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Clean and comfortable 

when we ship it 

Our computer tape is clean and 
error-free. We think that our supe­
rior cleaning process makes it cleaner 
than anybody else's, but of course we're 
prejudiced. Point is, to be computer tape at 
all, it has to be clean and free from dropouts. 

But we don't stop at merely making clean tape; we make sure that 
it gets to you clean and that you can keep it clean. Here's how: 

Then, for the only sure protection 
in storage, we pack our tape in a 

unique all-plastic canister. It keeps tape 
clean because it cannot generate contam-

ination and its positive seal prevents outside 
dirt from getting in; comfortable because it pro­

tects against shock and humidity. This canister is even encased in an 
airtight poly bag during shipment. From then on, it's up to you. 

o 

Our exclusive environmental shipper which we call the Tape-Safe 
keeps dust out and your tape "clean and comfortable." Clean, because 
the polystyrene foam won't shed like cardboard; comfortable, because 
it cushions the tape in transit against shock and damaging fluctuations 
of temperature and humidity. Best of all, it's free with your minimum 
order of Ampex tape for I BM and I BM-compatible computers. 

FREE! If you'd like a few suggestions on how to keep tape clean, 0 
write Tape-Safe, Ampex Corpora-
tion, 401 Broadway, Redwood City, I AM PEX I 
California 94063, for a copy of our . _ 

TRENDS Bulletin No. 12, "Care Career opportunities? Write Box D, 
and Storage of Computer Tape." Redwood City, California 94064. 
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But, you'll have 
to spend 15,000 
a month less. 

The Standard IC-6000 is a third-generation computer that works directly with 7040/7044 series 
programs without modification. Rentals are $22,500 a month or less. IC-6000 computers can 
also be purchased. Write or call for complete information. Standard Computer Corporation, 1411 
W. Olympic Blvd., Los Angeles, Calif. 90015, Phone 213·387·5267. Standard 
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letters 

proud of our operational system. 
DAVID R. HEYM 
Chemical Abstracts Service 
Columbus, Ohio 

patenting computer programs 

Sir: 
In the September Forum (p. 160), 
Mr. Jones presented an appeal for 
making computer programs patent­
able. He implied that only the manu­
facturers (with selfish interests) and 
the Patent Office itself opposed pat­
enting programs. As a former pro­
grammer and current supervisor of a 
programming group, I would like to 
voice my opposition with the follow­
ing answers to his reasons for action: 
1. The technology is so dynamic that 
patent action, investigation of possi-

ble infringements, etc. would slow the 
productivity of the field in general. 
2. Programming needs the encour­
agement provided by a creative en­
vironment in which the participant 
concentrates on how to program well, 
rather than how to collect patents. . 
3. Competent and industrious pro­
grammers have the same protection 
(job security and rapid advance­
ment) and opportunity to profit 
(among the best of today's salaries) 
as do most practitioners in other tech­
nologies. 

As a taxpayer I shudder to con­
template the added federal payrolls 
that could be generated in order to 
examine today's explosion of com­
puter programs'for patent action. 

The computing community exhibits 
far more professionalism than Mr. 
Jones gives it' credit for. The best 
professionals in any field are creative 
primari1y because of their intense in­
terest in the field, not because of the 
lure of inventive profits. Where would 
computing be today if people like 
John von Neumann had patented 
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their revolutionary new techniques? 
In my opinion the only segment of 

the community that could profit from 
patented programs would be inde­
pendent software firms-all others, 
including the large government instal­
lations, would suffer. 

. E. C. WITT 
Knoxville, Tennessee 

erma again 
Sir: 
Re:. Thomas Lang's letter (Oct., p. 
14): In a large systems project like 
ERMA, it is always difficult to satisfac­
torily identify just who made what 
contribution. The original design 
work was done by B of A and 
SRI, though there was substantial re­
work of both hardware and software 
when GE became involved in 1957. If 
Mr. Lang had been around at the time, 
he would have been able' to observe 
that the ERMA system was not designed 
by «programmers," but by the com­
bined efforts of bank officials, systems 
engineers, logical designers, trans­
ducer specialists, mechanical engi­
neers, etc. 

