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Introduction

There is an acute need for medium class eleciron=-
ic computers together}with the large computers deslpgned
for equipping calculating centers. The cost and expenses
in operating such computere 1s éight to ten'times leas
then the cost of the large cémputer%'and their technicall
charseteristics fully meet the reguirements of scientifié
resesrch institutes and planning design crganizations.
The M-2 computer of such type of the Academy of Sciencefs
Laboratory of Coﬁtrol Mechanliems 1s designed onvthe para~
1lel principle (L1) while the "Ural" serlal computer uses
a megnetlc drum in the capacity of memory device (1.2).
The serial type computer described in this article has
operative storage in ultrasonic lines of delay.

The TesEM-1 digital electronic computer belongs to
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{%ﬁdinm eless computers., It was deslgned In 1953 to sclvé’l
tre pathematical problems of current institute research
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. The opersating experience of this machine conilrms

that inexpensive, rellable computers, having lees producs
ive capscity than large compul ters, serviced in 'round-

tre-clock operation by three to fcuv’technic?ans and one

neer, are fully justified. Many institutes and deslgn

offices are gulte corpetent to develop and ereate comput

ers of this type. But if our industry orgenizeg the pro

%

auetion of separate computer paris, then the assembly and
?”jﬁﬁbm»“% of computers by operating personnel i1s greatly

and the appllcaticn of computer technique will

j&7]

simplified
advante more rapidly and yield a greater economic effect.
In working principle digital computers are diviééﬁ
into two classes: computers of parallel action and compu-
tera of serial sction. In parallel actlon type computers
the positional principle of number representation ls ap-
plied while the operations with numbers are per: formed
simultansously in g1l digits. In the serlal action compi-
ters, the numbers &are represented by & transient sequence
of pulses end the arithmetic operatlons are perfoirmed in
series Gigdt after digit.

In practise this means thai in the parallei écticn

machines per unit of time & larger number of operations
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ria performed than in the serial computers, This comparigwg
gon has sense,6f course, i the gtructural elsctronic -
paris are ldentlcal in sction speed. On the other hand,
" the a%ﬁi&l éa%ien_maehines require leas egquipment. The

cont of the gerial action computers is thus less than

that of the parallel machime.'

1. Generel Dasta on the Computer

The TeBl-1 digitsl electronic computer ls chara=
cterized by the followlng specifications:

(1) the m&chineAis_serial action;

(2} the order coding system 1s the two-addrens
type with reference of the result to the place of the
gecond number;b

(3} the éamputer operates with %0-digit blnary

aumbers, the 3ist diglt belng uged for. recording the

(4} a1l the numbers introduced in the computer i
mast eatisfy the condltion el Xt w2"79 and
are represented in the machine In the form of a
fraction with a fixed bcint; negative numbers are repre-
sented by & complementary code;

(%) the storasge devices arel ¢perative memory in
ultresonic delay lines ( mercury tubes), external menmory

in & megnetic drum; operative memory capacity 1s 466

L .




urbers cr orders ( 31 tubes esch with 16 codes); the mj
external memory capacity is %996 numbers or orders;

(6) the computer operstes at an internel cycle
rate of 512 ke, the average epeed in performing opera-
tiong beling: |

addition or subtraction . . . . 495 orders/sec,

multiplicstion or division . . . 232 orders/mec;

(7) used in the computer are about 1900 tubes
(crystalllc devices sre not employed}, and power consump-
tion is ebout 14 kwi,

In the TsEM~1 computer the following language of
orders 1s used: addition (8), subtraction (V), multiplice-
tion (U), division (D), multiplication and division by
whole powers 2 ( shifting to the right, and to the left
by 1§ digite, P and L}, 1031&@1 digital multiplication (A},
carry-over of numbers (N), conditional switching to plus
sign (B) to minué (¥}, tepe reading input (Ch}), tape recore
ding output (Z).

