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[tepesawn wicaa ¢ pormcrpon nymsra | P |24| 'k(-101100%| ,PCHR [rransfer from console control
yrpanaesms ¢ 6A0KKPOBKOA HOP- registers without normalization.
MAXMIBLM .

llopopawm wicaa o Koweemwew smaxa. | Mu- (25| "K)=001101 PCh- [ransfer with a change in the

sign.

Nopogama wosa ¢ wawenemsou shaia | M- |g6| 'Ky=lO1101 | ,PCh- [rransfer with a change in the sign
% ¢ 610KXPOBKOA HODMAAKIBLHK. without normalization

llepexasa MOAYAS WHCXA. Imuj  [e7| 'Ky=001110 | 1PChI reanafer of the modulus:

Neponawa Woa Mo MoAYA® o 6xokr- | M4 (26| 'K9=101110 [ ,{pCh| [rransfer according to the mocdulus
PoBKOAl HOpMBANIAINH. without normalization.

Nlepesaun wicas c HowoRene svaxa | MUz 29| 'K;=001111 PCht [fransfer with a sign change depend-
B 3ABNCHMOCTH OT 3RAKA APYTOrO ing on the sign of another number
Dioas.

llopesata wioas o auenemew smaka | M (30| 'Kg=101111 | ,PCht [Transfer with a sign change depend-
B 2BEMOMMOOTH OT BHAKE APYTOFO ing on the sign of another number
WicaR o CAOKKPOBKOR ROpMAIH- but without normalization.

llepeaaws mopaaxa mioza. ' l91| *Kk,=010000 i [rransfer of the exponent.

llepesata MOPARKA WHCAR € BAOKY- " 32| 'K)=110000 st [rranster of the exponent without
POBKOAi HODMAIVIAIRK. normalizat

CaaMr © GaoknpoBKOR MOPAKOB. - sl Ko =010001 ~ |snitc without exponents.

CABKF TO Bcew pAdpAZaM. = P4l 'kg=110001 ,=  lshife over all bits.

JorKueokoe yuHOXeHKE. 1 35| 'k0=011101 L flogical multiplication.

Ca0xeli6 KOMARA. ck  [36 xq-owow sk |ddition of commands.

Linkauueckoe coReHKe. ,CK 97| 'k #110010 LSk [cyclical addition

Bupexenxe nexofi wacth. N 58| 'x3-010011 | Tich [pivision of an integral.

111. ONEPAIMH [EPE/AYH YIPABIEHWHA TII. CONTROL TRANSFER OPERATIONS

CpaBHeHKe © YUETOM IHAKOB. < 1| "ky=010100 comparison taking the signs into

account .
CpaBmeHHo Ha DABGHCTBO KOZOB. < 2| 'k)=110100 < comparison of equality
CpaBremme no MOZYav. i< 3| =010101 <l omparison according Lo the modulus
V. ONEPALMH OEPAUEHNS K BHELHWM
YCTPOACTBAM 1IV. OPERATIONS FOR USING EXTERNAL UNITS

KOMARZH OGPAmOHSA X BHONWWM 3AIOM- { u3a 1} 1Ky=010110 Mza | [commands for return to external
WimKEAM yoTpoioTBaN (MATKWTHAA uas | 2| 'K3=010111 Mzb memory units (magnetic recording).
2amKCE)

OoTanos yoaomHuR (Mo TYMGASPY) . oor.yos. | 3| K)=011100 fost.usl. [Conditional stop (by a tumbler).

ocranos. 3 KJ=011111 | ost. [stop.

*See text, p. 9.
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Table IV--Command Structure for the M-3 Computer

Haanavenxe

M-3

Description

1. APHIMETHYECKHE ONMEPAIDIH

Daoom @R~
3
(EEERREE]
NousweRO

1. ARITHMETIC OPERATIONS

1I. KOMAHJH NEPEJAYM YIPABIEHMA

I1. CONTROL TRANSFER COMMANDS

BeayoxoBaik MOPeXoA N0 NOPBOMY BADECY. 1 - 24 [uncenditional transfer according co the
first addres
Beaycaosufl NEPEXO TO NEPBOMY &APECY - 64 |unconditional eransfer according to the
© NeuATLD COZODRKMOTO DOrWerpe T. first address with a printout of the
contents of register r.
Boaycaosnull Mepexox Mo BTOPOMY AAPAcY. = 74 |unconditional transfer according to the
second address.
Ycaosmu#t nepexoa. 4 = 34 |Conditional transfer.
ooranos. 5 - 37 |Stop.
II1. ONEPALMH OEPAUEHIA K BBOZY (BUBOAY) TII. INPUT (OUTPUT) AND TRANSFER OPERATIONS
W OEPEHOCA
Beox ¢ nepdosenTH. 1|isg 2 97, 27| toput from perforaced cape.
Mepenoc. 2l'ky = 05, 15|Tran:
lepesoc ¢ mewarsm. 3 'ko = 45, 55 Trﬂnsfcr "with printout.

