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A Fundamental Explanation of Electronic
Data Processing Systems and Machines
by ARNOLD C. POUCH, JR.
accountants are entering into discussions
I and reading articles and gleaningwesome
understanding of the over -all fundaN EVER INCREASING NU M BERS,

mentals of electronics. However, we are still left in the dark as to how to
apply these fundamentals to our own accounting problems. Perhaps the reason
is that we have never had a basic explanation of electronics presented to us.
Most articles written today and most discussions to which we listen start somewhere in the middle or advanced stages of electronics and leave us in a quandary as to what is actually being discussed. Not understanding, at least in their
technical usage, E.D.P.M., memory, looping programs, access arms, seek time,
binary numbering systems, memory addresses, stored programs and like, we miss
the basic meanings in the discussion.
In order to understand better the fundamentals of electronics, we should
know the meaning or definition of these unfamiliar terms which have been
created. We should know the types of input and output units which place information into the "memory" and record results. We should know how data
processing is accomplished on an electronic machine by the use of input routines, processing routines and output routines. Last, but not least, we should
be familiar with the various different machine components which can be connected together to form a completed electronic data processing machine system.
The Fundamentals of Electronics
Electronics is founded on the fact that a small electronic tube, such as shown
in Exhibit 1, can turn itself off and on many millions of times each second.
Not only this, but it can recognize the fact that it is either off or on. Let us
change the nomenclature from "off" and "on" to represent "yes" or "no"
(which is a simple logical decision) to "this way" or "that way" (which is a
procedural choice), to "0" or " 1 " (which is a means of representing numbers
ARNOLD C. POUCH, JR. (Dallas Chapter, 1953) is a gradu ate of the Pace Institute of
Accounting, New York City. Since 1948, he ha s worked with the International Business
Machines Corporation. During the past seven years, Mr. Pouch has worked closely with
data processing equipment of all kinds and is presently a Data Processing Sales Representative in Dallas.
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and alphabetic characters in, binary arithmetic forms.) Engineers combined
many of these electronic tubes to make a circuit which could process many "offs"
and "ons ", "yesses" and "noes ", "this way" or that way ", "0 " or "1 ", and
they called it an electronic brain. But, it had no memory, so the search for a
suitable memory started and continues on even today.
The first method of memory used in electronic brains was the electronic tube,
itself, but the number of tubes required proved impracticable for general use.
Further, it required that electrical power remain on without interruption to
maintain the memory. Despite this fact, the electronic tube offered one of the
fastest means of memory and is still used today.
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EXHIBIT 2

A more permanent and less bulky method of memory had to be developed.
One of the first innovations was magnetic memory which is most widely used
at present. Magnetic memory is founded on the fact that a small portion of
metal, smaller than the period at the end of this sentence, can be magnetized
or demagnetized many millions of times each second, and can also, like the
tube, recognize its condition. The big advantage of magnetic memory is that,
when the power is turned off, the small magnetic portion of the material remains magnetized and forms a permanent memory.
On e of t h e first usable forms of magnetic memory was the magnetic core,
a small doughnut, no bigger around than the dot over the letter "i", composed
of a ferrous oxide material. The core is magnetized or demagnetized by elecG
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EXHIBIT 3

trical impulses transmitted to it via electrical wires woven through its center,
as shown in Exhibit 2. This forms an extremely fast means of memory. However, it is very costly to weave a great many of these magnetic cores together
to form the large memory for which the engineers were searching.
They next placed the small portion of magnetized material on a solid Surface as a small spot which was either magnetized or not magnetized. In order
to recognize or read the small spot, the solid surface was made movable and
was passed in front of a stationary recording head such as you have on your
dictaphone or tape recorder (Exhibit 3). We call recording heads "read- write"
heads, because they can either read a magnetic spot in memory and transmit
the information to the electronic brain or they can accept information from
the electronic brain and write it in memory in the form of small magnetic spots.
Similar read -write heads exist in all present day electronic equipment.
This type of magnetic memory was first put to use on a magnetic drum, usually a nickel alloy cylinder about 16 inches long and 4 inches in diameter,
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coated with a ferrous oxide material and revolving at the rate of 12,500 revolutions per minute, (Exhibit 4). Every time the drum revolves, we can read the
magnetic spot or erase it and write a new one. The time it takes the magnetic
spot to make one complete revolution from the read -write head around the
drum and back to the read -write head again is known as access time, which
becomes very critical in all electronic machines because the electronic tubes
in the 'brain," or central processing unit, could operate upon many pieces of
information during the time it has to wait for the drum to make the complete
revolution to obtain information to process. Hence, the size of the magnetic
drum must be restricted to about 4 inches in diameter or else the access time
required to make one revolution becomes prohibitive. This size factor limits
the storage capacity of magnetic drum memory to a relatively small working
area and thus limits the number of digits of information which it can store.
However, this means of memory is very economical.

EXHI BI T 5

Another means of magnetic memory had to be developed which did not limit
the memory to 20,000 digits of information. To do this, the engineers placed
the solid magnetized surface on a" continuous plastic tape many feet in length,
which could pass in front of the stationary read -write head at the terrific speed
of 1121/2 inches per second, (Exhibit 5) . In this manner, unlimited lengths
of tape can be used to obtain unlimited memory. However, access time is a
great draw -back here. If we are reading information on the front end of the
tape and want information on the back end, we may be 2,400 feet away from
the information we want. To reach this information means wasted time and,
in electronics, this wasted time is not permissible. However, the magnetic tapes
do offer unlimited memory at a low cost and, due to their speed, and ease of
8
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handling, they also offer an excellent means of input and output of data for
the central processing unit.
The latest improvement to magnetic memory is the magnetic disk memory
which looks very similar to 50 over -sized phonograph records stacked one on
top of the other (Exhibit 6) revolving at high speeds. In this type of memory, not only does the magnetic spot on the record -like surface move but also
the read -write head is no longer stationary and can now move and go after the
information stored in its memory, regardless of whether it is in the front end
or the back end, the top or on the bottom. Making the read -write head movable
reduces access time to almost zero, as will be seen later. This type of magnetic
disk memory offers for the first time large economical memory ranging up to
60 million digits with extremely fast access to any one of these digits.
Each of the five types of memory — electronic tube, magnetic core, magnetic
drum, magnetic tape and magnetic disks become useful to the manufacturers
of electronic office equipment, one because of speed, one because of large volume, one because of economy and combinations thereof. Some office equipment
on the market today contain all five of these various types of memory.
Our electronic brain has now been equipped with a memory but still it will
not process data by itself. Another important ingredient, instruction or machine programming, is still necessary to make the machine operate independently.
Nothing outside the machine can keep up with the many millions of operations which are taking place inside it each second. Therefore, the engineers
M A Y , 1958
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determined that the electronic data processing machine would have to have its
step -by -step instructions which control its processing of data, stored in its own
memory where it could gain immediate access to them. This has become known
as the stored program concept.
A Com parison of Manual and Electronic Program Execution
Electronic data processing is composed of four basic elements. These are,
input of source data into the system, processing of the input data, output of
the finished data and memory, a place to store all necessary records and the
step -by -step operational programs to process these records. With the understanding of these basic elements, it should be possible to lay out an electronic
data processing system in block diagram form. From these block diagrams,
programmers will be able to translate your instructions into step -by -step machine
programs.
The easiest method of explaining the operation of an electronic data proc-
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EXHIBIT 7

essing system is to liken its operations to those of clerk. Let us give the clerk
a set of step -by -step instructions. To the electronic data processing machine,
20
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we will give a stored program in its memory. We will follow to see how each
handles input, processing, memory and output. The set of instructions outlined
in Exhibit 7 is for the simple operation of posting an input entry to a ledger
and creating a new balance forward as output.
The first instruction under input tells the clerk to "read a source document."
This he does slowly. The electronic data processing system's first program is
the number 84, which means to the machine, "read a source document." The
machine is capable of reading in input data at the rate of 60,000 characters
each second from magnetic tapes.
The next instruction to the clerk says "select the proper instructional routine
to process the input data." The clerk does this by recalling from his memory
what steps have to be accomplished in order to process the particular source
document which he has just read. The electronic system, on the other hand,
makes an automatic determination at the time it reads the input information
as to what programs will have to be followed step -by -step to process that particular input record. The system calls upon its memory to produce the proper
program just as the clerk called upon his memory.
The next instructional step tells the clerk, "select a matching .ledger card
from the files." The clerk does this by getting up from his desk, going to the
files, thumbing them through until he finds a matching ledger card, removing that
card and returning to his desk with it. Upon returning to his desk, he must
check the ledger card against the input data to make sure he pulled the right
card, before he can proceed any further. The electronic system under program
94, does the same operation, except that it removes the ledger information
from its memory with no delay in the processing time.
At this point there are several fundamental functions which one should understand about electronic data processing machine systems. One is how the
machine knows where information is stored within its memory. The answer
to this is really very simple. Each and every position of memory in any electronic system which is capable of storing a digit of information has an "address." The address is the same type of address which you have to distinguish
your house from any one of the other millions of houses within the country,
the same as your telephone has a number to distinguish it from any other of
the millions of telephones in the country. Since each position of memory has
an address, any record stored in memory can be located by knowing its address. It is difficult enough in accounting work to remember all of the general
accounting codes, vendor's numbers, customer's code numbers and the like without having now, in addition, to remember an electronic systems address code
for the account, so we let the electronic system automatically code and decode
M A Y , 19 58
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location addresses for all of the information stored within its vast memory.
No further thought has to be given to it by the accountant.
Further, the information indicated above as removed from the machine's
memory, was so removed almost instantaneously through the use of magnetic
disks which revolve at high speed and the use of movable read -write heads.
These magnetic disk machines have three read -write heads or, as they are called,
access arms and there is a definite purpose in having three. The reason is that,
while one access arm is working upon information which is being processed,
the second access arm can be writing information from the previous operation,
and the third access arm can be searching or seeking the record in memory
which will be used by the central processing unit next.
It should also be understood that information transferred within the electronic data processing system offered by most manufacturers is checked for accuracy automatically, both on the delivery of information to or from memory
and the delivery of the information to or from any of the other units comprising the system. This automatic checking feature eliminates the step which our
clerk had to take in checking his ledger card back against the source document
when he returned to the desk.
With this explanation of the addressing system in memory, the seeking out
of random information with three access arms, and automatic checking, it is
possible to comprehend that the electronic system would have no difficulty in
obtaining any record from memory accurately and instantaneously.
Returning to our illustrative program and comparison, the next three instructions to the clerk tells him to "place the source document's amount in
adding machine, place the previous balance in the adding machine and total
the new balance forward." Again the clerk does this slowly and manually,
whereas the machine's programs 65 and 68 transfer the previous balance from
memory to an accumulator and add to it the input amount at a rate of 11,400
additions or subtractions of five -digit numbers in one second.
The next instruction for the clerk is under the heading of output and tells
him, "write the balance forward on the ledger card and return the ledger card
to its proper place in the file." The clerk does this again manually and slowly
by writing on the ledger card the balance forward total from the adding machine and returning the ledger card to its proper position in the file. The electronic system on the other hand, via program 96, can instantaneously record
the new balance forward in its proper memory address location.
The clerk is now instructed by his manual program to "start again," which
he does by going back to the first instruction and processing all the instruc12
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tions again and again in the repetitive drudgery of clerical routines. The machine, on the other hand, reads program 28, which tells it to go back to the
first program and start again. The machine does this speedily and runs through
the program again and again in a looping operation which is known as a looping program. The electronic data processing machine system continues to operate upon the looping program until there is no more input source data to be
processed.
As can be seen, both the clerical system and the electronic data processing
system process data similarly. The big difference between the two is that a
posting operation such as we have illustrated here, would take the clerk possibly a minute or more to complete whereas the electronic system can process
10 such posting operations before your eye can even move to the next word
on this line.
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The Equipment Which Makes Up A System
As a review, let us see something of the physical nature of a hypothetical
electronic data processing machine system which can be made available by
many office machine equipment companies. In referring to Exhibit 8, it will be
noted that the previously discussed four basic elements of input, processing,
memory and output are still evident. Let us take each one of these basic elements and see what type of machine components fall into each category.
Under processing there will always be found a central processing unit which
is the "heart" and "brains" of any electronic data processing machine system.
It controls and operates all of the other machine components. All arithmetic,
logic and programming is accomplished within this unit. A basic part of any
central processing unit is the machine's console or the operator's control panel,
where the operator controls the operations and can communicate with the machine, and where the machine can communicate with the operator. We do not
want, in this manuscript to attempt to advertise the features of any particular
machines. However, it should be remembered that the central processing unit
is capable of terrific processing speeds which enable it to perform complex
problems in millionths of a second. The operating features and capacities of
these machines can be obtained from the various manufacturers. Basically,
however, they are generally composed of many electronic tubes or the newer
transistors, coupled with either magnetic core memory, magnetic drum memory
or combination of both.
Under input of source data into the system will be found such units as
manual key- driven equipment, punched paper tapes, standard punched cards
or the high -speed magnetic tape. Some machine systems can be equipped with
all four types of input. However, we must remember that the best type would
be the fastest, which is magnetic tape input at the rate of 60,000 characters or
digits of input information per second from each tape unit connected to the
system. More than one tape input unit can be so connected. Some electronic
data processing machine systems could have as many as one hundred tape units
connected, if necessary.
Under output are to be found typewriter, paper tape, punched cards, highspeed accounting machines, high -speed printers and, of course, magnetic tape
again. The choice of the various different output units here is each company's,
and will be selected dependent upon its needs. There are a great number and
variety of these units and they operate anywhere from the speed of a typewriter
on up to the speed of the 1000 printed lines per minute, up even to 3,600,000
digits of information output per minute on each magnetic tape unit.
Memory is represented by such components as high -speed magnetic core
14
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storage units, magnetic drum storage units and magnetic disk storage units.
All of these units are capable of storing many millions of digits of information,
all completely addressable and all available to the central processing unit at extremely fast access speeds.
To tie all of the many different machine components together into an electronic data processing machine system, there are usually a variety of machines
which we can categorize here as buffers and control units. Their basic function
in the system is to connect all of the machine components together, to operate
as a switching station (like a railroad round house) in- between the many machine components, to act as a speed regulator for these components (which
operate at many different speeds) and to assure a steady flow of data into and
out of the central processing unit at its optimum operating speed.
The Important Matter of Inquiry Into Memory
One more basic function must be added to the previously mentioned four
basic functions of input, processing, memory and output before we can consider that we have completed our electronic data processing machine system.
This fifth basic function is that of inquiry. By this we mean the ability to interrogate any information stored within the memory of the machine. Using
an inquiry unit, it is possible for us at any time during the operation of an
electronic data processing system to inquire of the system any factors, such as
the status of any of the general ledger accounts, the balance due in any customer's account, the quantity on hand of any inventory item, the credit rating
of any customer, the sales record of any salesman and, in fact, any record which
is stored within the memory of the machine. Current models of inquiry units
are capable of making requests into the machine's memory and start printing
the contents of the memory in less than eight- tenths of a second.
Economy, Dependability, Processing Speed, Memory
As already stated, the electronic data processing machine system outlined
in Exhibit 8 is a hypothetical one to exhibit the different components of which
it is composed and how they are tied together. It is intended to give a fundamental understanding of electronic data processing machine systems to assist
in the comprehension of any further articles on the subject and future discussions of electronic equipment. E.D.P.M., standing for Electronic Data Processing Machine, can stand also for Economy, Dependability, Processing speed
and Memory. This is what such systems offer to the accountant and executive,
willing to take the time to grasp the fundamentals of electronics and what it can
offer them.
M A Y , 19 5 8
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PROGRAMMING AND PROGRAMMERS
is the technique of organ-

izing and planning the detailed internal computer steps required to achieve
tccurate, automatic, and uninterrupted
processing of all exceptions and situations
existing in the source data. Programming
concerns itself with the complete translation into "computer language" of all the
myriad details of the instructions for performing a data processing job. In many
companies, this job is expanded to include
computer systems development, in which
case it will involve the determination of
the specifications of the ultimate reports
issued, the establishment of requirements
relative to source data and the complete
development of the system for processing
the data relative to the job in question.
Programming is easily the key function in
the development and maintenance of an
electronic data processing system. It is our
newest profession and will require the
services of people trained in new techniques
of methods analysis, coding, and operation
of the new equ ipment. No particular types
have evolved as yet in this field but it is
necessary that a programmer be a meticulous thinker. Never before have the requirements of imagination, patience, and
orderliness been so combined with respect
to one position in an office.
In commencing the development of a
computer program the programmer must
first analyze the overall problem. This is
best done with flow- charts, a semi - pictorial
technique of visualizing a process problem
and of redu cing it to a comprehensive and
logical series of steps. Broad, general flow
charts (one page only) are first developed
and then expanded by drawing additional,
detailed charts of each segment of the
process. These are used later in develop*Manager, Computer Applications Department, Continental Can Co., New York, N. Y.
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ing the actual machine code instructions.
When the flow charts ha ve been completed
in detail, the coded program is developed.
Coding, itself, is only a part of programming. It is the technique of manually
translating the detailed program into a sequence of numerically -coded operating instructions which, when introduced into the
computer, serve as an internally stored program.
When a computer program has been
finished through the coding stage, it is
usually still far from a "work of art". Since
programming is such an exacting task (and
also since the usual program contains at
least several hundred individual steps and
may contain in excess of one hundred
thousand), it is to be expected that there
be at least several errors in the "just
completed" task. These may be due to a
variety of reasons but are most commonly
a result of the following:
will

ROGRAMMING

by Raymond D. Robinson*

1.

Input d a ta — unanticipated conditions due to a n incomplete or inaccurate statement of source data
specifications upon which programming was originally premised.

2. Programming logic — programmers' failure to logically plan the
detailed sequence of internal computing routines necessary for the
automatic, uninterrupted and accurate processing of all data.
3. Instruction coding — incorrectly
coded machine instructions, such as
transpositions, duplications and invalid codes du e to clerical inattention or distraction.
"De- bugging" is a colorful term widely
used in computer circles to denote the
process of auditing or checking the accuracy of a progra m thought to be completed.
This ma y be done in two phases. The first,
referred to as "desk de- bugging" is merely
a visual check of the program charts and
(Continued on page 7 0 )
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What Is Your Company's
Integrated Data Processing Potential
by W. GERALD COLE

T

HE WO RD "D A T A " IS CU RRE N T LY USE D

as a synonym for the word "records."

It may not be correct but common usage usually prevails. Data consists
of both human and machine- sensible language used in the transaction of each
facet of business. Accordingly, data can be written or printed figures or numbers, holes in cards or tape, magnetic spots on paper or plastic tapes, electro -conductive ink on paper or cards, electrical impulse -set relays, etc.* All business data
must go through some phase of processing, i.e., accumulating, transcribing, calculating, classifying, sorting, summarizing, etc. If data are not processed in
some manner, there are no needs for it. Now, just what is integration? Used
as a verb, the general definition is "to make into or become a whole; give the
sum total of," according to the dictionary. The commonly accepted present -day
definition, as applied to data processing, is this —to integrate can mean any combining which will contribute to a desired objective or ultimately, in its most pure
form, "make into a whole." Therefore, integration can be in varying degrees.
The present paper is based on this consideration.
Integrated data processing is a current catch- phrase that has aided in opening
the eyes and minds of countless businessmen to the fact that data should be handled in a systematic, well- organized manner instead of allowing it to become
the jumbled, disorganized mass to which it has grown or to which it may grow
in many companies. With the growth of business into its present complex struc* And perhaps now, at the start, is the place to take exception to the common term
"common - language," as applied to data. It most surely is a misnomer. Common- language
should only mean a language intelligible however it might be used. So-called "common language," as it is termed today, includes all of the previously mentioned means of recording data. These cannot be common - language, since holes in cards or tape require interpretation to our human language and magnetic "bits" on tape cannot be seen by the human
eye. Some equipment is in the experimental stage which qualifies as "common - language,"
that is, it can read, convert internally to machine - language, process, convert internally to
human - sensible language, and print out such data. However, such "Cloud 9" equipment is
not in use at present but the experimental work on it is being avidly followed by the business world. Its development will be a tremendous forward stride in the handling of processing of data.
W. GERALD COLE (Lehigh Valley Chapter, 1949) is Administrative Assistant, Bethleham Steel Co., Bethlehem, Pennsylvania. He has held positions in Contract Termination,
Special Contracts and Special Audits Divisions. Mr. Cole is a previous contributor to the
Bulletin.
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PO R T IO N OF C H AR T OF M A IN U A L M E T HO D S O F A TT A I NI N G VA R Y IN G D EG R E ES O F I N T EG R A T ED D AT A P RO C E SS I N G
IDP
De3rees
IDP
b;ethod

q

_a
r

A . 14ANUAL
Co v e r s t h e g e n e r a l
sp a n o f c l e r i c a l
operations such as:
1. Writing, transcr i b in g , l i s ti n g ,
po s t i n g , c o d i n g .
2. Sorting, classifyi ng.
3. Summarizing.
++. R e p r o d u c i n g , d u pl i eat i ng.
5. C a l c u l a ti n g , c o m puting.
6. Examining, insp e c t i n g , c o m pa r i n g , ma t c h i n g .
7. S t o r a g e , f i l i n g .
8. Reference table
look -up.
In c l u d e s m a nu a l o p e r a tion of off ice equi p me n t , w h e t h er m a nu a l l y
or electricallyac t u a t e d , s u c h a s
el e c t r i c t y p e w r i t e r s ,
el e c t r i c a d d i n g m e ch i n e s , e t c .