The TsEM-1 machine was originally designed as &

single address type. In the caurse of designing, on the

suggestion of Academician S.A.Scbdlev, & two-address system

of order coding was spplied, In the two-address order, the

operation name and eddress of two numbers are recorded,

end the place of the second number 1s referred to in the
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“result..lp practice the same number of actions are “j
coded in 1t as in the three-addreas order, but the number
of digite in the code of such an order 1e 1,35 to 1.4
 times less thén sy the three-gddress type. Such & method =
of eeding'makes it poaéible to ralse the computing rate
in comperison with the single-address vsriant and affords
substantial advantages in t&grnﬁb.af the storage device.
For convenience of programming, sowcalled atiri-
butes have been introduced in the TaEM-1 computer. By
means of thelattributes designated by thé letters a;;,?r,
f.e and ¢ ,a number of extremely valuable order modifi-
catlone is reslized { eee appendix 1, p. 3, table 2).
For the regiization of such ordsr modiflieations,
e small number of sdditional eiemants wae required 1ln the
computer cirauit? but at the same time ite logical poB«
gibilities are expanded, the volume of prograus ls redu-
eéd, i.e. the cperative memory is more effectively ﬁaeﬁ.
The TeE¥-1 structure of ordere has the forn shawn‘im Fig.
Te

2, Principal Computer Devices

The functionel block diegram of TsEM=1 (Fig.2)
gives an jdee sbout the machine's strueture. An automated
telegraph set of the S5TA-35 type, operating in an input-

output sender, 1s used as the computer's input-output
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Fig.1 Structure of numbers and orders
In TekEM~1:

&) number code; b)) order code.

i. speace between codes

2. digits of numbers from p=ltp 230
%. slgn

4, number chennel

. number cell

. gtiribute

. Bpace

. ¢nd address

. tat address

G. code &f operatlions

device, The input of & program to the computer 1ls accomp-
lished by means of & paper tape with five tracks. Every
decimal digit is represented by holes coded in the declmal

binary system. The problem solution result 1s printed by
{ .
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Block Diagram

a ~control slignals to arithmetic ecircult
b = arithmeétlc circeuit

¢~ order codes

- number codes
-rasult codes
- control unit

QO

- control signals to memory
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Fig. 2. (XEY continued)

- storage device _

input of inltlal data -

and programse

cutput of resulis te print

input-output device '
cantrol signals to input-muiput device
perforated tape with nunbers snd progreamns
tepe with printed results
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“the telegraph set In the decimel system of numeration and
cen be simultaneously hut out in perforated tape in the
gecinal bilnary system, Such an output device makes it
possible in & number of cases Lo use the perforated tepe
a8 an external étorage device. The resultis of intermedlate
calculations in solving problems reéuiring the recall cf

(data in large volume cen be put out on perforated tape am§
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{”&fter thaet sgain put into the machine for use, Such a
methold was in its time used in conversion of a matrix of
100 order simce thie opavative memory capacliy was insuf-
ficient for storage of the program of conversion and
migbers of the matrix,

The storage device (8D) consists of 31 charnnels.

in ezch elanmeY is an electroacousticsl line of drxaywm

a mercury tube (Fig.3). The head of the mercury tube
ig shown in Flg.4, In one channel sre placed 512 pulses,

which mo%respaﬁd to 16 numbers or orders of 3 digite each.
The pulee converslion time in the channel, the large cyc.e,
ameunte to 1000 microseconds. The operation of 5D and
all the remaining computer units is constiructed on the

baeie of pulses of negative pglafity,‘h&ving sn amplituds

Y

of 20 to 40 v and widih of about 1 microseccnd. Tne ger-
erator of high freguency oscillations, which converts
pulses intc packages of high frequency oscillatlons wilth
2z carrier Trequency of 12 Me, is fixzed directly to ihe
transmitting end of the msrcury tube. Arranged st ithe
recelving end is the first cascade of amplification of
bigh frequency oscillations, The remalning elements:
two high freguency amplification cascades, a detector,

videcamplifler, a circuit maintaining the clirculatlion

of pulses, cut snd in pulse gates - are assembled 1in the

.




{’form of a separate unit shown in Fig.5. Seﬁarately ‘
shrwn in Fig.6 is one of thils unit's assemblies, the syn~
chronizatlion agaembly.: In this assembly is'carried»ont
the strobing bf pulees that clrculate in the channel, -
with synchrdnization pulses which get the operating rhythn

~of all machine units, The synchronizatlon assembly prov-
ider for operation even in case when the pulse belng sgbn
Ject to strobing ls narrow and does not encompsss in width

the synchronization pulse corresponding to 1ti.

