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A RETURN 

TO SIMPLICITY 

MORE THAN ENOUGH, we have heard from one quar­
ter or another about how our society has been, 
is becoming and will be "de-humanized" by 

automation, mechanization, computerization, et al. 

Life today is indeed complex. At times it feels as if 
we are existing in a morass of people, places and 
events rather than in a well-ordered scheme of things. 

In this kind of social milieu, the critic-observer 
seems to have a point, for if we're not careful, we may 
end up reducing man to a mere automation. We will 
be a society of machine-made men rather than man­
made machines. 

However, to the extent that the observers are over­
fearful, then computerization becomes a means to an 
end and a means of remedying our problems rather 
than causing them. With great irony, it brings us back 
to the simple life, for it can replace some of the idiotic, 
time-consuming and "dehumanizing" activity we've 
had to do for too much of our lives. 

A case in point is reflected in the October cover, 
born of reports of the continual implementation and 
growth of a ticket buying and selling system developed 
by Computicket. Although taking two years to develop 
and program, the system is relatively simple to the 
customer-and after all, that's where it counts. And 
because it is simple, it can be explained briefly: 

At either a Network terminal, situated at a "high 
traffic" location, or at a box office terminal at the event 
site, the customer places his order with the terminal 
operator. The request can vary from the general, such 
as the best seat on the house at whatever price, to 
selecting a particular seat in a particular row in a 
particular section. He sees his request on a display 
scope and verifies it with the operator who sends it off 
to the central computer. The computer answers his 
request by positing the tickets in a matter of seconds 
-even complete with parking information. The system 
has local, national, and international application for 
sporting, theater and other entertainment events. 

Taken along with other widely applied time-saving 
computerization, Computicket and similar systems are 
good examples of how we can solve-not cause-prob­
lems due to having too many people in too small a 
space. They will liberate-not de-humanize-the pub­
lic so that it can spend its time more wisely and less 
inhumanly than merely waiting in line-as long as the 
music from "Oliver" isn't reduced to Fortran and we 
aren't given robots in the outfield. 
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THE 
ELECTRONICS 

DIVISION 
of 

AEROJET 
(25 miles east of Los Angeles) 

Has immediate requirements for: 

REAL-TIME SOFTWARE 
PROGRAMMERS 
To work with a small group in 
our Space-Ground Data Processing 
Laboratory. Tasks include develop­
ment, modification and implemen­
tation of both 0/S and mission 
software for a 360/75 Real-time 
data processing system. Positions 
offer an excellent opportunity to 
work on a state-of-the-art' satellite 
data retrieval system. 

COMMAND /CONTROL SPECIALIST 
Requires broad experience in satel­
lite command/ control telemetry 
and status data processing. Must 
be knowledgeable of supporting 
real-time computer programming 
for command-control. Specific 
knowledge of AFSCF operations 
and related equipment is essential. 
Duties will include development of 
command/ control requirements as 
well as dealing with associate con­
tractors on related interface defini­
tion and coordination. 

COMPUTER GROUND 
SUPPORT ANALYSIS 
To define and develop systems re­
quirements for ground support of 
a computer controlled satellite data 
retrieval system. Includes compila­
tion of information, analysis of or­
biting and ground system operating 
capabilities, anq documentation of 
results in operating plans and pro­
cedures. Knowledge of electronic 
data processing telemetry, and 
computer software required. Spe­
cific experience in satellite control 
and launch operations desirable. 

Submit resume, including salary requirement to: 

D.L. Rowe, Mgr. Professional Placement 
P.O. Box 303-1, 

Azusa, Calif. 91702 
A subsidiary of 

the General Tire & Rubber Co. 
an equal opportunity employer 
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sofnvare desig11ers 
and progranuners: 

develop Foxboro 
I systems 
that can talk 

toce111ent 
{and chemicals and textiles and 

electricity and paper and ... ) 

Today Foxboro's computer controlled processing systems are performing monitoring and direct 
digital control of kiln and wet blending operations for cement production. They're also 
controlling processing functions around the world in power plants, refineries, for the chemical 
industry, pulp and paper, textiles and food. 

That's today. Tomorrow's programs are even more challenging, and they're underway now. 

The complexity, size and world-wide diversity of existing projects and development programs 
now underway at Foxboro are greater than at any other time in our 60-year history. Our modern, 
multimillion dollar facility, located between Boston and Cape Cod, is staffed by one of the world's 
most experienced teams of computer professionals. 

Many of them are developing systems to meet this year's requirements. Others are working on 
systems for the next decade, and beyond. 

APPLIEATIODS PROGRAmmERS. Opportunities exist at varying levels of 
experience, requiring creative individuals who can take complete responsibility for bringing a 
system's software from its introductory stage of design through to full real time simulation testing 
and installation. Experience is required in one or more of the following: Real Time Executives 
and/or Real Time Input-Output, Time Sharing, Batch Control, DDC, Setpoint Control and 
Multilevel Programming. 

SOFTWARE SYSTEmS DESIGDERS ADD PROGRAmmERS. You will 
work on developing a new generation of digital technology. Present programs encompass 
advanced Real Time Systems, Computer-based CRT Display Systems, and Man-Machine 
Communications. At least 3 years' programming experience is required, related to leading 
development efforts in operating systems, languages and communication, and control software 
development. You will be responsible for all phases of program designing, coding, checkout 

and documentation. 

Write to Mr. Tom Bryant, Professional Placement Office, The Foxboro Co.mpany, Dept. SA10, 
Neponset Avenue, Foxboro, Mass. 02035. Foxboro is an equal opportunity employer. 
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IMMEDIATE OPENINGS 
* SYSTEMS ANALYSTS-Two to five years' expe­

rience in EDP systems with programming background 

helpful and a college degree preferred. Should 

have a good personality and communicate effec­

tively. Position involves some supervisory responsibil­

ity, performance evaluation, and teaching. Projects · 

involve company wide management information sys­

tems, manufacturing, inventory management, cus­

tomer accounting, and other financial aspects of the 

business. Opportunity to advance into systems de­

sign and management positions. 

* COMMERCIAL PROGRAMMERS-Must have at 
least one year's experience with a knowledge of 

360 COBOL and disk storage devices preferred. Will 

work with the largest· commercial installation in the 

city and may advance to systems positions. 

Our location is in CI eve I and on the southe.rn 

shores of Lake Erie. The offices are in the down­

town area which is ·served by the city's rapid transit 

system running from the airport and suburbs right 
into our basement! 

Our company is the leading marketer of petro­

leum products in Ohio with sales equal to those of 

the next four oil companies combined. Because of 

our growth and diversification, the company's profits 

have risen over 190 % in the last six years! This 

return is shared with employees through a generous 

fringe benefit program and i·nvestment plan. 

MAIL YOUR RESUME NOW 
in complete confidence. Please include your educa­
tional background, experience, and salary require­
ments. Send to: 

E. G. Glass, Jr. 
Manager, Technical & 

Professional Employment 
The Standard Oil Company 

<Ohio) 
10907 Midland Building 
Cleveland, Ohio 4411 S 

An equal opportunity employer-M & F 
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new applications 

In the heart of Appalachia a total of 450 
elementary school teachers are being in­
structed in ''new math''. The Appalachia 
Educational Laboratory, based in Charles­
ton, West Virginia, is taking their program 
into the Appalachia area to provide indi vid­
ualized teaching instruction. The schedule 
calls for eight week stops in or near schools 
in three communities, during which teachers 
from the area are given an average of 30 hours 
of instruction. This includes 25 hours of 
review in new math and five hours of how to 
teach it-the latter being interspersed 
throughout the review segment. 

The basis of the AEL experiment is the IBM 
1500 Instructional system. It consists of a 
television-like display unit with a type­
writer keyboard; a light pen or electronic 
probe which the student uses to indicate his 
answers on the screen; and an image projector 
on which is mounted another screen for the 
showing of color or black and white images. 

Sixteen instructional stations are being 
used at which the teachers receive indi vid­
ualized instruction. Specially equipped IBM 
computers, when linked to the control unit 
and audiovisual devices, form the 1500 
instructional system. 

The teachers' records and course revi­
sions (provided by the computer during in­
structional interactions with the teacher) 
are stored on magnetic tape and transmitted 
over telephone lines to Pennsylvania State 
University where the material is evaluated 
by an IBM System/360 Model 67. 
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Studies are being performed at the New 
England Medical Center to determine the 
long-term effects of radiation on man's he­
redity. Under the auspices of the Atomic 
Energy Commission (AEC) chromosomes are be­
ing examined with the aid of a computer for 
abnormalities. The percent of chromosome 
cells that are abnormal indicates the sever­
ity of radiation damage and is being deter­
mined with photomicrographs and an optical 
scanning device linked to a computer. The 
scanner measures the contour of the chromo­
some, including its length, mass and the 
ratio of its short arms to total length. 
Using a 35 mm photograph of a cell magnified 
400 times, the scanner can measure the film 
density of 614, 000 different points on each 
frame in a few seconds. The scanner trans­
fers the most ·""anteresting of these points­
which are like the dots in a newspaper photo 
-into the computer by measuring the dot's + 
lightness or darkness. A report on the an­
alyzed findings is then printed by the com­
puter for review by the researcher. 

Chromosome analysis with the aid of the 
computer reduces the time necessary to an­
alyze the chromosomes of each patient and 
also provides less deviation in measurement, 
allowing the geneticists to be more precise 
in their analysis. 
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UNIVAC computers are now being used to as­
sist nurses in caring for hospital patients. 
Computers can tell when a patient needs a 
pill or a bath. They can help detect hidden 
illnesses and they can keep track of every­
one's complete medical history. 

These are only a few of the jobs that are 
being performed by the new ''total medical 
information systems'' that are now entering 
use in today's modern hospitals. 

The computer's memory is constantly up­
dated with new information on the condition 
of t . e patients, changes in the schedule of 
treatment and other critical data as well as 
every event affecting the operation of the 
hospital. Hospital personnel can then tap 
the computer memory by means of UNISCOPE 
terminals located at various strategic 
points. Using the keyboard a nurse can ask 
the computer for the schedule of treatment 
for each patient in her care. Her question 
and the computer's reply, appear on the 
unit's screen. 

There are many other possible uses for the 
computer. A few UNIVAC applications that are 
particularly interesting include: 
'• The storage of complete medical records of 
each person in a community. At the Danderyd 
Hospital, Stockholm, Sweden, a UNIVAC com­
puter remembers the records of over 1,500,-
000 people. The computer can retrieve any 
record, or portions of a record, and flash 
information on a screen, in less than one 
second. 
• The communication of computers with each 
other in nationwide and worldwide informa­
tion networks. The Clinique Universitaire 
at the Universitat de Sherbrooke near Mon­
treal, Canada, recently used a UNIVAC UNI­
SCOPE 300 visual communications terminal to 
request a medical record from the Danderyd 
Hospital's computer in Sweden. The informa­
tion appeared on the clinic's screen a few 
seconds later. 

Engineers in Texas are using the computer 
to project the state's current and future 
highway needs. Assisted by a pair of photo­
equipped airplanes and two IBM computers, 
the engineers compile vast amounts of infor­
mation, ranging from projected population 
growth to the details of acquiring right-of­
way and calculating the amount of earth fill 
needed for grading~as well as the total 
construction cost. 

In preliminary highway planning, engi­
neers enter statistics of growth projec­
tions, (compiled by the computer), traffic 
counts, and, occasionally, motorists' 
points of origin and destinations, into the 
computer and get the preferred routes. 

Once a general strip of area for a new high­
way is selected, crews in leased airplanes 
equipped with special cameras fly over the 
area and take photographs. Each general 
strip is photographed from two different 
angles. Then technicians produce a large 
aerial map, in which the two images of the 
area overlap. With special equipment, engi­
neers view it in 3-D. The known reference 
points in the three-dimensional aerial pho­
tograph are used to determine the distances 
and calculate the elevations of the land and 
objects in the picture. Information on the 
elevations is fed into the computers, and 
they produce cross-sectional maps of the 
land, which show the slope or grade and the 
land elevations along each possible highway 
route in the strip photographed. These maps 
and the data compiled enable the engineers 
to determine easily the amount of cutting 
and filling that would be needed along each 
route under consideration. 

The system also shows property ownership 
lines along various highway routes being 
considered. The computers inform the engi­
neers just how much of each parcel of prop­
erty must be purchased to obtain the neces­
sary right-of-way for a particular route. 

The IBM computers are housed in Austin, but 
they perform services for the Houston Urban 
Office and each of the 25 Highway Department 
district offices across the state. Type­
writer-like devices are now being installed 
in some district off ices to enable engineers 
to communicate directly with the computers 
over telephone lines. 
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THREE LHEER~ 
FOR EDP PROGRAMMERS 

Here they are: 3 new Wilson Jones program documentation 
and verification tools. Designed to make the programmers' job 
easier and more efficient in computer systems of every size. 

Program 
Verification 

Organizer 

For source documents, printouts 
and control cards of irregular or 
unmatched volume. Three sepa­
rate elements: a "Super-Flex" 
Nylon Post Binder for 147/a" x 11" 
unburst sheets; a "Super-Flex" 
11" x 81/i" prong fastener 
"Source Book" with 
a set of 6 Index 
Sheets; and 1 O 

insertable data processing Titles; 
and a clear vinyl 147/a" x 11" 
Envelope for 150 parameter cards. 
Loaded Organizers can also be 
prepared for filing in Wilson Jones 
"Data-Rack" with the addition of 
Hanger Sets. 
No. 02-1411 M. $4.25 complete. 

Program 
Documentation 

Binder 

One-piece "Super-Flex" con­
struction for systems in which 
source documents, parameter 
cards, and the program printout 
on 14 7/a" x 11" sheets are all of a 
volume that can be housed in a 
single unit. Occupies a minimum 
of space ... provides maximum 
convenience. The printout side 
can be loaded from top or bottom 
as in a Wilson Jones nylon post 
binder. The document side in­
cludes a vinyl 11" x 81/i" Envelope 
for control cards and an Index 
with printed insertable Titles. 6 
colors for coding source material. 
No. 03-1411. $3.40 complete. 

Control Card 
Pocket Indexes 

Three 11" x 81/i" plastic pocket 
Index Sheets. Each holds up to 40 
punch cards. Pockets are stag­
gered to avoid bulking-up the 
cards. Sheets have a tab for in-

sertable Titles, both to identify the 
cards held and to serve as divider 
guides to the contents of loose 
leaf "Source Books," Documenta­
tion Binders and Procedure Man­
uals. Index Sheets keep control 
cards right with all related docu­
ments in the same sections of 
ring or prong binders. 
No. 2-11. Set of 3 sheets $1.95. 

ASK YOUR OFFICE OR "TAB" SUPPLY DEALER FOR FULL INFORMATION OR WRITE: 

VVILSON JONES 
INVENTOR OF THE NYLON POST BINDER 

A Division of s~@lnc. 8160 TOUHY AVENUE • CHICAGO 80848 

for more information, circle No. 2 on the Reader Service Card 
SoFTW ARE AcE 



a discussion 

checkpoint/ restart 
by David P. Jasper 

INTRODUCTION 

Any serious systems designer or user of an op­
erating system/hardware hybrid must resolve the 
question: What kind of recovery ability ':ill ?e 
provided? The question is answered with m­
creasing difficulty as operating systems become 
more comprehensive; as asynchronous and un­
related tasks are performed with apparent si­
multaneity; and as the use of large scale "black­
board" storage becomes more popular. (The 
"blackboard" storage is a reference to the 
analogous use of drum, disk, and extended core 
space as temporary reusable storage. ) 

The problem to be solved is usually thought 
of in terms of providing, with or through the 
operating system, a generalized checkpoint capa­
bility either for the user's application oriented 
program or for the system itself and its drone or 
"background" functions. 

The problem has become increasingly difficult 
to solve, and recently the problem has been 
avoided by designing systems without any inter­
mediate recovery capability. As will be pointed 
out in the discussion, no intermediate check­
points may be a valid solution; but as yet I know 
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of no designer who has tackled the question or 
chosen a solution, good or bad, that is supported 
by reasons that reach deeper than simple ex­
pedience. Of special interest is a data center 
environment which must both provide the tools 
-machine time and software-for some clients 
and use these same tools to provide answers for 
other clients. The . question of recovery ability 
must then be faced by a data center from both 
aspects; as a system designer, and as a user. 

Since the Checkpoint/R~start problem has 
been under examination for some time, a review 
of the basic principles and design problems thus 
far is useful in two senses: 

1) The first and most important step to the 
solution of any problem is a good defini­
tion of that problem; it is, in fact, the pre­
requisite for understanding the problem. 

2) A record of thought thus far prevents re­
cursion and repeated exploration down 
the same blind alleys. 

PROBLEM DEFINITION 

Checkpoints-By definition, a checkpoint is 
that collection of data that truly represents the 
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status at a given time of a program and its pe­
ripheral activities. A checkpoint can be proven 
to truly represent the status if it is used to re­
start the program successfully. A checkpoint can 
take many forms. Matrix optimization programs 
with virtually no input/output can, as a by­
product of the calculations, produce parameters 
at each iteration ( N). If these parameters are 
stored on an external device and subsequently 
recalled and used as multipliers on the original 
input matrix elements, the matrix will be re­
stored to iteration level N. A tape sort could 
restart the current purge phase with little more 
than the original control deck parameters. In 
both of the preceding examples, the Checkpoint/ 
Restart technique is tailored to the application. 

