


Abstract

This article provides methodology and guidelines for employing a ‘constraint-
based” approach for effective supply chain management. The article explores the
shortcomings of using a traditional supply chain management as well as an Activity
Based Management (ABM) approach in the managing of supply chains. In addition,
the article introduces a supply chain management methodology based on achieving
a global optimum for the entire chain. Examples are provided on how constraint-
based techniques are currently being applied to the management of certain subsets
of the supply chain. Guidelines are presented for managing supply chains using a
constraint-based approach. Finally, the article ends with the discussion of the
implications regarding the use of a constraint-based approach to the management
of supply chains along with the need for future research in this area.
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Using the Theory of Constraints
for Effective Supply Chain Management

1. Introduction

In an attempt to enhance competitiveness and customer satisfaction,
many firms have begun to adopt an integrative approach to the manage-
ment of its raw materials supply-production-distribution process, commonly
referred to as supply chain management. Traditionally, each segment of
the supply chain was managed as a stand-alone entity and concentrated
on optimizing local objectives without regard to its effect on other parts of
the chain. This approach resulted in inter-functional conflicts, unfulfilled
company-wide objectives, and reduced levels of customer satisfaction.

A primary reason for the problems associated with traditional supply
chain management is its inability to view the supply chain in a holistic
manner. Thus, the traditional approach advocates the local optimization
of each individual ‘link’ in the chain as opposed to the global optimization
of the entire chain. Some firms are attempting to mitigate this problem
through the use of activity-based management (ABM). However, due to
ABM'’s focus on localized cost drivers, this technique still fails to provide a
methodology for achieving a global optimum for the complete supply chain.
With the release of his book The Goal, Dr. Eliyahu Goldratt introduced

the world to the impact of system constraints on a manufacturing facility's
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ability to increase its throughput. Since then, the use of the Theory of
Constraints (TOC) by manufacturing firms has provided them with sig-
nificant business results. Examples include a reduction of manufacturing
lead-time from 16 days from 16 hours at Ford Motor Company’s Electron-
ics Division, and an increase in plant capacity from 50 to 300 percent at
various Avery Dennison plants. This article illustrates how the same ‘con-
straint-based” approach, which has been used to improve manufacturing
operations, can be applied to the management of supply chains.

2. Purpose

The purpose of this article is to introduce a methodology along with guide-
lines for employing a ‘constraint-based’” approach for effective supply chain
management. The article explores the shortcomings of using a traditional sup-
ply chain management approach as well as an ABM approach in the manag-
ing of supply chains. In addition, the article introduces a supply chain man-
agement methodology based on achieving a global optimum for the entire
chain. Guidelines are presented for managing supply chains using a con-
straint-based approach. Finally, the article ends with a discussion on the
implications regarding the use of a constraint-based approach to the man-
agement of supply chains along with the need for future research in this area.

3. Cost Management and Supply Chains

American firms use financial data from their cost management systems
to plan and control the operations of their supply chains and, to establish
the costs of products and services moving through the supply chains
(Johnson, 1992, p. 18). Most of these cost systems are ‘traditional’, with
their operating principles and concepts were largely developed prior to
1925 (Johnson and Kaplan, 1987, p. 12). However, some firms are now
using the more recently developed ABM system. The next two sections of
the article discuss the origins of these systems and drawbacks of using in-
formation from them to manage integrated supply chains.

3.1 Traditional Cost Management

Not every observer describes traditional cost management in exactly
the same way (Cooper, 1988; Johnson and Kaplan, 1987; Kaplan, 1988;
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and Sandretto, 1985). Nonetheless, most would agree that traditional cost
management is earmarked by the combination of the ‘managing costs’
philosophy once widely practiced by senior U.S. managers (Johnson, 1989,
1990b) and a 1950s vintage product costing methodology (Johnson and
Kaplan, 1987, p.182). This combination often results in managers using
misleading cost information in their planning and control decisions.

