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WORK ON: 
INERTIAL NAVIGATION SYSTEMS 

OPTIMAL FIL TERI NG 
HYPERBOLIC NAVIGATION SYSTEMS 

HYBRID SIMULATION SYSTEM 
MISSILE GUIDANCE 

DIGITAL AUTO PILOT 
STATE-OF-THE-ART COMPUTERS 
MULTIPLE SENSOR NAV. SYSTEMS 

DATA ACQUISITION SYSTEMS 

Program. yourself 
for progress. 

Flexibility, diversity, challenge ... 
are three vital ingredients for progress 
you'll find in abundance at AC 
Electronics. Why? Because, here at AC, 
you'll have a crack at a variety of 
jobs on some of today's most exciting 
and advanced projects. What's more, 
you'll be in on the ground floor of 
rapidly expanding computer activity. 
Example: a Hybrid Simulation System 
for future space flights already in 
the works. If you have a degree, plus 
two or more years' experience, look 
over the career opportunities listed 
below. Then write, phone or wire: Mr. 
R. W. Schroeder, Dir. of Professional 
and Scientific Employment, Box 507, 
AC Electronics Div., M ilwaukee, 
Wisconsin 53201. 

Real Time Programmers -
Perform system programming for 
special-purpose digital and hybrid 
airborne computers to achieve 
optimum system performance. 
Participate in check-out and 
engineering analysis of programs. 
Simulations Programmers -
Design programs to perform math 
simulations and modeling of systems 
and vehicles. Pre-mission check of 
validity of systems and program 
accuracy performed on large-scale 
digital and hybrid computers. 
Design and Programming Aids -
Develop highly automated systems 
for designing, fabricating, and 
programming small special-purpose 
computers, including the development 

of programs and techniques to code, 
assemble, simulate and analyze 
operational programs. 
Scientific Programmers -
Analyze and prepare computer 
programs for solution of engineering 
and scientific problems utilizing the 
I.B.M. system 360. Applications 
include missile trajectory simulation, 
flight test data reduction, design 
automation and automatic check-out 
systems for airborne computer 
softwear. 
AC ELECTRONICS 
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... or Improve it. That's what you'll be 
expected to do at Honeywell's EDP 
Technology Center. We're responsible 
for planning, designing and developing 
computer systems. To perform these 
responsibilities we need highly motivated 
programmers and analysts with a desire 
to prove and improve their state-of-the
art. To prove the importance which we 
attach to this task, you will find over 20 
computers in our Technology Center -
computers whose only function is to be 
at your disposal. Are you ready to 
improve your career potential? 

PROGRAMMER/ ANALYSTS 
To be engaged in researching, designing 
and developing software packages which 
will maximize the efficiency of present 
and future generations of hardware. To 
demonstrate the imagination and 

creativity necessary to the original 
conception and development of complex 
software systems. Openings exist at the 
intermediate (2 years experience} through 
senior levels. We are specifically 
interested in: 

PRIMARY SYSTEMS DEVELOPMENT: 
The design of complete operating 
systems to act as interface between 
customer applications and computer 
systems in a real time environment. 

COMMUNICATIONS SOFTWARE: 
To monitor, control and interface 
communications networks and computer 
systems in a real time environment. 

MASS STORAGE: 
The design of software to control and 
utilize random access storage devices. 

COMPILER TECHNIQUES: 
Translation and simulation of existing 
programs and systems so that they may 
be more effectively used with new 
hardware and software. 

SCIENTIFIC SOFTWARE PACKAGES: 
Development of software for use in 
operations research, linear programming, 
numerical control, math modeling and 
simulation. 

Please forward your resume to Mr. David 
McGowan. 

HONEYWELL 
200 Smith Street, Dept. SA-5, Waltham, 
Massachusetts 02154 

Opportunities exist in other Honeywell Divisions 
Send resumes to F. E. Laing, Honeywell , 

Minneapolis , Minnesota 55408. An Equal 
Opportunity Employer. 

The Other Computer Company: 

Honeywell 
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COMPUTER SCIENCE 
SERVICES 

LTV AEROSPACE 
Would you like an opportunity to join a NEW com
puter organization (part of a large, established 
corporation) with a planned growth of 100 percent 
in the next 12 months, in NEW facilities and using 
NEW equipment such as IBM 360-65? The chance 
may be yours if you have the required background 
for one of the following positions: 

BUSINESS APPLICATIONS 
(Requires degree and two or more years 

experience.) 
• BUSINESS PROGRAMMING - Program effi
cient solutions to complex problems through judi
cious use of concepts, modern techniques and 
the latest computing software and hardware. 
• BUSINESS SYSTEMS PLANNING - Analyze 
problems and use knowledge of business systems 
and modern computer equipment to design sys
tems to fit both the particular need and require
ments of a totally integrated systems concept. 

SOFTWARE TECHNOLOGY-IBM 360 Computers 
(Requires degree and two or more years 

experience.) 
• SOFTWARE SYSTEMS-Extend, document and 
maintain programming language processors (in
cluding FORTRAN IV, COBOL, RPG, ALC and 
SORT /MERGE) and operating systems. • LI
BRARY ROUTINES - Develop library subroutines 
to support scientific applications and plotting 
equipment (SC-4020 and CalComp.). • ANALYSIS 
PROJECTS - Analyze requirements and develop 
plans for new hardware, software and appl ica
tions. • STANDARDS & DOCUMENTATION -
Develop programming and operating reference 
manuals and compile program write-up file. 
• ASSISTANCE TO ENGINEERS-Provide expert 
guidance for open-shop programmers to develop 
engineering applications. • DATA PROCESSING 
INSTRUCTOR - Responsible for all application 
programmer, management and user training. 

SCIENTIFIC APPLICATIONS 
(Requires degree and two or more years 

experience.) 
• SCIENTIFIC PROGRAMMING - Analyze and · 
program a wide variety of scientific problems for 
the IBM 7090, 360 and other computers. Areas of 
current efforts including engineering design, real 
time and display generation, APT, scientific man
agement techniques, simulations, large simula
tion projects, design automation using graphics, 
etc. Programming languages include FORTRAN, 
ALC and other assembly languages. • REAL TIME 
COMPUTING - Requires BSEE and two or more 
years experience. Digital logic design, digital 
hardware and interface experience. 

SEND RESUME TO Professional Placement 
P.O. Box 5907 •Dallas, Texas 75222 

LTV AERC>SPACE 
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Manufacturing Systems and Process Engineers: 

Worl< with advanced techniques 
at new Boeing fabrication facility. 

The Boeing Company's newly acti
vated Central Fabrication facility near 
Seattle, a modern complex of spe
cialized fabrication and processing 
shops and equipment, offers excep
tional ground-floor career opportuni
ties to manufacturing systems and 
process engineers. 

The company is extensively explor
ing highly advanced, integrated man
ufacturing operations concepts in
volving (1) computerized control of 
manufacturing processes and (2) in
tegrated planning and control systems. 

Boeing has initially invested $120 
million in this new facility. A large 
portion of this investment is 

World's largest numerically controlled vertical boring 
machine is one of many modem pieces of equipment at 
Boeing"s Central Fabrication facility. 

machine tools, many with numerical 
control capability. The entire complex 
comprises 1.6 million square feet of 
covered area and includes four major 
factory buildings: an airplane wing 
spar and skin mill facility, a heavy 
machining facility, a tool fabrication 
facility, and a manufacturing process 
facility for metal bonding, plastic and 
fiberglass duct work. 

MAY, 1968 

Boeing 747 super/et is typical of advanced jetliner 
programs supported by new fabrication facility near 
Seattle. The 747 is scheduled for rollout this year. 

The Central Fabrication facility sup
ports all Boeing programs in the 
Seattle area. These include current 
advanced jetliner programs such as 
the 747 superjet, the short-range 737 
twinjet, and the U.S. supersonic trans
port, as well as a number of in-pro
duction and developmental space and 
missile programs. 

Immediate openings exist for engi
neers at many levels of experience and 
responsibility in the following func
tional areas: 

MANUFACTURING 
SYSTEMS ENGINEERING 

Production Automation Systems -
Process control and operations, nu
merical control machine operations, 
computer-aided tool design, monitor 
and display systems. 

Production Logistics Systems -

Control Processes- Communica
tions, computer applications, display 
and recording equipment, controls, 
models and simulators. 

Qualifications: (1) three years re
lated experience, (2) B.S. in engineer
ing, mathematics, or the physical 
sciences, (3) Master's degree in busi
ness administration, or M .S. in engi
neering or mathematics . 

You'll enjoy living in the Seattle
Puget Sound region where you can 
take advantage of year-round West
ern outdoor activity in the heart of the 
Pacific Northwest. From sea level to 
ski level is less than an hour's drive. 
The 172 San Juan Islands of Puget 
Sound are only two hours away. Enjoy 
sailing, fishing, hunting, golfing, clam
digging, beach-combing or mountain 
climbing at your pleasure. 

Fill in and mail the coupon today. A 
Boeing representative will get in touch 
with you. 

BOEING 
COMMERCIAL AIRPLANE DIVISION 

·----------------~ 
Please contact me with details about a 
career at Boeing's new Central Fabri
cation facility. 

Planning and scheduling, tool and Name, __________ _ 
production control. 

Management Information Systems 
-Resource planning and control, 
simulation and model development, 
management reports and communi 
cations, cost schedule and technical 
performance. 

MANUFACTURING 
PROCESS ENGINEERING 

Flow Processes - Metal bonding, 
plastics and fiberglass, material 
handling. 

Machining Processes- Mechani 
cal and electronic controls, metal 
removal, forming and finishing, pro
duction automation . 

Address __________ _ 

Ph one (incl. area code) _____ _ 

City ___________ _ 

State Zip ___ _ 

I'm usually home between ___ and 

__ (hrs.) on ______ (days) 

Degree/Specialty _______ _ 

Mail to : Mr. Will iam Denman. The 
Boeing Company, Commercial Airplane 
Division. P.O. Box 707-BBB. Renton, 
Washington 98055 . 

-----------------~ 
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EDIT 
PERFORATED 
TAPE ... 

It's a splicer, it's 
a gauge, it's a punch 
The Model DL-141 

free 
samples. . . 
1" perforated-tape splicing patches 
. . . self adhering. 
Mylar~ or paper material. Opaque or 
transparent. Code and/ or feed holes 
punched . 0.0025" or 0.0045" thick
ness. Costs as little as $17 per 1000 
patches. 1-foot splicing and correc
tion tapes too! 

Data-link makes a line of Splicer
Gauge-Punch combination units for 
perforated tape repairs and correc
tions, as well as electric tape winders 
and complete tape processing work 
stations. 

free 
catalog 
fully describes all 
Data-link 8, 7 & 6, and 
5 channel perforated 
tape suppl ies and 
equipment. Free sample 
of assorted splicing 
patches enclosed . 
Write or use the 
reader inquiry card 
today! 

BE Data-link Corporation 
P.O. AP, 4546 El Camino Real 

Los Altos, California 94022 

For more information, circle No. 8 
on the Reader Service Card 

new installations 

Systems Engineering Labora
tories, Inc., Fort Lauderdale has 
ordered magnetic core memory 
stacks, valued at more than $750,-
000, from Ampex Corp. Ranging in 
size from 100,000 to 200,000 bits, 
they will be used in various data 
processing systems. 

• • • 
Project Genie, University of Cali-

fornia, Berkeley, has ordered from 
Scientific Control Corporation a 
6700 Central Processing Unit. Proj
ect Genie, under the sponsorship of 
the Advanced Research Projects 
Agency, Department of Defense, 
does much work in the field of time
sharing computer systems. The new 
system at Berkeley will consist of 
the SCC 6700 Central Processing 
Unit and memory produced by 
other suppliers. 

• • • 
American Optical, major supplier 

of optical systems for U. S. space 
and defense programs, installed the 
new IBM 1130 computer to assist 
engineers in designing complex 
lenses and other optical systems that 
can photograph the earth's surface 
from speeding aircraft or pro be 
millions of miles into space. Pro
grammed into the computer is the 
desired operating characteristics of 
a proposed new system and received 
back is the most efficient configura
tion. 

• • • 
St. Regis Paper Co. has installed 

a high-speed data transmission sys
tem by Digitronics Corp. The system 
links the company's EDP Center in 
New York City with remote sales 
and manufacturing locations. 

• • • 
Allied Van Lines, Inc., long dis-

tance movers, has ordered Com
munitype Corp. data communication 
equipment for proposed coast-to
coast management information net
work. The system is said to receive 
digital data at a speed of 1,000 
words per minute. Compatible with 
most standard computers, it incorpo-

rates an IBM Selectric typewriter 
used for input and print-out opera
tions. 

• • • 
American Collectors Association, 

Inc., an international trade associa
tion comprised of more than 25,000 
independent agencies, and Tri-Data, 
Inc., a computer consulting firm and 
service bureau, have installed GE-
405 computer systems. 

The GE-405 is the smallest mem
ber of General Electric's medium
scale GE-400 series of information 
systems. It includes a central proces
sor with 8,000 words of memory, 
five magnetic tape units, a card 
reader, and a printer. 

• • • 
Dial-Data, Inc., Newton, Mass., 

has ordered a scientific data systems 
time sharing computer valued at 
$1.1 million. The computer will be 
installed in the Washington, D. C. 
area to serve the entire metropolitan 
district and provide peak load and 
backup capability for the SDS 940 
computer which has been in opera
tion since 1967 in Massachusetts. 
Both the SDS 940 centers offer con
versational interactive computer ac
cess to as many as 32 simultaneous 
users located at remote terminals in
stalled in their own offices. The 
users connect the computer via regu
lar telephone lines using teletype 
keyboard terminals. 

• • • 
The U. S. Bureau of the Census, 

which installed the world's first data 
processing computer, has increased 
its computing capabilities with a 
new UNIV AC 1108 System. The 
1108 is being used by the Bureau 
for statistical processing. 

• • • 
Davis Brothers, Inc., the nation's 

fourth-largest wholesale drug dis
tributor, has ordered a three-station 
computer network from Honeywell 
EDP. The company will keep in
ventory records on 30,000 items for 
customers using a Honeywell
developed software system called 
PROFIT. • 
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Programmers/ Analysts 

If you're interested in 
working five years ahead of 

the times, learn about 
IBM's Federal Systems Division. 

MAY, 1968 

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 
of two basic areas: information-handling systems and sci
entific-engineering programming. 