-XTX~







[oduen Koz 03V u ME B pexmue uEY 4] =24 MBCh of data hetween core

Vownrra, " storage and the magnenc drums
in the "read" .
Moaroronnressman omepama pan 25 - 25 Preparatory Dperation for the MBZ
pa. "MB3" w "MBY", ofecne- and MBCh operations, ensuring

‘wisaamA s naueum no.naonxy proper feed from/to the magnetic
MATHHTHOTO 6apasaMa. Rrom

Ocranor 26] ko = 33 stop.

V. ONEPALYM MOJMSMKAIMH AJPECOB V. ADDRESS MODIFICATION OPERATIONS
Hauaxo rpymmosoji onepamin. Hro  e7f vk = 26 NGO  [Beginning of a group operation.
Kower rpynnosofi onepamnt, Ko |28l i) = 27 KGO  |End of a group operation

perucTpa A Mo e 29| 'k = 34 F Load regiater A Rccording to loca-

-TXX-
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Table 10

Bits of the BESM
command register
(fyom left to Designation and name of bit groups
right) (registers)

1-6 Ko -- operation code register

7 -17 Ky -- I address register

18 - 28 Kz -- II address register

29 - 39 Ky -- III address register

In addition we shall designate the 1th pig of register
K by e; when necessary.
Figure 22 shows the composition of the command register

(and the cells in which the command is written) .

1 6 7 1718 28 29 39
€, Operation I adiress T wddress 1T sddress
e register register register
register
Fig. 22.

For recording 'Ko we shall use binary notation. The
permissible set of values of 'KO will be 000000, 000001,
...,111111. We shall designate the conditional halt switch
in the computer by Tl.

Ordinary execution of a command (arithmetic, logical,

and auxiliary commands for computational purposes) consists of:



4=

1) properly converting the codes and sending them
according to the address; i.e., execution of an operation

of the form
f(le, 21(2) = 'K33

2) adding a 1 to counter Cl if 'T = 1, or to

counter Cy if 'T = 05 i.e.,
01 + T =Cp;
'C, + (1 - 'D = Cy;
3) branching to the next command whose number is in
counter C; if 'T = 1, or in counter Cp if 'T = 0:
'('ep't+ ey (1-'D) = K.

Thus the special operations of the BESM are those

which change the state of control trigger T.

I. OPERATIONS OF CONTROL TRANSFER FROM LOCAL TO
CENTRAL AND FROM CENTRAL TO LOCAL

1. 'Ky = 011000 (PMUK)--transfer to local control.
By this command:

a) 0=T;

b) 2, - K.

Thus, control is transferred to local; commands are
executed beginning with the number in local control

counter C,.






An operation is executed in the same manner as

above; however, the command with operational code

ITsUK* is sent according to address 'Kz; in the third
address is the address of the following command, increased
by 1 (point a). The contents of register Kl do not affect
the result of the operation.

The operation IMUK is convenient for executing a
branch to subroutines. For this purpose the basic
program is written in central control, and the subroutines
in local. Branching from central to local control for a
subroutine is coded by the command IMUK. Here the address
of the first command of the subroutine is entered into IITA
[third address] of the command IMUK.

For return to the basic program from a subroutine,
there is the operation PTsUK, which permits return to the
interrupted place in the basic program (to the command
following the command IMUK, from which the branch to the
subroutine was effected). Here it is obvious that in the
process of executing a subroutine, the execution of.
commands which transfer control from local back to central
must be taken into special account. Thus, if during ex-
ecution of a certain subroutine it becomes necessary to

transfer to the program, the command ITsUK can be used.

*Remember that ( )3 designates bits which correspond

to the third address of a cell; the address is indicated
in the parentheses ( ).
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By means of this command, a counter indicator of the central
control command (the place of exit from the basic program
to the subroutine) can be fixed in the III address of the
cell whose address is indicated in Ky

Let us now proceed to a list of the remaining BESM

operations.
I1I. CODE CONVERSION AND TRANSFER OPERATIONS

1. 'KO = 000001 (+)--addition:

a) 2y + ZKZ = 'Ky5
b) 'C1+ 'T=Cl; 'Cz+ 1 -'m = Cys
<) '('C:l 'T+ 'C2 (1-"'7T) =K.
Prior to the addition of numbers, their exponents
are equalized. The result is normalized and rounded off.
2. 'KO = 100001 (, +) is the same as ‘1(0 = 000001,
but without normalization.

