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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteratic.

A a A a A, a P p p p R, r
56 z 6 B, b C C C c S, s
OB Ba V, v T T T m T,t.

rrl G;g Y y Y y U, u

D, d F, f

E e E a Ye, ye; E, e* X x X x Kh, kh

AV1H m Zh; zh LAI Ts, ts

3 3 3 j Z' z HL4V Ch, ch

H A U, I, i W W il IN Sh, sh

PR Y, y L4 IN Shch, shch
K K K, k b%

< 7a A ~ W u Y, y

M mM M, m b bb

H H )v N,n Bs a 9 E, e

Qo0 0 0 0,o0 hi 10 10w Yup yu

pn n 17 x P, a Ya, ya

*ye initially, after vowels, and after -b. b; e elsewhere.
When written as 6 in Russian, transliterate as y4 or 9.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian Engli'h

sin sin sh sinh arc sh sirln
Cos Cos oh cosh arc ch cosh
tg tan th tanh arc th tann
ctg cot cth coth arc cth coth
sec sec sch sech arc sch secht
cosec csc asch csch arc csch 0sch-

Russian English

rot curl
ig log
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Collector/collection contains the irticles, dedicated to

* questions of thaory and practice cf thf nonpositional systems of

- -~ numeration (to deparallelizatior~ cf the operation of rounding, tc the

algorithm of detection ard ccrrecticn of errors, to the calculatic.

of elementary functions, to the ncuographic method of the imagq of

information), to problems of inferrational sinulation (to optimum

layouts of the computer center~s in the republic, to the statistical

models of exchango systems by infcrmation, to the tasks of

scheduling, etc.)., of organizaticr cf computers and systems, and also

* . to use/application of threshold elements/cells in the logic Ci-cUits

to combinatcry tasks, ccnn~pcted with the development of the

* algorithms of the compression cf Irformation.

Collector/collection can be recommended to the wide circle of

the specialists in the region of the theory of coding, computer

technclcgy, combinatory methods.
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SOME QUESTIONS OF THE STRUCTUBE OF SPECI&L-PUEPOSE TSVM

rDIGITAL COMPUTER].

1. Ya. Akushskiy, V. G. Yevstign,&V.

The contemporary level of the development of microelectronics

makes it possible to produce all devices/equipment TsVM, excqpt ZtJ,

- in the micro-execution. This seams that became possible the

3 construction TsVM from the large/coarse functional boxes, which

* contain 100-200 logic elements, made in the single technological

process. RMmory units, bcth operaticnal, and lasting, arq most

-- frequently implemented on the ferromagnetic carriers, pierced by

* electrical conductors for exciting the carrier and for

removing/taking from it the infervation.

The physical nature of the data carriers, and also the pr-3sArcr

of such specific for ZU assemblies as current-operated keys,

recording amplifiers and reading, make with its sensitive to

different environmental factors, which imply a reduction in its hit'.

speed and manufacturability of Frcduction. Therefcrs at presant is

conducted intanse research on am increase in the manuf act ura bility,
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stability and high speed ZU. These qualities can be achipved/rach;d,

if we make ZU in the single tecbnclcgical process, as far as poss±bl

whict coincides with the process cf manufacture of logic elaminnts

TsVM. This leads to the thought of making all blocks TsVM from th -

elements/cells, carried cut or the identical physical basis. Since

integral technology makes it possible to obtain the high dMgr9 cf

the integration of semiccnductors (transistors and diodes), than we

will assume all blocks TsVM integral, semiconductor.

In contemporary aerospace IsVM of those having the rigid,

protected in DZU program, the instruction system counts, as a :ule,

not more than 60 operaticns; usually their 15-20.

Page 4.

If program consists cf M instructions, th.en each operation i
M Mthis program is repeated cn the average T : of times wherc n -

quantity of digits, abstracted/reroved in the instruction for th

code of operation.

Since the same nuclei OZU car be used for the soluticn of K
different problems, then the address of each nucleus OZU is rsDatzd

M
in the program an the average 0 o- times whare m -

discharge/digital configuration of instruction.
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Organization DZU of programs.

Let there be the program on e of instructions, then location

counter must contain not less thar 1=1og2 M of digits. Let us plac-

after counter decoder on M of cutout combinations. This means tkat to

each instruction of program corresponds one of M outputs/yields.

After decoder let us place N=2n the OR gates whose outputs/yields

will correspond to operations, and L=2-- the OR gates whose

outputs/yields let us place in the conformity to tha addressps of

operands. The first grouF of OR gates let us rame the shaping unit of

operations (BFO), the seccnd - by shaping unit of address (BFA). The

described structure is depicted in figure 1. from the afcresaid it-

follows that DZJ falls irtc two parts. The first of them is realiztd

by the structure depicted in figure 1, second, named ZU of cons-!ants,

eithar it is in=luded in the ccmpcsition OZU cr it is selected into

"4 single DZU of constants.

Evident also that the outputs/yields of blocks FBO and BFA ar2

represented by the single-proaressicn code 1-N and I-L. If N is swall

and the organization of its single-progression representaticn loes

not cause technical difficulties., then L can reach the valu, cf

several thousands; single-prcgressicn represertation of this valu i5.

little attractive duc to the unwieldinsss. Here we approachfd a

question of organization CZU and DZU of constants.
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Fig. 1. Block diagram of the formation of operation numbers and

addresses.

Key: (1). Location courter. (2) . cf digits. (3) . Decoder. ('4). M

outputs/yi'alds. (5) . operaticr. (6) . address.

Page 5.

organization OZtJ.

4 The classical diagram' of organization of OZU, depictcd in figuri

2a, provides for, as a rule, two stqps/stages of the conversion

(deciphering) of address.

Index register OZU(PrA) usually conditionally is divided/marks!

off intc two parts (desirably idertical) * one of which is designaited

as index regist~r X(PrAx),another - as index register Y(PrAy)Decndirs

DShX and DShY are first stage of the conversicn of address. Tht-ir
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outputs, represented in single-prcgression code, are directed into

the memory/memorizing matrix/die I, where in th, points of the

intersection of busbars/tires X and Y are established/installid

storage elements; their quantity, equal to X-Y determines capacity

OZU. Matrices/diss M it is the seccnd step/stage of the ccnversio cf

address.

If in the structure, represented in the figure 2a each address

41 OZU is a conjunction of I variable/alternating, then in the structure

in figure I each address is the Icgical function, comprised cf

different number of disjurcticns of conjunctive terms from L cf

variable/alternating. Tle address cf the nucleus of OZU of struztur-

in figure 2 can be registered in the form

Ax AV

A=Al=-Aaa 2... ]'[A 1+1 aj +2.' 1] . (I)
22

where i=1, 2, ... , .
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3)(IPeeu,,Dom c IW C'5 , I l~ ec..
I Uola-O i, , I petucmp

t4

AwX[, "- Ae. Aew u -

i "

P43I.. ig. 2. Block diagram of he formation of addresses of OZU.

4: Key: (1). Index register. (2). counter f instructions. (3). tnIax

*register. (4). digits. (5). Decder. (6) . outputs/yields.

Page 6.

4 This recording is valid, when numerical length is even; itn I

odd
AA

1 1 1

E.xpression (1) and (1') make legal two-stage deciphering

addresses. The ddress of the nucleus of OZ of structure o, fiju: 1

can be rgistered in the form

A =VQ(Q. . . Q.o (2)

1

Pag 6.

I . .. _ . ... ;, - .T-hi s l rei co- rl....... i s . val IE ,idT,11 wh e nu e i a le ng t i s... ev r-w
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where Qh=Aai, i=1, 2,....l,k=1, 2,..., M.

A quantity of the ccrjunctive terms Q lies/rests in the rdngF

from k=O to k=5 and depends on the degree of utilization of 'his

nucleus OZT1 in the program.

From expression (2) it fcllows that the two-stage deciphering cf

* "address in that form in which it Is allowed/assumed by expr-ssion

(1), for the structure in figure 1 is in general not applied.

However, sometimes certain similarity of the two-stage deciphering cf

address to obtain is possible. Thus, during the installation of

specialized BTsVM thigh-speed digital computer] cn to the

boat of multiengine aircraft, the program, comprised for cr' -ngir-,

can be repeated for other engines with the appropriate constants,

input and output data. For this it is nacessary to only hav- th

*Ispecial (index) register the contents which will be changed npr unit

after each cycle of the wcrk of prcgram. Entire program they

divide/mark off intc some quantity cf sections and at the -nd of cach

of them are changed content of index register per unit. A iuantity of

sections must be selected by such sc that

2 ' AS =N A9'

where l4,.,, - :uantity of digits of index register;

NAx, NAY - quantity of outputs/yields of deccders.
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Then the diagram of the formaticn of address cf oZU will take the

form, depicted in figure 2b.

Organization DZU of constants.

,.i

The classical diagram of organization of DZU is analcgous

depicted in figure 2a.
4

One of the versions cf the organization DZU of constants for th'

structure in figure I is the versicn, similar described above for

OZg.

Page 7.

In this case is retained the address principle of rotation/acciss.

* Since fcr each task there is its set of constants, than the

recurrence of the addresses of coestants is very low. It is possible

to entirely exclude it, and then will become possible two- or more

stepped desciphering of address. But volmS of DZU of constart it car.

prove to be very large; tkerefore let us consider the possibilitios

of its decrease.
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Eich high onstant (rumber) can bi prasant.%d in thE fc-'m of t'."

sum of the representatives of the classes of unity, tens, hundrri s,
n

etc., i.eso K=kj, where i-i 2v .. o n - quantity of classes; j=0, 1,

*: 2, ,.., 9 - quiatity of constants in each class. For exampi', a

number 3427=3000+400+20+7. It means, instead of one high constar.nt

3427 it is necessary to preserve four small ones and to fulfi.11 four-

operations of addition. But indeed such low constants, for examp1,

for range P=0-4096 it is necessary to have: unity - 10, ten - 9,

hundrel - 9, thousand - 4, in all - 32. After decomposing th.m to

four groups (class) of unity, ten, hundred and thousand, we will

obtain that for calculatirg any higb constant in the instruction

system BTsVM it is necessary to have the special four-address

instruction, in which are indicated the addressas of the low

4 constants from 9ach grouF, which are subject to addition. The

capacity DZU of constants for this range becores constant and with an

increase in tha latter increases very slowly. The dependence cf the

capacity DZU of constants on the range takes the form

During this organization DZU of constants, on one hand, is

reduced its capacity, on the cther har4, appears the nq%.d for

spending time on the formation/education Cf high constant. In view of

the smallness of the capacity DZU of constants it can be carriad out

on the semiconductors (for example, on the dicdc matrices/di-,s) with

the high speed operation.
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For further decrease of tiwe fcr the formation/educatin 3:f o

constant it is necessary to have an addir with the high spfi

operation, desirably single-cycle. Best for the pres-nt instanc - is

the adder, which works in the ncn~csitional numaration syst-.-, for

example, in the residual class's.

Let us consider one additicnal version of the organizatif DZU

of constants. Let it be ir the prcgram it used by N of n-bit

constants. The shaping urit of the addr-ss of constants is diagram

with L- input and N- outputs/yields, i.e., (t, N) - pole. DZU i:self

of constants is diagram with *- input and n- cutputs/yields, i.F.,

(N, n) -pole. Task consists of the replacement of these two (1 4)-

and (N, n)-poles one (1, D)-pole.

4 Page 8.

If we examine the task of synthesis separately for each of the n

digits, then we will have n(I, l)-Fcles to each of which will b-

distinctive maximum N/2 disjunctions. But if we for this diagram usu

the methods of the synthesis (1, v)-poles than possible in c-.rtair

cases it will substantially simplify logic circuit.
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Lot us nama this method cf organizing DZU 'he constants

no-address.

Organization for transfer of contrcl.

The instructions of transfer of control (conditional and

unconditional transfers) cccupy in any program the considerabla

place. The special feature/peculiarity of these instructions lies in

the fazt that they act not on the operands, but on location ccunter,

changing the natural order of its vcrk.

The code of the operation cf transfer of control, formed with

the shaping unit of operation of 8C in figure I, determines the

moment/torque when contents of location ccunter must be chanqid tc

the larger or smaller side. Value and directicn of change are

assiqned by the code, which stands in the address part of the

instruction. Let us consider the different methods of changing

contained location counter.

Figure 3pdepicts. the most widely used method of chang±nI

contained location counter when tc the register of transition is

brought in the :ode, registered in the address part of the

instruction, and from the latter It is revrited into location

counter. In this counter circuit besides the calculating must htve

even and adjusting input. A quantity of digits of the register )f

transition must be equal to a quantity of discharges of Iccation

counter.
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Pet"CVO W SMCMP

Q_;)

Peucm Cxe
C .embeao

aa

Fig. 3. Schematic of a change in contained location counter.

Key: (1). Register of transitior. (2) . per. (3) . Adder. (4)

Register. per. (5). Diagram ccnt., "0". (6). Location countrr.

Page 9.

If diagram for the fcruaticn of each JumF operation is (,
1)-pole then the diagray cf the fcruation of the code of transitior

consists of q(t, L-poles where q - quantity cf different

instructions of the transfer of ccnteol (for exampl2, if we in the

instruction system eat Instructicre BP, UP(+), UP(-) , UP(0), th n

q-4); L - quantity of discharges the register of transition.

Figure 3b lepicts ancther version of the schematic of a chang
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in contained location counter. Here thq codA on ths register of

transition is formed by the algebraic addition of contained location

counter and value of a change in the code of the latter (step/pitch

of transition), i.e.,
5 nap = snap- Icq.

2 on the register of transition we have

Transition from th3 foruaticn of the full/total/complets code of

transition sap, to the forraticn cf the cods of the step/pitch of

transition allows from the diagrar, which contains q(i, I-poles, to

switch over to the diagram, which contains q(L* j)-poles where 0.

quantity of bits of code A3,, which can be done considerably smstlpr

A deficiency/lack in this diagram i-s the presence of aider;

however, its functions can be in certain cases transmitted to thv-

adder of arithmetic unit.

The modification of the described diagram is the diagram,

depicted in figure 3c.

The step/pitch of transiticn, formed with the appropriate

diagram, with sign (+) or (-) will te brought in in PrA,,,,. llh~s

reqistgr must b3 cirried cut In the form of counter or shifl



DOC 81024101 PAGE

register. The diagram of check of zero opens/discloses valvp a, ar!

one of the valves B2 or B3 . Peference frequency f,, entering in PrA..,

reduces its contents to 0. This ucnent/torque is monitored by the

diagram of check which closes the cpen valves. The juartity of

impulses/momenta/pulses, spent cn resetting tc ziro Pr-A,,p, was car:r.sr

to the bidirecticral counter cf instructions the contents whif-h was

changed to valu. &,,. Frequency f,, can be selected sufficiently high,

and bit configurition PrA,, - it is sufficient low. But if value A.,,

- is greater than can ccntain Pra.,p, then in the program it is
4=

possible to plrce two or more instructions of transfer of control in

a row then so that the tctal code cf transiticn would be equal to
Aa+&+... +A,=A*,.l

Page 10.

Since value Azo carries random character, then tho cptimurm bit

configuration of register PrAm, Frcbably, will be equal to icg2 the

mathematical expectation of all valups A,,. of this program, 1.9.,

I&..- loss M[A..,J.

Finally the bit of register PrA,,, should be chosen only after the

analysis of concrete/specific/actual program taking into account of

high speed and equipment expenditures.

On the basis of entire of that presented it is possible to

propoas structure TsVM with the wired program (Fig. 4).
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The work of TsVM indicated cccurs thus.

1. Under interaction of cadence generator conterts of counter of

commands increases per unit.

2. Shaping unit of address EFA, carried out in the form cf lcgic

circuit, forms/3hapes addresses of nuclei OZU in single-progrqssion

code. Let us name their address Y.

From the output/yield of the register of indices is

formed/shaped single-prcgression address OZU (address X).

The shaping unit of constants BFK, carried out in the form of

logic circuit, forms/shapes ccnstan., if the same is necessary on

this stroks/cycle of tha work cf lccation counter.

The shaping unit of operations BFO, carried out in the fcrm of

logic circuit, forms/shapes the single-progression code of

operations; to each operation ccrresponis single output/yiel-.

3. If is formed address cf nucleus of OZU, then is produc.l

reading of operand; if there is no same, then is used formed
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constant.

4. If is formed arithmetic or sending operation, then arithmetic

unit implements it.

A If is formed the operation cf tran~sfer of contrcl, then th:-.

shaping unit of the transitisr BFP together with location counter:

implements it.

L
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0.

C3)

1 Fig. 4. Block diagram of 7sVM with the wired program.

Key: (1). Index register. (2). locaticn counter. (3) . Arithmetic

unit.

Page 11.

From the description it is evident that with the work of this

TsVM is not implemented cne traditional stroke/cycle - read.ng of

instruction of DZU, what it was possiblq to achieve, after replacinj

this process with the set of logical blocks.

Questions of the equipmert realization of TsVM of this structtLr*

represent the object/subject cf further experiments, since it is

closely related to the specific prcblems and the programs.
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Page 12.

Of construction of nomograms in numeration system in the r-silual

classes (SSOK).

I. Ya. Akushskiy, A%. Ya. F'yanzin.

The nomographic mgthcds of the solution of problems poss.ss

large simplicity and clarity. Ncrcgrams are ccmpact, and

response/answer through them is lccated rapidly. However, the

accuracy of the solution is limited by the sizes/dimensions cf

drawing and, as a rule, it is lcw.

In work (I] for the purpose cf an increase in the accuracy I

done the attempt to consider a question of the practical

use/application of a system of movograms in SSOK for the soluti3n .f

some problems. However, in it are illuminated the particular silss of

this question and the proposed technical realization is limit.d to

nomograms with the rectilinear scales.

Work (2) examines the pssibility of designing of

device/equipment, capable of using with the nomograms, which havi

arbitrary scale shape. The prcpcsed in works [1 and [2] solutions
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assume the need of storing the Feriodic answer scale, which

introduces the :cns.dorable urjustified redundancy. Furthermcre, it

is difficult to use nomcgrams fcr the reverse operations as a result

of the ambiguity of the marks of the answer scale.

In work [3] these deficiencies/lacks are somewhat reduced, but

they are nct eliminated. Ihis is ccnnected with the fact that durirg

the construction of nomcgrams on thp independent foundations and

during the determination cf resFonse/answer on them is used the

positional reprasentation (image) bcth scale cf ncmograms and

resolving straight lines.

Transition to the ncnpositicral representaticn of the scalas cf

nomograms and resolving straight lines will make it possible to

reduce the deficiencies/lacks indicatqd and to obtain the

qualitatively new properties cf nomograms.

This wcrk is dedicated tc guesticns of ccnstruction and research

of different functional dependences taking into account the spoecific

character of deductions ccncerning iodulus/module p, since precissly

these questions play prircipal rcle in construction and use cf

systems of nomograms SSOK.

Page 13.
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For this let us introduce sore ccrcepts and we trace the propertices

of the functions, examined on the bcund~d set of integers.

Plane of integers on modulus/module p (InzIP)

The locus, that correspqnds tc many regulated pairs cf numbars

in set IZXZ1,. where IZXZI,=-IZtpXIZ1,,Z the set of integers, iZI, -

the set of the integers, undertaken on modulus/module p; let us nams

its plane of integers on modulus/mcdule p and let us designat l zIp.

Since IZXZI,=ZXZ, to plane Ihzi, corresponds only the part cf

the points, which lie on the plane cf integers iz.

Lat us point out some prcperties of plane J1z!,.

1. Plane llzl, is limited, since it contairs pXp points.

Consequently, all pcints of plane IHz!, lie/rest squared by

size/dimension (p-i) (p-i).

2. Plane 1Hzlp contains only points with positive integer

coordinates x and y and is representation of entire plane 11z,.mor -ov~r
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any point of plane lHz unarbiguously is mapped into point, wk. -ch1

on plan' IfzI, and tc each point cf plane Ifizip corrrspcnds ccuntl.ss

number of points of plane fIz.

Straight line on plane l[zl,

Straight line on plane IzI, w will call locus, which satisfy

* the equation of the form

lAx+BV+Cl, =0, (1)

where x, y, A, B, C,6IZI,.

since plasa [IzI, is the representation of -ntira plan. flg,ef

straight line IAx+By+CI,=O on Flane liz it corresponds the family :f

the straight lines of the form

where A=;AI,, B=Il,, C=Cja,, x=l;I,, v=IYI,,

A-A(mod p), B= B(mod p), CC(modp), xn-x(mod p).

y = y(mod p).

Page 14.

By straight/diroct cn plane Hz we understand the peint s,:t of

the straight line Ax+By+C-0 with the integral coordinates.

I
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On plane flzip of straight line with the angular ones co?ffici.nt

k let us name the point set of Flane Inizi, of coordinate of which th=y

satisfy the equation of the form

y= I kx+ bI ,, (2)

where k, b, y, xeIZI,.

Straight line (2) on plane fll corr!3sponds the family of th-.

straight lines of the fcri

~y k x -+b ,

where yMy(mod p), x;x(mod p), kmk(mod p), b-b(mod p).

The equation of the form

y= I kx 1 (3)

determines the straight line, passing through the origin of

coordinates.

Lat us pcint out scme properties of operations with th =q smallzst

positive remainders/residues, which escape/ensue from the properties

of comparisons [4] and necessary fcr tha follcwing presentation.

1. _a-± bl,-I eI",± Ibj,.
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-~ .* 4. (at,=a, if Osa<p.

5. If Ia-bIV=O and O<a<p, 0<bp, then a-b=O.

7. if I&,blpO, moreover O4a<p, O~b<pA p -prime number, then

either a=0 or b=0.

8. If Ia-bI,=0, thqnlabl0

9. if a 0and O~a~po 0<b<p, than a-.

11. If a-, then laI,-J.

12. If la~blv-O and 0~a<p, C~b~p, then either a-0 and b=O or

a .bspo
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If the absolute value of numter a is icwer than p, then

I-al,=p--a.

Page 15.

Properties of straight lines on plans Ifzl,

%J
Through any two points of plane lz!, it is possible to draw

straight line and besides only cre.

Proof. Let on plane Iflzl be given two artitrary pcints A(xt, y,)

and B(X2, Yz). Through thesp points on Cartesian plane H wc carry

out straight line; this is possible in view of the axiom of geometry,

such straight/direct single. Its equation takes the form

x-*,= F-y__, eAm xt/xl, V/ ay,
x2-X1 M2-#-

Key: (1). if.

or

y=kx+ b,

where
XI-XI X2-Xj

If XZ=x 1 oC y2=y,, then the equation of straight line will

respectively take form x=, l or Y=Yl.



DOC = 81024101 PAGE

During the construction ty straight line on plane frzlp ar-

possible two cases.

1. k=- integer. smaller p.

|: -.9

Then to the straight line y=kx~b on plane flz,passing througlh -W

points A and B, corresponds single straight/direct y=Ikx+bl,, pas~i-j

through the same points on plane 111,1,. since any point of plane HZ

unambiguously is mapped into Fint cn plane rI~zIj,.

2. k=yz-y 1 /x2-xa - nct integer.

We carry out direct
NO9 = -,, -"x +,[z,- z_,[

on planezD, angular coefficient of which whole, obtaine as a

result of the formal division Y2-Y, on 42-xl cn modulus/mcdul . p. Tc

it corresponds the unique straight line

on plane ITzI,.

Page 16.

Let us show that points A(x,, Yj) and B(x2, Yz) liS/rest c. .h.s

straight line. (Actually/really cn the basis cf properties i-li)
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Y= 1XY2-x'1,111 ZI-XZ1141( Il P

since yi(p.

Is analogous

sin1ce y2>P.

Let us show that line Y !F+ gv - is unique?.

Actually/raally let us assume that there is a nothe straight lina

y=jkx+bI1,, which passes through Fcints A(x1. yi) and B(x 2 , y,,). Let

us determine k, and b, frcm tbe ccndition that the coordinates of

points A and B satisfy the equaticen of this straight line, i.e.,

y= Ikixj+bd,,

Yz 2AX 2+ b2j,.

Subtracting yj from Yz, we will ottain on the basis cf prop~rtilts A

Y2-Y1 Ik&(x-xi) Lj.

Since y2 and yj is less than p,

or Iva-g' I,-k(x2-xj)I,-O

with 2 -x1 O. Ia-y 1 -k(x- 1 $ -~ h4lx,-xI,=O
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Si nce

I Xt-xI I,"O'
that

* j ViV~1 Vf 1k1 0

hence

Page 17.

From exprcssion y1=lklx1 ±b11, 1let us find No.

yI 1 k~x1 +b1 1,=lyzI,--1k~xl+b 11,,=1y1-klx 1-bl,=

=ijyj-Ajx,-Ibdp,,=0.

Since ly 1-k~x 1 1,,<p and jbj,<pthat

F 1V1 -k~xIf, -bI1, =0,
whence

lbii,,=bi=Iv-kixjj,=fyi-V ~JX1J inXXI-XIri-ri

Consequently, the straight line, rassing through two giver, pc!-vt s, is

unique, since kt,/k, blb.

Level (3) with different k=0, 1o so*, p-I determinms on planr-

IJnzi, pencil of straight lines with the center in the begin ningj if

coordinates.

F In zi,

Theorem 1. Through any pcivnt of plane.4 passes either Ih4 -ix4'-

of ordinates x-o,xsIZl,,, cr certain straight line of bundle witr. tL.-
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center in the beginning cf coordinates.

Proof. Since through two pcints of planellzlit is possible to

draw straight line and besides cnly one, then two lines of bundle do

not have common points, except the crigin of coordinates. bundlE:

contains p of lines (sincs k=O, 1, 2 ..., p-1), and each lin of' th-

bundle contains p-1 points, except the origin of coordinates.

Consequently, entire pencil cf straight lines contains

p(p-l).l=p2-p.l cf points. If cre ccnsiders that the axis nf

ordinates has p-1 points (excluding point (0, 0))), then in all it

will be pa-p lp=1=pz points. But this is the total number of pcirts

of plans I1fhz.that also proves thecrem.

mutual location of pointE and straight lines cn plane Nzp

The point of intersection ef two straight lines we will call t1-.

common point, which belongs simultaneously to both straight linss.

straight lines on plane jIsI,'rthcse not having common points, --

us nams parallel lines.

Lamma 1. Two nerceincident straight lines on plans 1ifzl, can

either intprsect only at cne Foint cr not to intersect generally.
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Let the straight lines intersect in two cr more points.

Consequently, through twc points it 4s possiblr to draw two dff t

straight lines which contradicts the property of straight linqs.

In order t: find the point of intersection of two straigh.t
4,

lines, lot us solve system of equaticns:

I = Jklz + bl1,, (8)
y = jx + b,l (9)

The coordinates of the pcint of intersection of straight lines

(8) and (9) will take the form

I = ,-b, i
= xb,--J, (10)

Straight/direct (8) and (9), not baving point of intersection, let us

name parallel. in this case tto ccndition of the parallelism cf

straight lines will take the fcrm

hs-hi, blz bi. (11)

Straight lines (8) and (9) let as name perpendicular, i!

ka=p - I+ Lp. (12)
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If the equations cf straight lines are registered in the for-

IIAix-4-BiY+C1P=O (13)

IAx+B2Y -C21,=O, (14)

then, by solving system of equatiCns (13), (14), let us find thf-

coordinates of the point cf intersection of the straight linz s

IBC , - B C,

y= IAje,-AgC I

.4,

In this case the conditicn cf the parallelism of straight lir.:

(13) and (14) will be registered as

]AzB,-AB ,=O, (16)

and the condition of the perpendicularity of straight lines (13) a.d

(14) it will be registered as

IA2A, +BlB21,=O. (17)

Page 19.

In the case when three pcints A(x 1 Y), B(x2, YA) and C(xj, y.)

lie/rest on cne straight line, must be satisfied tha conditicn

p = -x ,"(18)

Using properties A, conditior (18) it is possible to r;ducp to

the form
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X1  Yi 1

X2 Y2 1 =0. (19)

x 3  Y3 1 P

Connection between the straight lines on planes 1Hz 1 ,and nI

Theorem 2. Straight line y=jkx+bl, on Flane Iflzf, can be

decomposed into k or k+1 sections in such a way that the points of

* straight line for each of these sections will belong to tho
y=kx+b(i=, 2,..., k)

straight/direct on Flane 11. parallel ones between

themselves.

Proof. Let us consider straight line (2) on plane 1z,.

Let us find the ft.rst interval for x in which OEhkx+b<p. In
p--b

this case of x it will vary fzce 0 to - Since tkx+bl,=kx+b,

that the points of straight line (2) on plane 1 at interval

0 <x <[ lie/rest on straight line y=kx+b,, examined in thi' int. rval

of the variation x from 0 to -_b in this casp b,=b.

Let us further find the secord interval for x in which

pjkx~b<2p. In this case it is obtained, that x must be within th

limits from .t to it-b :onsequently, in iterval < <h -- - ' - "
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fcf the point cf straight line (2) on plane Tj they b!Icna c

straight line y=kx~b2 (where b2=b-p), examined in interval cf

p-b 2P-6

Page 20.

Let us consider the i interval for x in which

(i-1), <kx + b< 1p.

A In this case of x varies frcm (i-1)p-b to lp-b Consequently, i.~k

the interval

of the point of straight line (2) on plane II belong to straight lone

y-kx+b (where bj=b-(i-1)p), sxamined in the interval

(-1)p-b ip-b

Lit us consider, in what interval falls point x=p-1 at ths

maximum value of b=p-1. In this case

kx+b k(p-1)+(p-l)=pk+(p-1)-k:>pk,

since k<p-1.

Consequently, pk<kx+t, and pcint x--p-1 lies/rests at k+1

interval.

If b=O,
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kX+ b=(p-1)>kp-p=p(k-l),

i.e. point x=p-1 lies/rests at a k-interval. Thus, we have a

separation cf straight line y-I x+bI, in the secticns so that thz

points of straight line fcr each cf these sections belong to on2 of

the parallel between themselves straight lines of family Y-kx+bl Cn

*plane 11.

Let us find the points of intersection of straight lines w'h X

and y axes on plane I. The first straight line will cross y axis at

point (0, b) the second - at pcivt (0, b-p) the i-th - at pcint (0,

b- (i- 1) p).

The distance between (i-I) and the i point is aqual

[,--(i-2)p]-b-(-)p=p 1=2, 3...

Thus, all obtained parallel lines transverse axi z- rough-- qual

gaps/intervals with a length cf p.

Since the straight lines are parallel and transverse axis Y

through the equal gaps/intervals, then, therefora, they must

intersect and X axis alsc through are equal gaps/int-arvais.

Let us find the distances tetween the points of intersFctil:n of

straight lines with X axis. For this it suffices to determine
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distance along the axis X among the first and secor.d straight flnp.

The first straight line y=kx+b, transverse axis X at point (,-.b),

and the second straight line y=kx+b2 transverse axis X at pcint (0,

p-b/k). The distance between the rcints of intersection of the

parallel lines in questicn with X axis is equal

j Page 21.

Corollary. Any point of straight line V=Ikx+bl, on plan IHzIP

lies/rests to one of the straight lines of family N-kx+bi, i=1, 2,

... k, k+1 on plane 11.

Functions their graphs.

W3 will consiler that if tc each element/c:ll xeIZI, are s-t "r

the conformity one or several elements/cells y of set IZI,,

then on set IZI, i- dete-nined 'ianction y=F(x). . B, drwan

of definition and the range of values of function y-F(x) is set IZI,.

Let us consider the functicns, determined on sit izip.

corresponding to some wole-valued functions, determined on s- Z.

Thus, if on set Z is determined certain whole-valued functicr. y=f(x),

or *(x, y)kp, k-0, 1..., then the corresponding to it function,

determined on s~tIZI,, we will call the functioc

u=FQXIP)=V(XX, (20)

In the case or Rr exnllcit anntnment or the functt-n and

................ ....
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4KlxllY',)=M=x, ),=o (21)

in the case of the implicit assignment to function.