The arithmetic circult (AC) performs arithmetic

ana logical operations. The basls of the ®sEM-1 arithmetic
cireoult consiste of:{1) an adder scoumulater { an adding
glement, accumulator (&) and shift cireuit):(2) multipli-
gand accumulatbr (M); (3) multiplier and divisor saccumu-
1etor (K); (4) quotient accumulater (Q). Short mercury
lines of delay are used in the capacity of accumulators.
The tube heads are mede the same as are those in the 8t0-
rage device, The basic eheracteristics of these tubes are
given in Table 1. | .

The arithmeﬁic circuit performs all arithmetic
and logical operstione, The functional ecircult of the
arithmetic unit ig given in Fig.7.

When operations are performed that fit in a gingle

cyele (8,V,N,B,M), the adder sccumulator operates, in |

tgb




Table 1

Resic Characterigticg of Short Meroury Tubes

Charachterisilcs of A M K o ¥
accumlators sdder multi- oultl~ quot-~ order
plicand plier ient -
nurber of delaysd
20 30 31 2 21

nereury cobumn

Tength in mm B4 B4 RE.8  Bo,6 B6.Z
eolusn
eber in mm 19 12 19 15 19
me of delsy Iin ' ) : \
mt erosaconds 58.6 B&,6 £0,55 62,5 60.55

which the results of the operaticn are formulsted, To
perform multiplicetion, the multiplier 1ls placed in the
pultiplier accumulator and the rultiplicand in accumula-
tor ¢, 4 shift le made at the same time, of the multipller
to the left and the mulbiplicand to the righd Partial |
products are formulsated in accumulator M, while checking
of multiplier digits, bveginmning from the gsenior after the
point, is perfermed in accumulater K. Partisl products
accumulate in adder A,

Performance of the division cperatlon takes place
as follows: the dividend and divisor are sent respectively

to smeoumulators A and K, after which the subtration or

L o |
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€. Electronic circult of storage unit'e
synchronization aspembly
8 - asssexpbly cireult

t -~ operation with wide
& - operatlion with narrow sl

Fig
L2
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Fig 7; Functionsl eircuilt of arithmetic
element 1ln TeBM~1:

A - presult accumulator: CA - combination adder;

£33

- left and right shift unit; CC - circulation control
unit of codes in accumulator adder; AL - adder input unit;
B - output unit of adder; K - multiplier and divisor ac-
cupulator; K - multiplicand accumulator; Q - guotient
accumulator; DU - division and multlplication locsl conw

trol unit; SC - signechecking unit;SL - local centrol of

subtraction.

English egquivalenis:

6 ~GQ3;b~DU;ecw=K d=tt;e~Alj T~ sL ¢ g - CA;
h=CC 3 1«58C3 1= A3 k-5 1« B ; m - from input-
output device; I - input bugee ;3 o - route of code pulses;
r -~ local control signels ; q - output puses §; r - central

Lcontﬁal signals.




addition of the divisaf depending on the sgign of the re;
mainder, The quotient is formed in the speclal Q sccunu=-
lstor with subsequent dispateh of 1t tovaccumulatar A.

In the TeENM-1 computer multiplication 1l1s performed

with round-off of the product, i.e. the product has the \

- 13b -
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sgme numeer of’digitﬁ as the multiplicand or mu?rt:ipii,iem“1

cirocuit sdopted secures a 10 to 15 % incresse of
b /

The

gpeed in performance of arithmetle operations.

The control unit (CU} performs two basic functions:

(1)

'

sete the operating rhythm of all elements and (2) se- -

curss the performance of those actlions from which is f@?m«
ed performance of each order and translitlion from one pro-
gram order to another,

The operating rhythm 1s set by synchronization
pulges having & repiltition &wequency of fi? ke, The mate
nerator ls the source of qvnchrcﬁﬁzakicv puisvus
synchronization pulses in a binary secaler, Bef-
are ge barauwd corresponding to 32 pulses
or order’code, the small eycles, and further,
corresponding to 1€ consecutive codes { 512)
he large cycles

o b

In esch small eycle, the pulses

cspecially distinguished that correspond to the

ior { 2=31) and genlor (20) digits which are used for
coprutation and formation of control signale., All switch-
accorplished by the contrel unit ere performed in

