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1.  INTRODUCTION:  NEEDS AND AREAS 

1.1 Needs for Research 

Within the broad field of computer programming, one need 
is growing particularly; and awareness of that need is 
also growing.  That need is the facilitation of mainte- 
nance programming, by programmers who did not originally 
develop a software system, on software which others have 
written. 

Several factors cause the need: 

(1) As programming becomes less of a pioneering 
work, there simply are more programs which one 
may modify rather than develop "from scratch." 
Also, as telecommunications are improved and 
as computers become larger, a tendency is 
reported (Hill, 1973) for specialized software 
packages to be shared (and modified) by a 
number of users. 

(2) Personnel turnover has traditionally been high 
in programming.  While it may have declined in 
recent years, it is still high in relation to 
other professions:  One study (Simmons, 
1972) estimates that twenty percent of U.S. 
programmers move from one employer to another 
each year. 

(3) There is a tendency for software systems to 
become more ambitious; and larger systems, 
according to Simmons (1972) amplify the need. 

High costs have resulted from these and other factors. 
For the U.S. alone, according to one student of the 
problem (Boehm, 1973), annual "... software costs 
. . . are probably over $10 billion . . .". 

Maintenance programming is a major factor in these 
costs.  The U.S.A.F. Systems Command, Electronic Systems 
Division, in sponsoring previous research in this area, 
estimated that the maintenance of a large computer 
program often costs more, over the life of the program, 
than was paid for the original development of the 
program. And a recent managers' survey (Rhodes, 1973) 
showed that the typical cost of developing "a big 



system" was greatly surpassed by the costs of installing 
and testing it, and of making enhancements in it.  If 
published estimates can be believed, this all implies 
that maintenance costs the U.S. more than $5 billion 
per year. 

In spite of the involvement of billions of dollars, 
there has been a remarkable lack of systematic research 
into the conditions which help and hinder people doing 
maintenance programming.  Electronic Systems Division, 
recognizing this lack, has sponsored relevant research 
(e.g., Overton et al., 1973).  This helped correct what 
was earlier described as "... an applied scientific 
lag in the study of . . . programming .... a widening 
and critical lag which threatens . . . great waste that 
inevitably accompanies the absence of systematic and 
established methods and findings, and their substitu- 
tion by anecdotal opinion, vested interests, and 
provencialism" (Sackman et al., 1968). 

The previous research identified areas which promised 
particularly great potential for development—from which 
helpful tools and practical advice could come.  The 
present project represents further work in two of those 
areas.  They are called "Graphic Terminal Arrangements" 
and "Automated Conceptual Groupings." 
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1.2 Areas of Research 

The nature of the work reported here, is transitional, 
between research and development.  One area (Conceptual 
Groupings) includes the development of prototype pro- 
grams which could be converted into valuable tools for 
maintenance programmers.  The other area (Terminal 
Arrangements) includes research into the conditions 
which facilitate problem-solving in programming. 

1.2.1 Graphic Terminal Arrangements 

Through his eyes and other senses, the programmer at a 
terminal takes in a variety of information.  The inte- 
gration, or lack thereof, of this information, can make 
the programmer's job relatively easy, or very incon- 
venient.  Thus, this area of research concerned the 
integration of the information used by the person at 
the terminal. 

There are complex interactions between the physical 
arrangements, the programming discipline in which a 
person is working, and the style and structure of the 
program.  This research sought to clarify the effects of 
some of the variables, so that effective arrangements 
can be devised for future work situations. 

In addition to studying the basic variables, the project 
also pointed out some specific, smaller features of 
terminal arrangements which are both helpful and harm- 
ful. 

1.2.2 Automated Conceptual Groupings 

When one programmer is talking to another, explaining a 
program to him, much of his explanation is cast in 
interesting units:  not individual statements of code, 
and not in the terms of the formal documentation of the 
program; but in small sets of statements, each set of 
which can be treated as a unit.  These sets have been 
called "Conceptual Groups.M This project included work 
on programs which would find "Conceptual Groupings" 
automatically. 

Two pilot versions of "Grouping Programs" were written. 
Research showed that such programs could help make at 
least certain classes of applications programs sig- 
nificantly easier to maintain. 



The logic of the programs could also provide the designs 
by which compilers could be modified, so that the 
compilers could, by helping the programmers, reduce the 
cost of maintaining programs. 
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2.  STUDIES IN GRAPHIC TERMINAL ARRANGEMENTS 

2.1 General Themes 

Although they are not often repeated explicitly, two 
general themes run through the studies in terminal 
arrangements. 

First, there are limitations to what people's senses 
can perceive; that, both literally and figuratively, 
eyes have to blink now and then; that some things are 
hard to see and follow; and that people may get tired 
of trying. 

A second theme relates to more intellectual (as opposed 
to sensory) functions.  Often, the difficulty of a 
problem is a function of the way it is presented.  And, 
in a sense, a terminal is a device for presenting a 
problem, or a portion of a problem, to a maintenance 
programmer. 

The first (or more sensory) theme appears strongly in 
the study of the literature (described below) relevant 
to this area, and in the direct observations of the 
problems of maintenance programmers at terminals. 

The second (or more intellectual) theme develops into 
experimentation.  But before the experiments could be 
executed, a methodology had to be developed—problems 
had to be presented in different ways, so that the best 
feasible way could be found.  The experimentation, then, 
consisted of programmers actually working on programming 
problems which differed significantly and systematically 
in complexity and mode of presentation. 

The two themes are summed up in the phrase, "sensory 
integration."  The general goal is to present informa- 
tion relevant to a maintenance programming problem in 
the way in which the information is easiest for people 
to (1) perceive, and (2) integrate into a solution to 
the problem. 

11 



2.2  Research Methodology 

The following activities were included as methods of 
study of Terminal Arrangements: 

, (1)  Relevant literature was extensively reviewed. 
(This review was combined with that for the 
Conceptual Groupings studies.)  Basic findings 
are incorporated in the body of this report, 
but additional quotations appear in Appendix A, 

(2) Concepts—especially those necessary to the 
making of specific definitions about working 
conditions and performance—were developed. 

(3) Many possible experimental variables were 
refined into a tractable number, and an experi- 
mental design was developed. 

(4) Observations—including interviews—and experi- 
ments—including videotaping--were conducted. 

(5) Results of experiments were predicted theo- 
retically, and actual results were compared 
with the theory. 

These activities are discussed, in turn, below. 

2.2.1  Literature Review 

A wide spectrum of sources was represented in the lit- 
erature which was reviewed.  These sources may be roughly 
divided into four classes: 

(!) Professional computing journals. Examples in- 
clude the IEEE and ACM journals, and others of 
lower circulation. 

(2) Other professional journals.  These, such as 
Perceptual and Motor Skills, may contain rele- 
vant facts while not being oriented toward 
computers or programming. 

(3) Popular or semi-professional magazines.  A 
prime example is Datamation.  (The authors 
observe that many popular magazines contain 
very little "firm" information; but they may 
be of value in reporting current opinions and 
interests.) 
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(4)  Other publications.  Included are books, 
dissertations, and symposium proceedings. 

More than 200 articles, etc., were read during the 
review.  (Of course a larger number were merely scanned 
briefly or skimmed, and rejected as being not worth 
perusing.)  These were converted into a file of relevant 
findings, etc.  Where appropriate, these were incorpo- 
rated into the text of this Final Report. 

Several of the sources contained "quotable quotes" which 
were interesting, but which would not fit appropriately 
into the body of the report.  Some of these quotations 
were copied and included in Appendix A. 

2.2.2  Concept Development 

One of the problems in trying to study maintenance pro- 
gramming scientifically, as previously observed (Overton 
et al., 1973, p. 84) 

"... is that the really meaningful elements of 
the work are difficult to define.  That is, the 
programmer is not like a factory worker who is 
installing components that can be counted .... 
He is more like an artisan who is figuring out how 
to make or repair an artifact.  (The word 'arti- 
fact' is used in its archeological sense, as 'a 
product of human workmanship.')  His 'figuring out' 
is hard to translate into anything like a quanti- 
tative statement of the ingredients in his problem- 
solving. 

"With a time-sharing system, however, the pro- 
grammer enters an environment in which one element 
of his work is theoretically subject to regular 
and continual measurement.  That element is 
information.  The programmer is calling for in- 
formation to be displayed on his terminal.  He is 
(mentally) processing that information, and he 
is throughputting the results of the processed 
information by making new inputs at the terminal." 

The final assumption is deceptively simple:  The more 
information the programmer throughputs, and the more 
accurately he does it, the better he is working. 

unfortunately, one must develop more specific and ob- 
servable concepts before one can use this assumption as 
a guide to the measurement of programmer productivity. 
In this connection, a new body of literature becomes 
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relevant.  It is that on "operator workload":  the 
"load" a man can "carry" when he must respond to inputs 
from the electronic portions of a man-machine system of 
which he is a part. 

A recent review of this literature (Jahns, 1973) empha- 
sizes the diverse origins of the one concept of the 
(sensory and intellectual) "workload."  The concept is 
said to derive from four different classes of researchers 
and theorists, having somewhat different meanings for 
each of them.  The four are: 

(1) Time-and-motion analysts.  Using a "scenario" 
as a guide, lengthy predictions of the exact 
tasks with which an operator will be faced. 
They also predict the time it will take him to 
do each action.  These predictions are based 
on normative data from previous studies.  The 
specialists then calculate the points in time 
when he simply will not have enough time to do 
what he is supposed to do. 

This technique is said to " . . . provide an 
adequate tool for making general, broad pre- 
dictions regarding the operator's ability to 
handle a given set of tasks." 

The barrier to applying this technique in 
maintenance programming is that one does not 
usually know in advance what the "given set of 
tasks" will be.  Also, there is a lack of 
normative data on the time required to do 
various tasks. 

(2) "Channel Capacity" theorists.  It is assumed 
that the operator works within a "channel 
capacity" which is fixed and limited.  "Work- 
load" capacity is the ability to accomplish 
additional tasks, whether expected or unex- 
pected. 

This approach is said to be valuable when 
applied to a small number of individual func- 
tions; but it may distort the picture if it is 
applied to "complex interactions" such as those 
found in "higher-order man-machine systems." 

This approach is applicable to some aspects of 
maintenance programming, such as the simple 
scanning of files for points of interest. 
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(3) "Activation" theorists. Performance is said 
to be a function of the activation level, or 
physiological state, of the operator. 

"The results obtained so far are promising but 
fraught with problems in measurement techniques, 
data reduction and interpretation." 

In the opinion of the authors, this approach 
has no place, at present, in the study of 
maintenance programming. 

(4) Non-theoreticians.  It is assumed that any- 
thing which will "simplify" the work situation 
will help the operator.  Also, any situational 
change which improves performance is assumed 
to have reduced the sensory/intellectual work- 
load .* 

Now, here are two concepts which were actually used in 
this project, and their relationship to the concepts 
from the literature as reviewed by Jahns (1973). 

(1) Information sources.  The screen of a terminal 
is an information source, as is a listing of 
the program.  As will be seen, there are other 
sources of information which are quite 
important to the maintenance programmer. 

Within the time-and-motion tradition, it is 
assumed that a programmer can work better when 
he has to deal with a smaller number of sources 
at one time, and when each is as convenient to 
him as possible. 

(2) Throughput rate.  When a maintenance programmer 
looks at a new item on a display, he has to 
decide, at a minimum whether or not it is rele- 
vant to what he is doing at the moment.  There 
is a maximum rate at which he can make such 
decisions, and this rate will therefore tend 
to set a pace for his work. 

This concept is compatible with that of 
"channel capacity."  The authors prefer to 
express the throughput rate, wherever it is 
possible to do so, in terms of bits per second. 

Another concept, unrelated to the "workload" literature, 
relates to people's ability at "Keeping Track of Several 
Things at Once" (Yntema, 1963).  There is a limit to 
this ability too; and it becomes very relevant to a 
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maintenance programmer when he needs simultaneously to 
watch more than one source of information. 

A "proper" experimental design is based upon variables 
—controlled, independent, and dependent variables—and 
not upon general concepts.  But the above concepts were 
used in evaluating the variables described below. 

2.2.3 Experimental Variables and Design 

People constantly adapt to, and overcome, small imper- 
fections in their equipment.  On the other hand, people 
also respond to, and are distracted by, many "non- 
signals" which computers ignore.  These characteristics 
of people contributed to making the experimental design 
(potentially) extremely complex.  Maintenance pro- 
gramming is simply very complex behavior, and there is 
no realistic way around this fact. 

One could easily list more than a dozen variables (such 
as those cited below) which influence maintenance pro- 
gramming.  A necessary task was the refinement of these 
variables into those which were most basic. 

Then an experimental design (described below) was de- 
veloped in terms of the basic variables. 

Finally, to keep the results from being unrealistically 
narrow, experimentation plus observations were planned. 
(This combination is also described below.) 

2.2.3.1 Variable Refinement.  Preliminary observations, 
coordinated with the literature review, led to a formid- 
able list of independent variables upon whose effects 
the productivity and success of maintenance programmers 
might in part depend.  These include: 

(1) Language.  The pattern of errors which program- 
mers make in working with different languages 
has been found to vary from language to 
language (Youngs, 1969).  FORTRAN and PL/1 
probably differ from each other, and from 
other languages, in specific aspects of main- 
tainability. 

(2) Terminal.  A graphics terminal is obviously not 
equivalent, in terms of the information which 
a person can get from it, and the way he can 
get that information, to older-style print- 
outs and "hard copy."  The terminal itself may 
affect maintenance behavior. 
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(3) Other information sources.  Accessibility of 
other data, such as printed documentation, may 
be necessary to complement the information re- 
ceived from terminals and program listings (if 
any).  Ideally, experimentation should cover 
these other information sources. 

(4) Program application.  Payroll programs have been 
written in both FORTRAN and COBOL, as well as 
in PL/1 and other languages.  Within the frame- 
work of one language, the application area may 
affect maintainability.  And there obviously 
are different types of applications, including 
(1) business, (2) scientific, (3) statistical, 
(4) simulation, and (5) others. 

(5) Size.  It seems reasonable to suppose that a 
big program should be harder to maintain than 
a small one, but there are no "hard" data on 
the relationship between maintainability and 
size.  Conceivably, this experimentation might 
seek to generate such data. 

(6) Style.  Under at least some conditions, pro- 
grammers prefer to work on programs which are 
written in a highly modular, hierarchical style 
(Overton et al., 1973).  Hence aspects of style, 
such as degree of modularization, are candi- 
dates for experimental variables. 

(7) Test difficulty.  A commonly-expressed opinion 
is that, especially with larger software 
systems, the ease of maintenance work depends 
in part on the availability of test data, and 
the convenience of test conditions. 

(8) Complexity.  One program may differ consider- 
ably from another in terms of logical conse- 
quences and complexity per unit of code.  For 
example, two programs might each keep records 
on the locations of various particles or units. 
One might do so in a simple inventory control 
program; the other might employ a set of 
differential equations to model the three- 
dimensional diffusion of gaseous particles. 
The latter would probably be the more complex 
program, even though the former might be longer 
in terms of number of program statements. 

Now one could easily imagine an experiment, designed to 
cover reasonable points in the above variables, which 
employed (1) three programming languages, (2) two terminal 
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situations, (3) two other information sources, (4) two 
program application areas, (5) two sizes, (6) two styles, 
(7) two degrees of test difficulty, and (8) two degrees 
of complexity.  This experimental design would require 
that data be taken under the number of different con- 
ditions which is the product of the numbers just listed; 
namely, 384. 

If one decided to observe, as a reasonable amount, 12 
hours of programming activity (presumably assigned to 
different programmers in such a way as to preclude the 
creation of other problems in interpreting the results) 
in each condition, then one would require 4,608 programmer- 
hours of work to be observed in the experiment. 

This amount of work (not to mention the equally formid- 
able problems in setting up all those conditions, and 
in scheduling them) would make the experiment far too 
expensive to be seriously considered. 

The practical problem, then, is one of boiling down 
. • . :  refining the variables into a tractable number, 
and then converting that number into an experimental 
design.  (As noted below, the formal experimentation 
was supplemented by further observations.) 

During the course of the first four months of the pro- 
ject, personnel from Electronic Systems Division advised 
those from AMS regarding the languages of greatest in- 
terest to the government; and AMS personnel used the 
findings from the literature, plus the results of pre- 
liminary observations and interviews, to refine the 
other potential experimental variables. 

As a result of this work, the following decisions were 
made. 

(1) It was decided early that, for both the Termi- 
nal Arrangements and Conceptual Groupings 
studies, the languages of primary interest 
would be PL/1 and FORTRAN.  For Terminal 
Arrangements, experimentation was restricted 
to FORTRAN. 

(2) Based largely on its prominence in the litera- 
ture, an aspect of style was chosen as an in- 
dependent variable.  That aspect was degree of 
modularity in the programs used. 

It was noted that this variable tends to be 

> 

• 

correlated with degree of structure, and with 
the extent to which a software system is 
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organized in a hierarchical manner.  That is, 
highly modular programs are compatible with 
so-called "structured programming," although 
modular programs can be produced without 
following the rules of structured programming 
(Liskov, 1972). 

(3)  Based largely on the first four months' inter- 
views and observation, attention was also 
focused on the rather broad variable of "choice 
complexity" prevailing within the program; or, 
more precisely, of the per-unit complexity 
characterizing the software being maintained. 

In other words, modularity and complexity represent the 
independent variables, whose effects were to be studied. 
The dependent variables, to be observed and quantified 
as much as possible, related to programmer performance 
and efficiency. 

The method for quantifying programmer performance was 
not fully developed until after the completion of a 
number of preliminary observations.  No method of quan- 
tification was really satisfactory; a number were con- 
sidered. 

Number of modifications, per unit of time, was rejected 
because of differences in the types and sizes of modi- 
fications to be made. 

Number of entries, per unit of time, was studied at 
length and rejected because of the problem of defining 
"entry." A long series of numbers might be just as 
legitimate a single entry as one character in a state- 
ment. Also, some entries might be made in almost random 
experimentation by a confused programmer. 

A crude and subjective method, which was used, involved 
the programmer's opinion, which was obtained at the end 
of a session at the terminal.  Some programmers (notably, 
the one with the most formal education) spontaneously 
made comments at the end of each session, saying things 
like "Well, that should take care of thatH; or, "I don't 
know what happened there."  If a programmer volunteered 
such a comment, he was not asked about his progress. 
If he did not, he was asked, "Well, did it (glancing at 
the terminal) let you do what you expected to?" 

Comments were coded in terms of "good" for a clear yes, 
"so-so" for an indication of something like half-way 
satisfaction, and a "bad" for a clear no. 
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A more objective method, which was used, involved the 
concept of "getting stuck." The maintenance programmer 
was said to be "stuck," and "spinning his wheels," if he 
did any one of the following things: 

(1) • . . sat at the terminal, taking no control 
actions, with nothing new coming from the 
computer, for at least 45 seconds. 

The time threshold of 45 seconds was selected 
on the basis of (a) previous results showing a 
somewhat comparable median study time of about 
half a minute (Overton et al., 1973); and 
(b) its seeming reasonable as judged from pre- 
liminary observations. 

(2) ... went away from the terminal to study a 
reference manual or other general documentation, 
or otherwise "left the field." 

(3) ... without expressed or apparent purpose, 
paged rapidly through a listing or files for 
at least 90 seconds (which is twice the no- 
action threshold). 

To cast this measure in a more useful and positive form, 
the "productive time," or time before getting stuck, was 
noted.  (If a programmer did not get stuck in the last 
N minutes before ending a session, this was noted as 
M-^, where "E" stands for "End.") Distribution of pro- 
ductive time was then used to study programmer efficiency 
under the experimental conditions. 

2.2.3.2 Design of Experiment.  Given the above, 
important decisions, the design of the plan for the ex- 
perimental observations became a relatively simple job. 
In order to represent more than one point on each of the 
independent variables, but at the same time keep the 
total experimental time within the constraints set up 
by the limited availability of experimental programmers, 
a simple "two-by-two" design was developed.  It is 
summarized in Figure 1. 

Ideally, only two programs would have been used in the 
experimental design:  one of high intrinsic per/unit com- 
plexity, and another, comparable in length and every 
other respect, of low per/unit complexity.  Then two 
versions of each program would have been written:  one 
of high modularity, and another low-modularity version. 
Finally, the four program/versions would have been used 
in the corresponding four "cells" in Figure 1. 
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Experimental 
conditions 

Low modularity 
condition 

High modularity 
condition 

High complexity 
condition Results Results 

Low complexity 
condition Results Results 

Figure 1.  Terminal Observations Experimental Design 

Some very practical reasons prevented this ideal from 
being met.  For one thing, special programs, not con- 
nected with the real daily work of the maintenance pro- 
grammers, would have meant that they were working in a 
very artificial, "test-tube" type of situation of which 
they would have been painfully aware; so the results may 
have been unrealistic and suspect.  Other reasons were 
essentially economic:  In effect, four new programs 
would have to have been developed, tested, scheduled, 
etc.; and the money was not available for this kind of 
effort.  As a result, real programs, currently being 
maintained at the test sites, were selected on the basis 
of their being comparable in aspects other than com- 
plexity and modularity. 

The general working environment of the maintenance pro- 
grammer is this:  Essentially, he is tracing the pro- 
gram's manipulation of data—ranging from bits to files. 
His purpose is to "understand" the program's modes of 
manipulation, but to understand them only to the limited 
extent necessary to let him attain his narrow goal:  to 
make a successful modification. 

The modification is deemed successful if it (1) "works" 
in its own right—does what it was added to do; and 
(2) does not "foul up" or cause new errors in other 
parts of the program. 

In doing this maintenance, the programmer is using a 
graphics terminal connected to a time-sharing computer 
system.  Within the constraints of the screen and the 
system, the programmer can look at input data, the pro- 
gram (whose length is in the low thousands of statements), 
and at files being created by the program. 

The dependent variables (or, in terms of Figure 1, "re- 
sults") center around the rate at which the maintenance 
programmer makes progress toward his goal.  These were 
measured in terms of the subjective reports by the pro- 
grammer, and in terms of more objective measures such 
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as pace of work and frequency of significant problems 
and long interruptions. 

2.2.3.3  Other Observations.  AMS emphasizes that the 
experimental design in Figure 1 focuses on only a small 
portion of the interactions and variables which were 
listed prior to Figure 1.  More crudely speaking, that 
experimental design illuminates only a small portion of 
the field of maintenance programming. 

To expand that "portion of the field," informal obser- 
vations were made regarding variables and factors not 
covered in the formal design.  This observation covered 
all of the "cells" in the design, plus a large number 
of instances of maintenance which were not included in 
the formal design. 

The advantage of the experimentation, of course, if its 
potentiality for yielding objective results.  The ad- 
vantage of the other observations, which may fail to 
produce significant data, is that they may cover a 
larger and more realistic variety of considerations. 

2.2.4  Execution of Method 

Observations, by AMS personnel of other companies' 
employees in maintenance programming, were conducted at 
the following locations.  (They are listed in approxi- 
mate decreasing order of the extent of the observations 
and their value to this project; this ranking does not 
imply any judgments regarding the intrinsic merits and 
abilities of the companies.) 

(1) General Dynamics/San Diego 

(2) Copley Computer Services, Inc. 

(3) university of California at San Diego 

(4) Diaspar Data Services, Inc. 

(5) Professional On-Line Systems, Inc. 

(6) University of California at Irvine 

(7) Basic Four Corporation 

(8) McDonnell Douglas Automation Co. 
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(9)  TRW Systems 

(10)  California Computer Products, Inc. 

Not counting travel, time for analysis of notes and 
tapes, etc., the "observations" included 

(1) approximately 40 hours of interviews; 

(2) approximately 48 hours of observations which 
were not videotaped, or for which the video- 
tapes were not usable; 

(3) 8 hours of videotaped experimentation. 

Videotaping was done on a Sony 2000-series recorder. 
It was later viewed, for analysis, on a compatible 
player borrowed from the Capistrano unified School 
District. 

Notes and records were analyzed in AMS offices. 

Most of the notes consisted of handwritten abbrevia- 
tions which were barely intelligible to anyone except 
their authors.  To illustrate the notes, one segment was 
"interpreted" and typed.  It is reproduced as Figure 2. 

2.2.5 Theoretical Comparisons 

Independently of the execution of the experimental 
method, the relevant published literature was again re- 
viewed to see what results would theoretically be 
expected. 

2.2.5.1 Purpose.  The purpose of this phase of the pro- 
ject was to supplement the actual, experimental results, 
Because of the necessarily limited scope of the formal 
experimentation, it was deemed especially important to 
compare them with whatever theoretical predictions of 
the results the available literature might permit one 
to make. 

2.2.5.2 Procedure.  While there almost are no "hard" 
data on the problems of maintenance programming with 
simple-versus-complex and modularized-versus-other pro- 
grams, data do exist on problem-solving in a variety of 
other situations.  Those situations which were the most 
analagous to maintenance programming were sought, and 
the findings on those situations were reviewed. 
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P: 
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P: 
O: 

P: 
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O: 
C: 
C: 
P: 
0: 
P: 

0: 

C: 

O: 
P: 
C: 
P: 
P: 
P: 
0: 
P: 

O: 

P: 
O: 
P: 
O: 
P: 

O: 

Today is 11 April.  This is the same program as 
9 April. 
This file is too large.  I'm going to reduce it. 
He sees that it is too large from the hard copy. 
I'll get the source file, make an absolute over- 
lay, and hope the loader will fit it.  But the 
loader is large. 
I'll reduce it by two changes. 
Both figured out at his desk.  I wonder where is 
the best place to think. 
I'll remove the data file. 
And also use the absolute overlay.  That's the 
second change. 
He's trying to load something from the terminal. 
Uses LDSET to locate the plotting software. 
Goes past a time limit, cites limit, stops. 
I'll print OUTPUT to get a listing. 
For future study. 
I'll catalog this file and go to the editor to 
enter this control card stream. 
He enters nine lines and then an = symbol.  A lot 
of characters for a man to remember. 
Attaches file.  (Computer is slow due to one 
large job.) 
What are you looking for? 
The thing that tells the size of the program. 
Fills screen, then re-formats display. 
Types '450' to list programs. 
Damn!  It's larger than the other one! 
I'll go back to the other change. 
Taking out some data file. 
I'll tell it to keep my personal file . . . not 
the user's file. 
When he bends over to the side to look at the 
listing, his head blocks out the video. 
Check against these constants. . . . 
Using variable names for clarity. 
I'll dimension another variable. 
To reduce the file size. 
This makes the previous patch more efficient. 
That's the patch which tells it not to plot a 
curve between two points. 
Only more than two. 

Figure 2.  Example of Notes Supplementing Video 
Tapes of Terminal Arrangements Study 

Key:  0 = Observer's impression 
P = Programmer's comment 
C = Computer or machine action 
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3.  GRAPHIC TERMINAL STUDY RESULTS 

3.1 Opinions from the Field 

The polling of opinions, from a technical version of 
George Gallup's samples, was not the intent of this 
project.  Nevertheless, collection of some opinions from 
maintenance programmers and their supervisors was a con- 
venient by-product of the "Other Observations" cited in 
the methodology.  Some opinions, which are more or less 
consensual, are reported here. 

3.1.1  Need for Tools 

Maintenance programmers say more and better tools for 
terminals are needed, especially in the graphics area. 
Tools mentioned as desirable included support routines 
to insert lines, check format, check input, etc. 

Available tools in these areas were criticized on at 
least two counts:  Documentation of the tools is poor, 
so that a new programmer tends not to use them; and, the 
tools are not sufficiently standard and transportable; 
they are too restricted to specific devices and in- 
stallations.  (This latter complaint was made with par- 
ticular strength.) 

Better paging and file search routines were also requested. 
On the basis of the present authors1 observations, these 
would indeed have been used extensively. 

Difficulties were cited in getting technical data from 
manufacturers about specific hardward features, such as 
the treatment of interrupts, of concern to programmers. 

Some programmers said that the program documentation for 
the users was generally better than the documentation 
for the maintainers. 

McDonnell Douglas Automation Company had developed, and 
was beginning maintenance on, a large, interactive 
graphic diagramming system.  Because of problems with 
available tools, their personnel had developed many of 
their own tools; included was a rather powerful text 
editor. 
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An available text editor used in three other companies 
was indeed powerful, but programmers said it was incon- 
venient to use.  Actually, it is probably even more in- 
convenient than the programmers realized; they had 
adapted to some of its peculiarities.  But programmers 
in different companies seemed to be using different sub- 
sets of its features, perhaps because each installation 
became acquainted only with the features which happened, 
at first, to seem most useful to their "shop." 

At Copley Computer Systems, Inc., "edit tables" were 
under development.  These will allow a programmer, be- 
ginning a "run," to specify which of a group of features 
he wants included in the run.  The tool will contribute 
to computerized report-writing; it will allow the pro- 
grammer to generate alternate modified report formats 
more easily, and thus to get easier confirmation from 
the user that the modification meets his requirements. 

One installation had a graphics package, designed to 
help engineers design and draw electronics circuits, 
which included a "zoom" option:  It magnified a portion 
of the display.  The option was intended primarily for 
the engineers, and the programmers said they rarely 
used it in maintenance work. 

The tool (if it can be called a tool) which seemed to 
be used most frequently was simply the provision for the 
setting of break-points in applications programs. 

3.1.2  Preferred Procedures 

A manager at Copley  said that their on-line system 
made maintenance work go about ten times as fast as it 
had on a previous batch processing system.  To the 
present authors, who of course studied the system there 
in much less detail than did the manager there, the 
Copley system and procedures did indeed seem extremely 
efficient. 

Emphasis was placed on "sections" of code, each of which 
performed one and only one function. 

The sections were quite small.  Some were only two 
lines in length; the mode seemed to be about six, and 
the maximum was said to be 40 or 50 lines of code. 

Because of their small size, the sections were par- 
ticularly effective with an on-line system, because 
. . . :  (1) A section is small enough to be keyed into 
the terminal quickly.  (2) It can also be output quickly, 
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(3) Since it performs only one function, the maintainer 
can debug it separately.  (4) It is easy to find the 
section which contains an error if its function is not 
performed correctly. 

Documentation "is always done before and during the 
process of developing the program—little, if any, re- 
mains to be done afterward." 

The Copley computing center uses no cards at all.  At 
another installation, the use of magnetic tape rather 
than cards was advocated to facilitate maintenance.  The 
tape was said to give more rapid feedback to the pro- 
grammer.  It also made it easier to keep different 
versions of a program distinct and well identified. 

3.1.3 Where People Think 

An analyst at Copley said they "very seldom write any- 
thing on paper" before keying statements into the termi- 
nal.  In other words, they think at the terminal. 

Exceptions were said to be "tricky little routines." 
These were analyzed at the programmer's desk before he 
turned to the terminal. 

At other installations, the general picture was quite 
consistent.  The normal mode of operation is for a pro- 
grammer to do the most difficult thinking and analysis 
at his desk; he plans to do more routine work at the 
terminal. 

With complex programs, he is not always able to follow 
his plans:  Sometimes he faces challenging problems at 
the terminal.  But the general tendency (whatever the 
reason may be) is for programmers to assume that they 
will do their deeper thinking at their desks. 

Plans for that thinking may come from the terminal.  At 
Copley, a programmer, who said he did no handwriting at 
the terminal, nevertheless made notes on a program 
listing to help him plan further changes. This was also 
a common practice elsewhere. 

3.1.4 Other Opinions 

After the experimentation (reported in the next section), 
or when talking with programmers not involved in the 
study, we raised the subject of programming languages. 
Their relationship to the difficulty of maintenance was 
of special interest. 
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A surprising opinion was that BASIC should be more widely 
used.  Its many default options, particularly on number 
formats with which the maintainer may not be familiar, 
were cited as a primary reason.  One programmer pre- 
dicted that the Digital Equipment Corporation full- 
compile BASIC will be a dominant language within five 
years. 

Finally, it was noted that beginners are sometimes a 
little afraid of the terminal.  A similar point was 
made in a magazine article about reactions to an inter- 
active graphics system.  The article declared that 
people often w . . . felt they were in a race with the 
computer.  It was as if, when they looked at the termi- 
nal screen, they saw all the way through to the central 
processor unit and a million dollars worth of electronics 
staring back at them, which they felt obligated to use 
efficiently."  (Franklin & Dean, 1974, p. 9.) 

At some installations, we saw none of this.  For example, 
the experienced programmers at Copley and at Diaspar 
Data Services seemed quite comfortable at their termi- 
nals. 
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3.2 Results from Experimental Design 

The data from the Terminal Arrangements experimental 
design, supplemented by the theoretical comparisons, 
produced these areas of findings: 

(1) Of the experimental design variables of degree 
of modularity and per-unit program complexity, 
complexity seemed to have the greater effect 
on ease of work.  The programmers' pace of 
work was most regular in the high-modular/low- 
complexity condition.  Other factors, such as 
the availability of tools, may often be at 
least as important as modularity. 

(2) For complex programs, an extremely high degree 
of modularity could be recommended on the 
basis of these results and findings from the 
literature. 

These areas of findings are described further, below. 

3.2.1 Effects of Variables 

The overall results were not surprising:  Complex pro- 
grams are harder to maintain, and so are programs of 
low modularity.  Later discussion will indicate that the 
full picture of the effects of such variables is proba- 
bly broader than that given by the narrow experimental 
design results. 

3.2.1.1  Results.  A clear form of the results is pre- 
sented in Figure 3a.  Here the numbers are percentages; 
the overall average productive time for all conditions 
represents 100%, and the average productive time within 
each of the four "cells" is stated as a deviation from 
that overall average. 

The table is self-explanatory.- For example, it can be 
seen that most of the effect due to modularity appears 
in the low-complexity condition.  (As will be noted 
later, this is contrary to what one would theoretically 
expect.)  Similarly, the greatest difference is found 
between the conditions of high-complexity/low-modularity 
and low-complexity/high-modularity.  (This was expected 
theoretically.) 

The percentage data in Figure 3a are derived from the 
productive time data shown in Figure 3b. This latter 
figure also groups the "raw data" for productive time 
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together with the maintenance programmer's evaluation 
(in terms of "good," "so-so," and "bad") of his success 
in the session at which the data were taken.  General 
agreement is seen between the productive time data and 
the programmer's independent evaluations. 

Because of the probable abnormal distribution of time 
data, and because of the small sample size, conventional 
tests of statistical significance (such as analysis of 
variance) were not performed on the data in Figure 3b. 

3.2.1.2  Discussion.  The lack of a very strong effect 
due to modularity, at least for the ranges of modularity 
and other conditions involved in this study, is 
interesting in the light of other opinions and findings. 
Interviews with maintenance programmers, reported 
earlier, indicated that many programmers would like to 
see more tools, and more standardized tools, for use at 
graphics terminals.  Some programmers praised modulari- 
zation, but a larger number—perhaps only because they 
tended to think of tools to help them, rather than 
styles to be imposed on them--called for better software 
tools.  (What is "better" is often a matter of opinion; 
there are few studies, like the experimentation with 
Conceptual Groupings, which actually indicate that a 
tool improves productivity.) 

Another survey independently confirmed the widespread 
opinion that tools have a relatively great effect on 
programmer productivity   (Scott & Simmons, 1974). In 
particular, tools were generally believed to be much 
more important than programming which is free of GO-TOfs, 
and which is developed in a style which should be 
compatible with high modularity. 

In summary, the practical effect of modularity is a 
complex function of the exact degree of modularity 
in interaction with other variables of the program, 
language, and supporting environment. 

3.2.2  Comparison with Theory 

In brief, the theory (from the literature) led to three 
predictions: 

(1)  that people have a general predilection for 
hierarchical memory structures in themselves, 
and that this predilection should make it 
easier for programmers to work on the more 
modular programs; 
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(2) that simple programs are intrinsically easier 
to modify than those representing complex 
phenomena; and 

(3) that the advantages of modular programming 
should be greater with complex than with simple 
programs. 

The actual results tended to support the first two of 
these predictions.  The third prediction was not supported; 
this disparity between theory and experience may have 
arisen because a different range of "modularity" may be 
needed for programs of high per-unit complexity. 

The following paragraphs describe (1) the theoretical 
background, (2) the making of the above predictions, and 
(3) discussion based on further comparison with the 
actual results. 

3.2.2.1 Background.  The mathematician Henri Poincare* 
was not a good chess player; his memory was not good 
enough 1  He explains why his memory was nevertheless 
adequate for his work as a mathematician of the first 
rank: 

"A mathematican demonstration is not a simple 
juxtaposition of syllogisms, it is syllogisms placed 
in a certain order, and the order in which these 
elements are placed is much more important that 
the elements themselves.  If I have the feeling, 
the intuition, so to speak, of this order, so as to 
perceive at a glance the reasoning as a whole, I 
need no longer fear lest I forget one of the ele- 
ments, for each of them will take its allotted 
place in the array, and that without any effort 
of memory on my part.  It seems to me then, in 
repeating a reasoning learned, that I could have 
invented it."  (Poincare, 1913) 

Poincare's quotation illustrates a rather universal 
limitation, and the typical way in which it is solved. 
The limitation is the limited nature of what psycholo- 
gists call "immediate" or "short-term memory." This 
limitation is overcome by the use of some kind of plan 
or overview of the complex problem or program; then the 
problem can be worked, or the program can be manipulated, 

A review of the extent of the limitation on immediate 
memory, authored by a user of computers, has recently 
been published.  (Simon, 1974) 
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There has been much theorizing about the logical organi- 
zations which people build up in order to get around the 
limitation.  These theories have generally emphasized 
the importance of models, plans, or unifying organiza- 
tions to the material or program to be "exercised" 
mentally by the worker.  The basic idea is that the 
person has to have some representation, map, or plan 
which he can use in developing his strategy regarding 
the problem.  One theorist called this special kind of 
plan a "schema:" 

"'Schema* refers to an active organisation (sic) of 
past reactions, or of past experiences which must 
always be supposed to be operating in any well- 
adapted organic response.  That is, whenever there 
is any order or regularity of behavior, a particular 
response is possible only because it is related to 
other similar responses which have been serially 
organized, yet which operate not simply as indi- 
vidual members coming one after another, but as a 
unitary mass.  Determination by schemata is the 
most fundamental of all the ways in which we can be 
influenced by reactions and experiences which 
occurred sometime in the past.  All incoming 
impulses of a certain kind, or mode, go together to 
build up an active, organised setting:  visual, 
auditory, various types of cutaneous impulses and 
the like, at a relatively low level; all the 
experiences connected by a common interest; in 
sport, in literature, history, art, science, 
philosophy, and so on, on a higher level." 
(Bartlett, 1962) 

These "schemata" may be organized in various ways, and 
the natural tendency seems to be (1) to prefer a 
hierarchical organization, and (2) if possible, to 
impose a hierarchical organization on the material to 
be remembered, to make it congruent with that which is 
easiest for people to work with. 

A special case of hierarchical organization is G.A. 
Miller's (1956) "chunk." According to Miller's theory, 
a number can be a "chunk" of information, as can a word, 
or a simple visualized design.  But the "chunk" can be 
organized of smaller elements with which a person 
happens to be familiar, and these smaller elements can 
themselves contain a great deal of information.  For 
example, one can remember a telephone number of seven 
decimal digits almost as easily as one can remember a 
number made up of seven binary digits; and yet the 
theoretical information in the seven decimal digits is 
much greater than that in the seven-digit binary number. 
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Clearly this natural mode of thought can be the basis 
of a hierarchy.  Consider, for example, the FORTRAN 
statement, 

IF(C .EQ. 1.0) GO TO 20 

For a person just learning FORTRAN, each word or symbol, 
including each parenthesis, might be a single unit of 
information.  For an experienced programmer, however, a 
single concept could be represented by 

IF(   ) GO TO   

which represents one hierarchy above the beginner's 
level. 

For a person who was somewhat familiar with the program, 
a single "chunk" (meaning, in effect, "Test for 'C,w) 
would be 

IF(C .EQ. 1.0) GO TO   

Finally, the programmer most familiar with the program 
might think of the test and its consequence in "20" as 
only one "chunk" of information. 

According to theory (e.g., Mandler, 1968), a person re- 
trieves information from his own mental memory in terms 
of such chunks.  So, the larger the chunk which is re- 
trieved (or recalled), the more potential information 
it contains. 

There is an important and practical corrollary to this 
kind of theory.  It is that people actually think faster 
when problem material is organized in terms of a 
hierarchy with which they are familiar. 

Experimentation with words and English-language concepts 
(but not, unfortunately, with programming languages) 
indicates that this corrollary is valid.  For example, 
it was found (Collins & Quillian, 1969) that reaction 
times were longer to statements mixing high-level and 
very-low-level concepts; and, reactions were faster to 
statements made up of concepts at adjacent levels on a 
natural hierarchy. 

(For example, reaction times for statements like "A 
canary has wings" were longer than for statements like 
"A bird has wings," because the concept of wings is a 
part of the general "chunk" of birds; it is not unique 
to canaries.  Consequently, "wings" is stored economi- 
cally with the concept "birds," rather than with the 
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subordinate "canary."  Retrieving "wings" as a property 
of "canary" requires going first from "canary" to the 
superordinate "birds," and then to "wings." The extra 
step takes extra time. 

(On the other hand, "yellow" is part of the "canary" 
concept, and people can rapidly deal with the statement, 
"A canary is yellow."  It requires no extra steps up 
and down natural hierarchies.) 

A much older study (Bousfield & Sedgewick, 1944) showed 
that people, asked to give continuous associations to 
a general concept, would say a burst of words, pause, 
and then say another burst of associations.  For example, 
if the general category was "birds," a person might 
first say "hawk, eagle, vulture," (wild birds), pause 
for a few seconds, and then say "chicken, turkey, duck" 
(domestic birds)•  Apparently common categories are also 
commonly subdivided, and one thinks in terms of one sub- 
division until one happens to move to another one. 

Another study (Tulving & Pearlstone, 1966) showed that 
failure to recall many things is due to failure to "get 
into" the category or subdivision in which the things 
were mentally stored.  For example (referring to the 
previous FORTRAN example) failure to recall "C" might be 
caused by failure to recall the test in which "C" was 
used.  The study also indicated that the presence of a 
cue may be necessary to moving from one category to 
another; a reference to test "X" might lead to the re- 
call of "C." 

Further evidence of categorized recall is provided by 
analysis of the common "tip-of-the-tongue" phenomenon. 
When one is trying to recall something that one should 
know, one tends to recall things from the same category, 
and even items which sound like the unknown item. 
(Brown & McNeill, 1966)  Thus it has been proposed that 
the predilection for categorization causes people to 
supplement semantic and logical categories with 
phonetic and acoustic ones.  (Bower, 1967) 

In a previous study by the present authors, it was re- 
ported that COBOL programmers make practical use of 
physical similarity.  In COBOL, a "paragraph" may be 
repeated, almost exactly, several places in a program. 
If a maintenance programmer finds three or four lines 
which he does not understand, he may look around to see 
if the same or similar lines are used elsewhere.  There, 
in a different context, he may be able to understand how 
they function as a unit.  He can then use that knowledge 
in the place where he was originally puzzled. 
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3.2.2.2  Predictions.  The most germane findings from 
such studies can be summarized briefly: 

(1) When a person has to recall old facts related 
to new statements (whether program statements 
or otherwise), he often seems to use a set of 
categories in the recall process; and the 
categories are often arranged hierarchically. 

(2) People tend to use their own,"natural" category 
system, but they will also accept and use cate- 
gories imposed by the people giving them 
directions.  (Wortman & Greenberg, 1971; 
Tulving & Pearlstone, 1966)  In either case, 
hierarchical category formation is an economi- 
cal "plan" for storage and retrieval of in- 
formation, and it may be a necessary condition 
for "keeping in mind" a large set of related 
statements.  (Miller, 1956; Mandler, 1968) 

(3) The superordinate/subordinate relationship is 
not the only possible basis for categorization* 
Many other organizational schemes may be fitted 
to a hierarchical plan.  These range from 
acoustic similarity (Bower, 1967) to the mental 
treatment of a few lines of code as falling in 
the same functional class as similar lines 
elsewhere. 

In other words, thinking man apparently has a predi- 
lection for hierarchical structures for storing and re- 
trieving concepts, which are in turn defined by various 
categories. This may be the only way people can handle 
large amounts of information or large numbers of state- 
ments at a time. 

Given this theoretical background, the following pre- 
dictions are a logical conclusion: 

(1) Highly modular programs are more congruent with 
the human predilection for hierarchical and 
categorical memory structures than are programs 
of low modularity; therefore the modular pro- 
grams should be easier to maintain. 

(2) Programs of low per-unit complexity should also 
be easier to deal with categorically, and they 
should be intrinsically easier to maintain. 

(3) The advantage of modular programs should in- 
crease with the complexity of the program. 
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In other words, modularity shoald help the maintenance 
programmer to keep relevant aspects of some one else's 
program in mind.  Perhaps more important, it should also 
provide him with a sort of "index" to the program, to 
help him focus down on the points at which code must 
ultimately be laid. 

The universality of hierarchical and other categori- 
zations of concepts, illustrated in a variety of experi- 
ments of the type cited here, indicates that people have 
a strong bias for using this kind of "plan."  (The bias 
may be innate, or it may be due to the kind of edu- 
cation and experience that people normally receive.  But 
its origin is not germane here, as long as the bias 
exists.)  People, including programmers, function best 
when the material they have to work with fits their 
biases, habits, and cognitive approaches to the world. 
A computer program organized in a quasi-hierarchical 
fashion, or one with distinct and realistic categories 
such as modules, should be easier to comprehend, accord- 
ing to the theory, than one not so organized. 

3.2.3 Modularity Recommendation 

Perhaps the most important divergence between the 
theoretical predictions and the actual results concerns 
the effect of "high modularity" in interaction with 
"complexity." According to the theory, modularity should 
be of greatest help in connection with the greatest 
degree of per-unit complexity.  In actuality, this 
difference did not appear. 

In the opinion of the present authors, this divergence 
probably stems from the fact that the experimental 
design permitted only two degrees of modularity:  "high" 
and "low."  In particular, "high" was probably not high 
enough to allow the effects to appear. 

This opinion is based in part upon the results of a 
previous study (Overton et al., 1973) in which modu- 
larity was also an independent variable; but in which it 
was found that the experimental programmers preferred a 
higher degree of modularity than any which was actually 
represented in the study.  (Smaller modules and sub- 
modules represent a higher degree of modularity.) 

It is also based on the academic literature regarding 
problem-solving. While the artificial problem-solving 
studies may not be entirely applicable to maintenance 
programming, they do show that, for most of the cate- 
gories of statements with which people actually work, 
the category size is rather small. 
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Most importantly, however, the authors cite the "Studies 
in Conceptual Groupings" described later in this report. 
(Previous, similar studies are also relevant.)  In the 
studies covered here, maintenance programmers were 
helped quite significantly by automated displays of 
groupings of types which programmers tended to deal 
with as units.  And the modal sizes of the helpful 
groupings fell in a range of approximately six to eleven 
statements.  These are, of course, much smaller than 
what would normally be defined as the smallest module 
in a large software system. 

An incidental implication of the present studies relates 
to the question of the maximum number of programmers who 
should be assigned to the development of a module. 
(While the present studies are focused on maintenance, 
many of the lessons probably apply to development.) 
After citing other recommendations of a maximum of about 
ten programmers to a module, one author (Simmons, 1972) 
declares that his review indicates that the number 
should be a maximum of six people. 

The opinion of the present authors is more extreme.  In 
view of the lessons learned in these volumes, modules 
should probably be broken down, in the planning phase, 
to sub-modules so small that the maximum number of pro- 
grammers assigned to each is one. 
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3.3 Other Experimental Results 

A number of other conclusions can be drawn from the 
notes and data from the Terminal Arrangements activities. 
These include the following: 

(1) The summed effect of small distractions may be 
greater than most people have suspected. 

(2) The programmer is more likely to make mistakes 
when he "shifts gears" and goes from one level 
of discourse to another. 

(3) Appropriate visual analogs of digital displays 
might facilitate people's maintenance work. 

(4) Programmers often ignore their terminals, 
during or at the end of a session, for con- 
siderable lengths of time.  These lapses may 
indicate that the terminal environment is not 
conducive to some necessary kinds of thinking. 

(5) Allocation of tasks between the programmer and 
the operating system could be improved by 
having the system perform even more identi- 
fication and clerical support functions. 

(6) For information to support his work, the 
maintenance programmer at a graphics console 
calls on an impressive variety of sources of 
information. 

(7) Sometimes a program module must be analyzed as 
a whole but, because of its size or other 
problems, it cannot be displayed as a whole at 
the terminal. 

(8) Several other points can be made.  These include 
the possibilities that (a) characteristic turn- 
around time, or system response time, in- 
fluences the type of errors which the 
programmer characteristically makes; and 
(b) different human senses interact in ways 
which may be significant. 

Potentially, all of these findings have practical impli- 
cations; but some will be easier to implement than 
others. 

The above items are discussed in greater detail below. 
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3.3.1 Distractions 

System designers seem to have a tendency to want to 
display everything which a programmer might ever want 
to see on a graphics terminal.  This tendency is under- 
standable in absence of definite specifications regard- 
ing what he will need to see.  But it may constitute a 
source of distractions, and there are indications that 
distractions in general are a very definite handicap to 
the maintenance programmer. 

Of course distractions can come from many sources. 
External noises and sights are the most obvious.  But 
they can come from the very activities which the 
graphics system requires the maintenance programmer to 
perform.  In one case, the programmer was checking the 
functioning of a change, and he was required to re- 
submit accounting-type information before making the 
"check-out run."  But apparently this information re- 
minded him of costs, which in turn reminded him of a 
core utilization problem, which caused him to forget the 
exact points he needed to check in the run he was 
starting to make. 

Displays which were not under the programmers1 control, 
such as lengthy displays inserted by analysts for the 
possible monitoring of the operating system, seemed 
particularly distracting. 

According to Dr. John Goodenough (in a personal communi- 
cation in connection with an earlier project), mainte- 
nance programming is more difficult and more "subtle" 
than development programming; the maintainer must worry 
about more indirect problem areas, with which he is less 
familiar, than the developer.  Accordingly, he is more 
vulnerable to disruption when he is in the midst of an 
analysis of a program section which may seem "tricky" 
to him. 

Analyses have starting points; and, in programming, 
these are often displays.  In the words of an older dis- 
cussion of problem-solving, "Trains of thought are 
pulled by stimuli."  (Overton, 1959)  Paraphrasing those 
words, delicate trains of thought can also be derailed 
by irrelevant stimuli. 

When the effect is measured carefully, even very small 
visual displays can have a significant effect on work. 
Inspired by the theory that one adapts in almost a 
physical sense to what one is observing, a test was made 
of the effect of a single, irrelevant flash of light. 
(Helson & Steger, 1962)  The test showed that it retarded 
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human performance.  Later experimentation (Vruels & 
Schmidt/ 1966) verified the effect and suggested a 
reason:  "The visual system seems to act like a circuit 
with two or more integrators in series, but with a by- 
pass loop that allows a partially unprocessed signal to 
modify slightly the already processed signal in a 
comparator."  In other words, the irrelevant signal may 
cause the first one to be distorted while it is, 
figuratively speaking, en route to mental processing. 

Because of the complexity of the process of maintenance 
programming, it was not possible to obtain accurate 
measurements of the times that programmers were dis- 
tracted, or the seriousness of these distractions.  The 
programmers themselves probably would not know.  One can 
be distracted without being aware of the effects or 
extent of the distraction.  (Also, it would distract you 
to ask you if you were distracted!)  In spite of the 
lack of objective data, however, the authors developed 
the strong opinion—which is reinforced by the limited 
but relevant experimentation of the type cited above— 
that the summed effect of small distractions in mainte- 
nance programming would be a surprisingly great waste 
of programmers1 time. 

3.3.2 Level Shifts 

Many small phenomena, like blinking one's eyes while 
reading, are frequent but not conspicuous.  When these 
phenomena affect one's work, however, their cumulative 
effect may be considerable.  An example are the phenomena 
associated with shifting between "levels of discourse" 
(i.e., levels of description of a program, mode or 
language of statement of the program, etc.) in mainte- 
nance work. 

It should be emphasized that some such shifts are 
necessary.  The dissertation of Brooks (1974) cites evi- 
dence behind the theory that programmers necessarily and 
frequently shift up and down between "planning" (on a 
small scale) and coding«  (In a personal communication, 
Brooks also cited a spontaneous experiment with Prof. 
Djikstra, who is generally thought to be a firm advocate 
of top-down programming.  Brooks said that when 
Djikstra's programming was analyzed by Brooks' system, 
Djikstra also was found to move up and down frequently 
between levels.) 

The effects of shifts, even at the same level, are de- 
tectable.  It has been found that even when a person 
knows two languages well, his work is slightly delayed 
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every time he shifts between them. (Kolers, 1973) This 
effect was found with natural languages, but it probably 
applies to programming languages as well. 

In this experimentation, mistakes by the maintenance 
programmer often seemed to accompany shifts between 
levels of description. Errors were made in the detailed 
formats of input data when the programmer had just been 
worrying about the higher-level logic of the program. 
Or, engrossed in the logic of a routine, he fails to 
push a button and ask for a copy, to use in later 
higher-level analysis, of the graph the routine is pro- 
ducing.  Or, thinking of the files which a program does 
and does not use, the programmer recalls that data need 
to be changed in one of them; he tediously changes the 
data, then returns to thinking of the program functions 
and realizes that the program does not use that particu- 
lar filel 

Asked about this kind of error, one programmer explained: 
"Well, it's like shifting gears. You're more likely to 
goof when you have to shift gears." 

The implication of all of this is obvious although per- 
haps difficult to implement:  The procedures for mainte- 
nance programming at terminals should discourage unneces- 
sary shifting up and down between levels of discourse. 

3.3.3 Visual Analogs 

The term "visual analog" is used here to denote a graphic 
(analog-type) representation of digital data.  For 
example, the columns projecting from the quadrant in 
Figure 4 are analogs of the numbers, giving productive 
times under four conditions, in Figure 3a. 

Often visual analogs are not generated for one simple 
reason:  They cost more than digital displays.  Even the 
simple drawing in Figure 4, for example, requires much 
more work than would be needed to simply write down the 
numbers.  But the advantages may be significant. 

In these studies, the programmers at graphics terminals 
consistently used visual analogs for at least one kind 
of test of the acceptability of modifications. When the 
programs were designed to draw graphs for engineers, a 
modification would rarely be tested in terms of the data 
files it created or the equations it used; instead, the 
programmer would have the modified program draw a new 
graph, and he would look at it and ask either himself or 
an engineer or both:  "Does that look reasonable?" 

42 



Low High 
Modularity 

Figure 4.  Visual Analog of Productive Times Data 
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In general it seems that when visual analogs can be pro- 
duced for "reasonableness checks," the analogs indeed 
provide an efficient way for people to make these checks. 