Explanations of why today’s managers are ‘mislead’ by traditional cost
information usually point to a design mismatch (Hall, Johnson and Turney,
1991; Johnson, 1992; Kaplan, 1990; Turney, 1991). The fifties era product
costing methods are highly simplified. They were fashioned to provide
objective, consistent, and auditable inventory valuations for external fi-
nancial reporting purposes (Dugdale, 1990). In the typical manufacturing
firm, for example, the traditional cost system performs two functions. First,
it divides the cost incurred during the operating period between the broad
categories of ‘operating expenses’ (which includes such costs as marketing,
distribution, service, and R&D) and ‘factory costs'. The second function
involves assigning factory costs to products. The materials and labor ¢ *s
of products are established through direct tracing. Factory overhead, 1awx-
ing traceability, must be allocated. For this purpose, factory overhead costs
are pooled at either the departmental or plant level and assigned to indi-
vidual products in proportion to their use of labor or machine hours. Such
astraightforward costing procedure fit the business conditions of the 1950s.
Data processing technologies were rudimentary and incapable of economi-
cally supporting complicated costing procedures; most U.S. manufactur-
ing firms competed in regional or national labor-intensive industries; prod-
uct variety was low; and manufacturing methods consisted of long produc-
tion runs, discontinuous production flows, large inventories, and exten-
sive rework (Hall et al., 1991). Under these circumstances, the traditional
costing approach generates accurate aggregate values for the cost of goods
sold to customers and the cost of ending inventories.

By the 1980s, circumstances had clearly changed. U.S. manufacturers,
responding to competitive pressures, had diversified their product offer-
ings and, to improve product quality and service, had begun adopting ad-
vanced management techniques such as total quality management (TQM),
just-in-time (JIT) manufacturing and distribution processes, design for
manufacturability (DFM), and flexible manufacturing systems (FMS)
(Kaplan,1990). As a consequence, their operating characteristics and cost
structures changed dramatically. Overhead replaced direct labor as the major
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component of manufacturing conversion cost (Eiler, Goletz and Keegan,
1982; Kaplan, 1984; Johnson and Kaplan,1987; Miller and Vollmann, 1985;
Reeve, 1989); variable costs were converted to fixed as new manufactur-
ing technologies were purchased (Berliner and Brimson, 1988); inventory,
once consider an asset, became a liability (Hayes and Clark, 1986; Kaplan,
1984); and lead time became as important as marketing mix in creating
customer value (Blackburn, 1994). This blend of operating factors clashes
sharply with the assumptions underlying traditional cost systems. In fact,
in this new manufacturing environment, the simple, volume-based over-
head allocation schemes of traditional cost systems can not accurately as-
sign the burgeoning factory overhead costs to diverse products. Instead,
the traditional cost systems inundate managers with accounting reports
that routinely overstated the cost of high-volume, standardized products
and understated the costs of low-volume, customized products.

Taken by themselves, such cost distortions are benignly wasteful. They
become more ominous when presented to managers who are ‘managing
costs’ (Johnson, 1989, 1990a; Neuman, 1975). According to this perspec-
tive, competitiveness is reflected in unit cost (Johnson, 1990a, p. 32). The
firm with the lower unit cost has an advantage in the marketplace. The
traditional cost approach supports firms’ efforts to control and reduce unit
cost by providing cost-based budgets and variance analyses that allow man-
agers to monitor asset utilization and budget compliance for each func-
tional department. However, because these reports are filled with inaccu-
rate cost information, they provide false signals to unwitting managers,
leading them to make decisions that impair competitiveness and destroy
customer value (Johnson, 1991; Johnson and Kaplan, 1987; Turney, 1991).
They set incorrect prices; sell the wrong products; choose the wrong sup-
pliers; and pursue the wrong customers (Turney, 1991).

