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Preface

In the fall of 1952 I joined, as a graduate student, a Massachusetts Institute of Tech-
nology project called the Geophysical Analysis Group, and so began a twelve-year
effort in the application of digital computers to time-series problems. This project,
the G.A.G., was organized by Professors G.P. Wadsworth and P.M. Hurley of
M.I.T. and by Dr. Daniel Silverman of the Stanolind Oil and Gas Company. It
assumed the task of attempting the realization of Norbert Wiener’s time-series con-
cepts on the Whirlwind I (WWI) Computer in the echo-sounding problems of seismic
exploration for oil.

At the same time I developed a close friendship with my fellow student Enders
A, Robinson, on whom the directorship of G.A.G. soon devolved. Robinson’s efforts
centered in the elucidation of theory and its translation to discrete notation, and my
own work tended toward machine realization of theory, but we each made sufficient
excursions into the other’s domain to form a profitable research partnership. This
pattern has persisted over the years.

The Geophysical Analysis Group is relevant for the reason that many of the pro-
gramming concepts presented herein were seeded in the 16-bit registers of WWI for
the seismic exploration problem. Digital prediction, both single and multiple, special
digital filtering, spectral and correlation analysis, traveling spectral analysis, auto-
matic processing systems for multirace seismograms, and many other operational
concepts were developed and experimented with on WWI to an unprecedented degree.
Besides myself and Robinson those involved with computation included Mark Smith,
Howard Briscoe, William Walsh, Robert Bowman, Freeman Gilbert, Sven Treitel,
Donald Grine, Kazi Haq, Donald Fink, Robert Wylie, Manuel Lopez-Linares, Richard
Tooley, and Robert Sax. The ideas carried into industry and pursued there by stu-
dents associated with G.A.G. have now ripened to the point of causing what amounts
to a technological revolution in seismic interpretation.

In 1954 Robinson left, eventually to become Associate Professor of Mathematics
at the University of Wisconsin, and I assumed directorship of G.A.G. until its termi~
nation in 1957, but frequent visits with each other kept alive our mutual interests.

With G.A.G.’s termination and the subsequent retirement of WWI, I was forced
to the realization that my programming output might just as well have been expressed
in vanishing ink—an experience which rankled long and which underlies our determi-
nation to develop stable programming and communicating techniques.

I took a year’s leave of absence from my Assistant Professorship in the Depart-
ment of Geology and Geophysics at M.LT. and spent it in military applications of
special-design general purpose computers with RCA, This work tended to keep me
from recognizing the latent power of the then infant language of FORTRAN.
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On returning to M.LT. I kept my hand in programming on the IBM 704, but it
was not until 1960, when I was asked by the Advanced Research Projects Agency to
set up a project like G.A.G. but focused on the underground detection problem of
VELA UNIFORM, that I became seriously involved with the new computers. I was
fortunate in being able to attract Robinson to the project, as well as many gifted grad-
uate students.

By this time FORTRAN had become well established, and, after some hesitancy,
we began to use it, gradually evolving a sense of proportion in the mixture of
FORTRAN and FAP programming. I find in this mixture that the whole is greater
than the sum of its parts. For not only can we have the essential power of the indi-
vidual languages, but they can supplement each other’s weaknesses, as, for instance,
they do when we use subroutine sandwiches of alternating language or use FAP pro-
grams to bolster FORTRAN’s capabilities.

Once again this leaves me committed, albeit partially, to a machine language.
But the situation is not as bad as it was ten years ago. In the first place, the ubiquity
of the IBM 700 series machines suggests a national and international investment in
specific hardware and software of considerable inertia. The time constant of change
has lengthened to a point where we should be able to keep up with it without periodic
wholesale abandonment of past results. Secondly, our program design, testing, and
documentation techniques have matured to the point where machine language transla-
tion is not nearly as formidable a prospect as previously.

These considerations, the rapid advances which have been made in time-series
computations, the growing requests we have had for the programs, and the general
expanding interest in time series and in programming, have all encouraged me to
pause and to pull together the myriad threads of our work into a single document rep~
resenting, in first approximation, where time~series computations stand with respect
to today’s machines. Such has been my goal. However, this goal has proved too
ambitious for a single volume, and we content ourselves in Volume I with a presenta~
tion of our subroutine library per se. Volume II will be devoted to the development
of pertinent time-series theory from the computational viewpoint, to the considera-
tion of computational applications in a realistic setting, and to discussion of pro-
gramming technique.

Taken together, the first and second volumes of Tune-Serles Computations in
FORTRAN and FAP may be considered an introduction to a new topic, namely, the
realization of modern time-series theory on digital computers. Their principal
intended audience is students of time series or communications engineering who wish
to acquire advanced techniques of handling empirical time series with present-day
computational equipment, especially on the IBM 709, 7090, or 7094. By ‘‘advanced’’
I refer both to the conceptual level of the techniques and to the professionalism of
their realization.

But I would hope that this work, Volume I especially, should also prove of value
to the general programming community. The majority of our programs are not
specialized to the time-series area. What we have done is to fill the gap between
basic FORTRAN statements and time-series operations with a complex of general-
purpose black boxes that could be used to assist in the development of other areas of
application. But even aside from functional utility, we hope that all computing groups
faced with the problems of program exchange and communication will be interested in
our experiments in communication formalisms.

The subroutine library constitutes the bulk of Volume I. It represents the dis-
tillation of years of effort of my co-workers and myself. Cost studies of program-
ming systems of this size (about 40,000 registers) might predict a developmental
price tag of about a quarter million dollars for this set. Consequently we have felt
justified in devoting considerable time and effort to the development of techniques for
communicating our results in the context of applied problems.




At the lowest level of communication, that is, the individual subroutine, we
have tried to maintain high standards both of programming and of documentation.
Toward the latter end, we have adhered to a program-writing format which might be
called the self-documenting symbolic deck. In this format, the program card deck
contains a program abstract and a detailed input-output specification, as well as illus-
trative and critical examples. The card deck is totally definitive of its own behavior.

The format was originally designed for input to an automatic debugging compiler
which would read the examples, set up appropriate test programs, execute the test
programs, and report back results. In the press of other business the compiler never
proceeded beyond a rudimentary stage, but the format has remained and proved itself
valuable in our own internal communications.

Furthermore, the format has proved itself many times over as a disciplining
device for keeping programmers honest. It is a characteristic of the trade that pro-
grammers modify and remodify their decks. The juxtaposition of the documentation
and the program proper in deck listings emphasizes documentation errors that result
from such modifications, and the weeding out of these errors becomes a natural and
integral part of the debugging process. Moreover, to a programmer, there is a great
psychological difference between having to change a few comment cards and tracking
down a secretary to make the same changes on a mimeograph master in order to run
off an updated memorandum.

The self-documenting program deck is a black box with input-output terminals
fully described. It is necessarily bulky, the description being generally several times
the length of the program proper. For routine reference we turn to compressed sum-
maries, the ‘‘program digests,’”’ which, by judicious choice of terminology, enable one
familiar with the programs to refresh his memory of calling-sequence details needed
while programming, with an absolute minimum of page turning. For general scanning
of and access to the programs, we have sorted them by various functional and non-
functional attributes. The other types of documentation in Volume I relate to sub-
routine library structure and are of more specialized interest to the system
programmer,

But the study of n black boxes, each of which performs an isolated task in time-
series analysis, does not give one a sense of the coherency of the subject, or of the
methods of interconnecting the boxes in broad experimental applications. For such
purposes we have designed the experimental programs to be presented in Volume II.
Each of these programs represents a series of experimental studies in an inter-
connected area of time-series analysis, with some carry-over from one program to
the next. They permit the reader to see essentially all of our subroutines used in
an applied framework.

The applications chosen for illustration in Volume II range from elementary
ones to problems the average student or research worker is unlikely to have
encountered (especially multi-input processes). Since our theoretical development of
time series is of rather limited scope, we have included appendixes on some of the
less well-known topics covered in the experiments.

The experiments of Volume II are designed to be readable without knowledge of
the basic machine language, FAP, and to require a minimum of experience with
FORTRAN. The study of Volume II, especially in conjunction with practice on a com-
puter which can accept the subprograms of Volume I, is probably the easiest way of
acquiring familiarity with the techniques we have to offer.

It is an unfortunate fact that artificial but general languages like FORTRAN are,
in themselves, incapable of expressing many of the'critical time-series operations in
truly efficient form. This situation may change, but probably not in the near future.
To a large extent our subroutine librarymaybe viewed as an interdependent collection
of FORTRAN and FAP programs where the FORTRAN programs steer the FAP pro-
grams to the desired task. The higher-level FORTRAN programs will easily compile
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on machines outside the IBM 700 series family, but their required subordinates, the
FAP workhorse programs, will not in general carry over without hand-coded
translation.

For this reason, Volume II will present expositions of the more important logi-
cal processes used in the FAP subprograms to attain high-speed behavior, particularly
in connection with correlation and spectral analysis. A knowledge of FAP is desirable
but is not essential, since we lean considerably on ordinary flow charts for detailed
relationships.

Other limitations of a formal nature inherent in FORTRAN II have led us to some
programming effort in the twilight region between FORTRAN and FAP, that is, to the
writing of FAP programs whichutilize ‘‘forbidden’’ knowledge of the FORTRAN system
in order to remove these limitations, and which we therefore label ‘‘system~expansion
programs.’’ Volume II includes a discussion of the techniques and problems involved
in such programming and should prove of interest to serious students of programming,

In short, then, we have limited the first volume to the presentation of the sub-
routine library with subsidiary documentation designed for the working programmer,
and we have reserved time-series and programming concepts for Volume II,

The ‘“‘we’” I use frequently above is not editorial, but includes my many co-
workers, mostly graduate students, who have contributed to the subprogram collection.
and with whom it has been my pleasure to work. In this congenial and loosely struc-
tured group, considerations of programming technique and style were developed to
refined levels. Although the authorship of the programs is given individually, I would
like to emphasize the importance of the contributions of James Galbraith, Jon Claerbout,
and most particularly Ralph Wiggins. Other students directly associated were William
Ross, Cheh Pan, Carl Wunsch, and Roy Greenfield.

As for what theory we include in Volume II, much of it is pure review, but some
of it has previously appeared only in project report form. I consider Robinson’s
solution, in the fall of 1962, of the multi~input iteration problem to be a significant
achievement. Wiggins pursued and expanded the analysis from this base through the
program-development stage, and in so doing was the first to demonstrate the compu~
tational feasibility of multi-input least squares.

But the work presented here has also depended on many others. The tireless
and dedicated writing of test routines by Joseph Procito has been invaluable in the
establishment of program reliability. In broader areas of service programming,
analysis, data handling, desk calculating, etc., we also relied on Mrs. Irene Hawkins,
Karl Gentili, my wife Jacqueline, Ervinia Irbin, Mrs. Susan Kannenberg, Allan
Kessler, and Lloyd Kannenberg. Most of the card preparation and manuscript chores
fell to Mrs. Elizabeth Studer, to my wife, and to Mrs. Wendy Tibbets, with assist-
ance from Mrs. Elene Hershberg, Dauna Trop, Mrs. Myrna Kasser, Regina Lahteine,
Mrs. Hazel White, and Mrs, Barbara Cullum., :

The punched-card work involved in these two volumes is too elegant to be passed
over without further comment. The conventions and forms that we now use regularly
(not all of which appear in these volumes; for instance, the mathematics of Volume II
was card-coded in the source manuscript) I consider to be significant experiments in
a field — call it ‘‘punched-card typography’’ — of growing importance in printing. In
large part these conventions are due to my wife, who has become our arbiter of formats
and to whose sense of style and standards of excellence we are much indebted.

Over the years we have been favored with the most friendly cooperation of the
machine operators and supervisors, starting in the early Whirlwind days with Robert
A.J. Gildea (to whom I also owe many enjoyable hours of chess while waiting for the
machine to come back) and Michael Solomita, and continuing with Anthony Sacco at
the M.I.T. Computation Center and at the Cooperative Computing Laboratory at M.I.T.,
John Harmon and our long-term friend Michael Saxton of IBM, and more recently with
- Thomas Burhoe, Mason Fleming, and William Jarvis of IBM.



We owe much to the sponsors of both the G.A.G. project and the VELA UNIFORM
project for the computing facilities these projects have afforded us in the development
of time-series and computing concepts, and to Lincoln Laboratory, the M.I.T. Com~
putation Center, and Geoscience Incorporated for the use of programs developed
under their auspices.

Concerning editorial assistance, I am indebted to Robinson for critical review
of the mathematical aspects of the manuscript and to Wiggins for his joint labors with
my wife and myself in the editing of the programs.

It is indeed a pleasure for me to acknowledge the many contributions and
accommodations from this small army of co-workers and associates.

Brookline, Massachusetts S.M.S.,Jr.
November, 1965
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Introduction

The heart of this book is the presentation, in Section 10, of 267 programs which are
rather widely applicable even though their development was motivated by problems in
the field of time-series analysis. The reader may turn to any one of these programs
and study it with understanding without a need for the material in the preceding sec-
tions, these sections being concerned with introductory and access information, and
with tabulation of data abstracted from the programs. In particular, the present
section is concerned with an overview of the programs as a set, and with general con~
siderations of language, terminology, and programming philosophy.

The use of this book and of the programs presupposes some familiarity with the
artificial computing language FORTRAN and, but to a lesser and nonessential extent
with the machine language FAP. A reader with only FORTRAN background should be
able to read through all of the textual material of the introductory sections in one sit-
ting and lose very little from our occasional references to machine-language details.
Thereafter he should have no trouble in locating programs of interest by means of the
categorized lists of Section 3, or in utilizing, with the aid of Sections 4 and 5, the pro-
grams he has become familiar with. However, in his reading of the programs in
Section 10, a person of this background will generally be limited to the FORTRAN
programs, although if he has sufficient curiosity he will find that many of the machine-
language programs are quite easy to follow with the aid of a machine manual (95 of
these programs involve less than 50 machine-language instructions and constants, 31
less than 25).

Many of the tabulations to follow contain data on program storage lengths and
binary card counts; these data are somewhat dependent on the particular system used
to translate the symbolic decks into machine language. The statistics given pertain to
FORTRAN II, Verson 2, IBM Modifications 1 through 27, further modified to accept
the G format.*

*In reference to the monitor system, one might note that we have found it useful to
modify the BSS loader to extend its limit on the maximum number of missing subrou-
tines from 50 to 200. (This is accomplished by reassembling records 7, 8, and 9 of
the FORTRAN Monitor System after appropriately redefining the symbol NMMSP.)
Without this change large main programs referring to many library subroutines occa~
sionally have their executions blocked. An alternative, if ad hoc, solution to this
problem is to reduce the missing subroutines countby adding a number of the required
routines to the input deck when the problem arises, rather than by obtaining them from
the library.




Time-Series Computations in FORTRAN and FAP

GENERAL ASPECTS OF THE PROGRAM SET

To begin our general view of the program set we will comment briefly on the variety
of functions performed. Examination of the categories of Section 3 will show a wide
diversity in the computational topics embodied, these topics ranging from spectral
analysis and discrete filtering (convolution) to matrix manipulation, to polynomial
operations, to machine graphing, to technical matters of program administration, and
to a number of other topics. Conversely there are some programs which essentially
or actually duplicate the functions of others. There are several reasons for such
redundancy. Sometimes the reason is to provide both FORTRAN and FAP versions,
and sometimes it is to illustrate alternative programming techniques, but more often
the reason is historical accident. The redundancies are preserved in our use because
of references made in main programs not shown, and occasionally because of differ-
ences in taste, but other groups might find it profitable to trim down the collection.
The tables of Sections 8 and 9 are useful for checking the consequences of contemplated
program deletions.

Similarly, one will find considerable diversity both in program size, as meas-
ured by storage requirements* which vary from 1 register to 1499 registers with an
average of 152, and in complexity, as measured by calling-sequence lengths, which
vary from 0 to 22 with an average length of 4.5; by number of entry points, which
varies from 1 to 18 around a mean of 1.5; and by the required number of pages of
descriptive documentation, which ranges from 0.5 to 16 with an average of 1.4.

Necessarily we must also admit to some diversity in the technical quality (not in
accuracy or utility) of the programs. In general, the quality will have a positive cor-
relation with the date of the writing. Such quality problems as may exist are most
often due to awkwardness of design or of expression, resulting in programs larger
than necessary. However, the critical program loops areusually very efficient despite
these factors.

Of the 267 programs, 90 are written in FORTRAN language, which is acceptable
to most computers, and 177 are written in the FAP (FORTRAN Assembly Program)
language, which is applicable only to the IBM 709, 7090, and 7094 computers.** The
average length of the FAP programs (85 registers) is distinctly smaller than that of
the FORTRAN programs (283 registers). All of the programs are subroutines in the
general FORTRAN sense of the word. The FAP subroutines conform to the subroutine
linkage requirements of FORTRAN II and consequently can be used by FORTRAN pro-
grammers who are unfamiliar with the FAP language.

It must not be assumed, however, that the 90 FORTRAN programs can be used
immediately on computers other than the 709 series machines, or that they may be
operated under FORTRAN IV. For the program library is strongly interconnected,
and although each program is usable by the programmer as an apparently independent
entity, many of them internally require the services of up to 16 other programs from
the library. It turns out that only 23t of the FORTRAN programs either need no other
programs from the library, or, if they do, need only programs which are themselves
FORTRAN. Thus the library in present form is by and large specialized to operations
under the FORTRAN II Monitor System of the IBM 709, 7090, or 7094.

The program changes needed to permit operation under FORTRAN IV on the
IBM 709 series machines are minor compared to those necessitated by a change of
computers, but are still more extensive than a specialist in such matters might guess
from what has been said so far. The standard changes with regard to transfer of

*The numbers here are exclusive of lower-order programs that might be required.

Including these, the range is 1 to 5106.

**Thirteen of the programs will work only on one or two of these three machines.
Some of these 23 programs require the use of FORTRAN system routines.
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control, to the direction of storage of subscripted arrays, and to the binary point of
fixed-point numbers must be made for all FAP programs needed. But about 30 of the
FAP programs depend on more than routine knowledge of FORTRAN II (some scan the
calling program ahead of or behind the calling sequence, some have variable-length
calling sequences, some refer to non-FORTRAN-callable system routines, and some
utilize data left behind by the monitor), These programs require additional and more
involved changes. Offsetting this complication, however, is the fact that a number of
these unorthodox programs have the function of -expanding the capabilities of FOR~
TRAN II in ways now included as built-in features of FORTRAN IV, and conse-
quently this number can be dropped entirely, providing suitable changes are made in
programs referring to them. On the other hand, there will be cases where the possi-
bility exists of choice between FORTRAN II and FORTRAN IV, and here one should
balance the advantages of FORTRAN 1V over FORTRANII as bolstered by our system-~
expansion programs against the required changes in the particular programs needed.

In this volume, little direct help is provided for the problem of translation of
the FAP programs for use on other machines. As a practical matter, however, it
should be pointed out that many, perhaps most, of the FAP programs are of such
elementary nature that their functional description and examples as given in Section 10
are all that coders for other machines will want. (They are more likely to consider
many of the programs to be beneath their dignity.) The more involved FAP programs
may require the services of an experienced translator. The second volume of this
work will give numerical analysis discussions and flow charts of value in these cases.

The programs of Section 10 are alphabetically ordered by program name where
the name of a program is, under ordinary circumstances, taken to be identical to the
name of the entry point. For FAP programs with multiple entries the program name
is taken from the first entry card in the deck. However, the alphabetized page head-
ings of Section 10 do include all principal and secondary entries, in the latter case
merely giving a reference to the associated principal entry. If the program will
operate only on the 709, we append (709) to the name; if it will not work on the 709,
(7090) is appended; and if it works only on the 7094, (7094) is appended. (None of the
programs work only onthe the 7090.) There are some programs of identical entry name
(they always perform identical or practically identical functions), and these are distin-
guished by appending the serialization —II or —III,

TERMINOLOGY BACKGROUNDS

In the foregoing review we have been using a number of undefined terms, such as
‘‘program,’”’ ‘‘subroutine,”’ ‘‘compiler,’’ and ‘‘entry point,’’ on the assumption that the
reader is more or less familiar with them, at least in FORTRAN usage. We now
would like to clarify usage for some of these terms. Unfortunately the attempt to
capture their general meaning with precisionleads one into more extensive discussions
of topics concerning computer hardware and input-output devices than we wish to
engage in, and we shall be satisfied with some of the salient definitional features of
the broadest of these terms, namely ‘‘computer program.’’

As a trial definition, let us take the term computer program to mean in general,
‘‘the representation of a plan of activities which could be carried out by a computer,
where the activities possess a logical completeness and integrity with respect to some
motivating function.”” The program user is interested, in the first instance, in the
nature of the motivating function and in those aspects of the plan which enable him to
understand the program assumptions, or inputs, and the program results, or outputs.
The technical substance of the term, however, is contained more in the natures of the
‘‘representation’’ and of the ‘‘plan,’’ and in the interpretation of the phrase ‘‘could be
carried out by a computer’’ than it is in the utilitarian aspect of the program.




Time-Series Computations in FORTRAN and FAP

The problems of meaning here, which are just beginning to be of concern in
questions of law, are severe now and are likely to become worse with time. For the
massive efforts going on in compiler development are continually expanding and dif-
fusing the boundaries of meaning. To give an example, what is now commonly called a
““FORTRAN program’’ could hardly have qualified as a computer program had it ap-

~peared back in 1950 (it would have been referred to probably as a form of algorithm),
not because of the absence of a suitable computer but because there was no compiler
at that time to give operational meaning to a FORTRAN program. At the present time
it is easy to conceive of a compiler which will accept, say, building blueprints and
generate programs to produce complete purchasing lists, construction schedules, etc.
Is a Dblueprint then to be considered a computer program? Let us set this question
aside for a moment.

What is happening is that compilers and input-output devices are being taught how
to read and respond not only to specification languages, that is, representations of
plans of activities especially invented for computers, but also to many such languages
established prior to the development of modern computers. This educational process
drives the perimeter of meaning for the term ‘‘computer program’’ outward so as to
overlap accepted usage in older disciplines in which people are now seeking to tap the
potential of the big machines.

These remarks point up a logical complication in our trial definition of the term
‘‘computer program,’”’ namely that this definition is clearly dependent on the meaning
of the as yet undefined term ¢‘‘compiler,” for a compiler, which may be classified
briefly as a program-to-program translator, is itself a computer program. The defi-
nitional circle involved here can be broken by resorting to a recursive form of definition
which uses the concept of a ‘‘machine-language program’’ to provide a semantic link
to hardware.

Strictly speaking, we can define a machine-language program to be a representa-
tion of a plan of activities for a given computer, which is fully detailed in that it
explicitly and individually specifies the desired initial physical state of every memory
element in the computer which will participate in the activities. Thus for a binary
computer the machine-language program might be a punched paper tape, where each
potential punch position on the tape is equated by correspondence assumptions with an
individual binary memory element. (Note , however, that an octal shorthand of the
binary expressions on tape would not be a machine-language program in the strict
sense, since such specification, while explicit, is not individual.) A loader (whose
generalizations are ‘‘assemblers’’ or ‘‘compilers”’) is then a device or procedure aware
of the correspondence assumptions and capable of forcing the physical states of the
memory elements in question to correspond to the specifications of any given machine-
language program,

The present usage of the term computer program is,then, more closely approx-
imated by a ‘‘representation of a plan of computational activities which is either a
machine-language program or else can be translated into a machine-language program
by a computer responding to another machine-language program or by a succession of
such translations.’”” Thus one or more computers may be involved in the translation,
and none of these is necessarily the same as the computer on which the original pro-
gram is eventually executed. The translation programs are called assemblers or
compilers.

It is useful to widen the meaning of ‘‘machine-language program’’ to include all
programs written in a machine-dependent language under which the programmer has
unrestricted and easy access to every capability of the machine. The term absolute
machine-language program can be used to refer to the stricter usage when necessary.
The more general machine language is essentially a symbolic shorthand notation for
the absolute machine language. An assembler is then a translation program for
machine-language programs in the wide sense.
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Our redefinition of computer programs evidently supports the affirmative position
on the question raised earlier concerning blueprints, thatis, Should blueprints be con-
sidered as computer programs once the compilers can handle them? Nevertheless a
strong negative position can be developed. It stems from a critical analysis of what
constitutes a ‘‘plan of activities for a computer.”’

The basic activity of a computer is computation, or calculation on numbers. The
numbers calculated on are usually physically disjointed from the commands of calcula~
tion and are gathered in an area labeled data, while the commands are gathered in an
area generally accepted as program, (Note thatthe FORTRAN language is designed in a
way which formalizes this division and heightens the impression of absolute distinction
between program and data.) Moreover, the numbers are frequently prepared on, say,
a card deck and read into the data area by program commands prior to calculation.
Such a card deck is not considered a program in any sense of the word.

But if the basic activity of a computer is calculation on numbers, the essential
defining activity which distinguishes a computer from an overgrown desk calculator
is calculation on the program itself. The proper understanding of this feature, abor-
tively introduced by the precocious Babbage over acentury ago, is often the most con-
fusing obstacle a programmer must master in the study of his first machine. The
confusion is due to the possibility, in fact the necessity, of the occurrences of am-
biguity between program and data.* It is the transposition of this ambiguity to the
level of compilers which makes our hypothetical question of blueprint classuflcatlon
truly a moot one.

Thus the card decks which are processed by programs may contain information
other than numbers for calculation. In particular they may contain numbers and sym-
bols which indicate to the program the user’s desired specializations, selections, or
sequencing among alternative computational capabilities built into the program. Such
decks are no longer thought of as data decks but rather as control decks. The plan of
activities begins to migrate from the program proper to the cards. In the limit the
cards themselves can become a new program in their own right, and the processing
program becomes a compiler.

When can one say that this limit has been reached? A useful measure to apply
is the range of controls one can exercise with the card deck. If this range covers all
or most of the actual machine capabilities,** as it does in FORTRAN, then the control
deck may clearly be classed as a computer program. As this range narrows, the plan
of activities must be said to reside more and more in the program which processes
the cards.

A Dblueprint must be considered to be analogous to the control cards of the
foregoing discussion. Clearly the range of controls possible is highly restrictive;
there would probably be no way, except perhaps a highly artificial one, to request, for
example, the sum of one hundred numbers. The true plan of activities for the computer
is a combination of the blueprint and the compiler. In the light of the present discus-
sion, the blueprint may be viewed as control information for this plan, or even as a
plan of activities for the compiler, but not in itself as a true computer program.

*For an illustration in the present program set see subroutine PROCOR. PROCOR
produces a computer program in response to an arbitrary array of numbers and may
therefore be thought of as a specialized assembler whose input ‘‘program’’ is the
number array.

**We are speaking through this discussion of ‘‘general purpose’ digital computers,
which we leave as an undefined concept. At present most of the major computers are
sufficiently similar in respect to capability that each one can simulate the behav1or of
any of the others, as well as that of the prototype ¢‘Turing machine.’’
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USAGES IN THE PRESENT VOLUME

For present purposes a ‘‘computer program’’ isacard deck (or any of its translations
or transmissions produced by compilation, assembly, listing, card-to-tape loading,
etc.) prepared according to the rules of FORTRAN II programming or of FAP pro-
gramming for the 709, 7090, or 7094. Since these fully documented rules prescribe
well-defined program entities, ticklish questions of shades of meaning do not arise.
Nevertheless it is of some value to reviewhere some highlights of subroutine notation,
since all of our programs are of this type, as well as to discuss a few notational con-
ventions of our own.

The expression computer routine is usually used to describe a program whose
functional motivation, while possibly complete in itself, is somehow subsidiary to the
principal computational thought under consideration. The ¢‘routine’’ may or may not be
merely a segment embedded in a larger program. In any event, compiling and assem-~
bly systems provide formal rules by which principal and subsidiary computational
thoughts may be linked with respect to program flow and information exchange, and
routines written under these rules are known generically as subroutines. But there
are exceptions and inconsistencies in usage. Thus in FORTRAN manuals the word
‘“‘subprogram’’ tends to vie with ‘‘subroutine’’ for the generic title, since we see refer-
ences both to ‘‘subprogram-type subroutines’’ and to ‘‘subroutine~type subprograms.’’
This terminology problem, though not of great practical concern, is necessarily
present in this volume since all the programs here are written so as to be FORTRAN-
compatible. The ambiguity is relieved somewhat by adopting the following positions.

(1) ‘“‘Subroutine’ can refer either to the general class of subsidiary computations linked
by formal rules to a larger computational scheme, or it may refer to a particular
form of such linkage, the reference being apparent from context.

(2) When ‘‘subroutine’’ refers to a particular form, then it must refer to the function~
ally most general such form within the given class of forms.

Thus the specific form known in FORTRAN as the subroutine or (subroutine-
type) subprogram may be considered most general in that its inputs and outputs are
unrestricted in form, whereas the other subprogram types, known as functions, are
restricted to having scalar-valued outputs and in some case inputs.*

From the practical point of view, however, our problem is merely to review
the rules which distinguish among the three kinds of FORTRAN-style subroutines that
appear in this book. The first of these is the ordinary subroutine subprogram, which
is defined by the appearance at the beginning of the FORTRAN deck of a statement of
the illustrative form**

SUBROUTINE SUB(A,B, . . . ,D)

where SUB refers to one to six alphanumeric characters starting alphabetically, but
terminating with F only if less thanfour characters are involved, and where A,B,...,D

*Unfortunately even here we would have to yield to the technical argument that a
FORTRAN function may have general outputs in addition to its scalar output (the func-
tion value), on which basis the FORTRAN function could be claimed as the most
general subroutine type, although the design intent and description seem to center on
the scalar output.

**QOne or more RETURN statements are usually included but are not mandatory. Simi-
larly, in our FORTRAN Monitor System (FMS), the subroutine need not refer to all or
even any of the names of its arguments.
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is a list of nonsubscripted names, all different from SUB, which are the arguments of
the subroutine (the list may be void, in which case the parentheses are suppressed),
the names being those of variables or of other subroutine subprograms or FORTRAN
functions.

This type of subroutine is referred to from another FORTRAN program by a
statement such as

CALL SUB(E,F, ... H)

where E,F,...,H is a list of arguments each of which (1) would form a legal right-
hand side to a non-Boolean arithmetic statement, or (2) would form a legal alpha-
numeric field in a format, or (3) is a name appearing on an F card in the calling
program.,

The arguments E,F,...,H should match A,B,...,D in mode (e.g., fixed point
or floating point) and number. Moreover there must be understanding between the
calling program and the subroutine concerning each argument which is a subscripted
array. This is most easily achieved by making corresponding DIMENSION statements
(identical except possibly for the variable name) in the two programs. But the
DIMENSION statements do not necessarily have to agree, even with respect to number
of subscripts (the same holds for variables equated by EQUIVALENCE statements).
What is necessary is that the two programsreach an agreement based on the following
rules governing the absolute machine location of a subscripted quantity:

LOC(A(D) = LOC(A(L) — (I-1)
LOC(B(LJ)) LOC(B(1,1)) — (I-1) — (J—1)* IDIMEN
LOC(C(L,J,K)) LOC(C(1,1,1)) — (I-1) — (J—1)* IDIMEN

— (K—1)*JDIMEN*IDIMEN

where LOC() symbolizes ‘‘absolute machine address of,”” and where we are assuming
a DIMENSION statement of the form

DIMENSION A(IDIMEN), B(IDIMEN,JDIMEN), C(IDIMEN,JDIMEN ,KDIMEN)

Note that the first equation above does not involve a dimension. Consequently
it is frequently useful to have the subroutinefirst dimension all of its arrays as singly
subscripted quantities (with dummy values of the dimension) and then access the
elements using the above relations plus values of the dimensions given to it in the
calling sequence. For example, if the calling program has

DIMENSION C(10,20,3)

ID = 10
JD = 20
CALL SUB(C,ID,JD,...)

and the subroutine has

SUBROUTINE SUB(A,IDIMEN,JDIMEN,...)
DIMENSION A(1)
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then the subroutine can acquire, for example, C(5,15,2) by the statements

L = 5 + 14*IDIMEN + JDIMEN*IDIMEN
X = A(L)

By using this type of scheme (not required in FORTRAN IV), it becomes unnec-
essary to recompile the subroutine for each calling program having different DIMEN-
SION statements., We use it very frequently in the programs of Section 10.

The translation to FAP of the statement

CALL SUB(E,F,...,H)

is symbolically

TSX. $SUB,4
TSX E,O
TSX F,O
TSX H,O
where $SUB is a reference to the transfer list discussed below, and where E,F,... ,H

now stand for machine locations containing the corresponding arguments. For each
argument which is an array in the calling program but which appears in the CALL
statement with no subscripts, the location is assigned as though it had appeared with
all of its subscripts set to value one.

The FORTRAN function (of which thereareonlytwo in the present set) is defined
by the appearance at the beginning of the FORTRAN deck of something like

FUNCTION FNCTN(A,B,...,D)
and must include a RETURN statement preceded by an arithmetic statement of the form
FNCTN = -

where FNCTN obeys the same naming rules as SUB above, and where A,B,...,D is
similar to the same expression in the subroutine-subprogram case but must not be a
void list.

The FORTRAN function is referred to from another program by an arithmetic
statement such as ,

X = ...FNCTN(E,F,...,D)...

where the right-hand side of the equality is any legal FORTRAN expression which
treats FNCTN(...) as a single number. The mode of this number is assumed deter~
mined by the function name according to FORTRAN naming conventions for variables
E,F,...,H and A,B,...,D must match each other in the same manner as discussed
above. The translation to FAP is the same as that of a subroutine subprogram, with
$FNCTN, 4 replacing $SUB, 4, except that the statements immediately following the
TSX H,O will assume the value of the function, 1 e., the single number generated by
the funct1on, to be in the accumulator.
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The third type of subroutine is the closed (or library) function, of which there
are many examples in Section 10. This type must be hand coded with a structure
such as

ENTRY FNCTN
FNCTN STO A

CLA VALUE
TRA 1,4

The reference to the closed function from a FORTRAN program is the same as a
reference to a FORTRAN function, except for the following differences: F* is appended
to the name, the function value is considered fixed-point if and only if the name of the
function begins with X, and the arguments in the string E,F, ... ,H may not be alpha~
numeric fields or names of subroutines. The information linkage is quite different
and less uniform, however. The four statements inthe table below, with their effective
translations, illustrate the information linkage adequately.

X = FNCTNF(A) X = FNCTNF(A,B)
CLA A LDQ B
TSX  $FNCTN,4 CLA A
STO X TSX $FNCTN,4
STO X
X = FNCTNF(A,B,C) X = FNCTNF(A,B,C,D,E)
CLA C CLA E
STO 32765 (DECIMAL) STO 32763 (DECIMAL)
LDQ B CLA D
CLA A STO 32764 (DECIMAL)
TSX  $FNCTN,4 CLA C
STO X STO 32765 (DECIMAL)
LDQ B
CLA A
TSX $FNCTN,4
STO X

In addition to closed functions, it is of course also possible to hand-code subrou-
tines and FORTRAN functions. The formal structure is similar to that for the closed
function. Two examples are

ENTRY SUB ENTRY FNCTN

SUB ) FNCTN

CLA VALUE
TRA N+1,4 TRA N+1,4

*In the tabulations of this volume the terminal F is not considered to be part of the
proper name of the function.
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where N is the argument count of the pertinent statement in the calling program, and
where the hand coding Is done subject to the argument transmission conventions
illustrated earlier.

In the listings of Section 10 the expressions FORTRAN subroutine and FAP
subroutine under the ‘‘language’’ heading always refer to the subroutine subprogram,
and the expression FAP function to closed functions. The two FORTRAN functions
are so labeled.

Hand coding of subroutines, unlike FORTRAN coding, permits the bunching of
many subroutines in one program deck (which is often useful if the subroutines perform
similar operations). Thus

ENTRY SUB1
ENTRY SUB2
ENTRY FNCTN1
ENTRY FNCTN2
SUB1
SUB2 ’
TRA 5,4
FNCTN1 STO A
STQ B
CLA VALUE1l
TRA 1,4
FNCTN2
CLA VALUE2
TRA 6,4

might be a ‘‘single’’program representing two subroutine subprograms, each of which
has four arguments, one closed function of two arguments, and one FORTRAN function
of five arguments, all four subroutines needing access to the same table of numbers.

This type of multiple-entry coding in FAP, appearing frequently in the library
of Section 10, clouds the meaning of the term ‘‘program.’’ From the standpoint of the
calling program, each entry of a multiple-entry program is used as an independent
subroutine; the calling program has no way of knowing that they are dependent. If a
reference is made to just one of them, the loading program must nevertheless bring
the entire bunch into the memory as a unit, since the physical deck cannot be divided.
For example, the standard FORTRAN functions COS and SIN are separate entries to
a single program and are always together in the machine if one of them is.

We might speak of logical programs and physical programs to clarify intention
when necessary. For program-writing purposes, however, there is never any neces-
sity to refer to other than logical programs. In any case, it has become customary in
many circumstances to bypass the question by simply referring to entries or entry
points. This terminology relates to the fundamental topic concerning ‘‘program’’ in the
conception of the control hardware, namely, where to send control for the next job,
and is neutral with respect to higher-level distinctions made by compilers. (Note that
in the printed output of the compilation of a FORTRAN program one finds a list of

10
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required logical programs accurately entitled ‘‘entry points to subroutines not output
from the library.”’)

For purposes of dealing with program decks and of general documentation, on the
other hand, one must refer to a multiple-entried program as a unit. The manner of
doing this is a matter of local convention. We have chosen to equate the name of each
physical program with the name on its first entry card and to speak of that name as
the principal entry, other entries being termed secondary entries.

When FORTRAN or FAP is processing a program, it forms a complete nonre-
dundant list of all of the entry names referred to by the program. This list, which
appears in BCD form in the first registers of the absolute relocatable binary deck
produced by the translation, is called a transfer list or, as it is called more often in
this book, a transfer vector. Each reference to a subroutine in the program body,
that is, each TSX $SUB,4,becomes TSX A,4 where A is the register in the transfer
list containing the name SUB. At execution time, the monitor system replaces the
list of entry names with a corresponding list of Trap Transfer instructions whose
address fields are the absolute machine locations assigned to the corresponding entries
by the storage allocation logic for the particular execution. This scheme of routing
all references to other entries through a single transfer vector helps minimize the
relocation task of the loader.

Transfer vectors often contain entries whosenames are illegal subroutine names
(containing special characters) from the standpoint of usage by FORTRAN programs.
These routines, requested by the compiler as needed to implement associated FOR-
TRAN statements, are called non-FORTRAN-callable routines. They can be directly
referred to, however, from FAP programs, and the reader will find a number of
such references in our program set.

The program descriptions in Section 10 also use a more specialized notation;
features of it are described in the following paragraphs.

A FORTRAN INTEGER, or FORTRAN-II INTEGER, or INTEGER is a fixed-point
quantity with binary point assumed between bits 17 and 18, with bits 18 through 35 all
zero, where the 36 bits are labeled S,1,2,...,35.

A MACHINE-LANGUAGE INTEGER, abbreviated as MLI, has its binary point
to the right of bit 35.

A triple-dot notation is often used to suppress symbolic subscripts in expressing
lists of numbers. Thus

X1 . . .3) stands for (X(I),I = 1,3)

and
Y@a...31...2

or stands for ((Y(LJ),I =1,3),d = 1,2)
Y(@1,2,3,,1,2)

The term VECTOR is used very commonly to refer to any singly subscripted
FORTRAN variable, and its length is the highest subscript value of pertinence. A
doubly subscripted variable is referred to as a MATRIX or 2-DIMENSIONAL ARRAY,
and a triply subscripted variable as either a 3-DIMENSIONAL ARRAY or a MATRIX
VECTOR, this last term implyingthatthefirsttwo subscripts define a two-dimensional
array which, in the context of the computation, obeys laws of matrix algebra.

The abbreviations LSTHN, LSTHN =, GRTHN, and GRTHN =stand for the sym-
bols < , £, >, and 2 respectively.

Mathematical expressions appearing under ABSTRACT may deviate from
FORTRAN conventions of naming and indexing. The emphasis here has been to pro-
duce expressions which are visually close to those of ordinary mathematics.

11
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The numerical examples given involve some notation which should be fairly
obvious. Fixed-point number lists should always be assumed to be FORTRAN-II
integers unless preceded by OCT for octal or MLI for machine language integer. On
the other hand, the representation of Hollerith data is not too satisfactory or consis-
tent as given here. In most cases we use either

X1 ...)

6H (something)
or

i

X(1 .. .) = 6Hsomething
to imply that the ‘‘something’’ is a stringof Hollerith characters stored six to a regis-
ter, that is, FORMAT(A6). However, in some cases the ‘‘something’’ may be split
into groups of six characters separated by commas to conform to the representation
of ordinary numerical lists. In deciding which is meant, the reader will have to use his
judgment from the context.

There are some further notational discussions, which can be found in the intro-
ductions to Sections 4 and 10, and there is a pronunciation guide to the entry-point
acronyms in Section 6.

PROGRAMMING PHILOSOPHY

The program set of Section 10 grew over a considerable period of time in a program-
ming environment which possessed continuity of personnel and computers, coherency
of computational purpose, total rapport between analysis and programming, relative
freedom from a crisis atmosphere, and adequate financial support — an uncommon
and fortuitous environment indeed, and one in which programming philosophy could be
developed and realized. To a large extent the programs themselves are an adequate
expression of such developments. This is particularly true of documentation and
testing procedures, which are discussed in Section 10 as well as in the Preface, but
more general design considerations may not be as self-evident.

Our most general explicit design tendencies have been to avoid writing ‘‘main’’
programs except when absolutely necessary, and, when it does become necessary, to
pare down the functions of the main program so that it incorporates only the special-
izing and input-output aspects of the applied problem at hand. Thus each applied
problem is subjected to analysis to determine (a) what aspects of it are expressible
in terms of the existing program set, and (b) what remaining aspects might be of
future value if expressed as subroutines to be added to the general collection. Every-
thing else becomes a function of the main program, except that occasionally subrou-
tines might be used here for certain purely technical reasons (for instance, to break
down large programs into smaller blocks for reduction of compilation time during
debugging.

Sometimes there are aspects of the main program’s functions which for other
technical reasons seem naturally to require subroutine usage (e.g., conputational
patterns needed at numerous positions in the program). Such aspects are usually
handled by methods internal to the main program, i.e., by arithmetic statement func-
tions or by effective ‘‘internal subroutines’’ utilizing ASSIGNED or COMPUTED GO TO
statements for linkage (we don’t write main programs in FAP). This is done to help
limit the indiscriminate growth of true subroutines and the attendant naming and
documentation problems,

Computational aspects which are considered to be of future value are usually
discussed by the responsible programmer with others in developing the detailed sub-
routine specifications. The basic choice of subroutine type has been almost invariably

12
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made between closed functions and subroutine subprograms.* Beyond this our pro-
gramming group adheres to general conventions in calling-sequence design and
terminology. These are detailed in Section 4. Input-output functions are not generally
permitted to a subroutine unless they are its primary responsibility, in which case the
external units involved are specified as arguments inthe calling sequence, rather than
assumed. Computational subroutines usually begin with an interlude for checking the
legality of input-type arguments, and they refuse to perform badly requested compu-
tations, returning instead a diagnostic error flag as the only output. As a minimum
we try to make the routines shock-proof with respect to the possibility of loss of con-
trol (loops, stops, unpredictable transfers). Special care is taken to ensure that the
subroutine behaves reasonably when faced with conceptually legal but unusual, or
limiting, or degenerate configurations of input arguments, so as not to create booby
traps in applications broader than the specific one creating the need for the subroutine.
Also, we try to see that such configurations appear in the testing programs.

But there are deeper problems of subroutine design which touch on questions not
peculiar to the field of programming. By what process does one examine a complex of
activities and abstract or invent useful subgroupings? With respect to the present
program set we can pretty well sidestep the difficult part of this question, since the
subgroupings are broadly based on corresponding and previously established ones of
mathematical analysis. In particular, a program system meaningful with respect to a
field of analysis would naturally tend to become a mapping of the operational structure
of that field, and Volume II will expand on this topic for time-series analysis. The
more difficult question still remains, however: What discriminates good program
invention from bad within whatever freedom of decision prevails? Our only suggestion
here is to recall the commonplace that good invention arises from the dissatisfaction
of creative individuals familiar with both the cause of their irritation and the tools of
the trade. The question itself is of clear importance in, say, the task of designing
program-generating programs, but there is no need to pursue it in the present volume.

DESIGN FOR SPEED

We shall conclude this introductory section with a short discussion of one last consid-
eration, namely that of computer time required. It has affected our programming
strongly, since we have been dealing with many long empirical time-series and numer-
ical filters. It has strongly biased our programming toward FAP over FORTRAN,
and, in general, has decided the issues of tradeoff between speed and space in favor of
the faster, if longer, programs.

In Section 3 there is a program category labeled FAST which contains a large
number of entries. Study of the programs in this category will furnish details of the
various programming techniques we have used to obtain speed. Volume II will provide
further discussions of some of these techniques, but for the present we will only ab-
stract some data relative to the 7094 on program speeds, in the three most important
areas where our techniques have been significantly superior to elementary approaches:
correlation or convolution, Fourier transformation, and solution of Toeplitz matrix
equations. ’

*In retrospect, our tendency to avoid writing FORTRAN functions, based on no better
reason than the fact that one canoccasionally confuse them with subscripted variables,
appears somewhat unfortunate, since we thereby denied ourselves a certain degree of
flexibility. (Note, for example, that one may call a FORTRAN function as an ordinary
subroutine subprogram in addition to using it as a numerical entity in an arithmetic
statement.

13
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Our key high-speed correlation or convolution program is PROCOR, whose
writeup gives a reasonable idea of the techniques employed. Since PROCOR involves
basically fixed-point arithmetic, a number of higher-level routines based on PROCOR
have been written for ordinary correlation and convolution floating-point applications.
They are QACORR, QXCORR, QXCOR1, and QCNVLYV, Timing data for the autocorre-
lation program QACORR are adequate for illustration here. This program achieves
nothing more complicated than does the following FORTRAN subroutine.

SUBROUTINE FORAC(X, LX, MXLAG, ACOR)
DIMENSION X(2), ACOR(2)

JMAX = MXLAG + 1

DO 20 J =1,JMAX

SUM = 0.0

NMAX = LX-J+1

DO 10 I=1,NMAX

K = J+1
10 SUM = SUM + X(I)*X (K-1)
20 ACOR(J) = SUM

RETURN

END

Fig. 1 gives timing information on QACORR andon the above program for data lengths
varying from about 20 to 10,000, showing that QACORR is inferior for very short
data but possesses a speed advantage factor of ten or greater for the longer series
(this factor jumps to around 17 for the 709 or 7090). Similar savings will be realized
in cross correlation and convolution by the other programs using PROCOR,

The high-speed harmonic transform programs arebasedprimarily on subroutine
COSP. They are ASPECT, COSIS1l, QFURRY, QIFURY, and XSPECT. (Subroutine
FACTOR also uses COSP in finding minimum-phase transients from energy-density
spectra.) The speed of COSP comes from careful looping logic on stored sinusoids.
Speeds of ASPECT, which finds cosine transforms of symmetrical data (usually auto-
correlations in our applications) and which uses folding and splitting logic in addition
to using COSP, can be 10 to 100 times faster than those of elementary programs.
Speed-run results for ASPECT are shown in Fig. 2 for various data lengths and fre-
quency increments. The upswing of the curves inthe lower portion of the figure results
from the gradually dominating influence of the folding and splitting logic for long data.

Toeplitz matrices arise in many time-series problems, particularly in the deter-
mination of least-squares filters. These matrices are positive definite Hermitian with
elements constant along any diagonal, so that if the matrix is n by n, there are only n
independent elements rather than n?. Recursion techniques exist for the solution of
simultaneous equations involving these matrices, which require computational times
proportional to n? rather than n® .* Subroutine WLLSFP or the coordinated pair
RLSPR and RLSSR handles normal Toeplitz matrix equation problems. RLSPR2, FIRE2,
MIPLS, MIFLS, and MISS are for use in multidimensional or multi~-input problems
when, for example, the matrix elements themselves become matrices. It is instructive
to make a comparisonbetween the computation times of ordinary simultaneous~equation
programs not involving the special Toeplitz assumption and those of recursive pro-
grams. Such a comparison is made in Fig. 3, showing empirical times of WLLSFP and
of the general utility subroutine SIMEQ. Analogous curves for the 7090 will show very
similar relative behavior,

*An early reference is Levinson’s Appendix to Interpolation, Extrapolation, and Pred-
diction of Stationary Time Series, by N. Wiener, John Wiley & Sons.
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lHlustrative
Usage of Programs

Examples of the use of the program as an isolated entity appear with each program
listed in Section 10. Such examples are valuable, but often do not project a sense of
the use of the program in an applied setting. Volume II of the present writing will give
numerous illustrations of such usage in the time-series setting for which the program
collection was developed. It is in keeping with the tenor of the present volume to
present examples of usage in an applied bututilitarian setting. Such a setting is mean~
ingful, because a good many of the programs of the collection fall under a utility clas-
sification in no way specialized to the field of time series.

The illustrations in the first set given are quite simple to scan and digest. A
large number of the utility programs have truly elementary functions which are easily
expressed by a few basic FORTRAN statements, the raison d’ é&tre of such programs
being convenience, or speed, or both. The illustration for these programs is a
sequence of isolated program usages paired with equivalent, basic FORTRAN sequences.
In this fashion a large number of programs can be covered in a few pages. The selec~
tions here include -all of the minor utility programs which have simple FORTRAN
translations. The reader should be cautioned that the basic FORTRAN equivalents
may not be exact in all variations of the sample usage, especially in cases of zero or
negative-length vectors, or in cases where arguments in calling sequences are equated
by FORTRAN equivalence statements not shown here.

The illustrations in the second set given in this section are simply listings of
some of the testing programs wehaveused to verify the input-output behavior asserted
in the program writeups of Section 10. In these test programs we have leaned heavily
on the use of utility programs previously verified. The test programs must be studied
with close reference to the program writeups of Section 10, since the test decks have
no independent documentation. An examination of these listings will also bring out the
general style we have evolved for writing test programs: this style may be of interest
to persons with similar problems.

The third and last set of illustrations consists of three main programs which
produced the timing data for Figs. 1, 2, and 3 of Section 1.
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PROGRAM USAGE

EQUIVALENT BASIC FCRTRAN

CALL ABSVAL(X,I1,12,Y,IANS)

(SAME PROGRAM FOR FIXED POINT)

10

DO 10 I=11,12
J=I-11+1
Y(JI=ABSF(X(I))

CALL ADDK(C¢X1yX29esse9XN)

(XADDK FOR FIXED POINT)

X1=X1+C
X2=X2+C

(ETC)
XN=XN+C

1

CALL ADDKS(ClsXlsYl, C24X2,Y2,
eees CNyXN,YN)

(XADDKS FOR FIXED POINT)

Y1=X1+C1l

Y2=X2+C2
(ETC)

YN=XN+CN

e R R e I i e N N N N ]

-

Duet et et gt et el el pd fum et (et puay

CALL AVRAGE(XsLXyXAVG)

(XAVRGE OR XAVRGR FOR FIXED POINT)

-

10

SUM=0.0

DO 10 I=1,LX
SUM=SUM+X (1)
XAVG=SUM/FLOATF (LX)

CALL BOOST(XsLXeCyY)
(XBOOST FOR FIXED POINT)

10

DO 10 I=1,LX
Y{I¥=X(I)+C

CALL CARIGE(ITAPE,NSPACE)

-

10
20
30

40
50
60

IF (NSPACE) 40,60,10

D0 20 I=1,NSPACE

WRITE OUTPUT TAPE ITAPE, 30
FORMAT(1H )

60 TO 60

WRITE OUTPUT TAPE ITAPE,50
FORMAT(1H1)

CONTINUE

Ly21422)

-

10

20

30

IF (ZIFRST)
X=X1

(ETC)
=11
GO TO 30
X=X2

(ETC)
=72
CONTINUE

20,10, 20

CALL CHSIGN(XsLX,Y)
{SAME PROGRAM FOR FIXED POINT)

-

10

DO 10 I=1,LX
Y{[)==X{I)

IF (CHUSETF(XsX19X2yZIFX1})
40950, 60

(SAME PROGRAM FOR FIXED POINT)

10

20
30

IF (ZIFX1)
X=X1

60 TO 3¢
X=X2

IF (ZIFX1)

20,10,2C

40450,6C

X=DELTAF(Y)

(ARGUMENT MODE IMMATERIAL)
(XDELTA FOR FIXED POINT)

P Gt et puh e Dot (et Jued Pt st bt et (el Jueq put P e D (et Pumi peet Pomd eg Jwd Jey fud g pmed et Pent gt Pt g Bt et Duad Gt Pt et fwed (ed Peel Puef ey fust Jd Gt Punt Bt (e et (e M ot e et et e Bt B ey

10

20
30

IF (Y)
X=1.0
GO TO 3¢
X=0.0
CONTINUE

20,410,520
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PROGRAM USAGE

EQUIVALENT BASIC FCRTRAN

-

CALL DIVIDE(XyLXsDyY)

DO 10 I=1,LX

I
I
I
I
1
I
I
I
I
I
I
I
I
I
I

(XDVIDE OR XDVIDR FOR FIXED POINT? 10 Y{I)=X{IV/D
CALL DIVK{CyXlyeoesXN) X1=xX1/C
(ETC)
{XDIVK OR XDVRK FOR FIXED POINT) XN=XN/C
CALL DIVKS(CLlsX1sYlyeeesCNyXNyYN) Y1=X1/C1
{ETC)
(XDIVKS OR XDVRKS FOR FIXED POINT) YN=XN/CN

I

—
o

CALL DPRESS({XyLXsC,Y) I DO 10 I=1,LX
(XDPRESS FOR FIXED POINT) I 10 v(I¥=x{I1-C
-1
CALL DUBLLI{X,LX) I DO 10 1I=1,LX
(DUBLX FOR FIXED POINT) I 10 X(I)=2.0#X{I)
-  ——
CALL EXCHVS(LXYyX,Y) I DO 10 I=1,LXY
I TEMP=X{I}
I X(I)=y{1)
(SAME PROGRAM FOR FIXED POINT)? I 10 Y(I)=TEMP
CALL FDOT(LXY,X,Y,DOT) DOT=0.0

DO 10 [I=1,LXY
DOT=DOT+X(I)=Y (I}

CALL FDOTR(LXY,XyY,DOTR)

-
(=}

DOTR=0.C

DO 10 [I=1,LXY
J=LXY+1-1
DOTR=DOTR+X{(I)=Y(J)

CALL FIXV{XysLX,IX)

-
[}

DO 10 I=1,LX
IXCIV=XFIXF{X{I)}

CALL FIXVR{X,LX,IX)

-
o

DO 10 I=1,LX
IXCI)=XFIXF{X{I)+.5)

[}

Ll I R R R e T R R e R R R I o e el e e R L gy

CALL FMTOUT(ITAPE,10H8H MESSAGE)

-
<O

WRITE OUTPUT TAPE I[TAPE,10
FORMAT{8H MESSAGE)

V=GETX(X,lA,...,IX'IY,IZ!

(IGETX FOR FIXED POINT)

I=IY{12)
I=Ix(1})
(ETC)
I=1IALI)
Y=X{I)

IF (INDEXF{I,ICRTCL)) 10,20,30

I=1+1
IF (I-ICRTCL) 10,2GC,30

CALL HALVL({X,LX)

(HALVX FOR FIXED POINT) 10

DO 10 I=1,LX
X{I)=X{1}/2.0

-
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PROGRAM USAGE

EQUIVALENT BASIC FCRTRAN

CALL INTSUMIX,LX,Y)

Y{1)=X{1)
IF (LX-1) 30,30,10

‘ 10 DO 20 [I=2,LX
) 20 Y{I)=Y(I-1)+X(1)
(XNTSUM FOR FIXED POINT) 30 CONTINUE
COMMON C

CAL&'IXCARG(XyIX)

IX=XLOCF{C)=XLOCF(X)+1

CALL LOC(X{I),yILOC)

ILOC=XLOCF(X)-1+1

CALL MOVE(LXyX,Y?

N =
SO

v & W
oo O

IF (XLOCF(X)-XLOCF(Y)) 10,50,30
DO 20 [I=1,LX

Y{I)=x{n

GO TO 50

DO 40 I=1,LX

J=LX+1-1

Y{J)=X{J)

CONTINUE

CALL MULK(CyXlypeeosXN)

(XMULK FOR FIXED POINT)

X1=X1=C
(ETC)
XN=XN#C

CALL MULKS({ClsX1l9Y¥lspaaesCNyXNy¥YN)

(XMULKS FOR FIXED POINT)

Y1=Cl#X1
{ETC)
YN=CN#XN

CALL MULPLY(XyLXyCyY)
(XMLPLY FOR FIXED POINT)

o
o

DO 10 I=1,LX
Y{I)=CeX(I)

(XNTHA FOR FIXED POINT)

TEMP(1)=A1
(ETC)

TEMP(N)=AN

A=TEMP( J)

CALL PLURNS{AlyeeesANy ccsor
1 zltooo’ZN’
CALL SUB(N}

CALL SUB(Alj.e.9AN)
({ETC)
CALL SUB(Zlyees9ZN)

CALL REFLEC(XyLXyCyY)
(XRFLEC FOR FIXED POINT)

- - o o

-
o

DO 10 I=1,LX
Y{I)=C-X(1I)

(SAME PROGRAM FOR FIXED POINT)

W N -
=N <] o

IF [(XLOCF(X)-XLOCF(Y)) 10,20,10
N=L X

GO T0 30

N=(LX+1}/2

DO 40 I=1,N

J=LX+1-1

TEMP=X(J)

Y(J)=x(1)

Y{I)=TEMP
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PROGRAM USAGE

EQUIVALENT BASIC FCRTRAN

Y=RNDDNF (X}

CALL REVERS(LX,X) N={(LX+1)/2
00 10 I=1,N
J=LX+1-1
TEMP=X(J)
X{J¥r=x{1?)
(SAME PROGRAM FOR FIXED POINT) 10 X(I)=TEMP
Y=RNDF(X) Y=FLOATF(XFIXF{X+.5))
Y=FLOATF(XFIXF({X))

Y=RNDUPF (X}

10

20
30

IF (X) 20,10,10 )
Y=FLOATF{XFIXF {X+,99999999))
G0 TO 30
Y=FLOATF{XFIXF{X-.99999999))
CONTINUE

CALL RNDVIX,LX,Y)

10

DO 10 I=1,LX
Y{I)=FLOATF(XFIXF(X{I)+.5))

CALL RNDVDNI(X,LXsY)

10

DO 10 I=1,LX
Y(I)=FLOATF(XFIXF(X{I))

CALL RNDVUP{XsLX,Y)

10

DO 30 I=1,LX

IF (X(I)) 20,10,10
Y{I)=FLOATF{XFIXF(X{I)+.99999999))
G0 TO 30

Ll R R I I R e e e e N e e L T

el N N I N N el I I Nl R I R R I g R e R N N N N Ll el ]

20 Y{I)=FLOATF(XFIXF(X(I)-.99999999)})
30 CONTINUE
Y=SAMEF(IX) EQUIVALENCE (Y,1IY)
{XSAME FOR FIXED POINT) [Y=IX
IF (SETAPTF{X,XNEW,FVALUE)) X=XNEW
1 10,20,30 IF (FVALUE) 10,20,30
IF (SETESTF(X,XNEW,XCRTCL)) X=XNEW
1 10,20,30 IF (XNEW-XCRTCL) 1C,20,30
CALL SETK(CyX19X25eee9XN) X1=C
X2=C
(ETC)
(SAME PROGRAM FOR FIXED POINT) XN=C
B P=TTTTTT7712345 A=C1l
CALL SETKP(C1l,A,B,P, B8=C1
1 CZ'D'E,F’G'P, D=C2
2 C3,H) gE=C2
F=C2
(SAME PROGRAM FOR FIXED POINT G=C2
OR MIXED MODES) H=C3
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PROGRAM USAGE

EQUIVALENT BASIC FORTRAN

(XSQDFR FOR FIXED POINT)

10

SSQ=SSQ+(X{(1)-Y(I)) =n2

CALL SQROOT(XyLXyY)
(XSQRUT FOR FIXED POINT)

10

D0 10 I=1,LX
Y(I)=SQRTF(X{I))

I-- 1

I 1

I I

1 1

1 I

CALL SETKS(C].,A,CZ'B'o-o.CNpZ’ I A=Cl 1
I B=C2 1

(SAME PROGRAM FOR FIXED POINT I {ETC) I
OR MIXED MODES) I I=CN I
I I

CALL SETKV(C,LX,X) I D0 10 I=1,LX I
(SAME PROGRAM FOR FIXED POINT) I 10 x(I1)=C I
I 1

CALL SETKVS(CLlyLX19X1ly eoer I DO 10 I=1,LX1 I
1 CNyoLXNyXN) I 10 X1{1)=Cl I
I (ETC) I

(SAME PROGRAM FOR FIXED POINT I DO 90 [I=1,LXN I
OR MIXED MODES) I 90 XN{I)=CN I
———— I I
CALL SETLIN(B,D,LX,X) 1 DO 10 I=1,LX I
(XSTLIN FOR FIXED POINT) I 10 X(IV=B+D»FLOATF(I-1} I
- I I
CALL SETLNS(B1sD1yLX19sXly eees I DO 10 [I=1,LX1 I
1 BNy DNy LXNy XN) I 10 X1{I)=Bl+D1*FLOATF(I-1) I
I (ETC) 1

{SAME PROGRAM FOR FIXED POINT 1 DO 90 I=1,LXN I
OR MIXED MODES) I 90 XN(I)=BN+DN*FLOATF(I~-1) I
I I

B P=T77777712345 I X{11=Cl I
CALL SETVCP{XsCljyeessCL,yP,y I (ETC) I

1 YeDlyseeesDM,yP, I X{L)=CL 1

2 conr I Y{1)=D1 I

3 Z9GlyeeesGN) I (ETC)Y 1

I Y{M)=DM 1

I (ETC) 1

I Z(1)=G1 I

(SAME PROGRAM FOR FIXED POINT I (ETCH I
OR MIXED MODES) I Z(N)=GN I
I 1

CALL SETVEC({XyClyeessCN) I X{1)=Cl 1
I (ETC) I

(SAME PROGRAM FOR FIXED POINT) I X{N)=CN I
I I

CALL SIFT(XyMsLY,Y) I DO 10 I=1,LY I
I J=1+(I-1)=M {

{SAME PROGRAM FOR FIXED POINT) I 10 Y(I}¥=X(J) I
I 1

CALL SQRDEV(XsCyLX,SSQ) I $5Q=0.0 I
I DO 10 I=1,LX I

(XSQDEV FOR FIXED POINT)} I 10 SSQ=SSQ+(X(I)-C)#{X(I)-C) I
-—- 1 I
CALL SQRDFR{X»Y,LXY,SSQ) I $5Q=0.0 I
I DO 10 [I=1,LXY I

I I

1 I

I I

I I

I I




 C— 1
I I

I PROGRAM USAGE I EQUIVALENT BASIC FORTRAN
I I

I 1

I CALL SQRSUM(XsLXsSSQ) I $5Q=0.0

I I DO 10 I=1,LX

I (XSQSUM FOR FIXED POINT) I 10 SSQ=SSQ+X(I)eX(I)

I I

I CALL SQUARE(X,LX,Y) I DO 10 I=1,LX

I  (XSQUAR FOR FIXED POINT) I 10 Y(I}=X{I)eX(I)
 C— I -
I Y=STEPCF(X) I Y=.5+SIGNF{.5,X)

I (ARGUMENT MODE IMMATERIAL) I '

I (XSTEPC FOR FIXED POINT OUTPUT) 1

I-- I

I Y=STEPLF(X) I IF (X) 20,10,10

I I 10 Y=1.0

I I 60 TO 30

I (ARGUMENT MODE IMMATERIAL) I 20 ¥=0.0

I (XSTEPL FOR FIXED POINT OUTPUT) I 30 CONTINUE

I - 1

I Y=XSTEPRF(X) I IF (X) 20,20,10

I I 10 Y=1.0

I I GO TO 30

I (ARGUMENT MODE IMMATERIAL) I 20 ¥=0.0

I (XSTEPR FOR FIXED POINT OUTPUT) I 30 CONTINUE

I 1 --
I CALL STZ(LX,X) I DO 10 I=1,LX

I (SAME PROGRAM FOR FIXED POINT) I 10 X(1)=0.0

I -—- I ~

I CALL STZS(LXLsXlpeeesLXNyXN) I DO 10 I=1,LX1

I I 10 X1(1)=0.0

I I (ETC)

I (SAME PROGRAM FOR FIXED POINT I DO 90 I=1,LXN

I OR MIXED MODES) I 90 XN(1)=0.0

I-- 1

I CALL SUBK(CyXlyeaeyXN) I X1=X1-C

I I (ETC)

I (XSUBK FOR FIXED POINT) I XN=XN-C

 C—— I

I CALL SUBKS(CLyXL1sYlpeeesCNoXNs¥YN) I Y1=Xx1-C1

I I (ETC)

I (XSUBKS FOR FIXED POINT) I YN=XN-CN

I-- -- I--- -—--
I CALL SUM(XsLXsSUM) I SUM=0.0

I I DO 10 I=1,LX

I (XSUM FOR FIXED POINT) I 10 SUM=SUM+X(I)

I - , I -

I CALL SUMDEV(XsBysLX,SUMD) I SUMD=0.0

I I DO 10 I=1,LX

I (XSMDEV FOR FIXED POINT) I 10 SUMD=SUMD+X(I)-8
I-- I

I CALL SUMDFR(XjY,LXY,SUMD) I SUMD=0.0

I I DO 10 I=1,LXY

I (XSMDFR FOR FIXED POINT) I 10 SUMD=SUMD+X(I)-Y(I)
I -— = I
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I 1
I I
I PROGRAM USAGE I EQUIVALENT BASIC FCRTRAN
1 I
I I -
I IF (SWITCHFU(ISENSE)) 10,10,20 I IF {(ISENSE) 10,10,30
I I 30 IF (ISENSE-6) 40,40,10
I I 40 GO TO (192,394+5+6), ISENSE
I I 1 IF (SENSE SWITCH 1} 20,10
I I 2 IF (SENSE SWITCH 2) 20,10
I 1 {ETC)
I I 6 IF (SENSE SWITCH 6) 20,10
=== I
I CALL VDOTVI(X,Y,LXY,DIV,DOT) I DOT=0.0
I I DO 10 I=1,LXY
I I 10 DOT=DOT+X(I)sY(I)
1 I DOT=DOT/DIV
[-=—— I
I CALL VDVBYVI(X,Y,LXY,Z) I DO 10 I=1,LXY
I (XVDRBV OR XVDVBV FOR FIXED POINT) I 10 Z(I)=X(I)/Y(I)
1 I
I CALL VECOUT(ITAPE,B8H6H10FT.1, I WRITE OUTPUT TAPE ITAPE,1l0,
I1 XeIl,12) I 1 (X(I),I=11,12)
I I 10 FORMAT({10F7.1)
I-- 1
I IF (VINDEXF(I,IC,1J)) 10,20,30 I I=I+1J
I I IF (I-IC) 10,2C,30
1 I
I  CALL VMNUSVIX,Y,LXY,Z) I DO 10 I=1,LXY
I  (XVMNSV FOR FIXED POINT) I 10 2(D)=xX{t1)=-y{n)
I I
I  CALL VPLUSV(X,Y,LXY,Z) 1 DO 10 I=1,LXY
I (XVPLSV FOR FIXED POINT) I 10 Z(Id¥=X(I)+Y(])
[-—=———— I
I  CALL VTIMSVIX,Y,LXY,2) I DO 10 I=1,LXY
I (XVTMSV FOR FIXED POINT) I 10 Z(I)=X(I)=Y{I)
I 1
I  X=WHICHF(X1,X2,Y) 1 IF (Y} 20,10,2C
I I 10 X=X1
I I GO TO 30
I I 20 X=X2
I  (XWHICH FOR FIXEL POINT) I 30 CONTINUE
I-- I
I IF (XACTEQF{X,Y)) 10,20,30 I IF (X-Y) 10,40,30
I I 40 IF (X) 20,50,20
I (SAME PROGRAM FOR FIXED POINT I 50 IF (SIGNF{lesX)-SIGNF(leyY))
I ARGUMENTS) I 1 10,20,30
I - 1 -
I IF (XLIMITF{X,XAyXB)) 10,20,30. 1 IF (X-MAX1F(XA,XB)) 40,20,30
I (SAME PROGRAM FOR FIXED POINT I 40 IF (X-MINLF(XA,XB)} 10,20,20
I ARGUMENTS) I
[-===- 1
I CALL XLOCVI(LOCVysXlseessXN) 1 LOCV(13=XLOCF{X1)
1 1 (ETC) ]
1 I LOCVIN)=XLOCF{XN)
[-- ; I -
I IF (XOODZEF({I)) ==--,10,20 I IF (I-2s(1/2)) 20,10,20
I

L T R R o e R N R N R N N )



SAMPLE TESTING PROGRAMS

TEST BLKSUM
XEQ
LISTS
LABEL
TLKSUM
DIMENSION X(9), S{4,494)y LS(4,4), SPACE(10)
ITEST=0
7 ITEST=ITEST+1
CALL VRSOUT(2y35y14H9H EXAMPLE ,I1,ITEST,ITEST)
CALL SETVEC(X32+94496498.)
CALL SETKVS(=9.9649Sy -9,16,LS, 2.0,1,DVSR)
GO TO (14293),ITEST
1 DO 10 LX=1,4
DO 10 L=1,LX
10 CALL BLKSUM(XysLXoLsDVSRS(1,L LX)oLS(L,LX))
CALL VSOUT(243,5S(1+1,1),6H514141,5H4FT7.1,1,16,
1 S(1,1,2)y6HS14142,5H4FT.1,41,16y S(1,1,3),6HS14143,
2 SH4FT.1,1,16y S(1,1,4),6HS14144,5H4FT.1,1,16,
3 LS(1le1),6HLS1414,3H417,1,16)
G0 T0 7
2 CALL BLKSUM(X94929DVSRyX,LS)
CALL VSOUT(293sX9lHX¢5H4FTa1y19%4y LSy2HLS,2HI7,1,1)
GO YO 7
3 CALL BLKSUM(Xy=19291.09S,LS)
CALL BLKSUM(X, 35051.0,S,LS)
CALL BLKSUM(X, 354,1.0,S,LS)?
CALL BLKSUM(X, 35250.0,S,LS)
CALL VRSOUT(2,3,18H8H S4LS = sFT7<1,17»SPACE,SyLS)
CALL EXIT
END

O % % % %

TEST CMPRA
XEQ
LISTS8
LABEL
TCMPRA
GO 70O 999
10 CONTINUE
Z = CMPRAF(X,Y)
IZ=XCMPRAF(X,Y)
FZ=CMPRFLF(X,Y)
WRITE OUTPUT TAPE 29209J9sXsY9Z9sXyYsIZ9XyYsF2Z
20 FORMAT(1HOI2,23H. ACOMP TEST - ACOMPF( 015,1H, O015,4H) = G15.8/
118X8HXACOMPF(G15¢8,1HyG15.894H) = G15.8/18X8HFLCOMPF(G15.8y1H,
2G15.844H) = G15.8)
999 J=J+l
GO TO (1929394159699999)4J

O % x & %

{CONTINUED NEXT PAGE)



6

9999

O % x x %

TCRS

10

*

CALL SETKS
G0 TO 10
CALL SETKS
GO TO 10
CALL SETKS
G0 TO 10
CALL SETKS
G0 T0 10
CALL SETKS
GO TO 10
CALL SETKS
G0 70 10
CALL EXIT
END

TEST CRSVM
XEQ

LISTS8
LABEL

VM

SAMPLE TESTING PROGRAMS

(19Xy1l,Y)

(19Xs=1,Y)
(1.2345678+X91.2345679,Y)
(6HABCDEL1 Xy 6HABCDE2,Y)
(09Xs=0yV)

(=50.9X9=51e,Y)

DIMENSION AA(IOOO)'BB(IOOO)nCCKIOOO)'SPACE(1000)
COMMON AA,BB,CC,SPACE

J=J+1

CALL VRSOUT (2,-1,20H1XI2,12H. CRSVM TEST,J,J)

CALL RDATA

(4,29 IANSySPACE ¢ 4HNRACyNRAC» SHNCARByNCARB s 4HNCBC 4NCBC,

1 3HLAA,LAA,2HAA,AA,3HLBB,1LBB,2HBB,BB,6HZFNBTR,ZFNBTR,6HIFSTLG,
2 IFSTLGy3HLCC,HLCC)

CALL Csout

(291 yNRAC»4HNRAC s NCARBy SHNCARByNCBC y4HNCBC,LAA,3HLAA,

1 LBBy3HLBByZFNBTRy 6HZFNBTR, IFSTLGy6HIFSTLG,yLCC,y3HLCC)

CALL MOUT

CALL MOuT

CALL CRSVM
CALL MQUT

GO TO 10

END

DATA

(2915AAy2HAA,NRAC,NCARB,L AA)
(2,1,B8,2HBBsNCARB,NCBC,LBB)
(NRACyNCARB,yNCBC,LAA,AA,LBB,BByZFNBTRy IFSTLGyLCC,CC)
(2434CC42HCC4NRAC,NCBC,LCC)

NRAC=1 NCARB=2 NCBC=3 LAA=4 AA=1.92.93¢9-2495e9=%e9ley~-1.
LBB=2 BB=3.,2.’4.’3nplo,"1o'-200“3- g‘Z.'Z. 14. "50 IFNBTR=0.
IFSTLG=-2 LCC=7 RETURN

ZFNBTR=1. RETURN



SAMPLE TESTING PROGRAMS

TEST GETX

XEQ

LISTS

LABEL

TGETX

DIMENSION X(5),IX(5),11(7),12(3),C(10)

CALL SETLIN (lesles5,X)

CALL SETVEC (IX9192+344,5)

I1=4

CALL VRSOUT (2,2,435HI3,26H. GETX,XGETX INPUTS - I1 = [3,C,1,11)
CALL vouTr (2¢19Xy91HXy 6HIOF6.1,1,5)

CALL vour (2919 IX92HIX34H101641,5)

X1= GETX (X,I1})

IX1=IGETX(IX,11) -

CALL VRSOUT (242935H4X14HOUTPUTS = X = F64294X4HIX = 164CoX1,4IX1)
CALL SETVEC (11,4+415143,542,1)

CALL SETVEC (12,1,7,5)

13=3

CALL VRSOUT (2,2,28HI3,22H, GETXyXGETX INPUTS = 42,42)

CALL VSOUT (251sX9lHXs6H10F6.29195,IXy2HIX,4H101691,5,11,2HI1,
1 4H10I641,7,12,2H12,4H1016,1+3,13,2HI3,4H1016,1,1)

X1=GETX (XyI1,12,13)

IX1=IGETX(IX,I1,12,13)

CALL VRSOUT (2,2,35H4X14HOUTPUTS = X = Fb6.294X4HIX = [6,CoX1,IX1)
CALL EXIT

END

Ok x x»

TEST INTHOL

XEQ

LISTS8

LABEL
TNTHOL

DIMENSION HOL{50), FMT(50), DATA{50}

ITEST = 0
7 ITEST = ITEST+1

CALL SETKS{1,NHOL, 6H-53,31,HOL, 6H{F6.2),FMT, 1,NDATAD)

CALL VRSOUT(2,93,14H9H EXAMPLE ,I1,ITEST,ITEST)

GO TO (15243),ITEST
1 CALL INTHOL {NHOL,HOLFMT,NDATAD,NDATAA,DATA)

CALL VSOUT(2,3,NDATAA, 6HNDATAA,2HI7y141,

1 DATA,4HDATA,4HF9.2,141)

O % » x x

GO 10 7
2 NDATAD = 6
GO TO 1
3 CALL SETKS(2,NHOL, 3HXYZ,HOL, 6H 5 -9,HOL(2}, 3,NDATAD)
CALL INTHOL (NHOL,HOL,6HA6,213,NDATAD,NDATAA,DATA}
CALL VSOUT(2,3,NDATAA,6HNDATAA,2HI7,1s1
1 DATA, 4HDATA, 9H1X,A3421741,3)
CALL EXIT
END



SAMPLE TESTING PROGRAMS

L TEST LIMITS
. XEQ )
- LISTS
* LABEL
CTIMITS
DIMENSION St(3)
CALL LIMITS(1,IANSy, =0¢=0y1y =0,+0,1, +0,-0,1, +0,+0,1,
1 =0y~14-0y =09y=19+0y #+04-1,-0y +09y-1,40, +0,+0,+0, +0,+0,-0,
2 +09-0440y #+09-09-Cy ~05+0,4+40y =09+09-0y =0y=0y+0y =0,-0,-0)
CALL VRSOUT(2, 3, 26H20H EXAMPLE 1. [IANS = ,I4, S, IANS)
CALL LIMITS( 1,IANS1l, 1.0,2.0,43.0)
CALL LIMITS(21,IANS2y 35194y 3es5lesbey =3e9~be9=ley 1lylséa, 1,2,3,
1 449194)
CALL LIM[TS(31yIANS3, 0.)0.10-1 111'10 ?l,'lt'lo 3’1'2' 0’102,
CALL VRSOUT(2, 3, 32H25H EXAMPLE 2. IANSl...3 = ,314, S,
1 IANS1, IANS2, IANS3)
CALL LIMITS( 1,IANS1l, 1.0,3.0,2.0)
CALL LIMITS(21,IANS2y 34491y 3e9besley =3e9~les=bey ly4d,ly 1,3,2,
1 beb4e1)
CALL LIMITS(31,IANS3y Oe90e90ey lyplyly =ly=ly=1ly 39291y 0y2,1)
CALL VRSOUT(2, 3, 32H25H EXAMPLE 3. 1IANSl...3 = ,314, S,
1 IANS1, IANSZ2, IANS3)
CALL EXIT
END

* TEST SHUFFL - NEEDS LOGICAL 9
» XEQ
* LISTS
» LABEL
CTHUFFL
DIMENSION IRD(100),ISPACE(10),IXSHF1(10)},IXSHF2(10)
ITP=9
CALL SETVEC(IRDy1+09099979392159393979695929091939598969394965743,
1 594989 796989009959990999191979399929992972499941.5,
2 3979590492909 498909596949899949T79492999692949890,5,
3 2949093979290969396919094909290909892929991969695)
REWIND ITP
WRITE OUTPUT TAPE ITP, 10, (IRD(I),I=1,100)
10 FORMAT (5011, 29X, 1lH )
REWIND ITP
CALL SHUFFL(ITP,7,ISPACE,IXSHFL1)
CALL SHUFFL({ITP,10,ISPACE,IXSHF2)
CALL VSOUT(2,5,IXSHF1,6HIXSHF]1,8H20X,1014,1,7,
1 IXSHF2,6HIXSHF2,8H20X,1014,1,10)
REWIND ITP
CALL EXIT
END



SAMPLE TESTING PROGRAMS

TEST SIFT

XEQ

LISTS

LABEL

TSIFT

DIMENSION X(50), XS1(50), XS2(50), XS3{50), XS4{50), XS5(50),
1 X$6({50), FMT{2)

CALL SETLIN(leyleysl0,X)

CALL SETK(-=9.,9XS55,XS6)

CALL PLURNS(X3033,XS1ly X91939XS2y X93939XS3, X9391,yXS4,

1 Xe=1939XS5y X91y09XS6y X95924X)

CALL SIFT(4)

CALL FMTOUT(2, 20H/////+11H EXAMPLE 1.)

CALL SETVEC(FMT,6H(10X,1,6HOF5.1))

CALL VSOUT(2,3, XS1,3HXS1,FMT,1,3, XS2,3HXS2,FMT,1,3,

1 XS3,3HXS3,FMT,193, XS4,3HXS4,FMT,1,1, XS5,3HXS5,FMT,1,1,
2 XS69y3HXS6,FMTo1,e1y Xy lHXyFMT,1,10)

CALL EXIT

END

O % & x x

TEST SIZEUP, SIZUPL
XEQ
LISTS
LABEL
TIZEUP
DIMENSION X(10), INDEX1(10)}, INDEX2(1G)
ITEST = O
7 ITEST = ITEST+1
LX = 5
CALL SETVEC(X' 3""100,‘10020'00’
GO TO (19293),ITEST
1 CALL SIZEUP({X,LX,INDEX1)
CALL SIZUPL(X,LX,INDEX2)
CALL VRSOUT(2,3,14H9H EXAMPLE ,I1,ITEST, ITEST)
CALL VSOUT(2,3, INDEX1,6HINDEX1y3H5I5y1,5,

[a 2 B BN A

1 INDEX2,6HINDEX2y3H51541,5)
GO T0 7
2 CALL SETVEC(X »1HXy1HA,1HCy1HN,1HA)
GO T0 1

3 CALL EXIT
END



SAMPLE TESTING PROGRAMS

TEST TIMA2B
XEQ
LISTS
LABEL
TTMA2B
COMMON X,SPACE
DIMENSION X(1001),SPACE(300)
B XLXA=053400000000
CALL SETKV (XLXAy1001,X)
LOCB=XLOCF (X}
CALL CLKON
10 J=J+l
CALL VRSOUT (2,2,21H1X12413H. TIMA2B TESTyJ,J)
CALL RDATA (4404 IANS,SPACE,4HNREGyNREGy 6HZNDUMP y ZNDUMP 4 6HMINACC »
1 MINACC)
CALL CLOCK1(1,TIME)
CALL TIMA2B (LOCB-NREG,LOCB,MINACC,SECS)
CALL CLOCK1(2,TIME)
CALL CSOUT (2,1,NREGy4HNREG,MINACC,6HMINACC,SECSy4HSECS,TIME,
1 4HTIME)
G0 70 10
END
- DATA
NREG=1000 MINACC=100 ZNDUMP=1. RETURN
NREG=100 ZNDUMP=0 RETURN
NREG=10 RETURN
NREG=2 RETURN
NREG=1 MINACC=100 RETURN

O % % & %



SAMPLE TIMING PROGRAMS

* TIME TEST QACCORR AND FORAC
- XEQ
* LISTS8
* LABEL
CTIMQAC
DIMENSION X({5000), SPACE(12000), ACOR(5000)
COMMON SPACE, X, ACOR
o
C OUTERMOST LOOP DECIDES WHETHER FULL AUTOCORRELATION OR
C 1/10 AUTOCORRELATION IS TO BE COMPUTED. THE NEXT LEVEL LOOP
C SELECTS ONE OF 5 ACCURACY CONSTANTS FOR QACOCRR.
Cc
DO 100 IXFR=1,2
FRCTN = NTHAF(IXFR, .10, 1.0)
DO 100 IXA=1,5
MXACC = XNTHAF(IXA, 25,50,100,250,500)
C
C THE INNERMOST LOOP SELECTS ONE OF 7 DATA LENGTHS, ACQUIRES THE DATA,
C TIMES THE CORRELATION PRODUCED BY QACORR AND THEN BY FORAC,
C EXCEPT THAT OPERATION OF FORAC IS BYPASSED FOR DATA LENGTHS
C EXCEEDING 1000, AND FOR ACCURACY INDICES OTHER THAN 1 .
c

DO 100 IXL=1,7
LX = XNTHAF(IXLs 25,50,100,250,500,1000,5000)
MXLAG = XFIXF(FRCTN=FLOATF(LX)) ~ 1
CALL GIVEX (LXy X) '
CALL TIMSUB(50, SECSQA)
CALL QACORR{X, LX, MXACC, MXLAG, SPACE, ACOR, IANS)
CALL VRSOUT(2, 2,
1 49H34H LX, MXACC, MXLAG, IANS, SECSQA = , 4164 Fl2.4,
2 SPACE, LXy MXACC, MXLAG, I[ANS, SECSQA)
IF (IXA-1) 100,70,100
70 IF (LX-1000) 80,8G,100
80 CALL GIVEX {LX, X)
CALL TIMSUB(50, SECSFA)
CALL FORAC (X, LXy MXLAG, ACOR)
CALL VRSOUT(2, 2, 36H21H LX, MXLAG, SECSFA = , 215, Fl2.4,
1 SPACE, LX, MXLAG, SECSFA)
100 CONTINUE
CALL EXIT
END



SAMPLE TIMING PROGRAMS

* FORAC, FORTRAN AUTOCORRELATION FOR COMPARISON WITH QACORR
= LISTS
- LABEL
CFORAC
SUBROUTINE FORAC{X, LXy MXLAG, ACOR)
c
C TOKEN DIMENSIONS
c ‘
DIMENSION X(2), ACOR(2)
JMAX = MXLAG + 1
Do 20 J=1, JMAX
SUM = 0.0
NMAX =LX-J+1
DO 10 I=1,NMAX
K =J + 1
10 SUM = SUM + X(I)#X(K-1)
20 ACOR(J) = SUM
RETURN
END
- GIVEX, PROVIDES A DATA VECTOR FOR QACORR TIME TESTS
- LISTS
b LABEL
CGIVEX
SUBROUTINE GIVEX(LX, X)
c
C TOKEN DIMENSIONS
c
DIMENSION X(2)
c

C THE DATA VECTOR PROVIDEC IS A MORE OR LESS WHITE LIGHT SERIES
C WITH VALUES IN THE RANGE -1.0 T0O +1.0 .
C
DO 10 I=1,LX
10 X(I) = COSF(100.#FLOATF(IN)
RETURN
END



SAMPLE TIMING PROGRAMS

L TIME TEST ASPECT
* XEQ
* LISTS8
* LABEL
CTIMASP
DIMENSION ACOR(5001), SPECT(1001), SPACE(2010), COSTAB(1001)
COMMON ACOR, SPECT, SPACE, COSTAB
C
C INITIALIZE BY SETTING UP THE AUTOCORRELATION OF A SAW-TOOTH.
c
CALL SETLIN(5001l.y -1., 5001, ACOR)
CALL SQUARE(ACOR, 5001, ACOR)
C
C OUTER LOOP SELECTS ONE OF SIX FREQUENCY INCREMENT CONSTANTS,
C AND ESTABLISHES THE CORRESPONDING COSINE TABLE.
C

DO 100 [IXMFRQ=1,6
MFREQ = XNTHAF{IXMFRQ, 25,50,100,250,500,1000)
CALL COSTBL(MFREQ, COSTAB)

INNER LOOP SELECTS ONE CF 8 CORRELATION LENGTHS AND PROCEEDS WITH
THE TIMING, BUT HAS A BYPASS FOR CASES IN WHICH THE NO. OF
FREQUENCIES EXCEEDS THE CORRELATION LENGTH.

OO0

DO 10C IXMXLG=1,8
MXLAG = XNTHAF(IXMXLG, 25,50,100,250.500,1000,2500,5000)
IF (MXLAG-MFREQ) 100,70,70
70 CALL TIMSUB(50, SECSAS)
CALL ASPECT(ACOR, MXLAG, COSTAB, MFREQ, C, MFREQ,
1 1.0, SPECT, SPACE, DUMMY, ERR)
CALL VRSOUT(2, 2,
1 45H29H MXLAGy MFREQ, ERR, SECSAS = , 216y 2F12.4,
2 SPACE, MXLAG, MFREQ, ERR, SECSAS)
100 CONTINUE
CALL EXIT
END
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SAMPLE TIMING PROGRAMS

TIME TEST WLLSFP AND SIMEQ
XEQ
LIST8
LABEL
TIMWAS
DIMENSION X{502), R({502), G(500), A(501), C(1010), SPACE(10C2),
1 AA{10000), BB(101), E(101)
COMMON AA, SPACE, C

INITIALIZE BY SETTING UP THE NORMALIZED AUTOCORRELATICON OF A SAWTOOTH
IN R{l...501)y AND A LINEAR RIGHT HAND SIDE IN G(l...500).

{THE NORMALIZATION IS NECESSARY TO PREVENT OVERFLOW IN SIMEQ.)

THE VARIABLE NAMES ARE CHOSEN AS DEFINED BY WLLSFP.

CALL SETLIN(0.0y l.Cy 501, X)
CALL WAC (501, X, 501, R)
CALL DIVIDE(R, 501, Ry R}

LR = 500

CALL SETLIN(1.0, 1.0, 500, G)
CALL DIVIDE(Gy 500, G(500)s G)

LOOP SELECTS ONE OF 8 MATRIX SIZES, LA, RANGING FROM 3 TO 500,
TIMES WLLSFP FOR THIS SIZE, AND THEN, PROVIDED LA DOESN'T
EXCEED 100, TIMES SIMEQ.

DC 100 IXLA=1,8

LA = XNTHAF(IXLA, 3,5,10,25,50,100,250,500)

CALL TIMSUB(50, SECSML)

CALL WLLSFP(LRy Ry Gy LA, Ay, C)

CALL VRSOUT(2, 2, 28H14H LA, SECSWL = , IS5, Fl2.4,
1 SPACEs LA, SECSWL)

IF (LA-100) 80,480,100

SINCE SIMEQ DESTROYS BOTH THE INPUT MATRIX AND THE RIGHT HAND SIOE,
THESE INPUTS MUST BE ESTABLISHED FOLLOWING A CALL INTMSB STATEMENT
AND PRIOR TO THE CALL TIMSUB STATEMENT.

80 CALL INTMSB
CALL REVER (Ry 501, SPACE)
CALL REVER (SPACE, 500, SPACE(502))
DO 90 I=1,LA
K =502 -1
J =1+ {(I-1)=LA
90 CALL MOVE (LA, SPACE(K), AA(J))
D = 1.0
CALL MOVE (LA, G, BB)
CALL TIMSUB(50, SECSIM)
CALL SIMEQ (LA, LA, 1, AA, BBy D, E, ERR)
CALL VRSOUT(2, 2, 34H19H LA, ERR, SECSIM = , 5, 2Fl2.4,
1 SPACEy LA, ERRy SECSIM)
100 CONTINUE
CALL EXIT
END



3

Program
Categorizations

The usages presented in Section 2 are only samples, and highly specialized ones at
that. For systematic access to programs of interest one needs an orderly indexing
such as that provided by the general sortings discussed in this section. The charac-
teristics on which these categorizations are based can be broadly divided into func-
tional and nonfunctional ones.

The functions performed by the programs of Section 10 can be grouped into the
following fifteen classes.

1. Administration 9. Probability and statistics

2, Input-output computations

3. Data transmission and access 10. Integration and differentiation

4. Data-form changing 11. 2-D array and 3-D array

5. Data generation operations

6. Data inquiry 12, Polynomial computations

7. Elementary numerical 13. Correlation and convolution
functions 14. Harmonic transformation

8. Miscellaneous numerical 15. Miscellaneous spectral-analysis
functions operations

In the following Summary of Functional Classifications, each of these classes
is broken down into a number of subclassesor categories, according to which the pro-
grams are sorted in the bulk of this section. This summary thus delineates the scope
of the programs and constitutes a startingpoint in a functionally oriented search of the
library. It should be noted that there is some overlap in the category definitions. More~
over, programs with multiple functions may appear in two or more of the categories.

The remainder of the section is then devoted to program sortings based on non-
functional characteristics such as authorship, language, linkage, and equipment uses,
and on subjective qualities such as speed and utility. The categories used there are
self-explanatory except, perhaps, for the term ¢“FAP necessarily,’”’ by which we imply
that it is either impossible or extremely awkward to express the function performed
using only basic FORTRAN statements.
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SUMMARY OF FUNCTIONAL CLASSIFICATIONS

PAGE 1 OF 2

ERRR R AR RRR SR AR RARRRRRRBR RS
# 1. ADMINISTRATIVE PROGRAMS #
HEERARERRARRBEERRRRRRERR RN B RN
FOR CONTROL OF PROGRAM FLOW

FOR EXPANDING SYSTEM CAPABILITY
FOR UNORTHODOX SUBROUTINE USAGE
FOR INDEX LOGIC

FOR DOCUMENTING EXECUTIONS

FOR EQUIPMENT CONTROL

FOR PROGRAM TIMING

FOR ABSOLUTE MEMORY INFORMATION

FOR PROPER USE OF MISNAMED VARIABLES

R AR SRR BB CERRR RN BN

# 2. INPUT-DUTPUT PROGRAMS =
AR REER AR RBARE RN R RR RN SR
FOR BCD INPUT TO CORE

FOR BINARY INPUT TO CORE

FOR BCD OUTPUT FROM CORE

FOR BINARY OUTPUT FROM CORE
FOR GRAPHICAL OUTPUT FROM CORE
FOR FORMAT PURPOSES

FEREBRERRBR AR RR SRR R RERNE

# 3., DATA TRANSMISSION =

» AND ACCESS PROGRAMS =

AR AR RN RR RN B RN R RN SRR

FOR STORAGE-TO-STORAGE MOVEMENT
FOR STORAGE-TO-TAPE MOVEMENT
FOR TAPE-TO-STORAGE MOVEMENT
FOR TAPE-TO-TAPE MOVEMENT

FOR INFORMATION STORAGE

FOR INFORMATION RETRIEVAL

AR R R R RN SRR RN RN RN R RR R
#* 4, DATA FORM-CHANGING PROGRAMS =
Yy Y Y T Y T T Ty
FOR CONVERTING DATA MODE

FOR PACKING DATA

FOR UNPACKING DATA

FOR SCALING DATA

FOR NORMALIZING DATA

FOR ROUNDING DATA

FOR SHIFTING DATA

FOR CHANGING DATA SPACING

AR SRR RN R RN R RN RN RRNRRRR S
# 5, DATA GENERATING PROGRAMS =
R R REERRERRERR AR RN R RN RRRRRS
FOR GENERATING HOLLERITH

FOR GENERATING RANDOM NUMBERS
FOR GENERATING SINUSOIDS

FOR GENERATING SCALARS

FOR GENERATING 1-D ARRAYS
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P Ty YT YT YY)
# 6. DATA INQUIRY PROGRAMS =
Py Y Y Yy Y Y Y Y Yy Y
FOR FINDING EXTREMAL VALUES
FOR COMPARING DATA

FOR SEARCHING DATA

FOR SELECTING DATA

FOR ORDERING DATA

FOR CLASSIFYING DATA

L2222 2222 X222 2222222222 22 X X
& 7. ELEMENTARY NUMERICAL =
- PROGRAMS »
ERBEERERSRRRRRARERE RSB RN RN
FOR ADDITION

FOR SUBTRACTION

FOR MULTIPLICATION

FOR DIVISION

FOR MODIFYING SIGN

FOR RAISING TO POWERS

FOR TAKING ROQTS

FOR TRIGONOMETRIC FUNCTIONS
FOR COLLAPSING VECTORS

FOR ROTATING VECTORS

FOR REVERSING VECTORS

FOR EXCHANGING VECTORS

FOR REFLECTING VECTORS

HEBBRBRRRERBRBSERRRREREREREREEER
*» 8. MISCELLANEOUS NUMERICAL #
* PROGRAMS »
RERERBREBERRARRAERRERRRRARR AR
FOR INTERPOLATION

FOR SAMPLE BASE CHANGING

FOR GENERATING SINUSOIDS

FOR TRIGONOMETRIC FUNCTIONS
FOR TREATING ODD AND EVEN PARTS
FOR FITTING EQUATIONS TO DATA
FOR CONTOURING

FOR DELTA AND STEP FUNCTICNS
FOR CONVERTING COMPLEX NUNMBERS
FOR MOVING SUMMATION

FOR INVERTING FUNCTIONS

FOR DOT PRODUCTS
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SUMMARY OF FUNCTIONAL CLASSIFICATICNS

PAGE 2 OF 2

ERRRRRERRRRRERERRRRRBRRERRRGR R RN
# 9, PROBABILITY AND STATISTICS #
RN RN RN R RN R R AR E SRR R BN RRRRRNN
FOR FINDING MOMENTS

FOR FINDING AVERAGES

FOR FINDING R.M.S. VALUES

FOR FINDING SUMS OF SQUARES

FOR FINDING SUMS OF DIFFERENCES
FOR GENERATING RANDOM NUMBERS

FOR RANDCOMIZING DATA

FOR FINDING DISTRIBUTIONS

FOR PROBABILITY TRANSFORMATION

FOR CHI-SQUARE ANALYSIS

FOR DEPENDENCY TESTING

FOR NORMAL CURVE INTEGRATION

FRBERRRRRRBRRRE R RN RN R RN TR RN
# 10. INTEGRATION AND *
* DIFFERENTIATION PROGRAMS =
T Yy I I YTy Yy
FOR DEFINITE INTEGRATION

FOR INDEFINITE INTEGRATION

FOR DIFFERENTIATION

FOR INDEFINITE SUMMATION

FOR DIFFERENCING

AR RER AR RN ER R R AR RN RN
# 11. 2-D ARRAY AND -

* 3-D ARRAY PROGRAMS =
AEBRERRRRRRBRRRRARE RN BT NS

FOR MATRIX MULTIPLICATION

FOR MATRIX INVERSION

FOR SOLVING MATRIX EQUATIONS

FOR DETERMINANT EVALUATION

FOR MATRIX TRANSPOSITION

FOR MATRIX FACTORIZATION

FOR 2-D ARRAY ROTATION

FOR INTERPOLATING 2-D ARRAY COLUMNS
FOR 2-D ARRAY DOT PRODUCTS

FOR 2-D ARRAY CORRELATION

FOR
FOR
FOR
FOR
FOR
FOR

SOLVING 2-D ARRAY EQUATIONS
MATRIX VECTOR REVERSAL

MATRIX VECTOR DOT PRODUCT
MATRIX VECTOR CORRELATION
SOLVING MATRIX VECTOR EQUATIONS

2-D ARRAY FOURIER TRANSFORMATION

P Gy et gt g g i gt foed Doy g e pusy pasg Pt et e Dng G P R ey D puq e Geed Gug et e Bed Dud e bued bt e bemt puni g omt Penf jug Dot Dumd Bmq Punp Puwd Gueg et

RERRRRERBERAR B AR R RBR RS RR R
# 12. POLYNOMIAL PROGRAMS #
BRERRBRRRRRRRRRBRRRRRRR RS
FOR PCLYNOMIAL EVALUATION

FOR FINDING POLYNOMIAL ROCTS
FOR POLYNOMIAL MULTIPLICATICN
FOR POLYNOMIAL DIVISICN

FOR PCLYNCMIAL SQUARE ROGTS
FOR SYNTHESIZING POLYNOMIALS

(22 XX 2222122222 222222 X3
* 13. CORRELATIONS ANC #
. CONVOLUTIONS .
SRV AL BV BRBRLBRRRRERERES
FOR AUTOCCRRELATICON

FOR CROSS~CORRELATION
FOR CONVOLUTION

FOR DOT PRODUCTS

RERRBRVER RN ARRARRRRRBR RN

& 14, HARMONIC TRANSFCRMS =
Y T YT Y YY YL

FOR COSINE TRANSFORMATION

FOR SINE TRANSFORMATICN

FOR FOURIER TRANSFORMATION

FOR INVERSE FOURIER TRANSFORMATION

R R RN RBRR R R B R R B RRERERNERRE

# 15, MISCELLANEOUS SPECTRAL =

* ANALYSIS PROGRAMS =
RRERRARBRRE RN AR E RN REREREREN
FOR DANIELL WEIGHTING

FOR SPECTRAL FACTORIZATION

FOR GENERATING NUMERICAL FILTERS
FOR
FOR
FOR
FOR

SPECTRAL COMPARISCNS
GENERATING SINUSOIDS

CONVERTING TO AMPLITUDE AND PHASEI
CONVERTING TO REAL AND IMAGINARY I

e o ]



Time-Series Computations in FORTRAN and FAP

The sorted lists which will follow below need some introduction with regard to
format. First of all, the sortings have been made on the basis of names of principal
entries, and the lists are alphabetically ordered with respect to these names. In the
case of multiple-entry programs, the names of the secondary entries appear as a
parenthetical list following each appearance of the principal entry name. However,
a parenthetical list following a name is not necessarily a list of secondary entries; it
may alternatively be a list of functionally related programs. For example, each
appearance of the Fourier-transform program QFURRY is followed by a parenthetical
reference to the inverse Fourier-transform program QIFURY, and conversely.

