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ABSTRACT

The general problem of data acquisition for use 
in information processing systems is discussed. A specific 
problem (the supermarket management information problem) 
is presented in detail. A method for solution of the 
specific problem is detailed by the inclusion of the design 
parameters for a specific data acquisition system. The 
operational methods are outlined and the economic feas
ibility and impact are discussed.

The fact that information systems are frequently 
sub-optimal because of lags in data acquisition is discussed 
The supermarket management information problem is shown 
to be a member of this class. After problem analysis, a 
problem specific information system is designed. Through 
digital simulation studies it is shown to be technically 
feasible.

An enumeration of the economic benefits accrued 
by use of the system show it to be feasible and even 
economically profitable for certain size (large) supermarket



CHAPTER 1
TO ESTABLISH THE NEED FOR THE SYSTEM

Introduction to the General Problem
This thesis presents a design for a data acquisition 

system to aid in providing an effective method of inventory 
control and management information for all levels of the 
food distribution industry. The motivation is not solely 
to attempt a solution of a problem of a particular industry, 
but to attempt by example to present some design concepts 
that may be useful in work on the general problem of data 
acquisition.

Although great progress has been made in the manu
facture of high speed scientific processors, the task of 
introducing data into these systems remains a critical 
and ineffective task. It could be called the weak link of 
the information processing system. Business, industrial, 
government and research applications of information and data 
processing equipment involve, as a necessary step, the 
collection of data. Since these systems accept data in a 
small number of restricted forms, the task of data acquis
ition frequently involves several steps of handling by 
skilled and semi-skilled personnel, before the data is in 
one of the forms suitable for processing.
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This successive handling of data is costly in 

several ways. Excessive handling is costly in materials 
and labor„ it increases the chance of error in transcribing 
the data, and through the time delay involved, vital 
internal decisions are delayed. These decision lags imply 
a loss of opportunity. To emphasize some of the losses due 
to information lags caused by delays in data acquisition, 
two examples are given. In an electronics industry engaged 
in the manufacture of semi-conductors, as a batch of com
ponents moves down the production line, the production 
control personnel are faced with decisions as to what product 
mixes to require of the production line workers. These 
decisions are based on forecasted market conditions, 
contracted requirements, and amount of finished products of 
each item in inventory. Thus, the industry is forced into 
keeping accurate and continuous tabulation of their inven
tories. Currently, the production figures are manually 
(through punched cards) introduced into a computer system 
that compares requirements with production data and issues 
as an output, revised production schedules. The results 
are sub-optimal because of the time lag introduced by the 
preparation of punched cards. This lag causes enconomic 
losses through excessive inventories, lost sales and delayed 
delivery penalties on contracts.
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. Several examples are known by the author personally 

of field testing in which data has been collected in the 
field, tabulated, converted to punched cards and then 
presented to the computer in the research work conducted 
by the U. S. Army Material Command at Fort Huachuca, Arizona. 
This lag is especially noticeable in meteorological data 
that is collected in the form of graphs and then has to be 
digitized. The economic loss may not be as obvious here, 
but errors in the experimental set-up are not detected until 
it is too late to correct them, and the whole experiment 
has to be re-run.

The main purpose of this thesis is to present the 
systems design characteristics and operational techniques 
of a system to be used to provide information to supermarket 
management, and to establish the technical and economic 
feasibility of this specific system.

The Supermarket Problem
The lack of useful up-to-date commodity flow infor

mation has created several problems in the operations of 
supermarkets, especially those that are operated as part of 
a chain. This lack of detailed information may be an 
important reason why supermarkets show such low profit 
figures. In present day supermarket operations a gross 
margin of 18% and an operating net profit of 1.5% of 
sales is considered average; a net profit of 3.7% of sales 
is considered "most profitable" (Oesterle and Downey, 1965).
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In addition to attempting to avoid the economic losses 
and operating difficulties created by lack of information, 
the system under description within these pages is also 
an attempt at eliminating some losses inherent in the 
day-to-day operation of a supermarket.

We begin by presenting the major details of 
retail supermarket operations. The operation of a retail 
supermarket can be separated into six general categories: 
stocking of shelves and display counters, purchasing (order 
re-order), "checking out", merchandising, customer service, 
and maintenance. The three tasks of stocking, ordering and 
"checking" are crucial from an economic point of view. .

To present some of the reasoning behind the state
ment as to the economic importance of these three tasks, we - 
will first present an overview of the operation and then 
consider some details. The operation of the check out 
counter is crucial because here the "store image" is made, 
the largest percentage of errors occur, and services are 
rendered to customers. The order-reorder cycle is crucial 
because it determines what merchandise is offered for sale, 
and improper purchasing can cause economic losses in two 
manners--loss of sales and costs of holding excessive 
inventories. Stocking is a crucial task because it is a 
source of pricing errors and a large labor expense.

In .the area of inventory control, sophisticated 
techniques and computing equipment exist that would allow 
supermarket inventory levels to be held at optimum conditions,



if only the commodity flow information could be economically 
collected. Hence, the need for a data acquisition system 
exists. The system to be described will serve not only as 
a data acquisition system for inventory control but will 
serve to provide information for other management functions 
and to curtail losses due to "check-out" and pricing errors, 
and inefficient stocking.

The fashion in which a customer is treated at the 
check-out counter frequently determines whether that 
customer returns to that store to make further purchases.
The points of importance to the customer, as generally 
understood in the supermarket trade, are correct registering 
of prices and courteous, fast and efficient service. A 
second reason why the check stand is important is that a 
large percentage of the profit losses are attributed to 
inefficiencies and inaccuracy in the operation of the sales 
register. Supermarket managers frequently conduct tests of 
their (.cashiers, and errors of one percent or more are not 
infrequent, with the errors made in favor of the customer 
as a rule.

The details of the stocking and inventory control 
problems are not readily separable, and thus they shall 
be discussed together. Chain Store Age, a magazine for 
the supermarket industry, defines the average supermarket 
as that one selling $37,500 worth of goods weekly, covering 
20,000 square feet in floor space, and with a sales floor



to store room inventory ratio of 68 to 32 (Supermarket 
Institute Mid-Year Report, 1965). In our average super
market the merchandise inventory is approximately $80,000 
(Oesterle and Downey, 1965). This means that our average 
supermarket will at any one time, be holding stagnant 
inventories in excess of $20,000, It is obvious that if 
this amount of merchandise is not required as a safety 
stock, the dollar value of this merchandise could be better 
invested almost anywhere else--for example, the bank or in 
expansion. This excess merchandise is not needed as safety 
stock, because of rapid transportation and easy access to 
suppliers. A large backroom inventory is today a sign of 
lack, of knowledge or poor store management.

Other than the cost of money there are other 
reasons for keeping backroom inventories low. Excess merchan
dise decreases the efficiency of stocking and sales person
nel, for much of their time is spent moving and searching 
through unneeded merchandise to locate merchandise that is 
needed for display on the sales floor. Losses incurred 
through the holding of large quantities of merchandise are 
also due to the physical deterioration of that merchandise-- 
especially perishables and semi-perishables--to the diffi
culties in reordering the items that are needed, to the price 
fluctuations of the market value of the merchandise, and to 
the seasonal, temporary or permanent loss of demand for one 
or more of the commodities being held in excess.
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Another aspect of the problem of distribution, 

buying and holding of foodstuffs is found by looking at the 
current supermarket reordering method. Currently the 
purchasing of prepackaged foods and related housewares is 
under the direct control of one person in each supermarket; 
he is commonly known as the buyer. It is this person's 
responsibility to supervise or otherwise see to it that all 
items are ordered and displayed on the sales floor. This 
dependence on one person's knowledge and ability for 
inventory control brings to mind a further source of economic 
loss--lost sales and lost customers through "out-of-stock" 
conditions. From the preceding it may be noted that frequently 
a well paid and perhaps highly competent employee is being 
wasted on buying and ordering, when at best his performance 
is no better than his memory. Would it not be better then 
if some "system" could be found for making buying and 
inventory holding a less uncertain process and for removing 
the excess stock that creates profit losses, a system that 
at the same time allows personnel to devote more time to 
the profit creating tasks of merchandising and rendering 
service to customers?



