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The role of activity-based costing
(ABC), like any accounting system, is
to provide information for assessing
the economic consequences of re-
source allocation decisions. The pri-
mary focus of ABC involves measur-
ing the cost of the resources used to
produce a firm’s products (Cooper
and Kaplan, 1992). This is accom-
plished by treating the cost of an ac-
tivity’s resources as proportional to
the capacity of the services it pro-
vides. The cost of an activity’s re-
sources is then traced to products
based on the quantity of its services
used in a product’s production. ABC
reflects a long-run perspective of pro-
duction, in which the cost of labor
and overhead resources is a variable
cost. However, many of the firm’s la-
bor and overhead resources are con-
tracted in advance of usage, such as
rent on factory equipment, or influ-
enced by management policies, such
as retaining workers in periods of ex-
cess labor capacity. Equally impor-
tant, in the short run, the capacity of

the firm'’s support and production ac-
tivities is limited. Therefore, when
the demand for an activity’s service
exceeds its supply, a bottleneck is cre-
ated that restricts the firm’s produc-
tion and creates an opportunity cost
that affects the economics of produc-
tion-related decisions. However, ABC
ignores constrained activities and the
opportunity cost of using these activ-
ities’ resources in the firm’s opera-
tions. ABC’s failure to reflect the cost
of resources that are fixed and to in-
corporate the effect of constrained
activities in the short run led Theeu-
wes and Adriaansen (1994) to state
that ABC is unsuitable for operational
decision making.

The deficiencies of ABC led Bakke
and Hellberg (1991) to propose us-
ing the theory of constraints (TOC)
for making shortrun resource allo-
cation decisions. Conversely, Woods
(1992) and Christensen and Sharp
(1993) proposed modifying ABC to
reflect the shortrun variable and
fixed costs of a firm’s resources. Sim-
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140 RoBERT C. KEE

ilarly, Kaplan and Atkinson (1998)
suggested that an activity’s cost may
be separated into its short-run flexi-
ble and committed components. This
enables ABC to measure the incre-
mental cost of resources used by
products, customers, or other objects
of interest in the near term. However,
short-run decisions made with the
TOC and modified ABC models are
problematic. The TOC incorporates
only direct materials as a variable
cost. However, even in the shortest of
time horizons, some labor and over-
head resources, such as temporary
workers, power, and supplies, are a
variable cost. Therefore, the TOC
may underestimate the cost of a prod-
uct and may lead to suboptimal re-
source allocation decisions. The
modification of ABC proposed by
Woods (1992), Christensen and
Sharp (1993), and Kaplan and Atkin-
son (1998) ignores constrained activ-
ities that restrict the firm’s produc-
tion opportunities in the short run.
Therefore, it excludes the opportu-
nity cost of using a bottleneck activity
and may result in suboptimal produc-
tion-related decisions.

The TOC and ABC, based on short-
run variable or flexible costs, are both
designed to evaluate the economics
of short-run production-related deci-
sions. However, advocates of the TOC
and ABC, based on short-run cost,
provide little or no guidance as to
how decisions made with these mod-
els may be coordinated with longer-
term decisions. Failure to coordinate
short- and longer-term decisions may
lead to a series of short-run decisions
that become the firm’s long-term stra-
tegic plan by default. The problem
with this ad hoc approach to strategic
planning is that a series of short-run
decisions may be suboptimal relative
to a decision made initially from a

longer-term perspective. Conversely,
long-term decisions frequently have
near-term implementation issues.
Failure to understand and act on
these issues may delay and/or impair
the implementation of longer-term
decisions. Consequently, short- and
long-run decisions must be inte-
grated and coordinated to make re-
source allocation decisions that are
optimal in the short, as well as the
long term.

The purpose of this article is to dis-
cuss how an activity-based cost system
may be used to measure the eco-
nomic attributes of short-term re-
source allocation decisions. The au-
thor demonstrates that an
activity-based model incorporating
the short-run flexible cost of an activ-
ity’s resources and its usage of a bot-
tleneck activity can be used to mea-
sure the shortrun cost of activities
and the products they are used to
produce. The information developed
from the model may be used to eval-
uate the economic consequences of
short-run product mix and other pro-
duction-related decisions. Equally im-
portant, it may be integrated with in-
formation from a traditional ABC
model to coordinate short- and
longer-term resource allocations.

The remainder of the article is or-
ganized as follows. The next section
discusses attributes of short- and long-
run product mix decisions. The fol-
lowing section examines the TOC
and ABC and their strengths and lim-
itations. The section after that pres-
ents a numerical example to demon-
strate how ABC may be used to make
short-run product mix decisions and
how short- and long-run decisions
may be integrated. Last, the summary
and conclusions are presented.
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EvALUATING THE EconoMmIcs OF PRODUCTION-RELATED DECISIONS 141

PRODUCT MIX DECISION

One of the most crucial produc-
tion-related decisions of the firm in-
volves selecting which products to
produce, which to postpone, and
which to delete from the firm’s prod-
uct line. The product mix decision is
determined, in large part, by the ec-
onomics of their production. How-
ever, the costs that are relevant for
evaluating a product mix are influ-
enced by the decision’s time horizon.
In the short run, the costs relevant for
evaluating a product are the flexible
cost of resources used in its produc-
tion, as well as the opportunity cost of
using a bottleneck activity. In the
long run, a company’s management
can adjust its contractual and mana-
gerial policies governing labor and
overhead resources to meet its pro-
duction needs. In effect, over an ex-
tended time horizon, a company’s
committed cost is subject to manage-
ment control. The ability to change
these costs over the long run trans-
forms them from a committed into a
flexible cost. Therefore, the incre-
mental cost for evaluating the eco-
nomics of manufacturing a product
in the long run is the cost of all re-
sources used in its production.

While production-related decisions
are heavily influenced by economic
considerations, other attributes of the
production process can also play a
significant role in determining which
products to produce. One of the most
important of these factors is the ca-
pacity of the firm’s production activ-
ities. A firm’s production and support
activities interact to create a system
for developing and manufacturing a
firm’s products. In the short run, the
capacity of the firm’s support and
production activities is fixed. There-
fore, the most constrained activity is

the system’s bottleneck that restricts
its operations and determines the
production opportunities available to
the firm. If the firm attempts to min-
imize inventory and there are not al-
ternative uses for production-related
activities, a bottleneck activity limits
the use of resources by non-bottle-
neck activities, causing the firm to
incur unused capacity. The cost of
unused resources represents expend-
itures that increase the cost of the
firm’s operations and decrease its
profitability. Consequently, the selec-
tion of a product mix and its profita-
bility, in the short run, is heavily in-
fluenced by the capacity of the firm’s
support and production activities.