Secondly, it should be noted that we run into an occasional problem resulting
from the fact that the present sortings are necessarily based on six-character names
for the principal entries, whereas in the program listings of Section 10 we sometimes
have appended serial numbers and/or computer numbers to distinguish between pro-
grams of identical principal entry names. The sortings have been made on the basis
of effective names. The effective names are identical to the principal entry names in

cases where no ambiguity can arise, Effective names for the exceptional cases are
listed below.

Effective Name True Name Effective Name True Name
CLOCK1 CLOCK1 (7090) LINE LINE (709)
CNVLV2 CONVLV-II LINE90 LINE (7090)
DISPLA DISPLA (709) LINEH LINEH (709)
DSPL 90 DISPLA (7090) LINH90 LINEH (7090)
FRAME FRAME (709) LINEV LINEV (709)
FRAM90 FRAME (7090) LINV90 LINEV (7090)
FT24I1 FT24 -1I MULK2 MULK -II
HST2 HSTPLT -II SETK2 SETK -II
HST309 HSTPLT -III (709) SETKS2 SETKS -II
HST390 HSTPLT -III (7090) | TIMA2B TIMA2B (7094)

42



PROGRAMS SORTED BY FUNCTION

(2222222 22222222 222222222 X222

# 1. ADMINISTRATIVE PROGRAMS #

REFFRZRBFRBERRERRBRERBRERRER RS

FOR CONTROL OF PROGRAM FLOW
INDEX (CHUSET, SETAPT, SETEST, VINDEX), SEVRAL (PLURAL).

FOR EXPANDING SYSTEM CAPABILITY
FNOFMT, GETX ( IGETX), LOCATE ( ARG, CALL, CALL2, RETURN,
SETSBV, SETUP, STORE, WHERE, XARG, XINDEX, XNAME, XNARGS),
CNLINE ( (STH)y, (STHD), (STHM)), PLURNS, RDATA, REREAC (ENDFIL,
EOFSET, (TSHY, (TSHM))}, RPLFMT, SAME ( XSAME), SEVRAL (PLURAL),
VARARG.

FOR UNORTHODOX SUBROUTINE USAGE
LOCATE ( ARGy CALL, CALL2, RETURN, SETSBV, SETUP, STORE,
WHERE, XARGy XINDEX, XNAME, XNARGS), PLURNS, SEVRAL (PLURAL),
VARARG.

FOR INDEX LOGIC
FASTRK, GETX ( IGETX)s, INDEX (CHUSET, SETAPT, SETEST, VINDEX),
LOCATE ARG, CALL, CALL2, RETURN, SETSBV, SETUP, STORE,
WHERE XARGy XINDEX, XNAME, XNARGS).

FOR DOCUMENTING EXECUTIONS
DADECK, LISTNG, MEMUSE, RDATA, XLCOMN.

FOR EQUIPMENT CONTROL
CARIGE, CLKON, FRAME (FRAM90), FSKIP, ONLINE ( (STH), (STHD),
(STHM)), REREAD (ENDFIL, EOFSET, (TSH), (TSHM)), RSKIP, SETINO,
SWITCHy, TRMINO, ZEFBCD (ZEFBIN).

FOR PROGRAM TIMING
CLKONy CLOCKl, TIMA2B, TIMSUB (INTMSB).

FOR ABSOLUTE MEMORY INFORMATION
IXCARGy LOCy MEMUSE, XLCOMN, XLacv.

FOR SUBROUTINE LIBRARY STUDY
(NO ENTRIES FOR THIS CATEGORY)

FOR PROPER USE OF MISNAMED VARIABLES
SAME ( XSAME).

LA 222 22222222 X222 22222 %2 2

# 2, INPUT-0OUTPUT PROGRAMS #

L2 Z 222222222 22X 222222222222

FOR BCD INPUT TG CORE -
RDATA, REREAD (ENDFIL, EOFSET, (TSH), (TSHM)), ZEFBCDC (ZEFBIN).

FOR BINARY INPUT TO CORE
INDATA, PACDAT, ZEFBCD (ZEFBIN).



PROGRAMS SORTED BY FUNCTION

FOR BCD OUTPUT FROM CCRE
COLABL, CSOUT, CVSOUT, DISPLA (DSPL90}, FMTOUT, MLI2A6, MOUT,
MOUTAI, ONLINE ( (STH), (STHD), (STHM)), PWMLIV, VECOUT, vouT,
VRSOUT, VSQuT.

FOR BINARY OUTPUT FROM CORE
OUDATA, WRTDAT.

FOR GRAPHICAL OUTPUT FROM CORE
CNTRDBy CNTROW, CONTUR, DISPLA (DSPL90), GRAPH, GRAPHX, HSTPLT
( HST2, HST309, HST390), LINE (LINESO), LINEH (LINH90), LINEV
(LINV9O), PLOTVS, PLTVS1.

FOR FORMAT PURPOSES
COLABL, DSPFMT, FNDFMT, RPLFMT.

EERRRRRREERRRRR R R AR RN RN,
# 3, DATA TRANSMISSION *
* AND ACCESS PROGRAMS =

tA 22222 X2 2222222222222 X222

FOR STORAGE-TO-STORAGE MOVEMENT
EXCHVS, MOVE, MOVECS, MOVREV, MRVRSy MVBLOK.

FOR STORAGE-TO-TAPE MOVEMENT
GETRDl, OUDATA, WRTDAT.

FOR TAPE-TO-STORAGE MCVEMENT
INDATA, PACDAT.

FOR TAPE-TO-TAPE MOVEMENT
CPYFL2, DADECK.

FOR INFORMATION STORAGE
OUDATA, PAKN (UNPAKN), SETINO, TRMINO, WRTDAT.

FOR INFORMATION RETRIEVAL
GETX { IGETX), INDATA, LISTNG, NTHA ( XNTHA), PACDAT, UNPAKN
{ PAKN).

L2 2222222322222 X X222 22222222222 ]

# 4, DATA FORM-CHANGING PROGRAMS =

122222222222 2222222222 2222222222232

FOR CONVERTING CATA MODE
FIXV ( FIXVR), FLOATM, FLOATV, FXDATA (FLDATA), HVTOIV (IVTOHV),
INTHOL, [ITOMLI, IVTOHV (HVTOIV), MLI2A6, XFIXM,

FOR PACKING DATA
PAKN (UNPAKN).

FOR UNPACKING DATA
UNPAKN ( PAKN).

FOR SCALING DATA
FXDATA (FLDATA), MLISCL, SCPSCL, SMPSON.



PROGRAMS SORTED BY FUNCTIOCN

FOR NORMALIZING DATA
FXDATA (FLDATA), NMZIMGl, NRMVEC.

FOR ROUNDING DATA
FIXV ( FIXVR}, FXDATA (FLDATA}), RND ( RNDDN, RNDUP),
(RNDVDN, RNDVUP), XDIV ( XDIVR), XDVIDE (XDVIDR), XFIXM,
(XDVRBV).

FOR SHIFTING DATA
HLADJ ( HRADJ}, ITOMLI, LSHFT (XLSHFT), SHFTR1, SHFTR2.

FOR CHANGING DATA SPACING
MOVREV.

ARBEREBRERRBEBRRRAERBRHBERRERRRES

# 5. DATA GENERATING PRCGRAMS =

LA 4222222222 222X 2 X222 222222 X222

FOR GENERATING HOLLERITH
GENHOL, GETHOL, GNHOL2.

FOR GENERATING RANDOM NUMBERS
GETRD1.

FOR GENERATING SINUSOIDS
COSTBL (COSTBX, SINTBL, SINTBX), SEQSAC (NEXCOS, NEXSIN).

FOR GENERATING SCALARS
SETK ( SETKS, SETVEC), SETK2, SETKP (SETVCP), SETKS2.

FOR GENERATING 1-D ARRAYS
SETK ( SETKS, SETVEC), SETKP (SETVCP), SETKV, SETKVS,
(XSTLIN), SETLNS, STZ, STZS.

EE 222222 22222222222 222222222

# 6. DATA INQUIRY PROGRAMS =

L2223 2222222222222 222222222 24

FOR FINDING EXTREMAL VALUES :
MAXSN ( MAXAB, MINAB, MINSN), MAXSNM (MAXABM, MINABWM,

FOR COMPARING DATA
CMPARP (CMPARS), CMPARV (CMPARL), CMPRA (CMPRFL,y XCMPRA),
(CHUSET, SETAPT, SETEST, VINDEX), LIMITS, LOCATE ( ARGy
CALL2, RETURN, SETSBV, SETUP, STORE, WHERE, XARG
XNAME, XNARGS), XACTEQ, XLIMIT.

FOR SEARCHING DATA
FASCN1, FASTRK, NXALRM, SEARCH,  SRCHl.

FOR SELECTING DATA
CHOOSE, GETX { IGETX), NTHA ( XNTHA), WHICH (XWHICH).

FOR ORDERING DATA
SIZEUP (SIZUPL).

FOR CLASSIFYING DATA
MONOCK X00ZE.

RNECV
XVDVBV

SETLIN

MINSNM).

INDEX
CALL,
XINDEX,



PROGRAMS SORTED BY FUNCTION

Iy Yy I T I Y YY)
# 7. ELEMENTARY NUMERICAL PROGRAMS +

LA 222222222222 2222222222 2222222 X 22X

FOR ADDITION
ADDK ( ADDKS, DIVK, DIVKS, MULK, MULKZ2, SUBK, SUBKS,
XADDKy XADDKS, XDIVK, XDIVKS, XDVRKy XDVRKS, XMULKy XMULKS,
XSUBKy XSUBKS), BOOST (DPRESS, XBOOST, XDPRSS), FAPSUM, NRMVEC,
SUM ( XSUM), VPLUSYV (VMNUSV, XVMNSV, XVPLSV).

FOR SUBTRACTION
ADDK ( ADDKS, DIVK, DIVKS, MULK, MULK2, SUBK, SUBKS,
XADDK, XADDKS, XDIVK, XDIVKS, XDVRK, XDVRKS, XMULK, XMULKS,
XSUBK, XSUBKS), BOOST (DPRESS, XBOOST, XDPRSS}, REMAV, VPLUSV
(VMNUSV, XVMNSV, XVPLSV), XREMAV.

FOR MULTIPLICATION
ADDK ( ADDKS, DIVK, DIVKS, MULK, MULK2, SUBK, SUBKS,
XADDKy XADDKS, XDIVK, XDIVKS, XDVRK, XDVRKS, XMULK, XMULKS,
XSUBK, XSUBKS), DUBLX ( DUBLL, HALVL, HALVX)s MLISCL, MULK2,
MULPLY, VTIMSV (XVTMSV).

FOR DIVISION
ADDK ( ADDKS, DIVK, DIVKS, MULK, MULK2, SUBK, SUBKS,
XADDK, XADDKS, XDIVK, XDIVKS, XDVRK,y XDVRKS, XMULK, XMULKS,
XSUBK, XSUBKS), DIVIDE, DuUBLX ( DUBLL, HALVL, HALVX), VDVBYV,
XDIV ( XDIVR), XDVIDE (XDVIDR), XVDVBV (XDVRBV).

FOR MODIFYING SIGN
ABSVAL, CHPRTS (RVPRTS), CHSIGN, MOVREV.

FOR RAISING TO POWERS
MVSQAV, POWER (SMPRDV), SQRMLI, SQUARE (XSQUAR).

FOR TAKING ROOTS
SQROOT, XSQRUT.

FOR TRIGONOMETRIC FUNCTIONS
ARCTAN, SEQSAC (NEXCOS, NEXSIN).

FOR COLLAPSING VECTORS
COLAPS, KOLAPS.

FOR ROTATING VECTORS
ROTAT1.

FOR REVERSING VECTORS
CHPRTS (RVPRTS), MOVREV, REVERy REVERS.,

FOR EXCHANGING VECTORS
EXCHVS.

FOR REFLECTING VECTORS
REFLEC (XRFLEC).



PROGRAMS SORTED BY FUNCTION

RERBRRBEREREREASERBRARRRA TR FRERER RTINS

# 8, MISCELLANEOUS NUMERICAL PROGRAMS =

RREEREBERBRAGEERERRRBLEARRBRAGRHBRBERRRRRRESN

FOR INTERPOLATION
ARBCOL, EXPAND, INTOPR, LINTR1l, QINTR1.

FOR SAMPLE BASE CHANGING
EXPANDs NURINC, SIFT.

FOR GENERATING SINUSOIDS
COSTBL (COSTBX, SINTBL, SINTBX), SEQSAC

FOR TRIGONOMETRIC FUNCTIONS
ARCTAN, SEQSAC (NEXCOS, NEXSIN).

FOR TREATING ODD AND EVEN PARTS
CHPRTS (RVPRTS), SPLIT ( REFIT).

FOR FITTING EQUATIONS TO DATA
CUFIT1l, |INTOPR, LSLINE, PRBFIT, QUFITI1.

FOR CONTOURING
CNTRDB, CONTUR.

FOR DELTA AND STEP FUNCTIONS
DELTA ( STEPC, STEPL, STEPR, XDELTA,

FOR CONVERTING COMPLEX NUMBERS
AMPHZ ( REIM).

FOR MOVING SUMMATION
BLKSUM, MUVADD, MVINAV, MVNSUM, MVSQAV.

FOR INVERTING FUNCTIONS
IFNCTN.

FOR DOT PRODUCTS
DOT J, FDOT ( FDOTR)}, VDOTV.

I2 212222222222 S22 X2 X2 22222 22222 g

* 9, PROBABILITY AND STATISTICS =«

(22222222222 22222 2XZ22 22222222222

FOR FINDING MOMENTS
POWER (SMPRDV).

FOR FINDING AVERAGES
AVRAGE, MVINAV, MVSQAV, REMAV, TAMVL
XREMAV.

FOR FINDING R.M.S. VALUES
RMSDEV  {RMSDAV).

FOR FINDING SUMS OF SQUARES .
SQRDFR (SQRDEV), SQRSUM (XSQSUM), XSQDFR

(NEXCOS, NEXSIN).

XSTEPC, XSTEPL, XSTEPR).

{ TAMVR), XAVRGE (XAVRGR),

(XSQDEV).



PROGRAMS SORTED BY FUNCTION

FOR FINDING SUMS OF DIFFERENCES

SQRDFR (SQRDEV), SUMDFR (SUMDEV, XSMDEV, XSMDFR},

FOR GENERATING RANDOM NUMBERS
GETRD1.

FOR RANDOMIZING DATA
SHUFFL.

FOR FINDING DISTRIBUTIONS
FRQCT1l, FRQCT2, POKCTl, PRBFIT, PROB2.

FOR PROBABILITY TRANSFORMATION
GRUP2, MPSEQl, NOINT1 (NOINT2).

FOR CHI-SQUARE ANALYSIS
CHISQR, KIINT1.

FOR DEPENDENCY TESTING
MSCON1l, POKCT1.

FOR NORMAL CURVE INTEGRATION
NOINT1 (NOINT2).

Y Yy Yy YR I Yy Yy
# 10. INTEGRATION AND .
* DIFFERENTIATION PROGRAMS =

RERRREBRERRRRRRRREBRRERARRR RN

FOR DEFINITE INTEGRATION
MVNTIN (MVNTNA), SMPSON, TINGL (TINGLA).

FOR INDEFINITE INTEGRATION

IDERIV (DERIVA), INTGRA (IINTGR), TAMVL ( TAMVRI),

FOR DIFFERENTIATION
DERIVA (IDERIV}, IINTGR (INTGRA).

FOR INDEFINITE SUMMATION
INTSUM (DIFPRSy, XNTSUM).

FOR DIFFERENCING
DIFPRS (INTSUM, XDFPRS).

(22222222222 X222 2222 XX 222 X2 22222222222

* 11. 2-D ARRAY AND 3-D ARRAY PROGRAMS =
P Yy T Yy Yy Yy Y T Y YY)

FOR MATRIX MULTIPLICATION
MATMLL, MATML3.

FOR MATRIX INVERSION
MATINV, SIMEQ ( DETRM).

FOR SOLVING MATRIX EQUATIONS
LSSSl, RLSPRs RLSSRy SIMEQ ( DETRM),s WLLSFP.

XSQDFR

(XSQDEV).



PROGRAMS SORTED BY FUNCTICN

FOR DETERMINANT EVALUATION
SIMEQ ( DETRM),

FOR MATRIX TRANSPOSITION
MATRA, MATRAl.

FOR MATRIX FACTORIZATION
MFACT.

FOR 2-D ARRAY ROTATION
ROAR2.

FOR INTERPOLATING 2-D ARRAY COLUMNS
ARBCOL.

FOR 2-D ARRAY DOT PRODUCTS
pore.

FOR 2-D ARRAY CORRELATIONS
SPCOR2.

FOR 2-D ARRAY FOURIER TRANSFORMATION
PLANSP.

FOR SOLVING 2-D ARRAY EQUATIONS
FIRE2, RLSPR2.

FOR MATRIX VECTOR REVERSAL
MRVRS.

FOR MATRIX VECTOR DOT PRODUCT
MDOT, MDOT3.

FOR MATRIX VECTOR CORRELATION
CRSVM.

FOR SOLVING MATRIX VECTOR EQUATIONS
MIFLS, MIPLS, MISS.

L2 X222 222222 22222222222

* 12. POLYNOMIAL PROGRAMS =

(2222222223222 22222222 2]

FOR POLYNOMIAL EVALUATION
FASCUB, IPLYEV, POLYEV.

FOR FINDING POLYNOMIAL ROOTS
MULLER.

FOR POLYNOMIAL MULTIPLICATION
CONVLV, CNVLVZ2.

FOR POLYNOMIAL DIVISICN
POLYDV.



PROGRAMS SORTED BY FUNCTICN

FOR POLYNOMIAL SQUARE ROOTS
PSQRT.

FOR SYNTHESIZING POLYNOMIALS
PLYSYN, POLYSN.

(222 X2 2223 X2 22222223 2222222222222 22222 ]

# 13. CORRELATIONS AND CONVOLUTIONS =
[ Yy T I T Y

FOR AUTOCORRELATION
CROSS, CROST, PROCOR (FASCOR, FASCR1,
QXCORR WAC.

FOR CROSS-CORRELATION
CROSS, CROSTy PROCOR {(FASCOR, FASCR1,
QXCOR1.

FOR CONVOLUTION
CONVLV, CNVLV2, AQCNVLV.

FOR DOT PRODUCTS
DOTJ, FDOT ( FDOTR), VDOTV.

EE 222222 X222 222222222222 X2 2]

# 14, HARMONIC TRANSFORMS =
AR R RERREBRBRRE R RRERE

FOR COSINE TRANSFORMATION
ASPECT, ASPEC2, COSIS1, CcosP  (COSISP,

FOR SINE TRANSFORMATION
COSIS1, COSP (COSISP, SISP).

FOR FOURIER TRANSFORMATION
COSIS1, cosP  (COSISP, SISP), FT24
XSPECT.

FOR INVERSE FOURIER TRANSFORMATION
QIFURY (QFURRY).

AR RRRRERRERBRRARRER R NN
# 15. MISCELLANEOUS SPECTRAL &
= ANALYSIS PROGRAMS L

t 2222232222222 X2 2222222222222 2 4

FOR DANIELL WEIGHTING
ADANL { ADANX, XDANL XDANX) .

FOR SPECTRAL FACTORIZATION
FACTOR.

FOR GENERATING NUMERICAL FILTERS
GNFLT1.

FASEPCy FASEP1l), QACORR,

FASEPC, FASEP1), QXCORR,

SISP).

(FT2411), QFURRY (QIFURY),



PROGRAMS SORTED BY FUNCTICON

FOR CONVERTING TO AMPLITUDE AND PHASE
AMPHZ ( REIM).

FOR CONVERTING TO REAL AND IMAGINARY
AMPHZ ( REIM).

FOR SPECTRAL COMPARISONS
MXRARE.

FOR GENERATING SINUSOIDS
COSTBL (COSTBX, SINTBL, SINTBX), SEQSAC (NEXCOS, NEXSIN).



PROGRAMS

SORTED BY NON-FUNCTIONAL ATTRIBUTES

SEARBRRERERRES
# AUTHORSHIP =
FEBERRRBRRBRRE
CLAERBOUT, JON F.
ADANL { ADANX,
(COSTBX, SINTBL,
MINAB, MINSN),
SAME ( XxSAME),
CLARK,y JACQUELINE
COLAPS, KOLAPS.
GALBRAITH, JAMES N.,
CHISQR, FACTOR,
LINEH (LINH90),
PROB2, SMPSON,
GREENFIELD, ROY J.
PRBFIT.
HANSON, I.
MULLER.
M.I.T.
FRAM90.
PANy CHEH
FT24 (FT2411).
PROCITO, JOSEPH T.
QINTR1.
ROBINSON, ENDERS A.
PLYSYN.
SIMPSON, STEPHEN M.,
ABSVAL, ADDK
SUBKS, XADDK
XMULKS, XSUBK,
BOOST (DPRESS,
CHSIGN, CLOCK1,
COLABL, CONTUR,
( STEPC, STEPL,
(IDERIV), DIFPRS
HALVL, HALVX),
( FIXVR), FLOATM,
GETHOL, GETRD1,
(IVTOHV), IDERIV
SETAPT, SETEST,
XNTSUM), ITOMLI,
(LINE90), LINE9O,
SETSBV, SETUP,
MAXSNM  (MAXABM,

XDANL
SINTBX),

MOVE,

$TZ,

JR.

FRQCT2,
L INH90,
ZEFBCD

JRe
{ ADDKS,
XADDKS
XSUBKS),
XBOOST,
CMPARP
case
STEPR,
(INTSUM,
EXCHVS,
FLOATV,
GNFLT1,
(DERIVA)Y,
VINDEX),
IVTOHV
LINTRI1,
STORE,
MINABM,

XDANX),
FAPSUM,
OUDATA,
UNPAKN

GRUP2,
LINEV

(ZEFBIN).

COMPUTATION CENTER STAFF

DIVK,
XDIVK,
ARBCOL,
XDPRSS),
(CMPARS),
(COSISP,
XDELTA,
XDFPRS),
EXPAND,
FMTOUT,
GRAPH,
IFNCTN,
INTGRA
(HVTOLV),
LOCATE
WHERE,
MINSNM),

AMPHZ
FSKIP,
P AKN

{ REIM),
INDATA,
(UNPAKN) ,

PAKN), VARARG,

HSTPLT

DIVKS,
XDIVKS,
ASPECT,
CARIGE,
CMPARY

SISP)
XSTEPC,
DIVIDE,
FASCN1,
FNOFMT,
GRAPHX,
IINTGR

(IINTGR)

IXCARG,
ARG,
XARG,
MEMUSE,

{ HST2,

(LINV90), LINV9O,

MULK,
XDVRK
ASPEC2,
CHOOCSE,
(CMPARL),
» CUFITL,
XSTEPL,
DSPFMT,
FASCUB,
FRQCT1,
HLADJ
{INTGRA),
¢+ INTOPR,
KIINTL1,
CALL,
XINDEX,
MLISCL,

CCNVLV, COSTBL
MAXSN ( MAXAB,
POLYEV, PSQRT,
WAC.
HST309, HST390),
MPSEQl, MSCON1,
MULK2, SUBK,
XDVRKS, XMULK y
AVRAGE, BLKSUM,
CHPRTS (RVPRTS),
CNTRDBy CNTRCHW,
CVSOouT, DELTA
XSTEPR)y DERIVA
DUBLX ( DUBLL,
FASTRK, FIXV
FXDATA {FLDATA),
( HRADJ), HVTOILV
INDEX (CHUSET,
INTSUM (DIFPRS,
LIMITS, LINE
CALL2, RETURN,
XNAME, XNARGS),
MLI2A6y MONOCK,

(CONTINUED NEXT PAGE)



MOUTAI,
MVNTIN
PLOTVS,
FASCR1,
QIFURY
RMSDEV
(NEXCOS,

PROGRAMS SORTED BY NON-FUNCTIONAL ATTRIBUTES

MOVECS, MULK2, MULPLY, MUVADD, MVBLOK,
(MVNTNA), MVSQAV, MXRARE, NTHA ( XNTHA),
PLTVS1l, PLURNS, POKCT1, POWER (SMPROV),
FASEPC, FASEPl), PWMLIV, QACORR, QCNVLV,
(QFURRY)y QUFIT1l, QXCORR, REFLEC (XRFLEC},
(RMSDAV), RNDV  (RNDVDN, RNDVUP), RPLFMT,
NEXSIN), SETING, SETK ( SETKS: SETVEC),

{SETVCP}), SETKS2, SETKV, SETKVS, SETLIN (XSTLIN),
(PLURAL}y SHFTR1, SHUFFL, SIFT, SPLIT ( REFIT),

SQRMLI,

SQROOT, SQRSUM ({XSQSUM), SQUARE (XSQUAR),

{ XSUM), SUMDFR (SUMDEV, XSMDEV, XSMDFR}, SWITCH,

TINGL
(VMNUSV,

(TINGLA), TRMINO, vbDOTVvV, VDVBYV, VECOUT,
XVMNSV, XVPLSV), VRSOUT, VSOuT, VTIMSV

(XWHICH)» XACTEQ, XAVRGE (XAVRGR), XDIV { XDIVR),

XFIXM,
XSQRUT,

XLIMIT, XLOCV, X00ZE, XREMAV, XSPECT,
XVDVBV  (XVDRBV).

WIGGINS, RALPH A,

ARCTAN,
CROST,
FRAME

HST309,

LSLINE,
MFACT,

NRMVEC,

QXCOR1,
RLSPR,

SEARCH,

CLAERBOUT,
CNVLV2,

GALBRAITH,
DADECK.

CLKON, CMPRA (CMPRFL, XCMPRA), COSIS1,
CRSVM, csaur, DOTJ, DOTP, FOOT
(FRAM90), FT24II, GENHOL, GETX ( IGETX),
HST390, [INTHOL, IPLYEV, LISTNG, LoC,
LSSS1, MATINV, MATML1, MATML3, MATRAl,
MIFLS, MIPLS, MISS, MOUT, MOVREV,
ONLINE ( (STH), (STHD), (STHM)), PACDAT,
RDATA, REREAD (ENDFIL, EOFSET, (TSH}Y,
RLSPR2, RLSSR, RND ( RNDDN, RNDUP )
SPCOR2, SRCH1, WLLSFP, WRTDAT, XLCOMN.

JeFey AND WIGGINS, R.A.
POLYDV.

JeNey AND WIGGINS, R.A.

MIT LINCOLN LAB, MODIFIED BY GALBRAITH, J.N.

DISPLA

(DSPL90O).

WIGGINS, R.Aey AND SIMPSON, S.M.

MATRA,

SIZEUP (SIZUPL).

SIMPSON, S.M., AND GALBRAITH, J.N.

NOINT1

(NOINT2).

WIGGINS, R.A.y AND CLARK, J.

ROTAT1.

SIMPSON, S.

SHFTR2,

M.y AND WIGGINSy R.A.
TIMA2B, TIMSUB (INTMSB).

OLSZTYN, JoT.y MODIFIED BY NEILL, A.M., AND BY WIGGINS,

SIMEQ

{ DETRM).

MVINAY,
NURINC,
PROCOR
QFURRY
REMAV,
SCPSCL,
SETK2,
SETLNS,
SQRDFR
STZIS,
TAMVL
vouT,

{XVTMSVY,

XOVIDE
XSQDFR

CPYFL2,

( FDOTR),

GNHOL 2,
LSHFT

MDOT,
MRVRS,
PLANSP,

MVNSUM,
NXALRM,
(FASCCR,
(QIFURY),
REVER,
SEQSAC
SETKP
SEVRAL
(SQRDEVI,
SUM
( TAMVR),
VPLUSV
WHICH
(XDVICR),
(XSQDEV),

CROSS,
FIRE2,
HST2,
{XLSHFT),
MDOT3,
NMZMG1,
POLYSN,

(TSHM) ), REVERS,

ROAR2,

R‘A.

RSKIP,



PROGRAMS SORTED BY NON-FUNCTIONAL ATTRIBUTES

ERVREAFEREFHRARRRRES

* LANGUAGE COMMENTS =

HBRRERAEBABERARIRERNER

FORTRAN
CARIGE, CHISQR, CLKON,
COSIS1, CROSSy CROST,
FRQCT1, FT24II, GETHOL,
INDATA, IPLYEV, [IXCARG,
MATINV, MATML3, MDOT,
MISS, MOUT, MOUTAI,
MVSQAV, MXRARE, NRMVEC,
PLYSYN, POKCT1, POLYDV,
PWMLIV, QACGRR, QCNVLV,
QXCORRs» QXCOR1, RDATA,
SETK2, SETKS2, SHUFFL,
vaurt, WACy, WLLSFP,
FAP BY OPTION
ABSVAL, ADANL ( ADANX,
ARCTAN, ASPEC2, AVRAGE,
CHPRTS {RVPRTS)y CHSIGN,
COLAPS, CNVLVZ, cose
SINTBX), CUFIT1, DELTA
XSTEPL, XSTEPR), DERIVA
DOTJ, DSPFMT, DuUBLX
FACTOR, FASCNl, FASCuUB,
FLOATM, FLOATV, FRQCT2,
TINTGR (INTGRA), INDEX
INTGRA (IINTGR)},y INTOPR,
MATRA, MATRALl, MAXSN
MINABM, MINSNM), MONOCK,
MVBLOK, MVNSUM, MVNTIN
ONLINE ( (STH), (STHD),
QUFITl, REFLEC (XRFLEC),
RND ( RNDON, RNDUP),
( XSAME), SCPSCL, SEARCH,
(XSTLIN), SIFT, SIMEQ
SQRDFR {SQRDEV), SQRMLI,
STZ, SUM [ XSuM),
( TAMVR), TINGL (TINGLA),
XVPLSV), VTIMSV (XVTMSV),

XOVIDE (XDVIDR), XREMAV,
FAP NECESSARILY
ADDK { ADDKS, DIVK,
XADDKy XADDKS, XDIVK,
XSUBK, XSUBKS}), CHOOSE,
CVSOuT, DISPLA (DSPL90),
FRAM90, FSKIPy FXDATA
HLADJ ( HRADJ), HSTPLT
HST390, HVTOIV (IVTOHV),
(LINE90), LINE9O, LINEH
LOC, LOCATE ( ARG
STORE, WHERE, XARGy
MLISCL, MLI2A6, MOVECS,

CNTRDB,
CRSVM,
GETRD1,
KIINT1,
MDOT3,
MRVRS,
NXALRM,
POLYEV,
QFURRY
RLSPR,
SMPSON,
XSPECT.

XDANL »
BLKSUM,
CMPARY
(COS1ISP,
( STEPC,
(IDERIV),
( DUBLL,
FASTRK,

FT24
{CHUSET,
INTSUM
{ MAXAB,
MOVE,
(MVNTNA),
(STHM) ),
REMAV,
RNDV
SEQSAC
{ DETRM),
SQROOT,
SUMDFR

VDOTV,

WHICH
XSQDFR

DIVKS,
XDIVKS,
CLOCK1,
DSPL90O,

(FLDATA),
{ HsT2,
IToMLIT,
(LINH90),
CALL,
XINDEX,’
NTHA

CNTROW,
DADECK,
GNFLT1,
LINTR1,
MEMUSE,
MSCON1,
OUDATA,
POLYSN,
{QIFURY)
RLSPR2,
SPCOR2,

XDANXY
BOOST
(CMPARL)
SISP)
STEPL,
DIFPRS
HALVL,
FDOT
(FT2411)
SETAPT,
{DIFPRS,
MINAB,
MOVREV,
NMZMG1,
PAKN
REVER,
(RNDVDN,
(NEXCGS,
SIZEUP
SQRSUM
(SUMDEV,
VDVBYV,
{XWHICH)
{XSQDEV)

MULK
XDVRK
CMPARP
FAPSUM,
GENHOL ,
HST309,
IVTOHV
L INH90,
CALL2,
XNAME ,
{ XNTHA)

COLABL, CCNTUR, CONVLV,
DCTP, FIRE2, FMTOUT,
GRAPH, GRAPHX, GRUP2,
LISTNGs LSLINE, LSSs1,
MFACT, MIFLS, MIPLS,
MULK2, MULLER, MVINAV,
PLANSP, PLOTVS, PLTVS],
PRBFIT, PROB2, PSQRT,
» QIFURY (QFURRY)y QINTR1,
RLSSR, ROAR2, SETING,
SRCH1, TRMINC, VECOUT,
» AMPHZ ({ REIM), ARBCOL,
(DPRESS, XBCOST, XDPRSS),
» CMPRA ({CMPRFLs, XCMPRA),
» COSTBL (CCSTBX, SINTBL,
STEPRy XDELTA, XSTEPC,
(INTSUM, XDFPRS), DIVIDE,
HALVX)y EXCHVS, EXPAND,
({ FDGTR), FIXV ( FIXVR),
» IDERIV (DERIVA), IFNCTN,
SETEST, VINDEX), INTHCL,
XNTSUM), KOLAPS, MATML1,
MINSN), MAXSNM (MAXABM,
MPSEQl, MULPLY, MUVADD,
NOINTL (NGINT2), NURINC,
(UNPAKN)y POWER (SMPRDV),
REVERS, RMSDEV (RMSDAV),
RNDVUP), RCTAT1, SAME
NEXSIN)}, SETKV, SETLIN
(SIZuPL)y SPLIT ( REFIT),
(XSQSUM},y SQUARE (XSQUAR),
XSMDEV, XSMDFR), TAMVL
VPLUSV  (VMNUSV, XVMNSV,
» WRTDAT, XAVRGE (XAVRGR),
» XSQRUT, XVDVBV (XVDRBV).
MULK2, SUBK, SUBKS,
XDVRKSy XMULK, XMULKS,
(CMPARSY, CPYFL2, csour,
FNDFMT, FRAME (FRAM90),
GETX ( IGETX), GNHOL2,
HST390), HST2, HST3C9,
(HVTOIVY, LIMITS, LINE

LINEV (LINV9C), LINV9O,
RETURN, SETSBYV, SETUP,
XNARGS)y LSHFT (XLSHFT),

»+ PACDAT, PLURNS, PROCGR

(CONTINUED NEXT PAGE)



PROGRAMS SORTED BY NON-FUNCTIONAL ATTRIBUTES

(FASCOR, FASCRl, FASEPC, FASEPl),
(TSHM) )y RPLFMT, RSKIP, SETK
SETKVS, SETLNS, SEVRAL (PLURAL),
TIMA2B, TIMSUB (INTMSB), UNPAKN
XACTEQ, XDIV ( XDIVR)y XFIXM,
ZEFBCD (ZEFBIN).

SUBROUTINE SUBPROGRAM
ABSVAL, ADANL ( ADANX, XDANL
DIVKS, MULK, MULK2, SUBK,
XDIVKS, XOVRKs XDVRKS, XMULKy

( REIM), ARBCOL, ASPECT, ASPEC2,

XB0OST, XDPRSS)y CARIGE, CHISQR,
CLKON, CLOCK1ly CMPARP (CMPARS),
COLABL, COLAPS, CONTUR, CONVLV,
SISP), COSTBL (COSTBX, SINTBL,
CRSVM, CcsouT, CUFITl, CVSOUT,

(INTSUM, XDFPRS), DISPLA (DSPL90),
DSPFMT, DUBLX ( DUBLL, HALVL,
FAPSUM, FASCNl, FASCUB, FASTRK,

( FIXVR)y FLOATV, FMTOUT, FNDFMT,
FRQCT2, FSKIP, FT24 (FT2411),
GETHOL, GETRDl, GNFLTl, GNHOL2,

{ HST2, HST309, HST390), HST2,
IDERIV (DERIVA}, IFNCTN, TIINTGR
INTHOL, INTOPR, [INTSUM (DIFPRS,

(HVTOIV), IXCARG, KIINTl, KOLAPS,

LINEH (LINH90), LINH90), LINEV

LOCy, LOCATE ARGy CALL,
STORE, WHERE, XARGy XINDEX,
MATINV, MATML1l, MATML3, MATRA,
MINSN), MAXSNM (MAXABM, MINABM,
MFACT, MIFLS, MIPLS, MISS,

MOUTAI, MOVE, MOVECS, MOVREV,
MULLER, MULPLY, MUVADD, MVBLOK,
MVSQAV, MXRARE, NMZMGl, NOINT1
ONLINE ( (STH), (STHD), (STHM)),
PLANSP, PLOTVS, PLTVSl, PLURNS,

POWER (SMPRDV), PRBFIT, PROB2,
FASEP1), PSQRT, PWMLIV, QACORR,
(QFURRY), QINTRl, QUFITl, QXCORR,
REMAV, REREAD (ENDFIL, EOFSET,
RLSPR; RLSPR2, RLSSR, RMSDEV
ROAR2, ROTAT1l, RPLFMT, RSKIP,
NEXSIN)y SETINO, SETK ( SETKS,
SETKS2, SETKV, SETKVS, SETLIN
SHFTR1, SHFTR2, SHUFFL, SIFT,
SMPSON, SPCOR2, SPLIT { REFIT),
SQRSUM  (XSQSUM), SQUARE {(XSQUAR},
( XSUM), SUMDFR (SUMDEV, XSMDEV,
TIMSUB (INTMSB) TINGL (TINGLA)Y,
vDOTV, VDVBYV, VECOUT, VOUT,
VRSOUT, VSOUT, VTIMSV (XVTMSV),
(XAVRGR), XDVIDE (XDVIDR), XLIMIT,
(XSQDEV), XSQRUT, XVDVBV (XVDRBVI}.

REREAD
{ SETKS,
SHFTR1,
( PAKN)
XLCOMN,

XDANX)
SUBKS,
XMULKS,
AVRAGE,
CHOOSE,
CMPARYV
CNVLV2,
SINTBX)
DADECK,
DSPL90,
HALVX)
FDOT
FRAME
FT2411,
GRAPH,
HST309,
({INTGRA)

’

-

XNTSUM),

LIMITS,
(LINVSO)
CALL2,
XNAME o
MATRAL,
MINSNM)
MLISCL,
MPSEQ1,
MVINAV,
(NOINT2)
OUDATA,
PLYSYN,
PROCOR
QCNVLV,
QXCOR1,
{TSH),
{RMSDAV)
SCPSCL,
SETVEC)
(XSTLIN)
SIMEQ
SQRDFR
SRCH1,
XSMDFR)
TRMING,
VPLUSY
WAC,
XLOCcv,

-

-

?

1]

(ENDFIL, ECFSET,
SETVEC), SETKP
SHETR2, STZS,
VARARG, VRSOUT,
XLINIT,  XLOCV,

ADDK ( ADDKS,
XADDK, XADDKS,
XSUBK, XSUBKS),

BLKSUM,  BOOST

CHPRTS (RVPRTS),

(CMPARL), CNTRDE,
COSISI, cosp
CPYFL2,  CROSS,
DERIVA (IDERIV),
DIVIDE, DOTJ,
EXCHVS, EXPAND,

{ FDOTR), FIRE2,

(FRAM90), FRAM9O,
FXDATA (FLDATA),
GRAPHX,  GRUP2,
HST390, HVTOIV
INDATA, INTGRA
IPLYEV, [TOMLI,

LINE (LINE9G),

LINV9O, LINTRI,
RETURN, SETSBV,
XNARGS), LSLINE,

MAXSN ( MAXAB,

MDOT,  MDOT3,
MLI2A6, MCNOCK,
MRVRS, MSCON1,

MVNSUM, MVNTIN
NRMVEC, NURINC,
PACDAT, PAKN
POKCT1, POLYDV,

(FASCOR, FASCR1,
QFURRY  (QIFURY),

RDATA, REFLEC
(TSHM)), REVER,

RNDV  (RNDVON,
SEARCH, SEQSAC
SETK2, SETKP
SETLNS, SEVRAL

{ DETRM), SIZEUP

(SQRDEV), SGQRMLI,
STZ, STZS,
TAMVL ( TAMVR),
UNPAKN ( PAKN),
{VMNUSV, XVMNSV,
WLLSFP, WRTDAT,
XREMAV, XSPECT,

(TSH),
({SETVCP),
SWITCH,
vsouT,
X0OZE,

DIVK,
XDIVK,
AMPHZ

(DPRESS,
CHSIGN,
CNTRCW,

{cosiIsp,

CROST,
DIFPRS
poTP,
FACTCR,
FIXV
FRQCT1,
GENHCL »
HSTPLTY

(IVTOHY),

(1INTGR),
IVTOHV
LINESO,
LISTNG,

SETUP,
LSSS1,
MINAB,
MEMUSE,

NOUT
MULK2,

{MVNTNA),
NXALRM,

(UNPAKN)
POLYSN,
FASEPC,
QIFURY

(XRFLEC),
REVERS,
RNDVUP)

(NEXCGS,

(SETVCP),

(PLURAL),

(SIZUPL),
SQROCT,

SUM
TIMAZ28,
VARARG,
XVPLSV),
XAVRGE
XSQDFR



PROGRAMS SORTED BY NON-FUNCTIONAL ATTRIBUTES

CLOSED FUNCTION
ARCTAN, CMPRA (CMPRFL, XCMPRA), DELTA { STEPC, STEPL, STEPR,
XDELTA, XSTEPCy XSTEPL, XSTEPR), FLOATM, HLADJ ( HRADJ), INDEX
(CHUSET, SETAPT, SETEST, VINDEX), LSHFT (XLSHFT), NTHA ( XNTHA),
RND ( RNDDN, RNDUP ), SAME ( XSAME), SWITCH, WHICH (XWHICH),
XACTEQ, XDIV ( XDIVR), XFIXM, XLCOMN, XLIMIT, X00ZE, ZEFBCD
(ZEFBIN).

FORTRAN FUNCTION
GETX ( IGETX).

MAIN PROGRAM
(NO ENTRIES FOR THIS CATEGORY)

EREERERRERERRERBRRRRRBRERER RN R RN
# COMMENTS ON LINKAGE, PROGRAM #
#= AFFILIATIONS, AND STORAGE *

LS 2L X222 222222 S22 2222222222222} 2]

MULTIPLE ENTRIES

ADANL ( ADANX, XDANL, XDANX) » ADDK { ADDKS, DIVK, DIVKS,
MULK, MULK2Z, SUBK, SUBKS, XADDK, XADDKS, XDIVKy, XDIVKS,
XDVRKy XDVRKS, - XMULK, XMULKS, XSUBK, XSUBKS), AMPHZ ( REIM),
BOOST (DPRESS, XBOOST, XDPRSS), CHPRYS (RVPRTS), CMPARP (CMPARS),
CMPARV (CMPARL)y CMPRA (CMPRFLy XCMPRA), COosP (CCSISP, sise),
COSTBL (COSTBX, SINTBL, SINTBX), DELTA ( STEPC, STEPL, STEPR,

XDELTA, XSTEPC, XSTEPL, XSTEPR), DIFPRS (INTSUM, XDFPRS), DUBLX

( DUBLL, HALVL, HALVX), FDOT ( FDOTR), FIXV ( FIXVR), FXCATA
(FLDATA}, GETX ( IGETX), HLADJ ( HRADJ), INDEX (CHUSET, SETAPT,
SETEST, VINDEX), INTSUM (DIFPRS, XNTSUM), LOCATE | ARGy CALL,
CALL2, RETURN, SETSBV, SETUP, STORE, WHERE, XARGy, XINDEX,
XNAME, XNARGS), LSHFT (XLSHFT), MAXSN ( MAXAB, MINAB, MINSNI,
MAXSNM (MAXABM, MINABM, MINSNM), MULPLY (XMLPLY), MVNTIN (MVNTNA),
NOINT1 (NOINT2), NTHA ( XNTHA), ONLINE ( (STH), (STHD)}, (STHM)),

POWER (SMPRDV), PROCOR (FASCOR, FASCRl, FASEPC, FASEP1), REFLEC
(XRFLEC)ys REREAD (ENDFIL, EOFSET, (TSH), (TSHM)), RMSDEV (RMSDAV),
RND ( RNDDN, RNDUP), RNDV  (RNDVDN, RNDVUP), SAME ({ XSAME),
SEQSAC (NEXCOS, NEXSIN), SETK { SETKS, SETVEC), SETKP (SETVCP),
SETLIN (XSTLIN), SEVRAL (PLURAL), SIMEQ {( DETRM), SIZEUP (SIZUPL},
SPLIT ( REFIT), SQRDFR (SQRDEV), SQRSUM (XSQSUM), SQUARE (XSQUAR),
SUM ( XSUM), SUMDFR (SUMDEV, XSMDEV, XSMDFR), TAMVL ( TAMVR),
TIMSUB (INTMSB), TINGL (TINGLA), VPLUSV (VMNUSV, XVMNSV, XVPLSV},
VTIMSY (XVTMSV), WHICH (XWHICH), XAVRGE {XAVRGR}, XDIV ( XDIVR),
XDVIDE (XDVIDR), XSQDFR (XSQDEV), XVDVBV (XVDRBV}, ZEFBCL (ZEFBIN).

NO ARGUMENTS
CLKON, DISPLA (DSPL90), FRAME {FRAM90), TIMSUB (INTMSB), REREAC
(ENDFIL, EOFSET, (TSH), (TSHM)).

INVOLVES NON-STANDARD INFORMATION EXCHANGE
CLOCK1l, DISPLA (DSPL90), DSPL90, GENHOL, INDEX (CHUSET, SETAPT,
SETEST, VINDEX), LOCATE ( ARG, CALL, CALL2, RETURNy SETSBV,
SETUP, STCORE, WHERE, XARGy XINDEX, XNAME, XNARGS), MEMUSE,
ONLINE ( (STH}, (STHD), (STHM)), PLURNS, RDATA, REREAD [(ENDFIL,
EOFSET, (TSHYy (TSHMI), RPLFMT, SEQSAC (NEXCOS, NEXSIN), SEVRAL
(PLURAL), TIMA2B, TIMSUB [(INTMSB), VARARG, XLCCMN.



PROGRAMS SORTED BY NON-FUNCTIONAL ATTRIBUTES

VARIABLE LENGTH CALLING SEQUENCE

ADDK ( ADDKS, DIVK, DIVKS,
XADDK, XADDKS, XDIVKy XDIVKS,
XSUBKy XSUBKS), CHOOSE, CMPARP

( IGETX), INDATA, LIMITS, LOCATE

SETSBV, SETUP, STORE, WHERE,
MOVECS, MULK2, NTHA { XNTHA),

SETK ( SETKS, SETVEC), SETK2,

SEVRAL (PLURAL), STZS, VRSOUT,
USES NO SUBROUTINES
ABSVAL, ADDK ( ADDKS, DIVK,
SUBKS, XADDKy XADDKS, XDIVK,
XMULKS XSUBKy XSUBKS), AVRAGE,
XDPRSS), CHISQR, CHOOSE, CHPRTS
(CMPARS)y CMPARV (CMPARL), CMPRA
CNvVLv2, cosP  {COSISP,y SISP),
STEPR, XDELTA, XSTEPC, XSTEPL,
(INTSUM, XDFPRS)}, DIVIDE, DOTJ,
HALVL), EXCHVS, FAPSUM, FASCN1,
FIXV ([ FIXVR), FLOATM, FLOATV,
FRQCT2, FT2411, FXDATA (FLDATA),
{ HRADJ), HVTOIV (IVTOHV), IDERIV
(CHUSET, SETAPT, SETEST, VINDEX),
(DIFPRS, XNTSUM), ITOMLI, IVTOHV
(LINE9O)y LINE90, LINEH (LINH90),
LINTR1, t0oC, LOCATE ARG,
SETUP, STORE, WHERE XARGy
(XLSHFT), LSLINE, MATML1, MATRA,
MINSN), MAXSNM (MAXABM, MINABM,
MOVE, MOVREV, MPSEQl, MSCON1,
MVNSUM, MVNTIN (MVNTNA), MVSQAV,
PLURNS, POLYEV, PROB2, PROCOR
QUFIT1l, REFLEC (XRFLEC), REMAV,
RNDUP), ROTAT1, RPLFMT, SAME
( SETKS, SETVEC), SETKV, SETKVS,
SIFT, SIMEQ ( DETRM), SIZEUP
SQRDFR  (SQRDEV), SQRMLI, SQRSUM

STZS, SUM ( XSUM), SUMDFR
TAMVL ( TAMVR), TIMA2B, TINGL
vDOTV, VDVBYV, VPLUSV (VMNUSV,

WAC, WHICH (XWHICH), XACTEQ,
XLIMIT, XLOCV, X00ZE, XSQDFR
DEPENDS ON NECESSARILY FAP SUBROUTINES

CLKON, CNTRDB, COLABL, CONTUR,
GRAPH, GRAPHX, INDATA, INTHOL,
PAKN, PLANSP, PLOTVS, PLTVS1,
QXCOR1, RDATA, SETINO, SHUFFL,
VOUT, XAVRGE {XAVRGR), XDVIDE

MULK
XDVRK
(CMPARS)
( ARG,
XARG
OUDATA,
SETKP
vsouTt,

DIVKS,
XDIVKS,
BLKSUM,

(RVPRTS)
({CMPRFL,
CUFITL1,
XSTEPR)
DSPFMT,
FASCUB,
FRAME
GETX
(DERIVA)
INTGRA
{HVTGIV)
L INH90,
CALL,
XINDEX,
MATRAL,
MINSNM)
MULPLY,
NMZMG1,
(FASCOR,
REVER,

{ XSAME)
SETLIN
(SIZUPL)}
(XSQSUM)
(SUMDEV,
(TINGLA)
XVMNSV,
XDIV
(XSQDEV)

CRSVM,
LISTNG,
PHMLIV,
SPCOR2,

(XDVIDR)

MULK2,
XDVRKS ¢
CSOuUT,
CALL,
XINDEX,
PLTVS1,
(SETVCP),
XLoCv.

MULK,
XDVRK o
80CST

» CHSIGN,
XCMPRA)
DELTA
» DERIVA
DUBLX
FASTRK,
{FRAM9O),
( IGETX),
» TINTGR
(IINTGR),
» KOLAPS,
LINEV
CALLZ2,
XNAME ,
MAXSN
MLISCL,
MUVADD,
NTHA
FASCR1,
REVERS,
SCPSCL,
(XSTLIN),
SMPSON,
SQUARE
XSMDEV,
UNPAKN
XVPLSV),
{ XDIVR),

-

-

. -

DADECK,
MEMUSE,
QACCORR,

SRCH1,
XREMAV,

?

SUBK,
XMULK,
CVSOuT,
CALL2,
XNAME,
PLURNS,
SETKVS,

MULK2,
XDVRKS,
{DPRESS,
CLOCK1,
CCLAPS,
{ STEPC,
(IDERIV),
{ DUBLL,
FDOT
FRAM9O,
GRUP2,
{INTGRA),
INTOPR,
LIMITS,
(LINVIO),
RETURN,
XNARGS) »
{ MAXAB,
MLI2AG,
MVBLOK,
( XNTHA)
FASEPC,

RND
SEARCH,
SHFTR1,

SPLIT
{XSQUAR),
XSMDFR)»
( PAKN),
VTIMSY

XFIXM,

FMTOUT,
MCUTAL,
QCNVLV,
TRMING,
XVDvBv

SUBKS,
XMULKS
GETX
RETURN,
XNARGS)
RDATA,
SETLNS,

SUBK,
XMULK 4
XBCOST,
CMPARP
CONVLY,
STEPL,
DIFPRS
HALVX,
{ FDOTR),
FRQCT1,
HLACJ
INDEX
INTSUM
LINE
LINVI0,
SETSBV,
LSHFT
MINAB,
MONOCK,
MVINAV,
NURINC,
FASEPLl),
{ RNDDN,
SETK
SHFTR2,
{ REFIT),
SYZ,
SWITCH,
VARARG,
{XVTMSV),
XLCOMN,

GETRL1,
GCUDATA,
QXCORR,
VECOUT,
{XVDRBV).



PROGRAMS SORTED BY NON-FUNCTIONAL ATTRIBUTES

USES ONLY FORTRAN SYSTEM ROUTINES
ADANL ( ADANX, XDANL XDANX}, ARCTAN, CARIGE, CCSTBL (COSTEX,
SINTBL, SINTBX), CPYFL2, DISPLA (DSPL90), FSKIP, GENHOL, GETROD1,
GNFLT1, GNHOL2, IPLYEV, [IXCARGs MULLER, MXRARE, ONLINE ( (STH),
(STHD), (STHM)), PACDAT, POWER, PRBFIT, PSQRT, REREAD (ENDFIL,
EOFSET, (TSHYy, (TSHM)), RMSDEV (RMSDAV), RSKIP, SEQSAC (NEXCGS,
NEXSIN), SQROOT, WRTDAT, ZEFBCD (ZEFBIN).

LESS THAN 50 REGISTERS

ARCTAN, AVRAGE, BLKSUM, BOOST (DPRESS, XBOOST, XDPRSS), CARIGE,
CHOOSE, CHSIGN, CLKON, CMPRA (CMPRFL, XCMPRA), CSOUT, DELTA

{ STEPC, STEPL, STEPR, XDELTA, XSTEPC, XSTEPL, XSTEPR}, DIFPRS

(INTSUM, XDFPRS), DIVIDE, DUBLX { DUBLL, HALVL, HALVX), EXCHVS,
FAPSUM, FASTRK, FDOT ( FDOTR), FIXV ( FIXVR)}, FLOATM, FLOATY,
FRAME (FRAM90), FRAM90, GENHOL, GETX ( IGETX)y, HLADJ ( HRADJ),
HVTOIV (IVTOHV), IINTGR (INTGRA), INTGRA (IINTGR), INTSUM (DIFPRS,
XNTSUM), ITOMLI, IXCARG, LIMITS, LINEH (LINH90), LINH9O, LINEV

(LINV90), LINV9SO, LOoC, LSHFT (XLSHFT), MATRAl, MLISCL, MCONOCK,
MOVE, MOVECS, MULPLY, MVBLOK, NMZIMG1, NTHA { XNTHA), REFLEC
(XRFLEC)y REMAV, REVERy REVERS, RND ( RNDDN, RNDUP ), RNDV

(RNDVDN, RNDVUP}), ROTAT1l, RPLFMT, RSKIP, SAME ( XSAME), SCPSCL,
SEARCH, SETK ( SETKS, SETVEC), SETKP (SETVCP), SETKV, SETKVS,
SETLIN (XSTLIN}, SETLNS, SIFT, SQRODFR (SQRDEV), SQROOT, SQRSUM

(XSQSUM), SQUARE (XSQUAR), STZ, STIS, SUM ( XSUM), SUMDFR

(SUMDEV, XSMDEV, XSMDFR}, SWITCH, TINGL (TINGLA)Y, VARARG, vDOTV,
VDVBYV, VPLUSV (VMNUSV, XVMNSV, XVPLSV), VRSOUT, VSQUT, VTIMSV

(XVTMSV), WHICH (XWHICH), XACTEQy XAVRGE (XAVRGR)}, XDIV { XDIVR),
XDVIDE (XDVIDR), XFIXM, XLCOMN, XLIMIT, XLOCV, X00ZE, XREMAV,
XSQDFR  (XSQDEV), XSQRUT, XVDVBV (XVDRBV).

MORE THAN 500 REGISTERS
CNTRDBy CNTROW, CONTUR, cosp  (COSISP, SISP), FT24 (FT2411),
FT2411, GRAPH, [INDATA, LISTNGy LOCATE ARG,y CALL, CALL2,
RETURN, SETSBV, SETUP, STORE, WHERE XARG, XINDEX, XNAME,
XNARGS)y MIPLSy, MULLER, PLANSP, PLTVSl, PROCOR (FASCOR, FASCRI1,
FASEPC, FASEP1), QCNVLV, QXCOR1, RDATA, RLSPR2, XSPECT.

NEEDS SCRATCH AREA
ASPECT, CNTRDBy CNTROW, COLABL, CONTUR, COSISl, CPYFL2, CVSOUT,
FACTOR, GRAPH, GRAPHXy LISTNGy, MATINV, MIFLS, MOUTAI, PLANSP,
PLTVS1, PLYSYN, POLYSN, PRBFIT, PROCOR (FASCOR, FASCR1l, FASEPC,
FASEP1), QACORR, QCNVLV, QFURRY (QIFURY), QIFURY (QFURRY), QXCORR,
QXCOR1, RDATA, SHUFFL, SIMEQ ( DETRM), SPCOR2, VRSOUT, WLLSFP,
XSPECT.

USES G FORMAT
CSOuUT, RDATA.

L2 22 X X2 X222 2 2222 XX 2 2 2 g2 2]

# EQUIPMENT DEALT WITH =

I 2328422 A2 222222 222 222X

USES SWITCHES
CNTRDBy CONTUR, ONLINE { (STH), (STHD), (STHM)), PLOTVS, PLTVSI,
SWITCH.



PROGRAMS SORTED BY NON-FUNCTIONAL ATTRIBUTES

USES KEYS

(NO ENTRIES FOR THIS CATEGORY)

USES ONE TAPE

(CHUSET,

CARIGE, CNTRDB, COLABL, CONTUR, CSOUT,
GETRD1, MEMUSE, MOUT, MOUTAI, ONLINE
OUDATA, PACDAT, PLOTVS, PLTVSL, PWMLIV,
(TSH)y (TSHM)), RSKIP, SETINO, SHUFFL,
VRSOUT, VSOUT, WRTDAT, ZEFBCD (ZEFBIN)
USES TWO OR MORE TAPES
CPYFL2, DADECK, INDATA, LISTNG, RDATA.
USES SCOPE
DISPLA (DSPL90), FRAME (FRAM90), GRAPH,
HST309, HST390), LINE (LINESO), LINEH
USES INTERVAL TIMER
CLKON, CLOCKl, TIMA2B, TIMSUB (INTMSB)
USES ON-LINE PRINTER
CLKON, CNTRDB, CONTUR, ONLINE { (STH),
PLTVSl, PWMLIV.
USES OFF-LINE PRINTER
CARIGE, CNTRDB, COLABL, CONTUR, CSOUT,
MOUT, MOUTAI, PLOTVS, PLTVSl, PWMLIV,
VSOUT.
709 ONLY
DISPLA (DSPL90), FRAME (FRAM90), LINE
LINEV (LINVSO).
7090 AND 7094 ONLY
DSPL90, FRAM90, LINE90, LINH90, LINVSO.
RRBRRBRREREREBREBERERREREREREN
* ANTITHETICAL SUBJECTIVE »
« JUDGEMENTS .
ERBERBERRERURBERERRERAERRERES
MAJOR
ASPECT, CNTRDB, CNTROW, CONTUR, COSISI1,
CPYFL2, CRSVM, DOTP, FACTOR, FIRE2,
LOCATE ( ARG, CALL, CALL2, RETURN,
WHERE XARGy XINDEX,  XNAME, XNARGS)
MIPLS, MISS, MSCONL, MULLER, MXRARE,
(FASCOR, FASCRl, FASEPC, FASEP1), QACORR,
QXCORR, QXCORl, RDATA, RLSPR2, SEVRAL
SIZEUP (SIZUPL), SMPSON, SPCOR2, TIMA2B,
XSPECT.
MINOR
ABSVAL, AVRAGE, BOOST (DPRESS, XBOOST,
COLABL, DIVIDE, DUBLX ( DUBLL, HALVL,
FLOATM,  INDEX SETAPT, SETEST,

CvsouT, FMTOUT, FSKIP,
t (STH)y (STHD), (STHM)),
REREAD (ENDFIL, TECFSET,
TRMINO, VECOUT, VOouT,
GRAPHX, HSTPLT ( HST2,
(LINH90), LINEV (LINV9O).
(STHD)y (STHM)), PLOTVS,
CVsSCuT, FMTOUT, MEMUSE,
VECOUT, vouT, VRSOUT,
(LINESO), LINEH (LINHSO0),

cosp ( SISP, COCSISP),
GRAPH, [IFNCTN, [INDATA,
SETSBV, SETUP, STORE,
» MATRA, MFACT, MIFLS,
OUDATA, PLANSP, PRCCCR
QCNVLV, QFURRY, QIFURY,
(PLURAL)y SIMEQ ( DETRM),
TIMSUB {INTMSB)y WLLSFP,
XDPRSS)y CARIGEy CHSIGN,
HALVX), FIXV ( FIXVR),
VINDEX)y IXCARG, MULPLY,

(CONTINUED NEXT PAGE)



POWER
SQROOT,
(SUMDEV,
XVPLSV}Y,
(XDVIDR),

OFTEN USED
ADANL
CONTUR,
DADECK,
HVTOIV
{ MAXAB,
MOUTAI,
PROCOR

RND
SETVEC),
(SsizueLy,
vouT,
XLIMIT,

SELDOM USED
CMPARP
REFLEC
XAVRGE

FAST
ABSVAL,
case
STEPR,
( DUBLL,
FASCuUB,
HSTPLT
{DERIVA),
L INE
LINV9O,
(MAXABM,
MOVECS,
PLANSP,
QFURRY
REVERS,
(NEXCOS,
TAMVL
{ PAKN),
SLOW
DSPFMT,

PROGRAMS SORTED BY NON-FUNCTIONAL ATTRIBUTES

(SMPRDV), REFLEC (XRFLEC), RMSDEV (RMSDAV), SCQRDFR
SQRSUM  (XSQSUM), SQUARE (XSQUAR), SUM ( XSuM),
XSMDEV, XSMDFR), VDOTV, VDVBYV, VPLUSV (VMNUSV,
VTIMSV  (XVTMSV), XAVRGE {XAVRGR), XDIV ( XDIVR},
XREMAV, XSQDFR (XSQDEV), XSQRUT, XVDVBV (XVDRBV).

( ADANX, XDANL, XDANX)y AMPHZ ( REIM), ASPECT,

cosp t sisP, COSISP), COSTBL (COSTBX, SINTBL,

FMTOUT, FSKIP, FXDATA ({FLDATA), GENHOL, HLADJ

(IVTOHV), INDATA, [IVTOHV (HVTOIV), LIMITS, MATRA,

MINAB, MINSN), MAXSNM (MAXABM, MINABM, MINSNM),

MOVE, NTHA ( XNTHA), OUDATA, PAKN (UNPAKN),
(FASCORy FASCR1, FASEPC, FASEPl), RDATA, REVER,
{ RNDDN, RNDUP)s RSKIP, SAME ( XSAME), SETK

SETKP (SETVCP), SETKV, SETKVS, SETLIN (XSTLIN),
sTz, STZS, SWITCH, TIMSUB (INTMSB), UNPAKN

VRSOUT, VSOuT, WAC, WHICH (XWHICH), XACTEQ,
ZEFBCD (ZEFBIN).

(CMPARS), FASCNl, FASTRK, GETHOL, MXRARE, NXALRM,

(XRFLEC), SETK2, SETKS2, SEVRAL (PLURAL), SQRMLI,

(XAVRGR), XREMAV, XSQDFR (XSQDEV), XSQRUT, XVDVBV
ARBCOL, ASPECT, BLKSUMy CHSIGN, CMPARV (CMPARL),

(COSISP, SISP), CPYFL2, CUFIT1, DELTA ( STEPC,
XDELTA, XSTEPC, XSTEPL, XSTEPR}), DERIVA (IDERIV),

HALVL, HALVX), EXCHVS, EXPAND, FACTOR, FAPSUM,
FASTRK, FDOT ( FDOTR), FIRE2, FT24 (FT2411),

{ HST2, HST309, HST390)}, HST2, HST309, HST39C,
INTOPR, INTSUM (DIFPRS, XNTSUM), ITOMLI, IVTOHV

(LINE9O), LINE9O, LINEH (LINH90), LINH9O, LINEV

MATRA, MATRAL, MAXSN ( MAXAB, MINAB, MINSN),
MINABMy MINSNM), MIFLS, MIPLS, MISS, MONOCK,
MOVREV, MULLER, MUVADD, MVNSUM, MVNTIN (MVNTNA),
PROCOR (FASCOR, FASCR1l, FASEPC, FASEPl), QACORR,

(QIFURY), QIFURY (QFURRY), QUFITl, QXCORR, QXCOR1,

RLSPRy RLSPR2, RLSSRy ROTAT1, SAME ( XSAME),
NEXSIN), SIFT, SIZEUP (SIZUPL), SPCOR2, STZ,

{ TAMVR), TIMA2B, TIMSUB (INTMSB), TINGL (TINGLA),

WHICH (XWHICH)y WLLSFP, XACTEQ, X00ZE, XSPECT.
GNFLT1l, MLI2A6, MULK2, PWMLIV, SRCH1.

(SQRDEV) »
SUMDFR
XVMNSV,
XDVIDE

CNVLV2,
SINTBX),
{ HRACJ),
MAXSN
MEMUSE,
PLOTVS,
REVERS,
( SETKS,
SIZEUP
PAKN),
XLCOMN,

(

PHMLIV,
SQROCT,
(XVDRBV).

COSISsl,
STEPL,
DUBLX

FASCN1,

FT2411,

IDERIV

(HVTOIV),
(LINV9O),
MAXSNM
MOVE,

NURINC,

QCNVLV,
REVER,

SEQSAC

STZS,

UNPAKN



4

Annotated
Calling Sequences

For the working programmer the listings of this section, to which we apply the term
annotated calling sequences, and the program digests of the next section have proved
to be the most valuable condensed documentation wehave evolved. Both of these forms
are designed for rapid access to critical program details once an individual has obtained
general knowledge of a program’sfunctionfrom a study of the complete listing as given
in Section 10.

The annotated calling sequences consist of documentation alphabetically ordered
by names of all entry points, with no distinction made between principal and secondary
entries., Moreover we have not found it necessary to distinguish between programs of
identical name, since in all such cases the calling sequences and functional properties
are practically, if not identically, the same.

For a given entry the annotated calling sequence has four parts:

1. a short title,

2. the entry name,

3. a parenthetical list of symbols for the arguments of the entry,

4. an indicator of subprogram type (subroutine subprogram, closed function,
or FORTRAN function.

Parts 1 and 3 are not necessarily identical to their counterparts in Section 10. This
may be slightly confusing. The titles chosenhere emphasize the mnemonic significance
of the entry name and provide some stylistic uniformity. The symbol lists used to
represent the calling sequences have been carefully chosen to convey in six or fewer
characters maximum information about the nature of the arguments. These choices
have been made within a fairly uniform notational framework in order to offset the
parochial fashion in which individual authors assign argument names. A glossary of
commonly used names and combining forms appears below. The meanings of many
of the more specialized names can be worked out in the context of the title. For
example, in

SRCH1(I1F2B, LV, V, VALUE, INDEX)
whose title is
SEARCH VECTOR FOR VALUE BEGINNING AT EITHER END

the vector searched is V(1. . .LV), the value searched for is VALUE, the index at
which correspondence is found is INDEX, and I1F2B is a paremeter specifying search
direction to be read ‘‘fixed point 1 if search forward, 2 if backward.”’
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Time-Series Computations in FORTRAN and FAP

COMMONLY USED ARGUMENT NAMES AND COMBINING FORMS

Form Interpretation

ACOR Autocorrelation

ARG Argument

c,C1,C2, ... Scalar constants

COSTAB Cosine table

COSTR Cosine transform

DAN Refers to Daniell spectra

DATA General (floating-point) vector

DUMMY Argument not referred to

ERR or ERROR Floating-point error indicator from subroutine
(= 0.0 is normal condition)

FMT Format

FOF1J Matrix FOFIJ(1,J)

FREQ, FRQ Frequency

GZF . . . Floating-point quantity with value greater than zero if . . .

HOL Hollerith vector

I... Fixed-point quantity with name . .

IANS Fixed-point ‘‘answer’’ from subroutine (IANS=0 is the
normal condition)

IDIMEN User’s dimension of the subscript I

IGZF . . . Fixed~-point quantity with value greater than zero if . . .

ILO, IHI Low and high indices

ISENSE Sense switch number

ISPACE Scratch area

ITAPE, ITP . . . Logical tape number

ITPIN, or ITPINP System-input tape number

ITPOUT System-output tape number

IX ... Index . . .

IZF . . . Contraction of IZIF ., . .

IZIF . . . Fixed-point quantity with value zero if . . .

LAG Correlation lag

LOCALL Machine location of a CALL statement

LX,LY,L . .. Length of vector X, vector Y, or vector . . .

MDAN Daniell weighting parameter
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Annotated Calling Sequences

MFREQ Number of frequency intervals in the range 0 to =
radians

MLI, MLI . . Machine~language integers, binary point to right of bit 35

MXACC Maximum accuracy specification. Input vector will be
scaled and fixed to integers of maximum magni-
tude = MXACC

N... Fixed-point quantity with interpretationof ‘‘numberof . . .”’

NARGS Number of arguments in a CALL statement

SINTAB Sine table

SINTR Sine transform

SPACE Scratch area

SPECT Spectrum

STOP Constant = 777777712345(octal)

SUBRU Name of subroutine in Hollerith

X, Y General floating-point variable or vector

XCOR Cross correlation

ZIF Floating point quantity with value zero if . . .

Certain program design conventions, which we have adhered to rather closely,
assist in the immediate interpretation of the annotated calling sequence. These con-

ventions are:

1. The normal sequence of arguments in any call statement is

pure input-type arguments (if any),
followed by

arguments which are both inputs and outputs (if any),
followed by

pure output-type arguments (if any).

The use of arguments which are both inputs and outputs is strongly discouraged,
most particularly in the case of scalar arguments.

Wherever possible the programs are designed so as to permit the user to equate
inputs and outputs if he wishes.

The use within a subroutine of ‘‘true’’ DIMENSION statements for arguments in a
calling sequence is discouraged. Instead the user passes dimension information to
the subroutine as explicit arguments.

In the case of vectors the normal argument subsequence is
. . . , vector, length of vector, . . .
(Note that SRCH1, which was usedearlier inan illustration, involves an exception).
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Time-Series Computations in FORTRAN and FAP

6. In the case of matrices the normal argument subsequence is

. . . , matrix, length of column, length of row, dimension in calling program
of column, . . .

where a column is defined as the matrix values traversed when the first sub-
script varies over its domain of definition.

7. Error flags from subroutines (IANS, ERR, or ERROR) use the value zero to
indicate the normal or no-error condition. There are no exceptions to this
convention,

A word of caution is necessary withrespectto some of these entries when one is
acquiring the programs from the system subroutine library rather than from the input
deck. The BSS loader scans only the first ten entries of each binary deck (those on
the program card) of the library file in seeking to satisfy its missing-routines table.
For programs with more than 10 entries, the eleventh and successive entries are invis-
ible to the loader. Two programs in the present set fall in this category, LOCATE
and ADDK., For LOCATE the ‘‘invisible’’ entries are STORE, XNARGS, and XNAME.
For ADDK they are SUBKS, MULKS, DIVKS, XADDKS, XSUBKS, XMULKS, XDIVKS,
and XDVRKS. However, no difficulty arises when the input deck refers to one or more
of these entries provided that it also refersto one or more of the first ten entries (for
LOCATE these are LOCATE, WHERE, CALL, CALL2, SETSBV, SETUP, RETURN,
XINDEX, ARG, and XARG; for ADDK they are ADDK, SUBK, MULK, DIVK, XADDK,
XSUBK, XMULK, XDIVK, XDVRK, and ADDKS) or that such reference develops from
the routines picked up by the loader. Otherwise, to obtain execution the user must
either modify his input deck to include this type of reference (i.e., a dummy CALL
statement) or else add LOCATE or ADDK to his input deck.
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RRRRBEREERBRRERRRERERNEEN

# ABSVAL TO CNTRDB =+«

RERRRERRBERAARRRRETRRRER

ANNOTATED CALLING SEQUENCES

E2 2222222 AR S22 X2 2 X 2 )

# ABSVAL TO CNTRDB »

(222222222222 X2 222X 22X 2]

AN *F* IN COLUMN 'COL A* SIGNIFIES A 'FORTRAN FUNCTICN' ROUTINE
AN 'F*' IN COLUMN *COL 8°* SIGNIFIES A *CLOSED FUNCTICN' ROUTINE
OTHERWISE THE ROUTINE IS A 'SUBROUTINE SUBPROGRAM?®
c c
0 0
PROGRAM TITLE L NAME L CALLING SEQUENCE
A B
ABSOLUTE VALUE OF VECTOReceeoccoscceess ABSVAL (ANYVEC,ILO,IHI,ABSVEC,IANS)
MODIFY AUTOCORRELATION FOR DANIELL
SPECTRUMy FLOATINGeceeecceccessces ADANL (ACOR,MXLAG,MDAN,DACCR)
MODIFY AUTCCORRELATION FOR DANIELL
SPECTRUMy FIXEDeeoocooccocseceses ADANX (IACOR MXLAG,MDAN,IDACOR)
ADD CONSTANT TO VARIABLES.ccceesececeees ADDK (CeX19X2peeesXN)
ADD CDNSTANTS TO VARIABLESoocooooooooo ADDKS (CI’XIQYIICZOXZ|Yz'o.o’CN.XN'YN’
AMPLITUDE AND PHASE FROM REAL AND
IMAGINARY PARTSccesccscoscsccssee AMPHZ (REAL¢XIMAJoLRXIAMPPHZ,ZIFLIM)
INTERPOLATE ARBITRARY MATRIX COLUMN... ARBCOL (FOFIJ,LI,LJ,IDIMEN,FJCOL,COL)
ARCTANGENT OF X AND Y
COORDINATEScecesccsccscccsssscaese ARCTANF(X,Y)
GET SUBROUTINE ARGUMENTecececescooscceees ARG F{LOCALL,NUMARG, IXVECT)

AUTO POWER SPECTRUM FROM CORRELATION..

AUTO POWER SPECTRUM FROM CORRELATION..

AVERAGE OF A vEcTOR....O........‘."..
BLOCK SUMMATION WITH DIVISIONccecsceee
BOOST VECTOR BY A CONSTANTececccceccses
PROXY CALL STATEHENT'...Q..."......O.

PROXY CALL STATEMENT USING SUBROUTINE
vECTORQ.......Q..‘......‘.O......
OFF-LINE CARRIAGE SPACINGececcoccscocee
CHI-SQUARE FOR EQUI-PROBABLE CASEeeeee
CHOOSE BETWEEN TWO LISTS OF
VAR[ABLESO..OO..‘O..'..‘...O..‘.‘

CHANGE EVEN AND ODD PARTScccccccccccce
CHANGE SIGN BITS OF VECTOR«occcccesescse
CHOOSE ARGUMENT AND SET ITeccecccccocces
REQUEST OPERATOR TO TURN CLOCK ONeeeoeoo
REAL TIME FRDM CLUCK...'...'..O...‘Q..
COMPARE VECTORS LOGICALLYceocccccccsce
COMPARE PAIRS OF VARIABLES.ceccocscccecs
COMPARE A SET OF VARIABLES:cccecccecee
COMPARE VECTORS WHERE +#0 = =0cccccecee
ALGEBRAICALLY COMPARE 2 VARIABLES<eeso
ALGEBRAICALLY COMPARE EXPONENT AND 22

MOST SIGNIFICANT BINARY BITS.....
CONTOUR MATRIX IN DECIBELSeecccccccccss

ASPECT (ACOR,)MXLAG,COSTAB,MFREQ»JMIN,
JMAX, ZIFXDySPECToSPACE, ISCALE,
ERR)

(ACOR,MXLAG,FREQLO,FRQDEL,
NFREQS, IERRLO,SPECT,IANS)
‘X'LXpXAVG' '
{XyLX,LBLOK,DVSRyXBSMOD,LXBSGD)
{XyLXyXRIZE, XBUSTD)
(SUBRU,IANS,SPACER, ARGl ARG2,
eee sARGN)

ASPEC2

AVRAGE
BLKSUM
BOOST
CALL

CALL2
CARIGE
CHISQR

(SUBRUV, [ ANS)

(ITAPE,NSPACE)

(NCOUNT, ICOUNT, ISUMC,CHISQ, IANS)
CHOOSE (ZIFRST,
1,21,22)
CHPRTS {(SYM,ANT,N)
CHSIGN {XyLXyXNEG)
CHUSETF {XyX14X2yZIFX1)
CLKON
CLOCK1
CMPARL
CMPARP

XeX19X29 Ye¥Y19Y29 ecer

(JOB,TIME)

(XeYyLXY, IGZFEQ)
{IANSyX19Y19X29Y29e0e2XNyYN)
CMPARS (IANS;X19X29ees9XN)

CMPARYV (XyY,sLXYs IGZFEQ)

CMPRA F({X1,X2)

CMPRFLF (X1, X2)
CNTRDB (ITAPE,ISENSE,GZFAMP,VOFXY,LXV,
LYV,LXDIM,VZERO,SPACE, I ANS)



L2222 222222222222 2222 222

= CNVTROW TO DOTY -

RRERFEARRARARERRARERRRERS

GENERATE HOLLERITH VECTOR FOR ONE
OUTPUT ROW OF A CONTOUR PLOTeceee

LABEL COLUMNS WITH VERTICAL INTEGERS..

COLLAPSE ONE-SIDED VECTOReecccssscccsse
CONTOUR ARBITRARY RECTANGULAR
SUBREGION OF A MATRIXceocooccccce

COMPLETE CONVOLUTION OF TRANSIENTS
(CONVLV AND CONVLV-IIlececcsccces
COSINE AND SINE SPECTRUMecccccccccccss

COSINE AND/OR SINE SPECTRUM WITH
SPL[TT[NG...O...........‘....Q...

COS!NE SPECTRUM......Q....I......C....
COSINE TABLE GENERATIONy; FLOATINGeeesoo
COSINE TABLE GENERATIONy FIXEDeeososoooso
COPY FILE = TAPE TO TAPEcececccccccccns

CROSSCORRELATION OF
BEGINNING WITH

TRANSIENTS

ZERO LAG."....IQQ

CROSSCORRELATION OF TRANSIENTSeecccccos

CROSSCORRELATION OF TRANSIENT VECTORS
OF MATRICES...-.‘..........'...‘.

VARIABLES OUTPUTED FIVE PER LINEeceseesoo

FIT CUBIC TO FOUR DATA VALUESecceccese
COLUMN VECTORS QUTPUTED BY NORMAL
DR LITERAL FORMATS..-‘I.‘.'....Q.

COPY DATA-CARDS DECK ONTO OUuTPUT
TAPE...l..............O.....O.I‘.
UNIT DELTA FUNCTIONceececocccccccscaces
DERIVATIVE OF A VECTORcececccccccascce
DETERMINANT OF MATRIXeceocecccccccsceen
DIFFERENCE A VECTOR BY ELEMENT PAIRS..
DISPLAY PRINT-TYPE GUTPUT ON SCOPE
(DISPLA(709) AND DISPLA(7090))cee
DIVIDE VECTOR BY A CONSTANTececcccccce
DIVIDE VARIABLES BY A CONSTANTececosee
DIVIDE VARIABLES BY CONSTANTScececccses
PSEUDO DO SIAIEMENT...............'...

DOT PRODUCT WITH JUMPED SUBSCRIPTS....

ANNOTATED CALLING SEQUENCES

E2 22222 X2 2222222222 X 22X R}

= CNTRCW TO DOTJ L]

L2222 222222222 X2 222222 £ ]

CNTROW (VECoLVEC,FXLO,FXHIoNCOLS,
CHLVLSyNCHRSyDELEVL s VLEVL
SPACE,PLOTVC, IANS)
(ITAPE,ICOLLOyNCOLLO,NCOLS,
ISPACE)

(XyLXy ZIFXD 9 XCOLAP,MCOLAP)

COLABL
COLAPS
CONTUR (ITAPE,ISENSEsVOFXYsLVXsLVY,
LXDIMyFXLOyFXHI ¢NCOLS,NCOLLC,
FYLOsFYHIoNROWS,ARGLO,ARGDEL,
ZFAFXDyCHLVLS ¢ NCHRS yDELEVL,
VLEVL ySPACE,IANS)

CONVLYV
cosIsp

(LXyXyLYyY,CONVXY)
(SSXysASX9SAX,AAXMXLAG,CCSTAB,
SINTAByMFREQy JMIN,JMAX, ZIFXD,
COSTR,SINTR)

COSIS1 (I1C2S3,XyLX,COSTAB,SINTAB,
MFREQyJMINy JMAX,COSTRySINTR,
ZIFSTO,SPACE, IANS)

cosp (SSX,ASXyMXLAG,COSTAB,MFREQ,
JMIN, JMAX,ZIFXD,COSTR)

COSTBL (MFREQ,COSTAB)

COSTBX (MFREQ,ICOSTB)

CPYFL2 (ITPIN,ITPOUT,LRECMX,ZFEOFW,
SPACE, IANS)

CROSS (LXyXsLYoYyLC,HC)

CROST  (LXyeXoLYoY,ILAG,LC,C)

CRSVM  (NRACyNCARB,NCBC,LA,AA,LB,BB,
ZIFNTRyILAG,LC,CC)

CSOUT (ITAPE,NSPACE,C1,C1NAME,
C29C2NAMEy .+ o« 9sCNyCNNAME)

CUFIT1 (FOFX,XLO,DELX,CCEFS)

CVSOUT (ITAPE,NSPACE,FMTHED FMTLIN,ILC,

IHI yARGLOy ARGDEL y SPACE s X19X2,
ooo'xN)

DADECK (ITPIN,ITPOUT)
DELTA F(ARG)
DERIVA (YOFXsLY,DELXyDYDX,YCFX1)

DETRM  (IDIMEN,IJSIZEoACFIJ,STHEND,ERR)

DIFPRS (XsLXyXPRSDF)

DISPLA ««oPRINT FMT,LIST...FMT FORMAT()

DIVIDE (XyLXyXDVSRyXDVDED)

DIVK (C.XI’XZ'QQO'XN'

DIVKS (ClyX1yY1yC29X25Y29e0esCNyXNyYN)

DO SEVRAL (e e e92HDOyNSUBS»1,ILO0,
lHI’oo-)

DOTJ (LXY 9 JUMP Xy Xy JUMPY,YDOT XY,

GZFADD,GZFSMD)



seunnsannannnnnnnnnnnnnne ANNOTATED CALLING SEQUENCES #42asasssitsassssssassnsens
* DOTP TO GNFLT1 = + DOTP TO GNFLT1 =

I 222X 2222222 X222 2 X222 22X ] (2432222222 X222 X222 2222

DISPLACED DOT PRODUCT OF
2 DIMENSIONAL ARRAYS.ceeceeeceses DOTP (NRA,NCA,AA,NRB,NCB,BB,
IRB,ICB,DOT,0RDER)
DEPRESS VECTOR BY A CONSTANT.ceeeeeeee DPRESS (XoLXyXSINK,XLWRD)
VARIABLE ORIGIN DISPLA FORMAT
GENERATIONceececcecsccveccscccoese DSPFMT (CNTHOL,ICRGX,IORGY,FMTEND,FMT)
DOUBLE VECTOR ELEMENTS, FLOATINGeeeso. DUBLL (X,yLX)
DOUBLE VECTOR ELEMENTS, FIXEDesesoesee DUBLX (IX,LIX)
END-OF-FILE FLAG INDICATOR
FOR REREADsccccccosccoccssccseesF ENDFIL (ITAPE)
END-OF-FILE SET FOR REREADsccceccecees EOFSET (ZIFTRN,EOF,ITAPE)
EXCHANGE TWO VECTORSeeeccecessaccscsccee EXCHVS {LXY9X,Y)
EXPAND LENGTH OF VECTOR
BY AN INTEGRAL FACTORecsccecesees EXPAND (XsLXyMLPLYR,XPNDED,LXPNDD)
FACTORIZE ENERGY DENSITY SPECTRUMe.o.eco FACTOR (SPECT,LSPECT,LWAVE,WAVE,SPACE)
SUM WITH FAP ACL INSTRUCTION..ceoeeeeee FAPSUM (LXyX,ACLSUM)
FAST SCAN VECTOR FOR EXCESSIVE
ELEMENTcccececcecccvecccsonccccsasee FASCNL (VECT,ILO,IHIZVALUE, IFINDyIANS)
FAST TRANSIENT CORRELATIONececcccoeecees FASCOR (Y,KMIN,KMAX,CORZER,ERROR)
FAST TRANSIENT CORRELATION SUMMEDee... FASCR1 (Y,KMINyKMAX,CORZER,ERROR)
FAST CUBIC EVALUATION ON UNIFORM
GRIDeseecceccecsccccsssccscscscse FASCUB (COEFS,XLOyDELXyNF,FCFX)
FAST EQUI-PRODUCTS CORRELATIONeeceeceoees FASEPC (Yo KMINyKMAX,CORZERyERROR)
FAST EQUI-PRODUCTS CORRELATION SUMMED. FASEP1 (Y,KMIN,KMAX,CORZER,ERROR)
FAST TRACK THROUGH VECTOR OF INDICES.. FASTRK (IXVEC,IXSTRT,IXLOOK,MXTRAK,
IANS)
FAST DOT PRODUCTecceescecccscsccescses FDOT (LXY XY, D0TXY)
FAST DOT PRODUCT WITH ONE VECTOR
REVERSEDeececcccoscoccccccscscssese FDOTR (LXY3XyY,DOTXYR)
FILTER BY RECURSION IN 2 DIMENSIONS... FIRE2 (NRAJNCAT,NCAN,AA,NRRyNCRyRR,
NRG +GG»FF,4CC)
le A FLOA[ING VECTGRoootooo..aoo.oooo FIXV (XOLXIIX,
FIX A FLOATING VECTOR WITH ROUNDING... FIXVR (XyLX,yIX)
FLOAT AND SCALE MACHINE LANGUAGE
INTEGERS.eceeeceocscccescsccncsaeess FLDATA (LXyX,SCALE)
FLOAT A MACHINE LANGUAGE INTEGER<eees. FLOATMF{INTEGR)
FLOAT A FIXED VECTORcceecsescsoessnees FLOATV (IX,LIXyX)
NORMAL OR LITERAL FORMAT QUTPUTEDeeso. FMTOUT (ITAPE,FMT)
FIND COMMON INDEX OF NORMAL OR
LITERAL FORMATcececoccacccsacceeas FNDFMT (FMT,IXCFMT)
ADVANCE FILM FRAME (FRAME(709) AND
FRAME(T090) ) eeecccoccssscssesseces FRAME
FREQUENCY COUNT OF INTEGERSeececceceese FRQCT1 (IX,LIXyIXLO,IXHI,ICCUNT,IANS)
FREQUENCY COUNT IN RANGESeecceecesseccee FRACT2 (XyLXyRyLRyICOUNT,IANS)
FORWARD (OR BACK) SKIP TAPE FILESee.es FSKIP (ITAPE,NFILES)
FOURIER TRANSFORM 24 POINTS
(FT24 AND FT24=II)escecccccceccces FT24 (XsREAL,XIMAJ)
FIX AND SCALE DATA TO MACHINE LANGUAGE
INTEGERS e eoccccccsccncoscscvessosse FXDATA (LXQX'MXDATA'SCALE’
GENERATE OUTPUT-TYPE HOLLERITHeeeoeceee GENHOL (HOLY.ooPRINT FMT,LIST.. .FMT
FORMATI( )
GET HOLLERITH ARGUMENTeceeccaceceseceee GETHOL (ZIFMUV,HARG,HIFMUV4sNCRS,IXCCM,
. ICOUNT)
GET RAND RANDOM DIGITSceeceeecsceccceess GETRDL (ITAPE,NRD,IRD,IANS)
VARIABLE DEPTH INDEX!NG-o..oooooocoboF GETX (xvlltxz....,IN’
GENERATE SYMMETRIC FILTERcceccesceesee GNFLTL (AMSPEC,LSPECsFLTRsIANS)



R4 22122222 2222222222222 ]

# GNHOL2 TO LINE *

LA A XX X222 22222222 22222 )

GENERATE OUTPUT-TYPE HOLLERITHsceoecee

SCOPE GRAPH OF VECTOR SETSeecscccccoce
SUBROUTINE GRAPH EXPANDEDeeccesecsocses

FIND EQUALLY LIKELY GROUPINGSeecoocoss

HALVE VECTOR ELEMENTS, FLOATINGeeceosse
HALVE VECTOR ELEMENTSy FIXEDeeeocosecos
HOLLERITH LEFT ADJUSTcccecccscecoccace
HOLLERITH RIGHT ADJUSTececescccccsccns
HISTOGRAM PLOT ON SCOPE (HSTPLT,
HSTPLT-II, HSTPLT-III(T709),
AND HSTPLT-III(7090))ccccocccccse

HOLLERITH VECTOR TO INTEGER VECTOReeos
INVERSE TO VECTOR DERIVATIVEceeeecoess
PSEUDO lF STATEMENTQ.‘.O..O..'.O..Q...

INVERSION OF MONOTONE FUNCTIONeeceooseo

VARIABLE DEPTH INDEXINGeeeoeooososoeesfF
INVERSE TO VECTOR INTEGRALeecocccccces

INPUT DATA FROM FILE AS GENERATED BY

OUDATAcceeecsccoccscscssscsccncas

INDEX BY UNITY AND COMPARE«ccccccacess
INTEGRAL OF A VECTOR:csoeoccccscccccee

‘NTERPRET HOLLERITH........0......‘...

INITIALIZE SUBROUTINE TIMSUB.cecaceoosee
LINEAR INTERPOLATION OPERATOR
FOR 14293y OR 4 DATA VALUESescoee
INTEGRATED SUMMATION OF A VECTOReeoeee
POLYNOMIAL EVALUATION FOR COMPLEX
\ARGUMENTS.................C......

INTEGER VECTOR TO MACHINE LANGUAGE
INTEGER VECTORceccecececscccccnss
INTEGER VECTOR TO HOLLERITH VECTOR....
INDEX WITH RESPECT TO COMMON OF
ARGUMENT ceeeoevescescscssscsccsns
CHI_SQUARE TAIL INTEGRAL..'..Q....D.Q.
COLLAPSE VECTOR ABOUT MIDPOINTececcces

CHECK VARIABLES AGAINST THEIR LIMITS..

ARBITRARY LINE ON SCOPE
(LINE(709) AND LINE(7090))ccccsss

ANNOTATED CALLING SEQUENCES

LINE

(22222222222 222222 X2 1)

# GNHOL2 TO LINE -

RERRBERBRBRBRBRERERE RS ERER

GNHOL2 (DATA,NDATA,FMT,HOL,NCRS,IXCCM,

INDEX)

(ISOL,IDOT4LVECS,TITLE,YUNITS,

XUNITS,YTOP,YBOT 9 XMAXyXMIN,

NOPPP,IPAGE,SPACE)

GRAPHX (ISOL,IDOT,LVECS,TITLE,YUNITS,
XUNITS,YTOPoYBOT XMAXyXMIN,
NOPPP 4 IPAGE y SPACE,NFRMSV)

GRAPH

GRUP2 (PROB,LPROB,DELXyXLOyXLIMS,
NGRUPS, IANS)

HALVL  (X,LX)

HALVX  (IX,LIX)

HLADJ F(HOL)
HRADJ F(HOL)

HSTPLT (LNY,NY,ORG,NDELXyZIFSOLZIFAXS,

IFRSTB, ISKIPB)

(HV,LHV, 1V)

(YOFX1,DYDX,DELX,LY, YOFX)

SEVRAL{cee92HIFy Xy NXNEGy NXZER,
NXPOSyees)

(YOF Xy LYOFX 9y XFIRSTyXLASTyLXOFY,

YLO,YHI, IERRLOy XOFY 4, IANS)

(IXyI19I290009IN?

(YOFX1,YIGRTD,DELX,LY,YOFX,

CIGRTN)

HVTOIV
IDERIV
IF

IFNCTN

IGETX
TINTGR

INDATA (ITAPE,IRECNO,NOPTS,DATA,ERR,
6H AUXL1,AUXL1,6H AUXL2,AUXL2,
eee9b6H AUXLN,AUXLN)

INDEX F(I,ICRTCL)

INTGRA (CIGRTNyYOFX,LYDELX,YIGRTD,
YOFX1)

INTHOL (NHOL,HOL,FMT,NDATAD,NDATAA,
DATA) ‘

INTMSB

(NDATA,XLOyDELXy XyOPER)
(XyLXe XISUMD)

INTOPR
INTSUM
IPLYEV (NCOFS,COFS,ZREAL,ZIMAJ,PREAL,
PIMAJ)

(IVoLIV,MLIV,IANS)
(IVyLHV,HV)

ITOMLI
IVTOHV

IXCARG
KIINT1
KOLAPS

(ARG, IXCOM)
(CHISQ,sNDF,PROB,y IANS).
(XMID,LXHAF,ZIFXD,LCHAF,CMID,
ERR)

(IANSX1,IANSs» X14X1A,X1B,
X29X2A9X2By eees XNyXNA4XNB)

LIMITS

(X1sY1,X2,Y2)



EEREBRRARERRRRERRRRE RN
# LINEH

TO MOVECS =

EE A X222 222 2222222222222 23

HORIZONTAL LINE ON SCOPE

(LINEH(709) AND LINEH(7090))cceee
VERTICAL LINE ON SCCPE

(LINEV(709) AND LINEV(T090))ecees

LINEAR

INTERPOLATIONcccococsccscccccsse

LISTING OF AUXILIARY INFORMATION OF
INDATA-OUDATA TAPEceccocccccccsses
MACHINE LOCATION OF ARGUMENTcccececscee

LOCATE

AND NAME A LIST OF SUBROUTINES.

LOGICAL SHIFT FUNCTIONcecccoossccccoses
LEAST SQUARES LINEcceccscocccsccccccsns
LEAST SQUARES SHAPER BY

SIDEWAYS ITERATIONeccecccccccccee

MATRIX
MATRIX
MATRIX

INVERSEcecceeaccosscccsscsccasne
MULTIPLY, SQUARE TIMES SQUARE..
MULTIPLYcecooaccccsoccccncccnes

TIGHT-PACKED MATRIX TRANSPOSEececceccos

SQUARE

MATRIX TRANSPOSEceccecccccccces

MAXIMUM ABSOLUTE VALUE OF VECTOReecees
MAXIMUM ABSOLUTE VALUE MATRIX

ELEMENT.....QQ...‘.....l......O.‘

MAXIMUM SIGNED VALUE OF VECTOReceoocee
MAXIMUM SIGNED VALUE MATRIX ELEMENT...

DOT PRODUCT OF VECTORS OF SQUARE
MATRICEScceececececscccecccccnccese
DOT PRODUCT OF VECTORS OF MATRICES....

OuTPUT

MEMORY USAGE DATAccccccccccscee

FACTORIZE A NON-SINGULAR MATRIXeeeosoos
MULTI-INPUT FILTER BY LEAST SQUARES...
MINIMUM ABSOLUTE VALUE OF VECTOReceeeo
MINIMUM ABSOLUTE VALUE MATRIX

ELEMENT cececcccscccccscccccsscccscs

MINIMUM SIGNED VALUE OF VECTORececocee
MINIMUM SIGNED VALUE MATRIX ELEMENT...

MULTI-INPUT PREDICTOR-LEAST SQUARES...
MULTI-INPUT SIDEWARDS ITERATIONesecoees
MACHINE LANGUAGE INTEGER VECTOR
SCALlNG.'.I...Q......‘.Q.......‘.
MACHINE LANGUAGE INTEGER CONVERTED TO
FORMAT(2A6)ececcccccsccccccsnccccne
CHECK VECTOR FOR MONOTONE BEHAVIOUR...

MATRIX

MATRIX

OQUTPUT IN G FORMATcceccccccccne

PRINTED OUT AS INTEGERSeccccces

MOVE VECTOR ANYWHEREceeeoeessececcccces
MOVE VECTORS ANYWHERE«eeoeceooococeccess

ANNOTATED CALLING SEQUENCES

LINEH

LINEV
LINTR1

LISTNG
LOC
LOCATE

# LINEH TO MOVECS

(23 X222 22222222222 X2 2 X 22

*

I 22222222222 R 222222223

(IXLEFT,IYLEFT, IXRITE, IDELX)

(IXBOT,1YBOT,IYTOP,IDELY)
(X9 XLO,DELX,YTABLE,LTABLE,YOFX)

(ITPFIL,ITPOUT,SPACE)
(ARG, IADARG)
(SUBRU1ySUBRU2y .+« 9 SUBRUN)
CALL SUBRl... CALL SUBRN

LSHFT F(NSHFT,X)

LSLINE
LSSS1
MATINV
MATML1
MATML3
MATRA
MATRAL
MAXAB
MAXASM
MAXSN
MAXSNM
MDOT
MDOT3
MEMUSE
MFACT
MIFLS
MINAB
MINABM

MINSN
MINSNM

MIPLS
MISS

MLISCL
MLI2A6
MONOCK
MOUT

MOUTAI

MOVE
MOVECS

(YsLYyXMINy XMAX,CO,C1)

(LPARF,PECyACOR,RSIDE,FLTR,
ERRCOV)
(LSQM,SQM,SQMINV,SPACE,ERR)
(LSQM, SQMA,SQMB, SQMAXB,NZFADD)
(NyM,L,ANBYM,BMBYL,NZFBTR,CNBYL,
GZFADD)
(MATRXyNROWS yNCOLS ) MATRXT)
(LSQM, SQM)

(LXy Xy XMAXAB, INDEX)

(FOFIJoLI,LJ,IDIMEN,FMAXAB,
IMAXAB, JMAXAB)

(LXy Xy XMAXSN, INDEX)
(FOFIJoLIoLJoIDIMEN,FMAXSN,
IMAXSNy JMAXSN)

(NRCAB,LAByAA,BB,DOT,MIFREV)
(NRADyNCARB,NCBDoLAB,yAA, BB,
ZIFNTR,DOT,MIFREV)

(ITPOUT)

(LSQM,SQM,SQMFAC)
(NRCyLLyBByRRyGGoFF,C)

{LXy Xy XMINAB, INDEX)

(FOFIJsLI,LJ,IDIMEN,FMINAB,
IMINAB, JMINAB)

(LXy Xy XMINSN, INDEX)

(FOFIJ LI LJ,IDIMEN,FMINSN,
IMINSNy JMINSN)
(NRCyLLyAA,BB,RR,yCyERR)
(NRC,LLsAA,BB+RRyGG,FF,C)

(MLIV,LMLIV,ISCALE,MLIVSC,IANS)

(MLI yMLIHOL 4NCRS)

{XyL Xy ZFNDCR, IANSNG, IANS)
(ITAPEJNSPACE Xy XNAMEsNRX¢NCXy
LX)
(ITAPE,NSPACE,FOFIJ,FNAME,LI L J,
IDIMEN,NDIGS,SCALE,SPACE)
(LXyXyY)
(L1yX1yY1ysL24X29Y290e0esLNyXNyYN)



(A2 2222222222 22222322222 2 2

= MOVREV TO PLOTVS =

I2 2222222222 22222 22222 2 X

MOVE, REVERSE, SPREAD, OR CHANGE
SIGN OF VECTOReeccceccccccccccccee

MAP FLOATING SEQUENCE TO INTEGERSece..