Traditional Checkpoints-Traditionally a gen­
eralized checkpoint has been available which 
records all possible status information so that a 
checkpoint procedure is available for any pro­
gram. For the traditional checkpoint, generaliza­
tion was based on the thesis that the input data 
to the program can be restored to a given pre­
vious status. If the input integrity cannot be 
guaranteed, a restart is meaningless. In this 
sense "input data" is meant to include the cod­
ing in the program, for the program is indeed 
data and a given switch setting is input. 

Shortcomings of Traditional Methods-The 
checkpointing of "program coding" is as simple 
or sophisticated as one may wish. The ultimate 
in design simplicity is, of course, an image of 
all program storage-a snapshot. When the pro­
gram is a complex intertwining of an operating 
system and application-oriented coding, it may 
be more desirable to separate the components 
and reinterface at restart time. This case is most 
meaningful when there is more than one un­
related task (individual application-oriented pro­
gram) sharing the same facilities. The desir­
ability of performing separable checkpoints 
hinges on the decision to checkpoint the entire 
system or the individual programs. When a 
"snapshot" of the entire system is not preferred, 
the procedure for restarting expands to include 
not only a refreshing of program storage, but 
restart must also reinterface the application­
oriented coding with the generalization system 
code. This procedure must necessarily include a 
regeneration of the system control blocks, 
queues, etc. The regenerated interface (control 
blocks) must adequately reflect the current sys­
tem configuration and allocations, and yet re­
main logically identical to the environment in 
which the application-oriented code originated. 

Redefining the Problem-An attempt to sim­
plify reinterfacing at restart time gives rise to 
the first candidate for a restartable-checkpoint 
restriction: that checkpoints be taken when no 
1/0 requests are queued (quiesced environ­
ment). The first corollary is that restart is per­
formed in a quiesced environment. A logical 
extension from the restart interface problem is 
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that the system interface can best be regenerated 
by the system itself; hence the job is resubmitted 
through the normal job input stream for restart. 

Thus far the restrictions suggested would 
simplify checkpoint/restart coding, increase the 
burden on the applications programmer, but not 
wholly eliminate or exclude any type of program 
from the list of checkpointable. The checkpoint­
ing of teleprocessing programs has always been 
a special case due to the nature of the input. 
Even when a checkpoint is physically possible, 
it would not be meaningful to restart most ap­
plications which would require resubmitting the 
input. For this discussion we will limit the sub­
ject to nonteleprocessing environments, although 
it is hoped this paper will provide the starting 
point for deeper investigation of the subject. 

Let us then consider input data which is stored 
on external devices. Reviewing the traditional 
forms of a generalized checkpoint reveals that 
both input and output data were processed 
serially; and, in fact, the data storage was or­
ganized in a physical sequential manner than 
can be thought of as lists. A traditional restart 
is now composed of 

1) Refreshing program storage from some 
stored image, and 

2) A logical repositioning of the external in­
put lists and output lists. 

For physical sequential organized data, a 
physical position (block count) corresponds to 
the logical position when coupled with a memory 
snapshot. 

Thus, a snapshot of program storage and some 
block counts are adequate information to restart 
a program. By this we have satisfied our defini­
tion of a restartable checkpoint and met our 
criteria of restoring all the input data to a given 
status in time. 

Projecting Traditional Methods-Applying 
similar logic today concerning externally stored 
data, we discover that new devices and data set 
organization complicate our task of logically 
repositioning the input and output data. Con­
sider the program that writes the output in the 
same physical position that contained the input 
(update-in-place). 

The Random Access Paradox-This update­
in-place programming technique is very logical 
to use on a single-drum, disk, or any bulk ran­
dom access storage space; e.g., extended core 
storage where there is no opportunity to copy. 
Even when there is a second device available, 
this technique is very economical with execution 
time if there are a small number of transactions 
to the file relative to time required to perform a 
complete copy operation. Such a program does 
not fit our criteria for restartable checkpoints, 
since the input is being continually modified or 
destroyed; hence, that program cannot even be 
restarted from the "top." Obviously any perma­
nent 1/0 error, hardware failure, or program bug 
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that arises is disaster unless another copy of the 
input is available for recovery. Copies are ex­
pensive; in fact, copying defeats all of the 
reasons for using an "update-in-place" proce­
dure. One can only conclude that using an 
update-in-place procedure without a convenient 
means of recovering the input is bad program­
ming or at best extremely dangerous. The ques­
tion remains: Is it possible for a generalized 
checkpoint to correct or alleviate the update-in­
place problem? 

A Solution to the Paradox-If the operating 
system is going to protect the user of the update, 
it must preserve the input. One method might 
be to design a system access method so that a 
segment of the input and output is maintained 
in a second or "active" buffer located on another 
device or in main storage. For purposes of dis­
cussion, let us assume that the data records in 
this active buffer are all maintained in TTR or­
der (the location or address of the logical record 
on the random access device). Thus, the access 
method does not write on the input data set and 
simulates the writing by updating the "active 
buffer." All read requests would first scan the 
activity buffer for the "current" record and then 
go to the external device. All write requests 
would always write to the active buffer only. 
When the buffer is filled to capacity, the access 
method would checkpoint the problem program 
and the relatively small active buffer and then 
proceed to dump the buffer on the external de­
vice. Because the input is being clobbered in 
steps, only the most recent checkpoint would be 
valuable for restart. Although this technique 
would work logically, it could prove impractical 
or at best, somewhat inefficient since reasonable 
size "active buffers" would tend to fill quite fre­
quently. It would, however, avoid a total copy. 
of the BRASS file (Bulk Random Access Storage 
Space). 

The technique suggested above for "holding 
back" on writing the output involves an over­
head for maintaining the "active buffer" which 
must be considered in evaluating the per cent 
of CPU invested in providing check points. If 
the active buffer is maintained in main storage, 
the overhead is small; and in some applications 
where repeated accesses are made to the small 
logical record, this high activity buffer would 
actually be more efficient than access to an 
external device. However, the capacity of a buf­
fer in main storage would be quite limited; and, 
in fact, checkpoints would be every few seconds 
or less in most applications. If the high activity 
buffer is maintained on some external device, 
even an ~nused portion of the one being up­
dated, or external core storage, the capacity 
would increase but the overhead of copying this 
information at each checkpoint could also be­
come prohibitive. Of course, the location of the 
activity buffer could be optional and suited to 
the application; but many applications would 
suffer with either option. 
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The 88600 is another one 
of the exciting things 
we're doing at Burroughs 

Burroughs is setting the technological pace with new and 
exciting long-range product concepts which are already enjoying 
deserved and widespread respect in the marketplace. 

Burroughs is one of the most rapidly growing companies in the 
electronic data processing industry. World-wide revenue in 1968 
was $655 million - up 18 per cent. Earnings in 1968 were $43 
million - up 24 per cent. Incoming orders for the past two 
years - up 52 per cent. To handle this impressive growth, 
Burroughs has greatly accelerated its announced $200 million 
program for 15 new plants. Now as never before, the future is 
wide open, for us in new business, for you in new career 
opportunities. 

Our west coast Pasadena, California and our east coast Paoli, 
Pennsylvania, locations represent the corporate hubs for design 
and development of Burroughs language-oriented commercial 
computer systems. Products such as the B500, B2500, B5500 and 
B6500 have all been designed and built in Pasadena. The B8500 
is being designed and built in Paoli, and ... we've done this with 
relatively small engineering and programming staffs in which 
each member of the technical team has made meaningful indi­
vidual contributions. 

We are now in a tremendous growth situation, but we do not 
intend to forsake the very thing that we've achieved ... product 
excellence (based on individual contributions). 

So, here is what we offer ... 
• individual recognition 
•fantastic growth 
• non-defense industry 
• professional environment 
• east or west coast location 

Current openings exist for software and hardware professionals 
in Operating System and Compiler Development. Design Auto­
mation, Linear Programming, Diagnostics and Simulation. We are 
looking for people with a variety of backgrounds .. . primarily 
degreed types in such disciplines as Computer Science, Elec­
trical Engineering, Mathematics, and Physics who have from zero 
to five years experience. We will gladly consider other qualified 
candidates. Why not contact us now? 

If your location preference Is: 
EAST COAST WEST COAST 

Send your resume to: 

G. McGrath 
Burroughs Corporation 
Large Computer Systems Orgn . 
Paoli, Pennsylvania 19301 

Send your resume to: 

M. Olson 
Burroughs Corporation 
460 Sierra Madre Villa 
Pasadena, California 91109 

Burroughs Cor£~~.~~~~-~ m 
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THE COST OF RECOVERY 
The overhead required in taking a checkpoint 

is not trivial. Traditionally checkpoints have been 
taken at the end of an output tape reel; i.e., 
about 5-10 minute intervals. For moderate to 
large scale machines, a checkpoint written on 
tape would probably not require much more 
than one to five seconds (i.e., 0.8 to 4.0 X 105 

characters). If my math is not too rusty, that 
means that about 0.18% to 1.7% of the CPU time 
was invested in taking checkpoints. 

The Cost of Intermediate vs. Total Rerun­
Not entirely unreasonable in view of modern 
reliabilities would be the elimination of any 
checkpoint procedure. When a total rerun is pos­
sible, a valid question might be how often will 
a given program execute without a failure. If 
T is the program running time, S is the number 
of successful runs, then we can speculate at 
what point the overhead of taking a checkpoint 
plus the average time to restart, equals the aver­
age time to rerun the total program. 

S·T(AT)+R=T 

where T = 1;2 T 
:R = 1;2R 

T-R 
S = 2T(AT) 

where T = program run time in minutes 
S =number of successful runs 
R = time span between checkpoints in 

minutes 
AT = fraction of run time used in taking 

chkpt time 
checkpoints = R 
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In Figure 1 various values for AT and R (the 
point at which the curve crosses the Y-axis) 
have been selected. In each case, the curve 
asymptotically approaches a value for the num­
ber of successful runs as the run time increases. 
The dashed line indicates a constant value of 50 
hours. If 50 hours was the mean time to failure, 
then all values of run time ( T) which fall on 
curves below the broken line can be run more 
economically by not taking a checkpoint and by 
rerunning from the beginning of the program. 
The purpose of this graph is not to indicate spe­
cific values but to demonstrate that there are 
several important factors to be weighed before 
determining that any checkpoint is worth taking. 
We have seen in this not too unrealistic example 
a strong case for not taking any checkpoints. 
When the time required to take a checkpoint is 
quite long ( ::::,,.2.5 seconds) and the entire system 
can be relied upon for not more than one failure 
in each 100-hour period, the time of a given run 
can exceed an hour before checkpoints should 
be considered. If checkpoints are taken in an 
environment where there is a mixture of jobs 
of all durations, then the breakeven point for 
taking checkpoints would presumably be decided 
on a typical job size or a weighted average. Per­
haps a nominal fee could be based on the re­
liability of the hardware and result in less aver­
age cost per computer user than using check­
points. But the purpose of this discussion is not 
to "make book." 

Certainly the value of a checkpoint cannot 
always be considered in terms of rental dollars or 
CPU time alone. Checkpoints have another use 
as "getoffs", a means by which a program can 
be suspended so that the entire machine con-

I 
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S = Number of successful runs 
FIGURE 1 

Graphs of equal CPU time invested in restarting a program with and without a checkpoint. The 
broken line represents S X T = 100 hours. 
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figuration can be freed for other use and the 
interrupted program resumed at some later time. 
In nearly all conditions which require a check­
point, we note that the most "current" check­
point is the only required one and that the most 
current checkpoint could have occurred an in­
stant prior to the hardware failure. The only 
exception to using the most current checkpoint · 
would be those failures that proceed undetected 
and cause the program to degenerate before the 
failure is detected, and the checkpoint is taken 
after the initial failure occurs. 

CHECKPOINT/NC FREQUENCY 
We have previously stated that a restartable 

checkpoint was based on the ability to recon­
struct the input environment. All data is modi­
fied in stages. In the process of modification, 
these stages vary from the very minute changes 
which occur in a register during the process of 
a cascading binary addition, to the storing of a 
word in memory, to the completion of modifica­
tion to an entire logical record, to the develop­
ment of a new block of logical records in mem­
ory, and finally, to the writing of this block on 
an external device. Actually, the process can be 
thought of as continuing in increasingly broader 
stages to the modification of an entire file and 
the process of modification performed by the 
complete execution of an entire program or task, 
and can be carried on to include the modifica­
tions due to a week, or month, or year of run­
ning the prngram. In order to take a restartable 
checkpoint, we must consider the most oppor­
tune time; or, in other words, during which of 
these stages of modification should we take a 
checkpoint? 

Practical Frequency-We noted previously the 
finality of modification of an input and indicated 
that during the modification of data in program 
storage there exists a copy on the external de­
vice; and it is not until the modified version is 
actually written, clobbering the input, that we 
cannot return to a previous input status. The 
suggestion was to use a high activity buffer to 
increase the time between the points of no re­
turn, and thus minimize the number of check­
points that must be taken. But we have not yet 
defined what input data is significant. It is ob­
vious a given program can read a logical record, 
clobber one word, and write out the logical 
record updating the input and this program can 
be validly restarted any number of times from 
any checkpoint. Thus we must define significant 
input, i.e. , significant input is that input which 
will affect the outcome of the program. Thus, 
significant input must either be tested and af­
fect control, or be executed. From this assump­
tion, we can say little about the unknown prob­
lem program other than that significant input 
data must be in main storage to be tested or 
affect control, or be executed. Accepting this 
observation, we discover that data which is not 
yet read (or not yet written) is not significant 
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Washington, D. C. • New York • New Jersey • New England • Phi la · 
delphia • Chicago • Minnesota • Texas • Ohio • Florida • Arizona 
• California • Southeast Asia 

If you have a 8.S., M.S. ar Ph .D. and you are experienced ar interested 
in any of the following, contact us immediately for free career counsel ­
ing and an objective analysis of your position in today's market . 
PROGRAMMERS • Systems Simulation • Digital Logic Design 
• Management Info • Software • Digital Circuit Design 

Systems Development D' 't I 
• Information Retrieval • Communications • C~s:,:,;:.,.,ications 
• Command & Control SYSTEMS ENGINEERS 
• Aerospace • Reliability Analysis • Systems lntegraOon 

Applications • Digital Computer • Soft Ware Analysis 
• Real Time/On Line Systems • Oceanography 

Salaries range from $8,200 to $25,000 . Our client companies assume 
all fees. Forward resume in confidence, or call (collect) : Mr. Martin E. 
Sheridan (Area Code 703) 524-7660. 

SHERIDAN ASSOCIATES INC. 
1901 North Fort Myer Dr., Suite 1010, Arlington, Virginia 22209 

(Just over the Potomac; from Washington, D. C.) 
Personnel Consultants to the Computer Industry 

Write for application and wage/salary survey. 

for more information, circle No. 3 on the Reader Service Card 

NEW YORK CITY 

Ng matter where YOU are, if you're reading this ad and 
haven't been in touch with us yet, let's get acqainted I 

Our clients are major corporations throughout the country and 
we are on-line to outstanding opportunities they have avail­
able for computer professionals. 

At Management Scientists we specialize in personalized job 
selection-not mass resume processing. And after evaluation 
of your background, we waste no time in directing you to 
the most rewarding career positions. For the best data process­
ing jobs coast to coast, send us your resume or call. 

~anagement 
· 5~ient1sts,lnc. 

101 Park Ave., New York, N. Y. 10017-Dept. SA 10-69 
(212) 532-7710 

Career Planners: DATA PROCESSING & MANAGEMENT SCIENCES 

EDP 
SPECIALISTS 

WE COVER THE SOUTHEAST 
If you are interested in Professional Growth in the rapidly developing 
Southeast, investigate the many fine opportunities available through 
Snelling and Snelling of Columbia, S. C. 
Immediate opportunities exist in Hardware and Software Develop'ment, 
Systems Design, Programming, Time Sharing , Engineering, Mathematics 
and Marketing. 
You are invited to send your resume (with salary requirement) or write 
for our Professional Questionnaire. There is absolutely no obligation or 
cost to you. 

Ch.arles Edwards (803) 779-3520 
EDP SPECIALIST 

il Snelling~Snelliqg 
1007 Barringer Bldg. Columbia, S. C. 29201 

For more information, circle No. 4 on the Reader Service Card 13 



to the program throughout that span of time 
until a read or write transpires. Therefore, any 
snapshot or program storage for this quiesced 
(no 1/0 in process) span of time can be con­
sidered a valid checkpoint only until another 
form of external action is begun. Since input is 
always available on an external device for re­
freshing memory, we conclude that the modifi­
cation of input is the only point of no return 
and thus conclude that only write operations 
limit this peculiar span of time. 

Recovery Time in Excess of Checkpoint Pe­
riod-In further attempt to define the frequency 
and stage at which checkpoints should be taken, 
let us consider an 1/0 device failure. A request 
for I/O is queued for issuance by an I/O super­
visor. The supervisor attempts the I/O and dis­
covers the failure. If at this point the request is 
left queued and main storage is dumped, the 
program would be restartable. Permanent errors 
encountered which are due to physically un­
readable input could not be overcome by a re­
start at this point with a new I/O device 
allocated. 

