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Abstract There exists controversy on the superiority of
logistics control systems. Kanban and CONWIP systems are
focused on and analyzed in this paper. CONWIP is a well-
known production control system, and some papers have
shown it has better performance than the Kanban system.
Our research shows that the Kanban is more flexible for the
assembly system under concern with respect to a given objec-
tive than the CONWIP. In some cases, if the number of kan-
bans at each manufacturing/assembling station is optimally
set, Kanban system outperforms CONWIP with a lower aver-
age WIP and the same level of throughput. That is, the distri-
bution of kanbans can be an important design parameter of
the system. We also propose two different policies to release
cards in a CONWIP controlled assembly system, followed
by their comparison results.

Keywords Assembly systems · Production control
systems · Kanban · CONWIP

Introduction

In a “pull” production control system, the start of a job is trig-
gered by the completion of an earlier job. Control of work-
in-process (WIP, for short) becomes easier and hence can be
significantly reduced in a pull system (Monden 1998). The
most well-known pull mechanism is a Kanban system. In
a Kanban control system, instead of directly controlling the
throughput, kanbans (cards) are used to authorize production
or transportation of materials such that the parts are pulled
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and WIP is visualized and controlled. The advantage of this
system is that the number of parts in every stage is limited
by the number of kanbans of that stage.

CONstant work In process (CONWIP) control system pro-
posed by Spearman et al. (1990) uses a single card type to
control the total amount of WIP permitted in the entire line. It
is a generalization of the Kanban system and can be viewed as
a single stage Kanban system. A CONWIP system behaves
as follow: when a job order arrives to a CONWIP line, a
card is attached to the job, provided cards are available at
the beginning of the line; otherwise, the job must wait in a
backlog. When a job is processed at the final station, the card
is removed and sent back to the beginning of the line, where
it might be attached to the next job waiting in the backlog. No
order can enter the line without its corresponding card. The
primary difference between CONWIP and Kanban systems
is that CONWIP pulls a job into the beginning of the line and
the job goes with a card between workstations, while Kanban
pulls jobs between all stations (Hopp and Spearman 2001).

There are many studies on control policies for manu-
facturing systems. Spearman et al. (1990) proposed that the
CONWIP concept could be applied to an assembly system
fed by two fabrication lines. Hopp and Roof (1998) studied
such assembly systems using statistical throughput control
(STC) method, for setting WIP levels to meet target pro-
duction rates in the CONWIP system. Duri et al. (2000)
developed an approximation method to obtain some per-
formance measures in three stage production lines under
CONWIP control policy with random processing time and
random inspection. Framinan et al. (2000) studied the input
control and dispatching rules that might be used in a flow
shop controlled by the CONWIP system within a make-to-
stock environment. Cao and Chen (2005) developed a nonlin-
ear mixed integer programming model for a CONWIP based
production system where an assembly station is fed by two
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parallel fabrication lines. Optimal part assignment, produc-
tion sequence and lot sizes are simultaneously determined
by solving the model.

Hopp and Spearman (1991); Duenyas and Hopp (1992,
1993); Duenyas (1994) and Hazra and Seidmann (1996)
addressed the application of CONWIP control to assembly
operations. The analyses used in each of these references
rely on queueing network approximations in computing the
throughput. Hopp and Spearman (1991) approximated the
throughput of a flow-shop under CONWIP control. They
assumed that processing times are deterministic, but service
can be interrupted by machine failures that are exponen-
tially distributed in duration. Duenyas and Hopp (1992, 1993)
approximated the throughput of an assembly system consist-
ing of multiple station tandem production lines, feeding an
assembly operation under the CONWIP control. Duenyas
(1994) generalized this approximation to a cyclic assem-
bly system with general processing time distributions. His
approach is similar to that of Duenyas and Hopp (1992).
Hazra and Seidmann (1996) considered closed tree struc-
tured assembly systems with exponential machine processing
times, and developed an aggregation/disaggregation algo-
rithm to approximate the system throughput and mean queue
lengths at the workstations. Ip et al. (2007) compared single-
loop and multi-loop CONWIP production control systems in
a lamp assembly production line producing different kinds
of products with discrete distribution processing time and
demand.