I - SDME
Th e i n d i v id u a l t a s k
appro ach.

DES CR IP TI ON
O n l y
f
d a t a

II - SEMI - FUNCTIONAL
Co m b in i n g t w o o r m o r e
ta s k s b u t no t a l l t o
pe r f o r m a m a j o r
or m i n o r f un c t i o n o f
bu s i n e s s
DE S CR I P TI O N
i Use o
or re-

wh i c h m u s t b e tr a n sc r i b e d t o a n o t h e r

co r d i n g a i d s . Us e o f
i ca rb on pa pe r o r ot he r

do c u m en t t o c o n ti n u e
th e f l o w o f w o r k .
Pr o v i d e c o p i e s f o r
cu s to m er us e o r o w n
us e f o r t h e o ri g i n a l

du p l i c a t e d o r r e p r o du c e d co p i e s to p e r fo r m a dd i ti o na l t a sk s .
I Ca n be a pp li ed t o ma ny
i re la ti ve ly s im pl e

pu r p o se i n t en d e d .
_ p U - P 1 43VT

functions.

Pens, p e n c s,s� , t y p e -

! Same as
D
a
Deeggrr ee ee Z , p l u s
wri te rs , ca rbo n pa pe r, i pe gb oa rd s, sl ot bo ar ds ,
ad d i n g m a c hi n e , d e s k
die -cu t forms , oneca l cu l at o r s, so r ti n g
wr i t e m a n u al s y st e m s ,
de v i ce s , d u p li c a to r s ,
sp e c i a l c a r b on i z e d
Gh ec kw ri te rs , si gn er s,
for ms.
en d o r s e r s, r u b b e r
st a mp s , e mb o ss e d
pl a te m ac h i ne s , f i le s ,

AP P L I C AT I O N S
AP P L I C A T I O N S
Un l i m i t
e a pPract caL
mi t e d
pl i e d t o a n y b u s in e s s
possibilities.
11. Purchases - traveling
condition.
Li m i t ed o n ly t o
requisition.
cl e r ic a l ef f o r t r e 2. Payroll- gross -toqu i r ed f o r t h i s a p net an d d ist rib uti zn
3. B i l l i n g a n d r e c prdach.
eivables.
4. E tc,

III - FUNCTIONAL ,
Combining all tasks
to perform a major or
mi n o r f u n c t i o n o f
busin ess.

IV - C OMPLEX
Combining several
najor :un ctions of
bus ine ss.

DE S C R IP T I O N
G e n e r a 1-y n o t f e a s i b l e

DE S C R I P T I O N
Generally n ot feasible
except in extremely
simple applica tions.

except for simple
func tio ns. Usually
restricted to use of
duplicated or carbon
co p i e s , o r u s e o f
di f f e r e n t r e c o r d s
prep are d a t o ne wri t ing or typing.
a s Degr ee
I da:.e a s D e g r e e I I .

U�
E - � IP ME NT
d a m e - a s S e- g r e e

II.

APPLICATIONS
1. Payro
re
time record, calcu l a t e g ro s s p a y ,
calculate grossto -ne t pay, write
payroll check and
prepare payroll
register -ali in
one wr iting.
-. B i l l i n g a n d A c coun ts R ece ivab leInvoice prepared
and co py use d for
"ledgerYess" ac-

1. Order, Inventory,
Shi ppi ng an d B ill ing - copies of
sale order used to
withdraw commodity
from inventory,
then priced to
ultimately become
the sales invoice
and pack in6 sli p al l i n o n e w r i t i n g .
2. Payroll - calculate
gross, gross -tonet a nd t iistr ibu-

APPLICATIONS

co u n t s . r e c e i v a b l e •
3. Et c .

ti on .
3. Et c .

ture, the tendency has been to break the "whole" into many, many parts. The
breaking into parts, or functionalizing, has led to much paperwork generation.
Functionalizing has tended to contribute (much to its detriment) to certain
wasteful practices such as (1) duplication of data to serve slightly different
needs, (2) useless reports, (3) self - protection or "in case" records, (4) a tendency toward personal empire - building, (5) outmoded communications, (6) departmental or functional jealousy, and many others.
There are really no restrictions to improvement through integration, other than
those that are self- imposed within each business. Integration may extend from
the use of carbon copies to the utilization of giant -size electronic computers. It
is a case of applicability by degrees. Any business needs paperwork integration
to some degree but the question is —to what extent does the particular business,
whether large or small, need integration? This question requires a very thorough study. Snap judgment and mimicry of another similar business must be
guarded against.
Shall We Investigate Possibilities and, If So, How Shall We Start?
To determine whether your data processing needs a higher degree of integration, it is essential first to consider whether there are benefits. The primary
consideration should be —what are the possible cost savings which will be reflected in our company's profits, in cash dollars? A quick way of determining
whether it is advisable to investigate the integrated data processing possibilities
in your company is:
1. Determine your clerical labor costs, including a factor for fringe
benefits directly related to these costs. A reasonable estimate will
suffice. (Only labor expenses are considered since most authorities
agree that such costs represent about 80 per cent to 90 per cent of
paperwork expenses.)
2. Assume that you could reduce such costs by, possibly, 10, 20 or 30
per cent, or, if you think that a still higher percentage could be
achieved, use that.
3. What then, are the possible savings expressed in dollars?
Consider whether these savings are of sufficient magnitude to make it worthwhile to spend some (usually considerable) time and money to improve or revise your clerical systems. However, regardless of what savings may be indicated after completion of this step, carry your initial study a bit further. Obtain
intelligent answers to such questions as:
MAY, 1958
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PORTION OF CHART OF SEMI- MECBANICAL ' METRODS OF ATTAINING VARYING DEGREES OF INTEGRATED DATA PROCESSING
\

I
IDP
Degrees
IDP
Method

B. SENII- MECHANICAL
Manual methods augrented by relatively
simple office equipment.
Includes automatic
programed mechanical
steps.

I - SIMPLE
The individuai task
approach .

DESCRIPTION
Use of relatively simple office equipment
which will permit performing more than one
operation at one time .
Automatic line finding
or spacing devices
which are manuallyactuated.
UJG, IPME*FP
E
Typing and
culating
combined billing equipment. Automatic line finding devices for
typewriters - Standard
Register Co. Pin.feed
de vice s fo r t y p e w r it e r s .
APPLICATIONS
1. Bi
ngng - type bill,
calculate and ex tend to produce a
"master" invoice whether carbon
copies or master
for subsequent duplicating.,
2. Etc .

II - SEMI- FUNCTIONAL
Combining two or more
tasks but not all to
perform a major or
minor function of
business.
DESCRIPTION
Use of notched card
equipment. Use of
relatively simple
office equipment performing more than one
operation at one
time.

III - FUNCTIONAL
Combining all tasks
to perform a major or
minor function of
business.

IV - CCRILEX
Combining several
major functions of
business.

DESCRIPTION
Use of more complex
office equipment,
such as mechanically programmed equipment
which is manually
actuated.

DESCRIPTION
Genera
—Z y e a s i b l e
except in extremely
simple applications.

E UIP1,ENT
Automatic typewriters,
Notched card equip ment:
- Keysort
- McBee

E ULPMENr
Such as Burroughs
Sensimatic, etc.

E UIP1,E T
Combinations of equip rent classified in
degrees I, II and /or
III.

APPLICATIONS
S a l eAsn a s preparing notched
cards to re -sort
or classify rela tively simple
data without fur ther transcribing
the data.
2. Etc.

APPLICATIONS
1. Payr
—o
- prepare
gross - to -net payroll, payroll
register and paycheck in one
writing.
2. Etc.

APPLICATIONS
1. Bil
ng a u ' alec

1.

Analyses - prepare
invoices on combination t y p e writer and cal cul.ator and separately prepare
notched cards to
sort or classify
various data for
statistical purpo s e s .
2. E tc .

1. Would increased service to our customers brought about by paperwork improvement help our profit picture?
2. Would data processing speed -up for our need help our profits? For
example, getting invoices out promptly after shipping the products
will help to cut down the time that open accounts receivable are
outstanding.
3. Does management desire data to be furnished to it more promptly?
4. Are there problem areas in the current method of data processing?
5. Does management desire data that is not possible to obtain at the
present time due to excessive cost or manhours?
The above questions are only indicative. Many others can be developed, based
on your company's conditions. Answers to all should be obtained and evaluated.
Then and only then should a decision be made as to whether further investigation of integrated data processing improvement is advisable or not.
Assuming that you have decided that an investigation is worthwhile, the next
step is preparation for the studies. It is worth the time and effort necessary to
lay a solid foundation for them. The very minimum planning should cover:
1. Staffing for the studies.

2. Establishing standard terminology to be used.
3. Determining the objectives.
4. Arranging for complete freedom and backing by management for
the person or persons appointed to perform the studies.
5. Assigning definite responsibility for conducting studies.
6. Establishing a time schedule for submission of recommendations.
7. Arranging for definite action to be taken upon recommendations.
Most of these points, though important, are self - explanatory, but the first two
require special comment. The extent of staffing for the studies can only be determined by the individual company. One man might do it or a group. It is
usually advisable not to have more than five persons on the survey team. Others,
of course, may be called in on a consulting basis. A task force can be used to
conduct certain phases. Establishing standard terminology is helpful to achieve
uniformity and to avoid possible misunderstanding. For example, the following
might be part of the list of terms (these are shown also to explain the particular terms as they are used in subsequent parts of this paper)
Term

Description

System —A network of related procedures developed according to an
integrated scheme for performing a major activity or function of
business.
M A Y , 19 5 8
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PORTION OF CHART OF MECHANICAL AND ELECTRO- MECHANICAL KETHODS OF ATTAINING VARYING DEGREES OF INT- EGRA'PED DATA PROCpSgM.
IDP
: : : : Degrees
IDP
Method

I- SIMPLE
The indiviuual task

II - SEMI - FUNCTIONAL
i Combining two or more-

approach.

tasks but not all to
I perform a major or
function 01'
minor
business.

,
C. idF.CHANICAL � .
C
ELFCTRO- MECHANICAL
Utilizing plu6board
punched card equip ment;channel- punched
paper tape of card

equipment; so- called
"electric -eye" equipment; electro- con ductive ink - sensing
equipment; elec-

y

tricalim p elled recording equipment;
etc. Includes combinations or inter mixture of A, B and/
or C methods.

III - FUNCTIONAL
Combining all tasks

i
IV - COMPLEX
` Combining
several

to perform a major or
I minor function of

major functions of
business.

I business.

- - --llEs`•CRIP1
- - i0 N
1)X6CR PION
�
Lf.5GHIPYION
E s s e n t a B oney
I for
Use tabulating
of
cards
but
I Use of office equippurpose mechanical or
ment which produces
cards not prepared as I by- product cards or
electro- mechanical
j a by- prouuct of
equipment, whether
tapes which are used
uanually,�mechanica].�y another operation.
to actuate other

YI0N I, II
I Use DEicH2p
of degrees
!and /or III in various
in -line data pro cessing. Use of so-

j called "small com(Includes card -to -tape
i puters" which might
or automatically
equipment.
land tape -to -card
actuated. Usually
Includes combinations not be called elec1equipment when used as i of�degc•ees�I,�II�and/ tronic in the strict
large - volume onepurpose applications. In means of data trans ! or III of this method. sense.
imission.
WIPMOT
I
EE ( �
U
Addressograph "elecTabulating equipment
tronic" printer.
- IBM
Automatic grauhotypes. I
- Sperry
S a m s Rand
Conversion equipment
- Card -to -tape
- Tape -to -card

APPLICATIONS
1. A aresaing photo - electric
scanner reads
data on tab cards
and imprints on
tape to produce
address labels.
2. Etc.

APPLICATIONS
1. Payro - gross -tonet calculation,
etc.
2. Etc.

I

E iUIPhfENT
Typewriter and tape
units
Typewriter and card
I units
(Adding machines and
! tape units
Adding machines and
card units
Calculators and tape
uni ts
Calculators and card
units
Addressograph 9300 reproducing punch equip
Includes equipment in
degrees I anu II.
APPLICATIONS
1. Or er
ory
and Billing.
2. Etc.

i

E'UIPMENT
Typing�an��ca�culating
and producing by -product tape or tab cards.
Small computers
- Univac 60 and 120
- IBM 607 and 608
- Underwood
Elecom 50.
- Burroughs E101

APPLICATIONS
1. Or er
uling,
Inventory and
Shipping.
2. Order, Billing and
Receivables.
3. Etc.

Term
Dercription
Procedure —A sequence of clerical operations, established to ensure
uniform handling of a recurring business transaction.
Operation —The fact or action of any form of clerical power or energy;
a single, specific clerical act.
Method —The manual, mechanical or electrical means by which operations are performed.

Degrees of Application and Levels of Related Methods
There have been many recent new developments and improvements in data
processing hardware. No person can do a good investigative job unless he is
completely familiar with the equipment or devices available to do the work
and knows how such hardware or tools can be used. This requires intensive
research. The knowledge gained from such investigations often can be used to
good advantage, even though over -all systems may not be changed. It is useful in "putting out the fires" that develop from time to time in many operations.
One approach to the research work in this connection, and the emphasis of this
article, is to develop a chart outlining the various degrees of integrated data
processing and the methods and equipment which can be used to attain them.
For example, four degrees of application can be displayed, i.e., simple, semi functional, functional, and complex. Interpretation of these degrees of integrated data processing might be:
1. Simple —the individual task approach.
2. Semi-functional--combining two or more tasks but not all to perform a major or minor function of business.
3. Functional— combining all tasks to perform a major or minor function of business.
4. Complex— combining several major functions of business.
In exhibits accompanying this paper, it will be noted that these four degrees
are used as chart column headings. A fifth degree of application —the "blue
sky" approach —might be added. This could cover the complete integration of
all business functions into one over -all system. A word of caution should be
given. There is no final evidence that this approach will pay out, but it is being tried in several larger companies.
If degrees of application of integrated data processing can be used as outline
chart column headings, methods levels for applying integration can be used as
side captions and so appear in the exhibits. These levels are manual, semi mechanical or "manu- mechanical," mechanical and /or electro- mechanical, and
electronic. Interpretation of the method levels might be:
M A Y , 1958
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PORTION OF CHART OF ELECTRONIC METHODS OF A'1TAINING VARYING DEGREES OF 1111WRATED DATA PROCESSING
ZDP
Degrees
IDP
Method

I - SIMPLE
The individual task
approach.

-��
Utilizing�flr�y�electronic stored program
equipment such as the
medium and large size
computers; specialpurpose computer.installations; includes
peripheral equipment
for input and output
of dat a, e t c .
P
A

z
a
C
h
h
trJ

'-3

z

II - SEMI- FUNCTIONAL
III - FUNCTIONAL
Combining two or more Combining all tasks
tasks but not all to
to perform a major or
perform a major or
minor function of
; minor YaHct1on of
business.

Utilization of deskj Utilizat
M o n
deskUtilization of medium
size electronic equip - size electronic equip - size computers, datament with simple inment with two or more
conversion equipment
put means, such as
means of input to pro- and related peripheral
typewriter, to produce one or more tasks. equipment.
duce one- purpose
Usually permits direct Usually decentralized
tasks.
I tie -in with communica- usage.
tions and /or tabulating
equipment.
E,
EO,U ANT
E - IPMEN'i'
Friden Computyper,
Friden Computyper actu- Medium computers,
IBM 632 Electronic
ated•by�paper�tape�and
- Burroughs ElectroTyping calculator,
typewriter.
data Datatron
N.onrobot IX; National
- NCR 303
Past- tronic, Standard
- IBM 650, RAMAC
Register Stanomatic.
I
Sperry Nand Univac
File computer
- Etc.
Conversions equipment
APPLICATIONS
1. Billing- prepare an
invoice by typing,
and calculating,
extending, adding
and output printing by electronic
means.
2. Etc.

APPLIC 'P 0
1. Bi
iinng, etc. -prepare an invoice by
typing; automatic
tape- reading and
calculating; extending, adding and
output printing;
producing a by -product tape or card
for use in tabulating x'or Sales
Analyses, Receivables, and other
2. Vffses.

APPLICATIONS
1. Mater a management - various
2. Etc,

I V - COMPLEX
Combining several

major functions of
business.

Utilization�oY�large�size computers, data
conversion equipment.

E UIPMEf7T
Large compu ers,
- IBM 702, 705, 709
- Sperry Rand Uaivae
I & II
- Burroughs Datatron
205,220
- Dutomatic Raycom
- Philco Transac
i
- RCA Bizmac
- Etc.
Conversion equipment
APPLIC 'T ONS
1. Mater a manage ment - various, but
more complete than
usage in degree III.
2. Etc,

Manual —the usual pen, pencil or typewriter methods which are
not combined with other equipment. This includes use of relatively
simple devices.
2. Semi - mechanical— manual methods assisted by relatively simple
office equipment, as well as combinations of the first and second
levels.
3. Mechanical and /or electro- mechanical— utilizing plug -board tabulating equipment; use of combinations of first three levels.
4. Electronic (digital) — utilizing fully - electronic stored program
equipment.

1.

Here, too, a fifth class — electronic (analog) —could be added where certain
engineering data processing warrants use of that type of equipment.
After the degree and methods classifications are established, the next step is
the further refinement to relate the methods to the degree of application and
also to list the various types of equipment (or hardware) that can be used
within each relationship. The final step is to list the many applications that
can be made within the particular method and degree of integration. To more
clearly explain this, portions of typical charts are presented in Exhibits 1 through
4. The illustrations are far from complete. It would be difficult and probably
undesirable to present complete charts. There is pleasure and knowledge to
be gained in developing one's own chart. However, permissable exchange of
this type of information between companies is extremely helpful. When the
work group is satisfied that it has thoroughly investigated the equipment field,
it is advisable to provide for keeping up to date by making someone responsible
to modify, change and add to the charted information as equipment is changed
or new developments become available on the market.
A Prescription for Your Company
At this point, you should be ready to seriously start the system studies or
your own business. Probably the best approach is to synthesize the business, i.e.,
to develop a picture of data processing needed to conduct the business, rather
than to analyze current procedures. Determine the bare minimum of data which
are required to conduct business. This, necessarily, must lead to an extensive
study of, or research into, the characteristics of the business, essentially a modified "operations research" study of the clerical procedures.
First, it is necessary to develop the basic functions, which might be as sec
forth in Exhibit 5. The next step is to develop the major functions performed
in each basic function. It is usually necessary to further refine each classification
into minor or sub - functions. Exhibit 6 shows hypothetical illustrations of what
might be developed for your business. After the detailed classifications are aeMAY, 1958
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BASIC B U S IN E S S F U N C T IO N S
(n o t ne c es s ar i ly r e fl e ct i ng de p ar tm e nt a li z at i o n )
1.
2.
3.
4.
5.
6.
7.
8.
9.

Co r p o r a t e a n d F i n a n c i a l - g en e r a l c o r p o r a te m a n a g e m e n t ; o bt ai nin g and c o n tro ll ing c ash a nd in v es t me n ts .
P r o c u r e m e n t - o bt a in i ng ma t er i al , an d mi s c el l a ne o u s se r v i c e s a n d su p pli es.
Op e ra t io n s - m an u fa c tu r in g p r o d u ct s , o p e r a t i n g s e r v i c e s r e q u i r e d t o m a n u f a c t u r e pr o d u c t . .
Ma rk e t i n g - ad v er t i si n g a n d s a l e o f p r o d u c t s ; cu s t o m e r rel at i o n s; m a r k e t a n a l ys e s .
Tr a n s po r t a t i o n - a r r a ng e m e nt s f o r a n d c o n t r o l o f i n b o u n d mo v e m e nt o f r a w an d p u r c h a s ed m a t e r i a l s a n d
o u t bo u nd mo vem ent o f p ro d u ct s.
P e r s o n n el - h i r in g p e r so n n e l a nd p e r s o n n e l r e la t i o n s .
En gi ne er in g - co ns tr u c ti o n a nd / o r su pe rv i si o n o f f ac il i ti es f o r al l p u r po s es ; pr o du ct d e si gn .
R e s e a r c h - p u r e , pr o d u c t a nd r e la te d f ie ld s o f r e s e a r c h .
Ac c o u n t i n g - g e n e r a l a c c o u n t i n g a n d b o o k k e e p i n g ; s e r v i c e s t o o t h e r f u n c t i o n s s u c h a s b i l l i n g a n d r e c e i v ab le s fo r pro d u cts so ld, pa ya b l e s f o r p u r c h a s e s , co st s fo r o p e r at i o ns ; pa yr o l l s ; t a xe s ; go v er n me n ta l

r e po r t . ; et c.
10 . G e n e r a l - f u r n i s h i n g o f f i c e s e r v i c e s , c o m m u n i c a t i o n s , r e c o r d s m a n a g e m e n t , a n d g e n e r a l m a n a g e m e n t
staff fu nctio ns.

EXHIBIT 5

termined, list the various documents within each class or sub -class which are
absolutely required to conduct the business. Further refine this by listing what
data are required on each document to furnish the data necessary to properly
conduct and control operations.
From this point, develop results which are required over and above the bare
minimum. Examples of this are data required for Federal, state, and municipal
taxes, such as taxes based on income, payroll taxes, unemployment compensation, franchise taxes and other corporate levies, old age benefits and miscellaneous laws, as well as for regulations, such as Federal profit limitations, contract termination, etc. Similar data would relate to pensions, group life and

A C C O U N TI N G F U N C TIO N S

1.
2.
3.
4.
5.
6.
7.
8.
9.
10 .
11.
12.
13.
14.

