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The purpose of this dissertation was to develop a learning

instrument, to be used by programmers preparing for the Data Processing
Management Association Test as a self study book, or by college business
programming and computer science students who have completed a course in
data processing and a course in programming a higher level language.

The mathematical ability requirement was minimized by developing
the algorithms in parallel with the programs.

The learner should experience emphasis in the following. areas:

1. The type of activities required to pass the DPMA test
(the programming part)

2. Data Structures

3, Fortran (at the level of the DPMA test)

4, RPG (at the level of the DPMA test)

5. Flow chart reading and writing

Fortran and RPG (Report Program Generator) lianguages were used,
since their proficiency is required for the DPMA test; however a subset
of IBM Basic Assembler language was used, because the author believed
that a person who is more than superficially interested in computers
should demonstrate a proficiency with a machine language.

An important part of this method of presentation are the
cassette recordings which allow the learmer to progress outside the
classroom. The recordings plus the hard copy of the actual programs,
diminished in size, give the learner material which he can move to any

location and study without the presence of the instructor.

Organization

The book is divided into four mein parts:




1. Introduction (containing the Swanson Systems Study)
2. Data Structures
3. Fortran

al RPG

The Introduction containsg the Swanson Study which provides a
model to answer the question "WHY" for much of the rest of the book.

Section II, Data Structures, includes many of the topics in-
cluded in the recommendations of the Curriculum Committee on Computer
Science of the Association of Computing Machinery.

Section III, Fortran, is designed to prepare the advanced pro-
grammer for the DPMA test, but can be used to develop programs in other
languages by using the fortran programs presented here as models. This
section does contain some BAL programs.

Section IV, RPG, provides models which will aid in the prepara-
tion for the DPMA test. The BAL models used here were selected to match

the same topic, Invoicing, as the RPG program.

Experimental Results

The experimental objective was to determine to what exteat, if
any, Advanced Computer Program Models affected the attitudes towards
and proficiencies in programming of college level students in San Diego
County.

The original design of the experiment was a completely crossed
three by four factorial experiment: three level (nmovice, beginner and
expert) versus four types of computer iustructions: (1) standard class=~

room, (2) no classroom, only the talking textbook material, (3) classroom
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and material, (4) open study with no guidance from instructor or
experimental materiai,

The observations are individual students' different scores with
respect to a standard examination given in January at the start of the
school semester, and the same examination given in May at the end of
the semester. Classes were held for one night a week for a total of
eighteen meetings. One section consisted of students learning computer
programming. The other sectious consisted, with one exception, of pro-
grammers who had some experience with programming. In this section the
objective was to develop techniques for data structures.

There were several factors which prevented us from fulfilling
the requirements of cthe originally completed cross factorial experiment:

l. We were dependent on the availability of computer equip-
ment,

2. We could not control the composition of the programming
classes so that one class was a mixed grade level and the
other class was not mixed.

3. We were dependent upon volunteers and had no control over
the number of programming sections assigned to these

volunteers.

To measure the affect on proficiency, we used the CTSS test data

bank maintained in the California State University, San Diego. To
measure the affect on attitude, we used the Aiken Devised Programming
Attitude Scale, which is a Likert-type scale, developed by Louis Aiken,
professor of psychology, at Guilford College. They were administered

once within a week period between January 15th and January 2lst, and
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the second time between May 15th to May 22, 1972.

The tests were ad-

ministered by the instructors to their own classes. The grading and
scoring was performed by the staff at San Diego University.

A statistical analysis was performed with the assistance of the
computer facilities of San Diego State University. Biomed Statistical
Program, BMD-V, was used in one analysis. The remaining analyses and

data summaries were made using the statistical program library (S.T.L.)

available at the University.

Conclusions

The conclusions derived from the testing and experiments were:
Novices scored significantly higher with classroom instruction with
little difference in text used., The absence of significance in the
effects of the classroom experience and text on student proficiency
and attitude in the other groups was contrary to expectations. The
curriculum in question had been developed for a different approach for
the subject. At the end of the experiment, the instructors were of the
opinion that for a more effective utilization of the material, it would
be necessary to adapt the text to the curriculum.

Whether or not a curriculum especially adapted to this experi=-
ment would show any changes in student proficiency or attitude is another
question for objective evaluatiom.

In any case, it is clear that the function of this text, as it
was coordinated for this experiment, did not provide any reasonable im-
provement in the overall student proficiency or attitude beyond.the

variations associated with students, teachers and experience level,




PREFACE

This book is a learning instrument, to be used by programmers
preparing for the Data Processing Management Association Test as a self
study book, or by college business programming and computer science
students who have completed a course in data processing and a course
in programming a higher level language.

The mathematical ability requirement of the student has been
minimized, since the algorithms are developed in parallel with the
programs.

The learner will experience emphasis in the following areas:

l. The type of activities required to pass the DPMA test,
(the programming part}

2. Data Structures

3. RPG (at the level of the DPMA test)

4. TFortran (at the level of the DPMA test)

5. Flow chart reading and writing

Fortran and RPG (Report Program Generator) languages were used
since their proficiency is required for the DPMA test; however a sub-
set of IBM BAL language was used because I believe that the person who
is more than superficially interested in computers should be able to
demonstrate a proficiency with a machine language.

