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Comment
A recen t decision of the U. S. Cour t of Cl aims in McNeil Machine & Engineering Company vs. The United States promises to
become a landmark because the court her e foun d direct cost ing to
be an acceptable method for costing inventory.
While opinion to the effect that direct costing iF not acceptable
for tax purposes is rather widespread, there had been no authoritative determination of the question by statute or judicial opinion.
Hen ce, a brief review of th e case m ay be of int er est t o r ea der s of
MANAGEMENTACCOUNTING.
The Lincoln Engineering Company adopted direct costing in
1937 an d, unti l it was merged with the McNeil Company in 1956,
it computed the cost of its inventory for all purposes at direct material and labor plus variable overhead. Factory overhead was applied
to production using a rate of 40- percent of direct labor. While this
rate was used without change, it was checked each year by the company's auditors and found to be a reasonable approximation to
actual variable factory overhead. The company received an unqualified opinion each year from a large national CPA firm, and the
Internal Revenue Service raised no questions.
In 1956, Lincoln changed to standard absorption costing for
financial reporting purposes since that method was used by the parent company. However, for tax purposes, The Lincoln Division continues to determine inventory by direct costing.
The IRS subsequently adjusted Lincoln's inventories for 1956
through 1959 to an absorption basis and assessed deficiencies for
three of these years. After paying the additional taxes, the company
sued for a refund.
The court stated the questions raised by t h e case to be: (1)
whether the Lincoln method satisfied the requirements of Sections
446 and 471 of the 1954 Code as a method whi ch clearly reflected
income and (2) whether the plaintiff was entitled to continue this
method. An affirmative answer was given to both questions.
Of particular interest are the court's findings that Lincoln's
valuation of inventories at direct cost clearly reflected income because: (1) it h ad been consistentl y a ppl ied over a lengt hy per iod
of time, (2) it reflected an inventory valuation method supported by
a substantial body of accounting authority and practice, and (3)
it was in conformity with the income tax regulations. An important
point to note —and one article distinguishes this case from some of
the earl ier ones is that the company successfully established the
fact that its variable overhead rate closely approximated actual experience. Thus the inventory was stated at full variable cost and not
at prime cost or at some arbitrary figure.
If precedent established in this case is acquiesced by t h e IRS
or upheld on appeal, direct costing may well have gained acceptability for tax purposes.
WALTER B. MCFARLAND
Research Director, NAA
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Determination of the short -run average
total cost curve for a plant, presented
in the article, exemplifies the application
of the cost curve analysis technique.

The proper organization and management of system documentation procedures can substantially increase a
computer department's ability to provide satisfactory service. The documentation methods presented here may not
be optimal for all situations —they are
the result of a compromise between
costs and benefits made by a particular
company.

Development of a standards manual
and utilization of method standards enables a company to get the most mileage
out of its data processing system. The
main elements of such an approach are
described here.

Instead of a complete systems study,
this company resolved the immediate
problems first —with an eye on the
promptly accruing benefits. An extra
payback was the capability, acquired in
the process, to tackle the overall task
in the second round.

Participation of the management accountant in the solution of the problems
related to pricing is becoming more
frequent, primarily because industry is
more complicated than before. The
interaction of various concepts and
methods used in competent price setting is discussed here and exemplified
by a hypothetical case.

Selling the Accounting Services
By W ILLI A M A. MOLES

greatest challenges to
accountants today is that of salesmanship. We accountants have a good
service product, but we have not yet
fully succeeded in marketing this product.
The full scope of the communications
problem is not completely understood
by all and not at all understood by
many. A review of contemporary accounting publications, for example, reveals that the impact of automation is
considered the major challenge to the
accountant. On the other hand, very
little is said or done about the human
relations problem inherent in every
profession. This despite the fact that the
challenge of computer technology is being adequately met.
The emphasis on automation, although necessary and timely, has, however, tended to obscure the equally
great problem of salesmanship. We have
not sold ourselves and perhaps, of more
importance, have not fully exploited the
mechanism through which we can attain the degree of recognition to which
we are entitled. Simply put, this mechanism consists of service; service to our
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employers, our clients and, as a corollary, to ourselves. We have not rendered
the degree of service of which we are
capable. Once we recognize our neglect
in the service area, and take steps to
overcome our shortcomings, we will
have prevailed.
But —it might be protested—accounting is in itself a service function and
may thus be said to be one hundred
percent service oriented. This is true,
of course, but the act of performing a
technically proficient job does not in
itself satisfy the service function of the
accountant. To be effective, accounting
results must be communicated, even
sold to management. If the accountant
cannot accomplish these ends, he has
not really done his job.
Further, an accountant is in a unique
position to observe and recommend
savings in efficiencies or costs in areas
related to, but not considered a part of,
the accounting function. Calling on his
professional capabilities, his familiarity
with management systems and his
knowledge of his employer's business
condition, the accountant should be
able to advise his employer on a wide
spectrum of activities. Call this system
analysis if you will. It may be said that
system analysis is not properly a function of the accountant. The answer to
this is that accounting is not properly a

WILLIAM A. MOLES, Knoxville Chapter 19 65, is Acc ountin g Ana ly st of the Accounting and Budget Division, Oak
Ridge Y -12 Plant, operated by the Un io n Carbide Corp.,
Nu c le a r Divisio n fo r th e U.S . Ato m ic En e rg y Co mmission ,
Oa k Rid g e , Te n n . During th e p a st 4 y e a rs, Mr. Mo les ha s
be e n in vo lve d with the ad ministration and ope ration o f a ll
pha ses o f the Y -12 Plan t's Capita l Acco un tin g. He ha s also
wo rke d with th e p lan t's p ay ro ll sy stem. Mr. Mo les atte nd e d
the University of Te nn essee .
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function of the nonaccountant, and
since the complexities of the modern
business world demand action on an
integrated business level, the accountant
is better qualified to lead into corollary
fields than is the non - accountant.
In this respect it is refreshing to note
that not all segments of the accounting
profession are unaware of the possibilities inherent in expanding service. Accountants servicing the public sectors
are increasingly alert to the rewards to
be gained through expanding services to
a clientele more and more bewildered by
the burgeoning business problems generated by big government, big business
and accelerating technology.
The accountant who works for a
salary may not be so cognizant of the
service potential he commands. Such an
accountant all too often feels that his
ultimate aim is that of technical proficiency.
total

By service we mean
service, not
just technical service. Lost amid our
debits and credits, computer banks and
financial statements, we all tend to
localize our interests to the extent that
our contribution to the total well -being
of our company is restricted to a highly
specialized and narrow effort. Surely we
owe it to ourselves and our company to
give our best. The best consists of more
than just our specialized technical contributions.
Some may object to this view, since
specialization is becoming more and
more important, Industry is becoming
more complex. We must specialize.
These are moot points. Many industrial
managers feel that we have drifted too
fa r on the road to specialization with
the result of depersonalization of job
interest. However, this is properly a
subject for the industrial psychologist.
We shall not criticize specialization per
se. Rather, we will examine the ways
and means by which accountants should
interact and communicate with other
company departments in order to better
contribute to the whole. A few guide-

lines for the corporation accountant
follow.
Advertise Your Service
The first general objective is that of
letting people know your aim is to give
total service. Tell about your methodology; show how accounting data can
facilitate day - today operations. Demonstrate the effectiveness of cost accounting in pinpointing financial problem
areas or in giving credit to the cost minded superintendent who has achieved
real economics. Be on t he l ook out for
ways and means of letting others know
that your accounting data can be effective problem - solving tools.
Let the word get around about your
operation. When management finds that
you do have something to offer in addition to a balance sheet and a box of
computer printouts, be prepared for increased service demands stemming from
an increased awareness and appreciation
of your usefulness.
Spell Out Your Service Potential
In letting others in on your service
potential, put yourself in the other fellow's place and talk plain English. He
is not an accountant, and even such
elementary terms as "debit," "job
order," etc., may throw him. Talk his
language. When accounting terms are
necessary, define such terms. Remember, you have not communicated unless
you have adequately and accurately
conveyed your message.
A word of caution is in order too: do
not over - communicate. Do not expose
your audience to an overdose of accounting data. Gear your information
to that which is reasonably useful and
necessary in the performance of normal
job duties. Your job is not to teach
engineers to be accountants. Your job
is to see to it that engineers know what
you are talking about.
Educate
Once you have established a communications bridge, you are in a position
to do a bit of educating. This should be
MANAGEMENTACCOUNTING

accomplished both on the verbal and
written levels. The face -to -face method
is the more vital of the two in achieving
rapport, but the written word is more
enduring. Graphic aids are of particular
importance in demonstrating interrelationships between your job and those of
others.
At the heart of your educational effort will be an appeal to self- interest.
Everybody has problems. Show others
how you can help and you will have
gained an audience and an advocate.
Start by selecting the function(s)
that will be of the most benefit to a
person, department, function, etc., within the organization. Point out the advantages to the party or parties concerned of being more familiar with this
function. By helping him to do his job
better you will also be helping yourself;
paper work will flow more smoothly
and you will have changed a possible
critic to a supporter.
The degree of effort to be expended
in education will vary in proportion to
the complexity of the function and the
importance of the function in relation
to the job duties of the party concerned.
Management personnel in a position
to make decisions should be well acquainted with accounting criteria. For
example, the funding of a job is, in
some cases, as important as the job
itself. It is quite wasteful to expend
funds for preliminary surveys, advanced
engineering, etc., only to find that a
job cannot get off the ground because
the consequent classification of the job
as capital or expense by the accounting
department is not in accordance with
engineering expectations.
Accounting criteria should be freely
disseminated to interested management
personnel. To do otherwise will tend to
produce inconsistencies and to breed
suspicion that the "ground rules" employed by accountants are changed with
the occasion. All this can be avoided by
well - defined criteria, reduced to writing
and distributed to those who initiate or
approve management decisions.
SEPTEMBER 1967

Modernize
Evaluate your own department and
plan for change. Do you really participate in management team efforts?
Accountants in many firms are sharing the conference table with other
members of the operations research
team. Does your firm stress operations
research? Are you a member? If the
answer is no to either question then
perhaps you should take some initiative
in this area and convince management
of the advantages of a "balanced team"
approach to problems that can best be
handled through the applications of
more th an one discipline.
Another fertile area for accountants
is that of value analysis. The accountant
with his logical, systematic methods is
a "natural' for the value analysis team.
The orderly examination of cost and
quality alternatives has proven a great
success in those companies that have
undertaken such programs.
If your firm has not stressed value
analysis, perhaps you should develop a
program on your own. Should your firm
have already recognized the merits of
value analysis, you should of course
already be participating.
All of this implies that you have a
receptive mind, that you are ready to
accept new concepts and take advantage
of new advents of technology and disciplines. Any system more than two or
three years old is apt to be in need of
overhaul. It is not enough to know that
you have an efficient system; the aim is
to have the most efficient system commensurate with cost.
It goes without saying that all of this
cannot be accomplished overnight. You
are attempting to change your departmental image from that of a specialized
accounting function to that of a service
department. Psychologists tell us that it
is much harder to change an image or
preconception than it is to create the
original impression.
You may be su re that key management personnel have rather fixed ideas

is

about the role of the accountant, and
an abrupt change in attitudes is not to
be expected. However, helping one do
his job better is a surefire way of gaining appreciation and respect, and a full
appreciation of your enhanced service
capability must follow.
The larger part of your problem
could well be that of reorienting the
thinking of persons in your own department. Resistance to change is always
with us, and there will be those employees who prefer the old way of doing
things.
Nothing new can be said about this
situation as we have all encountered it
in one form or another. We should
recognize the problem, however, for
what it is and take effective steps to
minimize it. Appealing to self- interest
again the probable solution. Once
your employees see that it is to their
benefit ( possible promotions, wage increases, recognition, etc.) to promote
departmental service potential, the
battle will have been won.
Analyze Your Total Service
Effectiveness
The relative success or lack of success of your efforts must be closely followed-up, weighed and evaluated. There
are a number of ways in which this can
be accomplished.
Management reaction will perhaps
provide the best clue to the success of
your efforts. Such reaction takes many
forms. Your immediate superior will, of
course, keep you informed of his viewpoints as well as pass along those received from his line superiors. He will
also be the recipient of comments from
other departments, and you may expect
a judicious amount of such comments
to be passed down to you. However,
since your superior had originally approved and supported your course of
action, his attitude may not fully reflect
that of the company as a whole. It is
wise, therefore, to sound out the effectiveness of the pr ogram on your own.
This can be done by simply noting the

increase in degree or quantity of service
requests, by talking to those with whom
you have the most frequent contacts,
and by holding discussions with your
employees concerning reactions they
have encountered. All this, together
with a bit of introspection, will let you
know where you stand.
Economy. An objective way of evaluating your program is that of noting
economics that can be attributed to
your efforts. By helping others with
their problems, you will find yourself
in the position of helping others reduce
expenditures. Such savings should be
noted and passed along to management,
giving the recipient of your service the
lion's share of credit for the dollars
saved. By letting him share the "glory"
you will have gained an avid supporter
and avoided interdepartmental ill feeling.
Efficiency. Your enhanced services
should also result in plant operating
efficiencies. Although all efficiencies
must inevitably reflect themselves in the
profit column, the isolation of saving
from specific projects is not always possible. Such instances of efficiency should
not be neglected, however, but should
rather be noted and passed along to
management, together with the comments on dollar economics. Again, the
one utilizing your services to his advantage should be given the major share
of the credit for the productivity gain.
Conclusion
The accountant has not succeeded in
fully selling himself to the business
world. Too much emphasis has been
traditionally placed on technical proficiency with the area of total service
being neglected.
The accountant has much to offer in
terms of experience and knowledge, and
his full abilities should be utilized to
provide a greater degree of service in
accounting - related fields. By becoming
more service oriented, the accountant
can play a greater role on the management team.
MANAGEMENTACCOUNTING

Set Theory and Accounting Analysis
S- {1,2,3,...,50}
Key:

By A. WAYNE CORCORAN
a n d C H I N G -W E N K W A N G

S is a n a rbit ra rily chosen "n a m e" for
this set.
( ) are braces indicating a set (the
contents within the braces are the
members or e leme nts of the set ).

I s OFTEN said that set theory is the
foundation of all mathematics. What
is not generally known is that there are
important applications of set theory in
accounting. While accountants are generally unfamiliar with the terminology
of sets, they have had a great deal of
experience manipulating sets without
realizing it.

I

T

. . . mea ns " continu e a s indic a ted u ntil you rea ch" or more simply "etc."
Alt ern a ti vel y, th e set c a n b e defin ed
b y sp e c i fy i n g a t t r i b u t e s b y wh i c h m e m bership may be determined, for exa mp le:

x E SF -->f, i(x)
Key:

Fundamentals of the Set Theory
A set is simply a well- defined collection of distinct objects. For example,
the set of the first fifty positive integers
includes the numbers 1 through 50. The
set can be defined by listing all its members, for example:

x is a nu mber.
e is rea d "is a member of."
F--> is rea d "if a nd only if."
f is the attribute "first fifty."
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Un iv e r sity o f Ne w Yo rk , Bu ffa l o , N. Y. Professor Corc oran
has co - authored (with Dona ld F. Ist va n) T h e Au d it a n d t he
Pu nched Ca rd: An Introdu ction, and authored Ma thematical
Applica tions in Accou nting (be in g prepa re d fo r pub lica tion
by Ha rc ou rt, Brac e an d Wo rld, In c.). He ha s also p ub lish ed
AGEMENT ACC OUNTIN G.
a n umb e r o f a rtic le s in various periodicals, including MAN-

DR. CHING -WEN KW AN G is Professor of Business
and Economics at the California State College, Hay ward,
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i is the attribute "integer."
Verbal statement:
A number x is a member of the set S
if and only if the number is one of
the first fifty integers.
In accounting, each account may be
viewed as a s et a nd we cou ld u se set
theory to build and clarify relationships.
First let us consider the definition of
assets in set terms:
A = {C, AR, I, ... , CSV}
Key:
A = the set Assets
C = the set Cash
AR = the set Accounts Receivable
I = the set Inventory
CSV = the set Cash Surrender Value
of Life Insurance
We notice immediately that listing
members of A is unsatisfactory in that
a very large number of accounts which
are assets would have been omitted. The
list we specify might be appropriate —
even helpful —for one or two businesses,
but it would not be satisfactory for all
businesses. Hence, we must search for
attributes which may be used to identify
member sets; we have
x e A ( ) v,f (x)
Verbal statement:
An account x is a member of the set
Assets, if and only if x is something
owned (c) by the business which
promises to yield future (f) benefits.
We now have a better definition in
that we have specified attributes which
can be us ed to determine whether an
account is an asset or not. By specifying
additional attributes, we may make it
even easier to identify members of the
set.
Notice that the set A has members
which are in turn sets themselves. If we
desired to do so, we could speak of these
member sets as subsets. The axiomatic
definition of a subset is as follows:
A C B E---)- (Vx) (xeA -+xeB)
Verbal statement:
A is a subset of (C )B if and only if
( + - ,P ) for every x( Vx ), x being a

member of (e)A implies (-►) that x
is also a member of (e)B.
This subset notion enables one to infer attributes of an unknown set, which
is a subset of some known set, from
those of the latter. This inferring of
properties or attributes by relying on
subset relationships can be extended by
employing the concept of set transitivity. Put formally we have:
A C .B & B C C-),AC C
Verbal statement:
A is a subset (C) of B and ( &) B is
a subset (C) of C implies ( -+) that
A is a subset (C) of C.
It may help intuitively to recall the
time honored theorem "things equal to
the same things are equal to each
other." This theorem also expresses a
transitive relationship.
It should also be observed that subsets may be further divided into subsets.
For instance, the set Cash is a subset
of the set of all accounts of a business.
Thus we have a subset (cash) of a subset (current assets) of a subset (assets)
of a set (the set of all accounts).
Many set relationships are present in
accounting and much of the accountant's work involves identifying and
working with specific subsets. Let us
turn our attention to a simple illustration of these facts which, at the same
time, addresses one of accounting's most
important problems.
Constructing Accounting Definitions
Defining by listing is a thoroughly
ingrained and insidious habit in accounting. By way of example —in 1963, The
American Institute of Certified Public
Accountants (AICP A) published Reporting the Financial Effects of Price
Level Changes. This is an excellent
study, one that was competently managed and written. It is thorough in perhaps all respects except for the fact that
it lapses into defining by listing in discussing "monetary items. "'
'Reference here is to pages 138 and 139 of
the study.
MANAGEMENTACCOUNTING

