DPHQ Systems Engineering Services
White Plains, N. Y.
August 21, 1961

Subject: Tabular Techniques Distribution #4, and
Confidential Nature of Releases

We hope you have found releases from the Systems Engineering Services
Clearinghouse to be informative. These reports cover new developments
in computer "software"; Tabular Techniques, one such development,

shows promise of aiding our customers in evolving new applications
for IBM equipment.

Many consider tables to be useful in performing the analysis necessary
in designing a new system; some maintain that they are more powerful

as a programming tool; others claim that the greatest benefit is

derived when used as a standard documentation technique. But regardless
of the area of use, we feel that IBMers need to be kept posted. For

these reasons we have gathered reports of work done by customers,
consultants, competitors, and IBM. Often the information contained

in these papers is strictly proprietary. Two such reports were contained
in Distribution #3: "Information Processing System Analysis" by
Sutherland Company and "An Insurance File Maintenance Problem" by

B. Grad. It is incumbent on the recipient to ensure that these reports
are not duplicated or shown to non-IBMers without approval of the
Clearninghouse. Your cooperation in this regard is absolutely essential.’

Enclosed in this distribution are two new items:

1. An article by B. Grad, entitled "Tabular Form in

Decision Logic", reprinted from Datamation magazine,
July, 1961.

2. A manual entitled '"GE 225 TABSOL Application Manual
(Introduction to TABSOL)" by the GE Computer Dept.,

Phoenix, Arizona.
furl ot
Burton Grdd, Manager

Systems Engineering Services
BG:eh
encl
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Tabular form has shown promise of being an effective
way to organize and present decision logic for systems
analysis and computer programming. Experience to date
clearly indicates the need for further exploration and de-
velopment of tabular form to determine its range of appli-
cation and assess its fulure potential. This report has the
dual purpose of skefching the historical background on
the development of tabular form, and indicating its pos-
sible advantages.

TABULAR
FORM
IN

DECISION LOGIC

by BURTON GRAD, IBM Corporation,
Data Processing Division Headquarters,

White Plains, N.Y.
. Glancing around the office, I can see three young

women busily engaged in the various duties of a

typical work day. Let me tell you about them.
Blond Marilyn is a chatterbox. Penelope and Theresa en-
joy going to the movies. Marilyn is married, but the other
two are single. Penelope has an attractive figure, while
Marilyn is somewhat on the plump side. Theresa’s quiet
moods contrast to Penelope’s happy ones, but they both
seem to enjoy life in native Manhattan, Marilyn has dimples;
Theresa may be recognized by her amber eyes and red
hair. Unlike the others, Marilyn prefers Shakespeare and
country living in Chappaqua.

Without looking back, can you recall all of Penelope’s
characteristics? Do you have a clear image of each girl
and know what data is missing or where there are inconsis-
tencies? To help answer these questions, let’s rearrange the
information. Displayed in tabular form, it would appear as
in Figure 1:

Name Marilyn Penelope |Theresa
Marital Status Married Single Single
Hair Color Blond Red
Figure Plump Attractive
Enjoys Movies Yes Yes
Prefers

Shakespeare || Yes No No
Residence Chappaqua | Manhattan |Manhattan

Features Dimples Amber Eyes

Characteristics || Chatterbox | Happy Quiet
Figure 1

From this illustration, some of the advantages of tables over
narrative style for comparative data display can be readily
appreciated: Conciseness and clarity is achieved by classify-
ing data; Completeness is insured by revealing areas where
information is missing; Meaningful relationships are recog- -
nized quickly and easily with the two dimensional structure.

While recognizing these advantages many will point out
that tables are merely a systematic way to present static
data. Do they have a worthwhile function in a more dy-
namic situation—that of decision making? Would tables be
valuable in systems analysis and computer programming?
Before we explore some preliminary answers to these ques-
tions, let's look at a brief history of tables.

universality of tables
Tables, whether statistical, financial, or analytical, have
gained widespread recognition; they seem to be a natural
form for expressing relationships among variable factors
where there are many possible patterns for arranging the
significant information. This fact is substantiated by the pro-
fusion of examples in everyday life:
The ubiquitous government reports with ponderous
breakdowns of the GNP or a simple recap on
whooping crane birth rates and population,
The multiplicity of fnancial reports showing the
status and growth of businesses,
The economic forecasts of things to come ranging
from hula-hoop production to manned satellites in
the burgeoning 60's and beyond.
The daily scratch sheet, the box scores of runs, hits
and errors for the latest baseball games, and the
highs, lows, and closing prices for stocks — all in the
local newspaper,
And the list grows,



application to computers

Since the early duys of computer development, program-
mers have used analytical tables to convert arguments into
precise functional values; they have also employed matrix
structure and notation to handle common information with
relatively complex structure. In the past few years, how-
ever, there has been substantial interest in probing the po-
tentinl applications of tabular form for recording the deci-
sion logic itself. This exploratory work in developing deci-
sion tables has involved consideration of man-to-machine as
well as man-to-man communication.

In systems analysis and computer progranuning, decision
tables, like conventional data tables, retain a two-dimen-
sional structure to portray significant relationships. The
form, however, is considerably more elaborate to show
multiple conditions and actions interlocked through posi-
tion. Within a decision table any language from a business
jargon to the most machine-oriented may be utilized to ex-
press the decision logic.

There are other well-known methods to describe a busi-
ness system: parrative, flow charts, and logical equations.
Narrative form, unfortunately, is often wordy, requiring
prepositions, conjunctions, and other superfluous elements
for readubility; there is a cortain lack of form wnd physical
relation which may lead to Inaceuracy and inconsistency if
the user is not extremely careful. Flow charts require lines
and connectors to show relationships; when these become
too numerous, the logic may be difficult to follow and the
layout may demand excessive space. Logical equations are
symbolic and abstract as, for example, Boolean wlgebra ap-
plied to computer programming. The main limitations are
the need for special skills and background to algebradeally
describe decision rules and the attendant difficulty in com-
municating equations in a business enviromment. Shortcom-
ings in these well-known methods have encouraged systems
analysts to take a harder look at other alternatives.

Tabular form for decision logic seems likely to satisfy this
search since it compensates for many of the limitations of
the other forms by providing compact expression of decision
rules, visually effective display of meaningful relationships,
and straightforward indication of logical correspondence.
The significant difference between tubular form and other

STUB
Age
CONDITIONS
Health
Section of Country
Rate/1000
ACTIONS

Policy Limit

STUB

methods is not in the notational scheme used, bat rather
in the physical layout for recording the systems description
OF Programs,

Let's now examine the use ol decision tables. It is not
intended to suggest that this form is superior to ecxisting
languages where they are appropriate for a specialized class
of problems, e.g., FORTRAN for algebraie caleulations, re-
port generators for preparing oulput documents. Rather,
the feeling is that no method today is well-designed for
systems men to use for deseribing complex logical decisions;
therefore, decision tables may well 61l a current void in a
total systems analysis and programming package.

extended entry tables
One type of decision table is called EXTENDED ENTRY.
Figure 2 illustrates a simple application:

Rule 1 Rule 2 |mmmssssm ™ Ryle 30|
Wgs " | TS0 [— —
Age <35 <35 >65
Fealth || Excellent | Exceliont |Zmmm——poo——
et | SrSEm ) Eneeten, Yoor |
Country East West e Wes}
Rate/1000 || 1.57 | 1.72 |eommwemm 5.92
“Policy Limit || 200,000 | 200,000 20,000 |

Figure 3

Figure 2

The first decision rule (colmmms | and 2) can be para-
phrased: If age is greater than or equal to 25 and less than
a5, and health is excellent, and section of country is East,
then rate per thousand is 1.57 and policy limit is 200,000,
The underlined words are implicd by the table layout, The
other rules are alternatives to this one, so that logically, it
does not matter which rule is examined first; only one rule
can be satisfied in a single pass through this decision table.

As in most disciplines, a vocabulary is needed to deseribe
the special properties and characteristics of decision tables.
Fortunately, a glossary of terns for tabular form is already

ENTRY
Ereaeemy
Rule 1 Rule 2 |cnsmewossm| Rule 30
]
225 >25 o=, 45
<35 <35 (ST
Cr e
Excellent | Excellent = Poor
e
Easi West fre— T
jip At el i
e
RULE
1.57 72 592
[ir——
200,000 | 200,000 |smm————l 20,000
ENTRY



in existence from the statistical and financial fields; these
supply an appropriate starting point,

Using the information from the insurance example (Fig-
ure 3), the decision table is shown in an exploded view,
Figure 3 to show recommended titles: (see preceding page).