The cassette recordings are an integral part of the presenta-
tion, since they allow the reader to progress outside the classroom.
The recordings, plus the hard copy of actual programs, diminished in
size, give the learner material which he can move to any location and

study without the presence of the instructor.
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ORGANIZATION

The book i¢ divided into four main parts:
1. Introduction (containing the Swanson System Study)
2. Data Structures
3. Fortran

4. RPG

Section I, the Introduction, contains the Swanson System Study,
vhich provides a model to answer the question "WHY" for much of the
rest of the book.

Section II, Data Structures, includes many of the topics in-
cluded in the recommendations of the Curriculum Committee on Computer
Science of the Associatioa of Computing Machinery.

Section III, Fortrun, is designed to prepare the advanced pro-
grammer for the DPMA test, but can be used to develop programs in other
langusges by using the Fortran programs presented here as models. This
section does contain some Basic Assembler programs.

Section IV, RPG, provides models and information which will
aid in the preparation for the DPMA test. The Basic Assembler program

presented here is used as a comparison for the invoicing program,

written in RPG.
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HOW TO USE THIS BOOK

The programmer reviewing for the DPMA test can study the Swanson

Study, use the cassettes, review the Fortran Section (paying particular
attention to the first half), and review the RPG Section. This can be
done in six weeks without an imstructor.

The college student can make a semester, or a year study, with
‘or without an instructor. The type of computer is incidental, since
the tape cassettes analyze each BAL program. In fact a computer isan't
needed (however it does work as a motivating force). This allov.rs
several different languages to be programmed at the same time during a
semester.

An instructor who uses this book need not know the Basic Assem~-
bler Language, because the tapes will assist him.

The long programs were diminished in size intentionally so that
a learner could manipulate them with ease. It is sometimes better for
analysis, if the learner copies certain sections manually, if he wants
to carry on a concentrated study.

The book starts with a real systems study, which uses a ficti-
tious name. The study was made by the firm of Swanson Associates,
(real name), and the corporation in the study is the Marine Division
of the Oceano-Graphic Corporation (fictitious name) .

Why use a systems study to start a programming text? The
answer to this question is that the study gives meaning to the whole
text, and serves as a vehicle for the text. The programmer reviewing
for the DPMA test might have lost viéw of the whole corporation, he

might have forgotten some of his systems work he had a few years ago,

iii




and might not have a model of a S§ystems study to review before His test.

The college student might have a good background in accounting,
but it will add to hig ability if he can work with a model that develops

4 management information system, which includesg the whole or at least

@ part of the corporation,
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SECTION I

INTRODUCTION




THE SWANSON SYSTEMS STUDY

The objective of this section is to present a complete model of
a systems study, and the presentation of the files serve as models to

be programmed at the end of the book.

Since so many elementary programming books start with explana-
tions of computers and use only short examples, it was felt that an
advanced book should contain a system study and complete models of pro-
grams when possible.

It is suggested that the reader return again and again to the
charts of this study so he can develop a feeling for thue functionmal

groupings of this real corporation.



1.0 ABSTRACT

PRODUCTION SYSTEM PROPOSAL

for the
MARINE DIVISION
of

OCEANO-GRAPHIC CORPORATION

by
Dr. Daryl G. Mitton

Dr. Robert W. Swanson

This is a proposal of a system design for the Marine division

of the Oceano-Graphic Corporation. We believe its unique features will

provide a multitude of advantages for the firm including:

a.

C.

d.

A planning and control capability which cannot even be
approached by your current system and which, we feel, has
not been attained for any similar sized company in the
past.

A capability of response through information accessibility
for all tactical and strategic situatioms.

A reduction in both direct and indirect production costs—-
at present or increased production levels.

A competitive advantage in the ability to obtain proper

proposal information from a technical, cost, and delivery

standpoint.
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e. A reduction in inventory and inventory costs (we feel that
under existing output levels, the present inventory level
of $85,000 can be cut to $20,000).

The availability of analyses of consequences of alternative

decisions.

g. The many sundry advantages brought about by good systems
design, such as more complete and improved cost informa-
tion, the signaling of impending operatiomal difficulties,
the reduction of operation cycle time, the improvement of
customer service and feedback, the determination of future
equipment and manpower needs, and the preparation of most

essential paperwork.

The strength of the system is the ability to obtain needed in-
formation easily. This strength provides a strong motivation to keep
the system operative. No operational system, regardless of its detailed
design, will function properly unless it is used as its design intended
it to be used. Most systems are designed in such a way that their in-
tended function is obstructed in some way to satisfy organizationally
local needs. Therefore, most systems fall short of their intended goals.

At present, the Marine Division of the Oceano-Graphic Corporation
has a very detailed and elaborate system for operational planning and
control., It does not function. Its literal atrophy is caused by an
informal realization at all levels within the division that the struggle
to supply input and the difficulty of receiving output are not worth the
rewards obtainable by the functioning system.

This is no direct criticism of the Marine Division system, for

what is symptomatic here is found in most organizations: the super-
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imposition of an informal "make-do" system which operates on "get by"

and exists to accommodate certain paper work demands that may or may not
have any real relevance to the effective running of an organization.

In fact, it is not uncommon for the resulting working system to be
actively dysfunctional, particularly in the long run.