If on set Z is preset whclc-valued function in the paraT":r!.c

form x=0(t), yi,(t), to<,t<t_ , then t .e correspcnding to it furct 4 .on or.

set IZIp will ba determined then:

(22)

Let us note that for any whole-valued function, presst on sat Z,

-- i .t Is os ble to unuiel-r nlot the function corr di .dn t t tt

* set IZi, but to each functicn cn set IZJ., can ccrrcspond the whcl

*family of the functions, determined on set Z.

Plotted function (20), (21), (22) will be th- set of thC points

of plane Iiijt,,of coordinate of wtich they satisfy relationshits/ratios

(20), (21), (22),
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Functions y.=F(IxI,) let us name monotone not decreasing, if with
]XIG < I.X2 I ' F(IxII,) F(Ix2 ,l). (23)

and monotone that not increasing, if with Ix lI,<Ix 21,
- F(IX1l,)>P(IX1j,). (241

If in expressions (23) and (24) stand absolute inequalities, then

function (23) is called monotone increasing, and function (24) -

monotone decreasing.

For exaupl3, function y=jx5Ij,, the graph by which is depicted in

figure 1, in sections (0, 2]. [9, 10] - monotonically increasing, but

in section (3, 8] - not mcnotonically decreasing.

Function y=F(Ixl,) we will call periodic with the period 1 where

leIZj,, if occurs the equality the form

F(I jzj,+1jp)=F(jzjp) (25.

for any value xeZ.

Por example, function y=14 111 - periodic, with the period L-5,

which is evident from its graph, represented in "igure 2.
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Function M=P(jxj,,) let us name symatrical relative to aXis x=I,

where aulZi,, if

F(Ia+Ii,I,)=P(Ia -xl,) (26)

for all values xez. In this case xa -ixis of symmetry. Function

* -IIzPlet us name symmetrical relative to point Ala. b), where

a. 6SIZl,, if

Jb +p-Fna+p-1,I,4=,Ip-b ±FIa+x1,,4,p (27)

for ill values xeZ. Point &(a, b) -center of symmetry.
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Fig. 1. Fig. 2.
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Theoram 3. rf function y=f&),xeZ.YeZ is symmetrical relative to

a xis x=6-or center of symmetry (a, b), then ccrresponding to it

function y=F'(JxJj,)=Ij~x)t, is symmetrical relative to the axis of

symmetry x=IaI,, or center of symmetries A(lag,.. Ii,.

Proof. since function y=f(x) has am axis of symmetry z=a, the

* f(a+)=f(a-x). From the equality functions follows the equality their

mod uli/modules, i.e.

Vf(a+x)I, =jf(a -x)I,=If(p+a -x)I,.

consequently,

F~ja+xj,)=F(jp-a -xI,,)

or
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that also proves the first assertion of theorem.

L~t us assume that y=f(x),xeZ, yeZ has the center o mmetcy (a,

b), i.e.

b e b-f(a-x)= -b+f(a+x).

The equality ;d isAbroken, if both parts of it are taken on

6modulus/module p, i.e.

* lb-f(a-xI,=--b+f(a-+x)j,

ore

since

If(x)I.=flxIV,),

that

* or ! p tm,+p--Fqla6lx-Il, +p],-I-bi, F( !a81, + I,,)1,.

that also proves theorem.

Function u-F(Ixl,) is called even, if

F{=I,)=PO-IxII,) (28)

for any zSz, i.3., it has an axis of symmetry x=O, and odd, if

p-P~p-IxI,)i"F(xi,)(29

4 ~ Az
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for any valuexez, i.e., it has a center of symmetry (0, 0).

The graph of even function y=12x21,, is shown on figure 3, odd&-

in figure 4.

Linear, exponential and index functions.

As examples let us consider the linear, exponential and index

functions, vhich have important value in nomography.

Linear function on set IZj, we will call the function of the form

1Ax+By+C6,'4. (30)

vher*A,B,C.x,ySZ.

since
lAx+v +CI,--1 IAI,Ixt,+IBI,lyl,+lC1,,=o,

that values A, 3, C, x. y can be examined from set jZ~p. Expression

(30) corresponds on plans J11,l, to the equaticn of the straight line

whose properties were examined abcve.

The exponsatial function, determined on set IZP we will call

the function of form.
V-- I*"1,. (1)

j . . ... .... --. n
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Theorem 4. Pu:!rtr.o My.a1, xeZ takes the different values with

different x#0, if a the -first-shaped root of number p.

99-

.- a-.--

2 2

0 1 Z 4 5 6 789 0 vX 0 4 2 3 A 5 6 1 8 9 f0 -r

4i

F Fig. 3. Fig. 4.
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Proof. Sinze a is primitive roots, the comparison a =_1 (mod p)

has unique solution. Then according to theorem 2. 10 of work []

comparison a _A(mol p), where A is not multiple p, also has unique

solution.

Lama 2. If a is the solution of comparison of aO 1 (mod p),

where a is not primitive roots of p, then p-l-a is also the solution

of this comparison.

Since a&.a--=i, then ae.'-a-mod P).

On the str3ngth of the fact that

(32)
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exprassion (32) ---a be rewritten in the forms

as -aP1-,= (mod p).

Since a, aml(mod p), then aP1- -- (mod p) anI, therefore, p-i-a is the

solution, QED.

theorem 5. Function y=1axl,,. xeZ is periodic, if a is not

primitive roots of p.

Proof. Sinze a is not primitive roots of p, then comparison

ax m(mod p) have, in view of lemma 2, at least two solutions:

("I
XI=P-1-u 9 X-04 u<P-l.

Key: (1), and.

Let as demonstrite that p-I-m is the period of function y=Iazl,, i.e.,

But

since.

The exampla to exponential function y=6'1 is given in figure

5. As can be sason from graph (Fig, 5) , the values of this fauction

are equal only at points x0O and x=10, moreover the values of
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function at these points are equal to one. Ancther example to

exponential function y=14'1,1 is given in figure 2. where also at

points x=0, x=10 and x=5 value cf function they are equal to one.

This function piriodic, with the period 1=5.

Index fun:tion we will call the function 3f the form

• ,] ,--IJil.Xl.. a.*elzl..

whera i - primitive roots of number p, which is the basis/base of

index.

Page 26.

Lt us construct the graph (Fig. 61 of function y=wIind.x, With

a=6 and p=11, using the table of indices (4 ], which can be obtained

by the solution of comparison of 6x=A(mod 11). In comparing the

graphs, given im figures 5 and 6, it is possible to note that the

graph of index function is mirror reflection ty relatively

straight/direct y=lxI, of the graph of exponential function.

Exception/elimination is only point (10, 1) of graph in figure 5,

which is not in figure 6.

As is known, the graph of logarithmic function on plane I] is

obtained from the graph of exponential function by mirror reflection

by relatively straight/direct y=x. Consequently. index function can
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be interpreted is the logarithmic function. undertaken on

modulus/module p, i.e., index function 3n set 1Z{, corresponds to

logaritimic function on set Z. Let us show that the index function on

IZjpossesses some properties of logarithmic function. For example,

for the logarit.mi: function is correct the equality form log~a=1. The

same equality is correct for the the inlex of fnction, i.e.

indae,= i

It is known thit the plotted functions y=log ix and y=log=. are
a

symmatrical relative to x axis. Let us construct plotted function

yind, x
1 1 1 As can be seen from figures 6 and 7, functions

y=lmd 1 xf,,=jindxi,, and y=Iind4 xt.: are symmetrical relative to axis
6111

y=O. Consequently, plotted function Y=11nd- 1 x~p can be obtained from
Sp

the plotted function y=ilnd.x1, by its mirror reflection relative to

axis y=O.
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Lbuma 3. hay prime/simple number p has an even quantity of

primitive roots in cases when a=#11 vhers a - primitive roots of

number p.

Actually/r~ally, since to diff.orent values z correspond the

different values of function Y=IindxlI,vhere a - primitive roots of

number p. and function /=Iiid~1 x1, is symetrical relative to axis yO

of function y= jindoxl,,then to different values x correspond the

different values of function y ind i xjp ani the basis/base of index

1/ is also primitive roots of number p, that also proves lemma.
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Page 28.

Nomograms from the adjusted points in the ieductions ee

-o' ... 1...... p on plane j~hjl

I. Ya. Akushskiy, A. Ya. F'yanzin.

In works (1, 2] were examined questions of the use/application

of systems of nomograms in numeration system in the residual classes

for the purpose of an increase in the i=curacy of calculations. In

this case each nomogram in modulus/module p differed from those

existing in taras of the fact that to points with the integral marks

were assigned the marks, equal to deduction on modulus/module p from

the initial marks. Thus, during the construction of nomograms on the

independent foundations on the answer s-ale appaar different points

with the identical marks, which irtroduces the unjustified redundancy

into the representation of the answer s-ala and creates considerable

difficulties luring the use of nomcgrams for the reverse operations.

This work is ledicated to construction and research of nomograms

from the adjusted points in the deductions on modulus/module p whose

scales and resolving straight lines are constructed in the deducti3ns

according to molulus/module p. This makes it possible to reduce
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periadicity on the scales and gives the possibility to use nomograms

for the reverse operations.

Scales.

Let us detarmine the scales on the plane of integers on

modulus/module p Ifzi, analogously with the scales on euclidean plane

11. In work (3] are introduced the concepts of plane IlIzl,, different

functional depeadeaces on set IZj, and are traced their basic

properties. The point of plane ilzigp with the ascribed by it value of

certain variable/alternating uelzi,, wher3 ZI, - set of the integers,

undertaken on m*dulus/module p, let us name the marked point. rho

value of the variable/alternating a which is ascribed to given point,

is called the mark of point.

Page 29.

Scale of variable/alternating selZIp - the locus of the marked points

of plans IHzi,. Line on plane IrzI., on which are placed the marked

points, carrier of the scale. The scales, in which the equation of

carrier is a linear function, we will consider linear, all others -

nonlinear. The Eunctional scale let us name the locus of the marked

points whose location on the scale is determined by the character of

the preset function.
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The evinly diviled scale.

In contrast to the evenly divided scales on plane H,

characterized by the fact that cn them the lengths of segments are

proportional to sarks (for example, millimetric ruler, the scale of

the livision of =ircumference into the degrees), the evenly divided

scales on plane IHzi, we will call the scales, for the coordinates of

points of which are satisfied the condition

fYi +2-Yi +,Ip=lYi +I -Yip,

Moreover it is issumed that xj>x,, If j>i for v je IZ ,

It is not Jifficult to note that amy straight line, constructed

on plane jfizp, will be the evenly divided scale, if we the mark of

point consider the appropriate value of argument.

Construction of the functional scales.

The functional scales in the deductions on certain

modulus/module p are constructed as follovs. Let on set jZj-, be

preset certain function Y=jx)I,. Let us compute all values of function

and let us regulate them as follows:
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f0 =If(O),
f1 =1f(1),

f,-t=f(p-1)I,.

On plane Irzl, Let us consider certain straight line. For the

fiducial mark A on the straight line let us take the point, which has

*coordinate x, egual to zero. Along the xxis X we will plot/deposit

segments with a length of fo, fl, ... , f,.. and assign to points with

abscissas to,fi, ... , fp-1, that lie to the straight line (carrier of the

scale), marks 0, 1. .0o0 p-1 respectively. Obtained thus scale will

represant the functional scale in the deductions on modulus/module p.

Page 30.

Lat us notr some properties of the functional scales on planes

1Hz I, which differ significantly from the properties of the ordinary

functional scales on plane 11.

1. Functional scale is discrete/digital and exists only at

marked points, L.a., unmarked pcints of carrier of scale are not in

any way connected with functional scale.

2. Marked points there can be not more than p, i.e., scale is

limited.
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3. Marks om carrier of scale can be placed nonmonotonically.

4. To some points of scale can be ascribed several marks.

The Jouble scales..

, If we combine two scales with the identical carrier one

functional, second uniform, constructed on one and the same scale,

then so that their fiducial marks would coincide, then we will obtain

the double scales, i.e., the scale, whizh has two series/rows of

marks. On this scale it is convenient to compute the values of

functions for the different values of argument. For this it is

necessary on the functional scale to find out the values of argument,

and on the evenly divided scale at the same pcint to read the

corresponding value of function. And vice versa, knowing the value of

function, it is possible to determine the appropriate value of

argument. For t1is it is necessary to find the mark, equal to the

value of function on the evenly divided scale, and to read the

confronting against it mark of the functional scale. The absence of

mark against any value on the evenly divided scale tells about the

fact that this value of function there loes net exist in set lzI, not

for what value of argument from set ZIl,.
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Thus, the louble scales is the simplest nomogram and serves for

calculating the value of function. Its advantage before the tables of

functions lies in the fact that the double scales is more

Jemonstrative and Lt is conveniently used. The assignment of the

double scales is equivalent to the assignment of table or plotted

function.

Index scales.

The index scals we will call the functional scale, constructed

on certain straight line cn plane tl7zIj, for function V=Iimdz,. This

scale has the important value with the execution of arithmetic

operations in the deductions on modulus/module p.

Page 31.

For an exasple let us construct the functional scale y= !ind.xI,

with a=6 and p=11. The table of this function is given in work [4].

The index scale is shown on Figure 1.

The index scale is the set of points with the marks from 1 to

p-l. The location of marks depends on the value of the basis/base of
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index (primitiva roots) and on the value of modulus/module p. The

first point of the scale has a mark, equal to unity, the second -

mark a, i.e., tie value of the basis/base of index, the p-1/2 point

has a mark p-1. The latter/last, p-1 point of the scale has mark x,

such, that ja.xI, =1 when x= These points are characteristic for

the index scale. j

Nomograms from the adjusted points in the deductions on

modulus/module p.

Nomogram fom the adjusted points in the deductions on

modulus/module p on plane IflzIP for the equation

IfN. ,, w)f,=O (1)

let us name the nomogram whose every three values u, v, w, vhich

satisfy initial equation (1), lie/rest on one straight line, carried

out on plane 111 l, and vice versa, if u, v, v - mark of three points

of nomogram, which lie on one straight line, then the set of three of

numbers u, v, v satisfies equation (1). This straight line we will

call the resolving straight line. The values of variable/alternatiag,

entering equation (1), are represented on the nomogram as the points,

which compose the scales of these variable/alternating. The form of

nomogram, i.e., the form of its scales and their mutual locatioe on

plane IIsI,. is 1stormined by the form of the represented functional

dependence and by the method of the construction of nomogram.

Lt
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k ~ C3 790 S844

Fig. 1.

Page 32.

Theorem. If for the equation

/ (a. U. W)O (2)

(where f(u, v, v) - full-valued function, u, v, V - integers) on the

plane 11 it is :onstructed the nomogram from the adjusted points, the

equations of scales of which take in the follcwing form:

V': x2'=42(v), Y2' = 2(v),

w': x'=T 3 (w), YS-'=V(W),

then for equation (1)
f(U V. w)f,=O

nomogram on plans in.i,. giving the solution of equation (1), will have

equations of tho scales of following form:

U: x,=l (u)1,. =1+w('

w: xa--!:a(w)!,, wa==I(w)I,.
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so that

1 I (A), {¢/ v), =0. (5f

1 pfa(w)!, I+i(w), ,
4-

Proof. Since the nomogram, constructed for equation F(w, v,

w)=0, is nomogrim from expressed points, then, therefore, the

functions, entering the equations of scale satisfy condition [5]

1 (/y) jit(v) j--T0. (6@
I T(w) V,(w)

From the datermination of implicit function in [ZI,(3V(uvW),'

F(lul. lv],. wlp) it follows that if u, v, w are the solutions

of equation f(u. v, w)=0 that slpul'p. IwI will be the solutions of

equation P(Ju6. Iv),,, jw],)-w0, but regarding in I Z I the function, preset

in the parametric form, follows that for functions (3) corresponding

expressions lull,, lv'lj. lw'lj, will take form (4). Consequently, (4) it is

the solution of equation (1).

Page 33.
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Let us consider expression (6), undertaken on modulus/module p.

Then in view of the properties of operations with the least positive

remainders/residues we obtain:

1 T(v) +9(V) = 1 IP(v)I, I%(v)jP =0. (7)
1 (w) 1'(w) , 1 jI,(w)j, I' a(w)t, p .

Substituting for l1(u)l,. %1 (u)I,, . , lz A !v)l,. 1,F3(w)!,. 13(w)l, their value from

(4), we will obtain:

lX1 x V

X2 Y2 = (8)

X 3  Y3 Iip

This is the condition for the passage of straight line through

three points (x1 , ye), (x 2 , 72), (x3 , y ) 3]. Consequently, the set

of curves with 3quations (4) is nomogram from the adjusted points for

equation (1).

Equation (7) they will satisfy all sets of three of numbers u,

v, w, vhich are the marks of the Foints of nomogram, which lie on 3ne

straight line. out such sets of three of numbers compose all possible

solutions of equation (1). Consequently, equation (5) contains among

it solutions all soluticns of equation (1).
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%._versely, if it is possible to find the equation of form (5),

which -ontains ;ll soluticns of equation (1), then for equation (I

on plane Ifzl, it is possible to construct the nonogram whose scales

are determined by equations (14)

In such a way as for equation If(u, v, w) I =0 to construct

nomogram from the adjusted points on plane Ifzli is necessary to find

this equation

1 jy(wux *Av(6 = 0 "  (5)

I w1* w ,,

whers on the l3ft side it will be worthwhile the definition,

undertaken on certain modulus/module p. Its first column consists of

units, and each line contains the functions only of one

variable/alterniting which also are taken on modulus/aodule p. The

values of the functions of the second column of determinant will give

abscissas, whila the value of the functions of the third column - the

ordinate of the points of the scales of nomogram.

Page 34.

As it follows from the theorem and the properties of the scales

on plane 1j1,,, the solution of equation Jf v, w)l,=O with the help of

the nomograms from the adjusted points will be always exact, since
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the intersecti a with the resolving straight line with the answer

scala occurs only at the marked point. Because of this during the

solution of equations with the belp of the nomograms, constructed on

plane Inzz,. it is not necessary to carry out int.rpolation for the

determination of response/answer.

* Classification of the nomographed equations.

Equation If(u, v, w)lp=O we will call that nomographed on plane

Iz!p,. if for it it is possible to find the equation of form (5).

The nomographic order of the ncmographed equation is called a

number of different functions of one variable/alternating in the

equation, obtained from (5) after its development/scanning and

simplification.

The lowest possible nomographic order - the third, since into

equation with three variable/alternating must enter at least

according to one function of each of the variable/alternating,

highest - the sixth, when all functions in equation (5) different.

For example, the equations of the third nomographic order

zontain according to one function of each of three the

variable/alternating u, v and w: II,(u) ,. jf2(v)I,, if3(w)I , and they can be
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converted to cartain simplest (canonical) form.

The equations of the form

If3(w)i,=i IVf(u)! , +W t',.. (0)

I lf,(u)I, .IAu)I,. If(w),I,=I I }f1 ,(+I-f (v)I,+-.f.- w)[,I, (11)

we viii call respectively the first, second and third canonical form

3" of the equations of the third ncucgraphic order.

Nomograms =lass also according to their genre. The genre of

nomogram is called a number of nonlinear scales in it. The lowest

possible genre of nomogram - zero, when all scales are linear. rhe

highest possible genre - the third, whem all three scales are

nonlinear.

Page 35.

Nomograms of th3 first canonical form of the equations of the third

nomographic order.

The first canonical form of the equations of the third

nomographic order takes form (9):

For it by three different methods it is possible to write the
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aquations of form (5), which reduce to three forms of nomograms,

essentially different in the gecmetric structure.

Nomograms of zerD genre.

Let us register equation (5) for equation (9) in the following

form:

0 If o f(U)1, I

1 If 1(u)I 0 o0. (12)1- Ii'(V)I, ,

1 1 f3(w)I, ,

revealing the definition, which stands on the left side of

equation (12), it is easy to check that equation (12) is equivalent

to equation (9).

From equatloa (12) we obtain the simplest equations of the

scales of nomogram on plane ]nzlp.

They take the form

miNal,-Fai U: X1 -0 Y1=f,(UP

_M_ _I V: 2 - l Y --O (13)
mxanjz w: xs==1 y3 =If3 (w)I

Key: (1). the s:ale.

-----------------------
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All three scales of nomogram are linear. Consequently, the

nomogram of equation (10) with scales (13) is the nomogram of zero

genre on plane fjizl,. The scale of the variable/alternatinc u will be

arranged/locatad 3a V axis, the variable/alternating v - on axis X

and variable/alternating w - on the strLight/direct, parallel Y axis
and distant behind it at a distance, equal to one.

As an example of the nomogram of the zero genre of the equation

of the first canonical form let us gire the ncmogram of

multiplication men of the natural series of numbers on modulus/module

11, depicted in figure 2. The points, which lie on the dotted line at

the assemblies of reference grid, are points of the resolving

straight line with multiplication Il',T1,,.
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U1

3 4 1-

Fg. 2.

rage 36.

In this case the point of intersection of the resolving straight line

and answer scals has a mark, equal to five.

Nomograms of the second genre.

Let us write equation (5) in the form

1 P-1f4V)IV,, Vjf), 0. (14)
1 0 V&(w~j,,

in view of the properties of operations with the smallest positive

remainders/residues equation (14) equally to the equation

Ll~
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1 f'(u) f AU)

1 -f 2 (v) f 2xv) 0. (15)

1fa(w) 0 N

revealing the laft side of equaticn (15), we will obtain

lIfV)+f 1 (U)I, If (U) "f()-fs(w)II,,= 0. (16)

Whence it follows that the soluticns of equation (9) are the

solutions of equation (16), and also, therefore, equation (14).

Consequently, equation (5) for equation (9) can be registered in the

form (12).

The equations of the scales cf nomogram will be the following:

Q(azaa,., v: x2=Ip-If2(0j)Ip, Ya 2
1(v)I,]" (17)

mIaAM w: x3=0, Y=IfS(w)041,

Key: (1). the scale.

Excluding the variable/alterrating u from the equations of scale

u, lat us find the equation of the carrier of scale u:

Exception/3liuination of the variable/alternating v f.n the

equations of scale v gives the save result. Thus, the scales of the

LAw '- ~_____________
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variable/alternating u -* nd v have general/common/total carrier. The

carrier of scale v is the straight line, which coincides with the

axis of ordinates.

As can be seen from the equations of the scales, this is the

nomogram of the second genre, since the carriers of scales u and v

are nonlinear.

Page 37.

As an example of the nomogram of the second equation of the

first canonical form let us give the nomogram of multiplication son

of the natural series of numbers cn modulus/module 11, depicted in

figure 3. sinc3 scales u and v coincide, let us agree upper mark to

carry to scale ,a, and lower - to scale v. Dotted line showed the

resolving straight line with multiplication 17X7I 1,=5. Analogously it

is possible to :oasider and to construct nomograms for all remaining

canonical forms.
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Fig. 3.
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Page 38.

mathematical sixulation of the thermal work of soaking pit.

B. R. Amangel'diyev.

* In works (1, 2) is proposed the mathematical model of the

process of heating metal in the soaking pit. For describing the

unsteady temperature fields in the laying and the heated metal are

used the equations of thermal conductivity with the boundary

conditions, the reflecting results of the contemporary theory of

radiation heat exchange [ 3, 4]. As the basis of the construction of

model is assumed zonal method [5, 61, in this case with a number of

surface zones are connected the lateral faces of ingots and the

surface of laying, and as the volumetriz zone is selected the

internal space of well, which contains the heating environment.

Page 39.

The mathematical formulation of task takes the form:
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c1 q 01 q,)8q(zj. t)2 ) 9q1(x1 t)(1

O<X1< 11. t>O.

* -X1(q1) 8q1(O, 0 AA hq 4 , t)_q1
4(O, t)]+ (3

* o j+1[4t) q40 t)],

X3(q00 .411 0 ZAA 2 + [q2
4Q12, t)-q 4(11, t)] + (4)

aq&(a. 2) 81IqS(x1 , t)
a2 jX 0< 0X 2< 12. (5)

q2(x2, 0) =q2
0(x2). (8)

_A q (0 t) -q(0 7
exit

X2Lq(S )= 4naoA212(TIt)- 'I, 0ox(8
+zA 2 1()q24 (1 , )0q1,tI 8

+is(t)q 2Q1, t)-j-u~t))F1 nq1(11, t) A-4: 0A2'2+22W12, 0)A

+ 40oAzj'a(Q. t)+ u(t)Xq2Q2, t)+u2 (t))Fz]'

where q1,q2,u, u.* - temperature of ingot, laying, heating and external

environment respectively; 1. 2-size/dimension of the cross

section ef ingot and the thickness of laying; cl, xj, X2 * -

theruophysical zoefficients; p, - density of metal; F, F2 - surface

area of ingot and laying; VII, 1p2, V21, V2 - generalized coefficients of

radiation heat exchange; aL - degree of the absorption of air-gas

environment; y' - coefficient of the flow rate of air (it is accepted

equal to the product of the real coefficient of expenditure for a
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quantity of air, theoretically necessary for combusting the unit

volume of fuel/propellant [7]); p. c - density and the heat capacity

of air-gas environment; v(t) - the consumption of gas fuel; Q - fuel

heating value; q, and q, - temperature of gas and air at the input

into the well; a - quantity of ingots ia the well; wo - constant of

• Stephan - Boltzmann; A, and A2 - degree of the dark of the surfaces

of ingot and load; x, and x2 - space coordinates; t - time.

It is necessary to determine the temperature states of ingots
/

and laying under the preset law of the admission of fuel/propellant

v=v(t).

This article examines a question, that ccncern computational

aspects and specific applications of stated problem.

Page 40.

Computing circuit of the solution of problem.

Wa convert the boundary conditions (3), (4) and (8) to the form
_X ) .f t(O, t) 01 (10)

X0 )- = ex t C,, )-q 1(O, )]+21 [u(t)-q(O, t)], (10)

g2 t) =ztq2 ("l, t)-aq(x, t)] -4[u(t)-q(11 , t) (12)
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where

MII CAIA2 111ql(O, t)-4l2, t)][q21(O, t)- q2 12, t)],

212 -41A 12, 12[q(0, t)+u(t)[q1(O, t)-u 2(t)], (13)
2-2=4n'jA2AI 21[N2(12, t)-4-qj(Ij, t)Iq22(12, t)+qjljl, t)],

22- 4,A2 ,[2(1 0 , t)+- u(t)][qA212, t) uVt)]

Then instead of expression (9) we obtain

u(t)=[ Qv(t)+pc qrv(t)+pc' q.zb(t)-- 2Fl nql(ll. t)+ (14)
." a~~+2F292(12. t)(1 17 )PCV(t)+ 1.a2Fln %F]-

Using. according to [8], the replacement of the

variable/alternating

S= f) ()d , (15)
0

from equation (1) we will obtain

at =al(qo --'---,(6

vhere it - coefficient of the thermal diffusivity of the heated

metal.

Boundary conditions (10) and 11) respectively take the form

04,) 1 1102q , t)-q1 (0, t)]a-- ju(t)-q(O, t)J (17)

M(1, t)ax, =,211[q4/2, t)-qI(II, t)]+aj[u(t)-- q,(l1, %) (18)

Page 41.

After usin; to equation (16) impli:it grid diagram [8, 9], vs
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will obtain

OIJ+.-OSJ a (qi ,) -- + t - . n-I,

whera h, - step/pitch along the axis xj; v - step/pitch on the

time;

65 == h,, 1j).

Further conversions of equation lead to the expression

where

A,. 1=B .s= h-is , Clhi=1+, . (19)

F1 ,4-j- , =1, ... rn-1.

For solving the obtained system of algebraic equations we use a

dispersion method (8]. Thus, we have

1+1_= si 5+1, i=m-1, 1. 0. (20)

where

A,.1 .i + F,.i
" • .1+,= (21)

1, 5+1- Bl1_A 5 ,fL A1 5i AI,+,Pt

4s*e finita-difference approximation of boundary conditions let

us leal with thi help of method (9), which consists of the following.

We have

0(h, t) = (0, t) + , '0(0, 1 ) h 2--O(hj3 )
PSI 2 Oxi'

or I--o 8(O,t) 1 0 ,h -- h n

h", -T 2 -x - ' 1
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Page 42.

After replacing the second derivative of e on x, in th- riqgt si ;

the obtained rqlaticnshir/ratic with the left side of e,.uaticn (16)

we will obtain

,. h, 2 a1 (q1 0o) at O(x1 )o

L Let us substitute the left side of this expression unlir

boundary condition (17):

(@,J+I- 0 +I 0 , J+ -  o0

2 a(qJl,) .

Let us not- that q,,o and q1 ,x - temperature cn thc- surfaco3 cf

ingot; q2,o and q2,, - temFerature respectively on the external an

internal surfac3s Of laying.

From the latter/last relaticnship/ratio wa have
I -- h 12 -

0 J+I j+1 2a,(q .zO)- 'j- 9-/ *h,(qJ2"r- -

I+ 1 _j _ +

2 a1(qJ 1 .0 )-

-qjj,,)+"a/hj(uJ-gl.O)

1 A1'
2 a,(qej,.)C
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after zomp-ring this exFression with (20) t the approriat - veii; of

index i, we will obtain

*la + 1 All

2
6,4- a,( ,-q .

2 -(k , 1 .0- ,

Fgr right boundary conditicn (18) we have

181-h1, t)=6(11, t) + B 0 (( hV+O(/-S1- )

or

h 2-(,,) at

Page 43.

Then boundary condition (18) can he represented in the form

Ii
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h, 0I + 1 M -M 1 2

-qY* ,,)+"%(uIY-q~j )

From the latter/last P xprpss cn, using (20), w: will obtairI

2 al(qJ,. ) 2"* : -- i hiz

-__ 2,,h,(u JqJ.) (23)

-21.

For the transiticn from 6 to q, on the basis cf expressicn (15)

it is possible to register

6j=,1(Ei . ,.i, J=O, 1.

wheri parameters tie 0, 1] can be det-armined with the h.Ip cf t7-

procedures of the search fcr roct.

However, by us fcr simplicity of calculations is used -h-

expression of the form

9 J~t j qj+j'

where Di,. - average/mean value Xt in the segment from 0 to q,(ihT).

Thus, we have
1. J+I - .1 .( 4

,d~~~~~~~- I * =_.i-, ---O .. . (,
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For solvIncj equat icn (5) ±Js use i th implicit gria iIr.:

where h2 - step/pitch alcng thP ax-Is x,,; qJ 1,,jq 1 kh2,jt).

* Page 44.

Let us present it ir the standard form:

A,hqrt 1 -C2.kq~J+ EBIqjt+'1 '=.k

;here

A2, k&A=j+ C2.h= 1+2j2 F2.k q1 .k. (25)

The solution of the chtained Systam of alg~braic F&Iuaticns 4-S

realized also with the hepI cf the di4SD~rS4in m ,thod. W,: hav _

+11 J+1 k+1, kh= ,..10 (26q2 h k=a2,k+ 1q2 .1 1..0 (

where

a2. h+1 ALI PkF (27)
C2.k A2h 2 ,h C2.&- A2.k 22.k'

For the finite-difference approximation cf the boundary .):-,s

arbit. equation (5) let us use the method, describqd abcvf,. 3coin'arv

condition (7) is represented in, the form

- 2(1 2. 2. 2. ,, 2(u.-q 2 0 ).

Hence we have
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1+1~ iiq 2 .0+ . 20h".3
1 ~ 2 1 3,a2 1 + 2.1 + 1 hz

af er comparing this exFressicn with (26) at the necessary valuI of

index k, we will obtain

1 As_ -q I=)
At - ~2 a,:t a2h )+ + lb

Boundary condition (12) after the nec-ssary conversions is

represented in :he form

h f*,l)+ ,-qll,)

From this expression and equation (26) we will obtain

S- +1 = (29)

A+ I- As i ,. i~ fh2 'a.