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. BE1024, 18100 Frederick 
Pike, Gaithersburg, Maryland 20760 . 
It could be t

1

he most i~portant 'i110)~ 
resume you ve ever written. .!1J~lM.!. ® II 

An Equal Opportunity Employer ~ 
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SOFTWARE 
MANAGEMENT 
THROUGH 

+ ·'~ SPECIFICATION ,, -
@$41 CONTROL 

About the Author 

Mr. Liguori received his BSEE degree from Tufts 
University in 1957 and an MBA from Hofstra Col
lege in 1960. He received his formal computer 
education at the graduate school of Adelphi Col
lege. Since joi.ning RCA in 1962, he has been 
involved in test designing and programming for 
various general-purpose automatic test systems, 
including the Multipurpose Test Equipment ( MTE) 
and the Land Combat Support System ( LCSS) for 
the U. S. Army Missile Command and the Depot
Installed Maintenance Automatic Test Equipment 
(DIMATE) for the U. S. Army Electronics Com
mand, and a newly installed commercial auto
matic test system. For the past three years he has 
been a principle contributor to Independent Re
search and Development studies on advanced 
programming techniques for the RCA Automatic 
Test Equipment product line. 
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By F. Liguori 
Sen. Proj. Member, Technical Staff 

RCA, Burlington, Massachusetts 

Contrasting software with hardware is a con
venient way of describing software to non
programmers. This emphasis on differences has led 
to a common misconception in industry that the 
two products are inherently different and thus, 
their development must be handled differently. 
Close analysis of both tasks reveals often over
looked similarities. In fact, the two products are 
so similar in content that the commonly used for
mal techniques for managing harqware develop
ments apply equally well to software development. 

This article offers the rational~ behind the thesis 
that hardware and software development tasks 
are in fact quite similar. It then discusses the 
applicability of specification control to software 
development, emphasizing how each advantage 
of specification control applies equally well or 
more so to software development tasks. 

The conclusion is that software management is 
not inherently different from hardware manage
ment. The same tools of control may be (and in 
fact have been) successfully used for software 
development tasks; It is, · therefore appropriate, 
and necessary for project fl1anagers to provide 
more definitive direction of software development 
tasks through detailed specifications without re
quiring personal proficiency in software design. 

SoFTW ARE AGE 

!"-

... 

~ 

~-

~ 

T 

I( 



..)I 

t ... 

• Examination of documents commonly used in 
industry to control system design and engineer
ing reveals a lack of understanding of the nature 
of software and methods of software develop
ment control. This is particularly evident in 
Requests for Quotations ( RFQ's) involving 
computerized systems r~quiring both hardware 
and software development. Typic~lly, such 
RFQ' s consist of 50 pages or more of very de
tailed technical requirements. They include not 
only the necessary performance characteristics, 
but often even dictate the basic method of 
implementation of the system to be designed. 
Of these 50 or more pages, often as few as two 
or three pages and ~ertainly less than ten per
cent of the document is devoted to software 
specification. Yet, software for the system may 
cost as much or more than the hardware. This 
over emphasis on hardware is indicative of an 
unique pre-occupation with hardware charac
teristics and a lack of understanding of software 
techniques and requirements. Software charac
t~ristics, which by and large dictate operational 
characteristics of the completed system, are left 
vague and undefined. 

Work statements and design specifications, 
which are outgrowths of the RFQ, further re
flect the vagueness with which software is con
trolled. The result is that, unless the contractor 
selected happens to be unusually competent in 
software development, this aspect of the system 
is left to be worked out during the hardware 
development phase when it is impractical to 
make the optiinum hardware/software config
uration tradeoffs. 

The Automatic Test Equipment product line 
at RCA has traditionally involved a complex 
interplay of hardware and software. Experience 
has proven the value of detailed software work 
statements and design specifications. This paper 
develops the rationale behind the similarity be
tween hardware and software development and 
management tasks and discusses the advantages 
realized by dose control of software tasks 
through definitive specifications. 

Similarity of Software and Hardware Systems 
Hardware and software are of.ten contrasted 

to explain the special pro bl ems of software with 
respect to the familiar base of hardware de
velopment. And, indeed there are many aspects 
of software development that make it different 
from hardware. Hardware is developed in dis
crete stages (paper design, breadboard, engi
neering prototype, etc. ) that progressively con
strain system changes. Software stage boundaries 
do not seem to progressively constrain software 
system changes. The obvious reason is that soft
ware appears inherently more flexible (therefore 
changeable) because it is structured with "pa
per" rather than fabricated hardware. Ironically, 
it is this "advantage" of software that is really 
its nemesis. Nothing can hamper final designs 
more than susceptibility to change, and nothing 
is more fatal to schedules than design changes. 

MAY, 1968 

OPERATIONS RESEARCHERS 
E.xperienced ' SYSTEMS ANALYSTS 

PROGRAMMERS 
You (and your children) can grow in what 
U.S. News & World . Report calls one of 11The 
Pleasant Plates to Live in the U.S." Neenah 
is one of a dozen live-wire communities in the 
Fox Cities complex reaching from Green Bay 
to Oshkosh that includes 250,000 people. 
Busy with work, play and civic improvements 
in an invigorating climate, the people enjoy 
living in progressive communities. You will 
appreciate being less than ten minutes from 
work (and from the golf courses). Your wife 
will appreciate being less than ten minutes 
from schools, shopping centers, churches, 
the doctor and the swimming pools. You'll 
all enjoy the lakes, parks, snowmobiling, 
boating, skiing and fishing. 

: 
·:·~ 

•:MINNEAPOLIS 
'.... GREEN BAY 

\ ... ~ NEENAH "ij 
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.. , CHICAGO, 
•. / ILLINOIS , 

Here in Neenah, 
Kimberly-Clark, one 
of the world's fore
most paper products 
manufacturers, offers 
opportunities in our 
expanding Informa
tion Services Center. 
Here we are develop
ing information pack
ages and data pro
cessing netwo'rks 
using IBM 360 com

puters. We need people with a minim!Jm of 
two years of experience in the positions 
named for the following openings. 

OPERATIONS RESEARCHERS 
Bachelors degree with heavy math emphasis 
or equivalent experience. Technical working 
knowledge of O/R techniques, particularly 
simulation, probability and statistics. Con
crete experience with successful application 
of these techniques to business problems. 
Advanced degree of added value. 

SYSTEMS ANALYSTS 
Bachelors degree in Business, Mathematics 
or Engineering degree would have included 
business courses. Advanced degree of added 
value. 

PROGRAMMERS 
Degree preferred or equivalent business ex
perience. 360 BAL, 360 Cobol, 360 PL/1 
preferred. Medium scale tape/disc 
acceptable. 

RELOCATION EXPENSES PAID 
Contact us (collect) at (414) 722-3311, Ext. 
2653, or better still, send resume with past 
experience to C. L. O'Meara, Manager, 
Corporate Recruiting. 

0 Kimberlq·Clark Corporation 
North Lake Street 
Neenah, Wisconsin 54956 

An Equal Opportunity Employer 
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PORTABLE 

Ro to-Angle® 
REPLACES 

4 SEPARATE 

DRAFTING TOOLS 

A four- in -one drafting instrument that permits engi
neers and students to so Ive prob I ems faster, with 
drafting-machine accuracy. The Rota-Angle replaces the 
standard triangles, the protractor, and the adjustable 
triangle pecause it performs all the functions of these 
tools and does them faster and with greater accuracy. 

Use with only a board and T-square. The ruling arms, 
which are channeled for clean inking, are made of 
one piece which is pivoted so it can be swung either 
right or left through 90°. The protractor has a scale 
of 90° and is also pivoted and can be swung in either 
direction. The ruling arms and protractor can be moved 
independently of each other and can be locked to
gether (and to the base) in any position. 

With sturdy carrying pouch 

Only $750 

Postpaid 

·---------------------------------------~ 

Please send me at the address below: 

THE PORTABLE Roto-Angle® 

(name) 

(address) 

(city) (state) (zip code) 

·---------------------------------------~ 
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A second characteristic of software that makes 
it more elusive to schedules is its camouflaged 
nature. Unlike hardware developments which 
go through visible stages of development, pre
liminary software and debugged software are of 
the same general appearance. Even when it is 
apparent that a task is still in the process of 
completion, it is much more difficult to deter
mine percentage of completion of software as 
compared to hardware developments in progress. 

Despite the obvious differences in hardware 
and software it is the thesis of this paper that 
software and hardware systems have greater 
kinship than disparity. Furthermore, mi·smanage
ment of software systems development stems 
from overemphasis of differences and failure to 
recognize and capitalize on similarity. Once this 
thesis is accepted, it follows that the methods of 
hardware systems development can be success
fully applied to software systems development. 
This causes two seemingly divergent disciplines 
to converge in most system applications. Hence, 
it allows well developed techniques to be ap
plied in a field much less understood by manage
ment people1 who control the integrated system 
development at the critical point-where soft
ware and hardware have a common manager. 

The Basis of Similarity 

To see the commonality between software 
systems and hardware systems one must exam
ine not the form of the finished product but 
rather the resources required to develop each 
system. In either development, basic resources 
are time, manpower, and materials, all of which 
have a common denominator in dollars. These 
resources are common to all human endeavor 
so it is necessary to further investigate the types 
and quantities involved as weU as their inter
relationships to prove or disprove substantial 
correspondence between hardware and software 
development tasks. 

When dealing with a system under develop
ment, whether it be hardware, software or a 
combination, schedules typically involve a year 
or more. Usually, there is no substantial differ
ence in period of performance for hardware and 
software system devel ment when comparing 
tasks of approximately ual dollar volume. 

In any system develop ent, manpower (par
ticularly engineering labo ) is by far largest 
single cost. Cost .analyses o past research and 
development contracts sho that manpower 
typically accounts for 75 perc t of total cost. 
Variations are geared to the rati ,,between pur
chased and fabricated items inJ the system. 
Where all subsystems are specially developed, 
the labor approaches 90 percent of the task, 
whereas systems configured largely from off-the
~helf units yield much lower labor percentages. 
If one could determine the percentage of pur
chased item costs, these items too would be seen 
to be largely labor burdened except where very 
high production rates exist. In software develop-
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ment, also, labor generally runs 75 percent and 
it can run as high as 90 percent of the task. Even 
in control system programming where certain 
adaptor hardware elements are attributed to 
"software" costs, about 80 percent of the cost is 
expended in labor, largely engineering. 

From this it is apparent that, in either hard
ware or software systems development, engi
neering (or other professional) labor comprises 
the bulk of the cost. Furthermore, the differ
ences between s·oftware and hardware system 
development labor rates are negligible. The pro
fessional engineer or scientist plays the major 
role in both. 

Material costs are naturally higher for hard
ware system development, being in the order of 
25 percent, as compared to about 5 to 10 per
cent for software materials. In software efforts, 
however, there are generally equipment rental 
costs involved to debug programs on a com
puter. These typically are 10-15 percent of total 
costs. Rentals are often treated as "material" 
costs, at least in purchasing procedures. With 
rentals so classiRed, the ratio of materials to 
total costs also becomes quite comparable for 
hardware and software systems. 

In conclusion, all factors of production are 
close to equal for either hardware or software 
developments involving equal dollar volume. It 
is also apparent that the largest single cost by 
far is professional labor. Hence, the most 
precious ingredient of any system is the "intelli
gence" expended in its design and construction. 
Since any effort can be reduced to management 
of factors of production, management of soft
ware and hardware development tasks can be 
handled essentially in the same manner. 

Method of Control 

The instruments of control in any system de
velopment are managers and procedures. The 
managers of hardware systems and software sys
tems are almost always technically or scientifi
cally disciplined professionals, at least at the 
project management level. Salary levels and 
prestige are approximately the same for projects 
of equal dollar volume since they each involve · 
approximately the same number of personnel in 
the same salary ranges. Hence, the only variable 

· between hardware and software management is 
the set of procedures. 

The procedures for hardware management are 
by far more standardized and apparently more 
effective than for software.2 In fact, there ap
pears to be no standard approach to large scale 
software developments. Although most software 
managers have learned to rely heavily on docu
mentation for control, the manner of task specifi
cation, quality control, product standardization 
and change control is quite loose in many 
organizations. With an absence of formal pro
cedures success or failure in software tasks 
depend~ much more heavily on close personal 
supervisJ.on and the quality of such supervision. 
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PIOnEERln6 In 
SYSTEms PR06RAmm1no 

The laboratory needs self-starting in
dividuals who want to be responsible 
for a project from its inception, 
through design, implementation, test
ing and documentation. A unique 
atmosphere is provided for such pro
fessionals because of the broad scope 
of its involvement in the computing 
field. The range covers maintenance 
and modification of our OS/360 sys
tem, running on two IBM 360 /75's, 
to the design and development of com
puters and computing techniques for 
the next generation of spaceborne 
guidance systems. 

Staff assignments exist at all levels for 
programming professionals with solid 
experience in the design and imple
mentation of large scale computational 
systems. This includes monitors, re
mote job entry and conversational pro
gramming, list-processing languages, 
algebraic compilers and assemblers in 
addition to operating systems. 

Interes ted candidates should forward 
thei1· 1·eswne to M1·. John J. McCarthy, 
Professional Staffi11q, 68 Albany 
Stre et, Canibrid,qe, Massachus etts 
021 39, Ol' call (617) UN 4-6900, E xt. 
5378. M.I.T. 'is an equal opportunity 
employe1'. 
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Preproposal 
Study and 
Marketing 

Activity 

RFQ or 
Design 

Objective 

Preliminary 
Plan 

Formulation 

Technical 
and 

Management 
Proposal 

Contract 
Definition •---,.)lll~To Development Phase 

SALES EFFORT AND NEGOTIATION PHASE 

Major Changes for 
Customer Approval 

Significant Changes 

Project 
Management 
Organization 

Work 
Statements 

Minor Changes 

Design 
Specifications 

To Various 
Engineering 

Activities 
.... --~End Product 

DEVELOPMENT (CONTRACT FULFILLMENT) PHASE 

Figure 1. Documentary Control of the Engineering Design Process 

While supervisory talent is a required oom
modity in any endeavor, heavy dependence on 
such a rare commodity is risky. It is not without 
justification that American Industry places as 
little dependence on personalities as possible, 
preferring to rely heavily on policy and pro
cedure manuals. Software management should 
follow this example and shift some of the con
trol from personal management to procedural 
management. 

Management Control Tools 

PERT and similar management control pro
cedures are commonly used today. Many of the 
larger concerns are utilizing computers to imple
ment these control procedures, thereby greatly 
facilitating correlation and dissemination of con
trol data. Software as well as hardware elements 
of a system are included as milestones in the 
overall schedules. This has allowed broad con
trol of tasks but the guidance for meeting indi
vidual milestones must oome from more detailed 
technical direction. In hardware development, 
the process is well defined by formal docu
mentation. A typical development process under 
document control is shown in Figure I. 