Our study first confirmed the existence of a non-working system.
We next submitted preliminary designs of two possible alternative systems
which would provide a greater degree of automaticity in speeding input
and spilling output. The first was a somewhat conventional approach,
an integrated data processing system, which would mechanize the various
subsystems (a subsystem at a time) that impacted on the production
function--production, purchasing, accounting, engineering, etc. Each
system, being separate to orient its particular output demands, would,
nonetheless, be updated by information fed into any of the subsystems.
Output would have a specialist orientation--not suited to gemeralship.
The data files would be redundant and the system would never be totally
current, We admit to editorializing against this system in favor of a
second approach, which the Marine Division aecided to pursue.

The system devised is built around the concept of a single flow
of information. Essential to this system is a common data base. In-
formation input is, therefore, immediately triggered to update purchas-
ing, production, engineering, etc. Information is always current. No
output is made unless called for. Information release is on a ''meed to
know" basis rather than a "nice to know" basis, and it is in an inter-
pretable form to serve as a decision base. The ability to obtain needed
information very easily serves as the strongest motivation to supply

essential input. 1In spite of the universality of the system, we have




devised a way to introduce it in modules, which will enable faster
realization from the system as it is programmed and introduced, and
which provides for current debugging of the programming.

We recommend an IBM 000/000 computer as the equipment best
suited for immediate and future ne~ds of the Marine Division. We esti-
mate its first-year costs at $00,000 ($0,000 per month for ten months)
to program and debug the system recommended. Current Marine Division
personnel would be able to man the program, so no additional cost would
be incurred here. It is unfortunate, in a report such as this,.that we
cannot include as a cost the price of not making the change, for we
feel, if the Marine Division is to be a part of the growth of oceano-
graphic explosion that is sure to come, these changes must be made.
What is the cost of losing a position of leadership in oceanographic
instrumentation? What is the cost of losing a contract because of poor
performance? What is the cost of slipping ever so slightly behind the

competitor? There are costs that do not show in the profit and loss

statement directly, but their costs are just as real as those that are

displayed.

1.1 PLAN OF REPORT

The report is presented in five parts, starting with a discussion
of the objectives and limitations. This is followed by an explanation
of the methods used and alternatives available to us in conducting the
study and design. The next section of the report is devoted to a sum-
mary analysis of the existing system and what we considered to be the
major limitations for continued successful use of the system as it cur-

rently exists. Beginning in Section 5.0, we present the proposed single




information flow system, complete with the details of the proposed
filing system. In Section 5.5, we further specify the benefits that
can accrue from the employment of such an approach to the production

information system. Section 6.0 of this report deals with our estimated

cost and schedule of implementation.

2.0 OBJECTIVES

The objective of this study is to analyze existing procedures
and conditions of operations prevalent in the Marine Division of the
Oceano-Graphic Corporation to determine the feasibility of use and
choice between available methods of operations of automatic data process-
ing systems.

A part of this objective has been to develop an operating system
that would provide the management of this division with insight and con=-
trol of the production function, insight being defined as access to the
facts in an orderly manner with an insured degree of accuracy.

A second function of the objective was to develop the state of
automation to provide individual response to the system.

The functional criteria for measuring how well these objectives
can be obtained are:

a. Reduction of the number of manual checking functions by
one-half (i.e., routine decisions and paperwork).

b. The increase of the division's profit to thirty percent
prior to taxes.

c. Reduction of the total direct and indirect cost of pro-
duction by twenty percent.

d. Reduction of the response time to a customer's order to

thirty days.




2.1 SCOPE

There are many limitations to a report of this nature, Time
only permits the minimum of attention to the existing disciplines and
methods of management information systems. The chief center of interest
here is to determine the prospective utilization or applicability cf
present systems. Further, since many management decision factors are
prefaced upon future events not totally definable now, no effort has
been made to define the future needs of Oceano-Graphic other than what
is needed now. These decisions must be reserved for the future as the
technology evclves; however, the provisions for growth were considered
and incorporated as a function of the study. When we cousider the
peculiarly sensitive nature of a company's investment in computers——
with its potential for major impact on its position in competition--
judgments on how, where and when--the investment should be made to
assume special importance. As a result of advances in technology, the
computer can now play a more central role in corporate planning and
operations. Since present criteria for allocating resources to ADP are
based on outdated data processing operations or omn rules of thumb, they
do not take into account the ability of computers to contribute to
profits and/or cut operating costs outside of ADP. Clearly, it would
be more appropriate to evaluate the computer investment in terms of
its contribution to the entire management process.

We recognize how difficult a task this will be. There can be
no simple rules of thumb for analyzing Oceano-Graphic's ADP expenditures.
These expenditures must be geared not to the company's size or competi-
tor's spending, but to the benefits to be derived in each specific case.

Since these benefits often accrue from the value of the information to
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be supplied by the system, as well as from the added efficiencies and

direct savings in data Processing operations, they are elusive and
extremely difficult to measure.

It should further be expressed as a function of the scope of
this study that we, as Consultants, are not in the business of selling
Computer hardware. Our task is to evaluate the present system and
recommend changes as they relate to the objectives of the study., If
the results of this study are'implemented, the choice of equipment

would be the decision of the Oceano-Graphic Corporation.