Page 45.

As a result the system of equations (19)-(29) zog=ther wi:"

initial cond.4tions (2) , (6) and relationships/ratios (1 3) , (14) giv-s

to us the mathematical model cf tIe process of heating me-al i.n t!-

soaking pit, represented in the discrete/iigital form.
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In th3 implementaticn the tasks on TsVM cf the: deLenenca c-F

thermophysical coefficients a, ard X,1 on the tamparatur,7 ar-

represented by the piecrwise-linear expressions

)"1(qx,i) =Xt+ q~~:~. J, (30)

i f

qk< q.i~qk+i,

-Iql, X0. aj(q1,j)= a0, (31)

if

if

qj~j > qjv,

where k=O, 1, .. ,~;X., ak, qj, the numerical saquences, ob-ain 1

the basis of the preset dependences a1 =a1 (q,) and li= 100-)

The calculation of the coefficients of radiation he~at exchanjn.2

Wi,*U~2.g, V22~ is connected vith the optical and g;eometric str'1ic-ur_

heating device/equipment. The geenetry of object is detsrminpl. !-y

form and sizes/dimensions of %ell, ty form, quantity and

sizes/dimensions of the he ated inccts and by c1haractcr of th-i:
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arrangement/position in well.

Coefficients Vii, ... , 12 are calculated by two methols: 1) by h

formulas, given in works [3, 4), 2) with the help of the methcd for

statistical testing (10].

In resclving the aquations of the dynamics of th matheiat4.cal

model of object appears tb need fcr determining the t~zmperatur- of

gaseous medium from relatienshi5p/ratio (14) under the conrditions

113).

Page 46.

For this purpos3 th,? subtask indicatsd is reduc to the soarch f~r

the root of the expressicr

M2(u)= y(U)-y3(u), (33)

where

di+db 1 (u)+d3zi(u) (34,
y() b1-i-b2 2Z12(u)±-b3 2 ,s)

- the right sid3 of equation (14), and Y3 ( u) =U - lft.

Let us demonstrate the existerce of root and its uniqurress. I*

is easy to Establish/install the fcllcwing: 1) with u=O, y2>O, sirclz

y 1 (0)>0, y3 (0)=O; 2) with u-->, y 1 ->const, a y3-- -. Ccnsequ-nt1 .v,
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will be located such values u, at which Yz<0 .

Hence immediately ensues/escapes/flows out the existen- 5 -

- root of expression (33).

Sincp tcr Df the real values of correlation cotfficitzks (34)

take the place of the ccnditicn
di>b (=1, 2, 3),

then yi is the monotonically increasing function from u. Frrm this

fact, and also point/item of 2 present proofs follows the uniquan-so

of root.

A proceduri of the search for the root of equation (33) have

realizcd we witi ths help of the method of "gclden sectio" [111.

similarly, one step/Fitch of the solution of the prcblezm in

question is represented in the fcrm of the following set of the

operations (we assume that all recessary values toward the

moment/torque of executing j 1 the step/pitch are known).

1. From ralaticnships/ratics (13) and (14) with th- help of

procedure for finding rcct we determine temperature of gaseous medium

u(t) and coefficients al, ... , az.

* . *o
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2. We find a1 (q,) and X, (q,). We comput- . on (1'!)

SA i.. Bi.i, Ci. Ft., i I, . . m-l1).

3. We count from expressions (22) a,, and 01,1. Then on (21) w

calculate the value of auxiliary ccefficients aij and , i . th

assemblies of grid regicn frcm left to right.

4. According to formula (23) we compute_ j +'. With th. helD of

dispersion relationship/ratio (20) we d-termine 8 on the assembli-s

of grid regicn from right to left. Using expression (24), w= cotain

the temperatura distribution in the ingot at j+1 step/pitch cn h

time.

5. We find values cf coefficients 22.1 and N., on the basis (2P).

In formulas (27) we find coefficients =' land .k from left tc riy1t,

after letermining preliminarily frcm relationships/ratios (25)

A2.k, B2.h. C2.k. P2,k

6. on formula (29) we compute temperature on internal surfaci 9i

laying qJ.. using dispersion rclat4cnship/ratio (26) , we del-.rm ir

the temperaturE in the laying on the assemblies of grid r-gion from

right to left.

Page 47.
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Algorithm of standard mcde/conditlcns.

In the practice of metallurgical production are applied the

diverse modes/conditicns cf heating metal in soaking pits [12 1.

We have reproduced and by the help of the worked out mcdol th=

following mode/conditions of heating: maximum heat output in the

first period and prescrited ccnstant temperature on the surface of

ingot in the second period.

Mathematical model (19)- (29) . (2), (6) , (13) , (14) in .hi

program, comprised in an alpha-language, is designed as procedu: [.

The algcr3thm, which realizes the splected mode/cnditions of

heating, is represented in the fcru of a block-program in Figir 1.

Let us clarify the work cf algorithm. In the process of heatinq

is realized chesking the conditior

q1(11t)>D, (35)

where D - preset temperature of tha surface of ingot. If this

zondition on is satisfied, then cccurs transition into he b]ijrring

of program to procedure H.
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But if this condition is satisfied, thsn ii corducted +h, fa-e-=

for such feed of fue1/prcpellant, during which condi.ticn (39) w4_17

broken. The named search is designed as the search for ths :oct of

the expression

y=D-e-qj(lj, t), (36)

,iher- E>O -certain assigned nurber.

It is obvious that with satisfaction of conditicr (35) y<O, arnd

with
ql(l, t)+e,<D (37)

y>O.
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MM

0 SU

M4t

Fig. 1.

Key: (1) . on.
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For the solution of the~ problem ixidicat~d is us-d the 7ct 1-cl :1
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"golien sacticr" 11].

In the process cf the work cf Frogram under condition (35) is

conducted checking the relaticnship/ratio

e<6, (38,

where e- - valu4 of the interval cf ur.crtainty/i nd2teriirarcy, 6 -

preset accuracy of the search fcr rct.

4,

If e>6, then the search for root is continued for trans4 tior. tc

label M,, otherwise we have (Fic. 1)

u1

2 I (39)

and we pass to label M for thp access to procedure H.

Results cf numerical solutions.

Calculations are carried out for the well by tha si.ze/d'mensizn

5.2x4.5x3.15 of m and ingcts they became the ]:and -f 08 KP ths

size/dimension 1.2x0.7x1.86 of m cf the type VS 13.3. The coeffici-r.

of the volume absorption cf tho heating envircnment a is accepttd

equal to 0.11 1/m, and emissivity factor of th surfaces cf in~lcts

and laying - equal tc 1.

Are preliminarily calculated the coefficients of radiation h- t
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exchange. For the case cf hi.ati nq Pight ingots they yav t>

following values:

i*j1=0,534; V12=0,350; V21=0,008; *n=0,824.

The functional dependence cf the thermophysical charactsristics

of steel of the brand of 08 KEP cr the temperature is censtruct-1' cr,

the- basis of data of work (13].

Are selected thq followirg values of the thermophysical

4 parameters of the material of laying X;=1.31 W/m.deg, a2=0.0021 n/h

14

Calculations ars carried out at the values of the parameters of

the model: 1) Q=1856 W/m 3 eh, *2) q,=600OK; 3) -qa=1000K; q)

?=1.61 (taking into account the observation, given above) ; 5) pc=0.40

Woh/m 3 edeg, 6) n=0,8; 7) v=4000 m3/h (at the maximim heat outriiu

of well) ; 8) Fat7.07 m2; 9) F,=10E m2 ; 10) 11=0.9 m; 11) 12=0.7 m;

12) u.=2930K; 13) D=1523 0 K; 14) aw-iO V/M 2 odeg.

Calculations are carried out on TsVM BESM-3M. Examples of ths

solutions (heating eight ingots of hot settlement) are given in

figures 2 and 3, where 1 - consum tion of gas fuel, 2 - tnmperatur2

of gaseous medium in the well, - emperature of the internal

surface of laying, 4 - temperature on tho surfacA of inqct, 5 -

temperature on the axis cf ingot.
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Page 49.

The figur. 2 corresponding to the high anthalry of laying irtc thq

the initial moment in tire, and figure 3 - low.

The analysis of results gives grounds to do following

conclusions.

1. Worked out algcrithm of simulation of standard

mode/conditions correctly realizes cne of used in practice

modes/conditions of heating.

2. Common picture of course cf process of heating metal in

soaking pit, according to data of calculations, will be coerdinatc-1

well with physical representaticns abcut object of study.

3. In all zasas is very clearly visible period of lanquor.

4. Initial enthalpy cf laying, other conditions b-=h 4 -ia'n,

determines, actually, entire course of the prccess of hatirg ,

especially sharply having effect cn heating time.



DOC = 91024103 PAGE 8?

L KI

1600

4

(200 -5

2000 ~0
12000000

8000

600 v) L_

Fig. 2. Fig. 3.

Key: (1). m/h. (2). hour.
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Interpolation codes, which correct '3rrcrs.

4
V. %1. Aaerbaev, Ri. G. Biyashev.

A

Finite-differsa:e liagram an~d task cf s:!lf ccrr' ction.
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LcnI bef or thc emrgerce cf th* th crY cf th cc", wh .

correct errors, in the theory of interpolat o were useI the_ Tr--hc :7-

of detection and ccrrecticn of .rrcnious values in the tab1 s of

functions. The capability of interr claticn prccedures for the

correction of errors most brightly is exhibited during :h=

equiJistant sel=ecticn of the assegblies of in2t:pcaticn. T'- fact

is discovered due to the specific behavior of finite differenc-s -n

the higher orders. Are traced belcw some versions of the constructin_

of the codes, which ccrrect errors, in light cf thz capabi14.tv cf

interpolation procedures indicated for self cCrrectic. Let us h

from an illustrative example.

Example. Let us consider the field of deductions on.

modulus/module p=11. Let ho preset the :equenc-= of symbols cf ni::

elements of the full/total/corplete system o: deductions cn ths

modulus/module (3, 7, 9, 4, 5, 1, 8, 3, 2). Let us compose fo: --is

sequencP the tablP of finite differences.

L't us further continue tho tabl of liffernces, efter - Ii-

in it the vacant places.
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,I I A. I I ' I A IA I.

T4

46 4 6
5 1 6 2 7
1 7 6 0 9 2
a 7 0 G 5 7 o
8 6 10 10 a 0 4(1
2 10 4 5 6 1 189
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For this purpose we will ccunt the difference as cf constin' (4.n

this casA A8=9). This is implemented by procedure, reverse to the

calculation of finite differences. for example, for the new valui A?

we will have 8+9(mod 11)=E.

Let us write out the latter/last line of differences and let us

use to it the procedure cf the continuation of tabls.

4 1 As a result initial code 3, 7, 9, 4, 5, 1, 8, 3, 2 is

supplemented by two new Fcsitions: 2, 0; subsequently all symbols of

the code periodically are repeated. This expanded code we will

consider as surplus. Let us introduce distortion, fcr example, into

third position of the ccde in guesticn, after replacing symbol 9 with

symbol 5. Let us compose for distorted code 3. 7, 5. 4, 5, 1, S. 3,

2, 2, 0 table of differences (taking into account to pericdicity), w.

will obtain:
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T 7 77 7 - 7 '9 - 3

5 3 S 7 10 ;a T 2
7 1 7 0 1 2 0

Nugopanuominw

CNSOAW 2 t 5 2 7 t

I Key: (1).~ ~~~~~ Ino8toa 
symols 

2.SrlssosV Column ~~~~o difrn2 ~ -cnrl rom h rpgto f terror~ ~~ intetbeo6 iiedifrne scnord

14
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2 0 1 8 8 7 6 9

3 3 5 7 10 to 2 2 9
7 4 t 7 0 1 2 0 9

~9 2 9 8 t I 0 9 9
," 6 4 6 9 8 ? 7 9

5 1 6 2 7 9 t 5 9
t 7 6 0 9o 2 4 tO 9

8 7 0 5 5 7 5 t 9

2- 10 4 .5 6 1 L 8 9

Page 53.

From tue analysis of this table it is evid 3nt that it possesses th3

discovering and correcting ability: distortion in ths control column

1is thr sign/criterion of error; the distorted part of this cclumn is

limitel to tho pairs ef the undistorted symbols; the horizontal

* outlins of the distorted part of the table of finite diffprznc:s

indicates the distorted pcsition cf the initial cods. Correction corn

be carried out in the undistorted line, which directly adjoins that

distorted:

\. I

Based on this example is shcwn the possibility in principln of

using the methods of self correcticn, used in the thecry cf

interpolation, for the ccrstructicr of the self-correcting codas.

However, the construction of the tables of finita differerces

especially at the high values cf r and the survey/coveragl of ths.

p1'.
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tablss - prccc',ur4 J's bulky. Ii- ard~r rnct tc un:t-'~ aal<

* . diff ?rencc-s, wa will usc -Ih-. structurtz :f thz fcrmula ct a ft

diffprsrce ir the in order for the ssquence of nunibsrs c"(Li'

k=

L:?t C (p)- be tha m-:in f _4s Id o f cha r acte:~i rp, F tf

function., detprmined on G (p) with the valu~s in G (p) . L-t u5 r .

finite differenzes fm$ojat scme values ot', w. Si3nce

(p 0!= . M r=O. (mod p),

Key: (1). with

* that

A' ~O)=:(O-700I,=O.

By this is explain3d the pericdicity of the tablps of ftinit-

- L differencqs. Further, since

with s),1

Pags 54.

liencs, ina particular
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p-0

h-0

By ccnstruzti4on of the self-ccrrckctin; cc3-C ts irc

are suptlrimpostad th? limitations

These limitations lead to the f4cl1cwing formulas of the

calculatio0n/Snumeraticn, cf surplus symbols of tt'.s cocde:-

'p-S

which are simultaneously chpckcut r,?lationshi-Fs/rati;os anIi f:c-.j

it follows that the cod? indicated corre4cts any arrcr for ar::v

symbol. Act uall y/re ally, let the error occur in ths informaticn.al

symbol. with number k=i (O0i~p-3), then for the distorted co(I, we well

have

;-0
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where o)= xi)-v'i,.

We form tha differences

,-, p,-2-p,-Ip, j(i - -v,)I,. 1(2)

Page 55.

From relationships/ratios (1) and (2) it follows that for

arbitrary error Vd#O occur relationships/ratios - -

moreover p,-i is the value of ccrrection, and the number of tha

distorted position is determined frcm (2) according to the formula

If distortion occurs on cne cf surplus pcsitior.s, then one

element/cell of pair ( t,-. -) is different from zero ind precisealy

On that position on which occurred the distortion, moreover this

element/cell is the value of correction.

Thus, in all cases isolated error unambiguously is discovered

and is corrected.

Example. Lot p=11. Let be given code (3, 7, 9, # 5, 1, d, 3#

2). Let us form surplus symbols:

a. 13+2.7+3.9+4.4+5.5+ 6.1+7.8+8.3+9.21 ,=2,

o*0- j3+7+9+4+5+l+8+$+2jii
- 9.
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Let the distortion be is permitted on the position with number

L=2: the symbol of 9 d~stcrted tc 5. we form surplus symbols of thi

code

-, 13+2.7+3-5+4-4+5.5+6-1+7.8+8.3+9.21 11=1,

ato- 13+7+5+4+5+1+8+3+21j1-5.

Hance

,.- Iiae i. ,l,,- 19-51 4.

Consequen tl y,
, l-,14-1.1-111 13la-11 11= 2.

i.e. symbol with number i-2 must be corrected by addition to value 4.

Let us consider more general/more =ommon/more total approach to

the construction of the ccdqs, which discovar and which ccrrect

errors, that is based on the noupcsitional multiplicative composition

of vectors and using representaticns of polyncuials in the form of

Lagrangels intarpolaticn formulas. In connection with this the

self-correcting codes are named (r, k) Lagrange's -codes. Are trac-d

also the design features cf the synthesis of Lagrange's

self-correcting codes.

Page 56.
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(N, k) Lagrange's -codes.

In the theory of ceding the linear code, which corrects error3,

is interpreted as linear subsFace E, (dimension m) linear space E.
(~n) ~bove final field Fq. Code vector a=(a,,a2,.... =,) is ca1 _ei

correct, if aeE,, hre examined thcse combinations of errors 6 vector

1: - error), which derive/conclude the distorted vector from E., i.e.

a+6e_,E. The procedure of detection and correction of errors or, which

is the same thing, the alcorithms cf coding ard decoding, depend on

* the method of introducticn of multiplicative composition a*b above

the vectors of space E. The assignment to the multiplicative

operation *, associative and distributive relative to additive

operation + about that satisfying the limitation

SV= e Fq, x, y e E.: 2x*y xsY 2Ix*y).

converts space E, into the linear algebra (rank n above F,).
"4'

Let us consider the following type of the composition of the

code vectors of the linpar code.

a=(a1 , 0ij, ... , ..) b (0 1, 2 .. ,

then

Rle-(a po, ticjo ., in work, 131 i
e, lative to this compositicn in work r" 1 it is said: "e -i":1r

L_ L
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thus multiplication it is used is sufficiently rars". Are known orlv

Reed-mullprls codes (1], which are based on the composition

indicated.

L.t us introduce the follwi!ng intsrpretaton of the vectors of

linear space E.. rhen (61, wtv .... 0n- n cf diffzerent zlements/cslI3 cf

field Fq(nfq), of those regulated scmehow.

Under vector a,( ,b ... Is understood polynomial a(x), which

at points ', , ... , w takes values ,, aq, ... , a, respectively. Th en

* under composition !*b of vectors .) and b=(p,, 6 .... ,) is

understood the polynomial, which accepts at pcints "0".., o

value a,0, a2 ,.... CIP.

The mathematical apparatus of the synthesis of the

self-correcting codes, which is based on compcsition (3), is tlht

4 connection with apparatus of the theory of interpolaticn in th. final

fields. in connection with this let us note scme most important

properties of this appara+us.

Page 57.

Lit FP[x - be ring cf the polynomials above field F. In view

of the algorithm of tha Euclidean division of polynomials for any
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pair of poly nomials f (x) , p (x) e FqW. (st. p (x) *0) there i s a n or 1y

pair of pclynouials q (x) , r (r) e[X.of such, that

f(x) =q(x)*p(x)+ ijx), (4)

Let us designate through <.I,,, many. all polynomials of degree less

than degrefs p (x), and

-)= f(z)fx) ?) (6)

It is not difficult to check the validity of ths following assor--icn.

Theorem 1. Expansion (4i) under condition (5) determins

representation <Ax)J,(,) of ring F6[xj. onto ring lop(Z. .

This representation possesses the propertigs:

4

. «<f(x) x)Jcz= f(x)f x)qx6x

4. <] 0,~fx~x OCJIH (x)fZ f(z)

using a Euclidean algorithm cf division, it is easy to show
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that, if U1,n .. ,.dif feront rocts of poly no rialx)QF.(x[4

f (x) is divided into (x-al) (x-*2) ... (z-aj. In particular, hence i

follows that polynomial fAx)6Pt1 Ax of degree n has larger n of roots.

Let 9(x)=x'-x. This polynomial possesses the important

property: it is equal tc 2ero at any values xeF,.

Page 58.
41

By zero polynomial, as is known, is called the polynomial whosq all

coefficients are equal tc zero. The ring of pclynomials Fxjabove

the final field differs significantly from the ring of polynomials on

in terms of the field of characteristic by 0 fact that in Fq[XI nZe

nonzero polynomials, which, take value, equal to zero, at all points

of field. It is obvious that all these polynomials are multipls 93(x).

Therefore in ring Fq[xi=<(.(.. similar to the case of the field oE

* the characteristic of 0 value, they are equal to zero, at all valu: s

xe-j1 accepts only zero pclynomial. Hence follows assertion.

Theorem 2. With N~q-1 there Is a single polynomial f (x)eFI~x]

degree <n, such, that he accepts with n+1 the different values th-'

variable/alternating x: 0gt, Wi, ... oo e, F4 ,I the prEset values f (w 0 )

f( a) .,fo) This pclynomlal is determined by Lagrange's

interpolation formula

h~)if(*)O ~)
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vhere

L(k)(x) = - -(z-4. -. )( - (--.

Principle of tha intrcduction to redundancy. Evaluation of Hemming's

minimum weight.

(

Lat us introduce auxiliary symbolism.

f

It-- many all elements/cells cf field F.. regulated it by the

form: ("<(t< ... <(,-. All subsets of set Jq are regulated in

accordance with order I4.

1.- subset from the a elements of set 4q.

Ik- subset from k elements cf set I,.

clh-- complement of a set 1k. to I..

Pl,(x) = II(x-o.). Prjx) -,w, L.)(x),= kF a 1..- -1 h, x)- .I't ) h

In accordance with interpretation axamined above of vectors
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0,(129 .... 2,) space E. is equivalent to the ring

< .J , (x)--= (x a(x) -1 ct , )

Page 59.

The circular operaticns abcve the vectors are detsrninfd by th

rules:

a+ b=(,+?,. +P ..... .+pJ-a(x)+bx) -

= mr 6( m~+rLV(

Let -us introduce two types of the conversion of code wcrds.

1. Interpolation frcm assemblies J to assemblies cJ. Th; ;ntity

of conversion is reduced to the fcllowing. Let J=( il, it, .... ,ik,

on code vector (24, - t......,) be restored Lagrange's multi-cv.3e

a,(x) < a(x)jP,= =7wai,. r'X).

Further in assemblies . 1 6J=gJ./J. are calculated the values cf

polynomial a,(x.

a2 Tj)i- g astr(-) Ve I.

2. Taking great.est integer frce assemblies 1, to assnmsbli-s J.
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The entity of conversion is reduced to the following. In assemblies J

are calculated the values of the polynomial

Is realized this conversicn by means of the interpolation ir

accordance with formula (7).

Determination. If, - many informational assemblies with cl. -

many surplus assemblies, a&, a2, .. , "- - information symicls of

code vqctor. Surplus symbols k+i .... let us determine by

interpolation from assemblies Ub to the assemblies with cIL

according to Lagrange's fcrmula

wig'&

Page 60.

As result we obtain (n, k)-ccde which we will call Lagrang.'s

code.

From the daterminaticn escape/snsues the following.

1. Code vactor <a(x)l p. (a,, a2, ... , =,) belongs to code space

E-h<'p it when and only when <a(x)lp,,-=a(x), or, which is the sam=

thing,
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Pik(Z)

2. Process of coding does not distcrt informational symbols ani is

reducel to interpolation frcm irfcroational asseablies to surplus

ones,

* .3. Any set from k symbols (n, k)of Lagrang.'s -codes (in view ef

theorem 2) can be accepted as set cf informational symbols.

Theorem 3. p(x) and q(x) - mutually simple polynomials. With any

(x)e <.(s). the equation

tcz~( (x) (8)[ 1)

has unique solution in class <-I!,u if st. q(x) >,st. p( x).

Equation (8) is equivalent tc the equality
1<

4 ,(xqz)-" < (x)q(x)I,e')z)p(x).

Hence

From the condition st. q(z)>,, st. p(x) it follows that

<'l ,bC .Ilo) therefore (<<x)q(x)lx1. ) < (x)q(x)l,(,) and -quality

(9) accepts the form
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Hence

<j ~ '

Theorem 4. For the detecticn of a d- multiple error by

Lagrangess code it is necessary amd it is sufficient cf excqss

symbols.

Sufficiency. Let 2j, (-,d)- many all subsets of set :.I.I consistin.g

be not more than of d elements/cells. With any JeQba (-,d) tc the

vector of the error for multiplicity .~d is ccmpared the pclynomial

vd(x)=PCJr(x) --1. Wx,

where

Aj (z)=

Respectively, distorted vectcr a(x)=3(x)+Vd(x) it will hav-a in

* the symbols with numbers i (oG'6J) cf the distcrtion

Transfer of greatest integer from information assemblies lk' to

surplus assemblies with cIs. leads to the expression

P(x)-< P <(Z)j~g < P()

But

Since
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that

rp (z)1) Px

So that the latter/last equation voull havo? unijup solution with

a ny P(X) 6K.I p,14. according to t1.ecrem 3, i.t is sufficiL-rt sc that

would be satisfied the ccnditior -at. PcjAx)>cT. Pr(x). a ut st. Pr (z) -,d.

Therefore for the detection of any error for multiplicity not highpr

than d of sufficieincy so that wculd be satisfied the conditior st.

Pe d

Need. Let us show that the minimum weight of Hemming of

Lagrange's cede with d by surplus symbols is equal to d+1.
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Page 62.

Let code vector a(x) -- (zi, Q-.., 2.) belong to code spacs,

-<a(x) 1P38 -(xl then st. a (x),<n-d-1, sin-e st. Pixh(x)=n-d. HF-rc- it

* follows that a maximum number of roots of polynomial a(%) is equal

*n-d-1, i,.,. any cod* vector a(z) has the less than d+1 ncnz-;.rc

symbols.

Corollary t. As is known (for 2], the code, which has length r,

the minimum distance d+1 and a saximally possible number of

informational symbols n-d, it is called maximum. Thus, Lagrange!'S

codes with any njq-1 and any methcd of the adjustmert of asspmbli5!s

are maximum.

L Corollary 2. For detection and correction of d-multiple Prror

* (n, k)by Lagraa;es -code n4q-1 it suffices to h~ave 2d surplus cnc.-s

of symbol.

Comparison of Lagringe's codes with Reel- Solomon's codes.
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Lat us consider the translation algorithm of th,!a polyncmial,

represented in the form of Lagrange

F~x) - ~(10)
ago

into the polynomial, arranged/iccated according to the degr.s

4-1

F)Zfh), - (1

We have

- - (12)

where

00) Sk.(13)

Formula (13) nakes it possible to present Lagrange's fundamental

polynomials (12) in the form of polynomial according to dcegrees of x.

Lot as assume w0=O, w1=1 (unit of field) . Substituting expcrcntial

representation L,"(z) in (10) and teing c-ongruent/equating th.at

obtainad with (11), we have

Jag

Page 63.
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In particular, examining many assemblies I6 with the excludcd

zero element/call, we obtain, that the polynomial

-'(x)- (14)

is converted into the polynomial

P(z) - I f(k)x (15)

A* according to the formulas

* f(=x) - ZF.,),k. <kq-2. (16)

Formulas (15) and (16), strictly, and determine coding by Reel-

•* Solomon's codes.

f ofi,..., ta-i - informational symbols. we form thq pclynomial

* F(4=f.+ftX+fIaX+" +f.-.xk-I

and let us form the values of polynomial P(x) in assemblies

*isI's: As which determine code vector, The .roc-ss

of decoding is reduced to the calculation of sums (16) with 0,(kq-2,

in this case as checkout relaticuships/ratios tney serve

J-1

Thus, Reed-Solomon's codes use for the process of :oding an!
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decoding of formula (15) and (16), that escape/qnsuc from Lagrange's

formula (14)., Differ Reed-Solomcn's codas from Lagrange's codes ir.

terms of the processes of coding and decoding: in the case of

Lagranel's codes informational symbols fo,,...,f.-1 remain

invariant in the recording of code vector, whereas in the case of

Reed-Solomon's codes they are converted into tha values of pclynomial

F(z) at points .

Page 64.

This fact can serve as basis for the decrease of the capacity of

conversions in the processes of coding and decoding in the case of

Lagranqels codes in the ccaparison with Read-Solomon's codes.

& vital difference in Lagrange's codes from th3 c~clic cod-s

escape/ensues from a difference i the types of the multiplicativ

composition of the vectors on which, strictly, rest the methods of

coding and decoding. It lies in the fact that Lagrange's codes can be

considered as the codes, in a sense dual by cyclic.

REFERENCES
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Page 65.

ONE METHOD OF DETECTION AND CORRECTION OF THE ERRORS IN A SYSTEM OF

RESIDUAL CLASSES.

-2

V. M. Amerbayev, Yu. L. Zakharov.

I.

During the construction of the contemporary computers, which

work on real time with the high degree of reliability, the

use/application of the corrective codes for the correction of the

errors in transmittings and infcrmation processing becomes urgent

practical task. If the corrective codes sufficiently extensivel? ar=

used for the protection from the disturbances with the transmission

of information, its reading frcm different carriers, then the use -f

the corrective arithmetic codes is limited. This is explainqd by thi

fact that very process of decoding (detection of error) takes iway

the time, commensurated with the time cf the fulfillment of

arithmetic operation, it we for the correction of errors apply the

divisible and indivisible arithmetic AN-coles or (n, k)-cod.s. The

decoding equipment for these codes Is obtained sufficiently simpla,

if we use them for the prctecticn from the short duration failures in

the devices/equipment of consecutive information processing. However,

in the d~vices/equipment of parallel information processing thair
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use/application leads to a sharp increase in the equipment for

decoding and a decrease of the tigh speed of arithmetic unit. Tne

protection of very diagrams of decoding requiras in this casz of

special measures (at least redundancy)so that the failures of

elements/cells would not upset the operation cf computer. Tharafor -

the given codes are used in the digital computers (TsVM) ontly f-z L:

detection of errors. Is known one additional class of thp correctiv;

arithmetic codes - codes in the system of residual classes (SOK) [3].

The introduction of two control bases/bases for thm cod.s in th,

remainders/residues during the specific limitations makes it possibli

to discover and to correct all isclated errors from the working or

control basis of system.

Page 66.

However, the method of determining the inaccurate deduction by

omission of one of the basis of system and the restoration/reductio)n

of number value in that akbreviated/reduced SOK requires, in the

first place, the long ccmputing tim, in the second place, of a

considerable quantity of constarts with the diverse variants of th-

excluded bases/bases. For the high spool arithmetic units this mctho,

is not sufficiently to efficient cnes.
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Are at the present time kncwr works (5, 6], de.dicated to th-

analysis of the properties of the self correction of the code in th-

remainders/residues. From the vcrks about the

concrete/specific/actual realization of the properties of tho self

Fcorrection of the codes in the remainders/residues let us note w:rK
(4]. where is examined the four-mcdular version of numeration systpm

in the remainders/residues and is shown the high efficiency of the

properties of the self correction of the codes indicated.

The procedare of decoding it is expedient to combine with the

operation of rounding. This will make it possible, in the first

place, to avoid the danger of the multiplication of the error in ths

process of rounding, in the seccnd place, to avoid the effect 3f tho

processes of decoding and check on the productivity AU, thirdly, to

implement the process of decoding on the equipm;nt for rounding. Th-s

* joining of the procedure cf deccding to the process of rounding

requires the account of effect cn VA of the self correction of all

modifications, introduced into the device/equipment of rcunding for

the purpose of the decrease of equipment and increase in the high

speed.

We study the properties of the self correction of the code ir

the remainders/residues, being based on the procedure of roundirg,

examinad in work (8]. Let us nete that in this article is used the
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notation, accepted in [8].

Let the operating range, determined by the system of bases/oases

P, be connected with the further range, determined by basis/basa Q,

with relationship/ratio P-Q-h.

Let, further, KI, K2 - ccntrcl bases/bases, utilized for tha

detection of error, deterainaticns of its position and value. L t us

designate through P16 value P61-2tP, where basis/base t is ictat-d

by the procedure of rounding, and basis/base 2 is used for the sign

representation of numbers (7]. Let us designate through p'1 the, first

basis of system P, and through p, - value p1=2tp'j.

Let the error occur on one of the basis of system P''=2t2. Trhe

true value of number A can be presented in the form

Let us look, what effect proves to be the imposition of error :r

the i basis/base range P81.

Page 67.

it is here necessary to distinguish two cases: i=1 and iii, sincs 4.r

the first case of p, - even number (p1=2tplx) * The imposition of

error indicates addition and to initial A of a number of form
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A1P,1'QK1K2, whare Ai - value of srroc on i4 basis/base (1<A, -,p1-1)

P, P"= 2- t P.