M i n o r W it h in C o s t F u n c t i o n

Maj o r Fu n c tio n s
C o r p o r a t e b o o k k ee p in g
In v o ic in g o r b i l l i n g
R e ce iv ab le s
Payables
Tim e k e e p i n g
Pa y r o lls - p rep arat io n an d co n t ro l;
Pen s io n s ; etc.
C o at in g
Au d it i n g
Prop erty
Ta x e s - F e d e r a l , s t a t e , lo c a l
Stat ist ics
Systems
Go v er n m e n t al rep o r tin g
Sp e cial an aly s es o f co sts, o p e rat io n s,
ex p en s e allo ca tio n s , etc.

C o st a ccu m u latio n fo r
- o p era tio n s
- m an u fac tu rin g se r v ic e s

4
5
6

- lab o r
- etc.
C o st d istrib u tio n fo r
- o p eratio n s
- m an u factu rin g s e r v ic e s
- lab o r
- etc.
C o m p u te an d m ain t ain co st sta n d ar d s
(as abo ve)
C o s t in g i n v e n t o r i e s
C o s t a n a ly s es - va r ia n c e s , etc.
R e c u r r in g re p o rt s fo r co n tro ls and

7.
Etc.

sta tist ic al p u rp o s es
No n - re c u r r in g r e p o r t i n g

Etc.

EXHIBIT 6
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health programs, etc. Beyond this, develop additional data which would he
helpful but which are not absolutely essential nor required.
When the synthesis is completed, the plot thickens! How can the various
systems —those essential, required and helpful —be tied together or integrated?
Here is where the integrated data processing chart should come in handy to
assist in determining what might be done. And here is where the ingenuity of
the work group comes into play. What has been learned can now be applied.
The work group should now have become so valuable that management cannot
(or at least, should not) do without it. Its members should have reached the
point where they can advise management of a much better way to conduct the
clerical data processing functions of the business.
This is the time to determine your company's present data functions. This
should be a complete analysis of precisely the manner in which the data on each
document are processed and how such data are integrated into your present
system. Such analysis can best be done by preparing flow charts to show how
each document is processed. The results of this phase of the studies should
be an eye- opener.
After you develop what you should do (the theoretical or "opresearch" approach) as opposed to what you are now doing (your actual approach) the economics of each approach should be developed. Reasonable estimates of man hour requirements (expressed in 1,000 transactions or operations) should be
used for this purpose. Such manhour requirements can readily be adjusted in
total for a procedure or a system where varying quantities of transactions are to
be considered. In costing these manhours, either averaged actual clerical labor
position rates (including a factor for fringe benefits) can be used to determine
the costs of a procedure or an over -all averaged clerical labor rate (including
fringe benefits) might be used. Certainly there will be a difference between the
two results but, as long as the same basis is used to cost both methods, the
results should bear the same relationship. Cost for equipment usage (realistic
depreciation) and office space should also be included in the feasibility studies.
The next step is the comparison of the theoretical with the actual. This comparison should highlight your integrated data processing potential. A very
critical examination of the feasibility studies should be made, listing the advantages and disadvantages of each.
Nothing has been said about including in the studies costs to construct or
remodel facilities, provide air conditioning, better lighting, etc., to establish quarters for new data processing systems. Unless similar costs are calculated for
establishing present quarters (in relatively new condition) to compare with
the cost of new facilities, an obviously unfair comparison would result. It is
M A Y , 1958

27

granted that costs for the new facilities should be calculated very carefully, since
management has to know the expenditure that would be required. Some companies have found, to their regret, that such estimates have been much too low.
The recommendation report should now be drafted and presented to management for its action. Careful preparation of the report is essential. Many suggested improvements have not been adopted because of carelessly prepared or
incomplete recommendations. This is the most critical period. After all the
investigative work and new procedures planning, will the recommendations be
approved or not? This question should not enter the minds of the survey group
until this time. Otherwise, prior work of the group may be weakened by the
thoughts of management's possible reactions.
Test and Installation
When the integrated data processing potential has been determined and the
decision is made by management to proceed with the recommended improvements, installation is next on the agenda. It is not the emphasis of this paper
but requires mention to provide "tie -in."
Installation should commence with "laboratory" tests of the operations and
procedures. Occasionally, such tests should be conducted before the recommendation report is prepared, in order to be positive that theory corresponds with practice. However, thorough research done earlier will usually pay off at this point.
It is advisable, where possible, to conduct field tests of the procedures. Such
tests might be made in one portion of the clerical line - processing. It is worth
the added cost to field test most installations in order to work out the "bugs."
Before the actual installation is made the line, supervisors and employees who
will be affected by the change should be properly educated as to why the change
has been decided upon. Explain such things as:
1. How the company and
5. Where it is being done —
employees will benefit.
company wide, a division,
a department, etc.
2. Who will be affected.
6. What the employees and
3. What results are expected.
supervisors can do to help.
4. When installation will take
7. Why management considers
place.
it should be done.
Installation of the new modified systems might consist of the following
four steps: setting up the equipment, training personnel in its proper use and
care, enlisting assistance of all concerned to make the new system successful,
and processing the work. Wherever possible run a parallel system of new and
old to guarantee that the system is completely "de- bugged."
After the system has been in operation for a relatively short period of time,
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possibly six months, retrace the operations with the idea in mind to further simplify or modify the work. Suggestions from line personnel can sometimes be
of considerable help in the review phases. Also a schedule should be made to
conduct periodic reviews, say, at two year intervals or some other such period,
to determine whether further refinements or possibly major changes should
be made.
How to Forge Ahead on a Practical Basis
Fully document all of the studies (at least in summary form) to list what
was done and why it was done that way. List all advantages and disadvantages
of both the old and new systems. To provide assistance for future improvement, maintain files of published systems and procedures work of other companies. They may provide the spark of an idea which may lead to improvement
in your own work. The main point is to constantly strive for improvement —not
necessarily perfection and certainly not change just for the sake of change.
Business conditions and data processing equipment development are now in a
constant state of flux. It is quite possible that the best planned and installed
system may become obsolete as a result of new data processing equipment which
is being developed today.
Integrated data processing has become important, and will become more
so, to large, medium and small businesses. The following points should be borne
in mind:
1. Keep a level head concerning change— accept it if it is warranted,
but do not, without a detailed study, buy the next new piece of
equipment that is introduced and hope to fit it into your system.
2. Conduct constant clerical systems research in respect of:
a. Equipment— Maintain lists of usage possibilities and develop, improve and expand the integration degrees and
methods levels.
b. Procedures —How can the work be done a better way? Do
you really need what you are getting?
c. Approach —At times travel in the clouds (cloud 9 is a
good one!) to see whether you can get what you want by
using an entirely different approach.
3. Make integration of data processing pay its way in profit improvement.
4. Be positive that integrated data processing is your slave; do not
let it run the business.
5. Integrated data processing is only the means to an end. The most
important things are your products and the profits that such products bring to your company.
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IMPACT OF CONVERSION TO ELECTRONICS

O

VER -ALL COORDINATION

by E. E. Roll*

and responsibility must be centered in one person

during programming and conversion. Ordinarily we prefer a simple organization in which each department head reports directly to the chief accounting
officer. However, to facilitate the programming and conversion of our customers'
billing and accounting, we have appointed a director of revenue accounting who
is responsible for all of the departments involved in this activity and, in turn,
reports to the chief accounting officer.
Furthermore, it has been necessary to re -group functions and operations as the
program progresses. As soon as the feasibility study was approved, we organized
an electronic programming department. Ju st a few months a go, we absorbed in
that department our conventional tabulating machine methods work. Shortly before the compu ter wa s delivered, we orga nized a n electronic data processing de-

partment to include all central processing operations and the preparation of input
data. All other conventional tabulating machine operations, whether they relate
to revenue a ccounting or to other a reas, are centered in a mechanical data processing department.
Any change of the magnitude of that under discussion here is bound to present
many personnel problems. We ha ve proceeded on the assumption that people do
not resist change if they have sufficient knowledge of the desired objectives and
are given some part in instituting the changes. The recommendations of the
feasibility study group were explained in a series of meetings, starting with our
management council, the top management group in the company. Next, this
information was taken down to every department head who would be even remotely affected and then to the first line supervisors in those departments.
Finally, all employees in the departments affected were given a description of
the pla n and what part they would probably play in it.
It was announced as compa ny policy that no employee would lose his employment becau se of this change. Since then, we have tried to k eep our people fully
advised of our objectives and progress. We ha ve actively solicited their ideas
and suggestions, ma ny of which have been adopted. Temporary employees have
been hired to meet the peaks of the conversion effort and thus minimize the
nu mber of surplu s employees a t the end. A grea t many employees have had to
be shifted around and most have had to learn new tasks. Overtime has been very
heavy. We have been pleased at the prevailing attitude, which is one of cooperation and enthusiasm. In a couple of instances, excessive overtime caused some
resentment. But, by and large, the results have been very encouraging. W e
realize of course that the test will come when the load of conversion work begins
to taper off.
* Assistant Secretary, Detroit Edison Co., Detroit, Michigan.
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How We Studied
the Feasibility of a Computer Installation
by WILLIAM E. WALKER, JR.

Revere Copper and Brass
A Incorporated began an exhaustive eighteen months
investigation to dePPROXI M AT ELY T W O AN D O N E HA L F YEARS AGO,

termine whether a general purpose computer could be feasibly employed by
the company. The elapsed time is important, for it must be impressed upon
anyone undertaking to prove the desirability of this move that a substantial
amount of time is necessary for this investigation. The results of Revere's investigation established the feasibility of a general purpose computer. Due to
economic conditions, however, final approval to install is still pending.
The company consists of twelve producing divisions, fifteen plants at various locations throughout the country and twenty-two sales offices. The number
of employees at producing plants ranges from as few as fifty employees to over
two thousand. Three general types of products are produced, as follows:
1.

Industrial items in copper, brass and aluminum, which are not a
finished product but are further fabricated by the purchaser to go
into a finished product. These include such items as sheet, strip,
tube, bar and rod.

2. Manufactured items such as Revere ware kitchen utensils, forgings,
etc.
3. Aluminum foil products used in the manufacture of frozen food
containers, pie plates, etc.
Managerial responsibility, guided by the broad policies of the central organization, rests primarily with the individual division managers. In summary,
then, the feasibility study was made against a background of a medium -sized
corporation with widely dispersed locations, operating under decentralized
management, and with no one location large enough to make a general purpose computer practical. Only by combining the functions at the various locations would a computer be at all feasible.

WILLIAM E. WALKER, JR., (Mohawk Valley Cha pter, 1957) is a Systems Analyst with
the Systems and Procedures Department at the General Offices of Revere Copper and
Brass, Inc., Rome, New York. Mr. Walker, a graduate of Colgate University, assumed
his present position in 1955.
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Choice of Applications; Computer Size
When the idea of seriously investigating the possibilities of a general -purpose computer for this corporation was first decided upon, two representatives
of its general accounting office were assigned to make preliminary investigations regarding the different types of machines available. The two principal
types in competition with each other, were the I.B.M. 705 and the Remington
Rand Univac. Our representatives spent considerable time attending courses
given by the two corporations, learning as much as possible about the competitive machines, so that a decision could be made as to the further course of investigation. With their knowledge of the company's accounting problems and
with this newly- acquired understanding of the potential of the electronic equipment, these men recommended that the company undertake a detailed investigation of the general - purpose computer and its application to Revere's problems.
Thus began the eighteen -month feasibility study, or more accurately, the feasibility experiment, since it was to become one of the first attempts at applying
centralized data processing on a general purpose computer to a company's operations. There existed practically no experience to be used as a guide and no
programs which could be followed to smooth the path.
There were two basic decisions to be made before starting the study and
these decisions will probably appear in all subsequent studies. The first is
whether to study operations which will show a tangible result, such as dollar
savings from more efficient and labor- saving applications on an operation such
as payroll, or whether to study an application like sales forecasting which would
produce no tangible savings in dollars but would speed up the flow of information to management with such beneficial effects as might be derived from
faster or more complete information. The second decision is the size of the
electronic computer to be used for various application. This was a very important consideration in our case and meant determining whether a small,
medium or general purpose computer would fit our needs. The Revere management (and this will probably be so in most medium sized companies) demanded tangible dollar savings as a primary justification for determining computer value. Therefore, the question became one of deciding which of these
applications to study first.
Since the bonus and payroll computation was one of the more costly operations in the company, with a fairly high ratio of payroll personnel to hourly rated mill personnel, this area became the prime target for the potential dollar savings. In addition, the order cost department and part of the tabulating
department were included because of their tie -in with the payroll information
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and because their applications required fairly high clerical and rental costs.
These three applications comprised the principal areas for electronic investigation. It was discovered at a later date that these would satisfy less than one half of the computer's potential. At that time, invoicing, accounts receivable,
sales statistics and the remainder of the tabulating operations were added to
the areas considered. These comprised the tangible applications to be studied
in total. They cover all the computer potential for a one -shift operation. As
for applications from which tangible benefits could not be expected, only two
were considered during the study, these being sales forecasts and control of
the inventory of kitchen utensils.
Two factors influenced Revere's decision in regard to the type of computer
to be used. At this point, no one was sure that the bonus and payroll application, the area in which lay the greatest potential savings, could be programmed on any type of computer. However, even if it could be done on a
medium -sized computer, the cost of maintaining such a computer at each division was far in excess of the cost of one general- purpose computer. The size
of each division was such that it became obvious that only a large -scale general purpose computer, located centrally and taking over many of the operations of
the individual divisions, would be feasible economically.
Location of The Computer Center
With two of the larger Revere divisions located in Rome, New York, the
central location to be decided on for the computer center became a fairly easy
choice. The second big problem was that of communications. With a central
location, any operation to be covered on a computer requires much data to be
transmitted to the computer center from the divisions located throughout the
country, digested and processed at the center, and a report returned, sometimes
on a daily basis, to each of the divisions. In cooperation with one of the major
communication companies, a system was developed capable of handling both
administrative communications and computer data and information at very
high speeds, and with checks so that accuracy could be assured.
Cost estimates were prepared for a leased wire system based upon our service requirements to our divisions and sales offices. The computer manufacturer assured Revere that a high -speed tape -to -tape converter would be available to transform the five - channel paper teletype tape to an eight - channel magnetic tape for the computer and to reverse the process when returning information to the divisions. This was a very important requirement, since the opportunities to save time on such a conversion were substantial in comparison
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to the time required to convert from cards to tape or to retype information
from the computer on a teletype tape.
As previously stated, Revere's management responsibility is based on the
principle of decentralized control, guided only by broad policy decisions from
the top. As has been the experience with other companies operating on this
basis, the decision to centralize the data processing operations invariably brought
up the question as to the effect this would have on this management policy.
It must be made clear at the beginning that the purpose of central data processing is merely the establishing of a service center to handle the data processing
requirements for all locations more efficiently than it can be done at separate
locations. It is the responsibility of the center to supply management personnel at every location with whatever information they may need.

Training of Personnel and First Steps in Programming
Though preliminary investigations had been carried on by personnel from
our general accounting office, the main feasibility study required the assignment of additional personnel. It was necessary that these personnel be trained,
in varying degrees, for the tasks to be accomplished. The first problem was to
determine what types of personnel should be recruited. This decision was influenced to a certain extent by the experience of the manufacturing companies,
which have discovered that there is no particular blueprint to be followed in
finding people fitted for this particular type of skill. It has been found that
men with master's degrees and men recruited from clerical ranks, with no
formal education, might either succeed or fail. As in many other types of occupations, individuals with the ability to view the whole problem and then proceed logically to an answer tended to make the best programmers. As a result
of discussions with representatives of companies which had had some experience in recruiting computer personnel, it was decided to recruit men already
with the company. Revere personnel would have experience with the methods
and procedures being followed and, therefore, would be able to construct better
analyses and more logical machine programs covering them.
As the study developed, the computer personnel were divided into two
groups, one classified as seniors to whom were given two courses in programming entailing advanced information on computer operations. To this group
were assigned the more important areas to be investigated, the preliminary
analysis work of systems and procedures and supervision of the programming.
Members of the second group were classified as juniors and given one course
in programming. The principal function of this junior group was to assist in
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the mechanical part of the programming function. A total of fifteen men were
assigned to the computer team (both groups). It may be interesting to examine the backgrounds of these people. Ten out of the fifteen were college graduates in liberal arts or business administration and with relatively
short experience with the company. The remainder of the personnel were not
college graduates but all had long experience with the company. On a departmental basis, eleven were from the accounting sections (cost, auditing and
general accounting), three were from industrial engineering and one was from
the personnel department.
It was particularly noticeable that individuals who were not too far away
from their formal education adapted better to the training process. They found
it much easier to pick up their study habits and to concentrate upon the technical parts of the training. Progress in the programming course was, for some
of the personnel, very slow. However, it was discovered that, although some
people did only fair work during the course, they did become excellent programmers once the new language and new techniques had sunk in to the point
of full understanding. For some personnel, this new field was definitely not
applicable, and it was not difficult to pick out and return to other duties those
not qualified.
Before completing the feasibility study, it was necessary to do some production programming to demonstrate that the operation with the greatest potential
savings could be handled on the equipment. The bonus and payroll operation
was the economic key to the study as well as the greatest stumbling block. One
division alone had 450 rate tables, ranging from simple half -page tables to
complex multipage tables, all used to determine various bonus incentives for
various machines. It was estimated that programming these tables for the various operations of the company would take 480 man - months or two and one -half
years for the whole team to complete all of the tables for the entire company.
It was finally decided that programming the bonus operations of the largest
industrial division would be sufficient proof that the bonus and payroll operation
was at least workable. To accomplish the programming of this one division,
the entire group was assigned to the problem, except for two men who were
assigned to programming the payroll function. Due to the lack of actual programming experience, the group assigned to these bonus operations worked on
individual rate tables under the guidance and supervision of an expert programmer furnished by the machine manufacturer. After gaining the needed experience (about two months) the members of the group were divided into those
who were to continue with the individual programs, those assigned to programming the general runs which controlled the individual programs and proM A Y , 1958
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duced the payroll, and those delegated to develop and explore special programming techniques.
In maintaining control of the work of the team during the entire feasibility
study, it was necessary to have periodic meetings and discussions. In the later
stages, this was not too difficult, since the entire group was together. However,
in the initial analysis of the various problems, the group was scattered among
the divisions of the company. It was in this period that it was most difficult to
maintain control and make proper evaluation of the efforts of individuals. To
solve this communications and control problem, it was necessary to take two
steps. One was to call the men together approximately every two weeks for one
to two -day meetings to discuss and evaluate the progress which was being made.
The other was to appoint an executive committee for the group, comprised of
three men, and to make it responsible for reporting the progress of the individuals on the various projects.
Reporting on the Study
In reporting to company management on interim results of the study, two
major cost comparison reports as well as several small progress reports were
submitted. These were in addition to the final report summarizing the conclusions from the entire study. The interim reports were extremely important,
not only as a means of showing the progress being made but also in maintaining
management interest over the long period of investigation. The format of the
first interim report was prepared in two stages by two of the senior program
analysts, with the help of sales support personnel and expert programmers from
the machine manufacturer.
The first stage used the largest of the industrial divisions of Revere as the
pilot experiment. The analysts were required to collect an accurate count of the
items used to compute the bonus at this division, obtain an estimate of the percentage of tabulation time taken by the bonus, payroll and order cost applications, and develop the item structures to be used in transmittal to the computer.
Using this information, the supplier's personnel approved the item structures,
developed an estimate of the number of people required to type the input and
applied their programming skills to establish the worth and advisability of continuing the study. Using this knowledge, gained through actual experience, the
analysts were able to establish a format for the report which consisted of the
listing of each department involved, with a comparison of the personnel and
cost under the current system and under the proposed computer system. The
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comparison showed the expected yearly savings to be accomplished by using the
electronic computer.
Stage two of this report consisted of acquiring the necessary data from the
men at the divisions and, using the established format, to compile the report on
all divisions. This report was then forwarded to management through the
team's executive committee. It was in the industrial divisions that the greatest
potential savings were anticipated. This was borne out by the investigation,
the potential savings in these divisions more than covering the cost of the computer and its peripheral equipment.
The second report, compiled by a three -man committee of analysts and using
the format already established, became an enlargement of the first report. The
second report included additional operations covering sales statistics, invoicing,
accounts receivable and the remainder of the tabulating departments, plus those
operations which encompassed the manufacturing and the foil divisions.
C O ST C O MP AR ISO N ( A N D C O ST O F C O M P U TE R C E N TE R )
Annu a l B a s i s Sa vi ngs a t D i vi s i o ns *

Pre se nt C os ts
Compu ter C osts
Co s t R e du c ti o n

N u m b e r of
Employees
247
14 6
79

Do ll ar .
1 200 000
62 0 0 0 0
58 0 0 0 0

Nu mb er o f
Employees
180
115
'6 5

Dollars
820 000
56 0 0 0 0
26 0 0 0 0

Nu m be r o f
Employees
427
261
16 6

Do ll ar .
2 020 0 00
1 180 0 0 0
840 000

•

( 1 ) B o n u s , p a y r o l l , o r d e r c o a t , t a b u l a t i n g ( 2 ) , In v o i c i n g , a c c o u n t s r e c e i v a b l e , s a l e s s t a t i s t i c . , t a b u l a t i n g .
C O ST O F D ATA P R O C E SSIN G C E N TE R
Do l l a r s
Rental of computer and per ipheral e quipment
36 0 0 0 0
Staff salaries
10 0 00 0
Communicati on netwoik
21 0 0 0 0
Le ss : P resen t co m mu ni c at i o n co at
160 0 0 0
50 0 0 0
62 0 0 0 0
T O T A L Y E A R L Y S A V IN G S
220 000
Al l f i g u r e s u s e d a r e f i c t i t i o u s

