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PREFACE

The computer-language programming aid described in
this Memorandum is a product of RAND's continuing research

into new techniques in computer sciences.
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SUMMARY

Scientific computer programs, like business programs,
often involve programmed decision logic. Decision tables,
which have seen use in business and commercial computer
applications, can also be applied to scientific and
engineering problems. o A - |

FORTAB is a decision table language based on the
FORTRAN scientific computing language. Programs written
in the combined FORTAB and FORTRAN languages can be com-
piled by a FORTAB pre-processor program which has been
-constructed for the IBM 7090 computer.

Initial experiments conducted using the FORTAB
language indicate that a decision table language added
to a scientific computing language results in a powerful

combination of programming tools.
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FORTAB: A DECISION TABLE LANGUAGE FOR
SCIENTIFIC COMPUTING APPLICATIONS*

I, DECISION TABLES FOR SCIENTIFIC PROBLEMS

In describing problems which are solved with the aid
of digital computers, we typically classify them into two
major groups: ''business problems' and "scientific prob-
lems."

The classical '"business' problem is a data manipulat-
ing job. Data is read into the computer; programmed logic
determines how the data should be processed; processing is
accomplished; the results are then printed. We character-
ize such problems as being "input-output limited."

The classical "scientific' or engineering type of
problem is characterized as being 'compute limited." A
relatively small amount of data is read; a large amount of
straightline or iterative computing takes place, based
upon that data; the results are then printed.

In practice, the number of problems which fall neatly
into the classical 'business' category or classical
"scientific' category is small. The usual problem is a
hybrid. Many business problems involve relatively long
computations within the computer. Iterative routines in
business problems are not uncommon. In the scientific
realm, many straightline programs do exist, but again a

hybrid is usually the case. Some scientific jobs involve

*The author gratefully acknowledges the assistance of
Burton Grad and Thomas Glans of International Business
Machines Corporation, who participated in the design of
the FORTAB language.
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great amounts of data and require complicated decision
mechanisms to determine what particular computational
processes are to be invoked.

The true scientific computer problem is therefore
quite different from the 'classical' scientific problem.
Although many classical scientific problems do exist, the
vast majority of scientific and engineering work on com-
puters does involve making programmed decisions. Before
and during the processing part of the scientific problem,
decision logic must be performed in order to decide what
particular computational processes are to apply, what
iterative techniques are to be followed, if any, and what
actions are to be taken in the case of discrepancies or
errors. Even so-called straightline and simple iterative
codes contain decision logic which is executed as the
computations proceed.

In another type of scientific problem, digital simu-
lation, typical programs consist of complicated logic
which determines how the simulation is to progress, depend-
ing upon the state of a large number of conditions within
the program and within the working data. Simulation
programs are largely ''decision logic' programs.

Just as the classical scientific problem is rare,
so is the classical scientific type of computing instal-
lation. In installations where the computing equipment
is oriented toward scientific applications, we often find
that the same equipment is used for business problems.

If the business problems do not warrant computers of
their own, or if, for flexibility reasons, it is desired

to maintain only a single type of computing machinery in



the installation, we find that business-type computing is
being done on what we would otherwise classify as .
scientific-type computing machinery.

In scientific installations, we also often find that
the business applications are programmed using scientific-
type programming languages. This is done for reasons of
compatibility and flexibility. The programming staff and
the computers can be flexibly applied to either scientific
or business problems as the needs and priorities develop
and change.(l)

The above discussion indicates that "business'' com-
puting installations do not have a monopoly on programs
which contain decision logic. While programmers in
business-type installations might feel that decision logic
is their forte, we of the scientific-type installations
encounter the same type of logic in our programs. We have
needs similar to those of persons in the business comput-
ing community who are presently concerned about computer
programming with the aid of tabular techniques. Decision
tables and tabular techniques have a useful place in
scientific computing installations. The advantages of
such techniques are: completeness, accuracy and ease of
problem statement, reduced programming effort, self-
documentation, and readability. All of these apply to
scientific problems which involve programmed logical

decisions,
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II. COMPILED DECISION TABLES

One approach to using tabular techniques in prbgram-
ming is to construct decision tables for the problem at
the time of problem formulation. This step is then
followed by a manual transcription of the tables into a
computer-recognized language which results in the computer
program itself. 1In this type of usage, the decision table
supplants the typical flow chart; the programmer works
from a table rather than from a flow chart. The table is
used not only as a programming aid but also as part of the
final documentation of the problem. Thus, as is the case
of all documentation, the original tables must be kept
current as changes are made to the program itself.

The use of a decision table language imbedded within
a programming language has several advantages over the
manual use of tables described above. The user of the
tables does not need to manually transcribe the tables
into computer program logic. This step, with its inherent
susceptibility to error, is eliminated by imbedding a
table language into a computer-recognizable language.

The problem of decision table documentation maintenance
is also eliminated. As the programmer makes changes to
his program tables, tabular documentation is automatically

updated.

IITI. DECISION TABLE COMPILERS

Several compilers exist which are useful for
scientific and engineering computations involving formula
evaluation and manipulations of mathematical expressions.