M
U
M

This dichotomy proves very useful
for there are two conversion rules involved: one for M and one for M.z
We need now a precise definition of M
in order to identify exactly which accounts are affected by which rule.
'Altemately, the view may be taken that
the converting process obeys a single rule
which has an exception. Either way one views
the process, the dichotomy mentioned is pertinent and helpful.
SEPTEMBER1967

Deciding what constitutes a monetary
item is a controversial matter. An appealing definition, logically speaking, is:
A monetary item is one the amount of
which is (1) fixed by contract or statute,
(2) expressed in present value terms and
(3) not committed to the future income
activities of the business.
We shall investigate each part of this
definition in close detail after restating
it in set theoretic terms.
xEM -*f, p,
If an account (set) x is a member of
the monetary set, M, then the amount
of the account x has the attributes f
(fixed by contract or statute), p (expressed in present value terms), and
(not committed to the future income
activities of the business).
When the amount of a monetary item
is fixed by contract or statute, it is
meant that the business will not be able
to receive more for the assets involved
nor, conversely, will it have to pay more
to satisfy the liabilities involved. Cash,
accounts receivable (net), accrued income, accounts payable, accrued expenses, and bonds payable are examples
of amounts that are fixed. Notice that
it does not matter whether actual or
estimated amounts are considered.
It remains, however, to understand
fully what is meant by assets and liabilities. By bookkeeping convention there
exist both pseudo asset and liability accounts and quasi liability accounts. For
example, a false asset account is Unamortized Bond Discount, and a false
liability account is Deferred Installment
Profits. Why "false "? To whom does the
business owe the deferred profits, or, in
other words, in what sense is it a
liability?3
As for unamortized bond discount —
how is it something of value owned
c

c(x)

Let us see how set theory might have
been applied in the defining of "monetary items." While definitions can be
formulated without the explicit use of
set theory, nevertheless, the rigid specification of set attributes can greatly
clarify both definitions and their implications.
First of all, the general ledger of a
business may be viewed as the universe
of discourse, U. For purposes of the
price -level discussion, two partitions or
subsets of U should be formed as follows:
U = {M, M}
Key:
U = universe of discourse, or, briefly,
universal set.
M = set of monetary items (accounts).
M = U —M (that is, what remains of
the universal set after the set of monetary items is taken away). Ivy may be
read as "M complement." In terms of
a Venn diagram we have the following:

'The whole concept underlying installment
sales accounting procedures isfaulty. If there
is some doubt about the ultimate collection
of an account receivable, then a provision
should be made for the contingency of bad
debts rather than deferring profit recognition
until cash is received.

which is expected to yield a future economic benefit, that is, in what sense is
it an asset? The bond discount account
should be netted against the bond payable account to reflect the approximate
present value of the liability. More will
be said about this shortly.
An example of a quasi liability is a
preferred stock issue which has a callable feature. If the issue will eventually
(not in the legalistic- deterministic sense
of the word whereby no date being specified the occurrence may never take
place, but rather in the probalistic sense
of the word) be called, then the preferred stock really constitutes a liability
similar to bonds payable. Treating such
a preferred issue as a part of owners'
equity is merely a popular convention
but one which should be discarded if it
confuses the statement readers.
The liability for a callable preferred
issue equals the present value of the
price at which the issue will eventually
be called. For discounting purposes the
market rate of interest may be employed.4 If the date of calling is uncertain, some expected value of the number
of years may be determined.
Where the use of a market rate of
interest for determining the present
value of a bond issue does not coincide
with the carrying value (that is, the
maturity value plus premium or minus
discount), the difference should be
treated as an additional income (expense) in the set M.
To summarize the discussion of the
attributes, f and p, it can be said that
the accountant should treat the present
value of all asset and liability accounts
whose amounts are fixed by contract or
statute as constituents of the set M.

*The market rate of interest has been suggested for discounting future sums by another
AICPA study. See: Robert T . Sprouse and
Maurice Moonitz, A Tentative Set of Broad
Accounting Principles for Business Enterprises;
Accounting Research Study No. 3, AICPA,
New York, 1962, p. 39.

10

Pseudo assets and liabilities are to be
excluded from M while quasi liabilities
are to be included.
This brings the discussion to the most
puzzling attribute, E. If any asset or
liability is committed to the future income activities of the business, then it
should not be treated as a monetary
item. For instance, fixed assets, marketable securities, inventories and supplies
are committed to the future income
activities of the business and are members of M, not M. These assets are
services awaiting allocation to products
and periods. Since they are tangible
services, the commitment to future income activities is not difficult to grasp.
But what about such intangible services
as are reflected in the assets, Prepaid
Taxes and Unexpired Insurance? Here
the concept is not so easily comprehended because the services are intangible.
The temptation to consider such assets as advance payments on liabilities
and, hence, the equivalents of cash is
strong. To yield to such a temptation,
however, is to be guilty of ignoring the
commitment of funds which has taken
place.
Similar observations can be made for
deferred credit items. Here we are talking about such accounts as Prepaid
Rental Income, Unexpired Magazine
Subscriptions, and Unearned Premium
Income. The amounts in these accounts
are committed; they await allocation to
future income periods and should be
treated as members of the set M, not M.
Let us leave the subject of constructing a definition for monetary items and
turn our attention to constructing a
more elaborate and more useful set of
accounting definitions. These definitions
deal with identifying sources and uses
of working capital funds and, if we are
successful in concocting the definitions,
it seems likely that it will then be possible for accountants to dispense with
complicated funds statement worksheets.
MANAGEMENTACCOUNTING

Set Theory and the Statement of Sources
and Uses of Working Capital
The mathematical logic underlying
different types of funds -flow analysis
requires that the balance -sheet accounts
be classified into "fund accounts" which
enter directly into the computation of
funds, and "nonfund accounts" which
do not. For convenience, "funds" will
be defined as "working capital" unless
otherwise stated. Current assets and
current liabilities would be the "fund
accounts" and all other noncurrent accounts would be "nonfund accounts"
(or noncurrent accounts).
Note that we are here identifying sets
by reference to the attribute "current."
The subsets pertinent to the preparation
of the statement of sources and uses of
working capital can be shown by means
of a Venn diagram as follows:

Where the distinction between a
deb it c ha ng e a n d a c re di t ch a n ge
is to be ma de, the nota tion &I
for i = D (debit cha nge) and
(credit cha nge), will be u sed.
NC = the set of no ncu r rent a cco u nts
S
= the se t of so u rce s o f fu nds
U
=the set of uses of funds
T
= t h e se t of t r a n sfe rs b e twe e n n o n cu rrent accounts, defined
as
transactions involving reciprocal
changes in noncurrent accounts
only. Su ch tra nsa ctions would
ha ve no effect o n fu nds a t a ll.
T
= increa se in a n a ccou nt ba lance

1
= decrease in an account balance
— = "if and only if"
= "is a m ember of the set"
= "is not a member of the set."
T h e net c h a n g e in wo r k i n g , ca pita l
fo r a given a c c o u n t i n g pe ri od m a y b e
ca l cu la t ed a s fo ll ows:
e

(1)

CL
CA

A =L+OE
p A = AL + AO E
ACA + A . 6 = , L CL + p L - i - p O E

,L CA — pCL - p L +p OE — p A
L — CL
A — CA
OE

The following symbols will be used:
A = Assets
CA = Current Assets
A
L
CL
L
OE
CC
DIV
R
E

= A — CA— Noncu rrent Assets
= Liabilities
= Current Lia bilities
=L — CL= Noncu rrent Lia bilities
= Owners' Equ ity
= Contributed Ca pita l
= Dividends Distribu ted
= Revenu es
= Expenses
= the set of cha n ges in a ccou nt b a lances between the two bala nce
sheet dates, obtained by subtracting the beginning account balances from the ending balances.
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Equation (1) simply states that the
net change in funds must be equal to
the algebraic sum of the changes in
noncurrent accounts and can be accounted for in terms of these changes.
In terms of set theory, the process of
preparing the funds statement can be
conceived as follows:
We take the set of changes in all
account balances as the universal set.5
The universal set is first partitioned
(divided) into two sets (or, more precisely, subsets) : (1) changes in current
account balances and (2) changes in
noncurrent account balances. It is important at the outset to keep clearly in
mind that all revenue and expense accounts are noncurrent sets. This results
from the following transitive relationships:
R, E RE & RE NC R, E NC
"The set of all objects under discussion in
a given context is called the universe of discourse or, more loosely, the universal set.
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Verbal statement:
Since the set of revenues and expenses
is a su bset of reta ined ea rnings which,
in tu r n, is a subset of t h e noncu rrent
set, the set of revenues and expenses
is, therefore, a subset of the noncurrent set.
T o expl a in the net c h a n g e in fu nd s,
the set of changes in noncurrent ac-

count balances is further partitioned
into three subsets: S, U, and T. The set
T has already been defined above. For
sources of funds, we have:
xESHXe
f A; _ TL, TCC, TR) & x#T
where x stands for the change in an
account balance or one of the component items in the net change in an
account balance. For uses of funds, we
have:
xeUH xe

fTA, - J , JCC, TE, TDIV)

& x #T.6
The above definitions serve to identi-

fy the sources and uses of funds. For
example, the amortization of intangible
assets is a transfer between noncurrent
accounts (such as the patents account
and the patent amortization expense account) and, hence, is neither a use nor
a source of funds. Provision for bad
debts, on the other hand, involves a
noncurrent account and a current -asset
valuation account; it is, therefore, a use
of funds.7 The definitions of sources and
uses of funds are designed to implement
the presentation of the funds statement
in which individual items of revenues
and expenses are listed.
Treatment of Specific Transactions
To clarify further the applicability of
the definitions of sources and uses of
funds given above, the treatment of a
number of specific transactions is shown
below:

Transaction

Treatment

Depreciation— merchandising
con cem
Depletion
Amortiza tion

Since both deprecia tion expense and accu mu lated deprecia tion are noncu rrent subsets, this
is a transfer between noncu rrent subsets.

Depreciation — manufacturing
concern
Depletion

T ha t p ort ion o f d epr eci a t ion of th e per iod th a t
finds its way into cost of goods sold a nd opera ting expenses represents a tra nsfer between non -

Amortization

current subsets and should be eliminated. That
portion which finds its way into ending inventories is a transa ction between a noncu rrent
subset (a ccumu la ted deprecia tion) and a cu rrent subset (inventories) ; this portion is a
source of funds.

Unrecognized gain or loss on
assets traded in

There is no valid rea son for allowing income
tax rulings to interfere with good accou nting
theory. A tra de -in is a disposa l of a n a sset a nd
any allowances received represent proceeds
from disposal; hence, they constitute a sou rce
of fu nds. T he original billed price on su ch
transactions represents a purchase of fixed
assets a nd constitu tes a u se of fu nds. If desired,
the net use may be shown.

'Note that these definitions of sources and
uses could be simplified (but with perhaps
some loss in clarity) by altering Qt t o Q
which could then be defined as the noncurrent
debit or credit changes. We would then have:
X e S H
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X f L &

xjT

Xe u * — * xe A & Xf T

'Note the difference between provision for
depreciation and provision for bad debts.
Both are noncash expenses; bu t the former is
a transfer between noncurrent accounts and
does not affect the funds position at all.

MANAGEMENTACCOUNTING

Ga in or loss on disposa l
of fixed a ssets

Ga i n o r l o ss is a noncu rrent subset as are the
property accounts which receive the offsetting
de b it or cr e di t a s th e c a se ma y b e ; hence, this
is a transfer between noncu rrent subsets and,
in essence, constitu te s a c orrec tion o f pa st a nd
present deprecia tion cha rges. T he proceeds
from th e sa le (proceeds — book value + gain
or — loss) a re t he so u r ce of fu nd s.

Ga in or loss on disposa l
of marketa ble securities

T his is a tra nsa ction involving a cu rrent su bset
(ma rk etable securities) a nd a noncu rrent su bset
(ga in or lo ss) ; hen ce a ga i n i s a sou rce and a
loss is a u se in t he sa me wa y as are sa les and
cost of good s so ld.

Ba d debts expense

This is a transaction between a cu rrent subset
( allowance for doubtfu l accounts or accounts
receivable) a n d a no nc u r re nt subset (ba d debt
expense) and, hence, constitutes a use of fu nds.

Recovery of accounts previou sly
written off

This is a transa ction between a current subset
(ca sh) and a noncu rrent subset (recoveries)
and, hence, is a sou rce of funds.

Amortiza tion of bond discou nt
a nd pre miu m (b onds pa ya ble)

This is a tra nsaction involving two noncu rrent
subsets (either una mortized bond discou nt or
una mortized bond premiu m and interest expense) ; it is, therefore, merely a transfer and
doe s n ot a ffec t t he fu nds position.

Amortiza tion of bond discou nt
a nd premiu m (bonds owned)

1) If t he bo nd s owned a re considered market able securities, then the transaction is between
a current subset a nd a noncu rrent one—a
sou rce is involved if discou nt is a mortized and
a u se wher e pr emiu m is a mo rtiz ed.
2 ) If the bonds owned are considered longterm investments, then two noncu rrent subsets
are involved and the transa ction is merely a
tra nsfer not affecting funds.

Increa se in ca sh surrender
va lu e of life insu ra nce

This is a tra nsfer between a current subset
(ca sh) and a noncurrent one (cash su rrender
value of li fe insurance) and, therefore, constitutes a use of fu nds.

Acqu isition of treasu ry stock

This represents a n increa se in contribu ted capital and constitu tes a sou rce of fu nd s.

Sa le of trea su ry stock

This represents a decrea se in contribu ted capita l
a nd con sti tu t es a u se of fu n ds.

Stock dividends

This represents a tra nsfer between noncu rrent
subsets (capital stock, premiu m on capital
stock, and retained earnings) and, therefore,
does n ot a ffect fu nds.

Excha nge of rea l esta te for
capita l stock

Assu me hypothetical ca sh excha nges, that is,
ca sh is given for the real estate a nd is subsequently reinvested in the compa ny's capital
stock. With su ch a facilitating assu mption, the
sa le of stock is a source of fu nds a nd the acqu isition of r ea l est a te is a u se of fu n ds.
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Coru;:arative Balance Sheets
December 31st
1976
1975
ASSETS:
Cash
Marketable securities
A/R (net)
Inventories
Prepaid expenses
Investment in subsidiary
Property items (net)
EQUITIES:
A/P
Accrued expenses
Taxes payable
Bonds payable
Capital stock
Paid in surplus
Retained earnings
Reserved for plant expansion

Increases
Decreases*

$

60,000
140,000
150,000
200,000
15,000
300,000
555,000
$1,420,000

$ 45,000
120,000
170,000
150,000
18,000
180,000
267,000
$950,000

$ 15,000
20,000
20,000*
50,000
3,000*
120,000
288,000
$470,000

$

$ 80,000
25,000
130,000
200,000
400,000
25,000
60,000
30,000
$950,000

$ 70,000
5,000
110,000
100 9 000*
300,000
35,000
20,000
30,000
$470,000

150,000
30,000
240,000
100,000
700,000
60,000
80,000
60,000
$1,420,000

Profit and Loss Statement
Sales
Less provision for bad debts
Net Sales
Cost of Sales:
Opening inventory
Purchases (net)
Ending inventory
Gross Profit
Operating Expenses:
Various
Depreciation
Net Operating Profit
Other Expenses:
Interest
Loss on sale of equipment
Net Profits before Taxes
Estimated income taxes
Net Profits after Taxes

$2,120,000
21,000
$2,099,000
$150,000
940,000
(200,000

890,000
$1,209,000

$682,000
60,000
$
$ 10,000
7,000
$
$

Additional Data
Dividends paid:
Equipment sold:
Cost
Accumulated Depreciation
Book value

742,000
467,000

17,000
450,000
240,000
210,000

160 000
$ 92,000
60,000
$ 32,000

EXHIBIT 1
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Also recall that:
BVD= Proceeds — Gain +Loss.
BVD =32= Proceeds +7
Proceeds =25
Retained Earnings: E = O + P — DIV,
where:
E= ending balance,
O= opening balance, and
P= profits.
(80 +60) = (60 +30) +210 -160
Note that retained earnings must include all surplus reserves (that is,
appropriations of retained earnings
such as "Reserve for plant expansion"
in this example) in order for the "T"
account formula to hold true generally.
With this information at hand, the
funds statement in Exhibit 2 may be
prepared. The set theoretic definitions
of sources and uses govern the mental
processes followed in preparing the
statement. These mental processes of
forming the sets involved are summarized in the table below:s

An Example
Exhibit 1 presents the beginning and
ending balance sheets and the intervening profit and loss statement for a company. It is assumed that all the data are
expressed in terms of uniform dollars
in order not to complicate matters with
price -level adjustments.
An analysis of the Property Items
(net) and Retained Earnings accounts
must be made. Either the "T" accounts
may be reconstructed themselves, or the
"T" account equations may be used.
Property Items (net): E= O +A —D—
BVD,
where:
E= ending balance,
O= opening balance,
A= acquisitions,
D= depreciation,
BVD =book value of disposals
= proceeds +losses or— gains.s
555 = 267 +A -60 -32
380 =A
Set

A

L
CC

IChanges

T Changes
Acquisition of property items
Investment in subsidiary

$380
120

Sale of stock

335
890
682
60
10
7
240
21
2,120
160

E

Cost of goods sold
Various operating expenses
Depreciation (T)
Interest
Loss on equipment sale (T)
Estimated income taxes
Bad debts
R
Sales
DIV Dividends paid

General Review of Purposes
Served by Funds Statement
What is shown by funds statements?
If they are prepared on a comparative
basis covering an extended period of
time, funds statements reveal trends in
Note that the letters above are merely variables in a T- account equation. They are not
meant to be set designations.