The double lines serve as demarcation: CONDITIONS
are shown above the horizontal double line, ACTIONS be-
low; the STUB is to the lelt of-the vertical double line, EN-
TRIES are to the right, Each vertical combination of con-
ditions and actions is called a RULE, By uadding to the
elements shown a title seetion at the top of the tuble which
is called a TABLE HEADER, and a RULE HEADLER
over the entries, the essentinl nomenclature is complete,
limited entry tables
LIMITED ENTRY tables offer a dilferent approach to
stating the decision logic, This type of tuble is shown in
Figure 4:

Credit Pay Special Return
Limit [Experience is| Clearance ||Approve| Order

.___E(_DK lfcon!'oble is ?bluingd Order lo_§ules

e s i s St o

Rule 2| N Yy | L

Rule 3| N N Y o

Rule 4 N | N N q % 1
Figure 4

The first rule (rows 1 and 2) is vead: If credit limit is
OK then approve order. Aguin, the underlined words are
implied by the form. In limited entry tables the entire con-
dition or action must be written in the stub; the entry s
“limited” to reversing a condition or ignoring a condition
or action. In contrast, extended entry tables huve a part of
the condition or action “extended” directly into the entry.
While this decision table (Figure 4) is arranged quite differ-
ently, the samie table elements are present. Structurally, the
table appears as in Figure 5:

i
Condition Stub Action Stub
| ! ‘

l

Condition Entries Action Entries

Figure 5
Limited entry permits only a few values in an entry:
= yes
N = no

Blank = not pertinent (e, condition or action need
not be considered in the current rule)

business applications

Examples of successful applications of  decision tables in
business wre as yet few in number, but some of the pioneer-
ing work can be reviewed brielly,

Initial work on the use of tabular form Tor recording de-
cision logic was performed by General Electric’s Tntegrated
Systems Project from the Lall of 1957 through 1959; during
that period, 1 was the project leader, Many individoals were
involved in this development work which concentrated on
the use of tabular form to express the logic of product de-
sign, operation plming, cost determination, quality  as-
surimee plaming, cte. This project developed  extended
eutry decision tables for man-to-machine commumication,

Me, T, F. Kavanagh, in commenting on this work at the
1960 Eastern Joint Computer Conference,'t noted, “the de-
cision . . . tuble is a fndimental Linguage coneept . . .
broadly applicable to many clusses of information processing
and decision making problews; . . . tables foree a step-by-
step analysis of the decision, . . are casily understood by
humams regardless of their functional background | . . (they
are) simple and steaightforward (enough) that ., speeial-
ists can write tables . . L with very little training; | . . tables
are easy loomaintain (and) errors are reported at the source
Language level”

From late 1958 1o the present time, Sutherlnd Come-
pany, a consulling fing in Peoria, Winois, has been using
tabuliar form for expressing what they call management de-
cision rules. They have applied these techniques to o nime
ber of their elients” prablems (e, a logistics stady for
Norton Air Force Base) with quite satisfactory results, In
particular, they have used decision tables to record the logic
for payroll, order processing, sales analysis, general ledger
accounts, accounts payable, accomnts reccivable, wd cost
accounting. There has bheen no published material to date
on the Sutherlnd work but available information indieates
that limited entry decision tables are being used.

In 1959, Hunt Foods and Industries began experimenting
with tabular form for man-to-anan communication in com-
puter systems plaming. Matervial on this approach was the
first to be released, in ke 1939, deseribing how limited
entry tables were used Tor svstems analysis. Fxplovations
were also earried ont on complex relationships among in-
dividual decision using prior e and sub-rontine tech-
niques. Many business systems were documented with
decision tables: stock-control, credit .u;.tl_\'ui\'. sales ;ll|.||_\’\i'+.
and traffic,

In his report on the work at Hunt Foods, N O, Y,
Evans states, " The tabubae approach .. aids © 0 i visnal-
izing the numerons relationships and alteratives - . Gind)
permits data rules 1o be weadily veviewed for amissions and
inconsistencies; .. G addition i provides flexibility in
changing any portion of the analvsis”

Since carly 1960, 1BM has heen actively engaged in ex-
ploring the value of tabmdar Torm both Ter svstems analysis
and for computer programmmg, The company has initiated
joint projeets with seceral enstomers 1o evahte the effec-
tiveness of vavions Labular Torms, to explore allemative
methods of implementation, and Toinvestigate opportuni-
ties for imcorporating these rh'u-]npnu'llts as an adjunet to
existing languagges, Sinee theve e many diflerent aspects
of tabular form which still need 1o be examined. Linguage
implementing  progrioms have not been prepared. “These
studies have developed and Tormalized mised limited and
extended entry tubles, stubless tables, and  aneonditional
decision tables,

The CODASYL, Systems Gronp, which is part of the De-
velopment Committee of the Conference on Data Svstems
Languages, has been looking into the application and nse
of decision tables sinee Tate 1959, Their partienlar goal has
been the creation of a systems-oriented langnage which
would enable systems analysts to communicate their basic



decision logic either 1o computer programmers or to auto-
matic program compilers, This organization contends that
tabular form is one currently known technique which would
aid in achieving effective mutual understanding of business
decisions while maintaining machine independence, Their
efforts have included research on generalizing tabular form
to combine limited and extended entry format in a given
table, as well as studies on more: complex methods of
sequence control, rule structure, and rule execution logic.

an example

To illustrate some of the possible advantages of decision
tables, a composite tabular form is shown in Figure 6;
these tables describe the logic of a file maintenance pro-
cedure. There are two input files (Detail and Master), each
sequenced by identification number, The principal output
is a similarly sequenced Master file incorporating additions
and changes and omitting deleted records. The logic is
based on having three internal areas: (1) Detail, (2) Master,
and (3) New Master. “Read” as used here means "oblain
the next record in the referenced file,”” “Write” means “pro-
duce an output Master record from the indicated source
area,” These are not detailed, precise tables for machine
compilation, but rather the equivalent of a block diagram,

value of decision tables
So far, decision tables have been discussed in the light of
known applications and attributed values and advantages.

TABLE 001 — Update

Though many current developments ave still in the realm
of "company confidential,” several projects have indicated
results that enuble us to discuss the value of tables in con-
crete terms.

Recalling the three benefits mentioned previously, some
studies claim that decision tables appear 1o be superior to
other methods for representing complex decision logic in
that they provide or encourage:

clarity and conciseness

completeness

meaningful relationships

To indicate the potential results from use of tabular form,
the following statements paraphrase various user opinions:
Clarity and conciseness — Decision tables are casy to pre-
pare, read, and teach to others; experience shows that non-
programmers can learn to prepare satisfactory tables in
less than a day. The amount of writing, or number of
words, lines, and symbols used in describing complex de-
cisions, is reduced by 25-50% as compared to flow chart-
ing. For certain specifiec cases, problem statement and pro-
gramming time combined have been reduced significantly.
Completeness — Tabular form allows effective visual or
desk debugging both by the analyst and the reviewer.
There are fewer errors to start with since the analyst tends
to catch his own mistakes; morcover, the reviewer will
typically detect a high percentage of the remaining errors

| Rule No. 01 02 03 04 05 06 07 08
Start Y N N N N N N ELSE
End of Detail N N N Y Y N
End of Master N N ¥ N Y N
Detail <Master | =Master >Master
Detail an "' Addition" Y Y

Do Error Routine

Move Master to New Master

Move Detail to New Master

Set Addition Switch

Write Master

Read Master

Read Deldil

GO TO TABLE

TABLE 002 — Change

Rule No. 01 02 03 04 05 06 07
Detail <New Master| >New Master| >New Master|=New Master|=:New Master|=New Master| ELSE
Addition Switch ON Y N Y N
Detail @ "Change™ ¥
Detail a "Delete" Y b 4

[ se i S e o
Write New Master

Do Error Routine

Do Change Routine

Do Delete Routine X

Read Master X X

Read Detail X X X X X
GO TO TABLE 002 001 001 002 001 001 002

Figure 6



by visual examination, Finally, experience shows that with
this foundation and suitable test problem construction, it is
easy to rapidly detect the balance of the errors during
machine debugging.