REVERSE VECTOR OF MATRICEScceccccccccce
MEAN SQUARE CONTINGENCY AND
DEPENDENCY...‘Q....'...‘.“...'..

MULTIPLY VARIABLES BY A CONSTANT

({MULK AND MULK-II)--.....‘..-....
MULTIPLY VARIABLES BY CONSTANTS.ceceee
POLYNOMIAL ROOTS BY MULLER®'S METHOD...
MULTIPLY VECTOR BY A CONSTANTececcocsee

MOVING ADDITION OF FIXED VECTORecccoee
MOVE A BLDCKQ.."........I.........C..
MOVING AVERAGE OF VECTORececccscccccce

MOVING
MOVING

SUMMATION WITH DIVISIONecccooes
TRAPEZOIDAL INTEGRALeccccccccce
MOVING ABSOLUTE TRAPEZOIDAL INTEGRAL..
MOVING SQUARE AVERAGE OF VECTOReecceccee
MAXIMUM RATIO REGION OF TWO CUMULATIVE

DISTRIBUTIONScecceccccccccccccces

NEXT COSINE VALUE..................Q..
NEx‘. slNE VALUEOOO......l...‘..“.....
NORMAL[ZE HAGNITUDES...Q..............
NORMAL INTEGRAL UP TO Xeeooscocscscces
EQUI-LIKELY RANGES OF NORMAL INTEGRAL.
NORMALIZE AND BOOST A VECTORecevecccene

N-TH ARGUMENT BEYOND FIRSTecceccccccee
NEW RANGE AND INCREMENT OF VECTOReeeee

NEXT ALARMecsososccccsscscsccsccsccssccccse

ONLINE DUPLICATION OF OFFLINE OUTPUT..
OUTPUT DATA AND AUXILIARY INFORMATION
TO FILE TAPEO......O.....l.......

READ EVERY N-TH WORD
FROM BINARY TAPEcececcccccccccccs

PACK A FLOATING VECTOR, N WORDS PER
REG‘STER....I.....'.........‘....
FAST TWO-DIMENSIONAL
SPATIAL SPECTRUMecceccccccsccccanse

PRINTER PLOT OF VECTORS,; GENERALecoceee

ANNOTATED CALLING SEQUENCES

BERBERBRRSRRRBR AR BRRRR RS

#= MOVREV TO PLOTVS +#

(LA X222 222222222222 X2 )

MOVREV
MPSEQ1

(LXYoIX9e Xy IYMIFR,yY,SIGN)
(XgLXy XLMITS yNLMITS, IXoIXLOy
IANS)

MRVRS (NRAJNCA,LA,AA)}
MSCON1l (IJSIZE,POFIJ,CONTNG,DEPEND,
TANS)

MULK
MULKS
MULLER
MULPLY
MUVADD

(C.leXZ...-cXN’
(ClyX19Y19C29X29Y2900e9CNoXNoYN)
(COEF, IDEGRE ROOTR,RCOTI)

(XeL X9 XMLPLR y XMLPLD?}

(IV,ILO, IHI,LADDyMUVSUM, NSUMS,
IANS)

(NMOVE,IASORS, IADEST)
(XoLXyLAVHAF XAV, IANS)
(XsLXyLSUMyDVSR, SUMOVD,L SUMOD)
(XoLXyDEL LINToXMI,LXMI)
(XoLXyDEL LINT,XAMI, ,LXAMI}
(XeLXs LAVHAF 4 XSQAV, I ANS)

MVBLOK

MVINAV

MVNSUM

MVNTIN

MVNTNA

MVSQAV

MXRARE (DN,DD,LD,DNFRAC,DDFRAC,MNREWI,
RAMX, ILO,IHI, [ANS)

NEXCOSF (DUMMY)

NEXSINF (DUMMY)

NMZMG1 (LXyXyXMAX,SCALE)

NOINT1 (X,PROBX)

NOINT2 (XMEANyXSDsNDIV,XDIV,IANS)

NRMVEC (ZIFRMS,SCALE¢X9LXyXMEAN,
XMA X9 XNRM)

F(NyAlyA29ccesANyoese)
(YOFX9LY 9 XLO 9 XHI yLYNU s XLONU,
XHINUy IERR1y YOF XNU, IANS )
(JOBoMLIV,ILOs IHILEVEL,LTENSE,
IBEGIN, IEND, ISUM, IANS)
(ISENSE)

NTHA
NURINC

NXALRM
ONL INE
OUDATA (ITAPE,IRECNC,NOPTS,DATA,MODCCD,
6H AUXL1sLAUXL1AUXLlyeoer

6H AUXLN,LAUXLN,AUXLN)

PACDAT (ITAPE)NWORDS,IFSTWD,IFOLD,
DATA,LDATA, IANS)

PAKN (NWPR,LDATA,DATA,SCALE)

PLANSP (JOB,NRAyNCA,AA, MRS, JMAXRyMCS,

JMAXC 9SPT4SPACEL1ySPACE2,IANS3)
(ITAPE,ISENSE,LOCYV,YSMBV,LYV,

IXSTRV,NYyARGLO,ARGDELy ZFAFXD,
FMTARGyNCOLS,YBOT,YTOP,HLINV,

HLSMBV,NHL)}

PLOTVS



REBERERERRBERRRRRERRRERN

& PLTVS1

TO REIM *

RERREEREABERRLEBRRFRABERR

PRINTER PLOT OF VECTORS
WITH AUTOMATIC SCALINGeccccaceces

PLURALIZE A SUBROUTINEcccscsccccccsses

PLURALIZE THE NEXT SUBROUTINEeescccoes

POLYNOMIAL SYNTHESIZED FROM ITS
cU"PLEx RODTSOO...O..l.....'.‘...

POKER COUNT OF DIGIT SEQUENCEeeccecescee
POLYNOMIAL DIVISION:eeocecocoacccccccs

REAL POLYNOMIAL EVALUATION.ccceccccces
POLYNOMIAL SYNTHESIS FROM REAL AND
COMPLEX RDDTS..Q..O.......00.....

RAISE VECTOR TO POSITIVE OR
NEGATIVE INTEGRAL POWEReeceoccccee
PROBABILITY CURVE FITTED TO MOMENTS...

SECOND ORDER PROBABILITY.ccccccecocoss

WRITE PROGRAM FOR CORRELATION<.cceccses
pOLYNDMlAL SQUARE ROOT..‘......Q.‘....
PRINT OR WRITE OUT A MACHINE

LANGUAGE INTEGER VECTORccocecocee
QUICK AUTOCORRELATION.cecocsccoccccces

QUICK CONVOLUTIONccosccscccsccccscncas

QUICK FOURIER TRANSFORMecsosscccccccss

QUICK INVERSE FOURIER TRANSFORMecsooss

QUADRATIC

INTERPOLATION IN TABLEeoecoss

FIT QUADRATIC TO THREE DATA POINTS....
QUICK CROSS CORRELATIONscceccccccscccs

QUICK CROSSCORRELATION OF MLI VECTORS
HITH VARIABLE LIMITS.‘..‘...OQ...

READ DATA

IN VARIABLE FORMATcceccosnee

REFIT EVEN AND ODD PARTSececccccsccces

REFLECT A VECTOR THROUGH A CONSTANT...

REAL AND IMAGINARY PARTS FROM
AMPLITUDE AND PHASEccececccccccne

ANNOTATED CALLING SEQUENCES

PLTVS1

PLURAL
PLURNS

PLYSYN

POKCT1
POLYDV

POLYEV
POLYSN
POWER
PRBFIT
PROB2

PROCOR
PSQRT

PWMLIV
QACORR

QCNVLYV
QFURRY
QIFURY
QINTR1
QUFIT1
QXCORR
QXCOR1
RDATA

REFIT
REFLEC

REIM

# PLTVSl TO REIM

(I 22222222 X222 2222 222}

*

(X222 222222222222 222 X2 )

(ITAPE,ISENSE,ARGLO, ARGDEL,
ZFAFXDyNCOLS»ZFZERS yRMSSEP,S,
LXyZFLISTy VMATRX, IDIMENNX)

OR
(ITAPE,ISENSE,ARGLO, ARGDEL,
ZFAFXDyNCOLSZFZERS ¢4RMSSEP,S,
LX90eCyX1sX2900e09XN)
(SUBROUyAl9yA29.049ANy
BlyB2yeeesBNressees)
(A13A29eee9AN9BLyB2yeese9BN,
QOQooovleZZQn.otzN’

OR
(Al9A2450009ANA,STOP,B14B2yeeer
BNBsSTOPyececeeosZl9Z2900e9ZNZ)

(SCALES,RADII,DGREES sNROGTS,
PLYCOS,NCOFS,SPACE)
(IXyNHANDS, ICOUNT,IANS)
(LDVSR+DVSR,LDVDD,DVDD,LQUOT,
QuaT)

(NCOFS,COFS,X,POFX)

(SCALEsNOZ,ZRE,ZIM,ZIFCOM,
ZIFCNJ,LPOLY,POLY,SPACE)

{(XsLXyNyX2NTH)

(NMOMS , XMOMS ,LXy Xy POFX,SPACE,
IANS)
(IXyLIXyLAG, ICOUNT ,PROB, IXHI,
IANS)
(XsLXyMAXXyPROG1,PROG2yERR)
(NCOFS,COFS,NCSQRR,CSQRR)

(NWPL, ITAPE,MLIV,LMLIV,IANS)
{XoLXyMXACC yMXLAG,SPACE,ACCR,
IANS)
(X9LXyYyLY,MXACC,LC,SPACE,C,
IANS)

(XoLXy IXZERyMFREQ, JMIN,JIMAX,
SPACE.FTREAL,FTIMAJ, IANS)
(FTREAL,FTIMAJ,MFREQ,LXy IXZER,
SPACE Xy IANS)

(X9 XLODELXy TABLE,NTABLE»YCFX)
(FOF Xy XLO,DELX,CCEFS)

(X9 YoLXYyMXACC MXLAGSPACEXCCR,
IANS)

(LXyXyoLYysYoMXACC,ILAG,NLAGS,
CORR,ZIFSTO,LSPACE,SPACE, IANS)
(ITAPE,ITPCPY,IANS,SPACE,
XINAME s X1y X2NAME,X2,
{XsLXyZIFXDySYM,ANT)
(XysL X9y XMIROR ¢ XIMAGE)

coe ’

(AMP yPHZy LAMPHZ yREAL 9y XIMAJ)
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# REMAV TO SETUP ®
ERERERRE RN R R RS RN RRRES

REMOVE AVERAGE OF A VECTOR cccecccccscs
REREAD BCD RECORDScecccecccoccccccscses
RETURN TO CALLING PROGRAM.ccceccccsscsce
REVERSE A VECTORcoecoesoccescccccscncnae
REVERSE A VECTORcccoesccocscccscsscces
REALIZABLE LEAST SQUARES PREDICTION
ERROR OPERATOR BY RECURSIONeceoees
REALIZABLE LEAST-SQUARES PREDICTOR BY
RECURSION - 2-DIMENSIONALcccccone

REALIZABLE LEAST SQUARES SHAPER
BY RECURSIDN..CQ....Q...‘....'.0.

RMS DEVIATION FROM AVERAGEeeccccceseace
RMS DEVIATION FROM BASE VALUEcceosceces
ROUND FLOATING NUMBER:ccecccccccccsces
ROUND A FLOATING NUMBER DOWNeeceocooooes
ROUND A FLOATING NUMBER UPscccccoccces
ROUND A FLOATING VECTORececcecccccccese
ROUND DOWN A FLOATING VECTOReceesecscece
ROUND UP A FLOATING VECTORececosccaccese
ROTATE CENTRO-SYMMETRIC OR ANTI-

SYMMETRIC 2-DIMENSIONAL ARRAY....
ROTATE A VECTOR..........O..l.........
REPLACE FORMAT IN NEXT INPUT OR

OUTPUT STATEMENT.cececceccosccccee
RECURD SKIPPING ON TAPE.......I.Q.....
REVERSE EVEN AND ODD PARTSccccccccccns
SAME OUTPUT AS INPUTeececcccccccccsces
SCOPE SCALING OF DATAccccsccccoccscces

SEARCH VECTOR FOR VALUEssececcoccocess
INITIALIZE FOR SEQUENTIAL

SINE AND COSINE VALUESeeeccccccces
SET FIRST ARGUMENT AND PLACE

THIRD IN ACCUMULATOR:secosccccssse
SET ARGUMENT AND TEST ITS SIZEeeoecese
SET UP AN INDATA-OUCATA TAPE FOR

RECEIVING ADDITIONAL RECORDS.c..e.
SET VARIABLES TO A CONSTANT

(SETK AND SETK-II)eeecccccccsccas
SUBROUTINE SETK PLURALIZEDececcococcccece

VARIABLES TO CONSTANTS

(SETKS AND SETKS=II)eccccececocsee
A CONSTANT VECTORsceccccocecccsces
CONSTANT VECTORSececcccccccccccces
LINEAR VECTORececesccccccsssescass
LINEAR VECTORS:eeerecccscsccscccss

SET

SET
SET
SET
SET

SET SUBROUTINE VECTOReeceocecvecceccasse

SET UP SUBROUTINE LINKAGEeececeocococcecsse

ANNOTATED CALLING SEQUENCES
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=  REMAV TO SETUP =
ARRBBARBRBE RN AR ARRB R RN

REMAV
REREAD
RETURN
REVER
REVERS

(X9L Xy XAVGy XNULD)

(LOCALLyXR14XR2)
(XsL Xy XREVD)
(LXy XD

RLSPR (LPA,PEO,ACOR,ERRCOV)

RLSPR2 (NRA,NCAT,NCAN,AA,NRRyNCRyRR
CC, IANS)

RLSSR  (LPARF,PEO,ACOR,RSIDE,FLTR,
ERRCOV)

RMSDAV (XyLXyXAVGyRMSXMA)

RMSDEV (XyLXyXBASERMSXMB)

RND F{X)

RNDDN F (X}

RNDUP F(X)

RNDV (XsL Xy XR)

RNDVDN (X,LXyXR)

RNDVUP (XyLXyXR)

ROAR2 (I1SM1A,XA,NsM,sXRA)

ROTAT1 (XsLXyNUP,ROTX)

RPLFMT (FMT,FMTNEW)

RSKIP (NTAPE,NRECS,EQF)

RVPRTS (SYM,;ANT,N)

SAME F(IX)

SCPSCL (DATA,LDATA,YTOP,YBOT,CONVK,
CONVL)

SEARCH (LXy Xy XWANT 5 INDEX)
SEQSAC (ARGLO,ARGDEL)

SETAPTF (X, XNEW,FVALUE)
SETESTF (Xy XNEW, XCRTCL)

SETINO (ITAPE,ZIFNEW,NRECS,IERR)

SETK (CyX1lyX29eee9XN)

SETKP (C1lyX119X129eee9X1N1,STOP,
C29X219%X2290009X2N2,STOP,
eceeeegCMy XML yXM2,y. .09 XMNM)

SETKS (C1lyX1sC2yX29eeesCNyXN)

SETKV  (CylLXe X)

SETKVS (Cl,L19X19C29L29X2960esCNyLNyXN)

SETLIN (BASE,DELTA,LX,X)

SETLNS (BASE1,DELTAl,LX1,X1,BASE2,
DELTA2,LX29X25¢ 04 9BASEN,
DELTAN,LXNy XN)

SETSBV (SUBRU,SUBRUV,ARGL)ARG2geeey
ARGN)

SETUP  (LOCALL,NARGS,XR1,XR2)
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= SETVCP TO TAMVL » = SETVCP T0O TAMVL -
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SUBROUTINE SETVEC PLURALIZEDeeeeeeeces SETVCP (X1,C11,C125e..5C1INL1,STOP,
X23C214C229.049C2N2,5T0P,
eeseeeyXM9CML,CM2y. 0.0 yCMNM)

SET VECTOR FROM LISTeceeccocccoacacoss SETVEC (XyC13C29400¢9CN) .

OPERATE SEVERAL SUBROUTINES.cccesceeee SEVRAL (SUBRUA,Al,A25...9ANA,
SUBRUByB1yB2seee9BNBrococos)

SHIFT VECTOR ELEMENTS RIGHT

ARITHMETICALLYeeeeesccccccssccees SHFTRL (NSHFTRyIX,LIXy)IXSH,IANS)

SHIFT VECTOR ELEMENTS RIGHT LOGICALLY. SHFTR2 (NSHFTRyIX,LIXyIXSH;IANS)

SHUFFLE THE INTEGERS 1 TO Neoceecoossee SHUFFL (ITPRDyNITEMS,ISPACE,IXSHUF)

SIFT OUT EQUALLY SPACED VALUESececeees SIFT (XyMESHsLXSFTD,XSFTD)

SOLVE SIMULTANEOQOUS EQUATIONS

A(T9))uX(JyK) = BlIyK)eooosoeooee SIMEQ (IDIMEN,IJSIZE,KSIZE,ATHENX,B,
STHEND,SPACE,ERR)

SINE TABLE GENERATICON, FLOATINGeeeeseos SINTBL (MFREQ,SINTAB)

SINE TABLE GENERATIONy FIXEDeeooeooesees SINTBX (MFREQ,ISINTB)

SINE SPECTRUMeccccccoscccscccsccccscces SISP (SAX,AAXyMXLAG,SINTAB,MFREQ,
JMIN, JMAXyZIFXDoSINTR)

MAKE SIZE INDEX OF ALGEBRAIC VECTOR... SIZEUP (XyLX,yINDEX)

MAKE SIZE INDEX OF LOGICAL VECTOR...os SIZUPL (X,LX,INDEX)

SUM INTEGRAL POWER OF DEVIATIONS OF

VECTOR ELEMENTS FROM BASEecececcee SMPRDV (XsLX3NyXBASE,»SXMB2N)

MULTI-PURPOSE SIMPSON'S RULE

INTEGRALcceeccoccccsecsccccccseese SMPSON (JOB,X,LXyDELXyXINT,IANS)
FAST 2-DIMENSIONAL SPATIAL
CROSSCORRELATIONcceeccocccosceccee SPCOR2 (NRXyNCXyXXsNRY,NCY,YY,MXACC,
ILGRyNRZ,ILGC,INC,NCZ,22Z,
SPACE,IANS)
SPLIT INTO EVEN AND ODD PARTSecececeeeee SPLIT (XyLXyZIFXDySYM,ANT)
SUM OF SQUARE DEVIATIONS OF VECTOR
FROM BASEceccecocccecccscccacscsoee SQRDEV (XyXBASEysLX,SSQXMB)
SUM OF SQUARED VECTOR DIFFERENCESeeees SQRDFR (X,YoLXYySSQXMY)
SQUARE MACHINE LANGUAGE INTEGER
VECTORQ...Q.OOC..0.0.......C‘.... SQRMLX (MLIVEC'ILU'IHl'”LlSQR’[ANS’

SQUARE ROOT OF A VECTORececseccesaceacees SQROOT (Xy,LXyXSQRTD)

SQUARE SUM OF VECTOR ELEMENTSceceececes SQRSUM (X,LX,SUMSQX)

SQUARE VECTOR ELEMENTS.cececcccccccses SQUARE (XsLX,XSQRD)

SEARCH VECTOR FOR VALUE BEGINNING

AT EITHER ENDececccccssccosesesss SRCHL (I1F2B,LV,V,VALUE,INDEX)

UNIT STEP FUNCTION, CENTERED

BETWEEN PLUS AND MINUS ZERC«esse. STEPC F(ARG)

UNIT STEP FUNCTION, TO LEFT OF ZERO... STEPL F(ARG)

UNIT STEP FUNCTION, TO RIGHT OF ZERO.. STEPR F(ARG)

STORAGE-TO-TAPE HOLLERITHeceeeoceesses (STH) —-NOT AVAILABLE BY FORTRAN CALLS-

STORAGE-TO-TAPE HOLLERITH DEBUGeosoeees (STHD) =-NOT AVAILABLE BY FORTRAN CALLS-

STORAGE-TO-TAPE HOLLERITH MONITOReeoes (STHM) ~NOT AVAILABLE BY FORTRAN CALLS-

STORE SUBROUTINE ARGUMENTeeeececsececees STORE (ARGU,LOCALLNUMARG,IXVECT)

STORE ZEROES IN A VECTOReceoccocccccss STZ TLXy X)

STORE ZEROES IN A LIST OF VECTORSesees STZS (LX1gX1gLX29X290 0o s LXNyXN)

SUBTRACT CONSTANT FROM VARIABLES...... SUBK (CoX1yX29eae9XN)

SUBTRACT CONSTANTS FROM VARIABLES.eeee SUBKS (C1lyX1yY19C29X29Y2900esCN9XNyVYN)

SUM VECTOR ELEMENTSecceccccecscocsccces SUM (XyL Xy SUMX)

SUM OF DEVIATIONS FROM BASEccescsocoee SUMDEV (XyXBASE,LX,SUMXMB)

SUM OF VECTOR DIFFERENCESeccecccccccees SUMDFR (XyY,LXY,SUMXMY)

TEST SPECIFIED SENSE SWITCHeceecoeooees SWITCHF(ISENSE)

TRIANGULAR AVERAGE MOVING LEFT END.ooo TAMVL (XsLX,LAVG,AVGL)
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* TAMVR TO XDIVK *
RERRERRRRRERRERERRTRERRR

TRIANGULAR AVERAGE MOVING RIGHT END...
REAL TIME BETWEEN 2 MACHINE LOCATIONS.
REAL TIME OF NEXT SUBROUTINEcsccescess
DEFINITE TRAPEZOIDAL INTEGRALecceccecos
DEFINITE TRAPEZOIDAL INTEGRAL

OF ABSOLUTE VALUE........'.‘....Q
TERMINATE AN INDATA-OUDATA TAPEsceoees
TAPE-TO-STORAGE HOLLERITHeceecosccecsca
TAPE-TO-STORAGE HOLLERITH MONITOReeess
UNPACKy N WORDS PER REGISTERccecoecess
SET FOR VARIABLE ARGUMENT COUNT.cecese
VECTOR DOTTED WITH VECTORcescoccscccsne
VECTOR DIVIDED BY VECTOR«ceeccsocccosse
VECTOR OUTPUTED BY NORMAL OR

L[TERAL FORMATOQDO....OO0"‘0....
INDEX BY VARIABLE AND COMPAREeescececes
VECTOR MINUS VECTORceecescecccsccccecs
VECTOR OQUTPUTED WITH LABEL BY

NORMAL OR LITERAL FORMATecceccces

VECTOR PLUS VECTOReceeccccccccccccccse
VARIABLES OUTPUTED BY NORMAL
OR LITERAL FORMAT.cececcscccccccse

VECTORS OUTPUTED WITH LABELS BY
NORMAL OR LITERAL FORMATS.cceceee

VECTOR TIMES VECTOReecocccscccccccccnce
WIENER AUTOCORRELATION:cccoeccccsccsccse
FIND WHERE SUBROUTINE [Seecccccscccsece
CHOOSE WHICH OF TWO ARGUMENTS TO USE..
WIENER-LEVINSON LEAST-SQUARES FILTER
DR PRED!C“OR.'...................

WRITE BINARY RECORD ON TAPEcecscceccsece
EXACT EQUALITY TEST INCLUDING

SIGN BIT..‘........I..’......O...
FIXED ADD CONSTANT TO VARIABLESeceosee
FIXED ADD CONSTANTS TO VARIABLESesceee

GET FIXED SUBROUTINE ARGUMENTceececcceee
FIXED AVERAGE. OF A VECTOR.eeececccssse
FIXED AVERAGE WITH ROUNDING OF A

VECTURccseovooocoscsssscscssccnsosns

FIXED BOOST VECTOR BY A CONSTANTeceees
ALGEBRAICALLY COMPARE 2 VARIABLES.esee
MODIFY CROSS CORRELATION FOR DANIELL

SPECTRUM' FLOATING... L0 BB B A )
MODIFY CROSS CORRELATION FOR DANIELL

SPEC‘.RUM' FIXED.-'......".UO‘...
FIXED UNIT DELTA FUNCTIONeceoceoocecsae
FIXED DIFFERENCE A VECTOR BY

ELEMENT PAIRS‘..O".Q'.....I....O
FIXED DxVISIUN............'C..........
FIXED DIVIDE VARIABLES BY A CONSTANT..

ANNOTATED CALLING SEQUENCES
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*  TAMVR TO XDIVK b
ARRARARBRBBRRRRRRRBRRRRS

TAMVR
TIMA2B
TIMSUB
TINGL

(XsLXyLAVGyAVGR)
(LOCA,LOCByMINACC,SECS)
{MINACC,SECS)

(YOFX LXsDELX, TING)

TINGLA
TRMINO
{(TSH)

(TSHM)
UNPAKN
VARARG
vDOTV

voveyv

(YOFXsLXyDELX,» TINGA)
(ITAPEJNBAKUP)

~=NOT AVAILABLE BY FORTRAN CALLS-
~NOT AVAILABLE BY FORTRAN CALLS-
{NWPR,LUDATA,DATA,SCALE)

(LOCS)

{X+YoLXY,DVSR, XDYODV)
(XeYysLXYyXDVBYY)

VECOUT (ITAPE,FMToX,ILO,IHID
VINDEXF(I4ICRTCL,IJUMP)
VMNUSV (X5 YL XYy XMNUSY)

vouTt (ITAPENSPACE Xy XNAME 4 XFMT,ILO,
IHI)

VPLUSV (X, YoLXY,XPLUSY)

VRSOUT (ITAPE,NSPACE,FMT,SPACEyX1yX2,

eee 9 XN)

VSOUT (ITAPE,NSPACE,X19X1NAME, X1FMT,
ILO1,IHI1,X24X2NAME,X2FMT,1L02,
THI2y oo s XNy XNNAME s XNFMT, ILCN,
IHIN)

VTIMSV (XsYLXY 9 XTIMSY)

WAC {LXy Xy LACORyACOR)

WHERE (SUBRU,IANS,LOC,NARGS)

WHICH F(X14X2,2IFX1)

WLLSFP (MXLAG,ACOR,RSIDE,LFILTR,FILTR,
AUXSEQ)
WRTDAT (ITAPE,DATA,LDATA,IANS)

XACTEQF (X, Y)

XADDK (IC,IX15IX2y00eyIXN)

XADDKS (IC19IX19IY1,IC24IX25IY290cey
ICNyIXNy IYN)

XARG F(LOCALL,NUMARG, IXVECT}

XAVRGE (IX,LIX,IXAVG)

XAVRGR (IX,LIXsIXAVG)
XBOOST (IX,LIXyIXRIZE,IXBSTD)
XCMPRAF (X1, X2)

XDANL (XCORZ,MXLAGsMDAN,DXCCORZ)
XDANX (IXCORZyMXLAG,MDANsDIXCRZ)
XDELTAF (ARG)

XDFPRS (IX,LIX,IXPRSD}
XDIV F{NUMERA, IDENCM)
XDIVK  (ICyIX19IX29ee0e9IXN)
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# XDIVKS TO XSTEPR =
Yy Y Y Y

FIXED DIVIDE VARIABLES BY CONSTANTS...

FIXED DIVISION WITH ROUNDINGeecoceoceces
FIXED DEPRESS VECTOR BY A CONSTANT....
FIXED DIVIDE VECTOR BY A CONSTANT.eeee

FIXED DIVIDE VECTOR BY CONSTANT WITH

RDUNDING....O....O...O...l...‘.Q.

FIXED DIVIDE AND ROUND VARIABLES

BY A CDNSTANT...‘.....O.......0..

FIXED DIVIDE AND ROUND VARIABLES

BY CONSTANTS....O....‘..‘....I...

FIX FLOATING TO MACHINE LANGUAGE

lNTEGER.c.o...-.......-oonooo.o;o

INDEX WITH RESPECT TO COMMON OF

SUBROUTINE ARGUMENT.cecccceccccccee
LENGTH OF COMMON AVAILABLE OR USED....
FIXED LIMIT CHECKING FUNCTIONeeceocoeoe

FIXED VECTOR FROM APPLYING XLOC

FUNCTION TO LIST OF ARGUMENTS....
LOGICAL SHIFT FUNCTIONccececccecsccces
FIXED MULTIPLY VECTCR BY A CONSTANT...

FIXED MULTIPLY VARIABLES BY A

CDNSTANT....0...0...00...0.!O....

FIXED MULTIPLY VARIABLES BY

CUNSTANTS...I........‘.......Q...

COMPARE HOLLERITH NAMEScecccccccccccsce
FIND NUMBER OF SUBROUTINE ARGUMENTS...
FIXED N-TH ARGUMENT BEYOND FIRSTeeecee

FIXED INTEGRATED SUMMATION

OF A VECTORcecoeccceccccscccccsense
ZERO IF EVENeeecoooeoo
FIXED REMOVE AVERAGE OF A VECTOR«ceeee

FIXED ONE IF 0ODD,

FIXED REFLECT A VECTOR THROUGH

A CUNSTANT.......'.....U......‘.‘
SAME OUTPUT AS INPUT.ceeccccccnccccces
FIXED SUM OF DEVIATIONS FROM BASE.....
FIXED SUM OF VECTOR DIFFERENCESecceceee

CROSS POWER SPECTRUM FROM CROSS

CORRELATIONecceccccccccccsccccasne

FIXED SUM OF SQUARE DEVIATION OF

VECTOR FROM BASEcecccccccccccccce

FIXED SUM OF SQUAREC VECTOR

DIFFERENCESceeccceccccccccccccsce
FIXED SQUARE ROOT OF A VECTORceseoccee
FIXED SQUARE SUM VECTOR ELEMENTSeceeee
FIXED SQUARE A VECTORcecccccscsocccccns

FIXED UNIT STEP FUNCTION, CENTERED

BETWEEN PLUS AND MINUS ZEROeceeoe

FIXED UNIT STEP FUNCTION,

ro LEFT UF ZERO......‘...........

FIXED UNIT STEP FUNCTION,

TO RIGHT OF ZEROecececccccccccccce

ANNOTATED CALLING SEQUENCES

# XDIVKS TO XSTEPR

HERRAERAEBERABRHBERRERREE
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XDIVKS (ICl,IX1,IY1,1C2,IX251IY290cey
ICNyIXN,IYN)

XDIVR F (NUMERA, IDENCM)

XDPRSS (IXsLIXy IXSINKyIXLWRD)

XDVIDE (IX,LIXyIXDVSR,IXDVDD)

XDVIDR (IXsLIX,IXDVSR,IXDVDD)

XDVRK {IC,IX13IX29e0ee9IXNY
XDVRKS (ICl,4IX1sIY1,IC29IX24IY2%c0es
ICN,IXN, IYN)

XFIXM F(ZFTRNC,FLTG)

XINDEXF (LOCALL yNUMARG)
XLCOMNF(ZIFACT)
XLIMITF(XyXAyXB)

XLOCV  (LOCVyX19X29eee9XN)

XLSHFTF (NSHFT,1IX)

XMLPLY (IXoLIXyIXMPLR,IXMPLD)

XMULK  (ICoIX19IX2yeaey IXN)

XMULKS (ICLlyIX15IY1,IC24IX291Y29ccey
ICN,IXN, IYN)

XNAME F({HNAME1,HNAME2)

XNARGSF (LOCALL)

XNTHA F(NyIAlyIA24ceerIANyece.)

XNTSUM (IX,LIX,IXISMD)
X00ZE F(INTGER)
XREMAV (IXoLIXyIXAVG,y IXNULD)

XRFLEC (IX,LIXy IXMIRR,IXIMGE)
XSAME F(X)

XSMDEV (IXy IXBASEsLIX,ISMXMB)
XSMDFR (IX9IYoLXYyISMXMY)
XSPECT (XCORZyMXLAG,COSTAB,SINTAB,
MFREQyJMIN, JMAXyCSPEC,SSPEC,
SPACE+ERR)

XSQDEV (IX, IXBASE,LIX,ISSXMB)
XSQDFR
XSQRUT
XSQSUM
XSQUAR

(IXe IYSLXY,ISSXMY)
(IXyLIXy IXSQRT)
(IXyLIX, ISMSQX)
(IXyLIXy IXSQRD)
XSTEPCF (ARG)

XSTEPLF (ARG)

XSTEPRF (ARG)
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# XSTLIN TO ZEFBIN =

REREREERBEERERRERRRRERERR

FIXED SET LINEAR VECTORcesoeccccsccccse

FIXED SUBTRACT CONSTANT FROM
VARIABLES.‘...‘.'......O‘..‘.....

FIXED SUBTRACT CONSTANTS FROM
VARIABLEScececcecscscccscsscccnce

FIXED SUM VECTOR ELEMENTS.ceccccccccese
FIXED VECTOR DIVIDED, WITH ROUNDING,

BY vECTUR....‘.....'...‘.."..'..
FIXED VECTOR DIVIDED BY VECTORecececose
FIXED VECTOR MINUS VECTOReescecceccces
FIXED VECTDR PLUS VECTOR'...'..‘......
FIXED VECTGR TIMES VECTOR. ®0 0000009000
FIXED CHOOSE WHICH OF

TWO ARGUMENTS TO USEcecccscscesee
ZERO IF END-OF-FILE, BCD TAPEsecscceses
ZERO IF END-OF~FILE, BINARY TAPEeccec..

ANNOTATED CALLING SEQUENCES

RRRARARARRRRRARARRIARERS

® XSTLIN TO ZEFBIN =
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XSTLIN (IBASE,IDELTA,LIX,IX)

XSUBK (ICoIX1yIX29eeeyIXN)

XSUBKS (IC1,IX1yIY14IC2,IX25IY29c0er
ICNyIXN, IYN)

XSUM (IXyLIXy ISUMX)
XVDRBV
XVDVBV
XVMNSV
XVPLSV
XVTMSV

(IXy IY4LXY,IXDRBY)
(IX, IY,LXY,IXDVBY)
(IX, IYSLXY, IXMNSY)
(IXe IY,LXY, IXPLSY)
(IXoIYoLXYoIXTMSY)

XWHICHF (IX1,IX2,ZIFIX1)
ZEFBCDF(ITAPE)
ZEFBINF{ITAPE)



S

Program Digests

Experience has shown that the annotated calling sequences of the previous section sup-
ply perhaps 50 to 75 per cent of the information needs of the working programmer
once he has become generally familiar with the program set. Practically all of his
remaining needs are provided by the digest of the present section.

The ‘‘program digests’’ listed here are highly compact statements of input-output
functional specifications, augmented by data on language, storage requirements, entry
names, and transfer vectors. They do not include timing information. The ordering
is again alphabetic by entry name; identically named entries have separate digests when
there are functional differences.

The digests pivot around the calling sequences, and the reader will note that their
representations here differ somewhat from those of the previous section. The argu-
ment names used in this section are identical to those chosen by the authors as shown
in the program listings of Section 10.

It is possible to use these digests as introductory abstracts of the program func-
tions, but the compact notations and numerical details involved make reading difficult.
The abstracts given in the program listings are much more suitable for this purpose,
even if less convenient for scanning.
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& ABSVAL TO ARCTAN = &= ABSVAL TC ARCTAN =
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AN 'F* PRECEDING THE LEFT PARENTHESIS OF THE CALLING SEQUENCE
SIGNIFIES A 'CLOSED FUNCTION® ROUTINE.

ABSVAL (ANYVEC,ILO,IHI,ABSVEC,IANS) FAP, 50 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS ABSVEC({l...IHI-ILO+1) = MAGNITUDE OF ANYVEC(ILO...IHI).
EQUIV(ABSVEC,ANYVEC(ILO)) OK. SETS IANS=0 IF OK, =-1 IF ILO LSTHN 1 OR
IF IHI LSTHN ILO.

ADANL [AA,N,yM,DAA) FAP, 183 REGISTERS
OTHER ENTRIES - XDANLsADANX,XDANX. TRANSFER VECTOR - SIN.
SETS DAA(l...N+1) = DA(O..oN) WHERE DA(L) = (M/{L#PI))#A(L)=SIN{L=PI/M)
AND A(C...N) IS FURNISHED IN AA{l...N+1), WHERE N MUST BE GRTHN= O,
M GRTHN O. EQUIV(DAA,AA) OK.

ADANX (IAA,NyM,IDAA) FAP, SECONDARY ENTRY OF ADANL
SAME FUNCTION AS ADANL EXCEPT INPUTS, IAA(l...N+1), AND CUTPUTS,
IDAA(1l...N+1), ARE FIXED POINT.

ADDK {(CeX19X29e0e9XN) FAP, 114 REGISTERS
OTHER ENTRIES - SUBK,MULK,DIVK,XADDK,XSUBK,XMULK,XDIVK,XDVRK,ADDKS,
SUBKS s MULKSyDIVKSy XADDKS » XSUBKS y XMULKS y XDIVKS y XDVRKS. NO TRANSFER
VECTOR.
SETS X1=X1+C, X2=X24C, <.eey XN=XN+C. EQUIV(ANY ARGUMENTS) CK, BUT
INITIAL VALUE OF C IS ALWAYS THE ADDEND. STRAIGHT RETURN IF N=0.

ADDKS (ClyX1yY19C29X29Y29eee9CNyXNoYN) FAP, SECONDARY ENTRY OF ADCK
SETS Y1=X1+4#Cl, VY2=X2+C2y +eer YN=XN+CN. EQUIV(ANY TWO ARGUMENTS)
OK BUT MAY CHANGE INPUTS CJ OR XJ. PROCESSING IS LEFT TO RIGHT.
STRAIGHT RETURN IF N=0.

AMPHZ (REsXIMyLRyAMP,PHZ,R) FAP, 149 REGISTERS
OTHER ENTRY - REIM. TRANSFER VECTOR -~ ATAN,SQRT,RND,COS,SIN.
SETS AMP(l...LR) = AMPLITUDE, PHZ(l...LR) = PHASE IN RADIANS OF REAL,
IMAGINARY PARTS RE(le..LR)y XIM(1l...LR). R=0. GIVES PHZ FROM +PI TO
=PI, NOT=0. GIVES PHZ CONTINUOUS. EQUIV(RE,AMP),{XIM,PHZ) OK.

ARBCOL (FOFIJ,LI,LJyIDIMEN,FJCOL,COL) FAP, 129 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - INTOPR.

SETS COL(l...LI) BY CUBIC INTERPOLATION BETWEEN THE FOUR COLUMNS
FOFIJ(leaelIyK) K=J=1yJyJ+1l,J42 OF THE MATRIX FOFIJ(leeelIyleeall),
WHERE J = FJCOL ROUNDED DOWN TO NEAREST INTEGER, EXCEPT THAT QUADRATIC
OR LINEAR INTERPOLATION IS EMPLOYED IF NECESSARY TO AVOID USE OF K
VALUES LSTHN 1 OR GRTHN LJ. LI AND LJ MUST EXCEED ZERO, FJCOL
MUST BE GRTHN= 1.0 AND LSTHN= FLOATF(LJ+1), AND CALLER MUST USE
DIMENSION FOFIJ(IDIMEN,IGNORED) WITH [IDIMEN GRTHN= LI. STRAIGHT
RETURN WITH NO OUTPUT FOR ILLEGAL LI, LJ, IDIMEN, OR FJCOL.

ARCTANF(X,Y) FAP, 29 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - ATAN.
HAS VALUE ANGLE (IN RADIANS) (-3.14159265 LSTHN ANGLE LSTHN=
3.14159265) CORRESPONDING TO THE POINT (X,Y) .
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ARG F{LOCALLyNUMARG, IXVECT) FAP, SECONDARY ENTRY OF LOCATE

GIVES ELEMENT NO. IXVECT OF THE VECTOR WHICH IS ARGUMENT NO. NUMARG
OF THE CALL STATEMENT AT MACHINE ADDRESS LOCALL.

ASPECT (ACORyN,COSTAB,M,JMIN, JMAX,TYPE,SPECT,SPACE, FAP, 278 REGISTERS
ISCALE,ERR)
NO OTHER ENTRIES. TRANSFER VECTOR - COLAPS,COSP,DUBLX,CUBLL,
SPLIT,RVPRTS.

SETS SPECT{l..oJMAX-JMIN+1) = SP{JMIN...JMAX) WHERE SP{J) = AC(0O) +
2#SUM(FROM I=1 TO N) OF (AC(I)=COS(I%J#PI/M)) WHERE AC(0O...N) FURNISHED
IN ACOR(l...N+1). M,N EXCEED ZERO, AND C LSTHN= JMIN LSTHN JMAX

LSTHN= M. TYPE =0. FOR ACOR FXD, NOT=0. FOR ACOR FLTG. SPACE(l...2%M+1)
IS SCRATCH IN CASE M LSTHN= N. ISCALE IS OUTPUT SCALE FACTOR FXD PT
CASE ONLY. EQUIV(ACOR,SPACE) OK BUT DESTROYS ACOR. SETS ERR=0. IF CK,
=1l. IF Ny My, JMIN OR JMAX ILLEGAL.

ASPEC2 (ACOR,MXLAG,FREQLO,FRQDEL, FAP, 74 REGISTERS
NFREQS y IERRLO,SPECT, IANS)
NO OTHER ENTRY. TRANSFER VECTOR - SEQSAC,NEXCOS.

SETS SPECT(J) = AC{0O) + 2#SUM (FROM I=1 TO MXLAG) OF
(AC(I)#COS(I#W(J))) FOR J = l...NFREQSy WHERE W(J)=FREQLO+(J-1)*FRCDEL
RADIANS, AND WHERE AC(C...MXLAG) FURNISHED IN ACOR(le...MXLAG+1).
REQUIRE MXLAG GRTHN= 0, NFREQS GRTHN= 1 . SETS T[IANS=0C IF 0K,
=IERRLO IF MXLAG ILLEGAL, =IERRLO+1 |[IF NFREQS [ILLEGAL.

AVRAGE (Xy,LXyXAVG) FAP, 24 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XAVG = (1/LX) # SUM (FROM I= 1 TO LX) OF X{I). STRAIGHT RETURN IF
LX LSTHN 1.

BLKSUM (X,LX,LBLOK,DVSR,XBSMOD,LXBSOD) FAP, 49 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS LXBSOD = LX/LBLOK ROUNDED DOWN AND SETS XBSMODI(I) =
(1/DVSR) * {(SUM (FROM J=(I-1)#LBLOK+1 TO I*LBLOK) OF X(J) )
FOR I=1929++09LXBSOD. EQUIVALENCE (X,XBSMOD) OK. STRAIGHT RETURN
WITH NO OUTPUT IF LX OR LBLOK LSTHN 1, IF LBLOK GRTHN LX, GR
IF DVSR = 0.0 .

BOOST (X,LX,XRIZE,XBUSTD) FAP, 34 REGISTERS
OTHER ENTRIES - XBOOST,DPRESS,XDPRSS. NO TRANSFER VECTCR.
SETS XBUSTD(leoolLX) = X(leeoLX)+XRIZE. EQUIV{X,XBUSTD) OK, AND
EQUIV(XRIZE, SOME X{(I)) OK, BUT INITIAL VALUE OF XRIZE IS ALWAYS THE
ADDEND. STRAIGHT RETURN IF LX LSTHN 1.

CALL (SUBRUy IANS y SPACERyARG1yARG2y <« « 9 ARGN) FAP, SECONDARY ENTRY OF LOCATE
IS SAME AS CALL SUBR{ARGl...ARGN) WHERE SUBRU IS PROXY NAME FOR
SUBR AND SPACER IS DUMMY, SETS IANS=0 IF ALL OK, =-lyeee9-4 IF
SUBROUTINE NOT FOUND (SEE DETAILS UNDER ENTRY WHERE).

CALL2 (SUBRUV,IANS) FAP, SECONDARY ENTRY OF LOCATE
IS EQUIVALENT TO CALL SUBR(ARGl...ARGN) IF SUBRUV WAS FORMED BY
CALL SETSBV(SUBRU,SUBRUVyARGl...ARGN) WHERE SUBRU IS PROXY NAME COF
SUBR. SETS IANS=0 IF ALL OKy ==ljse.es=4 IF SUBROUTINE NCT FGUND (SEE
DETAILS UNDER ENTRY WHERE).
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CARIGE (ITAPE,NSPACE) FORTRAN, 47 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - (STH),(FIL).
CAUSES NSPACE SPACES TO BE PRINTED FROM LOGICAL TAPE ITPOUT PROVIDED
NSPACE GRTHN= 0. [IF NSPACE LSTHN= -1 IT CAUSES 1 PAGE RESTORE.

CHISQR (NBLOCS,ICOUNT,N,CHISQ,IANS) FORTRAN, 105 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS CHISQ = SUMIFROM I=1 TO NBLOCS) OF {((1/ECNT)=(ICOUNT(I)-ECNT)==2),
WHERE ECNT=N/NBLOCS, GIVEN N = SUM OF ICOUNT(I). SETS IANS=0 IF 0K,
=1 OR =2 IF ILLEGAL NBLOCS OR N.

CHOOSE (ZIFRSTy XyX19X29 Y9Y19Y2y eeey Z9Z1y22) FAP, 17 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
IF ZIFRST=0, SETS X=Xl, Y=Yl, ...y Z=21l. IF ZIFRST NOT= 0O, SETS
X=X2y Y=Y2y eeey 1=12. MODES OF ARGUMENTS IMMATERIAL.

CHPRTS (SYMyANT4N) FAP, 76 REGISTERS
OTHER ENTRY - RVPRTS. NO TRANSFER VECTCR.
REVERSES SYM{1l...LS) AND REVERSES ANT(l...LA) CHANGING SIGNS, WHERE
LS=LA=N/2 IF N EVEN, LS=(N+1)/2 LA=(N-1)/2 IF N ODD. STRAIGHT EXIT IF
N LSTHN= 1.

CHSIGN (XyLXyXNEG) FAP, 18 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XNEG(leeolX) = =X{leeelX)e EQUIVIX,XNEG) OK. STRAIGHT RETURN
IF LX LSTHN 1.

CHUSETF(XyX19X2,ZIFX1) FAP, SECONDARY ENTRY OF INDEX
PUTS X1 (IF ZIFX1 = 0.0) OR X2 (IF ZIFX1 NOT= 0.0) [INTO MACHINE
LOCATION CONTAINING X, THEN SETS ACCUMULATOR = ZIFXl, WHERE MODES
OF ARGUMENTS IMMATERIAL.

CLKON FORTRAN, 46 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - CLOCKl,{SPH)},(FIL}.
IF THE INTERVAL TIMER IS ON, CONTROL RETURNS IMMEDIATELY. IF NOT, CLKCN
PRINTS THE ON-LINE MESSAGE QUOTE OPERATOR PLEASE TURN INTERVAL TIMER
ON UNQUOTE UNTIL THE TIMER IS TURNED ON.

CLOCK1 (J0B,TIME) FAP (7090), 57 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
FOR JOB=0 CLOCK1 CHECKS TO SEE IF INTERVAL TIMER IS RUNNING, AND LEAVES
J0B=0G IF RUNNING, SETS JOB=-1 IF NOT RUNNING. FOR JOB=1 CLOCK1
REMEMBERS PRESENT SETTING OF TIMER. FOR JOB=2 (OR 3) CLCCK1l SETS TIME =
NO. SECONDS,y FLTG, (OR NO. CLOCK COUNTS, FIXED) SINCE LAST CALL OF
CLOCK1 WITH JOB=1.

CMPARL (V1,V2,LV,TANS) FAP, SECONDARY ENTRY OF CMPARV
SETS IANS = +1 IF V1(I)=v2(I) FOR ALL I=l...LV (36 BIT CCMPARISON IS
MADE IN WHICH +0C IS CONSIDERED NOT = ~0)y OR IANS = =K IF V1(K)
NOT = V2(K) (COMPARISON ORDER IS 14LVsLV=1lyeeep2)y OR IANS=0
IF LV LSTHN 1.

CMPARP (IANSyX1+4Y19X29Y¥2peee9XNyYN) FAP, 53 REGISTERS
OTHER ENTRY - CMPARS. NO TRANSFER VECTOR.
SETS IANS=0 IF X1=Y1 AND X2=Y2 AND ... AND XN=YN, WHERE #+0=-0. SETS
IANS=K IF XK NOT= YK, WHERE K IS LOWEST SUCH INDEX.
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CMPARS (ITANSyX19X2yee09XN) FAP, SECONDARY ENTRY OF CMPARP

SETS IANS=0 [F X1=X2=...=XNy WHERE +0=-0. SETS IANS=K IF XK NOT= XK+l
WHERE K IS LOWEST SUCH INDEX.

CMPARV (V1,V2,LV,IANS) FAP, 50 REGISTERS
OTHER ENTRY - CMPARL. NO TRANSFER VECTCR.
SETS IANS = +1 IF V1(I)=v2(I) FOR ALL I=l...LX, WHERE
+0 IS CONSIDERED = -0, OR IANS = -K IF V1(K) NOT = V2(K)
{COMPARISON ORDER IS 1,LVyLV=-1ly...92), OR [ANS=0 IF
LV LSTHN 1. MODE OF V1 AND V2 ARBITRARY

CMPRA F{X1,X2) FAP, 18 REGISTERS
OTHER ENTRIES - XCMPRA,CMPRFL. NO TRANSFER VECTOR.
HAS VALUE = 0 [IF X1 AND X2 ARE IDENTICAL INCLUDING SIGN BIT,
VALUE = 1 IF X1 IS ALGEBRAICALLY GRTHN X2, VALUE = -1 IF

X1 IS ALGEBRAICALLY LSTHN X2 WHERE +0 GRTHN -0 AND MODES OF X1
AND X2 IMMATERIAL.

CMPRFLF(X1,X2) FAP, SECONDARY ENTRY OF CMPRA
HAS VALUE = 0 [IF TX1 AND TX2 ARE IDENTICAL INCLUDING SIGN BIT,
VALUE = 1 [IF TX1 IS ALGEBRAICALLY GRTHN TX2, VALUE = -1 |IF

TX1 IS ALGEBRAICALLY LSTHN TX2 WHERE TX1 AND TX2 REPRESENT THE
30 MOST SIGNIFICANT BINARY BITS OF X1 AND X2 RESPECTIVELY,
+0 GRTHN -0, AND MODES OF X1 AND X2 [IMMATERIAL.

CNTRDB (ITAPE, ISENSE,GZFAMP,VOFXY,LXV, FORTRAN, 550 REGISTERS
LYV, LXDIMyVZERO,SPACE, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR - SETVEC,CONTUR,SAME,LOG,EXP,
(STHY, (FIL)Y.
FCRMS 12-INCH (121 COLUMNS) BY 24-INCH (145 ROWS) CONTOUR PLCT ON
LOGICAL ITAPE FROM MATRIX VOFXY{leeoelXVyleaolYV), FOR WHICH USER HAS
DIMENSION VOFXY{LXDIM, IGNORD), VOFXY(le...LXV,1) BECOMING FIRST
OUTPUT ROW AND V(le.eoLXV,LYV) LAST. BUILT IN CONTOUR LEVELS ARE
PRINTED OUT. PLOT IS MADE OF 20#LOG(VOFXY/VZERGQ) IF GZFAMP GRTHN
0.y OF 10#LOG(VOFXY/VZERO) IF GIFAMP = 0.y, OR OF VCFXY [IF GZFAMP
LSTHN O. IF ISENSE = leee6, ON-LINE MONITORING OF PLOT OCCURS WHILE
SENSE SWITCH ISENSE IS DEPRESSED. SPACE(1l...204+LXV+XMAXOF(4,484/LXV))
NEEDED FOR SCRATCH. LXV AND LYV MUST EXCEED 1,y LXDIM GRTHN= LXV,
AND VZERO NOT= © IF GZFAMP GRTHN= 0. SETS IANS = 0 [IF COK,
= =1y-24-34,-4 IF LXV, LYV, LXDIM, OR VZEROD ILLEGAL, = -100#K IF
CONTUR FLAGS ERROR WITH ITS [IANS = K.

CNTROW (VEC,LVEC)FXLOsFXHI4NCOLS,CHLVLSNCHRS, FORTRAN, 802 REGISTERS
DELEVLVLEVL,ySPACE,PLOTVC, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR - CUFIT1,QUFIT1,FASCUB,RND,
RNDDNsRNDUP.
SETS PLOTVC(l...NCOLS) WITH BLANKS, WITH CHARACTERS SELECTED FROM
CHLVLS(1...NCHRS), AND POSSIBLY WITH # OR $ CHARACTERS, TO INDICATE
APPROXIMATE POSITIONS OF SPECIFIED LEVELS OF VALUES OF A SUBSECTION CF
VEC(l...LVEC)y, THE SUBSECTION BEING SYMBOLIZED BY VEC(FXLO...FXHI)
WHERE FXLO, FXHI MAY BE FRACTIONAL. CUBIC INTERPOLATION IS USED. IF
DELEVL=0. THEN VLEVL(1l...NCHRS) SPECIFIES LEVELS CORRESPONDING TO THE
1A6 FORMAT CHARACTERS IN CHLVLS. [IF DELEVL GRTHN 0., VLEVL IS
SIMPLE VARIABLE, CONTOUR LEVELS ARE VLEVL PLUS OR MINUS MULTIPLES CF
DELEVL, AND ASSOCIATION OF CHLVLS(l...NCHRS) WITH VLEVL,
(CONTINUED NEXT PAGE?
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VLEVL+#DELEVL, ... IS PERIODIC. # IS USED TO INDICATE 2 LEVELS
CROWDING 1 COLUMN, $ FOR 3 OR MORE. REQUIRE LVEC GRTHN= 2,
FXLO GRTHN= 1.0, FXHI GRTHN FXLO AND LSTHN= FLOATF(LVEC), NCOLS
GRTHN= 2, NCHRS GRTHN= 1, DELEVL GRTHN= O.y VLEVL(I+1) GRTHN
VLEVL{I) FOR CASE DELEVL = Os.y AND SPACE(l...2+MAXOF{4,4#NCOLS/L))
BE AVAILABLE FOR SCRATCH WHERE L = FXHI ROUNDED UP - FXLO RCUNDED DCWN.
SETS IANS = 0 IF OKy = =19=2yeee9~Ty IF LVECsFXLO,FXHI,NCOLS,NCHRS,
DELEVL,VLEVL [ILLEGAL.

COLABL (ITAPE,ICOLLOJNCOLLOy)NCOLS, ISPACE) FORTRAN, 185 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR =~ GENHOL, {SPH),{FIL),(STH).

PRINTS THREE LINES ON LOGICAL ITAPE USING COLUMNS ICOLLO THRU
ICOLLO+NCOLS-1y COLUMN ICOLLO DISPLAYING THE 3-DIGIT INTEGER NCOLLG,
COLUMN ICOLLO+1 DISPLAYING NCOLLO+l, ETC. REQUIRE ISPACE(l...NCCLS)
FOR SCRATCH, ALL INPUTS GRTHN= 1 EXCEPT EXCEPT NCOLLO GRTHN= O,
AND ITAPE LSTHN= 20 . ONLY CHECK ITAPE GIVING STRAIGHT RETURN IF
ILLEGAL. )

COLAPS (XyNyTYPEoXCyM) FAP, 50 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XC(l.eoM) FROM X(leooN)y WHERE XCUI) = X{I)+X(I4#M)+X{I+2M)
+eee IF N EXCEEDS My XC{leeeN) = X({leeeN) AND XC(N+l...M) = O
IF N LSTHN= M., TYPE=0. MEANS X FXD., NOT=0. IF FLTG.

CONTUR (ITAPE, ISENSE,)VOFXYLVXsLVYyLXDIMyFXLO, FORTRAN, 587 REGISTERS
FXHI ¢NCOLS yNCOLLOoFYLOyFYHI yNROWSy ARGLO,
ARGDEL y ZFAFXD,CHLVLS s NCHRS y DELEVL,y VLEVL s
SPACE, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR - RNDDNyRNDUP,COLABL ,ARBCOL,
CNTROWy XSAMEy (STH) 9 (FIL)y (SPH),SWITCH.
STARTS WITH PAGE RESTORE AND FORMS A CONTOUR PLOT ON LOGICAL ITAPE
(VALUE 1 TO 20 OCCUPYING (EXCLUSIVE OF LABELLING) NCOLS (2 70O 119)
COLUMNS AND NROWS (GRTHN= 2) ROWS, OF AN ARBITRARY RECTANGULAR SUBSET
OF MATRIX VOFXY(le.eolVXysleaolVY) (WITH LVX, LVY GRTHN= 2) FOR
USER HAS DIMENSION VOFXY{LXDIM,IGNORD) (WITH LXDIM GRTHN= LVX),
WHERE THE SUBSET IS SYMBOLIZED BY VOFXY{(FXLOeeoFXHIoFYLO.ooFYHI),
FXLO,JFXHI,FYLOy AND FYHI BEING NOT-NECESSARILY-INTEGRAL INDICES
SATISFYING 1.0 LSTHN= FXLO LSTHN FXHI LSTHN= FLOATF(LVX) AND
1.0 LSTHN= FYLO LSTHN FYHI LSTHN= FLOATF(LVY), AND WHERE THE
FIRST QUTPUT ROW IS FOR VOFXY(FXLO...FXHI,FYLO). CUBIC INTERPOLATICN
IS USED IN FINDING POSITIONS OF CONTOUR LEVELS. COLUMNS ARE LABELLED
FROM NCOLLO (VALUE O TO 1000-NCOLS) TO NCOLLO+NCOLS-1 . ROWS ARE
LABELLED ARGLO,ARGLO+ARGDELy... WHERE ZFAFXD = 0 OR NOT= O
INDICATES ARGLO, ARGDEL FIXED OR FLOATING RESPECTIVELY.
CHLVLS(1le.oNCHRS) (WITH NCHRS GRTHN= 1) ARE FORMAT(1A6) CHARACTERS
TO USE FOR CORRESPONDING CONTOUR LEVELS. [IF DELEVL = 0.y THEN
VLEVL{1l...NCHRS} (MUST BE MONOTONELY INCREASING) ARE THE LEVELS. IF
DELEVL GRTHN 0. (MUST NOT BE LSTHN 0O.)y THEN VLEVL IS SIMPLE
VARIABLE, CONTOUR LEVELS ARE VLEVL PLUS OR MINUS ALL INTEGRAL
MULTIPLES OF DELEVL,y, AND ASSOCIATION OF CHLVLS{l...NCHRS) WITH
VLEVL,VLEVL+DELEVLyee. IS PERIODIC. # IS USED TO INDICATE 2 LEVELS
CROWDING ONE PRINT POSITION, $ FOR 3 OR MORE. REQUIRE
SPACE(leeo.L+NCOLS#3+XMAXOF(4,4%#NCOLS/L)) FOR SCRATCH WHERE L = FXHI
ROUNDED UP - FXLO ROUNDED DOWN. SETS IANS =0 IF OKy = ~19=29e0e9=99
-104-105,-106,~-107 FOR ILLEGAL ITAPE,LVXyLVY,LXDIMyFXLOyFXHI,NCOLS,
FYLO,FYHI,NROWS,NCHRS, DELEVL,VLEVL.
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CONVLV (LXyXX9LY,YY,CC) FORTRAN, 96 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS CClleeoelX+LY-1) = C(OseolLX+LY=-2) WHERE C(I} = SUM(FROM J=0 TO LX~-1)
OF (X(J)=Y(I-J)) GIVEN X(OeeoelX=1) IN XX{leeoLX) AND Y(CeeoelY-1) IN
YY{le.eelY)y AND ASSUMING Y(K)=0 FOR K OUTSIDE RANGE Ce..LY-1. STRAIGHT
RETURN IF LX OR LY LSTHN= 0. EQUIV(XX,YY) OK.

CONVLV (LXsXXsLY,sYY,CC) -II FAPy 56 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SAME FUNCTION AS FORTRAN VERSION OF CONVLV.

COSISP (SSX,ASX,SAX,AAX,L,COSTAB,SINTAB,M, FAP, SECONDARY ENTRY OF COSP
JMIN, JMAX, TYPE,COSTRy SINTR)
SETS COSTR(I) AND SINTR(I), I=1l...JMAX-JMIN+1, IN SAME WAY THAT
CALL COSP (SSXyASXyLsCOSTAB,M, JMIN, JMAX,TYPE,CCSTR)
CALL SISP (SAX,AAX,LySINTAByMyJIJMIN,JMAX, TYPE,SINTR)
WOULD SET THEM. EQUIV (SSXyASX,SAX,AAX) OK.

COSIS1 (JOB,X,LX,COSTAB,SINTAB,MFREQ, JMIN, FORTRANy 406 REGISTERS
JMAX,COSTR,SINTR,ZIFSTO,SPACE, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR - IXCARG,SPLIT,MOVREV,CHPRTS,
COSP,SISP,COSISP.
SETS COSTR(I), I=1...JMAX-JMIN+1l, [IN SAME WAY THAT
CALL COSP(X, X, LX-1y COSTAB, MFREQ, JMIN, JMAX, 1., CCSTR)
WOULD SET IT IF JOB=1 OR =3 . SETS SINTR(I),
I=leeo JMAX=-JMIN+1, IN SAME WAY THAT
CALL SISP(X, X, LX-1, SINTAB, MFREQ, JMINy JMAX, l.y SINTR)
WOULD SET IT IF J0B=2 OR =3 . [IF COSINE OR SINE TRANSFORM NOT
WANTED, ARGUMENTS ASSOCIATED WITH IT ARE DUMMIES. LX MUST BE 0DD.
ZIFSTO=0. IMPLIES STORE COSTR AND/OR SINTR, NOT= 0. IMPLIES ADD
VALUES INTO OUTPUT AREAS. SPACE(l...LX+3) IS SCRATCH. EQUIVALENCE
(X9ySPACE) OK. SETS IANS = 0 [IF NO ILLEGAL INPUTS, = ARGUMENT
NUMBER IF IT IS ILLEGAL.

cose (SSXyASXsL,COSTAB,M, JMIN, JMAX, TYPE,COSTR) FAP, 504 REGISTERS
OTHER ENTRIES - SISP,COSISP. NO TRANSFER VECTOR.

SETS COSTR(leesJMAX=-JMIN+1) = CT(JMIN...JMAX) WHERE CT(J) = SUM (FROM
I=0 TO L) OF (X(I)=COS({I#Js(PI/M})) AND X(Oeeoeld = SSX(lee.oL+1l) FOR
J EVEN, = ASX(l...L+1) FOR J ODD. COSTAB(l...M+1) IS INPUT TABLE
CONTAINING COS(I=#PI/M) I=0...M o« TYPE = 0.0 SIGNIFIES SSX, ASX AND
COSTAB FXDePToy NOT = 0.0 SIGNIFIES FLTG.PT. EQUIV(SSXyASX) OK.
IF M NEGATIVE, ITS MAGNITUDE IS USED AND CT(...) IS ADDED INTC
COSTR(ese) RATHER THAN STORED INTO IT. STRAIGHT RETURN IF L LSTHN= 0,
OR M=0, OR JMIN LSTHEN Oy OR JMAX LSTHN= JMIN OR GRTHN M.

COSTBL (N,COSTAB) FAP, 121 REGISTERS
OTHER ENTRIES - SINTBL,COSTBX,SINTBX. TRANSFER VECTOR - COS,SIN.
SETS COSTAB(leeoN+1) = COS(I#PI/N) I=0...N. STRAIGHT RETURN IF
N LSTHN= 0.

COSTBX (N, ICOSTB) FAP, SECONDARY ENTRY OF COSTBL
SETS ICOSTB(l...N+#1) = COS(I#PI/N) I=0...Ny WHERE ICOSTB IS FXD.PT.
(BINARY PT BETWEEN SIGN AND BIT 1)y AND 1.0 = OCT 377777777777. STRAIGHT
RETURN IF N LSTHN= GC.
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2 (ITPINyITPOUT,LRECMX,ZFEOFW,SPACE,IANS) FAP, 178 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - {I0S),{TCO},{WRS),(RCH),{TRC),
(ETT), (WEF), (BSR), (RDS).
COPIES ONE FILE (BINARY OR BCD) OF RECORDS OF LENGTH LSTHN= LRECMX
FROM LOGICAL TAPE [ITPIN TO LOGICAL TAPE ITPOUT. I[IF 1IFEOFW = 0y
THE END-OF-FILE MARK IS ALSO COPIEDy OTHERWISE NO END-OF-FILE MARK IS
PLACED ON ITPOUT. SPACE{l...2#LRECMX} NEEDED FOR SCRATCH. [IF RECORDS
ARE LONGER THAN LRECMX, THEY ARE TRUNCATED. SOME TYPICAL FORTRAN-II
RECORD LENGTHS ARE BCD CARDS - 14 WORDS, BCD OUTPUT RECORDS - 22
WORDS, PACKED BCD OUTPUT RECORDS - 66 WORDS, BINARY CARDS - 27 WORDS,
BINARY OUTPUT RECORDS - 256 WORDS. SETS IANS = 0 [F ALL OKy, = 1, 2,
OR 3 IF PERMANENT REDUNDANCY ON ITPIN, I[ITPOUT, OR BCTH, = 4, 5,
eeey 15 IF END TAPE AND ALSO POSSIBLE REDUNDANCIES ENCOUNTERED CN
ONE OR BOTH UNITS. SEE WRITEUP.

(LXsXsLYsYsLCyC) FORTRAN, 107 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR -~ FDOT,STZ.
SETS Cfl...LC) = XCOR(O...LC-1) WHERE XCOR(K) = SUM (FROM I=1 TO

LX) OF {(X({I)#Y(I-K)) WHERE Y IS TAKEN TG BE ZERO OUTSIDE ITS
RANGE. ROUTINE RETURNS WITH NO COMPUTATION IF LX, LYy, LC LSTHN 1 .
EQUIVALENCE (X,Y) OK.

(LXyXygLYyY, ILAG,LC,C) FORTRAN, 134 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - CROSS,REVERS.
SETS ClleeselC) = XCOR{ILAGyeoerILAG+LC-1) WHERE XCOR(K} = SUM
(FROM I=1 TO LX) OF (X{I)#Y{I-K)), WHERE Y IS TAKEN = 0.0

OUTSIDE ITS RANGE. ROUTINE RETURNS WITH NO COMPUTATIONS IF LX, LY,
LC LSTHN 1 . EQUIVALENCE (X,Y) OK.

{NRACyNCARByNCBCyLAsAAyLByBBsZIFNTRyILAGsLC,CC) FORTRAN, 327 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MDOT3,STZ,SETKS.

SETS CC(leesNRACENRBC#LC) = C{ILAG...ILAG+LC-1) WHERE C(K) = SUM (FROM [=1
TO LC) OF MATRIX PRODUCT OF A(I} AND B(I-K), WHERE C(I) IS THE NRAC X NCBC
MATRIX STORED BY COLUMNS BEGINNING AT CC{1+NRAC#NCBC#(I-1)), A(I) IS THE
NRAC X NCARB MATRIX STORED BY COLUMNS BEGINNING AT AA(1+NRAC#NCARB#(I-1)),
AND B(I) IS THE NRACB X NCBC MATRIX STORED BY COLUMNS, IF ZIFNTR=0., CR BY
ROWS, I[F ZIFNTR NOT= O., BEGINNING AT BB(1+4NRACB#NCBC=(I-1)). B{I) IS
TAKEN TO BE 0.0 OUTSIDE ITS RANGE. NO COMPUTATIONS ARE MADE (CC MAY BE
SET TO ZERO} IF NRAC,NCARB,NCBC,LA,LB,LC LSTHN 1 . EQUIVALENCE (AA,BB) CK.

(ITAPEyNSPACE,C1yCINAME,C2yC2NAMEy ... sCNyCNNAME) FAP, 49 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - CARIGEyHRADJ, (STH),(FIL).
OUTPUTS CLNAME,Cl, C2NAME,C2, ...» CNNAME,CN ON LOGICAL OUTPUT TAPE
ITAPE ACCORDING TO THE FORMAT (5(2X, A6y 3H = 4, Gl4.7)) PRECEDED BY
NSPACE SPACES (OR PAGE RESTORE IF NSPACE LSTHN 0O).

1 (FOFX,XLO,DELX,COEFS) FAP, 158 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.

SETS COEFS(l.es4) = CO,C1,C2,C3 SUCH THAT GI(X) = CO ¢ ClaX + C2uXuu2

+ C3#X##3 SATISFIES G(XLO) = FOFX{1l), G(XLO+DELX) = FOFX(2),

G{XLO+2#DELX) = FOFX(3), GU(XLO+3#DELX) = FOFX(4) . STRAIGHT RETURN

WITH NO OUTPUT IF DELX = O.
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# CVSOUT TO DIFPRS = # CVSOUT TO DIFPRS =
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CVSOUT (ITAPE,NSPACE,FMTHED,FMTLIN, ILO, IHI, FAP, 84 REGISTERS

ARGLOy ARGDEL 9 SPACE 9X19X29 00 o9 XN)
NO OTHER ENTRIES. TRANSFER VECTOR - CARIGE,FMTCUT,VECOUT.
OUTPUTS N VECTOR RANGESy X1(ILOeoeeIHI)9X2(ILO0eeeIHIVgeueyXN(ILOwooIHI},
IN COLUMN FORMAT, INSERTING FIRST COLUMN ARG = ARGLO,ARGLO+ARGDEL,
ARGLO+2#ARGDELyesos ONTO LOGICAL TAPE ITAPE WITH NSPACE INITIAL SPACES
(OR PAGE RESTORE [F NSPACE LESS THAN O). FMTHED(I) IS A NORMLIT FORMAT
VECTOR (AS DEFINED BELOW) FOR HEADING THE COLUMNS AND FMTLIN(I} IS A
NORMLIT FORMAT VECTOR FOR PRINTING THE SUCCESSIVE LINES (MUST INCLUDE
PRINTING OF ARG, ALWAYS FLOATING). SPACE(l...N+1) NEEDED FOR SCRATCH.
DEFINITION - A NORMLIT FORMAT VECTOR IS EITHER )
A) A NORMAL FORMAT VECTOR
OR B) LITERAL HOLLERITH IN A CALLING SEQUENCE WHOSE CHARACTERS
(READING CONTINUOUSLY FROM LEFT TO RIGHT) ARE THE DESIRED
FORMAT STRIPPED OF THE ENCLOSING PARENTHESES. THE FIRST ANC
SECOND CHARACTERS MUST NOT BE QUOTE ( UNQUOTE OR QUOTE )
UNQUOTE RESPECTIVELY. (TWO BLANKS FOLLOWED BY { WOULD BE CK.)

DADECK (ITPIN, ITPOUT) FORTRAN, 100 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - EOFSET,RSKIP,{TSH),(RTN),
(STH), (FIL).

COPIES SUCCESSIVE CARD IMAGES (COLUMNS 1 THRU 80) FRCM LCGICAL TAPE
ITPIN ONTO LOGICAL TAPE [ITPOUT (COLUMNS 2 THRU 81) UNTIL
END-OF-FILE REACHED ON ITPIN. THEN BACKSPACES ITPIN TO ORIGINAL
POSITION.

DELTA F(ARG) FAP, 17 REGISTERS
OTHER ENTRIES - XDELTA,STEPRyXSTEPR,STEPLyXSTEPL,STEPC,XSTEPC. NG
TRANSFER VECTOR.

HAS VALUE = 1.0 IF ARG (ANY MODE) = JZERO. OTHERWISE HAS VALUE
= 0.0 3
DERIVA (YOFX,LY,DELX,DYDX, YOFX1) FAP, 61 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS DYDX(1) = (YOFX(2)-YOFX(1))/DELX, AND (IF LY GRTHN 2)
DYDX(K) = (YOFX(K+1)-YOFX{K-1)/(2.0#DELX) FOR K=2,..LY-1, .
AND DYDX(LY) = (YOFX(LY)-YOFX(LY-1))/DELX, AND YOFX1=YOFX(1l).
EQUIV(DYDX,YOFX) OK. STRAIGHT RETURN IF LY LSTHN 2 CR
DELX = 0. (BUT MAY BE NEGATIVE). FUNCTION IS EXACT INVERSE
TO THAT OF IDERIV.

DETRM (NyLNyA,D,ERR) FAP, SECONCARY ENTRY OF SIMEQ
SETS D = CONSTANT*DETERMINANT OF MATRIX A(I,J) TIyJ=l...LN WHERE N
IS USERS DIMENSION GF I (2 LSTHN= LN LSTHN=N), AND CONSTANT = INPUT
VALUE OF D. SETS D = 0.0 IF A SINGULAR. SETS ERR = 0.0 IF 0K,
NON SINGULAR, =1.0 IF OVER OR UNDERFLOW, = 2.0 IF SINGULAR. AlI,J)
DESTROYED.

DIFPRS (XyLXyXPRSDF) FAP, 30 REGISTERS
. OTHER ENTRY - XDFPRS. NO TRANSFER VECTCR.

SETS XPRSDF(1)=X(1), XPRSDF{I)=X{I)=-X{I-1) FOR [I=2...LX.
EQUIVIXPRSDF,X) OK. STRAIGHT RETURN IF LX LSTHN 1.
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# DISPLA TO DOTP * #= DISPLA TG DOTP »
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DISPLA FAP (709) , 220 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - (ICH).
FAP (70903, 219 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - (IOH),FRAME.
THE SEQUENCE CALL DISPLA - PRINT FMT, LIST - FMT FORMAT (NHMCDX,Y,
FMTEND) FUNCTIONS LIKE PRINT FMT, LIST - FORMAT{FMTEND), WHERE FMT =
STATEMENT NO. OR VARIABLE NAME CONTAINING THE FORMAT. N = CHARACTER
COUNT FROM M TO FMTEND. C = B DR S FOR BIG OR SMALL CHARACTERS
(BIG CHAR = 20#28 (36 ACROSS SCOPE), SMALL = 15#21 (48 ACROSS SCOPE)),
D = HOR V FOR HORIZONTAL OR VERTICAL DISPLAY. X,Y = 2 INTEGERS FOR
SCOPE COORDINATES OF LOWER LEFT CORNER OF FIRST CHARACTER. M = 2
MEANS SET FOR NEW CDXsY, AND SINGLE SPACING. M=1 SAME AS M=2 BUT
CHANGE FRAME FIRST. M = + MEANS USE PREVIOUS M = 1 OR 2 MODE (CDX,Y NCT
PRESENT). M = O(ZERO) SAME AS = + BUT DOUBLE SPACE. M = (BLANK)
SAME AS M = + BUT SINGLE SPACE. NHMCDX,Y, MUST BE TIGHT PACKED.

DIVIDE (XyLXyXDVSRXDVDED) FAP, 23 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XDVDED(leooelLX) = X{leeoLX)/XDVSR. EQUIVIX,XDVODED) OK, AND
EQUIV(XDVSR, SOME X(I)) OK, BUT INITIAL VALUE OF XDVSR IS ALWAYS THE
DIVISOR. STRAIGHT RETURN IF XDVSR=0.0y OR LX LSTHN 1.

DIVK (CyXLyX2900erXN) FAP, SECCNDARY ENTRY OF ADCK
SETS X1=X1/Cy X2=X2/Cs eees XN=XN/C. EQUIV(ANY ARGUMENTS) OK, BUT
INITIAL VALUE OF C IS ALWAYS THE DIVISOR. STRAIGHT RETURN IF C=0.0,
OR N=0.

DIVKS (ClsX1sY¥19C29X29Y2500esCNyXNyYN) FAP, SECONDARY ENTRY OF ADCK
SETS Y1=X1/Cl, Y2=X2/C2y eeey YN=XN/CN. EQUIV(ANY TWO ARGUMENTS)
OK BUT MAY CHANGE INPUTS CJ OR XJ. PROCESSING IS LEFT 10O RIGHT.
YJ) IS NOT COMPUTED IF CJ=0 AT COMPUTATION TIME.
STRAIGHT RETURN IF N=0.

DO (NSUBS,1,ILO,IHI) FAP, PSEUDO ENTRY OF SEVRAL
USAGE IS CALL SEVRAL (42ey2HDOsNSUBSyI,ILOyIHIyeeed)e FUNCTICN
IS SIMILAR TO THE FORTRAN STATEMENT DO NSUBS I=ILO,IHI WHEN
NSUBS (MUST EXCEED ZERO) IS THE NO. OF SUBROUTINES (IMMEDIATELY
FOLLOWING THE 2HDO SEQUENCE) IN THE DO LOOP. 1ILO MAY BE NEGATIVE, OR
ZERO. LOOPS WITHIN LOOPS EXCLUDED. PSEUDC IF STATEMENT IN LOOP
EXCLUDED.

DOTY {LXY,IDXyX,IDY,Y,D0T,ADD,ORDER) FAP, 59 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS DOT=DOTP IF ADD LSTHN= 0O, =DOT+DOTP IF ADD GRTHN O, WHERE DOTP =
X(1)#Y(L)+X(1+IDX)2aY(1+IDY)+X{142%IDX) =Y (1+2%IDY) 4.0 ¢ X{14+{LXY-1)=IDX)#
Y{(1+(LXY-1)#IDY) IF ORDER GRTHN O, AND DOTP = X(L)#Y(1+(LXY-1)#IDY)+
coetX{1+(LXY-1)#IDX)%Y(1) [F ORDER LSTHN= 0. IDX MUST BE GRTHN= O,
IDY MUST BE GRTHN= 1 .

pore (NRA,NCA,AA,NRB,NCB,BB,IRB, ICB,DOT,0ORDER) FORTRAN, 264 REGISTERS
) NO OTHER ENTRIES. TRANSFER VECTOR - DOTJ.
SETS DOT = SUM (FROM I=1 TO NRA) OF SUM (FROM J=1 TO NCA) OF

( AACIL+(J1-1)*NRA) * BB(I+IRB+{J+ICB-1)#NRB) ) WHERE IF ORDER=l.,
(CONTINUED NEXT PAGE)
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Il=1, J1=Jy IF ORDER=2., I1=NRA-1+1, Jl=J, IF ORDER=-1., Il=1I,
J1=NCA-J+1, AND IF ORDER=-2., I1=NRA-I+l, J1l=NCA-J+1 . BB IS
TAKEN AS O. OUTSIDE ITS RANGE. AA IS AN NRA BY NCA ARRAY STORED
CLOSELY SPACED BY COLUMNS, BB IS AN NRB BY NCB ARRAY STORED BY
COLUMNS. DOT=0. IF NRA, NCA, NRBy NCB LSTHN 1 . EQUIVALENCE
(AA,BB) OK. :

DPRESS ({XyLXyXSINKyXLWRD) FAP, SECONDARY ENTRY GF BCOST
SETS XLWRD{leoolX) = X{leeoLX)-XSINK. EQUIVI(X,XLWRD) OK, AND
EQUIVI(XSINKy SOME X(I)) OK, BUT INITIAL VALUE OF XSINK IS ALWAYS THE
SUBTRAHEND. STRAIGHT RETURN IF LX LSTHN 1.

DSPFMT (CNTHOL o IORGXy IORGY  FMTEND, FMT) FAPy 194 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS FMT(1ls2s...) = FORMAT SUITABLE FOR SUBROUTINE DISPLA, WITH
DESIRED SCOPE ORIGIN X = IORGIN, Y=IORGY, WHERE CNTHOL = DESIRED
CONTROL CHARACTERS M, C, D OF DISPLA IN FORMAT (1A3), AND
FMTEND(1909~19eee) IS LITERAL HOLLERITH ARGUMENT GIVING FORMAT FOR
PRINTING LIST (EXCLUDES EXTREMAL PARENTHESES).

DUBLL  (X,LX) FAP, SECONDARY ENTRY OF DUBLX
SETS X(leeolX) = 2.0%#X{1leeoslLX)e MAGNITUDE OF LX IS USED AND LX=0
TREATED AS LX=1 .

DUBLX (IXyLX) FAP, 45 REGISTERS
OTHER ENTRIES - DUBLL,HALVX,HALVL. NO TRANSFER VECTOR.
SETS IX(leeolX) = 2#IX(leeelLX)e MAGNITUDE OF LX IS USED AND LX=0
TREATED AS LX=1 .

ENDFIL (ITAPE) (FORTRAN FUNCTION) FAP, SECONDARY ENTRY OF REREAD
CHECKS AN INTERNAL FLAG OF REREAD. [IF EOFSET WAS CALLED WITH
ZIFTRN=1. AND IF AN END-OF-FILE WAS ENCOUNTERED, ENDFILFUITAPE)=1.
AND ITAPE = LOGICAL TAPE NUMBER THAT THE END-OF-FILE WAS
ENCOUNTERED ON. OTHERWISE ENDFILF(ITAPE)=0. THE FLAG IS RESET AFTER
EACH USE OF ENDFIL.

EOFSET (ZIFTRN,EOF,ITAPE) FAP, SECONDARY ENTRY OF REREAD
INSTRUCTS REREAD ON THE ACTION IT SHOULD TAKE IF AN END-OF-FILE IS
ENCOUNTERED WHILE READING. IF ZIFTRN=-1l. REREAD WILL CALL EXIT,

IF =0. REREAD WILL RETURN CONTROL TO THE FIRST STATEMENT FCOLLCOWING
THIS *CALL EOFSET® STATEMENT WITH EOF=1. AND ITAPE = LOGICAL TAPE
UNIT THAT THE END-OF-FILE WAS ENCOUNTERED ON, IF =1. REREAD WILL
SET AN INTERNAL FLAG (THAT MAY BE CHECKED BY FUNCTION ENDFIL) AND
INTERPRETS THE END-OF-FILE AS A RECORD OF BLANKS. EOF=0.y ON NORMAL
RETURN FROM EOFSET.

EXCHVS (LXYyX,Y) FAP, 22 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS Y(l...LXY) = [INPUT VALUES OF X(l.s.LXY)y AND X{le..LXY) =
INPUT VALUES OF VY{l...LXY). EQUIV(X,Y) OK. STRAIGHT RETURN IF
LXY LSTHN 1.
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= EXPAND TO FASEPL = *= EXPAND TO FASEP1 =
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EXPAND (XyLXyMLPLYRyXPNDED,LXPNDD) FAP, 189 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - INTOPR.
SETS LXPNDD = (LX-1)®*MLPLYR+1l, SETS XPNDED(1,1+MXPLYRy1+2#MLPLYRyees?
LXPNDD) = X{l.e.sLX)y AND SETS THE INTERMEDIATE VALUES (FOR THE CASE
MLPLYR GRTHN= 2) OF XPNDED BY CUBIC INTERPOLATION (REDUCED TO
QUADRATIC AT THE ENDS OR TO LINEAR IF LX = 2). STRAIGHT RETURN WITH NO
OUTPUT IF LX LSTHN= 0y OR IF LX GRTHN= 2 BUT MLPLYR LSTHN=
G . IF LX =1 MLPLYR IS [IGNORED.

FACTOR (SPECT,N,L,WAVE,SPACE) FAP, 308 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MAXAB,CCSTBL,COSP,LOGyEXP.
SETS WAVE(l...L) = MINIMUM PHASE WAVELET WITH GIVEN ENERGY DENSITY
SPECTRUM, SPECT{l...N), CORRESPONDING TO FREQUENCY RANGE O TC PI (ZERO
LSTHN L LSTHN= N). SPACE(l...3#L+N+1) NEEDED FOR SCRATCH.
EQUIV(WAVE,SPECT) OK.

FAPSUM (LD,DATA,SUMCK) FAP, 14 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTCR.
SETS SUMCK = LOGICAL SUM OF DATA(l...LD) (USING ACL INSTRUCTION)

FASCNL (VECT,ILOyIHI,VALUE,IFIND, IANS) FAPy, 107 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SCANS VECT(ILOe..«IHI) LOOKING FOR FIRST ELEMENT IF ANY WHICH IS GRTHN=
VALUE. SETS IANS=0 IF NONE, SETS IFIND AND IANS=1 IF VECT(IFIND}
GRTHN=VALUE. SETS IANS=-2 DR -3 IF ILLEGAL ILO OR IHI (1 LSTHN=
ILO LSTH=IHI). VECT AND VALUE EITHER BOTH FLTG. PT. OR BOTH FXD. PT.

FASCOR (Y,KMINyKMAX,yCORZER,yERROR) FAP, SECONDARY ENTRY OF PRCCCR
SETS CORZER(-KMN+l...KMAX+1) = XCOR{-KMN...KMAX) WHERE XCOR({K) = SUM
(FROM I=1 TO LX) OF (X({IV#Y{I+K)) I.E. ZERC LAG GOES IN CORZER(1)
AND WHERE 1) X AND LX WERE THE ARGUMENTS OF A PRIOR CALL PROCOR
STATEMENT, 2) KMN=MAGNITUDE OF KMIN, 3) -LX LSTHN KMIN LSTHN= O
LSTHN= KMAX LSTHN LX, 4) Y IS TAKEN TO BE = O OUTSIDE RANGE
leeelXy AND 53 YoXy AND CORZER ARE MACHINE LANGUAGE INTEGERS. SETS
ERROR = 0 IF OK, = 1.0 IF NO PREVIOUS CALL PROCOR, = 2.0 IF
ILLEGAL KMIN OR KMAX, = 3.0 [IF OVERFLOW OCCURS.

FASCR1 (Y,KMINyKMAX,CORZER,ERROR) FAP, SECONDARY ENTRY OF PRCCCR
FUNCTIONS IDENTICALLY TO SUBROUTINE FASCOR EXCEPT THAT THE
CORRELATION IS ADDED INTO THE OUTPUT AREA RATHER THAN BEING STORED INTC
iT.

FASCUB (COEFS,XLO,DELX,NF,FOFX) FAP, 141 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS FOFX(leeoNF) = F(XLO)y FUXLO+DELX)y eeer FUXLO+{(NF-1)#DELX) WHERE
FIX) = CO + Cl®X + C2#X##2 + C3#X#e3 WHERE C0,C1,C2,C3 GIVEN BY
COEFS(l...4). STRAIGHT RETURN WITH NO OUTPUT IF LX LSTHN= O .

FASEPC (Y,KMIN,KMAX,CORZER,ERROR) FAP, SECONDARY ENTRY OF PRCOCOR
FUNCTIONS IDENTICALLY TO SUBROUTINE FASCOR EXCEPT THAT IT DOES NOT
MAKE THE TRANSIENT ASSUMPTION ABOUT Y(I), I.E. IT GIVES EQUI-PRODUCTS
CORRELATION.

FASEPL (Y,KMIN,KMAX,CORZER,ERROR) FAP, SECONDARY ENTRY OF PRCCCR
FUNCTIONS IDENTICALLY TO SUBROUTINE FASEPC EXCEPT THAT THE CORRELATICN
IS ADDED INTO THE OUTPUT AREA RATHER THAN BEING STORED INTO IT.
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FASTRK (IXVEC, IXSTRT,IXLOOKyMXTRAK, IANS) FAP, 26 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
EXAMINES IXVEC(IXSTRT), IXVECUIXVECU{IXSTRT)) o IXVEC{IXVEC({IXVEC(IXSTRT)) ),
eee?1ETCayeee UNTIL WHICHEVER OF THE FOLLOWING OCCURS FIRST, A) IT
FINDS AN ELEMENT IXVEC(K) = IXLOOK, B) IT FINDS A ZERO ELEMENT IN
IXVECy, OR C) MXTRAK EXAMINATIONS ARE COMPLETED WITHOUT ENCOUNTERING
A) OR B). SETS [IANS = K,0, OR -1 FOR CASE A), B)y OR C).
REQUIRE IXVEC(I) GRTHN= O AND IXSTRT,IXLOOK,MXTRAK GRTHN= 1, BUT
THESE REQUIREMENTS NOT CHECKED.

FDOT (LXYyXyYyANS) FAP, 4C REGISTERS
OTHER ENTRY - FDOTR. NO TRANSFER VECTOR.
SETS ANS = X{1)#Y(1)4X(2)nY(2)4...+XILXY)#Y(LXY)y, WHERE LXY GRTHN= 1 .

FDOTR  (LXYyXsYyANS) FAP, SECONDARY ENTRY OF FDCT
SETS ANS = X{1)#Y(LXY)+X(2)eY{LXY-1)+,0.+X(LXY)#Y (1) WHERE LXY
GRTHN= 1 .

FIRE2 (NRAJNCAT,NCANyAAyNRRyNCRyRRyNRGyGG¢FF,C) FORTRANy 271 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - IXCARG,STZ,DOTP,MATML3,D0TJ.
SETS FF{l...NRA®NCAN) = F(l...NRAyl...NCAN) WHERE SUM (FROM
I=1 TO NRA) OF SUM (FROM J=1 TO NCAN) OF

(F{IoJ)2R{I-KyJ-L)) = G(KyL) FOR K=1l...NRA, t=l...NCANy, GIVEN
F{leooNRAjl..oNCAN-1)e RR{1l..oNRR®#NCR} = R{=NRR/72.,..NRR/2,40...NCR-1)
WHERE NRR MUST BE ODD. GG{leeeNRG) = G(~NRG/2...NRG/2:NCAN).

AA(l...NRA#NCAT#NRA) AND CC{l...4*NRA®*NRA) ARE THE OQUTPUTS OF
SUBROUTINE RLSPR2. NCAN MUST BE LSTHN= NCAT.

FIXV {XyLXy IXFIXD) FAP, 35 REGISTERS
OTHER ENTRY - FIXVR. NO TRANSFER VECTOR.
SETS IXFIXD(leeooLX) FROM X{le.o.eLX)y WHERE IXFIXD{I) = XFIXF(X{I)),
WHERE X(I) IS TRUNCATED BEFORE FIXING. EQUIV(IXFIXD,X} OK. STRAIGHT
RETURN IF LX LSTHN= O .

FIXVR (XsLXs IXFIXD) FAP, SECONDARY ENTRY OF FIXV
IDENTICAL TO FIXV EXCEPT X(I) IS ROUNDED BEFORE FIXING.

FLDATA (LXsXySCALE) FAP, SECONDARY ENTRY OF FXCATA
SETS X{leeolX) = (FLTG.PT. FORM OF X(l.e.oLX))/SCALE, WHERE X ON
INPUT ARE CONSIDERED 35-BIT-PLUS-SIGN INTEGERS, AND SCALE IS A NON-ZERC
FLTG. NO. STRAIGHT RETURN IF LX LSTHN= 0 OR IF SCALE = 0.

FLOATMF{INTEGR) FAP, 25 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
FUNCTION CONVERTS INTEGR TO FLTG.PT., WHERE INTEGR IS ANY
35-BIT-PLUS-SIGN INTEGER.

FLOATV (IX,LIX,XFLOTD) FAP, 22 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XFLOTD{(lee.LIX) FROM 1IX(leo.LIX)y WHERE XFLOTD(I) =
FLOATF(IX{(I)). EQUIVIXFLOTD,IX) OK. STRAIGHT RETURN IF LIX LSTHN= Q .



li&!.!’i&!l{lliil&!l}i&l PROGRAM DIGESTS BRARFERBARRBERARBERERR R RS

= FMTOUT TO FT24 * = FMTOUT TO FT24 -
ERRRRERRER BB ERRRRRRRRRRN EERRRRNARERERRBRR RN E N
FMTOUT (ITAPE,FMT) FORTRANy, 51 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - FNDFMT,RPLFMT, (STH),(FIL).
OPERATION IS EQUIVALENT TO WRITE OUTPUT TAPE ITAPE,FMT , WHERE FMT({I)
IS A NORMLIT FORMAT VECTOR, AS DEFINED ABOVE IN CVSOUT.

FNDFMT (FMT, IXCFMT) FAP, 88 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - REVER.

ON INPUT FMT(I) IS A NORMLIT FORMAT VECTOR AS DEFINED IN CVSCUT ABCVE.
IF FMT IS NORMAL, IXCFMT IS SET = TO INDEX WITH RESPECT TO CCMMON CF
FMT(1), AND NC OTHER OUTPUT. IF FMT(I) IS LITERAL THEN IT IS REVERSED
IN PLACEs, WITH ENCLOSING PARENTHESES ADDED TO MAKE IT A LEGAL FORMAT AND
IXCFMT IS SET = INDEX WITH RESPECT TO COMMON OF THE RESULTING FORMAT
VECTOR. SUCCESSIVE CALLS OF FNDFMT WITH LITERAL FORMAT WORK PROPERLY
WITHOUT LEADING TO RE-REVERSAL.

FRAME FAP (709) 4+ 4 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
FAP (7090)y 9 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
ADVANCES FILM IN SCOPE CAMERA BY ONE FRAME. SEPARATE VERSIONS
FOR 709, 7090.

FRQCT1 (IXyNXyIXLO,yIXHI,ICT, IANS) FORTRAN, 117 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS ICT(l..oIXHI-IXLO+1) = ICU{IXLO...IXHI) WHERE IC(J) = NC. OF
ELEMENTS OF IX(1l...NX) WHICH HAVE VALUE = J. IXLO LSTHN= ALL IX(I)
LSTHN= IXHI. IANS=0 IF OK, = 1 OR 2 IF ILLEGAL NX OR IXLO.

FRQCT2 (XyLXyBoLByICOUNT,IANS) FAPy 117 REGISTERS
. NO OTHER ENTRIES. NO TRANSFER VECTOR. '
SETS ICOUNT(l...L8+1) WHERE ICOUNT(J) = NO. OF VALUES IN X{l...LX)
SUCH THAT B(J-1) LSTHN= X LSTHN B(J), GIVEN MONOTONELY INCREASING
VECTOR Bf(le...LB), WHERE B(O) AND B(LB+1) ARE INFERRED TC BE - AND +
INFINITY. TIANS = O IF OKy = 142 OR 3 IF ILLEGAL LX, ILLEGAL LB,
OR SOMETHING WEIRD. X MAY BE ANY MODE.

FSKIP (ITAPE.NFILES) FAP, 50 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - (I0S),(RDS),(BSR),(TCO),
{TEF), (TRC).
SPACES FORWARD NFILES FILES ON TAPE (BACKWARDS IF NFILES NEGATIVE),
LEAVING TAPE AT END-OF-FILE-MARK EDGE FURTHEST FROM LOAD POINT.
IF NFILES=0 TAPE NOV MOVED. [IF TAPE IS PART WAY THRU A FILE IT
CCUNTS AS 1 FILE.

FT24 (DyAyB) FAP, 777 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - FXDATA,FLDATA.
SETS A{leee13) = CT(0eeel2) AND B(l.oeel3) = ST(O...12) WHERE CT(J) =
SUM{FROM I=0 TO 23) OF (X(I)=COS(I=J=P[/123), ST(J) = SAME SUM WHERE
SIN(+ee) REPLACES COS{e<o)y AND X(0...23) IS GIVEN IN D{(l...24). DjyA,B
ARE FLOATING BUT COMPUTATIONS CARRIED OUT FXD PT TO ACCURACY OF 1 PART
IN 10,000.

FT24 (DDyAA,BB) - II FORTRAN, 818 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
OPERATES IDENTICALLY TO FAP VERSION OF FT24 EXCEPT COMPUTATIGCN IS
CARRIED OUT FLOATING POINT (THE FIXING PROCESS IS OMITTED).
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FXDATA (LX,XyMXDATA,SCALE) FAP, 102 REGISTERS

OTHER ENTRY - FLDATA. NO TRANSFER VECTOR.
SETS X(l...LX) = SCALED AND FIXED FORM OF X({l...LX), THE X(I) BEING
CONVERTED WITH ROUNDING TO MACHINE-LANGUAGE-INTEGERS WITH MAXIMUM
MAGNITUDE = MXDATA (GIVEN AS FORTRAN INTEGER). ALSO SETS SCALE =
FLOATF (MXDATA)/XMAX WHERE XMAX = MAX MAGNITUDE OF ORIGINAL X{I), BUT
SETS SCALE = ~1. IF LX LSTHN= 0 OR MXDATA LSTHN= 0, SCALE = -2. IF XMAX

IS ZERO.
GENHOL (HOL) FAP, 48 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - (ICH).
USAGE IS - CALL GENHOL(HOL) - PRINT FMT, LIST - FMT FORMAT ( )

GENHOL SETS HOL({l...N) = HOLLERITH EQUIVALENT (FORMAT(NA6)Y) TO LINE(S’
WHICH WOULD HAVE BEEN PRINTED BY THE PRINT STATEMENT (WHICH WILL BE
BYPASSED ON RETURN). N WILL = (5 + TOTAL CHARACTER COUNT)/6 .

GETHOL (JOByHARGyHOL ¢ NCRS, IXCOM, ICOUNT) FORTRAN, 169 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - XLOC,REVERS.

HARG(1)0s~leoo~LHOL+2) IS LHOL REGISTERS OF INPUT LITERAL
HOLLERITH WITH FENCE AT HARG(-LHOL+1) . [INITIALLY
FENCE = OCT 777777777777, BUT IF THIS SAME CALL STATEMENT HAS BEEN
OPERATED BEFORE WITH JOB NOT=0 FENCE WILL READ OCT 777777777776.
SUPPOSE JOB NOT=0. THEN, IF FENCE = ALL 7°'S, GETHOL REVERSES STORAGE CF
HARG(leso-LHOL#+2), SETS HARG(-LHOL+1) = OCT 777777777776, SETS NCRS =
6#LHOL, SETS IXCOM = INDEX WITH RESPECT TO COMMON OF HARG(-LHOL+2},
AND INCREMENTS ICOUNT BY 1 . IF FENCE = OCT 777777777776, SAME COUTPUTS
EXCEPT NO REVERSAL OF HARG(l...-LHOL+#2). SUPPOSE JOB=C. THEN IF
FENCE = OCT 777777777777, GETHOL SETS HOL{le.o.LHOL) = HARG{140secer
~LHOL+2), SETS NCRS = 6#LHOL, SETS IXCOM = INDEX WITH RESPECT TO CGMMCN
OF HOL{1), ICOUNT NOT MODIFIED. IF FENCE = OCT 777777777776, SAME
OUTPUTS EXCEPT HOL(l...LHOL) = HARG(-LHCOL#24...9051). 1IN ANY CASE
ERROR RETURN WITH NCRS = -1 IF LHOL EXCEEDS 106.