He would also have noted that the 
GE 100 and the GE 210 were the 
same machine. The computers deliv­
ered to B of A were designated as 
100's and those subsequently installed 
at Security F{rst National and else­
where were labeled 210's, but they 
were identical right down to the "as­
terisk compare" and "tumble" instruc­
tions. The reader is referred to the 
July-August 1967 issue of the Journal 
of the Systems and Procedures Asso­
ciation, for a more thorough discus­
sion of the ERMA project. 
ROBERT V. HEAD 
Los' Angeles, California 

israeli edp . 
Sir: 
Dr. Frank Moser's article, "EDP Prog­
ress in Israel" (Aug., p. 29), states 
"Control Data has a fairly limited 
market.in Israel since they aim main- ,­
ly for the medium- to large-scale 
scientific systems." 

Since opening our office in Israel in 
1965, we have received orders for the 
two largest business processing com­
puter applications in Israel. A CDC 
3300 computer was ordered by the 
Israel Aircraft Industries and installed 
in September 1967,and two 3300's 
will be installed with the Israel Post 
Office in 1968. 

The above orders,together with the 
currently installed 3400 and 1604 
systems, give Control Data the lead 
over its competitors in Israel in the 
medium- and large-scale market. 
D. F AMILIANT 
Tel-Aviv, Israel 

Put some sparkle into your copies. 
Tell your forms printer you want 
Port Huron Carbon Paper in all 
your carbon interleaved forms. 

Port Huron One-Time Carbon­
designed particularly for snap-outs 
-continuous forms-machine or 
hand written. 

Port Huron Car/Bond Paper-
ideal for up to fifteen clear copies 
from one EDP print out. 

Port Huron Opti/Scan Carbon-
formulated for optical scanning 
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document carbon copy. 

Ask your supplier for information 
or write direct for samples to run on 

your equipment. 

PORl HURON PAPER COMPANY 
Port Huron. Michigan 48060 
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Memory. Options permitting larger memories (32K-
256K words) will become more common. Ohe micro­
second cycle times and less will become customary. The 
availability of batch fabricated memories will provide bulk 
memories of high reliability, moderate weight and reason­
able cost available to support multipurpose use. Memory 
protect features will also be required for multipurpose 
use. 

what's next in software? 

A fairly safe prediction about software for aerospace 
computers over the ne?'t three years would be that there 
will be more of it. However, this is too easy and compels 

. mance-taken together suggest greater use of compilers 
by aerospace computer programmers. Benefits to be de­
rived are well known, but aierestated here: 

• faster program preparation, checkout, and docu-
mentation 

• ease of communication 
• reduction in computer time for checkout 
• simplification of program updating 

It is assumed that compilers will be written to operate on 
ground-based computers, since they have the 1/ 0 and bulk 
storage resources needed .. Even a compiler development 
cost of $100,000 to $300,000 could be justified, if the 
program to be developed were sufficiently extensive. This 
assumes an improvement of. approximately 50% in pro-
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us to ask more specific questions.· Three topics are 
specifically considered: compilers, executive programs 
and simulation. These subjects were chosen despite the 
knowledge that assembly language will still be the most 
used developinent tool over the next few years. 

Compilers. The use of compilers for program develop­
ment will become more frequent during the next three 
years. Historically, the use of compilers for airborne 
computers has been ·limited (see Table 1). This can be. 
explained in part by. the relatively low' performance of 
earlier aerospace computers, due to the use of rotating 
memories for program and data storage. Today, however, 
performance of aerospace computers is quite comparable 
with that of ground-based computers. Compiler imple­
mentation techniques have also improved: 10-20% penal­
ties in memory required and in execution time are typical 
today for compilers like FORmAN IV and JOVIAL, as 
compared with "hand-tailored" code written in machine 
language: Language designs which are suitable for real­
time/on-line usage are also appearing: FORTRAN (:with 
additions), JOVIAL, PL/I· and SPL (Space Programming 
Language). SPL has been recently specified by System 
Development Corporation.3 These three factors-lan­
guage suitability, language efficiency and computer perfdr-

3SSD-TR-67-11, Vol. III,· Recommendation for a Common Space Pro­
gramming Language, January, 1?67. ( 
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of 
Instr. 