Meaningful relationships — Table structure serves to im-
prove systems logic by aligning alternatives side by side,
It also sharpens cause and effect understanding, so relation-
ships which are accidental or incidental become clearer,
Furthermore, actions based on similar or related conditions
are apt to be drawn into the same table, making it easier
to appreciate and consider dependent Lactors.

The evidence quoted on the advantages of decision
tables for systems analysis and computer progranmuning is
based on actual study projects. Some of these studies even
tested decision tables on various data processing machines.
There are many current studies which are experimenting
with a variety of tabular forms,

future direction
With all its potential advantages, it is apparent that tabular
form has not yet achieved full growth and stature; there
are major technical and application areas still unprobed,
awaiting only the touch of creativity to make practical
breakthroughs. Current table methodology, for example,
does not yet provide an effective systems-oriented lan-
guage. Unable, then, to describe the decision logic in a
systems-oriented language and untrained to an adequate
degree in knowledge of equipment capabilitics, the systems
analyst often severely constrains the computer programmer,
What then of the future? Would it be desirable to di-
rectly incorporate tabular form into existing language proce-
essors such as Autocoder, FORTRAN, Commercial Trans-
lator, or COBOL, to describe complex decision procedures
with decision tables? Would this approach significantly im-
prove logical analysis? Would it simplify programming, de-
bugging, and maintenance?

Would it be advimtageous to try Lo creale a systems-
oriented Lingnage nsing tabloar form as a primary method
for describing decision logic? Shonld we carefully consider
the relative advantages of using interpretive vather than
compiler techuigues Tor applving tabular systems-oriented
Linguages to compnters?

We are witnessing a literal explosion in scientific tech-
nology, not the least ol which is the rate of innovalion in
computer hardware, Laboratory shop-talk treats subjects
like thin magnetic filins, microminiaturization, and masers,
as if they were accomplished facts; and before we realize
it, they often are. Progress in Language coneepls, though,
Lags seriously behind hardware advances. Failure 1o keep
pace ean be attributed to several Factors: inadeguate effort,
requirements for compatability with existing systems, and
lack of problem  recognition,  Facing  opportunities  like
automated product engineering and real-time control, we
are handicapped by the limitations of current ways to de-
seribe business svstems. Tabular form, one significant new
tool for methods and systems people, may help to ae-
celerate business Language development and to advance
systems technology.
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The purpose of the TABSOL Application Manual
is to impart a basic knowledge of the concept and
applications of TABSOL and to make present and
potential customers of the General Electric Company
aware of the scope and range of this new language.

No previous knowledge of TABSOL is required
and a limited knowledge of computer operations is
sufficient to obtain full benefit from the use of this
material. The Computer Department reserves the
right to make changes in the language specifications
for purposes of providing the latest computer tech-
niques to its customers.



Il. INTRODUCTION

Perhaps many of you have heard the word TABSOL
and have wondered 'Just what is this concept that
everyone is taking about.' It is to those of you who
have never heard of this term before, that this publi-
cation is directed.

The objective is to remove the aura of mystery
from the subject andpresentina clear, concise manner
the history, development, and potential use of this new
language in the industrial world. Illustrations of po-
tential applications of the TABSOL language in the
areas of Manufacturing, Engineering, and Finance are
described in detail and the tremendous power that
GECOM (General Compiler for GE Computers) lends
to TABSOL is demonstrated.

TABSOL, which stands for Tabular Systems Ori-
ented Language, is basically a structuring technique
used to systematically describe the step by step de-
cision logic in the process of solving a problem. The
basic advantage of the TABSOL language is that it is
probably one of the most easily learned and understood
and can be applied to many analytical situations.

The tabular technique is not new to industry.
Tables have been used for sometime asanaid in prob-
lem solution. When the manufacturing planner sets up
a price table for the planning of coil forming he uses
a tabular technique. When the air conditioning design

engineer refers to the refrigerant pressure vs. temp-
erature table he is also using the tabular technique
to aid in solving the problem. Tables are designed to
aid the user in determining specific relational char-
acteristics.

The TABSOL structuring technique involves the use
of a table to facilitate the function of specifying deci-
sion logic. Computer programming is a perfect exam-
ple of the job performance that can be improved with
the application of this method. The computer program-
mer receives functional specifications and decision
logic from the systems analyst and, inturn, translates
this logic into a language that a computer understands.
When the programmer speaks to an engineering analyst
he must converse in engineering terms. When involved
with an accounting analyst a different language is used.
The translation of these terms for computer usage
generally involves displaying the system logic by
means of a flow chart from which the program is
written.

TABSOL , 225 which is the union of TABSOL with
GECOM enables the advantages of tabular structured
decision logic to be supplemented with all the power
of the most up to date compiler ever written. This mar-
riage permits the systems analysts to prepare all in-
clusive decision tables for direct input to General
Electric Computers, significantly reducing program-
ming time and effort.

TABSOL APPLICATION MANUAL

GE 225

1/2



Il. DEVELOPMENT OF TABSOL

A General Electric Company task force, formed in
1957, developed a system which converts customer
orders into finished products automatically. The sys-
tem covers order editing, engineering design, manu-
facturing operation planning, product cost determina-
tion and manufacturing control. In developing anauto-
matic system with the many inherent complexities it
was apparent that some means of reducing program-
ming and coding effort was required. The structure
table was developed to satisfy this requirement and
defines the precise manner in which information must
be written in order that all elements of the logical de-
cision are in the proper position.

The solution of these structure tables ina computer
is simplified by the use of TABSOL, a generalized,
automatic method by which a computer can solve any
structure table regardless of content. The Integrated
Systems Team used this feature to carry information
through from the customer's order to shipment of the
finished product.

The first efforts of the General Electric task force
were directed toward writing interpretive type TAB-
SOL programs. These programs were first used at
the Company's Instrument Department and the team
had achieved a major breakthrough in automatic lan-
guage development. However, from that point on until
the development of TABSOL 225 there still existed the
serious limitation that despite the effort of the design
engineer, manufacturing specialist, and others, incon-
structing their decision logic in tabular form it was
still necessary to expend considerable effort in a de-
tailid coding operation to put the tables in a language
the computer could understand.

But progress was being made and, despite this
obstacle, the concept of structuring itself offered such
potential that a great degree of interest was generated
within General Electric Company. Other components
of the Company, with the aid of the interested service
organizations began to explore the possibilities in
their own fields and with their own machines.

TABSOL was applied to design engineering prob-
lems, manufacturing planning and quality control
problems, and financial and cost control problems.
The enthusiasm that was generated began to multiply.
In all cases the language was a powerful tool towards
the development of an integrated mechanized system
with the resulting cost savings.

During the rapid growth in the development of the
concept, there still remained the problem of the de-
tailed coding requirements. To be sure, the techniques
were improved to such an extent that anyone could do
the coding with little knowledge of the content of the
table.

However, in late 1960 the General Electric Company
made two announcements of great significance. The
first was the formal announcement to the public of
TABSOL - A Fundamental Concept For Systems Ori-
ented Language by T. F. Kavanagh, who was instru-
mental in the development of the tabular concept, at
the Eastern Joint Computer Conference in New York.
The second announcement was by the General Electric
Company's Computer Department concerning the Gen-
eral Compiler (GECOM) for GE machines. Part of the
release stated "The Computer Dept. now offers with
the GE 225 the Tabular Systems Oriented Language
(TABSOL 225), the first "Systems Oriented'' language
to be processed by a compiler".

This was the breakthrough for which the early
table user's were waiting. It meant thatthe power of a
full fledged language was at the command of every
structure table entry. With this automatic program,
it was now possible to feed decision tables, as prepared
by the analyst, directly to the General Compiler for
processing. The program produced by the compileris
tailored according to the analyst's specifications and
the GE 225's capabilities. Thus, a new language that
can be used by itself or in conjunction with all the fea-
tures available in GECOM, puts control of the elec-
tronic computer within the reach of additional scores
of engineers, scientists and systems analysts.

