































































































pride in a wonderful new tool that only we fully appre-
ciated, pride in a new skill, pride in a new profession and
new associations. We knew how to steal a march on the
logical designers; if they left out floating point or longi-
tudinal tape check sums, we put them back in. We drew
up lists of special characters that printers had to print.
At universities, tantalized by cutrate equipment and
itching to influence a field the math department refused
to recognize, we invented new programming languages —
and new human dialects in which to describe them! In
dozens of mature open shops, bored with teaching John
Backus’ FORTRAN, we began writing our own “im-
proved” versions. And in the manufacturers’ own soft-
ware groups, urgent salesmen egged us on to wilder and
wilder promises. Maddened by the scent of the saguaro
blossoms, one of our colleagues has even volunteered to
combine COBOL, ALGOL, and a lusty report generator
and cram the result into the sullen cores of his starveling.
Another Lost Dutchman!

Pride shades easily into purism, the sin of the mathe-
matician. To be the leading authority, indeed the only
authority, on ALGOL 61B mod 12, the version that per-
mits black letter as well as Hebrew superscripts, is a
satisfying thing indeed, and many of us have constructed
comfortable private universes to explore. The only solu-
tion I know is to strap a full set of Whitehead and Russell
(not paperback) around the poor culprit’s neck and top-
ple him gently into ten feet of distilled water!

And in the other direction, there is commercialism. The
COBOL announcements reek of it. If the hardware
doesn’t get too good a reception, promise the: prospects
a glamorous software package; as the White Queen said,
“The rule is, jam tomorrow and jam yesterday — but
never jam today.” The consulting companies are hungry,
and promise instant LP and condensed COBOL at pain-
less prices. “You look a little shy: let me introduce you
to that leg of mutton,” said the Red Queen. Not all of
these remote-control ventures have prospered, but as the
Queen pointed out, “It isn’t etiquette to cut anyone you've
been introduced to.”

And finally there is ignorance: the hallucinatory op-
timism of the novice customer; the determined benighted-
ness of the vice president who allots $40 million to engi-
neering, manufacturing, and sales but skimps on soft-
ware; the lack of acquaintance with a major new tool
that leads top management in a user company to assume
that programming costs are minimized by an open shop,
where instead they are increased, but hidden.

As you’ve probably guessed by now, I'm against pride,
purism, commercialism, ignorance, and lots of other
things. So what’s to be done. First, no more of these gi-
gantic cooperative projects: no more COBOL, no more
ALGOL. Second, system manufacturers should guarantee
delivery dates for clearly specified software packages,
along with hardware, ‘with heavy financial penalties for
failure to meet schedules. Third, manufacturers should
not on the one hand set up straw man users groups in
advance of anything worth exchanging, nor on the other
hand be doormats for SHARE manipulation.

A few footnotes to these imperatives: I would not limit
ad hoc association of two or three neighboring installa-
tions, but the PACT thing was already too large; to go
interdisciplinary, intermachine, and international in one
swell foop is just laughable. A minimum software pack-
age should contain a powerful assembler/compiler, con-
version and other I/O routines —as the White Queen
asked, “What’s one and one and one and one and one and
oue and one and one and one and one?” Some sorting
and report-generating routines, a few basic mathematical
functions, and a set of diagnostics for the console spe-
cialist: that’s about it. For giant machines of the future,

July 1961

executive routines will be vital; since we don’t know
much about writing such toughies, or even about specify-
ing them, we shouldn’t expect guaranteed delivery for
this generation of machines.

Another caveat: recruits for programming systems
groups should have had “working” computer experience.
Too often bright youngsters are taken from college right
into Aunt Grace’s boudoir, and attempt chunks of
COBOL, tackle self-compiling compilers, argue learnedly
about standards, and even rise to supervisory and man-
agement jobs without ever sharing in the day-to-day
operation of a data processing or computing installation.
Experienced programmers should be interchanged be-
tween customer support, programming aids, and engi-
neering (diagnostic and simulation) units. It’s good for
the manufacturer, and good for the individual. Inciden-
tally, this is easier if geographical relocation is not re-
quired; a few miles between software and hardware boys
is healthy, but a hundred is too much.

User groups should exchange brief descriptions of ap-
plications and techniques, not the programs themselves.
The effort of standardization and documentation is
mighty seldom warranted; if one outfit hits the jackpot
and everybody wants the word, a full writeup in fairly
standard language (the latter should be high to discour-
age the usual completist tendency among program li-
brarians). Meetings should be primarily social; if at the
factory, there may be a few factual presentations by the
sponsor, but no padding; attendance should be very
strictly limited, say to one manager and one technician
per installation.

For a fourth major suggestion, let’s put the standards
effort on a clearly understood footing immediately. There
are major competitive efforts under way with IFIPS,
AFIPS (ex-]JCC), NOMA/ASA, OEMI, ABA and other
auspices. I'm not so much worried about the battle of
Bright and Bemer as I am about the way the field, and
especially its hardware aspects, is pulling away from us.
As the Red Queen put it, “It takes all the running you
can do, to keep in the same place. If you want to get
somewhere else, you must run at least twice as fast as
that!”

And for my fifth and last suggestion: every major soft-
ware group should have a properly proportioned R/D
effort. Tt should if at all possible, be out in the open, bud-
geted for, not bootlegged. At a computer manufacturer,
it may involve better diagnostics, a more sophisticated
assembler, logical simulation generators. At a very large
user, where heavy operating experience is available, it
may be executive routines. At ordinary user installations,
it may well have to be tied to the subject matter of the -
shop: the next machine, a difficult future application.
Even here, though a little experimentation with non-
paying areas is justifiable: some game playing, music
composition if there’s a counterpoint man in the house,
an experiment in information retrieval with the library,
trials in character recognition. University groups should
find this especially easy, except perhaps for the financial
support; unless they have a major project like APT, they
should not monkey with programming aids. Why do un-
sponsored development work for a manufacturer? And
why compete for sponsorship with Fletch and Elmer,
who are much better salesmen? IT’s undignified!

We're on a plateau because we have lost sight of the
original goal — to see more deeply into nature, to oper-
ate business more efficiently, to facilitate the interactions
of human beings. Too much time has been spent in polish-

- ing, arranging and admiring our tools; not enough in

tackling new projects. If we can change that, as the
Red Queen promised, “In the Eighth Square we shall be
Queens together, and it’s all feasting and fun!”

33



over 2,500 expected to attend

ACM CONFERENCE
AND EXHIB'T SEPT. 5-8, LOS ANGELES

Sixty-one exhibit booths have been reserved by 35
companies for the 1961 ACM National Confer-
&= ence to be held September 5-8 at the Statler-Hilton
Hotel, Los Angeles.

Three special panel sessions have been scheduled for
3:15 p.m. on the opening day, September 5. “University
Education in the Computer Era” is the title of one session,
with George Forsythe of Stanford University, acting as
chairman. JUG — sponsored discussion of “Operating Sys-
tems for Large Scale Computers” is the second of the three
sessions. Frank Engel of Westinghouse Electric Co. will
be chairman of this session.

The third of the three sessions is “Numerical Control of
Machines.” S. M. Matza of IBM will be chairman.

The exhibit, titled the International Data Processing Ex-
hibit, marks the first showing of hardware, components and
EDP systems ever held in conjunction with an ACM con-
ference.

Computers and data processors, components, paper tape
equipment, output -devices, communications equipment,
data gathering and preparation devices, and peripheral
equipment will all be displayed.

Also included among the exhibitors will be the services
offered by C-E-I-R, Inc., Idaho Maryland, Service Bureau
Corp., and System Development Corp.

Over 2,500 registrants are anticipated to attend the ex-
hibits and 18 technical sessions of -contributed papers and
10 sessions of invited papers. The contributed papers will
include those on numerical analysis and mathematical ap-
plications, business data processing and business languages,
computer engineering and systems, translators, compilers
and artificial languages.

The invited papers are highlighted by “Mechanization

of Science” by R. W. Hamming. of Bell Telephone Lab- .

oratories, September 6th at 10:35 a.m. in the Pacific
Room; “Mathematical Experimentation and Biomedical Re-
search” by Richard Bellman of The Rand Corp., September
6th at 2:40 p.m. in the Pacific Room; and “Is Artificial In-
telligence Just Around the Corner?” by E. S. Moore of the
Bell Telephone Laboratories, September 7th, at 2:40 p.m.
in the Golden State Room.

The technical program’s opening session is scheduled
for 2 p.m. on Tuesday, September 5. The opening remarks
will be presented by B. F. Handy, Jr., general chairman
of the national conference and chairman of the Los An-
geles chapter of ACM.

Following Handy’s remarks, H. D. Huskey of the Uni-
versity of California will give the presidential address. This
will conclude activities for the opening session.

The following day, Wednesday, September 6, will fea-
ture the beginning of the regular technical sessions. In-
cluded among the topics will be “Learning and’ Automata,”
“The General Problem of Computing Language,” “For-
getting in an Associative Memory,” “Compiler Structure
Theory,” and “Stored Logic Computing.”

Informal “halls of discussion,” pre-scheduled and im-
promtu, will also be included in the program. Those sched-
uled at present, include business data processing mathe-
matical programming and programming training.
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Bound preprints containing four-page summaries of all
papers will be available at time of registration.

Field trips scheduled for conference attendees -will in-
clude tours of The National Cash Register Company and
Bendix Computer Division. The trips will be scheduled in
late afternoon so that actual manufacturing processes may
be observed. Two other ‘tours are planned to computer
user sites,

A block of rooms has been set aside in the name of the
conference at the Statler-Hilton Hotel. Reservations should
be made directly with the hotel. Additional space has been
reserved on the UCLA campus. Chartered buses will be
provided for registrants between the campus and the hotel.

A list of the exhibitors, as of June 25, includes Address-
ograph-Multigraph Corp., Ampex Computer Products Co.,
Bendix Computer Division, Burroughs Corp., California
Computer Products, C-E-I-R, Inc., Clary Corp., Computer
Control Co., Control Data Corp., Dashew Business
Machines, Inc., DATAMATION, Datanamics, Inc., Digital
Equipment Corp., The Digitran Co., EDP Weekly, Fer-
ranti Electric Inc., and General Dynamics/Electronics.

Idaho Maryland Industries Inc., International Business
Machines, Inc., Librascope Division, General Precision,
Inc., Magnavox Research Laboratories, The National Cash
Register Co., The Pacific Telephone and Telegraph Co.,
Philco Corp., Recordak Corp., Service Bureau Corp., Soro-
ban Engineering, Inc., Space Technology Laboratories,

Inc., System Development Corp., Teletype Corp., and Up-

time Corp.

Members of the steering commitiee discuss plans for
the 16th national conference of the ACM. Left to
right: James Tupac (Rand Corp.), treasurer; John A.
Postley (Electrada Corp.), vice chairman; Benjamin
F. Handy, Jr. (Litton Systems), general chairman;
Sherman Klein (Hughes Aircraft), secretary; and J.
Don Madden (System Development Corp.), advisory
committee.
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COMPUTER SIMULATION OF HUMAN
THINKING AND PROBLEM SOLVING

By HERBERT A. SIMON, Carnegie Institute of Technology,

and ALLEN NEWELL, The Rand Corporation
PART TWO: Conclusion

There are many human activities to which we
would apply the term “thinking” but not the term

“problem solving.” There are also many activities
we would usually call “learning” rather than “thinking.”
We would ordinarily call a child’s acquisition of speech,
“learning.” We propose to consider the acquisition of
speech as an example of human cognitive activity that is, at
something of an opposite pole from the rather highly ver-
balized, somewhat conscious, practiced problem solving of

an intelligent and educated adult. We can then judge

whether the processes at these two poles are quite different
or basically the same. ,

Speech acquisition has been about as well studied as
any non-laboratory complex human activity, and from our
review of the literature, we judge that there is general con-
sensus about the particular facts we shall use.? If we are
wrong in that assumption or in our interpretations of the
facts, Professor Miller is one of the best-equipped men in
the country to put us straight.
central representations
We consider an infant who has already learned the names
of a few objects —as evidenced by the fact that he can
point to them or fetch them when they are named by an
adult — but who has not yet pronounced their names. From
his behavior, we can infer that when the child perceives
the spoken word “ball,” his perception has some kind of in-
ternal representation in the brain that permits it to be as-
sociated, through previous experience, with some internal
representation of a visually perceived ball.

To say the word “ball,” the child must, in addition, store
some kind of program capable of energizing, through motor
(efferent) channels, the muscles involved in speech produc-
tion — in the production of the specific phonemes of that
word. Let us call the “whatever-it-is” in the central nervous
system that represents internally a perceived sensory stim-
ulus an afferent or perceptual symbol. Let us call the
“whatever-it-is” that represents the program for initiating
the motor signals an efferent or motor symbol.

Learning to speak, in this formulation, means acquiring
the motor symbols that correspond to perceptual (auditory)
symbols of words already known, and associating the for-
mer with the latter, Now the difficulty is that there is no
way in which the corresponding perceptual and motor sym-
bols can “resemble” each other — can symbolize the ap-
propriateness of their association by resemblance. The cor-
respondence is purely arbitrary.’® The infant is faced (if he
only knew it!) with the immense inductive task of discover-
ing which motor symbols will cause speech production that,
when he hears it, will produée, in turn, an appropriate
auditory symbol to be perceived and recognized. And the
task appears at first blush to have little structure that would
permit it to be approached with some less arduous tech-
nique than trial-and-error search. :

There is ample evidence that much trial-and error search
is indeed required before the infant acquires the skill of
speaking. The child imitates the adults around him, and he
imitates himself (echoic speech). Gradually, over many
months, he acquires the motor symbols that enable him to
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produce sounds which he hears as the expected auditory
symbols. In the early stages; the child’s acquisition of a
speaking vocabulary appears to be paced by the task of de-
veloping the new motor symbols. At later stages, he is able
to produce a word relatively easily once he has learned to
recognize the corresponding auditory symbol.
factorization

A little reflection will persuade us that something more
than trial and error is involved. If that were all, the three
hundredth word would be no easier to pronounce than the
first. The child learns to learn. In what does this consist?