In the long run, a firm’s manage-
ment can adjust the capacity of its
production and support activities.
Therefore, the product mix decision
can be made independent of capacity
considerations. However, to achieve
the profitability forecast from analysis
of products, the capacity of the firm’s
support and production activities
must be adjusted to the capacity
needed to produce the products. If
an activity has less capacity than re-
quired to manufacture a product
mix, a bottleneck will be created that
restricts production and changes the
set of products that may be optimal
to produce. Conversely, if some activ-
ities have more capacity than needed
in the long run, then unused capacity
cost will be incurred. The cost of un-
used capacity represents a non-value
added cost that decreases the profit
that may be earned from a product
mix. Consequently, the profitability
of the product mix selected in the
long run implicitly assumes that the
capacity of the firm’s production and
support activities will be adjusted to
that needed to produce the product
mix.
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142 ROBERT C. KEE

THE THEORY OF CONSTRAINTS
AND ACTIVITY-BASED COST

The TOC and ABC were developed
to provide information to evaluate
the financial consequences of pro-
duction-related decisions. However,
the two systems make radically differ-
ent assumptions about the economics
of manufacturing a firm’s products.
Goldratt (1990a) developed the TOC
to overcome the limitations of tradi-
tional cost accounting systems and
thereby provided information for
guiding production-related deci-
sions. The objective of the TOC is to
maximize the goal of an organization
that is limited by a constraint (Gold-
ratt, 1990b). Under the TOC, the
firm’s production system is managed
with respect to the constraint or bot-
tleneck, while resources are ex-
pended to relieve this limitation on
the system (Goldratt, 1990b). When
the constraint is removed and the
firm moves to a higher level of goal
attainment, a new bottleneck will ap-
pear and the cycle of managing the
system with respect to the new con-
straint is repeated, leading to succes-
sive improvements in the firm’s op-
erations and performance.

The TOC is implemented through
three measurements: (1) through-
put, the rate at which the system gen-
erates money through sales, (2) in-
ventory, all money the system invests
in purchasing items the system in-
tends to sell, and (3) operating ex-
penses, all money the system spends
turning inventory into throughput
(Goldratt and Fox, 1986). Under this
measurement system, direct material
is treated as a variable cost. Con-
versely, labor and overhead are as-
sumed to be resources the firm is
committed to acquiring and unable
to influence (Goldratt, 1990a).

Therefore, the cost of labor and over-
head supplied to production is
treated as a period expense. Opera-
tionally, the TOC involves maximiz-
ing throughput subject to the firm’s
bottleneck activities. As noted by
Goldratt (1990a), the use of the TOC
represents a paradigm shift from us-
ing cost accounting to using the
TOC’s measurement system to guide
production-related decisions.

Unlike the TOC, ABC assumes that
labor and overhead costs are relevant
to resource allocation decisions. Un-
der ABC, an activity’s resources are
disaggregated into either flexible or
committed cost (Cooper and Kaplan,
1992). Flexible cost represents the
cost of resources acquired as de-
manded, while committed cost rep-
resents the cost of resources con-
tracted for in advance of usage.
Under ABC, an activity’s flexible and
committed or total costs are divided
by its practical capacity to develop a
cost driver rate that measures the cost
of an activity’s service. Under this pro-
cedure, an activity’s committed cost is
transtformed into a flexible cost to re-
flect the cost of an activity’s services.
Using the quantity of an activity’s
service or activity cost driver con-
sumed in a product’s production,
ABC traces the cost of an activity’s re-
sources to the products it is used to
produce. As noted by Kaplan and
Cooper (1998), ABC reflects a long-
term perspective of cost behavior.
Conversely, the TOC represents a
near-term model of a firm’s cost.

Studies of the TOC and ABC

Studies comparing the TOC and
ABC have examined the competing
and complementary aspects of the
two paradigms. Goldratt (1990a) ar-
gues extensively that labor and over-
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EVALUATING THE EcoNoMICS OF PRODUCTION-RELATED DECISIONS 143

head costs are committed costs and
are irrelevant for resource allocation
decisions. Consequently, efforts to
trace labor and overhead to products
with cost systems, such as ABC, serve
no useful purpose. Low (1992) and
Spoede et al. (1994), using numerical
examples, illustrate that the TOC
leads to a more profitable product
mix than ABC. Low noted that the
“activity-based cost allocation proce-
dure was a great deal more complex
than traditional costing procedures,
but it was not particularly helpful in
a strategic sense” (1992: 36). Con-
versely, Kee (1995), using a similar
example, illustrates that an ABC
model integrating the cost and capac-
ity of production activities outper-
forms the TOC. The profitability of
the product mixes selected with the
TOC and ABC in the Low (1992) and
Spoede et al. (1994) studies was based
on the resources supplied to produc-
tion, while the profitability of the
product mix in the Kee (1995) study
was based on the resources used in
production. In effect, labor and over-
head were treated as committed costs
in the Low (1992) and Spoede et al.
(1994) studies and treated as flexible
costs in the Kee (1995) study. Con-
sequently, the superiority of the TOC
and ABC, relative to each other in the
Low (1992), Spoede et al. (1994), and
Kee (1995) studies, is dependent
upon the assumptions made about la-
bor and overhead resources.

The complementary nature of the
TOC and ABC has been examined by
Bakke and Hellberg (1991), MacAr-
thur (1993), and Huang (1999). They
suggest that the TOC should be used
in the short run, while ABC should be
used for the longer term. However, as
noted by Bakke and Hellberg (1991),
there is no clear demarcation be-
tween short-term and long-term de-

cisions, and short-term decisions may
have longer-term economic conse-
quences. Therefore, efforts to deter-
mine precisely when the firm should
use the TOC and when it should use
ABC may be problematic. Further-
more, integrating short- and long-run
decisions with the TOC and ABC may
be difficult due to the different as-
sumptions and methodologies of the
two models. For example, short-run
decisions made with the TOC may ad-
versely affect implementing longer-
term decisions made with ABC.