2 .
2% at the junction of adjolining cycles. The pre-

sence of a special diglt for switehings, not occupied

¥ number pulses, makes 1t %asﬁible te employ in: the
e
(U elementes not distingulsgroJ high speed actlon.
L A




The’ twohddress order.is:performed by the ccmputégl
in four timess (0} transfer of order from SD to the CU,
(1) transfer of firat number from SD to AC;(2) transfer

and performance of operation required , R
of second numbsr from gﬁ”{g“ﬁ%ffg) transfer of result
from AC to SD. In the first three times the principal
action, selection of the_number or Qrder from SD, 1is pre-
‘ceded by two'others: déterminatian of the address of the
number or order itself in the SD control unit end awalt-
ing the moment the wanted code appéars at the 5D output.
In the laet time, the mécond addresse deﬁermined in the
preceding time, 1s used once again. Gne“small cycle each
15 expended in the selection ( or éispatch} of the number
snd in determinaticn of its address; from O to 15 cycles
in the first three times and 15 cycles in the last time
are spent in walting. In.arithmetic actions performed in
the second time, the expenditure is from one small cycle
when performing orders S,V,N,A coingiding with the seles-
tion éycle, to two large cycles in multiplication end di-
vision { gee Tabhle 1), The address indicating the 8D pos-
ition of the order being filled, 1s obtained by rating
"in a special counter the number of performed orders, To
the reading of this counter a unit is added after perform-
ance of each order and the number‘of the next order 1s

thue received, By means of conditional orderg the readlinge

soen macx




et counters can be re ed by & new order acddress and
be transferved by a leep Trom ong unit of the program to
snother.

Controlling the rotatlon of times and separate
sctions forwming each tine, the control unit perforns the
commutatlion 1n the computer, securing the performance of
operatinns indicated in the order. For this purpose the
pert of the order in which the operatlon name nhiag been
coded, 1s gent to the CU functional circuit. Decoding the
order, this eirceuit develops the signals that accomplish
the necessary switchings, A series of switchlings ls per-
formed Dby signals general for several orders, For exarple,
the entry of the first number in the adder controls the
sisnal general for the epewatigns $,V,N,U,P,B,HM, while
tre entry of the result in the SU controls & gignal refer-
ring to aperatians 8,V,N,L,D,A. But each order in the
sacond time has at least one signal that distingulehes
4+ from all the others,

2

Z, Characteristics of the Sclution of Cliroult

4

and Technlcal Problems in TgEk-d

A1l the devices in the Telk=1 are formed of ele-
rents widely applied in electronles and communications

engineering: in the arithmetlc and contrel elrcuits radio

>y

tubes and radic parte of normal series are employed, i

L



Mthe SU are mercury delay lines, in the input-output unit
an automated STA telegraph set, In all only a few tube
models are ussd: GHB,6X6 and 6P9 in the AC and CU and
in addltion tahthem a ﬁegiigible nuaber of 6HIP snd 6Zn4
in the SD. Semiconductor devices were not employed at all ~
in view of thelr absence at the time ithe computer was
designed and constructed. The simple subetitution of 6X6
diodes by semiconductor dlodes of the DGTs model would
reduce the mumber of the.ccmputer's tubes by 30 to 35 %
without any other reconnection, | -
The prinelple of groﬁping circuits of one end twoe
tube plug-in units has been widely sapplied in the TsEM-1,
Dirést not capacitance connection between circuit elemenis
was employed everywhere it proved possible, which perumit-
| ted excluding from the cireuit transitional cirecuits and
eleménte of level Fixing { consiant component preserval-
lon), Buth a sclutidn wae facilitated alsc by the ciroum-
stance that eathode repeaters insensitive to the egpreead
of ‘etatic tube characteristics, weré widely applied as
circuit elements, in'particulér, the eircuit’s most wide-
spresd element, the gate is executed 1in the férm of &
doubled.cathoﬁe repester, This became possible because
of the selection of negative pelarity for pulses end the
mejority of control slgnale. At the same time the