41 
73 
70 
68 

142 
32 
32 
59 
64 
41 
70 
36 
54 
30 
61 
38 

70 
40 
13 
14 
29 
45 
62 

Index Add Time Time 
. Registers (I'sees) (I'secs) Compiler 

12. 168. 
0 8. 18. 

28M 12. 90. 
4A 2.5 25. 
7A 5. 25. 

6. 17. 
8. 34. 

0 20. 100. 
2A 3.3 41.1 
4M 4. 24. 
6M 2-4 12-14 FORTRAN 
3A 4. 22. 

16G.R. 5. 10.4 PL/I 
3A 5. 19.4 
0 18. 54. 
0 8/4 . 58.5/56.5 

8M/LEVEL 7.2 31.6 JOVIAL 
7M/LEVEL 8. 70. FORTRAN 

JOVIAL 
FORTRAN 

lA 1.9 5.6 JOVIAL 
1/2A 6.2. 20. 

18. 60. 
12. 34. 

3A 12. 40-60 
3M 8. 44-92 
7A 2. 18. . FORTRAN 

gram pr.oduction rate when using a compiler, as opposed 
to machine language programming. 

Executive programs. Standardized executive programs 
for today's aerospace computers appear to be unknown. 
Typically, these control programs are custom tailored to a 
particular application. However, we expect to see manu­
facturer-designed modular executive systems made avail­
able during the next three years. This will be attractive 
when the number of computer systems to be prod]J.ced is 
small and the application is "typical" in the sense of 
requiring foreground-background type of multiprogram­
ming. Functions provided will include: 

• input/output control 
• interrupt analysis . 
• fault response, including diagnosis 
• bulk memory control (where required) 
• allocation of time as a resource to be divided 
As hardware costs contiime to qecline, greater emphasis 

will be placed upon reduction of programming costs. This 
will be accomplished in two ways: building in previous. 
software functions as hardware features (.interrupt re­
sponse, floating point) and providing. standardized soft­
ware modules for user application. The executive control 
program seems to fall partly in the latter category. . 

'.Multiprocessing, which can be expected to gain in favor 
as presently remote functions are centralized, will still 
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demand customized executive programs to provide recon­
figuration capability in the event of subsystem failure. 

Simulation. Instruction simulation of aerospace com­
puters (by interpretive programs) on ground-based com­
puters for program checkout has been common in the 
past, for the following reasons: 

• unavailability of the actual computer 
• lack of I/O devices and of bulk storage 
Simulation typically involves a penalty of 15-30 instruc­

tionsper instruction simulated, with a resulting time 
penalty. This penalty can be eased or removed if aero­
space computers possess upward instruction compatibility 
with ground-based computers or if an emulation mode 
permits making the ground-based computer hardware 
«look like" the aerospace system being simulated. This 
appears to be another ripe field for "firmware." 

Another factor to be considered is the' availability of 
generalized I/O interfaces on the aerospace computers. 
There will probably always be a need for specialized I/O 
interfaces, but the advent of displays and bulk storage in 
some aerospace applications will make the standardized 

AEROSPACE 
SOFTWARE 

interface more probable. Therefore, it should be possible 
to configure an aerospace computer in a computing center 
environment to provide reasonable program checkout 
facilities. Performance validation of a real-time control 
system can also be achieved through operation of the 
control system in a simulated environment. 

conclusions 

The architecture of aerospace computers is maturing 
toward a close functional similarity to ground-based 
computers, with general registers, modular word lengths 
and larger memories already in evidence. Ease of initial 
programming and of making programming changes is 
becoming more important as aerospace computers assume 
multipurpose use. Many of the design features that 
facilitate programmability can now be afforded because of 
changing tradeoff factors due to integrated circuits. High­
er level programming languages have had low utilization 
in the past, but their use is expected to steadily increase. 