Although the motor symbol cannot be compared with
the perceptual symbol, the correct perceptual symbol for a
word can be compared, through imitation, with the per-
ceptual symbol produced by the attempt to pronounce the
word. If these are different, modification of the motor sym-
bol can be attempted until an auditory symbol resembling
the correct one is perceived.

Thus far we have been assuming that the units in terms
of which these transactions take place are words. But there
is no reason for this assumption — the child might well at-
tend to particular syllables, phonemes, or even components
of phonemes. The auditory symbols for words can be com-
pound symbols or expressions — strings of phonemes, each
phoneme itself encoded in terms of its component frequen-
cies and other characteristics. It is even more plausible to
suppose that the motor symbols would be constructed from
smaller units, for each word involves a temporal succession
of syHables, each syllable a temporal succession of pho-
nemes, and each phoneme a whole set of signals to the
several muscles involved in that part of the speech act. Thus,
one of the many components of the motor symbol for the
spoken word “dog” might be the signal that pushes the
tongue against the palate in the initial “d” phoneme of
this one-syllable word.
the learning process
There is considerable evidence today that this picture of
the processes of word-recognition and word-production is
correct, at least in broad outline. Many of the components
involved in both auditory and motor symbols have been
tentatively identified, and there is good experimental evi-
dence for some of them." But what does the picture, if
true, contribute to our understanding of the child’s acqui-
sition of speech?

It means that the inductive learning need not be blind
inductive learning — attempting to associate by pure trial
and error each of a large number of words with an appro-
priate motor symbol chosen from the myriad of producible
sequences of speech sounds. On the contrary, to the extent
that specific factors in the auditory symbol vary with spe-
cific factors in the motor symbol (e.g., as one of the for-
mat frequencies in vowel sounds varies with the size of
the resonating mouth cavity), the search for the correct
symbol can be very much restricted. Components can be
corrected on a one-at-a-time basis. For example, the child
trying to pronounce “dog” can at one time, attend to the
correctness of the vowel, at another time to the correctness
of the initial consonant, or even to the aspect of the initial

35



consonant associated with tongue position.

Thus, the hypothesis of factorization is supported both
by experimental evidence that it does take place, and by
theoretical reasons why it “should” take place — why
speech acquisition would be very much ecasier with it than
without it. Trial-and-error acquisition of words without
factorization would require a search, in each instance, for
the correct motor symbol from among tens of thousands
of possible symbols. Trial-and-error acquisition of phonemes
would require a search from among only a few hundred
phonemes (much fewer are actually used, of course, in any
single dialect). Trial-and-error search among phoneme
components would be even more restricted — there are, for
example, probably only a half dozen distinguishable tongue
positions. Thus, by factorization of the total space of pos-
sibilities, a very limited trial-and-error search of the factors
can be substituted for an immense search of the product
space. Moreover, once the child has acquired motor sym-
bols corresponding to the common phonemes, acquisition
of new words (new combinations of these same phonemes)
could be very rapid.
summary: the child’s acquisition of speech
Let us now summarize our description, partly factual, part-
ly hypothetical, of the speech acquisition process. The child
acquires perceptual auditory symbols corresponding to
words he has heard and has associated with visual symbols.
He tries, on a trial-and-error basis, to produce words, hears
his productions, and compares thesc auditory symbols with
those already stored. When he detects differences, he varies
the motor symbol to try to remove them. As he learns, he
detects that changes in certain components of the motor
symbols alter only certain components of the auditory sym-
bols. Thus he is able to factor the correction process and
thereby accelerate it greatly.
acquisition of speech by GPS
Now it is very easy, with a few changes in vocabulary, to
translate this whole description back in terms of GPS.
When the translation has been made, we shall see that the
processes just described are the methods of GPS.

Let us, in this translation, call the auditory svimbols ob-

jects. We assume that there exist central processes that
modify motor symbols — that change one or more of their
components. We will call these processes operators. A
change in a motor symbol will, in turn, change the audi-
tory symbol that is perceived when that motor symbol pro-
duces a sound.
_ The child detects differences between the object he has
produced (i.e., his perception of the sound) and the correct
object (his perception of the sound when produced by
adults). He applies operators to the motor symbol to modify
the sounds he produces, hence the object perceived; and
he compares the latter again with the correct object. This
search process continues until he can reproduce the per-
ceived object. ‘

But this does not account for the factorization, which we
have argued is so crucial to the efficiency of the learning
process. How will GPS learn (1) which differences in ob-
jects are associated with which operators upon the motor
svmbols, and (2) how to factor objects and operators? Al-
though the answers to these questions are far from certain,
a scheme we have proposed elsewhere would enable GPS
to handle these tasks also.? We will sketch it briefly:

1. Given a set of differences and a set of operators, GPS
can, with modest amounts of trial and error, detect which

“ operators are relevant to producing or eliminating which
differences. To take a crude, but simple, example: it takes
relatively little trial and error to discover what differences
in the perceived sound are associated with changes in the
rounding of the lips while producing a vowel. The factor-
ization has already largely been carried out by nature, so
to speak, because changes in only a few aspects of the
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motor signal will change only a few aspects of the percep-
tual symbol.

2. The GPS processes can themselves be employed to
discover inductively a “good” factorization —a “good” set
of differences. To do this, GPS must be supplied with some
very general criteria as to what constitutes such a good set.
The criteria would be of the following sorts:

a. Only one or a few operators should be relevant
to each difference (so that, given a difference, an
appropriate operator can be found without too
much search). )

b. Only one or a few differences should be asso-
ciated with each operator (so that the sounds
produced can be varied factor by factor).

and a few others of the same general kind.

With such a set of criteria provided, finding a good set
of differences simply becomes another kind of problem to
which GPS can apply its problem-solving methods. What
are the objects, differences, and operators in terms of which
this new kind of problem is formulated? To avoid unneces-
sary confusion, we will capitalize the terms OBJECTS,
DIFFERENCES, and OPERATORS in speaking of the new
problem context in order to distinguish them from the ob-
jects (perceptual symbols), differences, and operators
(changes in motor symbols) involved in the original task
of acquiring speech.

The OBJECTS for the new problem-solving task are the
sets of differences in the original task environment. The
new DIFFERENCES designate to what extent particular
se*s of differences meet the criteria we have just listed.
OPERATORS are processes for altering the set of differ-
ences under consideration by deleting differences from the
set, adding differences, or generating new differences for
possible inclusion. GPS then tests in what respects particular
OBJECTS (sets of differences) are DIFFERENT from the
desired OBJECT <(as indicated by the criteria). It secks to
remove these DIFFERENCES (modify the set of differ-
ences) by applying OPERATORS (by adding, subtracting,
or modifying differences).

Since this scheme has not been realized on a computer,
we cannot tell how effective GPS would be in handling it.
All we can say is that it is a problem whose solution can
be attempted with the means at the disposal of GPS.

A due respect for parsimony would suggest, then, that in-
stead of postulating quite different processes for the acqui-
sition of such skills as speaking from those postulated for
adult problem solving, we embrace tentatively the hypo-
thesis that the processes are in fact the same — that the
General Problem Solver provides a description of both
processes. This hypothesis would provide a sharp focus for
empirical research into the early speech behavior of the
child. ,
the state-process dichotomy
Let us accept this hvpothesis for the moment: that the same
system of ends-means processes is involved in learning
speech and in problem solving. Can we explain why a sys-
tem of ends-means analysis should provide the basis for
adaptive behavior in both classes of situations. We shall
try to provide an explanation for the generality of ends-
means processes by showing how these arise quite naturally
from the problem that any organism must solve if it is
to use its sensory and motor apparatus effectively to survive.
relation of perceptual to motor symbols
The terms “perceptual” and “motor,” or “afferent” and
“efferent,” reflect the dual relation that every adaptive
organism has with its environment. Tt perceives aspects of
the environment, and its acts upon the environment. It must
be able, therefore, to transmit, store, and operate upon
internal representations — perceptual symbols — that stand
for its perceptions; and it must be able to transmit, store,
and operate upon internal representations — efferent or
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motor symbols — that can serve as signals to its effectors.
The organism survives by associating appropriate motor
symbols with the perceptual symbols that stand for various
classes of perceptions.’

In particular, the organism can perceive, at least grossly,
its own behavior caused by its efferent signals. Hence,
among the perceptual symbols that it can store are symbols
that stand for the perception of corresponding motor sig-
nals. Languages are especially adapted to facilitate this
correspondence. Language behavior, built from limited al-
phabets of unit behaviors, is highly stylized so that to each
distinct language “act” will correspond an easily perceivable
and distinguishable perceptual symbol.

Nevertheless, the relation of a particular language efferent
—say that which energizes the word “dog” — to the cor-
responding perceptual symbol is arbitrary. There is no
more resemblance between the auditory “dog” and the
motor symbol which produces that word than between
“dog” and “Hund.” If it is to be learned, the correspond-
ence must be learned as a pure fact. By building up a dic-
tionary relating motor with perceptual symbols — including
language-symbols — the organism gains the ability to pro-
duce the actions it “intends.” In the last section we ex-
plored how this ability could develop in the case of speech.

The duality of our relation with the environment reveals
itself in the vocabulary of natural languages — particularly
in the distinction between nouns and adjectives, on the
one hand, and verbs, on the other. We have clean clothes
(a perceptual symbol) because they have been washed (a
motor symbol). Tt is a fact stored in our “table of connec-
tions” that when we wash clothes they become clean. As
we build up our vocabulary, however, we pass more readily
from the one mode of discourse to the other. Thus, the
clothes, in the last example, might also have been cleaned.
As we learn what actions have what effects, changes in
objects are named by the processes that produce them, and
processes by the effects they create.
the problem of translation
It is precisely this duality of language — or, more broadly,
of the internal symbols employed in thought — that makes
behavior problematic. The world as it is and as it is desired
is described in a state language, a language of perceptual
symbols. Possible actions are described in a process lan-
guage, a language of motor symbols. The problem of adapt-
ing is the problem of finding the statement in the process
language that corresponds to the difference between exist-
ing and desired states of affairs in the state language.

But the problems that GPS was designed to handle can
be viewed in exactly the same way. What is involved in
discovering a proof for the Pythagorean Theorem? The
theorem is a symbolic object in the state language: “The
square on the hypotenuse of a right triangle is equal to the
sum of the squares on the sides.” By comparing this therom,
so stated, with the axioms and previously proved theorems,
we detect differences between them. A proof of the theorem
is a symbolic object in the process language. This object —
the justification that we generally write down alongside the
successively modified axioms and theorems — describes the
sequence of operations that eliminates the differences be-
tween axioms and desired theorem. ‘Given a set of axioms,
for every theorem defined in the state language, the theorem
can be represented in the process language by the se-
quence of operations that constitutes its proof.

Thus mathematics, and problem-solving generally, is an
imitation of life. Problem-solving activity uses the very
fundamental processes that all adaptive organisms must
have if they are to coordinate successfully their perceptual
and motor pictures of the world. Ends-means relations,
far from being highly special, are reflections of the basic
state-process dichotomy, the dichotomy between perceiving
and acting.
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the difficulty of the environment

How hard a problem will be depends on the simplicity or
complexity of the rules that define the correspondence be-
tween the two languages. An example of a relatively simple
correspondence is the relation between the decimal and
octal representations of integers. There is a simple and
direct algorithm that solves all problems of the form: if a
is the decimal representation of a number, what is its octal
representation?

At the other extreme, the correspondence between the
vocabularies may be purely conventional or arbitrary. Then
rote learning is the only means for building up the transla-
tion dictionary, and if the correct translations must also be
discovered, immense amounts of trial-and-crror search may
be required.

The aspects of the environment with which we, as organ-
isms, deal effectively reach neither of these two extremes.
The translation between the state language that describes
our perceptions of the world and the process language that
describes our actions on the world is reducible to no simple
rule, but it is not, on the other hand, arbitrary. Most of our
skill in dealing with the environment is embodied in elab-
orate heuristics, or rules of thumb, that allow us to factor —
approximately — the complex perceived world into highly
simple components and to find — approximately and rea-
sonably reliably — the correspondences that allow us to act
on that world predictably. This is the skill that the adult
businessman uses when he makes a decision, the skill of
the scientist in his laboratory, the skill of the subject in a
problem-solving experiment, the skill of a child learning
to speak. '

What we have proposed is that at the core of these
heuristics — the portion that is not bound up in special
skills — is the organized system of ends-means processes, of
state-process translations, that the General Problem Solver
describes. We have proposed that, in Mr. Pitts’ words, is a
first approximation to “the hierarchy of final causes tra-
ditionally called the mind.”

NOTES

9 See, for example, C. E. Osgood, Method and Theory in Experimental
Psychology, {New York: Oxford U. Press, 1953) pp. 683-690; G. A.
Miller, “'Speech and Llanguage,” Chapter 21 in S. S. Stevens, ed.,
Handbook of Experimental Psychology {New York: Wiley, 1951);
and G. A. Miller, Language and Communication (New York: McGraw-
Hill, 1951), Chapter 7.

10 We shall have occasion to qualify the adverb “purely” when we
come to consider the factorization of words into phonemes and
phoneme components.

