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AUTOMATION OF CALCULATIONS AND THE
' DEVELOPMENT OF COMPUTER ENGINEERING

- ‘Ussn -

~ Following is a translation of an article
by M. As Kartsev, Candidate of Technical

Scionces, in the Ruq-i‘nflnnfugio goriodical
‘ aukk 83SR._ (Herald of the

Veatnik Akademii Nauk SSSR.
Academy of Sciences USSR), No 11, Moscow,
Nov 1962, pages 64«69 . ]

.Electronic digital machines are primarily utilized
today for calculating strictly computational work,and :
only in comparatively simple cases are they employed in
autometic eontrol systems, Whatever may be aaid about
self-teaching, self-adjusting and self-orgenizing systems,
stc. belongs &t best in the realm of pure theory.

Nevertheless, a tonsiderable amount of what is
required to produce such systems already exists within
genoral outlines, and it is now time to undertake the
first practicsal ateps in this direction.

We surmise that it would be advisable to conatruct
such a system for calculating as our firat step. Computer
engineering is an especially ideal experimental {ield for
improving digital devices primarily due to the diversity
and comparatively thorough investigation of ~lgerithms,

~ The need for a strictly computational - shnology
simultaneously demands further automation ¢ galculation.

' The fact of the matier is that a mode  ialculation
center segquipped with just a single heavy duyiy elsctronic
computer generally reguires a staff of 50 ¢ sven 100
people te provide its continuous use for mathematical amd
technical purposes. The establishment of such ceaters
L_ynl justified in the past when machines were scarce ‘?ﬁj

’



.

and it was necesasary to use any means to carry out
sneecific calculations. Such a method i3 evidently
inadmissible in the future, however, especially because
future yrodu tion of computers would divert for the
application of these macuines the very specialists who
wmighi engage in pew research and developmencs in digital
GUZINECring . '

This is the reason for the urgent need of further
auntomation of caloulation and progress in establishing
computation centers founded on subgtantially new
poineiples. Il ds precisely the computation canter of
o Puture o the automated computetion center «-~ which
v il ke the firat practical realization of a self-
ovganiding , selfi~teaching and scli-adjusting systam,

“he possible structure and organization of sueh a
conter is .uamxneﬁ dn.gensral outline below,

y ot

it app&nTS ta us that arn’ automatac ca3cu$atuon
Ceebtel will dongist of deveral computers 6f a single Ui -
series interconnected Ly a cammuta?ion systems Xt is
not manaatary_tham #ll of these machines be completely
dentical. They may differ in aperation s=peed, in the
number of inputs., the size of thne memory unit and
possihly even in the number of digits, Llowsheets and
ditferent pnramutersg when wo say ithat the machineés
suould belong to a single series, we understand an iden-
tity o. duta input muthudb, of the bLasgic structure of the
mAchine language and the parameters of input anpd output
signale. :

It iz desirabkle that all the equipment in the caleculaw
tion center be dupisicat=ig Lo some vxient, e that the opera-
tiens performed hy sowe pachine or 1nstall&txon be periorme-
able py another installation or machine as well. The very
samn tasks could therefore bhe solved at leagt by different
mrohines using divergent methods, possibly at diflerent
times and even with varying degrees of accuracy. But somew
hoew the possibility suould be provided of getting along
without & certain part of the eguipment,

The foeliowing problems might be solwved by setting
gy Lne aut omatie cE€ntert waximum automation of program-
mang, auvtoematic digvribution of problems among the
ines an in time, toe organization of simultanecus
work witoin saverad mﬂ?uwﬂﬂm wnvn solving especially
complex problems, adtomatic ztrxbuflun of eyuipment
ameng the machines (ouiside d&v¢, %, operative memory
banks, ete.), maximam sviomation mr gauipeent maintenance
copirel and dwvomatic Tollow-up and recording of the
wouk performed by the csleulation center.,

¢
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These functions will meinly resxt within one of
the machires which will become the master computer,

we will firest examinae the possilbls order of infore
metion input at the calculation center.

