


Digital . . · 
Systems Engineers 

The Bedford Laboratories of Raytheon's Missile 
Systems Division has immediate, long-term open­
ings for professionals seeking to join a team working 
at the forefront of the many varied fields of elec­
tronics, including advanced development of the new 
SAM-D Surface-to-Air supersonic missile system. 
Other long-range programs include HA WK, 
SP ARROW, and MSR. Challenging opportunities 
exist for engineers, mathematicians and physicists 
at all degree levels. 

Our Digital Systems Department is staffed with 
engineers and scientists proficient in analysis, con­
ceptual and system design, detailed logic design, 
unit testing, and system checkout of all digital 
hardware contained in systems conceived and imple­
mented by the Missile Systems Division of 
Raytheon. This may consist of special purpose 
computers such as beam steering for phased arrays 
or general purpose computers for fire control. In the 
latter application the department is also responsible 
for system programming such as assemblers, com­
pilers, and executive programs; operational pro­
gramming such as tracking and threat priority 
assignment; and support programming such as 
diagnostics and utility routines. 

In addition, the department pursues an active 
research and development program in such areas 
as radar signature recognition, digital TV band­
width reduction techniques, and multi-processor 
organization. 

WORK AREAS: 
Logic Design 
Computer Logic Design 
Digital Signal Processing 
Digital Circuit Design 
Systems Analysis 
Real-Time Systems Programming 
Command and Control 
Systems Software Design 

An Equal Opportunity Employer 



PROGRAMMERS-ENGINEERS 
There are millions of small reasons 
why you should see us at the SJCC. 

We're developing new superconductive 
memories with capacities of millions of bits 
per cubic foot ... integrated circuits that 
pack a thousand transistors onto a 
single chip. 

This not only means computers of greatly 
decreased size, but increased speed; plus 
tremendous potential for growth in 
many new areas. 

Thus, there are far reaching opportunities at 
RCA for EDP professionals in hardware, 
software, programming, engineering, 
educational systems, graphic arts, 
and other areas. 

We'll put every facility at your command. 
Plus full measures of encouragement, 
recognition and reward. But first ... 

Let's talk it over at SJCC 
Current openings in these areas: Computer 
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Design; Commercial Applications; Software 
Development; Display Design; Peripheral 
Equipment Design-high-speed 
electromechanical printers, high 
performance digital tape stations, 
communication terminals, serial printers, 
magnetic tape handlers; Digital Data 
Transmission Systems; Scientific 
Programming; Design Automation; Orbital 
Analysis; Product Planning; Systems 
Planning; EDP Sales; Field System Support. 

To arrange a confidential interview with 
RCA at the Claridge Hotel, call Mr. T. A. 
Beckett at (609) 345-1271 during 
the Convention. 

Or write: Mr. T. A. Beckett, RCA Staff 
Employment, Dept. SJ-1 B, Building 2-2, 
Camden , New Jersey 08102. We are an 
equal opportunity employer. 

non 
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Systems Analysts 
Programmers 
Mathematicians 

UPTIME 
YOUR CAREER 
at 

DIA 
Switchover to Defense l.ntelligence Agency. DIA's mission 
is to strengthen a worldwide intelligence base which pro­
vides immediate and precise information on military 
ground, naval, air, missile and space forces. DIA's re­
ports affect the nation's most vital policies. 

We seek computer professionals for positions that will 
satisfy your most sophisticated requirements in: 

HARDWARE: Latest on-line, remote access, multi-program­
ming and time-sharing 3rd generation 
equipment. 

SOFTWARE: Challenging assignments in: Complex systems 
analysis, design and programming ..• De­
sign of special purpose mathematical, geo­
graphical search programs ..• Development 
and maintenance of intelligence data han­
dling files, ma.nagement files and scientific 
systems on all size computers • • . Utiliza­
tion of mathematical queuing theory and 
modeling/simulation systems. 

DIA provides s.tarting salaries commensurate with experience 
and education, regular pay increases, liberal vacation and 
holiday policies, comprehensive medical coverage and re­
tirement program. In short, you get all the Federal em­
ployment benefits • . . without the requirement of Civil 
Service Certification. (You must be a U.S. citizen and are 
subject to thorough backgrou.nd inquiry and physical ex­
amination.) Important bonus: DIA training will keep you 
current with the state-of-the-art. 

Capitalize on your capability and creativity. Send us your 
resume or Standard Form 57 (application for Federal em­
ployment) and start enjoying more uptime in your career. 
Write: 

DEFENSE 
INTELLIGENCE 
AGENCY CIVILIAN PERSONNEL DIVISION S-4 

Room 2E-239, The Pentagon 

Washington, D. C. 20301 

An equal opportunity employer M&F 
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Without moon men 
and planetary probes 
how on earth does 
United Air Lines 
attract top men to 
Elk Grove, 111.? 
The answer is simple. 

United Air Lines has 
the largest com­
puter system in the 
business world in 
Elk Grove Town­
ship, Ill. We have the 
kind of hardware 
that challenges 

even the best systems analysts and 
programmers. 

Imagine working with hardware like 
this: three UNIVAC' 1108-11 proces­
sors sharing a common 262K, 36-bit 
word core; 45 drums providing random 
access storage of nearly two billion 
characters of data; over 2800 Uni­
scope™ visual communication termi­
nals that link 116 United cities to our 
central computer complex; 700 auto­
matic printer units for passenger tick­
ets and airbills. 

This on-line computerized system 
will provide information in 17 basic 
categories ranging from passenger res­
ervations, meal planning, crew and air ­
craft scheduling to flight planning and 
cargo loading. 

This kind of information, and how it 
gets to our management, is critical to 

the operation of the world's largest air­
line. And because we want to stay that 
way, you can be sure our management 
will encourage you in the exploration 
of new areas of computer science. 

Since this new system becomes op­
erational this year, you can get in on 
the ground floor. If you can handle re­
sponsibility for projects from analysis, 
through coding, debugging, and docu­
mentation and if you've had two to five 
years experience in business or scien­
tific applications, let us hear from you. 

United also offers a few fringe bene­
fits that might attract you to Elk Grove. 
Free air travel for you and your family, 
company-paid insurance, an excellent 
retirement program and an employee 
stock purchase plan are just a few. 

Please send your resume and salary re­
quirements to Mr. H.K. Schlinker, Man­
agement Employment, United Air Lines 
Executive Offices, P.O. Box 66100, 
Chicago, Illinois 60666. 

lJJtlttl'Jitiil 
UNITED AIR LINES 
_, An Equal Opportunity Emp loyer 
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UNIVAC 
\NO rid 

headquarters 

wants pro­
grammers 

who actually 
like 

programming 

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

Want to talk it over? With 
people who like the compu­
ter business as much as you 
do? Then write. Your letter 
wi 11 be treated confidentia I ly, 
and you'll get a prompt reply. 
The address: C. E. Cooke. 
Senior Employment Repre­
sentative. UNIVAC Data Proc­
essing Division. Dept D111, 
Box 8100, Philadelphia, Pa. 
19101 . 

Write today and make an 
appointment with tomorrow 

UNIVAC 
Data Processing Division 

An equal opportunity employer M/F 

new installations 

• Computer Learning Corporation 
will use 25 Model 110 computers 
and 4 Keytape data preparation de­
vices of Honeywell Inc. to help 
young adults pursue data process­
ing careers. The firm offers training 
in keypunchting, programming, sys­
tems design, engineering and man­
agement science. 

Four computers are planned for 
the Washington area and others are 
slated for installation at offices in 
Boston and Atlanta later this year. 

• • • 
Rutgers University ordered two 

SDS, Scientific Data Systems, com­
puters, a Sigma 2 and a S1igma 5, 
for studies in nuclear structure 
physics. Rutgers will use the $500,-
000 dual computer system to study 
the composition of atomic nuclei 
and the forces which hold these 
nuclei together. 

In this application the computers 
will be used in conjunction with a 
tandem van de Graa:ff accelerator, 
which accelerates nuclei of light 
atoms to high energy where they 
strike the nuclei of the substance 
under study. The resultant radia­
t!ions and their energies are meas­
ured and analyzed by the computer 
system. The Sigma 2 will gather 
and sort this information and feed 
it to the Sigma 5 for analysis. 

• • • 
The Boeing Company, Commer­

cial Airplane Div., has awarded a 
$1.8 million contract for the lease of 
EAI, Electronic Associates, Inc., 
digital computing equipment. 

Two EAI 8400 Mod II Digital 
Computing Systems, with Data Con­
version and other peripheral equip­
ment, will be utilized by Boeing in 
desiign and development segments 
of the Supersonic Transport pro-

gram. The EAI 8400 is a 32-bit, 
general-purpose digital computing 
system which features one micro­
second memory base register for 
dynamic program relocation and 
memory protection and a basic 
memory capacity of 8,192 words­
expandable to 65,536 words. 

• • • 
Central Casting Corporation, the 

main sources of "extras" in the mo­
tion picture and television industry, 
has ordered a GE-405 computer 
system from the General Electric 
Co. 

The GE-405, smallest number of 
GE's 400 series of medium-scale in­
formation systems, wiH be used to 
calculate both gross and net da!ily 
earnings of approximately 3,000 ex­
tra players. It also will be used in 
processing the requirements of the 
Motion Picture Industry Pension 
Plan, the industry's Health and 
Welfare Fund and Screen Actors­
Producers Pension and Health and 
Welfare Plan, all of which cover 
approximately 30,000 employees lin 
the motion picture and television 
industry. 

• • • 
Information Systems Design, Inc., 

a pioneer West Coast computer 
service firm, has ordered a $2 mH­
lion Sperry Rand Univac 1108 Com­
puter System in order to keep pace 
with the increasing demand for 
computing service in the San Fran­
cisco Bay area. 

Remote data communication ter­
minals, located in the offices of 
customers, will be connected by 
telephone lines to the UNIV AC 
1108 so that various types of engi­
neering and scientific problems, as 
well as business applications can be 
received and processed with maxi­
mum convenience. • 

SoFTW ARE AGE 



Collins' computer development 
program is still growing 
... and Collins programmers are 
growing with it. 

• Computer systems designed and, manufac­
tured by Collins handle data for airlines, . 
railroads, and m'any other indu~trial an.d 
military organizations around the world. 

• . Collins computers ha~dle liund!-'eds of 
thousands of messages dally for airlines 
alone. 

'· 

• Collins pioneer~d many bf the concepts 
how widely applied in coinputer technology. 

• Collins is bringing digital computation a:nd 
control techniques to .th~ field of ayionics (f9r 
navigation, collision .avpidance, and airborne 
integrated data systems). 

• Collins leads th~ industry in combining 
communication, computation and control 
functions for single, integrated systems. 

~ Collins brings digital control to earth 
stations for satellite communication, and to 
high-pow.er transmitter facilities for overseas 
broadcasts. 

• Collins, a computer-oriented company, 
applies the most advanced digital techniques 
to its total operation. 

• Collins programmers find assignments 
challenging- their ingenuity, and responsibili­
ties reflecting the programmer's importance 
to Collins' growth. 

Openings exist-for qualified individuals (degree in o~e of the physical sciences plus experience) 
at . all 3 major Gollins facilities: Dallas, Texas; Cedar Rapids, Iowa, and Newport Beach, Cali­
fornia. Assignments will be in the following areas: 

• ADVANCED SYSTEMS 
PROGRAMMING 

The~e assignm~nts at Coliins will involve 
cr:eative design yvork ·in the. area of advanced· 

· computer hardware/ software systerµs. 

• SOFTWARE PROGRAMMING 
Openihgs for $Oftware programmers . to ·par­
tici pa l.e in developing advanced -software 
systems including coµipilers, assemblers, 
interpreters arid simulators. 

• REAL TIME PROGRAMMING 
Assignments for these P.ositions will be OIJ. 
existing large scale system·s and will involve 
communication and message . switching 
operations. 

• DIAGNOSTIC PROGRAMMING 
These positions will require the de~ign, 
writing and documentation--of hardware 
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diagnostic programs to perform factory check­
out and field maintenance of digital hardware 
and systems. 

• PIRECT DIGITAL CONTROL 
PROGRAMMING 

Duties will , involve work on computer con­
trolled factory machines and numerical con­
trolled devices and process control. 

If you're interested in Collins, contact Mr. 
Ben E. Jeffries, Corporate Manager of Prof es­
sional Employment, Collins Radio Company, 
Dallas, Texas 75207. 

an equal opportunity employer 

~ 
COLLINS 

~ 
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• You thought discrimination did 
not carry o~er into the computer 
world? Not sol For any group there 
is always another to foster its wel­
fare and to keep it in its place-­
for its own good, of course. Take 
the FOR TRAN programmers­
graduate engineers, physicists, 
mathematicians-analyzing signals 
from space, hyper velocity impact, 
or nonlinear circuits. Why are they 
forbidden by the FORTRAN speci­
fi:catio~ writers to overlap tape 
input/ output; to alternate 1/0 areas; 
to manipulate files; to handle data 
checks; to end files with tape marks? 
Why? They are a stereotype-the 
specification writers know. 

Their COBOL or assembly lan­
guage counterparts are not forbid­
den these operations: They know 
computers; they have important 
input/out pr~blems. The FORTRAN 
programmer creates 'scientific' pro­
grams in an ivory tower. There is no 
data in an ivory tower-the specifi­
cation writers know. Besides, "The 
FORTRAN programmer would not 
know what to do with input/ output 
capability if he had it," they say. 
"fie does not know a tape mark from 
an IBG." 

It may come as a shock to some 
people, but a large and growing 
number of FORTRAN programmers 
are not especially pleased with their 
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WHY DISCRIMINATE 

AGAINST 

PROQRAM~ERS? 

Robert A. Sebastian 
Timothy ]. Horrigan 

CAYWOOD-SCHILLER, ASSOCIATES 
Chicago, Illinois 

I/O limitations. They look at their 
optimization programs; their matrix 
inversions; their simulations; their 
statistical analysis problems; their 
partial differential equations. They 
know they have input/output prob­
lems. They figure, that since they 
can master higher mathematics, they 
can also master tape marks. 

To put it mildly, FORTRAN has 
a few inadequacies when it comes 
to magnetic tape input/output. In 
other areas FORTRAN program­
mers have no complaints. They like 
the notational ease of FORTRAN; 
its optimized subscripting; its lack 
of verbosity. They have a great in­
vestment in knowing the language 
inside out. It is familiar and effec­
tive. Now, in the troublesome 
1/0 area, a new development, 
COMPAT-F, makes them the equal 
of their COBOL and assembly lan­
guage counterparts: It provides the 
status and power of genuine input/ 
output capability. 

Inadequacies in FORTRAN Tape 1/0 
~liminated by COMPAT-F 

Caywood-Schiller, Associates, 
specializing in 'hard core' highly 
mathematical operations research, 
was constantly running into these 
inadequacies. Problems with TOSI 
DOS FORTRAN for the IBM 
System/360 were particularly severe 

in that tape records are blocked 64 
words to a block ( 63 actually, the 
first word is a FORTRAN control 
word). Thus, communication with 
the System/360 programming sup­
port packages, including sort/merge, 
was essentially impossible. Process­
ing COBOL tapes with decimal 
fields was also impossible, even in 
OS FORTRAN. CSA therefore de­
cided to write its own magnetic tape 
I/O System for the 360. This system, 
called COMPAT-F, consists of sev­
eral multiple entry FORTRAN call­
able assembly programs that inter­
face directly with the channel sched­
uler of th·e system control. It is 
designed to facilitate the full utiliza­
tion of System/360 hardware fea­
tures normally accessible only in 
assembly language, while retaining 
the ease of expression and notational 
familiarity of FORTRAN. A sum­
mary of significant COMPAT-F fea­
tures is presented in Figure 1. 