Such compilers see extensive use today in almost every



scientific computing installation. The primary advantage
of these compilers is the ease with which the computer
can be directed to perform arithmetic operations, input-
output operations, and other procedures typical of
scientific computer programs. Where the languages of these
compilers are historically weak is in their ability to
express complicated program logic in a relatively simple
form. Decision tables, of course, provide this ability.

A combination of a scientific computing language
with a decision table language would merge the comple-
mentary advantages of each. Building a compiler or
processor to accept the combined form of these two lan-
guages would provide the scientific programmer with a
doubly powerful tool: the mathematical language for
expression of the computational steps of the problem,
together with a decision table language to express the
program logic.

This approach has, of course, been applied by the
designers of the GECOM compiler language and the LOGTAB
processor, both of which were developed by people at the

-4
General Electric Company.(2 )

IV. THE FORTAB DECISION TABLE LANGUAGE

Recently, we at The RAND Corporation became interested
in the possibility of merging a decision table language
with the FORTRAN scientific computing language. Our in-
stallation is categorized as a "scientific" installation
and we use the FORTRAN language extensively with our IBM
7090 computer. With the assistance of Burton Grad and

Thomas Glans, both of the International Business Machines
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Corporation, we developed a ''decision table within
FORTRAN'" language which we call FORTAB.

In developing the FORTAB language, a number of ob-

jectives were upheld:

1. The language of the decision tables should comple-
ment the traditional FORTRAN language. The
FORTRAN language itself should be unchanged and
the FORTAB language should add only those elements
necessary to provide a decision table logic facil-
ity to the FORTRAN programmer.

2. The decision table language should be easy for
the FORTRAN programmer to learn. For this reason,
the elements of the FORTAB language should look
as much like FORTRAN as possible.

3. The decision table language should be processed
automatically for the programmer. He should be
allowed to write programs consisting of both
decision tables and regular FORTRAN statements.
This combination should then be processed auto-
matically, in its entirety, by the FORTRAN

compiler and its monitor system.

V. AN EXPERIMENTAL FORTAB PRE-PROCESSOR

Throughout its design and implementation, the FORTAB
language was considered to be experimental. We wished to
test the value of decision tables as applied to scientific
problems. Our basic hypothesis was that decision tables
would be useful in a scientific computing environment.

The experiment was designed to test that hypothesis.
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Further, we wished to experiment with methods of
adding a decision table language to an existing compiler
language. In particular, we wished to experiment with a
compiler imbedded in a monitor operating system.

We decided to construct a pre-processor for the
FORTAB language. The pre-processor would operate prior
to the FORTRAN compiler. In operation, the pre-processor
would not process the regular FORTRAN statements, but
would merely pass them along to the compiler. Tables
within the FORTRAN program, however, would be converted
by the pre-processor into FORTRAN statements which would
then be presented to the compiler. The compiler itself
would require no modification. It would only be necessary
to construct a facility for the translation from decision
tables to FORTRAN on an automatic basis, without any overt
action on the part of the programmer,

Such a pre-processor was constructed and has been
operational in our FORTRAN operating system since July
1962. Because of the manner in which the FORTRAN monitor
system handles input to the FORTRAN compiler, it was
relatively simple to insert the pre-processor into the
monitor. The pre-processor scans each statement of the
program; when a table is encountered, it is read, con-
verted to FORTRAN statements, listed together with the
generated FORTRAN statements, and then presented to the
compiler as FORTRAN statements. No separate pre-processing
run is required by the programmer. As far as he is con-
cerned, the FORTAB language has now been merged with the
FORTRAN language. Once the programmer has learmed the

elements of FORTAB, he is free to write programs which
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are mixtures of FORTAB and FORTRAN. These he compiles
and executes just as he formerly compiled and executed

"pure' FORTRAN programs.

VI. EVALUATION OF FORTAB

In using the FORTAB language combined with FORTRAN,
we have experienced the several advantages of decision
tables, that is, improved statement of program logic,
complete and accurate statement of the problem, reduced
programming effort, improved documentation, and ease of
usage. 'We have also experienced several specific advan-
tages of the FORTAB language and its implementation for
the IBM 7090 computer.

The ability to present decision tables to the com-
puter through a compiler is a useful feature of our FORTAB
pre-processor. Manual use of decision tables is, of
course, a helpful tool. However, we have found it bene-
ficial to be able to construct program logic in tabular
form and then to present the resulting tables directly
to the FORTRAN compiler without manual transcription
into either FORTRAN statements or assembly language coding.
We believe that the addition of FORTAB to the existing
FORTRAN language results in a powerful combination. Pre-
sumably, this usefulness would derive from the addition
of a decision table language to other compiler languages
also.

Training in the use of the FORTAB language is
accomplished with little difficulty. FORTRAN programmers
can learn the FORTAB language without formal training in

a short time. The FORTAB reference manual consists of



-9-

16 double-spaced typewritten pages. This reference
manual includes a complete program example.