TABSOL APPLICATION MANUAL

GE 225



lll. HOW TO READ STRUCTURE TABLES

In order to demonstrate the use of the tabular
concept and the method by which it is interpreted, let
us consider an illustration. Consider the problem of
a foreign car manufacturer who must add anti-freeze
to the cooling system of his car in varying amounts
depending on the delivery point of the automobile. Of
course, the amount and type of anti-freeze dependson
the value of two controlling factors - these are the
highest and lowest temperatures to whichitis expected
the car will be exposed. The decision pattern that he
uses is as follows:

(1) If the temperature isgreater than 32°F add
no anti-freeze.

(2) If the temperature range is from -20°F
and below to less than 75°F, add 10 quarts
of type A anti-freeze.

(8) If the range is from above -20°F to less
than 75°F, add .2 (32 - lowest temp) quarts
of type A anti-freeze.

Is
Lowest Temp
> 1927

(4) If the rangeisfrom 0°F and belowto 100°F,
add 10 quarts of type AA.

(5) If the range is from above 0°F to 100°F, add
.2 (32 - lowest temp) quarts of type B anti-
freeze.

(6) If the range is from above 0°F to above
100°F, fill the whole cooling system with
type C anti-freeze.

(7) If the range is from 0°F and belowto above
100°F, then protection is impossible.

If a computer programmer were given this prob-
lem, his first step would be to set up a flow chart
which would depict the steps requiredfor the computer
to proceed through the decision making process. His
flow chart might look like this:

LT = Lowest Temp

Add no
ANTI-FREEZE

Yes Highest Temp No
X < 75° /
Is Is
Lowest Temp Lowest ;I'emp
> -20° >0
Is Is
Yes Highest Temp Highest Temp
> 100° > 100°
Yes Yes
Y Y
Add Add Add Fill Whole Add Protection
10 Quarts .2(32-LT) .2(32-LT) Cooling System 10 Quarts is
Type A Type A Type B With Type C Type AA Impossible
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Although the flow chart is a clear, concise state-
ment of the problem to its original author, it could
present a serious problem in interpretation to anyone
who attempted to use it as a basis for giving a com-
puter detailed instructions for its solution.

As a matter of fact, one of the most serious prob-
lems existing in the programming field is that of
communication between programmers on problems
already solved. It is a widely held axiom that it may
be better to re-write a flow chart and program rather
than to try to interpret those written by someone else.
This problem is considerably reduced with the use of
TABSOL.

Let us express the same process in the form of a
structure table.

same time. For example, if the temperature range in
a particular location were from 10° above zero to 70°
above, then the conditions for rows 3 and 5 are both
satisfied. However, since we proceed row by row
until the conditions are satisfied, we can obtain only
one solution to any table - in this case, row 3. This
particular point illustrates the care that is necessary
in constructing tables so that they actually represent
the problem to be solved. This care, of course, is
not required if the table can be constructed with row
independence, that is, where one and only one row can
be a solution to the problem. When tables are con-
structed with row independence, then those rows that
are most likely to be solution rows should be placed
at the top of the table offering potential speed advan-
tages. Of course the systems analyst must weigh the
alternatives when constructing the tables.

Amount of
Highest Expected Lowest Expected Anti-Freeze Type of
Temperature Temperature in quarts Anti-Freeze Go to Table

= > 32 0 - 6
<175 < -20 10 A 6
<175 > -20 .2(32-LT) A 6
< 100 < 10 AA 6
< 100 > .2(32-LT) B 6
> 100 > 0 Capacity of C 6

cooling system

> 100 <0 - - 6

This method of expressing decision logic is easily
learned and easily understood.

A structure table is composed of conditions and
actions. The conditions are stated to the left of the
vertical double line and above the horizontal double
line. The actions are stated to the right of the vertical
double line and above the horizontal double line. In our
example the conditions are:

1. Highest expected temperature
2. Lowest expected temperature
While the actions are:

1. Amount of anti-freeze in quarts
2. Type of anti-freeze

3. Go to table

The table is then composed of any number of rows
necessary to specify-the possible alternatives of the
problem situation. Each row is evaluated in sequence
proceeding from the top row to the bottom row. If all
the conditions of a roware satisfied thenall the corre-
sponding actions in that row are executed and the table
is considered solved. It is, of course, possible that
the conditions in a2 number of rows are satisfied at the

It is common practice in reading structure tables
to insert the word if before the stated condition, the
word and for each vertical single line, and the word
then for the vertical double line. If any particular con-
dition is not significant to the solution it may be left
blank in the table or the letters N.S. (not significant)
may be inserted. For example, the reading of the
third row of our example would be something like this.
If the highest expected temperature is less than 75°
and if the lowest expected temperature isgreater than
minus 20, then the amount of anti-freeze in quarts is
.2(32-lowest temp) and the type of anti-freezeis A and
go to table 6.

Again, it should be noted that if either condition is
not satisfied, the program proceeds to the next rows
successively until a solution row is obtained.

This, then, is a basic illustration of the concept of
TABSOL, and all tables written in the language are
interpreted in this manner. Of course, in a typical
manufacturing application the number of tables re-
quired for solution of the problem could easily exceed
100 and the numbers of actions, conditions and rows
would vary up to the limits of the computer. The only
requirement of the system is that the entire problem
be clearly thought through so that all elements affect-
ing the solution are considered in the tabular formation.

With this knowledge of the tabular concept and the
method of interpretation, we can now proceed to ex-
amine the potential that it offers to computer users.
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IV. TABSOL APPLICATIONS

As with any new industrial development, it is nec-
essary to educate potential users in the application of
the new tool so that it may be applied to their opera-
tion. Since the development of TABSOL has occurred
over the past5 years with a major breakthrough occur-
ring just months ago, there is a wealth of information
to be disseminated. The purpose of this presentationis
to show some of the typical applications of TABSOL and
the potential that these applications offer. The applica-
tions described are, of course, only illustrative such
that no conclusions about the actual data used should be
drawn or questioned. The only objective is to demon-
strate the potential uses of TABSOL.

A. Manufacturing

The Manufacturing Section of a business normally
consists of the following operations:

Materials - Procurement, Scheduling, Dispatch-
ing, Inventory Control

Manufacturing Engineering - Operations Planning,
Machine Development

Quality Control - Appraisal, Testing

Shop Operations - Manufacture and Assembly of
Parts and Components

Administrative - Personnel, Budgets, Systems.

It would be impractical to give a detailed descrip-
tion of a TABSOL application for each of these areas.
However, there are two typical applications which
would serve our purpose. In theseillustrations enough
detail is given to provide a clear picture of the actual
system but not so much detail that the picture becomes
confusing.

A.1 TABSOL in Manufacturing Planning

A typical application is a system that provides com-
plete manufacturing operation planning for the as-
sembly of cast rotors.

Consider the planning operation in a motor manu-
facturing concern. The specific operation to be
planned is to stack and to press a specific rotor.

The planner, in issuing detailed instructions to the
factory may issue a pre-printed planning form that
looks something like that shown in Figure 1.

GENERAL ELECTRIC COMPANY
OPERATION PLANNING SHEET

Drawing Number Shop Order Number Quantity Schedule Date
Operation Set-up
Oper. Operation Description Work Time Time Total
Number Station (Minutes) (Minutes) | Price
1 Get_ @D 0.D._( High Arbor ©
Get @ LD. @ 0.D._(® Thick Collar
stack (® Stacks (@ inches
2

Figure 1
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In order to fill in the form he must determine the fol-
lowing information: (The numbers correspond to those
in the blanks on Figure 1)

(1) Lamination OD

(2) Arbor Height

(3) Lamination ID

(4) Collar OD

(5) Collar Thickness

(6) Number of Stacks

(7) Stack Height

(8) Operation Time

(9) Set up Time

(10) Operation Price

Regardless of what model motor must be planned, the
planner must make a determination of each of the above

quantities.

Assume that planning is required for a motor with
the following characteristics (for the rotor):

2 pole rotor
Stack height 12"
Lamination OD of 10"

The planner, with this information, plus his own
"planning lore' can now fill in the blanks of the op-
eration card.