EXHIBIT 1

These interim reports were essential during the investigation. However, the
final report was the most important, since it was on this report that management
would base its decision as to the merit of a computer system. Many hours were
spent determining the format for the presentation of the information. The result
was a three -part report containing a yearly Cost Comparison (Exhibit 1) of
existing and computer systems, a Projected Computer Cost Recovery Schedule
(Exhibit 2 ) and the recommendations of the investigating committee. The cost
comparison section was based on the totals in the second interim report, in
which departmental cost comparison for each division, as well as the computer
equipment and the building required, were shown. Also included were cost
estimates from the communications equipment producers. From conversations
with representatives of companies with computer installations, an estimate was
arrived at for the cost of maintaining a computer staff.
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PR O J E C TE D COMPUTER C OST REC OVER Y SC HEDULE

Ye a r 1
Preparation Costs
To t a l I E x p e n d i t u r e s

Ex p en d itu res
By Ye a r s
11 0 0 0 0

Savin gs

Net Co s t
By Years

By Ye a r s

C u m u lat ive

110 000

11 0 0 0 0

360 000

470 000

580 000

200 000

670 000

Year 4
100 000
Op eratin g Sa la r ie s
520 000
R en t als
To t a l A n n u a l E x p e n d it u r e s 620 000
Savin gs All Ap p licatio n s

840 000

_ 2 20 00 0 )

450 000

Ye a r 5
Op er at in g Sa la ries
100 000
R en tals
520 000
To t a l A n n u a l E x p e n d i t u r e s 6 2 0 000
An n u a l. S a vin gs

840 000

( _ 2 2 0 00 0)

230 000

Ye a r 6
Op er at in g Sa la ries
10 0 0 0 0
R en tals
520 000
To t a l A n n u a l E x p e n d it u r e s 6 2 0 000
An n u al S a vin gs

8.10 0 0 0

( _ 220 00 0 )

10 0 0 0

Preparation Co st
To t a l 2 E x p e n d i t u r e s
Ye a r 3
Pu rchas ed Equ ipm en t
Op er at in g Sa la ries
R en tals C o m p u ter
R en ta l C o m m u n ic atio n
System
To t a l 3 E x p e n d i t u r e s
Savin g s o n P art A p p lica tio n s

*

2 5 0 000
11 0 0 0 0
360 000

160 000
10 0 0 0 0
360 000
16 0 0 0 0
780 . 0 00

(

Ye a r 2
Co s t o f Bu ild in g

All figu res u sed ar e fict itio u s

EXHIBIT 2

In compiling the recovery schedule, the committee relied heavily on the machine manufacturer's personnel for forecasts of the costs of various applications,
insofar as programming and overcoming initial difficulties were concerned. It is
well to point out two items on this schedule with particular emphasis. During
the six -year period under consideration, all expenses, including such items as
initial programming and preparation and the substantial item of the cost of the
building, are estimated as recovered. Normally, in such a recovery schedule, the
cost of the building necessary to house the computer installation would probably
not be included. It is also well to note that, in the third year of operation, we
start to show some savings. At this point, the bonus, payroll and order cost
operations are all presumed to be accomplished on the computer. This is possi38

N.A.A. BULLETIN

ble because, instead of spreading the machine time over all possible applications,
our interest was concentrated on operations from which most benefits could be
obtained.
In the recommendations portion of the final report, the committee proposed
adding the control of the manufacturing utensil inventory and sales forecasting
to the list of applications to be accomplished on the computer. These applications do not lend themselves readily to cost comparison but are one of the
major benefits to be obtained from a computer installation. Because of the
timeliness of information, the speed with which it can be transmitted to management, control and corrective measures can be taken which will add much to
the efficiency of the company's operation.
Chronology of Revere's Computer Feasibility Study
The following chronology is given to indicate some of the steps taken in
Revere's feasibility study. It must be emphasized that these steps were taken as
situations arose and not in accordance with any predetermined plan. It may well
be that hindsight could perfect their order. The chronology begins from the
point of the original investigating committee's decision to study the tangible
operations of bonus and payroll and order cost in relation to a large, general
purpose computer. The steps follow:
1. Two individuals representing the manufacturing and individual
divisions, were given the first six-week course on general purpose
computers.
2. Upon completion of the course, these two men started analyzing
and writing up current procedures involving bonus and payroll
operations in their respective divisions.
3. Seven additional men were given the first computer course and,
upon completion, returned to their divisions to analyze and report
bonus, payroll and order cost operations in their divisions.
4. A two -man committee was formed to prepare cost estimates and
process charts.
5. The first interim report was rendered.
a. With original data gathered from the largest industrial division,
the committee determined, with the help of the experts from
the machine manufacturers, the data which was required from
the individual divisions in order to prepare cost estimates and
prove the bonus operation feasible.
b. The analysts at the various divisions were called in and instructed on what was required to prepare the interim report.
c. Upon return of the data, the committee compiled the report and
forwarded it to the executive committee.
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6. Since the expert programmer retained indicated that only one -half
the computer time would be used by the proposed applications, the
executive committee decided on adding invoicing, accounts receivable, sales statistics and tabulating to the list of applications to be
analyzed and reported upon.
7. The men in the field were told of these additions and a member
was added to the analyzing committee.
8. The analyzing committee began the process charting of all applications with the aid of the expert programmer supplied by the machinery manufacturer.
9. Second interim report was rendered.
a. The analyzing committee requested and received data similar
to the data needed for the first interim report from the men at
the various divisions.
b. This report was forwarded to the executive committee, where,
as with the first report, the computer costs were added to the
various operation costs.
10. The executive committee began the investigation of the communications system necessary to service the central computer location.
11. The executive committee, as a result of discussions with the machinery manufacturer and company management, reached the conclusion that actual production programming had to be done to
supply the necessary proofs to management of the feasibility of
programming various operations.
12. All analysis work at the various divisions was stopped and the men
were brought into the central location to "revamp" the process
charts to prepare for actual process programming.
13. All analysts were given the second and advanced course in programming in order that they would have the necessary knowledge
to do the production programming necessary to prove the feasibility
of the bonus operation. During this advance course, a payroll run
was developed which was used as a thesis problem in the course,
employing actual data from the company's payroll operations.
14. Six additional men were chosen to take a first programming course.
These additional men were required to help out in the production
programming.
15. The senior group of the computer study team was divided into
the industrial and manufacturing divisions, and production programming was started by both groups. The machinery manufacturer
furnished an expert programmer to work on a full -time basis with
these groups.
16. The industrial group was divided into three parts - programming
individual rates, programming general runs, and developing programming techniques. At the same time, the applications not ex40
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petted to yield tangible savings were decided upon by the executive
committee and investigated by part of the group.
17.

A programming forecast was prepared for all applications, as well
as a timing chart for the computer.

18. The final report was compiled by the executive committee, based
on the second interim cost comparsion report, the communication
system cost estimates, and the programming forecasts.
Experience With Computers Now More Available
In conclusion, it may be well to note that, during the 18 months study of the
feasibility of a computer for this corporation, mistakes and false starts were
made. There was very little experience upon which to base such a study and it
was only through trial and error that many of the procedures were adopted and
followed. Our experience, here described, and our accomplishments may perhaps
help others. There are now enough companies which have made such studies,
to render it possible for new investigators to derive much from their experience.
In particular, from the experience of this company the following conclusions
can be drawn:
1.

The investigation of the feasibility of a general - purpose computer
is a long and expensive process. However, in view of the cost of
the equipment involved and the potential savings to be derived
from it, the original cost may be viewed as an investment which
can provide increased profits to the company.

2. The selection and training of personnel is one of the most important preliminary features of the study and also affects the amount
of time necessary to complete it, since little can be accomplished
before personnel are fully trained. It must be noted that the
machinery manufacturers do a wonderful job in providing the
instructors and advisers necessary to train personnel.
3. In reporting the results of the feasibility study, the dollar savings
to be made through the use of a computer are undoubtedly important to all managements. However, not to be forgotten and
necessary to be emphasized are the supplementary advantages which
may be just as important in the long run. They include completeness and speed of information and reports to management, which
allow for more efficient operation of the company.
4. Even after exhaustive studies indicate the feasibility of a general
purpose computer, current economic conditions may adversely affect the decisions of management.
M A Y , 19 58
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APPLICATIONS FOR THE EQUIPMENT

W

H A T ARE TH E PROBABLE AREAS

by M. S. Newman*

where electronic, tabulating or other equip -

ment might be introduced? Data - processing in most companies breaks down
into three large groups: the sales area, the production area, and the accounting
area. What are the past and present trends towards mechaniza tion in these areas
and what are the probable chances of success for a smaller company venturing
into mechanization in one or more of these areas?
The sales area encompasses such functions as order confirmation, inventory
records, billing, sales analyses, and accounts receivable, all of which involve
orders originated by salesmen or customers and the subsequent delivery and payment for goods delivered against such orders. It wou ld inclu de su ch reports as
unfilled order reports, reports of goods available for sale, a long or short- position
report, and information on the collection and aging of a ccou nts receivable. All
of these functions have been mechanized for some industries, a nd some of these
functions have been mechanized for most industries.
The production area involves such functions as purchasing, cost accounting,
inventory control, production control, and variance analysis. Reports produced
in this area would be purchase commitment reports, reports of manufacturing
status, cost variance analyses, and inventory turnover analyses. This is a n area
where the su ccesses have not been too spectacular, although more work is being
done in this a rea now tha n heretofore. Even where companies do use advanced
equipment for cost accounting, it is often limited to the compiling of actual
costs on individual jobs. Standard cost accounting is highly complex and requires
rather sophisticated equipment or a large amount of processing with regular
equipment, but it is possible to reduce the complexities of a standard cost system
to a small computer program (and have such work performed on a service
bureau basis each month for less than the cost of a junior accounting clerk.)
Similarly, in the areas of inventory control and production control, there is
sufficient equipment available to provide a low -cost system for quite small companies.
The third and last major group is in the accounting area, involving such
functions as payroll, payroll distribution, accounts payable, expense and budgetary
control. Electronic applications or mechanization in most of these areas have
been quite successful and, if ten or twelve employees are now working in this
area, it is qu ite likely that a satisfactory installation could be developed. The
advantages would more likely accrue from faster reporting or from the control
over income and expense exerted through budget comparisons, rather than in any
substantial cost savings but, to most members of executive management, this is
an area where a few dolla rs ca n be wisely spent, as the over -all potential from
faster reporting and good budgetary control may be quite considerable.
• Partner, Haskins & Sells, San Francisco, California.
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How We Approached and Are Applying
Electronic Accounting Machines
1. Objective — A Clerical "Factory"
by RUSSELL C. FLOOD
HE SCHRADER FACTORY OF 111 YEARS AGO

about 800 square feet.
T Today it occupies far over one million, withoccupied
factories in the United States,
in Birmingham and Cannock, England, in Toronto, Canada, in Jacarei, Brazil,
and one on the drawing board for Australia. Many companies have grown faster.
However, it will become apparent in this group of papers that such a continuing
existence and consistent growth comes about in business only by a continual
planning and control by successive generations of management. Twenty -five
years ago, one entering Schrader's plant could see in one department, over
100 middle -aged women examining valve cores, the vital mechanism upon
which your driving life depends. Today four small machines do a far superior
job of examining these valve cores in consistently greater quantities. The pace
of the technological advances increases rapidly each year and those who do not
thus advance do not stay in business long against competition.
Significantly in this connection, I can go back twenty-five years and recall
our general bookkeepers and the way they worked. Today there are perhaps
too few changes. They sit at modern metal desks and use modern adding or
calculating machines but otherwise have been following pretty much the
same practices, using the same type of ledgers, ledger sheets and work sheets,
the same types of pencils and pens. Yet, in this group of people, there has also
been a rapidly expanding desire and need for more income and to be more
productive in order to earn it. There has been a large increase in the staff
and jobs have been broken down to very small segments, often providing less
incentive in themselves.
About three or four years ago, after much study of the situation, the management of the Schrader Company came to the conclusion that, to survive in
the years ahead, steps must be taken to automate the accumulation of primary
clerical data, i.e., to automate our many routine operations. In our opinion,
RUSSELL C. FLOOD (Brooklyn Chapter, 1942), is General Operations Manager of A.
Schrader's Son, division of Scovil Mfg. Co., Inc., where he is also Assistant Secretary and
Assistant Treasurer. He joined A. Schrader's Son in 1930 and progressively advanced to
his present position. Mr. Flood is Past President of Brooklyn Chapter.
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competitors who do not enter this clerical automation field will not, in the next
ten to fifteen years, be competitors. What became a necessity in factory operations over the last twenty-five to fifty years now becomes more of a necessity
in the clerical portion of the business. We have allowed it to lag. We now
must expedite the change -over.
At Schrader we are not talking about putting one or more particular functions on any particular type of automatic equipment. We are working on long range plans to set up a clerical factory on the same basis as we operate a manufacturing plant. We foresee that the machinery in this clerical factory will be
as diverse as the machinery in our manufacturing unit —the best equipment to
do the best job. We foresee a clerical factory setup similar to our manufacturing setup. We foresee that this clerical factory will have certain beneficial effects:
1. We will be able to turn out more work more quickly at a lower
cost.
2. We will be able to turn out more beneficial products.
3. We will eliminate the drudgery of hand operations.
4. We will improve our employee status. People, although fewer in
number, will become more valuable. They will be highly - skilled
and better paid.
5. We will have better control by which to match actual results with
short -term planning and to set up and adjust long -term plans.
6. We will have more data and thus more knowledge about our operations. Necessary corrective actions can be taken more quickly.
At this early date, we have already felt certain benefits. With the installations so far made, we already do many things some disbelievers thought impossible. We are providing an environment within which lower level management people are accepting larger responsibilities and authority and are creating
the nucleus of a force which will guarantee the progress of our company and
its employees. Further, in adjusting to the new concepts, our top management
is broadening itself by the need to meet certain requirements under the new
concept. Some of these requirements are:
1. An avoidance of haphazard expedient high -level policy changes
which will affect basic procedures and result in total system failures.
2. A willingness to alter traditional methods and policies when necessary. This is one of the difficult psychological barriers for top management to hurdle.
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3. A willingness to modify existing organizational responsibilities
when necessary.
4. An emphasizing of top management control by exception rather
than by the constant tyranny of minor decision - making.
If only these benefits occur, a great deal of progress will have been made,
but these are only the beginning of the many benefits which we expect to enjoy from our final setup of our clerical factory.

2. The Systems Work Required
by FREDERICK R. STARR
the pressure on the sysElectronic accounting machines
should be considered production equipment just as an automatic screw machine
which we use in the factory. Before we set standards on factory machines for
incentive purposes, we examine the processing, step by step, to make sure that
the best possible method is being employed. For electronic accounting, we must
use the same technique. Sound procedures are necessary to obtain full utilization
of accounting machines. We realize that, to do this, we must first determine what
we are doing manually and, second, how we propose to accomplish the same
result with the new equipment.
To obtain organizational acceptance for the procedural changes necessary
in the installation of an electronic accounting system, it seemed advisable to us
to set up a committee or team to examine the problem. The members of this
team are not themselves involved in the studying and surveying of the problem but, rather, represent the various functions of the organization which are
affected by the contemplated change. During the survey, they obtain an understanding of the problems of the other elements of the business. This is important, because the new procedure will undoubtedly involve compromises between the various departments.
From a systems viewpoint, our first application was handled differently from
what we are doing now. We obtained our systems personnel by releasing
an employee from the accounting department and one from production control
to spend their entire time on the survey. It was their responsibility, first, to
IT H T H E ADVENT O F ELE CT RON I C ACCOU N T I N G,

W tems analyst has materially increased.

FREDERICK R. STARR is Planning Manager of A. Schrader's Son, division of Scovil Manufacturing Co. He joined the company in 1946 as a Special Assistant to the Divisional
Controller. Mr. Starts responsibilities include systems and procedures, particularly as they
pertain to the expansion of electronic accounting equipment in the company.
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analyze the present manual procedure, secondly, to determine what machines
should be used and, thirdly, to prepare the new electronic procedure. During
this period the two individuals were being trained on the equipment that they
had recommended. After the procedure had been accepted by the management,
they were converted from procedure analysts to the operational supervisors, with
all the problems of modifying the installation which they had designed. After
the first procedure was installed, a different approach was required, since the
systems problem must be handled by procedural personnel outside the operating
organization. The procedure man must work in close cooperation with the
equipment group and the rest of the organization and, in addition, devise a
system which is compatible with the requirements of the company's business
and the machines.
To begin with, it is essential that present manual system be explored completely so that what is being done is put down and, perhaps more important,
why it is being done is examined. The most difficult problem in installing an
electronic accounting system is in obtaining, for the first time, all the details
involved in the manual system. In addition, the systems man should plan beyond
the present installation. He should visualize what other procedures, which tie
in with this one, can be put on electronic machines and approximately how this
will be done. He must install a system which can be adapted to accommodate the
other applications as they are envisioned, without major overhaul. For example,
I am thinking of the interlocking problems of accounts payable coding and raw
stores inventory or payroll and labor distribution or invoicing and sales analysis,
and many others which are similarly linked.
After the manual procedure has been analyzed completely, so that all the steps
involved have been noted, the systems man must then proceed to devise the new
procedure to be used on the electronic accounting machines. In doing this, he
must determine what he can eliminate from the present procedure, what problems must be compromised and, finally, the elements of the procedure which
must be retained. This is an excellent time to obtain agreement within the organization on changes which probably could not be made at any other time. For
example, we have changed manual procedures in the handling of personnel
transfers while we were working on the payroll system. In devising the new
procedure, imagination should be allowed to run rampant. A completely new
approach may resolve the problems. Many things can be done mechanically
which you would not attempt to do on a manual basis and many advantages,
cost -wise and record -wise, can be derived from this kind of thinking. Of course,
it must be understood that the procedure must conform to the limitations imposed by machine operations. For example, in our organization there are certain
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places where hard copy is necessary and our procedure must conform to this
requirement.
Before determining what system should be used, the procedure analyst must
be cognizant of the equipment available in the electronic accounting field. There
are the large computers with magnetic drums and magnetic tapes. There are
also punch card systems. Becoming more important in this area today, there is
a peripheral group of input equipment which allows the procedure to be handled
in a variety of ways. These machines include such equipment as TWX machines
with tape, adding machines with tape, accounting machines with couplers to
key punches, small computers with tape or key punch, etc. It is here that the
procedure man must use careful judgment in determining what equipment best
suits the volume and requirements of the system to be installed. A combination
of this equipment will give integrated data processing, which is the clerical factory that we all hope will be the answer to our clerical problems.

3. How To Keep Your Feet on the Ground
by FRANKLIN L. BUCHHEIT
as accountants are in relation to a clerical factory,
I am quite sure that we will approach the change -overs with the same objective realism that could be considered the driving force which made the invention of these machines necessary. I think we can steal a little glory and
recognition, since it is our efforts and our ability to report the facts which created
a crying need for a faster and more economical means of reporting on- the -spot
information to management. However, let us not become complacent and think
that all our problems have been solved. It is very easy to get starry eyed and
enthralled by this wonderland of spinning tapes, flashing lights and darting
cards, to the extent that the glamor may completely cloud our thinking and our
responsibilities as accountants.
Our new order - writing, inventory, allocation, shipping ticket and billing procedure was beautifully designed and worked very efficiently —on paper. The
machines could do anything. There were no problems. But when we swung
over, everything went wrong. Production control wanted the shipping tickets
and the customers wanted their goods. The result was a complete revision of
procedures on the spot, with no time for formal thought -out changes. Only

W
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one thing was important —get the goods to the customer. We are still revising
these procedures for the ultimate purpose of building good accounting controls
back into the system. I am not saying that these new machines are not efficient
and that they will not do the jobs we want them to do. I am merely saying that
we should approach the change -over with . eyes wide open and play "heads up
ball." We still must continually discipline ourselves against trips to the clouds.
For example, the payroll system which was originally developed was immediately
rejected as being too loose and disjointed. Again, the emphasis had been put
on the ease with which the job could be done by the machines. However, we
stopped this one in its tracks and insisted on a program re- write. It paid off,
because the revision was complete and well- thought out. The result was a low
cost change -over.
There is another cost which must be expected with the continued and spreading use of electronic accounting machines. This is the request by the customer to
supply additional information. Here are a few examples. One has asked that
we show his sample number, as well as our own, on all of our invoices. Another
has sent in a special order form which must be completed by us and returned
with our invoices. Still another has asked for a consolidation or summary by
sample number of all his purchases during the month. Another has asked that
we supply tabulating cards covering his purchases. I am sure that these requests
will continue and become numerous, since their purpose is the reduction of input
data cost. In order to maintain good customer relations, there is no alternative,
in most cases, than to accept and supply this additional information. There is
not much one can do about these additional costs except to develop the same
philosophy and, in turn, ask our suppliers to do some of our clerical work. This
may act as an off -set.
Still a further area of costs which we strongly feel needs a re- evaluation and
good hard looking into, relates to internal audit procedures to be established
to make sure of the accuracy of the data being turned out by the machines. It
is possible that these procedures may be too elaborate and the cost of performing
them may far outweigh any possible losses. At Schrader's, we have taken a good
look at these checking costs and have decided that the manual operations in the
periphery of the machine room must be at the lowest possible cost and still assure
us of reasonable accuracy. In our payroll procedures we want good employee
relations by paying accurately but do not want to re -check every rate and every
calculation being done in the machine room. We cannot afford to do it. We
have, therefore, set up a streamlined audit system, enabling us to substantially
reduce the payroll audit staff. Controls based on daily totals of hours worked
and a control of employees through time cards are a protection against collusion.
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An average hourly rate control developed for each department, which permits a
fixed amount as a calculated risk error margin, assures us of reasonable accuracy
of extensions to the gross payroll. We may have some mistakes but they are
controlled and cannot be of any magnitude.
Billings to customers are also checked by a statistical sampling method. All
invoices are looked at for completeness of data required, such as the customer's
name and address, invoice number, customer's order number, terms, body of
invoice and total. We completely check prices and extensions on only 10 per
cent to 15 per cent of the total invoices issued. If the invoices checked in the
sampling are accurate, then all invoices are released and sent to the customer.
If the sampling indicates inaccuracies in billing, such as errors which could be
attributable to a new pricing clerk or a machine jam or some other cause from
which results might be grossly out of order, then all invoices are checked completely.
In substance, our use of electronic equipment for accounting purposes is subject to safeguards:
1. We have learned to be doubly sure that all procedures and systems
are sound and operable and that homespun and deep - rooted control
procedures, so commonplace to manual systems, are feasibly built
into our machine system before we make the changeover.
2. We also keep our manual audit operations to an evaluated minimum and do not let these costs exceed those which may be accepted
as calculated risks.
If we keep a tight control over our change -over and manual costs, I am quite
sure that we can more rapidly approach the economic justification of electronic
accounting equipment.

