
































not a grapefruit in 500 miles 

One microscopic bump or particle 
on a computer tape-equivalent in 
size to a grapefruit sitting on a 
500-mile, four-lane highway-is all 
it takes to cause a parity error. 0 

. There are no "grapefruits" on 
Ampex tape. New formula Ampex 
computer tapes are clean and 

error-free to begin with, and are 
formulated tdstay that way for 
hundreds of thousands of equip­
ment passes. You get more data 
through-put, unparalleled data re-

I AMPEX I 
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liability. 0 Prove it on your own 
computer. Call your Ampex repre­
sentative for a demonstration.' Or 
for the latest information write 
Ampex Corporation, 401 Broadway, 
Redwood City, California 94063 . 
o You can be sure we won't sell 
you a lemon - or a grapefruit. 





















AUTOMATION 
IN EUROPE 
by W. K. de BRUUN 

D 
Although the development of the use of com­
puters in Europe has been fast during the last 

. five years, it has not been as fast as in the United 
, States. (Fig. 1). The data for-this graph were 

taken partly from the report "Development of the Comput­
er Market in Europe," published in 1963 by the Nether­
lands Information Processing Research Centre in Am­
sterdam and partly from the computer censuses from the 
ADP Newsletter. The broken line shows the growth of the 
European computer market that was expected in 1963. The 
real growth of the use of computers in Europe has been 
about 65% more than these 1963 estimates. For this 
there are several reasons. 

The estimate published in 1963 was based on data up 
to the middle of 1962. After that time a new Series of 
computers entered the market-new in the sense that they 
were smaller and cheaper. These computers opened a 
completely new market. Lots of enterprises that had con­
sidered themselves too small to be able to afford a com­
puter of" their own suddenly realized that they had to 
reconsider. Many of these firms now. have a computer 
installed or on order. . 

In some countries (France, for instance) the used com­
puter market came into existence. This also led to com­
puter use by small organisations. Notably, agricultural 
organisations entered the computer market in this way. 

Some countries making a late start, stich as Norway 
and Denmark, have progressed faster than was expected. 
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kaleidoscopic 

New user groups have appeared. For instance, the in­
troduction of new applications has resulted in newspapers 
and publishing firms entering the field; contractors and 
builders have found PERT techniques of extreme interest; 
and other groups have been stimulated by examples and 
have, as a result, computerized faster than was expected. 
An example of the latter is local authorities. 

Senior member of the scientific 
staff of the Netherlands Infor­
mation Processing Resedrch 
Center, Mr. de Brui;n has writ­
ten articles in both Dutch and 
English on InternatIonal as­
pects of edp. Recent credits in­
clude "Fifteen Facets of Admin­
istrative Automation" (1964), 
"Use of Computers with Local 
Government in Western Europe 
and North AmerIca" (1965), 
and a report on the further de­
velopment of the European 
computer market to be pub­
lished this autumn. 
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CHANGES IN 
COMPUTER 
PERFORMANCE 
by KENNETH E. KNIGHT 

n The first 20 years of the computer industry have 
been hectic ones. Great strides have been taken 

- . to provide reliable and inexpensive computation 
L.:..-...:.-.::.J capability. To obtain a clearer picture we will 
explore our past to see where we have been and how fast 
we have had to move to get to where we are today. From 
our analysis of the first 20 years of the computing in­
dustry, we have arrived at four fascinating observations 
that we will discuss in this paper. 
1. We generate a performance description for 225 general­

purpose computer systems. The performance description· 
estimates the over-all capabilities of each computer sys­
tem based upon its hardware features and basic ele.;. 
mentary operations. We obtain estimates of the per­
formance capabilIties for both scientific and commercial 
computation for 225 different computer systems intro­
duced between 1944 and 1963. 

2. Using the performance descriptions for the computers 
introduced in anyone year, we generate a technology 
curve for that year. The technology curve describes 
the theoretical performance that can be purchased for 
different monthly rental expenditures. 

3. Grosch's. law is upheld. For anyone year we find 
the relation between computing power and system cost 
to be approximately as follows: Computing power =. 
(C Z system cost)2; C = constant. 

4. Improvement in. number of operations per dollar be­
tween 1950 and 1962 has been at an average rate 
of 81% per year for scientific computation and 87% 
per year for commercial computation. 

functional description of gp computers 
The capability of each system to perform its computing 

tasks represents the functional descriptIon (or evaluation) 
of that system. For our purposes we will only look at two 
aspects of computer performance: 1) Computing· power, 
indicated by the number of standard operations performed 
per second (P); 2) Cost of the computing equipment, 
which equals the number of seconds of system operations 
per dollar of equipment cost (C). 

