering and supplier kanbans of the chain. An algorithm was developed to evaluate the
optimal numbers of kanbans and batch sizes of each plant by minimizing the total cost of a chain. A
numerical example is also provided to indicate the signi�cance of adding the proposed assumptions, as
well as demonstrating the approach adopted towards solving the problem.
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INTRODUCTION

Lean Production has become one of the most e�ective
manufacturing approaches in many industrial coun-
tries.

Ford began critical phases in the evaluation of
the evaluation of lean production in 1927, which was
continued by Toyota in 1937. Today, a large number
of books and articles are published to improve the
di�erent aspects of lean [1].

Naylor et al. made a comparison between the
use of Lean and Agile paradigms in a supply chain,
highlighting the similarities and di�erences, and also
showed the role of pull strategies and decoupling points
in SCM [2].

As an achievement in the bene�ts of a Lean
system, JIT plays an important role in implementing
the Lean successfully.

In 1999, Akturk and Erhun had a review of issues
concerning JIT and kanban systems. They de�ned JIT
as having the necessary amount of material where and
when it is required. They described JIT as a pull
system of coordination between stages of production.
They also noted kanban as the major element of JIT
philosophy and pull mechanisms [3].
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Shah and Ward in 2007 showed that a pull system
in the form of JIT production including kanban cards,
which serves as a signal to start or stop production is
one of the 10 most in
uential factors in implementing
a lean system [1].

In 2007, Matsui analyzed the role of JIT produc-
tion in Japanese companies and claimed that a JIT pro-
duction system improves the competitive performance
state of each company. He also implied that the JIT
systems play a key role in operation management. He
believed that JIT production strongly in
uences orga-
nizational behavior, technology development activities
and manufacturing implementation strategies [4].

The present paper attempts to present a serial
multi-stage supply chain system under stochastic de-
mand with a kanban based philosophy. The researchers
determined two numbers of kanban, each attached
on a batch in the supply chain. In the following
section, review literature concerning inventory deci-
sions controlled by the JIT approach has been pro-
vided. It will be followed by a model, as well as
an algorithm, developed to solve this problem, and
�nally the model has been illustrated using a numerical
example.

LITERATURE REVIEW

There is so much research with the goal of optimizing
inventory decisions under stochastic demand by means
of minimizing the total cost of a chain using di�erent
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methods like the model generated by Seliaman and
Ahmad [5].

For the purpose of stochastic demand and a JIT
system, Ohno et al. in 1995 presents the earliest
non-deterministic demand for a single stage factory,
using two kinds of kanban, one to withdraw the parts
called the supplier kanban and another for triggering
the production, called the production-ordering kanban.
They proposed the model under stability condition
assumptions. In the above-mentioned research, each
kanban was attached to one product and no batch size
was devised [6].

In 2005, Wang and Sarker classi�ed the di�erent
systems of supply chains to single stage, multistage and
assembly type supply chains, taking into consideration
the batch size e�ect on the cost of the chain. They used
only one kind of kanban on their model and assumed
the order quantity in the system to be �xed [7].

In 2006, they improved their model and o�ered
another solution method to the chain, but on the
deterministic demand also [8].

The MA method for solving the probable short-
coming of the previous model was invented by Rabbani
et al. in 2008 [9].

Hu et al. in 2008 represented a model in which the
penalty expense for a shortage occurred downstream in
a chain system, and passed to upstream stages. The
cost was a linearly increasing function of the shortage
of time, and they claimed that they had extracted the
optimal policy for the SC members without the use of
JIT principals in the model [10].

This year, Kojima et al. deployed Ohno's model
to a multistage supply chain system with an exact
assumption of the original work, such as stochastic
demand and the usage of two kinds of kanban. They
did not note the role of batches in the total cost of the
model either [11].

KANBAN SYSTEM

In the JIT systems, the cards used to give authorization
of production are called Kanban Cards. Kanban cards
are used to control production or transferring of parts
or products between each supply chain or processing
stages. In other words, kanbans are used as an
authorization of production at each stage.

A station is only authorized to process parts if
a kanban of those parts are available. Therefore, the
number of kanbans of each stage limits the number of
parts to be stored at that stage. When the processing is
complete, the kanban moves with the part to the next
station [12].

In a supply chain, kanbans control the inventory
of each stage and also permit transportation.

