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- Yyehistitelingkh Mashinakh® {English verslon above) in Avbomatiches—

the carricrs ave bthe punch cards weeh tame and megmetis tape. Used "
$ GEE

of the punch card thoroughly investigated and widely used in the cal-

- evlating and anslysing machines and 2lsc by the availability of the

ALy

i

INFUT AND OUTPUT OF INFORMATION IN
HIOBE-SPEED DIGITAL COMPUTERS.

[ Pollowing is the tremslation of an erticle by N, Ve Trobmikoy
entitled "¥ved 1 Vyvod Informatsil v Bratrodeysbvayushehikh Tsifvevykh

4

kuoye Uprevleniye 14 Vychisliteltnaye Tekhulia {Automatic Control and
Compuber Technique), Moseow, 1958. 7 '

THEORMATION CANRIFRS. Used mosi widely at the present bine as

aonsiderably less widely ave the mapaetic wire and the oine-film.

Frosits )

sienlly, the punch serds and punch tape are equivalent and

thedr application in the computers is explained by the availability

F ol

v punch depes. The equipment for thess carriers differs’

1iitle from the devices which have slresdy beem used fur seversl de-

eaden.

the somparatively recently developed btechnigue of sound record-
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kY

adventeges Iin ez.yg‘na rigon with the

Leabion in the come

arashers

i
rding), the durabion of the
! .
and repeating the resording. Ab

ieal strength the sine-film may be successe

scording with repeated cyclical fesdiug into

fully

Fy

In this case \,be progran is recorded on the Film by the

mat Thod.

Trnluded among the requiresente which e carrier has to mest

size, tong life and the feasibllity of

recording during long storsge, the

& complete seb of the initisl donwmants from

The terim ¢ earvpler gize® showld be gl ershoo

ad aimension (length, area, voliume)

for srample o

magnitude - *the recording density® - defined as the

wenbey of dlgits recor ucd on a wnit of lengbh, ares of VoiLume.

-y

o choice of the carriers depends also on the cha racheristics
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lemg blse whon

of the ey L&m ent being used. .
PUNCE GARDS, Tp to 960 binery digits or 2L muwbers cas be seb

o,

card, In prachice, jmﬂ one to twelve mumbers are seb on

€l

& punch card. Tn addition to itechrical difficuliies, the imcomplete

pbilization of the punch cards is explained by the necessity of putting

on %hen the supplenentery iaformation - the seguence mumber of the

B

e " P
ete. {Figures L and }a,

Ll

cording twelve nurbers, the waximw density on the punch

gard oo jire

::,’\

0, digita 0 Gl3h m@:_wh

.
o
# 6,3k iy G i #9355 5 o Domiramtantone

9t
&?L@ « 8,25 ol 0,018 Cemd

i

blavk and the filled-ouh punch cards can be shos vod a VETY

2

srporature are maintained in the
' %

tdon can be read seversl hw mdred timss

LorLgs 8

e in bhe quality of the pasch card durding

io acconglished by the method gmwwa}i,y sed in the
ot broshes f seling threug
of photosells or photce.
eding is sufficienbly high.

the pef‘@iw'**i@ris is chocked visuelly or with

tho aid of deviess. The incorrect perforations cannot be changed.

- 1} Aecording to GOST (A1-Indon State Standards (19852 the diman-

sions of the punch ‘i are: lengbh L=187.h#0.1; width B=82,5%0.1,
thickness =, 10 *":E" Bty

1

s L; iR
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211 devices used for processing the cards may be reduced to
to twe types - reading devices and puﬁehfmg dmﬁ.«:ﬁes having different

electyin oireuids. This facilitates tha standardizgation of these de-

 Awong the drawbacks of the devices for work with the punch cards
showld be included the imposeibility of repeated reading or of chang=

ing the reading sequence withoubt the intervention by the operator.

SEg=25080
Q

]mm@% 0 A

Qponarcuremotps

, ]
§ e < : |

| : ;,“f’; gﬁ*ﬁm@ éM P
| @% f} 4

~ 250860

|

Figure 3. Reading the numeric material from the
punch cards with the aid of brushes.