The FORTAB pre-processor lists each table as it
appears, in context with the FORTRAN statements which
surround it (if any). The listing, which is in an expanded
form for readability, thus comprises a major part of the
program documentation. This documentation is kept current
automatically as the program is recompiled for the purpose
of making corrections and changes. Because tables written
in the FORTRAN-like notation of FORTAB are very readable,
it is also possible for someone other than the original
programmer to read the printed listing and quickly under-
stand the logic of the program.

After the FORTAB pre-processor has read a table, it
lists the FORTRAN statements which it generates. Although
this is not particularly useful information, it is given
to satisfy programmers' curiosity. The IBM 7090 FORTRAN
compiler supplies, upon request, a listing of the assembly
language program which has been compiled. The programmer
has complete knowledge of the contents of both the gener-
ated FORTRAN statements and their assembly language equiv-

alents.

VII. COST OF USING FORTAB

Use of the FORTAB language is not free, of course.
From comparative tests we have found that FORTAB programs
result in longer compiled programs and thus longer com-

pilation times than the corresponding program written in
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FORTRAN language alone. A typical FORTAB program?” e
takes about twice as long to compile as its corresponding
FORTRAN program. The resulting object program occupies
about one-third more words in the computer's memory. The
running time of the compiled FORTAB program, however, is
almost identical with that of the same program written

in FORTRAN. This is partially due to the fact that a com-
piled FORTAB program is more methodical in its flow than
are typical hand-written programs. It is not unreasonable
to expect that, in many cases, compiled decision tables
will run faster than the corresponding program written
without the use of a decision table compiler.

Because of the manner of operation of the IBM 7090
FORTRAN monitor in which the FORTAB pre-processor does
its work, the actual translation from a table to FORTRAN
statements is essentially free. During FORTAB pre-
processing, tape input-output is buffered; much of the
pre-processor's operations take place during tape move-
ments. FORTRAN programs written without decision tables
are not hindered in any way by the FORTAB pre-processor.

The penalties of longer compilation time and larger
compiled programs evidenced by FORTAB-produced programs
must, of course, be weighed against the advantages of the
use of FORTAB for problem solution. Neglecting, for the
moment, the reduced programming effort which tabular pre-
sentation affords, the longer compilation time must be
offset by a reduced number of compilations required for
program checkout. Our early experience indicates that

the savings effected by the FORTAB language program's

*See Appendix B.
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reduced number of compilations to checkout will more than
offset the increased compilation time. This will be due
to the fact that programmers will have a higher incidence
of "first-time" and "second-time'" correct programs. Pro-
grams which normally would require several compilations
before logic has been stated properly will now require
only a few compilations (probably only one, in many cases).
Coupling this advantage with the reduced programming
effort required to express a problem solution in the
FORTAB language, the net result is a substantial saving
of computer and programmer resources.

The extra program memory space required by FORTAB
compiled programs is a fact of life which must be endured.
It should be restrictive only infrequently. Our experience
has been that, in FORTRAN programs, data requires a far
greater proportion of the storage space of the primary
memory of the 7090 than does the program itself. Thus a
one-third increase in program size will not be noticeable
in most cases. In those cases where increased program
size would be restrictive, a programmer using tables must
reallocate memory to allow the program and 'its data to

fit available space.
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Appendix A

DESCRIPTION OF THE FORTAB LANGUAGE

INTRODUCTION

This is an informal description of FORTAB, a decision
table language for use within the framework of the FORTRAN
programming language.

A facility for using decision table procedures within
FORTRAN programs appears to have several desirable features.
Among these are:

1) ease of expressing program decision logic;

2) improved accuracy of program preparation;

3) accelerated completion of programming;

4) semi-automatic documentation of program logic;

5) ease of learning (for current FORTRAN users).

The FORTAB language was designed as a vehicle for
testing the feasibility and desirability of embedding a
decision table language within FORTRAN,

USERS

FORTAB was designed primarily for the professional
programmer who is familiar with the FORTRAN language.

It is believed that non-professional FORTRAN programmers
will also find FORTAB useful.

Some programmers are currently using FORTRAN for
commercial and business problems. Although FORTRAN was
not designed for such problems, it is believed that the
FORTAB-FORTRAN combination will ease some of the logic

implementation problems of this class of users.



-14-

DESIGN CRITERIA OF THE FORTAB LANGUAGE

The basic goal in designing and implementing & FORTAB
language was to improve the '"condition-handling' ability
of the FORTRAN language. FORTAB should provide the ability
to remove all simple, compound, and cascaded IF statements
from FORTRAN programs.

The FORTAB language should be relatively easy to
implement in an initial version. That is, the specified
language will be easily translatable into FORTRAN-language
statements. The initial version of the implementation can
be constructed as a pre-processor to translate from FORTAB
tables to FORTRAN statements. Successive generations of
FORTAB processors may be constructed to generate assembly-
language coding directly.