GETRDL (ITAPE,NX,IX,IANS) ~ FORTRAN, 229 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - (TSH),{(RTN).
SETS IX(l...NX) = NEXT NX (EXCEEDS 0) DIGITS FROM RANDOM DIGITS
BCD TAPE (EACH CARD FORMAT(S50[1)) MOUNTED ON LOGICAL TAPE NC. ITAPE.
SETS IANS = 0 IF 0Ky = -1 OR +2 |[IF ILLEGAL ITAPE OR NX. NEVER
REWINDS ITAPE.

GETX (XeIlyI2yeeesIN) (FORTRAN FUNCTION) FAP, 31 REGISTERS
OTHER ENTRY - IGETX. NO TRANSFER VECTOR.
SETS ¥ = GETX{XyI14129e0eyIN) WHICH IS EQUIVALENT TO THE LIST CF
FORTRAN STATEMENTS JNM1 = INMLUIN), eeey J2 = 12(J3), J1l = I11J42),
Y = X{J1). EQUIVALENCE ANY IN OK.

GNFLT1 (AMSPEC,LSPEC,yFLTR,IANS) FORTRAN, 232 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - COS.
SETS FLTR(l...2*LSPEC-1) = SYMMETRICAL (ABOUT FLTR{LSPEC))
COEFFICIENTS WHOSE AMPLITUDE SPECTRUM MATCHES SPECTRUM AMSPEC{1l...LSPEC)
GIVEN AT EQUALLY SPACED FREQUENCIES FROM O TC PI. FLTR FORMED FROM
TUKEY-HAMMING ORTHONORMAL SET. SETS IANS = 0 IF OKy = -1 FOR ILLEGAL
AMSPEC (ALL ZERO), = -2 FOR ILLEGAL LSPEC (OUTSIDE RANGE 3 TO 1001).
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GNHOL2 (DATAyNDATA,FMT,HOL,NCRS, IXCOM, INDEX) FAP, 74 REGISTERS

GRAPH

NO OTHER ENTRIES. TRANSFER VECTOR - {ICH),{FIL).
FMT(190yeee9~M+2) IS M REGISTERS OF INPUT LITERAL HOLLERITH
REPRESENTING A FORMAT BY WHICH DATA{1l...NDATA) IS TO BE INTERPRETED
(NDATA MAY = 0) . GNHOL2 SETS HOL(l...NCRS/6) = NCRS HOLLERITH
CHARACTERS RESULTING FROM FMT AND DATA, SETS NCRS = 6#NO. WORDS
IN HOL, SETS IXCOM = INDEX WITH RESPECT TO COMMON OF HOL(1), AND
INCREMENTS INDEX BY 1 .

(ISOLy IDOTyNyTITLE,YUNITS,XUNITS, YTOP, FORTRAN, 1499 REGISTERS
YBOT s XMAX 9 XMIN, NOPPP, IPAGE, SPACE)
NO OTHER ENTRIES. TRANSFER VECTOR - DISPLA, (SPH)},(FIL),LINE,LOG,
EXP(24XFIXMyFLOATM,DSPFMT, FRAME , XLOCyMVBLOKy SCPSCLyHSTPLT.
PLOTS THE ELEMENTS OF AN ARBITRARY NO. OF FLTG. PT. VECTORS (ALL OF
SAME LENGTH N) EQUALLY SPACED ACROSS AN ARBITRARY NO. OF FRAMES
(CONTROLLED BY NOPPP = NO. POINTS/PAGE, LAST POINT OF ONE FRAME BEING
REPEATED AS FIRST POINT OF NEXT, 3 LSTHN = NOPPP LSTHN = 401).
ISOL{1l...NS) = VECTOR OF MACHINE LOCATIONS OF VECTORS TO BE PLOTTED
IN SOLID MODE WITH ISOL(NS+1) = O, SIMILARLY IDOT(l...ND+1) SPECIFIES
VECTORS FOR DOTTED MODE (NS+ND MUST EXCEED ZERO). SUCCESSIVE FRAMES
SERIALIZED FROM IPAGE WHICH IS LEFT 1 GREATER THAN LAST INDEX USED.
SPACE(l...N) USED FOR SCRATCH. VYTOP AND YBOT DEFINE TOP AND BOTTOM CF
PLOTTING AREA (SAME UNITS AS VECTORS, YTOP GRTHN YBOT). XMAX AND
XMIN ARE ARBITRARY COORDINATES ASSOCIATED WITH NTH AND FIRST VECTOR
ELEMENTS (XMAX GRTHN XMIN). PLOTS ARE SUPPLIED WITH LABELLED AXES AND
CONVENIENT CHECK MARKS IN USER UNITS. TITLE(l...8) = 48 HOLLERITH
FOR PAGE HEADING. VYUNITS(leee6) AND XUNITS(1le.e.6) = 36 HOLLERITH EACH
FOR LABELLING VERTICAL AND HORIZONTAL AXES. ALTERNATIVELY THE 48
HOLLERITH FOR HEADING CAN BE SET IN TITLE(1409s=lyeees=7) WITH
TITLE(1) = 6H$$$$8% AS FLAG, USING HOLLERITH FIELD IN CALLING
SEQUENCE. SIMILARLY FOR YUNITS, XUNITS. SPACE(1l) IS SET = 0.0 IF OK,
= 1.0 [IF ILLEGAL N, NOPPP, YTOP, XMAX, OR NO. OF VECTORS (ALSO
COMMENT MADE ON SCOPE). PLOTTING STYLE CONTROLLED BY SUBROUTINE HSTPLT
OF WHICH THERE ARE SEVERAL ALTERNATIVE VERSIONS. GRAPH DOES NOT CHNAGE
FRAMES BEFORE PLOTTING ITS FIRST PAGE OR AFTER ITS LAST PAGE.

GRAPHX (ISOL,IDOT N,TITLE,YUNITS,XUNITS,YTOP,YBOT, FORTRAN, 123 REGISTERS

GRUP2

XMAXy XMINyNOPPP, IPAGE y SPACEyNFRMZV)
NO OTHER ENTRIES. TRANSFER VECTOR - GRAPH,FRAME.
FUNCTIONALLY EQUIVALENT TO CALL GRAPH (ISOLj...sSPACE) EXCEPT THAT
PLOTS ARE EXPANDED OVER NFRMZV (EXCEEDS ZERO) FRAMES IN VERTICAL
DIRECTION, YTOP NOW REFERING TO UPPER EDGE OF TOP ROW OF FRAMES, YBOT
TO LOWER EDGE OF BOTTOM ROW OF FRAMES, AND THAT SPACE(2) SET = 2.0
IF NFRMZV ILLEGAL.

{PyNDELX,DELXyXLOy YLIM,NWANT, IANS) FORTRAN, 201 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
GIVEN Pll...NDELX) = HISTOGRAM TYPE PROBABILITY SUCH THAT
P(I) = PROBABILITY DENSITY FOR VARIATE X IN RANGE XLO+(I-1)#=DELX
TO XLO+I#DELX, (WITH SUM (FROM I=1 TO NDELX) OF (P(I)#DELX) REQUIRED
TO = 1.C), THEN GRUP2 SETS XLIM(1l...NWANT+1) SUCH THAT INTEGRAL COF
P(X) FROM XLIM(I) TO XLIM(I+1) EQUALS 1/NWANT, WITH XLIM(1l) = XLO
AND XLIM(NWANT+1) = XLO+DELX#NWANT, AND SETS IANS = G IF OK,
= -1y =2y -3, OR =4 IF ILLEGAL NDELX (LSTHN 2), DELX {(LSTHN= 0.),
NWANT (LSTHN 2) OR SOMETHING WEIRD.
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HALVL  (XyLX) FAP, SECONDARY ENTRY GF DUBLX

SETS X(leeelLX) = 172 OF INPUT X(leeelLX)e MAGNITUDE OF LX IS USED AND
LX=0 TREATED AS LX=1 .

HALVX  (IXyLX) FAP, SECONDARY ENTRY GF DUBLX
SETS IX(le.oLX) = 172 OF INPUT IX{le..LX). MAGNITUDE OF LX IS USED AND
LX=0 TREATED AS LX=1 .

HLADJ F(HOL) FAP, 46 REGISTERS
OTHER ENTRY - HRADJ. NO TRANSFER VECTOR.
USAGE, HOLADJ=HLADJF(HGOL), SETS HOLADJ = LEFT ADJUSTED FCRM OF HOL
TREATED AS 6 BCD CHARACTERS (SPACES ROTATED TO RIGHT END).

HRADJ F(HOL) FAP, SECONDARY ENTRY OF HLADJ
USAGE, HOLADJ=HRADJF({HOL), SETS HOLADJ = RIGHT ADJUSTED FORM OF HOL
TREATED AS 6 BCD CHARACTERS (SPACES ROTATED TO LEFT END).

HSTPLT (LNY4sNY,ORG,NDELX,DOT,AXIS, IFRSTB, ISKIPB) FAP, 145 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - LINEH,LINEV.

PLOTS NY({l...LNY) GIVEN IN SCOPE UNITS (C TG 1023), EACH POINT
PLOTTED AS HORIZONTAL BAR OF SCOPE LENGTH NDELX/128 EXCEPT BARS FOR
END POINTS HALF AS LONG, WHERE LEFT X COORDINATE OF FIRST BAR
GIVEN (FLTG.PT. SCOPE UNITS) IN ORG{l), AND WITH ENDS OF SUCCESSIVE
BARS CONNECTED BY VERTICAL BARS, ALL BARS BEING SOLID OR DOTTED
AS DOT = 0. OR NOT = O. ALSO OPTIONALLY (YES IF AXES = C., NO IF NOT)
PLOTS SOLID HORIZONTAL AXIS FROM (X,Y)={0ORG(1),0RG(2)) TC (X,Y) =
(ORG(3)y0RG{2)) WITH VERTICAL CHECK MARKS AT MIDDLES OF BARS FOR
NY(IFRSTB)y NY(IFRSTB+ISKIPB)y, NY(IFRSTB+2#ISKIPB)y... WHERE
IFRSTBy ISKIPB GRTHN= 1 .

HSTPLT (LNY,NY,0ORGyNDELXDOTyAXISy IFRSTB,ISKIPB) - II FAP, 188 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - LINEH,LINEV.
FUNCTIONS SIMILARLY TO HSTPLT BUT PLOTS NY{l...LNY) AS VERTICAL
LINES FROM Y ORIGIN = NY(1) (REMEMBERED FROM FIRST CALL CF
HSTPLT-II WITH AXIS = 0). ORG{l...3), NDELX, DOT, AXIS HAVE
SAME MEANING AS HSTPLT, BUT IFRSTB, ISKIPB IGNORED.

HSTPLT (LNY,NY,0ORG,NDELX,DOT,AXIS,IFRSTB,ISKIPB) - III FAP(709), 256 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - LINEH.
FAP{7090), 258 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - LINEH.
FUNCTIONS SIMILARLY TO HSTPLT BUT PLOTS NY{l...LNY) AS DARK POINTS
WITH LIGHTER CUBIC CURVES INTERPOLATED BETWEEN POINTS.

HVTOIV (HVyLHV,IV) FAP, 39 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS IVI(l...6%LHV) AS SPREAD OUT FORM OF HV{l...LHV) ASSUMED TO
BE IN FORMAT (LHVA6), SO THAT EACH IV(I) IS INTEGER IN RANGE O TC é63.
FUNCTION IS EXACT INVERSE OF SUBROUTINE IVTOHV.

IDERIV (YOFX1,DYDXsDELX,LY,YOFX) FAP, 54 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS YOFX(1) = YOFXl, YOFX(2) = DELX=DYDX(1) + YOFX(1l),
AND (IF LY GRTHN 2) YOFX(K) = 2#DELX#DYDX(K-1) + YOFX(K-2)
FOR K = 344540e9LY. EQUIVIYOFX,DYDX) OK. STRAIGHT RETURN
IF LY LSTHN 2 OR DELX=0. IS EXACT INVERSE OPERATION TO THAT OF
SUBROUTINE DERIVA.
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IF (Xs NXNEGyNXZER ¢ NXPOS) FAP, PSEUDO ENTRY OF SEVRAL

USAGE IS CALL SEVRAL {eee92HIF9XyNXNEGINXZERyNXPOSyeeel.

FUNCTION IS SIMILAR TO FORTRAN STATEMENT IF(X) NXNEG,NXZER,NXPOS
WHERE NX IS THE INDEX OF A SUBROUTINE RELATIVE TO THE IF SEQUENCE

(NX NEGATIVE FOR PRIOR SUBROUTINES). LOOPS WITHIN LOOPS MAY BE BUILT
WITH PSEUDO IFS.

IFNCTN (YOFX,LYOFX,XFIRST,XLAST,LXOFY, FAP, 208 REGISTERS
YLO,YHI, IERRLO,XOFY, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR - MONOCK,REVER.

SETS XOFY(l...LXOFY) SUCH THAT VY{XOFY(1))=YLO, Y(XOFY{(2))=YLO+DELY,
Y{XOFY(3))=YLO+2%DELYy +ees Y{(XOFY{LXOFY))=YHI, WHERE DELY =
(YHI-YLO)/LXOFY-1) AND WHERE THE FUNCTION Y(X) [IS DEFINED BY STRAIGHT
LINE SEGMENTS BETWEEN THE VALUES VY(XFIRST)=YOFX(1l), Y{(XFIRST+DELX)=
YOFX(2)y Y(XFIRST+2#DELX)=YOFX(3)y eees Y(XLAST)=YOFX(LYOFX) WITH
DELX = (XLAST=XFIRST)I/(LYOFX-1), WHERE VYOFX{l...LYOFX) MUST BE EITHER
MONOTONE NON-INCREASING OR MONOTONE NON-DECREASING. IF THE INVERSE
FUNCTION X(Y) HAS A VERTICAL RISE OR DROP AT A REQUIRED Y VALUE THE
MIDPOINT IS SELECTED FOR XOFY. REQUIRE LYOFX GRTHN= 2, LXOFY
GRTHN= 1, XFIRST NOT= XLAST, AND, IF YMAX = MAX{YOFX{l...LYOFX)),
YMIN = MIN(YOFX(l...LYOFX)), YMIN LSTHN= VYLO LSTHN VYMAX IF ULXCFY
GRTHN= 2 BUT VYMIN LSTHN= YLO LSTHN= YMAX IF LXOFY = 1, AND
YLO LSTHN VYHI LSTHN= VYMAX [IF LXOFY GRTHN= ‘2 . SETS 1IANS = 0
IF OKy, = IERRLO+K, K=0,4193,445, OR 6 [IF VYOFX,LYOFX,XLAST,LXOFY,YLQ,
OR YHI ILLEGAL.

IGETX (IXyIlsI2yece9IN) (FORTRAN FUNCTION) FAP, SECONDARY ENTRY OF GETX
PERFORMS SAME FUNCTION AS GETX.

IINTGR (YOFX14YIGRTD,DELXyLYyYOFXsCIGRTN) FAP, 49 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS YOFX({1) = YOFXl, AND (IF LY GRTHN 1) YOFX(K)} = (2/DELX)#*
(YIGRTD(K) - YIGRTD{K-1)) - YOFX(K-1) FOR K=2...LY.
EQUIVIYOFX,YIGRTD) CKe. STRAIGHT RETURN IF LY LSTHN 1 OR DELX=0. (BUT
DELX MAY BE NEGATIVE). FUNCTION IS EXACT INVERSE TO THAT OF SUBROUTINE
INTGRA.

INDATA (ITAPE,IRECNO,NOPTS,DATA,ERRy6HNAUXLL, FORTRAN, 896 REGISTERS
AUXL1yeeo s 6HNAUXLN,AUXLN)
NO OTHER ENTRIES. TRANSFER VECTOR - VARARGsFSKIP,(TSB),(RLR),
FAPSUM,LOCsMVBLOK  XSAME, {SPH) 4 {FIL), {STH) ,UNPAKN.
SEARCHES LOGICAL TAPE ITAPE (ASSUMED TO HAVE BEEN CREATED BY
SUBROUTINE OUDATA) FOR RECORD NO. IRECNO (IRECNOC ANY MODE), EXCEPT
THAT IF IRECNO = O IT MERELY GOES AFTER NEXT RECORD CN TAPE AND THEN
SETS IRECNO = RECORD NO. FOUND. [IF THE RECORD IS FOUND (ALWAYS IF
IRECNO = C) AND IF ON INPUT NOPTS IS GRTHN = O, INDATA SETS
DATA(l...LREC) = RETRIEVED DATA (AS ORIGINALLY FED TO GUDATA),
SETS NOPTS = LREC WHERE LREC HAS BEEN OBTAINED FROM THE TAPE, AND THEN
PROCEEDS TO PROCESS ARGUMENTS BEYOND ERR (IF ANY). IF HOWEVER NOPTS
WERE LSTHN O ON INPUT THE SETTING OF DATA(l...LREC) IS OMITTED.
(NOTE THAT DATA SHOULD BE DIMENSIONED TO LARGEST OF LREC+l OR
ABUOUT 200.) IF RECORD NO. NOT FOUND CONTROL RETURNS TO CALLING PROGRAM.
THE N PAIRS OF ARGUMENTS BEYOND ERR ARE OPTIONAL. (BUT N MUST NOT
EXCEED 25). FIRST OF EACH PAIR IS 6 HOLLERITH (1A6) NAMING DESIRED
AUXILIARY INFORMATIGN AS ORIGINALLY FED TO OUDATA FOR THIS RECORD,
AND THE SECOND IS STORAGE LOCATION FOR THE RETRIEVED INFQC (MUST BE
(CONTINUED NEXT PAGE)
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DIMENSIONED AS ORIGINALLY FED TO OUDATA), BUT THE ORDERING AND

TOTAL NO. OF AUXILIARY REQUESTS NEEDN'T MATCH THOSE OF THE ORIGINAL
OUDATA CALL. INDATA SETS AUXL1(leeo)lypeeesAUXLN{l.ea) ACCORDINGLY,
EXCEPT OMISSIONS WILL OCCUR IF NAME CAN'T BE FOUND ON TAPE. SETS ERR =
O. IF ALL OKy, = 1. IF 1 OR MORE AULX REQUESTS NOT FILLABLE, =2.

IF SUMCK ERROR ON TAPE ({DOESN'T STOP FILLING REQUESTS) = 3.

IF TOO MANY DIFFERENT VALUES OF ITAPE HAVE OCCURRED (LIMIT PRESENTLY

= 2)y = 4. [IF IRECNO NOT FOUND, = 5. IF ILLEGAL NO. ARGUMENTS IN CALL
STATEMENT (MUST BE 0DD), = 6. [IF THERE ARE AN EXCESSIVE NO. OF

RECORDS ON THE TAPE (PRESENT LIMIT = 200). ALSO ON-LINE ERRCR

PRINT OCCURS.

INDEX F(I,ICRTCL) FAP, 50 REGISTERS
OTHER ENTRIES - VINDEX,SETEST,SETAPT,CHUSET. NCO TRANSFER VECTOR.
ADDS 1 TO MACHINE LOCATION CONTAINING I THEN SETS ACCUMULATOR =
-1.0 IF NEW I LSTHN [ICRTCL, = 0.0 IF NEW I = ICRTCL, = +1.0
IF NEW I GRTHN ICRTCL, WHERE +0 AND -0 TREATED AS EQUAL. NOT
RELATED TO XINDEX FUNCTION.

INTGRA (CIGRTNyYOFXLYsDELX,YIGRTD,YOFX1) FAP, 47 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS YIGRTD(1) = CIGRTN, AND (IF LY GRTHN 1)
YIGRTD(K) = YIGRTD(K-1) + DELX#(YOFX(K) + YOFX(K-1))/2.0
FOR K = 2...LY, AND YOFX1 = YOFX(1). EQUIVI(YIGRTD,YOFX) OK.
STRAIGHT RETURN IF LY LSTHN 1 OR DELX = 0. (MAY BE NEGATIVE).
FUNCTION IS EXACT INVERSE TO THAT OF IINTGR.

INTHOL (NHOL,HOL,FMT,NDATAD,NDATAA,DATA) FAP, 72 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - FNDFMT, (IOH), (RTN).
INTERPRETS A VECTOR OF HOLLERITH WORDS HOL(1l...NHOL) (NHOL GRTHN= 1)
ACCORDING TO A FORMAT FMT{(l... ) TO ATTEMPT TO FIND NDATAD (GRTHN=
1) DATA VALUES. THE DATA VALUES FOUND WHILE MAKING ONE SCAN OF HOL
AND FMT ARE STOREC IN DATA(l...NDATAA).

INTMSB FAP, SECONDARY ENTRY OF TIMSUB
SEE ABSTRACT OF TIMSUB BELOW.

INTOPR (NDATA,XLOyDELXyXsOPER) FAP, 111 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.

SETS OPER(1l...NDATA) SUCH THAT, FOR ANY DATA VALUES DI(l...NDATA),
THE SUM (FROM I = 1 TO NDATA) OF OPER(I)=D(I) WILL EQUAL PI(X),
WHERE P IS THE EXACY FITTING POLYNOMIAL OF DEGREE NDATA-1 SATISFYING
P{(XLO+(I-1)#DELX) =D(I) FOR I=1l...NDATA. REQUIRE NDATA = 152,43, CR 4
AND DELX NOT= 0.0 o STRAIGHT RETURN WITH NO OUTPUT FCR ILLEGAL
NDATA OR DELX.

INTSUM (XsLX,XISUMD) FAPy 27 REGISTERS
OTHER ENTRY - XNTSUM. NO TRANSFER VECTOR.
SETS XISUMD(I) = SUM (FROM J =1 TO I) OF X{(I)y, I=l...LX.
EQUIV{XISUMD, X} OK. STRAIGHT RETURN IF LX LSTHN 1.

IPLYEV (LA»A4X,Y4EVR,EVI) FORTRANy 98 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - {IFMP).
IF  Z=X+I=Y (I=SQRT{(-1)), [IPLYEV SETS EVR 'AND EVI WHERE
EV = EVR+I®#EVI = SUM (FROM K = 1 TO LA) OF (A{K)#Z(TC THE K-1)).
LA MUST BE GRTHN= 2 .
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ITOMLI (IV4LIV,MLIV,IANS) FAP, 37 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS MLIV(l...LIV) = IV{l...LIV) SHIFTED RIGHT 18 PLACES
ARITHMETICALLY. EQUIV(IV,MLIV) OK. SETS IANS = 0 IF 0K, = -1 IF
LIV LSTHN 1 .

IVTOHV (IVsLHV,HV) FAPy, 70 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS HV{l.esLHV), BY PACKING IV(l...6%LHV) 6 AT A TIME USING
ONLY BITS 12-17 OF IVI{I)e IV(1l92s...96) GOES TO HV(1) (BITS
S 1-54 6~11y <eey 30-35)y ETC. STRAIGHT RETURN IF LHV LSTHN 1 . TURNS
OFF AC OVERFLOW INDICATOR. FUNCTION IS EXACT INVERSE TO SUBROUTINE
HVTOIV. EQUIV (IV,HV) OK.

IXCARG (ARG, IXCOM) FORTRAN, 35 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - XLOC.
SETS IXCOM = INDEX WITH RESPECT TO COMMON OF ARG.

KIINTL (CHISQ,NDF,PROB, IANS} FORTRAN, 191 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - SQRT,EXP{3,NOINT1.
SETS PROB = PROBABILITY THAT CHI-SQUARE WILL EXCEED CHISQ FOR
NDF DEGREES OF FREEDOM. SETS IANS = O IF OK, = 1 IF CHISQ
LSTHN Gey = 2 IF NDF LSTHN 1 .

KOLAPS {XMIDyM,TYPE,L,CMID,ERR) FAP, 100 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS CMID{-L+lseeesl#l) = Cl-Lyeeer+L) WHERE C(I) = X(I) +
X(I+2#L) + X(I-2#L) + X{I+4=L) + X{I-4%L) + ... FOR I = -{(L-1) ...
L-1 AND C{-L), C(L) = ONE HALF OF ABOVE EXPRESSION, WHERE THE
X SERIES X{-M...+M) IS GIVEN IN XMID(-M+l...M+1) . TYPE = 0.0
SIGNIFIES X IS FXD.PT., NOT = O. SIGNIFIES FLTG.PY. SETS
ERR = 0. [F OKy = 1.0 IF L LSTHN 1 OR M LSTHN Oy = 2. IF OVERFLOW
OCCURS. (L MAY EXCEED M) EQUIV(CMID,XMID) OK.

LIMITS (IANSX1,IANS, X1yX1AyX1By X2yX2AyX2By ecay FAP, 44 REGISTERS
XNy XNA,XNB)
NO OTHER ENTRIES. NO TRANSFER VECTOR.

SETS [IANS=0 IF XJLO LSTHN= XJ LSTHN= XJHI FOR J=l...N WHERE J
IS TRIPLET INDEX AND XJLO=MIN(XJA,XJB) XJIJHI=MAX(XJA,XJB)}, BUT SETS
IANS=IANSX1+#K~-1 [IF XK FAILS TO LIE IN CLOSED RANGE XKLO TO XKHI
WHERE K IS THE LOWEST SUCH INDEX. MODES OF ARGUMENTS IMMATERIAL.
PLUS AND MINUS ZERO ARE TREATED EQUAL IN THE COMPARISONS. N SHOULD
EXCEED ZERO AND ARGUMENT COUNT BE 2+3»*N (OTHERWISE ILLEGAL RETURN).

LINE (X1sY1yX2,Y2) FAP (709) , 91 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
FAP {7090), 95 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
PLOTS STRAIGHT LINE ON SCOPE FROM (X1l,Yl) TO (X2,Y2) WHERE
X14Y1yX2,Y2 ARE IN FLTG.PT. SCOPE UNITS (0. TO 1023.). SEPARATION
BETWEEN INDIV. PTS. ON LINE WILL LIE BETWEEN 1.414 AND 2.0 SCOPE UNITS.
PLOTTING OMITTED IF X1,Y1,X2y OR Y2 ILLEGAL.
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# LINEH TO LOCATE = * LINEH TO LOCATE =«
T YT Y e P Yy Y I Y Y T Y R Y YR Yy ™
LINEH (NXLEFT,NYLEFT,NXRITE,NDELX) FAP (709) » 34 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
FAP (7090), 35 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
PLOTS STRAIGHT HORIZONTAL LINE ON SCOPE FROM (NXLEFT,NYLEFT) TO
(NXRITE,NYLEFT) WHERE ALL ARGUMENTS IN FXD.PT. SCOPE UNITS {SHOULD BE
0 TO 1023, ARE TREATED MODULO 1024), AND WHERE SEPARATION BETWEEN
INDIVIDUAL POINTS WILL BE NDELX UNITS. NXRITE SHOULD EXCEED NXLEFT ANC
DELX EXCEED 0.

LINEV  (NXBOT,NYBOT,NYTOP,NDELY) FAP (709) » 34 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
FAP (7090)y 35 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
PLOTS STRAIGHT VERTICAL LINE ON SCOPE FROM (NXBOT,NYBOT) TO (NXBOT,
NYTOP) WITH NDELY UNITS BETWEEN INDIVIDUAL POINTS, WHERE ALL
ARGUMENTS ARE IN FXD.PT. SCOPE UNITS (SHOULD BE O TO 1023, ARE TREATED
MODULO 1024). NYTOP SHOULD EXCEED NYBOT AND NDELY EXCEED O .

LINTR1 (XsXLO+DELX,TABLE,NTABLE,YOFX) FORTRAN, 96 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
GIVEN TABLE(l...NTABLE) CORRESPONDING TO ARGUMENT VALUES XLO,XLC+DELX,
eeoeg XLO+{NTABLE-1)#DELX, LINTR1 SETS YOFX = LINEARLY INTERPOLATED
VALUE FROM THE TABLE CORRESPONDING TO ARGUMENT VALUE = X .
X MUST LIE IN RANGE OF TABLE ARGUMENTS, DELX MUST EXCEED O., AND
NTABLE EXCEED 1 .

LISTNG (ITAPE,JTAPE,DATA) FORTRAN, 755 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - (RWT),{STH),{FIL),(TSB),{RLR),
FAPSUM, SAME, XSAME, (SPH) ,FSKIP,SHFTR2.

MAKES A LISTING ON OUTPUT TAPE JTAPE OF THE RECORD NCS. AND

AUXILIARY INFO FROM THE INDATA-OUDATA TYPE TAPE ON LOGICAL ITAPE

AND CHECKS SUMCHECKS. ITAPE IS LEFT REWOUND BUT JTAPE IS NEVER

MOVED BACKWARDS. DATA{1l...MAX) IS USED FOR SCRATCH WHERE MAX = 1+LENGTH

OF LONGEST RECORD ON ITAPE.

Loc (VAR, IADD) FAP, 4 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS IADD = MACHINE ADDRESS OF VAR.

LOCATE (SUBRUL»SUBRU2y.4..9SUBRUN) FAPy, 512 REGISTERS
OTHER ENTRIES - WHERE,CALL,CALL2,SETSBV,SETUPyRETURN,XINDEXyARG,
XARG,STORE s XNARGS y XNAME. NO TRANSFER VECTOR.

USAGE IS CALL LOCATE(SUBRUL SUBRU2y <.+ SUBRUN)

CALL SUBR1(ARG114ARG12y.+.7ARGIM]L}

ETC.

CALL SUBRN{ARGN1yARGN2j ... +ARGNMN}
THEN LOCATE ESTABLISHES A 1-1 EQUIVALENCE BETWEEN THE REAL
SUBROUTINE NAMES SUBRljs.eeosSUBRN AND THE PROXY NAMES
SUBRUlyeee s SUBRUN FOR USE IN LATER CALL CALL, CALL CALL2, OR CALL WHERE
STATEMENTS. CONTROL RETURNS BEYOND CALL SUBRN STATEMENT. THE ARGUMENT
LISTS (ARG1ll ETC.) ARE OPTIONAL (SUBROUTINE WHERE MAY USE THEM LATER).
MAX NO. OF CALL LOCATE STATEMENTS IS 1l4.
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* LSHFT TO MATRA * # LSHFT TO MATRA *
ERNREREARERRRE RN ERRBR RS AR ARRRARRREERRSRRRRRE N
LSHFT F(N,X) FAP, 12 REGISTERS

OTHER ENTRY - XLSHFT. NO TRANSFER VECTOR.
LOGICALLY SHIFTS X N BINARY PLACES (SHIFT IS LEFT IF N NEGATIVE).

LSLINE (YY,LYyXMINsXMAX,CO,C1) FORTRAN, 117 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS CO AND Cl1 SUCH THAT (Y{(XMIN)~CC-Cl#XMIN)#*#2+,.,..+
(Y(XMAX)-CO-Cl#XMAX)#%#2 IS MINIMUM, GIVEN YY{1)=Y(XMIN},
YY(2)=Y(XMIN#DX)yeees YY(LY)=Y(XMAX)y WHERE DX=(XMAX-XMIN}/(LY-1).
LY MUST EXCEED 1 .

LSSS1  (L,A,R4GyF,ALPHA) FORTRANy 122 REGISTERS
‘ NO OTHER ENTRIES. TRANSFER VECTOR - FDOT.

SOLVES THE EQUATION SUM (FROM I=1 TO L) OF F(L-I+1)#R(I-K¢1) =
G(L-K+2) GIVEN THE SOLUTION OF SUM (FROM I=1 TO L) OF
FIL-I+1)#R{I-K+1) = G(L-K+1) WHERE R{l...L) IS CONE SIDE OF AN
AUTOCORRELATION VECTOR (R(1) IS THE CENTER TERM)y A{l...L) IS THE
LEAST SQUARE PREDICTION ERROR OPERATOR FOR Ry Glle...L+1) IS A SECTICN
OF A CROSSCORRELATION VECTOR, AND ALPHA IS THE EXPECTED ERROR
CORRESPONDING TU A. L MUST BE GRTHN= 2 .

MATINV (NRA,A,AINV,SPACE,ERR} FORTRAN, 90 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - SIMEQ
SETS AINV(1l...NRA#NRA) = MATRIX INVERSE OF A(l...NRA®NRA).

EQUIVALENCE (A,AINV) OK. ERR = 0. |IF ALL OKy = 1. IF OVERFLOW
OCCURS, = 2. IF A IS SINGULAR. SPACE(l...(NRA+1)=NRA) IS SCRATCH.
NRA MUST BE GRTHN 0O, BUT IS NOT CHECKED.

MATML1 (NRABC,AA,BB,CC,ZIFSTO) FAP, 61 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS CC = CM WHERE CM = MATRIX PRODUCT OF AA AND BB IF

ZIFSTO = 0. SETS CC = CC+4CM [IF ZIFSTO NOT= O. AA(l...NRABC*NRABC),
BB(1...NRABC*#NRABC), AND CC(l...NRABC#NRABC) ARE NRABC BY NRABC
MATRICES ALL STORED BY EITHER ROWS OR COLUMNS. EQUIVALENCE (AA,BB)
OK. NRABC MUST BE GRTHN= 1 BUT THIS IS NOT CHECKED.

MATML3 (NRAC,NCARB,NCBC,AA,BB,ZIFNTR,CC,ZIFSTO) FORTRAN, 120 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - DOTJ.
SETS C€CC = CM WHERE CM = MATRIX PRODUCT OF AA AND BB IF

ZIFSTO = 0. SETS CC = CC+4CM IF ZIFSTO NOT= 0. AA(l...NRAC*#NCARB)

IS AN NRAC BY NCARB MATRIX STORED BY COLUMNS. BB(1...NCARB#NCBC)

IS AN NCARB BY NCBC MATRIX STORED BY COLUMNS, IF ZIFNTR = G., OR
BY ROWS, [IF ZIFNTR NOT= 0. CC(l...NRAC#NCBC) IS AN NRAC BY NCBC
MATRIX STORED BY COLUMNS. ROUTINE RETURNS (CC MAY BE SET TO ZERO) IF
NRAC, NCARB, NCBC ARE LSTHN= 1 . EQUIVALENCE (AA,BB) OCK.

MATRA (A,NyM, ATRAN) FAPy, 92 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS ATRAN(l...N#M) = TIGHT PACKED TRANSPOSE OF THE TIGHT PACKED MATRIX
A{l...M=N) WHERE A (STORED BY COLUMNS) HAS N ROWS AND M COLUMNS. BIT 35
IS SET = O THROUGHOUT ATRAN. EQUIV(ATRAN,A) IS OK. N AND M MUST BE
GRTHN= 1 .
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# MATRAl TO MDOT3 * # MATRAl TO MDOT3 -
R T Ty Y Y T Y Y FRFRBRBARRRRERARRBRBER BN
MATRAL (NRCA,AA) FAP, 42 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
STORES THE TRANSPOSE OF THE SQUARE MATRIX AA(l...NRCA=NRCA) ONTO
ITSELF. NRCA MUST BE GRTHN= 1 (NOT CHECKED).

MAXAB (LXyX9XMAX2,1) FAP, SECONDARY ENTRY OF MAXSN
SETS XMAX2 AND I, GIVEN X(l...LX), SUCH THAT XMAX2=X{(I)
WHERE MAGNITUDE OF X(I) IS GREATEST MAGNITUDE OF X{l...LX).
(NOTE XMAX2 MAY BE NEGATIVE.} LX MUST EXCEED O . X MAY BE ANY MODE.

MAXABM (FOFIJsLIyLJy IDIMEN, FAP, SECONDARY ENTRY OF MAXSNM
' FMAXAB, IMAXAB, JMAXAB)
SETS FMAXAB, IMAXAB, JMAXAB SUCH THAT FMAXAB = FOFIJ(IMAXAB,JMAXAB)
SATISFIES MAGNITUDE(FMAXAB) GRTHN= FOFIJ(I,J) FOR I=l...LI,
J=leeelLJ WHERE USER HAS DIMENSION FOFIJ(IDIMEN,IGNORD). FOFIJ MAY
BE FIXED OR FLOATING. LI AND LJ MUST EXCEED ZERO, AND IDIMEN
GRTHN= LI (NOT CHECKED).

MAXSN  (LXyXyXMAX1,I) FAP, 54 REGISTERS
OTHER ENTRIES - MINSN,MAXAB,MINAB. NO TRANSFER VECTOR.
SETS XMAX1 AND I, GIVEN X{le...LX), SUCH THAT XMAX1=X{I) IS
GRTHN= ALL OTHER X({lee.lLX)e LX MUST EXCEED O . X MAY BE ANY MODE.

MAXSNM (FOFIJ,LIoLJyIDIMEN,FMAXSN,y IMAXSN,JMAXSN} FAP, 61 REGISTERS
OTHER ENTRIES - MINSNM,MAXABM,MINABM. NO TRANSFER VECTCR.
SETS FMAXSN, IMAXSN, JMAXSN SUCH THAT FMAXSN = FOFIJ(IMAXSN,JMAXSN} I
IS GRTHN= FOFIJ(I,J) FOR [I=le..LIl, J=le...LJ WHERE CALLER HAS
DIMENSION FOFIJUIDIMEN,IGNORD). FOFIJ MAY BE FIXED OR FLOATING. LI
AND LJ MUST EXCEED ZERO, AND IDIMEN GRTHN= LI (NOT CHECKED).

MDOT (NRCAB,LAB,AA,BB,DOT,MIFREV) FORTRANy 109 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MATMLL.

SETS ©DOTM = MATRIX PRODUCTS A(1l)#B(1) + ... + A(LAB)=B(LAB) IF
MIFREV GRTHN= O, OR = MATRIX PRODUCTS A(1)=*B(LAB) + ...
+ A(LAB)=B(1) IF MIFREV LSTHN O . A{(I) REPRESENTS THE NRCAB BY
NRCAB MATRIX STORED BEGINNING AT AA(L+NRCAB#NRCAB=(I-1)), BI(I)
REPRESENTS THE NRCAB BY NRCAB MATRIX STORED BEGINNING AT
BB(1+NRCAB*NRCAB#(I-1)), AND DOTM REPRESETNS THE NRCAB BY NRCAB
MATRIX DOT{l...NRCAB*NRCAB). EQUIVALENCE (AA,BB) OK. NRCAB, LAB
MUST BE GRTHN= 1 .

MDOT3 (NRAD,NCARB,NCBD,LAB,AA,BByZIFNTRyDOT,MIFREV) FORTRAN, 122 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MATML3.

SETS DOTM = MATRIX PRODUCTS A(1)#B(1) + ... + A(LAB)*B(LAB) IF
MIFREV GRTHN= 0, OR = MATRIX PRODUCTS A(1)=B(LAB) + ...
+ A(LAB)#B(1) IF MIFREV LSTHN O . A(I) REPRESENTS THE NRAD BY
NCARB MATRIX STORED BY COLUMNS BEGINNING AT AA(1+NRAD#NCARB#(I-1)},
B(I) REPRESENTS THE NCARB BY NCBD MATRIX STORED BY COLUMNS, IF
ZIFNTR = O.y OR BY ROWS, IF ZIFNTR NOT= O.s, BEGINNING AT
BB(1+NCARB*NCBD#(I-1)), AND DOTM REPRESENTS THE NRAD BY NCBD
MATRIX DOT(l...NRAD®NCBD). EQUIVALENCE (AA,BB) OK. NRAD, NCARB,
NCBD, LAB MUST BE GRTHN= 1 (NOT CHECKED).
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* MEMUSE TO MINSNM = *= MEMUSE TO MINSNM =
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MEMUSE (ITPOUT) : FORTRAN, 71 REGISTERS

NO OTHER ENTRIES TRANSFER VECTOR - XLCOMN, {STH), (FIL),
PRINTS ONE LINE (COLUMNS 2 THRU 96) ON LOGICAL TAPE [ITPOUT GIVING
(IN DECIMAL) PROGRAM STORAGE, DIMENSIONED COMMON STORAGE, AND AVAILABLE
COMMON STORAGE. DOES NOT CHECK ITPOUT.

MFACT (NRA,AA,AFACT) FORTRAN, 187 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - DOTJ,STZ,SQRT.
FINDS THE UPPER TRIANGULAR MATRIX AFACT(l...NRA#NRA) SUCH THAT THE
MATRIX PRODUCT (AFACT = AFACT TRANSPOSEY = AA. NRA MUST BE
GRTHN= 1.

MIFLS (NRCyLL+BByRRyGGyFF,C) FORTRAN, 276 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MATML3,MOVREV.
SOLVES THE EQUATION SUM (FROM I=1 TO LL) OF F(LL-I+1)*R(I-J+1) =
G(LL-J+1) FOR J=l...LL GIVEN THE SOLUTION FOR THE LOWER ORDER
EQUATION SUM (FROM I=1 TO LL-1) OF Fl(LL-I+1)sR(I-J+1) = GILL-J)
FOR J=le..LL-1 AND THE OTHER INPUTS. BB, RRy, GGy AND FF ARE ALL
NRC BY NRC MATRIX VALUED VECTORS OF LENGTH LL. BB IS THE
LEAST-SQUARE OPTIMUM HINDSIGHT OPERATOR FOR THE AUTOCORRELATION RR
(SEE  MIPLS). RR{1+NRC#NRC#(I-1)) = R(I) IS THE AUTOCORRELATION GF
AN NRC BY M WAVELET (OR STATIONARY TIME SERIES). R(1) REPRESENTS
THE MIDDLE TERM. GG(1+NRC=NRC#(I-1)) = G(I) IS PART CF A CROSS
CORRELATION SERIES. FF{l...NRC#NRC#(LL-1)) = Fl(l...LL-1) ON
ENTRANCE. FF(l...NRC#NRC*#LL) = F(l...LL) ON RETURN.
C(l...6#NRC#NRC) CONTAINS SOME EXPECTED ERROR MATRICES (GIVEN BY
MIPLS) AND SCRATCH SPACE. NRC AND LL MUST BE GRTHN= 1 .

MINAB  (LXyXyXMIN2,1I) FAP, SECONDARY ENTRY OF MAXSN
SETS XMIN2 AND I, GIVEN X{l...LX), SUCH THAT XMIN2 = X(I) WHERE
MAGNITUDE OF X(I) IS SMALLEST MAGNITUDE OF X(l...LX). (NCTE
XMIN2 MAY BE NEGATIVE.) LX MUST EXCEED G . X MAY BE ANY MODE.

MINABM (FOFIJyLIoLJyIDIMEN, FAP, SECONDARY ENTRY OF MAXSNM
FMINAB, IMINAB, JMINAB)
SETS FMINAB, IMINAB, JMINAB SUCH THAT FMINAB = FOFIJ(IMINAB,JMINAB)
SATISFIES MAGNITUDE(FMINAB) LSTHN= FOFIJ(I,J) FOR [I=l...LI,
J=les.LJ WHERE USER HAS DIMENSION FOFIJ{IDIMEN,IGNORD). FOFIJ MAY
BE FIXED OR FLOATING. REQUIRE LI AND LJ GRTHN= 1 AND IDIMEN
GRTHN= LI (NOT CHECKED).

MINSN  (LXyX9XMINL,I) FAP, SECONDARY ENTRY OF MAXSN
SETS XMINL AND I, GIVEN X(l...LX)y SUCH THAT XMIN1=X(I) IS LSTHN=
ALL OTHER X{leeelX)se LX MUST EXCEED O . X MAY BE ANY MCDE.

MINSNM (FOFIJyLIoLJyIDIMEN, FAP, SECONDARY ENTRY OF MAXSKM
FMINSN, IMINSN, JMINSN)
SETS FMINSN, IMINSN, JMINSN SUCH THAT FMINSN = FOFIJ(IMINSN,JMINSN)
LSTHN= FOFIJ(I,J) FOR I=leeo.lly J=le..lLJ WHERE USER HAS DIMENSION
FOFIJ(IDIMEN, IGNORD). FOFIJ MAY BE FIXED OR FLOATING. REQUIRE LI
AND LJ GRTHN= 1 AND IDIMEN GRTHN= LI (NOT CHECKEC).
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MIPLS (NRC,LL,AA,BB,RRyC,ERR) FORTRAN, 571 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - IXCARG,MATINV,MATML3,MATRA,
MDOT3,MOVREV,STZ.

MISS

SOLVES THE EQUATIONS SUM (FROM I=1 TO LL) OF A(LL-I+1)#R{I-J+1)
= 0. AND SUM (FROM I=1 VO LL) OF B(I)=*R({I-J+1) = 0. FOR
J=leesllL GIVEN THE SOLUTIONS TO THE EQUATIONS SUM (FRCM I=1 TO LL-1)

OF Al(LL-I)*R(I-J+1) = O. AND SUM (FROM I=1 TO LL-1) OF
BL{I)#R(I-J+1) = O. FOR J=l...LL-1, AND THE EXPECTED ERRORS

FOR Al AND Bl (SEE BELOW). AA(l...NRC#*NRC#LL) = A{l...Ll),
BB(leooNRCE*NRC#LL) = BlleeellL)y RR{l...NRC#NRC#LL) = R{lesell),

AND Cf{l...4%*NRC*NRC) ARE VECTORS OF NRC BY NRC MATRICES.
AA(l...NRC#NRC#(LL-1)) = Al(l...LL-1) IS THE LEAST-SQUARE OPTIMUM
PREDICTION OPERATORy AND BB{le..NRC#*NRC#(LL-1)) = Bl{lee.ellL-1)

IS THE LEAST-SQUARE OPTIMUM HINDSIGHT OPERATOR FOR THE AUTOCORRELATIGN
RR  (NOTE THAT R{1l) IS THE CENTER TERM). LET C(l...4#*NRC=NRC) =
CM(1l...4)y THEN CM(1) CONTAINS THE EXPECTED ERROR FOR AA, CM(2)
CONTAINS THE EXPECTED ERROR FOR BB, CM(3) CONTAINS CM(1) INVERSE,
AND CM(4) CONTAINS CM(2) INVERSE. C(1+4%#NRC#NRC...NRC+5#NRC#NRC) IS
SCRATCH. LL MUST BE GRTHN= 0, NRA MUST BE GRTHN= 1 . ERR = 0. IF
ALL OKy = 1., IF CM(1) OR CM(2) SINGULAR (THEORETICALLY
IMPOSSIBLE)y, = 2. [IF OVERFLOW OCCURS WHILE INVERTING CM{1) OR

CM(2)y = 3. IF LL LSTHN O . LL BUMPED UP BY 1 . (THE WRITEUP
ASSUMES THE NEW VALUE OF LL AS THE LIMITS).

{NRCyLLyAA,BByRRyGG,FF,C)} FORTRAN, 335 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MATML3,MDOT3,MCOVREV.

SOLVES THE EQUATION SUM (FROM I=1 TO LL) OF F(LL-I+1)=R(I-J+1) =
G(LL-J+1) GIVEN THE SOLUTION SUM (FROM I=1 TO LL) OF
FILL-I+1)#R(I-J+1) = G(LL-J) FOR J=l...LL AND THE OUTPUTS OF MIPLS
AA, BB, AND C. SEE THE WRITEUP OF MIPLS FOR AN EXPLANATION OF F,
Ry G, NRC, LL, AA, BB, RRy GGy FFy AND C.
C{4#NRC#NRC+1...6#NRC%#NRC) IS SCRATCH.

MLISCL (MLIV,LMLIV,ISCALE,MLIVSC,IANS) FAPy 47 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS MLIVSC(le..LMLIV) = ISCALE*MLIV(l...LMLIV) ASSUMING ISCALE
IS FORTRAN INTEGER AND MLIV IS MACHINE LANGUAGE INTEGER VECTCR.
EQUIV(MLIVSC,MLIV) OK. SETS IANS = O IF ALL OKy = -1 IF LMLIV LSTHN 1,
= - 2 IF OVERFLOW OCCURS.

MLI2A6 (MLI,MLIHOL,NCRS) FAP, 128 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS MLIHOL(le..2) = 12 HOLLERITH (FORMAT(2A6)) REPRESENTING MLI
CONSIDERED AS A MACHINE LANGUAGE INTEGER. THE 12 HOLLERITH ARE
RIGHT ADJUSTED WITH LEADING ZEROES AND PLUS SIGN SUPPRESSED. SETS
NCRS = NO. NON-BLANK HOLLERITH (INCL. MINUS SIGN IF PRESENT).

MONOCK (Xy9LX9ZFNDCRy IANSNG, IANS) FAP, 48 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS IANS = 0 IF LX =1 OR IF X(leeelLX) SATISFIES TEST X(I)
GRTHN= X{(I-1) [I=2...LX IN THE CASE ZFNDCR = 0.0, OR SATISFIES TEST
X(I) LSTHN= X(I-1) 1I=2...LX [IN THE CASE ZFNDCR NOT= 0.0, BUT
SETS [IANS = IANSNG IF TEST MADE AND FAILS. PLUS AND MINUS ZERO
TREATED EQUAL. STRAIGHT RETURN WITH NO OUTPUT IF X LSTHN= O .



HRERBRRERRRRRR R ®ELEEEN PROGRAM DIGESTS BRVBRABBRARBRARARBRER AR RS
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MOUT (ITAPEyNSPACE s Xy XNAME y NRXyNCX,y LX) FORTRANy 130 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - CARIGE.{(FIL),(STH).
WRITES A VECTOR OF CLOSELY SPACED MATRICES X{leeeNRXyleeoNCXyleoolX)
ON LOGICAL TAPE [ITAPE USING A FIXED G FORMAT WITH S VALUES PER
LINE. THE ARRAY IS PRECEEDED BY NSPACE BLANK SPACES (PAGE IS RESTORED
IF  NSPACE IS NEGATIVE) AND A LABEL CONSTRUCTED FROM THE 6 HOLLERITH
CHARACTERS IN XNAME.

MOUTAI (ITAPEyNSPACE,FOFIJ,FNAME,LI,LJ, FORTRAN, 357 REGISTERS
IDIMEN,NDIGSySCALE,SPACE)
NO OTHER ENTRIES. TRANSFER VECTOR - CARIGE,GNHCL2,MAXABM,RND,MCVE,
MULPLY,FIXVRy SAME,LOGyEXP (2, (FIL)Y,(STHI. -

CREATES NSPACE BLANK LINES ON LOGICAL ITAPE (OR PAGE RESTORE IF
NSPACE LSTHN O) FOLLOWED BY A HEADING LINE INVOLVING SIX HOLLERITH
FROM FNAME (FORMAT(1A6)) AND DESCRIBING SCALING USED. THEN PRINTS
A SCALED AND FIXED FORM OF FOFIJ{leeoelIyelesld)y WHERE USER HAS
DIMENSION FOFIJ(IDIMEN,IGNORD)y COLUMNS OF FOFIJ (I.E., FIXED J
VALUES) BEING PRINTED ALONG OUTPUT ROWS EACH OF WHICH IS LABELLED WITH
ITS J VALUE AND FOFIJ BEING FLOATING POINT UNLESS SCALE = 0.0,
WHERE THE USER CONTROLS THE FIELD WIDTH = NDIGS+1 (THE NUMBER OF
WORDS PER LINE BECOMES 60,40,30,25, OR 20 ACCORDING AS NDIGS = 1,2,3,
4y OR 5)y ANC THE SCALING BY SCALE. I[IF SCALE = 0.0 FOFIJ IS
ASSUMED ALREADY FIXED POINT COMPATIBLE WITH NDIGS. [IF SCALE GRTHN
0.0 THE OUTPUT INTEGERS WILL BE (SCALE*FOFIJ} ROUNDED TO NEAREST
INTEGERS. IF SCALE = -1.0y MOUTAI SCALES BY THAT POWER OF TEN WHICH
WILL GIVE 10#»(NDIGS-1) LSTHN= MAXMAG LSTHN 10#=NDIGS WHERE
MAXMAG IS THE LARGEST OUTPUT MAGNITUDE. IF SCALE = -2.0 MOUTAI
SCALES SO THAT MAXMAG = 10##(NDIGS-1). ORIGINAL MATRIX FOFIJ LEFT
UNDISTURBED. SPACE(l...LI+1) MUST BE AVAILABLE FOR SCRATCH. [ITAPE,
LIsLJy SHOULD EXCEED O, ITAPE LSTHN= 20, IDIMEN GRTHN= LI, AND
NDIGS = 1429394y OR 5, BUT NONE OF THESE ARE CHECKED.

MOVE (Ny SOURCE,DEST) FAP, 32 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS DEST(l...N) = SOURCE({l...N}. ALL TYPES OF OVERLAP OF VECTORS
SOURCE AND DEST ARE PERMITTED. VECTORS CAN BE ANY MODE. STRAIGHT
RETURN IF N LSTHN 1 .

MOVECS (LXYL9X1yYlpeeesLXYNyXNy¥YN) FAP, 24 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MOVE.
SETS VY1({leoolXYL)=X1{leeelXY1l)y ceey VYN{leooLXYN)=XN(1l...LXYN).
EQUIVI(XJ,YK) OK FOR ANY JyK. YK UNDISTURBED IF LXYK LSTHN 1.
VECTORS MOVED IN SAME ORDER AS THEY APPEAR IN CALLING SEQUENCE.

MOVREV (LXYyIXyXy IYMIFRyY,SIGN) FAP, 74 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
MOVES X(1)y X{1+IX)y eeey X(L4(LXY-1)2IX) TO VY{(1l)y Y(1¢IY)geauy
Y(1+(LXY-1)=IY) WHERE 1IY = ABSOLUTE VALUE OF IYMIFR. IF [IYMIFR
LSTHN ©, THE STORAGE ORDER IS REVERSED WHILE MOVING. [IF SIGN LSTHN=
Oey THE SIGN IS CHANGED WHILE MOVING. ROUTINE RETURNS IF LXY LSTHN
ly IX LSTHN O . OVERLAP MAY OCCUR ONLY IF IX = [IYMIFR = 1 .
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+ MPSEQL TO MULPLY = # MPSEQl TO MULPLY =+
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MPSEQL (XysLXyByLByIXyIXLO,IANS) FAP, 110 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS IX{leeelX) FROM X(leoolXdy, Blle..LB) AND IXLO AS FOLLOWS -

SETS IX(I) TO EQUAL CONDITION CON X(I)
IXLo X{1) LSTHN BI(1)
IXLO B(1) LSTHN= X(n) LSTHN B(2)
IXLO+1 B(2} LSTHN= X1 LSTHN B(3)
ETC.
IXLO+LB=-2 B(LB-1) LSTHN= X{1) LSTHN B(LB)
IXLO+LB-2 8(LB) LSTHN= X(1)

ASSUMING LX, LB GRTHN= 1 AND B(J) GRTHN B(J-1). X AND B CAN
BE ANY MODE AS LONG AS THEY ARE SAME MODE. SETS [IANS = O IF ALL OK,
= =1y =2 OR -3 IF ILLEGAL LX, LB OR WEIRD ERROR.

MRVRS (NRA,NCA,LA,AA} FORTRANy, 61 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - REVERS.
REVERSES THE STORAGE ORDER OF THE VECTOR AA{l...NRA*NCA#LA) OF
NRA BY NCA MATRICES. NRAy NCA, AND LA MUST BE GRTHN= 1 .

MSCON1 (NORDERyP,PHI,DEPEND, [ANS}) FORTRAN, 238 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS PHI = MEAN SQUARE CONTINGENCY AND DEPEND = DEPENDENCY MEASURE,
GIVEN SECOND PROBABILITY MATRIX P{l...NORDERyl.s.NORDER) WITH
DIMENSION P(25,25) NORMALIZED SO SUM (OVER I AND J) OF P{I,J) = 1.0,
AND CONSTRAINED SO SUM (OVER I OR OVER J) OF P(I,J) IS NOT
= 0. FOR ANY J OR 1I. SETS IANS = 0 IF ALL OK, = -1 IF NORDER
OUTSIDE RANGE l...25y = -2 IF ILLEGAL P MATRIX.

MULK (CoX13X29eaesXN) FAP, SECONDARY ENTRY OF ADCK
SETS X1=X1#(, X2=X2#Cy eesy XN=XN2C. EQUIV(ANY ARGUMENTS) CK, BUT
INITIAL VALUE OF C IS ALWAYS THE MULTIPLIER. STRAIGHT RETURN IF N=0.

MULK (CoX1yX29eee9XN) - II ’ FORTRAN, 76 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - SETUP,ARG,STORE,RETURN.
SAME FUNCTION AS FAP VERSION OF MULK

MULKS (ClyX1yY1sC29X29Y250049CNsXNyYN) FAP, SECCNDARY ENTRY OF ADCK
SETS Yi=X1#Cl, VY2=X2#C2y <esy YN=XN=2CN. EQUIV(ANY TWO ARGUMENTS)
OK BUT MAY CHANGE INPUTS CJ OR XJ. PROCESSING IS LEFT TO RIGHT.
STRAIGHT RETURN IF N=0.

MULLER (COE,N1,ROOTR,RO0TI) FORTRAN, 757 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - SQRT.
FINDS THE REAL AND COMPLEX ROOTS ROOTR(1...Nl)y ROOTI{l...N1) FOR A
REAL VALUED POLYNOMIAL COE(l...Nl1+l1). N1 GRTHN= 1 .

MULPLY (XyLXyXMLPLR,XMLPLD) FAP, 34 REGISTERS
OTHER ENTRY - XMLPLY. NO TRANSFER VECTOR.
SETS XMLPLDf{leooelX) = X(leeolX)®#XMLPLR., EQUIVI{X,XMLPLD) OK, AND
EQUIV(XMLPLR, SOME X(I)) OK, BUT INITIAL VALUE OF XMLPLR IS ALWAYS
THE MULTIPLIER. STRAIGHT RETURN IF LX LSTHN 1.
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MUVADD (IV,ILO,IHI,LADD,MUVSUM,NSUMS, IANS} FAPy, 129 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.

SETS MUVSUM(l...NSUMS) AND SETS NSUMS = IHI-ILO+2-LADD, WHERE

MUVSUM(1) = IVIILO)+IV(ILO#1)+...+IV(ILO+LADD-1)

MUVSUM(2) = IVIILO+L)+IV(ILO+2)+...+IV(ILO+LADD)

ETC.

MUVSUM(NSUMS)=IV(IHI-LADD+1)+.oe+IV(IHI-1)+IV(IHI)
SUBJECT TO O LSTHN ILO LSTHN=IHI, AND LADD GRTHN 0 . SETS
IANS = 0 IF ALL OK, = 1 IF LADD EXCEEDS IHI-ILO+1 (OTHERWISE IT
TREATS THIS CASE AS THOUGH LADD = IHI-ILO+1), = -1 IF ILC, IHI OR
LADD ILLEGAL, = -2 IF OVERFLOW (ALL SUMS COMPUTED ANYWAY).

MVBLOK (NN, ISORCE, IDEST) FAP, 19 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS DEST(l...NN) = SORCE(l...NN) GIVEN ISORCE = MACHINE ADCRESS
OF SORCE{1l), IDEST = MACHINE ADDRESS OF DEST(1l), AND NN. THE VECTORS
SORCE AND DEST MAY OVERLAP ONLY IF ISORCE EXCEEDS IDEST.

MVINAV (REC,LREC,K,RECAV,IANS) FORTRAN, 221 REGISTERS
. NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS RECAV(1l...LREC) WHERE RECAV(I) = {1/(2K+1))«SUM (FROM J = I-K
TO I+K) OF REC(J)y WHERE COMPUTATIONS MADE AS THOUGH REC(J) WERE ZERC
OUTSIDE l...LREC. LREC MUST EXCEED 0O, K IS GRTHN= 0, AND (2sK+1) MUST
BE LSTHN LREC (UNLESS K=0). SETS IANS = O IF ALL OK, = -2 OR -3 FOR
ILLEGAL LREC OR K.

MVNSUM (XsLXsLSUM,DVSR,SUMOVD,LSUMGD) FAP, 71 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS LSUMOD = LX-LSUM+1 AND SUMOVD(I) = (1/DVSR) = (SUM (FROM

J=I TO I1+LSUM=1) OF X(J) ) FOR I=1929ee.,LSUMOD. EQUIVALENCE
(XySUMOVD) OK. STRAIGHT RETURN WITH NO OUTPUT IF LX GCR LSUM
LSTHN 1, OR IF LSUM GRTHN LX.

MVUNTIN (XoLXsDEL LINT,XMI,LXMI) FAP, 88 REGISTERS
OTHER ENTRY - MVNTNA. NO TRANSFER VECTOR.
SETS LXMI = LX-LINT+#1, AND SETS XMI(I) = DEL * ( X{1)/2.0

+ (SUM  (FROM J=I+1 TO I+LINT-2) OF X(J) ) + X{I+LINT-11/2.0 ) FOR
I=lee.LXMIy, EXCEPT STRAIGHT RETURN WITH NO OQUTPUTS IF LX ©OR LINT
LSTHN 2, OR IF LINT GRTHN LX. EQUIVALENCE (X,XMI) AND
EQUIVALENCE (LX,LXMI) PERMITTED.

MVNTNA (XsLXyDELsLINT,XAMI,LXAMI) FAP, SECONDARY ENTRY OF MVNTIN
SETS LXAMI = LX-LINT+1, AND SETS XAMI(I) = DEL # ( XA(I)/2.0
+ (SUM  (FROM J=I+1 TO I+LINT-2) OF XA(J) ) + XACI+LINT-1)/2.0 )
FOR I=1l...LXAMI, WHERE XA(I) = ABSOLUTE VALUE OF X{I), EXCEPT
STRAIGHT RETURN WITH NO OUTPUT IF LX OR LINT LSTHN 2, GCR IF LINT
GRTHN LX. EQUIVALENCE (X,XAMI) AND EQUIVALENCE (LX,LXAMI)
PERMITTED.

MVSQAV (REC,LREC,K,RECAV, IANS) FORTRAN, 236 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS RECAV(l...LREC) WHERE RECAV(I) = (1/(2K+1))=SUM (FROM J=I-K
TO I+K) OF REC(J)#REC(J), WHERE COMPUTATIONS MADE AS THOUGH REC(J}
WERE ZERO OUTSIDE l...LREC. LREC MUST EXCEED 0, K IS GRTHN = O AND
(2#K+1) MUST BE LSTHN LREC (UNLESS K=0). SETS IANS = 0 IF ALL CK, = =2
OR =3 FOR ILLEGAL LREC OR K.
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# MXRARE TO NRMVEC = # MXRARE TG NRMVEC =
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MXRARE (DN,DD,LD,DNFRAC,DDFRAC,MNREWI »RAMX, FORTRAN, 302 REGISTERS

ILOy IHI, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR - EXP(2.

GIVEN DN{(le..LD), DD{(l...LD) WHERE DN AND DD SATISFY D(I+l)
GRTHN = D(I) AND D(LD) GRTHN D(1l), MXRARE SETS RAMX, ILO, IHI
WHERE RAMX = (DN(IHI)-DN(ILO))/(DD{(IHI)-DD(ILO)) AND ILO, IHI ARE
CHOSEN TO MAXIMIZE RAMX, SUBJECT TO THREE CONSTRAINTS 1) (DN{IHI)-
DN(ILO)/(DN(LD)~-DN(1)) MUST BE GRTHN= DNFRAC, 2) (DD(IHI)-DD(ILO))/
(DD{LD)~-DD(1)) MUST BE GRTHN= DDFRAC, AND 3) (IHI-ILO) MUST BE GRTHN=
MNREWI. DNFRAC AND DDFRAC MUST LIE IN CLOSED RANGE C. TO 1.0,
MNREWI IS GRTHN O AND LSTHN LD. 1IN CASE OF ZERO DENCMINATORS, 0/0 IS
TAKEN = 0 AND K/0 IS TAKEN = 10 EXP 35 (AND CHOSEN AS MAXIMUM)Y,
SETS [IANS = O IF ALL OKy = -1y =25¢.o OR -6 FOR ILLEGAL DN,DD,LD,
DNFRAC, DDFRAC OR MNREWI, = 1 IF A 0/0 RATIO FOUND, = 2 IF A K/C RATIOC
FOUND (SUPERCEDES IANS = 1 CASE).

NEXCOSF(DUMMY) FAP, SECONDARY ENTRY OF SEQSAC
HAS VALUE = COS(ARGLO+{NTIMES-1)#ARGDEL) WHERE NTIMES = NUMBER OF
TIMES NEXCOSF HAS BEEN USED PRIOR TO PRESENT USE AND SUBSEQUENT TO THE
LAST CALL SEQSAC(ARGLO,ARGDEL) STATEMENT. DUMMY IS IGNORED.

NEXSINF(DUMMY) FAP, SECONDARY ENTRY OF SEQSAC
HAS VALUE = SIN(ARGLO+(NTIMES-1)#ARGDEL) WHERE NTIMES = NUMBER OF
TIMES NEXSINF HAS BEEN USED PRIOR TO PRESENT USE AND SUBSEQUENT TO THE
LAST CALL SEQSAC(ARGLO,ARGDEL) STATEMENT. DUMMY IS IGNORED.

NMZMGL (LXyX9XMAX,SCALE) FAP, 34 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS X(leeobX) = Co#X({leoolLX) AND SETS SCALE = 1/C, WHERE C =
XMAX/ (MAGNITUDE OF THAT X(I) INPUT VALUE WHICH HAS LARGEST MAGNITUDE).
IF XMAX=0. IT SETS SCALE=0. AND X{le...LX)=0. LX SHOULD EXCEED O .

NOINT1 (X,PROB) FAP, 369 REGISTERS
OTHER ENTRY - NOINT2. TRANSFER VECTOR - LINTR1. )
SETS PROB = (1/SQRT(2PI))=INTEGRAL (FROM MINUS INFINITY TO X)
OF (EXP(~(X*%2)/2)DX).

NOINT2 (XMEAN,XSDyNDIV,XDIV,IANS) FAP, SECONDARY ENTRY OF NOINT1
SUPPOSE P(X) IS UNIT AREA NORMAL DISTRIBUTION WITH MEAN XMEAN AND
STANDARD DEVIATION XSD. THE NOINT2 SETS XDIV(l...NDIV-1) SO THAT
THE INTEGRAL OF P(X) FROM XDIV{I) TO XDIV(I+1) IS CONSTANT
{= 1/NDIV) FOR I = 0ylseessNDIV=1 WHERE XDIV(O) AND XDIVI(NDIV) ARE
IMPLIED TO BE - AND + INFINITY RESPECTIVELY. SETS [IANS = O IF ALL
OKy = 1 OR 2 FOR ILLEGAL XSD (LSTHN= 0.) OR NDIV (LSTHN 2).

NRMVEC (ZIFRMS,SCALE,XyLXyXMEANsXMAXyXNRM) FORTRAN, 111 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MAXAB,SQRT.
SETS XNRM({I) = X{I)#SCALE/XMAX + XMEAN FOR I=l...LX WHERE XMAX =
1/LX TIMES THE SQUARE ROOT OF SUM (FROM I=1 TO LX) OF X(I)=X(I)
IF ZIFRMS = 0., OR = ABSOLUTE VALUE OF MAXIMUM OF X{I) I=l...LX
IF ZIFRMS NOT= 0. LX MUST BE GRTHN= 1 . EQUIVALENCE (XsXNRM) OK.
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NTHA F(NyAl1A29eeerANyees) FAP, 11 REGISTERS
OTHER ENTRY - XNTHA. NO TRANSFER VECTOR.
HAS VALUE = AN WHERE AN = N-TH ARGUMENT FOLLOWING N, EXCEPT
VALUE = N IF N LSTHN= 0 AND VALUE IS UNPREDICTABLE IF N+1

EXCEEDS ARGUMENT COUNT.

NURINC (YOFX,LYyXLOy»XHI9LYNUy XLONU, FAP, 121 REGISTERS

XHINU, IERR1, YOFXNU,y IANS)
NO OTHER ENTRIES. NO TRANSFER VECTOR.

SETS VYOFXNU{l...LYNU) = VALUES LINEARLY INTERPOLATED FROM
YOFX(leeolLX) WHERE YOFX({I) CORRESPONDS TO VY(XLO+#(I-1)#DELX) WITH
DELX = (XHI-XLO)/(LY-1) AND WHERE YOFXNU(I) CORRESPONDS TC
Y(XLONU+(I-1)*DELXNU) WHERE DELXNU = (XHINU-XLONU)/(LYNU-1). REQUIRE
LY GRTHN= 2, XHI GRTHN XLOy, LYNU GRTHN= 1, XLO LSTHN= XLONU
LSTHN= XHI, AND (ONLY IF LYNU GRTHN= 2} XLONU LSTHN XHINU
LSTHN= XHI. SETS [IANS=0 IF ALL OK, = IERR1I4K-1 K = 2,4,5,6y OR 7
IF LYy XHI,LYNU,XLONU, OR XHINU TILLEGAL.

NXALRM (JOByMLIV,ILO,IHI,LEVEL,LTENSE, FORTRAN, 243 REGISTERS

IBGINy IEND, ISUM, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR - FASCNl.

SCANS MLIV(ILO...IHI) LOOKING FOR A BLOCK OF AT LEAST LTENSE
CONTIGUOUS ELEMENTS ALL OF WHICH ARE GRTHN= LEVEL (MLIV AND LEVEL
ARE FXD.PT. WITH ARB. BINARY POINT POSITION). IF JOB = G AND IF
BLOCK IS FOUND NXALRM SETS IBGIN AND IEND SO THAT MLIV(IBGIN...IEND)
DEFINES THE BLOCK, AND SETS ISUM = SUM OF BLOCK ELEMENTS (OVERFLOW
IGNOREDY., IF JOB = 1 THE SETTING OF IEND AND ISUM IS SUPPRESSED.
SETS IANS = 0 IF NO BLOCK FOUND (IN THIS CASE IBGIN, IEND, ISUM ARE
SET = O}y = 1 IF FOUND AND SPECIFIED,y = 2 IF POSSIBLE BLCCK WAS
STARTING BUT RAN OFF END OF MLIV BEFORE TRUE IEND LOCATED (IN THIS
CASE IEND SET = IHI, ISUM = SUM FROM IBGIN TO IHI), = -1 IF ILLEGAL
ILO (LSTHN 1), IHI (LSTHN ILO) OR LTENSE (LSTHN 1)y, = -99 IF
UNEXPECTED ERROR FROM FASCN1.

ONLINE (ISENSE) FAP, 134 REGISTERS

OTHER ENTRIES = (STH),(STHD)}y(STHM). TRANSFER VECTCR - (FIL),
(TOH) 9 (RCH) » (SPH) » (TES) s (WER) » (WRS) o (WTC) .
CAUSES ALL MATERIAL THAT IS WRITTEN ON AN OUTPUT TAPE TO BE PRINTED
ONLINE (1) [IF ONLINE HAS BEEN CALLED, AND (2) [IF SENSE SWITCH
ISENSE IS DOWN.

OUDATA (ITAPE, IRECNOyNOPTS,DATA,MODCOD, FORTRAN, 495 REGISTERS

6HNAUXLL y LAUXL19AUXLL y ooy 6HNAUXLN,LAUXLNy AUXLNY

NO OTHER ENTRIES. TRANSFER VECTOR - VARARG,LOC,MVBLOK,FAPSUM,PAKN,

(STB), (WLR), (EFT).
WRITES ONE BINARY FILE ON LOGICAL TAPE ITAPE FOR FUTURE RETRIEVAL BY
SUBROUTINE INDATA. FILE WILL CONTAIN DATA(l...NOPTS) PACKED
MODCOD WORDS/REGISTER (MODCOD LIES IN CLOSED RANGE l...18) , THE
RECORD NO. IRECNO (ANY MODE), AND SOME CONTROL INFORMATICN. THE
ARGUMENT TRIPLETS BEYOND MODCOD WHICH SPECIFY AUXILIARY INFO ARE
OPTIONAL. [IF PRESENT THE FILE WILL ALSO CONTAIN THE N VECTORS
AUXL1(leoeelLAUXL1) o oo AUXLN(1loeooLAUXLN) AND THEIR NAMES (INDICATED HERE
AS HOLLERITH) 6HNAUXLljyeee96HNAUXLN. NOPTS MUST EXCEED O .

(CONTINUED NEXT PAGE)}
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DATA(1...NOPTS) MUST BE FLTG.PT. ONLY IF MODCOD EXCEEDS 1 (IN WHICH CASE
DATA(1l...NOPTS) IS DESTROYED ON OUTPUT). THE AUXIL INFO IS ANY MODE (IT
IS NEVER PACKED) SUBJECT TO CONSTRAINTS 1) N LSTHN 31, AND 2) SuUM CF
LAUXL VALUES LSTHN= 198-2#N .

PACDAT (ITAPEJNWORDS.IFSTWD, IFOLD,DATA,LDATA,IANS) FAP, 152 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - (I0S),(TCO),(RDS), (RCH},{ETT),
READS EVERY [IFOLD-TH WORD, BEGINNING WITH THE [IFSTWD WORD, FROM A
BINARY RECORD ON LOGICAL TAPE ITAPE UNTIL A TOTAL OF NWORDS WORDS
ARE READ. THE WORDS ARE STORED IN FORTRAN ORDER IN DATA(l...LDATA)
WHERE LDATA IS THE ACTUAL NUMBER OF WORDS READ. SETS IANS = 0O |IF

ALL OKy =1 [IF AN END-OF-FILE MARK IS ENCOUNTERED, = 2 |[IF A
REDUNDANCY IS ENCOUNTEREDy, = -1 [IF [ITAPE LSTHN 1, = -2 |IF
NWORDS LSTHN 1y, = -3 [IF [IFSTWD LSTHN 1, = -4 [IF [IFCLD LSTHN

1 . |IF ONE RECORD IS SHORTER THAN [FSTWD+(NWORDS-13#IFOLD, MORE
RECORDS WILL BE READ UNTIL THE DESIRED NUMBER OF WOROS IS FOUND.
HOWEVER PHASING ERRORS MAY OCCUR AT THE RECORD GAPS. THE TAPE IS LEFT
POSITIONED AFTER THE LAST RECORD READ, AFTER THE END-OF-FILE MARK IF
IANS = 1y OR AFTER THE RECORD CONTAINING A REDUNDANCY IF IANS = 2 .

PAKN (NyLDyD,SCALE) FAP, 78 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - FXDATA. )
SETS D(l...(LD+N-1)/N) AS SCALED, ROUNDED, FIXED, AND PACKED FORM CF
FLTG.PT. INPUT D{l...LD)e. PACKING IS N WORDS PER REGISTER (RIGHT
TO LEFT) WHERE 1 LSTHN= N LSTHN= 18 . SETS SCALE = VALUE BY WHICH
DATA{I) MULTIPLIED BEFORE FIXING. IF LD=1, DATA(l...LD) AND SCALE
UNDISTURBED. PAKN AND UNPAKN ARE (APPROXIMATE) INVERSES.

PLANSP (JOByNRAyNCA»AAy MRSy JMAXRyMCS, FORTRANy 1169 REGISTERS
JMAXC,SPT,SPACEL1,SPACE2, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR -~ SETKS,LIMITS,IXCARG,CHCOSE,
XOOZE,MOVREV,STZ,R0OAR2,XADDKS,KCLAPS,COSTBL ,SINTBL ,XADDK,COSIS1,

MATRA.
SETS SPT(le.s{2%JMAXR+1)%{JMAXC+1)) = SP{-JMAXR...JMAXRy0...JMAXC)
WHERE SP(I,J) = SUM (FROM X=-XL TO XL) OF SUM (FROM Y=-YL TO YL)

OF ( A(X,Y) # COS{I=X=#PI/MRS + J=Y*PI/MCS) ) IF JOB = 1y OR WHERE
SP({I,J) = SUM (FROM X=-XL TO XL) OF SUM (FRCM Y=-YL TO YL) GCF
( AUXeY) = SIN(I=X=PI/MRS + J#Y#PI/MCS) ) [IF JOB = -1 GIVEN
AA{l...NRA®NCA) = A(~XLeeeXLsYM...YL) WHERE YM = 0 [IF NCA 0DD,
= .5 IF NCA EVEN. SETS [IANS(1) =0 IF ALL OK, =1 [IF JOB
GRTHN 1 OR LSTHN -1, =2 IF NRA LSTHN 1, =3 [IF NCA

LSTHN 1, =4 IF MRS LSTHN 1, =5 1IF MCS LSTHN 1, =6 IF
JMAXR LSTHN 1 OR GRTHN MRS, =7 IF JMAXC LSTHN 1 OR GRTHN
MCS. SETS [IANS(2) = LSP1 AND [IANS(3) = LSP2 WHERE
SPACE1(l...LSP1) AND SPACE2(l...LSP2} ARE NEEDED FOR SCRATCH.

IF  JMAXR = MRS = JMAXC = MCS = NRA/2 = NCA/2 = M THEN LSP1l LSTHN=
B#MxM+I%M+5 AND LSP2 LSTHN= 2#MaM+3xM+]l (SEE ABSTRACT FOR DETAILED
DEFINITION). EQUIVALENCE (AA,SPACEl), (SPT,SPACE2) ALLOWED.

IF JOB = O NO COMPUTATIONS ARE MADE AND ONLY [IANS(l...3) IS
RETURNED AS AN OUTPUT.
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PLOTVS (ITAPE, ISENSEoLOCYV,YSMBV,LYV,IXSTRV,NY,
ARGLOy ARGDEL yZFAFXD, FMTARG,NCOLS,YBOT,
YTOP yHLINV s HLSMBV 4 NHL)
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= PLOTVS TO PLTVS1L =
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FORTRAN, 494 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - RNDySETKS,SETKV,SETVEC,(FIL),

(SPH), (STH) y SWITCH.

CREATES, ON LOGICAL ITAPE (SUPPRESSED IF
ON-LINE MONITORING OPTION (WHILE SENSE SWITCH

ITAPE LSTHN= 0) WITH
ISENSE [S DEPRESSED

PROVIDED [ISENSE=l...6) OR DEFINITE ON-LINE OUTPUT (FOR ISENSE GRTHN=
T)y A PLOT (THE PLOTTING FIELD OCCUPYING NCOLS COLUMNS BEGINNING
IMMEDIATELY AFTER THE LAST COLUMN USED ACCORDING TO FMTARG WHICH IS A
1A6 FORMAT WITHOUT PARENTHESES FOR PRINTING ROW LABELS ARGLO,
ARGLO+ARGDELy ARGLO+2#%ARGDEL,y ... BEGINNING IN COLUMN 2 WHERE ZFAFXD

= 0.0 IMPLIES ARGLOy ARGDEL ARE FIXED,

NOT= 0.0 [IMPLIES FLOATING)

OF THE NY VECTORS VY1(leeoLYVI1))y Y2(leooalYVI(2)})y ceer
YNY{l.eoLYVINY)) WHOSE MACHINE ADDRESSES ARE GIVEN IN LOCYV(l...NY),

WHERE EACH ELEMENT OF VYSMBV(1l...NY) GIVES A
TO USE FOR THE CORRESPONDING VECTOR, WHERE

1A1 HOLLERITH CHARACTER
IXSTRV{l...NY) GIVES THE

OUTPUT ROW INDEX (GRTHN= 1) AT WHICH THE PLOTTING OF THE
CORRESPONDING VECTOR IS TO START (LAST ROW INDEX USED IS MAX OVER I
OF (LYV(I)#IXSTRV(I)-1)), WHERE YBOT AND VYTOP ARE VALUES OF Y TO
BE ASSOCIATED WITH FIRST AND LAST COLUMNS OF PLOTTING FIELD RESPECTIVELY
(YTOP LSTHN YBOT IS OK), VALUES OF Y BEING IGNORED IF THEY FALL
OUTSIDE THESE LIMITS, AND WHERE AN # [IS USED EACH TIME TWO OR MORE

VECTORS INTERSECT. IF NHL = 0 JOB IS DONE.

OTHERWISE HLINV(l...NHL)

GIVES Y VALUES AT WHICH HORIZONTAL LINES {(WHEN VIEWED WITH PAGE
COLUMNS HORIZONTAL) ARE TO BE DRAWN WITH CORRESPONDING 1A6 CHARACTERS
IN HLSMBV(1l...NHL), VECTOR CHARACTERS TAKING PRECEDENCE OVER
HORIZONTAL LINE CHARACTERS IN CASES OF INTERSECTION. REQUIREMENTS NY

GRTHN= 1, LYV(I) GRTHN= 1, (NCOLS+1 + NO.

FMTARG) GRTHN= 132, YTOP NOT= VYBOT,

COLUMNS IMPLIED IN
IXSTRV(I) GRTHN= 1, AND

LEGITIMACY OF LOCYV, VYSMBV, HLSMBV VECTORS ARE NOT CHECKED.

PLTVS1 (ITAPE,ISENSE,ARGLOyARGDEL 9 ZFAFXDsNCOLS,

LFZERSyRMSSEP»SHLX+sZFLIST,VMATRX,y IDIMEN,NX)

FORTRAN, 817 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - BOOST,DPRESS,MAXSN,MINSN,
MULPLY PLOTVS yRMSDEVSETKSy SETKVSySETVEC s VARARG s XLOC» XSAME, XSTLIN,

(FIL)y (STH).

CREATES, ON LCOGICAL ITAPE (SUPPRESSED IF
ON-LINE MONITORING OPTION (WHILE SENSE SWITCH

ITAPE LSTHN= 0) WITH
ISENSE IS DEPRESSED

PROVIDED ISENSE=l...6) OR DEFINITE ON-LINE OUTPUT (FOR [ISENSE GRTHN=
7)y A PLOT (THE PLOTTING FIELD OCCUPIES NCOLS COLUMNS BEGINNING IN

COLUMN 6 IF ZFAFXD = 0.0 OR COLUMN 14

IF ZFAFXD NCT= 0.0,

COLUMNS 2435.4+5 OR 13 CONTAINING ROW LABELS ARGLO, ARGLO+ARGDEL,

ARGLO+2#ARGDELy +.. IN FORMAT(I4) OR

ACCORDING AS ZFAFXD

= 0.0 OR NOT= 0.0) OF THE NX VECTORS Xl{leeolX)y X2{leeelX)y caey

XNX(leeolX) WHICH, IF ZFLIST NOT= 0.0y

ARE SUPPLIED IN THE MATRIX

VMATRX({leeelXslyyyNX) WHERE USER HAS DIMENSION VMATRX{IDIMEN, IGNORD),
BUT WHICH, IF ZFLIST = 0.0, ARE SUPPLIED BY A LIST OF ARGUMENTS
X1yX29eeegXNX WHICH SUPPLANT THE ARGUMENTS VMATRX,IDIMEN,NX IN THE
CALLING SEQUENCE, WHERE THE FIRST NX CHARACTERS OF THE LIST
1929eee999AyByecerl ARE CHOSEN FOR THE CORRESPONDING VECTORS, AND WHERE
BEFORE PLOTTING, THE VECTORS ARE ALL SCALED TO UNIT RMS VALUE,
(J-1)=RMSSEP IS SUBTRACTED FROM THE J-TH VECTOR, AND THE PLOTTING

FIELD IS ADJUSTED SO LARGEST AND SMALLEST

WILL COVER NCOLS

COLUMNS, EXCEPT THAT THE PLOTTING OF EACH VECTOR WHICH IS IDENTICALLY

(CONTINUED NEXT PAGE)
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# PLTVS1] TO PLYSYN =« # PLTVSL TO PLYSYN =

(2222222222222 X222 222223 ] (222222222222 22 X223 2222 ;2

ZERO IS SUPPRESSED (TO ALLOW USER-CONTROLLED SPACING BY UNITS OF
RMSSEP). THE TRUE MAXIMA AND MINIMA OF EACH VECTOR, AS WELL AS ITS
CHARACTER, ARE PRINTED IN A TABLE PRIOR TO THE GRAPHICAL PLOT (WHICH IS
PRECEDED BY A PAGE RESTORE). AFTER PLOTTING, THE VECTORS ARE RESCALED
TO THEIR ORIGINAL VALUES. IF ZFZERS NOT= 0.0 THE JOB IS DONE. FOR
ZFZERS = 0.0 THE PLOT ALSO CONTAINS HORIZONTAL LINES (VIEWED WITH PAGE
COLUMNS HORIZONTAL) COMPOSED OF PERIOD CHARACTERS INDICATING THE ZERGC
LEVELS FOR EACH OF THE VECTORS. S(l...300) REQUIRED FOR SCRATCH.

NO CHECKING IS MADE ON THE VARIOUS REQUIREMENTS, RMSSEP GRTHN= 0.0,
LX GRTHN= 1, IDIMEN GRTHN= LX, NX GRTHN= 1 BUT LSTHN= 35,
AND NCOLS NOT TOO LARGE FOR PRINTER, AND ITAPE NOT EXCESSIVE.

PLURAL (SUBROUsAl+A2y.049ANyBLlyB2s.ecssBNy FAP, SECONDARY ENTRY OF SEVRAL
c-ooo.lll)lZQ.CQ’ZN‘

FUNCTION IS EQUIVALENT TO

CALL SUBRU(A2,A2y...7AN)

CALL SUBRU(B1yB2jy...9BN)

ETC

CALL SUBRU(Z1422ye..9ZN)
WHERE SUBRU HAS BEEN LOCATED UNDER THE PROXY NAME SUBROU BY A PRIOR
CALL LOCATE STATEMENT. SUBRU MUST NOT USE DATA BEYOND THE END OF ITS
CALLING SEQUENCE.

PLURNS (Al 9A290ee9AN¢BlyB2yeece9BNyccceee9Zl9Z29ee49ZN) FAP, 73 REGISTERS
OR
(AlyA2y0..9ANA,STOP,B14B2y...+BNB,STOP,
Q.o.o.,ll'lZ'o..lZNZ)
NO OTHER ENTRIES. NO TRANSFER VECTOR.
CALL PLURNS(FIRST ARGUMENT STRING ABOVE) IMMEDIATELY FOLLOWED BY
CALL SUBRU(N), WHERE N = NORMAL, NON-ZERO ARGUMENT COUNT OF SUBRU, IS
EQUIVALENT TO
CALL SUBRU(A1,A2y...9AN)
CALL SUBRU(B1yB2y<+s9BN)
ETC
CALL SUBRU(Z14Z29e+492IN}).
CALL PLURNS(SECOND ARGUMENT STRING ABOVE) WHERE STOP = OCT777777712345
IMMEDIATELY FOLLOWED BY CALL SUBRU(O) OR CALL SUBRU IS EQUIVALENT TO
CALL SUBRU(A1,A2y...9ANA}
CALL SUBRU(B1,B2j5...9BNB)
ETC
CALL SUBRU(Z14Z2y...92INZ).
ANY OF THE ARGUMENT COUNTS NA,NBjy...yNZ MAY BE ZERO. LIMITATION - NCNE
OF THE ARGUMENTS IN ONE ARGUMENT GROUP MAY BE EXPRESSIONS INVCLVING
OUTPUTS OF PREVIOUS ARGUMENT GROUPS EXCEPT FGR PURE EQUIVALENCES.

PLYSYN (SCALES,RADII,DGREES,NROOTS,PLYCOS, FORTRAN, 170 REGISTERS
NCOFS, SPACE)
NO OTHER ENTRIES. TRANSFER VECTOR - COS,CONVLV.
SETS NCOFS = M#2N+1 AND PLYCOS(1l...NCOFS) WHERE PLYCOS ARE
POLYNOMIAL COEFFICIENTS DETERMINED TO HAVE PRESPECIFIED ROOTS (M REAL,
N COMPLEX CONJUGATE PAIRS, N+M = NROOTS) AND WEIGHTING FACTCRS.
ROOTS GIVEN BY RADII(1...NROOTS) AND DGREES(l...NRCOTS) WITH WEIGHTS
SCALES(1...NROOTS). ROOT CONSIDERED REAL ONLY IF DGREES = 0.0 OR
EXACT MULTIPLE OF 180., OTHERWISE COMPLEX CONJUGATE INFERRED.
NROOTS MUST EXCEED ZERO AND SPACE(1l...NCOFS) NEEDED FOR SCRATCH.
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# POKCTL TO PRBFIT = # POKCTL TC PRBFIT =
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POKCT1 (IX,NHANDS,ICT,IANS) FORTRAN, 219 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - FRQCT1.
TREATS IX(l...5%#NHANDS), WHERE O LSTHN = IX{I) LSTHN = 9, AS
NHANDS POKER HANDS (NON OVERLAPPING GROUPS OF 5) AND SETS ICT(l...8)
= FREQUENCIES OF DIFFERENT TYPE HANDS, WHERE ICT({1)= NO. BUSTS,
ICT(2) = NO. PAIRS, ICT(3) = NO. 2-PAIRS, ICT{4) = NO. 3-OF-KINDS,
ICT(5) = NO. FULL HOUSES, ICT(6) = NO. STRAIGHTS, ICT(7) = NO. 4-CF-
KINDS, AND ICT(8) = NO. 5-OF-KINDS. SETS 1IANS = 0 IF ALL OKy =1
IF NHANDS LSTHN 1, = 3 IF ERROR RETURN FROM FRQCTl. THE APRIORI
PROBABILITIES ASSOCIATED WITH ICT(l...8) ARE .2952, .5040, .1080,
.0720, .0090, .0072, .0045, .0001 .

POLYDV (NyDVSyM,DVDyL,Q) FORTRAN, 130 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MOVE,STZ.
SETS Q(l...L) = FIRST L COEFFICIENTS OF QUOTIENT OF PCLYNCMIAL
DVD(1)+DVD(2)%#X+,,.+DVD(M)*#X#%(M-1) DIVIDED BY POLYNOMIAL
DVS(1)4DVS(2)#X+...+DVS(N)#X%®(N-1)y WHERE M, N, L MUST BE GRTHN= 1,
AND DVD(1) NOT = 0.

POLYEV (NyCyeXyA) FORTRANy, 54 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS A = CUL)+Cl2)aX+ o +C(NInXe2{N-1), WHERE N GRTHN= 1 .

POLYSN (SCALEsNOZyZRE,ZIMyZIFCOM, FORTRAN, 256 REGISTERS
ZIFCNJ,LPOLY,POLY,SPACE)
NO OTHER ENTRIES. TRANSFER VECTOR - SQRT,CONVLV,MOVE,CCS.

SETS LPOLY AND POLY(l...LPOLY) WHERE POLY ARE THE POLYNOMIAL
COEFFICIENTS DETERMINED TO HAVE THE PRESPECIFIED ROOTS ZRE{(1l...NOZ)
AND ZIM(1l...NOZ) (NOZ GRTHN= 1). [IF ZIFCOM=0., ZRE AND ZIM
CONTAIN THE REAL ANC IMAGINARY PARTS OF THE ROOTS. IF ZIFCOM NOT= Q..
ZRE AND ZIM CONTAIN THE MAGNITUDE AND THE ARGUMENT IN DEGREES OF THE
ROOTS. IF ZIFCNJ=0. POLYSN INSERTS A COMPLEX CONJUGATE FOR EACH CF
THE M NON-REAL ROOTS AND LPOLY = M+NOZ+1 . IF ZIFCNJ NOT= O., THEN
POLYSN ASSUMES THAT THE COMPLEX CONJUGATE PAIRS OCCUR IN THE LIST AND
LPOLY = NOZ+1 . THE POLYNOMIAL IS MULTIPLIED BY SCALE AFTER IT IS
COMPUTED. IF SCALE=0. THE POLYNOMIAL IS SET SO THAT POLY(1) = 1.
TEMPORARY SPACE(l...2%#NOZ) IS NEEDED.

POWER  (XsLXyNyX2NTH) FAP, 50 REGISTERS
OTHER ENTRY - SMPRDV. TRANSFER VECTOR - EXP(2.
SETS X2NTH(I) = X(I)##N FOR I=l...LXs, WHERE N IS ARBITRARY.
EQUIV(X2NTH,X) OK. STRAIGHT RETURN IF LX LSTHN 1.

PRBFIT (NORyXMOMyNOUT ¢ X,FsPHI,IANS) FORTRAN, 373 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - SQRT,EXP(2,EXP.
LET F{(X) BE A UNIT AREA, ZERO MEAN DISTRIBUTION FUNCTICN, GENERATED BY
AN EDGEWORTH SERIES, WHOSE HIGHER MOMENTS UP TO ORDER NOR (LSTHN = 6)
ARE GIVEN BY XMOM(2s3y..+9NOR). THEN PRBFIT SETS F(l...NOUT) =
VALUES OF F(X) FOR X = X({lee NOUT). PHI(1l...NOUT) USED FOR SCRATCH.
SETS [IANS = O IF ALL OK, = 1 FOR ILLEGAL NOR (LSTHN 2 OR GRTHN 6).
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#= PROB2 TO QACORR = * PROB2 TO QACORR =
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PROB2 (IXsLXyNsIPyP,IXHI,IANS) FORTRAN, 229 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
IX{leeelLX) IS GIVEN INTEGERS WITH VALUES FROM 1 TO IXHI (LSTHN= 25).
THEN PROB2 SETS P(leeeIXHIgleooIXHI) AND IP{leceIXHIyleoesIXHI)
(DIMENSION P(25,25),IP(25,25))y WHERE P{M,L) = PROBABILITY THAT (IX(K)=
M AND IX(K#N)=L)y P(M,L) BEING NORMALIZED SC SUM OVER M, L = 1.0, AND
WHERE IP(M,L) = NO. TIMES IT OCCURS THAT (IX{K)= M AND IX{(K#N)=L}, THE
COUNTS BEING MADE OVER ALL K, K+N PAIRS SUCH THAT BOTH K AND K+N LIE
IN CLOSED RANGE l...LX. N MAY BE NEGATIVE BUT MAGNITUDE (N) LSTHN LX.
SETS IANS = 0 IF ALL 0K, = -1, -2, -3 OR -6 IF ILLEGAL IX VALUE,
LXy Ny OR IXHI, = 3 IF OK BUT N = 0 (P AND IP ARE DIAGONAL).
EQUIV(P,IP}) OK (COUNT MATRIX [IP DESTROYED).

PROCOR {X,LXyMAXXyPROG1yPROG2,+ERR) FAP, 770 REGISTERS
OTHER ENTRIES - FASCOR,FASEPC,FASCR1,FASEPl1. NO TRANSFER VECTOR.

X{lseoLX) ARE MACHINE LANGUAGE INTEGERS WITH MAGNITUDES LSTHN= MAXX
(1 TO 1000). THEN PROCOR WRITES AN OBJECT PROGRAM WHICH WILL COMPUTE
CORRELATIONS OF X{lee.LX) WITH OTHER SERIES, (THE OBJECT PRGGRAM TO
BE OPERATED BY OTHER ENTRIES OF PROCOR). PROGL AND PROG2 DEFINE A
STORAGE AREA FOR THE OBJECT PROGRAM OF AT LEAST LX+10#(MAXX+1)+1
REGISTERS, PROG1 BEING LOWER ABSOLUTE MACHINE ADDRESS, I.E.
XLOCF(PROG2)~-XLOCF(PROG1) MUST BE GRTHN= LX+10#(MAXX+1). SETS ERR = 0.0
IF OKy =1.92.93.9 OR 4. IF STORAGE AREA TOO SMALL, IF LX LSTHN 1, IF
SOME X{I) MAGNITUDE EXCEEDS MAXX, OR IF MAXX ILLEGAL.

PSQRT (N,CyM,A) FORTRAN, 155 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - SQRT.
SETS Af{l...M) = FIRST M COEFFICIENTS OF THE POWER SERIES
A(L)+A(2)%X+A(3)nXne2+4,.. WHOSFE SOUARF IS A GIVEN DOLVNNMIAL Cl11a
Clli R eeerCiniwA=wiiN—1lle N ANU ™M MUST EXCEED O AND C(1) MUST EXCEED
0.0 .

PWMLIV (JOB,ITAPE,MLIV,LMLIV,IANS) FORTRAN, 300 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MLI2A6,(STH)o(FIL),(SPH).

OUTPUTS MLIV(l...LMLIV) AS MACHINE LANGUAGE INTEGERS, ONTO LOGICAL TAPE
ITAPE (VALUE l...12) IF JOB GRTHN ZERO, THROUGH ONLINE PRINTER (IGNORING
ITAPE) IF JOB LSTHN ZERO, WHERE MAGNITUDE(JOB) = DESIRED NO. OF
WORDS/LINE (GRTHN= 1, LSTHN= 10). FIELD WIDTH OF EACH WCRD IS 12.
SETS IANS = 0 IF ALL OK, = -1y -2, OR -4, FOR ILLEGAL JOB, ITAPE, OR
LMLIV (MUST EXCEED 0).

QACORR (X LX9yMXACC o MXLAG,SPACE,ACOR, IANS) FORTRAN, 207 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - FXDATA,PROCOR,FASCCR,FLDATA.

SETS ACOR(l...MXLAG+1) = AC(O...MXLAG) WHERE AC(L) = (1l/LX)=*SUM

(FROM I=1 TO I=LX~-L) OF X{I)=X{I+L). COMPUTATIONS ARE APPROXIMATE.

X({le.eeLX) IS CONVERTED TO INTEGER SEQUENCE WITH MAXIMUM MAGNITUDE =

MXACC (1 TO 1000) DURING COMPUTATIONS, BUT REFLOATED AFTERWARDS {HENCE

LEFT MORE OR LESS MODIFIED). SPACE(l..oLX+10#{MXACC+1)+1) IS

SCRATCH AREA. SETS IANS = 0 IF ALL OKy = -2 IF LX LSTHN 1 CR GRTHN

10000, = -3 IF MXACC ILLEGAL, = -4 IF MXLAG NEGATIVE, = -98 OR -99 IF

WEIRD ERROR RETURN FROM PROCOR OR FASCOR OCCURS.



SARBRARRRERARERARERRRERRR PROGRAM DIGESTS AERRNBBERARRRLRRAARABRAES

QCNVLV  TO QINTR1 = # QCNVLV TO QINTR1 =
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QCNVLV {XXsLXXyYYoLYYyMXACC,LCC, FORTRAN, 569 REGISTERS

SPACE,CCyIANS)
NO OTHER ENTRIES. TRANSFER VECTOR - XLOC,FXDATA,PROCOR,FASCOR,
FASEPC,FLDATA.

SUPPOSE  XX({leeeLXX) CONTAINS X{OeeoelX=LXX-1) AND YY{l.eoLYY)
CONTAINS Y(Q.eolY=LYY-1). THEN QCNVLV SETS CC{l...LCC) =
C{O0eeoLC=LCC-1) WHERE C(J) = SUM (FROM [I=0 TO LX)} CF X{I)eY(J-1),
WHERE Y{K) IS TREATED = O. FOR K OUTSIDE RANGE O TO LY. COMPUTATIONS
ARE APPROXIMATE. XX{l...LXX) AND VYY(l...LYY) ARE CONVERTED TO INTEGER
SEQUENCES WITH MAXIMUM MAGNITUDE = MXACC {1 TO 1000) DURING
COMPUTATIONS, BUT ARE REFLOATED AFTERWARDS (HENCE LEFT MORE OR LESS
MODIFIED). SPACE(leeoLMIN#10#(MXACC+1)+#1) IS SCRATCH AREA, WHERE

LMIN = MINIMUM (LXX,LYY), SETS IANS = O IF ALL OKy, = -2 IF LXX LSTHN 1,
= =3 IF YY PARTIALLY OVERLAPS XX (HOWEVER EQUIV(XX,YY} IS OK),

= =4 IF LYY LSTHN 1 OR LMIN EXCEEDS 10000, = -5 IF MXACC ILLEGAL,

= -6 IF LCC LSTHN 1 (LCC MAY EXCEED LXX+LYY), = =99 IF WEIRD ERRCOR
RETURN OCCURS FROM PRDCOR, FASCOR OR FASEPC.