Proposed Modification of ABC

To overcome the limitations of
ABC for evaluating the economic im-
plications of operational decisions,
this article modifies ABC to reflect
the short-run flexible cost of an activ-
ity’s resources and its usage of a bot-
tleneck activity’s capacity. The costs
of an activity’s resources are disaggre-
gated into their shortrun flexible
and committed components, as sug-
gested by Kaplan and Atkinson
(1998). In the short run, an activity’s
committed cost is a sunk cost that is
irrelevant for decision making.
Therefore, cost driver rates are com-
puted based on an activity’s flexible
cost. When the flexible cost driver
rates of the firm’s support and pro-
duction activities are traced to the
products they are used to produce, it
measures their shortrun, or incre-
mental, cost of production. To incor-
porate the effect of a bottleneck ac-
tivity, a product’s profitability is
measured based on its usage of the
firm’s most constrained activity.
These modifications enable ABC to
reflect the short-run flexible and op-
portunity costs relevant for making
near-term resource allocation deci-
sions.
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144 RoOBERT C. KEE

The ABC model, based on short-
run flexible cost and bottleneck util-
ization, is referred to as an opera-
tional ABC model, throughout the
remainder of the article, to reflect its
short-term perspective and to distin-
guish it from the traditional ABC
model. The operational ABC model
incorporates many of the features of
earlier proposals for making short
run decisions. The proposed model
reduces to the TOC when all labor
and overhead are committed costs in
the short run. Therefore, it is consis-
tent with the suggestion of Bakke and
Hellberg (1991), MacArthur (1993),
and Huang (1999) for using the TOC
for making short-run, production-re-
lated decisions. The short-run flexi-
ble and committed costs of the oper-
ational ABC model are consistent
with Woods’ (1992) and Christensen
and Sharp’s (1993) suggestion that
the short-run cost of resources should
be disaggregated into their variable
and fixed components. However, un-
like earlier suggestions, with the ex-
ception of the TOC, the operational
ABC model incorporates bottleneck
utilization that is frequently critical
for making shortrun resource allo-
cation decisions. Also, as illustrated in
the article, the operational ABC
model provides information that may
be combined with a traditional ABC
model to coordinate short- and long-
run, production-related decisions.

EVALUATING SHORT- AND
LONG-TERM PRODUCTION
DECISIONS

A Numerical Example

To illustrate how the short- and
long-term economic implications of
product mix decisions may be evalu-
ated with ABC, consider the example

provided in Table 1. XYZ, Inc. is a me-
diums-sized firm with three support ac-
tivities—set-up, purchasing, and engi-
neering-—and one production
activity—assembly. To facilitate discus-
sion, the number of support and pro-
duction activities has been limited.
However, the principles and concepts
discussed in the article are applicable
to firms with a larger number of sup-
port and production activities. In pro-
ducing XYZ Inc.’s products, direct ma-
terial, labor, and assembly overhead
costs are incurred at the unit-level, set-
up and purchasing costs are incurred
at the batch level, and engineering
cost is incurred at the product level. In
Panels I, 1I, and 1II of Table 1, a cost
driver rate for assembly, purchasing
and set-up, and engineering, respec-
tively, is computed and then traced to
the products produced by the firm in
Panel IV.

In Panel I, a total cost driver rate for
the assembly activity was computed by
dividing its expected total cost of
$4,800,000 by its practical capacity of
200,000 machine hours. The total cost
driver rate for assembly is $24 per ma-
chine hour. In the last two columns of
Panel I, the assembly overhead is dis-
aggregated into its shortrun flexible
and committed components. The time
frame used for classifying the cost of re-
sources as flexible or committed in the
short run was one year. The flexible and
committed assembly overhead was di-
vided by the assembly activity’s practical
capacity to derive a flexible and com-
mitted cost driver rate of $8 and $16 per
machine hour, respectively.

The total cost driver rate repre-
sents the cost of the assembly activity
measured by a traditional ABC
model, while the flexible cost driver
rate represents the cost measured by
an operational ABC model. Concep-
tually, the total cost driver rate meas-
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T
X

ABLE 1
YZ, Inc.

Revenue, Cost, and Operating Structure

Panel I: Unit-Level Activities

Product
X1 X2 X3 Total Flexible Committed
Assembly-Machine Hours 0.5 1 2 Cost Cost Cost
Assembly Overhead
Expected Cost $4,800,000 $1,600,000 $3,200,000
Practical Capacity In MH 200,000 200,000 200,000
Overhead Per MH $24 $8 $16
Panel II: Batch-Level Activities
Set-up
Batch Size 1000 400 200
Hours/Batch 1 2 5
Expected Cost $2,150,000 $215,000 $1,935,000
Practical Capacity 4,300 4,300 4,300
Cost Per Set-up Hour $500 $50 $450
Purchasing
Batch Size 1000 500 500
Orders/Batch 2 10 30
Expected Cost $1,180,000 $472,000 $708,000
Practical Capacity 11,800 11,800 11,800
Cost Per Purchase Order $100 $40 $60
Panel III: Product-Level Activities
Engineering
Drawings/Product 100 200 700
Expected Cost $1,200,000 $180,000 $1,020,000
Practical Capacity 1,000 1,000 1,000
Cost Per Drawing $1,200 $180 $1,020
Panel IV: Activity-Based Cost
Product X1 Product X2 Product X3
Total Flexible Total  Flexibie Total Flexible
Cost Cost Cost Cost Cost Cost
Unit Cost
Direct Material Cost $20.00  $20.00 $20.00 $20.00 $30.00 $30.00
Labor Cost ($32/DLH)* $8.00 $0.00 $8.00  $0.00 $4.00 $0.00
Assembly Overhead $12.00 $4.00 $2400  $8.00 $48.00 $16.00
Batch-Level Cost
Set-up $0.50 $0.05 $2.50 $0.25 $12.50 $1.25
Purchasing $0.20 $0.08 $2.00 $0.80 $6.00 $2.40
Product-Level Cost
Engineering $030  $0.05 $1.14  $0.17 $7.64 $1.15
ABC Cost $41.00 $24.18 $57.64 $29.22 $108.14 $50.80
Price $61.00 $61.00 $100.00 $100.00 $190.00 $190.00
Profit $20.00  $36.82 $42.36 $70.78 $81.86 $139.20
Expected Demand 400,000 400,000 210,000 210,000 110,000 110,000

*Direct labor hours (DLH) is a committed cost with a capacity of 168,000 hours.

ures the cost of all resources used 1o
produce an hour of machine hour
service, while the flexible cost driver
rate reflects the incremental cost of
producing an hour of machine serv-

ice in the short run. The difference
between the two rates is the commit-
ted cost driver rate for assembly. The
committed cost for the assembly ac-
tivity will be incurred in the short run,
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146 ROBERT C. KEE

whether machine hours are used in
production or not. Therefore, com-
mitted cost is not relevant for short-
run decisions. However, they are rel-
evant in the long run and are
included in the cost driver rate of the
traditional ABC model. A unit of
Product X1, X2, and X3 consumes .5,
1, and 2 machine hours, respectively,
in its production. Using the assembly
cost driver rates computed in Panel I,
the total assembly cost traced to Prod-
ucts X1, X2, and X3 in Panel IV is
$12, $24, and $48, while the short-run
flexible cost of assembly traced to
each product is $4, $8, and $16, re-
spectively.

