PSEUDO DEVICES IN 0S8/360
SEE PAGE 8
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PROGRAMMER'S PROGRESS

AT XEROX:

From system
o system,

with your career
N view.

At Xerox, programmers are involved in
virtually every phase of business opera-
tions. As the need arises, depending
upon your background and career goals,
you'll be concerned with programs that
may range from marketing research to
business modeling to manufacturing to
accounting to engineering.

Providing people with this kind of varied
exposure helps develop a strong, innova-
tive staff for us, and helps you to develop
broad experience...which is the best
preparation for better things to follow.
As a point in fact, that’s one reason why
most of our programmers are called pro-
grammer/ analysts.

Since our most important product is bet-
ter customer service, we are looking for

talent that can utilize EDP and systems
thinking in their broadest sense to pro-
vide practical, business-like solutions to
multi-faceted problems. It's the kind of
talent that is going to help direct our op-
erations in the future.

If you have a Bachelor’'s degree and/or
experience with an IBM 360 or 7000
system, or a Univac 1108, using COBOL
or AUTOCODER, there could be a future
management opportunity waiting for you
at Xerox. To find out more about the
opportunities on all levels, send your
resume, including salary, history and re-
quirements, to M. H. Hartigan, Dept.
MZ-69-F1, Xerox Corporation, P.O. Box
1995, Rochester, New York 14603.

An Equal Opportunity Employer (m/f).
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Ebasco is where

you pit your computer applications knowledge
against some hefty technical problems.

At Ebasco, you get involved. Deeply involved in design,
development and analysis of a multitude of technical,
economic and logistic factors. Especially when the sys-
tems you’ll help plan encompass major power projects
from concept to completion.

And, you stay involved. You'll be confronted with problems
such as electric utility system planning, power plant
design, project control and reporting, and others in the
management sciences area. You’'ll inter-relate with some
of the world’s leading technical/managerial specialists.

Ebasco is where you can do all this—and more. Beyond
being systems oriented, we're one of the more dynamic

firms in the world-wide utilities industry. Why not investi-
gate what Ebasco can offer you in one of these growth-
created positions:

Senior Information Systems Analysts

Information Systems Analysts

Computer Application Engineers

Computer Systems Consultants

Please send your resume to M. W. Kawecki, Professional
Employment, Department 58F, Ebasco Services Incor-
porated, Two Rector Street, New York, New York 10006.

An Equal Oppor- EBASCO

tunity Employer.
An Electric Bond and Share Company
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Automatic Electric can provide a challenge
to aggressive individuals who want to be
pioneers in the development of computer pro-
gramming projects on all levels of an on-line
real-time special purpose computer system.

Imagine having the responsibility for de-
veloping a real-time executive to control the
operation of dual processors that control the
switching of up to 20,000 telephone lines.

Or, design an interrupt control program, a
job scheduler, an I/O executive, restart and
€ITor recovery programs.

If your area of interest is application, con-
sider programs that analyze all the data for
routing information—or—design the data
base for the operation.

If this isn’t enough of an opportunity, try
simulating this package on an I.B.M. 360/50,
using GPSS or PL/1.

There are other challenging areas—such as
programming language design, writing assem-
blers, compilers, simulators or file manipula-
tion software.

You may qualify for one of these careers
with good communication skills, a desire to
learn, one or more years of programming or
analyst experience and a college degree or
equivalent experience.

We offer an excellent starting salary, pro-
motions from within and a liberal benefit
program, including a tuition refund plan.

For more information, call or write:

Dale Hoppe or Martin Nash
Area Code 312-562-7100

Automatic Electric Laboratories

(a member of the GT&E Family of Companies)
400 North Wolf Road, Northlake, Ill. 60164
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Give us a mind that's
never complacent,
never satisfied,

never satiated.

We'll give you a job
you'll never want to leave.

We’'ll give you a job as an RCA  sometimes definite, sometimes We also have openings in Sales,

systems programmer. A job that vague, but always stimulating. Field Systems Support, Product
> will help turn your thoughts into  And, we’ll give you rewards and  Planning and Engineering.
T3 reality. You’ll have a voice in advancement commensurate Contact Mr. J. C. Riener, Dept.
hardware design. A variety of with your skills. SW-2, RCA Information Systems
\¢ projects to test your intellectual  Write to us if you’ve had Division, Bldg. 202-1, Cherry Hill,
o flexibility. A group of people experience in language New Jersey 08101. We are an
X to work with who speak processors, operating systems, equal opportunity employer.
your language. utility systems or communications

We’ll give you goals that are systems.



MULTIDIMENSIONAL

MODELS

Otto Kozma

Supervisor of Programming Group
Cleveland Crane & Engineering
Division of McNeil Corporation
Wickliffe, Ohio

Multidimensional Models

m The complexity of engineering
and management systems stimulated
the creation of the critical path
method and PERT to solve prob-
lems including many components
that influence the cost or completion
date of a complex project.

The network usually represents
the operations, the time required to
complete them and the sequential
relationship of these operations.

The value of these techniques are
well known.

In evaluation or optimization of
an old system and designing a new
system, the problem is usually how
to represent the large number of
components that have a large num-

Fig. 2. Flow diagram of the process of golf
ball development and marketing.
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June, 1968

Sikorsky
Aircraft

DIVISION OF UNITED AIRCRAFT CORPORATION

STRATFORD, CONNECTICUT

An Equal Opportunity Employer

sLin.our

SCIENTIFIC & COMMERCIAL
COMPUTER-BASED

ANALYSIS &
DESIGN SYSTEMS

You can. You'll like what you see at Sikorksy
Aircraft—a company dedicated to producing the
most advanced VTOL airborne and surfaceborne
transportation systems.

And you'll like working with a select group of
stimulating, top-talent people . . . on abundant
and provocative challenges. You would be applying
your professional talents to specifying, designing
and implementing advanced computer-based tech-
nical and commercial systems.

Our current equipment includes Univac 1108's
and IBM 360's with Graphics and Teleprocessing.

Current and planned applications include—

Scientific: Man/Machine Interactive Graphics in
Engineering Analysis and Design.

Development of Batch Programs and Systems in
all engineering disciplines.

Commercial: Data Base and Real Time applica-
tions in Accounting, Manufacturing, Purchasing,
Inventory Control and other related areas.

We have exceptional assignments at all levels
of experience for:

COMPUTER SYSTEMS
PROGRAMMERS AND ANALYSTS
FOR BOTH COMMERCIAL
AND SCIENTIFIC FIELDS

You and your family will find the unique cultural
and recreational advantages of pleasant Connec-
ticut to be abundantly satisfying. And our interest
in your continuing professional development is
exemplified by our corporation-financed Graduate
Education Programs. They are available at these
fully accredited schools: Bridgeport  Brooklyn
Poly « CCNY « Columbia « Connecticut « NYU
« Rensselaer (Hartford Grad. Center) « Stevens
o Trinity « Yale.

Send your resume in confidence, stating salary
requirements, to Mr. Leo J. Shalvoy, Professional
Employment.
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Pseudo Devices
in OS/360

Introduction

When IBM announced Operating
System/360 in 1964, many program-
mers—presumably including the
0S/360 designers—felt that device
independence could be achieved
without significant performance loss.
The most important elements of
“loss” are as follows:

1. Core storage for control blocks
and I/O-control logic;

2. Overhead in time to open and
close data sets;

3. Aggregate overhead in time to
furnish system-I/O services to
compilers, sorts, utilities, user
programs, and—most impor-
tantly—the control program it-
self.

In OS/360, the following control-
program data sets have the greatest
impact on performance:*

® SYSJOBQE = scratch storage
for job-management subrou-
tines;

® SVCLIB = subroutines for spe-
cial I/O services (e.g. OPEN,
CLOSE, device error recovery )
and job-management services
(e.g. allocate track areas on
disk);

® PROCLIB = standard collec-
tions of job-control cards re-
sembling macro definitions,
both functionally and syntacti-
cally;

* Reference [1] is a satisfactory over-
view of OS/360 and its terminology.

8

David N. Freeman

Triangle Universities Computation Center
Research Triangle Park, North Carolina

e L.INKLAB = the principal li-
brary of executable programs.

These data sets were originally
(1966) kept entirely on direct access
storage devices (DASDs) such as
drums and disks. However, DASDs
were poorly matched with internal
compute speeds of all but the slow-
est models of System/360. For ex-
ample, the mean time to retrieve one
subroutine from SVCLIB on IBM’s
fastest drum is 10ms., approximately
10,000 instruction-times on a Model
75. Since the “mean free path” of
0S/360 between requests for
SVCLIB—in an environment domi-
nated by short, nonsetup jobs—is of
the order of 3000-5000 instructions,
the system was retrieving SVCLIB
members for a significant fraction of
clock time—perhaps 20-40%.

In addition to the control-program
data sets, OS/360 performance de-
pends critically on the following
functions:

® SYSIN = the stream of card
images feeding each of several
processing partitions;

e SYSPRINT and SYSPUNCH =
streams of corresponding out-
put images;

e SYSUTx, SYSLIN, SYSLMOD
= scratch storage for the com-
pilers, linkage editor, sort pro-
grams, etc.;

e FORTLIB, PLILIB, ALGLIB,
COBLIB = libraries of object-
time subroutines for various
compilers.

SYSLIN, SYSPRINT, and SYS-
PUNCH have evolved from ancient,
honorable, unit-record concepts.
Typical users find it convenient to
submit card decks and receive
printed listings and card decks in
return, interactive computing to the
contrary. OS/360 has retained these
SYSIN/SYSOUT representations—
80-byte input, 120-132-byte, output
—as standards for job control cards
(JCL), compiler input, object-pro-
gram input, and the corresponding
outputs.

Fundamental Performance Problems

The OS/360 designers badly un-
derestimated the three elements of
performance loss due to device in-
dependence:

1. Control blocks and IOCS logic
—particularly for DASDs—required
several thousand bytes to perform
I/O for an average compilation or
user program, rather than the antici-
pated figure of several hundred
bytes. Not surprisingly, the simplest
devices required the least IOCS core
storage: card reader/punches and
printers.

Surrendering core storage to IOCS
has always been disagreeable to
users with large-core problems, even
for such worthy objectives as device
independence. For them, loss of core
has a special performance impact—
or reprogramming impact—if they
must reduce array sizes or are
obliged to divide large programs
into overlays.

SOFTWARE AGE
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2. To open a typical DASD data
set required over one second with
early disk-resident versions of OS/
360. Most jobs—then and now—
open 10-20 such data sets. These
data sets are generally closed as
often as opened, incurring additional
overhead.

Since 1966, significant improve-
ments to OPEN and CLOSE times
have been achieved by the follow-
ing tactic: commonly-used SVCLIB
subroutines—e.g. those opening
reader, printer, and disk data sets—
can be optionally made core-resident
(or simply, resident). This tactic re-
duces OPEN and CLOSE times by
factors of at least 3. In either case—
resident or non-resident SVCLIB
subroutines—reader and printer
OPEN times are much smaller than
disk OPEN times, reflecting the
greater complexity and parametric
variability of disk data sets. Char-
acteristically, opening a printer data
set requires less than one-quarter
the time to open a disk data set.

However, inserting SVCLIB sub-
routines into the nucleus can se-
verely reduce core storage available
to user programs: alleviating loss
#2 aggravates loss #1. Most man-
agers of OS/360 systems with at
least 256K core storage gladly trade
core storage for improved OPEN/
CLOSE times. A typical 256K sys-
tem might include 10K bytes of
SVCLIB subroutines in its nucleus;
a 512K system might include 25K
bytes; a megabyte system might
include 80K bytes.

The TUCC system [2-5] has 512K
bytes of fast core and 2 megabytes
of large capacity core storage
(LCS). We have included 13K bytes
of SVCLIB subroutines in the nu-
cleus and—by local modifications to
the nucleus-initializing subroutine—
80K bytes of less-frequently-used
SVCLIB subroutines in LCS. LCS
is relatively cheap: 0.6¢ per byte-
month vs. 3.7¢ per byte-month for
fast core. Thus, the TUCC system
deliberately incurs additional in-
struction-execution overhead for
SVCLIB subroutines, since the ratio
of instruction times between LCS
and fast core is 10:1 on the average.
(LCS has an average access time of
almost 8us, fast core of approxi-
mately 0.5zs. However, the Model
75 pre-fetches instructions and data;
this somewhat mitigates degrada-
tion due to executing SVCLIB sub-

10

routines from LCS, since their data
is in fast core.)

At TUCC, the improvement in
OPEN/CLOSE times attributable to
93K bytes of core-resident SVCLIB
has been at least five-fold. This im-
provement is attributable to reduc-
ing average access time from 10ms.
to 0, somewhat balanced by the
slower execution rate from LCS.
(Roughly 200 instructions are ex-
ecuted by an average SVCLIB sub-
routine; assuming an overhead of
8us per instruction executed from
LCS, the average overhead per
usage of a subroutine in LCS is
1.6ms.)

The TUCC system requires less
than 0.2 seconds to open a typical
disk data set, contrasted with 1.0
seconds for an unmodified system.
A printer data set can be opened in
less than 0.08 seconds. TUCC has
made residentall card-reader/punch,
printer, and disk SVCLIB subrou-
tines required by the control pro-
gram, compilers, sorts, and the vast
majority of user programs. (Since
TUCC receives relatively few mag-
netic-tape jobs and disk jobs using
exotic access methods, the corre-
sponding SVCLIB subroutines have
not been made resident. To open a
magnetic-tape data set requires ap-
proximately 0.5 seconds on our sys-
tem.) As we shall describe below,
the principal system functions use
reader/punch, printer, and disk de-
vices—real and simulated—plus the
communications devices furnishing
streams of jobs to/from remote ter-
minals.

On our system—and, we suspect,
on most Model 75-class systems—
magnetic tape is inappropriate for
system functions, because of (a)
slow READ/WRITE times, (b) pro-
longed REWIND times, (c) strictly
serial operation, precluding multiple
job streams to/from a single drive,
(d) infeasibility of dynamic job-
scheduling algorithms (fast turn-
around for small jobs), and (e) non-
sharability among multiprogrammed
tasks, e.g. SPOOL task feeding proc-
essing tasks.

3. The overhead—in time—to fur-
nish a stream of input card-images
to a processing partition is a func-
tion of

(a) complexity of the deblock-
ing logic,

(b) complexity of buffer man-
agement,

(c) complexity of initiating
channel service to the input de-
vice and responding to interrupts
therefrom, and

(d) average access time to the
device.

Since card reader/punches and
printers are inherently unblocked,
and since their channel programs
are trivially simple, the system over-
head to GET one card image from
a reader is less than 40% of that re-

quired to GET an identical card

image from a disk data set. The fun-
damental problem in using card/
printer devices on any powerful
computer is item (d). The next
topic explains how a number of OS/
360 installations have reduced this
item for various classes of I/0O
devices.