This process is a familiar one and need not be 
explained in detail. Two points are worth not
ing, however. 

12 

( 1 ) Normal process flow is from customer re
quirement to end product with changes 
as a counter force. The more significant 
the change, the greater the impact and, 
hence, the further against the p:mductive 
stream it flows. 

( 2) The major point of oontact between the 
management functions and the engineer
ing effort is the work statement which 
references the design specification. The 

specification, therefore, provides the major 
technical direction from objective to 
accomplishment. 

Advantages of Specification Control Techniques 

Borrowing from the hardware management 
discipline, the specification should be the basic 
control device in software development efforts. 
A brief review of advantages offered by speci
fication control of hardware is worthwhile, for 
each advantage applies equally or more so in 
software management. A specification, when 
properly and timely executed, provides: 

1. A clear, indisputable definition of the task 
requirements in terms of design objec
tives. 

2. A legal base for negotiation. 
3. A readily referenced source of guidance. 
4. A logical means of subdividing tasks and· 

interface handling. 
5. A standard of measurement for progress 

review. 
6. A standard of measurement for finished 

product performance. 
7. A source of direction independent of per

sonalities. 
8. A means- of standardization control. 
9. A vehicle with which to build new designs 

based on past projects. 
10. A means for maximum span of control by 

management. 
11. A handy tool for orientation of personnel 

assigned to the project after formal orien
tation. 

12. A basis of reference and control of inevi
table changes. 

The advantages listed for specification con
trol over less formal, personal control of hard-
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If you're the kind 
of systems 
programmer who 
has a mind that's 
deep enough 
for Kant, 

broad enough for 
science fiction, 

look into RCA. You're our kind of man. 

You probably think far ahead You want challenging work 
of your time. and inspiring rewards. 

You want to take software out If this is what you're looking 
of its infancy. Into the 4th, 5th for, find it at RCA. 
and 6th generations. Write to us if you've had 

You want a chance to experience in language 
influence hardware design, processors, operating 
instead of the other way around. systems, utility systems or 

You want a variety of projects communications systems . 
with definite objectives, instead We also have openings in 
of an endless task. Sales, Field Systems Support, 

MAY, 1968 

and sufficiently 
precise to enjoy 
the esoteric 
language of the 
computer, 

and Product Planning and 
Engineering. 

Contact Mr. J. C. Riener, 
Dept. SW-1, RCA Information 
Systems Division, Bldg. 202-1, 
Cherry Hill, New Jersey 08101. 
We are an equal opportunity 
employer. 

ROii 
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ROCKETDYNE's 
IBM S/360 
COMPUTING 
ORGANIZATION 
has a range of 

OPENINGS 
for 
PROGRAMMERS 

(Applications & Software) 

and 
SYSTEMS ANALYSTS 

(Management Information Systems) 

PRESENT AREAS OF ACTIVITY INCLUDE: 
· Multi-Processing 
· Multi-Programming 
· On-Line Teleprocessing 
· Large, Random Access Data-base Files 
· Graphics 
· Time Sharing 
· Digital High Speed Data Transmission 
· Advanced Data Collection Systems 
· Advanced Data Reduction I Performance 

Analysis Systems 
· Large-Scale Scientific/ Business 

Applications and 
Management Information Systems 

Personnel capable and interested in complex computer 
systems and concepts are invited for an interview and 
discussion. 

• For Prompt, Confidential Attention , 
Send Your Inquiry and Resume to: 

S. C. Mayborn, c/o Professional Placement 
ROCKETDYNE 
6633 Canoga Avenue 
Canoga Park, California 91304 

All qualified applicants will receive consideration for 
employment without regard to sex, race, creed, color or 
national origin. 

ROCKETDYNE 
Division of North American Rockwell 
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Partial Flow Chart was used to help generate part of a com
puter listing. 

ware designs are fairly self evident. Rather than 
offering trivial explanations of these advantages, 
it is more worthwhile considering how some of 
the advantages listed have even more significant 
impacts on software design management. 

Requirements for task definitions and a legal 
base for negotiation obviously apply to any en
deavor and software takes no exception to these 
basic needs. 

An item often lacking in software efforts is a 
readily referenced source of design guidance. 
In hardware efforts, system, subsystem and often 
standard circuit and module specifications set 
down both the performance objectives of the 
unit in question and even the methods of cir
cuit implementation. In software efforts, no such 
tools are provided. Generally, a single work 
statement, vaguely worded, must serve as sole 
guidance to all tasks and subtasks. For a pro
grammer doing a small segment or routine, this 
"big picture" objective offers little guidance. 
He must depend on his task coordinator to tell 
him what the precision requirements, interface 
with the main program, execution speed require
ments and memory allocation must be in addi
tion to the specific pmblem to be solved. Experi
ence has shown it to be ineffective to rely on 
verbal direction given by subtask coordinators. 
With such an approach discontinuity generally 
arises among the program elements. Eventually 
such discontinuities are resolved and the pro
gram debugged, but an unnecessarily large part 
of the effort would have to be devoted to cut
and-dry techniques. Worse still, some subordi
nate functions of the program may be entirely 

(Continued on page 32) 
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At Xerox, we look 
at our .programmers ... 

and see managers ... 

The kind of programmers we look 
for aren't satisfied with narrow 
EDP solutions. They look for ways 
to improve business operations 
with systems thinking in the 
broadest sense. Using creative 
analysis and synthesis to enhance 
customer service in every facet of 
our dynamic marketing environ
ment. Which, by the way, is part 
of the reason all our programmers 
are called programmer analysts. 

If you're getting the impression 
that programming at Xerox is 
more than being a man-machine 
interface, you're right. It's an ex
posure to almost every facet of 
our operations, through planned 
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rotation from system to system. 
Encompassing business model
ing, market research aAd informa
tion, manufacturing/ inventory/ 
equipment control, general ac
counting and engineering re
search ... plus some applications 
so unique we can't even mention 
them. We refer to it as our Talent 
Enhancement Program: multiple, 
simultaneous, short (3-6 month 
average duration) projects plus 
room for individual contribution 
equal a strong innovative staff for 
us and broad experience for you 
... which is the best preparation 
for better things to follow. 

If you have a Bachelor's Degree 

and/or experience with an IBM 
360 or 7000 system, or a Univac 
1108, using COBOL or AUTO
CODER, there could be a future 
management opportunity waiting 
for you at Xerox. To find out more 
about the opportunities open at 
Xerox on all levels, send your 
resume, including salary history 
and requirements to Miss Marie 
Hartigan, Dept. MZ-69-El, Xerox 
Corporation, P.O. Box 1995, 
Rochester, New York 14603. An 
Equal Opportunity Employer (m/f) 

XEROX 
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MANAGEMENT'S 

PRESCRIPTiON 

FOR 'COMPUTERITIS' 

] • A. Salvail 

Jack A. Salvail has. been a career civil 
service employee with the Air Force and Navy 
for more than 20 years. He now serves as 
Special Assistant to the Technical Director of 
the Navai Command System$ Support Activity. 
He WO$ project leade.r for Management Data 
System, Planning Guide for Computer Program 
Development and the Selection of Technical 
Computer Personnel, NA VCOSSACT projects. 

• Today the Computer Science and 
Management effort is plagued with 
a most serious illness. This illness 
is the inability to communicate. It 
has affected not only men working 
directly with the computer, but all 
men connected with the field of 
Computer, Science and Management 
-technicians developing the system, 
salesmen, and those responsible for 
directing their activities and the 
overall business operations they 
effect. 

This situation is encouraged by 
the variety of definitions individual 
computer technicians attribute to the 
functions of programming or analy
sis. Invariably, no two answers are 
identical, and in some instances a 
new title will be added to define the 
same function. For example, instruc
tion is interchanged with coding as 
one function of programming. One 
never ceases to be amazed at this 
new, fast-growing vocabulary and its 
authors who have exceeded the time
worn medical profession in develop
ing a language unto themselves. 

Confusion within the computer 
profes·sion has likewise contributed 
to confusion in dealing with out
siders. The lack of effective oom
munication with users has been 
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particularly harmful in creating 
mistaken impressions of the abilities 
of the computer, and in hampering 
understanding between computer 
professionals and users during sys
tem development. 

The conservative Government Bu
rea~ of Budget has issued q.n auto
matic data processing glossary to 
assist in organizing the confusion 
of definitions in Government. Private 
industry is also taking steps in this 
direction, but much is yet to be 
accomplished. Progress has also been 
made in the managing and monitor
ing of system development, so that 
users can be more aware of the pro
cedures involved. The following 
practical management prescriptions, 
representing much of the recent 
progress, are recommended to assist 
management as well as technicians 
in the care and treatment of 
"computeritis". 

Prescription # 1 is a word to the 
wise that hasty decisions to ·~com
puterize" are always costly, usually 
disappqinting, frequently embarrass
ing and sometimes disastrous. Ex
perience indicates that some officials 
may have been unduly influenced 
into making premature decisions in 
this area. The feeling that you don't 
comprehend "why"; that you're ei
ther "obsolete" or "stupid"; that the 
"halo effect" surrounding the concept 
of computer system operations and 
the impression that possession of an 
ADP system is the status symbol of 
progressive management; and that 
"everybody's doing it" are all factors 
that influence the making of prema-

ture decisions. The decision to "com
puterize" some data operations in 
your organization is NOT an easy 
one, and it should not be made with
out careful, objective and systematic 
deliberation. 

We cannot question the revolu
tionizing influence of computers on 
information handling today, nor 
their tremendous, almost unlimited 
potential. However, automated data 
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• PROGRAMMERS AND 

... 

MAY, 1968 

ANALYSTS • 

( . 
. . . m 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 
• Trinity • Yale. 

Send your resume in confidence, stating salary 
requirements, to Mr. Leo J. Shalvoy, Professional 
Employment. 
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for 
programmers 

only: 

The hard 
facts 

about Software 
-and you! 

As you well know. in the 
computer field, Hardware 
and Software go together
like ham & eggs, red, white 
and blue, boys and girls, 
and other natural and essen
tial combinations. 

As you also know, a Soft
ware program can be no 
better than the Hardware that 
will handle it.Now-UNIVAC 
Hardware is acknowledged 
to be number one techno
logically in the computer 
business. And that is an im
portant reason why our Soft
ware programming section 
is so attractive to talented 
people looking for the like
liest place to work and grow. 

Right now, there are es
pecially desirable oppor
tunities available in real time 
applications, command and 
control, compiler and ma
chine language develop
ment, and research and 
methods programming. 

If you'd like more hard 
facts about what Univac has 
programmed for talented 
Software people, write: R. K. 
Patterson, Personnel Man
ager, Dept. 118. 

UNIVAC 
FEDERAL SYSTEMS DIVISION 

2750 WEST SEVENTH BLVD. 
ST. PAUL, MINNESOTA 55116 

AN EQUAL OPPORTUNITY EMPLOYER M / F 

processing is not a simple panacea 
for all data processing ailments. 

• NOT ALL management prob
lems are automatically banished 
by si~ply plugging in "black 
boxes . 

• NOT ALL manual operations 
are necessarily slower, less effi
cient, and more expensive than 
ADP. 

• NOT ALL organizations need 
ADP in order to accomplish 
their mission. 

• NOT ALL data and record 
keeping operations are adapt
able to ADP. 

• NOT ALL organizations have 
enough ADP requirements to 
justify a computer system. 

• NOT ALL organizations can 
afford ADP. 

The whole process of effecting a 
computer application-from the ini
tial decision to automate, through 
feasibility and application studies, 
equipment selection, systems design, 
programming, staff training , site 
preparation, conversion procedures, 
and testing to full ADP operation
usually requires several years, tens 
of thousands of man-hours, and hun
dreds of thousands (sometimes mil
lions) of dollars in initial activating 
cost alone. 

Most businesses of any conse
quence have several basic computer 
applications: payroll, fiscal account
ing, personnel information, inven
tory, and taxes. Even with these, the 
purchase of a computer and, more 
important, the hiring of a staff to 
run and maintain the systems is very 
costly. Unless a business can utilize 
the computer at least 12 hours a 
day, the saving resulting from the 
installation is frequently disappoint
ing. 

Prescription #2 is that businesses 
with few applications or a question
able need of a computer installation 
should initially obtain the services 
of a Computer Service Bureau. Dur
ing this introductory period, the firm 
can establish the data base, permit 
the members of the organization to 
become conversant with the method 
of obtaining and submitting com
puterized information, and review 
and evaluate the format, content, 
use, and frequency of output gener
ated by the automated changeover. 

After the foregoing period, if 
additional computer time and in
house system applications are clearly 

evident, the purchase or rental of a 
computer should be seriously con
sidered. 

Should you succumb to "com
putedtis", the communication bit 
will continue to be a serious prob
lem. How does Management make 
its needs known and control a func
tion that speaks strictly in a foreign 
language and for which there is no 
standard measure of productivity? 
One has no dozen, no pound, no 
inch or gage of production progress. 

Prescription #3 is designed to 
scratch the surface of a new plateau 
and prescribe the following uniform 
titles and definitions of phases and 
progress for the orderly develop
ment of a complete automated sys
tem. Each phase constitutes and de
fines an orderly, sequential step-by
step requirement in auromaiting a 
manual procedure into a computer
ized operation or developing a so
called complete software package. 
If these milestones were adopted 
universally by businessmen and re
quired of the computer industry, a 
positive bench mark and common 
basis of reference of work and prog
ress would be applied across the 
field of Computer Science. Incident
ally, the Government, the largest 
user of computers, has generally fol
lowed this phasing in developing an 
ADP system. 

Development Phases 

I. System Analysis-The process 
of evaluating and determining 
methods and procedures for 
currently doing the operation 
proposed for automation. 

2. System Design-Designing, de
veloping, and describing the 
methods and procedures to 
automate the operation from 
its present status. 

3. Program Development-The 
flow charts, pmgram designs, 
file arrangements. 

4. Coding-The Computer in
struction and desk checking. 

5. Check out-Testing to assure 
the instructions are accomplish
ing the programs and planned 
output. 

6. Documentation-A functional 
description of the system, 
(Users Manual), a Program
mers manual, and a Computer 
Operators manual. 

7. Data Collection and Conver
sion-Oonverting existing rec-
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ords to acceptable automated 
data elements and establishing 
the data base. 

8. Assistance and Training
Guidance, instructions, and re
orientation of personnel and 
procedures associated with in
stallation, maintenance, and use 
of newly automated system. 

The adoption of these phases and 
their definitions facilitate a better 
understanding of what is being done 
and what is expected in the orderly, 
progressive development of an auto
mated system. 