ALL problems turned ovér to tne caleculation
center for processing are first fed into the mestsl machine.
Information about these problems cen he reeordod. for
axamp;e, on & magnetic tape which is them put into the

sutside system of the machine. The tape will not comtain
information about a single regular problem, but about
an entire group of problems, or let us say, about all
tite problems received by the center at any particular
houre Consequently; prepared problems will not bas
fad in according to how free the equipment is, as is
now dona, but rather in proportion to the inflow of
problems.

Infermation on each problem must consist of two
parts -~ the material portion where the formulation of
the problem is transcribsd, and the operational portion
confaining an ordinal number, information om the priority
of the task or the importance of controlling the results,
add on whether the given problem is a oneeshot operation
or repetition is anticipated in the future, ete.

The material part of the information on a certain
problem can be prograwmasd in & general form (in letters).
Instead of this, however, either an algorithm of the
probklemts molution can be transcribed in operational
form fwnich is for the most part the initial information
for modarn programming), or or even atill shorter formulaw~
tion of the problem in .symbols appr¥oaching tne commonly
soecepted mathematical symbolas.

ALY tixvo methads of tuanacriptian will probably be
used for the realk prohlem in iis various partase

It ia assumed that automation of programming at
ﬁhe antomatie cemputation center will be reslized on a
gubstantially larger acele toan is currently being done
with routine progré&muing.

Work on automatic programming being done at the
present time has heen encouatering twe large-scale dife
ticultiea, First, prograwming has to be set up a¢ that
& pearvticular computer schedules ity own program in accore
dance with 4ts It would be more convenlent however to
proegram for say machine by mesns of another larger machins,
The second Aifficully is assoclated with he fact that
the distribution of machine types today does not lend
itself to automatiz programming. These wers gonstructed
with manual pregramning in mind.

Both Qifficulties may be surmounted by establishing



the automntic computation aanecr. Provided tbc uasturr~1
computer which ie basically used  for programming does
not differ in tvpe froum the, other machines present, it
can taks in a part of the hardwaro.af the other machines
{opurational Memory unite, magnétic tape, etc.) or even
fead these machinea onr the wholc certain bits to muko
unp the prngram. .

A brisf formulation of A aortain part of the
proviem given in symbole can be used if algorithms of
the soclution have already been worked out for this
part of the problem. Thase algorithms’ in nearly come
plets form should he introduced earlier inte one of
the outside wmsmory unitz of the master machbine where
they are censtantl,; kept in operational form (tha storage wit
of standard algorithma). In sowme instances the hold unit
can stoye certain algorithmic varianta, e.ge. to solvs
systems of algebralie aquations, systems of ordinary
differential sguationsz, ete, Each variant should then
be accompanied by additional information onm its limits
cf applicability, on the dependencies which are as it -
were necessary for realizing 2 nusber of memoery nests
and opaeraticuns Lrom the zeries of the aystemw of squations
or perbaps from the relation of the coefficients, etc,

Onee the information is received on s particular
part of the problem in brief mathematical form, the master
should £irst select the sppropriate algorithms from its
storage unit and evaluste the amount of equipment and time
reguired te carry them cut. Inforasstion on certain possible
variants in the sslectiom of algorithms wmay then pasrbaps
manage o be storaed for some time in the operative memorxy
of the master machine. In selecting the slgorithas later
o, conerste information will have te ha introduasd, sueh
as on the order of the system of squations, ths number aof
interaction e¢ycles, etc. The point of this work liszsz in
its being performed aftexr final selection ef & mingle
spacific algoriths,

Consequentiy, the ¢aszse of initial information
entering as brisf mathematical formulation will in the
final snalyeasis bBe reduced to its beling immediately
received a8 a Finished algocithm. The initial information
must be processsd directly im this form for parts of the
program lacking stered sigovrithms. The initial informa~
tion can be transmitted in this foxrwm if 4¢ ia supposed .
that standard algorithws are not suitable for the given
conerets casss

Finally, it wsakes sense to introduce the input
informsticn as wa cowplete program {in letters) whenever
tha human operator preparing the prublem thinks that ifmj

evhaning ¢
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l will he simplex for'him to sby yp the program of any -1
part of the operation with compléx logic than to

explain to the machine how to do it. The machine will
equally convert from operative transcription of the
algorithms to this form of recording information, using
stored standard subprograms and scheduled programs in
the modern sense. But once again several variations
become posaible (e.g. upon selecting standagd subprog-
rama from storage). ‘