{1} = volts
(2) = kilohus
(3} - Output




LRk }:‘

e Y, by

LR Aarle §oe

r for two channels, 17.5 millimeters
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ehann

of
m
The correstness of punching e easily checked 2 axhomatlca
vizually.  The correction v a ir the perforations of
apre seoond punching of another taps and

phed for the processing

devices are not adapted

to be punched ones move (this ie an aut

£33
P
a2
la
fycal
g
iy
)

ch 2 am
af 1Y

wray mechanical stren of the puach

BLOTLng

uwse of the contach brushed is permiss

the tape 1s o be used is small.

U

sy wi wrher off time

bers in width {one chornel) 4o 182 wmi

FUNCH TAPE. The punch tapes vsed in compuber technigue differ

18, *3"9 uied. HMost widely usad are the tape

1ty or

.
GMALLT

ok card, and because of the great difficuldies of re-

ivle
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Qt&]ﬁdéxi‘d telegraph equipment provides fc;“r' the star‘c,ae%op move-
ment of the t:‘zpe«.;, the pressing of the biush or feeler apainst the tape

place only during the stop pericd.

The complexd tf of the equipnent depen ds on the width of the
tope. The eguiprent wsed for very wide tapes does not differ substan-
tiaily from the equipment for punch tapes. The narrow tspes arve pro-

cessad with the ald of caquipment similiar to the telegraph egquipment.,

smalls The electyic energy consumption amounis o about 3080 watts

pox device. The setting-up, inspection and repairs de not p‘«“ae%

 nwiber comordifses 150-200 murhers {10,000 digits) per second vhile the

rate of printing is 7-8 decimel numerals e second,

& B @& 2 @ & &
w & @&
é& @ D P & .
LR PLBS B TR0 HIRBTLBRNS2DERNS BN DHIBAGEIS00R
& @ 2 @ ® &
& & o & @ e e &

Figare 6. 4 sample of punch tape showing
nuher voées@

The cost of this equioment ig comparatively low and the dimensions -are

special &fficulties. The of ficlency of the aub meai;:i.c davices operate
ing with telegraph punch tapes gﬁimﬁ 030 perforations psr second,
The rate of read g with ths aid of photocells or nmmmwa& ;J‘):
(Figure B} (conitactless veading) may reach 5-7 meters per f‘eﬂmm which:
in the case of a f:i.vewhannéi tape and with forty binary &;igiﬁﬂ in a

ety
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f
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Among the advantagss of. this equipment should be alse included

Cthe high relisbility of the opsveiion and the feapinility of repeated

sutometie inpub of material by means of reversing or by means of [PURTES

ing the tape into & ring. The disadvantage 1s the complication of

the design when increasing the width of the ltape.

The srrungemsnt of the mumeric material on e five-channel taps

' £ £ N 4 4 -~
1s shown im Figmre 6. One digit of a decimal npumber expressed in bl

Py 5 ety o, b e o W, %
nery cods is aveanged on each line.

VAGHETIC TAFE AND MAGHN

, Py o §
on & megneble-ta

3

& - 3 o e gn o -..‘,. 4 T - %ok g
ing of sspevabe prids of the carrler.

: .(gffﬁ" *

| 3 opem———— d

Figare 7. FHelation of the reslduwal induction B
to the magnetic field intensity E for
ferrowesating of the megnetic tape.

SRR

PTG WIRE. The recording of aumber codes

e or wire is sccomplished by means of local magnetiz-|




The prineipls of magnetic recording is

dihy

of

the

AV

) w.wphase ), cobaltic oxide Cosls and a mmber of
3V EE ’ obs

.

others, The following relation is 'Gi’x:’:’:li?’».’&(:“fia{-‘ﬁﬁ‘ifﬁ't‘;i,ﬁ of these msterials

i
H

& nunber of shable discrete states of the vesidual induction By, Bo,
Basse each of which a:az:xwﬁpanfs to the value of the externzl acticn

of the magnetic fleld having g the lutensity H, iy 3 "*i?q J, aes BuwETED,

1t e very difficult to fix the boundaries of these abates of the
medium in practice.