Presently, an average total soft
ware system of a single business 
operational phase may take 9 months 
to over a year to develop. Upon in
quiry the system technician would 
now indicate to a management 
official that he is in "analysis" at 
various intervals over a 3 to 4 month 
period and subsequently in program 
development over the next 2 to 3 
month period. This is very taxing to 
a manager's sense of humor and 
hardly helpful in defining progress, 
whereas the proposed phase de
scription of progress or status of 
development would be acceptable 
and generally understandable to all 
concerned. 

The phase system will also 
identify programming changes to 
existing systems or feasibility or 
similar system studies that may be 
initiated. Changes to an existing 
system are identifiable under the 
phases associated with programming 
as described in two documentation 
manuals (Programmer's manual and 
Operator's manual). A feasibility 
study is identified as the analysis 
phase and is documented by the 
management functional description. 
By applying the phase identification, 
both parties involved understand 
and identify what is expected and 
the relative degree of progress or 
delays. Accordingly, misunderstand
ing during development of an auto
mated system is materially aleviated. 

Prescription #4, and a must 
product of the analysis function at 
the conclusion of system analysis 
and system design phase, is the sub
mittal of a "management's functional 
description" of the proposed system. 
This is one of the three publications 
in the documentation phase effort. 
It is essential that this document be 
written in a language understanda-
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PROGRAMMERS SCIENTIFIC/ SYSTEMS/ COMMERCIAL 

Space shots to the moon ••• 
golf shots to the green ••• 
JOIN US IN BOTH AT THE J. F. KENNEDY 
SPACE CENTER IN SUNNY FLORIDA. 

NASA's lunar module (LM), which took 
its first space journey in late January, 
was a talkative "bug." ITT Federal Elec
tric Corporation's project team listened 
in and monitored each action and reac
tion of the craft from when it was first 
mated to its launch vehicle until the mis
sion's end. The successful flight was a 
significant step toward the manned lunar 
landing. 

As a prime contractor, Federal Electric 
Corporation has some 1500 professionals 
on the talented NASA/ industry team 
involved with the Saturn Apollo program. 
Our fast expanding computation work at 
the Center provides real-ti me scientific 
test support, data reduction, systems 
analysis, computer operations and data 
storage and retrieval. This scientific, 
engineering and administrative support 
activity utilizes two GE 635 time sharing 
digital computer systems with 16 mag
netic tape units, 128K word storage, a 
786K word drum and real-time input/ 

output controllers on each system. We 
also use an IBM 7010 computer system 
for financial management and an IBM 
1050 connected to a separate IBM 1440-
7010 computer system for a real-time 
30K item inventory system. 

While the size and complexity of our 
mission provides you with talent-extend
ing excitement, the great climate here in 
the heart of Florida's beautiful East Coast 
offers you unmatched relaxation. There's 
sun, sand and seashore plus water ski
ing, surfing, fishing, hunting and superb 
golf. It's comfortable living (at well below 
the national average cost), lots to do, 
and the perfect climate for doing it. 

Please forward your resume, including 
salary history, in complete confidence to 
Mr. L. A. Hamilton, Federal Electric Cor
poration, Suite 501, Cape Royal Building, 
Cocoa Beach, Florida 32931. 

FEDERAL ELECTRIC CORPORATION ITT 
ITT's World-Wide Service Associate. A Plans for Progress Equal Opportunity Employer (m/f) 
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SUPERVISOR 
OF 

CORPORATE 
SOFTWARE 

SUPERVISOR 
OF 

OPERATINCi 
SYSTEMS 

We seek two individuals who 
have the creativity, enthusiasm, 
desire and ability to direct and 
motivate a group of systems an
alysts supporting an OS/360 
large scale multi-computer com
plex. 

We require in-depth experience 
with OS/360, FORTRAN, 
COBOL, Teleprocessing, Commu
nications, and Direct Access Data 
Management. If you have a col
lege degree and a minimum of 
two years successful industrial 
experience in these areas, the 
corporate level positions we offer 
will provide a direct challenge to 
your abilities and future progres
sive growth opportunities in 
management. 

If you are action oriented and 
interested in fulfilling your inher
ent growth potential, send a de
tailed resume, including salary 
information in confidence to: 

George J. Vogel 
Manager, Corporate Computer 

Center 
Allis-Chalmers, Box 512 

Milwaukee, Wisconsin 53201 

ALLIS-CHALMERS 
An Equal Opportunity Employer 

hie by Management. This document 
is the functional description and 
work flow of the changes in input; 
output, and current procedures of 
operations necessary to automate or 
computerize the operation. It in
cludes information concerning form 
design, implementing methods, and 
procedures as well as any organiza
tion and personnel changes. 

Prescription #5 points out that it 
is essential for Management and 
technicians to agree entirely on the 
foregoing management automation 
plan described in the function de
scription and that no or few minnr . 
changes be made in the procedure 
after agreement and commencement 
of the programming phase. Any 
changes should be resolved prior to 
commencement of programming. 
Repeated changes during program
ming are very costly, can delay the 
delivery schedule, and have been 
known to cause programmers to 
grow beards and wear tom sneak
ers. It is wiser to make changes 
after the system ha·s been totally 
developed. 

Prescription #6 and the last word 
to the wise, but one of the most im
portant: the best engineered system 
in the world is only as good as its 
data base, a fact frequently over
looked by managers or deempha
sized by operating officials. There
fore, initially, put your chief execu
tive in charge of establishing your 
data base. This could prevent re
funding $6000.00 to an already over
due customer to ordering 20,000 
typewriter ribbons for your secre
tary. • 

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 
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PORTABLE PRECISION 
CALCULATOR 

• weighs only 8 oz. 
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• divides-squares-cubes 
• extracts square roots 
• accumulative multiplication 
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constant factor 
• figures: percentages 
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• compound percentages 
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• interpolation-solves formulae 

comes in two models 
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weight 
digit cap. 

PRICE 
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2-1/16" 2-9/16" 
3-3/8" 3-518" 
8 oz. 12 oz. 
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$125.00 $165.00 

Furnished with shock proof 
container. 
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Carries "Curto" in Container 
#S-1 SMALL $14.00 
#S-2 LARGE $16.00 

Carries "Curto" Only 
#1 SMALL $10.95 
#2 LARGE $11.95 

MONEY BACK GUARANTEE 

You may purchase either model on 
a money back basis. If you are not 
completely satisfied with the Curto 
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. 0. Box 1176, Evanston, Ill. 60204 
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Donald V. Mathusz, 37, is currently an 
Operations Research Analyst at the 
Annapolis Division of the Naval Ship 
Research Development Center, Annap
olis, Md. He has directed or been a 
consultant on projects dealing with 
data systems design, simulations, sta
tistics and reliability. He received a 
BIE degree from Syracuse University 
in 1960; the Masters in Management 
Engineering from Rensselaer Polytech
nic Institute in 1963; and he is cur
rently pursuing the Ph.D. at the Uni
versity of Maryland. 

INTRODUCTION 

• The populace in general is fasci
nated by the speed with which com
puters can digest data. Many sys
tems people fall into the same pat
tern of thinking, and so-do not 
consider (seriously) techniques of 
data reduction. These techniques 
can reduce work at many levels, 
from the systems design stage 
through implementation problems, to 
actual alternative processing meth
ods that could save substantial CPU 
time. In this paper, we will discuss 
sampling in a general fashion, as a 
data reducing technique. 

Part of the orientation problem is 
that very little has been written 
about actual applications in the gen
eral business orientated data process
ing vernacular°'. Mathematical sta
tistics, upon which sampling de-
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SAMPLING IN 

COMPUTER 

SYSTEMS 

pends for its theory, is only now 
coming into vogue in our business 
schools. For this reason, few business 
orientated systems people presently 
have any mathematical statistics 
background. (The Engineering/ Sci
ences areas are a bit better off, with 
one statistical course in the general 
undergraduate curriculum. ) 

The body of the available litera
ture, however, tends to the graduate 
level. This is a bit high for reference 
to a first try at understanding and 
possible applications by the ordinary 
analyst. A bibliography of references 
is included for those staunch enough 
to advance into the area. This bibli
ography is not expected to be com
plete, but Tukey's article examines 
the current state-of-the-art under the 
broad heading of data reduction, 
while at the other extreme, Moro
ney' s well-known little book is about 
as fine an introduction to the sub
ject matter as can be had. The Grant 
and the Cyert & Davidson books are 
of a higher, intellectual level, (but 
still very reasonable), while the 
others get a bit more involved. 

One can hardly escape the fact 
that I have not gotten into the ac
tual techniques of sampling jtself. 
Here, I would agree with most statis-

• A recent exception is Arkin, A., article in 
the Journal of Accounting, October, 1955, pp. 
44-48. 

Donald V. Mathusz 

ticians that a little knowledge can 
be harmful. What I am attempting 
to do, is give the average systems 
analyst insight into when it might 
be very profitable to call in a con
sultant. Please note that you may 
well have people in-house who can 
be consultants, at least for situations 
that only call for simple random or 
possibly simple strata s am plln g. 
These people are often found in 
Statistical Quality Control, Reliabil
ity, Operations Research and Mar
keting Research ... Hopefuly, they 
should also know when to call in 
outside consultants. 

All this is to point out the sub
ject matter is admittedly involved, 
but not impossibly so, and certainly 
not to the point that its lack of gen
eral use would have us believe. Next 
we will take up the basic criteria of 
how we can recognize when we have 
a possible sampling application, or 
a tiger by the tail. 

CRITERIA FOR DATA SAMPLING: 
AUDATA OR STODATA: 

A first easy decision to make is, 
are we processing data which must 
be accounted for in the "balanced 
book" audit trail-accounting sense? 
If the answer is yes, we have audit 
type data or audata (acronym). On 
the other hand in many cases, ( espe-
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UNIVAC 
vvorld 

headquarters 

wants pro
grammers 

who actually 
like 

programming 

At UNIVAC world headquar
ters in suburban Philadelphia 
-Blue Bell. Pa .. in fact-the 
emphasis is on people and 
ideas. We know that every 
bit of software springs from 
a human idea. And without 
it. the most sophisticated
and the simplest-hardware 
is useless. Here in Blue Bell. 
you might be called from 
your desk to join a team of 
data processing pioneers in 
a discussion of a new idea
maybe a revolutionary con
cept-because that's where 
we live. In tomorrow. 

Want to talk it over? With 
people who like the compu
ter business as much as you 
do? Then write. Your letter 
wi II be treated confidentially. 
and you'll get a prompt reply. 
The address: C. E. Cooke. 
Senior Employment Repre
sentative. UNIVAC Data Proc
essing Division. Dept D111. 
Box 8100. Philadelphia. Pa. 
19101 . 

Write today and make an 
appointment with tomorrow 

UNIVAC 
Data Processing Division 

An equal opportunity employer MI F 

cially in management information 
systems), we only require average 
values of some sort. Average values 
are ready made for a possible sam
pling application, since they are by 
their own nature statistical variates. 
However, any type of output data 
not audata is a sampling candidate 
before or during the run. This data 
not audata, we will call stochastic 
data for generality, which implies 
that a direct sampling possibility 
exists in the processing of its stodata 
(acronym). Sampling possibilities 
exist at the various levels of system 
development involving audata, but 
not to the same extent. 

SAMPLING-DATA REDUCTION BY 
DATA SYSTEM STATUS: 

Sampling, by no means has to be 
confined to internal program proc
essing. Its basic purpose is to reduce 
a mass of data to a few simple num
bers descriptive of the mass data 
set, which incidentally is a goal 
characteristic of management infor
mation systems. This broader con
cept of data and processing reduc
tion is the one we wish to empha
size here. It extends from system 
design feasibility studies to audits 
of implemented systems. We will 
next describe some broad classes of 
systems design and processing status 
in which sampling may be useful. 

1.0 Systems Design Feasibility: In 
systems design it sometimes oc
curs that the range of possible 
or likely input values of a 
parameter are unknown at the 
design feasibility stage. Quite 
often, it is possible to arrive at 
good estimates of this range by 
sampling existing files, and cal
culating confidence intervals on 
the sampling mean of the pa
rameter. This for example, 
could be critical in deciding the 
field size requirements in infor
mation retrieval modules of any 
system. 

2.0 Design for Input Data Reduc
tion: If all of the required data 
outputs are Stodata, there is a 
good case for reducing the in
put data by sampling before it 
ever reaches the keypunching 
stage. This approach reduces all 
work but some initial program
ming. (See note on bottom of 
Table 1.) 

3.0 Implementation Sampling: In 
some large systems, important 
questions remain after the basic 
system design and program
ming have been accomplished, 
as to the extent of the imple
mentation problem. One ap
proach to this problem is to 
implement the operational pro
grams on a sampling basis i.e., 
over sections of the files to con
trolled, defined alpha range of 
input data et al. This approach 
to debugging eliminates the 
massive interference to existing 
files and procedures that results 
from the usual early debugging 
requirement of running dual 
operating systems simultane
ously throughout the whole 
new system debugging cycle. 

4.0 Normal Processing-Data Tap
ping: During many business ac
counting type processing runs, 
additional data is desired for 
management information pur
poses in the form of averages 
per some set of categories. It 
may save substantial CPU time, 
to program an interrupt sam
pling scheme that would only 
process during the interrupt. 
The CPU trade-off is total mar
ginal processing versus inter
rupt processing time. (Note: 
The possibilities inherent in 
multiprocessing mode of com
puter operation using this 
approach.) 

4.1 Special (Data Tap) Processing 
of a Standard File: Manage
ment information systems may 
be able to tap existing tape or 
disk files to obtain data input 
where the required output is 
of the Stodata type, say a se
ries of averages. Sampling then 
becomes a logical approach. 

5.0 Normal Processing: During a 
normal run, it may be desirable 
to establish that the exact (au
dit trail) sequence of calcula
tions is correct. Rather than 
force a series of dumps, some 
output (preferably a printer) 
could be programmed to print 
out the audit trail of the calcu
lation in process, on a sampling 
interrupt basis. (The interrupt 
could be a sense switch type 
which would give the auditor 
a great satisfaction of flipping 
it himself and this could be 
done on a random time basis.) 
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SYSTEM 
STATUS 

SAMPLING 
OBJECTIVE 

TABLE I 

GENERAL EXAMPLE 
SAMPLING 

SCHEMES 
PROGRAMMING 
REQUIREMENTS 

1.0 Systems Design 
Feasibility (Before 
Systems Design) 

Estimate input param- Establish if the standard A, Simple Random Generally none 
unless 4.0 or 4.1 
involved 

eter ranges, (from B, C inventory categories to 
either AUDA TA or are practical and estimate Strata-Cluster 
STODATA) the size of each 

2.0 Design for Input 
Data Reduction 
(During Systems 
Design) 

Reduce input Data for Management Information Same None for Syst~matic 
sampling* others 
may require some. 
See Yates 60. 