Pseudo-Devices

At least four distinct variants of
0S/360 based on pseudo-devices
have been successfully implemented
during the last twelve months. We
define a pseudo-device as a control
block and associated I/O-supervisor
logic which is represented to OS/360
as a device—typically a card reader,
punch, or printer—but is actually
implemented as a combination of
core storage, other I/O devices, or
even communications lines. This
combination functionally imitates
the corresponding device; most of
0S/360—control program, compil-
ers, the Fortran I/O library, etc.—
is unaware of the substitution.

What is the rationale behind
pseudo-devices? Raising system per-
formance significantly above what is
attainable with IBM’s own variants
of 0S/360, and interposing a cheap
interface with telecommunications
equipment, pseudo-devices represent
a universal, simple interface to the
0S/360 control program and com-
pilers, leaving system programmers
complete freedom to simulate de-
vices when and how they choose.
Pseudo-devices represent capitula-
tion to device dependencies of OS/
360. Furnishing simple, simulated
devices for system functions is be-
coming widely accepted as the sine
qua non for (a) raising OS/360 per-
formance to acceptable levels and
(b) achieving simple user control
of the job-collection, job-selection,
and job-disposition functions.

SOFTWARE AGE



Programmers/Analysts

If you're interested in
working five years ahead of
the times, learn about
IBM’s Federal Systems Division.

We're working at state-of-the-art levels—and we need pro-
grammers and analysts now.
Our Federal Systems Division is involved in a series of real-time proj
ects for the Government that are about as advanced as anything in
the field of computer technology today: trajectory analysis, orbit
prediction, multi-programming, multiple-access concepts, acous-
tic instrumentation. And most of this work is being done using
the latest computers and peripheral equipment available.
Our positions are located in Northern New Jersey and the
Washington, D.C., area.
At IBM you'll find completely company-paid benefits that
include life, medical and hospitalization insurance. IBM also
offers you an exceptional educational assistance program.

Are you one of these people?

We need programmers and analysts with experience in one [ 8
of two basic areas: information-handling systems and sci- P g
entific-engineering programming. i A

Ideally, you should have a Bachelor’s degree in Mathe-
matics, Physics, Engineering, Economics, or Statistics.
(Equivalent experience in some instances is acceptable.)
You should have at least one year’s experience.

Contact IBM today.
If you're interested in one of the hottest careers
going in computer technology, we want to talk to
you. Send a brief resume to: Mr. J.F. Ryan, IBM
Corporation, Dept. BF 1015, 18100 Frederick
Pike, Gaithersburg, Maryland 20760.

It could be the most important

resume you've ever written. EM o

"
An Equal Opportunity Employer ‘l«
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PROFESSIONAL
GROWTH FOR
GRADUATE SYSTEMS
ANALYSTS

Northern Natural Gas Company, a
major natural gas supplier with diver-
sified interests in petrochemicals, LPG
production and transmission, helium
extraction, and systems training, has
exceptional professional positions for
experienced graduate systems analysts
in the following areas:

SYSTEMS ENGINEERS

BS in mechanical, petroleum or
chemical engineers at intermediate or
senior level. Should have some ap-
plied math background and 2-5 years
experience using large scale com-
puters. Job includes development of
specific systems, procedures and pro-
grams for the resolution of engineer-
ing problems. - This involves knowl-
edge of mathematical models, linear
programming, information theory,
probability theory and regression
techniques.

SCIENTIFIC ANALYSTS

MS, BS, or BA in math, physics, or
computer science with 1 or more years
experience to analyze engineering
scientific problems and develop sys-
tems and computer programs required
for optimum problem solutions.

BUSINESS SYSTEMS ANALYSTS

BS in math, business, accounting or
economics with at least 2 years sys-
tems or programming experience with
large scale computers. Develop, de-
sign and implement corporate wide
business and management systems.

CORPORATE SYSTEMS SPECIALIST

Technical degree, MS, MBA, or
equivalent business knowledge. At
least 5 years of business experience
with 3 years in systems work and in-
formation systems design utilizing
large scale computers.

METHODS AND SYSTEMS SPECIALIST

BS in math, computer science or en-
gineering. At least 2 years experience
in administration and problem solv-
ing vutilizing large scale computer.
Should have knowledge of various
O.R. and Management Science tech-
niques. Work includes conducting
studies, developing systems and mak-
ing recommendations to assure the
division's effectiveness.

These are responsible positions which
offer an excellent opportunity for ad-
vancement and growth. Excellent sal-
ary and benefit program. Relocation
fully paid. Applicants may - forward
resumes and salary history in confi-
dence to: Roger Sayers, Personnel
Department.
2223 Dodge Street

Omaha, Nebraska 68102
An Equal Opportunity Employer

Northern
Natural Gas
Company

Home Office: Omaha, Nebraska
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Logically, a card reader is an in-
finite sequence of 80-byte images.
When a program issues an Execute
Channel Program (EXCP) macro-
instruction to a card reader—real or
simulated—one of the following
events results: (a) the next card
image is furnished and the requestor
proceeds, or (b) the next card
image is not yet available and the
requestor WAITs. In case (b), the
requestor yields control of the CPU
to some other dispatchable task in
the system. If no tasks are dispatch-
able, the system is idled until an
I/0 interruption permits the corre-
sponding task to continue.

Logically, a printer is also an in-
finite sequence, with the following
response to EXCP: (a) the next
print line is accepted from the re-
questor, or (b) the printer is still
busy with the preceding image and
the I/0 request is queued (until an
I/O interruption signifies that the
printer is freed). For pseudo-print-
ers, case (b) is usually modified so
that the requestor immediately
yields control to another task when
he “floods” the device, i.e. furnishes
print lines too fast for the simulator
to move them out of core.

A punch is logically identical to
a printer, except for control com-
mands such as Stacker Select
(punch) and Skip/Space lines
(printer). The pseudo-devices de-
scribed below typically convert all
control commands to first-character
control. User A may use ASA first-
character printer control, user B (of
the same pseudo-printer) may use
machine-command first-character
control, user C may furnish no first-
character control. By the time OS/
360 issues EXCP, control specifica-
tions for all three users have been
converted to a simple repertoire of
machine commands (CCWs). The
TUCC pseudo-printers reconstruct
machine-command first-character
control from CCWs as a universal
SYSOUT representation. In some
cases, this necessitates insertion of a
blank line together with a control
command, but such tampering with
SYSOUT does not change either (a)
the ultimate printed images or (b)
the gross performance of the pseudo-
printer.

By insuring unique first-character
control for printers and punches,
two streams from a single job bound
for a single destination can be

merged. This is particularly con-
venient if SYSPRINT and SYS-
PUNCH images are simultaneously
received from two or more process-
ing tasks while a telecommunica-
tions task is transmitting already-
processed streams to appropriate
destinations. Merged SYSPRINT/
SYSPUNCH streams reduce access-
mechanism movement if the streams
are queued on disk; they reduce
aggregate core requirements if
queued in core.

Pseudo-disks are the final category
of this paper, discussed in detail un-
der “The TUCC Remote Job Entry
System.” An elementary pseudo-disk
has been implemented in IBM’s
Type-I support for resident SYS-
JOBQE. In the “Introduction” SYS-
JOBQE was identified as a DASD
data set with major impact on sys-
tem performance. Until the pseudo-
disk implementation, SYSJOBQE ac-
cesses cost the OS/360 control pro-
gram significant I/O-watt time. The
pseudo-disk support of SYSJOBQE
operates as follows:

Only two channel programs are
admissible for SYSJOBQE; the disk
simulator converts track and record
addresses into equivalent core-
storage addresses. These addresses
are entirely within an area of the
nucleus (in LCS in the TUCC sys-
tem) which is dedicated to holding
SYSJOBQE data at all times. Thus,
I/O operations to the SYSJOBQE
data set are intercepted and simu-
lated by data-move operations.

The Houston Automatic Spooling
Priority System (HASP) [6]

Although HASP has not been
widely documented in IBM publica-
tions or the professional literature,
it is today (early 1968) the most
widely-used variant of OS/360 on
large systems (Model 65 and
above). HASP drives its pseudo-
reader, -punch, and -printer by
means of minimal-seek disk opera-
tions issued by a partition (P0) op-
erating independently of the batch
partition (P1). PO controls all real
unit-record equipment. It runs each
card reader at full speed so long as
(a) there are cards in the hopper
and (b) the input-queue disk space
is not full. In case (b), PO merely
stops the card reader until at least
one track is freed for more input.
Control flows as shown in Figures
1-4:
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SYSIN under HASP: SPOOLing real cards
Batch partition (P1) SPOOL partition (P0)
EXCP card n

Nucleus

Read next card <

from real reader

into PO
WAIT for I/0O interruption
at completion; yield control
to P1 or other PO activity
until interruption
Read card EXCP c\'grd n+1
L WAIT
Figure 1
SYSIN under HASP: Disk Enqueuing
Nucleus Batch partition (P1) SPOOL partition (P0)
Write buffer Yes Does card n fill full-track
to nearest disk buffer?

No
empty track

> Update core and
disk tables to show track
allocated and for whom

Commence filling new disk
buffer with cards 1, 2 . . .

Figure 2

Figure 3

SYSIN under HASP: the Pseudo-Reader
Nucleus Batch partition (P1) SPOOL partition (P0O)
Move next card<—EXCP card n
AABAEE D RREL e B R R A LT

80

image from

PO to P1

Available

_WAIT for I/0 completion

(in this case, already completed )

sl

¥ Not Available
Proceed

Put PO into WAIT
state until card image
is available

( U
VSPERRY RAND

Whenyour job
begins to feel
like this...

DEAD END

NO THOROUGHFARE

Think about this:

There are no dead ends for
programmers and systems
analysts at Univac. Your ca-
reer can grow any direction
you choose. You get new as-
signments and new responsi-
bilities as fast as you can
handle them.

What are we up to now?
We're creating and manufac-
turing the finest computer
hardware/software in the in-
dustry. And developing ad-
vanced methods of program
construction. And planning for
advanced software support.
And exploring new logical
language translation, compiler
construction, mass memory
allocation, information storage
and retrieval, and interpretive
programs. As well as conduct-
ing research in assemblers and
loaders, program documenta-
tion techniques, advanced ex-
ecutive systems, remote pro-
grammingsystems,graphics...
you name it.

To put your career back on
the track, write and tell us your
experience, capabilities and
goals for today/tomorrow.
Mail to: R. K. Patterson, Em-
ployment Manager, Dept. 108,
address below.

LUNIVAC

FEDERAL SYSTEMS DIVISION
2750 WEST SEVENTH BLVD.

ST. PAUL, MINNESOTA 55118

AN EQUAL OPPORTUNITY EMPLOYER M/F

N

ﬁ
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Nucleus

Read next Yes

SYSIN under HASP: Disk Dequeuing
Batch partition (P1) SPOOL partition (PO)

Last card image of buffer

.

track of queued

input

Available

exhausted by pseudo-reader?
lNo

Furnish next card image to

pseudo-reader

Begin furnishing images

Not available

[
No input enqueued =

system out of work

Resume track retrievals
when input again becomes

enqueued

from new track when retrieved

Figure 4

HASP thus levels card-reader and printer activity across jobs. Typically,
a compilation, sort, or user program runs severely input-bound, then com-
pute-bound, then output-bound. HASP overlaps card reading for future
jobs with printing or already-processed jobs and simulated SYSIN/

SYSPRINT for in-process jobs.

For a Model 75-class system, the following figures shows the wide

range of available speeds:

Mean GET/PUT Times for One Record

Disk with
Unit Disk (without | Tape (without full-track
Function record blocking ) blocking HASP blocking)
SYSIN 60ms. 25ms. 15ms. Ims. 0.2ms.
SYSPRINT | 60ms. 25ms. 16ms. Ims. 0.2ms.
Table |

The reader will at once ask, “Why
not issue blocked-record disk I/0O
directly from P1? Use HASP to
SPOOL SYSIN/SYSOUT streams,
but let P1 perform its own I/0.”
The answer has been cited above:
residual device dependencies in OS/
360. Any OS/360 processor will ac-
cept input from a card reader, most
will accept blocked-record input
from disk, the exceptions to this

14

rule ruin the simplicity of direct
input to P1 from disk.

A more fundamental advantage of

HASP is the master-slave relation-
ship between PO and PI. If P1 se-
lected its own jobs, PO could not
readily pre-fetch tracks of card
images into core nor gulp multiple
tracks of print images while P1 was
writing output—or after P1 had ad-
vanced to the next job. For these

and other reasons, PO and P1 must
synchronize their I/0O; this is neatly
effected by pseudo-devices.

The master-slave structure permits
PO—which typically requires 1-10%
of CPU time—to optimize reading
and printing functions for P1 as fol-
lows. Every card image queued onto
disk by PO must ultimately be read
back by a Pl pseudo-reader. En-
queuing is relatively “leisurely” (not
critical to system throughout); de-
queuing must be fast and efficient,
since P1 can request track after
track of SYSIN images at core-
transfer speeds. The PO track-man-
agement algorithm reflects these
considerations; it writes each buffer-
load of newly-collected card images
into an empty track at/near the cur-
rent SYSIN mechanism position, to
avert long mechanism movements
for impending service to Pl. The
PO algorithm attempts to collect
multiple tracks of card images for a
single job onto one disk cylinder.
PO uses an analogous algorithm to
control mechanism movement for the
SYSOUT disk.

Additional advantages from the
pseudo-device approach include (1)
automatic cutoff of jobs which ex-
ceed estimated SYSIN card counts
or estimated SYSOUT lines, (2)
automatic cutoff of jobs which ex-
ceed their running-time estimates,
(3) “snooping” of SYSIN and SYS-
OUT for unwanted lines or lines
which indicate special control func-
tions to HASP, e.g. forms-change
messages for remote terminals.
These same advantages over stand-
ard OS/360 are offered by ASP,
CLASP, and the TUCC system.

An important advantage of
pseudo-readers is their simplicity
for servicing multiple, concurrent
job streams. Insofar as OS/360 per-
mits, pseudo-device systems can fur-
nish efficient SYSIN/SYSPRINT/
SYSPUNCH streams to multiple par-
titions. The PO function in each sys-
tem can “spread” streams over dis-
tinct channels and disk drives, re-
ducing contention for channels or
access mechanisms. This optimiza-
tion is global and transparent to the
processing partitions, since they are
accessing card-like devices rather
than explicit disk data sets. When
PO detects adverse changes in the
“system spread”, e.g. unanticipated
contention for a particular access
mechanism, it can immediately rem-
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edy the situation by switching
SYSIN and/or SYSPRINT to a dif-
ferent disk drive.

The Attached Support Processor
(ASP) [71 and Closely-Linked
ASP (CLASP) [8]

ASP is a two-CPU system, CLASP
is a two-partition, single-CPU sys-
tem with all of the support-processor
functions of ASP included in PO.
Their usage of pseudo-devices is
almost identical; for narrative sim-
plicity, we let PO denote either the
support processor (ASP) or the
SPOOL partition (CLASP), and P1
similarly.