8
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Proceeds of equipment sale $25
Loss on equipment sale (T)
7
Provision for depreciation (T) 60
Redemption of bonds
100

financing as well as present indications
of policies and their successfulness. Of
course, such statements should be
shown in terms of dollars of uniform
purchasing power.
BThe transactions pertaining to the transfer
set (T) have been labelled and, by definition,
offset when preparing the statement in Exhibit
2.

1s

Statement of Sources and Uses of Funds
(000 omitted)
Sources:
Sales revenue

$2,120

Sale of capital stock

335

Sale of equipment

25
$2,480

Uses:
Cost of goods sold

$890

Various operating expenses

682

Interest expense

10

Estimated income taxes

240

Bad debt provision

21

Dividends paid

160

Acquisition of property items

380

Investment in subsidiary

120

Redemption of bonds

100

Net Decrease in Working Capital

Comments:

2,603

$

123

In view of expansion plans - -$380 for property items and $120
for subsidiary -- the cash dividend should have been a stock
dividend to conserve cash.
The expansion has taken place at the expense of the working
capital position (current ratio at Dec. 31, 1976 is 565:420
or approximately 1.33:1). The company may encounter trouble
in meeting its short -term obligations. Additional long -term
capital should be raised to improve the working capital position.
Since the Reserve for Plant Expansion increased, the company
seems to be planning further expansion. In view of the way
in which the current year's expansion was accomplished, plans
for further expansion could only be viewed with alarm and
skepticism.
EXHIBIT 2

If the funds statements are prepared
as budgets, then the funds statements
act as control devices through which
results achieved are contrasted to the
results forecast in the funds statements
—as a check on the predictions and
16

those who made them. Variances are
determined and hopefully) satisfactorily explained by the parties responsible
in order to improve future forecasting.
Funds statements are designed to:
1. Present an explanation of the major
MANAGEMENTACCOUNTING

sources and uses of working capital
funds that have taken place (or are
expected to take place in the case of
budgeting) over a given period of
time.
2. Direct attention to financial policies
and to expose the financial difficulties
of a company. As examples of the
kinds of questions that are raised by
funds statements and of the policies
they reveal, consider the following:
(a) Expansion. Suppose a company
has just significantly expanded
its investment in property, plant,
and equipment. Such expansion
is evidence of the company's intention to remain competitive by
keeping abreast of technological
advances and is, therefore, commendable. However, if these
acquisitions were made at the
expense of a working capital
position that was previously only
marginally acceptable, indications of impending financial
embarrassment are present. Not
only would it be reasonable to
anticipate larger demands for
working capital to accompany
expanded operations but it
would also seem appropriate to
raise the question of why longterm sources of capital were not
used. Could not new issues of
stock have been floated or do
existing shareholders not have
confidence in the company's
future? Has the company over-
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traded on its equity so as to
prohibit further issuance of
bonds?
(b) Dividends. Was the dividend
policy realistic in relation to
such things as stock market position, reported profits, and plans
for expansion? Should a stock
dividend have replaced part of
the cash dividends?
(c) Purchasing power loss min imization. In view of the constant
inflation in the economy, did
management restrict cash and
accounts receivable balances to
a minimum while expanding
balances of short -term and longterm liabilities?
Conclusion
The set theoretic approach to the
working capital funds statement is now
complete. The reader who is interested
in the application of set theory to accounting would find it an interesting
exercise to prepare set definitions for
the cash flow statement. The preparation of other statements may also benefit
from exposure to scrutiny in terms of
set theory.
Whatever improvements are thus
brought about are likely to result (1)
from precise specification of the attributes of each set and (2) from identifying relevant subsets and inferring attributes to them.
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Digest of NAA Research Report No. 43

Financial Analysis to Guide
Capital Expenditure Decisions
Presented here is a summary of a new NAA research study published
in July 1967. It is bound in paperback book form, 193 pages. An announcement with a reply order card was mailed to all members last May. One copy
of the report is available without charge to each member who returns this
card by December 1, 1967. The report can be purchased by nonmembers,
or additional copies may be obtained by members, both at the list price of
$2.50 each.

The most recent NAA research publication is Research Report 43, Financial
Analysis to Guide Capital Expenditure
Decisions. This report is a comprehensive review of financial analysis and
control methods useful in capital expenditures management. It is based on
an investigation of the practices of 28
companies, both large and medium
sized. The report also incorporates much
of prior NAA research and other writings on this subject. The report is
directed to members of management
and others interested in capital expenditure decisions as well as to management accounting specialists.
The contents of Research Report 43
are indicated by the chapter titles which
are as follows:
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Chapter l

FOREWORD AND SUMMARY

Chapter 2

CAPITAL BUDGETING AS A
PART OF LONG -RANGE AND
ANNUAL PLANNING

Chapter 3

CAPITAL EXPENDITURE
BUDGETS

Chapter 4

ADMINISTRATION
PROCEDURES

Chapter 5

PROJECT EVALUATION

Chapter 6

MODERN ANALYTICAL
TECHNIQUES FOR CAPITAL
EXPENDITURE EVALUATION

Appendix—Interest Tables —
Bibliography
Specific research findings are described with the writing in the chapters
and summarized in Chapter 1. Since the
report is designed to be a working guide
as well as a research study, there is
considerable emphasis on method. Illustrations of analysis methods appear
throughout the text. The pertinent theory
is summarized in the hope that it will
aid in the explanation and help the
reader to choose and justify methods
for his purpose. Outlines of representative company procedures are included
as reference for those interested in capital appropriation procedure development.
General Findings
The principal finding of the study is
managements' increasing use of formal
capital budgeting and rate -of- return
measurements in investment decisions.
Included in this trend are increased
efforts in practice to test investment
MANAGEMENTACCOUNTING

worth at early stages of project formulation. The means by which these careful approaches to capital spending can
be accomplished are outlined in Chapter
1 and treated in more detail in subsequent chapters. Also, set forth in Chapter 1 are general comments about the
increasing use of the discounted cash
flow rate -of- return method, the importance of the new methods of analysis
and probable areas of future development in the capital expenditure planning and control field.
Capital Budgets and
Long -Range Planning
Chapter 2 deals with capital budgets
and their place in long -range and annual
plans. Here an effort is made to present
an overview of the entire capital expenditure decision process by describing
the project planning, budgeting spending and implementation cycle. Company methods of organizing for this
process are outlined and means of allocating authority and responsibility are
discussed. Findings concerning the roles
of major company functions— production, engineering, marketing, accounting,
and finance —are indicated, along with
comments on centralization and decentralization. Specific materials also included in Chapter 2 are the contents
of long -range plans, the concept of the
major project, facilities plans and the
need for an orderly approach to decisions on the size of the capital budget
and timing of the spending required.
Annual Capital Budgets
Beginning with Chapter 3 Research
Report 43 moves into more detail. Definitions of terms used in capital budgeting practice are stated, types of capital
budgets are described and the methods
and purposes of project classification
are discussed. This serves as background for a review of project selection
and capital rationing problems and approaches to their solution. In this connection the report provides illustrations
of project ranking, the use of cut -off
points, standards for project rate of reSEPTEMBER1967

turn, and methods for estimating the
cost of capital. Representative means
are shown for projecting the flow of
funds and displaying to management the
expected effect of capital budget size
alternatives. This helps to demonstrate
the importance of a quantitative financial context for managements' investment decisions.
Control Procedures
The NAA research study findings on
control procedures are presented in
Chapter 4 of the report. Emphasis is
placed on the scope of formal procedures that companies use, variations in
practice and company progress in procedure development. The most generally
used forms are illustrated and outlines
are given of the content of representative capital expenditure management
procedures. The topics covered in this
manner include budgets, appropriation
procedure, lease and rental approval
procedure, project cost control and
post - completion audits. Some attention
is given to organizational problems, the
delegation of authority and responsibility and the degree to which formal procedures appear desirable.
Project Evaluation
The remainder of Research Report
43 is devoted to review of the well known techniques of project analysis
and new methods, some of which involved use of mathematical models or
the computer. Chapter 5 deals mainly
with orthodox project financial analysis:
the financial statement and the discounted cash flow methods of computing project rate of return, present worth,
present worth index, equivalent annual
cost, the pay -off period and means for
handling accelerated depreciation and
income tax effects. An effort is made to
reconcile differences between methods
and to indicate what company experience shows to be the strengths and
weaknesses of each method for given
purposes. In this section use is made of
material previously published in Re19

search Report 35, Return on Capital as
a Guide to Managerial Decisions.
The principal new research finding
on this topic is that the discounted cash
flow rate -of- return method is now quite
widely used and is viewed as the best
overall financial guide for management
decisions on projects. This is the judgment of the majority of management
representatives and staff specialists interviewed, and is the opinion of the
NAA research staff. However, two major qualifications on this point are
offered. One is that investment programs are complex and much information— technical, economic, and financial
—is needed as a basis for decision. Thus,
in the broad sense, project evaluation
includes provision for all appropriate information including sufficient investigation to assure that the information is
valid. Financial analysis and rate -ofreturn computation are only one phase
of project evaluation. The second qualification is that other tests of investment
worth (present worth, present worth
index, equivalent annual cost, and the
pay -off period) do often furnish measurements which reveal project characteristics not shown by the rate of return.
In this connection most agree that present
worth has certain advantages of consistency over rate of return. Also, the
financial statement method gives useful
project return of investment measures
under certain conditions. Considerations
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such as these tend to rule out flat statements as to which method is the one
best method. The report is directed at
showing the circumstances under which
financial analysis methods give useful
guidance for decisions.
Modern Methods of Analysis
The final chapter of Research Report
43, Chapter 6, offers a partial survey of
the progress companies are making in
employing new and sophisticated analyses of capital projects and programs.
The main techniques examined are sensitivity and risk analysis, but a few
observations are made about linear programming, network methods of project
control (PERT /CPM), and simulation.
A full illustration of risk analysis is
given that relates to a discounted cash
flow example given earlier in the report.
The most significant findings of the
study with respect to new techniques js
that they do provide useful information, but that general adoption of them
by companies appears relatively slow.
Most of the new methods of analysis are
best implemented by highly skilled analysts aided by specialized computer programs. Because of this, risk analysis and
other advanced analytical methods are
being applied primarily to judge major
projects where management believes the
risks and potential rewards are high.
In such cases extended analysis is viewed
as worth its high cost.
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An Economic Cost Curve Analysis
B y J A MES H. H IP P EL

T HE STUDY of the economics of
production there is a theory pertaining to production cost which results in
the use of cost curves. The contention
is that under certain assumed conditions
the least -cost per unit of a given plant
is incurred when the plant is operating
at or near its normal manufacturing
capacity.
The basis for this contention is that
every manufacturing operation has fixed
(plant, machinery, etc.) and variable
( labor, materials etc.) input factors resulting in certain levels of output. It
is assumed that a certain minimum
quantity of variable input is needed to
maximize the use of the fixed input to
the point where the optimum output is
received.
Graphically, the situation may be
described as follows:
At levels of low output volume, fixed
inputs are not being used effectively.
As more variable inputs are added and
output volume increases, fixed inputs
are more effectively used, resulting in a
downward slope of the average total
cost curve.
At the level of output volume above the
N

I

area of normal plant capacity, additional
variable costs will usually increase total
unit cost at a greater rate than the corresponding reduction of fixed cost per
unit.
Consequently, the average total cost
curve will be at its lowest point somewhere near normal capacity output
volume and will rise upward when output volume exceeds normal capacity.
This paper deals with an actual situation in which an attempt will be made
to determine the short -run average total
cost curve of a plant. The plant produces custom -made plastic coated
fabrics.
Nature of Cost
Economic cost can generally be defined into the two following categories:
1. Expenditure cost —All items in financial accounting with the exception of
depreciation and amortization.
2. Nonexpenditure cost —Items such as
depreciation, amortization, normal
rate of return on money capital and
opportunity costs.
The costs used in this analysis will
be costs incurred in financial accounting
only, including depreciation.
The determination of the fixed and
variable portions of production costs in
this paper is based upon the accounting
policies of the plant in study.

JAMES H. HIPPEL, Toledo Chapter 1964, is Sta ff Acco un tant for the Plastics Division of Allied Chemical Corp.,
Toled o, Oh i o . Mr. Hip pel ho lds a B.B.A. degree from the
Un iv e rsity o f Tole d o , To le do , Oh io , an d a n M. B. A. degree
from the Green State University, Bowling Gre en, Ohio.

SEPTEMBER 1967

21

Short -Run Cost Sche dule
A short -ru n cost sc he d u l e sh o ws the
pr o d u ct i o n costs a t va ri ou s vo l u m e s of
ou t p u t . T h u s, a rel a t ion sh ip c a n b e esta blished be t we e n p r o d u c t i o n co st a n d
vo lu me o f ou tp u t .
An a c c u r a t e c o st sc h e d u l e fo r a g i v e n
p e r i o d o f t i m e , th a t i s, o n e t h a t reflects
solely the c h a n g e in u nit cost d u e to
c h a n g e s in v o l u m e of ou t p u t , wo u l d
h a v e t o t a k e i n t o c o n si d e r a t i o n the follo win g :
1. No cha nge in production technology.
More efficient produ ction wou ld
probably result in lower unit cost
regardless
of production volu me.
g
2. Product mix. If actual or economic
cost da ta is not available for each
product, a total average cost per
u nit ma y become qu ite distorted for
this type of analysis. Fo r example,
the plant referred to in this paper

has a large variety of products that
are produced basically on the sa me
equipment. However, product variations result in varying degrees of
cost perta i ning to the la b or a nd raw
material input factors. Therefore, a
wide ra nge of cost exists for the fin ished products that ma k e u p the
Product mix.
In T a b le 1 it is appa rent that the
first five months and last seven
months of the year must be con sidered sepa rately when developing
the avera ge total and variable cost
curves. This is due to the shift in
produ ct mix between the two periods, resulting in a change in the
level of the variable cost per unit.
3. A cha nge in cost of fa ctor inpu ts will
result in a cha nge of average cost
per unit and distort cost - volume
relationships.
4. Recording of costs accou ntingwise
must occu r in the period in which
the output is produced.

Table 1
PRODUCTION, PRODUCT COST AND PRODUCT MIX STATISTICS FOR THE YEAR
Actual
units
produced
(000)

%

Average
Average

2,021
2,513
2,422
2,437
2,388
2,189
2,219
2,284
2,414
2,461
2,981
2,568
28,888
%

Ja n
Feb
Ma r
Apr
Ma y
Jun
Jul
Au g
Sep
Oct
Nov
Dec

Average
Total
fixed
average
cost
cost
per
per
unit
unit

.78

.11

.89

.70
.68
.69
.66
.82
.78
.79
.84
.86
.92
.89

.09
.10
.10
.10
.11
.11
.11
.10
.10
.08
.09

.79
.78
.79
.76
.93
.89
.90
.94
.96
1.00
.98

of pro du c tio n -fir st 5 m ont hs
of prod u ction -la st 7 months

Estimate of No r mal Plant
Manufac tur ing Capac ity
W h a t is no r ma l pla nt ma n u fa c t u r i n g
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of
production
%

Average
variable
cost
per
unit

Pro duc t mix
Prod.
A

Prod.
B

Prod.
C

Prod.
D

75%

15%

4%

6

72
72
71
76
68
67
69
66
71
73
66

17
15
19
16
24
25
23
26
24
21
27

5
7
4
2
3
3
2
3
2
2
2

6
6
6
6
5
5
6
5
3
4
5

73
69

16
24

5
2

6
5

ca p a c it y? N o r m a l pla nt m a n u fa c t u r i n g
ca p a ci ty is a ssu m e d to b e t h e t o t a l possible pr o d u c t tha t ca n be pr o d u c e d o n
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existing equipment during regular working days, which excludes all Saturday,
Sunday and holiday production. Thus,
there are 255 regular workdays within
the year.
In the manufacturing process of
plastic coated fabric there are four basic
manufacturing operations: calender
coating, spreader coating, pyroxylin
coating and saturating process. All these
operations apply the plastic chemical to
the raw textile material. Note that on
Exhibit 1 these four operations are illustrated in terms of finished product
groups.
Preparatory operations include textile
treating and mixing of dope chemicals.
Complimentary operations include
printing, finishing, embossing and final
inspection.
A theoretical estimate of normal capacity would be made under the condition that all of the above groupings
of operations had the same productive
capacity. However, the actual situation
is that the preparatory and complimentary operations have less productive capacity than the basic operations.
It is the judgment of this writer that
the normal capacity of this plant should
be considered as the 5 -day manufacturing capacity of the four basic operations, since almost all of the production
of the preparatory and complimentary
operations must pass through at least
one of the four basic operations in order
to have a complete product, whereas
the opposite condition does not apply.
In the capacity schedule (Exhibit 1)
machine units and total units of finished
product are treated synonymously with
the exception of the one operation
(Product D) where an allowance has
been made for those finished product
units which generally require two passes
through the equipment.
Approximately 65% of t he production of Product Group D is actually a
preparatory operation and is not a finished product until passing through the
basic operation of Product Group A.
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Therefore, deductions from the capacity
of Product Group D have been considered in the unit capacities of Product
Group A.
The unit production estimates per
machine shift are based on past experience and include allowances for set -up
time, routine maintenance and other
miscellaneous downtime.
The number of machine shifts per
day is based upon the number of supervisory personnel that are available for
these operations. The 6 -day capacity
excludes Sundays and holidays, whereas
the 7 -day capacity allows five days during the year for major maintenance
work.
For the sake of simplicity, an average
month has been calculated for each capacity recognizing that a more accurate
estimate of monthly capacities could be
obtained by analyzing the exact number
of regular working days in each month.
The schedule of actual units produced (Table 1) reflects the total production of the four basic operations for
each month during the year.
A comparison of the total production
for the year to the estimated annual
normal (5 -day) capacity indicates that
the production activity of the four basic
operations was near or above normal
capacity throughout most of the ye ar.
It is only logical to assume that the
preparatory and complimentary operations mentioned previously were operating far above their normal capacities
throughout the year in order to keep
up with the production of the basic
operations.
Cost Analysis
The plant in study is on a full standard cost accounting system, that is,
standard costs are developed for the
use of direct materials, direct labor and
plant overhead, with resulting variances
incorporated in the income statement.
The production costs chosen for this
analysis are in total (a breakdown of
actual direct labor and plant overhead
23
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Computation of Plant Manufacturing Capacities - Year 196 Pr o d u c t Gro up A
3 Machines (3 shifts per mach.)
9 shifts x 255 days = 2,295 shifts x 8,000 units
9 Shifts per day
255 Regular workdays
8,000 Units per machine shift