The problem of unreadable input can only be 
cured by backing up to the point at which the 
unreadable input was written. This point is sel­
dom spanned by the time period covered by the 
traditional forms of checkpoint. Normally this 
will require rerunning the entire program that 
originally wrote the bad output data since, even 
if the checkpoints are available, it is at best diffi­
cult to locate the checkpoint immediately prior 
to the particular bad write. 

Main frame or CPU failures are subject to the 
same logical processes. If main storage and the 
registers could be captured at the occurrence 
of bad write (into main storage), then we would 
have recovery capability at the microscopic 
stage of modification. 

But we have already observed that checkpoint­
ing before every write was too frequent and 
allowed us to recover only from the latest check­
point in the general case. We also noted that for 
some causes of failure the latest checkpoint actu­
ally occurred after the actual failure, rendering 
the checkpoint useless. It is also logical to as­
sume that, as checkpoints are taken more fre­
quently, the likelihood increases that the last 
checkpoint will occur after the actual failure 
and prior to the point where the failure is 
detected. 

The tendency is to want to take checkpoints 
very infrequently; perhaps every one-quarter 
hour, one-half hour, or hour, or even longer. 
Since most jobs are shorter than this, the check­
point would have to be taken on the overall sys­
tem or assume each job of shorter than one-half 
hour duration could be restarted from its 
beginning. 
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VALIDITY OF CHECKPOINT/NG 
The question cannot be absolutely resolved. 

The answer is dependent on a great number of 
variables: lengths of typical runs, CPU over­
head in taking a checkpoint (particularly signifi­
cant if massive copies of blackboard storage are 
required), frequency of taking checkpoints, and 
protection for the "update-in-place" user. How­
ever, I hope to make one point clear-that the 
ability to recover must be available. The only 
question is how much time must be spent in the 
recovery operation. As has been indicated, gen­
eralized intermediate checkpoints have many 
deficiencies; they can definitely be uneconomical, 
and they do not guarantee recovery. The impli­
cation is that, if each job can be rerun from its 
beginning, this may oftentimes be the best 
solution. This ability to rerun must be guaran­
teed by both the operating system and the ap­
plications program. Indeed, the same objections 
for update-in-place or blackboard storage apply 
to the operating system. 

Operating systems which maintain catalogs 
frequently do so by deliberately updating that 
which we have called "significant" input; i.e., it 
is used downstream. For very short duration 
tasks the system designer may desire to make 
copies of the "master file" only after several 
levels of modification amounting to hours of 
computer time. To recover, he must save all the 
input transaction files and reapply these in the 
same order to his copy of the "master file." In 
this case, many hours of time wasted in produc­
ing copies of a large "master file" can be saved. 
The same can apply to operating systems; how­
ever, the data bank or catalog may be operated 
on by many users and it may be undesirable to 
require rerunning of many jobs from various 
users to reinstate the master file. 

CONCLUSION 

Generalized intermediate checkpoints are not 
practical. The operating system that provides 
comprehensive user services and uses blackboard 
storage must protect itself and the user with 
some form of recovery ability probably widely 
separated to minimize long winded copying 
operations. 

T~e individual applications programs are best 
off by adopting a specific recovery capability 
suited to the length of run and ratio of trans­
action file size to master file size. In short, the 
nature of a good economical checkpoint is ap­
plication dependent. 

If the preceding discussion was sufficiently 
rigorous, then perhaps clearer decisions can be 
made regarding recoverability, and perhaps pre­
vent wandering attempts to find solutions to ill­
defined problems. On the other hand, if there 
are weaknesses in the premises or conclusions 
reached, then we know those weak points to 
attack for a better solution. 

SoFTw ABE AGE 



P-ersonal lines 

Dr. Roy C. Amara, Stanford Re­
search Institute Vice President, has 
joined Dyna/Comp, Inc., as Systems 
Vice President ... At Computer Re­
sponse Corporation, Robert K. Rath­
bun has been named Systems Pro­
gramming Project Manager; Robert R. 
Andrews, Computer Centers Manager; 
Morton L. Danuff, Manager of Techni­
cal Services; and William B. Joy, Tech­
nical Manager of the Pittsburgh branch 
office. 

Joseph G. Brodnicki has been desig­
nated System Project Director and 
Donald P. Moffet Assistant for Busi­
ness Planning at the Honeywell Infor­
mation Services Division in Minneapo­
lis ... H. Fred Koehler and Robert N. 
Tullos have been named to newly 
created Chief Engineer posts with the 
Computer Products Division of Ampex 
Corporation, Koehler for core memory 
products, Tullos for tape memory 
products. 

De I ta Data Systems has named 
Charles Bradham as Installing Analyst 
in the Proprietary Systems Division 
... Joseph F. Bednar has been pro­
moted to Director of Management In­
formation Systems for the Equipment 
Group at TRW, assuming broader re­
sponsibilities for Ml services for TRW 
plants in Cleveland and Minerva, 
Ohio, and Harrisburg and Danville, 
Pennsylvania, and technical responsi­
bility for the divisional system design 
and computer operations groups. 

J. D. Kee has been appointed Gen­
eral Manager for Customer Engineer­
ing Operations, International Liaison 
and Special Programs and George W. 
Rich has been named staff General 
Manager of Corporate Development 
for Control Data Corporation . . . 
Comprehensive Compute rs Systems, 
Inc. has designated Leonard A. Yar­
deni as Vice President of Manage­
ment Services and Director of EDP 
Research and Development, which 
will include having charge of develop­
ment of advanced computer tech­
nology and technique applications. 

Richard A. De Lyser has been named 
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Vice President for Facilities Manage­
ment by lntech, Inc. . . . Ned J. 
Cooney has been elected Vice Presi­
dent for Data Services of Greyhound 
Computer Corporation ... Computer 
Sciences Corporation has appointed 
Jerome J. Popkin as Director of Plan­
ning. 

Richard N. Germano has been pro­
moted to the newly created position 
of Vice President of Manufacturing 
Services Division of Applied Com­
puter Sciences, Inc. The new division 
was formed to further concentrate the 
efforts in the design and installation of 
computer systems for manufacturing 
companies, especially in the areas of 
production and inventory control. 

Francis Sinclair Webster 111 , has 
been elected Vice President in charge 
of the Technical Division of Computer 
Complex, Inc. ... At Advance Data 
Corporation, a new computerized in­
formation service company, Peter J. 
Saia has been appointed Vice Presi­
dent of Computer Operations, to di­
rect the time-sharing function of the 
company. 

Kenneth W. Garr has been named 
Group Manager of Management In­
formation Systems for Sperry Rand 
Corporation's Univac Federal Systems 
Division ... Manfred Wildmann is the 
Manager of the newly created Terabit 
Memory Systems Department of Am­
pex Corporation ... Louis C. Ray has 
been named Manager of Applications 
Development by Information Interna­
tional , where he will be responsible 
for the design of new applications for 
the company's line of programmable 
visual analysis equipment. 

Delta Data Systems has named Wal­
ter Mccown as Manager of Systems 
Implementation for its newly acquired 
subsidiary, Association Processing 
Corporation. From his Pennsylvania 
base, Mccown will be responsible for 
implementing new-customer clubs on 
the membership accounting system, 
orienting club officials to the use of 
the system and converting the client's 
existing data. 

What do you 
-want most? 

D Respect D Title 

D Money D location 

D Challenge D Security 

D Opportunity D Fringes 

Our nationwide survey in th f' Fina11,.ial 
& EDP field r evealed that employm ent 
desires wer e in the order listed abo1>f'. 

We can assist in finding exactly 
what you want in Financial or EDP 
employment. That's all we handle ... 
we're the largest specialized source. 

Fees Paid By Managcmf'nt 

DATA CENTER MGR. ------------$23,000 
Leading industrial 

MGR. MIS --------------------- 23,000 
Electronics firm 

MIS DIRECTOR ----------------- 22,000 
Heavy manufacturing 

DATA PROCESSING MGR. -------- 21,000 
Feasibility studies 

TECHNICAL SERVICES MGR. ------ 19,000 
Software services 

PROGRAMMING MGR. ----------- 19,000 
360/40/50 OS Multi programmi,..g 

SYSTEMS MANAGER ----- - ------ 18',000 
Develop MIS Real-time bkgd . 

DP SPECIALIST ----------------- 18,000 
Heavy systems and programming 

SOFTWARE SPECIALIST ---------- 18,000 
Real-time, message switching 

MARKETING MANAGER ~--------- 18,000 
Digital products 

EDP MANAGER ----------------- 17 ,000 
Financial bkgd., 360· T/P 

SR. SYSTEMS ANALYST ---------- 17,000 
Heavy accounting 

PROJECT LEADER --------------- 17 ,000 
Major industrial 

OPERATIONS RESEARCH --------- 16,000 
Marketing, scheduling 

SYSTEMS ANALYST -------------- 1 S,000 
Pharmaceutical company 

PROGRAMMER ANALYST --------- 15,000 
Telecommunications, MVT/MFT 

PROGRAMMER ------------------ 14,000 
Exp'd 360/40 DOS COBOL/BAL 

MANUAL SYSTEMS -------------- 13,000 
Chemical company 

PROGRAMMER ------------------ 12,000 
1 yr . 360 COBOL 

Mail resume to your nearest R-H office . 
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Hartford, Conn: 75 Pearl St. (203) 278-7170 
Los An1eles: 3600 Wilshire Blvd. (213) 381-7974 
Miami: 1107 Northeast Airlines Bldg. (305) 377-8728 
Minneapolis: 822 Marquette Ave. (612) 336-8636 
New York: 330 Madison Ave. !212) 986-1300 
Newark: 1180 Raymond Blvd. (201) 623-3661 
Philadelphia: 2 Penn Center (215) 568-4580 
Plttsbur1h: 429 Forbes Ave. (412) 471-5946 
Portland, Ore: 610 S.W. Alder St. (503) 222-9778 
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San Francisco: 111 Pine St. (415l 434-1900 
Stamford, Conn: 111 Prospect St. . (203) 325-4158 
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BUSINESS SYSTEMS ANALYSTS 
AND PROGRAMMERS 
Junior and senior level positions available for 
systems analysts and programmers who 
have several years' experience in any of the 
following areas: engineering specifications, 
bills of material, engineering change control, 
inventory control, production planning, 
quality control, cost determination, cost 
control, payroll, accounting. 
Prefer degree in business or related disciplines 
and experience in multi-programming, 
direct-access storage, disc files or large-storage 
media and thorough knowledge of COBOL. 

~ 
Engmeers 
NCR Los Angeles 

offers you fourth-generation 
opportunity today 

SYSTEMS ANALYST ENGINEERS 
Junior and senior level positions 
available for ENGINEERS, ANALYSTS and 
PROGRAMMERS who have several 
years' experience in any of the following 
areas: 

Systems analysis and evaluation of 
business systems. Selected applicants 
will determine and participate in 
the establishment of either small 
processor systems or a large multi­
processing system. 

Study and development of on-line 
systems in business data communica­
tion environment. 

Evaluation of multi-programming, 
multi-processor time sharing systems 
using simulation techniques. 

ADVANCED DEVELOPMENT 
ENGINEERS 
Positions available for senior 
MECHANICAL and ELECTRONIC 
engineers with strong experience in 
high-speed mechanisms and mechanical, 
hydraulic, and electro-mechanical 
mechanisms. ~ 

Also senior level positions in logic 
and circuit design for engineers with 
knowledge in MSI and LSI circuitry 
for fourth-generation computer systems. 

These positions require BSME/BSEE and 
five years' related experience. 
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SOFTWARE PROGRAMMERS 
To design, code, de-bug and document 
operating systems software or on-line 
executive software modules. Prefer 
degree in business or a science discipline 
and/or experience in systems 
programming. 

NOW INTERVIEWING 
Interviews are now being held for these 
positions, all of which are currently 
open . To schedule an appointment in 
your area or at the Fall Joint Computer 
Conference in Las Vegas, Nevada, 
Nov. 18-20, send resume, including 
salary history, to Steve Williams 
at the Electronics Division. 

The National Cash Register Company 
ELECTRONICS DIVISION 
2873 West El Segundo Boulevard, 
Hawthorne, California 90250 
An equal opportunity employer 
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The Fall Joint Computer Confer­
ence sponsored by the American 
Federation of Information Process­
ing Societies (AFIPS), will be held 
in Las Vegas, Nevada from Novem­
ber 18-20 in the Las Vegas Con­
vention Center. The original plans 
for the exhibit at the Convention 
Center called for 780 booths. How­
ever, because the space was sold 
out so quickly, an additional 200 
10' x 10' units were blocked out 
at the Sahara Hotel. Currently 988 
exhibit booths have been sold to 
337 firms. When compared to the 
427 booths manned by 174 Com­
panies at the last AFIPS sponsored 
convention, we can note that there 
is an upsurge in exhibit activity 
among manufacturers of com­
puters and computer peripherals. 
Samuel F. Needham has attributed 
part of the increase in booth sales 
to the 65 first-time exhibitors. 
(Concurrent with the general in­
crease in booth sales, there is an 
increase in activity among pro­
ducers of remote terminals for 
time-sharing.) 

The FJCC also includes a 29 ses­
sion technical program which will 
be described in more detail in the 
November issue of SOFTWARE 
AGE. Other highlights of the con­
vention inc I u de: The Computer 
Science & Art Theatre, The Com­
puter Art Exhibit, The Music Ex­
hibit, and an all Conference Lunch­
eon at which R. Buckminster Fuller 
will speak. 

SOFTWARE AGE 



conference 
countdown 

OCTOBER 
17-18 Northeastern Regional Conference of the Association for Comput­

ing Machinery, Albany, N. Y. Contact: Dr. E. D. Reilly, Computer 
Science Dept., State University · of New York at Albany, Albany, 
N. Y. 12203. 

19-22 1969 National Conference of the American Records Management 
Association, St. Louis, Mo. Contact: ARMA National Head­
quarters, 24 N. Wabash Ave., Chicago, Ill. 60602. 

24 Fourth Annual ACM Symposium on the Application of Computers 
to Problems of Urban Society, New York, N. Y. Contact: Jessica 
Hellwig, Computer Center, Columbia University, New York, N. Y. 

26-30 Joint Conference on Mathematical and Computer Aids to Design, 
Anaheim, Calif. Contact: E. G. Kimme, Collins Radio Company, 
19700 Jamboree Road, Newport Beach, Calif. 92663. 

27-29 Data Processing Supplies Association's Fall Meeting, New York, 
N. Y. Contact: Data Processing Supplies Association, 1116 Summer 
Street, Stamford, Conn. 06905. 

27-31 BEMA Annual Exposition & Conference, New York, N.Y. Con­
tact: Paul Notari, BEMA, 235 E. 42nd St., New York, N. Y. 10017. 

28-30 24th Annual Instrument Society of America (ISA) Conference & 
Exhibit. Contact: Ray Cooley & Associates, Inc., 4848 Guiton St., 
Houston, Texas 77027. 

30-31 ADAPSO's 27th Management Conference, Atlanta, Georgia. Con­
tact: Everett T. Suters, 551 Fifth Avenue, New York, N. Y. 10017. 

NOVEMBER 
10-11 Digitronics User Association's 4th Annual Conference, New York, 

N. Y. Contact: Mrs. Lyme Sawyer, Digitroics Users Association, 
Box 113, Albertson, N. Y. 11507. 

17-18 Digital Equipment Computer Users Society Meeting, Las Vegas, 
Nevada. Contact: Angela Cossette, Digital Equipment Computer 
Users Society, Maynard, Massachusetts 01754. 

17-19 1969 IEEE Symposium on Adaptive Processes (8th), Penn. State 
University, State College, Penn. Contact: Prof. G. J. McMurtry, 
Electrical Engineering Dept., Penn State University, University Park, 
Penn. 16802. 

18-20 Fall Joint Computer Conference, Las Vegas, Nevada. Contact: 
AFIPS, 245 E. 47th St., New York, New York 10017. 

19-20 ACUTE (Accountants Computer Users Technical Exchange) Con­
ference, Atlanta, Georgia. Contact: ACUTE, 947 Old York Rd., 
Abington, Pa., 19001. 

20-21 IEEE Computer Group Data Acquisition & Control Workshop 
Meeting, Las Vegas, Nevada. Contact: Dr. Albert Hopkins, MIT 
Instrument Lab., Station #35, 75 Cambridge Pkwy., Cambridge, 
Mass. 02142. 

,. 20-21 1969 Data Processing Conference, Empire Division (13), New 
York, N. Y. Contact: Registrar, Conference '69, P.O. Box 1926, 

't Grand Central Station, New York, N. Y. 

., 

DECEMBER 
1- 3 Second International Forum on " Data Entry", Hollywood, Florida. 

Contact: Robin B. Connors, International Business Forms Indus­
tries, 5223 River Road, Washington, D. C. 20016 . 

OCTOBER, 1969 

Where in the world 
can you find the leader 

in EDP placement? 