Before finally specifying the algorithms, making
final selection of the standard subprograms, converting
from letter coding of the program into numerical code
and feeding the finished program to the other machine
which will implement it, the master computer will still
have to perform an important part of the operation,

This consists in an overall svaluation of the complexity
of the problem for the various possible variations in its
solution, in comparing them with the operational part of
the information on a given task and with ahalogicasl data
on different taskse, as well as with information on the
coridition of the equipment in the computaticn center

(its loaqd, performance, etc.). This will yield the final -
data which we will discuss somewhat later, Based on these
comparisons using a number of criteria i¢ is decided when,
on what machines and in what condition of the equipment
the probléms at hand are to bs solved, as well as which
of the pomssible variations in the assortment of algorithms
and standard subprograms shall be adopted for each of the
problems and how the control for each operation wiil be
organizad, Such a solution should on the one hand prowide
a fair sequence of priority (considering time of receint
and priority of the assignment) and on the other, the
highest productiviiy of the computation center. Ths latter
implies that at the outset of the solution of any probloim
it is necessary to complete the programming for it, %u
free all required equipment, prepare the commutation
circuits, etds The idle tiime of the particular devices
should be minimal during this period, and the algerithms
selected to solve the problems should corréspond in the
best manner with the¢ equipment personnel,

Situations may arise where the optimum algorithms
for some problem or other differ under various conditions,
For example, if problems come in at the same time as the
solution of a given problem on other machines where a
large«size memorxry is not required, algorithms can
be chosen which provide top speed while needing a large
amount of memory units. In other cases it is possible
that there will be no point in waiting for the additional

ronsmanm R
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memory blocks to becume free, but better to aolve the
problem by a more deliberwmte mcthod,

The relation between the hardware in. good workins
order and that in repair exerts a substantial influencs
on these decisions., It is essential to alwayes be able
to forecast the working condition. of the equipment and
tc have spares at hand. It ia best not. to keep special-
ly stored hardware in reserve (which would actually be
poorly used}, but instead reserve variations used in the
operaticnal sequence, methods of crganigzing the control
aof calculations, etce.

Hence, the computation ccnt&* will bhe a camplox
self-adjusting system in which the selaction of the
operational algorithms will be determined on-the kasis
of the coanditions that are conducive to maximum producw
tivity, considering both the external factors (existent
at the time of the operation) amd the internal condition
of the systen,

The eriteria according to which the algorithms
are selected may be adopted carlier, but must be further

specified during the operation., Specification primarily
requires numerical characteristices of different algorithms
such as the time required for calculation with the given
algorithm, the time the particular hardware will be in
usa, etc, Certain eélementas of self-instruction are cone
tained in the iniroduction of a precise kind of specifi-
cation,

It ia however possible that the self-teaching
process will succeed in being widely uvsed. It is casy
to imagine, for instance, that with the transition from
operative transcription of algoritnms to general programe
ming the master computur will simultaneously consider
how oftenr the particular combinations of operators occur,
Portions of the program corrésponding to the most irew
gquently encountered combinations can then be put into
the standard subprogram storage.

By proposing several alternates each time for any
operator or combination of operators which may be sube
stituted by standard storage subprograms, it might be
possible to analy=e at tihe same time those situations
in which each of the alternsta variations is at its best,
The data may be later utilized for immediate selection
of the optimum variation,

A similar self~teaching process can also bs
provided during the stage where initial information is
cenverted from the transcription made as a brief mathe=-
matical formulation to tue operational writing of the
algorithm, J
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. The self~inatruction program could possibiv be amplei“;]
New divisions could be added after the previcus divisinns
have baen adapied end reinforced, i.e. when tia master
machiria has sufficient time reservasx to undertake furthaer
self—inatru&ti@ne

It is important tL nove that the computation center
will not only be selfe-adjusting and self-teaching but a
selfworganizing system a= well, This 1is dus to its
eptimum algorithms noet only varying in relation to extere
nal cirveumstances and inirinsics condition of the system,
but its internal structure structure alse bLeing modified,
i.8. the particular hardware belongirg to definite
machines, the committation circuits, ete.