Read Any Tape 

Any 7 or 9 channel magnetic tape 
(in the IBM Series 2400 Magnetic 
Tape Units) can be read by 
COMPAT-F, either forward or back­
ward. The byte strings are trans­
ferred from tape to core by a "read" 
command-then a "scatter" com­
mand fills the proper FOR TRAN 
words. Provisions are made to easily 

SoFTW ARE AGE 



handle packed decimal, zoned deci­
mal, or binary tape format. Blocked 
records are no problem, either. In 
fact, this is another desirable fea­
ture of COMPAT-F. When writing 
a tape the programmer may choose 
any blocking factor he Wishes. He 
is not restricted to 252 bytes per 
block as with the normal TOS /DOS 
FORTRAN WRITE statement. 
Thus, better tape utilization may be 
realized. 

When a new 360 is installed the 
business or COBOL-type programs 
are generally converted first. "'Sure," 
the Data Processing Manager tells 
the FORTRAN programmer, "we 
can give you data for your forecast~ 
ing model. We have weekly sales of 
all products for the last 5 years.;' 
What he failed to point out was that 
FORTRAN cannot read this data 
since it wasn't written in FORTRAN. 
This leaves the programmer with 
three alternatives, none of which is 
too appealing: 

1) Learn COBOL and write a 
special purpose subroutine for this 
job. 

2) Ask a COBOL programmer to 
write the special purpose subroutine. 

3) Forget the whole thing. 

It is not uncommon for one of these 
speci.al purpose subroutines to con­
sist of 60 to 70 statements in the 
Procedure Division alone. Contrast 
this to the three basic COMPAT-F 
statements that would do the job-a 
"read," a "check," and a "scatter." 
The "read" command transfers one 
physical record from tape to core; 
the "check" tests for end of file 
(other special conditions such as 
read error, write error, load point, 
tape unloaded, etc. may also be 
checked); and the "scatter" sets up 
the proper FORTRAN words with 
decimal-binary conversion, when 
required. 

Write Compatible Tapes 

The IBM utility packages such as 
sort/merge can be of great assist­
ance to the programmer. But, in 
general, they won't read FORTRAN 
written tapes. Sort/merge, for exam­
ple, cannot be used with FORTRAN 
written data if there are more than 
63 words in a record. 

A COMPAT-F written tape can 
be read by these packages as well 
as COBOL, assembly language, and, 
of course, COMPAT-F. 
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THE FUNDAMENTAL FEATURES OF COMPAT-F 
FOR IBM SYSTEM 360 FORTRAN 

* Allows FORTRAN utilization of data prepared by other 
program languages or by other computers. 

* Outputs FORTRAN tapes acceptiable to utility programs 
(i.e., sort/merge), other program languages, or other 
computers. 

* Provides substantial computer time saving by allowing the 
overlapping of input/output with processing. 

* Permits increased tape utilization through usage of blocked 
records. 

* Enables FORTRAN to accept multi-fiie reels and/or multi­
reel files. 

* Furnishes the capability of complete tape manipulation, in­
cluding forward ·and back spacing of blocks and files. 

* Gives the programmer the option of taking specific action 
as a result of input/output errors. 

In short, COMPAT-F combines the FORTRAN algorithmic capabil­
ity for scientific computation with the similar capability of asisembly 
language for data handling. 

FIGURE 1 

Overlap 1/0 and Processing 

The concept of simultaneously 
reading, writing, and processing is 
generally unknown to a FORTRAN 
programmer-it can't be done. 
When FORTRAN reads, it reads, 
and no other operation may be 
occurrir..~ at the same time. How­
ever, the 360 hardware is not so 
limited and COMPAT-F gives the 
programmer the ability to exploit 
this capability. In other words tape 
input and/or output operations may 
be overlapped witih processing, Even 
a FORTRAN programmer can com­
pute that as much as two-thirds of 
the running time may be saved by 
this feature. 

Program Responses to 1/0 Errors 

What is more irritating to a pro­
grammer than to have a job abort 
whHe reading the 99,999th record? 
The program has already processed 
99,998 records and with two more 
to go an unreadablie portion of tape 
is encountered. The programmer is 
not consulted-he has no choice­
his job is aborted by FORTRAN. 
With COMPAT-F, on the other 
hand, tihe programmer is in charge 
-he may attempt to read the rec­
ord backwards (sometimes with 
more luck than reading it forward) 
-he may skip the record and go on 
to the next one-or he may elect 

to abort the program. The decision 
is, however, his. 

Use with DOS, TOS or OS 

COMPAT-F may be used with 
either DOS, TOS or OS FORTRAN. 
However, the advantages are greater 
with DOS or TOS. The 1/0 inade­
quacies of FORTRAN outlined . in 
tihe previous sections mainly refer 
to DOS and TOS. Some, but not all, 
of these are eliminated by OS FOR­
TRAN. For example, OS FORTRAN 
does not allow the overlapping or 
tape manipulation of COMPAT-F. 
Furthermore, the present require­
ment of a 256 K core will undoubt­
edly deter some installations from 
operating under OS. 

Command Structure 

Figure 2 illustrates the use of the 
two main com:µiands of COMPAT-F 
-"Read Forward" and "Scatter." 

Another feature of COMPAT-F 
tells how many bytes were actually 
read with each "read" command. If 
this number is designated by 
NBYTE, then NREC = NBYTE/30 
is the num her of records read in this 
example. Thus, if the last block c0:n­
tained less than 50 records, the 
"scatter" command would handle 
the situation if the repetition factor 
( -50) were changed to -NREC. 

In all, COMPAT-F has 18 com-
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EXAMPLE ILLUSTRATING T""E TWO MAIN 
COMMANDS-READ AN.D SCATTER . 

A magnetic tape reel exists containing s~les records for a large 
number of stock keeping units ( SKU). There are 50 records in a 
tape block-each record contains 30 bytes with the following 
information: 
Byte No. 

1 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 

SKU SALES DESCRIPTION DATE DEPT. 

The Description field is alphabetic; all other data is in pack~d ~leci­
ma.l. Computations with this data require only the Sales of each 
record: 

The "read" command is 

CALL COMREF(TAPE6, INDATA(J), 1500) 

This command reads 1,500 bytes, or one block (whichever is smaller) 
from Tape 6 into the array INDATA. 

The "scatter" command is 

CALL COMCAT(INDATA(J), - 50, - 30, 4, 7, 0 ISALES) 

Bytes 4 to 7 of the first record of INDATA(J) am translated to 
binary and moved to ISALES ( 1). The zero in the argument list i~­
dicates that the read-in data was in packed decima1l format. Then, 
bytes 4 to 7 of the second record of INDATA(J) are translated to 
binary and moved to ISALES ( 2). This process is repeated 50 times 
as designated by the optional repetition factor ( - 50) in the argu­
ment list. The optional argument of ·_ 30 indicates the number of 
bytes in each record. 

FIGURE 2 

mands which can be divided into 5 
groups as follows: 

2. COMpat CHecK-CALL 
COMCHK (UNIT) CALL 
COMCHK ( UNIT,L )-The 
magne'tic tape unit specified by 
the COMPAT-F symbolic unit 
identifier UNIT is checked for 
nor~al completion of its last 
operation, and waits if neces­
sary. After a read (or read 
backwards ) , if the optional ~ec­
ond ~rg~ment L is present, the 
actual number of bytes read is 
stored 'in L. This command 
must be followed by a simple 
GO TO. When the last opera­
tion has an abnormal comple~ 
tion (e.g., end of file), 
COMCHl< returns to the GO 
TO: · otherwise it skips over the 
GO TO on its return. 

Group I-Control Commands­
The commands of this group are 
necessary for the operation of 
COMPAT-F. They supply the con­
trol framework required by the flexi­
ble symbolic identification of mag­
netic tape units and the overlap of 
input, output and processing. 

IO 

1. COMpat AS.sigN - CALL 
COMASN ( UNIT1,Nl,UNIT2, 
... , UNITK,NK)-The simple 
or expliCitly subscripted vari­
ables UNITl, UNIT2, ... , 
UNITK are established as 
COMPAT-F symbolic tape unit 
identifiers by association with 
tihe corresponding SYS num­
bers sp~cified by Nl, N2, ... , 
which may be literals, simple 
varia blie or explicitly sub­
scrip~ed variables of integer 
type. 

Group II-Elementary Com­
mands-The commands of this 
group are the COMPAT-F high­
speed version of the tape commands 
normally available in DOS or TOS 
FORTRAN. 

3. COMpat WRiTe-CALL 
COMWRT(UNIT,ARY,L) -
The physical tape unit sym­
bolically identified by UNIT is 
selected and the array ARY of 
L bytes in length is written on 
it as a single physical record. 

4. COMpat REad Forward­
C ALL COMREF(UNIT, 
ARY,L)-The physical tape 
unit symbolically i¢lenti£ed by 
UNIT is selected and L bytes 
of data or one bfock ( wh~ch­
ever is smaller) is read into the 
a~ray ARY. 

5. COMpat Back Space Block­
CALL COMBSB (UNIT)-The 
physical tape unit symbolically 
identified by UNIT is selected 
and back spaced one biock. 

6. COMpat RE Wind - CALL 
COMREW (UNIT) - Th.e 
physical tape unit symbolically 
identified by UNIT is rewound. 

7. COMpat Write Tape Mark­
C ALL COMWTM(UNIT)­
The . physical tape unit sym­
bolically identified by UNIT is 
selected and an end of £le sym­
bol (tape mark) is written 
on it. 

Group III-Expanded Com­
m~nds__.:Thi~ group provides addi­
tional tape manipulation commands 
normally available only in assembly 
language. 

8. CQMpat Forward Space Block 
-CALL COMFSB(UNIT)­
The physical tape unit sym­
bolically identified by UNIT is 
selected arid forward spaced 
one block. 

9. COMpat Forward Space File 
-CALL ·coMfSF(UNIT)­
The physical tape unit sym­
bolically identified by UNIT is 
selected and forward spaced 
one £1~ (to next tape mark). 

10. COMpat Back Space File­
CALL COMB SF (UNIT)­
The ·physical tape unit sym­
bolically identified by UNIT is 
selected and back spaced one 
£le (to last tape mark). 

11. ~OMpat REad Backwar~s­
C ALL COMREB(UNIT, 
ARY,L)-The physical tape 
unit symbolically identified by 
UNIT is selected and L bytes 
or ·one block of data (which­
ever is smaller) is read back-
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wards into the array ARY. 
Execution of COMCHK on 
UNIT causes the automatic left 
justification of this data with 
ARY. 

12. COMpat Rewind and UNioad 
-CALL COMRUN(UNIT)­
The physical tape unit sym­
bolically identified by UNIT is 
selected, rewound and un­
loaded. 

13. COMpat ERase Gap-CALL 
COMERG (UNIT) - The 
physical tape unit symbolically 
identified by UNIT is selected 
and a gap is erased. 

Group IV-Analysis Commands 
-The commands of this group pro­
vide the (optional) capability of 
analyzing abnormalities occurring 
during input/output operations-in­
cluding errors-and programming 
specific reactions. 

14. COMpat AN alysis Mode­
CALL COMANM-The COM­
PAT-F routines are modified 
(set to analysis mode) so that 
numerous abnormal conditioqs 
including input/output errors 
are returned to FOR TRAN by 
the Channel Scheduler. 

15. COMpat CHecK-CALL 
COMCHK(UNIT) CALL 
COMCHK( UNIT,L )-Checks, 
waits, left justifications, and ab­
normal returns are performed 
as in the non-analysis mode; 
however a data input/ output 
error now causes an ·abnormal 
return. 

16. C 0 M p a t T e S T - C A L L 
C 0 MTS T(U NIT, KO DE) 
CALL COMTST(UNIT,KODE, 
L)-The physical unit symbol­
ically identified by UNIT is 
selected and its status is deter­
mined; a status value is as­
signed the integer variable 
KODE accordingly. These 
values range from available 
through various types of busy 
to tape end conditions and in­
put/ output errors. If the op­
tional third argument is pres­
ent and the last operation is a 
read or read backwards the ac­
ual number of bytes read is 
stored in L. No left justification 
is performed on data read 
backwards. 

Group V-Data Manipulaition 
Commands-The commands of this 
group allow the gathering or scatter-
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COMPUTER 
APPLICATIONS 
Long the world's leading supplier of 
aircraft engines, P&WA is now enter­
ing new market areas as its jet 
engines are successfully adapted to 
the industrial, marine and electrical 
power fields. This company growth 
combined with our increasing use of 
computer technology offers un­
matched opportunities for computer 
oriented individuals with ambitions 
to move ahead. 

These are our immediate career 
openings for individuals with 
Bachelor's degrees and up to eight 
years related experience: 

- PROGRAMMERS 

- PROGRAMMER ANALYSTS 
-SYSTEMS ANALYSTS 
- OPERATIONS RESEARCH 

ANALYSTS 

If selected to join P&WA, you will be 
given assignments on such projects 
as a Full Production Information 
System; an Integrated Material Con­
trol System, including procurement, 
forecasting and scheduling; and 

Automated Financial Analysis and 
Reporting .. Hardware includes On­
line Data Collection equipment and 
360's with Teleprocessing, Serial 
and Random Access capabilities. 

At P&WA you will find a staff made 
up of dedicated and experienced 
professionals with a history of 
developing successful major com­
puter systems. 

There are opportunities here for real 
professional challenge, with respon­
sibilities coming early for those with 
ability. Because of our policy of 
promoting from within, there is ex­
cellent advancement potential. 
Starting salaries are good and there 
is an outstanding employee benefit 
program. 

Your response will receive our im­
mediate attention. Send your 
resume, along with salary require­
ments, to Mr. H. M. Heidmann, Pro­
fessional Placement, Office A-43, 
Pratt & Whitney Aircraft, East 
Hartford, Connecticut 06108. We 
are an equal opportunity employer. 

Pratt & Whitney ~ircraft 
u 

DIVISION OF UNITED ARAFT CORPORATION 
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MULTI-FACET 
PROBLEM 
SOLVING 

The keenly honed perceptual acuity of 
different minds from a variety of 
disciplines, thinking alongside each other, 
brings unique insights into problem 
solving. At Booz• Allen Applied Research 
Inc., multi-faceted non-routine problems 
are the routine challenge. The 
assignments undertaken by the more 
than 500 professional staff members cover 
a broad spectrum of problem areas that 
require interdisciplinary involvement 
of a high order. 

Typical assignments might include: 
simulation studies; math modeling; war 
gaming; information retrieval systems; 
applied mathematics; operations 
research. The range is wide; the probing 
is deep. Over 30 diverse disciplines 
interact to contribute to unique solutions. 

There are no proprietary hardware 
interests to cloud the objectivity of the 
individual professional. The integrity 
of each staff member is unhampered. 
Persona l fulfillment is limited only by 
the parameters of hi s self image because 
the challenges may take him to the edges 
of his own vision. Advancement can be 
either through channels of resea rch or 
client contact. Personnel selection is 
necessarily limited to the scientist and 
engineer of rare quality. 

Contact Mr. P. T. Paul, Manager of 
Staff Selection at the Shelbourne Hotel, 
Atlantic City, New Jersey during the 
Joint Computer Conference or write 
Mr. Robert M.Flint, Director of 
Professional Appointments. 

BOOZ•ALLEN 
APPLIED RESEARCH Inc. 
135 South LaSalle Street-Room 1744 
Chicago, Illinois 60603, Phone (312) 372-1728 

CHICAGO/KANSAS CITY 
WASHINGTON, D.C./LOS ANGELES 

~ An equ•I oppMunUy employ" 
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ing of data into or out of the array 
format required by the COMPAT-F 
commands. In the case of packed 
or zoned decimal input the scatter­
ing is accompanied by the optional 
automatic conversion to binary and 
vice versa in gathering for output. 

17. COM pat sCA Tter-CALL 
COMCAT( ARY, NFl,NLl, 
LOCI, NAM El, NF2, NL2, 
LOC2,NAME2, ... , NFK, 
NLK,LOCK,NAMEK) - With 
ARY as the input array the 
general parameter sequence­
NF,NL,LOC,NAME-which is 
repeated as required, has the 
following significance: The 
field (bytes) of ARY between 
NF (the First byte of this 
field) and NL ( the Last byte 
of this field) inclusively is 
moved into the field starting at 
byte position LOC in NAME. 
When LOC is zero (or minus 
one) the specified field of ARY 
is taken as packed decimal ( or 
zoned decimal) and is moved 
into the word at NAME as a 
FORTRAN integer in binary 
format. The genernl parameter 
sequence may be prefixed by 
an optional repetition factor 
(preceded by a minus sign) to 
effect a chained scatter in the 
following manner: -NR,NF, 
NL,LOC,NAME. In this case 
NAME must be an array name. 