L
. 17-




rnegative polarity wae favorable for obtaining signale
with & gteesp forward front, in the erplifying and form-

ing ecirculits. ALl this permitted reducing the number of

M

tubes in the machine, Comparing the Tall-1 with the Lnge

i1ish ecomputer EDSAC of the same class, one is readlly
conwineed that the number of tubes 1n the latter is 1.7
times creater than in the computer deseribed, In the

rguwal there are in all only four levele of anode volila
100,150,200 and 250 v,

A rnumber of other characteristics in the strute

0
5

ture the AC circult were noted above.

vh

4, Performance Times of Rasic Operations hy 27
The machine time spent inm solution of 2 problem
conaists of the following components: (1) the program a

nugber input time and results output time:(2) the time

spent directly in computations.

The input of the program and numbers is done
through & telegraph sst or photoelectric input, The pro

gram input &peed is 65 orders per minute, the speed of
input of decimal numbers with translation to the binary
cvstem iz 40 numbers per minute. To fill all 496 cells
of the operative SU with orders by means of STA reguire
iesg than elght min., and with numbers about 12 win. Th

protoelectric input applled in the TekM~1 reduces the

L.
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‘ A
loading time ten 1o twelve=fold. The cutput of problem

4

gsiution results 1 accomplished by means of the sapme

T and with the same speed &8 the input of numbers.
The time necessarﬁ for the performance of galeul-
aiicng can be estimated‘as follows. The order f1iling
consists of four times: ( in small cycles ér 8.0, )
zero time - substitution éf order number - 1 g.0,
 awalting order entry from

SD and 1ite transfer to
sccunulator P from 1 to 1

N

first time - tpranafer of order's first

part t@ CU sender i
second tlme - walting on the first number )
fr m SD from 1 to 16
transfer of order’ s second
paTt to CU gender §

the duration of ithe second
+ime is determined by the
order's content

third time - avaiting and transmisslon of

regulte to SD : 16 sve,
Oon the basis of thile egtimate the minimal time
cory: onding to a favors: sble arrangement of addresses in
e oréers and the maxiwal tlme corresponding to unfavor-

5,

shle arrangement, required to fulfill the order can he
determined, After completing simple calcqlations, We
derive the data of Table 2,

The time required for the performance of calcul-

ations in a given progr&m,'&epend on the program structurfr




ri.e on the correlation in it of the number of orders of !
1,2,3 and 4th group., As working practice shows,the orders
&f the 1 to 3 group amcunt to 80 per cent of &ll orders,
which the 4 grotp accounts for only 20 per cent. At the
same time the average speed of the TsEM-1 can be defined
as &QO operations per second.

Table 2

Time Reguired to Perform Orders and the Crder

Performance Speed

favorables unfavorable
Qrder Order arrangenent grrangenent
Eroup ngme order = number of  order nunber of

- perform- crders perforn- orders
ance time, filled ance tinme filled

micros in 1 micro=- in 1
Becands sec, seconds sec,
1 B,k 1.375 727 3.25 308
2 8,V,N,aA 1.375 727 4,184 239
3 L,F 1.275 727 4,125 242
4 u,b %.312 302 €.125 163
Conclusion

The TeEM=1 computer has been in operatlion since
November 1953, During this period many problems relsted
to varies fields of institute research have been solved.
Diversified problems were golved: ordlnery differentisl

eguations and systems of such equations, matrix canveraioq}

L
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computation of definite integrals and varied kind of
funections,.

In the computer investigatlions have bLeen condueted
in the composition of programg from standard subprograms

- with sutometie trimming of addresses in them, ené slso in -

the sutomatic selection of scales in sclution of problems
that regulire celeulations with & large number of digit%;

The three~yesr experience of cowmpuler operation
give grounds for drawiﬂ@ the fellowing goncluelionss

{1} A serisl action computer can be constructed
with & minimum of eguipment,having edeguste calculating

b x

Ci)
@

23, Suech nechines which meet the nseds of sclentiflc

s
jbl
s

~egegrch instltutes and planning design offices cen be
built with the resources of a small group of engineers and
assemblere ( seven to eight persons}.

{2} Computers with minimal set of orders afford
the possibility of simplifying the programming and aﬁpigw

ing the slmplest computer structural circult.

£}

{(3) The two-addrees system of coding makes pro-
gramring convenlient and ie& most economical from the views
voint of utilizing the mschine elements.