His own logical thinking process flows in the fol-
lowing pattern:

Planner Thinking:

a. "It's a two pole motor, thereforethelamination
ID is 5.0 inches" (he writes lamination ID
equals 5.0 inches)

b. "The stack height is 12 inches; therefore the
stack height - arbor height conversion table
says the arbor height is equal to 17.0 inches"
(he writes arbor height equals 17 inches)

c. '"Collar thickness equals arbor height minus
stack height; equals 5 inches' (he writes collar
thickness equals 5 inches)

d. "Do we have a collar with that thickness avail-
able ?" (Checks list and finds that collars are
available from-1 to 5 inches in 1/8 inch incre-
ments) "There is a 5 inch collar available."

e. "If the lamination OD is less than 15.00inches,
the collar OD is 7.00 inches." (he writes down
collar OD of 7.00 inches)

i. "The stack height - stack quantity table shows
that only 1 stack is required." (he writes down
number of stacks equal to 1) He thencalculates
the stack and press operation time:

For 12 inch stack height the stack andpress
operation time equals 110 minutes + 5 min-
utes for each inch of stack height = 110 + 60
= 170 minutes and the set up time = 25 min-
utes.

The price for this is (looking up the table for
prices on stack and press operations) $.02
/minute plus .015/minute set up. Therefore the
price is $3.775 for this operation.

At this point the planner has gone through all the gyra-
tions necessary to obtain the required informationfor
the planning card. After a few passes through some-
thing as simple as this the planner becomes quite pro-
ficient at preparing planning sheets such as these.
However, the routine is quite repetitive with but minor
changes in the various measurements. If some way
were devised such that these figures could be inserted
for any rotor we could easily computerize this decision
routine. It would provide the further advantage of be-
ing universal in that all rotors of all motors could be
passed through the system and data could be generated
automatically.

Consider the same logic pattern in tabular form.

Recall that inputs to the system are number of
poles, stack height and lamination OD.

No. of Poles Lamination ID Go to Table
=2 5 inches 2
> 2 N. 8. 10

TABLE 1

This table is read "If the number of poles equals 2
then the lamination ID is 5 inches and go to table 2".
If the table did not solve in the first row it is read '"If
the number of poles is greater than 2 then the lamin-
ation ID is not significant (tothistable)and go to table
10"which presumably leads us down the road toward
finding the lamination ID for motors with more than
2 poles.

Since the rotor now in question is a 2 pole rotor,
the computer remembers that the lamination ID is
5 inches. It then proceeds promptly to Table 2 to cal-
culate the arbor height collar thickness, operation
time, and set up time for the job.
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Overall Stack Arbor Collar Stack & Press Stack & Press Set up
Height Height Thickness Operation Code Operation Time Time Go to
=22 <5 7 T - Stack Height 1 100 + 5 (Stack Height) | 20Min | Table 3
>5 <10 12 12 - Stack Height 1 100 + 5 (Stack Height) | 20Min | Table 3
> 10 <15 17 17 - Stack Height 1 100 + 5 (Stack Height) | 25Min Table 3
>15 <20 22 22 - Stack Height 1 100 + 5 (Stack Height) | 25Min Table 3
>20 <25 217 27 - Stack Height 1 100 + 5 (Stack Height) | 25Min | Table 3
TABLE 2

In Table 2, Row 1, the computer asks:
(1) Is overall stack height greater than or

equal to 2 ? Ans. Yes.

(2) And is overall stack height less than 5?

Ans. No.

Since it did not solve in the first row of the table it
proceeds to the second and subsequent rows until all
questions before the vertical double line are answered
"yes', which in this case occurs in row 3. The com-
puter then records in its memory that the arbor height
is 17 inches, that the collar thickness is 17 minus stack
height or 5 inches, the operation code is 1, the opera-
tion time is 110 minutes plus 5 minutes for each inch
of stack height for a total of 170 minutes The set up

time is recorded as 25 minutes and the computer
passes to TABLE 3.
Lamination OD Collar OD Go To
>5 <10 7.00 inches
> 10 < 15 10, 00 inches TABLE 4
> 15 N.S 13.00 inches

TABLE 3

Reading table 3 we see that the collar OD is strictly
dependent upon the lamination OD and since our lam-
ination OD is 10 inches the computer determines that
the collar OD is 7.00 inches and proceeds to TABLE 4
to determine the pay rate for this operation.

In table 4 we have the rate per minute for each opera-
tion. Note that this table is used for more than the
stack and press code (code 1).

Price Calculation After table 4 the computer enters
this part of the program and determines that the job
price equals operation time times rate per minute plus
set up time times set up rate per minute.

In our example Job Price equals 170 (.02) + 25
(.015) = 3.775. The computer after performing this
calculation proceeds to the output portion of the pro-
gram and generates on preprinted forms the neces-
sary planning data. (Figure 2)

The computer has thus carried out the same routines
that the planner had in a much shorter time. Through
the tabular method it was able to make all required
logical decisions.

Although the planning operation could have been
computerized by conventional programming methods,
let us examine the advantages obtained by using the
structure table concept.

By structuring the problem a precise and complete
documentation of the logic involved is available.
Additionally this logic is broken down into several
individual packages (the tables themselves) each of
which can be examined for consistency. This break-
down aids in bringing errors to light and points out
potential opportunities for standardization.

Another major advantage is that changes can
readily be incorporated into the system promoting
increased accuracy in control systems. Some present
day methods of operation are so cumbersome that
many changes are not incorporated because the im-
plementation cost is more than could be justified by
the improved accuracy.

Operation Rate/ Set up
Code minute | Rate/min. Go To
1 $ .02 $ .015 Price Calculation
2 . 025 .015 Price Calculation
3 .03 .015 Price Calculation
4 . 035 . 015 Price Calculation
TABLE 4
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GENERAL ELECTRIC COMPANY
OPERATION PLANNING SHEET

ABC Drawing 123 X Feb. 30,1961
Number Shop Order Number Quantity Schedule Date
Operation Set-up
Oper. Operation Description Work Time Time Total
Number Station (Minutes) (Minutes) Price
1 Get_10" O.D._17" High Arbor 1 170 25 $3.775
Get 5" I.D. 7" O.D. 5" Thick Collar
Stack 1 Stacks 12 inches
2
Figure 2

The biggest advantage however, and one which can
be obtained only with the use of TABSOL 225, is that
the functional specialist can now write, check and up-
date the tables for direct input to the GE 225 computer.
There is nolonger any communication problem between
analyst and programmer.

With TABSOL 225 the planning specialist nowneeds
only to develop the logic of the system as direct input
to the manufacturing planning operation. The manipula-
tion of numbers is transferred from the planner to the
computer which performs these operations much more
economically offering complete mechanization of rou-
tine planning.

The key to success, as we have seen, in these appli-
cations is a basic understanding of the logic behind de-
cisions. It is necessary to capture and define this logic
if the planning system is to make decisions without the
aid of the planning specialist, onparts that were never
physically produced before. The structuretable repre-
sents the most efficient and easily understood method
for specifying the planning decision logic.

A.2 TABSOL in Quality Control

The quality control operation of the manufacturing
function is responsible for the assurance that the
product being shipped to the customer conforms toall
engineering specifications. It is, therefore, the group

that performs the necessary inspections, tests and re-
liability studies to ensure the manufacture of a quality
product.

In order to perform the inspection portion of the
quality control operation, the inspector must be pro-
vided with the knowledge of what to inspect, what equip-
ment to use, how often to inspect, size of sample, etc.

The structure table provides a convenient, econom-
ical method for providing the decision logic and TAB-
SOL 225 makes the mechanization of this logic a fairly
simple process.

Consider the requirementsatanin-processinspec-
tion station for bevel gears. The objectiveisto provide
the inspector with sufficient information to completely
appraise the gear.