The cost driver rates for XYZ, Inc.’s
batch-level activities are given in
Panel II. For the first batch-level ac-
tivity, set-up, the total cost driver rate
of $500 per set-up hour was com-
puted by dividing its total expected
cost of $2,150,000 by its practical ca-
pacity of 4,300 set-up hours. In the
last two columns of Panel I, the set-
up activity’s total costs are disaggre-
gated into its shortrun flexible and
committed components. The flexible
and committed costs were divided by
the set-up activity’s practical capacity
to determine a flexible and commit-
ted cost driver rate of $50 and $450
per set-up hour, respectively. The to-
tal and flexible cost driver rates were
multiplied by the set-up hours re-
quired to produce a batch of each
product and divided by the number
of units in the batch to determine
each product’s set-up cost per unit in
Panel IV. For example, Product X1
requires one hour of set-up time to
produce a batch of 1,000 units.
Therefore, Product X1’s total and
flexible setup costs are $0.50 and
$0.05 per unit, respectively (($500
per set-up hour * 1 hour) + 1,000
units) and (($50 per set-up hour * 1

hour) = 1,000 units). Total and flex-
ible cost driver rates for the purchas-
ing activity and their conversion to a
unit product cost were computed in
a similar manner.

In Panel III, cost driver rates for
XYZ, Inc.’s product-level activity, en-
gineering, are given. Engineering’s
expected total, flexible, and commit-
ted costs were divided by the activity’s
practical capacity of 1,000 drawings to
derive total, flexible, and committed
cost driver rates of $1,200, $180, and
$1,020 per drawing, respectively. The
total and flexible cost driver rates
were multiplied by the number of
drawings required to design a prod-
uct and divided by the product’s ex-
pected demand (see Panel IV). For
example, Product X1 requires 100
engineering drawings. Therefore, the
total and flexible engineering costs
used to design Product X1 are
$120,000 and $18,000, respectively.
These costs were divided by Product
X1’s expected demand of 400,000
units to derive its total and flexible
engineering costs per unitin Panel IV
of $0.30 and $0.05, respectively.

In the last panel of Table 1, Panel
IV, the unit cost, price, profit, and ex-
pected demand for each of XYZ,
Inc.’s three products are given. The
cost of direct material and labor was
traced directly to each product, while
the cost of assembly, set-up, purchas-
ing, and engineering was traced
through the cost driver rates com-
puted in Panels I, 11, and III. In Panel
IV, total and flexible costs are com-
puted for each of XYZ, Inc.’s three
products. The total cost for each
product represents its traditional ac-
tivity-based cost. For example, the to-
tal cost of Product X1, $41.00, rep-
resents the cost of the flexible and
committed resources used in its pro-
duction. Conversely, the flexible cost
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EvVALUATING THE EcoNnoMics OF PRODUCTION-RELATED DECISIONS 147

for each product in Panel IV reflects
the change in cost that will occur
from producing the product in the
short run. For example, the flexible
cost of Product X1, $24.18, measures
the incremental cost of manufactur-
ing the product in the near term. A
product’s total and flexible costs mea-
sure the two extremes in a product’s
cost with respect to time. More im-
portantly, they represent two meas-
ures of the economics of manufactur-
ing a product that must be
incorporated into production-related
decisions. Each product’s total and
flexible costs were subtracted from its
current sales price to measure its
long- and short-term profitability. If a
product’s current and long-term
prices are expected to differ, then its
long-term price should be used to
evaluate long-term, production-re-
lated decisions. In Panel IV, the profit
of Product X1, based on its long-run
and near-term cost, is $20.00 and
$36.82, respectively.

Short-Run Product Mix Decisions

Product mix decisions, in the short
run, are jointly determined by the ec-
onomics of their production and the
firm’s production capacity. In the
near term, the firm’s production ca-
pacity is fixed, and the most con-
strained activity, or bottleneck, deter-
mines what can be produced, as well
as a product’s relative profitability. To
identify the products that are the
most profitable to manufacture in the
short term, XYZ’s bottleneck activity
is identified in Panel I of Table 2.
Panel I compares each activity’s avail-
able capacity, measured in units of its
cost driver, with the demand for its
capacity over a one-year time horizon.
That is, the time horizon for evaluat-
ing short-run decisions is one year.

The demand for an activity’s capacity
was computed by multiplying a prod-
uct’s expected demand times the
quantity of its unit-, batch-, or prod-
uct-level services required to manu-
facture the product’s expected de-
mand in Table 1. The capacity
required for cach product was added
to get ““Total Demand.” The capacity
in “‘Total Demand’ was subtracted
from ‘‘Available Capacity” to get
each activity’s unused resources, or
“Excess Capacity.”” As indicated, each
activity, except assembly, has suffi-
cient capacity to produce the firm'’s
products. Therefore, the assembly ac-
tivity is the most constrained of the
firm’s activities, or its bottleneck ac-
tivity. If two or more activities, in
Panel I of Table 2, had negative ex-
cess capacity, then the firm is faced
with the potential for interactive con-
straints. That is, the selection of an
optimal product mix can be affected
by two or more constraints simulta-
neously. Under these conditions,
mathematical programming will be
required to solve for the optimal
product mix. See Kee (1995), Malik
and Sullivan (1995), and Kee (2000)
for a discussion and examples of se-
lecting an optimal product mix using
mixed integer programming.