... how's this for starters 1 
CHICAGO, ILL. ....••......••• (312) 641-6440 
CLEVELAND, OHIO ..••....•... (216) 241-0325 
DENVER, COLO............ ... (303) 892· 1223 
DETROIT, MICH .............. (313) 872-7855 
HAMILTON, CANADA .......... (416) 525-8520 
KANSAS CITY, MO ........... (816) 421·4200 
LOS ANGELES, CAL. ......••.. (213) 388-3205 
LOS ANGELES, AIRPORT. . • • • • (213) 641-3770 
MINNEAPOLIS, MINN .......... (612) 338-6714 
MONTREAL, CANADA. . • . • . • • • (514) 878-1741 
NEW ORLEANS, LA............ (504) 522·3505 
ORANGE, CAL ................ (714) 543-9366 
PHILADELPHIA, PA.. . . . . . . • • • • (215) 561-4720 
PHOENIX, ARIZ......... ...... (602) 279·7343 
PITTSBURGH, PA •..••.•..••... (412) 391·6450 
PORTLAND, ORE... . . . . . . . . . . . (503) 226-6755 
SAN DIEGO, CAL.............. (714) 239-0811 
SEATTLE, WASH... . . . . . • . . . . • (206) 455-1555 
SHERMAN OAKS, CAL......... (213) 986-0500 
TORONTO, CANADA ..•••••••.. (416) 964-9111 
WASHINGTON, D.C. ... . . • . • . • • (202) 833·8040 

ESP is the unchallenged leader in EDP place· 
ment. We serve over 30,000 EDP installations. 
That gives us the largest opportunities market 
available, which attracts the greatest number of 
professionals available. So, if you're an EDP pro· 
fessional looking for the right opportunity, or 
vice versa, ESP is your answer. We're not in all 
major cities yet ••• but we're working on it! 
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Problem 24: 

W. A. SHINKMAN 

Mate in four moves. 

Problem 25: 

S. LOYD 

Mate in three moves. 

Problem 26: 

W. KENNARD 

Mate in two moves. 

18 

CHECk 

COMPUTERIZED CHESS 

When did it start? 
Shortly after World War 11, several mathematicians from leading universities and 

industry, who were directly involved in the development of computers, started think­
ing about the possibility of computers playing chess. In 1949, Dr. Claude E. Shannon 
of Bell Telephone Laboratories presented a paper at the Institute of Radio Engineers 
entitled " Programming a Computer for Playing Chess". In 1950, Dr. Shannon built a 
machine which he designed merely to play a number of end games. 

At first, the computer and its chess playing ability were widely misunderstood. 
It was assumed that the great speed with which a computer performs its calcula­
tions would enable it to analyze every move possible on the board. Much of the 
misunderstanding was due to exaggerations reported by lay reporters. When the 
layman is told that some computers execute over a million operations per second, 
it is easy to assume that such computers would analyze all possible combinations 
of a chess game within a few hours, or perhaps a few days. 

How many different possibilities would the computer have to analyze? Well, why 
don' t you try the following exercise: 

Take any middle game and count all legal moves White has for his next move. 
Then, count all legal moves for Black. On the average, your count will be 30 to 
40 moves for White and the same number for Black. Now, combine each legal 
move of White with each legal move of Black, and what do you get? Over 1000 
possible combinations on just one move! Two consecutive moves would lead to a 
million different positions, three moves to a billion, four moves to a trillion and 
so on, multiplying the number of possible variations by 1000 each time a move 
is made. 

A good chess game between evenly matched players will average 40 to 50 moves. 
Since each new move generates 1000 possible combinations and each one must be 
combined with the 1000 variations of the next move, it is easy to see that 25 moves 
would generate a total number of 1075 (1 and 75 zeros) variations. If we assume that 
a game has 25 moves to go and a computer could analyze a million variations per 
second, it would take the computer 10°0 seconds to decide which move to 
make next. 

How long is 10°0 seconds? Well, our planetary system is estimated to be 41/2 billion 
years old, which in round numbers is 1018 seconds. 

Question: If 109;) seconds is 100 times the life of our planetary system, how long 
is 1060 seconds? 

Answer: Longer than any chess player would be willing to wait for a dumb com­
puter to make up its mind. 

P.S. More about Computerized Chess at a later date. Would you and your friends be 
interested in forming a Computerized Chess Club? The only purpose of such a 
club would be to establish lines of communication and exchange technical 
information. Please write to this author for additional details. 

Solution to Problem 21 
1 B-R8 KxR 
2 K-N7 K-K4 
3 K-N6 mate 

Solution to Problem 22 
1 N-B5 BxR 
2 N-N7 B&N 
3 BxB mate 

Solution to Problem 23 
1 P-Q7 (the only move to win) 
1 . . . K-B2 
2 P-B8(Q)ch KxQ 
3 0-0-0 ch K-any move 
4 White takes Rook and wins. 

SoFTW ARE AcE 
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READERS: 
Help us bring you 
editorial material that is in your 
specialty. 
Just fill out the coupon below 
and return it to us. 

I already receive SOFTWARE AGE D Yes D No 

Enter my subscription. D Yes D No 

The information below gives my professional status. 

Name ------------------------------------- - -----------------------­

Company ----------------------- - ------------------------------------
Title ______________________________________________________________ _ 

Home Addreu -------------------------------------------------------

City---------------------------------- State---------- Zip----------

S~na~re -----------------------------------------------------------
Circle the 

MY SPECIALTY: 
1-Systems Analysis 
2-Math/Math Analysis 
3-0peratlons Research 
4-Sclentlfic Progl'alMlef' 
5-Buslness Programmer 
6-EDP Management 

most appropriate Items below to describe your present position and experience. 
PllMI EXPEIUINCI! IN: I WAJ BORN: I HAVE: 
1-Aerospace/Defense Industry A-1920 or before D Technical Degree 
2-Non-Defense Industry B-1921-25 D Non-Technical Degree 
3-Commerclal/Finance C-1926-30 D No Degree 
4-Research Organization D-1931-35 
5-Govt./Mllltary E-1936-40 
6-EDP Consulting F-1941~5 

7-EDP Instructor 7-Transportatlon/Utll ltles G-1946-50 
8-EDP Consultant 8-Educatlon/Llbrary H-1951-55 

9----------------------- 9-----------------------other, Incl. EDP student, 
operator, technician, etc. 

other, specify 

RENTAL CHARGE ON THE EQUIPMENT I WORK WITH: 

D $1,500 or less, monthly D $5,000-10,000 
D $1,500-2,500 D $10,000-20,000 
D $2,500-5,000 D over $20,000 monthly 

Suggestions for SOFTWARE AGE 



lVhy Do You 
Bead So SlomlyP 
A noted publisher in Chicago re­
ports there is a simple technique of 
rapid reading which should enable 
you to increase your reading speed 
and yet retain much more. Most 
people do not realize how much 
they could increase their pleasure, 
success and income by reading 
faster and more accurately. 

According to this publisher, many 
people, regardless of their present 
reading skill, can use this simple 
technique to improve their reading 
ability to a remarkable degree. 
Whether reading stories, books, 
technical matter, it becomes possi­
ble to read sentences at a glance 
and entire pages in seconds with 
this method. 

To acquaint the readers of this 
publication with the easy-to-follow 
rules for developing rapid reading 
skill, the company has printed full 
details of its interesting self-training 
method in a new booklet, "How to 
Read Faster and Retain More" 
mailed free to anyone who requests 
it. No ·obligation. Send your name, 
address, and zip code to:. Reading, 
835 Diversey Parkway, Dept. 700-
510, Chicago, Ill. 60614. A postcard 
will do. 

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

programmers • analysts 

DROW 
N~TIONWIOf POSITIONS 
fAOM $1,~~~ TO $~~,~~~ 
ALL FEE PAID 

• SOFTWARE DEVELOPMENT 
• SCIENTIFIC PROGRAMMING 
• REAL TIMES SYSTEMS 
• BUSINESS SYSTEMS 
• COMMERCIAL PROGRAMMING 
• MANAGEMENT INFO SYSTEMS 

Send resume, in confidence , with present salary 
and geographic preference. 

FREE: CAREER OPPORTUNITIES BULLETIN 
For a complete listing of outstanding positions 
with national companies circle subscriber reader 
card using home address only . No obligation . 

+La Salle Associates+ 
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DEPT. A 

719 N. 25th STREET, PHILA., PA. 19130 

For more information, circle No. 12 
on the Reader Service Card 

better books 

by Dennie Van Tassel 

THE ART OF COMPUTER 
PROGRAMMING volume II: Semi­
numerical Algorithms. By Donald 
E. Knuth. Reading, Massachusetts: 
Addison-Wesley Publishing Com­
pany, Inc. 1969. 624 pages. $18.50. 

The author dedicates the first vol­
ume of this 7 volume series to 1the 
Type 650 computer "with whom I 
have spent many pleasant evenings"; 
moreover Knuth, the erudite Stan­
ford author, includes excerpts and 
quotations from McCall's Cookbook 
and a Shakespearian play. 

And in the preface of his first vol­
ume where he explains how he 
chose to write this profound series 
the author also says the process of 
preparing programs for a digital 
computer can-among other things 
-be an aesthetic experience much 
like composing music or poetry. 

Nonetheless, this i~ an excellent 
reference textbook, the second vol­
ume in the series. The first volume 
was published last year and covers 
basic concepts and information 
structures. Each volume is an inde­
pendent entity with the exception 
that the first volume does have some 
useful introductory material. The 
complete seven volume series is 
meant to provide a unified, read­
able, and theoretically sound knowl­
edge concerning computer program­
ming techniques, together with a 
study of their historical develop­
ment. The prerequisites for useful 
reading of these texts is some ma­
chine language background, a little 
calculus, and a basic knowledge of 
programming techniques. 

The second volume provides a 
very thorough coverage of random 
number theory and computer arith­
metic. The section on random num­
ber covers techniques, statistical 

tests, random sequences, and the 
"meaning" of randomness. 

The computer arithmetic section 
covers number systems, floating­
point arithmetic, multiple-precision 
arithmetic, radix conversion, rational 
arithmetic, and polynomial arith­
metic. Since this 600 page volume 
only covers two subjects one can 
guess at the completeness with 
which each subject is covered. 

These volumes tend toward the 
technical and in fact are recom­
mended for graduate students. I 
have used my copy several times 
and have found its usefulness unex­
celled for comparing different ap­
proaches to a technical computing 
problem. One indication of a thor­
ough and well researched book is 
the quality of its inclusions which 
includes here, an index, glossary, 
exercises and answers, an index of 
notation, and reference sources. 

HOW COMPUTERS DO IT. By 
David Moursund. Belmont, Califor­
nia: Wadsworth Publishing Com­
pany. 124 pages. 1969. $3.00. 

We know how birds and bees do 
it, how fish and fleas do it ... But 
computers? 

This 124-page book not only has 
a good title and cover but the rest 
of the text is as eye catching as the 
front cover. HOW COMPUTERS 
DO IT is designed to teach how 
to give a detailed step-by-step pro­
cedure for solving a computer 
problem-or, ·in other words-the 
logic or flowcharting of computer 
problems. 

Because of its flow chart orienta­
tion, the small 6x9 paperbound book 
deals with problem analysis and 
algorithm development without fo­
cusing on a particular programming 
language. 
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.. More than hall the computer professionals 
and corporate executives who come to source EdD 

do so because someone recommended us." 
(Ed Golden, Source Edp-New York) 

"The reason is simple. Source Edp has 
experienced its dynamic growth and success 
over the past seven years because of its ability 
to meet the objective of both groups. 

The satisfaction of organizations seeking 
outstanding computer people stems from the 
fact that we only recommend a candidate when 
we are convinced that he is suited for the 
available position. That's why many companies 
utilize Source Edp exclusively in their recruiting. 

Computer professionals seeking to 
enhance their careers also find results through 
Source Edp. They know we're vitally interested in 
associating them in positions that are suited to 
their needs and, of equal importance, suited to 
their object ives for profes·sional growth. They 
appreciate the fact that our initial interviews go 
far beyond the bare facts of a resume. They 

gain the benefit of our own extensive computing 
experience in evaluating available career 
alternatives in light of their specific career 
goals." 

Check Ed Golden's statements. Ask 
those of your professional associates whom you 
respect the most. Chances are one or more of 
them has benefited directly from the services 
of Source Edp. 

And send today tor your 
FREE COPY Ol the source EdD 
computer Salary survey 
and career Planning Guide. 

This authoritative report and analysis is 
a product of Source Edp's knowledge and 
experience in the computing field. It contains a 
wealth of information regarding career paths 
in computing, studies of information processing 
development by industry classification, 
strategies in career planning and up-to-date 
computer salary information. To receive your 
free copy circle the reader service card or, for 
faster service, write directly to the Source Edp 
office nearest you. 

source<)dp 
Atlanta-William S. Barnett, 11 Corporate Square (404) 634-5127 
Chicago-David B. Grimes, 100 S. Wacker Drive (312) 782-0857 
Dallas-Paul K. Dittmer, 7701 Stemmons Freeway (214) 638-4080 
Detroit-Robert C. Stevens, 24500 Northwestern Hwy., 

Southfield, Mich. (313) 352-6520 
Houston-George P. Dyer, 2300 W. Loop S. (713) 621-6070 
Los Angeles-Wayne G. Emigh , 3470 Wilshire Blvd . 

(213) 386-5500 
Minneapolis-Fred L. Anderson, 801 Nicollet Mall (612) 332-8735 
New York-Edward R. Golden, 1414 Ave. of the Americas 

(212) 752-8260 
Palo Alto-Gordon M. Best, 525 University Ave. (415) 328-7155 
Philadelphia-George D. Ramming, 1700 Market Street 

(215) 665-1717 
St. Louis-Robert T. Trumbull, 130 S. Bemiston , Clayton 

(314) 862-3800 
San Francisco-Richard 0. Clark, 111 Pine Street (415) 434-2410 

OCTOBER, 1969 
For more information, circle No. 5 on the Reader Service Card 
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,,.-------------, 
COMPUTER PROFESSIONALS: 

"HOWARD LEVIN IS PROBABLY 

THE WORLD'S BEST QUALIFIED* 

EDP EMPLOYMENT AGENT" 

*MBA, Personnel management; 5 years industrial 
personnel experience for a major electronics and 
computer firm; 5 years hands-on computer pro­
gramming and systems analysis experience; Di­
rector and placement counsellor for RSVP SERV­
ICES since 1966. 

His personal services are free and con­
venient. Why settle for less? 

SERVING 
PHILADELPHIA, NEW JERSEY, NEW YORK 
CALL COLLECT: ~JiJ~~Hf~it.~i93 

(24 HOUR LIVE ANSWERING SERVICE) 
or send resume or rough notes of objective, 
salary, education, and experience to: 

• 

HOWARD LEVIN 
Director, Dept. S 

RSVP SERVICES 
ONE CHERRY HILL MALL (Suite 714) 
CHERRY HILL, N.J., 08034 

I Recruitment, Selection, Vocational Training, Place-
\. ment for Computer Oriented Companies 

--~-----------J 
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EDP 

• Programmers 

• Analysts 

• D. P. 
Management 

CLIENT 
COMPANIES 

ASSUME 
OUR FEE 

Fast, 
Efficient, 
confidential 
service to 
individuals 
seeking new 
positions in 
the fleld 
of data 
processing. 
Call, write 
or visit one 
of our 
offices. 
Data 
Processing 
Placement 
since 1959. 

Computer Personnel 
Agency, Inc. 

LORNE EVJE 

12 Geary Street 
San Frandsco, Calif. 94108 

Phone: 982-0840 

NATIONWIDE DATA PROCESSING 
OPPORTUNITIES 

financial currents 

RCA is claiming a "long head start" 
in the explosively . competitive and fast 
growing time-sharing market with its 
new large-scale Spectra 70/61. 

Described by President Robert W. 
Sarnoff at the dedication of the com­
pany's new peripheral equipment plant 
at Marlboro, the 70/ 61 is designed to 
serve large users by handling bigger 
jobs at three times the speed of the 
70/ 46. The more powerful Spectra 
supports 350 terminal users, largest 
number yet announced. 

RCA expects the two systems to­
gether to capitalize on a shift in the 
market-advancing remote processing 
from a 13 percent share in 1968 to 
about 50 percent in 1973. Sarnoff also 
predicted that by 1975, an estimated 
80 cents of the average dollar spent on 
systems will be for peripheral equip­
ment such as manufactured at Marl­
boro. 

0 0 0 

Another strong note of optimism 
about time-sharing was sounded by 
Com-Share President Robert F. Guise, 
Jr., to the Cleveland Society of Se­
curity Analysts, where he supported 
predictions of the data service industry 
growing to the $10 billion mark by 
1975, with time-sharing coming in for 
10 to 50 per cent of the business. 

Com-Share, an independent in time­
sharing, increased its sales revenues by 
400 per cent last year, but showed a 
net loss of $1,526,010-not unexpected, 
according to Guise. 

Com-Share's management, he said, 
"made a conscious decision to forego 
profits in order to expand its operations 
and achieve the economies of scale, 
long-term growth, and long-term profit­
ability that must be met if the com­
pany is to survive successfully in the 
long run. His company, he added, is 
now positioned to realize profitable 
growth. 

0 0 0 

Still on the time-sharing theme: 
Computer Complex Inc., of Houston, 

will add a fourth computer to its time­
sharing system-a $1 million SDS 940 

from Scientific Data Systems. The new 
computer will go on-line during the 
fourth quarter of this year to handle 
the needs of customers, including cli­
ents in industry, government, science 
and education. 