The initial version of FORTAB has been designed for
the 704/9/90 family of FORTRAN language dialects. Little
regard has been given to the differences and restrictions
imposed by other dialects of FORTRAN.,

When a programmer writes a program in FORTRAN-FORTAB,
he may assume either language to be dominant., The combined
language operates either entirely as FORTRAN, entirely as
FORTAB, or in any combination which the programmer chooses,
without any particular declaration as to which language

he considers to be dominant.
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TABLE CHARACTERISTICS

Rule 1 Rule 2 ... Rulen

Condition Condition
Stub Entry
Action Action
Stub Entry

Each table is physically divided into four quadrants.
The upper two quadrants (Condition Stub and Condition
Entry) describe conditions which are to be tested. The
lower two quadrants describe alternative sets of actions
which are to be taken depending upon what conditions were
satisfied, A rule consists of a set of conditions, with
its actions. A decision table will typically consist of

several rules.

TABLE FORMAT

Decision tables are punched on cards for presentation
to the FORTAB pre-processor. All information on the cards
must appear in columns 1 through 72. As in FORTRAN, card
columns 73 through 80 are not scanned.

Comment cards may be used freely within the table.

A C in column 1 denotes a comment; that card is not

processed by the table pre-processor.



-16-

Each table has the following general form.

TABLE, header card

Condition Condition
Stub Entries
(each column is a '"'rule')
Action Action
Stub Entries

LAST., trailer card

The double lines indicate logical divisions of the table.

Because statement numbers are not allowed within

the table, the stub begins in column 1. Usually blanks

are ignored, but in contrast with FORTRAN, some blanks

have significance; in certain cases, blanks are formally

required.

The stub area of a table for any given line may be

continued on one or more additional cards. This is done

by placing a 1 in column 1 of the first continuation

card, 2 in column 1 of the second continuation card,

etc., up to a maximum of 9 , for a total of 10 cards.

The continuation numbers must begin with 1 and must be

consecutive integers,

The letter E in column 1 has a special meaning, to

be described later.
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INPUT FORMAT

The input format of the programmed tables is either
free form or limited form or extended form., The program-
mer is allowed to use a standard limited form, a standard
extended form, or to specify an input format of his own
choosing.

Standard limited entry form of input consists of a
24 -character stub followed by 24 two-character entries.
Standard extended entry form consists of a 24-character
stub followed by six eight-character entries.

A "table header" precedes each table and gives the
pre-processor information concerning that table. A
certain amount of standard information applies unless
the programmer overrides it with a non-standard declaration
on the table header.

Several definitional facilities and extensions of
the FORTRAN language have been included in the table

language to ease the programmer's task.,

TABLE HEADER CARD

Each table must be preceded by a table header card.
This card provides information to the table processor.

Its general form is:

n TABLE, field field

l, 2 9 eoe ’ fiEldn

The n stands for a table number, The table number must
be unique, must be less than 20000, and must not be the

same as any FORTRAN statement number in the program.
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TABLE. is treated as a FORTRAN statement. That is,
the table number appears in columns 1 through 5, the word
TABLE, (including the . ) begins in column 7 or beyond,
and blanks are ignored. Continuation cards may be used,
but column 6 of the first continuation card must have the
digit 1 and succeeding columns 6 must have sequential
digits in ascending order.

Following the table number will be one or more of
the following types of fields ( * indicates a required
field):

TYPE t t is either OPEN or CLOSED. The nor-
mal case, if this field is omitted,
is OPEN,

NEXT n n is the number of the (logically)

next table or FORTRAN statement.

ERROR e e is the number of the table or
statement which is to be transferred
to in case no rule's conditions have
been satisfied and there is no ELSE

rule in the table (see below),

ELSE r r is the rule number whose actions
are to be taken in case no other
rule's conditions have been satisfied.
Either the ELSE rule or the ERROR
destination must be specified in each

table header.

FORM £ f is LIM or LIMITED if the table is

limited entry.
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f is MIX or MIXED if the table is
extended entry or mixed entry. _ (This

is the normal case.)

f is SPC or SPECIAL if special format

is to be used (see below).

FORM SPC (cl, Cos wee s cn)

If FORM SPC or FORM SPECIAL is indi-
cated, there must follow a set of
parentheses enclosing a description

of the desired format of the input data.
Each ¢y indicates the last column of
a field on the card; ¢y indicates the
last column of the stub; cy indicates

the last column of rule 1, etc.
RULES r r is the number of rules in the table.

CON ¢ or ¢ is the number of conditions in the

CONDITIONS c table,

ACT a or a is the number of actions in the
ACTIONS a table,

RORDER (rl, Tps eee s rm)

Indicates the order in which the rules
are to be arranged by the pre-processor.
Rules not mentioned in this field will
be arranged in the order in which they
are given, 1In the absence of this
field, rules are arranged in the order

in which they are given.
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RORDER (rl/fl, r2/f2, cee rm/fm)

In this form of the RORDER field,

relative frequencies of success for
each rule are supplied in addition
to the rule order. Each fi mus t

be an integer.

TALLY Must be present if the tally printing
feature is to be exercised each time

this table is entered.