3.0 BACKGROUND

Our approach to this particular study was to review the present
system as it is currently operating. This review included those docu-
ments and procedures that are defined in the systems and procedure
manuals and a complete survey of the actual operations and procedures
as interpreted by those performing the functions. There always exists
a certain dichotomy in all enterprises. There are the procedures set
by the workers and lower levels of management and the procedures formally
defined by top management, Rarely are the interpretations identical.
Suborganizations with organizations adopt symptoms to satisfy the needs
of their organizational area, They add to and ignore the system as
they see it and make it tolerable and workable from their point of view.
Therefore, there exists a system working the way the lower echelons
believe it has to work. It is necessary to review both systems.

Each of the activities was reviewed from the perspective of how
well it contributed to the production of the end product and how well

it fit into the function of management control, Instead of starting
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with the costs of processing data, we started with the positive value

of the information produced by the processing. The benefits do not stem

directly from the fact that given data are processed; they stem from the
results of data processing. The value of information from data process-:
ing is not what it costs to obtain but, rather, what it can do for
management. Costs have their place, but in a different part of tae
equation.

This, the first effort becomes one of analysis of the intended
system., It is an effort to establish a system based upon the total ob-
jectives of the company. Recognizing the profitability of rapid growth
in the oceanographic field and tke limitations of time and cost in
designing and implementing a total system, we feel there are two feasible
alternatives to choose from--integrated data processing or single infeor-

mation flow.

The integrated data processing approach is an attractive alterna-

tive from several aspects. First of all, it is the conventional approach.

Most commitments in the field of data processing take this approach. It
is a step-by-step approach. You can merchandise a subsystem at a time,
thereby getting a system on the computer, gaining some utilization and
economic value out of the system without the total system being designed.
In this case, production could be put into operation first, followed by
a purchasing system, then accounting, etc. All of the subsystems would
be designed so that information from one system would be used to update
other subsystems, thus integrating all the systems into a single inte-
grated whole. Each of the subsystems would produce the desired reports.
In the technical jargon, we refer to it as an "output oriented system."

The single information flow concept developed from some of the
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apparent limitations of the integrated data processing (IDP) approach.
First, consider the IDP method each subsystem being linked to the other
subsystems. This means each subsystem must be updated without respect
to the volume of transactions affecting it, Secondly, each subsystem
must, by its nature of independence, support separate filing systems,
much of which is redundant data. This requirement for processing and
redundant files necessitates considerably more machine capacity than
would be required if they could be eliminated. A second deficiency
arises in that the system is never totally current by the nature of the
interlacing of subsystems. Thus, management in each of the separate
functions always sees different data creating a continuous point of
contention.

This system is designed whereby the source information in any
department updates a single information file. TFor example, an engineer-
ing change would update the purchasing files and production files, as
well as the engineering files at the time of entry. Conceptually, they
would be a single file. In this mode, we could eliminate a consider-
able amount of processing. In the techmical sense, the system would
become input oriented. The results would chen be a system containing
the same information bank, but requiring less equipment and more current
data.

When presented with these alternatives, the managemeat of the
Marine Division chose to pursue development in the direction of the
single information flow concept. The design of the system was then
undertaken with the intent of developing this concept on a limited

scope, primarily directed to production, inventory control, material

control, and purchasing functions.




3.1 PROCEDURAL ANALYSIS

The benefits accruing from any management information system,
whether computerized or not, may be seen to fall into three categories:

a. Cost savings--i.e., savings in data processing cost
because of reductions in clerical work force and other
changes.

b. Operational gains--i.e., efficiencies in corporate opera-
tions resulting from the application by managers of
information received through the system (for instance,
data on inventory reductions and faster production).

¢. Intangible benefits--i.e., improvement in customer service,
corporate planning and forecasting, the ability to sustain
growth, and other advantages which may not be present
without the system but which depend upon management's
astuteness in using it.

Thus, the functions for measuring the value of the present system were
categorized into these three areas in an attempt to establish a baseline.
It is also necessary at this point to differentiate between the
business system and the information system of the enterprise. For the
most part, the business system has its main function of converting the
raw materials, through a process of manufacturing, testing, and assem-
bling, into oceano-graphic measuring instruments. The management
information system, on the other hand, translates from the environment
and from within its own components as its inputs. It stores this infor-
mation and associates it with previously stored information im order to

provide a frame of reference for the next vital step, that of making a

decision.
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Defined in this manner, the analysis of the present system and

design of the proposed system were evaluated against the following

premise.

is being accomplished as compared to what was planned.

Management control is a function of measuring how well a task

ally described as:

PREMISE——> PLAN ——> PROCESS —> MEASUREMENT

"\\

FEEDBACK né—

4.0 THE EXISTING SYSTEM

As previously stated in the procedure of analysis section of

this report, the existing system was evaluated primarily from the follow-

ing points of view:

a.

b.

e.

What are the objectives or premise for operations?
How was the premise put into operation, i.e., how did
the planning take place?

In what manner was the plan implemented?

What was the measurement for determining how well the
plan was being accomplished?

What was the medium for feedback and how did it affect

the process?

The first step was to define the processing system as it cur-

rently exists.

EXHIBIT "E1" describes the system by means of a PEKT

type network as it was described by the employees within the system.