CPU savings, (STO- e.g., changes in average 
DATA output only) service call time or costs 

3.0 Implementation 
Sampling, (After 
Design, Before 
Implementation) 

Sample System lmple- On master tape merges, de- Tapes (enerally Little; either to 
merge register on 
tapes, or random 
number inquiry 
status 

mentation Problems termine mismatch percent- Strata- luster/ 
(AUDATA or age/ on disk-determine 
ST ODA TA Systems) percentage overflow in 

Disks generally 
simple random 

4.0 Normal Processing Sample Stream of 
-Data Tapping AUD AT A or STO-

DAT A (for Secondary 
ST ODA TA use) 

4.1 Special (Data Tap) Sample existing file 
Processinf of a (may be either 
Standard ile AUDATA or 

STODATA) 

5.0 Normal Processing Establish proof of 
auditable process 
(AUDATA only) 

Index Sequential Mode 

On a payroll run, type of 
the average income per 
professional category or 
department 

On a standard billing File, 
extract, average bill per 
mailing zone 

Select on a sample basis, 
data Audit Trails to be 
followed for Auditors 
benefit 

Generally Simple 
Random 

Simple Random 
to 

Strata-Cluster 

Simple Random 

Amount Dependent 
upon sampling 
scheme employed 

Same** 

Simple or could 
even be done by 
time samples via 
sense switch 

* A machine is available which sorts out every "n"th document or IBM card, in effect systematic sampling, Pitney-Bowes "Tickometer". 
• • Simp/e random time dumping of an existing tape file using one of the standard utility sense switch controlled tape dump routines, should be 

considered for one time only estimates, as in conjunction with 1.0 above. 

TABULAR LIST OF APPLICATIONS 
BY SYSTEMS DESIGN STAGE: 

The above list is meant to sum
marize the above arguments and 
serve as an interest stimulator in the 
possibilities that abound. I am cer
tain it is capable of great expan
sion both by experience and good 
thinking. • 
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Dr. Ned Chapin received his Doctor of Philosophy in Business 
and Economics with a minor in Industrial Engineering, 1959, 
from Illinois Institute of Technology. In 1949 he earned a 
Master of Business Administration from University of Chicago. 
Dr. Chapin has written two books on computers and dozens 
of articles in various publications. He has taught systems, 
data processing, computer programming, production control 
and other business and engineering subjects in college. At 
present he is a data processing consultant. 

Cost and Value 

• In this age of software, good software writers 
typically hate to do documentation. The chal
lenge and stimulation that makes programing 
fun is missing from doing program documenta
tion. Most software types regard program docu
mentation as a chore-a necessary one perhaps, 
but nonetheless a distasteful one. Program docu
mentation is part of the burdensome overhead 
price a 'Software writer pays to keep his boss 
happy and to meet installation requirements. 

Besides being a burden to produce, most pro
gram documentation is a burden to read. The 
average job of documentation done at most 
insta:llations is incomplete, inconsistent from 
program to program, and in a format that is 
difficult to decipher. Essential parts are usually 
in no set order or arrangement. The result is that 
the programer must search through the pro
gram documentation materials in order to locate 
the information which he needs, if that informa
tion is present at all. 

Any programer or analyst who has done pro
gram maintenance work, or who has been 
assigned to revise a program that even he him-

THE VALUABLE 
BURDEN 

Ned Chapin, Ph.D. 
Data Processing Consultant 

InfoSci Inc. 

self wrote a year or more before, can testify to 
the value of complete, accurate, and compre
hensive program documentation. Well done, 
program documentation enables the programer 
or analyst to grasp quickly the algorithms used 
in a program, to find the portions of the coding 
which implement the various portions of the 
algorithm, and to assess quickly the conse
quences of a change of input data or format, of 
the output data or format, or of the algorithm 
itself. Good program documentation enables the 
programer or analyst to strike quickly to the 
heart of program maintenance work and accom
plish it efficiently. 

The absence of good program documentation 
leads a programer or analyst to rethink the 
algorithm, to ferret out the details of the ways 
in which the input format and data affect the 
algorithm, and the operation of the program, 
and to sleuth relentlessly after the reasons why 
some unwanted data appear mysteriously in the 
output. Rethinking is hard work and very time 
consuming. The joy of original creation is rarely 
present. The organization gains no more from 
having a program corrected at a cost of many man 
hours of rethinking, than it does from having a 
program corrected quickly and efficiently through 
the assistance of good program documentation. 
The benefit to the organization is the same. But 
the cost to the organization can be drastically 
higher in the absence of good program docu
mentation. 
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The advantages of program documentation 
are so well known that program documentation 
is given lip service in almost every computer in-

. stallation. Rare indeed is the analyst, programer, 
P!ograming supervisor, operations director, 
manager of data processing, or manager of 
systems who decries documentation. Most sing 
its praises, and note its defects-or even occa
sionally its near absence-in their installations. 

A few voices can be heard that program 
documentation is unneeded for COBOL, FOR
TRAN, PL/l, ALGOL, and the programs writ
ten in like languages. The language, some 
claim, i's self-documenting, and hence no further 
documentation is needed. This is a very narrow 
view of what documentation comprises. To see 
the full picture, let us review briefly the objec
tives of program documentation, the advantages, 
the levels, and the elements of program docu
mentation. 

Objectives 

Objective # 1 of program documentation is to 
provide a written reoord of what the program 
directs the computer to do and how the com
puter is to do it. Since the program contmls the 
computer's operation, information about what 
the program directs provides information about 
the way the computer performs its work, but not 
necessarily about what that work is. 

Objective # ·2 of program documentation is to 
provide a written record of what the computer 
accepts as input and what it produces as out
put. This information tells what work the com
puter does in a way that reveals how this work 
contributes to and is a part of the over-all sys
tem. This information describes what the raw 
materials are that the computer uses, and what 
the products are that the computer produces 
from them. 

Objective #3 of program documentation is to 
provide a means of communicating about a com
puter program fiiom one human being >to an
other. Specifically, program documentation is 
not concerned with providing information to or 
from a computer or other machinery about a 
program. Program documentation is designed 
for human consumption only. 

Objective #4 of program documentation is to 
provide information towards four specific ends: 
documentation and program status, man
machine interface, data specifications, and pro
gram logic. Appropriately defined, these cover 
the major topics. 

Thus, program and documentation status in
form about when the program was revised, by 
whom it was written, of which system it is a 
part, and how fast it executes. Who authorized 
or made changes and when they were made is 
also part of the status information. 

The man-machine interface description in
forms about human performance needed to 
make the computer and peripheral equipment 
operate correctly. This describes what a person 
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must do to enable adequate performance from 
the computer. 

The data specification information pictures 
the data handled by the computer. The contents 
of records, the data formats, and the control 
data used are part of this information. 

The program logic information delineates the 
way the program directs the computer to take 
the input data, transform it, and produce from 
it the output data. 

Advantages and Documentation 

Helps make a program belong to an organi
zation. Programs are collections of symbols 
which in and of themselves typically have no 
obvious meaning. The meaning is known only to 
the creator of the symbols and not known to 
others in the organization. Program documenta
tion restates these symbols which have private 
meanings to the programers who created them, 
into symbols that have public meaning broadly 
throughout the organization. Without docu
mentation a program is rather like a dog who 
obeys only one master. But programs are cre
ated by individuals for the benefit and use of 
their organizations. 

Helps the programer think clearly about pro
gram structure and choice af algorithm. When 
the programer knows that what he specifies in 
his program will be presented for public view, 
he usually feels more compelled to search for 
and utilize clearly thought out and efficient 
algorithms for accomplishing the work of the 
program. A well reasoned, adequate, and com
prehensive approach stands inspection better 
than something put together on a hit-or-miss 
basis. With program documentation the result 
typically i's better programing, faster operating 
time, and fewer bugs. 

Helps protect the organization against forget
ting. When the programer who wrote the pro
gram initially is assigned to other work, the for
getting process begins. Within a few months, the 
programer typically has forgotten major signifi
cant details, and within years most of the details 
about a program he has written. Yet with pro
gram documentation, the organization has 
available all of the facts in foll detail at all times. 

Helps reduce the costs of personnel turnover. 
When a person who created the program re
signs, falls ill, goes on vacation, takes a leave of 
absence, or is promoted or fired, knowledge 
about the program often leaves with him. Pro
gram documentation keeps that knowledge 
about the program in the organization, and 
thus helps protect the organization against the 
cost and time of redoing work. 

Assists in training new programers. When 
programers are added to a staff or assigned to 
new work, program documentation provides in
formation about other programs in use in the 
organization and about how programing is done 
in the organization. As such, it saves valuable 
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supervisory and training time in getting new 
programers to be productive. 

Assists in upgrading programers. The senior 
programers' "tricks of the trade," their tech
niques, and their successful approaches can be 
studied and copied by all programers through 
the medium of program documentation. This 
permits each programer to learn from all the 
others. 

Assists in estimating the extensiveness of pro
gram changes. Program documentation lays out 
all the facts about each program that are rele
vant and significant points. It provides the basic 
data required for evaluating and making pro
gram changes. Each place in the program that 
needs to be changed and the way in which it 
needs to be changed to meet the new require
ments can be more readily found with program 
documentation. 

Helps decrease the cost of debugging. With 
all the facts about a program laid out before 
him, the programer can more easily detect, diag
nose, and correct errors in the program. This 
assumes that program documentation is begun 
prior to the time that program testing is begun. 
If this be so, then the programer has been called 
upon to anticipate all the vital facts about the 
program. This very anticipation often catches 
mistakes. 

Encourages the use of standard coding con-
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ventions. For example, the programer's assign
ment of names to data and to parts of the pro
gram are more likely to follow standard practice 
if the programer's work is open to public in
spection in the organization via program docu
mentation. Standard approaches in methods of 
calling subroutines, handling of input and out
put errors, initializing input areas, and the like, 
are more likely to be followed when program 
documentation is done consistently. 

Encourages standardization in the description 
of computer operations. This is made possible in 
part by the use of standard formats and stand
ard terminology in the documentation itself. 
This, in turn, encourages programers and 
analysts to think about problems in terms of 
standard building blocks, standard formats, and 
standard terminology in the organizations. This 
helps speed up and sharpen problem definition 
and tends to reduce programing time. 

Aids in scheduling computer operation in an 
01·ganization. How long a job will run, what 
factors affect the timing, and by how much, are 
more easily evaluated when program docu
mentation exists in good form. 

Partially documents the system. Since the sys
tem typically is built in major parts of computer 
operations, the documentation of the individual 
computer operations taken collectively consti
tutes a partial documentation of the system. 

Levels of Documentation 

Program documentation typically is useful in 
an organization at three levels: general over
view, computer operations, and program and 
system maintenance. Each of these levels of 
documentation can be used by persons primarily 
concerned with other levels, as for example, a 
pr:ogramer may use data at several levels for 
different purposes. 

At the overview level, persons who use pro
gram documentation typically seek a general 
understanding of what the computer does and 
how it does it, what it accepts as input, and 
what it produces as output. The overview level 
provides the broad picture. 

At the operation level, those who use program 
documentation seek direction on how to set up 
the computer and peripheral equipment to make 
a run. They seek detailed information about the 
data and equipment to be used, and options 
available, and the operator intervention alterna
tives, for example. 

At the maintenance level, those who use pro
gram documentation seek typically general and 
detailed information about what the program 
directs the computer to do, how it directs it to 
do this, and upon what specific items of data the 
operations are to be performed. Full and com
plete coverage o.f all details is needed in a well 
organized form. 

Major Documentation Elements 

Revision Status. This provides an introduction 
to the rest of the program documentation be-
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cause it provides information about the currency 
of the documentation and the position of the 
program in the system. As such, this element of 
program documentation provides information at 
the overview level about status. 

System Charts. A system chart or system flow
chart preferably in U.S.A. Standard format pro
vides graphically the basic information about 
the input and output for the program. As such, 
this element of program documentation provides 
information at the overview level about status, 
format, and logic. 

Program Description. A description in words, 
preferably non-technical, about what the pro
gram does, what it uses as input, what it pro
duces as output, and how it produces the output 
from the input, serves as a useful accompani
ment to the system chart. The program descrip
tion provides information on the overview level 
about format and logic. 

Operation Sheet. The operation sheet supplies 
detailed information about how to set up the 
computer for runs of the program, what data 
are to be used as input, how to call the pro
gram, how to set up each item of peripheral 
equipment used, and how to label the output. 
This element of program documentation pro
vides information at the operation level about 
the man-machine interface. 

Halt List. The major options open to the con
sole and peripheral equipment operators are 
sometimes identified by computer halts. The halt 
list enumerates these specifically giving the rea
sons for each and the action alternatives availa
ble. As such, this element of program docu
mentation provides information at the operation 
level about the man-machine interface. 

Card Formats. For the computers that do not 
utilize punched cards as a primary medium of 
input and do not utilize the punched cards for 
control input to the operating system, informa
tion on card formats is irrelevant. Most com
puters and most operating systems in use today 
use punched cards either for data input or for 
the control input. The card formats provide the 
detailed information about the cards needed and 
the fields on each. As such, this element of pro
gram documentation provides information at the 
operation level about format, logic, and the 
man-machine interlace. 

Input-Output Formats. Information about the 
data formats in storage at the time of input or 
output is typically shown in the input and out
put format. As such, this element of program 
documentation typically provides information at 
the maintenance level about format and logic. 
For greater usefulness, input-output formats 
normally show only those fields which are util
ized or active in the program. 

Algorithm. Any of several devices can be 
appropriately used for the task of stating in 
condensed form the algorithm utilized in the 
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program. In some circumstances, a mathematical 
symbolism may appear appropriate. In others, 
decision tables provide a convenient way of 
expressing the algorithm. Occasionally, other de
vices are useful. In any event, this element of 
program documentation provides information ·at 
the maintenance level about status and logic. 

Summary Flow Diagram. The summary flow 
diagram or summary program flowchart serves 
as a directory or index to the detailed flow dia
gram. This diagram is most useful if it is pre
pared in U.S.A. Standard format, and uses the 
recommended notations. As such this element of 
program documentation provides information at 
the maintenance level about logic. 