CONDITIONS

Each condition consists of a "stub" and an "entry."
Each condition row consists of a stub and several ''rule
entries" (or "rules"). Each condition is a two-operand
test. The first operand is in the stub., The operator,
and/or the second operand, are either in the stub area
or entry area of the table.

Each operand is an expression, in the FORTRAN sense.
The two operands must be of the same mode.

The operators are the following:

Operator Meaning

EQ EQuals

UN or NE UNequal (Not Equal)

LR or LT LesseR (Less Than)

LE Less than or Equal to
GR or GT GReater (Greater Than)
GE Greater than or Equal to

VS VersuS (compared to)
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The operator must appear in one of the following contexts:

bOPb (b signifies a blank)
bOP(
)OPb
)OP(

CONDITION FORMAT

The allowable formats of the condition area of the

table are as follows:

Stub Entry
operandl operator operand2 Y, N, blank, .
operand1 operator operandz, blank, .
operand1 operator operandz, blank, .
operand1 VS operand2 operator, blank, .

The first line shows "limited entry" format; the
last three lines show variations of the "extended entry"
format.

A blank or . in the entry indicates that the con-
dition row does not apply to the rule of that entry
column.

In limited entry format, Y and N have the follow-
ing meanings:

Y means ''Yes'"; this condition is to be tested to see

if it is satisfied.

N means '"'No"; this condition is to be tested to see

if it is not satisfied.
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ACTION FORMAT

Each action row consists of a stub followed by an
entry for each rule.
In limited entry table format each action stub is a

complete FORTRAN statement. Each entry is of the follow-

ing form:

X if this action (row) is to be taken
when all the conditions for this
rule (column) are satisfied.

. or blank if this action (row) is not to be

taken when this rule is satisfied.
In extended entry table format the FORTRAN statement
is begun in the stub and completed in the entry. The
stub and entry are assumed to be contiguous for each rule.
The following types of FORTRAN statements are allowed

in the action area of the table:

arithmetic: a =D PUNCH

ASSIGN READ

BACKSPACE READ DRUM

CALL READ INPUT TAPE

CONTINUE READ TAPE

DO (in a special form, RETURN
described below) REWIND

END FILE SENSE LIGHT

GO TO n STOP

GO TO ( ),i WRITE DRUM

GO TO n, ( ) WRITE OUTPUT TAPE

PAUSE WRITE TAPE

PRINT
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The following types of FORTRAN statements are not

allowed in the action area of the table:

IF (in all its forms)

Non-executable statements

Some additional statementsiare allowed but are not

part of the FORTRAN language.

MOVE b TO a (identical to the arithmetic
statement: a = b)
PERFORM (described below)

The DO statement is used in a special form in the

action area of the table., It takes the form:

DO i=my,m,,m,

which is the FORTRAN form without the range statement
number., With each DO there must be a corresponding
CONTINUE. DO statements may be nested, but each DO must
have a separate CONTINUE statement.

The DO statement used as an action may be in limited
or extended form. If the DO statement action entry is
blank or . , neither the DO statement nof anything
within its range is performed. If the DO statement action
entry is not blank or . , then the DO statement is per-
formed; the other statements within the range of the DO
are performed or not, depending upon the appearance of
their action entries. These general rules also apply to
each DO of a set of nested DO's; that is, within a DO
which is to be executed, there may be other DO's which

are not executed for this particular rule.
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The PERFORM statement has been added to allow the

programmer to perform a ''closed table." Its form is:
PERFORM n

where n 1is a closed table number.

A closed table (that is, a table which is to be
exercised using the PERFORM statement) is written just as
any other table. Its execution, however, is always fol-
lowed by a return to the next action after the PERFORM
which called it. Each closed table must physically

appear after all other tables which make use of it.

LAST, CARD FORMAT

The table must be terminated by a card punched LAST.

beginning in column 2 or beyond,

TALLY FEATURE

During debugging, it is often useful to trace the
path of control through a program's tables. The TALLY
feature has been constructed for this purpose, If TALLY
has been indicated in a TABLE header,* the'following

call will automatically be compiled:

CALL TALLY (ITAB,IRUL)

between the conditions and actions for a table.

*If the TALLY field is punched on a continuation
card:
1 567
1 , TALLY

it may easily be removed when this debugging aid is no
longer desired.
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ITAB table number

IRUL rule number of the satisfied rule

The library routine, TALLY, prints ITAB and IRUL. Alter-
natively, the programmer can supply his own TALLY sub-

routine to process the TALLY information.

EXPRESSION DEFINITION

The programmer may define an expression anywhere
within a table by using a card with E in column 1. The

general form of the expression definition is:
E name = expression

where '"name'" is any legal FORTRAN variable name and
"expression' is any legal FORTRAN expression or string of
characters., Wherever 'mame' appears in the entry portion
of the table, it will be effectively replaced by "expres-
sion'" by the table pre-processor. The 'name' variable
expression definition holds only for the table in which
the E card appears. Thus 'name' may be the same as

variables used outside the table, without conflict.

RESTRICTIONS

The FORTAB pre-processor reserves for its own use:

1) All statement numbers above 20000,

2) All fixed point variables of the form Nxxxxx
where xxxxx vrepresents five numeric characters.