18. COMpat GAtheR-CALL 
COMGAR (ARY,NFl,NLl, 
LOCI, NAMEl, NF2, NL2, 
LOC2,NAME2, ... ,NFK,NLK, 
LOCK,NAMEK)-With ARY 
as the output array the general 
parameter sequence -NF,NL, 
LOC,NAME-has the same 
significance as in COMCAT ex­
cept that the movement com­
mences with the LOC byte in 

NAME and consecutively fills 
the field at ARY having NF as 
its First byte and NL as its 
LAST byte, inclusively. When 
LOC is zero (or minus one) 
the word NAME is taken as 
a FORTRAN binary integer 
and is converted to packed 
decimal ( or zoned decimal) 
during the move to the speci­
fied field of ARY. The repeti­
tion factor applies as before. 

Programmer in Commanel 

As with any language, the clever 
programmer can use COMPAT-F 
to better advantage than the not-so­
clever programmer. In COMPAT-F 
the programmer is ''more in com­
mand" than he is in FORTRAN I/O. 
There are, therefore, certain things 
that he must know. For example, 

1) Does the tape have a tape mark 
at the beginning? If so, he must 
have a "forward space file" state­
ment before he attempts to read 
the tape. 

2) Does the tape have a label? 
If so, he may either check the label 
or "forward space block" and skip 
it. 

3) Are the numeric ·fields written 
in packed decimal, zoned decimal, 
or binary? If packed decimal or 
zoned decimal are used in the 
numeric £.elds, then the scatter with 
binary conversion is mandatory. 

In general, the programmer must 
know the tape fairly well. With 
FORTRAN I/O, for example, he 
need not know the answer to any 
of the above three questions­
FORTRAN "takes care of him." The 
problem is that FORTRAN over­
protects him and, in so doing, takes 
away some of the powerful features 
of the 360 hardware. COMPAT-F 
gives him back these features. • 
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WORK ON: 
INERTIAL NAVIGATION SYSTEMS 

OPTIMAL Fil TERI NG 
HYPERBOLIC NAVIGATION SYSTEMS 

HYBRID SIMULATION SYSTEM 
MISSILE GUIDANCE 

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

DATA ACQUISITION SYSTEMS 

Prograin yourself 
for progress. 

Flexibility, diversity, challenge ... 
are three vital ingredients for progress 
you'll find in abundance at AC 
Electronics. Why? Because, here at AC, 
you'll have a crack at a variety of 
jobs on some of today's most exciting 
and advanced projects. What's more, 
you'll be in on the ground floor of 
rapidly expanding computer activity. 
Example: a Hybrid Simulation System 
for future space flights already in 
the works. If you have a degree, plus 
two or more years' experience, look 
over the career opportunities listed 
below. Then write, phone or wire: Mr. 
R. W. Schroeder, Dir. of Professional 
and Scientific Employment, Box 507, 
AC Electronics Div., Milwaukee, 
Wisconsin 53201. 
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Real Time Programmers -
Perform system programming for 
special-purpose digital and hybrid 
airborne computers to achieve 
optimum system performance. 
Participate in check-out and 
engineering analysis of programs. 
Simulations Programmers -
Design programs to perform math 
simulations and modeling of systems 
and vehicles. Pre-mission check of 
validity of systems and program 
accuracy performed on large-scale 
digital and hybrid computers. 
Design and Programming Aids -
Develop highly automated systems 
for designing, fabricating, and 
programming small special-purpose 
computers, including the development 

of programs and techniques to code, 
assemble, simulate and analyze 
operational programs. 
Scientific Programmers -
Analyze and prepare computer 
programs for solution of engineering 
and scientific problems utilizing the 
I.B.M. system 360. Applications 
include missile trajectory simulation, 
flight test data reduction, design 
automation and automatic check-out 
systems for airborne computer 
softwear. 
AC ELECTRONICS 

1~1~1 
MASI[! NAllGAIORS IHROUCH llM( ANOSl'lt[ MARK Of llC!lll Ntl 

An Equal 
Opportunity 
Employer 
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Encoding fro ORIGI~AL I:\DEX 

'TI ITE:M 
)IL 
OILE 

TOILER 
~ TOILET 

Alphanumer' ., .. :~r~ 
TOILSO~IE 

~ TOILWOR;\ 

Names to Retior: 
TO J;d 

Addresses 

Dr. Thomas C. Lowe 

Informatics Inc. 
4720 Montgomery Lane 

Bethesda, Maryland 

~ TOLA 
TOLA;\" 
TOLllOOTH 
TOLD 
TOLE 
TOLEDO 
TOLER;\BLE 
TOLERANCE 

This work was performed at the Informa­
tion Systems laboratory, The Moore School of 
Electrical Engineering, University of Pennsyl­
vania. It was supported by the Army Research 
Office (Durham) under contract number DA-
31-124-ARO-D-352 and by the Air Force 
Office of Scientific Research under contract 
number AF-49(638)-1421. 

FEATURES OF DECODING MECHANISMS 

• In many applications it is neces­
sary to obtain an absolute memory 
address for a record in external stor­
age (such as disk) when given an 
alphanumeric name. Some ap­
proaches to this problem will be 
presented below. 

TMs problem in general is called 
the encoding problem; the given 
alphanumeric name is called a term. 
It is not the purpose of this article 
to present any general solution, but 
rather what follows is a brief review 
of some well-known techniques, and 
an :introduction of a new one. 

Many workers have investigated 
problems in the area of address en­
coding. The basic problem is easy to 
understand: for example, assume 
that a term consists of up to 28 

Processes Variable 
Length Term 

False Hits Possible 
When Term in File 

False Hits Possible When 
Term Not in File 

Extensive Character 
Processing Required 

Easily Partitioned for Few 
External Memory Accesses 

Easily Updated 

Large Fast Memory 
Requirement 

Symbol 
Tree 

Yes 

No 

No 

Yes 

No 

Yes 

Yes 

Key-to-Address Balanced 
Transformation Tree 

Yes No 

Yes No 

Yes Yes 

No No 

Yes 

Yes No 

No No 

TRlPLET 
4L!-t 
5Ef'· 
6R1.L 

6Tv 
7Rµ. 
7T,n 
5FfL 
3Sp. 
5\V1). 
4Tp. 
:3Kµ. 
4E1.L 

40µ. 
3Lµ. 
6b.J1;3L~i. 
4B,u. 
4Dp. 
5!J'g4E,u. 
.SD rt 
5R 11. 

7N1J. 

Triplet 
Search 

Yes 

No 

Yes 

Yes 

Yes 

No 

No 
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characters from an alphabet of 37 
symbols. There are then about 1044 

possible- terms. 
In a typioal situation at most 104 

or 105 terms will actually be used, 
so that the encoding problem is one 
of mapping the index items used 
into appropriate external memory 
addresses. 

Several schemes for encoding will 
be considered in brief. Not all of 
these methods were originally pro­
posed for thris purpose, but they are 
applicable to it. 

It is necessary that any system 
design be particularly oriented 
toward the characteristics of the 
equipment available. Not only do 
such factors as word size, fixed word 
length operation as compared to 
variable word length (or character 
oriented), and ·character handling 
features in fixed word length ma­
chines enter the picture, but as 
Bowlden1 has pointed out, some 
older mac4ines with table look-up 
features such as the IBM650 and the 
Control Data RPC-4000 have in­
structions that may make vast differ­
ences in the methods used. Associa­
tive memory devices are not con­
sidered here. 

Symbol Trees 

In symbol trees each node repre­
sents a symbol (that is, a single 
character) of a term and branches 
lead to following symbol nodes. If 
two or more terms have the same 
initial symbol sequence, they share 
an initial path down the tree until 
the first symbol differentiating the 
two symbol sequences is encoun­
tered. The average branching fac·.-:or 
at the nodes and the tree depth may 
be controlled by considering an in­
dex item as a string of bits, and 
generating a new symbol sequence 
by partitioning the bits in a way 
different from the original character 
representation scheme.' The size of 
the alphabet used in the tree repre­
sentation can thus be varied. Fred­
kin has proposed the use of two bits 
per node in his "binary Trie"4• In 
the decoding application being pres­
ently considered, the external 
memory address could be placed at 
the last node of every pa.th through 
the tree corresponding to an index 
item. 

The efficient mechanization of 
such a tree structure has been given 
considerable attention. Susenguth11 

(Continued on page 28) 
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NCR 
creator of the advanced 
CENTURY SERIES COMPUTERS 
offers you 
NEW-GENERATION OPPORTUNITY 
in Los Angeles 

With the introduction of the world's most 
advanced family of computers, the Century 
Series, NCR offers you opportunity to move 
ahead today to new-generation technology. 
Join the men responsible for the industry's 
newest concepts in system programming. in 
high-speed thin-film memories, in mono­
lithic integrated circuitry. in disc memory 
innovation, in automated production tech­
niques. D NCR Electronics Division is the 
largest commercial computer manufacturing 
facility in Southern California. It offers you 
stable, non-defense activity in an outstand­
ingly professional environment. Your job 
and your future: the creation of business 
automation for NCR markets in 121 coun­
tries. D Challenge. opportunity and South­
ern California are waiting for you. Why let 
another generation go by? 

CURRENT OPPORTUNITIES 
SYSTEMS FORMULATION 
Several intermediate and 
senior positions are available. 

Will develop functional specifications for 
advanced state-of-the-art equipment emphasizing 
digital communication, multi-processing, multi­
programming and time sharing as applied to large 
commercial computers. Requires degree and in­
depth related experience. 

SYSTEM SPECIALIST 
Will do original design and development in com­
plex operating system for large scale multi-

Pur''Dq'' 
/N 

computer systems and will coordinate the efforts 
of programmers in relation to over-all project 
completion. Degree and related experience in soft­
ware development and programming required. 

SYSTEMS ANALYSTS 
Responsibilities will include systems analysis in 
manufacturing, financial and administrative areas. 
Will work closely with programming group in 
installing new systems. One year's systems anal­
ysis experience required. 

SOFTWARE PROGRAMMERS 
Will develop software for various input/ output 
routines. Prefer college-trained applicants with 
previous machine language or large file computer 
programming experience. 

ARRANGE NOW FOR 
SJCC INTERVIEW 
To arrange a confidential interview at the Spring 
Joint Computer Conference in Atlantic City, 
April 30 - May 2. contact the NCR representa­
tive at the Claridge Hotel, Telephone (609) 345-
1281. If you do not plan to attend SJCC, please 
submit resume to : 

STEVE WILLIAMS 

® 
The National Cash Register Company 
ELECTRONICS DIVISION 
2873 W. El Segundo Blvd., Hawthorne, Calif. 
Telephone (213) 777-7346 
An equal-opportunity employer 
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SIMPLE COMPUTER MODEL­
GEOMETRICAL APPROACH 

This model's objective is to present a descrip­
tive picture of the "goodness" of a siting. It is 
not intended to be a mathematical solution. It 
must be, however, an equation, for example: 

(3) 

gs = goodness of the site 
m1 = itll rrierit factor 

where: 

w1 = weight of itI1 factor in the overall 
picture 

After smile consideration, two merit factors 
can be arrived at. 

m : an indicator of the number of people that 
are not defended by a s1.ting 

v : the volume of space that measures the 
imbalance of covemge of the Pw surface. 

In this model, we cannot perform any simu­
lation or any optimization analyses since we will 
be looking only at the capabilities of the defense 
under a specific attack given the required mim­
ber of ABM' s in consideration of the balanced 
~efense approach. That is, we will assume that 
the unanswered questions faH out as corollaries 
to the theorem that if we answer the question: 
How well are we defending the Pw surface?, 
t:Pen we have reached the game-theoretic best. 
The goodness here is defined as a geometri'cal 
good. 

Let's look at the city once more and see what 
restrictions are imposed by this intercept surface 
(Figure 8). 

The da or decision altitude which has been 
set by the firing doctrine is a measure of the 
discrimination and target tracking capabilities. 
It says that launching the ABM before the 
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ICBM reaches this altitude would handicap the 
defense by wasting missHes. 

The la or launch altitude which is computed 
as a function of the intercept point and the 
time to intercept is used to compute the surface 
of last penetration. Once the object has pene­
trated this surface, :ho site cbuld launch any 
missiles to intercept the object and prevent its 
penetration of the Pw surf ace. 

The next question is a complicated expression 
which yields this launch altitude. I mention it 
only for the readers who are interested. 

( 4) la = h( t0 +t( ia)) where: 
t0 =time to intercept 
ia = intercept altitude 

t( ia) = time function whiich gives 
the time to impact as a 
function of altitude 

h ( t0 + t ( ia) ) = al ti tu de function (inverse 
of the time function) 
which gives altitude of 
object as a function of 
time to ilnpact 

Note from inspection of Figure 8 that there 
is an opening or a weak spot to the defense. 
Note further that it is near the heart of the 
city. But also notice that the opening is quickly 
closed if ( 1) we could move the intercept alti­
tude down or ( 2) move the decision altitude up. 
The question that comes to mind then is how 
can we measure this weakness. 

One way to measure the imbalance of cover­
age of Pw is by calculating the signed volume 
of space between the da and the la as a weighted 
function of da, and since da is a horizontal plane 
(for local defense), we have the formula: 

(5) 

v= da J :Va(d,) 
da 

1 

v = the volume of space be­
tween la and da, where 
v = Vo+A0 (da-da) where 

0 

v 0, A, and da are constants 
0 

w = the weight associated with 
da 

da and da = the limits chosen for da 
2 1 

Another way to measure this vulnerability 
is to ask how many people are affected by the 
hole in the defense. The answer to this question 
is unfortunately not easy to obtain by this ap­
proach. For example, by intercepting lower, you 
could obtain such a measure by subtracting X 
number of people from the balanced defense 
plan. However, by doing so, you would disturb 
the entire game-theoretic balance of intercept­
·ing on the Pw surface. About the best you can 
say is that with this da, this siting plan fails. 
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ANALYSTS • 

. .. in our 

SCIENTIFIC & COMMERCIAL 

COMPUTER-BASED 

ANALYSIS & 

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

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

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

Current and planned applications include­

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

Development of Batch Programs and Systems in 
all engineering disciplines. 

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

We have exceptional assignments at all levels 
of experience for: 

COMPUTER SYSTEMS 
PROGRAMMERS AND ANALYSTS 

FOR BOTH COMMERCIAL 
AND SCIENTIFIC FIELDS 

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

Send your resume in confidence, stating salary 
requirements, to Mr. Leo J. Shalvoy, Professional 
Employment. 
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With others, it might work. The formula we are 
looking for is then: 

(6) 

m= 
da 

r 1 

wd(~a) 
} da 

0 

m = 0 or 1 depending on da; 
if da < da , then m = 0 

0 

if da :::::::,., da , then m = 1 
0 

w, da , and da are as before 
1 2 

where: 

The next step is to be able to compute these 
merit factors considering all types of threats. 
The three variables considered will be reentry 
angle, a, reentry azmuth, 8, and weapon yield, 

E 

y. The formula for v becomes then: 
(7) 

5 SS 5 W V d da d a d () d y 
E where: v 55 55 W d da d a d () d y 

£ 

w = considered as a weight function of 
each variable 

The equation 7 is merely the mathematical 
way of describing the sentence "By 'combining' 
all the variables together, we can look at the 
final merit factor and come up with our de­
cision." This 'combining' must be rigorously fol­
lowed because ( 1) every statement must be 
verified by a certain amount of logic or mathe­
matics and ( 2) no computer program could 
possibly understand the laymen's terms. 