Clearly, the traditional cost approach is not an adequate framework for
managing supply chains. lts most glaring weakness is in the treatment of
customers. Except for cost, their value perceptions and requirements are
ignored. Customers are viewed as uninteresting entities to be cajoled into
purchasing the firm’s products. Managers, according to the tenets of tradi-
tional cost management, should focus exclusively on the internal eco-
nomics of the supply chain, to minimize its costs. Suppliers, manufactur-
ing methods, and distribution channels should all be selected based on
the impact on unit cost. Other aspects of the supply chain strategy are
not considered. The traditional cost management approach does not even
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distinguish between value adding and non-value adding processes or activi-
ties for improving the supply chain. The only distinction maintained is be-
tween more and less costly activities. The unjustified attending assumption
is that all costs add some value that savvy firms can recoup from customers.

3.2 Activity-Based Management

When American businesses such as Tektronix, John Deere and Schrader
Bellows saw their competitiveness eroding during the 1980s, they demanded
that accountants provide better information for making planning and con-
trol decisions (Ansari, Bell, Klammer and Lawrence, 1997). One response
to their demand has been ABM (Johnson, 1991). Atkinson, Banker, Kaplan
and Young (1997) describe ABM as a management process that uses activ-
ity cost information to improve organizational profitability. Player and Keys
(1995, p. 5) offer a similar view, saying that ABM is “the broad discipline
that focuses on achieving customer value and firm profit via the manage-
ment of activities.” Unlike the traditional cost approach, ABM regards
the firm as a set of interlinked processes that create and deliver value to
customers. ABM’s goal is to provide managers the analytical concepts and
information to effectively run these processes in ways that place the fewest
demands on the resources of the firm.

ABM'’s most basic analytical concept is that of an ‘activity'—the smallest,
meaningful unit of work performed by an organization. The advocates of ABM
contend that the best way to understand, manage and improve the processes
of an organization is to ask questions about the activities that comprise them
(Maisel and Morrissey, 1994; Ostrenga, 1990; Turney, 1992): What activities
are petformed? How are they performed? Why are they performed? Do they
add value? What is the cost of the resources consumed in performing them?
The answers provide the basis for improving the firm's processes by elimi-
nating costly, non-value-adding activities (Convey, 1992; Turney, 1992).

The success of ABM depends heavily on the availability of accurate
estimates of activity costs. For that reason, ABM abandoned the simple,
volume-based product costing methods traditionally used by firms. ‘com-
plexity’ replaced volume as the primary cost driver in modern firms (Cooper,
1988). Complexity, here, refers to the degree to which diverse inputs and
outputs must be managed and transformed by shared, limited resources
(Cooper, 1988). For example, holding other factors constant, a plant that
produces 12 different models, in varying volumes, of a product on a single
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production line faces a more complex production situation than a plant pro-
ducing only one product. Accordingly, the 12-model plant incurs higher
overhead costs for production scheduling, procurement management, and
so on. Since neither labor nor machine hours adequately captures complex-
ity in most situations (Kaplan, 1991), ABM uses ‘transaction-type’ (see Miller
and Vollmann, 1985) allocation bases to accurately assign activity costs to
products, processes and customers (Cooper, 1989, 1994; Turney, 1991).

Compared to the traditional cost approach, ABM cost data more accu-
rately reflects the areas/ activities within the supply chain where energy and
efforts are being expended. This increased level of detail provides substan-
tially better information for managing the supply chain and monitoring its
strategy (Turney, 1992). ABM partially integrates customer requirements
into its analytical procedures for establishing the value of an activity. Ac-
tivities that positively contribute to the customer’s perceived value of the
product or are essential to the functioning of the organization are ‘value
adding’. On the other hand, an activity is ‘non-value adding’ if its elimina-
tion would not affect the customer’s perception of value or impair the func-
tioning of the organization (Convey, 1991; Miller, 1992; Turney, 1992).

Nevertheless, ABM is not a fully satisfactory framtework for managing
supply chains. The reason is most easily seen in ABM’s practice of labeling
activities as ‘non-value adding’. It has two problems. First, in the typical
ABM analysis, the ‘non-value adding’ designation of an activity is done
without the benefit of customer input. The designation may reflect firm
policy, the recommendation of an ABM consultant, or the best guess of a
participant in the ABM study (Brimson, 1994; Pryor, Sahm, and Diedrich,
1992; Sharman, 1994). In either case, there is no guarantee that the value
of an activity established by an ABM study reflects the customers’ true
requirements (see Butz and Goodstein [1996] and Gale [1994]).