In Panel II of Table 2, an optimal
product mix was selected for the op-
erational ABC model. To incorporate
bottleneck usage, the unit profit of
each product, based on its flexible
cost in Panel IV of Table 1, was di-
vided by the number of machine
hours used from the assembly, or bot-
tleneck, activity. As indicated, Prod-
uct X1 has the highest profit per ma-
chine hour, followed by Products X2
and X3, respectively. The optimal
product mix was determined by pro-
ducing as many units of the highest-
ranked product, then producing the
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TABLE 2
XYZ, Inc.
Bottleneck Identification an * Product Mix Selection

Panel I: Bottleneck Identification

Direct Labor ~ Assembly Set-up  Purchasing Engineering
Available Capacity 168,000 200,000 4,300 11,800 1,000
Expected (DLH) (MH) (Hours) (Orders)  (Drawings)
Resource Demand Demand
Product X1 400,000 100,000 200,000 400 800 100
Product X2 210,000 52,500 210,000 1,050 4,200 200
Product X3 110,000 13,750 220,000 2,750 6.600 700
Total Demand 166,250 630,000 4,200 11,600 1,000
Excess Capacity 1,750 -430,000 100 200 0
Bottleneck No Yes No No No
Product
X1 X2 X3
Panel II: Operational ABC Model
Profitability Per Unit $36.82 $70.78 $139.20
Assembl:' MH Per Unit 0.5 1.0 2.0
Profit Per MH $73.64 $70.78 $69.60
Profitability Ranking 1 2 3
Optimal Product Mix* 400,000 0 0
Panel III: ABC with Capacity Model
Profitability Per Unit $20.00 $42.36 $81.86
Assembly MH Per Unit 0.5 1.0 2.0
Profit Per MH $40.00 $42.36 $40.93
Profitability Ranking 3 1 2
Optimal Product Mix* 0 200,000 0
Panel IV: Traditional ABC Model
Profitability Per Unit $20.00 $42.36 $81.86
Price $61.00 $100.00 $190.00
Profit to Price Ratio 33% 42% 43%
Profitability Ranking 3 2 1
Optimal Product Mix* 0 0 100,000

*Number of units that can be produced with the capacity of the assembly activity.

second-ranked product, and so forth,
until the capacity of the bottleneck
activity was consumed. The optimal
product mix selected using these pro-
cedures consisted of producing
400,000 units of Product X1 and zero
units of Products X2 and X3. This is
the same product mix that would
have been chosen if the TOC had
been used to select an optimal prod-
uct mix.

To evaluate the relative profitabil-
ity of the product mix selected with
the operational ABC model, a prod-
uct mix was selected with two other
ABC models: an ABC model, based
on total cost and bottleneck utiliza-
tion, and a traditional ABC imodel. In
Panel II, an optimal product mix was
selected for ABC, based on total cost
and bottleneck utilization. This is the
ABC model used in the Kee (1995)
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study and will be referred to as an
ABC with capacity model. The unit
profit for each product, based on its
total cost, was divided by the number
of machine hours used from the as-
sembly activity. As indicated in Panel
III, Product X2 has the highest prof-
itability per machine hour, followed
by Products X3 and X1, respectively.
An optimal product mix was selected
for the ABC with capacity model us-
ing the procedures outlined for se-
lecting an optimal product mix in
Panel II. The optimal product mix for
the ABC model in Panel III would
consist of producing 200,000 units of
Product X2 and zero units of the
other products. Although the ex-
pected demand for Product X2 is
210,000 units, the capacity of the as-
sembly activity is sufficient to produce
only 200,000 units.

In the last panel, Panel IV, an op-
timal product mix for an ABC model,
based on total cost and no bottleneck
utilization, is given. The cost system
used in Panel IV is a traditional ABC
model. The products in Panel IV were
ranked in terms of their relative prof-
itability by dividing each product’s
profit by its price. Based on profit
margin, Product X3 would be ranked
most profitable, followed by Products
X2 and X1, respectively. While the
bottleneck activity was ignored in
ranking each product’s profitability, a
bottleneck would restrict its produc-
tion in the short run. Therefore, as
many units of Product X3 were pro-
duced as the capacity of the bottle-
neck permitted, then Product X2,
etc. The optimal product mix for the
traditional ABC model consisted of
100,000 units of Product X3 and zero
units of the other products.

Table 3 provides an annual income
statement for the product mix se-
lected with each ABC model in Table

2. The product mix selected with
each model is listed below the
model’s net income. In Table 3, rev-
enue for each ABC model was com-
puted by multiplying its product mix
by the product prices listed in Panel
IV of Table 1. Direct material, labor,
and assembly overhead costs were
computed by multiplying the quantity
of each product in the optimal prod-
uct mix by the product’s total direct
material, labor, and assembly over-
head costs per unit in Panel IV of Ta-
ble 1. Conversely, set-up and purchas-
ing costs were computed by
determining the number of batches
required to produce each model’s
product mix and multiplying by their
respective total batch-level costs. For
example, Product X1 is produced in
batches of 1,000 units due to the need
to clean and recalibrate the assembly
machines. Therefore, the set-up cost
to produce the 400,000 units of Prod-
uct X1 for the operational ABC
model was $200,000 ((400,000 units
~+ 1,000 units/batch) * $500/batch).
Engineering cost was computed by
multiplying the number of engineer-
ing drawings required to design each
product times the total cost per en-
gineering drawing. The total cost of
the resources used to produce each
model’s product mix was subtracted
from its revenue to measure income
based on the resources used in pro-
duction.

In the short run, the firm’s non-
bottleneck activities may have unused
capacity, causing the firm to incur ad-
ditional cost. The cost of unused re-
sources for each activity is its unused
capacity times its committed cost
driver rate. Flexible resources are ac-
quired as needed for production.
Therefore, the flexible cost of unused
resources can be avoided. For exam-
ple, XYZ, Inc. has direct labor capac-
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TABLE 3
XYZ, Inc.
Short-Run Production Mix Income