A similar equation can be formulated for m.1 

Now to the computer program. The Geo­
metrical Approach is a very simple approach 
insofar as the computer goes. 

In finding the volume v for the puq>ose of 
solving equation 7, in principle, is straight for­
ward. Volume is equal to Area times the Height. 

(8) 
V =A (la - da) where: 
A = area of the plane cut out by the 

def ended ar.ea 
Ta = average altitude of the la over some 

projection of this defended Area 

In a computer program written in FORTRAN 
what is done is as follows: 

Setup a two dimensional array HEQU which 
describes the Pw surface. HEQU ( I,J) represents 
the height above the surface at which Pw people 
would be killed if a weapon of yield y were 
burst there. The point ( I,J) represents a grid 
point, or a grid square with area Ag. If no such 
altitude exists for some ( I,J), set HEQU ( I,J) 
=O. 

The defended area A of equation 8 falls out 
immediately and has the equation 
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( 9) A = ( l l) lit Ag which is easily computed. 
1, j 

HEQU. · _,L 0 l ,J -r-

The next step is to calculare for each grid 
point ( I,J) the launch altitude for each site. 
The minimum is then saved. As given before 
the launch altitude is determined by knowing 
t0 , the time to intercept and HEQ U ( I,J), the 
intercept altitude. The functions t and h of equa­
tion 4 must be fairly simple to compute or a tre­
mendous amount of machine time can be eaten 
up. Hence the best procedure is to do all trajec­
tory calculations (offense and defense) long 
before the volume calculations are done and to 
save the results in the form of a set of coeffi­
cients which are, perhaps, produced by a least 
square method. 

This procedure is recommended for simula­
tions which are called event oriented as opposed 
to clocktime oriented. The reduction in speed 
is usually enormous. Jihe accuracy, however, 
can be somewhat limited. I will spend more 
time on this subj1ect when discussing the Monte­
Carlo approach. 

We can now see that: 

(10) 
Ia = l la (minimum's) In where: 

i, j 

HEQU· · -LQ l ,J -r-

n = .~ 1 as in the Area equation 9. 
i, j 

HEQU1,J#O 

Having done this for every reentry angle, re­
entry azimuth and weapon yield, we can obta·in 
the answer as per question 7. The number of 
calculations which are needed of those which 
are time consuming (those involving missile 
trajectories) amounts to: 

(11) 
Ile = Ilg 0 Ils lit n a lit n (} lit Ily lit nd where: 

£ 

ne = number of sets of calculations 
Ilg = number of grid points such that 

HEQU (I, J) # 0 
ns = number of sites 
n = number of reentry angles 

a 
£ 

n 8 =number of reentry azimuths 
ny = number of weapon yields 
nd = number of deployments 

To achieve any kind of accuracy the number 
of probable sets of calculations should be greater 
than Ile. 

By using equation 11, the number of sets of 
calculations for a small hypothetical city would 
be Ile = 1000 ° 3 lit 3 lit 3 lit 3 lit 3 = 243,000 sets. 
To insure that we can safely solve this problem 
in, say, one hour of computer time, we must be 
able to perform each set of calculations in 
roughly .015 seconds. Under the above scheme 
this is moderately easy to do on the Control 

Programming time (assuming background 
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model is already developed) is very minimal; 
perhaps 120 manhours. 

In closing, this approach can be very useful 
in establishing a play that will work in most 
cases and will not cost a great deal to use. 

THE MONTE-CARLO APPROACH 

The purpose of this approach is to reduce 
a complicated strategy to a simple and under­
standable curve which can produce for you a 
merit figure. It makes use of the confidence 
level that is so often annoying when solving real 
problems. It answers satisfactorily the question: 
How many people will die if I push this button? 
Compicated chains of different logic can be 
linked together by merely playing a game in 
which you simulate conditions by throwing 
switches on or off depending on r.andom 
numbers. 

The merit factor described here is Pa, the 
price of admission, or the number of ICBM's 
necessary to penetrate. 

In the Monte-Carlo Approach, we are free to 
bring into play all manner of hazards, both of­
fense and defense, which under the Geometrical 
Approach would have been impossible. Some of 
these are ABM stockpile depletion, ABM aborts, 
miss distance at intercept, warheads-decoys 
problem, warhead dispersal, and intercept 
geometry. 

You need a firing doctrine or a set of rules by 
which you should play under every set of cir­
cumstances. Not all plays are made but the logic 
must be there. Here again, though, we maintain 
our theory that we must site to defend the Pw 
surface and hence that our intercepts must be 
on that surface. 

The Monte-Carlo method must establish a 
simulation procedure because of the importance 
of the 'interdependence of events over a period 
of time and the need to sample this interdepend­
ence at any moment in its history. 

There are two types of simulations: ( 1) event 
oriented and (2) clock-time oriented. Both 
types accomplish the same purpose but in a 
slightly different manner. 

The event oriented simulation is the easier of 
the two since you establish a chain of happen­
ings in advance and determine the success or 
failure of the simulation by merely looking at 
the resultant happening. 

In a time oriented simulation we must, at 
each clock pulse, check for success or failure. 
When timing is most important (e.g. the ABM 
and the warhead must be at the same place at 
the s.ame time and the ABM burst must be so 
timed), it is desirable to use this type of simu­
lation. You will then be able to observe a truer 
test of your system. However, it turns out that 
the time oriented simulation is good only for 
"feasibility studi1es" or "demonstration of effec­
tiveness" and not for analysis work. It is too time 
consuming (on the computer) and therefore 
must be restricted to typical cases. 
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Mobil 
International Computer 
Technology Consultant 

Due to our expansion and. the increasing sophis­
tication of third-generation equipment, our 
lnternation,al Division is offering a unique New 
York-based position in its Field Systems Sup­
port Department. 

Our new consultant will have broad-scope advisory 
responsibilities to international management. Spe­
cifkally, these are: to provide guidance on the latest 
developments in hardware, software, communica­
tions and operations for our worldwide affiliates; to 
participate in formulation, specification and evalua­
tion of hardware and software for both commercial 
and technical / scientific use; to assist in implementa­
tion of upgraded equipment and new versions of 
operating systems and high level languages. Finally, 
he must be attuned to the concept of the computer 
as a decision-making tool for management. 

The qualified candidate should have a Master's de­
gree in computer science, engineering, mathematics, 
science or a related discipline. His experience should 
include 3 or more years in hardware/ software, en­
compassing System 360, OS/DOS and COBOL/ 
FORTRAN. He should be capable of making oral or 
written presentations to management. The interna­
tional character of this work demands an ability to 
work independently with groups of various nation­
alities and a willingness to travel abroad on short 
assignments. Fluency in at least one foreign lan­
guage is highly desirable. 

This position affords advancement to other areas 
of International Systems, to line management wi,th 
possible relocation abroad, or to assignments in 
other divisions. To explore this opportunity, send 
your detailed resume and salary requirement, in 
confidence, to Mr. Paul J. Harbaugh, Department 
3458, 150 East 42nd Street, New York, New York 

10017. 

M@bil Oil Corporation 
An equal opportunity employer 
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Ours will be event oriented and so we pro­
ceed to describe the events. In this approach, 
we can put in as many details as we need. How­
ever, for simplicity's sake, I only choose five 
events with meager descriptions. 

of the Pw surface; therefore, we select various 
likely "aimpoints" in this defended zone at 
which their side would aim their ICBM's. We 
can, perhaps, weight tihem, but we still inter­
cept on this Pw surface. 

( 1 ) Detection and track 
(2) Assignment of site to object, computing 

The way this method is implemented is as 
follows: 

intercept point and proper salvo 
( 3) Discrimination 
( 4) Computation of launch altitude 
( 5) Determination of intercept 

(a) For every threat condition: aimpoints, 
trajectory, and warhead yield perform 
the next tasks 

Due to the fact that tihis approach is much 
more time consuming than the one described 
in the Geometric Approach, we cannot afford 
to have trajectories intersect every grid square 

( b) Play X number of games (described be­
low) until you obtain a set of points 
corresponding to an S curve ( also de­
scribed below) 

( c) Perform smoothing to obtain the S curve 
and compute the pa 

INICIRI 
PROFESSIONAL PROGRAMMER/ ANALYST 

How Is Your Journey Progressing? 
Has your road to success been a smooth one? Or, have you had a few 
detours along the way? If you find you are among the group that is 
by-passed when promotion time rolls around, then perhaps a change 
in route is in order. 

Why Not Give NCR An Opportunity To 
Discuss Your Ca·reer Path! 

Attractive starting salaries and a professional atmosphere in which to 
continue, to develop and advance your career will be offered to all 
applicants who qualify for current openings in our EDP Division. 
In addition to OPPORTUNITIES a full range of benefits are offered. 

For confidential consideration, send letter or resvme to: 

Robert L. Creviston 
Executive & Professional Placement 
The National Cash Register Company 
Main & K Streets 
Dayton, Ohio 45409 

AN EQUAL OPPORTUNITY EMPLOYER 

LOOK FOR US AT THE SPRING JOINT COMPUTER CONFERENCE 
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( d) Perform some summation to link up all 
the threats 

Since the purpose of a game is to obtain an S 
curve, I will first describe this curve. The prob­
ability of success of some happening many 
times depends on the number of times a particu­
lar event takes place. This "depending" is a 
function which when mapped looks like an S. 
(See Figure 9). The regularity of occurrence of · 
the curve in analysis work is sufficient exicuse to 
go into more detail. 

Suppose, for example, n in Figure 9 repre­
sents the number of rocks thrown at a snake 
in an attempt to kill it. The probability for 
actually killing the snake should increase as 
the number of rocks thrown at him increases. 
Further, since any rock could do a specified job, 
the curve begins to rise rapidly. However, since 
the snake can only be so dead, the curve has to 
taper. This S curve is merely an expression of 
the normality of distribution of misses or failures 
which is well-known in statistics. 

The same is true if n is the number of ICBM's 
and p is the probability of penetration, which 
our game's will provide. 

A game is played by selecting a particular 
value for n and determining by ~and.om sam­
pling whether or not the offense has penetrated. 
By playing enough games at that level of 
ICBM's, we can establish a probability of suc­
cess for that n and be able to place a point on 
the curve. By doing this for every n, we can 
obtain the desired curve. Again, unfortunately, 
due to time considerations, we cannot afford 
playing games at every level or, in fact, the 
same number of games at all levels unless some 
small number of games were decided upon. 
Because we are only interested in a certain 
portion of the curve, namely around the value 
that gives the price of admission, Pa, we are led 
to another method for calculating the points 
on the curve. But first a word about the impor­
tant part of the curve. 

From what was said before we are interested 
in the Pa, or the number of ICBM's needed tO' 
penetrate but by the above, we see that penetra­
tion is a probability. By what means do we then 
determine Pa? Figure 10 gives the answer. 

We want the place on the curve where if n 
goes beyond this number, we improve our prob­
ability very little and if n goes below this num­
ber our probability drops off quite a bit. This 
point is usually called the knee of the curve. It 
is obtained by sliding a line with some slope 
m up the p-axis untH it becomes tangent to rhe 
curve. The point of tangency is taken to be the 
place where pa is obtained. The slope of the 
line is a function of the "cost" of extra ICBM's 
versus the "importance" of the penetration. The 
higher the slope, the costlier the missiles; the 
lower the slope, the higher the importance of 
penetration. Therefore, we want to play most 
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Just like 7 on a roll of the dice. We are a 
company that offers no substitute for the 
professional interested in positive opportunity, 
challenge and recognition. 

We are now seeking mature, imaginative men 
in systems who want an environment conducive 
to career fulfillment in our distribution and 
service function. 

TECHNICAL ANALYST 
This position requires a man capable of devel­
oping new concepts for computer usage along 
with researching, developing, installing and 
evaluating new and revised systems and tech­
niques in the effective use of computer, unit 
record or communications equipment facilities. 
As a project coordinator, the successful candi­
date will assume the responsibilities and 
authority for the direction of staff activities 
and assignments. 

SYSTEMS ANALYST 
Scope of responsibilities include the review of 
methods and procedures to determine the 
feasibility of computer, unit record or commu­
nications equipment application. Duties also 
encompass preparation of specifications, pro­
cedures and proposals in the areas of system 
design and systems implementation. 

For both positions a BS or BA in Business 
Administration, Accounting, Engineering or 
Computer Sciences preferred, but will consider 
non-degreed man possessing appropriate prac­
tical experience. Two to five years in-depth 
experience in data processing, programming, 
systems analysis or related fields along with 
some 3rd generation experience necessary. 

Send complete resume in strict confidence to: 

Mr. Richard Mahrling, Personnel Manager 
Administrative Center 
Benton Harbor, Michigan 49022 

<¥¥> 
Whirlpool An Equal 

Opportunity 
Ernployer 
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of our games near the knee as that is the point 
of interest. 

A well known procedure for the game playing 
is as follows: 

1. Play a game with n = l; add 1 to the 
number of games played at 1. 

2. If you win (from a defense point of 
view) add 4 4 qx1 ( integerized) to n. 
qn = probability of loss at n and assumed 
1 at beginning. If you lose, add 1 to the 
number of games played at n; subtract 
1 from n unless n = 1 in which case do 
not change n. 

3. Play the game at n and add 1 to the 
number of games played at n; compute 

arnUGGING 
The "career debugging" exper­
tise of MANAGEMENT SCIEN­
TISTS is a must I 0 u r consul­
tants examine your short and 
long range potential, diagnose 
your problems, and help you 
form u I ate a realistic career 
strategy that can be imple­
mented. 

... ~our 
career? Computing is everywhere. It 

follows that you need to know 
WHERE the action is-WHERE 
your career future lies. As con­
sultants to leading corporations 
on the national and inter­
n at ion a I s c en e, we've pro­
gram med a lot of futures. 

And MSI is ready to flowchart 
yours NOW. Contact us in 
complete confidence, s.pecifying 
salary and geographic prefer­
ences. We will put our knowl­
edge and experience to work 
for you immediately. Best of 
all, our clien~s assume all 
expenses. 

lllJ#JD 
Management Scientists, Inc. 

101 Park Ave.-Dept. SA4-68 
New York, N. Y. 10017 
1212) 532-7710 

Exclusively: DATA PROCESSING & MANAGEMENT SCIENCES 

Career Planners-Recruitment Specialists 

qn and unless the number of games is 
exhausted, go to 2. 

4. When all Nie games are over, you typi­
cally will have a table of probabilities 
looking like Figure lla. This data is then 
smoothed resulting in Figure llb. 

Although the two figures may not resemble 
one another remember that the same numbeT 
of games were not played at each n. 

Now to the games themselves. Since this is 
an event oriented simulation, we will not con­
sider such multiprocessing defense problems 
as radar sweeps of sky and tracking capabilities. 
These multiprocessing and time sharing prob­
lems can be implemented more in Nie time 
oriented simulations. 

It's free. The new 1968 Edition. 

Our National Computer 
Salary Survey and 
Opportunities Analysis. 
This is it. The all-new 1968 edition of Source Edp's FREE 20-page Computer 
Salary Survey and Opportunities Analysis. It's a summary of computer salaries by 
24 separate levels of professional and managerial experience ranging up 
to $75,000. Plus a comprehensive analysis of current trends in 
computer employment. 
All of this information has been compiled, analyzed and put together by some 
of the most knowledgeable people in the business. The people at 
Source Edp. Source Edp is the only placement firm staffed by computer 
professionals for computer professionals. it's their business to 
know the data processing field. 
To get your free copy of the 1968 Edition of Source Edp's Computer Salary Survey 
and Opportunities Analysis just circle the reader inquiry card. 
To speed delivery write directly to: 

source~dp 
Where computer professionals place computer profess~ 
Chicago-David B. Grimes, 100 S. Wacker Drive (312) 782-0857 
Detroit-Charles S. Walther, 2990 West Grand Blvd. (313) 871-5210 
Los Angeles-Robert C. Davis, 3470 Wilshire Blvd. (213) 386-5500 
Minneapolis-Fred L. Anderson, 507 Marquette (612) 332-8735 
New York-Edward R. Golden, 1414 Ave. of the Americas (212) 752-8260 
San Francisco-Richard 0. Clark, 111 Pine Street (415) 434-2410 

Client companies assume our charges. 