AL/ COM made its bid for promi­
nence in the time-sharing field when it 
activated the first of 20 Dual AL-10 
computer systems scheduled for in­
stallation at Mathematics Park in 
Princeton, New Jersey by 1971 . 

In addition, AL/COM will test the 
centralized dual computer . concept, 
which it pioneered, and in which pairs 
of matched computers in banks are 
interlinked to form a nucleus of com­
puter power for · a national network of 
users. 

Each of the two PDP-10 units in a 
Dual AL-10 system-capable of serv­
ing up to 50 users simultaneously­
backs up its mate and assumes its 
workload in case of a malfunction, and 
each AL-10 system backs up the next 
to assure reliability of time-sharing 
service. 

0 0 0 

In an attempt to expand the proprie­
tary systems market, Delta Data Sys­
tems has introduced additional versions 
of the Delta General Ledger System 
for Burroughs and Honeywell com­
puters. The System was originally de­
signed for the IBM System/ 360. 

0 0 0 

Computer Technology, Inc., is oper­
ating a $15 million "triplex" computer 
complex in Dallas-possibly one of the 
world's largest and most sophisticated 
systems-which integrates three large­
scale central computers, five smaller 
remote computers and more than 225 
remote terminal units. 

Aimed at "unparalleled commercial 
and scientific data processing capabili­
ties" for the company's clients in the 
Southwest, the system each week proc­
esses some 4,000 remote-entry jobs 
while simultaneously handling more 
than 500 major business applications 
in a multi-programming time-sharing 
mode. 
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Can an EDP man attending 
FJCC find that better job 
without letting the world know 
he's looking? SURE HE CAN! 
SOFTWARE AGE Magazine's FREE Resume Center protects 

your prh:acy ... speeds your search _ ... costs you nothing! 

software age 
RESUME CENTER 

t~- · - "' . -. 
1. Fill out the special resume form from 

magazine or at Center. 
2. Our Remington operator will photocopy 

the resume free and return a// copies 
to you. 

3. You place your resume in the company 
lock boxes of your choice. 

Your job is simple. You follow the same procedure at the center that you do in S/ A-but on a highly acceler­
ated basis. Fill out the special resume form at the S /A RESUME CENTER. Our Remington operators will 
provide you with as many free photo copies of your resume as you require. 

You personally deposit them in the lock boxes of those companies which interest you. The resume form 
includes blanks where you can enter your hotel, telephone number and room number. Only the participat­
ing company representative has access to the lockbox. At his convenience, he can contact you at your hotel 
to arrange an interview. 

The entire operation of the SI A RESUME CENTER is des,igned to provide speed, convenience, simplicity 
and maximum confidence with no middlemen involved. You determine exactly the companies you want­
no others will see your resume or know of your interests. 

The S/ A RESUME CENTER is FREE. There is no charge to you or the company for this valuable ser-vice. 
The resume center is sponsored soilely by the advertisers in SOFTWARE AGE magazine. 

OCTOBER, 1969 

software age 
resume center 

El Dorado Room of the Frontier Hotel 
Las Vegas, Nevada 

9 A.M. to 7 P.M., Wednesday, November 19th. 
9 A.M. to 7 P.M., Thursday, November 20th. 

SOFTWARE AGE Magazine, 2211 Fordem Ave ., Mad ison , W is. 53701 David W. French, Publ isher 
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WHERE TOTAL 
SYSTEMS BEGIN 

A WIDE WORLD OF GROWTH 
OPPORTUNITY FOR QUALi­
Fl ED DATA PROCESSING 
PERSONNEL 

CTC Computer Corporation 
is a young, dynamic organiza­
tion committed to the belief 
that computer industry suc­
cess will belong to the com­
pany offering full services and 
products to meet every data 
processing need. 

CTC offers its customers 
everything from data proces­
sing equipment, through pro­
gramming, to the final furnish­
ing of information in useable 
form. 

Your opportunities for 
growth are greater with a 
company dedicated to total 
systems capabilities. 

• MANAGEMENT SYSTEMS 

• DATA PROCESSING 
EQUIPMENT 

• DATA PROCESSING 
SERVICES 

• MEDICAL SYSTEMS 

• ENGINEERING SYSTEMS 

If your background and ex­
perience covers any of the 
above call or write today. 
Resumes treated in strict con­
fidencec 

Richard Denzler, Personnel Manager 

COMPUTER CORPORATION 
1018 Palo Alto Office Center 
Palo Alto, California 94301 

An Equal Opportunity Employer 

F T OPERATION CODE s 

( 

SECTOR REGISTER I [ 

ADDRESSING cor 
SECTOR ORIENT 

Introduction 

To achieve more effective address­
ing in sector-oriented computers, we 
need to consider several basic ques­
tions. Can the use of more complex 
software reduce the housekeeping 
burden to a tolerable level? Can 
more efficient use be made of the 
available address bits in an instruc­
tion word? 

The typical data processed by a 
computer are operation codes and 
addresses. In the usual single­
address, word-oriented computer, a 
typical word consists of an opera­
tion code and an address (Figure 
1). There may be some bits reserved 
for use as modifiers of either the op­
eration code or the address. The 
number of bits required to specify 
the desired information may exceed 
the number available in the machine 
word. How can the available num­
ber of bits be increased? 

by Jame 
Honeywell, Co~ 

Div1 

Sector orientation is an attempt 
to get more mileage out of those bits 
reserved for address information. 
Some of the address bits are sup­
plied from one or more hardware 
registers. The problem is thus re­
duced to supplying values to these 
registers. The bits available for use 
as an address in the instruction 
word are now used to specify ( 1) a 
location relative to a sector, and ( 2) 
a register in which the sector ad­
dress may be found. Very few bits 
are generally used to specify the 
latter. Typically, one is sufficient, 
giving a choice between two sectors. 

Indirect Addressing 

Words which do not contain op­
eration codes may contain more 
address information (Figure 2). 
Thus, an indirect reference (where 
the address specified in the instruc­
tion word is insufficient to identify 
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iECTOR REGISTER 0 

~SIDERATIONS IN 
'ED COMPUTERS 
~s Butler 
mputer Control 
:.Sion 

!ADDRESS MODI Fl ERS l 
+ OPERATION CODE 

ADDRESS { 9 BITS) 
~ A ~-~~~~~~~~~"-~~~~~~~~--. 

F T 

ADDRESS 
MODIFIER 

I. I 
Figure 1. Typical 16-Bit Machine Instruction Word 

ADDRESS { 14 OR 15BITS) 

~---r-~~~~~~~~~~~--~~~~~~~~~-----

Figure 2. Ind irect Address Word 

OCTOBER, 1969 

PROGRAMMERS 

The name of the game is " Do a better 
job-faster!" We play it all the time. 
We 're the civilian organization which 
serves Armed Forces personnel 
through worldwide " PX" and " BX " 
outlets . We 're seeking more and 
better EDP information to improve 
our performance in retailing! 
If you enjoy a challenge , and the 
opportunity to show what you can do 
with excellent equipment and 
professional associates , your route 

to succe~ :;;{jfli\ 
to1,0R1~1 p~ s ii¥B _$u.200 

$9.soo 
You 'd be writing specific programs to 
organize and process our manage­
ment information by the most rapid 
and meaningful methods. 
Our EDP division is fully equipped 
wi~h 360 MOD 30/40 Disk/Tape/ Card 
systems using ALC or COBOL, and 
is staffed with real professionals 
who know how to use them ! 
To qualify for one of these challenging 
opportunities, you 'll need at least one 
year of programming experience on 
third generation equipment using 
COBOL or assembly language. 
In addition to a good starting salary , 
you 'll have outstanding fringe 
benefits, including life insurance, 
family coverage in our hospital­
medical-surgical plan , liberal 
vacations , sick leave , retirement 
plan , and opportunity for personal and 
professional advancement throughout 
our worldwide organization , since 
we promote from w ithin ! 
You must be willing to relocate , and 
accept occasional transfers through­
out our worldwide network. 
Relocation expenses will be paid . 
If you qualify , RUSH your resume, 
wh ich must include your salary 
history to : 

Mr. Chris Ciampaglia 
DEPT.SA-10 
You will be contacted within two weeks! 

ARMY&. AIR FORCE EXCHANGE SERVICE 

3911 WALTON WALKER BLVD . DALLAS. TEXAS 75222 
Equal Opportunity Employer 
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DATA PROCESSING 
PROFESSIONALS 

ONE SMALL STEP ·cOULD MEAN 
A GIANT STEP IN YOUR CAREER 

Grumman Data Systems is now involved in an overall 
expansion of its computer services and requires expe­
rienced computer professionals in the following areas: 

•SIMULATION AND MODELING 
•MANAGEMENT INFORMATION SYSTEMS 
•REAL-TIME PRODUCTION CONTROL SYSTEMS 
•HYBRID SYSTEM DESIGN AND IMPLEMENTATION 
•REAL-TIME/BATCH.TEST DATA PROCESSING 
• OPERATING SYSTEM DEVELOPMENT 

AND MODIFICATION (CDC/ IBM) 
• GRAPHIC SYSTEMS SOFTWARE DEVELOPMENT 
• SPECIAL/ GENERAL PURPOSE PROGRAMMING 
•SCIENTIFIC/BUSINESS APPLICATIONS 
• OPERATING SYSTEM/ COMPILER CONSULTING 
• REAL-TIME VEHICLE CONTROL SYSTEMS 

If you have 2 or more years experience in any of the 
above or related activities, you can make the seventies 
the decade of your outstanding accomplishments. 

To arrange an immediate 
interview, send your resume / G Ru M MAN 
if:.hw~if:~!i1~B~own, c~~~"--1_;_~,~)k(:); .. l;..' · 
Engineering Employment, AEROSPACE CORPORATION 
Dept. GR-45 Bethpage •Long Island• New York 

(U.S. citizem1hip re11uircd.) an equal opportunity employer· (M/F) 
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the desired location) is usually suf­
ficient to specify where the address · 
of the desired location may be 
found. 

Most (if not all) sector-oriented 
computers have a sufficient number 
of birts in their words to specify any 
address available in the machine, if 
none of those bits is used up in op­
eration code or modifiers. Sometimes 
the numbers is barely sufficient. The 
sector specification in non-indirect 
addresses is from one or more hard­
ware registers which may be fixed 
or variable. In the latter case, it may 
simply track the program register or 
it may be set under program con­
trol. The choice of register will be 
made by one or two bits in the in­
struction word. Typically, a single 
bit is used to distinguish whether 
the sector reference is from one of · 
two registers (Figure 3). Two bits 
would enable a choice from one of 
four registers, but using an additional 
bit in the instruction word would 
reduce the number of addressable 
words within the sector by a factor 
of two. 

Fixed Registers 

A typical sector-oriented computer 
may have a fixed register, probably 
with value zero, and a regis·ter which 
is tracking the program counter. The 
result is a choice of reference to 
"sector zero" or "base sector" and 
the sector in which the instruction is 
located. A common variant is set­
ting the value of register containing 
the "base sector address" under pro­
gram control. 

If a computer word contains 
enough birts to specify any location, 
then the means of referencing that 
location is to ( 1) place the address 
in a location in one of the specifiable 
sectors, and ( 2) let the instruction 

· indirectly reference the address 
through the specified sector. By this 
means, we can opemrte upon any 
memory location. 

This scheme works, but with a 
considerable , housekeeping burden 
placed on the programmer. The bur­
den can be, and usually is, reduced 
by software. How? By using a more 
complex loader which compares the 
desired ad.dress contained in an in­
struction with the address that con­
tains the instruction. If they match, 
then an algorithm rthat . sets the sec­
tor reference to "own sector" is used. 
If they do not, then an algorithm 
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F T OPERATION CODE ADDRESS 

Figure 3. Address Formation by Sector Orientation 

that sets the reference to the desired 
sector is used, if that is possible. If 
this is not possible, then an indi­
rect reference is generated by plac­
ing the whole address in a location 
which can be indirectly referenced. 
These three schemes are for ad­
dresses in "own" sector, "base" sec­
tor, and "cross sector reference", 
respectively. 

Housekeeping 

Additional housekeeping may now 
be needed in the case of "cross sec­
tor reference." If address modifica­
tion is required, indexing or indi­
rect, for example, then the modify­
ing information must be correctly 
placed. This may present a problem 
if indirect addresses have modifier 
capabilities other than direct ad­
dresses. At this point, with the ma­
chine design, the effect of indexing 
before or after indirect becomes 
important, as does the effect of limit­
ing indirect addresses to any specific 
number of levels. These considera­
tions are important to the extent 
they affect the number of bits left 
in a word to specify address, and 
how many bits are used in specify­
ing modifiers of addresses. The 
choices are varied, and depend upon 
the design goals selected for the 
hardware and the software. The ad­
ditional housekeeping required of 
the loader means the size of the 
loader is larger than in a nonsector-
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oriented ma~hine with a large word 
size. Thus, the larger number of 
words for a given amount of core is 
partially nullified. 

Second, the greater number of 
memory accesses, caused by the in­
creased number of indirect refer­
ences, will slow down the effective 
speed of the computer. This latter 
effect is sneaky. It shows up only in 
the big progmms which use a lot 
of core, and not on the small jobs 
which fit entirely within a sector. 

There is truly a balance in word 
size and a number of words in com­
puters. The more memory there is, 
the larger the word size should be 
-if the increased memory size is for 
the purpose of running larger prob­
lems with more far-ranging memory 
accesses. If the increased memory is 
for running concurrent small pro­
grams, then sector-orientation and 
small word size do not give these 
disadvantages. 

Hence, there appears a need for 
varying designs, since the ultimate 
use of rthe machine has a direct in­
fluence on the design of such a basic 
choice as word size. And this con­
siders instructions and addresses as 
the only interesting data contained 
in a word! Add the effects governed 
by mathematical precision require­
ments and ease of character manipu­
lation, and it is easy to see why 
there are so many different kinds of 

EDP SEARCH 
Fox-Morris Associates National 
Inter-City Award Winner for 
two consecutive years offers 
unlimited career opportunities 
through its 85 affiliate offices 
throughout the country. 

Let our national retrieval system 
convert your Instant Input to 
immediate Feed Back. 

Let us evaluate your qualifica­
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Send in your resume today. 
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1. 
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Business Programmers/Systems Analysts 

WE HAVE COME 
J\S FJ\R J\S J\NY 

WE WILL GO 
FURTHER THAN MOST! 

At Pratt & Whitney Aircraft, world's 
leading producer of dependable 
jet engines, you will find every­
thing your analytical mind desires. 
Myriad business applications prob­
ing ever deeper into every facet 
of this vast aerospace organiza­
tion. Manufacturing • Product 
Support • Engineering • Finance 
• Purchasing • Advanced Plan­
ning • Operations Research ... 
and much more. 
Ou rs is one of the most advanced 
and sophisticated business infor­
mation computer complexes in 
the country. We have come as far 
as any. We will go further than 
most. Projects vary from simple 
card systems to complex on-line 
systems involving, for example, a 
Full Production Information Sys­
tem, Automated Financial Analy­
sis and Reporting, and an Inte­
grated Material Control System 
which includes procurement, fore­
casting and scheduling. Tools 
include 360 models 20, 30, 40 
and 50; tapes and random de­
vices; data collection equipment; 
on-line facilities; DOS and OS. 
The total commitment of Informa­
tion Systems to serving the needs 
of management at P&WA means 
real-time opportunity for EDP pro-

fessionals with promise. Our Sys­
tems-Programming Analysts are 
exposed to virtually every phase 
of the business. They get to move 
around, and they get to move up 
... just as fast as their talents 
will take them. Isn't it time you 
talked to P&WA? 

If this sounds like your kind of 
action, why not send your resume 
with salary requirement to Mr. 
H. M. Heidmann, Professional 
Placement, Office A-43, Pratt & 
Whitney Aircraft, East Hartford, 
Connecticut 06108. An equal op­
portunity employer. 

Pratt& 
Whitney 
~ircraft 

u 
DOVOS<JN OF UN~AORCRAFT CORP. 

computers. There isn't a best com­
puter, there is only a "best computer 
for my application." 

Why Sector Orientation? 

Sector orientation provides a more 
intensive use of addressing bits in 
the instruction word. This is be­
cause the typical reference is to a 
location not very distant from the 
location of the reference itself, and 
is thus expressible as a small num­
ber with respect to a local bench­
mark, such as a sector bound. An­
other choice, used in some com­
puters, carries this a step further, 
and allows addresses to be "relative 
forward" or "relative backward." 
The disadvantage, of course, is that 
additional bits now must be used to 
determine the choice of the address­
ing algorithm. There are many possi­
ble address selection algorithms. The 
more addresses the machine may 
have, the more algorithms are pos­
sible. The smaller the word size, the 
more algorithms are necessary. Ad­
dress bits are used to select the ad­
dress algorithm. The simplest of 
these work well for the machines 
of largest word size. This is simply 
to give the whole address in the in­
struction word. Address modifica­
tion by indexing was the first com­
plexity added to address algorithms. 
Next came indirect addressing. This 
became the basis which made sector­
oriented machines practical. Sectors 
are a form of addressing relative to 
a set of fixed bounds. 