18,360,000

22,104,000

25,920,000

5,737,500

6,907,000

8,100,000

3,825,000

4,605,000

5,400,000

965,000

1,397,000

1,638,000

TOTAL ESTIMATED PLANT MANUFACTURING CAPACITIES FOR YEAR 196 - .(machine units) 28,887,500

35,013,000

41,058,000

ESTIMATED 196. AVERAGE PLANT MANUFACTURING CAPACITIES PER MONTH(machine units) 2,407,000

2,917,000

3,421,000

Pr o d u c t Gro up B
Machine "1" (3 shifts) (12 months)
3 shifts x 255 days = 765 shifts x 5,000 units
Machine "2" (3 shifts) (12 months)
3 shifts x 255 days = 765 shifts x 2,500 units
5,000 + 2,500 Units per machine shift
Q
m
LE
H

z

z

sx
s
0
H

3,825,000
1,912,500

P r o d u c t Gro up C
2 Machines (3 shifts)
6 shifts x 255 days = 1,530 shifts x 2,500 units
6 Shifts per day
2,500 Units per machine shift
P r o d u c t Gro up D
2 Machines (2 shifts)
4 Shifts per day
6,500 Units per machine shift
Most products receive two passes
Average units per mach. shift 3,250 units
4 shifts x 255 days + 1,020 shifts x 3,250 units
Less: % of 196 - Actual production Preparatory for product group Al,(65%)
Capacity available for basic Product Group D

3,315,000
2,350,000

z

s
w
w
0
c

Annual Capacity Units
(Normal)
(307 Days)
(360 Days)
5 -day capacity 6 -day capacity 7 -day capacity

0

a

by i n di vi d u a l p ro du c t g ro u p is n o t a v a il a b l e ) a n d a r e t a k e n fr o m t h e a c c o u n t i n g
re co rd s of the pl a n t. T h e u nit p r o d u c tion co st s pr e se n te d in T a b l e 1 a r e
c o m b i n a t i o n o f : ( 1 ) a c tu a l u sa ge of
d i r e c t r a w ma t eri a ls pr ic ed a t st a n d a r d
co st a n d ( 2 ) a c tu a l ex p e n di t u r e fo r
d i r e c t l a b o r a n d a c t u a l e x p e n d i t u r e s fo r
pl a n t ov e r h e a d . T h e re a son s fo r this
ch o i c e of pr o d u ct i o n costs a r e a s fol-

is

lo ws:
Direct Raw Materials —One of the ma ny
problems encountered in cost volu me
that a change in purrelationships
chase price of any one of the input
fa ctors will distort the average cost p er
unit compu ta tions. By using the sta ndard cost of raw materials outside price
fluctuations are omitted from the cost
da ta .
Direct Labor —The possibility of cha nges
of input cost is not present in direct
la bor expe nditu res since the c ompa ny is
in the se con d y ea r o f a th ree ye a r la b or
contra ct in which wage rates remain
frozen within a given yea r. Therefore,
the actual and standa rd expenditu re
(co st) for la b or is th e sa m e.
T he actual productivity cost of l a bo r
is u sed beca u se it is the opinion o f t h e
writer that this reflects the tru e economic
cost of producing a finished produ ct.
Wha t the expected productivity cost of
la bo r shou ld ha ve be en, wh ich is determined throu gh the use of engineering
and a ccounting techniqu es, does not constitute an economic cost.
Plant Overhead —The problems encou ntered in determining possible cha nges of
acquisition costs of overhea d items are
insu rmou ntable. Therefore, no attempt
has been ma de to account for these
possible changes.
In the a rea o f pla n t over hea d e xpense
there is alwa ys the possibility of extraneou s or nonrecu rring costs tha t ma y ha ve
little or no rela tionship to ou tpu t volume
over the short -run period. Du ring the
year the plant in study incu rred considerable plant rearrangement a nd supply expense as a result of a plant
expansion progra m. (No te: resulting
expa nded produ ction capacity did not
go on stream during the year.) An
attempt has been ma de to estima te the
tota l a mou nt of these expenses by month,
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and the actu a l fixed overhea d costs ha ve
been adjusted downwa rd for these extraneou s expenses.
T h e adjusted actual overhea d expenditu res were used in lieu of standa rd
absorbed costs because they best reflect
economic cost.
T he fixed a nd variable portions of
actua l overhea d expenditu res were based
upon the accou nting policies of the pla nt
in stu dy.
Cost Calculations —Three ba sic unit cost
calculations are presented in Ta ble 1:
avera ge va ria ble cost, average fixed cost
and average total cost per u nit.
Co st Curv e Analysis
T h e c o m p a n y 's st a n d a r d co st sy ste m
ind ica tes th a t P r o d u c t G r o u p B is the
m o st e x p e n si v e p r o d u c t t o p r o d u c e wi t h
P r o d u c t G r o u p s C , A a n d D fol lowing
in th a t o r d e r . H o w e v e r , sin ce a ct u a l
co st da t a is no t a va ila ble b y indiv idu a l
pr o d u c t l i n e s, t h e a v e r a g e co st s p e r u n i t
p r e se n t e d i n T a b l e 1 a n d p l o t t e d i n t h e
fo r m o f c o st c u r v e s i n E x h i b i t 2 a r e fo r
the o u t pu t o f th e en tir e pl an t.
Co n se q u e n t l y , in o r d e r to mi n i mi z e
th e dist ort ion of p r o d u c t mi x c h a n g e
u p o n th e co st / vo lu me rel a t ion sh ip in
this a na lysis, a v er a g e va ri a ble ( A V C )
a n d a v er a g e tota l co st cu r ve s ( A T C )
ha v e b e e n pr e se n te d fo r t wo pe ri od s,
th e first five m o n t h s a n d la st sev en
mo nt hs of t he ye a r .
S t u d y o f T a b l e s 2 a n d 3 in d i c a te t h e
fol lowing i n fo r m a t i o n a b o u t th e pr o d u c t i o n v o l u m e of th e pl a n t fo r the
year:
1. T hrou ghou t the first five months on
average, the produ ction volu me of
Prod u ct A wa s sl igh tly ov er the 5 1/i
day capacity level while Produ ct B
ra n a t on ly 80 % of 5 day capacity.
2. Throu ghou t the last seven months,
Produ ct A ran at 5 1/ 2 da y capacity
while Produ ct B averaged slightly
over the 6 da y ca pa city level.
3. Produ ct C ran on average for the
year at 25% of 5 day capacity and
Produ ct D at 7 and 6 da ys respectively for the first five a nd la st seven
mon th per iod s o f t he yea r.
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Average Cost Curve for the Year 196-

AVERAGE
COST
PER
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EXHIBIT 2
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Table 2
PRODUCTION VOLUMES BY PERIOD BY PRODUCT GROUP
Actu a l Volu me By Month Compa red to Ca pa city
Product
A

Product
B

Product
C

Product
D

Units (000)
total
plant

First 5 Month Period
Ja nu ary
Febru a ry
Ma rch
April
Ma y
Total Actu a l Produ ction
Avera ge Month (a ctua l)

1,516
1,809
1,744
1,730
1,815
8,614
1,723

303
427
363
463
382
1,938
388

72
141
181
109
55
558
112

130
136
134
135
136
671
134

2,021
2,513
2,422
2,437
2,388
11,781
2,356

Last 7 Month Period
Ju ne
July
August
September
October
November
December
Tota l Actua l Produ ction
Avera ge M onth (a ct u a l)

1,489
1,486
1,576
1,593
1,747
2,176
1,695
11,762
1,680

525
555
525
628
591
626
693
4,143
592

66
67
46
72
49
60
51
411
59

109
111
137
121
74
119
129
800
114

2,189
2,219
2,284
2,414
2,461
2,981
2,568
17,116
2,445

Average Month Capacity
By Product Group
5 -Day week (norma l)
6 -Day week
7 -Day week

1,530
1,842
2,160

478
576
675

319
384
450

80
117
136

2,407
2,917
3,421

Table 3
PERCENT OF ACTUAL PRODUCTION VOLUME
TO S -DAY NORMAL CAPACITY VOLUME
Actual production
Actual production
percent of
percent of
5 day capacity
5 day capacity
Pro duc t B
Pro duc t A

Total plant
average variable
unit cost

First 5 Month Period
Ja nu ary
Febru a ry
Ma rch
April
Ma y
Avera ge
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99
118
114
113
119

63
89
76
97
80

113

81

.78
.70
.68
.69
.66
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Last 7 Month Period

June
July
August
September
October
November
December

103
104
114
111

116
110
131
124
131
145

Average

110

124

97
97

142

n

From Exhibit 2 it is apparent that the
product mix and .production volume
attained during the first five months
resulted in a considerably lower AT C
and AVC cost than that for the last
seven months.
It is interesting to note from Tables
1 and 3 that during the first five month
period the most economical unit costs
were experienced in March and May
where total plant volume approaches
the plant normal capacity (average
month) and the major products, Product Groups A and B are 114 -119%
and 76 -80% of their normal 5 day capacities. The least economical unit cost
was in January where Products A and
B ran 99 -63% respectively.
During the last seven month period
July and August experienced the lowest
unit costs with Products A and B running 97 -116% and 103 -110% of n ormal capacity. In November the products
ran 142 -131% experiencing the highest
unit cost for the period.
Although the impact of product mix
cannot be isolated completely from this
analysis, the following observations pertaining to the impact of volume upon
cost are submitted:
1. The increase in variable costs associated with producing Product B on
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110

.82
.78
.79
.84
.86
.92
.89

a 6 day basis during the second
period must be appreciably greater
than the fixed cost per unit savings
realized from the larger production
volume.
2. The most economical production
cost for this plant tends to occur
when product lines are running 100
to 110% of normal capacity.
Summary
This paper has presented an elementary introduction to and an example of
the cost curve analysis technique. This
tool can be of invaluable assistance to
management in the following areas:
1. The most economical production
volume (including product mix) for
a given plant may be reasonably
estimated. This knowledge coordinated with the sales effort and scheduling function (when customer requirements permit) will result in
achieving optimum profits from operations.
2. It provides assistance in developing
the economics for evaluation of major plant expansion proposals. In the
case of new plant expansion, the cost
curve analysis technique may be used
to help determine the plant size and/
or type of production process, that
will result in the most economical
product cost and corresponding optimum profit.
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Systems Documentation
By

RICHARD

F.

SCHUBERT

HAT IS THE most useful product of

a computer installation? Of all the
things that might be considered, I think
the most important is to provide service
to the user. This is evidenced by the
rapid emergence of remote access, timeshared, on -line, multiprocessing and
multiprogrammed systems in recent
years. Service may be in the form of
computing availability, development of
new systems, problem solving, system
maintenance and general user assistance.
Of all the comments which the user
might direct at the computer installation, perhaps the most frequent is that
it takes too long to develop a system
and too much effort to keep it working
properly. The user may only be interested in obtaining desired results and,
for the most part, is not concerned
over the internal problems of implementing a system. However, within a
computer installation, we encounter
such things as system design problems,
programming errors, software malfunction, testing of program changes, revision of written procedures and other
problems in a seemingly unending
variety.
Many of these factors can contribute

to excessive delays and less than adequate service. One of these factors is
systems documentation. If systems documentation is not managed properly,
it can—
Increase time and effort required to
develop a new system
Decrease programming and testing
efficiency
Increase computer usage during new
system development
Increase cost and effort required for
system maintenance
Reduce efficiency of both systems analysts and programmers
Cause dissatisfaction among users.
Systems documentation is primarily
a catalog of information, produced both
by humans and machines, describing
the characteristics and use of a system
of computer programs. It is a means of
communication among users, systems
analysts and programmers. Its detail
may range from a single English paragraph description to a discussion of
machine code. Its purpose is to reduce
the effort required to design, implement,
use and maintain systems of computer
programs.
The cost of creating and maintaining
systems documentation must be weighed
against the benefits of increased effi-

RICH ARD F. SC HUB ERT is Su pe rviso r o f Pro g ra mming ,
B. F. Goodrich Ch e mic a l Co mp a n y , Cleveland, Ohio. Mr.
Sc hu be rt ho ld s a B.S. de gre e in ch emica l e ng in e erin g fro m
Cle ve la nd S ta te University, Cleveland, Ohio.
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ciency of analysts and programmers as
well as the improvement in user services. Some items of documentation are
too costly for the benefits they produce.
Others give substantial benefits with
little added effort on the part of analysts
and programmers. Too much documentation can be just as costly as too little.
The optimum is somewhere between
these two extremes.
The documentation methods described here represent a reasonable compromise between costs and benefits for
the B. F. Goodrich Chemical Co. Indeed, they may not be optimum for all
installations and situations but may
contribute toward improved documentation practices in the future.
This paper presents: (a) our current
status in terms of people, systems and
machines, (b) the procedures we use to
implement and maintain our systems,
and (c) examples and discussion of programming practices.
People, Systems and Machines
Our working staff, excluding computer operations and supervisory personnel, consists of five systems analysts and
six systems programmers. The systems
which have been developed since our
initial operation in January 1963 are
shown below:
SYSTEMS IN OPERATION
December, 1966
Data Processing Systems

Sales accounting
Sales reporting
Finished goods inventory
Billing
Accounts receivable
Factory cost
Market research reporting
Plant accounting
Unified forecasting, distribution, and
Production scheduling
Online order entry
30

Raw material requirements
Standard cost
Plant equipment utilization
General ledger
Property records
Engineering cost
Accounts payable
Online data -base inquiry
Operatin g and Communic ations Systems

Time- shared operating system
Language compilers
Systems information reference
Message switching
Computer usage accounting
Scientific Systems

Critical path method*
Pump and fluid flow design
Mass spectrometer analysis
Statistical quality control
Multiple correlation
Project economic evaluation
Time series
Project monitor and control*
Linear programming*
Multicomponent separation processes
Quick index system
Thesaurus and double dictionary
Journal procurement
Plant efficiency reports
Heat exchanger design
Financial report simulation
Orifice design
Curve fit
About 700 total data processing and
scientific programs have been developed
over a period of four years. More than
of this number are currently active.
The combined distribution of analyst
and programmer time for 1965 and
1966 is shown below:
*Developed by General Electric Computer
Department.
MANAGEMENTACCOUNTING

YEARLY DISTRIBUTION O F ANALYSTANDPROGRAMMER
TIME FOR 1965 AND 1966
1965
New systems and program development
Normal systems maintenance (changes and
corrections to existing systems)
Special systems maintenance (new additions
to existing systems)
Vacation and other absence
Miscellaneous

Most of the time shown as development of new systems for 1966 was spent
on implementing the Time- Shared Order
Processing Systems (TOPSY), MONITOR time - shared operating system and
several on -line scientific programs. A
total of 16% of 1966 activity involved
corrections and/or changes. Addition of
new programs to existing systems is
shown as 3 %.
Total systems maintenance of 19 %
represents 2.1 man years, or an average
of approximately 8 working hours/
program/ year.
The hardware listed below is located
in our Cleveland office:
GE 235 -16K word memory
Datanet-30-16K word memory
Disc file -19 million characters
Magnetic tape -8-42 KC
Printer -900 LPM
Card Punch -100 CPM
Card Reader- 4 0 0 CPM
Communications lines -12 full duplex
Remote communications terminals- 3 0
Remote mark sense reader- 2
Remote data card transmitter -1
The hardware functions in three general operating modes: batch processing,
message switching, and time- shared
problem execution.
Batch mode is controlled by on -site
computer operators who use the GE
235 central processor, card reader, card
punch, printer, tapes, and part of a
disc file as a stand -alone system.
The message switching system is controlled by the Datanet -30 which shares
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1966

58

64

18

16

7

3

9

9

8

8

100%

100%

use of the disc file with the GE 235.
Remote message and on -line data entry
is controlled by operators located at
each remote terminal. The Datanet -30
in our Cleveland office is connected to
an IBM 7740 message switching system
located in our corporate headquarters
in Akron, using a full - duplex communications circuit. This allows automatic
exchange of message and data traffic
between systems.
The time - shared system, which includes both Datanet -30 and GE 235
processors, allows all teletype and 1050
terminals to input both scientific and
business data for processing by GE 235
on -line programs. Output from GE 235
is returned automatically to the originating terminal printer. In effect, the
message switching system handles all
input and output for all on -line GE 235
programs. Time - shared programs are
executed automatically whenever the
GE 235 is available between serial
batch runs or during setup for a batch
run. Since January 1967, this system
handles approximately 40,000 total
batch and on -line programs per month.
Of this number, about 30,000 are online business and scientific problems.
Exhibit 1 illustrates the relationships
among users, systems analysts, programmers and computer operations personnel during implementation and use of
a computer system. The left portion
shows the relationships between the
systems analysts and operating departments (or users of the system).
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EXHIBIT 1

GOODSTATE Problem Description
GOODSTATE, an acronym for
GOOdrich Documentation System using
TAbular TEchniques, is a manual of
procedures used by the systems analyst
to prepare a logical - description of a
problem before it is programmed. Its
purpose is to present the problem in a
form which can be effectively reviewed
at a supervisory level and also used by
the programmer to produce a working
program. Basically, it is a means of
communication between systems analysis and programming groups.
GOODSTATE requires that all data
and complex logic be described in tabular form. Tabular logic, in the form of
decision tables permit the analyst to
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describe complex process logic in a
compact, easy -to -read form. The techniques of using decision tables can be
learned easily and replace the use of
flow charts. The orderly arrangement of
conditions and actions quickly identifies
"overlooked" areas of the problem
which may require additional definition
at the systems level.
The use of GOODS TATE produces
several advantages:
It reduces the volume of narration required of the analyst to define a problem.
Problems described in this form can be
easily reviewed by systems and programming supervision.
It provides an excellent documentation
of the entire problem which significantly
aids program implementation efforts.
MANAGEMENTACCOUNTING