Visual analogs may be appropriate for purposes other 
than the making of gross tests of program functioning. 
For example, it has been shown that people are less 
likely to make gross errors, and are more likely to 
remember what they see, if they are shown pictorial 
displays rather than numerical arrays of a certain de- 
gree of complexity.  (Newman, 1966) 

Appropriateness of displays will also be determined by 
the people for whom they were intended.  For example, 
it was found that two dozen English housewives performed 
a decision-making task better when the data needed to 
make the decisions were expressed in terms of rods of 
differing length, rather than in terms of numbers, 
(Hammerton, 1973)  Whether college mathematics majors 
would have done better under these same conditions is 
not known.  However, it was found that in a simpler 
job—simply reacting to the differences between pairs 
of numbers—college students reacted more quickly when 
the quantities were presented in analog form than when 
they were presented digitally.  (Moyer & Landauer, 1967) 

In brief, it is safe to say that there is a natural 
tendency, which may be overcome to some extent by edu- 
cation, for people to work more easily with visual 
analogs. 

The maintenance programmers used another technique which 
was related to visual analogs.  When they were puzzled, 
or otherwise under stress, they tended to simplify the 
picture before them.  When a graphics package did not 
seem to be working properly, the programmer projected 
the normally three-dimensional view (generated by the 
program) into a two-dimensional view (also generated by 
the program).  Apparently he felt that he could "get 
started better" in understanding the problem with the 
simpler view.  Similarly, data-processing routines for 
dealing with many variables were "compressed" by 
maintenance programmers so that the routines operated 
on, and displayed results from, only a few variables at 
a time.  To deal with a complex problem, the programmers 
clearly preferred to start with a simple picture (both 
figuratively and literally) and work up to a complex 
picture, rather than vice versa. 

It seems, then, that the natural preference for visual 
analogs should be exploited, rather than fought, wherever 
it is feasible to do so in maintenance programming.  Two 
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feasible areas are probably the making of reasonableness 
checks, and the simplification of complex pictures as 
starting points for debugging. 

3.3.4 Avoiding the Terminal 

At one time during one experimental session, one highly- 
educated programmer said, "Let's go back to the listing 
to get our bearings." He then ignored the terminal 
while he studied the use of large data sets.  Other pro- 
grammers similarly avoided the terminal while trying to 
work out some kinds of problems. 

This kind of behavior has been statistically verified 
elsewhere.  Empirical data were collected on the times 
of terminal use in an interactive system (Boies, 1973), 
and a principal finding was that it was common for pro- 
grammers to be " . . . leaving their terminals for rela- 
tively long periods of time . . . often (returning) only 
to sign off . . . .H The interpretation the present 
authors make of this finding is that maintenance pro- 
grammers often try to work something out without using 
the terminal; and if they do not succeed in a reasonable 
time, they sign off and go to a desk to try some more. 

Another part of the empirical study (Boies, 1973) re- 
ported that when the system detected an error in FORTRAN, 
"... a diagnostic message and the offending line were 
displayed on the terminal and the user was given a prompt 
to correct the error.  In the 26 programs in which this 
occurred, only once did the user correct the errors in 
the program."  (underlining was added by the present 
authors; we would also have put an explanation mark at 
the end of the sentence.) 

Why did the programmers not correct the errors when the 
system pointed them out?  In some cases, apparently, 
they tried to:  "... six times the system crashed or 
the user session ended while . . . waiting ... to 
correct the program."  In some cases, in other words, 
it was not easy to make the corrections at the terminal 
at that moment. 

The most frequent case, however, was for the person to 
request the system to continue without the error being 
corrected.  Here the programmer evidently wanted to 
pursue one train of thought at the terminal, and to 
worry about the error at a different time. 

This behavior seems to contradict somewhat the claim, 
made by some proponents of time-sharing systems, that the 
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graphics terminal is an aid to the programmer's 
thinking.  But the picture is probably not that simple. 
What seems to be happening is this: The terminal is an 
aid to some kinds of thinking; so the experienced pro- 
grammer tends to do those kinds at the terminal; but 
when he needs to do another kind, he avoids the terminal, 
and he looks at different things. 

These tendencies have practical implications which will 
be discussed in Section 4 under General Interpretations 
and elsewhere in this report. 

3.3.5 Task Allocation 

In batch processing, it is customary to have the operating 
system write some identification on a job when it is run« 
Of course the user has to give his name, etc., but the 
software can add the date of the run and useful but non- 
unique data such as compile time and execution time. 
This custom is an example of the result of a process 
which, when done formally, is called "task allocation"i 
allocation of tasks to be performed by the programmer 
versus those to be performed by the computer. 

Task allocation is often not done formally, and the in- 
formal results vary from system to system and from in- 
stallation to installation.  Because time-sharing 
systems are newer than batch, there is probably even 
more variation from system to system with graphics 
consoles than there is with batch operations.  Because 
of this variation, observations made at one installation 
may not be valid in other "shops."  In any case, some 
observations on task analysis were made during the 
Terminal Arrangements studies. 

Of course one always wants to assign the "dog work" to 
the computer.  But this has not always been done.  Dis- 
play identification is one area in which improvements 
might be made. 

In one case, a programmer was working at a terminal with 
listings of two different compilations of a program.  He 
slipped back and forth among the fan-fold sheets, mixing 
them up as he tried to study them in relation to the 
displays on the screens.  But the listings were identi- 
fied only on the top sheet of each; and, in the middle, 
the programmer became confused.  For maintenance work, 
a simple identifier on every fan-fold sheet might be 
worth while. 
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In a more general case, the system generated a graphics 
display, and the programmer wanted a copy of it for 
future references.  He could get the copy, but then he 
had to identify it by hand.  An easy, semi-automatic 
notation of identifying data—especially, parameters 
being changed from one "picture" to another—would ease 
the programmer's job. 

After identifying himself, the programmer should stay 
identified as long as he is at a terminal.  On one 
system, his identity is keyed to the application pro- 
gram with which he is working, and he has to re-submit 
his identity if he calls in another program such as a 
library routine.  There are other examples of systems 
which do not support the programmer well in handling 
clerical and bookkeeping data. 

Finally, options (regarding display parameters, compu- 
tation mode choices, etc.) should be treated differently 
when a programmer is doing a series of tests on a pro- 
gram.  Instead of having to make all of the choices 
(like a user using the program for the first time), he 
should be able to say, in effect, "Now change only 
option X; make it B."  This would permit easier and 
faster comparisons; and, probably, better deductions 
from the series. 

3.3.6  Sources of Information 

When terminal-oriented systems were originally being 
developed, news releases spoke of glowing promises. 
Seated at his terminal, each of many people could have 
easy access to tremendous computing power and to 
valuable banks of public information. 

This remains a worthy goal.  But for the maintenance 
programmer, at least, the picture of him wed to his 
terminal, with the two of them overcoming all bugs and 
modifications, is a picture which is strikingly in- 
complete. 

The fact is, that to support his work, the present-day 
maintenance programmer calls on an impressive variety 
of sources of information. 

(1)  The news-release picture is accurate to the 
extent that the one most frequently tapped 
source of information is probably the 
terminal. 
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(2) In almost every case, however, the programmer 
comes to the terminal with a marked-up 
print-out, usually a program listing, as a 
guide to at least his first actions.  If he 
seems to "get stuck" in maintenance, and if 
the paging and other display routines available 
on the terminal do not satisfy him, he may 
spend most of his time studying the print-out. 

In some installations, the programmer had 
trouble finding a place to lay out all of his 
listings. 

(3) Depending on exactly who is involved and 
available, he may telephone or otherwise talk 
to another programmer. Often this is not the 
original developer of the program, but rather 
another maintenance programmer who has worked 
on it recently. 

It was interesting to note that the type of 
question asked of the other programmer was 
almost always at either a high level of dis- 
course (e.g., concerning the purpose of a 
graph for an engineer, or other conditions re- 
garding the use of the program) or a very low 
level of discourse (e.g., concerning the 
purpose of a single symbol).  Questions of 
intermediate level, such as the exact function 
served by a short section of code, were rarely 
asked. 

(4) The maintenance programmer sometimes turned to 
the program manuals for information. But this 
was relatively rare. 

(5) At vector (or picture-drawing) graphics termi- 
nals, the terminal is supplemented by a photo- 
copy machine, which takes a "hard" picture of 
what is on the "tube."  The programmer inter- 
acts with this machine by telling it when to 
make a hard copy. 

(6) Old copies from the machine form a much more 
important source of information for the mainte- 
nance programmer.  He uses them to compare 
"before" and "after" computational results, to 
see if he has made progress. 

At no installation was there a formal assignment 
of a place for the programmer to store these 
copies temporarily.  He usually just laid them 
on top of the photocopy machine.  In one case, 

48 



.Figure 5.  Terminal Arrangements 

Sources of Information  : 
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he scotch-taped two of them to the edges of the 
graphics terminal. 

(7) The engineer for whom the program was being 
modified, or, more generally, the programmer's 
customer was occasionally available to the 
maintenance programmer.  From him, the pro- 
grammer got information about the acceptability 
and reasonableness of tentative computational 
results. 

(8) Distractions abounded, especially in the 
larger installations'. 

No one in the field should be surprised that the mainte- 
nance programmer at a terminal uses these and other 
sources of information.  In planning the physical arrange- 
ments around a new terminal, however, a little more 
thought should be given to the fact that he will use 
them. 

3.3.7 Module Displays 

When programmers turned away from the terminal and to a 
print-out, they normally spread out more than one page 
of paper; they seemed to be studying a large section of 
coding. 

This behavior helps indicate the existence of a rather 
obvious problem:  As a rule, a module needs, simply be- 
cause of "the nature of the beast," to be analyzed as a 
whole.  But sometimes the module is too long to be dis- 
played all at once, in readable form, on the terminal. 
Also, deficiencies in the system's paging and indexing 
routines can prevent some modules from being displayed 
as a whole. 

In these cases, the maintenance programmer can turn to 
the corresponding hard copy, if it is available, and 
study it.  Otherwise, he must try to use his memory or 
make spur-of-the-moment notes to supplement the display. 
In any case, he is using his own papers or memories to 
supplement the system. 

3.3.8  Other Points 

Miscellaneous points from the experimental sessions in- 
clude the following: 

(1)  When system response through the terminal was 
rapid, two of the programmers (who knew they 
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were being observed) tended to repeat the same 
kind of error in quick succession. 

The reason for this perseveration of errors may 
be that the programmers felt pressures.  (As 
previously reported, new people at terminals 
often feel as though they are "in a race with 
the computer." And being under observation may 
bother some people.)  It is an established 
principle that too much pressure tends to dis- 
rupt complex problem-solving, even though it 
may encourage simple, repetitive work.  (Over- 
ton, 1959)  (In the extreme, it would do no 
good for a dictator to order his subjects to 
"Be intelligent!" or "Be creative 1")  Because 
of this principle, some of the avoidance of 
the terminal cited above may be necessary.  Or, 
programmers should not overestimate the cost 
pressures in terminal usage. 

(2)  Addition of sound to sight can result in some 
tricky mixtures.  For example, it has been 
shown that if people see a series of numbers, 
they can remember better the order in which 
the numbers were presented.  But if they hear 
the same series (over the same span of time), 
they can recall the exact numbers better, but 
they are more likely to get the order of 
presentation wrong.  (Briggs, 1973) 

If the object is to make a person remember some- 
thing, this is best accomplished by requiring 
him to recode it to another sense—for example, 
by presenting visual symbols to him and having 
him repeat them orally.  Often in maintenance, 
however, the burden of remembering something 
like a specific real number should not be given 
to the programmer in the first place; scratch- 
pad memory or a good editor would be a better 
tool. 

As another example of an odd effect, it has 
been found that people see less on the side of 
their visual field which is opposite from an 
irrelevant noise.  (Nice, 1973) 

When the vibration of noise includes fre- 
quencies in the range of about 10 to 30 Hz, it 
is in the range which most degrades visual 
acuity.  (Semple et al., 1971) 
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In brief, there are conditions in which the 
freedom from extraneous noise could be more 
than an esthetic goal, but in which it could 
somewhat improve the programmers1 efficiency, 

(3) In general, more emphasis needs to be placed 
on the question of what displays maintenance 
programmers need to see together, for purposes 
of comparison. 

Some examples of this need are trivial:  A 
programmer wanted to compare a print-out with 
the terminal, but he did not have a big enough 
flat surface around the terminal on which to 
place the print-out.  Or, he needed to compare 
drawings made with different scalings and other 
parameters, and he had to scotch-tape old 
copies to the sides of the graphics terminal. 

Others are more basic:  In a previous project 
which included a study of "split screens" on 
terminals, programmers working with highly 
modularized programs were found to be most 
likely to elect to use the split-screen feature. 
Apparently the reason was that they wanted to 
compare different versions of the same module, 
or a module and its resulting file. 

In any case,.much of maintenance involves 
comparisons, and systems should be designed to 
facilitate those comparisons which are most 
likely to be made« 

(4) The period of time in which a person can con- 
centrate on intellectual work may be limited. 
No programmer scheduled himself for more than 
an hour of actual maintenance work on a termi- 
nal.  On the other hand, more routine work was 
done for longer periods without breaks. 

A brief survey of a related problem is pro- 
vided by Broadbent (1971).  Discussing research 
on people watching aircraft radars, he notes 
that errors rose significantly "... after 
. . . only half an hour; which was a remarkably 
rapid onset of 'fatigue.1  A deterioration of 
this sort has been found in large numbers of 
similar tasks since the original investigation 
....  It is of course of some practical 
importance . . . ." (p. 19) 
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As in other cases, freedom may be the best 
policy:  Allowing the programmer to pace him- 
self according to the nature of the problem 
before him may minimize errors. 
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4.  INTERPRETATIONS AND RECOMMENDATIONS 

4.1 General Interpretations 

Many programmers do not like maintenance work; it is 
just one problem after another.  At best, you (the 
maintenance programmer) face the problem of poring 
through a problem to find the right places to make a 
modification . . . complicated by the problem of in- 
suring that your modification does not "foul up" some 
other obscure part of the system.  At worst, you have to 
correct someone else's failure ... to track down a bug 
whose creator was not aware of creating it. 

Problems can be cast in ways which make them easier to 
overcome.  However, much prior study of the problems is 
necessary before better "casting" can actually be 
accomplished.  From one point of view, the Terminal 
Arrangements studies are concerned with casting the 
problems of maintenance in a form which is less 
offensive to, and difficult for, programmers. 

(The studies in Conceptual Groupings can be viewed in 
the same light, although they are concentrated more on 
determining the feasibility and value of a single set of 
techniques.) 

Casting programs in modular form, the Terminal Arrange- 
ments study found, seems to make maintenance problems 
more tractable.  The more complicated the program area, 
the greater the degree of modularization which may be 
necessary to help the programmer. 

In general (going beyond modularization) there is 
probably a powerful and important interaction between 
(1) the intrinsic nature and complexity of a problem, 
and (2) the modes in which it is best stated and ana- 
lyzed. 

For example, no college professor of mathematics would 
attempt to present a complex equation by reading it in 
a one-dimensional stream of words and letters.  Instead, 
he would write it on a blackboard, where students could 
look at it, read it back and forth, and study symbols 
from top to bottom if necessary.  In other words, a 
writing surface is better for presenting equations than 
is a stream of spoken words. 
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In terms of the design of arrangements for terminals, 
the point of the little story of the mathematics pro- 
fessor is this: The blackboard is a form of memory, and 
it is quite analagous to a computer memory. The pro- 
fessor uses the blackboard to supplement human memory 
and thus to cast the problem in a more understandable 
form. 

At terminals, as well, there are different kinds of 
"memories," ranging from pieces of paper, through the 
terminal itself, on to computer memories.  The general 
goal is to arrange these to complement, rather than 
conflict with, the human memory of the programmer. 

This general goal can be broken down into less general 
areas: 

(1) For program and system design, a useful style 
is one which helps a maintenance programmer 
(a) to trace the structure into which a modi- 
fication has to fit, and (b) to recognize the 
functional blocks of which the structure is 
built« 

(2) The human memory is volatile and fragile, and 
the physical arrangements at the terminal 
should not require the programmer to acquire 
information from one source and then suffer a 
delay (plus possible distractions) in getting 
complementary information from a different 
source. 

(3) Between programmer and computer, task allo- 
cation should obviously assign as much "dog 
work" to the computer as possible. 

Of course people are adaptable.  They work constantly 
with arrangements which are not optimum.  For example, 
they take notes on incomplete displays of modules, or 
they try to remember things which, ideally, the computer 
would be remembering for them.  In any case, they work 
at lowered efficiency.  And if the arrangements are too 
discouraging, programmers will, mentally if not physi- 
cally, desert the terminal. 

In summary, maintenance programming poses problems.  The 
main guideline for terminal arrangements should always 
be to try to configure the problem in terms of the dis- 
plays and memory assignments which are most conducive to 
the solution of the problem.  The next section will 
present some specific findings and recommendations re- 
sulting from the study. 
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4.2 Recommendations for Immediate Implementation 

A major purpose of the studies in terminal arrange- 
ments was the development of recommendations of value 
to maintenance programming.  Several such recommenda- 
tions are made below. 

Some of the recommendations could easily be implemented, 
and others would require additional research and/or 
development work.  Also, the evidence permits some to 
be made more firmly than others.  The recommendations 
are listed in the approximate decreasing order of ease 
or immediacy of implementation/ and not in order of 
intrinsic importance. 

The section references in the recommendations give the 
locations of fuller discussions of the topics of 
recommendations• 

(1) If a large program has a hierarchical struc- 
ture, and if a maintenance programmer is 
allowed to familiarize himself with the 
hierarchy before doing detailed work at 
different levels, he may "think faster" when 
he does begin work.  (See Sees. 3.2.2.1 and 
3.3.2.)  Except in emergencies, such familiar- 
ization with the hierarchy should be recom- 
mended to the new maintenance programmer. 

(2) Programmers should not be required to schedule 
terminal work for blocks of time which seem 
excessively long.  Although the time a person 
can work productively at a terminal is un- 
questionably a complex function of the nature 
of the program and of other factors, there 
is a limit on the length of time a person can 
really concentrate on a problem; inconclusive 
evidence suggests that the limit may sometimes 
be as short as 30 minutes.  In the absence 
of firm evidence, self-pacing of the pro- 
grammer's work is suggested.  (See Sec. 3.3.8.) 

(3) Familiarization procedures should encourage 
new programmers not to feel as if they are 
"in a race with the terminal."  With the "race" 
attitude, a programmer may repeatedly make 
the same errors.  (See Sees. 3.1.4 and 3.3.8.) 
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(4) When a new terminal system or installation 
is planned, predictions should be made re- 
garding the usage of hard copy and other such 
material around the terminal; and the physical 
facilities around the terminal should be 
sufficient for this material.  (See Sees. 
3.3.6 and 3.3.8.) 

(5) Program version identifiers should be re- 
quired on each output page (or terminal 
screen) to aid program search operations by 
the programmer.  Other pertinent input data 
and parameters should be readily available 
on the operator's graphic screen or on the 
output page, to facilitate the maintenance 
process.  (See Sec. 3.3.5.) 

(6) People tend to make mistakes when they "shift 
gears," between different levels of detail, 
when they are working on a program.  Both 
tools and procedures should be designed for 
minimizing unnecessary shifts up and down 
levels.  (See Sec. 3.3.2.) 

(6a)  Procedures partly depend on available 
tools.  But there would be benefits 
from simply giving the programmers 
examples of shift-related errors, and 
encouraging them to schedule their 
levels of work as homogeneously as 
possible. 

(6b)  Split-screen operations (allowing 
simultaneous display of two different 
routines or files) and note-taking 
routines (facilitating temporary storage 
of data needed later for a different 
level of analysis) are examples of use- 
ful tools. 

(7) Visual analogs (defined in Sec. 3.3.3) are 
efficient tools for verifying the reasonable- 
ness of program functioning, both during de- 
bugging and after the incorporation of program 
revision.  Depending on the graphics terminal 
and computer system being used, many such 
visual analogs could be developed at low 
cost; they should be. 

57 



(8) Modularity should be a criterion for the 
acceptability of large software systems. 

(8a)  For systems which are large, but in 
which the per-unit complexity is not 
great, each module should generally 
be no longer than 40 lines of code; 
and the module should be developed 
by only one (1) programmer.  Such a 
module can be displayed in its en*, 
tirety on a screen, and it can be 
input and output quickly, and main- 
tained by one person.  (See Sec. 3.1.2.) 

(8b)  For programs which are complex in 
terms of the implications of each 
statement, a higher degree of 
modularity (i.e., smaller modules and 
less dependence between modules) is 
recommended.  (See Sec. 3.2.2.) 

Note:  This recommendation also applies to 
the area of conceptual groupings. 

(9) Priority should be given to the systematic 
development of computer aided tools for 
software maintenance.  (a) Those tools 
which are available tend to be parochial; 
they should be standardized and made more 
transportable between computer systems, 
(b) Further tool development should be 
guided by the real needs for the tools. 
Programmers may not really know what tools 
they need, but they expressed a general 
desire for a powerful text editor with 
features of (i) insertion, (ii) deletion, 
(iii) substitution, (iv) formatting, 
(v) input, and (vi) paging.  (See Sec. 3.1.1.) 

(10)  These recommendations are based largely on 
observation and experimentation involving 
the use of FORTRAN; and, to a lesser extent, 
PL/1.  To supplement and expand such recom- 
mendations, there should be additional 
experimentation and observations in PL/1, 
in COBOL, and in other languages. 
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5.  STUDIES IN AUTOMATED CONCEPTUAL GROUPINGS 

5.1  Introduction and Summary 

Often, to find out how people approach their work, 
there is no substitute for listening to them talk 
about it.  In previous studies, we listened to pro- 
grammers explaining their programs to other pro- 
grammers who were going to have to take over mainte- 
nance of the programs, and to tape recordings of 
programmers talking to themselves as they worked on 
others' programs.  The typical talk had this "flavor" 
to its 

"Now this gets you into a big old DO-loop, and 
it does so-and-so; and along the way you go to 
this other little routine which stores the 
results; and later you go to a print routine. 

From many such spontaneous words of explanation, it 
is clear that program statements are arranged into 
groupings; these are the "natural" units of thought 
for analyzing the program (at least at the most com- 
mon, working level of discourse). 

The previous studies also noted that these small, 
elementary groups of program statements are not the 
ones the programmer typically chooses to describe in 
formal documentation.  One difference is in size:  In 
face-to-face explanations, groups show a median size 
of about 5 lines or 6 statements (Overton et al.# 
1973, p. 40), whereas a median three times as large 
(17 statements, to be exact) was found in written 
documentation (in an unpublished review). 

It is speculated that the origin of the difference is 
in the intent of the programmer:  In documentation, he 
may choose units which minimize the work of documenta- 
tion; in face-to-face explanation, however, he may 
choose more basic and clearer explanatory units. 

If these basic "conceptual groupings" could be dis- 
played in some way, they should (it was reasoned) 
help the maintenance programmer significantly—help 
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him follow the structure of the program more easily 
and rapidly, and help him identify the exact little 
sections to modify. 

The demonstration of the existence of conceptual 
groupings, and the reasoning about their potential 
value, formed the background to the present Studies 
in Automated Conceptual Groupings. 

In brief, pilot programs were developed to automate 
display of groupings.  PL/1 and FORTRAN were the 
target languages.  Program development was guided by 
the results of previous studies, supplemented by 
analysis of "marked-up" listings (on which programmers 
had scrawled brackets around small sections of state- 
ments as they read and mentally grouped them). 

Experiments were conducted to evaluate the helpful- 
ness of such programs.  (Because of scheduling and 
other considerations, the majority of the experimenta- 
tion happened to involve FORTRAN.)  A principal find- 
ing was reported to be: 

"Maintenance programming efficiency, at least 
on moderately-commented FORTRAN programs, is 
increased significantly by the use of a Con- 
ceptual Groupings processor." 

In view of the great expense in maintenance of FORTRAN 
programs (many of which are not well commented), this 
finding was rather dramatic. 

Experimental results with PL/1 tended to be rather 
anticlimactic.  In summary, the results with PL/1 
were consistently favorable to the Grouping Program 
(with programmers1 expressions of opinion including 
"... very, very helpful" and "Great!") but the ex- 
perimental data collected were too small (in terms 
of numbers of programmers) for the results really to 
be conclusive. 

In addition, there were indications that the PL/1 
Grouping Program needs to be revised to (1) reflect 
more adequately the habits that programmers bring to 
PL/1 from other languages, (2) conform more closely 
to the structure and logic of the language, and (3) 
complement other tools for checking out and maintain- 
ing PL/1 programs. 
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In spite of these indications, the PL/1 Grouping 
Program seems capable of improving maintenance pro- 
grammer productivity by ten or fifteen per cent. 
Hence, both it and the FORTRAN Grouping Program merit 
more development and wider usage. 
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5.2 Research Methodology 

The manner in which a programmer conceptually groups 
lines of code, portions of files, etc., is influenced 
by the programming language in which he is working. 
Furthermore, the features which statistically tend to 
define groups, according to the previous.studies, vary 
from language to language.  More precise definition of 
these features, and therefore of the advantages of 
helping a programmer recognize the groups, must be 
done on a language-by-language basis. 

In consultation with ESD (MCIT), FORTRAN and PL/1 were 
the target programming languages selected for groupings 
analysis.  Attention was given to FORTRAN first in the 
conceptual groupings study.  The knowledge and data 
accumulated from the earlier RICASM Studies were up- 
dated and extended to select the conceptual groups 
most likely to be consistent, easily identifiable and 
usable.  Having made the selection, specifications 
were established for a groupings programs using FORTRAN 
and PL/1 as the target languages. 

The first versions of conceptual groupings programs 
were to be developed because of the assumption that 
such programs would help a maintenance programmer 
recognize useful groupings, and that this recognition 
would facilitate his work.  Experimentation with the 
first groupings programs would test this assumption, 
and permit one to say whether or not, in actual practice, 
such programs would be effective aids to maintenance 
programmers. 

In general, an experimental conceptual groupings pro- 
gram accepts as input a higher-level-language program 
which can be successfully compiled.  The groupings 
program operates as a post-processor; it creates a 
new listing which displays those conceptual groups 
that the groupings program has identified within the 
source program. 

For FORTRAN, the experimental conceptual groupings 
program (designated GP-F) was designed to accomplish 
the following functions:  (1) identify groups by "like- 
statement types," (2) print formats under each refer- 
encing I/O Statement; (3) sort declaratives to begin- 
ning of the programs; (4) indent nested DO loops; 
(5) mark transfer statements; and (6) mark I/O State- 
ments. 
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The Conceptual Groupings Program for FORTRAN was coded 
in the symbol manipulation language SITBOL (a version 
of SNOBOL) because of the difficulties in using partial 
word operations in FORTRAN itself.  A complete program 
description of the Conceptual Groupings Program for 
FORTRAN (GP-F) is found in Appendix B.  The program 
documentation includes:  (1) The general system descrip- 
tion; (2) Functional specifications; (3) Program Imple- 
mentation; (4) Flow Charts for Grouping Program; (5) 
Grouping Program Listing (SITBOL); (6) Ungrouped Source 
FORTRAN Program Listing; and (7) Grouped Source FORTRAN 
Program Listing. 

As part of identifying conceptual groups the groupings 
program for PL/1 (GP-P) was designed to accomplish the 
following functions: (1) identify large conceptual 
groups; (2) identify groups by "like-statement types"; 
(3) assign logic levels; (4) repeat "notes"; (5) re- 
format declarations; (6) indent nested control groups; 
and (7) mark I/O, Entry, and ON-condition statements. 

The Conceptual Groupings Program for PL/1 (GP-P) was 
coded in PL/1 so that it could later be tested in an 
operating environment with a manufacturer supplied 
PL/1 compiler.  A complete program description of the 
Conceptual Groupings Program for PL/1 (GP-P) is found 
in Appendix C.  The program documentation includes: 
(1) General System Description (GP-P); (2) Conceptual 
Groupings Program for PL/1—Operating Instructions; 
(3) Groupings Program for PL/1 System Block Diagram; 
(4) Groupings Program for PL/1 (GP-P) GP-P Flow Charts; 
(5) Source PL/1 Program of GP-P—ungrouped; (6) Source 
PL/1 Program of GP-P—Grouped. 

An objective of the experimental design is to get (1) 
as free an expression as possible of the programmers1 

own observations and opinions of the results of the 
grouping processor (although these may be biased by 
adaptation to regular listings, etc.); and (2) more ob- 
jective measures of performance, such as:  success or 
failure in making a modification or finding an error; 
rate of work; and extent of use of computer and other 
resources. 

In many quarters, it is an article of faith that the 
abilities of programmers differ tremendously.  [Youngs' 
(1970) thesis does not fully support this faith.] 
Regardless of the extent of differences between people, 
the differences are a factor that was considered in 
deciding how to observe the programmers.  This factor 
was handled by selecting a homogeneous group of pro- 
grammers at UCI, and by similar personnel selection at 
the commercial facility. 
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For the FORTRAN grouping experiment, programmers were 
students at UCI, all of whom came to the same class 
with the same background of previous programming 
courses. 

At the commercial facility, programmers were judged 
by their supervisors to be of essentially equal 
competence. 

The experimental design allowed the use of objective 
results for overall evaluation of the idea of a pro- 
cessor to introduce conceptual groupings into a list- 
ing or other program display medium. When the results 
of this study show statistically significant benefits, 
then such benefits can be predicted with confidence 
for a more efficient and more sophisticated grouping 
system in conjunction with its corresponding compiler. 

The subjective results were used primarily to identify 
specific features which did or did not contribute to spi 

th- e overall results.  For example, if everyone (or 
almost everyone) agreed that a feature such as showing 
the nesting of DO-loops was (or was not) helpful, then 
one would suspect that it did (or did not) contribute 
positively to the overall results. 

The experiments for Conceptual Groupings in FORTRAN 
consisted of a 3 X 2 analysis of variance type design. 
The two selected variables were: 

(1) Extent of post-processor intervention.  There 
were three extents:  (1) No intervention, 
(2) use of the half of the grouping methods 
which we consider "best," and (3) use of all 
grouping methods. 

(2) Quality of FORTRAN program structure and 
commentary.  There were two quality levels: 
(1) "Good," in the sense of being clearly 
better than normal practice, but not con- 
spicuously outstanding; (2) "Fair," but not 
atrocious. 

The resulting six data cells then appear as illustrated 
in Figure 6. 
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"Good" "Fair" 

Extent 

of 
Intervention 

None 

"Best 1/2" 

All 

Figure 6 
Experimental Design for Groupings 

Experiments in FORTRAN 

5-3  Execution of Method 

In all, 64 programmers were utilized in the FORTRAN 
grouping experiment among the student population at 
the University of California, Irvine.  The programmers 
were to make specific enhancements to a selected 
FORTRAN program.  The experimental design required at 
least ten programmers to incorporate the program 
enhancements under the correlations of each cell.  The 
independent variables to be measured were:  (1) time 
taken to complete the task; and (2) degree of success. 

The experimental design suggested that if statistical 
significance can be achieved, the data will obviously 
contribute to answers to a number of questions, in- 
cluding the following: 

1. Does the groupings processor help maintenance 
of FORTRAN programs? 

2. Do the groupings help less (or more) on "good" 
programs? 

3. How good is our judgment of which groupings 
methods in FORTRAN are most helpful? 

The experimentation involving PL/1 was conducted at a 
local industrial plant.  (It was selected because PL/1 
was being used there, and because the management agreed 
to let AMS conduct experimentation at the plant.)  How- 
ever, because of the small number of programmers the 
plant could make available to us, the experimental design 
was compressed from six cells (as shown in Fig. 6) to two 
rationale:  Use, or non-use, of the PL/1 groupings program. 
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6.  RESULTS; EFFECTS ON MAINTAINABILITY 

6.1 Introductory Findings 

6.1.1 Previous Data 

Although the data obtained on conceptual groupings was 
by interview and manual experimentation on the previous 
CASMS and RICASMS efforts (Overton et al., 1971, 1973) 
two major facts emerged about conceptual groupings and 
their usage: 

First, the groups that maintainers use are small in 
terms of the number of lines of code involved. 

Second, a very small number of group types include a 
very high fraction of all observed groupings.  These 
group types are for the most part simply defined; they 
should lend themselves easily to automated maintenance 
aids for clarifying programs to be maintained. 

In terms of the sizes of explicit groupings, the find- 
ings were:  The groupings were (1) Small, but (2) Skewed 
in distribution toward the larger sizes. 

Furthermore the experimentation showed that the seven 
most frequently specified groups were: 

(1) I/O:  This group consists of input/output and 
closely related statements. 

(2) DO:  A group starting with a DO statement 
and ending with the last executable statement 
within the range of the loop. 

(3) IF:  A conditional statement primarily in- 
volved in an if statement. 

(4) GO TO:  Ending with an unconditional transfer. 

(5) ASSIGN:  A group of statements, mostly FORTRAN 
assignment statements. 

(6) DEC:  Consists of FORTRAN declaration statements. 

(7) DESCRIP:  Consists of COBOL description state- 
ments (data or file). 
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The clear implication of these two results is that the 
known characteristics of conceptual groupings should be 
incorporated in actual maintenance aids.  These findings 
were taken into consideration in the design of the 
Conceptual Grouping experimentation using PL/1 and 
FORTRAN under the current effort. 

6.1.2 Confirmatory Observations 

While this was the first time that pilot programs had 
been developed to attempt to display Conceptual Group- 
ings, they had been manually studied previously.  Those 
studies produced specifications as to the kinds of 
statements which typically marked the beginnings and 
ends of groupings, and the kinds of statements they 
typically contained. 

These findings—statistical markers in a sense—were the 
guides for the pilot programs developed here. 

They were supplemented--in PL/1 particularly—by obser- 
vations of what were called "marked-up" program listings. 
This phrase refers to a technique which was developed 
previously:  Rather than having every programmer talk 
out loud, some were told to simply draw rough cups or 
brackets around groups of statements as they read and 
studied them.  It was found that if the programmers did 
not have to write down any words—just mark lines—their 
markings roughly corresponded to their orally-expressed 
conceptual groupings. 

The marked-up FORTRAN sheets collected here tended to 
confirm previous findings regarding the characteristics 
of conceptual groupings in FORTRAN. 

Those in PL/1 led, to the conclusion that programmers 
tend to treat PL/1 like the older languages, which they 
learned first, which they happen to be most familiar 
with.  Therefore other languages, in addition to the 
marked-up listings, were used as guides to the develop- 
ment of the grouping program for PL/1.  Included in the 
other languages was COBOL, of which a pilot study had 
been made. 

After the programs had been developed, the primary use 
of them was, of course, in experimentation. However, to 
confirm the results of the experimentation, some pro- 
grammer opinions were solicited. 

The salient finding was that no one objected to the 
groupings display; and most felt that the grouping con- 
cept was helpful. 
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Suggestions included: 

(1) The more frequently control is transferred 
to a given point in a program, the more 
emphasis should be placed on that point. 

(2) Some information available in conventional 
documentation should be incorporated into 
the displays of groupings.  For example, 
system subroutines (as distinguished from 
subroutines in the application program) 
should be identified. 

(3) If the original programmer specifies the 
range of statements to which a comment 
applies, this information should be used 
to specify a grouping.  This could be broken 

I into subgroupings if necessary. 

Because these suggestions arose late in the course of 
this project, it was not possible to implement them 
in the present pilot programs.  If they were imple- 
mented as appropriate in the programs, and if further 
data on PL/1 groupings were obtained, such groupings 
processors should offer even more practical help to 
maintenance programmers. 
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6.2 Grouping Studies Using FORTRAN 

This was the most extensive experiment carried out and 
involved 64 student programmers at the university of 
California at Irvine. Most were going to school part- 
time and were employed full-time in industry.  Experi- 
mentation was incorporated into normal classroom activi- 
ties by the professor, Dr. Peter Freeman.  The assign- 
ment was to incorporate selected changes in a FORTRAN 
Program (see Appendix B) which had been grouped accord- 
ing to the experimental conditions outlined in paragraph 
5.2 above.  The time spent to incorporate the change 
was recorded.  Then the professor reviewed the pro- 
grammers' listings and program execution data and assigned 
an adequacy score.  The "raw data" from the experimenta- 
tion are presented in Table 1. 

TABLE 1 

RAW DATA CONCEPTUAL GROUPINGS STUDY 
FOR FORTRAN 

Experimental 
Condition* 

Programmer Adequacy 
Score 

Time of 
Effort (min) 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 

3 70 20 
16 65 45 
33 55 40 
36 30 55 
38 35 58 
43 40 50 
44 30 45 
57 65 45 
63 40 45 
64 45 55 
4 65 59 

12 65 41 
21 70 60 
22 30 52 
25 75 20 
29 75 49 
47 30 40 
50 50 50 
52 75 34 
59 65 40 
61 65 58 
1 75 30 
7 75 35 

14 30 51 
26 65 48 
39 75 50 
40 40 48 
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TABLE  1  (continued) 

Experimental Programmer Adequacy Time of 
Condition* Score Effort (min) 

3 41 75 42 
42 70 39 
53 70 28 
56 40 55 
58 75 45 
60 75 60 
6 75 60 
9 65 50 

10 70 59 
11 65 40 
23 75 45 
28 75 31 
35 75 35 
49 35 50 
51 40 15 
55 75 26 

5 8 70 32 
5 15 75 58 
5 20 75 30 
5 31 75 46 
5 34 50 35 
5 37 70 55 
5 45 30 49 
5 46 75 19 
5 48 75 59 
5 54 65 59 
5 62 30 55 
6 2 75 43 
6 5 40 52 
6 13 55 33 
6 17 70 17 
6 18 75 55 
6 ^  19 75 43 
6 24 55 65 
6 27 50 60 
6 30 75 40 
6 32 40 40 

♦Condition 1: 
2: 

3: 
4: 
5: 
6: 

Minimal commenting, no grouping 
Minimal commenting, "best-half" 

grouping 
Minimal commenting, full grouping 
Full commenting, no grouping 
Full commenting, "best-half" grouping 
Full commenting, full grouping 
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The data are summarized in Table 2.  The basic compari- 
sons of interest are those among the six experimental 
conditions.  (The statistically "combined conditions" 
are shown in the bottom row and right column of the 
table.)  The meaningful comparisons are between the 
mean adequacy scores under different conditions.  It 
is immediately seen that the worst (or lowest) mean is 
a product of minimal commenting and no help from the 
grouping program. 

Significant improvement appears under two conditions: 
(1) when the "Best Half" grouping algorithms are ap- 
plied to minimally-commented code, and (2) when the 
full set of procedures is applied to the same code. 

(The word "significant" is used in its statistical 
sense as well as in its ordinary connotation.  When 
minimal commenting is used, both the "Best Half" and 
the full grouping procedures give results which, 
according to the "t" test for the difference between 
means, differ significantly from the results with no 
grouping procedures.  The t values are 1.867 for the 
"Best Half" and 2.401 for the full procedures; the 
"degrees of freedom" necessary to interpret these t's 
in standard statistical tables are, respectively, 19 
and 20.  According to the statistical tables, the 
probability of the results arising by chance is less 
than .05.) 

Thus, in the realistic condition of poorly-commented 
FORTRAN, this prototype grouping program is shown to 
be an effective aid to the maintenance programmer. 
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TABLE 2 

SUMMARY DATA 
CONCEPTUAL GROUPINGS STUDY FOR FORTRAN 

No Grouping "Best-Half" Full Grouping Combined 
Procedures Grouping Procedures Conditions 

Minimal M* m 47.5 M m 60.4 M _ 63.8 M = 57.7 
Commenting N* = 10. N = 11. N = 12. N = 33. 

^1 

S* = 15.1 S 
= 16.6 S = 16.8 S = 17.2 

bO 

"Full" M = 65.0 M _ 62.7 M _ 61.0 M = 63.9 
Commenting N = 10. N = 11. N = 10. N = 31. 

S = 15.1 S = 17.8 S = 14.7 S = 15.5 

Combined M _ 56.2 M = 61.6 M _ 62.5 M = 60.2 
Conditions N = 20. N = 22. N = 22. N = 64. 

S = 17.2 S = 16.8 S ■ 15.6 S = 16.5 

Notes:  *M 
N 
S 

Mean score of adequacy of maintenance effort. 
Number of programmers. 
Standard deviation of scores. 



6-3 Grouping Studies Using PL/1 

In brief, PL/1 results were not comparable to those with 
FORTRAN. They were encouraging, but further develop- 
ment of the PL/1 grouping concept, in relationship to 
other maintenance tools, is needed. 

Experimentation with FORTRAN provided dramatic evidence 
that the Grouping Program significantly facilitated 
maintenance.  Experimentation with PL/1 turned out to 
be anticlimactic.  The PL/1 Grouping Program did not 
fail to be helpful, but the results were obscured by 
several factors:  Intrinsic differences between PL/1 
and FORTRAN and effects of these differences on program- 
mers, different availability of compiler features, and 
the less thorough development of the PL/1 Grouping 
Program. 

PL/1 study procedures and results are described and 
discussed below. 

6.3.1 Procedures 

There were about 2,100 statements in the PL/1 applica- 
tion program which was used to test the PL/1 Grouping 
Program.  The application program was essentially a 
large report writer capable of presenting a large variety 
of labor cost data and otfher financial data in various 
formats.  It was the subject of considerable maintenance 
work at the installation using it, which was the computer 
service department of the electronics and related 
divisions of a large, diversified corporation. 

Enhancements and other modifications were actually being 
made in the applications program by department program- 
mers who were not-among the original developers of the 
program.  Two sets of enhancements were used in the 
studies reported here.  (Time did not permit more ex- 
tensive experimentation.)  As a result of this working 
situation, the studies were cast in a real-life environ- 
ment and not in an artificially contrived situation. 

The two sets of enhancements were made by two different 
two-man teams of maintenance programmers: a senior and 
a junior programmer formed each team.  Their supervisors 
gave them the assignments and mentioned, without elabora- 
tion, that they would use a new kind of program listing 
in their work. 
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unlike the FORTRAN procedure, comparable programmers 
were not given the same assignment with a different 
listing.  Instead, the supervisors made the assignments 
with a view of past work which they thought was equiva- 
lent in difficulty, and with which they could compare 
the results with the listings from the PL/1 Grouping 
Program.  The basic data, then, were simply the per- 
centages of the man-hours needed to do the present 
assignments in comparison with past assignments (to the 
same people) which were thought to be equivalent. 

It should be emphasized that these percentages were esti- 
mated, not by A.M.S. personnel and not by the working 
programmers themselves, but by the programmers' super- 
visors on the basis of time cards and other records and 
questioning of the programmers.  The making of the esti- 
mates by the supervisors may have introduced a slight 
bias in favor of the normal procedures of the supervisors' 
department and against the experimental listing.  Of 
course the extent of this bias, if any, is not known. 

In contrast to the quantitative estimates sought from 
the supervisors, qualitative reactions were solicited 
from the programmers.  The reactions were requested 
directly by A.M.S. personnel, and not by the programmers' 
supervisors. 

In summary, these procedures were planned to produce two 
quantitative estimates and two sets of qualitative 
opinions. 

6.3*2  Results 
I 

One assignment was estimated as a four man-day job on 
the basis of a presumably equivalent past assignment 
using ordinary listings.  Using the experimental listing 
produced by the PL/1 Grouping Program, the assignment 
was completed in about ten per cent less time than this, 
that is, in a little over 3-1/2 man-days. 

The second assignment was estimated, by the same procedure, 
as a nine man-day job.  It was completed in a little over 
7-1/2 man-days, for a fifteen per cent saving in time 
which might be attributed to the Grouping Program. 

Great consistency was found among the subjective opinions 
of the four programmers.  (There was no difference of 
opinion between the junior and the senior programmers.) 
Two, who had been using conventional listings, described 
the grouped output as "Great!" and "very, very helpful." 
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The reaction of the other two was more complicated.  They 
had been using a "Checkout Compiler" as an option with 
IBM's "TSO" or Time-Sharing Option" with the department's 
IBM system.  They tended to equate the Grouping Program 
with the Checkout Compiler, which was described as being 
"invaluable." 

In their opinion, the Grouping Program treated commentary 
better than did the Checkout Compiler.  But they criticized 
the Grouping Program for relying too much on GO TO's as 
signals of conceptual groups. 

In summary, the results were consistently favorable but 
they were based on insufficient experimentation to be 
statistically significant and they may have been confounded 
by the effects of other tools to which two of the pro- 
grammers were accustomed. 

6.3.3 Discussion 

Some minor observations indicated that the present version 
of the PL/1 Grouping Program should conform more closely 
to the characteristics of the PL/1 language.  For example 
one programmer observed that the FORTRAN version helped 
show up a "trick" whereby a limitation of FORTRAN in the 
treatment of negative limits and subscripts could be 
avoided; he said that since PL/1 does not have this limi- 
tation, the trick would not be necessary and therefore 
would not have to be pointed out. 

More basically, the reported over-reliance on GO TO's may 
indicate the program does not yet conform as well as it 
should to the greater degree of block structure in PL/1 
as opposed to FORTRAN. 

It was also a general opinion that programmers tend to use 
sub-sets of PL/1 which are comparable to whatever older 
language they happened to be using before they started on 
PL/1.  Perhaps, in retrospect, more work should have been 
done on older languages before beginning PL/1. 

Finally, future, practical versions of the PL/1 Grouping 
Program should be coordinated with other tools such as 
the Checkout Compiler, to complement as much as possible 
the features of the other tools. 
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7.  IMPLICATIONS AND RECOMMENDATIONS 

7.1 Developing Automated Guidelines 

The methodology has now been evolved for defining, and 
validating through experimentation, computer software 
which will be of value in aiding the software mainte- 
nance process ("Guidelines"), and in measuring the 
degree of maintainability ("Metrics") of software under 
development.  The Conceptual Grouping Guideline for 
FORTRAN and for PL/1 can be specified as a guideline 
for future AFSC software development.  The prototype 
computer programs outlined in Appendices B and C can 
be converted into operational routines.  (These could 
be incorporated as post-processors to their respective 
compilers, or they could be developed as modules of a 
computer-aided software metrics system.)  Measures of 
conceptual grouping conformance can easily be speci- 
fied which will evaluate software under development 
and give indications of the places where improvement 
could be made. 

The Conceptual Groupings guideline has been virtually 
defined for FORTRAN, and most of the development for 
PL/1 is complete.  The methodology should next be 
applied to the other major programming language in the 
AFSC inventory, COBOL. 

The methodology developed is applicable to developing 
other maintainability guidelines and their correspond- 
ing metrics.  A careful review should be conducted of 
the software maintainability guidelines that have been 
evolved to aid in solving the fundamental factors which 
inhibit a programmer from maintaining computer programs 
he did not develop.  Selection should be made of these 
guidelines from ESD TR 72-121 (Overton et al., 1971) 
and ESD TR 73-125 (Overton et al., 1973) which have 
high potential for both enhancing software maintenance 
and for effective quantization.  Of immediate attention 
are the DISTANCE guidelines and the NOTE guidelines. 
Objective measures need to be developed for each 
selected guideline.  Then experiments would be designed 
to objectively evaluate the measures, experiments which 
are economic, and for which sufficient programmer popu- 
lations can be selected to establish reasonable statisti- 
cal significance to the results.  In this manner a set of 
automated guidelines can be developed to both assist in 
and evaluate software maintainability performance. 
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7.2  Developing A Computer Aided Software 
Maintenance Metrics System 

It appears feasible to begin the synthesis of the 
research and development efforts conducted in a Study of 
Fundamental Factors underlying Software Maintenance 
Problems (ESD TR-72-121), and Research Toward Ways of 
Improving Software Maintenance (ESD TR-73-125) and this 
effort in Development of Computer Aided Software Mainte- 
nance into a Computer Aided Software Maintenance Metrics 
System. 

The envisioned graphics system would encompass both 
computer assisted techniques of software maintenance 
evaluation while new systems are under development and 
of program analysis, change determination, and error 
discovery, for systems undergoing test and change. 

The approach taken would be to develop a conceptual 
structure of the overall interactive graphics system, 
implementing selected maintainability guidelines in the 
form of metrics sub-program modules as their definition 
and quantization are established and verified.  The 
graphics system as developed should be compatible with 
more than one potential user system of interest, and 
provide for handling FORTRAN, PL/1 and COBOL programming 
languages. 

The design of the executive and control structure of the 
Metrics System should use a top-down structure.  The 
design should begin with a global system flow chart and 
description, followed by detailed system decision de- 
scriptions for all the system functions. 

Although it is called a "program" to emphasize its 
automatic nature, the contemplated Metrics Program is 
actually a system of programs.  A possible, simplified, 
top-level flow chart of the overall system is shown in 
Figure 7 •  The major factor behind the proposal of this 
particular kind of configuration is that it permits 
flexibility in the detailed design of the component 
Metrics Sub-programs.  In addition to executive and 
control, other functions are combining the results of 
the Metrics Sub-programs, and input-output functions. 

The Combining Module is important.  Initially some simple 
scheme should be selected for calculating a weighted 
average (of the ratings of other sub-program main- 
tainability) from the different ratings of the Metrics 
programs. At some future time, however, it would be 
desirable to develop an "intelligent" Combining function 
which would include the use of people's judgments (of 
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program maintainability) as a criterion against which 
to optimize the weighting factors.  In other words, it 
might be well to assume that people are still better 
than computers at deciding how hard it is to change 
programs, and have the computer system conform itself 
to the human standards. 

By maintaining a top-down structure to the metrics 
executive system, and a modularized approach to the 
metrics sub-programs, a highly effective graphics 
system could be evolved over time.  The system could be 
revised and improved to better assist the maintenance 
programmer as more techniques are identified and 
quantized. 
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DEVELOPMENT OF COMPUTER SOFTWARE METRICS SYSTEM 

Figure 7.. Proposed Top-level Plow Chart of Metrics System 



7.3  Recommendations for Immediate Implementation 

The principal purpose of the studies in conceptual 
groupings was the evaluation of such groupings as aids 
to maintenance; i.e., do they help the maintenance pro- 
grammer, and can they be automatically displayed for 
his assistance? The answer, disregarding the qualifica- 
tions and cautions that one would expect from a pre- 
liminary development project, was yes. 

Accordingly, the basic recommendation is (to quote 
from an abstract of the study):  "Pilot programs were 
developed. . . . Such programs merit wider usage." 

The "merit" is economic.  Beginning with an estimate 
of U.S. annual software cost of $10 billion (Boehm 1973), 
and (1) assuming that U.S.A.F. costs are 10% of that 
total; (2) 50% of the U.S.A.F. cost is applicable to 
software maintenance; (3) the groupings concept applies 
to only 20% of the software documentation; and (4) a 
minimum of 10% efficiency improvement is experienced; 
then, the total savings to the Air Force would exceed 
$10 million per year! 

To be most profitable, the future work should be 
coordinated with available compiler tools (as discussed 
in Sec. 3.1.1).  New groupings programs should also 
include the new features described in Sec. 6.1.2. 

In addition to the continued development which the 
above basic recommendation implies, some recommendations 
can be made which can be implemented in short order, or 
by administrative fiat.  These are listed below. 

The listings include the sections of this report which 
present the backgrounds of the recommendations.  Some 
references are also made to a following section (8.1, 
Alternative Perspectives of a Program) which overlaps 
both the graphic terminal arrangements and automated 
groupings studies. 

(1)  Conventional documentation of a program would 
probably be improved if programmers were re- 
quired to use smaller documentation units. 
Such requirements or encouragements, by ad- 
ministrative directive, are recommended. 

(la)  "Smaller" means, for most programs, and 
in rough, order-of-magnitude terms, that 
the average documentation unit should 
include closer to six than to sixty 
statements.  (See Sec. 5.1.) 
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(lb)  For programs of high intrinsic complex- 
ity (which scientific programs may be, 
in contrast to simple bookkeeping pro- 
grams) , the value of smaller functional 
units is even greater.  (See Sec. 3.2.3.) 

(2) Programmers should be encouraged to work in 
terms of small computational routines for 
performing one and only one transformation on 
one variable or subvariable (as contrasted 
with routines, which may be more efficient in 
computer usage, which utilize a statement to 
affect more than one variable).  (See 
Sec. 8.1.4.2.) 

(3) In software systems having a definite hierarchy, 
higher-level groups should involve only higher- 
level variables.  (For example, total trans- 
portation cost is a higher-level variable than 
either loading costs or trucking costs; and 
total cost is a higher-level variable than 
total transportation cost.)  (See Sec. 8.1.4.2.) 
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8.  FUTURE RESEARCH RECOMMENDATIONS 

8.1 Alternative Perspectives of a Program 

Useful research is sometimes inspired by a new view of 
an old problem.  This section puts forth the radical 
view that all programming is simulation, and that the 
problems of maintenance programming relate to the in- 
adequacies of some simulations. 

8.1.1 Programming as Simulation 

A novel view of computer programs has been offered by 
Licklider (1973, p. 199): 

"Instead of thinking of a computer program aa a 
procedure for solving a problem, we can think of 
it as a description of a process—as a descrip- 
tion of how some system works.  The system may be 
simple or complex, actual or merely imagined.  In 
a computer program, one can describe it precisely 
and definitely.  Then, when, the program is fed 
into a computer and the 'start' button is pushed, 
the description turns into a working model or 
simulation." 

From this point of view, then, an inventory control 
program merely describes the work which a human clerk 
would do if he were fast enough; and routines for 
computer-aided design try to simulate human 
mathematician-helpers (again, at high speed). 

In short, Licklider is saying that all programs are 
simulations.  The present authors add two thoughts: 
(1) that the programmer's view of perspective of a 
program is also a simulation, and (2) that maintenance 
includes an attempt to bring the two kinds of simula- 
tions into some kind of congruence. 

8.1.-1.1 An Alternate Abstract 

To illustrate the fact that different things can be 
seen in the same lines, the authors present an alter- 
nate abstract which was originally written only for 
diversion: 

"There were studies, notes and measures to find 
what helped and hindered people who modified com- 
puter programs.  Environments were batch and 
time-share, using PL/1 and FORTRAN. 
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People at time-sharing consoles were handicapped 
by scattered sources of the data that they needed; 
the summed effect of small distractions was a 
surprising loss of time. 

In batch, help was drawn from 'groupings' corre- 
lating lines and 'concepts.'  Pilot programs were 
developed to automate display of 'groupings'; 
such programs merit wider usage." 

This alternate abstract contains a rhythm, and people 
tend to notice it.  But a text processing software 
system (which could accept the alternate abstract as 
input) could not "notice" the rhythm.  Figuratively 
speaking, the computer lives in a world in which 
rhythm does not exist. 

Computers respond to other things. For example, com- 
pilers like to count parentheses and report errors if 
open- and close-parentheses do not match. 

These "things," such as the presence or absence of 
rhythm, or the matching or non-matching of parentheses, 
may loosely be called variables, attributes, or 
dimensions.  Returning to the idea of simulations, any 
simulation may be described in terms of the dimensions 
along which it calculates.  And, as will be discussed 
below, people and programs tend to work within the 
frameworks of different sets of dimensions. 

8.1.1.2  Presence and Absence Effects 

Once there was a payroll program which incorporated a 
defense against at least one form of sophisticated 
deceit by employees.  The time cards, which the em- 
ployee filled out and signed, were machine-readable, 
and they included a group of holes which told each 
employee's hourly rate of pay.  The rate codes could 
easily be read by a person, too, if he knew the common, 
standard card format.  So a sophisticated employee 
could have "doctored" his card to give himself a rate 

iof pay of, say $99.99 per hour.  (Also, he would be 
the only person to see his paychecks.) 

As a defense against this possibility, the developers 
of the payroll program created a test for paycheck 
amount:  If the amount was more than what seemed, to 
the systems analysts at the time, to be a reasonable 
maximum, the program refused to write the check. 