For more information, circle No. 10 on the Reader Service Card 
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This leads to engaging each object as it is 
detected. If necessary, give it a probability of 
detection that varies as the range of the object 
and draw a random number at a criHcal point. 
Detection is important since through this you 
can determine where the intercept will be. The 
aimpoint that is selected to bombard is offset 
because of two criteria: ( 1) cloud pattern and 
( 2) accuracy-of-hitting-aimpoint indicator. The 
first has been preset by offense, but the second 
must be obtained by drawing a random number 
which will yield actual trajectory. The pre­
launch computations are performed and a site 
is selected according to some rule. This leads 
to a computation of the launch altitude as in 
the Geometric Approach. 

If we have no more missiles left from any 
site and if any of the warheads remaining suc­
cessfully penetrates, we score a loss for this 
game. This last result depends on actual aim­
point and reliability of warhead. 

After establishing the assignment doctrine, we 
determine whether we must launch before we 
can discriminate or whether we can allow the 
object to penetrate assuming that it has been 
determined to be a decoy. We must be very cer­
tain that assumed decoy is not a warhead be­
fore we allow it to penetrate. 

Now· we must insure a certain reliability of 
our intercept; hence we must, if necessary, fire 
more than one missile at the target. The num­
ber of such is called a salvo and depends on 
the particular accuracy of intercept (or miss 
distance) at the intercept point (also on abort 
probability). This accuracy depends on the 
geometry of the intercept point. In our pre­
launch calculations, then, we determine how 
many missiles we should send up (if we have 
them). As each missile is fired, random numbers 
are drawn and we determine if a success or 
failure happened. Actually, we need not waste 
our time with these calculations when dealing 
with decoys except insofar as the stockpile deple­
tion occurs. 

If any warhead penetrates, the game is lost. 
Every warhead of every ICBM is thus engaged. 
If all are knocked down, the game is won. 

After determination of the price of admission 
via playing these games as directed, the summa­

. tion takes place with respect to all the threats 
as in the Geometric Approach. We then obtain 
our merit figure. 

Computer time is much more important here 
since one game may take precious seconds. If 
say, 50 games were played for each aspect of 
the threat and the same number of threats were 
considered as in SIMPLE COMPUTER MODEL 
-GEOMETRIC APPROACH, the number of 
games actually played, nc, > 50 ° 20 ° 3 ° 3 ° 3 ° 
3 ° 3, is greater than 243,000 games. If each 
game lasted one second, the number of hours of 
computer time would be around 67 hours for 
determining the correct deployment. This is far 
too much time and as it turns out, we must take 
away many of the niceties of the model. There 
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"If I were a 
Computer Programmer ••• " 
" ... I would want to be certain that I was earn­
ing a top salary commensurate with my ability. 
I w~uld want to be aware of new and greater 
opportunities for growth, and with growth com­
panies. I would want to be sure that my poten­
tial in the data processing field was being devel­
oped to the fullest. I would want the experience 
and advice of computer specialists who have a 
demonstrated record of success." If this interests 
you, phone or write Bill Geary. We respect your 
privacy. Our clients pay all fees. 

t 
COMPUTER PERSONNEL 
CONSULTANTS, INC. 

C
TJC,. Suite 1202, 624 South Michigan Ave. 
..i:- Chicago, Illinois 60·605 13121 

922-7880 

Agency licensed 

If you've got what it takes to 

BEA LEADER 
IN SOFTWARE 
prove it at Informatics. 

Informatics is one of the fastest-growing software com­
panies in the world. Since we were founded in 1962, the 
company has expanded to more than 350 employees and 
now has offices in seven U.S. cities and a field office in 
Europe. By plan, our markets represent the greatest 
growth areas in the computer industry, and that is why we 
need more people who feel and work like leaders. 

About 80% of our work is concentrated in on-line and 
real-time systems, with increasing emphasis on advanced 
infor~ation systems, command and control, system engi­
neering, and commercial software products. 

We are seeking professionals with experience and 
goals in our major fields of interest .. . individuals who are 
innovative enough to make outstanding contributions in 
an industry ~nd CC?mpanythat demands top creative ability. 
Opportunities exist at our Eastern Operations Office and 
various other East and West Coast locations. 

There is much more to tell about prospects at 
Informatics. For additional career information, send your 
resume or phone Mr. Peter Kaminsky, (301) 654-9190. 
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informatics inc. 
Eastern Operations Office 
4720 Montgomery Lane 
Bethesda, Maryland 20014 

An equal opportunity employer 
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How lowdown 
can a decision get? 

Our attitude is, the lower down the better. 

Which is simply another way of saying that as a computer pro here at Control Data, you'll 
have a much larger say in the things that really count than you would be likely to have 
elsewhere. And that's not just talk. We designed it that way. 

We're organized on a highly decentralized basis, with each division accountable for its own 
profit and loss. And within each division not only is every individual expected to participate 
fully in the delineation of his own bi-annual work goals, but every. effort is made to.insure 
that all upward, downward and lateral channels of communication are kept wide open 
and happening. This means you can always count on the people who count being familiar 
with both your intentions and your accomplishments. 

The upshot is, that as a computer professional here, you're apt to find your influence 
outdistancing your position. Not that the discrepancy should worry you. Odds are, if you're 
like most people here, your position will grow at a pretty astonishing rate, too. 

What do we get out of this low down approach to decision making? That's easy. The world's 
only supercomputer, for one thing. For another, what's generally acknowledged to be one 
of the most advanced lines of peripheral equipment in the industry. For still another, 
medium size computers, special purpose computers and things like analog-to-digital hybrids 
that are burning up the track. 

If any of this inspires you to want to really get to the bottom of things, just write for more 
information or send a copy of your resume to: Thomas Linklater, Dept. S-4, Control Data 
Corporation, 8100 34th Avenue South, Minneapolis, Minn. 55440. 

An equal opportunity employer. 

CONTROL DATA 
CORPORATION 

We deliver what others promise. 
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IMMEDIATE SEA TING 
• ii you're exceptionally knowledgeable in your lie/ti 
• ii you're willing to utilize your lull potential 
•ii you've reached the limits of your present position 

We are the leading Personnel and Managemen:t Consultant Organi­
tion concerned with EXCLUSIVE placement of Data Processing Per­
sonnel. Our extensive search facilities and specific recruiting place 
us in a un·ique position to fulfill the requirements of employers of 
Data Processors . Your application is processed by E.D.P. Specialists 
who know the industry, its needs and WHERE THE OPPORTUNITIES 
EXIST. All fees are pa id by the hiring company; there is no charge 
to the individual. Please contact Mr. Henry J. Lloyd, President. 

~ EMPLOYMENT FOR DATA PROCESSORS 
140 Barclay Center, Cherry Hill, New Jersey 08034 

609 /428-7238 
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Viiit our suife during SJCC at Howard Johnson's Motor Lodge. 

U.S. Navy Scientific 
and Technical Intelligence 
Center has vacancies for selected personnel in its 

Computer Branch 
Programmers, Analysts with three or less 

years experience-work on hybrid, real time 
and time shared computer systems. 

The U. S. Nava I Scientific 
and Technical Intelligence 
Cente.r located in the Wash­
ington, 0. C. metropolitan 
area has programmer and 
systems analyst positions 
available. Positions inc I u de 

Recent graduates with de­
grees in mathematics, phys­
ics, statistics, acoustics or 
engineering interested in be­
coming programmers or sys­
tem analysts are invited to 
apply. 

programming for on-line data All applicants must be 
analysis, i.nteractive problem U. S. citizens and subject to 

thorough background investi-
solving, dynamic CRT dis- gation. These are excepted 
plays, text man i p u I at ion, Civil Service career positions 
process control and data base and w i II be f i II ed on an 
manipulation. equal opportunity basis. 

To apply, send Application for Employment, Standard Form 
57 (available at any first class post office) to: 

STIC U. S. Navy Scientific & 
Technical Intelligence Center, 
U.S. Naval Observatory, 
Washington, D. C. 20390. 

SJCC INTERVIEWS 
Call Mr. Steiger at the 

Dennis Motel, (609) 344-
8111, between 1 PM and 4 
PM on Tues., April 30 or 
Wed., May 1. 

can be no sophisticated salvo size computation, 
nor can there be any massivie site assignment 
doctrine. Simple, quick, and dirty methods are 
best. It is not difficult to have a good simulation 
program whiich can do the siting in about 20 
hours. Less time than this reduces the effective­
ness of the model. 

Programming time is not too costly. The sta­
tistical background needed to write such a prn­
gram is not intense since only simple decisions 
are made at each link. Such a program, once 
the background model has been developed, can 
be written in about 480 manhours. 

SUMMATION 

How can these approaches be applied to other 
game-theoretic applications? 

The underlying motif is outlined as follows: 

( 1) Obtain an objective that is programmable. 
We setup the "goodness" of the plays in 
such a way that we obtain an equation 
as the one below. 

g = l W1 m1 where W1 is the weight of 
i the ith merit m1 

( 2) Determine a game theoretic minimax that 
is independent of . which plays can actu­
ally be made. This is the most difficult 
since it usually involves some viery sophis­
ticated mathematics. This minimax will 
be used as the guideline fOT setting up 
the various merit factors. That is, how 
well we play (according to some merit) 
is measured against the minimax. 

( 3) Line up the plays on both sides so that 
most calculations that do not involve 
interaction can be done ahead of time. 
When interaction does occur, perhaps a 
simple calculation can be performed or 
a simple table search can be done. 

( 4) Indicate opponent's plays by likelihood 
rather than some prefabricated method, 
i.e., establish weights for each of his plays. 

( 5) Perform each play through to completion 
obtaining the final merit figures. 

( 6) Select the play that gives the highest g 
(see 1 ). 

It must be reminded that computer solutions 
must be geared to importance of results. These 
programs require much computer time at a large 
cost and hence cannot be overly fancy. 

To write a chess playing program, for exam­
ple, that would play fairly "good" chess at a 
rapid rate by either of t:hese two approaches, 
strikes me as reasonably difficult. The reason 
behind this is not so much the complexity of 
the game, but because the solution to chess is 
not very important. From these approaches, you 
pay for what you play for. • 

1 By using the above symbolisms it is not intended to con­
fuse the reader. I merely want to indicate that a mathematical 
method exists and that, because of this, certain computer 
methods are necessary to solve them. 
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Programmers/ Analysts 

If you're interested in 
working five years ahead of 

the times, learn about 
IBM in Atlantic City. 
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We're working at state-of-the-art levels-and we need pro­
grammers and analysts now. 
Our Federal Systems Division is involved in a series of real-time proj­
ects for the Government that are about as advanced as anything in 
the field of computer technology today: trajectory analysis, orbit 
prediction, multi-programming, multiple-access concepts, acous­
tic instrumentation. And most of this work is being done using 
the latest computers and peripheral equipment available. 

Our positions are located in Atlantic City, New Jersey. 
At IBM you'll find completely company-paid benefits that in­

clude life and medical insurance and hospitalization cover age. 
IBM also offers you an exceptional Tuition Refund Program. 

Are you one of these people? 
We need programmers and analysts with experience in one 
of two basic areas: information-handling systems and sci­
entific-engineering programming. 

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

Contact IBM today. 
If you're interested in one of the hottest careers 
going in computer technology, we want to talk to 
you. Send a brief resume to: Mr. J.F. Ryan, IBM 
Corporation, Department BD-1049, 18100 
Frederick Pike, Gaithersburg, Md. 20760. 
It could be t

1

he most i~portant fll'i'D)'Llf.7 
resume you ve ever written. l!u! .. ~)lM.!. ® 

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

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

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

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

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

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

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

ENCODING FROM ALPHA­
NUMERIC NUMBERS 

(Continued from page 15) 

has proposed a doubly chained 
memory structure that eliminates the 
reservation of computer memory 
space for the unused nodes that are 
represented by blank cells in Fred­
kin's Tries. But passing through a 
node via the second (continuation) 
·chain does not involve that node's 
symbol in the symbol sequence, so 
extra linkages are needed. Scidmore 
and Weinberg9 have proposed a 
tree structure which has no unused 
nodes also, although three linkage 
addresses are ·required at each node 
and frequently not more than one is 
used. 

Cheyleur2 has proposed the physi­
cal construction of a memory ele­
ment utilizing not only sharing of 
initial symbol strings, but the shar­
ing of polygrams in general. 

Such symbol trees are of particu­
lar advantage in work1ing with data 
of variable length. Some tree imple­
mentations are particularly easy to 
update. 

Recalling that a "symbol" need 
not correspond to a character of the 
original alphabet, at least one com­
parison and address calculation must 
be performed for every symbol of 
the symbol string being traced 
through the tree. The symbol tree 
cannot give a false external memory 
address for an item not contained in 
the tree. 

"Hashing" Transformations 

In this method, first described as 
"open addressing" by Peterson7, ex­
ternal memory is divided into equal 
sized portions, called "buckets". The 
term is transformed to an address by 
some algorithm. Such transforma­
tions may include selection of digits 
or bits, "folding" by adding some 
parts of the index item to others, or 
taking a remainder after division. 
The address so found is one of a 
bucket and is taken as the starting 
point of a directed cyclic scan of 
that bucket and all following buck­
ets. The scan continues until either 
the desired item is found, or a flag 
is encountered. The flag indicates 
an unus·ed memory location in which 
the item would be placed had it 
existed in the file. 

Several transformation algorithms 
are discussed in one of the ref.er-
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ences10 in which the use of a table 
of partial index items tis suggested 
to reduce the number of occurences 
of identical addresses corresponding 
to different index items. 

As the allocated memory becomes 
full, the number of searches for an 
item grows. Chaining from full 
buckets instead of the use of cyclic 
structure has been suggested. 

Such items use a relatively small 
amount of high speed memory, but 
have the disadvantage that unless 
the complete file can be tested in 
advance the performance of the sys­
tem is very difficult to predict. 

Triplet Searching 

As this method, proposed by Ru­
binoff8, has not been described in 
the open literature, it will be covered 
in somewhat greater detail here 
than the other methods. 

The first step in the triplet method 
is the arrangement of all the terms 
into lexicographic order and parti­
tioning them into groups. The 
groups are not necessarily of the 
same length, as two restrictions are 
made on the partitioning'°. The first 
restriction is that the groups may 
not exceed some predetermined 
number of index items and the sec­
ond is that the initial K characters 
of the last item of a group may not 
be identical with the initial K char­
acters of the first item of the follow­
ing group. In other words, it is pos­
sible to distinguish the index items 
at a group division using only the 
first K characters of the index items. 
K is chosen depending on the equip­
ment used, and it is convenient to 
make K the number of characters 
contained in a word if a fixed word 
length machine is used. 

In order to search for a term, first 
the group in which the term lies 
must be located. This may be done 
by performing a binary s·earch of 
the list of group identiliers, these 
group identifiers being the first K 
characters of the first term of each 
group. That is, a relatively short list 
of single words is searched so that 
the group in which the term falls 
may be identified. 

After the correct group has been 
found, a list of triplets that have a 
one to one correspondence with the 
terms of the group is brought into 
core memory. The triplets consist of 

* Another possible reason fo.r modifying the 
length of groups is mentioned below. 

APRIL, 1968 

~stems 
CJ»rofessionals 

Ill It's a game that can be exciting and present one challenge 

and opportunity after another. The name of the game is Brunswick, 

and your future with us has never been more promising. Our leader­

ship in the manufacture of consumer products has created stimulating 

opportunities for talented Systems Professionals in Corporate 

Information Systems. Ill You 'II play your game with the latest 

facilities and equipment and have the creative freedom to develop 

your ideas and concepts into reality. At Brunswick you 'II enjoy 

working in a professional and stimulating environment where you'll 

be understood, challenged and rewarded while enjoying professional 

growth and a sense of accomplishment. Iii It's your move. Ill 
If you're game for a challenge, please submit your resume in con­

fidence to: Mr. T. L, Switzer, Management Manpower, Dept. A-7. 

rm B/Ul/IJJwiRll. 
ll:mlcoRPORATION 

69 West Washington Street, Chicago, Illinois 60602 

An Equal Opportunity Employer 
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Join the 
Montgomer~ Ward re-generation 

Multipl~ ~our eapabilities 
... multipl~ ~our rewards. 