Detailed Flow Diagram. The level of detail in 
the detailed flow diagram or detailed program 
flowchart is normally determined by the level of 
detail in the coding of the program. Thus, the 
level of detail for a program written in a simple 
symbolic language is normally more detailed 
than is the level of detail for a program which 
was written in COBOL, FORTRAN, ALGOL, 
or PL/l. In either case, the diagram and the 
program list should cross-reference. The detailed 
flow diagram provides a graphic picture of the 
logic of the program. It is most useful is pre
sented in U.S.A. Standard format using the 
recommended notations. As such, this element of 
program documentation provides information at 
the maintenance level about logic. 
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Sample Input-Output Forms. Sample input
output fonns provide graphic examples to pro
gramers, analysts, and operators about the ap
pearance of correct input and output data. As 
such, this element of program documentation 
provides information at the operation and some
times the maintenance levels about format and 
the man-machine interface. 

Program Listing. The most useful program 
listings are those that show both the source and 
object language, and a symbol table cross
reference. This is because the maintenance work 
sometimes involves making object level lan
guage changes without recompiling in order to 
compensate for deficiencies in logic, or in com
pilation, or to handle situations not adequately 
provided for by the source language. Easy cros'S
ref erence to the diagram is also very helpful, as 
are comments in the coding. This element of 
documentation provides information at the 
maintenance level about the logic. 

Conclusion 

These twelve elements of program documenta
tion imply a philosophy of computer operation. 
That philosophy is that the programer tells the 
computer operator how the computer is to be 
operated, and not vice-versa. By contrast, in 
some documentation schemes, it is the task of 
the console operator to build the documentation 
by stating how he succeeded in getting the com
puter to run the job successfully. He is provided 
with forms on which he is asked to report how 
he set up the job, what he did at each halt, and 
what the results were. 

The documentation approach presented here 
is particularly applicable to those installations 
using operating systems, or those in which the 
programer and the operator are clearly separate 
persons. Under these conditions, the console 
operator can note on the console log sheet any 
unusual conditions that arose and can make a 
reference to the program documentation if 
needed. Thus, the oonsole log sheet, rather than 
the program documentation, becomes the record 
of what the console operator did. 

Under the approach presented here, program 
documentation is the task of the programer. It is 
a burden on him at the time of programing and 
debugging, since he must create it to reflect a 
programer's knowledge of and approach to pro
graming. At its best, the approach goes back to 
the basic objectives of documentation. The 
record of what the program does and how it 
does it, and what the program accepts as input 
and what it produces as output must be com
plete enough and accurate enough to serve at 
the three levels noted. The intensiveness of use 
of these levels depends upon and varies from 
organization to organization. But, regardless of 
the intensiveness of use, program documentation 
is basically to communicate easily and intelli
gibly the important facts and relationships that 
distinguish a program. • 
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C MAIN PROGRAM 
ALPHA= -SO. 
BETA= 180 

10 A= SIGN (ALPHA, BETA) 

END 

FUNCTION SIGN (A, B) 
IF (A-8) 1, 2,3 

1 SIGN= -1. 
RETURN 

2 SIGN= O. 
RETURN 

3 SIGN= +1. 
RETURN 

.. ~. END 
·~~ 

'·"· 
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The source language coding is used for generating the RCA 
Universal Test Equipment Compiler (UTEC) language program. 

SOFTWARE MANAGEMENT 
(Continued from page 14) 

overlooked in the design process. These must 
then be "patched" into the program, often at 
decreased program execution efficiency in order 
to minimize the interaction on the completed 
sections of the program. By reducing each sub
program task to a separate, though subordinate 
specification, all requirements may be defined 
in detail at the outset. 

Task subdivisions in hardware design tasks 
usually fall into neatly defined physical unit 
boundaries. This is seldom the case in software 
efforts. Software can be broken down only into 
a small number of 'Separate programs. One may 
be for system pre-acceptance testing, another 
for operational control and a third for mainte
nance. Beyond such major divisions, there is 
little natural subdivision. When no definitive 
specifications are imposed on the task coordi
nate, the problem is often handled by assigning 
a major task to a task force of several program
mers, all of which have overlapping responsi
bility. In such circumstances the more ambitious 
member of the team (not necessarily the task 
coordinator or even the most capable program
mer) must bear the brunt of the task. By sub
stituting indigenous leadership for documented 
directives a good deal. of inefficiency often re
sults. Some work, incompatible with the final 
approach, is necessarily scrapped while other 
parts are reworked. Specification control pro
vides an explicit means for subtask definition, 
ensuring compatibility by facing the problem at 

32 

RCA BURLINGTON 

the outset rather than when well a10ng the de
sign path. 

Without a detailed work statement and sub
ordinate specifications, attempting to ascertain 
percentage of completion of a software task is 
generally a guessing game. This problem arises 
from the lack of visual evidence of accomplish
ment in partially completed programs. Generally 
there is far more paper work observable part 
way down the road to completion than when the 
program is finished. This is due to the over
lapping coverage of subtask programmers, ex
tensive rework and alternate coding generated 
to cover alternative approaches. All of which 
point to a lack of definitive direction in the de
tailed design stage. In hardware tasks, pieces fit 
together more naturally. Hence, the end of one 
phase and start of another is more definite, 
thereby leading to a simpler, more accurate 
assessment of percentage of completion. If soft
ware were generated in conformance to a net
work of subordinate specifications, fulfillment of 
such specifications would provide an accurate 
measure of accomplishment. 

Finished product performance is judged 
against an overall requirement specification and 
is thus fairly easily ascertained. At that level, 
software performance can be determined just as 
readily as hardware performance if not more so. 
While it is true that some software bugs may 
exist for years before detection, these are minor 
deviations to desired performance. Once de
bugged and operational, programs ·simply do not 
fail; so once properly demonstrated, they per
form without error forever. 

The need for de-personalization of tasks in 
scientific and engineering endeavors is self
evident. Programming should also be ap
proached just as objectively as hardware designs 
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arid specifications provide objectivity, if nothing 
more. 

Standardization in hardware is a recognized 
necessity for many reasons, not the least of 
which is the interplay of subunits. Software 
tasks involving many individuals have similar 
problems of interplay. The fact that this inter
play is less evident makes it more of a problem. 
Standardization would go a long way toward 
facilitating this interplay. Specifications, with 
their use of applicable document references; 
provide a convenient means of imposing basic 
standards on the overall requirements of a 
peculiar task. 

Any design well controlled by documentation 
provides a sound basis for related development 
efforts to come. To appreciate the design con
siderations of a program, a good deal more than 
a finished program is required. With specifica
tions covering each facet of software develop
ment, later projects can see exactly the logic, 
objectives and accomplishments of a past soft
ware effort. 

In any effort, a manager's span of control is 
effectively increased by relegating definable 
direction to written procedures and reserving his 
personal attention to problem areas as they de
velop. Most of the software details are directly 
related to the ultimate task requirement and 
thus may be documented at the start of a 
project. Specifications provide such a vehicle of 
docum~nted control. 

Specifications, as definitive documents, pro
vide historical information on past projects. This 
was discussed as it pertains to follow-on work. 
Specifications also provide a tool for orientation 
and training of personnel. This is an equally 
valuable tool for software as it is in hardware 
development. 

The final consideration for specification con
trol deals with design changes. This has been 
deferred to last not because it is least in impor
tance but because it is perhaps most worthy of 
consideration and comment. Nothing can be 
more detrimental to schedules, costs and even 
the success of a task than uncontrolled changes. 
This has been recognized in hardware design 
efforts. Formal and often elaborate systems for 
design changes exist at every phase of system 
design. It becomes increasingly difficult and ex
pensive to make changes the further along the 
process a product has progressed. Yet, no matter 
how undesirable, changes are inevitable. They 
must be contended with but they cannot be 
allowed to get out of control Hence, in soft
ware, as in hardware designs, only mandatory 
changes should be permitted and budgets must 
be realigned periodically to adjust to work load 
effects of approved changes. 

Somehow widespread miscomprehension exists 
as to the effects of changes on software efforts. 
Because programs are essentially "paper de
signs" there is a tendency to feel that nothing is 
firm. Perhaps it is simpler to change a few coded 
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is machine language for the RCA Land Combat Support Sys
tem (LCSS}. 

statements than it is to replace elements in a 
unit of hardware. But if the program modified 
oosts ten thousand dollars of labor to develop, 
a five percent change can reasonably cost 500 
dollars. Changed programs represent destroyed 
intelligence which in today's professional labor 
market is far from cheap. The effect of change 
on software can be just as costly as hardware 
changes even though physical evidence of dis
ruption is missing. Stringent methods of change 
control must be applied to software efforts if 
schedules and budgets are to be maintained. 
With specification control of software tasks, 
changes must be subject to formal control 
Availability of this control alone would repay 
all of the effort expended in setting up a family 
of specifications to direct and control a complex 
programming effort. 

In summary, this paper has attempted to show 
the similarity between hardware and software 
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design tasks. This leads to the conclusion that 
specification control, the method proven eff ec
tive in hardware management, applies also to 
software tasks. In fact, in many ways this means 
of control is more valuable to software control. 
The existing problems of software development 
discussed herein are not intended to be critical 
of programmers. On the contrary, it is some
what amazing that many programmers in indus
try are able to achieve goals at all when all of 
the inherent disadvantages of dealing with elu
sive software are considered. If anyone is to be 
chided at all, it is the systems manager who does 
not give sufficient attention to software at the 
outset of a system design specification task. The 
importance of software in computerized sys
tems is self evident. It is time software manage
ment methods reflected their due measure of 
importance throughout each phase of software 
development. • 
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These tiny metal rods C1re the heart of a new computer memory. 
The rods, only a tenth of an inch long, replace conventional 
magnetic cores. They literally "dance" into centers of minute 
solenoids when placed in a pulsating magnetic field. 

SOFTWARE 
of the CENTURY 

• The family idea domina:ted the 
software development program of 
the Century Series of Computers. 

User growth and usage patterns 
dictated the sensibility of a plan for 
complete upward compatibility of 
both hardware and software through 
an entire family of systems. 

Three goals were set: 

1. The total system marketed must 
be customer oriented. It must be 
designed to solve the real world, 
functional pro bl ems of prospec
tive user organizations. Custom
ers must be able to install and 
program the Century Series with 
a minimum of effort and expense. 

2. The entire effort must be on 
time. The hardware and software 
must both be available to the 
initial user of the Century Series. 

3. Modularity, to the highest degree 
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possible, was mandatory for both 
hardware and software. 

To accomplish these objectives, 
NCR started with a study designed 
specifically to isolate and define the 
functional requirements which 
would be placed on software by a 
user's object pmgram at the time of 
execution. Once we were sure that 
we were providing those require
ments necessary to simplify the pro
gramming burden, attention then 
turned to optimizing the space, time, 
and cost variables associated with 
including these functions within our 
system. Our design considerations 
point out several categories of soft
ware, each having their own imple
mentation requirements. These cate
gories are: 

1. General software facilities, 
which are program dependent, con-

tinuous'ly required and frequently 
called upon. Involved here are such 
facilities as data and file referenc
ing. To meet this need, a series of 
variably generated sub-routines was 
incorporated in the system software. 
These generator routines determine 
what type of peripheral, file device, 
and internal logic is required, and 
the necessary commands are gener
ated to fulfill the program at execu
tion time. Such tailoring allows con
siderable savings both in memory 
and running time requirements of 
user systems, when compared with 
fixed sub-routine or large executive 
designs. 

2. General facilities, which must 
be available at all times, which are 
used frequently, but are not pro
gram dependent. The executive in
cludes capabilities such as interrupt 
handling, simultaneity contml for all 
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peripherals, and software overlay 
calling routines. 

This concept of using supple
mentary disc storage provides the 
vital link in assuring upward oom
patibility between the smallest and 
largest members of the Century 
Series. 

3. General capabilities required 
throughout the running of the pro
gram but used only occasionally, 
such as peripheral unit initiations, 
file closing routines, error proce
dures, and logging. Communication 
to this logic is handled by the resi
dent executive mentioned before. 
The executive will select and read 
into memory these infrequently used 
sub-routines, which provide full 
operating control of peripherals. 

4. General procedures, which are 
required before and after a program 
run, to assure successful initiation, 
completion, and work flow. This is 
satisfied within the new software 
package by a job scheduling moni
tor system. This controls all pro
gram to program flow. It is re-

~o a poung 
~rogrammtr=~nalpgt 

tuttb gomttbtng to gap 

We're li1'tening. 

• • • 

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 ne,wly 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 Riv-er 
Detroit, Michigan 48232 

An Equal Opportunity Employer 

....._ ____ _,,.f PARKE-DAVIS J..._ ____ __. 
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New NCR Century Series computers are based 
on design advances in ultra-high-speed thin
film memories, monolithic integrated circui t ry 
and automated production techniques. 

sponsible for program loading and 
system setup. The sequence of pro
grams to be performed can be main
tained on disc and a high degree of 
selection flexibility controlled by 
dates or data is possible within the 
system. 

The guaranteed use of the disc on 
all family members also allows the 
creation of a daily magnetic log for 
all operations, and performs other 
necessary housekeeping functions. 

This log records the names of all 
user programs which have been run, 
all errors detected, and all system 
malfunctions. Among other things, 
it serves as an invaluable diagnostic 
tool for maintenance personnel. 

The composite of the above fea
tures represent an advanced ap
proach to operational problems. 
These capabilities help measurably 
in achieving the basic goal of making 
the Century Series easier for cus
tomers to use and operate. 

After providing for the execution 
of the object user program, the next 
phase in the new software philoso
phy called for basic needs of user 
program compilation and testing. 
This cycle was bmken into three 
segments: 

1. Functions to be performed prior 
to compilation. 

2. Actual compilation. 
3. Post-compilation requirements. 

These requirements are language 
independent in that they must be 
accounted for no matter what pro
gramming language is used. The 
Century system programmer will be 
provided a series of software rou
tines and compilers to satisfy the 
requirements cited above. 
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DICilCOMP II · the "second generation" 
of the f a11ous Digi(o11p, 
enormously more "sophisticated" as additional "switches" and "core 
positions" permit many more decisions and "branching" possibilities. 

Like its predecessor the DigiComp-1 (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·I 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 

MAY, 1968 

WFF'N PROOF 
Developed in the course of the 
ALL Project (Accelerared 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. Comp I e te 
with 224-page manual which 
is an introduction to the world 
of modern logic; filled with 
valuable tips to clear thinking. 

$6.25 Postpaid 

OH 
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 

CONFIGURATIONS 
Based on concept.s 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 Hmold L. Dorwart, Chairman of 
the Mathematics Department, Trinity 
College, Hartford. 