Six years passed.  There was personnel turnover in the 
business programming department.  Then, when the company 
started laying off some professional employees, a "bug" 
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appeared in the payroll program. It refused to write 
some of the employees1 final paychecks. (Thus, inci- 
dentally, adding insult to injury on their lay-offs.) 

After spending a significant amount of frantic people- 
time, plus spending some computer time, and suffering 
considerable embarrassment, the programming department 
tracked down the "bug."  It was, of course, the old test 
for deceit in time cards . . . still working exactly the 
way the program said it should. 

The program's problem was that (1) it took no account 
of—or failed to simulate—the effects of six years of 
inflation; and (2) it failed to simulate a world in 
which lay-offs took place—especially to well-paid 
people who might have accumulated up to four weeks' 
vacation time, to be added to their final paycheck.  In 
this new, real world, the "reasonable" maximum of six 
years ago was no longer reasonable. 

Conversely, to understand the apparent "bug," the current 
maintenance programmers had to mentally "simulate" a 
world in which employees might fraudulently alter their 
time cards. 

In general, a maintenance programmer will be baffled by 
the workings of a system which simulates the presence of 
a dimension of which the programmer does not happen to 
think.  Until he does think of it, he will be bewildered 
—like a creature of the mythical Flatland trying to 
imagine a three-dimensional universe (Abbott, 1884) . 

Similarly, the absence of a dimension in a program will 
cause a very common type of malfunction:  The program 
does its simulation perfectly; it just does not simulate 
the world that the programmer has in mind. 
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8.1.2  Parameters of Simulations 

The Licklider thesis (1973) is that a computer program 
is a description (or simulation) of a process which might 
occur in the real, outside world.  The present authors 
have added that maintenance programmers do their work 
within the constraints of a mental "simulation" of the 
outside world.  From this point of view, it is useful 
to list some basic parameters of simulations in general; 
and to note ways that they differ between people and 
programs. 

Parameters include (1) the number of variables or 
dimensions involved in the simulation, (2) the size or 
capacity of the memory that it occupies, (3) the fine- 
ness of its categorization or digitizing, (4) its 
capacity for interpolation and extrapolation, and 
(5) its suceptibility to change. 

8.1.2.1 Number of Variables 

An engineer, wanting to predict the performance charac- 
teristics of a proposed airfoil, may request the use of 
a computer program.  The program, in turn, may require 
data which give the density of the air at various alti- 
tudes.  The density data may be viewed as a one-variable 
simulation of the world. 

If one were concerned about the performance of a pilot 
rather than an airfoil, a simulation program would have 
to represent and combine the effects of many variables: 
air density, nutrition, work load, muscular strength, 
etc.  To our knowledge, such a program does not exist. 

More generally, computer programs are simulations of 
few-dimensional worlds.  These are "exercised" in great 
detail, with well-known successes. 

People, in contrast, are properly called upon to make 
plans which include many different aspects of reality. 
Efficient reorganization of a clerical office, for 
example, might require knowledge of the talents and 
personalities of the clerks, acquaintance with the user- 
level documentation of computer programs, familiarity 
with the various jobs the office has to do, awareness 
of the space and equipment requirements, some feeling 
for what the workers will and will not tolerate, and so 
on. 
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8.1.2.2 Memory Capacity 

The simulation must be stored in something.  One normally 
thinks of this something as being a computer memory. 
Certain simulations can require very large memories.  By 
the standards of only a few years ago, computer memories 
available today are indeed large. 

Turning to the "size" of the memory in which a person 
develops his "simulation," the situation is less clear. 
A remarkable fact, which has been elaborated elsewhere 
(Overton, 1961), is that estimates of the memory capacity 
of the human brain disagree by 15 orders of magnitude: 
by a factor of a trillion. 

8.1.2.3  "Granularity" 

The Air Force once supported Melpar in the building of 
an experimental maze-running machine which was attached 
to an immobile "learning network" (Came, 1962)»  (Using 
company funds at another corporation, the authors de- 
veloped a "learning machine" which was similar, but which 
was entirely non-physical:  the maze and machine were 
both simulated in a computer.)  As the Melpar machine 
buzzed around in a maze, the "learning network" built up, 
within itself, a sort of model of the maze.  The model 
dealt primarily with the one variable of azimuth, or 
direction.  This variable was split into four cate- 
gories; that is, all turns were right angles.  In other 
words, the system simulated an imaginary world in which 
45-degree turns did not exist. 

For a digital system, all variables must be digitized or 
categorized in some way.  The fineness of digitization 
determines what might be called the "granularity" of the 
simulation or "picture" which the system produces« 

Incidentally, there is a relationship between size of 
memory, and granularity.  Obviously, finer categoriza- 
tion and smaller granularity call for the simulation of 
more points on each scale or variable; and, therefore, 
for more memory storage. 

People, like the maze "learning network," tend to be 
broad-category systems.  Suppose a person is asked to 
make absolute, non-comparative judgments of the absolute 
magnitudes of variables such as weights and noise levels; 
he tends to place them in only a few broad classifi- 
cations:  "very heavy," "medium," "fairly quiet," etc. 
Digital computers, in contrast, can usually record a 
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measurement with all of the precision with which it can 
be measured. 

Because people and computers use different "granulari- 
ties/' a bug developed in one of the programs for 
"learning." At one point, the program needed to choose 
at random among several possibilities.  To make the 
choice, the programmer called in some digits which he 
considered insignificant and random:  round-off error 
from a previous division.  He had the program refer to 
these digits to make its choice (by a procedure like 
eliminating the first half of the possibilities if the 
first digit was odd, eliminating the next quarter if the 
next digit was odd, and so on.) 

As the programmer should have known, however, the 
computer accumulated and erased round-off in a systematic 
manner; so the "random" choices were not really random; 
and the lack of randomicity was sufficient to make the 
program malfunction. 

8.1.2.4  Power of Generalization 

Any simulation must be based on what are often called 
"data points;" i.e., on known samples of relationships 
between variables.  Typically the points as such are 
never seen by the programmer; instead, he uses an 
equation which "fits" the points.  He programs the 
equations (and even business programs can be viewed as 
systems of discrete, logical equations) and then goes 
away happy. 

(In some systems, the program itself performs operations 
which are the logical equivalent of fitting equations 
to the data.) 

Some significant decisions are hidden behind the equations 
or their equivalent.  The putative equations are essen- 
tially mechanisms for interpolating between, and extrapo- 
lating beyond, data points. 

(1) How far shall extrapolation be allowed? At 
what point should one start losing confidence 
in the extrapolations? 

(2) By what rules should interpolation be per- 
mitted, and with what degree of confidence? 

(3) Is the user warned of extrapolations and 
interpolations which may not be accurate?  (No 
is usually the answer.) 
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Less precisely speaking, these questions ask:  What is 
the power of the program to generalize? And, how is 
this power reported to the user? 

Programs, of course, possess whatever degree of generali- 
zation power that happens to be given to them.  People, 
in contrast, have much more power and inclination to 
generalize than they may realize.  A classic book 
(Bartlett, 1932) shows that throughout life people tend 
to substitute extrapolations and interpolations for 
"real" memories, and to confuse the two. 

People's tendency to generalize—to "fill in the gaps" 
in a situation—helps account for at least one common 
type of bug:  one in which the program makes a test for 
a narrow area, whereas the programmer has a larger area 
in mind ... as when the programmer tells the program 
to go out of a loop at N = K, while he means N = K or 
greater.  Then, if the incrementing process skips over 
N ■ K (as in counting by two, and skipping an integer), 
a bug develops:  the program gets trapped in the loop. 

8.1.2.5 Susceptibility to Change 

From a detached and academic point of view, a "simulated 
outside world" should be capable of self-improvement; 
it should change, and become more realistic, as more 
evidence or data come in.  In practice, of course, one 
normally does not want a computer program to start 
changing itself in any independent manner.  (A payroll 
program would disturb the management if it decided to 
start giving raises to people.) 

People do change their "simulations" as time and events 
transpire.  Some people make changes more readily than 
others—they require less evidence before modifying their 
"view of reality."  Somewhat surprisingly, there is no 
evidence that susceptibility to change (at least in 
some areas) has any correlation with differences in 
intelligence (Adorno et al, 1950).  The present authors 
speculate, however, that there may be a correlation 
between programming ability and the variable of willing- 
ness to change one's view of "reality." Therefore, 
research in this area might contribute to more efficient 
programmer selection. 

Returning to the computer program as a simulation, its 
susceptibility to change by the maintenance programmer, 
rather than by itself, should of course be high.  That 
is simply a re-statement of the general goal of this 
project; and the detailed ways of reaching it would 
trace many of the steps of this and preceding projects. 
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8.1.3 The Embedding of Simulations 

Occasionally managers complain that some programmers 
lack "common sense."  (An example was a hospital adminis- 
trator who cited a programmer whose program displayed 
most data in scientific notation.  Hospital clerical 
helpers, who "didn't know an exponent from an expletive," 
were confused to find dates written as 

2.5 x 101 OCT 1.969 x 103.) 

What the managers seem to mean by "common sense" is an 
accumulation of knowledge about the real world.  Common 
sense is shown by an agreement of views:  If the user 
and his environment are viewed in the same way by the 
programmer and the manager, then the manager says the 
programmer has "common sense." 

As this rather cynical definition implies, measurement 
of common sense is not an absolute process:  It depends 
on who is doing the measuring.  Different people are not 
working with exactly the same simulations of reality. 
(From the user's point of view, the programmer and his 
manager may both lack common sense.) 

The program (according to Licklider) simulates a little 
bit of the real world in which the user operates.  But 
it is a very, very detailed simulation of that little 
bit.  (It says, if it is a payroll program, that you 
eliminate leading zeroes before the most significant 
digit in writing a paycheck. And it specifies all 
necessary calculations before you get to that point.) 
On the other hand, the user's simulation of the simu- 
lation is usually quite attenuated.  (He may only know 
that you put time cards in, and you get paychecks out.) 

In general, then, there is a double spectrum of simu- 
lations: 

(1) The program, as a simulation, suffers from 
more and more attenuation and over-simplification 
as it is represented by people farther and 
farther from the original programmer. 

(2) The user's world, and his need for modification 
of the program, is similarly attenuated as one 
moves from the user to the programmer. 

And at every point the program/simulation is embedded 
in some degree of simulation of the user's world and 
needs. 
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8.1.4  Implications for Maintenance 

"Work on a program," especially in maintenance program- 
ming, includes thinking about where in the program to 
do the most detailed work.  In the terminology of the 
previous section, work on a program involves manipulating 
a simulation which is embedded in another simulation: 
a simulation of a simulation of a small part of the 
procedures in the world, embedded in a more attenuated 
simulation of the user's world in which those procedures 
will be followed. 

In these terms, the difficulties of the maintenance 
programmer stem from these causes: 

(1) He is in the middle:  He has to be sufficiently 
"in tune" with the user's simulations to in- 
corporate them into his own—in other words, 
to understand the user.  But then he has to 
turn to the ultimate simulation—the program 
—and show that he understands it sufficiently 
to change it. 

In larger programming organizations, of course, 
there is usually some kind of middleman—called 
analyst, customer engineer, or some other nice 
title—between the programmer and the user. 
But the basic problem still remains:  bringing 
two "simulations," which normally suffer from 
different degrees of attenuation, into agree- 
ment with each other. 

(2) The maintenance programmer must find out what 
variables or dimensions he can ignore in the 
simulation/program on which he must work.  He 
has to coordinate his modification (or mini- 
simulation) with all relevant variables, and 
with none of the irrelevant ones.  And he 
lacks the time to "exercise" or trace through 
all of the aspects of the program which are 
not relevant to his modification. 

8.1.4.1 Emphasis on Dimensions 

Given these causes of difficulties, some suggestions can 
be made about possible ways of alleviating them.  The 
first calls for emphasis on dimensions and variables 
rather than on calculations. 

Initial program design should be organized in terms of 
"variables and dimensions."  Broad input variables 
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should be specified and then refined down to the level 
of the computing environment (in the COBOL sense of the 
word).  Output variables should similarly be worked 
backwards to the computational results which generate 
them. 

This practice would obviously make it easier for the 
maintenance programmer to reject the variables which 
were irrelevant to his modification.  Thus he could 
"compressM the simulation/program into a new simulation 
which would be simpler but still contain the material 
he needed. 

This style of program design is certainly not entirely 
new, although it has not been given the emphasis which 
we give it here.  The major difference between this 
practice and current custom would lie in when calcu- 
lations were performed.  Insofar as possible, all input 
variables would be read in, and stored in specified 
files, before any calculations were performed on any of 
these data.  Also, computational routines would be 
designed to cope with blank files—by simply reporting 
them as  blank, rather than by generating error signals. 
Dummy input variables might even be provided, so that 
the maintenance programmer could use them to add 
variables at a later date. 

Similarly, partially-reduced data would be stored in 
derived or sub-variable files, and these would be filled 
(as needed) before further calculations were performed. 

Re-combining of files would be done as output was 
approached. 

This practice would resemble the currently-popular "top- 
down" programming, except that there the emphasis is 
on building a hierarchy of calculation.  Here the 
emphasis would be on building a hierarchy of variables 
and variable results of calculations.  Here, also, 
instead of one pyramid of hierarchy, there would be a 
double pyramid between input and output. 

As an example of this approach, consider a hypothetical 
program for use in the mining industry.  Given assay 
results from samples for a prospective mining site, the 
program will do trade-off studies to help decide how much 
to concentrate the ore on-site (with more expense for 
greater concentration), versus shipping less concentrated 
ore (at greater shipping expense) to a larger and more 
efficient permanent mill. 
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One approach would be to proceed with the following 
steps:  The programmer would generally flow chart the 
heart of the program:  the algorithms for doing the 
trade-off calculations. Then he would work down from 
this heart, specifying the supporting algorithms, which 
would be tied in to the data input and output routines. 

The approach advocated here would be to decide first 
on the basic dimensions of the simulations.  One dimension 
might be a mineral; variables to be read along that 
dimension would include its concentration in the sample, 
its price, and possibly others.  The provision would 
be made for derived variables; value of the mineral per 
ton of ore would be one derived variable, and provision 
would be made for others, through appropriate file 
reservations. 

Complementing the "tree structure" of input files would 
be a corresponding "root structure" of output variables. 
The user's interests include investments, returns, and 
time. These and other variables might be sandwiched 
between basic output files such as cumulative return on 
investment, and more detailed intermediary files such 
as equipment depreciation schedules. 

The heart of the program—the algorithms for doing the 
trade-off calculations—would come last.  Its functions, 
in terms of comparing files and results, might be dis- 
tributed among smaller modules than would be the case 
if it had been used as the point of departure. 

If a bug were later found in (say) the calculation of 
copper values, or if new technology dictated a change 
in the costs of concentrations, it might be easy for the 
maintenance programmer, under this approach, to 
attenuate the overall simulation/program into only those 
portions which he needed to modify. 

8.1.4.2 Transformation-Oriented Groups 

A suggestion which logically follows, under the approach 
oriented here, is this: 

Conceptual groups should include—but not be 
limited to—computational routines for performing 
one and only one transformation on one variable or 
sub-variable. 

Higher-level groups or modules could then represent 
sets of related transformations of variables. 
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Referring to the mining example, one conceptual group 
might do nothing more than multiply copper prices by 
copper concentrations, to get the value of copper per 
ton of ore. 

This is not entirely a new suggestion either.  It is 
similar to the practice in a large maintenance project 
which sought "self-documentation" through the placement 
of commentary with "each little function."  It also re- 
sembles the practice (which seemed very successful) at 
Copley Computer Systems, Inc.:  Programs were built of 
"sections," each of which performed one and only one 
function.  "Sections" were short, ranging from only two 
lines in length, through a mode of a small number, to a 
maximum of about 40 lines each. 

It has previously been observed that there are different 
"representations" of the program:  the program itself, 
its commentary, other programmer documentation, user 
documentation, etc. (The term "representation" comes 
from the study of ways in which technical articles can 
be abstracted.  The article itself is one representation, 
its title is another; two different abstracts each writ- 
ten for a different purpose, could be two other repre- 
sentations. 
It was also observed that there are interactions between 
the programmer, the program, and various representations 
of the program.  Obviously, the interactions are best 
when the maintenance programmer can work with a repre- 
sentation which is tailored to his purposes. 

The above two suggested practices would greatly help a 
programmer to create a representation of the program 
which was tailored to his purposes.  He could do so by 
eliminating irrelevant variables and dimensions, and by 
concentrating on the "sections" whose functions he needed 
to change. 

These practices represent a somewhat different philosophy 
than that which seems to be behind most of the calls for 
top-down programming.  The difference in philosophy can 
be illustrated by analogies with maps and geometric 
figures. 

In philosophy, most top-down advocates seem to envision 
program development as analogous to changing scale on a 
map.  The top-level description is like a small map of 
the united States, on which many details are omitted. 
As one moves down to the coding level, details are added 
to the map, but its total configuration remains 
essentially unchanged. 
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The present approach views different representations of 
the program as analogous to projections of geometric 
figures into different universes.  A sphere from a 
three-dimensional universe becomes a circle when it is 
projected into a two-dimensional universe; it becomes a 
line when projected into a one-dimensional universe. 
It does not just change scale; it changes form. 

The maintenance programmer needs to work in as limited 
a universe as possible; modifications are made most 
efficiently when they can be made simply.  For this 
reason, the philosophy of making it easy "to yank out 
dimensions" would also make it easier for the mainte- 
nance programmer to "zero in" on the places to make 
coding changes. 

Finally, one should not give up other conceptual groups 
which programmers have found useful.  Not all groups, 
which helped the programmers in these studies, were 
based on "each little function."  The philosophy of 
"yanking out dimensions" is an approach to enhancing 
maintainability which does not rule out the use of other 
techniques and aids. 

8.1.4.3 Function and Variable Displays 

This approach also carries implications regarding the 
kind of displays that are likely to be most useful for 
maintenance programmers at graphics terminals. 

Terminal operating systems should facilitate displays 
of (1) unitary functions which transform variables, and 
(2) the resulting, transformed variables. 

In view of the apparent preference of many people for 
visual analogs, the transformed variables might, wherever 
feasible, be available in analog form. 

In terms of this dimensional approach, operating systems 
like that just advocated would make it easier for pro- 
grammers to simplify, or compress the picture, which 
they apparently like to do when they are puzzled. 

More basically, it would also facilitate the making of 
the comparisons which maintenance programmers frequently 
have to make:  comparison of one version of a short 
function with a later version of the same functional 
unit; and comparison of a functional unit with its 
effect on a dependent variable.  The ease and speed of 
these comparisons has much to do with the speed at which 
maintenance programming progresses. 
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8.2  Recommended Research Projects 

8.2.1 Computer Aided Software Maintenance 
Terminal Systems 

In a study of the Fundamental Factors Underlying Soft- 
ware Maintenance Problems, ESD-TR-72-121 (Overton et al, 
1971) two Research Plans were presented; one of higher 
priority, shorter range, moderate cost nature; and the 
other of lower priority, longer range and of greater 
cost nature.  With the possible exception of the Termi- 
nal Arrangements Task all the other studies and experi- 
mentation to date outlined in ESD-TR-72-121, ESD-TR-73-125 
and the current effort have been tasks emanating from the 
higher priority research plan.  In the Terminal Arrange- 
ments Study, effort was begun to look at the overall 
environmental aspects of interaction between a programmer's 
sensory perception and computing system input/output 
equipment, including graphic terminals. 

One of the research projects outlined in the longer range 
plan was the establishment of a Microcosmic Test Bed 
to more objectively study the use of the interactions 
among graphic terminals, structured documentation and 
hard copy.  The Terminal Arrangements Study results and 
interpretations (in Sees. 3 and 4) indicate that there 
is need for greater integration of the sensory informa- 
tion inputs (and outputs) between the maintenance pro- 
grammer and the graphics console.  Of the independent 
variables identified (in Sec. 2.2.3.1), the experimenta- 
tion was able to cover only those of program complexity 
and modularity.  The Terminal Arrangements Study pro- 
duced a wealth of possibilities for improvement in 
software maintenance utilizing graphic terminals.How- 
ever, the results were based as much on field observa- 
tion as on controlled, scientific experimentation. 
Therefore it is recommended that a Test Bed be established 
to confirm and make practical applications of these 
results, and to study the effects of other independent 
variables and possible maintenance aids in graphic 
terminal systems.  It is suggested that the ARPA net- 
work be considered for the research test bed. 

TASK 1.  Software Maintenance Terminal System. 
Perform a study to establish optimum graphic 
terminal arrangements for computer-aided soft- 
ware maintenance.  The effort would include: 

(1)  Select a test bed for experimentation.  Make 
arrangements with existing selected time-sharing 
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network user (university, government, govern- 
ment sponsored) services and utilization of 
graphic terminal system as a test bed.  Augment 
test bed as necessary to enable execution of 
objective experimentation. 

(2) Develop Test Plan for experimentation with sig- 
nificant independent variables.  Test Plan 
should be for at least two series of experi- 
ments, with a review and revision period between 
each series of tests. 

(3) Execute initial experiments.  Reword sensory 
data and experimental results.  Perform 
analysis and present objective evaluation. 

(4) Revise Test Plan and conduct next series of 
experiments.  Reword sensory data and experi- 
mental results.  Perform analysis. 

(5) Write a report of results, specifying and re- 
commending design guidelines for development 
of integrated computer Terminal Systems which 
are efficient for computer aided software 
maintenance. 
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8.2.2 Computer-Aided Software Maintenance 
Support Systems 

8.2.2.1 Automated Maintainability Guideline 
Development 

A methodology has been developed for defining useful 
guidelines, developing test procedures and conducting 
experiments to establish within reasonable doubt guide- 
lines which can be automated and are effective in 
improving software maintainability.  This methodology 
should now be applied to the study and verification of 
those guidelines suggested in ESD TRr72-121 (Overton et 
al, 1971) and ESD TR-73-125 (Overton et al 1973).  The 
following tasks are, as a minimum recommended. 

TASK 2.  Conceptual Groupings for COBOL (GP-C). 
Perform a study of conceptual groupings in 
COBOL and their applications to the enhance- 
ment of the efficiency of maintenance pro- 
gramming.  The effort would include: 

(1) Select the subset of the COBOL language and 
determining the corresponding conceptual 
groupings. 

(2) Plan observations of the use of groupings to 
obtain the most valid possible data. 

(3) Design, Program and Debug a computer program 
which will be a post-processor to a COBOL 
compiler to create conceptual groupings of a 
source COBOL program. 

(4) Observe the usage of groupings, modify com- 
pilers to distinguish such groupings, and 
observe and collect data on the value to 
maintenance programmers of such modifications, 
as a basis for later recommendations. 

(5) Summarize and analyze the observations just 
described, to reach the most valid possible 
conclusions. 

(6) Write a report of the results, clearly stating 
recommendations of value to maintenance pro- 
gramming.  Deliver the prototype COBOL Con- 
ceptual Groupings Program (GP-C), including 
programming documentation and operating in- 
structions. 
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TASK 3.  Developing Automated Guidelines.  Perform 
a study to derive automated procedures for, 
as a minimum, the DISTANCE and the NOTES 
guidelines.  The effort would include: 

(1) Review existing analyses of the fundamental fac- 
tors which inhibit program maintenance and the 
corresponding maintainability guidelines, and 
select those guidelines the objective measures of 
which will significantly enhance computer 
aided software maintenance. 

(2) Develop methods of measuring the effectiveness 
of at least the DISTANCE and NOTES guideline, 
and outline a program of experiments to verify 
the applicability of the derived measures. 

(3) Execute the planned experiments in the approved 
test plan using the largest test sample size 
as practicable within the target costs involved. 

(4) Based on an analysis of the data from the 
initial experiments, verify the effectiveness 
of the measures, modifying the measures and 
test procedures as necessary, and verify the 
revised measures of maintainability. 

(5) Recommend those guidelines, the measures for 
which can be automated through computer assisted 
software. 

(6) Prepare a report summarizing the research 
methodology used to develop automated guide- 
lines for computer assisted software mainte- 
nance, together with the results of the test 
experimentation to verify and select the 
corresponding measures. 

8.2.2.2 Automated Program Error Search 

A recurrent theme throughout the interview and observation 
sessions of the Terminal Arrangements Study task was 
the maintenance programmer's need for better automated 
procedures to assist in the software maintenance effort. 
The potehtial use of decision theory as an aid in helping 
locate where an error is occurring or where a program 
change should be made was outlined in ESD TR-73-125 
(Overton et al, 1973).  It is recommended that the 
following effort be undertaken to develop and verify 
this effective methodology utilizing graphic terminals. 
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TASK 4.  Computer Aided Software Error Search 
(CASES) System.  Perform the design and develop- 
ment of a computer program error search system 
utilizing decision theory as a computer 
assisted software maintainability aid.  The 
effort would include: 

(1) Collect the background information necessary 
to plan, in terms of general flow charts, the 
proposed system.  Review the relevant litera- 
ture on different statistical techniques in 
decision theory, and on the classification of 
bugs.  Develop a usable, realistic, expandable 
nomenclature of bugs.  Design note- and 
history-taking routines.  Design the statis- 
tical decision routines.  Integrate the plans 
into a set of system flow charts.  Insure that 
specifications, descriptions, and documen- 
tation are compatible with software maintain- 
ability and can make effective use of computer 
assisted software maintenance software systems. 

(2) Develop and evaluate a preliminary System. 
Select a test bed in coordination with in- 
terested users, program a preliminary version 
of the system and evaluate and refine the 
design.  Design and conduct experiments to 
bring out good and bad features, and data on 
these features, in the preliminary system. 
Design a refined and more generally usable 
version of the system in terms of flow charts. 

(3) Implement a Prototype System.  Perform a test 
implementation of the prototype system on a 
selected time-sharing network.  Following the 
design in the flow charts from (2) and within 
the constraints of the time-sharing network, 
etc., reprogram the CASES system in prototype 
form.  Install and in accordance with 
reasonable standards, debug the CASES 
system, making it available to interested 
users. 

(4) Create a Final Report detailing the background 
and planning of the efficient debugging 
decision system and the lessons thus far 
learned in taking advantage of it to improve 
the efficiency of maintenance programming. 
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8.2.2.3  Computer Aided Software Maintenance 
Metrics System 

It appears desirable at this stage to begin the design 
and development of an overall system structure of a 
computer assisted software maintenance system utilizing 
graphic terminals.  The test bed for such a development 
should be some user time-sharing network of interest 
such as the ARPA or WIMMEX networks. 

The envisioned graphics system will encompass both 
computer assisted techniques of software maintenance 
evaluation while new systems are under development and 
of program analysis, change determination, and error 
discovery, for systems undergoing test and change. 

The approach taken is to develop a conceptual structure 
of the overall interactive graphics system, implementing 
selected maintainability guidelines in the form of 
metrics sub-program modules as their definition and 
quantization are established and verified.  (See Tasks 
2, 3, and 4.) 

By maintaining a top-down structure to the metrics execu- 
tive system, and a modularized approach to the metrics 
sub-programs, a highly effective graphics system can be 
evolved over time.  The system can be revised and improved 
to better assist the maintenance programmer as more 
techniques are identified and quantized. 

TASK 5.  Develop Maintainability Metrics System. 
Perform the design and development of a Computer- 
Aided Software Maintenance Metrics System.  The 
effort would include: 

(1) Design the structure of a computer aided 
maintenance metrics system.  The system shall 
be designed to operate on an inter-active 
basis, capable of being interfaced with a 
variety of graphics consoles and computer tele- 
communications systems.  The program design 
shall be modular and expansible such that 
measures of maintainability guidelines can be 
added to the system as the measures are defined 
and successfully verified. 

(2) Program and test the necessary portions of the 
Metrics System Program, and the Metrics Modules 
on an inter-active time-sharing system utilizing 
a graphics terminal. 
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(3) Test the prototype Metrics System, including 
the groupings, DISTANCE, NOTES, and other 
selected maintainability guideline sub-programs 
on an interactive time-sharing system utilizing 
a graphics terminal.  The prototype Metrics 
System will be implemented in such a manner as 
to be transferable to an AFSC designated 
computer system. 

(4) Prepare a report summarizing the prototype 
Metrics System design and implementation 
together with results of the test experimen- 
tations.  Prepare program documentation and 
operating instructions for the prototype 
computer software. 

. 
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8.2.3  Dimensional Approach to Maintainability 

The maintenance programmer has to search for the exact 
parts of the program in which he should make changes. 
There are indications that the search is facilitated if 
the program can be viewed as a simulation and if the 
simulation can easily be compressed into various simpler 
forms by the removal of dimensions or variables.  Also, 
explicit identification of dimensions may prevent the 
errors which are often caused by unwarranted implicit 
assumptions. 

TASK 6.  Dimensional Structures for Software 
Maintainability.  The dimensional approach to 
program development would include the following 
tasks. 

(1) Design computational routines able to operate 
on null or deleted dimensions. Develop other 
requirements for dimensional structures. 

(2) Detail the approach sufficiently to specify its 
differences from current practices and to 
defend its input on program development costs. 

(3) Write simple programs illustrating the approach. 

(4) Conduct experiments using other programmers to 
modify the dimensional structured programs to 
evaluate the gains in maintainability as 
compared to current approaches such as 
modularity and structured programming. 

(5) Create a final report outlining the preliminary 
findings as to benefits and efficiencies gained 
in software maintainability with the dimensional 
approach. 

'S 
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APPENDIX A 

LITERATURE EXTRACTS 

This project included a literature review.  More than 
two hundred potentially relevant reports and articles 
were reviewed, and approximately 75 were copied or filed. 
Prom these articles, some "quotable quotes" were selected. 
They are presented herein. 

Since comments on the literature have been made, where 
appropriate, in the body of the Final Report, the liter- 
ature extracts are presented here in a neutral mode, 
without any evaluative comments. 

Abrams, Marshall D.  "Remote Computing:  the Adminis- 
trative Side." Computer Decisions, October 1973. 

"All users will have questions.  Their questions 
may be answered at many levels.  In fact, when a 
question is first asked, the inquirer may not know 
what level of response he requires." 

"... it should be remembered that any exchange 
between two parties rapidly degrades to the level 
of understanding of the lesser party." 

"... computer centers have discovered that 
users cannot be permitted free access to systems 
programmers.  The systems programmers could have 
all their time absorbed in answering trivial 
questions.  But some users' questions will have to 
get through to the systems staff; this may be the 
staff's only feedback, or they may be the only 
people competent to answer the question." 

Baker, P.T.  "System Quality through Structured Pro- 
gramming." AFIPS, 1972. 

"... the Team operates in a highly disciplined 
fashion using principles of structured programming 
described by Dijkstra and formalized by Mills." 

"Although no statistics on number of errors or 
number of runs per module were kept, it was apparent 
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from a qualitative standpoint that both were sig- 
nificantly reduced when compared to similar 
systems on which team members had previously 
worked." 

"The program library system used was also a major 
factor in improving quality.  Ensuring that up-to- 
date versions of programs and data were always 
available reduced problems frequently encountered 
due to use of obsolete versions.  For instance, 
when programmers were ready to use an interface, 
they could directly include the appropriate 
declarations into their code instead of writing 
their own version.  When the interface changed, it 
was only necessary to recompile to incorporate a 
new version into all affected programs.  In 
addition to reducing interface problems, the library 
system facilitated study of code to allow one pro- 
grammer to adapt an approach used by another in- 
stead of re-creating it.  Most importantly, it 
permitted the ready review and criticism of code 
by others as described above.  As a side benefit, 
the availability of all this information in usable 
form reduced the need to get it verbally and thus 
further reduced errors due to distraction or 
interruption." 

"This project has suggested two areas in which 
further work needs to be done.  First, it may not 
always be possible to follow a strictly top-down 
approach in development of a large programming 
system.  If a system organization, viewed as a tree 
structure, is narrow and tall, then a pure top- 
down approach may take too much elapsed time to be 
practical.  Second, a more rigorous approach to 
code review needs to be developed.  In retrospect, 
a number of the problems encountered in the Data 
Entry Edit Subsystem after delivery were of such a 
nature that they would probably have been caught 
earlier if all the code had been read." 

Bemer, R.W.  "Manageable Software Engineering."  Software 
Engineering, 1970.  (Quoted in Computing Reviews, May 
1971.) 

Subsection VIII.3.3  ("How Should Design and Imple- 
mentation Be Partitioned?") provides opportunity 
for the author to state his feeling that the three 
phases of programming—system design, design of a 
routine, and coding—are best done by the same 
individual; this is a 180 degree reversal of the 
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usual rule of thumb—have the three phases of pro- 
gramming done by separate individuals.  His well- 
justified conclusion is that, except for small jobs, 
the entire project is best handled by the same 
person.  Equating 'servicing1 with program mainte- 
nance, for this job, the author rejects 'trainees' 
or 'experienced support personnel' in favor of the 
programmer who initially built or modified the 
software (called the 'originator').  'If he con- 
siders it a trap, let him know that nothing but 
excellent and self-sustaining documentation will 
release him . . . .'" 

Blee, M.  "Modular Programming—Innovation or Common 
Sense?"  Data Systems, February 1969. 

This article discusses three techniques which 
differ considerably although all can be called 
"modular programming" in that they involve dividing 
a program into self-contained modules. 

Brooks, R. Ruven.  A Model of Code-Writing Behavior in 
Computer Programming.  Dissertation, Carnegie-Mellon 
University, 1974. 

"The theory consists of three basic processes; 
understanding, planning, and coding.  While these 
processes are named in the order in which they will 
be discussed and in which they initially take 
place, in most situations they actually behave more 
like co-routines, with each processes calling on 
and being called by the others. 

"Understanding 

"A necessary prerequisite for a problem-solver to 
begin work is that he have some understanding of 
the problem.  By this is meant that he has built 
up internal representations of the basic elements 
that the problem deals with and their properties, 
of the initial state of these elements, and of the 
desired final state, the goal.  He must also have 
one or more operators which he can apply, appro- 
priately, to transform the initial state. 

"The information from which these internal repre- 
sentations and operators are built may come from a 
variety of sources.  Some of the sources will be 
internal, such as knowledge of the problem-solving 
situation and general "world" knowledge.  Others of 
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these sources will be external, for example, the 
problem directions or the set of general directions 
if the problem is part of a larger problem set." 

"Not surprisingly, evidence of an understanding 
processes, in the form of alternation between 
reading directions and reasoning about what they 
say, is also seen in records of behavior in pro- 
gramming problems." 

"Planning 

"The type of plan produced by this intermediate 
process is an algorithm for solving the programming 
problem; it consists of specifications of the way 
in which information from the real world is to be 
represented within the program and of the operations 
to be performed on these representations in order 
to achieve the desired effects of the program. 
These algorithms are used as Schemas or templates 
to guide the writing of the actual code." 

"The content of a plan is probably independent of 
the language in which the program is to be written. 
The basis for this assertion is partly a subjective 
one, the introspective reports of many programmers 
that they are able to think about solutions to 
problems without knowing the language that the 
problem will be written in.  Reinforcing the sub- 
jective evidence is the informal observation that, 
having written a program in one language, it is 
easier to write it again in a second language, pro- 
vided that both languages have similar operators 
and data types; if the experiment is arranged in 
such a way that a direct, language-to-language re- 
coding is impossible, what must be carried over 
between the two situations is the algorith—i.e., 
the plan. 

"While the content of a plan is independent of the 
programming language it will eventually be imple- 
mented in, the choice of a particular plan is 
clearly made with a specific programming language 
in mind.  Programmers using FORTRAN do not usually 
select plans which involve list structures, nor do 
LISP programmers customarily set up their programs 
to use fixed-format, record input.  If the oppor- 
tunity exists, plans will be selected which are 
compatible with the language in which the program 
is to be written." 
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"Planning does not take place as a single operation; 
instead, an iteration occurs in which each plan 
that is created serves as input for the next 
cycles.  Each cycle refines the plan and makes it 
more detailed.  The terminating condition for the 
iteration is that some—reasonably large—part of 
the plan is sufficiently detailed so that the pro- 
grammer feels that he knows how to translate it 
into code; at that point the final process in the 
writing of programs, coding, takes over.  The 
coding process operates on a piece or part of a 
plan until either code is produced or some cri- 
terion is met which causes the coding process to 
report failure; when failure occurs information is 
passed back to the planning process which again 
attempts to produce a codeable plan." 

"in many, if not most, programming problems, 
planning takes place extremely rapidly with little 
evidence of any kind of problem-solving activity. 
This suggests that what takes place is basically a 
match between characteristics of the current 
problem and the invoking requirements of a stored 
plan; the same mechanism might also account for 
cases which require a simple piecing together of 
parts of plans.  In turn, this recognition 
mechanism also implies the existence of mechanisms 
for extracting characteristics from current 
problems and mechanisms for abstracting plans from 
solved problems." 

"While the recognition system will probably take 
care of the overwhelming majority of cases, still 
other mechanisms will be necessary for the re- 
maining cases in which a stored plan could not be 
used.  These might be divided into two broad, 
general classes:  those which use programming 
knowledge and those which use knowledge from the 
real-world problem domain for which the program is 
being written.  In the former are included patching 
and re-arranging existing plans; generalizing 
from examples; and the use of diagrams or drawings. 
In the latter are included all those situations in 
which the programmer goes outside the programming 
domain and uses knowledge about the intended use 
of the program, relationships among the data, etc. 
to solve the problem; an example might be use of 
knowledge about a company's accounting policies to 
come up with a plan for writing a payroll program." 
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"Coding 

"The third of three processes in the theory is 
coding.  For human programmers, the basic cycle for 
the generation of code consists of using the plan 
to select and write a piece of code, assigning an 
effect or action to the code that has been written, 
and comparing the effect or action to the stipu- 
lations of the plan.  The results of this compari- 
son are used to select and write more code or to 
change the code that has been written; in turn, an 
effect is assigned to this new code which is compared 
to the plan.  This cycle continues until the 
cumulative effect of the code meets the require- 
ments of the plan or until some condition, such as 
effort expenditure, is met which indicates that the 
piece of plan is not codeable. 

"The effects that are assigned to code are based 
on the differentiations among the data that the 
program must actually make in order to accomplish 
its purpose.  Consider as an example a program for 
printing all the odd numbers in a set of integers; 
the program must differentiate between odd and even 
numbers in order to perform this task. An effect 
that could be assigned to a line of code in this 
program might be 'if the number is odd, this 
branches to statement 50,* a statement which uses 
the information about the odd-even distinction. 
The cumulative result of assigning this kind of 
effect to each line in a whole segment of code is 
to execute the code with symbols such as "odd 
number" replacing the real data; hence the whole 
process has been named "symbolic execution." 

"After the basic cycle has generated a sufficient 
amount of code, the entire piece of code may be 
symbolically executed several times more.  This may 
take place for one of two reasons.  The first is 
to check the code that has been written to insure 
that there are no inconsistancies between its actual 
effects and the desired ones.  The second reason 
is that there is no look-ahead in the basic 
generation to insure that all necessary prerequi- 
sites are met for using certain code structures 
before they are actually invoked; thus, required 
initializations and declarations are often omitted 
when code is first generated.  A symbolic execution 
of an entire section of code often permits these 
omissions to be detected. 
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"The symbolic execution cycle is not, of course, 
always successful at generating code giving a 
correct effect.  When erroneous code is generated, 
there is no back-up to a correct state, as would 
take place in a tree-search problem solving process. 
Instead, the information in the effect of the wrong 
code and in the plan are used to attempt to correct 
the difficulty, often by adding additional code to 
fulfill unmet pre-conditions or by minor modi- 
fications in the code that has been written.  In 
most cases, these corrections are successful; when 
they do fail to achieve correct code, the planning 
process may again be invoked to create a new plan 
or piece of plan which can be coded successfully. 
In turn, this may, in a few rare occasions, even 
result in a return to the understanding process. 
This means that as far as the progression from 
general plan to specific solution goes, programming 
has both top-down and bottom-up phases." 

Fosdick, Lloyd D.  "The Production of Better Mathema- 
tical Software."  Communications of the ACM, July 1972. 

"There are simple, obvious things for programs 
written in the standard languages which would 
improve their portability.  One is to put all 
machine-dependent parameters in one place, identify 
them as such, and give a prescription for changing 
them if the machine environment changes.  Programs 
frequently have parameters which control storage 
allocation, execution time, and accuracy.  Again 
these should be brought together, identified, and 
prescriptions given for changing them, which might 
help a user willing to sacrifice one for the other, 
say speed for accuracy." 

Kennedy, T.C.S. and Facey, P.V.  Mini-Computer-Based 
Hospital Administration System.  (Quoted in International 
Journal of Man-Machine Stories, April 1973). 

"The first criterion for successful interactive use 
of a system is that it should be unnecessary for 
the user to refer to coding books or lists for 
command sequences or data entry.  The user may be 
prompted in the case of incorrect entry.  Commands 
should be simple in format and command verbs should 
be self explanatory.  The most satisfactory data 
entry procedure has been shown to be a question and 
answer sequence since a positive request for data 
is given which reduces the possibility of omission. 
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Each entry may be validated as it is made allowing 
immediate correction in the case of error.  It is 
possible, with this type of system, for a totally 
naive user to perform satisfactorily with the 
simple instruction that he must terminate any entry 
with the carriage return key before the computer 
•understands1 it. 

"Secondly, the computer or terminal should not seem 
to take command.  The user must maintain or appear 
to maintain complete control of the system." 

"If these criteria are met, the man-machine inter- 
action remains, on the surface, a simple, flexible 
procedure which allows a fast and efficient use of 
the computer.  However, it calls for complex 
programs and a language which possesses powerful 
string handling facilities." 

Liskov, B.H.  "A Design Methodology for Reliable Software 
Systems."  AFIPS, 1972. 

"Levels of abstraction were first defined by 
Dijkstra.  They provide a conceptual framework for 
achieving a clear and logical design for a system. 
The entire system is conceived as a hierarchy of 
levels, the lowest levels being those closest to 
the machine.  Each level supports an important 
abstraction; for example, one level might support 
segments (named virtual memories), while another 
(higher) level could support files which consist of 
several segments connected together." 

"Levels of abstraction, which will constitute the 
partitions of the system, are accompanied by rules 
governing some of the connections between them. 
There are two important rules governing levels of 
abstraction.  The first concerns resources (I/O 
devices, data):  each level has resources which it 
owns exclusively and which other levels are not 
permitted to access.  The second involves the 
hierarchy:  lower levels are not aware of the ex- 
istence of higher levels and therefore may not 
refer to them in any way.  Higher levels may appeal 
to the (external) functions of lower levels to 
perform tasks; they may also appeal to them to 
obtain information contained in the resources of 
the lower levels." 

"Structured programming is obviously applicable to 
system implementation.  We do not believe that by 
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itself it constitutes a sufficient basis for system 
design; rather we believe that system design should 
be based on identification of levels of abstraction. 
Levels of abstraction provide the framework around 
which and within which structured programming can 
take place.  Structured programming is compatible 
with levels of abstraction because it provides a 
comfortable environment in which to deal with 
abstractions.  Each structured program component 
is written in terms of the names of lower-level 
components; these names, in effect, constitute a 
vocabulary of abstractions." 

"It is not clear exactly how early structured pro- 
gramming of the system should begin.  Obviously, 
whenever the urge is felt to draw a flowchart, a 
structured program should be written instead." 

McGregor, Bob.  "Program Maintenance."  Data Processing, 
May-June 1973. 

"New Systems development, in my opinion, cannot 
serve as a justification for lack of maintenance. 
Effective maintenance creates user goodwill.  It 
gains user acceptance and assistance.  It assists 
the user to perform more effectively." 

"On one hand his staff is interested in developing 
projects while goodwill is to be gained through 
satisfying the immediate needs of the user.  The 
data processing manager is constantly faced with 
the problem of rotating staff from development work 
to maintenance work, dressing up maintenance work 
to look like it is something else and, in general, 
paying a very high cost for maintenance control." 

"I propose a different solution to this problem— 
the use of consultant programmers." 

"The first thing to consider is how such a concept 
could be put into practical operation.  First, a 
position such as maintenance manager must be created. 
It must be filled by an in-house employee who re- 
ports directly to the dp manager." 

"The appointment of the maintenance manager gives 
the organisation a vehicle for developing individual 
skills at a prestigious level.  Maintenance pro- 
gramming or 'fireman' work is an art unto itself, 
and requires special skills and talents.  Rotating 
more senior staff members through this position 
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will enable them to acquire these skills without 
feeling they are working beneath their capability." 

Madnick, Stuart E. and Alsop, Joseph W., II.  "A Modular 
Approach to File System Design.n AFIPS, 1969. 

"The notions of 'levels of abstraction* or 
'hierarchical modularity1 can best be presented 
briefly by an example.  Consider an aeronautical 
engineer using a matrix inversion package to solve 
space flight problems.  At his level of abstraction, 
the computer is viewed as a matrix inverter that 
accepts the matrix and control information as input 
and provides the inverted matrix as output.  The 
application programmer who wrote the matrix inver- 
sion package need not have had any knowledge of its 
intended usage (superior levels of abstraction). 
He might view the computer as a 'FORTRAN machine,' 
for example, at his level of abstraction.  He need 
not have any specific knowledge of the internal 
operation of the FORTRAN compiler implernenter 
operates at a different (lower) level of abstraction. 
In the above example the interaction between the 3 
levels of abstraction is static since after the 
matrix inversion program is completed, the engineer 
need not interact, even indirectly, with the 
applications programmer or compiler implementer. 
In the form of hierarchical modularity used in the 
file system design model, the multi-level inter- 
action is continual and basic to the file system 
operation." 

Palmas, D.L.  "On the Criteria to Be Used in Decomposing 
Systems into Modules."  Communications of the ACM, 
December 1972. 

"usually nothing is said about the criteria to be 
used in dividing the system into modules.  This 
paper will discuss that issue ..." 

"Below are several partial system descriptions 
called modularizations.  In this context 'module' 
is considered to be a responsibility assignment 
rather than a sub-program." 

"This is a modularization in the sense meant by 
all proponents of modular programming.  The system 
is divided into a number of modules with well- 
defined interfaces; each one is small enough and 
simple enough to be thoroughly understood and well 
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programmed. Experiments on a small scale indicate 
that this is approximately the decomposition which 
would be proposed by most programmers for the task 
specified." 

"In the first decomposition the criterion used was 
to make each major step in the processing a module, 
One might say that to get the first decomposition 
one makes a flowchart.  This is the most common 
approach to decomposition or modularization.  It 
is an outgrowth of all programmer training which 
teaches us that we should begin with a rough flow- 
chart and move from there to a detailed implementa- 
tion. " 

"The second decomposition was made using 'infor- 
mation hiding* as a criterion.  The modules no 
longer correspond to steps in the processing." 

"In addition to the general criteria that each 
module hides some design decision from the rest of 
the system, we can mention some specific examples 
of decompositions which seem advisable. 

1.  A data structure, its internal linkings, 
accessing procedures and modifying procedures are 
part of a single module.  They are not shared by 
many modules as is conventionally done." 

"2.  The sequence of instructions necessary to call 
a given routine and the routine itself are part of 
the same module^  This rule was not relevant in the 
Fortran systems used for experimentation but it 
becomes essential for systems constructed in an 
assembly language." 

"3.  The formats of control blocks used in queues 
in operating systems and similar programs must be 
hidden within a 'control block module.'  It is 
conventional to make such formats the interfaces 
between various modules.  Because design evolution 
forces frequent changes on control block formats 
such a decision often proves extremely costly." 

"4.  Character codes, alphabetic orderings, and 
similar data should be hidden in a module for 
greatest flexibility. 

"5. The sequence in which certain items will be 
processed should (as far as practical) be hidden 
within a single module. Various changes ranging 
from equipment additions to unavailability of 

119 



certain resources in an operating system make 
sequencing extremely variable." 

"In discussions of system structure it is easy to 
confuse the benefits of a good decomposition with 
those of a hierarchical structure. We have a 
hierarchical structure if a certain relation may 
be defined between the modules or programs and 
that relation is a partial ordering." 

"... we must conclude that hierarchical 
structure and 'clean1 decomposition are two desir- 
able but independent properties of a system structure." 

"We have tried to demonstrate by these examples that 
it is almost always incorrect to begin the decompo- 
sition of a system into modules on the basis of a 
flowchart.  We propose instead that one begins with 
a list of difficult design decisions or design 
decisions which are likely to change.  Each module 
is then designed to hide such a decision from the 
others.  Since, in most cases, design decisions 
transcend time of execution, modules will not 
correspond to steps in the processing." 

Prokop, J.S. and Brooks, F.P., Jr.  "Decision Making 
with Computer Graphics in an Inventory Control Environ- 
ment." AFIPS, March 1971.  (Quoted in Computing Reviews, 
April 1971. 

"This paper describes a well-conceived experiment 
in which 18 people participated.  Near the end of 
20 hours of instruction in advanced inventory 
control techniques, each participant was given 
statistics, resulting from two different simulation 
runs—for example, percent availability of stock, 
number of purchase orders generated, cost of sales, 
and total dollar investment in inventory.  These 
runs contained 12 policies governing 34 items for 
24 periods.  At the end of each period, each 
participant ranked the policies in order of de- 
sirability. 

"In one run, all information appeared as hard-copy 
tabular listings.  For the other run, subsets of 
the listing could be displayed via the Programmed 
Function Keyboard of an IBM 2250. 

"The results support the conclusion that better 
decisions can be made earlier and faster using dis- 
plays instead of printout." 
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Rhodes, John.  "Tackle Software with Modular Program- 
ming."  Computer Decisions, October 1973. 

"Maintenance is one of the most expensive activities 
within any programming department:  The original 
programming costs for a project often become small 
in relation to the aggregate maintenance costs 
after a few years of operation. 

"When planning any change, a programmer must under- 
stand the program to be changed; decide where and 
how to make the change; and check that the change 
will not produce unwanted results.  Having made 
the alterations, he must retest and update the 
documentation.  Modular programming can make these 
tasks simpler. 

"Since programs are subdivided, the programmer can 
easily identify the module to be amended, even if 
he did not write the original program.  If carefully 
considered standards have been followed, alteration 
of the internal operation of the module will not 
cause undesired results.  Retesting is necessary 
only for the module altered.  And if documentation 
is also modular, changes to it are also easy." 

Schuff, Fred and Schuff, Stephen J.  "Mini-Modules 
Reduce Programming Effort."  Journal of Systems Manage- 
ment, July 1973. 

"There is a growing interest in modular programming. 
If applied in a logical and organized manner, it 
may be quite a boon to the development of pro- 
gramming code." 

"This concept has proven very beneficial to the 
planning and development of large systems, but its 
initial success has kept the principle from being 
carried the next step further.  If a large system 
can be modularized to enhance development, why can't 
these modules be 'mini-modularized1 to enhance 
their programmability?" 

"Mini-modularization can be extended into several 
areas of programming tasks:  standard calculation 
techniques, standard input/output (I/O) modules, 
and special utility functions." 

"The special utility function mini-modules are most 
valuable to the high level languages where there is 
usually no facility to perform the function no 
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matter how clever the programmer may be.  Most of 
these routines are coded in machine language and 
employ features that are only available at this 
level.  These functions may be thought of a frills, 
but after they become part of the system, they 
often become tremendous savers of time and effort. 
Examples are routines to intercept program 
failures (abends/interrupts) and allow corrective 
action by the application program; routines to 
provide information such as job name, data set 
names, CPU times, etc. 

MA final consideration must be given to the fact 
that the long range cost of maintenance or up- 
grading a system at a later date is greatly re- 
duced.  Maintenance is limited to the code that 
is external to the mini-modules, due to their 
proven reliability and the search required to 
detect a problem is reduced significantly.  The 
same is true for upgrading the system; there is 
less external code to be concerned with or, in the 
case where a mini-module is to be revised, the 
mini-module is upgraded and then replaced in all 
appropriate systems without affecting any other 
code in the system." 

"As each new mini-module is developed, the base for 
building new systems grows larger and larger.  This 
allows more of the time spent on each project to 
be allocated to other phases of the project or the 
total allocation can be reduced.  The result can 
only be a reduced overall cost for the system in 
total." 

Scott, Randall F. and Simmons, Dick B.  "Programmer 
Productivity and the Delphi Technique," Datamation, May 
1974. 

"A review of programming management literature 
shows much commentary but very little research on 
programmer productivity." 

"Simulation offers hope as a method of obtaining 
insight into programmer productivity; only recently 
has it been used to study computer programming. 
Of course, the use of simulation implies a knowl- 
edge of the active project variables and their 
interrelationships. 

"Before beginning any programmer productivity  re- 
search, it would be helpful to have a conference 
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with some practicing managers and project manage- 
ment experts, although this would be both difficult 
to arrange and expensive.  Even better results can 
be obtained using an inexpensive iterative method 
called Delphi." 

• 
"The members of a typical Delphi panel never meet 
each other.  This eliminates the possibility of a 
small vocal minority swaying the responses of other 
members.  Reputations are neutralized by the 
anonymous feature of the survey." 

"The statistical group response feature provides 
for recognition that the exact answer is unknown 
and the value of all final responses should be 
maintained.  This type of response helps reduce 
group pressure." 

"Instead of future events, the Delphi statements 
were defined as variables.  The panel members were 
asked to correlate each variable with programmer 
productivity, which was defined as implemented 
object instructions generated per unit of time. 
The panel members were asked to correlate, on a 
scale from minus seven to plus seven, the effect 
on programmer productivity of increasing the magni- 
tude of each variable." 

"Table 4 includes 22 variables on which there was 
a consensus after round two." 

Variable Median 

"Quality of external documentation 
Programming language 
Availability of programming tools 
Programmer experience in data processing 
Programmer experience in functional area 
Effect of project communications 
Independent modules for task assignment 
Well-defined programming practices 
Central hardware 
Quality of internal documentation 
Personnel turnover rate 
Complexity of operating-system/ 
programmer interface 

Customer adp experience 
Appropriate documentation standards 

6 
5 
5 
5 
5 
5 
4 
4 
3 
3 

-3 

-3 
3 
3 

Table 4.  Round 2 consensus 
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Table 4 (Cont'd.) 

Variable Median 

"Availability of documentation aids 3 
Peripheral hardware 2 
Use of structured programming 2 
Programmer participation in setting goals 2 
Complexity of application 1 
Number of installations 0 
Shop environment (open or closed shop) 0 
Number of unconditional transfer 

statements in the source program 0" 

"These results clearly point up the importance 
that programming project managers place on pro- 
viding the working programmer with a well- 
documented, thoroughly defined, independent task. 
Experienced programmers working in high level 
languages were also considered very important. 
Environmental factors such as hardware and 
operating system complexity, and open or closed 
programming shop did not receive high ratings. 

"Another revealing result was variable 31 (number 
of unconditional transfer statements in the source 
program).  There was a consensus since 
the range was one; but the median was zero.  From 
this result it is obvious that this panel of experts 
does not feel the controversy on the importance of 
unconditional transfer statements ("GO TO" contro- 
versy) is worthwhile in its effect on programmer 
productivity." 

Sime, M.E., Green, T.R.G., and Guest, D.J.  "Psycho- 
logical Evaluation of Two Conditional Constructions Used 
in Computer Languages."  Int. J. Man-Machine Studies, 
1973. 

