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ABC Puts

Accountants on
Design Team at H

“Bottom-up” involvement by engineers and production makes

cost system effective.

BY C. MIKE MERZ, CMA, AND
ARLENE HARDY

Lybrand Gold Medal Winner, 1992-93.

ngineers in a major circuit

board assembly department

of Hewlett-Packard (HP) have

something to tinker with be-
sides machinery. They can tinker with
their “own” activity-based costing
(ABC) system, continually thinking of
ways to improve it.

In 1989 HP implemented an ABC
system at the Boise Surface Mount
Center (BSMC) in Idaho. The ABC
system was integrated fully into the
company’s formal accounting system
so that cost information in all internal
and external reports now contains
costs using ABC. Design engineers,
customer service engineers, the pro-
duction team, and the accounting staff
routinely use ABC to measure histori-
cal costs, value inventory, assess finan-
cial results, and forecast future perfor-

! mance.
| The ABC system has evolved over
{ the four years since it was implement-
i ed—thanks in part to the engineers’
\ tinkering. In addition to the obvious
technical changes that ABC brought to
| the cost accounting system, it also
changed the role of the department’s
accountants dramatically, essentially
making them a part of the product de-
sign team.!

The technical aspects of ABC have
been discussed much in the last few
years, but actual experience using
ABC over an extended period of time
seldom has been reported. The unique

J

Authors Mike Merz and Arlene Hardy (l.) discuss a circuit board with Ken Schrader,
service manager, and Ron Ray, production section manager.

aspects of how HP has been using ABC
are well worth describing.

CURRENT STATUS
Since January 1993 the ABC sys-

tem has been fully operational

within the BSMC. All cost data
pertaining to circuit boards that have
been produced, that are being de-
signed for production, or that are being
bid on in the process of getting new
business come from the ABC cost sys-
tem. All data are entered into the com-
pany’s general ledger system so that
the ABC system is completely on-line.

Itis significant that the ABC system

has been completely operational and
on-line for four years because some re-
cent articles imply that ABC analysis
should be done “off-line” while the tra-
ditional cost system continues to re-
port cost data. The fact that operational
people within the department routinely
gather and analyze activity data differs
markedly from H. Thomas Johnson’s
recent observation that “activity infor-
mation is usually compiled and moni-
tored by central staff personnel or out-
side consultants.” The BSMC'’s use of
ABC as a completely operational ac-
counting system to provide all data for
cost analysis and reporting represents
an advanced application of ABC.
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MANUFACTURING
ENVIRONMENT

he Boise Surface Mount Center

manufactures about 50 different

electronic circuit boards for in-
ternal customers within HP. With sur-
face mount technology, patches of a
semiliquid solder are placed on the
surface of a circuit board, and electron-
ic components are placed on the solder
patches. Then the board goes through
an oven to melt the solder to form a
strong mechanical bond and a reliable
electronic circuit. The process is high-
ly automated, with computer-con-
trolled “pick-and-place” machines that
can select more than 100 different com-
ponents each minute from the correct
reel and place each one on the surface
of the board within a tolerance of four-
thousandths of an inch. Production vol-
umes for each board vary from a few
hundred per month to several thou-
sand. Annual production costs exceed
$100 million.

The BSMC operates as a form of
cost center that charges out its manu-
facturing costs to its internal custom-
ers, each of which is independent of
the BSMC in the organization struc-
ture. The BSMC has no “captive” cus-
tomers! About 700 employees work di-
rectly in the BSMC, including
production workers and their supervi-
sors, engineers, and material procure-
ment personnel. In the circuit board in-
dustry, total volume sometimes is cited
as the total number of place-
ments—the number of individual elec-
tronic components attached to all

boards manufactured. The BSMC
makes hundreds of millions of place-
ments annually, so it is a relatively
large producer although notaslarge as
several of the industry giants.

Because circuit boards have be-
come a commodity product and be-
cause the life cycles of both the prod-
uct and manufacturing technology are
short, the BSMC has to compete in a
very dynamic business environment.
To get and keep business, the BSMC
must compete for orders with other cir-
cuit board manufacturers within HP
and with outside vendors, based on
schedule, quality, and cost. Efforts to
get new business require continual in-
teraction with customers to help them
design new boards that can be pro-
duced efficiently, to prepare cost bids,
and to start up production of new
boards. Production volumes fluctuate
as older boards phase out of produc-
tion and new boards are introduced. As
technology continues to evolve, new
equipment is inserted into the produc-
tion line. The manufacturing environ-
ment changes so rapidly that if a few
weeks elapse between your visits to
the factory, the production line may
look completely different next time.