Aerospace computers are big bUSiness, and the com­
panies that will penetrate this market most effectively are 
likely to mix expertise in design for the aerospace environ­
ment with hardheaded commercial ground-based practice 
-in nearly equal proportions. • 

for now and later 

by VILAS D. HENDERSON and R. DEAN HARTWICK 

D 
We have often heard that the development of 
software for controlling an aerospace vehicle 'is 
not inherently different from the development 
of other kinds of software. True-if operational 

requirements are ignored. But it is precisely the operation­
al requirements placed upon a system that distinguish it 
from all others. A stringent accuracy/performance re­
quirement is what makes . the software for aerospace 
missions unique: when a multimillion dollar system and 
human lives are at stake, there' is no room for errors of any 
consequence, no secqnd chance. Some organization, some 
person, must sign on the dotted line to certify that the 
controlling Right computer program is ready for its 
operational mission. 

Through - its program, the Right. computer performs 
navigation, guidance, and control functions, communicat­
ing in real-time with external devices to obtain data and 
to issue commands. Many other functions are normally 
performed-telemetry data processing, sensor calibration 
and alignment, digital control, processing of experimental 
data, and so forth-but the central computer function as 
part of a closed-loop system is to participate in sensin-g, 
directing, and controlling the state of the aerospace 
vehicle throughout the mission. The complexity of the 
functions to be performed within the demanding accu-
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racy/performance requirement causes a great impact upon 
the process for developing Right computer software and 
the environment in which it is developed-the responsibil-
ity is tremendous. ' 

Mr. Henderson is manager of 
the computation and software 
dept., Logicon, Inc., San Pedro, 
Calif. He has directed projects 
such as simulation system de':' 
velopment; software analyti­
cal, design and development 
support to the Air Force and 
Aerospace Corp. on the Titan 
III program; and software proj­
ect support .lor the Airborne 
Tactical Data System. Previous­
ly with Space Technology Lab­
oratories, he has an MS in 
mathematics from the Univ. of 
Wisconsin. 
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From 3M: "Scotch"Brand No.777, 
o the world's finest computertape, plus 

total tape capability and service. 

() 

Since its introduction, "Scotch" Brand No. 777 Computer Tape has proven 
to be the finest computer tape ever developed. 

The reason: Extended storage requirements and intensive use are making 
ever increasing demands on today's computer tapes, and "Scotch" Brand 
No. 777 is specifically designed to meet these demands. No. 777 del ivers 
extended error-free performance in continued use over thousands of 
passes and it is here that true savings are realized. Long after ordinary 
computer tapes begin to cost you money, because of time consuming 
"re-tries", "Scotch" Brand No. 777 will still be performing faithfully ... 
reliably. And at all bit densities including 1600 bpi (3200 fci). 

Try No. 777. Test it. Compare it with your present computer tape. Find out 
how No. 777's superior performance characteristics mean dollars saved 
for you! Discover too, how 3M's three magnetic tape manufacturing plants, 
sixteen branch warehouses, and nearly one hundred sales and service 
representatives give you unexcelled service. 

For the world's finest computer tape with service to match, write: Market 
Services Dept., Magnetic Products Division, 3M Co., St. Paul, Minn. 55101. 
"SCOTCH" AND THE PLAID DESIGN ARE REGISTERED TRADEMARKS OF 3M CO. 
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basis. Time-shared systems include the so-called "conver­
sational computing" systems1 and, in a broad interpreta­
tion of the words "time-shared," also message switching 
applications, process control, real-time missile applications 
and similar systems. Mainly, however, we are concerned 
with man/machine interactive systems involving two basic 
economic factors: 

1. Many users share the same hardware, and use it 
simultaneously. 

2. The major factor in the payoff function is the 
economic utility of response time. 

User demand fluctuates rapidly, for it is essentially 
random. The system adapts to the use but may, some­
times, be idle for short, periods, placing on the. owner the 
need to absorb idle time costs. 