Th e ponsible o creats snd distinguish three magne atic stales

of &

é
& o o e T e ]
m s demzgnetized i'*‘Braa"”}” ‘
i
2} The medium is wmegnetized in the posiitdve divection {Br os® |
% "a?i‘r} 5 1‘
33 The medium is megnetized in the negative direction (Bp,.= '

o w;%‘x.’}s
Such magnetic media may be used in the devices for the shorage!
¥

.

of the codes of the mmebers the base of the notation scale of which
is equal to or smaller than three. The corrier is usvally made in

the form a ferronagnetic tape or drum. The fervemag

2

tie tape re-

. %,

prin (h0=100 mileromillimeters) acetyl cellulose base Lo
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or to ﬁhé abeence of a mmeral. For the repregentation of unity, the

tape is subjected to the action of the pulse of the external magnetic

e T T S . 3O 2 W . T DRI N I 4 o e
field heving intensity B by means of the recording magnetic heads.

S

ks the result of this, & yagne%ac imprint forms on the tape, the maxi-

mum residuzl induction of the imprint reaching the value of B.

When employing the two~level vecording, there arises the neceg-

aity of distingulshing the state corresponding to zero f*om the state

Thich indicates the absence of a numeral on & given portion of bhe

tﬂp@ " . -

3

2t4

AL these different wathematical states are characterized by

£

the ﬁesidvai induction of the tape, for example, +H

Wb, B
r

- to deew the distinetion bebween them with the aid of the so-called

It 1s possibis

marking pulses recorded on 2 parallel channel. The image of the nume

foda
e

bers consisting of unities and zerces is accompanied without fail
by marking pulses which ave gimilar to the image of uniby.
1% is kown that the electromobive force developing in the

windin g of the reprodusing magnetic head is proporticnal in time to

the rate of the magnetic flux passing slong its magnetic circuib:

g AP dD _
e A = Ay v o

)

where v is the spead of the motion of the tape relstive to the
magnetic heads; ‘

4 = fachor of proportionality.

P
i

The rate of change in the induction flux of the magnetic dm~ .

print when this method is used is higher in comparison with other

1O e
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shates of the residuvsl intensity of the fape »

dirention, for

#5,., Bad zere is recovded by means of magoeti:

With this method of recording the

With other conditlons being equel, the lengih of the magnelic %
inprint when using this method of recording is 20-30% less than the

ined with two-level recording and

eal being reproducesd is spproxiwabely 30%

- e

'
o 2 . ” & cx e on ey % S o wh e
at the ma@;@%i@ maberial is in the |

i o b gy TN PO o F ~ P
gtate, the amplitude of the pulses ol
i
: b v s oy e ;. ;
“the pegnetic , drops sharply. This considerably increases.
|
the ratic. ;
|
¥

The twoelevel recording withoubh an intervel botwesn the mumeril

A RS

1g characterized by twe distinch states of the taps, these
states repressnting groupe of urities and zeroes (Figure (1L2}.
¥hen peproducing the code recorded by this method; it ig neces-

gary not only %o distinguish the zero state from the absence~of-a-mum-
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s eyt

.J%er state but it ie also nscessary to know the number of unities and

zeroes corresponsing to the length of the m&ﬁ&ﬁﬁ 1aad, axt&un of the
tepe. This is schieved witk the ald of the werkivg gignels recorded
on = speciasl choonel and spaced ab intervals sgual to the spscing of

the recording of numbc?ﬂ {parallel and perallel-series resordingy or

of the nusber digits (series recording). The marking pulses cen he

-

shaped from both halfawavéﬁ Of the slgnale bainj reprodneed.

Fhe ﬁbviaﬁa almar@apu of thiz method of recording is that the
mavimun dengity of the regording im inocraeased approdimately ﬁwgfmlﬁ;
It avoml& be noted that the aivisaebility of using one or the other
m@thwm of re ﬂmmdﬁng numeric images depénds on the concrele condltions
of the utilizetion of the ferromagnetic taper in the storage devices.

In the evafW‘ﬂsnxpa majority of cages the regording of diam-
erete information ov & magnetic tepe is ascomplishec simultaneously
along several parallel chsonele.