30 

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

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

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

• • • ........ 
·~. ..... 
•TT• 
••• 

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

an integer which need never exceed 
the length of the longest term, one 
symbol, and the linkage address 
(which may be a relative address) 
to external memory. Such a list of 
triplets is illustrated below: in the 
sample shown the different linkage 
addresses are all represented by µ,; 
~is used for a blank or space charac­
ter immediately following the last 
non-blank character of a term and 
0 indicates an unused character 
position in a eomputer word. 

Except for the two double triplets 
shown, with this scheme informa­
tion is generally packed so that only 
one machine word is required for 
each term reflected in a triplet 
group, if a fixed word length ma­
chine with a reasonably large word 
is used. 

Now, after the correct group of 
triplets has been found by a search 
of the group identifiers and the trip­
let group fetched into core memory, 
the triplets are s·earched in the di­
rection shown above. If a is an 
integer and X a symbol, generated 
from the iindex as described below, 
then the comparison foT the triplet 
aXµ is as follows: the ath character 
of the complete term is compared 
with the symbol X. If they are 
identical, then the search has been 
completed and µ. is the desired ad­
dress. If not, then the next triplet in 
the group is so inspected. If the last 
triplet (at the top of the list in the 
example ) is reached with no suc­
cessful comparison then the term is 
not in the file. 

ORIGINAL INDEX 
ITEM TRIPLET 

TOIL 4Lµ. 
TO ILE 5E,u 
TOILER BR,u 
TOILET BTµ. 
TOILETRY 7Rµ. 
TOILETTE 7T,u 
TOILFUL 5Fµ 
TOILSOME 5Sµ 

0::: TOIL WORN 5W,u 
u TOIT 4Tµ 
p:::j TOKAY 3K,u < 
~ TOKEN 4Eµ. 
en 

TO KOLOGY 40µ 
[7) TOLA 3~µ. 

z TOLAN Bl;6~3L,µ. 
0 TOLBOOTH 4Bµ 
to-I 

TOLD 4D,u ~ u TOLE 5l/>~4Eµ ~ 
p:::j TOLEDO 5D.µ 
~ 

Q TOLERABLE 5Rµ. 
TOLERANCE 7Nµ 
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In a few cases triplet pairs are re­
quired, which indicate two required 
conditions. The first is the length of 
the term, and the second a compari­
son as before. 

Referring to the example triplet 
group, suppose that the µ address 
corresponding to the term TOLD 
is required. (For this discussion 
TOLD will be considered to be 
justified left in a field containing as 
many blanks as necessary.) · First, 
the list of group identifiers (initial 
K characters of initial index items of 
groups) is s·earched, and the triplet 
group shown above is brought into 
fast memory. Then the triplets are 
examined one at a time. Since the 
seventh character of TOLD is not 
an N, the first triplet is not the cor­
rect one. 

Similarly, the second and third 
triplets indicate R and D as the fifth 
characters of the complete term, 
which they are not. The fourth trip­
let indicates that the term is four 
characters long by 5lf,</J (blank at 
end of word in the fifth position) 
but requires that the fourth charac­
ter be an E by 4Eµ. This latter 
condition tis not met by the word 
TOLD. Finally, the next triplet does 
indeed correspond to th·e correct 
term, and is 4Dµ. The match occurs 
when it is found that the fourth 
character of TOLD is D. 

If a term is not in the system, a 
false hit is possible; entering the 
search process with TOLERABLY 
would retrieve the iµ address asso­
ciated with TOLERABLE. For this 
reason, in most applications the full 
term should be repeated at some 
location in the external memory 
record specified by the µ, address, so 
that it may be checked. 

Mention has been made before of 
the fact that the µ address may be 
partial or relative. Since the group 
identifier is already determined 
when the triplet search begins, there 

1 

may be an additional address seg­
ment or base associated with the 
group identifier. 

The triplet group is generated in 
the reverse direction from that in 
which it is searched (that tis, from 
the top down in the exan:iple). The 

YOU CAN REACH 91,000 Pro­
grammers, Mathematicians, 
Analysts, and EDP Managers 
with a CLASSIFIED AD-see 
page 38. 
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Pick your spot at 
McDonnell Douglas: 

East, Midwest, 
or West. 
We have immediate openings for data processing 
professionals in St. Louis, Denver, Southern 
California, Houston, New York and Washington, D.C. 
Just indicate your loc~tion preference on the coupon, 
and we'll do the rest. 

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

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

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

To arrange an interview, mail the coupon today; please 
attach your current resume, if available. 
~----------------------------------, 

Mail to: Mr.WR. Wardle, Professional Employment, Box 516, St. Louis, Missouri 
63166. Or: Mr. L. J. Kilgore, Professional Employment, 3000 Ocean Park 

Blvd., Santa Monica, California 90406. 

Name-----------------~--------
Home address _ _________ ____________ _ 

City & State ___________ Zip code _ _ __ Phone ___ _ 

Education: BS ____ Ms ____ PhD ____ Major Field _ _ _ _ 
(date) (date) (date) 

Primary experience area _ _________________ _ 

Present position /; 