With respect to the second point, Patrick2 cites two 
types of payoff functions as shown in Fig. 1. In the first 
case, a short response time produces a very great payoff. 
If the stockbroker can answer a question about stock 
prices quickly, he has impressed his customer and his 
chances of making a sale are enhanced. If the payoff 
function looks like the second diagram of Fig. 1, there is 

Fig. 2 
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PRO· TIME·SHARING PRO· BATCH 

no advantage in a quick response, and one might just as 
well batch the data requests: If the stockbroker's customer 
requests a sheaf of Standard and Poor's reports, for 
example, they might as well be mailed at the end of the 
day with all the other responses to similar requests. 

Inevitably, the choice between time-sharing and batch 
processing reduces to consideration of specific factors 
related to user needs. Fig. 2 symbolically displays several 
factors on opposite sides of a fulcrum, showing that the 
weights given to each will determine how the scales are 
tipped. To decide in favor of time-sharing vs. batch 
implies that efficiency and flexibility factors on the part of 
the user outweigh the increased costs for computer 

Mr. Hill is vice president, 
programing systems divi­
sion, at Informatics Inc. A co­
founder of the company, he 
has served on the executive 
board of SHARE and has been 
chairman of the San Fernando 
Valley chapter of the ACM. 
He has a master's degree in 
English literature from the 
Univ. of California at los An­
geles, where he was assistant 
director of the Western Data 
Processing Center when it was 
first formed. 

1 The "remote batch processing" concept deserves special attention, 
which it receives later in this article. 
2 Robert L. Patrick, "Sa You Want to Go On-Line," Datamation, July, 
1964, p: 25. 
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software, for extra equipment and for communications 
systems. 

The factor of "user effiCiency" is most frequently cited 
as an argument in favor of putting the user directly on­
line. There are few documented studies, but what evi­
dence there is tends to support the argument. One 
practitioner claimed increases in .efficiency of 3: 1 to 5: l. 
Of probable significance, W. B. Moore of Rome Air 

Fig. 3 
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Development Center and Erwin' Book of System Develop­
ment Corp. have independently reported increases in 
programmer efficiency on the order of 7: 1 in coding and 
debugging program modules. The arguments are plausible 
when one considers a busy executive's reduction in 
efficiency if he were forced to use the telephone only 
certain limited, spaced periods of the day, as opposed to 
full time access to the instrument. 

large computer efficiency 
A second factor favoring time-sharing systems is that of 

large computer efficiency. It is a fact that the cost per 
computer and receiving results. Many people and many 
processes are involved. Forms must be completed, cards 
must be punched and verified, and the information must 
be dispatched correctly, and logged and recorded. 

In a time-sharing system, the computer does nearly all 
of these tasks. In other words, the man at the console. can 
effectively be the "consumer" and he need be the only 
person in the chain. The input can be in an application­
addition on a large machine is lower than the cost per 
addition on a small computer. The fact that many use the 
computer simultaneously allows large, centralized com­
puters to be used and, in turn, this "large computer 
efficiency" advantage accrues. Also, the large computer 
usually has a more powerful· software system supplied 
with it .. 

The time-sharing system has the additional' advantage 
of being able to reconfigure itself to appear as an 
individual small machine to many users,or as a large 
dedicated system when required. In fact, one user may be 
using it as a desk calculator, another as a powerful system 
simulator. Thus, the important advantage of application 
flexibility is gained by the user-an advantage clearly not 
available in any given batch processing system. 

One of the advantages which is so often overlooked in 
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beautiful way to store cards 

Circle Reader Service Card No. 32 or 320 

The name is Gold Star ... the world's 
most beautiful and most complete card 
storage and handling system. Notice the 
gleaming chrome legs, the attractive and 
practical stainless steel handles and ac­
cent panels, the bonded plastic work 
surface, and the three-wide drawers that 
open all the way to expose 12,000 cards 
at a time. This fifteen drawer file is one 
of a family of files ranging from one 
drawer to 30 drawers and including trucks 
and transfer filing units. Write for com­
plete information . 
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