The modery magnetic tapes have different widths suc a corrves-

pondingly aifferent number of channels. The widest taps used in the

avtomstic high-apeed digital computers has o widih of 125 millimeters
and is designed for s simultsnecus recording and reading slong 50

ehannels,. The nsrrovest tepe hes s width of .35 millimeters and is
Gesigned fop 13 channels. Most widely used are the magnetls btapes
of 17.5 sod 35 wmillimeters in width with psralleleseries methed of

sweording the numbers (Flgures 19 snd 14).

i
|
i
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of magnetie heads are wmouwnted on one appara hm, t}mm wnite reading

Ionesuresies in the
ferent milts differ both with vespsct to the sign and the magnitude.
T4 i obvious thst megnetic-head uoits proper on different maguetic

o

e *wd“"' aprervetuses camnot be set absolutely i iden ’.fi::ea],,lyﬁ A the

shove-mertionsd insccuracies will Fm differant fop

insocouracies pointed-out, lszad to the appearance

. | |
. % " g3 -y . !
R R & IR, 2

R PN + P
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The deflac stions of the magnstic Lnppints on & line produced by

the doformaticons oad the Bias of the tape by megnd tude AL lead toe the

i

{ i
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fIa% Ay (3}

|
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1. 48 the length of the wzgnetic jmprint of an eleclric puise. \

storege devicesz with 2 nagnete
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wation of

of the defu
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with the incresse im the wumber of the paral-

the deforme
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* dhe code lioes A by mesas of increasing the preci-

3

sion in the manufzoture of the compements of the tape-winding track,
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the magnetic head wnits and their wmounting on the magnetlc recording !
| i

!

ture and the sssestly of the components do nobt excied a few tens of
wierens. In order to reduce the mognitude AL, it is advisable to
sz write of the universal magnetic heads for the recording and repro-
dietion of the information from the tape and @Q incre@éa the mﬁchamiﬁﬂz

sl strength of the nagnetic tape base.

4
?gzﬁ
= .

m,,_&
-3
?'

;
R g ot VT I g o b R, e g e o o h g
Figure 1b. Deforpation of the megnstic tape.

deformation of the iupe resulting from the zotion
the stresses on 1% during the wovemend must not exceed © & 10% of

bhe magnibude of the magnetic fmprint. The infraction of this condie
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tion lcads to'a reductioss in the maximm densmty of the recording.

At the oresent time the electroma¢netic narsneters of the
¢ & ¥

channel “recording-repreduction® allow the recording of the pulses

on the ferromagnetic tape along a single ¢hannel with the maximum
density of 30-40 pulées per millimeter., However, due to the existence
of the sbove-menticned inaccuracies in the tape-winding mechanism, in
the pagnetic head wnite and also owing to the poor mechanical para-

meters of the tape in multi-chanmel rscording, it is very difficuli

te achieve a high degree of denaitye.

i o .

I% is known that the representation of the number codes may be
recorded on the megnetic tape by the parallel, serial or perallel-ser-
isl methods. It would seem that the parallel method of recording the

information should produce an increase in the operational rate of the

storage device by n  times where n is the number of pulses per

lins., In reality no such increase in the rate results beczuse of the |

seformations of the code lines, these deformations increasing with
the ineresse in the tape width., The deformabions lead to an increase
in the spacing of the recording and consequently, to a decrease in
Por a correct choice of the recording method in every concrete

case 1t is necessary te teke into account the effect of the me schanicall

gn
Y
e
Iy
]
e
o
e
Ess)
o
Lda

n the sguipment of the storage device on the rate, and

it is also necessary te take into account the performance reliablility
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- Gependence of the signal srplitude on $he spged- of- fh tere movement,

A substanidal drawback of the readir 7. g process is the linedr

Therefore, nob only the wpper speed lintd im rvestricted bub also the

o

R R SR S

lower speed limit. The upper speed limit mom on the precision in
the memifacbore of the tape-winding mecharism and the lower spesd Lindh
is vasiricted owing to the inadeguate ea:ﬁ‘ficim;.c:y of the magnetic tapes,

i

also affected b iy thogse defects of the

»
tape whi oh so far it has not veen possible te eliminats; the lack of

unliormity in the magnetic propevties of the separate porbtlons of the

2

tape; the presence geparate extransous connechions produaing § vare

2

iation in the distence of the tape from the magnstic heads or charae-
terized By magnetic propertiss different from the rest of the bape