QFURRY (XyLXy IXZERyMy JMIN, JMAX,SPACE, FORTRAN, 244 REGISTERS

CSP,SSP, IANS)

NO OTHER ENTRIES. TRANSFER VECTOR - STZ,MOVE,COSTBL,SINTBL,XSPECT.
SETS CSP(l..e.JMAX=JMIN+1) = CSUJMIN...JMAX) AND SETS SSP(l...JMAX-
JMIN+1) = SS{JMIN...JMAX) WHERE O LSTHN= JMIN LSTHN JMAX LSTHN= M, AND
WHERE CS(J) = SUM (FROM I=L TO N) OF (XT{I)»COS(I=JsPI/M)) AND SS(4) =
SAME SUM WITH SIN REPLACING COS, AND WHERE L=1-IXZER N=LX-IXZER
{IXZER IS ARBITRARY, MAY EXCEED LX) AND THE XT SERIES IS GIVEN
BY X{l.eelLX) = XT{L.eeN). SPACE{l...LSPACE) NEEDED FOR SCRATCH
WHERE LSPACE=2#(M+K)+6 WITH K = MAGNITUDE OF L OR OF N WHICHEVER
GREATER. SETS IANS = 0 [IF ALL OKy = -1 [IF LX LSTHN 1, = -2 |IF
M LSTHN 1, = -3 [IF JMAX OR JMIN ILLEGAL.

QIFURY (FTREAL,FTIMAJyMFREQsLXy IXZERySPACE,X, [ANS) FORTRAN, 280 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - COSTBL,SINTBL,COSISP,XLOC.
SETS X(I) = (1/2#M) = { SUM (FROM J = -M TO M) OF
S{J1#COS{I=(I-IXZER)#(PI/M)) + A(J)*+SIN(J#(I-IXZER)=(PI/M)) )
FOR I=l...LX GIVEN FTREAL{1...MFREQ+1) AND FTIMAJ(l...MFREQ+1),
WHERE M=MFREQy PI=3.,14159265y S(OylsecesM=1) = FTREAL{l...M),
S(M)=FTREAL(M#+1)/25 S(-=lgeees=M)=S{laceM)y A(DeeM)=FTIMAJ(1l...M+1),
AND Al(-lyeees=M)=-A(l...M). EQUIV(X, FTREAL OR FTIMAJ) OK.
SPACE({leess4#({M+1)) NEEDED FOR SCRATCH. SETS [IANS=0 [IF ALL OK, = -1
OR -2 FOR ILLEGAL MFREQ (LSTHN 1) OR ILLEGAL LX (LSTHN 1). FUNCTICN
IS INVERSE TO THAT OF QFURRY.

QINTRL (XyXLOyDELX,TABLE,NTABLE,YOFX) FORTRAN, 229 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - RNDUP,QUFIT1.
SETS VYOFX = VALUE QUADRATICALLY INTERPOLATED FROM THREE TABLE VALUES
OF TABLE{1l...NTABLE) CLOSEST IN CORRESPONDENCE WITH THE ARGUMENT X
WHERE TABLE(192ye..) CORRESPOND TO XLOyXLO*DELXye.. WITH DELX
GRTHN 0.0y EXCEPT LINEAR INTERPOLATICON IS USED FOR NTABLE = 2 .
HOWEVER, SETS YOFX = 0.0 IF X OUTSIDE LIMITS XLO TO
XLO+(NDATA-1)#DELX. STRAIGHT RETURN WITH NO OQUTPUT IF NTABLE LSTHN=
1 OR IF DELX LSTHN= 0.0 .
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QUFITL (FOFX,XLO,DELX,COEFS) FAP, 79 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS COEFS(l...3) SUCH THAT THE QUADRATIC F(X) = COEFS(1)
+ COEFS{2)#X + COEFS(3)=X«w2 SATISFIES F(XLO)=FOFX{1), F{XLO+DELX)
=FOFX(2), F(XLO+2#DELX)=FOFX(3). HIGH SPEED IF XLO=-1.0 AND
DELX=1.0 . STILL FASTER IF DELX IS SET = 0.0 IN WHICH CASE
COMPUTATIONS MADE AS THOUGH XLO=-1.0 AND DELX=1.0 REGARDLESS OF
ACTUAL XLO VALUE.

QXCORR (XsY9LXYyMXACC,MXLAG,y SPACE, XCOR,IANS) FORTRAN, 283 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - XLOC,FXDATA,PRCCOR,FASCOR,
FLDATA.
ASSUME X(l...LXY) AND VY(l...LXY) ARE NOT EQUIV. THEN QXCORR
SETS XCOR({l.eo.2#MXLAG#+1) = XC(-MXLAG...MXLAG) WHERE XC(L) =
(1/LXY)#SUM (FROM I = 1 TO LXY) OF X{I)=Y(I#L), WHERE Y{K) IS TREATED
= 0. FOR K OUTSIDE RANGE 1 TO LXY. [IF EQUIV(X,Y) EXISTS THEN
QXCORR SETS XCOR{l...MXLAG+1) = XC(O...MXLAG), I.E. ONE SIDE OF
AUTOCORRELATION. COMPUTATIONS ARE APPROXIMATE. X(l...LXY) AND
Y(le..LXY) ARE CONVERTED TO INTEGER SEQUENCES WITH MAXIMUM MAGNITUDE
= MXACC (1 TO 1000) DURING COMPUTATIONS, BUT ARE REFLOATED AFTERWARDS
(HENCE LEFT MORE OR LESS MODIFIED). SPACE(leeeLXY#+1C#(MXACC#+1)+1)
USED FOR SCRATCH. SETS IANS = O IF ALL OK, = =2 IF Y PARTIALLY
OVERLAPS X {(EQUIVI(X,Y) IS OK), = -3 IF LXY LSTHN 1, = -4 IF MXACC
ILLEGALy = -5 IF MXLAG NEGATIVE (MXLAG MAY EXCEED LXY), = -98 OR -99
IF WEIRD ERROR RETURN OCCURS FROM PROCOR OR FASCOR.

QXCOR1 (LXyXsLYyYyMXACCyILAG,NLAGS, FORTRAN, 502 REGISTERS

RDATA

CORRyZIFSTOsLSPACE,SPACE, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR - SETKS,IXCARG.LIMITS.ST7.

LDLUEDOY ODACrANR CACAAS marseaa
el == e wwINy Y MUV AR RULT Le

SETS CORR({1...NLAGS) = C{ILAG...ILAG+NLAGS-1) WHERE C(L) = SUM
(FROM [I=1 TO LX+LY) OF (X(I+L)=Y(I)), WHERE X AND Y ARE

TAKEN TO BE ZERO OUTSIDE THE RANGE OF DEFINITION. X AND Y ARE MLI
VECTORS WITH LARGEST ABSOLUTE VALUE ULSTHN= MXACC. 1 LSTHN= MXACC
LSTHN= 1000 . NLAGS MUST BE GRTHN= 1 . ZIFSTO = 0. IMPLIES STCRE
OUTPUT WITHOUT ADDINGy NOT= O. IMPLIES ADD CORRELATION INTG THE QUTPUT
AREA. SPACE(l...LSPACE) IS COMPUTATION SPACE. EQUIVALENCE (X,Y) OK.
IANS = 0 IF NO TROUBLE, =1 [IF LX LSTHN 1, =2 [IF LY LSTHN 1,
= 3 IF MXACC LSTHN 1 OR GRTHN 1000y = 4 |[IF NLAGS LSTHN 1,
=5 [IF LSPACE LSTHN MIN(LX,LY) + 1 + 10#(MXACC+l), = 24 [IF A VALUE
OF X OR Y ILLEGAL, = 33 |IF OVERFLOW OCCURS.

(ITAPE, ITPCPY,IANS,SPACE, FORTRANy 645 REGISTERS
X1INAME X1y X2NAMEyX2y eos )
NO OTHER ENTRIES. TRANSFER VECTOR - ARG,CMPRA,HVTOIV,INTHOL,
IVTOHV, IXCARGyRETURNySETUP,STORE,, (FIL) (RTN)»(STH),(TSH).
READS DATA CARDS IN FLEXIBLE FORMAT FROM LOGICAL TAPE [ITAPE. CARDS ARE
COPIED VERBATIM ON OUTPUT TAPE ITPCPY UNLESS ITPCPY = 0 . TEMPCRARY
SPACE(l...110) NEEDED. XINAME GIVES HOLLERITH NAME FOR STCRAGE
LOCATION X1, ETC. RDATA SCANS A CARD FOR A HOLLERITH NAME WHICH IT
MATCHES WITH THE XNAMES. WHEN XNNAME IS FOUNC, IT STCRES THAT DATA
FOLLOWING XNNAME ON THE CARD IN THE XN VECTOR. THE DATA MAY BE IN
4 FORMS. (1) AN INDEX VALUE IN, ENCLOSED IN PARENTHESES,
INDICATING THE POSITION XN{IN) THAT THE NEXT WORD IS TO BE STORED IN.
IF NO INDEX IS GIVEN ONE IS ASSUMED. (2) FIXED OR FLOATING NUMBERS
(CONTINUED NEXT PAGE)
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# RDATA TO REVER * # RDATA TO REVER =
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THAT ARE INTERPRETED IN G FORMAT. (3) 12 OCTAL DIGITS FOLLOWED BY
AN '0' THAT ARE INTERPRETED IN 012 FORMAT. OR (4) N HOLLERITH
CHARACTERS PRECEDED BY *NH'. ANY NUMBER OF FIELDS MAY BE PLACED CN A
CARD. RDATA CONTINUES READING CARDS UNTIL IT ENCOUNTERS THE WORD

'RETURN'. 1ANS=0 IF ALL OK, =-1 [IF CALLED WITH THE WRONG NUMBER CF

ARGUMENTS, = A POSITIVE COUNT OF UNINTERPRETABLE FIELDS IF THESE ARE
ENCOUNTERED.
REFIT (XyLXsTYPE,SYM,ANT) FAP, SECONDARY ENTRY TO SPLIT

GIVEN SYM(l...LS) AND ANT(l...LA) WHERE LS+LA=LX AND, IF LX ODD
LS=(LX+1)/2 LA=(LX-1)/2, OR IF LX EVEN LS=LA=LX/2, REFIT SETS
X{leeelX)y WHERE IF LX ODD X(IV=(SYM(LS+1-I)}-ANT(LS-I))/2 FOR
I=leeolS=1y XILS)I=SYM{1)y X{I)=(SYM(I-LA)+ANTUI-LA-1))3/2 FOR
1=LS+l...LXy AND WHERE IF LX EVEN X(I)=(SYM(LS+1-1)-ANT(LS+1-1))/2 FCR
IzleeelS AND X(I)=(SYM{I-LS)+ANT(I-LS))/2 FOR I=LS+l...LX. TYPE = 0.0
SIGNIFIES SYM, ANT AS FXD.PT. AND NOT = O. SIGNIFIES FLTG.PT. (X WILL BE
SAME MODE). LX SHOULD EXCEED O . EQUIV(SYMyX) OK ONLY IF ALSO HAVE
EQUIV(ANT,X(LS+1)).

REFLEC (XyLX,XMIRORyXIMAGE) FAP, 28 REGISTERS
OTHER ENTRY = XRFLEC. NO TRANSFER VECTOR.
SETS XIMAGE(leeolX)=XMIROR-X(leeelX)e EQUIV(XIMAGE,X) AND (XMIRCR,
ANY X(I)) OK, BUT INPUT XMIROR VALUE ALWAYS USED IN SUBTRACTION.
STRAIGHT RETURN IF LX LSTHN 1.

REIM (AMPyPHZ4+LRyRE,XIM) FAP, SECONDARY ENTRY TO AMPHZ
SETS RE(le..LR) AND XIM(l...LR) WHERE RE(J)=AMP(J)}=COS(PHZ(J)) AND
XIM{J)=AMP(J)#SIN(PHZ(J)). LR MUST EXCEED O . PHZ IS IN RADIANS.

REMAV  (XyLXyXAVGy XNULD) FAPy, 36 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XAVG = (1/LX)#(SUM(FROM I=1 TO LX) OF X{I)), AND
XNULD(I) = X(I)-XAVG FOR I=l...LX. EQUIV(X,XNULD) OK.
STRAIGHT RETURN IF LX LSTHN 1.

REREAD FAP, 114 REGISTERS
OTHER ENTRIES - EOFSET,ENDFIL,{TSH),(TSHM). TRANSFER VECTOR -
(IOH)y (RDS) s (RDC)y (RCH) 5 {TCO) 5 (TEF) yEXIT, (RER) .
CAUSES THE NEXT °*READ INPUT TAPE® STATEMENT TO REINTERPRET THE LAST
CARD READ. SUCH STATEMENTS SHOULD INTERPRET ONLY ONE CARD.

RETURN {(LOCALL,XR1,XR2) FAP, SECONDARY ENTRY TO LOCATE
RETURN SENDS CONTROL TO THE FORTRAN STATEMENT JUST FOLLOWING THE FCRTRAN
CALL STATEMENT WHOSE MACHINE ADDRESS IS LOCALL, AFTER RESTORING INDEX
REGISTERS 1 AND 2 FROM XR1l AND XR2 . LOCALL, XR1l AND XR2 SHCULD
HAVE BEEN SET UP FROM A PRIOR CALL SETUP STATEMENT.

REVER (XsLXs XREVD) FAP, 30 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XREVD({leooLX)=X(LXeool) EQUIVI(XREVDsX) OK. STRAIGHT RETURN IF
LX LSTHN 1 . X{I) IS ANY MODE.
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REVERS (LXX) FAPy, 29 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS X{leeoelX) = X(LXseeoel) WHERE X IS ANY MODE AND LX MUST
EXCEED O .

RLSPR  (LyAsR,ALPHA) FORTRAN, 142 REGISTERS
NGO OTHER ENTRIES. TRANSFER VECTOR - FDOTR.

SOLVES THE EQUATION SUM (FROM I=1 TO L) OF A(L-I+1)=R(I-J%1) = 0.
FOR J=l...L GIVEN THE SOLUTION SUM (FROM I=1 TO L1) OF
Al(L-T1)#R(I-J+1) = 0. FOR J=leeoll . L1 = L-1 IS THE VALUE OF L
ON INPUT. L IS THEN BUMPED UP BY 1 ON RETURN. Rf{l...L) IS ONE
SIDE OF AN AUTOCORRELATION VECTOR (R(1) IS CENTER TERM). ALPHA =
SUM (FROM I=1 TO L) OF A(I)#=R(I). L MUST BE GRTHN= 0 OCN INPUT.

RLSPR2 (NRAyNCAT,NCAN,AA,NRRyNCRyRR,CC,IANS) FORTRAN, 700 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - IXCARGySTZ,MOVREV,DOTP,MATML3,
DOTJ,SIMEQ.

SETS AA(l...NRA*NCAT#NRA) = A(l...NRAyl...NCAT,1...NRA) WHERE

SUM (FROM [I=1 TO NRA) OF SUM (FROM J=0 TO NCAN#1) OF
A(I,JyK)=R(I-MyJ+N-1)) = 0. FOR K=l.e.eNRA, M=1l...NRA,
N=looeoNCAN+1 o SETS CC{l..oNRA®NRA) = ClleseNRAyle...NRA) INVERSE,
WHERE C{LyK) = SUM (FROM 1I=1 TO NRA)} OF SUM (FROM J=0 TO
NCAN) OF (A{IsJeK)=R(I-L,L})y, GIVEN THE A AND C ARRAYS FROM THE
LAST CALL OF RLSPR2. IT IS SELF-INITIATING IF NCAN=0, THEN EACH CALL
BUMPS NCAN UP ONE. RR{l...NRR*NCR) = R{=NRR/2.¢.+NRR/290++.NCR-1)
IS AN AUTOCORRELATION ARRAY. CC(l...2#*NRA®*NRA+NRA) IS COMPUTATION
SPACE. [IANS=0 NORMALLY, =1 [IF NCAN GRTHN NCAT, =2 IF NCAN
LSTHN 0, =3 [IF OVERFLOW OCCURS WHILE INVERTING A MATRIX.

Ri 55K fiaA.W. .- nr oA FUKIRANy O8<Z KELIDIERD

NO OTHER ENTRIES. TRANSFER VECTOR - FDOTR.

SOLVES THE EQUATION SUM (FROM I=1 TO L) OF F(L-I+1)#R(I-J+1) =
G(L-J+1) FOR J=l...L GIVEN THE SOLUTION OF SUM (FROM I=1 7O L-1)
OF F(L-1)*R{I-J¢1) = G(L-J) FOR J=l...lL-1, AND A(l...L) AND
ALPHA AS GIVEN BY RLSPR.

RMSDAV (XyLXyXAVG,RMSXMA) FAP, SECONDARY ENTRY OF RMSDEV
SETS XAVG = {(SUM (FROM I=1 TO LS) OF X{(I))/LX AND RMSXMA =
SQUARE ROOT((SUM (FROM I=1 TO LX) OF (X(IV-XAVG)SQUARED}/LX), BUT
STRAIGHT RETURN WITH NO OUTPUT IF LX LSTHN 1 .

RMSDEV (X,LX,XBASE,RMSXMB) FAP, 50 REGISTERS
OTHER ENTRY - RMSDAV. TRANSFER VECTOR - SQRT.
SETS RMSXMB = SQUARE ROOT((SUM (FROM I=1 7O LX) OF
(X{I)-XBASE)SQUARED)/LX)y EXCEPT STRAIGHT RETURN WITH NC OUTPUT IF LX
LXTHN 1 .
RND F(Y) FAP, 15 REGISTERS

OTHER ENTRIES - RNDUP,RNDDN. NO TRANSFER VECTOR.
FUNCTION WHICH ROUNDS Y TO NEAREST FLOATING POINT INTEGER.
ROUNDING IS UP IF FRACTIONAL PART GRTHN= .500000000, DOWN OTHERWISE.
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# RNDDN TO RVPRTS = #= RNDDN TO RVPRTS =
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RNDDN F(Y) FAP, SECONDARY ENTRY OF RND

FUNCTION WHICH ROUNDS Y DOWN TO GREATEST FLOATING POINT INTEGER
WHICH IS LSTHN= Y .

RNDUP F(Y) FAP, SECONDARY ENTRY OF RND
FUNCTION WHICH ROUNDS Y UP TO SMALLEST FLOATING POINT INTEGER
WHICH IS GRTHN= Y .

RNDV (XyLXyXR) FAP, 34 REGISTERS
OTHER ENTRIES - RNDVDN,RNDVUP. TRANSFER VECTOR - RND,RNDUP,RNDDON.

SETS XR{leeoelLX)=X({l...LX) ROUNDED TO NEAREST FLTG. PT. INTEGER (ROUNDS

UP FOR FRACTION = 0.5). EQUIV(X,RX) OK. STRAIGHT RETURN IF LX LSTHN 1.

RNDVDN (X, LXyXR) FAP, SECONDARY ENTRY OF RNCV
SETS XR(leeolX)=X{l...LX) ROUNDED DOWN TO NEAREST FLTG. PT. INTEGER
(I.E.y 1.7 GOES TO 1.0y =-1.7 TO -1.0). EQUIV(XRyX) OK. STRAIGHT
RETURN IF LX LSTHN 1.

RNDVUP (X,LXyXR) FAP, SECCNDARY ENTRY OF RNDV
SETS XR(leeolX)seX(leooLX) ROUNDED UP TO NEAREST FLTG. PT. INTEGER
([.Ee» 1.0 GOES TO 1.0, 1.1 TO 2.0y =-1l.1 TO -2.0%. EQUIVI(XR,X) OK.
STRAIGHT RETURN IF LX LSTHN 1.

ROAR2 (JOByXAyNyM,yXRA) FORTRANy, 174 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - MATRA,MOVREV,REVERS.
SETS XRA(leoo(M+M+1)#(N+1)) = X(-MeoeMyOoeeN) GIVEN
XA(leoo (NEN+1)#(M+1)) = X(-NeooeNyOeoeM) UNDER THE ASSUMPTION THAT
X IS CENTRO-SYMMETRIC IF JOB=1, OR CENTRO-ANTISYMMETRIC IF J0B=-1 .
EQUIVALENCE (XA,XRA) ALLOWED.

ROTATL (XyNXyNUP,ROTX) FAP, 46 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS ROTX(le..oNX) WHERE ROTX(I)=X((I-NUP)MODULO NX3}, WHERE NX
EXCEEDS 0, NUP IS ARBITRARY, AND X(l...NX) CAN BE ANY MCDE.
EQUIV(X,ROTX) IS OK.

RPLFMT (FMT,FMTNEW) FAP, 17 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SOMEWHERE FOLLOWING CALL RPLFMT THERE MUST APPEAR AN INPUT OR OUTPUT
STATEMENT USING THE FORMAT FMT. THIS STATEMENT IS FOUND AND THE FORMAT
FMTNEW SUBSTITUTED FOR FMT.

RSKIP (NTAPE,NRECS,EOF) FAP, 37 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - (IOS)(TRC),(TCO), (TEF), (RDS),
(BSR).

SKIPS NRECS PHYSICAL RECORDS FORWARD ON LOGICAL TAPE NTAPE
(BACKWARDS IF NRECS NEGATIVE AND NO ACTION IF NRECS = 0). SET EOF =
0.0 NORMALLY BUT = 1.0 IF FOUND END-OF-FILE IN SKIPPING FORWARD

(NO CHECK FOR END-OF-FILE MADE FOR BACKSKIPPING).

RVPRTS (SYM,ANT,N) FAPy SECONDARY ENTRY OF CHPRTS
SETS SYM(l...LS) = SYM(LS...1) AND ANT(l...LA) = ANT{LA...1)
WHERE LS=LA=N/2 IF N EVEN, LS={(N+1)/2 LA=(N-11/2 IF N ODD.
N MUST EXCEED O . MODES OF SYM AND ANT ARBITRARY.
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SAME F(IX1) FAP, 1 REGISTER

OTHER ENTRY - XSAME. NO TRANSFER VECTOR.
FUNCTION DOES NOTHING BUT SUPPLY FLOATING POINT LABEL FOR ITS
ARGUMENT WHICH IS ANY MODE.

SCPSCL (SPACE.+NOPTP,YTOP,YBOT,CONVK,CONVL) FAPy, 33 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
(SPECIAL SUBROUTINE OF GRAPH.) SETS SPACE(1...NOPTS) AS FORTRAN
INTEGERS WHERE SPACE(I) = XFIXF(CONVK+CONVL#X{I}) WHERE X(I) =
MAX1F(MINLF{SPACE(I),YTOP),YBOT), AND WHERE NOPTP EXCEEDS O,
YTOP EXCEEDS Y80T. )

SEARCH (LV,VECTOR,XNUM, INDEX) FAP, 25 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SEARCHES VECTOR(l...LV) LOOKING FOR ELEMENT IDENTICALLY = XNUM.
IF ANY EXIST SETS INDEX = LOWEST VALUE FOR WHICH VECTOR(INDEX) = XNUM.
IF NOT SETS INDEX = 0 . MODES OF VECTOR, XNUM ARBITRARY. LV MUST
EXCEED O (IF = 0 [INDEX IS SET = 0).

SEQSAC (ARGLO,ARGDEL) FAP, 94 REGISTERS
OTHER ENTRIES - NEXCOS,NEXSIN. TRANSFER VECTOR - CCS,SIN.
NO VISIBLE OUTPUTS. SETS ENTRIES NEXCOS AND NEXSIN SC THAT THEIR
OUTPUTS ON SUBSEQUENT USES WILL BE FOR ARGUMENT VALUES INCREMENTED BY
ARGDEL WHERE ARGLO AND ARGDEL ARE IN RADIANS.

SETAPTF( Xy XNEW,FVALUE) FAP, SECONDARY ENTRY OF INCEX
PUTS XNEW IN MACHINE LOCATION CONTAINING X, THEN SETS ACCUMULATOR
EQUAL FVALUE. MODES IMMATERIAL BUT VALUE MISNAMED IF FVALUE IS
FIXED POINT.

SETESTF (X XNEW,XCRTCL) FAP, SECONDARY ENTRY OF INDEX
PUTS XNEW IN MACHINE LOCATION CONTAINING X, THEN SETS ACCUMULATGR =
-1.0 IF XNEW LSTHN XCRTCL, = 0.0 IF XNEW = XCRTCL, = +1.0

IF XNEW GRTHN XCRTCL, WHERE MODE OF ARGUMENTS IMMATERIAL AND WHERE
PLUS AND MINUS ZERO TREATED AS EQUAL.

SETINO (ITAPE,ZIFNEWsNRECS,ERR) FORTRAN, 84 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - XLIMIT,FSKIP,{RWT),(TSB),
(RLR). ’

SETS NRECS=0 AND REWINDS LOGICAL TAPE [ITAPE. THEN RETURNS IF
ZIFNEW=0.0 « IF ZIFNEW NOT= 0.0 ASSUMES TAPE CONTAINS INDATA-QUDATA
FORMAT RECORDS AND USES INDATA TO SPACE TO THE ZERGC RECORD NUMBER
RECORD, LEAVING TAPE POSITIONED TO REWRITE THAT RECORD AND SETTING
NRECS = RECORD COUNT PRIOR TO THAT RECORD. SETS ERR=7.0 [IF [ITAPE
NOT IN CLOSED RANGE 1...20 AND [INDATA SETS ERR=1.092.01...26.0 IF
OTHER TROUBLE.

SETK (CyX1yX29eee9XN) FAP, 37 REGISTERS
OTHER ENTRIES - SETKS,SETVEC. NO TRANSFER VECTCR.
SETS X1 = X2 = ... = XN = C WHERE C IS ANY MODE. N MUST EXCEED © .

SETK (CoXlyX29eee9XN) ~ II FORTRANy 63 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - SETUP,STORE,RETURN.
SAME FUNCTION AS FAP VERSION OF SETK.
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* SETKP TO SETSBV = * SETKP TO SETSBV =
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SETKP  (C19X119X129eee9XIN1ySTOPyC2yX219X229000 FAP, 40 REGISTERS

XZNZ'STOPtoco.oo oCHgXNl.XHZ,...:XHNMi
OTHER ENTRY - SETVCP. TRANSFER VECTOR - SETK,SETVEC.
CALL SETKP(ABOVE ARGUMENTS) WHERE STOP = OCT777777712345 IS EQUIVALENT

T0
CALL SETK(ClyX119X12see09X1IN1)
CALL SETK(C2¢4X219X2294049X2N2)
ETC
CALL SETK(CMyXM1yXM2¢e0ee9XMNM).
SETKS (C19X19C29X29eeesCNyXN) FAP, SECCNDARY ENTRY OF SETK

SETS X1=Cly X2=C2y...y XN=CN IN THAT ORDER. WHERE
ClyC2y...9 ARE ANY MODES. EQUIVI(CM,XL) OK FOR ANY M,L PAIR.

SETKS (C1yX19sC29X29eeesCNyXN) ~ I1 FORTRAN, 91 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR ~ SETUP, ARG, STORE,RETURN.
SAME FUNCTION AS FAP VERSION OF SETKS

SETKV  {CyLXyX) FAPy 15 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS X{l...LX) = Cy, WHERE C IS ANY MODE. EQUIVIC,SOME X(I)) OK,
BUT INITIAL VALUE OF C IS ALWAYS THE QUANTITY STORED. STRAIGHT RETURN
IF LX LSTHN 1.

SETKVS (ClyL1yX19C29L29X29e00esCNyLNyXN) FAP, 25 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS X1(leeell)=C1, X2(leeebl2)=C2y eoe9 XN(leeosLN)=CN IN
THAT ORDER, WHERE Cl1,C2y... ARE ANY MODE. IF ANY LX LSTHN= O,
CORRESPONDING X NOT MODIFIED. EQUIV (ANY TWO ARGUMENTS) OK.

SETLIN (BASEsDELTA,LX,X) FAP, 27 REGISTERS
OTHER ENTRY - XSTLIN. NO TRANSFER VECTOR.
SETS X{I)=BASE+(I-1)*DELTA, I=l...LX. EQUIV(BASE,DELTA,ANY X{I)) CK,
INPUT VALUES OF BASE AND DELTA ALWAYS USED. STRAIGHT RETURN IF
LX LSTHN 1.

SETLNS (BASE1l,DELTAl,LX1,X1,BASE2,DELTA2, FAP, 39 REGISTESR
LX29X29e0e9BASENSJCELTANyLXN,XN)

NO OTHER ENTRIES. TRANSFER VECTOR - SETLINysXSTLIN.
CALL SETLNS(ABOVE ARGUMENTS) [S EQUIVALENT TO

CALL SETLIN(BASE1l,DELTALl,LX1,X1)

CALL SETLIN(BASE2,DELTA2,LX2,X2)

ETC

CALL SETLIN(BASEN,DELTAN,LXNyXN)
EXCEPT THAT FOR EACH DELTA WHICH, INTERPRETED AS FIXED PCINT, IS LSTHN=
10000 OR WHICH HAS BIT 9 = O SUBROUTINE XSTLIN IS USED IN PLACE OF
SETLIN.

SETSBV (SUBRU,SUBRUVyARG1yARG2y ««« 9 ARGN) FAP, SECONDARY ENTRY OF LOCATE
SETS SUBRUV(l...N+4) = SUBROUTINE VECTOR AS REQUIRED BY A CALL CALL2
STATEMENT, WHERE N MAY = 0 . SETS SUBRUVI1l) = SUBRU = SUBROUTINE
PROXY NAME, (2) = Ny (3) = OCT 777777777777y (4) = IXARGlypeeesy (N#3) =
IXARGN, (N#4) = OCT 777777777777, WHERE IXARG = INDEX WITH RESPECT TO
COMMON BLOCK OF ARG. SUBRUV IS A MIXED MODE VECTOR AS SHOWN.
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# SETUP TO SHUFFL = * SETUP TO SHUFFL =
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SETUP (LOCALLyNARGS;XR1,XR2) FAP, SECONDARY ENTRY OF LOCATE

CALL SETUP IS USED AS FIRST INSTRUCTION OF A SUBROUTINE. SETS LOCALL =
MACHINE ADDRESS OF CALL STATEMENT CALLING THE SUBROUTINE, SETS

NARGS = NO. OF ARGUMENTS IN THAT CALL STATEMENT, SETS XR1 AND XR2
(DECREMENTS) = INDEX REGISTERS 1 AND 2 .

SETVCP (X14C114C124e0.5C1N1,STOP, FAP, SECONDARY ENTRY OF SETKP
X29C219C22904.9C2N2,5STOP,
eceeessXMyCMLIyCM2,y o0 o s CMNM)
CALL SETVCP(ABOVE ARGUMENTS) WHERE STOP = OCTT7TT777712345 IS EQUIVALENT

70
CALL SETVEC({X15C114C12y...9C1IN1)
CALL SETVEC(X2,C21,C22y4+.49C2N2)
ETC
CALL SETVEC(XMyCM14CM2yc..2CMNM).
SETVEC (X3ClsC2s4009CN) FAP, SECONDARY ENTRY OF SETK

SETS X{l...N) = C1,C2y...9CN WHERE Cl1,C2y... ARE ANY MODE.

SEVRAL (SUBRUA,Al3A2j5...9ANA; SUBRUByB1,B2,...9BNB, FAP, 416 REGISTERS
“....'SUBRUZ’ZI'ZZ’.‘.,ZNZ"
OTHER ENTRIES - PLURAL,DO,IF. TRANSFER VECTOR - LOCATE,WHERE.
THE ABOVE CALL SEVRAL STATEMENT ASSUMES THE SUBROUTINES SUBRA,...SUBRZ
WITH PROXY NAMES SUBRUA...SUBRUZ HAVE BEEN PREVIOUSLY LOCATED BY A
CALL LOCATE STATEMENT, IN WHICH THE ARGUMENT LISTS ARE OPTIONAL, BUT IF
PRESENT MUST BE CORRECT IN NUMBER. THE FUNCTION IS EQUIVALENT TGO
CALL SUBRA(AlyA2j5..¢9ANA)
CALL SUBRB({BlyB2y...,BNB)
FTC
CALL JUBRZULLgLZyeeegNL])
NONE OF SUBRA...SUBRZ MAY USE DATA BEYOND THE END OF THEIR
CALLING SEQUENCES. THE PSEUDO ENTRIES DO AND IF MAY BE USED
AS SUBROUTINES TO BE OPERATED AND DO NOT NEED TO BE LOCATED. PLURAL
MAY NOT BE OPERATED BY SEVRAL.

SHFTRL (NSHFT,IV,LIV,IVSH,IANS) FAP, 70 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS IVSH{leeoLIV) FROM [IV{l...LIV) WHERE IVSH(I) = IV(I) SHIFTED
RIGHT ARITHMETICALLY N BITS {LEFT IF N NEGATIVE, NO SHIFT IF N = 0)
WHERE N = NSHFT (MODULO 36). SETS IANS = O IF ALL OK, = +1 IF
OVERFLOW (ON NEG NSHFT, BUT SHIFTING COMPLETED)y = -3 IF LIV
LSTHN 1 . EQUIVIIVSH,IV) OK.

SHFTR2 (NSHFT,IV,LIV,IVSH, IANS) FAP, 72 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS IVSH{le...LIV) FROM [IV(le..LIV) WHERE [IVSH(I) = IVII)
SHIFTED RIGHT LOGICALLY N BITS (LEFT IF N NEGATIVE, NO SHIFT IF
N = 0) WHERE N = NSHFT (MODULO 36). SETS IANS = 0 [IF ALL OK,
= +1 IF OVERFLOW (ON NEG NSHFT, BUT SHIFTING COMPLETED), = -3
IF LIV LSTHN 1 . EQUIV(IVSH,IV) OK.

SHUFFL (ITPRD,NITEMS, ISPACE, IXSHUF) FORTRAN, 1G1 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - GETRD1,SEARCH,SIZEUP.
' (CONTINUED NEXT PAGE)
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# SHUFFL TO SIZEUP = # SHUFFL TO SIZEUP =
EERERE RN RRE RN RRRRRRE RN Y Yy e YT T T )

SIFT

SIMEQ

SETS IXSHUF(l...NITEMS) AS A RANDOM ORDERING OF THE INTEGERS
le..NITEMS [INDEPENDENT FROM PREVIOUS ORDERINGS, IF ANY, FORMED BY

PRIOR CALLS OF SHUFFL WITHIN THE PRESENT EXECUTION. ASSUMES LOGICAL
TAPE ITPRD CONTAINS RAND RANDOM DIGITS BCD CARDS, USES S5=NITEMS
NEW RANDOM DIGITS FOR EACH CALL (SUPPLIED BY GETRD1), AND NEVER
REWINDS [ITPRD. NEEDS [ISPACE(1l...NITEMS) FOR SCRATCH. DOES NOT CHECK
LEGALITY OF ITPRD BUT GIVES STRAIGHT RETURN WITH NCO OUTPUT IF NITEMS
LSTHN 1 .

(X9 MESHyLXSFTD, XSFTD) FAP, 30 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XSFTD(l.e.LXSFTD) = X{(1y1+MESH,1+2#MESHyeeeyl+(LXSFTD-1)=MESH)
WHERE X IS ANY MODE. REQUIRE LXSFTD GRTHN= 1, MESH GRTHN= 0 .
STRAIGHT RETURN WITH NO OUTPUT IF EITHER ILLEGAL. EQUIVIX,XSFTD) OK.

(NyLNyLM;A,B,DyE,yERR) FAP, 441 REGISTERS
OTHER ENTRY - DETRM. NO TRANSFER VECTOR.

SOLVES MATRIX EQUATION AX=B FOR X, WHERE A{l...LNjyle..LN) IS.
DIMENSIONED A(Ny ARBITRARY) WITH LN LSTHN= Ny B(le..elLNjyloo..LM)

IS DIMENSIONED B(NyN1) WITH LM LSTHN= N1 LSTHN= N BUT LM MAY
EXCEED LNy AND THE OUTPUT X(leeelLNyl..oLM) HAS SAME DIMENSICNS AS B
BUT REPLACES THE A MATRIX. D ON INPUT IS SCALE TO MULTIPLY
DETERMINANT BY, ON QUTPUT D = SCALED VERSION OF DETERMINANT OF A
(WILL = 0. IF A SINGULAR). B IS DESTROYED. E(l...LN) MUST BE
AVAILABLE FOR SCRATCH. SETS ERR = 0. IF ALL OKy = 1. IF UNDERFLCW
OR OVERFLOW, = 2. IF A IS SINGULAR.

SINTBL (NySINTAB) FAP, SECONDARY ENTRY OF COSTBL

SETS SINTAB(l.e«N#1) = S(OeeeN) WHERE S(I) = SIN{I#PI/N). STRAIGHT
RETURN IF N LSTHN= C .

SINTBX (N, ISINTB) . FAP, SECONDARY ENTRY OF COSTBL

SISP

SETS ISINTB(leoeN+1) = IS{O...N) WHERE IS(I) = SIN(I«PI/N) AND IS
FXD.PT. WITH BINARY PT. BETWEEN SIGN AND BIT 1 AND 1.0 IS
SET = OCY 377777777777. STRAIGHT RETURN IF N LSTHN= 0 .

(SAXyAAXyLsSINTABsM, FAP, SECCNDARY ENTRY OF COSP
JMIN, JMAX, TYPE, SINTR)
SETS SINTR(leeoJMAX=-JMIN#1) = ST(JMIN...JMAX) WHERE ST(J)
(FROM I = 0 TO L) OF (X(I)*SIN(I=%J=PI/M))y WHERE X{(0...L)
SAX(leeolL+l) FOR J O0DDy, = AAX(le..L+1l) FOR J EVEN, GIVEN THE
TABLE SINTAB(leoeeM#+1l) = S(OeeoM) WITH S(I) = SIN(I*PI/M). TYPE =0.0
SPECIFIES SAX, AAX, AND COSTAB TO BE FXD.PT., TYPE NOT = 0.0 DESIGNATES
EVERYTHING FLTG.PT. EQUIV(SAX,AAX) OK. IF M NEGATIVE, ITS MAGNITUDE
IS USED AND ST(...) IS ADDED INTO SINTR(...) RATHER THAN STORED INTO IT.
STRAIGHT RETURN IF L LSTHN= O, OR M=0, OR JMIN LSTHN= 0, OR JMAX LSTHN=
JMIN OR GRTHN M.

SUM

SIZEUP (XyLX, INDEX) FAP, 136 REGISTERS

OTHER ENTRY - SIZUPL. NO TRANSFER VECTCR.
SETS INDEX{l.e.LX) FROM X{le...LX) SUCH THAT X(INDEX(I+1)) IS
ALGEBRAICALLY GRTHN= X(INDEX(I)) WHERE X IS ANY MODE. STRAIGHT
RETURN IF LX LSTHN 1 . EQUAL VALUES OF X ARE NOT NECESSARILY IN
THE SAME ORDER AS THEY OCCURRED IN X.
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SIZUPL (X,LXy INDEX) FAP, SECONDARY ENTRY OF SIZEUP

SETS INDEX(lee.LX) FROM X{le.ooLX) SUCH THAT X{INDEX{I+1)) IS
LOGICALLY GRTHN= X(INDEX(I)) WHERE X IS ANY MODE. STRAIGHT RETURN
IF LX LSTHN 1 . EQUAL VALUES OF X ARE NOT NECESSARILY IN THE
SAME ORDER AS THEY OCCURRED IN X.

SMPRDV (XyLX9NyXBASE,SXMB2N) FAP, SECCNDARY ENTRY OF POWER
SETS SXMB2N = SUM (FROM I=1 TO LX) OF (X{I)-XBASE)##N, WHERE
N IS ARBITRARY. STRAIGHT RETURN IF LX LSTHN 1.

SMPSON (JOByX,LXyDELXyXINT,IANS) FORTRAN, 317 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
FOR JOB=0 SETS XINT = SIMPSON'S RULE INTEGRAL OF X{l...LX) WITH

INCREMENT DELX, TRAPEZOIDAL RULE BEING USED BETWEEN X(LX-1) AND
X{LX) IF LX IS EVEN. FOR JOB GRTHN O DCES SAME AS J0B=0 BUT
LEAVES X(l...LX) SCALED BY WEIGHTING COEFFICIENTS DELX#%#(1/3,4/3,2/3,
4/39e0034/34173) IF LX ODD OR BY DELX®#{1/3,4/342/34040947345/6,1/2)
IF LX EVEN. FOR JOB LSTHN O MERELY REMOVES ABOVE SCALING FROM
X{l...LX). REQUIRE DELX NOT= 0.0 (NOT CHECKED) AND LX GRTHN= 3
(STRAIGHT RETURN WITH NO OUTPUT IF ILLEGAL).

SPCOR2 (NRXyNCXyXXyNRY;NCY,YY,MXACC,ILGR, FORTRAN, 291 REGISTERS
NRZ,ILGCy INCyNCZ4Z2Z,SPACE, IANS)
NO OTHER ENTRIES. TRANSFER VECTOR - XLOC,STZ,FXDATA,QXCCOR1,FLDATA.
SETS ZZ(1...NRZ#NCZ) = Z(ILGR...ILGR#NRZ-1,ILGCe..ILGC+NCZ-1) WHERE
Z(I,J) = SUM (FROM K=1 TO NCX) OF SUM (FROM L=1 TG NRX) OF
(X(K+I-1yL+J1)2Y(KsL) WHERE J1 = ILGCoILGC+INCyeoeesILGC+(NCZ-1)=INC,
AND X{l.eoNRXgpleeoeNCX) = XX(leoeoNRX#NCX)y Y(leeeoeNRY;1leeoNCY) =
YY{(1...NRY=#NCY). COMPUTATIONS ARE APPROXIMATE. XX AND YY ARE
CUNVEKIED TU INIELGEK DEWUENULED WIlIH MAXLIMUM MALNIL TUULC = mMAALL
{1 TO 1000) DURING COMPUTATIONS, BUT ARE REFLOATED AFTERWARDS.
SPACE({1...MIN(NRXy,NRY)+10#(MXACC+1)+1) USED FOR -SCRATCH. SETS [IANS
= 0 [IF ALL OK, = ARGUMENT NUMBER IF ONE IS ILLEGAL.
SPLIT (XyLXysTYPE,SYM,ANT) E FAP, 224 REGISTERS
OTHER ENTRY - REFIT. NO TRANSFER VECTOR.
SETS SYM{l...LS) AND ANT(l...LA) FROM X{l...LX), WHERE LS = LA =
LX/2 FOR LX EVENy LS = (LX+1)/2 AND LA = (LX-1)/2 FOR LX O0ODDs AND WHERE
FOR LX EVEN SYM{I) = X(LS+I)+X{LS+1-1I) AND ANT(I) = X(LA+I)-
X(LA+1-1), BUT WHERE FOR LX ODD SYM(1l) = X(LS) SYM(I) = X{LS-1+I)
+X{LS+1-I) FOR I = 2...LS AND ANT(I} = X(LS+I)-X(LS-I)}, TYPE = 0.
SIGNIFIES X IS FXD.PT. (SYM AND ANT WILL HAVE SAME BINARY PT.),
TYPE NOT = 0.0 SIGNIFIES SYM, ANT, X FLTG.PT. ANT IS CUTPUT ONLY IF
LA GRTHN O . STRAIGHT RETURN IF LX LSTHN= 0 . EQUIV(SYM,X) OK ONLY IF
EQUIV(ANT,,X{(LS+1)) ALSO HOLDS.

SQRDEV ( Xy XBASE,LX,SSQXMB) FAP, SECONCARY ENTRY OF SQRDFR
SETS SSQXMB = SUM (FROM I = 1 TO LX) OF (X(I)-XBASE)SQUARED.
STRAIGHT RETURN IF LX LSTHN 1.

SQRDFR (X YsLXY,SSQXMY) FAP, 36 REGISTERS
OTHER ENTRY - SQRDEV. NO TRANSFER VECTOR.
SETS SSQXMY = SUM (FROM I = 1 TO LX) OF (X{IV-Y{I))SQUARED.
STRAIGHT RETURN IF LX LSTHN 1.
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SQRMLI (MLIVEC,ILO, IHI,MLISQR,IANS) FAP, 55 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS MLISQR(l...IHI-ILO+1) = SQUARES OF MLIVEC(ILO...IHI)
ASSUMING MLIVEC ARE MACHINE LANGUAGE INTEGERS, WHERE 1 LSTHN= ILO
LSTHN= [HI. SETS [IANS = O IF ALL OK, = -1 IF ILLEGAL ILO OR IHI,
= -2 IF ONE OF THE SQUARES OVERFLOWS (IMMEDIATE RETURN IN THIS CASE).

SQROOT (XyLXyXSQRTD) FAP, 24 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - SQRT.
SETS XSQRTD(l...LX) = SQUARE ROOT (MAGNITUDE(X({l...LX))).
EQUIV(XSQRTDyX) OK. STRAIGHT RETURN IF LX LSTHN 1.

SQRSUM (X, LX,SUMSQX) FAP, 36 REGISTERS
OTHER ENTRY - XSQSUM. NO TRANSFER VECTCR.
SETS SUMSQX = SUM (FROM I = 1 TO LX) OF X{(I)#X(I). STRAIGHT RETURN
IF LX LSTHN 1 .

SQUARE (X,LX,XSQRD) FAP, 32 REGISTERS
OTHER ENTRY - XSQUAR. NO TRANSFER VECTOR
SETS XSQRD(leeelX) = X(loeoLX) SQUARED. EQUIVI(X,XSQRD) OK. STRAIGHT
RETURN IF LX LSTHN 1.

SRCH1  (JOB,sLV,V,VALUE, INDEX) FORTRAN, 93 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - XACTEQ.
SEARCHES V(l...LV} FOR VALUE SO THAT VALUE = V(INDEX).
IF JOB = 1 SEARCHING BEGINS AT V(1l), IF JOB = 2 SEARCHING
BEGINS AT VI(LV). LV MUST BE GRTHN= 1 .

STEPC F(ARG} FAP, SECONDARY ENTRY OF DELTA
HAS VALUE 1.0 OR 0.0 ACCORDING AS SIGN BIT OF ARG IS PLUS OR
MINUS.

STEPL F(ARG) FAP, SECONDARY ENTRY OF DELTA
HAS VALUE 1.0 [IF ARG (ANY MODE) HAS VALUE GRTHN= MINUS ZERC.
OTHERWISE HAS VALUE = 0.0 .

STEPR F(ARG) . FAP, SECONDARY ENTRY OF DELTA
HAS VALUE = 1.0 |[IF ARG (ANY MODE) EXCEEDS ZERO.

OTHERWISE HAS VALUE = 0.0 .
(STH) FAP, SECONDARY ENTRY OF CNLINE

SERVES SAME FUNCTION AS STANDARD FORTRAN (STH) SUBROUTINE.

(STHD) FAP, SECONDARY ENTRY OF CNLINE
SERVES SAME FUNCTION AS STANDARD FORTRAN (STHD) SUBROUTINE.

(STHM) FAP, SECONDARY ENTRY OF CONLIME
SERVES SAME FUNCTION AS STANDARD FORTRAN (STHM) SUBRCUTINE.

STORE (ARGUsLOCALL+NUMARG, IXVECT) FAP, SECONDARY ENTRY OF LOCATE
STORES THE VALUE ARGU (ANY MODE) AS ELEMENT NO. IXVECT OF THE VECTOR
WHICH IS ARGUMENT NC. NUMARG OF THE CALL STATEMENT AT MACHINE ADDRESS
LOCALL. LOCALL SHOULD BE NON-NEG, NUMARG MUST EXCEED 0 BUT IXVECT
IS UNRESTRAINED.
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ST2 (LXyX) FAP, 14 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS X(l...LX) = ZERO, WHERE X IS ANY MODE. STRAIGHT RETURN IF
LX LSTHN 1.

STZS (LXL1ysX19LX29X290eeoLXNyXN) FAPy 24 REGISTERS
NO OTHER ENTR{ES. NO TRANSFER VECTOR.
SETS ALL ELEMENTS OF THE VECTORS XI1{leeolX1)sX2{leeelX2)ypoeesXN{loooLXN)
EQUAL ZERO (MODE ARBITRARY), EXCEPT BYPASSES EACH VECTOR X
FOR WHICH LX LSTHN 1. N SHOULD EXCEED ZERO.

SUBK (CyX1LlyX2peee9XN) FAP, SECCONDARY ENTRY OF ADDK
SETS X1=X1-Cy X2=X2-Cy eeey XN=XN-C. FEQUIVIANY ARGUMENTS) CK,
BUT INITIAL VALUE OF C IS ALWAYS THE SUBTRAHEND. STRAIGHT RETURN IF
N=0.

SUBKS (CleX19Y19C29X29Y250eesCNyXNyYN) FAP, SECONDARY ENTRY OF ADCK
SETS Y1=X1-Cly VY2=X2-C2y eeey VYN=XN-CN. EQUIVIANY TWO ARGUMENTS)
OK BUT MAY CHANGE INPUTS CJ OR XJ. PROCESSING IS LEFT TO RIGHT.
STRAIGHT RETURN IF N=0.

SUM (XoLXySUMX) FAP, 23 REGISTERS
OTHER ENTRY - XSUM. NO TRANSFER VECTOR.
SETS SUMX = SUM (FROM I= 1 TO LX) OF X(IY. STRAIGHT RETURN
IF LX LSTHN 1.

SUMDEV (X XBASE,LX,SUMXMB) FAP, SECONDARY ENTRY OF SUMDFR
SETS SUMXMB = SUM (FROM I = 1 TO LX) OF (X(I)-XBASE). STRAIGHT RETURN
IF LX LSTHN 1.

SUMDFR (X, YsLXY,SUMXMY) FAP, 44 REGISTERS
OTHER ENTRIES - XSMDFR,SUMDEV,XSMDEV. NO TRANSFER VECTCR.
SETS SUMXMY = SUM (FROM I = 1 TO LX) OF (X{I)=-Y(I)). STRAIGHT RETURN
IF LX LSTHN 1.

SWITCHF(ISENSE) FAP, 15 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
HAS VALUE = 1.0 [IF SIMULTANEQUSLY ISENSE IS IN THE CLOSED RANGE
lece6 AND THE CORRESPONDING SENSE SWITCH IS DEPRESSED (CON). OTHERWISE

HAS VALUE = 0.0 .
TAMVL (X,LX,LAVG,AVGL) ’ FAP, 63 REGISTERS
OTHER ENTRY - TAMVR. NO TRANSFER VECTOR.
SETS AVGL(I) = (1/(LX-I+1)) = (SUM (FROM J=1 TO LX) OF X(J)

FOR I=1...LAVG. STRAIGHT RETURN WITH NO OUTPUT IF LX OR LAVG
LSTHN 1, OR IF LAVG GRTHN LX.

TAMVR  (XysLXyLAVG,AVGR) FAP, SECONDARY ENTRY OF TAMVL
SETS AVGR{I} = ({1/(LX-I+1)) = (SUM (FROM J=1 TO LX-I+1) OF X{J) )
FOR I=1l...LAVG. STRAIGHT RETURN WITH NO OUTPUT IF LX OR LAVG
LSTHN 1, OR IF LAVG GRTHN LX.
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TIMA2B (LOCA,LOCB,MINACC,SECS) FAP (7094), 124 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
MACHINE ADDRESS LOCA CONTAINS A PROGRAM WHICH WHEN DONE SENDS CONTROL
TO LOCB AND WHICH MAY BE REPETITIVELY OPERATED. TIMA2B SETS SECS = TIME
IN SECONDS (TO ACCURACY OF 1 PART IN MINACC PARTS) OF 1 CPERATION OF THE
PROGRAM EXCLUDING TIME OF OPERATION AT LOCB. ASSUMES INTERVAL TIMER
IS ON.

TIMSUB (MINACC,SECS) FAPy 229 REGISTERS
OTHER ENTRY - INTMSB. TRANSFER VECTOR - TIMA2B.

CALL TIMSUB IS IMMEDIATELY FOLLOWED BY CALL SUBRU(AsBys..esZ) OR BY AN
X=SOMEF(...) TYPE STATEMENT WHERE SUBRU OR SOMEF MAY BE CPERATED
REPETITIVELY. TIMSUB SETS SECS = TIME IN SECONDS (TO AN ACCURACY COF 1
PART IN MINACC PARTS) THAT ONE OPERATION OF SUBRU OR SOMEF REQUIRES.
IF SUBRU OR SOMEF MAY NOT BE OPERATED REPETITIVELY WITHOUT REGENERATING
ITS INPUTS, THE INPUT SETUP SEQUENCE SHOULD IMMEDIATELY PRECEDE THE
CALL TIMSUB(MINACC,SECS) STATEMENT AND IMMEDIATELY PRECECING THE INPUT
SETUP SEQUENCE SHOULD APPEAR A CALL INTMSB STATEMENT. ASSUMES INTERVAL
TIMER IS ON.

TINGL (YOFXsLYsDELX,TING) FAP, 43 REGISTERS
OTHER ENTRY - TINGLA. NO TRANSFER VECTOR.
SETS TING = TRAPEZOIDAL INTEGRAL OF YOFX{l...LY) WITH INCREMENT
DELX (MAY BE NEGATIVE) BUT STRAIGHT RETURN WITH NO CUTPUY IF LY LSTHN
2 .

TINGLA (YOFX,LY,DELX,TINGA) FAP, SECONDARY ENTRY OF TINGL
SETS TINGA = TRAPEZOIDAL INTEGRAL OF MAGNITUDES OF VYOFX({l...LY)
WITH INCREMENT DELX BUT STRAIGHT RETURN WITH NO OUTPUT IF LY LSTHN
2 « TINGA WILL BE NEGATIVE IF DELX 1IS.

TRMINO (ITAPE,NBAKUP) FORTRAN, 67 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - XLIMIT,QUDATA,FSKIP,(RWT).

CREATES, VIA OUDATA, A ZERO RECORD NUMBER DUMMY RECORD ON LOGICAL TAPE
ITAPE, THEN LEAVES TAPE NBAKUP FILES CLOSER TO LOAD PCINT THAN ITS
POSITION AT INSTANT OF CALL TRMINO STATEMENT, EXCEPT REWINDS IF
NBAKUP LSTHN O . NBAKUP = 0 LEAVES TAPE READY TO READ DUMMY RECORD.
REQUIRE ITAPE IN CLOSED RANGE 1...20 OTHERWISE STRAIGHT RETURN WITH
NO OUTPUT.

(TSH) FAP, SECONDARY ENTRY OF REREAD
SERVES SAME FUNCTION AS STANDARD FORTRAN (TSH) SUBROUTINE.

{ TSHM) FAP, SECONDARY ENTRY OF REREAC
SERVES SAME FUNCTION AS STANDARD FORTRAN (TSHM) SUBROUTINE.

UNPAKN (NyLD,D,SCALE) :

NO OTHER ENTRIES. NO TRANSFER VECTCR.
SETS D(1...LD) AS UNPACKED, FLOATED AND RESCALED FORM OF PACKED
INPUT D(le..{(LD*N-1)/N), THE PACKED INPUT HAVING ORIGINALLY BEEN FORMED
BY A CALL PAKN(NyLDyD,SCALE) STATEMENT. D IS UNCHANGED IF N =1 .
UNPAKN IS APPROXIMATE INVERSE TO PAKN. TO RECOVER FXD.PT. INTEGERS
WHICH WERE FLOATED AND PACKED BY PAKN, USE UNPAKN FOLLOWED BY
ROUNDING AND FIXING LOOP.

FAP, 78 REGISTERS
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VARARG (LOCS) FAPy, 44 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTCR.
USED AT VERY BEGINNING OF A VARIABLE-LENGTH-CALLING-SEQUENCE
SUBROUTINE AS FOLLOWS - CALL VARARG(LOCS) - GO TO 20 - 10 RETURN -
WHERE STATEMENT 20 BEGINS THE COMPUTATIONS WHICH TERMINATE WITH A
GO TO 10 STATEMENT. [IN THIS USAGE VARARG SETS LOCS({l...N+1) =
XLOCF(ARGl) sy« e« s XLOCF(ARGN)y O WHERE ARGJ = JTH ARGUMENT OF CALL
STATEMENT WITH N TOTAL ARGUMENTS, AND MODIFIES RETURN STATEMENT
AT 10 FOR PROPER LINKAGE.

VOOTV  (X,YsLXY,DVSR,XDYODV) FAP, 25 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XDYODV = (1/DVSR) # (SUM (I=1 TO LXY) OF X(I)=Y(I) )
PROVIDED DVSR NOT= 0.0 . IF DVSR = 0.0, SETS XDYODV = 1.0 AND
SETS DVSR = SUM (I=1 TO LXY) OF X{(I)*Y{I). STRAIGHT RETURN WITH

NO OUTPUT IF LXY LSTHN 1 .

VDVBYV (XsY,LXY,XDVBYY) FAP, 22 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS XDVBYY({l...LXY) FROM X({leeoLXY) AND Y(l...LXY), WHERE
XDVBYY(I) = X(I)/Y(I). EQUIVI{XDVBYY, X CR Y) OK. DIVISION BY ZERC
NOT TESTED FOR BY VDVBYV. STRAIGHT RETURN IF LXY LSTHN 1 .

VECOUT (ITAPE,FMT,X,ILO,IHI) FORTRANy 66 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - FNDFMT,RPLFMT, (STH),(FIL).
OUTPUTS THE VECTOR RANGE X{ILO...IHI) ONTO LOGICAL TAPE ITAPE ACCORDING
TO FMT(I), WHERE FMT(I) IS A NORMLIT FORMAT VECTOR AS DEFINED ABOVE
IN CVSOUT. REQUIREMENT THAT 1 LSTHN= ILO LSTHN= IHI NOT CHECKED BY

VECOUT.

VINDEXF(I,ICRTCL, IJUMP) FAP, SECONDARY ENTRY OF INDEX
ADDS [IJUMP TO MACHINE LOCATION CONTAINING I, THEN SETS ACCUMULATCR
= -1.0 IF NEW I LSTHN ICRTCL, = 0.0 IF NEWw I = ICRTCL,
= +1.0 IF NEW I GRTHN ICRTCL, WHERE +0 AND -0 TREATED AS
EQUAL.

VMNUSV (XyYsLXYsXMNUSY) FAP, SECONDARY ENTRY OF VPLUSV

SETS XMNUSY{l...LXY) FROM X(l...LXY) AND VY{(l...LXY), WHERE
XMNUSY(I) = X{(I)-Y(I). EQUIV(XMNUSY, X OR Y) OK. STRAIGHT RETURN
IF LXY LSTHN 1 .

vouT (ITAPEsNSPACE y X9 XNAME » XFMT, ILO, IHI) FORTRAN, 104 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - CARIGE,HRADJ,(STHY,{(FIL)},
VECOUT.

OUTPUTS VECTOR RANGE X{ILOyesesIHI) ONTO LOGICAL TAPE ITAPE ACCORDING TO
XFMT(I), WHERE XFMT(I) IS A NORMLIT FORMAT VECTOR AS DEFINED IN CVSOUT
ABOVE, PRECEDED BY 1) NSPACE SPACES (OR A PAGE RESTORE I[F NSPACE

LSTHN O)y AND 2) A HEADING LINE OF FORM XNAME(ILOyILO#1lyeeesIHI) = ,
WHERE XNAME IS 6 OR LESS HOLLERITH CHARACTERS. IHI MUST BE GRTHN= ILO.
(IF =, THE HEADING IS XNAME(ILO).) ILO MUST EXCEED ZERO.

VPLUSV (XsYsLXY,XPLUSY) FAP, 34 REGISTERS
OTHER ENTRIES - XVPLSV,VMNUSV,XVMNSV. NO TRANSFER VECTCR.
SETS XPLUSY{le.o.LXY) FROM X{leeolXY) AND VY(l...LXY)y WHERE
XPLUSY(I) = X{I)+Y(I). EQUIVI(XPLUSY, X OR Y) OK. STRAIGHT RETURN
IF LXY LSTHN 1 . )
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VRSOUT (ITAPE,NSPACEyFMT,SPACE)X19X29yeee9XN) FAPy 47 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - CARIGE,VECOUT.
OUTPUTS QUANTITIES X1yX2y9eeesXN ONTO LOGICAL TAPE ITAPE ACCORDING TO
FORMAT FMT(I), WHERE FMT(I) IS A NORMLIT FORMAT VECTOR AS DEFINED IN
CVSOUT ABOVE, PRECEDED BY NSPACE SPACES (OR PAGE RESTORE IF NSPACE IS
LSTHN O). SPACE(l...N) USED FOR SCRATCH. EQUIV{(SPACE,X1) OK IF N=1.

VSOUT (ITAPE,NSPACE,X1,X1NAME,X1FMT,ILOLl,IHIL, FAP, 37 REGISTERS
X2 9y X2NAME s X2FMTy ILO2y IHI2y o o o 9 XN9y XNNAME
XNFMT, ILON, IHIN)
NO OTHER ENTRIES. TRANSFER VECTOR - VOUT,
CALL VSOUT(ABGOVE ARGUMENTS) IS EQUIVALENT TO
CALL VOUT(ITAPEsNSPACE+X1yXINAME ) X1FMT, ILOLl,IHI1)
CALL VOUT(ITAPEJNSPACE X2y X2NAME,X2FMT, IL02,IHI2)
ETC
CALL VOUT(ITAPE,)NSPACE ¢ XNy XNNAME,XNFMT 5 ILON,IHIN).

VTIMSY (X, Yo LXYyXTIMSY) FAP, 34 REGISTERS
OTHER ENTRY = XVTMSV. NO TRANSFER VECTCR.
SETS XTIMSY(le.eoelLXY) FROM X(l..oLXY) AND VY(le...LXY), WHERE
XTIMSY(I) = X(I)#Y(I). EQUIV(XTIMSY, X OR Y) OK. STRAIGHT RETURN
IF LXY LSTHN 1 .

WAC (LYsYoLA,A) FORTRAN, 107 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
SETS A(le.eeLA) = AC(O...LA-1) WHERE AC(L) = SUM (FROM J =1 TO LY)
OF (Y(J)#Y{J+L)) WHERE Y(K) TREATED = ZERO FOR K GRTHN LY. LY AND
LA MUST EXCEED Oy LA MAY EXCEED LY.

WHERE (SUBRU, IANS,LOC,NARGS) FAP, SECONDARY ENTRY OF LOCATE
SUBRU IS PROXY NAME OF SUBROUTINE TO BE FOUND THROUGH TABLES
ESTABLISHED BY PRIOR CALL LOCATE STATEMENT(S). IF FOUND WHERE SETS
LOC = MACHINE ADDRESS OF ENTRY POINT OF SUBROUTINE WITH PROXY NAME
SUBRU (ASSUME REAL NAME IS SUBR) AND SETS NARGS = NO. ARGUMENTS
IN THE CALL SUBR STATEMENT FOLLOWING THE DEFINITIVE CALL LOCATE. LOC
AND NARGS UNDISTURBED IF NOT FOUND. SETS [IANS = O IF FOUND, LSTHN C
IF NOT. TIANS = -1 IF TABLES OK, = -2 IF SUBRU FOUND IN A CALL LOCATE
BUT ASSOCIATED CALL LIST TOO SHORT, = -3 IF NO CALL LOCATE YET MADE,
= -4 [F EXCESSIVE NO. OF CALL LOCATES.

WHICH F(X14X2,ZIFX1) FAP, 4 REGISTERS
OTHER ENTRY - XWHICH. NO TRANSFER VECTOR.
HAS VALUE = X1 [IF ZIFX1=0.0, VALUE = X2 |[IfF ZIFX1 NOT= 0.0 .
WLLSFP (LRyRyGyLAyA,C) FORTRAN, 217 REGISTERS

NO OTHER ENTRIES. TRANSFER VECTOR - FDOTR,FDOT,MOVE.
SOLVES FOLLOWING TOEPLITZ MATRIX EQUATION, SUM (FROM N=C TO M)
OF (AA(N)#RR(K-N) = GG(K) K=0e..M, AND FINDS AA(O...N) GIVEN
GG(DeeeM) AND ANY RR{OeeoMyM+1) WITH IMPLIED SYMMETRY RR(-I)=RRI(I)
FOR WHICH THE (M#1)=(M+1) TOEPLITZ FORM R(K-N) IS POSITIVE
DEFINITE. SUPPOSE LA IS POSITIVE (MUST EXCEED 1). THEN M IS
TAKEN = LA-1 AND WLLSFP SETS All...LA) = AA{O...M) TAKING
RR{OseeM) FROM R{leeeM+lesocLR+1) AND GG(OeeeM) FROM G(leeeMtl...LR)
WHERE LR GRTHN= LAy USING C(l...2#LR) AS SCRATCH (WILL CCNTAIN
LEVINSON AUXIL SEQUENCE CC(0O...M) PLUS OTHER STUFF). NOW SUPPOSE

(CONTINUED NEXT PAGE)}
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# WLLSFP TO XCMPRA = « HWLLSFP TO 'XCMPRA =

(A2 2222322222222 22222 2] FRRARBRARBRARABRBRTAREEN

LA IS NEGATIVE (LSTHN= -2). WLLSFP ASSUMES THAY THIS IS REPEAT CALL
WITH DESIRE TO EXTEND PREVIOUS SOLUTION WITH M=LLA-1 (LLA=
MAGNITUDE(LA)) TO NEW M = LR-1 AND THAT A{l...LLA) AND Cll...LLA)

ARE UNDISTURBED FROM THAT CALL. SOLUTION WILL BE AS BEFCRE WITH RESULTS
SET IN A(l...LAA) AND LA SET = LLA.

WRTDAT (ITAPE,DATA,LDATA,IANS) FAP, 77 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR = (I0S),{(TCO),(WRS),(RCH),{TRC),
(ETT).

WRITES A BINARY RECORD OF LENGTH LDATA ON LOGICAL TAPE [ITAPE FROM
THE FORTRAN-II VECTOR DATA(l...LDATA). SETS IANS = 0 [IF ALL OK,

= 2 IF A REDUNDANCY IS ENCOUNTERED, = 3 [IF AN END TAPE MARK IS
ENCOUNTERED, = -1 IF ITAPE LSTHN 1 OR GRTHN 206, = -2 |IF
LDATA LSTHN 1 .

XACTEQF(X,Y) FAP, 11 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
HAS VALUE = 0 [IF X AND Y ARE IDENTICAL INCLUDING SIGN BIT,
VALUE = 1 IF X GRTHN Y, VALUE = -1 IF X LSTHN Y WHERE
+0 GRTHN -0 AND MODES OF X, Y [IMMATERIAL.

XADDK (IC,IX19IX25ee09IXN) FAP, SECCNDARY ENTRY OF ADCCK
SETS IX1=IX1+4ICy IX2=IX2+ICy eees» IXN=IXN#IC. EQUIV(ANY ARGUMENTS) IS
OKy, BUT INITIAL VALUE OF IC IS ALWAYS THE ADDEND. STRAIGHT RETURN IF
N=0.

XADDKS (ICLyIX1yI¥Y1,1C241X2,1Y25004,ICN,IXN,IYN) FAP, SECONDARY ENTRY OF ADCK
SETS IYl=IX1+ICl, [IY2=IX2+IC2y ...y IYN=IXN+ICN. EQUIV(ANY TWO
ARGUMENTS) OK BUT MAY CHANGE INPUTS ICJ OR IXJ. PROCESSING IS LEFT

IU l\lv"l. Jll’\ﬂl\?"l '\CIUU\I‘ lr "-'U.

XARG F(LOCALL,NUMARGy IXVECT) FAP, SECONDARY ENTRY OF LOCATE
FUNCTION WHICH IS IDENTICAL TO ARGF BUT GIVES FIXED POINT LABEL
TO RESULT.

XAVRGE (IXsLIXyIXAVG) FAP, 34 REGISTERS

OTHER ENTRY -~ XAVRGR. TRANSFER VECTOR - XDIV,XDIVR.
SETS IXAVG = (1/LIX) = SUM (FROM [= 1 TO LIX) OF (IX(I), AS TRUNCATED
FORTRAN Il INTEGER. OVERFLOW WILL NOT OCCUR. STRAIGHT RETURN IF
LIX LSTHN 1.

XAVRGR {IXsLIXyIXAVG) FAPy, SECONDARY ENTRY OF XAVRGE
SAME AS XAVRGE EXCEPT OUTPUT IS ROUNDED NOT TRUNCATED.

XBOOST (IX,LIX,IXRIZE,IXBSTD) FAP, SECONDARY ENTRY CF BCOCST
SETS IXBSTD(leeoLIX) = IX{leeoLIX)+IXRIZE. EQUIVIIX,IXBSTD) OK, AND
EQUIVI{IXRIZE, SOME IX(I)) OK, BUT INITIAL VALUE OF IXRIZE IS ALWAYS
THE ADDEND. STRAIGHT RETURN IF LIX LSTHN 1.

XCMPRAF(X1,X2) FAP, SECONDARY ENTRY OF CMPRA
HAS VALUE =0 IF X1 AND XZ ARE IDENTICAL INCLUDING SIGN BIT,
VALUE =1 [IF X1 IS ALGEBRAICALLY GRTHN X2, VALUE = -1 |IF X1
IS ALGEBRAICALLY LSTHN X2 WHERE +0 GRTHN -0 AND MODES OF X1
AND X2 IMMATERIAL.
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& XDANL TO XDVRKS = & XDANL TO XDVRKS =
I TR Y Ty Y Y Y T ERBRERRRAREAABRRR AR RN
XDANL  (XXyNyM,yDXX) FAP, SECONDARY ENTRY OF ADANL

SETS DXX{=N+l...N+#1) = DX(-N...N) WHERE DX(L) = X{L)#({M/L#PI}s
SIN(L=PI/M))y GEVEN XX{(=N#+leeeN+1) = X{-N.o..N) WITH N GRTHN = O
AND M GRTHN O . EQUIV (DXX,XX) OK.

XDANX  (IXXyNyMy IDXX) FAP, SECONDARY ENTRY OF ACANL
SAME FUNCTION AS SUBROUTINE XDANL EXCEPT THAT INPUT IXX AND GUTPUT
IDXX ARE FXD.PT. EQUIV (IDXX,IXX) OK.

XDELTAF(ARG) } FAP, SECONDARY ENTRY OF DELTA
HAS VALUE = 1 IF ARG (ANY MODE} = ZERO. OTHERWISE HAS VALUE =
0 -

XDFPRS (IX,yLIXyIXPRSD) FAP, SECONDARY ENTRY OF DIFPRS

SETS IXPRSD(1)=X(1)y, IXPRSD(I)=IX{I)-IX{I-1) FOR 1I=2...LIX.
EQUIVIIXPRSD,IX) OK. STRAIGHT RETURN IF LIX LSTHN 1.

XDIV  F{NUMERA, IDENCM) FAP, 27 REGISTERS
OTHER ENTRY - XDIVR. NO TRANSFER VECTOR.
FUNCTION WHOSE VALUE IS NUMERA/IDENOM TRUNCATED TO FORTRAN II INTEGER.
STRAIGHT RETURN IF IDENOM = ZERO.

XDIVK  (ICyIX19IX294009IXN) FAP, SECCNDARY ENTRY OF ADCK
SETS IX1=IX1/ICy IX2=IX2/ICy eees IXN=IXN/IC, AS TRUNCATED FORTRAN II
INTEGERS. EQUIV{ANY ARGUMENTS) OK, BUT INITIAL VALUE OF IC IS ALWAYS
THE DIVISOR. STRAIGHT RETURN IF IC=0, OR N=0.

XDIVKS (IC1l,sIX19IY1,IC25IX2yIY290049ICNyIXN,IYN) FAP, SECONDARY ENTRY OF ADDK
SETS IY1=IX1/ICl, IY2=IX2/1C2y <.es IYN=IXN/ICN, AS TRUNCATED
FORTRAN-II INTEGERS. EQUIV(ANY TWO ARGUMENTS) OK BUT MAY CHANGE INPUTS
ICJ OR [IXJ. PROCESSING IS LEFT TO RIGHT. 1IYJ IS NOT COMPUTED IF
ICJ=0 AT COMPUTATION TIME. STRAIGHT RETURN IF N=0.

XDIVR F{NUMERA, IDENCM) FAP, SECCNDARY ENTRY OF XxDIV
SAME AS XDIV FUNCTION EXCEPT OUTPUT IS ROUNDED, NOT TRUNCATED.

XDPRSS (IX,LIXyIXSINK, IXLWRD) FAP, SECONDARY ENTRY OF BCOST
SETS IXLWRD(leeeLIX) = IX(leeolIX)-IXSINK. EQUIVIIX,IXLWRD) OK, AND
EQUIV(IXSINK, SOME IX{(I)) OK, BUT INITIAL VALUE OF IXSINK IS ALWAYS
THE SUBTRAHEND. STRAIGHT RETURN IF LIX LSTHN 1.

XDVIDE (IXsLIX,IXDVSR,IXDVDD) FAP, 33 REGISTERS
OTHER ENTRY - XDVIDR. TRANSFER VECTOR - XDIVyXDIVR.
SETS IXDVDD(lseolIX) = IX({leaolLIX)/IXDVSR AS TRUNCATED FORTRAN II
INTEGERS. EQUIV(IX,IXDVDD) OK, AND EQUIV(IXDVSR, SOME IX(I)) OK, BUT
INITIAL VALUE OF [IXDVSR IS ALWAYS THE DIVISOR. STRAIGHT RETURN IF
IXDVSR=0y OR LIX LSTHN 1.

XDVIDR (IXsLIX,IXDVSR,IXDVDD) FAP, SECONDARY ENTRY OF XDVIDE
SAME AS XDVIDE BUT OUTPUT ROUNDED, NOT TRUNCATED.

XDVRK  (ICyIX1,IX2yeaesIXN) FAP, SECONDARY ENTRY OF ADCK
SAME AS XDIVK EXCEPT OUTPUT ROUNDED, NOT TRUNCATED.

XDVRKS (ICloIX1lyIY19IC25IX29EY29eeesICNsIXN,IYN) FAP, SECONDARY ENTRY OF ADCK
SAME AS XDIVKS, EXCEPT OUTPUT ROUNDED, NOT TRUNCATED.
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*  XFIXM TO XNARGS = . *  XFIXM TO XNARGS =
[ T Yy YT ) HRRBBARRCAERBRE RN NG RR RN
XFIXM F{JOB,FLTG) FAP, 31 REGISTERS

NO OTHER ENTRIES. NO TRANSFER VECTOR.
FUNCTION CONVERTS FLTG TO MACHINE LANGUAGE INTEGER. IF J0B = O FLTG IS
TRUNCATED TO INTEGER, IF JOB NOT = O FLTG IS ROUNDED TO INTEGER.
MAGNITUDE OF FLTG SHOULD BE LSTHN= 2##27-1., IF BIGGER THE RESULT WILL
BE CLIPPED TO THIS MAGNITUDE.

XINDEXF{LOCALL » NUMARG) FAP, SECONDARY ENTRY OF LOCATE
FUNCTION PRODUCES INDEX WITH RESPECT TO COMMON OF ARGUMENT NC. NUMARG
OF THE CALL STATEMENT AT MACHINE ADDRESS LOCALL, WHERE NUMARG GRTHN= 1 .

XLCOMNF(ZIFACT) FAP, 14 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
GIVES THE LENGTH OF COMMON SPACE AVAILABLE BEYOND THE LAST STORED
ROUTINE IF ZIFACT=C., ' OR THE TOTAL LENGTH OF COMMON SPACE
DIMENSIONED BY THE ROUTINES IF ZIFACT NOT= O.

XLIMITF(XyXAyXB) FAP, 25 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
HAS VALUE = 0 IF XLO LSTHN= X LSTHN= XHI WHERE XLO =
MIN(XA,XB) AND XHI = MAX(XA,XB), VALUE = +1 [IF X GRTHN XHI,
VALUE = -1 [IF X LSTHN XLO, WHERE +0 IS CONSIDERED = -0 IN

THE COMPARISONS MADE, AND MODE OF ARGUMENTS IMMATERIAL.

XLSHFTF{N,X) FAP, SECONDARY ENTRY OF LSHFT
PERFORMS SAME FUNCTION AS LSHFT.

XLOCV  (LOCVyX19X2yeeayXN) FAP, 24 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.

: Curr ey - marcmirame amnoese san —omee [
Tty LoTvild IS ATCRISS (AS VORTRAIN- 11 TIACU FULNT INICOER} LF

XJ, FOR J=1...N WHERE N GRTHN= 1 .

XMLPLY (IX,LIXyIXMPLR,IXMPLD) FAP, SECONDARY ENTRY OF MULPLY
SETS IXMPLD(leeoLIX) = IX{leooLIX)#IXMPLR. EQUIV(IX,IXMPLD) OK, AND
EQUIV(IXMPLR, SOME IX(I)) OK, BUT INITIAL VALUE OF [IXMPLR IS ALWAYS
THE MULTIPLIER. OVERFLOW DANGER NOT CHECKED. STRAIGHT RETURN IF
LIX LSTHN 1.

XMULK  {ICoIXLyIX29eeerIXN) FAP, SECCONDARY ENTRY OF ADCK
SETS IX1=IX1#IC, IX2=IX2#ICy eeey IXN=IXN=IC. EQUIV(ANY ARGUMENTS) OK,
BUT INITIAL VALUE OF IC IS ALWAYS THE MULTIPLIER. OVERFLOW DANGER NCT
CHECKED. STRAIGHT RETURN IF N=0.

XMULKS (ICLyIX1loIYLlyIC29IX291Y29000sICNyIXNoIYN) FAP, SECCNDARY ENTRY CF ADCK
SETS IV1=IX1#ICl, [IY2=IX2#IC2y +..s IYN=IXN®#ICN. EQUIV(ANY TWO
ARGUMENTS) OK BUT MAY CHANGE INPUTS ICJ OR IXJ. PROCESSING IS LEFT
TO RIGHT. OVERFLOW POSSIBLE, NOT TESTED FOR. STRAIGHT RETURN IF N=0.

XNAME F(HNAME1l,HNAME2) FAP, SECONDARY ENTRY OF LOCATE
FUNCTION HAS VALUE = 40 IF HNAME1l AND HNAME2 (BOTH FORMAT(A6))
ARE THE SAME HOLLERITH DISREGARDING LEADING SPACES, = -1 IF THEY DIFFER.

XNARGSF(LOCALL) FAP, SECONDARY ENTRY OF LOCATE
FUNCTION HAS VALUE = NO. ARGUMENTS ASSOCIATED WITH THE CALL
STATEMENT AT MACHINE ADDRESS LOCALL, EXCEPT VALUE = -1 IF LOCALL
NOT THE ADDRESS OF A CALL STATEMENT (I.E. NOT A TSX X,4)
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=  XNTHA TG XSPECT = *  XNTHA TGO XSPECT =

RERERRRARRERRRRRRERRNRRR RRERARABRRERAERE RS AR RR RS

XNTHA F(NyIAlyIA2yccerANy...) FAPy, SECONDARY ENTRY OF NTHA
HAS VALUE = [IAN WHERE IAN = N-TH ARGUMENT FOLLOWING N, EXCEPT
VALUE = N IF N LSTHN= O AND VALUE IS UNPREDICTABLE IF N+l

EXCEEDS ARGUMENT COUNT.

XNTSUM (IXyLEX,IXISMD)} FAP, SECONDARY ENTRY OF INTSUM
SETS IXISMD(I) = SUM (FROM J =1 TO I) OF 1IXtI)y, I=l...LIX.
EQUIV(IXISMD,IX) OK. POSSIBLE OVERFLOW NOT CHECKED FOR. STRAIGHT
RETURN IF LIX LSTHN 1.

XO00ZE FUINT) FAP, 4 REGISTERS
NO OTHER ENTRIES. NO TRANSFER VECTOR.
HAS VALUE = +1 [IF INT IS AN ODD FORTRAN-II INTEGERy, VALUE = O

IF INT IS EVEN, WHERE SIGN OF [INT IS IMMATERIAL.

XREMAV (IXsLIXyIXAVGyIXNULD) FAP, 31 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - XAVRGR.
SETS IXAVG = (1/LIX)#*(SUM(FROM I=1 TO LIX) OF IX{I)) ROUNDED
TO FORTRAN-II INTEGER, AND SETS IXNULD(II=IX(I}-IXAVG I=l...LIX.
EQUIV{IX, IXNULD) OK. NO DANGER OF OVERFLOW IN COMPUTING IXAVG.
STRAIGHT RETURN IF LIX LSTHN 1.

XRFLEC (IXoLIXyIXMIRRy IXIMGE) FAP, SECONDARY ENTRY OF REFLEC
SETS IXIMGE(leeoLIX)=IXMIRR-IX(leeolLIX)e EQUIVIIXIMGE,IX) AND (IXMIRR,
ANY IX(I)) OK, BUT INPUT IXMIRR VALUE ALWAYS USED IN SUBTRACTION.
STRAIGHT RETURN IF LIX LSTHN 1.

XSAME F(X) FAP, SECONDARY ENTRY OF SAME
FUNCTION DOES NOTHING BUT SUPPLY FIXED POINT LABEL FOR ITS ARGUMENT
WHICH IS ANY MODE.

XSMDEV (IX,IXBASE,LIX,ISMXMB) FAP, SECONDARY ENTRY OF SUMDFR
SETS ISMXMB = SUM (FROM I = 1 TO LIX) OF (IX(I)-IXBASE). POSSIBLE
OVERFLOW NOT CHECKED FOR. STRAIGHT RETURN IF LIX LSTHN 1.

XSMDFR (IXyIY,LXY, ISMXMY) : FAP, SECONDARY ENTRY OF SUMDFR
SETS ISMXMY = SUM (FROM I = 1 TO LIX) OF (IX{I)-IY(I)). PCSSIBLE
OVERFLOW NOT CHECKED FOR. STRAIGHT RETURN IF LIX LSTHN 1.

XSPECT (XCORyNyCOSTAB,ySINTAByMyIJMIN,IJMAX, FORTRAN, 523 REGISTERS
CSP,SSPySPACE,ERR)
NO OTHER ENTRIES. TRANSFER VECTOR - SPLIT,COSISP,REFIT,XLOC,
KOLAPS,CHPRTS.

SETS CSP{lecsJMAX=JMIN+1) = CS{JIMIN...JMAX) AND SETS SSP(l...JMAX-
JMIN+#1) = SS(JMIN...JMAX), WHERE CS(J) = SUM (FROM I = =N TO N) OF
(XC(I)=COS(I#JePI/M)) AND SS(J) = SAME SUM WITH SIN REPLACING CGS,
GIVEN XCOR(-N#leeoN#1) = XC{-NoeoeN)y GIVEN O LSTHN= JMIN LSTHN JMAX
LSTHN= M, AND GIVEN COSTAB(l...M+1l) = COS(I*PI/M) FOR I=0...M

AND SINTAB(leeeM+1l) = SIN(I®*PI/M) FOR [=0...M . SPACE IS

SCRATCH AREA. IF M GRTHN N NO SCRATCH AREA IS NEEDED AND SPACE
NOT USED. IF M LSTHN= N, 2#M+4 REGISTERS REQUIRED WHICH WILL BE
TAKEN AS SPACE(l...2#M+4) IF USER HAS NOT MADE PERMISSABLE EQUIV
(SPACE,XCOR). IF EQUIV(SPACE,XCOR) HAS BEEN MADE THE 2#M+4 SCRATCH ARE
TAKEN FROM XCOR(-M+1l...M+4) WHICH WILL REQUIRE 3 REGISTERS

BEYOND XCOR(N+1) IN THE CASE M = N . SETS ERR = 0.0 IF ALL CK,

= 1.0 IF N (MUST EXCEED 0)y M, JMIN OR JMAX ILLEGAL.
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*  XSQDEV TO XVDRBV = # XSQDEV TGO XVDRBV =
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XSQDEV (IX,IXBASE,LIX,ISSXMB) FAP, SECONDARY ENTRY OF XSQDFR

SETS [ISSXMB = SUM (FROM I = 1 TO LIX) OF (IX(I)-IXBASE)SQUARED.
POSSIBLE OVERFLOW NOT CHECKED. STRAIGHT RETURN IF LIX LSTHN 1 .

XSQDFR (IXyIYsLXY,ISSXMY) FAP, 37 REGISTERS
OTHER ENTRY - XSQDEV. NO TRANSFER VECTOR.
SETS ISSXMY = SUM (FROM I = 1 TO LIX) OF (IX{I)-IY(I)SQUARED.
POSSIBLE OVERFLOW NCT CHECKED FOR. STRAIGHT RETURN IF LIX LSTHN 1.

XSQRUT (IX,LIXyIXSQRT) FAP, 37 REGISTERS
NO OTHER ENTRIES. TRANSFER VECTOR - FIXVR,SQRT.
SETS IXSQRT(l...LIX) = SQUARE ROOT (MAGNITUDE(IX(l...LIX))), ROUNDED TO
NEAREST FORTRAN II INTEGER. EQUIV(IXSQRT,IX) OK. STRAIGHT RETURN IF
LIX LSTHN 1.

XSQSUM (IX,LIX,ISMSQX) FAP, SECONDARY ENTRY OF SQRSUM
SETS ISMSQX = SUM (FROM I= 1 TO LIX) OF IX{(I¥=IX{I). OVERFLOW DANGER
NOT CHECKED. STRAIGHT RETURN IF LIX LSTHN 1.

XSQUAR {IX,LIXeIXSQRD) FAP, SECONDARY ENTRY OF SQUARE
SETS IXSQRD{le..LIX) = IX{le..LIX) SQUARED. EQUIV(IX,IXSQRD) OK.
OVERFLOW DANGER NOT CHECKED. STRAIGHT RETURN IF LIX LSTHN 1.

XSTEPCF(ARG) FAP, SECONDARY ENTRY OF DELTA
HAS VALUE 1 OR O ACCORDING AS SIGN BIT OF ARG IS PLUS CR MINUS.

XSTEPLF(ARG) FAP, SECONDARY ENTRY OF DELTA
HAS VALUE = 1 [IF ARG (ANY MODE) IS GRTHN= MINUS ZERO. OTHERWISE
HAS VALUE = 0 .

XSTEPRF(ARG) FAP, SECONDARY ENTRY OF DELTA
HAS VALUE = 1 [IF ARG (ANY MODE) EXCEEDS ZERO. OTHERWISE HAS
VALUE 0O .

XSTLIN (IBASE,IDELTAZLIX,IX) FAP, SECONDARY ENTRY OF SETLIN

SETS IX(I)=IBASE+(I-1)#IDELTA, I=l...LIX. EQUIV(IBASE,IDELTA, ANY
IX(I)) OK, INPUT VALUES OF - IBASE AND IDELTA ALWAYS USED. STRAIGHT
RETURN IF LIX LSTHN 1 .

XSUBK (ICyIX194IX29eee9IXN) FAP, SECONDARY ENTRY OF ADCK
SETS IX1=IX1-ICy IX2=IX2-ICy eeey IXN=IXN-IC. EQUIV(ANY ARGUMENTS) OK,
BUT INITIAL VALUE OF IC IS ALWAYS THE SUBTRAHEND. STRAIGHT RETURN IF
N=0.

XSUBKS (ICLyIX1sIY1,4IC29IX291Y2900e9ICNoIXNyIYN) FAP, SECONDARY ENTRY OF ADCK
SETS IY1l=IX1-ICl, [IY2=IX2-IC2y eee» IYN=IXN-ICN. EQUIV(ANY TWO
ARGUMENTS) OK BUT MAY CHANGE INPUTS ICJ OR [IXJ. PROCESSING IS LEFT
TO RIGHT. STRAIGHT RETURN IF N=0.

XSUM (IXyoLIXy ISUMIX) FAP, SECONDARY ENTRY OF SUM
SETS ISUMIX = SUM (FROM I = 1 TO LIX) OF IX{I). OCVERFLOW DANGER NOT
CHECKED. STRAIGHT RETURN IF LIX LSTHN 1.

XVDRBV {IX,IY,LXY, IXDVBY) FAP, SECONDARY ENTRY OF XVDVBYV
IDENTICAL TO XVDVBV EXCEPT RESULTS ROUNDED, NOT TRUNCATED.
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« XVDVBV TO ZEFBIN = # XVDVBV TGO ZEFBIN =
AEERBEREARARARARSRRRE RS [y Y Y YT Y Y
XVDVBV (IX,IY,LXY, IXDVBY) FAPy 34 REGISTERS

OTHER ENTRY - XVDRBV. TRANSFER VECTOR - XDIV,XDIVR.
SETS IXDVBY{le.o.LXY) FROM IX{l...LXY) AND IY(l...LXY), WHERE
IXDVBY(I) = IX(ID/IY(I), TRUNCATED TO FORTRAN-II INTEGERS.
EQUIVIIXDVBY, IX OR 1Y) OK. STRAIGHT RETURN IF LXY LSTHN 1 .

XVMNSV (IXy[Y,LXY, IXMNSY) FAP, SECONDARY ENTRY OF VPLUSV
SETS IXMNSY(l...LXY) FROM IX(lesoLXY) AND IY(l...LXY}, WHERE
IXMNSY{I)=IX{I)-IY(I). EQUIVIIXMNSY, IX OR IY) OK. STRAIGHT RETURN
IF LXY LSTHN 1 .

XVPLSV (IXyIY,LXY, IXPLSY) FAP, SECONDARY ENTRY OF VPLUSV
SETS IXPLSY(l...LXY) FROM [IX(l...LXY) AND 1IY({l...LXY), WHERE
IXPLSY(I)=IX(I)+I¥Y(I). EQUIV(IXPLSY, IX OR IY) OK. STRAIGHT RETURN
IF LXY LSTHN 1 .

XVTMSV (IXo1Y,LXY, IXTMSY) FAP, SECONDARY ENTRY OF VTIMSV
SETS IXTMSY{l...LXY) FROM 1IX{l...LXY) AND 1IY{l...LXY), WHERE
IXTMSY(I) = IX(I)=IY(I). EQUIV(IXTMSY, IX OR IY) OK. NC OVERFLOW
CHECK MADE. STRAIGHT RETURN IF LXY LSTHN 1 .

XWHICHF(IX1,IX2,ZIFIX1) FAP, SECONDARY ENTRY OF WHICH
HAS VALUE = [IX1 [IF ZIFX1=0.0, VALUE = 1IXx2 IF ZIFIX1 NOT= 0.0 .
ZEFBCDF(ITAPE) FAP, 54 REGISTERS

OTHER ENTRY - ZEFBIN. TRANSFER VECTOR - (I0S)»{(RDS)+(RCH),(TCO),
(TEF), (TRC),{BSR).
FUNCTION HAS VALUE = 0.0 [IF NEXT RECORD ON LOGICAL TAPE NUMBER ITAPE
IS AN END-OF-FILE RECORD (BCD MODE)y = 1.0 IF NOT ENC-GF-FILE,
= =-1.0 [IF REDUNDANCY (10 READ ATTEMPTS MADE). TAPE IS LEFT UNMOVEC.

ZEFBINF(ITAPE) FAPy, SECONDARY ENTRY OF ZEFBCD
FUNCTION HAS VALUE = 0.0 [IF NEXT RECORD ON LOGICAL TAPE NUMBER ITAPE
IS AN END-OF-FILE RECORD (BINARY MODE)y = 1.0 |IF NOT END-OF-FILE,
= =1.0 [IF REDUNDANCY (10 READ ATTEMPTS MADE). TAPE IS LEFT UNMOVED.
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Program Statistics

The program statistics tabulation below provides an alphabetically ordered listing of
all entries, with their secondary entries, transfer vectors, storage requirements,
acceptance dates* of symbolic decks, symbolic deck-card counts, binary deck-card
counts, authors, programming language, and entry-name pronounciations. All numbers
given in the tables are decimal. The symbol M is used for machine language (i.e.,
FAP) and F for FORTRAN. Authors are coded by initials as follows.

AMN Arcadio M. Niell

CP Cheh Pan

EAR Enders A. Robinson

IH Ira Hanson

Jc Jacqueline Clark

JFC Jon F. Claerbout

ING James N. Galbraith, Jr.
JTO J.T. Olsztyn

JTP Joseph T. Procito, Jr.
MIT MIT Lincoln Laboratory or Computation Center Staff
RAW Ralph A, Wiggins

RJIG Roy J. Greenfield

SMS Stephen M. Simpson, Jr.

The pronounciations given approximate the conversational usage of our program-
ming group. A letter followed by a period indicates a syllable pronounced as in
alphabetic recitation of the letter. An unsyllabized word always receives ordinary
pronounciation. A stress mark following such a word indicates that the whole word,
rather than its last syllable, is accented.

*See the discussion at the beginning of Section 10 for the meaning of this term.
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4 . SMS . M . ABZ*

9/29/64 « 117 .

50

ABSVAL

DAN L.°*

11 . JFC . M . A.*

9/29/64 . 336 .

183 .

ADANL

L S[N

XDANL

3

(SEE ADANL)

ADANX
XDANX

DAN X.*

Ll A.'

ADANX

Ke

8 . SMS . M . ADD®

9/29/64 . 366 .

114 .
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.
3
.
.
.
.
.
.
.
.

(SEE ADDK)

SUBK
MULK
DIVK
XADDK
XSUBK
XMULK
XDIVK
XDVRK
ADDKS
SUBKS
MULKS
DIVKS
XADDKS .
XSUBKS .
XMULKS
XDIVKS .
XDVRKS

ADD- KAYZ®

ADDKS

PHASE

10 . JFC . M . AMP*

10/ 1/64 « 251 .

149 .

.

AMPHZ

. ATAN
« SQRT
« RND
. COS
- SIN

REIM

KAHL

8 . SMS . M ., ARB?

271 .

9/ 9/64 .

. 129 .

INTOPR .

ARBCOL



FRBRBRBRRABREEFRBRERBRRER PROGRAM STATISTICS ARBRRBRARABERER AR AR NS

* ARCTAN TO CMPARP = « ARCTAN TO CMPARP #
REBBBRBRERER RN REBREEN BRGNP ARRRBRATRRRBRRNEEES
ARCTAN . e 29 . 9/ 4/64 . 92 . 3 . RAW . M . ARC' TAN
L ] ATAN * L ] * - k] . *
ARG (SEE LOCATE). . . . . .« « ARG
ASPECT . . 278 . 9/29/64 . 536 . 15 . SMS . M . ASPECT
. COLAPS . . . . . . .
L] COSP L ] L ] L] - * L] .
. DUBLX . . . . . . .
. DUBLL . . . . . . .
L] SPLIT L] . * - L ] L ] L]
. RVPRTS . . . . . . .
ASPEC2 . e T4 . 3/15/65 . 206 . 5 . SMS . M . AS* PEK 2°¢
. SEQSAC - * . - - - .
. NEXCOS . . . . . . .
AVRAGE . . 24 . 9/29/66 « 19 . 3 . SMS . M . AV' REDGE
BLKSUM . e 49 . 9/ 4/64 . 169 . 4 . SMS . M . BLOCK' SUM
BOOST . . 34 . 9/29/64 . 147 . 3 . SMS . M . BOOST
XBOOST L ] - L ] *® - - - L ]
DPRESS . . . . . . . .
XDPRSS . . . . . . . .
CALL  (SEE LOCATE). . . . . . . CALL
CALL2 (SEE LOCATE). . . . . . . CALL® 29
CARIGE . . 47 . 9/29/64 ., 98 . 4 . SMS . F . CARRIAGE
L ] (STH’ L ] - L] - L - L ]
L ] ‘FlL) - . * * L ] L) .
CHISQR . . 105 . 9/29/64 .+ 85 . 6 . JNG o F . KAI' SKER
CHOOSE . e 17 . 9/ 4/64 . B84 . 2 . SMS . M . CHOOSE
CHPRTS . . 76 . 9/29/64 . 149 . 5 . SMS . M . CHEH PARTS®
RVPRTS . . . . . . . .
CHSIGN . . 18 . 9/29/64 . 78 . 2 . SMS . M . CHEH SINE®
CHUSET (SEE INDEX) . . . . . . . CHU' SET
CLKON . . 46 . 9/29/64 . 42 . 4 . RAW « F . CLOCK® ON
. CLOCKIL . . . . . . .
e (SPH) - L * . - . L ]
- (FIL) [ ] - * . . - L]
CLOCKL (7090) « 57 . 3/15/65 ., 148 « 4 . SMS . M . CLOCK®' 1°
CMPARL (SEE CMPARV). . . . . « . KUM PAR® L,®
CMPARP . . 53 . 9/29/64 . 151 . 4 . SMS . M . KUM PAR! P,?

CMPARS .