Programmers can analyze and program
the problem independently of the systems analyst.
It provides an excellent basis for development of test data.
Major errors in problem logic are recognized and corrected at a systems level
before the problem is submitted for programming.
It is independent of the programming
language used to implement the problem.
It is computer- oriented and in a form
best suited for COBOL, GECOM, or
other English language programming
systems.
It is independent of any particular make
of machine.
It can be used equally well for documentation of both commercial data processing and scientific systems.
It eliminates total reliance on a few key
people for successful implementation of
a given system. The modularity of design gives management the option of
assigning portions of a given system to
several analysts and programmers without losing supervisory control or coordination of assignments.
The completed GOODSTATE documentation is organized into several sections:
Systems Chart
The systems chart is prepared following approval of the written proposal by
the user (or operating department). It
is the first step in defining the details of
the systems and shows the general relationship among data and processing
for all separate runs in the system. A
brief comment describing the basic
function of each run is shown.
All data files and reports are identified using standard ASA flow chart symbols. It represents a total overview of
the system and serves as the basis for
documentation of many individual runs.
At program implementation time, some
runs may be separated into several computer programs and in fact may not be
executed in the exact sequence shown
on the systems chart.
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Once the general systems chart is
completed, the analyst may now proceed to further document each separate
run.
Purpose and Scope of Problem
This is written as one or more English
paragraphs describing "what the run
does." Other information may be included as needed to describe any unique
characteristics of the run. This information along with additional remarks made
by the programmer is included in the
identification division of the program(s)
under remarks.
Input- Output Data Description
The following basic information is
provided for each input and output file
associated with the system.
File content —what fields are required.
Names of fields— originated and defined
by systems analyst.
Size and type of each data field.
File volume — average number of records.
File identification —file name and
LABEL - IDENT.
Mode of input or output including:
a) Magnetic tape
b) Line printer
c) Cards
d) Remote Teletype terminals
e) Random storage device
f) Other devices available
If a file has been previously described
in the system, the analyst only refers to
the library name of the file.
When new files are specified, the
most suitable mode of actual data format is determined by programming
analysis. Once a new file is established,
the file description is made available for
use in all other programs which will
read and /or write the file.
Procedure Requirements
This section is used to describe the
general logical steps and management
rules which must be performed by this
run. It is a simplified statement of the
problem which can be easily understood
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by both supervisory people as well as
programmers.
The analyst's task is to describe the
basic processing and logic requirements
of the problem as briefly as possible
without losing continuity. Each process
statement contains the following basic
parts: sequence number of the statement, type of basic operation to be
performed, description of operation
and sequence number of the next logical statement.
The sequence number of the statement identifies a unique processing procedure within the problem being described.
The type of basic operation to be
performed is selected from the following list:
C O M P UTE

SORT

D E L E TE

STO R E

ERROR

SAVE

N O TE

TA BL E

PER FO RM

TR A N S M I T

READ

W R I TE

RE TR IE V E

UP D ATE

Sequence

10
20
30

40

Process

Operation

READ
READ
TABLE
(Rule 1)
(Rule 2)
( Rule 3 )
READ

Go T o

TRANSACTION
MASTER
MASTER
WRITE
NEW MASTER
GR TRANSACTION
MASTER
LS TRANSACTION
NEW MASTER
EQ TRANSACTION
TRANSACTION

Starting at sequence 10, the operation is to read the transaction record
followed by a read of the master file at
sequence 20. Sequence 30 specifies a
simple horizontal rule, extended entry
decision table with one condition and
two actions separated by double vertical lines.
The three rules in the table are read
as follows:
(Rule 1) If the master is greater than
the transaction, then write a
new master record, and then
go to statement 40.
34

The analyst may also add additional
operations to this list as needed to describe a process.
The description of the operation may
contain anything the analyst needs to
describe the process provided it is understandable. The most common descriptions are as follows:
English language note.
Decision table to define all complex
logical relationships among data conditions and processing actions to be followed for each satisfied set of conditions.
Desired sequence following use Of SO R T
operations.
The name of a library procedure following use Of P E R F O R M .
Name of file following use of operations
such as READ.
The sequence number of the next
logical statement allows the analyst to
specify the next statement (or procedure) to be handled.
The following GOODSTATE process
example is an overly simplified master
file update:

20
30
40
20
10
30

(Rule 2) If the master is less than the
transaction, then write the
master record, and then go
to statement 20.
( Rule 3) If the master is equal to the
transaction, then write a new
master record, and then go to
statement 10.
From an analyst's viewpoint, this is
an adequate description of this oversimplified file update problem. However,
when this is converted into an operating program, other details such as end of -file conditions will be added by the
programmer.
MANAGEMENTACCOUNTING
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E D IB IT 2

Problem Implementation
When a GOODSTATE pr oblem description is completed and approved, it
is given to the programming group for
implementation. The programmer's first
SEPTEMBER1967

task is to study all parts of the GOOD STATE documentation. He may discuss
the problem with the analyst to further
clarify one or more points.
Once the problem is understood, the
35

programmer proceeds to convert the GOODSTATE document has served its
GOODSTATE problem description into purpose (of aiding problem implemenone or more computer programs. A tation) and is discarded.
complete programming analysis is made
The documentation which resides
to obtain the most optimum combina- within source programs is used by both
tion of computer processing speed, core analysts and programmers to debug and
utilization, device utilization, and future maintain the system.
maintenance aids. This may include several of the following operations:
Computer Operations
Design of decision tables may be reWhen a program is ready for proarranged so that the most frequently duction use, the pictorial operating reoccurring conditions are encountered at
the beginning of the table. This saves quirements are documented as shown in
Exhibit 2. Tape handler assignments,
processing time.
program identification, system program
The possible use of general source procedure coding initially developed for an- number, printer report identification,
normal typewriter log, if needed, and
other application.
Development of modular program sec- other remarks are shown for each series
tions to eliminate redundant procedures, of computer programs.
increase available core and make deThis form is used by the operations
bugging easier.
scheduler to set up a given run and
Recognition that a portion of the prob- enter any special remarks for the comlem could be developed as a general puter operators. The computer operapurpose procedure. For example, a re- tors use this form to run a job and may
quirement to produce "salesman name" also enter further special remarks on
from his assigned "salesman number" the form. When a run is complete, the
could be designed and programmed as form is filed for possible future refera separate segment which could be used
in its object form in many subsequent ence.
programs. This will increase program
reliability as well as reduce program- Use of Completed Systems
ming costs.
Once a problem is operational and
Op ti mu m file design including record
necessary operating reference manuals
blocking, field synchronization, data are available, the users (or operating
mode, order of fields, tape labeling, recovery and /or restart provisions, and departments) either work directly with
the computer via remote terminals or
buffer areas within each program.
furnish
input data on keypunch forms
Separation of a single problem into several programs if there are core restric- to computer operations personnel.
tions.
Possible modes of user input are:
Combination of more than one problem
Remote mark sense transmitter
description into a single program.
Remote data card transmitter
Minimize movement of data within the
Remote punched paper tape transmitprogram.
ter
Take maximum advantage of all availPunched cards
able hardware devices.
Magnetic tape
The programmer transfers all pertiDisc file
nent English documentation from the
Possible modes of output are:
GOODSTATE document into appropriRemote teletype printer
ate points in the source programs. PerHigh
speed printer
haps for their own self- defense, proPunched
cards
grammers also enter other notes in the
Magnetic tape
program to clearly explain all procedures. Once this has been done, the
Disc file
36
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Maintenance Requests
When an operating department desires to change the problem definition
either as a change to an existing program or a new requirement, a maintenance or special problem request form
is prepared for analyst and programmer
review and analysis. The cost of the
change is evaluated in terms of total
analyst and programmer time, computer
time for development, and continuing
cost when the program is run on a
production basis.
The operating department manager
reviews the request (sometimes with
management of the computer department) to determine if the change is
worth the cost. Often this leads to a
less - costly way of obtaining desired results. The objective of this type of review is to obtain the answers people
want as quickly and economically as
possible.
When a maintenance or special request is approved, a programmer makes
the necessary changes, updates source
program documentation as needed, and
puts the tested program into operation.
Systems Information Reference
Through the use of proper programming conventions, source programs can
be used to provide valuable documentation at a systems level.
Again referring to Exhibit 1, we have
shown that source programs can be input to a Systems Information Reference
System which will catalog and cross reference common information about
all programs which have been entered
into this system. This is considered an
experimental system because it is being
used to define the requirements of machine -aided systems documentation and
as a testing ground for documentation
ideas.
Exhibit 3 is a partially edited listing
of a typical GECOM program illustrating the type of documentation information entered in the identification, environment and data divisions of each
program.
SEPTEMBER 1967

The identification division remarks
contain both operating and program
definitions:
Run frequency —shown as monthly
(MO).
Average running time -5.0 minutes.
Analyst and programmer initials.
The identification of the program which
normally precedes this program during
normal operating conditions.
The identification of the program which
follows this program in normal operations. This program is therefore identified in a series of programs to be executed in 090R01, 0641129 and 0641130
sequence.
A description of what this program does
is copied mainly from the GOOD STATE documentation and maintained
in this program.
The environment division file control
supplies the hardware assignment of
each file.
Each file description in the data division contains label, sequence, volume,
and data media. The "NE XT " entry
shows that this output file will be processed next by program 0641130.
The above information, along with
field names and images, for all programs
is used to produce a Systems Information Reference Report.
The first section of the report is sequenced by program- identification. It
lists the English program description
and other information found in the
identification division. In addition, a
brief summary of each input and output
file processed by the program is listed.
The second section of t he report is
sequenced by field or element name.
All images used anywhere in the system
to describe the given field are listed for
review. Remarks concerning this field
are listed following the identification
of the program which contained the
comment. A list of all programs which
process the field, either as input or output, is shown along with the operating
frequency and running time of each
program. Finally, a list of all files and
reports which contain this field is pro37

GECOM LISTING OF 064R29
SOURCE PROGRAM WRITTEN BY R DILS
S O U R C E

L I S T I N G

100000

IDENTIFICATION DI VI SI ON .

100020
100030
100050
100060
100070
100080
100090
100100
100110
100120

PROGRAM -ID.
06 48 29 •
AUTHOR. R D I L S .
INSTALLATION. B F GOODRICH CHEMICAL CO CLEVELAND OHIO.
REMARKS.
RUN FREQ
MO
AVG RUN TIME
5.0
ANALYST
RM
PROGRAMMER
ARD
LAST PROGRAM -ID
090R 01
NEXT PROGRAM -ID
064R 30
THIS PROGRAM EXTRACTS SALES AND RETURNED GOODS
FROM THE MONTH END SHIP -MTD TO BE MERGED WITH
EOM FG I FOR PRINTING IN 06 4R 25 A.

DATE COMPILED 67 02 08

20 00 10

ENVIRONMENT DI VI SI ON .

20 0 02 0
20 0 03 0
20 00 35
20 0 04 0
20 0 06 0
20 0 07 0

OBJECT-COMPUTER. 23 5 MEMORY 2 MODULES 1 CP 1
ASSIGN OBJECT- PROGRAM TO CR
PLACE MAIN
BEGIN COMMON - STORAGE AT 7 9 9 0 .
FILE - CONTROL.
SELECT SALES
ASSIGN
SELECT SHIP -MTD ASSIGN

30 00 10

DATA DIV IS IO N.

SEQ GAP T DATA NAME
300 020

QUALIFIER

CP 1 HSP 6 MT MOVE
SEGMENT IN LOWER MEMORY

MT 4 PL 1 BUFFER
MT 1 PL 1 BUFFER.

F RPT B J E MS LS DATA IMAGE

F I L E SECTION.
OUTPUT F I L E S .

30 40 00

00 FD SALES

3 0 4 0 1 0 OBT
30 40 20
3O4O3OC
304 04 o c
3o4O5OC
30 4 06 0C
3o 407OC
3 0 4 0 8 0 000
30 40 90
30 41 00
30 41 10
30 41 20

R BGN- TAP -LABL
LABEL -IDENT
SEQUENCE
VOLUME
DATA FORM
PRIOR
NEXT
R MONTHLY -SALE
F
F
F
F

PROD -GR
SHIP -FROM
SALES -QTY
RETURNS -QTY

RECORDING BINARY BLOCK 1 0 0 .
N064MT19#
CUST -N0. FO -NO
150
MAG TAPE
090R 01
o64R30
U
SHIP -MTD
SHIP -MTD
WS
WS

B
B

X(13)
XXX
9(7)
9( 7)

EXHIBIT 3

duced. These are the same records
which appeared in section 1.
Section 3 of the report is sequenced
by file label identification. The data
form, sequence, volume, and any other
remarks specifically concerned with a
given file either as input or output is
listed. The names of all fields and elements are listed in alphabetic order.
Finally, all programs which process the
given file either as input or output is
shown.
Systems analysts, programmers and
supervisors can find many ways to use
the 'three sections of this reference.
.38

Some questions handled by this system
are as follows:
What a program does, who wrote it,
how often it is run and the files used
can be quickly determined.
All programs which handle a given field
can be found.
When changing a file format, +all programs affected can be found.
When system extension or new systems
are developed, the analyst can find
where the desired data can be obtained.
Further extensions of this reference
system could include a section showing
common procedure division sections,
including:
MANAGEMENTACCOUNTING

A functional description of the section
showing how it is used.
All programs in the system now using
this section of coding.
All data division fields used by the
section.
Through proper control of source
program documentation procedures, it
is possible to develop a Systems Information Reference System for any com-

puter installation or any portion of an
existing system.
Programming Practices
Language. The most important requirement in maintaining effective documentation is the use of a high -level
programming language. COBOL (or a
reasonable facsimile) should be used
throughout a system.

GECOM LISTING OF 064R29
SOURCE PROGRAM WRITTEN BY R DILS
S 0 U R C E

L I S T I N G

( C 0 N T

)

304999 INPUT FILES.
305000

01 FD SHIP -MTD

305010
305020
305030
305060

OBT R BGN- TAP -LABL
LABEL -IDENT
000 R S H I P -REC
F FO -NO

305070
305075
305100
305110
305112
305120
305130
305140
305150
305170
305180

F
05A E
OIA F
F
F
F
F
F
F
F
F

305190
305200
305210
305220
305230 OOA
305240
305250
305260
305270
305290
305302 02A
305310

F
F
F
F
F
F
F
F
F
F
F
F

RECORDING MODE IS BINARY BLOCK CONTAINS 335 WORDS.

#020RD1#
U
X( 9)
X(13)

PROD -GR
PROD -BASE
S H I P -FROM
DATE- S H I P
CUST -NO
CUST- NAME -B
CITY- ADDR -S
SHIP -TO-ZONE
SLS - CLAS -CD
TRADE -CD
GOVT -CD

01 05
XXX
X( 6)
X(1 2)
X(3 2)
X(32)
X( 7)
XXX
X( 6)
XXX
X( 6 )

DEPT -NO
ACCT -NO
SLS- BRKD -CD
SLSM -NO
S H I P -ORD -QTY
PRICE -EXT
PROD- DES -INT
LOT -NO
PKG -CD
DATE -BILL
ORD -CD
SLS -IND -MGR

310000

WORKING - STORAGE SECTION.

310010
31oG20

04A F SALES -QTY
03A F RETURNS -QTY

307000

COMMON - STORAGE SECTION.

307010
307020
307030
307040
307050
307060

OA1
OA2
OA3
OA4
OA5
oA6

XXX
X( 6)
B
B

XXX
9( 7 )
9(6)x99
X(1 5)
X( 6 )
XXX
V6)

B

9
XXX

B
B

9( 7 )
9( 7 )

XXX
V6)
X( 6)

F BGN -CS
F DAYS -DATE
F CLOCK -TIME
F NEXT - PROG -NO
F NEXT - PROG -ID
F NREC

XXX
X( 9 )
B

99

EXHIBIT 4
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Some of the benefits achieved by this
approach are as follows:
Analysts, supervisors and programmers
can easily review programs.
Programs are more concise and descriptive.
Programs are more easily converted to
operate on other computers.
Operating error messages are standardized.
A common, single language -allows creation of general routines which can be
used in other programs.
Standardization of tape labels.
Field Names. A considerable amount
of confusion among analysts and pro-

grammers can be avoided by the simple
practice of calling a given data field by
precisely the same name wherever it is
used throughout the system. For example, a customer number appearing
within our system is described wherever
it appears as a field named "CUST -NO"
having a data image of X (12)— twelve
alphanumeric characters. The names of
fields used throughout the system are
originated by systems analysts. Names
are mostly meaningful abbreviations of
less than 12 characters in length.
Any fields needed within the program
for processing control are named by
the programmer. These are defined

GECOM LISTING OF 4O6R2
SOURCE PROGRAM WRITTEN BY TIM GILLIAM
S 0 U R C E L I S T I N G ( C 0 N T

600495
600496
6oO497
600500
600515
600516
600517
600520
600530
600540
600555
600560
600565
600566
600570
600580
600590
6OO600
600610
600615
600650
6OO66o
600670
600675
600680
600685
600690
600700
600710
600720
600730
600740
600750
600800
600805
600810
600815
600816
600820
600830
600832
600840
600845
600850
600855
600860
600870
600880
6OO89O
6OGO92
600894
600896
600898
600900

)

NOTE WHEN THERE IS A NEW STD -COST ON CARD INPUT IT IS CHECKED AGAINST
THE SHIP -MTD (DATA -FILE) TO SEE IF ANY TRANSACTION OR AGAINST IT
THIS MONTH AS WELL AS ADDING IT TO THE STD -COST FILE.
G11O. IF PROD -MTD IS PROD -CRD GO TO 6220, OR GO TO 6230.
NOTE SO THAT THE SAME TABLES MAYBE USED FOR EXT -COST FROM CARD OR
MASTER TAPE. THESE ALTER STATEMENTS CHANGES (GO TO STATEMENTS) TO
RIGHT MULTIPLY STATEMENT.
ALTER G13O TO PROCEED TO G131.
ALTER 6150 TO PROCEED TO 6151.
ALTER 6160 TO PROCEED TO G161.
NOTE CRD -FLAG IS SET ALSO WHEN CARD IS USE SO LATER CODING CAN BE USED.
CAD - FKAG -1.
NOTE TABLE G11ON CHECKS PKG -CD. SHIP -FROM AND SLS- CLAS -CD TO DETERMINE
WHAT STD -COST TO USE ON THE TRANSACTION RECORD.
TABLE G11ON OPEN 3 CONDITIONS 1 ACTIONS 8 ROWS. .
PKG-CD
SHIP -FROM SIS- CIAS -CD
GO TO
OR #69#
NEQ #32# NEQ #2#
G12O
#
#
G182
M
EQ #2#
6182
M
G13O
NEQ #32# NEQ #2#
G13O
C182
EQ #2#
6182
G13O
G12O. GO TO TABLE G12ON.
NOTE TABLE G12ON CHECKS PROD -NO BASE OF SHIP -MTD RECORD AND SHIP -FROM.
TABLE G120N OPEN 2 CONDITIONS 1 ACTIONS 5 ROWS.
PROD -B
SHIP -FROM
GO TO
EQ #06611#
EQ #11#
6150
M
EQ #14#
C13O
#
EQ #17#
6160
M
G17O
G16o
6130. GO TO 6131.
NOTE G131 EXTEND STD -COST FROM CARDS FOR PACKAGES ! VCL FROM LAC 14.
G131. PERFORM MPY SECTION USING SHIP -ORD -QTY STD- C -P -CRD GIVING STD -COST.
NOTE G14O BLANKS OUT ERROR FIELD BECAUSE IT IS PRINTED IN SAME RECORD
AS GOOD RECORD AND CONTAINS MESSAGE ON WHEN IN ERROR.
G140. MOVE SPACES TO ERR -MESS.
IF STD -COST IS ZERO GO TO 0235•
IF SLS- CIAS -CD EQ M M GO 6145•
6142. WRITE SALES-REC.
WRITE SALES -PIAN.
GENERATE COST -REC.
NOTE FINAL TOTAL IS KEPT BY PAOCAADPfEfi INSTRUCTION.
TOTAL -SPD = TOTAL -SPD 3 SHIP -ORD -QTY.
TOTAL -COST = TOTAL -COST ! STD -COST.
TOTAL -EXT = TOTAL -EXT ± PRICE -EXT.
GO TO G3O.
6145. IF CUST -XD EQ #XD# GO G142.
IF BASE EQ #900035# GO G142.
STD- COST.O.
Go 6142.
G15O. GO TO 6151.