1 For a general introduction to these topics, see G. A. Miller, Lan-
guage and Communication, Chapter 2. An excellent recent survey
is Richard Fatehchand, ‘Machine Recognition of Spoken Words,”
in F. L. Alt, ed., Advances in Computers (New York: Academic
Press, 1960), pp. 193-321. See also J. W. and C. D. Forgie, ‘‘Results
Obtained from a Vowel Recognition Computer Program,” The
Journal of the Acoustical Society of America, 31:1480-89 (1959),
and A.M. liberman, et al., "“Minimal Rules for Synthesizing Speech,”
ibid., 31:1490-99 (1959). The last three references cited illustrate, in-
cidentally, the large role that computers are playing in linguistic
and phonetic research.

12 The full account of this learning scheme is given in A. Newell, J. C.
Shaw, and H. A. Simon, “A Variety of Intelligent Behavior in a
General Problem Solver,” pp. 153-187 in M. C. Yovits and S. Cam-
eron, eds., Self-Organizing Systems (New York: Pergamon Press,
1960).

13 We need hardly say that this description does not commit us to any
over-simplified reflex-arc picture of the peripheral and central sys-
tems. GPS is a concrete example of a system of the sort we are de-
scribing. In it, the perceptual-motor associations are represented by
the table of connections between differences and operators. The use
it makes of these connections, and consequently the relation of re-
sponse to stimulus, is highly complex.

FOR COMPLETE BIBLIOGRAPHY CIRCLE 104 ON READER CARD
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DECEMBER 1960—CO0BOL goes into
action with help of Univac

During a demonstration conducted December '

6th and 7th, before the Executive Committee
of the government-sponsored conference on
Data Systems Languages, Univac played a vital
role in what was called “an important milestone
in the progress of data processing.”
Using COBOL (Common Business Oriented
Language), our technicians programmed the
Univac 1 in English to display the prac-
ticality of COBOL as an effective pro-
gramming langeage for business-type
problems. This same Univac COBOL pro-
gram, with minor modifications, was then
successfully compiled and run on another
manufacturer's computer system.
With Univac COBOL your employees can
learn to program in days instead of
weeks, program changes are made more
accurately and faster, and programming
costs are substantially lower.

\\ AUGUST 1960—Univac
develops advanced Real-Time
Computer for U.S. Navy

A new, extremely compact elec-
tronic computing system which
collects, processes, and evaluates

naval tactical data—and recom-
mends courses of action in virtually
“zere” time—has been developed

for the U.S. Navy by Univac. One of
the fastest computers ever built, it com-

pletes an instruction in only 20 millionths
of a second. A general-purpose, stored-program
computer, its random-access memory can hold
one million bits of information. Thirty of these
bits may be extracted from any location in the
memory in only 2.5 millionths of a second!

DECEMBER 1960—New Univac
laboratory houses one of the largest
computation centers in the world

Univac's new Engineering Center in Whitpain
Township, Pennsylvania, features one of
the world's largest and most complete
computer centers. When completed, this
modern fully-equipped research and de-
velopment facility will contain working
installations of the full spectrum of Univac
equipment. Keeping pace with the Univac pro-
gram of planned growth, this new center covers
over 300,000 square feet of floor space with ade-
quate room for expansion. The facility serves as
a work center for engineering and programming
projects, and also aids in strengthening our con-
tinuing program to provide you with better,
more advanced service,
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DECEMBER 1960— Univac perfects

new Military Real-Time Computer
The Univac 1206 Military Real-Time Computer

SEPTEMBER 1960—Target Intercept
Computer designed and developed by
Univac for Nike Zeus anti-missile

missile
Univac, working in close cooperation with Bell
Telephone Laboratories, has developed a mili-

tary high-speed, high-reliability computer for
guidance of the Army’s Nike Zeus anti-ICBM

_missile.

Speed, accuracy, and reliability are key
factors in this system. Speed because
once a target missile is detected, only
minutes remain in which to intercept
and destroy it. Accuracy because the
Univac computer must fix launching
time, project exact intercept time
and place, and send steering orders
to guide the Nike Zeus to its target.
Reliability because the Univac computer
must continue to adjust its computations
up to the last moment of guidance, when
the target missile is destroyed.

) r— is a general-purpose computer built to rigorous
military environmental specifications. It op-
erates under the most severe conditions of
shock and vibration — on ships, subma-
rines, airplanes, trucks, trailers, and rail cars.
Typical applications include: technical data
"ﬂ analysis, range instrumentation, real-time
guidance, tactical control, and other. applica-

tions where rugged construction and high
computational ability are required. Designed
for processing large quantities of complex
data, the Univac 1206 employs random ac-

. cess storage of information. Average execu-
tion time for an instruction is 14 microseconds. ——& L __

5 major developments in systems
6 major developments in peripheral equipment
. 4 major developménts in tabulating equipment
5 major developments in computer engineering and facilities

FROM UNIVACGC

DIVISION OF SPERRY RAND CORPORATION

.o aand more to come in °61!?



CODASYL o.k.’s publication of
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executive committee resolves

not to abdicate maintenance

approval of a recent Executive Committee meet-
et ing of the Conference on Data Systems Languages
(CODASYL), held in The Pentagon. Distribution is ex-
pected to be completed this month, and copies may be
obtained by writing to the Superintendent of Documents,
Government Printing Office, Washington 25, D.C.

As an important addition to the manual, one of the in-
troductory pages contains a listing of thirteen manufac-
turers showing 36 models of EDP equipment for which
they intend to provide COBOL compilers and the target
dates for such compilers.

COBOL-61 updates the COBOL report issued in" April,
1960, which set forth initial specifications for the COmmon
Business Oriented Language. In announcing publication,
Charles J. Hitch, Assistant Secretary of Defense (Comp-
troller), said, “The need for and the importance of an Eng-
lish language programming technique such as COBOL
cannot be doubted when 11 manufacturers in a highly
competitive field work together voluntarily and cooper-
atively toward a common end.

“It is also significant,” he added, “that 11 American and
two European manufacturers have made commitments to
implement COBOL on over 30 different models of com-
‘puters.”

In their last meeting, the CODASYL Executive Com-
mittee felt that there was a strong possibility of additional
compatibility demonstrations of COBOL compilers before
the end of this year (see DATAMATION, page 30, Feb-
ruary, 1961). The Committee  also noted a recent Depart-

[ﬁwﬁi COBOL-61 was published last month following
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ment of the Air Force action in making the use of COBOL
and the availability of a COBOL compiler “an important
factor”, in the selection of equipment.

Commenting on a report in the April issue of DATA-
MATION, Executive Committee Chairman Charles A.
Phillips stated that there had been no overtures from the
Office Equipment Manufacturers” Institute (OEMI) or the
X3. Sectional Committee concerning COBOL maintenance.
It was subsequently reported by John L. Jones, represent-
ing users and as a member of the X3.4 Subcommittee on
problem-oriented languages, that proposals within such
subcommittees that OEMI take over maintenance of
COBOL were not accepted.

Chairman Phillips stated that his report to DATAMA-
TION followed Executive Committee action in December
which confirmed the fact that recognition of COBOL and
its acceptance as the standard problem-oriented language,
or a part of such language, by the OEMI and the X3
Sectional Committee, is a desirable objective, and such
recognition and acceptance would be an obvious prereqg-
uisite to any efforts to improve or maintain COBOL.

It was the consensus of the Executive Committee at its
most recent meeting, that they firmly resolve not to abdi-
cate the maintenance of COBOL to any group.

In attendance at this meeting were Phillips, Jones,
Gregory M. Dillon, DuPont Co.; Daniel A. Goldstein,
Sperry-Rand Corp.; Robert B. Curry, Southern Railway
System, and Joseph A. Wegstein, National Bureau of

Standards.

DATAMATION




SCHEDULE FOR DEVELOPMENT OF COBOL-61 COMPILERS
(As published in the COBOL-61 manual, June, 1961)

Company Equipment Model Target Date for Compiler
Bendix Computer G-20 1962
Burroughs Corp. B-5000 Customers will be able to
program in COBOL from a programming
manual to be made available in
August, 1961. The operating
compiler will be available for
customer usc in 1962,
Control Data Corp. CDC-1604 February, 1962
CDC-924 February, 1962
Ferranti, Ltd. Atlas Not vet established
General Electric GE-225 _September, 1961
GE-304B July, 1961 (joint

implementation with NCR)

IBM

705-11 without 1/0

4th quarter, 1961

705-111/7080

4th quarter, 1961

709/7090 4th quarter, 1961
7070/7074 4th quarter, 1961 L
1410 4th quarter, 1961

1401 (with 12,000 & 16,000

positions of memory)

Ist quarter, 1962

1401 (with 4,000 & 8,000

positions of memory)

2nd quarter, 1962

International Computers ICT-1301 1962
& Tabulators, Ltd.
Minneapolis-Honeywell MH-400 4th quarter, 1962 o
MH-800 4th quarter, 1962

National Cash Register
(joint implementation
effort with G.E.)

NCR-315-Tapes

January, 1962

NCR-315-CRAM

\av, 1962

NCR-304A

July, 1961

NCR-304B

July, 1961

Philco Corp.

2000 series
(210, 211 & 212 main frames)

October 1, 1962

RCA RCA-301 Ist quarter, 1962
RCA-601 3rd quarter, 1962
RCA-501 COBOL Narrator completed
in 1960 (COBOL-60)
Remington Rand Univac UNIVAC 11 Completed in 1960 (COBOL-60)

UNIVAC Solid State
a. Compilation on UNIVAC II

March 1, 1961 (COBOL-60)

b. Compilation on USS/T

3rd quarter, 1961 (COBOL.-61)

UNIVAC III

2nd quarter, 1962 (COBOL.-61)

UNIVAC 1107

3rd quarter, 1962 (COBOL-61)

UNIVAC 490

3rd quarter, 1962 (COBOL.-61)

Sylvania Electronic Systems
Data Systems Operations

(other Fieldata equipment compiled on MOBIDIC —completion dates contingent on Army plans).

9400

Ist version, Dec., 1961

MOBIDIC

st version, May, 1962

July 1961
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for high speed data control

MAGNACARD

SYSTEM

by ROLF E. WESTGARD, Magnavox Research Laboratories

Magnacard is a general-purpose EDP system with
the special feature of being able to store, search,
and update large masses of data at high speeds.
Magnacards file storage method provides automatic access
to a large quantity of magnetically coded or microfilmed in-
formation. This concept utilizes small magnetic cards as
the basic medium of storage. These cards are manipulated
within the system at speeds up to 90 cards per second for
typical sorting, merging, and file processing operations.

‘Conventional magnetic tape reel systems are well adapted
to applications where records and transactions can be pre-
arranged in a logical sequence. Magnacard systems are sim-
ilarly suited to such problems with an information transfer
rate between the magnetic cards and the central processor
of 90,000 characters per second. However, many applica-
tions requiring random access to records with selective
rather than complete updating of the file, can also be han-
dled by the Magnacard system.

The basic Magnacard system consists of the following ele-
ments: the magnetic card with a capacity of 756 alpha-
numeric characters of information; the transport and control
units, which perform all the required sorting, file updating,
and searching operations; the Magnacard file storage units,
which provide automatic access in seconds to 900,000 mag-
netic cards; the central processor, a general-purpose digital
computer with 4,096 twelve bit words of core memory and
an add time of 12.8 microseconds; the input-output equip-
ment, which includes a 1000-line-per-minute printer, high
speed paper tape reader and punch, and an optional con-
troller for punched cards or magnetic tape reel units; and
the Magnascriber, which permits the key-driven recording
of information on magnetic cards. This system is offered for
sale or lease in the lower price range for computer systems.

Operation of the system is normally under control of the
central processor which communicates with the File Storage
System and with input-output equipment through the on-
line control units.

Master file information is recorded on 3” by 1” mylar
base magnetic cards which are stored in 3000-card capacity
magazines in the File Storage System. The on-line File
Storage System can store a total of 700,000,000 alphanu-
meric characters or a combination of 450,000,000 characters
and 900,000 microfilm images. A digital computer may con-

trol as many File Storage Systems as it has input-output

channels available. The magnetic cards from the magazines
in the File Storage System are processed by the Card Han-
dling Unit where the cards are read, up-dated, and manip-
ulated under command of the central processor.

Input to the system can be from the Magnacard reading
stations on the Card Handling Unit at the rate of 5400 mag-
netic cards per minute, from the high-speed paper tape
reader, or from 80-column punched cards and magnetic
tape through an optional control unit.

Qutput from the system includes the updated magnetic
cards, the 1000 line-per-minute printer, the high-speed
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paper tape punch, or an optional control for 80-column
cards and magnetic tape.

Information is recorded on the cards and read by tech-
niques similar to those used with magnetic tapes; that is,
using a sequence of magnetic spots recorded in channels
along the length of the card. The recording density is 100
bits to the inch. The information is recorded in 20 parallel
channels, 18 being used for recording data, one for a parity
channel, and the other for the clock channel. Thus, three 6-
bit alphanumeric characters are recorded in each column
of the card. Each card has a total capacity of 756 alpha-
numeric characters plus horizontal and longitudinal parity.
The clock frequency on the card is 30 KC, thus providing
for a 90 KC character information transfer rate. As newer
computers with faster memory access become available, the

card recording density will be increased providing rates up
to 180 KC.

Magnavue is a new concept in data storage and retrieval
combining magnetic recording and reading potential with
a visual document presentation. This system is essentially an
extension of the Magnacard system with the Magnavue
cards being compatible with Magnacard equipment.

For viewing purposes, the card will be held at a viewing
station where the cards will be displayed while the drum is
rotating. Copies can be made using standard processes.

The Magnacard data handling unit consists of five basic
items: the four vacuum drums, the five feed-stack stations,
the four transfer valve assemblies, the two hold stations, the
two read heads and the write head.

For reference purposes, the vacuum drums are denoted
A, B, C and D in the accompanying diagram.