This environment conforms closely
to the conditions for which ABC is rec-
ommended:

B Products are very diverse,

B Overhead costs are relatively high
and for some products are higher
than the direct costs,

B Production volumes vary signifi-
cantly among products, and

B Operating managers believe that
the old system that applied all over-
head as a percent of direct material
costs did not give meaningful prod-
uct costs.

EVOLUTION OF ABC SYSTEM

o date, the cost pool and driver

system has evolved so ituses 10

different cost pools and drivers,
as shown in Table 1. The composition
of the cost pools and selection of the
most appropriate drivers resulted from
an intense analysis of the production
process and cost behavior patterns by
the accounting, production, and engi-
neering staffs, similar to the process
followed by other companies.®

Costs are assigned to products in

two stages almost exactly as recom-
mended in the ABC literature. First, all
of the direct and indirect costs associ-
ated with an activity, such as material
procurement and handling, are collect-
ed into a separate cost pool. Then the
volume of activities selected as the
driver are accumulated, in this case the
total number of unique parts on each
board. Dividing the cost pool dollars by
the total number of unique parts yields
the overhead application rate, say
87.50 per unique part. If a board had
500 total parts but only 100 unique
parts, it would be charged $750 for ma-
terial procurement overhead during
the six-month budget cycle. This
amount is the total amount charged—if
the customer ordered 2,000 of that par-
ticular board during the six months,
the effective unit cost would be $.375

DRIVERS

1. Panel operations
. Small component placement

. Medium component placement

. Large component placement

o o A W N

. Hand load component placement

~

. Material procurement & handling
8. Scheduling
9. Assembly setup

10. Test & rework

. “Through-hoie component insertion”

Percent of a whole panel; if one panel contains four individual boards, then
each board is charged 25% of the panel rate.

Number of “small” components placed on the board's surface.

Number of “medium” size components placed on the board's surface.

Number of “large” components placed on the board’s surface.

Number of components with wires that are inserted through holes on the board.

Minutes required to place all components that must be hand loaded rather
than automatically placed on the board.

Number of unique parts in the board.

Number of scheduling hours during a six-month period.
Number of minutes of setup time during a six-month period.

Number of “yielded” minutes of test and rework time for each board.
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of material procurement and handling.
As with most cost systems, each cost
driver application rate is predetermin-
ed during the budget cycle, and an ad-
justment for any over- or under-applied
overhead in each cost pool is made at
the end of the accounting period.

The ABC system is in a state of con-
tinuous evolution. As engineers and
production people gain experience
about how a certain cost driver works
or whether overhead costs have been
distributed to the appropriate cost
pool, they keep coming back to ac-
counting to request changes in the cost
system to make it reflect perceived
cost behavior patterns. Of the 10 cost
drivers currently being used, only
three have not been changed in some
way during the four years that ABC has
been in place. A major benefit of imple-
menting ABC was that engineering
and production now feel a sense of
ownership over the cost system as a re-
sult of the ongoing effort of working to-
gether with accounting to identify the
appropriate cost pools and their driv-
ers. Another benefit is that the ac-
counting staff must work closely with
production and engineering to make
sure that costs are assigned to the cor-
rect pool and to maintain accurate
counts of driver activities.

The BSMC operates as a form of
cost center that bills its customers for
the standard cost to manufacture their
product. Customers receive detailed
bills that show how the manufacturing
overhead component of their board
has been computed using the cost driv-
er system. The manufacturing cost of
a board includes only two compo-
nents—direct material and manufac-
turing overhead. Because direct labor
is such a small percent of total cost, it
is included in manufacturing over-
head.* As mentioned earlier, all manu-
facturing costs and activity data are col-
lected and recorded using the ABC
system. All formal and informal re-
ports, analyses, and forecasts use ABC
information.