CHAPTER 2
PROBLEM ANALYSIS TO.DETERMINE THE FUNCTIONS

OF THE SYSTEM

The preceding chapter presented some examples of 
information systems with lags created by data acquisition 
problems. The problems of supermarket operation were given 
in some detail and some were keyed to the inability to 
collect commodity flow information rapidly enough. This 
chapter will present a more detailed analysis of the tasks 
of stocking, ordering and checking in the supermarket.
This analysis is to help specify operating parameters, 
constraints and other details leading towards a consideration 
of the possible forms of mechanization of a system to aid 
in the efficient performance of the above mentioned tasks.

As a beginning it appears desirable to define some 
terms to be used throughout this thesis.
Checker: A checker is a person who operates a sales

registering device at a supermarket. This 
person is also frequently referred to as a 
cashier. The task of this person is to obtain 
prices on each individual unit (see commodity 
and item below) from one of several sources:
1) price stamped on the item; lists of prices 

8’ .



or 3) his or her memory or experience. Having 
obtained the price it is the task of the checker 
to introduce the price into a sales registering 
device that serves to accumulate the dollar 
value of sales. It is also the checker’s task 
to collect cash for the value of goods sold 
and issue promotional material, such as stamps 
and coupons.

Checking: Checking is a term used to describe the composite
of the tasks performed by a checker.

Commodity: The word commodity in this thesis is used to
refer to a particular class of merchandise of a 
particular size and brand. For example, in the 
context of this thesis, Del Monte brand green 
peas, earlys garden variety, size 303, consti
tutes a commodity (see item below).

Item: In the context of this thesis, an item is one
unit within all the units of a commodity in- inven
tory.

Merchandising: Merchandising involves the task of adver
tising , promoting, and displaying or otherwise 
attempting to increase the sales of a commodity 
or number of commodities.

Ordering: Ordering is the process of buying new commodities
and replenishing the inventories of the others. 
Aside from the task of physically writing an
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order» ordering is the operational area that 
determines inventory levels and thus the task 
of inventory control falls within it.

Stocking: Stocking is the task of pricing and shelving
items belonging to the inventories of the 
different commodities. It consists of three 
parts: 1) stocking of a new delivery, 2) filling
of critically low shelf inventory levels,
3.) and stocking commodities for marketability 
and saleability.. This third component of 
stocking is also called "backstocking" when it 
consists of an attempt to deplenish backroom 
inventories.

Stocking of Shelves
The stocking of shelves, consisting of several 

components, has as an underlying characteristic the require
ment that the person must use a pricing guide to affix the 
prices on the various items within the various commodities. 
This task is a source of errors and as such a source of 
economic loss to the supermarket. Pricing errors are made 
through failures to consult the pricing guide for price 
changes, failure to change the characters on the price 
marker from those used to price the previous commodity, 
and errors in reading of the pricing guide. If a system 
can be designed to help in the avoidance of pricing errors, 
an economic loss can be avoided. Although pricing errors
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are such that they are made both in favor of the customer 
and the store, they are considered a loss. That under- 
pricing is a loss is obvious, but overpricing is a loss 
also in that overpriced items don’t sell well, causing a 
reduction in gross sales and thus a reduction in profit.

The task of stocking can be directly affected for 
the better by providing a means for efficient inventory 
control, shelf stock allocation, and a method.for the 
detection of out-of-stock or critically low conditions on 
the shelves. Through the reduction of excess inventories 
and more accurate ordering the task of stocking is made 
physically simpler. If, in addition to this, an accurate 
tally can be kept of the shelf stocks for each commodity, 
then the need for stock clerks to roam through the store 
looking for low shelves is made unnecessary. By adding 
a means through which stock clerks can update shelf stock 
conditions, stocking schedules could be made automatically 
since the system would be capable of comparing shelf stock 
inventories to shelf stock allocations and backroom 
inventories on a commodity by commodity basis.

There is a task performed under current procedures 
that goes by the name of "backstocking". Backstocking is an 
attempt to force as many items out of the backroom and onto 
the sales floor as is possible. This task usually involves 
the indiscriminate movement of all commodities onto the 
sales floor, where an attempt is made to p1ace as many 
items onto the shelves as possible. All items within all
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commodities that will not fit within the allocated shelf 
space are returned to the backroom inventory, A reduction 
of excessive inventories would eliminate the need for this 
function, or at least significantly reduce it.

Ordering and the Control of Inventory Levels
The task of ordering is economically crucial in 

that it is through this process that the inventory levels 
for the different commodities are established. Mismanagement 
of inventories implies the before stated losses through 
spoilage, obsolescence, lost sales and extra effort to 
execute the tasks of stocking,. Currently, ordering is 
handled through a skilled supermarket employee who is 
usually called the "buyer". Although this person has in 
most cases the experience and knowledge to perform his task 
well, his task is still one of depending on memory and 
judgment.

Perhaps the best way to find a "system" that will 
handle ordering and inventory control is to look at whatever 
procedure is employed now and investigate the possibility 
of adapting it to satisfy the requirements.

The "buyer’s" procedure for ordering is as follows:
1. With the help of a coded order guide provided by the 
supplier, the "buyer" considers his store1s commodities 
as to whether they should be reordered or not,
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2. He (the "buyer") locates the commodity in question in 
the order guide and proceeds to its location on the shelf.
3. Having matched a shelf item to its code on the order 
guide, he orders what he considers that he will need to 
have on hand until the next order time. That is, he makes 
several decisions as to need, amount needed, expected 
sales etc.
4. Having gone through the whole store or through a whole 
section, he proceeds to compare his order with the backroom 
stock.
5. If he has ordered any commodities that are on hand as 
backroom inventory he corrects his order for that amount on 
each of these commodities.

Thus a system to aid in inventory control should 
provide a means for uniquely and unequivocably associating 
every commodity within the supermarket with the appropriate 
supplier code. The system should also provide a means for 
executing the preceding alogorithm in an optimal manner 
based on the different commodity sales and inventory 
histories. Furthermore, the system must be prepared to 
create these sales and inventory histories for the different 
commodities.

To create the desired commodity records and assoc
iations , it appears necessary for the system to have a means 
for commodity identification. Looking at the present super
market operation as a whole in terms of commodity identif- 
ication, it is clear at the outset that each commodity
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retains its identification when it is ordered, as it is 
received and when it is stocked on the shelves, At the 
point when the customer picks up an item and puts it in his 
basket, that item loses its commodity identity and the 
identity will not be regained unless, because of non
completion of the sale, it is returned to stock. Under 
present operations no commodity identification takes place 
at the check stand. It is however the very simple operation 
of entering the commodity identification of every item 
sold into an electronic information system at the point of 
sale which is the key to the power of the system to be 
described. This is the operation which is very important, 
which has not been and is not now performed, and which 
becomes quite feasible with the advent of automatic electronic 
information systems.

Once the feasibility of the simple but important 
task of entering commodity identification into the infor
mation system at the point of sale is recognized, several 
insights become almost obvious. First, that a specific 
commodity code needs to be developed by which to enter the 
commodity identification of each item at the check stand. 
Second, that with the memory potential of an information 
system only the commodity code needs to be entered into the 
system at the point of sale. All the other information 
about the item is predetermined and can be stored within the 
information system. Specifically, no price need be entered.
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Third, that once the commodity code has been entered into 
the information system at the check stand, the data input 
function has been completed. From that point on, the 
information system can perform a variety of functions on 
the entered data: the data can be transformed, reduced,
reclassified, and transferred to other information systems 
to any extent considered worthwhile. One can even visualize 
that the entire food production economy could be controlled 
quickly and efficiently from the sale point at the check 
stand by means of a large integration of information systems. 
Such control in actuality is now performed, but with much 
human intervention, delay and error.

Capturing commodity flow information at the point 
of sale points to the need for establishing a coding scheme.
A chain of supermarkets, each store satisfying the general 
description of our typical supermarket (as defined in 
Chapter 1), has an inventory which consist of approximately 
3,900 commodities (El Rancho Markets Order Guide, July 
1965). Adding to these commodities the housewares, sundries, 
beauty aids, and the general classifications of produce 
and meat a coding scheme is required to represent no more 
than 5,000 commodities on the inventory list. This can be 
well taken care of by a four digit numeric code that allows 
for the representation of 10,000 items. Mr. Joe Moscolino 
of Moscolino and Associates (inventory service and management 
consultants for supermarkets in the Southern California area)
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asserts that even the largest supermarkets have inventory 
lists of less than 7,500 commodities.