1240

1250
1260

1270
1280
1290
1300
1310
1320
1330

1350
1360
1370
1380

1390
14Oo
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580

EXHIBIT S
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within each program by special comments.
The advantages of using common
data names are :
1. Maintenance is easier because data
names are familiar to programmers.
0

0

2. Programmers need not waste time
thinking up special personal names
for common data fields.
3. P r og r a mm i n g time is re d uce d
through use of common library data
division files.
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4. General subroutines can be written
for use throughout the system.
5. Programmers (other than the original programmer) have an easier
time understanding and maintaining
a given program.
Exhibit 4 is an example of a library
data division file. Here the month -todate shipment file (SHIP -MTD) is used
as input. The programmer avoided recreating and debugging his own data
division version of this file and found
familiar field names properly described.
Program Remarks. As mentioned
earlier, the programmer transfers all
useful GOODSTATE remarks into the
source coding of each program. He may
also enter remarks wherever needed to
explain the purpose of certain groups
of procedure coding. This is illustrated
in Exhibits 5 and 6.
The important point here is that the
programmers include this documentation during initial coding before the
program is compiled for the first time.
This adds several days to the initial coding phase but guarantees that the proper
documentation is present from the beginning. It is common to find a 2000
statement program with more than 600
comment statements.
Decision Tables are used whenever
the logic is more complicated than a
few conditional statements.
Exhibits 5 and 6 illustrate the use of
GECOM - TABSOL decision tables both
in data processing and scientific applications. Each condition and action is
maintained in vertical alignment and
each rule (or row) is not permitted to
exceed an 80- column card. This preserves the tabular format and thereby
achieves the powerful simplicity of programming with decision tables.
All TABSOL decision tables are written in horizontal -rule, extended entry
format. This is similar to the format
used in GOODSTATE.
The first rule of table GIION in
Exhibit 5 (seq. 600590) is read as follows for 3 conditions and 1 action:
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"If PKG -CD is greater than (GR) 69
and if SHIP -FROM is not equal to
(NEQ) 32 and if SLS- CLAS -CD is not
equal to 2, then GO TO statement
G 120."
Whenever a condition is not true, the
logic proceeds downward to the next
rule within the same condition. Whenever a " #" appears alone in a condition
position, the condition above is implied.
A " -" indicates that the condition is
ignored. It is always a convincing exercise to convert a decision table to a flow
chart and then compare the clarity of
logic and maintainability of each.
Conclusion
The proper organization and management of system documentation procedures can substantially increase a
computer department's ability to provide satisfactory service to users of a
system. Investment of time for documentation at the beginning and during
development of a system can reduce
subsequent maintenance efforts and
costs. The practice of maintaining detailed flow charts for all systems is
costly in terms of manpower and can
be eliminated through the use of decision tables at both problem definition
and programming levels. The greatest
benefits of decision tables will be
achieved if the compiler has the facility
to produce excutable code directly from
a decision table.
Perhaps the best time to start good
documentation procedures is when a
system is being developed (or converted) for a new computer. Often this
is the time when good documentation
is considered among the least important
factors in the system.
Much work remains to be done in
the area of systems documentation. Development and enforcement of good
practices remains a difficult and sometimes costly task. However, the prospects of maintaining a thousand poorly
documented programs should leave no
doubts regarding the value of good systems documentation.
MANAGEMENTACCOUNTING

Document Your Data Processing System
By FR ED A. HARRELSON JR.

O P A R A P H R A S E an old legal expression, "Documentation is the Essence
of Good Data Processing." We have
tried to utilize this principle to its fullest
in order to get the most mileage out of
our data processing system.
We began by developing a "standards
manual" in which all our guidelines and
operating procedures were outlined in
detail.
The use of method standards allows
programmers to review and understand
one another's programs more easily. It
also provides a means of communication among the various people involved
in data processing. Finally, standard
methodology is a prerequisite to the
establishment of useful performance
standards.
The manual is divided into three segments of the data processing function:
(1) systems analysis, (2) programming
and (3) computer operations. Communication among these three segments
is facilitated by use of the Systems
Specifications Manual (Systems Analysis to Programming) and the Program
Run Manual (Programming to Computer Operations).

T

Systems Analysis
Systems analysis begins with a loosely defined problem and ends with a
solution that includes a fairly rigid set
of specifications that can be translated
into machine language by means of
programming. Although systems analysis, by its very nature, dependson creativity, it must be channeled and documented if it is to be of lasting value.
The end product of the systems
analysis function is the System Specifications Manual. A separate manual
shall be prepared for each application
that is proposed for conversion. The
fact that the same individual may be
acting as systems analyst and programmer on a particular application does not
alter this requirement.
Programming should not be started
until the completed manual has been
approved by the managers of the departments involved and the manager of
data processing. Before any programs
are added to the original system, they
shall be authorized by means of an approved set of program specifications.
System Specifications Manual
The purposes of this manual are to
document and describe the system, to
explain the system inputs, outputs and
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functions, to state the system requirements for programmers, and to ensure
that all the departments involved understand the proposed system. List of programs in the system and program
specifications for each program in the
system are the two main sections of the
manual. In addition, the manual includes: introductory pages (a title page,
a table of contents and a revision page),
a general description of the system (the
purposes and functions of t he system,
major differences from the present system and a glossary of terms peculiar to
this apprication) and the flow chart of
the system (the flow of work from the
origination of each document through
the system until its final disposition).
List of programs in the system shows
the name and identification number of
each run in the system. The program
number consists of four characters
formatted as follows: system letter (one
character), run number (two characters) and frequency code (one character). For example, the program number
for the first weekly payroll program is
PO1W (P= payroll, W= weekly). The
program number is shown on all flow
charts, block diagrams, program coding
sheets and operator's instruction sheets.
Program Specifications. A set of program specifications is prepared for each
program listed on the list of programs
in the system. The program specifications include a program flow chart, a
run description and input /output layouts.
The program flow chart indicates the
origination, sequence, and disposition of
all input and output of the run, along
with the timing estimate and the program standard code.
The run description should be explicit in the detail information required,
the formulas used for calculation, the
controls required, the inputs and outputs, and the run's relationship to other
programs. It includes examples of t he
calculations performed, specifying the
sequence and manner in which the program uses various factors. Restrictions,
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exceptions, ranges and limits are indicated. A glossary of terms and abbreviations that are unique to this program is
also included.
Input /output layouts are prepared in
accordance with the specified standards
pertaining to the card, printer and tape
layouts.
Programming
It is the responsibility of the programmer to translate the information set
forth in the System Specifications Manual into a language that can be understood and used by the computer.
The programmer receives the program specifications for each program
that is assigned to him. He is also given
an opportunity to review the other sections of the system specifications manual in order to understand how the
program he is responsible for developing will relate to others in the application. If the programmer has any questions concerning the specifications, he
should confer with the analyst responsible.
After a review of the specifications,
the programmer performs the following
tasks:
• Block diagramming —a picture of the
logic required by the computer to
transform input into output.
• Coding— translation of the block diagram into a symbolic language.
• Desk checking — manual checking of
the coding and preparation of input
data to test the program.
• Assembly and testing— machine translation of the symbolic language into
machine language and testing of the
program under actual operating conditions.
• Documentation — preparation of a
description of the program and its
operation.
The Programming Rules
The programming rules listed below
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should be followed in order to prevent
common errors and to standardize and
improve the quality of the programs.
If a supervisory printer is used in the
system, all header label messages, halt
messages, error messages, and control
messages are typed rather than printed
on the supervisory printer.
Set up procedure. A date card is read
in each program. This card includes a
card code ( *), the program number
( A N N A ) and the date of the report
(M M M
DD, Y Y Y Y ) .
The program
number and date is always printed in
the control message. The header labels
on the input tapes is always validated.
Input tapes are checked for proper file
identification and correct reel sequence.
Results of verification are printed.
Header labels, to be written on all
output tapes, are designed as follows:
file number (5) , reel number (1) , report date (12).
File number is the number assigned
on the original system flow chart. The
first four characters indicate the number of the program which created the
file and the fifth character sequences
the file within that program. Reel number gives the sequence multiple reel files
(1 -9). Report date shows month, day
and year (JAN 18, 1967). Enough insignificant characters should be included
after the label to complete a full record.
When reading card input, always verify
that:
(a) All fields which should be punched
are punched.
(b) Numeric fields do not have double
punches.
(c) The input is in proper sequence.
(d) The data in each field is consistent
by testing for all possible entries or
checking for a range.
Do not halt the computer for any of
these card editing errors unless the input is in sequence. Instead, print a message identifying the card and the error.
The operator will correct the card and
re -enter it. Error card information should
not be added to control totals.
SEPTEMBER 1967

Always print headings when using
blank paper.
Tape files should have a minimum of
two controls, verified at predetermined
control breaks. One is a total of the
most significant information in the file,
i.e., accounts receivable, gross pay, etc.,
and the second is the record count. If
in balance, only print the accumulated
balance. If ou t of balance, print both
totals, the difference and " O U T o f
BALANCE."

The computer will stop functioning on
two types of operations: machine failure halts and programmed halts. Machine failure halts are not the responsibility of the programmer. Programmed
halts are documented by the programmer in order to let the operator know
what action is required to restart the
computer. The identification of the halt
is printed prior to stopping the equipment.
Write and print control totals at the
end of each reel of a data file.
Always write control label on tapes
prior to rewinding. The control label is
formatted as follows:
File number
5
Last reel
1
Record count
4 -6
Control amount
8 -12
The control label is followed by
enough insignificant characters to complete a full record.
After completion of coding, the programmer should completely check his
program for clerical errors, missing
labels and general legibility of symbols.
Desk Checking
The programmer should take a minimum of two samples, which follow different paths, and trace the flow of the
program step by step. The conditions
.4 5

of various accumulators, switches and
comparison indicators should be noted
on the Desk Checking Form.
The program is then reviewed by
another programmer designated by the
manager of data processing. This programmer follows the procedure described above. The purposes of this
review are to:
• Familiarize another person with the
program.
• Educate both programmers to each
other's techniques.
• Minimize the number of errors.
• Review the adequacy of the logic.
Two types of test data should be prepared: first, the data necessary to check
out each block of the program (program and volume testing) and, second,
the data necessary to check the manner
in which the system requirements are
met (systems testing). The programmer
is responsible for creating the program
test data, while the analyst is responsible
for creating the volume and system test
data.
The programmer prepares a copy of
Test Case Preparation, using the detailed block diagram as a reference.
There should be one test for each possible condition. Test cases are numbered
consecutively and conditions tested are
indicated. Test cases should be punched
on actual forms if available.
Assembly and Testing

is

After the program has been desk
checked, keypunched and all program
test data have been prepared, the program is assembled. All errors flagged
by this program should be completely
investigated and corrected, where necessary. If more than ten errors are found,
the program
reassembled before it is
tested. The machine language program
generated by the assembler should be
punched into auto -load cards.
Three types of testing should be
done: program testing, which checks
out each block of the program; volume
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testing, which checks out the entire program under simulated operating conditions; and system testing, which checks
out all of the programs in the entire
system. The programmer is responsible
for program and volume testing. The
analyst is responsible for testing the
entire system.
Documentation
Good program documentation is required for an efficiently operated data
processing department. The main reasons for documentation are:
I. To allow one programmer to understand, review and revise a program
written by another programmer.
2. To provide the computer operators
with the instructions required to run
the program.
3. To allow non -data processing personnel, such as managers of other
departments and auditors, to understand what is included in the program.
4. To provide a basis for conversion to
other equipment should the need
arise.
5. To serve as a record of the work
performed.
Each program should have a completed program manual before it is approved as a completed program. The
program manual consists of the following sections:
1. Operating instructions:
• Operator's instruction sheet showing what files are used on the
peripheral equipment and what
the disposition is of the output.
• A list of all programmed halts,
their cause and the corrective action required.
• Copies of all card and printer
layouts.
• Copies of the actual printout.
2. General program description. This
section includes the program flow
chart, the run description and the
input /output layout forms that were
included in the program specifications of the System Specifications
MANAGEMENTACCOUNTING

Manual. It also includes copies of
the actual forms used.
3. Detailed program description. This
section includes the detail block diagrams and the program listing. This
information was prepared previously.
A description of any peculiarities of
the program is also required. This
description should include an explanation of any tables used as well as
any special techniques or "tricks"
used by the programmer.
The first section of the program manual is prepared in duplicate and filed in
the operator's manual in the computer
room. The program manual is kept in
the office of the manager of data processing.
If any documentation is to be effective, it must represent the current status
of the program. Therefore, any changes
to the program must be noted in the
program manual. If the change is a
minor change which does not affect the
program logic, it need be recorded only
on the program listing, the program
deck, symbolic entry deck and the revision page. If the change is a major
change, it should be recorded on all the
above plus the block diagrams and the
memory dump. The program should be
retested, to ensure that the change did
not adversely affect other logic in the
program, and then reassembled.
All documentation should be reviewed
and approved by the Manager of data
processing.
System Testing
After all the programs in the system
have passed volume testing and have
been documented, the system as a whole
should be tested. This test will ensure
that the linkage between programs is
correct and that all the programs are
using the proper layouts.
The same volume of d ata that was
used in volume tests is used in the
system test. The test should include a
run- through of the system, including
simulated end of quarter and year -end
conditions if necessary.
If possible, the system test should be
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run by a machine operator who has not
operated the program previously. The
only information available to the operator should be the operator's manual.
This will serve to test the documentation
as well as the program.
The final results of the system test,
including documentation, should be reviewed and approved by the analyst, the
managers of the departments involved
and the manager of data processing.
Performance Standards
Performance standards indicate how
long it should take to perform various
operations. They are used as yardsticks
to measure performance. The use of
these standards allows reasonable accuracy in scheduling and assists in the
evaluation of personnel performance.
The performance standards are established by:
*Determining the tasks required to
complete each job.
* Determining the essential factors
that affect the length of time required
to perform each task.
9

Estimating the standard time required
to perform each task for varying
values of the essential factors.

Standard times are based on the assumption that the employee performing
the job will be experienced and fully
trained.
The time required to write a program
is determined by the size and complexity
of the program. Size is defined as the
positions of memory used by the program. Complexity is determined by such
factors as number. of input /output devices used, calculations 'required and
complexity of loops. The parameters of
size and complexity should be considered independently since, in most
cases, there is little direct relationship
between the two.
The senior programmer - analyst reviews each, program specification, estimates the size and complexity of the
program, and assigns a program stand47

a n d c o d e t o i t . T h e c o d e c o n si st s o f t wo
cha ra cte rs —t he co m p l ex i t y letter followed by th e siz e n u m b e r .