SEBARRBRRAARABERBRRRBERE PROGRAM STATISTICS SRFRBERBRAABBRERBRES SRS
= CMPARS TO COSISP = #« CMPARS TO COSISP =«

(2222222 2222222222 X2 22223 ARRARARARBBRRFRARBAIRERR

CMPARS (SEE CMPARP), KUM PAR®' S.°*

. 3

CMPARV . e 50 . 9/ 4/64 . 156 « 4 . SMS . M . KUM PARY V.?
CMPARL . . . . . . . .
CMPRA . e 1B . 9/ 4/64 . 104 . 2 o RAW « M . KUM' PRUM
XCMPRA - L] L] . L] L ] L ] o
CMPRFL L ] L] - L ] - ® * L]
CMPRFL (SEE CMPRA) . . . . . « « KUM' PRUH FUL
CNTRDB . . 550 . 9/ 9/64 . 251 . 27 . SMS . F . CONTOUR' D. B.
- SETVEC L] [ 3 - - L ] L] -
- LOG L] - - L] L] L] -
L] CONTUR - o . L ] L] L] *
L ] Exp £ L] . . * [ ] L]
. SAME . - - - . . -
- (S"H) L] - L ] . * L3 -
L] ‘F!L’ L] L ] L] - . * -
CNTROW . . 802 . 97/ 9/64 . 521 . 39 . SMS . F . CONTCUR' ROW
. RNDON . . . . . e .
. RNDUP L] . . . . . -
. QUFITL . . . . . e .
. CUFITI L] - L] L] L] * -
. FASCUB . . . . . e .
. RND . . L] L] L] L] L ]
COLABL . . 185 . 9/ 4/64 . 124 . 10 . SMS « F . KAH' LAH BUL
. GENHOL . . . . . o e
L] ‘SPH, L] L] - - L] L] )
. (FIL’ L] . L ] . - L ] -
L] (STH' L] L . L] £ ] L] L ]
COLAPS . . S50 . 9/29/64 . 128 . 4 . JC . M . COLLAPSE
CONTUR . . 587 . 97 9/64 . 642 . 29 . SMS . F . CONTCUR
- RNDDN - L] . L] - . L]
. RNDUP . . . . . . . ,
. (STH) . . . . . . .
. ‘FIL’ . - . . . L] -
. COLABL . L] L ] - L ] L] .
L ] ARBCOL . L] L] L - * -
. CNTROH o . . L] . . .
- SH[TCH L] . L] L] L] L £ d
. (SPH’ * L ] L] * L] L ] L]
L] XSAHE L ] L] L] L] . . -
CONVLY . . 96 . 9729764 . 99 . 6 . JFC . F . CONVCLVE
CONVLV-II . . 56 < 10/ 2/64 « 149 . 4 . JFC+. M . CONVOLVE® DASH 2°
. L ] . . L] L ] RAH L] .
COSISP (SEE COSP) . . . . . e o KOH' SISP



HRRBARBRRBR B R BB R RN BRSNS PROGRAM STATISTICS BRBREBRBEERBRARVE BRI AR RN
= COSIS1 TO CVSOUT = #« COSIS1 7O CVSOUT =

\ 222222 222 2222222222222 2] BRBREVRARBERRERBRG AR R RN

COSIS1 . « 406 . 9/10/64 . 264 . 21 . RAW . F . KOH' SIS 1°
. IXCARG - L] . £l - . L d
- SPLIT -* L3 - . . . L
- MOVREV Ld L3 . - L d L] L d
« CHPRTS . . . . . . .
Ad COSP . Ll Ll - . L3 .
. SISP - .o L] L] . . .
- COSISP - . Ll - Ld - L
cosp . « 504 . 9/29/64 . 878 . 27 . SMS . M . KAHSP
SISP . . . . . . - .
COSISP . . . . . . . .
COSTBL B « 121 o 9/729/64 . 20C . 8 « JFC « M . KAHSS®' TUH BUL
SINTBL . COS . . . . . . .
COSTBX . SIN . . . . . . .
SINTBX - - . - - Ld - Ld
COSTBX (SEE COSTBL). - . . . . « KAHSS®* TUB X.°*
CPYFL2 . « 178 « 97 9/64 . 304 . 10 . RAW . M . COPY' FILE 2°
. ‘ lﬂs’ - . - - L] . L]
. ('CO) - . L] . . . L]
Ll (NRS, £ d . - . . . L]
Ll (RCH’ Ll - . - L3 . L
Ll (TRC) L] L L d - L3 L d L4
- (ETI’ . . Ll L3 L] Ld Ld
Ll (“EF’ L] . . L3 . L3 .
. (RDS) . . . . . ..
CROSS . « 107 . 9729764 . 87 . 7 « RAW . F . CROSS
- STZ . . . . L] . .
. FDOT . . . . . . B
CROST . « 134 . 9/29/64 . 99 . 8 . RAW . F . CROSS* T.°*
« CROSS . . . . . . .
- REVERS L4 L] Ll . L] . .
CRSVM . « 327 . 9/10/64 . 220 . 17 « RAW . F . C.* R. S. V. M,*
L] SETKS - - - L d . - Ll
. MDOT3 . . . . . . .
- STZ Ll L3 Ld Ld Ll . .
cSout . . 49 . 9/ 4/64 « 127 . 4 . RAW o M . SEEZ* QUT
- CARIGE . L d L4 . . L] Ll
L] (STH, . . A\ - L d L3 .
L] “RADJ - Ad L] - L3 Ll L4
- (FIL’ kg Ll - - - - .
CUFIT1 . « 158 . -9/ 4/64 . 326 . 9 . SMS « M . Q.* FIT 1
cvsouTt . . 84 . 9/29/64 . 221 . 6 o SMS + M . C.' VEEZ' OUT
« CARIGE . . . . . . .



LA S22 222222222222 X2 22222 )

& CvsouTt

RRBAREEREFRERERRRERERRERRES

« FMTOUT
« VECOUT
DADECK .
. EOFSET
« (TSH)
« (RTN)
« (STH)
« (FIL)
« RSKIP
DELTA .
XDELTA .
STEPR .
XSTEPR .
STEPL .
XSTEPL .
STEPC .
XSTEPC .
DERIVA B
DETRM (SEE SIMEQ)
DIFPRS .
XDFPRS .
DISPLA (709)
+» (IOH)
DISPLA (7090)
« (IOH)
» FRAME
DIVIDE .
DIVK (SEE ADDK)
DIVKS (SEE ADDK)
'*DO** (SEE SEVRAL)
Doty .
porve .
. DOTJ
DPRESS (SEE BOOST)
DSPFMT .
DUBLL (SEE DUBLX)
puBLX .

DuBLL .

TO DUBLX

® ¢ 0 & & 6 0 0 0 8 6 6 & & O 4 & 6 O 6 & 0 O & 0 & 0 K O 0 6 s s 0 0 s 0 s 0 s s s s e

*

100

17

61

30

220

219

23

59

264

194

45

® 6 8 8 9 4 8 © 5 0 0 4 6 0 S 0 S 0 6 S 2 O 0 L O 6 S 2 6 B S O O G O G 0P 6 B O L S O PO K O s s s

PROGRAM STATISTICS

9/ 4/64

9/ 4/64

9/29/64

9729764

9/29/64

9/ 4/64

9/29/64

10/ 2764

9729764

9/29/64

9/29/64

e 8 & 0 0 ¢ ¢ 0 0 0 ¢ 0 5 6 0 0 0 0 2 s O 000 0 0 o0

® & 8 0 0 0 & & 0 0 2 ¢ O 6 0 0 0 b 0 0 s b 0 0

70

141

160

118

474

481

88

143

147

313

129

® 6 8 0 9 6 5 6 4 5 & & O 0 0 0 0 0 8 0 O & % 6 O B O s B 0 s O S " S P NN e s

12

13

14

11

® & 0 0 0 0 & 0 0 0 O 2 4 T 4 0 B s B 6 0P e PSS s 0 s e

#EZRABFRRRTRRARATRR AR

-

CVSOUT TO DuBLX

*

SERBERBARRTRARREREAB AR RN

JNG+
RAW

SMS

SMS

SMS

MIT

MIT

SMS

RAW

RAW

SMS

SMS

9 6 9 0 0 0 0 0 0 0 0 0 0 6 0 6 0 0 0 B b O P O LS eee

® 5 8 5 9 & 9 0 0 0 S P S B 0% S PO 0 SN e e e

DAY® DECK

DELTA

DEH RIV* UH
D. TERM?®

DIF* PERZ

DISPLAY

DISPLAY

DIVIDE
DIV' K.
DIV KAYZ®
Do

Dot J.°
CoT* pP.?*

DEPRESS
CISP* FUM ET
DOUBLE® L.*
DOUBLE® X.*



(2 A2 22 X222 222222222222 X2}

® DUBLX

TO0 FLOATM

ARERFRRFXRRFARARBERERRES

HALVX .

HALVL .
ENDFIL (SEE
EOFSET (SEE
EXCHVS .
EXPAND .
FACTOR .
FAPSUM .
FASCNL .
FASCOR (SEE
FASCRL (SEE
FASCUB .
FASEPL (SEE
FASEPL (SEE
FASTRK .
FDOT .

FOOTR .
FDOTR (SEE
FIRE2 .
FIXV .

FIXVR .
FIXVR (SEE

FLDATA (SEE

FLOATM .

REREAD).
REREAD).

INTOPR

MAXAB
LOG
COSTBL
caosp
EXP

e & 06 o & 4 0 5 & 2 0 0 s N 0 00

PROCOR) .
PROCOR) .

L3
.
PRUCUR ) «

PROCOR) .

FDOT)

IXCARG
STZ
porte
MATML3
00Ty

FIXV)

FXDATA)

® & 0 ¢ 0 & 6 0 6 & 0 6 6 0 0 0 0 s s 0 0 0 o0

22
189

308

14

107

141

26

40

271

35

25

) 8 8 8 @ 0 0 0 & 92 0 0 B 0 0 6 0 0 0 0 s 0 0 8 0

e & 6 0 0 5 0 0 6 0 4 0 0 0 s 6 0 0 0 0 s e

PROGRAM STATISTICS

9/29/64
9/ 4/64

9/ 8/64

9/29/64
9/29/64

9/ 4/64

9/ 8/64

9/ 4/64

9/ 8/64

9729764

9/29/64

L T I DA 2 R I D Y D DR DY T RN Y TR Y BN Y B DN IR T DY Y I I I )

® ¢ 0 & 0 5 0 0 0 0 0 6 0 0 0 0 0 0 b e 0 0 s e s 0

®
»

b6 0 & & 0 6 0 6 0 0 0 6 S 0 0 0 0 0 0 s e 0 0o

380

489

66

199

260

119

101

152

105

91

® & & ¢ ¢ & 0 5 6 S 0 6 5 6 6 0 0 6 " 9 0 0 s o0

17

s
>

e & & 5 ¢ 6 & 0 0 0 6 O 6 0 0 0 % 0 0 s s 0 s o000

) & & 0 & 6 0 5 & O 0 0 0 2 0 0 6 6 0 0 P N 0 O N G s 0 0

SMS
SMS

JING

JFC
SMS

SMS

SMS

RAW

RAW

SMS

SMS

SRRV AAGDAREERNRAE RN RN

& DuUBLX

TO FLOATM »

(22 2222222222222 222 22222 )

. « END® FILE

. o Eo' 0. Fo' SET
« M . EX' CHEH VEEZ
« M . EXPAND

« M . FACTCR

e« M . FAP®' SUM

« M . FASS®* SCAN 1°*
. . FASS® CORE

. o« FASS' KER 1°*

« M . FASS' CUBE

. o FASS® Ee Po Co°*
. « FASS® E. P. 1°*
« M . FASS' TRACK

« M, F.' DOT

. « F.* DOT R,

« F . FIRE 2°

« M . FIX®* V,.*

. « FIX* V. R.*

. « FLOW® DATA

« M . FLOAT® M,.°*



ZRRBREBBRRARRSRRBRIRBERRS PROGRAM STATISTICS SRR RRBRVRVSARVRREGABERRY

# FLOATV TO GNHOL2 = # FLOATV TO ©GNHOL2 =
EERERBRBRARRBRRRBE BB RARS ARBRBRBRNBRBEBARBBRBRE R ER
FLOATV . . 22 . 9/29/64 . 81 . 3 . SMS . M . FLOAT* V.
FMTOUT . . 51 « 9/29/64 . 71 . 4 . SMS . F . FUMT* QUT
. FNDF"T L] L - - Ll L3 -
. RPLF"r L] * * L . Ll L d
L] (STH’ L] - . L] L] L .
. (FlL, . . ] L] Ll L] L]
FNDFMT . . 88 . 9/29/64 . 203 . 6 « SMS o M . FIND®* FUMT
Ll REVER L] Ld . Ll . - L d
FRAME (709) . 4 . 9/29/64 . 34 . 2 « RAW . M . FRAME
FRAME (7090) . 9 . 9/ 4/64 . 47 . 2 « MIT . M . FRAME
FRQCTL . e 117 . 9/29/64 . 95 . 7T . SMS . F . FREE®* COUNT 1°
FRQCT2 . « 117 . 9/29/64 . 212 . 7 « JNG « M . FREE®' COUNT 2°
FSKIP B . 50 . 9/ 4/64 . 104 . 4 o« JFC « M . F.' SKIP
. (I0S) . . B . . . .
. ‘RDS, Ll . Ll - L] . .
L ‘BSR' Al L3 . - Ld L d .
. (TCU, . . - . - . L3
- (TEF, - Ld . . Ll L] L]
« (TRC) . . . . . . .
FT24 . e T7T7T . 9/29/64 . 848 . 40 o« CP . M . F.'T. 24°
« FXDATA . . . . . o .
-« FLDATA . . . . . . -
FT24 -1II . « 818 « 9/29/64 .« 147 . 39 o RAW o F o F.'T. 24" DASH 2°
FXDATA . « 102 . 10/ 1/64 . 248 . 7T o SMS . M . FIX* DATA
FLDATA . N . B . . . -
GENHOL B . 48 . 3/15/65 . 145 . 4 o RAW o M . JEN®' HAHL
. (IoH) . . . . . . .
GETHOL . « 169 . 9/29/64 . 176 . 9 o SMS . F . GET* HAHL
« XLOC . . . . . . .
. REVERS L d . . L] Ll L] -
GETRD1 . - e« 229 . 10/ 1/64 . 173 . 10 « SMS . F . GET* R. 0. 1°*
L3 ( YSH, L . . L] . L] Ll
. (RTN, . . . Ll L] L] -
GETX . . 31 . 9/ 4/64 . 128 . 3 « RAW . M . GET* X.
IGETX . . . . - . . .
GNFLT1 . e 232 + 9/29/64 . 164 . 12 . SMS . F . JEN®' FILT 1°*
. COS . . . - B . .
GNHOL2 . . 74 « 9/29/64 . 158 . 5 « RAW « M . JEN' HAHL 2°

(I0OH)



BEERBREBRRRRRBERBRERRERRS PROGRAM STATISTICS BRAEBERBABBRBRER AR BB RN EN
# GNHOL2 TO IFNCTN « # GNHOL2 70O IFNCTIN

L2 2222 22222222222 222222 ] LA X222 222222222 2222222 X 2 3

(FIL)

GRAPH 1499 9/29/64 1103 12 SMS GRAPH
DISPLA
(SPH)
(FIL)
LINE
LOG
EXP(2
XFIXM
FLOATM
DSPFMT
FRAME
xLoc
MVBLOK
SCPSCL
HSTPLT
GRAPHX 123 9729/ 64 154 SMS GRAPH® X.*
GRAPH
FRAME
107 1764 141 11 JING GROUP®* 2°¢

GRUP2 201

LI I T R DY D N T T B B R Y D R TR T Y TS S N N'Y

HALVL {SEE DUBLX) HALVE® L.'

HALVX (SEE DUBLX) HALVE® X.?

.
.
.
-
.
3
.
.
.
3
.
.
.
.
.
°
.
.
.
.
.
.
.
.
.
.
.
- )
.
.
.
.
.
.
-
-
-
°
.
.
.
-
.
.
.
.
o
.
.
-
.
.
)
.
.
.

HLADJ . 46 9/29/64 111 SMS M He L.* ADJUS
HRADJ (SEE HLADJ) He Ro' ADJUS
HSTPLT . 145 9/29/64 346 9 JNG L HIST*PLOT
« LINEH
« LINEV
HSTPLT-II . 188 9/29/64 336 11 RAW M HIST*PLOT DASH 2°
« LINEH
« LINEV
HSTPLT-III (709) 256 9/29/64 438 14 RAW M HIST*PLOT DASH 3¢
« LINEH
HSTPLT-III (7090) 258 9/ 8/64 446 14 RAW M HIST*PLOT DASH 3°
« LINEH -
HVTOILV . 39 9/29/64 110 3 SMS M Ho' V. TO I.* V.
IDERIV . 54 9/29/64 149 4 SMS M I.* DEH RIV
'YIF** (SEE SEVRAL) IF
IFNCTN 208 9/ 4/64 444 12 SMS M I.* FUNCTICN

L L e e e e I e R e e I R I I N N I N R N R I I I R R R I I A N N I A N N N R N N )
LI I I I R R I I O I I T R S R S I S N R N N N R A N N T R N A N I N N N )
L I I N L I I D R D K 2R I B R N I T B I R N N R I I N N I R I R N N N R I A I A N N A I R I I I I )
L I I N R e I I N I I I N N I R R R I R I I I I N I I N A N A N A I N I N I NN NN E
L2 S I I I I A e I R I I I I I D I R R T B Y R R B AN IR R T R B Y T 2N DR T N T R T T S T T Y T R T R T R )

L I R R R e I R N I I I I R I I e Y N I I I N e N N N N T A N T N N N I I I I
»

« MONOCK
« REVER



(2222222222222 2222222222 ]

= JGETX

TO KIINT1

*

L2222 22222222222 22222 222

IGETX (SEE
TINTGR

INDATA

INDEX
VINDEX
SETEST
SETAPT
CHUSET

INTGRA

INTHOL

INTMSB (SE
INTOPR

INTSUM
XNTSUM

IPLYEV

ITOMLI
IVTOHV

IXCARG

KIINT1

® 0 0 0 ¢ 6 0 0 0 0 6 6 6 0 0 0 0 0 0 0 0 [TI® O 6 0 0 0 0 0 0 s 0 0 6 e e s 0 s 0 " o 0 0 0 0 0 s e 0

GETX)

VARARG
FSKIP
(TSB)
(RLR)
FAPSUM
Lac
MVBLOK
XSAME
(SPH)
(FIL)
(STH)
UNPAKN

FNDFMT
(I0H)
(RTN)

TiMsus)

(IFMP)

XLocC

SQRT
EXP(3
NOINT1

® 0 6 0 0 6 B 0 6 0 0 0 6 6 0 0 0 0 0 0 0 0 0 0 O 0 0 0 6 0 G 4 s 0 0 06 0P s s 0 b s e s e s 0 o0

49

896

50

47
T2

111
27

98

37
70
35

191

® 8 6 0 0 8 0 6 0 0 8 0 0 0 0 8 0 0 0 " NS e e

PROGRAM STATISTICS

9/29/64

10/ 1764

9/ 4764

9729764

9/ 9/64

9/ 4/64

9/29/64
10/ 2764

9/29/64
3715765

9/29/764

9729764

® 6 8 8 6 ¢ 0 6 6 06 0 8 6 6 O 6 8 6 0 6 0 0 0 5 6 0 0 0 6 6 6 6 0 0 0 6 6 0 6 0 0 2O P L e 0 s 0 s e 0 0 o

157

489

270

175
156

251

110

84

98
148

67

129

® 0 6 8 6 6 0 6 6 6 0 0 0 0 6 6 B 5 8 0 0 0 P 0 G G O 00 0 0 s b s O 6L 0 2P

32

10

S 0 6 8 8 6 & 0 & 0 0 0 0 0 0 6 0 0 0 6 6 0 0 0 6 0 0 0 0 0 0 B O s NN

SMS
JFC

SMS

SMS
RAW

SMS
SMS

RAW

SMS
SMS
SMS

SMS

(22X X222 2222222222222 ¢}

IGETX

1222222222 222222222222 ¢

® 0 06 9 0 & 6 8 0 0 5 6 0 0 0 0 B 0 O 0 B B O 0 0 P K B G s e o

® 0 8 6 6 0 0 6 0 0 0 6 8 0 8 0 0 O VP O P e s NSNS e e e

I..
I.'

IN®

TO KIINT1

GET X.
INT®* GR

DATA

INDEX

INT?
INT?

IN®
INT?

INT?

I.'

IT?
l..

IXe

KAT®

GRAH

HAHL

TUM sus
AH PER

SUM

POLLY® EV

UM LEE
Vo TO Ho' V.

KARG

INT 1°

*



SRBARBARERREBRRERBRARRRN PROGRAM STATISTICS ARRBBERRBRBRTARBABESRBRES

FDOT

# KOLAPS TO LSSs1 » # KOLAPS TO LSSS1 L
LZ X222 22222222 X222 2222 22 ) REBBREBRRBRBERBEARRR R ERR
KOLAPS . « 100 . 9/29/64 . 219 . 6 « JC « M . KOH® LAPSE
LIMITS . . 44 . 9/ B/64 . 162 . 4 o SMS . M . LIMITS
LINE (709) . 91 . 9/29/64 . 193 . 6 o« SMS . M . LINE
LINE (7090) . 95 + 9/ 4/64 . 208 . 6 « SMS o M . LINE
LINEH (709) . 34 o, 9/29/64 . 158 . 3 4 JNG o M . LINE®* H.®
LINEH (7090} . 35 . 9/ 4764 . 168 . 3 o« UNG o M . LINE®* H.*
LINEV (709) . 34 « 9/29/64 . 161 . 3 4 JNG « M . LINE® V,?
LINEV (7090) . 35 . 9/ 4764 . 169 . 3 . UNG o M . LINE®* V.?
LINTR1 . . 96 . 9/29/64 . 93 . 6 « SMS o F o LIN® TER 1°
LISTNG . e« 755 . 9/29/764 . 221 . 38 ., RAW . F . LISTING
« (RKT) . . o . . . .
« (STH)Y . . . . . . .
« (FIL) . . . . . - .
. (TSB' . . . . . . .
« (RLR) . . . . . . .
« FAPSUM . . . . . . .
« SAME . . . . . . .
+ XSAME . - . . . . )
- (SPH’ . . o . . . .
« FSKIP . . . - - - -
e JiiTIng o . . . . . .
Loc B . 4 . 9/29/64 . 54 o 2 « RAW . M . LCKE
LOCATE . e« 512 . 3/15/65 . 2008 . 28 . SMS . M . LOCATE
WHERE . . . - . . . .
CALL . . . - . . . .
CALL2 3 . . . . - . ‘e
SETSBYV . . . . . . . -
SETUP 3 . - 3 . . . .
RETURN . . . . . . . .
XINDEX . 3 - . . . . .
ARG . . . . . . . .
XARG . . - . . . . -
STORE . . . . . . o -
XNARGS . . - . . . . .
XNAME . . - . . . . .
LSHFT : . 12 « 9/29/64 . 72 . 2 « RAW « M . L.* SHIFT
XLSHFT . . . ‘. . . . .
LSLINE : « 117 . 10/ 1764 . 82 . 7 « RAW « F o L. So LINE®
LSSS1 . s 122 . 9729764 . 116 . 7 « RAW « F o Le' S. S. S. 1°



FERERRERFRRR RN RRRRRD PROGRAM STATISTICS RNEBBRBEARRERRSRBRBS R BN

# MATINV TO MINSNM = # MATINV TO MINSNM =
AERAFRRARERRERRRRB AR RN SRRURBRRABRARNBARARRF RN RS
MATINV . . 90 . 9/29/64 . 79 . 6 « RAW o F . MAT' I[NV
« SIMEQ . . . . . . .
MATML1 . . 61 . 9/29/64 . 137 . 5 « RAW o M . MAT®* MUL 1°
MATML3 . « 120 . 9/29/64 . 105 . 7 « RAW o F . MAT' MUL 3°*
Ld DUTJ L] Ld L] Ld L d Ll -
MATRA . . 92 . 9/29/64 . 177 . 6 o RAW+, M . MAY' TRAH
. Ll L] . . . SMS - L]
MATRAlL . . 42 . 9/29/64 . 95 . 4 . RAW . M . MAY®' TRAH 1°
MAXAB (SEE MAXSN) . . . . . . « MAX* AB
MAXABM (SEE MAXSNM}. . . . . . o MAX' UH BIM
MAXSN . . 54 . 9/29/64 . 170 . 5 « JFC o« M . MAX* SIN
MINSN . . . . . . . o
MAXAB . . . . B . . .
MINAB . Ll . L] L3 L] . L]
MAXSNM . . 61 . 9/ 4/64 . 247 . 5 « SMS o M . MAX' SNIM
MINSNM . . . . . . . o
MAXABM L] Ll . . . . L] L]
MINABM . . . . . o . .
MDOT . « 109 . 9/29/64 . 94 . 7 « RAW o« F o M.,* DOT
« MATMLL . . . . . . .
MDOT3 . « 122 . 9/29/64 . 120 . 7T « RAW . F . M.*' DOT 3
« MATML3 . . . . B . .
MEMUSE B . 7L . 9/ 4/64 . 69 . S5 « SMS . F . MEM®* YEWSS
« XLCOMN . . . B . . .
« (STH) . . . . . . .
. (FIL) . . . . . . .
MFACT . « 187 . 9/29/64 . 103 . 10 « RAW « F o M.' FACT
. STZ . L] . . L Ll L]
. DOTJ . . . . . . .
« SQRT . . B . . . .
MIFLS . « 276 « 9/ B/64 « 167 « 14 o RAW o F . MIFFLES
« MOVREV . . . . B . .
« MATML3 . . o . . . .
MINAB (SEE MAXSN) . . . . . . « MIN® AB
MINABM (SEE MAXSNM). . . . . . o MIN®* UH BIM
MINSN (SEE MAXSN) . . . . . . « MIN® SIN
. - . Ll . L] Ll M‘N. SNl"

MINSNM (SEE MAXSNM)



SRBRRFARBBRBERRSRRRRRRRS PROGRAM STATISTICS ARFRVVRARVSEBRRARRSIRR AR

=  MIPLS TO MULK - « MIPLS TO #MULK L]
ERERRR B RS RBERRBRB R RS RO SERBRERASRBRRRRRRRY O NN NE
MIPLS . « 571 . 9/29/64 . 254 . 28 . RAW . F . MIPPLES

« IXCARG . . B . . . .

« MATINV . . . . . . .

« MATML3 . . . . . . .

« MATRA . . . . . . .

. MDOT3 . . . . . o .

« MOVREV . . . . . . B

- S"l L Ld . L d L] L] .
MISS . e« 335 . 10/ 5764 + 150 . 17 . RAW . F . MISS

« MOVREV . . . . . . B

. ”ATML3 L d L] . L d . L] L

. MDOT3 . - . . . . .
MLISCL . . 47 « 9/29/64 . 115 . 4 . SMS . M . MUH LIS' KUHL
MLI2A6 . « 128 « 9/29/64 . 218 . 8 . SMS . M . MILLIE®' TO A. 6°
MONOCK . . 48 . 9/ 4/64 . 165 . 4 o SMS . M . MAHN' AHK
MOUT . « 130 . 9/ 8/64 . 101 . 8 « RAW . F . MOUT

« CARIGE . . . . . . .

- (STH’ L] Ll L] - £ d L] L

. (FIL, Ld . L] Ll . L3 .
MOUTAI - « 357 . 97 4764 . 295 . 18 . SMS . F . MOUT!' TAI

. Exp(z L - . L] . * .

. CAR[GE . Ll L L] L] L] .

« GNHOL2 . . . . . . .

e MAARDM o . . . . . .

. LOG . . . . . . N

« RND . . . . . . .

« (STH)Y . o . . . . .

L (FIL' L4 * Ld - L L d .

- SAME L L d L] Ll Ld L d .

. HOVE £ d . L Ll L] L .

« MULPLY . . . . . . -

« FIXVR . - . . . . .
MOVE . . 32 « 9729/64 . 92 . 3 . JFC . M . MOVE
MOVECS . . 24 « 9729764 . 106 . 3 . SMS . M . MOO®' VEX

. MOVE L] L] L3 Ld . Ll .
MOVREV . . T4 « 9/29/64 . 156 . S « RAW « M . MOVE* REV
MPSEQlL . e« 110 . 9/29/64 . 197 . 7 « JNG « M . MAP* SEEK 1°
MRVRS B . 61 « 9/29/64 . 67 . 4 « RAW . F . MER' VERZ

« REVERS . . . . B B .
MSCON1 . « 238 . 9/29/64 . 108 . 11 . JUNG . F . MISS®* KAHN 1°
MULK (SEE ADDK) . . . . o . « MUL' K.



L T Y T T YT YT YY) PROGRAM STATISTICS N Y I T I NIy

FASCN1

& MULK TO NXALRM = = MULK TC NXALRM =
ERRERRRERRRRBR SR RB NG RRRE RRERAERB SRR RBRBERAE BB RN
MULK ~II . . T6 » 9/29/64 . 78 . 5 « SMS o F . MUL®' K. DASH 2°*
. SETUP . . . . - . .
L] ARG o . L d L3 - - Ll
Ll STORE L] L3 . - - . -
« RETURN . . . - . . .
MULKS (SEE ADDK) . . . . . . « MUL KAYZ?
MULLER . e T57 « 9/ 9/64 + 232 . 36 . IH . F . MULLER
Ld SQRT L] . L] Ll . - -
MULPLY - . 34 . 9/29/64 . 114 . 3 . SMS . M . MUL' PLEE
XML PLY - . L] . . . . -
MUVADD . e« 129 o 9/29/64 « 245 . 8 . SMS . M . MOVE' ADD
MVBLOK . . 19 . 9/29/64 . 83 . 2 o SMS . M . MOVE®' BLOCK
MVINAV . « 221 . 9/29/64 . 116 . 12 . SMS . F . MOVING' AV
MVNSUM . . Tl . 9/ 4/64 . 202 . 5 « SMS . M . MOVING®' SUM
MVNTIN . . 88 . 9/ 4/64 . 234 . 6 o SMS . M . MOVING TEEN®
MVNTNA . . . . . . . .
MVNTNA (SEE MVNTIN). . . . . . « MOVING TEEN® UH
MVSQAV . « 236 « 9/29/64 . 116 « 13 . SMS . F . MUHV' SKAV
MXRARE . s 302 . 9/29/64 . 250 . 16 . SMS . F . MAX® RARE
L d E xp ( 2 - - . L] - L d .
NEXCOS (SEE SEQSAC). . . . . . « NEX* KOHSS
NEXSIN (SEE SEQSAC). . . . . . « NEX* SINE
NMZMG1 . . 34 . 9/29/64 . 97 . 3 ¢« RAW « M . Ne'M.Z.'M.G."* 1°
NOINT1 . « 369 . 9/29/64 . 375 . 20 . SMS+. M . NOINT® 1°
NOINT2 . LINTR1 . . . . « JNG . .
NOINT2 (SEE NOINT1). . . . . . o. NOINT® 2°
NRMVEC . « 111 o 9/29/64 . 100 . 7 « RAW « F o NORM* VEK
Ld SQR]’ Ld L] - Ll L] Ll -
« MAXAB . . . . . . .
NTHA . . 11 . 10/ 6/64 . 93 . 2 « SMS . M , ENTH®' UH
XNTHA . . . . . . . .
NURINC . « 121 . 9/ 4/64 . 327 . 8 . SMS . M . NEW®' RINK
NXALRM . « 243 . 9/29/64 . 178 . 13 . SMS . F . NEX' ALARM



FEBRABRRRRERRRAEBRRERREES PROGRAM STATISTICS SRR RGERARRBRRERRERA R RN

= ONLINE TO PLOTVS = # ONLINE TO PLOTVS =
(2222222222222 222222222 RRBEBEBRABRERRRLEBRA ARG RN
ONL INE . « 134 . 4/14/65 . 191 . 8 o RAW . M . ON' LINE
(STH) . (IOH) . . . . . N .
(STHM) . (WER) . . . . . . .
(STHD) . (TES) . . . . . . .
« (WRS) . . . 3 . . .
« (WTC) . L . . . . -
« (RCH) . . . . . . .
L) ‘FIL’ . . . . . . -
. (SPH‘ . 3 . . . . .
OUDATA . « 495 . 3/15/65 . 269 . 11 . JFC . F . CW' DATA
« VARARG . . . . . . .
. LOC . . . . . . .
. MVBLOK . . . - . . .
« FAPSUM . . . . . . .
« PAKN . . . . . . .
« (ST8B) . 3 . . . . .
« (WLR) . . . . . . .
« (EFT) . . . . B . .
PACDAT . e« 152 . 9/ 9/64 . 259 . 9 . RAWN . M . PACK®* DAT
. (I0S) . . . ° . . -
. (TCO) . . . . . . .
. {RDS) . . . . . . .
. ‘RCH‘ . . . . » . .
. (ETT' . 3 - . . . .
PAKN . . 78 « 9/29/64 . 147 . S « JFC o M . PACK® N.°*
« FXDATA . . - - - - -
PLANSP . « 1169 « 9/ 9/64 . 383 . 56 . RAW . F . PLANSP
« SETKS . . . - . . .
« LIMITS . . . - . - .
« IXCARG . . . . . . .
« CHOOSE . . . . 3 3 L)
« XOOZE . . - . . . .
« MOVREY . . . . . . .
« STZ L) . . . . . .
« ROAR2 . - . . . 3 .
« XADDKS . . . . . . .
« KOLAPS . . - . . . .
. COSTBL . . . . . . .
« SINTBL . . . . . . .
« XADDK . . . . . . .
. COSIS1 . . . . . . .
» MATRA . . . ° . . .
PLOTVS . « 494 . 9/ 4/64 o 261 . 18 . SMS . F . PLOT* VEEZ*
. SETVEC . . . . . . .
« SETKS . . . . . . -
« SETKV . . . . . . .
« (STH) . . - . . 3 .
« (FILY . . . . . . .
« SWITCH . 3 . . ° ° -
L] (SPH’ . . - . L) . .
+ RND . . . . . - .



BRERBBRBARRSERRBERRRERERR PROGRAM STATISTICS EERRBSGRBBERBRAEBRER RS S OB

# PLTVSL TO PROCOR # « PLTVSL TO PROCOR =
L2222 2222222222 X2 X2 X222 RERBRRBRARBERARERRSHE 000
PLTVS1 . « 817 . 9/ 4/64 o 393 . 40 . SMS . F . PLOT' VEEZ 1°*
« VARARG . . . . . . .
. SETKS . . . . . . .
-« SETVEC . . . . . . N
o SETKVS . . . . 3 . .
« XSTLIN . . . . . . .
+« XLOC o . o . . - .
« XSAME . . . . . . .
« RMSDEV . . . . . . .
« (STH) . . . . . . .
« (FILY . . . . . . .
« MAXSN . . . - . o .
« MINSN . . ° 3 . . .
« MULPLY . . . . . . .
. BOOST . . . - . . -
« PLOTVS . . . . . . .
« DPRESS . . . 3 . . .
PLURAL (SEE SEVRAL}. . . . . . « PLURAL
PLURNS . . T3 « 9/729/64 . 247 . 5 o« SMS . M . PLURNS
PLYSYN . e« 172 . 10/ 5/64 . 162 . 10 . EAR . F . PLEE* SIN
« COS . . . . . . .
« CONVLYV . . . . . . .
POKCT1 . e« 219 o 9729764 . 134 . 11 . SﬁS « F o POH' COUNT 1°
. FRQCTL . . . . . . .
POLYDV . . 130 : 9/ 9/64 . 102 . 7 « JFC+. F . POLLY® DIV
« MOVE . . . . « RAW . .
. STZ . . . . . . .
POLYEV . . 54 . 9/29/64 . 62 . 4 . JFC . F . POLLY® EV
POLYSN . « 256 : 9/ 8/64 » 167 « 14 « RAW o F . POLLY' SIN
« SQRT . . . 3 . . .
. COS . . . . . . .
« CONVLV . . . . . . -
. MOVE . . . . . . .
POWER . . 50 . 9/29/64 . 130 . 4 . SMS . M . POMWER
SMPRDV . EXP(2 . . . . . . .
PRBFIT . « 373 . 9/29/64 . 187 . 16 . RJG « F . PRAHB® FIT .
o SQRr . . . . . . .
« EXP(2 . . . . . . .
« EXP . . . . . . .
PROB2 o e 229 . 10/ 6/64 « 175 + 12 o« UNG . F . PRAHB® 2°
PROCOR . e« T70 . 9/29/64 . 1499 . 40 . SMS . M . PROH! CORE
FASCOR . . . . . . . .

FASEPC



(22222 2222 22 X2 2222222 222

#  PROCOR

TO QXCOR1

*

HEBRERRRERBRRRBERRRE RS

FASCR1
FASEP1

PSQRT

PWMLIV

QACORR

QCNVLV

QFURRY

QIFURY

QINTR1

QUFITL

QXCORR

QXCOR1

L I I I I I I T T S I I R I I I I R e I I O I I O R T T T R S R T N T T S S S S S S S S T

SQRT

MLI2A6
(STH)
(FIL)
(SPH)

FXDATA
PROCOR
FASCOR
FLDATA

XLOC

FXDATA
PROCOR
FASCOR
FASEPC
FLDATA

STz

XSPECT

COsSTBL
SINTBL
cosise
XLOC

RNDUP
QUFIT1

xLoC

FXDATA
PROCOR
FASCOR
FLDATA

SETKS
IXCARG

155

300

207

569

244

280

229

79

283

502

e 0 & 0 6 & 0 0 0 0 0 8 0 N0

PROGRAM STATISTICS

10/ 5/64

9729764

9/29/64

9/29/64

9/29/64

9/29/64

9/ 4764

9/ 4/64

9/29/64

3/15/65

® @ 6 6 0 6 0 0 6 6 0 & 5 0 0 0 0 5 0 6 0 0 0 0 0 S 0 0 0 0 0 O O O OB L G O O O GG 6 0O 00 00 e o0

91

142

184

294

181

206

192

200
249

198

® 0 & 0 0 0 0 0 06 2 0 6 & ° s 6 0 B K L 0 0 s s e 0

15

11

27

13

14

12

25

S 8 6 6 5 0 6 0 6 0 0 0 6 6 6 0 S 0 B S 0 L 0 0 P G P O O O O G G GO S VOO S O L L O 0 s 0 e o0 0

JFC

SMS

SMS

SMS

SMS

SMS

JTP

SMS
SMS

RAW

RERFRERRABABARAERREB AR RN

PROCOR

AERARBRFRBRARAEARABARRES

® & 0 8 0 0 2 8 0 5 6 6 % 0 6 O 6 0 B B O " SO N s

® 0 0 2 & 0 0 0 0 0 0 8 0 0 0 6 S 0 S O B NN e

P..

T0 QXCOR1

SQUIRT

PWIM® LIV

KACK®* CORE

Q..

Q..

Q. I

CONVOLVE

FURRY

«* FURRY

KINT® ER 1°

Q.'

KIX®

KIX®

FIT 1°
CORE

CORE 1°



SRRBERRRBFRLERRRARRRERRS PROGRAM STATISTICS ARARVRL LB RRAERBERBRAERR
# QXCOR1 TO RLSPR2 = # QXCOR1 TO RLSPR2 =

RERERARRRARARRRERTRBRIRS L 222222 2222222222222 222 2 )

« LIMITS . . . . . . .
. STZ . . Ll . . Ll L d
« REVERS . . . . . . .
« PROCOR . . . . - . .
L] FASCRI L] L] - Ll L] - .
« FASEP1 . B . B . . .
RDATA o « 645 . 3/15/65 . 396 . 31 . RAW . F . R.* DATA
« SETUP . . . . . . .
« RETURN . o . . . . .
« IXCARG . . . o . . .
« (TSH) . . . - . . .
L] (R"N’ Al L] . . . L] .
. (STH) . . . . . . .
« (FIL) . . N . . . B
. HVTOLV . . . . . . .
« IVTOHV . . . . . . .
L3 CMPRA . * i d . Ld . Ll
. ARG . i . L] - L] L]
Ll !NTHOL . L d L] . L d L] L]
. SrORE L] . L3 Ll - L L]
REFIT (SEE SPLIT) . . . B . . « REE®' FIT
REFLEC . . 28 . 9/29/64 . 108 . 3 « SMS . M . REE® FLEK
XRFLEC . . . . . . . .
REIM {SEE AMPHZ) . . . . . . « REE' [IM
REMAV . . 36 « 9/29/64 . 106 . 3 . SMS o M . REM®' AV
REREAD . « 114 . 9/ 9/64 . 283 . 7T « RAW . M . REE' READ
EOFSET . (IOH) . . . . . . .
ENDFIL . (RDS) . . . . . . .
(TSH) . (RDC) . . . . . . .
(TSHM) . (RCH) . . . . . . .
. (TCO)Y . . . . . . .
Ll (TEF’ L] Ld - . L L] L]
. EX‘T - . L] . . L] Ll
- (RER‘ L L] Ll - L] . .
RETURN (SEE LOCATE). . . . . . « RETURN
REVER . . 30 « 9/29/64 . 98 . 3 . SMS . M . REV' ER
REVERS . B 29 . 9/29/64 . 77 « 3 « RAW . M . REVERSE
RLSPR . e 142 . 10/ 5/64 . 121 . 8 « RAW o F . R.' LISPER
. FDOTR . . . . . . .
RLSPR2 . e 700 . 97 9/64 « 281 « 34 . RAW . F o R.' LISPER 2°*
« IXCARG . . . . . - .
. STZ . L - . L] . .
« MOVREV . . . . . B .
. DOTP . . . . . . .



REFRRRRERRERRERBRERERRES

& RLSPR2

TO SEARCH

(A Z 22222222222 X232 22222 X2 2

RLSSR

RMSDAV (SE

RMSDEV
RMSDAV

RND
RNDUP
RNDDN

® &6 0 o o o ¢ o [T ¢ o ¢ ¢ o o

RNDDN (SEE

RNDUP

RNDV
RNDVUP
RNDVON

(SEE

RNDVDN (SEE

RNDVUP (SEE

ROAR2

ROTAT1

RPLFMT

RSKIP

RVPRTS (SE

SAME
XSAME

SCPSCL

SEARCH

O 6 o o & 0 0 0 [TI® o & & 0 & 0 0 & 0 0 6 ¢ 0 0 0 0 o

MATML3
[ple} N

SIMEQ
FDOTR

RMSDEV)

SQRT

RND)

RND)

RND
RNDUP
RNDDN

RNDV)

RNDV)

MATRA
MOVREV
REVERS

(10S)
(TRC)
(TCON
(TEF)
(RDS)
(BSR)

CHPRTS)

@ 0 0 0 0 0 0 0 0 0 0 & 0 8 0 G 0 0 6 5 0 0 0 0 0 O 8 O 4 6 6 6 0 G 0 6 0 O 0 0 0 G 0 0 0 0 0 0 e s 0 00 0 0 0

82

50

15

34

174

S
o

w -
~ 0~

W
(]

N
]

@ 6 & 8 6 0 8 0 5 0 8 0 0 0 0 0 O 0 B 0 0 s b e e

PROGRAM STATISTICS

9/29/64

9/ 4/64

9/29/64

9/29/64

-

9/10/64

9/ 4/64

9/29/64

9/29/64

9/29/64

9/29/64

9729764

® 6 0 0 & 0 0 8 5 4 0 0 5 4 6 0 B 0 0 B L Y s Y

160

79

114

110

85

90

40

111

95

® 8 0 0 8 & 6 0 0 4 0 0 0 0 0 0 0 0 B 0 0 0 2 0 0 O S 0 L 0 G L 2 L G S P S O O O LGS s e e o e

® 6 0 8 O 5 0 6 0 6 0 0 0 6 0 0 0 0 0 Y e e

ARSRGRBRAZTRRAATARSRERA NS

RLSPR2

TO SEARCH

»

(2222222222222 2222 XX2 2]

RAW

SMS

RAW

SMS

RAW

RAW+
Jc

SMS

RAW

JFC

SMS

RAW

® 6 & & 8 5 5 6 0 0 0 6 0 % 0 0 0 6 0 0 0 0 0 s 8O 0 0 e e

e 0 & 0 0 & 0 6 2 8 0 0 b O 0 0 0 6 0 0 0 N O e s s

R.? LESSER

R. M. S. DAv?

R. M. S. DEEV®

ROUND

ROUND®* DONWN?®

ROUND® UP*

RCUND* V.?

ROUND* V. DOWN?®
ROUND* V. UP?*

ROAR®* 2°¢

ROTATE®* 1°

RIPPLE® FUMT

R.' SKIP

REV® PARTS

SAME

SKUP® SCALE
SEARCH



RRBRAERBERBRRBRBRRRRRRES PROGRAM STATISTICS (T2 222222232332 TS YR Y]

& SEQSAC TO SETVEC = #= SEQSAC TO SETVEC =«
Ly Y I YT YT T I SEREBNBARBBARERNER NGNS R NS
SEQSAC N 94 9/ 8/64 278 6 SMS M SEEK® SACK

NEXCOS . COS

NEXSIN . SIN
SETAPT (SEE INDEX) SET APT®
SETEST (SEE INDEX) SEH TEST®

SETSBV (SEE LOCATE). SET®* SUB V.!*

SETUP (SEE LOCATE). SET®* uP

.

SETVCP (SEE SETKP) SET®* V.C.P.?*

SETVEC (SEE SETK)

SET® VEK

SETINO . . 84 . 9/ 8/64 . 92 . 6 . SMS . F . SEH TEE® NCH
» xLlMIT L] L ] - - L3 L] .
Ll (Rur) . L - Ll L] e .
- (tsB’ . L d Ll L] L] £ d Ll
L3 (RLR’ L3 L] Ll . L] L] .
« FSKIP . . . . . 3 .
SETK . . 37T « 9/29/64 « 190 . 3 . SMS . M, SET' K.?
SETKS . . . ) . . ) .
SETVEC . . . . . . . .
SETK ~-II . . 63 . 9/29/64 . 73 . 4 « SMS . F . SET*®* K. DASH 2°
Ll SEIUP L] - L ] - . Ld .
- STORE - L] L ] Ld L3 Ld .
« RETURN . . . . . . .
SETKP . . 40 . 9/729/64 . 124 . 3 o« SMS . M ., SET® K. P.?*
SETVCP - SETK - - . - - L d -
« SETVEC . . . . . - .
SETKS (SEE SETK) . . . . . . « SET® KAYZ*
SETKS ~-II . . 91 « 9/29/64 . 86 . 6 « SMS o F o SET®' KAYZ DASH 2°
. SETUP . L] - . - Ll -
L] ARG L] L] L] Ll - - L d
. STORE . - L d L3 Ll L d -
L RE,URN L] - Ll . . Ll -
SETKV . . 15 . 9/29/64 . 75 . 2 . SMS . M . SET®' K. V.°
SETKVS . B 25 . 9/29/64 + 106 . 3 . SMS . M ., SET* K. VEEZ'
SETLIN . . 27 « 9/29/64 . 95 . 3 . SMS . M, SET* LIN
XSTLlN . L3 Ll L d Ll il L4 -
SETLNS B . 39 . 9/29/64 . 124 . 3 . SMS . M . SET®' LINZ
- SETLIN . . . L3 - . .
L3 XSTLIN . . - L] . L3 Ll

® o o o



SRRV ERBERRRRNBERDBRABERS PROGRAM STATISTICS BRBRVRVRBRVERNBRABRRRRRES

SQRT

®= SEVRAL TO SQROOT =+« * SEVRAL TO SQROQOT »
RERRRFARB R AR R BERBRR RN SRR RAARRRNRRRARR RN
SEVRAL . e 416 . 9/29/64 . 949 . 22 . SMS . M . SEV* RUL
PLURAL . LOCATE . . . . . . .
L DO. s - "HERE L] . Ll . . L d *
v IF. . . . - L . L3 L] L d
SHFTR1 . . 70 « 9/29/64 . 158 . S « SMS . M . SHIFT®* ER 1°*
SHFTR2 . . 72 . 9/29/64 . 163 . 5 o SMS+. M . SHIFT® ER 2°
Ld . - - . L] RAH L d .
SHUFFL . « 101 . 9/ 8/64 . 125 . 6 « SMS . F . SHUFFLE
- GETRDI - L] Ll Ll L] L] -
- SEARCH . - . L Ll Ll Ld
« SIZEUP . . . . . . .
SIFT . . 30 . 9/ 4/64 . 118 . 3 . SMS . M . SIFT
SIMEQ . e« 441 . 97 9/64 . 642 . 24 . JTO+. M . SIME®* E. Q.
DETRM . . . . . o AMN+. -
. - . L] - L d RA“ Ll L d
SINTBL (SEE COSTBL). . . . . . « SINE®' TUB L.*
SINTBX (SEE COSTBL). . - . . . . SINE®* TUB X.°
SisP (SEE COSP) . . . . . . . SISP
SIZEUP . « 136 . 3/15/765 . 247 . 8 . RAW+, M . SIZE®* uP
sizupL . . . . . « SMS . .
SIZUPL (SEE SIZEUP). . . . . . « SIZE® UP L.°'
SMPRDV (SEE POWER) . . . . . . « SUM®* PER DEEV
SMPSON . e« 317 . 9/ 4/64 . 197 . 17 o UNG . F o SMIP' SON
SPCOR2 . « 291 . 9/ 8/64 . 181 . 15 . RAW . F . SPUH CORE®' 2°
L d xLoc - - L] L3 L d Ll -
- Stz . . L] L d . L] .
- FXDATA Ll * . . L3 . L4
- QXCOR1 . . . . . . .
- FLDATA . L d . L d L] L] L d
SPLIT . e 224 . 9/29/64 . 395 . 13 . SMS . M . SPLIT
REFIT L] . - ° . . Ld A
SQRDEV (SEE SQRDFR). . . . . . « SKUR DEEV*
SQRDFR . . 36 «+ 9/29/64 . 111 . 3 . SMS . M . SKUR DIFFER!
SQRDEV . . . . . . . .
SQRMLI . . 55 « 9/29/64 . 128 . 4 o SMS . M . SQUIRM' LEE
SQROOT . . 24 o 9/29/64 . 83 . 3 . SMS . M . SKUH ROOT®



FERBRBRBRTRRRRARRERARTRRE PROGRAM STATISTICS ARBERARRARRERERRARCGRBRAER

& SQRSUM TO TINGL - # SQRSUM TO TINGL L
RERBARERERERRAERRERGRERS ARRBRRBARBBEERRRRER RN EWR
SQRSUM . . 36 9/29/64 107 3 SMS M SKUR Sume

XSQSUM . . -
SQUARE . . 32 9729764 111 3 SMS M SQUARE

XSQUAR . .
SRCH1 - . 93 9/ 8/64 93 6 RAW F SEARCH* 1°

« XACTEQ .

STEPC (SEE DELTA) . STEP®* C°
STEPL (SEE DELTA) . STEP®* L.*
STEPR (SEE DELTA) . STEP® R.*
(STH) (SEE ONLINE), S.* T. H.*

(STHD) (SEE ONLINE). S.* T. H. D.*

(STHM) (SEE ONLINE). Se.* T. Ho M,

STORE (SEE LOCATE).

® 6 6 & 6 & 0 0 6 0 0 % 0 5 0 0 5 0 0 0 G s 00 6 0 6 0 00 N OO e e

. . . . . STORE
STZ . e« l4 . 97297646 . 60 . 2 o+ JFC o« M . S. Te 1.
STZS . e 24 . 9/29/64 . 97 . 3 . SMS . M . S. T. ZEEZ®
SUBK  (SEE ADDK) . . . . . . SUB' K.
SUBKS (SEE ADDK) . . . . . . SUB KAYZ®
© SUM . . 23 . 9729764 . 92 . 3 . SMS . M ., SUM
XSUM . . . . . . .
SUMDEV (SEE SUMDFR). . . . . « SUM DEEV?
SUMDFR . « 44 . 9/29/64 . 156 . 4 . SMS . M . SUM DIFFER®'
XSMDFR L] L] . - . . ®
SUMDEV . . . . . . .
XSMDEV . [ ] L] - - . -
SWITCH . e« 15 . 97 4/64 + B4 . 2 . SMS . M . SWITCH
TAMVL . e 63 . 97 4764 . 189 . 5 . SMS . M . TAM' VUL
TANVR L ] L ] - - . - L ]
TAMVR (SEE TAMVL) . . . . . . TAM® VER
TIMA2B (7094) e 124 . 9/ 9/64 . 258 . 8 . SMS+. M . TIME® A.*' TO B,
» - L 3 L ) - L ] RA“ L ] L ]
TIMSUB . e 229 . 97 8/64 . 450 . 13 . SMS+. M . TIME® SUB
INTMSB . TIMA2B . . . . « RAW . .
TINGL . . 43 . 9/ 8/64 . 147 . 4 . SMS . M . TINGLE
T[NGLA . . L ] - L] - ® .
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#= TINGLA TO WAC

LA T2 X222 22222222322 % 2}

TINGLA (SEE

TRMINO

* o 0 0 0 0

(TSH) (SEE
(TSHM) (SEE

UNPAKN .
VARARG :
vDOTV :
vDvBYv :
VECOUT :

VINDEX (SEE

VMNUSV (SEE

vourt .
VPLUSV .
XVPLSV .
VMNUSV .
XVMNSV .
VRSOUT .
vVSouT .
VTIMSY .
XVIMSV .
HAC .

TINGL)

XLIMIT
OUDATA
FSKIP
(RWT)

® 6 ¢ 0 o ¢ o » o

REREAD).
REREAD).

FMDFMT
RPLFMT
(STH)
(FIL)

INDEX)
VPLUSV)
CARIGE
HRADJ
(STH)

(FIL)
VECOUT

CARIGE
VECOUT

vout

® 6 0 8 0 5 8 5 0 6 0 B K 0 0 s 6 0 b e 00 O 2 G L 0 N O G0 0 s s 0 0 0 s oo

#*

67

78
44
25
22
66

104

34

47

37
34

107

L2 I K 2 D I D DY B R Y TN B R R N RN Y DR N T Y DA I R D K Y K T DY R TR Y RN TN SN TR Y NN TR TN T AT Y SN NN RN SR N R R )

PROGRAM STATISTICS

9/ 4/64

9/ 9/64
9/29/64
9/ 4/64
9/29/64
9/29/64

9/29/64

9/29/64

9/29/64

9/29/64

9/29764

9/729/64

® 6 & & 0 0 ¢ & & 0 0 S 6 & 6 0 O 8 O 0 S O O S L GO KO PG LN LG P s s e e e o

17

150
132
121
90
91

111

127

138

125

112
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SMS

JFC
JFC
SMS
SMS
SMS

SMS

SMS

SMS

SMS

SMS

JFC

L2222 22222 2222222222222}

TINGLA TO WAC -
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TING® GLAH
TUR MEEN' OH

Te*' Se Ho'

Te® Se He' M,*
UNPACK®* N.°*

VAR®' ARG

V.' DOT v.°*

Ve' Do Vo' BY V.?*

VEK®* QuT

Ve.* INDEX*
V.® MINUS V.!

Vo' GUT

Vo' PLUS V.!

VERZ® OUT

VEEZ* QUT
Ve! TIMES V.°*

WACK



RRRRERRRARRERERRRRRRRRRS PROGRAM STATISTICS ERERBAVSERIFRRERBRERRERES

#  WHERE TO XDPRSS = ®=  WHERE TC XDPRSS =
AR RRRRBRERRRRERRE RN EEEERERRRSRNRRRRR RN BN NR

XDIVKS (SEE ADDK) X. DIV KAYZ®

XDIVR (SEE XDIV) X. DIV* ER

XDPRSS (SEE BOOST) X. DEPRESS?®

WHERE (SEE LOCATE). . B . . . « WHERE
WHICH N . 4 « 97 4764 . 17 . 2 . SMS . M . WHICH
XWHICH . N . . . . . .
WLLSFP . e 217 . 10/ 6/64 . 264 o 11 . RAW . F . WILL®' USS FUHP
. FDOTR . B . . . . .
. FDOT . . . . B . .
- MOVE . . . . B . .
WRTDAT . o 77 « 97 8/64 « 126 . 5 « RAW « M . WRITE® DAT
. (xos, Ld L . - L] L] Ld
. (TCO) . . . . . . .
. ‘“RS) L] L] . Ll L3 . L]
« (RCH) . . . . . . .
. (TRC) . . . . . . B
« (ETT) . B o . . . .
XACTEQ B B 11 « 97 4764 . 76 . 2 « SMS . M . EXACT* E. Q.
XADDK (SEE ADDK) . . . . . . « Xe. ADD' K.
XADDKS (SEE ADDK) . . . . . . « X. ADD KAYZ?
XARG (SEE LOCATE). . . . . . « Xeo ARG?®
XAVRGE . B 34 . 9/29/64 . 104 . 3 . SMS . M . X. AV* REDGE
XAVRGR . XDIV . . . . . . .
« XDIVR . . . . . . .
XAVRGR (SEE XAVRGE). . . . . . e X. AV' REDGE R.*
XBOOST (SEE BOOST) . . . . . . . X. BOOST®
XCMPRA (SEE CMPRA) . . . . . . « Xo KUM®* PRA
XDANL (SEE ADANL) . . . . . . « Xe' DAN L.°*
XDANX (SEE ADANL) . . . . . . e X' DAN X.°®
XDELTA (SEE DELTA) . . . . B B o Xeo DELTA®
XDFPRS (SEE DIFPRS). . . . . o « Xo DIFF' PURZ
XDIV . B 2T « 9/29/64 . 109 . 3 . SMS . M . X. DIV?
XDIVR . . . . . B . .
XDIVK (SEE ADDK) . . . . . . « Xe DEV* K.



ARRRERRRRRARARERRRARRREN PROGRAM STATISTICS RN R DR R AR R

SPLIT .
casise .
REFIT .
XLoc .
KOLAPS .
CHPRTS .

+ XDVIDE TO XSPECT = « XDVIDE TO XSPECT ®
FRERBERRRTRERBERRRBEREERSE REBEBAERERERRRRERAETRTRAERRRS
XOVIDE . . 33 . 9/29/64 . 105 . 3 . SMS . M . X. DIVIDE®
XDVIDR . XDIV . . . . . ..

. XDIVR . . . . . ..
XDVIDR (SEE XDVIDE). . . . . - . X. DIVIDE R.°
XDVRK (SEE ADDK) . . . . . ~ . X. DIV ER K.?
XDVRKS (SEE ADDK) . . . . . - . X. DIV' ER KAYZ®
XFIXM ) - 31 . 9/29/64 . 98 . 3 . SMS . M . X. FIX' UM
XINDEX (SEE LOCATE). ) . . . - . X. INDEX®
XLCOMN . s 14 . 9/ 4/64 . T6 . 2 . RAW - M . X.® L. COMMON®
XLIMIT . . 25. 9/ 4/64 . 101 . 3 . SMS . M . X. LIMIT®
XLOCV . - 24. 9/ 4/64 . 100 . 3 . SMS . M . X. LCKE V.*
XLSHFT (SEE LSHFT) . . . . . ©  Xe Lot SHIFT
XMLPLY (SEE MULPLY). . . . . . X. MUL® PLEE
XMULK (SEE ADDK) . . ) . . ~ L X. MUL® K.
XMULKS (Sﬁé ADDK) : : : : : : : X. MUL KAYZ?
XNAME (SEE LOCATE). . . . . ~ . X. NAME®
XNARGS (SEE LOCATE). . . . . - . X. NARGS®
XNTHA (SEE NTHA) . . . . . - . X. ENTH' UH
XNTSUM (SEE INTSUM). . . . ) .. X. INT* SUM
X00ZE . . 4. 9/ 4/64 . 6L . 2 . SMS . M . X. OCZE®
XREMAV . . 31 . 9/29/64 . 112 . 3 . SMS . M . X. REH MAV®

- XAVRGR . . . . . ..
XRFLEC (SEE REFLEC). ) . . . - - X. REE FLEK®
XSAME (SEE SAME) . . . . . © . X. same
XSMDEV (SEE SUMDFR). . . . . - . X. SUM DEEV?®
XSMDFR (SEE SUMDFR). . . . . - . X. SUM DIFFER®
XSPECT . . 523 . 9/29/64 . 239 . 26 . SMS . F . X.® SPECT

» 6 s o s s »
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®= XSQDEV TO

ZEFBIN

(22222222 222 222222222222}

XSQDEV (SEE

XSQDFR
XSQDEV

XSQRUT

XSQSUM (SEE

XSQUAR (SEE

XSTEPC (SEE

XSTEPL (SEE

XSTEPR (SEE

XSTLIN (SEE

XSUBK (SEE

XSUBKS (SEE

XSUM (SEE

XVDRBV (SEE

XVDVBV .
XVDRBYV .

XVMNSV (SEE

XVPLSV (SEE
XVTMSV (SEE

(SEE

XWHICH

ZEFBCD
ZEFBIN

E

ZEFBIN (SE

XSQDFR)

FIXVR
SQRT

e o ¢ 0 0 0 s 0 0 0

SQRSUM).
SQUARE‘:
DELTA) .
DELTA)
DELTA)
SETLIN)
ADDK)

ADDK)

SUM)

XVDVBV)

XDIv
XDIVR

® & 0 0 6 6 0 0 0 0 0 0 s 0 0 s s 0 s 0

VPLUSV).
VPLUSV),
VTIMSV).

WHICH)

(ros) .
(RDS) .
(RCH) .
(Tcoy .
(TEF) .
(TRC) .
(BSR) .

ZEFBCD)

37

37

34

54

@ & 0 0 0 0 5 0 0 0 0 0 0 P B % 0NN

PROGRAM STATISTICS

9/29/64

9/29/64

9/29/64

9/ 8/64
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113

103

109

129

® 0 8 0 8 6 6 0 0 0 0 0 " 0 0 0 0 9 0 0 B0 2 e
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SMS

SMS

SMS

JNG

(2222222222 22212222222 22 )

XSQDEV TG ZEFBIN

L2222 2 X222 2222222222}
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® 6 9 0 9 6 0 0 0 0 0 0 0 B 6 6 0 0 6 0 0 6 0 0 0 Y e s

Xe

Xe

x.

Xe
Xe
Xe
Xe
Xe
Xe
Xe
Xe

Xe

SKUH DEEV®
SKUH DIFFER®

SKUH ROOT®

SKUH SUM*
SKWAHR?

STEP C.°
STEP L.*
STEP R.*
SET* LIN
suB* K.

SUB KAYZ*

SUM?*

XeVe?! DeReBoVe?

x‘v.' D'v‘.

E.v.

Xe Vo' MINUS V,.°*
Xe Vo' PLUS V.°*
Xe Vot TIMES V.°*
Xe WHICH®

ZEFF* B. C. D.*
ZEFF* BIN®

*



7

A One-Pass
Subroutine Library

A subroutine library in the FORTRAN Monitor System (FMS) is a magnetic tape file
containing binary mode images of the column binary subprogram decks forming the
library. It contains no table of contents, and this fact gives rise to the first* problem
of library design, namely the problem of arranging routines in one-pass order. This
term refers to the behavior of the FMS loading program, which, at the beginning of
each execution, passes continuously through the library file gathering all subprograms
required by, but missing from, the input deck, plus all additional subprograms required
by those gathered. If the library is so arranged that for every program the loader can
pick up, all of the lower-level programs are physically located deeper in the file, then
all programs required for any execution are retrievable by the loader in one pass, or
less, of the library. Otherwise the loader must return to the beginning of the file and
start searching again.

For example, if the library contains program A which requires program B,
and B which requires program C, and C which has no requirements, then the
order A,B,C is one-pass, whereas the order C,B,A is three-pass (in the event
that the input deck refers only to program A), In this example note that if program C
requires program A, one-passness can be realized only by using redundant copies,
i.e., A,B,C,A, In a library the size of the present one, a single pass takes half a minute
or more. Consequently the one-pass property is economically important.

The second problem of library design is strategic arrangement, within the one-
pass constraint, designed to minimize the average (over many executions) distance
that the loader must penetrate the library file before its search is ended. The control-
ling factors in this problem are the natures and frequencies of expected input deck
requirements, the logical relationships between the programs in the library, and the
physical lengths of these programs. As a general guide short programs and often used
programs should appear early, seldom used and longer programs late in the library.
However, since this rule will often be in conflict with the one-pass constraint, one
resorts to sprinkling redundant copies of key programs throughout the library so as to
expand the arrangement possibilities within the constraint. The redundancy must be
limited, however, since by lengthening the entire library it tends to cancel its own
benefits.

The main portion of this section is made up of listings of a one-pass library,
composed from the programs of Section 10 plus the standard FORTRAN System routines

*Assuming that the more basic problem of completness is satisfied, i.e., no program
in the library calls on any program not in the library.
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Time-Series Computations in FORTRAN and FAP

(including double precision and complex arithmetic routines) and arranged for mini-
mizing average search time with respect to our usage experience. Where Section 10
has more than one program of the samename the versions selected for the library are
as follows.

On librarz Excluded
CONVLV-II CONVLV
DISPLA  (7090) DISPLA (709)
FRAME (7090) FRAME (709)
FT24 -1I FT24
HSTPLT HSTPLT-II, HSTPLT-III (709),
HSTPLT-III (7090)

LINE (7090) LINE (709)
LINEH (7090) LINEH (709)
LINEV (7090) LINEV (709)
ADDK (which has MULK as MULK ~-II

a secondary entry)
SETK ' SETK =1I
SETK (which has SETKS as SETKS -II

a secondary entry)

Consequently, the library is designed for the 7090 or 7094. The 7090 programs
work on the 7094 and vice versa, except that TIMA2B (7094) must be modified as indi-
cated in the listing of Section 10 to give correct results on the 7090.

The modifications required by an adaptation of the library to the 709 consist of
swapping the 709 and 7090 programs as in the above list and deleting the following
programs (for which we have no 709 versions):

CLOCK 1(7090), CLKON, TIMSUB, TIMA2B (7094).

The library has 402 principal entries, of which 99 are redundant copies. The
first table below lists these 402 entries in the order of their occurence in the library
(their storage requirements and binary card counts are also given). Following this
table is another giving an alphabetized ordering of the 402 principal entries with their
corresponding index positions within the library.

The following rule will enable one to distinguish FORTRAN System routines.
A principle entry name is that of a FORTRAN System routine if either of the following
is true.

1. its first character is a left parenthesis, or

2. it is from the following list of 27 routines.

ATAN CHAIN COS DATAN DEXP DEXP(3
DINT DLOG DMOD DSIN DSQRT DUMP
EXIT EXP EXP(1 EXP(2 EXP(3 IABS
IEXP IEXP (2 ILOG ISIN ISQRT LOG
SQRT TANH XLOC

160
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SUBROUTINE LIBRARY PRINCIPAL ENTRIES,

25.

32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,
45,
46.
47‘
48.
49,
SD.
51.
52.
53.
54.
55.

STORAGE LENGTHS, BINARY CARD COUNTS

(FPT)
(I0H)
(10S)
(EXEM)
(1ou)
DUMP
EXIT
(TES)
ONLINE
csout
CvsouT
FMTOUT
REREAD
VRSOUT
VSouTt
vouT
CARIGE
VECOUT
RPLFMT
FNDFMT
REVER
HLADJ
(STH)
(S7B)
(WER)
(1S58}
(RER)
(108)
(8sm
(CSH)
(EFT)
(RWT)
(SCH)
IXCARG
XiLoc
CLKON
CLOCK1
(SPH)
RND
SAME
ARCTAN
ATAN
COSTBL
Cos
EXP
EXP(1
EXP(2
EXP(3
LOG
SQRT
TANH
MOVE
MOVREV
REVERS
STz

41
1016
87
458
24
177
17

183

121
105
52

38
93
53
44
86
32
14

14

5
2

NOUVWOoPLPPOWWSITNOVWUNNEFDIENWOEOENNOWORWULRPIPVMPUOOINVNDPAWPLNDPOPLPONNNWDLNIN D

L N Rl R R N N Nl N N N R N

56.
57.
58.
59.
60.
61.
62.
63,
64.
65.
66.
67.

69.
70.
71.
72.
73.
T4.
15.
76.
17.
78.
79.
80.
81'
82.
83.
84.
85.
86.
87.
88.
89.
90.
9l.
92.
93.
9.
95.
96.

98"

99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.

XACTEQ
ADDK
CHOOSE
CMPRA
DELTA
INDEX
LIMITS
LSHFT
NTHA
SETKP
SETK
SETKV
SETKVS
SETLNS
SETLIN
SWITCH
WHICH
XLIMIT
X00ZE
DOTJ
FIXV
FSKIP
MATRA
MAXSN
XLCOMN
(sLI)
(SLO)
MOUT
CARIGE
(STH)
{WER)
GETX
TIMSUB
TIMA2B
LOCATE
RDATA
CMPRA
IXCARG
XLocC
REREAD
(RER)
INTHOL
FNDFMT
REVER
HVTOILV
IVTOHV
DADECK
RSKIP
MOUTAI
FIXvV
MOVE
LOG
EXP(2
SAME
RND

11
114
17
18
17
50
44
12
11
40
37
15
25
39
27
15
4
25
4
59
35
50
92
54
14
13
13
130
47
83
57
31
229
124

s
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111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123,
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142,
143.
144,
145.
146.
147.
148.

149.

150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.

CARIGE
MAXSNM
GNHOL2
CPYFL2
EXCHVS
MULPLY
PLURNS
SRCH1
XACTEQ
AMPHZ
cos
ATAN
GETHOL
REVERS
MEMUSE
XLCOMN
(STH)
(WER)
CRCST
CRECSS
STZ
LSSS1
PLTVS1
MULPLY
MAXSN
SETLIN
SETKVS
PLCTVS
SWITCH
SETKV
SETK
RND
(SPH)
BOGST
RMSDEV
SQRT
RLSPR
RLSSR
SHUFFL
SEARCH
GETRD1
REREAD
{RER}
SIZEUP
CMPARP
FOCT
IPLYEV
(IFMP)
QACORR
QCNVLV
QXCORR
SPCOR2
QXCOR1
REVERS
IXCARG

47
61
T4
178
22
34
73
93
11
149
105
17
169

7
14
83
57

134

107
14

122

817
34
54
27
25

494
15
15
37
15

183
34
50
44

142

101
25
229
114
37
136
53
40
98
136
207
569
283
291
502
29
35
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SUBROUTINE LIBRARY PRINCIPAL ENTRIES, STORAGE LENGTHS, BINARY CARD COUNTS

166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
21C.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220 Ld

XLOC
PROCOR
ROTAT1
STZS
ZEFBCD
FXDATA
IFNCTN
REVER
MONOCK
POLYDV
STZ
POLYEV
POLYSN
MOVE
ABSVAL
ADANL
AVRAGE
BLKSUM
CHSIGN
CMPARV
CONVLYV
DERIVA
DIFPRS
DIVIDE
FLOATY
IINTGR
INTGRA
INTSUM
ITOMLI
MDOT
MATML1
MLISCL
MOVECS
MPSEQL
MRVRS
MUVADD
MV INAV
MVNSUM
MVNTIN
MVSQAV
NMZMG1
NRMVEC
MAXSN
POWER
REFLEC
REMAV
RNDV
SHFTR1
SQRDFR
SQRMLI
SQROOT
SQRSUM
SQUARE
SUM
SUMDFR

12
770
46
24
54
102
208
30
48
130
14
54
256
32
50
183
24
49
18
50
56
61
30
23
22
49
47
27
37
109
61
47
24
110
61
129
221
71
88
236
34
111
54
50
28
36
34
70
36
55
24
36
32
23
44

-
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221.
222.
223,
224,
225.
226.
227.
228.
229.
230.
231.
232.
233.
234,
235.
236.
237.
238.
239.
240.
241.
242,
243.
244,
245,
246,
247.
248.
249.
250.
251.
252.
253,
254.
255.
256.
257.
258,
259.
260.
261.
262.
263.
264.
265,
266,
267.
268.
269.
270.
271.
272.
273.
274.
275.

TAMVL
TINGL
vDoTYv
vDVBYV
VPLUSV
VTIMSY
WLLSFP
FDOT
XDVIDE
XREMAV
XAVRGE
XvVbvsv
XDIV
XLocy
XSQDFR
XSQRUT
FIXV
ASPECT
COLAPS
DuBLX
FACTOR
MAXSN
LOG
EXP
PLANSP
X00Z€
SETK
LIMITS
CHOOSE
ADDK
COSIS1
ROAR2
REVERS
MOVREV
QFURRY
MOVE
XSPECT
SPLIT
KOLAPS
CHPRTS
QIFURY
COSTBL
cos
casp
CRSVM
FIRE2
MIFLS
MIPLS
MATRA
MATINV
MISS
MDOT3
RLSPR2
MOVREV
IXCARG

63
43
25

216

308
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-
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276.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.
294.
295.
296.
297.
298.
299.
300.
301.
302.
303.
304.
305.
306.
307.
308.
309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324,
325.
326.
327.
328.
329.
330.

MATML3
DOTP
DOTJ
SIMEQ
IDERIV
MFACT
DOTJ
STz
SQRT
NURINC
SIFT
CNTRDB
SETK
EXP
CONTUR
SWITCH
COLABL
CNTROW
ARBCOL
CUFIT1
FASCUB
GENHOL
EXPAND
INTOPR
QINTR1
RND
QUFIT1
LISTNG
FSKIP
(SPH)
(RWT)
(TSB)
(108}
SHFTR2
TRMINO
OUDATA
(EFT)
(sT8)
PAKN
FXDATA
ASPEC2
SEQSAC
INDATA
SAME
UNPAKN
SETINO
FSKIP
XLIMIT
(RWT)
(TSB)
(108)
(RER)
FAPSUM
KIINT1
EXP{(3

120
264
59
441
54
187
59
14
44
121
30
550
37
52
587
15
185
802
129
158
141
48
189
111
229
15
79
755

183

66
570

67
495

53
78
102
T4
94
896

78
84
50
25

66
570
37
14
191
93
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SUBROUTINE LIBRARY

PRINCIPAL ENTRIES,

STORAGE LENGTHS, BINARY CARD COUNTS

331.
332.
333.
334,
335.
336.
337.
338.
339.
340.
341.
342.
343.
344,
345,
346.
347.
348.
349.
35G.
351.
352,
353.
354.
355.
356.
357.
358.
359.
360.
361'
362.
363.
364.
365.
366.
367.
368.
369.
370C.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.
383.
384.
385.

NOINT1
LINTR1
LOC
MVBLOK
VARARG
GRAPHX
GRAPH
MVBLOK
LOG
EXP(2
xLoc
DISPLA
DSPFMT
FLOATM
FRAME
HSTPLT
LINE
LINEH
LINEV
SCPSCL
XFIXM
MULLER
CHISQR
FASTRK
FRQCT2
GNFLT1
GRUP2
LSLINE
MATRAL
MSCON1
PACDAT
POKCT1
FRQCT1
PRBFIT
EXP
PROB2
WAC
WRTDAT
PWMLIV
{SPH)
(STH)
(WER)
MLI2A6
SMPSON
FT24
MXRARE
EXP(2
NXALRM
FASCN1
SEVRAL
LOCATE
CHAIN
IABS
IEXP
TIEXP(2

369
96
4
19
44
123
1499
19
53
38
12
219
194
25
9
145
95
35
35
33
31
757
105
26
117
232
201
117
42
238
152
219
117
373
52
229
107
77
300
183
83
57
128
317
818
302
38
243
107
416
512
179
21
157
161

N

-~
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386.
387.
388.
389.
390.
391.
392.
393.
394,
395.
396.
397.
398.
399.
400.
401.
402.

ILOG
ISIN
ISQRT
(DFAD)
DATAN
DEXP(3
DEXP
DLOG
DINT
DMOD
DSIN
DSQRT
PLYSYN
CONVLY
cos
PSGRT
SQRT

190
184
88
80
440
34
153
273
10
48
222
66
172
56
105
155
44
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SUBROUTINE LIBRARY PRINCIPAL ENTRIES ALPHABETIZED,

-

WITH ENTRY INDICES

(8ST)
{CSH)
(DFAD)
(EFT)
(EFT)
(EXEM)
(FPT)
(IFMP)
(108)
(1081
(108)
(I0H)
(10S)
(10U}
{RER)
(RER)
(RER)
(RER)
(RWT)
(RWT)
(RWT)
(SCH)
(sL1)
(SLO)
(SPH)
(SPH)
(SPH)
(SPH)
(STB)
(sTB)
(STH)
(STH)
(STH)
(STH)
(TES)
(Ts8)
(T58)
(158)
(WER)
(WER)
(WER)
(WER)
ABSVAL
ADANL
ADDK
ADDK
AMPHZ
ARBCOL
ARCTAN
ASPECT
ASPEC2
ATAN
ATAN
AVRAGE
BLKSUM

29
30
389
312
31
4

1
158
326
308
28
2

3

5
96
153
327
27
32
306
324
33
81
82
38
370
305
143
24
313
371
127
85

307

26
325
128
372

25

86
180
181
250

57
120
294

41
238
316

42
122
182
183
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BOOST
CARIGE
CARIGE
CARIGE
CHAIN
CHISQR
CHOOSE
CHOOSE
CHPRTS
CHSIGN
CLKON
CLOCK1
CMPARP
CMPARYV
CMPRA
CMPRA
CNTRDB
CNTROW
COLABL
COLAPS
CONTUR
CONVLYV
CONVLV
cos
CosS
cas
Ccos
COsIsl
case
COSTBL
cosTBL
CPYFL2
CROSS
CROST
CRSVM
csour
CUFIT1
cvsourt
DADECK
DATAN
DELTA
DERIVA
DEXP
DEXP(3
DIFPRS
DINT
DISPLA
DIVIDE
DLOG
DMOD
DOTJ
DoTJ
DoTJ
pare
DSIN

144

17
111

84
382
353
249

260
184

36

37
155
185

92

59
287
293
292
239
290
399
186
263
121
400

44
251
264

43
262
114
130
129
265

295

11
102
390

60
187
392
391
188
394
342
189
393
395

15
278
282
277
396
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DSPFMT
DSQRT
DUBLX
DumMP
EXCHVS
EXIT
EXP
EXP
EXP
EXP
EXP(1
EXP(2
EXP(2
EXP(2
EXP(2
EXP(3
EXP(3
EXPAND
FACTOR
FAPSUM
FASCN1
FASCUB
FASTRK
FDOT
FDOT
FIRE2
FIXV
FIXV
FIXV
FLOATM
FLOATYV
FMTOUT
FNDFMT
FNDFMT
FRAME
FRQCT1
FRQCT2
FSKIP
FSKIP
FSKIP
FT24
FXDATA
FXDATA
GENHOL
GETHOL
GETRD1
GETX
GNFLT1
GNHOL 2
GRAPH
GRAPHX
GRUP2
HLADJ
HSTPLT
HVTOIV

343
397
240

115

45
289
365
244

46
340
377
108

47
330

48
298
241
328
379
296
354
156
228
266
105

16
237
344
190

12

98

20
345
363
355
322

304
375
315
171
297
123
151

87
356
113
337
336
357

22
346
100

Pt G et Pt et Pt Gt G gt e (et puet Gueg g et i g pug ot (g et P et g Pt (e Puml G oo pung G fued g ey g Bt (ued B Pud Bu et (g Puel pmed oo peeg Dt fued g g gt (e Gunt Pt g

IABS
IDERIV
IEXP
IEXP(2
IFNCTN
IINTGR
ILOG
INDATA
INDEX
INTGRA
INTHOL
INTOPR
INTSUM
IPLYEV
ISIN
ISQRT
ITOMLI
IVTOHV
IXCARG
IXCARG
IXCARG
IXCARG
KIINT1
KOLAPS
LIMITS
LIMITS
LINE
LINEH
LINEV
LINTR1
LISTNG
LocC
LOCATE
LOCATE
LOG
LOG
LOG
LOG
LSHFT
LSLINE
LSSS1
MATINV
MATMLL
MATML3
MATRA
MATRA
MATRAL
MAXSN
MAXSN
MAXSN
MAXSN
MAXSNM
MDOT
MDOT3
MEMUSE

383
28C
384
385
172
191
386
318

61
192

299
193
157
387
388
194
101
275
165

93

34
329
259

62
248
347
348
349
332
303
333

90
381
243
107

339

63
358
132
270
196
276
269

78
359
135
242

208
112
195
272
125
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MFACT
MIFLS

MIPLS
MISS

MLISCL
MLI2A6
MONCCK
MOUT

MOUTAI
MOVE

MOVE

MOVE

MOVE

MOVECS
MOVREV
MOVREV
MOVREV
MPSEQlL
MRVRS
MSCCN1
MULLER
MULPLY
MULPLY
MUVADD
MVBLOK
MVBLOK
MVINAV
MVNSUM
MVNTIN
MVSQAV
MXRARE
NMZMG1
NOINT1
NRMVEC
NTHA

NURINC
NXALRM
ONL INE
OuUDATA
PACDAT
PAKN

PLANSP
PLOTVS
PLTVS1
PLURNS
PLYSYN
POKCT1
POLYDV
POLYEV
POLYSN
POWER
PRBFIT
PROB2
PROCOR
PSQRT

281
267
268
271
197
373
174

104

52
106
179
256
198
274

53
254
199
200
360
352
134
116
201
338
334
202
203
204
205
376
206
331
207

64
285
378

311
361
314
245
138
133
117
398
362
175
177
178
209
364
366
167
401
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SUBROUTINE LIBRARY PRINCIPAL ENTRIES ALPHABETIZED,

WITH ENTRY INDICES

PWMLIV
QACORR
QCNVLYV
QFURRY
QIFURY
QINTR1
QUFIT1
QXCORR
QXCOR1
RDATA
REFLEC
REMAV
REREAD
REREAD
REREAD
REVER
REVER
REVER
REVERS
REVERS
REVERS
REVERS
RLSPR
RLSPR2
RLSSR
RMSDEV
RND
RND
RND
RND
RNDV
ROAR2
ROTAT1
RPLFMT
RSKIP
SAME
SAME
SAME
SCPSCL
SEARCH
SEQSAC
SETINO
SETK
SETK
SETK
SETK
SETKP
SETKV
SETKV
SETKVS
SETKVS
SETLIN
SETLIN
SETLNS
SEVRAL

369
159
160
255
261
300
302
161
163

91
210
211

95

13
152

21
173

99

54
253
164
124
147
273
148
145
110
142
301

39
212
252
168

19
103
319
109

350
150
317
321

66
288
247
141

65
140

137
68
10

136

380
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SHFTR1
SHFTR2
SHUFFL
SIFT
SIMEQ
SIZEUP
SMPSON
SPCOR2
SPLIT
SQRDFR
SQRMLI
SQROOT
SQRSUM
SQRT
SQRT
SQRT
SQRT
SQUARE
SRCH1
sTZ
STZ
ST2
STZ
STZS
SUM
SUMDFR
SWITCH
SWITCH
SWITCH
TAMVL
TANH
TIMA2B
TIMSUB
TINGL
TRMING
UNPAKN
VARARG
vOOTV
VDVBYV
VECOUT
vouT
VPLUSV
VRSOUT
VSouT
VTIMSV
WAC
WHICH
WLLSFP
WRTDAT
XACTEQ
XACTEQ
XAVRGE
XDIV
XDVIDE
XFIXM

213
309
149
286
279
154
374
162
258
214
215
216
217
284
146
402

218
118
131

55
283
176
169
219
220

71
139
291
221

51

89

222
310
320
335
223
224

18

16
225

14

15
226
367

72
227
368
119

56
231
233
229
351
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XLCOMN
XLCOMN
XLIMIT
XLIMIT
XLOC
XLoc
XLoc
XLoc
XLOCv
X00ZE
X00ZE
XREMAV
XSPECT
XSQDFR
XSQRUT
XVDvVBvV
ZEFBCD

80
126
323

73

94

35
166
341
234

74
246
230
257
235
236
232
170
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8

Cross-Reference
Table for
the One-Pass Library

Certain useful tabulations concerning linkage relationships are possible with respect
to a complete and self-consistent library such as that given in Section 7 which are not
possible with respect to the program set of Section 10. (The program set of Section 10
is incomplete because it excludes FORTRAN System routines, and it is ambiguous
from the standpoint of linkage because name duplication exists.)

The linkage environment of an isolated program in a library complex has two
directions. In one (upward), the program is called upon by a specific set of higher-
level programs; in the other (downward) it requires a certain set of lower-~level
routines for the performance of its functions. In the present section we present a
tabulation of the first layer of higher-level routines which call a given entry. Section 9
gives the complete environment in the other direction (the first layer of lower routines
being essentially synonymous with-the transfer vector).

The tabulations of the routines are alphabetically ordered by entry names. All
entries, both principal and secondary, are included. The terminologies used in con-
nection with names of secondary entries, with names of principal entries which have
no secondary entries, and with names of principal entries which do have secondary
entries all differ slightly. For secondary entries the format is

AorBiscalledbyC,D, . ..
or

A or B is not called by any programs in this set
where

A is the name of a secondary entry,

B is the name of its associated principal entry,

C, D, ... is a list of all principal entries which contain the name A in their
transfer vectors

For principal entries which have no secondary entries the format is
A is called directly by C, D, . . .

or
A is not called by any programs in this set

where C, D, . . . is as above.
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Cross-Reference Table for the One-Pass Library

For principal entries which have secondary entries two statements are made,
one concerning the use of the principal entry name itself, in format

A is called directly by C, D, . . .
or
A A is not called directly by any programs in this set
and the other concerning the secondary entries, in format
is called indirectly by X, Y, . .
or
is not called directly or indirectly by any programs in this set,
where
X, Y,...is a complete list of all principal entry names, each of whose

transfer vectors contains one or more of the names of the sec-
ondary entries of A.
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SUBROUTINE
CROSS-REFERENCE TABLE *

ARRRBRRBARERERERBRA R ES

{BSR) TC (ICH) -

(222222 2222222222 222222 2 )

(BSR) , OF (IOS), IS CALLED BY (BST), (EXEM), (RER), (WER), CPYFL2, FSKIP,
RSKIP, ZEFBCD.
(BST) IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
(BUF) , OF (I0B), IS CALLED BY (T7SB).
(CSHY} IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
(DFAD) IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
(DFDP), OF (DFAD), IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
(DFMP), OF (DFAD), IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
(DFSB), OF (DFAD), IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
(EFT) IS CALLED DIRECTLY BY OUDATA.
(ETT) , OF (I0S), IS CALLED BY (WER), CPYFL2, PACDAT, WRTDAT.
(EXB) , OF (I0B), IS CALLED BY (STB), (TSB).
(EXE) o, OF (EXEM), IS CALLED BY (CSH)y (FPT), (IOH), (IOS), (RER), (TSB),
(WER), DEXP, DLOG, DSQRT.
(EXEM) IS NOT CALLED DIRECTLY BY ANY PROGRAMS IN THIS SET.
IS CALLED INDIRECTLY BY (CSHYy (FPT), (IOH), (IOS), (RER), (TSB),
(WER), DEXP, CLOG, DSQRT.
(FIL) 4 OF (IOH), IS CALLED BY CARIGE, CLKON, CNTRDB, COLABL, CONTUR, CSOUT,
DADECK, FMTOUT, GNHOL2, GRAPH, INDATA, LISTNG,
MEMUSE, MOUT, MOUTAI, ONLINE, PLCTVS, PLTVS1,
PWMLIV, RDATA, VECOUT, vouT.
(FPT) IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

(IFDP), OF (IFMP), IS NOT CALLED BY ANY

(IFMP) IS CALLED DIRECTLY BY IPLYEV.
IS NOT CALLED INDIRECTLY

(I0B) IS CALLED DIRECTLY BY (S78),

IS CALLED INDIRECTLY BY (sT8),

(IOH) IS CALLED DIRECTLY BY (CSH),

GENHOL »

IS CALLED INDIRECTLY BY CARIGE,

DADECK,

INTHOL,

PLOTVS,

BY ANY PROGRAMS

PROGRAMS IN THIS SET.

IN THIS SET.

(7158).

(1SB).

(FPT)y (SCH), (SPH), (STH), DISPLA,
GNHOL2, INTHOL, ONLINE, REREAD.

CLKONy CNTRDB, COLABL, CONTUR, CSOUT,
FMTOUT, GETRDl, GNHOL2, GRAPH, INOATA,
LISTNG,y, MEMUSE, MOUT, MOUTAI, CNLINE,
PLTVSl, PWMLIV, RDATA, VECOUT, VouTt.
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= (10S) TO (STHM) = CROSS-REFERENCE TABLE = (I0S) TO (STHM) =
AR ERR RN AR ANRRBREBRES FERSEEN R RS RRBRAR R RN RN
(I0S) IS CALLED DIRECTLY BY (BST)y (EFT), (EXEM), (IOB), (IOH), ({(RWT),

CPYFL2, FSKIP, PACDAT, RSKIP, WRTDAT, ZEFBCD.
IS CALLED INDIRECTLY BY (BST)y, (CSH), (EFT), (EXEM), (RER), (RWT},
(SCH), (SPH), (STB), (STH), (TSB), (WER),
CPYFL2, FSKIP, ONLINE, PACDAT, REREAD, RSKIP,
WRTDAT, ZEFBCD.
(IOUY IS CALLED DIRECTLY BY (10S).
(RCH) o OF (IOS)y IS CALLED BY (BST), (CSH)y (RER)y (SCH}, (SPH), (STB),
(STH)y (TSB), (WER), CPYFL2, ONLINE, PACDAT,
REREADy WRTDAT, ZEFBCD.
(RDC) 4 OF (RER), IS CALLED BY (TSB), REREAD.

(RDS) , OF (I0S), IS CALLED BY (BST), (CSH), (RER), (TSB), CPYFL2, FSKIP,
PACDAT, REREAD, RSKIP, ZEFBCD.

(RER) IS CALLED DIRECTLY BY (TSB)y REREAD.
IS CALLED INDIRECTLY BY (TSB)y REREAD.

(REW) o OF (IO0S), IS CALLED BY (RNWT), (WER).

(RLRY » OF (T7SB), IS CALLED BY INDATA, LISTNG, SETINO.

(RTN) o OF (IOH), IS CALLED BY DADECK, GETRDl, INTHOL, ROATA.
(RWT) IS CALLED DIRECTLY BY LISTNG, SETINO, TRMINO.

(SCH) IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

(SET) , OF (IO0B), IS CALLED BY (TSB).

(SLI) IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

(SLO) IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

(SPH) IS CALLED DIRECTLY BY CLKON, COLABL, CONTURs; GRAPH, INDATA, LISTNG,
ONLINE, PLOTVS, PWMLIV.

(STB) IS CALLED DIRECTLY BY OUDATA.
IS CALLED INDIRECTLY BY OUDATA.

(STHY IS CALLED DIRECTLY BY CARIGE, CNTRDB, COLABLy CONTUR, CSOUT, DADECK,
FMTOUT, INDATA, LISTNG, MEMUSE, MOUT, MOUTAI,
PLOTVS, PLTVS1, PWMLIV, RDATA, VECOUT, VOUT.
IS NOT CALLED INDIRECTLY BY ANY PROGRAMS IN THIS SET.
(STHD), OF (STH}, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

(STHM), OF ({STH), IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
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* (TCO) TO ASPEC2 = CROSS-REFERENCE TABLE = (TCcO) TO ASPEC2 =

L Z2 2223222222222 222222 23 A2 2222222 222222222222 2

(7TC0) , OF (I0S), IS CALLED BY (BST)y (CSH), (RER), (SCH), (SPH), (WER),
CPYFL2y FSKIP, PACDAT, REREAD, RSKIP, WRTDAT,

ZEFBCD.

(TEF) , OF (I10S), IS CALLED BY (BST)y (CSH), (RER)y FSKIP, REREAD, RSKIP,
LEFBCD.

(TES) IS CALLED DIRECTLY BY (10S)y (STB)y (STH)y, (WER)y CHAIN, CUMP,

EXITy, ONLINE.

(TRC) , OF (I0S), IS CALLED BY (BST)y, (RER), (WER), CPYFL2, FSKIP, RSKIP,
WRTDAT, ZEFBCD.

(TSB) IS CALLED DIRECTLY BY INDATA, LISTNG, SETINO.
IS CALLED INDIRECTLY BY [INDATA, LISTNG, SETINO.

(TSH) , OF REREAD, IS CALLED BY DADECK, GETRDl, RDATA.
(TSHM), OF REREAD, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
(WEF) , OF (I0S), IS CALLED BY (EFT), (WER), CPYFL2.

(WER) IS CALLED DIRECTLY BY (STB)y (STH), ONLINE.
IS CALLED INDIRECTLY BY (STB)y, (STH), ONLINE.

(WLR) » OF (STB), IS CALLED BY OUDATA.

(WRS) , OF (IOS), IS CALLED BY (SCH), (SPH), (STB)y, (STH)y (WER)y CPYFL2,
ONLINE, WRTDAT.

(WTC) , OF (WER), IS CALLED BY (STB), (STH), ONLINE.

ABSVAL IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

ADANL IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
ADANX , OF ADANL, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

ADDK IS NOT CALLED DIRECTLY BY ANY PROGRAMS IN THIS SET.
IS CALLED INDIRECTLY BY PLANSP.

ADDKS , OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

AMPHZ IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
ARBCOL IS CALLED DIRECTLY BY CONTUR.

ARCTAN IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

ARG ¢+ OF LOCATE, IS CALLED BY RDATA.

ASPECT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

ASPEC2 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
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ATAN IS CALLED DIRECTLY BY AMPHZ,
AVRAGE IS NOT CALLED BY ANY PROGRAMS IN
BLKSUM IS NOT CALLED BY ANY PROGRAMS IN

BOOST IS CALLED DIRECTLY BY PLTVS1.
IS CALLED INDIRECTLY BY PLTVS1.

CALL , OF LOCATE, IS NOT CALLED BY ANY
CALL2 , OF LOCATE, IS NOT CALLED BY ANY
CARIGE IS CALLED DIRECTLY BY csour,
CHAIN IS NOT CALLED BY ANYVbRDGRAMS IN
CHISQR IS NOT CALLED BY ANY PROGRAMS IN
CHOOSE IS CALLED DIRECTLY BY PLANSP.

CHPRTS IS CALLED DIRECTLY BY cosisi,
IS CALLED INDIRECTLY BY ASPECT.

CHSIGN IS NOT CALLED BY ANY PROGRAMS IN
CHUSET, OF [INDEX, IS NOT CALLED BY ANY
CLKON IS NOT CALLED BY ANY PROGRAMS IN
CLOCK1 IS CALLED DIRECTLY BY CLKON.

CMPARL, OF CMPARV, IS NOT CALLED BY ANY

ARCTAN.
THIS SET.

THIS SET.

PROGRAMS IN THIS SET.

PROGRAMS IN THIS SET.

CVsSouT, MOUT,s MOUTAIL, VOUT, VRSOUT.

THIS SET.

THIS SET.

XSPECT.

THIS SET.
PROGRAMS IN THIS SET.
THIS SET.

PROGRAMS IN THIS SET.

CMPARP IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS

CMPARSy OF CMPARP, IS NOT CALLED BY ANY

PROGRAMS IN THIS SET.

SET.

CMPARV IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

CMPRA IS CALLED DIRECTLY BY RDATA.

IS NOT CALLED INDIRECTLY BY ANY PROGRAMS IN THIS SET.

CMPRFL, OF CMPRA, IS NOT CALLED BY ANY
CNTRDB IS NOT CALLED BY ANY PROGRAMS IN
CNTROW IS CALLED DIRECTLY BY CONTUR.
COLABL IS CALLED DIRECTLY BY CONTUR.
COLAPS IS CALLED DIRECTLY BY ASPECT.
CONTUR IS CALLED DIRECTLY BY CNTRDB.
CONVLY IS CALLED DIRECTLY 8Y PLYSYN,

PROGRAMS IN THIS SET.
THIS SET.

POLYSN.
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cos IS CALLED DIRECTLY BY AMPHZ, COSTBL, GNFLTl, PLYSYN, POLYSN, SECQSAC.

IS CALLED INDIRECTLY BY ADANL, AMPHZ, COSTBL, SEQSAC.
cosisp, OF COSP, IS CALLED BY COSIS1l, QIFURY, XSPECT.
COSIS1 IS CALLED DIRECTLY BY PLANSP.

case IS CALLED DIRECTLY BY ASPECT, COSIS1l, FACTOR.
IS CALLED INDIRECTLY BY COSIS1l, QIFURY, XSPECT.

COSTBL IS CALLED DIRECTLY BY FACTOR, PLANSP, QFURRY, QIFURY.
IS CALLED INDIRECTLY BY PLANSP, QFURRY, QIFURY.

COSTBX, OF COSTBL, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

CPYFL2 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

CROSS IS CALLED DIRECTLY BY CROST.

CROST IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

CRSVM IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

CSOUT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

CUFITL IS CALLED DIRECTLY BY CNTROW.

CVSOUT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DADECK IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DATAN IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
DATAN2, OF DATAN, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

pcos , OF DSIN, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DELTA IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
DERIVA IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DETRM , OF SIMEQ, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DEXP IS CALLED DIRECTLY BY DEXP(3.

DEXP(2, OF IEXP(2, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DEXP(3 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DIFPRS IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
DINT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DISPLA IS CALLED DIRECTLY BY GRAPH.

DIVIDE IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
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DIVK , OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
DIVKS 4 OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DLOG IS CALLED DIRECTLY BY DEXP(3.
IS NOT CALLED INDIRECTLY BY ANY PROGRAMS IN THIS SET.

DLOG1D,y OF DLOGy IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DMOD IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DOTJ IS CALLED DIRECTLY BY DoTP, FIRE2, MATML3, MFACT, RLSPR2,
borp IS CALLED DIRECTLY BY FIRE2, RLSPR2.

DPRESS, OF BOOST, IS CALLED BY PLTVSl.

DSIN IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
DSPFMT IS CALLED DIRECTLY BY GRAPH.

DSQRT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

DUBLL , OF DUBLX, IS CALLED BY ASPECT.

DUBLX IS CALLED DIRECTLY BY ASPECT.
IS CALLED INDIRECTLY BY ASPECT.

DUMP IS NOT CALLED DIRECTLY BY ANY PROGRAMS IN THIS SET.
IS CALLED INDIRECTLY BY (EXEM).

ENDFIL, OF REREAD, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
EOFSET, OF REREAD, IS CALLED BY DADECK.

EXCHVS IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

EXEDMP, OF (EXEM), IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
EXIT IS CALLED DIRECTLY BY CHAIN, DuMP, REREAD.

EXP IS CALLED DIRECTLY BY CNTRDB, FACTOR, PRBFIT.

EXP(1L IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

EXP(2 IS CALLED DIRECTLY BY GRAPH, MOUTAI, MXRARE, PCWER, PRBFIT.
EXP(3 IS CALLED DIRECTLY BY KIINT1.

EXPAND IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

FACTOR IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

FAPSUM IS CALLED DIRECTLY BY INDATA, LISTNG, OUDATA.

FASCN1 IS CALLED DIRECTLY BY NXALRM.
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FASCOR, OF PROCOR, IS CALLED

FASCR1,y OF PROCOR, IS CALLED

FASCUB IS CALLED DIRECTLY BY

FASEPC, OF PROCOR, IS CALLED

FASEPl, OF PROCOR, IS CALLED

SUBROUTINE
CROSS-REFERENCE TABLE

BY QACORR,
BY QXCOR1.

CNTROW.
BY QCNVLV.

BY QXCOR1.

QCNVLV, QXCORR.

FASTRK IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

FDOT IS CALLED DIRECTLY BY

IS CALLED INDIRECTLY BY

FDOTR » OF FDOT, IS CALLED
FIRE2

FIXV

CROSS,
RLSPR,

BY RLSPR,

IS NOT CALLED BY ANY PROGRAMS IN

LSSS1, WLLSFP.
RLSSRy WLLSFP.

RLSSR, WLLSFP.
THIS SET.

IS CALLED INDIRECTLY BY MOUTAI, XSQRUT.

FIXVR o OF FIXV, IS CALLED

FLDATA, OF FXDATA, IS CALLED

FLOATM IS CALLED DIRECTLY BY
FLOATV IS
FMTOUT IS CALLED DIRECTLY BY
FNDFMT IS CALLED DIRECTLY BY
FRAME IS CALLED DIRECTLY BY

FRQCT1 IS CALLED DIRECTLY BY

BY MOUTAI,
BY QACORR,
GRAPH.

NOT CALLED BY ANY PROGRAMS IN

Cvsour.
FMTOUT,
DISPLA,

POKCT1.

FRQCT2
FSKIP
FT24

FXDATA

GENHOL
GETHOL
GETRD1
GETX

GNFLT1

IS
IS
IS

IS
Is

IS
IS
IS
IS
IS

NOT CALLED BY ANY PROGRAMS IN
CALLED DIRECTLY BY INDATA,
NOT CALLED BY ANY PROGRAMS IN

CALLED DIRECTLY BY PAKN,
CALLED INDIRECTLY BY QACORR,

CALLED DIRECTLY BY COLABL.
NOT CALLED BY ANY PROGRAMS IN

CALLED DIRECTLY BY SHUFFL.

NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

NOT CALLED BY ANY PROGRAMS IN

XSQRUT.
QCNVLV, QXCORR,
THIS SET.
INTHOL, VECOUT.
GRAPH, GRAPHX.
THIS SET.
LISTNG, SETINO,
THIS SET.