The use of a code to capture commodity flow infor
mation at the point of sale and thus maintain an item’s 
commodity identification not only makes the task of 
automated inventory control feasible but provides a means 
for the avoidance of the pricing errors discussed in the 
previous section on stocking. So far the discussion of 
stocking and ordering has pointed to a need for a coding 
scheme and a means of using this coding scheme to capture 
commodity flow information at the point of sale. The need 
of maintaining a record of this commodity flow information 
is also indicated. The next section on the problems of 
checking will highlight other requirements of the system.

Checking
Checking is not only a critical task in that: errors 

are made here, but that if data on commodity flow is to be 
acquired, it must be acquired at the checkstand. It also 
appears desirable to present the customer with more infor
mation about her purchases than she currently obtains. The 
present "sales slip" provides no commodity identification 
for the item prices. Since commodity codes have been 
suggested for use in commodity identification for items, 
they may also be used for this purpose on the customer’s 
"sales slip."
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In providing the commodity identification for the 

customer's sales slip, an association is implied between 
the code and the price of the item„ This association can 
then be exploited for the purpose of. insuring pricing 
accuracy. All the preceding considerations imply that if 
some information processing system can be designed or 
programmed to accept commodity codes as the registration 
of the sale of an item, to associate this code with the 
movement history of this commodity, its price and descrip
tion, to update this history every time.the sale of an item 
is made and to make this history available for analysis, 
then the detailed operations of a supermarket can be 
reviewed and redesigned quite basically to utilize the 
speed, accuracy and memory capacity of such a system.

What we see, as we look with an accustomed eye at 
the grocery store with its complexity of 3000 to 7000 
different commodities and selling approximately 25,000 
individual items in a day, is a large pattern of activities 
that are on the border between a controlled and an out of 
control situation. There is a certain amount of control 
imposed on the activities, but with so many activities 
there is an ever present threat of loss of control. We have 
tried to describe the patterns which should be the course 
of those activities, but not always are.

On the other hand, as we look at an information 
system, we see a large number of very small and very rapid



activities all under precise control and subject to preci 
direction. It can collect, count, summarize and so tell 
us what is going on in the supermarket. The data acquis
ition system being investigated is a model of the super
market. All the operations performed on the supermarket 
are also concurrently performed on the model, but since 
the model represents a miniature and manageable form of 
the store, any information desired about the store can be 
rapidly and accurately obtained by a query into the model



CHAPTER 3 
SYSTEMS FUNCTIONS

The problem analysis presented in Chapter 2 has 
pointed to some general systems requirements in terms of 
functions or tasks to be performed. These may generally 
be summarized as follows in the next few paragraphs.

The system must be capable of recording the sale 
of items as they are sold. The,commodity identification 
of each item must be preserved through the recording of 
item sales by a four digit code. Thus the system must 
accepts as input, series of four digit codes instead of the 
currently registered prices. As output for the- purpose 
of customer service and pricing and checkout error control, 
the system must respond immediately to each four digit 
code registration of the sale of an item with the price 
and commodity description for that item. There is a 
further level of output from the system and this is a 
delayed output as compared to the immediate checkstand 
output as presented above. It consists of reports based 
on the acquired commodity flow information to stock clerks, 
buyer, and the various levels of management. These reports 
take the form of automatic orders, sales and promotional 
analyses, stocking schedules, list of commodity lines 
requiring special attention and the many more management

19
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and operating functions that can now be performed. Some of 
these reports comes as a natural by product of the data 
acquisition of commodity flow records, such as the stocking 
schedules and critical shelves stock reports. These can 
be created within and by the store housed system. Others, 
depending on the final sophistication of the instore system, 
may have to be produced as an "off-line" product.

To aid in the management and operating functions, 
the system must maintain a running book inventory and an 
approximation to the physical inventory. Thus it must be 
provided with a method or device for storing sales flow 
information and other information as required to produce the 
various outputs (i.e. description, supplier information, 
price, inventory on shelf, total inventory, accumulated 
sales, etc.). This information must be maintained for each 
and every single commodity. This requirement points to the 
need for some random access memory device, and the need to 
associate the recorded information with the four digit 
code input points to the need for some form of information 
processing logic and arithmetic hardware. In addition to 
the above, some provision must be made for the change of 
prices and the introduction and deletion of commodities.
In terms of hardware this implies the requirement for some 
sort of input device to accept codes as the registration of 
sales, and an electronic logic and arithmetic unit to select 
and update records and to accumulate sales. The
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acquisition of data for inventory control and management 
information, and the control of pricing and checkout errors 
by means of a four digit code» serving as input to an 
information processing system, have highlighted several 
general requirements in terms of systems hardware. These 
requirements in general consist of a logic and arithmetic 
processor, a random access addressable memory file with 
some minimal storage capacity and output devices of two 
levels;, one level for customer service and price control at 
the checkstand and another level for operations and manage
ment information.

Some customer services and sources of customer 
satisfaction have been indirectly indicated in the last few 
paragraphs. That is, through inventory control and manage
ment information out-of-stock conditions can be eliminated 
and a more up-to-date variety of goods can be offered for 
sale by the supermarket. Currently, the customer receives 
as a receipt a list of charges which she may use to verify 
the correctness of her purchases. Because there is no way 
on the presently used register tape to associate uniquely a 
price with an item this task becomes difficult and for a 
long list nearly impossible. The customer can also be 
served by insuring, that the prices charged for his purchases 
are accurate; that is assured by use of the coding scheme 
and the system contained price. Another area in which the 
customer could be served is that check-out lines could be



speeded up. This can be accomplished partly by eliminating 
some of the time spent in making guesses at item prices or 
looking prices up in a price book. In all then, these 
desired sources of customer satisfaction call for a form of 
displaying the price of the item and associating the price 
with the item in a unique and permanent manner. The desired 
increased speed at the check-out lines, guarantee of pricing 
accuracy, data acquisition at the point of sale, and 
permanent hard copy itemized receipts for the customer all 
imply that a multiplicity of rapid, reliable "on-line" 
input/output devices must be an integral part of the system.

The system configuration as determined by the 
analysis of the system functions consists of the following 
components. Several rapid on-line input/output consoles will 
be located at the checkstands as replacements for the cash 
registers currently in use. A digital logic and arithmetic 
unit will accept inquiries from the checkstand, control 
information transfers, make record modifications and 
accumulate sales. An addressable random access memory file 
will be used to store the desired and required information.
A general purpose input/output unit will be used for "batch" 
updating, ordering, price and commodity changing etc. Since 
the commodity flow information is now available and most 
stores have access to larger computers either through their 
own chains or through their purchasing cooperatives, it 
would be profitable to tie the in-store system to such
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computers to provide a "total information system" for super
markets . This total system could now make available commodity 
flow information to all levels of the food distribution 
industry. For this purpose it would seem profitable to 
provide the instore system with a communications link, to 
this larger computer.

Figure 1 presents a schematic diagram of a possible 
realization of the system. In conjunction with the diagram, 
the following example is presented as a possible result of 
the mechanization of the system under study.

The system can accept as input series of four digit 
codes representing the following types of transactions: 
one item sales, multi-item sales, returns or credits on 
items, sales tax entries, and any other such functions 
involved in the exchange of goods for money on a per item 
basis, such as the usual retail supermarket operation.
For a particular user (supermarket) the different trans
actions would be identified as particular operation codes 
(not to be confused with the inventory codes) and would be 
represented as the different activator buttons on an input 
keyboard to be located at the customer service counters.

Again for the sake of the example, assume that a 
particular supermarket has several input-output units (one 
per customer service counter) and among them, one is 
identified as number 5. Also among the various transactions 
or operations, there is one that can be represented as
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number 6 (although in actuality it may appear as the "Go" 
button for the sale of one item in the coded inventory). 
Furthermore, assume that the code number 1128 is the code 
number of a particular commodity in. the coded inventory.
In registering the sale of one item of commodity 1128 
(whatever it may be) the operator (checker) at input/output 
(checkstand) number 5 would enter the number 1128 at the 
input keyboard and activate the inquiry (record the trans
action) by depressing the before mentioned "Go" button.
The inquiry to be transmitted is a sequence of electronic 
impulses forming the characters 561128. This number is 
accepted by the central processor logic unit and decoded 
to initiate the sequence of programmed instructions implied 
by operation 6. Concurrently, the logic unit would issue 
a "seek" command to the addressable memory file causing the 
contents of a record, whose address is 1128 to be trans- 
ferred to a "scratch pad" memory in the central processor. 
The Central Processor Logic Unit associates the contents of 
record 1128 with the input/output unit #5. Record 1128 
is modified to show that it has been selected with a number 
6 type inquiry. At this time certain programmed checks 
take place to determine if there is any information about 
item 1128 that needs to be transmitted to the operations 
console. In any case, the record is replaced in the memory 
file as modified by the inquiry. 1
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The system is prepared to handle non-coded items by 

use of a special operation code that would consider the 
digits usually used for the commodity code as the item price. 
The operation code would be decoded so that this particular 
sale would be assigned to a major classification and the 
printed information would reflect this accordingly. The 
end of a multi-item sale would be signalled by a special 
"totaling" operation.