There are also some studies on comparing Kanban and
CONWIP systems to determine the superior one. Sato and
Khojasteh-Ghamari (2008) developed an integrated frame-
work for analyzing performance of card-based production
control systems. They provided comparative results between
Kanban and CONWIP systems. Their analytical results
showed that in a serial production process, CONWIP out-
performs Kanban, when the total number of cards in CON-
WIP is less than that in Kanban. Their analysis is based on
the theory of token transaction systems. They also provided
analytical results for comparing these two control systems in
a tree-shaped production process. In a survey paper, Fram-
inan et al. (2003) reviewed comparison of CONWIP with
other production control systems. According to this survey
paper, in comparison of Kanban and CONWIP, many authors
have shown through both simulation and analytical models
that CONWIP outperforms Kanban when processing times
on component operations in production processes are vari-
able. In a flow line that produces a single part type, Spearman
and Zazanis (1992) showed that CONWIP produces a higher
mean throughput than Kanban. In the same scenario, Muck-
stadt and Tayur (1995a,b) showed that CONWIP produces
a less variable throughput and a lower maximal inventory
than Kanban. In a case study, Huang et al. (1998) compared
the CONWIP system and the original control system for

four situations in a cold rolling plant. They showed that the
CONWIP system has better performance than Kanban, with
lower WIP and higher throughput rate. Takahashi et al. (2005)
compared Kanban, CONWIP and synchronized CONWIP in
a tree-stage production process with respect to two perfor-
mance measures, WIP and backlog, in supply chains consist
of assembly stages with different lead times. Their simula-
tion results showed the superiority of both CONWIP and syn-
chronized CONWIP over Kanban, when all inventory levels
among the three stages are equally important.

Gstettner and Kuhn (1996), however, arrived at the oppo-
site conclusion. According to their results, Kanban achieves
a given throughput level with less WIP than CONWIP. They
showed that by choosing an appropriate number of cards at
each station, Kanban can outperform the CONWIP system.
They considered a serial production line with exponential
service time distributions and unlimited demand at the final
buffer. In this paper, we verify whether their result holds
for assembly production processes under the same assump-
tions. In other words, we verify the role of card distribution
in assembly systems whether Kanban outperforms CONWIP
by choosing a proper distribution of cards within the Kan-
ban system. Moreover, we propose two different policies to
release cards into a CONWIP controlled assembly system
followed by their comparison results, in order to find out the
superior policy which provides the system with a less WIP
given the same rate of throughput.

The remainder of this paper is organized as follows. Sec-
tion “Problem description” describes the considered model
and assumptions. Section “Kanban and CONWIP concepts in
assembly systems” details concepts of Kanban and CONWIP
in assembly systems. Two proposed CONWIP control poli-
cies are also presented in this section. Simulation results for
comparison between two proposed CONWIP control policies
are given in section “Analysis of SCB and DCB CONWIP
policies”. Section “Comparison of Kanban and CONWIP”
presents the simulation results of comparing the performance
of Kanban and CONWIP systems with respect to the aver-
age WIP. The role of card distribution in a Kanban system is
also verified in this section. Section “Conclusions” discusses
the conclusions drawn from the experiments as well as some
suggestions for future research.

Problem description

In this research, we assume an assembly production process
in which the assembly of parts proceeds in three stages. The
third stage is an assembly line with several workstations,
such that the first one is fed by sub-assembly lines in stage 2.
The first station of sub-assembly lines are fed by fabrication
lines in the first stage. Each workstation is a production (or
assembly)/inventory system made up of a manufacturing (or
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Fig. 1 An assembly production
system with three stages
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assembly) process and an output buffer. The manufacturing
process may consist of a single machine or a sub-network of
several machines. Figure 1 shows the schematic model. The
manufacturing/assembling processes at each stage are drawn
as circles, the intermediate and output buffers as triangles,
and raw material buffers are drawn as shaded triangles. Solid
lines represent material flows.

We make some common assumptions across the two
policies:

• The system makes a single part type.
• Material is transported in units of one without delay.
• Information, such as kanbans, is transmitted instantly.
• Machines operate asynchronously, so parts can be loaded

whenever a part is present and the proper authorization has
been received.

• Jobs authorized for loading follow a first-come, first-serve
(FCFS) dispatching policy at all stations.

There are several reasons for making these assumptions:
one is to simplify our study by reducing the number of vari-
ables considered. Another reason is that several of the vari-
ables we left out, such as kanban transmittal time and batch
size, can be seen as implementation details rather than essen-
tial aspects of the different control policies. By creating an
ideal implementation, we will illuminate the inherent behav-
iour and limitations of the control policies. Finally, these

assumptions are not essential to our control policies, and
they do not influence the conclusions drawn.