(4} The use of attributes, while not increasing
the machine's cost practically, expands the computer’s

logical possibilitiss.
L
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roo (5) The application of conductive connection bem |
tween elements made 1t posaible to construct the machine'a

circult most economically without using excess elements.

-APPENDIXES

1. The Structure of QOrders

The code of orders as well as the code of numbers
conalsts of 32 binary diglts which are subdivided into the
following groups: 4

The digits o~36_ p=19 , so=called "functions”,
contain the déSignation (code) of the operation (addition,
subtraction and so forth).

| The digits 2=5. 213 the so-called "second ad-
dress", serves for representétian of the memory cell nume
~ ber of SD from which proceeds the second number ( except
L and P) and in which is placed the result ( except L,P,
B,M). | "

The digits 271 and_2'30; the so-called "switching
digits", are free digits, at the moment of whosé® passage
switehings are performed in the ou, |

The diglts 20— 2~2,w2=% gna 2-20, 2=14 gpg 2~30 |
the so-cslled "code lettéré", gerve for representation of
attributes on the basis of whlch order content 1a'changed.

The digits 2721 =2"29  the so-called "first

ifddress“, serves for repreeentation of the memory cell d

22




Mnumber of SD from which the first number proceeds,

2.

Table of Qrders

023 .

Serial Order Oper« (Oper- Neme of order and Remarks
number gtlon ation content of oper-
cede result ation performed
- by it
1 2 2 4 b &
i Sab 1111 {a)+(b) Addition:add number ™
of cell "a" to nume |
ver of ceil "p"
2 veb 0111 {a)-(b) Subtraction: subtract
‘ from number ol cell
"a' the number of
cell b Cper-
atlon
3 Usb 1110 (a)«(b}* Multiplicationimul- |results
tiply the number of lenter
celisa” and "p" cell "pb"
, replacing
4 Dab 0110 (a):{b) Division:divide the former
number of cell "&" icode in
by the number of it.
ecell "b" in cell
"a" code
5 Neb 1011 (a)-{b) Forwarding: place is retain-
0011 mimber of cell "a" |ed.After
Ain cell "bB" joperation
, ‘ ladder is
6 Aab 1010 {(a)YA(b) Digital logical cleared.
multiplication: :
the result contains
units only in those
diglite, 1in whilech !
both numbers have |
units, in all the !
remaining diglts }
-Zeros,
7 Lab 1101 (a)-2"®*Vsnirt to lert: the)
number taken from !
. cell "a" is shifted 1




o

leftward by (bs1) | -

digits (without .. ;

blocking overflow) ?esults re-
rain in

Fab 0101 (&) a(bf }qnﬁf? to right: the@tqe sdder;

Bab 1001 (a)20

¥eb 0001 (a)<(0

Ghab 0100

zab 1100

number taken from | 'o" 1s not

cell "a" is shiftedf the ad-
rightward by (b+1) | dress;
digitg 4 OEpLis

Conditionsl switcmiﬁE
to the "+" sign: if‘
the number (&a)=>0, .
then & traneition is
made to the order
from cell "b"; if

(a) 40, then the _codes in

order next in se- ‘cells “a”

guence is performed ‘and "p"
jare re-

Conditional switching “tained,
to the "-' sign: if The adder
the number (8}£L0, is clear-
then & transition 1is ed after
made to the order thé Oper-
from cell "b¥; if ation
(a) 20, then the
order next in se-«
gquence is performed

Inﬁut of codes in wer3
cury storage device
(reajing) fram input ds exam=

tape or magnetic ined more
drum - fin detall
in appen

Qutput of codes from ;dix 4
mercury storage device

“{writing) on tape,
perforated tape or
magnetiec drum <

'24 »




%. Lttributes

The follewing medifications of orders by wmeans

. of attributes are provided for:

Serisal

Attri- Hunber Meodification ccﬁtemt

Orders Orders -

numbear bute equlve Cwith with
. alent which which
used not used

i < . 4 5 &

i & 20 Prohibit elearing of S,V,N,B, L,P
adder at end of the U,D,A,M
vperation '