$4.95 Postpaid 

TWIXT 
Another famou.s "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 

----------------------------------------·· 
SCIENCE/SYSTEMS ~~~~t:n~x 1:1~

7

:0204 SA-5 
PleaH 1end me at the addren below: 

Save $ 1 by ordering any 3 items or $ 2 
on any order for 4 or more of the above 

(Gomes ore shipped from separate warehouses) 

(no me) 

(oddrcu) 

(city) (state) (zip code) 

Illinois residents add 5% OES 

A----------------------------W·---------~ 
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PORTABLE 
DRAFTING 
MACHINE 

far 

*HOME 
* OFFICE 

*PLANT 
* FIELD 

* TRAVEL 

No longer need you struggle with 
loose T-square, triangles, protractor 
and scales when you want to make 
precise sketches in-plant, in-flight, 
in the field or at home. The 
DRAFTETIE® gives you the familiar 
convenience of your office board in 
compact, portable form. The #9-B 
provides interchangeable 6 x 9" 
scale, 360° protractor reading in 
5° increments. Scale calibrated in 
16ths or in 50ths and millimeters 
(specify scale desired in ordering). 
May be purchased ready-mounted 
on 16 x 21" light-weight board or 
unmounted to attach to your own 
board or to a pad of paper. When 
not in use, can be folded like a 
jack-knife to fit inro desk or brief
case. 

#9-B-lncluding Board .... $18.00 

#9-Same without Board 15.00 

Extra Scales . . .. .... .. .. .. .. .... 4.50 

Carrying Case for #9-B .. 2.25 

SCIENCE/SYSTEMS 

P. 0. Box 1176, Evanston, Ill. 60204 
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Prior to compilation, all programs 
must be put into proper form, for
mat, and sequence for processing. 
The new NCR software handles 
these requirements with a package 
known as SPUR (Source Program 
Utility Routines). These routines 
handle all of the sequencing and 
correction of source programs. Main
tenance of source program libraries 
and the ability to include commonly 
used routines or data definitions 
from other programs substantially 
reduce the raw input requirements 
of the programming. This program 
handles all Century languages. 

The language and subsequent 
compiler selection of the Century 
Series began with a definitive study 
aimed at classifying the types of 
users we were most likely to en
counter. This evaluation took into 
account that a whole new family of 
computers was involved and that 
the p:mspective users would range 
for the neophyte up through the 
experienced sophisticates. Based on 
these initially established require
ments, the NCR software group 
elected to provide the following pro
gramming languages to users of the 
new computer systems. 

For scientific programmers, two 
versions of FORTRAN are available. 
This approach makes scientific pro
gramming feasible at every level of 
the Century Series. For minimal 
systems ( 16K memory, 2 disc packs) 
FORTRAN II is provided. On larger 
systems, FORTRAN IV serves as the 
scientific language. 

Recognizing and providing for the 
needs of business programmers who 
require a standardized language 
created the need for a COBOL Com
piler. Different levels of COBOL are 
offered with the Century Series. A 
basic level provides a compiler usa
ble on the minimum 16K configura
tion. Customers installing medium 
and larger systems have COBOL 
Compilers which are scaled to the 
capabilities of their equipment and 
conform to the latest USASI draft 
standards. 

An additional effort has been made 
to meet the requirements of both the 
neophyte who wishes to program 
utilizing higher-level, easier to use, 
generator and macro techniques or 
the highly sophisticated user or 
software writer who needs an as
sembly level language which makes 
it possible for him to code programs 

in one-for-one correspondence with 
machine functions. In supporting the 
Century family, we have met these 
requirements. Specifically, through 
the development of a single, multi
level language, NEAT /3. NEA T/3 
provides a vocabulary ranging form 
instructions similar to basic COBOL 
on up to powerful reoccuring data 
processing functions. 

As· the basis for development of 
this segment of the NEAT /3 Com
piler, an analysis was made of large 
numbers of actual user programs to 
classify the functional tasks required 
of informational system compilers. 
These, it was found, fall into two 
broad categories: 

1. Basic tasks. Typical is ADD A 
to B. 

2. Tasks incorporating many param
eters and wide scope. This type 
of command corresponds in capa
bility to Report Writing. NEAT /3 
includes nine separate functions 
of this degree of complexity in 
its initial version. Furthermore, 
the vocabulary is open ended, 
providing for continuing and ex
pansion. Examples of functions 
available include file updating, re
port writing, and several others. 
You have seen in the slides shown 
earlier the type of questionnaire 
the programmer answers in re
questing these tasks. 

Although necessarily brief, it is 
hoped that the description of the 
compilers offered with the Century 
Series will answer the needs of the 
already initiated scientific and busi
ness users with the COBOL and 
FORTRAN Compilers and also pro
vides a direct appeal to prospective 
users looking for an easy and/ or 
fast way to write programs through 
the use of NEAT /3. 

To fulfill their responsibility to 
users, the programming language fa
cilities provided with the Century 
offer the capacity to debug, as well 
as to code, symbolically. This sym
bolic debugging capability is offered 
with both NEAT/3 and COBOL. 

Furthermore, to be of real value, 
it is felt that the option of symbolic 
debugging should be available to 
the programmer at any time. Under 
the new NCR programming lan
guage concept, for example, the pro
grammer is not restricted to stipu
lating his chosen debugging tech-
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nique at the time o.f coding. Rather, 
the ability to debug symbolically is 
decided after compilation-without 
either recompilation or changes in 
the size of the object program. 
Specifically, the following debug
ging options and features are pro
vided: 

1. Symbolic snapshots _of data 
fields can be called for. These fields 
are named through symbolic refer
ences entered by the programmer 
during coding. They are printed ac
cording to the pmgrammer' s own 
data definitions. 

2. The programmer, at any time, 
can call for a trace of the object pro
gram. In such printouts, identifying 
page and line numbers of branch 
commands are included, as con
tained in the original, source coding. 

3. Conditional snapshots or trac
ings may be requested based on 
comparisons of specific fields, named 
symbolically. 

Any of these options, or combina
tions of these routines, can be re
quested to solve the problems which 
develop during actual program test
ing. These features are always 
available, requiring no special cod
ing or advance provision at the time 
programs are written. 

I will not attempt to discuss our 
developments which go beyond the 
minimum Century configurations. It 
is important to note, however, that 
the Century software design encom
passes the area of real time and 
multi-programming. In fact, many 
of the design tradeoffs mentioned 
earlier are highly influenced by re
quirements in this area. 

In conclusion, it is hoped that this 
article summarizes the philosophical 
element and implementation ap
proaches whch have gone into the 
creation of system software for the 
Century Series. We must stress the 
ease and simplicity of working with 
the software philosophy enunciated 
here is fully expansible to provide 
for any operating requirements of 
modern computer applications. User 
programs written for the smallest 
Century can run on any other sys
tem in the family. The universality 
and availability of the NCR soft
ware package surpasses the goals 
established at the beginning of the 
development. Without question, this 
combination of hardware and soft
ware provides a system unequaled 
in the industry today. • 
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CLASSIFIED 
ADS Illarket place in 

where you can 

reach 91,000 software age 
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 6 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 
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_n_e_w_products 

Atlantic Software Inc., a firm which 
specializes in marketing computer soft
ware, announces the Data I program. 
Data I is a special-purpose System 360/ 
Spectra 70 utility designed to reduce £ile 
maintenance programming costs, and to 
eliminate one-time programs for data and 
file manipulation. 

Data I is said to update tape or disk 
files from cards, tapes or disks in any for
mat. It can also generate tape, disk or 
card files. Output formats are completely 
variable. Program requires 64K core, will 
operate under DOS a,nd OS with any 
combination of disk and tape I/0. 

Experience with Data I already totals 
several man/years, with programming 
time savings running as high as 95%, ac
cording to Atlantic Software. 
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For more information circle No. 80 
on the Reader Service Card 
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Serving 

e PHILADELPHIA 

e NEW JERSEY 

e NEW YORK 
METROPOLITAN AREA 

Experienced Programmers and 

Analysts from these areas may 

call collect anytime (24-hour 

answering service) 

(609) 662-6621 

OR SEND RESUME TO 

HOWARD LEVIN 

Diredor 

RSVP SERVICES 

304 Victor Avenue 

Cherry Hill, N. J. 
08034 

A proprietary software package, AL
TRAN, has been ,recently introduced by 
Applications Software . Inc., San Pedro, 
California. AL TRAN (Assembly Language 
T&ANslator), translates SDS 900 Series 
SYMBOL or META-SYMBOL source lan
guage programs to SDS Sigma 5/7 META
SYMBOL. AL TRAN runs on either SDS 
Sigma 5/ 7 or SDS 9-Series computers. 
This latter operational characteristic is 
especially significant, since it enables a 
user to begin program conversion long 
before the new machine is installed. 

AL TRAN is said to yield 90% transla
tion to SDS Sigma META-SYMBOL. A 
translated program is more than twice as 
fast as the old program. This is in con
trast to simulated programs, which seri
ously degrade the performartce of the 
SDS Sigma 5/7 computer, since the simu
lated programs are much slower than the 
original programs executed on SDS 900 
Series computers. AL TRAN provides a 
user with many input/ output options 
through the availability of in excess of 16 
translation parameters. 

For more information, circle No. 79 
on the Reader Service Card 
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A program documentation binder made 
of Wilson Jones "Super-Flex" has been 
added to its line of EDP equipment spe
cifically for use by programmers. 

The Program Documentation Binder 
(Stock No. 03-1411) is one-piece con
struction, suited for systems in which the 
source documents, parameter cards and 
the program printout are of such size that 
they can be housed in a single unit. It is 
designed for maximum compactness and 
convenience. The printout side can be 

loaded from top or bottom of the sheet 
body. The document side includes a vinyl 
envelope for the program's control cards 
and an index with printed insertable EDP 
titles. Available in 6 cblors for coding 
programs. 

For more information, circle No. 78 
on the Reader Service Card 
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New electronic thermometer and switch
box by Atkins Technical Incorporated, 
monitors up to 20 points, displaying tem
peratures on 4W' taut-band meter and 
providing 0-50 mv signal to optional re
corder. The thermistor probe switchbox 
can be programmed for dwell time on 
each point of 10 seconds to 5 minutes, 
and for sweep through 3, 7, 12, or the 
full 20 probes. The temperature indicator 
and the switchbox can be pack~ged to
gether in a single cowling for portability 
as one device, or separately as shown. 

For more information, circle No. 77 
on the Reader Service Card 
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Pottei: lnstrument Company has intro
duced a new, low-cost, single-capstan digi
tal magnetic tape transport system for use 
with small and medium scale computers. 

The new transport system-Model SC-
1030, provides bidirectional tape speeds 
to 37.5 ips at 800 bpi, NRZI, as well as 
1600 bpi phase modulated recording. The 
unit is fully 7- or 9-channel (IBM 729, 
7330 and 360/ 2401, or ASCII) compatible. 

Single-capstan design is used to drive 
the tape. A precision edge guidance sys
tem provides reliab~e tape control. Tape 
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EDP-SYSTEMS 

WE SPECIAL!ZE IN CAREER CORRECTION 

ARE YOU "UNDERED"? 
UNDER ••• PAID or UNDER THE WRONG BOSS ••• UNDER THE 

WRONG CLIMATE or UNDER PROMOTED 
UNDER UTILIZEb or UND~R THE WRONG HOURS .•. UNDER THE 

WRONG POLICIES ••• or just "UNDERED"? 
FOR "OVERING" ••• CALL WA 3-2640 

LAWRENCE PERSONNEL 
1015 Ctiestnut, Philadelphia, Pennsylvania 19107 

FEE PAID BY CLl!:NT COMPANIES • NO CONTRACTS • ALWAYS CONFIDENTIAL 
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loading is semi-automatic in less than 15 
seconds. In operation, the oxide side of 
the tape touches no stationary ·surf ace 
except the read/write head and tape 
cleaner, greatly increasing tape life and 
data reliability. 

Other specifications: Rewind: Less than 
4 minutes (2400 foot reel). Start time: 
Bms; Start distance: 0.165 ± .025·"; Stop 
time: 7ms; Stop distance: 0.110 ± .020" ; 
Speed tolerance: ±5%; Dynamic skew: 
5 usec. 

for more information, circle No. 76 
on the Reader Service Card 
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A new high-speed information retrieval 
software system has been announced by 
Computer Corporation of America. Called 
the Model 101, tlie system is designed 
for use with IBM System/360 hardware 
using disk packs as the data storage 
medium. 

The Model 10i has the capability of 
storing large as well as small files-over 
100,000 individual records may be 
accommodated. Information may be re
trieved simultaneously from several inde
pendent files through the systems cross
referencing capability. 

Data input and output is handled by 
COBOL-compatible magnetic tape. Alter
nately, input and output may be handled 
through punched cards and high speed 
line pri~ter. 

Hardware requirements for operation of 
the Model 101 information retrieval sys
tem include: IBM System/360, Model 30 
or larger with 65K bytes of core storage 
(minimum); 1 to 4 Model 2311 disk drives 
for data storage; DOS operating system; 
three magnetic tape drives, line printer, 
and card reader. 

for more information, circle No. 75 
on the Reader Service Card 
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EPSCO, Incorporated, has introduced 
the DATRAC IV, a high-speed analog-to
digital converter plug-in-module for data 
processing applications. 

DA TRAC IV' s conversion speed of one 
microsecond per bit allows up to 100,000 
conversions per second. At top speed, the 

unit's overall accuracy is .05 per cent 
(plus-or-minus one-half the least signifi
cant bit). 

Special features of the DA TRAC IV 
include exclusive use of DTL integrated 
circuits for the input buffer amplifier, 
comparator, reference supply and ail logic 
functions. Precision attenuator networks 
and switches are in discrete form. 

Operatin g characteristics of the 
DATRAC IV include 10 or 11 binary bit 
resolution, parallel output data for micro
logic interfacing, negative 2's comple
ment code and a 100,000 cycle word rate 
(KHz). 

for more information, circle No. 74 
on the Reader Service Card 
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Dawn Products Co. is offering a new 
product to hold computer reels. With this 
Reel Caddy one can carry frotn 6 to 12 
reels at a time. The Reel Caddies are of 
heavy gauge wire, nickel plated with rub
ber feet to protect table or desk top. 

For more information, circle No. 73 
on the Reader Service Card 
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P ACF AC-a disk pack analysis and 
control program for the IBM/360-was 
announced by Software Resources Corpo
ration. PACF AC interrogates the volume 
table of contents of any IBM disk pack to 

INFORMATION P~OCESSING JOURNAL 
A Q UARTERLY REFERENCE JO URNAL DEVOTED TO THE 

THEORY, DESIGN, AND APPLICATIO N OF ELECTRONIC COMPUTERS 

DESIGNE D TO ASS IST T H E COMP UTE R SP EC IALIST LOCAT E I NFORMATION 
On a Speci fi c Subject or Topic, in a Fraction of the Tim e requi red by Conventional L\terature Search. 
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PRESENT E D I I\ ABST RACT FO RM, COM P LET ELY I N DEXE D 
By Subject , Topic, Source and Author and Thoroughl y Cross -referenced . 