We also make the same assumptions considered by Gstet-
tner and Kuhn (1996). That is, the first stations of all fabrica-
tion lines are never starved, and there is an unlimited demand
at the end of the assembly line in the final stage (i.e., finished
products leave the final buffer immediately).

We verify the role of card distribution in assembly pro-
duction systems whether Kanban outperforms CONWIP by
choosing a proper distribution of cards within the Kanban
system. The objective is to compare performance of the Kan-
ban and CONWIP systems with respect to the average WIP
to determine the superior system.

Kanban and CONWIP concepts in assembly systems

In this section, we describe the operation and control charac-
teristics of Kanban and CONWIP control systems in assem-
bly production processes. For both systems, we first give
a brief description as the general concept. Then, we pro-
pose two different policies to release cards in a CONWIP
controlled assembly system. For the sake of simplicity, the
activity interaction diagram (AID, for short) of each con-
trol policy is shown in an assembly system having two sub-
assembly lines each of which is fed by two fabrication lines.
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Fig. 2 Kanban controlled
assembly system
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A multi-line system can be modeled based on these simple
models.

Kanban controlled assembly system

Let us consider an assembly line fed by two fabrication lines
each of which consists of three workstations. The AID of this
model under the Kanban control system is depicted in Fig. 2.
The manufacturing/assembling processes at each stage are
drawn as circles, the intermediate and output buffers as tri-
angles, and raw material buffers as shaded triangles. Queue
Ki contains station i kanbans. Queue Bi is the output buffer of
station i containing both finished parts and station i kanbans.
Solid lines represent material flows and the kanban move-
ment is shown by the dotted lines. Once a finished product
comes out of the assembly line (B8), a signal kanban is sent
back to the upstream stations in series to pull the parts along
the assembly line as well as to pull the parts required for the
assembly station (P7) through the two fabrication lines.

The Kanban control is a simple control mechanism that
depends only on one parameter per workstation: the number
of kanbans at workstation i , ki , i = 1, . . ., N , where N is the
total number of workstations in the system. These parame-
ters influence both the transfer of finished parts downstream
through the system and the transfer of demands upstream
through the system. Let Q(q)be the number of items in queue
q. The invariant of Kanban mechanism of each workstation
can be expressed as follow.

Q(Ki ) + Q(Pi ) + Q(Bi ) = ki , i = 1, . . ., N

where, Ki is the station i kanban queue containing station
i free kanbans, Pi the manufacturing/assembly process of
station i , Bi the output buffer of station i, and ki the total
number of kanbans in station i .

This also implies that both the WIP and the number of
finished parts in each workstation i are bounded by ki .

CONWIP controlled assembly system

In the simplest implementation of a CONWIP system, a new
job is not started in a line until an existing job exits the line
and jobs are pushed along the line in first-come, first-serve
sequence (FCFS). CONWIP system maintains a WIP level
upper bound for the entire system. When the preset WIP level
is reached, no new jobs are authorized to release to the system
before some job leaves. A CONWIP line can be seen as con-
trolled by a single Kanban cell encompassing all stations.
CONWIP control is indeed considered as a single-station
control.

The CONWIP control is a very simple control mechanism
that depends only on one parameter for the entire system:
the total number of circulating cards, c. It influences both
the transfer of finished parts downstream and the transfer of
demands upstream through the system. There is no demand
transfer between each workstation except the last and the first
workstations. The production capacity or the maximum pro-
duction rate of the system is affected only by the amount of
c. The total amount of parts in the system is bound by c and
can be expressed as follows (see Fig. 3a).

Q(C) +
∑

Q(Pi )+
∑

Q(Bi ) = c, i = 1, . . ., N

where C indicates the CONWIP queue containing free cards,
Pi the manufacturing/assembly process of station i , Bi the
output buffer of station i, and c the total number of cards in the
system. If a workstation fails in a CONWIP line, the amount
of material downstream of it will be gradually flushed out of
the system by the demand process. These demand events will
trigger the release of new raw parts into the system. When all
CONWIP cards accumulate in front of the failed machine,
the release of new jobs to the system will then stop.