Operational ABC ABC with Capacity Traditional ABC
Model Model Model
Product X1 Product X2 Product X3
Revenue $24,400,000 $20,000,000 $19,000,000
Resources Used:
Direct Material $8,000,000 $4,000,000 $3,000,000
Direct Labor $3,200,000 $1,600,000 $400,000
Assembly Overhead $4,800,000 $4,800,000 $4,800,000
Set-up $200,000 $500,000 $1,250,000
Purchasing $80,000 $400,000 $600,000
Engineering $120,000 $240.000 $840,000
Total Cost $16.400,000 $11.540,000 $10.890.000
Income Based On
Resources Used $8,000,000 $8,460,000 $8,110,000
Unused Resources:
Direct Labor $2,176,000 $3,776,000 $4,976,000
Assembly Overhead $0 $0 $0
Set-up $1,755,000 $1,485,000 $810,000
Purchasing $660,000 $468,000 $348,000
Engineering $918,000 $816.000 $306.000
Total Cost $5.509.,000 $6.545.000 $6,440,000
Net Income $2.491.000 $1.915.000 $1.670.000
Product Mix
Product X1 400,000 0 0
Product X2 0 200,000 0
Product X3 0 0 100,000

ity of 168,000 hours. In Panel 1V of

Table 1, it takes one-fourth direct la-
bor to produce a unit of Product X1
and X2 and one-eighth direct labor
hour to produce a unit of Product
X3. However, only 100,000 labor
hours are needed to produce the
product mix for the operational ABC
model, leaving unused labor capacity
of 68,000 hours. Since direct labor 1s
a committed costin the short run, the
cost of unused labor capacity is
$2,176,000, or 68,000 unused hours *
$32/hour. The set-up activity has a ca-
pacity of 4,300 hours. However, only
400 set-up hours are required to pro-
duce the product mix for the opera-
tional ABC model, leaving unused ca-
pacity of 3,900 set-up hours. The cost

of unused setup capacity is
$1,755,000, or 3,900 unused set-up
hours times the committed cost
driver rate of $450 per set-up hour
(see Panel I of Table 1). The costs of
the other activities’ unused resources
and those of the other ABC models
were computed in a similar manner.
The cost of unused resources was sub-
tracted from income, based on re-
sources used in production, to deter-
mine each ABC model’s net income.

An analysis of Table 3 indicates the
product mix selected with opera-
tional ABC has a higher annual net
income than the product mixes se-
lected with each of the other ABC
models. The net income of the op-
erational ABC model relative to that
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of a traditional ABC model in Table
3 illustrates the assertion of Theeuwes
and Adriaansen’s (1994) that a tra-
ditional ABC model is unsuitable for
operational decisions. The tradi-
tional ABC model overstates the costs
that are relevant for making a prod-
uct mix decision and ignores the op-
portunity cost of using constrained
resources in making shortrun prod-
uct mix decisions. However, the as-
sertion that ABC is unsuitable for
short-run decisions is a result of how
ABC has been implemented, rather
than an inherent limitation of the
model. When ABC incorporates the
flexible costs of resources and bottle-
neck utilization, it reflects the eco-
nomic and physical attributes of
short-run, production-related deci-
sions. As illustrated in Table 3, ABC,
based on flexible cost and bottleneck
utilization, is suitable for operational
product mix decisions.

The operational ABC model is ap-
plicable to a wide range of produc-
tion-related decisions. A product’s ac-
tivity-based cost, based on its flexible
cost and bottleneck utilization, meas-
ures the incremental and opportunity
costs of producing a product needed
for short-run pricing, special order,
and outsourcing decisions. A prod-
uct’s opportunity cost is the profit
given up from using a unit of the bot-
tleneck to manufacture the product
relative to the profit that could be
earned from producing the firm’s
most profitable product. For exam-
ple, the opportunity cost of produc-
ing a unit of Product X2 is $2.86, the
$70.78 of profit earned from using an
hour of the assembly activity to pro-
duce one unit of X2 less the profit of
$73.64 that could be earned from us-
ing an hour in assembly to produce
two units of Product X1.

The operational ABC model also
provides information for making cur-
rent process improvement decisions.
In the short run, protecting the bot-
tleneck activity is crucial for realizing
the potential profit of the optimal
short-run product mix. For example,
every hour of the assembly activity lost
through downtime, inefficiency, or
other causes results in two less units
of Product X1 being produced. The
incremental cost of direct material,
assembly overhead, set-up, and pur-
chasing per unit of Product X1 is
$24.13 ($24.18 - $.05) per unit, for a
near-term contribution margin of
$36.87 per unit. Engineering cost is
incurred before the first unit of a
product is produced. Therefore, the
flexible engineering cost would be in-
cremental with respect to the deci-
sion to produce a product, but not an
incremental cost with respect to the
volume in which it is produced.
Therefore, every hour of the bottle-
neck not used productively results in
a lost contribution margin of $73.74,
the lost contribution margin from the
units of Product X1 that could be pro-
duced from an hour in the assembly
activity.

Long-Run Product Mix Decisions

The higher income of the product
mix selected with the operational
ABC modelis a result of the short-run
time horizon selected for making
production-related decisions in Table
3. However, over an extended time
period, a firm can modify its contrac-
tual obligations and management po-
lices to transform its committed re-
sources into flexible costs. This
enables the firm to adjust the re-
sources supplied to equal the de-
mand for these resources. In effect,
the firm can eliminate the cost of un-
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used resources. Under these condi-
tions, a firm’s long-term income is a
function of the cost of the resources
used in production. As indicated in
Table 3, when income is measured,
based on the resources used in pro-
duction, the ABC with capacity and
the traditional ABC models lead to a
higher income than the operational
ABC model. As noted earlier, the
TOC would have selected the same
product mix as the operational ABC
model. Therefore, the ABC with ca-
pacity and the traditional ABC mod-
els lead to a more profitable product
mix than the TOC. The operational
ABC model, like the TOC, under-
states the cost of manufacturing prod-
ucts over the longer term and may
lead to suboptimal resource alloca-
tions. Consequently, the usefulness of
the operational ABC model, like the
TOC, is restricted to shortrun, pro-
duction-related decisions.

When the capacity of one or more
of the firm’s support and production
activities is limited in the long term,
it creates a bottleneck that restricts
the production opportunities availa-
ble to the firm. Equally important, it
creates an opportunity cost that af-
fects the economics of products that
use the bottleneck activity’s services.
The traditional ABC model ignores
the implications of activities with lim-
ited capacity. Conversely, the ABC
with capacity model incorporates the
opportunity cost of a support or pro-
duction activity with limited capacity
by computing a product’s profit
based on its use of bottleneck activi-
ties’ service. As indicated in Table 3,
the ABC with capacity model leads to
the selection of a product mix with a
higher income, based on resources
used in production, than the tradi-
tional ABC model. Therefore, when
one or more of a firm’s support and

production activities has limited ca-
pacity in the long term, the ABC with
capacity model, rather than the tra-
ditional ABC model, should be used
to evaluate the economics of produc-
tion-related decisions.