The following commands are completed in the same

manner :
3. 'Ko = 000010 (-)--subtraction.
4. 'Ko = 100010 (, -)--subtraction without normalization.
5. 'K = 000011 (x)--multiplication.
6. 'l(0 = 100011 (, x)--multiplication without nor-
malization.

7. 'Ko = 000100 (:)--division.
8. 'KO = 000101 (+ P)--addition of exponents. The

exponent of the number 2K, is added to the number K , and
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25. 'KO = 001101 (PCh-)--transfer of a number with a
sign change. A normalized number zkl with the opposite
sign is transferred according to address 'l(3. 'Kz is not
used:

S SR -

26. 'KO = 101101 (,PCh-)--transfer of a number with
a sign change and without normalization.

27. 'Kq = 001110 (|Pch|)--transfer of the modulus
of a number. The normalized number 21(1 is transferred
according to the modulus to address indicated by 'K3

1%, 1™ = 'Ky

28. 'Ky = 101110 (,]PCh|)-~transfer of a number
according to the modulus without normalization.

29. 'I(o = 001111 (PCh+)--transfer of a number with
a sign change depending on the sign of another number.
The transferred number ZKl is normalized; the sign of this
number is reversed, if the mumber K, is negative, and
retained in the opposite case; the result is sent according
to address 'Kj.

30. 'KD = 101111 (,PCht)--transfer of a number with
a sign change depending on the sign of another number,
without normalization.

31. 'Ky = 01000 (!)--transfer of the exponent of a
number. The exponent of the number ZKl is in the form of

a normalized mumber with its own exponent, and is trans-
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bit to the low-order bit of the digital part of the num-
ber); the result is placed according to address 'K3.

38. 'Ky = 010011 or 110011 (TsCh)--division of |
an integral. The integral part of the number 2K, with its
sign is sent according to address 'K3 in the form of a
number with a fixed point after the low-order bit.
Its fractional part, reduced to a zero exponent, is sent

according to address 'Kz.
III. CONTROL TRANSFER OPERATIONS

In addition to the control transfer operations cited
in the beginning, the following operations, which main-
tain the operating functions at either local or central
control, are found in BESM.

1. ‘KO = 010100 (<)--a comparison taking the signs
into account:

'Ky (1 - 'T) + 'Cy'T 2 Cy;
a) r (2

<%,) Ry'TH 0, (- D) = s
'y + 'T=Cps "Gy + (1= 'T) = Gy

b) '('Cl'T + 'Cz (1 -'T)) =K.

Thus, if ZK]_ < 2](2, control is transferred according
to address 'Kg; if 21(1 > ZKZ, control is transferred to
the next command in sequence. The following two operations
are completed analogously.

2. 'Ky = 110100 (,<)--a comparison of equality:
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5) w--the trigger for indication of conditional

transfer,

6) T--the operating condition toggle switch,

We shall divide command register K, corresponding

to the given placement of commands (see Fig. 24), into

bit groups (registers) (see Table 11).

Table 11

Bit groups of the
command register

Designation and name of
bit groups (registers)

0-11 ky - register of I address

12 - 23 k, - register of II address

24 - 35 ky - register of III address
36 @ - control sign bit

27 - 42 ko - register of the command

code

The command register for a group operation G (and

the cells) is broken down into such registers as needed.

They are designated by the letter "G'" (or by the number

of the cell) with a corresponding index (0, 1, 2, 3).

The indicated registers can contain octal codes:

kps 'ky, 'kg = 00005 00015 ...; 77773

'a =0; 1;

kg = 00; 015 ...; 77.
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1=w;
b) R {('ky), > 1}
P 0=uw;
c) and d).
7. 'ko = 10--carry-over of a number with the sign
taken from another number:
2 2
a) | k| v osign “ky = 'kg;
1= w;
D) R {'('ky), 211
P= 0= uw;
c) and d).
8. 'kg = 12--addition of numbers without rounding:
2 2
a) Tk + Kk, = 'k3;
1= w;
b) R (%K, = 0} ’
= w3
c) and d).
9. 'ky = 17--the control summing of codes Zkl and
21(2, understood as indivisible binary codes, with carry-
over from the high-order bit to the low-order bit:
2
a) A (s Dk, = ky;
b) 0= w;
c) and d).
10. 'ko = 02--special addition (for commands) and
11. ‘'kg = 15--special subtraction (for commands) :
a) '('kl)ii- "(ky)y = ('k3)i’ where i = 1,2,3;
Tk = (Rgdgs
b) 0= w;
c) and d).
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is transferred from core to zone ‘k3 of the magnetic
tape.