"There is a need for empirical evaluation of pro- 
gramming languages for unskilled users, but it is 
more effective to compare specific features common 
to many languages than to compare complete languages. 
This can be done by devising micro-languages 
stressing the feature of interest, together with a 
suitable subject matter for the programs.  To 
illustrate the power of this approach two con- 
ditional constructions are compared:  a nestable 
construction, like that of Algol 60, and a branch- 
to-label construction, as used in many simpler 
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languages.  The former is easier for unskilled 
subjects." 

"The results of the present study indicate unequivo- 
cally that the NEST micro-language was easier for 
our subjects than JUMP.  Reservations must still 
be made, however, when interpreting these results. 
For the complete beginner no separation can be made 
between ease of learning a language and ease of 
using it, yet for many practical purposes one might 
wish to trade off one for the other.  Again, we 
deliberately avoided a source of severe difficulty 
in many programming languages, the expression of 
the scope of the conditional expression." 

"Finally, it may be worth a small amount of 
speculation on the question of embedding.  It was 
clear that the NEST group had greater difficulty 
with the harder problems.  If, as seems likely, 
this is due to the increase in depth of embedding, 
the question is whether syntactic devices to 
reduce the depth of embedding would make a sig- 
nificant contribution.  Such devices include well- 
tried methods, like the Boolean operators and, or, 
etc., which in the problems used would reduce tEe 
degree of embedding to zero and presumably make the 
task much easier." 

Simmons, Dick B.  "The Art of Writing Large Programs." 
IEEE Trans. Computers, March/April 1972. 

"When writing small programs, one can use many un- 
wise practices which have little effect on whether 
a program meets its design objectives as long as 
the program works.  But, when writing large pro- 
grams, poor program writing techniques can increase 
development time and cost and can cause mainte- 
nance difficulties after development." 

"Many independent workers have come up with what 
could be considered facts that we must live with 
while developing large programming systems 1, 2, 3, 
7.  Some of these facts are: 

"Programmer Turnover - Anyone who has been involved 
in writing large programs has observed personnel 
turnover problems.  Corbato has said that when 
planning a long term programming project, one should 
assume there will be roughly a 20% per year 
personnel turnover.  Though industry does not like 
to advertise personnel turnover problems, a figure 
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of 20% is also representative for many of the 
large programming projects developed in industry." 

"Hardware/Software Turnover - . . . During program 
development when larger and faster disks, new types 
of remote terminals or even faster and larger 
processors become available, these are usually in- 
tegrated into the system.  Though computation 
centers try to minimize the effect on users during 
upgrading of systems, often the user is without a 
system for a considerable amount of time.  The 
same is true whenever a new software system is 
introduced into a computation center.  Often a 
major software system cut-over causes system 
outages." 

"Major Ideas Incorporated Late - Major ideas to be 
incorporated in a program often originate after 
the program is written and nearly debugged." 

"Program Never Debugged - No major program will 
ever be completely debugged.  Throughout the life 
of any major program, bugs develop and have to be 
corrected." 

"Program Maintenance - Every major program must be 
revised, updated or otherwise maintained.  The 
program must be maintained by people other than the 
ones who originally wrote the program." 

"Though there may be other important factors not 
included in the above, the list does contain 
salient facts that must be contended with during 
development of any large programming system." 

"Any large program should be partitioned into 
modular blocks.  Each block should be as self- 
contained as possible.  The number of programmers 
working on the same module should be kept as small 
as possible.  In many instances it has been 
observed that no more than ten people can be 
employed usefully in developing a single program 
module.  A better limit would be six which is the 
largest number of people that should be under a 
single supervisor.  A program should be partitioned 
so that interconnections between blocks are 
minimized." 

"One way of monitoring is the buddy system where 
each program must be completely understood by the 
original programmer and at least one other pro- 
grammer.  During the writing and debugging phases 
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each programmer continually interfaces with a 
buddy who is able to understand his program.  The 
buddy system falls down when two inexperienced 
programmers are paired together.n 

MA design review committee made up of experienced 
programmers is another technique for monitoring 
program development." 

"Both the buddy system and the design review 
committee divert manpower from the main task of 
developing programs.  Though in the long run the 
manpower is well invested, it would be desirable 
to develop an automatic technique for monitoring 
program development.  Automatic monitoring of 
program documentation is possible.  For example, 
when flowcharts are produced directly from program 
listings, a high quality flowchart of proper 
detail can be produced only from a listing that 
has been properly commented." 

"Proper grouping of program statements can greatly 
add to the readability of a program.  For example, 
a program should not be designed so the control 
oscillates around a large area of statements thus 
requiring programmers to flip pages back and forth 
while trying to read the program listing.  Branches 
of a conditional transfer should be placed close 
together if they eventually come back together in 
the main line of code.  Programs should be properly 
broken into standard sections to make them easier 
to understand." 

"The following documentation should exist in some 
form for programs: 

"Program Description - As a first step in program 
documentation, the programmer's comments can serve 
as a program description.  This description can be 
updated and modified•" 

"Program Listing - A program listing as we think 
of it today is the main item used by a programmer 
to create a program and to understand someone 
else's program.  Comments are necessary whether a 
program is written in assembler language or in a 
high level language.  A program should not be over- 
commented, but comments should be placed throughout 
programs to explain anything that might be unclear 
to someone reading the program." 
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"Comments placed within a program should state the 
purpose of a program sequence rather than describe 
the operation of program statements. 

"Program comments can be classified as heading 
comments and explanatory comments.  Heading 
comments should appear at the beginning of any 
major program section such as a program subroutine. 
They should explain the function of the program 
section, define inputs to and outputs from the 
section, etc.  Explanatory comments are normally 
attached to program statements or immediately before 
them.  These comments should explain what each 
section of a program does and should only explain 
what an instruction is doing when the function 
of the instruction is ambiguous." 

"Data Layout - The data layout section of a program 
normally consists of data definition statements 
written in a one-dimensional syntax.  Data is 
defined normally in a linear language from which 
someone can draw a two-dimensional description of 
the data.  Two-dimensional layouts should be pro- 
duced automatically just as two-dimensional 
flowcharts.h 

Sutherland, William R., Forgie, James W., and Morello, 
Marie V.  "Graphics in Time-Sharing:  a Summary of the 
TX-2 Experience." AFIPS, October 1969.  (Quoted in 
Computing Reviews, November 1969. 

"Ten years of experience in interactive computer 
graphics, with five of those years in a time- 
sharing environment, provides a unique source of 
material for this thorough and interesting look at 
lincoln Lab's TX-2 computer." 

Walker, A.W.  "An Interactive Graphical Debugging System." 
Computer Abstracts, February 1972. 

"A system is described which provides an inter- 
active graphical debugging facility for user pro- 
grams.  This system is implemented on an Adage 
AGT-10 and is operational for online debugging of 
higher-level language programs executing on an XDS 
9300 host computer.  System architecture and 
implementation are discussed.  A formal definition 
of the DEBUG Command Language is given and a 
description of the utilization of the commands for 
program debugging is presented." 
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Weinwurm, George F. (Ed.)  On the Management of Computer 
Programming.  Auerbach, Princeton, N.J., 1970.  (Quoted 
in Computing Reviews, May 1971.) 

"It comes as a distinct shock to the uninitiated 
that, for an activity that accounts for the ex- 
penditure of several billion dollars a year in the 
United States alone, the management of computer 
programming is still something of a black art." 

Wirth, Niklaus.  "Program Development by Stepwise Re- 
finement."  Communications of the ACM, April 1971. 

"... the student obtains the impression that 
programming consists mainly of mastering a language 
(with all the peculiarities and intricacies so 
abundant in modern PL's and relying on one's 
intuition to somehow transform ideas into finished 
programs.  Clearly, programming courses should 
teach methods of design and construction, and the 
selected examples should be such that a gradual 
development can be nicely demonstrated." 

"This paper deals with a single example chosen with 
those two purposes in mind." 

"In each step, one or several instructions of the 
given program are decomposed into more detailed 
instructions.  This successive decomposition or re- 
finement of specifications terminates when all 
instructions are expressed in terms of an under- 
lying computer or programming language ..." 

"As tasks are refined, so the data may have to be 
refined, decomposed, or structured, and it is 
natural to refine program and data specifications 
in parallel." 

"A guideline in the process of stepwise refinement 
should be the principle to decompose decisions as 
much as possible, to untangle aspects which are 
only seemingly interdependent, and to defer those 
decisions which concern details of representation 
as long as possible.  This will result in programs 
which are easier to adapt to different environments 
(languages and computers), where different repre- 
sentations may be required." 

"In the practical world of computing, it is rather 
uncommon that a program, once it performs correctly 
and satisfactorily, remains unchanged forever. 
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Usually its users discover sooner or later that 
their program does not deliver all the desired 
results, or worse, that the results requested were 
not the ones really needed.  Then either an extension 
or a change of the program is called for, and it 
is in this case where the method of stepwise 
program design and systematic structuring is most 
valuable and advantageous.  If the structure and 
the program components were well chosen, then often 
many of the constituent instructions can be adopted 
unchanged.  Thereby the effort of redesign and 
reverification may be drastically reduced.  As a 
matter of face, the adaptability of a program to 
changes in its objectives (often called maintain- 
ability) and to changes in its environment (now- 
adays called portability) can be measured primarily 
in terms of the degree to which it is neatly 
structured." 

"The detailed elaborations on the development of 
even a short program form a long story, indicating 
that careful programming is not a trivial subject. 
If this paper has helped to dispel the widespread 
belief that programming is easy as long as the 
programming language is powerful enough and the 
available computer is fast enough, then it has 
achieved one of its purposes." 
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APPENDIX B 

CONCEPTUAL GROUPING PROGRAM FOR FORTRAN (GP-F) 

1.  GENERAL SYSTEM DESCRIPTION 

As a very general rule, it is helpful to know what a 
person looks at, or perceives, when he works.  Previous 
research has shown that a maintenance programmer tends 
to work with "conceptual groupings" in a programming 
language.  Thus, the following suggestion has been made: 
The programmer could be helped in his work if he could 
be helped to recognize these "groupings."  The Groupings 
Program for FORTRAN (GP-F) is intended to provide a way 
of experimentally pointing out the groupings to mainte- 
nance programmer.  Thus it permits experimentation re- 
garding the efficiencies of maintenance programming that 
might be gained if such a system were implemented 
operationally. 

Functions of the GP-F may be specified as follows: 
Given a FORTRAN program as input, the GP-F should output 
a listing of that program, using various techniques 
(described later in Paragraph 2.2) to identify con- 
ceptual groupings of statements. 

For experimentation, the GP-F should selectively apply 
(according to the researcher's specifications) various 
subsets of those techniques, to produce different 
patterns of groupings. 

The GP-F should accept input either on cards, disc, or 
tape; and it should provide output on these or a line 
printer.  It should also accept standard FORTRAN IV decks 
of any length and complexity, and provide output that 
is also standard FORTRAN.  If compiled, the output 
should give results compatible with the compilation of 
the input deck. 

2.  FUNCTIONAL SPECIFICATIONS (GP-F) 

2.1  Input/Output Specifications 

The GP-F should allow input from a variety of sources and 
be able to provide output in the form of cards and 
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listings.  The program should allow for the user to 
determine the Input/Output specifications and the 
specifications which control the editing processes of 
the GP-F.  The GP-F should allow multiple routines 
(i.e., Programs, Subroutines, and Functions) within the 
same input file.  The program should process each 
routine within the input file independently of the 
other routines, resetting itself when initialized and 
after each routine.  The GP-F might be designed to 
accept input files where END statements indicate the 
end of routines. 

2.2 Program Functions 

The GP-F should implement the following functions for 
identification of conceptual groups: 

(1) It should identify and point out groupings 
characterized by like statement types. 

(2) It should perform the following additional 
functions: 

Print formats under each referencing I/O 
statement; 

Sort declaratives to beginning of the 
program? 

Indent nested do loops; 

Mark transfer statements for easy 
identification; 

Mark I/O statements. 

2.3 Check for Like-Statement Groups 

2.3.1 Description 

This function should cause the program to look for 
statement groups that contain a certain percentage of 
like statements.  A like-statement group would be a 
group of statements which contains a certain percentage 
of statements of one type.  Given that a maximum size 
and minimum size of the like-statement group is known, 
the GP-F should determine whether a group of statements 
is a like-statement group by determining if any one 
statement type occurs within that group more than a 
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specified percentage of the time.  If a group had twenty 
statements, of which fifteen were "assignment" state- 
ments, and the criteria was 60% this group would be 
classified as a "Like-Statement group." Like- 
statement groups should include:  I/O Transfer, and 
Assignment. 

2.3.3 Implementation 

The program should be preset with values for the maximum 
and minimum group size and the percentage of statements 
of one type that determines a Like-Statement group.  The 
program could then scan the input in blocks of state- 
ments with the maximum size and determine the type of 
each statement. This would enable the calculation of 
type percentages which in turn would determine the 
existence of a "Like-Statement group." 

2.4 Print Formats Under Each I/O Statement 

2.4.1 Description 

This function should cause format statements to be 
printed after EVERY input/output statement which 
references that format statement.  Formats should not 
appear in the location they were in the original input 
deck unless that location followed a referencing I/O 
statement. All occurrences of the format statement 
except the first occurrence would appear as comments in 
the output listing (i.e., with a "C" in column 1). 

2.4.2 Implementation 

The formats in the program would be grouped into a table; 
whenever an I/O statement was processed the Format 
statement would be appended to the output file. 

2.5 Sort Declaratives to the Beginning of the Program 

2.5.1 Description 

This function should cause all declaratives to be listed 
prior to the beginning of the edited listing, offset 
from the listing by blank lines. Declaratives should 
include: integer, real, common, dimension, double pre- 
cision, complex, implicit, and data statements. 
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2.5.2  Implementation 

Declaratives located during the first pass of the 
program, should be sorted and printed at top of listing. 

2.6  Indent Nested Do Loops 

2.6.1 Description 

This function should cause nested do loops to be indented 
for each nested loop. 

A simple DO loop begins with a DO statement and is ter- 
minated by a statement with the label (statement number) 
specified by the original DO statement.  A nested DO 
loop contains more than one individual DO loop.  This 
function should cause indentation to occur for EACH level 
in a NESTED DO loop. 

2.6.2  Implementation 

Start and end points of DO loops should be scanned by 
the program which would appropriately set an indent- 
controlling variable. 

2.7 Mark Transfers 

2.7.1  Description 

This function should cause all conditional and uncon- 
ditional transfer statements (If's, Goto's, Calls, etc.) 
to be marked.  One method of marking would be to print 
a dotted line beneath the statement containing the 
transfer.  Other methods might include:  inserting blank 
lines before and/or after the transfer statement; over- 
printing the transfer statement; or printing a marker 
in the margin before the transfer statement. 

2.7.2  Implementation 

The program should search for transfer statements by 
examining input lines for keywords such as "IF," "GO TO," 
or "CALL" and "flag" these lines as containing transfer 
statements.  This flagging could be done by using a 
table holding data on the lines in the input.  The out- 
put routine for the FPP would then examine this table to 
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determine the proper form and editing for the line con- 
taining the transfer statement when it is output. 

2.8 Mark I/O Statements 

2.8.1  Description 

This function should cause all I/O operations to be 
marked.  One method of marking would be to offset the 
I/O statement with blank lines before and after the 
statement.  Other methods might include overprinting, 
indentation, or markers in the margin of the output. 

2,8.2  Implementation 

Similar to Transfers. 

3.  PROGRAM IMPLEMENTATION 

3.1 Program Description 

The prototype of the GP-F was designed, coded, tested, 
and implemented during the last four months of 1973. 
The language selected for this prototype was SITBOL, a 
modified version of SNOBOL, a language designed for 
string and character processing and manipulation.  The 
SITBOL GP-F was run on the DECsystem-10 at the Uni- 
versity of California at Irvine. 

3.2 Operational Features 

The SITBOL GP-F was designed to be easy to revise, and 
control.  The program can be run in batch or timesharing 
mode on the DECsystem-10.  Control of the program's 
operation, including the determination of input and out- 
put files, the control of the program's editing functions, 
and the control of various debugging features is avail- 
able to the user via three methods: 

(1) Default parameters; 

(2) Parameters accepted from terminal; 

(3) Parameters set from control disc file. 
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The input file for the program is specified by the user 
interactively.  The output file is specified when the 
SITBOL system is initiated by the user.  In the 
SITBOL/DEC system-10 environment, all I/O operations 
occur between the program and disc.  Use of cards, line- 
printers, tape, etc. is enabled by use of a file 
transfer program. 

The prototype GP-F allows the user to interactively 
specify certain control parameters that control the 
"mark Like-Statement groups" function.  The user may 
specify, within certain limitations, the values of: 

MAXSIZE - maximum group size 

MINSIZE - minimum group size 

and 

PERCENT - the like-group determining percentage. 

3.3 Prototype Differences from Specifications 

3.3.1 Additional Features 

In the prototype version of the GP-F, five additional 
functions or processes were added.  These processes, 
controlled by the user in a manner similar to the other 
functions, enable various debugging routines and output 
control routines.  These processes are: 

(1) No Indent Statement Numbers.  This switch 
causes the indenting of nested do loop state- 
ments to ignore statement labels, which remain 
near the left margin rather than "following" 
the statement when indented to the right. 

(2) No Break Before Transfers.  This switch in- 
hibits the program from inserting a blank line 
before each transfer statement. 

(3) Listing Identification.  This switch causes the 
listing to contain information concerning 
program version, setting of control switches, 
and selection of editing parameters. 

(4) Debugging Dump I/O.  This switch causes the 
program to print on the output file the con- 
tents of the main buffer of the program 
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whenever an I/O operation occurs.  This switch 
was a debugging aid during program develop- 
ment and testing. 

(5)  Debugging Dump Like-Statement Groups.  This 
switch caused the program to print on the out- 
put file certain variables which were used in 
the search for Like-Statement Groups by one of 
the program's functions.  This switch was a 
debugging aid during program development and 
testing. 

3.3.2  Differences from Specifications 

The prototype GP-F differs from the specifications in 
the following ways: 

(1)  The prototype GP-F does not sort declaratives 
by time when the "Sort Declaratives to the 
Beginning of the Program" function is specified, 
All declaratives are written at the top of the 
listing but they are not sorted by type. 

3.3.3 Markings for Output Listing 

(1) Transfer statements are marked by a "Dotted 
Line" printed beneath the transfer statement 
in the output listing. 

(2) I/O statements are marked by a preceding blank 
line in the output listing. 

(3) Like-Statement groups are marked by a "Dashed 
Line" before and after the statements forming 
the group. 

(4) Output Form.  The program does not check for 
splitting groupings across page boundaries in 
the case of lineprinter output. 

3.4 Operational Deficiencies and Bugs 

(1)  The program does not in all cases prepare output 
that is directly accepted by a FORTRAN compiler. 
This is because some editing functions that 
insert blank lines or various markings in the 
output file do not precede such lines with 
"C's" to indicate comment statements. 
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CONCEPTUAL GROUPING PROGRAM FOR FORTRAN (GP-F) 

FLOW CHARTS 
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specified by User. 

Ö 
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'-t"? -"-   

©■ 

Open 
Input File 

Program 
Initializa- 
tion 

tRead Line 
from 

Vlnput 

Program opens input file 
previously specified by 
User. 

Program initializes variables 
and tables. 

Next line read from Input 
file.  Read lines from the 
Input file, determine what 
types of statement and editing 
required according to control 
specifications. Ulis informa- 
tion is stored in the BUFFER. 

If END of input file, STOP. 

If END statement, terminating 
routine, branch to 3. 

If Sort Declaratives to Be- 
ginning of Program Switch is 

l       on; if 
Store It  l/^N  statement 
in Table  ft B /  read is 
 J ^—y     declarative, 

store it 
in table. 

If Print format under every 
I/O Switch 
is on; if 
statement 
is format 
store it in 
table. 

Store It in 
Table KD 
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Rewind Input 

Fill 
Buffer 

Call Print 
Routine 

Refill 
Buffer 

If Print I.D. Switch is on, 
OUTPUT heading and Program 
information. 

Output 
Declarative 

If Sort Declarative Switch 
is on, output declaratives 
from table 

Rewind input file. 

CALL READ and EDIT routines to fill 
buffer. The BUFFER contains all the in- 
formation concerning the type of state- 
ments and the editing functions that are 
to be performed during OUTPUT. 

If Check for Like-Statement switch is on, 
call routine to CHECK FOR 

Call 
Like-St-Grp 
Ck.Routine 
determines 

LIKE-STATEMENTS GROUP. This 
routine examines the state- 
ments in the buffer and 

whether a LIKE-STATEMENT GROUP 
exists. If it does it adds or changes the 
buffer to include the instructions for 
output formatting and editing. 

CALL PRINT ROUTINE. Outputs the infor- 
mation from the buffer performing the 
proper editing as specified by the in- 
formation and statements in the buffer. 

If End, branch to A. 

REFILL buffer by calling 
READ and EDIT routines. 
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APPENDIX B 

CONCEPTUAL GROUPINGS PROGRAM FOR FORTRAN (GP-F) 

5.  PROGRAM LISTING OF GP-F IN 

SITBOL 
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*01w? 

«01«,* 
H016* 

P02tf* 
P»?2? 

*430P 
«032F 
P034" 
0»03b<* 

*04to* 
0d*2? 
H044B 

?*•>*-* 

999$* 
5!0»*bP! 
0060^ 
•J06*-» 

_ »10*6* 

U100700 
P072F 
»0T4W 
fl07b!" 
«070* 
IV0B09 
00*2? 
0084? 
F0R6^ 
flflSb? 

P0O4P 
00«6* 

0100« 
0102« 

01060 

THr rou'Jw'T- *RI- SC^'t o^ü^ü UrF|NlT!Ü"S T"1 ASMST CONVERSION 
np T^i«? PR^3*" HOI STTHÜI T'j AN ASSEMBLY LrVrL LAMCuAUF 

THTS H^Q^K^ **:> *»lTTr\ IM >!C! SUbOL ON THE 0£rsvSTEN 10 AT t'CT 
A vjMßrR Qr AjniTinss TO TMJ«? PR*GRA* ^U"IVC DFVFLnPNENT 
AH»"» TtSTTN" •**!■ SprcTFfC TO Tno<>r *PFRATTU*S AMD 
Mt.ro fc'M Ö~ i„rLUUFj P' AHY '■Ü^'VrHSlPN,  THERE JS A OuFbTl^N AT 
THIS   TTME    JJJ   TriE   F*ACTLV   ru"vrRSJ»4   KILL   BF   WE   AND   IT   THr 
ruTTf.\r, ro^T^o'   swiTrHfj» UDFNTIFIFO B* THF SUFFIX ,s*> WUL d«" 
IrtPLfKFNTL^ 

THr PAKTS ^F THE PROGRAM -MJCH PRORA°Lv «ILL NOT B*" ?NCLl'DrD |M ANY 
'■O^'VFRSJON ATtFMHT wlLL PL T "E FOLLOWING! 

»QHTThES r? *LLJ* Stl.£fllO*J OF SWlTCHE" TJ CONTROL EOjTiHXr, V|A 
THREF ?lSTTNrr MFTPQOb, (bTATL^E^T? 26**?*?)    (STATFMFNTS 9l9S»Q4<?b> 
"^ü«t OTHER MPfWOO OF SMJTCM SPFCIFICATTON »-'ILL HAV? TO &f AOOEn 
TO REPLACE TM£.SE SFCTprtS 

' RTJH£ Of THP SECTIONS T«AT ALLOWE" SELE'-TTVF OUNPING OuRJNG TESTING 
MAVE BEEN *E'<uVEI).  THFSF StrTIONS IPfcvTIFTED WITH THE SWITCHES! 
f,ürüMF,SW »V» rGUÜHP.S« AKF UNNECESSARY 

'LL »*miO*»b P*0VinpjG PPOGHAM PENTIFTCATTON *AY PZ   pEwTTHEO BY THE SWITCH! 
10.S« 
THFSr ARF oRtnARIuV LurATEH f« STATEMEMTS 1M-79*   AN« 9915-2*5*. 

• 
r*o f»F oncif JTAI in\ FOR CONVERSION 

'&*.v. 

THTS JS ME1' PQWTRAM PQ^TPROCfSSORi OVE«?TDN P^OJEPT 

THT FOLLOW ?N* DELETES THAR iNG S«»AOES PROH ALL l^PUT DATA 

SET TN°üT VARIABLES To BFG1M pPORRAM 

THr   rÜLLO#<TN^   ntblSNATFS   A   PATTERN   Qf   "^ICITS 

• T?4T~TÖtL^^WR  THRü  lf5  DFFINTTF  PATTFRMSHnjITlTATENETi?   |T5£MT!F!CAT?0V 
0E<",D   «   »iNTFtFR'    !    'OIMFNSION«    !    •RFAf   J   'frO^HON'    •    »ÜATA« 
7RN,o   •    »IF«    •    »nOTÜ*    ?    •GO   TO'    ?    «CALL* 

___ r,p  «   »READ'    1    MNPUT'    !    «ACCEPT*   T   «RfWW 
nfP   «   •p^INT«    !    »WRITE»    !    »TYPF» 
!0.P   *   I.P   S   O.P 

 Wl,T*  WQimWig•   '   «STOP»   J   iTNOi 1 ^»»RfTCirA^' 
• HA*GTN   IS   THF   INDENT   QlSTANCC   FOR   ÖO   L9QP   INOENTATION 

MAPG'N   «   » • 
1      -; 
•••••••*••••»••»•••••••••••••••••«»•••••••••»«•««••••••§• 
• LAST UPO*TF 10-28««73 SUNOAY  lijUi AH 
•"AU FJXES i.s""TCT-^tii6;r*riT«~nc»»"" 
'• 

COITTOH « »E0JT10N 4,0   U*>»«71« 
■f" 

• PRFftT VARTAffL^S 

* «fti*|fjwr*-w 5niTCH eouQfTvows wr/oN) 



—^~ 

P13&1 OFF  «   » 
»132» OH  m  1 
»134* •  tQ1>   fVVMt  fnp  OF   1HF  Do LOU*  STAC* 
»136* TOP   «   * 
»13b* • FRM^QUNT IS T»*E FORMAT CÜUfcT fpASS ON') 
*r«B*     TO*Y*OTIHT » * 
»1*2»       •  LIWEC   IS  T«E  rfl'MHLR  OF   l«HUl   ulNFS   (PASS  OME» 
•144«!        •   A   FJX   «ILL   flF   INSEPTFO   SO   CONTINUATION  L1NFS   WILL   NOT   RE   COUNTEO 

— Fl*5*~ LI^F/*  ■   » 
nt4b*     • ntr.romT ru'^Ts m£ D**CIAR4UVES (PASS ONF) 
• 15»? 1fcCt~D«»i,T ■ » 

" W2» • OEFINinO» FOR \S*CO*O.FROH (SFLECTIONV 
•154« S»CO»D,FRO" « •DEFAUlIFü» 
»1*>6*   • 
»15S* -"r TAPLTS-*^ ARRAYS ••••••••• 
»16b*   • 
»1*2*      • MUlDS ro^MATS,  REFFR^rc  IS roRHAT « F*RMATS<F.  MO.> 

—*!**• FORMATS   «   TA«LF() 
fll*«,*-       •  MOLD*5  OECL*R*TiyES 
»168* OECURS   «   AKRAY(?öJ 

*~ Fi7?r     ^nonrr^TAcr FOR DO Ln0P NESTS 
*172^ SIAC*   «   *RPAVMB> 
•174*        •   ••• 
•176*   • T*r  FQLLrtSTNS TWO STATFMFNTS CONTROL B'JFFER SJ?E 
•17b*   • RoFFFR IS rjRRFNTLY ?0 
»18*3   • RUFFFR JS ?8 X 5 (5 IS CONSTANT »IOITH OF RUFFFR) 

— »1*2* ^Sl^E * 2* 
»IMP *,T r AK«AT(»2r,»t

(>M     KIMSW.RTj) 
«186*  • THF FOLLOWING T-p*u 2°5 IS SIRJCTLT POP»lß SJT&OL A»D IS ONI Y IMCLUnEO FQR 

*=r»TB¥& • FAH OF "SF"TURING TFSTS, TT SFTS SWITCH CONDITIONS'V^A OKf OF THREE MFTMOOS 
g »19»*  RE*DTTTt^      ijr  « «SWITCH SELECTION fTvpr IN- FJLE,DEFAULT OR TTY)» 

P1Q£«   *»EAOTTY,l       *LINF s TTV 
—»m«    rOFHTfWLlNT.'FlLF»)     tSf SWCARO, FJLE) 

»1969 JOE"TfNLlNE,»nEFAULTM   ISCD.F) 
»19b» T DENTIL I At*.»TTTM fSCS«CAR^,TtV) 
»2»i»       TTT~« »LEGAL RFPLItS ARE, FILE.DEFAULT, OR TTY» MREAOTTY.l) 

• ROUTINE TO ASR FOR INPUT FlLF *»AHE AND THE* SET SNITCH DEFAULTS 
INSK.RT,! TTY « »E"TER INPUT FIL* NAME« 
 «LINT« TTY 

!OFNT(VLMl,'i) :SCF!LF,">EF) 
HCE.NAHF « «LIHF       KSETSW.HEr» 

FILE.OfF riLE.NAHF • »FTN.SIT« 
TTY m   «FILE NAME DEFAULTED* 

SETSW,OEF       TTT * 

82*20 
P2P4P 

 ¥ZVGW~ 
»288" 
•21b* 
»212^ 
•2149 
»216* 
9211 
P2?b? 
B222* 

~-W24* 
82*6* 
»226» 

—»233*~ 
0232P 
»234* 
—wz&svr 

0238* 
»240* 
—P24ÜP 

P2«4? 

>2*W 

—TNPÜT(^INF',FILE.NAHE) 
TTV « «IHPUT FlLF« • FILF.NAME • 
FORH.SH ■ ON 

:7*r • ON 
00,S» « ON 
TRNtSH « ON 
10,S« » Otf- 
CC.SW « ON 
INSNP,S»   x   0*4 

~R20ü"M?,SW   =   nrr 
SpRFr,OTO,SN   ■   OFF 
CGDU»*P,S»«   •  OFF 

«PrNEO.» 

10.S^ • 
CCNAX  i 

ON 
I* 

l(RE*OTTTtf) 



P 025*0 • 
0252* •   ••••••»»»•••••»••••••••••••••••••••••••••••••••»•••••»•«•••••§••••»1 
0254P • THTTOLLPwfNn   *RF   THC   OFFINiTiONS   OF   TJ£   VARIOUS   FUNCTIONS 
0256* *     UTIU'EO   *N TWIS   PROGRAM 
P^Sö'' • 
TCtfBP-  *~eR!KT,RTJ ATTEMPTS TO PRINT RUFFFR (1 THRU B.MARK) 
P262P • <USES PRINT,«?! FOR OUTPUT) 
0264« • 
02660 "» PRTTijr.ST ATTEMPTS   TO  PRI«T   ONE   STATEMFNT   <L.NO)   USING 
0266» • THE VARIOUS SWITCHES AND INFORMATION JM THE 
027«». • BUFFER TO PROPFKLY FORMAT THF OUTPUT 
027** » 
P2740 • RE0IT,1. REAÜS 0\r INPUT LINE ANÜ EOITS JT PLAQING THF 
0276* • INFORMATION IN BUFFER LOCATION (R,LOC>, CAN PAIL, 
P278» • "    
WÜHid"! • TjLL.B FJLLS BUrFEH,  FIRST MOVS RFNAJMUFR QF RUFFFH TO TOP 
02*2* • OF Bi«FFER# A>?D FINALLY FILL* BUFFER RETURNING 
P2§4* ~%~- HUFFFR SHE AS B.S12F,  3,SJ?E «ILL RE i* EXCEPT 
02960 • *«EN REOIT.L REAOS EOF F<*OM INPUT FJLE 
B2880 •        (THIS ROUTINE USES RLDIT.L FOR TNPUT) 

—wrm—i  
0292*   • CMTCM.C*    TW»S ROUTINE CMECKS FQR THE FXISTENCE OF A 
02940   • ^WCE^TUAL GROUP JN THF ^UFFFR OF MI^Hy* si7E 
***** S<J-3*r  «* - -: "■'i^'WÄiMW'Äf I»"« ST*RT W* W,*T| k*Q 
02*03   • END PQINT UND.PT) OF CG IT IT EXISTS,  THIS 
03000   • I  MUTTNE FAILS IF NO CONCEPTUAL GROUP EXJSTS, 

03040   • ITNHY.MO      THIS ÄOUTJNE EUNICES RLANKS FROM A STRJNG 
£               03*60   *               NH1CM IS USUALLY THE FIRST 6 COLWWS OF AN 
I   ^ 0J0B« « 1WUY flft^   ^—:  

|   ^ 03120   • %***        OUTPUTS (NOOftL» BLANK LINES 
*   —*3T4~* * "'"         "  

§316?   • 
03180   ••♦•••••••♦•••••••♦#••••••••••••••••••♦••••••••••••••••••••♦•••§•#•••1 
—*JZW1 • OEFJNETTTfPTfONST * •#••••••••••#• 

03220   • 
03240       ft»F            OIFtNCt'REPIT^tBtLOOM 

—jjTSE i  
03280 OEFPE< »PRINT,RTJ(R,MARK)M 
033«»   • 
«3320 ——wtH* •nu.Mi.MiWSiyr-- 
0334,0   • 
03360 0|FI«E*'0RINTt$TIL.WO)•) —|r37Fi _  

03400 OEFlNEf «CHEgK4fc(J(STt0T)') 
0342P        • 

—tT*fi —^FJHHSTHNT.NOISTK!Nff) ■ T 
03460       • 
03480                            OEFJNE«'RLANK (NOOF,L>M —|r3511 f -- 

H 

0352« 
03540 
03363 
0358« 
0360* 
03620 
03640 
0366« 

•••»»•• ENO OF FUNCTION ötFlNITTTJHS •••#••••• 

• THE 0ÜLIOH OUTPUTS THE ^ITXW tJOHOTTTONS IS SPFCTXTC FTJ8 POP-40 
• ANO PPP TEST CONOiTJONS 
• StalTCH CONOITJON OUTPUT 

t$(RE*nii -naTTTjTfiJTqFFr 

%*~ '■ 



r 
"~ 0$>4i 

0374T 
0J820 
0J82* 
0484* 
0J86? 

0490? 
B392* 
0494" 
04961 
*3oa- 
P40&" 
04*20 
"1W4*'~ 
0496* 
§400* 
P414*«! 
0412- 
04141 

•416* 
04200 
F422* 
0424"» 
0426« 

043d* 
04321 
TT4T40 
0436* 
04361 
-0T4ZTT 
044^7 
•4440 
■4460 
044O-' 
0450? 

"W4T2?T 
0454« 
04560 

-04*510 
04600 
0462«? 
§4640 
P4660 
0468« 

~f4TP0- 

OilTPlt 

■wtp-ff 
IUTP'1 
tiat.PH 

~t»UTP <T 

(HJTP »T 
OuTP 'T 
«UtP.«l 
n^TP IT 

«IfctpilT  • 
OUTPUT   « 
•»UTPIJI   s 
*UTP7TT  « 
OUTPUT   = 
OUTPUT   * 
*UTP»T  » 
*>UTpHT   s 

PUPLI'   '»SB»   '•••• S  *   I   T  C * 

• SwfTfH CO^m^sS F*T£*E^ rRPh   f   SWCOtfO,rfc*H 

CMIM   IONS • •••• 

•CO**CFPTiUL  C«0«P PARAHrTrR«   .Rr  «t 

•*A* • • CG,MA* •   G^O'P Slit  CACTOB I? * r&.STIF 

• TMt fOLtOWIwu SWITCHED A«F 9FF »• 

£*CfO*HtSW,OFF) TüRKAT P»1NT KITM |0» 
E?(rt.SW#^FF> »CO^CFFTUAL GPO'PS« 
fc'MUnfS*.DFF>  'OEfLARATtVF SO*T TO SEG1NN1N5» 
enM .SMP.SN.OFFI M^UFNT STATPHFNT VUMBFR*« 
t-»(^a,SMrnFF) »no GROUPING» 
E^(SP«FGOTC,SW#1fFj »SPACF REPOSE TPAHSFEPS

1 

E*CTw*,S*,OFF> »T^AMSFF.» GROUPIE» 
• E'JC'u.5>w.nFF) MO GROUPING» 
*ISC = blA*Kf31 

GO 

• 
ft 
ft 
« 

!*TI0V "F rt.T ASRAT! 
SJIt IS CG,MAX B* 5 (CG,*»AX,5) 5 PARAHMPRS »RE«* 

1- STATE^EWT VJNSLP (6 COLUMNS! 
•?<*   L»*P «HHCuT STATEMENT NU*BFR <7*72# TRIM) 
*- T*PF (IO,TR,HltOE.O*,AS.FO> 
«-     1- 5KI» OLAfcf Ll^F. BFFPRr 

" *- SKjP LIME AFIFR 
*• SKIP U*E 8FFRRF AMD AF*EP 
IB * BFGIN CG KROUP MARKtR 
?0 - EMD CG GROUP MA*KFR 

5» |"0C*TAT|ON OISTAMCF OR OFGPEÜ 

•••  PASS ONE OpEWATIO\S  ••• 
••••••••ft*••••••#•#•••••••♦• 

• THTS ROUTINE «FADS THE ENTTKC INPUT FJLE IDENTIFYING A*0 
• *TWHN6 Aur^ÖWHÄTS AMf5 ^CC««ATlveS,  fW^ÄTS^Ä^EHÄCC^ TAi A TABLE 
• MAMEO •FORMATS' ACCORDING TO THEIR FORMAT NM«BFRS (RFFFRFNrEO «Y>, 

"»~THF VEFT 5TATE»«EWT TRAMSfE« ONF LJ»E Or 9JTA <*B CPL> FROH THE 
• INPUT FILi 4TNF> T«IMS E*CFSS *T BLANKS AND »UTS IT IN LINF 
• AN END OF FJLE CONDITIONS *A'I$CS A TRANSFER TO »PASST*©» 
~*rm—CT^xnriRrr " iFCPASsTnoy 

• TNCRCNENT Ll*E COUNT BT ONf 
♦ 1 LTNEC 

•472B   • COPY Limr TO NLI«E 
04740     MLINF » LIME 
§476«» i^  
0476«   0 EXTRACT COLUMNS 1*6 
0480" Li^E LEMC6I . LA«L 
04«2? «CIHF LA«EIT« 
»484'' INOE^   ■   5T*NTfNCHLABEL> 
04860        •   AT   THIS   POTNT   LAfLL   rO^TAllMS   THF   STATrMrNT   NUHBFR   \f   ANY  PEVOID   OF   BLANKS 

rCF-*CIfcT   CÖMTAT'S   C0LUMM5   /-8^   CTRI-E9  »IRHT)   OF   TriF   IN^UT 



*490P 

■  

P494» 
»496f 
0498* 

V,«*f «5* i* THIS 1* * FORMAT, BY PAT*E«N MATCHfNB 

0508* 

051«^35 
J?TW 
05?BB 
0522«» 

* Ti j**5 NOT A'röffmnr TWANSFE» TO OECSEA^C« 
%INF   »FORMAT! IFtOFC,SFA»CH> 

•   INCREMENT  FORMAT   COUNT   BV   ONF 
wm»,guw>~* nw.eouiiT * i 

^A*#B   I'TRWCD)   NHJCH   IS   THE   FORHAT   JN  THF  TARIFF 
:*$*CH*CEO 8*  THE  FORMAT  NURSE«   <|N0FX) 

TRX »EIO -STATEMEWT-TCP  MO*E T*PUT 
*<WIAfi<t*0£X>  «  ilHE        lt**ADU 

*fe**£ OEC*P tf (RFA91> 
ClflINT   BY   ON* 
t  *  "EC«COURT *  i ^P? 

'<;■' ~  

• /•**! 9f&U*Afl*t   I*   ARtAV. 9f;C4,ARf4;öEClC0UNT> 
;^yH»<1^CtC0Ul<T>  «  LINE M'EADJ) 

■&*&*%?■:. 

******* 

05440       PASS.2     0,L$«£ « -Tfl* * WH** *«"%<*   *^t** 
oyTEUT_;_jgt<y- WITEP u*?t*s #,#ttgr-« Tm»**«E « *9» tw * 9*TCP 

r «wtt*4rtlf*> 

m*#    # 

— 

  

"W5F6F riWf-iTRiy-fmj AtEsmoL^DEPENDENT~YHEY FUN^TTöW" 
•  TO  UtUlkn  THE TN»*UT  FILE  SO   it  CAN  BE  *E*EAD  BV  PASS  T«0 

~*»g HMIsptFIlE,***!)  
rHfMNFTT- 
'(«I"r'«r|LC»iiAHE> lF(ERRf»R) : 

05B0F 
BSB2B 

05920 

• !F  T**C ©EC.»*   <OECUA«ATiVt  PRINT  BECtN^JNO 
• 15  OFF   THE   DECLARATIVES   ARE   NQT  PRINTED   *Y   THEMSELVES   AT   THE 
• ttftlPUp Of TH\ ^uypui Errang—~ 

• T|##flt^fl|t^|i «fcUfTNt tOOPS  TO PPINT  ALL  0*XL**ATIVES   IFROM  i  TQ 
» Pt^.BttMT1 MBH  TWL  AWRAT  gEKLAPS"       ~ 

»116 » EO(DECtSW>QFF) l$(FR,ST) 

F6P4P   l 
06091   « 

aECLÄÄ5<I>~1StöECOyNT,ABX) 

"'v^r- 



0610? 
06120 
W140 
0616? 

—Wttifir 
06?20 
?6?*R_ 

06?8? 
?63tf? 

" 0632T ~ 
06340 
0636? 

P64»3 
0642? 
W6T4TT 
0646? 
0648? 

-*65tf0 
06520 
0654? 
0636*" 
0638« 
066*9 

"16620 
06640 
06660 

OECOUT,FIN OUTPUT 1 

« 

v/1 06700 
° 0672« 

06760 
0678? 
0690? 
06820 
06845» 
06860 
06880 
06900 
»692?" 

06960 
06980 
07000 
0702? 
»704» 
tWNt" 
07080 
07100 
07120 
07140 
§716? 
0718P 
07200 

§7?40 
07260 

• THF   *UFFFK   M'»!>T   B£  FILJ.EO  P*I0R  TO  ENTERING   T«P  MAIN 
"•" 15PXR1TI^AL  «5ECT10V  Of PASS  T*D\ 
• STATFMENTS 401*» • 404f 00 THIS, 
• F|tU BUFFE* 
FBVST T"»-* 
FB.A^l .   t   ■   I   •  1 
  nniT9u(I) iFfE^RHR) 
 RTSC ■ ■ ■ Eo c i 9tc;iar~'     inrr, wm~ 

• 
• REGJN "AIN OPERATIONAL SECTION OF »ASS TWO 
*"IS^ÜT'HTRr RJFFER JS FULL SH -IECIV fT»!tP 
• CHFC* *UFFF« FOR CC !F SWJTCW IS 0* 
• TE CC S*!TrH JS ON, THF BUFFER WILL RE CHECKFO FOR 
"»-rTDWCEPTöli.CTOöT^friÄlW^^ R0"TINF, l? CS WPC^l* 
• TRANSFER TO NO,CC 
cHK.rc   Misc » co<c^#sW|ftrr) ISCNO.CO 

"T " ' '""'   — •    '   -"   ■ "  

• NEXT STAHMEMT C»WLS  CMECK4,CG  %n*0*%*t*tl 
»   !F  NO  CONCEPTUAL  Q*& mfm*Tm  WÜ*U  Milf CAUSE 

"•"A  THAN5FEWTOWÖYC ~   "*■ ~-> ' ~  
«ISC « CHECK4lCCtM!SC) *F<*£«&$* 

» AT THjS PQTNT WE KNQW THAT CWECM.CG FOUNO A CONCEPTUAL CROUP ANO HARKFO 
-v-lfS PECINMTN15 P0TWT-A«O FNOTMC POINT TV 9UFFFR TST.PT, ETOYPTJ 

• NOW SAVE \H   BUFFER PARAMETER* TO HARK Cft WMtN f*¥?PUT OCCURSN 
• MAPK CC RE^T^Tf^Tnün EN0J*5 — ~  
• ■-:->.-„ i,- J 

",T<5T,PT,4> f 40 
 -VF<rsrrtPTi4> «~w—* :  "  

• NOW  TALL  P^lNTtRTj  TO  PRINT  Tuf  PART  0?   THE  SUFFER  CONTAINING 
• TNT  CONCEPTUAL"gRDT}P",~TT7HI^"PAn«RO^T ^T*T~PRTN7EÖ  
• THF REGAIN $TAT£HENTS TN  t«E BUFFER W|LL BE »«OVEO TQ f«l  T»P 

»ISQ  ■  PP|WT.RTj(ENPtPT)   

• CALL  FILL,»   TQ  REFILL  TQ  §tfFF|R PROM  TW€  ENPt'PT 
 *ISC   »  FlLL,R(ENOtPT> 

T£R CALLTNCTirCiß HE  MU5T C«ECR  TO SETirTRE~BuTFErTJOOUT «FT 1 E~~ 
BECAUSE  AN  ENO.OF.FILC  WAS  REACHEO  OURJNG   INPUT 
IS  THE  C\AE  TRANSFER  TO FIN,OUT,   ELSE 

•"BEGIN  CYCLE   AGAJN BY  TRANSTTPfNlTTO CHR,CC  
«JSC » LT<ö,SJ2E#C.Ci«AX|        lF(CWKtCC)S(FlN,OUT) 

;■■"'•> . • 
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f^tlW. F™  CC  OR  NO CS 3« PRINT  CNf JRf  PUffl* ** «*Ui** M|NT,RYJ 
MlP       WISC  1 RR|NT. RTjtCSt»AK)  

•   If  LAST   TjHE   BUFFER  WAS  f?UCO  AN fNO  3f  FILE  »AS  ENCOUNTEREO  DURING 
INPUT  THE   "EXT   STATEMENT   WILL   CAUSE   A   TRANSFER  TO  F|Nt9UT 

•  ^TwERkI5E  IT  WILL  TJHIiSmrTrr VAttPf 

ALL   INPUT   COMPLETEO,   NOW   PERFQ0M  PRJNT.RTJ   FOR  RPMMNpFR   OF 
^L.?,SJIE>   THEN   TRANSF|*|^fit| w . ^. .  — 
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M*E,E»il 
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«V04« 
K 09065? 

09100 
0912« 
091451 
0916? 
0918« 
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0924« 
0926P 
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«930«» 
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APPENDIX B 

CONCEPTUAL GROUPINGS PROGRAM FOR FORTRAN (GP-F) 

6.  SOURCE FORTRAN PROGRAM LISTING— 

UNGROUPED 
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n 
C PAYRPll PROGRAM 
c 
C THE I/Q WJTt ARE Af fOUQWSl. 
C 1«LINE PRINTERCERROR MESSAGES) 
C ? = OLD MASTER EMPLOYEE ^AY RECORD TAPE 
C 3 = NEW MASTER EMPLOYEE PAY RECORD TAPE 
C 4=CHfCK PRfNTt« 
C S^IOfUNCH  FOR  NEW  PAYROLL/TIKE  CARDS 
C *g£4RO READER FOR EMPLOYEE PAY CARDS  
C 

m±Bei.DE?iPESiPli.B2.»Pgi6»P2fViC 
SS11.SS22.SS33 

»Salt 5c>2i5 

GO  Tg  15« 

gt.T»4e'frj'fai" 
S3.(T(J),J»1.5).nEl.OE2,OE3.O1.02#n3 

2g REA0<6f??)   EtlHIil^jLHtt^'CfCTlT^yETSrSSiltS^yp^SM 

>.' ■-' 

RE.A0C6.23) f*T3n»J*t»5». <tHJJ,4*l«5> 
IF(EMP ,M£. EMP2 ,ANOt C tUEt Uß>  ™  TO »PP 

iffliwü y»^fT»  
25 EMP«EMP2 

SSieSSll 
i SS2«S322 

SS3»SS33 i -«■ 00 26 J51.5 
26 TU)«W<J> 

0E1«ET1 
L J         pE?«ET2 

0E3«ET3 

n2*0, 
Q3«a. 
R(11*A(D 
B<2)«flt  
9<3>«0. 

B(5WK  
BU*«A<5) 
R(7).A<3) 

B(9)«A<4> 
B(lt)«A<2) 
B(ll)«0, 
BUj).80f 
»411)*0, 

sei o?^f?i 
40 

«If 
.   TO 4«  

*5  IF<40Jj£a.a,>   SO TO 36 

36   iVu^KEQ.U.)   CO  TO  37 
BC6>»A(5) 

JP ir<4Sf^i.> co TO 38 

c — 

  



B(10)«A(2>        ,  ^. 
f^J "    3B i F < A(3). r«i. 0.") CO TO 3<> 
 3 (7>*A(3)  

30 lF<A<4.).Fy.ß.) GO TO 4<* 
8(9)»A(4> 

47 If(Hw.LE.40,) CO TO  43 
 GP = B(1 )M0« ♦ (B(l) • 1,5 • (HM-4B.)) 

GO TO 45 
43 GP = B(D»HW 
45 IF(V,NE.fl.) GO TO r0 

BU3)=b<13>*2.  
S»0t 
CO TO 90 

50 IF(V.E0.1.) GO fcT~A0 
B(l3)«B(13>-Hl 
IF(B(13).GE.t3.) GO TO 70 
S»(HL-ABS(B(13)))»A(1) 
3(l3>*0. 
CO TO 90  

60 B(l2)sB(12>*HL 
1F(8(12).L£,6J.) G^ TO 7P 
D«B<12)-8Z. 
G«HL-0 
S«G#A<1) 

GO TO 90 
, .  79 S'HUACD 
o> 9fl GP«S*GP 
°    FINCS(GP-(13.»B(6MI« .14 

B(3>»6(3)*F1NC 
 103 B(2>«GP*B(2J 

IF(B(2).LL,4800.) GO Tn 105 
FlCA.0^ 
GO TO 110 

105 FICA»GP».S3625 
110 B(4)*FICA*8(4) 

IF(8(2>,LE,5100.) GO TO 115 
SOI«0. 
GO TQ 120 

115 SDI«.01»GP 
123 B(5)«SDI+E(5) 

IF(B(5).LE.5l.) GO TO 125 
B(5>»51, 

125 B(ll)sB(ll>*B(10> 
lF(B(7),E0,g.) CO TO 135 
8(8)*B(6>+8(7) 
B0NQg.75»B(9)  
IF<B0ND.LT.B(8>> GP TO 133 
CO TQ 135  

130 B(8>«B(6)-80NU 
HB0NQ»B(9)          
GO TO 140 

135 WBONQxQ.       
140 D«(GP-(FI.\C*FICA*SDI»8(10>>>*WBOMO 
15P WRITE(3»5) £HP.SSl>SS2,SS3»(T(J),Jal>5)»DCl»DE?.QE3.Dl>02>D3 

HRITE(3»7) (B(J>»Jslrl3) 
WRITE(5>17) EHP.SS1,SS2*SS3»(T(J),J»1,5) 
WRITC(4,18) (T(J),Jsi,5),SSl,SS2,S?3,0 

V^ IF(C .EQ. 1.0) CO TO 20 
GO TO 10 



94g     wmTE(1.9wl>   £HP,(T(j)f jmi.g).rMP2.(W(j)f j»l.S) 
9  STOP 

 7    FQRMAT(13r»,2)  
22 r0RM4T(l4.2F4.2,2Il,3I?.I3.I?.!4) 
23 F0RHkl(5F6.2.bX.5k5)  
17 rORMAT(l4,16X,I3,l2.M/35X,5A5) 
18 F0RHAT<5A5.3M.FB.2)  

5     r0RHAT(4I4.5A5,6I2) 
901     FQRMAT(j0H   EHriQR —   , I 4 »2X.5A5.4X, I4,2X,5A5)  
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APPENDIX B 

CONCEPTUAL GROUPINGS PROGRAM FOR FORTRAN (GP-F) 

7.  SOURCE FORTRAN PROGRAM LISTING— 
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I *T E CE R • F MP i SSl • S i~? p SS3 • ÖE l,Dt?• ")t J. Ol. 0?»T 311MP?. v, C 

DIMENSION «1(13). T(5). A<*>. W(5) 

C PAYROLL PROGRA* 
__.C    ... ...  

C   THE   I/O  U*iT>   ARE   AS  F*U.D'«S| 
C   X»LlNt _PR1^TEKCERROR   MrSSA^ESL_  
C  2*^ FASTER EMPLOYEE   pAY  rECO^D  TAPE 
t   3* lEW  MASTER E»»PLOYEE  »AY  r.ECO^D  TAPE  
C   4«CHECK  PRIMER 

.— C 5»CARji.JgUUCRjJ>H„M¥^gAXR0LLyTlHr HA^US 
C 6SCAO0 REAOfd FOP EHPL3YEE PAY CAROS 

tl.pt Aj> <_2.5, eN0^9)JEMj?J,Ssix5S2>SS3f(T^?iH>«l.?)»Dtl>Q^2>P{:3.Pl,P2ial- 
5     rORttATC4I4.*A5,6I2> 

REAP(2,7»END«9)   (B(J).Jsi,l3) 
7     F0RMAT(13F6.2) 

I—     jF(Dl.EQ,k<.) GO TO 29 •  TRANSFER • 
-      -2  
F    C<L_IQ_I5* • TRANSFER ». 

*        22  r0RHAT(I4»2F4.?.2H,3I?.I3*I2»I4) 

REAÜ(6.23) <A<J),J*1.5), <>,'< J) f J«l .5)  
23  F0R*AT(5F6.2.5X»5Ar5> 

IF(EMP .NL. EHP2 .AND. C ,ME, 1,S> GO TO 9*0 • TRANSFER » 

~YFTC.E0.?.> GO TO 40 • TRANSFER "• 

lMC-2.) 25.30,35 • ~ •'TRANSFER • 
______ . 

SSl'SSll  
SS2»SS22 
 SS3«S533 /   

00 26 Jsl,5 

.2_6_ TCJ)*WU) 
OEl«ETl 
DE?«ET2 
0E3«ETä 

D2*2. 
D3 = _. 
Ö(t)sA(l) 



_  B<?>*e. 
ST*)««. 

e<4)s0. 
B(5)=0. 
B(6)=A<5) 
B<7)*A<3> 
B(8)«0. 
B(9)«A(4) 
B(li3)«A(2) 
B(11)«0. 

B<1?>»60__ 
B(i3)«r. 
CO  TO M - .  t   TRANSfTR  »- 

33 01«£T1 

D3«ET3 
GO   TO  40 - ft_lR4t»SJL£S_JL. 