As we appraise the system from an overall standpoint, we find

This is pictori-
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the information is usually defined in two documents, the MJO and con-

tract. This information is then combined with the forecast of sales to
plan the task. The planning task for inventory MJO's is completed and
issued in the form of a milestone schedule, which is filed and never
distributed. As a matter of interest, during the period of this investi-
gation, much dissatisfaction was expressed by those making this schedule
and they had discontinued its process and were in the process of design-
ing a new one. No where in the organization was any other reference
made of the milestone schedule nor did anyone seem to miss it. This

was somewhat overcome by the authorization for work document. This
document does give the information as to what is to be done and some
limiting criteria, such as budget and when due.

In pursuing the authorizatiomn for work as the planning and con-
trol mechanism, we found its primary use was to provide the major task
definition and a charge number by which to accumulate costs. It con-
tains no provision for stating how the job is to be done and if there
is a change in the plan. For instance, there is no revising of this
document to reflect the change. Hence, the document doesn't really
provide the planning function nor the feedback medium for comtrol.

To further pursue the process of planning, we found the foreman
in each of the departments was familiar with what had to be accomplished,
based upon past experience, and assigned the work accordingly. This work
assignment was related to their area only and reflected none of the
interface requirements of the other subsystems. Thus, the product test
plans were in no way coordinated with the machine shop. Again, there
was a complete lack of any formal feedback mechanism. It would appear

to an outsider that the system primarily reacted to crises and was not
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a function of discerning which of many alternatives should be taken.

Unfortunately, it is the empty wagon that makes the most noise.

Because of the lack of a formal flow of the planning function,
it became impossible to measure economically the cost of that system
and we, therefore, abandoned attempting to establish that of baseline.
We also recognize that the Marine Division is basically an intermittent
type of operation or job shop--crganized about multipurpose machines to
perform specific functions. This type of environment normally relies
on heavy paperwork in order to control closely its cost and production
capacities,

We believe the present management has designed systems that
would accomplish the intent of contrecl. However with the dynamics,
particularly present in the oceano-graphic field, any effort to accom-
plish this manually with a sizable production volume would be futile.
First, the cost of manpower, primarily clerical and management, would
be economically infeasible. Second, the response time would be of such
length as to negate most of the competitive advantages of the . :oduct

and seriously affect the function of sales.

For the purposes of this report, we have included some of the

analytical data used to arrive at the above conclusion. This, of course,
is only a sample of the effort and volume of data collected. It is not
our intent to burden this report with data that is meaningful only to

fellow colleagues in this field. However, some insight should be given

the reader as to the logic of the conclusions,

5.0 PROPOSED SYSTEM

Experience has shown that the gathering and dissemination of
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information is the manufacturing company's most difficult problem. In-
formation is voluminous, scattered, and often difficult to obtain. 1In
one of the early stages of this study, Mr. Fictitious emphatically

stated he wanted a system that would give him "access to the facts."

In addition, if we are to maintain the function of management control,

we must provide for a means of planning and measurement that is currently
lacking authenticity in the current system. Thus, our system must have
a central information system and a framework that will facilitate
mechanization.

We are proposing a single flow information system where the in-
formation will be accumulated in a production control center and where,
literally, one set of books is maintained. This takes the form of
records stored on computer disk files, readily accessible to all in-
terested parties at a moment's inquiry. These records are designed to
contain as much data as is deemed important to management. The accuracy
of the records, also an essential element, will be easier to achieve
and maintain, for only one set of archives will now be put to use.

The essential element of this system is the development of a
data base that generally covers all the operational information needed
to handle this company's business. It will be stored on disk files and,
therefore, directiy on-line with a computer. Because of this, summary
and detail information can be accessed, updated, and retrieved from
multiple entry points., Data is stored one way through reference to
symbolic record field labels and can be printed in various output
formats.

Each system of records is linked in a particular manner. For

example, a part number, accessed through the basic record, may lead to




what we call the product structure-—a where-used going-to file, or

standard routing record or the manufacturing sequence, or an open order
status, or an open job summary, or a detail record. In the latter in-

stance, the specific work center in which the job is being performed

may even be pinpointed,.

5.1 THE SYSTEM OVERVIEW

Drawing No. 1, System Overview, shows the interaction on data
flow within the Marine Division organization. The interaction of these
events is grouped within seven major areas:

a. Sales analysis

b. Engineering

c. Inventory control and production scheduling
d. Manufacturing facilities

e. Finance

f. Purchasing

g. Sales and distribution

While the data base is designed to process segments of all
these areas, it does not contain the additional detail records needed

to handle sales analysis, finance, and sales/distributionm.

5.2 PRIMARY FLOW OF INFORMATION

The input of information leads from an initial input of customer
orders and statistical sales background data to the final shipment of
an order. A generalized statement qf the system flow is divided into
a planning phase and an execution phase,

Planning begins with the preparation and projection of order

forecasts. Stock availability and on-order status are screened across
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product inveantory records, but family component characteristics of the

product line must also be recognized. Product structure on bills of

material enter into these decisions.

After a determination of net requirements, an order quantity

[N

analysis takes place to ascertain lot sizes and lead times for both pur-
chased and manufactured items.