This last operation would cause the clearing of 
certain accumulators and print the totals with appropriate 
notations at the printer of the respective input/output unit.

The operations console provides management with a 
means of acquiring the inforamtion captured by the system.
One function of the operation console is to provide immediate 
feedback information to management whenever the preprogrammed 
logic of the central processor logic unit detects a condition 
requiring the system to provide management information.
The ready example of this is shelf stock going to a low 
predetermined critical level. Another function of the 
operations console is to serve as the input device for the 
addition or deletion of items from the inventory and for 
the manual modification of records within the addressable 
memory file. Yet another function of the operations console 
is to provide a communications link between a remotely located 
general purpose digital computer and the addressable memory 
file. The remote digital computer is periodically, or on
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request, caused to interrogate the addressable memory file 
for the purpose of analyzing the stored information. As a 
result of this analysis the before mentioned management 
control information will be generated.

Configuration Definition through Digital Simulation
The tasks as outlined in the example above were 

simulated on the IBM 7072 scientific processor. The purpose 
of the simulation was to test the technical feasibility of 
the proposed configuration (figure 1). A secondary though 
important purpose of the simulation was to obtain information 
about the software and hardware requirements necessary for 
the realization of the system, if it is to be structured 
along lines presented by figure 1 and the example. The 
simulation program, written for the IBM 7072 digital computer 
in Autocoder, was two phased. One portion of the program 
caused the IBM 7072 to simulate the hardware components 
as closely as possible. The other phase caused the "7072" 
to simulate the software i.e., the operation of a multi
plicity of on-line checkstands at a supermarket as detailed 
by earlier discussion within this thesis.

Since a random access memory device was not 
available on the computer used in the simulation, the 
addressable record was reduced to 10 numeric characters - - 
the word length of a core storage word in the IBM 7072.
Tape drives were used as the input/output devices at the 
checkstand--four input and four output. The input tapes
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had been previously loaded with sequences of random codes 
each of random length; these constituted customer purchases. 
The program would randomly select an input unit and accept 
a code; using the code the proper address out of a 3913 
word area was selected and updated. Having obtained the 
price for the commodity the code and the price were moved 
to the appropriate output file. This output file was later 
compared with its input file for accuracy of codes and with 
a master file for accuracy of prices.

In. this manner some insight was gained into the 
logic and arithmetic requirements to place on the systems 
design (see Chapter 4). Furthermore, the simulation gave 
evidence of the technical feasibility of the concept. With 
this new knowledge in mind and an awareness of the appropriate 
value of the systems functions to the supermarket operator, 
a search for the systems mechanization was begun.

At this stage in the design of the system it became 
important to make some considerations as to the required 
throughput rate. Since the output to the customer is 
being produced on-line and consists in part of printed 
hardcopy, the throughput became important in specifying the 
print rates of the various printers at the checkstands.
The minimal throughput rate established was that the system 
should respond ("on-line") to 12 inquiries (sales 
registrations on a one item per inquiry basis) per checkstand 
per minute. This level was established through observation



of a supermakret under peak load conditions, This require
ment is minimal in that if satisfied by the system, the 
system will not increase the average customer waiting time 
in the line of a checkstand.

This chapter has highlighted the required system's 
functions to realize the goals (as outline.by Chapters 1 
and 2) of a data acquisition and information system to be 
used in a supermarket for the more efficient control and 
execution of the various tasks of supermarket operations.
The next chapter will present the evolution from a conceptual 
hardware configuration to a specific systems design.



CHAPTER 4 
SYSTEMS SPECIFICATIONS

Having gone through the exercise of outlining 
systems functions, conceiving a conceptual configuration, 
and then testing both through simulation on a digital 
computer, a search for a mechanization of the system was 
begun.

At first the alternatives for the realization of 
the systems configuration appeared to be two kinds of 
information processing systems: 1) a general purpose
computer with a mass memory and remote input/output 
capabilities and 2) a fixed program, special purpose, 
problem specific computer. Although the price of large 
”third generation" general purpose computers is not such that 
it is completely prohibitive, through consultation with 
representatives of the International Business Machines 
Corporation their new "System 360" was ruled out on price 
and so were other large "third generation" computers. A 
survey of the industry indicated that two smaller, second 
generation computers, Digital Equipment Corporation’s PDP-8 
and International Business Machines Corporation's 1440'were 
not completely unfeasible. The fixed program, special purpose 
device was rejected after some study, because of the 
engineering effort involved in its design and because of its 
susceptibility to early obsolescence and frequent retrofits.

30
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This was discouraging, but a review of the super

market industry indicated that it was well suited to use 
some standardized implementations and that the potential
market for the system was large enough to warrant some of

/the inevitable though unknown research and. development costs 
in the design of a special system. Thus the idea of a 
somewhat flexible but special purpose component was given 
further study. The concept was retained pending results of 
further studies of the applicability of the PDP-8 and the 
1440.

To make a fair comparison between the two general 
purpose computers the following specifications were made to 
representatives of IBM and DEC for the 1440 and the PDP-8 
respectively: the basic main frame logic and arithmetic,
the most rapidly accessible peripheral random access memory 
(3x10^+ bits as indicated by speculation a.s to the required 
record length), a slow card reader, eight "in-house" input/ 
output terminals, communications link and an on-line printer. 
The results are summarized in Table 1.

The price of $180,000 for the 1440 complex and 
$170,000 for the PDP-8 are at the fringe of what would seem 
the reasonable range of prices for this particular 
application. These prices were considered prohibitive from 
the stand point that they did not include software or 
maintenance. Furthermore, the configurations as described in 
Table 1 would fail to satisfy the minimum throughput rate of
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Table 1
Cost Comparison of Two Computers 

Considered for the System

Item IBM 1440 PDP-8
Main Frame $67,300

4k 8 bit characters
$18,000 
4k 12 bit 
binary words

Card Reader $18,0.00
Reader-Punch 300 cpm

$14,900
200 cpm

Line Printer $19,500 
150 L.P.M.

$28,900 
300 L .P»:M.

8 Terminals and 
required control

(Selectric Typer- 
writers)
$51,000

$63,960
(KSR-33
Teletype)

Random Access Memory 
more than 3x10^ bits

$24,000 
Disk drive 
2 .2x106 bits

$43,600
Drum
3.25xl06 
bits in 12 
bit words

TOTALS $179,800 $169,360

Source IBM Corporation Price List 1965 (Warren Edwards).
DEC PDC-S Price List January 1, 1965 (Bob Oakley).
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12 inquiries per minute per station as required by today's 
supermarket. The 1440 is slowed down through the nearly 
.2 second average access time on the disk and the 15 
character/second print rate on the selectric typewriterv.
The PDF-8 is slowed by the ten character/second print rate 
of the KSR-33 teletype unit. In addition to the cost and 
timing characteristics, the PDP-8 was further rejected 
because of 1) its requirement for binary to'BGD"conversion 
on input and output and 2) the fixed word length config
uration of its drum which makes the selection of information 
a laborious software task.

. To overcome the cost and timing obstacles of the 
general-purpose machines and the obscolesence characteristics 
of the fixed-program device, it was determined to exploit 
both the longevity of programmable logic and arithmetic and 
the economy of fixed message interchange through hardware 
control of the inquiries. It is felt that the fixed nature 
of the check-out counter input/output pair warrants the design 
of a special purpose system from the stand point of input/ 
output control, and the flexibility offered by programmable 
logic insure a longer useful life for the system. Such a 
system has been designed, and its design specifications and 
description are presented in the next section.

The specifications for a problem oriented data 
acquisition system, to be presented, were deduced from a 
detailed study of the operation of supermarkets and from a
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digital simulation of the system to go into the supermarkets. 
Since the system is called a data acquisition system, and 
since it is the method of data acquisition that makes the 
control of inventories and compilation of management infor
mation possible^ we will begin with the new method of data 
acquisition.