ACCOUNTANTS INVOLVED IN
DECISION PROCESS

mplementing an ABC system dra-

matically changed the role of the

accounting staff in product deci-
sions. Accountants now provide impor-
tant inputs into product design and de-
velopment decisions. Under the prior
cost system, all overhead was applied
as a percent of direct material cost, and
it was difficult to understand how
changing a board’s design would

The circuit board produced by BSMC for
HP’s Coyote Disc Drive resting upon a
completed disc drive.

change manufacturing costs. Also, de-
signers had little motivation to opti-
mize the board for efficient production.
With ABC, however, the cost system
attempts to mirror the manufacturing
process, so that engineers and produc-
tion managers easily can see how de-
sign changes will affect costs.

Two cases in which the accounting
staff influenced product design illus-
trate the important role played by the
accountants. In the rush to introduce
new products to the market, the circuit
boards in the new product sometimes
are released for production before the
engineers have time to optimize the de-
sign for production. If the product is
successful, the board design is modi-
fied—"“rolled over”—later to simplify
manufacturing.

During 1991, one particular board
produced in high volumes was expen-
sive to manufacture because several
components had to be hand loaded
rather than placed on the board auto-
matically by a machine. Although the
board was scheduled to be rolled over
in six months to a design that was eas-
ier to produce, the accounting staff
worked with engineering and produc-
tion to prepare an analysis showing the
customer how much costs could be re-
duced by rolling over the board’s de-
sign sooner. Recognizing that they
could save millions of dollars by acting
sooner, the customer rapidly changed
the board’s design.

During the design phase of another
new product, the design engineers re-
alized that the cost to manufacture one
of the circuit boards in that product
was going to be so high that it would
preclude introducing the product at

the target price. The BSMC account-
ing staff was asked for help. Armed
with their ABC system loaded into a
personal computer, the accountants
helped the engineers perform a “what-
if” analysis. If four small components
were substituted for the one large com-
ponent, how would cost be affected? If
the two components that would have to
be hand loaded could be replaced with
components that could be placed on
the board automatically, how would
cost be affected? By trying lots of com-
binations of different designs, the en-
gineers and accountants were able to
lower the board’s cost to an acceptable
level.

The BSMC’s customers seem to
like the transparent cost reports from
BSMC that show clearly how costs are
computed. The general perception in
the BSMC is that the ABC system has
helped significantly in getting new
business.

EFFECT ON PRODUCT COSTS

rior to adopting ABC, the BSMC
applied all overhead as a percent

of direct material cost. To mea-
sure the effect that ABC had on prod-
uct costs, and the resulting amounts
that customers were billed, the boards
that BSMC was producing during late
1991 were “costed” both ways: (1) all
overhead applied as a percent of direct
material costs, using an ad hoc analy-
sis, and (2) with the ABC system cur-
rently used by the BSMC. Such com-
parisons are not made routinely—ABC
has become a way of life within the
BSMC.

Table 2 and the bar chart in Figure
1 show the distribution of percentage
changes in product costs for all boards
that were being manufactured. They
also show that the use of ABC in-
creased the total cost of a lot more
products than it decreased. The old
method for applying overhead was as
a percent of material costs. Products
with low material costs had low
amounts of applied overhead. ABC
caused dramatic increases for some of
these products.

One board that would have cost
about $5 if overhead were applied as a
percent of material had a reported total
cost of about $25 with ABC—an in-
crease of 400%. Some boards with high
material costs received much less ap-
plied overhead with ABC even though
the percentage change did not appear
as dramatic. For example, one board
with high material costs would have
had $123 of overhead applied as a per-
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of

Products
> + 100% 1
+ 50% to + 100% 5
+ 20% to + 50% 6
+ 5% to + 20% 23
- 5% to + 5% 13
- 20% to - 9

cent of material cost but only $45 with
ABC. The percent change in total prod-
uct costs for that board, however, was
only about minus 12%. Either cost sys-
tem would apply, of course, the same
amount of total overhead to all the
products manufactured.

During a recent six-month forecast
and budget cycle, the ABC system re-
sulted in shifting millions of dollars of
costs between customers and products
and thus had a dramatic impact on pric-
ing and product design decisions.