To-buy items are routed to where items are placed on a purchase
requisition. At this point a selection of vendor is made, price and
delivery are negotiated, and purchase order is released. Receibt cards
and/or a scheduled receipt document may be prepared simultaneously with
the purchase order and forwarded to the inspection-receiving area of
the plant. An open purchase order record is now initiated for follow-
up.

To-make items are routed to production planning for assembly and
fabrication. Some similarity exists within these two units. An assembly
order is generated for the assembly area, a shop order for the fabrica-
tion area. Material requisitions and job tickets accompany both docu-
ments. Three basic types of records (standard routing, work center
load, and open job order) permit assembly and fabricatiom to schedule,
to load, and to level the line or shop and to release the order paper-
work.,

Execution begins at the purchasing level with the need for
order follow-up and vendor expediting. The vendor ships material,
accompanying his shipment with packing lists and an invoice.

Varied execution functions are performed at the assembly and

fabrication levels. Orders are dispatched, rescheduled, and expedited

between work centers. In the meantime, current production reporting




updates work center and open job order records.

5.3 SYSTEM FLOW

Our proposed system has been designed to fit this basic produc~
tion model, For ease of implementation, eight subsystems have been
developed. This allows for modular programming and should substantially
reduce the cost of implementation and speed of accomplishment. The in-
formation flow begins from two directions. (See Drawing No. 2, Produc-
tion Model.) The first path moves from engineering data control,. to
inventory control, to requirements planning. The mission of the engineer-
ing data control subsystem is to organize and maintain basic records.
These basic records are what we call the item master file, product struc-
ture file, standard routing file, and work center master. The subsystem
has the added capacity or capability of retrieving information from the
data base. Six retrieval functions are presently developed, three in
assembly sequence and three in parts usage sequence.

An inventory control subsystem follows organization of basic
records. On-hand inventory, usage history, and on-order fields are used
in the item master file so that stock status reports cam be generated.
Thus, a major objective of this application area is record maintenance
and updating inventory. With accessibility to such data, "when to
order" and "how much to order" decisions are inade.

A second flow line moves from sales forecasting to requirements
plarning. The saies forecasting subsystem analyzes historical demand
data, which may be stored on the item master, to provide requirements

planning with a gross finished product forecast plan.

The merger of requirements planning with inventory control now
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makes it possible to determine net requirements, proilected into time

periods and schedule due dates. Product structure records are used at

this point to allow breakdown of finished product items into individual
components. These are similarly netted and projected into time periods.
All of this results in planned orders, destined to each of the four
links: purchasing, electromnic assembly, fabrication, and product test.
Planned orders to purchasing result in material requisitioms
being prepared. Through the use of purchase master and vendor master
records, a vendor may be selected and a purchase order with recéiving
documents created so that purchase follow-up can be initiated in the

next sequence of events.

Planned orders to the three production areas go to the capacity
planning sub-systems, or long-range scheduler. Its purpose is to identify
overloads far enough in the future for both facility and manpower plan-
ning,

After order start date calculations are performed (utilizing

standard routing records), comnsideration is given to plant capacity.

The work center master is used for this purpose. Available techniques

are then used to level the loads. A work center load report, projected
by time period, is one of the key output documents. 7The operation
scheduling accepts orders which have gone through a releasing cycle from
capacity planning and schedules the work center within its short-raage
time span. Dispatching sequences are prepared and analyses made of the
loads. Priority rules are set and order completion dates determined.
To the short-range scheduling phase of this subsystem, we have added the
control of tools. A tool master record is designed for this function.
Shop floor control is the final subsystem in the flow lime. It

prepares the shop packets and other factory documentation. It also
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constructs the open job summary and operation detail records so that the
progress of the work can be reported. Feedback is one of its more im-

portant functions so that the system can respond to change.

5.4 STANDARDIZED RECORDS

A set of standardized record layouts is included in this report.
These records are designed as the data base to mechanize the application
areas we have discussed and lead toward developing a single information
flow concept.

These records contain the fields we consider necessary to enable
Oceano-Graphic Division to utilize and control their control production
output requirements. Each record is described in detail in Drawings
numbered three through eight. Their respective lengths determine the
size of the storage requirements of any data processing equipment em-
ployed. Chart No. 9 is included to show how the chaining sequence of
the records is interfaced. This intexaétion of the records achieve for
us two major functions, first to provide access to the facts and second-
ly, through this chaining sequence a single data base is developed to
allow for implementation of the single information flow showing how a
change, such as an engineering change, updates the whole data base,

which is common to all. Thus, we accomplish one of our main objectives;

one set of books is maintained.

5.5 BENEFITS OF THE PROPOSED SYSTEM
a. A Plan for Growth
A plan can be developed to begin implementation for each
of the application subsystems leading to the single in-

formatiop flow system. The system can grow as Oceano-
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Procedure Flow Chart
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Graphic grows. And Oceano-Graphic will obtain tangible
results long before the total system is installed.
Standardization

Information is common to all-~it is known and called by
one description. One set of records makes this possible.
Thus, it makes planning easier with standardized consis-
tency in estimating and pricing.