One of the problems of sector­
oriented machines, which require 
the loader to do the housekeeping, 
is that the locations of the sector 
bounds relative to the program may 
have a considerable effect on the 
program. First, it is impossible to 
move an instruction containing a 
memory reference from one location 
to another, since the memory refer­
ence is a function of the location 
of the instruction. Second, the speed 
is a function of the number of 
memory accesses, which may vary 
with the order of loading of sub­
programs, due to indirect cross­
sector references produced by the 
loader. 

For the above reasons, it becomes 
clear more care must be exercised 
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in programming for a sector-oriented 
computer; more complex software 
is required to keep the housekeep­
ing burden to a tolerable level; and 
efficient use should be made of the 
available address bits in an instruc-
tion word. • 

James W. Butler, a senior principal 
programmer, heads a quality assur­
ance group for software at Honey­
well, Computer Control Division, 
in Framingham, Mass. With Honey­
well for the past seven years, he 
was engaged in process control 
programming before coming to the 
Computer Control Division two 
and a half years ago. Prior to join­
ing this company, Mr. Butler was 
with Goodyear Aerospace for 11 
years in positions from develop­
ment engineer through computer 
facility manager. His experience 
covers both the analog and digital 
computer fields. 

A lieutenant commander in the 
Naval Air Reserve, Mr. Butler holds 
a B.A. in mathematics from Ohio 
Wesleyan University (1949) and a 
M.A. in mathematics from Kent 
State University (1951). He .has 
served as an instructor in program­
ming for company-sponsored 
classes at both Honeywell and 
Goodyear. 
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I MARKETING MANAGER ~ 
1 PRODUCT PLANNING i 
i=- Electronic Business Machines ~=~===_ 

A growing division of a major electronic business 
~ machines organization, with a newly developed, 
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; applications. I 
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Advanced programs at Lockheed have created 
a number of openings for computer programmers 
in many diverse areas of business programming. 

Work involves business information processing, 
advanced aerospace projects, diagnostic test. 

An applicable degree and at least two years' 
experience is required for all positions. 

Assignments include real-time and batch 
systems supporting finance, manufacturing, 

procurement, engineering, product assurance, 
logistics, personnel and many others. 

Experience should be in business applications 
of large-scale computers. 

For additional information please write 
H. W. Bissell, Professional Placement Manager, 

P.O. Box 504, Sunnyvale, California 94088. 
An equal opportunity employer. 

LOCKl-IEEl3 
MISSILES & SPACE COMPANY 
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By GEORGE N. VASSILAKIS 

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

TROUBLE-TRAN EDITOR 

software age 
P. 0. Box 2076 

2211 Fordem Ave., Madison, Wis. 53701 

You can also profit by submitting PROB­
LEMS for this feature. If your problem in 
FORTRAN programming is selected for 
use in this feature, you will receive $50.00 

TROUBLE-TRAN'S Objectives: 

1. To have fun. 
2. To promote USA Standard FORTRAN 

by pointing out differences and in­
consistencies of existing FORTRAN 
Compilers. 

3. To alert programmers to the physical 
limitations of hardware. 

Problem 18: By D. A. Kapusta, Canonsburg, Pa. 
Here is an interesting problem which 

I =100. 
may surprise some of you. 

F =-1+100 
Z= SGN(F) 
WRITE(6, 10) Z 

FUNCT1¢N SGN(f) 
IF(l)10, 20, 30 

10 F¢RMAT(F8.2) 
ST¢P 
END 

What is the value of Z? 

Answer to Problem 15 

10 SGN·= ·-1.0 
G¢T¢40 

20 SGN=O.O 
G¢ T¢ 40 

30 SGN'=+1.0 
40 RETURN 

END 

We have a winner! Correction, two winners! 
Congratulations to Michael D. Kelley and Gary Goodman of Stanford 

University. 
Lack of space and time prevent the publication of the winning solution. 

However, I will be glad to send a listing to those who send me a self 
addressed stamped envelope. 

The winning program had 32,050 operations, and it was one of the few 
entries that had the correct count. Obviously, those of you who submitted 
smaller estimates had overlooked a few operations, or had the wrong count. 
Entries which came close to winning were submitted by K. Williams, Kala­
mazoo, Mich.; C. Moler, University of Michigan; K. G. Slane, Rocky River, 
Ohio; and R. J. Baumel, Princeton, N. J. 

One reader who solved this problem in less than ten statements had 
used the following rules: 

1. All odd numbers less than or equal to 7 are prime numbers. 
2. Above 7, any odd number which is not evently divisible by 3,5, or 7 is 

a prime number. 

The problem was not that simple. If your list of prime numbers includes 
121, 169, and other numbers whose square root is a prime number, you 
have probably used the same wrong rules. 

All entries with estimates under 50,000 were keypunched and run. Many 
entries had incorrect counts in nested DO loops. Even though it had not 
been stated in the rules. a DO statement was counted as two operations 
(one add and one compare). Operations needed for formating and printing 
output were not counted. 

In general, the "sieve" method was the best. 

Answer to Problem 16 
The problem was to find out what values of I would be printed by the 

following program: 

Here are the results: 

D¢101=1, 10 
1=1+1 
WRITE(6,5) I 

5 F¢RMAT(l5) 
10 C¢NTINUE 

ST¢P 

1. Over 90% of the present FORTRAN compilers DO NOT give a diag­
nostic and the program is executed with 1=2,4,6,8,10. The following 
systems are included in this category: 

• IBM 360 FORTRAN compilers 
• CDC 6400, 6500, 6600 
• GE 200, 400, MARK II 
• B5500 
• SDS 940, SIGMA 5 
• SPECTRA 70/ 46 
• HONEYWELL 1648 
• Purdue University (PUFFT) on the IBM 7094/7040 

2. Same results were obtained from many time-sharing systems using the 
BASIC language. 

3. UNIVAC 1108 FORTRAN V gave a diagnostic and then executed printing 
values of I= 2,3,4,5,6,7,8,9,10. 

4. IBM 7094, 7044 and other second generation systems give the same 
results as the UNIVAC 1108, but NO DIAGNOSTICS. 

5. A time-sharing system on a CDC 3300 gave the following diagnostic: 
"ERROR 1046 AT STATEMENT 2 
THE RUNNING INDEX IN A DO MAY BE CHANGED WITHIN THE 
LOOP". 

6. PDP/ 10 FORTRAN V executed with 1=1,3,5,7,9. 
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And, Computer Guidance Corporation performs 

searches for personnel involved in all phases 

of the computing industry. Qualified professionals 

that can solve your problems are hard to find. 

But, our staff of search specialists who have 

extensive computing backgrounds know how 

to find the right professional who can contribute 

to your company's success-whether it involves 

manager, salesmen, engineers, or programmers. 

Call or write our office nearest you 
for a detailed proposal. 

Robert Fairbank, V.P. 
500 North Michigan 
Chicago 60611 
312-644-1282 

Harry Laur, V.P. 
6151 Century Boulevard 
Los Angeles 90045 
213-641-8844 

John Tutunjian, V.P. 
777 Third Avenue 
New York 10017 
212-758-3760 

COMPUTER GUIDANCE CORPORATION 
NEW YORK• CHICAGO• LOS ANGELES 



SIMPLIST/70 
An Elementary List Processing Language 

John David Canter 
Point Park College 

Pittsburgh, Pennsylvania 

SI MP LIST /70 is an elementary list process­
ing language designed to facilitate the manip­
u"larting of information in both simple list and 
complex list structure formats. It reduces the 
time normally required to master a list process­
ing language while maintaining the fiexibilities 
inherent in list techniques, including dynamic 
allocation of storage, hierarchical data structures, 
recursion and garbage collection. SIMPLIST /70 
is gener<il purpose in that it includes the capa­
bilities of both symbolic and arithmetic proc­
essing. The language consists of twenty-five mac-

(continued from last month) 

The macros encompassed by the SIMPLIST I 
70 system are organized into four general groups. 
These groups are: 1. input/output operations; 
2. arithmetic functions; 3. general manipulative 
routines; 4. logical operations. 

There are two general macros for accomplish­
ing the inputting and outputting of information 
in list form in the SIMPLIST /70 language. The 
input instruction is called OBTAIN, and is 
written as: 

OBTAIN LISTA 

where LISTA is the name to be assigned to the 
list be inputted. This macro takes information 
from an input source and stores it on a charac­
ter-by-character or byte-by-byte basis in the cur­
rently available memory cells. Additionally, it 
creates a constant for the address of the list, 
stores the address for future reference, and 
zeroes the FROM portion of the HEAD cell and 
the TO portion of the TAIL cell of the list. 
Thus, a three-item list called ARRAY, with ele­
ments A, B and C, processed as 

32 

ros f 01' the creating, processing, analyzing and 
destroying of form-free lists, and for logical de­
cision making and program control. The basic 
element of SIMPLIST 170 is a quadri-cell which 
contains a daJta element and FROM, TO and 
HIERARCHY address pointers. A SIMPLIST /70 
compiler has been written in Assembler Lan­
guage for the IBM System./360, and requires a 
minimum of 32K bytes for operation. 

The design of .the language is exP'lored, and 
the function and application of eaJCh of the 
twenty-five macros is examined in detail. 

OBTAIN ARRAY 

might lead to the following: 

I A I 0 19761 @ I 
10 

976 

1442 
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The output macro is called DISPATCH and 
is written as: 

DISPATCH LISTA 

where LISTA is the name of the list to be writ­
ten. This macro prints , on a line by line basis, 
the total contents of the list cited by the DIS­
PATCH instruction, including associated sub­
lists if a list structure is being processed. Either 
120 or 132 characters maximum per line may be 
outputted (user selectable) with as many lines 
printed as is necessary to exhaust the entire con­
tents of the list being written. 

There are four macros in SIMPLIST /70 which 
provide for arithmetic manipulation of lists. The 
macros are designed to permit the adding of one 
list to another, the subtracting of one list from 
another, the multiplying of one list by another, 
and the dividing of one list into another. The 
four arithmetic macros are recursive in nature, 
and proces·s all appended list structure elements. 

The addition macro is known as ADD and is 
written as: 
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ADD LISTA,LISTB,ZERO,LESSTHAN, 
GREATER 

in which the contents of LIST A are added alge­
braically to the contents of LISTB. The result 
of this arithmetic operation resides at LISTB, 
with LIST A remaining unchanged. If LIST A 
and/ or LIS TB refer to list s.tructures in place 
of simple lists, all sub-list values of the struc­
tured lists will be recursively processed, and the 
final result will reflect the values of all elements 
of the structure. The size of the result should 
be no larger than the number of positions avail­
able iii the receiving list. When the result of 
the addition is zero, as in the adding of like 
values with unlike signs, the program automati­
cally branches to the address designated sym­
bolically by ZERO. If the ADD results in a neg­
ative value, the program will automatically 
branch to the address indicated symbolically 
by LESSTHAN. If the result yields a positive 
value, then the program will automatically 
branch to the instruction represented symboli-

. cally by GREATER. The user may substitute 
in ADD macro any conditional branch to names 
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he desires, so long as he defines those names 
as symbolic instruction addresses somewhere in 
the program. Thus, if LIST A, with a value of 
123, is to be added to LISTB, with a value of 
-123, at the conclusion of this operation, LIST A 
will retain its 123 value, LITE will contain 000, 
and the program will branch to the ZERO rou­
tine. The branch to ZERO (or to a user-supplied 
symbolic address in the first address position) 
will occur because of its positional equivalence 
to and dependence upon a ZERO result. -

The macro for subtraction is very much simi­
lar to the macro for addition, with the exception 
that the word SUBTRAOT is substituted for the 
word ADD. Thus, the macro is written as: 

SUBTRACT LISTA,LISTB,ZERO, 
LESSTHAN,GREATER 

In this macro, LISTA is subtracted from LISTB, 
the result is stored in LISTB, and LISTA re­
mains unchanged. As is true with ADD, recur­
sion will be performed if list structures are being 
processed, and the size of the result should be 
no larger than the number of positions in the 
receiving list. Conditional branching is as de­
scribed under the ADD macro. If LISTA, con­
tents 150, is subtracted from LISTB, value 100, 
the result of -50 will be reflected in LISTB, 
and the program will branch to the LESSTHAN 
routine. This is because the result is a negative 
value, and LESSTHAN (or any other user-sup­
plied symbolic address in the second address 
location) will point to the to-be-executed-next 
address on a negative answer. 

The macro for multiplication is called MUL­
TIPLY and is written as: 

MULTIPLY LISTA,LISTB,ZERO, 
LESSTHAN,GREATER 

in which LISTB, the multiplicand, is multiplied 
by LISTA, the multiplier, and the result or prod­
uct resides in LISTB. LISTA remains unchanged, 
and conditional branching and recursion are a·s 
indicated under the ADD macro description. 
If LISTB, contents 0097, is multiplied by LIST A, 
contents 13, the resulting value of 1261 will be 
placed in LIS TB, and LIST A will continue to 
reflect its original value of 13. Branching will 
be to the CREA TER or third position address 
because of the positive (greater than zero) re­
sult. The two high-order zeroes preceding the 
97 in the LISTB value are required so that the 
receiving field will be large enough to accept 
the result. 

Division is accomplished- through the utiliza­
tion of the DIVIDE macro. This macro is writ­
ten as: 
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DIVIDE LISTA,LISTB,ZERO, 
LESSTHAN,GREATER 

LISTA, the divisor, is divided into LISTB, the 
dividend, and the quotient replaces LISTB. No 
reminder is maintained. LISTA remains un­
changed, and recursion, size and conditional 
branching are as before. If, for example, LISTA 
( 407) were divided into LIS TB ( 13946), the 
quotient of 34 would be stored in LISTB, and the 
remainder of 108 would be lost. 

The general manipulation macros of the SIM­
PLIST /70 system permit the user to copy lists, 
add items to lists, delete items from lists, move 
items from one list to another, destroy entire 
lists no longer required, and create -complex list 
structures from single lists. 

The macro for copying lists is known as CAR­
BON and is written as: 

CARBON LISTA,LISTB 

LIST A refers to the name of the list to be cop­
ied. LISTB refers to the name to be assigned 
to the duplicate of the list being copied. At the 
completion of this instruction, LIST A not only 
resides in its original location, and with its orig­
inal name, but also exists in duplicate form at 
LISTB with the name as symbolically designated 
by LISTB. 

The SCRUB macro is one which permits the 
user to destroy an entire list of information when 
he no longer has need for that list of informa­
tion. As indicated earlier, the return of cells to 
the AVAILABLE category is done automatically 
as a by-product of certain of the macro instruc­
tion. The SCRUB macro, which is written as 

SCRUB LISTA 

provides the programmer with additional delete 
facilities. This macro operates recursively, eras­
ing all members of the list or list structure under 
consideration, and returning each of the cells to 
the AVAILABLE category. 

There is one macro which is designed for re­
moving the first item from a list, and one for 
removing the last item from a list. The macro 
which destroys the first or HEAD cell is known 
as CAPITA TE and is written as 

CAPITATE LISTA 

This macro removes the HEAD cell from the 
desired list, returns that cell to AVAILABLE, 
finds the next cell in the list, and makes that 
cell the new HEAD cell. In making the next 
cell the HEAD, the system stores the address 
of that cell as the name, and sets the FROM 
area in the quadri-cell to zero. Thus, if a list 
originally containing ABCDE were subjected to 
the CAPIT ATE macro, it would then appear as 
BCDE, and the location of the "B" would become 
the list's new HEAD cell. 

The instruction which removes the last cell 
from a given list is known as TRUNCATE and 
is written as 

TRUNCATE LISTA 
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where LISTA refers symbolically to the list 
whose last member is no longer desired. This 
instruction removes the TAIL cell and returns 
it to AVAILABLE. Additionally, it makes the 
cell previous to the one just removed the end 
point on the list by inserting a value of zero in 
the TO portion of the quadri-cell. If a list whose 
original contents were "12347Q$" were trun­
cated, the result would be "12347Q" and the TO 
address of the "Q" cell would be set to zero. 

As there are macros for removing the first 
and/ or last of a list to the SIMPLIST /70 sys­
tem provides macros for inserting and/or delet­
ing individual characters from any position on 
a specified list. 

The macro for inserting a character into a 
list is entitled GRAFT and is written as 

GRAFT LISTA,POSITION,CHARACTER 

LISTA is the symbolic name of the list into 
which the character is to be inserted. POSI­
TION designates, in absolute decimal form, the 
location into which the character is to be placed. 
CHARACTER refers to any legitimate computer 
character, again in absolute form, which is to be 
inserted into the desired position in the selected 
list. Thus, for example, the code for inserting 
a "$" into the fourth position of a list entitled 
INPUT would be 

GRAFT INPUT,4,$ 

The macro which permits the copying of a 
single data element from one list to another is 
known as MOVEONE. This macro, which is 
written as 

MOVEONE LISTA,LISTB 

takes the currently accessible ch a r act er in 
LISTA, searches LISTB for an available cell, 
and moves the single character from LIST A to 
LISTB. In order to find available cells in an 
already constructed list, the system searches for 
a data element of "!". Thus, if the MOVEONE 
macro is to be utilized, the list into which ele­
ments from another list are to be inserted must be 
initialized with "!" data elements where desired. 
If, in LISTA, with data elements $QA147E, the 
current position contains the data element of 
"A", and if LISTB contains elements 439X!L7!9, 
at the completion of 

MOVEONE LISTA,LISTB 

LISTB contains 439XAL 7!9. 
The macro which is designed to remove a 

given character, on a positional basis, from a 
desired list is entitled SCALPEL and is written 
as 

SCALPEL LISTA,POSITION . 