3«5 IF(A(1).EQ.0.)   G*   TO 36 •  TRANSFER  • 

~g B(1)*A(1) : 

J^ 3_£ lF(A<5)«EQ.e.) Gf TQ 37 __        ; « TRANSFER f 

 B(6)*A<5)      1__    '  

  

37       IF(A(2).EO.O.) Gr« TO 38 • TRANSFER • 
_____ m 

_38 iru<3).£Q.e.) GO TO 39 . ».TRANSFER J*  

 B<7)«A(3)  
39       IF(A<4).EQ.0.) G"> TO 40 • TRANSFER • 

B(9)*A(4) 
_4_? lF(H*.U.4g.) GO TO *3 •   TRANSFER ♦ 

Gp«8(l)»4g, ♦ <B(1) » 1.5 ♦<HW^4g.)) 
GO TO 4$ • TRANSFER ♦ 

43 CP»B(1>*HW  
~45       IFCV.NE.0,) HO TP 50 • TRANSFER • 

8<13>«B(13>*2, 
S»*_,_ 
GO TO 9C • TRANSFER • 

53  lF(V.EQfl.) CO TP 6£ , ; __ • TRANSFER » 

 B(13)«B<13)-HL  
lF(BU3>.GE.cf.) GO TO 70 • TRANSFER • 

5«(NL-ABS(B(13)))#A(D ~ 



U(13>«0, 
•*Q to 9*)                                                                                 • TRANSFER • 

60 B(12>*BC12>**L 
IF(8(12).tF.^8.> 60 TO 70                                                             • TRANSFER • 

D«n(i2>-*0, 
G*HL-D 
S*G«A(1) 
8C12>»80. 
GO TO 93                                                                                 • TRANSFER • 

7a S«HL»A(1J                                                                                                       .  . 
93 GPsS*GP 

FIXC=<CP-(l3.»R<J))>».14 

100 
8C3)sB(3)*FIMC 
8<2)sGP*?C2) 
iF<b<2),LE.4*03!.> GO TO if5                                                           • TRANSFER • 

FICAsti. 
GO TO IIP                                                                                * TRANSFER • 

if5 
I-» 110 

FICA=GP».336?5 
B(4)=FlCA*f H*) 

en lF((»(2),Le,5103.) GO TO 115                                                           • TRANSFER • 

5D!s0. 
GC TO 12P                                                                                • TRANSFER • 

• 
115 
12a? 

SDI«.ei»GP 
B(5)=S!>1*8<5) 
IF(B(5).LE.51.) GO Trt 125                                                             ft TRANSFER • 

125 
B(5)»51. 
B(U>=B<ll)*r (10) 
irCEC7).l3.3.) cr> TO 135                                                                 • TRANSFER • 

B(B)sB(3)*S(7) 
80 lü=.7>»E(V> 
IF(80NOfLT,B(8)) GO 

T0 130                                                            • TRANSFER • 

Gü TO 13*                                                                             • TRANSFER • 

130 B(8)sB(8)-B0ri0 
WBOr^OsBC^) 
GO TO 140                                                                                • TRANSFER • 

135 
14? 

WBOND«0. 

D«(CP-(FINC*FlCA*Sni*B(lP)))*WBONO 

150 WRITE(3.5) ErP,s5l,S52tSs3.(T(J).J=l,5),nEl#0L2#0E3,Ol,0?.n3 
5 F0^AT(4I4,5A5.6I2> 

> J>            • 



^ HR|TE<3,7> C.P<J),J»1,13> 
I;      7       F0RHATC13F6.?) 

WRITE(5,17) rMP,?Sl.'?Sg>SS3»(T(J),j»1>5) 
17        F0RMAT(I4.16X.I3,I2,I«/35X,5A5> 

WRITE(4,18) (T(J),j«i,5),SSI.SS2.SS3,D  
18        F0RHAT(5A5,314,Fr.2) 

IFCC .EO. 1.7)   CO TO 20 • TRANSFER • 

00   TO 13 •TRANSFER 

900        KRITE<1,901> EHP,(T(J),J«1.&),EMP2.(W(J>,J«1#5) 
901 FQRHATC10H E^ROR— . I4,2X,&A5,4X,I4,2X,5A5>  

9 STOP  
END 

■»x .'.■'gvJMft"' "J "*l '/# 

-5- 

Ebt  ft« DSK*a:IC5.3 
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APPENDIX C 

1. General System Description (GP-P) 

Part I 

This version of GP-P  allots 50 buffer lines in all for 
statement storage.  LINDEX, the table of pointers to 
first lines of statements in the buffer, is 
dimensioned at 20.  ADDPTR, which computes the address 
of the next available buffer line, checks for over- 
written storage. 

The buffer is actually 6 arrays, of which 2 are doubly 
dimensioned: 

PREFIX (50,5)  contains any condition prefixes, each 
< = 31 characters, which precede the statement. 

LABEL (50,5)  stores any statement labels (also 
< = 31 characters each) 

TYPE (50)  contains the classification:  'AST1 for 
assignment, 10, fCALf for call statements, 
•CTRL' for GO TO, WAIT, RETURN and other control 
commands, 'STOP' for declarations and allo- 
cations, 'ON1 for 'ON CONDITION1 statements, 
and 'COM1 for comments. 

LEVEL (50)  holds the nesting level.  It is always 
0 for a comment, 1 for the main program. 
Levels presently range from 0 to 9. 

SKIP (50)  contains the SKIP code assigned to the 
statement in Part II.  This code indicates 
lines to be skipped and/or dotted lines to be 
used in setting the statement in its proper 
format.  In Part III the code may be separated 
into its 'fore1 and 'aft1 components, or may be 
modified, when more than one statement at a 
time is considered.  The doubly dimensioned 
CHCODE arrays contains these 2 components for 
each value of SKIP. 

170 



SKIP  Action to be taken CHCODE    CHCODE 
(SKIP, 1) (SKIP, 2) 
(before)   (after) 

0 no skip before or after 0 

1 skip line before 1 

2 skip line before & after 1 

3 skip line after 0 

4 dotted line after 0 

5 dotted line & skip, after 0 

6 precede by dotted line & skip 6 

7 precede by dot & skip, follow 
by dot 6 

8 precede by dotted line 8 

9 precede & follow by 
dotted line 8 

0 

0 

3 

3 

4 

5 

0 

4 

0 

TEXT (50)  stores the statement text after any 
condition and/or label prefixes have been 
stored separately.  It allows up to 120 
characters to the line (but uses less for 80 
column output). 

The pushdown list is a set of 3 controlled variables, 
STACK 1, STACK 2 and STACK 3 (STACK 2 is dimensioned at 
5) which are allocated and freed as levels increase or 
decrease.  The same list serves to keep track of commands, 
labels and levels for IF...ELSE structures and for all 
kinds of blocks. 

Part II 

The program processes one (1) PL/1 statement at a time. 
The statement is read, analyzed, and stored with its: 
(1) type; (2) skip code; (3) nesting level; (4) text; 
and (5) prefix(es) which are separated. 
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Part III 

After each statement is analyzed and stored (Part II), 
Part III surveys the situation to see if any output is 
to take place, to output if so indicated, and to reindex 
the statements remaining in the buffer.  When COUNT has 
reached the stipulated size BUFCG, the buffer is examined 
to find conceptual groups (CGs), and these are output 
if found.  If not, the top half of the buffer is output 
and the program loops with the next statement. 

Rule 1 

Every time the level changes that part of the buffer 
preceding the change is output. 

Rule 2 

If the SKIP code of the current statement calls for skip 
and/or dotted line before it, attach the 'action' (as an 
'after' skip or dotted line) to the statement preceding 
it, and after the current statement's code to show only 
its 'after' component.  (Note that when this rule is 
applied to every statement in turn, the code of the 
statement preceding the current one can be only 0, 3, 4 
or 5) . 

Rule 3 

If the SKIP code of statement preceding the current one 
calls for skip and/or dotted line after it, output all 
lines in buffer through that preceding statement with 
that code.  Again, the code can be only 0, 3, 4 or 5. 

Note that in Rules 2 and 3, we consider the 'before' code 
of the current statement, and the 'after' code of its 
predicessor, and the current statement is never printed 
out  (unless it is the last statement in the program, 
Rule 6).  This is because a succeeding statement of the 
same type may erase the 'skip line' following a statement. 
Consequently the COUNT is never less than 1 after exe- 
cution starts.  Also, none but the current statement and 
its predecessor can have a SKIP code other than 0, else 
it would have been output. 

Rule 4 (Search for CG) 

When COUNT reaches BUFCG, a search is made for a CG. 
If in any group of HALFCG (half of BUFCG) successive 
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Statements at least TESTCG are of the same type, it is 
considered a CG,  Only assignment, 10 and CALL statements 
are counted, since other types carry punctuation codes 
which would have output them before this.  Each group of 
HALFCG is considered in turn, starting with statement 1 
the first time, statement 2 the next, etc. until the 
next-to-last buffer statement (the last, if it is EOF), 
has been examined.  BUFCG and TESTCG are read-in values. 
BUFCG cannot exceed 20 without changing the dimensions 
given in Part I declarations, and TESTCG must obviously 
not exceed half of BUFCG. 

If a CG is found, the pre-CG statements are output (no 
pre-skip), a skip is printed, the CG is output followed 
by a skip, and the remaining statements are 'moved up' 
in the buffer. 

Rule 5 

If no CG is found, the top HALFCG of the buffer is out- 
put without any skips, and remaining statements are 
'moved up1 in buffer. 

Rule 6 

If an EOF has occurred (FINIS = 1), the whole buffer is 
output if COUNT <  HALFCG.  If COUNT is not less than 
HALFCG, a search for a CG is made, using all the state- 
ments in the buffer.  In either case, all statements 
are output, and the program proceeds to ENDPROG. 

Note(s): 

STEXT (SOMLIN) 

Before STEXT is called, the calling program must have 
defined TYPE, SKIP code and LEVEL for the statement. 
The condition prefix(es) and/or label(s), if any, have 
already been stored in the buffer among PREFIX and LABEL. 
(Up to 5 each, of <. characters, are allowed here.)  The 
statement text is in SOMLIN.  STEXT must now format the 
text for output. 

FORMAT:  In all cases column 1 is blank.  If the 
statement is a comment, cols 2-4 contain the 
characters '/*#' followed by 65 characters of 
text if NCOL = 80, by 109 if NCOL = 120. 
These are followed by 'tf*/' in cols 70-72 (or 
114-116). 
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For non-comment statements the maximum length 
for an output line (excluding the level) is 
72-Margin characters (116-margin for 120 column 
output), where Margin is the margin defined for 
the nesting level of this statement (stored in 
LEVEL).  The level is in cols 74 & 75 (118 & 
119). 

If the statement occupies more than one line, 
the SKIP code is separated into 'fore' and 
'aft' components (using the CHCODE table), the 
•fore' code is assigned to the first line, the 
'aft1 to the last, with any additional lines 
between marked 0, or no skip. 

If condition or label prefixes are present they will be 
printed on the same line as the text only if their 
(combined) length fits into the margin before the text. 
Otherwise they will be assigned separate line(s). 
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CONCEPTUAL GROUPINGS PROGRAM FOR PL/1 

2.  Operating Instructions 

(1) The Conceptual Grouping Program for PL/1 
has been designed to operate under the 
standard operating procedures for 
IBM 360/370 (DS or DOS) systems. 

(2) Input source deck is read off SYSIPT 
(device independent). 

(3) Control card information is read off 
SYS00Y (a 2540 card reader), and it con- 
sists of 7 numbers separated by one or more 
spaces on one or more cards: 

Parameter 1:  Length of Printline; suggested 
120. 

2:  Beginning margin; must be at 
least 9, suggested 9. 

3:  Margin step size; suggested 5. 
4:  The number 20. 
5:  The number 7. 
6:  Max. no. of characters per 

PL/1 statement; suggested 800, 
7:  Max. no. of edited lines pro- 

duced per PL/1 statement; 
suggest 50. 

(4) Parameters 6, 7 will affect storage require- 
ments.  If parameter 6 is too small, program 
will know this and cancel after printing an 
appropriate error message. 

(5) Parameter 7, however, will not be recognized 
as being too small if, indeed, it is too 
small.  Missing edited lines are an indica- 
tion that parameter 7 was too small. 
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CONCEPTUAL GROUPINGS PROGRAM FOR PL/1 (GP-P) 

3.  GROUPINGS PROGRAM FOR PL/1 SYSTEM 

BLOCK DIAGRAM 

176 



From 
H Compiler 

or 
Card Reader 

Separate statements 
(search for ' j') 

Classify & store in 
string buffer. 
Types: Comment 

IQ 
Declaration 
Decision & 

Control 
Assignment 
'On Condition' 

Find larger conceptual groups: external & 
internal PROCs, BEGIN blocks; assign logic 
levels, format to display. (Use keyword 
jsearch & pushdown stack.)  

Use same technique & same stack to delimit 
DO loops; format for display. 

Find & format IF..,THEN...ELSE statements, 
assigning logic levels.  (Separate push- 
down stack, keyword search.)  

Format IQ statements or groups; Format 
for display ENTRY, 'On Condition' and 
.COMMENT statements,  

Use 'Slide1 (shift-register) to search 
string buffer for sections with sig- 
nificant fraction of statements of any 
one type.  Format these for display as 
conceptual groups.  

»[Reformat declarations. 

Output list 
for formatted 
source program. 

[Optionally, 
punch new deck 
or write disk 
file of new 
source pro- 
gram.] 

> 

GP-P SYSTEM BLOCK DIAGRAM 

GROUPING PROGRAM FOR PL/1 
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CONCEPTUAL GROUPINGS PROGRAM FOR PL/1 (GP-P) 

4.  GROUPINGS PROGRAM FOR PL/1 (GP-P) 

GP-P  FLOW CHARTS 
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v tor &o     y 

-* (sfact. error) 

errter JA poshdown 

caM cowmmt" 
licmov/e. conriwcitfprorvi 
statement 

N£S CALL srexr CuK/e) 
TtAFL *Z 

—^£TUkJJ  ) 

THPL-5 
GAIL RLAB£C 

C L£V£L  - 
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ICcdi/&vt> COM) 

irAzztj.Quore *o 

a 
KC~ I 

ZKdhihHL uv& return* 
L* pc&-h'crt Of. /s/ comma 

not th quote* or fWen ^> 
IF »one. L'LBVCiTH Cu/L'Er}. 
ZRJzofL return f^r unbalanced 
psrens* 

IKCHAR.* KC th£ Char 
in  ULN/&  _ 

QUOTE = 
7 QOÖTB 

NES 

t^R^ iq>^s > V5* 

fPAREM-P^eAJrl vf 
NeS 

m*l£AJ-- P/\Q£KI-I 

LH 

tCJd'KCH 

A\ 

?e&&üz ?&m efcfeujfe, M6c» 

^.I£/MGfW6-//i£) 

*.3 

i: 
QieTu&A> j—* 

L« K.C 

FCONV 
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TV/T- M'.*k*)*£TfLi- 

IP   Procedure. 

\gfxTcrut pL*f)aiwf\ hstt 

C LSUZL : 
FLAG * / '3 \ 

-»- 

call Ccr»»o'iertt 

Cl&/EL»CLev/£LH 

^c Tt L€i€) 

^.T,   rE^rr^) > 
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JjSriULfc 

PLeDXT 

T1^: '»' 

LfvetrCtrv« 

*r*~. itf   c fcdff . 

X * ^ 

 / 

Sk.» p   ibo.ce    »cHre   * crH<.r- 

or curve u. 

198 



^cvtLPCTHi^e^ 

pit&TT 

t^airfT--toiler- 

f  ZeruLfit/    J 
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T* 

£Wi*u.B 

+ ¥•* 

LCTV«r«_   s 

CceVfeL 

. 
LEV*"*-*   ^LW 

Pee/ » o No  ■ 

,,,:.         .... 

SKr<"» i 

H**   ; 

ei/PLA6- ■ I 

(      CAu L      ST«T*T (.<-*" D 
 <r  

T 
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fr»** 
pLeoir 

<5UT I»UT » tiervL*.*!       J- 

I 

ftfcttU 

J£I*LL 

nr-, 

LM J 

,f rto«»-'»'^ ' 

pucoxr 

e^TFST«, 

tttt<r- iK.f *<&> 

(fro 4   POLKC) 

Kur JUtwA M 

P^^r   xkif h 
^ fceru.nnJ—» 
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PBAf£> 

Frorv^ 

TVfc^CTftL' 

SKIP* o 

c 
SKJp~V 

ttmmahcn # PRoc( uo öeat/u ttcxKs. 
Corrects pJsmdbioH ü^ or\d nesbrx- 
Lewi, rf "njt>LA& et hpoßpsd up* 
unHI U\3 it> rviak/w.Zfnct first B66/1, 
T>O. Oir Pkoc, u>unri is popped u/>, «/ithd*</ 

Cftfte£*Os&& e/r/v/. dm QUCöl£ZT/CA/ 
£>'**-, usitrcdofcs/ Uhc folium tA/D. 

CöW *=>re*T  ro store 
UIIV/E- 9 

PLAltf; 

FAAXW; 

F&U2; 

Call -5TEX ft) 
stare LIW5 -(R£TVK/V ) 

^ 
U/AR*pLAilt- I 
6,0 ID ^TgftA. 

LA5*name FtAlAJ> 

u/Afc. * »=aNJ 3 
Goto *>i£fcR. 
(te&ftöck. ertot) 

*\ /feint error   \ 

FÄN/^i evmv 

iiPoPuPfyrw) 

—* 

4L ly ~**v 

V CALL, R)P^TaU. 1 jj 

\\r\\ error CM T 
3oro PLAIN/» 
VrN to recoup») 

>VFVAÜ-I CFIAIN/t) 

(CALL FWPOP^STACK.0J 
Li 

LCVG- CfeiM^cO- 
gufi/t IL±L 

JCCCp^gg^JKJCi 
1 FDR.L-Ae> 

äk 
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yoPir   SvbroutiH^ 

  _A^  

Ft-Au  *V-'?->. 
C?AlL'Kt*'ip6 iF'J 

(ßETi'i^rs/) 
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pöPu-P Cc**0 

(VtrtxÄ.N    j—6 

V 
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pu-SHPe^ (c^irt'D, LMö u)^ 

if tit", 
Füie     sr^K.,   sr^cfLJ-, st*«.*.* 

ße^J-  VtAtiCi 

r/|/(c,c^«- (we<f ) 

kcsvt-i. social 

>  
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TUSHPUL 

from 

AL 

THFL - O 

Checks on ftftscnf räohfr 
of. IF... Oi&e ?Jrveto res 

if necessary. 

(Be^RM^) 

^(CA\X eise) 

CALL Tt>?UP(feLSe )~) 

po v\m ue (TACK \» IP) 

 7F  
*    S>TACXI 

7* IP 

<E 

IF STAC*. I* 
ELSE TWEJV! 

POP U?x03£'| 

|(CHeac. ^TACK. l) \-<- 

^ 

PjETUCtN/ 
) 
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SMAie_G- 

fro VA 

Leve(  O   £C%»A •*«•**" .rf-a-t* »~© *T s ) 

(X- Orfif-fAA^ir 

 y 
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STStT (se^\LXtO S«e     fWte« &r «*p 1«.*.*^"»« 

A-f=-   sre>T kirr^cV^ve 

; 

e*c,cc » %       0 

V« 
A* 4     ftCr/. »C;rf CC7I.I Ktfi 

CPLM 

A&MK". 
<i*ceY^" 4iV«t p.«vi-U-jf. i 

re~JT6.ULT 

CCLQ. (wtüf)  , >(^ (CcTu./ej7   ^- 
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APPENDIX C 

CONCEPTUAL GROUPINGS PROGRAM FOR PL/1 (GP-P) 

5.  SOURCE PL/1 PROGRAM OF (GP-P) 
UNGROUPED 
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fcUN NO. 7231    DATE  C9/02/74 TIME  123d LISTING OF MODULE VLASICH PAGE  1 

DESCRIPTION 
ACDED TO MASTER 
LAST CATE COPIED 
LAST UPCATEÖ 

PASSWORD    
PROGRAMMER 
TYPE PARAMETER 
EXEC PARAMETER 
CPTICN "PARAMETER 
JCBNAME 
SLAMP PARAMETER 

PL/I FORMATTER 
C7/19/74 
„NCNE 
*CNE 

PWGC 
BRYAN 
COPPCAT 
PLICPT 
NCS YM.NOXREF.NOLISTX 
NONE 
NC 

CD 

PLEDITi   PROCEDURE   CPTlQNSlMAIN) ;   
OCL  TLINE   VAR   CONTROLLED: 
DCL  STATEMENT_SIZE   FIXED  DECIMALI7I? 
OCL   MAX_LINES   FIXED   DECIMAL! 71: 
DCL   SECNO "CHAR (9) : 
DCL  CONT.CHAR   CHAR II): 
DECLARE   SYSPRINT   PRINT   ENV( MEDIUM!SVSLST.i40J)   F   RECSIZE( 

BUFFERS! 2Ü: 
DECLARE  CCIN   STREAM   INPUT   ENV("EDIUM(SY*o04.25^0)   F   RECSI 
 /*   PART   1   INITIALIZATION  »/ 

/*   BUFFER   STORAGE   */ 
/*   LlNOEX   IS   POINTER   TABLE  TO  dUFFcR   */ 
 /•   BUFFER   IS   6 ARRAYS,   EACH   DIMENSIONED   SO   »/ 

/*" LABEL   PREF IXTtTOW   MAX OF   5   TO  M~ST. "*/ 
DCL   LINDEX!20>   FIXEO   BINU5.0)    INIT((20)0). 

  TEXT!*)   CHAR<1201   VAR  CONTKJLLEU, 
PReFTx(*f*)   CHAR(311   VAR  CJM'TRULLE'Dt 
LABEL!*,*)   CHARI31)   VAR   CONTROLLED, 

  TYPE!*)   CHAR (41    VAP   CONTROLLED, 
LEVEL i * S15EC  FI XEÖ121 HCONTäüLL CD . 
SEJ«!*)   CHAR(8)   CONTROLLED, 
SKIP!*)   BIN  FIXEO   CONTROLLED: 

7* CÖÜWT   =   NUMBER   OF   CURRENT   STATEMENT, 
RINOEX   IS   POINTER   TO  CURRENT   BUFFER 

_L JINE */ 
OCL(CCUNT,RINDEXI   BIN  fI XED<15,JlI NIT< OJ: 
/*   MARGIN   TABLE   ANS   PARAMETERS   FOR   PRINTING 

ANO  COMPUTING  MARGINS       */ 
"   DCL   M4RGfN(0:l5»   BIN   FIXED(15,J) INI HI I , 

IDELMARG   INITC2I,    IMARG1N   INITI9I, 
NCOL    INIT!80)I   BIN   F I XED( 1 5,0) . 

PAGEN0T3EC  FiXEDC 3.ÖT TNTf 11) : 
/*   PUSHDOWN   LISTS   :   STACKl   ■   OPERATION, 

STACK2   HAS   LABEL!S),   STACK3   *  LEVEL        */ 

133) 

ZE(80)>: 

DC~L" TSTÄCKl  CHAR! 5)   VÄR". 
STACK2I5)   CHARI31)   VAR, 

STACX3  DEC   FIXEDC2J_I   CONTROLLED: 
/*   8Ch-C0L  RECORDS  ARE   READ,   1   *T A "TIME, INTO 

00000010 
00000011 
00000012 
00000013 
00000014 
00000015 
00000016 
00000017 
00000018 
00000020 
OÖ000030 
00000040 
000000 50 
00000060 
0Ö00O07O 
ooooooe? 
00000081 
00000082 
00000083 
00000084 
00000085 
00000086 
00000140 
00000150 
00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000270 
00000280 
00000290 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 

09/02/74 



r. PUN NO* 7231 DATE  C 9/02/74    TINE  123 d LISTING CF MODULE VLASICH PAGE     2 

NCÄRC.   EACH "STATEMENT.   AS   IT   ii   SEPARATED 
FRON   NCARÜ.   IS   STORED   IN  LINE   FUR  ANALYSIS 
TENLIKE   IS   WORKING   STRING   STORAGE        */ 

OCL NCARO VAR  CONTROLLED• 
LINE   VAR   CONTROLLED« 
TENLINE  VAR  CCNTROLLED5 

/♦MISC.   VARIABLES   :   FLAGS.   ETÜ.        */ 
OCL   «COMFLG.THFLI   FIXED   BIM15.0I    1NITI0I, 
 CHNC  CHAR Hot   VAR. 

(NVl.NV2.NST.NEND.THISN.LA.>rN.Pn 
BIN  FIXED«15.Jl; 

OCL    (FLAG.FINIS.LEVF.ONFLAG.RFLAG» 
  ¥rriir~fNiTfTa»B>;  

/•   CLEVEL   IS   CURRENT   LEVEL«   PLcV   I* 
SAVED  PRECEDING   LEVEL   USED   IN   SOME 
ELSE   STATEMENTS        */ 

OCL   (CLEVEL. PLE VI   DEC  FIXED* 2)   INITCO». 
/»   BINARV  CONSTANTS^      */ 
OCL    (Za   INIT(O),   ONEB   iNlTtll. 

TWUB   INIT«2M   BIN  FIXEDÜ5.3): 
/*   LOCK   FCR  CG  WHEN   COUNT   '   BJFCG«.«2Q). 

TESTCG»  NUMBER   DEFINING  A ÜG   I   .»HALFCG. 
WHICH   IS  BUFCG/2)        •/ 

XL   IBUFCG   INIT(20).HALFCG. 
TESTCG INITC7)) BIN FIXED«15.uJ; 

/♦ ChCODE TABLE SEPARATES SKIPCJDfc INTO FORE 
ANC AFT COMPONENTS   */ 

OCL   CHCOOE«0:9.21   BTN~FTXED« 15.0* 
INIT«   0.0.   1.0.   1.3.   0.3.   0.4.   0.5. 

6.0«   6.4,   8.0«   8.4): 
 7* STATEMENT TfPT5~~   */ 

OCL   LTYPE«71   CHARI4I   VAR   INIT 
«•AST«.   MO».   «CAL«.   «CTRL«.   «STOR».  r^f_TGWrTT_ 

/*   BREAK   CHARATERS   AND  NULL   ARRAY        */ 
OCL   BLANK   CHAR«II   INIT«*    •); 

 DCr"8ÄKCfrCHAR«2)   VAR   INIT 
«••••• '«' ')' •/*«, '*/•.   •:•!; 

OCLJITLAB45I   CHAP(2»   VAR   INIT( < 51 • •)_: 
/•   INPUT   IS  SYSTEM   FILE.   CARDS.80CJL. 

PROVIDE   FOR   ENO   OF   FILE        */ 
ON  ENDFILE   «SYSINI 

BEGIN: 
FINIS  *   "l»B: 
GC  TO ENORD; 

END: 
/* READ IK LINESIZEI80 OR 1201 FDR OUTPUT. 
 *ARJUN  PARAMETERS       »/ 
ON   ENDFlLEICCINi   BEGIN: 

PUT   EDIT!»NOT   ENOUGH  CONTROL   INFORMATION   SUPPLIED   «SYS004I.» 
PUT EDIT«'ITEM 1: LENGTH OF PRINTLINE: SUGGESTED 120*HSKIP«1 

PUT E0m«rTEir2V~BEGINNING MARGIN:~SrjGWESTED 9rr«3RIPTTF.AI 
PUT   ECITCITEM   3:   MARGIN  STEP   SUE:   SUGGEST   5 •) < SKIP« 11 . A) ; 

00000333 
000 00310 
000 00320 
00000333 09/02/74 
00000331 09/02/74 
00000332 09/02/74 
000C3363 
00000373 
00000383 

— - ■ ■ 

00000390 
00000400 
000C0410 
00000420 
0Ö0C0430 
00000*40 
00000450 
00000460 
00000470 
00003483 
00000490 
00000500 

"ÖÖÖ0Ö51Ö 
00000520 
00000530 
30000543 
00000550 
33000560 
00000570 
00000580 
00000590 
00000600 
00000610 
00000620 
00030633 
00000640 
00000650 
03030660 
00000670 
30000683 
O00Ö0690 
00000700 
0DO0071D 
00000720 
00000730 
00000740 
00000150 
OOOGC760 
00000770 
00000780 09/02/74 

MA); 00000781 09/02/74 
).A) ; 00300782 09/02/74 
• 00000783 09/02/74 

00000784 09/02/74 



  

FUN NO, 7231 DATE  C9/02/74 Ti*e 1234 LISTING CF MODULE VLASICH PAGE 

A: 

5: 
6: 

THE 
THE 
MAX 

NUMBER   20*MSKIPClltAI : 
NUMBER   7»MSKIPtll.4) ; 
# CHARACTERS   PER  PL/1   STATEMENT;   SUGGESTEJ   80G* 

PUT   ECIT*»ITEM 
PUT   EDITCITEN 
PUT   ECITCITEM 
(SKIP(ll.A) : 
PUT ECIT(»ITEM 7: PAX # EOITEC LINES PE* PL/I STATEMENT: SUGGESTED M 
•50« KSKIPCII.A»; 
PUT   ECITCPRÜGRAM   TERMINATED.•MSKIP!I).A): 
SIGNAL   ERROR; 

END; 
OPEN FILE<CCINI.FILE<SYSIN): 

GET   FILE(CCIN)   L ISTINCOL. I MARGIN* DELMARii» ; 
/* 

OPEN 
/* 
ON 

•/ 

/* 

DEFINE OPTIONS FOR OUTPUT (SrSPRlNT) 
FlLECSYSPRINTI ; 
ACTION AT PAGE ENO   */ 
ENCPAGE ISYSPRINTI   

BEGIN; 
PAGENO   =   PAGENO+1; 
PUT   FILE   (SYSPRINT)   PAGE   EOIT 

«•PAGE   ».    PAGEN3)(COL(^COL-8),Ä,F(3)): 
END; 

TITLE   FIRST   PAGE        */ 
~ PUT   F ILE( SYSPRINTI   E^TTPiiiSrCiT TBTfEÜ~&YPLEMTT. 

•PAv>E   »tPAGENOI 
I SKIP(2»,COL(lO»tA,COL(»44.0L^a),A,FJ3l» ; 

PUT   SKIP«2); 
/*   INITIALIZE   PUSHDOWN  STACK        */ 
ALLOCATE   STACK1   INJ TfTOP») •  

STACK2f5l   INITUSP"4!". 
STACK3 INIT(C); 

/* ADJUST LINELENGTH FOR LEVEL PRINTOUT     */ 
THEN 
72: 

IF 

/*  GET 

NC'tiL   *   80 
NCCL 

ELSE  NCOL   *_II6:   
/*   PARAMFfERS~FÖR   CG   SEARCH        */ 

GET   F1LEICCINI   LISTIBUFCG.TESTCGI: 
.       HAL FCG   *   BUFCG/TWOfl: 

"IT" TESTCG   > BALFC6 THEN 
DC: 

  PUT   SKIPJ.ISTJ•TESCG HJST   BE   <  HALF   eUFCG»I: 
STOP: 

END: 
STATEMENT   SIZE     */ 

~~G~ET  FlLEfCClNI   LISTrSTATEMl=NTrsrze.MAX_irNeS7: 
ALLOCATE   TEXT(MAX_LINES).PREFIX«MAX_LINES.5)* 

LABEHPAX.LINES.5).   TVPEIMAX.LINES» • 
"~IE0#«MAX_LINES). 

LEVEL(NAX_LINES). 
TEXT*«»: 

~PK£Fnr*T*i  
LABEL*» •: 
TYPE«": 
LEVEL« 

SKIP(MAX.LlNcS) 

SKIP 
»OS 

»0: 

0G0OO785 
00300786 
)OO000787 
000007R3 
100000789 
00000790 
0Ö000791 
00000792 
30000793 
00000794 
00000795 
00000796 
00000800 
00000820 
00000830 
00000840 
000 00850 
00000860 
00000870 
00000880 
000C0890 
0Ö00Ö900 
00000901 
00000920 
00000930 
00000940 
J0OOOO95O 
00030960 
00000970 
00000980 
ÖÖÖÖÖ990 
00001000 
00001010 
00001020 
00001030 
00001040 
00001050 
00001060 
00001070 
00001090 
00001100 
00001101 
0000110? 
00001103 
00001104 
00001105 
00001106 
00001107 
00001103 
00001109 
00001110 
3 0301111 
00001112 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 

09/02/74 

09/02/74 
09/02/74 

09/02/74 

09/02/74 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 



r RUN NO« 7231 "BÄfg  C9/Ö2/74    TIME  1233 LISTING OF MODULE VLASICH PAGE     4 

GO: 

ALLOCATE  TUNECH*RC STATEMENT. SUE)   INITI••): 
ALLOCATE   NCARC   CHAR ( ST ATEMENT.SUE I    IMTC'I; 
ALLOCATE  LINE  CHAR«STATEMcNT.SIZt)   I^lTI••> ; 
ÄLLÖCAfl  TEl^lNEn:HARrSTATE«lNT.SUE»  Witt ">S 

/♦   CREATE   MARGIN   TABLE       */ 
CALL   SNARG5 
7*  PART   ii */ 
/*   HERE   HE   START   EDITING.   1   STATEMENT   AT   A   TIME 
/»   UPOAT6   POINTERS  k*C^ *J*0§_X__   */ 
COUNT * COUNT♦ÖNEB3 
RINOEX *   ADOPTR(RINDEX); 
LINDEXCCOUNT)   «  RINOEX; 
 7*~GET 1st.  STOREtöNöTHOSr W»Ix  ANO/OR 1Ä8EL 

/*   IF   ECF,   EMPTY   BUFFER   AND   ENJ        */ 
 CALL  READ; 
/*  CONE  HIRE  OJTIÖF" 

*/ 

*/ 

ENORO: 

ro 
-tr 

*/ 
IF   (FINIS»   THEN 

IF   <-*FLAG)   THEN 
ÖÖS 

COUNT  *   COUNT-QNEBS 
RINDEX  *   SLSPTRIRINJcXl;  
GO   TO   IFCGS 

ENOS 
ELSE 

"DOS  
PUT   SKIP   LIST(,**MISSI.^  CARÜ<SI**MS 
GO TO ENDPROG;   

ENCS 
/*   NOT   EOF,   ANALYZE   STATEMENT  FOR   TYPE, 

GO   TO   TYPE   RUUTINESt   UPoATt 
PLSFCÖUN   LIST.   ASSIGN  LEVEL   ANJ 
SKIPCODEt   STORE   IN   BUFFER       */ 

/♦   IS   IT   COMMENT   ?        ♦/ 
IF   CCMFLG"*  ONEB   THEN 

DO: 
CALL  COMMENTS 
GO   TO   P3S 

ENOS 
/»   NO,   LPCATE   STACKS        */ 
CALL   PUSKPÜLS 
/*   NULL   ST.   ?       */ 
J[F   LENGTH tLINEI   =   ONEB   THEN 

GC   TO  C8S 
/*   THFL   IS CLUE   TO   TYPE        ♦/ 
/*   COMPLETED   «ELSE«   ?       ♦/ 
IF   THFL '■   TWOB   THEN 

GO   TO  P3S 
/*   FOR   THFL  *   0  OR   3       */ 
/*   IS   it   PREPROCESSORi"STATENcNT"*/ 

IF   SUBSTRCLlNE,l,l)**S*   Trtc.J  DOS 
CQUNT-COUNT-15 
GO TO ~Tl STTN s 

ENOS 

00001113 
00001114 
00001115 
OOOOlllt» 
00001117 
00001120 
00001130 
00001140 
00001150 
00001160 
00001170 
00001180 
00001190 
00001200 
00001210 
00001220 
00001230 
00001240 
000012 50 
00001260 
00001270 
00001280 
00001290 
00001300 
00001310 
00001320 
00001330 
OÖO0134Ö 
00001350 
000C1360 
00001370 
00001380 
00001390 
00001400 
00001410 
00001420 
00G01430 
00001440 
00001450 
00001460 
00001470 
000C1480 
00001490 
00001500 
00001510 
00001529 
00001530 
00001570 
00001571 
00001572 
00001573 
00001574 
00001575 

09/02/74 
09/02/74 
09/02/74 
09/02/74 

09/02/74 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 



HUM NO. 7231 DATE  05/02/7* TIME  123«* LISTING OF M30ÜLE VLASICH «er 

ho 
-k=!_ 

/*   IS  IT  AM  »If«   ?       */ 
Cl:        CMNO   *   SLBSTR(LINE.1.31: 
 l^CMNO.«   *IF   •I»(CMND  *   »IF« Ml 

_ICHÄC  *   «IF«««!   THEM 
CALL   IF; 

 /•_ 1S_|T   DC»   PROC,   BEGIN  OR   ENT*Y   ?       */ 
C2:       CMND  *  SißSTRCLlNE.lt6); 

IFCCMNO   »   «ENTRY   •I I(CMNO   =   'BcGIN   «II 
 (CMJNC   «»ENTRY:»! MCMNO   *   »BEGIN;»I   THEN 

GO TO YESBL; 
CMNO  •   SUBSTR(LINE.1.3): 

 IF.JCPW0   ■   •DO*«I I(CMND  »   »OÜ   • I   TriEN 
60   TO  YES3L: 

CMNO   *   SUBSTR(LINE.1.5>: 
 IF   (CMNQ   «   «PROC:»! HCHNO  »   'PtiJC   •_*]__ 

(CMNO  *   »PftOC(»l   THEN 
GO TO YESBL: 

 CMNO  *   SLBSTR(LINE,l,10); 
IF   (CMNO   —   'PROCEDURE   •)   6   (CMNO   —   • PROCEDURE: • I 

£   (ONO   -*-   »PROCEDURES!   TrlEN 
 60_™L CC2:__   

/*   IT   IS   A BLOCK  COMMAND       */ 
YESBL:CALL   BLOCMCMNO): 
 60  TO P3:  

/*  TRY  FOR   »END»        •> 
CC2:     CMND  *   SUBSTR ( LINE , 1 .<♦) : 
 IF (CMND  «   »END   Ml (CMND  »   »END:')   THEN  

DO« 
CALL  PENO; 
 60_T0  P3J 

END: 
/*   IS   IT   A CONTROL   STATEMENT   ?       »/ 

C4:        CMNO   »   SUBSTR(LIN£ t1^5}«   
IF (CMNO  ■'   «CALL   •)   THEN " 

001 
 CALL CTRLC: 

GÖ"TÖ~P3: 
END: 

 IF(CMNO   «   »GOTO   ')   THEN 
60   TO C41: 

IF (CMNO  *   »WAIT   »IKCMND  *   »4Air;»ll 
(CMND   *   »STOP   »IKCMND  «   »iTOP:»H 
(CMNO   »   »EXIT»I I(CMNO  *   »fcXlTYM   THEN 

GO   TO  C44: 
 CMND - SUBSTRILINEtl.61: 

IF(CMND » »DELAY '|T(CMND ■ »OfcLAY:'J THEN 
GO TO C44; 

 IF ICMND » »GO TO »I THEN 
CAT:    DO: 

CALL CTRLG: 
 60 TO P3: 

END"; 
CMNO * SUBSTR(LINE,1,7): 

00001580 
00001590 
00001600 
00001610 
03001610 
00001630 
03001640 
000C1650 
00001660 
00001670 
00001680 
00001690 
ÖOOC170Ö 
00001710 
00001720 
00001730 
00001740 
00001750 
00001760 
00001770 
00001780 
00001790 
00001800 
00001810 
000C1820 
00001B30 
00001840 
000C185Ö 
00001860 
000C1870 
Ö000188Ö 
00001890 
00001900 

_.  

00001910 
00001920 
00001930 
00001940 
00001950 
00001960 
00001970 
00001980 
00001990 
Ö0Ö02Ö~M 
00002010 
00002020 
ÖÖÖÖ2Ö3Ö 
00002040 
00002050 

~00ÖÖ2Ö~6Ö 
00002070 
00002080 
00ÖÖ209Ö 
30002100 

-v   *»» ■*■■>■■   -A?  -V^r'v.    J\ ■   «N., 
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•RETURN   »IIICMND   *   •liETURN;«)    THEN 
C44: 

CTRLO: 

/•IS 
C5: 

*/ 

IF   <CMNO   ■" 
oo; 

_CALL_ 
GO  TO P3: 

END; 
/* NOT CONTROL ST 
IT 10 ?"""♦/ 
CMNÜ   ■   SUBSTR(LINE.1.4): 
IF(CMND   *_16€T   •IMCMNOJ« 

GO  TO C 551 
CMND   -   SUBSTR«LINE.1.5J: 
IF<CMND   »   «OPEN   Ml ICMND   = 

GO   TO  C5ST 
CMND  =   SUBSTRCLINE.1.6»: 
IF(CHNO  *   »CLOSE   MI<CHNO 

60  TO CISf 
CNNO  *   SUBSTRILINE.1.71« 
IF (CMNO  »   'DELETE   MHCNWD « 

CCNND  »   »FOÄNAT   MIICHND 
THEN 

GO   TOjC 55; 
SUBSTR«LINE.l.8); 

•PUT   •)    THEN 

•READ   «I   THEN 

•**ITt   •>    THEN 

'LJCATE   »II 
» "TiPlÖÄNAt C«l 

"00» 
IFCCMND   *   »REWRITE 

_THEN     
"C55: OOi 

CALL   IOSUB; 
GO   TO  P3: 

END; 
/*   IS   IT   DECLARATION 

C6«        IFISUBSTRJLINE.1.4)   = 
(SUBSTR<LINE. 1.8) 
CSUBSTRILINE.1.8) 
(SUeSTRILINE.1,9) 

' ) I (CMND   »   • DISPLAY   • ) 

7       */ 
•DCL   Ml 
* »DEFAULT   M I 
* »DECLARE   »II 
* »ALLOCATE   •> THEN 

=   »FREE   •»    THEN 

C7: 
REVERT   7 

E   «ON   •»I 
«   «SIGNAL 
»""•REVERT 

*/ 

Ml 
•I   THEN 

C8: 

OOi 
CALL   DECLARE: 
GO   TO  P3: 

~*No: 
IFCSUBSTRCLINE.1.5) 
 GO TO C8; 
/* IS IT CN. SIGNAL, 
IFISLBSTR(LlNE.1.31 ' 

(SLBSTRILINE.1,7) 
CSClBSfR! LINE. 1.7) 

oo: 
 CALL ONSUB* 

GO TO P3:" 
END; 

/*_HCHE   OF PRECEDING. CLASS IT ASSl*NNENT   */ 
CALL ASSIGN: 
/* PART III   */ 
/* RETURNED FROM TYPE SUBS. NJ« CHECK 
 FÜR !TLTI»UT~.""CG.-"rrT^-TrnRN~m «GO• 

IF INPUT REMAINS. OR TO END PROGRAM 

00002110 
00002120 
3C0G2130 
00002140 
000U2150 
00002160 
00002170 
00002180 
000C2190 
30002200 
00002210 
00002220 
OOOC2230 
00002240 
OOOC2250 
00002260 
00002270 
000C2280 
00002290 
00002300 
OOC02310 
OOÖÖ2320 
00002330 
00002340 
Ö000235Ö 
00002360 
000023 70 
00002380 
00002390 
000C2400 
0J002410 
U00C2420 
00002430 
00002440 
00002450 
00002460 
OOOC2470 
00002480 
000024^0 
O0OÖ250O 
OOOC2510 
OJO02520 
00002530 
00002540 
00002550 
00002560 
00002570 
00002530 
00002590 
000C2600 
00002610 
00002620 
00002630 
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P3: 

MORN1 

RULE1 

IF FINISHED.   */ 
THFL = ZH; 
/* PCINTER TO FIRST euFFER L Ut üF 

CURRENT STATEMENT   */ 
THISN = L INDEX(CÜUNT); 
NV1 - SKIP(THISN): 
/* IF THIS IS VERf FIRST ST. JU AN/ 

PRE-SKIP        */ 
IF(C3UNT   >   1)    THEN 

GC   TC   MORNL; 
NV2   *  CHCCOE(NVI.ONEB): 
IF   NV2   =   Id   THEN 

GC   TO   TESTFN: 
IF(NV2   »   CNEB)I(NV2=6)I(NV2   =   a)    THEN 

CALL   OUTFSTINV2); 
/*   SUBTRACT   PRE-SKIP   FROM'CÖOE "     •/ 

SKIP( THISN)   =   CHCOOE(NVl.T«JtU: 
GO   TC   TESTFN: 

/*   NOT   LINE   II   PTR   TO   LAST  LI«:   FO   PRECEDING   ST 
:LASTN   *   SU*3PTR«THISN) ; 
NV2   -   SKIPILASTNI; 
/♦   RULEl   :   FLAG  OUTPUT   IF CHA4bc   U LEVEL       */ 

:IF(LEVEL(THISNI   -   LEvEL(LASTNIi    THfcN 
LEVF   *    »0»B;   

ELSE 
LEVF = «I'B: 

/* RULE2 : EXAMINE CURRENT ST. FUR PRcSKlP. 

*/ 

IF  FCÜNO.   ADD   TO   PREV.   ST.   SUBTRACT   HERE"       */ 
RULE2:IF(NV1   =   CNEBIKNVl   »   TWOBI    THcN 

IFINV2   =   4IKNV2   =   5)    THEN 
SKIPILASTN)    =   5: 

ELSE 
SKIP«LASTNI   *   3: 

ELSE 
IFINVl   «   6IICNV1   *   71   THEN 

SKIP(LASTNI   =   5: 
ELSE 
IFINV1   *   3IICNV1   »   91   THEN 

IFCNV2_*   ZBI   THEN   
SKIP«LASTNI   *   A; 

ELSE 
IFINV2   =   31   THEN 

SKIPILASTN)    *   51 
SKIPITHISNI   ■   CHCODE«SKlP(THIS.4l.T*Od); 
/*   RULE3   C   IMPLEMENT   SKIPS  ?QK   PRECEDING   ST        */ 

"  /•   ALSO   CUTPUT   IF   LEVEL   CHANGE 
(RULED */ 

J*ULE3:NV2   *   SKIP(LASTN): 
IF(LEVF||(NV2   -=   ZBf THEN" 

DO: 
CALL  OUTPUT«COUNT-ONES): 
CALL MQVUP(COUNT-ONEB): 
GO TO TESTFN: 

0JÜ0261Ü 
JCGC2t50 
00002660 
00002670 
00002680 
00OC2690 
00002700 
0000271J 
00002720 
00002730 
000C2743 
00002750 
00002760 
00002770 
000C278J 
000C2790 
00002900 
00002810 
00C02820 
000C2830 
000C2840 
00002853 
000C2860 
00002870 
00002880 
000C2890 
000C2900 
00002910 
00002920 
00002930 
00002940 
OOOC2950 
00002960 
OOOG2970 
00002980 
00002990 
00003000 
00003010 
00003020 
0000 3030 
00003040 
03003050 
OO0C3060 
00303070 
00003080 
30003090 
00003100 
00033110 
30303120 
00003130 
00003140 
OOOC3153 
00003160 
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TNC: 
/*  NO OLTPUT   VET«   LOCK  FOR  CGIF 

BUFFER  »   8UFCG   OR   IF   (EOF   A.4Ü 
BUFFER   >  HALFCGI•        ♦/ 

IFCG:    IF   ICCUNT   *   BUFCG)    I    ((COUNT   >»  HALFCG! 
C  FINIS)   THEN 

GO   TO RLLE4: 
/*   NOT  FULL  ENOUGH,   READ  MORE   UNLESS 
 NQHORE iw?ML J*L 
TESTFNUFI-^INISI   THEN 

GO   TO GO: 
/*   EMPTY   BUFFER   AT   ENO        ♦/ 

OUTENOs CALL OUTPUT!COUNT!T~ 
GO   TO  ENOPRQG: 

/*   SEARCH   FOR   CG   "   */ 
RULE«:IF«FINIS!   THEN 

CALL  CGENDINST.NENDI: 
ELSE 

CALL  CGFINO(NST,NEND); 
/*   NOT   FOUNDt   OUTPUT   HALF   BUFFfcR 

fOR   ALL«    IF  ENO  OF   OATAI        */ 
TFTNST "«" 2äT~THEfi 

IF(FINIS I   THEN 
GQ   TG  OUTEND; 

oo: 
CALL   OUTPUT!HALFCG!: 

HcALL  NCfvUPlHALFCG!: 
GO  TO   GO: 
ENO: 

V<TTOWrcS.  OUTPürTRE-CGLIREi 
IF(NST   «   QNEBl   THEN 

GC TO CGOUT; 
SÜgPTRCLINDEXfNSTM: 

3: 
 PT 

SKIPCPT! 
NST   * NST-QNEB: 
 CATcnouTPinrrNS^i: 

CALL   MOVUP(NST): 
 /♦  OL'TPLT  CG       */ 

NENO  -   NEND-NST: 
CGOUT:      IFINENO  *  COUNT) THEN 

GO   TO  OUTGP: 
SLePTRCLlNOEXf NENO*ONEBI )": 

3: 
OUTGP: 

"PT 
SKIPIPT I 
CALL  CtTPUTINEND); 
CALL   KCVÜP(NEND): 

GO   TO  TESTEN: 
/*   ALL   INPUT   PROCESSED.   ALL   OUTPUT 

DONE,   TELL   IT. */ 
ENDPROG: PUT PAGE LIST C««*PLEOIT FINI SHcl)»»«) : 
/* ******** PAGE 2C ON HANDWRITTEN SHEETS ******** */ 

LISTING CF MODULE VLASICH 

00033170 
000G3180 
O00C3193 
00 0032 30 
OJOC3210 
00003220 
00 30 32 30 
000032«0 
00003250 
00003260 
00003270 
00003280 
00003290 
00003300 
00003310 
00003320 
00003330 
000033«0 
00003350 
00003360 
00003370 
00003330 
00003390 
00003403 
00003410 
00003420 
00003430 
Ö0ÖÖ3440 
00003450 
00003460 
00003473 
00003480 
00003490 
ÖÖ0C550Ö 
00003510 
000G3520 
00003^30 
00003540 
000G3550 
OOÖ03563 
000C3570 
00003580 
00003590 
00003600 
00003610 
0OÖÖ362O 
00003630 
00003640 
00003650 
00003660 
00003680 
00003690 
00003700 

PAGE  8 
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Gl: 

-fc=L- 
oo 

•   /*   SUBRQLTINE     READ   GETS   INPUT   4N0 00033710 
BEGINS   TO   PROCESS   STATEMENT     ♦ / 00003720 

PfcAC:   PROC; 00003730 
/*      GETSTAT   PUTS   STATEMENT   INTJ   ul^E        */ 000037*0 
CALL      GETSTAT: O0C0375J 

 /*   COMMENTS   ARE   NOT   PARSED  #/ 00003760 
IF   CCOMFLG  =   ONEBI   THEN 00003770 

RETURN; 00003780 
/*   RLABEL   SEPARATES   LABEL(S)   A*J 00GC3790 

CCNDITION   PREFIX(ES)      */ 00003800 
CALL   RLABEL: 00003810 

 /*   NO«   RETURN   IS   MAOE   TO   PLEüi\        «/ 00003820 
ENO   READ: JOÖ03830 

GETSTAT:                PPOC: OG003840 
                  DCL  CLABL(0:2I   LABEL   IHITU SiTCCOMT , NQCOHT) • 03003850 

(NCUOT.NCOMJ   dITU*   INITf*Ö*BI* OOOC3860 
KCH   CHAR(l). 00003870 

                                                 KCC   CHARI2I, 00003880 
KS   BIN  FIXE0(l5.u»: 00003890 

CCMFLG   *   ini 00003900 
/*    IF   MORE   TEXT  NEEDED,   READ  Ncri  RECOKO        */ 00003910 

TF'INCARD'«"'•'«! THEN 00003920 
DO: 00003930 

KFLAG   *   «O'B: 00003940 
CALL   IN; 00003950 
END  Gl: 00003960 

/♦^SUBRCUTINE   IN   RcAOS   SYSIN   (-»«[STEM  FILE»        ♦ / DOO03970 
PROtT 00003980 

/♦   REAO  C*RD  C0L2 -   72,   APPEND   TÜ   NCARO        */ 000C3990 
/*   ON  EOF,   FINIS  *   1   AND  RETURN  MAOE   TO  ENORD   (IN   PLEDITI*/     00034COO 

"AGIN: 00004010 
GET   FILEtSYSIN)   EClT(CONT_uHAR.LlNEI 00004011 

(A(1),A(79)): 00004012 
TFÜCMG*'1 THEN S£CNO*SUBSTR(Ll*fc.72); 0Ö004013 

LINE = SUeSTRCLINE.1,711; 00004030 
IF CONT_CHAR«»$« THEN DO: 00004031 

CALL OUTPUT!COUNT-ÜNEB): 00004032 
CALL KCVUPICOUNT-ONEB); 00004033 
_PUT_EQJJ{LlNt M SK1 P < 1 ) . X (I ) , AJU 00004034 
GET FILEISYSIN) EDITICÖNT.CHAR,LINE) 00004035 

(AC1I.AC79)): 00004036 
LINE*SU8STR(LlNEtl,71): 00004037 
DO WHlLECCONT_CHAR^»S»): 00004038 

PUT   EDIT(LINE)(SKlP(l),X(li.A); 00004039 
GET   FILE( SYSIN)   EDITICONT_i.HAR.HNE) 00004040 

fACn,Ai79ri": 00004041 
LINE*SUBSTRILINE,1,71): 00004042 

END; 00004043 
"~PUT fOITILTNEM SKIP(II »XtlKAl: 00004044 

GO TO AGIN; 00004045 
END<  00004046 

IFTINE-« • TH6N GO TO XGINV 00004047 
00004048 

IK: 

• THEN GO TO AGI«: 
DO 1*71 TO 1 BY -1 WHILE(SUBSTR(LINE.I,1)-' *); 

09/02/74 

09/02/74 
09/02/74 
09/02/74 
09/02/74 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
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i: 

END: 
IF   K71  ThEN   I«I*i; 
LlNE-SUBSTRIHNE.l.I):  

DO  I-i  TO  71 MHILEISUBSTRILiNE9l.II»« 
END; 
JFJ>1  Tt-EN  I«I-U 

LINE*SC8STRCLINE.II: 
I=LFNGTH(NCARD)*LENGTHCLINE): 
IF   I>STATEMENT_SIZE   THEN   00; 

PUT   EOIT<rSTATEMENT   SIZE   EXCEEDED.      •)(PAGE,A): 
PUT   EOITC*   NCARO:   • .NCARDM SK1PU) .2  Al; 
PUT  EOlTf     LINE:   ••LINEMSJCIP(i) .2   A| * 

~S~Tö>; 
END; 

•MCARO   -   NCARD   II   L 1ME : 

Cl: 

ENO  IN; 
/«   BRANCH   FOR   TESTCCCMFLG  *   01«   COMMENT!II«   NC(21 
GO   TO  CLABLICOMFLGI: 

*/ 

♦ / /* DELETE LEADING BLANKS 
/* IS IT COMMENT 7   */ 

ISITC:    NCARO * SUBSTR(NCARD,VERIFy(NCARO.BLANKII; 
IF IMDEXCMCARD«BfU(6ii - i THEN 

DO; 
  CCMfLG • ONEB: _____ 

GC   Tu   COMT: 
ENO; 

/♦   STATEMENT   IS   NOT   CCMMENT.   diLL   ENO   IN  
SEMICOLON   CNWTN~ÜÜÖTE$  Oft 
COMMENT» */ 

_      CCMFLCj»  TWOB; 
NOCOMT:        ~   DO"*_  «   I   TO  LENGTH!NCARDI : 

KCF"SUBSTR(NCAROtKS«l): 
      IFCKCH   *   BRK13D   &   (-*NUUOTI   &   t-NCOM) 

THfN 
GO TO FBRK: 

IF IKCH » BAKU) I THEN    
NÖUÖT * -^iüüÖT; " 