Extensive Data Base

The record base has two important features: accessibility
and accuracy. Information is accessible through inquiry
to multiple points; detail is available through chaining
to all related records. No longer will it be necessary

to spend hours or days searching file drawers or ledger
cards. Also, information is more accurate; it is updated
in only one place. Standard transactions processed within
each subsystem assure complete record maintenance.

Modular Program Design

Chart No. 10 shows the modular programming concepts. We
can obtain tangible results before the total system is
installed. This has been the major drawback of the single
information flow concept. This will also allow a systema=-
tic plan of implementation with easily defined milestones
for time and budget control.

All production information is now directed ianto a single
channel., Levels of operating and management personnel

are made more aware. With this assurance, the following

should happan:
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(1) Cost can be closely controlled, better surveillance

over overtime hours, inventory, and machines--the

key to cost reduction.
(2) More efficient planning.

(3) More time available to react to changes.

(4) Less waste, reduced information costs, more profits,

6.0 COST OF IMPLEMENTATION

The cost of implementation is a function of two variables,
Machine costs of equipment capable of the level of mechanization required
for this system represent one variable. Software cost, the cost of pro-

gramming, represents a one-time cost necessary to the operation of the

systano

6.1 HARDWARE COSTS

The hardware costs have not, for the purposes of this report,
been precisely defined by the soliciting of quotes or bid proposals,
However, with our experience directly in this field, a realistic esti-
mate can be submitted. For instance, an IBM System 000/000 with a coa-
figuration to handle this application would cost $0,000 per month through
the first years of operation., The addition of terminals as the need
arises will increase the hardware costs to approximately $0,000 per
month at later stages of development.

Operating and programming costs after the system is fully in
operation will be approximately $000 per moath. It is imagined this

capability 'rould be developed from within the curreat organization and

no additional people added to the payroll.




6.2 SOFTWARE COSTS

The normal rule of thumb for predicting software cost for a new
system such as this is to take the first year's cost for the hardware;
in this case, $00,000. However, the sophistication of this system,
which is considerably more elaborate than a payroll system, etc. (which
is usually the makeup of software costs), can be accomplished for con=-
siderably less investment, since developed, canned programs, programs
already written, can be used to minimize this expenditure. However,
the canned programs still must be modified and patched to fit the
Oceano-Graphic operation. We, therefore, estimate the cost of program-
ming, debugging, and implementation of the system td be $00,000, approxi-

mately $0,000 per month for a period of ten months (Reference Drawing

No. 11, Implementation Plan).




ACTIVITIES

Question 1,

Answer:

Question 2.

Answer:

Question 3.

Answer:

Question 4.

Answer:

Question 5.

Answver:

The existing system was evaluated from what points of

view?

A. What are the objectives or premise for operation?

B. How was the premise put into operation, i.e., how
did the planning take place?

C. In what manner was the plan implemented?

D. What was the measurement for determining how well
the plan was being accomplished?

E. What was the medium for feedback and how did it

affect the process?

What was the object of the engineering data control?

To organize and maintain basic records.

What are the basic records?

Item Masters, Product Structure, Standard Routing and

Work Center Master.

What other record is inciuded under Engineering Data

Control?

Open Job Order and Order Summary.

What is the major objective of the Inventory Control

System?

Record maintenance and updating of the inventory (it

indicates when to order and how to order).



Question 6.

Answer:

Question 7.

Answer:

Question 8.

Answer:

Question 9.

Answer:

Question 10.

Answer:

Question 1l.
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What else is of importance as far as inventory con-
trol is concerned?
On-order fields are used in the Item Master so that

Stock Status reports can be generated.

What functions do the Sales Forecasting and Require-
ments Planning Connection perform?

The analization of histo:ical demand data, which may
be stored on the item magter to provide requirements

planning with a gross finished product plan.

What is the result of the merger of Requirements
Planning with Inventory Control?
This makes it possible to determine the net time re-

quirements, projected into time periods and schedule

due dates.

What other records are used?

Product Structure records are used to allow the break-

down of finished product items into individual

components.

What are the names of the four links that the Planned

Orders are distributed to?

Purchasing, Electronic Assembly, Fabrication and

Production Test.

What are the four files involved when the Planned

Orders reach the purchasing link?




Answer:

Question 12,

Answer:

Question 13,

Answer:

Question 14,

Answer:

Question 15.

Answer:

Question 16.

Answer:

Question 17.

Answer:
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Item Master, Purchase Master, Vendor Master and Open

Purchase Order.

How may a vendor be selected?

Through the use of a Purchase Master and a Vendor

Master record.

What is the purpose of the Capacity Planning Subsystem?

It identifies overloads far enough in the future to

allow manpower planning and facility planning.

What records are used to calculate the Order Start

Date?

Standard Routing Records.

Give the name of one of the key documents developed
in this area according te the Production Model.

Work Center Load Report, projected by time period.

What is the purpose of the Operation Scheduling
Section?
It accepts crders which have gone through a releasing

cycle from Capacity Planning, and schedules the work

center within its short range time span.

Shop Floor Control is the final subsystem in the

flow. Give two of its functions.

A, It prepares the shop packets and other factory

documentation.

B. It constructs the Open Job Summary and Operating




Question 18,

Answer:

Question 19.

Ansgwer:

Question 20.

Answer:
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Detain Records so that the progress of the work can

be reported.