LIST A refers symbolically to the list from which 
the character at the location indicated by the 
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symbolic POSITION, in absolute decimal form 
is to be removed. If it were desired to remov~ 
the fourteenth member of a list named ALPHA 
whose contents prior to the SCALPEL operatio~ 
were ABCDEFGHIJKLMNOPQR, the instruc­
tion to accomplish this would be 

SCALPEL ALPHA,14 

At the conclusion of this instruction, ALPHA 
would now contain ABCDEFGHIJKLMOPQR. 

The STAMPOUT macro is provided to per­
mit deletion of the currently accessible location 
from a given list. It is writt.en as 

STAMPOUT LISTA 

where LISTA refers to the list, the current loca­
tion of which is to be deleted and returned to 
AV AI LAB LE. Thus if, in a 1 is t of elements 
AB 0 14769, the currently available cell contains 
the "7", and STAMPOUT is issued, the resultant 
list will contain AB 0 1469. 

APPEND is used to concatenate and physi­
cally join the members of one list to the mem­
bers of another. It is written as 

APPEND LISTA,LISTB 

in which the elements of the list symbolically 
referred to as LISTB are attached to the end 
of the list symbolically referred to as LISTA. 
At the completion of this macro, if one were 
to refer to LISTA, he would obtain not only 
LISTA's contents but the contents of LISTB as 
well. Additionally, LISTB retains its individual 
addressability. If LISTA originally contained 
123, and LISTB contained ABC, at the conclu­
sion of an 

· APPEND LISTA,LIST'B 

operation, LIST A would now contain 123ABC, 
in that sequence, and LISTB would retain its 
original value of ABC. 

While the APPEND macro has the ability to 
join a multitude of diverse lists into one inte­
grated data structure, the resulting list is none­
theless mono-dimensional or linear in nature. In 
order to create the complex list structures re­
ferred to in other sections of this paper, SIM­
PLIST/70 provides the ATTACH macro. The 
function of this command is to join one list to 
another, in somewhat the same vein as the 
APPEND macro. Un 1 i k e APPEND, however, 
which effects horizontal relationships, A TT A CH 
creates junctures resulting in vertical or prime­
list-to-sub-list hierarchies. The difference lies in 
the fact that the APPEND macro joins lists 
through the TO and FROM address pointers, 
while the ATTACH macro joins lists through 
the TO and HIERARCHY pointers. The macro 
is written as: 

ATTACH LISTA,LISTB,POSITION 
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in which LIST A is the name of the list to which 
LISTB is to be hierarchically joined, and POSI­
TION refers in absolute decimal form to the 
relative location of the LIST A element where 
the attaching is to occur. 

As an example, consider the following hypoth­
esis: 

LIST A contains "CANINEBOVINEFELINE" 
LISTB contains "DOG" 
LISTC contains "POODLE" 
LISTD contains "TOY" 
LISTE contains "COW" 
LISTF contains "GUERNSEY" 
LISTG contains "CAT'' 
LISTH contains "SIAMESE" 

It is desired to create an hierarchical structure 
in which the sub-classifications of the main list 
are to be arranged in a generic-to-specific cate­
gorization. The SIMPLIST /70 code to accom-
plish this is: . 

ATTACH LISTA,LISTB,006 
ATTACH LISTB,LISTC,003 
ATTACH LISTC,LISTD,006 
ATTACH LISTA,LISTE,012 
ATTACH LISTE,LISTF,003 
ATTACH LISTA,LISTG,018 
ATTACH LISTG,LISTH,003 

As a result of executing the above instruc­
tions, a list structure of 

BOVINE FELINE CANINE 
DOG 

POODLE 
TOY 

COW CAT 
GUERNSEY SIAMESE 

would be created. This resulting structure is 
now recursively processible. 

There are four macros in SIMPLIST /70 which 
permit the programmer to manually adjust the 
communications address cell to point to the 
HEAD of a list or the TAIL of a list, or for push­
ing down or popping up lists when using LIFO 
(last-in-first-out) or FIFO (first-in-first-out) list 
processing. In LIFO processing, items are both 
added to and removed from the HEAD of a list, 
and an item placed in a list immediately before 
the current item may not be accessed until the 
current item is removed. In FIFO processing, 
items are added to the TAIL of a list and re­
moved from the HEAD. Thus, in FIFO manip­
ulations, list items are accessible in the same 
sequence in which they were placed in the list. 

The first of the SIMPLIST /70 address manip­
ulation macros is known as BEFORE, and is 
written as 

BEFORE LISTA 

This macro obtains the address of the charac­
ter in the list immediately preceding the char­
acter currently being accessed, and places this 
address in the communications address cell of 
that list. Thus, if in the following list the char-
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acter "9" at address location 4096 were currently 
accessible, and a BEFORE macro were issued, 
the LIST A communications pointer would be set 
at 1108, the address of the prior cell in the list. 

1108 

4096 

3600 

The AFTER macro is written as 

AFTER LISTA 

and is the antithesis of the BEFORE macro. 
AFTER obtains the address of the character im­
mediately following the one currently accessible, 
and places that address in the list's communica­
tions address cell. In the preceding example, 
if an AFTER had been issued in place of the 
BEFORE macro, the LISTA communications 
pointer would have been set to 3600, the address 
of the next cell in the list. 

The macro which points the communications 
address cell to the HEAD cell of a list is called 
HEAD, and is written as 

HEAD LISTA 

That which points to the TAIL of a list is 
called TAIL, and is written 

TAIL LISTA 

Forward processing from the HEAD of a list 
may be controlled through the use of the pre­
viously described AFTER macro, while reverse 
tracing from the TAIL of a list may be effected 
through the use of the BEFORE instruction. 

The last of the major units of macros which 
the SIMPLIST /70 programming language pro­
vides are those of logical operations and deci­
sion making. The system makes available five 
macros for the scanning of lists in search of 
given characters, the comparing of two lists for 
similarities and/ or dissimilarities, and for uncon­
ditional branching. One of these five macros pro­
vides two variant forms. 
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The macro which permits the searching of a 
given list or list structure for a particular char­
acter is known as SCAN. It is written 

SCAN LISTA,CHARACTER,MATCH 

in which the list (LIST A) is scanned for the 
data element in its absolute form ( CHARAC­
TER). If the character being sought is found 
anywhere in the list being analyzed, including 
attached hierarchical sub-lists, then the program 
branches automatically to the MATCH symbolic 
address. If not, the program executes the next 
sequential instruction. In addition, if a match is 
found, the system stores a "l" in its SCAN result 
cell, and the cell address where the match is 
effected is stored in the SCAN communications 
address cell. If an unequal or nonmatch condi­
tion results, then a "O'' is stored in the SCAN 
result cell, and zeroes are stored in the resultant 
address field. 

The purpose of the STOPLOOK macro is also 
to analyze a given list for a particular character. 
Unlike SCAN, however, which searches an entire 
list structure for the desired character, STOP­
LOOK analyzes only the currently addressable 
cell in the desired list. The instruction is written 
as follows: 

STOPLOOK LISTA,CHARACTER, 
UNEQUAL,EQUAL 

LIST A refers to the list the currently available 
cell of which is to be analyzed. CHARACTER 
refers to a single character, in absolute form, 
which is to be matched against the position cur­
rently available in the selected list. If the char­
acter in the STOPLOOK instruction matches the 
position under evaluation, then SIMPLIST /70 
will automatically branch to the instruct_ion sym­
bolically represented by EQUAL. If, however, 
the position under evaluation does not match 
the character as designated in the STOPLOOK 
macro, then the program will branch to the 
UNEQUAL routine. As an example, suppose the 
currently available cell of a list called LISTZ 
contains a "?". If the following instruction were 
executed 

STOPLOOK LISTZ,?,ONE,TWO 

the program would branch to TWO, the sym­
bolic routine for an equal or match condition. 
Conversely, if the character did not match, i.e., 
the currently active position of LISTZ did not 
contain a "?'', then the program would branch 
to the routine entitled ONE, the unequal or non­
match address. 

A variant form of the STOPLOOK macro pro­
vides the ability to compare the currently active 
position of one list with the currently active 
position of a second list. The macro is written as 

STOPLOOK LISTA,LISTB,UNEQUAL, 
EQUAL 
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in which the current data element of LISTA is 
compared to the current data element of LISTB. 
If the lists at their currently addressable single 
positions are equal, the program automatically 
branches to the address symbolically represented 
by EQUAL. Else, the program branches to the 
UNEQUAL routine. 

In addition to the sing 1 e character match 
which the SCAN macro provides, and to the 
previous positional match for which the STOP­
LOOK macro is designed, SIMPLIST /70 also 
includes an instruction for nonpositional com­
parison of all the entries in one list against all 
the entries in another. This macro, which is 
known as FLOAT, is written 

FLOAT LIST A,LISTB 

With this instruction, all entries in LISTA are 
compared nonpositionally with all entries in 
LISTB. LISTA and LISTB may both refer to 
list structures, in which case the program will 
conduct a recursive scanning. If a character in 
LIST A matches a character anywhere in LIS TB, 
then the instruction will store a ''l'' in a result 
list in the position corresponding to the loca­
tion of the LISTA element currently active. If, 
however, a character in LISTA matches no char­
acter in LISTB, then this instruction will enter 
a "O" into the corresponding position of the result 
list. At the conclusion of . this macro, the result 
list will consist of O's and l's corresponding to 
the characters in LIST A which do and do not 
match characters in LISTB respectively. The 
length of LIST A and LIS TB need not be the 
same size, and may be variable. For example, 
LISTA consists of elements AD14738 and LISTB 
consists of elements 963C28A93B. As a result of 
issuing 

FLOAT LIST A,LISTB 

a resultant list would automatically be created 
by the program. This list will, in the example 
being considered, consist of "100001" because 
the first, sixth and seventh positions of LISTA 
match elements (not necessarily positionally) in 
LISTB. Thus, both lists contain data elements 
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A 3 and 8 and since these data elements reside 
id ~osition~ one, six and seven of LIST A, the 
result list contains l's in these positions and O's 
in all others. 

Having conducted a pattern matching, infor­
mation retrieval or other similar operation with 
the FLOAT macro, it is now possible to deter­
mine whether the results were as desired. In 
order to do this, SIMPLIST /70 provides the 
MASK instruction, which is written as 

MASK LISTA,EQUAL 

LIST A is the name of the pattern field which 
the programmer creates in advance. This pat­
tern field is comprised of O's and l's correspond­
ing to the desired pattern resulting from the 
application of the FLOAT macro. The user­
generated pattern field may be either a simple 
list, or may consist of an hierarchical list struc­
ture. The MASK instruction automatically com­
pares, on a positional and one-for-one basis, its 
LISTA pattern with the program-generated pat­
tern list occurring as output from the last exe­
cuted FLOAT macro. If the pattern field as 
designated by LIST A in the MASK instruction 
matches completely, on a positional basis, the 
result list which was automatically produced by 
the FLOAT macro, then the program will branch 
to the address as designated by the symbolic 
EQUAL. Otherwise, the next sequential instruc­
tion will be executed. As indicated, the user may 
build an hierarchical list structure of permissible 
masks, in which case SIMPLIST /70 will proc­
ess the acceptable patterns recursively against 
the resultant list. 

In referring to the preceding example, the 
FLOAT macro, as we have seen, generated a 
resultant pattern list of "1000011." If the pro­
grammer were to then issue an instruction of 

MASK LIST A,HIT 

in which LISTA contains the desired pattern 
or mask, the program will branch to the sym­
bolic HIT address if pattern and result are iden­
tical. Thus, if LIST A refers to a pattern of 
1000011 HIT will be executed. If LISTA, for 
the cu~ent example, refers to anything other 
than 1000011 and there is no hierarchical struc­
ture to be ;ecursively evaluated, then a non­
hit will result, and the next sequential instruc­
tion will be executed. 

The final instruction which SIMPLIST /70 
makes available to its users is an unconditional 
branch. It is known as POINT, and is written as 

POINT ADDRESS 

This macro generates an unconditional branch 
to the instruction whose name is symboJically 
represented in the address field. 

While SIMPLIST /70 has a limited repertoire 
of twenty-five macros, it nonetheless provides 
the basic and essential elements of a full list 
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processing language, including dynamic alloca­
tion of memory, hierarchical data structures, re­
cursion and garbage collection. Written in 
Assembler Language for the IBM System/360, 
it is applicable to a wide range of today's third 
generation computer systems. 
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CAREER 
OPPORTUNITIES 

0 
COMBAT is the privately owned U.S. cor­
poration that operates a global system of 
communications satellites in partnership 
with nearly 70 foreign countries. 
COMBAT is also creating satellite sys­
tems of the future that will interest com­
puter hardware and software profes­
sionals who are looking for exceptional 
advancement opportunities. 
During the remainder of 1969, COMBAT 
expects to have career openings in the 
following areas: 
• Systems Programmers, with three or 

more years experience in systems gen­
eration installation/modification and 
IBM 360/50 usage or above ... famili­
arity with teleprocessing devices such 
as 2780, 2260, 1 050 or teletype units; 
BS in Mathematics required 

• Programming Analysts, with two or 
more years experience in developing 
management information systems, par­
ticularly commercial, on an IBM 360/ 
OS. BA. in Business Administration or 
Accounting preferred 

• Scientific Applications Programmers, 
with three or more years experience in 
providing computer support of research 
and development programs; MS or PhD 
in mathematics, computer sciences or 
celestial mechanics 

EDP professionals looking for challenging 
positions in a firm with growing world-wide 
communications network are encouraged 
to inquire. 
Write for "Professional Opportunities at 
COMSAT" or contact Mr. Paul G. Gaffney, 
Manager of Staffing. 

Communications Satellite Corporation 
950 L'Enfant Plaza South, S.W. 
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Sperry Rand Corporation's Univac Di­
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basic 8414 Subsystem begins with two 
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bytes of on-line storage, when used with 
9000 series computer systems. This may 
be expanded, in increments of 29,176,000, 
to eight drives providing a total capacity 
in excess of 233 million bytes. Standard 
features of the 8414 include record over­
flow-permitting record sizes larger than 
one track in length, and file scan-pro­
viding the ability to search both the data 
and key areas of the record. 

The disk pack used with the 8414 is 
composed of a stack of 11 disks providing 
20 recording surfaces. There are 200 use­
able tracks per surface with 7204 byte 
positions per track. The 8414 access 
mechanism consists of a group of 20 arms 
with one read/write and erase head for 
each of the disk surfaces on which data 
is stored. In operation, the mechanism 
moves heads horizontally from one posi­
tion to another without returning to a 
home position. Although the UNIV AC 
8414 was initially announced for use with 
the UNIV AC 9000 series computers, it 
will be available later for the llOO series 
computers. 
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The Institute of Advanced Technology, 
a subsidiary of Central Computer Cor­
poration of Anaheim, California, has de­
veloped a new multi-media approach to 
computer training. The technique was de ... 
signed to instruct students in several com­
puter programming languages, computer 
operation, and keypunching. It incorpo­
rates a SYSTEM multi-media learning car­
rel, plus fully-integrated audio/visual ma­
terials, manuals, and programmed text­
books. 

Typically, a particular concept is first 
presented to the student via a stereo head­
set. Then he receives instructions to view 
several 35mm slides that are projected 
onto a screen before him. Finally, he is 
directed to read programmed materials 
that reinforce his understanding. Through­
out the presentation, the student responds 
to questions in a coordinated workbook. 
Some of the assets of the technique are 
that the students may proceed at their 
own rate of learning, at their own con­
venience and for the amount of time they 
have available. 

Management oriented courses are also 
offered to provide an introduction to data 
processing principles, data communication 
and systems analysis. The Technique was 
developed to help fulfill the growing need 
for personnel qualified in the various 
aspects of the Data Processing field. 

For more information, circle No. 14 
on the Reader Service Card 
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A new electronic Data Sorter, designed 
to free digital computers from the time 
consuming task of sorting, has been an­
nounced by Astrodata, Inc. of Anaheim, 
California. The new Data Sorter, the 
Model 1561, is an on-line peripheral de­
vice which stores data internally, sorts it, 
and then returns it to the computer. The 
only computer time required by the sorter 
is the time to place the data in the Sorter 
and to remove it after the sort is complete. 

The Data Sorter can be used to do 
sorting jobs which use magnetic tapes, 
disk files, high speed printers and other 
computer peripherals for data source or 
destination. The capacity of the unit is 
6q,536 words of approximately 40 bytes 
each and data records of up to 5,437 bytes 
in length may be stored. 

Although the time required to sort a 
file will generally depend on the number 
of records to be sorted and on any pre­
ordering of the particular file being used, 
the Sorter is said to do the sorting por­
tion of any computer program faster than 
most computers can without using a com­
parable amount of computer time. 