Data Acquisition Method
The multiplicity of commodities and general product 

lines in the inventory of a supermarket are to be- represented 
uniquely by means of a four digit numeric code. Since each 
code uniquely identifies one commodity in the inventory, all 
that is needed to register the sale of an item, and thus 
obtain the desired.commodity flow information for all 
commodities in detail is to enter this code into the system 
as each item is sold by means of an input device.

Figure 2 presents schematic drawings of the input 
device (Patent Pending, U. S. Patent Office) to be used with 
the data acquisition system. Although this input device may 
be used for effective man/machine communications whenever 
the nature of the message is essentially of a numeric fashion, 
it is especially well suited for the task of commodity code 
registration in conjunction with the system presently under 
description. The ten key keyboard is to be used to introduce 
the four digit codes.
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As previously mentioned the four digit codes are 

used to represent each commodity. A problem arises as to 
what to do with the general merchandise classes of produce 
and meat. These two product lines, although frequently 
prepackaged, are of varying size and price, making it 
impossible for the system to make a unique association.
The input device is particularly suited for the solution of 
this problem. When a produce or meat item, not a part of 
the coded inventory list, is to be registered as sold, the 
checkstand operator merely enters the price of the item using 
the ten key keyboard and depresses button B or C to indicate 
that the digits entered at the keyboard are the price of a 
non-coded meat or produce item. The operator then transmits 
this to the logic and arithmetic processor by depressing 
button A. This can also be done for prepackaged commodities 
which for some reason or other are to be left out of the coded 
inventory.

In the registration of coded inventory items, the 
operator simply enters the code at the keyboard and depresses 
button A. The input devices can register customer returns 
of items by following the same procedure as above but 
replacing button A by button E. Button F is used to indicate 
the sale of more than one unit of the same item. In this 
event the operator makes a subsequent entry into the key
board- -the number of units. Button G is to be used as a 
means of calling for the totaling of the customer’s bill
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and clearing of the particular checkstand's sales accumu
lators. Button D is to be used to erase any entries made 
prior to the transmission of an inquiry, in the event that 
an error has been made in entering a code or price. This 
depends on the detection of such an error. A means for 
detection of such errors is provided, and it will be discussed 
later in this chapter when the output specifications are 
detailed.

The mechanization of this device is rather simple 
in nature; it needs only to contain the electronic circuitry 
to form a record of six "BCD" numeric characters. These six 
characters are enough to identify the code, one of a 
multiplicity of possible transactions, and the checkstand 
number. In addition to the 48 bits required to form the 
characters, the electronic logic requirements are for a 
driver gate (Magnetic Systems Corporation, 1965) to drive 
the characters into a buffer to await scanning by the 
central processor. The four digit code and its transmission 
information serve as a fixed format inquiry into the memory 
of the system and as a means of obtaining and updating 
information within the system under the control of the logic 
processor. Before detailing the operations of the processor 
itself the nature of the random access memory should be 
described.
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Random Access Addressable Memory File

In the simulation studies it was determined that 
to include the desired information about each item--supplier 
information, item description, inventory and reorder levels 
and pricing information--51 "BCD" characters were required. 
This was presented to potential suppliers as the minimal 
record length desired. A certain amount of speculation about 
future expansion of the applicability of the system into 
the areas of "instore" sales analysis, evaluation of 
promotions, pricing comparisons, shelf allocation studies 
and others indicated that the record length requirements 
could grow to as much as 40 characters more. To be on the 
safe side and also since most "off-the-shelf" random access 
memories (disk, drums, etc.) when operated in a sector 
mode (addressable) are made up of 100 character sectors, 
a record length of 100 characters was selected.

In Chapter 3 it was established that the minimal 
throughput rate should be 12 inquiries per checkstand per 
minute. Since the average number of checkstands in the type 
of supermarket described is six (Oesterle and Downey, 1965), 
the system is required to service at least 72 inquiries per 
minute. It is further felt that this design parameter would 
be even larger since the new form of input should speed up 
sales registering by the checkstand operations. Thus a 
requirement for close to 100 inquiries per minute would be 
straining the effectiveness of a magnetic disk with an
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average access time of 200 milliseconds (120 records per 
minute). To use a disk as the random access memory of this 
system would allow only about 17% of the inquiry processing 
time for actual processing; the rest of the time would be 
spent accessing information. In addition to the time 
constraint a moveable read head disk unit requires 
excessive software to handle read and write error routines.
A core memory at 20 cents/bit would be prohibitive in cost, 
thus the only other possible form for this peripheral memory 
was a magnetic drum.

On the advise of M r . Laslo Rakoczi of Standard 
Computer Corporation and Mr. Jim Turner of Costello and 
Associates, a special version of Bryant Computer Products 
"Phd-170" was selected. The positioned head drum model 170 
contains 10,000 sectors each 100 bytes (1 byte=8 bits 
® 1 character at 8 bits/character) long and is expandable from 
this 1 million bytes (actually 1.1 million) to 21.6 million 
bytes. The special version of the Phd 170 has an average 
access time of 9 milliseconds. Needless to say, this speed 
is more than adequate, furthermore it is pneumatically 
suspended for mechanical reliability and the read-write 
heads are permanently positioned on the tracks for read- 
write accuracy. This drum, includes the necessary inter
facing with the main processor and a 400 character buffer.
The price of this drum (Table 2) is anywhere from one-half 
to one-fourth the price of drums offered by other manufacturers
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but it is smaller and slower (see Wymore, Malamud, Weymann, 
April 1965). As stated above this drum is connected to the 
mainframe processor by a 400 character buffer; the details 
of how this buffer is used will be outlined in the descrip
tion of the mainframe processor.

Central Processor
The central processor must provide the digital 

logic and arithmetic, through software and hardware, to 
accept inquiries from the checkstands, decode each inquiry, 
select records from the memory fi1e and transmit information 
to the various output units. The decisions to be made in 
specifying this component are memory speed, arithmetic 
speed, memory size, memory configuration, instruction form 
and instruction repertoire. Some of these considerations 
are based on timing characteristics, others on software 
requirements imposed by the hardware and other criteria.
The first cut specifications called for a variable word length 
machine, since the 100 character records in the random access 
memory contain information in segments, to be used at 
different times. Furthermore, to aid in the development of 
software for the system it was specified that the memory 
and instruction configuration be compatable with the 1400 
series computers manufactured by IBM. This requirement was 
set with the idea that an IBM compatible system could be 
more easily integrated into a larger information system.
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It was considered also desirable to exploit the 

fixed nature of the inquiry, the file record, and the 
checkstand output, and design problem specific hardware to 
take care of the time sharing of the input/output lines and 
the access to the drum. To permit growth and flexibility 
it was deemed desirable to provide for the processing of the 
inquiry and updating of the information through programmable 
logic. As a result of these considerations and a number of 
conversations with Mr. Rakoczi the configuration selected 
is as described in the following paragraphs.

To provide the desired program flexibility the logic 
unit is to consist of the hardware to realize the IBM-1410 
instruction repertoire subset as outlined in Table 2. The 
central logic unit includes the central power supply for up 
to 16 checkout stations and the input/output channels to 
permit connection of an operators console with typewriter, 
card reader, communications adapter, and input/output 
scanner. The simulation on the "7072" used 280 fixed 
length instructions to simulate the logic of the operation 
of a grocery store as detailed in Chapters 1 and 2. This is 
roughly equivalent to 1960, 1410, one character locations. 
Since the simulation in part consisted of simulating variable 
word length logic, 1960 one character locations is probably 
an over-estimate of the programmable memory requirements. 
Nevertheless, the specification was made for a memory size of 
2,000 alphanumeric characters of a 2 microsecond cycle 
time core memory.
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Table 2

Machine Instruction Repertoire

CPU INSTRUCTION
Description
Move Left 
Characters and 
WM to B-fieId 

Compare 
Branch Uncon
ditional 

Branch if 
compare required 

Branch if 
Character 

Equal
Branch if WM
No Operation 
Clear WM 
Set WM
Clear Storage 
Halt and Branch

I/O INSTRUCTION
Mnemonics 1 Description

R Read a Card
RB Read Buffer
WB Write Buffer
RCP Console Typewriter

to Storage 
WCP Print on Console

Typewriter

Mnemonics Description Mnemonics
A
S
ZA
M
D
MLCS 
MLWS 
MLCWS 
M L C A ' 
MLCB

Add Two Fields MLCWB
Subtract Two Fields 
Zero and Add Two 
Fields C

Multiply B
Divide
Move Left Character BU 
Single 

Move Left Word Mark BCE 
Single 

Move Left Character 
and WM Single BW

Move Left Character NOP
to A-field 

Move Left Character 
to B-field

CWswcs
H
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In addition to the 2K characters, a 16 record fixed 

record, hardware programmed, input buffer and a similar 
output buffer are provided to handle the time sharing of the 
input/output channels. These input/output buffers are also 
in addition to the 400 character drum buffer. The drum 
buffer is designed to hold commodity records until they have 
been completely updated as a result of an inquiry. This 
makes it necessary to access an commodity record only once 
per inquiry. Since drums are non-destructive readout memory 
elements and since it would be possible to receive two accesses 
on the same record during the period of time required to modify 
the record, it would also be possible to pull the same 
record out of storage into the drum buffer twice in the same 
time period. This creates a danger of modifying a record 
only once although it is selected twice. To prevent this 
the input buffer, which is a self timed and checked "pop-up" 
list, delays the second and subsequent inquiries on the same 
item until the leading one has "popped" out of the list.