Computing power (P) evaluates the rate at which the 
system performs information processing, the number of 
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a historical view 

operations performed per second. Two" machines solve a 
specific problem with different internal operations because 
of their individual equipment features. (P) will, therefore, 
describe operations of equivalent problem solving value 
to provide the desired measure of a computer's perform­
ance. We will estimate (P) from structure. In order to 
do this, we first must understand which structural factors 
influence computing capability. Then we determine the 
manner in which the structural factors interact to develop 
the functional model through the use of detailed study of 
the operation of computing equipment and the problems 
.performed. (P) consists of three main components: 1) the 
internal calculating speed of the computer's central proces­
sor (tc ); 2) the time the central processor is idle and 
waiting for information input or output (tI / O ); and 3) 
the memory capacity of the computer (M). These factors 
are the important performance measures needed to deter­
mine (P). We define· tc as the time (in microseconds) 
needed to perform 1 million operations, and (t I/O ) as the 

Formerly a consultant with the 
RAND Corp., Dr. Knight is cur­
rently an assistant professor at 
Stanford Graduate School of' 
Business. He holds a B.S . . from 
Yale, and an M. S. and ph.b. 
from the Graduate School of 
Industrial Administration, Car­
negie Tech. 
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Adage makes the best computer 
on the market for signal processing 

••• it's called Ambilog 200 
Ambilog 200 is a computer which combines 
the best of both analog and digital tech· 
niques. Unlike conventional machines which 
were intended for manipulating numeric 
data, Ambilog 200 was designed right from 
the start for signal processing. Signal 
processing, which encompasses data ac· 
quisition, monitoring, editing, analysis, reo 
cording, and display, generally requires effi· 
cient handling and high·speed processing of 
analog as well as digital data. Ambilog 200 
with its flexible analogI digital interface and 
powerful hybrid structure is ideal for such 
applications. 

DIGITIZING AND RECORDING 
Multiple inputs, from up to several hundred 
sources, are routed through multiplexer 
switches under stored program control. At 
no penalty in sampling rates over conven· 
tional systems, Ambilog 200 converts incom· 
ing data to engineering units for recording 
or monitoring. An analog·to·digital con· 
verter performs a complete 14-bit conver· 
sion in 4 microseconds for digital storage, 
recording or outputing. 

REAL TIME WAVEFORM MEASUREMENT 
Peak values, axis crossings, ratios of suc· 
cessive differences, and other character· 

istics of analog signals are measured in real 
time. Incoming signals are monitored for 
events of interest, using complex pro· 
grammed detection criteria. In a typical bio· 
medical application where "floods of data" 
are generated, the resuh is a 100·to-1 reo 
duction in the bulk of magnetic tape output 
records. 

RANDOM SIGNAL ANALYSIS 
Parallel hybrid multiplication and summing, 
2 microsecond 30·bit digital storage, and a 
flexible instruction format providing effi· 
cient list processing combine to make Am· 
bilog 200 an extremely powerful tool for 
statistical signal analysis techniques. These 
include Fourier transformation, auto and 
cross correlation, power spectrum density 
analysis, and generation of histograms of 
amplitude spectra. 

ON·L1NE DISPLAY 
CRT displays of incoming raw data, or of 
results derived by reduction and analysis, 
are generated at frame rates of about 30 per 
second using line·drawing elements. This 
"quick look" faci lity helps the user select 
those processing techniques which best ap· 
ply to the problem on hand. Display systems 
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include light pen selection of control para· 
meters and processing subroutines to insure 
close interaction between the analyst and 
his computing equipment. . . . . 
SOFTWARE 
Programming aids for use with Ambilog 200 
were designed as well to meet the special· 
ized needs of signal processing tasks. An 
extensive program library includes an Adage 
assembly system, Fortran, programs for 
source language editing and on·line debug· 
ging and control, and a wide range of appli· 
cations programs and subroutines. Compre· 
hensive system documentation, and pro· 
gramming and maintenance training and 
services, are also avai lable. . . . . 
Ambilog 200 signal processing systems are 
currently being used for seismic research, 
dynamic structural testing, sonar signal anal· 
ysis, wind tunnel testing, speech research, 
and biomedical monitoring. For technical 
reports describing in detail these installa· 
tions and other signal processing applica· 
tions, contact M. I. Stein, Product Manager, 
Adage, Inc., 1079 Commonwealth Avenue, 
Boston, Mass. 02215, (617) 783-1100. 
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OR COMPIL'E? ... 

usage cover only the activities of program designing, 
coding, testing, and documenting, and do not cover prior 
system analysis or subsequent system testing-:-activities not 
really applicable to some of the programs. 

Manpower costs for the 74 programs ranged up to 1,600 
man months, and actual production rates ranged from 30 
to 2,000 computer instructions per man month. Many of 
the programs were written for large computers, such as 
the Control Data 1604 and 3600, the IBM 7090, and the 
AN/FSQ-32; others were written for such small machines 
as the Control Data 160-A and the IBM 1401. The 
amount of computer time used in developing. these pro­
grams ranged up to 9,000 hours, and the number of pages 
of documentation delivered with them ranged up to 14,-
000 pages. 