3) All floating point variables of the form Oxxxxx

where xxxxx represents five numeric characters.
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EXAMPLE, LIMITED ENTRY TABLE

260 TABLE. FORM LIM, RULES 4, CONDITIONS 5, ACTIONS 6,

1 ERROR 999

ALPHA GR D+2, Y Y N o

KEQ1 Y . .

K EQ 2 . Y o .

K EQ 3 . . Y .

ALPHA LT 6. . . . N

ANS = ALPHA + BETA X

ANS = ALPHA - BETA X

ANS = ALPHA X

ANS = 0. X

PRINT 25, ANS X X X X

ALPHA = O, X X X
LAST,

Meaning:

Rule 1: 1If ALPHA is greater than D+2, AND
K is 1, ANS is to be set to ALPHA + BETA, ANS is
to be printed, and then ALPHA set to 0.

Rule 2: 1If ALPHA is greater than D+2. AND
K is 2, ANS is to be set to ALPHA - BETA, ANS is
to be printed, and ALPHA set to 0.

Rule 3: If ALPHA is not greater than D+2.
AND K is 3, ANS is to be set to ALPHA, ANS is to
be printed, and ALPHA set to 0.

Rule 4: If ALPHA is not less than 6., ANS is
to be set to 0. and ANS is to be printed.

ERROR: If nomne of the above rules is satis-
fied, control is to pass to statement (or table)
999.
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Notes:

1)

2)

3)

4)

5)

6)

This is an example of an OPEN table. It is entered
in-line or by a GO TO 260. After its execution,
control proceeds to the statement (or table) which
follows the LAST. card (unless the ERROR exit to 999
has been taken).

If the table header had included the field NEXT 305,
control would pass to statement (or table) 305 after
completion of this table (unless the ERROR exit was
taken).

No more than one rule's actions are taken per entry
to the table., The rules (columns of condition Y's
and N's) are tested beginning with the leftmost
rule. The actions are taken only for the first
(leftmost) rule which is completely satisfied.

If no rule is satisfied, control passes to statement
(or table) 999. ERROR 999 could have been replaced
by an ELSE field, for example ELSE 3; in this case,
if no rule was satisfied, the actions of rule 3
would be taken (that is, rule 3 would.be considered
to be satisfied).

The field TALLY could be placed on the table header
card., For each entry to the table, the TALLY sub-
routine would print the table number and the number
of the satisfied rule (or 0 if no rule was satisfied).
If the table header had included the field TYPE
CLOSED, this table would have been compiled as a
closed table (not as a closed subroutine). It would
then be entered by the table action PERFORM 260

which would pass control to this table. Upon



7)

8)
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completion of this table (unless the ERROR exit was
made), control would return to the table action
after the PERFORM 260, Table 260 must appear,
physically, after all tables which include

PERFORM 260 actioms.,

If the programmer, after writing the above table,
decided that rule 2 was the '"most likely to be
satisfied," rule 3 the next most likely, and the
others equally likely, he could add the table
header field:

RORDER (2,3)
which is equivalent to:
RORDER (2,3,1,4)

In this case, the FORTAB pre-processor would auto-
matically sort the rules into the indicated order.
FORMAT statement 25 is outside the table. Only

executable statements may appear as actions within

a table.
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Appendix B

A COMPLETE FORTAB PROGRAM EXAMPLE

This appendix shows a complete program example

written in both FORTRAN and FORTAB,

The example is an

integration subroutine (described in Fig. 1) which was
When the FORTAB

originally written in FORTRAN (Fig. 2).

pre-processor became operational, the routine was re-

written in combined FORTRAN-FORTAB (Fig. 3).

Pertinent statistics concerning the two compilations ..

areias follows:

Compilation time

No. of FORTRAN state-
ments (as written)

No. of decision tables

No. of FORTRAN state-
ments (as compiled)

No. of FORTRAN state-
ments (as compiled,
not including CONTINUE
statements)

Length of compiled
program

Execution time, 3 cases,
100 executions of each

(1)

FORTRAN

40 sec

118

118

114
619 words

3,290 ms

(2)
FORTRAN- Ratio
FORTAB (2)/(ll
80 sec 2.00
40 .34
4 -
267 2.26
200 1.76
831 words 1.34
3,280 ms 1.00
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Figure 1

INTEGRATION SUBROUTINE DESCRIPTION

IDENTIFICATION

Subroutine NTGRTE
FORTRAN coded for 7090
Richard S. Grote

The RAND Corporation
Santa Monica, California

PURPOSE

To compute the integral of the function defined by the
ordinates FX(I), I = 1, NM,

RESTRICTIONS

FX(I) is floating point; the number of ordinates NM is

less than or equal to 257 and this is a fixed point integer.
The step-size XH is floating point. The list of the call
statement contains a single floating point variable - the
value of the integral, i.e., CALL NTGRTE (TG).