The traditional ABC model is used
to evaluate the economics of prod-
ucts independent of the capacity of
the firm’s support and production ac-
tivities. Consequently, after a product
mix has been selected with the tradi-
tional ABC model, the capacity of the
firm’s support and production activi-
ties must be adjusted to that needed
to produce the product mix. This re-
quires adding resources to activities
without sufficient capacity to prevent
production bottleneck(s) that would
restrict manufacturing of the product
mix and/or change the economics of
its production. Conversely, the re-
sources of activities with excess capac-
ity must be reduced to that needed to
manufacture the product mix to pre-
vent unused capacity cost. Failure to
adjust the firm’s production structure
to that needed to manufacture the
product mix selected with a tradi-
tional ABC model may result in the
product mix being unfeasible and/or
suboptimal for the firm to produce.

To illustrate the selection of a
product mix with a traditional ABC
model, consider the data in Panel IV
in Table 2. As indicated, Product X3
is the most profitable product for the
firm to manufacture. However, as in-
dicated in Panel III of Table 2, given
the firm’s current production capac-
ity, product X2 is more profitable to
produce. Therefore, to produce the
product mix identified with the tra-
ditional ABC model, the capacity of
the firm’s support and production ac-
tivities must be adjusted to that
needed to produce Product X3. To
determine the changes in XYZ, Inc.’s
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TABLE 4
XYZ, Inc.
Long-Run Product Mix Income

Panel I: Resource Supply and Demand

Direct Labor Assembly Set-up Purchasing Engineering
Available Capacity 168,000 200,000 4,300 11,800 1,000
Expected  (DLH) (MH) (Hours) (Orders) (Drawings)

Resource Demand Demand

Product X3 110,000 13,750 220,000 2,750 6.600 700
Excess Capacity 154,250 -20,000 1,550 5,200 300
Panel II: Projected Income

Product X1 Product X2 Product X3

Revenue $24,400,000 $21,000,000 $20,900,000
Resources Used

Direct Material $8,000,000 $4,200,000 $3,300,000

Direct Labor $3,200,000 $1,680,000 $440,000

Assembly Overhead $4,800,000 $5,040,000 $5,280,000

Set-up $200,000 $525,000 $1,375,000

Purchasing $80,000 $420,000 $660,000

Engineering $120.000 $240,000 $840,000
Total Cost $16.400.000 $12,105.000 $11,895.000
Income Based On

Resources Used $8.000,000 $8.895.000 $9.005,000
Demand in Units 400.000 210,000 110,000

production structure required to
manufacture Product X3, the re-
sources currently available and the
demand for these resources are given
in Panel I of Table 4. The resources
currently available are listed in the
row labeled **Available Capacity” and
those needed to produce the ex-
pected demand for Product X3 are
listed in the row labeled ‘‘Product
X3.”” The difference between the re-
sources currently available and those
needed to produce Product X3 is
listed in the row labeled ‘“Excess Ca-
pacity.”” As indicated, all of the activ-
ities have excess capacity, except the
assembly activity. To produce the ex-
pected demand for Product X3, XYZ,
Inc.’s management must add 20,000
machine hours of capacity to the as-
sembly activity. The cost of the re-

sources added to expand the capacity
in assembly was assumed to be pro-
portional to its current activity cost
driver rate of $24 per machine hour.
Conversely, the resources of activities
with excess capacity were reduced to
the level needed to produce the ex-
pected demand for Product X3 to
prevent incurring the cost of unused
resources.

To evaluate the long-term eco-
nomic implications of manufacturing
Product X3, relative to the firm’s
other products, an annual income
statement for Products X1, X2, and
X3 is given in Panel II of Table 4. Like
Product X3, the resources of XYZ,
Inc.’s support and production activi-
ties were adjusted to that needed to
manufacture only Products X1 and
X2. This involved adding O and
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10,000 machine hours in the assem-
bly activity to produce the expected
demand for Products X1 and X2, re-
spectively. Like Product X3, the cost
of the resources added to expand the
capacity in asscmbly to produce Prod-
uct X2 was assumed to be propor-
tional to its current activity cost driver
rate of $24 per machine hour. Also,
like Product X3, resources in excess
of those needed to produce Products
X1 and X2 were removed from the
firm’s production structure to pre-
vent unused capacity cost. In in-
stances where productive resources
are acquired in large, discreet
amounts, some unused capacity may
be inevitable when adjusting the sup-
ply and demand for the firm’s re-
sources.

The revenue and cost of resources
used to manufacture each product in
Panel II of Table 4 were computed
similarly to the procedures used to
compute these items in Table 3. An
analysis of Table 4 indicates that
when the bottleneck activity is re-
moved the product mix selected with
the traditional ABC model, Product
X3, leads to a higher income than
that of the product mixes selected
with the other ABC models. In Table
4, the expected demand and revenue
for Product X1 exceeded that for
Product X2, which, in turn, exceeded
that for Product X3. Therefore, Prod-
uct X3 was at a disadvantage with re-
spect to Products X1 and X2 in terms
of expected demand and revenue. If
the demand for Products X1 and X2
was significantly greater than their
current amounts, then the product
mix with the highest income would
be a function of each product’s rela-
tive demand and profitability. While
the revenue for Products X1 and X2
is greater than that of Product X3, the
revenue of the three products is suf-

ficiently comparable so that they can
be evaluated based on measures of
their relative profitability. As indi-
cated in Panel IV of Table 1 and
Panel IV in Table 2, Product X3's
profitability per unit and as a percent
of its sales price, respectively, is
higher than that of the other prod-
ucts. Table 4 verifies that, when prod-
ucts are evaluated based on the eco-
nomics of their production and the
firm’s resources are adjusted to man-
ufacture the product mix, a tradi-
tional ABC model selects the product
mix that maximizes the firm’s in-
come.

A traditional ABC model reflects
the cost of all resources necessary to
produce a product. Consequently, a
product’s price relative to its activity-
based cost measures the value added
or value lost from its production. This
information is relevant for long-term
product mix, pricing, outsourcing,
and other production-related deci-
sions. A traditional ABC model also
provides information needed to stim-
ulate long-term process improve-
ment. This may take the form of re-
ducing the quantity of resources
needed by products that consume the
services of a bottleneck activity. This
enables the firm to eliminate a bottle-
neck through improving its effi-
ciency, rather than adding additional
resources to the activity. Process im-
provement may also be directed at re-
ducing the cost of support and pro-
duction activities and the products
they are used to manufacture. This
may be accomplished by reducing the
resources required to perform an ac-
tivity’s service and/or reducing the
services from the firm’s support and
production activities required to
manufacture a product. These efforts
can significantly impact a product’s
cost, profitability, and the capacity of
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the support and production activities
needed for its production.