Hardware to provide for the scanning of up to 16 
checkout stations is included in the central processor fixed 
program logic. There is provision for up to sixteen check
out input devices as described previously, each requiring 
a special adapter. In addition to this, the central processor 
houses a communications adapter.
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The total cost, based on a production basis, for 

the central processor including logic memory, I/O buffers 
and adapters is $84,700,

Output of System
The output to the manager can be accomplished 

through standard console by using a "selectric" type of 
I/O device at a cost of about $11,400 for the unit including 
a card reader for input. The output to higher management 
can only be obtained through detailed analysis of the 
commodity flow information, hence the provision for the data 
link adapter in the central processor. It is felt that any 
analysis and optimization to be done by the management of a 
chain will continue to be done by the central processor at 
the home office or at the service bureau. It is the purpose 
of this system to acquire the data to be used in optimum 
inventory control and management information. Although the 
device offers a capability, its on-line functions and limited 
working memory prevent it from being used as a total 
information system by itself. Nevertheless, through the 
intensive software effort (storing programs in the drum) and 
by adding a highspeed general purpose line printer and a tape 
drive this system can be made a self-contained information 
system. It is felt that supermarket chains and independent 
operators, both having access to large general purpose 
centrally located computers, will not desire this level of 
computing power on a store by store basis.
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The most important output characteristic for this 

system is the requirement for "on-line" printers at the 
checkstand to provide the customer with an itemized list 
of purchases. Exploiting the fixed nature of the output 
record and the self buffered output line. M r . Turner of 
Costello and Co. estimates that such a device could be 
built for a price in the range of $700 to $1,200. This 
would use a drum character impact printing mechanism like 
on the IBM 407 accounting machine and have a print rate of 
about 50 lines (80 Characters) per minute.

Cost of System
Based on several estimates and various quotations 

the system described above has been priced. Table 3 presents 
the price list. Based on this price list the economic 
feasibility of the system will be considered in Chapter 5.
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Table 3
Price List for System's Components

Component

Input Devices 
(est:$180-270, source 
M r . Jim Turner, Costello and Assoc. 
Phoenix, Arizona)

Drum Memory 
(Source: Bryant Computer Products)

Central Processor including 
all I/O Control Equipment (Source: 
Standard Computer Corp)

Operations Console including "Selectric" 
Typewriter and slow card reader (Source: 
Standard Computer Corp)

Price 

$270 each

$17,200

$84,700

$11,400

Checkstand Output Devices 
. (Est.$700-1,200 Source: Mr. Jim Turner)

$ 1,200 each



CHAPTER 5 
ECONOMICS CONSIDERATIONS

An estimate made at the outset of this investi
gation set the goal of the system design to provide a system 
that was suitable for the larger supermarkets. The term 
"supermarket" is commonly used to denote a rather wide 
range of size's of markets,. some of which have a volume of 
business so small as to make it unfeasible to provide a data 
input system for them. The range of gross sales in the 
grocery departments of these markets can be taken in a 
rough way to be from about $5000 per week to about $100,000 
per week.

For the purpose of investigating the size of the 
supermarket in Which it would be economically feasible to 
place the system, as it has been designed, the characteristics 
of a supermarket of about average size are considered. The 
figures given below to characterize such a market are 
compiled from information reported by the Supermarket 
Institute in their "Mid-year Report" (Chain. Store Age,
March 1965) and by Downey and Oesterle (1965) published 
as a special report for the "National Association of Retail 
Grocers of the United Stated."

The typical or average supermarket is taken to be 
one that has gross sales of $37,500 per week or $161,000

47



48
per month. It has a plant of 20,000 square feet. It has 
six cash registers. The inventory on hand is approximately 
$80,000 and is distributed on a ratio of 68 to 32 between 
the sales floor and the backroom. On this basis the back
room inventory is about $25,000 and the inventory turn 
over for the entire store is about 24 times per year..

To see how this typical store compares to the total 
population of grocery stores in the Mid-Western region, 
it is compared to a distribution used by Downey and Oesterle 
who took a stratified sample with proportional allocation 
of 418 stores from that region. Of the 418 stores, 5 2  
has gross sales of less than $5,000 per week, 129 had 
gross sales between $5,000 and $10,000 per week, 161 had 
gross sales between $10,000 and $20,000 per week, 61 had 
gross sales between $20,000 and $40,000 per week, and 15 
had gross sales of over $40,000 per week. It is clear from 
an inspection of this distribution that the store having 
gross sales of $37,500 per week is not typical of all 
stores, but is perhaps typical of the larger stores.

In comparing large and small stores two facts are 
found which bear upon this investigation. First the 
smaller stores are generally located in areas of lower 
population density. Second the larger stores, in general, 
exhibit higher wage costs and higher operating expenses 
(Downey and Oesterle, 1965). Because the area sampled 
does not include the large population centers of the East
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and West coasts, it can be expected that the proportion of 
larger stores is somewhat higher in the nation as a whole, 
than in the sample.

Cost of the System to the User
A system designed to fit the typical store charac

terized above will have six input stations at the six check 
stands. These will cost a total of $1,620, The memory drum 
will cost $17,200, the central processor $84,700, the 
operations console $11,400 and the six output devices at the 
check stand $7,200. The total cost of this hardware, 
uninstalled, is $122,120. Research and Development of the 
hardware is distributed over 20 such systems, and is thus
included in the above price. This price is considerably
lower than a comparable general purpose device which can be 
purchased off the shelf, and the economy can be attributed 
to the fact that it has problem oriented input/output hard
ware . The size and capacity of the hardware is designed 
for the specific purpose although it has the flexibility of 
a general purpose device.

It is assumed that few if any supermarket operators 
will want to buy the hardware outright. Such operators will 
be primarily interested in leasing it and in the cost of 
the system over some accounting period such as a week, a 
month or a 13 week period. For this investigation the 
price of the system to .the user will be given on a monthly 
lease basis. It is assumed also that the hardware distributor
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will not be the same company as the hardware manufacturer. 
The distributor will be responsible for the installation 
of the system and its maintenance during the period of the 
lease.

A commonly used formula in the computer leasing 
business is to divide the equipment cost by 50 and use 
this value as the monthly lease price to the user. This 
price is based on a five year "write-off” period and leaves 
20% of the initial cost for markup, which in a sense is a 
service charge by the distributor to cover maintenance, 
insurance, interest and profit. For hardware costing 
$122,120 this service charge would be slightly over $400 per 
month over a five year contract.

If this formula were used to price the above hard
ware for the supermarket the monthly charge would be 
approximately $24 50 per month. It is estimated from the 
cost list on reports supplied members by the Orange Empire 
Corporation, which is a Retail Grocer’s buying cooperative, 
that the cost of computer reports over and above those 
presently being paid for by the supermarket would be about 
$150 a month under the new system. Thus the total monthly 
charge for the system is estimated to be $2600 under the 
commonly used formula. In view of the reduction of expenses 
to be expected from the installation and use of the system, 
to be discussed later, this price is somewhat too high 
for even the larger supermarkets.
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There is however a new trend in the leasing of 

computers, which alters the economic feasibility of the 
system. A number of non-manufacturing companies are coming 
into the computer leasing business and these leasing 
companies are beginning to do business in terms of a seven 
year write-off period (Business Week, May, 1966). If a 
seven year write-off period were used, and if to the 
resulting basic charge of about $1450 per month for write
off were added a $400 service charge and $150 for reports 
then the cost of the system to the supermarket would be 
about $2000 per month.