METHOD

The number of ordinates, NM, is examined and the interval
of integration is subdivided in such a way that as high
an order Newton Cotes Integration formula as possible can
be used for each subinterval. The subroutine uses
integration formulas of order 1 through 8.

USAGE

The ordinates of the function whose integral is desired
are placed in the FX array which is assumed to be in
COMMON along with NM and the step-size XH. Upon return
from NTGRTE the single argument of the CALL statement 1s
the value of the integral.
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Figure 2
FORTRAN INTEGRATION SUBROUTINE

SUBEOJYTINE NTGRTE {T35)
COMMON FXy NM, XH 4 ERFLAG
DIMENSTION  FX{257),YNN(20)
TG=0.0

IF{19%NY%-19) 103,100,110
ERFLAG=1.0

GO TD 250

IF (10#3M=-83) 122,120,111
IF {12%4M-21) 115,120,120
NB=1 .

LN=0

KN=0

GO TO 220

ND=nM=-1

NE=0

IF (10#%#%D-119) 140,130,130
ND=ND-8

NE=NE+1

GO 10 125

IF {10#5D-109) 145,145,141
IF {10#4D-111) 150,145,145
IF (1D2D=ND=-733) 146,1451,1451
IF (100#ND-801) 147,155,155
KN=ND

LN=0

G0 TO 2920

N8=NB+1

KN=0

LN=D

GO 70 200

KN=5

LN=ND-KN

GO T0 200

KN=6

LN=5

NSTRT=1

NNB=NB

IF {(10D0=NN8+1) 205,205,203
IF (100%NNE&=1) 220,205,205
ISWI=8

J=NSTRT

DO 207 I=149

YNN{1)=FX{J)

J=Jd+1

CONTINJE

ASSIGN 210 TO KL3C

60 TS 260

TG=TG+TSINT

NSTRT=NSTRT+8

NNA=NNS -1

50 10 292

IF (100xKN+1) 275,275,221
IF {120%KN-1) 231,225,225
ISWI=KN

KK=KN+1

J=NSTRT

DO 227 T=14KK
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Figure 2 (continued)

YNN(TY=FX{J)

J=J+1
CONTINUE
NSTRT=NSTRT+KN -
ASSIGN 230 70 KL3C
GO TO 260
TG=TG+TSINT

IF {100=LN+1) 235,235,232

IF (130=LN-1) 241,235,235

ISWI=LN
KK=LN+1
J=NSTRT
DO 237 I=14KK
YNN{I)=FX{J)
J=J+1
CONTINUE
NSTRT=NSTRT+LN
ASSIGN 2403 T3 KLI3C
GO TO 260
TG=TG+THINT

IF {100%(NM=NSTRT}I+1) 242,242,2411

IF {100#{NM=NSTRT)-1) 245,242,242

ERFLAG=2.0
GO 10 250
ERFLAG=0.9
RETURN

IF (100=%1SWI=-79) 270,270,271

ERFLAG=U.0
GO 70 250

IF (120=ISWI-193) 2724274427174
TOINT={YNN{L)+YNN(2))#XH/2.0
50 10 37¢C

IF {100%1SW1I=-293) 2754280,280
TGINT=(YNN{ LY +4.08yNN{2)+YNN{3) ) XA/ 3.0
GO 10 3706

IF {(120%1ISW1I=-393) 290,2954295 '

TOINT={YNN{ 1) +3.08YNN(2)+3.0%YNNI3)+YNN{4))*3.0%X4/2.0

GO TQ 370

IF (100%ISWI—-499) 330,310,310
TOINT={7.08YNN( 1) 432,08 YNNI 2)+12.08YNN{3)+#32,0%YNN{4)+T7.0%YNNID) )+
4.0%#XH/390.0

GO 1TC 370

IF (120%1ISwI-597) 32043255325

TOINT={19.0%YNN{1)+75.0 #YNN{2)#50.0#YN{3)450.0=YNN{4)+75.0=YNN{D
1)+19.02YNN{A) ) %5.0%XH/288.0

50 T 3710

IF (100#1SWI-699) 330,340,340
TOINT=(41.0%YNN{1)+216.08YNNI2)+2702YNN{3)4272.0xYNN{4)+27.0=Y NN
15)+215.08YNN{6)+41.0%YNN{T) )26, 0xXH/B40.0

G0 TO 370

IF {100#1ISwI=-7993) 350,355,355
TOINT={751e08YNN(L)+#3577.08yNN{2)+1323,0%xYNN(3)+2987.0#YNN{4)+2989
1e02YNNI5)+1323,05YNN{5)+35T77e0%YNN{T7)+T751.0#YNN(B))#7.08X4/17280.0
GO TQ 370

IF (1203#ISWI-899) 360,270,270
TGINT={989.0#YNN(1)+5388.08yNN(2)=-926.0%YNN(3)+10496.0%YNN{4)-4540
l.O*YNN(b)+13495.3*YVN(b)—?ZB.D*YVQ(7)+588R.O*YNV(8)+989.0*YWN(9))*

P
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Figure 2 (continued)
23.0#XH/28350.0
370 CONTINJE