ABC COSTS NOT ‘RELEVANT’

s customers learned to use

costs reported by the ABC sys-

tem to make product design de-
cisions, an unanticipated side effect of
the new cost system became apparent.
For making decisions, the ABC costs
were relevant to the customer but not
relevant to the BSMC as the manufac-
turer. For example, one customer fig-
ured out a way to reduce her board’s
cost by placing two boards on each pre-
printed panel that goes through the as-
sembly line rather than just one. The
effect was that instead of one whole
panel operations charge of about $18
for each board, the same charge now
was spread over two boards, so the to-
tal board cost to the customer was re-
duced by $9.

From the BSMC’s standpoint, how-
ever, the actual manufacturing costs
did not decline nearly that much be-
cause excess capacity existed in panel
operations, and no specific cost reduc-
tion in labor or other overhead result-
ed from the design change to that one

board. So even though customers can
treat costs determined from the ABC
system as relevant to their decisions,
the same cost is not necessarily rele-
vant to decisions by the manufacturer,
BSMC.

ENGINEERS TINKER WITH
COST SYSTEM

oth the production engineering
B and the production staff partici-

pated in defining each cost pool
and its appropriate driver for the ABC
system. Although the accountants
gather data and administer the cost
system, the production and engineer-
ing people now feel that they own the
system. The well-known propensity of
engineers to tinker mentioned earlier
has had an unanticipated side effect.
An almost daily dialogue goes on
among production, engineering, and
the accountants about how the ABC
cost system could be improved to re-
flect product costs more accurately.

The engineers have instigated a ma-

jor revision to the cost system that will
be implemented this year. After a lot of
analysis, discussion, and physical ob-
servation of both the production line
and cost behavior, management con-
cluded that cycle time is the most ap-
propriate cost driver for most of the
production line operations. The first
five cost pools shown in Table 1 that
now are allocated with a cost driver
measured in physical volumes of com-
ponents placed on a board will be allo-
cated instead with a cost driver mea-
sured in minutes or seconds of cycle
time required to complete the place-
ments. One of the anticipated benefits
of using cycle time as a cost driver is

that the total standard cycle time for all
boards that go through a certain oper-
ation can be compared with the total
actual cycle time to complete that op-
eration during a given time period.
This comparison will provide an inde-
pendent check on the accuracy of the
standard cycle times for each opera-
tion for each board.

Using cycle time as a driver will re-
quire a new set of decision rules. With
the current drivers, designers know it
costs about $.02 to place a small com-
ponent on a board or $.15 to place a
large component. To help designers
make trade-off decisions, new decision
rules in terms of dollars of cycle time
per placement must be developed.

The HP experience with ABC indi-
cates that a cost system should be in a
continual state of involvement for three
reasons: (1) As actual experience is
gained with the initial ABC model, de-
sirable changes in the way cost pools
and cost drivers have been defined be-
come apparent, (2) the cost system
must accommodate changes in manu-
facturing technology, and (3) the cost
system must accommodate new prod-
ucts that frequently force changes in
the way the production line operates.
Thus, having a consultant perform a
one-time study and then install an ABC
system to be operated by a company’s
accountants does not seem appropri-
ate in a dynamic environment. Qur ex-
perience indicates that an effective
ABC system must have continual, “bot-
tom-up” involvement by accountants,
engineers, and production people.
That an ABC system must evolve con-
tinually and not be considered static
has not been discussed much in previ-
ous writing about ABC.

- # OF PRODUCTS
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STABILITY OF COST POOLS

o test the statistical validity of

the cost drivers, we ran a series

of simple, linear regressions be-
tween the overhead dollars in the cost
pools and the cost driver volumes. The
linear regression model looks for a
fixed cost component (the “Y inter-
cept”) and a variable cost component
(the “X coefficient”). Applying over-
head with a cost driver makes the im-
plicit assumption that the volume of a
cost driver is the independent variable
X and the overhead dollars in the cost
pool are the dependent variable Y. If
this assumption is valid, then a good
statistical relationship should exist be-
tween volume and overhead cost. Five
regressions were performed:

1. Material procurement and handling
overhead vs. the number of distinct
parts purchased, the cost driver.

2. All overhead related to automatic
component placement vs. the num-
ber of components placed with the
automatic machines. Because the
definition of automatic placement
cost pools had changed several
times, several cost pools and drivers
had to be combined to have suffi-
cient data points for a regression.