ELSE IF KS-.*LENGTH!NCARDI THEN 
IF (SJBSTR(NCAR0,KS,2)=bRK(6) I SJbSM<NCARJ,KS,2)=BRK(7)) THEN 

NCÖM i ^NCÖMT 
ENC NOCOMT; 

 /* NO ENDeREAK FOUND, GET MORE TEXT   */ 
"MORE:        ~ ~ RFLAG *   • I• B; 

CALL   IN: 
GC   TO  Cl: 

 7*   FOUND  ENDBREAK.   STÖRT STr~lN~LTtfE~ 
FBRK:   LINE   *   SUBSTR(NCARD,l,KSl; 
 /*JCLEAR   ST,   FORM NCARD       •/ 

7iC~AR~D~*   STBTTRrNCARD.kS«_77 
RETURN: 

 /*   COMMENT   ST.,   FINO   END       •/ 
CÖMT:   DO  K$ «  3 TÜ TEHGTWl KEXKffl"- I; 

KCC   ■   SUBSTR(NCAR0,KS.2I: 

*Y 

00004049 
Ü0004050 
0OC04051 
00004052 
00004051 
00004054 
Ö0004055 
0000405ft 
00004057 
00004058 
00004059 
00004060 
00004061 
00004062 
00004063 
00004064 
00004065 
00004070 
00034080 
00004090 
00004130 
060 04 ir if " 
00004120 
00004130 
00004140 
00004150 
000C4160 _ 
000Ö4170 
00004180 
00004190 
O0OC420O 
00004210 
00004220 
00004230 
00004240 
00004250 
00004260" 
00004270 
00004271 
00004300 
00004310 
00004320 
00004330" 
00004340 
00004350 
00004360 
00004373 
00004380 
00004390 
00004400 
00004410 
003C4420 
00004430 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 

09/02/74 
09/02/74 



frUN   N3.   7Z31 ÜATF      C9/J2/74 TIME  123rt LISTING cf MODULE VLASICH PAGE 11 

IF (KCC = BRM7)) THEN 
CO: 

  KS * KS ♦ l; 
GC TO FBRK; 

END COMT; 
____ /* NO ENC BREAK FOUNC   */ 

GC TO MORE: 
END GETSTAT; 
 /*_RLABEL IS CALLED PY PLEDIT. IF AND 

ELSE TO SEPARATE ALL PREFIXES   */ 
RLABEL:     PROC: 

OCL (KLA.NLAB INI T (0)) BIN FUtO(15.Ul, 
KF CHAR; 

/*   UP   TO   21   CHAR   IN   A   PREFIX        ♦/ 
    /*   FIND   ANY   CONDITION   PREFIX(Ea) ♦/ 

-£t 

CALL   SPREFX: 
SPREFX: PROC; 
 DCL   «IP.NP   INITCOll   BIN FIXCO   (15,0); 

/*   SET   PREFIX   ARRAY   TO  NULL        */ 
PREFIXIPINDEX.«!   =   rfTLAb: 

JJSJTPJ HP   »  NP*CNEB ; 
LINE   m   SUBSTRILtwl.weRIfViLlNE.BLÄNKll: 

IF   SUBSTR(LINE.1.1I-^BRK(4)    THEN 
RETURN; 

/*   FOUND   PREFIX   START,   LOOK  FJK   SÜIÜ        */ 
LPP: DO   IP   »   2   TO  LENGTMCLINE)   -   IS 
  IF   SUBSTRILINE.IP.2)      -*•>:•   THEN 

DEND; 

GO TO DEND: 
PREFIX(RINDEX,NP)   *   SJBSIR(LI ME,1,1 P   ♦   II: 
LINE   =   SUBSTRILINE.IP   ♦   2); 

""/•" REPEAT   FOR   AMOTHER        */ 
IF   NP   <   5  THEN 

GO TO ISITP: 
ELST~REfURN; 

ENO   LPP: 
/* NO ENO* ERROR. TRY TO GO ON  */ 

PUT SKIP LISTI•»♦UNBALANCED PARENS IN PREFIX**»): 
IP = INDEXILINE.BRKU» ): 

_  IF   IP  *   0   THEN 
STOP: 

PREFIX(RINDEX.NP)   =   SUBSTRILINE.1.IP); 
LINE  «   SUBSTRILINE.IP   ♦   1)1 
IF   NP   <   5   THEN 

GO  TO   ISITP; 
END SPREFX; 

"7* LOCK FOR LABEL(S).  COLON MUST CONE 
BEFORE BLANK. QUOTE OR LEFT PAREN 

LABELIRINDEX»*) * MTLAB: 
/* ALWAYS DELETE LEACING BLANKS */ 

RLl:  LINE = SLBSTRILINE.VERIFYILINE.BLANK)1: 
 NLAB •  NLAB » 1; 
RLP:  DO KLA « 1 TO LENGTHILINE) - is 

Kh = SUBSTR(LINE.KLA.l): 

*/ 

000C4440 
3003*453 
03004463 
J3G0*47J 
03004480 
00004493 
03004533 
3000*510 
0000452D 
30004530 
00004540 
00004550 
000045iO 
00004570 
00004580 
00004590 
00004600 
30004610 
00004620 
00004633 
00004640 
00004653 
00004663 
000C4670 
00304680 
00004690 
0O0C47O0 
000 04 7T0' 
00004720 
00004730 
00004740 
300 34750 
000C4760 
00004770 
00004780 
00004790 
00004803 
30304823 
00004830 
00004343 
00004850 
00004860 
00004870 
000C4680 
000C4890 
00004900 
30004910 
00004920 
000C4930 
03304943 
00004950 
30004960 
00004970 

09702/74 
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BRKUTI i IKH * ALAMO I (KH » BRM«») IF    (KH 
TfcEN 

RETURN: 
IF  KH «   MJUB»   THEN 

co: 
LAEELCRINDEX.NLAB»    = 

SUBST R(LINE•I. KL Al: 
LINE»   SU6STR«LINE*KLAni : 
IF   NLAB   <   5   THEN 

G3 TO RLl: 
END; 

  END  RLP:   

/*   FUNCTICN  ADDPTR   AND   SUBPTR  ARE  CALLED 
 TO  FINO  POINTER   TO  NEXT   4P*ECEOlNG)   LINE 

111 BUFFifc. BUFFER  SIZE  IS iET TO 50       */ 
ADOPT** PRCC   (PTI   RETURNS   (BIN  FIXED(15,0)); 

/♦   INCREMENT   BUFFER   POINTER        •/ 
OCLIPNEXT.PTI   BIN  FIXEDC15.0); 
PNEXT  »   PT   ♦   ONEö: 

IF  PNEXT   >   MAX_LINES   THEN 
ONES: 

Ö- 

PNEXT 
RETURN (PNEXT): 

__  ^*D AODPTR:    _  
SUBPTR:     PRCC(PT) RETURNS (BIN FIXcOl1o, J)) ; 

/* FINDS POINTER TO PRECEDING »jFFcR LINE   */ 
  XL   PT  BIN FI.XED(15,C) ; 

IF   4PT -  QNEB)>  ZB  THBtl " 
RETURN   (PT  -  ONEB»: 

asE 
~RltURN(MA X_L INE $ I : 

END   SUBPTR: 
/»   ASSIGNMENT   STATEMENTS.   FREE   ST..   ETC.        */ 

ASSIGN: PRCCT 
/*   ARRIVES  HERE   BY   FALLING  THRüjGH   ALL   OTHER 

CLASSIFICATION  TESTS  OR   AS   »FRcE«   ST.        */ 
IF(T5NGTMLINE><6I 1 

THEN 
TYPE(RINOEX) 

(Su8STR(Ll 4E.1.5)      -*   »FREE   •) 

LTYPE(l): 

BLOCK: 

ELSE 
TYPEIRINDEXI   -   LTYPEC5I; 

SKIPCRINCEXI   *   0: 
LEVEL(RiNOEX)   *  C LEVEL; 
CALL   STEXT(LINE|: 
END   ASSIGN:  
/♦"PROCEDURE   FOR   BEGIN.DÖ.   ENTKY, 

PROC   STATEMENTS       */ 
PROC   (CMND): 

DCL   CMND  CHAR(*l   VARYING; 
/*   ENTRY   SKIPS   LINE,   NO   LEVEL   uHAN«E 
IF   (CMND   *   «ENTRY»I   THEN 

DOT" 
SKIP(RINDEX) * l: 

*/ 

00004980 
00004990 
0000 5000 
00005010 
QOC05023 
00005030 
00005043 
00005050 
00005060 
J00C5070 
00005080 
00005090 
00005100 
0O0C5110 
00005120 
0000513Ö 
00005140 
00OC515O 
00005160 
00005170 
00005180 
00OC5190 
00005260 
00005270 
00005230 
000C5290 
30005300 
OOOÖ5310 
00005320 
00005330 
00005340 
00005350 
00005360 
00005370 
000C5380 
00005390 
30005400 
OO0C5410 
00005420 
00005430 
00005440 
00005450 
000C5460 
00005470 
00005480 
000Ö5490 
00005500 
00005510 
OOOC5520 
00005530 
00005540 
000C5550 
00005560 

09/02/74 

09/02/74 

09/02/74 



RUN  NC.   7231 DATE     CW02/7* TMc      12)4 LISTING   CF  MODULE   VLASICH PAGE   13 

FLAG 
END: 

• o M ; 

ELSE 

o: 
DO: 

SKIP(RINOEX) 
FLAG   *   «l'BJ 

ENC J 
/•   ENTER   IN   STACK   WITH   LABEL«**        •/ 
CALL   PUSHDQN   (CMND.LABEL(RINDcA.*)); 
TYPECRlNCexi   *   LTYPE(A); 
LEVEL(RINOEX)    =   CLEVEL; 
CALL   STEXTCLINEl; 

J& 

END  BLOCK: 

/*   THIS   RCUTINE   STORES  COMMENT   STATEMENTS 
JCOMMENT: ___P*C_Cj_ 

TYPE(RINDEX!   -  LTYPEIT): 
/* ALL CCMMENTS ARE LEVEL 0   ♦/ 
LEVEL(RIKCEX) = 0; 
"IF CCOUNT = II THEN GO TO CSKiP: 
/» GROUP COMMENTS. SPACE BEFORE FIRST 

AND AFTER LAST   */ 
IF TYPEiLiNÖEXiCOUMT-ONEß)) » LTYPttfl 

TFEN 
DO: 
"PT• SUBPTR(RINDEX); 
IF (SKIPIPT) = TWOB) TrtcN 

SKIP (PT) * ONEB; 

•/ 

rs> ELSE 
SKIP   <PT1 

SKIPIRINDEX) 
£B: 
3: 

CSKIP: 

END: 
ELSE 

SKIP(RINDEX)«  TWtW; _ 
CALL   STEXTCLINE); 
END   COMMENT; 

/•   CGFIND   «   OR  CGEND   I   SEARCHES   BUFFER  FOR 
CONCEPTUAL   GROUPS        */ 

CGFIND: PROC   (NST.NENDl: 
 PCI   «LC TI3I.LT. KC . JC .L2 END, TEN JjJi:H0I 

BIN  FIXED115.6). 
STYPE   CHARI4)    VAR. 
FTVPE   CHAR(4l    VAR   INIT   (••!; 

7*   CÖNSfCER"EACH   GROUP"OF   HALFCG 
STATEMENTS.   STARTING   AT   TJH   OF   BUFFER 
AND   CCNTINUING   UNTIL   BUFFEK   ÖÜTTJM 

—-f   Ilfflt.   IF   TESTC~6~ 
STATEMENTS  OF   A  GROUP  ARE  OF  ONE 
TYPE   (ASSIGNMENT.   10.   OR  CALL). 

 RETüR«l*5T~*  #  OF  FIRST  CS   ST.. 
NEND * * OF LAST CG ST.    ♦/ 

 JEND *   HALFCG J_ 
TEND * CCUNT - ÖNEB: 

LO:   NST.NENO * IB I 

00005573 
00005580 
U0005590 
00005600 
00005610 
000C5620 
00005630 
OGOC5640 
O0O05650 
00005660 
00005670 
000C5680 
00005690 
00005700 
00005710 
00005720 
00005730 
00OC574O 
000C5750 
00005760 
00005770 
00005780 
00005790 
00005800 
00005810 
0OOC5820 
00005830 
000C5e*0 
00005850 
00005»60 
00005870 
00005880 
00005890 
000 05900 
00005910 
00005920 
00005930 
00005940 
00005950 
00C05960 
00005970 
00005980 
00005990 
00006000 
00006010 
00006020 
00006030 
00006040 
00006050 
00006060 
00006070 
00006080 
00006090 
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ho 

Li:   .    ÜO     JC  -   CNEtl   TO  JENO: 
LCT   »   Ltii 
L2END   *   JC   ♦   HALFCG  -   ONEB: 

L2:        00   KC  *   JC   TO  L2EN0; 
STYPE   =   TY»E(LINDEX(KC|»: 
/* CCNTEPS FÜR CALL. IC. ASSIGM :>!•   */ 
DO LT = I TO 3: 

IF LTYPE(LT) = STYPE THÖ« 
CO: 
LCT<LT»   *   LCTCLT»   ♦   04c3: 
IF  LCTILT»   =   TESTCG   THd,* 
CO ! 
F1YPE   *   LTYPECLTI; 
NEND   *   KC: 

GC   10  L3: 
ENC: 

END     L2: 
/*   NO  CG   IF  NENO   IS   STILL   0        */ 
IF   (NENO   =   Z8J   THEN 

GO   TO  L4: 
/*   FOUND   CG«   DOES   IT   EXTEND   Fj*THE*   ?        */ 

L3:   IF   CNEND=TEND)   THEN 
GC   TO  FIRST: 

DO   KC   «   NEW)   ♦  0NE8   TO   TEND: 
IF   TYPE   ILINOEX(KCI)   »  FTYPc   THcN 

NEND   =   KC: 
ELSE 

GCTO  FIRST: 
END: 
/♦   FIND   FIRST   C3-TYPE   STATEMENf        */ 

FIRST: DO   KC   =   JC   TO   JC  ♦   HALFC  -   1ESTCG: 
IF   1YPE(LINDEX(KCM   =   FTifPt   THEN 

CO: 
KST   =   KC: 
RETURN: 

         END: 
U:  END Lt: 

/* NO CG. NST AND NEND STILL J  */ 

RETURN: 
/»ENTER HERE TO SEARCH FOR CG IN 

PARTIALLY FILLED BUFFER AT cAD        */ 
CGEND:     ENTPXNST.NEND) : 

JENO '« CCUNT ♦ 0NE8 - HALFCG: 
TEND * CCUNT: 

GC TO LO: 
ENC CGFINO: 

«PAGE: 
/* ********* PAGE 36 IN HANDWRITTEN COPY **♦♦***** */ 

/* PROCESSES CALL, GC TO. EXIT. STOP. »<AIT. 
' DELAY, RETURN STATEMENTS   */ 

CTRLC:      PRCC: 

00006103 
000C611J 
G00J612) 
00006130 
0u0C6l40 
J000615J 
J0006160 
000C617J 
00006180 
00006190 
00006200 
00006210 
00006220 
000C6230 
00006240 
00006250 
00006260 
000C627O 
00006230 
00006290 
00006300 
00006310 
00006320 
00006330 
00006340 
00006350 
00006360 
00006373 
00006380 
00006390 
Ü00C640J 
00006410 
0000642J 
00006430 
00006440 
000C6450 
00006460 
00006470 
000C6480 
000G6490 
00006500 
00006513 
00006520 
00006530 
00006540 
0O0C6550 
00006560 
00006570 
00006580 
00036590 
00006600 
0OOC6610 
00006620 
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■ 

CNCl: 
ONC2: 

/*   ENTRY   FOR   CALL        */ 
TYPEIRINDEX)   =   LTYPEC3) : 
IF    (CCUNT   =   QNEB)    THEN   GO   TU   U<Ci : 
/*   FING   PRECcDlNG   LINE   SMPCOüc.   NJ 

SKIP   BETwEEM   SUCCESSIVE   CALLS        */ 
PT   »    SUBPTRCRINOEX); 
IF   ISKIPCPTI   =   5)    &   (TYPEIUNOfcXiCuUNT   -   ONES) I 

=   L1YPEI3I»    THEN 
SKIP(PT)   =   ZB: 

SKIP(RINDEX)   *    5; 
IF   <PLEV-*OJ   THEN 

DC: 
LEVEL(KlNOEX)   =   PLEV; 
PLEV  =   o: 
ENC: 

ELSE 
LEVEL(RINI)EX)»CLEVEL: 

CALL    STEXTCLINEI; 
RETURN; 
/*   ENTRY   FOR   GO   TO   ST.        */ 

N9 

=   LTYPE<4I; 

LTYPE<4>; 
3; 

ENTRY   FOR 
CTRLG: ENTRY: 

TYPEIRINOEX» 
GO   TO  CNCl: 
/*   ENTR*Y   FOR   ALL   OTHER  CONTROL   ST.        */ 

CTRLO: ENTRY; 
TYPE(RINDEX)   • 
SKIP(RINDEXI   » 

GO   TO   ÖNC2; 
END   CTRLC: 

DECLARE: PRCC: 
/*   FOR   DECLARATIONS.   ALLOCATE   A.^O   uEFAULT   ST. */ 
DCL    (NCHAR.L>   BIN   FIXEDU5.0I, 

SLEV   DEC   FIXEOC2): 
/*   FIRST   LINE   OF   STATEMENT        */ 
LEVEL(RINDEX)   *   CLEVEL; 
TYPE(RINCEX)   =   LTYPEC5»: 
SK IP(PINOEXI   * ONEB; 
NCHAR   =   5: 
/*   SUBST'OCL«   FOR   FULL   WORD        ♦ / 
IF   (SLBSTR(LINE.1,7)    =   »DECLARd«)    THEN 

LINE   =    «OCL1    II   SUBSTRlLliE.81: 
/*   SEPARATE   PHASES   :   FIND  FIRST   COMMA 

NOT   IN   QUOTE   OR   PARENS        ♦/ 
FCCMMA: CALL   FINDCOM(L): 

TEMLINE   ■   SUbSTR(LlNE.l.L); 
/* FIRST LINE STARTS AT CURRENJ MATGIN   */ 
IF (NCHAR * 51 THEN 

GO TO PUTl: 
 /»FOR OTFER LINES   */ 

/* FIND MARGIN. PREPARE TO STJAE   */ 
IF SUBSTR«TEMLINE.1.2I=BRK(6* THEN 03; 

TLINE*LlNE: 
L = IN0EX(TEMLINE,BRK(7»l*-l: 

0030663J 

000G665J 
00005660 
03036670 
000C663G 
G0006S90 
0GGC5700 
00006710 
O0OC6720 
00006730 
00006740 
000C6750 
00006760 
00006773 
00006780 
03006790 
00GC6800 
00006810 
000C6820 
OG0C683O 
000 36840 
00006850 
00006860 
000 06870 
00006880 
00036890 
00006900 
00006910 
00006920 
03006930 
00006940 
0OG06950 
00006960 
00006970 
00006980 
00006990 
00307000 
OOOC7010 
0O0C702D 
00007030 
0C0C70<»0 
000C7050 
OG007C63 
00037070 
00007080 
00007093 
00007100 
03007110 
00037120 
00007121 
03007122 
00007123 

09/02/74 
09/02/74 
09/02/74 
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LINE = SJ6STk(TEMLlNE.L.L) ; 
CALL COMMENT: 
LINE'TLINE: 
GO TO PUTIA: 

END: 
IF   (VERIFY!SUBSTRITEMLINE.I.1)••0123*56789•) 
V        *   ZBI   THEN 

SLEV*DEC<SUBSTR< TEMLlNE.1.INDEX<TEMLINE.•    •»-1 1*2.01: 
ELSE 

Sl'EW *   It 
LEVELIRINDEX)   *  CLEVEL   +   SLEV: 
SKIP(RINDEX)   -   ZB: 
PREFIXIRINDEX»*»*««; 
TYPEIRINDEX)*««; 

  LABELIRIN06X.*I='': 
~7* STORE PHASE IN BUFFER   */ 

PUTl:       CALL STEXT (TEMLINEIS 
/* MOVE LINE UP OPERATE ON NEXT PART   */ 

PUTIA« 
LINE   -   SLBSTRILINE.L   ♦   lit 
/*   DELETE   LEADING  BLANKS       ♦/ 

TF vTR IT* I LINE • BLANK InioTHSW 
LINE   *   SUBSTRILINE.VERIFYILINE.BLANKH; 

 /*   FINISHED  7       */ 
~lr CUtf   •*-» •   THEN 

GO   TO  OCLEND: 
 /♦  NO»   REPEAT »/  

NCHAR - ONEB: 
fiINDEX   =   ADDPTR(RINDEX): 

GO   TO   FCOMMA: 
~TT SKIPIRINDEX»   «ONES  THEN 

SKIPIRINDEXI   =   TwOB: 
DCLEND: 

EL SE 
—SicTPTRlN©EXJ  =  3: 

END       DECLARE: 
/*   ELSE   IS  CALLED   BY   PiiSHPUL */ 

"ELSES PROC: 
TYPE(* INDEX)   *   LTYPEC4>2 

 SKIP<RINDEX>   *   ZB: 
/*   POP  UP  USED  UP  IFS  */ 

00 WHILE!STACKl*'ELSEfI: 
 CALLPOPUPI'ELSEM; 

ZLfVEL*STACK3-1: 
CALL   POPIF; 

 TTTNlCK  WR   MATCHING   IF */ 
/*  GB     */ 

IFSTACKI—MF«   TI-EN  DO; 
PUT   SKlTTI ST (**• ERROR   IN   IF...ELSE   STRUCTURE**'>: 

STOP: 
ENC;  
/*  END OF GB     */ 

/* ENTER IN PUSHDOWN LIST WITH NULL LABEL   ♦/ 

0C0C7124 
J0007125 
000C7126 
30007127 
00007128 
00007130 
00007140 
000C7150 
00007160 
00007170 
00007180 
00007190 
OO0C7200 
00007201 
00007202 
00007220 
000C7230 
00007240 
00007241 
000C7250 
00007260 
ÖÖ00727Ö 
00007280 
00007290 
00007300 
00007310 
00007320 
ÖÖG0T33Ö 
000C7340 
00007350 
00007360 
000C7370 
00007380 
00007390 
000C7400 
00007410 
00007423 
000C7440 
00007450 
00007451 
00007452 
00007453 
00007454 
000C7455 
00007456 
000C7460 
000C7470 
03007471 
00007472 
00007473 
00007474 
00007475 
00007490 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 

09/02/74 

09/02/74 
09/02/74 
09/02/74 

09/02/74 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 



r »«UN   NO.   7231           OATE      C9/02/74          TIME      123d                             LISTING   OF 

FLAG* «CBS 

MUOULE   VLASICH 

000C7500 0<V02/74 
CALL   PLSH03N««ELSE»,HTLA8I: 00007501 00/02/74 
CLEVEL*STACK3: 

RINDEXI=CLEVEL-i: 
JOG07502 
00007503 

09/02/74 
LEVEL1 09/02/74 

/*   IS   ELSE  FOLLOWED   BY   SEMIC3LÜ.4   (EMPTY 1        */ 00007520 
TEMLINE   *   SUBSTRILINE.5); 
TEMLINE   ■   SUdSTR(TEMLlNE.VERlFyiTEMLlNE.dLANK)); 

000C7530 
C30C7540 

IF      (SUBSTR«TEMLINE.l»l>   *   BRK<3)I    THE i 00007550 
oo: 

CALL   STEXT(LINE); 
000CT560 
300C7570 

THFL  *   TW0B; 00037580 
RETURN: 

ENO; 
000C7600 
000C7610 

/♦   ELSE   IS   FOLLOWED   BY   TEXT.   SfcPARATE 00007620 
ELSE       */ 

CALL   STEXTC'ELSE'J; 
000C7630 
0O0C7640 

/*   REMAINING   TEXT.   NEM  LINE        • / OO0C765O 
IF   SUbSTRI TEMLINE. 1.2 l*BRM6l   THEN  OQl 00007651 09/02/74 

RINDEX*ADDPTR(RINOEX): 00007652 09/02/74 
TLINE*LINE; 00007653 09/02/74 
LMNDEXITEMLINE.BRXmm; 00007654 

00007655 
09/02/74 

LINE*SUBSTR<TEMLINE.ltLI: 09/02/74 
CALL  CCPMENT: 00007656 09/02/74 

• LINE*TLINE: 00007657 
00007658 

09/02/74 
jt TEMLINE=SUBSTR(TEMLINE.L*1): 09/02/74 
£ TEMLINE*SUBSTRITEMLINE.VERIFYITEMLINE.BLANK)Is 00007659 09/02/74 

-                hi END; 00007660 09/02/74 

I           en 
RINDEX  *   ADOPTR(klNOEX): 00007661 

COUNT*COUNTH)NEB: 00007662 09/02/7* 
1 LINDEX<COUNT)*RINDEX: 00007663 

0*00076 70 
09/02/74 

i LINE   *   TEMLINE: 
/*   ANY  PREFIX   7       */ 00007680 
CALL   RLABEL: 00007690 
/*   IS  THIS ON   IF   OR  00 STATEMENT       */ 000 07701) 
CMND   *   SUBSTRtLINE.1.31: 30007710 

IF   CMND=«BEGIN   •   1   CMND*«BEGINS~   1 00007720 09/02/74 
CMND=«DO  •   1   CMNö*«Dö;«  THEN CLEVEL-CLEVEL-1« 00007721 0970277* 

END ELSE: 00007810 
FINOCOM:          PROC(LL); 00007820 

00007830 /*   EXAMINES   LINE.RETURNS   LL   * POSTION  OF 
FIRST   COMMA  NOT   IN  QUOTES  ÜR  PARENS. 00007840 
IF  NONE.   LL  *   LENGTH   (LINE).        */ 30007850 

000C7860 DC I   (KC.PAREN.LL)   BIN FlXE0(15.O). 
QUOTE     BIT(l)    INITCO'B). 00007870 
KCHAR   CHAR: 000C7880 

OÖÖ07897J PAR EN  *  28: 
r       - IK DO   KC  *   1   TO   LENGTM4LINEI   -   1: 00007900 

KCHAR   *   SUBSTR(LINE.KC.l) ; 00007910 
00007920 /*  OONT  LCOK   INSIDE   QUOTES OR  PARENS       */ 

IF   1 KCHAR  *   BRK<2))   £   (PAREN   *   £B»   &   I -«QUOTE 1 00007930 
THEN 000C7940 
GO   TO FCON: 00007950 

-    1|£$. /*   IS   IT   CUOTE  OR   PAK€N   7       •/ 00007960 

^ 

PAGF   17 

r^T 
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ho 

"TF~~|KCHAR   *   BRK(1)J    THEN 
00: 
QUOTE  *   -»QUOTE : 

~" 60   TO LU 
END: 
IF_IKCHAR   «JMMU4II   THEN 

PAREN  *   PAREN   ♦   CNE8: 
ELSE 
 IF   (KCHAR  »   BRK(511   THEN  

DC: 
MftEN  *  PAREN -  ONE8; 
IF   PAREN   <   ZB   THEN 
 gff TO PFKftCK;  

ENC: 
END  Li:    
IF   I QUOTE I   F «PAREN  -U "01"THEN 

60   TO  PERROR: 
LL   « LENGTH!LINE):   
RETURN; 
/♦   FOUND   COHMA       ♦ / 
     LL   * KC:     

TETURN: 
PERROR:   PLT SKIP LIST (•♦♦UNBALANCED PARENS OR CUOTES^* ) ; 
 00 TO L4*  

END FINDCöM: 

IF:  PROC; 
DCL L BIN FIXED«15.0): 

L3: 

L4: 

FCOM: 

*/ /*   FOR   EACH  IF CLAUSE 
FLAG  »   M'8: 

_OVE*«_ TtPECRINDEXt   »   LTVfEftlJ 
lB ; SKIPfRINOEKI 

/♦   ENTER   IN  PUSHDOWN   LIST,   NULL   LAdEL 
CALL   PUSHDON   I»IF'.MTLABl; 

LEVELCRINDEX»»CLEVEL-l: 
/*   SEPARATE  FIRST   PHASE  THRU THEN       ♦/ 
L   *   IN0EX(LINE.«   THEN   •): 
 IF  L  « ZB  THEN~ 

DO: 
  L « INDExlLlNE«' THEN5M: 

IF L - ZB THEN 
GO TO THENERR: 

/♦ FOUND «THEN;«, EMPTY CLAUSE 

♦ / 

♦/ 
ELSE 

DO: 
 THNE*SUBSTRILINE»l«L»i>) i 

CALL STEXtfTLiNfi: 
CO TG TESTFN; 

END: 
END; 

/♦ FOUND «THEN • ♦/ 
TLINE»SUBSTRtLlNE«ltL»4l:       
CALL STEXT(TLINEI; 

/♦ UPDATE PTR. LINE« DELETE LEAOIN* BLANKS   ♦/ 

OOGC7970 
00007980 
000 07990 
00008000 
00008010 
00008020 
00008030 
00008040 
00008050 
00008060 
00008070 
G0008030 
00008090 
00008100 
00008110 
00008120 
00008130 
00008140 
00008150 
00008160 
00008170 
0OOC8180 
00008190 
00008200 
00008210 
00008220 
000082 30_ 
ÖÖO08240 
00008250 
00008260 
ÖÖÖÖ8270 
00008280 
00008290 
00008300 
00008310 
00008320 
0O0C833O 
00008340 
00008350 
00008360 
00008370 
00008380 
00008390 
00008400 
00008410 
00008411 
00008412 
00008430 
00008431 
00008440 
00008450 
00008451 
00008460 

09/02/74 

09/02/74 
09/02/74 
09/02/74 

09/02/74 

09/02/74 
09/02/74 
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.LINE   *   SLBSTR(LINE,L   •  6): 
LINE   *   SueSTRtLINE.VEPIFYUINE.dLA.**) I : 

IF  SUBSTRCLINE.1,2I=8RK<6)   THEN  Jü; 
RlNDEX=AODPTR(RINOEX); 
TLINF«LINE: 
L»INDEX(TLINE.BRKI7))*1; 
LINE=SUBSTR(TLINE,1,L) ; 
CALL   CCMMENT: 
L INE=SUBSTR(TLINE ,L*l): 
LINE=SUBSTR(LINE,VERIFY!LINE.BLA^K»); 

END: 
RINOEX   =   AOOPTR(RINOEX); 

CGLU=COUNT«-ONEB: 
LINDEX«COUNT)*RINDEX: 

/*   CHECK   FOR   PREFIX   FOR   NEW  LlNC */   
CALL  RLABEL: 

IF   SUBSTRCLINE,1,3)*«D0   •   I   SUBST*(LINE.l.31««DO:•   I 
SUeSTR<LlNE,l,6)*«BEGIN   •    i   SUdSTRCLlNE.l.6)»«BEGIN;• 

ho 
-KÄ- 

THEN CLEVEL-CLEVEL-1« 
/♦   ANOTHER   IF   ?        */ 

 IF JSLBSTRCLINE,1,3)   »   »I(F   «I   I 
ISLBSTR(LINi;i•lT *   •?!*<•!   THf* 

GO  TO  OVER; 
RET; THFL_«   H 

RETURN; 
/*   NO   •THEN«,   PRINT   MESSAGE,   FvlOGE,   GO  ON        */ 

THENERR: PUT   SKIP  LIST« «**MISSI *»   ««THfcN««   IN  IF   STATEMENT**« 
oo PUT   SKIP; 

CALL STEXTILINEI; 
 /* RETURN TO MAIN PRCGRAM 

GO TO P3; 
EKC IF; 

IOSUB:     PROC; 

*/ 

~ä*~PT*Q£F:S~SE~S~Iö~STÄTEMFJNTS^ SXIP" LTN6~ BETÖRT 
AND AFTER EACH 10 OR GROUP OF 10 S,   */ 

TYPE(RINOEX) * LTYPEC2); 
"iriTLTV ~*i   THEN 

DC: 
LEVEL(RINDEX) * PLcV; 

00008470 
00008*90 
00008*31 
00038432 
00008483 
00003484 
000G8485 
00003486 
00008487 
00008488 
00008489 
00008490 
00008491 
00008492 
00003500 
00008510 
00008511 
00008512 
00008513 
00008520 
00008530 
00008540 
00008550 
00008560 
00008570 
00008580 

I; 00003590 
00008600 
00008610 
00008620 
00008630 
OO0C864O 
00008650 
00ÖÖ8660 
00008670 
00008680 
00008690 
00008700 
00008710 

PLEV * o; 
END: 

pi c c 

LfTvEL(RtKÖEX) * CLtVEL; 
/* IS PRECEDING STATEMENT ALSO 10 ? 
IF   COUNT   »   I   THEN   GO   TO   III; 

♦/ 

TF~TTYP"E < LI No E X (C 0 ÜNT - IM  * LTtnVZJl THEN" 
00; 
PT   *   SUBPTRtRINOEX): 
 IF   SKIPIPTI TWOS  THEN 

SKIPCPT)   *  ONEB; 
ELSE  

SKIPCPT)   =~za; 
SKIP(RINOEX)   *   3: 

00008720 
00OC8730 
00008740 
00008750 
00008760 
03008770 
00008780 
00008790 
OO0C8800 
OO0C8810 
00038823 
030C8830 
00008840 
000C8850 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
0<V02/74 
09/02/74 
09/02/74 

09/02/74 
09/02/74 

09/02/74 
09/02/74 
09/02/74 
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111: 

MOVUP: 

ENC: 
ELSE 

SKIPIRINDEX)   *   TrfJo: 
/*   ENTER   IN  BUFFER        */ 
CALL   STEXTILINEI: 
END   IQSL8: 
PROC(THRCG): 
/*   CALLED   AFTER   OUTPUT   TO  MOVE   JP   KfcMAlNG   BUFFER 

LINES.     ACTUALLY   CNLY   THE   LINUcX   TAdLE   IS 
CHANGED   (POINTERS   TO  FIRST   LiNc   HF   EACH   STATEMENT 
IN   BUFFER <.   COUNT   IS   THE   NJMBEA   OF   STATEMENTS 
IN   BUFFER.   THROO   IS  THE   NJrtdER   OF   LAST   ST 
TO  BE   MOVED   OUT.   UPDATES   CJJNT.RINDEX        */ 

DCL   CTHRCQ.JCT)   BIN   FIXED115.01; 
CCLNT   =   COUNT   -   THROO; 
IF   COUNT   =   ZB   THEN 

RETURN: 
00   JCT  *   I  TO  COUNT: 

LINDEX(JCT)   *   LINDEXUCT   ♦   THROO): 
FND; 
^♦^ZERO LNUSED INDICES _ */ 
00 JCT » COUNT ♦ 1 TO 20; 

ZB; 

"TDT 

LINDEX«JCT) 
JEND: 

END   MOVLP: 
ONSUB: PRCC: 
        /*   PROCESSES   ON  CCNDITION,   SIGNAL   AND   REVERT 

"   STATEMENTS.   PREDEDES 
STATEMENTS.   PRECEDES   EACH  dY  tJLANK   SPACE   AND 

         DOTTED LINE.   FOLLOWS   BY   DOTTED   clNEt   UNLESS 
"ON  St. INCLUDES   A   BEGIN  GrfJJP.   WHEN 

ONFLAG   IS   SET   TO   1   AND   THE   FOLcGalNG   DOTTED 
LINE   IS   IMPLEMENTED   AFTER   THE   CORRESPONDING 

"END.        »/ 
DCL        LI   FIXEO   BINC15.0): 
TYPE1RINDEX)   =   LTYPE<6): 
TF   CPLEV   -*=   01   THEN 

DO:   LEVEL(RINDEX)   =   PLEV: 
PLEV  *  o: 

END: 
ELSE 

LEVFL(RINDEX)   »   CLEVEL: 
SKIP(RINDEX)   =   7: 

/*   IS  LAST   (NON-BLANK)   WORK   «BEGIN«   ?        */ 
IF   LENGTH(LINE)    <   7   THEN 
GO   TO  TSTOft: 
DO   LL  *   LENGTH(LINE)   -   I   TO   o   BY  -IS 

IF    SUBSTR<LINE.LL.l)    *   BLANK   THfcN 
GO   TO  L2: 

IF   SLBSTRILINE.LL-5.6)   *   ■   BEGIN«    THEN 
DC: 

SKIP(RINDEX)   *   6: 

Ll: 

wiOOC336D 
00DC8870 
00008883 
300C8890 
00008900 
00008910 
00008920 
003C8933 
3D0C894U 
00008950 
00003960 
00008973 
000C8980 
000C8990 
00009003 
00009310 
00009020 
00009030 
00009040 
00009050 
00009060 
00009070 
00009080 
00009090 
00009100 
00009110 
00009120 
00009130 
00009140 
00009150 
03009160 
00009170 
00009180 
00009190 
00009200 
00009210 
0OOG9220 
00009230 
03C09240 
00009250 
00009260 
00009270 
00039230 
00009?93 
00009300 
00009310 
000C9320 
000C9333 
00009 340 
00009350 
00009360 
00009370 
00009380 
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I)   131 4   rlAcD(lä.O) , 
(3.J)• 
CMTe   INIT (•   */•))   CHARC3); 

(RULE   1) */ 

/* 

5NC : 
GO   TO   TSTOR: 

L2:        END       LIl 
TSTOR: CALL   STEXT(LINE): 

END ONSLB: 
OUTPUT: PRCC(THRU): 

/*. PRINTS   STATEMENTS   1   -   THRU        */ 
/*   URITTEN   FOR   30   OR   123  CJLJI.4   PRINTOUT 

ON   SYSTEM   FILE        */ 
DCL    (RI.THRU.    NV/.   LASTN. 

(LEW.   MC»   DEC   FIXED 
(C^TB   INIT   (•/♦   •). 

IF   THRU   ■   LB   THEM 
RFTLRN; 

/*   ALL   LINES   ARE   AT    SAME   LEVEL 
LEV   =   LEVEL(LlNOtXUI) : 
MC   =   MAR<iIN(LEV>    «■   l; 
/*   FIND   PCINTER   TO   LAST   OUTPUT   LiNfc        */ 
IF   THRU   *   CGJNT   THEN 

LAST*   =   RINDEX: 
ELSE 

LASTN   =    SUBPTR(LlNOcX( THRU   +   1)); 
Ri =  suepTR(LiNOEX{ in: 
/* PRINT CNE LINE AT A TIME     */ 

LPO: DO  I » 1 TO 50; 
RI = ADDPTR(RI): 

       LEV=LEVEL(RI>: 
MC=MARGIN(LEV)*I: 

/♦   IS  IT  COMMENT   ?       */ 
IF   TYPE(Rl)   =   LTYPE(7>   THEN 

DC: 
0CMT: PLT   FILE<SYSPRINT»   EDIT 

(CMT3,TEXT(RI),CMTE,SE0#(RIJ4 
(C0L"(2 >.A.A.C0L(NC0L-2I tA.XUl .Al : 

GO   TO LPA: 
GB ♦/ END; 

/*   NOT   CCMMENT:   IS   TEXT   NULL   ?        */ 
IF   TEXT(RI)   =    ••    THEN 

DC: 
NT XT: PUT   FILE(SYSPRINT)   E0IT(PREFIXtRI.*). 

LABEL(RI.*1.LEV.SE0#(RII» 
(COL (2). 10   A.C0LMCCL*2),F(2) , <(l) .A) ; 

GO TO LPA: 
END: 
/*   LINE   FAS   TEXT        */ 

PLT   FILE(SYSPRINT)   EDIT 
(PREFlXtRI.»).    LA6EL(RI.*I. 

TEXTJRII.LEV.SEO#(RI)J 
(C0L(2». (10IA. 

F(2J.X(1),A): 
LPAl IF   RI   «   LASTN   THEN 

6G 70 LPOUT; 
LPE:        ENC LPO: 

COL(MC>. A. CüL(NC0L«-2>. 

JOC• 3*393 
00009400 
LOG09410 
0000*423 
O00C943O 
00009^40 
00019453 
0330946D 
00009473 
00C39483 
000 3*490 
00009500 
00009513 
00009520 
00009530 
000C9540 
00009553 
00009560 
03009573 
00009530 
00009590 
03039633 
00009610 
00009620 
00039633 
03009640 
0000*641 
Ö0039642 
00009650 
00009650 
00009670 
00009680 
00009690 
00009691 
30009710 
00009711 
00009720 
00009730 
000C9743 
000C9750 
03009760 
0000*761 
00009783 
30009790 
00009800 
03009810 
000C9820 
00009830 
00009840 
00009850 
000 09860 
00009870 
00009880 

09/02/74 
09/02/74 

09/02/74 
09/02/74 

09/02/74 

09/02/74 
09/02/74 

09/02/74 

09/02/74 
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/*   ALL   LINES   PRINTED.   LOOK  FOR   AFTER   SHI»  UR   CQT        */ 
/*   BY  PULES   2   I   3.   ONLY   LAST   LiXc   u AN   HAVE   FOLLOWING  SKIP 

D3T        */ 
LPDUt: IF  SKlp(LAST.4l 

RETURN: 
O   tHEii 

ELSE 
NV 

/*   PRINT 
PUNC: 

•   SKIP(LASTS); 
OOT,    SKIP        */ 

If <wv ■ A1  L <NV 

~IF~INCdL  -   721 
4)    THEN 

(NCOL  «721   THEN 
PUT FILECSYSPRINT)   EDIT 
<CMTBt   1631   •••.   CMTE» 

~rcöLr2ms7~Ä~r COLI roi. A); 
ELSE 

PLT FILE(SVSPRINT) EOIT 
«CUTBt 1112) •.'. CMTE) 
CCOLC2I«   A,   A*   COLCU7I.   Al: 

I? J *Y_ "   '1 L l MV_ "L 3 L_THEM 

PLT SKIP: 
RETURN: 
/*   IF  VERY  FIRST   STATEMENT   HAS   I>RE-SKIP 

"EtC—   ENTER  HERE        */ 
OUTFST: ENTRYINV2): 

IF   INV2   -   II   THEN ^_  

-U4- 

ELSE 
NV 

IF   INV2   * 
 NV" 

ELSE 
I£_JNV2   » 

- NV 

6)   THEN 
rs: 
8£ THEN 

• 4; 
GO   TO  PUNC: 
 END  OUTPLT:__ 
PENC: HPRÖT: 

/*   PROCESSES   END   ST. 
PROC«   DO 

WHICH   MAY   TERMINATE 
OR   BEGIN   BLOCK.   UPDATES 

' PU'SH'COK'N LIST AND LEVEL      «/ 
DCL   LAB   CHAR   (31)   VAR; 
XL   LVAR   LABEL        IFAN3.   PLAIN!) : 
DCL   (LINC.   IFANI   BfN  FIXED(15,0): 
TYPE(RINOEX)   =   LTVPEC4): 
LEVEL(RINOEX)   ■  CLEVEL: 
/*"S~KiP   IF   THIS   IS   END   OF   A   CONDITION  BLOCK 

/*   BEGINNING   GB  */ 
  IF  QNFLAG   THEN   SKIPCRIMDEXI»*: 

ELSE   SKlP<RINOEX)=Zd: 
/*  STORE  TEXT     */ 
 CALL   STEXT«LINE): 

IF   (CNFLAG)   THEN   00: 
CNFLAG^O'B; 

  RETURN: 

*/ 

END: 
/* END OF GB */ 

G0Ü09390 
OR 0G0J9900 

00009910 
ÜG009920 
00009930 
000C9940 
00009950 
00009960 
00009970 
000C9980 
ÖO0C9990 
00010000 
OOOlOOlU 
00010020 
00010030 
00010040 
00010050 
00010060 
00010070 
00010080 
00010090 
00010100 
0O01O110 
00010120 
00010130 
00010140 
00010150 
00010160 
00010170 
0001018C 
00010190 
00010200 
00010210 
00010220 
00010230 
00010240 
00010250 
00010260 
00010270 
00010280 
00010290 
00010300 
00010310 
00010320 
00010321 
00010322 
00010323 
00010324 
00010325 
00010326 
00010327 
00010323 
00010329 

09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 
09/02/74 

& '* '*'!Ä^v:*fC-4"^K/- 
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/*    IS   END   FOLLOWED   BY   IDENTIFIER   ?        */ 
TEMLINE   =   SUBSTR(LINE.A); 
TEMLINE   =   SUBSTR<TEMLlNE.VEAIF/ITEMLlNE.aLANKH; 
IF   LENGTHITE«4LlNF)   •   I   THEN 

GC   TO   PLAIN; 
/*   SET   IDENTIFIER   INTO  LAB       •/ 

/*   GB   */ 
FANCY:     LAB=SUBSTR<TEMLINE.1.LENGTH!TEMLINEI-1I I I»:•: 

LIND   =   INOEXCLAB,BLANKli_ 
IF   LIND   -*   ZB   THEN 

/*     GB     V      LAB=SUBSTR(LAB,1.LIND-1)||•:•; 
/*   TEST   FCR   ERROR   IN   PUSHDOWN  LIST        •/  

FAN2: LVAR  *   FAN3: 
GO  TO STERR: 

/*   RETURN   HERE   IF   NO   ERROR       */ 
*/ 

FAN3: 
/* DOES IDENTIFIER MATCH STACK LABEL t 

OC IFAN = 1 TO 55 
IF CSTACK2IIFAN» ■ LAB) THEN 

IF ISTACKl=»ENTRY«) THEN 
GO TO ENTERR: 

ELSE ^  
"ctT tBTHAtflnrr 

/* IDENTIFIER NOT IN THIS STAC* LEVEL 
END:   
IF STACKl = •ENTRY• THEN 

FLAG * •O'B: 
ELSE 

*/ 

*/ 

*/ 

PLÄTV: 
*/ 

FLAG « »l'B: 
CALL POPLPISTACKl I; 
/* KEEP LOOKING FPU LAB 
GO TdTTÄN2: 
/* JUST END NO IDENTIFIER 
/* TEST FCR STACK ERROR 

CVW » PLAINT; 
GO   TO  STERR; 

/*   RETURN   HERE   IF   OK        */ 
TCIWI'«-   "IT STACK!~*~^tKTRiT THEN 

DO: 
 FLAG  *   «C'B;  

CALL   POPUP«STACKl): 
GO   TO   PLAIN; 

END:  
/* POPUP i CTVIL      */ 

HAVIT: FLAG  *   «1»B; 
CALL   POPUPCSTACKlI; 

"Tr^TÄCKl-MF* TReNTLrvFX*STÄCKr: 
CLEVEL*STACK3; 
LEVEL«RINDEX)=CLEVEL*i; 

 Rrruwn  
/* ERROR RETURSN*/ 

ENTERR: PUT SKIP LI ST( • **LABEL CN END STATEMENT SHOULD NOT MATCH Ml 
fENTRY~RÄWF**«17  

/* TRY TO RECOVER*/ 

C031J413 
00310420 
03310430 
00010443 
00310453 
00310460 
00010470 
00010471 
00310480 
0G31C490 
00010500 
00010513 
00010520 
03010530 
00010540 
00310550 
00010563 
00010570 
30010583 
00310590 
00010630 
30310610 
00010620 
00310630 
00310640 
00010650 
03010663 
00010673 
00313683 
00010690 
00313703 
00010713 
30010723 
00010730 
00010740 
00310750 
00310763 
0031C773 
00010780 
30310790 
00010800 
00010810 
00310820 
000108 33 
00010843 
00010850 
00310851 
00310852 
30010870 
00010830 
00010890 
00013891 
03010910 

09/02/74 
09/02/74 

09/02/74 

09/02/74 
09/02/74 
09/02/74 

09/02/74 
09/02/74 
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GOTO.  PLAIN1: 
/♦   TEST   FOR   STACK   ERROR   */ 

STfcRRt   IF   STACKl*»TOP«    I   CLEVEL«0 
DO; 

PUT   SKIP   LIST(»♦♦UNMATCHED 
•STRLCTUR£♦♦•>; 

THEN 

END 0*4 ERROR IN IF...ELSE *ll 

STOP; 
END; 
GO TO LVAR; 

ENO PEND; 
POPIF; 

PLSHPUL) OR ENTRY PQPEL 
OR PENOTIDcEAR;» FUSHOQrfNf 

. ELSE PAIR. OR 3LÜCK 

TO 00 CLEARING.   ♦/ 

PROC; 
/* POPIF (CALLED BY 
   «TAXOO BY cLSe 

LSIT   *HEN   IF«   IF 
_IS_JEHNINT 

IS   TERMINATED.   CALLS"  POPUP 
XL      ELFLAG  BITCH   INITCO'B); 

_/♦   POPUP   TOP _• IF• */_ 
FLAG»«0«B; 

CALL   POPLPIMF'l; 
/♦   IS LIST EMPTY  ? ♦ /  
END TOP IF; 

POPUP: PROCCCMANOI; 
 /*   POPS  UP  i   STACK  LEVEL   UN  EACH  OF  THE 

TLISTS!. D£CftfN£lrTS C LEVEL IF"FXAG 
DCL   CNAND  CHARC«)   VARYING: 

 /♦   NO  LEVEL  CHANGE   IF   ENTRY  OH  ELSc        */ 
TF   (FLAGI   THEN 

TOPlT 

IF 

<FLAGI 
CLEVEL  * CLEVEL  -   1; 

I STACKl  7«_ C MA NO I   THEN 
DO: 

PUT   SKIP   LIST   (•♦♦ERROR   IN   STACKl"'); 
     STOP: 
 EN0Y ""*"" 

/♦   POPUP   1   LEVEL   IN   EACH   STACK        ♦/ 
FREE 

TNT5 
STACK1.STACK2.STACK3; 

POPUP! 
PUSHDON:        PRCC(CMAND.LABL): 
 /♦   ENTERS  OP,   NAME   (E.G.   »IF»I    IN_ 

STACK 1.   UP   TO   5   LÄBFJLS  IN 
STACK2,   CLEVEL   IK   STACK3. 

 STORAGE  FOR  THE   STACKS^S  CONTROLLED. 
ALLOCATED   IN   PUSHDON,   FREcÜ   IN   POPUP 

DCL   CKAN3  CHA*<*»   VAR, 
LA8L(5)   CHARm   VAR, 

X~CSC" FlxE^I 277 
/♦   GET   PRESENT  LEVEL        ♦/ 
 X  *   STACK3: 
INCREMENT   LEVEL  ÜNLrs~S XNTRY. ^LSE.   CRT?   *f 

IF   (FLAGI   THEN 
X   *   X   ♦   I?      

~7*   PUSHCCWN IÄTOF   3   STACKS        *T~ 
ALLOCATE   STACKl.    STACK2(51,   STACK3; 

-7+ 

LISTING CF MODULE VLASICH 

00010920 
00010930 
0031094Ü 
00010950 
00010960 
00010961 
0001C980 
00010SQO 
00311000 
00011010 
00011020 
00011030 
00011040 
00011050 
00011060 
00011070 
00011080 
00011090 
0001 HO J 
00011110 
00011120 
Ö0Ö11370 
00011380 
00011390 
0001140; 
00011410 
0001142> 
0001143b 
00011440 
00011450 
0Ö0H460 
00011470 
00011480 
00011490 
00011500 
00011510 
00011610 
00011620 
00011630 
00011640 
00011650 
00011660 
00011670 
00011680 
00011681 
00011700 
00011710 
00011720 
0Ö0H730 
00011740 
00011750 
00011760 
00011770 

PAGE 24 

» 1 ♦A 

♦7 

09/02/74 

09/02/74 
09/02/74 

09/02/74 

09/02/74 

09/02/74 
09/02/74 

09/02/74 

V'"-$r- 
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0C011780 
00311790 
00311800 
00011810 
00011820 
G0011833 
30311840 
00311850 
OOOII80O 
00011870 
00011880 
00011890 
30011900 
00011910 
00011920 
0Ü011930 
00011940 
00011941 
00011950 
00011960 
00311970 
00011980 
00011981 
00011982 
Ö0ÖU983 
00011984 
00011985 

STACK3 ■" X*. 
STACKl « CMANO: 
STACK2 = LAbL; 

/• UPDATE CIA MUT LEVEL  */ 
CLEVEL « STACK3; 

ENO PUSHCCN: 
PUSHPULt    PROC: 

/♦ CALLED BY PLEöIT CR RETURN »-RJM READ TO CHECK ON 
PRESENT STATJS OF IF•••ELSE iTnJCTURES AND DO ANY 
NECESSARY UPDATING OF THE PJSHJOWN STOCKS   */ 

DCL  L BIN FIXE0C15.C); 
THFL * C: 
/* ELSE STATEMENT"?  ~*/ 
IF (SUBS7RCLINE.1.5) * »ELSE •! 1 (SUBSTR 

(LINE.1.5) « «ELSE;«! THEN 
DO: 
CALL ELSE: 

IF 7HFL»TNOB THEN GO TO P3i 09/02/74 
RETURN: 

END: 
/* NO; IS TOP OF STACK »IF« ?   */ 

AGINI: IF STACK1»»ELSE» THEN CALL POPUP«•ELSE«I: 
IF STACK1=MF« THEN 00: 

00 WHILE«STACKl««IF«It 

Ö9/Ö2VT4 
09/02/74 
09/02/74 

CLEVEL~STACK3-l: 
CALL POPIF: 

C*              END: 
09/02/74 
09/02/74 
09/02/74 

i 
I 
i 

J?           GO TO AGINI: 
END: 

RETURN: 

00011986 
00011987 
00011990 
7JÖ012ÖOO 
00312020 
00012030 

09/02774 
09/02/74 

i /* YES. IF ST. IS CÖWPLETEO, CHECK JFF  */ 
END PUSHPUL: 

SMARG:    PROC: 
/* GIVEN REAÖ-1N VALUES OF I MARGIN «INITIAL 

MARGINI AND DELMARG (MARGIN INCREMENT 1 THIS 
SETS UP A TABLE OF MARGIN VALUES FOR NESTING 
LEVELS 1-9. COMMENT STATC^ENTS" AlfE~XEvK IF 
ANO  0 MARGIN IS DEFINED AS 1   */ 

DCL IMA FIXED BIN<15,0); 

"TOÖ12Ö4Q 
00312050 
00012060 
00012070™"'" 
00012080 
00012090 
00312100 
00012110 
00012120 

"-7JÖ012130 
00012140 
00012153 

30012170 
00012180 
ÖÖ012190 
00012200 
00012210 
00312220 
00012230 

 ... 

MARGIN«11 ■ IMARGIN; 
DO IMA»2 TO 15: 
MARGIN «IMA» - MARGIN (INA - 1) ♦ OELNARG: 
ENO:                " -    
ENO SMARG: 

STEXT:      PROC (SOMLINI; 

09/02/74 

/»WRITTEN FOR «W OR 120 COLUMN PRINTOUT (NCOL - 72 
OR 116). STORES STATEMENT TEXT IN BUFFER IN 
PRINT LINE QUANTA, ALLOWING FQK PREFIXES ANO 
LABELS. DIVIDES TEXT AT UDRO c.iBSTF FOYSTBLE 
SEPARATES FORE-AND-AFT PARTS OF SKIPCODE ANO 
STORES THEM APPROPRIATELY.  */ 

DCL «CFL.COHFLI BIT(1I INIT(*0'B>: 
DCL (LP.LL.CCI BIN FIXEO(15tOI iNlTtZB); 

PAGE   25 
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DCL   CNChAR.   MG,   RC .   NI ,   FC,   *i«JPI   FU50   BINU5.0I, 
TLEV  DEC   FIXEDC2). 