QACORRy QCNVLV,
QCNVLV, QXCORR,

THIS SET.

THIS SET.

LEAAZ 22222 222222222 22X 2]

# FASCOR TGO OGNFLTL

-*

AREERBRABARBRREERABER RS R RS

IS NOT CALLED DIRECTLY BY ANY PROGRAMS IN THIS SET.

SPCOR2.

TRMINOG.

QXCORR
SPCOR2.

SPCCR2.
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GNHOL2 IS CALLED DIRECTLY BY MOUTATI.

GRAPH IS CALLED DIRECTLY BY GRAPHX.

GRAPHX IS NOT CALLED BY ANY PROGRAMS IN
GRUP2 IS NOT CALLED BY ANY PROGRAMS IN

HALVL , OF DUBLX, IS NOT CALLED BY ANY

HALVX o, OF DUBLX, IS NOT CALLED BY ANY

SUBROUTINE
CROSS~REFERENCE TABLE »

RENABRERAERRRASTRARR SR NN

GNHOL2 TO IPLYEV

LAZ2 222222222223 222222222 )

THIS SET.
THIS SET.
PROGRAMS IN THIS SET.
PROGRAMS IN THIS SET.

VouT.
vouT.

THIS SET.

HLADJ IS NOT CALLED DIRECTLY BY ANY PROGRAMS IN THIS SET.
IS CALLED INDIRECTLY BY CsouT,

HRADJ » OF HLADJ, IS CALLED BY CSOUT,

HSTPLT IS CALLED DIRECTLY BY GRAPH.

HVTOIV IS CALLED DIRECTLY BY RDATA.

IABS IS NOT CALLED BY ANY PROGRAMS IN

ICOsS , OF ISINy IS NOT CALLED BY ANY

IDERIV IS NOT CALLED BY ANY PROGRAMS IN

IEXP IS NOT CALLED BY ANY PROGRAMS IN

PROGRAMS IN THIS SET.
THIS SET.
THIS SET.

IEXP(2 IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

IFNCTN IS NOT CALLED BY ANY PROGRAMS IN

IGETX , OF GETX, IS NOT CALLED BY ANY

IINTGR IS NOT CALLED BY ANY PROGRAMS IN

ILCG IS NOT CALLED BY ANY PROGRAMS IN

INDATA IS NOT CALLED BY ANY PROGRAMS IN

INDEX IS NOT CALLED

INTGRA IS NOT CALLED BY ANY PROGRAMS IN

INTHOL IS CALLED DIRECTLY BY RDATA.

INTMSB, OF TIMSUB, IS NOT CALLED BY ANY

INTOPR IS CALLED DIRECTLY BY ARBCOL,

THIS SET.
PROGRAMS . IN THIS SET.
THIS SET.
THIS SET.
THIS SET.

DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

THIS SET.

PROGRAMS IN THIS SET.

EXPAND.

INTSUM IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

IOER 4 OF (EXEM), IS NOT CALLED BY ANY

IPLYEV IS NOT CALLED BY ANY PROGRAMS IN

PROGRAMS IN THIS SET.

THIS SET.
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ISIN IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

ISQRT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

ITOMLI IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

IVTOHV IS CALLED DIRECTLY BY RDATA.

IXCARG IS CALLED DIRECTLY BY COSISl, FIRE2, MIPLS, PLANSP, QXCORl, RDATA,
RLSPR2.

KIINT1 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
KOLAPS IS CALLED DIRECTLY BY PLANSP, XSPECT.
LIMITS IS CALLED DIRECTLY BY PLANSP, QXCOR1.
LINE IS CALLED DIRECTLY BY GRAPH.

LINEH IS CALLED DIRECTLY BY HSTPLT.

LINEV IS CALLED DIRECTLY BY HSTPLT.

LINTR1 IS CALLED DIRECTLY BY NOINT1.

LISTNG IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
LOoC IS CALLED DIRECTLY BY INDATA, OUDATA.

LOCATE IS CALLED DIRECTLY BY SEVRAL.
IS CALLED INDIRECTLY BY RDATA, SEVRAL.

LOG IS CALLED DIRECTLY BY CNTRDB, FACTOR, GRAPH, MOUTAI.
IS NOT CALLED INDIRECTLY BY ANY PROGRAMS IN THIS SET.

LOG1O , OF LOG, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

LSHFT IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
LSLINE IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

LSSS1 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

MATINV IS CALLED DIRECTLY BY MIPLS.

MATML1 IS CALLED DIRECTLY BY MDOT.

MATML3 IS CALLED DIRECTLY BY FIRE2, MDOT3, MIFLS, MIPLS, MISSy RLSPR2.
MATRA IS CALLED DIRECTLY BY MIPLS, PLANSP, ROAR2.

MATRA1 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
MAXAB , OF MAXSN, IS CALLED BY FACTOR, NRMVEC.

MAXABM, OF MAXSNM, IS CALLED BY MOUTAI.
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#=  MAXSN TO MULLER = CROSS-REFERENCE TABLE ®  MAXSN TGO MULLER
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MAXSN IS CALLED DIRECTLY BY PLTVS1.
IS CALLED INDIRECTLY BY FACTOR,

AR ARRBARAERBRBERERR AR RSN

RERRBRRARBRERRRRBUR RSB N

NRMVEC, PLTVSl.

MAXSNM IS NOT CALLED DIRECTLY BY ANY PROGRAMS IN THIS SET.

IS CALLED INDIRECTLY BY MOUTAI.
MDOT IS NOT CALLED BY ANY PROGRAMS IN
MDOT3 IS CALLED DIRECTLY BY CRSVM,
MEMUSE IS NOT CALLED BY ANY PROGRAMS IN
MFACT IS NOT CALLED BY ANY PROGRAMS IN
MIFLS IS NOT CALLED BY ANY PROGRAMS IN
MINAB , OF MAXSN, IS NOT CALLED BY ANY
MINABM, OF MAXSNM, IS NOT CALLED BY ANY
MINSN , OF MAXSN, IS CALLED BY PLTVS1.
MINSNM, OF MAXSNM, IS NOT CALLED BY ANY
MIPLS IS NOT CALLED BY ANY PROGRAMS IN
MISS IS NOT CALLED BY ANY PROGRAMS IN
MLISCL IS NOT CALLED BY ANY PROGRAMS IN
MLI2A6 IS CALLED DIRECTLY BY PWMLIV,
MONOCK IS CALLED DIRECTLY BY IFNCTN.
MOUT IS NOT CALLED BY ANY PROGRAMS IN
MOUTAI IS NOT CALLED BY ANY PROGRAMS IN
MOVE IS CALLED DIRECTLY BY MDUTAi'
MOVECS IS NOT CALLED BY ANY PROGRAMS IN

MOVREV IS CALLED DIRECTLY BY COSISsl,
ROAR2.

MPSEQLl IS NOT CALLED BY ANY PROGRAMS IN
MRVRS IS NOT CALLED BY ANY PROGRAMS IN
MSCON1 IS NOT CALLED BY ANY PROGRAMS IN
MULK , OF ADDKy IS NOT CALLED BY ANY
MULKS , OF ADDK, IS NOT CALLED BY ANY

MULLER IS NOT CALLED BY ANY PROGRAMS IN

THIS SET.

MIPLS, MISS.

THIS SET.

THIS SET.

THIS SET.

PROGRAMS IN THIS SET.
PROGRAMS IN THIS SET.

PROGRAMS IN THIS SET.
THIS SET.
THIS SET.
THIS SET.

THIS SET.
THIS SET.
MOVECS, POLYDV, POLYSN, QFURRY),
THIS SET.
MIFLS, MIPLS, MISS, PLANSP,

THIS SET.
THIS SET.
THIS SET.
PROGRAMS IN THIS SET.
PROGRAMS IN THIS SET.

THIS SET.

WLLSFP.

RLSPR2,
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MULPLY IS CALLED DIRECTLY BY MOUTAI, PLTVS1.
IS NOT CALLED INDIRECTLY BY ANY PROGRAMS IN THIS SET.
MUVADD IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
MVBLOK IS CALLED DIRECTLY BY GRAPH, INDATA, CUDATA.
MVINAV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
MVNSUM IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
MVNTIN IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
MVNTNA, OF MVNTIN, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
MVSQAV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
MXRARE IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
NEXCOS, OF SEQSAC, IS CALLED BY ASPEC2.
NEXSIN, OF SEQSAC, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
NMZMG1 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

NOINT1 IS CALLED DIRECTLY BY KIINT1.
IS NOT CALLED INDIRECTLY BY ANY PROGRAMS IN THIS SET.

NOINT2, OF NOINT1l, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

NRMVEC IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

NTHA IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

NURINC IS NOT CALLEC BY ANY PROGRAMS IN THIS SET.

NXALRM IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

ONLINE IS NOT CALLED DIRECTLY BY ANY PROGRAMS IN THIS SET.

IS CALLED INDIRECTLY BY CARIGE, CNTRDB, COLABL, CONTUR, CSCUT, DADECK,

FMTOUT, INDATA, LISTNG, MEMUSE, MCUT, MOUTAI,
PLOTVS, PLTVS1l, PWMLIV, RDATA, VECOUT, VouT.

OUDATA IS CALLED DIRECTLY BY TRMINO.

PACDAT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

PAKN IS CALLED DIRECTLY BY OUDATA.

PDUMP , OF DUMP, IS CALLED BY (EXEM).

PLANSP IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

PLOTVS IS CALLED DIRECTLY BY PLTVS1.

PLTVS1 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
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PLURAL, OF SEVRAL, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

PLURNS IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

PLYSYN IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

POKCTL IS NOT CALLEC BY ANY PROGRAMS IN THIS SET.

POLYDV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

POLYEV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

POLYSN IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

POWER IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

PRBFIT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

PROB2 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

PROCOR IS CALLED DIRECTLY BY QACORRy QCNVLV, QXCORRy QXCOR1.
IS CALLED INDIRECTLY BY QACORR, QCNVLV, QXCORR, QXCOR1l.

PSQRT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

PWMLIV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

QACORR IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

QCNVLV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

QFURRY IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

QIFURY IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

QINTR1 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

QUFIT1 IS CALLED DIRECTLY BY CNTROW, QINTR1.

QXCORR IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

QXCOR1 IS CALLED DIRECTLY BY SPCOR2.

RDATA IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

REFIT , OF SPLIT, IS CALLED BY XSPECT.

REFLEC IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
REIM , OF AMPHZ, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
REMAV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

REREAD IS NOT CALLED DIRECTLY BY ANY PROGRAMS IN THIS SET.
IS CALLED INDIRECTLY BY DADECK, GETRDl, RDATA,
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RETURNy OF LOCATE, IS CALLED BY RDATA.

REVER IS CALLED DIRECTLY BY FNDFMT, IFNCTN.

REVERS IS CALLED DIRECTLY BY CROST, GETHOL, MRVRS, QXCORl, RCAR2.

RLSPR IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

RLSPR2 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

RLSSR IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

RMSDAV, OF RMSDEV, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

RMSDEV IS CALLED DIRECTLY BY PLTVS1.
IS NOT CALLED INDIRECTLY BY ANY PROGRAMS IN THIS SET.

RND IS CALLED DIRECTLY BY AMPHZ, CNTROW, MOUTAI, PLOTVS, RNDV.
IS CALLED INDIRECTLY BY CNTROW, CONTUR, QINTR1, RNDV.

RNDDN , OF RNDy IS CALLED BY CNTROW, CONTUR, RNDV.

RNDUP , OF RND, IS CALLED BY CNTROW, CONTUR, QINTRl,  RNDV.

RNDV IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
RNDVDN, OF RNDV, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

RNDVUP, OF RNDV, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

ROAR2 IS CALLED DIRECTLY BY PLANSP.

ROTATL IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

RPLFMT IS CALLED DIRECTLY 8Y FMTOUT, VECOUT.

RSKIP IS CALLED DIRECTLY BY DADECK.

RVPRTS, OF CHPRTS, IS CALLED BY ASPECT.

SAME IS CALLED DIRECTLY BY CNTRDB, LISTNG, MOUTAI.
IS CALLED INDIRECTLY BY CONTUR, INDATA, LISTNG, PLTVS1.

SCPSCL IS CALLED DIRECTLY BY GRAPH.
SEARCH IS CALLED DIRECTLY BY SHUFFL.

SEQSAC IS CALLED DIRECTLY 8Y ASPEC2.
IS CALLED INDIRECTLY BY ASPEC2.

SETAPT, OF [INDEX, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
SETEST, OF [INDEX, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
SETINO IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
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SETK IS CALLED DIRECTLY BY SETKP.
IS CALLED INDIRECTLY BY CNTRDB, CRSVM, PLANSP, PLOTVS, PLTVS1l, QXCOR1l,
SETKP.

SETKP IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
SETKS o OF SETKy IS CALLED BY CRSVM, PLANSP, PLOTVS, PLTVS1, QXCORl.
SETKV IS CALLED DIRECTLY BY PLOTVS.
SETKVS IS CALLED DIRECTLY BY PLTVS1.

SETLIN IS CALLED DIRECTLY BY SETLNS.
IS CALLED INDIRECTLY BY PLTVSl, SETLNS.

SETLNS IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SETSBV, OF LOCATE, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SETUP , OF LOCATE, IS CALLED BY RDATA.

SETVCP, OF SETKP, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SETVEC, OF SETKy IS CALLED BY CNTRDB, PLOTVS, PLTVSl, SETKP.

SEVRAL IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
SHFTR1L IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SHFTR2 IS CALLED DIRECTLY BY LISTNG.

SHUFFL IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SIFT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SIMEQ IS CALLED DIRECTLY BY MATINV, RLSPR2.
IS NOT CALLED INDIRECTLY BY ANY PROGRAMS IN THIS SET.

SIN » OF COS, IS CALLED BY ADANL, AMPHZ, COSTBL, SEQSAC.
SINTBL, OF COSTBL, IS CALLED BY PLANSP, QFURRY, QIFURY.

SINTBX, OF COSTBL, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
SISsP , OF COsP, IS CALLED BY COSIS1.

SIZEUP IS CALLED DIRECTLY BY SHUFFL.
IS NOT CALLED INDIRECTLY BY ANY PROGRAMS IN THIS SET.

SIZUPL, OF SIZEUP, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
SMPRDV, OF POWERy IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
SMPSON IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SPCOR2 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
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SPLIT IS CALLED DIRECTLY BY ASPECT, COSIS1, XSPECT.
IS CALLED INDIRECTLY BY XSPECT.
SQRDEV, OF SQRDFR, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
SQRDFR IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
SQRMLI IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
SQROOT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
SQRSUM IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

SQRT IS CALLED DIRECTLY BY AMPHZ IABS, KIINTly, MFACT, MULLER, NRMVEC,
POLYSN, PRBFIT, PSQRT, RMSDEV, SQROOT, XSQRUT.

SQUARE IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
SRCH1 IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

STEPC , OF DELTA, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

STEPL , OF DELTA, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

STEPR , OF DELTA, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

STORE , OF LOCATE, IS CALLED BY RDATA.

ST IS CALLED DIRECTLY BY CROSSy CRSVM, FIRE2y MFACT, MIPLS, PLANSP,
POLYDV, QFURRY, QXCOR1l, RLSPR2, SPCOR2.

STZS IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SUBK , OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SUBKS , OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

SUM IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
SUMDEV, OF SUMDFR, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

| SUMDFR IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

SWITCH IS CALLED DIRECTLY BY CONTUR, PLOTVS.

TAMVL IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

TAMVR , OF TAMVL, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

TANH IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

TIMA2B IS CALLED DIRECTLY BY TIMSUB.

TIMSUB IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

TINGL IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
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# TINGLA TO XDANL - CROSS~REFERENCE TABLE # TINGLA TO XDANL -
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TINGLA, OF TINGLs IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

TRMINO IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

UNPAKN IS CALLED DIRECTLY BY INDATA.

VARARG IS CALLED DIRECTLY BY INDATA, OUDATA, PLTVS1.

VDOTV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

VDVBYV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

VECOUT IS CALLED DIRECTLY BY CVsSouT, vOouT, VRSOUT.

VINDEX, OF [INDEX, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

VMNUSV, OF VPLUSV, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

vourt IS CALLED DIRECTLY BY VSouT.

VPLUSV IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
VRSOUT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

VSOUT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

VTIMSV IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
WAC IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

WHERE , OF LOCATE, IS CALLED BY SEVRAL.

WHICH IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
WLLSFP IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

WRTDAT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XACTEQ IS CALLED DIRECTLY BY SRCH1.

XADDK , OF ADDKy IS CALLED BY PLANSP.

XADDKS, OF ADDK, IS CALLED BY PLANSP.

XARG o OF LOCATE, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XAVRGE IS NOT CALLED DIRECTLY BY ANY PROGRAMS IN THIS SET.
IS CALLED INDIRECTLY BY XREMAV.

XAVRGR, OF XAVRGE, IS CALLED BY XREMAV.
XBOOST, OF BOOST, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XCMPRA, OF CMPRA, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XDANL , OF ADANL, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
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#  XDANX TO XO0O0ZE - CROSS-REFERENCE TABLE #  XDANX TO XOOZE L
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XDANX , OF ADANL, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XDELTA, OF DELTA, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XDFPRS,y OF DIFPRS, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XDIV IS CALLED DIRECTLY BY XAVRGE, XDVIDE, XVOVBV.
IS CALLED INDIRECTLY BY XAVRGE, XDVIDE, XVDVBV.

XDIVK , OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XDIVKS, OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XDIVR , OF XDIV,y IS CALLED BY XAVRGE, XDVIDE, XVDVBV.
XDPRSS, OF BOOST, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XDVIDE IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
XDVIDR, OF XDVIDE, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XDVRK , OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XDVRKS, OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XFIXM IS CALLED DIRECTLY BY GRAPH.

XINDEX, OF LOCATE, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XLCOMN IS CALLED DIRECTLY BY MEMUSE.

XLIMIT IS CALLED DIRECTLY BY SETINO, TRMINO.

XLOC IS CALLED DIRECTLY BY GETHOL, GRAPH, IXCARG, PLTVSl, QCNVLV, QIFURY,
QXCORR,y SPCOR2, XSPECT.

XLOCV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XLSHFT, OF LSHFT, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XMLPLY, OF MULPLY, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XMULK , OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XMULKS, OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XNAME , OF LOCATE, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XNARGS, OF LOCATE, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XNTHA , OF NTHA, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
XNTSUM, OF INTSUM, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XOO0ZE IS CALLED DIRECTLY BY PLANSP.
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XREMAV IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XRFLECy OF REFLEC, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSAME , OF SAME, IS CALLED BY CONTUR, INDATA, LISTNG, PLTVS1.

XSMDEV, OF SUMDFR, IS NOT CALLED BY ANY PROGRAHS IN THIS SET.

XSMDFRy OF SUMDFR, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSPECT IS CALLED DIRECTLY BY QFURRY.

XSQDEV, OF XSQDFR, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSQDFR IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
XSQRUT IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSQSUM, OF SQRSUM, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSQUAR, OF SQUARE, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSTEPC, OF DELTA, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSTEPL, OF DELTA, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSTEPRy OF DELTA, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSTLIN, OF SETLIN, IS CALLED BY PLTVS1l, SETLNS.

XSUBK , OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSUBKS, OF ADDK, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XSuM , OF SUM, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XVDRBV, OF XVDVBV, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XVDVBV IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.
XVMNSV, OF VPLUSV, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XVPLSV, OF VPLUSV, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XVTMSV, OF VTIMSV, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

XWHICH, OF WHICH, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.

ZEFBCD IS NOT CALLED DIRECTLY OR INDIRECTLY BY ANY PROGRAMS IN THIS SET.

ZEFBIN, OF ZEFBCD, IS NOT CALLED BY ANY PROGRAMS IN THIS SET.
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Subroutine Rosters
For the
One-Pass Library

The cross-reference table of the preceding section is principally of value in work on the
library itself, since (in conjunction with the tables of Section 7) one can use it to deter-
mine the effects of repositioning or deleting individual programs. Of greater utility to
the working programmer are data on the lower-level environment of a given program.
The ‘‘subroutine rosters’’ of the present section provide this type of data for the sub~-
routine library defined in Section 7.

We define the subroutine roster of a given program as a list of all programs
needed to make the given program operative. For a programmer who does not use a
library tape but has access to a drawer of binary decks, the roster is a list of all the
additional binary decks he must collect to make possible the execution of a given pro-
gram. In any event, it is desirable that (1) such lists be expressed in terms of
principal entry names, and that (2) each suchlist be subdivided into FORTRAN System
routines and non-FORTRAN-System routines. [Note that because of (1) the names in
the roster may not coincide with the names in the transfer vectors of the program and
in its lower-level programs]

The roster tables that follow are designed to fill these two prescriptions. In
addition, they give memory-storage requirements (in decimal) of the given program,
of each principal entry in its roster, and of the whole set. The tables are organized
alphabetically by all entry names in the library (for secondary entries no rosters are
given, only references to their principal entries). The phrase

NEEDS FSRS -
is used to introduce a subroster of FORTRAN System routines, and the phrase
NEEDS SRS -

is used to head a subroster of subroutines (or functions) not in the FORTRAN System.
The absence of a transfer vector is denoted by the expression

NEEDS NO LOWER ROUTINES

186
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SUBROUTINE ROSTERS

#= (BSR} T0

ARBRBERARRRRERERBH BN

(108) *

FRBEFRRAFAVASBRAARBBREDS

(BSR)  (SECONDARY ENTRY OF (I0S) )
(BST) PROGRAM PROPER. ..
NEEDS FSRS -  (EXEM) 458, (IOS) 87, (IOU) 24, (TES) 1,
STORAGE TOTAL....
(BUF)  (SECONDARY ENTRY OF (108B) )
(CSH) PROGRAM PROPER. ...«
NEEDS FSRS -  (EXEM) 458, (IOH) 1016, (IOS) 87, (IOU) 24,
‘TES) 1. DU"P 177' EXIT 17 9000000000 SOGISIOSOEOSOSLDS
STORAGE TOTALeeae
(DFAD) NEEDS NO LOWER ROUTINES STORAGE TOTAL...e
(DFDP)  (SECONDARY ENTRY OF (DFAD))
(DFMP)  (SECONDARY ENTRY CF (DFAD))
(DFSB)  (SECONDARY ENTRY OF (DFAD))
(EFT) PROGRAM PROPER. ..
NEEDS FSRS -  (EXEM) 458, (I0S) 87, (IOU) 24, (TES) 1s
STORAGE TOTAL. .o
(ETT)  (SECONDARY ENTRY OF (I0S) )
(EXB)  (SECONDARY ENTRY OF (I0B) )
(EXE)  (SECONDARY ENTRY CF (EXEM))
(EXEM) PROGRAM PROPER. ...
NEEDS FSRS - (10S) 87, (IOU) 24, (TES) 1, DUMP 177,
ExlT 17 ® 00 0 0 OO0 OO0 OO OD OO OP 00 TSSO P OO SO OISILISEOGSS
STORAGE TOTALe.ae
(FIL)  (SECONDARY ENTRY OF (IOH) )
(FPT) PROGRAM PROPER. ...
NEEDS FSRS -  (EXEM) 458, (IOH) 1016, (I0S) 87, (10U} 24,
(TES’ 1' DUMP 177] EX!T 17 2008080000000 0000
STORAGE TOTAL....
(IFOP) (SECONDARY ENTRY OF (IFMP))
(IFMP) NEEDS NO LOWER ROUTINES STORAGE TOTAL....
(108) PROGRAM PROPER. ...
NEEDS FSRS -  (EXEM) 458, (I0S) 87, (IOU) 24, (TES) 1,

STORAGE TOTAL...o

28

164
792

125

1780
1905

80

764
771

458

306
164

41

1780
1821

136
570

764
1334
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+ (10H) TO (STB) * + (IOH) 10 (sT8) »

ERRERRERRRRRRRRERERRBR R Yy YY)

( IOH) PROGRAM PROPER.... 1016
NEEDS FSRS - (EXEM) 458, (10S) 87, (I0U) 24, (TES) 1,

DUHP 177, EXIT 17 '...“.‘....;....'..‘."."... 764
STORAGE TOTAL.... 1780

(10S) PROGRAM PROPERccee 87
NEEDS FSRS - (EXEM) 458, (1I0U) 24, (TES) 1, bumMp 177,

EXIT 17 IE R R B NEERENERNEEAERNNEEEEEENENERERERNRENBERRENENR-ENSENNEHR] 677
STORAGE TOTAL.... T64
(10U) NEEDS NO LOWER ROUTINES STORAGE TOTALesoo 24
(RCH) (SECONDARY ENTRY OF (10S) )
(RDC) (SECONDARY ENTRY OF (RER) )
(RDS) (SECONDARY ENTRY OF (I0S) )
(RER) PROGRAM PROPER.«oe 37
NEEDS FSRS - (EXEM) 458, (10S) 87, (10N 24, (TES) 1,
DUMP 177' EXIT 17 ® 00 000000000000 00P000P0P0SSSES 764
STORAGE TOTAL.... 801
{REW} (SECONDARY ENTRY OF (I10S)
(RLR) (SECONDARY ENTRY CF (TSB) )
(RTN) (SECONDARY ENTRY CF (IOH) )
(RWT) PROGRAM PROPER<ess 7
NEEDS FSRS - (EXEM) 458, (10S) 87, (10U) 24, (TES) 1,

DUMP 177, EXIT l? ©00 0000000000000 00000000000 s 164
STORAGE TOTALeeoe 771

{SCH) PROGRAM PROPERc«es 96
NEEDS FSRS - (EXEM)} 458, (IOH) 1016, (I0S) 87, (10U} 24,
(TES) l' DUMP 171' Exlt 17 ® 90D 0SO0O0sNPSB e 1780

STCRAGE TOTAL.... 1876

(SET (SECONDARY ENTRY OF (108B) )

(sL1) NEEDS NO LOWER ROUTINES STORAGE TOTALeooo 13

(sLo) NEEDS NO LOWER ROUTINES STORAGE TOTALeeoo 13

(SPH) PROGRAM PROPER.... 183
NEEDS FSRS - (EXEM) 458, (IOH) 1016, (1I0S) 87, (IOU) 24,

(TES) 1, bump 177, EXIT 17 ceececcccccaaacss 1780
STORAGE TOTALe.o. 1963

(STB) PROGRAM PROPEReees 53
NEEDS FSRS - (EXEM} 458, (I0BY 570, (IOS) 87, (ICY) 24,

(TES) 1s (WER) 57, DUNMP 177, EXIT 17 eeee 1391

STCRAGE TOTAL.... 1444
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®  (STH)

TO AMPHZ *

(AR Z 222222222 222222222 2 2]

(STH)
NEEDS

(STHD})
(STHM)
(Tco)
(TEF)
(TES)
(TRC)

(758)
NEEDS

(TSH)
(TSHM)
(WEF)

(WER)
NEEDS

(WLR)
(WRS)
(WTC)
ABSVAL
ADANL
NEEDS

ADANX
ADDK
ADDKS
AMPHZ

NEEDS
AND

FSRS - (EXEM) 458,

(TES) ly (WER)

(SECONDARY ENTRY OF (STH) )
(SECONDARY ENTRY CF (STH) )
(SECONDARY ENTRY GF (10S) )
(SECONDARY ENTRY OF (I0S) )
NEEDS NO LOWER ROUTINES

(SECONDARY ENTRY OF (I0S) )}

FSRS - (EXEM)

(RER) 37,

458, (10B)
(TES)
(SECONDARY ENTRY OF REREAD)
(SECONDARY ENTRY CF REREAD)

(SECONDARY ENTRY CF (I0S) )

FSRS - (EXEM) 458, (I0S)

DUMP 177, EXIT
(SECONDARY ENTRY OF (ST8B) )
(SECONDARY ENTRY OF (IO0S) )
(SECONDARY ENTRY CF (WER) )

NEEDS NO LOWER ROUTINES

FSRS - cos

(SECONDARY ENTRY OF ADANL )
NEEDS NO LOWER ROUTINES

(SECONDARY ENTRY OF ADDK )

SRS - RND

FSRS = ATAN 17, cos

SUBROUTINE ROSTERS

(IOH) 1016,

57,

570,
1,

87,

(22223322222 221222222222

*  (STH) TO AMPHZ »

REBRRERARERBRERDERR AR RN

PROGRAM PROPER.... 83
87, (1I0U) 24,

177, EXIT 17 «oes 1837

STORAGE TOTAL.... 1920

STORAGE TOTAlLe..e. 1

PROGRAM PROPER.... 66
87, (I0U) 24,
177, EXIT 17 eeee 1371
STORAGE TOTAL.... 1437

PROGRAM PROPERcese 57
24, (TES) 1,

17 eceovevosessscecccccssscscccsassnne T64

105,

STORAGE TOTAL.... 821

STORAGE TOTAL.oeeo 50
PROGRAM PROPER.... 183

105 cecccccccccoccoccccccoscsscscccsscssccsscscoces 105

STORAGE TOTAL.... 288

STORAGE TOTAL.... 114

PROGRAM PROPERece. 149

15 ceeccvceccsccccccccecccscsccsccccccssccosccncsse 15

44 000000000000 00 226
STORAGE TOTAL.... 390
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#= ARBCOL TO CHUSET =
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UBROUTINE ROSTERS XY I 2 Yy ISy 2 IY Y YT YT S
TG CHUSET

# ARBCOL

SRRV RERAVRBZARNBARBERRAS

PROGRAM P

ROPERe e

SRS - INTOPR 111 0000000000000 009000900000000000000000000000e

STORAGE
PROGRAM P

TOTALeooo
ROPER..I.

FSRS - ATAN 17 0000000000000 00 000000000000 0000000c000000TS

STORAGE
ATE)

PROGRAM P
COLAPS 50, cosP 504, DuUBLX

TOTALe oo

ROPEReeo e
45,

SPL[T 224 ©00 0000000000020 000000000000000000000000000

STCRAGE

PROGRAM P

TOTALeooo

ROPERceeo

SRS - SEQSAC 94 900000000000 00000000000000000000000800000000

STORAGE
STORAGE
STORAGE
STORAGE
STORAGE
ATE)
ATE)

PROGRAM P

FSRS - Ccos 105 © 00000000000 000000000000000000000000000000e

TOTALeeeoo
TOTAL.eeo
TOTALe oo
TOTALeoeo

TOTALe oo

ROPEReee e

SRS - ONL INE 13‘ 900000000000 0000000000000000000000000000 00

(ICH) 1016, (10S) 87, (IOU)
(TES) 1, (HWER) 57, DUMP

24,
177,

EXIT 17 0000 000000000000 0000000000000000000000000cs

ARBCOL

NEEDS
ARCTAN

NEEDS
ARG (SECONDARY ENTRY OF LOC
ASPECT

NEEDS SRS - CHPRTS 76,
ASPEC2

NEEDS

AND
ATAN NEEDS NO LOWER ROUTINES
AVRAGE NEEDS NO LOWER ROUTINES
BLKSUM NEEDS NO LOWER ROUTINES
BOOST NEEDS NO LOWER ROUTINES
CALL (SECONDARY ENTRY OF LOC
CALL2 (SECONDARY ENTRY CF LOC
CARIGE

NEEDS

AND FSRS -~ (EXEM) 458,

(SPH) 183,

CHAIN

NEEDS FSRS - (TES) 1,
CHISQR NEEDS NO LOWER ROUTINES
CHOOSE NEEDS NO LOWER ROUTINES
CHPRTS NEEDS NO LOWER ROUTINES
CHSIGN NEEDS NO LOWER ROUTINES

CHUSET

(SECONDARY ENTRY CF IND

STORAGE

PROGRAM P

ExIT 17 00 00O 0CONOOSISOSINOIOINPOSIOTOSDS
STORAGE

STORAGE

STORAGE

STORAGE

STORAGE

EX )

TOTALecoo
ROPEReccee
TOTAL....
TOTAL.eeo
TOTALeooo
TOTALeowoo

TOTALeeeo

129
111
240

29

7
106

2178

899
1177

14
94
105
273
17
24
49

34

47
134

2020
2201
179
18
197
105
17
76

18
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= CLKON TO COS *
SRHERRRARRARNERNBRRRRRERY

SUBROUTINE ROSTERS

ARBRARBABRARBRRRR SR 0NN R

#+ CLKON T0 CGS »

LA E 2222 222222222222 X2 ]

CLKON PROGRAM PROPEReceo 46
NEEDS SRS - CLDCKI 57 0000000000000 00 08000000000 P0PQOOCSISBOIEBOLOLIOS 57
AND FSRS -~ {EXEM)Y 458, (I0OH) 1016, (I0S) 87, (10U} 24,

(SPH) 183, (TES) 1, DumMp 177, EXIT 17 eees 1963
STORAGE TOTAL.... 2066

CLOCK1 NEEDS NO LOWER ROUTINES STORAGE TOTAL.ees 57

CMPARL (SECONDARY ENTRY CF CMPARV)

CMPARP NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 53

CMPARS (SECONDARY ENTRY CF CMPARP)

CMPARV NEEDS NO LOWER ROUTINES STORAGE TOTALeeee 50

CMPRA NEEDS NO LOWER ROUTINES STORAGE TOTALeeee 18

CMPRFL (SECONDARY ENTRY OF CMPRA )

CNTRDB PROGRAM PROPER.... 550
NEEDS SRS - ARBCOL 129, CNTROW 802, COLABL 185, CONTUR 587,

‘CUFIT1 158, FASCUB 141, GENHOL 48, INTOPR 111,
ONLINE 134, QUFIT1 79y RND 15, SAME 1,
SETK 37' SHITCH 15 9 00 0089 0806000000000 0SOOCSLISSEISIOGEDS 24‘2
AND FSRS =~ (EXEM) 458, (IOH) 1016, (10S) 87, (10U} 24,
(SPH) 183, (TES) 1y (WER) 57, DUMP 177,
EXIT 17, EXP 52, LOG 53 csececcescecceses 2125
STORAGE TOTAL.ess 5117

CNTROW PROGRAM PROPER.... 802

NEEDS SRS - CUFIT1 158, FASCUB 141, QUFIT1 79, RND 15 ceee 393
STCRAGE TOTALeeeoe. 1195

COLABL PROGRAM PROPER«... 185
NEEDS SRS - GE~HOL 48' DNLlNE 134 T 0O 0000 009000 SO0 00000000CSS 182
AND FSRS - (EXEM) 458, (I0H) 1016, (I10S) 87, (I0V) 24,

(SPH) 183, (TES) 1y (WER) 57, bumep 177,
Ex[r 17 9 000 000000000000 0000000000000 0000000000000 2020
STORAGE TOTAL.... 2387

COLAPS NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 50

CONTUR PROGRAM PROPER.... 587
NEEDS SRS -~ ARBCOL 129, CNTROW 802, COLABL 185, CUFIT1 158,

‘FASCUB 141, GENHOL 48, INTOPR 111, ONLINE 134,
QUFIT1 79, RND 15, SAME 1, SWITCH 15 ¢c0o 1818
AND FSRS -~ (EXEM) 458, (IOH) 1016, (I0S) 87, (Iou) 24
(SPH) 183, (TES) 1y (WER) 57, DUMP 177,
Ex[r 17 IEE R EEREREREEENNEEENEEENENENEEEENREEEENEELENNENRRENNER] 2020
STORAGE TOTAL.... 4425
CONVLV  NEEDS NO LOWER ROUTINES STORAGE TOTAlL.... 56
cos NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 105
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SUBROUTINE ROSTERS

RERRRRERABERRRER AR ARG RO

* COSISP 7TO CVSOUT =

RERBRERARRBRRBBRERE AR RSN

COSISP (SECONDARY ENTRY GOF COSP )
COSIS1 PROGRAM PROPERcc.s
NEEDS SRS - CHPRTS Té6, COsP 504, IXCARG 35, MOVREV T4,
SPLIT 224 00000000000 0009 0B OD 00000000009 0000080000e
AND FSRS - XLGC 12 00 0B 000000 PO O VOSSP OO CSOSISTSIOEOIOGEOIOIBSTOSEOSES
STORAGE TOTAL.eeo
cosp NEEDS NO LOWER ROUTINES STORAGE TOTAlLeeswo
COSTBL PROGRAM PROPER< oo
NEEDS FSRS - COS 105 ® 20 0 0000 PVOO 0P 000D CSN0S0COSIOONSIEOISIOPOIOIOIOIOSOIOTS
STORAGE TOTALeeos
COSTBX (SECONDARY ENTRY OF COSTBL)
CPYFL2 PROGRAM PROPERecee
NEEDS FSRS - (EXEM) 458, (10S) 87, (10U} 24, (TES) 1,
DUMP 177’ EXIT 17 ® 00 2000 900002000000 0000000s0000
STORAGE TOTALeeoo
CROSS PROGRAM PROPERec.e
NEEDS SRS - FDOT 40' STZ l‘. T 80 9080 P00 COCOGSOSSIOSIOSINBSIOSIOSIOEPSIOES
STORAGE TOTAlL.ese
CROST PROGRAM PROPEResss
NEEDS SRS - CROSS 107, FDOT 40, REVERS 29, ST2 14 c..e
STCRAGE TOTALeewo
CRSVM PROGRAM PROPERc<eo
NEEDS SRS - DOTJ 59, MATML3 120, MDOT3 122, SETK 37,
STZ 1# LRI I I I A I B I I B L R RN ]
STORAGE TOTALeese
csout PROGRAM PROPER.eso
NEEDS SRS - CARIGE 4Ty, HLADJ 469 ONLINE 134 cccccccccccccccee
AND FSRS - (EXEM) 458, (IOH) 1016, (10S) 87, (I0VL) 24,
(SPH) 183, (TES) 1y (WER} 57, DuMpP 177,
EXIT 17 L IR I B B I B A R L R R AN RN ]
STORAGE TOTALeeoo
CUFIT1 NEEDS NO LOWER ROUTINES STORAGE TOTALeeeo
cvsourt PROGRAM PROPER....
NEEDS SRS - CARIGE 47, FMTOUT 51y FNDFMT 88y ONLINE 134,
REVER 30, RPLFMT 11, VECOUT 66 2000000000000 00
AND FSRS - (EXEM} 458, (I0H) 1016, (IDS) .87, (IOU) 24,
(SPH) 183, (TES) 1, (WER) 57» DUMP 177,
ExlT 17 S 0 5 90 00O DO OO0 0O PPPS O OD PSSO SSSIPSESIOSIOSISTISISE IS

STORAGE TOTALesoo

406
913
1331
504
121

105
226

178

164
942

107

54
161
134
190
324
327

352
679

49
227
2020
2296
158
84
433

2020
2537



BRERERAARABRRRBERBRBRERS
+« DOTJY

BERRRBLFRBERRRRRBAERRERN

SUBROUTINE ROSTERS FRBFSRBAARBRARE AR ARG NN
TO FAPSUM = =+ DOTJ TO FAPSUM »

P2 222X 22222222 22 222 22X}

DOTJY NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 59
porep PROGRAM PROPER. ... 264
NEEDS SRS - DOTJ 59 900000000000 0000000000000000000000000000000 59
STORAGE TOTAL.... 323

DPRESS (SECONDARY ENTRY OF BOOST )
DSIN NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 222
DSPFMT NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 194
DSQRT PROGRAM PROPER..es 66

NEEDS FSRS - (EXEM) 458, (10S) 87, (10V) 24, (TES) 1,

DUMP 177' EXIT 17 coeeccscscsscescssssscccsccccse 764
STORAGE TOTAL.... 830

bustLL (SECONDARY ENTRY OF DUBLX )
DUBLX NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 45
bump PROGRAM PROPEReee. 177
NEEDS FSRS - (TESY 17 EXIT R 18
STCRAGE TOTAL.... 195

ENDFIL (SECONDARY ENTRY OF REREAD)

EOFSET (SECONDARY ENTRY OF REREAD)
EXCHVS NEEDS NO LOWER ROUTINES STORAGE TOTAL.e.o 22

EXEDMP  (SECONDARY ENTRY CF (EXEM))
EXIT PROGRAM PROPERc ... 17
NEEDS FSRS - ‘TES‘ 1l ceecccvcscnsccccncccsvsoscsssscsscscscscscsscscncsce 1
STORAGE TOTVAL.... 18
EXP NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 52
Exp(1 NEEDS NO LOWER ROUTINES STORAGE TOTALe... 35
EXP(2 NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 38
EXP(3 NEEDS NO LOWER ROUTINES STCORAGE TOTAL.... 93
EXPAND PROGRAM PROPER.... 189
NEEDS SRS - INTOPR 111 cceccccccvcssssscsncssecscnssosssoscsscssccsscsnse 111
STORAGE TOTAL.... 300
FACTOR PROGRAM PROPER.... 308
NEEDS SRS - COSP 504, COSTBL 121, MAXSN 54 ceseeccccacscccss 679
AND FSRS - CDS 1051 EXP 52' LOG 53 8000000000 0000 000 210
STCRAGE TOTAL.... 1197
FAPSUM NEEDS NO LOWER ROUTINES STORAGE TOTALeeeoo 14



(2424222222222 2222222222

= DADECK TO DMOD -

L2222 2 222222222222 222222

DADECK
NEEDS SRS - ONLINE 134, REREAD 114,
AND FSRS - (EXEM) 458, (ICH) 1016,
(RER) 37, (SPH) 183,
DuMP 177, EXIT
DATAN NEEDS NO LOWER ROUTINES
DATAN2 (SECONDARY ENTRY CF DATAN )
DCOS (SECONDARY ENTRY CF DSIN )
DELTA NEEDS NO LOWER ROUTINES
DERIVA NEEDS NO LOWER ROUTINES
DETRM (SECONDARY ENTRY CF SIMEQ )
DEXP
NEEDS FSRS - (EXEM) 458, (I0S) 87,
DuMP 177, EXIT
DEXP(2 (SECONDARY ENTRY OF IEXP(2)
DEXP(3
NEEDS FSRS - (EXEM) 458, (I0S) 87,
DEXP 153, DLOG 273,
DIFPRS NEEDS NO LOWER ROUTINES
DINT NEEDS NO LOWER ROUTINES
DISPLA
NEEDS SRS - FRAME
AND FSRS - (EXEM) 458, (IOH) 1016,
(TES) 1, oump 177,
DIVIDE NEEDS NO LOWER ROUTINES
DIVK (SECONDARY ENTRY OF ADDK )
DIVKS (SECONDARY ENTRY CF ADDK )
DLOG
NEEDS FSRS - (EXEM) 458, (1I0S) 87,
pumMp 177, EXIT
DLOG1G (SECONDARY ENTRY CF DLOG )

DMOD

NEEDS NO LOWER ROUTINES

SUBROUTINE ROSTERS

lili‘*liill"lliili!{’l‘

*= DADECK TO DMCD »

2222222222 2222223222 X 2 ]

PROGRAM PROPER.... 100
RSKIP 37 eeecsssessccescen 285
{ 10S) 87, (10U} 24,
(TES) 1, (WER) 57,
17 ....'.....‘........“.‘v."..... 2057
STORAGE TOTALeooo 2442
STORAGE TOTALeeoes 440
STCRAGE TOTALeceo 17
STORAGE TOTALeeeoo 61
PROGRAM PROPERes.. 153
(I0V) 24, (TES) 1y
17 ® 98 59008 00 2000000000000 00000%00 16#
STORAGE TOTALeees 917
PROGRAM PROPERe<e. 34
(I0U) 24y (TES) 1,
DUMP 177] EXIT 11 seee 1190
STORAGE TOTAL.... 1224
STORAGE TOTAL.ceo 30
STORAGE TOTALesso 10
PROGRAM PROPEReeses 219
9 B 000 000 S TO 00D OO 0009 000000 SSOSSOSISIOTOINOIDPSTNLIYS 9
( IOS) 87, (10U} 24,
EX‘T 17 0 900G 00O POSISNISSS 1780
STORAGE TOTAL.... 2008
STORAGE TOTALesoos 23
PROGRAM PROPEResss 273
(I0U) 24, (TES) 1,
17 9 90 S0P S 0O 00000 CNOSS RSSO SLIIOSEIOEDS 764
STORAGE TOTAL.... 1037
STORAGE TOTAL.... 48



BERBRRABRRRARBRRERERERRERS SUBROUTINE ROSTERS ABRRARRRRRRBEBRR RS E0 AR

# FASCN1 TO FSKIP L
ARERARREBRERAARBRE ARG R RS

FASCN1 NEEDS NO LOWER ROUTINES
FASCOR (SECONDARY ENTRY GF PROCOR)
FASCR1 (SECONDARY ENTRY CF PROCOR)
FASCUB NEEDS NO LOWER ROUTINES
FASEPC (SECONDARY ENTRY OF PROCOR)
FASEP1 (SECONDARY ENTRY OF PROCOR}
FASTRK NEEDS NO LOWER ROUTINES
FDOT NEEDS NO LOWER ROUTINES

FDOTR (SECONDARY ENTRY OF FDOT )

#= FASCNl TO FSKIP -

2222222222222 222222222 )

STORAGE TOTAL.... 107

STORAGE TOTAL.e..o 141

STORAGE TOTALee.o 26

STORAGE TOTAL.... 40

FIRE2 PROGRAM PROPER.... 271
NEEDS SRS - DOTJY 59, DOTP 264+ IXCARG 35, MATML3 120,

STZ 14 900000000000 0000 000000080000 000000000090s0 ‘92

AND FSRS - XLOC 12 2000000200000 000 00000000000 000000000s00s 80 12

FIXV NEEDS NO LOWER ROUTINES
FIXVR (SECONDARY ENTRY CF FIXV )
FLDATA (SECONDARY ENTRY CF FXDATA)
FLOATM NEEDS NO LOWER ROUTINES

FLOATV NEEDS NO LOWER ROUTINES

STORAGE TOTAL.... 775

STORAGE TOTAL.cse 35

STORAGE TOTAL.... 25

STORAGE TOTAL.... 22

FMTOUT PROGRAM PROPER.<s. 51
NEEDS SRS - FNDFMT 88, ONLINE 134, REVER 30y RPLFMT 17 aeee 269
AND FSRS - (EXEM) 458, (ICH) 1016, (10S) 87, (I0U) 24,

(SPH) 183, (TES) 1y, (WER) 57, DUMP 177,
EX!T 17 I IEE R EERNNNEERENENENEENENENENENEENEENEEERNEEEEREXNE RN 2020
STORAGE TOTAL.... 2340

FNDFMT PROGRAM PROPERceeo 88

NEEDS SRS - REVER 30 IEE R R NENNEEENEEREENEELENENENER-ENENRENERENRENEEEESERES ] 30

FRAME NEEDS NO LOWER ROUTINES
FRQCT1 NEEDS NO LOWER ROUTINES
FRQCT2 NEEDS NO LOWER ROUTINES

FSKIP
NEEDS FSRS - (EXEM) 458, (I0S) 87,

STORAGE TOTAL.... 118
STORAGE TOTALeeeoo 9
STCRAGE TOTAL.... 117
STORAGE TOTAL.... 117

PROGRAM PROPERe <o 50
({ I0U) 24, (TES) 1,

DUMP 177' EXIT 17 IR R N R R R R N R R RN E RN RE R NN 764

STORAGE TOTAL.... 814



FERBRBFRAFARARAAERERRE RS SUBROUTINE ROSTERS ERRRBRFERRBFRARRBRA RN BN

*  FT24 TO HLADJ = &= FT24 TO HLADJ L
(22X 2222222222222 2 22222 (2222222222222 R 22222 X 52
FT24 NEEDS NO LOWER ROUTINES STCRAGE TOTAL.... 818
FXDATA NEEDS NO LOWER ROUTINES STORAGE TOTALe... 102
GENHOL PROGRAM PROPER. ... 48
NEEDS FSRS - (EXEM) 458, (ICOH) 1016, (IOS) 87, (10U} 24,
(TES) 1, pump 177, EXIT 17 eccecccccscccccses 1780
STORAGE TOTAL.... 1828
GETHOL PROGRAM PROPER.... 169
NEEDS SRS - REVERS 29 G 000 0000 0C20 00000000 0000000000000 0000000000e 29
AND FSRS - XLOC 12 ccccccseccccccsccccsccsoscvscsscscsccscsscsscsscssoscs 12
STORAGE TOTAL.... 210
GETRD1 PROGRAM PROPER.... 229
NEEDS SRS - REREAD 114 cccccccccccccccccccccccccccccscsccsccccacccce 114
AND FSRS - (EXEM) 458, (IO0H) 1016, (IOS) 87, (I0U) 24,

(RER) 37, (TES) 1, pumMp 177, EXIT 17 ceee 18177
STORAGE TOTAL.... 2160

GETX NEEDS NO LOWER ROUTINES STORAGE TOTALeeeoo 31

GNFLT1 PROGRAM PROPERee.o 232

NEEDS FSRS - CDS 105 I E AR E R AN ENENNENENEEEREEEELAENENEESEEREENENRENEEN SR ] 105

STORAGE TOTAL.... 337

GNHOL2 PROGRAM PROPEReeee 14
NEEDS FSRS - (EXEM) 458, (IOH) 1016, (I0S) 87, (10U} 24,

(TES) 1, DuMP 177, EXIT 17 ceececcccccsecscss 1780
STORAGE TOTAL.... 1854

GRAPH PROGRAM PROPER.... 1499
NEEDS SRS =~ DISPLA 219, DSPFMT 194, FLOATM 25, FRAME 9,
HSTPLT 145, LINE 95, LINEH 35, LINEV 35,

MVBLOK 19, SCPSCL 33, XFIXM 31l ececccvccccccecces 840
AND FSRS - (EXEM) 458, (IOH) 1016, (I0S) 87, (1I0U) 24,
(SPH) 183, (TES) ls DUMP 177, EXIT 17,

EXP(2 38, LOG 53, XLocC 12 ceeccscecsccesces 2066

STORAGE TOTAL.... 4405

GRAPHX PROGRAM PROPER.... 123
NEEDS SRS - DISPLA 219, DSPFMT 194, FLOATM 25, FRAME 9,
GRAPH 1499, HSTPLT 145, LINE 95, LINEH 35,

LINEV 35, MVBLOK 19, SCPSCL 33, XFIXM 31 ceee 2339

AND FSRS -~ (EXEM) 458, (IOH) 1016, (I10S) 87, (10U} 24,
(SPHY 183, (TES) 1, pumMP 177, EXIT 17,
EXP(Z 38' LUG 53' XLUC 12 @000 0eassss0s0 000 2066

STORAGE TOTAL.e... 4528
GRUP2 NEEDS NO LOWER ROUTINES STORAGE TOTAL.eo. 201
HALVL (SECDNDARY ENTRY OF DUBLX )
HALVX (SECONDARY ENTRY CF DUBLX )

HLADJ NEEDS NO LOWER ROUTINES STCORAGE TOTAL...o. 46



BRERERBERFRRRERBRRR RN SUBROUTINE ROSTERS RERARBBREBEBRREREREENRER
* HRADJ TO 1I0ER » *= HRADJ TO IQER -

t2 2222222222 XX 222X 222222 3 A E2 2222222 2222 X2 222202 2 4

HRADJ (SECONDARY ENTRY OF HLADJ )

HSTPLT PROGRAM PROPER.ees. 145
NEEDS SRS - LINEH 35' LlNEv 35 9 90 9900 000000000000 0909008000000 70
STORAGE TOTALees. 215

HVTOIV NEEDS NO LOWER ROUTINES STORAGE TOTALeeeo 39
I1ABS PROGRAM PROPEReses 21
NEEDS FSRS - SQRT "4 9 00000000 P P D000 000000000000 9200000000000000 44

STORAGE TOTAL..we 65
ICOS (SECONDARY ENTRY OF ISIN )

IDERIV NEEDS NO LOWER ROUTINES STCRAGE TOTAL.es. 54
IEXP NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 157
IEXP({2 NEEDS NO LOWER ROUTINES STCRAGE TOTAL.... 161
IFNCTN PROGRAM PROPERe.... 208

NEEDS SRS -~ MONOCK 48, REVER 30 esececccccccccccscccscsccccnes 78

STORAGE TOTAL.... 286

IGETX (SECONDARY ENTRY OF GETX )

IINTGR NEEDS NO LOWER ROUTINES STORAGE TOTALeseo 49
I1L0G NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 190
INDATA PROGRAM PROPERe<... 896
NEEDS SRS -~ FAPSUM 14, FSKIP 50, Loc 4, MVBLOK 19,
ONLINE 134, SAME 1y UNPAKN 78, VARARG 44 ce0e 344
AND FSRS =~ (EXEM) 458, (10B) 570, (IOH) 1016, (I0S) 87,

(10u) 24y (RER) 37, (SPH) 183, (TES) 1,
(TSB) 66, (WER) 57, DuUMP 177, EXIT 17 eeee 2693
STORAGE TOTAL.... 3933

INDEX NEEDS NO LOWER ROUTINES STORAGE TOTAL.ese 50

INTGRA NEEDS NO LOWER ROUTINES STORAGE TOTALeeweo 4?

INTHOL PROGRAM PROPER.+eo 72
NEEDS SRS - FNDF"T 88’ REVER 30 © 90 00008 0900600000080 000000000 000 118
AND FSRS - (EXEM) 458, (IO0H) 1016, (I0S) 87, (10U} 24,

(TES) 1, DUMP 177, EXIT 17 eeececcecccsceces 1780
. STORAGE TOTAL.... 1970

INTMSB (SECONDARY ENTRY GF TIMSUB)
INTOPR NEEDS NO LOWER ROUTINES STCRAGE TOTAL.e.o 111
INTSUM NEEDS NO LOWER ROUTINES ‘ STORAGE TOTAL.... 27

I0ER (SECONDARY ENTRY CF (EXEM))



(X2 2222 22222322222 2222 2%

= IPLYEV TO LSLINE =

(A2 2232 2222222222222 X2

SUBROUTINE ROSTERS

SRBRBABRRRBVERRARABAREEY

# IPLYEV TO LSLINE =

HRRRFRRARBXVBFRARAS BB LR

IPLYEV PROGRAM PROPERcees 98
NEEDS FSRS - (XFHP‘ 136 9 000000000000 00 000800000000 00000000000000s00 136
STORAGE TOTAL.... 234
ISIN NEEDS NO LOWER ROUTINES STORAGE TOTAL.e.. 184
ISQRT NEEDS NO LOWER ROUTINES STORAGE TOTALeeso 88
ITOMLI NEEDS NO LOWER ROUTINES STORAGE TOTALeeeoo 37
IVTOHV NEEDS NO LOWER ROUTINES STORAGE TOTAL.eeo 10
IXCARG PROGRAM PROPERceee 35
NEEDS FSRS - XLOC 12 (A XA NEREE S A EZEE N R L EEAEEEIENEE N EREENEEERNEEERENNEN] 12
STORAGE TOTALeeceo 47
KIINT1 PROGRAM PROPER.see. 191
NEEDS SRS - LINTRI 96’ 369 00 2060000000000 00000900000000ONS 465
AND FSRS - Exp(a 93, ‘4 90 0000 0000000000000 O0OSPSIBSIBNINOGSOISS 137
STCRAGE TOTAL.... 793
KOLAPS NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 100
LIMITS NEEDS NO LOWER ROUTINES STORAGE TOTAL.eos 44
LINE NEEDS NO LOWER ROUTINES STCRAGE TOTALe.eee 95
LINEH NEEDS NO LOWER ROUTINES STORAGE TOTALeosoo 35
LINEV NEEDS NO LOWER ROUTINES STORAGE TOTALeseo 35
LINTR1L NEEDS NO LOWER ROUTINES STORAGE TOTAL.ese 96
LISTNG PROGRAM PROPER.ese 755
NEEDS SRS - FAPSUM 14, 134, SAME 1,
SHFTRZ 72 G0 000 S0P POPO VSRS OO NN BSGOINBSISINBSIBIOIRSSOSIOISEOSOLS 271
AND FSRS -~ (EXEM) 458, (I0OH) 1016, (10S) 87,
(1ou) 24, 7, (SPH) 183,
(TES) 1, 57, DuMpP 177,
EXIT 11 P 0 0500000000000 G0 OPPOO0CPNO0 0000 PPCOESNSIISIOGIEIS 2700
STORAGE TOTAL.... 3726
LOC NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 4
LOCATE NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 512
LOG NEEDS NO LOWER ROUTINES STORAGE TOTALeeew 53
LOG10 (SECONDARY ENTRY CF LOG
LSHFT NEEDS NO LOWER ROUTINES STORAGE TOTALeeoo 12
LSLINE NEEDS NO LOWER ROUTINES STORAGE TOTAL.e.. 117



L AR 222222 222 X2 2 222}

# LSSS1 TO MINSN -

RERERERASRREARARRRRERNIRN

SUBROUTINE ROSTERS
# LSSS1

ARBBRERRERR R RN ERERS
TO MINSN

SHEBLUBRBBBRABERS RN 2 RN

LSSS1 PROGRAM PROPER.<oe
NEEDS SRS - FDOT 40 0000000000000 000000000000000s000000000000e
STORAGE TOTAL....
MATINV PROGRAM PROPER....
NEEDS SRS - SIHEQ 441 0000000000000 2000080008000000300006000000000
STORAGE TOTAL..ee
MATMLL NEEDS NO LOWER ROUTINES STORAGE TOTAL.eoo
MATML3 PROGRAM PROPER.cee
NEEDS SRS - DOTJ 59 eeccccsccccscscsccssscscssccscscsscscsssessee
STORAGE TOTALeeeo
MATRA NEEDS NO LOWER ROUTINES STORAGE TOTALeese
MATRA1 NEEDS NO LOWER ROUTINES STORAGE TOTALeeeo
MAXAB (SECONDARY ENTRY OF MAXSN )
MAXABM (SECONDARY ENTRY OF MAXSNM)
MAXSN NEEDS NO LOWER ROUTINES STCRAGE TOTAL.ewoo
MAXSNM NEEDS NO LOWER ROUTINES STORAGE TOTALee.o.
MDOT PROGRAM PROPER....
NEEDS SRS - MATML1 6l ecccsvesvscscscsccsccccssccccsccossscssscccnes
STORAGE TOTAL....
MDOT3 PROGRAM PROPERece.
NEEDS SRS - DOTJ 59' MATML3 120 ceececccccccsccscscccsscccscsnsse
STORAGE TOTAL....
MEMUSE PROGRAM PROPER<ses
NEEDS SRS - ONLINE 1349 XLCOMN 14 ccecscoscevsccscnccsccsccccscsccsse
AND FSRS - (EXEM) 458, (IOH) 1016, (I10S) 87, (ICU) 24,
(SPH) 183, (TES) 1, (WER) 57, DuMP 177,
EXIT 17 cevecscncecccsosscsoacsecscscscccsssccsossssnncsnse
STORAGE TOTALeeoo
MFACT PROGRAM PROPER.ces
NEEDS SRS - DOT 59, $TZ 14 ceeeeccccccscccscccsscccacocns
AND FSRS - SQRT 44 secccesccscscsessssssccssscsssssccssscssssnse
STORAGE TOTAL....
MIFLS PROGRAM PROPER.ces
NEEDS SRS - DUTJ 59’ MATML3 120' MOVREV 74 (AR EEENENEREEENEN]
STORAGE TOTALeeeo
MINAB (SECONDARY ENTRY OF MAXSN )
MINABM (SECONDARY ENTRY OF MAXSNM)
MINSN {SECONDARY ENTRY COF MAXSN )

122
40
162

S0
441
531

61

120
59
179

92
42

54
61

109
61
170

122
179
301

71
148

2020
2239

187
73
44

304

276
253
529



REERAERRAFRRRERRLRBREERR SUBROUTINE ROSTERS I XXX YIS YIRS YE S 2 )
# MINSNM TO MULKS - # MINSNM TO MULKS

L2222 22222222 X2 2 22222

MINSNM  (SECONDARY ENTRY OF MAXSNM)
MIPLS PROGRAM PROPEReeces
NEEDS SRS - DOTJY 59, IXCARG 35, MATINV 90, MATML3 120,
MATRA 92, MDOT3 122, MOVREV T4, SIMEQ 441,
STz 19 cceeccscoccvsescscssssssscsencsccnsscsccsocscas
AND FSRS - XLoC 12 ceccveoscccccccncscncscccscsncscsonsasssscscacs
STORAGE TOTAL...e
MISS PROGRAM PROPEResse.
NEEDS SRS - DOTJ 59, MATML3 120, MDOT3 122, MOVREV T4 eaee
STORAGE TOTAL....
MLISCL NEEDS NO LOWER ROUTINES STORAGE TOTALeowo
MLI2A6 NEEDS NO LOWER ROUTINES STORAGE TOTALeeo.
MONOCK NEEDS NO LOWER ROUTINES STORAGE TOTAL...e.
MOUT PROGRAM PROPERe e
NEEDS SRS - CARIGE 47' ONL INE 134 ccevscccscscccoscscsccsncssscccsose
AND FSRS - (EXEM) 458, (IOH) 1016, (I0S) 87, (IO0W) 24,
(SPH) 183, (TES) 1y (WER) 57 DuMP 177,
EXIT 17 eccesccosccssccccccoccccsscosccssossosssccccsnscse
STORAGE TOTAL....
MOUTAIL PROGRAM PROPER.cos
NEEDS SRS = CARIGE 47, FIXvV 35, GNHOL2 T4,y MAXSNM 61,
MOVE 32, MULPLY 34, ONLINE 134, RND 15,
SAME l eevecscsscscscscssconscossscscccssosnssssosccesn
AND FSRS - (EXEM) 458, (IOH) 1016, (10S) 87, (I0U) 24,
(SPH) 183, (TES) 1, (WER) 57y pumMp 177,
EX[T 17’ EXP(Z 381 LDG 53 9 9000 OGONISPOISIOISIOS
STORAGE TOTAL....
MOVE NEEDS NO LOWER ROUTINES STCRAGE TOTALee..
MOVECS PROGRAM PROPERees«
NEEDS SRS - MOVE 32 eceecccessecscscccsccssssscssscccssscssccecsse
STORAGE TOTAL.eeo
MOVREV NEEDS NO LOWER ROUTINES STORAGE TOTALeeoo
MPSEQL NEEDS NO LOWER ROUTINES STORAGE TOTALeeoo
MRVRS PROGRAM PROPERc...
NEEDS SRS - REVERS 29 eccsceccccsccssccsencsessessssessscscssossnes
STORAGE TOTAL.eeo.
MSCON1 NEEDS NO LOWER ROUTINES STORAGE TOTAL....
MULK (SECONDARY ENTRY GF ADDK )

MULKS

(SECONDARY ENTRY CF ADDK )

571

1047
1630
335
375
710
47
128
48
130
181
2020
2331

357
433
2111
2901
32
24
32
56
74
110
61
29
90

238

HRBBRRERARBRERR RS H AR E SR



ARBRRERRRRERERBESRERERERR SUBROQUTINE ROSTERS ARBRARARARAABBXRBBARA RS

#= MULLER TO ONLINE = # MULLER TGO ONLINE =

I Iy Y RRARPEREERRRRRE SRR RRRRER
MULLER PROGRAM PROPER.eee 757
NEEDS FSRS - SQRT 44 9 00 9 090000000000 P00 0P 0000000000080 0O000 00 44
STORAGE TOTAL.... 801

MULPLY NEEDS NO LOWER ROUTINES STORAGE TOTALeeoo 34
MUVADD NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 129
MVBLOK NEEDS NO LOWER ROUTINES STORAGE TOTALeeoo 19
MVINAV NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 221
MVNSUM NEEDS NO LOWER ROUTINES STORAGE TOTALecoe 71
MVNTIN NEEDS NO LOWER ROUTINES STORAGE TOTALe.<.. 88

MVNTNA (SECONDARY ENTRY OF MVNTIN)

MVSQAV NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 236
MXRARE PROGRAM PROPER.... 302
NEEDS FSRS - EXP(2 38 cecceccccccccccccsscssscscscccccscsscsssscescs 38

STCRAGE TOTAL.... 340
NEXCOS (SECONDARY ENTRY OF SEQSAC)

NEXSIN (SECONDARY ENTRY CF SEQSAC)

NMZMG1 NEEDS NO LOWER ROUTINES STORAGE TOTALeeoo 34
NOINT1 PROGRAM PROPER.ses 369
NEEDS SRS - LINTRI 96 B 00 000000000 0000 0000 0000000000 SROGIIOGIOIEIOTIOSEPOSOS 96

STORAGE TOTALeeeo 465

NOINT2 (SECONDARY ENTRY OF NOINTI1)

NRMVEC PROGRAM PROPER.... 111
NEEDS SRS - MAXSN 54 © 00 S 0 000 0000 0000 0000 00 0000000000000 00000s00e 54
AND FSRS - SQRT 44 9 000 5000000000 00000000 0000000000000 0s0d00sse 44

STORAGE TOTAL.... 209

NTHA NEEDS NO LOWER ROUTINES - STORAGE TOTALeeeo 11

NURINC NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 121

NXALRM PROGRAM PROPER.... 243
NEEDS SRS - FASCNI 101 00 0 0000000V 0000 000000000000 0000 00GSIGIOGSISINOISIS 107

STORAGE TOTAL.... 350

ONL INE PROGRAM PROPERee.. 134

NEEDS FSRS - (EXEM) 458, (IOH) 1016, (IOS) 87, (IOU) 24,
(SPH) 183, (TES) 1, (WER) 57, DUMP 177,

EXIT 17 cecccocccccccscsccaccscsscccscscscscncscsosscsssncsce 2020

STORAGE TOTAL.... 2154



FRERRRRARARTREEBRERRRBRRE SUBROUTINE ROSTERS ARRRBBRRB AR RRREERA AT AR

* OUDATA TO PLYSYN = = OUDATA TO PLYSYN =

FEEERERERERPRBRRR R DR RERN ARRBRRSARB ARV RARB RS AR AN

OUDATA PROGRAM PROPER.... 495
NEEDS SRS - FAPSUM 14, FXDATA 102, LocC 4y MVBLOK 19,

PAKN 78' VARARG ‘4 ® 90 0909000000 000000000000 0000000 261

AND FSRS -~ (EFT) 7, (EXEM) 458, (I0OB) 570, (I0S) 87,
(1ou) 245 (STB) 53, (TES) 1, (WER) 57, :
DUHP 177’ EX‘T 17 ® 00 0000 0000000000020 000000009000 1451
STORAGE TOTAL.... 2207
PACDAT PROGRAM PROPEReess 152
NEEDS FSRS - (EXEM) 458, (10S) 87, (I0U) 24y (TES) 1,
DUHP 177’ EXIT 17 00 29209 090 0000000000 00000000 000 164
STORAGE TOTAL.... 916
PAKN PROGRAM PROPERe.c.e 78
NEEDS SRS - FXDATA 102 0 00 09 000000000 00 000008 0000000000000 000s0000 102

STORAGE TOTAL.... 180
PDUMP (SECONDARY ENTRY OF DUMP )

PLANSP PROGRAM PROPEReess 1169
NEEDS SRS ADDK 114, CHOOSE 17, CHPRTS 76, COSIS1 4C6,
COSP 504, COSTBL 121, IXCARG 35, KOLAPS 100,
LIMITS 44, MATRA 92, MOVREV T4, REVERS 29,
ROAR2 174, SETK 37, SPLIT 224, ST2 14,
4

XOOZE 00 0 0000000000000 0000 0000 0000000000060 00800000 2065
AND FSRS - COS 105' XLOC 12 00 0000 90 0000000000000 0000000 117
STORAGE TOTAL.... 3351
PLOTVS PROGRAM PROPER.es. 494
NEEDS SRS - ONLINE 134, RND 15, SETK 37y SETKV 15,
SHITCH 15 @ 00 O 00O VOO 0800000000 SLOBOSLISIOSIEOSESTBLBPDTBLTOLINBIOSEBSNSS 216
AND FSRS - (EXEM) 458, (IOH) 1016, (IOS) 87, (IOU) 24,

(SPH) 183, (TES) "1y (WER) 57, DUMP 177,
ExIT 17 90 8 0 080 0000000000000 000000000000 CSISIBSTOEIOIOGIOSETDIOOGOS 2020

STORAGE TOTAL.... 2730

PLTVSL PROGRAM PROPER.... 817
NEEDS SRS - BOOST 34, MAXSN 54, MULPLY 344 ONLINE 134,
PLOTVS 494, RMSDEV 50, RND 15, SAME 1,

SETK 37, SETKV 15, SETKVS 25, SETLIN 217,

SHITCH 15' VARARG ‘4 © 900 00000000 000000000000s0000000 979
AND FSRS - (EXEM) 458, (I0H) 1016, (10S) 87, (I0U) 24,
(SPHY 183, (TES) 1y (WER) 57, DUMP 177,

EXIT 17' SQRT 4"' XLOC 12 [ E X RN KN ERENRENERENREX) 2076

STORAGE TOTAL.... 3872

PLURAL (SECONDARY ENTRY OF SEVRAL)

PLURNS NEEDS NO LOWER ROUTINES STORAGE TOTALeees 13
PLYSYN PROGRAM PROPEReees 172
NEEDS SRS - CONVLV 56 © 0 0 0 000000000000 0000 0000000000000 0000000sOe 56
AND FSRS - COS 105 Il.........'...‘...O..Q.‘...........'.-..‘.. 105

STORAGE TOTAL.... 333



FRERBRABERARRERERERERERS SUBROUTINE ROSTERS SESERRBRRRRNETRERNR ARG

# POKCT1 TO QFURRY = « POKCT1l TO QFURRY =

2222222222222 222222222 2 (22222222222 2222222222 X1 )

POKCT1 PROGRAM PROPER.... 219

NEEDS SRS - FRQCT1 117 ceecccccccccccscecscsscssccsccsccsscccscccccsnces 117

STORAGE TOTAL.... 336

POLYDV PROGRAM PROPER.... 130

NEEDS SRS - MOVE 32' STz 14 ccocccvccccccsccssoscoscccccnces 46

STORAGE TOTAL.... 176

POLYEV NEEDS NO LOWER ROUTINES STORAGE TOTALeceo 54

POLYSN - PROGRAM PROPERe.... 256

NEEDS SRS - CONVLV 56' MOVE 32 cceocvescscscscsssccssscscsscscssses 88

AND FSRS - cos 105' SQRT 44 ccsecs0000s0000000000000000000 149

STORAGE TOTAL.... 493

POWER PROGRAM PROPER.... 50

NEEDS FSRS - EXP(2 38 cccevccccscccscccscscsccscscsssssccsccccnsses 38

STORAGE TOTAL.... 88

PRBFIT PROGRAM PROPER.... 373

NEEDS FSRS - EXP 52y EXP(2 38, SQRT 44 ceeececccccccscees 134

STORAGE TOTAL.ee.. 507

PROB2 NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 229

PROCOR NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 770

PSQRT PROGRAM PROPERe..s 155

NEEDS FSRS - SQRT 44 cecec0ccesss00s000s000000000000s000000000000 44

STORAGE TOTALe.eo 199

PWMLIV PROGRAM PROPER.... 300

NEEDS SRS - MLI2A6 128y ONLINE 134 ccoccccccccccccccoccccccccscee 262
AND FSRS - (EXEM) 458, (IOH) 1016, (I10S) 87, (IOU) 24y
(SPH) 183, [(TES) 1, (WER) 57, DUMP 177,

EXIT 17 ceecesocossccsccscscsscsccscsscscscsscsccscsccsscscsns 2020

STORAGE TOTAL.... 2582

QACORR PROGRAM PROPER.... 207

NEEDS SRS - FXDATA 102y PROCOR 770 ccecceccecccccccccscscsscncccccee 872

STORAGE TOTAL.... 1079

QCNVLV PROGRAM PROPER.... 569

NEEDS SRS - FXDATA 102’ PROCOR T70 ccevscccececcoconcscscsscscscsscss 872

AND FSRS - XLOC 12 ceecescsccccsscsccsncssscscsscssscscssoscscsscscncses 12

STCRAGE TOTAL.... 1453

QFURRY PROGRAM PROPER.... 244
NEEDS SRS - CHPRTS 76, cCosP 504, COSTBL 121, KOLAPS 100,

MOVE 32, SPLIT 224, sTZ 14, XSPECT 523 .... 1594

AND FSRS - Ccos 105’ XLoc - 117

STCORAGE TOTALees. 1955



i3 22222 222222 22222222222 ]

# QIFURY TO RLSPR L

(222222222222 22222222222}

SUBROUTINE ROSTERS
»  QIFURY

HERBRERRRRBRARBRBRBHRR RS

TO RLSPR

»

SRCRRRRARRARAERBRRAERE RS

QIFURY PROGRAM PROPER.... 280
NEEDS SRS - cose 5041 CoSTBL 121 0000000000000 00000 0000000000 625
AND FSRS - CcoS 105' XLoc 12 00 v0c000000000000000000000000 117

STORAGE TOTAL.... 1022

QINTR1 PROGRAM PROPER.... 229

NEEDS SRS - QUFIT1 79' RND 15 ccocescceccsceccccsccscsscsccnse 94
STORAGE TOTAL.... 323

QUFIT1 NEEDS NO LOWER ROUTINES STORAGE TOTALeeeo 79

QXCORR PROGRAM PROPER.... 283
NEEDS SRS - FXDATA 102y PROCOR 770 ccececccccccccccccccsccccccncos 872
AND FSRS - XLoC 12 ceecccccsoscccsosscscsscceccsccscncccssscccsssscscea 12

STORAGE TOTAL.... 1167

QXCOR1 PROGRAM PROPER.... 502
NEEDS SRS - IXCARG. 35, LIMITS 44, PROCOR 770, REVERS 29,

SETK 37' ST2Z 14 ceceecscceccvcccccccscssssssces 929
AND FSRS - XLaoc 12 ceesccecscccsccosscscsessecsscoscscscscscsccsncsccs 12
STORAGE TOTALe<oo 1443
RDATA PROGRAM PROPERe<.. 645
NEEDS SRS - CMPRA 18, FNDFMT 88, HVTOIV 39, INTHOL 72,
IVTOHV 70y IXCARG 35y LOCATE 512, ONLINE 134,

REREAD 11" REVER 30 cecccscscsssscccscccsccsccccsces 1112
AND FSRS - (EXEM) 458, (IOH) 1016, (I10S) 87, (10U) 24,
(RER) 37, (SPH) 183, (TES) 1, (WER) 57,

DuUMP 177, EXIT 17, XLoc 12 ceeeccccccsccccss 2069

STORAGE TOTAL.... 3826

REFIT (SECONDARY ENTRY OF SPLIT )

REFLEC NEEDS NO LOWER ROUTINES STORAGE TOTAL.<.o 28

REIM (SECONDARY ENTRY OF AMPHZ )

REMAV NEEDS NO LOWER ROUTINES STORAGE TOTALeeso 36

REREAD PROGRAM PROPERee.. 114
NEEDS FSRS - (EXEM) 458, (IOH) 1016, (IOS) 87, (I0UV) 24,

(RER} 37, (TES) 1, DUMP 177, EXIT 17 oo 1817
STORAGE TOTAL.... 1931

RETURN (SECONDARY ENTRY OF LOCATE)

REVER NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 30

REVERS NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 29

RLSPR PROGRAM PROPEReeess 142
NEEDS SRS - FDOT 40 coeeeveccsssc0s00s0000000000c0000scscssssss 40

STORAGE TOTAL.... 182



L2222 222222222 X2 22222222}

# RLSPR2 TO SETAPT =«

L2222 222222 222222222222

SUBROUTINE ROSTERS

ABRRBRBRRBRABRR AR ABEREN

# RLSPR2 TO SETAPT
ARBRCHBRBRBRBERRE R SRS

RLSPR2 PROGRAM PROPERe e
NEEDS SRS - DOTJ 59, DOTP 264, IXCARG 35, MATML3 120,
MOVREV T4, SIMEQ 441, STz 14 cecccccececccscen
AND FSRS - XLoC 12 ccccccecscssccscsceccsssscsccscccsscssscscccse
STORAGE TOTALeese
RLSSR PROGRAM PROPERecss
NEEDS sRS - FDOT 40 0 80 0000002000000 0000000080000 00006000000 0%
STORAGE TOTALeceo
RMSDAV  (SECONDARY ENTRY OF RMSDEV)
RMSDEV PROGRAM PROPER< e
NEEDS FSRS - SQRT 44 ceecseccsccccsscscssscsccecsscssssesssscsssess
STORAGE TOTALeeow
RND NEEDS NO LOWER ROUTINES STORAGE TOTALeeow
RNDDN (SECONDARY ENTRY CF RND )
RNDUP (SECONDARY ENTRY CF RND )
RNDV PROGRAM PROPERe e
NEEDS SRS - RND 15 9 9 0 008800900 009000000000V OIOSINSIOSOSIOSESIOS VIS
STORAGE TOTALeeoo
RNDVDN (SECONDARY ENTRY OF RNDV )
RNDVUP (SECONDARY ENTRY CF RNDV )
ROAR2 PROGRAM PROPEReeee
NEEDS SRS - MATRA 92. MOVREV 74' REVERS 29 es 00 sesss00ses o
STCRAGE TOTAL....
ROTAT1 NEEDS NO LOWER ROUTINES STORAGE TOTAL.ee.
RPLFMT NEEDS NO LOWER ROUTINES STCRAGE TOTALeeo.
RSKIP PROGRAM PROPERceee
NEEDS FSRS - (EXEM) 458, (10S) 87, (IOV) 24y (TES) 1,
DUMP 177' EXIT l.’ P9 D 0000 0009900009000 00000000000
STORAGE TOTALesee
RVPRTS (SECONDARY ENTRY OF CHPRTS)
SAME NEEDS NO LOWER ROUTINES STORAGE TOTALeoeo
SCPSCL NEEDS NO LOWER ROUTINES STORAGE TOTALeeoo
SEARCH NEEDS NO LOWER ROUTINES STORAGE TOTALeeeo
SEQSAC PROGRAM PRCPERecee
NEEDS FSRS - COS 105 ® 00 0000000 0G0 0000 0000000800000 0000 000000

SETAPT

(SECONDARY ENTRY OF INDEX )

STCRAGE TOTAL.c..

700
1007
12
1719
82

40
122

50
44
94

15

34
15
49

174
195
369
46
17
37

764
801

1
33
25
94

105
199



L2222 222222222222 2222222

® SETEST TO SINTBL =

ERBFERRERARRRRARRBRARRERBRS

SUBROUTINE ROSTERS

SETEST (SECONDARY ENTRY OF INDEX )

SETINO
NEEDS SRS -~ FSKIP 50, XLIMIT
AND FSRS - (EXEM) 458, (I0B) 570, (I10S)

(RER) 37, {(RWT) 7o (TES)

DUMP 177, EXIT

SETK NEEDS NO LOWER ROUTINES
SETKP

NEEDS SRS - SETK
SETKS (SECONDARY ENTRY OF SETK )
SETKV NEEDS NO LOWER ROUTINES
SETKVS NEEDS NO LOWER ROUTINES
SETLIN NEEDS NO LOWER ROUTINES

SETLNS

NEEDS SRS -~ SETLIN

SETSBV (SECONDARY ENTRY OF LOCATE)
SETUP (SECONDARY ENTRY CF LOCATE)
SETVCP (SECONDARY ENTRY CF SETKP )
SETVEC (SECONDARY ENTRY OF SETK )
SEVRAL

NEEDS SRS -
SHFTR1 NEEDS NO LOWER ROUTINES

SHFTR2 NEEDS NO LOWER ROUTINES

SHUFFL
NEEDS SRS - GETRD1 229, REREAD 114, SEARCH
AND FSRS - (EXEM) 458, (IOH) 1016, (IOS)

(RER) 37, (TES) 1, DuMP

SIFT NEEDS NO LOWER ROUTINES
SIMEQ NEEDS NO LOWER ROUTINES
SIN (SECONDARY ENTRY OF COS )
SINTBL (SECONDARY ENTRY OF COSTBL)

177, EXIT

AERBERBRBERRBRRBRB R BB RRD
# SETEST TO SINTBL =

RERRBER LG RRBRRRBRVTERES

PROGRAM PROPER<.cee 84

25 990 0000000000000 0000000000000 15

87, (I0U) 24,
1, (TSB) 66y

17 eescsccsscecsssssccssscccscsace l444

STORAGE TOTAL.... 1603
STORAGE TOTAL.ee. 37

PROGRAM PROPEReess 40

37 900000000000 00000000000000000%0000000000000 37

STORAGE TOTALeeoo. 17

STORAGE TOTAL.e.e. 15
STORAGE TOTAL.... 25
STORAGE TOTALeeoo 27

PROGRAM PROPERceee 39

27 ecesevccscsscsccccesscsccccsccscsscssossscsscsscnse 27

STORAGE TOTALeooo 66

PROGRAM PROPER..e.. 416

LOCAIE 512 000 000000000000 0000000800000 00600000000 0000 512

STORAGE TOTAL.... 928
STORAGE TOTAL.seo 70
STORAGE TOTALeeeo 72
PROGRAM PROPEReeo.. 101
25y SIZEUP 136 .... 504
87, (I0OU) 24,
17 L X N J 1817
STORAGE TOTAL.... 2422
STORAGE TOTAL..oe. 30

STORAGE TOTAL.... 441



(222 22 A2 2122222222222 2]

# SINTBX TO SUBKS *

SERERBEIRRERBERERABZRRERS

SINTBX (SECONDARY ENTRY OF COSTBL)
SIsP (SECONDARY ENTRY CF COSP )
SIZEUP NEEDS NO LOWER ROUTINES
SIZUPL (SECONDARY ENTRY OF SIZEUP)
SMPRDV  (SECONDARY ENTRY OF POWER )
SMPSON NEEDS NO LOWER ROUTINES
SPCOR2

NEEDS SRS - FXDATA 102, IXCARG

QXCOR1 502, REVERS

AND FSRS -~ XxLoc
SPLIT NEEDS NO LOWER ROUTINES
SQRDEV  (SECONDARY ENTRY OF SQRDFR)
SQRDFR NEEDS NO LOWER ROUTINES
SQRMLI NEEDS NO LOWER ROUTINES
SQROOT

NEEDS FSRS - SQRT
SQRSUM NEEDS NO LOWER ROUTINES
SQRT NEEDS NO LOWER ROUTINES
SQUARE NEEDS NO LOWER ROUTINES
SRCH1

NEEDS SRS -~ XACTEQ
STEPC (SECONDARY ENTRY OF DELTA )
STEPL (SECONDARY ENTRY CF DELTA )
STEPR (SECONDARY ENTRY OF DELTA )
STORE (SECONDARY ENTRY CF LOCATE)
STZ NEEDS NO LOWER ROUTINES
STZS NEEDS NO LOWER ROUTINES
SUBK (SECONDARY ENTRY OF ADDK )

SUBKS

(SECONDARY ENTRY CF ADDK )

SUBROUTINE ROSTERS

# SINTBX

BERARERNGRATAARRABTRARRES

TO SUBKS

ARFARIRBRABABARABTERABERS

STORAGE TOTAL.eso

STORAGE TOTALee.oo

PROGRAM PROPER<c<«
44, PROCOR 7T70,
37, STz 14 ccee

35,
29,

LIMITS
SETK

12 000 0000000000000 0000000000000006000060000000S

STORAGE TOTAL.see
STORAGE TOTALeeoo

STORAGE TOTALe...
STORAGE TOTALeeoo
PROGRAM PROPERs<e.

44 ceeessece0scescsccsscssscsescssssscscosvssce

STORAGE TOTAL....
STORAGE TOTALeeoo
STORAGE TOTAL.e..
STORAGE TOTAL....

PROGRAM PROPER....

11 0000000000000 0000000000000000000000008000008

STORAGE TOTAL....

STORAGE TOTALeeso
STCRAGE TOTALe¢aeoo

136

317
291
1533
1836
224

36
55
24
44
68
36
44
32
93

11
104

14
24



A 2222222 22222222222 21222 1)

&  SUM TO VMNUSV =

L2222 2222 2222222222222

SUBROUTINE ROSTERS

SUM NEEDS NO LOWER ROUTINES
SUMDEV  (SECONDARY ENTRY OF SUMDFR)
SUMDFR NEEDS NO LOWER ROUTINES
SWITCH NEEDS NO LOWER ROUTINES
TAMVL NEEDS NO LOWER ROUTINES
TAMVR (SECONDARY ENTRY OF TAMVL )

TANH NEEDS  NO LOWER ROUTINES

TIMA2B NEEDS NO LOWER ROUTINES
TIMSUB
NEEDS SRS - TIMA28B
TINGL NEEDS NO LOWER ROUTINES
TINGLA (SECONDARY ENTRY OF TINGL )
TRMINO
NEEDS SRS - FAPSUM 14, FSKIP 50, FXDATA
' MVBLOK 19, OUDATA 495, PAKN
XLIMIT
AND FSRS - (EFT) 7, (EXEM) 458, (108)
(10u) 24, (RWT) Ty (STB)

(WER) 57, DUMP 177, EXIT

UNPAKN NEEDS NO LOWER ROUTINES
VARARG NEEDS NO LOWER ROUTINES
vDOoTv NEEDS NO LOWER ROUTINES

VDVBYV NEEDS NO LOWER ROUTINES

ARRERRBARRAARRRRSRRBURES
* SUM TO VMNUSV =

(22 X122 2222 2222222222222 2

STORAGE TOTAL.... 23

STORAGE TOTALeaso 44
STORAGE TOTALes.o 15

STORAGE TOTALesoo 63

STORAGE TOTALeoso 86
STORAGE TOTALe.o..o 124

PROGRAM PROPER.... 229

124 900000000000 0000000000000000000000000000s0S 124

STORAGE TOTAL.... 353
STORAGE TOTALeosoo 43

PROGRAM PROPERcees 67

102, LoC 4,
78, VARARG 44,
25 000000000000 00000000000000000000000006000000 831
570, (I0S) 87,
53, (TES) 1,
17 esesevecssseccsces 1458

STORAGE TOTAL.... 2356
STORAGE TOTAlL...e 18
STORAGE TOTAL.soo 44
STORAGE TOTALesoo 25
STORAGE TOTAL.e.o 22

VECOUT PROGRAM PROPER.sss 66
NEEDS SRS - FNDFMT 88, ONLINE 134, REVER 30, RPLFMT 17 seee 269
AND FSRS - (EXEM) 458, (IOH) 1016, (I0S) 87, (IOW 24,

(SPH) 183, (TES) 1, (WER) 57, DuUMP 177,
EX‘T 17 9 0 0000000 OD OO VO VOO CPOTNIIOOPSNNSPSGEOIOSIESIPONOENOSTITS 2020
STORAGE TOTAL.... 2355
VINDEX (SECONDARY ENTRY OF INDEX )
VMNUSV  (SECONDARY ENTRY GOF VPLUSV)



(XA XA SRS X222 22 22 2222 )

*  VOUuT TO XBOOST =

L 222X 22222 2222222232222 7]

SUBROUTINE ROSTERS
*  vourt

REBFRSRABBRRRRRARRRRRGNR

TO XBOOST =

REBRARARABERRRRRERRE RN SRS

vout PROGRAM PROPER....
NEEDS SRS = CARIGE 47, FNDFMT 88, HLADJ 46y ONLINE 134,
REVER 30. RPLF“T 17. VECOUT 66 9990000000000 0 000
AND FSRS -~ (EXEM) 458, (IOH) 1016, (I0S) 87, (10U 24,
(SPH) 183, (TES) 1, (WER) 57, DuMP 177,
ExlT 17 [ E AR E R NN EAENENENEEEINEENEREEENEEEENENENERERNESEENRNEXR]
STORAGE TOTAL....
VPLUSY NEEDS NO LOWER ROUTINES STORAGE TOTALeeee
VRSOUT PROGRAM PROPERc s
NEEDS SRS -~ CARIGE 47y FNDFMT 88, ONLINE 134, REVER 30,
RPLFMT 17' VECOUT 66 IE RN ENENRNENEEREENEEEEENEERRENRRENRKEMNEH:]
AND FSRS - (EXEM) 458, (IOH) 1016, (10S) 87, (I0U) 24,
(SPH) 183, (TES) 1, (WER) 57, DUMP 177,
Ex!T 11 ® 900 000000000000 000 S0 0000000IGGISISIIBIORDTCOOLIDS
STORAGE TOTAL.<e.o
vsSout PROGRAM PROPER...s
NEEDS SRS -~ CARIGE 47, FNDFMT 88, HLADJ 469 ONLINE 134,
REVER 30y RPLFMT 17, VECOUT 66, VOUT 104 eccee
AND FSRS - (EXEM) 458, (IOH) 1016, (I0S) 87, (I0U) 24,
(SPH) 183, (TES) 1» (WER) 57, DUMP 177,
EXIT 17 [IEE R B REEREEEEEEE BN EEENEERENENENREESERENENENERERENRSEDS]
STORAGE TOTALeeeo
VTIMSY NEEDS NO LOWER ROUTINES STORAGE TOTAL....
WAC NEEDS NO LOWER ROUTINES STORAGE TOTALeoow
WHERE (SECONDARY ENTRY OF LOCATE)
WHICH NEEDS NO LOWER ROUTINES STCRAGE TOTAL....
WLLSFP PROGRAM PROPERe<e.
NEEDS SRS - FDOT 40' MOVE 32 .Q..0..‘.‘0.....';'...0.’..’l.
STORAGE TOTAiL.eeo
WRTDAT PROGRAM PROPER. ...
NEEDS FSRS - (EXEM) 458, (10S)» 87, (I0W 24y (TES) 1,
DUHP 117’ ExlT 17 00 0000 800000000000 00060000000
STORAGE TOTALeeoe
XACTEQ NEEDS NO LOWER ROUTINES STORAGE TOTALecse
XADDK (SECONDARY ENTRY CF ADDK )
XADDKS (SECONDARY ENTRY CF ADDK )
XARG (SECONDARY ENTRY OF LOCATE)
XAVRGE PROGRAM PROPERe<e..
NEEDS SRS - xDIv 21 S 020G 00000 C000P 000000000000 00000000000000
STORAGE TOTALeosoo
XAVRGR (SECONDARY ENTRY OF XAVRGE}
XBOOST (SECONDARY ENTRY CF BOOST )

104
428
2020
2552
34
47
382
2020
2449
37
532
2020
2589
34
107

216
12
288

7

764
841

11

34
27
61



L2221 2222222222222 222223

& XCMPRA TO XNTHA =
RERRBERAR R BRRRBRRRBRERE

XCMPRA
XDANL
XDANX
XDELTA
XDFPRS
XDIV
XDIVK
XDIVKS
XDIVR
XDPRSS
XDVIDE
NEEDS

XDVIDR
XDVRK
XDVRKS
XFIXM
XINDEX
XLCOMN
XLIMIT
XLocC
XLocv
XLSHFT
XMLPLY
XMULK
XMULKS
XNAME
XNARGS

XNTHA

(SECONDARY
(SECONDARY
(SECONDARY
(SECONDARY

(SECONDARY

ENTRY
ENTRY
ENTRY
ENTRY

ENTRY

OF CMPRA
GF ADANL
OF ADANL
OF DELTA

SUBROUTINE ROSTERS

CF DIFPRS)

NEEDS NO LOWER ROUTINES

(SECONDARY
(SECONDARY
(SECONDARY
( SECONDARY

SRS -

(SECONDARY
{SECONDARY
(SECONDARY

ENTRY
ENTRY
ENTRY
ENTRY

XDI1v

ENTRY
ENTRY
ENTRY

OF
OF
OF

ADDK
ADDK
X0Iv

)
)

CF BOOST )

OF XDVIDE?Y

OF
CF

ADDK
ADDK

NEEDS NO LOWER ROUTINES

)
)

{SECONDARY ENTRY OF LOCATE)

NEEDS NO LOWER ROUTINES

NEEDS NO LOWER ROUTINES

NEEDS NO LOWER ROUTINES

NEEDS NO LOWER ROUTINES

(SECONDARY
(SECONDARY
(SECONDARY
(SECONDARY
(SECONDARY
{ SECONDARY
(SECONDARY

ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY

ENTRY

CF
CF
CF
OF
OF
CF
CF

LSHFT )

MULPLY)

ADDK

ADDK

)
4

LOCATE)

LOCATE)

NTHA

)

ARRBEER BBV RAREHBERE B DR NN

# XCMPRA TO XNTHA

-

RRBBERBIRBERAERRRBRE RGN NS

STORAGE

'OTAL. L X ]

PROGRAM PROPER..e.

27 cccccccscecscccsscsscccsscssccccsscsccssecccscsccns

STORAGE

STORAGE

STORAGE
STORAGE
STCORAGE
STORAGE

IO‘AL. LR N ]

TOTALeswo

TOTALe oo
TOTALeeeo
TOTALeooo

TOTALo‘od

27

33
27
60

31

14
25
12
24



RHEFRREARRRARR BB RRERRRS SUBROUTINE ROSTERS ARRRBERBRRRSERERERB R RN
#  XNTSUM TO XVMNSV = #  XNTSUM TO XVMNSV »

REGRRARRERRRRERRERBRRERRRRR L2 222222 X2 2224 F 2 X2 22222

XNTSUM  (SECONDARY ENTRY OF INTSUM)

X00ZE NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 4
XREMAV PROGRAM PROPER.... 31
NEEDS SRS - XAVRGE 34’ xolv 27 9 9 0 00000800000 00000 000006000000 61

STORAGE TOTAL.... 92
XRFLEC (SECONDARY ENTRY OF REFLEC)
XSAME (SECONDARY ENTRY CF SAME )
XSMDEV  (SECONDARY ENTRY OF SUMDFR)
XSMDFR  (SECONDARY ENTRY OF SUMDFR)

XSPECT PROGRAM PROPER.... 523
NEEDS SRS - CHPRTS 76, COSP 504, KOLAPS 100y SPLIT 224 .... 904
AND FSRS - XLDC 12 9 08500090008 COOO VOO DSOS 00P00NSNISIBDPSIOSIOIOSIOSIOSETPOSOSIDS 12

STORAGE TOTAL.... 1439

XSQDEV  (SECONDARY ENTRY OF XSQDFR)

XSQDFR NEEDS NO LOWER ROUTINES STORAGE TOTAL.... 37
XSQRUT PROGRAM PROPER.cee 37
NEEDS SRS - lev 35 0 0 092 9200000000000 200800000 0000090060000000as00 35
AND FSRS - SQRT 44 00 0 0000000 0C 0000 20000008000 CNI0SGISIOSOSIIOSIISIPOSIOIOS ‘6

STORAGE TOTAL.... 116
XSQSUM (SECONDARY ENTRY OF SQRSUM)
XSQUAR (SECONDARY ENTRY OF SQUARE)
XSTEPC (SECONDARY ENTRY CF DELTA )
XSTEPL (SECONDARY ENTRY OF DELTA )
XSTEPR (SECONDARY ENTRY COF DELTA )
XSTLIN (SECONDARY ENTRY COF SETLIN)
XSUBK (SECONDARY ENTRY CF ADDK )
XSUBKS (SECONDARY ENTRY OF ADDK )
XSUM ({SECONDARY ENTRY OF SUM )
XVDRBV  (SECONDARY ENTRY OF XVDVBV)
Xvovsyv PROGRAM PROPER<seo 34

NEEDS SRS - XDIV 27 000 0008000000000 0 2000000000000 060000000000 000
STORAGE TOTAL..e.

XVMNSV  (SECONDARY ENTRY CF VPLUSV)

27
€l



FEBERER SR ERRCRBER RN RN
# XVPLSV TO ZEFBIN =

L A2 222 X222 22222222 222222 )

XVPLSV  (SECONDARY ENTRY
XVTMSV  (SECONDARY ENTRY
XWHICH (SECONDARY ENTRY
ZEFBCD

NEEDS FSRS - (EXEM)

DUMP

ZEFBIN (SECONDARY ENTRY

SUBROUTINE ROSTERS RRBBRBRABRGABSRRRRSRRE NN

OF VPLUSV)
OF VTIMSV)

CF WHICH )

458, (10S)
177, EXIT

OF ZEFBCD)

# XVPLSV TC ZEFBIN =

(2222222222221 222222 22 )

PROGRAM PROPEReesee 54
87, (IOW) 24, (TES) 1,

17 cecccecosccccssccscsccscsscsccsoss T64

STORAGE TOTAL.... 818
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Complete
Program Listings

The remainder of this volume is devoted to listings of the symbolic card decks of the
program library. The reproductions shown here have been made by a photo-offset
process from IBM 1401 printings of magnetic tapes produced by a formating program
whose inputs were master tapes (their development is discussed below) containing
the symbolic decks. The function of the formating program was merely to paginate
the source decks and provide headings for dictionary-style access. The program decks
on the master symbolic tape are serialized (in columns 76 through 79) in a manner
evident from the listings of this section, and the normal page divisions are made every
75 cards. Some of the pages, however, contain fewer than 75 cards. This does not
imply the accidental appearance of blank cards on the source tape but rather is a side
effect of page division rules used by the formating program to avoid a splitting of
photograph inserts (as occur in GRAPH, LINE, HSTPLT, etc.) between pages. (The
obscured portions of the cards used as spacers for the photographic inserts are blank
except for instructions concerning the size of prints to be inserted.)

The visual distinctions in the listings between 1’s and I’s and between 0’s and
O’s are occasionally troublesome, but one gets adept in these discriminations after a
while. As a general rule we try to avoid the use of names composed of letter-number
mixtures except where the number is terminal. Even in these cases, if the context
demands a name with a terminal zero we often substitute the character Z.

The majority of cards in the symbolic decks are devoted to program description.
The general card format adhered to has been as shown in Table 1 below, with simple
modifications in the cases of multiple-entry programs.

Although the format details will be apparent from the cards, a few comments
are in order. Note that the program name always appears starting in column 2 of the
third card of each deck. There is some inconsistency in the abstracts—the older
programs adjust comments into column 15, newer ones into column 16. Under ‘‘equip-
ment’’ many of the older programs state ‘709 or 7090.”’ These programs also work
on the 7094. Storage requirements are given in decimal. For FORTRAN programs
these requirements will depend to some extent on the compiling system used. The
numbers given here are storage lengths as compiled by the system described in Sec~
tion 1. In those cases where the examples consist of pairs of descriptions of inputs
and outputs, one is to infer that the sample CALL statement, as written, is executed
following the establishment of the inputs. For a discussion of conventions used in
designing calling sequences turn to Section 4. For sample test programs used to prove
the examples see Section 2. Section 1 also includes further discussion of notational
conventions,
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Time-Series Computations in FORTRAN and FAP

TABLE 1

PROLOGUE CARDS
ABSTRACT

Discussion of program function
Language comments
Equipment needed

Storage required

Speed

Author and date

Usage

Transfer vector

Sample FORTRAN usage statement

Input descriptions in terms of the sample statement
Output descriptions in terms of the sample statement
Examples of usage

PROGRAM PROPER
END CARD

The master symbolic tapes which are the source of the present listings were
generated under a program-development scheme roughly as follows.