If we examine the set of Standardized Layout Records,
we note that certain fields were used. Why?
The fields were used to allow Oceano-Graphic to

utilize and control their production output require-

ments.

What can the lengths of the records help detérmine?
The lengths can determine the size of storage re-

quirements of any data processing equipment used.

Chart 9 shows how chéining sequence of the record is
interfaced. What two functions does this achieve?
A. This allows the development of the necessary
retrieval functions to provide access to the facts.
B. The chaining (or linking) allows the development

of a single data base which means a single information

concept.
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(Make a check mark for your answer to Data Management Topics--included,

not included, or irrelevaant in the Swanson Study.)

FEASIBILITY

STUDY

1, Basic Steps in Development of Business Systems

o~ P
.

2. Factors

3. Systems

Problem definition

Application Research

Scope of study

a. Organizational boundaries

b. Objective of study

c. Resources available for study
Cbjectives

Target dates

Study phase responsibility

Education of several depariments
Management role

Included in Systems Repcrt to Management

Introduction
Description of study
Costs

Organizational changes

and Procedures Covered

4. Functions of Systems and Procedures Department

(] L]

o~ HwWwN
.

-
O v

11,

[
[\

Systems analysis and design

Forms design and control

Records management and retention
Report analysis

Preparation of written procedures
Work distribution

Process flow chart

Procedure flow chart

Work measurement

Time standards

Time and motion study

Forms control

a. Retain only necessary forms
b. Renew and reuse :
c. Proper design and manufacture
d. One person assigned to forms control

5. Forms Design Basic Consideration

l.
2.

Purpose
Decision for specific information




6.

7.

8.

9.

10.

11.

Records

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

Use and purpose

Logical placement of items
Physical placement of items
Analyzation of number of copies

Management

Creation and use of records
Distribution

Simplification of paperwork
Data retained

Filing procedures

Security

Company Manuals

1.
2.
3.
. 40

Organizational
Policy

Operation

General information

Installation of Electronic Data Processing

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Systems design

Personnel selection and training
File conversion

Forms design

Programming

Testing of programs

Facilities design and preparation
Scheduling and testing the system
Changeover

Feedback evaluation

Elements of Good Reports

1.
2.
3.
4.

Accurate
Clear
Relevant
Current

File Design

1.
2.
3.

Volume consideration
Timing
Sorting

Fact Gathering Techniques of a System Study

1.
2.
3.

Interview
Questionnaire
Review Records



12. Type of Informaticn Gathered

1.
2.
3.
4,
5.

Historical

Cost

Current procedure

Effectiveness

Relationship between departments
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CONSTRUCTION
The Swanson Study uses a PERT type plan with Chart 11. The con-
struction program can be used with this t-_.: of plan, and the cost

program, which follows can be used to account for costs that occur
daily.

Use the tape cassette to analyze this program. It will develop
an introduction to the Basic Assembly Laaguage used in this book.

The object of this program is to find the shortest time in which

a construction project can be completed and to find the activities that

limit the time for completionm.

L -

LS

o First a network for the project, such as Figure C-1 is drawn.
- Each arrow represents an activity. The numbered circles represent
events. The numbers alongside the arrows are the work time, in days,
for the activity. The diagram is laid out such that all activities
leading to an event must be completed before any activities leading
away from that event can begin. The ending number must be higher than
the beginning event aumber.

The data is read into the computer, one activity per IBM card.
The first sixteen spaces are reserved for the activity description, the
next three spaces for the starting eveat number, then three spaces for
the end event number, finally three spaces for the work time.

The data is stored ia core storage, first the sixteen bytes of
description, then two bytes for start event (packed format is used for
all number data in the storage tables), two bytes for end event number,
two bytes for normal work time. In addition, space is reserved in
nemory for start time, end time, slack time and an index. Two bytes

-of core storage are reserved for each activity in the table.

p—




S.
6.

7.

9.

10.

11.

12.
13.
14,
15.
16.
17.
18.
19.
20.
21.

22.

48

The program proceeds:

Initialize

Print header

Read all data cards and store information in table

Print out table

Sort the table on basis of lowest starting event number
Locate activity with the lowest starting event number
Locate and place in table TTWU all activities with end event
anumbers that match the start event numbers of (6)

Sort table TTWO on the basis of ending times

Subtract ending time of each activity from the ending time of the
largest activity in table TTWO

Enter difference in slack time position

Enter the longest eveat time from table TTWO into start time for

activity (6)

Compute end time for activity (5)

Index activity (6)

Transfer table TIWO and activity (6) back into main table
Test for last eveant

NO-back to (6)

Print out main table for second time

Sort main table on basis of lowest slack time first

Cut table off after a last event with mo slack time

Sort new short table on basis of start event number, highest first

Print headers

Print out first activity im table (this activity is actually the

last activity to be accomplished on the project)




23.

24,

25.

26.

27.

28.

Index first activity with a %%

Locate and print all activities with end event numbers the same

start event as 21

Index each activity printed with a cret

Return to beginning of table, find first activity not indexed with
%%, but indexed with a cret

Locate and print all activities with epéafient»nuﬁbers the same as
start event number 25 o

At last event end program

e
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Construction--Flow Chart
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Construction Program--Network Layout

Figure NET-Ol
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Construction Program

Sort Routine
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