In this case the distorted number wili taka the following form:

JjA-+5 Pgx+AP"QIrQr,. (1)Aii"KI

Here and throughout

-1' P,=P

Taking into account the relationship/ratio between range~s

(P+h=Q) * the value of error it is possible to reduce to the form

Alp~l"QK 1K2=APi"K1 K2h + AIP"K 1KF AItAgiKKiP+

+(jh~~~]+A.PI"K.K4)P (jieN-1 * 1)

Key. (1). with.

and
A1PQI 1R2 = A 1PK1Ksh + A1pK1KP==IAjr 1 K2h,, -P +

+, ([Alr J±KK}P (apm i=1).

Key: (1). with.

Then exprassion (1) with i=1 will take the folloving form:

lIA1Ar+AtPQK1 f4k.a,,,=11C + J1K 11K2h6~~ "PIP,

- *.]4 ["~'1+*1 +AjPrK 2K+ FtWq,,,. -Ptez,jr,
and with i=1

~~ Pal;-

-44,1U J4'~ +6 .P'prregj; 1,
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w here

1C-----C+---T; 1<Ajpi-1; l<A<pt-1;

"= [++tOKKSAPP] 0,1.

Page 68.

Thus, the distortion of the rounded-off value D during tha

expansion of tha number, which has isolated error on one cf the

bases/bases from number P, which fcllows:

_ = +4+[t~~iEk] +~P~K1 KI~~,,, (2)

here and throughout D - distcrted value D.

The same error itself introduces distortion into the formatior

of rounded off value 74% Sepresenting number A- i. &ts di.'.:t.gratcon

in terms of range Q:A=Mr+Nv.Q, we will obtain that the distortal

value of value Nr will be equally

The parameter 6*, depending on values D* and 7+. will obtain in this

case the following distortion:

Let us' / +..+.[th" rtk. ... omo ," 1 2.b

Let us designate value t, which is n. n. V. on mod tQKtI( , by

symbol DJ+, and corrected value ++8+1 , - by symbcl D+,, and w .
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form their difference in control tases/bases (e). Let us show in this

case that IIi';O. Actually/really,

II, "  'IDj*-jp-D,. , --IID+h. + gJ -

Page 69.

i Let us determine the form. of a dif ference in the distorta~l

rounded-off values in the case cf isolated error in basis/bas-, pt,

after substituting into the ft,.mula for a 4£ffarence in value_ (2),

(3) (4) 1~ 3.
D + ' + ' * [-~~g

-IN +APt"K 1 ,+ 8i.  4 -Ia+,[ +

~If from tha latter/last expression to isolate 16*+,, the final

v alue of a difference in the rounded-off values will take th3 form

fnfc

w here

(3). (4)t J

~ I D jt~g + + 1  * 1 r + A i" i a t r , -

-1N+A 1 PUPII, ~szr~~Iz. [L~h
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Parameter Pnp characterizes by itself the spread of difference,

connected with rounding and impcsition of error on the true value of

a number. Let us consider the bcrders of its change. Since

0-1 .8[4:t--1, =0,.
" ' 0- , =JI [tAil -]

that P.p can take value of 0. 1.

Lat number A be is distorted on one of the bases/bases q, frcmu

2i the system of bases/bases Q. Let us carry out the analogcus analysis

of the scatter of a difference in the rounded off values. During ths

expansion with Q on PO' KIK 2 correct number will be distorted as

follows:

+ -+
* +A.'Q,X',+(.,' + ~,-,,)GC,.; (6)

Page 70.

Taking into account that P=Q-h, the value of error lft us
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present in the form

AjPQjKIKt = -tAj~K1 Kh+tAjKzKQjQ-(qj-

-ItajKKhl,*).-t-(-l- j ]+t,,je~jK,.).Q.

Then formula (6) will take the following form:

.A-1,jr,.= l.A-i +(qj-ltAjKK 2 hl*).QIe -

- T+ IN*+ ,=+ e-l-- j

Here

IIA-1+ + J(q-Jtt 1jaEA ;E )-QJ

the allowed transition through modulus/module Q during the imposition

of error on basis/base q1

=--OiL

If one considers that during the expansicn with Q on P,'K1 K2 is

used the inaccurate value of rank 4., and also shift/shear "or ths

constant for tha formaticn of the correction of rounding 61*in th-

class N.N.V. on mod t, value 71 will take the form

'_ ~+== IF e t , -K QZ.=.

Here -=q-q*+e- - indeterminate value, which takes the laluE-s

and n, i. - difference tetveen the exact and inaccurate values of

the rank of correct and distorted numbers.

For determining the scatter of difference let us find D an ,

with the error from qj
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+ ( toQZL .).,_~S; -

Page 71.

Consequently,

Dap D+t &jQjKjK ,JzEr.

and

Let us consider difference in the rounded-off values and scatter

of this difference (in this case also IjI,4 =0):

E=ID+ - D.+UJ+ . 0 + IKK

or

vhere [ *e S 1 1 1 ! _,_,_, ,i l+

9J •

The borders of change P-.. taking into account (7) will be

-l<Pe,,< 2.

Finally, if modular error cccurs on one cf the control

bases/bases (for example, on KI), then

DA-I;, +A,.Q, .. -IC +
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This means that the distorted value of the rounded-off valui D

wili be-

RD=;D+ ID+tAzQ14etxx..

and

Page 72.

In this case a difference in the rounding will not obtain

f distortion, since

a+= jD-N I#+ = D-t,&r.QQ~r- t+ APfrjf,=

* since control bases/bases do not accept participation in the

* formation 6

* Then

and

n(8

After substituting in (8) 6+ and taking into azcourt

Q=P~h, we wili obtain
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Analogously with the error on basis/base K2

Thus, is obtained the set cf the differences which occur with

the errors on any of the basis cf system P'', Q, K1 , K2 . Their set

consists of numbers of form t-1, t, e+1, k+2 and is the

signs/criteria of the presence cf error on one of the basis of the

system, accepted for the representation of numbers. If control

bases/bases are selected so that each isolated error answers only its

set of differences, then isolated errors are divided. In this case

control bases/bases make it possible in the process cf rounding tc

check the number, preset by its resainders/residues, i.e., the

procedure of decoding and checking of a number does not require the

further expenditures of time, while in the case of the detection of

the error are uniquely determined bcth its value and locaticn.

Let us note that the analytical forms of differencs e can be

used for the selection of the ccntrcl bases/bases Kt, K2 , which

satisfy the requirements of the separability of the signs/criteria :f

errors, obtained by the process of decoding, combined with thl

process of the nonparallel algorith. cf rounding.

Page 73.
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Page 74.

DEPARALLELIZATION OF THE OPERATION OF ROUNDING IN A SYSTEM OF

RESIDUAL CLASSES.

V. M. Amerbayev, V. S. Kckorino

Use of a system of residual classes (SOK) for the coding of

numerical information gives the pcssibility tc fficiently

unparallelize such operations as addition, subtraction ind

multiplication, which in connecticn with this are called mcduli:'. 7.-

operations of the nonpositional arithmetic whose Fxecution on. way cr

another is connected with the pcsitional represntat.ion of -hA

numbers, which consist of several procedures cf the type cf moiular

operations, are called nonmodule. The littar include such ope:-:io,

as the determination of the sign of a number, tai cverflow cf th.

range of representation, the rounding of a number, the translation c.

number of SOK into the positicnal system of numeration, etc. Th.2 high

speed of nonpositional arithmetic unit to a considerable d~ar-.a is

determined by the length Cf the execution of the procedure of t..'

rounding of a number, preset in SCK. Tha known algorithms of h-

execution of the operation of the rcundinq of a number, represantc1

of quadratic range [1, 2], consist of two or several procedures of

V.
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the expansion of the working and surplus ranges, realiz-ad especially

consecutively/serially.

in connection with this is placed the task of tracing thq

possibility of the deparallelization of the operation of tha roundirg

of a number in SOK. In this case, in th3 first place, thp artificial

form of representation relative to numbers must not affect the

operation time of the rounding of number (1, 4], and, in the sacord

place, it is necessary to consider the possibility of using the

inaccurate value of rank, which leads to the considerable roducticn

of the equipment expenditures in the implementation of the procadurA

of rounding.

Let us clarify the sense of the oparation of rounding.

Page 75.

In the article is examined a question of the rounding of t.)

result of the multiplication of the fractions of fcrm A/P, wher? A -

positive integer number, it represented in SOK belongs to range

P..Ip; p, - the basis/tase of range P and i=1, n.'-.I

With the multiplication cf fractions A&/P and A2/P dcps ap:.*.a:

fraction A/P2, where A-Alo&.
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The sense of the operation of rouniing consists in converting of

fraction A/Pz to the fcrm 1/P [A/F], where [A/P] - the near whole,

not not exceeding is number A/P.

It is necessary to note that for the purpose of the

retsntion/preservation/alntaining the possibility to implement th=

operation of aultiplicaticn modularly it is necessary to have a

redundancy in the representation cf nuuirical information. Let

surplus range Q. ig. (Q, P)=1 and Q=P~h.

For determining value [A/P] let us present number A in tha

following form:

A-C+D.P. (1)

whero.

OcC<P and OA<P2<P-e,

t hen

since D<P, then

L-De- A-CIQ. (2)

For calculation IDIp let us present A in the form

A-M+N.Q. (3)

i I- , . . .i "Ii i l z .. .I
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where

OM<Q.

From expressions (1) and (3) we have

M-C+N.k. (4)

Since 04OQ, .JC<P and ON<P, the correctly fclloing expression:

0, - (5)

Page 76.

Since 0.D<P, than from exrressicns (3) ind (4) we have

D =tDtp=IN +.- I,, = . (6)

F3r the determinatico 6 let us introduce further basis/base

Re >h, then 6-161,,.

correctly following expressicn:

By the specific selection cf bases/bases it is possibl3 to

select such ranges P and Q so that the value h would be

insignificant, in this case fcruaticn 6 (correction of rounding) .r

accordance with expressicn (7) can be realized in parallel with

calculation INI, and IDle. At the termination of determination INI,

and IDI, is carried out ccrrecticn of the roundad-off result on tt,4
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bases/bases of range P.

Let us pass to the examination of the described algorithm of the

rounding of numbers taking into acccunt ths sign form of the

representation of relative numbers in SOK, given in work [4].

Let A - the integer of arbitrary sign, IA-lp* - least

non-negative residue (n.n.v.) of number A" on mod P, and the systc

of the bases/bases of nompositional arithmetic is characterized by

value 4PQpg. For the form of sign in question the result of the

rounding of number A" is value JD-l'.

From work -4] it is known that the restoration/reducticn of

relative number B" according to its reprisentation in SOK IB1P is

realizad in accordance with the expression

Using (8), let us present number A in the following form:

Since

A-=IA1i (mod 4PQPs)
a n d • .-

that

D-.P=D+.P (m 4PQp,)
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or

D--D + (mod 4PQp,).

Page 77.

With

-P2A-<2P211

is correct the inequality

-2P<D- < 2P.

i.e.
+-- ~ f 4Q -- -4- - (12)*D --ID-i, --ID1,,=I--Dit,,. (2

Consequently, value ID-] +  is tha unknown value of the r ,suit4QJ'S

of rounding, represented cver range '4QP,. For the formation of th=

deductions of the rounded-off result on the bases/bases cf rIngc P

let us present number A- in the fcrm, analogous to expressicn (a)

::A----IIA-11 , IQ Jr -. Q. (I13)

Further, since

IA(+ =IJA-11t( n[ + .Q. (14)

we have

N-.Q=N .Q (mod 4PQp,).

i.e.

N1--N + (mod 4PQps).

Taking into account (10), we will otain

N+=I + =IN-I+ --N-+ (54PN , 4Q8 I,-- ),, 1e
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It is obvious that D*>N+, then

5=D+-N nto 6>0. (16)

Key: (1) . and.

when p,>max6 is ccrrect the inequality

8=ID-; 71N-j I, Jp. (17)

From expressions (6) , (15), (16) we have

jD-j;=jjN-tj, + 81p;. (8

Let us determine the maximum value 6 with the rounding cf rmlativ2

numbers.

Page 78.

From expressions (10), (14) and (16) we hav.
&=I)+ -N+ = 1A-1+ "P 1+f+N+ " h- ltlA-j+.. +

.. (19)
+" P + P

From the latter/last expression it follows that

min6>-1 and max6<h+1,

io.046&,h 1.

Thus, fcr the calculation 6 the value of further basis/base pa

must satisfy th. following inequality:

pg,>7t+ 2 .
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Lat us consider the pcssibilities 3f using the inaccurate value

of the rank of a number with the execution of rounding by the

described method.

{+

Let ranks v+ and vM numbers C+=IIA-+ +t- - and

M=I IA-, be computed inaccurately, i.e.,

*t+ AC+ +71C+

and

where AC+ and A - inaccurate ranks of numbers C*and M, and 71c+

and -qm- - positive integer numbers, whih show respectively, how

ve+ and ,, is more than A& and am.

Let n+,7-.=0,1, then from expressicn (19) fcllcw that

M+N + - +-L- C+- +.P+,.Q

P (20)
* From (20) we have

mina>-2 and maxz<h+&

i.e.
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Page 79.

since from a technical pcint of view the correction of ths

result of rounding it is desirable to implement either only with th?

help of the addition or only with the help of the subtraction, we

convert expression (20):
3

TP+M+NV+h C-C+PIj-

Ve will obtain that the value of the correcticn 6' of the result of

rounding satisfies the following inequalities:

* a'~oacd &'<h+3.

consequently, further basis/base pr it must answer condiion

p, ;I h+4.

Thus, it is shown that for executing the operation of the

rounding of relative numbers in SOX has the capability to use

inaccurate values of ranks.
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Page 80.

SEARCH FOR THE OPTIMUM LAYOUT OF TB COMPUTER CENTERS IN A REPT1BLIC

NETVORK/GRTD OF KAZAKH SSE.

V. Z. Brodskaya. T. V. Yevstifeyeva, I. G. Pil'shchikova.

During the creation of republic network/grid VTs first of all it

is necessary to solve a question about the

production/consumption/generaticn of its structure taking into

account to the staging character of creation and series/row of the

superimposed limitations.

Each region of republic has the central assembly point of

information which in the preliminary stages either is had available

the computational power (its cD ITs), or it is attached to VTs of

the nearest of the regions. The ccmplex of the computer centers cf

the first stage possesses connecticns "each tc each". A number of the

computer centers in all stages is preset.

Initially stated problem of the synthesis of the network/grid of

the computer centers was solved without taking into account tha

already available resources/lifetInes of computational power and
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lines of communications. In this case it was assumed that the

information flows between all regions were kncwn, the costs/values of

transmission and information processing known and proportional to

flow value, the capacities of the lines of communicaticns and power

of the computer centers were not lifited and they completely

correspond to load.

Upon this setting the problem sufficiently simply is solved with

* :the help of heuristic algcritbm [1], that alsc was done. The

realization of this algorithm gave the aven distribution of tb3

* computer centers according to the territory of republic with the

small deviations to the side cf the regions, which possess

powerful/thick informational flcws.

Then to the system were superimposed the limitations, which

consider technical and some economic factors. The power of the

computer centers were limited to the specific quantity of computers

which it was proposed to establisb/install on each of the regional

centers.

Page 81.

Are introduced the account of the already existing lines of

communications and the priority of the organization of some centeri,
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which is caused by the already existing computaticnal powor in th.-

points/items.

* The superimposed limitations led to the need for introducing

weight coefficients for all regiors and matching system of prenalti-JS.

If the volume of information due tc the maintenance/servicinj of

adjacent regions exceeds the preset power VTs, each excess arbitrary

unit of processed information is fined. With a small number of the

computer centers in the network/grid (first stage) the further

volumes of information to the icw-power centers can serve as a reascn

for considerable above-plan expenditures. Were introduced p.enalties,

also, for the cases, which require the laying of the new or further

lines of communications.

Mathematical model in this case appears as follows. It is

assumed that there is N of the assembly points of informatior, into

each of which enters all Information from the appropriate region. Lnt

us designate eazh such peint/it.. xg

XA6X; X-{ 1. X1,.... =XN1

then appropriate information Pi can be divided into two categories:

the information which must be transmitted for the processing into

other regions - P". and the information which can be directly

processed - P. Thus, P,=='+.P".I
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A number of points/items m, in which are placed VTs, vari.s fren

one to N, during the first stage and contains N of poincs/items ir.

the final version of network/grid (Nt<N).

Penalty functions were accepted linearly depending on th,. volume

of excess information. This is completely admissible, a numbir

of laid channels, obviously, is proportional to the volume of the

transmitted information, and a quartity of auxiliary equipment on VTs
4,

is proportional to the volume of the further information, processed

by it. It is easy to show that factor of proportionality - constant

value which is determined by the relation
rgj'¢glg+ Q

Aijs= r fj+

where *jj - channal capacity, and ri, - cost/value of the

transmission of informational unit along this channal.

Page 82.

Then the cost/value of the transmission of entire information in th-

direction of connection ~x~j-rJj. .n where r - certain integral

coeffizient, which is determining the capacity of information flow in

direction xjx. Penalty for the packing of these channels is defir.

as Qen. It is obvious that with Q=O Aaj -.

During the limitations indicated the solution of the problem of
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the search fcr the optimuw location of the pres.t quantity cf the

computer centers is reduced to the determination of the minimum of

functional F(Yi, Y2 .... Ya, X, X2 .... X,), where Y1, Y 2,...,Y. - those

points/items in which can be placed tho computer centers, and

XIX2....Xn - corresponding tc them subsets of the serviced

points/items, w.ich satisfy the relationships/ratics

YeXCX; XifXJ=Z (t#), YzX.

In accordance with that presented the corrected heuristic

algorithm of the search fcr the laycut of the computer centers

assumes preset set X and 1, the volumes of information which are

exchanged any pairs xixy frcm X, cost/value of the transmission of

informational unit between each pair of assemblies, cost/value cf th.

transmission of the entire prcceeding information from each

element/cell xi from the X to 4each element Y, from Y, cost/valuc of

processing informational unit cr each VTs, the functicnal

dependences, which are determining the cost/value of entire

network/grid taking into account cr without taking into account the

limitations of any character. Ir the course of solution of task are

determined or can be preset previcusly for each element/cell from Y

its regions of possible replacement, which contain the enumeratio.s

of the adjacent assemblies or assewblies which can on one or th!

other reason replace data.

For the solution of the problems of the synthesis of the
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network/grid of the computer centers was written the program witn

interchangeable units of the estivate of the cost of network/jrii.

Program is written in the language ALGOL-60 fcr the machine SES.1-31 .

Time of program translation from the algorithmic language to' tha

language of loading 12 minutes. Program uses cnly working storage f

machine. The scope of the program bcth the first and second vsrsio.

is approximately 1000 instructicns.

The obtained results give the possibility to consider th.,- mostIconvenient versions of the organization of network/grid in the

initial stage both in the cost sense and in the relation to the

distribution of information in the system during the preset

limitations.
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Page 83.

Organization of experiment during the research on the statistical

models of exchange systems by information.

Te. I. Domanovskaya, Te. A. Pil'shchikov.

The tasks of the optimization of the systems of processing

information (SOl) form the multidimensional sFace, constructed with

many objective functions cu many arguments: Q={q,(X)), where

XlJZJ,=11 2 ... ,k;Q- - many tasks, I - many arguments, xj--j.,

argument, q-- objective function. Depending cn the target cf

optimization th3 objective functions can come forward in the role of

limitations.

As shown in work [1], the diversion of the tasks of optimization

of Sol is usually great and their analytical solution in the

contemporary stage is impcssible. These and scue ether circumstances

make it necessary to use methods stcchastic simulation with the

use/application of planning experiments for the reduction of ths

'', - -' - .. . -.. ., - ' ' i'l
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expenditures of tiae and resources for designing and research.

In this work is launched the attempt to consider the task of

optimization of Sol as the task of the search for the global extraui.-

of objective function in the space cf 1!rge dim:ns..or.. For sh.-)rtiri.;

of capacity ani time of simulation by the minimization cf a r,m!ner c'

accesses to model for calculating the objective function is 1 roDosel

the algorithm, which varies the principle of search depending on

situation and the combining global search of large step/pitch and

adaptation without the irmediate reaction with the local search cf

the slipping interval.

During the optimization of SCI of the preset structure on the

criterion of the minisum cf the tis. of the sequence of

communications/reports on the netwcrk/grid we have

q-P(X,. Ar. D.).

where qr - objective function: 4X,.=(, X .... x) - vector of the

controlled parameters; Ar-(a,. s.....d)- - vector of the uncontrolle!

parametors (vector of the envirenment of object) ; Dv-(d,, .... d,)

vector of the parameters, unattairable to measurement.

Page 84.

In our concrete/specific/actual version

X, -(X,, X29..... T)
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where x, - capacity ZU; x2 - Jaw cf time allocaticn cf -iilay in th.

channel; x3 - quantity of access ducts; x, - discipline of servicing

at the input of assembly; xs - discipline in the

*aintenanca/sprvicing at the output/yield of assembly; x. - principle

of the transmission of communicaticns/raports; c, - algoritthm of th

selection of path.

where a I - law of the distribution cf the intensity of output flows;

a z - quantity of categories of uroency; a] - law of the distribution

of the lengths of zommunicaticns/teports for each categories a, -

matrix/ie of flows on the network/grid; as - matrix/dia of the

predicted lengtns of the lines cf communicaticns between any pair cf

assemblies; a, - cost/value ef the transmissicn of informational ur+4_"

per the unit of the length of channel.

Dr=G,

where b,' - time of the delivery/procurement of

coueunications/reports tc the r category; b, - expenditure for *h,

creation of network/gril; bs' - probability of the

delivery/procuriment of reports of the r category.

Limitations they are respectively

b,' lr'.I.r-1.--k; bt<b..; b,'- I lb'sT.
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The objective fuinction

qg- cb r cp==cont

c- the weight of communicaticns/reports tc the r category.

Vector B is determined on stochastic model.

Page 85.

Arguments x., x., xG and x7, which do not have direct

quantitative characteristics and called arguments of the II kind,

generate the multi-extremality by objective function SOI. Therefore

it is necessary to solve the problem of the search for glcbal

extremum (G3), what is the most ccuplicited search procedure of

statistical character.

At large distances cf target (p>7) and number of degrecs of

freedom n .5 the ralation cf losses to the search for the metbcds of

the random searzh and method of gradient comprises

k1

Therefore for the sqarch G3 is expedient to use the algorithm of the

random search of adaptaticn and irertness, called algorithm with

director cone.

During the optimizaticn of system p continuously it is reducF-1,

in connection with which for an increase in the high speed ani
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reliability it is proposed of the region suspected G3 to chang4 th-

principle of search and tc use a quasi-regular method with the

slipping step/pitch (variety of the method of a variation ir th-

metric).

Motion in the direction G3 is realized due to the reconstructica

of the probabilistic characteristics of search, but being changed

before to the now directicn, system can make several steps in old

direction and thus to surmount the "ridges/spines" of objective

functions, which gives to method global character. Random

tests/samples (E, E2,'..., E.) are ccnduct3d in the preferable sector cf

directions with angle V . at apex/vertex X, determined by the presBt

sultivariate distribution (P(E/V) , where W-(w, w2, ... WJ) -

parameter, which assigns mean direction, called the vectcr of

experiment, E - vector cf test step/pitch. the working step g is don-

in the direction of best test/sauple (X+gE.). the sense of the vector

of experiment W is determined by the "weighing"of he test

directions

W

The sign/criterion of the detection of cegion G3 and transition to LP

is the motion of point X along the turns relative to certain center.

.. . . . • 1 I " -
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Thus, in proportion to the accumulation of informaticn about th-

behavior of objective function the vector of storage, W is turnel/run

up on the average in the direction, opposite gradient.

Page 86.

With the decrease of the expansion angl of ccne W the

possibilities of rotaticn W by one step/pitch are reduced, sinca. is

exhibited inertness. But with correct arrangement W (in the direction

of "ravine") with decrease are reduced losses to the search. AnI

vice versa, with increase , system becomes more mobile due to an

increase in the losses tc the search.

Thus to the mobility and the losses to the search affect the

parameters of search - angle cf ccne V, the length of the wcrkiic

step/pitch a, a number of tests/samples m. The density of

distribution of the angle of working step/pitch (or path curvature),

the characteristic mobility of search, is considered [2]:

I isn-qi 
)\=-I

m .sin"-22; WI At. n=m=2,

Losses to the search are calculated from the formula:
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K-3 ln=n=2, k=

2

Key: (1) . with.

with increase 'P in the loss to the search they grow comparatively

slowly.

One of the problems with the realization of search G3 is the

fulfillment of the self-adjusting of algorithm - selection thcse

optimum V, m, ansuring the retenticn/preservation/maintaining the

necessary inertness and icw lcsses.

For qt-F(XTAT) as the initial parameters can be accepted in thA

absence of a priori information the following values:

1) Number of tests/samples on each step/pitch m=3;

2) the initial vector of experiment Wo, which has uniform

density distribution of probability in the hypersphere of the

parameters and which is deteruinitg on the first step/pitch on ths

random-number generator;

3) the expansion angle of coDe J- ;

i
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4) Initial coordinates of cone, which coincide since the oria..

of the coordinates;

5) the test step/pitch of search g, compcnent along each
AXJ

coordinate -o where Axj - range cf a change in thq argument;

6) the working step/pitch a=o.

Page 87.

For the analysis of the suspected region G3 is proposed to use

several modified algorithms of cptimization with a variation 4n

matrix, based on quadratic apprcxiytion of objective function with

the use/application of slippirg interval [3].

Since for determining q, contemporary SOl is necessary the

considerable operating time of computers, one of the important

requirements to the algorithm of optimization is the minimization of

a number of accesses for calculation qi. The gradient method, used in

work C3], requires for each pcirt 2n of accesses to qi (n - number

of arguments); therefore for determination S. it is proposed tc us-

an algorithm of the static gradient, which makes it possible to find

the evaluation of gradient gn with number of tists/samples m<n.
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Furthermora, for maximum use already obtained during thr search

G3 of information it is proposed as the direction on the first cyclo

in the local search ij.to use the sense of the vector of storage W at

the latter/last step/pitch and tc design therefore changes in

direction AS, for the subsequent cycles.

Thus, in the algorithm LE is proposed this sequence cf

operations.

1. Evaluation of gradienta

A. .. 9,(X +49, )-q,(X)j

where E- - unit random vectors, evenly iistributed in all directicns

of parameter spaces; . - values of test step/pitch; X - ini4.al stats

of system, from which are produced random tests/samples (XE,, ?E.... E.)"

2. Calculation of increases in gradient

;*-I =;. .- ,.

Page 88.

3. Calculation of change in direction of motion on cycle

(besides the first)

'Omni
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where
Z 1

1-=h n-1 .VI8 -; k7, =k*7
1+&

0n-i is determined in pcint/item 6).

4. Determination of sense of the vector of motion on this cycl.2

5. Determination of minimu, in direction S,

0W)=min q(xx+ kSn

a) calculation by derived

b) test step/pitch'Pi-xIm+yfS, 3; -i,

c) the calculation cf the derivative i

where 6 - projection of the vector of test steps/pitches X in

direction S'

d) the analysis: as a result of test step/pitch -f sufficiently

they approached the extrenum cr they passed it, for this we ccnsid?-:

if a<10al, then is conducted linear interpolation on x
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If a>IOa1, (step/pitch is smaill), from point P(X) it is produce'!

with the step/pitch "=27 and a-ma 1 new test step/pitch (transition to

5b) thus far we will not obtain extremum in direction aS.

* 6. Determination of displacement of current point in cycle

Page 89.

amy ME~ Iutw XOf itilda.() Anking (.AIdetfcto
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parameters. (4). Construction of hypercone. (5). S.lectior. of

sampling points. (6). Selection. (7). Calculation of direction. (8).

Is trajectory loop. (8a) . even number. (Sb) . yes. (9) . Identification

of parameters. (10). Dispatching initial LP of optimum dir-ction S.

(11). Model SOl - calculation. (12). Selection cf sampling points.

(13). Calculation of gradient. (14). End of search. (14a).

output/yield. (15). Calculaticn of increase ir gradient. (16).

Correction of matrix/die. (17). Calculation of direction. (18).

Calculation. (19). Calculation of test step/pitch. (20). Calculation

of sampling point. (21). Calculaticn. (22). nc Key. (23). Calculation

X by wholesale. (24). Calculaticn of step/pitch. (25). Calculation of

displacement in cycle.

Page 90.

Then we pass to point/item 1, beginning new cycle.

The operations of points/items 4-6 are presented in work 3 ].

The search for extremum is finished, when the modulus/module of

gradient is reduced to the assigned magnitude

The block diagram of algorithm is given on figure.
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It should be noted that the use of this method in the

examination of concrete/specific/actual systeus assumes the

possibility of the ranking of arguments of the II kind relative to

one or the other objective functicn on the basis of the a pricri

information, which considers the specific character of particula.r

task. If information about the effect of such arguments on q is

insufficient for the ranking, thev is accepted the uniform

' -" probability distributicn cf the selection of cne or the other state

of argument.
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Page 91.

Algcrithm of thq numbering of discrders.

V. N. Zaboltskiy, V. F. Lakin.

one of the directions of cckinatory analysis is the solutior of

problems to numbering i.e., the establishment of a quantity of

4 . methods of executing some accurately described operations. In this

case vital importance has the prolem of identification which is

reduced to the numbering cf the elerpents of set of all methods of

executing the preset operation. Are known the methods of the

numbering of combinations (1] and transfers (2]. This articleo gives

the method of the numbering of transfers <a,, a2, ... , at> formed frcm

the elements/cells of series/row 1, 2, ... , t of which none occupies

its natural place, i.e., ai&LQ-1. (1), ?)
• Such transfers in work [3] are

named disorders.

There are many EZ"t-,disorders si-<a,, a2, -- at> with a power cf

D,.

It is known that

Dufl(1 + (-)i

-. -
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or in the recurrent for.

D,-(t-XDt-+D-).(1)

For disorder -<bl, b2, ... , b,>eE, it is necessary to det-E:mir.

number O:NJN D,- depending on the value of elements/cells bi. ?or

this purpose all disorders 2beE, scmehow are crdered.

For the numbering of disorders is used expression (1). It is

obtained on the basis of that fact that many E. t-disorders can be

.- decomposed into t-1 subsets

Page 92.

Each subset .) is characterized by the fact that do all havri

MCe ) a,=const. This makes it possible to consider E as many

disorders ; with a length cf t,<t. e,. CE, - many t-disorders which

have a.-bl; n(a)- - number of place, which occupies element/cell a, in

the disorder.

set E, is divided/marked off into two subsets

E,,rE4, UEa1,) &i& (E.(,) aE,(,)= o),

where Eeaw - subset of t-2- discrders at"' in which n(1)-b,;Be. )

s(2)subset of t-1- disorders -,,in which n (1) jbj.
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Taking into account the special feature/peculiarity of disorders

a1#l and ordering disorders in set E,, in such a way that

N.()<N.(2), the number of this discrder a can be determined asa,

follows:

N. =(bl-2XD-,+Dt- hlD,-2 N.(2))+(l- )N.( (2)

where
= (I) b

Key: (1) % with.

4,

- number of disorder a in set R$,) P(1.2).

For determination N4 .) it is necessary tc lead disorder ,

either # into the confcrmity with the definition, to Pxclude

element/cell b, and supplementarily in disorder ax) (

1, to change th

remaining elements/cells so that the disorder would be comprised of

series/row 1, 2, .... t-2 or 1. 2, *... t-l.

In disorder a} with a length of tl)-t-2 the elements/cells

(besides b, and 1) are changed in the following form:

Key: (1). with
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where

0 n n(b,)< (1)

1 Na3 ft(b,.,.)>4(Il,

,-1. (1), t.