Pl accesses SYSIN, SYSPRINT,
SYSPUNCH and a collection of tape-
like devices through a channel-to-
channel adapter attached to P0. To
P1, these devices are indistinguish-
able from tapes (except that SYSIN,
SYSPRINT, and SYSPUNCH are in-
finitely long; the other functions are
usually constrained to tape-like
lengths. ).

Each request from P1 for a card
image is translated—by a special
ASP subroutine—into a channel-to-
channel I/0 operation with P0. Just
as in HASP, PO attempts to read
ahead from real card readers, queue
card images on disk, and maintain
at least one track in core storage,
ready to satisfy the next burst of re-
quests from P1. The difference from
HASP is principally in the pseudo-
devices implementation. Whereas
HASP either instantly furnishes a
card image or blocks the requestor,
ASP translates the request into a
channel-to-channel I/O operation.
Termination of the I/O operation
signifies receipt of the card image,
delays in the I/O operation permit
P1 to continue processing while PO
services the request. If PO is unable
to satisfy the request within a few
milliseconds, Pl typically WAITs
on the request; P1 can resume only
when the I/O operation finally ter-
minates.

HASP uses the CPU to move
images between PO and Pl and is
unable to overlap this “I/O” with
processing in P1, whereas ASP uses
two channels to move images, per-
mitting processing overlap. How-
ever, if a card image is already
available in PO when P1 requests it,
this overlap is inconsequential to
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PROGRAMMERS—SYSTEMS/ SCIENTIFIC/ COMMERCIAL

“Youll begfamming

the moon, _

and doing evérythin
under the sun.

@ The closer the moon gets, the more
exciting the work becomes. Important
as they are, the successful Apollo-
Saturn launches and the space journey
of the lunar module are only preludes to
the main task facing the NASA/ industry
team—putting men on the moon.

This is what you'll be programming.
The moon shot and computation of all
the factors that will assist NASA in the
operation and maintenance of the com-
munications and instrumentation which
are the nervous system of the Kennedy
Space Center. As a prime contractor
this is the responsibility of ITT-Federal
Electric Corporation’s’ 1500-man team.

We'll give you the tools. For scien-
tific, engineering and administrative
support you can call upon two GE 635
multi-programmed digital computer
systems with 16 magnetic tape units,
128K word storage, a 788K word drum
and real-time input/output controllers
on each system. We also use an IBM

g

7010 computer system for financial
management and an IBM 1050 con-
nected to a separate IBM 1440-7010
computer system for a real-time 30K
item inventory system.

The work offers unparalleled oppor-
tunities for programmers. So does the
living. There's something new to do
every day...and the climate to do it in.
You'll be living in the heart of Florida's
fabled East Coast, at a cost well below
the national average. There's boating,
surfing, superb fishing, hunting, and
golf. If you're more sedentary, you can
cultivate the soothing art of shell col-
lecting. Federal Electric Corporation, in
Florida, is a great place to indulge your
family while you're giving your career
a big thrust forward.

Please forward your resume, includ-
ing salary history, in complete confi-
dence to Mr. L. A. Hamilton, Federal
Electric Corporation, Suite 501, Cape
Royal Building, Cocoa Beach, Fla.32931.

FEDERAL ELECTRIC CORPORATION ITT
ITT’s World-Wide Service Associate

A Plans for Progress Equal Opportunity Employer (m/f)
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grams in support of flight projects. Spacecraft telemetry to be proc-
essed includes engineering, scientific command and television data.
Related programs such as star mapping, communications predictions
and command generations are also developed in the Group.

Qualifications: BA or BS minimum with a major in math preferred,
but not mandatory. One to two years' minimum experience in
programming. Background in telemetry processing /data reduction
preferred. Machine language (FAP, IBMAP) experience preferred.

Real-Time Programmers — You'll be responsible for design,
implementation and documentation of computer program systems
supporting various flight projects. Particular areas of work include
real-time processing of spacecraft telemetry, ground support
operations and simulation modeling.

Qualifications: BA or BS minimum with a major in math, physics,
engineering or related areas. Two years' minimum experience in
programming with experience in real-time applications on medium
to large scale computers. Machine language experience required.

We need programmers right now who can grab hold and fly. ggo¢tware Research and Advanced Development Pro-
Who can take off in any direction. And soar with the best of them. grammers — You'll do independent research and advanced de-
System Programmers — You'll be responsible for design, imple- velopment in computer program applications such as real time
mentation and conversion of computer programs for real-time data  spacecraft simulation, telemetry data storage and retrieval, and
processing and control function in large general-purpose computers. analytical mathematics by time-shared computers.

Qualifications: BS in math plus three years' experience with Qualifications: Programmer/Analysts with advanced degrees,
real-time data reduction systems desirable. MS or beyond, and at least four years' experience in technical

Data Reduction and Processing Programmers—You'll work in  cOmPuter applications.

JPU's Flight Telemetry Processing Group designing, developing, im- Send your resume in confidence to Mr. Wallace Peterson, Super-
plementing and documenting telemetry processing computer pro- visor, Employment.

4800 Oak Grove Drive, Pasadena, California 91103
Attention: Professional Staffing Department 600

@ JET PROPULSION LABORATORY

"An equal opportunity employer.”” e Jet Propulsion laboratory is operated by the
California Institute of Technology for the National Aeronautics and Space Administration.
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system performance; HASP and ASP
require approximately the same
time, in this case. Initiation and ter-
mination of I/O requests on the
channel-to-channel adapter is more
complex than simulating instantane-
ous card reading; CPU overhead
for each EXCP sequence in ASP is
somewhat greater than for HASP.

In HASP, ASP, CLASP, and the
TUCC system, PO performs many
additional functions such as scan-
ning card images:

® to validate job-control informa-
tion, e.g. insert delimiters if
necessary

® to determine job characteristics
for specialized system-loading,
e.g. automatically select a com-
pute-bound job to run concur-
rently with an I/O-bound job

® to determine needs for private
tape reels or disk packs; PO is-
sues volume-mounting instruc-
tions to the machine operator
before any system resources are
committed to a job

® to identify short, non-stop jobs;
these are normally given ex-
pedited service, and they can
also be processed as “filler”
work while tape reels are be-
ing mounted for a setup job.

The Westinghouse Remote
Terminal Operating System [9]

Connected to a large central
S/360 at Westinghouse are various
card-oriented satellite computers.
The satellites are typically several
miles away, linked to the central
facility through broad-band syn-
chronous transmission adapters and
common-carrier telephone lines. The
satellites operate as pseudo-devices
attached to pseudo-controllers;
whenever they are not initiating I/O
to the central facility—or pre-proc-
essing input to this facility or post-
processing output—they work ex-
clusively on replenishing their core-
buffers with card and print images.

In the central facility, eight
pseudo-devices represent each satel-
lite: console, reader, punch, two
printers, plotter, paper tape reader,
and paper tape punch. A single
communications-IOCS logic serves
all satellites. Thus, I/O operations
for the pseudo-reader are translated
into communications-line READs
which in turn initiate communica-
tions-line WRITEs from the satel-
lite device. Just as in HASP, ASP,
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Pick your spot at
McDonnell Douglas:

East, Midwest,
or West.

We have immediate openings for data processing
professionals in St. Louis, Denver, Southern
California, Houston and New York. Just
indicate your location preference on the coupon,
and we’ll do the rest.

We're looking for systems analysts, programmers,
math modelers, information system specialists,
computing engineers, business consultants,
computer-oriented salesmen, and other experienced
data professionals.

You’ll find what you’re looking for at McDonnell Douglas:
R & D programs; real-time, on-line systems; business, scientific
and software programming; management information
systems; and automation—to name just a few activities.

You'll find opportunities in commercial data service
at our McDonnell Automation Company Datadromes
and in engineering, scientific and business computing and
data processing at our Aircraft Division, and in our
Information Systems Subdivision.

To arrange an interview, mail the coupon today; please
attach your current resume, if available.
| Mail to: Mr. W. R. Wardle, Professional Employment, Box 14308, St. Louis, Missouri |

63178, Or: Mr.L. O. Kilgore, Professional Employment 3000 Ocean Park |

| Blvd., Santa Monica, California 90406.

I Name

| Home address

| City & State Zip code Phone

| Education: BS MS PhD Major Field

| (date) (date) (date)

| Primary experience area

|

I . p
| Present position /

| Location: East__Midwest__West__
| SWA-6 MCDONNELL DOUGLAS

I An equal opportunity employer

No preference___



WORLD FAMOUS

CURTA

PORTABLE PRECISION
CALCULATOR

weighs only 8 oz.
adds—subtracts—multiplies
divides—squares—cubes
extracts square roots
accumulative multiplication
multiplication or division by
constant factor

figures: percentages
percentage increase or decrease
compound percentages
calculations—calculation of
distance and azimuth—Iinear
interpolation—solves formulae

comes in two models
MODEL #1 MODEL #2
diameter 2-1/16" 2-9/16"
height 3-3/8" 3-5/8"
weight 8 oz. 120z
digit cap.  8x6x11 11x8x15

PRICE $125.00 $165.00

Furnished with shock proof
container.

LEATHER CARRYING CASES
(2 Styles Available)

Carries “Curta’’ in Container

#S-1 SMALL $14.00
#S-2 LARGE $16.00
Carries 'Curta’ Only
#1 SMALL $10.95
#2 LARGE" $1'1:95

MONEY BACK GUARANTEE

You may purchase either model on
a money back basis. If you are not
completely satisfied with the Curta
Calculator, you may at any time
within a 30 day period return it for
your money back. In addition all
calculators carry an unconditional
guarantee against any defect in
parts or workmanship.

To order specify Model # and case
style and send check with your

order to:
SCIENCE/SYSTEMS
P. O. Box 1176, Evanston, Ill. 60204
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and CLASP, the communications
IOCS tries to keep a stack of card
images in the central machine, to
satisfy bursts of requests. Likewise,
it permits accumulation of a stack
of print images before interlocking
the pseudo-printer; this stack is
quickly reduced by sending images
to the appropriate satellite at broad-
band speed (5KB).

Thus, each of several partitions in
the Westinghouse system can oper-
ate with card input and printer out-
put—the actual devices are located
where data is stored, programmers
and engineers work, etc.

The TUCC Remote Job
Entry System [2-5]

Connected to the Model 75 at
TUCC are the following satellites:

e IBM 360/30s and 360/40s, using
Tape and Disk Operating Sys-
tems/360 as well as the MFT
option of OS/360; over broad-
band lines;

e IBM 1130s (small scientific
computers); over voice-grade
lines;

e IBM 1978s (reader/printer ter-
minals); over voice-grade lines;

e IBM 1050s (typewriter/card-
reader terminals); through 15
cps adapters;

e IBM 2741s (typewriter termi-
nals); through 15 cps adapters;

® Teletype 33-35 ASRs (type-
writer/paper-tape terminals);
through 10 cps adapters.

The system is not constrained to
these satellites; others under consid-
eration include the following:

e IBM 360/30s connected over
voice-grade lines;

e Univac DCT 2000s (reader/
printer terminals); over voice-
grade lines;

® IBM 2780s (reader/printer ter-
minals); over voice-grade lines;

® PDP-8s (small scientific com-
puters); over voice-grade lines.

Of these terminals, only the 2741s
are inappropriate for remote job en-
try (RJE), i.e. batched jobs from a
satellite. 1050s and Teletypes can be
used for either RJE or interactive
computing. (TUCC offers the latter
facility through the IBM—-Allen Bab-
cock Corporation Conversational
Programming System. CPS operates
independently of the RJE system. )

To support RJE, TUCC uses two
pseudo-readers, two pseudo-punches,

two pseudo-printers, and one pseudo-
disk. (Although it is merely another
pseudo-device, the latter was chris-
tened hyperdisk a year ago; the lat-
ter designation will be retained, for
consistency with other documenta-
tion. )

All but the hyperdisk are quite
similar to the HASP implementation;
they were designed at approximately
the same date, although HASP was
completed somewhat earlier.

Just as in HASP, most sources of
input—the local card reader and all
terminals accessed over broadband
and voice-grade lines—are continu-
ally interrogated by PO to collect
jobs. The 10-15 cps. lines are dial-
up; as soon as a TUCC number has
been successfully dialed by a low-
speed satellite, TUCC types out all
output from jobs previously sub-
mitted (if any). Immediately there-
after, TUCC reads input until End
of Transmission to conclude a single
dialogue.

Likewise, TUCC writes already-
processed job output to printers,
punches, and plotters (360/30s and
360/40s only) as soon as (a) a ter-
minal indicates readiness to receive
and (b) all input to the central fa-
cility has been sent. The entire proc-
ess of establishing/breaking contact
with TUCC is automatic at the cen-
tral facility; PO requires no operator
intervention during each dialogue.
Accounting information is automati-
cally accumulated on disk, so that
each job receives appropriate billing
for its usage of machine resources.
From individual transactions,
monthly invoices are accumulated
and written by computer. (Invoices
themselves are sent by U.S. Malil,
but we are confident this is only a
temporary inconvenience for a com-
puter utility!)

All jobs are collected into a com-
mon queue of work which feeds two
processing partitions. One partition
contains a small-job monitor which
functionally replaces the OS/360 Job
Scheduler for that partition. PO
gives this partition small-core jobs
requiring no setup and little I/0.
These jobs comprise almost half of
the TUCC load, by number. Their
CPU-time requirements are typically
0.1-10 secs. They aggregate only
10% of our total computational load.
However, a large proportion of these

(Continued on page 34)
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DIGICOMP 1l - the “second generation”
of the famous DigiComp,

enormously more ‘‘sophisticated’’ as additional ‘‘switches’ and ‘‘core
positions’’ permit many more decisions and ‘‘branching’’ possibilities.

]

Like its predecessor the DigiComp-l (see below) it is entirely mechan-
ical in operation but affords the functions common to electronic com-
puters in a form far more comprehensible. The best way ever to learn
(or to teach) the principles of modern data processing.

$16.95 Postpaid

DIGICOMP-1 COMPUTER

Ingenious mechanical equivalent of an electronic digital computer.
Can be ‘‘programmed’ to perform, individually, every operation of a
digital computer. Best thing ever for teaching binary math, how a
computer operates, how and why problems must be broken down for
machine solution. In kit form—1 hr. to assemble. $5.98 Postpaid
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WFF’'N PROOF

Developed in the course of the
ALL Project (Accelerc/ed Learn-
ing of Logic) Wff'nProof incor-
porates 21 games of progres-
sive difficulty; has been used to
teach propositional calculus to
elementary school children but
challenges the intellect of pro-
fessional logicians. Complete g
with 224-page manual which
is an introduction to the world
of modern logic; filled with
valuable tips to clear thinking.