Each vacuum drum has an associated feed-stack station
with the B drum having two such stations. The feed-stack
stations are dual purpose with the feed position of the sta-
tion allowing the release of cards onto the drums and the
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The Magnacard System
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stack position allowing the stacking of cards from the drums.
The reversal of the feed-stack stations from one status to
the other is automatic and requires about 0.4 seconds. The
stations are capable of accepting 3,000-card magazines for
storage of the cards. The cards are fed from a magazine onto
a drum at rates up to 90 cards per second. Feeding of cards
can be either continuous at the maximum card rate or in-
termittent with cards being released singly at rates up to
the maximum rate.

The two hold stations are located on the A and C drums
and serve three purposes: they allow a card to be stopped
on the drum after it has been read without removing it
from the processing flow. This permits time for additional
processing of data before writing the data on the card. They
allow cards to be merged from two separate feed stations
into a single stack station. They permit other cards to be
transferred onto the same drum for simultaneous circulation.

The two read heads are located on the A and C drums
respectively about a card length ahead of the hold station
on that drum. The write head is located on the C drum
about a card length following the hold station. Additional
read and write heads are optional.

The basic file storage unit is a vertical file which holds
ten 3,000-card capacity magazines. A vertical file may be
associated with each feed stack station of the four drum
- card handler. On command of the central processor, a
magazine is extracted from a feed station on the four drum
handler by the vertical file, the vertical file is positioned so
that the desired magazine is adjacent to the feed stack sta-
tion, and the new magazine is inserted. This operation re-
quires approximately three seconds.

Each horizontal file (for larger storage) has a total ca-
pacity of 450,000 cards or 337.5 million characters. Two
horizontal files may be associated with each four drum
handler. A medium or large scale computer may control
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several four drum handlers providing several billion char-
acters of on-line storage.

The data processor utilized in this Magnacard system is
Control Data Corp.’s 160. This machine is a general-purpose
internally programmed digital computer with 4096 twelve-
bit binary words of core memory. When used with the
Magnacard system, it will have a high-speed paper tape
reader, a high-speed tape punch, and a 1000-line-per-min-
ute printer. The print Iine is 120 characters. The system has
a memory cycle time of 6.4 microseconds, and it can execute
60,000 instructions per second. In addition to the input-
output devices mentioned above, the computer can com-
municate with an electric typewriter, magnetic tape units,
and IBM punched card equipment.

Any general-purpose digital computer may be used to
control Magnacard handling equipment. Separate plug-in
packages on the Magnacard Control Unit are used to ac-
commodate the system to the logic of the particular com-
puter being used to control the system.

The Magnascriber is a typewriter size device which pro-
vides key driven recording on the individual magnetic
cards. Operator training is minimized by the simplicity of
the unit and the similarity of its keyboard to that on the
IBM keypunch. 128 characters may be recorded on a single
card. The cards are fed and stacked automatically. An
indexing device tells the operator at what point on the
card she is recording.

A Veriscriber, in development at Magnavox Research
Laboratories, will provide automatic key driven verification
of data recorded on the magnetic cards by the Magna-
scriber.
applications
The Magnacard system has special capabilities requiring
high volume file processing, a great deal of manipulation
and rearranging of data, large capacity on-line storage, a
combination of sequential and random processing, or the
storage and presentation of graphic information.

To accomplish any of these requirements, the Magna-
card system can:

1. Process a file at 90 KC without the necessity for
rewriting the inactive portion of the file. At the same time,
information can be added to or deleted from the file by
simply adding or removing magnetic cards. The rate of
processing can be effectively increased by skipping sechons
of the ﬁle on which there is no activity.

2. Manipulate information in the same way as on a
conventional magnetic tape system by treating each maga-
zine station das a magnetic tape unit. However, much great-
er flexibility is achieved by utilizing the system’s ability to
sort the magnetic cards which is inherent in the system de-
sign. For example, in sorting, the sort need only be carried
to the point where the cards themselves need to be sorted,
and this can then be accomplished independent of the cen-
tral processor. The central processor merely sends a com-
mand to the four drum control unit which defines the sort
field and the cards to be sorted, and the operation is then
completed by the four drum handler and file system. Col-
lating and file search operations can be performed in the
same manner.

3. Provide on-line storage, processing, and retrieval
of millions of microfilm images and several billion char-
acters of information. The compete processing of files of
very large size can be accomplished without human inter-
vention normally required for tape changing, etc.

Graphic records as large as 12’ by 12" can be compressed
onto a single Magnavue card. These cards can be inserted
anywhere in the files in any desired ratio to the magnetic
cards. Thus, the accompanying digital information can be
as complete and current as the system requires by simply

updating, removing, or adding magnetic cards.
CIRCLE 101 ON READER CARD
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a Philco satellite for the 2000

BALANCED |

by WARREN PATTERSON, Computer Division,
Philco Corporation

age Since the first generation of large solid-state com-

{ puters was placed on the market by Philco in

] 1938, the Philco 2000 series’ line of compatible

processors from the 210 to 211 to 212 has offered a speed
increase greater than ten to one.

The requirement for balanced Input-Output systems to
serve throughout the growth range of the 2000 systemns
has resulted in the Philco 2400 concept.

The 2400 paves the way for users to expand their 2000
system or to progress naturally into networks of integrated
systems. When the 2400 coordinates data traffic on-line, to
and from remote processors, its basic functions are more
fully utilized.

The 2400 system has a stored-program processor to con-
trol all phases of I/0 traffic for 2000 systems, and broad-
ens the scope of 1/O functions which were formerly di-
rected by buffer-controller units. Hardware controller units
used to be rigidly built to match the unique features of
each I/O device. They required plugboard programs plus
programmed format tapes (in the case of the printer).

Program control in the 2400 stresses the basic similarity
of all 1/0 devices, from punched card to data link. A
minimum of hardware controls for each type of 1/0 is
built into standard 2400 1/O channels.

Eight I/O channels are independent and character-
oriented, hence are adaptable to the advanced types of
devices now being developed for the commercial market
such as character readers, visual displays, microwave links,
“compatibility” tape units, and analog-to-digital converters.

Program addressing can select at least eight similar in-
put-output stations on any I/O channel. Electronic switch-
ing, which connects I/O channels for program control, is
an 8 x 2 selection matrix. This allows any two of the eight
channels to be operating at the same instant. Program
jumps provide access to other devices so that interweaving
of sub-routines assures concurrent running for several de-
vices.

One central memory and stored-program processor are
used on all I/O operations and data preparation functions.
The 2400 System has an asynchronous organization of Sys-
tem Controls, Core Storage, Arithmetic Section, and the
multiple I/O channels.

Data flow between sections is a character-at-a-time
stream of seven-bit characters. Data operations and in-
struction format are variable-length.
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Core storage, from 8 to 32K characters, provides indi-
vidual addressing of each seven-bit character, of a variable-
length field, or of a string of N characters. Therefore, data
can be handled in either a Code format or Image (binary)
mode.

Core storage is accessed in a forward or reverse se-
quence, depending on the operation.

Two program controls can access different halves of
memory simultaneously. Each program can access at least
one character every six microseconds. Overall I/O capacity
thus allows transferring more than 333,000 characters per
second.

The split-memory feature is a programmer’s option be-
cause either program control can access any memory area
on a first-come, first-served basis.

The 2400 Processor has two levels of system control
with a macro-micro relationship.

The upper level of system control is called Executive
Control. Its stored orders initiate sub-routines, monitors the
status of I/O devices, determines the next operation, and
communicates with the operator.
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The lower-level Program Control is assigned by an
Executive-level CONNECT order to a specific I/O device,
a specific sub-routine, and memory zones. The lower-level
Program Control then proceeds independently to sequence
the sub-routine. A typical sub-routine (using the Card
Reader) reads one or more cards, edits and checks the
selected columns, translates code, converts the data to
packed binary form; the packed data is stored in block
format, ready for transferring to magnetic tape; all audits
and counts are performed. The assigned program control
will remain connected to the I/O device until the sub-
routine terminates and releases control. By relieving the
2000 of its data preparation work, the 2400 saves 25% of
running time for the 2000 processor.

Once the Executive level has initiated sub-routine oper-
ation (by a CONNECT order), it is concerned with check-
ing the status of the system, determining which sub-oper-
ation is to be “connected” next.

Sub-routine addresses are 12-bit (two-character) binary
addresses, allowing a range of 0-4095 characters above
each base address. The base addresses A, B, and C, as
assigned by a CONNECT order, can specify any memory
locations. Each address of the sub-routine is indexed by
one of the three base address registers. The base address,
or indexing registers can be changed by another CON-
NECT order at the Executive level.

A ———

—

ON-LINE MEMORY
TAPE TO
CONTROL MEMORY

CARD PUNCH

July 1961

There are two identical program control sections at the
lower level. Each can independently execute sub-routines
for any I/0O function. A complete 1/O operation, such as
Punched Card-to-Packed Binary Tape, is a repeated cycling
of the sub-routines that control a Card Reader and a Mag-
netic Tape for the desired format. Each cycle of the oper-
ation and each sub-routine is initiated by an Executive
CONNECT order.

Two complete I/0 operations can run simultaneously
and independently. Each of these parallel operations may
be running two or more devices concurrently. Sub-routines
are relocatable, since they contain addresses which are
relative to any memory base. Compilations of sub-routines
is not necessary, since Exec Orders provide the parameters
which might vary from day to day, such as memory alloca-
tion, device assignment, and schedule of operations.

Exec orders scan I/O channels for demand inputs. A
sequence of CHECK orders can individually scan the
status of eight inquiry stations or eight data links on a
single I/O channel more than four thousand times per
second. Real-time scanning of I/0 stations and of “con-
nected” I/0 operations is independent of both active sub-
routines. The decision to “connect” a device in response
to a demand input is made by the CHECK order. For on-
line operation with other Philco 2000 or 2400 processors,
interrupts can be initiated by the sending station.

PHILCO 2400

DATA LINK

Expanded Philco 2400 for Data Traf-
fic Control. Underlined captions com-
prise basic system: tapes, card read-

er, card punch, printer.
CIRCLE 103 ON READER CARD
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For reai-time control

THE
L-3060

Development of one of the world’s fastest and
most powerful solid-state computing systems, the
L-3060, was announced last month by General
Pre0151ons lelascope Division, 'Glendale, Calif.

Aimed at the real-time control malket a typical, “dis-
tributed” configuration has high-speed core memory access
to 144K words with a word length of 50 bits. There are
four computers in each system with a 1.5 microsecond
memory. The system will perform 2,480,000 operations
per second with an average access time of .75 microsec-
onds.

Mode of operation is binary, parallel, with complete
variable-field operation. A typical system features a shared
core memory of 8,192 words (duplexed), random access
to 3,250,000 words stored in four magnetic disc files and
six magnetic tape storage files of 9,000,000 words. Data
representation is in fixed and floating point arithmetic with
direct, indirect and immediate addressing.

There are a total of 63 index registers and 103 basic
single-address instructions. Two real-time clocks operate at
2 megacycles.

Deliveries of L-3060 are on an 18 month basis, accord-
ing to Librascope president W. E. Bratton. The system
evolved from Librascope’s Air Traffic Control Central Data
Processor built for the FAA.

In this case, a processor of modest speed is combined
with well-organized buffers and off-line drum files and
the ATC system is capable of growing modularly. The L-
3060 is a generalization of this system philosophy. It com-
bines high-speed computers, buffers, and rapid access bulk
storage units.
design concept
The basic design criterion for the L-3060 centers on the
use of computers in a distributed complex as part of com-
mand and control systems.

The L-3060 derives its modular basis by implementation
of a trunkline organization. Up to four computers, in the
initial configuration, may receive input information from,
or send output information to, as many as three buffers via
the buffer-processor trunkline. Similarly, all the computers
in the system may communicate with one another via a
shared memory. Finally, all the computers may communi-
cate with any of the disc file or magnetic tape units via
the file trunklines.

The concept of the trunkline allows one to start with a
minimum system, as dictated by either requirements or
economics. As new functions are required, equipment can
be tied into the then existing trunk with no modification
to the existing system.

Index Registers are available in each.central computer
processor. These registers are physically located in a sep-
arate core memory and are associated with a separate
high-speed arithmetic unit for rapid address modification.

Each index register is 48 bits in length and contains
three 16-bit subregisters: a tally register, a refill register,
and an increment. The tally register is used for address
modification and/or counting in the usual fashion, the in-
crement determines the amount of change in the tally
register, and the refill register may be used to reset the
tally register without an additional memory access. A
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large number of index register manipulation commands are
available.

The computers use basically a single address instruction
with a sequentially accessed program. Instructions are read
from memory in sequentially progressing addresses until
the sequence is altered by a transfer command. The single
address of the instruction usually refers to the operand ad-
dress; however, this conventional operand addressing
method is complemented by various address modification
features.

Two instruction formats are used in the L-3060 com-
puter. The type 1 instruction format, holds instructions
which may specify a field in the operand. In this format,
forty-five of the forty-eight bits of a computer word are
used to hold the operation code, field selection bits, index
tag, immediate address, indirect address, and the operand
address.

The type 2 instruction format is used for instructions re-
quiring an increment for certain index modifications. The
instruction consists of the operation code, an increment
field, an index tag, immediate address, indirect address,
and the operand address.

The operation code specifies the operation which is to
take place. Nine bits are reserved for the operation code
in both type 1 and type 2 instructions. This allows the
flexibility of adding instructions or other programming fea-
tures when special requirements are to be met, or as in-
creased capability is desired.

The type 1 instruction format contains two groups of
six bits, designated as the X and Y bit field selectors. The
six “X” bits specify the number of bits to the left of the
most significant bit of the desired field, while the six “Y”
bits specify the number of bits to the left of the least sig-
nificant bit of a field. As an example, the field that would
include the most significant twenty-four bits of a word
which would be designated by an “X” of O and a “Y” of
23.