Task

All op e r a ti o n s invo lved in p r o g r a m mi n g sh o u l d be divi ded in t o the six
ma j or t a sk s li st ed be l ow:
Task 1— Blocking diagramming
Review systems specifica tion
ma nua l
Review program specifications
Prepa re deta il block dia gra ms
Review detail block dia grams

Task

Task 2— Coding
Complete coding forms
Insert standard sub - routines
Check for clerica l errors, miss-

Task
Task

ing labels and general legibility
of symbols
3 —Desk checking
Desk check program for logic
Independent desk check of
program
Prepa re progra m test da ta
4— Assemb iv and Te sting
Assemble progra m
Correct a ssembly errors
Rea ssemble progra m
Progra m test and correction
Volu me test a nd correction
Review volume test
5— Documentation
6—System test
System test
Review system test

Task 1 - Block Diagramming
Complexity
Size

A

B

C

D

E

1

1

2

4

8-2

122

2

2

3

5

912

132

3

3

4

6

1 02

14;2

4

41-2

52

72

12

16

5

52

612

82

13

17

6

61-2

V-2

912

14

18

7

72

82

102

15

19

8

82

92

112

16

20

9

912

1 0 12

1212

1 17

21

EXHIBIT t

48

MANAGEMENTACCOUNTING

An illustrative performance standard
for block diagramming is shown in Exhibit 1. All values are days.
At the completion of each task, the
standard time assigned to the task is
divided by the actual time required to
perform the task, and a quantity rating
is determined. For instance, the standard time allowed for coding a program
rated as B2 is three days. If the programmer completed the coding task in
four days the quantity rating would be
3 =4 or 75 %.
The quantity rating must be modified
by a quality rating in order to determine
an overall rating. A program that is
written quickly but is inefficient in
operation is usually less desirable than
one which is written more slowly but
is more efficient in operation. At the
time a program standard code is as-
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signed, an estimate of the time required
to run the job based on various volumes should also be made.
The timing estimate divided by the
actual time required to run the job
during volume testing results in the
quality rating. For instance, if the timing estimate for the job mentioned
above was thirty minutes based on a
volume of 100,000 records and the
actual running time was thirty -five minutes, the quality rating would be 30 =35
or 86 %.
The quality rating multiplied by the
quantity rating gives the overall rating.
In our example, 86 %X75 % =64 %.
Quality is further controlled by periodic reviews of the block diagrams,
coding, documentation and test results
by the manager of data processing.
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A Payback Approach to an Integrated
Business System
By J . EDW ARD 1 K RAF F T

been written about Integrated Business Systems (IBS)
and few will argue the need, particularly for larger organizations. At the Aerospace Division - Florida Operations,
Honeywell, Inc., our first step toward
the goal of an Integrated Business System was to identify the problem and to
then determine an IBS approach to fit
our particular situation and information
needs. A Division information baseline
depicting the general movement of information paralleling functional activities was formulated. Each Aero - Florida
manager was able to propose information reporting projects within his area
of responsibility.
This baseline was an invaluable tool
in the evaluation of the relative payback
of these projects and assured the integrity of the Integrated Business System
as the various projects merged. The individual projects involved such varied
activities as inventory control, financial
data accumulation and reporting, employee information, purchasing, work in- process, marketing activities, and a
host of other requirements. Priorities
were established to identify and evaluUCH HAS

ate which of the proposed activities
were "foundation" projects and which
offered payback in terms of increased
control, improved morale, decreased
costs, increased sales and optimum
output.
The first major project was a new
procurement system. This system was
designed to assure rapid response to
market changes by providing analysis
and control reports, and to automate
many of the clerical routines.
The second major project to be approved was the Finance Information
System (F IRST ). The finance system
was chosen because it represented a
foundation project which would serve
as a prime collection system for information needed by other reporting
systems. Finance also provided immediate payback through increased control
resulting from more timely reports, improved morale as clerical functions were
simplified and the workload peaks were
leveled, and decreased costs brought
about by more efficient mechanical
processing of data.
Our aims include an overall information collection, validation and processing system as well as a financial reporting system. The information to be
collected would include work -in- process
data, quality statistical measurements,
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industrial engineering performance information as well as traditional financial
data.
The responsibility for the finance information system project was assigned
to a steering committee composed of
finance, data processing, and business
systems managers and supervisors. During the initial study period, the steering
committee analyzed the situation in
depth to provide each man with a complete understanding of the operation of
the old system. After the fact - finding
survey many approaches were analyzed,
tested and reworked, until every man
was completely familiar with the advantages and disadvantages of each.

lems. To obtain full advantage of this
activity, however, the new computer
concepts were to be utilized in Phase I
as much as practical to further develop
and test those ideas.
Phase II would consist of the detailed system study. This phase would
not be under pressure to solve immediate problems and could concentrate
in depth on management problems and
requirements. The experience from
Phase I and the removal of demands
for quick solutions was more than
ample payback to justify an estimated
four -month activity. The next step was
to identify the specific problems to be
included in Phase I.

The Alternatives
We had two major alternatives available. First we had the choice of a complete analysis and systems definition.
This was the more traditional approach
to solving the problem but had the serious disadvantage of postponing any
major benefits for a minimum of
eighteen months.
If we decided upon the second choice
which was to treat our more serious
ailments without a complete analysis,
we were inviting serious complications
when future efforts were directed to
the system integration of related activities. The second alternative had the
advantage of three very tempting promises: (1) we could quickly ease a significant amount of our manual and
mechanical workload, (2) we could
implement many new computer generated reports quickly and (3) we would
provide a testbed for new computer
processing theories we had developed
during the study phase. The second
alternative would also serve to mold the
individual members of the task force
into a strong unified team before we
tackled the full -scale system study.
We decided to segregate activities
into two distinct phases. Phase I activities would be devoted primarily to the
second alternative which was the immediate solution of more difficult prob-

Phasing Out the Project
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Honeywell Aero - Florida was a small
operation without a local accounting
department when operations began. In
less than three years we grew to a completely autonomous facility responsible
for the design, development, and production of highly complex aerospace
guidance systems and components.
The resulting accounting system,
which every committee member now
completely understood, was basically
comprised of three independent processing systems with each system supporting a major report activity (corporate, customer, or internal). The source
of input data and the processing techniques were determined by circumstances existing when a system was
implemented, the background of the individuals involved in that particular
system, and available data processing
equipment.
Our initial analysis during the study
phase had shown the input documents
feeding the finance system were adequate to provide all the necessary information for reporting requirements.
Even with their shortcomings, they
provided sufficient information to satisfy at least minimum management needs.
Our final definition of Phase I activity
was to maintain the same input to, and
output from, the Finance Information
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System while completely overhauling
the in- between processing system.
Phase II would define a completely
new processing and reporting system.
The intimate knowledge of the existing
system gained by the Steering Committee during the initial analysis and the
broad experience of the members focused on the problem, resulted in an
ultimate Finance Information System
baseline before Phase I was started.
The basic philosophy expressed by
this baseline was the individual control
of a variable record of unique data by
a random charge number. This number
would be validated by comparing it to
a master file of assigned charge numbers
prior to acceptance into a detail data
bank. Extraction of every report would
be directly from the detail data bank
without the usual pyramiding of report
preparation where one report was prepared from the summary results of a
previous report. This provided critical
control and action reports before relatively less important historical reports
were prepared. Significantly, those control reports which might highlight or
analyze current problem areas could be
prepared upon request at any time during the month without the usual effort
associated with a month -end closing
(Exhibit 1).
This ultimate system would be supported by two distinct computer tape
data files. The data file represents the
final storage of each variable record of
data as reported to the system. Very
little information other than dollar calculations is added to these records before being passed to the data bank.
The other tape file, called the Master
Related File (MRF), is the major contributor to our computer processing
concepts of random report preparation.
This file is segmented by major control
numbers such as department number,
account number, and project number.
All fixed data pertaining to each control
number are maintained in this central
file. All variable records are validated
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by the appropriate control number or
numbers.
Report programs use the sort codes
stored in the MRF to properly select and
sequence the information being reported. Appropriate descriptions used
in each report are also selected from
the MRF for use as report titles or line
descriptions.
After defining Phase I and Phase II,
the project was turned over to a finance
system work team. The team consisted
of two accountants familiar with finance
requirements and three skilled programmers knowledgeable in computer programming capabilities and having a
background of past finance processing
problems.
The work division fell into two distinct segments. The accountants collected and analyzed the input forms,
identified and defined all elements of
data on the input forms, and specified
the required edits to be performed on
this data. The programmers designed
the computer processing logic, defined
the two computer tape files required to
accomplish our goals (the Master Related File and the Data File) and
wrote the necessary computer programs.
Because of the informal approach in
Phase I, the programming started with
the data input and each program, as
written, was included in the weekly
parallel processing of data. Since each
program was thoroughly tested, revised
and debugged before the following program was written, any revisions in format, data or contents caused by our
informal approach were reflected in the
following programs with a minimum of
disruption.
The work team was not subject to any
restrictions other than final goals and
a time limit. Because of this, each problem or event was evaluated with the
benefit of constantly increasing knowledge of the participants. This led to
more intelligent decisions than would
have been possible with a predetermined
definition. We also gained partial imMANAGEMENTACCOUNTING

existing system. Our first payback was
achieved.
The second stage consisted of implementing the one central tape data file
to replace the three data files existing
in the old system. Of these three files,
two were tab card files and one was a
magnetic tape file (Exhibit 2).
The implementation of the second
stage required a simple computer program to create the three previous files
supporting the old report programs
from the new data files. For the first

plementation of the new system as significant stages were achieved.
The Paybacks
The first stage converted to the new
system included the input editing of all
data which required that a predetermined set of conditions be met before
acceptance into the system. This included the validation of all charge
numbers by the MRF. These programs
eliminated lengthy clerical routines between the two processes. A simple computer program was written to resequence
th e da t a p r o ce ssed i n t h e i n i ti a l st a ge o f

time all thr ee sy st em s we r e fed fr o m

Phase I and to support the remaining
data files and report programs in the

a common source by a reliable compu te r p r o g r a m . T h i s a l mo st co mp l et el y
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FINANCEDATAFILES

reports five working days sooner than
before. We get our final balance sheet
and supporting schedules directly from
the computer before the general ledger
or final audit trail reports are prepared.
Our final major payback for Phase I
is a reality.

BEFORE
APW DATA

PROCESSING
SYSTEM
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DATA FILE

TAB CARD
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TAPE BATA
FILE

CORPORATE
REPoRiS

CUSTOMER
REPORTS

INTERNAL
gEPoRTS

AFTER

EXHIBIT 2

eliminated the manual reconciliation
work to locate differences between the
three reporting systems. In addition,
newly designed "audit trail" reports
made analysis of any transaction automatic. The second payback was
achieved.
One stage remained to bring the successful completion of Phase I to a close.
This was the conversion of existing reports to rely directly on the information
contained in the new data bank. This
stage, because of the successful completion of the two previous stages, was
very simple even when considering that
the opportunity was exploited to make
improvements in the existing computer
reports.
Two major goals of our initial definition of P has e I were quicker preparation of management reports and preparation of reports in random sequence as
needed. We are now obtaining our final
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Our Current Efforts
We have now begun Phase II. Not
surprisingly, what seemed to be an incomprehensible task a few months ago
has now been reduced to simply adding
improvements to the Phase I programs.
We are currently integrating the procurement and finance systems by defining the extraction of purchasing and
receiving information directly from the
computer tape files in the procurement
system for input to FIRST. This eliminates clerical reprocessing of data already on computer tapes. Our goal is
to have automated computer reports of
purchasing transactions, status reports
of open items and schedules of intended
payments by dates determined by the
computer program and automatic check
preparation.
Our accounts payable section's major
effort will now be analysis, monitoring
and adjusting unusual transactions.
Routine manual processing of purchase
orders, invoices, receiving tickets, and
checks will be eliminated. This is a
complete change in function. It will
eliminate most of the drudgery associated with voucher processing. Our
efforts will be concerned with intelligent
analysis of each transaction, an activity
which may save many dollars for AeroFlorida and its customers.
How did we evaluate our initial decision to attack Phase I before approaching Phase II? We are completely satisfied with this approach. Our new processing theories have been completely
validated, the work team is solidly in
control of our direction, the clerical and
mechanical workload has been significantly reduced, and an Integrated Business System is becoming a reality at
Honeywell Aero - Florida.
MANAGEMENTACCOUNTING

Financial Responsibility and Sales Prices
B y W I LLI AM J . RI LEY

is the time when the account ing manager was expected only to
sit over in his corner of the office and
diligently record for historical purposes
the monetary transactions of the business with which he was associated. One
of the new areas with which the accountant now finds himself directly or
indirectly involved on an ever- increasing basis is that concerning the establishment of sales prices for the firm.
The managerial accountant, as an
advisor to top management in the field
of proposing selling prices, is expected
to be a combination of economist, accountant, fortune teller, psychologist
and often even a bit of magician. It is
the purpose of this article to delve into
these different and manifold functions
in order to understand the role of the
accountant in the very important concept of adequate price levels for the
concern.
The goal of pricing policies is to
establish product sales prices that will
fit the market place over a relatively
long period of time and permit the busi-
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ness to recover its costs and achieve a
targeted dollar return on the investment
which has been made or is contemplated
to be made in the business entity. Actually, very seldom do selling prices
conform to this exact pattern, as many
factors within and external to the business combination influence the actual
results obtained and available.
For example, costs as used in the
establishment of selling prices will not
always be the same as costs which are
calculated for other purposes. Of significance in this category, are costs of
inefficiency which are not only related
to direct labor but to obsolete plant and
equipment with large maintenance
costs, idle plant costs, dead weight employees who are kept on the payroll for
sentimental purposes and other costs
of a similar nature. The establishment
of selling prices calculated to recover
such inefficiencies will either cause a loss
of markets or greatly encourage more
efficient concerns to enter what to them
will appear to be a very profitable area.
It is a responsibility of the management
accountant to segregate the dollars related to these manufacturing inefficiencies and highlight them to management
for consideration when selling prices
are being established.

WILLIAM J. RILEY, CPA, Cleveland Chapter 1956, is a
Division Controller, Clevite Corporation, Cleveland, Ohio.
Mr. Riley received an A.B. degree from Baldwin - Wallace
College, Berea, Ohio and a M.B .A. degree from Western
Reserve Un iversity, Cleveland, Ohio . Since 19 6 0 , Mr. Riley
has been on the faculty of the Cleveland State University
as a lecturer in Accounting. Mr. Riley was awarded an
N A A Certificate of Merit for this artic le (in 1966 -67).
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Pricing Methods
As a foundation to the understanding
of how prices are developed or calculated, a brief explanation of the various
methods of pricing is presented in the
following.
Complete cost pricing is perhaps the
simplest method. Briefly, it consists of
deriving recorded or projected costs and
adding a percentage to direct and indirect costs for the profit factor. In
utilizing this method a normal production volume is determined and period
costs are allocated across the field based
on some element of direct effort (labor
hours, labor dollars) related to the
standard volume. This method results in
a standard profit margin and a recovery
of fixed or period costs in proportion to
a unit of productive resources utilized.
Cost plus pricing is a method of pricing which, if adhered to, takes least
recognition of the influence of the market place. In cost plus pricing, a margin
is tacked onto the cost base (which can
be variable). The cost base generally
is composed of direct material, direct
labor, variable indirect expenses and
fixed indirect expenses. If determined
to be practical, the cost base can exclude fixed indirect expenses and thus
permit a modified direct costing system.
Market place pricing is applied in
marketing situations where competition
is intense, many suppliers exist and a
strong distribution system is in being.
The product or goods are then priced
to be equal or almost equal to the sales
price of competing products. This pricing procedure will also occur in a situation where the product is an inelastic
commodity, function is served by all
products available and the significant
distinctions between the products of
various manufacturers is styling, packaging, distribution and, possibly, quality. The open funnels for profit improvements in such a pricing situation fall in
the area of cost reductions and increases
in volume as a result of the factors
listed above.
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Consumer pricing or retail pricing
consists of adding a standard markup
to the cost of purchased goods. It is
most frequently applied in mercantile
establishments which are consumer
oriented and manufacture or produce
little or none of the materials traded.
The dollar factor over and above the
outlay of funds for the merchandise is
required to be adequate to cover total
distribution costs and fixed expenses,
and total profitability of the business
is directly related to volume as ultimate
sales prices must remain competitive
within a given area.
Equity pricing is more popularly
known as pricing for return on capital
employed or return -on- investment pricing. Actually, this concept is a foundation for all pricing but market conditions most frequently make the concept
subservient to one of the other methods.
To illustrate return -on- investment pricing, the following formula is typical:
Target rate of profit on investment x
Capital turnover = Markup on cost,
where capital turnover is determined by
dividing total sales dollar for the period
by average investment for the period.
A few general comments are necessary in regard to markets. The ideal
situation for a concern is when a degree
of monopoly exists for the firm for
some specific reason (technology, raw
materials, distribution, patents, etc.).
In such a market, selling prices are set
to yield the highest net profit on a short term basis. This type of the market,
however, is not the one which most
businesses find themselves in and, further, the short -term objective is most
often not the most desirable as a high
degree of responsibility rests on managers to perpetuate the activities of the
concern for the long -range financial
well -being of the investors or stockholders. This latter philosophy sometimes necessitates temporary pricing
policies which although not currently
justifiable, have long -range implications.
What then actually happens in respect to the establishment of product
MANAGEMENTACCOUNTING
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alone; the products that might have
once formed a basis for the business,
have certain prestige and consumer appeal or are a necessary ingredient to
maintain a complete product line or to
permit an availability of replacement
parts for products delivered in prior and
different business periods. Obviously,
the pricing of products in these different
categories cannot and should not be
done on the same basis and knowledgeable management must take cognizance
over these situations.
The Accountant's Participation
How then does the financial manager
enter into this area of developing sales
prices designed to recover unit costs
and yield a profit so that, when combined with all other items in the total
sales spectrum, they will result in the
targeted return on the capital investment
in the business? Actually, this is a program of many phases and the accountant can participate in all of them or in
selected areas depending upon the organization of the business.
Initially, short -range pricing policies
are results of the budgeting process.
This contrasts with the planning process
which is of a longer -range nature.
The preparation of the sales budget
for a firm is generally the responsibility
of the sales or marketing segment of the
organization but close cooperation of
the accountant is a needed and useful
additive. The sales budget should first
be developed on a unit basis for each
major product of the business. As it
establishes goals which can be evaluated
with actual performance, the sales
budget serves as a first step in the
preparation of working capital requirements, and is the push -off point for facilities, materials and manpower requisitions. Most important, the sales
budget is the basis for the budgeting of
profits by product, product line and the
concern as a whole.
After completion of the sales budget
terms of units of product only, the
in

selling prices? Most frequently it is the
combination of market place pricing
with formula pricing which forms the
basis for most selling prices. In other
words, a method of variable or flexible
pricing is one which is most experienced
in the market place.
Formula pricing does not take into
account competitive elements, market
situations, unbusinesslike or unintelligent practices on the part of other firms,
or other factors completely unrelated
to the product costs and profit goal of
a particular firm. Market place pricing
does give consideration to these elements and contributes an important element to the success or failure of an y
business concern. The combination of
formula pricing with market pricing is
the system most often experienced in
a free economy. Generally, profit margins determined through an arithmetic
procedure serve only as initial steps in
overall pricing policy which brings into
consideration the market influenced elements.
A business today must operate with
a plan, and projected or planned returns are imperative to the long -range
existence, continuity and profitability
of the concern. Once the overall profit
objectives of a contributing entity are
formalized, management can adjust or
revise profit margins on individual products either upward or downward. When
prices are adjusted to a lower plateau
for one product, corresponding hikes
in unit selling prices for the other products must inevitably be accomplished
so as to achieve the targeted return.
Further, the products of business concerns which have been in existence for
any period of time can be segregated
into three broad groups. First, the products which are high volume and upon
which the business currently anticipates
its major profit dollars. Secondly, the
new products, neophytes to the market
place where profitable performance is
planned for some future period. Thirdly, those products which are no longer
justifiable on their profit contribution
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Har dwa re To o ls M a n u f a c t u r in g Bu dget - Ye ar 19XX