For more information, circle No. 1 5 
on the Reader Service Card 

CompuScan Model 370, is a new optical 
character recognition system that is said 
to be the world's first system with un­
limited character recognition capabilities. 
It was primarily designed to convert vast 
amounts of printed or typed data into 
machine usable form. The model 370 
learns fonts directly from the material 
being scanned-even materials with inter­
mixed type faces and symbols-and con­
verts microfilm images of the text directly 
to magnetic tape. 

The CompuScan Model 370 consists of 
5 basic elements: 

( 1) A Precision Optical Scanner, a flex­
ible high speed scanner, which has been 
described as the electronic eye of the sys­
tem. This high resolution flying spot scan­
ner makes accurate differential density 
measurements on microfilm images of the 
input data. 

( 2) A Precision Film Tranport which 
presents the microfilm ( 16 mm or 35 mm) 
input data to the scanner. Up to 15,000 
pages of text can be stored on one roll 
of film. 

( 3) A General Purpose Computer which 
sequences and controls all phases of the 
OCR operation, including periodic calibra­
tions of the scanner system on a com­
pletely automatic basis. It accepts infor­
mation from the scanner film transport 
and display unit in the foreground while 
providing flexible page formatting, includ­
ing logical decisions as a result of the 
text read, in the background. The com­
puter can output to magnetic tape, punch 
cards or to the display. 

( 4) A Recognition Unit which recog­
nizes all characters and symbols. Special 
purpose circuitry within the unit provides 
high speed comparison of unknown char­
acters with the reference alphabet. 

( 5) A Display Unit which is a large 
screen TV type device which displays 
single characters, lines of text, video 
images or digitized images or graphical 
data. It permits the operator to enter un­
recognized characters, to intervene during 
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the acquisition phase for new fonts via 
light pen, or to intervene during digitiz­
ing of graphical data. 

The CompuScan Model 370 will initi­
ally be offered through a service bureau 
operation. Cost and time factors, on a per 
character of per page basis, are expected 
to be a fraction of current OCR or key 
punch processing of comparable data. 

For more in form a tion, circle No. 16 
on the Reader Service Card 

InveCom Systems is a new company 
engaged in the manufacture of state-of­
the-art computer peripherals for inventory 
and related problems. One of their new 
products is an Automatic Inventory Ac­
quisition System, the System 1000, which 
is said to be .able to cut inventory costs 
by 60%. The System consists of a portable 
optical reader and processor that weighs 
3~ pounds and is battery operated. It 
gives the operator the option of optically 
reading digital in-coded property tags as 
well as manual input of information 
through the use of either digital switches 
or a 10-key keyboard. The information, 
after being checked and formated by the 
processor, is then recorded serially on 
magnetic tape. Each tape cassette may 
contain up to 6,000 unit entries. 

Some possible applications include prop­
erty control of capital items such as office 
furniture, capital inventory of warehouse 
stock, utility meter reading, hospital drug 
control, vending machine counter reading, 
security control, etc. 

For mo,re informa tion , circle No . 1 7 
on the Reader Service Card 

CAREER MEMO 
To the Computer Professional 

Does your present position lack pride 
of accomplishment? . . . If so, it is 
time for a change. Professional Oppor­
tunities presently exist in: 

SOFTWARE DEVELOPMENT 
SYSTEMS DESIGN 
PRQGRAMMING 
REAL TIME SYSTEMS 
TIME SHARING 
MANA. INFO SYSTEMS 
ENGINEERING 
MATHEMATICS 
OPERATIONS RESEARCH 

Your confidential inquiry is welcome. 
Call or write, Robert l. Keilholtz or 
Donald Wayne, 

EVERETT KE.LLEY ASSOCIATES, INC. 
Suite 1300--121 S. Broad St. 

Philadelphia, Pa. 19107 
215-KI 6-5240 

Placement of Computer Professionals 
since BINAC. 
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TRW has entered the commercial soft­
ware market with the introduction of a 
new product, called GIM (Generalized In­
formation Management). GIM is a com­
puter based information management sys­
tem offering rapid, simple and precise 
data selection. The machine independent, 
computer-based, general purpose system 
can be used for storage, maintenance and 
retrieval of information. GIM meets needs 
in a wide variety of business research, 
Government, and education applications. 
One of GIM's features is that the user 
can converse with the computer in Eng­
lish. Robert Muchmore, vice-president and 
general manager of the Software and In­
formation Systems Division, said GIM is 
the first of a series of software products 
to be made commercially available by 
TRW during the coming year. 

For more information, circle No. 18 
on the Reader Service Card 

Data General Corporation of Southboro, 
Mass., has announced their second com­
puter, the Supernova, a small-scale, gen­
eral purpose computer. The Supernova is 
said to be the fastest of all the mini com­
puters. Its add time, using conventional 
core memory, is 800 nanoseconds. Using 
read-only memory (ROM), which is inter­
changeable with core, add time is 300 
nanoseconds-one machine cycle. Because 
Supernova is able to overlap the fetch and 
execute portions of its arithmetic and log­
ical instructions while operating from 
high-speed ROM, these instructions can 
be fully executed in one 300 nanosecond 
cycle. This is supposed to make the effec­
tive operating speed of Supernova con-

The Metropolitan New York area 
offers outstanding opportunities 
in the field of Data Processing. 

WELLS RECRUITING 
SYSTEMS, INC. 

one of the nation's leading EDP 
groups, is now placing qualified 
Programmers and Analysts in 
exceptionally rewarding positions 
with over 1500 client firms in 
such industries as Petrochemical, 
Financial, Transportation, Manu­
facturing, and Consulting. 

Applications include: 
COMMERCIAL, COMMUNICATIONS, 

SCIENTIFIC, and HARDWARE 
SOFTWARE DESIGN. 

For an accurate and prompt eval­
uation of the opportunities that 
exist for you, call or send a re­
sume to: 

WELLS RECRUITING 
SYSTEMS, INC. 

170 Broadway, New York, N.Y. 10038 
212-964-5566 

'-----~----~--~~---' 
For more information, circle No. 9 
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siderable faster than that of conventional 
small computers. 

A basic Supernova configuration has 
4096 words of 16-bit core memory. High­
speed read-only memory may be inter­
changed with core, and the two types of 
memory can be mixed. Programs devel­
oped with the 800 nanosecond core mem­
ory can also be used with the 300 nano­
second read-only memory. Supernova is 
completely compatible with Nova, Data 
General's first computer, and any pro­
grams developed for Nova will run on 
Supernova. 

The desk top model shown above con­
tains facilities for expansion of core mem­
ory, plus interfaces for input/output de­
vices, including Teletype, magnetic tape 
units, disks, card readers, line printers, or 
cathode-ray-tube displays. Space devoted 
to l/0 interfaces and memory may be 
swapped within the basic configuration. 
Expanded versions of the Supernova can 
be configured to contain up to 32,768 16-
bit words of core and up to 64 input/ 
output devices. 

For more information, circle No. 19 
on the Reader Service Card 

The death of 
the ordinary engineer. 

You remember him. He worked on a tiny part of a 
big project. And he never did find out what his con­
tribution amounted to. 

As far as we're concerned, he's gone the way of the 
brontosaurus. 

We learned early. Back when we were small, each 
of our engineers had to get involved in everything. 
Design, development, manufacturing, marketing­
everything. And being involved, they became com­
mitted. It's worked beautifully. 

We make the best memory systems, stacks, planes, 
and printed circuits on the market. Plus a brand new 
Multi-Application Computer (MAC 16). In short, 
we're growing like a weed. So we need more engineers. 

If you want to get involved, write to me- E. A. Gage 
-at 6201 E. Randolph Street, Los Angeles, California 
90022. Better still, call collect. (213) 722-6810. 
Naturally, we're an equal opportunity employer. 

LOCKHEED ELECTRONICS COMPANY 
~ Data Products Division • Lockheed Aircraft Corporation 
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where you can reach/\pro­
grammers, mathematicians, 
analysts and EDP managers 

RATES 
Classified-75¢ per word, minimum order 
$7.50. Blind ads are an additional $10.00. 
Payment must accompany copy. 

Display Classified-an e i n ch by one 
column, $75.00. Column width is 21/4 ". 
Help wanted and employment services ads 
will be accepted in the classified section. 
Ads of 1/e page or more will be listed in 
the Advertisers' Index, and will qualify for 
the free resume service. 

Closing Date-the 10th of the month pre­
ceding (i.e. May issue closes April 10th). 
Send order and remittance to: 

software age 
Classified Department 

P. 0. Box 2076, Madisonh Wisconsin 53701 

EMPLOYMENT AND SEARCH 
COMPANIES 

PROGRAMMERS ( 3 I 
Large financial firm needs (1) Senior, salary to 
$28,000; (2) Intermediates, salaries $16,000 to 
$23,000 to help open new company locations. 
Entire fee, traveling, if necessary-moving ex­
penses are all paid by your new employer. 

ERIN EXECUTIVE AGENCY 
132 W. 34 St., New York, N. Y. 10001 

Phone: 12121 594-8296 

DATA PROCESSING POSITIONS 
IN THE SOUTHWEST 

Contact: 
CJfff fl PA[]LESSJ~lJ LflAEEAS 
Richard Kemmerly, Suite 1109, Stemmons 
Towers West, Dallas, Texas 75207. 2141 
637-6360. 

PRODUCTS 

ADD I SUBTRACT 6- DIGIT HEXADECIMALS in 
seconds with 100% accuracy. The pocket 
HEXADDER, $15. Free brochure from HEXCO, 
Dept. SA, P. 0. Box 55588, Houston, Texas 
77055. 

WANTED: Used 20 Drawer Tab Card Files. 
MacDonald, Box 68-501, Miami, Fla. 33168. 

~················································································· 

CLASSIFIED ADVERTISING ORDER FORM 

2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 

Words $ 

D Blind Ad $10.00 lnser time(s) Total Enclosed $ 

NAME 

ADDRESS 

CITY STATE. _______ _ ZIP ____ _ 

Signature 

WORD COUNT: Includes name and address (unless blind ad). The name of the city (Des Moines) , 
state (New York) and zip code are counted as a total of two (2) words. Each abbreviation, initial, 
single figure or group of figures or letters count as a word . Symbols such as 35mm, ·coo, AC, 
etc. count as a single word. Hyphenated words count as two (2) words. 

................................................................................... 
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PROFESSIONAL SERVICES 

EDP RESUMES 
A comprehensive manual on how to write 
your own resume, written especially for EDP 
personnel. Send $4.25 to 

K & H ASSOCIATES 
Dept. S, P. 0. Box 265 

Horseheads, New York 14845 

SAMIS/3G-The Structural Analysis and Matrix 
Interpretive System installed on third generation 
computers. $5,000.00 includes revised documen­
tation, source and object decks, warranted pro­
gram performance. IBM 360/50-65-75, UN'IVAC 
1108, CDC 6400-6500•-6600 . INTERNATIONAL 
ANALYTICS INC., 14937 Ventura Blvd., Suite 305, 
Sherman Oaks, Calif. 91403. Phone (213) 
783-1441. 

HELP WANTED 

PROGRAMMER/ANALYST needed by Syracuse Uni­
versity Library . Familiarity with I BM 360 com­
puter operating under OS/360. Languages: 
Assembly and/or PL/1. Background and ex­
perience in commercial programming desirable. 
Will work on problems involved in interfacing a 
variety of input/output devices and large file 
organization. Apply: Mrs. Elizabeth S. Newlove, 
Syracuse University Library, Syracuse, New York 
13210. 

Don't look for our man 
in your installation. 

,, 
~! 

F; 

He's Invisible. 

SPRINGFIELD ASSOCIATES is the only 
executive management recruitment ser­
vice in the EDP industry having what we 
call "an invisible man" in every data 
processing installation. Meaning that we 
know what's going on in each installa­
tion ... all about languages and configu­
rations ... how to put EDP specialists in 
computer-controlling situations ... what 
companies are offering. It's a TOTAL 
EDP SERVICE, serving both companies 
and prospective employees in the areas 
of programming, systems, operations 
resarch, and EDP sales. 

Thanks to our "man" in your installation. 

Call or send your resume to: 

SPRINGFIELD 
ASSOCIATES 

51 East 42nd Street 
New York, N.Y. 10017 

(212) 867-8175 •Suite 1508 
For more information, circle No. 10 

on the Reader Service Card 
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The gut-feeling of value received: 
you've got the best of nine possible 
worlds. Plus the chance to examine 
the other eight. So if you're reaching 
for the ecstasy, we can help. 

Right now openings exist in: Space­
craft Structural Design· Temperature 
Control Materials & Processing • Ap-

Sometimes you wade 
'. ttlrough an 

wful lot of agony 
to get to 

the ecsta~ 

plication of Microelectronics & Tran­
sistors· Guidance & Control Systems· 
Electro Optics • Propulsion Systems 
Analysis· Space Vehicles Design • 
Trajectory Design & System Analysis • 
Systems Design & Integration· Deep 
Space Support Systems· Electrome­
chanical Spacecraft Instrumentation • 

But its 
worth it. 

Scientific Programming • TV Image 
Processing and Electronic Packaging. 

Send your resume to: 
JET PROPULSION LABORATORY 
California Institute of Technology 
4806 Oak Grove Drive, 
Pasadena, California 91103 
Attn: Professional Staffing Dept. 10 

"An equal opportunity employer." Jet Propulsion Laboratory is operated by the California Institute of Technology for the National Aeronautics and Space Administration. 
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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 other purpose than to notify the specific firms which you have 
checked (on the reverse side) of your interest. 

TYPE OR PRINT CLEARLY FOR PHOTO REPRODUCTIPN 

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, etc.>: ---------------- --- --------------------

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

Progr'lmming languages used and extent of experience (COBOL, FORTRAN, etc.>: -------

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

Systems analysis experience (card design, flow charting, operation analysis, etc.>: ______ _ 

ED.P management experience <include ye.ars 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 _____ _ -~~---to _____ _ _ _____ to _____ _ 

Title or 
Function 

Name Signature --- -------------

Home Address ---- ---------- --- - - --- - ----- Home Phone ______ _ 
(city) 

Age ___ _ U. S. Citizen? ___ _ 
(state) (ZIP code) 

Security Clearance ---------------­

Marital Status ----------------­

Military Status -----------------

Location Preference ---------------

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

OCTOBER, 1969 

software age 
MAGAZINE 

P. 0. BOX 2076 
2211 FORDEM AVE., MADISON, WIS. 53701 
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check your interests here 
Fill in the confidential inquiry form on the other side of this 
sheet. This form provides all the information advertisers re­
quire to screen applicants. If further information is desired, you 
will hear from the advertiser direct. Then, check below the 
boxes of those companies to which you want copies of your 

Page 

D 1. Aerojet-General Corporation 3 

D 2. Army & Air Force Exchange Service ............ 25 

D 3. Burroughs Corporation . . . . . . . . . . . . . . . . . . . . . . . . 11 

D 4. Communications Satellite Corporation . . . . . . . . . . . . 40 

D 5. CTC Computer Corporation . . . . . . . . . . . . . . . . . . . . 24 

D 6. Fedder Software Corporation . . . . . . . . . . . . . . . . . . . 37 

D 7. Foxboro Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

D 8. Grumman Aerospace Corporation . . . . . . . . . . . . . . . 26 

D 9. Jet Propulsion Laboratory ...................... 44 

D 10. Lockheed Electronics Company . . . . . . . . . . . . . . . . . 42 

D 11. Lockheed Missiles & Space Company ............ 29 

D 12. National Cash Register Co., Electronics Div ...... 16 

D 13. Pratt & Whitney Aircraft . . . . . . . . . . . . . . . . . . . . . . 28 

D 14. RCA, Information Systems Div ............ 3rd Cover 

D 15. SA-100 ...................................... 29 

D 16. Sikorsky Aircraft ........................ 2nd Cover 

D 17. Singer-Friden Div ...................... 4th Cover 

D 18. Standard Oil Company of Ohio . . . . . . . . . . . . . . . . . 5 

EMPLOYMENT AND SEARCH AGENCIES 

D 19. Albert Associates ............................. 37 

D 20. Computer Careers, Inc. . . . . . . . . . . . . . . . . . . . . . . . . 39 

form ·sent. Mail to SOFTWARE AcE, P. 0. Box 2076, 2211 Fordem 
Avenue, Madison, Wisconsin 53701. (Please do not send us 
your own resume. We will only process this form. A new form 
must be filled out for each issue in which you are answer­
ing ads.) 
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D 21. Computer Guidance Corporation . . . . . . . . . . . . . . . . 31 

D 22. Computer Personnel Agency, Inc ................ 22 
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D 25. Fox-Morris Associates . . . . . . . . . . . . . . . . . . . . . . . . . 27 
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D 29. Lawrence Personnel . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

D 30. Management Scientists, Inc. . . . . . . . . . . . . . . . . . . . . 13 
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D 32. Sheridan Associates, Inc. . . . . . . . . . . . . . . . . . . . . . . . 13 

D 33. Snelling & Snelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

D 34. Source EDP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

D 35. Springfield Associates . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
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PRODUCTS AND SERVICES 

(Use Reader Service Card) 

North American School of Systems & Procedures ......... 27 

Reading ............................................ 20 

Wilson Jones Company . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

D I do not now receive SI A. Please send me information on how I 
may receive a FREE subscription. software age 
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City State 
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Zip Code 
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2211 Fordem Avenue 
Madison, Wisconsin 53701 
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