4. Applications Planned Within the
Production Control Function
by LEA BROUGHTON
into our present plans for machine handling of
B our production control clerical
and reporting operations, perhaps I should
EF O R E G O IN G T OO D EE P L Y

explain our production control set -up. We consider it unique, in that it includes
departments not customarily found in the production control group. Our proLEAMAN S. BROUGHTON is Production Control Manager of A. Schrader's Son, a divi.
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duction control is headed by a manager with three assistant managers. One of
these three assistants is in charge of the electronic accounting machine division
and is responsible for the proper functioning of that division. The other two
assistants understudy the manager of the department and are responsible for the
proper functioning of its other divisions. There are thirteen divisions in all.
We find that our set -up of divisions provides the production control department
with all of the tools necessary to do a complete job. By close contact with the
plant manufacturing superintendent, whose job it is to manufacture the products
in line with production schedules and plant or shop orders, a good job is generally done.
At the present time the department has 152 employees. With the exception
of those operations already on the electronic accounting machine division's
equipment, such as finished stock inventory records, transfers into and out of
finished stock, customer's orders, invoices and reports, all other operations
in the production control department are performed manually. It is our aim to
do them automatically in the machine division. We feel that we have "licked
the toughest job" by doing our stocking, shipping and invoicing automatically.
With electronic accounting machine division staff daily becoming more efficient
and by gradually building up this division machine -wise, we anticipate no real
difficulty in progressively eliminating the manual operations and replacing them
with automatic operations.
Here are some of the things we are planning to do, in the manufacturing control division setup on the electronic accounting machines; (We plan for punched
card storage of data, for the most part. We also know that the more truly electronic machines supply internal storage) :
1.

An automatic break -down into component parts of all products by
punched cards.

2.

A record, by punched cards, commencing with the physical inventory of all parts, sub - assemblies and assemblies plus all parts, subassemblies and assemblies as manufactured. A record, by punched
cards, showing the sample numbers and quantities of all customers'
orders received and used against the respective sample number
cards. The difference between the physical inventory plus the
receipts and the customers' orders would show the coverage, that
is, unreserved stock available for new customers' orders.

3. A record, by punched cards, of parts used in the manufacture of
sub - assemblies or assemblies. These cards would be used as a deduction on the parts cards showing the opening physical inventory
plus the receipt of manufactured parts.
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4. A recording, by punched cards, of the minimum or maximum
quantities required to be maintained on all parts, sub - assemblies
and assemblies.
5. A record, by punched cards, of all parts, sub - assemblies and assemblies returned by customers for adding to the inventory or coverage
cards.
6. A record, by punched cards, of all scrap parts manufactured for
deductions from parts inventory cards.
These records, when put on punched cards on the electronic accounting
machines, will provide a good control and provide reports, when required,
of the manufacturing load ahead of the factory, total quantities of any one part,
sub - assembly or assembly made for any given period, amount of bad or scrap
work being produced on any or all parts, amount of goods being returned by
customers on any product and many more reports now not available because of
the time required to prepare them. It is estimated that, in transferring this work
from a manual to an automatic operation, there would be approximately a fifty
per cent saving in personnel.
In the raw stores division we plan to transfer the perpetual inventory, now
posted by hand, to punched cards and to use punched cards for purchase orders
issued, receipts against such orders, plant or shop order reservations, issues to
manufacturing departments against such orders and balances remaining of unreserved raw material stocks. Minimum and maximum stock balances would be
set up by punched cards on all sizes of raw material and used as a control in
re- ordering additional quantities. The use of punched cards would permit prompt
reports on raw material consumption by class of material for any given period,
advance information to accounts payable section of future raw material commitments made, "not- started" plant or shop orders in the factory, etc. These reports would permit closer controls and more turn -overs in our raw materials
consumption. It is estimated that this change from manual to automatic operation would also save fifty per cent in present personnel.
In the purchasing division, we expect to tie in with accounts payable operation
the approving and passing of suppliers' invoices to be paid and, possibly, we will
set up a card punched listing of suppliers, purchase orders placed with them,
prices paid, etc. We estimate saving of personnel in this division could amount
to about twenty per cent.
In the traffic division, it is not too clear, as yet, just how far we can go in the
automation of the clerical operation. In these days, it is difficult to have a set pattern, as many customers require different forms in their shipments, extra copies
of forms, special documents, etc. so that the clerical work is becoming more and
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more specialized to meet the present trend in industry of automatic clerical
operations. No doubt, this, in time, will develop into a more and more standardized procedure and permit more automation.
In the receiving division, we propose to automate our recording of incoming
receipts against purchase orders, as well as transfers of materials to manufacturing departments against plant or shop orders. This procedure will tie in with
the automation of the raw stores division and accounts payable records. The
savings in this division will be small, probably about ten per cent in manpower.
In the packaging division, the perpetual inventory, ordering, receiving and
issuing of packaging materials will be automated in the same manner as that
proposed for the raw stores division and will tie in with the overall system involving receiving, raw stores and accounts payable. In the consignment division,
our plans call for putting records of consignment shipments, withdrawals and
inventories on punched cards and maintaining this record without manual posting and comptometer verification. The savings in personnel would amount to
thirty-three and a third per cent.
In the in- process stock division, we plan to keep a perpetual inventory record
with punched cards by punching cards with the opening physical inventory,
plus receipts, minus issues of all parts and sub - assemblies. We will, also, by the
use of punched cards, keep a record of parts and sub - assembly orders issued but
not yet filled. This will give us a due list of parts or sub - assemblies required to
complete assembly orders. Savings in personnel may be ten per cent. In the
finished stock division, we already have the perpetual inventory, receipts and
transfers out on the machines and this is working well. In the shipping division
the preparation of shipping tickets is likewise already on machines and they are
daily being turned out through punched cards in our electronic accounting
machine section.
In brief, we know what we want and how we plan to do it, but we have not
reached our final destination as yet. There is no question but that automation of
many of our clerical functions is a "must ". In addition to the saving in personnel, functional time saved, and the automatic accuracy of the records, the
flexibility in the use of automatic recording permits much more accurate
and faster reporting, better controls and more efficient use of machine and
man - power. The job of machine scheduling and loading, lead -time required,
scheduling of raw material and parts in line with machine scheduling and many
other problems now difficult to get a clear and complete picture of with manual
procedures, can be greatly simplified and speeded up with the intelligent planning and use of automatic machines. The potential is great and, as said, is a
"must" if we are to be competitive and grow.
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Impact of Electronic
Data Processing on Auditing
by C. R. JAUCHEM
regarding the immediate
impact of electronic data processing on auditing. On one hand, there are
some who feel there will be no change insofar as the auditor is concerned and
the auditor can audit around the machine. On the other hand, there are some
who feel that electronic data processing will have an immediate drastic effect on
auditing and that elaborate training, including technical training in programming, should be undertaken at an early date for large segments of the auditing
staff. Both of these views lean toward the extreme. It is likely that the more
reasonable approach to take in this matter is that some auditing techniques will
change and some of them, in time, may change drastically. The auditor will need
to develop a basic understanding of electronic data processing if he is to do an
effective job of auditing.
FTEN THERE ARE TWO POINTS OF VIEW TAKEN

However, the substitution of machine memory devices for immediate accounting records and the effect this will have on maintaining an adequate "trail" for
both audit and operating needs are matters of concern. It is appropriate to note
that, in this regard, there is a tendency in many initial electronic data processing
installations to provide for an excessive amount of detailed print outs. This very
likely stems from (1) the feeling of assurance to operating personnel that all is
well when they can see in printed form the results of the computer operations
and (2) the uncertainty that exists as to what will meet requirements as to an
adequate audit trail.
Introduction of Electronic Data Processing
The United States Government is the largest single user of electronic data
processing equipment in the country, perhaps in the world. The Department
of Defense has over eighty-five electronic data processing systems installed at
the date of this writing, exclusive of those used in research and scientific areas.
CLARENCE R. JAUCHEM is Professional Staff Member of the Post Office and Civil Service
Committee of the House of Representatives. Until recently he was Assistant Director of
the Accounting and Auditing Policy Staff, United States General Accounting Office, Washington, D. C.
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In civil departments and agencies, twenty systems are installed and five additional
systems are planned for installation in the immediate future.
Much of the electronic data processing in the Department of Defense is
centered in the supply and logistics area, involving such matters as cataloging,
inventory control, requirements forecasting, and related budgetary and financial
accounting processes. In the civil departments and agencies, the principal efforts
have been in specialized areas such as the social security wage record operations,
Treasury check operations and statistical operations. The application of electronic
data processing to a wide variety of other governmental programs is under study
at the present time.
In the case of the Treasury check project, which involves the use of large scale electronic equipment for an integrated check payment and reconciliation
function, many millions of checks have already been processed through the
several steps of the procedure, converting, balancing, condensing, sorting, matching, etc. without an error occurring in the machine - processing operations. The
basic study indicated that expected Government -wide net savings when the plan
is fully installed will be approximately $1,700,000 annually in salaries, supplies,
and equipment costs and, in addition, an estimated annual savings of more than
$500,000 is anticipated in the streamlining of operations at the Federal Reserve
Banks, About 1,500,000 checks a day will be handled by the machines.
In view of the increasing use of electronic data processing equipment in
Government operations, the Comptroller General of the United States recently
released a circular letter to the heads of departments and agencies to guide those
using or planning to use such equipment. This letter stressed the importance of
an adequate feasibility study before any decision is made to purchase or rent
equipment. Emphasis was given to the need, generally, to perform a complete
systems analysis or functional survey of existing procedures and data processing
requirements. It is important to know not only what is being done and how it is
being done, but also why it is being done.
With regard to functional surveys, it should be noted that strong arguments
are sometimes advanced for placing the present operation on electronic equipment with little or no change in procedures, thereby realizing almost immediate
savings through a reduction in processing time. The proponents of this approach
believe that the long -range goal can be a complete streamlining of procedures to
take place after the equipment has been installed. In some cases, it is contended
that this evolutionary development permits gaining experience in electronic
methods, after which a more realistic approach to the ultimate streamlining of the
whole process can be made. This plan has an inherent weakness in that savings
in processing time are false savings when the reports produced are not needed
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in the first place. Through development of a planned system, useless reports can
be eliminated. Another item of major importance covered in the Comptroller
General's letter pertained to the need for adequate controls in electronic data
processing systems.
Document and Access Problems of Interest to the Auditor
In the study made earlier this year by Price Waterhouse & Company entitled
"The Auditor Encounters Electronic Data Processing ", the major developments
which will be of interest to the auditor were summarized as follows:
t. Original documents may be prepared more automatically and take
a coded or magnetic tape form.
More business and accounting records will be held on magnetic
tape.
3. More detailed records (particularly records of intermediate details)
will be available only in magnetic form or will not be prepared
at all.
4. Original documents may be filed or indexed in a manner which
minimizes sorting and filing costs but makes the location of individual documents more difficult.
2.

In regards to the first point, it is not only possible but very probable that,
in the not too distant future, some original documents will be on magnetic tape
or similar form which cannot be readily interpreted by the auditor. For example, the use of employees' keys to punch a time clock, with no visible time
card being produced, may come into being. In such a case, the auditor would have
to find other ways to verify the accuracy of the input process. The answer to
such a problem is difficult to determine at the moment.
It would be appropriate to comment that, in connection with the second and
third points mentioned, the use of magnetic tape as accounting records is
certain to increase. In many instances, it is likely that some visual records now
produced as a routine requirement will no longer be produced. At the present
time, consideration is being given by the Department of the Army to a proposal
to place accounting for soldiers' deposits on magnetic tapes, utilizing a medium scale electronic data processing system. Provisions would be made for the use of
predetermined controls and various programmed checks which would serve to
assure the maintenance of a reliable record. Under this proposal, consideration
is being given to having a print -out of the soldiers' accounts only at the time the
account is withdrawn, at which time a hard -copy print -out would be prepared,
showing soldier's name, serial number, balance of account, individual transacM A Y , 19 5 8
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tions as to deposits and withdrawals made, dates of each transaction with reference to the disbursing officers' symbols, and voucher number for each transaction. Additional print outs of detail could and would be made as requested for
audit requirements. This proposal is now being documented as a basis for future
evaluation and discussion with proper authorities.
In regards to the fourth point, that pertaining to the method of filing original documents, it appears that, as new electronic data processing systems are
developed, different methods of filing original documents will likewise be
developed. For example, in the Treasury check project previously mentioned,
paid checks are no longer filed in the same sequence that they are processed by
the Federal Reserve Banks. This, of course, has necessitated a new method of
placing a locator number on each paid check as well as on the magnetic tape,
to facilitate subsequent check searches which may be necessary.

The Auditor's Approach: Four Matters of Concern
There are four basic concerns which the auditor has in relation to electronic
data processing equipment. They are:
1. The control that is exercised over input of data.
2.

The use that is made of built -in and programmed checks.

3. The extent that output data should be tested.
4. The assurance that there will be enough records left so that an
audit can be made of them.
Manual procedures are usually fairly simple and easily reviewed and understood. The greater the degree of mechanization and electronifi cation, the more
difficult this review is apt to become. With respect to review of control over
input data, the first point listed above, it is apparent that a very important
matter of concern to the auditor is the degree of control established over the
input of data to the system. This relates not only to the matter of correctness
on input documents with basic source documents but also to the adequacy of
procedures to assure correctness of data contained in the latter. The control
over input data is certainly a very important factor in ensuring accuracy of the
work.
In the case of data put into electronic data processing machines with punched
cards or punched tape, information as to quantity and amount or other data
which is not subject to machine editing routines should be key verified, that is,
checked by a second operator in order to assure accuracy. The auditor will
certainly need to determine whether adequate verification procedures were
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effectively followed. Generally speaking, key verification is the most effective
and most desirable. If sight verification procedures are followed, the auditor
will want to ascertain that assignments are not too long in duration.
The use of predetermined control totals is of utmost importance. In an electronic payroll application, predetermined control totals of at least hours and
rates of pay should be utilized. Other predetermined controls may include life
insurance participation code total, i. e., the number of people that participate in
the insurance program, and withholding tax exemptions, i. e., the aggregate
number of persons for whom exemptions were claimed. Oftentimes "hash"
totals, which have no other numerical significance, can be used for control purposes. Such a total —of employee numbers, for example—can serve to provide
assurance that the data for all employees is included in the data being
processed. In inventory and supply control applications, a predetermined control of at least number of cards (or transactions) introduced into the system
should be maintained. The maintenance and reconciliation of these predetermined controls should be performed by someone not under the administrative
control of the data processing center.
For evaluation of built -in and programmed controls, the auditor will want to
ascertain the number and type of built -in or internal check features of the equipment used in the application under audit, as well as the number and type of
programmed checks that are incorporated in the program.

will

Built -in controls or internal check features may include parity checks, arithmetic checks, dual circuitry, etc. Generally speaking, the parity check is one of
the most important internal check features on all electronic data processing.
Each character that is read or written during processing is checked to see that
it is a valid character insofar as the number of bits is concerned. If the character is not valid, then the parity check will operate to either stop the machine
or transfer to an error routine. Programmed checks, i. e., those which are
specifically written within a particular program,
vary as to the specific
application. In an inventory accounting application, the major programmed
check might be a comparison of part numbers which would be part of the
regular program routine. In a payroll application, one programmed control
that might be used is the limit check in which each pay computation is compared to a maximum allowable gross pay. Provision can be made for a print -out
for verification of any gross pay which exceeds the set limit.
Generally, a machine record time sheet or operating log is maintained by the
operator which should reflect every unusual occurrence during the data processing operation. Any indication of excessive machine down -time or a recurring
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type of error would very likely already be under study by the operating personnel. An appropriate audit step would be to review such machine time records.
Inquiry should also be made regarding the policy on preventive maintenance.
Preventive maintenance is generally performed during each 24 hour period,
usually at a time when the equipment is not scheduled for normal production.
At this time the manufacturers' customer engineers run exhaustive diagnostic
and test programs which serve to highlight any marginal components and provide a basis for corrective action before any trouble occurs.
A basic consideration in all audit work is the nature, extent, and effectiveness
of work performed by the internal auditors. Consideration should be given to
the internal audit program to determine the degree of coverage already being
given by the internal auditors in evaluating the operations of the data processing
center. Inquiry should be made of the extent to which the internal auditors
have participated in programming or in testing the programs.
The matter of testing output data will require considerable exercise of judgment. It is difficult to set forth any specific guidelines for it. However, it is well
to stress that the trend of auditing has been to reduce the amount of detailed
work. Certain tests will be necessary to determine that the procedures and
controls are operating properly and producing accurate results. In some instances, it may be feasible to utilize a test deck of selected transactions which
will serve to verify that the various programmed checks provided for in the
system are operating. For example, in a payroll application, the test deck could
include a pay computation in excess of the maximum allowable limit. The error
print -out of such an item in the test run would indicate that the programmed
control was in effect.
What records are available for audit is a significant consideration. The introduction of electronic data processing has brought the auditor face -to -face
with problems that did not exist heretofore. This new technique in data processing has introduced a maze of punched tape, punched cards, magnetic tapes,
magnetic drums, magnetic discs, and all the other equally puzzling parts of an
electronic system. Although, in many ways, the audit trail has become more
difficult to follow, this factor has been more than offset by the improved internal
control which has been developed along with the machines. The question of
print -out requirements to satisfy audit needs will become more and more a
problem to be dealt with. Caution needs to be exercised that excessive print -outs,
based upon past concepts as to selectivity patterns in making tests, will not be
required to serve audit requirements. To the extent possible, print -outs required
for operating needs should be made to serve auditing requirements also.
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The Situation in Brief
The foregoing comments can be summarized as follows:
1. Although no positive answer can be given yet to the change in
auditing techniques which will arise from the use of electronic data
processing equipment, all indications point to the conclusion that
the auditor's position will be improved. The internal control safeguards that are made a part of electronic data processing systems
should enable the auditor to satisfy himself as to the accuracy and
reliability of the end product with a minimum of test checking.
2.

Present trends indicate that future developments will lead to a
greater use of magnetic tapes as operating and accounting records.
This development will mean that many detailed records will be
available only in magnetic form with only a limited hard copy
print -out of intermediate details.