The second problem with ABM’s activity valuations is that they become
inputs for the calculation of ‘non-value-added’ cost. Managers are expected
to use these cost figures to identify improvement opportunities. This ‘cost-
world" use of ABM information encourages managers to become more effec-
tive and efficient in performing existing activities. It does not, however,
encourage managers to engage in the relentless search for new opportunities
to create customer value or to find ways to reconfigure existing activities
to provide greater customer value (Johnson, 1992). For this reason, ABM
may lead the manager to optimize the short-run efficiency of the supply
chain to the detriment of its long-run survivability and profitability.
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4. A Constraint-Based Approach to Supply Chain Management

While the traditional and ABM approaches rely on what is commonly
referred to as ‘cost-based’ data to focus their search for improving the effi-
ciency and productivity of various supply chain activities and associated
organizations, TOC takes a different view of supply chains. The Theory of
Constraints as defined by the Avraham Y. Goldratt Institute states that
“the output of any real system is limited by that system’s constraint” (AGI,
1995, p.3). By definition, every supply chain is a system. After all, every
supply chain is composed of organizations, each contributing some meas-
ure of added value to the end product, that depend on each other for the
production and delivery of the end product to the customer. Therefore,
the output of any supply chain is determined by that chains constraint,
nothing else. The remainder of this paper applies this systems perspective
to the control and management of the supply chain.

The first attempt at applying TOC to a supply chain took place in late
1991. Representatives from the four members of an apparel supply chain
(see Figure 1) met to shatter their existing paradigm about business and
their relationships. The members of this group represented the fiber pro-
ducer, the textile maker, the apparel producer, and the retailer. Their meet-
ings resulted in the supply chain members realizing that “until the [end]
consumer has bought a product, no one in the chain has sold anything”

(Schaffner, 1992).

APPAREL HAPPY
CUSTOMERS

Figure 1 Apparel Supply Chain Members

If they are correct, in their recognition that no new money has been
added to the supply chain until the end product is sold to the end cus-
tomer, then, what happens to the chain if it fails to attract and sell more of
its products to the end user! Without the addition of new money, how
long will the chain, as it is currently structured remain in existence!
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This linear representation of their supply chain was sufficient to serve
the needs of these paradigm breakers, because their focus was on the ap-
parel manufacturer’s supply chain. With the exception of the retailer, this
chain was composed of firms whose basic product flow is divergent in na-
ture. Divergent or V plants are defined by processes that consume a lim-
ited number of inputs in their production of a large number of end prod-
ucts. In addition, most of the end products are produced on the same or
similar processes (Umble and Srikanth, 1990).

What about firms whose basic flow is convergent? In that instance, a
different, more complex model is needed. Figure #2 presents such a model.
To more accurately reflect the realities of a supply chain, we have expanded
the linear model to include a number of organizations serving each of the
various stages within the chain. The resulting supply chain represents a
product or industry that has over 400 retailers selling its product. Each
retailer offers their customers a choice from three of the four varieties of
product. Each of the regional distributors serves over 100 retailers with
product from three of the four end product manufacturers.
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Figure 2 Divergent Supply Chain Model
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Each end product manufacturer (EPM) consumes sub assemblies from
four of the seven sub-assembly manufacturers (S-AM’s) that serve this and
other industries. Each of the sub-assembly manufacturers procures materi-
als from the three material finishers (MF’s). The material finishers procure
their materials from the two basic material processors, who purchase their
material from the one raw material extractor.