gorface,

KifG=2 used herstefore in the sompubers have

the Tollowing ight of the core assembly madse of the

annssled ;m ermilioy h=0.6 millimeters § the width of the channel {of

webgrs s the pomber of the windis ng buins

Faol
:w-
!:_{
H:
,vs
F
g;én
Lol
[$
,_3.
’::f
)
e
m
R
i‘
53
sk
fomd
i
e
».s

& 20,040 mitlimebors. i

wagOUy the wldth of the opevating

o

4

£0-70 milliemperns, the sutpul of

the racordling ewrread, of

bhaegs hesds sonprizes slaroveolts and 1 o =800 miorovolis

1
with the puise repetitlion vate #1000 cyolss per sacond,
The ragnetic heads porforming glouliansously the resording and

reprodustion along S are combined dnto a singls

:
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[P Y

unit of magnetic heads with shields being set wp between the individe

h? P
val heads.

Tr one of the design buresus of the instrument-mannfacturing

industry there has been developed 2 design and studies have been made

* x 2

of a magnetic head unit in which zero deflection of the operating gaps
iz secured in practice.

cording of the elzctric pulses arriving

e P 3 P R
untit secursg the

¥
[

[6s]

simuitaneously at the magnetic heads windings without deflectlons from

an imeginary ideal line. Tn the reproduction of the recording LY the

other units of this design (in the case when the units are replaced)

N

%

Figure 17. Design of ths drop~type magnetlc
head EHG-2
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Figure 18. Design of an assembled unlt consisting of
17 separate magnetic heads.

or when the tape is transferred from one maguetlc recording apparatus
ente another, the line pulses are also reproduced simultansouslya. :
The minimum distance betwéan the adjacent heads of the unit is
deﬁerminad by the magnitude of interfercnce created Wy the megnetic
flux of the heads. When there is a permslloy shield between the headsy
the interferencé does not exceed ~50 decibels and this distance is
squal to about 1 millimeter. Such a design of magnetic heads secures
gero errors with respect to the spacing and position of the operating

.

gaps on one magnetic recording apparatus.
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In the table below are éhown the results of the study of & unit
zaf heads with different magnsbic tapes. |

Tested simulvanscusly with the heads were ﬁhg magnebic tapes.
The bests were conducted at the tape movement speed v=1l,5 meters per
seeond and the pulse repetition rate £=10,000 pulses per second.

The studies showed that with different cross aecticn&é ﬁhe
tapes wmust heve a nechanical strength of not Tess thefi & kilograms re-
iated 4o & tape of 6,35 millimeters in widbth, and elasiicity of not
wore than 0.1% per wnit of léngta.

The physical and geometrical parameters of the tape must be
homogensous 3 the presence of extraneous admixtures, impregnati&és,
gluing-together, slight tears, punctures etc. iz not allowed.

The thysical heﬁar%geneity’of the materiél leads to & change in§

.

the remanent industion (wWhen the magnetizing field is constant) in the

direction of the tape movemend. The geometric heterogeneity shows itwg

golf firstly in the concentration and grain gizas of the magnetic pow |

dor and, Eecondly, in the variation of the crosg-sectlon of the mag-

netie layer. The sise cf.the graing must noﬁ exceed 0.1 micromilli-
meters. Th is alse desivable that the swrface of the megnetic tape
ished. When these conditions are satisfied, the amplitu&e
spread of the pulses being read 1s congiderably reduced (at the present
time this spread reaches up to 100 = 200%), the amplitude of the sig-

aals being read increases by 15 - 20% and the wear of the heads ls

aonsiderably reduced. The recording density can be trought to 25-30
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which are ho b

completily end new recording can be put in its place. The techuical

s
b
i
-
e
\.—a

]

uylties arise when srasing small, precisely bounded portions of
the teps. Therefore, groups of waterial which may be st hjected Lo a

simultaneous erasing 5houi§ﬁ be separated by spa ses of nob less than

The reading from the megnetic materials is accomplished by

means of inducing electric pulses in the 118 ;gnf i¢ heads from the meg-

et
gw-ﬁ
5.“

netized sortions of the tape btravelling past the heads and by an ap-
¥ g &1 ¥

 propriste amplification of these pulses.