3. To realize the full potential advantages of electronic data processing equipment, the auditor should be willing to accept the minimum amount of printed out details that is required for him to
satisfy tests that might be necessary to determine the over -all accuracy of the system. The day of requiring all sorts of detailed printouts to have on hand for the "just -in- case -it- might -be- needed"
demands of the auditor should fast disappear. To the extent possible, print -outs necessary for operating purposes should be made
to serve auditing requirements.
4. The auditor, as well as operating personnel, should be alert to the
fact that too much data can be as harmful as too little. Periodic reviews should be made to ascertain that reports produced by an electronic data processing system serve useful purposes. The equipment should not be allowed to become gigantic "paper mills"
merely because they can process data at terrific rates of speed.
I believe there is general agreement that the proper application of electronic
equipment to the many problems of data processing, both in Government and
in business, holds great promise. The auditor will need to develop a basic understanding of the equipment used and the procedures utilized to process the
data through such systems.
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WHERE INTEGRATION BEGINS by R. G. Wrighf*

D
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is one of the more

costly phases of the data- processing
cycle. Usually some document is involved
and this document, when completed, contains the data to be processed. Frequently,
the information is copied from the document, say, to a journal and it may be copied
several more times as it is classified, summarized, or otherwise manipulated. The office machine manufacturers have tackled
this copying phase in earnest.
Most of the new equipment is designed
to capture source data as a by- product of
the unavoidable operation, such as preparation of the source document, and to record
the captured data on a medium, such as
paper tape, that can be utilized automatically by succeeding machines. Many of these
machines are referred to as common -language machines because of their ability to
commu nicate with one another through the
medium of pa per tape or otherwise. This
method of processing is referred to as integrated data processing, since various operations are linked in a common cycle.
Nearly every type of office machine is
now equ ipped to perfora te pa per ta pe a s a
by- product of its customary function. The
Friden Flexowriter is a popular example.
This is an automatic typewriter that prepares paper tape as it types a document.
Typing of constant data is actuated by master tapes. A program tape directs vertical
and horizontal spacing, coding of control
data on the output tape, and other functions. Remington -Rand and IBM have type writer -to -tape machines, and the Telequipment Corporation offers a tape coder which
can be attached to any of four makes of
electric typewriters.
Adding machines with punched paper
tape ou tput a re ava ilable from Clary, Frid* Principal, Management Advisory Service, Haskins & Sells, Chicago, Illinois
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en, Monroe, National Cash Register, Remington -Rand, and Systematics, Inc. A systems man with imagination can find many
uses for these machines. For example, the
adding machine could replace a key -punch
machine and a key- verifying machine in a
punched -card application. The cards could
be prepared automatically from the by -product tape, and k ey verification or proof listing could be eliminated since control totals
wou ld be proved by the a dding machine.
Bookkeeping machines that perforate
paper tape are offered by Burroughs, National Cash Register, Monroe, and Remington -Rand. Billing is a typical application. The bookkeeping machine prepares
the invoice, sales journal, and accounts receivable ledger in one operation. Simultaneously, a tape is prepared containing
data regarding the items billed. The tape
is then either converted to punched cards
or utilized directly by other machines.
Friden offers a calculator that perforates
tape and a typewriter - calculator -tape punch
combination known as the Computyper.
Clary and Nationa l Cash Register now provide tape output for cash registers. Address ograph- Multigraph offers a tape perforator;
plates are prepared at high speed from the
resulting tape.
Paper tape systems can be used with or
without a punched -card installation. Many
companies with tabulating machines find,
however, that paper tape is not needed if
the punched cards can be prepa red as a byproduct operation. For this reason, many
of the office machines that prepare tape can
also be outfitted with card punches. Friden
offers calculators and typewriters which prepare punched cards. Bookkeeping machines
which automatically prepare punched cards
are available from Bu rroughs and National
Cash Register.

Monroe offers an adding

machine with punched cards as output.
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Allocating the Costs of a
Data Processing Department
by GORDON F. PEARSON
North American Aviation, Columbus
T Division, provides its services to theat entire
division which is a fully inteHE D A TA P R O CE S S I N G D E P A RT M E N T

grated unit of the company with its own engineering, manufacturing and administrative facilities. The data processing task is, therefore, a sizable job of
providing systems analysis, computing and tabulating work in two major areas,
accounting and engineering calculations, plus an assortment of mechanized applications in a variety of fields such as personnel records, manufacturing and
quality control statistics.
At the current level of activity, the performance of these services requires keypunch machines, verifiers and a complete assortment of punched card tabulating
equipment — approximately 60 machines in total -- operating on two shifts. Engineering calculations and a growing number of business applications are done
on an IBM 704 computer. Systems analysts and programmers translate the data
processing problems brought to the department into the routines acceptable to
these machines. In the area of engineering computing, the programming service
provided by the data processing department is confined to "utility" programming, which is analogous to preparing general - purpose tools, while the engineers program the solution of their specific problems.
Background of the Problem
Before the use of modern data processing methods became so widespread,
the tabulating section was considered a part of the accounting department and
its operating costs were added, along with accounting and other administrative
functions, to general and administrative expenses. Under these circumstances,
there was no requirement for detailed cost records of the data processing service
beyond what was needed for internal control of the efficiency of the operation
itself. However, as the notion of mechanized data processing grew and the
GORDON F. PEARSON, Columbus Chapter (Los Angeles, 194 9), is Manager of the
Integrated Data Processing Department at North American Aviation, Inc., Columbus' Division. He gradu ated from Stanford University in 1938 and has been affiliated with North
American Aviation since 1941 in a variety of staff and supervisory positions. Prior to
coming to Colu mbus in 1951, Mr. Pea rson worked at the compa ny's Missile Development
Division in Downey, California.
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EXHIBIT 1
volume of non - accounting work accomplished on tabulating equipment began to
increase, it became obvious that data processing costs should be collected by the
job so that they could be charged to the benefitting functions. The advent of
high -speed computers clinched the need of this service bureau treatment. The
appearance of these new machines meant that extremely costly devices would be
working on problems as directly connected with the cost of specific contracts
as the drawings produced by engineers themselves. Moreover, the same computers have the capacity to handle accounting and other business problems, so the
cost of part of their output goes towards the burden pools established for the
overhead functions requiring the service.
A budgetary control concept also contributes to the need for a job system
of allocating data processing costs. Departmental budgets of salaries, wages
and operating expenses have long been in existence. With respect to departments
which supply service to other departments, the budgeting system includes provisions which make both the supplier and the user of the service responsible
for its cost. A monthly summary of budgeted and actual cost gives the head
of each department a picture of the costs incurred by his own organization, plus
the cost of services rendered to him by service functions. Incidentally, this dual
responsibility budget concept has been extremely useful in controlling data
processing costs. It keeps the "heat" on the data processing department to hold
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its own costs down and, at the same time, prevents a benefitting department
from "looking good" simply by pushing its clerical work onto machines.
Flow of Data Processing Costs; Basis of Allocation
The overall process of allocating the costs of data processing can be thought
of as a flow of costs into a pool representing the total cost of providing the service, followed by the draining of this pool each month with the allocation of all
costs to the appropriate ledger accounts and departmental cost summaries. Exhibit 1 is illustrative and also serves to show the kind of costs that are considered to represent the cost of data processing.
Allocations are made on the basis of machine hours used for each job during
the month. This choice was made simply because the cost of machinery is the
largest single cost element and a machine's running time varies directly with the
length and complexity of the reports produced. Since a variety of equipment is
used, the costs of which range from a few dollars per month to a few thousand
dollars per month, one is immediately faced with a choice between collecting
actual costs by centers composed of homogeneous groups of machines or weighting the machine hours by factors representing an approximation of the actual
relative cost of the machine types. The latter method was selected, inasmuch as
the machines are mingled in both location and operation, making cost collection
by individual machine or type of machine a practical impossibility.
The method used is basically a simple one of calculating weighted machine
hours chargeable to reports and then distributing the total cost of operating the
department for the month in proportion to these weighted hours. As an illustration, suppose there were only two kinds of machines, Type A and Type B, and
that weights of $5 per hour had been assigned to Type A and $10 per hour to
Type B. During the month, the sum of machine hours chargeable ,to functions
outside the data processing department, after weighting by the $5 and $10 factors, was $1,500. In the same month, the actual cost of the entire data processing
service was $900. The ratio of $900 to $1,500 would then be applied to the
weighted hours' cost of each report. Report cost thus calculated would be the
values taken to the appropriate ledger accounts and departmental budgets through
the assignment of an account number and benefitting department number to
each job.
Non - productive machine hours, that is, time spent on re -runs, clieck -out of
new systems and preparation of reports used for controls within the data
processing department, are also collected under identifying code numbers but
are not charged in the distribution of costs. These elements are, in effect, part
of the total cost which is spread over reports chargeable to other functions.
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The selection of weighting factors for machine hours of various types was
accomplished by the simple expedient of obtaining the rates per hour charged
by two representative commercial service bureaus and taking an average of the
two values. In over two years of experience, no difficulties have arisen as the
result of this rough and ready approach, and there has been at least one side
benefit. As long as actual costs can be kept well below the sum of hours
weighted in this fashion, it is possible to show the recipients of the service,
even though they are in a captive market, that the charges for this work are reasonable. Incidentally, the same weighting factors are used in all of the corporation's divisions and the ratio of actual costs to weighted machine hours provides a rough index for comparing one data processing department with another from the standpoint of over -all economy. As a matter of fact, the term
"standard costs" is used internally for what has been called "weighted hours"
in this report.
Cost Centers Within the Data Processing Department
To simplify the explanation of the allocation method, the entire data processing department was described as a single cost center in the first part of this
paper. In practice, it has been found more convenient and accurate to handle
the collection and allocation problem through three cost centers: (1) electronic
data processing machines, ( 2 ) tabulating, (3) key - punch. These three pools are
physically and organizationally separated, so there has been no difficulty in assigning the monthly operating costs of all kinds to the correct cost center. Moreover, the breakdown has permitted convenient location of cost responsibility and
the source of cost variance.
As might be expected, a certain amount of proration is required to assign
all costs of the data processing department into the three cost centers. For example, the salaries of administrative personnel and other expenses which are
incurred for the benefit of the department as a whole are divided between the
three cost centers in proportion to their directly assignable costs. In addition
to these administrative functions, the department contains a separate organization
composed of systems analysts whose work is to define the data processing systems requested by benefitting departments and to originate the tabulating procedures or computer programs which will prepare the required reports. These
analysts keep time sheets as a record of the effort expended on each systems project and, on the basis of this record, cost of the group is divided between the tabulating and electronic data processing machine pools, depending upon whether
the analyst is working on a system leading to a tabulating or a computer application.
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The Use of Annual Rates for Electronic Data Processing Machines
As already indicated, the electronic data processing section is built around an
IBM 704 computer, a machine designed primarily for use in engineering and
scientific work, which currently accounts for about 807x' of the chargeable time
on the machine. From the standpoint of volume of work, engineering computation is characterized by two things: first, a long -term trend of growth as more
complex problems are encountered and as engineers learn how to define their
problems in a manner that lends itself to machine solution and, second, a marked
variation in the month -to -month load of problems presented to the machine. This
latter variation depends more upon the current phase of airplane design and the
results of the many tests that an airplane and its components are given during
early production stages. With the cost of possessing a computer being, for all
practical purposes, a fixed amount for the first shift of operation, and with usage
varying from month to month, the result of distributing all electronic data
processing machine costs each month would be to over - charge contracts worked
on in a low- volume month and to under - charge the jobs which happened to fall
in a high - volume month.
The cure applied to this condition was to extend the period of time between
clearings of the electronic data processing machine pool. The fiscal year was a
natural choice. Between year -end closings, monthly reports are required and the
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charges for computer work shown in these interim reports are at standard rates per
hour obtained from making a forecast of total machine use and total cost for
the year. The under- or over - absorbed costs remaining in the pool at the end
of the year are applied proportionally to the year -end balance of contract and
account charges.
The idea of proportionality to service bureau rates is retained in the process
prescribed above. The computing equipment installed in our division consists of
three independent systems: the 704 computer itself, with all its attached storage,
power and tape units; a card -to -tape system (IBM 714); and a tape -to -print
system (IBM 717). The forecast hourly rate mentioned above was made for
the 704 system alone. Given this rate, the 714 and 717 rates are taken in such
a manner that the three rates are proportional to service bureau rates. Thus,
the result are exactly equivalent for the electronic, tabulating and key -punch
sections, the only difference being a residual amount in the first -named pool until
the end of the year.

The Recording of Processing Hours
The allocation of costs is only as good as the recording of time on each machine, and the system has been designed to minimize errors at the source. Somewhat different time recording problems arise in connection with the computer
and these differences will be described after discussing the basic system as it
applies to the tabulating and key -punch machines.
A machine usage card (Exhibit 2) is put on each machine at the start of the
day's shift. This card stays at the machine until the next morning, when it is picked
up and replaced. Operators write the start and stop time to the nearest tenth
of an hour for each job and also account for the full time of the shift by making
entries for non - productive time. For statistical and control purposes, non -productive charge codes have been established to identify idle time, re- run —operator error, re -run— machine error, system or wiring checkup, down -time, inspection and scheduled maintenance. The full eight hours of each shift, plus overtime periods if they are used, are thus covered in the machine record. A normal
supervisory duty is to make spot checks of the usage record during each shift
to see that it is being correctly maintained.
Each day's machine usage cards are batched and given to a clerk who enters
elapsed time for each entry and adds the elapsed time figures to obtain a total
for the shift. A device which has saved time in the subsequent key - punching and
machine processing of the hours record is to add all idle time and enter it as
one entry, "999 time," on the form. Many of the machines will normally have
a number of short idle periods during the day, and summarizing the several en66
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tries manually reduces the number of cards to be key - punched from the machine
record. The completed cards are given to the accounting department where they
are reviewed in the same manner as time cards, that is, they are checked to make
certain that all hours have been accounted for and that valid charge numbers
have been shown.
The association of machine time with accounts and departmental budgets is
simplified by the fact that all of the tabulating and key - punching time is charged
to a limited number of burden accounts and the correct burden account for each
job is fixed by the number of the department for which the work is done. A
master deck of punched cards is maintained which contains the number and title
of each report and the number of the department to which the report is delivered. Cards punched from the machine usage record are matched against this
master deck on the basis of report number and the end result is a summary report which gives for each department (hence, the appropriate burden account)
the hours of each machine type for each report run during the month.
As mentioned above, variations of this system are required in recording
and charging the time of the electronic data processing equipment. There are
essentially two reasons for this: first, most of the work is done for one department, engineering, but it is chargeable to a number of different work -in- process
inventory accounts for several different contracts; second, the speed of the machine and the mode of operations makes the simple start-stop entry by an operator impossible in certain cases.
It should be kept in mind that the computer room, although full of grey metal
boxes, can be regarded as being composed of three systems, each of which operates independently of the other two —the card reading system, which takes input
data from punched cards and puts it on magnetic tape; a computing system,
which does something with the data and puts answers out on more tape; and a
printing system, which takes the answers on the tape and prints it in a form
people can use. The computer, itself, has "on- line" card reader and printer attachments which are used for special purposes, but, whenever possible, the time consuming process of reading cards onto tape or printing reports is done on the
peripheral systems to keep this drudgery from the more costly computer. So,
the record - keeping requirement is one of keeping track of the time on each
of the three systems, since all of the machines contained in a single system are
tied up when the job is being processed.
For business applications on the computer, timekeeping is essentially the same
as described for tabulating equipment, except that a mechanical time clock is
used to record start and stop time of the computer itself. The operator rings in
the start and stop of each job and picks up a time stamp to the nearest hundredth
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of an hour. The job is clocked in when the operator loads the tape units and is
clocked out when the newly - produced tapes are unloaded. The association of
job with department and burden accounts is the same as described earlier.
Engineering problems, on the other hand, carry a wide variety of contract and
account charges and the length of machine processing time is comparatively short
for each. When problems are brought to the electronic data processing machine
section, they have already been programmed by the engineering department and
the engineering group which originated the work has given the job its contract
and account assignment. A work order number is given to the job when it is
received, and this becomes its identification through the record - keeping system
until monthly cost reports are prepared. Costs are summarized for contracts and
accounts by matching the record of machine hours collected by work order
numbers with a record taken from the original log of work order- contractaccount assignments.
Since engineering problems are normally short, it would be uneconomical
to take each one separately through the three stages of card reading, computing
and printing. This would create a large amount of tape handling by operators
and idle time on the machines. To obviate this difficulty, the problems are often
taken through the three systems in batches, that is, the data for several problems
are put on a single tape in the peripheral card - reading system and the batch
of problems is taken through the system together. The record - keeping problem
then becomes one of finding the machine time for the several work orders contained on one reel of magnetic tape.
For this class of work, all card - reading time is charged to a single code number. All printing time is charged to another code. The timekeeping is actually
done via program steps given to the computer, and subsequent calculations. As
a batch of problems on a single tape is run through the computer, a program
operates to direct the computer to print on an on -line (attached to the computer)
printer the work order number it is about to tackle and the number of cards of
data that have been read onto the tape for this work order. When the work
order number appears on the printer, the computer console operator hits his
mechanical time clock and writes the number on the cost card. The computer
proceeds to solve the problem and put out the answer to an attached tape unit.
When the answer is on tape, a program step again intervenes and the on -line
printer signals the end of the work order and gives the number of lines of print
that will be required to print out the answer the computer has just placed on
magnetic tape. The operator hits his time clock again to record the time of
the finish of one work order and the start of the next.
Thus, the computer time for the work order is recorded directly as start and
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stop time on the operator's time clock and, at the same time, a printed record
is being generated giving the number of cards read and number of printed lines
for each work order. Happily, card - reading time is uniform, regardless of the
number of punches in the card, and printing time is at a constant speed per line,
irrespective of the number of symbols per line. Consequently, the total time
collected against the card - reading code number can be distributed to work order
numbers in proportion to the number of cards read and the printing time can
be similarly allocated on the basis of lines printed.
Special Problems in Charging Integrated Data Processing Costs
A discussion of cost allocation problems in the data processing area cannot
be complete without taking note of the question that arises when, as it should
be, several different uses are made of the same input data. Who, for example,
should be charged for the key - punching of data on time cards and the subsequent processing of labor distribution leading to reports that are used for accounting purposes and also for cost control in manufacturing departments?
Thus far, it has not been found necessary to be fussy about such matters and
charges for the upstream work, that may end up benefitting diverse functions,
have been charged to the primary user. In the case cited, all of the work required for labor distribution is charged to the accounting department, and the
allocation of costs to other departments begins at the point of preparing the specialized reports they require. Other approaches seem to involve complications
that might give theoretical niceties but would add to the cost of the system and, at
the present level of activity, would contribute very little either to the control of
expense or the overall accuracy of the accounting system.
We recognize, however, that the trend is towards more complete integration
of data processing systems and that, as multiple uses of source data are found,
the collection of the cost of final output becomes increasingly complicated. In
the writer's opinion, the solution does not necessarily lie in moving towards
more detailed record- keeping or allocation of primary costs to by- products. A
satisfactory answer may be found by recognizing that integrated data processing
represents a complex of inter - related operations which can be treated in total
as an administrative expense. In other words, the accounting problem may become simplified by redefinition. Nevertheless, engineering computations will
remain as a distinct class of costs that will require direct charges to benefitting
contracts and there will always be a need for a system that provides the essential
data needed for machine loading and internal cost control purposes. The present
system provides these features and, for this reason alone, will undoubtedly be
continued.
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OBJECTIVE: CREATIVE USES OF COMPUTERS by R. A. Byerly*

F

ROM TH E S TA N D P O I N T O F BUSINESS MA N A G E M E N T,

the computer offers, on

one hand, new possibilities for the better solution of many problems. It
opens up new areas in the manipulation of data for decision - making purposes.
On the other ha nd, it has presented some new problems or, at least, some old
problems in a new setting. An evaluation of the impact of electronic processing
is essentially the evaluation of these possibilities and these new problems. Business mana gement is interested in computers because of three basic needs:
1. The need to do something about reducing data - processing costs.
2. T he need for better management control information and perhaps
the need for such information faster.
3. The need for an improved research tool.

The computer may or may not be the answer to these needs. The goals of
research in this field must lie in the solution of important and meaningful
problems, and not the means by which we solve them, interesting though they
may be.
The early emphasis on "bread- and - butter" applications has been somewhat
disturbing to many people who have been keenly aware of the real potentialities
of the computer. While the computer is similar to other data - processing devices,
it possesses characteristics which enable it to open up entirely new concepts of
data- processing and research. If there is one trend which can be pointed out
today as being truly significant in this field, it is that which is evidenced by
the use of a computer in a more imaginative and creative way.
* Director, Methods Research, The Greyhound Corp., Chicago, Ill.

(Continued from page 16)
coding sheets prior to the second phase,
which is machine testing. The testing on
the computer, itself, is accomplished with
the aid of one or more "test sets" of
punched cards or reels of magnetic tape
which have been set u p to present a s ma ny
"situations" as possible that might normally
be expected to occur.