SOHL IN  CMR(*)    VARYING:_ 
SEQ# C R I NO EX X* SE ONO; 

TLEV  * LEVEL!RINOEX); 
NG   *   *WRGIN(TLEV»; 
/».SEPARATE   SKI PCODE   INTO FÖR/^FT   COMPONENTS        */ 
WSKIP   ■   SKIP(RINDEX)S 

„^ *   CHCCPSI WSKIP , 1) : 
AC   ■   CHCCDEtwSKlP,2)V 
/•   CCHMENT  HAS  DIFF'T   PUNCT, •   .«J PREFIX        ♦/ 
IF   TYPE(RI'MDEX)   -   LTYPE<7)   THEN 

BÖS 
NCFAR   *   NCOL   -   7; 
CC*FL   *   «l'ö: 

GO  TO  AGAIN; 
EM): 

/»  NOT  CCMENT        */ 
NCHÄR   *   NCOL   -   HGS 
DO   NI   =   1   TO   5: 

LP   *   LP   *■   LENGTH(PREFIX(AINDEX,NIII; 
IX   «■   LENGTH(LABELfÄ"i,^ÖFX.NllTV" LL 

END: 
/*   DO   PREFIX, LABEL NEED SEPARATE LlNE(S) ?   */ 
IF LP ♦ LL -> HG THEN 

GC TO AGAIN: 
/» VESt TCÜ LONG   */ 
IF LP - LB  THEN 

GO TO A2: 
/* PREFIX PRESENT: GIVE IT A LINE   ♦/ 
"CC~» CCT ♦ ONEB: 
SKIPIRINDEX» « FC: 
PT = ACCPTRCRINDEXI: 
LABELCRINDEX,*)«<•: 
TEXTIRINDEXI*««: 

RINDEX = PT; 
TEÖ1fRINDEX)« SE ONO: 

/* NOtf LABEL, IF ANY   */ 
_/*^HORX ENOUGH TO FIT IN MARGiH ? 
IF LL  <« NG THEN 

00: 
      CFL  *   »i^a: 

GO" TO  AGAIN; 
END: 

/♦LONGER.   SEPARATE        */ 
A2s CC  «CC  ♦ ONEB: 

IF   CC  *   ONEB   THEN 
SKIP(RINDEX)   *   FC: 

*/ 

ELSE 
00: 
SKIP(RINDEX) * 0; 

"TRFFIXlRINDEX^ni»»; 
TYPE<RINDEXI»»»S 

00012240 
00012250 
000122c>0 
00012261 
00012270 
00012280 
00012290 
00012300 
00012310 
00012320 
00012330 
000123*0 
00012350 
00012360 
00012370 
00012380 
00012390 
00012400 
00012410 
00012420 
00012430 
000t2*40 
00012450 
00012460 
00012470 
00012480 
00012490 
00012500 
00012510 
00012520 
00012530 
00012540 
00012550 
00012560 
00012561 
00012570 
OC012571 
00012580 
00012590 
00012600 
00012610 
00012620 
00012630 
00012640 
00312650 
00012660 
00012670 
00012680 
00012690 
00012700 
00012710 
00012720 
00012721 

09/02/74 
09/02/74 

09/02/74 
09/02/74 

09/02/74 

09/02/74 
09/02/74 



  

RUN NO. 7231    D*TE  C9/j2/7t    TIM£  123«           LISTING Zr   MHüJLf 
I 

VwASICH 

. END: 00312730 
TEXTlRINDEXl**■ : 0012743 

LSVEHRINOEXI = TLEV: 03312750 
RINOcX « APCPTRCklNOeX): 30312760 

SEO#(a INO£X»»$ECNOS 00312761 09/02/74 
/* SEPARATE TEXT INTO PRINT LI*cS. iTjRE   ♦ / 00012770 

AGAIN:      CC * CC ♦ ONEB ; 00012780 
/* CASE: PR ♦ LABEL < MARGIN   •/ 00312790 
IF CC * CN = B THEN 00312830 

SKIP(RINOCX) * FCl 00312813 
/* BUT GENERALLY:   */ OC012623 

j                        ELSE 000128 3 3 
00312840 DO: 

l                                    SKIP(RINDEX) ■ 0; 00012850 
1                                    IF (CFLI THEN 00012863 

00012870 1                               CFL - «*CFL: 
!                              ELSE 00012880 
|                                     LABELIRINDEX.*! * ••; 00012890 

00012900 PREFIXCRINDEX,*) » ••: 
|                               IF (-.COMFL) THEN 00 012910 

TVPEIRINDEXl « •"; 00012920 
00012930 ELSE 

TYPE(RINDEX) = LTYPEC7I; 00012940 
!  -                        END: 00012950 

00012960 1  1                      LEVEL(RINOEXl = TLEV: 
!  ?     ro              /* WILL TEXT FIT IN THIS LINE ?   */ 00012970 
!  -     V*!        IF LENGTH! SCMLIN) <* NCHAR THEN C0012980 

00012990 
   ... 

?   ~~^                DO: 
I                           TEXT(RINDEX) ■ SCHLIN: 00013000 
1                            GO TO TEXTOUT: 
i                                        END: 

00313010 
00013020 

/* NO. SEPARATE BETWEEN WORDS   */ 00013030 
DO NI = NChAR TO 1 BY -1: 00013040 

00013050 J                         IF (SUBSTR<SOHLIN*Nf tU « BLANK 1 THEN 
1                         GO TO LINOUT: 00013060 

END: 00013070 
00013080 7* NO BLANK FOUND   */ 

j                          NI * NChAR: 00013090 
j                   LINCUT:     TEXT(RINOEX) ■ SUBSTRCSUHLlN.i.NI1: 00013100 

00013110 - !                         SOMLIN = SUBSTR(SOMLIN.NI «• 1): 
IF SOMLIN - •• THEN 00013120 

GO TO TEXTOUT: 00013130 
00013140 RINDEX = ADDPTRIRINDFX) : 

SEQ<MRINDEX»=SEONO: 00013141 09/02/74 
S                               GO TO AGAIN; 00013150 

00013160 /♦TEXT COMPLETE. CORRECT SKIP FOR «AFTSR«   *r 
TEXTOUT:    IF CC = ONEB THEN 00013170 

SKIP<RIN0EXI *   WSKIP: 00013180 
00013190 i                                   a~s~r 

SKIPIRINDEXI « RC: 00013200 
1                         /* RETURN   */ 00013210 

00013220 I                         END STEXT; 
/* ALL SUBROUTINES AND FUNCTIONS HAVE BEEN INCLUDED   */ 00013230 

» S&-- •                                      * ■ v: i 

PAGE   27 



 fc     ♦  JL , 
RUN NO. 7231    OFfi  C9/Ö2/74    TIME IZid LISTING CF MODULE VLASICH PAGE 28 n 

JE 
I 

*>4 

1 
5 

i 

i 

• 
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6.  SOURCE PL/1 PROGRAM OF (GP-P) GROUPED 
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SOURCE EDITEO BY PLEDIT PAGE 

TNTEDIT:   PROCEDURE  OPTIONS(NAIN); 
CCL   TLINE   VAR   CONTROLLED; 

 D_CL   STATEMENTS IZE FIXEO   DECIMAL! 71 ; 
0CL  MAJCLINES  FIXEO  DECIMAL!7): 
CCL   SEGNO  CHARI8I; 

 CCL_ CONT.CHAR   CHARJI); 
DCL   SYSPRINT   PRINT  ENV<MEDlUM(SV^Lir.i^Ji)   F   RECSIZEU33)      BUFFERS'(21) J 
CCL   CCIN   STREAM   INPUT   ENV( MEDI UMl SVSJO«. ,2^0 )   F   ^ECSI ZE (80 ) ) ; 

/*   /♦  PART   1   INITIALIZATION  */ 
/*   /*   BUFFER   STORAGE   ♦/ 
/*   /* LINDEX   IS  POINTER   TABLE   TO   BUFFER  */ 
/♦   /»  BUFFER   IS^A ARRAYS,   EACH_ 01 MENTIONED  50  •/ 
/*   /* LABEL   PREFIX  ALLQta   MAX   OF ~S  TO  A  ST.   V 

OCL   LINDEXC2C)   FIXED   BIN(15.0)   INIT((20)0), 
  TEXT!*)   CHAR(120)   VAR  CONTROLLED« 

PREFIX«*.*)   CHAR«31 I   VAR  CONTROLLED« 
LA6EL(*,*J   CHAR(31)   VAR CONTROLLED« 
TVPEI»)   CHAR(4)   VAR  CONTROLLED,   
L EVEL(* I   DEC   FIXED(2•   CONTROLLED« 
SEU#<*.   CHAR(8)   CONTROLLED« 
SKUM*)   BIN  FIXEO  CCNTROLLED; 

«NUMBER   OF   CURRENT   STATEMENT.      RlNDEx   IS   POINTER   TO CURRENT   BUFFER LINE "*/  /♦  /* COUNT 
0CL( COUNTER INDEX)   BIN   F I XED< 15 ,0) I «I T ( j J ; 

ts>      /♦   /♦ MARGIN  TABLE  ANS   PARAMETERS  FOR_POINTING     AND  COMPUTING  MARGINS __ */_ 
~g DäTMARGIN(0:15)   BIN   FIXED! 15,0) INI till » 

(OELMARG   INITI2),   IMARGIN   INITI9I,      NCOL   INIT(80)|   BIN   FIXED(15«0)« 
 PAGENO   CEC   FIXEP(3«0)   INIT(I);    

/*   /*  PUShOONN   LISTS   :   STACK!   »   OPERATION«      STACK2   MAS   LABEUS),   STACK?  *  LTfET      */"" 
OCL   1STACK1  CHAR(5)   VAR,      STACK2(5)   CHARI31)   VAR«     STACK3  DEC   FIXED!2))   CONTROLLED; 

/♦   /»BO-COL  RECORDS   ARE   READ«   1   AT  A   TIME,   INTO     NCARD.   EACH  STATEMENT,   AS   IT   IS   SEPARATED     FROM  NCARD,   IS 
/*   STOREO   IN LlNl  FOR   ANALYST S~,  ~TEMLINE   IS" WÖRKING   STRING  STORAGE        */ 

DCL   NCARD   VAR   CONTROLLED, 
 LINE   VAR   CONTROLLED« __ 

TEMLINE   VAR"CONTROLLED;   " 
/*   /* MISC.   VARIABLES   :   FLAGS.   ETC«        */ 
 CCL   (COMFLG.ThFp   FIXED  BIN(15,0)   INIT(J), 

ZHH& CHÄRl TOT" VÄRT 
(NV1«NV2«NST,NEND.THISN.LASTN.PT)      BIN  FIXECC15.0); 

 Ca   (FLAG,FIMS«LEVF,QNFLAG.RFLAG)      BITU)   INIT(«0»BJ; 

(»iii •if*'.  •) »/♦• »♦/• :•); 
OCL   MTLAB(5)   CHAR (2)   VAR   INIT((5>">: 

/*   /*  INPUT   IS  SYSTEM  FILE«   CARDS,80CQL,      PROVIDE   FOR   END   OF   FILE */ 
/* 

*/ 
*/ 
*/ 
*/ 
*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ /*   /*  CLEVEL   IS  CURRENT   LEVEL.   PLEV   IS     SAVED  PRECEDING   LEVEL   USED   IN   SOME     ELSE   STATEMENTS        */ 
CCL   (CLEVEL.PLEV)   DEC   FIXEDI2I   IN1TI0); 

/*   /♦  BINARY  CONSTANTS        •7 _   */ 
OCL   (2B   INIT(O),   ONEBINITID,     Ti3aTNJTl2l j   BIN  FlxE0(l5.0ls 

/*   /*  LOCK   FOR   CG  WFEK COUNT  *   BUFCG(.*20).      TfcSTCG   *   NUMBER  DEFINING  A   CG   (   .«HALFCG,      WHICH   IS   BUFCG/2)        ♦/        */ 
 PCL   (BUFCG   INIT(20)«HALFCG« TESTC»   INIjm^BlN  FIXEDJU5.0I ; 
/*   /♦ CHCOOE  TABLE   SEPARATES '5X1PCOOE   INTO  FORc     AND   AFT   COMPONENTS        *7~ */ 

CCL   CHCOOE(0:9«2)   BIN  FIXEO(L5,0)      INIT(   0,0*   1,0,   1,3,   0*3,   0,4,   0,5,      6,0,   6,4,   8,0,   8,4); 
/»   /♦  STATEMENT   TYPES       */ */ 
 DCL   LtVPE(7)^HART4T~VAR   INTr- PAST* ,~«lO^Y "»CAL* ."■"CTRL«,   »STOR»,      'ON«,    »COM«); 
/*   /*   BREAK   CHARATERS   AND  NULL   ARRAY        */ */ 
 DCL   BLANK  CHAR(p   INIT('    '); 

OCL BRK(8) CHAR(2) VAR INIT 

*/ 

ON ENDFILE (SYSIN) 
FINIS * «I'B; 

BEGIN; 

1 
1 
1 

*/ 
1 
! 

00000010 
00000011 
00000012 
00000013 
00000014 
00000015 
00000016 
00000018 
00000020 
00000030 
00000040 
00000050 
00000060 
00000070 
00000070_ 
00Ö00Ö70 
00000070 
00000070 
0003Ö07Ö 
00000070 
00030070_ 
0ÖÖÖÖ14Ö 
00000170 
00000180 
00000200 
00000200 
00000200^ 
Ö0Ö002~40 
00000260 
00000290 
00000290 
00000330 
00000330 
00000330 
00000360 
00000370 
00000370 
00000370 
00000410 
00000430 
00000460 
00000470 
00000460 
00000500 
00000530 
000ÖÖ5TÖ" 
00000570 
00000600 
00000610 
00000640 
00000650 
00000660 
00000680 
00000690 

00000710 
00000730 



PAGE 

/* 
GC TO ENORO; 

*1ND-~: " 
/* 
/* /* READ IN LINESI2EC80 JR 120) FOR OUTPUT.  MARGIN PARAMETERS   */ */ 
/* 

/* 

ON ENDFILE1CCINI BEGIN: 
P\fT_ EDITC'NOT ENOUGH CONTROL INFORMATION SUPPLIED CSYS004I.•)CA); 
PUT EÖJTC ITEM 1: LENGTH OF PRINTLINE: SUGGESTED 120M CSKI PC 1 ) . A ); 

BEGINNING MARGI.4: SUGGESTED 9MCSKIPC1>.A): 
MARGIN STEP SUE: SUGGEST 5 •) CSKIPC1), A): 
THE NUMBER 20'IC*KIP<1J»Al: 
THE NUMBER 7»ICSKIPCil.Al; 
MAX # CHARACTERS PER PL/I STATEMENT: SUGGESTED 800M CSKIP 
MAX * EDITED LINES PER PL/I STATEMENT: SUGGESTED Ml »50») 

PUT EDITC'PRCGRAM TERMINATED.MCSKIPCI).A*; 

PUT 
PUT 
PUT 
PUT 
PUT 
"PUT 

EOITCMTEM 
EDIT« «ITEM 
EOITCMTEM 
EOITCMTEM 
EOITCMTEM 

TDTTCMTEM 

2: 
3: 
41 
5: 
b: 
7: 

CD,A): 
CSKIPCD.A); 

/* 
SIGNAL   ERROR: 

END: 
/* 

OPEN FILECCCINNFILECSYSINI: 
 GET   FILECCCINI   LISTCNCOL.IMARGIN.JeLMARG); 
/♦  /*  DEFINE OPTION'S "FOR  OÜTPUf  CSYSPRTNTf *7 

~nr 
OPEN FILECSYSPRINT): 

/* ACTION AT PAGE END   */ 

*r 
*/ 

XT 

i* 

ON ENDPAGE CSVSPRINTI  BEGIN: 
PAGENO « PAGSNQ+1:         
PUT FILE CSYSPRINTI PAGE EDIT 
END; 

C•? AGE   •, >AGENOIC COLCNCOL-8 I . A. F C 3)1 i 

/»   /* 

UE  FJRST TOF'      *7 
PUT   FILECSYSPRINT)   EDITC»SOURCE   EOiTfcD   BY   PLEDIT». 
CSKIPC2I.COLC10I.A.CQLCNC0L-8I.A.FC3U: 
PUT 

*/ 

•PAGE   ••PAGENO) 

SKIPC2i: 
INITIALIZE   PUSHDOWN   STACK 

ALLOCATE   STACKl   INITC'TOPM, 
 STATK2lTi mrri fSl IJT7~ 

STACK3   IMTCOI: 
/♦   /»  ADJUST  LINELENGTH  FOR   LEVEL   PRINTOUT 

IF  MCOL   -   BO   THEN 
NCOL  *   72: 

ELSE 

♦ / 

NCOL *   lit: 
/*   /*   PARAMETERS   FOR   CG   SEARCH       ♦/ 
 • GET   FILECCCINI   LISTCBUFCG.TESTCGJ: 

*r 

*/ 

*/ 

*/ 

hALFCG * BUFCG/TWÖB: 
IF TESTCG > FALFCG THEN 
 oo: 
 PLT 

m% 

SKIP" LISTT'TESCIS MUST  BE   < HAL?  BUFCGM; 

STOP: 
 EHO: 
/* GET  STATEMENT TUE 1? 97 */ 

FILECCCINI   LISTCSTATEMENT_SIZE.rtAX^LlNESI: 
ALLOCATE   TEXT|W*X-UNES> »  

PRE PlXC MX_L INES•51• 
LABELCMAX_LINES.5>, 
TYPECHAX_LlNESlt  

1 00000740 
*/ 

I 00000750 
*/ 

00000760 
*/ 

1 00000780 
1 00000781 
1 00000782 
I 00000783 
1 00000784 
1 00000785 
1 00000786 
I 00000787 
1 00000789 
1 00000791 

*/ 
00000792 

*/ 
1 00000793 

*/ 
1 00000794 
1 00000795 

ÖÜD7JÖ796 
1 00000800 
00000820 

*/ 
1 00000830 
I 00000850 
i 00000860 
l 00000880 

*/ 
00000890 

i 00000900 
i 00000900 
l 00000930 
00000940 

l 00000950 
2 00000950 
2 00000950 
00000980 

1 00000990 
2 00000990 
1 00001010 
2 00001010 

00001020 
I 00001030 
1 00001040 
I 00001050 
3 00001050 
3 00001070 
3 00001090 
3 00001100 

00001101 
1 00001102 
1 00001103 
2 00001103 
2 00001103 
2 00001103 



PAGE 

-TO- 

SEO#(MAX_UNESIt 
LEVELCMAX_LINES). 

•    SKIP<MAX_LINESI: 
TEXT*«»: 
PREFIX««M 
LABEL*««: 
TYPE-««: 
LEVEL«0: 
SKIP«O.: 
ALLOCATE 
ALLOCATE 

/* 

TLINE   CHAR« STATEMENTS! 2EI   lNlTCM: 
_NCARO  CHARCSTATEMENT^SIZtl    IN1T(««|J 

ALLOGATE  LINE   CHAR<STATEMENT.SIZEJI   IHITI••» J 
ALLOCATE   TEMLINE   CHARISTATENENT.SIZE)   ItflTI««): 

/» CREATE HARCIN   TABLE __*/  
CALL  SMARG: 

*/ 
/*   • 
/♦  /» PART   11 
/*   /*  HERE  WE   START   EOITING,   i   STATEMENT  At   A   TINE 
/*   /* UPDATE POINTERS  ANO   INDEX       */ 
GO:     COUNT * COUNT«ONEB: 

^7 

R INDEX = ADCPTRIRINDEX): 
LINDEXCCOLNTI * RINDEX: 

/* /* GET 1ST« STORE CONDITION PRFIX AND/OK LAbcL 
~7*mrrw-&sw9 HEMPVY-BUFFE R~A»D-ENO" 

CALL REAO: 
/» MMt,M«MHy«M  
/* /* COPE HERE CN ECF 
ENDRD:  IF IFINISI ThEN 

*/ 

*/ 

*/ 

IF   (-«FLAG)   THEN 
DO: 
COUNT   *   CCUNT-ONcB: 
RINOEX   =   SLBPTRCRlNUtXl : 

"GO TöTFCG: 
/* 

ELSE 
END: 

00: 
PUT SKIP LIST!•♦«HISSING CARD(S)***); 
GO" TÖ~ENDPRöG:"" 

/* 
 END:  __ 
/* /* NOT EOF. ANALYZE STATEMENT FOR TYPE,  GO TO TYPE ROUTINES, UPDATE  PUSHDOWN LIST, ASSIGN LEVEL AND 
/* SKIPCOOE, STORE IN BUFFER   */ 
/» /♦ IS IT COMMENT ?  */_ 

IF COMFLG * CNEB THEN 
DO: 
CALL COMMENT: 

/* 

/* 
GO TO P3: 

END: 
/* /* NO, UPDATE STACKS 

CALL PUSHPUL: 
»/ 

/* 
/*   /* NULL   ST.   ?       */ 
 IF  LENGTMLINE) 

GO  TO C8: 
ONEB   THEN 

/* 

*/ 

2 
? 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
*/ 

*/ 
*/ 

*/ 

*/ 

*/ 

1 
*/ 

1 
2 

~T 
A 
A 
A 

*/ 
4 
2 

A 
A 
A 

•/ 
A 

*/ 
*/ 
*/ 

*/ 

1 
3 
3 

*/ 
3 

*/ 
3 

1 
*/ 

1 
? 

*/ 
/*   /*  THFL   IS  CLUE   TO   TYPE       »/ •"/ 

00001103 
00001103 
00001103 
00001107 
00001108 
00001109 
00001110 
00001111 
00001112 
00001113 
0000111A 
00ÖÖ1115 
00001116 
00001117 
00001120 

0000ll30_ 
00001140 
00001150 
00001160 
00001170 
00001180 
00001190 
00001200 
00001210 

00001220 
00001230 
00001230 
0ÖÖÖT230 
00001260 
00001270 
00001280 

00001290 
00001500" 
00001300 
00001320 
00001330 

00001340 
Ö0ÖÖ135Ö 
00001350 
00001390 
00001AOO 
00001400 
00001420 

00001430 

00001440 
00001450 
00001460 

00001470 
00001480 
00001480 

00001500 



ro 

HAGf A 
/*   /*   COMPLETED   «ELS?»   ?        */                                                                                                                                                                                                                              */ 00001510 

IF   THFL   *   TfcOB   THEN 1 00001520 
GÜ   TO   F2: 2 00001520 

/♦    •  */ 
/•   /*   FÜR   TMFL   =   0   OP    2        */                                                                                                                                                                                                                                */ 00001570 
/'*   /*   IS   IT   PREPROCESSOR   STATEMENT   ♦/                                                                                                                                                                                                         */ 00001571 

IF   SUBSTRCLIKE.1.!)«•*•    THEN 1 00001572 
DO: 3 00001572 
CCLNT=COUNT-l; 3 00001573 
GO TO TESTEN; 3 00001574 

/*      4  */ 
END: 3 00001575 

/*   /♦   IS   IT   AN    «IF«   ?        */                                                                                                                                                                                                                                     */ 00001580 
Ci:              CMND  =   SL8STR(LINE,1.3>; I 00001590 

IF   (CMND   *   'IF   MKCMND   -    MF(«ll      ICIM«)  *   •IF1»«)   THEN 1 00001600 
CALL   IF: 2 00001600 

/*    •  */ 
"/*   /*   IS   IT   DO.   PROC.   BEGIN  ÜR   ENTRY   ?        ♦/                                                                                                                                                                                         */ 00001630 
C2:             CMNJ =   SUBSTRCLINE.1.6): 1 00001640 

IFCCMND   =   »ENTRY   MlCCMNO   =   »BEGl*   Ml      (CMNJ   *   • ENTRY ;• >l (CMND   ■   •1EG1N;»)   THFN 1 00001650 
GO   TO   YES.1L: 2 00001650 

/*    •  */ 
LMNO  =   SUBSTR(LINE.1.3I: I 00001680 
IF   (CMND   =   •DO:MKCMND   =   «DO   •)    THEN 1 00001690 

GO   TO   YES8L; 2 00001690 
_/*_•  */ 

CMNO   =   SLBSTR(LINE.1.5); 1 00001710 
IF   (CMND   *   »PPOCSIMCMND   =   «PROC   Ml      (CMNO   »   • PROCC)   THE* 1 00001720 

GO   TO   VESBL; 2 00001720 
T^;T^.T^;.V...~.V...;....  */ 

CMND* SUBSTR(LINE.l.lO); 1 00001750 
IF (CMND •*= «PROCEDURE •! 6 (CMND ■*=   • PRJCEOURE; • I  £ (CMND -= «PROCEDURES) THEN 1 00001760 

GO TO CC2: 2 00001760 
f*    •  */ 
/*_/*   IT   IS   A   BLOCK   CCMMAND        */                                                                                                                                                                                                                               */ 00001790 
YESBL:      CALL  BLOCK!CfNO): 1 00001800 
/*    •  */ 

GO  TO  P3: 1 00001810 
"^".T..........  */ 
/* /* TRY F3R »END»   */                                                                                             */ 00001820 
CC2i _  CMNO * SLflSTF(LlNE.i,4): 1 00001830 

IFCCMND * «ENO «llCCMNO * »END;M THEN 1 00001840 
DO: 3 00001840 
CALL PENO: 3 00001860 

"7»^^;;V.;T.7  */ 
GO TO P3: 3 00001870 

/♦ • • •  */ 
«END: 3 00001880 

/*   /*   IS   IT   A  CONTROL   STATEMENT   ?       */                                                                                                                                                                                              */ 00001890 
_C*I_         _C*Ü° *   SÜBSTRUINE.1.5) ; 1 00001900 

IF(CMND  *   »CALL   •I   THEN 1 00001910 
DO: 3 00001910 

 CALL  CTRLC:                                                                         • 3 00001930 
/* •••••..:.••••••••..••••••••••  */ 

GO TO P3: 3 00001940 
/»    »M« y. • ••  */ 

"g*0: 3 00001950 
IFCCMND  »   »GOTO   •»   THEN 1 00001960 
 60  TO C4lt  2 00001960 



s 

IFICMNO *   «WAIT   «HlCMMD 

GO   TO   C44: 

•WAIT:«* I 

* 

ICNNO •STOP   «U<CMND  -   »ST3P:«Jl      CCMND  *   «EXIT   'HICMND 
PAGE 

CMNO SUBSTR(LINE«1*61: 
•DELAY   «litCMNO  *   «DELAY:«)   THEN 

C41* 

memo 
GO TO CAA: 

IF  ICmtO -   «GO TO J»   THEN 
DCS 
CALL CTRLG; 

60  T3  P3: 
/* 

C44; 

_______ *HDl 

CMNO -   SUBStRIL IN E« 1 • 71; 
IF   (CMNO   *   «RETURN   «HICMND 
         DO: 

•RETIMN:«>  THEN 

CALL   CTRLO; 

GO   TO   P3; 
/* 

END: 
/♦  /♦ NOT CONTROL Ü       */^ 
/♦  /*  IS   IT   10   ? 
C5: 

/* 

♦/ 
CMNO *   SUBSTRILINE.1.4): 
IFICMNO  »  «GET  •HICMND  *   «PUT^ «J JHEN 

GO  TO C55: ~ 

/* 

CMNO»   SUBSTR(LINE.1,5H  
IFICMNO  *   »OPEN   •)I(CMNO   *   «READ   «I   THEN 

GO   TO  C5 5: 

-7*r 

CMNO »"SUBÜT^fLINEtr«61 : 
IFICMND   *   «CLOSE   «HICMND  *   «WRITE   «I   THEN 

GO   TO  C55: 

/* 
CMNO * SUBSTRILIN£*1«8I; 
IFICMND »   «REWRITE   «HICMND  »   «DISPLAY   «I     THEN 

C55: DO: 
CALL   10 SUB: 

GO  TO  P3: 
/« 

END: 
/*   /*   IS   IT  OECL-ARATICN  ?       */ 
C6: IFISUBSTRILINEV1,4J   *   «DCL   «II      ISUASTRI LlNE,l «81   *   «DEFAULT   «II      (SUBSTRUINE .1,81   =   «OECLARE   «H 

r »ALLOCATF n THEN " TsUBSTftlLlNE.i.^ 
DO: 
CALL  DECLARE: 

GO   TO  P3; 

END: 
IFISUBSTRILINE.li 5» — •FREE •I THEN 

GO   TO  C8: 

1   00001980 
1 
2 

*/ 
1 
1 
2 
1 
3 
3 

*/ 
3 

*/ 
3 
1 
I 
3 
3 

*/ 
3 

»/ 
3 

*/ 

CMNO*   SUBSTR(LINE.1.71; 
IFICMNO  *   «DELETE   •HICMND  *   «LOCATE   «H      ICMND   «   «FCRMAT   • I UCMND   »   •FORMAT!•»      THEN 

GO  TO  C5«J: 

*/ 

1 
1 
2 

*/ 
1 

2 
♦ / 
1 
1 
2 
*r 
i 
i 
2 

*/ 
I 
I 
3 
3 

*/ 
3 

*/ 
3 

1 
1 
3 
3 

*/ 
3 

*/ 
3 
1 
2 

00001980 
00001980 

00002020 
00002030 
00002030 
00002050 
00002050 
00002070 

00002080 

00002090 
00002100 
00002110 
00002110 
00002130 

00002140 

00002150 
00002160 
00002170 
00002180 
00002190 
Ö0Ö02190 

00002210 
0000222Ö 
00002220 

00002240 
00002250 
00002250 

00002270 
00002280 
00002280 

00002320 
00002330 
00002330 
00002360 

00002370 

00002380 
00002390 
00002*00 
00002400 
00002*00 
00002450 

00002460 

00002470 
00002480 
00002480 
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PftOF   6 
/*   */ 
/*_/*_ IS IT ON. SIGNAL REVERT ?   */ */    00002503 
C7:     IF(.SUBSTR(LINE,1.3l * »ON Ml  < SJö^TKC LlNd. 1.71 = «SIGNAL Ml  UJB3TR (LlN.t It 7| = «REVERT «I THEM 1 00002510 

DO; 3 00002510 
CALL 0NSU3; 3 00002550 
 • • •  */ 

GO TO P3: 3 00002560 
/» •  */ 

cNO: 3 00002570 
/* /* NONE OF PRECcCING. CLASS IT ASSIGNMENT   */ ♦/    00002580 
C8:  CALL ASSIGN: 1 00002590 
/* .vr:..v.7#.i«v......... */ 
/*   /*   PART   III         */ */           00002600 
/♦/♦RETURNED   FROM   TYPE   SUBS,   NOW CHECK     rJR   üOTPJT.   CG, ETC.   TETURN  TO   «GO»      IF   INPUT   REMAINS,   OR   TO  END                  */          00002610 
/*   PROG*AP"" IF"FINISHED.        */ */          00002610 
P3:              THFL   ■   ZB: I   00002650 
/♦   /♦   POINTER   TO   FIRST   BUFFER   LINE   OF     CUJUENT   STATEMENT */                                                                                                                                    */          00002660 

TUSN   =   LINDEX(COUNT) ; 1   00002680 
NVl   *   SKIP(THISN): 1   00002690 

/*   /*   IF   THIS   IS   VERY   FIRST   ST,   OC  ANY     PRe-SKIP       ♦/ ♦/          00002700 
f FT COUNT> 'II   THEN I   00002720 

GO   TC   MOBNl; 2  00002720 
/*    •    ♦/ 

Ny£   ,  CHC0DE(NV1,0NEB): 1   00002740 
IF   NV2   «   ZB   THEN 1   00002750 

J GO   TO   TESTEN; 2   00002750 
IFCNV2  •  CNEBir<NV2*6niNV2  *  Bl ~Trtö_ 1   00002770 

CALL   0LTFSTINV2I; 2   00002770 
/♦    */ 
/*  /* SLBTRACT   PRE-TitrP~FÄ0l4 CODE »7    */ 00002790 

SKIPCTHISNI   -   CHC0DEINV1.TttOBl; 1   00002800 
 60 TO  TESTFN;  I   00002810 

/*   /**NOT*LINE   II   PTB   TO*LAST   LINE  FO   PRECeüINü  ST        ♦/ •/           00002820 
MORNi;      LASTN   *   SUBPTRITHISNI }  1   00002830 

NV2  *   SKIXLASTNFV 1   00002840 
/*   /*  RULE1   :   FLAG  CLTPUT   IF   CHANGE   IN  LEVEL       ♦/ */          00002850 
RULEl:      IFfLEVELITHISNl   *   LEVELCLASTNII   THEN 1   00002860 
 CE~VF~«   «(Fa; 2   00002860 

ELSE 1 00002880 
 LEVF « «l'Bt  2 00002880 
/* /* RULE2 :" EXAMINE CURRENT ST» FOR PRESKIP.  IF FOUND, AOD TO PREV. ST, SUBTRACT HERF  */                   */    00002900 
RULE2:  IF(NVl - GNEBllCNVl » THOBI THEN 1 00002920 
 IFINV2 « AIKNV2 » 91 THEN 2 00002920 

SKIP! LASTNI- TT~ 3 00002920 
ELSE 2 00002950 
  SKlPtLASTNl »3*  3 00002950 __                                    .._ . l   00002970 

IFINVl « 611(NVl - 71 THEN 2 00002970 
    SKIP(LASTN) - 31    3 00002970 

ELSE                           ~" 2 00003000 
IFINVl » 3)I(NVl « 91 THEN 3 00003000 

    IFINV2 * ZBI THEN 4 00003000 
 3TKIPILASTNI « 4«  5 00003000 

ELSE 4 00003040 
IV ' .      ■ .             IffNV2 m  SI THEN __                       5 00003040 
 : i*IHU$Tnl -5; ~ 6 oooo3o*o 

SKIP(THISN)   *   CHCODECSKIPCTHISNI.TMOBI; I   0000^07? 
/*   /♦  RULE3   D   IMPLEMENT   SKIPS   FOR   PRECEOHii   ST        */ */           00003080 



IT /•   /*  ALSO OUTPUT   IF   LEVEL  CHANGE     (RULEII        */ 
__    _  *UlE3t     NV2  *   SKIP(LASTN»S 

~IF(LEVF»I(NV2   -*   Z6I   THEN 
OC : 

__ CALL  OJTPUT(COLhT-ONEB>: 
CALL   MOVUP(COUNT-ONES»: 

PAGE 7 
*/ 

GO  TO  TESTENJ 
f*     

7* ........... 
ENOS 

/*_/* NO  OUTPUT   YET.   LOOK   FOR  CGJf^    BUFFER  *   büFCG  OR   IF_JEOF   AND     BUFFER  >   HALFCG).        */ */ 
"iFCG:        IF   (COUNT  *   BUFCG»   I   ((COUNT   >« HAXFCwi»      & FINIS)   THEN 

GO   TO  «LIE*: 
/*  

VI 

/♦   /*  NOT   FULL   ENOUGH•  REAO  MORE" UNLESS 
TESTFN:    IF(-.FINISI   TFEN 

_ GO   TO_ GOJ_  
/* .•.••••••••.•••••••••..••••. 
/*   /*  EMPTY   BUFFER   AT   END       */ 

J3UTEND:   CALL OUTPUTCCOUNT U_  
/*  

Nd' HOKc INFüt       *7 */ 

*/ 

GO   TO   ENDPR06; 
/* 
/*   /«SEARCH  FOR  CG   '   */ 
RULE*:      IF(FINIS)   THEN 
 CALL CCEND(N STt NEND >; 

ELSE" 
ro CALL  CGFINDI NST.NENO: 

«7 

/* 
/*  /* NOT FOUND,  OUTPLf HALF  BUFFER     (OR  AcL.   IF END OF DATA) 

IF(NST   »   ZBJ   THEN 
IfJFINJSJ   THEN   

"  GC   TO OUTENO: 
ELSE 
 DO: _■  

CALL ÜUTPUT(HALFCG»; 
CALL   NOVUP(HALFCG»; 

1 
1 
3 
3 
3 

*/ 
3 

*/ 
3 

1 
2 

*/ 

1 
2 

♦7 

1 
*/ 

l 
*/ 

1 
2 
1 
2 

*/ 

00003090 
00003110 
00003120 
00003120 
00003140 
00003150 

00003160 

00003170 
00003180 
00003210 
00003210 

00003240 
00003260 
00003260 

00003260 
00003290 

00003300 

0OÖÖT3IÖ 
00003320 
00003320 
Ö0D~03~34Ö 
00003340 

00003360 
1 00003380 
2 00003380 

2 00003410 
00003410 
00001410 
00003440 

/* 

/* 
6Q~TÖ~ GO: 

END: 
/*   /*  FOUNOCG,   OUTPUT   PRE-CG   LINES 

IF(NST   *  CNEB»   THEN 
GO   TO CGOUT; 

*/ */ 

~7*~ 
?1  ■   SUBPTR(LINOEX(NSTI); 
SKIP(PJ2  »   38   
NSF*  NST^ONEB: 
CALL  OUTPUT(NST I; 
CALL  MOVUP(NST); 

7*~ 
/*   /* OUTPUT CG       */ 

NEND *   NENO-NST; 
*/ 

CGOUT:      IF(NEND -  COUNT»   THEN 
GO TO OUTGP: 

/* 
PT^~S~ÜBTTft( L tNOTxIWNTJ*0NEBIIT 
SKIP(PT»  «  3: 

OUTGP:     CALL OUTPUT(NENO»: 

4 
4 
4 

*/ 

*/ 
4 

1 
2 

*/ 
I 
1 
1 
1 
1 

*/ 

1 
1 
2 

*/ 
1 
1 
1 

00003450 

00003460 
00003470 
00003480 
00003480 

00003500 
00003510 
00003520 
00003530 
00003540 

00003550 
00003560 
00003570 
00003570 

00003590 
00003600 
00003610 
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/* 
CALL M0VUP(KEN0IJ 

GO TO TESTFN: 

*/ /*   /*   ALL   INPUT   PROCESSED.   ALL   OUTPUT     JJ,4c.   T£LL   IT, 
ENOPPOG:PUT   PAGE   LIST   l«**PLEOIT   FINISHED**• I: 
/*   /*   ********   PAGE   20 ON  HANDWRITTEN  SHEEi'S   ********  */ 
/*   /*   SUBROUTINE     READ  GETS   INPUT   ANÖ     8E*iNS   TJ   PKJCESS   STATEMENT 
REAC: PROC: 
/♦ /*  GETSTAT PLTS STATEMENT INTO LINE   */ 

CALL  GETSTAT: 
/* •  

*/ 

/*   /*  COMMENTS   ARE   NOT   PARSED   */ 
IF   (CGPFLG   =   GNEB>   THEN 

RETURN: 
/♦   /*   RLABEL   SEPARATES   LABEL(S)    AND     CONDITION   PREFIX(ES) 

CALL   RLAüEL: 
/*  
/*   /* 

*/ 

NOW  RETURN   IS   FADE   TO   PLED IT        */ 
END   REAC: 

GETSTAT: PROC: 
DCL   CLABL(0:2J   LABEL   INI T( I SUC.CJMT . NOCO«T ) . 

(KÜÜOT.NCJM)   BlTClI^jNin'O'tt), 
KCF   CHAR(l). 
KCC   CHAR(2). 
AS   BIN   FIXEDI15.0): 

COMFLG   »   IhX 
/*   /*   IF   MORE   TEXT   NEEDED,   READ   NEW   RECORD        */ 
  IFJNCARC  »   ••)   THEN 
Gl: DO: 

RFLAG   «   »C'B: 
CALL   IN: 

"7* 

/»  /* 
IM: 
/* /* 
/*  /* 
AG TNI 

END   Gl: 
SUBROUTINE   IN   READS   SYSIN   (SYSTEM   FlLEI        */ 

PRCC: 
READ  CARD  COL2  -  72.   APPEND   TO NCARD       */ 
ON   EOF.   FINIS   =   1   AND  RETURN  MADE   TJ  ENORD   (IM   PLEDITI*/ 

GET   FILEISYSINI   EDIT(CONT^CNAR.LI *EI      (Mil.4(79)): 
IF   NCARD«••   THEN 

SEUNO*SUBSTR(LIN£.72) : 
LINE  *   SU3STR(LiNE.i.7i); 
IF   CONT_CHAR*«f•   THEN 

DO: 
CALL   OUT PUT(CO UN T-JNE 6): 
CALL   MOVUP(CUJ^T-L.Mid) ; 

/* 

/♦ 

PUT EDITTLTNEJ (i«>il).X (11. A j ; 
GET   FILE(SYSIN)   cJlT(CONT.CHAR.LINE)      (A(I),A(791); 
LINE*SUBSTR(LUE.1.71): 

DO   WHlLE(cONT_CHAR-•*•$•>: 
PUT   EDIT(LHE|(SKIP(1I.X(1),A>: 
GET F1LE(SY»IM) EDIT<CGNT_CHAR.LIN5>  ( A( 11 , A( 791) : 

~ L'lNE-SÜBSl'RtLl *E.1,711; 
ENDS 

PUT EDIT(LIN£MSK>IP(U.X(1),A) ; 
(JO to AGIN: " 

END« 

1 
*/ 
I 

*/ 
*/ 

*/ 
*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

2 
*/ 

2 
3 

2 
*/ 

2 
2 
2 
3 
3 
3 
3 
2 

2 
4 
4 
4 

*/ 
4 

*/ 

*/ 
*/ 

3 
3 
4 
3 
3 
5 
5 
5 

*/ 
5 
5 
5 
6 
6 
6 
6 
6 
5 
5 

*/ 
5 

00003620 

00003630 

00003640 
00003660 
00003680 
00003710 
00003730 
0J003T40 
00003*50 

00003760 
00003770 
00003770 
00003790 
00003810 

00003820 
00003830 
00003840 
00003850 
00003850 
00003850 
00003850 
00003850 
00003900 
00003910 
00003920 
00003920 
00003940 
00003950 

00003960 
00003970 
00003980 
00003990 
00004000 
00004010 
00004013 
00004013 
00004030 
00004031 
00004031 
00004032 
00004033 

00004034 
00004035 
00004037 
00004038 
00004039 
00004040 
00004042 
00004043 
00004044 
0000404$ 

0 00 04 0*6 
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IF   LINE»»   •   THEN 
6(3  TO AGIN; 

/♦ 
DO   1*71   TO   1   BY   -I   *HlLc(SJBSTR(LlNct1.1)**    •); 
END: 

IF   K7i   THEN 
1*1*1: 

LINE~SUBSTR(LINE.1.I); 
DO   1*1   TO   71   WHILE!SUBSr*(LINE. !,!)*•   •>: 
END; 

IF    I>1   THEN 
1*1-15 

LlNE*SUBSTR(LINEtII: 
1*LENGTH(NCARD)*LENGTHU1NE) ; 
IF   I>STATEMENT_SIZE   THE'* 

DO; 
PUT   EDIT(*STA1c*ENT   SUE   EXCEEDED.     'HPAGS. A); 
PUT   EDIT!»  NCA«*l>:   •.NCA*0)(SKIPU).2  A); 
PUT EDITI*  LIME: • .LINE)(SKIP!11,2 Al: 
STOP; 
END; 

NCARD * NCARO I I LINE: 
END IN: 

7* /* BRANCH FOR TESTICOMFLG * 0». COMMENTU). N0I21   «7 
Ci: GO TO CLABLCCOHFLGI : 
/* 

♦7 

3 
4 

*/ 
4 
4 
3 
4 
3 
4 
4 
3 
4 
3 
3 
3 
5 
5 
5 
5 
5 
5 
3 
3 

2 
*/ 

•/ /♦  /♦  DELETE LEADING   BLANKS 
to      /*   /*   IS   IT   COMMENT   ?        */ 
^      ISITC: NCARO*   SUBSTR(NCARD.VERIFY!4cA*D.dLANKl1: 

*/ 

IF   lNDEXfNCARD.BRKI6>)   * 
DO: 
COMFLG * 0NEB: 
GO TO COMT: 

1   THEN 

/* •  
  END: 

"/*   /*   STATEMENT   f"5   NOT  COMMENT.   WILL   END  14     SEMICOLON   C NOT   TN   QUOTES   OR     COMMENT» 
COMFLG * TWOB; 

NOCOMT: 

*/ */ 

DC   KS *   1  TO  LENGTHtNCARü» : 
KCH*SUBSTRCNCARD.KS.II : 
IF!KCH  *   BRKI3I)   £   l-»NOJJT)   a   <-NCOM)      THEN 

  __GO_TQ   FBRK:   
IF   (KCH  *   BRKClll   THEN 

NOUOT *  -NOUOT: 
  ELSE 

IF   KS-**LENGTHlNCARJi   THEN 
IF   !SUBSTRCNCARD.KS.2l*dRKl6l    I   SUBSTR!NCARD.KS,2)=BRK!71)   THEN 

  _*CQM * --NCUM;   
END NOCOMT: '  » 

/* /* NO ENDBREAK FCLND» GET MORE TEXT   */ 
MORE; *?kAG * 'I'B: 

CALL IN: 
/* • . •  
       GO TO ci: 

♦/ 

/* 

~r 
4 
4 
4 

♦7 
4 

2 
3 
3 
3 
4 
3 
4 
3 
4 
5 
6 
3 

2 
2 

*/ 
2 

*/ 
/* /* FOUND ENDBREAK. STORE ST. IN LINE 
FBRK« LINE * SUBSTR!NCARD.1.KS); 
/* /+ CLTAJrsT.-pÖRirNCÄRO   */ 

NCARD * SUBSTR(NCARD,KS*ll: 
RETURN; 

*/ */ 

*/ 

00004047 
00004047 

00004043 
00004049 
00004050 
00004050 
00004051 
00004052 
00004053 
00004054 
00004054 
00004055 
00004056 
00004057 
00004057 
00004058 
00004059 
00004060 
00004061 
00004062 
00004063 
00004064 
00004065 
00004070 

000 04 08 0 
00004090 
00004100 
Ö0ÜÖ4TT0 
00004110 
00004130 
00004140 

00004150 
00004160 
00004190 
00004200 
00004210 
00004220 
00004220 
00004250 
00004250 
00004270 
00004270 
00004270 
00004270 
00004310 
00004320 
00004330 
00004340 

00004350 

00004360 
00004370 
00004380 
00004390 
00004400 
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P       /• /* COMMENT ST., FINO END   ♦/ */    00004410 

CQHT:             00 KS * 3 TJ LENGTHCNCARÜI -I: 3 00004420 
KCC « SU8STR(NCAR0,KS.2I: 3 00004430 
IF IKCC ■ BRM7») THEN 3 00004440 

    __                                                                 00: 5   00004440 
KS   «   KS   ♦   l; 5   00004460 
GO TC FORK; 5 00004470 

 /*    MM».f>      */ 
END COMT: 3 00004480 

/* /* NO ENO BREAK FCUND   */ */    00004490 
                GO TC MCRE: 2 00004500 
 /VT^T;V.T..T.....^V... */ 

END   GETSTAT; 2   00004510 
 /♦   /» RLABEL   IS  CALLED BY   PLEDIT.   IF   ANO     ELSE   TO  SEPARATE   ALL   PREFIXES        */ */          00004520 

RLABEL:               PROC; 2   00004540 
OCL   <KLA,NLAB   1NIT   (Oil   BIN   FiXcDU5.0). 2   00004550 

 _K*          CHAR: 3   00004550 
/•   /* UP   TO   II   CHAR   IN  A   PREFIX       */ */          00004570 
/*   /*   FINC  ANY   CONDITION   PREFIX«FS)        */ */           00004580 
          CALL  SPREFX: 2  00004590 

 7* .^:.v^...^^..........,.-v.....T..... */ 
SPREFX:           PRCC: 3 00004600 
 DCL IIP.NP INlTtOM BIN FIXED 115.01: 3 00004610 

/* /* SET PREFIX ARRAY TO NULL   •/ •/    00004620 
PREFIXIRINOEX«*! * MTLAd; 3 00004630 

 1SITP:            NP » NPKJNEB: 3 00004640 
LINE = SUBSTRCLlNE.VERiFrfLlNE.BLA^K)»: 3 00004650 

»g                     IF SUBSTRUINEtl.l)-*BRK(4) THEN 3 00004660 
OQ                    RETURN:  4 00004660 

/* /* FOUND PREFIX START, LOOK FOR END ~*7~ */    00004680 
LPP:                   DO IP * 2 TO LENGTH«LINEI - I: 4 00004690 
                 IF SUBSTRILINE.IP.2» „—•»:• THEN 4 00004700 

GO TC DEND: 5 00004700 
/*   */ 
                      PREFIXIRINDEX.NPJ   =   SJBaTR(Ll*E,l,IP   ♦   II: 4   00004720 

LINE   *   SUflSTRCLlNE.lP  ♦   2): 4   00004730 
/*   /* REPEAT  FOR   ANOTHER       */ */          00004740 
                                IF   NP   <   5   THEN *   00004750 

GO   TC   ISfTPJ 5   00004750 
ELSE 4   00004770 

                                RETURN: 5   00004770 
DEMO:                                              END  LPP: 4   00004780 
/•   /*  NO   END,   ERROR.      TRY   TO   GO   ON        */ */           00004790 

PLT   SKIP  LI STI••♦UNBALANCED  PARENS   IN   PREFIX**»): 3   00004800 
IP   *   INDEX(LlNE,BRKI8)I: 3   00004820 
IF   IP   *   0   THEN 3   00004830 

                            STOP: 4   00004830 
PREFIX« RINDEXtNP)   *   SUBSTIUL1NCV1,IP): 3   00004850 
LINE   *   SUBSTRCLINE.IP   ♦   il? 3   00004860 

                   IF   NP   <   5   THEN 3   00004870 
GO   TO   iSlTPi 4   00004870 

/*       */ 
 END   SPREFX:                        3   00004890 
/»  /* IC« K»  LABEL*SI.    COLON  IMJ5T GDUE    BEFORE BLANK,   OUCTE  OR LEFT  PAREN       */ */         00004900 

LABEHRINDEX,«)   »   MTLAB: 2   00004920 
/»   /*   ALHAYS  DELETE   LEADING   BLANKS       */ */           00004930 

"RlT!                        LINE *~SU3STP(LlNE,VERlFYTLlNt."5Uliar5 2   00004940 
NLAB  «  NLAB   ♦   l: 2   00004950 

RLP: DO   KLA  «   I   TO   tENCTH< L I 4c j   -   1: 3   0000*960 

*- 
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KH   ■   SJbSTR(LlNE,KLA,l»: 
IF   <<H   «   BRKdH    I    <KH   *   dLArtiO    I    (KH   *   ARM«))      THEN 

RETURN; 
IF KH = ÖRK<8) THEN 

DO: 
LABEL(RINDEx.NLAd)   *      SUdSTRCLINE.1.KLAI; 
LINE   =   SUBSTR(HNfc.KLA*lJ ; 
IF   NLAÖ   <   5   THcN 

GO   TO   RLl: 
/* 

END: 
ENO  RLP: 

END   RLABEL; 
J+   /♦  FUNCTION   AODPTR   AND   SUBPTR   ARE   CALLED     Tu   FIND   POINTER  TO  NEXT   (PRECEDING»   LINE 
7*~TT~SIT TO  50       */ 
ADDPTR: PRUC   (PTI   RETURNS   (BIN   FIXEDU5.Oiii 
/♦   /♦   INCREMENT   BUFFER  POINTER        */ 

DCL(PNEXT.PT)   BIN FIXED(IS«01 S 
PNEXT   *   PT   «•  ONEB: 
IF   PNEXT   >   MAX_LINES   THEN 

PNEXT   =   UNEB; 
RETURN   (FNEXT); 

_ ENO   ADDPTR: 
PROC(Pt)   RETURNS   IB IN FIXED«I*.0)1 J 

/*   /*   FINDS   POINTER   TO  PRECEDING   BUFFER   LI*E        */ 
 "_ DCL   PT   BIN   FIXED(15.01; 

IF   (PT   -   ONEB)>   Z8   THEN 
[^ RETURN   (PT  -   ONEB) ; 
co ELSE 

IN   BUFFER.   BUFFER   SIZE 

SUBPTR: 

RETURN!MAX_LINESI. 
END   SUBPTR: 

/♦   /♦  ASSIGNMENT   STATEMENTS.   FREF   ST..   ETC. 
ASSIGN:  

*/ 
PRÖC: 

/♦ /* ARRIVES HERE BY FALLING THROUGH ALL dTHE*  CLASSIFICATION TESTS OR AS «FREE» ST, 
 IFILENGTHUINEK6I I (SUBSTR(LiNt.1.5)  — »FREE •)  THEN 

TYPlElRINöexi  *  LTrPTlii: 
ELSE 

  TYPJIRlNDSXI   «   LTYPE(5l: 
SK t Pl'R INÖEXI   *   Ö": 
LEVEL(RINOEX)   *   CLEVEL: 
 CALL   STEXTILINEI; 

*/ 

/*  
END   ASSIGN; 

/♦   /♦   PROCEDURE   FOR   BEGIN.00.   ENTRY. 
BLOCK: 

PROC   STATEMENTS        */ 
PRöC (CMNDJ. 
DCL CMNC CHAR(*I  VARYING: 

/* /* ENTRY SKIPS LINE. NO LEVEL CHANGE 
TC~MND • «ENTRY» I "THEN 

DO: 
SKIPIRINOEXI   *  l; 

'flr*-*.— 
END: 

♦/ 

ELSE 
oo; 
SKIP(RINDEX) 
FLAG  »   »I'B. 