Integrating Short- and Long-Run
Product Mix Decisions

To illustrate how the short- and
long-run economics of the firm’s op-
erations may be integrated, consider
the data in Table 2. As indicated in
Panels II and IV, Product X1 is the
most profitable product to produce
in the short run, but the least profit-
able to manufacture in the long term.
Conversely, Product X3 is the least
profitable to produce currently, but
the most profitable to manufacture
over the long term. The profitability
rankings in Panels Il and IV of Table
2 reflect the frequent conflict be-
tween decisions that are optimal in
the short run versus those that are op-
timal in the longer term. To integrate
short- and long-run decisions, man-
agers must understand why this con-
flict arises and the set of actions nec-
essary for its resolution. The higher
profitability of Product X1 in the
short run is a function of the firm’s
current production structure. The
limited capacity of the assembly activ-
ity creates an opportunity cost for
products that use its services. As in-
dicated in Panel II of Table 2, Prod-
uct X1 is more profitable to manufac-
ture in the short run due to its lower
usage of the bottleneck activity’s serv-
ices and lower opportunity cost rela-
tive to that of the other products.
Conversely, when products are eval-
uated independent of the limitations
of the firm’'s current production
structure, Product X3 has the highest
value added, relative to the firm’s
other products. Therefore, the con-
flict between producing Product X1
in the near term and the need to pro-
duce Product X3 in the long term is

a function of the firm’s current pro-
duction structure.

Integrating XYZ, Inc.’s short- and
long-run product mix decisions in-
volves determining the period for
producing Product X1 and the point
at which it should begin to manufac-
ture Product X3. To produce Product
X3, the firm must expand the capac-
ity of the assembly activity by 20,000
machine hours or reduce the time re-
quired in assembly to manufacture
Product X3 by an equivalent amount.
This period of time determines how
long Product X1 should be pro-
duced. During this period, the firm'’s
marketing department should de-
velop strategies to support the tran-
sition from selling Product X1 to
Product X3. This may require out-
sourcing Product X1 to maintain the
firm’s current customers, as well as
advertising and promotion cam-
paigns to attract customers to Prod-
uct X3 when its production begins.
While Product X1 is being produced,
resources in excess of those needed
to produce either Product X1 or
Product X3, whichever level of excess
capacity is the lowest, should be re-
moved from the firm’s production
structure. For example, the direct la-
bor hours required to produce Prod-
ucts X1 and X3 are 100,000 and
13,750, respectively. The firm cur-
rently has 168,000 labor hours of ca-
pacity available. The excess capacity
for manufacturing Products X1 and
X3 15 68,000 and 154,250 labor hours,
respectively. Therefore, 68,000 labor
hours should either be transferred to
other uses within the firm or elimi-
nated through not replacing workers
who leave the firm or retire. The ex-
cess resources in the firm’s other sup-
port and production activities should
be analyzed and eliminated in a sim-
ilar manner.
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When the firm has eliminated the
bottleneck in the assembly activity,
production of Product X3 can begin.
The resources that remain in excess
of those needed for Product X3 pro-
duction should then be eliminated.
For example, assume that XYZ, Inc.’s
management has reduced its labor
hours to 100,000 when Product X3
begins production. Since only 13,750
labor hours are needed to manufac-
ture Product X3, an additional 86,250
labor hours should be used elsewhere
in the firm’s operations or else elim-
inated through worker attrition. Sim-
ilarly, any excess resources remaining
in the firm’s other support and pro-
duction activities must be eliminated.
As the firm is able to adjust assembly
capacity, it can move from its optimal
short- to its optimal long-run product
mix. Equally important, as the firm is
able to adjust the capacity of its non-
bottleneck activities from that
needed to produce its optimal short-
run product mix to that needed to
manufacture its optimal long-term
product mix, the firm will be able to
move from its maximum short-run to
its maximum long-term income.

SUMMARY AND CONCLUSIONS

ABC has been criticized for its in-
ability to support short-term, produc-
tion-related decisions (Theeuwes and
Adriaansen, 1994). In this article, an
activity-based model was modified to
reflect the flexible cost of resources
and usage of a bottleneck activity’s re-
sources. This enables ABC to reflect
the incremental and opportunity
costs of producing a product in the
short run. As illustrated in the article,
the operational ABC model will iden-
tify an optimal short-run product mix
when the traditional ABC model may
not. Equally important, an opera-

tional ABC model provides informa-
tion relevant for shortrun pricing,
outsourcing, process improvement,
and other production-related deci-
sions.

The TOC has been proposed for
evaluating the economic conse-
quences of operational production-
related decisions (Bakke and Hell-
berg, 1991; MacArthur, 1993; Huang,
1999). The operational ABC model
has several advantages over the TOC.
First, the operational ABC model re-
duces to the TOC when all labor and
overhead resources are committed
costs. However, in cases where some
labor and overhead resources are a
flexible cost in the short run, the op-
erational ABC model reflects these
resources as an incremental cost,
while the TOC does not. This enables
the operational ABC model to more
accurately measure the incremental
cost of production in the short run.
Secondly, the operational ABC model
is consistent with the underlying
methodology of the traditional ABC
model. This allows the two models to
be used together to measure the
short- and long-run economics of the
firm’s products from a common
frame of reference.

The operational ABC model pro-
vides information needed for short-
run, production-related decisions,
while the traditional ABC model pro-
vides information needed for longer-
term decisions. However, optimal
short- and long-run production deci-
sions may conflict. Therefore, infor-
mation from the operational ABC
model and a traditional ABC model
may be integrated to coordinate
short- and long-term decisions. Anal-
ysis of why short- and long-term de-
cisions conflict is crucial for devel-
oping strategies that eliminate these
problems. As these strategies are im-
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plemented, it enables the firm to of its support and production activi-
move from its optimal near-term to its ties, to realize the profitability of
optimal long-term production deci- long-term, production-related deci-
sions. Equally important, it enables sions revealed with a traditional ABC
the firm to restructure the resources system.
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