Sufficient information may consist of:

a) Inspection points

b) Dimensional characteristic of eachinspec-
tion point

c) Required inspection tools

d) Tolerances permitted

e) Classification of characteristics
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Number of Teeth | Diametral Pitch Tooth Length | Gear O.D. | Angle | Ansls Go to
20 6 . 650 3.5 51° 45° Table 2
23 5.50 .875 4,6 50° 45° Table 2
23 5.25 . 950 4.7 49° 45° Table 2
25 5.00 1.000 5.2 49° 45° Table 2
25 4,50 1,500 6.1 49° 45° Table 2
27 20 .25 1.4 48° 45° Table 2
= X = - - - Table 100
TABLE 1 Main Winding Number of Turns
With this information in the hands of the inspector Gear O.D. Front Angle Run Out Go to

he will be able to perform the necessary operations to

determine whether o t th

ittt s r not the product has been made to >0l <2 0007 Table 4

In the bevel gear example itis necessary to inspect >2 | =4 - 0010 Table 4

the tooth length, gear outside diameter, the front

angle and the back angle. The actual dimension for >4 |38 - 0011 Table 4

these characteristics is dependent upon the number of

teeth and the diametral pitch of the gear. Table 1 >8,| 28 - 0014 Table 4

(above) can then be set up to provide the decision

logic for this operation. TABLE 3 Main Winding Wire Material

The first line of the table says "if the number of
teeth is 20 and if the diametralpitchis 6 then the tooth
length is .650 ar and the Gear O.D. is 3.5 ‘and the front
angle is 51 degrees and the back angle is is 45 degrees
and Go to Table 2". ProceedmgtoTable 2 the inspector
is provided with the proper pinpoint micrometer size to
check the tooth length of the particular gear. The tooth
length was an output of the previous table.

Pinpoint
Tooth Length Micrometer Size | Go To
>0 <1 1 inch Table 3
>1 <2 2 inch Table 3
>2 <3 3 inch Table 3

TABLE 2 Main Winding Wire Diameter

This type of table is generally used to provide prop-
er equipment selection for required dimensional
checks in any quality control system. Now that the
inspector has been provided with the characteristics
requiring measurement and the tools required to
appraise that function he must alsoknow the tolerances
for each of the listed dimensions.

The tolerance of the runout on the front angle is a
function of the size of the outside diameter. The larger
the O.D. the greater the tolerance. The actual allow-
able tolerance is shown in Table 3.

Of course certain tolerances are fixed, i.e., they are
constant regardless of the dimension of the particular
characteristic. These tolerances can be generatedfor
any quality control operation as shown in TABLE 4.
Since the conditions in TABLE 4 are alsonecessary for
the classification of characteristics, it can be utilized
for this purpose as well, The classificationof charac-
teristics is necessary for the proper utilization of
sample size tables toward attainment of the desired
quality level.

Characteristic Tolerance Classification
Tooth Length .01 Major
Gear O.D. .05 Major
Front Angle 0° 8 Major
Back Angle 120" Minor

TABLE 4 Main Winding Wire Specification

The inspector is now able to perform the appraisal job
for the bevel gear. For any gear in production the
computer, by means of the structure table, will be able
to generate the written data required to adequately
perform the appraigal function. GE TABSOL 225 makes
the implementation of this type of program feasible for
any quality control operation.

Other potential applications within quality coatrol
which lend themselves particularily well to the struc-
turing technique include Process Capability Tables,
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Quality Time Standards determination, Acceptable
Quality Level (AQL) determination, etc. A good
quality control system will include all of these opera-
tions in the process of measuring product quality.

Some of the positive benefits that quality control op-
erations obtain with the use of structure tables are:

a) reduction 1n total quality cost - by providing a
rapid and regenerative means for developing quality
instructions.

b) better product quality - due to the increased
ability to provide specific, accurate and pertinent
instructions to the shop for each manufacturing opera-
tion.

¢) provides the quality plann.ng and process con-
trol requirements automatically, through the use of
a computer to shop operators, inspectors and testers.

d) improves manufacturing cycles by reducing
production delays due to poor gquality.

e) provides a disciplined and automatic means for
integrating the quality needs of a product line be-
tween engineering and manufacturing.

SUMMARY

Thus the application of TABSOL to two primary
operations within the Manufacturing function has been
described. There are others, in Materials, Shop Oper-
ations, etec. which are not described here, that offer
equally great opportunity for improved operations and
cost savings.

Because of total system complexity the method used
for organization of data must, of necessity, be versa-
tile. The structure table technique by itself satisfies
this requirement. The fact that this same system can
be used as a directinput to the computer demonstrates
the vast power of this new methodology.

By using the structuring technique described here
the Manufacturing Systems analyst has great oppor-
tunity to reduce cost and increase the ability of the
Manufacturing Section to deliver high quality products
on time. The technique is such that all of manufactur-
ing can be tied together into a smooth working unit
with the decisions of each of the components falling
into a flow pattern.

B. Design Engineering

Much effort and progress in the utilization of the
structure table technique has occurredinthe engineer-
ing function. Since engineering design information is
used extensively throughout Manufacturing and Finance
it is desirable that documentation that can easily be

used by these other operations be provided. The struc-
ture table thus provides a two fold benefit. For the
finance man or manufacturing man we have a commu-
nication technique whereby the engineer can be easily
understood. Whereas in the past it may have appeared
that design decisions were made strictly at random,
it is now possible to communicate the long sought
after logic behind the decision. With this new-found
knowledge the Manufacturing and Finance people are
able to offer positive recommendations to Engineering
regarding the effects of engineering decisions on
their operation.

The second benefit is that the structure table en-
ables a design engineer to see the entire scope of a
component at any particular time. An entire group of
structure tables can convey the data for all compon-
ents of all models. Since our new form of documenta-
tion is more compact than the present drawings and
parts lists, it is much easier to manipulate information
in the study of particular design problems.

Consider the applications of structure tables tothe
design function. Most design decisions are determined

by:
a) Customer Requirements
b) Process Capability
c¢) Cost

d) Technology

With this information known the individual design engi-
neers begin to design the product. The problem facing
the engineer at each decision step is whether or not
he is using the optimum material at this point or the
optimum dimensional characteristics in light of what
has been designed before. Proper decisions at this
point can reduce material costs, cycle time and labor
costs, all of which are direct elements of manufactur-
ing. What then is required is some means by which the
design engineer can have this information available so
that the best possible decision can be made. Design
Structure Tables provide this flexibility as the logic
behind the design decisions are recorded. When anew
product of a particular product line is designed it can
easily be incorporated into the present design struc-
ture. The technique of designing an entire product line
at one time rather than individually tends to provide
a reduction in cost because of the ability to maintain
consistency between products. For example, in one
case a variety of thicknesses of sheet metal had been
selected to make chassis for electronic equipment.
This variety included fourteen different thicknesses
whereas a subsequent engineering examination re-
vealed that three could have served just as easily.
These situations arise because the design engineer
making the decision in many cases does not have
readily available the information necessary to deter-
mine the optimum characteristics.
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Let us look at some designtables to see how struc-
ture tables apply to this and other design engineering
problems. Since we are now able to read the tables
with greater ease and facility we shall go into a little
more depth at this stage:

Consider an Instrument Armature. The design
engineer is required to specify the following items of
information:

a) Main Winding Wire Diameter
b)
c)
d)
e)
1)

g)

Main Winding Number of Turns
Main Winding Wire Material
Main Winding Wire Specification
Damper Winding Wire Diameter
Shaft Body Length

Shaft Body Diameter

h) Shaft Body Material

The input information that the engineer receives from
Marketing is typically
a) Type of Service AC or DC

b) Rating - in AMPS, MICROAMPS, MILLIAMPS,
MILLIVOLTS, VOLTS and WATTS

With these items of information he sets out to provide
the required design data. The firsttableis established
to determine the Main Winding Wire Diameter.

Reading the first line we ask: If the type service is
DC and if the rating units are microamps and if the
unit rating value is greater than 180 and if the unit
rating value is less than 450 then the wire diameter
in mils (.001) is 1.0 and go to Table 2. Note that the
last row is designed such that if none of the previous
conditions were satisfied we proceed to Table 100
which will follow the procedure required for a special
instrument. Table 2 is a continuation of the same proc-
ess but is designed to provide the number of turns in
the main winding.

All the design tables for the process of specifying
the characteristics for the instrument line are repro-
duced here. From this setoftablesitbecomes obvious
that consistency between models will be maintained.
The reasons behind each of the decisions is clearly
stated.

Again take note that if none of the conditions are
completely satisfied we proceed to Table 100 for han-
dling of specials.