In an assembly production system governed by the CON-
WIP mechanism, the fabrication lines begin a new job
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Fig. 3 CONWIP controlled
assembly system
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whenever a part is completed at the end of the assembly line.
The way in which cards from the last station are released
in the first station of the fabrication lines depends on the
specific rule adapted by the system. In the following section,
we define two types of card releasing rules for an assembly
production system governed by CONWIP.

Two policies for releasing cards

In this section, we propose two policies to release cards in
a CONWIP controlled assembly system. Figure 3 illustrates
the two policies for the CONWIP system in an assembly line
fed by two fabrication lines. In the first policy, called shared-
card-buffer (SCB), there is only one card buffer shared for
all fabrication lines, so that available cards might be attached
to new jobs in either one of the fabrication lines, according
to the first-come, first-serve discipline (Fig. 3a). The second
policy, called discrete-card-buffer (DCB) is to set a separated
card buffer for each fabrication line (Fig. 3b). According to
this policy, a job is released in a fabrication line when there
is an available card in the corresponding card buffer. When
a finished product leaves the final buffer B8, the cards are
detached and then with the DCB policy, one card is added

into each of C1 and C2, while with the SCB policy, two cards
are added into the card buffer C . To the best of our knowl-
edge, this is the first study that proposes these two policies
to release cards in a CONWIP controlled assembly system,
and provides a performance comparison between them.

The main difference between these two schemes is that
they can have a different level of WIP with the same level of
throughput. In other words, the average WIP can be less with
DCB than with SCB CONWIP, providing the same total num-
ber of cards. The simulation results of comparison between
these two policies are given in the next section.

Analysis of SCB and DCB CONWIP policies

In this section, we provide performance comparisons bet-
ween the two proposed CONWIP policies discussed in the
previous section. Performance measures used in the compar-
isons are presented before simulation results.

Performance measures

The following three performance measures are used in the
simulation.
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1. Throughput rate, TH. This is measured by the average
number of products produced per time unit during the
time length of the simulation.

TH = 1

T

T∑

i=1

Pi ,

where Pi is the number of products produced at time i,
and T is the time length of the simulation.

2. Average total WIP, WIPAT . This is measured by the aver-
age number of parts in the whole system during the time
length of the simulation. This includes the products being
processed on the machines and stored in the buffers.

WIPAT = 1

T

T∑

i=1

WIPi ,

where WIPi is the total WIP at the end of time i, and T
is the time length of the simulation.

3. Average WIP, WIPA. This is measured by the average total
WIP at each workstation.

WIPA = WIPAT

N
,

where, N is the total number of workstations in the
system.

Numerical experiments

We consider an assembly system with three stages as depicted
in Fig. 4d. The third stage is an assembly line which consists
of two workstations fed by two sub-assembly lines in stage 2,
each of which is fed by two fabrication lines in stage 1. Each
line in stages 1 and 2 has three workstations. There are in
total 20 workstations in the system. We ran each simulation
program of the SCB and DCB for 30 cases. Processing times
of operations are i.i.d. random variables generated from an
exponential distribution with a mean of 10 min. No inven-
tory was initially set at each output buffer, and every process
except the first stations is assumed to be idle. We also assume
that there are always enough raw materials at the first stations,
and finished products leave the final buffer immediately, i.e.
there is an unlimited demand for finished products. Each sim-
ulation was run for 40,000 min including a warm-up phase
of 1,000 min.

Two performance measures, WIPA and TH, under each
policy were calculated. The results are given in Table 1. In this
table, the second column represents the minimum number of
cards in each case assigned into the system with the DCB
policy to attain the maximum possible throughput. In fact,
assigning more cards into the system increases the average