Location preference: East _ _ Midwest _ _ West__ CY' 
SWA-4 ltllCDONNEl...I... DOUGI...~ 

~~~~~~~~~~~~-----------------------~ 
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When your job 
begins to feel 

like this ... 

Think about this: 
There are no dead ends for 
programmers and systems 
analysts at Univac. Your ca­
reer can grow any direction 
you choose. You get new as­
signments and new responsi­
bi I ities as fast as you can 
handle them. 

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

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

UNIVAC 
FEDERAL SYSTEMS DIVISION 

2750 WEST SEVENTH BLVD. 
ST. PAUL, MINNESOTA 55116 

AN EQUAL OPPORTUNITY EMPLOYER M/F 

first term (TOIL) is assigned its 
last letter as its character identifier 
4L and an appropriate µ. The sec­
ond, third and all succeeding terms 
are compared character by character 
with the terms above them, scan­
ning left to right. When the first 
character position in which the term 
being inspected differs from all 
items above it is found, the charac­
ter and column position become the 
first two elements of the triplet. 
Thus, TOILSOME is assigned the 
triplet 5Sµ. because T has appeared 
·before in column 1, 0 in column 2, 
etc., but nowhere before has S ap­
peared in column 5. When, as in the 
case of TOLE, the scan goes to the 
end of the word, the first half of a 
double triplet is used to indicate the 
length of the word ( 5'M), and the 
scan starts again, from right to left, 
but this time comparing column 
positions with only the previous 
terms of the same length as the cur­
rent index item. Note that it is pos­
sible for this scheme to fail: 

ABC 3 C11-
BCA I B,u 
CAB I Cµ. 
CBA Cannot be assigned. 

In such a case, it becomes necessary 
to shorten the group of index items. 

Balanced Trees 

A -tree encoding mechanism quite 
different from thos·e discussed be­
fore has been described by Lan­
dauer5· 6 • In this tree every branch­
ing node (called the "associative 
catena"), except those on levels of 
the tree not completely filled, has a 
fixed number of branches. A term is 
also part of each node. Suppose that 
items are arranged in lexicographic 
order: Ii, .. ., IN. If the branching 
factor is m, then m branches come 
from every node. In particular, sup­
pose that a node associated with Ii 
appears on level k of the tree. Then 
the filial set of node Ij on level k is 
the set of nodes Ij, IHi, .. ., IHm-I 
on level k + 1. If the tree has T 
levels, then there are mT branches 
leaving the bottom of the tree; in 
the particular application being con­
sidered these branches would be 
links to external memory records. 

Such a tree may be traced rapidly. 
Landauer has developed theories of 
searching, generating and updating 
them. The primary disadvantage of 

(Continued on page 38) 

NAVCOSSACT Needs 
Computer 
Programmers­
Analysts 
$8,000 to $18,000 

Apply your knowledge to complex 
problems in the Navy's worldwide, multi­

compute.r command and control network. 

Vacancies exist for highly experienced 

computer programmers-analysts with in­

depth programming experience in the 

areas of: 

Executive & Operating 
Systems 

Management Information 
Systems 

Fleet Plans & Operation 
Systems 

Anti-Submarine 
Warfare 

Send a ,resume or Application Form 57 to: 

Civilian Personnel Director (Code OOM2) 
Naval Command System Support Activity 
Washington Navy Yard, Building 196 

Washington, D. C. 20390 

or call NAVCOSSACT Personnel Office 

(202) OX 3-4200 or OX 3-4201 

An ·Equal Opportunity Employer 

U. S. Citizenship Requfred 

SJCC INTERVIEWS 
Tues., Wed., Thurs., April 30, 
May 1 and 2; 9 A.M. to 8 P.M. 

HOWARD JOHNSON MOTEL 
Arkansas Avenue 
C,all Jack Salvail at 348-4411 
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Software design 
for 3G hardware • • • 

STERILE 
System of Terminology 

for Retrieval of Information 
Through Language Engineering 

John Canter 
Chairman of Department of Information Sciences 

and Director of the Computer Center, 
Point Park College 

An investigation into the limitations of existing 
software systems for information retrieval appli~ 
cations has led tO the development of a novel 
retrieval methodology. The system is entitled 
STERILE (System of Terminology for Retrieval of 
lnfor~ation through Language Engineering). It 
permits the selection of information from struc­
tured indexes and/or from free text utilizing 
eiither permuted word forms or letter/character 
patterns, in addition to the traditional full-word­
for-full-word matching. 

• Third generation computer hardware systems 
are a reality. The burden of responsibility for 
efficiently and effectively utilizing the inherent 
capabilities of the new families of computer sys­
tems now lies with the software community. In 
no other area of computer applications is this 
fact of life more forcefully brought to bear 
than in the area of information storage and 
retrieval. 

The information explosion, which to a large 
degree was spawned by the emerging technolo­
gies of the World War II era, and is reaching 

APRIL, 1968 

maturity during the Space Age, has led to a 
variety of mechanized systems for isolating and 
retrieving applicable materials in response to a 
search query. For the most part, these tech­
niques have revolved about the reworking of 
traditional word-for-word matching applications, 
in which the search term (in absolute or coded 
form) is required to be identical in form, num-

John Canter graduated in 1960 from University of Pittsburgh, 
Phi Beta Kappa. He is currently Chairman of the Department 
of Information Science and 
Director of the Computer 
Center at Point Park Col­
lege, which will offer the 
first B. S. degree in Infor­
mation Science this year. 
He previously worked with 
the I BM Cor.poratiori as an 
instructor in unit record and 
computer systems, served 
as director of the computer 
center of a multi-state re­
tail drug chain, and served 
as Assistant Director of the 
University of Pittsburgh's 
Knowledge Availability Sys­
tems Center. 
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ber, etc. with a corresponding member of an 
indexing array before retrieval is achieved. 

An analysis of applied indexing terminology, 
and an investigation into the problems associ­
ated with textual or free form retrieval has 
revealed the possibility for using a different 
approach for developing IR software systems. 
In many substantive areas, there is a repetition 
of word bases or sequential letter strings com­
mon to all related terminology. Thus, the letters 
POLY are common to all polymer terms. The 
letters LUBR occur in ''lubricant", "lubrication", 
"high temperature lubrication", etc. For steel, 
the letters STEEL recur regardless of whether 
the subject is austenitic, bainitic, martensitic, 
high strength, stainless, etc. In · the halogen 
family, IODO, IODI, HALO, HALI, FLUOR, 
CHLOR and BROM form the nucleus of thou­
sands of applied chemical te:rms. 

Consequently, a second mechanism for soft­
ware development in information storage and 
retrieval systems is to retrieve documents from 
either textual or structured arrays based upon 
the occurrence of word bases and number I 
character strings rather than upon the matching 
of full word search analytics and full word docu­
ment entries. In this manner, if a document were 
to discuss any of a multiplicity of similarly­
related ·compounds, mechanisms or situations, 
and the indexer were to utilize any one of this 
structure of available terms, then the document, 

REGISTER TODAY WITH THE WORLD'S LARGEST EDP 
PLACEMENT SPECIALISTS 

. . . A Few Of Our Current Searches . . . 

MGMT INFO SERVICES $12-25,000 OPERATIONS RESEARCH $13-25,000 
• Need aH levels . Elect co. • Mgmt science/MIS. Top corp. 
EDP CONSULTANTS $13-30,000 SOFTWARE EXPERT $14-20,000 
• Planning Staff. Conglomerate • New EDP center. Natl corp. 
EDP MANAGER $14-16,000 SYSTEMS ANALYSTS $12-15,000 
• 360/20-30. Natl drug 'Chain • Space age ·co . Comm! applic. 
SYSTEMS MANAGER $13-17,000 PROGRAMMING MGR $14-17,000 
• Mfg/finl applic. Small mfr. • Service bureau. Major cities 
COMPUTER SYSTEMS $12-16,000 PROGRAMMERS $9-13,000 
• Develo·p tele-comm network • Financial co . Has 36 compu-tors 

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

ROBERT HALF PERSONNEL 
ATIENTION: DAN KRANE 

ONE ATLANTIC STREET, STAMFORD, CONN. 06901 
(203) 325-4158 

~.~:. '. SYSTEMS ANALYSTS 
~ Teleprocessing, EDP Systems, 

Quality Control, Procedural Writers 

The largest single state writer of automobile insurance needs 
experienced personnel for EDP systems in operation now-
360/ M30 and 360/M40's, with 360 / M50's, 2314's and 2321 
on order. 

Call or Write: D. E. SCHMEISER 

AUTOMOBILE CLUB OF MICHIGAN 
Detroit Insurance Exchange 

150 Bagley, Detroit, Michigan 48226 
(313) 963-2911, Ext. 311 

rather than being lost to the system, would be 
retrieved and made available for analysis and 
review. This is especially true in light of the 
changing terminology in which our society exists, 
with new scientific terms appearing daily. 

A system which permits root word or char­
acter string searching has been developed. The 
system is entitled STERILE (System of Termi­
nology for Retrieval of Information through 
Language Engineering). It permits the selection 
of information based upon permuted word forms 
or letter patterns, in addition to the traditional 
full-word-for-word matching. 

STERILE is an information retrieval method­
ology which encompasses word analysis in both 
construction and meaning, strategy development, 
and application of these factors to an informa­
tion Rle. 

Mechanized and/ or manual information re­
trieval operations revolve about the matching of 
terminology in a search question with the index­
ing terminology of the documents in a Rle. 
Whether the matching is accomplished by the 
needling of marginal hole-punched cards, by 
the manual correlation of the index entries and 
the search analytics, or through the electronic 
comparisons of digital computers, the operations 
are relatively similar. Terms may be joined to­
gether in a query by using ''and", "or", or "not" 
connectors to form a search strategy, and the 
terms and connectors are then related to the 
indexed information. Documents matching the 
requirements of the question are isolated and 
retrieved. 

STERILE does not alter any of the foregoing 
operations. It does, however, directly impinge 
upon the manner by which selected search terms 
are implemented. 

As an example, an inquiry to a materials­
oriented specialized information center may re­
quest "all documents relating to organic mate­
rials and their uses". In selecting search terms, 
an analyst would be expected to call for: organic; 
organic aluminum compound; organic boron 
compound; organic chemistry; organic com­
pound; organic coolant; organic cooled reactor; 
organic fluorine compound; organic germanium 
compound; organic laser; organic liquid; organic 
lithium compound; organic material; organic 
moderated reactor; organic tin compound; 
organometallic; organometallic compound; 
organometallic polymer; etc. It is assumed that 
these are all viable terms for the given informa­
tion center. Under existing techniques, the above 
series of terms would be searched, each term 
individually and specilically, in order to deter­
mine those documents which are applicable to 
the search query. However, STERILE alters the 
traditional approach, and requires, as the inter­
vening step between selection of search terms 
and conducting of the search, an analysis of the 
selected word forms. The purpose of the analysis 
is to determine if, in the corpus of analytics 
chosen for searching, a commonality exists. In 
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the example under consideration, the letters 
0-R-G-A-N are common to all terms. 

STERILE operates on the prediction that it 
is unnecessary to match complete word for com­
plete word, as in traditional information retrieval 
systems operation, and rather that a partial 
match of carefully selected word bases may be 
more efficient and comprehensive a methodology 
to apply to literature searching. In the above 
example, then, STERILE would suggest the use 
of ORGAN as a search term. There is, however, 
an obvious inadequacy, and that is that the let­
ters 0-R-G-A-N form a unique English word 
which has no relationship to the search query. 
STERILE encompasses a method for eliminat­
ing this objection. 

While current indexing systems utilize three 
types of connectors to relate the strategy terms: 
''or" (+ ); "and" (0

); and "not" (-), STERILE 
develops three additional connectors. They are: 
"permuted or" (@); "permuted and" ($); and 
"permuted not" (#). The traditional connectors, 
in STERILE, are known as "absolute or" (+ ); 
"absolute and" (0

); and "absolute not" (-). 
When an "absolute" connector is used, it indi­

cates that the particular term to which the con­
nector relates is to be treated as in conven­
tional systems (i.e., in exactly the manner in 
which it appears), and as an entire-term-for­
entire-term match. 

STERILE's permuted connectors (@, $ and 
#) act in somewhat the same manner as do the 
traditional linking devices, with one major ex­
ception. The permuted connectors call for a 
methodology of document selection based upon 
the occurrence of specific letters in the index­
ing analytics in a predetermined pattern, regard­
less of whether or not the letters are meaning­
ful as an entity, and whether or not they form 
a specific term. Thus, in using ORGAN as a 
permuted search term, the desire is not to iso­
late all documents containing the specific index 
term ORGAN, but rather to locate all docu­
ments which have an index entry containing 
the letters 0-R-G-A-N, in that uninterrupted 
sequence, somewhere in the body of the term. 
Such terms would include ORGANIC, 
ORGANOMETALLIC, and HYPERORGANIC 
in which the letters 0-R-G-A-N appear in a 
skein. It does not matter in the STERILE sys­
tem ~hether the desired configuration of letters 
is the physical prefix, suffix, or base of the index­
ing term, since the scan is by letters and not 
words. 

In the STERILE system, then @ORGAN 
specifies the selection of documents in which 
ORGAN appears in any portion of an indexing 
analytic. $ORGAN calls for all materials in­
dexed by a permutation of ORGAN in conjunc­
tion with some other specified term or terms. 
#ORGAN requests that documents containing 
indexing terms with permutations of ORGAN be 
withheld from retrieval. 

In the example requesting "all documents re­
lating to organic materials and their uses", 
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STERILE would call for a strategy of 
@ORGAN-ORGAN-ORGANISM-ORGANIZA­
TION. The @ORGAN calls for all documents 
indexed by any word of which ORGAN forms 
a part; however, this is further restricted by 
negating those documents for which the letters 
0-R-G-A-N are derived from ORGANISM, OR­
GAN or ORGANIZATION. 

In another situation, an information file user 
may request "information on triodes, diodes, 
tunnel diodes, and other related devices". By 
applyling the STERILE technique, term analysis 
reveals the commonality of the letters I-0-D-E. 
While these letters may not form a meaningful 
word, the IODE base may nonetheless be 
applied for searching. The STERILE format 
would be @IODE. 

Of course, the STERILE system will not, with 
the @IODE strategy, locate documents indexed 
under SOLID STATE DEVICE, TRANSISTOR, 
etc., unless the system to which STERILE is 
applied contains an automatically-assigning the­
saurus or cross-indexing and cross-referencing 
mechanism. In that case, the @IODE strategy 
could generate a series of additional STERILE 
and traditional terms and bases, such as ISTOR, 
SOLID STATE, etc. And as with conventional 
retrieval schemes, the selected word bases and 
full terms can, in STERILE, be related into 
complex search strategies, in which both STER-

SYSTEM ENGINEERS 
ARE YOU CAPABLE OF HANDLING 

A CHALLENGE? 

Would you like to pioneer the development 
of a computerized water treatment-tra·ns­
mission system or 1a flood warning and 
reservoir ope~ation system, or a number of 
other such proiects? 

If so, we have two new positions available. One 
would be at a supervisory level requiring at least 
5 years of professional experience in electronic or 
mechanical engineering with at least one year of 
recent experience in systems design and develop­
ment of supervisory control, telemetry, computers, 
and process control. This position would pay up to 
$16,000 per year for the right person. 

The second position would be at the Assistant 
level requiring two years of similar experience and 
lots of learning capacity. This would pay up to 
$10,000 per year. Moving allowances would be 
available plus ample fringe benefits for both 
positions. 

For further information write Santa Clara County 
Flood Control and Water District, 516 East Martha 
Street, San Jose, California 95112 or phone Mr. 
Lloyd C. Fowler or Mr. William M. Roman (408) 
299-3841. 
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ILE and traditional connectors may be freely 
intermixed. 

Within STERILE, the degree of generality 
or specificity may be controlled on four levels. 
The first level relates to the analytics which 
are selected for searching. FABRY-PEROT LA­
SER will be far more selective in its document 
retrieval than will the generic SOLID ST ATE 
DEVICE. 

The second level is tied directly to the method 
by which the search terms are developed by 
the analyst. If generality is desired in a search 
dealing with fluorine and fluorine compounds, 
the @FLUORO would be called for. If speci­
ficity is desired, such as for fluoromica alone, 
+ FLUOROMICA may be utilized, in which 
case STERILE will operate as a traditional 
full-word-matching retrieval system. Com­
pounded terms, such as "Information Storage 
and Retrieval'', will also lead to more specific 
results. 

The third level of control which is available 
under the STERILE system, and wl:ich permits 
added flexibility in retrieval operations, is 
accomplished through the optional use of analog 
type (x out of n) searches. A weighted numerical 
factor, based upon the relative hierarchical 
values of the search analytics to the question, 
is assigned to each term in a retrieval strategy. 
Terms may include whole words or STERILE 
bases. A "hit level" or numerical value which 
a document must attain or exceed in order to 
be retrieved is established, and the search is 
conducted. If, for example, a strategy of 
@ORGAN @POLY @LUBR @TEMP +USE 
were created, numeric values of 2,3,2,1,1 might 
be assigned to each of the respective terms, and 
a "hit level" of 3 established for the search. Any 
document indexed under a combination of 
terms whose collective numerical value equals 
or exceeds 3 will be retrieved. 

Finally, on the fourth level, the STERILE 
system provides the user with the option of 
searching text and/ or structured indexes. If text 
is selected, the user may then designate whether 
the entire text, or only some sub-portion or 
combination, such as titles only, abstracts and 
last paragraphs, etc. is to be used. 

There is only one mechanical difference 
which separates STERILE from conventional 
searching schemes, aside from the three addi­
tional connectors and the use of abbreviated 
permutations when desired. The difference is 
that each term in the strategy, including the first 
term, must be preceded by a designated con­
nector. A connector of either (@) or ( +) must 
be used before the first term to denote the 
mode of that term, either absolute or permuted. 

With its ability to examine permuted partial 
terms, STERILE permits the analysis of termi­
nology based upon word roots, upon operation­
denoting suffixes, and upon prefixes and other 
delimiters. As such, it is especially suitable for 
third-generation digital computer-based infor­
mation retrieval systems. • 
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SUBROIATINE XTRAN I 

DIMENSION X(/00), Y(IOO) ;., 
10 FONMllT(+E15.5) 

K=I 
DO 20J = 1,50 
KK=K+I 

',,J~ READ (2;10) (X(I), Y(I), I = K, KK) 
'20 K= I+1 

R£71ARN 
END 
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ENCODING FROM ALPHA­
NUMERIC NUMBERS 

(Continued from page 32) 

such a tree for the proposed appli­
cation is that 'it is not well adapted 
to the use of variable length index 
items. 

Conclusions 

The choice of any scheme must 
depend on the application. The pur­
pose of this paper has been only to 
review briefly some of the available 
techniques. The results are sum­
marized in tabular form. 
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Developed in the course of the 
ALL Project (Accelerated Learn­
ing of Logic) Wff'nProof incor­
porates · 21 games of progres­
sive difficulty; hcis been used to 
teach propositional calculus to 
elementary school children but 
challenges the intellect of pro­
fessional logicians. Comp I et e 
with 224-page manual which 
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reasoning. It is authored by Profes­
sor Hnrold L. Dorwart, Chairman of 
t.he Mathematics Department, Trinity 
College, Hartford. · 

$4.95 Postpaid 

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

$7.95 Postpaid 

SCIENCE/SYSTEMS ~~~~t:no,x 1:1~ 7:0204 SA-4 
PleaH send me at the addretl below: 

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

(Games are shipped from separate warehouses) 

(name) 

(oddrcss) 

(city) (state) (z ip code) 

Illinois reside~ts add 5% OES 

A--------~-------------------r••·-------~ 
39 



A new proprietary software package 
called FORCE-III has been announced 
by Honig, Time Sharing Associates, Inc. 
FORCE-III is said to operate out of a 
partition of OS/ 360 MFT. The subsystem 
contains a command language interpreter 
and file maintenance subsystem, a line 
editor for creation and correction of files, 
a FORTRAN IV ( G level) compiler, a 
subroutine library, and scheduling and 
execution control monitor. Using FORCE­
III, object programs may be catalogued 
and filed, thus permitting a library of 
programs which may be used repeatedly 
without recompilation. Files may be 
translated to, or generated from, cata­
logued OS data sets. Object programs, 
created and debugged under FORCE-III 
may be run under OS in the batch en­
vironment and, finally, OC can run simul­
taneously via multi-programming in the 
background, and provide normal batch 
processing at the same time. The system 
is designed for a 360/ Model 50 or greater. 
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For more information circle No. 80 
on the Reader Service Card 

0 0 0 

MANAGER 
MANAGEMENT INFORMATION 

SYSTEMS 

A fairly large data processing installa­
tion ... in an attractive, listed growth 
company . . . located in one of the 
more desirable Southern New England 
areas ... should ring some bells for 
openers. 

Our client wants an experienced soft­
ware man, heaviest in systems, to lead 
a program of sophisticating a conven­
tional installation. 

The present staff are learning Pl-1. 
One of your tasks will be to attract 
inore good people to your team. Posi­
tion reports to the controller • . . ad­
ministers a large group and has a very 
important project to bring "on line" as 