$6.25 Postpaid

WAH
REE

The ancient game of mathe-
matical strategy which has in-
trigued millions for more than
30 centuries. A game at once
so simple in its basics that a
pre-schooler can enjoy it yet so
complex in its possibilities that
its fascination multiplies with
the mathematical grasp of the
player.

$7.95 Postpaid

TWIXT

Another famous ‘‘bookshelf’” game, package matches that of Oh-
Wah-Ree. A stimulating game with a fascinating chess-like strategy
of move and countermove. Two or four players.

$7.95 Postpaid

CONFIGURATIONS

Based on concepts from the geometry
of incidence, CONFIGERATIONS is a
series of intriguing mathematical and
geometric puzzles that will challenge
and delight those who enjoy careful
reasoning. It is authored by Profes-
sor Harold L. Dorwart, Chairman of
the Mathematics Department, Trinity
College, Hartford.

$4.95 Postpaid

lllinois residents add 59, OES
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The Computer
Meets The Shell

m The shell game—or, the geo-
metric analysis of the theoretical
morphology of the coiled shell—and
the computer.

The what?
The study of shells . . . all kinds
of shells . . . snail shells, clam shells,

oyster shells. Even the study of
shell forms which don’t exist in
nature.

How?

With a modern analog computer.

Professor David M. Raup of the
University of Rochester’s Depart-

ment of Geological Sciences has
been involved in extensive studies
of shell geometries. In his studies,
he has used both digital and analog
simulation methods. “The digital
method has the disadvantage that
it is relatively costly in terms of
computer time. A much cheaper
and nearly as rigorous method has
been developed in which a standard
Electronic Associates, Inc. TR-20
Analog Computer and oscilloscope
are used.”

The study, according to Prof.

Raup, was designed to analyze the
functional significance of the coiled
shell. In general, it was found that
the geometry of a shell form
was directly related to biological
phenomena.

The coiled shell, in geometric
terms, is a tapered, hollow tube. It
is open at its larger end and is
coiled on a fixed axis. Growth takes
place principally at the open end.

To develop the analog computer
program, it was necessary to de-
velop a mathematical model repre-

re you interested in an
opportunity to relocate in the nation’s leading
computer employment area. Positions involved
with interesting problems and utilizing advanced
techniques and equipment are available to talent-
ed and motivated individualists. Salaries are in
relation to the potential value of each individual
and range from $8,000 to $25,000. If you are
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senting the geometry of the shell.
This was done. The model has four
principal parameters which can be
adjusted, with the result being dif-
ferent geometric forms.

The first parameter is the shape
of the generating curve—in general,
the outline of the shell's growing
edge or its open end. The second
parameter is the whorl expansion
rate—the rate of increase in the
generating curve per revolution. The
third is the position of the generat-
ing curve in relation to the coiling
axis—the distance between the open
end and the axis. Last is the rate
of whorl translation—the rate of
movement of the generating curve
(open end) along the axis per
revolution.

With these four variables, Prof.
Raup was then able to simulate the
entire spectrum of geometrically pos-
sible shell forms. By plotting the
geometries of existing shell forms,
it was found that some regions of
the spectrum are essentially empty
with regard to natural forms.

The conclusion drawn from the
analog computer study was that the
forms in the empty regions are geo-
metrically possible—but biologically
impossible because of functional in-
efficiency.

This dependence of form on bio-
logical evolution holds true with
fossils as well as with actual, existing
shell forms. For example, the shell
of a bivalve (a clam) must have a
functional hinge. Therefore, the
whorls of the shell must not overlap.

In the analog simulation, a circle
was generated and was traced
rapidly enough to appear solid. Its
offset from both the horizontal and
vertical axes was controlled. The
circle, simulating the generating
curve, was rotated around the verti-
cal axis, simulating the coiling axis.
The circle became smaller as it ro-
tated, thus simulated shell growth
in reverse.

The translation of the whorl was
introduced by varying the vertical
offset of the initial circle. The rela-
tive distance of the generating curve
from the coiling axis was established
by the initial horiziontal offset.

The result, with pictures of each
trace, was the format for Prof.
Raup’s analysis of the functional
significance of variation in coiling
geometry. [
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Efficient
Programming
in

FORTRAN

Charles Erwin Cohn

Argonne National Laboratory
Argonne, Illinois

A number of techniques can be used to decrease
the running-time and memory-space requirements
for FORTRAN programs. The usage of these de-
pends upon the characteristics of a particular com-
piler and system.

Introduction

m Real mastery of a problem-oriented language
implies the ability to describe a job so that it
will be done efficiently, i.e. with a minimum of
unnecessary extra operations. At present, con-
cern for program efficiency is considered archaic
by many people. However, it assumes renewed
importance with the advent of the many small
computers which can execute problem-oriented
languages, in particular FORTRAN. It does not
take much of a FORTRAN program to tax the
capabilities of these small machines. Therefore,
efficiency can make the difference between be-
ing able to run such a program in a straight-
forward manner, or, on the other hand, having
to segment the program, resort to machine lan-
guage, or look for a larger computer—all of
which are inconvenient.

The measures that are necessary to improve
program efficiency depend upon how optimally
each type of FORTRAN statement is handled by
a given compiler. In general, the compilers for
the smaller machines do less well in this respect,
so that more attention is required from the pro-
grammer to obtain optimal code. Therefore, the
programmer must know the characteristics of the
particular compiler which he uses. Because of
the variety of compilers now available and the
rate at which new ones are being introduced, it
is not practical to give those characteristics here.
They can be ascertained by examination of the
machine-language output produced by the com-
piler from some benchmark programs. (Ideally,
such information should be provided by the
computer manufacturers.)

Normally, the measures discussed in this pa-

* Work performed under the auspices of the U. S.
Atomic Energy Commission.
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per save both running time and memory space.
(It is the latter that normally limits the size of
problem that can be run on a small computer.)
Where a trade-off between the two is involved,
that will be noted.

Although the discussion in this paper is in
terms of FORTRAN, it applies in general to any
problem-oriented language. The points discussed
may seem trivial, but it is the author’s experience
that many “professional” programmers and prac-
tically all “amateur” programmers are unaware
of them. They are not covered in texts.

Arithmetic Expressions and
Replacement Statements

Arithmetic expressions and replacement state-
ments can be optimized by eliminating the re-
peated calculation of redundant subexpressions.
In the statement

Z = (A®B/C)*SIN(A®B/C),

the redundant subexpression (A*B/C), although
appearing twice, should be calculated only once
and the result saved until it is needed again.
Most compilers will do this automatically if the
redundant subexpression is set off by being en-
closed in parentheses, as shown here.

If a particularly rudimentary compiler does

SOFTWARE AGE
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not optimize this case automatically, the pro-
grammer must do it as follows:

TEMPL = A*B/C
Z = TEMP1*SIN(TEMP1)

Practically no compilers, except the most so-
phisticated, will optimize subexpressions that are
redundant between two or more arithmetic re-
placement statements. These must invariably be
optimized by the programmer. For example, the
statements

X = SIN(A®B/C)
Y = C@S(A*B/C)

should instead be written:

TEMP1 = A*B/C
X = SIN(TEMPI)
Y = C@S(TEMPI).

In both of the above two cases, additional
running time and memory space are required for
the instructions that store the result of the re-
dundant subexpression in the memory location
assigned to the variable TEMPI. This extra time
and space is outweighed, however, by the sav-
ings resulting from elimination of the instruc-
tions required to calculate the subexpression a
second time. The net savings become greater, of
course, as the subexpression becomes more com-
plicated and as it is used a greater number of
times. The saving in time is especially note-
worthy, as floating-point operations are unduly
time-consuming on small computers that do not
have floating-point hardware. The memory space
consumed by the temporary-storage variable
TEMP1 can be used most efficiently by using
the same name wherever temporary storage is
required.

If a loop contains an expression whose vari-
ables do not change value during the course of
the loop, time (but not space) may be saved by
evaluating the expression once, outside the loop,
and holding the result until needed. For ex-
ample, the loop

D@14I = 1N
14 Y(Ir= A"B°X(1/C

can be rewritten as

TEMP1 = A*B/C
D®14I = 1N
14 Y(I) = TEMP1*X(I)

The latter version may incur a slight space
penalty from the extra instructions needed to
store and retrieve the result of the expression.

Arithmetic operations on whole numbers are
best done in integer mode, with the results con-
verted to real where needed.

Constants

Where mixed-mode arithmetic is allowed, it is
best to write constants in the dominant mode of
the expression to avoid needless conversions. For
the expression 2*A, most compilers will store the
2 as an integer and convert it to real each time
the expression is evaluated. With the expression
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in the form 2.*A (i.e. with the decimal point
shown) the constant is stored as real and the
conversion is eliminated.

Arithmetic operations on constants should be
performed by the programmer before writing an
expression. In the expression 4.*A/3. the two
constants are stored separately by most com-
pilers and the division is performed each time
the expression is evaluated. It should instead be
written 1.333333*A. This and other transcenden-
tal constants should be written to as many sig-
nificant figures as the computer handles in its
arithmetic, so that full advantage is taken of the
computer’s precision. There is no penalty for the
additional digits.

Some compilers store constants only as magni-
tudes. Where a negative constant is used as a
subprogram argument, extra instructions to
negate the constant are inserted. Where the same
negative constant is used in more than one argu-
ment list, it is efficient in such a system to assign
the value to a variable and use the variable name
in the argument lists. For example, instead of

CALL SUBRA(W.,X,—3)

CALL SUBRB(Y,Z,—3)
you would write
M3 = —3

CALL SUBRA(W,X,M3)

CALL SUBRB(Y.ZM3)

Powers

In many compilers, the use of the “**” nota-

tion calls upon a special subroutine in the Ili-
brary. If only small whole-number powers are
to be calculated, the time and space required
for this subroutine can be saved by avoiding the
“®#” notation. Thus, for example, for X ** 2
write X * X, for X ** 3 write X * X * X, and for
X ** 4 write (X * X)*(X * X) (with the re-
dundant subexpression (X * X) handled as de-
scribed above).

Where the use of the “**” notation is appro-
priate, the mode of the exponent can make a
difference. That is because many systems use
different library subroutines for real or integer
exponents of real arguments. If such a program
already contains a real exponent, memory space
can be saved by making whole-number expo-
nents real, thus eliminating any need for the
integer-exponent subroutine. Other systems have
a subroutine for real exponents only, and con-
vert all integer exponents to real before calling
the subroutine. There, the exponents might as
well be shown as real to begin with, thus elim-
inating the conversion step.
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Polynomials

Optimization of polynomials is useful for any

compiler. For a polynomial of the form
Y=A+B?X+ C*X*2 L D*X*23

calculation requires three additions, three multi-

plications, and two exponentiations. There is a

saving if the polynomial is instead written in
nested form as

Y=A+X*(B+X*(C+X*D))
which is obviously equivalent. Here, the addi-
tions and multiplications remain but the expo-
nentiations have been eliminated. It is straight-
forward to put any polynomial into this optimal
form.

Special treatment is needed when one of the
terms carries a minus sign. Since, in the nested
form, the minus sign would multiply all subse-
quent terms, the next term must also carry a
minus sign to cancel the effect of the previous
minus. Thus, for example, the polynomial

Z=A+B*X-C*X**24+D*X**3

+ E*X*®** 4
would be written in nested form as

Z=A+X*(B—X*(C—X*(D+X

*E))).

Care must be taken, of course, to close the ex-

The coefficients, shown here as single variables,
may be expressions enclosed in parentheses, with
any redundancies handled as described above.

Statement Numbers

Ordinarily, there is no penalty for attaching a
number to a statement even when not needed
for reference by another statement. However,
such a penalty can arise under two special
circumstances.

First, some small-machine compilers are very
limited in the size of program that they can com-
pile because of limited memory space for the as-
signment tables that keep track of variables,
statement numbers, etc. There, elimination of
unneeded statement numbers will reduce the
burden on the available space.

Secondly, some compilers perform limited op-
timization on sequences of arithmetic replace-
ment statements. In particular, a variable needed
in one statement may not have to be fetched
from memory if it is already in a register as the
result of a previous statement. This optimization
is done only if none of the statements has a
number, indicating that the sequence is never
entered in the middle. If the last statement in
the sequence ends the range of a DO, its number
can be removed and attached to a CONTINUE
statement following. There is never a penalty
for the use of a CONTINUE statement.

pression with the correct number of parentheses.
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IF Statements

Where the quantity calculated in the expres-
sion imbedded in an IF statement, or any part
of it, is also used earlier or later in the program,
the unnecessary repeated calculations of that
quantity should be avoided as described above
for redundant subexpressions. For example, the
program segment

X =A*B+E
IF(A*B—C*D) 1,2,2
1Y=C*D+F

A%

can be optimized as

TEMP1 = A*B
TEMP2 = C*D
X =TEMPI1 + E
IF(TEMP1 — TEMP2) 1,2,2
1Y=TEMP2 + F
2L

(Note that here two variables are needed for
temporary storage. )

The FORTRAN-IV logical IF statement is not
handled efficiently by some compilers. These set
up an intermediate logical variable according to
the results of the relational operations specified,
and then test this logical variable to determine
the outcome of the IF statement. With such a
compiler it is more efficient to replace the logical

IF statement with one or more three-branch IF
statements as required.

Subscripted Variables

Retrieval or storage of subscripted variables
always requires more work than the retrieval or
storage of unsubscripted variables. This is be-
cause the address of the datum must be calcu-
lated from the subscript combination. In more
advanced systems, this arithmetic is done
through indexing so no additional time or space
is required that can readily be eliminated. How-
ever, less-advanced compilers insert additional
instructions to perform address arithmetic wher-
ever a subscripted variable is referenced. Here,
it helps to cut down on such references.

In the statement

C(I) = C(I) + X

there are two references to the same subscripted
variable. A well-designed compiler will perform
the necessary address arithmetic only once and
save the result until needed. If a compiler is not
so optimized, nothing can be done here, because
the two references to the subscripted variable
are on opposite sides of the equal sign.
In the statement

Z = C(1)*SIN(C(I)*D),
the compiler should again do the address arith-

metic only once for the two references. If that is
not the case, the two references can here be
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treated as redundant subexpressions as explained
previously, because they appear on the same side
of the equal sign.

Where the same subscripted variable is refer-
enced in two or more statements, these refer-
ences may be handled as redundant subexpres-
sions, provided that the values of the subscripts
do not change through the sequence. The
statements

D@II = 1M

IF INDEX(I1) — INDEX(I,2))2,1,2
2 JRGW = INDEX(L1)

JCALUM = INDEX(I,2)
1 CGNTINUE

may be optimized as

D@1I = LM
ITEMP1 = INDEX(L1)
ITEMP2 = INDEX(L2)
IF(ITEMP1 — ITEMP2)2,1,2
2 JRGW = ITEMPI
JC@LUM = ITEMP2
1 CONTINUE

Where the value of a subscripted variable is
formed in one statement and used in a subse-
quent statement, the extra reference may be
eliminated similarly. The statements

D@ 41 = 1N
C(I) = A(I) + B(I)
4 WRITE (5,1000)A(1), B(I), C(I)

may be changed to

D@ 41 = 1N
TEMPI = A(I)
TEMP2 = B(I)

TEMP3 = TEMPI1 + TEMP2
C(I) = TEMP3
4 WRITE(5,100) TEMP1, TEMP2, TEMP3.