Thus we see that the computer can go through the
tables and give complete specifications for almost all
instruments. Those that are special (not provided for
in the tables) go to the design specialists who, depend-
ing upon his analysis of the situation, decides whether
or not to expand the tables for their provision. The
tables, therefore, are not taking any decisions away
from the design engineer. Indeed, they are only a
structure of the logic for those decisions the engineer

has already made. The design engineer is now free to
devote all his time to the design problem of specials
at which point the structure table tool is also a posi-
tive aid. We have thus provided a method of operation
for the design engineer which provides the advantages
listed following Table 8.

Service Rating Units Rating Value > Rating Value < Wire Diameter in MILS Go to Table
DC HA 180 450 1.0 2
DC uA 450 900 1.25 2
DC MA 0.90 1.80 1.50 2
DC MA 1.80 4,50 2.0 2
DC MA 4.50 9.20 2.5 2
DC MA 9.20 13.50 3.0 2
DC AMPS 0.8 66.0 8.0 2
DC MV 45 330 8.0 2
DC VOLTS 0.9 300 2.0 2
DC VOLTS 300 1100 1.5 2
AC WATTS --- --- 2.0 2
AC VOLTS -—- -—— 2.0 2

- -t - -— - 100
TABLE 1 Main Winding Wire Diameter
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Service | Rating Units Rating Value > Rating Value < Number of Turns Go to Table
DC MA 0.18 13.5 300/1 3
DC MA 13.5 18.0 26 3
DC MA 18.0 23.0 15 3
DC AMPS 0.023 66.0 13 3
DC VOLTS 0.9 300 60 3
DC VOLTS 300 1100 120 3
DC MV 45 150 26 3
DC MV 150 330 13 3
AC WATTS - --- 230 3
AC VOLTS —-- --- 230 3
- -- --- - --- 100

TABLE 2 Main Winding Number of Turns

Service | Rating Units Rating Value > Rating Value < Wire Material Go to Table
DC MA 0.18 13.5 Copper 4
DC AMPS 0.0135 66 Aluminum 4
DC MV 45 330 Aluminum 4
DC VOLTS 0.9 1100 Copper 4
AC WATTS -—- - Copper 4
AC VOLTS -== - Copper 4

TABLE 3 Main Winding Wire Material

Service Rating Units Rating Value > Rating Value < Wire Specification Go to Table
DC MA 180 220 B50W133C 5
DC MA 0.22 13.5 B50W133B 5
DC AMPS 0.0135 66 B50W217 5
DC MV 45 330 B50W217 5
DC VOLTS 0.9 1100 B50W133B 5
AC -- -- -- B50W133B 5

GE 225

TABLE 4 Main Winding Wire Specification
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Service Rating Units Rating Value > Rating Value < Wire Diameter in MILS Go to Table
DC MA 180 220 3.0 6
DC MA 220 450 4.0 6
DC AMPS 0. 00045 66 8.0 6
DC MV 4.5 330 8.0 6
DC VOLTS 0.9 1100 8.0 6
AC - -- - NONE 6
TABLE 5 Damper Winding Wire Diameter
Length Go to d) The table format shows the boundaries of the
Service Rating Units (Inches) Table design and clearly points out incompletenessor
inconsistency.
DC -- 2,121 T
AC AMPS 1.979 7 e) The tables can be a direct input to manufactur-
= ing in an integrated system.
AC VOLTS 1.979 T
AC WATTS 3. 981 = 1) ilg:;ﬁ::; tables are easily solved by the GE225
TABLE 6 Shaft Body Length C. Finance
Now that we have explored the potential of strue-
ture tables in design engineering and manufacturing we
: = can consider expanding the system to include product
STVIeS Djavieter Go'fo Tabie costing. The major requirement for this development
DC 0.0061 ) is that manufacturing, engineering and finance must
: work in a completely integrated fashion so that all
AC 0.072 8 necessary financial data is obtained or generated at
y the most logical point in the system.

TABLE 7 Shaft Body Diameter To provide some understanding of the methods used
to develop the cost of a product, the present method
shall be described before the new method is developed.

. : Model lists, material lists and drawings are ob-

Sertica Maerisl Beds tained from engineering. The Finance Section makes up

: a separate costcard for each part, assembly and model

De S5 g Tond Roukine and enters the following data on the cost cards:
ac Bronge End Routine a) Dimensions or weight of material

TABLE 8 Shaft Body Material

a) Structure tables are easy to read and under-
stand.

b) The design logic is presented in a simple,

straight forward manner.

¢) The tables become auseful information source.

b) Material Specification

¢) Quantity of parts

d) Name of part, assembly or model

Finance then obtains from Manufacturing the opera-
tional planning cards and adds more information to
the cost cards, namely.

a) Time value or price of each labor operation
b) Job rate
¢) Sequence of operations

TABSOL APPLICATION MANUAL
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The standard labor values and standard material
values are then calculated for each part and they are
summed and entered on the cost cards. These steps
are repeated until the standard cost of each part,
assembly and model is determined. These cost cards
are used for obtaining the standard direct material
and the standard direct labor values of a completed or
partially completed part or assembly. These data are
required in order to obtain:

a) Cost of production
b) Cost of Shipments
c) Cost of Scrap

d) Cost of inventory

It is apparent from a systems point of view that the
present method is basedonthefile reference technique
rather than on the regeneration concept.

If structure tables were used to generate product
costs, the computer would go through the following
steps to determine the cost of a model.

a) The parts characteristics, which are output
from the engineering structure tables are input to the
Finance Structure Tables. These characteristics de-
termine the cost values that will be obtained for a
particular part or assembly upon the solution of the
cost structure tables.

b) After the proper cost value is obtained for the
specified parts characteristicsitis temporarily stored
in memory until all of the costtables have been solved.
When the model costs are calculated the parts cost
will thus be available.

c) A series of structure tables will then be used
to build up the costs in the proper order for the par-
ticular models.

An example may be in order at this point to illus-
trate the types of structure tables that would be used
to calculate the direct material cost and direct labor
cost of a sample product.

In our example take note of the fact that the inputs
to the cost structure tables are outputs from Manufac-
turing and Engineering.

The first table will be one in which the cost per
hundred pounds of material is determined.

Thus if the material specification is BSOW70 and the
wire diameter is 2 MILS then the cost per hundred
pounds is $150.00 and we go to Table 2 to determine
the material weight per hundred coils. Note that Table
2 requires a knowledge of the number of turns in the
coil, which is also an output fromthe design structure
tables.

Material Wire Diameter || Cost per | Go to

Specification (MILS) C Lbs. | Table
B50W70 2 $150. 00 2
B50WT70 4 $120. 00 2
B50WT70 6 $100. 00 2
B50W200 8 $ 95.00 2

TABLE 1 Material Cost Table

Kind of Go to
Material Material Weight per C Coils Table

B50W170 Turns x (Diam)2 x . 000082 | Cost
Formula
B50W200 Turns x (Diam)2 x . 000025 | Cost

Formula

Material Cost = Cost per Hundred Pounds x Weight
per C Coils

TABLE 2

Note that the cost formula is not in tabular form as
there would be no need for itinthe computer program
since it is the same for all materials, shapes or form.

The direct labor costs are generated in the same
manner as the material costs were developed. Note
that inputs to these tables are outputs from manufac-
turing and engineering design structures.

Number of Turns Allowed Time in Seconds Operator Class Go to Table
>0 < 15 15 i 4
=415 < 100 40 2 4
> 100 150 + N no. of turns 2 4
TABLE 3

TABSOL APPLICATION MANUAL
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Operator Job Rate
Class ($ per second) Go to
. 030 LABOR FORMULA|
2 . 040 LABOR FORMULA|
3 . 050 LABOR FORMULA]

Labor Cost/C = Time Allowed x Cost/Second x 100
TABLE 4

These tables serve as an illustration of the method
by which an automatic costing system would be de-
vised. Greater potential is obtained, of course, if the
systems philosophy is extended to include the Engi-
neering and Manufacturing functions.

This new structuring concept will result ina better
understanding, by the cost people, of product design
logic and methods of manufacture. It will enable them
to obtain:

a) More effective cost analysis

b) Better cost information for decision making
purposes

¢) Simplified costing procedures

The financial area is one that probably offers the
greatest opportunity and potential for economies and
cost reduction. With a forward thinking systems group,

TABSOL, and the powerful GE 225 computer these
breakthroughs can be realities in the immediate future.
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V. TABSOL & GECOM

The culmination of the General Electric Company's
progress in the use of TABSOL came in the union of
TABSOL and GECOM. This development servedto re-
lease the full power of the structure table.