soon as possible. 

We need an organized individual, 
capable of getting the best from his 
people. We also need real accomplish­
ment in adapting major departments to 
data systems. We'd like to keep the 
income range open and find a cool pro. 
Write: 

McKENZIE ASSOCIATES, INC. 
Management Engineers 

2446 West Albany Ave. 

West Hartford, Conn. 06117 

Phone: (203) 521-3330 

United Computing Corporation has an­
nounced two new software simulators for 
the SDS SIGMA 5 and 7 computers. 
UNITE II simulates the SDS 9300 series 
equipment. UNITE III simulates the CDC 
lower 3000 series computers. 

The UNITE programs execute direct 
object code for the computers being simu­
lated. This allows codes written for these 
computers to be run directly on SIGMA 
without modification. These simulators 
handle all hardware operations such as: 
boot strap-loading, 1/0 operations, inter­
rupts, and console display and switch 
functions. 

For more information, circle No. 79 
on the Reader Service Card 
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ESP-a comprehensive system for the 
evaluation, selection and application of 
forecasting techniques-was announced 
today by Software Resources Corporation. 

ESP provides, for the first time in one 
unified package, a means of selecting the 
most suitable forecasting technique from 
the many powerful methods developed in 
recent years. According to Software Re­
sources, the new system will appeal to 
market researchers, market planners, sta­
tisticians and others concerned with re­
liable forecasting of consumer demand 
patterns. ESP is also useful in sales analy­
sis and evaluating the history of product 
demand. 

Written in FORTRAN IV for the IBM 
7090 and System/ 360 computers, output 
is available in both tabular reports and 
computer prepared graphs, Software Re­
sources stated. 

Among the techniques available under 
ESP are exponential smoothing, moving 
aver.age, adaptive tracking, and rolling 
averages. In all, more than 20 different 
statistical and mathematical techniques are 

PROGRAMMERS 

available to system users. 
for more information, circle No. 78 

on the Reader Service Card 
0 0 0 

Autoflow, a computer documentation 
proprietary software product, is now 
available for the Honeywell H-200 series. 
It was announced by Applied Data Re­
search, Inc. 

On the H-200 series, Auto.flow directly 
accepts Honeywell's . COBOL and Easy­
coder languages. It is available to H-200 
users on a lease or service bureau basis 
and was placed recently on the GSA 
schedule. 

Autoflow is a proprietary software prod­
uct that produces high-quality two dimen­
sional flowcharts. All statement analysis, 
page allocation, line drawing and rear­
rangement of program flow is performed 
automatically by the Autoflow system. 

The /360 Autoflow system has been 
extended to accept seven additional As­
sembly Languages: Sleuth (Univac 1107, 
1108); Symbol, Meta-Symbol (Scientific 
Data System 910, 920, 930); · Compass 
(Control Data 3200, 3300, 3400, 3600); 
DAP II (Computer Control 24, 124, 224); 
Art (Univac 4118); and Autocoder (IBM 
7070, 7074). 

for more information, circle No. 77 
on the Reader Service Card 
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A new, compact, write only, magnetic 
incremental tape recorder for recording 
data in industry-compatible · format for 
immediate data processing has been an­
nounced by Potter Instrument Company, 
Plainview, New York. 

The ME-4210 can be connected to 
typewriters, keyboards, adding machines, 
accounting machines, cash registers, etc. 
Recorded data can be computer-processed 
without intermediate conversion. Applica­
tions include data logging, data transmis­
sion, and office machine output. 

CAN SOS INTEREST YOU IN 
Real-time programming/Hands-on experience/Diversified systems assignments in the fields of: 

• BIOMEDICINE • DATA ACQUISITION •TELEMETRY 
• HYBRID/ • NUCLEAR RESEARCH • PROCESS CONTROL 

SIMULATION • SEISMOLOGY 

EXCELLENT SALARIES PROFESSIONAL GROWTH 
If you have a minimum of 3 years experience in assembly language programming, 
write Mr. Joseph Gerson. 

SCIENTIFIC DATA SYSTEMS 
2525 Military Ave., Dept. SWA 4 

West Los Angeles, California 90064 
An equal opportunity employer 
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The ME-4210 records data in one­
character increments on magnetic tape. 
Asynchronous data transfers from 0 to 60 
characters-per-second can be accepted. 
Recording accuracy is better than 1 in 
107. Data is recorded in NRZ-I format 
on *", 7-channel tape at a packing den­
sity of 200 bpi. The 53~" diameter reels 
hold 140' of tape. 

for more information, circle No. 76 
on the Reader Service Card 

Remote Switching Control Module, 
RSCM # 101, has been designed to offer 
remote control switching with ease and 
economy of installation as well as safety. 
The remotely located master switch may 
be installed as far as 3000 feet away from 
the RSCM and may be connected by low 
voltage (16 to 24 gauge) surface wiring 
(bell wire, etc.). 

The RSCM is said to be ideal for per­
manent or temporary remote control ap­
plications, some of which include: cen­
tral switching, instrument panel wiring, 
safety control, security control, shock haz­
ard elimination, intrusion-burglar alarm 
and process supervisory control. 

for more information, circle No. 75 
on the Reader Service Card 

NAVCOR's new 1050 Series keyboard 
assemblies off er flexibility in meeting to­
day's man/machine interface require­
ments. Completely modular in construc­
tion, the keyboards are available in a 
wide variety of stai:idard configurations, 
and can be adapted to special applica­
tions with a minimum of time and cost. 
All-electronic design insures reliability 
and long life in the field. Each key has 
a life expectancy of over 100 million 
operations, and repair or modification of 
a keyboard involves only the removal and 
replacement of a modular component. 

A basic keyboard consists of an array 
of NAVCOR KRM keys mounted directly 
on an etched-circuit base panel. For coded 
outputs, a diode matrix is available either 
on the same etched-circuit board which 
holds the keys or as a separate board 
below and parallel to the keyboard. Op­
tional buffer and timing circuitry, con­
tained on a third etched-circuit board 

which mounts directly below the matrix, 
offers full double-strike protection with­
out interfering with normal typing speeds. 

for more information, circle No. 74 
on the Reader Service Card 
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A new ultra precision rack and p1mon 
assembly for digital readout systems, es­
pecially designed for original machine 
equipment manufacturers is now available 
from Spaulding Instruments, Pasadena, 
Calif. 

Key features of the Spaulding rack 
and pinion assembly include: rack mount­
ings ground four sides for precision align­
ment drilled and counterbored for 10-32 
mounting screws on 6.4 inch centers, 
hardened and ground 416 stainless steel 
precision racks, rack assembly sealed from 
chips and dirt, and gear box and photo­
electric encoder assembly with .0002 inch 
resolution. 

for more information, circle No. 73 
on the Reader Service Card 

A new solid state operational element 
designed to perform economically and 
reliably in instrumentation, control, and 
computing systems as available from CPS 
Instrument Company, Inc., Newton, Mas­
sachusetts. 

This new form of multiplier, formerly 
available only in complex instrument form 
or as part of high performance analog 
computers is said to open new horizons 
for the systems designer. It may be used 
in many applications such as squaring, 
multiplication of variables and division. 
Together with other COE-Line products, 
it can be used in a vast variety of sys­
tems for generation of special functions; 
correlation functions ; convolution inte­
grals; mixing of signals; ratio measure­
ments; suppressed carrier modulation; 
VGC; resolvers; trignonometric computa­
tion; sampling; power measurement; and 
many more. 

for more information, circle No. 72 
on the Reader Service Card 
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Honeywell EDP's Special Products Di­
vision have made its Model M4005 disk 
pack compatible with every computer disk 
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PROGRAMMER 
High Growth 
& Earnings 

Potential 

A chance to pioneer with applications 
never programmed before! Established 
and highly respected management con­
sulting firm (ACME) offers variety of 
challenging assignments to a creative 
programmer who can develop software 
for sophisticated management informci­
tion systems. He will work with special­
ists on 185'- man staff; participate in 
team efforts to solve varied problems; 
find ample opportunity for professional 
development, promotion, and increased 
earnings. 

* Three plus years heavy programming 
experience (tape and disc) in IBM, 
Honeywell, Univac or similar equipment. 
Good ability to communicate; freedom 
to travel. Send full details of your pro­
fessional experience an.d earnings his­
tory, in confidence, to the attention of 
SAK at 

Kurt Salmo~n Associates 
350 Fifth Avenue 

New York, N. Y. 10001 

ARE YOU GROWING 
OLD WITH THE 

WRONG COMPANY? 
Don't waste your growth years on 
the wrong cotnpany. If your salary 
is not advancing as it should and 
if your promotions are slowing 
down, take a good hard look at 
the market. It will give you per­
spective. Perhaps you'll discover 
that you have not been mistreated 
after all. On the other hand, you 
may be surprised to learn how 
much your value has gone up in 
the last year or so. 

Tear out this ad and mail it to us, 
along with your resume. There is 
no obligation. We'll call you with­
in 24 hours if we think you are 
growing old with the wrong 
company. 

CALLAHAN CENTER . 
FOR COMPUTER P.ERSONNEL 

Suite 414 Boulevard Building 

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

SJCC 
While you are in Atlantic City call us col­
lect; (215) 567-4811 to discuss career 
opportunities. 

- - - ._ - - - - _J 

42 

drive now on the market, company 
officials said. 

An M 4005 disk pack comprises six 14-
inch-diarneter disks mounted on a com­
mon spindle assembly. Data is recorded 
on the 10 "inside" surfaces (the upper 
surf ace of the top disk and the lower sur­
face of the bottom disk act as protective 
covers). A pack weighs about 100 pounds. 

Tohe 0.050-inch-thick substrates are 
coated on both sides with a 3.5-inch-wide 
circular band of magnetic iron oxide av­
eraging 0.00023 inches in thickness. The 
actual recording surface is a two-inch­
wide strip along the band's center line. 

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

A new low-cost, low-profile silencer 
cov:er for IBM keypunches is introduced 
by Periphery, Inc., . Framingham, Mass. 

The A WECO Sllencer Cover reduces 
noise levels by 75% and is 50% lower in 
cost than comparable models. The low, 
compact design eliminates operator objec­
tions to the prison-like appearance of 
other units. 

The AWECO requires no extra light­
ing, since all sides are completely trans­
parent. A rotating front window permits 
full access to the keypunch with removal 
of the cover. 

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

Computer Accessories Corp., Hunting­
ton, N. Y. has annotinced a new, portable 
Loader-Winder to complement its line of 

winders and rewinders capable of handling 
perforated tapes. 

Designated Model 204 LW, the loader 
box holds up to 1,000 ft. of one inch 
tape; another box is also available for 
11 / 16" tape. 

It offers variable speed control and 
adjustable tensioning to enable winding 
to any desired density. Speeds up to 
1,000 fpm are possible and an adjustable 
slip clutch allows for high sp~eds or inter~ 
mittent winding without tearing the tape. 

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

The Geo-Space CS-900-A Channel Sim­
ulator is a compact, portable test unit 
used for checking equipment designed to 
connect to the IBM Systern/360 1 /0 in­
terface. Originally desigried to rrieet the 
in-house needs of Geo Space Computer 
Division for checking-out . the DP-203 
Digital CRT Plotter, CP-205 Magnetic 
Tape System and the 1044 Hybrid Link­
age Unit, the CS-900-A may be used for 
a wide range of peripheral devices de­
signed to attach to the IBM System/360. 
In addition, the CS-900-A is a self-con­
tained unit including power supplies. 

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

Development of a data compressor that 
could cut the computer costs of data acqui­
sition systems by 90 percent has been 
announced by Stellarmetrics, Inc., Santa 
Barbara, Calif. 

The new data acquisition sub-system is 
designed to take the output from high­
speed analog-to-digital converters at data 
rates up to 100 KHZ. The device scans 
all information channels, but forwards only 
data that has changed between . data sam­
ples. Read-out is in digital words that 
can easily be computer-translated into 
numerical form. 

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

Maintenance free thumbwheel control 
switches are being used in complex corn-

INFORMATION PROCESSING JOURNAL 
A QUARTEULY UEFEUENCE JOUUNAL DEVOTED TO THE 

THEORY, DESIGN, AND APPLICATION OF ELECTRONIC COMPUTERS 

DESIGNED TO ASSIST THE COM P UTE R SPECIALIST LOCATE I FORMATION 
On a Specific Suhj ect or Topic, in a Fraction of the Time required by <Alnventional Literature Search. 

PRESENTED Iri ABSTRACT FORM, COMPLETELY INDEXED 
By Subject , Topic, Soun·e and Author and Thoroughly Cross-referenced. 

6,000 ABSTRACTS PER YEAR 

CAMBRIDGE COMMUNICATIONS CORPORATION 
1612 K St. N.W. 

Washington, D.C. 20006 
(202) 393-1239 

Specialists iri Scientific lrifornwtiori Retrieval for over 10 years 

For more information, circle No. J J on the Reader Service Card 
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puterized milling machines to insure that 
settings of start, stop and cutting depth 
are rigidly maintained. 

Developed and manufactured by The 
Digitran Company of Pasadena, Calif., the 
Digitran Model 9000 sealed switches func­
tion in an environment of metal chips, 
oil, dirt and smoke, with no equipment 
down time due to switch malfunction. 

The switches control the computers that 
operate the milling machines, by main­
taining the exact parameters programmed 
into the system. 

Other applications of Digitran switches 
include military and commercial airborne 
and ground communications, test equip­
ment, computer control, and data handling 
systems. 

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

• • • 
A new patient monitoring system that 

bridges the gap between transducers­
which measure temperature, blood pres­
sure, and other variables-and a general 
purpose digital computer has been intro­
duced by Redcor Corporation, Canoga 
Park, Calif. 

A complete network of 64 transducers 
and 12 display stations, in various hospi­
tals, are connected to the Redcor system 
via various communication media. 

Under control of a general purpose 
digital computer, the system monitors 
physical variables and events in each of 

the 12 monitor stations. As a result of 
computer analysis, the system distributes 
information for display at the various sta­
tions. The displayed information assists 
hospital personnel in diagnosis and treat­
ment. 

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

• • • 
A series of circuit card guides specifi­

cally designed for miniature integrated cir­
cuit cards has been introduced by Scanbe 
Manufacturing Corp., Monterey Park, 
Calif. 

The small card guides-designated as 
the Scanbe M series-are for miniature 
cards from one inch to 2. 75 inches long. 
With a %-inch minimum card spacing, the 
M Series is capable of accommodating more 
than 500 integrated card configurations. 

Incorporating only one T or H-shaped 
mounting bar, the M Series provides a 
small guide profile that permits higher 
density packaging and better cooling. 

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

• • • 

A new, low-cost, direct access storage 
system designed for the UNIV AC 9000 
series computers was announced today by 
Sperry Rand's UNIVAC Division. 

Known as the UNIV AC 8410 Disc File, 
the new system enables users to bridge 
the costly gap between punched card and 
direct access processing, and offers unique 

PROGRAM YOUR CAREER FOR SUCCESS 
EXPLORE NATIONWIDE EMPLOYMENT OPPORTUNITIES THRU ONE CONTACT 

PROGRAMMERS D P MANAGERS ANALYSTS 

STARTING SALARIES $8,000 TO $20,000 CALL FEE PAID) 

SEND YOUR FLOW CHART (RESUME) OR CALL (212) MU 3-6000 

ROBERT BOOK, EDP/SYSTEMS MGR 

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

52 VANDERBILT AVE NEW YORK CITY 10017 
THE PROFESSIONAL AGENCY SERVING THE EDP COMMUNITY 
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SERVICES 

HA TE TO WRITE 
A RESUME? 

CALL COLLECT-DAY OR NITE 
YOU RECITE-WE WRITE 

WE WILL ALSO-

• Dis:trlbute your resume in a 
manner responsive to your ob­
f ectives 

• Provide career guidance using 
knowledge gained from 'O'Ur own 
actual 6 years programming and 
S years personnel management 
experience 

• Pl'Ovide middle man services dur­
ing job negotiations 

NO FEE-NO CONTRACT 

NO OBLIGATION 

CALL COLLECT ANYTIME 

INCLUDING WEEKENDS 

(609) 662-6621 
If you prefer, send a resume or 
rough notes of education, experi­
ence and requirements or Software 
Age resume form to: 

Howard Levin, Director 
RSVP SERVICES 
304 Victor Avenue 
Cherry Hill, N. J. 08034 

How to get a job 
in CALIFORNIA! 
The only complete guide of its kind. Complete 
facts on California employers, their openings, 
who to contact. Also information on the State 's 
housing, taxes, cultural activities, driving reg­
ulations, housing, food. It's the How-To-Do 
book on California. 

Introductory letters and facts by heads of the 
State of California Chamber of Commerce, 
Greater Los Angeles and San Francisco Bay 
Area Chambers of Commerce. 

At your newsstand now. Or write: Drake Publi­
cations, 9168 Kearny Street, San Francisco, 
California 94133. $2.00 post-paid. Satisfaction 
absolutely guaranteed or your money back. 

Spring Edition 1968 - Out Now 
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advantages within a wide range of data 
processing applications. 

Suitable for field-installation on any 
UNIV AC 9200/9300 System, the 8410 
Disc File provides removable direct access 
storage of 3.2 to 12.8 million bytes, or 
6.4 to 25.6 million digits in packed deci­
mal format. 

A basic 8410 System includes a master 
dual disc drive expandable one drive ·at 
a time to a total of eight drives. Each 
drive holds a reversible disc cartridge 
with two storage surfaces; one of which is 
on-line. By interchanging disc cartridges, 

unlimited storage is provided for applica­
tions which require serial processing. 

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

0 0 0 

Data-Control Systems, Inc. announces 
the availability of a new high frequency 
Up/Down Translator for handling data 
translation up to 5 MHz. Operational 
mode is selected through interchange­
able, plug-in tuning units. 

Typical uses are multichannel and con­
stant bandwidth applications where a 
multiplex is translated to a higher band 

~OO®IB ooru~ ~moo~ 
Scientific/ Carn rnercial 

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

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

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

Please send your resume to Mr. 
Harvey Weisberg, Employment Man­
ager, Vitro Laboratories. vR-2 

.tilru LABORATORIES 
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VITRO CORPORATION CF AMERICA 
14000 Georgia Avenue • Silver Spring, Maryland 20910 

CSuburb of Washington, 0 . C.l 

An equal opportunity emplo yer M&F 

and summed with an untranslated multi­
plex for transmission or recording, or 
where six channels must be transmitted 
over a 5 MHz line. 

Reference signals may be supplied by 
an internal crystal oscillator or an exter­
nal source. 

For more information, circle No. 62 

on the Reader Service Card 

0 0 0 

A Remote Recording feature, enabling 
one IBM Magnetic Tape SELECTRIC 
Typewriter to send information to another, 
has been announced by the IBM Office 
Products Division. A telephone data set 
is utilized in the system for sending exact 
duplicates of typewritten documents at 
speeds of up to 150 words per minute. 

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

0 0 0 

Honig Time Sharing Associates, Inc. 
announced the availability of an Interface 
System for use with an IBM 1130 com­
puter which expands the capabilities of 
the 1130 to provide a true on-line and 
terminally oriented system. With this 
interface, users can communicate to their 
1130 computer over standard voice grade 
telephone lines and commercially avail­
able terminals. 

This interface attaches to an 1130 via 
the IBM Storage Access Channel, feature 
code 7 490. Computer instructions nec­
essary to operate devices attached to the 
interface are standard 1130 I/0 instruc­
tions and no additional modifications are 
necessary within the 1130 system. This 
interlace will allow users to attach tele­
types, IBM 1050's, or IBM 274l's to an 
1130 in numbers up to 15. 

For more information, circle No. 60 

on the Reader Service Card 
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software age THIS INQUIRY IS IN 

DIRECT RESPONSE TO 

YOUR ADVERTISEMENT 

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 REPRODUCTION 

JOB DESIRED: 

IN 

SOFTWARE AGE 

MAGAZINE 

List computer hardware knowledge (names of systems, tape, disk, terminals, etcJ: 

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

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

Programming languages used and extent of experience (COBOL, FORTRAN, etcJ: _____ _ _ 

Applications programmed (aerospace, banking, insurance, m.ath subroutines, compilers, etcJ: __ _ 

Systems analysis experience (card design, flow charting, operation analysis, etcJ: ______ _ 

EDP management experience (include ye.ars and number of people reporting to you): _____ _ 

SALARY: ____ _ DATE OF AVAILABILITY: 
(current) I desired I 

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

Degrees ------------
Years ____________ _ 

Schools 

EMPLOYMENT: Indicate present employment and previous jobs below. 

Employer ------------

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

Years ______ to. _____ _ _ _____ to _____ _ 
Title or 
Function 

Name -------------------------------------- Age __ _ 

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

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

Security Clearance --------------­

Marital 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: 

APRIL, 1968 

software age 
MAGAZINE 

1020 CHURCH ST., EVANSTON, ILL. 60201 
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AFTER JUNE 15, THIS FORM WILL NOT BE PROCESSED 
WRITE ADVERTISERS DIRECTLY OR WRITE US FOR CURRENT S/ A ISSUE 

check your interests here 
Fill in the confidential inquiry fonn on the other side of this 
sheet. (Be sure to use this form. We cannot process multi-page 
resumes; and this form provides all the information advertisers 
require to screen applicants. If further information is desired, 
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