Of the 74 programs, 60 were written in assembly lan­
guage and 14 were written in JOVIAL. The cost data for the 
programs were analyzed to compare assembly language 
programming costs against the costs of programming with 
a procedure language such as JOVIAL. The results of this 
comparison are given in the following table. 

The number of computer instructions, for both the 
assembly-language programs and the procedure-language 

summary 
In this article, I have expressed the following opmlOns 

on the general question of procedure-language versus as-
sembly-language programming: . 

• In general, there is no appreciable difference in the 
amount of training needed to acquire professional 
competence in the use of either a procedure language 
or an assembly language. 

• The use of an appropriate procedure language, by 
reducing the number of steps in the source program 
and by easing the job of program modification, can 
significantly reduce the amount of effort needed for 
program production and maintenance. 

• The use of a procedure language instead of an as­
sembly language improves the communication of algo­
rithms between programmers-primarily by reducing 
the number of steps needed for their expression. This 
improvement results in a reduced need for detailed, 
step-by-step program documentation. 

• 'Procedure languages, because they are largely ma­
chine independent and because they make programs 
easier for programmers to read and to modify, can 
greatly facilitate the transfer of programs between 
different computer types. Of course, the transfer of 
programs that are system-dependent is not always 
practical, however machine-independent, readable, 
and changeable they are. 

• Object-code efficiency is often not an important factor; 

ASSEMBLY LANGUAGE AND COMPILER LANGUAGE COST COMPARISON* 

ASSEMBLY LANGUAGE 

PROCEDURE LANGUAGE 
(JOVIAL) 

SIGNIFICANCE OF 
MEAN DIFFERENCE 

PROGRAM PRODUCTION 
RATE 

285 (322) 361 

398 (555) 712 

in computer 

instructions per 

man month 

95% 

* Entries have the format low-value (mean-value) high-value. The low-to­
high ranges represent a 70% confidence interval, implying a 70% 
probability that average rates taken from a different sample would 
fall in the range; significance is expressed as a probability that the 
mean difference observed in the sample did not occur by chance. Be­
cause of the small number of programs in the sample, the results were 
especially susceptible to distortion by outlying cases. To reduce this 

programs, includes all the new computer instructions pro­
duced, whether delivered to the customer as part of the 
final program, or discarded for any reason (such as a 
change in requirements). The number of pages of program 
documentation includes both internal (working) docu­
ments and external documents (delivered to the customer) . 

SDC experience, as indicated in the table, has therefore 
been that JOVIAL programming, when compared with as­
sembly-language programming (without taking into ac':' 
count system testing), doubles the program production 
rate and halves the computer usage rate and the documen­
tation rate. However, because of the small size of the 
sample, because of the fact that it includes programs 
written in only one procedure language (JOVIAL); because 
many of the' assembly-language programs did not employ 
macro-instructions, because the procedure-language pro­
grams were written fot the larger, faster machines, and 
because the data were not adjusted· to take iQto account 
the inefficiencies of compiler generated code, it is impos­
sible to draw any valid, quantitative generalizations from 
the· table. 6 
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COMPUTER DOCUMENT A TlON 
USAGE RATE RATE 

21 (24) 27 71 (88) 106 

9 (12) 16 23 (40) 57 

in hours used per in pages produced 

thousand computer per thousand 

instructions computer instructions 

90% 80% 

distortion, a total of five values, more than three standard deviations 
from the median, were replaced by values at 3.0 and 2.9 standard 
deviations from the median-a process known statistically as Winsorizing. 
(The median was used rather than the mean be,cause of the skewed 
distribution of the sample.) The Student t distribution was used to estimate 
the population means and also the significance of the difference be­
tween the means. 

nevertheless, with a good compiler, an average pro­
grammer will usually turn out code that is just about 
as efficient as the code he would produce using an 
assembler. 

• The use of a procedure language instead of an as­
sembly language does not increase the difficulty of 
obtaining program timing estimates, since these esti­
mates seldom involve the execution times of individual 
program steps. 

I have also discussed the experience of SDC in the 'use- of 
JOVIAL. Although only a small amount of numerical data 
are available, this experience indicates that JOVIAL pro­
gramming, when compared with assembly language pro­
gramming, doubles the program production rate and halves 
the computer usage rate and the documentation rate. I. 
6 For a discussion of this, see Weinwurm, George, Cost Estimation for 
Computer Program Development: A Progress Report and an Evaluation, 
Presented at the 4th IFORS Meeting at MIT, August 29 to September 2, 
1966. Also available as SOC SP-241S/001/00. 
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