A word of caution about this model relative to the various ‘stage’ mem-
bers from the end manufacturer back through the raw material extractor.
We are not assuming or suggesting that the inputs to all the members of
any one ‘stage’ are the same. For example, while all S-AM’s purchase ma-
terial from the three material finishers, the amount or variety consumed
by each of the S-AM’s is not the same. As one starts to recognize supply
chains as a set of interdependent firms that play different ‘stages’ within
different supply chains, one is struck by the webbiness of the various inter-
connections between the various firms. While our analysis will be limited
to this particular supply chain or web, we recognize that each firm, with
rare exception, is a participant in a number of different supply chains.

4.1 Drum-Buffer-Rope, Buffer Management, and the Supply Chain

TOCs tools for effectively managing and controlling the flow of prod-
ucts through a system are based upon its five focusing steps. The first step
in applying these logistics tools is to ‘identify the system’s constraint’. In a
supply chain this would be translated into ‘which stage in the chain is
limiting the chain’s ability to sell more of its end product to the final cus-
tomer’! By knowing which element (stage) is limiting a system’s output,
the system knows where improvement efforts must be focused if output is
to be improved. For example; if the chain’s constraint is the availability of
‘raw materials’, then any efforts to improve the performance of any other
elements within the chain will not increase the chain’s output. Likewise,
with customer demand. If the market is the constraint, i.e.: customers do
not want to buy more of the product, then improving the chain’s perform-
ance will only result in more finished product inventory not more sales.

While finding the constraint within the walls of one organization is
relatively simple, locating it within a supply chain is a bit more difficult.
The following two guides should help. First, identify the organization (stage)
that is usually called upon when there is a need to expedite an order to
meet an unexpected demand by the end customer. Second, identify which
organization (stage) is holding the most work in process inventory of the
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product. Finally, remember that when Drum-Buffer-Rope (DBR ) and Buffer
Management (BM) are correctly used, they tend to identify the system’s
constraint. Therefore, a good guess as to the constraint is all that is needed.
The second of the five focusing steps is to ‘exploit the constraint’. Since
the chain's output is dependent upon how much the constraint produces,
the chain wants to maximize the output of its constraint. In the case of the
supply chain, this means that the organization (stage) that is home to the
chain’s constraint must do everything it can not to waste its limited re-
sources relative to its production of the product. Some of the activities it
might evaluate and change are as follows: how breaks and lunch are sched-
uled, when maintenance is performed, set-up reduction efforts, batch size
decisions, quality improvement efforts, etc. Improving the ability of the
constraint to produce products, by definition, improves the ability of the
system to perform (produce and sell finished goods).

The third step is to ‘subordinate all other activities’ to the rate of the
constraint. Within an organization, this is done so that its excess capacity,
capacity that is not needed to meet the system’s demand, is identified. In
the supply chain the purpose is the same. If this supply chain is being fed at
the same rate that the chain’s constraint can produce output, than all of
the organizations (stages) within the chain can identify any excess capac-
ity relative to that needed to meet the chain's overall demand. This excess
capacity can be used by the various organizations (stages) to improve their
performance and the performance of the other supply chains they are mem-
bers of. This can be done two ways. First, by selling the output of their
excess capacity. Second, they could use it to increase their capacity for
products where they are the constraint. In both instances, this can be done
without incurring any additional operating expenses.

The fourth stage is to ‘elevate the constraint’. If, after going through the
first three steps, the system (supply chain) cannot meet the demand being
placed on it by the market place, then it must increase the capacity of its
constraint. Nothing else will increase the systems ability to produce. The
same with the supply chain. If the chain decides it wants to expand (sell
more) then it must focus its improvement efforts on elevating the capacity
of its constraint. This can be accomplished in a variety of ways: (1) bring
on an additional supplier; (2) purchase additional equipment; and, (3) off-
load constraint activity to a non-constraint stage.

