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Concerns about American manufacturing competitiveness compel new interest in alternative production control
strategies. In this paper, we examine the behavior of push and pull production systems in an attempt to explain the
apparent superior performance of pull systems. We consider three conjectures: that pull systems have less congestion;
that pull systems are inherently easier to control; and that the benefits of a pull environment owe more to the fact that
WIP is bounded than to the practice of “pulling” everywhere. We examine these conjectures for analytically tractable
models. In doing so, we not only find supporting evidence for our surmises but also identify a control strategy that has
push and pull characteristics and appears to outperform both pure push and pure pull systems. This hybrid system also
appears to be more general in its applicability than traditional pull systems such as Kanban.

Increased foreign competition has intensified the
need for more effective manufacturing. However,
the means to accomplish this task has become a
subject of controversy. On one hand, much of the
practitioner literature suggests that the implementa-
tion of Computer Integrated Manufacturing (CIM) is
the only means available to regain our position of
manufacturing leadership, see, e.g., Vollum (1984)
and Berger (1986). Other authors cite the Japanese as
having achieved an extremely competitive position
while employing limited automation and using simple
and decentralized management techniques, e.g.,
Schonberger (1986).

This debate stems from the clash of two diametrical
viewpoints. In one vein, CIM represents the culmi-
nation of manufacturing computer involvement that
began with material requirements planning (MRP), a
suggested improvement over the older reorder point
(ROP) system, in the early 1970s. In the opposing
vein, the so-called Japanese manufacturing techniques
such as just-in-time (JIT) or zero inventories (ZI),
make little use of computers and instead place greater
responsibility for schedule compliance and quality on
the production worker. However, the techniques used
to implement JIT and ZI are, in many ways, identical
to those found in the “out-dated” ROP systems. Plus
¢a change, plus c’est la méme chose.

The terms push and pull refer to the means for
releasing jobs into the production facility. In a push
system, a job is started on a start date that is computed
by subtracting an established /lead time from the

date the material is required, either for shipping or
for assembly. A pull system is characterized by the
practice of downstream work centers pulling stock
from previous operations, as needed. All operations
then perform work only to replenish outgoing stock.
Work is coordinated by using some sort of signal (or
Kanban) represented by a card or sign.

One problem with comparing pull and push systems
is that terms like JIT have come to mean more than
a way to schedule production. JIT includes other
features such as short setup times, perfect quality,
stockless production, and increased worker involve-
ment. To a certain extent, JIT has come to refer to all
that is good in manufacturing. As such, it is difficult
to understand when and why push and pull systems
are effective. This paper seeks to address this problem
by studying the essence of push and pull in several
simple and analytically tractable situations. In partic-
ular, we will:

1. address the issues associated with push and pull
systems and devise a set of pertinent measures;

2. conjecture reasons for the improved performance
of pull systems over push systems;

3. test these conjectures with theoretical comparisons
of push and pull systems.

We believe this research has led to a better under-
standing of how pull systems work. As a result, we are
able to propose a system that has characteristics of
both push and pull that appears to outperform both
pure push and pure pull systems.
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1. LITERATURE REVIEW

Because of increased concerns about American man-
ufacturing competitiveness, there is new interest in
alternative production control systems. Much of the
discussion in the literature focuses on the relative
merits of push (e.g., MRP) and pull (e.g., Kanban)
systems. However, most of the literature dealing with
Kanban and other pull systems is descriptive in that
few mathematical models have been developed. This
fact is noted by Bitran and Chang (1987) and Zangwill
(1987).

Hall (1983) provides a good description of how
Kanban works and gives some important implemen-
tation details. Schonberger suggests that the “variabil-
ity reduction” found in pull systems is extremely
important to overall system effectiveness. This is re-
iterated by Chen et al. (1988) in a study using queueing
networks. Finally, Karmarkar (1986) points out that
the number of cards (Kanbans) in the system creates
an upper limit on work-in-process (WIP).

The few papers that have provided mathematical
models concentrate on deterministic settings. These
include work by Kimura and Terada (1981) who
develop some basic equations for a Kanban system,
and Bitran and Chang (1987) who provide a mathe-
matical programming approach for optimizing a
deterministic Kanban system.

One way to avoid the analytic difficulties of mod-
eling Kanban systems is to use simulation and to
compare effectiveness in specific instances. An early
study by Kimura and Terada compares the effect of
fluctuations in demand in push and pull systems and
concludes that Kanban tends to dampen these fluc-
tuations. On the other hand, Ritzman and Krajewski
(1983) were able to demonstrate that MRP is more
effective than ROP in systems having many levels in
the bill of material structure and larger lot sizes. More
recently, Krajewski et al. (1987) performed an
extremely detailed study using a simulation model
that has been validated extensively with industry expe-
rience. This study involved a great many factors,
including customer influences such as forecast error
and “specials,” vendor influence, buffer mechanisms,
product structure, facility design, scrap loss, equip-
ment failures, worker flexibility, inventory accuracy,
and lot sizing rules. The principal measures used were
percent of past due demand and total inventory. Some
of the conclusions of this study were:

... uniform workflows and flexibility to adjust to changing
capacity requirements is the key to improving performance.
The Kanban system, by itself, is not crucial to improving
performance (emphasis added).

An important result of this study is the realization
that the manufacturing environment itself may have
a greater impact on system performance than the type
of control strategy used. In light of these conclusions,
it is important to separate environmental factors from
those related to production control strategies.

Another reason it is difficult to compare push and
pull systems is that their basic modes of operation are
radically different. Push systems control throughput
by establishing a Master Production Schedule (MPS)
and measure WIP (e.g., input/output control; see
Wight 1970) to detect problems in meeting a schedule.
Pull systems, on the other hand, control WIP and
must measure throughput against required demand.
This is typically accomplished using some sort of
quota system that represents the amount of produc-
tion required for each time period. If the quota is
always met, no due dates will be missed. However,
models that will predict quota shortfalls before the
end of a period in a stochastic production facility are
rare. Fortunately, Kanban systems offer production
foremen great visibility to the status of backlogs
(Karmarkar).

1.1. The Contribution of this Paper

The purpose of this paper is not simply to compare
Kanban and MRP, but to offer theoretical motivations
for the apparent superior performance of pull systems.
Along with a general heightened awareness of environ-
mental issues given by Krajewski et al. (1987)
and Karmarkar (1986), we submit the following
conjectures:

1. There is less congestion in pull systems.

2. Pull systems are inherently easier to control than
push systems.

3. The benefits of a pull environment owe more to
the fact that WIP is bounded than to the practice
of “pulling” everywhere.

To examine these conjectures we first identify basic
issues regarding the operation of push and pull sys-
tems, particularly, controls and performance mea-
sures. We then compare these performance measures
in simple models for push and pull systems for which
analytic results are available.

The first conjecture regarding congestion is tested
using an open queueing network of tandem exponen-
tial queues with Poisson arrivals to represent the push
system and an “equivalent” closed queueing network
(CQN) to represent the pull system. These networks
are equivalent in that they have the same stations with
the same throughput. In the closed system, jobs are