1. Authors write their own complete programs, including examples.

2. A test program is written (preferably by a second programmer) to carry out the
examples.

3. The program is debugged to the author’s satisfaction.

4. The symbolic decks (program and tester) are added to a batch of programs
awaiting ‘‘acceptance processing.’’

5. Acceptance processing, which is carried out when the batch reaches reasonable
size, comprises the following steps:

(@)
(b)
©
(@

©

The batch is listed and subjected to format and grammatical editing.
The program decks are loaded onto tape and serialized onto a second tape.
The serialized tape is punched to give serialized decks, and compiled to give
binary decks.

The serialized decks are collated with the test decks, a ‘‘definitive execution’’
is carried out, and the test results are carefully rechecked.

When all troubles are corrected, the binary program decks from (d) are com-
pared with those from (c) and then added to the subroutine library, and the
serialized tape from (b) is added by a merging program to the previously
developed master symbolic tapes.

Our experience has beenthat programs accepted by this process have a high probability
of working as expected.

214



t2 228 222221222222 222 J

- ABSVAL » *

FA 2222222222222 X222 22 X2 4 EE2 X222 22122222 222228 22
* ABSVAL (SUBROUTINE) 9729764 LAST CARD IN DECK IS NO. Ol1l6
* FAP 0001
«ABSVAL 0002

COUNT 100 0003

LBL ABSVAL 0004

ENTRY ABSVAL {ANYVEC,ILO,IHI,ABSVEC, IANS) 0005

* 0006
* —-===ABSTRACT---- 0007
* 0008
#= TITLE - ABSVAL 0009
* FAST ABSOLUTE VALUE OF A VECTOR 0010
* 0011
* ABSVAL FORMS A VECTOR EQUAL TO THE MAGNITUDE OF A 0012
® SPECIFIED RANGE OF ANOTHER VECTOR. INPUT VECTOR MAY 0013
» BE FIXED POINT OR FLOATING POINT. 0014
* 0015
# LANGUAGE - FAP SUBROUTINE (FORTRAN II COMPATIBLE) 0016
* EQUIPMENT - 709 OR 7090 {MAIN FRAME ONLY) 0017
# STORAGE - 50 REGISTERS 0018
= SPEED - TAKES 74 + 6=N MACHINE CYCLES ON THE 7090y WHERE 0019
* N = NO. ELEMENTS IN SPECIFIED RANGE 0020
* AUTHOR - SeM. SIMPSON JR, JUNE 1962 0021
= 0022
* ~-==—USAGE———- 0023
= 0024
#= TRANSFER VECTOR CONTAINS ROUTINES - NONE 0025
- AND FORTRAN SYSTEM ROU{ INFS - NONE 0026
* 0027
* FORTRAN USAGE 0028
- CALL ABSVAL(ANYVEC,IL0,IHI,ABSVEC, IANS) 0029
L 0030
+ INPUTS 0n31
# 0032
- ANYVEC(I) I=IL0see.oIHI IS THE RANGE (ANYVEC IS FIXED OR FLTG). 0033
b 0034
* L0 MUST EXCEED 0. 0035
= 0036
* IHI MUST EQUAL OR EXCEED ILO. 0037
& 0038
= OUTPUTS 0039
- 0040
- ABSVEC{I) I=142yee.s{THI-ILO+1) CONTAINS 0041
- MAGNITUDE(ANYVEC(ILOyeeey IHI))® 0042
- EQUIVALENCE (ANYVEC,ABSVEC) IS PERMITTED. 0043
» 0044
- I1ANS = 0 MEANS JOB DONt. 0045
- ==1 MEANS ILLEGAL ILO OR IHI. 0046
* 0047
« EXAMPLES 0048
& 0049
= 1. INPUTS - ANYVEC({leeel0) = —1.0y-2¢0y-3.0yeee ILO=3 IHI=7 0050
L] OUTPUTS — IANS=0 ABSVEC(leee5)=3.094¢095.0¢6.0,7.0 0051
» 0052
+ 2, INPUTS - SAME AS EXAMPLE 1. EXCEPT ILO=IHI=2 0053
L OUTPUTS - IANS=C, ABSVEC(1)=2.0 0054
- 0055
# 3, INPUTS ~- SAME AS EXAMPLE 1. EXCEPT IHI=2 0056
L] OUTPUTS - TANS=-1 0057
» 0058
HTR 0 0059

BCI 1,ABSVAL 0060

ABSVAL SXA EXIT,1 0061
SXD ABSVAL-2,4 0062

CLA 244 A(ALILO)) 0063

STA GET2 0064

cLA 3,4 A(ACIHI)) 0065

STA GFT3 0066

cLA Sy4 A(A{IANS)) 0067

STA PUTS coé68

#+ SET UP CONSTANTS ILO, IHI, LVECT AND CHECK THEM 0069
# SET IANS FOR ILLEGAL INPUT. 0070
cLS K1 0071

STO TANS 0072

GET2 CLA w A{ILO) 0073
ARS 18 0074

cenan PROGRAM LISTINGS
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. ABSVAL - L ABSVAL -
(2322222222222 22322223 23 (2222222222222 222222 2 2 3
{2AGE  2) (PAGE 2)
sTO IL0 0075
™I LEAVE 0076
TZE LEAVE 0077
GET3 CLA . ACIHD) 0078
ARS 18 0079
STO IH1 0080
TMI LEAVE 0081
T2E LEAVE 0082
sus ILO 0083
ADD K1 0084
STO LVECT 0085
™I LEAVE 0086
126 LEAVE 0087
STz IANS 0088
= SET LOOP uP. 0089
CLA 1,4 A{A{ANYVEC)) 0090
suB iLo 0091
ADD K2 0092
STA CAL 0093
cLa 4y 4 A(A(ABSVEC)) 0094
ADD K1 0095
STA STYO 0096
LXA LVECT,1 . 0097
« LOOP. 009e
CAL CAL #w,l A{ANYVEC)-ILO+2 0099
$TO STO me,l A{ABSVEC)+1 0100
TIX CAL,1,1 0101
= STORE IANS AND LEAVE. 0102
LEAVE CLA TANS 0103
ALS 18 0104
PUT5 STO e A{IANS) 0105
EXIT AXT *xy1 0106
TRA by4 o107
# CONSTANTS 0108
K1 PLE 1 0109
K2 PZE 2 0110
& VARIABLES 0111
1L0O PZE e 0112
IHI PZE L1 o113
IANS PZE L] 0 OR -1 Oll4
LVECT PZE *a IHI-ILO+1 0115

END 0116



FYITTITISEIZTTTINRSYTRYZ YY) PROGRAM LISTINGS

- ADANL - L ADANL

AABABRERFRBBRADERAREGRES

- ADANL (SUBROUTINE) 9729/ 64 LAST CARD IN DECK IS NO.
- FAP
«ADANL

COUNT 300

LBL ADANL

LR BE BN N BN B R N B RN B N I BRI I BN BE IR BN BN B BN BN BN BN L NE RE BE BE BN BN BE BN BN BE L BE NE NE BN BN BN BE BE B BN BE BE NN BN BN BE BN BN BE B NN BE IR BN N ]

ENTRY ADANL {AAyNyM,DAA)
ENTRY XDANL {XXyNsMyDXX)
ENTRY ADANX (IAA.N,M, IDAA)
ENTRY XDANX (IXXyNyMy IDXX)

~~=—ABSTRACT-~—-

TITLE - ADANL WITH SECONDARY ENTRY POINTS XDANL, ADANX, XDANX
MODIFY AUTO- OR CROSS CORRELATIONS FOR DANIELL SPECTRA

ADANL WEIGHTS A ONE-SIDEDy FLOATING POINT AUTOCORRELATION
FUNCTION, A(L) L=0...Ns BY A SIN(Y)/Y TYPE CURVE TO
PRODUCE A FLOATING POINT OUTPUT DA(L)

M L+P]
DA(L) = A(L) # { ===— # SIN{=—==) )
L*P1 M

FOR L = 0slyeecesN
WHERE M AND N ARE INPUT PARAMETERS
PI = 3.14159265

XDANL WEIGHTS A TWO-SIDEDs FLOATING POINY CROSS-
CORRELATION FUNCTION, X{L) L= —-N.es0ce..Ny BY A SINIY)/Y
TYPE CURVE TO PRODUCE A FLOATING POINT OUTPUT DX{L)

M LeP]
Dx(L) = X(L) # { —=—= # SIN{-===) )
LeP[ M

FOR L = =Ny=N+lyeeesN
WHERE M AND N ARE INPUT PARAMETERS
PI = 3.14159265

ADANX IS IDENTICAL TO ADANL EXCEPT THAT THE INPUTS AND
OUTPUTS ARE FIXED POINT VECTORS.

XDANX IS IDENTICAL TO XDANL EXCEPT THAT THE INPUTS AND
OUTPUTS ARE FIXED POINT VECTORS.

LANGUAGE - FAP SUBROUTINE (FORTRAN II COMPATIBLE)
EQUIPMENT - 709 OR 7090 (MAIN FRAME ONLY)
STORAGE - 183 CELLS
SPEED - (APPROX) 109 7090
FLOATING PT — 6M + 9N 1.2M + ,18N MILLISECS
FIXED POINT - 6M + 1.6N 1.2M + .325N MILLISECS
AUTHOR - Jeo CLAERBOUT

~==—USAGE===—

TRANSFER VECTOR CONTAINS ROUTINES - NONE
AND FORTRAN SYSTEM ROUTINES - SIN

FORTRAN USAGE OF ADANL
CALL ADANL (AA,N,M,DAA)

INPUTS
AA(T) I=1925ee¢sN+1 CONTAINS THE AUTOCORRELATION A{OyeeasN)
WHERE AA(I) = AC(I-1)
N MUST BE NON NEGATIVE
M IS THE DANIELL WEIGHTING PARAMETER
IS A NON-ZERO INTEGER
OUTPUTS

DAALl) I=leeoN+1 CONTAINS THE WEIGHTED AUTOCORRELATION
DA{O...N) AS DEFINED IN ABSTRACT
WHERE DAA(I) = DA{I-1)

0335
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
oo18
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073

L3222 23222222242 242222

*
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2)
EQUIVALENCE (DAA,AA) IS PERMITTED

FORTRAN USAGE OF XDANL
CALL XDANL{XXyNyMyDXX)

INPUTS
XxX(1) I= =N+1,-N+24...9N+1 CONTAINS THE CROSS—-CORRELATION
X{-NeeseN) WHERE XX(I) = X{I-1)
N SAME AS FOR ADANL
M SAME AS FOR ADANL
ouTPUTS

DXX(I) I= =N+1,-N+24...9N+1 CONTAINS THE WEIGHTED CROSS-
CORRELATION DX{-N...N) AS DEFINED IN ABSTRACT
WHERE DXX(I) = DX({I-1)
EQUIVALENCE (XX,DXX) IS PERMITTED

FORTRAN USAGE OF ADANX
CALL ADANX{IAA,NsM,IDAA)

INPUTS
IAA(T) SAME MEANING AS FOR ADANL EXCEPT THAT THE AUTOCORRELATION
ELEMENTS ARE FIXED POINT QUANTITIES. THE POSITION OF
THE BINARY POINT IS IMMATERIAL BUT THE DATA MUST NOT
OCCUPY BITS 1 THRDUGH 8 .

N SAME MEANING AS FOR ADANL
M SAME MEANING AS FOR ADANL
OUTPUTS

IDAA(T) SAME MEANING AS FOR ADANL EXCEPT THE DATA IS FIXED POINT
WITH BINARY POINT SAME AS THAT OF IAA.

FORTRAN USAGE OF XDANX
CALL XDANX(IXXyN¢M,IDXX)

INPUTS
IXX(n SAME MEANING AS FOR XDANL EXCEPT THAT THE DATA IS FIXED
POINT AND MUST NOT OCCUPY BITS 1 THROUGH 8.

N SAME MEANING AS FOR XDANL
M SAME MEANING AS FOR XDANL
OuUTPUTS

IDXX(I) SAME MEANING AS FOR XDANL EXCEPT IDXX IS FIXED POINT.
EXAMPLES

1. GENERAL BEHAVIOR ON ELEMENTARY CORRELATIONS

INPUTS =~ AA{l..44)=1.0+1.091.0+1.0 IAA(1l...4)=500,500,500,500
XX{leee7)=1409100reeerled IXX(leee7)=500y500¢444+500
(NOTE - BIT 9 IS THE MOST SIGNIFICANT BIT OCCUPIED

BY IAA OR IXX WITH THESE DEFINITIONS)
N =3 M= 2

USAGE - CALL ADANL(AA,NyM,DAA)

CALL XDANL(XX(4)yNyMyDXX(4))
CALL ADANX{IAA,N,M,IDAA)
CALL XDANX{IXX{4)9NyMy IDXX(4))

OUTPUTS ~ DAA(l...4)=1.04.63662090.04-.212207
DXX(1eeeT7)=-04212207+0.09.63662051404.63662090.0¢-.212207
IDAA{1.444)=500,318,0,~-106
IDXX(leeoa7)=-106+0+318,500,318,0,-106

2. EQUATING OUTPUTS WITH INPUTS
INPUTS -~ SAME AS EXAMPLE 1.
USAGE - CALL ADANL{AA,NyMsAA)
CALL XDANL({XX({4)9NyMyXX(4))
CALL ADANXUILAAsNsM,1AA)
CALL XDANX{IXX{4)yNyMyIXX(4))
OUTPUTS - AA(l...4)=DAA(l...4) OF EXAMPLE 1.
XX{leee7)=DXX{1leee7) OF EXAMPLE 1.
TAA{l...4)=1DAA{1...4) OF EXAMPLE 1.

RERRBUEBAERAERFRRARERRRERE
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0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
o101
0102
0103
0104
0105
0106
0107
o108
0109
o110
0111
0112
o113
Oll4
0115
o116
0117
o118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
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* IXX(leoeT)=IDXX(1leee7) OF EXAMPLE 1. 0l47
- 0148
- 0149
# PROGRAM FOLLOWS BELOW 0150
- 0151
HTR 0 0152
B8CI 1, ADANL 0153
ADANL SXA Svl,1 0154
TSX MOVA, 1 MOVE DATA TO OUTPUT FIELD 0155
CLA - 0156
STO AORX ADORX=0 IF CROSS 0157
TRA LXL 0158
XDANL SXA SVlel 0159
TSX MOVXol MOVE DATA 0160
ST2 AQRX AQRX=0 IF CROSS o161
CLA * 0162
XL STO XORL XORD=0 IF FIXED 0163
SXD ADANL-2,4 0164
TRA SFTUP SKIP FLOATING 0165
ADANX SXA Svl,1 0166
TSX MOVA, L MOVE DATA 0le67
cLa * AORX=0 IF CROSS 0168
STO AORX 0169
TRA XXL 0170
XDANX SXA Svi,1 0171
TSX MOVX,l MOVE DATA 0172
ST2 AORX AORX=0 IF CROSS 0173
XXL S72 XORL XORL=0 IF FIXED 0174
SXD ADANL-2,4 0175
TRA FLOAT 0176
MOVA CLA M8 0177
STA TAX o178
TRA MAX 0179
MOvX CLA M7 0180
STA TAX o181
MAX CLA 1,4 0182
STA Ml 0183
STA M3 0184
CLA 4e4 0185
STA MM2 ’ o186
STA M4 0187
CLA= 244 o188
STD M5 0189
SXA SV2,2 0190
SXA MOVOV, 1 0191
AXT 0,2 0192
AXC O+1 0193
M1 CLA *a,2 (##=CC) ‘ 0194
MM2 STO wey2 (##=DDCC) 0195
TAX TRA L4 (*#=M3 DR M6) 0196
M3 CLA #s,] (#2=CC) 0197
M4 STO eyl (#2=D0DCC) 0198
I s+1y1,-1 0199
M6 TXI #4142,1 0200
M5 TXL Mly2,=e (#%=N) 0201
MOVOV AXT #u,l (##=]IR1) 0202
TRA 1,1 ' 0203
M7 PlE M3 0204
M8 PlE M6 0205
#FLOAT THE INPUT DATA 0206
FLOAT CLA 494 0207
STA FL1 0208
STA FL2 0209
CLA* 244 0210
STD FL4 0211
STD R4 0212
AXT 1,1 0213
AXC 1,2 0214
FL1 CLA #e,1 ##=R 0215
DORA =(3233000000000 0216
FAD =0233000000000 0217
STO+ FL1 0218
ZeT ADRX 0219
TRA FL3 AUTO 0220

FL2 CLA LA XY CROSS #2=R 0221
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* ADANL »
L YT
(PAGE 4)
ORA =0233000000000
FAD =0233000000000
STO* FL2
TXI *#+142,-1
FL3 TXI #+1l41,1
FL4 TXL FLloly#»

#SET UP FOR WEIGHTING LOOP

SETUP CLA* 344
ARS 17
STO TWOM
ARS 1
ORA =0233000000000
FAD =0233000000000
FDP =3.14159265
STQ MOVPI
CLA =l.
FDP MOVPI
STQ PIOVM
CLA be4
STA R
STA R1
STA R?
CLA= 2¢4
STD ND
ARS 18
STO N
CLA® 3,4
ADD# 3,4
STD M2
cLA M2
CAS ND
cLA ND
STD MIN
STD MIN
STz ARG
AXC 0,2
AXT 0s1
#BEGIN WEIGHTING LOOP
NXWVL TXI #+142,-1
TXI *#+1491,1
MIN TXL #4241, %0
TRA SMDONE
* FORM SIN(PI®I/M)
CLA ARG
FAD PIOVM
STO ARG
TSX $SINy,4
FDP PIOVM
$TQ IWT
PXA 0,1
STO X2MP1
MORE ORA =0233000000000
FAD =0233000000000
ST0 L2MPI
LXA X2MPI,4
CLA IWT
FDP L2MPI
STQ TEMP
R FMp b
STO# *~]
ZEY AORX
TRA Le
LAC X2MPI 44
LbQ TEMP
FMP# R
STO= R
* INCREMENT X2MP1 BY
Lp CLA X2MP1
ADD TWOM
STO X2MPI
CAS N
TRA NXWVL
TRA MORE
TRA MORE

SMDONE ZET XORL

PROGRAM LISTINGS

N IN DECR

#x=MIN(2M,N)
SMOOTHING DONE

=(M/PIISINI(PI*I/M)
PUT T IN AC
I+MULTIPLE OF 2uM

I+MULTIPLE DF 2#M
I+MULTIPLE OF 2#M
=(M/PIISIN(PI*I/M)
I+MULTIPLE OF 2xM

#=%=DATA LOCATION

AUTO COR
CROSS CNR

2M

TEST IF I PLUS SOME
MULTIPLE OF 2#M IS
GREATER THAN N

LE2 XXX S22 2 2222 XX 2222 2]
* ADANL *
(222222222 22X 222222 222X 2

{PAGE 4)

0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
€290
0291
0292
0293
0294
6295
0296
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PROGRAM LISTINGS

TRA Svl DONT FIX DATA
AXT 1,1 FIX DATA
AXC 1,2
R1 CLA #ny1
UFA =0233000000000
LRS
ANA =0777777777
LLS
STO= R1
ZET ADRX
TRA R3 AUTO
R2 CLA #n,2
UFA =0233000000000
LRS
ANA =Q777T777 77
LLS
STO= R2
TXI #+]142,-1
R3 TXI #+1,1,1
R4 TXL Rlgl, %= sx=N
sv1 AXT #xy]
Sv2 AXT *xy 2
LXD ADANL-2,4
TRA S5+4
KD1 PZE 10l
AORX =0 IF CROSS
XORL =0 IF FIXED
MOVPI M/PI
PIOVM PI/M
N STORES N IN ADDR
X2MPI FIXED I+MULTIPLE OF 2#M
L2MPI FLTG IT+MULTIPLE OF 2+M
IWT =(M/PI)SIN(PI*1I/M)
TWOM 2*M IN ADDRESS
TEMP
M2 STORE 2M IN DECR
ND N IN DECR
ARG ARGUMENT OF SINF
END

HEBRREERERRARE R RN SRR RN
* ADANL *
L Y Y Yy
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0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
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. ADDK

E2 222222 2222222222222 X X3

*

ADDK
FAP

=ADDK

LR B B B B BE BN BN BE BN EE BE B BE BE NN BN BN R NN B BN NE B ONE NE BN N RE B BN BN BE BN BN BN BN R RN BE BN BE NN BN BN BE B BN BE BN BN

COUNT
LBL

ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY

TITLE - ADDK

PROGRAM LISTINGS
* * ADDK

{ SUBROUT INE) 9/29/64 LAST CARD IN DECK IS NO.
250

ADDK

ADDK Co X1y X29eeey XN)

MULK Cy X1y X29eee9 XN)
DIVK Cy Xle X29eeer XN)
XADDK {ICyIX13IX29eeayIXN)
XSUBK (ICyIX19IX29eeeyIXN)
XMULK  (ICyIX1yIX2yeeayIXN)
XDIVK (ICyIX19IX29eaeyIXN)
XDVRK  {ICyIX1lyIX2yeeeyIXN)
ADDKS ( Cly X1y Y1y C2y X2y Y2seeer CNy XNy YN)
SUBKS ( Cl, X1, Yl, C2y X2y Y29eeesr CNy XNy YN)
MULKS ( Cly X1y Y1y C29 X2» Y2seees CNy» XNy YN)
DIVKS ( Cl, X1, Y1y C2y X2y Y29eees CNy XN, YN)
XADDKS (ICLyIX1yIY19IC29IX291Y2peees ICNyIXN,IYN)
XSUBKS {IC1yIX14IY19IC29IX29y1Y2peeeasICNyIXN,IYN)
XMULKS (IClyIX19IY1yIC29IX29IY20eeas ICNyIXN,IYN)
XDIVKS (ICleIX1pIY15IC2,TIX291Y2peeayICNyIXN,IYN)
XDVRKS (IC1¢IX19IY1sIC241X291Y29eeey ICNyIXN,IYN)

{

SUBK { Cy X1y X2reees XN)
(
(

~—=—ABSTRACT ===

WITH SECONDARY ENTRIES SUBK, MULK » DIVK,
XADDKy XSUBK, XMULK, XDIVK, XDVRK,

ADDKSy SUBKS, MULKS, DIVKS,
XADDKS, XSUBKS, XMULKS, XDIVKS, XDVRKS

MODIFY A SET OF VARIABLES BY A CONSTANT OR BY CONSTANTS

ADDK AND ITS OTHER. ENTRIES ARE VARIABLE LENGTH CALLING
SEQUENCE SUBROUTINES. FOR THE FIRST NINE ENTRIES THE
FIRST ARGUMENT IS TAKEN AS A CONSTANT BY WHICH THE
REMAINING ARGUMENTS ARE TO BE MODIFIED. THE MODIFICATION
DEPENDS ON THE ENTRY USED AS FOLLOWS

FLOATING FIXED FUNCTION

ARGUMENTS  ARGUMENTS
ADDK XADDK ADDS THE CONSTANT
SUBK XSUBK SUBTRACTS THE CONSTANT
MULK XMULK MULTIPLIES BY THE CONSTANT
DIVK XDIVK DIVIDES BY THE CONSTANT

- XDVRK DIVIDES BY THE CONSTANT WITH
ROUNDING INSTEAD OF TRUNCATION

THE LAST NINE ENTRIES ASSUME THAT THE NUMBER OF ARGU-
MENTS IS A MULTIPLE OF THREE, AND THAT WITHIN EACH
TRIPLET OF THREE ARGUMENTS THE FIRST IS A CONSTANT BY
WHICH THE SECOND IS TO BE MODIFIED WITH THE RESULT
STORED IN THE THIRD ARGUMENT. THE NAMES OF THE LAST
NINE ENTRIES (THE PLURAL ENTRIES) ARE DERIVED FROM THOSE
OF THE FIRST NINE (THE SINGULAR ENTRIES) BY ADDING

THE LETTER S. THE MODIFICATION ASSOCIATED WITH A

PLURAL ENTRY IS THE SAME AS THAT OF ITS SINGULAR
COUNTERPART .

THE ORDER OF PROCESSING IS TOWARDS HIGHER ARGUMENTS.

THE DIVISION ENTRIES SKIP OVER AN ATTEMPT TO DIVIDE BY
ZERO WITHOUT TURNING ON ANY INDICATORS, BUT NO OTHER
TESTS FOR POSSIBLE OVERFLOW ARE MADE.

FOR THE PLURAL ENTRIES, AN ILLEGAL RETURN RESULTS
FROM AN ARGUMENT COUNT WHICH IS NOT A MULTIPLE OF 3,

THERE IS NO LIMIT ON THE NUMBER OF ARGUMENTS PERMITTED.

THERE ARE NO RESTRAINTS ON ARGUMENT EQUIVALENCES.
HOWEVER NO OUTPUT (THIRD) ARGUMENT MAY BE INVOLVED AS A
SUBSCRIPT OF, DR IN A DEFINING EXPRESSION FOR, A
SUBSEQUFNT INPUT ARGUMENT, OTHER THAN BY A PURE
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* EQUIVALENCE. 0075
- 0076
® LANGUAGE - FAP SUBROUTINES (FORTRAN-II COMPATIBLE) 0077
+ EQUIPMENT - 709 OR 7090 (MAIN FRAME ONLY) 0078
# STORAGE - 114 REGISTERS 0079
* SPEED = K1 # K2#N MACHINE CYCLES, WHERE N = NO. MODIFICATIDNS, 0080
= AND K1 LIES BETWEEN 33 AND 44 0081
- K2 LIES BETWEEN 22 AND 59y DEPENDING ON ENTRY 0082
* AND ON COMPUTER. 0083
# AUTHOR ~ SeM. SIMPSON, AUGUST 1963 0084
* 0085
* —==-USAGE-——~ 0086
* 0087
# TRANSFER VECTOR CONTAINS ROUTINES - (NONE) 0088
L] AND FORTRAN SYSTEM ROUTINES - (NONE) 0089
- 0090
* FORTRAN USAGE 0091
* CALL ADDK { Cy X1y X2yeee9 XN) 0092
* CALL SUBK ( Cy X1y X29eeey XN) 0093
* CALL MULK ( Cy X1y X29eesy XN) 0094
* CALL DIVK ( Cy X1y X2yeeey XN) 0095
» CALL XADDK (IC,IX14IX29ueeyIXN) 0096
* CALL XSUBK (ICsIX19IX2yaaeyIXN) 0097
* CALL XMULK  (IC»IX19IX2yeeeyIXN) 0098
- CALL XDIVK (IC,IX14IX2y0eeyIXN) 0099
* CALL XDVRK (IC,IX15IX2yeeeyIXN) 0100
- CALL ADDKS ( C1, X1y Y1y C2y X2y Y29eeey» CNy XNy YN) o101
* CALL SUBKS ( Cl, X1, Yly, C24 X2y Y24eees CNy XNy YN) 0102
= CALL MULKS { Cl, X1, Y1y C2, X2y Y2yeeey CNy XNy YN) 0103
- CALL DIVKS ( Cl,y X1, Y1, C2y X2y Y2yeeey CNy XNy YN) 0104
» CALL XADDKS {(ICLyIX1eIY14IC2yIX29IY2yeueyICNyIXNyIYN) 0105
* CALL XSUBKS (IC1l,IX1,IY1,IC2yIX2,IY290e0eyICNyIXN,IYN) 0106
* CALL XMULKS (ICLlyIX1eIYLlaIC2yIX291Y250eeyICNyIXN,IYN) 0107
* CALL XDIVKS (IClsIX1,IY1,IC2yIX291Y¥250neyICNyIXN,IYN) 0108
- CALL XDVRKS (IC1oIX1,IY151C29IX291Y290aesICNyIXNyIYN) 0109
» 0110
- IN- THE ABOVE EXPRESSIONS, THE LETTGER N MAY HAVE ANY VALUE 0111
* EXCEEDING ZERO, 0112
- 0113
* Olla
# INPUTS 0115
- 0116
» C IS A FLTG CONSTANT FOR MODIFYING X19X2yeeeXNy, FOR THE 0117
- FLOATING SINGULAR ENTRIES. o118
- 0119
» Xly X29eee9XN ARE THE FLOATING VARIABLES TO BE MODIFIED, FOR 0120
- ALL FLOATING ENTRIFS. 0121
- THEY ARE ALSO OUTPUTS FOR SINGULAR FLOATING ENTRIES 0122
* 0123
- EQUIVALENCE{C,SOME XJ)} IS PERMITTED. THE INITIAL 0124
* VALUE OF C WILL ALWAYS BE USED FOR MODIFICATION. 0125
- 0126
» Cly C2944+9CN ARE THE FLOATING CONSTANTS USED, FOR THE FLOATING 0127
* PLURAL ENTRIES, TO MODIFY X1yX2yeee9sXN RESPECTIVELY. 0128
* 0129
- EQUIVALENCE(CJ,XL)} IS PERMITTED FOR ANY J,L PAIR. 0130
. 0131
- Ic IS THE FIXED PT. ANALOG . OF C 0132
* IXly IX2y9seer2IXN ARE THE FIXED PT. ANALOGS OF XlyeoesXN 0133
* ICly IC2yeeeyICN ARE THE FIXED PT. ANALOGS OF ClyeeesCN 0134
* 0135
= 0136
# DUTPUTS 0137
- 0138
» X1y X29e.ee9 XN ARE OUTPUTS FOR ENTRIES ADDK, SUBK, MULK, DIVK 0139
- ADDK GIVES X1 = X14Coreees XN = XN+C 0140
- SUBK GIVES X1l = X1-Creees XN = XN-C 0141
- MULK GIVES X1 = X1#Cpeees XN = XN#C 0142
- DIVK GIVES X1 = X1/Creee9e XN = XN/C 0143
- 0144
- IXlyeaesIXN ARE SIMILAR OUTPUTS FOR XADDKs XSUBK, XMULK, XDIVK, 0145
* AND XDVRK, WHERE XDIVK TRUNCATES, XDVRK ROUNDS. 0146
* 0147
* Yly Y29eeesYN ARE OUTPUTS FOR ENTRIES ADDKS, SUBKS, MULKS, DIVKS 0148
» ADDKS GIVES Y1=X14Cly Y2=X24C2yeeey YN=XN+CN 0149



L2 22222222 2222222222222 X3

PROGRAM LISTINGS

FERBRBERERRRREIRRRERERRER

ADDK * . ADDK »

(22222 22122222222 222 X2 2 2 2 ARERBE SRR BB ER R AR RRERREE

3) (PAGE 3)
* SUBKS GIVES Y1l=X1-Cl, cee + YN=XN-CN 0150
. MULKS GIVES Yl=X1%Cl, ese YN=XN#CN 0151
* DIVKS GIVES Y1=X1/Cl, oo » YN=XN/CN 0152
. 0153
* EQUIVALENCE (CJyXL)y(CJyYL),y(XJyYL) IS PERMITTED 0154
* FOR ALL J,L PAIRS. THE VALUES OF THE OPERANDS 0155
» USED DURING A MODIFICATION ARE THEIR PRESENT VALUES 0156
- AND NOT NECESSARILY THEIR INITIAL VALUES. 0157
» 0158
» THE ENTRY DIVK BYPASSES THE COMPUTATION OF EACH YJ 0159
- OUTPUT FOR WHICH THE CORRESPONDING CJ HAS VALUE 0160
»* ZERD AT THE TIME OF MODIFICATION. 0161
» 0162
. THE COMPUTATIONAL ORDER IS Y1, Y2y.ee9YNe 0163
- 0164
* IYly, IY2,...,1YN ARE SIMILAR OUTPUTS FOR XADDKS, XSUBKS, XMULKS, 0165
* XDIVKS, AND XDVRKS. 0166
* 0167
# 1. EXAMPLES OF THE SINGULAR ENTRIES 0168
* 0169
* INPUTS - Al, A2, A3 = l.y 244 3. Bl, B2y B3 = l., 2., 3. 0170
* Cly C2y C3 = ley 249 3. Dly, D2y D3 = ley 2.9 3. 0171
* IA1,1A2,IA3 = 1, 2, 3 181,182,IB3 = 1, 2, 3 0172
- 1C1,1C2,1C3 = 1, 2, 3 ID1,1D2,1ID3 = 1, 2, 3 0173
* IE1,1€2,1E3 = 1, 2, 3 X = 1.0 0174
. 0175
* USAGE - CALL ADDK (2., Al, A2, A3) 0176
* CALL XADDK (2, IA1,1A2,1A3) 0177
- CALL SUBK (2., Bl, B2, B3) 0178
- CALL XSUBK (2, IB1,IB2,1B3) 0179
* CALL MULK (2., Cl, C2, C3) 0180
. CALL XMULK (2, ICl1l,1C2,1C3) 0181
* CALL DIVK (2., D1, D2, D3) 0182
* CALL XDIVK (2, ID1,1D2,1D3) 0183
* CALL XDVRK (2, IE1l,IE2,1E3) 0184
» CALL ADDK (2.4 X) 0185
- 0186
* OUTPUTS - Al, A2, A3 = 3.4 4.y 5. 1A1, 1A2, IA3 = 3, 4, S5 0187
» Bl, B2, B3 =-1., 0., 1. 181, IB2, IB3 =-1, O, 1 0188
» Cly C2y C3 = 2.y 4ey b. IC1, IC2, IC3 = 2, 4, 6 0189
- pl, D2, D3 = .5, l.y 1.5 1IDl, ID2, ID3 = 0, 1, 1 0190
. IEl, I1E2y IE3 = 14 1,y 2 X = 3. 0191
. 0192
* 2. EXAMPLES OF THE PLURAL ENTRIES 0193
* 0194
. INPUTS - SAME AS EXAMPLE 1 0195
* 0196
» USAGE - CALL ADDKS{ 1., Al, Y1, 4., A2, Y2) 0197
» CALL SUBKS( 2.y Al, Z1, 3., A2, 22) 0198
. CALL MULKS( 3., Al, Uly, 2., A2, U2) 0199
* CALL DIVKS( 4.y Al, V1, 1l.y A2, V2) 0200
» CALL XADDKS( 1 ,IAl,I1Y) 0201
» CALL XSUBKS( 2 ,IA1,12) 0202
- CALL XMULKS( 3 ,IAl,IU) 0203
- CALL XDIVKS( 2 ,IA3,1V) 0204
- CALL XDVRKS( 2 ,IA3,1IW) 0205
» 0206
» OUTPUTS = Y1,Y2 = 2.46. 21422 = =l.y-1. 0207
- Ul,U2 = 3.,4. V1,V2 = .25,2.0 0208
» Iy = 2, 12 = -1, U = 3, IV = 1, IW =2 0209
* 0210
# PROGRAM FOLLOWS BELOWS 0211
- 0212
. 0213
« NO TRANSFER VECTOR 0214
HTR 0 XR4 0215
BCI 1, ADDK 0216
*= PRINCIPAL ENTRY. ADDK(CyXlyX29eee9XN) = ADDK(ARGSK) 0217
ADDK STZ LIFK 0218
® SECOND ENTRY. ADDKS(Cl¢XlyYlyeeesCNyXNyYN) = ADDKS{ARGSKS) 0219
ADDKS CLA TRAL 0220
TRA SETUP 0221
# THIRD ENTRY. XADDK{ICsIX1yIX2peeeyIXN) = XADDK(XARGSK) 0222
XADDK STZ ZIFK 0223
# FOURTH ENTRY. XADDKS(IClyIXlyIYlyeeayICNyIXN,IYN) = XADDKS(XARGSKS) 0224
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XADDKS CLA TRA2 0225
TRA SETUP 0226
# FIFTH ENTRY. SUBK({ARGSK) 0227
SUBK STz ZIFK 0228
# SIXTH ENTRY. SUBKS{ARGSKS) 0229
SUBKS CLA TRA3 0230
TRA SETUP 0231
#= SEVENTH ENTRY, XSUBK (XARGSK) 0232
XSUBK STZ ZIFK 0233
# EIGHTH ENTRY. XSUBKS(XARGSKS) 0234
XSUBKS CLA TRA4 0235
TRA SETUP 0236
# NINTH ENTRY. MULK(ARGSK) 0237
MULK STZ ZIFK 0238
#= TENTH ENTRY. MULKS(ARGSKS) 0239
MULKS CLA TRA5 0240
TRA SETUP 0241
« ELEVENTH ENTRY. XMULK(XARGSK) 0242
XMULK STZ ZIFK 0243
# TWELFTH ENTRY. XMULKS(XARGSKS) 0244
XMULKS CLA TRAG6 0245
TRA SETUP 0246
# THIRTEENTH ENTRY. DIVK({ARGSK) 0247
DIVK STZ ZIFK 0248
# FOURTEENTH ENTRY. DIVKS(ARGSKS) 0249
DIVKS CLA TRA7 0250
TRA SETUP 0251
# FIFTEENTH ENTRY. XDIVK{XARGSK) 0252
XDIVK STZ ZIFK 0253
# SIXTEENTH ENTRY. XDIVKS(XARGSKS) 0254
XDIVKS CLA XCA 0255
TRA SETVRY 0256
# SEVENTEENTH ENTRY. XDVRK(XARGSK) 0257
XDVRK ST2Z ZIFK 0258
¢« EIGHTEENTH ENTRY. XDVRKS(XARGSKS) 0259
XDVRKS CLA RND 0260
SETVRY STO VARY 0261
CLA TRAS 0262
¢ SET BRANCH AT MODIFY., THEN CHECK SINGULAR OR PLURAL 0263
SETUP SXD ADDK-2,4 0264
STA MODIFY 0265
ZET ZIFK 0266
TRA PLURAL 0267
#= SET UP FOR SINGULAR ENTRIES 0268
CLA= 1y4 C OR 1IC 0269
STO CONST 0270
CLA SING1 (PZE GETX,0,1) 0271
LDQ SING2 (PZE 1,0,-1) 0272
TXI STAy4,-1 (SET TO PICK UP X1 FIRST) 0273
# SET UP FOR PLURAL ENTRIES 0274
PLURAL CLA PLURL (PZE GETC,0,2) 0275
LDQ PLUR2 (PZE 3,0,-3) 0276
STA STA GETXOC 0277
ARS 18 0278
STA GETX 0279
XCA 0280
STA STORE 0281
STD BACK 0282
# ACQUIRE NEXY POSSIBLE TSX X.,0 AND CHECK IF IT ISe. 0283
GETSXZ CAL 1,4 A(TSX X1,0) SINGULAR, A(TSX C1,0) PLURAL 0284
ANA MASK KNOCK DOUT ADDRESS 0285
LAS TSXZ 0286
TRA LEAVE 0287
GETX0OC TRA ' #x = GETX (SINGULAR), = GETC (PLURAL) 0288
# EXIT AT END OF ARGUMENT STRING. 0289
LEAVE SXA ZIFKy4 RESTORE ZIFK TO NON-ZERO (PLURAL INDICATION) 0290
TRA 1,4 0291
# STORE NEXT C OR IC. GET NEXT X OR IX IN AC. 0292
= BRANCH TO MODIFY. 0293
GETC CLA= 1,4 ClyC2re0e 0294
STC CONST 0295
GETX CLA= ELEES #» = 1 (SINGULAR), = 2 (PLURAL) 0296
MODIFY TRA . #% = MOD1,MOD2y+..9M0OD8 0297
« MODIFICATION 1. ADDK OR ADDKS 0298

MOD1 FAD CONST 0299
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# STORE RESULT.
STORE STO#
BACK TXI

+ MODIFICATION
MOD2 ADD

TRA

+ MODIFICATION

MOD3 FSB
TRA

#+ MODIFICATION

MOD4 SuB
TRA

# MODIFICATION

MOD5 XCA
FMP
TRA
# MODIFICATION
MOD6 XCA
MPY
ALS
TRA
#* MODIFICATION
MOD7 NZT
TRA
FDP
XCA
TRA
# MODIFICATION
MOD8 NZIT
TRA
LRS
DVP

VARY NOP

ALS18 ALS
TRA
+ ROUNDING
ROUND SSP
ALS
SBM
CLM
™I
CLA
RXCA XCA
RND
TRA

# CONSTANTS,
TRA1 TRA
TRA2 TRA
TRA3 TRA
TRA4 TRA
TRAS TRA
TRA6 TRA
TRAT TRA
TRA8 TRA
TSXZ TSX
MASK OCT
XCA XCA
RND TRA
KRND OCT
SING1 PZE
SING2 PZE
PLURL1 PZE
PLUR2 PZE
CONST PZE
ZIFK PZE

END

* *

GO BACK FOR MORE
w4 & = 1 (SINGULAR)y, = 3 (PLURAL)
GETSXZ 40w #= =-1 (SINGULAR), =-3 (PLURAL)
2. XADDK OR XADDKS
CONST
STORE
3. SUBK OR SUBKS
CONST
STORE
4. XSUBK OR XSUBKS
CONST
STORE
5. MULK OR MULKS

CONST
STORE
6+ XMULK OR XMULKS

CONST

17

STORE

7. DIVK DR DIVKS

CONST BYPASS FOR CONST = 0.
BACK

CONST

STORE
8. XDIVKs XDIVKS, XDVRKs OR XDVRKS
CONST
BACK
35
CONST
= XCA OR TRA ROUND
18
STORE

INSERT, COMPARES TWICE THE REMAINDER AGAINST DENOMINATOR.

1
CONST
PREPARE FOR ROUNDING DOWN
RXCA
KRND PREPARE FOR RDUNDING uP

ALS18

TEMPORARIES

MOD1

MOD2

MOD3

MOD4

MODS

MOD6

MOD7

MOD8

0,0
177777700000

ROUND

200000000000

GETXy0,1

1,0,32767

GETC,04,2

3,0,32765

Ry uE, N = C OR IC, CL OR ICL L = leaeasN
1 SET = 0 FOR SINGULAR

(2222 X222 22 22222222222 2]
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0320
0321
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0323
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0325
0326
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0329
0330
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0332
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0340
0341
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0345
0346
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0350
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0364
0365
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L] AMPHZ (SUBROUTINE) 1071764 LAST CARD IN DECK IS NO.
L] FAP
«AMPHZ

COUNT 280

LBL AMPHZ

ENTRY AMPHZ (RE,XIMyLRyAMP,PHZ,4R)

ENTRY REIM (AMP,PHZ,LR4RE,XIM)
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PROGRAM LISTINGS
* * AMPHZ

—~=—ABSTRACT~~-~

TITLE - AMPHZ , WITH SECONDARY ENTRY POINT REIM
AMPLITUDE AND PHASE FROM REAL AND IMAGINARY, OR REVERSE

LANGUAGE
EQUIPMENT
STORAGE
SPEED

AUTHOR

AMPHZ COMPUTES AN AMPLITUDE (AMP) AND PHASE (PHZ) VECTOR
FROM THE VECTORS OF THE REAL (RE) AND IMAGINARY {XIM)
PARTS. THUS IF

Z(J) = RE(J)+I=XIM(J)

WHERE I = (-1)#=%.5
THEN

AMP(J)
PHZ{J)

(RE(J)##24XIM{J)#22) a5
ARCTAN(XIM(J)/RE(J))

(WITH PROPER QUADRANT CHOICE)
0.0 IF XIM=RE=0.0

()

"

PHZ(J) IS COMPUTED SUCH THAT

-PI LSTHN PHZ(J) LSTHN= PI
THEN, IF DESIRED, A MULTIPLE OF 2PI IS ADDED TO PHZ{J) SO
AS TO MINIMIZE THE DIFFERENCE BETWEEN PHZ{J) AND PHZ{J-1).
FOR THE LATTER CONDITION, PHZ{1l) WILL BE BETWEEN
+ AND - PI. THIS PROCESS GIVES POINTS ON THE TRUE
CONTINUOUS PHASE CURVE PROVIDED THE TRUE PHASE JUMPS ARE
LESS THAN MAGNITUDE Pl.
PT = 3.14159265.

REIM REVERSES THE ABOVE PROCESS. IT CALCULATES THE REAL
AND IMAGINARY VECTORS FROM THE AMPLITUDE AND PHASE
VECTORS.

RE(J) = AMP(J)=COS{PHZI(J))
XIM(J) = AMP(J)#SIN(PHZ(J))

FAP SUBROUTINE (FORTRAN II COMPATIBLE)

709 OR 7090 (MAIN FRAME ONLY)

149 REGISTERS

ABOUT .00050#LR SECONDS ON THE 7094 MOD 1 FOR BOTH
AMPHZ AND REIM, WHERE LR IS LENGTH OF THE VECTORS.

JeoF. CLAERBOUT

—===US AGE=——~

TRANSFER VECTOR CONTAINS ROUTINES - RND
AND FORTRAN SYSTEM ROUTINES - ATAN,SQRT,COS,SIN

FORTRAN USAGE OF AMPHZ
CALL AMPHZ (RE»XIM,LRyAMP,PHZ,4R)

INPUTS
RE(I)
XIMin)

LR

QuTPUTS

AMP(I)

I=1...LR IS FLOATING POINT VECTOR OF REAL VALUES.
I=lee.LR IS FLOATING POINT VECTOR OF I[MAGINARY VALUES.

IS FORTRAN Il INTEGER.
MUST EXCEED O

=0 INDICATES PHASE IS BETWEEN + AND - PI.

NOT = O INDICATES THAT THE PHASE IS TO BE A CONTINUOUS
FUNCTION FOR WHICH THE FIRST VALUE IS BETWEEN + AND -PI1

I=l.e.LR IS FLOATING POINT VECTOR OF THE AMPLITUDES.

0250
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0043
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
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» EQUIVALENCE WITH RE IS ALLOWED. 0075
. 0076
» PHZLI) I=l.<.LR IS FLOATING POINT VECTOR OF THE PHASES. 0077
» IF AMP(J)=0. THEN PHZ{J)=0. 0078
* EQUIVALENCE WITH XIM IS ALLOWED. 0079
. 0080
* FORTRAN USAGE OF REIM - 0081
» CALL REIM (AMP,PHZ,LR,RE,XIM) 0082
. 0083
* INPUTS AND DUTPUTS HAVE THE SAME DEFINITIONS AS FOR AMPHZ 0084
= EXCEPT AMP, PHZ, AND LR ARE INPUTS, 0085
. RE, AND XIM ARE OUTPUTS. 0086
. 0087
* EXAMPLES OF AMPHZ 0088
* 0089
# 1o INPUTS = RE(leee7) = ley3ey0ap=3up~lay=3.y0. LR =7 R =0 0090
» XIM{leea?) = Oapbaylestbay Oep=bay-la 0091
» OUTPUTS = AMP(leee7) = ley5eslep5aslesSerle 0092
. PHZ(leeoT) = 0490.927351.5708+2.214353.14169-2.2143,~1.57 0093
. 0094
® 2. INPUTS —- SAME AS EXAMPLE 1. EXCEPT R=1l. 0095
. OUTPUTS = AMP(leee7) = lepSeglerSeslasSarle 0096
. PHZ{1leeo?) = 0.90.9273,1.5708,2.2143,3.141644.0683,4.7124 0097
. 0098
BSS 1 0099
BCI 1,AMPHZ 0100
AMPHZ SXD 2,4 0101
SXA SV1,1 0102
CLA= 614 0103
STO TSTCN 0104
CLAs 344 GET 0105
STD Al0 N 0106
CLA L4 RE 0107
ADD =1 0108
STA A2 0109
CLA 2,4 M oi10
ADD =1 o111
STA Al o112
cLA 444 AMP o113
ADD =1 oll4
STA A4 o115
CLA Sy PHZ o116
ADD =1 0117
STA A5 THIS PHZ 0118
ADD =1 0119
STA A6 PREVIOUS PHZ 0120
STO FIRST STORE SOME NON-ZERO QUANTITY 0121
AXT 1,1 SET FOR LOOP OF LENGTH N 0122
PIPI ZETs A2 IF REAL PART IS ZERO 0123
TRA Al ISN#*T 0124
CLA =1.57079633  SET EQUAL +PI/2 OR -P1/2 0125
TRA A3 0126
Al CLA we,1 1MAG 0127
A2 FDP TS REAL 0128
XCA 0129
ssp 0130
TSX $ATAN, 4 0131
. THE FOUR QUADRANT AMBIGUITY IS ELEGANTLY RESOLVED IN THE NEXT 5 0132
» INSTRUCTIONS 0133
LDQ= A2 RIGHT OR LEFT HALF PLANE 0134
TOP A3 RIGHT 0135
FSB =3,14159265  LEFT 0136
A3 LOQs Al 0137
LLS 0 UPPER OR LOWER HALF PLANE 0138
STO PHZ 0139
LDQ# Al COMPUTE AMPLITUDE 0140
FMP# Al 0141
sT0 AMP 0142
LDQ* A2 0143
FMP# A2 0l44
FAD AMP 0145
TSX $SQRT,4 0146
A4 sTO s, STO AMPL 0147
TNZ 42 1IF AMP=0. 0148

STZ PHZ SET PHZI=0. 0149
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» AMPHZ

PROGRAM LISTINGS

AAL 222 22222222222 2222222

{PAGE 3)

A4S

AS
A9
Al0
All
Svl

CONT

A6

*

L B 2

A65

AT

TSTCN
TWOPIM

SS

SM

spP

FIRST

AMP

PHZ

REIM

*
ZET TSTCN REPRESENT PHASE PI TO -PI
TRA CONT OR CONTINUOUSLY
sSTZ FIRST
cLA PHZ STORE PHASE
STO #8,1
TXI #+1,1,1 REPEAT LOOP
XL PIPI,1,#» #a=N
LXD AMPHZ-2,4
AXT #%,1]
TRA Te4
ZET FIRST
TRA A4S WE DONT HAVE A FIRST VALUE YET
GET M={PREV PHASE)/(2 = PI) ROUNDED TO INTEGER
CLA #a,1 GET PREV PHASE
FDP =6.2831853
XCA
TSX $RNDy4
XCA
FMP =6.2831853 2=PI#M = C{AC)
STO TWOPIM
FORM SS=ABSF(PHZ+2.*PI*M-PHZPRV)
FORM SM=ABSF(PHZ+2.#PI#M-PHZPRV-2.4P])
FORM SP=ABSF{(PHZ+2.4P1#M-PHZPRV+2.#P1)
FAD PHZ
FSBe A6
STO SS SS STILL NEEDS ABS VALUE
FSB =6.2831853
Ssp
STO SM GOT SM
CLA SS
FAD =6.2831853
ssp
STO sp GOT SpP
CAL SS
sSTO SS GOT SS
FORM PHZTRIAL=PHZ42.#P] =M
CLA PHZ
FAD TWOPIM
STO PHZ
WHIC IS SMALLER, SS,SP, OR SM
IF SSy THEN PHASE = PHZTRIAL
IF SMy, THEN PHASE = PHIZTRIAL - 2 PI
IF SP, THEN PHASE = PHITRIAL + 2 PI
CLA SS
sus SM
TPL A7 TRA IF SS GREATER SM
CLA SsS SS SMALLER SM
sSus spP
T™I A5-1 SS SMALLEST, STORE PHASE
CLA PHZ SP SMALLEST -
FAD =6.2831853
TRA A5 STORE CORRECT PHASE
CLA SM SM SMALLER SS
suB SP
TPL A65 SP SMALLEST
cLA PHZ SM SMALLEST
FSB =6.2831853
TRA AS STORE CORRECT PHASE
PlE
PZE
PLE
PZE
PLE
PLE
PZE
PIE
SXD AMPHZ-2,4
SXA R5,1
CLA 1.4 AMP
ADD =1
STA R2
CLA 244 PHASE
ADD =1
STA R1
cLA 444 RE

L2 2222 2222222 222222222 2]

» AMPHZ

*

(222222222 X2 22222222222 2

(PAGE

0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
o161l
0162
0163
0164
0165
0166
0167
0l68
0169
0170
o171
0172
0173
0174
0175
0176
0177
0178
0179
0180
o181
0182
o183
0184
0185
o186
o187
ol18s
0189
0190
0191
0192
0193
0194
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224

3)
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L] AMPHZ -
EERREARBRIRRRRRR RS RERE S
(PAGE &)
ADD =1
STA R3
CLA 594
ADD =1
STA R&
CLA# 3,4
PDX 01
R2 CLA wny]
sST0 AMP
R1 CLA wxy]
sSTO PHZ
TSX $COS»4
XCA
FMP AMP
R3 sTo #x,]
CLA PHZ
TSX $SINy4
XCA
FMP AMP
R4 STO wnyl
TIX R2y141
RS AXT #ay]
LXD AMPHZ-2,4
TRA 694
ORF ocT 233000000000
END

PROGRAM LISTINGS BEBRBRERRBBRBERNBRNRRERERS
* AMPHZ -

REBRBERFZRAERAS AR SRR RAR

(PAGE 4)

0225
0226
0227
0228
M 0229
GET N 0230
STORE IN IR1 0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
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- ARBCOL - - ARBCOL

(2222222222 X222 2 2222 X2 2 23

» ARBCOL (SUBROUTINE) 9/9/64 LAST CARD IN DECK IS NO.
* FAP
#ARBCOL

COUNT 200

LBL ARBCOL

LI N I N B B B A B B O B AR B R RN B BE BE BE B IR R BN BE BN N R NE BN BN BE BN RY NN BE BN Y X BN BEAN B BE BE BE UF BE N BE BN BECRE BE BN O B BERE RN BN AN A )

ENTRY ARBCOL (FOFIJ,LI,LJ,IDIMEN,FJCDL,COL)

—~==ABSTRACT=—=—

TITLE - ARBCOL
FIND A MATRIX COLUMN WITH ARBITRARY INDEX BY INTERPOLATION

ARBCOL IS GIVEN A MATRIX AND A FLOATING POINT NUMBER
(GENERALLY NOT A WHOLE NUMBER) REPRESENTING A DESIRED
COLUMN NUMBER IN THE MATRIX. THE FOUR COLUMNS WHICH
ARE CLOSEST IN NUMBER TO THE DESIRED COLUMN NUMBER ARE
SUBJECTED TO CUBIC INTERPOLATION TO YIELD THE
INTERPOLATED COLUMN.

ARBCOL REDUCES THE DEGREE OF INTERPOLATION IN THE
CASES OF MATRICES WITH ONLY 3, 2, OR 1 COLUMNS.

THE PROCEDURE USED IS TO FIND THE PROPER INTERPOLATION
OPERATOR FOR THE GIVEN COLUMN NUMBER AND THEN APPLY IT
IN A HIGH SPEED LOOP ON THE ROW INDEX.

LANGUAGE - FAP SUBROUTINE (FORTRAN-IT COMPATIBLE)
EQUIPMENT - 709 OR 7090 {MAIN FRAME ONLY)
STORAGE - 129 REGISTERS
SPEED - TAKES ABOUT 530 + 90#N MACHINES CYCLES ON THE 7090,
WHERE N = NO. ROWS IN THE MATRIX.
AUTHOR - S.M. SIMPSON, MARCH 1964
————USAGE----

TRANSFER VECTOR CONTAINS ROUTINES - INTOPR
AND FORTRAN SYSTEM ROUTINES - (NOT ANY)

FORTRAN USAGE
CALL ARBCOL(FOFIJsLI,LJy IDIMEN,FJCOL,COL)

INPUTS
FOFIJ(I,J) I=le..ll, J=l...LJ IS A MATRIX OF FLOATING POINT
ELEMENTS.
LI MUST EXCEED Z&eROD
LJ MUST EXCEED ZERO

IDIMEN IS THE DIMENSION, IN THE CALLING PROGRAM, OF THE
INDEX I OF FOFIJI(I,J)
MUST BE GRTHN= LI

FJcoL IS THE FLOATING POINT COLUMN NUMBER FOR WHICH AN
INTERPOLATED COLUMN 1S DESIRED
MUST BE GRTHN= 1.0y AND LSTHN FLOATF{LJ+1)

OUTPUTS STRAIGHT RETURN WITH NO OUTPUTS IF LI, LJy IDIMEN, OR
FJCOL IS ILLEGAL
cout(rn) I=leeeslLl IS THE INTERPOLATED COLUMN
EXAMPLES

le THIS EXAMPLE INTERPOLATES ALL HALF-INDEX AND FULL-INDEX COLUMNS
IN A 1-COLUMN, A 2-COLUMNy.<.ey AND A 5-COLUMN MATRIX. IT ALSO
SHOWS THAT NO INTERPOLATION RESULTS FOR ILLEGAL FJCOL VALUES.

INPUTS = FOFIJ(1+2939719293,%,5) =
0es0es0ess Osples2ers Ouy2esbosy OosBesbosy OupleyBa

0270
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
ools
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073

A X2 222222 222222222222 )

*
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» ARBCOL * - ARBCOL
AL 2 X 222222222222 2222222 22 RERBBREERBRERERAAERBERDRR
(PAGE 2) {PAGE
. LI=3 IDIMEN=10 COL(lece3y9rlece999lece5) = =99crene 0074
- 0075
- USAGE - DIMENSION FOF1J(10,5),C0L(349,5) 0076
- 0O 10 LJ=1,5 0077
# Do 10 J=1,9 0078
- FJCOL = (FLOATF(J+1))/2.0 0079
- 10 CALL ARBCOL{FOFIJ, LI, LI,y IDIMEN,FJCOL,COL{1,J,LJ)) 0080
s 0081
L OUTPUTS - COL(leee3yleld) = 0oy 0.y O. FOR LJ=1lecs5 0082
- COL(1leee3y2y1) = 0.9 Ooy O 0083
- COL(leea3,2,LJ) = 0oy o5, 1. FOR LJ=2ee.5 0084
- COL(leee3535LJ) = Ouy ley 2. FOR LJ=2...5 0085
* COL(leese344yLJ) = Oeyla5, 3. FOR LJ=2...5 0086
* COL(leau3954LJ) = Ouy 249 4. FOR LJ=3...5 0087
* COL(leee346,LJ) = 0.92.5y 5. FOR LJ=3eee5 0088
L COL(1leea3579LJ) = 0ay 3.y 6. FOR LJ=445 0089
* COL(leea34ByLJ) = 0e93.5, 7. FOR LJy4y5 0090
- COL({1e0e2399+45) = Doy 4.9 8. 0091
L4 COL(Lleae3sdsld) = =99,4,-99.,~-99. WHENEVER J GRTHN 2#LJ 0092
L 0093
L 0094
# PROGRAM FOLLOWS BELOW 0095
- 0096
# TRANSFER VECTOR CONTAINS INTOPR ONLY 0097
HTR 0 XR1 0098
HTR 0 XR4 0099
8CI 1,ARBCOL 0100
- o101
# ONLY ENTRY. ARBCOL(FOFIJ,LI,LJ,IDIMEN,FJCOL,COL) 0102
- 0103
ARBCOL SXD ARBCOL-2,4 0104
SXD ARBCOL-3,1 0105
* ' o106
# CHECK LI, LJ AND IDIMEXN 0107
- 0108
CLA» 24,4 LI 0109
™I LEAVE 0110
TIE LEAVE o111
PDX 0,1 (FOR LOOP AT STZ) 0112
CLA® 3.4 Ly 0113
™[ LEAVE 0114
TIE LEAVE o115
CLA= 4o IDIMEN 0116
SuB» 2+v4 MINUS L1 0117
T™I LEAVE 0118
ADD* 2+4 0119
ARS 18 0120
STO IDIM 0121
* 0122
# FIND JCOL = FJCOL ROUNDED DOWN EXCEPT IN THE CASE THAT 0123
* FJCOL = FLOATF(LJ) AND LJ EXCEEDS 1 0124
* IN WHICH CASE SET JCOL = LJ~-1 0125
- 0126
CLA* Se4 FJCOL 0127
UFA K233 0128
LRS 0 0129
ANA KDECR 0130
LLS 0 0131
ALS 18 0132
CAS+ 304 0133
TRA LEAVE EXCEEDS LJ 0134
TRA LJCK EQUALS LJ 0135
™I LEAVE 0136
TIE LEAVE 0137
TRA JCOK 0138
LJCK Ssus KD1 0139
TNZ JCOK 0140
ADD KD1 (EQUALS LJ EQUALS 1) 0141
» 0142
# THEN FORM X = FJCOL - FLOATF(JCOL) 0143
» 0144
JCOK  STO JeoL 0145
LRS 18 Ol46
ORA K233 0147
FAD K233 0148

PROGRAM LISTINGS Y Yy Y Y Y
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* ARBCOL

EI X222 22222 2 X2

(PAGE 3)

CHS
FAD*
STO

-
= NOW SOME
-

CLA
sus
XCA
MPY
LLS
CHS
ADD
ADD
STA
sus
STA
Sus
STA
sus
STA
CLA
ADD
STA

*

SET UP AS

CLA
STA
CLS
STO
cLa
STO
CtLA
sus
TZE

» SETTINGS
*
ADD
SUB#
TZE
TRA

»
* SETTINGS

*

JCOLL CLA
STA
sSTZ
CLA*
SYO
sus
TMI

*

* CHANGE ND

*

NDATA3 CLA
L sTO

-

# CLEAR OPE

*

STZOP STZ
37
sTz

»
* GO GET TH
*

GETOP TSX
TSX
TSX
TSX
TSX

TSXOP TSX
LXD

PROGRAM LISTINGS

* - ARBCOL
REREBRRS FRHBERRERRERFRERRBRERERES
(PAGE
0149
S5y4 0150
X 0151
0152
ADDRESS SETUPS 0153
0154
JCoL 0155
KD2 0156
0157
IDIM 0158
17 0159
0160
K1 0l6l
1,4 A{FOFIJ)—={JCOL-2)#IDIMEN+] 0162
LDQ1 0163
IDIM 0164
LDQ2 0165
IDIM 0166
LDQ3 0167
IDIM 0168
LDQ4 0169
644 A(COL) o170
K1 o171
STORE 0172
0173
THOUGH NDATA=4 THEN TEST JCOL 0174
0175
FMP1 0176
TSX0OP 0177
K1lL 0178
XLO 0179
KD4 0180
NDATA o181
JcoL 0182
KD1 0183
JCOL1 0184
0185
FOR JCOL EXCEEDING 1 ARE ALL MADE UNLESS JCOL+1=LJ 0186
0187
KD2 JCOL+1 o188
344 COMPARE WITH LJ 0189
NDATA3 SAME, CHANGE NDATA 70 3 0190
GETOP SMALLER, ALL SETTINGS OK 0191
0192
IF JCOL=1 0193
0194
FMP2 A(FMP2) = OPER2 0195
TSX0P 0196
XLO XL0=0.0 0197
3,4 TRIAL SET NDATA 0198
NDATA =LJ (OK IF LJ=1 OR 2) 0199
KD3 THEN TEST 0200
stzoe (NEGATIVE IF LJ=1 OR 2) 0201
0202
ATA TO 3 FOR INTERPOLATING NEAR RIGHTMOST COLUMN. 0203
0204
KD3 0205
NDATA 0206
0207
Rly394y IF NDATA IS NOT 4 0208
0209
OPER1 0210
OPER3 0211
OPER4 0212
0213
E OPERATOR 0214
0215
$INTOPR,4 0216
NDATA,0 1 2 3 3 4 0217
XLO0,0 0.0 0.0 0.0 -1.0 -1.0 0218
KiL,0 DELX 0219
Xs0 0220
#2,0 *x = OPER2 QOPER2 Q0(PER2 OPER1 OPERL 0221
ARBCOL-2,4 0222

LA 2222222222 X222 222

0223
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ARBCOL

FRERBEBBRERARER R ERBRRRER

*

(PAGE

* LOOP

*

-
*
-

*

¢ CONSTANTS,

*

4)

ST2
LDQl
FMP1

LDQ2
FMP2

L1DQ3

LDQ4

STORE

EXIT

LEAVE

K1
KD1
KD2
KD3
KD4
K233
KDECR
K1L
IDIM
JCoL
NDATA
XL0

X
TEMP
OPER4
OPER3
OPER2
OPER1

FORMING INTERPOLATES,

sTZ
LDQ
FMP
FAD
sT0
LDQ
FMP
FAD
sTO
LDQ
FMP
FAD
sTO
LDQ
FMP
FAD
STO
TIX

LXD
TRA

PZE
PZE
PZE
PLZE
PLE
ocT
ocr
DEC
PZE
PZE
PLE
PZE
PZE
PLE
PZE
PLE
PZE
PZE
END

*

TEMP
#n,]
OPER1
TEMP
TEMP
*ag]l
OPER2
TEMP
TFMP
#xyl
OPER3
TEMP
TEMP
“n,l
OPER4
TEMP
*e,l

STZy1,1

ARBCOL~-3,1
Ty

VARTABLES

1

0,0,1

04042

0,0,3

0,0,4
233000000000
000000377777
1.0

*e

OyOynn
0s0yn=
I IR Y]

T PR T Y]
(TP T I

LT YT Y e

B En,nn

I T I 21
L2

PROGRAM LISTINGS

XR1=LIyLI=1lyeaeyl

[

L3 2

#+ = DITTO LDQl MINUS IDIMEN

#+ = DITTO LDQ2 MINUS IDIMEN

##+ = DITTO LDQ3 MINUS IDIMEN

#+ = A(COL)+1

1y 2+ 3, OR 4
NORMALLY = -1.0 (MAY BE 0.0)
EQUALS FJCOL-FLOATF(JCOL)

MULTIPLIES COLUMN NO. JCOL+2
MULTIPLIES COLUMN NO. JCOL+1
MULTIPLIES COLUMN NO. JCOL

MULTIPLIES COLUMN NO. JCOL-1

A(FOFTJ)-(JCOL-2)#IDIMEN+]

SRR RRRRRERERRARRA R RS
* ARBCOL »
GRRRPRRRERARARRERBERE R

(PAGE 4)

0224
0225
0226
02217
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
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A

FERARNRBRNBERBRG RN PROGRAM LISTINGS

REBRBRRBRERERRARRRRER NN
RCTAN * * ARCTAN

(2232222222222 2222 E2 222222222 22222 2 22 3

ARCTAN (FUNCTION) 9/4/64 LAST CARD IN DECK IS NO.

FAP
ARCTAN

COUNT 30

LBL ARCTAN

ENTRY  ARCTAN FiX,Y)

—===ABSTRACT ===~

TITLE - ARCTAN
ARCTANGENT FUNCTION

ARCTAN FINDS THE ANGLE IN RADIANS ASSOCIATED WITH AN
X AND Y COORDINATE SUCH THAT

-3.14159265 LSTHN ANGLE LSTHN= 3.14159265
LANGUAGE  — FAP FUNCTION (FORTRAN II COMPATIBLE)
EQUIPMENT ~- 709 OR 7090 (MAIN FRAME ONLY)
STORAGE - 29 REGISTERS
SPEED - ABOUT 250 MACHINE CYCLES ON 7090.
AUTHOR - ReA. WIGGINS MARCH 1964
——emUS AGE~——~—

TRANSFER VECTOR CONTAINS ROUTINES ~ (NOT ANY)
AND FORTRAN SYSTEM ROUTINES - ATAN

FORTRAN USAGE
ANGLE = ARCTANF(X,Y)
INPUTS
X IS THE ABSCISSA OF THE POINT

Y IS THE ORDINATE OF THE POINT

OUTPUTS

ANGLE IS THE ANGLE IN RADIANS FROM THE POSITIVE X-AXIS TO THE
POINTe, = ARCTANGENT OF Y/X .

EXAMPLES

1. USAGE - ANGLEL
ANGLE2
ANGLE3
ANGLE4
ANGLES
ANGLE6

ARCTANF 0.
ARCTANF -2.y 1.
ARCTANF Oy 1l
1.
0.

{ =24y

{

(
ARCTANF (1 2.,y

(

{

(

— -

ARCTANF 249
ARCTANF 2.9 =1le)
ANGLE7? ARCTANF 0.y —1la)
ANGLES ARCTANF { =2.4 -1.)
OUTPUTS - ANGLE1l = 3.1416 ANGLE2 = 2.6779 ANGLE3 = 1.5708
ANGLE4 = 0.4636 ANGLES = 0. ANGLE6 =-0.4636
ANGLE7 =-1.5708 ANGLE8 =-2.6779

oo i

[T}

i

PROGRAM FOLLOWS BELOW

XR4 HPR 0
BCI 1, ARCTAN
RCTAN SXD XR4 4
STO X1
TZE A
™1 Al
STz CRRCT
TRA A3
A CLA =1.57079632
TRA Al+]

0091
0001
0002

0003

0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
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*

=3.14159265
A2

CRRCT
20

X1
ADD

X1

$ATAN,4
CRRCT
XR4 ¢4
ls4

» ARCTAN
AR RR AR IR BR RN RN
(PAGE 2)
Al CLA
TQP
SSM
A2 STO
PXD
NZT
TRA
A3 XCA
FDP
XCA
TSX
ADD FAD
LxXD
TRA
CRRCT PLE
X1 PZE
END

PROGRAM LISTINGS

ARG ARA R R EBR SRR RN RRR BN
- ARCTAN *
HEBE BRI RBERREERRER N RN

{PAGE 2)

0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
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. ARG * » ARG .
a2 2 R 2 2 A2 2 2 22 XS 2222222 2 2 3 FEBRRBBRRRRA R AR BTGNS
REFER TO REFER TO

LOCATE LOCATE '“



SRR RRBRRR AR AR R RERNE NN PROGRAM LISTINGS ERAREBBRRARAARBERARER GRS

# _ ASPECT * R ASPECT -
RN SR AR BABR SRR AR RR R AR BRXRERRBRRRRRBEERE SR
* ASPECT {SUBROUTINE) 9/29/64 LAST CARD IN DECK IS NO. 0535
- FAP ) 0001
#=ASPECT 0002

COUNT 560 0003

LBL ASPECT 0004

ENTRY ASPECT (ACORyN,COSTAByMyJMINy JMAXyTYPESPECT,ySPACE, 0005
L4 ISCALE, ERR) 0006
* 0007
- ~=—=ABSTRACT=——— 0008
» 0009
= TITLE - ASPECT 0010
L] FAST COSINE TRANSFORMS OF ONE-SIDED AUTOCORRELATIONS 0011
- 0012
- ASPECT PRODUCES A HI-SPEED POWER— OR ENERGY-DENSITY 0013
- SPECTRUM (OR PORTION THEREOF) FROM AN N-LAG AUTOCORREL- 0014
L ATION FUNCTIONy AC(I) I=0Oylyeee9Ny ACCORDING TO 0015
- 0016
- N 0017
» SP{J) = AC(O) + 2#SUM ( AC(I)=COS{I®Jga(PI/M)) ) 0018
* 1=1 0019
- 0020
- FOR J = JMIN,JMIN+1lyeeeyJMAX 0021
- WHERE 0022
- PI1 = 3.14159265 0023
- NsyMy JMIN AND JMAX ARE INPUT PARAMETERS 0024
- COS(J#(PI/M)) J=0y1lyeeesM IS AN INPUT TABLE 0025
= O LSTHN= JMIN LSTHN JMAX LSTHN= M 0026
L] 0027
* SPEED IS ATTAINED BY 0028
* l. (FOR M LSTHN=N) 0029
* - COLLAPSING AC(1I) INTO THE RANGE O TO 2M 0030
* - SPLITTING THE COLLAPSED 0031
- CORRELATION INTO ODD AND EVEN PARTS AND 0032
* SUBPARTS (ONLY 2 OF THESE 4 ARE USED) 0033
. 2. USING THE HIGH-SPEED LOOPING LOGIC OF SUBROUTINE 0034
L COSP TO PERFORM THE TRANSFORMS OF THE SHORTENED 0035
. PARTS (LENGTH = M/2) 0036
- 0037
- THE AUTOCORRELATION MAY BE FLOATING POINT OR FIXED 0038
» (COMPUTATIDONS SLIGHTLY FASTER FOR FIXED POINT) 0039
- 0040
- 2#M+]1 TEMPORARY REGISTERS ARE NEEDED UNLESS USER IS 0041
» WILLING TO SACRIFICE THE AUTOCORRELATION FOR THIS PURPOSE 0042
- (TEMPORARIES NOT REQUIRED FOR M GRTHN N) 0043
* 0044
« LANGUAGE ~ FAP SUBROUTINE (FORTRAN II COMPATIBLE) 0045
*+ EQUIPMENT - 709 OR 7090 (MAIN FRAME ONLY) 0046
= STORAGE - 278 REGISTERS 0047
» SPEED - FIXED PTy M LSTHN= N = 17#M#(JMAX-JMIN+1) MACH. CYCLES 0048
» FLTGe PTy M LSTHN= N = 19#M#{JMAX-JMIN+1) MACH. CYCLES 0049
- (FOR M GRTHN N SUBSTITUTE 2N FOR M IN ABOVE FORMULAS) 0050
#+ AUTHOR - S.M. SIMPSON JR, OCT, 1961 0051
= 0052
- —===USAGE=~=~ 0053
= 0054
= TRANSFER VECTOR CONTAINS ROUTINES - COLAPS, COSP, DUBLX, DUBLLy 0055
- SPLIT, RVPRTS 0056
* AND FORTRAN SYSTEM ROUTINES - NONE 0057
- 0058
# FORTRAN USAGE 0059
» CALL ASPECT(ACORyNsCOSTAByMyJMIN,IMAX,TYPE,SPECT,SPACE, ISCALE,ERR) 0060
- 0061
» INPUTS 0062
» 0063
» ACOR(I) [=1...N+1 CONTAINS AC(J) J=09lseeerN 0064
» ACOR IS FIXED OR FLTG AS SPECIFIED BY TYPE 0065
* 0066
= N MUST EXCEED ZERD 0067
- 0068
- COSTAB{I) I=leseM+1l CONTAINS COS(J#PI/M) J=0ylyeecesM 0069
* COSTAB IS FIXED OR FLTG AS SPECIFIED BY TYPE 0070
* IF FIXED PT IT IS ASSUMED THAT THE BINARY POINT IS 0071
» BETWEEN THE SIGN BIT AND BIT 1 SO THAT VALUES =+1. AND 0072
* -=le SHOULD BE ENTERED AS OCT 377777777777 AND 0073
= OCT 777777777777 RESPECTIVELY. THE BINARY POINT OF 0074
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- ACOR 1S IMMATERIAL BUT ACCURACY IS GREATER FOR FEWER 0075
* LEADING ZEROES. 0076
- oor7
* M MUST EXCEED ZERO 0078
® 0079
* JMIN DEFINES LOWEST MULTIPLE OF FUNDAMENTAL DESIRED 0080
» MUST BE GRTHN= O AND LSTHN JMAX 0081
» 0082
L] JMAX DEFINES HIGHEST MULTIPLE OF FUNDAMENTAL DESIRED 0083
L3 MUST BE GRTHN JMIN AND LSTHN= M 0084
* 0085
- TYPE = 0.0 SIGNIFIES ACOR AND COSTAB ARE FIXED POINT 0086
* NOT = 0.0 MEANS ACOR AND COSTAB ARE FLTG. POINT 0087
L 0088
* SPACE(I) I=l...2#%*M+1 ~MUST BE AVAILABLE FOR TEMPORARY USE IF 0089
* M IS LSTHN= N. SPACE(T) NOT USED FOR M GRTHN N. 0090
- EQUIVALENCE(SPACE,ACOR) IS PERMITTED (AC(I) WILL BE LOST) 0091
* 0092
+ QUTPUTS 0093
- 0094
* SPECT(I) I=leeeJMAX=JMIN+1 WILL CONTAIN SP(J) J=JMIN...JMAX AS 0095
* DEFINED IN ABSTRACT. (IT IS FIXED OR FLOATING - 0096
* ACCORDING TO TYPE) - 0097
* 0098
L ISCALE IS NOT USED FOR FLOATING POINT DATA - 0099
- IS A SCALE FACTDOR FOR FIXED POINT RESULTS, DETERMINED 0100
* BY ASPECT SO AS TO AVOID OVERFLOW. olo01l
- =0 MEANS BINARY POINT OF SP(J) SAME AS AC(J) 0102
* NOT = O MEANS BINARY POINT OF SP(J) IS ISCALE BITS 0103
» TO THE RIGHT OF BINARY POINT OF AC{J) 0104
* 0105
* ERR = 0.0 NORMAL 0106
- = 1.0 IF NyMyJMIN OR JMAX IS ILLEGAL - 0107
* 0108
*+ EXAMPLES 0109
= 0110
# 1. COMPLETE SPECTRUM, NOT TRYING TO SAVE SPACE, FIXED OR FLODATING 0111
- INPUTS =~ ACOR{leee4) = 2492493094 IACOR{1leee4) = 200,200,300,400 o112
* COSTAB(leee3) = 1.0,0.0,-1.0 N=3 M=2 o113
= COSTBL(14443)=0CT37T77T7777777,000000000000,777F77777777 0l1l4
L JMIN = 0 , JMAX = 2 0115
* USAGE - CALL ASPECT(ACORyN,COSTAB,M,JMIN,IMAX,1.0,4SPECT, o116
* SPACE,DUMMY,ERR1) o117
* CALL ASPECT{IACOR,N,COSTBLyMyJMINy;IMAXy0.yISPECT, 0118
- SPACE, ISCALE, ERR2) 0119
* OUTPUTS - ERR1l = ERR2 = 0. 0120
* SPECT(1.ee3)=2009~4ey~4e ISPECT(1...3)=2000,-400,-400 0121
* ISCALE = O 0122
- 0123
* 2., USE OF SPACE SAVING FEATURE 0124
* INPUTS - SAME AS EXAMPLE 1. 0125
L] USAGE - CALL ASPECT(ACORyNyCOSTABsMy JMINyJIMAXy1.0,SPECT, 0126
* ACOR, DUMMY, ERR) 0127
. CALL ASPECT{IACORyN,COSTBLsMyJMIN¢IMAX,0,0,ISPECT, 0128
* TACOR, ISCALE, ERR) 0129
- OUTPUTS - SAME AS EXAMPLE 1. (BUT ACOR AND IACOR ARE DESTROYED) 0130
L] 0131
# 3, PARTIAL SPECTRUM 0132
* INPUTS - SAME AS EXAMPLE 1. EXCEPT JMIN=1 0133
- USAGE - SAME AS EXAMPLE 1. 0134
- OQUTPUTS - SAME AS EXAMPLE 1. EXCEPT SPECT(l.es2)==4.y-4. 0135
» ISPECT(1l4042)=-400,-400 0136
* 0137
* 4, FINER GRAINED SPECTRUM 4, M GRTHN N , FLTG PT 0138
* INPUTS - SAME AS EXAMPLE 1. EXCEPT : 0139
» COSTAB(1eee5)=1409¢7071190.09s=e707119~1.0 M=4 0140
» USAGE - SAME AS FIRST CALL IN EXAMPLE 1. 0141
* OUTPUTS - ERR=0e SPECT(leee5) = 20e9=eB82844y~4494.828444~4. 0142
- 0143
* 5, FIXED POINT CASE INVOLVING SCALING 0144
- INPUTS - SAME AS EXAMPLE l. EXCEPT IACOR(leee4) = 0145
* 20000,20000,30000,40000 0146
- USAGE - SAME AS SECOND CALL IN EXAMPLE 1. 0147
. DUTPUTS - ERR2=0. ISPECT=100000,-20000,-20000 ISCALE=1 (I.E. 0148
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- ISPECT VALUES SHOULD BE DOUBLED FOR TRUE SCALE) 0149
- 0150
# 6. ERROR EXITS (WITH NO COMPUTATION) 0151
. USAGE - CALL ASPECT(ACORy—~1,COSTABy34043,1.04SPECT,ACOR, 0152
- DUMMY, ERR1) 0153
- CALL ASPECT{ACOR,2,COSTAB,0y04341.09SPECT,ACOR, 0154
- DUMMY , ERR2) 0155
. CALL ASPECT(ACOR,2,COSTABy3,4~14391.0,SPECT,ACOR, 0156
- DUMMY, ERR3) 0157
. CALL ASPECT{ACOR,2,COSTAB,3,094+1.09SPECT,ACOR, 0158
* DUMMY , ERR4) 0159
L CALL ASPECT(ACDRy2yCOSTABy3424241.0,SPECT,ACOR, 0160
- DUMMY 5 ERR5} 0161
. OUTPUTS - ERR1=1. (ILLEGAL N) ERR2=1. (ILLEGAL M) 0162
- ERR3=1. (ILLEGAL JMIN) ERR4=1. (ILLEGAL JMAX) 0163
- ERRS=1. (ILLEGAL JMAX) 0164
* 0165
- 0166
« PROGRAM FOLLOWS BELOW 0167
- NOTATION DIFFERENCES IN PROGRAM NOTES ARE 0168
L] AACC=ACOR 0169
» SCALE=ISCALE 0170
- 0171
HTR 0 0172
BCI 1,ASPECT 0173
ASPECT SXD #-244 0174
SXA LV+1l,.1 0175
SXA LV+2,2 0176
#+MAKE PARTIAL ARGUMENT MAP (CHECKING N,M,JMIN} o177
Al CLA 1y4 AACC o178
STA Tl 0179
CLA» 244 N 0180
™I A2A 0181
TZE A2A 0182
STD T2 0183
CLA 3,4 COSTAB 0184
STA T3 0185
CLA+ 494 M o186
™I A2A 0187
TZE A2A o188
STD T4 0189
CLA# 5¢4 JMIN 0190
TMI A2A 0191
sSTD 15 0192
CLA= 694 JMAX 0193
STD 76 0194
CLA# Tet CONTENTS OF TYPE 0195
STo T7 0196
cLA 8y4 SPECY 0197
STA 8 0198
CLA 94,4 SPACE 0199
STA T9 0200
CLA 10+4 SCALE 0201
STA T10 0202
#CHECK LEGALITIES, JMIN LESS THAN JUMAX LESS THAN OR=M 0203
A2 CLA T6 JMAX 0204
CAS 15 JMIN 0205
TRA A28 OK 0206
NOP NO GOOD 0207
A2A CLA KL1 NO GOOD 0208
STO# 1144 SET ERR INDICATOR 0209
TRA Lv EXIT 0210
A2B CAS T4 M 0211
TRA A2A NO GOOD 0212
NOP oK 0213
STZ#» 1144 0K SET ERR=0.0 0214
«IF OK SET UP CONSTANTS 0215
A3 cLA T4 M 0216
ADD KD1 M+l 0217
STD 715 0218
ADD T4 2M+1 0219
sSTD 716 0220
sus KD1 2M 0221
STD T17. 0222

cLA T2 N 0223
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ADD KD1 N+1 0224

STD T18 0225

cLA 16 JMAX 0226

sus TS5 JMAX=JMIN 0227

ADD KD1 JMAX=JMIN+1 0228

STD 119 0229

CLA T4 M/2 FOR M EVEN 0230

ARS 1 SET P= 0231

STD T14 (M=1)/2 FOR M ODD 0232

«NOW ADDRESSES 0233

A4 CLA 1 AACC 0234

STA A6 0235

STA A7 0236

STA A8 0237

STA A9 0238

STA A23 0239

STA A26 0240

STA A27 0241

STA A28 0242

STA A29 0243

STA A30 0244

STA A31 0245

STA A34 0246

STA A35 0247

STA A37 0248

STA A38 0249

ADD K1 AACC+1 0250

STA All 0251

STA A19 0252

STA A21 0253

CLA 110 SCALE 0254

STA A8 0255

cLA 19 SPACE 0256

STA A24 0257

STA A4 0258

STA A48 0259

STA A%9 0260

STA A50 0261

STA A52 0262

STA A53 0263

STA AsS 0264

STA A56 : 0265

ALS 18 0266

sus 17 SPACE-2M 0267

ARS 18 _ 0268

STA A40 0269

ALS 18 0270

ADD T4 SPACE-M 0271

sus KD1 SPACE-M-1 0272

ARS 18 0273

STA A51 0274

STA A558 0275

CLA 19 SPACE 0276

ALS 18 0277

sus T14 SPACE-P 0278

sus KD1 SPACE-P-1 0279

ARS 18 0280

STA AS4 0281

STA ASSA 0282

STA AS7 0283

CLA 3 COSTAB 0284

STA A32 0285

STA A58 ~ 0286

CLA 8 SPECT 0287

STA A33 0288

STA A36 0289

STA A39 : 0290

STA A59 0291

«WHEN ALL SET UP BEGIN BY DIVIDING AUTOCOR OF ZERO BY 2 0292

AS  ZET 17 T7=CONTENTS OF TYPE 0293

TRA A8 0294

*F IXED 0295

A6 CLA . ({##=AACC) 0296

ARS 1 0297

A7 STO LA (#%=AACC) 0298
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TRA Al0 0299
#*FLOATING 0300
A8 CLA [ 1] { #==AACC) 0301
FDP KL2 0302
A9 STQ e (#==AACC) 0303
TRA A22 AVOID SCALING CHECK 0304
#IF DATA IS FIXED POINT DECIDE IF IT NEEDS DOWN-SCALING 0305
#T0 PREVENT OVERFLOW IN THE COSINE TRANSFORM, IT WILL BE 0306
#«DOWN SCALED IF TWICE THE SUM OF THE MAGNITUDES OF THE 0307
#CORRELATION CFROM LAG O TO N) OVERFLOWS. 0308
#MARK SUMMATION 0309
Al10 STZ SUMHI 0310
TOovV #+1 0311
CLA KO 0312
LXD T18,4 T18=PZE 0y0yN¢1 0313
All ADM eyl {##=AACC+1) 0314
ToV Al3 0315
Al2 TIX All,44,1 0316
TRA Al4 0317
#ADD L TO SUMHI FOR EACH OVERFLOW, AND GO BACK 0318
Al3 XCA 0319
CLA K1 0320
ADD SUMHI 0321
STO SUMHI 0322
XCA 0323
TRA Al2 0324
#*WHEN DONE CHECK IF SUMHI ZERO 0325
Al4  ZET SUMHI 0326
TRA Alé6 THERE WAS OVERFLOW 0327
#FOR SUMHI ZERO CHECK BIT1 OF SUM IN AC 0328
ALS 1 0329
TOoV AlS YES 0330
CLA KO NO SEALING NEEDED 0331
TRA Al7 0332
#IF BIT 1 IS 1 WE NEED TO SCALE DATA DOWN 1 BIT 0333
Al15 CLA K1 0334
TRA AlT 0335
#«IF OVERFLOW IN SUMHI WE NEED TO SCALE DOWN BY C{SUMHI)+1 0336
Al6 CLA SUMHI 0337
ADD K1 0338
#SET SCALE CONSTANT AND THEN DO IT (UNLESS SCALE IS ZERO) 0339
Al7 STA A20 0340
ALS 18 0341
Al18 STO e {(#e=SCALE) 0342
TZE A22 0343
#SCALE DOWN 0344
LXD Ti8,4 T18=PZE 0,0,N+1 0345
Al19 CLA wn,4 (#==AACC+1) 0346
A20 ARS L4 (#2x=SCALE CONSTANT) 0347
A21 STO o4 (##=AACC+1) 0348
TIX Al1944,1 0349
#CHECK IF COLLAPSING IS VALID (ONLY FOR M LESS THAN OR =N) 0350
A22 CLA T4 T4=PZE 0,0,M 0351
CAS T2 T2=PZE 0404N 0352
TRA cspP2 NOT VALID 0353
NOP VALID 0354
#]F VALID GO DO IT (NOTE COLAPS FILLS IN ZEROS IF N LESS THAN 2M) 0355
CLPS TSX $COLAPS,4 0356
A23 TSX e (#«=AACC) 0357
TSX T18 T18=PZE 0y0yN+1 0358
TSX 17 TT7=CONTENTS OF TYPE 0359
A24 TSX e (##=SPACE) 0360
TSX T17 T17=PLE 0,0,2M 0361
#«THEN RESTORE THE AUTOCOR OF ZERO LAG TO ITS ORIGINAL VALUE 0362
#UNLESS THE USER HAD US COLLAPSE IT ON TOP OF ITSELF (SPACE=AACC) 0363
A25 CtLA Tl T1=PZE AACC 0364
CAS T9 T9=PZE SPACE 0365
TRA 42 OK TO RESTORE 0366
TRA A40 AVOID RESTORING AC(O) 0367
#+RESTORE FIXED OR FLOATING 0368
ZET T7 T7=CONTENTS OF TYPE 0369
TRA A28 FLOATING 0370
*FIXED 0371
A26 CLA L2 (##=AACC) 0372
ALS 1 0373
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A27 STO [22 (##=AACC) 0374
TRA A40 0375
#*FLOATING 0376
A28 LDQ e (»==AACC) 0377
FMP KL2 0378
A29 STO e ( #==AACC) 0379
TRA A40O 0380
#IF COLLAPSING IS NOT VALID COMPUTE SPECTRUM DIRECTLY FROM 0381
#AACC, THEN DOUBLE THE SPECTRUM, RESTORE AC{0) AND EXIT 0382
# (DONT WORRY ABOUT AC(0) SINCE SPACE WAS NOT USED) 0383
cSP2 TSX $COSP,4 0384
A30 TSX s ( ##=AACC) 0385
A3l TSX e {##=AACC) 0386
TSX T2 T2=PZE 0,04N 0387
A32 TSX . (=#=COSTAB) 0388
TSX T4 T4=PZE 0,04M 0389
TSX 75 T5=PZE 0,04 JMIN 0390
TSX T6 T6=PZE 0,04y JMAX 0391
TSX 17 T7=CONTENTS OF TYPE 0392
A33 TSX L2 { #2=SPECT) 0393
*FIXED OR FLOATING 0394
ZET T7 0395
TRA A37 FLOATING 0396
#FIXED 0397
A34 CLA e {«#=AACC) 0398
ALS 1 0399
A35 STO e { »#=AACC) 0400
DBX1 TSX DUBLX,4 0401
A36 TSX - (##=SPECT) 0402
TSX T19 T19=JMAX=-JMIN+1 0403
TRA Lv GO EXIT 0404
#FLOATING 0405
A37 LDQ L4 {==#=AACC) 0406
FMp KL2 0407
A38 STO Lad (##=AACC) 0408
DBL1 TSX DUBLL 4 0409
A39 TSX L1 (#==SPECT) 0410
TSX T19 T19=JMAX=JMIN+1 0411
TRA Lv GO EXIT 0412
«[F COLLAPSING WAS PERFORMED 0413
#THEN END-POINT ADJUST THE COLLAPSED CORRELATION AND DOUBLE IT 0414
A40 STZ (2 {##=SPACE-2M) 0415
ZET 17 T7=CONTENTS OF TYPE 0416
TRA DBL2 0417
#FIXED POINT 0418
DBX2 TSX $DUBLX ¢4 0419
A44  TSX [32 (##=SPACE) 0420
TSX Tlé6 T16=PZE 0,0y2M+1 0421
TRA SPLT1 0422
#*FLOATING POINT 0423
DBL2 TSX $DUBLL,4 0424
A48 TSX (22 (#==SPACE) 0425
TSX T16 T16=PZE 0,0,2M+1 0426
#«NOW SPLIT THE ADJUSTED COLLAPSED AUTOCORRELATION ON TOP OF ITSELF 0427
SPLTL TSX $SPLIT,4 0428
A49  TSX e (#=+=SPACE) 0429
TSX Tlé6 T16=PZE 040,2M+1 0430
TSX 17 T7=CONTENTS OF TYPE 0431
A50 TSX (2] (##=SPACE) 0432
A51 TSX (2 (#+=SPACE-M-1) 0433
#NOW RESPLIT THE SYMMETRIC PART ON TOP OF ITSELF 0434
SPLT2 TSX $SPLIT»4 0435
A52 TSX (23 (##=SPACE) 0436
TSX T15 T15=PZE 0,0,M+1 0437
TSX T7 T7=CONTENTS OF TYPE 0438
A53 TSX e (#=#=SPACE) 0439
AS54 TSX L33 (##=SPACE~-P-1) 0440
#REVERSE THE RESPLIT PARTS AND SET AS{P)=0 FOR COSP 0441
REV TSX $RVPRTS, 4 0442
ASS5 TSX (2] (#2=SPACE) 0443
ASSA TSX e (*#=SPACE-P-1) 0444
TSX T15 (T15=PZFE 0,0,M+1) 0445
AS558 STZ e (##=SPACE~M-1) 0446
«NOW COMPUTE SPECTRUM FROM THE RESPLIT PARTS 0447
CSP1  TSX $COSP,4 0448
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A56 TSX L {##=SPACE)
AS5T TSX L] { ##=SPACE-P-1)
TSX Tl4 T14=PZE 0,0,P
A58 TSX s {##=COSTAB)
TSX T4 T4=PZE 0404M
TSX 15 T5=PZE 0,0,JMIN
TSX T6 T6=PZE 0,0, JMAX
TSX 17 T7=CONTENTS OF TYPE
A59 TSX . (#+=SPECT)
#FINAL EXIT
Lv LXD ASPECT-2,4
AXT #y] (##=XR1)
AXT *wy2 (=2=XR2)
TRA 1244
*TEMPORARIES, ETC
#INPUT ARGUMENTS
11 PZE e (##=AACC)
T2 PZE 090yne (#a=N)
13 PZE .- (##=COSTAB)
T4 PZE Os0pnw (na=M)
15 PZE 040,y % (#==JMIN)
T6 PZE 0s0,y 2 (= #=JMAX)
17 PZE L2 (##=CONTENTS OF TYPE=0.0(FXD)=1.0{FLTG))
T8 PZE e (##=SPECT)
19 PZE e (##=SPACE)
T10 PZE e (##=SCALE)
Tl4 PZE 0e0yn» (##=P FOR COSP=M/2 OR (M-1)/2)
T15 PZE 090y (##=M+1 FOR REV, SPLT2,)
Tl6 PZE 090y #= (##=SM+1 FOR SPLT2, DUBLX, DUBLL,)
T17 PIZE O9Oyns (##=2M FOR CLPS)
T18 PZE 090 %% (##=N+1 FOR CLPS, SCALING,)
T19 PZE 090y s (##=JMAX-JMIN+1)
SUMHI PZE L2 OVERFLOW REG FOR COR. MAGN. SUM
KO PZE 0
K1l PZE 1
KD1 PZE 0+0,1
KLl DEC 1.0
KL2 DEC 2.0
-
*
#USE OF SPACE WHEN M IS EVEN (P=M/2)
*
* AFTER AFTER END AFTER AFTER AFTER
* COLAPS POINT ADJUST FIRST SECOND RVPRTS
- AND DuUBL SPLIT SPLIT AND END
- POINT SET
* =2M BLANK 0.0 Al(M)
* —-2M BLANK 0.0 AL(M) (SAME
#-2M+1 XC(2M-1) 2XC(2M-1) BUT
- THESE
* ETC NOT
* Al1(2) USED)
*=M-1 Al(L) Al(1) 0.0=AS(P)
* -M XC{M) 2XC (M) S1(M) A2(P) A2{1)=AS{P-1)
+ ETC
* -pP-1 S1(P+1) A2(1) A2(P)=AS(0)
L XC(P) 2XC(P) S1(pP) s2{pP) $2(0)=S5(P)
#ETC
» -1 XC(1) 2XC(1) S1(1) s2(1) S2{P-13=SS(1)
#SPACE XC{0) 2XC(0) S1(0) $2(0) $2{P)=SS(0)
*
#THUS WHEN M EVEN RSS = SPACE, RAS = SPACE-P-1
*
*
#USE OF SPACE WHEN M IS 0ODD (Q=(M#1)/2, P=(M-1)/2=Q-1)
®*
* AFTER AFTER END AFTER AFTER AFTER
* COLAPS POINT ADJUST FIRST SECOND RVPRTS
- AND DUBL SPLIT SPLIT AND END
» POINT SET
® =2M BLANK 0.0 Al(M)
#-2M+1 XC(2M-1) 2XC(2M-1) Al(M-1
* SAME SAME
*ETC
#=M=-1 AL(1) Al(1) 0.0=NOT USED

(PAGE 7)

0449
0450
0451
0452
0453
0454
0455
0456
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466
0467
0468
0469
0470
0471
0472
0473
0474
0475
0476
0477
0478
0479
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490
0491
0492
0493
0494
0495
0496
0497
0498
0499
0500
0501
0502
0503
0504
0505
0506
0507
0508
0509
0510
0511
0512
0513
0514
0515
0516
0517
0518
0519
0520
0521
0522
0523
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* -M XC (M) 2XC(M) S1{M) A2(Q) A2(1)=AS{(P) 0524
#=M+1 XC (M-1) 0525
=ETC 0526
* A2(2) A2{Q-1)=AS(1) 0527
*+=Q(=-P+1) A2(1) A2(Q)=AS{0) 0528
#-Q+1{=-P) $2(Q) §2(1)=SS(P) 0529
*ETC 0530
LA § XC{1) 2XC(1) si(1) $2(2) $2(Q-1)=5S(1) 0531
#*SPACE XC(0) 2XC(0) s1t(0) s2(1) $2(Q)=SS(0) 0532
#THUS WHEN M 0DD RSS = SPACE, RAS = SPACE-P-1 0533
L 0534

END 0535
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L2222 222222 2222222222222

ASPEC2 { SUBROUTINE) 3/15/65 LAST CARD IN DECK IS NO. 0205

FAP

#ASPEC2

LI B BB B BERE BN CRE BN BECRE NECRE NN K N BN BN N RE NN BE RE N B R B NN RN NE BE BN NE NE N R B BE BE N BE NE BE BE BN IR BE BN RN BE BN BN B BN B EE BN BN BN BN BN BN BN AN )

COUNT
LBL
ENTRY

0001

0002

250 0003
ASPEC2 0004
ASPEC2 (ACORy MXLAG, FREQLO, FRQDEL, NFREQS, IERRLO, 0005
SPECT, IANS) 0006

0007

====ABSTRACT~=-- 0008

0009

TITLE - ASPEC2 0010
AUTOSPECTRUM BY COSINE TRANSFORM OF AUTOCORRELATION 0011

0012

ASPEC2 COMPUTES THE COSINE TRANSFORM VALUES 0013
0014

MXLAG 0015

SPECT(J) = AC(O) + 2 = SUM AC(I)*COS(W(J)*I) 0016
I=1 0017

oois

FOR J = 1325...9NFREQS 0019
0020

WHERE 0021
W{J) = FREQLO + (J-1)#FRQDEL, AND 0022
AC(I)s MXLAG, FREQLO, FRQDEL, AND NFREQS ARE INPUTS 0023

0024

THE COMPUTATIONS ARE SPEEDED UP BY THE USE OF SUBROUTINE 0025
SEQSAC AND FUNCTION NEXCOS TO GENERATE COSINE VALUES. 0026
WHILE THREE OR FOUR TIMES SLOWER THAN SUBROUTINE ASPECT, 0027

THE COMPUTATIONS HERE REQUIRE NO TEMPORARIES. 0028

0029

LANGUAGE - FAP SUBROUTINE (FORTRAN-II COMPATIBLE) 0030
EQUIPMENT - 709,7090,7094 (MAIN FRAME ONLY) 0031
STORAGE = 74 REGISTERS 0032
SPEED - ON THE 7090 ASPEC2 TAKES ABOUT 0033
100 + 118#NFREQS + 140#NFREQS#(MXLAG+1) MACHINE CYCLES 0034

WHERE NFREQS AND MXLAG ARE DEFINED ABOVE 0035

AUTHOR = SeM. SIMPSON, JUNE 1964 0036
0037

0038

~===USAGE=-~-- 0039

0040

TRANSFER VECTOR CONTAINS ROUTINES - SEQSAC, NEXCOS 00