Variable field selection acts as a vernier for the memory
address by giving the programmer the capability of select-
ing any single bit, or groups of bits, in the entire memory.
Thus, many groups of information can be stored in the
same memory address, even - though each group must be
operated ‘upon individually. Variable field selection in-
creases the effective memory capacity by providing the
capability of “packing” data into memory words, and also
increases the effective computing rate by eliminating the
need for separate extract and mask operations.

Positions 32 to 47 of both type 1 and type 2 instructions
generally contain the core memory address, or a number
which, when modified, becomes the address of the operand.
These sixteen bits are capable of addressing the 32,768
words of computer core memory and also a potential 32,-
768 words of shared memor
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SYSTEMS
PROGRAMMING

For Minneapolis and San Francisco Peninsula

%k Advanced Programming Techniques
% Development of Compilers
*%k Monitor and Executive Programs

APPLICATIONS
PROGRAMMING

For locations in major cities throughout the U.S.

% Analysis of Customer Applications
% Sales Support
%k Development of Customer Programs

You will be working with Control Data’s
large-scale 1604 Computer, the desk-size 160,
and the new 160-A . . . plus a full range of
allied peripheral equipment . . . and new
products soon to be announced.

immediate

opportunities QUALIFICATIONS

at a I | Ieve | S ! BS, MS, or PhD in Math, Physics, or related

fields. Minimum of one year programming
experience..

All qualified applicants considered regardless
of race, creed, color, or national origin.

Send your resume now to:  S. R. KLUNE

CONTROL DATA
CORPORATION

501 PARK AVENUE « MINNEAPOLIS 15, MINNESOTA
FEderal 9-0411
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IBM 1401
DATA PROCESSING
SYSTEM

IBM. 1418 Optical
reads printed

Direct input to a computer without man-
ual keypunching—that’s how the 1418
dramatically boosts input speeds, and
raises over-all efficiency.

Typical example: in a job that normally
would call for 20,000 punched cards, the
1418 reduces 200 hours of keypunching
and verifying to one hour of “reading.”
The 1418 reads numerical data and marks
on bills, invoices, checks and other papers
at speeds up to 480 characters a second...
and up to 400 documents a minute.

DATAMATION
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Character Reader

numbers directly into the 1401 system

Reading is optical—no special inks re-
quired. Documents prepared on 407
accounting machines, 1403 printers, type-
writers equipped with IBM 407 type, or
credit imprinters with elongated 407 type,
are the ‘“reading matter” for the 1418.
Since your 1401 computer controls the
feeding of documents into the 1418 reader,
you can get either continuous or inter-
rupted feeding for special processing.

Depending on your needs, there are two
1418 models to select from. One has three .

July 1961

stacking hoppers. For more complex sort-
ing jobs, there’s another with thirteen
which sorts documents either under 1401
control, or independently.

Optional features include: a second op-
tical reading station which permits two
lines to be read on a single pass; a mark
reading station for reading pen or pencil
marks optically. ‘

For more facts about how the 1418 in-
creases the through-put of your 1401 Sys-
tem, call your IBM Representative.

CIRCLE 11 ON READER CARD

DATA PROCESSING
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analog-to-digital converter

A new analog-to-digital converter, the
ADC-1B, has recently been an-
nounced. Because it uses standard
voltages, circuits and logic throughout,
the bit rate, word length, type of code,
voltage range and output format can
be changed to adapt the unit to spe-
cific applications either as a system
component or as a self-contained in-
strument. Maintenance of the unit has
been reduced to routine substitution
of cards. Five different types of digital
logic cards are used. Applications in-
clude data translation/processing sys-
tems, digital quick-look systems, and
portable data acquisition systems. SYS-
TEMS ENGINEERING LAB-
ORATORIES, 4066 Northeast 5th
Ave., Ft. Lauderdale, Fla. For Infor-

mation:
CIRCLE 200 ON READER CARD

digital clock

A single, compact unit of the model
801 digital clock, combines a crystal
oscillator, parallel binary time register,
WWV receiver and time synchronizer
for correction to the National Bureau
of Standards. Time information, either
solar or sideral, can be read out as
parallel binary bits by a digital com-
puter or paper tape perforator. Out-

puts include precision time as a 28 bit
binary number, a pulse which occurs
at a preselected time and WWYV audio
signals. AC input power can be 60 or
400 cps, and an internal inverter al-
lows power input from 24V DC source.
GENERAL MILLS, INC., 1620 Cen-
tral Ave., Minneapolis 13, Minn. For

information:
CIRCLE 201 ON READER CARD
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bi-directional tape reader
The application of reflected chopped
light enables the use of ac coupled am-
plifiers in the new bidirectional photo-
electric tape reader model PTR-71.
The bidirectional drive enables tape
reversal to be accomplished using a
unidirectional synchronous speed mo-
tor. Tape reading applications for the
|

PTR-71 include input to digital com-
puters, communication systems, tape
converters, ground support equipments
and numerical machine tool control.

OMNITRONICS, INC., 511 No.
Broad St., Philadelphia 23, Penna. For
information:

CIRCLE 202 ON READER CARD

dual-purpose printer

A high-speed printer, the IBM 1404,
combines the printing of either indi-
vidual cards or continuous paper forms
as direct output from the 1401. It in-
corporates all the basic continuous
form features of the 1403 and, is
equipped with a new card document
station. A number of variables deter-
mine the card-per-minute printing
speed, and its maximum card output
is 800 per minute. The document sta-
tion will handle any size card from
51 to 160 columns wide. Continuous
paper forms are printed up to 600
lines per minute, and blank spaces on
forms are skipped at speeds in excess of
the printing rate. Printing and punch-
ing of cards can be performed during
the same operation. IBM CORP.,
DATA PROCESSING DIV., 112 E.
Post Rd., White Plains, N.Y. For in-

formation:
CIRCLE 203 ON READER CARD

data communicator

The DC-11 data communicator, a basic
accessory to the G-20 computer, has
enabled an increase in speed and over-
all system work capacity. One hundred
thousand records of 80 alpha-numeric
characters can be sorted in less than
18 minutes and a 250 x 250 matrix in-
version can be performed in 40 min-

new products in DATAMATION

utes. The four channels of the DC-11
are each capable of relaying data be-
tween the G-20’s central processor and
a number of different input/output de-
vicess. THE BENDIX CORPORA-
TION, COMPUTER DIVISION, De-
partment E-29, Los Angeles 45, Calif.

For information:
CIRCLE 204 ON READER CARD

bi-directional tape handlers

Two new high-speed, bi-directional
perforated tape handlers: model 4588,
handles 1,000 feet of five to eight-level
four mil tape interchangeable at speeds
up to 150 characters per second, and
the 4599 has the same abilities, but
functions at speeds up to 250 char-
acters per second. Both tape handlers
have 10%-inch reels, are designed to
function with reader models 3500 and
B3500, and are suitable for standard
rack mounting. DIGITRONICS
CORP., Albertson Ave., Albertson,

Long Island, N.Y. For information:
CIRCLE 205 ON READER CARD

memory planes

A new standardized line of 4-wire co-
incident current, memory planes for
use in random access type memories

‘has been announced. All matrix ter-

minal comnections are multiple wire -
wrapped and dip soldered, and all
memory cores are tested on electrical
parameters and statistically checked
both before and after assembly in the

array. Compactness of design, achieved
by wafer construction and by wiring
memory cores on 50 mil centers, en-
ables a reduction in stack dimensions.

" FERROXCUBE CORPORATION OF

AMERICA, Saugerties, New York. For

information:
CIRCLE 206 ON READER CARD
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JOHNSON/S I WAX

"WORLD'S LARGEST MANUFACTURER
OF WAX POLISHES"

Hational’ 304 Data Processing System

has proved to be a highly profitable investment

“The National 304 enables us to know
today where we are today. For example,
we can now bill customers on the same
day items are shipped from warehouses
anywhere in the United States. This
has enabled us to pick up working cap-
ital equivalent to three days’ sales—an
important saving.

“We can now take action today on
inventory requirements based on last
night’s actual inventory and unfilled
orders position. As an initial result, we
have reduced finished inventories by
109, with the potential of greater re-
ductions in the near future.

—S. C. JOHNSON & SON, INC., Racine, Wisconsin

“Our manufacturing and production
scheduling are now more closely coor-
dinated with sales needs than ever be-
fore. And, our field warehouses are
stocked more intelligently, enabling us
to serve our customers better.

“Fundamentally, the National 304
has given us faster and more accurate
control over sales efforts, production,
inventory, credit, and customer billing.
It has sharpened management reflexes,
enabled us to harness data in time to
be used most profitably, and meets our
demands for the factual data necessary
to make management decisions in time

"Leading manufacturer of wax polishes and other
fine products for home, industry and agriculture.”

THE NATIONAL CASH REGISTER COMPANY, payton 9, ohio

1039 OFFICES IN 121 COUNTRIES o 77 YEARS OF HELPING BUSINESS SAVE MONEY

July 1961

CIRCLE 12 ON READER CARD

to be most effective.

“At this stage of our installation
progress it is difficult to assign a defi-
nite money value to all these advan-
tages. However, we know their value
represents a highly profitable return on

our investment.”

ey 0 G2y

President
S. C. Johnson & Son, Inc.

»
* TRADEMARK REG. U.S. PAT. OFF.

ELECTRONIC DATA PROCESSING
ADDING MACHINES « CASH REGISTERS
ACCOUNTING MACHINES« NCR PAPER

51



buffer/control equipment

A new series of RBP buffer/control
units is specifically designed for driv-
ing rotary-bar printing mechanisms.
All standard commercially available
EBP printers are accomodated by the
design, which accepts inputs from mag-
netic tape, magnetic drum and shift

registers. Standard models are avail-
able with capacities of 24, 36, 72,
120, and 160 characters. Characters up
to 6 bits in length are loaded serially
up to 100,000 per second. Two man-
ual operations are provided to facilitate
maintenance and checking. DI/AN
CONTROLS, INC,, 40 Leon St., Bos-

ton 15, Mass. For information:
CIRCLE 207 ON READER CARD

magnetic tape cleaner

The model CT-2 magnetic tape clean-
erer utilizes the Kinesonic transducer
to obtain both sonic and ultrasonic

New Products

cleaning of tape. It may be used for
preventive maintenance by magnetic
tape users. The CT-2 is adaptable to
Y”, %” or %” tape. It can handle
standard reels of 6”7, 8”7, 10%” and
14” in diameter containing any length
and tapes of a thickness from % mil to
5 mils. GENERAL KINETICS INC,,
2611 Shirlington Rd., Arlington 6, Va.

For information:
CIRCLE 208 ON READER CARD

pre-programming patchboard

Pre-programming patchboards have ap-
plication where flexible program con-
trol is required in digital and analog
computers. A range of sizes, from 200-
600 contacts -and in multiples of 600
contacts is available as well as a full
compliment of single’ and multiple
conductor self contacting type patch-
boards. VECTOR ELECTRONIC
CO., 1100 Flower St., Glendale 1,

Calif. For information:
CIRCLE 209 ON READER CARD

circuit blocks

Twelve basic circuit blocks, designed
for digital equipment and other appli-
cations where logic functions are re-
quired, have been introducd. Each cir-

cuit block consists of one or two basic
logic circuits performing specific func-
tions, enabling the design engineer to -
think in terms of complete logic sys-
tems. Individual components are
mounted on a printed wiring board,
placed in a synthetic resin case, and
capsulated to provide protection
against shock, vibration and other at-
mospheric effects. AMPERE ELEC-
TRONIC CORP., ICOMA DIV., 230
Duffy Ave., Hicksville, Long Island,

N.Y. For information:
CIRCLE 210 ON READER CARD

plug-in adapters

New plug-in adapters to use the model
560R digital X-Y plotters on-line with
medium-scale digital computers are
now available. Its function is to accept
incremental computer output signals
and convert to plotter signals and is
used to provide a quick analysis of
computed data, formula and reduced
experimental data. Adapters are now
available for the LGP-30, Recomp II,
RPC 4000, 1620 and the 1401. CALI-
FORNIA COMPUTER PRODUCTS,
INC., 8714 Cleta St., Downey, Calif.

For information:
CIRCLE 211 ON READER CARD

7000 data system
A new series 7000 digital data alarm
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ROWAN CIRCUIT PROTECTORS
FOR ALL REQUIREMENTS
COMPLETELY FIELD TESTED

Rowan Circuit Protectors, Type CCPB-A are com-
pletely field tested. New Literature just available
describes the versatility of the complete line which is
proven by the numbers of circuit protectors in use —
protecting electronic circuits in important.computing,
laboratory and industrial applications.

The chief reason for the lines immediate success lies
in the wide selection of trip-time-versus-current curves
the Type CCPB-A Circuit Protectors offers. There are
two thermal versions: Type CCPB-A1 for medium lag |
and Type CCPB-A2 for slow lag; also a magnetic
L, Type CCPB-AM, which is instantaneous. You select
curves exactly tailored for your particular application.
Other advantages in the Rowan Circuit Protectors
include ease of resetting, small-space mounting, non-
contaminating construction, precise calibration,etc.

See all models at the WESCON Show, Booth 221, or
ask for new technical literature, Form #6-61-10000.

Sales Representatives in Principal Cities.

CIRCUIT PROTECTOR DIVISION

THE ROWAN CONTROLLER COMPANY

30 BRIDGE AVENUE, RED BANK, NEW JERSEY

CIRCLE 13 ON READER CARD
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ENGLISH-TO-PUNCHED-TAPE

The McDonnell TAPE* automatically pre-
pares punched tape. TAPE’s logic circuitry
electronically analyzes word-group and numeri-
cal keyboard commands and converts them to
complete coded programs. Punching mecha-
nisms instantly deliver the finished tape.
Editing, verifying, duplicating or correcting is
accomplished quickly and automatically.