The question naturally arises whether the hard
ware used in the system could attract leasing companies to 
make seven year write-off contracts on it. No contacts have 
been made with these companies as yet to obtain this 
information. However, there is a line of thought that deals 
with the problem. The special purpose, problem oriented 
features in the hardware are primarily its input and output 
at the checkstand and its size. The memory drum, central 
processor and manager1s console are as flexible and as 
adaptable to other situations as the general purpose computers 
now in wide use. There seems to be no real restriction on 
the wide usage of the main hardware particularly when it is 
considered that the development of the system will open a 
new market for information systems of about 5000 large super
markets in the country (U. S. Bureau of Census , 1965).
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It appears reasonable then to anticipate that the 

system can be installed, maintained and fully operated in a 
supermarket at a monthly expense of about $ 2000.

Savings of the System
The implementation of the Data Acquisition and 

Management Information System should have considerable 
impact upon the earnings of a large supermarket. Although 
it is difficult to forecast this impact completely, there are 
six ways of earnings improvement shown in Table 4 which are 
computed in detail in the following paragraphs. The estimates 
are based on the writer's experience in supermarket work, 
on various discussions with operators of supermarkets (both 
chains and independently owned markets) and on case histories 
reported in various trade publications. (Examples of such 
case histories are: "Your Computer: Can it Work Harder for
You?" Food Distribution and Wholesale News, November 1964; 
"Electronic Order System Saves Stop and Shop $1 Million," 
Supermarket News, March 16, 1964; "On the Way: The Marketer1s
Ideal Store," Business Week, March 5, 1966).

1. Reduced Labor in Writing Orders.
The writing of an order takes approximately eight 

man-hours as it is presently done and reordering is done 3 
times a week. The buyer or one of the more experienced 
stock clerks move through the sales floor, order guide in 
hand, considering every commodity. If the shelf stock is 
low they make a decision as to whether one or more cases
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Table 4
Expected Dollar Gain from Installing 

The Data Acquisition and Management Information System
(Dollars per Month)

Store Sales
Monthly $108,000 $161,000 $215,
Weekly 25,000 37,500 50,

Reduced labor 235 235
in writing orders
Reduced labor in 725 1,080 1
stocking shelves
Reduced interest 40 65
on excess inven
tory
Reduced errors of 100 200
pricing § checking
Reduced cost of 45 75
taking physical
inventories
Contribution from 200 300
increase of sales

000
000

235

4 50

85

300

100

400

Total Gains $1,345 $1,955 $2,570



of the commodity are needed. Having determined the needs 
on the sales floor he proceeds to the backroom to delete 
from the order those commodities that are in stock in the 
backroom that are already on order. Assuming a labor cost 
of $3.00 per hour the 104 man hours required per month to 
write up orders would cost $312. Estimating that the new 
system would save 75% of this work, the savings from the 
use of the system would be approximately $235. Since the 
labor in order writing will vary, mainly according to the 
number of commodities in the store rather than the volume 
of business, and since stores in the size range of those 
in Table 4 have to maintain a large number of commodities 
in stock in order to do business, there will be some but 
riot a large difference among the stores in the cost, and 
thus the savings of the new system, attributable to order 
writing. For this reason it has been left constant for 
different sized stores in Table 4.

2. Reduced Labor in Stocking Shelves
The class of labor involved in stocking of shelves 

can be subdivided into three subclasses: 1. shelving
delivery of goods soon after being received; 2. filling 
shelf holes out of backroom, and 3. backstocking. Back- 
stocking consists of moving cases of merchandise to and from 
the sales floor in an effort to place as much of it as 
possible on the sales floor. It arises from inaccurate 
ordering, from confusion due to large amounts of merchandise
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in the backroom, and from something less than optimal 
planning of shelf allocation.

The total cost of stocking shelves is estimated by 
Downey and Oesterle (1965), from their survey, to be 4.5% 
of sales. On this basis the cost of stocking shelves in the 
three stores of Table 4 is $4860 for the smallest, $7245 for 
the middle one and $9675 for the largest. As among the 
various subclasses of work, a Tucson supermarket operator 
estimates that. 25% of the stocking labor is spent in back- 
stocking. The writer estimates from his own experience that 
another 10% is spent in filling, holes in shelves out of the 
backroom. This leaves 65% of the shelf stocking labor to 
shelving delivered goods soon after arrival. Attempting 
to be conservative it is the writer’s opinion that the use 
of the new system will save half of the backstocking labor, 
one fourth of the work of filling holes from the backroom 
and none of the labor of stocking the delivery. These 
indicated savings then amount to 15% of the total cost of 
stocking the shelves. Multiplying by the total estimates 
given above-results, in estimated sayings in the labor of 
stocking shelves of $725 for the smallest store, $1080 for 
the middle store and $1450 for the largest store, as shown 
in Table 3.

3. Reduced Interest on Excess Inventory
The inventory of a market will vary considerably 

according to the management. The inventory of a typical
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store however can be estimated from the volume of its sales 
by using the inventory turnover figure. Turnover itself 
varies considerably from store to store, but a convenient 
and realistic figure for the typical stores in Table 4 is 
24 times a year or twice a month. Thus the inventories 
for the three stores, from small to large, can be estimated 
to be; $54,000, $80,000 and $108,000.

If the new system by its better ordering of merchan
dise were to reduce the backroom inventory by a half, this 
would be about 16% of the total inventory. The monthly 
interest of 0.5% on this savings would be .08% of the total 
inventory and thus the savings would be about $40, $65 and 
$85 per month going from smallest to largest store.

4. Reduced Errors of Pricing and Checking.
Pricing and checking errors are made both for and 

against the supermarket, but they are considered a loss to 
the market in either case for the following reasons. An 
overprice on an commodity on the shelf prevents the sale 
of that commodity and hence is a loss. An underprice is a 
direct loss and also an indirect loss in that it encourages 
people to return to purchase more of the "low-priced" 
commodity. If the price is corrected at the checkstand or 
some other point this becomes a source of friction and a 
potential loss of a customer. In summary, accurate shelf 
pricing on the many thousand items in a store is an essential 
feature of good supermarket management.
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Checking errors under current methods are largely in 

favor of the customer. A checker, unsure of the price of an 
item, will attempt to underestimate the price. This is 
particularly true when commodities are advertised as so- 
called "specials." On the other hand if the "special" 
price is missed, an unfavorable customer response occurs.

Although the dollar loss from pricing and checking 
errors are real and important, firm information on it is 
hard to get. Mr. Art Allen, a very successful operator of 
a large supermarket in Southern California, estimates that 
a new stock-clerk or checker will on the average make 
pricing or checking errors in the amount of $2500 during 
his or her first year of work. For the purpose of this 
investigation the writer estimates that the three stores of 
Table 4 have an average of 1, 2 or 3 new employees on their 
payrolls at all times, going from smallest to largest stores 
and that more experienced employees do not make pricing 
errors, On these assumptions the dollar loss to these stores 
respectively will be about $200, $400 and $600 per month 
due to pricing and checking errors.

Under the new system the prices are entered into 
the central processor once, when they are changed. The checker 
is no longer responsible for prices. The system can produce 
lists of new prices from the price changes made by the 
manager; prices can also be given on the shelving instructions 
to the stock men. It is estimated, conservatively, that the
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system will reduce pricing and checking errors by half, 
this will provide savings to the three stores of $100, $200 
and $300 respectively.

5. Reduced Cost of Taking Physical Inventories.
With the installation of the system; the need for , 

the four customary physical inventories per year, no longer 
exists. It is assumed that one physical inventory at the 
end of the fiscal year will be required. This change is due 
to the fact that a count of shelf stock can be made each 
time a restocking occurs when the number of items of each 
commodity on the shelf is at a minimum. This shelf count will 
be entered into the computer system and compared to the 
running count there. The manager will then be provided a 
comparison report showing the relation between the continuing 
physical counts and the continuing computer counts, commodity 
by commodity, class by class if he wishes, and stores wide.
Not only will this reduce the need for store wide physical 
inventories, the cost of which can be estimated, but it will 
also provide a basis for the control of pilferage, the cost 
of which can at this time hardly even be guessed.