One should particulaxly dwell on how thé¢ coutrol
of equipment functioning, its cleaning and repairs can be
accomplilished whon thn automatie computation center is
catablished,

Ir modern @amputation machines the basic methods
of operaticnal centrol are the autonomous apparstus

- contyrols of the individual devices (for Llnetance, parity
control Lor memory devicas, moduio % or 7 control for
arithmetic devices, etc.). and double checking the oparae
tions made uccardin; to & single preogram although at
different timés,

' At the sutomatic computation cénter a rasi;racal
sontrel of the machines should take the place of :iha
double check, Thia moethad is, in the firat place, more
reliable than the deuble check, since the probability
of singulay errors arising on two different machinesz ia
obviously considerably lower than the probability of

the repstition of the wvery same arxrror during ths comple=-
tion of identical operatienson a single machine., In the
second placae, it iz favered by the comirolling machine
being able in principle to be includad im ths operation
and excluded frem it at any stage in the camputation.

If the controlling machine is om all the time, the devia-
tion aignal can be reéceived immediately following the
deviation and not after receivimg the finsl results (as
veeurs with the deuble check)., Fimally, the differant
reasults chtained by the double check merely indicatos
‘the gcourrence of errors, without in genarsl making it
possible to detexrmine which of the twe results is the
correct ove., Teast runs could be wads on both machines
uged in reciproecal control right after the divergent
results are received. The machine cerrectly aolving the
teat problem most prebably yieldsd the true reault in
the {aitial operation. A third machine could be hrought
in as an umpire as ancther alternativae,

L~ | , . -
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Test programs should be squeexed into the inters
vals betwean calculation of the basic problems not
only when malfunctions arise, but also with circuit
oheoks afibor ptn_w{i fia -Ln'l-naﬂru‘la af timae Autoaa ie
checking will be partxcularly affectxve 1f a programmad
change in the faed voltage is provided to the. indivie
dual devices, as well &8s possible automatic measurement
af the feed voltages and their rated input to the
gperatignal memory of the master machine through the
velinge to digit couverter. Together with this program-
o wariations in the cadence frequency, simulated oute
»ide interference, etec, are possible. Applying the
reciprecal contrsl method makes it possible to accurate-
1y pinpoint under what conditions and in which operations
the particular device falls out of alignment., It is
passibie that special control programming can permit the
place wherc abreak-down  arises (unit, block, ete.) te
be locaidd with more or lésg accuracy.

On the Basis of the c¢hecking procedures and data
on failures in the eperating condition the master machine
can decide on sending the particular devices out for
repair. Upon having made this decision, the master
ateps leading the equipment needing repair with any
operations, and sends out information through its output
abont which device and why it has been put to repair,
Such information should contain the most ample descripe
tion pessible abeut the faults that were detected,

Errox control in the master computer itselfl is
constructed on the sama principles, when deviationa are
discovered even in the wost difficult combinations of
deviations in feed voltage, the master machine should
elither ahift a part of its devices to others or switch
its functions ovexr to another machine, After zome time
it may once again be used 8¢ a regular wmachine, But the
role ¢of master iz teo responsible foxr it.

Besides information on equipment put inte repair,
the output inmstailation of the masier computer should also

urtjnuc¢gxy supply information on the problems Leing
galowlated at & g“vaﬂ time, when the solution of other
outstandirg osperations is suppessed to begin, and ¢m the
condition of the eqguipment st the calculation center (e.g.
at what limits in the variation of feed voltage the
affic&enay of individuwal devices is maintained, ete.).

It ig possible in certain cases that the master computer
will ke reaquired to report the methods of solution which
have been chosen for specific operations (algorithms,
subprograms), bow the control has beenset up, eto,

L - .
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The eatablishment of an audtomatic calculation '

coniter is a largs sand complex t4sk. Problems both

large and small will have to be solved and many

serisus difficulties ovarcome. The solution of such

a preblem demands the long-term, intensive and purposes

ful labor of a large group of engineers, progrommere,

mathematicians and workers in different speciaiizations.

However, there are no obstacles in principle to the

solution of this proviem. Its practical and theoretical

aignificance i3 unquestioned,

= END =
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