‘TAPE Slashes Time and Costs -

Programming time, operator training, schedule
delays, as well as large computers, key punches
and other peripheral equipment are eliminated.
Small size permits installation in laboratories
or wherever finished tape is used. Unskilled
operators learn to use TAPE in minutes. The

McDonnell TAPE has demonstrated the capa-
bility to prepare 25,000 feet of perfect tape at
less than half the cost and in less than one-
third the time required to prepare the same
tape with the best standard computer prepa-
ration method available.

A prototype McDonnell TAPE is operating
which prepares tape for the AN/GJQ-9 missile
and aircraft automatic checkout system. Minor

“modification readily adapts the keyboard and

logic circuitry to tape preparation require-
ments of other industrial and military
operations.

Whatever your punched tape requirements,
you are invited to visit McDonnell and oper-
ate TAPE.

For descriptive literature, write:

. *Tape Automatic Preparation Equipment

Electronic Equipment Division
Dept. 952
McDonnell Aircraft, St. Louis, Missouri

MCDONNELL

ELECTRONIC EQUIPMENT DIVISION

Airborne Antennas » System Trainers e Simulators ¢

Radio Beacons « Telemetry « Specialized Digital Computers » Microwave Components
Automatic Flight Contro/ Systems e Automatic Checkout Equipment

MCDONNELL AIRCRAFT + ST.LOUIS

CIRCLE 14 ON READER CARD
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scanning, telemetering, and recording
system measures, converts, transmits,
and records analog values in digital
form. The new system is of modular
building block design. It automatically
scans and measures inputs from trans-
ducers located at remote sites, converts
this data into digital form and tele-
meters it to a central control station
for recording. MONITOR SYSTEMS,
INC., A SUBSIDIARY OF EPSCO,
INC., Fort Washington Industrial
Park, Fort Washington, Pa. For in-

formation:
CIRCLE 212 ON READER CARD

t-pac serial memories

Five new serial memories, model SM-
10, with delays of 19 to 2000 micro-
seconds contain a driver circuit, a
magnetostrictive delay line and an
amplifier-reshaper. It is driven by a
standard LE-10 logical element T-PAC
which furnishes “write-in” and “erase”
control logic. Negation output drive
capability is 40 T-PAC unit loads, with
an assertion output drive capability of
20 T-PAC unit loads. One unit has
storage capacities up to 2000 bits and
greater loop storage can be obtained
by cascadingg. COMPUTER CON-
TROL CO., INC., 983 Concord St.,

Framingham, Mass. For information:
CIRCLE 213 ON READER CARD

New Products

elevated flooring

Strato-Floor is a new type of elevated
flooring designed for use in computer
installations, or whenever. extensive
cabling and wiring systems require
under-the-floor space and immediate
accessibility. Modular 24” x 24” panels
are made of plastic molded around
cross-laminated plywood. The floor is

designed to support a live load of 250
lbs. per square foot, and a point load
of 1000 1bs. Steel stringers are bolted
to a new kind of adjustable jack de-
signed in a triangular shape. Deflection
is claimed to be minimized under even
the heaviest loads, STRATO-FLOOR,
INC.,, 795 East 152nd St., Cleveland

10, Ohio. For information:
CIRCLE 214 ON READER CARD

network analogue

The newly designed precision resist-
ance network analogue contains 150
current injection sources for simulating
parameters, and may be combined with
a digital computer for calculation of
electron trajectories. This system is self
contained and includes the resistance
network board of x, y, or r, z coordi-
nates, 150 current injection potentiom-
eters, three dc power supplies, a digi-
tal voltmeter and a vacuum tube volt-
meter., LITTON INDUSTRIES, RE-
SEARCH LABORATORY, San Carlos,

Calif. For information:
CIRCLE 215 ON READER CARD

character generator

A new, solid state character generator
combines continuous straight and
curved lines to form digits, letters and
symbols in a fully transistorized pack-
age and can be used with any cathode
ray tube display. Character rates for
the full alphanumeric unit are up to
50,000 per second. The two sizes
available are the C36000, 4” x 6” x
7”, and CL36000, packaged on a
standard 5% relay rack panel for use
as a computer module. RMS ASSO-
CIATES; INC., 805 Mamaroneck Ave.,

Mamaroneck, N.Y. For information:
CIRCLE 216 ON READER CARD

Opportunities in Electronic Data Processing
AUTO-CODING...SITE REPRESENTATIVE... TECHNICAL WRITING

Systems and Sales

CUSTOMER SITE REPRESENTATIVE: Locations will vary. Qual-
ifications require broad experience in programming, opera-
tion and systems analysis. Must have worked with tape
systems and be familiar with computer-user problems.
Training given at Dayton prior to installation assignment.
SALES SUPPORT: At least 2-4 years of programming experi-
ence plus B.S. or M.S. in Business Administration or
Mathematics. Opportunities include: Programming, Manual
Writing, Systems Analysis, Research, Instructing.

Centers: New York . Dayton . Los Angeles

NATIONAL’S newest contribution to the business field is its
modern and complete data processing centers. These cen-
ters, no matter where they now exist or where they will
exist in the future, answer the everyday needs of the small
or the large business in the area of electronic data process-
ing. To fulfill this function—service to business—we need
men of above-average ability who are trained and experi-
enced in tape system computer programming or operations.
In most cases, a college degree is preferred.

The NATIONAL line of EDP systems including.the 304,
315 and 310 provides the basis for interesting and effective
work in any operation wherever money or merchandise is
handled. Stability and growing responsibility are character-
istic of the climate at NATIONAL whether your work is in

one of our Data Processing Centers or with our Data
Processing Systems and Sales group in support operations.
General qualifications for present openings are a college
degree and experience with a tape system applied to business
or financial functions.

If qualified and interested, please respond promptly and in complete confidence.

All qualified applicants will receive consideration for employment regardless of

race, creed, color, or national origin. Write to: T. F. Wade, Technical Placement,

The National Cash Register Company, Main & K Streets, Dayton, 9, Ohio.

THE NATIONAL CASH REGISTER COMPANY, DAYTON 9, OHIO

ONE OF THE WORLD’S MOST SUCCESSFUL CORPORATIONS
77 YEARS OF HELPING BUSINESS SAVE MONEY
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OPPORTUNITIES AT THE OUTER EDGE OF COMPUTER SCIENCE...
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*kRECURSION. In the design and implementation of formal
languages for man-machine communication, our computer
people are applying recursive programming techniques to
obtain explicit, brief problem statements. A recent applica-
tion: The GM Research DYANA automatic analyzer and
programming system was exiended to include analytic
differentiation of FORTRAN statements.

Originally the DYANA code was used in solving dynamics
problems tnvolving many single-degree-of-freedom elements.
With a recursively defined and programmed differentiation
code, DYANA can now automatically analyze complex
systems having multiple-degree-of-freedom elements.

The General Motors Research Laboratories are located at the famed GM
Technical Center, 13 miles north of downtown Detroit and within easy
driving distance of beautiful Michigan and Canadian parks, campsites, ski
resort areas (76 in Michigan alone) and thousands of miles of summer beaches.

When is a programmer a senior programmer?

One of our computer people has suggested that it’s when
he can write a recursive definition of a senior programmer.

We also think it’s when a person can make significant
contributions to the research and development of formal
man-machine languages . . . like those now being investi-
gated here at the General Motors Research Laboratories.

If you are such a person ... and are interested in computer
projects that challenge your initiative and imagination,
we invite you to explore the possibility of joining our
growing digital computer staff.

Fast-breaking work, aimed at extending the sensor,
problem-solving and motor capabilities of computers,
has created immediate openings for SENIOR PROGRAMMERS
and MATHEMATICIANS. Areas .of current interest include:
PROBLEM-ORIENTED LANGUAGES . . . PATTERN AND CHARACTER RECOG-
NITION . . . NUMERICAL ANALYSIS . .. MULTIPROGRAMMING SYSTEMS
... and NUMERICAL CONTROL. ‘

For further information on these unusual growth oppor- -
tunities, please send your résumé (recursive definition
optional) to:

Mr. ). B. Sparhawk, Personnel Staff

General Motors Research Laboralories
WARREN, MICHIGAN

CIRCLE 74 ON READER CARD
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Less than 2 seconds from computer to large |
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screen display WITHOUT DARKENING THE ROOM!

-

The new, advanced S-C 2000 bright display
system developed by General Dynamics/
Electronics produces an entire large screen dis-
play less than two .seconds after data are trans-
mitted from the computer. The unique yet simple
principle of the S-C 2000 results in high-contrast
storage displays with unsurpassed brightness and
resolution for information presentation on both
console and large screens. :

The S-C 2000 will display both video and
alphanumeric data of all kinds simultaneously
with any type of overlay. Display information
need be transmitted only once from the data
source owing to the inherent storage capability
of the S-C 2000. The unit also provides both fail-
safe retention of data and various types of per-
manent hard copy. Completely dry processing is
incorporated with data rates of 40,000 separate
characters per second. Scale changing, category
commands and display selection are accom-
plished at the control console, without interrupt-
ing the computer.

A capability exists for seven color displays or
data may be viewed as white against black or
black against white. Resolution is 2000 lines on
each axis. The S-C 2000 was developed under
the auspices of the U.S. Air Force and Mitre
Corp. If your requirements include computer
display systems, we invite you to write for more
information on the S-C 2000, a product of the
company that produced the display control
center for Project Mercury, General Dynamics/
Electronics, Information Technology Division,
Dept. B-39, Box 2449, San Diego 12, California,
or contact the representative in your area.

The first
developmental
S-C 2000
console delivered
to Mitre Corp.

.

GIND

GENERAL DYNAMICS ] ELECTRONICS

a
R
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This logic array has been developed in the Remington Rand Univac Mathematics and Logic
Research Department. In simplified form, each circle represents a film element that AND's
the bits from the horizontal and vertical lines to produce an output on the diagonal line. The
input word is therefore left-circular shifted S places in passing to the output. Such matrixes
can produce arbitrary right or left shifts, either circular or open-ended, in a single clock
period for full length computer words. Film logic arrays open a new field of high speed, high
density logic devices.

No where in the computer industry will qualified
applicants find greater opportunity for both personal
and professional reward than they will today at Univac.
Highly significant positions involving work such as that
outlined above are now available. You are invited to
investigate them immediately.

-SAINT PAUL, MINN. _

© COMPUTER APPLICATIONS ANALYSTS o ENGINEER WRITERS
o COMPUTER PROGRAMMERS e MILITARY SYSTEMS ANALYSTS
o COMPUTER LOGICAL DESIGNERS

For the above positions in our St. Paul, Minn.
laboratories, send resume of experience and
education to:

R. K. PATTERSON
Remington Rand Univac « Univac Park « St, Paul, Minnesota

'SAN DIEGO, CALIF.

© SYSTEMS TEST & EVALUATION ENGRS.
© COMPUTER PROGRAMMERS
© MILITARY SYSTEMS ANALYSTS

For data extraction & reduction, debugging
of equipment & systems integration.

The above positions are now available at
Remington Rand Univac in San Diego.
Send resume of experience and education to:

WILLIAM LOWE
Remington Rand Univac « P. O. Box 6068 « San Diego Calif.

—— -

DIVISION OF SPERRY RAND CORPORATION

There are also immediate openings F.E. NAGLE J.R. STAHL

in all areas of digital computer deve-  Remington Rand Univac Remington Rand Univac -
lopment at -our other laboratories.  P.O. Box 500 35 Fourth Avenue
Inquiries should be addressed to: Blue Bell, Pa. New York 10, New York

All qualified applicants will be considered regardless of race, creed, color or natlonal origin.
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WORLD'S LARGEST
ANALOG [NSTALLATION

The world’s largest general purpose analog computer,
designed and built for the National Aeronautics and
Space Administration, is seen undergoing final inspection
and check-out at Electronics Associates, Inc. West Long

Branch, N.J. All units of the computer were installed at

NASA's Langley Field, Va., research center this spring. It
occupies more than 1,800 sq. ft of foor space and com-

prises five separate PACE 231R computer consoles.
CIRCLE 105 ON READER CARD
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DATA
READOUT

Readouts that do more than display numbers

Ideal for airborne computers, con-
trol systems consoles, other elec-
tronic test equipment. Features
twelve messages per unit, choice
of words, numbers, or color. Light-
weight, only 315 ozs. Price
$35.00. Write today for complete
specifications and quantity prices.

Series 120 000 P

InpusTRIAL ELECTRONIC ENGINEERS, Inc.

5528 Vineland Avenue, North Hollywood, California

CIRCLE 16 ON READER CARD
DATAMATION
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(O william R. Lonergan has been -

been named manager of product plan-
ning and applied programming for
the Univac Division of Sperry Rand
Corp. He was formerly manager of
product planning and market analysis
for Burroughs.

(0 Dr. Warren A. Christopherson has
been named manager of a new solid-
state memory development group at
IBM’s engineering center in San Jose.
He was recently promoted to senior
engineer in the General Products Di-
vision’s development laboratory.

a Planmng Research Corp., Los An-
geles, has appointed Jack C. Van
Paddenburg as manager of data proc-
essing. He joins the firm from IBM
where he acted as an industrial oper-
ations analyst. He has also been as-
sociated with Aerojet-General and
The RAND Corp.

[J Albert D. Bosson, assistant secre-
tary of the Connecticut General Life
Insurance Co., has been elected presi-
dent of the RCA 501 Users Associa-
tion. The election was held during a
recent two-day discussion by repre-
sentatives of 45 companies.