3. Test and rework overhead vs. the
number of minutes yielded test
time, the cost driver.

4. Through-hole insertion overhead
vs. the number of through-hole
placements, the cost driver.
Through-hole insertion is the older
technology in which components
have individual wires that are insert-
ed automatically through holes in
the circuit board. This technology is
being phased out rapidly, and the
volume of through-hole insertions
during the last budget cycle had de-
clined to almost zero.

5. Total department overhead vs. total
component placements. This re-
gression tested the relation be-
tween the combined overhead of all
10 cost pools and total component
placements.

Actual data were available for fiscal
years 1990, 1991, and 1992. Because
overhead rates are set for each six-
month budget cycle, six data points
were available for the regres-
sions—three years with two budget cy-
cles per year. As mentioned previous-
ly, many changes in cost pool and
driver definitions had occurred during
the four-year period since ABC had
been implemented, so we did not have

1. Material procurement overhead vs.
number of distinct parts.

number of automatic placements.

3. Test overhead vs. yield test time in
minutes.

4. Through-hole overhead vs. number
of through-hole placements.

5. Total department overhead vs. total
number of components placed.

2. All automatic placement overhead vs.

VOLUME RANGE*

(+or-)
914 51.2%
.923 84.5%
.098 19.3%
631 96.7%
.946 40.4%

sufficient data to run regressions on all
the cost pools.

Regression results are shown in Ta-
ble 3, “R squares,” the squared corre-
lation coefficients for each regression.
The R squared measures the propor-
tion of change in the dependent vari-
able explained by changes in the inde-
pendent variable. Thus, the R squared
of .914 for the regression of material
handling overhead vs. the number of
distinct parts indicates that 91.3% of the
change in overhead can be explained
by changes in the number of distinct
parts. The table also lists the range in
cost driver volumes that occurred over
the three-year period to give a feeling
for whether volumes remained in a rel-
evant range. While no firm definition of
the relevant range seems to exist, a
rule of thumb is that fixed and variable
cost relations remain stable only within
a volume range of plus or minus about
20%.

We are reasonably pleased that the
regression analyses tended to confirm
that the cost drivers selected indeed
are correlated with overhead costs in
their cost pool. Our experience,
though, suggests that such regres-
sions have very limited usefulness in
selecting cost drivers for an ABC cost
system, for several reasons. After four
years of working with ABC, we had
barely enough data points to run mean-
ingful regressions.

The main criticism of older cost sys-
tems is that they failed to keep up with
changing manufacturing technology.
An effective ABC system also must
change over time, and rarely will a sta-
ble time period of historical data occur
to permit meaningful regression anal-
yses. While academicians recently
have advocated using regression anal-

ysis to help select cost drivers,” we be-
lieve that relying on the judgment of
engineers and production people famil-
jar with technical processes is the only
practical way to define cost pools and
select drivers.

PRICING TO CHARGE FOR
VOLUME VARIANCES

I 4 I \ he BSMC recently developed a
unique method for charging
production volume variances to

its customers. To avoid having to pass

variances along to customers, the

BSMC has been defined as a form of

cost center called a “performance cen-

ter,” which will charge customers only
for standard manufacturing costs. Any
variances from standard will be ab-

sorbed by the department. The operat-
ing goal is to just break even, meaning
that the net variance for a budget peri-
od will be zero. This system eliminates
the argument that when it operated as

a pure cost center, the BSMC had no

motivation to control costs.

Manufacturing overhead rates are
very sensitive to changes in production
volume, however, and manufacturing
overhead constitutes a very high per-
cent of total product cost. Significant
volume variances can occur if actual
volumes differ from the planned vol-
umes used to set overhead rates. To
charge customers for any volume vari-
ance they cause, the BSMC has adopt-
ed a volume discount or premium sys-
tem. Overhead rates are set for each
six-month budget cycle based on the
volume forecasts for each customer. If

a customer’s orders exceed the fore-

cast by a certain percent, that custom-

er receives a volume discount approx-
imately equal to the favorable volume
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variance resulting from spreading the
total overhead over a larger volume
base. Conversely, if a customer’s actu-
al orders fall below the forecast, they
are charged a higher amount. Two vol-
ume ranges for price discounts and
premiums were established as shown
in Figure 2.