G TO KLCC,1{210,230,240)
END

CARD COUNT 118



Figure 3

FORTAB INTEGRATION SUBROUTINE

-3~

SUBRDJTINE NTGRTE
COMMON  FXy NMy XH o
DIMENSIUN
LRN=0
T6=9.0
ERFLAG = D.
TABLE. NEXT 203D, CON

C
C
NMOEQ 1 N
NM EQ 9 Y
c
C
NG = 1
LN = O X
KN = 0 X
C
ND = ANM-1
NS = 0
50 10 400
C
LAST.
200 NSTRT = 1
NNB = N8
C
202 TABLE, RUL 10,C03N 6,
LRN EQ 3 Y
LRN EQ 2 .
NN8 EQ O .
KN EQ D .
LN EQ D N
NSTRT EQ NM -
C
ISWI=8
J=NSTRT
GO TO 236
c
ISWI=KN
KK=KN+1
GO TO 226
c
ISWI=LN X
KK=LN+1 X
GO TO 236 X
c
ERFLAG=2.0
RETURN
C
C
LAST.

400 TABLE. NEXT 220, CON
C

C

ND LT 12 N
ND EQ 11 .
ND EQ 8 .
ND LT 8 .

15)

ERFLAG
FX{257) 4 YNN{20)

2y

x X

4,

< =<

> >

ACT 6,

11

> X

!

¢ Lo @

>xX X

RUL 2

ERRIR 300, FO4M

o o 8 »

>

ACT 10,

< s ® ®

RUL 5r ©RRT3

LIM

300,

FORM LIM

FORM LIM
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Figure 3 (continued)

ND-8 X
NE+1

>
>

0 400 X

o
>

ND : X

ND = KN X

DO 207 1=1,9
YNN{TI)=FX(J)

J=J+1

CONTINUE

ASSIGN 210 T9 XL3C
GO TO 260

DO 227 I=14KK
YNN{I)=FX{J)

J=J+1

CONTINUE

ASSIGN 230 TO KLOC
GO TO 260

DD 237 I=14KK
YNN{I)=FX{J)

J=J+1

CONTINUE

ASSIGN 240 TO KL3JC
GO TO 260

TG=TG+TGINT
NSTRT=NSTRT+8
NN8=NNB-1

60 TO 202

TG=TG+TGLINT
NSTRT=NSTRT+KN
LRN=3

GO 10 202

TG=TG+TGINT
NSTRT=NSTRT+LN
LRN=2

GO TO 202
TABLE. ACT 10,

CON 8y RJL 9y

NEX 250,

ERRIR

300,

FORM LIM
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. Figure 3 (continued)

ISWI EQ
ISwI EQ
I1Swl EQ
ISwI EQ
ISWI EQ
ISWI EQ
ISWI EQ
ISWI EQ

o & 3 ¢ o s 3 =<
4-(

WS D

(@}

TGINT={989.0%YNN{1)
+ 5888.0%YNN([2)
- 92B.0#YNNI{3)
+104956.0%YNNT{4)
- 4540 ,0%#YNN(5)
+10496.0=YNN{6)
- 92B.0=YNN{7)
+ 5B888.,0%YNN(B)
+ 989.0=YNN{9))
#*3,0%#XH/28350.0

>

OCO~NOU W

TGINT= {751.YNN{1) X
+ 3577.0%YNN{2)
+ 1323.08YNN{3)
+ 2989.,0=YNN(4)
+ 2989.0¢YNN(5)
+ 1323.0%YNN{6)
+ 3577.0%YNN{T)
+ 751.0 =YNN{B))
#7,0%XH/17280.0

OW~d VW~

TGINT= {41.0%= YNN(1) X

+ 216.0% YNNI{2)

+ 27.2 # YNN{3)

+ 272.0% YNN{4)

+ 27.0 = YNN{5)

+ 216.0% YNN{6)

+ 41.0 = YNN(T))

# 6.,08XH/840.0

OO SN -

TGINT= {19.0 =YNN{1) X
75.0 xYNN({2)
+ 50.0 ®YNN{3)
+ 50.0 #YNN{4)
+ 75.0 #YNN(5)
+
#*

+

19.0 #=YNN(6))
5.0%#XH/288.0

OO SN

TGINT= (7.0 #YNN{1) X
+ 32.0 #YNN{2)
+ 32.0 *YNN{4)
+ 7.0 #YNN{5))
# 4,0#XH/90.0

OOV, N -

TGINT= { YNN(1) X
1 + 3.0 #YNN{2)

s e o @

&£ 6
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Figure 3 (continued)
+ 3.0 *YNN{3)

+ #YNN(4))
# 3,0#XH/B.0

[@ IR SIS V]

TGINT={YNN{1)+4,0% X
1 YNN{2)+YNN{3))#XH/3.D
C
TGINT={YNN(L)+YNN{2)) X
1 #XH/ 2.0
C
GOTO KLOC,(2104232,242) X X X X X X X X
ERFLAG=1.0 X
LASTY.

r
A4

300 ERFLAG=4.0
250 RETURN
END

CARD COUNT 183
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