Key: (1). with.
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For disorder = by length tt(2)=t-I of a change in the

elements/cells they are carried out through the follow.ng rule:

b () b - 1 n b,. " (4)

Key: (1). when.

on this is finished the Erccedure of numbering of this disorda:

taking into account element/cell bl. For the total determinatior of

its number it is necessary to repeat this procedure before obtinin

of disorder with a length of ti-S or tj-2. Thera is cnly two

disorders with a length of t;--;3 (their number R(2, 3, 1)=O, N(3, 1,

2)=l and one disorder with a length of tj-x2 (with number N(2, 1)=0).

General/common/total expression of the number of the discrder

N. ==E(b1(J)- 2XDtrI- + Dj.)+fjDj-2. (5)

where
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0 2z .()-b,,,,
1 x= n(l)*b,(J)

J=-0, 1,... b1('D)=b,. t,=t.

Key: (1). with.

It is pcssible to shcw that the method of numbering prcpos l

ensures mutual one-to-one correspcndence between many t-disordzrs

with a power of Dt and by the set of integers of the range [0,D,-
4

Example. To determine the number of disorder a=<5, 4, 6, 2, 3,

7, 1>.

Using relationships/ratics (2), (3) and (4) we will obtain

=<5,4,6,.23,7,1>, N. =(5-2XD.+D)Ds+N., =

. =(5-2X265±44)+44+N., =971 -- N,,;

a,. =< 3,5,1,2,6,4>, N., =(3-2XD 5+D)+N, =

=(3-2X44+9)+N.,% =53+-N.,.;

ee"-<8,42>, N%* =(3-2 (Ds+D)+D+N, =-

(.3-< 2J-I-1+-+ % N.,N.;

Page 94.

Let us consider reverse Frccess - the determination of th:? value

-- " m,, I III I II I I I " -Il l II4
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of elements/cells b, of disorder a=<b, b2 ,.... b,> from its nimber.

For the uniqueness of the reducticn process it is necessary to

indicate the length of disorder. The methodolcgy of the determinaticn

of the elements/cells of discrder a consists cf the consecutive

determination of elements/cells ;ij) - the first elements/cells in

the disorders with a length of tjt. beginning from element/cell

b,10', and then in the consecutive transition from 2- or 3- discrder to

the unknown t-disorder cn the basis of the relationships/ratios,

"reverse" to relationships/ratics (3) and (4).

The first elment/cell of the unknown disorder b, is determined

by the solution of the inequality

N. -(b-2XD,-1+D,-). (6)

It is easy to show that length tj of disorder 2t, can be found with

research of the equality
4,- N. -(bj - 2XD,-j Dt-2)--.

Uhen A,;?02,. it is a t-- disorder, with ty a A1<0-t-2-disorder;

n(1)=b,. Further is determined number N.t, of disorder m,:

where

-- 1 ps A1>0.

Key: (1). with.

On this is finished the stage of the determination of the first
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element/cell b, of the unknown disorder a and the number N., f

disorder at, with a length of t,<t. Carrying out a similar

procedure, we determine the first elements/cells b J) of tj

-disorders up to 2- or a 3- disorder. As a result it is obtained by

one of three sequences: <b,.b,(' ,...,b('f,2,1> eith3r

<b,. W I). ... b,tf), 2, 3, 1>, or <b 1 , b, '), ... , b1UtP), 3, 1. 2>. In each of these

sequences the true element/cell of the unknown disorder is cnly b,.

All remaining elements/cells bti n  are true only for the disordars cf

corresponding length tj. For determining all elements/cells of thz

unknown disorder consecutively/serially are restored on the known

length and the first element/cell all disorders with a length of tj

beginning with 4- or a 5-discrder.

Let be restored/reduced tj, disorder it is known that length

tj- of disorder - tj+i +2 (here j it makes the same sense, as in t-e

expression (5)) and its first elewent/cell -. biuJ.

Page 95.

This means that in ti- disorder nJ1 ,)=-1 (J), i.e. element/ell 1 occupies

place with numbar bi J). Elements/cells tji- disorder (bes-des b,(J

and 1) are formed from elements/cells tj+i- of disorder in the

following manner:
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bju)+ 4 __ lU , ,U _ (8)

Key: (1) . with.

where

10 H n(bj(J+I))<n*Jk(1)--
1 Apx n(bjQ+'))>n 1j)-'

., (, (I) t+,

Key: (1). with.

If t,- disorder has a length tj+,+l, then its elements/cells

(besides b1
(J ) they are found frcm elements/cells tj+i- disordsr

with the help of the relationship/ratio

- iJ++1AP
1 anH b(J+1)=b1(J)- (9)

L=1, (1), tj+I.

Key: (1). with.

Example. To determine the elements/cells of disorder with a

length of t=7, that has number N=1028.

Deciding inequality (6)

(b-2) (D6+D 5)< 1028,

we find bD=5.

Aftqr determining difference at>0, we sstablish that n(1)*bt an,!
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a', is a 6-disorder. Its number

Not, =N-(b,-2XD+D&)-D 5 = 57.

First element/call of discrder a,,
VY1-) D ,) j 57.,')3

Since A2<0, then n(')(1)=bj("1 and a,, is a 4-disorder. Its number

N% =N,--(b(1-2XD 5+Dj=4.

The first element/cell of discrder

(bi("-2XDa+D)44. bM=3 ,

610; therefore and at. is a 3-disorder. Number of this

disorder

,= N%-(%,-2XD&+D)-D=--.

Page 96.

This number has a 3-disorder at. =<2, 3, 1>.

Is restorel from at. with the help of expression (9) a

(-disorder Mt.. which has -b s3- , =<3, 1, 4, 2>.

With the help of expression (8) is restored a 6-disord.r =,,

which has b ( ' -n"= $ , = < 3, 5, 1, 2,'6, 4>

Similarly is restored the unkucwn disorder a=<5, 4, 6, 2, 3, 7,

1>.
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Page 97.

The possibility of applying the ccde juice for the construction of

combinatory switches.

V. G. YevstignI V.

By the combinatory matrix switch (KMP) it is accepted tc call

the device/equipment, which censiets of r of vulticircuit

transformers. The total number cf windings on each transformer is n:)t

more than niN, where n - number of input ones and N - number cf

output windings.

The windings of transformers, connected with n input KMP, form

the input matrix/die of the ccrrection

qu q1 2 ... fin

Q=(qIJI f= q ... a

[ii fri. ft]l

Usually as matrix/die Q is used the code matrix/die of the n-bi"t

positional code.

The windings of transformers, connected with N outputs/yields

of KMP, fcru the output matrix/die of the connection
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M=[MJ].MUM.. n,

.* As matrix/die M can te used, for example, unit matrix of order

N<28.

The codes, used for the construction of KNP, can be considered

as the class of the blcck binary surplus codes which are usually

classed in the following manner:

C(n, d) - zorrective codes with a minimum code distance of ds

D(n, d) - corrective codes with distance dij, limited from below

and on top to one and the same value;

E(n, d) - corrective codes with the constant distance.

Page 98.

Value of the signal cf the selected output/yield of KMP is

always more than the signal of the unselected output/yield, and their

relation in the worse case is determined by dependence [ 2]

C=
-. m "
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The difficulty of the process of obtaining the correct4.vp cod z

and the complexity of the devices/equipment of the ccnversion of tnt

nonexcessive codes into those ccrrecting restrain wide acceFtance of

KRP.

To the coda of the system cf residual classes (SOK), which

possesses the excellent ccrrective properties, is at the same time

distinctive the light and simple process of its obtaining.
4,

This gives to us to right raise a questicn about the possibility

of applying the code of SOK for the construction cf KMP. For this

purpose it is necessary to provide this code, which is nonpositional,

the appropriate positicral characteristics.

It is known that a number in the system of residual classes

(SOK) can be unambiguously represented by the smallest non-neqativ!

deductions on the selected bases/kases pt. p2, ... P., where P1, P ..... p.
a

- mutually prime numbers, if nugber value does not exceed 1p[1].
1--!

Let at the system of bases/bases P,,P,,-..,.P.Pa+i of residuil

classes be is preset number A-(a,, c,..,-6,24+0, lying in th- rang .

P Ifp,. In the theory of residual classes it is proved that the valus

of number A will not be changed, if we represent it in the system 3f

bases/bases from which is withdrawn V, (i.e. if we in representation
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A delete digit 2J. 'Number Aj, obtained from A by the crossing out of

digit ", is called the projection of number A un basis/base Pi.

In view of the uniqueness of representation any two numbers A

and B from range P must differ frc each other in terms of dedactiors

at least in one basis/base. If this is not imilemented, ther. A -fnI B

are equal.

We will consider each of the bases/bases X% certain i bit (i=I,

2, ... , n), the n-bit code, in thich digit in the i bit is the leest

non-negative residue of a number cn basis/base Pt. By analogy with

-,the generalized theory of coding this code we will call p- th n-bit

P(p,, 0-code.

Page 99.

By analogy with the linear ccdes lat us introduce for the codi

of SOK of the concept of the ueigbt of code wcrd and distance of

Hemming (code distance) P(pi.n code.

Definition 1. Weight w of code word P(pl, n)-the code we wi1

call the number of bases/tases (bits), according to which it has

correct digits. (in our case cf v=n).
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Definition of 2. A number cf positions (bases/bases, bits), in

which two words P(pj, nthe code differ from each other in t'.rms of

their deductions, let us riame Hemsing's distarce or simply by

. distance d, the small distance between two words on all pairs of cole

words P(pj.n)the code - minimum distance of code d.,.

Example 1. Let be preset basis pl=2, p2=3, p3 =5, p,=7 system of

, residual classes. Bange of the representation of numbers

P=P1 .P2 *p3 9p,=210.

Let us coda on those accepted by the basis/bass of two numbers A

and B from range P.

Lat A=159=(1, 0, 4, 5) ; B=201=(1, 0, 1, 5, . All A is equal to

weight B i.e. WA WB= 4 .. Given words differ in terms of deductions in

basis/base pj. Consequently, the code distance of them is equal to 1.

from the aforesaid it follcws that if we on bases/bases pl, Pz,

o... ps form entire multitude cf words P-fhp, then the minimum

distance between two words from range P on all pairs of words will ba

equal to unity.

Theorem 1. We have basis PiP, .... ,P,. Pm-;- of the system of

residual classes, which satisfy ccndition P.+i >Pt (i-1, 2, ... , a). If w-
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A
on the bases/bases accepted form many words P=11Pt, then the mintmum

-I

distance between all pairs of wcrds will be equal to 2, i.e., d.i.=2.

Proof. Let us take number A=-(, :..... ,, =t+, lying/hcrizontal ir

the range P. If ws in the representation of this number delete digit

on any basis/base, then Dumber value will not be changed, it will

also belong range P. But numbers cf this range have dp-l.

Consequently, the numbers, represented on n+1 to bases/bases, will

have d=dp+l. QED.

Corollary 1. let there be hases/bases p,, P20 n.e,

Pu.Psla... ,+a the systems of residual classes, which satisfy

condition

P'h> m~p.->... >pu.i,; (L=1.2...., k=O.1,2,...

Page 100.

a

If we on the bases/bases accepted form many words P= IIpI. then the
I-I

minimum distance between all pairs of words will be equally k+1,

i.e.. d.La=b+l.

The proof of this corollary escape/ensues from the previous

theorem.

wU will call this code P(n, k)-code where n - number of working



DOC 81024105 PAGE

(informational) bits (bases/bases), k - number of control (ralundart)

bases/bases.

The introduced by us positional characteristics of the ccd in

SOK such, as weight and minimum distance, make it possible to examine

the procedure of the deccding of the code in SOK from the point of

view of the linear codes.

For the linear positional systems is valid following theorem

[31.

Theorem 2. In the simple systems of the type M with the

symmetrical channels vithcut the storage with any fixed/recorded

procedure of coding the probability of the error of Rosh is minimum,

if decoding is conducted through the criterion of the minimum of a

number of noncoincident pcsiticrs, i.e., if solution x. (transmittcd

communication/report x.) is accepted every tire that the combination

y, accepted differs from YI, in a number of positions d.,. less than

from any other code combinaticn:

do-=min di,

or, which is tha same,

d.d,. (tax a'ex 0.

Key: (1). for all 1.

'L~t +bJ
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In this case, if ccmbinaticn Y! differs in an identical numbz-:

of positions from code ccmbinations Y= and Ys. then with the ?Iual

success it can be accepted both the solution ;0, and solutior X,.

Let us recall that systems of the type I call the systr-nrs in

which a number of possitle soluticns coincides with a number of

possible communications/zeports (m=m).

Let us attempt to establish/install, how should be carried out a

procedure of coding so that it would make it possible to decode thc

signal accepted on the criterior cf the maximum of likelihood ratio.

The combinations of any code Y; and Yz (serrated signals Yh and

Yt subset P) differ from each ctber in the specific number cf

positions d&.

Page 101.

Small of them they call Hemming's distance. From theorem 2 it fcllows

that each subset P. besides code combination Y; contains cn at

least all combinations, which differ from it in one, two and so forth

t the positions:

where the sign []] indicates whole part of d-1/2.
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In other words, us interests such coding, with which the correct

solution is accepted when after the demodulation of serrated signal

it will seem that t (or less) of its elementary signals they w.re

identified incorrectly. In this case we will indicate that selected

code P(pin, k) corrects all errors by multiplicity t and less. In +h'

basis of the aforesaid let us fcrmulate theorem.

Theorem 3. So that the code would correct all errors on t and

less to bases/bases, it is sufficient so that the code distance would

be equally d=2t+1 or (that the same)so that the system would have

k=2t surplus (control) tases/bases.

The proof of this theorem is obvious.

Let us demonstrate the following important theorem.

Theorem 4. Let be preset basis Pi,P, ... 9. P,. P+i. .. ,P+k of the

system of residual classes. In order to form many combinations

P=- fip with d=k.1, it is sufficient so that wculd be satisfied tht

condition

Pi<Pa+i<Pa+<... <P.+h, 1=1, 2 a..., i.

Proof. Let us demonstrate first theor3m for n=1 and k= 1. In this

case, obviously, many ccmbinaticns with d=2 will be equally p,. Lc

pa<pl. Then among many ccvbinatioDs Pt there will be such, in which
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with different digits cn basis/tase pt of digit in oasis/Lase Pz threy

will coincide. It means, these combinations differ only in terms cf

digits of one basis/base p, and, therefore, them d=1, which

contradicts condition. Then must be satisfied the condition of

theorem P,<P 2 -

By mathematical induction thecrem can be proved, alsc, for n=2,

by 3, ... and k=1, 2, 3:.

Previously we introduced the definition of the weight of cole

owl as the numbers of bases/bases according to which it has correct

digits.

..'age 102.

In the presence of n- working and k-control bases/bases the weight -f

a number is equal to n+k. Let us introduce now the concept of the

weight of adjacent word, tut let us before give its determination.

Let there be n working and k control bases of the system of th-

residual classes, which satisfy ccnditions of theorem 4. We form or.

the bases/bases accepted set Pa -lp of code words. Let us reqister

one of the words of this set A-(a,, a2. ..... ,+ ... ). Accordirg tc

theorem 4, the minimum rumber of tases/bases in terms of deductiors
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by which differ all pairs of wcrds from set P, is equal k+1.

Consequently, among the ccmbinaticns of set P are such, which

coincide with the selected number A by deductions in n-1 to

bases/bases.

We will call adjacent word the combinaticn from set P, which hPs

at least on one basis/base a deduction, which coincides with the

deductions of the preset selected combination from set P.

Definition of 4. The weight cf adjacent word wc we will call

maximum number of bases/bases in which the combinations from set P

have identical deductions. If P- t lPi, then w,=n-1. However, the
-I

weight of the selected code word P(n, k)of -cede is equal to

w=wc+d, to the sum of the weight of adjacent word and code distarc3

of this code.

It is here necessary to emphasize that the coda distance i in

P(n, k)-code increases cnly due tc a quantity of introduced surplus

oases/bases, but not due to their value. However, the value cf them

must satisfy the 7onditiors of thecrem 3.

In the code SOK an ircrease cf the code distance is reached beth

due to the quantity and due to the value of surplus bases/bases.

There is limit thecrem [11; acccrding to it, the value of control
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basis/base is chosen on the basis of the condition for sirgle-valur.d

determination by the number of the interval into which falls th3

number, which contains error on ore of the bases/bases, locations and

values of error, i.e.

pn,+1 >2p'p,,-i.

Therefore is very important not to mix the concept of the cod?

distance of the code into SOK witb the concept of the code distancs

P(n, k)of -code.

Although these codes have one and the same origin, both they aro

residual. In the concept of redundancy in each of them is imbedded

its individual sense. hence different will be the methods of their

decoding, detection and ccrrection of the errors in them.

Page 103.

On these qualities P(n, k)the -code is equivalent to the positional

codes and, therefore, it can be used for the construction of

combinatory switches.

Introduction P(n, k)-code substantially widens the fipld of

application of the codes SOK and are offered the new possibilizias

before the system of residual classes which due to the obtainel

positional charicteristics can, remaining nonpositional, to acc-pt
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positional coloration.
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ORGANIZATION OF THE STRUCTURE OF THE SPECIAL-EURPOSF MAGNETIC DRI..

V. P. Karyakin, P. D. Butakov, V. I. Shumay.

During the solution of the tasks, connected with the

treatment/processing of the large files of information, it is

necessary to preserve initial data and intermediate results not in

OZU, but in the external cr buffer storage TsVa. The transmission of

information in OZU from V7U or EZU leads to the considerablp time:

losses. External and buffer accuwulatcrs/storage are implementse n9st

frequently on the magnetic data carriers. Prow these

devices/equipment by maximum capacity/capacitance and the grqat-st

access time possesses the accumulatcr/storage on the magnetic taps,

by the minimum access time and by the smallest capacity/capacitance -

drum store. The displacement/uovevent of information over the surfaci

*MB is realized both on time cocrdirates (direction of motion)and on

the three-dimensional/sface (lengthwise generatrix) due to thq

arrangement/position of heads, and on ML only cn time ccordiaat2s.
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Lat us consider the locaticn of heads MB., which makes it

possible to realize the algorithm cf rapid Fourier transform (BF).

This conversion is realized by multichart use/application of thq

specific sequence of the unifcrE elamentary ccnversions cn numbers cr

initial file of informaticn. Realization of BPF with the help of th

magnetic drum can be presented as fcllows: read out with M B air :f

numbers enters AU it is finished ty the moment/torque of apprcach

under the heads of the following Fair of numbers. During the

following stroke/cycle of readirg it occurs to wash down the obtain-i

results.

For convenience in the following presentation let us inttodu:-

two determinations.

Definition 1. under distance cf S between the pair of road

(written/recorded) numbers we will understand a quantity of numbers

n, registered with the drum between two numbers indicated, assum'ng

that numbers are registered intc cre column.

Page 105.

Definition of 2. Column we will call the sequence of the
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numbers, registered in the circumference of drum.

The structure of arrangement/pcsition on [m8. Initial dala, and

also intermediate and final results depends on translation F&lgorithm.

* For determining the requirements fcr the arrangement/position ')

information and heads of recording reading cn IB let us analyze

* algorithms BPF, using a representation of algcrithms by the current

graphs/counts of conversicn [1I).

* in the graph/count with the recurrsnt structurs (Fig. 1) *-he

* distances between the pairs of read and written/recorded numbers ar.i

equal for the single stages of conversion, and from one stage to thp

next changing is proporticnal of the degrea of number 2, mcreov'E-r in

the stage they remain ccrstants. Thle same property pcssess

nonrecurrent graphs/counts (Fig. 2). The structure of regular

graph/count i.s characteri2ed by ccnstancy of the distance between thie

read and written/recorded numbers in all stages (Fig. 3).
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Fig. 2. Recurrent graph/ccunt.

Fig. 3. Nonrecurrent graph/count.

Page 107.

For the analysis of the versions of raalization of BPF lft us

consider the simplified model cf drum. Let us assume that fcr rpadirng

or recording of numbers is necessary only one head, in this cas-n F.-
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number is read or is written/recorded by all digits simultan-,ously.

Let us assume also that the processing, numbers occurs instantly,

i.e., the counted number withcut the delay in AU enters thp chaanel

of the recording where it is written/recorded to the drum.

In general law of the arrangement/positicn of magnetic r.cordirj

heads depends not only on the graph/count of conversion, but also on

the method of positioning/arranging the numbers on MB, i.e., from a

* quantity of columns. Thus, during the arrangement/position of hteads

on MB it is necessary tc consider three parameters - time of the

start of head, numbers of columns, in which are registered the. data,

and the form of the graFh/count cf conversion.

Let us determine the law cf the arrangement/pcsitien of hgds,

i.e., number and the order of their location above the surface MB for

the regular structure of graph/ccunt during the recording cf numbers

into one column. Since the regular structure is characterized by

constancy between pairs of the read and written/recorded numbsrs in

all stages, it suffices tc determine the quantity of heads, necessary

for conducting one stage. Let the file of initial data be rpgist.r'-!

to MB in the natural order and runter of samples in it N-24. The

distance between the read numbers will be equally N/2, and between

those written/racorded - 1 (Fig. 4). during the gyration cf drum will

occur the "compression" ¢f the ritten/recorded file. In thc s-cor.

|I
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stroke/cycle of recording the first recording head -Z51 - will

write/record a number to the previcusly registered zone. In cr'!,r ~

avoid the imposition of recording, it is necessary to introduce

* further head ZG3 and to carry out the recording by heads ZG2 ari ZG3.

In the third also of recording it is necessary to include/ccnrict on-'

additional head of reccrding - 2G4 - to avoid the impcsition of

*information, which can arise during the recording by head ZG2, and so

forth. The total number of reccrding heads is equal (N12+1) , where N

length of array.
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Fig. 4. Realization of regular structure during the recording of film

into cne cclumn.

Page 108.

If the file of initial data was registered in a binary-inverse ord 3r,

then a number of recording heads is equal to 2, and reading -

(N/2 1)

Let us consider the realization of the same. graph/count du~irng

the recording of file into twc columns, on N/2 samples in each. With

this method of the recording the distance between the reading heads

and their location from one stage to the next will vary proportional

the degree of number 2. Figure 5 shows two first strokes/cycles of

the work of heads in tbree consecutive stages. Recording heads it is

necessary only 2, and reading - 2(2n-), where n=log2 N. It is

necessary to note that only in first stage the reading is satisfi .

by the pair of heads frcu the different columns, in all remaining

stages in the stroke/cycle of rdading work the heads of one colum.
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If we "roll" file on the drum, i.e., we rEwritS him of one zcne

into another and back, then the tctal quantity of heads comprises

- 2k, 1 +m, where k., - maximum number of heads in any stage, m - number

of further heads, which permit implemention of a conversion in th -

remaining stages.

K 4
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I i-i C-I

Fig. 5. ealization of regular structure during thq recording of fil

into two columns.
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r the described versions of the realization of regular graph/count

this respectively is 21 /l2+1) heads in the first case and 2(n+2) -

the secondly.

Lat us consider graph/count bith the recurrent structure a~d it

is dete.rmined the place cf th leads above the drum surface for r
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file, r'gisterai into one cclumn. For this structure is

characteristic the constancy cf the distances between the pairs of

read and written/recorded numbers "within" the singlo stage: in k

stage Sk=N2', where k=1. 2, ... , n. As can be seen from figure ,

during the first stage it suffices to have twc reading and two wri:

heads, in the second stage a number of heads grows to three; in th= k

stage it reaches (2k-'+I). For this graph/count the.results ca- be

written/recorded directly in the place of the read numbers, which

makes it possible to lead all the ccnversion in one column.
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file of numbers into one column on each stage it is necpssary to have

two those recording and (2k-'+l) readinq heads (k - number of stage)

During the arrangement/positicn of the file of the numbers into two

and more than columns the reading and recording can be carried out

both of one and from several columns, in this case an optimum number

of columns is connected with the tasis/basa of conversion. For

basis/base p=2 an optimum number cf columns j=2, for p=0 j=4, sinCl

this simplifies equipment.

A deficiency/lack in the regular and recurrent structure is

obtaining results in binary- inversely the order during the location

of initial file in the natural order, which leads to the need for

classification. This operation car be realized in the order, reversr

to initial conversion, wbich doubles temporary/time expenditures.

Another method of classification consists in the setting up cf

further heads in the latter/last stage. The law of the location of

these heads during the a-zangement/position of file into two columns

is described by the formula

sib + t)
where 2=N/2"';

k-2'+ 1; r=l. 2,.... (a-2) -1. 2,...,

Sb-- distance between the head, which reads the k-th pair of

numbers, and initial, zero, the head, which reads the first pair of

numbers.

. .... . ..
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If as a result of calculations it is obtained, that S-Sj with

kij, then this it means that the k-th and j-tb pairs of numbers rpads

one head. If values Sb' are negative, then head with number Sj is

arranged/located relative to So in side, opposite -%>O. Tables 1 and

* 2 give distances S& for the reading heads, calculated by formula (1)

for the files in length 128 and 2!6 numbers. for both files for the

classification of the results it is necessary of 27 heads. Increase

in the number of these beads to cccur only with increase in n--og2 N

by 2. Therefore for decreasing the equipment the files of the data
with a length of N-2' with odd a must be transformed, leading them

to the files with even. n. This can be carried out, after introducing

- two channels of recording, i.e., after dividing file into two parts.

:' 4

.;
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Table 1.
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Table 2.
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Page 113.
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Special interest is cf the classification of initial fJ13 during

the first stage when heads are located from each other at the

distances, calculated acccrding tc formula (1). Beginning from the

second stage, a number of reading heads is equal to 2 in each column,

and the distances between the are changed frcm the stage to thp

stage proportionally of the degree of pair. A number of recoriing

heads is equal to 2 in each stage, and their alignment is not

changed. On RB with this structure of heads the results of conversion

are obtained in the natural order, i.e., this arrangement/pcsition of

information and heads realizes graph/count with the nonrecurrent

structure.

From the given analysis it fcllovs that a minimum number of

heads is obtained during the use of recurrent and nonrecurrent

graphs/counts during the recording of files iDto two columns. These

two structures can be virtually realized. In toth cases the distance

4 between the heads must be equal to one number, i.e., the length of a

number on the drum determines the distance between the heads, which

depends also on the geometric dimensions of head. Therefore tha

minimum distance between the heads is determined either by the length

of the section of a surface of MB, the necessary for the recoriing

number or, if the length of this section is lower than the

technically attainable distance between the heads, the gecmetric

dimensions of the heads cf reccding - reading. Since heads ar
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placed on MB at the distarces, trcFcrtional of the degree of pair,

then the length of circumference cf RB is determined by the length of

the workable file that it is an essential deficiency/lack in the

described structures. To eliminate the effect of the sizes/dimensions

of magnetic recording heads on the minimum distance betveen thim is

possible by the introducticn tc the duplicated/backed up/reinforce

recording. Then, as can be seen frcs figure 7, it .is possible to

spread by series/row the beads confronting into the differqnt

columns. In this case the minimum distance between them will bg

determined only by the length of the number, written/recorded on MB.

By a basic difference in the drum in question from MIE, it is used in

Tar, is transferring in cue column. RB with a similar method of

access already exist (2]. For the realization of conveyor data

processing it is necessary to organize the motion of files alcng the

drum, i.e., during the recording cf the results of the first stagn

into second column into the first cclumn it is necessary to

write/record the new file of data, thereby realizing a continuous

motion of files along the drum,
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-" "Fig. 7. Realization of novrecurrent structure.

• , Page 114.

If during the 'fluctation" of fl, the tins of processing group of k

~files comprises T=knt* where k - number of files, t - time of

• transformation in one stage, nflog2 N, then during the motion of files

-1n

it is equal T=lk ,-l)t. It is Fossible to decrease the conversion

* time of the group of files, if we begin the oFrations of the

folloing stage, without expecting the termination of previous. Th.

conversion time of one file ill cmpose t(2+2(n-2)I), wheres t -

conversion time of one stage, (ile of the revolution of drum) lor

1=10il21. t1lO is, Tg-20 us.

i bove was examined the ideal model of drum. In the

implementation of the dgroip ofiesrie sts one should considr that a

number sith aB is read consecutively/serially or is parallel-series,

moreover proportionally tc an increase in the paths/tracks gres

equipment. It is necessary to conssider that the results will ba

nubrwt-Bi edcneuiey/eilyo sprle sr-e
moreover proportionalyt nices nteptstak rw

eqipen .Iti neesr to .conier that the--esults ill' x b- -
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written/recorded at the mcuent cf the reading of the fcllowing pair

of numbers, i.e., the becinning cf file in each stage will be

displaced by one word. However, the technical realization of special

difficulties does not represent.
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ONE TASK OF SCHEDULING*

.N. Liang, V. A. Ostinov, N. A. Utembayev.
4

At present very important in applied sense is the task of

scheduling theory, called more frequent the task of scheduling. Its

-- overall diagram can be described as follows. 1hsre are by m of

machine tools and n of the parts each of which must pass processing

on all machine tools in the deteruined order. This order can be

identical for all parts cr different for their different groups. In

:this case the operations are considered indivisible (after beginning

processing the i part on the j vachine tool, ve they must bring it to

the end).

is preset matrix/die A-I.j. where *,uO - time, necessary for

processing of part (ast-0, if the ± part is not treated on the j

machine tool). It is necessary to indicate this starting sequence of

parts in the processing, which would minimize the total time of

processing all parts, i.e., the length of productive cycle.

to the direct solution (via straight/direct sorting all
I -
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versions) this task does not yield, since already in the simplest

case of the identical passage of Farts it would be necessary to

choose smallest from n ! values. The formulation of the problems of

this class in the form of the tasks of integral linear programming is

one of the promising methods of resolution of problem.

Formulation of the problem, Let us consider general probLem of

scheduling in connection with ccrcrete/specific/actual object. As the

subject of research is undertaken the production section "steel

foundries - the isolaticevoluticn of soaking pits". Karaganda

metallurgical combine.

Page 116.

Production process in this section carries discrete/digital charact-r

and represents the series/row of the consecutive cperations of

working metal (meltings or ingots):

1) the smelting of metal in the Martin and converter shcps;

2) casting into the casting forms;

3) residue after casting (crystallization)

Aft..
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4) stripping the "undressing" of melting (blastir.g/d-t:."m=.t -f

ingots or the removal/taking casting forms) before its settle n',

into the heating nuclei 0NK;

n- 5) settlement and beating ingcts in the nuclei ONK;

6) the rolling of ingots on the roughing mill.

The length of metal working cn different operations is the

random parameter, depending on the method of smelting metal

(converter or Martin) and from the type of ingots.

In the technological cycle of metallurgical plant the sqction

"steel foundries - ONK" is one cf the most cowplicated ones.

Nonuniform output of metal in the steel foundries leads, on onc. hand,

to idle times of the roughing mill, and on the other hand - tc the

delay of output into the rolling of the heated metal, which causes an

increase in the scale forwaticn, the further consumption of fuel,

etc.

Furthermore, for guaranteeing the rhythmic work of the rcughir.g

mill it is necessary to approacb the decrease of a quantity of

readjustments of mill, which sets the specific limitaticns by ir.

order of the issue of meltings acccrding to the types of ingots.
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The task of the diurnal planning/gliding of the issue of

meltings in the steel foundries is formulated in the terms of the

task of scheduling whose setting Is given in work [.1). The special

feature/peculiarity, which differs the task in question from thn

general/coamon/total setting, is the introduction of further

limitations to i length of repair and a quantity of overhauled nuc1l'd

ONK:

vw - (1)

where -t.- - time of the termination of the repair (k -identification

number, 1 - number of the group of aggregates/units) ;

ta-tine of the beginning of repair;

P -standardized/ncoalized length of the repair (it dependIs on

the type of aggrsgate/unit and means cf repair).

-~ ~~-' ~ r'k~(2)

whoere ~ qxA
'A1i UPYU53T~ ~

Key: (1). if nucleus is located in the repair; (2). otherwise.