Table 1 Performance of the DCB and SCB CONWIP policies

Case Number
of cards

DCB SCB

TH WIPA TH WIPA

1 24 2.73 0.74 1.56 0.85

2 20 2.50 0.69 1.36 0.79

3 24 2.73 0.74 1.54 0.86

4 24 2.31 0.71 1.16 0.91

5 20 2.07 0.63 0.89 0.84

6 16 2.14 0.61 0.97 0.74

7 20 2.61 0.66 1.45 0.76

8 18 2.22 0.67 1.00 0.73

9 20 2.07 0.65 0.84 0.85

10 19 2.07 0.65 2.07 0.65

11 18 2.86 0.55 2.01 0.57

12 20 2.40 0.73 1.23 0.93

13 14 2.61 0.43 1.39 0.51

14 18 2.86 0.61 1.95 0.67

15 14 2.40 0.44 1.19 0.49

16 12 2.00 0.47 0.79 0.49

17 16 2.31 0.56 1.11 0.69

18 20 2.14 0.75 0.94 0.88

19 20 2.50 0.64 1.33 0.93

20 16 2.00 0.55 0.83 0.74

21 19 2.22 0.62 1.03 0.75

22 21 2.50 0.67 1.33 0.80

23 16 2.40 0.53 1.19 0.64

24 18 2.31 0.60 1.09 0.64

25 20 2.61 0.70 1.40 0.82

26 14 2.14 0.44 0.98 0.51

27 18 2.22 0.58 1.02 0.71

28 22 2.73 0.71 1.46 0.87

29 17 2.07 0.62 0.87 0.69

30 23 2.86 0.73 1.57 0.92

WIP, while the throughput of the system remains constant.
In each individual case, the number of cards was found by a
trial and error approach. This number was then assigned to
the system with SCB policy. In case 1, for example, with DCB
policy at least 24 cards were necessary to achieve the maxi-
mum possible throughput 2.73 [parts/hour]. While this num-
ber of cards with SCB policy attains only 1.56 [parts/hour] as
the system throughput, and 0.85 [parts] as the average WIP.

The results show that the DCB policy provides less aver-
age WIP than SCB in most cases (in only one case, case 10,
they had the same performance). It shows that for the exam-
ined 30 cases, the DCB CONWIP system gives on average
15.2% less WIP than the SCB CONWIP system, with a higher
level of throughput. In addition, the throughput rate obtained
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Fig. 4 Four cases of simulation models

by the DCB policy is higher than that of SCB, given the same
number of cards. As a consequence, DCB is superior to SCB
CONWIP with a lower amount of average WIP and a higher
rate of throughput, providing the same number of circulating
cards within the system.

Comparison of Kanban and CONWIP

In this section, we provide performance comparisons bet-
ween Kanban and CONWIP controlled assembly systems
with respect to the average WIP. We employ the DCB policy
for the CONWIP system. Also, the effect of card distribution
in Kanban systems is discussed.

Simulation model

We constructed four cases as simulation models. Specific
parameters are given in Table 2. The only difference among
them is the number of lines at each stage, and hence, the
total number of workstations in each case, which are 9, 7,
13 and 20 for cases 1, 2, 3 and 4, respectively. Case 1 is an
assembly line fed by two fabrication lines, with three work-
stations in each line. For the other cases, we considered that
an assembly system consists of three stages, where there are

two sub-assemblies in the second stage and four fabrication
lines in the first stage. However, the number of workstations
at each stage is as follows.

Case 2: only one station in each line of each stage.
Case 3: two stations in each line of stages 1 and 2, with only
one assembly station at the final stage.
Case 4: three stations in each line of stages 1 and 2, with
two stations at the final stage.

Processing times of operations are generated from an
exponential distribution with a mean of 10 min. As initial
condition, every process except the first stations is assumed
to be idle, and no inventory was set at each output buffer. We
assume that there are always enough raw materials at the first
stations, and finished products leave the final buffer immedi-
ately, i.e. there is an unlimited demand for finished products.
Each simulation was run for 40,000 min with a 1,000 min
warm-up time. The results are shown in Tables 3–6.

Simulation results

Tables 3–6 show the simulation results for cases 1, 2, 3 and
4, respectively. Each table gives the optimal performance

123



758 J Intell Manuf (2009) 20:751–760

Table 2 Structure of cases 2, 3 and 4

Case 2
(Fig. 4b)

Case 3
(Fig. 4c)

Case 4
(Fig. 4d)