The program to be

tested is "fed" into the computer and the
"test sets" are processed aga inst it with the
expectancy that, if all goes well, a majority of the work for the "real life" job
could be satisfactorily handled by the pro-
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grain. In addition to proving the sequential accuracy of the program steps, this
process should prove the accuracy of the
program logic and of the control panel
wiring.
The prime ingredients missing in the
"de- bugging" situations are actual volumes
of work and a ctua l working conditions. As
soon as possible after successful "de -bugging", full -scale test runs should be made
of an actual cycle's work relative to the
programmed application. This will not
only result in a further test of the program but will reveal problems in workflow communications and scheduling.
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Cost Comparison of Payroll Calculation —
Drum Computer vs. Tabulating Equipment
by WILLIAM G. FISHER and ERIC A. WEISS*
in large part on its ability
T to make internal calculations quickly. isAsbased
a consequence, it is probable
HE HIGH COST OF A DRUM COMPUTER

that it will be cheaper to use standard punched card equipment for work which
does not require this computing ability.
In the course of investigating the application of computers to accounting
procedures in our company, we compared the costs of using a computer to calculate a hypothetical payroll and labor distribution with the cost of producing
the same results From the same input data with standard punched card machines. The example selected was one prepared and published by a manufacturer as a demonstration of the speed and efficiency of his magnetic drum
computer. It embodies operations characteristic of payroll calculations in general
and, consequently, might be considered to be the preparation of a "typical"
payroll. The stored program computer under consideration is a medium -size
magnetic drum computer. It can accept data from punched cards and produce
results in the form of punched cards. The standard punched card machines
considered as a competitive system are a sorter, a collator, a reproducing punch,
a tabulator, and a calculating punch.
The Task for the Equipment
The general purpose of the procedure involved is to convert the data punched
on job cards and attendance cards to weekly current earning cards of each employee and to create labor distribution cards. Incidental to the calculation of
current earnings, new year -to -date wage and deduction cards are also created.
The detailed list of operations to be performed follows:
1. Job cards balanced to attendance cards.
2. The greater of job or guaranteed rate selected.
3. Hours times rate extended for regular and over -time premium
earnings.
4. Federal withholding tax, F. I. C. A. amount and net pay calculated.
5. Net pay reduced by voluntary deductions; no voluntary deductions
taken if total deductions exceed earnings.
* W. G. Fisher is Coordinator of Machine Accounting, Services Coordination, Refinery
Accounting, Sun O il Co., Marcus Hook, Pa. E. A. Weiss is Chairman of the Computer
Committee of Sun Oil Co., Philadelphia, Pa.
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6. New year -to -date balances developed for pay and accumulated deductions.
7. New bond account balances determined; bonds to be purchased
signalled.
8. Current earnings and new year -to -date balances punched in output

cards.
9. Labor distribution totals by job by department punched in output
cards.
Certain limitations (arising from the internal storage capacity of the drum
computer) exist in the problem:
1. Not more than 190 men per department.
2. Not more than 190 job numbers per department.
3. Not more than an average of 5 job tickets per man per week.
Time Taken by Each Type of Equipment
The entire process for one department is performed in one run on the drum
computer with a card input time of 83/4 minutes and a card output time of 6
minutes. Computer operation is assumed to be card - limited in that all internal
computer operations can be accomplished during the time required for the
card -read and punch cycles. Consequently, the total elapsed time per department is the sum of the input and output times or 14.75 minutes. The rental
on the drum computer is $3,750.00 per month ($.361 per minute.) The cost
of the cards used per department is $2.36. If an operator at $500 per month
($.048 per minute) is assigned to the machine, the total cost for the payroll
calculation per department is $8.39.
With a battery of punched card equipment, the same work can be accomplished more cheaply although more slowly. The operations necessary are
listed in Exhibit 1. The costs of these operations are summarized in Exhibit 2.
The Federal tax on these machines is included in these figures. (There is no
Federal tax on drum computer rentals.) On the average, an operator will be
able to care for two punched card machines at the same time. Therefore, we
can assign an operator at $500 per month to half the machine time for an
operator cost of $1.98. The cost of the punched cards for the above operation
will be $2.75 resulting in a total cost per department of $8.07. To recapitulate,
the cost per department for the payroll is $8.39 for the drum computer method
and is $8.07 for the punched card method.
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P UN C H E D C A R D M A C H I N E P A Y R O L L O P E R A TI O N S A N D TI M E S TA K E N

1.
2.
3.
4.
5.
6.
7.

O p e r a t io n
Ca rd s
M a t c h d e d u c t io n a d j u s t m e n t s a ga i n s t m a s t e r d e c k
190
R e p r o d u c e n e w d e d u c t i o n d e c k f o r t h i s w e e k o n ly
190
So rt det ail j o b card s
950
So rt at t e n da n c e c a rd s
190
Ma t c h -m e r g e m a s t e r wit h j o b c a r d s
190
M a t c h - m e r g e a t t e n d a n c e c a r d s w i t h c a r d s f r o m S t e p 5 190
Calcu lat e card s from S t ep 6
1330

H a n d le d
vs 50
x 5
x 5
vs 950
v s 11 40

Tim e in
M a c h in e
M in u t e s
C o ll a t o r
0. 5
Rep ro du cer
2.5
Sorter
8. 0
1. 6
Sorter
5. 6
C o ll a t o r
6.6
C o ll a t o r
C a l c u la t i n g
pu nch
13.3

Ch e c k g u a ra n t e e a g ain s t j o b ra t e , m u lt ip ly g re a t e r b y h o u r s t o g et a m o u n t ,
c h e c k m u l t ip l ic a t i o n , a c c u m u l a t e g r o s s h o u r s a n d d o ll a r s a n d p u n c h o n a t t e n d a n c e c a r d , a n d id e n t if y p u n c h if a t t e n d a n c e h o u r s d i f f e r f r o m j o b h o u r s .

9.

10.

12.
13.

14.
15.
16.

&

)

11.

So r t c ar d s f ro m S t e p 7 b y j o b c o d e s
a . J o b d e t a il , a t t e n d a n c e , a n d m a s t e r c a r d s
1330 x 1
b. J o b c a r d s
950x
3
c. At t e n d a n c e a n d m a s t e r c a rd s
38 0 x
1
M a t c h - m e r g e o l d t o - d a t e w i t h g r o s s t h is w e e k o n
at t en d a nc e ca rd
a . O ld t o - d a t e w it h a t t e n d a n c e
190 vs 190
b. C a r d s f r o m ( a ) m e r g e d w i t h b l a n k s
380 v s 190
C a lc u la t e c a r d s f r o m S t e p 9 ( N e w b o n d b a la n c e , id e n t if y if b o n d t a ke n , n e w t o - d a t e e a r n in g s , F I F A ,
a n d w it h h o l d in g t a x ) .
570
S o r t c a r d s f r o m S t e p 10 ( O ld t o - d a t e e a r n i n gs , g r o s s
e a r n in g s , att en d an ce an d n ew t o - d a te ea rn in g s.
570 x
1
M a t c h - m e r g e n e w t o - d a t e w i t h m a s t e r d e d u c t io n c a r d s
fr o m St e p 2
190 vs 190
C a l c u l a t e c a r d s f r o m S t e p 12 ( N e t p a y , ga n g i n gr o s s
a n d t a x e s , a n d id e n t i f y n e ga t iv e n e t p a y )
380
H a n d a d j u s t n e ga t iv e n e t p a y
S o r t i n t w o gr o u p s ( f i n a l n e t p a y , n e w t o - d a t e e a r n in gs ) 380 x
1
M a t c h - m e r ge j o b - t o - d a t e a ga i n s t j o b d e t a ils
190 v s 9 5 0
Ta b u la t e
s u m m a r y p u n c h j o b c o s t d i s t r ib u t io n
11 4 0 c a r d s
190 t o t a ls

Sorter
Sorter
Sorter

2. 4
5. 1
0. 5

C o ll a t o r
C o ll a t o r

0. 8
1.4

C a l c u la t i n g
pu n ch

5.7

Sorter

1.0

C o ll a t o r
0.8
C a l c u la t i n g
p u n ch
3. 8
C le ric al
10.0
0.
5
Sorter
s.6
C o ll a t o r
Ta b u la t o r
17.0
su m m a ry p u n ch .
&

8.

EXHIBIT 1

RE C AP I TU LATI ON OF TABU LATI NG EQUI PM EN T TIME AND COSTS
Total
Mi nut e s

Age ncy

&

Calculating
2 2 ,. 8
Punch
Tabul at or and
17.0
Summary Punch
Sorter
19.1
21.3
Coll ator
2.5
Reproducer
82.7
Machine Totals
10.0
Clerical
Cl eri cal Cos t
Total M achine

Monthly
Rental

C o s t in
Dol lars

$680.

$1.49

611.
61.
110.
138,

1.00
.11
.22
.04
2.86
.48
$3.34

500.

EXHIBIT 2
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Where the Tabulating Equipment is More Economical
Thus, on a generalized kind of payroll, even one chosen by a computer
manufacturer to exhibit the ability of his machine, there is a cost advantage in
favor of conventional punched card equipment. Of course, in a detailed cost
study, suitable allowance must be made for idle machine time due to any of
several causes, including mechanical breakdowns and work scheduling. The
example presented here is for large cost differences between the two methods. In
the interest of simplicity, 100 per cent efficiency has been assumed for both.
However, this does not invalidate the results, since, if all machines are assumed
to have approximately equal efficiencies, comparisons will remain in proportion
at any efficiency level.
Obviously, other approaches and other figures might be used to calculate
comparative costs. For example, using a different pay rate for the machine
operator can change the cost difference shown above. However, the basic
point will remain that, in spite of the remarkable speed of the drum computer
operation, there is little or no cost advantage in using the computer on this
rather typical payroll calculation.
In Exhibit 2, almost half of the total machine rental is due to the cost of the
calculating punch. Thus, in a rough way, the drum calculator can be considered
to be competing with this machine. The comparative input- output speeds and
rental are shown below:
Card handling speeds
Monthly rental
in cards per minute
in dollars
Input
Output
Calculating punch
100
100
$680
200
100
$3,750
Drum computer
The drum computer rental is about 5.5 times that of the calculating punch,
while the average of input- output speeds of the computer is only 1.5 times that
of the punch. Consequently, in a case in which the drum computer must handle
as many cards as the calculating punch, the latter will provide a cheaper operation if it can accomplish the calculation with fewer than four passes of the
card deck. The drum computer will be cheaper if the calculation takes four or
more passes of the card deck through the calculating punch. This method of
estimating is rough and must be modified by consideration of the cost of the
auxiliary machine operations (e.g., sorter, collator, tabulator).
What is needed is quite clear. If medium -size computers are to compete
economically with standard punched card machines on simple accounting work,
they must have input- output equipment much faster in operation than is
presently available and at no substantial increase in cost.
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Card -A -Type as an Accounting Data Processor
by W. C. McKENNA
bookkeeper set aside his green eye -shade and
S black cuffs long enough toa interview
several applicants —and finally hired
OMEWHERE, YEARS AGO,

a clerk. Phrased in current terminology, he acquired the first data processing
machine. He had, of course, made a feasibility study and determined that it
would be possible to make economical use of his new machine. The advent
of the corpuscular data processing machine, while considerably less heralded
than modern electronic data processors, was no less nor more significant in its
time. The electronic feature of the modern data processing system is the engineer's new approach to tapping a market which has existed since the first
bookkeeper worked late into the night recording transactions accumulating
faster than his ability to record. The need for data processing equipment stems
from the inherent efficiency of the basic accounting concept and the ever- increasing volume of data which requires processing in accord with that concept. Although mothered by engineering, the electronic data processor was sired by
accounting several centuries ago and its value in our function must be measured
against its ability to assist us in attaining the primary purpose of our industrial
accounting function —the prompt, accurate and intelligible informing of our
management.
The Data Processing Needs of the Accountant
Accounting is the analyzing, evaluating, sorting and eventual reporting of
the classified elements of business transactions in terms of a monetary unit.
The word "recording" is specifically eliminated from this definition, since the recording of the transaction is a method and not a function. We record only because
of the limitations of the human element. An unlimited mind would analyze,
evaluate and classify in memory for random access all the worthwhile data of
business operations without the necessity of recording. The finite mind —the
accountant —can analyze and thus direct for sorting and classified retention in
memory, but he requires some method of recording to compensate for the
limitations of his own memory. The accounting equation with its unlimited
WILLIAM C. McKENNA (Milwaukee Chapter 1956), is Manager, Corporate Accounting,
A. O. Smith Corporation. Upon joining this firm in 1951 he served as Systems and
Procedure Analyst and was named to his present position in 1953. Prior to joining A. O.
Smith Corporation, Mr. McKenna was with United Air Lines and Booth Fisheries Corporation.
M A Y , 1958
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possibilities for expansion provides the foundation for an efficient random
access memory —the ledger. The efficiency of the ledger- memory is limited by
the ability of the recording, or data processing, function to load it and by the
degree of facility with which it can be intelligibly read out to management.
The determination of what classification of information is required in memory
is the accountant's primary field of analysis. That which is frequently referred
to as "analysis," the breakdown and search for causes of the results stored in the
ledger -memory is, in fact, "re- analysis" because the primary or pre- analysis
was incomplete, ineffective, or restricted, either by the limitations of the data
processing mechanism or by the shortsightedness of the processing programmer, whether the processing system be human, mechanical or electronic.
The accountant places one further requirement on the data processing system.
The recording must produce a continuous thread of reference from the memory
back to the transaction, to facilitate re- analysis when required, and some will
always be required. This thread is established in the cross referencing of the
simple journal entry to the ledger. The journalization of each transaction and
its individual direct posting to the ledger -memory remains the essence of our
accounting data processing system and permits the most comprehensive pre analysis. Data processing has been our burden, an increasingly heavy burden
but, with recent developments in non -human data processing equipment, we can
and should remember that the blue sky is still out there. If we do not reach for
it, we deserve the title, "bookeeper ". The blue sky for which we reach is not
speed in producing stereotyped ledgers but integrated —not necessarily automated— evaluation and reporting of pre - analyzed data. The basic "journal -toledger-to- report" concept of accounting is ideally suited to integration.
Our Problem and Preparation to Solve It
Our company has two electronic data processing installations, an IBM 705
with some 14,000 electronic tubes, diodes, etc. and an IBM 858 card -a -type
with one electronic tube. It is obvious that the 705 will provide the easier,
quicker and simpler solution to a given problem because of its relatively
phenomenal flexibility, speed, storage availability and capacity, and other advanced engineering features. Card -a -type, on the other hand, is a relatively
inexpensive machine of relatively limited flexibility, speed, and storage availability and capacity. It is, however, more likely to be within the price range of
the smaller accounting department. It is not our purpose to describe a data
processing system but to describe our approach to the application of basic
accounting ideas to data processing in order to get the most economical usage
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from a given piece of equipment. We will discuss the application of card -atype to consolidation procedures. However, the method is essentially the same
as the journal -to- ledger -to- report procedure of any standard accounting installation and the discussion should, therefore, be equally applicable to companies
not requiring consolidation.
Our company manufactures a wide range of products under a management
organization which is decentralized along both product and geographic lines.
Parallel to the decentralization of management is the decentralization of the
accounting function. We have twelve divisional and two subsidiary company
ledgers which require monthly consolidation into corporate reports. Each of
these fourteen units maintains a complete set of books and completes a final
monthly closing not later than the sixth working day of each month. Each
submits the profit and loss portion of its closing to the corporate accounting
department in Milwaukee not later than 5 p.m. on the sixth working day and
the balance sheet portion by the close of the seventh work -day. The corporate
accounting department completes the formal consolidation and releases a final
summary of shipments and profits by division by noon of the seventh work -day.
A formal report to the board of directors containing corporation profit or
loss, balance sheet and a number of related schedules — typed, checked, duplicated and ready for binding, with a "highlight" section prepared in another
department, is scheduled for completion on the thirteenth work day. Although
individual statements and schedules are released to top executives prior to
release on the bound report, we consider the thirteenth work day something
less than prompt. It is primarily this problem of promptness which we have
sought to solve by integration of the data processing which carries us from the
divisional closing report through the final consolidation statements, all on our
one -tube data processing system. We have also sought as a by- product, and
believe we have attained that elusive quality— clarity of the working papers for
future reference.
Our approach to earlier closings began several years ago. Through cooperative
effort between the various division accountants, we were able to recover several
days from the divisional closing schedules. This, in a sense, put the burden for
promptness on the corporate accounting department. That department had
progressed from multi - columnar work sheets to a peg- stripping method to a
posting machine method of partial consolidation, in search of a better way to
accomplish prompt reporting. The much - heralded advent of the electronic age
in data processing and particularly the announcement that our company had an
IBM 705 on order so enthralled us with the hero that we at first failed to
notice his precocious little brother, card -a -type.
MAY, 1958
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However, we had been applying our pre- analysis principle of accounting to
various problems over several years. If we were at first blind to the possibilities
of the card -a -type machine, we were at least forehanded in applying our philosophy as a consistent discipline during our preparation for some type of mechanization. This consistency in our preparation permitted rapid adaptation of the
equipment. Within a month of delivery it was self- supporting. We had, with
our pre - analysis principle, served promptness by adopting a system on inter divisional transfer clearances which reduced our reconciliation and clearing work
to a minimum and removed a peak from the work -load of the closing period.
The new clearance system also improved accuracy by reducing the unidentified
inter - divisional "float" to insignificance. Through our standard accounting
procedures, we had applied our pre- analysis principle to the classification of
intra- company transactions, to the point where a large segment of our consolidation procedure was so simplified as to be begging for mechanization. We had
catered to both promptness and intelligibility by condensing reports to a
standard 81/2" x 11" sheet and by reporting only details significant to the intended users of the reports and to the degree of accuracy they require, generally to
the nearest $1,000.
The Machine and Its General Office Accounting Applications

will

These and many other ideas were studied, tested and accepted or rejected.
Many furthered the interests of promptness, accuracy and intelligibility but
none, nor all combined, furthered the interest of promptness to the extent we
were seeking. Just what awakened us to the possibilities of card -a -type as an
accounting data processor, we cannot say. Although R y e
try to describe the
equipment briefly, its flexibility defies a brief description. We recommend a
perusal of the manufacturer's operating manual with a wide -open imagination.
We found this operating manual to be the only information, verbal or written,
which approaches adequate description of the equipment.
The IBM 858 card -a -type is a punched card operated system. The control
unit contains a maximum of 240 program steps which are read in sequence.
By proper wiring of the control panel, the impulses emitted by these program
steps may be used to control the various elements of the system, to read information into the system from a punched card, or from either of two auxiliary
keyboards, to read out the information in the system through any or all of a
possible five output devices. It can call on one of the output devices to accept
and transmit to the others from a manual input; it can call on an arithmetic
unit to accept data for storage and later read -out, and to add, subtract or mul78
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tiply. It can even turn itself off and call on the card being read to control the
operation of the system. The output devices are a maximum of four electric
typewriters and either a card -punch or tape - punch. One of the typewriters may
b e a t r a n sm i t t i n g t y p e wr i t e r , wh i c h , wh e n so p r o g r a m m e d , c a n t r a n sm i t m a n u a l
ty pi ng to t h e ot h er t y pe wr i te rs in t h e ci r cu it .

IBM 858 - CARD -A -TYPE
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EXHIBIT 1

Our installation is diagrammed in Exhibit 1, the rectangular elements being
those used in the consolidation and reporting procedures which are described
below. The difference in type face on the two typewriters— evident in subsequent exhibits —is the flexibility feature which makes possible the production of
finished formal reports on the equipment. Card -a -type is relatively slow in
operation. There are times when the observer would like to kick it to make sure
it is running. Its advantage is its ability to produce several outputs simultaneously and in a finished form, without further typing. This multiple- output
ability is not too apparent in the description of consolidation procedures. Therefore, let us digress, briefly, to a description of another application which actually
is the foundation on which the machine consolidation procedures have been
built.
The card -a -type equipment is used in our corporate accounting department
for a number of operations with various degrees of integration. Among these is
the maintenance of the accounting records of the general office of the corporation, a separate division of the company. In that phase of our operation, we
prepare relatively typical journal vouchers. These are converted to punchedcards and verified. The ledger is posted on Typewriter No. 2 while the trial
balance is simultaneously taken on Typewriter No. 1 and the punch, also simultaneously, has produced for card -memory the current balance of the account and,
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in the case of nominal accounts, the month's net activity. Even under manual
methods, the department had no dread of ledger accounts and additional accounts have been freely opened to provide the segregation of detail necessary for
subsequent reporting by simple combination rather than by re- analysis.
From the leader card, which titles each ledger account as posted, the output cards (card- memory) are automatically coded for sorting for future operations and for instructions to the control unit in those operations. These memory
cards are subsequently sorted, by budgeted groupings, with budget cards. A
comparison of actual expense to budget, both month and year -to -date basis, is
automatically prepared on a duplicator master ready for duplication and release.
The time involved? Average time from memory to finished report is 10 minutes
for each departmental statement, which is a double comparison of each of
twelve budgeted groupings on Typewriter No. 2, plus a complete and simultaneous listing on Typewriter No. 1 of the individual expenses comprising each
group.