Page 117.
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Evaluation criteria cf tbe graph of the issue of meltings must

consider requirement of the minimum of the length of production

process, time, necessary for the readjustment of mill, and also

losses during the distribution cf ingots according to the nucl-'.4 cf

011K. Thus, the criterion cf the quality of planning/gliding

following:

P(P) + Ia.' + "tJ1FA+O 3

wbere vi- period of the readjustment of mill;

k -quantity of readjustments;

Lh,i-ti,)- latency of the i claimf before mainteanance/servicing

(J+l)th by aggregate/unit;

m -. quantity 3f aggregates/upits of maintenance/servicing;

n - quantity of claims;

P(t) - certain function, wbicb calculates the distributicn of

ingots on the basis of the nuclei ONK and the state cf nuclei.
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The essential feature of task is the fact that the time cf

processing any i claim fcr the j aggregate/unit is random variabl

with known law of distribution. Let us introduce into the function of

target (3) random vector c, intc which in general enter the random

noise and the control Fressures. As a result the task of scheduling

the optimum the issue of ueltings for the 1 realization is reiuced to

the minimization of the functional

J-p. •) -p).p. (')
4.

rp

The quality of planning/gliding is considered on the statistical

model of the secticn in question. Therefore finally ve obtain

where N - quantity of realizations;

- discrete/digital aralog of the function of target (4)

a- many plans/layouts.

. I ,,j-v • ~ ................ S

A~r~. (

where . (7 the c.

vhere (6) - continuity condition of operation. (7) - the condition of
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the impossibility of perfecting relting simultaneously cn two

aggregates/units, (8) - limitation in the length of repair, (9) -

limitation in a quantity cf cverhauled nuclei in ONK.

Page 118.

Algorithm of the solution. The task in question relates to class

*of the combinatory tasks of discrete/digital Frogramming. The

multiple methods of their solution are heterogeneous by the

character, but they all tc a certain degree use an idea of sorting.

By the most widely used method, which makes it possible to decrease a

number after subduing, is the "zethcd of branches and borders". Is

close to it the "additive algoritbm" of Balash and its modification,

the "simplex method with the cessations" and so forth.

This problem it is proposed to solve the "method of branches and

borders". Its basic idea consists cf the consecutive step-by-step

separation of many permissible solutions (2]. The evaluation of tha

solution at each step/pitch of separation is conducted on the

statistical modal of the section in question. At the basis cf the

separation of many permissible versions of the graph of tho issum cf

meltings lie/rest the following ccnsiderations. Entire multitude of

meltings can be decomposed into several groups according to th= types

of casting forms, let us assume tc three: m, 1, n. In turn, each cf
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a. 1, n of the numbers of meltingm consists of two types of m*ltinjs

- KP and SP. A quantity of permissible versions at the first

step/pitch is equal to the number of permutation of three

-- elements/cells. For each version ca statistical model are computed

the values of functional. Pros then is =hosen minimum. At thp

following step/pitch many eltings, selected on the minimum of

functional, per divided/marked cff into three subsets, differing from

each other by the fact that in cue of the groups a, 1, n is changed

sequence of the types of meltings. Is computed the value cf thi

fn-ctional of each subset. and so until is found the close to the

optimum graph of the issue of meltings.

Some results. On the statistical model of the section of

metallurgical plant was traced tbe functioning of converter shop for

the purpose of the determination ef the necessary quantity of pouring

I floors under the following conditions and during the limitations:

work two converters by prcductivit7 to 25 meltings each with tha

average period of melting one hcur, for the average delay tinq of

composition after the casting of 0.5 hours, reliability 0.95; the

smelted melting is immediately serviced/mainteined by pouring floor.

Page 119.

In the formulated task they were used the method cf branches and
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borders in the simplified setting, the obtained results showed th3

efficiency of aljorithm and the adequacy of mcdel object.

As a result of repeated playback on the computers BESM-3M were

obtained the following results: fcr the satisfaction of thL priset

conditions ard requirements is recessary the presence of six pouring

floors; the mean delay time of the compositions before the stripping

isolation/evolution due to the queue of 2.4 hcurs, the mean shutoff

period of the stripping isolaticn/.volution of 15.9 hours.
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Page 120.

The numbering of the elementsIM of the sutsets of the separaticn

of apez sapmmm a n- graduated tinary Cuba, by the linear form

realized.

-'L, R. Muk vas

* Lot on many Z, apexes/vertexes of n-dimensional binary cube is

determined the linear form

Here vector *a determines form factors; x-variable/alternating

binary vector. When vector T passes set fcrm accepts sequ'Mca G

of the values:

* In accordance with this fcra (1) realizes a separation o-f set Z

into the classes of equivalency &

LU... (a)p- x slp

Key: (1). with. where each subset as is determined by the condition
C6 MW

in the article is placed the task: to indicate the principle of
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the singl-valued numbering of the elements/cells of each of thq

subsets a..

"* Without ths limitaticn of generality it is possible to considar

that all coefficients ah of fore (1) are different from zero ind are

-* arranged/located in the order

,; a....... "3..

Us interests the case when S<28 and as - integers. The case, when

4 a are rational, easily is reduced to the case of linear form with

the whole coefficients.

Page 121.

Algorithm of the deterainaticn of a number of apexps/v.rtxes cf

subset .

Let us designate by symbol S.(er.) a number of apexes/vertsxes

of subset .

Assertion 1. the generating function of the sequence of numbers

8(6, r.), (r-80) takes the forn:

P. (X)- i (I+%,) - 3 .-. k) ,  (2)

where % -min JL(, 2)),

• ,-m-L 3 a Lj.

L I .....
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Proof follows directly fro the disclosure/expansion of product

II (1 X's).

Let us consider procedure of the calculation of values Sa(a,r.).

If riO then ftacica P.(z) let us leave without the change; if

rv<O, then instead of fraction Ps(z) let us consider 0.(x):

' "O~--% P (Xj

It is obvious,

where

Let

Since

then

4.(x)-.(x) -.(x).

Consequently.

4tsj(Vz)--i+ ."()•. ()
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Page 12 2.

Hence

S(&+I)(0 ,-) ,(~ltI (-Il

(h+1)I "-" (hi)! • (3)

Let fa(x) be decomposed/expanded ir the iaclaurin series of the form

#.(x) - T 'l T-- )
l6-6

Since
0. +4) 0 )

S.(a, k+1+c-') - ( ,

equality (3) determines fellcming recurrent fcrmula for sequence

th

S.(6, h +1.+ --L;Sia J= ~aj (4)

Thus, the calculaticn of a quantity of apexs/vertexes of thq

4 "classes of equivalency is reduced tc determination Tq. Let us pause

at the method of their deteruinaticn.

Since
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g ""~ 
ORR.= f= s%= - ( nod j,

Key: (1). if.

then

Thus, the algorithm of the consecutive determination of values

S.fairj, is unambiguously determined and is realized according to
A

recursion formula (It), where coefficients TIf are computed from

formula (5). Let us note that gC&,rj--O when and only when kO.

Page 123.

Assertion 2. The algorithm of the calculation of values AL, 'a)

makes it possible to describe all apexes/vertexes of set 4.. In fact,

all elements of set ci can be decomposed intc tow types:

elements/cells with component .- 1 (number of them is equal to

S- ia. r.-.) and *lements/cells with component x.-O (number of 'hom

is equal to 8-ira,rj). In ttis case

S ,. r - S,- (. .- a ) + S,- (a. r. ) 6



This separation of set a, it is possible to represent thus:

S.(. r.)
X,,=l ,,-",=--

S.-(a, r. -a.) S.-, (a, r. ).

-e determine S._1(a, r.-a.) and S.,-1 a, r.) through recursion formula (4);

we find the values of ccmponents x. of all elements of set a,.

The analogous separation of sets S-(a. r r.-a) and S.-ia, r.)

according to recursion fcrmula (6) classes elements of set s. to the

subgroups on component Xz-t. Further, continuing thus the process of

the separation of set ,. we find all its apexes/vertexes.

As a whole the process of the separation of set a. can bi

depicted in the form of the binary graph/count:

Y004 i-14

' - .. ',N..ue .~w/%j

* A

.. ...... . . i- -.
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Let ,=(x,I 4 I! 4.. ?. 5J6 .. (j=LZ. .... a ,.)).

%e. i e.

we will call the weight of this element/cell

•Xe.(t=l, 2,..', Sx(, r.)). AU1 elemerts cf set , let us order by the

decrease of their weights
PI>Ps>...>Pj,

4, let us ascribe to each element/cell with a weight of P, reference

number ,(v='1,2,..., S,(a, r,)).

Let us describe the algorithm of the determination of

element/cell xea. from its Freset number vo.

We will usa recursion formula (6):

S.(a, r. )=S., (a. .- a S.) s._(a, r.).

• Relatively components xz of unkncuE element/cell x.--(X, X._,....X)

with number vo are possible twc cases:

X.-1, eezz O<'o<S.-,(a, r.- a,

x=o, S.,C(a . -aXV8<SW..(a. r.).

Key: (1). if.

Relatively components xm- of unhncwn element/cell x,, with number

Vo are possibla the cases



DOC = 81024 106 PAGY PI

ups x.==h x.-I== 1, ecu0<%<S-ICa, r. -a.-a..), "

X._-1=0, eco Sa._a..r.--a.- .)<v5

< S.-I (a-, r. -a);

UTMX.=0;'x-.-~1,1 emx S.- 1(a. r. -a,)< v.5

< S.-a(a, r. - an-i),

X-i= 0. S.-s(a. r. - a.-) <*S

< S.-n-a(a. .)

Key: (1). with. (2). if. (3). and sc forth.

Continuing this process, we find element/cell T ,to which

* earlier was conferred number vo.

Let us describe the algorithm of the formation of the numbar of

this element/cell from set .-.

It is obvious, number c of the preset element/cell consists

within the limits

Page 125.

The unknown number we will find by iterations vi, v2, v.., o by ths

consecutive use of recursion formula (6).
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First step/pitch of iteration. Depending on tht value of

component x, of the element/cell ir questicn are possible two cases.

If x,=l, then element/cell x-, belcngs to set S,.I(a.,r.-,). Then the

unknown number consists within the limits

O<v<S- (a r. - a.).

In this case first apprcxjmation v, of number v we assume/set by

equal to zero.

If x,.O, then element/cell x. belongs to set S,-,(a, r.) and its

number consists within the livits

;s.-,, r. - a.)< <S.(a, r.)

In this case first apprcximation v, of number v will be detarmir.d

by value

s-Sa.-.j(a r. - a.).

Second step/pitch of iteration. Depending on the first or second

case of the previous iteration we realize resFectiveiy a separaticn

of a number of elements/cells ,....-..) or S-,rj anu *nalogous

with previous depending on the value of component x.-4 we determine

the second approximation/apprcach cf number v, if - then v=v;

if I -.-=O, then vgmv+B..4,h), where

,- a.. .4, dk. a=O .4.A.

Key: (1). if. (2). and sc forth.
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Prccess is fini'shed cn ± iteration (11I, f an

then unknown number '~is equal tc v,+I.
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Page 126.

USE OF COMPUTERS AND FFTHODS OF PREDICTION IN PROCESSES

OF SUPPLY.

B. Kh. Nurkhaydarov, Ye. A. Pillsbchikov.

* one of the most important branches of the national economy of

Kazakhstan is the system of material and technical supply, which

realizes systematic distribution of the production of

production-engineering designation/purpose and its bringing/finishing

from the supplier-enteprises to the user enterprises of all branches

of material production.

Ihe provisions of a majority of users with material resources in

Kazakh SSE is made by a single system of the crgans/controls of

material and technical supply - by principal administration of the

Council of Ministers of Kazakh SSO on the material and technical

supply (by Glavsnab C - gain Supply Adminisration ) of Kazakh

ss5).
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Entire activity of the organs/controls of supply of the system

of Glavsnab of Kazakh SSR can be decomposed into the following

-" stages.

1. Application operating period in course of which is

revealed/detected necessity of cational economy of Kazakhstan for

production of production-engineering designation/purpose (according

to nomenclature of GOSSNAES ( - State Supply] of USSR).

2. Obtaining pools and distribution to their users.

3. Obtaining from union-Republic ministries and departments of

notices about earmarked pools into material resources with

nomenclature of Gosplan of the USSR.

,.Specifi.ation and schedule-order of pools.

S. Realization and check of realization of assigned production

both to enterprLses and to bases U8TS; in necessary cases reception

of measures for approximation/approach of delivery times.

6. operational work* which includes assembly of information and

representation in established/installed periods of data on

realization of pools according to predicated nomenclature, method of
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further claims from enterprises and their guarantee, extraction of

further pools to enterprises and to organizations due to internal

resources/lifetimes and deceatralized purchase, operational solution

of critical questions concerning guarantee of serviced users.

Page 137,

-4i Thus, control process of the supply (deliveries) of production

on broader scale consists of two Fhases:

a) the phase of planning/gliding (assembly of claims from the

users, the composition of compound claim, obtaining pools, their

distribution according to the users, the fastening of users to the

suppliers), realized with the periodicity of times in half a year 3r

block to the beginning of period being planned;

bi the phase of operational control, which ensures the

realization of the initially comprised plan/layout of deliveries.

Operational control enters in the operation during the detection

of deviations from the fulfillment of the plan of deliveries and

consists in the generation of the solutions, directed toward the

elimination of the disturbances/breakdowns of the normal running of

deliveries to production.
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By most crLtical and labor-consumiag control function supply is

the determination of necessity. The utilized at present methods of

guaranteeing the necessity during the composition of the plan/layout

of the material and technical supFly of users possess a number *f the

deficiencies/lacks, caused by the following reasons: qsers compose

claims long before the beginning cf period being planned without the

predicated plan/layout of production for the following year;

necessities are overstated in view of the late introduction of

*changes of the norms of consumptica into the card index of standar 4

economy or consciously; users represent claims late.

Thus, the comprised in the appropriate levels of the system of

Glavsnab compound claims of the users of region (republic) do not

reflect real ns:essity. in this case the calculated necessity

considerably differs from actual demand.

At the stage of the determination of the specified necessity

taking into account the earmarked Fools also appear large

difficulties because many users send specification with the large

delay or completely do not send. ?hus. at the level of bases in

similar situations it is necessary to realize a prediction/forecast

of the specifiel necessity for the materials by the method of an
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increase in the necessity of last year by 10-15o/o, which unavoidably

leads to the errors and, therefore, to the further work on the

elimination of the emergent nonconformity.

The difficulties indicated load to the need for using methods of

the short term prediction, which have the relatively simple structure

of model and at the same time which make it possible to obtain the

reliable and sufficiently accurate results of the forecast of the

necessity for material resources.

Page 128.

In this case it proves to be necessary to develop/process the

methods, which ensure the consecutive updating of the forecasted

characteristics taking into account the obtained deviations of the

prediction/forecast of the necessity from the actual realization for

the period, which precedes that planned/glided.

By very promising in this direction is as/application in the

control the processes of the suFply of the methods, worked out in the

theory of the optimum control systems. Thus, for instance, analogous

with systems with the accumulation of information about object [ 1] in

control system by material and technical supply it in possible to

observe the "prehistory" of the process of supply on the basis of the
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analysis of the available statistical account during the past

periods, which will sake it possible to more accurately consider the

future values of the characteristics of this process, to replace the

" a priori probability distributicns of characteristics with a

posteriori ones and to make the best decisions in the beginning of

each period being planned.

Furthermore, in control system by material and technical supply,

which is characterized by the alternating phases of planning/gliding

and operational control, it is desirable to even at the stage of

planning/gliding take into account the dynamics of production on the

supplier-enteprises and the dynamics of the consumption of

resources/lifetimes by users in order to decrease in the certain

degree the loal on the system of operational control, since the

account of these changes will make it possible to considerably reduce

the probability of the appearance of disturbances/perturbations in

the mode/conditions of operational control.

Let us introduce some designations. Lot pt. - quantity of service

life of the i form, expended per unit time in accordance with the

plan/layout of production and the norms of consumption, i-, o..* N;

jol, e.., P. Then the integral curve of the consumption of the

service life of the i form by certain set of aser enterprises (for

example, branch, region or of republic as a whole)

9216 A&Wt .......
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moreover at the and of the planned period (0, T) must be satisfied

the condition

where As - output of the I form, assigned to the users of the

specific branch, region or republic.

4

Page 129.

Thus, for the execution by the users of plan/layout up to

moment/torque t suppliers must place not less ?,(t) the units of

output of each form (iml, 2v -e.. N), In actuality sometimes occur

delays and disruptions/separations of the plan/layout of deliveries

due to the disturbances/perturbations in the system of material and

technical supply (breakdown of aggregates/units on the supplier

plant, changes of program or necessity of consumer plant, etc.). For

the force of those reasons the actual curve of necessity ?,(t) differs

from the planned conditions of use MO(t) and it is certain random

function of tine.

Figure shows the sequence of the values of the realization of

random function | at the particular moments of time. determined on
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the basis of ths data of statistical account about the deliveries to

production by the increasing result.

Let us consider certain econcuic process e(t), under which, in

particular, it is possible to understand the process of consumption

at the level of individual enterprises, production associations.

branches, economic regions or of republics.

Let it be process 4(0)-4, changing discrete in the time, it is

determined by the relationship/ratio
A|" t- --. ... T. (2)

Taking into account such economic characteristics, as the indices of
II

the rates of growth . and the increase let us present

relationship/ratio (2) in the fore

-. t- 1..; 7. (3)
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/

4r 4

/Page 130.

The solution of equation (3) for any moment t under the preset

initial Conditlons (to, to) is dsteruined by the formula

where 'v1+A .

Ia the case of the inteqral curve of the consumption of

resource/lifeties it is logical to assume that O Y,<l.

VIrtually acceptable with this approach is the evaluation of the

future values of demand (necessity) according to the predicted data

of the rates of iacrease in the necessity, determined on the basis of

the statistical analysis of information during the past periods.
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Let us consider another approach to obtaining of the evaluation

of the possible versions of the development of the necessity, based

on the representation of the trajectory of process e(t) in the form

of the sum of ragular component and the random process. Then for each

particular moment of time t(i-=1,2,...,n) we have

where (t,) - value of the trend of process t(t) at moment/torque ti;
4,

'j t,)-- the value of the realization of the random component of process

at moment/torque t.

Rando component 1(t) can be considered as stationary random

process with mathematical expectation M[1(t]-const, by dispersion

., 2j)-onst and correlation function Rq(th, t2)-R%(4, ithout the

limitation of ganerality it is possible to assume MLvt)J-O. we

consider also that the component 40(t) can be presented in the form

where ej - unknown parameters which must be determined,

fj(t) - the preset sequence of the linearly independent functions, for

which is decomposed/expanded regular component.

In general form the task of determining the necessity for the

following period can be formulated thus. Let be known the dynamics of
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the process of zonsumption t(t) during the past periods:

Page 131.

It is necessary to give the evaluation of demand t 1 (.+) at

moent/torque t..i-ta+'o (To - the time of prevention/advance).

4.Forecasted value, tn depends on mcents/torques tgi0=1, .. *n) and

from previously measured values Ei. i-~1, .. ,n, i.e.

int o §J

Under the assumption (5) by most advisable ones is considered the

approach, based on the use of methcds of the optimum filtration of

random processes and sequences.

In our case the task consists in the isolation/evolution of

regular component ZO(t) from random Ti(t), i.e., if is preset sequence

in the form of the discrete/digital realization of the additive

random process e (t) , which satisfies conditions (5) and (6) , then it

is required to f ilter out sequence (t), i=O,I,-., n at the moment of

time ta+1=t.+ro then so that the dispersion G2x.1 of evaluation

mlj~w.,i1 would be minimum. By the methods of the theory of the

filtration of random processes (sequences) (2] it is possible to

determine the evaluations of the characteristics or process t (t) at

moment/torque tn4u.
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Let us register evaluation (t3 +t) in the forn
(¢- )' "i a,@,).(7)

where weight coefficients Gi are found from conditions the

nondisplacement of the evaluation

U4kLW(J1= ISM) I(t.+1) (8)

* and of the minimum of the dispersion

It is possible to show that the determination of optimum weights di

is reduced to the task of minimization (9) during the limitations

(10)

Page 132.

with the halp of the method of Lagcange's indefinite multipliers

the extreme task indicated is reduced to the solution of the system

of the linear equations relatively (anl) of coefficients aj and a of

undetermined coefficients ka

,..o h-I (U1)
ajft)=fh(t,). (J=O. 1.m; k= 1 i).

u0

The dispersion of optimum evaluation we find through formula (9).
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Thus, on the basis of the statistical analysis of information

about the development of the necessity in the past and for the

present is determined the trend of its development in the form of

function (6) taking into account the obtained values of parameters

ai and is computed the value of demand when t.+i.

The methods of the optimum filtration, which ensure the smallest

variance of error, require the calculation of new weight coefficients

for each point of realization. Furthermore, for guaranteeing a

sufficient correctness of forecast at the preset length of

discrete/digital realization can arise need in an increase in the

frequency of the observation of process (for example, monthly or

every ten days obtaining of summaries about the realization of

deliveries), which leads to an increase in the volume of information.

The solution of these problems is possible only in the presence of

powerful/thick computational means (VTs of highest category at the

level of central boards and single territoriat administrations ). On

the bases and territorial administrations, which have the limited

computational power, it is expedient to use simpler (although are the

less exact) methods of processing. To then can be attributed the

methods of the slipping average, linear predictor, exponential

smoothing (Braun's method) (3, 4], expert evaluations [5]. The

required accuracy the evaluations of the parameters, and also the

storage capacity and the high speed of computers determine the
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selection of one or the other metbcd.

However, the methods of prediction cannot ensure the required

accuracy and reliability in the determination of demand for the

sufficiently prolonged periods due to the random factors, which

appear in the system of supply and which lead to the

uncertainty/indaterainancy in the prediction/forecast. Furthermore,

information analysis according to a small number of observations does

not make it possible to determine the effect of all these factors.

During the subsequent period can enter the operation also the

concealed/latent previously factors, which to a considerable extent

affect the development of demand and the reflecting specific

shifts/shears in structure of consumption.

Page 133.

Thus, for instince, appearance of new users, change in the program of

production in some enterprises and so forth lead to the need for

making more precise and correcting the plan/layout, comprised in the

previous stage of planning/gliding.

The greatest effect in the guarantee of connecting/fitting the

program of production with the necessities for it all over the
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specified nomenclature can be achieved/reached in the case when is

realized control of the process of supply (updating plan/layout) on

the basis of making decisions in the beginning of period being

planned (block, month) during the detection of the considerable

deviations of i-tual necessity from the results of the forecast.

If in the stage of prediction is solved a question about that,

what precisely versions of the trajectories of the future development

of demand are essential and are subject to calculation (in the limits

of confidence limits with the interval 2A; see Fig.). then selection

and realization of the best trajectory of the development of demand

(in accordance with the selected criterion of optimum character and

the limitations) can be realized with the help of the multistage

process of making decisions, which sakes it possible to carry out

updating prediction/forecast taking into account to the current

information about the deviations in the beginning of each period or

within it through the fixed/recorded time intervals.

Assembly, processing and continuous accumulation of the required

information, and also the solution on its basis of the complex of the

tasks of control of supply (among other things of tasks of

forecasting of necessity and periodic correction of the comprised

plan/layout of supply) cannot be realized without the use of

communications and computer the efficiency of functioning of which
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sharply grows upon their inclusion into the outline of ASO of the

corresponding levels and components/links of the system of Glavsnab

of KazSSR.

Let us pass to the construction of the model of the multistage

process of making planning decisions in the control of supply. ge

consider that the system of supply has available the specific

quantity of service lives in the form of reserve (supply) in oder to

have the capability at some moments of time t56(O,T), i-0, 1, ... , S-1

to realize a correction of the plan/layout of supply, allotting to

users further pools in the decentralized order.

Let us designate through u-(uj,...,uN) the vector of control;

components u, are the control pressures (value of the i form of

resource/lifetime, isolated from the reserve), which ensure the

correction of the vector of consumption t=( 4. -o N). I - quantity

of forms of the distributed production. A number of components of the

vector of control can be less than 1, if we take into account the

interchangeability of some forms cf production.

Page 134.

Lot to the control be is superimposed the limitation in the form

mO- , *(12)
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Physically this means that the supplies cannot be unlimited. The

optimum selection of boundaries of the region Q(u) is given below.

Then trajectory of the process of supply (consumption curve)

taking into account to the possibility of updating can be described

by certain system of the differential equations

--- =f , i, t). (13)

Bare m . N), oreover f - n general nonlinear functions

from j, and t; =(7,..., ) - vector of disturbances/perturbations

whose components 74 are random processes,

For our purposes to conveniently examine process at the

particular moments of time ti(0-O, 1,-..,S) Then the controlled object

is described by the system of nonlinear difference equations in the

vector form

I -O [+1J-f.... v--1 .... [.) - 14

Au the reference input we will examine 5't)- ..... je) - the

vec-tor function of the "full/total/conpletem satisfaction of

necessities, i.e., the function, which reflects the real necessity of

joint user. Let us note that IfO(t)) - in general can be the random.

unknown previously vector function of time. In this case jS(t we V
count the represented in the form sun of two components; regular

function ja*(t) and stationary random process ,.
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Then as one of the possible representitions of the criterion af

optimum character can serve the functional, which is the mathematical

*expectation of certain primary criterion Q,:

-. .. - I," - - -. -/', --:+'. . + .
Q-- MQ 0.. % P

where Q(vl). - range of change in the vector of

disturbances/perturbations ;

N) - the probability density of random vector ';

Q-1=EM(t - W., u(M))

(R- certain convex function).

In the discrete/digital case we have

Task consists of the determination of such strategy of control

with which phase coordinates an ,) ad control pressures

(u,,...,u ) would satisfy limitations, and preset criterion (16)

reached the minimum. The posed above problem has two special

features/peculiarities. The first lies in the fact that we should

previously plan the size/dimension cf the supplies, utilized

subsequently in the process of updating the level of demand.
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The second, chief characteristic of task consists in the

insufficiency of initial (a priori) informaticn relative to some

parameters, entering the criterion of optimum character, or means of

probability distribution for disturtance/perturbation n(t). If the

type of the distribution of random Frocess is preset, then can be

unknown the parameters of this distribution (everyone tteir part),

4 and also equation of the controled object, i.e., function f1. Within

the framework of the classical theory of optimum systems this task is

irresolvable ani the way of its solution lies/rests at the enlistment

of adaptive approach [6, 1], which consists in the simultaneous study

of object and the control of it. In this situation the control

pressures carry dual character, since they serve not only for

studying the object, but also for its reduction to the required

state.

The solution of problem is dividod/marked off into two basic

stages.

Determination of limitations to control no let be known integral

curve admissions of the productions of i form 0(0)(L-I .... N) from the

supplier, which can be determined on the basis of prediction/forecast

or information about the schedule chart of the deliveries, woked out

by supplier. A y(ti - integral curves of necessities, calculated, for

example, with the help of the methods of prediction.
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As a result of the incomplete agreement of graphs +s(t) and 1p(t)

in the time products delivery to users will be delayed to certain

value x:;

Page 135.

This delay in the fulfillment of plan is equal to

= max (ea, 0). (17)

where at - minimum delay, caused by the absence of the necessary

output of the i form. If functions ya. and +, are preset in analytical

form, then value at is found (7] from the equation

y jt(s,)-ef]-'j[(s)]=O, (=1, , .... N). (18)

Here t(,,) indicates the moment/torque of time t, with which function

p,(t-aj)-+,(t). reaches maximum.

During the graphic assignment of curves ?i(t) and 1(t) minimum

is easily determined by the simple shift/shear of graph ?,(t) along

axis t.

Is consider that the order of output does not vary. In this case

so that the users would avoid considerable losses F(e) in the case of

the delay of delivery time, it is expedient to have supplies
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according to each £ form of production (i=, 2 ... o. U).

Knowing M0(t), taking into account supplies, and also ,(t) we

determine with the help of (18) delay £g(al) in the form of

uonotonically decreasing functicu fromue.

Thus, task consists in determination u O. 0, of those miniizing

the total losses
SPf[max e(us)] + yeis, (19)

:14
1

'NW gem

(c- expenditure for creation and storage of the unit of output of

the i form).

The algorithm of the solution of this problem makes it possible

to obtain the evaluations of limits (u (i-1, 2, ... , N) of the

permissible range of change in the control pressures. in this case

the error in the determination of these values depends on the

accuracy of the results of the forecast of curve IN. V ultistage

process of making adaptive type decisions. For the digital processes

of form (14) in general the solution of the task, which consists in

the miniization of the function of criterion (16) taking into

account the restrictions ploced on control pressures

u,'< U.(-l ., N) (20)
p-Opresents considerable difficulties.
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Therefore it is expedient to do a series/row of the simplifying

assumptions relative to model (14), (161, (20).

Ue will consider that the structure of functions f, is known and

phase coordinates Ii do not depend on the variable/alternating for
4,

which JIi (i, J=1, 2, ... , 9). Then relationsbip/ratio (14) can be

presented in the form
"I~~~ ek+l=f ,(h].,5u[kj. gO

' ! t~l.... N k 0 1 ... $-1).(21)

Lowering index i. it is possible to register dependence (21)

symbolically in the form of operator F, i.e., in the form of certain

stochastic conversion, which describes the transition of system from

one discrete/digital state to another, namely

+IuF(a, 71. k=0. 1.... S-1. (22)

Here et=c - initial state of system, 71h - independent random

quantities with the known type of the function of distribution dG(n),

but with the unknown parameters. For example, if 711 are subordinated

to the normal law of distribution, then by the unknown parameters

there can be the mathematical expectation a and dispersion *a.

Furthermore, at each moment of time k (k=0, 1, ... , S-I) to us

is known only evaluation o of regular component of process , of

that obtained on the basis of prediction/forecast.
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If we consider e(t) process additive and represented in the form

(5), then at ea-h step/pitch of making decision we have two unknown

parameters V0, and O'(q), since constant at k)*O can be

included/connected in regular comFonent ZO(t).

The criterion of optimum character (16), connected with the

multistage process of making decisicns, let us present in the form
a-I

Q-M MRaI }M{ rAN u,. ',). (23)
A-0

at the first step/pitch as the a priori information we have a

distribsitioa dG(,). Raving available the systematic procedure of the

modification of this a priori function of the distribution (foe

example, realizing a prediction/forecast of the parameters on the

basis of analysis and information processing about the past and

present), we can at the following step/pitch cbtain the new functi*n

of distribution dGA)-A(n, , s,. qi. G) which depends on the previous

function of distribution G, from value m, of that obtained from the

observations, from the initial state eo=c. new state Ej=F(c,u,. ,) and

solution a,.

Page 138.

Let fs(cG) - mathematical expectation RAs.obtained with the
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optimal strategy, initiated in the state (c, G), then on the basis of

the principle of Bellean's optimum character obtain the folloving

functional equation:

fa (c, G) mini " .U ,) 4 fe- (P(c. ia. ,) GJ] X

d, ('t ih (24)

for all s>2; for S=1

f1 (c, G)-=min[ ijC. ii, ih)dG(- 1)JJ (25)

As the pro=cdure of the sdification of a priori information it

is possible to use other sethcdo, for example known in the

probability theory bayes' formula.

Thus, work shows the possibility of using the adaptive approach

with the solution of the problems of planning/gliding and management

of the process 3f the supply, which makes it possible to be rejected

(in full or in part) from the existing methods of planning/gliding

(determination of compound necessity via the assembly of clain from

the users) and of *mploye by instrument for the consecutive

evaluation and the correction of the parameters of the development of

the necessity within the Interval C0, T] for the process of making

decisions under conditions of incomplete information.