The magnetlc tape way be utilized both for the input of the

jnitial data and for the output of the Fimal resulis of the solublion.

The resding of the results from the tape and the printing of them on
pep er according Hu the decimal number system, are awmm ished with

the aid of 2 printing deviee placed outside the machine. Magnetic
tape is wsed widely for recording on it those results of a solublen

fed imte the machine the secord time.

Q:

poutrment veed for the megnetic tapes is essentlal 1l sinila
3 be o

te the eguipment for magnetic sound recording. Only the els cbric part

is considerably different becouse of the specisl vequireasents deman ded!

of ih.
The cost depends on the width of the tape and in the cass of
wide tapes is very high. The dimsnsions alse depend on the tepe width

snd correspond approximetely to the dimensions of the machines for

punch cards,. Ilectric enorgy consumption is insignificant.

t
g
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P 3k v
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The hardling ef the automatic d«ﬁmct&% iz cam;mmhvely uweon-
: r plicated and iz redused to the setiing the twazg: renls 6 to the fix-

3

ing-in of the end befere the stert of the ﬁ}rrtt:uu*
The efficiengy of the autmﬁntgaally'ap@rating devices togethay

| with the machine comprlses hmtb in reading and recording from 1000 o
20,000 lines per sscond {50,000 bo 100,000 diglts per second) depend
ing on the width of the tgg@ and density of the recording. The designs
of the magnetic tape devices are not complicated in principle bub re-
guirs higﬁ.yrwaiﬁiﬁn in the manufachore arnd assembly. Corsiderable
technlosl difficuities ariss in the menufacture of the magnetic heads
and Qﬁ thw @amwwmaatﬂ pomected with ?h@mw The setbing~-up and the

repairs of the devices operating with magnetic tape are very camplic-

ated in view of the extremsly high precision in the adjustment of the

tape-winding mechanisms.

+

The eheck of the correctness of the recording and reading is

alse difficult. In order to securs control precision, it 1s necessary

s make the equipment move complicated or lewer the density of the re-
gording.
terices for the prinary recording on the maegnetie tape and de-

+

vices for the input of information from the magnetis tape lnto the

machine may be siwilar in principle and differ only in the speed of
the tzpe movement and the electric elrcuit.

he tape can be moved during the reading beth in the forward

and veverse directlons and it can be glued inbto a ring for repeated

e 38
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sl 4 Yoy ogne oo o iy & o o
cwhieh during the starting, stopplng

veading. A& big disadvantsge is the presence of the lower speed limit

and reversing produnces the ¢nis-

oy

ogie

speed. Thevefore, the developuent of reliable means for quick accel-
eretion and braking is very important

The studies cerried-out, and alsc the experience inm the opera-
tion of sompubers iv the USSH and abiroad sf how that 4 : cé:ecler to ralss
the operationsl reliability of the magnetic tapes, the quality of the
apes being produced shouwld be improved, the magnetic heads wnit
should be made in one plece and not assembled, a tape of not mre than
38 millinsters in width should be used, and tape-winding mechanisms
with @ constant linesy spsed and a follow-up & 3%@%}1 for taking up the
sia ok and the tightening c,gi" the tape should -‘ba used te reduce the .
starting, acseleration, 3tmuim and re‘wmiﬂg tlne.

Iy

CINE-FIIM, The wmovie f£ilm has advantages over the magnetic

tape with respect to the density and spesd of vecording. The availe
shility of the well~investigated and reliable cinematographic equip-

oo Lo £ P e - % o G rein \ yey e of el S A =
ment makes 3% possible to achieve wvery high speeds of the film move-

ilm ds also its high wechaniscal
strenpth. The movie £ilm is convenient for recording a large apount

“ the reapertedly used consbant initlal daln or commands recordsd

T the ,mm warhic or perforation method.
X ¥ P

manie drawbsck of the film i3 the impossibllity of the

1

sion of the scceleration and braking sections pessed at an insufficient

«

I

]
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progrem are tramferred onio a carriey adapted for ingertion in the

yiess with the initisl records.

are perforned auﬁam&ﬁisally@“ The results of the solubtion are aubo-

meticatly taken out from the machine and set on the outpud CArTLET.

e@nﬂi@t% of the following operations.