However, if one of the statements has the sub-
scripted variable on both sides of the equal sign,
such a change might not save anything if the
compiler would do the address arithmetic only
once for the statement in any case.

Subscripted-variable references with constant
subscripts need not be handled in this way.
Most compilers will perform the address arith-
metic during compilation, so that the subscript
reference incurs no penalty. For those systems
which leave even this address arithmetic until
program execution, an unsubscripted variable
name may be made equivalent to the element in
question and used in all references. Thus, the
coding

DIMENSI@N B(38)

B(14) =
may be replaced by

DIMENSI@N B(38)
EQUIVALENCE (B14, B(14))

Bl4 =
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keypunch schedules or even leaving the computer columns not required to be punched can be skipped
room. The 007 requires no electrical outlet . . . use it by depressing the skip key. The 007 is 5” high, 5"
anywhere in the office or at home. deep, 18" in length and weighs 16 pounds.
For more information, circle No. 16 on the Reader Service Card
B
*------------------------I
3 B BUSINESS SUPPLIES CORPORATION OF AMERICA 475 Fifth Avenue, New York, New York 10017
| Gentlemen,
>4 | Please send the 007 Portable Hand Punch for a FREE ten day trial. | understand | will be
1 billed for $275.00 plus shipping. If | am not fully satisfied | may return the unit undamaged
within ten days for full credit.
e 3 Name Title
3 %
BUSINESS SUPPLIES CORPORATION OF AMERICA ] Ratipany
LAgcutive Offices: 475 Fifth Avenue, New York, New York 10017 1 Address
City State Zip
'fhe nation’s largest independent data process- l
ing supplies company . . . fifteen manufactur- I Purchase order number ety
ifig centers and 65 sales offices coast-to-coast. : A
1 O Save money. Check here and enclose payment with this coupon and we will pay all shipping
n charges. You still retain the privilege of returning unit after ten day trial for full refund.
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In this age of specialization let a specialist help
you make sure your next move is the correct move.

For FREE SALARY ANALYSIS based upon the latest industry
salary curves, circle Reader Service No. 9.

PROFESSIONAL CAREER CENTERS, INC.
4641 Montgomery Avenue, Bethesda, Maryland 20014
(Suburban Washington, D. C.)
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REGISTER TODAY WITH THE WORLD'S LARGEST
EDP & SYSTEMS PLACEMENT SPECIALISTS
. A Few Of Our Current Searches . . .
MANAGER SYSTEMS & EDP. SYSTEMS ANALYSTS/Srs./Mgrs.
$16-22,000. Dynamic growth. Conn. | $12-16,000. New England electron-

mfr. seeks exec. to direct systems/ | ics mfr_. seeks EDP oriented analysts
programming group on 360/30. to advise mgmt. in mfg./finl./mkgt.

applications.
EDP SPECIALIST. PROGRAMMERS/Srs./Mgrs.

$15-20,000. Listed corp. in New $10-15,000. Excellent opportunity.
England suburbs seeks pro. to plan | Work with wide variety of hard-
future EDP needs of co. Broad | ware at headquarters of prestige
hardware/software exp. corp. Have 38 computers.

Send Your Resume Today For Confidential Consideration On
Hundreds Of FEE PAID Positions In Our National File . . .
State Your Salary Level And Geographic Preferences.

Eﬂ ROBERT HALF PERSONNEL

ATTENTION: DAN KRANE
m ONE ATLANTIC STREET, STAMFORD, CONN. 06901
(203) 325-4158

Sometimes a two- or three-dimensional array
may be handled more efficiently by making it
equivalent to a one-dimensional array. The ini-
tialization of a matrix to zero is usually writ-
ten as

DIMENSI@N A(20,10)

D@ 3] =110

D@ 31=120
ALY =0

This may be done more efficiently with any com-
piler by

DIMENSI@N A(20,10), AA(200)
EQUIVALENCE (A,AA)

D@ 3 I = 1,200
3 AA(I) = 0

which saves some address arithmetic as well as
the instructions for the inner DO loop. This ap-
proach clearly offers an advantage only in those
special cases, such as the one shown, in which
computation of the subscript is not necessary.

Input—Output Statements

The input or output of an entire array may be
specified either by a DO-implying loop over the
array or by mention of the name of the array
with no qualification. In many systems, the
latter saves space by causing fewer instructions
to be compiled, and also saves central-processor
time.

In many systems there is a space penalty for
specifying additional input-output modes, since
each mode requires its own subroutine from the
library. For example, consider a program whose
primary output is on a line printer. If the pro-
grammer decides to include monitor output on
the console typewriter for the convenience of
the operator, the space penalty incurred may
include the typewriter-output subroutine in ad-
dition to the coding for the output statements.
If memory space is critical, it might be best to
forego the monitor output or take it on the line
printer.

Subprograms

Use of subprogram organization incurs a time
and space penalty because of the linkage in-
structions. The space penalty is more than made
up, however, if the subprogram is called from
more than one place in the main program, be-
cause the coding to perform the subprogram’s
functions need then not be repeated at each
place it is needed. If, instead, a subprogram is
called from only one place in the main program,
it is most efficient to eliminate its separate iden-
tity as a subprogram and incorporate it directly
into the main program. Where a subprogram is
a function that can be executed in one replace-
ment statement, it may best be included in the

SOFTWARE AGE
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main program as an arithmetic statement func-
tion (but see below).

Attention must also be paid to the manner of
linking variables between a main program and
a subprogram. There are two ways of doing this
—through argument lists and through COM-
MON statements—and each has its proper role.
There is a time and space penalty associated
with the use of argument lists. The subprogram
must contain coding that will fetch the address
of an argument from the main program and
plant that address where it is accessible to those
instructions in the subprogram that require it.
With COMMON linkage, on the other hand,
there is no penalty.

Therefore, we may state the following rule:
where a variable in the subprogram always cor-
responds to the same variable in the main pro-
gram at every call of the subprogram, then the
linkage should be through COMMON (or pa-
rameters, for an arithmetic statement function).
On the other hand, where a variable in the sub-
program may correspond to different variables
in the main program at different calls of the
subprogram, then the linkage should be through
the argument list. (Of course, a reference to a
FUNCTION subprogram must always have at
least one argument so that the compiler may
distinguish it from a reference to an ordinary
variable. )

There is a time penalty and there may be a
space penalty associated with each additional
reference to an argument within a subprogram.
Therefore, if an unsubscripted variable is refer-
enced more than once in a subprogram, it could
be worthwhile to use a local variable in its stead.
The local variable is made equal to the argu-
ment or vice versa at the beginning or end of
the subprogram, depending upon whether the
argument is an input or output variable. Ex-
amples are as follows:

FUNCTI@N P@LY(X)
C@PMM@N AB,C,D
XA =X
P@GLY = A+ XA*(B + XA*(C'+ XA*D))
RETURN
END
SUBR@UTINE SUM(T@TAL,X,N)
DIMENSI@N X(N)
TEMP = 0.
D@1I = 1N
1 TEMP = TEMP + X(I)
TPTAL = TEMP
RETURN
END

(For an array, this substitution would of
course require a DO loop. It may or may not be
worthwhile, depending upon the length of the
array and the number of times it is referenced
in the subprogram.)

Some compilers handle arithmetic statement
functions like open subroutines or macros, re-
peating the instructions for the function at each
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place where it is called in the program. This
saves a little time (by eliminating linkage) at
the cost of much space. If a program on such a
system is space-limited, the arithmetic statement
functions should be replaced with function sub-
programs.

COMMON storage has an important use in
addition to the linkage of variables. In most sys-
tems, variables declared as COMMON (blank
COMMON for FORTRAN-IV) are assigned to
the memory area that is occupied by the loader
during object-program loading. This space is
otherwise unavailable to the FORTRAN pro-
grammer. Therefore, a program that taxes mem-

-ory can obtain some relief by use of COMMON

storage, even when subprogram linkage is not in
question. For best use to be made of this feature,
enough arrays and unsubscripted variables
should be declared COMMON to fill the loader

area.

Conclusion

We have seen how the efficiency of a FOR-
TRAN program can be improved through a
number of measures, depending on the proper-
ties of the compiler and system. The saving
from each of these measures is small individu-
ally, but throughout a program their sum total
can be quite significant. If applied to all the
production programs in a computer installation,
a worthwhile reduction could be made in the
installation’s workload. ]

Something new in a
New Development Challenge

SYSTEMS
ANALYST

Having 1-3 years programming and systems
experience, a college degree and some COBOL
exposure, youre ready to prove your capacity

in more creative systems assignments.

Here is your opportunity to develop highly
sophisticated 3rd generation systems for appli-
cations in accounting, inventory control, mar-
keting, sales and production—all uniquely re-
lated to the world’s growing need for health
care products. Promotion is based on per-
formance, constant working directly with top
management makes your worth quickly known.
(Three of our systems analysts just recently

moved into major management positions. )

Good starting salary, complete benefits includ-
ing profit sharing, and ideal suburban living
within the Chicago-Milwaukee recreational

and cultural sphere. Reply in confidence to:

George Musson
Professional Employment

ABBOTT LABORATORIES
North Chicago, lllinois 60064
An Equal Opportunity Employer
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Software Age Announces

The Winners of Trouble-Tran

Problem 1
(March p. 38)

@To a young
Programmer-Analyst
with something to sap . . .

YWe're listening.

Our new, expanding EDP department is not only “open” to
new ideas, but actively looking for them. Right now we're
in the process of advancing our full scope management in-
formation system, utilizing a newly installed multi 360 third
generation complex.

If you have 2—4 years commercial experience (some exposure
to 7070 autocoder would be helpful) and an accounting, math
or business administration degree (or equivalent) the oppor-
tunity to be heard, and contribute to a new development effort
is sizeable.

We are a leading worldwide pharmaceutical company offering
the ambitious programmer/analyst a true business opportu-
nity inducive to creativity and individual recognition.

Tell us about yourself, and your salary requirements in a
confidential resume. We’ll listen.

Salaried Employment Representative

PARKE, DAVIS & COMPANY

Joseph Campau at the River
Detroit, Michigan 48232

An Equal Opportunity Employer

PARKE-DAVIS
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FIRST PLACE

DANIEL R. HILL
1309 Berwin Ave., Kettering, Ohio 45429

Mr. Hill works as a scientific program-
mer for Monsanto Research Corp. at
Mound Laboratory, Miamisburg, Ohio. In
1967, he graduated from the University
of Dayton where his major was Computer
Science. Most of his work involves pro-
gramming Mass Spectographic and Crys-
talographic techniques and he has pro-
grammed primarily in FORTRAN.

SECOND PLACE

C. W. WILSON
212 Iroquois Rd., Oak Ridge, Tenn. 37830

Mr. Wilson has been employed as a
mathematician by Union Carbide Corp.—
Nuclear Division at Oak Ridge, Tenn.,
since 1960. He received both his bache-
lor’s and master’s degrees from Vanderbilt
University.
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- TROUBLE-TRAN
for fun and profit

Send your ANSWER to the problems
posed here in each issue to:

TROUBLE-TRAN EDITOR

software age

1020 Church St., Evanston, lllinois 60201

You can also profit by submitting PROBLEMS
for this feature. If your problem in FORTRAN
programming is selected for use in this feature.
you will" receive | e it R $25.00
Contest Rules:

1. ASA standard FORTRAN 1V is assumed.
2. Version 12 of the IBM 7094 FORTRAN
IV Compiler is used in verifying answers.

The correct answer bearing the earliest
postmark will net the reader submitting
.. $25.00

The second correct answer with

$15.00

carliest postmark wins .. ..
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SUBROUTINE XTRAN (X, S
Y = X*R3+X#*2+X+] N % SUBROUTINE YTR
2 X=XX

=" Y= XM3+X*24X+1
=\ RETURN

Answer to Problem 3:

As you recall, we had a main program using a function subprogram SIGN. The
program had a statement A — SIGN (ALPHA, BETA), and the problem was to find out
what the value of A would be after the execution of this statement.

If your answer is A =— — 1, you are wrong. The answer is A = - 90. You are, of
course, aware of the existence of the FORTRAN Built-in Functions, and you may have
recognized SIGN as such a function. However, you may have argued that the
compiler should have used the function which was supplied by the programmer,

as it would have done in the case of SIN, COS, or TAN.

SIN is a library function subprogram and when it is used the compiler generates

a CALL to it, and the Loader loads first the routines supplied by the user.

In the case of a Built-in Function, the compiler does not generate a CALL; instead it
provides the necessary con-line code to perform whatever function is requested. Therefore,
the function SIGN in our problem was loaded but never used at execution time.
Since this could happen to you, | would suggest you take time to check the list of
Built-in Functions every time you write a function subprogram.

Additional comments on Problems 1 and 2:

The answers to both problems depend on the particular compiler one uses. The

statement 100 FORMAT (X3H) = (I10) in problem 1, subroutine YTRAN, was classified

as a FORMAT by the IBM System/360 H-level compiler, as Arithmetic Statement

Function by the G-level compiler, and as illegal statement by the E-level compiler.

The statement READ (2,100) (X (1), Y (I), | = K, KK), in problem 2, includes an implied

DO. After the READ is executed, the value of location | may be | — K, | = KK,

| = KK + 1 or whatever value | had before the READ.

P. S. | would like to thank those of you who have sent problems for consideration as
TROUBLE-TRAN material. Such problems will be considered for publication

starting in September.
XTRAN




PSEUDO DEVICES IN 0S/360
(Continued from page 18)

jobs are debugging runs; turnaround
demands on the small-job partition
are severe.

Most users will wait no more than
20 minutes for turnaround. Thus,
the small-job partition is idle much
of the day—but it gives excellent
average turnaround, as a direct con-
sequence. It also serves to “soak up”
I/O-wait time from other-partitions,
since it has the lowest priority for
CPU control.

The hyperdisk is a pseudo-device
unique to TUCG; it is described in
detail in [4]. It comprises a disk
simulator (for a single 2314 drive),
1.5 million bytes of LCS, and 24 of
a real 2314 disk pack. Most system
data sets described in the “Introduc-
tion” are resident on the hyperdisk:

* SYSJOBQE

e PROCLIB

e LINKLIB

* SYSUTx, SYSLIN, and
SYSLMOD

FORTLIB, PLILIB, ALGLIB,
COLBLIB, etc.