6,000 ABSTRACTS PER Y EAR 

CAMBRIDGE COMMUNICATIONS CORPORATION 
1612 K St. N.W. 

W ashington , D.C. 200 06 
(202 ) 3 93-1239 

Specialists in Scientific Information Retrieval for over 10 years 

for more information, circle No. 11 on the Reader Service Card 

LIVE IN DENVER! 

Experienced. 

Programmers 
and Analysts 
for Engineering and 

Comm~rcial 
Applications 
Oh 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. Weisbrod. 

~~~~~~~:Jtoger 
P.O. Box 5888, Denver, Colo. 80217 

An equal opportunity employer 

EDP 
Fast, 
Efflcient, 

• Programmers confidential 
service to 
individuals 

• Analysts seeking n&w 
positions in 
the field 

• D. P. of data 

Management processing. 
Call, write 
or visit one 
of our 

CLIENT offlces. 
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ASSUME Processing 
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'---
Computer Personnel .,___ 

Agency, Inc. 

KENT MURPHY 
12 Gearr Street, San Francisco, Calif. 

Phone: 982-0840 

NATIONWIDE DATA PROCESSING 
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SCIENTIFIC 
PROGRAMMERS 

If you have a degree in mathematics, 
physics, or a related science and at 
least one yea ,r of scientific program
ming, using Fortran, you will find grati
fying work involvement at the Computer 
Division of EMR. 

Our Programmers are involved in de
veloping "State-Of-The-Art" Programs 
which are used to reduce sophisticated 
info.rmation. Your work involvement will 
be in the deveiopment of operating sys
tems for real-time or time-shared appli
cations contributing direct I y to new 
generation Software design. 

Your inquiry concerning these profes
sional positions is invited. 

Please call 

PETER J. SCHROTH (612) 888-0155 

l@cQI 
COMPUTER DIVISION 

8001 Bloomington Freeway 

Bloomington, Minnesota 55420 

I 
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PROGRAMMERS . 
SYSTEMS ANALYSTS 

Nationwide 
With the 1installation and implementation of our 

unictue National Marketing Analysis System 

(NMAS), Input, Inc. ,is now able to bring the 

nation's complex and ever· changing computer 

commu?ity into remarkable focus. Through the 

mass of exclusive information available to us 

through NMAS and by employing an innovative 

"search and solve" technique, our staff of trained 

consultants can lock in on the myriad co·mplexi

ties of your specific career requirements with an 

accuracy unparalleled in the field. 

Fields covered include digital hardware design, 

systems analys1is and programming of software, 

management information systems, and a variety 

of sophisticated scientific and commercial appli· 

cations. We welcome your •inquiries. Contact Mr. 

Lincoln Bouve or Mr. William Caine at 202/ 
298-7510 for additional information o·r submit 

resume in confidence. Client companies assume 

all fees. 

input, • inc. 
815 connecticut avenue, n. w. 

washington, d.c. 20006 
e.o.e./mf suite 1200 
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determine what files are present, their 
activity status, their organization, size and 
location as well as the size and location 
of available free space. It also provides a 
permanent history of inoperative tracks. 

P ACF AC permits complete machine 
analysis of file space in place of laborious 
manual methods. By providing improved 
documentation and control of file storage, 
PACFAC can reduce disk pack inventory 
costs in many installations. 

P ACF AC output lists all files alphabeti
cally and lists unused space sequentially 
by cylinder and track. It can also sequen
tially list an entire disk pack or data cell, 
both files and free space. 

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

0 0 0 

The GECENT III Postprocessor Sys
tem, a software support program written 
for General Electric Mark Century nu
merical control systems used in conjunc
tion with the APT III computer system, 
is now available to users of Mark Century 
NC systems. 

Taking advantage of the flexible over
lay capabilities in third generation com
puters, and by varying the number of 
overlays, the new GECENT III Post
processor can be made to fit large and 
small computers, multiple programming 
computers, or eventually a time-sharing 
computer. Initial tests of the new pro
gram indicate computer processing times 
of GECENT III to be from l/6th to 
I/12th as long as the GECENT II pro
gram which it replaces. 

The structure of GECENT III is based 
upon the ability to sectionalize those sub
routines· which apply to a particular type 
of machine tool (i.e. positioning, lathe, 
mill, etc.). 

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

0 0 0 

The Scanbe Model 600 vertical equip
ment drawer has been designed to pro
vide modular storage for any desired 
number of card file units. 

The Model 600 provides complete ac
cess to circuit cards, connectors and wir
ing during assembly and later servicing; 
allows extra space between front and rear 
panels and the large card storage section; 

features a built-in flexibility of the card 
files, card-mounting sets and vertical 
drawer system that allows portions of the 
drawer to be reserved for power supplies 
or auxiliary units; and includes frame 
dimensions which can be modified to fit 
any desired depth of file. 

For more information, circle No. 70 
on the Reader Service Card 

Data processing managers can gain 
time-saving ideas from the new 16-page 
data processing labels, tags and special
ties catalog just issued by the Allen Hol
lander Co., Inc. 

The line, consisting of many stock and 
custom imprinted variations, offers a wide 
range of sizes, shapes, substances and ad
hesives that make it possible to retrieve 
information from data processing media, 
print it out at high speed and then use it 
for such functions as addressing, identify
ing, numbering, recording, posting, pric
ing, grading, coding, inventory, mailing, 
reporting and accounting . 

For more information, circle No. 69 
on the Reader Service Card 

0 0 0 

Now available from Keltec Industries, 
a Division of Aiken Industries, Inc., is the 
Model CP-2811 Data Conversion System, 
a compact unit (514 x 19 x 21 % inches) 
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which accepts analog information from 
up to 20 different sources and generates 
digital data in IBM format at minimum 
cost and with maximum simplicity. Design 
features include a 20-channel solid-state 
scanner (multiplexer), a 12-bit anafog-to
digital converter, and a scan rate of 2000 
channels per second. Outputs and controls 
are compatible with Digi-Data Incre
mental Tape Recorders and most other 
magnetic and punched-paper-tape record
ers. 

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

A proprietary software package intro
duced by California Computer Products, 
Inc. eliminates the need for special soft
ware in the conversion of CRT images to 
plotted hard copies. 

Designed for use with the IBM 2250 
display unit and any CalComp plotter, 
the new program automatically converts 
a 2250 CRT image, or selected portion, 
into the correct format for plotter repro
duction, either on-line or off-line. 

For more information, circle No. 67 
on the Reader Service Card 

A new, sub-miniature digital readout 
elapsed time indicator has been developed 
by the Industrial Timing Division of Ses
sions, Forestville, Connecticut. 

The compact unit, which reads out in 
tenths to 10,000, is available immediately 
in a 120-volt, 60-cycle package with a 
variety of mountings available to meet 
customer specifications. The device may 
be equipped at an optional cost with a 
device that will enable the meter to be 
reset. The maintenance timer incorporates 

lfs " high characters in easy-to-read bold
face figures. Standard leads are stripped 
and induction soldered; length and color 
per customer specifications. 

The digital ETI supplies exact compu
tations. 

For more information, circle No. 66 
on the Reader Service Card 

Computer Lab workbook presents a 
wide array of logic gates, gate combina
tions, flip-flaps, etc. for student use in 
learning how a computer works-from a 
single gate operation, to wiring and con
trolling the operation of subsystems. 
Computer Lab is manufactured by Digital 
Equipment Corporation, and uses inte
grated circuits similar to those found in 
the company's latest computers. 

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

Featuring a double safe construction 
with an outer safe and an inner reposi
tory, the new data-bank fire vault by 
Wright Line, a division of Barry Wright 
Corporation, is designed to provide maxi
mum protection for vital EDP records 
stored on either tape or disk packs. 

The new vault carries the Underwriters 
Laboratories, 150° two hour label for 
storage of EDP media. It will hold in
terior temperature and humidity well be
low the 150° F. 85% R.H. limit at which 
read out errors and losses can occur even 
when the vault is exposed to a raging fire 
of up to two hours duration. 

For more information, circle No. 64 
on the Reader Service Card 
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SEND YOUR FLOW CHART (RESUMEI OR CALL (212) HU 3-6000 

ROBERT BOOK, EDP/SYSTEMS MGR 

K N 0 R R A S S 0 C I A T E S N C 

52 VANDERBILT AVE NEW YORK CITY 10017 
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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. 

2. Night and Saturday interviews. 

3. Resume dictation service. 

4. 24 hour intensive search. 

5. No contract to sign. 

6. Strict confidence. 

7. 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, Phil a., Pa. 19103 

CALL COLLECT: (215) 567-4811 

PROGRAMMERS 
MANAGEMENT 
INFORMATION 

SYSTEMS 

JOIN THE BETTER 
IDEA PEOPLE AT 

PHILCO-FORD 

Design specialists to develop 
management information sys
tems. Must have a 4-5 years 
experience with high level 
program language such as 
COBOL and FORTRAN IV. Must 
be familiar with large scale 
disc oriented computers. BS re
quired. MS desirable. 

call Don Rossier, Dept. 706-37 
at 326-4350, ext. 4125 

or send resume to 

PHILCO-FORD 
CORPORATION 

Space and Re-entry 
Systems Division 

An Equal Opportunity Employer 

3870 Fabian Way, Bldg. SSL 
Palo Alto, Calif. 94303 
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You don't change a company the 
scope of Montgomery Ward with 
timid measures. You do it with a 
totally unique programming effort 
geared to serve a total management 
information system from 8 different 
areas simultaneously! 

You do it with a battery of IBM 
360/ 50's, 40's, 30's. With hardware 
that comprises one of the largest 
commercial 3rd generation installa
tions in the nation! 

Most of all, you do it with pea-

ple. Young, restless, skilled people 
... including programmers and sys
tems analysts with COBOL or BAL 
experience who recognize the poten
tial in helping re-structure an entire 
system. 

If you're a person who wants to 
get things done, there's no better 
place to turn your energies loose 
than right here. At the changing 
Montgomery Ward. Contact: M. K. 
Fenwick, Personnel Representative, 
Corporate Systems Division. 

What's a merchandiser 
like Montgomery Ward 

doing with a computer complex 
like this? 

. . . . ...... . ..... ...... 
•TT• 
••• 
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MONTGOMERY WARD 
6th Floor, Data Center/ 140 S. State Street, Chicago, Illinois 60603 
An Equal Opportunity Employer 

Digitronics Corporation has extended 
its line of paper tape equipment to cover 
Io w - speed, asynchronous reading and 
punching applications. The company's 
new low-speed reader, Model 2060, reads 
any EIA standard 11/16 (5 channel) to 
!-inch (8 channel) punched tape and oper
ates at speeds to 60 characters per sec
ond. A simple drive, utilizing solenoids 
which do not require lubrication, is used 
to move tape. For high reliability, bifur
cated contacts are employed to perform 
the read function. 

The new Model 1560 Paper Tape Punch 
operates asynchronously at rates to 60 
characters per second and records data in 
five through eight-level code. Featuring 
in-line loading of tape, solenoids which 
require no lubrication and optional tape 
supply reel and take-up winder, the Model 
1560 is available in four packages styles 
to meet most packaging requirements. 

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

0 0 0 

A new full color brochure describing 
Roi-a-chart visual control boards features 
a full-scale sample chart section and a 
guide to visual control, according to the 
Wm. A. Steward Company. 

To assist the planner, the sample chart 
section is large enough to actually layout 
a scheduling system. Typical examples 
are given showing a visual control system 
charted with marking pencils and the 
same visual control charted with magnets. 

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

0 0 0 

Mathematical Engineering Associates, 
Inc. of Dallas has released MANAGE, a 
program which enables a computer in
stallation to maintain its source programs 
on tapes or disks. 

MANAGE is written in COBOL, and 
can be used on any tape computer which 
has COBOL capability. MANAGE main
tains programs written in FORTRAN, 
COBOL, AUTOCODER, ALC and other 
machine languages. 

Using MANAGE, a computer installa
tion enters and carries its source language 
programs on a program master tape or 
disk. The installation's programmers then 
use their computer to add to, delete from, 
and otherwise maintain or resequence 
their programs. The master tape or disk 
in the MANAGE system is also used for 
computer input as well as to list any pro
gram or its modifications. 

A MANAGE produced program listing 
is a program log that becomes part of 
program documentation. This MANAGE 
produced log shows exact modifications 
in each update run. The MANAGE log 
enables a programmer or manager to know 
exactly what statements have been altered 
in, added to, or deleted from a program, 
and the date and sequence of each such 
action . 

For more information, circle No. 60 
on the Reader Service Card 
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software age 
CONFIDENTIAL INQUIRY 
Your original copy of this form will be retained at the offices of SOFTWARE AGE and 
will be used for no othel' 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: 

THIS INQUIRY IS IN 

DIRECT RESPONSE TO 

YOUR ADVERTISEMENT 

IN 

SOFTWARE AGE 

MAGAZINE 

List computer hardware knowledge (names of systems, tape, disk, terminals, etc.>: ___ __ _ 

Programming specialties and years of experience (commercial, scientific, theoretical, experimental, 
analog, etcJ: _____________ _ 

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, m.ath 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 iobs below. 
Employer ------------

City -------------

Years ------tO·-----
Title or 

--~---~------
______ to _____ _ 

Function 

Name ------------------------------------- Age ---

Home Address -------------- ----------Home Phone-------

-----------------------------------U.S. Citizen? ---
(city) (state) (ZIP code) 

Security Clearance --------------- location Preference ---------------

Marital Status -----------------

BE SURE YOU HAVE CHECKED ON REVERSE SIDE 
THE COMPANIES YOU WANT TO SEE THIS INQUIRY. 
PUT FORM IN STAMPED ENVELOPE AND MAIL TO: 

MAY, 1968 

software age 
MAGAZINE 

1020 CHURCH ST., EVANSTON, Ill. 60201 
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check your interests here 
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sheet. (Be sure to use this form. We cpnnot process multi-page 
resumes; and this form provides all the information advertisers 
require to screen applicants. If further information is desired, 

CIRCLE BELOW: Page 

I. AC Electronics Div. of GMC ................ 2nd Cover 

2. Allis-Chalmers .................................. 20 

3. The Boeing Co., Commercial Div. . . . . . . . . . . . . . . . . . . 5 

4. California Blue Shield ...................... 4th Cover 

5. EMR, Computer Div ............................. 42 

you will hear from the advertiser direct.) Then, circle below 
the numbers of those companies to which you want copies of 
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