"END":"" 

0; 

/*   /*   ENTER   IN   STACK   MlTH  LABEL«SI        */ 
CALL  PLSFDON   (CMND.LABEL(RINUcX.*)): 

3 
3 
4 
3 
5 
5 
5 
5 
6 

*/ 
5 
3 
2 

*/ 
*/ 

*/ 

♦/ 

2 
2 
2 
3 
2 
2 
2 

2 
2 
3 
2 
"3 
2 

*/ 

*/ 

*/ 

•/ 

2 
3 
2 
3 
2 
2 
2 

*/ 
2 

2 
2 

2 
* 
4 
4 

2 

4 

*/ 

00004970 
00004980 
00004980 
00005010 
00005010 
00005030 
00005050 
00005060 
00005060 

00005080 
00005090 
00005100 
00005110 
00005110 
00005140 
00005150 
00005160 
00005170 
00005180 
00005180 
00005260 
00005270 
000Ö528Ö 
00005290 
00005300 
OOÖ05310 
00005310 
00005330 
00005330' 
00005350 
00005360 
00005370 
00005380 
00005400 
00005400 
00005430 
00005430 
00005450 
00005460 
00005470 

00005480 
00005490 
00005510 
00005520 
00005530 
00005540 
00005540 
00005560 
00005570 
00005580 
00005590 
00005590 
00005610 
00005620 
00005630 
000056*0 
00005650 
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/* 
TYPE(RIKOEX)   =   LTYPE(4); 
LEvELUINDEX)   =   CLEVEL: 
CALL   STEXT(LlNE): 

/♦  
END   BLJCK: 

/*   /*   THIS   ROUTINE   STCRES   COMMENT   STATEMENTS 
COMMENT: PROC: 

TYPE(RINDEX)   =   LTYPE(7); 
/*   /*   ALL   COMMENTS   ARE   LEVEL   0        */ 

LEVEL(RINOCX)   =   0: 
IF   (COUNT  =   1)   THEN 

GC   TO  CSKIP; 

*/ 

/* 
"7*~7* "GROUP   COMMENTS.   SPACE   BEFORE   FIRST     A.^D   ArTtft   LAST        */ 

IF   TYPE(LINDEXCCOUNT-CNEBI)   *   LTY^c(7l      THEN 
00: 
PT   =   SUBPTR(RINDEX): 
IF   <SKIP(PTI   =   TWOBI   THEN 

SKIP   (PT)   =   ONtd; 
ELSE 

SKIP   (PT)   *   Zd: 
  SKIP(RINOEX)   *   3: 

END: 
ELSE 

CSKIP: SKIP(RINDEX) 
CALL   STEXT(LINE); 

/*     

TWOB: 

END  COMMENT: 
=ER~FOft" "CONCEPTUAL   GROUPS        •"/ 

LO: 
Li: 

/*   /*  CGFIND  (   OR   CCEND   I   SEARCHES   Be 
CGFIND: PROC   (NST.NEND): 

DCL    (LCT(3),LT.KCfJC.L2EN0,Tc*J.jEN))      BIN   FIX£0(15,0»• 
STYPE   CHAR(4)   VAR. 
FTYPF   CHAR(4)   VAP   INIT   (••): 

/*   /*   CONSIDER   EACH   GPOUP   OF   HALFCG     STATEMENT*.   STARTING   AT   TCP   OF   BUFFER      AND   CONTINUING   UNTIL 
/*   -1   IS   HIT,   IF   TESTCG      STATEMENTS   OF   A  „*OUP   AftE   OF   ONE     TYPE   (ASSIGNMENT.    10.   OR   CALL).      RETUR 
/*   FIRST   CG   ST.,      NEND  «   U   OF   LAST   CG   ST. */ 

JENO  »   HALFCG: 
TEND *  COUNT - ONEB: 
NST.NENÜ   »   £B: 

00     JC   » ONEB   TC   JEND: 
LCT  *   ZB: 
L2END  =   JC   ♦  HALFCG -   ONfcd: 

DO   KC   »  JC   TO L2ENJ; 
STYPE   »   TYPE(LINDEX(KC)); 

/*   /♦  CONTERS   FOR  CALL,   10.   ASSIGN   ST.        */ 
DO   LT   »   1   TO   3: 
IF   LTYPE(LT)   =   STYPE   THEN    '» 

DO: 
  LCTCLTI   =   LCT(LT)   ♦   CNEB: 

IF   LCT4LT)   *   TESTCG  THEN 
DO: 

  FTYPE   »   LTYPt(LT): 
NEND   =   XC: 
50  TO   L3: 

BUFFER   BOTTOM 
N   NST   *   #   OF 

L2: 

/* 

END     L2: 
/♦   /♦ NO  CG   If  NEND   IS   ST 1LL   0 •/_ 

END: 

•/ 

*/ 

*/ 

*/ 

*/ 
2 
2 
2 

*/ 
2 

2 
2 

2 
2 
3 

*/ 

2 
4 
4 
4 
5 
4 
5 
4 
4 
2 
3 
2 

*/ 
2 

2 
2 
3 
3 

*/ 
*/ 
*/ 

*/ 

2 
2 
2 
3 
3 
3 
4 
A 

5 

7 
7 
7 
9 
9 
9 
9 

*/ 
9 
4 

•/ 

000056*>0 
00005670 
00005ö80 

00005690 
00005700 
00005710 
00005720 
00005730 
00005740 
00005750 
00005750 

00005760 
00005780 
00005780 
00005810 
00005820 
00005820 
00005840 
00005840 
00005860 
00005870 
00005880 
00005880 
00005900 

00005910 
00005920 
00005940 
00005950 
00005950 
00005950 
00005990 
00005990 
00005990 
00006070 
00006080 
00006090 
00006100 
00006110 
00006120 
00006130 
00006140 
00006150 
00006160 
00006170 
00006170 
00006190 
00006200 
00006200 
00006220 
00006230 
00006240 

00006250 
00006260 
00006270 
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IF   CNEND   *   ZBI   THEN 

GO   TO  L4; 

NO 

/♦ ••* •  
/♦   /*  FOUKO   CG,   DOES   IT  EXTEND   FURTHER   ? 
L3: IF   INFND*TEND)   THEN 

4.0   TO FIRST; 
/*   •••••••• ••••« .. 

♦/ 

/* 

00   KC   *   NEND  ♦ ONEd   TO  TEND: 
IF   TYPE   (LINOEXCKCl)    =  FTVP5   THEN 

NENO   *   KC: 
ELSE 

GO  TO   FIRST; 

END: 
/*   /*   FIND   FIRST   CG-TVPE   STATEMENT       */ 
FIRST: DO   KC   *   JC   TO   JC   ♦   HALFCG  -   TESTCG: 
 IF   TVPECLINQEXCKCU   »  FTYPS  THEN 

DO: 
NST  »  KC; 

  RETURN; 
END: 

L4: END     Ll; 
/*   /♦  NO   CG,   NST   AND   NEND   STILL   0     _*/ 

RETURNS 
/*   /*   ENTER   HERE   TO   SEARCH  FOR  CG   IN     PARTIALLY   FILLED   BUFFER   AT   END 
CGEND: ENTRY! NST,NEND) : 

JEND""«   COUNT"* ONES  -  HALFCG; 
TEND ■   COUNT; 
GO   TO  LC:   

*/ 

/*   • • • < 
ENO  CGFINO: 

/♦  -1   IS   HIT,   IF   TESTCG     STATEJJENTS  OF   A  GROUP   ARE   OF  ONE   _TY_PE   ^ASSIGNMENT,    10.   OR   CALL), 
/*   /* *********   PAGE" 36  I N~ HANOWRI Tf EN  CÖPV   *********   */ 
/*   /*   PROCESSES   CALL,   GO   TO,   EXIT,   STOP,   WAIT,     DELAY,   RETURN  STATEMENTS       */ 
CTRLC: PROC: _ 
/*   /*  ENTRY   FOR   CALL        */ 

TYPECRINDEX)   *  LTYPEI3I: 
  IF   ICOLKT »  ONEB)   THEN 

GC   TO  ONCl: 

RETURN  NST  «   #  OF 

/* 
*/ /♦   /♦  FlNO  PRECEDING   LINE   SKIPCOOS,   NO     SKIP^ BETWEEN   SUCCESSIVE CALLS 

PT   *   SLBPTR(RINOEX); 
IF   (SKIP(PT)   «   51   t   CTYPE(LINOEXC COUNT  -  ONEBM     -  LTYPE(3))   THEN 

SKIPCPTI   =   ZB: 
SKIPIRINDEXI   «   5: 
IF   <PLEV-*~0)   THEN 

DO;        _  
LEVEL1RINDEX) 
PLEV  «   0; 
END: 

ONCl: 
0NC2: 

PLEv: 

ELSE 
LEVEL!RINDEX)«CLEVEL: 

CALL   STEXTILINEl: 

RETURN: 
/♦  /» £NTRY  FOR   GO   TO   ST.        ♦/ 
CTRLC: TNTRY;" 

TYPECRINOEX» 
  GO   TO  ONCl: 

LTYPEC4): 

*/ 

*/ 

3 
4 

*/ 

3 
4 

*/ 
4 
4 
5 
4 
5 

*/ 
4 

4 
4 
6 
6 
6 
6 
3 

*/ 

*/ 
2 
2 
2 
2 

♦ / 
2 

*/ 
*/ 
*/ 

*/ 

*/ 

*/ 

2 
2 
3 

*/ 

2 
2 
3 
2 
2 
4 
4 
4 
4 
2 
3 
2 

*/ 
2 

3 
3 
3 

00006280 
00006280 

00006300 
00006310 
00006310 

00006330 
00006340 
00006340 
00006360 
00006360 

00006380 
00006390 
00006400 
00006410 
000Ö6410 
00006430 
00006440 
00006450 
00006460 
00006470 
00006480 
00006490 
00006510 
00006520 
00006530 
00006540 

00006550 
00005990 
00006570 
00006600 
00006620 
00006630 
00006640 
00006650 
00006650 

00006660 
00006680 
00006690 
00006690 
00006720 
00006730 
00006730 
00006750 
00006760 
00006770 
00006780 
00006780 
00006800 

00006810 
00006820 
00006830 
00006840 
00006850 



/*   /*   ENTRY   FOR   ALL  OTHER   CONTROL   ST.        */ 
CfRLÖl ENTRY: 

TYPE(RINDEX>   *   LTYPcCol: 
SKIP(RINOEX)   *   3; 
GJ   TO   ONC2; 

*/ 

/*    • •  
END   CTRLCl 

DECLARE: PROC: 
/*   /*   FOR   DECLARATIONS.   ALLOCATE   AND   DEFAULT   ST. 

DCL   (NCHJR.L)   3IN  F I XED( I5t0l_« 
SLEV   DEC   FIXEDI2); 

/*   /*   FIRST   LINE   OF   STATEMENT        ♦/ 
LEVEL(RINOEX)   =   CLEVEL; 

"TYPECRIKDEXI   =  LTYPEC5I: 
SKIPCRINOEX»   «   ONEB; 

 NCHAL_*_5«_ 
/*   /*   SUBST   «DCL»   FÖ*  FULL  NÖRO       */ 

IF   (SU6ST*(LINE,L,7)   -   «DECLARE*!   THEN 
  LINE   *   «DCL«   II   SUBSTRCLiric.ttl : 

7*   /»SEPARATE   PHASES   :   F INO   FIRST  COMMA     MJT   IN  UJJTE   JR   PARENS */ 
FCOMMA: 
/♦   ..... 

CALL   FINDCOM(LI: 

ho 

TEMLINE   «  SUBSTRILINE.I.L): 
/*   /*   FIRST   LINE   STARTS   AT  CURRENT  MATGIN 
 IF^INCHAR   »Jl   THEN 

GG   TO   PUT15 

*/ 

/* 
/*   /»   FOR  OTHER   LINES        */ 
/*   /*  FIND  MARGIN.   PREPARE   TO   STCRE        */ 

IF   SUaSTRfT£MLlNE.l«2l*BRK(6)    THEN 
  DO? 

"~TL1NE»LTNE; 
L*INOEXlTEMLINE,BRK< M J+i «• 
LlNE=SU8STR(TEMLINc.l.Li ; 
CALL  COMMENT: 

/* 
LINE*TLINE; 
GO TO PUTIA: 

/* 

/* /* 
PUTl: 
/♦   .. 
/*   /* 
PUTIA: 

 END; 
IF   CVERIFYrSUBSTRITEMLlNE.l.ll .•0i23456789») 

SLEV*DEC<SUBSTP<TEMLINE,l.INuEXCTENLINE.» 
ELSE 

SLEV • "11" 
LEVELCRINOEXI   *   CLEVEL  «■   SLEY: 
SKIP(RINDEXI   *   ZB:   
PRE FIXIRINÖE X. *I«••: 
TYPECRINOEX)*«»: 
LA3EL(RIN3EX,*)=•«J 

STÖRE  PHASE   IN  SUFFER """"•'/ 
CALL   STEXT   (TEMLINE». 

ZBI   THEN 
•l-i).2,0): 

/♦   /♦ 

MÖVrTlNl'"Ü*> Off*ATE ÖN~NTXT~PÄRT"   */ " 
LINE   »   SL6STR(LINE,L   ♦   111 

DELETE LEADING  BLAWHS       •/ 
IF~  VERIFYfLINf.BLANK 1-^0 THEN 

LINE *   SUBSTRfLlNE.VERIFyCLlWE.bLA^K)); 
FINISHED   ?        </   
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*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

4 
4 
4 

*/ 
2 
2 

2 
3 

2 
2 
2 
2 

2 
3 

2 
*/ 
2 

2 
3 

*/ 
*/ 
*/ 

*/ 

2 
4 
4 
4 
4 
4 

*/ 
4 
4 

*/ 

2 
3 
2 
3 
2 
2 
2 
2 
? 

2 
*/ 

*/ 

*/ 

*/ 

00006860 
00006870 
00006880 
00006890 
00006900 

00006910 
00006920 
00006930 
00006940 
00006940 
00006960 
00006970 
00006980 
00006990 
00007000 
00007010 
00007020 
00007020 
00007040 
00007060 

0000707Ö 
00007080 
00007090 
0Ö007090 

00007110 
00007120 
00007121 
00007121 
00007122 
00007123 
00007124 
00007125 

00007126 
00007127 

00007129 
00007130 
00007130 
00007160 
00007160 
0000718Ö 
00007190 
00007200 
00007201 
00007202 
00007220 
00007230 

00007240 
00007241 
00007260 
00007270 
00007270 
00007290 
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r                     IF LINE * •• THEN 2 00007300 
                GO t'J OCLENO: 3 00007300 

/* ..• •   */ 
/* /* NO, REPEAT   */ */    00007320 

NCHAR = CNEß: 2 00007330 
RINOEX * ADOPTRIRINDEX): 2 00007340 
GO TO FCCMMA: 2 00007350 

DCLEND:__    IF SKIP( RINOEX) = ONEB THEN                              , 2 00007360 
SKIPIRINOEXI * TW3B; 3 00007360 

ELSE 2 00007380 
SKIP(RINDEXI =3; 3 00007380 

END   DECLARE: 2 00007400 
/♦ /* ELSE IS CALLEO BY PUSHPUL   */ */    00007410 
ELSE:        PROC: 2 00007420 

TYPECRINDEX) = LTYPE<4); 2 00007440 
SKIP(RINDEX) = ZB: 2 00007450 

 /*_/♦ POP UP USED UP IFS */ */    00007451 
00 *HILEiSTACKl=«ELSE»j: 3 00007452 
CALL P'JPUPC »ELSEM : 3 00007453 

/* •  */ 
CLEVEL«STACK3-1 ; 3   00007454 
CALL   POPIF: 3   00007455 

__/♦_    */ 
END: 3  00007456 

/*   /.♦  CHECK   FOR   MATCHING   IF        */ */          00007460 
   /* /* GB  */ */    00007470 

IF STACK l-—a IF* THEN 2 00007471 
t     N>                           DO: 4 00007471 

&          PUT SKIP LIST(*»»5R*JR lH IF...ELSE STRUCTURE**»1: 4 00007472 
',                                                                       STOP": 4 00007473 

i                                                                                    END: 4 00007474 
 /* /* END OF GB  */ */    00007475 

5         /•"/♦""ENTER IN PLSHOOWN LIST WITH NULL LAdEL   */ ♦/    00007490 
FLAG-'O^B: 2 00007500 
CALL PLSFDC'Nl'ELSE'.MTHBI: 2 00007501 

/♦ .7......^.••..  ♦/ 
CLEVEL«STACK35 2   00007502 
LEvEHRINöEX»sCLEVEL-l; 2   00007503 

~7*~/♦~r5~ETSE FOLLOWED BY SEMICOLON CEMPTYJ  */ ♦/  00007520 
TEMLINE   ■   SUBSTR(LINEt5l: 2   00007530 

 TEMLINE   *   SUBSTRtTEMLINE.VERIFYCTeMLlNE,BLANK)); 2   00007540 
"TF      I SUB STRTTEMLINE.1.1)   *"ÜRVC3)i    THEN 2   00007550 

DO: 4  00007550 
                   CALL STEXTCLINE): 4 00007570 
/♦ ....TV::^...... ....~......../;;...  */ 

THFL » TWCB; * 00007580 
              RETURN:            4 00007600 

END; 4 00007610 
/* /• ELSE IS FOLLOWED BY TEXT, SEPARATE  ELSE   */ ♦/    00007620 

CALL STEXT(«ELSE»l: 2 00007640 
/* V.......7.7T. .....7T.....  */ 
/♦   /♦  REMAINING   TEXT,   NEW   LINE        ♦/ ♦/           00007650 
       IF   SU8STR(TEMLINE,1,2)«BRK|6)    THEN 2   00007651 

DOl 4   00007651 
RINOEX*A00PTRCRlNOcX); 4  00007652 
TLINE-LINE: 4  00007653 

 ~          LVINOEX« TEHLINE7BR"KTT$ mr *  00007654 
LINE-SUBSTRCTEMLINE.I.LI; 4  00007655 
CALL  COMMENT? 4   00007656 
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/*  , 
 _     _ LINE=TLINE; 

TEMLINE=SUBSTR(TEMLi 4£»L*l)l 
TEMLINE = SLBSTR(TEMLHc.tffcRIFY(T£yLlNEfÖLANK) ) ; 
END: 

RINDEX   =   AC0PTR<RINDEX) : 
COUNT*CCUNT*ONEB; 
LINDEX<C0UNT)=RINDEX; 
L INE = TEMLINE; 

/* /* ANY PREFIX ?   */ 
CALL ÄLABEL: 

/*   /*   IS   THIS  ON   IF   CR   DO   STATEMENT        */ 
  CMND   =   SUBSTR(LlNE,1.3); 

IF   CMND=MEGIN   »    1   CMND= * SEGI*: •    I      C*N0««D3   ■    I   CMND=«DO:*   THEN 
CLEVEL*CLEVEL-l: 

  END   ELSE: 
FINDCOMs'"        PROC(LL): 
/*   /*   EXAMINES   LINE,RETURNS   LL   *   POSTIQN   OF     FIRST   COMMA   NOT   IN  QUOTES   OR  PARENS. 
/*        */ 

OCL    IKC.FAREN.LLI   BIN  F I XED< l:>.Jl . 
OUOTE      BITdl    INITCO'B». 

  KChAR  CHARS 
PAR EN   *   ZB; 

Lls DO   KC  =   1   TO   LENGTHUINEI   -   IS 
  KCHAR   =   SUBSTRtLINE.KC.il; 
TO      7*~7*  DONT   LOOK   INSIDE   OÜÖTES   OR   PARENS        */ 
£ IF   «KCHAR   =   BRM2II   L   (PARCN   *   ZBI    £   C-CUOTEI      THEN 

GO TO FCOM: 

IF NONE, LL = LENGTH CLINE). 

/* ..T 
/*   /*   IS   IT   OUOTE  OR   PAREN   ?        */ 
  _ IF   (KCHAR   *   BRK(D)   THE* 

OÜS 
OUOTE   =  -.OUOTE: 
GO   TO   L3: 

~nr 
ENO: 

IF   «KCHAR   »   BRM4I)    THEN 
PA REN" »" FAlfCir*  ONE«*: 

ELSE 
_IJF_«KCHAR   *   BRK(5>)    THEN 

00: 
PAREN * PM*EN - JNE8; 
IF PAREN < ZB THEN 

GO TJ PE**ük; 
/* 

END: 
L3: END   Li; 

IF   (CUCTE)   I    IPAREN 
GO TC PERROR: 

0»   THE.N 

/* •.••»..••••••••• 
L4: LL   *  LENGTH«L1NEI; 
 RETURN; 
/*   /*   FOUNO  COMMA 

*/ 

*/ 

2 
2 
2 
2 

2 
*/ 

*/ 

FCOM: 

PERROR: 

*/ 
LL  = KC: 
RETURN:   
PUT   SKlFTTST  t««*ÜN«LANCEO PARfctfS  0*  QUOf ES**« ) ; 
GO TO L4: 

*/ 

*/ 

*/ 

2 
3 
3 
2 
3 
3 

3 

*/ 

3 
5 
5 
5 

*/ 
5 
3 
4 
3 
* 
6 
6 
6 
7 

*/ 
6 
3 
2 
3 

*/ 
2 

*/ 
2 
2 
2 
2 

*/ 

00007657 
00007658 
00007659 
00007660 
00007661 
00007662 
00007663 
00007670 
00007680 
00007690 

00007700 
00007710 
00007720 
00007720 
00007810 
00007820 
00007830 
00007830 
00007860 
00007860 
00007860 
0ÖÖ07890 
00007900 
00007910 
00007920 
00007930 
00007930 

00007960 
00007970 
00007970 
00007990 
00008000 

00008010 
00008020 
00008020 
00008040 
00008040 
00008Ö40 
00008070 
00008080 
00008080 

00008100 
00008110 
00008120 
00008120 

00008140 
00008150 
00008160 
00008170 
00008180 
00008190 
00008200 
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E"!                                                  EMO     FINCCOM: 2   00008210 
 IF;                         PROC: 2   00008220 

DCL      L   BIN   F1X60(15.0): 2   00008230 
/*   /*   FOR   EACH   IF  CLALSE        */ */           00008240 
                 FLAG *   M»B; 2   00008250 

OVER*                    TYPE(RIND=XI   *   LTYPEI4I; 2  00008260 
SKIP(RINDcX)   *   Z8: 2   00008270 

/♦   /♦   ENTER   IN   PUSHDChN  LISTt   NULL   LABEL        «/ */          00008280 
CALL   PLShOON   < MF • . MTLABI : 2   00008290 

/* •    */ 
 LEVEL« <UNDEX1»CLEVEL-1; 2   00008300 
7*   /*   SEPARATE   FIRST   PHASE  THRU   THEN       ♦/ */          00008310 

L   ■   INOEXILINE.»   THEN   •); 2   00008320 
IF   L   «   2B  THEN 2  00008330 

00: 4  00008330 
L   *   INDEXUINE.«   THENS'lS 4   00008350 
If   L  »   ZB   THEN  4   00008360 

GO  TO  THENERRS 5   00008360 
/*    • ••••••    */ 
/*   /*   FOUNO   «TNEN;*,   EMPTY CLAUSE        */_ */          00008380 

ELSE 4   000Ö8390 
00; 6  00008390 

                                                       TLINE*SUBÄTR<LlN£tltL+5>: 6   00008410 
CALL   STEXTiTLiWi: 6  00008411 

/*    */ 
GO  TO  TESTFN: 6  00008412 

/* ....................;7....... ................7.7....  */ 
ENDS 6   00008430 

 ENO;                         4   00008431 
/*   /*   FOUND   «THEN   •   ♦/ *'/          0ÖÖÖ844Ö 

J                                                         TLlNE=SUBSTRCLlNEtl.L*4l; 2   00008450 
I                                                     CALL  STEXTITLINE): 2  00008451 s        7*~7777...7.77................... .7..• • ••••••••••    */ 

/*   /»   UPDATE  PTR,   LINE.   DELETE   LEADING   BLANKS        */ */           00008460 
LINE  »   SLBSTRILINE.L   ♦   6): 2   00008470 

 LTNT"^ TUBSTRTLrNT. VET« IFY(LrNE.BLANKn : 2   00008480 
IF   SUBSTR(LINE»1«2)*BRK(6)    THcA 2   00008481 

                                        OOS 4   00008481 
fcINOEX=ÄÖDPTR(RlNDEAlS 4   00008482 
TLINE=LINE; 4  00008483 

             L=lN0EXCTLINE.BRX(7Jj_fl;_ 4   00008484 
LINE«SUBSTR(TLINE,1.L): 4   00008485 
CALL  COMMENT: 4  00008486 

/* •    */ 
LiNE*SUBSTR(TLlNEtLVlJ; *  00008487 
LINE»SUBSTRCLINE.VE*IFVCUNE.BLANK»); 4   00008488 
ENDS 4   00008489 

 ITINMX"-   ADDPTRTRrNÖEXn                                              ~ 2   00008490 
COUNT'CCUNT+ONEBS 2   00008491 
LINDEXICOUNT)«RINOEX; 2   00008492 

/*  CHECK   FOR TRFFTXFCrc  NFW LINE"*/  */          00008500 
CALL   RLABEL: 2   00008510 
IF   SU8STRCLlNEfl.3»*«D0   •   I   SUBSTMLINE.I • 3)« «DO; • I      SUBSTRIL INEt 1.6 )*• BEGIN   •    I                                                           2  00008511 
5üBTTr(LiNT.r.6r*rBTGiNi^~TH6^r 2 OOOOBSII 

CLEVEL=CLEVEL-1: 3   00008511 
/*   /*  ANOTHER   IF   7       •/ *'          00008520 

" IF-(SüBSTRarNe.T^T-*"1!«8   »I   I lSaBTTaaiNE.1.3» =   »IFC'I   THEN                                                                                              2  00008530 
GO   TO  OVER:          ^ 3  00008530 

/*       *' 
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RET:         THFL ■ I; 2 00008560 
           RETURN: ? 00008570 
~7*~7*™RÖ" HHENI • PR ItTf MESSAGE. FUDGE. GO U4   */ */    00008580 
THENERR:     PUT SKIP LIST(•***!SSING «»THcN»» IN IP STATEMENT**«I; 2 00008590 
  _PUT SKIP« 2 00008600 

CALL STEXTILINJE); 2 00008610 
/*  • •  */ 
/*   /♦  RETURN  TO   MAIN   PROGRAM        */ */           00008620 

GO   TO   P3: 2   00008630 
/*    •    */ 
 EMO IF*  2 00008640 

IOSUB:       PRÖCS 2 00008650 
/* /* PROCESSES 10 STATEMENTS» SKIP LINE BEFüRe  AND AFTER EACH 10 OR GROUP OF 10 S.   */                        */    00008660 
 '       TYPECRINDEX) » LTYPEI2); 2 00008680 

TF TPLEV -= 0) THER 2 00008690 
00: 4 00008690 

               LfcVEL(RINDEX) « PLEVS 4 00008710 
PLEV » OS 4 00008720 
END; 4 00008730 

 ELSE_                                           2 00008740 
LEVEHRiNÖfcXI * CLEVEL5 3 0Ö008740 

/* /* IS PRECEDING STATEMENT ALSC 10 ?   */ */    00008760 
        IF CCUNT » 1 THEN 2 00008770 

60 TO Ills 3 OOOÖ877Ö 
IF ITYPE(LINDEXICOUNT - 1)1 * LTVPEI2)) THEN 2 00008780 
 J>OS *» 00008780 

PT « SUBPTR(RINOEX): 4 0OOÖ8800 
IF SKIP(PT) * TWOB THEN 4 00008810 
 SKIPIPT) » ONES: 5 00008810 

ELSE 4 0ÖÖ08830 
SKIPIPT) = ZB; 5 00008830 

          SKIP(RINDEX) * 3: 4 00008850 
END: 4 00008860 

ELSE 2 00008870 
111:    SKIP(RINDEX) - TwOBS 3 00008870 
/* /* ENTER IM BUFFER" ~ */' */  OööOB89D 

CALL STEXT(LlNE): 2 00008900 
/* ..  */ 
 END IOSUB; 2 Ö0008910 

MOVUP:       PROCITFRCO): 2 00008920 
/♦ /♦ CALLED AFTER OUTPUT TO MOVE UP REMAIN* bJFFcR  LINES.  ACTUALLY ONLY THE LINDEX TABLE IS  CHANGED          */    00008930 
/* < POINTERS To FIRST LINE OF E*CH STATEMENT  IN BUFFERf. COUNT IS THE NUMBER OF STATEMENTS  IN BUFFER. THROO    */    O00Ö893O 
/* IS THE NUMBER OF LAST ST  TO BE MOVED OUT. UPDATES COUNT .RINOEX */                                           */    00008930 
 DCL (THROO.JCT) BIN FIXEDU5.0); 2 00008990 

COUNT »COUNT - THROOS 2 00009000 
IF COUNT * 2B THEN 2 00009010 
 RETURNS  3 00009010 

DÖJCT « I TO "COUNTS                             \" 3 00009030 
LINOEXtJCT) * LINDEXtJCT •> THROO I S 3 00009040 
 ENCS 3 00009050 

/* /* ZERO UNUSED INC ICES   */ */    00009060 
DO JCT * COUNT t I TO 2JS 3 00009070 

 LINDEX!JCT) » IBl 3 00009080 
.        g^j-               r               _%._ 3 00009090 

END MOVLP; 2 00009100 
ONSUBJ PROCS  2 00009110 
/* /* PRQCESSlS~ON CCNOltlÖN, SIGNAL AND REVERT  STATEMENTS. PREDEDES STATEMENTS. PRECEDES EACH BY BLANK SPACE  */    00009120 
/* ANO  COTTED LINE, FOLLOWS BY DOTTED LINE, UNLESS OH  ST. INCLUDES A BEGIN GROJP. MHEN  ONFLAG IS SET TG 1     */    00009120 
/♦ AND ThE FOLLOWING DOTTED  LINE IS IMPLEMENTED AFTER THE CORRESPONDING  EN1.   */ */    00009120 
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DCL U   FIXED   BIN!15,0); 

JTWeCRINDtX»   «   LTYPEI61: 
IF   (PLEV   -*=   0)   THEN 

DO : 
___ LrVELlRlNOEXt   -   PLE*: 

PLEV   »   0; 
END; 

LEVELIRIN9EX)   =   CLEVEL: 
SKIPIRINDEX1   *   7; 

/♦   /♦   IS  LAST   IN3N-BLAMKI   WORK   «BEGIN«   ?        */ 
IF   LENGTH!LINE)   <   7   THE* 

GO   TO TSTOR; 
/♦   ••....  

DO LL » LENGTH I LINE) -l Tu 6 BY -~I: 
IF SOBSTR(LINE.LL,l» * BLANK THEN 

GO TO L2; 
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*/ 

Li: 

L2: 
TSTOR: 
A • ..< 

IF SUBSTRILINE.LL-5.6» * • BcGlN* THEN 
00; 

 ONFLAG * U"B; 
SKIPtRINDEX) * o; " 
END; 

GC TO TSTOR; 

ENC       L1; 
CALL   STEXTCLINE); 

*/ 

END ONSLB: 

OUTPUT: PROCITFRUI: 
/*   /*  PRINTS  STAtEMENTS   1   -   THRU       */ ~" 
/*   /*  WRITTEN  FOR  8C  OR   120 COLUMN   PRINTOUT     ON  SYSTEM  FILE 
  DCL   (RI.IHRU,   NV,   LASTN.   II   tfltf  FIXED« 15,31, 

«LEY,~MC~TDE"C   FIXED   fSVöK" 
(CMIB   INIT   <•/*   ••.   CMTE   iNIT   I»   */•I»   CHARI31; 

IF   THRU   -  ZB   THEN 

•/ 

2 
2 
2 

4 
4 
2 
3 
2 

2 
3 

*/ 
3 
3 
4 
3 
5 
5 
5 
5 
3 

*/ 
3 
2 

V 
2 
2 

RETURN, 
/*   /*   ALL LINES  ARE  AT  SAME   LEVEL   (RULE   11 
 LEV   «   LEVEL!LiNOEXIII); 

~HC»  MARGIN! LEV!   ♦'   1; 
/*   /*  FIND  POINTER   TC  LAST  OUTPUT   LINE       */ 

IF   THRU   « COUNT   THEN 

*/ 

LASTN *   RINDEX; 
ELSE 

 LASTNj^SUBPTR|LINDEX(TH*U ♦   l)|; 
~RT   - TLBPfRfLINDEXI1)1; 

/*   /*  PRINT   ONE   LINE   AT   A   TIME        */ 
LPO: J)0_I  «   l  TO  501 

RI «ADDPTltRli; "; 
LEV*LEVELIRI); 

  MC*MARGINILEVI*l; 
/*   /*   IS   IT  COMMENT   f-F/ 

IF   TVPEIRI)   »   LIYPEI7I   TrtEN 
   DO;  

PUT FILE(SYSPAINT) cDlf" ICMTB.TEXTIRI1,CMTE.SE3*tRI11 

*/ 

*/ 

*/ 

*/ 

dents 

/*  
/• /* GB */ 

tCQLl2l,AtA.C0L<NCüL-2)*AvXI4),A); 
GO TO LPA; 

2 
3 
3 
2 
3 

2 
2 

2 
3 
2 
3 
2 

3 
3 
3 
3 

3 
5 
5 
5 
5 

00009200 
00009210 
00009220 
00009220 
00009220 
00009240 
00009250 
00009260 
00009260 
00009280 
00009290 
00009300 
00009300 

00009320 
00009330 
00009330 
00009350 
00009350 
00009370 
00009380 
00009390 
00009400 

00009410 
00009420 

00009430 
00009440 
ÖÖ0Ö9450 
00009460 
00009480 
00009480 
00009480 
00009510 
00009510 
00009530 
00009540 
00009550 
00009560 
00009570 
00009570 
00009590 
00009590 
00009610 
00009620 
00009630 
00009640 
00009641 
00009642 
00009650 
00009660 
00009660 
00009680 
00009680 
00009710 

*/ 
END: 

00009711 
00009711 
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/* /* NÜT C1MMFNT: IS TEXT NULL ?   */ */    00009720 

IF TEXT4RII * •• THEN 3 00009730 
00: 5 0000O730 

NTXT:                        PUT FI L6( SYSPrtUT) cDlTl ?REF IXC RI ,*),  LABEL (3 I. » » ,L EV. SFU« («»t >l  (C0L(2).10 5 00009750 
A.CCL(NCOL*2l»F(2) .X(1» , \) ; 5 00009750 
GÖTTC LPA: 5 00009780 

/*   */ 
                   JNO; 5 00009790 

/* /* LINE HAS TEXT   •/ */    00009800 
TXT:              PUT FiLE(SYSPRINTl EDIT  (PRcFlXCRI• *) , LABEL(RI.*I.  TEXT ( P I > .LEV, SEQ*(<U > )  (C0L(2), C101A » 3 00009810 
           COL(MC). A. CCL(NC0L*2).  F( 2),X(11 , A) ; 3 00009810 
LPA:               IF RI « LASTN THEN 3 00009860 

GO TO LP0LT5 4 00009860 
/» • •*+ ~ •••J».  */ 
LPE:             END LPO: 3 00009830 
/* /* ALL LINES PRINTED, LOOK FOR AFTER SHIP OK JOT   */ ♦/    00009890 
/» /» BY RULES 2 & 3, ONLY LAST LINE CAN H«Wt FOLLOWING SKIP OR  DOT   */                                        */    00009900 
LPOUT:       IF SKIP!LASTN» * 0 THEN 2 00009920 

RETURN: 3 00009920 
ELSE 2 00009940 

NV «SKIPCLASTN»I 3 00009940 
/* /* PRINT DOT. SKIP   */ */    00009960 
PUNC: !JLiNy_* V    ' i1V * 4I THEN 2 00009970 

IF CNCÖL"-'■ 72~T THE7T 3 00009970^ 
PUT FILE!SYSPRINT) EDIT  (CMT8, (651 •••• CMTEI  (C0L(2I, A. A. COLC70I. AM 4 00009970 

 __           EISE     __ 3 00010020 
PÜT~FILE(SYSPRINT|   cJlT      (CMTB,   (112) ».».   CMTEI      (C0L(2),   A,   A,   C0LC117I,   Al:                                           4   00010020 

IF   (NV   «   51    1   (NV *   31   THEN 2   00010060 
 PLT SKIP; __ 3 00010060 

RETURN: 2 00010080 
/* /* IF VERY FIRST STATEMENT HAS PRE-SKIP  ETC«• ENTER FERE */                                                */    00010090 
OUTFST:      ENTRY(NV2I: 2 OOOiOllO 

IF (NV2 «II THEN 2 ÖÖÖ1012Ü 
NV = 3: 3 00010120 

 ELSE  2 00010140 
IF (NV2 * 6T THEN 3 00Ö1014Ö 

NV » 5; 4 00010140 
 ELSE 3 00010170 

" IF (NV2 « 81 THEN 4 00010170 
NV « 4; 5 00010170 

 GO TO PLNC: 2 00010200 
/* • •••••••••••••••• */ 

END OUTPUT: 2 00010210 
PEND:       J**OC:_ 2 00010220 
/* /* PROCESSES UNO ST* WHICH MAY TERMINATE  PROC, DO» ÖR 8EGIN BLOCK. UPDATES  PUSHDOWN LIST AND LEvFL   »/ */    00010230 

OCL LAB CHAR 4 31) VAR; 2 00010260 
 PCL LVAR LABEL   (FAN3. PLAlNiI: 2 00010270 

OCL (LIND, IFANI BIN FIXED(15.J): 2 00010280 
TYPE(RINDEX) » LTYPE(4): 2 00010290 

 LEVELIRINDEX) « CLEVEL: 2 00010300 
/*   /*  SKIP   IF   THT$~IS~£NOOFA  CCNDITIÖN   BLOCK        ♦/ */          00010310 
/*   /*   BEGINNING   6B   */ */          00010320 
 IF 0NFLA6 THEN 2 00010321 

5i01MTUNÖEXl^4"r~ 3 00010321 
ELSE 2 00010322 
 »KtP(RlMPEXI»2B.  3 00010322 
/* /• STORE TEXT  */ */    00010323 

CALL STEXTCLINEI: 2 00010324 
 IF (ON FLAG I THEN  2 00013325 

life                                                 ^   • * 
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DO: 

  ONFLAG»*O«B: 
RETURN: 
ENO: 

_ /♦   /♦  ENC QP  GB   *_/ 
7*   /*   IS   ENO  FOLLOWED   BY   IDENTIFIER   ?       */ 

TEMLINE   ■   SUBSTRILINE.4): 
TEMLINE   «_SUBSTR< TEMLINE. VERl*-r(TcMLl*E,BLANK)); 
IF   LENGTH!TEMLINE»   »I   THEN 

GO   TO  PLAIN: 

HS 

/* 
*/ /* /* set i DENT i FIE RTNTO LAB 

/*  /♦  GB  ♦/ 
_fANCfs:_ LAB*SUBSTR^TENLINE•l•LENGTNCTe<LINel-lHI•:•; 

LINO   ■   iNOEXCLABtBLANK): 
IF   LIND   -»=   ZB   THEN 

/»   /♦     GB     ♦/    _       
LAB = SU3 STRI LAB,1,LINÜ-1) 11 •8 • j 

/*   /*  TEST  FOR   ERROR   IN  PUSHDOWN   LIST       */ 
FAN2: LVAR   =   FAN3: 

GO  TO  STERR: 
/*    ••  
/♦   /♦  RETURN  HERE   IF   NO  ERROR        */ 
/*  /* DOES   IDENTIFIER  HATCH  STACK  LABEL   7       */ 
FAN3: DO   IFAN  «   1   TO   5; 

• _lP_!STACK2lIFANI_f  LAB^   THEN 
IF   <STACK1««ENTRY«J   THEN 

GO TC ENTfRR: 
 ELSE  

GO  TO  HAVIT: 
/*   ..... •••• • •  
/♦   /♦   IDENTIFIER   NQT_IN   THIS   STACK  LEVEL 

ENO: 
IF   STACK 1  *   »ENTRY*   THEN 
    FLAG *   «O'B; 
 6T51  

FLAG * «l'BI 

♦ / 

♦ / 

/* . 
/* /* KEEP LOOKING FOR LAB 

GO TO FAN2: 
/*  
/*  /*  JUST  ENO NO  IDENTIFIER       */ 
/*   /*  TEST   FOR   STACK   ERROR        */ 

PLAIN I: PLAIN: LVAR 
GO   TO   STERR: 

/* 
/*   /* RETURN  HERE   IF  OK 
PL A INI: IF   STACK1 

~*7  
•ENTRY«   THEN 

DO:  
FLAG *   «O'B: 
CALL   POPUP<STACK!I: 

/* 

/• 

y* /* WPUP i LEVEL—*r 
HAVIT: FLAG  »   M'B: 

GO   TO  PLAIN; 

ENO: 

*/ 

*/ 
*/ 

2 
2 
2 
3 

*/ 
*/ 
*/ 

*/ 

*/ 
2 
2 

*/ 

*/ 

3 
3 
4 
5 
4 
5 

*/ 

3 
2 
3 
2 
3 
2 

*/ 

2 
*/ 

*/ 

*/ 

*/ 

CALL  POPUPISTACKll: 

2 
2 

*/ 

2 
4 
4 
4 

*/ 
4 

*/ 
4 

2 
2 

00010325 
00010326 
00010327 
00010328 
00010329 
00010410 
00010420 
00010430 
00010440 
00010440 

00010460 
00010470 
00010471 
00010480 
00010490 
00010490 
00010490 
00010510 
00010520 
00010530 

00010540 
00010550 
00010560 
00010570 
00010570 
00010570 
00010600 
000106Ö0 

00010620 
00010630 
00010640 
00010640 
00010660 
00010660 
00010680 

00010690 
00010700 

00010710 
00010720 
00010730 
00010740 

00010750 
00010760 
00010760 
00010780 
00010790 

00010800 

00010810 
00010820 
00010830 
00010840 
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IF   STACK1«MF«   THEN ?   00010*50 

                        CLEVEL=STACK3; 3   00010350 
CLEVEL=STACK3: 2   00010851 
LEVEL(RINDEX)«CLEVEL*1: 2   00010852 

 RETURN; 2   00010870 
/*   /* ERROR RETURSN*/ */          00010880 
ENTERR:                PUT   SKIP   LIST!•♦•LABEL   ON  ENO   STATfcMENT   SHOULD  MOT HATCH   Ml      'ENTRY  NAME**1»:                                                                     2   00010890 

_—    /♦   /♦   TRY  TO RECOVER*/ */           00010910 
GO   TO   PLAINl : 2   00010920 

/*    */ 
/♦   /*   TEST   FOR   STACK   ERROR   */  */           00010930 
STERR:               TF~STAClCi»«tÖP«    I   CLfVET>0  THiiN 2   00010940 

00: 4   00010940 
 PUT SKIP LIST««»»UNMATCHED ENO^ OR ERROR IN IF...ELSE Ml  • STRUCTURE**« ) :                     4 00010960 

~STÖ>; 4 00010980 
END? 4 00010990 

 CO TO LVIR;          ^        2 00011000 
" /* •.••••.•••.•.*•••. .......7^«.T.T.^..V.7r..........  */ 

ENO  PENO: 2  00011010 
POPIff»      PROC: 2   00011020 
7»   /*  POP IF   (C AL LEO   BY   PUSHPUL)   CR  ENTRY  PUPcL      «CALLED   BY   ELSE OR   PENO)   CLEARS   PUSHDOWN     LSIT   WHEN   IF,   IF   ...        */          00011030 
/*   ELSE   PAIR.   OR   BLOCK     IS   TERMINT     IS  TERMINATED.   CALLS   POPUP   TO 00  CLEARING.        */ */          00011030 

                            PCL     ELFLAG JBIT(II   INIT(*0«B): 2   00011080 
7*~7*   POPUPnrt)"P~UFr      +/~ */          00011090 
POPis                    FLAG^'O'B: 2   00011100 
 CALL POPUP« MFM: 2  00011110 

ro    /*  •••••••••••••.••••••.••.•••••••r...7r..•••.•• •••••••••  */ 
g  /* /* IS LIST EMPTY ?   */ */    00011120 
 END POPIF:         2 00011370 

POPUP:       PROCTCMTNDTJ  " 2 00011380 
/» /* POPS UP 1 STACK LEVEL (IN EACH OF THE  3 LISTS). DECREMENTS CLEVEL IF FLAG * 1   */ */    00011390 
 PCL CMANO CHAR(*J VARYING: 2 00011410 

7* /* NO" LEVEL CHANGE IF ENTRY OR ELSE   */ */    00011420 
IF (FLAG) THEN 2 00011430 
 CLEVEL « CLEVEL - I: 3 00011430 

IF tSTÄCkr^i CMANTÖ) THEN 2 00011450 
00: 4 00011450 

 PUT SKIP LIST «»**ERRüR I<* STACKl**M; 4 00011470 
'STOP: 4 00011480 
END: 4 00011490 

/» /♦ POPUP 1 LEVEL IN EACH STACK   */ */    00011500 
FREE STACK1•STACKS,STÄCK3; 2 00011510 
ENO POPUP: 2 00011610 

PUSHDON: PROCtCHANP.LABLU 2 00011620 
/* /* ENTERS ÖrPT~NAHE CE.G. rIFM IN  STACM. UP T05 LABELS IN STACK2, CLEVEL IN STACK3.  STORAGE FOR THE      */    00011630 
/* STACKS IS CONTROLLED«  ALLOCATED IN PjSnJuN. FREED IN POPUP */                                              */    00011630 
 PCL CMANO CHAR«») VAR.  2 00011680 

LABL«5) CHART*) VÄRT               ~\ 3 00011680 
X CEC FIXeD(2): 3 00011680 

/» /♦ GET PRESENT LEVEL  »/ */    00011710 
X * STACKS; 2 00011720 

/* /*  INCREMENT LEVEL UNLESS ENTRY. ELSE. OR IF */ */    00011730 
 IF «FLAG! THEN  2 00011740 

X » X ♦ 1* 3 00011740 
/» /* PUSHDOWN EACH OF 3 STACKS   */ */    00011760 
 ALLOCATE STACK 1.  2 00011770 

STACK2«5). 3 00011770 
STACK3: 3 00011770 

      STACK3 « X;          2 00011780 

• • 
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STACKl » CMANO; 
STACK2*LABL; 

/*  UPDATE CUPR£NT-rEVEL        */ »r 
CLEVEL   ■   STACK3; 
ENO  PUSH DON;  
PROC; 
BY   PLED IT  Oft   RETURN   FROM  READ   TO  CHECK  ON 

SSjftV UPDATING  OF   THg  PUSHOOWN STOCKS       «7 
PRESENT STATUS  OF   IF...ELSE   STRUCTURES  ANO  00  ANY 

DCL     L   BIN  FIXED«15,0»: 
THFL -   C; 

/♦  /♦ ELSE  STATEMENT   f •/ 

S~~ 
IF  <SUBSYR(L1NE«1*5>   • ?*L$f  *#   4 4J 

oo; 
CALL ELSE; 

"^ET^yn~TMlN- 

2 00011790 
2 00011800 

OOU118lO~ 
2 00011820 
2 00011830 
2 Ö0ÖT 

*/   00011850 
*/   00011850 
 2Töüüri88ö 

2 00011890 
00011900 */ 

IF THFL-TkOft THEN 
Gfr TO P3l 

4 00011*4* 

mm 
AGINl: 

 RETURN; 
iBfOi 

4 00011941 
5 00011941 

—4~oeoTi*Kr 
4 00011960 

IF  STACK1-«ELSE«   THEN 
CALL   POPUP«»ELSE»); 

IF   STACKl**IF*  THEN 

-au- 

t    1 

3 00011980 
2 00011981 
4*0*11981    

1'^"%Sfi^^to#l 1982 
''.v.-.^^'&'V;-''■*' ' 5 00011983 

DO WHILE<STACKl^JF?*j 

^reiff***1 -tv. 
^£ ?    www 

rooor 
• *••»«>•«• 

60  TO A6IN11 

ENOl 

  

11984 

5  00011985 

»^•*« •••♦«#*»•••••••»♦ •»•*♦»••*»*•>••» 

'«ETtittis" 
/•  /• YES»   IF  ST.   IS  COMPLETED,   CHECK OFF 

ENO PUSHPUL; 
♦/ 

—— 

f ■■& 

'■   ^_ 

4 

_   »i VALUE* OF   INARGIN «INITIAL    NAtSlN»  ANO  DELMARG   CMARGIN   INCREMENT)  THIS     SETS UP A 
IN  VALUES   FOR   NESTING     LEVELS   1   -  9.   COMMENT   STATEMENTS   ARE  LEVEL   0     ANO     O MARCIN   IS   DEFINCO ÄST    ■*#r^ 
 —DCL   INA FIXED BlN<15.0rT  

MARGINI 1)   *   I MARGIN*. 
00   INA«2 TO  15» 

00012000 
00012020 

P^v' 
H4*«IN <tMAr 

IftOi 

MARGIN ilMA - If ♦ «LMiiRGJ 

1" PftöC (SflHLlN*;  
/*  WRITTEN  FOR  80  Oft   120 COLUMN   PRINTOUT   CNCQL  »  T2     Oft   116».   STORES   STATEMENT  TEXT   IN  BUFFER   IN     PRINT  LINE 
QUANTA,   ALLOWING FOR  PREFIXES   ANO     LABELS.   UiVIDBS. TEXT   AT   WORD  ENDS   IF   POSSIBLE     SEPARATES  FORE-AND-AFT 

AfiMU-   "XT' ~~~" : " ; ' :—' 

JJg^jJj^^CCI  BIN F1 XEO< 15&T INIt<28 r% 
CL IlKHAR.   HC.  RC,  NI. FC.  WSKIP)   FIXED BINI15.0». i~ 

TLEV DEC  FIXE0I2I. 
SOMLIN  CHAR«»I   VARYING« 

Xl-ttOMÖ« 

^!>^* 

— 
.*flu*oexi; 

INTO POR/AfT CJWPVINENTS "*r *7 
«SKIP *   SKIPIRINDEX); 
FC * CHCOOEIWSKIP.I»; 

&&?$':■ 

00012240 
00012240 
00012141 
00012270 
0001*200 
0WJ1MW 
00012300 
00012310 

?S*J& :-;.;:,* 
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RC   -  ChCCDE(wSKlP.2) : 2 00012320 

/*   /*   COMMENT   HAS   DIFF'T   PUNCT.,    NO   PREFIX */                                                                                                                                                                                      */ 00012330 
IF   TYPECUNOEXl    =   LTYP5(7I    THc>l 2 00012340 

00: 4 00012340 
NCHA*   =   NC0L   -   7: 4 00012360 
CJMFL   ■   'l'B; -                                                                                                                                                              4 00012370 
GO   TO   AGAIN; 4 00312380 

/*    */ 
END: 4 00012390 

/* /* NOT COMMENT   */ */ 00012400 
NCHAR = NCOL - MG: 2 00012410 

00 NI * 1 TO 5: 3 00012420 
L? = LP ♦ LENGTH(PREFIX(äINOEX,NI)I; 3 00012430 
LL = LL «• LENGTH(LABELCKIWEAvNI)): 3 00012440 
END: 3 00012450 

/*   /*   DC   PREFIX.   LABEL   NEED   SEPARATE   LINEI^I ?        */                                                                                                                                                                     */ 00012460 
IF   LP   ♦   LL   -•>   MG   THEN 2 00012470 

GO   TO   AGAIN: 3 00012470 
/*    • •••••••• •     */ 
/* /* YES, TOO LONG   */ */ 00012490 

IF LP = ZB THEN 2 00012500 
GO TO A2; 3 00012500 

/*  */ 
/* /«PREFIX PRESENT: GIVE IT A LINE   */ */ 00012520 

CC * CC ♦ ONEB: 2 00012530 
SKIP(RINDEX) = FC: 2 00012540 
PT = ACCPTRtRINOEX» : 2 00012550 
LABEL(*INDEX.*>=»»; 2 00012560 
TEXT(RINDEX»=«»: 2 00012561 
RINDEX = PT; 2 00012570 
SEQ*(RINCEX)=SEGN3; 2 00012571 

/* /* NOW LABEL. IF ANY   */ */ 00012580 
/* /* SHORT ENOUGH TC FIT IN MARGIN ?   */ */ 00012590 

IF LL  <= MG THEN 2 00012600 
DO: 4 00012600 
CFL = «l'B: 4 00012620 
GO TO AGAIN; 4 00012630 

/*   */ 
END: 4 00012640 

/* /* LONGER. SEPARATE   */ */ 00012650 
Jk2s^ CC = CC ♦ ÜNEB:   2 00012660 

IF CC = CNEB THEN 2 00012670 
SKIPIRIND5X) =■   FC: 3 00012670 

ELSE 2 00012690 
DU: * 00012690 
SKIP(RINDEX)   =0: 4 00012710 

                                                PREFIX<RIN0EX.*!=••: 4 00012720 
TYPEtRINDEXI*»«;    ' 4 00012721 
END: 4 00012730 

  TEXT(RINDEX)=»': 2 00012740 
LEVEL«RINOEX) = TLEV; 2 00012750 
RINDEX = ADDPTR(RINDEX): 2 00012760 
SEOf(RIN0EX)=SE0NO; 2 00012761 

/*-/#- WPlfR~ATE~TEXT   1NTÖ   PR I NT   LINES." ST JR£ *7                                                                                                                                                                            */ 00012 7 70 
AGAIN:                  CC   -  CC   ♦  ONEB: 2 00012780 
/*   /*   CASES   PR   »   LABEL   <   MARGIN        */ */ 00012790 

IF   CC  *   CNEB   THEN 2 00012800 
SKIP(RINDEX)   =   FC: 3 00012800 

/*   /*   BUT   GENERALLY:        */   */ 00012320 
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ELSE 

o: 
OQ«  
SKIP(RINDEX) 
IF   ICFL)   THEN 

_ CFt  »  -CFL; 
ELSE  " 

LABEL<RIN0EX»*l   »   ••; 
PREFlAtRlMOEX»»!   »  ••: 
IF   (-COMFL)   THEN 

TYPE(«INDEX»    *    ••: 
EL SE  

TVPE4RIN0EXI   *   LTYPE(7»; 
END; 

LEVEL(RINDEX)   > TLEV; 
/*   /*  WILL   TEXT   FIT   IN  THIS LINE   ?       */ 

IF   LENGTH«SOMLIN)   <*   NCHAR   THfcN 
 __      00!  

TEXTCftINDEX)   »   SOMLIN: 
GO  TO  TEXTOOT: 

*/ 

ENDS 
/* /* NO» SEPARATE BETWEEN WORDS   */ 
 00 XI « NCHAR TO 1 BY j^i: 

IF (SUBSTRI S0MLIN »Ml .11 - 
60 TO LINGUT; 

/* • ••• •••* • - 

2 
A 

"" A 
4 

*/ 
Ä 

00012830 
00012830 
00012850 
00012860 
00012860 
000121*0 
00012880 

A 00012900 
A 00012910 

00012910 
0001293C 
0ÖÖ12930 
00012950 
00012960 
ÖÖTOOTO 
00012980 
00012980 
00013000 
00013010 

*/ 

BLÄ.4KI   THEN 

ENO: 
/»   /*  NO   BLANK   FOUND       A/ 

NI  * NCHIR: 
LINQUTl TEXTIRINDEX)   - SUOSTR(SOHLIN»i»NI )T 

SOMLIN *  SUB4»TMS0MLI«tNI  r Hi 
IF   SOMLIN «   "• TjfEN  

GO   TO  TEXTOUT: 

0001302C 
00013030 

3  000130AC 
3 0001305C 
A  0001305C 

-.   */  
Tiasriorc 

*/ 0001308C 
2  0001309C 

 2 0001310C 
2   0001311C 
2 000131» 
3 Ö~Ü01312C 

/* 
RINDEX   '   ADDPTR(RINOEX): 
SE0#(RIN0EX|»SE0N0: 
GO   TO  AGAIN I 

/* 
*/' /*   /*  TEXT COMPLETE»   CORRECT   SKIP  FOR   »AFTER« 

TEXTOUT: IF  CC  *  CNEB   THEN 
 SKIP(RINOEX)   «   WSKIP;  

ELSE 
SKIPIRINOEX»   =   RC: 

/» /♦ RETURN   ♦ /    
INO STEXT: 

/* /* ALL SUBROUTINES AND FUNCTIONS HAVE BEEN INCLUDED   */ 
END PLEOIT: 

*/ 

*/ 
2 
2 
2 

*/ 

2 
3 
2 
3 

*/ 

*/ 

000131A0 
ÖW13T41 
O001315C 

0001316C 
0001317C 
0001317C 
00013190 
0001319C 
0001321C 
0001322C 
0001323C 
000132AC 

m* -M 
^4m'i»m itw- 
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