Application to Consolidation
The application of card -a -type to consolidation procedures has been developed from the general office divisional ledger and report application. Each of
the divisional accounting units submits to corporate accounting a condensed
trial balance of its general ledger plus a number of supporting schedules. Under
existing scheduling, the profit and loss portion of the trial balance is submitted
on the sixth working day of the month, together with certain key memo information which will be formally reported with the balance sheet portion on the
following day. This staggering of the due dates, which has supporting schedules straggling in for several days, has been geared to corporate accounting's
ability to process the information and relieves the divisions of unnecessary clerical pressure. Our integrated consolidation procedure is intended to take -up
this slack while further releasing the clerical pressure on the division.
The first step in the consolidation procedures is the recognition of the divisions' report trial balance as a journal entry to a consolidation ledger. The
submitted reports are uniformly identified as consolidation journal entries, numbered with the company's code number for the division (e.g., CJ46). A template is placed over the submitted report while the information is transferred
to punched cards. The template carries the coding or consolidation account
number assigned to each line of the standard trial balance form. This coding is
composed of eight digits; the first four digits (statement address) address the
reported amount to a specific location on the final statement or to oblivion if

go
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the amount is one to be eliminated in consolidation; the second four digits reflect the line number of the trial balance from which the amount entered the
consolidation. The first four will control the direction of the amount through
the consolidation process; the second four complete the thread of reference
from the final statements back to the divisions' records and thence to the original transactions.
It is in the template coding that our pre - analysis begins to pay -off. Where
the flow of information to the corporate reports is concerned, standard defined
accounts are used by all divisions and their line location on the report trial
balance is prescribed. The account definitions and report line assignments are
made in anticipation of the consolidation. Several of the line assignments would
appear to overlap. However, there is a step -by -step order in which consolidation entries are made, and the line assignments anticipate this. The accountant
has anticipated where the elements of each transaction must fall to be available for proper reporting; the data processing function can process it automatically. The accountant by pre - analysis has anticipated and specified the degree of detail he needs in the ledger- memory. As a result of this pre - analysis
idea, we are able to address the input to the corporate accounting department
to final statements with a minimum of effort, either clerical or mental.
Exhibit 2 gives further evidence of the value of this approach in a machine
application. The documents reproduced are typical of the work papers behind
the adjustment and elimination entries of the consolidation. The skeleton
working papers are prepared well before consolidation time from a master
deck of punched cards. The papers contain complete instructions for the
preparation of each entry and provide an excellent supervisory control over
the process of consolidation. The entry shown in Exhibit 2 is of no interest
here, but note how the instructions depend on input line assignments; the consolidation process is beginning but for the most part, the analytical accounting
phase has long since been accomplished. From the machine operation standpoint, this ability to consolidate without reference to a summary trial balance
before adjustments permits the first summary run to contain all the adjustments
and to produce the profit or loss portion of the consolidation trial balance and,
thereby, the consolidated profit before taxes.
The statement addresses for those reported amounts requiring elimination
are a separate code group. Items so coded are processed first in the summary
run. Visual audit of the consolidated trial balance as produced verifies that all
items requiring elimination have in fact been zeroed -out before the principal
portion of the summary is processed. The "statement address" code serves
as an address to oblivion for these items. Because it is desirable for several
M A Y , 19 58
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EXHIBIT 2

reasons, the first machine run produces in ledger form a consolidated ledger
which is a net summary by line numbers, rather than statement address, of each
division's input by report line and of the consolidation adjustments and eliminations related to those lines on the reported trial balances. The "ledger" sum82
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mary is produced on Typewriter No. 2 while Typewriter No. 1 is simultaneously producing a trial balance; and the punch is producing a card record for
further processing. The consolidated trial balance so prepared is a dual trial
balance. Each "account" is first recorded in full dollar amount and then automatically recorded in a parallel column, rounded to the nearest $1,000. The
simultaneous card output of the punch carries the rounded amount. Both whole
and rounded trial balance are totalled by the machine and the profit determined
by the whole trial balance is, in turn, rounded for comparison with the profit
resulting from rounded details.
At this point three additional entries are required: (1) an entry, usually
$1,000, to provide agreement of the final statement prepared from the rounded
trial balance with the rounded profit determined from the whole trial balance,
(2) a provision for the company's liability under its profit sharing plan and
(3) a provision for income taxes. All three of these entries are prepared with
rounded amounts. They are processed in a second short machine run as a
supplement to the first run and cross referenced to the first run for clarity. They
are coded with the same eight -digit coding used in the first run and, therefore,
the output cards of the punch are compatible. Next a "statement address"
run is made from the output cards of the first and supplement runs. This
produces a final consolidated trial balance, with the comparable punch output
cards being the posting media to the final statement. This run requires about
ten minutes' time and accomplishes a final summary, so that each amount in
the final statement is represented by a single punched card. This is not significant from the accounting standpoint but is done to ease programming in the
processing of the comparative statement.
Our entire consolidation process is conducted on a current balance basis.
This means that the final consolidated trial balance reflects year -to -date cards.
These cards are sorted with similar cards from the prior year. The four -digit
statement address is the basis for sorting and the comparisons, footings, typing,
etc. of the final report are performed automatically by the machine. A similar
procedure is followed for the consolidation of the balance sheet items and the
preparation of the final balance sheet.
The capacities of the machine or our own programming abilities have thus
far required that we make an additional machine run to obtain comparative percentages in the final profit and loss statement. Our procedures for this run
temporarily require the manual calculation of the percentages and their additions to the statement in a supplemental run. Exhibit 3 shows the final comparative statement as produced on Typewriter No. 1 for use as a working paper
for computation of these percentages. This working paper contains exactly the
M A Y , 1958
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EXHIBIT 3

same information as the final (less percentages) profit and loss prepared on
Typewriter No. 2. In Exhibit 3, we have framed those amounts calculated by
card -a -type automatically�—all else on the statement has been machine input
from card memory or from master card decks for headings and captions. The
comparative profit or loss statement is completed to this stage on a duplicator
master 23 minutes after approval of the final consolidated trial balance. Process
time on the comparative balance sheet is slightly shorter. Since coding and
punching of the incoming report trial balances can proceed as the individual
divisional reports are received and many of the adjusting entries can be similarly
84
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prepared, coded and punched, we can produce a fully consolidated, comparative profit and loss in finished typing about four hours after the last report is
received from the divisions.
Developments in the Immediate Future
Our application has produced a fully integrated processing from the input
reports through the balance sheet and profit or loss output but, in the monthly
report to the board, there are several supporting statements and summaries. We
are now proceeding to include these in the integration. With minor exceptions
they can be. They are currently prepared in skeleton form by card -a -type from
a master card deck for each. Pending integration, these skeleton statements are
completed manually. The manually- entered amounts are punched -up, inter sorted with the master deck for headings, etc., and the final statement produced
on the report Typewriter No. 2 at a rate of 5 to 10 minutes per statement,
with no proof- reading, no typographical errors, no corrections to be made.
The corporate accounting department's capacity to process is now ahead of
the flow of incoming reports. Two things are obvious:
1.

2.

It will be necessary to speed up the input without additional clerical pressure on the divisions.
It will also be necessary to include the separate supporting schedules presently submitted by the divisions in a single input report.

Our first step in this direction will serve a double purpose. It will release
clerical pressure on the divisions and speed up final reports. The printed report trial balance form is being discontinued in favor of a pre -coded trial balance form prepared monthly on the card -a -type and furnished to the divisions.
It will be a simple two - column trial balance and it will contain blanks for only
those items which should appear on the particular division's report, minimizing errors in line posting. New circumstances will require either that the handling be cleared with corporate accounting before reporting or that new items
be added to the report manually, thus flagging them for possible special handling. The report form will be pre -coded for consolidation, replacing the
coding template. This new report trial balance will give the corporate accounting department better control of the input information, at the same time making a minor reduction in clerical pressure on the divisions. We will expect to
receive both the balance sheet and profit and loss portions of the report trial
balance on the sixth working day. We will then produce both statements in a
single consolidation, in place of the present split consolidation, and both statements will be completed on the seventh workday.
M A Y , 1958
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The second step will be worked out with each division to fit the needs of
the individual divisional systems. Since each must now prepare a full trial balance of its ledger in detail before preparing the somewhat condensed version
submitted, we intend to design card -a -type prepared, pre -coded trial balances
to fit the individual division's method of taking its full trial balance. The
blanks for fill -in will be spaced to accept posting machine trial balancing or
hand - listed trial balance, as the case may be. A copy of the trial balance will
serve as the report trial balance, as well as the proof trial balance. The additional preparation of a report trial balance will be eliminated. Since this listing
will reflect detail accounts, it will also eliminate the supporting schedules which
now straggle into corporate accounting. We will then be able to complete the
full integration of the report to the board of directors, including all supporting
schedules.
Exhibit 4 summarizes the procedural effect of our integration thus far and
as planned for a few months in the future. The practical effect will be a final
profit and loss statement and balance sheet delivered to management on the
morning of the seventh workday and a full report to the board of directors
later on that day, lacking only the "highlights" or analytical section which is
prepared from the full statistical portion of the report. This contemplates a
little night work on the sixth work day, but it appears that the change in the
divisional reporting form will also permit advancement of the sixth work day
due date from 5 p. m. to noon without additional pressure on the division,
thus cancelling the need for night work.
The Machine is Subordinate to the Process
The consolidation procedure described is essentially the same procedure
which could be followed in any general accounting department for the recording and reporting process. Not described are a variety of sub - routines which
take advantage of the computational capacity of the machine. To cite a single
example, it prepares labor distribution journal entries from time tickets, which
are priced, extended, classified, sorted and stored in the ledger memory on an
integrated basis. The programming has been governed by the basic concept of
accounting, the analysis of transactions by the accountant through a simple
journal entry and the processing of the elements of the journal entries to the
ledger -memory by the data processing function. At no point has the data
processing function dictated the degree of analysis to be processed; at no point
has the data processing program technician had more than technical control of
the machine. The programming has been performed by accountants familiar
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with the machine's capacity and with their own needs. A programming technician familiar with the language of the machine has converted the accountant's
programming to detailed programs. The programmers are as much the supervisors of card -a -type as they were of the clerks it replaced. For successful programming, they need every bit as much technical and supervisory competence
in accounting to direct and control electrons as they do to direct the effort of
corpuscles. The programming technician acts as interpreter.
In a recent advertisement, both the manufacturer of card -a -type and the
comptroller of a company using the manufacturer's large- scale, high -speed processing equipment foster the principle we have followed on the application of
card -a -type. This comptroller attributes the success of the installation largely
to programming by his department heads, in other words by the accountants
for whom the processing is performed. There is no electronic data processing
machine accounting; there is accounting information processed on electronic data
processing equipment. Consistent application of primary accounting concepts
leads to an early and uncomplicated machine application —even with jeep electronic data processing equipment.

DON'T HIRE STAND -BY COSTS

T

HE TWO MAIN THOUGHTS

by R. H. Warner*

that I have for anyone who is considering using

automation in office opera tions are as to timing a nd utiliza tion. In spite of
any salesman's glowing description of the ability of the equipment to perform
a particular procedu re, do not expect miracles by putting a complete program in
all at once. Much groundwork must be done, especially in the initial stages, and
it is advantageou s to first take small pieces of the program so that problems can
be worked out without disrupting the whole procedure. The necessity of high
utilization and the inadvisability of affording stand -by equipment exist whether
this is equ ipment which you purchase or equipment which you rent. You cannot
afford to ha ve machines tha t are not being used a large percenta ge of the working day's time. A second danger is that available time may often be cluttered up
with small jobs because too many people get the idea that having a machine
means that everything can be done by the ma chine or group of ma chines. The
first step is to select the equipment which will perform your job a nd which you
can afford; the second step is to be sure that the job justifies mechanization or
automation; and the third step is to set your procedure up carefully and install it
gradually so that you do not confuse the whole operation, your vendors, your
customers, and everyone else concerned.
* Treasurer, Wico Electric Company, a Division of Globe -Union Inc., West
Springfield, Mass.
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Preparing for Random Access Equipment
by JOHN P. MONTGOMERY*
U FIRST INTRODUCTION To RAMAC

access method of accounting
0 and control) was in October 1956 when(Random
we witnessed a short strip film at our
plant, which had been put out by International Business Machines Corporation.
After viewing this film, our top management felt that the machine illustrated had
features that could provide the answer to better business control and an order
was placed. Three advantages which attracted our top management were:

1. Availability of up -to- the - minute information as it occurs for inhmediate decision - making.
2.

The possibility of "boiling down" the mass of paper work by
programming the machine to bring only certain exception information to the attention of office and shop personnel for more efficient
operation.

3. The eliminating of peak loads (because of the in -line processing
feature).

Steps In Our Preparation
We expect to use the equipment for material and production control and
payroll and labor distribution applications. Our preparations prior to installation consisted of a feasibility study, programming, and testing.
As to the first, a feasibility study, it might seem strange to justify the unit
after placing an order. The truth is that our management decided on the basis
of the potential of the machine that it had a place in furthering the healthy
growth of our company. In our feasibility study, we had to decide what records
we wanted to maintain, what information was essential in each record, and what
records were affected by each transaction. We found, in brief, that there would be
a requirement of about six hours per day to do all our processing on the two applications mentioned above, plus billing, sales analysis, and cost of sales (not detailed in this paper). We considered that this justified our going ahead. We
freed two employees from their regular duties to concentrate on problems involved. These two employees were sent to a programming school where they
* Treasurer, Atwood Vacuum Machine Co., Rockford, Illinois
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learned how to "talk" to the machine. When they returned to the plant, they
drew up flow charts showing the procedure to be followed on each transaction.
During this period they made many further changes in our records and held conferences with people on the job to secure agreement on the logic, to be embodied in the programs for the machine. After the records were finalized and all
flow charts and decisions laid out, we had to write the programs for the machine.
The time taken from the conclusion of the feasibility study to the final program
was about four months.
Then came the testing, the first one. Our two specialists were sent with two
IBM representatives to a testing center in San Jose, California. Here they had a
chance to operate the machine and on our planned procedures. They took input
cards for every job they planned to run. They gave the machine a shake -down
test and checked to see if the program logic was correct. We were very gratified
with the results. The speed and accuracy were beyond our expectations.
Application to Material and Production Control
I

We are a job shop and our business is highly competitive. The major share is
quoted on a piece -price basis for a model year. We manufacture and ship 1200
finished parts and assemblies. We have in process approximately 4500 different
fabricated parts made from 400 different types of raw material. We purchase
about 1500 parts from the outside.
Our customers usually give us a firm fabrication release 30 days in advance
of shipment. In the majority of cases we can release production to our shop
from their releases. However, in the case of raw material and purchased parts,
we have to resort to a sales forecast to determine future requirements. We have
been forecasting once a month, by assemblies, for the next three months, with a
six months forecast for raw material. No corrections are made to this forecast
during the month, except in unusual cases, and this has to be done on a manual
basis.
In years past, this monthly fixed forecasting was satisfactory, but today inaccurate forecasts and records which lag in up -to -date information result in
poor service to customers and in excess obsolete material from customer order
cutbacks or at the end of a model year. For instance, in raw material alone, we
use approximately 40,000 tons of steel annually. In past years approximately
s0 per cent of this material was sheet steel. Overstocking one particular gauge
and type of sheet steel was not too serious because the odds were that a new
job next year would use the material or it was marketable to some other manufacturer with no loss. Today, however, because of automation to reduce costs,
90
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we are using more coil steel. This material is in a special category and calls for
close control to prevent loss due to obsolescence. Excessive obsolescence in our
business could turn profits to losses because of the high material costs content
of our products. To take the broad picture, in inventory control we have many
transactions which affect our records. Some of these are:
1.
2.

Forecasts.
3. Release for production.
Shipments.
4. Receipts from vendors.
5. Issues from the store room.
6. Customer's raw material authorization.
7. Customer's fabrication authorization.

Past practice in control has produced voluminous and insufficiently adaptable
records. As many of these transactions affect assemblies rather than parts, we
have had to break all of the assemblies down into their component detail and
then break the parts down into the raw material from which they are fabricated.
This involved decks of cards punched from our bills of material which show all
of the component parts in an assembly. These decks, reproduced for all assemblies forecast, shipped, released for production, etc., have created a card volume
that is tremendous. It has been, therefore, impossible to "explode" all of our
assembly, detail part and raw material records on a daily basis. Even if we could
perform the explosions and prepare reports, the inventory control clerks would
be swamped with paper. We have had to be satisfied with updating our record
once a week. Accordingly, when we had an engineering change effective in the
middle of the week, the bill of materials in our master deck was either the old
or new, which results in erroneous records.
By converting our assemblies into detail parts daily within the random access
equipment, we are able to change a part in a bill of material on the day the
change takes place. We are able to store the bills of material in the machine
and explode on a daily basis and then, instead of preparing reports which the
inventory control clerk would have to check manually, we produce exception
cards which point out to the clerk what action is required. The card will tell
him if he should cut back production or increase it or perhaps place an order
for purchased parts or raw material. Such an exception might be that the balance on the floor, minus next month's forecast, produces a negative result on
an assembly or detail part record.
Another advantage is the practically unlimited number of transactions that
can be processed. In an application like inventory control, there are so many
different transactions required that, in the past, we have had to eliminate some
which occur infrequently but are still essential to correct record keeping. One
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such transaction is material that has to be scrapped. Adjustment for this has
been handled manually. With the Ramac, we have capacity to handle all transactions which affect inventory records.
Application to Payroll and Labor Distribution
Our pre - computer method of handling our payroll was by accumulating hours
worked and overtime hours on our tabulating equipment. After we had the hours
in the card, we calculated all earnings, taxes and net pay. With the calculations,
checking extensions and balancing operations, we were normally ready to write
our payroll checks on Wednesday afternoon. After the checks were written, we
still had to summarize the earnings cards to obtain new year -to -date records for
all employees. This processing took about 12 hours after the week's attendance
cards were ready. By using the Ramac, we are able to accumulate employee
hours worked on a daily basis and on Monday, by entering the previous Friday's and Saturday's time, are ready to pull out our earnings cards during the
day. Each employee's card is prepared in a total time of 11 /2 hours. This card
contains all of the earnings and tax detail maintained before and, at the same
time, the employee's year -to -date earnings record updated. We are ready to write
payroll checks on Tuesday morning rather than Wednesday afternoon.
We have a bonus plan, called the Scanlon plan, and, at the end of a four -week
period, it has been quite an effort to prepare earnings cards and to update employee- year -to -date records for the bonus payment. With the new equipment, the
earnings on which the bonus is paid are stored in the machine. After the per
cent of bonus is calculated by the accounting department, it is a simple matter
to apply the percentage against the earnings stored in the machine for the period
and to prepare earnings cards and update the employee records again.
Labor Distribution Also Benefits
job tickets filled out by the employees for each job performed are balanced
against attendance cards daily and extended for earnings. They used to be held
until the end of the week for departmental labor distribution and a breakdown
of our non - productive labor by factory ledger account number. This was true
also of their use for keeping a record of our work orders which are, for the
most part, a record of our costs for building tooling to make parts for customers.
The job tickets are also used to accumulate cost records by part and operation
number. In the past, this work has required about 22 hours of machine processing of which only about four hours could be done before the end of the week.
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Proc essing o n the Ra m a c a ll ows

us to

u p d a t e all

of

these records in a p pr o xi -

ma tel y 2 1 2 h o u r s p e r d a y . By p r o c e ssi n g F r id a y a n d Sa t u r d a y c a r d s o n th e fo l lo wi n g M o n d a y , we h a v e a l l o f o u r a c c o u n t i n g i n fo r m a t i o n a v a il a b le t ha t sa m e
da y, r a t he r th a n wa i ti ng u nt il t he e nd

of tha t

week .

What We Expect of R.A.M.A.C.
W e s t o r e esse n ti a l l y th e sa m e records t h a t w e h a v e k e p t , except t h a t we a d d
to t h e l i st o u r b i l l s o f m a t e r i a l . I n t h e ca se of t h e m a t e ri a l s fo r e c a st , we n o t o n l y
u p da te o u r r ec or ds o n a mo nt hl y ba si s bu t a re a lso, a s a l re a d y no te d, a bl e to m a k e

plusor

m in u s a dj u st me nt s a s th ey o cc u r . We h a v e a n i mm e d i a te e x c ep t i o n si g n a l

on i te ms th a t n e ed i mm ed i a t e a t t en ti on .

As tim e

go es on , we e xpe ct t o:

1.

Re du c e o u r in v en t or i es.

3.

Av o i d shut - downs.

2.

Pre ve nt ob so le sce nc e.

4.

Cu t costs.

5.

Pro vi de b ett er ser vi ce to o u r cu st om er s.

IN ORDER TO WALK FORWARD

by A. G. Kempf*

also called information engineer, is one who details the pro cedure, step by step, which the machine is to follow. Programmers are
already in short supply a nd it has been estimated that 15,000 to 20,000 will be
needed in the next decade. A review indicates a trend to develop them from
existing staffs.
At all events the machine will be no more effective tha n the programmer can
cause it to be. It likewise must follow that there is a certain degree of skill
required for good programming. It may require a mathematical background.
Indeed this is highly desirable. It may also require an accounting background
and this also is desirable. As a ma tter of fact, it wou ld be highly desirable for
a person to possess a combination of several skills, such as accounting or perhaps industrial engineering, before becoming a programmer. Because this field
is still very young, there is no experience data available on who becomes the
most skillful programmer or why. Resort may be had, of course, to psychological
testing.
Programmers with vision can determine business trends and forecast future
operations, now that voluminous statistical data is no longer a problem. It
could be said that management has been walking backwards for years, trying to
move ahead, while keeping its eye fixed on the recent past. If timely forecasting and projection of future operations had been available to management, it
could have been walking forward, with but an occasional glance backward for
guidance and the correction of forecast errors.

A

PROGRAMMER,

* Systems Analyst, Reynolds Metals Co., Louisville, Kentucky.
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Regoid aese Covers
Automation and Management
R. Bright, Division of Research,
Harvard Graduate School of Business Adminiuration, Soldiers Field Station, Boston 63,
Mass., 1938, 269 pp., $10.
By no means an accounting publication and
by no means irrelevant to industrial management staff of whatever skill, this work
James

is "in perspective ", i.e., it is historical, expository, and indicative of progress and
trends in applying automatic processes in
industry and solving accompanying problems.
A Management Guide to Electronic
Computers
William D. Bell. McGraw -Hill Book Co.,
330 West 42nd St., New York 36, N . Y.,
1957, 403 pp., $6.30.

Readable as to type and text — and thoroughly illustrated by half- tones, diagrams
(not complex), and tables — this new
book is an explanation of computers and

their workings, against a background of
usefulness in business. The latter portion
of the book consists of case histories of
applications to eleven areas, including inventory control, integrated accounting operations, (two cases), and production control.
The Management Approach to
Electronic Digital Computers
J. Sandford Smith, Essential Books, Inc.,
Fairlawn, New Jersey, 1957, 227 pp., $6.30.

Written (by an English author) for "the
chief

executive and his top- management

team," this work is well- detailed as to the
parts and uses of computers.
from

"main

It proceeds

units ", "input ",

arithmetic

unit" via intermediate topics, to "programming", "the a uditor a nd the computer" a nd
the "computer in the United States."
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