Let us consider an example to develop an insight
into the manner in which TABSOL is used in the Gen-
eral Compiler. The problem is to search a master
employee file (recorded on magnetic tape) to determine
the number of male employees who fall into the follow-
ing job categories:

Experience
Job Level (Years) Title
6 2 Programmer
T 3 Programmer or Analyst
8 More than 3 Analyst
9 More than 4 Analyst or Sr. Analyst
10 More than 4 Sr. Analyst

For each employee we find having these qualifications,
we are to write his department number, name, title,
level and experience on the computer's typewriter.
At the end of the run the total for each category is
also typed on the typewriter.

The core of this problem is the decision that must
be made on the information stored in the records of
the master file. These decisions are conveniently ex-
pressed above in narrative form. With only minor
alteration, this form becomes the program statement
of our problem. The table and sentences are punched
into 80 column cards exactly as they appearin Figure
1, When this is done they may be given directly to the
compiler for processing.

As illustrated in our example, General Compiler
sentences may be used to support the logic of the
table. These sentences accomplish the following:

OPEN - Sequence Number 10 - Declares that the
MASTER-FILE is input and validates its tape
labels.

READ - Sequence Number 15 - Delivers the next
record from the MASTER-FILE and tests for an
end-of-file sentinel. When this sentinel is detected,
sequential program execution is interrupted, and
control passes tothe portion of the program labeled
END-RUN.

IF - Sequence Number 20 - Eliminates those data
records which contain information about female

employees.

EXPERIENCE - Sequence Number 25 - Calculates
the employee's total experience and assigns the
value to the field named EXPERIENCE.

The word TABLE informs the compiler that it must
process a decision table; EXAMPLE is a name or
label which was givento the table. The size of the table
is stated next by giving the number of conditions,
actions and rows contained in the table. This informa-
tion is used only by the compiler and is not executed
by the compiled program.

Table execution begins at row 1 (sequence number
40). Using our narrative definition of atable, Row 1 is
interpreted as follows: "IF the job LEVELfield equals
(EQ) 6 AND the EXPERIENCE field equals (EQ) 2 years
AND the employee's title is PROGRAMMER THEN
assign the value 1 tothe subscriptI; GO TO the part of
the program having the label TYPE-OUT."

If one of these conditions cannot be satisfied, row 2
is evaluated starting again with the left-most con-
dition. Sequential execution of the rows continues until
either all conditions in a given row are satisfied or
all rows are exhausted. When the latter situation
occurs, the sentence immediately following the table
is executed. Proceeding from here, the sentences in
our example accomplish the following:

GO - Sequence Number 65 - Interrupts sequential
program execution and passes control to the part
of the program labeled GET-RECORD.

WRITE - Sequence Number 70 - Writes the current
contents of the DEPARTMENT, NAME, TITLE,
LEVEL and EXPERIENCE fields onthe computer's
typewriter,

TOTAL (I) = TOTAL (I)+ 1 - Sequence Number 75 -
Increments the counter by one.

GO - Sequence Number B0 - Passes control to the
part of the program labeled GET-RECORD.

CLOSE - Sequence Number 85 - Rewinds the MAS-
TER - FILE and performs the file's closing con-
ventions.

WRITE - Sequence Number 90 - Writes totals for
each category on the typewriter.

STOP - Sequence Number 95 - Terminates proces-

sing and writes the word END-RUN on the type-
writer.
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By General Compiler standards this example rep-
resents relatively simple conditions and actions. In
formulating these entries, the programmer may take
full advantage of the compiler's capabilities.

Figure 2 and Figure 3 show how the manufacturing
planning tables developed inSection IV -A would appear
in the GECOM format.

For more detailed explanations of the conventions
and manner in which conditions and actions may be
formed and entered in tables as well as a detailed

explanation of the General Compiler, refer to the fol-
lowing Computer Dept. publications.

a) TABSOL 225 - Reference Manual
b) General Compiler Manual - 225

Keep in mind the relative ease with which the table
was entered for the computer operation. There was
no translation process from the System Analyst's
language to the computer language. The fantastic
power is that functional specialists can now write
tables directly for computer entry'

TABSOL APPLICATION MANUAL

GE 225

20



Comp Dep Phoenix, Arizene  CA-13 (10-60)

™
.y
o
.
z
-~ >
o
3
Q
w =
*E w
e g
o
S =
30| Olwm|Ww]|wn
o Fllct] o A
) w
|
2 z
= — ] | =] A ~] A
b W [ EIEIRIEE
~ ] | w| w) w| w
= Q dEEEE[E
U z - wil =] —| | ~| —~
w e O] | == | b=~
. u
x = w n Q 1]
o =
EU E @ a
L 5 o ol|l—1 =1=1-1=
= a 5 r. o . )
S w o =
L“ [ o W x| = ~||
2w v 2 R ||
e o w v [s) x| » =l
WN o F4 -~ =l - <[]~ —]=
o W [=] ~ wil W EBEIEEEIES
v [] - [¥] HIBEEI R
| < ~ < | " | x| x|
Wi ~ ~ | b |-
<] W < D A AR dlv|wlon|loln
~] ¢ ~ TR
Wlar w +| + ™~] | I~ 4| T~
1| w 2 Q|2 4 .....= —] =~ ]~
H S Q =W Q o]l © 1
z = (Y] ~ == = o — ||
9 2 T = = = = oll
b . S ES - O |[wlw - wllr=| |~~~
o o Q| = o (™ | Q W = =]~
w S <= a 2 =| @ = <
o - v < [+] Oll<| =< Q w W =
" | =] w [¥] W]~ o =l X 52
0 e NEE - = EH IRMEINEIAD
(5] ul 4 ~la -~ =) G = 2 ~| I~ <
— o = Sl =] » - K} ]
== o = =1 Q . = . alQ wiwlwlwlw
b= & s [m o w < Q S| 0 g T B
() - Xl 2| Q X - =
(58] ¥ ¥ dlwl v =] [ o . H[Wwlolw]o
- J a ala| w v — = - = ~ |~
e ﬂ - w|O| e w wifjet] w RIS [
@ v - (W] 1 ~ =) = w wl ~ ol wlwl vl e
E Q ~ o olle] & 2] E| T w S NEEIEE
d ([ e = (™ < a. [T < ~ =] w [ EHEIEIEI
= Wl._ a. [T - = ||
< (2 [=
o K RE [s) vl ofw [=) | O w0 olw| olWw|o|w
o w — = = ~|on|m s [SIAN) il =llealty
it = || Ve T
= 2 B[ s
=k
-l

nm NNm TABSOL APPLICATION MANUAL

21



(44

¢ 1)

TVANYW NOILYDI1ddY 1058V1

GEHEHAL® ELECTRIC GENERAL COMPILER

SENTENCE FORM

FROGRAM  poToR STACK & PRESS OPERATION e

TourUTER {777 1

SEQUENCE
HUMBER
Qo] |TIAIBILE|l |T|H|RIE|E 2 |clolnlo|i|rlile|als| 1] [Ale|T]i]aln] |3 R&bs,
9(5] |LiL|AM o LiA[Molp| [lflclofLiL|AlRi~o]D
Holol [lI6[R] | [51]|nmelR] [ilo 7|.olo
tlols] |ll6lr] |21l [nlelal [/]51 1|0]. |olo
Hilo] ll1elRrl |15 /13]. lojo 3
:
[1115] |rAl8|Ue| [Flofulal.| [1] [clolnlpli |rit]o c|r|lolnis| 4] [Rlolw]s|. g
3
/{2lo c532#09~ﬂare s|elrvle rlAlr|e H
/lals ] - lo[2]o . ol ?
/13lo 2. .|olp|5] Llolils 5
/13| 5] 3 .loj3lo .lol]5] ?
/14lo 4 .lol3]s ol i3] :
o
114l5] |PR!1 [cdel~le[alLid]. | [plalilc|el =] lopl~lrlimlelelolpl~lrlalrle] |+ |slelrlole|els|e [rlulpl~|glalr]e S
/1510] lalo] [tlo] lolultlelulr|~1]. §