As shown in Figure 1, a serial supply chain has
n stages (each stage represents a �rm), starts from

Figure 1. Withdrawal kanbans in a multi-stage supply
chain [8].

plant 1 by an input of raw material from suppliers
and ends with plant n with an output of �nished
products. Connections between each stage are made
by withdrawing kanbans. Figure 1 demonstrates the
role of supplier kanbans as a tool for withdrawing the
needed parts at each stage of the chain.

In stage i, kanbans will attach to a container in
batches and will go to plant i + 1 (Figure 2). Parts
are stored in storage before the plant i + 1. When
the �rst part of a batch is used in stage i + 1, the
kanban will release to a kanban post in order to be
collected and transferred to the previous stage as a
command for transporting batches from storage Bi,
which is placed after plant i, to storage Ai+1, which, in
turn, is placed before plant i + 1. Kanbans may have
such information as the time the part was produced,
the parts number, the quantity of products needed to
�ll the container, etc. Withdrawal kanbans received in
storage Bi will be replaced with another kind of kanban
(Production Ordering Kanban) and will be transferred
with batches to the next plant. Released production
ordering kanbans will be collected in the production
kanban post to permit the production and processing
of the parts in �rm i.

This mechanism is called a pull system, because
the production authorizations are produced in plant
n, and the order to produce the parts 
ows backward
throughout the chain until it reaches the �rst plant. In
fact, production is controlled or pulled by the quantity
of demand occurred at the last stage, and demand
information is shared throughout the chain by kanbans.

PRODUCTION MODEL

The JIT production system with two kinds of kanban
(withdrawal and supplier), that was discussed by Ohno
et al., has been improved and modi�ed for the supply
chain system in this paper. In order to universalize the
model for a supply chain, some new variables have been
de�ned. The chain begins at stage 1 (the supplier) to
stage n (�nal customer). The demand during every
period of time is stochastic, but the processing time
of each plant is assumed deterministic. The following
notation for modeling the system for each plant has
been used:

n: Plant number
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Figure 2. Kanbans operations between two �rms.

i: Index of plant from 1 to n,

Ali: Inventory cost for a part in one period in
inventory Ai (placed before each plant),

Bli: Inventory cost for a part in one period in
inventory Bi (placed after each plant),

Abi: Backlogged cost (if shortage occurs) for a part
per period,

Cb: Backlogged cost per once,

Aoi: Setup (ordering) cost for a part,

Awi: Withdrawal cost for a part,

Li: Delivery lead time of each batch part at stage i,

Asi: Salvage cost and the end of each period,

AEi(j): Salvage cost and the end of each period
elapsed j period after ordering,

Qwi: Batch size number that plant i delivers,

Kmi: Number of production kanbans at plant i,

Kni: Number of supplier kanbans at plant i,

Cowi(Km;Kn): Fix cost per period for kanban space
if the numbers of kanbans are Km, Kn,

Aki(Qwi; Qwi�1): Setup (packing and unpacking)
cost placed if the input and output batch sizes are

Qwi; Qwi�1,

Ci: The maximum production quantity of plant i,

D(k): Demand occurred in period k,

Bi(k): The backlogged demand at the beginning of
period k in plant i,

Ii(k): Level of inventory at the beginning of period k
(in batch),

Ji(k): Number of production kanbans in kanban post
at the beginning of stage k in plant i,

Pi(k): Production at period k in plant i,

Qi(k): Quantity of batches delivered in period k by
plant i,

Qwi: Delivery batch size of plant i,

Xi(k): Total backlogged demand at the beginning of
period k in plant i,

Xi(k) = Bi(k) + Ji(k) �Qwi: (1)

Mi: Total number of parts that can be stored after
plant i,

Mi = Qwi �Kmi: (2)

Ni: Total number of parts that can be stored before
plant i,

Ni = Qwi�1 �Kni: (3)

As shown in Figure 3, in period k, the number of
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Figure 3. JIT production system in a chain.

supplier kanbans placed in the kanban post is:

Q0i�1 = Qwi�1 �Qi�1:

So, the numbers of withdrawal kanbans can be deter-
mined as below:

Kni = Iik +
Pi(k � 1)
Qwi�1

+Bi�1(k)

+
k�1X

m=k�Li+1

Qi�1(m); (4)

and Qi�1(m) for m from 0 to Li+1 are given.
The inventory level of a plant at each time period

is de�ned as the di�erence between the inventory level
of the last period and the received batches from the
previous plant and the amount of batches produced in
the plant. Therefore:

Ii(k + 1) = Ii(k) +Qi�1(k � Li+1)� Pi(k)
Qwi�1

: (5)

As the JIT system stands, the plant should produce
equal to the production-ordering kanbans existing in
the post. Also the plant cannot produce more than its
capacity or more than the parts available in the store
before the plant. So:

Pi(k) = min(Ii(k) �Qwi�1; Ji(k) �Qwi; Ci): (6)

Because the demand in period k is known at the
beginning of period k, the backlogged demand at the
beginning of period k + 1 is:

Bi(k + 1) = max(0; Bi(k) + Ji(k) �Qwi
+ Pi+1(k � 1)� Pi(k)�Qwi �Kmi): (7)

The number of released production-ordering kanbans
placed in the kanban post at the beginning of period

k+1 is the minimum between total production-ordering
kanbans (Bi capacity) and total backlogged demand;

Ji(k + 1) = min
�
Km;

Bi(k)
Qwi

+ Ji(k)

+
Pi+1(k � 1)

Qwi
� Pi(k)

Qwi

�
: (8)

The number of delivered quantity of goods in period k
equals the minimum between the sum of the demand
of the next plant at the previous time period and the
backlogged demand, and the sum of the production
quantity and level of the inventory:

Q0i = Qwi �Qi(k) = min(Pi+1(k � 1)

+Bi(k); Pi(k)+max(0; Qwi�Kmi�Xi(k)); (9)

and the total backlog at each period is a function of
the backlog in the previous period and the production
of the present and next plant:

Xi(k + 1) = Xi(k) + Pi+1(k)� Pi(k): (10)

Here, each plant has the state space consisting of total
backlogged demand, inventory level and production
quantities in period k. We are faced with a Markov
chain for each plant in which Ii(k), Xi(k) and Q0i(k)
could be obtained [11].

COST OPTIMIZATION ALGORITHM OF
NUMBER OF KANBANS AND BATCH
SIZES

With no problem in the generality of the model, we
assume that at each stage the batch size equals one:

Qwi = 1 for i from 1 to n:

Then, Equation 2 becomes:

Mi = Kmi;

and Equation 3 becomes:
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Ni = Kni:

Also, the state space of a plant in period k (Ii(k),
Xi(k), Qi(k)) is de�ned as follows:

Ii(k + 1) = Ii(k) +Qi�1(k � Li + 1)� Pi(k)

= I 0i(k + 1);

Xi(k + 1) = Xi(k) + Pi+1(k)� Pi(k);

Qi(k) = min(Pi+1(k � 1) +Bi(k);

Pi(k) + max(0; Qwi �Kmi �Xi(k));

and:

Ji(k + 1)=min
�
Km;

Bi(k)
Qwi

+ Ji(k)+
Pi+1(k � 1)

Qwi

�Pi(k)
Qwi

�
= J 0i(k + 1):

Kojima et al. [11] showed that limiting probabilities:

PrfIi(1) = ii; Xi(1) = xi; Q0i�1(1) = qi�1;

1 � i � n; 1� Li � m � �1g
= lim
k!1PrfIi(1) = ii; Xi(1) = xi;

Q0i�1(1) = qi�1;

1 � i � n; k�Li � m � k � 1g;
with integers ii, xi, qi�1 for 1 � i � n, k � Li � m �
k � 1 under stability conditions exist.

So for each plant, we have E(Xi(1)), E(J 0i(1)),
E(Bi(1)) and PrfBi(1) > 0g [6].

For each plant, if Qwi be a �xed number, we have
the following relation:

Ji(k + 1) = min
�
Km;

Bi(k)
Qwi

+ Ji(k)

+
Pi+1(k � 1)

Qwi
� Pi(k)
Qwi�1

�
= min

�
M
Qwi

;
Bi(k)
Qwi

+ Ji(k)

+
Pi+1(k � 1)

Qwi
� Pi(k)

Qwi

�
: (11)

Equation 11 shows that:

Ji(k) =
J 0i(k)
Qwi

: (12)

Then, until EfJ 0i(1)g exists, we have, from the previ-

ous equation, that E(Ji(1)) exists and equals:

E(Ji(1)) =
EfJ 0i(1)g

Qwi
; (13)

and, according to Equation 9, until EfQ0i(1)g exists
and Qwi�1 is a �xed number, EfQi(1)g exists and
equals:

EfQi(1)g =
EfQ0i(1)g

Qwi
:

According to the costs, considering the batch size setup
cost, the total cost of each plant of the chain can be
obtained from the following equation:

Ai(Km;Kn) = Ali(Kni �Qwi�1 � 1=2)D

+Bli(Kmi �Qwi � E(Ji(1) �Qwi)
+Abi � E(Bi(1)) + (Aoi +Awi)D

+ Cb � PrfB1 > 0g
+Asi � (Kni �Qwi�1)D+C(Mi; Ni)

+Aki(Qwi�1; Qwi): (14)

Algorithm 1 has been devised to determine the optimal
values of number of kanbans and numbers of input
batch sizes as well as output batch sizes of each plant
regarding to minimal cost of the chain.

The output of the algorithm reveals the val-
ues of numbers of production-ordering and supplier
kanbans, and the input and output batch sizes of
each plant, regarding the minimum cost for the total
chain.

NUMERICAL EXAMPLE

Algorithm 1 was applied to a chain with three plants
with a JIT ruled mechanism. The average demand rate
is D = 7 with Poisson distribution; each plant performs
a deterministic process time and it is assumed that
the lead time is L = 4 for each plant. The maximum
capacity for all plants is 10. The supplier delivers the
parts to the chain (to the �rst plant) in a batch size
equal to 6. The case has some restrictions for batch
sizes as follows:

1. The supplier delivers the parts in batch size 6.

2. There is equality between the output batch size of
plants 1 and 2, because of using the same containers
for carrying the parts.

3. The supply chain output (output of plant 3) is a
product with no batch pack permitted.
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Algorithm 1. An approach to determine the value of each objective.

So:

Qw0 = 6; Qw1 = Qw2; Qw3 = 1:

Dk for k = 1; 2; � � � has the distribution of:

PrfDk = ig =
eD �Di

i!
; i = 0; 1; � � �

The cost parameters are valued below:

Al1 = Al2 = 1; Al3 = 1:5;

Ao1 +Aw1 = 10; Ao2 +Aw2 = 10;

Ao3 +Aw3 = 5; Bl1 = Bl2 = 5; Bl3 = 10;

Cb1 = Cb2 = 100; Cb3 = 110;

Ab1 = Ab2 = Ab3 = C(M;N) = 0;

Ak1(Qm;Qn) =
N

2 �Qn +
M
Qm

;

Ak2(Qm;Qn) =
N

3 �Qn + 2 � M
Qm

;

Ak3(Qm;Qn) = e
20�Qn
N :

The minimum occurs at M1 = M2 = M3 = 9 and
N1 = N2 = N3 = 36 with the batch size matrix equal
to (6; 3; 3; 1). In Figure 4, some other values for
Mi = 9 and equal Ni for i = 1; 2; 3 are illustrated.

As seen in Figure 4, the minimum cost for the
chain with the batch sizes equal to:

Qw0 = 6; Qw1 = Qw2 = 3; Qw3 = 1;

for each plant could be determined as Amin = 262:8;
other variables are calculated as below:

Kn1 =
N1

Qw0
=

36
6

= 6;

Km1 =
M1

Qw1
=

9
3

= 3;

Kn2 = 12; Km2 = 3;

Kn3 = 12; Km3 = 9:

Figure 4. Behavior of A for M = 9.
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CONCLUSION

In this paper, the researchers dealt with a multi-stage
supply chain that performs under the philosophy of
a JIT production environment. Supply Chain Man-
agement (SCM) in a JIT environment with two kinds
of kanban (production-ordering and supplier) under
stochastic demand has been considered in the present
paper. Furthermore, deterministic processing time
with withdrawal batch size constrain for each plant is
taken into consideration. As long as the demand rate
becomes stochastic, one of the very in
uential logistic
parameters in the total chain cost is the size of batches
delivered to or produced by a plant. The batch size
and two kinds of kanban were integrated with the chain
and play a signi�cant role in determining the cost of SC
more feasibly. The algorithm was devised to �nd the
optimal cost of a chain, regarding constrains that the
batches brought. All in all, a numerical example is
exhibited to illustrate the e�ect of batches on supply
chain cost and to �nd the optimal state of performance.
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