SYSJOBQE, SYSUTx, SYSLIN, and
SYSLMOD are write-read data
sets; they are re-written by each job
and do not survive from one job to
the next (except for a few entries in
SYSJOBQE, which survive across
jobs in each processing partition).
Write-read data sets are small, on
the average. However, certain jobs
will—without advance warning—re-
quire immense amounts of write-
read storage. It is almost impossible
for application programmers to pre-
dict these needs, and manifestly im-
possible for PO to predict these
needs. Prior to the hyperdisk con-
cept, there seemed to be no satisfac-
tory technique for processing com-
pilations, assemblies, and sorts en-
tirely in core storage (fast core or
LCS) without a priori information
ahout job sizes. Small jobs could in-
deed be processed in-core; large
jobs obviously required disk storage
for intermediate text. Distinguishing
“small” from “large” jobs would re-
quire talented, co-operative—and
lucky—users.

The hyperdisk “writes” and “reads”
track images in LCS until the latter
becomes full. It then begins to spill
images of inactive tracks into its pri-
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1/0
SUPERVISOR ——>CALL
TUCC
MODIFICATIONS SIMULATOR SUBROUTINE Fonal
|
i
|
APPLICATION | READ TRACK N INTO  [A]| :
PROGRAM |
; I
U, ///////l\ i
-
FAST CORE |
T e e S i
|
LCS !
BUFFERS FOR PSEUDO-READERS, ETC. :
|
OTHER SYSTEM FUNCTIONS !
|
|
HYPERDISK TRACK-CONTROL TABLE :
TRACK # |
SNI . |
TRACK No |
N, |
STORAGE . |
5 |
AREA 2 : . / :
5 :
I

Figure 5

CORE MAP OF A HYPERDISK SIMULATION USING ONLY LCS

vate disk pack. Figures 5-7 show,
respectively, the simulation of a
READ operation issued to the hy-
perdisk, the structure of the hyper-
disk area on the real disk, and the
tables and chained lists controlling
track retention.

As shown in Figure 6, read-only
data sets comprise half of the hyper-
disk. Control of track areas in LCS
for read-only data sets is even easier
than for write-read data sets. When-

ever tracks from the latter drift to
the bottom of the LUFO (longest
unused, first out) chain, they must
be spilled to real disk. Whenever
tracks from read-only data sets drift
to the bottom of the LUFO chain,
they are discarded; their LCS areas
can be instantly reclaimed for more
urgent hyperdisk needs, since—by
definition—a perfect copy of each
read-only track remains on disk.

Numerous statistics are gathered

SOFTWARE AGE



automatically by the hyperdisk to
monitor its performance and to fur-
nish details of its behavior with real
job streams. These statistics are ana-
lyzed in detail in [10]. Certain sta-
tistics indicate the efficiency of its
usage of LCS:

® The average TUCC job uses 13
write-read tracks. OS/360 logically
allocates an average of 500 tracks
per job but uses less than 3%. Thus,
any job can use up to 500 tracks
without exhausting its quota on hy-
perdisk; of these 500, approximately
200 are in LCS.

® Since average track usage is so

low, few jobs—less than 2%—spill
write-read tracks to disk.

® The ratio of READ to WRITE
operations on hyperdisk is approxi-
mately 9:1. Since WRITE operations
are exclusively to write-read tracks,
and since approximately the same
number of READs and WRITEs
are issued to each write-read track,
we conclude that the hyperdisk is
much more heavily used for systems
residence than for system scratch
space.

® The re-reference ratio for tracks
in LCS ranges between 100:1 and
200:1 over reference to tracks on

Figure 6

HYPERDISK STRUCTURE
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DATA SET NAME ATTRIBUTES TRACK NOS.
Y10C Pack type, size, etc. 18-19
ALGLIB BLKSIZE == 3625, RECFM = U 20-39
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SYSTEMS
ANALYISTS &
COMPUTER
PROGRAMMERS

Immediate openings in our expanding Sys-
tems Division for Programmers and Systems
Analysts with @ minimum of three years' ex-
perience, preferably using ALC or COBOL on
360 MOD 20/30/40 Disk/Tape/Card systems.

Current programs include Accounting, Pay-
roll, Inventory Control, and Operating Reports
for our world-wide retail systems.

Degree in accounting, mathematics, busi-
ness administration, economics or computer
science is desired, although qualifying pro-
fessional experience may be substituted for
formal education.

Excellent starting salaries, plus outstanding
fringe benefits program, including: life and
hospitalization insurance, liberal vacations,
sick leave, strong career growth and retire-
ment programs, plus opportunity for imme-
diate advancement.

For quick, confidential action, send your
complete resume, including Salaries Earned,
to: Mr. Malcolm W. Carter, Personne|
Division.

Write Today!

ARMY & AIR FORCE
EXCHANGE SERVICE

ARMY & AIR FORCE
EXCHANGE SERVICE

DALLAS, TEXAS 75222
Equal Opportunity Employer
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WASHINGTON LOCATION

ENGINEERS,
PROGRAMMERS

RADIATION INCORPORATED, a leader
in the design and development of in-
formation handling systems, is opening
a software and programming facility in
Rockville, Maryland, June 1968. This
will be a permanent facility, possessing
a two year backlog of business at the
outset, and offering excellent growth
potential.

SENIOR ENGINEER/ MANAGER—With a
strong engineering background in dig-
ital systems, hardware design analysis;
knowledge of computers and computer
systems and seasoned experience in
the development of simulation software.
Must be versatile in the use of com-
piler languages and have demonstrated
supervisory capability in engineering/
programming functions.

LEAD ENGINEERS—Experienced in de-
veloping computer software to simulate
real time operations. Applicants back-
ground should include a working knowl-
edge of digital hardware systems, pro-
gramming, compiler languages, and
computer logic. Supervisory experience
desirable.

ENGINEERS/PROGRAMMERS —Experi-
enced in digital systems; to perform
hardware design analysis, fault isola-
tion programming, test analysis pro-
gramming and software analysis. To
develop software packages to test,
analyze, and simulate avionics com-
munications systems.

CONFIGURATION MANAGEMENT PRO-
GRAMMERS—Experienced in develop-
ing computer routines to maintain

proper documentation and equipment
control of sophisticated avionics test
systems.

All engineering positions require a de-
gree in either engineering, physics, or
mathematics. A degree is desirable for
all positions.

To arrange an interview at your con-
venience, mail your resume to:

Mr. C. A. King

¢/o Radiation Incorporated
Rockville Facility

P. O. Box 37

Melbourne, Florida 32901

RADIATION

BINICSACL R R AT &

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION

Melbourne, Florida 32901

An Equal Opportunity Employer
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(1) T: was accessed more recently than T
(2) Ty was accessed more recently than Tg

(3) T2 is on the chain of available tracks, i.e. all tracks not on the
LUFO chain.

Figure 7
SAMPLE TRACK CONTROL TABLE AND CHAINED LISTS

Table I
SELECTED TUCC PERFORMANCE BENCHMARKS: 1966-67

| TR e e~ i

Time (in secs.) with
SYSIN/SYSPRINT/SYSRES =
Job Name Description Tape/tape/ Pseudo-reader/
disk Pseudo-printer/
hyperdisk
RUNCO Cobol-E compile, link, and execute. 130- 96 18
card source deck, full listings, 500 lines
execution output
PLICP PL/l compilation. 1100 source cards, 40 13
normal listings
BFORT Fortran-E compile, link, and execute. 775- 108 32
card source deck, full listings, 130 cards
and 220 lines of execution 1/0
SPLI PL/l compile, link, and execute. Trivial 50 9
source deck, trivial execution
SAMB Assembler-F assemble, link, and execute. 46 10
Trivial source deck, trivial execution.
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disk. That is, of every 100-200 SEEK
orders directed to the hyperdisk,
only 1 requires retrieval of a track
from real disk. The variability de-
pends on (a) the frequency of
switching among large compilers,
(b) activity in the small-job moni-
tor, and (c) the number of large
assemblies and hyperdisk-oriented
sorts.

The performance gains attribut-
able to hyperdisk and other pseudo-
devices at TUCC have been most
satisfactory. A selection of bench-
mark jobs is described in Table II.

Mean job time at TUCC has de-
creased from 3 min. to 30 secs., the
jobs/day average has risen from 300
to over 1500. (Frequently the system
runs idle half of the midnight shift.)
This throughput gain has been
achieved in the face of exponentially
rising demand and an ever-increas-
ing percentage of jobs which run
several minutes entirely compute-
bound (typically production jobs for
faculty and graduate students). Sur-
vival of TUCC would have been in
serious doubt without these perform-
ance gains, attributable in large part
to successful implementation of
pseudo-devices.

Conclusions

Four projects for modifying
0S/360 have developed similar solu-
tions for (a) a universal SYSIN/
SYSOUT interface, (b) relieving
painful I/O bottlenecks in OS/360,
and (c) permitting local code to
control the selection, preparation,
and disposition of jobs at a level
above the OS/360 Job Scheduler. We
recommend that OS/360 incorporate
additional pseudo-device techniques
beyond resident SYSJOBQE. The
hyperdisk should be particularly val-
uable to systems with heavy loads of
compilations, sorts, and small jobs.
Another satisfactory solution would
be for OS/360 to correct the short-
comings enumerated above, so that
pseudo-device artifices would no
longer be required. At this writing,
the direction of development is
unclear. [
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Sclentlflc Commercial

To support our work in research, de-
velopment and systems engineering,
experienced programmers are need-
ed at Vitro Laboratories. Our IBM
1401—7090—360/30/40 computer
facility provides operations research,
analysis and prediction, information
retrieval, and systems simulation in
support of our work on ASW fire con-
troltechniques, advanced torpedo de-
sign, underwater acoustics, acoustic

imaging, oceanographic communica-
tions studies, and missile systems in-
tegration and management.

A degree in mathematics, physics,
engineering or chemistry is necessary
for scientific work; two years experi-
ence with a degree is required for
commercial programming.

Please send your resume to Mr.
Harvey Weisberg, Employment Man-
ager, Vitro Laboratories. VR2

Ill'ﬂ LABORATORIES

VITRO CORPORATION OF AMERICA

14000 Georgia Avenue « Silver Spring, Maryland 203910
(Suburb of Washington, D. C.)

An equal opportunity employer M&F
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PROGRAMMER

Position vacancy for Scientific Program-
mer possessing degree in Engineering
or Mathematics. Prefer individual with
minimum of two to three years ex-
perience. Machine language and prefer-
ably real time and system experience
on digital scientific computers. This is
an interesting and challenging opportu-
nity with @ growing company, offering
an excellent starfing .salary, ideal pro-
fessional environment, and full fringe
benefit program. If you qualify, you owe

it to yourself to investigate.

Please forward a recent resume to our
Personnel Manager. All replies will be
acknowledged and held in strict

confidence.

GERBER
SCIENTIFIC
INSTRUMENT
COMPANY

83 Gerber Road, Wapping, Conn.
An Equal Opportunity Employer

EDP
PLACEMENT
SERVICE

The Callahan Center is a placement organi-
zation which specializes exclusively in EDP
personnel. We offer the following:

1. Fee paid positions.

. Night and Saturday interviews.
. Resume dictation service.

. 24 hour intensive search.

. No contract to sign.

. Strict confidence.

N 00 0 b W N

. A weekly review of your resume for
one year if necessary.

8. Each individual receives the personal
attention of Mr. Callahan.

CALLAHAN CENTER
FOR
COMPUTER PERSONNEL

Suite 414 Boulevard Building

1819 J. F. K. Boulevard, Phila., Pa. 19103

CALL COLLECT: (215) 567-4811
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market place

The Classified Ad Department
of Software Age

MOONLIGHT SERVICE

NEW ORLEANS & VIC.: systems and program-
ming for retail
chasing controls; billing and integrated credit

applications—inventory /pur-

controls; payroll, including commissions; sales
analysis; sales-performance analysis, etc., for
Com-
pletely familiar with retail applications on all
tab equipment, NCR-315 and/or IBM-1401
and 360, including interface. Hour rates or
contract. Write: Dept. SA-611, SOFTWARE
AGE, 1020 Church St., Evanston, Ill. 60201.

single-store or multi-store operations.

NEW ENGLAND AREA: college student has
limited time and unusual experience for sale.
Background mainly in unique real-time appli-
cations of CDC-6600, IBM-7094, UNIVAC-
1108 and assorted analog equipment to sci-
entific experiments and control of same.
Write: Dept. SA-612, SOFTWARE AGE, 1020
Church St., Evanston, lll. 60201.

MOONLIGHTER WANTED

PHILADELPHIA AREA: manufacturer needs
“*moonlight’’ help from a programmer/analyst
completely familiar with application of linear
programming to least-cost product formula-

" tion working within multiple constraints. Must

be able to analyze the job and write for
minimum equipment. (Equipment to be in-
stalled depends upon demands of this appli-
cation.) Also must be able to communicate
effectively and accurately with technologically-
capable but EDP-naive management and super-
vision. Write: Dept. SA-621, SOFTWARE AGE,
1020 Church St., Evanston, Ill. 60201.

SOFTWARE WANTED

INVOICING PACKAGE: incorporating auvtoma-
tic computation and credit of volume discounts

and short-rates (within a time increment)
and automatic punched card summarization of
year-to-date data. Must provide for both direct
sales and agency sales with provision for
commission in the case of agency sales, cash
discount on both types. Package must be run-
nable on (or readily adaptable to) IBM-360/
20, 12K, w/2560 MFCM, two tape drives
and 2203 printer with single-feed carriage.
Write: Dept. SA-601, SOFTWARE AGE, 1020
Church St., Evanston, lll. 60201.

SOFTWARE OFFERED

CIRCULATION & MAILING LISTS: complete
tested (working) software for card or mag-
tap conversion, maintenance and label print-
ing on 360/20. Card version require 20/20,
8K with 2560 and 2203 with 120-c line. Tape
version require 20/20, 12K with 2203 or
1403, 2560 and two tape drives. Produces
4-up E-W Cheshire labels @ 15,000/hr with
2203; up to four lines of address, with or
w/o additional matchcode line, using unusual
1-cd. format providing 4 cols. (up to 8 items
by using zone and digit pchs separately) of
classification, demographic and/or expire
data. Programs identify ‘‘suspect’’ duplications
(i.e. near but not total duplication) for op-
erator decision. Automatic zip markings to
speed mailing operations. State selection,
every Nth name and other selective label
print programs also available. Write or phone
H. L. Rothra, PRESS—TECH, Inc., 1020 Church
St., Evanston, lll. 60201. (312) 869-1244.

TIME WANTED

TAPE/TAPE SORTING: one-time job involving
a list of 14-million-plus name/address rec-
ords currently being read into tape from 20-
odd card and tape files, some in geo-alpha
order and some in zip sequence so must be

SOFTWARE AGE
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assumed to be random order as received on
tape. Must be sorted into a single zip-code
and match-code sequence involving 17 posi-
tions in three fields. Educated estimate on time
and price invited. Write: Dept. SA-631, SOFT-
WARE AGE, 1020 Church St., Evanston, lIl.
60201.