Un i t s

Hand
drills

Pliers

Hammers

20 0, 00 0

15 0 , 0 0 0

75 , 0 0 0

60 , 0 0 0

80 ,0 00

Ma t e ri al co s t u n it

Planes

Saws

.12

.10

.39

.91

.60

To t a l m a t e r i a l co s t

$2 4, 00 0

$15 , 0 00

$29 , 2 50

$5 4 , 6 0 0

$48 ,0 00

Di re ct lab o r u n it

.0 6 h rs

. 04 h r s

3.00

3.00

Av e r a g e d i r e c t la b o r c o s t

1 7 0 9 85 0

3.00

$1 8, 00 0

$27 0, 0 00

$3 24 , 0 0 0

$23 0,4 00

$

87 8 ,4 0 0

$18 , 0 00

$27 0, 0 00

$32 4 , 0 0 0

$2 30 ,4 00

$

87 8, 40 0

$96 , 0 00

$51 , 0 00

$56 9, 2 50

$70 2 , 6 0 0

$50 8,8 00

$1 , 9 2 7 , 6 5 0

$

$

$

$

$

To t a l d i r e c t la b o r
F a c t o r y b u r d e n - 100%

$3 6, 00 0

Un it c o s t

$

.96 hr s

3.00

$36 , 0 00

To t a l c o s t

1 . 8 h rs

1. 2 hrs

To t a l

.48

. 34

7.59

3. 0 0

11. 71

6.36

EXHIBIT 1

I n d i r e c t F a c t o r y Ex pe ns e
Ha r d wa r e To o ls De p a r t m e n t
Y e a r 19XX
To t a l
am o un t

Pliers

Ham m ers

Plan es

Sa ws

Han d
drills

$210, 000

$ 8,640

$ 4,320

$ 64, 800

$ 77,760

$ 54, 480

218,000

8,934

4, 467

67, 008

80,410

57,181

Su p p lies

50, 000

2,000

1,500

20, 000

22,000

4,500

Ex p en d ab le t o o l s

89,000

3,000

5, 000

45, 000

30, 000

6,000

32, 000

34, 000

60, 000

51, 000

20, 000

Des cr ip tio n
Indirect

lab o r

Fringe be n e fit s

Heat, l i g h t ,

power

120,000)

Bu ild in g d e p re c ia t io n

77,000)

E q u ip m e n t d e p r e c i a t i o n

75, 000

8,000

9,000

23, 000

18,000

17,000

I n s u r a n c e and t a x e s

15,000

3, 000

3, 000

3, 000

3, 000

3, 000

Other
To t a l

25, 000

5, 000

5, 000

5, 000

5, 000

5, 000

$879,000

$70, 574

$66,287

$287, 808

$287, 170

$167,161

EXHIBIT 2

next phase is to develop unit manufacturing costs for the budgeted level of
business. This function, most properly,
is a responsibility of the financial organization. Extreme care must be given
to the accuracy of cost projections with
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a minimum of allocated costs being
utilized. In other words, a percentage
added on to either materials and/or
direct labor to charge the product with
a portion of indirect factory expense is
not adequate as all items in a product
MANAGEMENTACCOUNTING

line generally do not require the same
utilization of factory resources.
As an example of this situation, the
following hypothetical case is presented.
This company makes, among other
things, small hand tools which are retailed by hardware stores and similar
ventures. These tools are considered as
one product line and historically the
company has applied factory indirect
expense to the product line on the basis
of direct labor. The current budget for
this product line appears in Exhibit 1.

In order to determine a more accurate cost, the accountant responsible
for product cost budgeting has analyzed, with the assistance of plant engineering, the indirect factory burden expenses and allocated them on a much
more accurate basis to the various products ( Exhibit 2) .
After this allocation of factory burden a comparison of standard budgeted
costs with the adjusted budgeted costs
is as follows:

Pliers

Hammers

Planes

.Saws

Hand
drills

Standard Cost /Unit

.48

.34

7.59

11.71

6.36

Adjusted Cost /Unit

.65

.66

7.83

11.10

5.57

.17

32

.24

Difference

This data was made available to management and the company president decided that administrative costs could
also be allocated on an other than proportionate basis. The firm's administrative, engineering and sales budget associated with this product line for 19XX
was $300,000, detailed as follows:
Administrative costs
Sales expense
Engineering expense

$100,000
150,000
50,000

Total

$ 300,000

Pliers

Description

Subtotal

(.79)

The engineering expense consisted of
three projects - $15,000 for new product development, $20,000 to improve
the processing techniques for the saw
blades and $15,000 to redesign the
planes for more accurate use. Permitting administrative, new product research and development and sales expense to be allocated to product -adjusted costs on a proportional ratio, and
engineering expense for existing products directly allocated to those products,
the following total cost for each item
in the product line is indicated:

Ha mme rs

Planes

Saws

Hand
drills

$ 24,000

$ 15,000

$ 29,250

$ 54,600

$ 48,000

36,000

18,000

270,000

324,000

230,400

70,574

66,287

287,808

287,170

167,161

$130,574

99,287

$587,058

$665,770

$445,561

$

Material
Direct labor
Indirect expenses

(.61)

86,500

58,500

1,000

800

19,700

25,300

3,200

Total cost

$147,474

$113,087

$682,858

$777,570

$507 261

.74

.75

9.11

12.96

6.34

SEPTEMBER 1967

9

$

Unit cost

$

76,100

$

13,000

$

15,900

$

Selling and
administrative
Engineering

59

It is the policy of the company to
obtain a 30% return on average invested capital on an annual basis. The
total net investment (fixed assets recorded at cost less accumulated depreciation) is $3,000,000, thus indicating an

operating profit goal for 19XX of $900,000 prior to income tax provisions. On
an aggregate basis this represents a
markup for profit of approximatey 41
percent on cost. Applying this markup
to cost, the following wholesale sales
prices result:

$

.74
.75
9.11
12.96
6.34

Profit

The management reviewed the proposed selling prices which were predicated upon the more definitive allocation
of costs and compared them with the
prices currently in use.
A review of the overall economic situation indicates that a 3% inflation of
costs took place during the current period so that some price increases were
justifiable, that certain product lines
were on a relatively stable basis and

Selling price

.30
.31
3.74
5.31
2.60

$

E.)

$

Pliers
Hammers
Planes
Saws
Hand drills

&

Unit cost

(Including A.S.

Product

1.04
1.06
12.85
18.27
8.94

total sales appeared to be little affected
by moderate increases in selling prices.
The company management decided to
schedule all pertinent factors pertaining
to each product in order to determine a
flexible pricing policy for each item.
This analysis as developed by the company president, sales manager, production manager and treasurer is as
follows:

ECONOMIC ANALYSIS OF HARDWARE TOOLS

Hammers

Planes

60

Co mme n ts

1.04

Steady market, not significantly influenced by
moderate price fluctuations, sales efforts minimum. Generally no special price considerations
required. Product quality about equal to competing items, cost reduction possibility —not
significant.

.60

1.06

13.80

12.85

Same as for pliers except quality slightly below
competing products due to the tendency of
handles to break because of a lower grade hardwood utilization. Cost reduction possibility —
none.
Widely fluctuating market, difficult to sell high quality product. Current engineering efforts
should increase precision of product. Superior
to other items on the market. Cost reduction
possibility —about $.60 each with introduction
of new sharpening process.

.95

$

Pliers

$

Product

Current Proposed
selling
selling
price
price

MANAGEMENTACCOUNTING

Saws

Hand drills

15.00

18.27

Increasing market, sales manager feels forecast
volume conservative, very high quality superior
product. Cost reductions possible if material
bought in larger quantities but different processing required for better finish on blades.

8.75

8.94

Very competitive market, sensitive to price
fluctuations. Sales efforts substantial to maintain volume. Price considerations sometimes
given to large retailers. Raw material costs high
and cost reductions impossible.

Management Decisions
Based on the salient factors indicated
in their analysis, the management team
of the company made the following decisions in regard to the various products. First, pliers -price to retailers to
be increased to $1.00 each from the
$.95 currently in existence. The selling
efforts for pliers to be stepped up and
projected volume for 19XX increased
to 220,000 units.

Concerning the 19XX hammer business, it was decided to leave the selling
prices at the current year's level, that
is, $.60 each and to de- emphasize the
sales efforts for this item. It represents
the lowest volume contribution, the
quality is sub - standard and is the least
influenced by technological advances.
Further, the equipment used for the
manufacture of hammer heads can also
be used for the pliers and the planes.

Hardw are Tools Budget - Year 19XX

Pl ie rs

Saws

Planes

Hammers

Hand
drills

To t a l

220,000

150,000

75,000

65,000

$1.00

$ .60

$13.50

$16.00

$8.90

$220,000

$90,000

$1,002,500

$1,040,000

$667,500

$3,020,000

Mate rial

26,400

15,000

29,250

59,150

45,000

174,800

Labor

39,600

18,000

270,000

351,000

211,500

890,100

-0-

-0-

Uni ts
Un i t s a l es pr i ce s
To t a l sales

75,000

Cost

Cos t reduc tions
Fac to ry bu rden

-039,600

1

(32,500)

(32,500)

-0 -

18,000

270,000

318,500

211,500

51,000

569,250

696,150

468,000

857,600
11,200

*Unabsorbed burden
Manufac turing cost
S e l l i n g , ad m in i st r at i ve an d
engineering

105,600

1,901,200

18 000

9,000

96 000

118,000

89 , 000

330,000

123,600

60,000

665,250

814,150

557,000

2,231,200

Operati n g profi t

$ 96,400

$30,000

$337,250

$225,850

$110,500

Pe r c e n t t o s al e s

43.8%

33.3%

33.6%

21.7%

16.6%

To t a l c o s t

$

788,800

"50% of Fac tory Burde n Considere d Variable

EXHIBIT 3
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The volume budget for 19XX is to remain at the projected level of 150,000
units.
The 19XX pricing policy for planes
was to be established at a slight decrease
from the current year at $13.50 each
and a national advertising program in
building trade magazines was to be undertaken at an estimated cost of
$30,000. The company will anticipate
volume increases to become existent
within a two -year period but the sales
budget for 19XX is to be held at 75,000
units.
The future for the saw product line
appears to be the most promising for
the long -term goals of the company.
Accordingly, a price increase of $1.00
was authorized to $16.00 each and the
production manager was advised to accomplish a $.50 reduction in material
and /or direct labor. Sales forecast for
19XX was increased to 65,000 units. A
study was authorized to determine the
payback from the acquisition of new
processing equipment.
The analysis of the market situation
concerning the hand drill product line
indicated to the total management team
that the pricing for this product line
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would be best if unaltered; however, the
disparity of $.19 between calculated and
existing prices concerned the president
and he advised that the drills should be
priced at $8.90 and that a volume reduction of 5,000 units should be budgeted.
Based on the revised pricing, volume
budgets and cost fluctuations and directives established in the top level discussion of the company, the treasurer was
instructed to recast this information to
determine an operating profit for the
year 19XX based on historical costing
and absorption methods. This budget is
shown in Exhibit 3.
In this example, the company's 19XX
profit will be approximately $100,000
below targeted return on equity. What
the next step should be is to permit
more advanced conjecture to enter into
focus.
This hypothetical case is oversimplified and has been restricted to a specific
product grouping. As enterprises become more complex and as more multi purposed automatic equipment is put
into use, this type of analysis becomes
more complicated and significantly more
difficult to prepare.
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Recent Publications
ENCYCLOPEDIA OF AUDITING TECHNIQUES
Prentice -Hall, Inc., Englewood Cliffs,
N. J. 07632, 1966, two volumes, 1566
pp., $39.95.

The first two chapters describe typical
auditing procedures and auditing of
electronically - produced records. Each of

the succeeding chapters presents the
methods used by its author in a specific
audit within a specific type of industry
or activity. In many chapters, the detailed audit program is described. The
encyclopedia thus covers audits of a
great variety of business activities and
all types of organizations.

INTERNAL CONTROL AND AUDIT FOR NEWSPAPERS
Institute of Newspaper Controllers and
Finance Officers, P. O. 68, Fair Haven,
N. J. 07701, 1965, 171 pp., $10.00.
A combined effort of a selected group

of newspaper financial administrators,
this manual is a condensed guide suggesting ways of applying internal control
and auditing techniques.

MANUAL OF PERFORMANCE RATIOS FOR
BUSINESS ANALYSIS AND PROFIT EVALUATION
Leo Troy
Prentice -Hall, Inc., Englewood Cliffs,
N. J. 07632, 1966, 736 pp., $45.00.
Included are descriptions and tables for
266 industries. Each table contains: sixteen year sales record — quoted at five-

year intervals (1948, 1953, 1958, 1963,
and 1964), and a set of 22 selected ratios (12 operating ratios, 6 financial ratios and 4 financial factors in percentages) —for each of the groups, classified
by total asset size.

NETWORK -BASED MANAGEMENT SYSTEMS (PERT /CPM)
R. D. Archibald and R. L. Villoria
John Wiley & Sons, Inc., 605 Third
Ave., New York, N. Y . 10016, 1967,
508 pp., $16.00.
A comprehensive guide to networkbased systems designed for both on -theSEPTEMBER 1967

job learning and classroom instruction.
Part I presents the fundamental ideas.
Part II discusses the various factors
dealt with in practical applications.
Part III contains case studies. Part IV
includes an examination of pitfalls and
potentials.
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Readers React
► Canadian Accounting Practices
To the Editor:
James N. Hartley's article, "Problems of Consistency in Foreign Accounting" (November 1966), may
give rise to serious misunderstandings
as the generalizations made are not
appropriate to many countries. As a
member of accounting bodies in
Canada and the U.K., I know they
certainly are not appropriate to these
countries.
Some further comments are warranted on the Canadian accounting
situation since Canada represents the
largest direct foreign investment by
U.S. business ( $15.2 billion or 30%
of the $49.2 billion total foreign investment as at the end of 1965).
A quick review indicates that, at
present, there are few areas where
Canadian and U.S. accounting practices differ materially. Philosophy and
objectives are broadly similar. Differences in generally accepted accounting principles mainly relate to the
following:
(a ) "flow through" accounting for
income taxes
(b) treatment of intangible assets
(c) capitalization of leases
(d) compensatory expense of
stock options granted
(e) accounting for pensions
(f) statement .presentation
Canadian companies are required
to have independent audits and audit-
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ing practices are similar. They include
observation of inventory counts and
confirmation of accounts receivable.
Tax ethics are also similar. Tax
liabilities are generally reluctantly
and honesty reported. Accounts are
not required to be kept on a tax basis.
Irving Nyman
Senior Consultant
Woods, Gordon & Co.
Toronto, Canada

► Tools vs. Principles
To the Editor:
Mr. Robert L. Pyle's article, "Depreciation —Accounting Concept or
Political Tool," in the February 1967
issue is a very timely and cogent
article.
The accounting treatment of depreciation has suffered because of the
government's penchant to treat depreciation primarily as an ingredient of
tax calculation, as Mr. Pyle points
out in his article. Because of this
philosophy the government has further intruded in the field of management. Revenue Procedure 62 -21 prohibits the use of machine hour, unit
production, or retirement - accounting
methods in computing depreciation
for use in the new guidelines for
depreciation. None of these methods
are in opposition to sound accounting
or economic principles.
The original concept that depre-

MANAGEMENTACCOUNTING

ciation was a medium to earmark a
segment of funds for the replacement
of facilities at the end of their useful
life without the need for additional
funding, has been seriously eroded by
the IRS refusal to allow depreciation
to be based on replacement values.
This has deprived owners of facilities
of a much needed hedge against
inflation.
Webster P. O'Neill
Assistant to the Controller
General Products Division
Scovill Manufacturing Company

► Investment Tax Credit
To the Editor:
Mr. Robert S. Olson's article, "Cost
and Tax Considerations in the Small
Business Parent - Subsidiary Relationship," in the June 1966 issue, reviews
most of the factors that should be
considered regarding the single company or parent- subsidiary decision.
There is, however, one additional
factor that could be significant, particularly in the early stages of business
development. This factor is the effect
of the single or multiple company
structure on allowable investment tax
credit.
The law allows investment tax
credit to be claimed for the tax year
in which a qualified asset is placed in
service. The investment tax credit
earned in any one tax year is allowable provided it does not exceed the
following limitations:
For a single company tax structure
(1) If

a current year's tax bill exclud-

(2)

ing investment tax credit is less
than $25,000, the investment tax
credit may not exceed the tax
liability.
If the current year's tax bill excluding tax credit exceeds $25,000,
the maximum amount to be claimed
is $25,000 plus 25% of the amount
the tax bill excluding investment
credit exceeds $25,000.

For a multiple company tax structure

(1) The investment tax credit must be
claimed by the company that capitalized the asset.
(2) The matching of tax expense to
qualified investment tax credits in
the amount of $25,000 may be done
only once, either in one company
or spread over the affiliated companies.
(3) Once the first $25,000 of tax expense is matched against the qualified investment credits by company,
the additional limitation of each
company is 25% of the tax expense
by company less the tax expense
that company matched directly.
Various investment tax credit situations may occur when tax reporting
on a subsidiary basis. Careful planning is necessary to ensure that the
profits and capitalization of assets fall
into the proper subsidiaries in order
to take advantage of the investment
tax credit.
Therefore, when evaluating a parent- subsidiary relationship versus a
single company organization, investment tax credit effects should be considered in addition to multiple surtax
exemptions and operating costs.
Robert E. Hample
Senior Forecaster
The Procter & Gamble Co.
Cincinnati, Ohio
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