Because the price premium for be-
ing under forecast is higher than the
price discount for being over forecast,
customers are motivated to avoid over-
ly optimistic forecasts. Customers
have responded favorably to this new
system because it permits them to pre-
dict exactly what their costs will be.
The BSMC has not had enough expe-
rience yet to tell how the volume dis-
count or premium system will work in
the long run.

NO AUDIT PROBLEMS

he ABC system has been audit-
ed four times since it was imple-

mented in 1989—twice by HP’s
internal auditors and twice by its exter-
nal auditors. Both auditing groups
were familiar with ABC and were able
to understand quickly the BSMC’s sys-
tem, which uses ABC costs to value in-
ventory and cost of goods sold. In ad-
dition to their usual tests of the ac-
counting records, the auditors verified
unique aspects of the cost system.
They verified that cost drivers could be
measured accurately because accoun-
tants typically do not record physical
measures such as the number of elec-
tronic components placed on circuit
boards or the number of setup min-
utes. The auditors also verified that
cost drivers were reevaluated ade-
quately every six months during the
budget cycle.

All the audits went smoothly. The
ABC system is well documented, and
a good audit trail is maintained, so the
auditors got satisfactory answers to all
their questions. The ABC system
passed both internal and external au-
dits with no problems.

HOW MUCH DOES ABC COST?

anagers usually assume that

an ABC system with multiple

cost drivers will cost more to
administer and maintain than a tradi-
tional cost system with only one or two
cost drivers. We tried to identify the ad-
ditional accounting costs, if any, re-
quired to implement and maintain the
BSMC’s ABC system. During the
study and implementation phase, a
cost manager and financial analyst

worked with production, engineering,
and materials procurement personnel.
After implementation, the BSMC rap-
idly doubled in capacity as production
volumes grew. Even though more ac-
counting support was required, there
was no apparent way to determine the
specific impact that ABC may have
had. Because it has to justify all its
costs to customers, the BSMC’s cost
system must be more complex than if
all costs were passed on to a single de-
partment or product line, but it is not
certain what additional costs, if any,
are attributable to ABC. A casual com-
parison showed that the size of the ac-
counting staff that supports the BSMC
was about the same as the size of the
accounting staff that supports a similar
manufacturing department still using a
traditional cost system.

What did become apparent, though,
was how ABC changed what the ac-
countants did. Accountants in depart-
ments with traditional cost systems
seem to spend more time trying to un-
derstand why production costs do not
make sense and dealing with frustrat-
ed production managers who do not
believe production cost reports. The
accountants who support the depart-
ments using ABC spend much more
time helping production to manage
costs. Another division of HP that uses
ABC experienced similar results.®

THE OVERALL RESULTS

he Boise Surface Mount Center

at Hewlett-Packard’s Boise site

by now has had more than four
years of operating experience with its
ABC system. The BSMC took the rath-
er bold step of integrating ABC fully in-
to its computerized financial and cost
reporting systems, unlike many com-
panies that do ABC analyses “off-line”
while maintaining a traditional cost
system for financial reporting.

One aspect of using ABC that has
not been described in previous articles
is that the system must evolve contin-
ually. As the BSMC gained experience
with the original model and as manu-
facturing technology changed, desir-
able changes in definitions of cost
pools and cost drivers became appar-
ent. Most of the cost pools and cost
drivers have been modified in some
way since 1989 when the ABC system
was implemented.

Because the ABC system now mir-
rors the manufacturing process, the
engineers and production staff believe
the cost data produced by the account-
ing system. Engineering and produc-

FIGURE 2 / VOLUME
DISCOUNTS & PREMIUMS
Price Premium
30 = :
+Price charged
! to customers
20+ ‘ based on
! volume of
10+ : products
' ordered.
Standard| ___________ [
Mig Cost :
-10}
-20+ 5
-30 1 1 : 1
Price 50 25 0 25 50
Discount ~ Volume Deviation from Forecast

tion regularly ask accounting to help
find the product design combination
that will optimize costs.

The accountants now participate in
product design decisions. They help
engineering and production under-
stand how manufacturing costs be-
have. They produce cost bids custom-
ers understand and that help the de-
partment get new business. In addition
to producing good cost information,
the ABC system makes the profession-
al lives of the accountants more
rewarding. ]
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