Studies have indicated that the cost of hiring a 
crew to come into a store and take four inventories per year 
is .04% of sales. This would be $40, $65 and $85 per month 
for the three stores in Table 4. From the writer's exper
ience in the work of inventory preparation it is estimated 
that about half of the above amounts should be added for
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preparing the stores for the inventory crew. This work 
consists of marking cases in the backroom and dressing up 
the shelves so that they can be readily counted. The 
totals when reduced by 75% give savings of $45, $75 and 
$100 for the stores going from smallest to largest.

6. Contribution from Increase of Sales.
One of the problems of supermarket management is to 

maintain the shelf stock on several thousand commodities 
so that being out-of-stock is avoided. Being out-of-stock 
is not simply the loss of sales of the particular "out" 
commodities but a negative reaction by customers, that is 
cumulative. The introduction of the system which provides 
a powerful tool in the work of stock management will have 
an important effect on sales. Manfredi (1964) estimates that 
his sales increase due to reduction of out of stock items 
was 5% of gross sales. Others have reported less dramatic 
but important increases.

It is here estimated that for the typical market, 
the inventory control obtainable through the system and the 
consequent reduction in out-of-stock items will result 
in an increase of 1% of gross sales. Using the average 
markup of 18% of sales, the economic advantage of having the 
system will be .18% of gross sales. In the three stores of 
Table 4, this amounts to about $200, $300 and $400 respectively 
from small to large stores.
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Other Benefits from the Proposed System

There are other benefits to be derived from the use 
of the system the dollar value of which is impossible to 
estimate in detail. One is the good will gained through 
presenting the customer with a detailed invoice of all her 
purchases. Recently an experienced supermarket manager 
was presented with a brief systems description and upon 
hearing of the itemized sales slip. Figure 5, he commented 
that in his opinion the system was worth the price for that 
feature alone,

Another benefit to the supermarket management is 
the commodity by commodity information which gives a much 
closer control over pilferage. The system will not of 
course prevent its occurrence, However, the manager will be 
provided with early and detailed information upon which he 
can base decisions on how to combat this loss, which is 
estimated by the industry to be of considerable proportions.

By taking over some of the time consuming tasks of 
ordering, price checking and stock checking the manager of 
a supermarket in which the system is installed will have 
more time to spend on the profit creating tasks of merchan
dising , customer service, etc.

There is a source of income which may flow to the 
supermarket because of the detailed information which it 
will obtain from the system. Marketing organizations 
have begun to buy commodity flow information from chains
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ITEMIZED L I S T  OF PURCHASE  

AT

JOE THE FRIENDLY GROCER'S

ITEM CODE ITEM AMOUNT

1 1 2 8 D ELM O N TE PEAS 3 0 3 0 . 2 5

6 4 1 4 SW SPINACH 2 ' / 2 0 . 5 9

6 6 7 8 •

9 6 4 2 •

• •

• •

• •

7 2 9 4

ITEM CODE ITEM AMOUNT

6 6 4 8 7 OC ONIONS 0 . 4 9

SUB TOTAL 2 4 . 8 6

STATE TAX 0 . 8 3

CITY TAX 0 . 2 5

FED TAX 0 . 0 0

TOTAL T H IS  SALE 2 5 . 9 4

YOU HAVE 9 7  IT EM S IN YOUR ORDER .

THANK Y O U . COME AGAIN •

F I G .  3

O N - L I N E  CUSTOMER OUTPUT
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and selling it in report form to suppliers and manufacturers. 
Prices for this data range from $25 to $225 per week per 
chain per commodity (Business Week, March 6, 1966).

Although it is not possible now to give detailed 
estimates of the dollar value of the above four benefits 
to the supermarket operator, it seems quite conservative to 
guess that in a large supermarket these would not be of 
less value than $200 per month.

Summary
Upon the estimates made in this chapter, it appears 

that the proposed system is not feasible for use in a 
market which has a sales volume around $25,000 per week.
The cost of the system would be, as designed, about $2000 
per month, while the dollar value of the benefits from the 
system would not probably exceed $1550 or $1600 per month.

For a supermarket selling $37,500 per week, however 
the benefits will reach about $2150 according to the 
estimates developed. For a hard headed, matter-of-fact 
operator of a supermarket of this size the excess of visible 
benefits over actual costs of the system would probably 
not be appealling. To an imaginative operator of such 
a supermarket, who might see beyond the benefits hereto
fore given in detail, the system could well be seen as an 
answer to many of his problems, subtle as well as obvious.
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.For the larger supermarket with a sales value in 

the region of $50,000 per week, the system should have a 
clear and decided advantage. The cost would probably 
have to be increased to take care of the increase in 
number of input devices, from $2000 per month to $2100.
The balance is still clearly on the positive side.

One implication of the above analysis is that this 
may bring about another shift in the retailing of groceries 
giving the large market a more pronounced advantage over 
the smaller market. '



CHAPTER 6 
SUMMARY AND DISCUSSION

This thesis has presented a discussion of the 
general problem of data acquisition for use. in information 
processing systems. The specific problem discussed and 
analyzed and for which a solution was presented was that 
of improving the operation of supermarkets by use of a 
data acquisition system for inventory control and manage
ment information.

The system described is designed to reduce the cost 
of inventory holding by reducing the inventory to optimal 
levels for each commodity, to reduce.the cost for labor 
through automated reordering and computer directed stocking, 
to reduce the loss due to checking and pricing errors, to 
increase customer goodwill through service and information, 
and to make it possible to provide all levels of supermarket 
management with the power of an integrated total information 
system. This system is keyed to the concept that a numeric 
code (instead of price) serving as a means of registering 
the sale of an item can preserve the commodity identity for 
that item, and thus make the preceding functions possible.

The system is in a sense a model of the supermarket. 
Any tasks performed in the market are also simulated within
the system. By keeping a detailed record of commodity flow

64
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information this model can then be interrogated to achieve 
a control of the individual market that was never before 
possible*.

The sale of one or more items of a commodity is 
recorded at the checkstand by use of an operator controlled 
sales registering device that, in conjunction with the 
code, not only allows the recording of the sale, but 
furthermore insures that the price charged to the customer 
is the correct price. The system not only captures commodity 
flow information at the point of sale, but provides a 
customer with a descriptive itemized record of her purchases. 
Because of the nature of the sales registering task with 
this system, the effort to operate a checkstand is diminished.

To realize the goal of automatic reordering, 
inventory control, pricing and checkout efficiency, manage
ment information, shelf stock control and customer service, 
the system's hardware consists of a multiplicity of special 
purpose input and output units, a programmable digital 
logic unit, a random access memory device, a display console 
for management/machine communications and data links for 
the distribution of acquired data to all levels of super
market operations.

This configuration was designed to solve the problems 
of supermarket operation; hence most of the design parameters 
were dictated by constraints found within the supermarket 
industry. The systems design is problem oriented for



economy, but flexible enough to cover the whole spectrum 
of retail supermarket operations.

Beyond the direct day to day functions of the 
system within the store, the data captured by the system 
can be used by management for a number of purposes. By 
connecting the instore system to a centralized larger 
general purpose system, management can obtain more precise 
information to be used in managing not just on a store by 
store basis but a complex of stores such as a supermarket 
chain.

By bringing together the commodity flow information 
from each store to the central information processor the manage 
ment of a chain can establish control over merchandising, 
accounting, inventory, operations and planning. Merchandising 
can be controlled by use of computer compiled summaries of 
sales analysis, stock movement, evaluation of promotions, 
pricing comparisons, shelf allocation, etc. Accounting can 
be completely centralized with the computers taking care of 
accounts payable and receivable, payroll, and equipment 
records. Inventory management can be gained not only at the 
store but at the chain warehouses and suppliers by use of 
the commodity flow information. Chain operations can be 
improved through delivery routing and scheduling, personnel 
scheduling, and warehousing allocation now possible in a 
more precise fashion because of the increase of detailed
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information. Planning can be enhanced by computer assisted 
store location analysis, operating reports, market research, 
etc.

Through a detailed analysis of the economic 
comparisons between system's benefits and cost, it was 
established that the system is economically feasible for 
the average supermarket and that economically its benefits 
increase with the size of the store as measured by sales 
volume. The system and its impact on the stores is such 
that little change is required in the routine operation 
of the market. Yet the fact that the system benefits the 
larger stores the most, may yet put the larger supermarkets 
at an even more advantageous position than the smaller ones.
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