' Fﬁrat of 511, the initisl date sre prepared and the program is
CREWD Uy Sege the sequence of the commentle; the ;maiii n of the
gwitchss on the v@ntrol pansl, the selection of tb removable units
of the machine, etc. are determined. AlL of this is sebl on & coded
nanderitten or printed list of commands, The initdsl data and the
machine. This operatlion is performed by the operator by means ol a
keyboard with an sutomatic coding of the mimeric mate rial, After %hisg
records m&messary‘fer the sclubion of a given problem are ass embled
and then the operator leads the input snd the perd gperal storage de-

&

The inpub of the progrem into the machine and the solution of

g to thig program; or the contrel of the process

From the oubpub carr f@r the results of the solution are trans-
Ferved, if necesssry, onte the final record. !

e’

& thorough check guaranbesing the scorreeh result must be pre=

ed for every ons of these opsrations. For the pcvfuﬂmﬁnc, of each

one of the operations, it is necessary Lo use spec cial equlpment the
efficiency of which may be different abt every stage.

The equipment must be acanumﬁcal characterized by small dimens

gions, 1w energy capacity, convenient maintensnce, euse of setting=-upy




A

e errlpuonra. T -

inspection and mpa;ix*a and fimliy 1t must t},e charssterized by high

 efficiency at different stages. . wois v e

The reliability and the stability of the eguipment during e
stion are of gpecial importance inasmuch as iﬁthé ceve of the high-
speed pmg;:rammcm?tmalled_ mashines the reliability must be many times
higher than i any other machines, This is ac:hiw@rj trr .*ahe davelop=
pent of simpls designs, r;};* woviding the feea.af‘:xﬁ.].%:,r of automatic con=

trold and signaling of mﬁorrm‘t performancs, and by the uniformity of

different devigas.

&

The important reguirements are the possibility of wutilizing the
eguipment used in other technleal branches and alseo the feasibility of

automabic setbing of the constant indices on the carrier.

gutonatie high-spesd digital coﬁmteﬂs are no fewer than three func—
%;iomliy gifferent slenents: a devies for the primary recording on the
carrier, the reading device and the printing device., Usad for the
primary recording i2 a perlerstor or a device for primary resording on
{a magnetle tape of the start-ztop type controlled from a keyboard.
This devioe can be designed both in the form of a single unit or in
the form of two wnlls - the keyboard and the recording unli proper.
Aeturlly, the make-vp of the inpub and cutput devices is fre-
quently congiderably broader. It includes devices for the duplication
of the vecording, copying the material from one carrier onbo amither,

sometimes with the simulitansous change in the recovding code, and also

Part of the compositicn of the input and outpub deviees for the ’




!
l
z
1
!

i

| the control devices. Some machines are adayted for the operation with

5“wfe 23 carviers at ones. Such wachines have te be equipped with sev-

form a continuously changing magnitude into a aaguenee of mmerical

pose of reducing the nomenclature of the devices, some of them may pere

out the resplbs and their duplication.
: : Y

tial deta snd of the program of the solution irnto the mechine, bring-

X

eral devices performing identical functions. In addition, parh of the
: i
mashine assembily mey be the contimous-discrete converters which trans-

valuen, and the discrete-continuous converters which meke it possible

s 4 .

2t the results of the solution in graphic form, For the pure

fore several functions at once. For example, one and the same perfor-

ator mey be used both for punching of the primary data and for bringing
The basie set of the eguipment of the input and owbtpub devices

necessary for & qorma’ opgration of the machine must secure the rep

eording of the initial gata and the program of the solution, duplica=-

flon of the information, a check of the initisl data, inpub of the ind~

ing owh the results onto the cubput carrier and the printing of the re-~

g BN e
B
BULLD .

i view of the great diversity of the mechinss with res pect to
the purpose, and alse in view of the great diversity of the problems
d on bhem, it is dlfficult %o create o single set of equipment

. develep a single systenm of the ilaput and outpub devices, and ib

b ful 4f this wmay be recognized as being technically and econome
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