[ Dan L. McGurk has been ap-
pointed associate general manager,
and Louis B. Perillo has been named
director of marketing for TRW Com-
puters Co., Los Angeles. McGurk,
whose responsibilities will include
general administration and manage-
ment functions, has been with the
firm since 1958. Perillo joined TRW
in 1959 as manager of contracts and
proposals.

[J R. A. Sweet has been appointed
manager of the newly created sys-
tems programming department at
Bendix Computer. Sweet has been
with Bendix since 1956.

[ Jerrier A. Haddad has been pro-
moted to vice president and assistant
general manager of the IBM Data
Systems Division. George A. Ken-
nard has also been promoted to gen-
eral manager of the Advanced Sys-
tems Development Division, and Dr.
Charles R. DeCarlo was named di-
rector of education for IBM.
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If you are using, or considering,
a small-scale digital computer...

NOW, AT NO INCREASE IN COST,
YOU CAN HAVE THE NEWEST &
MOST VERSATILE SMALL-SCALE
COMPUTER ON THE MARKET—

RECOMP I11

““More Computations Per Dollar’’

Autonetics, producer of the world’s first and finest solid-state,
general-purpose, compact digital computer, now introduces a small-scale
computer that is priced amazingly low.

It is Recomp III—a general-purpose solid-state digital computer
for engineering, scientific, and industrial use.

Recomp III assures you of “more computations per dollar.”

Recomp III offers you the largest word size and the largest memory
of any small-scale computer.

Recomp III is the only low-priced computer that offers you an
index register as standard equipment.

Recomp 111 is the only low-priced computer that offers you built-in
compacted floating point hardware and the new Facitape high speed
paper tape reader and punch as optional features.

And you can get Recomp's proven performance and quality for no
more than you pay for lesser computers. It is available now...at just
$1,495.00 per month.

If your computer problems have grown and your computer hasn’t;
if you need a small-scale digital computer; now, for a lease price equal
to what you are already paying or would expect to pay for an outdated
computer, you can have the newest, most advanced, small-scale com-
puter on the market—Recomp III

Write today for additional information and a convenient do-it-
yourself comparison of Recomp III with your present computer or a
competitive computer.

AUTONETICS @ Industrial Products

AUTONETICS DIVISION OF NORTH AMERICAN AVIATION, INC.

AUTONETICS INDUSTRIAL PRODUCTS
Dept. 27, 3400 E. 70th St., Long Beach, California

Please send me full information on the newest low-cost compact digital computer —Recomp IlI

Name

Position

Address
City Zone State

Present Computer (if any)

Application

|
|
|
|
|
|
I
Company |
|
|
|
|
|
J

CIRCLE 17 ON READER CARD



DATA-PHONE: An illustrated brochure-
kit contains information on Data-
phone, a new concept in data trans-
mission. Complete descriptions,
specifications, physical characteristics,
power requirements and interface spec-
ifications are given. Uses include in-
ventory control, transmission of pay-
rolls, sales orders, supply ordering,
transmission of waybills, delivery of
transportation tickets and transmission
of payments. ADMINISTRATOR,
DATA-PHONE SERVICE, A.T.&T.,
195 Broadway, New. York 7, N.Y.

For copy:
. CIRCLE 260 ON READER CARD

DIGITAL RECORDER: Six-page flyer de-
scribes IDR 6150 incremental digital
recorder system. Features and techni-
cal specifications are listed, as well as
applications including use in computer
programming. MINNEAPOLIS-
HONEYWELL REGULATOR CO.,
INDUSTRIAL SYSTEMS DIVISION,
10721 Hanna St., Beltsville, Md. For

copy:
CIRCLE 261 ON READER CARD

MAGNETIC TAPE RECORDER/REPRO-
DUCER: A four-page bulletin describing
the new VR-2600 wide-band magnetic
tape recorder/reproducer is now avail-
able. The features are presented in de-
tail, along with illustrations. Installa-
tion can be in a fixed base, mobile,
shipboard, trailer, blockhouse or lab-
oratory environment. CONSOL-
IDATED ELECTRODYNAMICS
CORP., 360 Sierra Madre Villa, Pasa-

dena, Calif. For copy:
CIRCLE 262 ON READER CARD

T-PAC DIGITAL MODULES: A new
twelve-page catalog on the one mega-
cycle, T-PAC plug-in digital modules
has been published. Included are spe-
cifications on T-PACs and auxiliary
equipment. Various sections are de-
voted to compatible TCM random ac-
ces magnetic core memories and the
series of T-PAC testers designed to
supplement large T-PAC system in-
stallations. COMPUTER CONTROL
CO., INC., 983 Concord St., Framing-

ham, Mass. For copy:
CIRCLE 263 ON READER CARD

MAGNETIC TAPE REWIND UNIT: A high
speed, universal hub, magnetic tape re-
wind unit is described in a data sheet,
now available. Features of the TR-300
are presented along with a complete
list of specifications which include
power input, rewind speed, reel size,
tape tension and size. AUTOMATION
DIV. OF ELECTRONIC ENGI-
NEERING COMPANY OF CALI-
FORNIA, 1601 East Chestnut Ave.,

~ Santa Ana, Calif. For copy:

CIRCLE 264 ON READER CARD

MAGNETIC CORE TESTER: Technical
bulletin 60-L, describes model 1300
magnetic core tester, a high speed,
multiple output generator. A full de-
scription, specifications, block diagram,
waveforms and timing charts, and
highlights are given in this illustrated
brochure. Range and flexibility are
shown in a detailed operational de-
scription, and typical applications are
outlined. RESE ENGINEERING,
INC., A and Courtland Streets, Phila-

delphia 20, Penna. For copy:
CIRCLE 265 ON READER CARD

You Get Things Done Better
By Seeing What’s Happening

eSOy

SEPT

BOARDMASTER VISUAL CONTROL

* Gives Graphic Picture of Your
Operations in Color.

* Facts ot a Glance — Saves
Time and Prevents Errors.

* A Simple, Flexible Tool —
Easily Adapted to Your Needs.

$4950

Complete Price

FREE

GRAPHIC SYSTEMS, Yanceyville, North Carolina

CIRCLE 18 ON READER CARD
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* Easy to Use. Type or Write on
Cards, Snap on Board.

% Ideal for Production, Schedul-
ing, Sales, Inventory, Etc.

* Compact, Attractive. Made of
Metal. 500,000 in Use.

Including Cards

24;Puge ILLUSTRATED BOOKLET CG-30
Without Obligation

MODULAR elevated infinite access FLOORING SYSTEMS
of light weight extruded aluminum offer:

o EASE OF OPERATION — Maximum under-floor
accessibility; Simplified relocation.

o NO TOP CONNECTIONS — Panels are removed
by suction cups, leaving floor area clear.

o AUTOMATIC RELOCATING CAM ACTION — Planks
repositioned accurately for complete stability.

o SMALL MODULES — Multiples of 97 widths reduce
waste and lessen area affected by relocations.

<[ITE|EIDE>

ITEECO, A Division of Idaho Maryland Industries Inc.
12906 Saticoy, North Hollywood, California, TRiangle 7-9821

DO MORE - SAVE MORE

with ALUMA-PLANK
- FLEXIBLE COMPUTER FLOORS

CIRCLE 19 ON READER CARD
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DIGITAL MEASURING SYSTEM: A fully
illustrated 12-page data file describing
an all-purpose digital measuring sys-
tem built around a universal counter-
timer is now available. The DME sys-
tem measures dc volts, ac volts, re-
sistance, frequency period, frequency
ratio, and time interval. The brochure
presents detailed specifications, ad-
vantages, principles and analysis of
operation. COMPUTER MEASURE-
MENTS CO., 12970 Bradley Ave.,

Sylmar, Calif. For copy:
CIRCLE 266 ON READER CARD

MODEL GP-48 X-Y PLOTTER: A techni-
cal bulletin, describes the 48" x 48”
X-Y plotter. The bulletin indicates
how the plotter uses digital logic in
plotting and repeating. Also, the
choice of inputs and outputs is cov-
ered along with the various heads
available for printing, scribing, ink-
ing, reading and exposing light-sensi-
tive films. GERBER SCIENTIFIC
INSTRUMENT COMPANY, 89
Spruce Street, Hartford, Conn. For
copy:
CIRCLE 267 ON READER CARD

INFORMATION HANDLING: A new bro-
chure contains a description of the de-
velopment and implementation of
modern systems for information han-
dling. Major steps in attacking prob-
lems in information handling include
an understanding of customer goals,
analysis of the system under consider-
ation and an implementation program
in terms of new procedures and
equipments: ISR DIV. OF FMA,
INC., 4925 Fairmont Ave., Washing-

ton, D.C. For copy:
CIRCLE 268 ON READER CARD

THE THEORY OF AUTOMATA: Three
reports — one summarizing the results
obtained by the researchers, and two
discussing specialized phases of the
experiment — presenting data  com-
piled on “the theory of automata”
have been released. In this investiga-
tion of learning, using digital com-
puters, the areas of machine game
playing, machine dreaming, and ma-
chine-human cooperation are delved
into with the possibility of develop-
ing an advice giving machine. “Gen-
eral Switching Theory,” 67 pages,
order PB 171 555, $1.75. “A Strategic
Pattern Recognition Program for the
Game GO,” 97 pages, order PB 171
549, $2.25. “Symbolic Logic and
Automata,” 36 pages, order PB 171
548, $1.00. OTS, U.S. DEPART-
MENT OF COMMERCE, Washing-
ton 25, D.C.

PERIPHERAL EQUIPMENT: A brochure,
describing a complete line of periph-
eral equipment for the PB250, is now
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available. Specifications of magnetic
tape units, photo electric tape readers,
card readers, high speed buffers and
memory extension chassis are included
in this six-page illustrated catalog.
PACKARD BELL COMPUTER, 1905
Armacost Ave., Los Angeles 25, Calif.

For copy:
CIRCLE 269 ON READER CARD

DATA PROCESSING SYSTEM: A new
catalog lists all currently available
material on the 2000 EDP system.
The catalog includes a list of program-
ming, research and development notes,
subroutines, program reports, bro-
chures, manuals, charts and general
descriptions of the company’s systems

such as the 2000, 2400 and C-3000.

PHILCO COMPUTER DIV., 3900 .

Welsh Road, Willow Grove, Pa. For

copy:
CIRCLE 270 ON READER CARD

210 DATA ACQUISITION: The model
210 data acquisition and dp systems
are described in a new eight-page bul-
letin.  Photos, specifications, applica-
tions, descriptions, accessories and
optional peripheral equipment are dis-
cussed. SYSTEMS DIV. OF BECK-
MAN INSTRUMENTS, INC., 2400
Harbor Blvd., Fullerton, Calif. For
copy:
CIRCLE 271 ON READER CARD

Scientific Programmers

ENGINEERS - MATHEMATICIANS - SCIENTISTS - PROGRAMMERS
For LARGE and SMALL FAST GROWING FIRMS
Pick Your Spot! at no cost to you

W
\ ‘\‘( <7

N3

N/

WALKER oOFFers

CHALLENGING OPPORTUNITIES
Across the Entire Nation in the fields of

Scientific Programming-Research and Development
Data Processing-Sales Engineering and Management

IF YOU LIKE THE WEST COAST

Computer Programmers $8-12,000

Data System/Data Processing

IF YOU LIKE THE MIDWEST

$8-13,000
$7-12,000

Applied Mathematicians
Scientific Programmers

IF YOU LIKE THE EAST

$14,000
$16,000

Computer Systems
Operations Research

IF YOU LIKE THE SOUTH

$7-12,000

Analysts $10-14,000
Sales Engineers-Computer . $12,000
Digital Systems Designers $9-13,000
Electronic Engineers-Digital $12-14,000
Sales Engineers-System Analysts  $10-14,000
Digital Circuit Designers $10-14,000

Qualified personnel will provide professional resume and guidance service on an individual
basis to all applicants. Please write in confidence to

Harry D. Parkhurst, Jr., Manager, Technical Department

WALKER
EMPLOYMENT SERVICE

Professional employment services, including interviewing facilities, available for employer use.

83 South 7th Street (Telephone—Federal 9-0961)

Minneapolis, Minn.

CIRCLE 75 ON READER CARD
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Beverly Hills, California

CIRCUIT
DESIGN

If this is your career in-
terest, we have projects
involving digital com-
puters of extremely small
size. Let us tell you more
about this — confiden-
tially. Write to Mr. Donald
Krause — Research and
Engineering Staff,

LITTONSYSTEMS, INC. Guidance & Control Systems Div.
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- HIGHEST .
“LOGIC-
POWER”

DENSITY

PICO-BITS® are micro-micro

packages of our time-and-
space-proven magnetic logic cir-

cuitry. A single PICO-BIT® can
perform any basic logical function:

AND, OR, INHIBIT, (AND NOT),
BRANCH, STORE, TRANSFER, DRIVE,
BINARY COUNT, or COMPLEMENT —
greatly simplifying circuitry, minimizing
semiconductors.

Magnetic logic provides the
lowest power dissipation per hit man-
ipulated. PICO-BITS® maintain full

- performance margins from
—55°C to +125°C, at un-

limited altitudes, 0—100% RH,

under severe shock and vibration
stresses; yet PICO-BITS® occupy
only 0.088 cubic inches — the
highest “logic-power density” ever

achieved.

Literature on the DI-AN logic-element

family is detailed, educational, stimu-
lating, free. Write. Better still, tele-
phone—we solve digital problems with
elegance and dispatch.

r DI/AN CONTROLS, INC.