> B 27" Probivit aispaten of  8,V,N,U, L,P,

‘ regults from AC to D, A - B,M
8D and erasure of
cpde in cell with
second address
3 T 20 Dispateh of first B,¥,N,I. U,D,
: : number tc adder with P.B,M A,
opposite sign ' o
4 § o=14 Receipt of result with U,D,A S5,V
, opposlite slgn N, L,
' -20 P,B M
5 € 2 Dispatch of zero to S,V . N, L, u4,D
AC instead of the P,B,M,4
irst nunber and re-
lease of firet
address
£ E 2% pispateh of zero to  8,V,B,H, u,L,
AC instead of the D U,?,
second number and A

release of the

second addrees

Footnote. Only a is used with order Z. Attributes

&re noi used with order Ch.

L

The attributes can be used separately as well as 1




1 the form of combinatlions of twe, thres and more

Y, A A .. 2l N . . Y- A
setters, Couseguently, the combination

i
b2 (M=l O+ 4 CLH 0=

=R

1 poesible, A serles of combinations is, however, €= -

studed from this number becauvs e, firstly, the & ttributes

and g are incompai~

Lo
08
8
jall

gt
~3
w

4]
=
N
ki)

<

o

3

S
£
LY
<y

it

.3

thle and secondly, s problibitlion 1s igposed on comblinatlons
with B not having & . ¥or practical applicatiéns, there-~
- " . ~ o
fore, only the combinations eh 6y a0 ,gg\! aR% yoe ,m;g .
¥ i 3
ggﬁék,?qﬁi,q-iand 1t gtands Lo resson, fh,y @ 5 £ and §
remsin, The comblnatlions ap, oy s&ékfmgﬁ?ﬁag are nngl Useée
ahie, Parsgraphs 5 and £ of Table 2 additiorally limit the
apnlication of 211l these combinatlions witn these or thos

crders. The advantages Qerived on “’auﬂ* of the sitributes

4, Input and Output Crders
Code input to the operative 3D 1¢ nossible from
rwo sources: from the perforated tape and the pagnetlic
arum, Code output from the 8D is poesible alsc In fwe

Aiveections: on the magne epic drum snd on perforated tape

cr teletype 1ape ( or perforated tape end printed tape
together).

The input of codes, order uﬁ, tekes place with

.

participation of the adder switched in for aigital logiea




o ‘ A
raﬁ&ition ({OVO=0; OV1 =1; 1VO=1; 1V1= 1) and

thevefore clearéé after each order. In performance of
order 3, the adder does not particlpate. | o
The'orders for operation with perforated tape,
- represented in the form Chaibjagb,, Zajbjagb2, designate: )
Chaibiagby - to read thrbugh in perforated tape |
& line of five binary digite and place 4t in the apbo cell
in digits 2° to o~
- Zaqbjasbp - to répfasent in perforgted‘tape Y groupA
¢f five binary diglits or prlﬁt the symbol (digit, letter,
aign) corresponding to it on telegraph tape, prepared by
the preceding order 3, and pfepare-for prinﬁing digits

20 4o 274

of cell number "asbo". The first address In
these cells is not used. By switching from the panel, the
@rmera can be shifted to operation with six groups of
digite and not with one as éescribed aboves

Tne orders for exchange of codes by the basic SD
and drum written in the form Ch¥S & 1Pyagb, and Z\"F‘g a4bjasby
designate:

Ch Vgagbmgbg - t0 carry over from drum seetiong
with (bi+1) groups each group of 16 codes; selection from
the drum to begin with group a;, placement of codes in the
8D to begin from agbp cell;

" z’§a1b1a2b2 - to represent in drum.faeetiong ]

L 2’7 L]




r-(b? + 1) groups each group of 1€ codes; selection of
codes from 3D to begln frém a?bé cell; réeording of ﬁhe»
groups on the drum to beglin from group 24.
In these ordere the attributﬁfrindicates tne
- rode of operation with the drum. The address ay,by and g i
car assume the value 0ga;<31; 0% gé*?; OLb115.,
In this way, by meensg of the crdera,Ch“&nd Z slone froun

* 16 to 256 codes can be removed from or recorded on the drum.

The full capaclty of all elght aectians of the drum samounts
to %996 codes,
| Réceived by edlitors
12 April 1957,
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