The model Diamined is solved with the help of the methods of the

functional equat!.ons of dynamic programming. Important moment/torque

is use at the higher levels of control of the supply of the seams of
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computer technology, which sake it possible to accumulate and to

operationally treat the considerable volumes of statistical

information, which becomes in principle irresolvable task during the

time constraints of the solution without the use by computers and

ASU.

This material makes it possible to plan the directions of

further works in this region.

Page 139.
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One numeration system with the recurrently determined weights 1o

FOOTNOTE 1. Work is carried out under I. Ta. Akushskiy's

management/manual. EIDFOOTNOTE.

1. T. Pak, A. D. Kharlip.

Despite tha fact that the rositional methods of representation

of numbers with the natural weights of digits and close to then

systems have a series/row of obvious advantages, at present are

continued the searches for the mew methods of representation of the

numbers which would make it possible to achieve one or the other

advantages during the construction of machine arithmetic.

hen selecting of the bases (weights) of numeration system

arises interesting question. Is it possible so to select basei in

order to decompose numbers into the groups of digits and during this

separation during the addition it would not be the transfer from the

group into the group? Apparently, the possibility of this separation

is concealed in thq ambiguity of the representation of a number in

this system, which is determining by the concrete/specific/actual
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properties of bises.

Lit us consider the nondecreasing sequences of natural numbers

{xgl with xz=1.

According to Hoggatu and King [1], the sequence of positive

integers{xi) is called full/total/couplets, if each natural number a

has a representation in the form

where cje(O,1),N - sufficiently large.

fience it is apparent that if we should present any natural

number n in the form of the sum of different members with

coefficients ci of certain preassigned sequence {xz}, thenthis is

possible only if this sequence is full/total/complete.

Is known theorem [ 2], which gives necessary and sufficient

because of completeness of arbitrary sequences.

Theorem. Lit (x, be the nondecreasing sequence of positive

integers with x1=1.

Page Ia1.
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Sequence (we} uill be full/total/complete when and only when is

satisfied the condition

XP+s < l+1j'xj,, p=1, 2,... (1)

During th3 construction of numeration system with the artificial

weights the sequence of weights {xi} necessarily must satisfy condition

(1).

It should be noted that condition (1), guaranteeing the

possibility of using the sequence for the representation, yet does

not guarantee the uniqueness of this representation. 1he conventional

numeration systems use as the sequence of weights geometric

progressions with different denominators. It is not difficult to

ascertain that they all satisfy condition (1), which for them takes

the form

x,1+,- 1+ -, xj, p=1, 2,... (2)

The transition of condition (1) under condition (2) is the basis of

the fact of the uniqueness of the representation of ambers in the

ordinary binary number system.

In general with execution (1) the uniqueness of representation

is broken; however, questions of the evaluation of a number of

representations for the arbitrary full/total/complete sequences are

worked out still insufficiently. There is only a series/row of

results for the concrete/specific/actual sequences, for example for
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the sequences of Fibonacci and Lyuk [3, 4].

Does arise question, it is not possible to use the

full/total/complete sequences, which possess the property of the

nonuniqueness of representation, for simplification in some

operations.

4,

Im this article is done the attempt to use nonuniqueness of

representation for the construction of the positional numeration

system, which .possesses the properties, close to the properties of

the nompositional numeration system. In particular, is done the

attempt to attain the independence of operaticn with the addition

with the groups of digits.

In this direction it seems to us natural to use as the sequence

of artificial weights such full/tctal/complate sequences which remain

full/total/complete after the dropping of them of certain number of

terms. It is obvious that such sequences exist, but not of any

full/total/complete sequence it is possible to recede, without

breaking its completeness, any number of terms. Thus, for instance

Fibonacci's, sequence ceases to be full/total/complete after the

omission from it of two arbitrary members [5].

Page 142.
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Let us construct the concrete/specific/actual

* full/total/complete sequence, which possesses the properties

indicated above:

(..., 460, 273,I.871, 115, 72, 43,129.18, 11, 7,14.3, 1, 2). (3)

i t is leterminel from the following recurrent relationships/ratios:

xjL-2., z,-1,

4X4-X4n-S+X4.-I,

The special feature/peculiarity of the construction of sequence

(3) consists in the fact that the dropping of it of each fourth term

does not break its completeness.

i..., 733, 460, 273 [ 115, 72, 43C 18, ii,7Cj8, 1.1). (4)

Let us name sequence (41) in contrast to sequence (3) sequence

with the nwindovs tm , and each set of three of terms, arranged/located

between (k-1) -th and the k window - by kc triad.

Let as demonstrate the completeness of sequence (3). For this it

suffices to establish that for any term of it is satisfied the

condition (1). sequence (4I) can be constructed without depending on
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sequence (3) aczor4ing to the formulas

From formulas (5) it is possible to obtain the following

relationships/riktios:

Page 1413.

Thus, aondition (1) is satisfied for all elements/cells of sequence

(4).

Sequences (3) and (41) subsequently are used by us as the bases

of binary number system.

Under the cange of the representation of numbers in this system,

as usual, we will understand a quantity of different nuabers which

can be represented in this systems Thus, if we take as the artificial

weights for the representation of numbers n of the members of

sequence (3), then range will be equal to the sum of these n of

terms. This sum will be that quantity of different numbers which we
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can present in the preset range. It is logical that during the use as

the weights of sequence (4), the range of the representation of

numbers is reduced by the sun of members with the numbers 4n.

The represantation of numbers in numeration system with weights

(3) we will call surplus representation, and in numeration system

with weights (11) - normalized.

Let us consider the operation of addition. The addition of any

two numbers, which have the normalized representation, can be led

with the help of the given tables of triad addition.

Tible 1 is used for adding the numbers, represented in the range

of the first triad. Table 2 gives the results of adding those numbers

which are already represented in the range of the first and second

triads (the first triad consisting of zero), and also with the help

of any n of the triads, the first n-1 of which consist of zero.
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Table 1.

.- ol 001i l , i 1 111
o -too ioi nil10
' 4=I l 1101 110i j 1110

..o . i0 M I n MWf 2 i, IM I 110
1U UoIoi 10 J 1110 1101 lii00

Page 144.

From the tables it is evident that the results of addition are

obtained in excess representation. Therefore the operation of

addition must be realized into two stages. Through the table we at

first find sum in surplus representation, then ve translate it into

the normalized representation by normalization.

Example. To sum numbers 150 and 64.

11572 431 i 1811 7 1 3 1 2 - a,,. mCeOmm

1 0 0 1 10 111-150
0 01 1 00 100 - 64

1 0 1 F1'1 1 0 0F1I 0 1 -- .JIATftT B H130UTOVIHOM

WMACTamAeHHM

1 1 0 1 0 1 00 1 -y aaaT 9 uopauuo-
mazo0 npeiramaemms

Key: (1). the bases of system. (2). result in surplus representation.

(3). result in normalized representation.
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a process of normalization can be carried out with the help of

the series/row of the further formulas:

X4. e.Z4n-+x4-.g+2x4.-.

X4 8 +1 X 4 8 +Xgm-I +X4ga-I,

u-I

2X+I=X4.+2+ IX44+2,-4j +Xs,
J-1

2X4.-1'X,6,1+X4"-.+X~ia-a,

2x4..1X4*..4 +X4,-4+Z4 3 .-.
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Table 2.

+® 001 0ll0 111 1111 11 1i
,olo 1~ 100 1 iii 1 -0eel l I- 1 0

ill 111 00i11100 illli lii 1 1111 i 11000

Page 145.

It is possible to propose another method of normalization which

easily is realized on the computers.

Ve find all representations of zero in the ternary system in the

preset s-band the use as the bases of sequence (3), and as the

bases/bases ( 1, 0, -1 ). Among then always will be located such

representations, which during the addition with surplus

representation *f a number give its normalized representaton.
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One model of compression, realized on the computers of the typq M-20.

I. T. Pak, V. V. Satsuk.

4,

In the previously published work s was examined a questicn about

the compression of the nurerical information, organized by its

storage in the form of latel cn the positional ruler.

FOOTNOTE t, I. Ya. Akusbskiy# 1. T. Pak. To a question of the

organization of storage devices/equipment TsVM on the principil of

the compression of infcruaticn. "Bulletin of AS of KazSSR, series

physico-mathematical"., 1971, No 5. ENDFOOTNOTE.

Using this idea based on the examFle of the multiplication of

matrices/dies 54x54, constructed rcdel the compressicns of

information for the realizaticn cc computers cf the type .- 20. With

the ordinary method only for stcring the initial and resulting

information it is necessary tc exterd 3x542=8748 96 b# information
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words, which exceeds the possibility of the wcrking storage of

computers of ths type M-20.

as the basis of model are assumed the procedures, named by us
the "scale" and the "search" whcse iock diagrams are given .n

figures 1 and 2. Procedures "scale" and "search" ensure the

dispatching of numbers to the pcsitional ruler, sample of it and

readdrassing in the address part cf the program after each change thn

numbers of label on the pcsiticna] ruler.

Description of algorithm. Let us isolate for organizing ths

"position storage" of h 45-bit infcrmation words. Since we will use

with positive and negative numbers, then numbers of initial and

resulting information must satisfy the condition

where x=1,2,3,... ,8748 - total quantity of numbers, which are

brought in to the positicnal ruler.

Page 147.

Entering the positlcnal ruler number z is designated k and p;

k indicates the number of instruction, and p - address, in which will

be preserved the number cf number x.. The variable/alternat ing i

(Fig. 2), passing value from -112 (45Xh) to +1/2 (4 5h), it
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determines the number of number Xn depeniing on the v3iles of

values, previously come pcsitioc ruler, after this cccuzs the

full/total/complete or Fartial renumbering of th4 prev'J3 valuzs.

The restoration/reduction cf number x. cccurs as follcws. i3ring

converted to the proceduri "searct" (Fig. 1), wq are given index f,

which indicates the number of instruction, and the index y, which

indicates the number of address.

4,
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Ihe vs form/shape nubt z, vhc is4~ deemiig h nmero

number ~~ and on the pcsitiCNalrlrw3ro ett igtsC -
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bits, not equal to zero. Value Xn- is defined as the sum of z-:c ar.

single digits.

The multiplication cf matrices/dies occurs as follows. Each linr.

of initial matrix/die elementwise with the help of the proc;dur

"scale" is placed in the positicn ruler. After this with the help of

the procedure "search" is.conducted the sample of equivalent

components of matrices/dies fcr the formation of the elements/cclls

of the resulting matrix/die.
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and their conversion into nuIDters. (3). unit cf readdressing. (L4).

r
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on. (5) . unit of converting number s '"into constant and dispa+'ching

of this constant in apprcrriate address "fr",

Page 1149.

The formed line of the resulting mitrix/di;: with the hslpo f thr-

procedure "scale" is placed in tbe position rulsr.

All elements/cells of three imatrices/dies can be givon out to

the printing with the help of the procedurs? "search's and are usad for

further operations.

In the modal as the digit of pcsition stcrage is used

full/total/complets inferraticn wcrd. In spite of this, for thi

realizaticn of algorithm were required only 3100 information woris.
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SIMULATION OF THE RELIABILITY OF THE ELEMENTS OF EXCHANGE SYSTE9S BY

INFORMATION ON TSVM.

I. G. Pil'shchikova.

During the simulaticn of the processes of the functioning of

exchange systems by data consideratle effect cn the results prov-s to

be the account of the interacticn of environment and, in particular,

reliability of the functicning cf the elements of system. We havA

examined the series/row of the imitation models of elements/cells,

which are restored in the interval of simulation, and the

communication networks as a whole, which can serve as background for

the reproduction of transmittings of information taking into account

different methods of increasing the correctness.

Model I reflects the steady functioning of the one-way channel

of communications without the redundancy. It considers the flcws of

failures and restorations/reducticns of channel, and also the

intervals of its entrance into the synchronism after tailures. In the

given in figure I graph/ccunt of transiticns the apexes/vertexes

correspond to the states cf the ccmmunication channel: apex/vertpx 1

44"_-
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-to state of r3adiness fcr the transmission of information,

apex/vsrtex 2 - to state of the failure of the communication channel

and apex/vartex 3 - to state of pulling into step of the

restored/reducal communication channel, and edges/fins -to allowed

transitions X, p and 6 are the indices of failures,

restorations/reductions and ccnrection respectively and characterizp

* the reasons for transiticm of ore state to ancther.
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A

Fig. 1. Fig. 2.

Page 151.

4,

The algorithm of the work cf model is represent6d on figure 2.

It is based on the imitaticn of three parallel processes: the

production/consumption/generaticn of the moments/torques of failures

2, restorations/reducticns 3 and termination cf pulling into step 4.

The enumerated units are crganized as random-rumber generators,

distributed according to the apprcpriate laws. Tuner 1 defines

concretely the parameters of the ccwmunicatior channel which must be

imitated.

Since the states of restcration/reduction and pulling into step

are nonoperative for the channel, cccurs fixation of the tims

intervals of these states and is ccunted the coefficient of the lack

of preparation (employment) of the channel of communication (unit 5).
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The work of model is limited to the assigned time of simulaticr.

t~c.. analysis of which is Froduced by unit 6.

The interpretation of model in the language of SLANG-syst m .

given below.

RNBZ O, pesep,,a (,' )
BEGIN
INTEGER TKOH. T, Ti; 02)
REAL Li, L2, L3; FACILITY RIAHAI;
INPUT (TKOH. LI, L2. L3);

4 PROCESS OTKA3; BEGIN T: =EXPONENT (I/LI);
OUTPUT (Li, L2, L3, TKOH);
NEW OTHAS TO Ni; WAIT TKOH; STOP;
N1: =WAIT T; NEW BOCCT TO M 1; END; C)
PROCESS BOCCT; BEGIN CANCEL; Mi: SEIZVZAHAJI;
WAIT EXPOVT (1/L2); RELEASE WAHJIAA;

ND4 END;
ROCESS ZOAM~~I EIN CANCEL; Pi: = EXPONENT (1/Li);*

?I: -EXPONENT (i/IAI); SEIZE KAHAA;
WAIT IF T>TI THEN TI Jk T;
RELEASE I 'AHAA OTj To NJ
17 T>TI THEW TVONI1
MAX* NNW DOMT TO Ml4 U.ND ED

Key: (1). Channel without the reserve. (2). cbannel. (3). switch-on.

(4). failure.

model 2 imitates the steady functioning cf the routing, which

contains to three channels with floating redundancy: by 2/1, 1/1 an.

I channel without the reserve. It is the more general-purpose

modification of tha model, examined earlier (3].

model reproduces the independent flows of failures and

restorations/reductions of the coumunication channels, and also the

intervals of connection and pulling into step with the
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development/detection of nonoperative intervals and probability of

the lack of preparation of each of the communication channals.

The graph/count of transiticrs with one channel without th

reserve is analogous given abcve in the examination of model 1. In

the case of the simulation of direction with the version of

redundancy 1/1 graphs/ccunts cf transitions take the form,

represented in figure 3.

Page 152.

In this graph/count the apex/vertex 00 ccrresponds to the state

of the failure of two ccmmunicaticn channels, 40 - to state when the

first channel enters into synchronism, the second - in the failure,

10 - the first channel conducts the transmission of informaticn, the

second in the state of failure, 12 - the first channel conducts

transmission, and the seccnd is in the state of readiness, 42 - the

first channel enters into the synchronism, the second in the state cf

readiness, 04 - first channel in the failure, the second enter into

synchronism, 01 - first channel in the state cf failure, and on th?

second is conducted the transhisicn cf information, 21 - first

channel in the state of readiness, the second conducts transmission,

24 - first channel in the state of the readiness, the second enter

into synchronism.
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The behavior of routing with redundancy 2/1 is describod by thl

graph/count of states with 31 arex/vertax even ,20 by edges/fins. Tc

avoid the interpretation cf the number of each of the apexes/vartexos

and reproductions of transiticns in the graph/count to each state

(apex/vertex) are set in the ccrfcrtity three octal digits, each of

them (from left to riqht) positicral designates the following: the

first - what channels are located on the stage of pulling intc step:

the second - what communicaticn channels they are found in the

readiness: the third - what communication channals conduct the

transmission of informaticn.

During their recording in the binary code in each of high-orders

digit relates to the channel cf ccmmunication No 1, the following -

to the channel of communication No 2, low-order - to the channel cf

communication No 3. For example, state 431 means that (first digit -

100) the channel of communicaticn No 1 enters into synchronism,

furthermore (second digit -011), the channels of communication No 2

and No 3 are found in the readiness, but (third digit - 001)

transmission is conducted according to channel No 3.
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At

A. 42 12

'A, Q'A. O , A )J
AA

2424 140 4

4. Fig. 3.

io h
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o0 400 200 100
011 411 211 000

022 422 122 000

083 073 011 022

044 242 144 000

055 075 0611 044

066 076 022 044 0

073 088 411 422

075 211 055 244

076 122 144 066

100 500 ii0 000 O1l

122 162 100 022 03
144 164 100 044 056

1d3 122 0 422 073

164 ow 144 244 075

300 600 So0 000 022

244 24 200 044 066

34 144 244 076
'4. -30 . 1 200 1 211

Im- . " 2 we1 11 a
uo go-r amin 36

4'1 ' 4 1 400a5

* 31 [' . E ~
-. _ W40 144 411

m6020400 244- 421

-~2. - - - - -
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The graphic representation of all possible transitions in this

case is hindered/hampered: therefcre they are represented by tablF.

The block diagram of the operation algorithm of model is

represented in figure 4.

After the satup cf mcdel for preset parameters 1 and the

assignment of the version of redundancy 2 is crganized the paralleL

imitation of the functicning of each of three channels of

communication (4.6.8). The work cf each of the models of thr

communication channel is analcgcus to the work of model 1.

For the version of reserve 1/1 and 1 to unusable commuricitior

channels is written/recorded the "employment" to the moment/tcr4ue cf

the termination of simulation. Eobever, in the case of redund3ncy 2/1

work all three channels.

The analysis of the need for the connection of the spare

communication channels makes it pcssible to cdrry out a replc:.,ert

of the channel, out-of-crder, by finished spare channel with th-
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delay to the period of ccnnecticn (uniAt 9). This time is nonop'-cat--v-

interval and together with, the intervals of restoration/reduction anI

pulling into stasp is fixed/recorded in appropriate counters (3.5.7).

The work of model is finished at the moment of time t=.

provided by assignment (unit 10).

The interpretation ef program in the language of SLANG-sySt-I is

represented below.

INTEGER Al, PZa, A. B, C, Ki, K2, ZZ,. TI [KJ, T2 [K]. T@ J1];-
REAL Ll K L2L [K;A~z

INPUT (Al, PM, X. Li, 1.2. 1.);
PROCESS OTRA31;

Key: (1). Routing (not acre than three channels). (2). channel.
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Fig. '4.
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Page 155.

BEGIN
NEW OTICA31 TO FI; WAIT Al; STOP;
FI:
KI:=1; K2:-=2; K3:=3;
GOTO:(Si, S2, S3), PE3;
81: TiI[K2]: = Al; Ti [K31: = A1; NEW OTICA31 TO Sl;
SEIZE KW [K2]; WAIT Al;
Sll: C: =l'B: =0; NEW OTKA31 TO NIl;
SEIZE CAHAJI [K3]; WAIT Al;
S2: TI [K3]:=Al; C:=1; B:=0;
NEW OTIA31 O MI2; NEW OTEA31 TO NIl;
SEIZE K3]; WAIT Al;
M12: SEIZE KAHA [K2]; GOTO Mll;
83:
NEW OTICA31 TO M5;
NEW OTlA31 TO P5,

Nil: A:=I;
Ti [K1]: =EXPONENT (LI [KI); ...
N: WAIT T1 [Ki]; A:=0; SEIZE KA19JI l(1];
NI: T2 [K1]:=EXPONENT(L2 [K1]); WAITT2 [Ki];
IF B CON C THEN WAIT UNTIL (NO B) DIS (NO C);
TI [KIJ : =EXPONENT (LI [K1]);
N2: T3 [Ki] : = EXPONENT (L3 [K1]);
WAIT IF TI[Ki]>T3[K1] THEN T3[Ki] ELSE Ti(Kl];
IF TI[K1l>T3[Ki] THEN GOTQ N3 ELSE GOTO Ni;
NS: A:=I; RELEASE RAHW I]; GOTO N;
N4: WAIT UNTIL (NO B) DIS (NO C); TI [K1]: =EXPONENT (LI[Ki]);

WAIT IF TI[KII>TJK21 THEN TiIK2 ELSE
IF TiKli >TI [K3] THEN TI[K3] ELSE TI (KIJ:
IF Ti Ki] >TI[K2] THEN GOTO N2 ELSE IF Ti[KiI > T [K3]

THEN GOTO N2 ELSE GOTO Ni;M5: B: -1; -

TI[K21: = EXPONENT (L [K2 ]); CA
M: WAIT TI[K2]; B:=0; SEIZE ICAHAA KJ.;_.
MI: T2[K21: = EXPONENT (L2[K2]); WAIT T2tK 2];
Mll:
IF A CON C THEN WAIT UNTIL (NO A) DIS (NO C);
TI [K2]: =EXPONENT (LI [K2]);
M2: T3[K2]: = EXPONENT (L3 [K2]);
WAIT IF TI[K2 >T3[K2] THEN T3[K2] ELSE TI(K2];
IF Ti[K2] >TS[K21 THEN M MS ELSE GOTO Ml;
,MS: B:==1; RELEASE KAHAAJ{K21; GOTO M;
M4: WAIT UNTIL (NO A) DIS (NO C); TI[K2] : -.EXPONE 'T (LI [K2));

WAT IF TI[K21 >TI[KI] THEN TI[K1l ELSE
IV TIJ K >TI[Kl THEN TI(K$ ELSE TI([K2;
IF TI (El] >Tl[K] THEN GOTO M2 ELSE IF Ti[K2] >TI[K3]
TEN GOTO M2 ELdEG 1; P4
P5: C: =0; SEIZE X = 3]; GOTO P4;
T1 [K31 : = EXPONENT (Li [K3]);
SEIZE KAHANI [KS]; =O Pe
P: C: =0; SEIZ 131;
PI: T2[K3 :-EXPONENT (L2[K3]);. WAIT T2[K3];
I7 B ON A THN WAIT UNTIL (NO B) DIS (NO A);
TjL (Dl : =--ONEN (Li [KS ).;
Mt IT MI: -EXPONENT (LI[K8]};
WAIT 11f ['53] >TS T .TI (KS) ELSE Ti [3];

Ps: C: -_,,_[ .A C _ ,1; WAfK t , O, P;

P4:WAIT UNTIL (NO A) DIS (NO B); TI[K3] :=EXPONENT (LI [K3]):

P6: WAIT IF Ti [K3]> TI [K21 THEN Ti[K2] ELSE
IF TI [KS] >TI [Kl] THEN Ti[ K] ELSE Ti [KS];
IF TI [K3] >TI[K2] THEN GOTO P2 ELSE
IF Ti(K3]>TI[(KI] THEN GOTO P2
ELSE GOTO Pi END END,
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Page 156.

Model 3 is constructed on the tasis of the general-purpose mc!=!

of the redundancy of communicatiors. It tracks the steady functioning

of the communication netwcrk cf arbitrary configuration in the

assigned time interval of simulaticn from tw" to t' and puts out

the probability of the absence cf the readiness of the communication

channels. The model the block diagram of algorithm of which is uiver

in figure 5, begins to work from unit 1. This unit, analyzing pr-as:t

structure, capacities and the versicns of the organization of the

redundancy of connections from a number of thcse solved (1, 1/1 or

2/1), and also the parameters of channels, organizes working files

and adjusts units 2 and 3. Channel statistics in all directions is

fixed/recorded with units 4, 6, 8. Unit 11 establishes/installs th

moment/torque of the termination cf simulation.

model, it is analogous with twc firsts, it is written in thz

language of SLANG-system.

A
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.3..

Fig. 5.
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BEGIN '

REAL A2,L1 [K. F].L K F. L3[K. F], 14(1, Fl, L5[K. F]
L8[K. F].L7[K., 1L8[K. F, L,9[KF];
BOOLEAN A JK. F], B [K. F]. C KF;FACILITY KAH 1[K. F, KAH2 (K,. ICAH3[K, F];
INPUT (TKOH, K. F. HAIl, PE8, A2, LI. L2, L3, L4, L5, L6, L7, L8, L9);
PROCESS CHAN(K1. Fl); INTEGER Ki, Fl;
BEGIN
NEW CHAN (Xl, Fl) TO FS; WAIT TKOH; STOP;
F3:
81: K: =Kl+1; IF K1=-K+l THEN BEGIN Al:-l1; 0010 S6;
END; Fi: =1; D: -PE3 fK1]; 811: GOTO (S2, 83, SQ). D;
S2: F2:=HA3I(KIj; B[KI, FlJ:-FALSE; C(KI. F11: -TRUE;
NEW CHAN (Kl, Fl) TO S22; SEIZE KAE2[K1. Fl];
WAIT TKOH; CANCEL;
S22:NEW CHAN (Xl, Fl) TO NIL NEW CHAN (Kl, Fl) TO SS;
SEIZE KAH3[Kl, Fl]; WAIT TKOH; CANCEL;
S3: F2: =HAII[Kl]/2; B[KI, Flk]: =FALSE; CEKl, Fl]: mTPUE;
NEW CHAN (Kl. Fl) TO Mll;
NEW CHAN (Kl, Fl) TO N11; HEN CHAN (Kl, Fl) TO S5;
SEIZE KAH3 [Xl. Fl]; WAIT TKOH; CANCEL;
S4:F2: =HArl(Kl]13; B(Ki, Fl]: =TRUE;
4:11 lj =FALSE; GOTO S6;

SS1I1F=12 THEN GOTO Si ELSE FX:=Fi+l; GOTO 611;
86: NEW CHAN (KI, Fl) TO M5;
NEW CHAN (Xl, Fl) TO P5;
NEW CHAN (K1, Fl) TO Nil;
IF A1=O THEN NEW CHAN (Xl. Fl) TO S5; WAIT TKOH;
Nil:
A[KI, Fl]: =TRUE; Tl(KI, Fl]: =EXPONENT (Ll[Kl, Fl]);
N:W AIT TIl[KX, Fl];

MXFl]: - FALSE; SEIZE ICAHif Xl, Fl];
WATEXPONENT (L2[KI, Fl]);

Ir B(11.111 CON C[11, Fl] THEN WAIT UNTIL
0N0 B(Ki, Fl]) DME (NO dCl, Fl);

;T6V !1f Fl].: -EXPONENTFI:j TH. GOTO

! ~ ~ ~ ~ ~ Wl 74UX7PONENTNNT 1j11

OA[KIAAK liD DIE; Gl(~w Fl
;4T4[Kl. 111312 T(iitg lJ TE 01 ;

IT t* 1 Y :-FALSE;

'~IUE AN&. 11i, PjITHE WAI EXPONENT, 71)
jP11:1)

RI (Kl, 1]CON Cl,1]TEWAIT UNTIL

* ~ i =~11QWKOCUTL F11~t~);. ~
IFT[A lIE T9 (Ki, F]TREN GOTOPM

ELSE WIT ?9 ( C, Fl. C[IFAL82~;

RELAS TCA[K(l, Fl1110P EL 9[I 1 HND ENDO
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Key: (1). Network/grid N cf directicns with R chanrnels in :ach

(redundancy 1, 1/1, 2/1).

Page 158.

The models examined uere used in the composite model of the

network/grid of the exchang cf infcrmation fcr the study cf the

versions of the construction cf the network/grid of the computer

centers of Kazakh SSR (RSVTs cf KazSSR), and also as independent fcr

the preliminary updating cf the caFacities of communicaticns cf ths

network/grid indicated.

REFERENCES
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. . . . .. .. . .



DOC = 81024108 PAGE -A

Page 159.

ANALYSIS OF THE FLEXIBILITY OF INFCBMATtON-COMPUTING SYSTE:MS WITH THE

USE. OF AN APPARATUS OF THEORY OF GRAPHS.

I. G. Pil'shchikova, A. eh. Khaybullina, M. M. Sharipova.

During the develcpment of information-computing systems (IVS) is

of interest the comparison of the diverse variants of the structures

of network/grid. This ccupariscr can be carried out according tc th4

function of flexibility kau by understanding under the latter the

probability of the existence at least of one path without the loops

for any two points of network/grid i, j at the preset values of thE

probability of the existence (readiness for the work at the givan

moment/torque) of the channels cf ccmmunicaticn of network/gril Pip

directly connecting assemblies i, j. In this case each version : f

network/grid will be characterized by the square matrix/die of

flexibility H by size/dimension n, where n - number of assemblies,

and hij- matrix elements, which give the valuos cf the unkncwn

indices.

A question of the determinaticn of the flexibility of structur'.s

no longer is new. For the soluticr of analogous problems was used th-
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apparatus of the systems cf mass maintenance/servicing. Howtver, fCr

the case of the evaluaticn of the structure of the network/grid of

the computer centers the apparatus indicated is not suitable in view

of multi-linearity and multiphasic nature of the object in question.

The evaluation of the flexibility of structures with the i e cf

logical functions requires the colpcsitions of the ideal normal

disjunctive form with the subsequent minimization befcre obtaining cf

the simplest disjunctive rormal expression. Further transition frcm

the logical functions to the events makes it possible to determine

the probability of the unknown event by the methods of the

probability theory.

Latter/last method can give accurate result, for the systems,

which have only consecutive or Farallel connections, and in such a

case, when one and the same circuit can be connected with more thar.

one path (for example, bridge circuit), are necessary further

conversions for the purpose of obtaining at least approximate

estimates for the objective function.

Page 160.

Discussion deals with the representation of system with thi

complicated connection cf elefferts/cells with the help of the syst-.s
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only with consecutive and parallel connections [3]. For cur cas mcs-

acceptable is the computational met-od, based on the theorem about

the full/total/complete disintegration of network/grid, which is the.

generalization of Shannor-Moore tbecrem [2].

On the basis of this theorem haj it is obtained as the element

function of the network/grid:

Alph)=Pi P,.. P.A+IP, ... P.-I (1-P+.. +
+(l-PIX1-P 2)... (1-PAm.

Structure of IVS we represent by graph/ccunt G (v,u) , wher= v -

many apexes/vertexes with a pcwer cf n, u - many edges/fins with a

power of m. Graph/count G allows/assumes parallel edges/fins, but

loops it excludes as not having sense for exchange system by

information. The edges/fins cf graph/count (connection) are

characterized by the readiness factors of channels; therefere graphs

G can be considered as prcbabilistic three-dimensional/space (in

general) graph/=ount with weight functions of edges/fins. The

topology of network/grid is preset analytically in the form of

matrix/die of contiguity R assemblies - assemblies, weighed according

to a number cf channels.

Matrix element p,-- k, if i and j ire connected with k- channels

0, if assemblies i and j are nct connected.

I J
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Algorithm of the forraticn cf the unknown matrx/die H

following.

1. on matrix/die M we ccnstruct skeleton matrix/die M* of

graph/count, we simultanecusly prcduce contraction of parallr1

edges/f ins.

2. For purpose of decrease of dimension cf network/grid we

realize equivalent conversions: a) exception/elimination of

irredundant edges/fins; b) to rcll of consecutive edges/fins with

simultaneous contraction cf parallel ones, which appear as a result

of consecutive convoluticn.

3. If dimension of network/grid is great, then its further

conversion is produced either by method of growth or by method cf

cut.

4. If dimension of network/grid is small, then calculaticn of

flexibility kij:occurs according tc expansion theorem with subseju nt

return to initial network/grid.

Some transformations of matrix/die N and calculation of

flexibility hA1j are produced by ancther form, than in work (1, that

economizes the computer memory.
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Page 16 1.

1. during calculation hil it is examined subgraphs from

elements/cqlls with proatility Pg. If it is connected, ther

expression 1P,(I-P,) this leans that the extended elements/cells

have a probability P.) it enters composed in hU, i.e. function =1.