944 Dorchester Avenue e Boston 25, Mass. e Avenue 8-7700

magnetic digital/analog systems and components

CIRCLE 21 ON READER CARD

MERGERS &
NEW FIRMS IN DP

o National Data Processing Corp.,
Dallas, has signed a long term market-
ing and manufacturing agreement with
International Computers and Tabula-
tors Ltd., London. L. C. T. has rights
to market NDP equipment on an exclu-
sive basis throughout Western Europe,
the British Commonwealth, South Af-
rica, and in other countries in which
I. C. T. is established. NDP has the
option to acquire rights to market or
manufacture certain I. C. T. equip-

ment in the United States.
CIRCLE 272 ON READER CARD

¥ TRW Computers and the Swartwout
Division of Crane Co. have agreed to
provide automatic control systems to
the chemical petrochemical and pe-
troleum industries. The agreement
makes the complementary equipment
and technical resources of each com-

pany available to the other.
CIRCLE 273 ON READER CARD

J Advanced Scientific Instruments
Inc., a new Minneapolis firm specializ-
ing in digital electronics and comput-
ing instruments, was recently formed.
Thomas S. Steele and William L.
Borgerding have joined the firm’s tech-
nical staff. Steele was formerly with
General Mills, Inc., and Borgerding

served five years with the same firm.
CIRCLE 274 ON READER CARD

¢ S.E.D. Memorics, Inc., Rutherford,
N.J., was recently formed to develop,
design and manufacture magnetic re-
cording heads for digital and analog
tape systems. D. A. Giffin, vice presi-
dent of sales and E. ]J. Foster, vice
president of engineering, were both

formerly with Shepherd Industries.
CIRCLE 275 ON READER CARD

NEXT MONTH IN
DATAMATION

Microminiturization, thin mag-
netic films, and cryogenic re-
search are subjects for special
editorial treatment in a Com-
puter Components section on tap
for August. Complete program
and exhibit details of ACM’s
September conference and EDP-
oriented pointers for WESCON
61 will also be featured. An
editorial bonus: details of a new
gp computer to be announced
exclusively in DATAMATION.

DATAMATION



For high capacity storage

THE 1301 TO STEP UP
7000 SERIES

771 The new 1301 disk storage unit, announced last
l' J month by IBM, can be linked to any of five of the

1 firm’s intermediate to large solid-state computers
or shared by any two of them.

Each 1301 unit holds from 50 to 56 million characters
depending on the computer employed. A total of five units
can be used with any of the five computers: 1410, 7070,
7074, 7080, and 7090.

The rate at which the 1301 reads characters in sequence
into core storage is between 75,000 and 90,000 characters
a second depending on the system to which it is linked.

Each file contains one or two modules of 20 rapidly re-
volving disks for data storage. The unit has a read/write
head for each disk surface. These heads, at the end of
comb-like access arms, are aligned in a vertical cylinder.

This arrangement makes possible the picking up and
depositing of data in corresponding data tracks with no
access movement.

While reading in the same cylinder, as many as 102,000
characters in a module, 204,000 characters in one disk
storage unit, or 1,020,000 characters in a maximum system
of five units may be reached with no access motion. These
figures vary slightly with the computer used.

The read/write heads are part of a gliding shoe de-
signed to fly along the disk surface. These shoes actually
glide on a layer of air created by rotation of the disk at
1,800 rpm. There is an equilibrium of forces which keeps
the head balanced less than a hair’s breadth above the
disk surface.

The 1301 makes feasible a number of new applications
not previously possible within the computing range of the
associated systems.

All of the programs, or job instructions, for an IBM
7090 can be stored on a single unit. Instead of the usual
several. minutes required to set up a 7090 for a two or
three minute processing job, the 1301 can place another
program into the computer within seconds.

Sharing the same 1301 file, the scientific 7090 and com-
mercial 7080 can have a wider range of both scientific and
commercial programs.

The unit is scheduled for shipment to customers starting
in the third quarter of 1962. Rental ranges are from $2,100
per month to $3,500. Purchase prices are from $115,500
to $185,500.

Linkage of the 1301 to any one of the five IBM com-
puters requires a control unit and in some cases, adapters
and data channels. This will increase the price range to
a rental of $4,400 — $7,135 per month and purchase price
to $231 000 — $339,500.

Access arms from IBM's new 1301 disk storage unit are

easily removed for servicing.
CIRCLE 102 ON READER CARD

CONTROL DATA

| 350

COMPUTERS
BUSINESS MACHINES
DATA REDUCTION
DATA PROCESSING
MACHINE CONTROL
INDUSTRIAL CONTROL

'High Speed Punched Paper Tape Reader

® Unsurpassed Reliability

® Advanced Mechanical
Design )
® 350 Char/Sec Read Rate

® Start-Stop or Continuous
Mode

® 5,7, or 8 Level Tape
® Tape Widths: 144", 74”,1”

® Instantaneous tape width
selection

@ Reads all punched tape
Paper-Plastic
Colored-Plain
Oiled or Non-oiled

® Complete freedom from
programming limitations

The Control Data Model 350 Paper Tape Reader employs the most advanced tape‘co\n—
trols and reading techniques. Multi-colored tapes can be read interchangeably without
the need of bias adjustments, and new specially designed light guides in the reading head
eliminate dirt collecting holes. The precise control system eliminates troublesome reso-
nances and provides complete freedom from programming limitations. These and other
features combined with careful attention to details and quality, result in a paper tape
reader which provides new high standards of reliability and versatility.

For complete specifications, prices and delivery write or call us direcily or contact our nearest sales representatives.

TWX-MP 974 * 5806 36th St. West

CONTROL DATA CORPORATION

CEDAR ENGINEERING DIVISION

Minneapolis, Minn. *  WEst 9-1687

CIRCLE 20 ON READER CARD
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INCREASE
RELIABILITY

with

Harman-Kardon encapsulated
digital logic modules...
proven components...proven
circuits...proven packaging

These fully encapsulated modules
offer increased reliability—afford a
high density, fully protected pack-
age with better heat dissipation.
And, you will find the cost competi-
tive with open card construction.

. The modularized Series 200 logic cir-

64

cuits are available now—from stock
—in a variety of logic configurations
for operation up to 250 Kc. Higher
speed units, too, are on the way!

The application engineering staff of
the Data Systems Division stands
ready to serve you in the implemen-
tation of your system block diagrams.

D—>
S—> —H-K
D—

Data Systems Division

INCORPORATED
Plainview, N.Y.
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CYBERNETICS or CONTROL AND
COMMUNICATIONS IN THE ANI-
MAL AND THE MACHINE by Nor-
bert Wiener, 1961, M.I'T. and John
Wiley & Sons, Inc., 440 Park Ave.
South, New York 16, N.Y., 242 pp.,
$6.00.

This edition deals with the study
of human control functions and the
mechanico-electrical systems designed
to replace them. The application of
statistical mechanics methods to com-
munications engineering is described,
with subject matter ranging from such
control mechanisms as mathematical
calculators to the nerves and brain of
the human body.

ERROR-CORRECTING CODES by
W. W. Peterson, 1961, M.LT. and
John Wiley & Sons, Inc., 440 Park
Ave. South, New York 16, N.Y., 285
pp., $7.75.

This text is devoted, to error-detect-
ing and error-correcting codes for in-
formation transmission and storage

systems, and details how to implement
codes in practical systems, with em-
phasis on types of codes that have
mathematical structure. The first five
chapters review coding theory and
systems known before 1958; the last
seven chapters discuss more recent de-
velopments in terms of both theory
and implementation. Five appendixes
provide supplementary information,
including a table for the entropy func-
tion and a table of irreducible poly-
nomials over GF(2).

TRANSISTOR LOGIC CIRCUITS by
Richard B. Hurley, 1961, John Wiley
& Sons, Inc.,, 440 Park Ave. South,
New York 16, N.Y., 363 pp., $10.00.

This volume covers both logical
mathematics, logical routines and
blocks, and the transistor circuits that
implement the. mathematics and blocks.
The first part leads from elementary
binary arithmetic and Boolean algebra
through minimization techniques and
implementation concepts. This is fol-
lowed by a basic treatment of diodes
and transistors with a section com-
bining the mathematics with the de-
vices into logic circuits. The latter part
deals with sequential systems and a
presentation of applicable concepts
and mathematics, and finally, a treat-
ment of circuits appropriate to these
systems.

BENNETT ASSOCIATES

EXECUTIVE SEARCHES - INDUSTRIAL RELATIONS
PSYCHOLOGICAL TESTING

"'OPPORTUNITY"

COMMERCIAL TRUST BLDG. *

LOcust 3-4830

PHILADELPHIA 2, PENNSYLVANIA

Dear Sir:

Are you working harder and enjoying it less? Have you been hankerin’ for a
change in job? Company? Location? Then read on!

If you missed our previous ads in Datamation and other publications, or if
you did not have the opportunity to visit us at the various Computer Shows
throughout the country, now is your chance.

Bennett Associates, a long-established Management Consulting firm, is re-
tained by leading companies everywhere, and right now they are urgently
in need of Computer Engineers: Programmers and Systems Analysts: Ap-
plied Mathematicians and Physicists, etec.

Let us be your broker. Mail an up-to-date resume to us today, and indicate
your geographical preference and salary. We do the rest. You are never under
any obligation to us, since our client-companies pay all fees and éxpenses.

Don’t wait—write today!

dially,

Hothe,

ROBERT E. WALLACE

‘P.S. Upon receipt of your resume, we will mail you our “Engineers’ Life-Time

Scale.”
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IBM mathematicians and programmers are doing work
today that will still have meaning years from now.

They are, for example, teaching computers to work out
proofs for theorems in Euclidean geometry. They are
applying new techniques to problems in symbolic logic
originally outlined by Russell and Whitehead. They are
crossing into frontier territory in the fields of automatic
storage allocation ... design automation ... multi-pro-
gramming...lexical processing...and in almost every other
area of applied and applications programming.

IBM regards programming and programming research as
essential to its future growth. At IBM, mathematicians and
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“In mathematics alone, L
each generation
builds a new

story to the

old structure.”

CIRCLE 76 ON READER CARD ’ “

Hermann
Hankel

' programmers have at their disposal the machine time they

need for the full development of their ideas. And they have
before them unusual opportunity for professmnal growth
and personal advancement.

If you'd like to know more about the stimulating and re-
warding work at IBM, we’d like to 'hear from you. All
applicants for employment will be considered without
regard to race, creed, color or national origin. Write to:

IBM

Manager of Technical Employment
IBM Corporation, Dept. 701 G

590 Madison Avenue

New York 22, N. Y.
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APPLIED
MATHEMATICIANS

PROGRAMMING
TECHNIQUES
SPECIALISTS

DATA PROCESSING
PROGRAMMER
ANALYSTS

ENGINEERING
PROGRAMMER
ANALYSTS

BROADER ROLES

ARE OPEN TO YOU

AT REPUBLIC
WHERE

computer applications

have division status

Computer Applications Specialists play a creative,
collaborative role in all major operations of the
company. They develop new concepts and mathe-
matical and programming techniques calculated to
extend the state of their art and aid in solving the
broad array of problems mow limiting man’s prog-
ress in space and upper atmosphere flight.

Wide ranging assignments include:

.+.advancing interplanetary trajectory projects, space
environment and plasma propulsion investigations
... heat transfer analysis ... flight simulation.

.. improving and assisting in implementation of weapon
system management programs, such as PERT/PEP.

.. initiating and conducting management projects such
as inventory control, work order control, & opera-
tions analysis.

To facilitaté investigations, an IBM 7090 is available, as
well as two peripheral 1401 computers and other sophis-
ticated data processing and data collection tools.

IMMEDIATE OPENINGS AT ALL LEVELS for
highly capable individuals (BS, MS, or PhD) experienced
in mathematical and programming techniques, numerical
analysis, operations rescarch, and programming for sci-
entific and commercial applications. Two or more years
in computer field desirable. A limited number of trainees
will be considered.

Reply in confidence to Mr. George R. Hickman
Technical Employment Manager, Dept. 32G

All qualified applicants will receive consideration for employ-
ment without regard to race, creed, color, or national origin.

& REPUBLIC

AVIATION CORPORATION
. FARMINGDALE, LONG ISLAND, NEW YORK
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DATAMATION



of operation with powerful capability...
...the 1" computer...featuring: microsecond
speed...the CINCH interpreter...an
expandable memory...a full line of

peripheral equipment...systems or

sclentific use...all at the lowest cost.

[ﬁ] Packard Bell Computer
A Subsidiary of Packard Bell Electronics

1905 Armacost Avenue, Los Angeles 25, California

LOGICAL DESIGN BY ROBERT MARK BECK, DIRECTOR OF ENGINEERING




YOU CAN SPREAD A COMPUTER
~ ALL

OVER

2400 SATELLITE COMPUTER

MAGNETIC TAPE

NOW .". . company-wide data processing integrated into
one efficient system. A Philco 2000 electronic data proc-
essing system at headquarters is tied through a Philco Data
Link system, using Philco Microwave or leased lines, to
remote Philco input-output systems. Data from remote
stations as well as local computer inputs are coordinated
and pre-processed by a Philco 2400 Data Handling System
to produce new heights of computer efficiency.

For more complete information write:

PHILCO

B Famows for Quality the Worted Over  ®

CIRCLE 3 ON READER CARD

PHILCO CORPORATION ¢ GOVERNMENT & INDUSTRIAL GROUP ¢ COMPUTER DIVISION, 3900 WELSH ROAD, WILLOW GROVE, PA.

HIGH-SPEED CARD READER

PAPER TAPE

MAP COPYRIGHT AMER, MAP CO., INC, 14291

PHILCO DATA LINK SYSTEM
CHARACTERISTICS

Inputs: any combination of
data link and local inputs.

Checking: matrix parity on each
variable-length message.
Transmission direct between
core storage memories;
stored program correction
of transmission error.

Direct conversion hetween any two
devices and code formats.

Data rates: up to 1 million bits
per second.