Number of sub-assembly lines, M 2 2 2

Total number of fabrication lines,
∑

ni (i = 1, . . . , M) 4 4 4

Number of stations at the assembly line, n 1 1 2

Number of stations at each sub-assembly line, mi (i = 1, . . . , M) 1 2 3

Number of stations at each fabrication line, ni j

(
i = 1, . . . , M

j = 1, . . . , ni

)
1 2 3

Total number of workstations,
∑M

i=1
∑ni

j=1 ni j + ∑M
i=1 mi + n 7 13 20

The four cases are illustrated in Fig. 4

Table 3 Performance of the Kanban and CONWIP in case 1

Sub-case TH WIPA

Kanban CONWIP

1 3.54 0.92 1.18

2 3.16 1.05 1.35

3 3.16 1.05 1.42

4 3.34 0.94 1.15

5 3.00 1.17 1.29

6 3.34 0.96 1.22

7 3.01 0.82 1.29

8 3.53 0.93 1.24

9 3.01 0.99 1.29

10 3.16 1.22 1.19

Table 4 Performance of the Kanban and CONWIP in case 2

Sub-case TH WIPA

Kanban CONWIP

1 4.00 0.95 0.95

2 4.00 0.96 0.97

3 3.33 0.88 1.22

4 4.00 1.00 0.97

5 5.46 0.96 1.08

6 4.29 0.87 0.88

7 4.62 0.93 0.95

8 3.53 0.85 1.15

9 3.00 0.80 1.16

10 3.00 0.94 1.04

measures, TH [parts/hour] and WIPA [parts] of both Kan-
ban and CONWIP at ten different sub-cases. Optimality here
refers to the fact that the maximum possible throughput is
achieved by assigning the minimum number of cards into the
system. Thus, WIPAvalues given in the tables are the mini-
mum number of WIP required to obtain the maximum pos-

Table 5 Performance of the Kanban and CONWIP in case 3

Sub-case TH WIPA

Kanban CONWIP

1 3.16 0.80 0.90

2 3.53 0.98 1.01

3 3.34 0.87 0.93

4 3.34 0.84 1.12

5 3.34 0.89 0.96

6 3.75 0.93 1.01

7 3.16 0.77 0.72

8 3.63 0.91 1.07

9 3.00 0.87 0.95

10 3.75 0.95 0.98

Table 6 Performance of the Kanban and CONWIP in case 4

Sub-case TH WIPA

Kanban CONWIP

1 2.07 0.97 0.99

2 2.07 0.85 1.09

3 2.07 0.95 0.94

4 3.20 0.97 1.00

5 2.40 0.84 0.91

6 3.53 0.85 1.11

7 2.40 1.00 1.00

8 3.34 0.85 1.00

9 3.53 0.86 1.08

10 3.00 0.94 1.06

sible throughput. The throughput of both Kanban and CON-
WIP for each sub-case is identical, because both systems
have the same distribution of processing times and the same
initial conditions.

From the four tables it can be inferred that the Kanban sys-
tem provides better performance than CONWIP with a lower
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WIPA. In a precise description, the average WIP levels in the
Kanban system are on average 20.14%, 10.69%, 8.02% and
10.38% less than those in the CONWIP system in cases 1, 2,
3 and 4, respectively. It shows that for an assembly system,
Kanban can have a better performance than the CONWIP
control system. However, only in rare cases, the CONWIP
system has less value of WIPA. For instance, in case 1, WIPA

in the last sub-case is less in CONWIP than in Kanban. How-
ever, the difference between those two values is about 2.46%,
which is too slight in analogy with the other sub-cases. Also,
this rare result happened in three other cases, only once for
each case. For those cases the differences are also slight,
equivalent to 3% (sub-case 4), 6.49% (sub-case 7), and 1.05%
(sub-case 3), in cases 2, 3 and 4, respectively. Therefore, the
Kanban system provides a lower WIP level on average than
the CONWIP system given the same level of throughput.
As a consequence, the Kanban control system outperforms
CONWIP on average, with a lower level of the average WIP
and the same rate of throughput.

Meanwhile, in a Kanban system, we cannot neglect the
effect of card distribution on the system performance. On the
other hand, card distribution in a Kanban system as well as
the number of circulating cards in a CONWIP system cer-
tainly influences the system performance. The effect of card
distribution in a Kanban system and circumstance of setting
a proper distribution of kanbans and a suitable number of
circulating cards in a CONWIP system are detailed in the
next section.

The effect of card distribution

The last four tables compare the average WIP of the Kanban
and CONWIP systems. For each case and each sub-case, we
first found the optimum card distribution for both systems,
which achieves a maximum possible throughput for the sys-
tem with the minimum value of WIP, and then calculated the
performance measures. Since there is an unlimited demand at
the final buffer, the maximum possible throughput, denoted
by THmax, is equal to the bottleneck rate of the system.