TIME AVAILABLE

CHICAGO N. SUBURBAN: 360/20, 12K, two
tapes, 2560 MFCM, 2203 printer with 52-c
bar, 120-c line, single-feed carriage. Up to
80 hrs/mo. available on day shift and/or
5 PM-8 AM every day. Write D. J. Fawcett,
SCIENCE/SYSTEMS, P. O. Box 1176, Evanston,
1ll. 60204 or Phone (312) 273-4818.

COMPUTER PROGRAMMING SERVICE: for sys-
tem analysis, system simulation, component
design and analysis. Write: Dept. 641, SOFT-
WARE AGE, 1020 Church St., Evanston, lIl.
60201.

EMPLOYMENT AGENCIES

SOUTHEASTERN JOB OPPORTUNITIES

Manager for textile systems department to
$20,000. Other jobs in industry, finance
and consulting for analysts, programmers
at all levels. All fees paid. Dick Terry, DP
Specialist, Continental Consultants, 1316
Main St., Columbia, S. C.

EMPLOYMENT SERVICES

OUTPUT-PROGRAMMER TRAINEES
System/360 DOS/TOS ALC/COBOL
MAJOR VENDORS have been satisfied with our
product. Perhaps your expectations are equally
critical. If you're interested in qualified trainees,
with NO PLACEMENT FEE involved, contact Mr.

Mengel.
COMPUTER TRAINING CENTRE
(Div. of Systems Associates, Incorporated)
356 Penn Street Reading, Pa. 19602

FOR SALE

BUY AND SELL OR LEASE: used computers
through DA-PEX Computer Brokers, 334 Fran-
cis Building, Louisville, Ky. Phones 451-7457,
585-5454.

COMPUTER BUG PINS: Tie-Tac, Charms, Lapel,
Girls pins. Bronze $3.00, Gold Plate $3.25,
Sterling Silver $3.50. Legend, Head-Disc stor-
age, eyes-magnetic core, body-microelectronic
chip, neck and legs-paper tape, arms and
hands-magnetic tape, feet-punch cards. Com-
puter Bug, Box 20268, Houston, Texas 77025.

FOR SALE

IBM Model 704 computer with 8
Model 727-C tape drives. Write AD-
VANCE COMPUTER SYSTEMS, 2032
Cotner, Los Angeles, California 90025
or call (213) 270-3106.

June, 1968

"ADS

market place "

where you can
reach 91,000
programmers, mathematicians,
analysts and EDP managers.

CLASSIFIED ADVERTISING

Non-Display Classified: For firms or individuals offering commercial prod-
ucts or services, 75¢ per word (including name and address). Minimum
order $7.50. For Blind Ad Service, an additional $10.00. For ‘‘Positions
Wanted" Ads, 55¢ per word (including name and address). No mini-
mum. Payment must accompany copy except when ads are placed by
accredited advertising agencies. Frequency discounts: 5% for é months;
10% for 12 months paid in advance.

Display Classified: One inch by one column, $70.00. Column width 2%, ”.
Photographs accepted for an additional $20.00. Advertiser to supply
all photo, art, cuts, or camera ready copy.

General Information: One inch display Help Wanted and Employment
Services ads will be accepted in the classified section. Employment ads
Y% page or more will appear run of book, will be keyed to the resume
form in back of publication, and will qualify to free daily resume service.

Closing Date: 1st of preceding month (for example, May issue closes
April 1st).

Send order and remittance to: Classified Dept., Software Age, 1020
Church Street, Evanston, lllinois 60201.

software age |
1020 CHURCH STREET * EVANSTON, ILLINOIS * 60201

R R R R R R R R g e R R R R R e R R R e R R R R g

CLASSIFIED ADVERTISING ORDER FORM

Please refer to the above information for complete data concerning terms, frequency discounts,
closing dates, etc. Cash with order.

1 2 3 4 5

6 7 8 9 10
11 BT 13 14 15
16 17 18 19 20
21 22 23 24 25
26 27 28 29 30
31 32 e 33 34 35

@ 55¢ (Reader Rate) ]
i " TiWords = $
| @ 75¢ (Commercial Rate)

__ Include Photograph @ $20.00 additional (Display Ads Only)

O Run Ad Blind $10.00 Insert __time(s) Total Enclosed $

KAME. -

ADDRESS

CITY STATE ZIP.
Signature.

WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York)
counts as one word each. Zone or Zip Code numbers not counted. (Publisher reserves right to omit Zip
Code if space does not permit.) Count each abbreviation, initial, single figure or group of figures or
letters as a word. Symbols such as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words
count as two words. SA-6
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The Chrono-log Programmable Clock/
Calendar is now available for use on Sys-
tem/360 Computers using Series 2400
Tape Drives, Mod 4, 5 and 6 with Phase
Encoding recording (P. E.) as well as non-
return to zero (NRZI).

The Clock/Calendar, which is designed
for plug-in installation, is said to require
no computer wiring changes and to use
existing instructions. When interrogated,
the Clock/Calendar reads the date in
months and days, and the time of day to
the nearest 1/60th second into computer
memory. This allows the monitor program
to perform billing and accounting func-
tions for each job automatically without
need for operator intervention.

The Clock/Calendar keeps time inde-
pendently of the computer and corrects
automatically for 30 and 31 day months
and Leap Year.

For more information, circle No. 80
on the Reader Service Card

* » *

Fast,
Efficient,
confidential
service to
individuals
seeking new
positions in
the fleld

of data
processing.
Call, write
or visit one
of our

CLIENT offices.
COMPANIES  Data e
ASSUME Placement
OUR FEE

e Programmers

e Analysts

e D.P.
Management

since 1959.

Computer Personnel
Agency, Inc.

KENT MURPHY
12 Geary Street, San Francisco, Calif.
Phone: 982-0840

NATIONWIDE DATA PROCESSING
OPPORTUNITIES
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The Data Communications Systems’ Se-
ries Acoustical Couplers are designed to
be connected through a standard telephone
handset to a terminal such as Teletype or
equivalent over telephone lines. Its pri-
mary applications include on-line time
sharing, remote inquiry and general data
transmission. The couplers have packaging
design and unique filter circuits to give
better noise rejection. It’s size is only
10 x 6 x 6 plus handle and weighs ap-
proximately 6 pounds. There is space for
additional modular circuitry to provide,
serial to parallel, parallel to serial, code
modification circuits and more. Provision
for monitoring is accomplished with an
assurance speaker with volume control. It
is switch controllable between EIA
(RS232B) and Teletype interface. Half or
full duplex operation is standard. It is a
completely self-contained, portable unit
and requires 110 volts AC. The upright/
inverted capability with switch is optional.

For more information, circle No. 79
on the Reader Service Card

* »

Business Supplies Corporation of Amer-
ica, is now marketing a heavy duty Disk
Pack Storage Dray featuring unusual ease
of access. Fifteen Disk Packs are safely
stored in individual swing out compart-
ments each separately numbered with
space for identifying the contents. Open-
ing the compartment automatically puts
the Disk Pack within easy reach.

The specially designed metal-clad out-
side panels and tubular steel frame, com-
bine strength with light weight. The Dray
rolls on oversized wheels and is designed
to harmonize with computer room equip-
ment. It can be ordered with the BSC
Micro-Tolerance Disk Packs or for pres-

ent packs. Size is approximately 22” deep,
42" high and 55” long.

For more information, circle No. 78
on the Reader Service Card
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The physical and performance charac-
teristics of a new digital computer tape
has been developed for use in extreme en-
vironments by the U.S. Magnetic Tape
Company, Huntley, Ill., a subsidiary of
Wabash Magnetics, Inc.

The polyimide-based X" Tape handles
up to 1600 BPI in ambient temperatures
ranging from —55F to 180F, far beyond
the extremes that would embrittle or melt
any tape heretofore available. X" Tape
will also withstand 90% relative humidity.

An outgrowth of U.S. Tape’s Duramil 7
development program (high-performance
tape for conventional computer applica-
tion), X" Tape brings new feasibility and
practicality to the use of computers in
polar and tropical regions, in outer space
and at remote industrial and manufactur-
ing sites.

For more information, circle No. 77
on the Reader Service Card
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A new subminiature axial radio-fre-
quency shielded inductor for density cir-
cuits has been introduced by Lenox—Fugle
Electronics, Inc., of Watchung, N.J. The
new NANO-RED inductor offers a %
watt shielded inductor for density circuits
that measures just 1/10 of an inch in
diameter by % of an inch long, and
weighs no more than 0.28 gram. In vol-
ume, the new NANO-RED envelope, of
non-flammable epoxy, is a scant 0.002 cu-
bic inches.

Designed to meet the reliability stand-
ards of MIL-C-15305C, to comply with
the need of design engineers for large in-

ARE YOU

UNDERS 38

EDP-SYSTEMS

WE SPECIALIZE IN CAREER CORRECTION
‘“UNDERED"'’?

PAID or UNDER THE WRONG BOSS . . .
WRONG CLIMATE or UNDER PROMOTED
UNDER UTILIZED or UNDER THE WRONG HOURS . .

WRONG POLICIES . .
FOR “OVERING" . .

LAWRENCE PERSONNEL
1015 Chestnut, Philadelphia, Pennsylvania 19107
FEE PAID BY CLIENT COMPANIES ® NO CONTRACTS ® ALWAYS CONFIDENTIAL

. or just "UNDERED''?
. CALL WA 3-2640

UNDER THE

. UNDER THE

SOFTWARE AGE
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ductance in a small envelope for density
circuit applications, the NANO-RED in-
ductor is available in 49 stock values from
0.10 uh to 1,000 uh * 10%.

For more information, circle No. 76
on the Reader Service Card
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The S1300A, an advanced design, high-
stability plug-in oscillator, has been an-
nounced by the Precision Instrument De-
partment of Motorola, Inc.

The oscillator features silicon solid-state
circuitry, proportional oven control, cold-
weld construction and high reliability.

On a 10 day average, aging rates for
standard models are 5 X 107 per day. In-
creased accuracy is provided by tempera-
ture stabilities as low as 1 X 107°/C°. For
accurate measurements and control, stand-
ard short-term stability is better than
1 X 107 rms/sec.

Normal weight is 20 ounces and tem-
perature range is from: —20°C to +55°C.
Normal output voltage: 1 volt rms into
500 ohm load and input voltage: 28 vdc
=+ 2v neg. or pos. ground,

For more information, circle No. 75
on the Reader Service Card
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The FO-200 Series of Voltage Followers
is an operational amplifier type device
used as a convenient means for signal iso-
lation and introduced by the GPS Instru-
ment Co., Inc.

They will reproduce an input signal and
all models have been optimized to have
extremely high input impedance. In this
way they can accept signals from a high
impedance source or sensor without load-
ing or affecting the source or sensor. The

Voltage Follower output is said to have a
low impedance and can drive as much as
20 milliamps; consequently, it can be used
directly to drive a meter movement or
other monitoring equipment.

The Voltage Followers feature a care-
fully matched pair of field effect transis-
tors (FET) at the input to give the very
high impedances required.

For more infomation, circle No. 74
on the Reader Service Card
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MONITOR Systems, Inc. announced the
availability of information relative to as-
sembling a binary-to-BCD converter by
using MONITOR’S MONILOGIC (TM)
integrated circuit cards.

The informative sheet describes a simple
method that may be used to convert a
12-bit binary number to the binary-coded-
decimal equivalent within a 4 microsecond
time span. The technique suggested is ap-
plicable to binary words of any length.

For more information, circle No. 73
on the Reader Service Card
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Non-Linear Systems offers a digital
ohmmeter which automatically measures
resistances between 100 microohms and
120 megohms.

Measurements are presented on a 6
window display when using the NLS
Model X-1 digital ohmmeter/voltmeter.
Eight full scale resistance ranges of
12/120 @ 1.2/12/120 K9, 1.2/12 and
120 megohms and five full scale voltage
ranges of 120 mv and 1.2/12/120 and
1000 volts in one 5%4” high rack mount-
able package provide both physical and
measurement versatility.

Automatic ranging and polarity are
standard. Resistance measurements are
4-wire, guarded. Box-in-box construction
provides 120 db CMR. A standard 3-pole
active filter allows accurate resistance
measurements even in the presence of
large amounts of degrading noise.

The X-1 wide range ohmmeter has mid-
scale specifications of: ==(0.001% of full
scale + 0.01% of reading); measurement
speed of 10 readings per second; and
passes a current through the resistor under
test of one milliamp or less.

For more information, circle No. 72
on the Reader Service Card

Houston Instrument, Division of Bausch
& Lomb, Inc. announces a new remote
digital plotting system for use in computer
time sharing systems,

The C@MPLPTm Plotter/Teletype-
writer Controller PTC-3 will serve as the
interface between a Dataphone Model
103A2, or equivalent, or an appropriate
acoustical coupler and a Teletypewriter
Model 33 or 35 and the COMPLAT:m
Digital Plotter DP-1.

Information from the computer center
is transmitted over standard voice grade
transmission line into the Dataphone or
acoustical coupler; it is then fed to the
COMPLPTm PTC-3. The PTC-3 moni-
tors the incoming data and transmits it to
either the Teletypewriter or the C@M-
PL@T:n DP-1. If the data is for Teletype-
writer presentation, the PTC-3 transmits
directly to it with no change in the in-
formation. If, however, the data is to be
plotted, it is coded by the PTC-3 to the
appropriate signals and then routed to the
plotter.

The Teletypewriter serves as the input/
output keyboard device that allows com-
munication with the computer. Output
that lends to graphic display is plotted on
the COMPLQT.. DP-1 Plotter, thus giv-
ing the system the additional capability of
a graphic display of data. The DP-1 Plot-
ter is a digital incremental plotter capable
of operating at a maximum rate of 300
increments/second.

For more information, circle No. 71
on the Reader Service Card

Openings represent unparalleled growth of the
Corporation and highly varied demands of our
clients. These are not ordinary positions and
our need is for the truly extraordinary, with
top experience and know-how. Sound service
bureau background is a requirement—profit
understanding, estimating, creative systems de-
sign, and ability to meet and work with client
executives. A college degree is not essential
but the equivalent in experience is necessary.
Broad knowledge of business and commercial

104 South Michigan Avenue, Suite 1367

Data Processing SYSTEMS ANALYSTS

Service Bureau Experienced

STATISTICAL TABULATING CORPORATION

National Headquarters

data processing applications and a willingness
to travel are an important part of the assign-
ments received.

If you can work independently, relocate at
company expense to the Chicago area and de-
mand the challenge of service bureau work let
us know what you have to offer. Company paid
benefits programs are excellent and salaries are
fully competitive. Write to our National Head-
quarters; interviews will be held in your home
area in the near future.