The fifth and final step has to do with what must be done if the con-
straint is elevated. Then, the chain must go back to the beginning and
repeat the first three steps. This is done because most elevation efforts result
in moving the constraint.
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Drum-Buffer-Rope (DBR) and Buffer Management (BM), are TOC's tools
for managing the logistical flow of materials through a system. The drum is
the constraint schedule. This is also the rate at which the chain is capable of
producing output. In the supply chain, this would translate into a drum sched-
ule that is established and continually revised based upon the market de-
mand for the end product. This approach is similar to Wal-Marts daily or-
ders to their manufactures, except when using D-B-R the orders would go to
the supply chain’s Drum, which may or may not be the end product manu-
facturer. The Buffer is the amount of time protection positioned in front of
the constraint activity that insures it is not disrupted by fluctuations in the
preceding stages. Depending on the constraint’s location (which stage of the
supply chain) and the distance (transportation time) between the various
stages in the supply chain, the size of the buffer (amount of time as measured
by inventory) could be relatively large. A primary objective of TOC would
be to continually reduce the size of the buffers. The Rope serves as the com-
munications link between the critical control points in the chain. These are
usually the material release, the constraint, any assembly points where con-
straint and non-constraint parts are assembled, and shipping. By making
sure all of these activities are synchronized, working from the same schedule
(one derived from the Drum schedule), and that the appropriate buffers are
being maintained, the chain’s performance is maximized.

At each of the critical control points, TOC places a buffer. The purpose
of all buffers is the same, to protect the control point from fluctuations in
the preceding activities or stages. By monitoring the buffer content and
comparing its actual content to its expected content, the performance of
the preceding activities can be determined. The buffer has been sized to
allow its expected content to flow through the preceding processes and
arrive in place with plenty of time to spare. When this is not occurring,
the buffer will signal its manager by revealing a ‘hole’ where the actual
does not reflect the plan. This ‘hole' allows the buffer manager to take
action before a problem occurs at the critical control point.

5. Conclusions

Based upon the methodology presented, Table 1 provides guidelines for
effective supply chain management. First, individual members of a supply
chain must recognize and embrace the global perspective. That is, their
organization is a system whose output is controlled by its constraint, and
the supply chain[s] they are part of, is also a system whose output is con-
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trolled by its constraint. Second, the individual member of the supply chain
must adopt DBR and BM. This step will insure that all members are able
to maximize their resources and understand how these techniques improve
their individual performance. Third, the supply chain members adopt a
global point of view regarding the management of the supply chain. The
supply chain must be viewed and managed in a holistic manner. Fourth,
the element (stage) that is inhibiting optimum supply chain performance
(i.e., the constraint) must be identified. Fifth, once the supply chain con-
straint has been identified, steps must be taken to maximize its capabilities
as much as possible. Once the constraint is performing at an optimal level,
the sixth step is to synchronize all supply chain activities to the rate of the
constraint. This will result in the creation of excess capacity at certain
elements (stages) within the supply chain. The seventh step is to develop
ways to increase the capability of the constraint within the supply chain.
Activities necessary to ‘elevate’ the constraint will be a function of its
nature and location. An effort should be made to continuously improve
the performance of the supply chain in relation to its served markets. This
process of continuous improvement may result in either the breaking of
the original constraint, and/or the shifting of the constraint to another
part of the supply chain. When this phenomena occurs, steps 4-7 must be
repeated. Finally, in order for effective supply chain management to occur,
firms must employ the use of Drum-Buffer-Rope (DBR) and Buffer Man-
agement (BM) to ensure optimal supply chain performance.

Table 1 Guidelines for effective supply chain management

1. Individual supply chain members recognize and embrace a global
perspective

. Individual supply chain members adopt DBR and BM

. Adopt a global versus local viewpoint of supply chain management

. Identify the supply chain’s limiting factor (constraint)

. Maximize the output of the supply chain's constraint

. Synchronize all supply chain activities to the rate of the constraint

. Develop ways to increase the capability of the supply chain's constraint

. Continuously improve the supply chain's performance vis-a-vis its
target markets

9. Employ the use of Drum-Buffer-Rope and Buffer Management within
the supply chain

IO || B[N
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Future research is needed to test the robustness of using a constraint-
based approach to supply chain management. Empirical research involv-
ing supply chains comprised of different supplier, manufacturing, and dis-
tribution configurations across a wide range of industries is required to
validate and generalize the findings contained in this paper.
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