To find the optimal number of circulating cards in the
CONWIP system, we started from the initial state in which
there is only one card assigned into the system, and no ini-
tial inventory at each workstation. If system throughput is
still less than THmax, we add one card and run the simula-
tion program again. Once THmaxis achieved, we calculate
WIPA which is the minimum value to attain the maximum
possible throughput. When the system has THmax, assigning
additional cards causes an increase in WIP, while throughput
remains constant.

In the Kanban system, we observed that the best perfor-
mance (i.e. maximum throughput with minimum WIP) in
some cases can be achieved by assigning only one card at
each station. Therefore, for those cases, the minimum WIP

was obtained with a vector of card distribution in which all
elements are equal to one. That is K = {k1, k2, . . . , kN } =
{1,1,…,1}, where ki indicates the number of cards at station
i , and N indicates the total number of stations in the system.
However, in other cases, such as sub-cases 2, 5, 7 and 10 in
Table 3, we first found the optimal card distribution. Because
by assigning only one card at each workstation, the expected
values of both WIP and throughput were not achieved. There-
fore, in the Kanban system, the performance measures were
obtained with adapted card distributions as well. As a result,
card distribution in a Kanban system can affect the system
performance. i.e., a different WIP level can be achieved by
a different card distribution. In addition, in order to achieve
the best performance, a proper number of cards should be
assigned to the system.

Conclusions

In this paper, we analyzed assembly production processes
governed by Kanban and CONWIP control systems. For
CONWIP, we introduced two methods for releasing cards
into the system. These two were defined as SCB and DCB.
We showed that the policy used has significant effect on
the performance data of CONWIP controlled processes. The
comparison results showed that DCB is superior to SCB
CONWIP with a lower amount of average WIP and a higher
rate of throughput, given the same number of circulating
cards. Therefore, for an assembly production process con-
trolled by the CONWIP system, using DCB policy can result
in a better performance than using SCB.

Card distribution in a Kanban system, and the number of
circulating cards in a CONWIP system can affect the sys-
tem performance such that, WIP might rise by increasing the
number of cards. For a CONWIP system, the best perfor-
mance can be achieved by assigning the optimal number of
circulating cards within the system. For a Kanban system,
in some cases by assigning only one card at each station,
the minimum WIP can be achieved, while for most cases an
adaptation of card distribution is necessary in order to get the
best performance.

We also compared Kanban and CONWIP systems in ass-
embly production processes. Comparison between Kanban
and CONWIP showed that Kanban provides a less WIP level
on average than CONWIP given the same level of through-
put. In most cases, an optimized Kanban system (a system
with adapted card distribution) outperforms the CONWIP
system with a lower WIP and the same level of throughput.
However, only in rare cases, CONWIP provides a lower WIP
level, whereas the difference is too slight and insignificant.

The comparison between Kanban and CONWIP revealed
that the Kanban system is more flexible with respect to a
certain objective than CONWIP, because in addition to the
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total number of cards, the card distribution is another param-
eter that influences performance. By selecting a favorable
card distribution in the Kanban system, a given throughput
rate can be reached with less WIP than in the CONWIP sys-
tem. Thus, the CONWIP system does not always outperform
Kanban in the assembly production processes. However, in
order to achieve the best performance with Kanban, a proper
distribution of cards should be sought and assigned to the
system.

The following issues shall be considered in future research.

1. All our results are based on unlimited demand at the end of
the assembly line in the last stage. It has to be seen if they
also hold for limited demand. The important performance
parameter will then be the ratio between immediately sat-
isfied demand and total demand (service level).

2. We assumed that the system makes a single part type. In
future research, more complex production systems (for
example, multi-product manufacturing or assembly sys-
tems) can be considered. The analysis will be more
complex if different part types and limited demand are
considered. In a Kanban system, cards (and containers)
for each part type are held at each station. In a CONWIP
system, the cards are not assigned to a defined part type,
they rather represent a certain amount of work. It has to
be examined how much WIP is held in a Kanban line in
comparison to a CONWIP line if more than one part type
is considered.

3. Kanban and CONWIP can be compared with other con-
trol systems, such as Hybrid (a Kanban-CONWIP control
system), the Base-stock, and Extended-Kanban which is
a combination of the Kanban and Base-stock control sys-
tems.

4. Some popular meta-heuristics such as genetic algorithm
and Tabu search can be developed to find the optimal card
distribution in the Kanban system.
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