Chicago, lllinois 60603

1)

EMPLOYMENT AGENCY

[ FOR
COMPUTER
PROFESSIONALS
Serving

® PHILADELPHIA
® NEW JERSEY

® NEW YORK
METROPOLITAN AREA

Experienced Programmers and
Analysts from these areas may
call collect anytime (24-hour
answering service)

(609) 662-6621

VOCATIONAL TRAINING

PLACEMENT FOR COMPUTER ORIENTED COMPANIES

OR SEND RESUME TO
HOWARD LEVIN

Director
RSVP SERVICES
304 Victor Avenue

Cherry Hill, N. J,
08034

e SELECTION

RECRUITMENT
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LAWRENCE RADIATION LABORATORY
with over 5700 employees is located in
the San Francisco Bay Area and is en-
gaged in virtually all phases of nuclear
research and development.

ADMINISTRATIVE
PROGRAMMER

Work as a member of a team responsi-
ble for identifying, defining and ful-
filling the administrative information
requirements of a large research lab-
oratory. A working knowledge of
COBOL helpful but not mandatory.
Should have 1401 experience and be
seeking experience on larger more
sophisticated computers. Opportunity for
rapid personal and professional growth.
Independent thinking and creativity
are prerequisites. Minimum BA, BS
preferably in business, accounting, or
ecohomics.

Please send your resume to Mr. John
Gloekler, Personnel Department.

X sawremnce
e adiation
X saboratory
& UNIVERSITY of CALIFORNIA
P.O. Box 808 65-68
Livermore, Calif. 94550

An Equal Opportunity Employer
U. S. Citizenship Required

MR. EMPLOYER

If you would like a SOFTWARE
AGE media file including our
advertising rate card, circulation
information, etc. write or phone:

Norman Jacobs
Advertising Director

software age

1020 Church St.
Evanston, Ill. 60201
(312) 869-1244

i e e B e s

YOU CAN REACH 91,000
Programmers, Mathema-
ticians, Analysts, and EDP
Managers with a CLASSI-
FIED AD—see page 38.
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A new software package, AUTO-
DIAGRAMMER 1II, has been developed
by Aries Corporation to automatically
generate a full set of program documenta-
tion for rapid and accurate checkout of
COBOL programs before they are com-
piled.

AUTODIAGRAMMER 1II enables the
programmer to actually see, in final form,
his flow chart and data printout with only
one computer pass of his source deck.

Designed primarily for use with IBM
System 360 computers, it will accept a
COBOL source program before it has
been compiled and will automatically
generate: a detailed flow chart, a higher
level logic chart, an input/output diagram,
formats of all defined records, sample for-
mats of any reports which the program
will be printing, and a series of diagnostic
tables and cross reference lists,

The program is also readily adaptable
for use with UNIVAC 9300 systems, and
BAL and FORTRAN languages are avail-
able as options.

For more jnformation, circle No. 70
on the Reader Service Card
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CL/1 is a complete information process-
ing and reporting system designed for a
basic configuration consisting of an IBM
System 360 computer with 64K capacity,
two disk units and four tape or disk drives.
It may be operated in either a Disk Op-
erating System (DOS) or Operating Sys-
tem (OS) environment, according to the
Computer Sciences Corp,

A key part of CL/1 is a report genera-
tor which will either produce reports in
the exact formats specified by users or, in
the absence of specific instructions, estab-
lish its own formats.

The output of CL/1 includes 56 types
of reports, 42 of which are optional. The
list of required reports includes statements,
daily transaction journals, notes with zero
principal and active interest listings,
changes to interest accruals, daily account-
ing summaries and general ledger trans-
actions.

Among CL/1’s special features are capa-
bilities for handling multi-bank processing;
division and branch accounting; indirect

liabilities; account relationships; collateral,

maintained and sold; and participation,
bought and sold.

For more information, circle No. 69
on the Reader Service Card
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A V3 -in. diameter neon lamp—the small-
est ever offered—has been announced by
Los Angeles Miniature Products, a sub-
sidiary of Oak Electro/Netics Corp.

The subminiature T-1 lamp, which op-
erates at any current above 90 volts AC,
was designed for indicator applications
such as voltage regulators, counting de-
vices and other electronics and aircraft
uses. It is available tipless or lensed, with
or without base.

Advantages of the high-brightness type
neon lamp include end-on viewing, elimi-
nation of stepdown transformer, increased
shock and vibration resistance and weight
and space savings.

It allows four times the density in con-
sole applications and, therefore, a com-
puter console may be reduced to % size,
with resulting easing or monitoring and
enhanced esthetics.

For more information, circle No. 68
on the Reader Service Card

Tape-Stor Div., Helps Company has
produced a new Tape Winder for wind-
ing Numerical Control tapes. This tape
winder has a roll capacity of up to 3%
inches in diameter. Back-up plates for
holding the tape in position when wind-
ing, are furnished—these bask-up plates
also aid in the easy removal of the roll of
tape from the winder. The 7 diameter
hub has a threading slot. The tape will
not crimp or wind too tight. This 7 inch
high winder will fold down to 7” x 3” x
234" for easy storage.

For more information, circle No. 67
on the Reader Service Card
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An expanded line of regulated d-c
power supplies is now available from Gen-
eral Electric for use in improving the per-
formance of electrical and electronic
equipment. Now included are a total of

SOFTWARE AGE




thirty 50- and 60-hertz models with out-
put voltages ranging from 10 to 200 volts
d-c.

Output voltage will not vary more than
= one percent for a change in input volt-
age over the rated range of 97 to 130
volts a-c; and a change of one percent in
frequency will only change the output
voltage level approximately 1% percent.
The full-load efficiency for these General
Electric power supplies ranges from 70 to
85 percent for normal output voltage
levels.

General Electric d-c power supplies can
be installed with either polarity. Output
voltage riple level is one percent or less
(RMS).

For more information, circle No. 66
on the Reader Service Card
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Atlantic Software Inc. announces the
immediate availability of a new proprietary
program, DOC-U-MENT. DOC-U-MENT
is a complete file management system spe-
cifically tailored to handle the unique re-
quirements of documentation in a data
processing installation,

It performs the following functions:

a. file maintenance of the documenta-

tion.

b. retrieval of any desired section of

documentation,

c. display of the documentation in one

of several appropriate formats—nar-
rative text, card image, or flow chart.

Input to the DOC-U-MENT system is in
the form of simplified shorthand state-
ments. Because of this simplified input,
key technical personnel can be freed from
the laborious documentation job.

It will handle all forms of documenta-
tion—procedures, systems charts, files, pro-
gram specifications, flow charts, object
decks, and source decks. Any user can ap-
ply it to his current documentation pro-
cedures or use it as a tool to develop a
new documentation standards system.

For more information, circle No. 65
on the Reader Service Card

Ten new integrated circuits are now
available from Stewart—-Warner Micro-
circuits, Inc.—each one of which performs
expanded functions that previously could
be attained only by the improvised inter-
connection of two or more units of the
DTL 930 series.

The new devices consist of: a 10-input
complementary gate (SW770 & SW771),
a triple R-S flip-flop (SW772 & SW773), a
triple 3-input AND gate (SW774 &
SW775), a dual AND/OR gate (SW776 &
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SW777), and a dual 4-input complemen-
tary gate (SW778 & SW779). Even-
numbered units are with 6K pull-up re-
sistors for lower power consumption, and
odd-numbered units are with 2K resistors
for faster rise times.

For more information, circle No. 64
on the Reader Service Card

* * *

A new 51 x 12 tab reader that supplies
a full 612 bits of information from a
standard 80 x 12 IBM punched card has
been designed for applications in data ac-
quisition, process control and production
control by Sealectro Corporation.

The new Sealectrocard tab reader fea-
tures an advanced contact design that
eliminates thru-card contacts and prevents
lint and dirt from impairing reliability.
This design also eliminates varying con-
tact resistance due to accumulation of
contaminants on usual PC switch ele-
ments under a punched card. Units can be
supplied with a number of different termi-
nations to fit specific customer require-
ments.

For more information, circle No. 63
on the Reader Service Card

* #* #

A new automatic contact and relay test-
ing system which is now available from
Advanced Technology & Systems Corpo-
ration, provides an easy and convenient
way of determining contact resistance for
all types of plug-in relays with any con-
tact arrangement. A built in square wave
generator permits the display of the
dynamic test function when used with
type PRO oscilloscope.

Test parameters and sequence can be
manually selected in the model ARP or
pre-programmed by means of a program
plug-in in the model ARP-E, Both instru-
ments feature full flexibility of voltage se-
lections, sequence of test and can be
stopped at any point in the test sequence
to permit the observation of any test step.

For more information, circle No. 62
on the Reader Service Card

* * *

Digital Devices has announced its type
203 delay line, a low cost memory suited
for commercial applications requiring stor-
age of 1024 bits or less.

Available at data rates up to 2 MHZ
and with access times of less than 1 ms,
the memory is designed to perform in
standard commercial environments. Input
drive is 40 ma, producing a 10 mv output.

The memory has found application in
various small scale commercial digital
equipments.

For more information, circle No. 61
on the Reader Service Card

LIVE IN DENVER!
ﬁ'-”".://‘}/j'- /L\\Q’%Q\

Experienced

Programmers
and Analysts

for Engineering and
Commercial
Applications
on IBM S/360
using OS PL/I
and FORTRAN

Join a small, select group of dedi-
cated professionals working on a
wide variety of applications in the
engineering-construction field. You'll
like the locality, the company and
the future. Send resume in confi-
dence to D. P. Weishrod.
Stearns-l!oger

P.0. Box 5888, Denver, Colo. 80217

An equal opportunity employer

DO YOU WISH FOR
16 FINGERS...

when doing Hexadecimal
arithmetic?

Wish no longer!

With a Hexadder you
don’t even need the ten
you have.

The Hexadder is an all-
aluminum, pocket-sized,
precision calculator for
adding and subtracting
six-digit hexadecimalsin
seconds with 100% acc-
uracy. $15 each, pre-
paid; or write for more
information from:

HEXCO, INC. P.0. BOX 55588
HOUSTON, TEXAS 77055

For more information, circle No. 11
on the Reader Service Card
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Multiply your capabilities
..multiply your rewards.
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Join the
Montgomery Ward re-generation

How do you computerize a conglomerate of stores, products
and catalogs—all generating fast-moving challenges in distribu-
tion, credit, inventory control and other related areas?
Montgomery Ward does it with retailing’s largest 3rd genera-
tion data control center—and with a programming effort aimed
at attacking a total management information system from 8
different areas simultaneously!

Essentially, an operation as fast and furious as this does
three things for a programmer or systems man: (1) it generates
continuous new challenges, (2) it continually expands and re-
generates his capabilities, and, (3) it multiplies his rewards in
terms of increasing responsibilities and earnings.

If you have two or more years COBOL or BAL experience
and would like to enlarge upon it fast, make your move now to
join Montgomery Ward. Write: M. K. Fenwick, Personnel
Representative/Corporate Systems Division.

"M MONTGOMERY WARD

L] 6th Floor, Data Center/140 S. State Street, Chicago, lllinois 60603

An Equal Opportunity Employer

MULTIDIMENSIONAL MODELS
(Continued from page 6)

time, investment, material cost, ex-
pense etc.

The problem is then analyzed. A
plane functional flow diagram is
drawn up for definition of proper
sequential relationship of functions.
After the check of the flow diagram
the three dimensional block diagram
can be drawn. The flow diagram of
functions is given in Fig. 2 for a fic-
titious process of golf ball develop-
ment and marketing.

This diagram gives the sequential
relationships of functions thus it
represents a process of operations.

Fig. 3 represents the same process
but the additional “dimensions” of
business shown makes this no longer
an operational flow diagram but it
becomes a model in many dimen-
sions of the business.

The proper selection of coordinate
groups is very important and that
can make this method very power-

ful.

The current numerical values of
coordinates at the corners of blocks,
together with the local component
values of coordinates in the blocks
can reveal most of the critical fac-
tors in the business.

The name of the means to per-
form the functions retains the phys-
ical feel for the model that allows
to change it to an optimum configu-
ration, through a thinking evaluat-
ing process, played with the model.

The model can serve when it is
finished for writing computer pro-
grams for various purposes if equa-
tions representing the blocks can be
derived. The purpose of programs
may be production control for mul-
tiple project system, scheduling and
other.

Summary

A method of solving complex sys-
tems optimization problem had been
presented.

The multi-dimensional model in
Reimann’s N dimensional space re-
tains the sequential relationship of
the large number of system compo-
nents characterized by a large num-
ber of coordinates that also retain
their physical meaning and numeric
value. The real like form of model
allows easy multiple variable optim-
ization. =
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IN :
CONFIDENTIAL INQUIRY SOFTWARE AGE
Your original copy of this form will be retained at the offices of SOFTWARE AGE and MAGAZINE

will be used for no other purpose than to notify the specific firms which you have
checked (on the reverse side) of your interest.

TYPE OR PRINT CLEARLY FOR PHOTO REPRODUCTION
JOB DESIRED:

List computer hardware knowledge (names of systems, tape, disk, terminals, etc.):

Programming specialties and years of experience (commercial, scientific, theoretical, experimental,
analog, etc.):

Systems programming on which you have had development experience (compilers, assemblers,
executives, monitors, O.S., etc. Indicate for what computer):

Programming languages used and extent of experience (COBOL, FORTRAN, etc.):

Applications programmed (aerospace, banking, insurance, math subroutines, compilers, etc.):

Systems analysis experience (card design, flow charting, operation analysis, etc.):

EDP management experience (include years and number of people reporting to you):

SALARY: DATE OF AVAILABILITY:

(current) (desired)

EDUCATION: Indicate major as well as degree unless self-explanatory.

Degrees

Years

Schools

EMPLOYMENT: Indicate present employment and previous jobs below.
Employer
City

Years to to to
Title or
Function

Name Age

Home Address Home Phone

U.S. Citizen?

(city) (state) (ZIP code)

Security Clearance Location Preference

Marital Status

::“usr:l::w;OU HAVE CHECKED ON REVERSE SIDE SOftwa’re a’ge

THE COMPANIES YOU WANT TO SEE THIS INQUIRY. MAGAZINE
PUT FORM IN STAMPED ENVELOPE AND MAIL TO: 1020 CHURCH ST., EVANSTON, ILL. 60201
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AFTER AUG. 10, THIS FORM WILL NOT BE PROCESSED
WRITE ADVERTISERS DIRECTLY OR WRITE US FOR CURRENT S/A ISSUE

check your interests here

Fill in the confidential inquiry form on the other side of this
sheet. This form provides all the information advertisers re-
quire to screen applicants. If further information is desired, you
will hear from the advertiser direct. Then, circle below the
numbers of those companies to which you want copies of your
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own resume. We will only process this form. A new form
must be filled out for each issue in which you are answer-
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Prime Experience in What Industry

[0 Technical Degree [0 Non-Technical Degree
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Year Born

[0 I do not now receive S/A. Please enter my FREE subscription.
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