Conventionally, we shall designate this:

"y
= (k) ML
'Ky * 'y

Here the zone of the magnetic tape number 'ky is designated
by ('ky)ML.

4. 'k = 4l--transfer from punched cards [px]
to core storage. ('k2 + 1) code is transferred from

punched cards to cells

"kys 'Kyt 1een, kgt kg3

( ‘ks )
TPK =

'

k3+ 'kz

5. 'ky = 44--transfer from core cells to punched
cards. ('k2 + 1) code from cells ‘kl, 'k1 + 1, ea.,

'kl + 'k2 is transferred to punched cards:

k.
( 1) T
' '
k) + 'ky

6. 'ky = 45--transfer from certain cells

in core to others. ('k, + 1) code from cells 'kl,

'kl +1, ..., ’k1 + 'k2 is transferred to cells 'k3,
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The speed of the computer is 100 operations per
second. The internal memory capacity (on a magnetic drum)

is 2048 short cells or 1024 full cells. Full cells have

Short cell with Short cell with
even address 2r address 2n+l

Tetrad numbers Partia
tetrad

number

Fig. 27.

only even addresses. Auxiliary storage is on magnetic
tapes. Input is from perforated tapes, and output can be
onto perforated tape or paper tape.

Special registers and keys of the Ural:

1) S--the accumulator;

2) r--the arithmetic unit register;

3) C--the command counter;

4) K--the command register;

5) w--the trigger indicator for conditional control

transfer;

6) Ts--the cycle register;

7) Ki(i =1,2,...,7)--the keys;

8) Tl--toggle switch 1;

9) T,--toggle switch 2.
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1f, however, ':0 = 1, the address is modifiedj i.e.,
it is decreased by the contents of the cycle register.

Here, if 'e = 0, the contents of the partially full
cell with the address 'k is selected; if 'e = 1, the con-
tents of the full cell with 'k is selected. In the latter
case, 'k must be an even number.

b) designates sending a 1 or a 0 to the trigger indica-
tor for conditional transfer of control @, depending
upon the sign of the number in the accumulator.

c) and d) consist of preparation for the execution
of the next command in numerical sequence.

Actions b), c), and d) are completed also upon
execution of all other commands of a given group. The
same thing can be said for the € bit. In further operational
descriptions nothing more will be said about this.

2. ‘ko = 02--sending to the accumulator:

a) (k- 'eg'Ts) = 85 '('k - 'ey'Ts) = 13

E), c) and d), the same as for 'ky = 0l.

3. 'kg = 03--subtraction:

a) 'S - '('k - 'ey'Ts) = S:

sign 'SV |'('k - 'co'-rs)l = r.,
4. 'ko = 04 (the same as for 'ko = 03; only the

operation executed is modulus subtraction):

a) |'s| - ['("k - "ep'Ts)| = 55

sign 's v |"("k - ’eo'Ts)l =r.
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0 for operation 23
ky =
1) 1 for operation 24,

-the track number of the MB, from which code exchange

u is carried out;

'ky--the number of the data item on the MB track from
which it is necessary to start the appropriate
operation.

In this case the actions

c+1=¢; ok

are also executed.

26. 'ko = 33. Stop.

V. ADDRESS MODIFICATION OPERATIONS

Address modification operations are group operations
in the sense that the contents of a modification register
formed by them can be used as a group of commands.

27. 'ko = 26. "Beginning of group operation,' NGO.
By the operation NGO:

a) a number is sent to cycle register Ts, charac-
terizing the number of cycles in the cyclical process,

'kl = Ts;

b) the readdressing constant is sent to address

modification register A
'ky = A;

c) the predicated formula is obtained
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'k2 is not used in the execution of the command.

Let us designate by 'uz the contents of the II
address of cell a. Then, if

Ik]_ +a; 'a, =8,

we have, according to operation F,

a) B =A;

b) '8 = 'ky;

c) 'c+1=cC;

» % -k

The convenience of using operation F can be made
clear from Chapter V. It is possible to show that the
presence of operation F makes it possible to compose
programs for arbitrary cyclical parametric processes,
which do not vary during their operation (without re-

addressing commands).
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