Furthermore, the algorithm of program is limited to the examination
4,

of the existence of the paths, which encompass not more than two

extended elements/cells, i.e., the calculation of flexibility is

performed with an accuracy to thcusanths.

2. Roll of consecutive edges/fins it is carried out as fcllows:

if apex/vertex i is directly connected only with two apexes/veztex:?s

of graph/count k, 1, then it is excluded, and probability P*i is

computed as
Pa =1-(-PX1-p pu).

Pile 01 is the list not oDly of the excluded, but also boundary

apexes/vertexes (in our example this k and 'I: if A [s] =i, then 0

[s+1] =k, A [s2].'=I, which facilitates calculations with the reset to

the initial network/grid.

Algorithm made it possible tc produce the calculation of
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flexibility hi for IVS, which consists of 17 apexps/vert~x-as.

Program is comprised in the language ALGOL-60. Scope of t~i prcjra~n

of the calculation of 2536 nuclei. Program allows, without bringing

about a change, to produce calculation for the structurc- cf IVS,

which contains from 40 to 160 aFexes/vertexes depending on th'?

special feat ures/peculiar ities of the structures in questiJon.

REFERENCES

A'1. M 7P a.* M aa w L 3. Bmm Comm. c MOMBUX ".

of CGdOPuum, M 1. V., Hal 196G.
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TABULAR METHOD OF CALCULATING THE ELEMENTARY FUNCTIONS IN

NONPOSITIONAL NUMERATION SYSTEMS.

V. S. Sedov.

Essence of algorithm. The tabular method of calculating thq

elementary functions in question is based on thF- follcwing property

cf comparisons.

For any polynomial

P.(x)=co+c x -I '+... + C.,5

with whole coefficients cvi, .. j,e from the integral argument x and

for any the whole k occurs the ccrparison

P.(x+kp)mP.(x) (mod p) (1)

with any basis/base p.

In the nonpositional numeraticn system number x is represpntal

in the form of the set of deducticns on bases/bases .ti.... P. of

operating rang. P, therefore, if the values of polynomial P,(x)

lie/rest in the range P, polyncuial P.4z) can be presented in the

form of the set of the tables cf ccnformity (tecodinqs) betwegn th?

L m.
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deductions of argument x and the deductions of the values of

polynomial P5 (z) on each basis/base separately.

Number x:(x.<1 in the mode/ccnditions of fixed point is

represented in the form

X (2)

where Xe.j; J. designates the full/total/complete set of the

least non-negative residue on modulus/module F).

Always it is possible to unambiguously present number x in tho

following form:

PS pe Pa'(3

wher _ P -P2=P.

Page 163.

If x - some fixed value of the argument of function f (x), thpn, by

writing/recording x in the form (3), we will cbtain

W- f(' L -1A -x.(,).(4)

Considering value of X2 as certain parametir, which defines th,[

number of function fx.(X,), and X, - as the argument of function
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fx,(X,), it is necessary to each value of argument x Of functior. f(x)

to set in the conformity functicn fx.(Xj) and value of argument X,. Ths

value of parameter X2 , which is determining the number of function,

and argument X, easily they are ccwputed:

x1 4±. (e)

* (6)

Thus, the range of change cf argument x of function f(x) is

divided/marked off into F2 intervals, moreover the number of interval

is equal to X2 - In each interval with number X2 function f(x) is

approximated by function 1z,4M).

Taking into account the property, iescrited above, by th2 >)?st,

from the point of view cf the ncnrcsitional numeration system, is t '

representation of functicr f,(X~) approximating elcmertary fincticr.

f(x) in the interval with number X2, and in the form

where Q - certain further range, which consists of the pair-wiso

mutually simple between themselves and with the bases/bases of

operating range P bases/tases qj U-l 2,..., m); / (,.M) - th 1

polynomial of the a order with whcle coefficients ¢5(X, from the

integral argument X1 :
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We will seek this polyncmial cf f crm (8) with the whole cco f fi!"s

which would satisfy the fcllowirg two conaiticns:

where preset errcr;

2) O P.'"(X 1 )<PQ. (10)

Let us rewrite formula (7) in this form:

where a~f(Z)- rational coefficients with the preset denrnmiratcr ?Q.

Let us expand functicn f (x) in the intqrval with numbe r X_, v-

point Xz/P In the power series accerding to degrees cf X, and, b' ir.-

limited n+1 to term of expansion, let us register:

'MW h 12

ahere a,(.-some real ccefficierts. Transition from the

disintegration with real coefficierts (12) to the disint,'?ration w"

the rational coef ficients with the preset dcancminatc r ?Q (1 1) , or,

which is the same, the determinat~cn cr whcle co-efficisnts c,4x) -)f
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polynxomial (8) can be realized cm the following diagram: if

20

4 I (1) 13)

Key: (1). then. (2) i f*

Page 165.

In this case the error 6, which appears upon transfer from the

4' disintegration with the real coefficients for disintegration with the

rational coefficients with the Froset denominator PQ, which let us

name an error in the integral a~prcimation, can be consider~4 on top

according to the formula

5r~ (14)

General/common /total error aa., appearing during th*.t

calculation of elementary functiozrs in the nompositicnal numeration
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system by tabular method. consists of three forms of errors.

1. Error in approximation An. appears during replacement of

elementary function f(x) exponential next to finite number of terms.

2. Error in integral approximation 6 was introduced abcve.

Let us designate through z. error in integral approximation

for interval with number 12. Then

where as 6 it is necessary to take maximum error from set

--mm{az,

or
4

Sm m max ,1~ Z, _ 3~ X ,,--. (

Revealing formula (15), we will cbtain

,-Max max Ir.).PQ-.;) + (sex.). -
X9 X, . ,

1, + ( I. ~Z) X,2+ (16)

3. Bounding off error &. ccnnectad with transition from rangg

PQ to operating range P.
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Page 166.

Since all three forms of errors are independent variables, th-en
4I

*(17)

Let us consider an error in the integral approximation 6. Let us

introduce the designaticas

Then it is possible to register

ph .- (20)

where r(x,)=-ba(,)-C-e(r_)- certain integers.

Let as now rewrite formula (16) in the following form:

a- J4max max 1Zj.u4. + r.- -~ X. (21)

Selecting values ritZ,) in such a way that 6 wculd take the minimum

value, we will obtain best exparsicn fz.(Z,).

I-A
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It is not difficult to obtain the algorithm of the determinat.cr

of optimum values rx's. but in view of the unwieldiness of

calculations we will not it examine. One should only note that an

error in the integral approximaticn in this case in comparison with

the algorithm of the calculaticns of coefficients c'lx') in diagram

(13) in the case of first-order pclynomials will be less 2 times, ar.1

in the case of the polyncsial of the second order - 8 times.

Example of the expansion of functions sin t and cos t.

Disintegration is produced on the Chebyshev pclynomials. We have

*i I-I' em kx -- Il) + 21,(-1y= Zo1o= row. (23)

e " (-l x l),

where .1(W-'Bessel function of the first order i-th of order; TAx)-
Chebyshev polynomials i-tb order.

Page 167.

In formulas (22) and (23) let us replace the

variable/alternating:

xm-2-l,

where

Then
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sin kx =sin2kt-cos k-cos2kt.sink=

(24)= 9. (--1'I= (kI'=.(t) - ()
i..0

cos kx=cos 2kt .cos k-sin 2kt .sin k==I(k)+

' + 2(--1)ag(k)T2 (t)=L't), (25)

(-25

where T,*t)- displaced Chebyshev pclynomials i-th order.

* i Let us register equations (24) and (25) in the form of system of

equations:

k- dai 2ht-iU hoe 2hZ -1),
min h"m 2hZ+= hoes 2ht-v(t). (5

Solving this system relative to sin 2kt and cos 2kt, we will

obtain:

,"la 2k=-sin [I)+2 -Y1(k)T'(t)] +

-"'em hZ •a A -)t+l(-1yIl(hT= t)1 ,

Page 168.

* r Let the argument be changed in the interval [0, h], where h -

• 1'
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any positive number. Then taking into account the specific character

of the representation of numbers in the mode/conditions of the fixed

point of function it is necessary to present in the form

sin t, com ht,

where

After producing the necessary transformations, we rilI cbtain:

=~in A-A-=,ln (hA ) + 2Z(l-1YI1=(k).T,,t)+
* P

I. (29)

+ coo z. 2 (--" + lk)"T*2j+jlt),

Cos - coo z[10k)+2 (-1)Iulk) Telt]-

twoo

x am

-gsin z . 2 (-I+llT +t,

5-0

whore

4 -

-

- z

Limiting these expansions by a finite number of members and by

*. substituting the value the displaced Chebyshev polynomials, It is

possible on described akcve algcrithm to switch over to

disintegration with the rational ecefficients with the preset

denominator Pg,
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It is possible to consider the necessary value of the further

range Q. Let in expansion* (29) ard (30) we be bounded by th-3 first

members taking into acccust the remainder. counting that an error 4r

the numerical approximaticn is determined from the formula

where q>01, and by accepting 1. P we will obtain

where 0),%aA*P-l, assi preset error in the calculations.

Page 169.

1lgorith, of the tabular method of calculating the elementar-y

functions in nonpositional system of numeraticn. The ccde of argumd'nz

in the remainders/residues is fed In parallel:

g-(sa, @3 .*. . .

1. Is determined number of interval X2 and value of argument X,.

The value of argument X, is determined on the bases/bases of

operating range P and further range Q

2. By number of interval 12 is determined number of table

(recoding).
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3. On deductions of number X, in the range PQ is determined

value of elementary function f (x) of table with number X2.

4. Value of elementary functicn, obtained in the range PQ, it is

reduced (if this necessarily) tc range P. on this the calculations

are finished.
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RESEARCH OF WEIGHT CHARACUERISTICS IN NONPOSIIIONAL SYSTEMS.

1. V. Filippova.

Page 17 0.

Let us consider the weakly-pcsitional system n of the

bases/bases:

Integer N is represented in this system in the form of the pclynomial
' X Nxl=a-,Lx4 - 1+ 4x- 2x8 - 2+ . . . + x + aa.

and in the form of the set of remainders/residues from division of

N(x) on p1(x) (k=l, 2, .o.o n)

Ik- remainder/residue from division of N(X) on PA(z).
, T,--.arTk-OA 0,-1. 2..,,

In article [2] was introduced the important integral

characteristic of number I

called weight.

Let us trace a change in this characteristic with an increase in

V-w
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the number. It suffices tc consider its change for nuinbcrs in the

range from 0 to [J.-1J since in f cll1cwing half cf range, frocm to &

P-1, the weight of a number is uniquely determined by the weight cf a

number of first half of range.

Page 171.

Theorem. The weight cf number Nv=P-1-N in the system of the

bases/bases

is equal to a difference In number D and weight of number N.

W(N') - D- W(N).

Proof* Number N can be represented by the set of

remainders/residues from the division of polynomial N (X) on .hx

After selecting the polynomial of zero degree N(x)=N, we will

* obtain the set of remainders/residues (M, 3, *00F N). Hence

For the number

N'=P-1-N

1. wai N+1=#O modp&.
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Key: (1). if.

Lot us determine the dependence tetween . 4 [AJ .

2)N1 = odp,- [- +1 - , +1,,+= 1,

Zxpress L4N ) through Z,;

Ph

Let us substitute the obtained exrression for LA(NI) into the formula

*, of the determination of weight w(;,):

Page 172.

Since

I j bLjk=W(N). Pyw!= D,

P-ibut

then

W(N')=D-W(N).

consequently, it suffices to study the behavior of weight W(N)

for numbers of first half of range.
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If number N has mizimum weigbt, then numter P-i-N will havse a

weight, maximum among the weights cf numbers from 0 to P-1. If

ming=-a, then the weight, maximum In this system, is equal to

maxW=D+ .

Determination of value D in a n-pcint weakly-Fositional system.
4

Let us consider an n-point weakly-positional system of th.

bases/bases:

p(x)=i-4,, p,()-- b,..., P(X)=-L. (1)

Let us determine the values of derivatives at the nodes: .

As is known, numbers in this system can be represented unambiguously

in the range from 0 to P(x), where P()-J(-).

Derivative on x of P ax) is equal to

PIXSIP'() - 'J " ".

Job

Substituting in this formula ' we will obtain

a

Page 173.

D (predicted upper bcrdet of a change in weight W of number

L. . . ... i
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N=(?i,y2,...,.7))is defined as least common multiple of the valuns of

derivative of P(x) at nodes g,, ,..., a

D=H. 0. IK. (P' (t).
Let us designate through C quotient of the division jj=1

into D.

* Then D is registered in the form

D- oe8-I (4)
* . or

1 1 1...1 I

D= E.. .2 Z
C 3

Value D can be represented as the value of Vandermondes's

determinant.

with increase in n - number of bases/bases in system (1) -

increase the values of derivatives at the nodes, and also rapidly

increases a number of cofactors in product (2), of mutually simple

with the values derivatives at other nodes. Therefore with an

increase in the number of bases/bases D it becomes considerably mcr-.

Let us consider change D with an Ircrease of the number of

bases/bases in the system.

Af" " ' l i la . . . . . . ." I "i( 
k ' ' J
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Determination of number D in symmetrical weakly-positional ones 1

(2u41)- point systems.

Will consider systems with the odd number of bases/bases. Lat

(n~l) node E,+,-O, and all others te arranged/located symmetrically

relative to it:

1 Let us determine the value of the derivative P,(i) on x at node

* where k/nil:

r~h -n g-tj)- 2t elln 0 - ) (5)
J- _ J-1

:jib

Page 174.

Let us nov determine value by the derivative P(x) to x at node

.. ; : $21 k. ,k . "e ' l .: (6J-1 A-
IJ0ft+S-hk ~

The right sides of equations (5) and (6) coincide; therefore

Let us determine the value of derivative at pcint ==.+ -O.

If x - even number, then everything y -odd numbers. If x -

odd number, everything t: - even numbers,

- * - .s'-
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Let us consider based on particular examples increase in D with

growth (2n+1) - number of bases/bases.

1) n-l.2x+1m8;

pi=x-a, P.-x, p3=x+a;

D:=2a2;

2) n=2, b>a>O;

pi-x-b, p,-x-a. pa-X, P4=X+a, ps=x+b;

P(x)-(x-b) (z-z) (x+&) (x+ b)x. ...

P'(b)-2b(b'-a), 1, -a',

Cl)
D-2AAb(b2--a) MAN YCRo-z, ~VMa.

Key: (1). when.

Smallest possible values a and b for the systems ef this form

following: a=1. b-3.

D D2-9(9-1) 144..

Coefficients ki. are equal to:

Page 173,

Tne value of weight in the given system is computed from the formula

W-L,-9L3 + 16L-9L4+L5.
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Let us determine D fcr the- system in which a=2, b=4:
P'(4)=2.16(16-4)=2 7.3,111

D= 3-27-=384,

W=Lt-4L2 +6L3-4L4+Ls.
It is obvious, for the unsyusetrical five-point systems of value

D they will be above 14(4.

3) n-3, c>b>a>O, (a, b)=1, (a. c)=1, (b, c)-1;

p 1=x--c, pg=x-b, Ps=X-4, p4=X, P5 =X+a, p6 =x+bo

_41 py-x+c;

P(x)-'(x-c) (x-b) (x-a)x (x+ a) (x+b) (x+c);

P'()=2'(c-b 2) (c2-,a) %,=a~bQ- 2

P'(b)=2h(b2 -c 2) (b2 -) ~-~ 2 c- 2 )

P'(a)= 2a'1(a2-C2) (0- 2) 4a= b2C2(C2-b2)

The system of mutually simple bases/bases can be constructed at

the following values of a, b, c:

k. c-S. b=4, a=2.

P'(c)- 2.29.64-16) (64-4)-=213. 32.5 1 7.,

P(b) -2.24.(16-64) (16-4) =-2' 1.32 X2~= -20

P'(a) =2.22.(4-64) (4-16)-=29.32 )3=80

()= 6-24*2' =-2' 12 X4 -90,

D-2133.5-368 640.

let as consider the symmetrical seven-point weakly- posit ional

system in which a=1, b=3, c=9.

Page 176.
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P(C) =2"34"(3 4 -32)(34-1)-=28'36.5 1 = 1

P(b)= 2-32.(32-34) (3s-1) = -- 34 X2- -90

P(a): 2"(1- 31) (1- 32) - 28.5 Is---729

P'(0)='.3' )s--1280,

D. 26-4"2029.

Thus, small D in the system of seven bases/bases

D- 68640,

min D,2 min A5 144, min D 368 640.

Determination of value D in symmetrical 2n point veakly-pcsitior al

systems.

Let us consider the systems sf four bases/bases. Systems of the

form: p 1 =x-b, p2=x-a, p 3 =xa* F4,=zb. Number x number a and b of

different parity.

P(z)--(x-b) (x+b)(x-) (z+a),

P'(b)=2b(b2-a2)J X,-
,P'(,- 2a(al- .12--b,

D- 2sb(b..8),et6(, b) -1.

Smallest odd values b And a: b-3, al.

Smallest possible even values b ard a: b-4, a=2.

P(b)-2.4(4'--22)-96 Lj
P'(q)- 2-2(2-42) -- 48 I Xg-%

Dx=8.12-96.

Let us consider the unsymmet ical system of the form:

.4

'4
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Pj-x-a, P2=X, P=x+e, p4 =x+b,.

P (x)- (z-a)x(z±a) (x+ b).

P(q)= 2a*(a +b) I-:-b-a
(&-b)(&+b)I

P-)- Wa(b-a) i.b(a+b)

?ae 7'P'(b)--(b+a)b(b-.a) 14

Numbers a~b and b-a -even, therefore, PI(a) , P4(-a) and PO'(-b)

art multiple 4I.

Vit a-2.:DxinUthe syste: of this form aro 2 times less than D in

In this case the swalliest Forsible values b and a: b=3, a-1.

D-8 1 -24.

in the system of four bases/bases minioum value D is equal to

min DOm 24.

Lot us consider the system of six bases/bases,

Systems of the form:
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pi-x-b, p2-x-a, psemz, p4=z+a, ps-x+b, p,=x+c.

P(x)=- (x- b) (z-)x( + a) (x + b) (x + c).

P'(b)-=(b-a')2b2(b+ c)

P'(a)-(a'-b2)2a'(a+*)

P'(O) =a'b'
P'(-a) - 20'(42- b) (--a +ce)

P'(-b)-lb'(--.') (-b+c)
P'(-c)=(c'-b) (O-a)c

Numbers a, b, c of Identical Fjarity* Consequently, differencg

and sum of any two values a, t and c are even. Hence it is possible

to note the following: P (b) , P I(a) , Pe(-a) , Ft(-b) and P, (-c) are

4'4

Pag. 178.

The smallest values a, b, c with which it is possible to

construct the system of mutually simple bases/bases, are equal to:

a-1, b-3, c-5. Value D in this case is equal to:

.4 -

systems of the form:

A-.x-e. pi-z-b, ps-x--e, p4=z+c, ps-x+b, pg=x+a.

P(x)-(x-a)(x+a) (x-b) (x+b) (x-c)(x+c),

P(c) - 2c(c2- b2) (C'.....)

P'(b) -2b(b-') (bl-a')

Since each of tho given bere derivatives is multiple 2s, then
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value D is equal to

2

With a=2, b-4, c=6 can be constructed the system cf mutually

simple bases/bases. Let us determine D in the given system.

F(c) - 2.6(36- 16) (36-4) 1
P(b)= 2.4(16-36) (16-4) ,
P(a)- 2.2(4- 36) (4- 16)

2-2.6(6-16) (- 4) -7680.

S.Is obvious, this value small among values D in the systems of

4 six bases.

mmr, D.-760.

Above were examined systems 3, 4, 5, 6, 7 bases/bases and the

smallest values D for them.

min D3 -2, ran Di-24, mbin D-- 144, mln D.=7680,

Odn D,-we 640.

Vith further increase in the number of bases/bases D, it is

doubtless, it will increase mcre rapidly. Even in systems 6, 7

bases/bases of operation cn modulus/module D during the deteramination

of weight V will be carried out above 13-19 binary bits.

Page 179.

Therefore the use/application of the systems in which a number of

bases/bases is more than five, Is inexpedient.
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Veakly-positional systems, which dc nct contain numbers with th.%

negative weight.

1. Let us try to find such weakly-positicnal systems in which

weight of numbers varies from 0 tc B.

In the symmetrical fcur-Foint systems

pi-x-b, p2-z-. p3-x+a, p4-=+b (b>a)

the formula ,.f weight accepts the fcrm

!W - aL - bL + bL-aL4.

If we 1or number N select Folynomial N(x) of zero degree, then

entire T~Lt-l,2,S,4 ) will be equal tc 5.

N-(y,, W. V, y,)=(N. N. N. N).

hence

Lh- [1 (k-1. 2 S. 4).

Let us substitute values Lk into the formula of the weight

Smallest among the numbers, which have negative weight, is

number N, equal to the second basis/base. For this number value of

weight is equal

since
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Let us determine values of x at which 1)0O.

x-> b

xb~a

Page 180.

Basis/base p1 =x-b)p3, hence x) b.3, therefore1 43. with a)3 and

with x~b~a it is possible to construct the system of four bases/bases

in which 'We [0,

with a<3 the weight cf a number takes negative values. Fcr

example, in system pg=x- 3 , p,.=x.- 1, p3 =x+l, p,=x* 3 with any xW takes

negative values. Let x--8, then pl=5. p2= 7 , p3=9 , p.=11 form the

system, the weight of numbers in which is changed from -2 to '50

(D-418). An example of the system, which does not have the negative

values of weight, is system pl-3, rz5 p3 =11, p4=13; the range of a

change in the values of weight frcm 0 to D=480.

Prom this example it follows that in the systems, which do not

have the negative values of weight, value D is considerably griater
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than in the systems with the negative values cf weight.

Value D is determined from the formula

D-bb-a"),

but the range of a change in the mumbers of the given system

P(x)-(x2-a2) (x'-b).

System does not have the negative values of weight, if x4a+b;

therefore
Piab(b+2a) (a+2b).

ID-2aW(b2-O).

In this case of P>D, but not more than in (1+ ), the time, i.e.,

D is close in their value to F.

2. Will consider now five-sharpened systems in which W)O. In the

symmetrical fiva-sharpened/five-turned weakly-positicnal systems of

base they are equal to:

j pi -x-b, p-x-a, pa=x, p4 -x+a, ps=x+b (b>a).

The weight of a number in this system is determined from the formula

W-.'L 1-b2Lt+ 2(b2-ti')L8-b2L 4+a'Ls.

The weight of number Y, represented by the zero polynomial

N(x)=N, is equal to

W -
+
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Page 181.

Small from the numbers, which have negative weight, number

V=x-a. Let us determine the weight cf this number:

W(x-a) G

Let us find that values of x, at wbich W is pcsitive.

a2 x_--x> .

ba8

*~X- a> -- ),

- i~+b =-6 +b "(7

SSince pl~x-b more or is equal tc 3, then

4 x;;ob+ 3. (s).

j 4Being congruent/equating the right sides of expressions (7) and

(8), we will obtain

5+b

or
-.,- . --- T>$

Let us consider the value cf the range of this system.

P(x)-(XI-a')(x'-b)x.

Since

x<e+b

that

*P<[(a +b)P+ "' - 2ab-a'I(a+b) Lba Air (a+ OR
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b~bl2  o"bS [r24...4'b

-2b-iia ruj-j-jbi- (o+b) (a j+ii

x a+b_ ab 1_a 2b2 [1±+ a b2
L~ +b a-~b (a+b) 2  Ta (a+b) IJ

>,[a +b- ]<- 2a2bb 2 - a) D.

since

I[±+b (ab'J2:-a)

and

4b6* a+b-- <-b4-a.
G+b

Page 182.

Thus, we obtained that P(D. Bence it follows that the

use/application of the weakly-pcsitional five-point balanced systems

in which the weight is changed only from 0 to D, is inisxpadient. It

is obvious, with a larger numker cf bases/bases value D will tq much

more than the range in question.

Relationships/ratios between the weights of systems and subsystt~ms.

Let us consider the system of the bases/bases

Range of a change of the numbers in this system from 0 to P(x), wharg

P, IA~xE)
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Let us register formula fcr detervining Of D:

D i (Ej -s).
'J-L

We wili obtain azpressicn fcr ccefficients kh w hen LI, in the

formula of the weight

1-9 =.Z..)
ijb

Page 183.

Let us substitute expression for )~into the formula of the weight

W= ±(-1)kILh I (9)
IU-I; i.jok

The weight of a number of the subsystem cf bases/bases, which

consists of p'2... P-Wiibe determined acccrding to the formula

Q.-1; i.Jph

Lot us now register the fcrinuia of the determination of the weight cf

a number in the subsystem of tasez/bases -P2, I;..

h-I

coefficient with L, to fcroula (9) is represented in the form of
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the product:
-- fs- [ y "-4 ,ifl(i' )

- Le 1,) =.• 1 "-cj (C-,) L '... - 2 ,

S4-2

Expression in the brackets - coefficient with L, in formula (10).

Lat us now register coefficient whan L, in formula (q) in the

fprm of the linear combination cf ccefficients when Lh in fcrmulas

(10) and (11):

H 1 t th WJ:+ i 0.,_

192

1 fI ~s- =--I ( - (t, -.i

X . 1101 W + ti,,
-J IJ

_5,., -- ) + ii (- j

I.J"%i~~

Page 184.

Expression in the brackets in first term cofficient when L1  ir.

formula (10), the secondly term <coefficient when L1  in formula

x(1"'1).l, I)
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We convert coefficient when L.. in formula (9) to this form:

in the brackets is obtained the ccefficient when La in forr ula (11).

Vmight in system n bases can be represented in the form cf the

linear combination of the weights cf two subsystems (n-1) of ths

bases/bases:

a-" " :.-

Since the ordering of system nowhere was spacified, it is possible

instead of p, to take ancther basls/base pl, and instead of P" - eny

basis/base p,, except 'pi.

Thus weight in system n of bases/bases can be represented in th -

form of the linsar combination of the weights of subsystems, formed

by exception/elimination Cf cre cf the basis cf the system:

............... ...... -,. ,+,..,M - I .. -. ..

Page 185.
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The weight of a number in the systs.m of two bases/bases P, ard

pa is determined from the formula

Weight of a number in system n cf the bases/bases

Express is the weight of a number in system n of the basps/bases

through the weights of the subsystems of two bases/bases:

+Q11+12+ X)Wu+.. + xWn-I.
i +i

Latter/last component/term/addend is obtained on the basis of

the equality

X.- 0.

Using this equality, we will obtain

S W-XW1W+(X +A2)TW+1+1+X)W,,+. . .

- ..-- (la-s+1ai+.a)W.a---Q-i+XIWa-g~ X-5- W...
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Page 186.

Use of threshold elements/cells in some logic circuits.

B. V. Shevkoplyas, a. Zh. !erzhanov, !u. Te. Chicheria.

As is known, the use/application of threshold elements/cells

during the construction of logic circuits in a number of cases

ensures the considerable decrease of a total number of usable logic

valves/gates, and also is decreased the depth of logical

networks/grids C11. There is a, series/row of diagrams on the

threshold elements/cells, such, as flip-flops, decoders, adders,

shift registers and so forth [2, 3, 4]. However, the possibilities of

using the threshold elements/clls in the schematics of automatiom

and computer technology for the purpose of their simplification,

increase in the reliability and high speed far are not exhausted.

In the present work are examined the following devices/equipment

on the threshold elements/cells: highly stable, that corrects highly

stable, the controlled restoring organ/control.
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Highly stable device/equipment. Works (5. 6] examine the

principles of the construction of the highly stable memory elements,

made on the logic circuits AND, OR, NOT and their combinations. Such

memory elements vork in the straight/direct or reverse unitary code

and prove to he very efficient during the construction of some

devices/equipment [6]. However, since the known elements/cells are

nonsynchronizmd, luring the construction of such devices/equipment

into their input circuits are built-in the untying valves/gates of

the type AID-NO/O23UO, which leads to a reduction in the high speed

and to a consitscable increase in the number of logic elements. This

deficiency/lack is removed during the use of the proposed diagrams

(Fig. 1, 2) .

Figure 1 shows the diagram of the synchronized highly stable

device/e quipment, intended for storing the information, represnted.

in the straight/direct unitary code. Diagram is constructed on the

inverting threshold elements/cells (PEI, P92, ... , Pin), which have

threshold T=2 and following weights of inputs: vl-1, v2=2.

Page 187.

input information (il, i2p ... o, represented in the reverse
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unitary code, is fed to the wsingle input of the corresponding

threshold elemeats/cells. The signal of synchronization T is fed to

each threshold element/cell with weight vl which has n-1 input with a

weight of w2, -nnocted with the outputs/yields (zi, z2, ... , zn) of

remaining elements/cells.

In the mode/conditions of storage of information (7=0) on one of

the outputs/yields of device/equipsent is preserved logical 1, and on

the others - logical 0. This state is stable and does not depend on

the values of iaput informational signals. Is actual/real, logical 1,

preserved on one of the outputs/yields of device/eguipent, it acts

on the input of remaining threshold elements/cells with the weight,

equal to threshold, which ensure the appearance of logical ones with

0 at the remaining outputs/yields of the devices/equipment which, in

turn, are fed to the input of the unexcited element/cell in question.
4

Input informational signals cannot change the state of the unexcited

element/cell, since the corresponding weighted sun lies/rests below

the threshold of this element/cell.
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Y
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T Zn
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Fig. 1. Highly stable device/equipment (first version).

Fig. 2. Highly stable device/equipment (second version).

Page 188.

In the sole/conditions of the recording of information Y=1 the

thresholds of all elements/cells seemingly are reduced to units,

vhich ensures the passage of new information to the output/yield of

device/quipment. During the supplying of logical to 0 to the

synchronizing input Y new information is memorized.
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Figure 2 shows the analogous diagram, which accepts the

information, represented In the straiqht/direct un. ary code (xI. x2.

... , xn). The weights of the informational input v1=I* of the weight

3f the input of feedback un-n, the weight of synchronizing input

w(n-)=n-e the threshold of elemUent/coll T are equal to the number

of input variables n.

Corrective highly stable device/equipaent. For the correction of

the errors, which appear in the input information, can be used the

principle multi-hannel reaundancy, which requires the introduction of

special restoring organs/controls [7 to the input of highly stable

device/equipment, which leads to an increase in the equipment

expenditures and to a reduction iv the high speed of this

dovice/equipment. However, in the threshold base this

device/equipment, which combines the functions of synchronizing and

restoring organs/controls, can be constructed with a minimum nsmber

of logic elements (Fig. 3).

Input signals are represented by k channels in each

informational direction where k=21+1. 1 - multiplicity of correctable

errors. All threshold elements/cells (PEI-Pen) have the identical

threshold T=2k'l. Veights of the informational input wi-i, the weight
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of the input of feedback u(T)=T, weight of lock inputs v(l.1) =l1.

In the presence of synchronizing ispulseo/omentu/pulse (T=1)

each threshold element/cell realizes a selection of information on

the "majorityO of input signals. After the termination of

synchronizing pulse the corrected information (al, z2, ..., zn) is

memorized. Thus, is admissible Fprsenc mn of the errors in the

input information luring their even distribution according to the

digits.

A similar diagram can be constructed for the correction of

information, represented by the straight/direct unitary surplus code.

However, in this case considerakly increases the number of

informational iaput and rise the thresholds of elements/cells.

Controlled restoring organ/ccntrol. The mouadaess of surplus

structures with the restoring organs/coatrols is monitored with the

help of special diagrams (7]. The proposed diagram (Fig. 4),

connected to the output/yield of surplus structure, which consists of

k of identical devices/equipment, combines remoal functions with the

functions of the detection of the errors, which appear ia any of

logical units.

Page 189.
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Diagram contains k noninverting threshold elements/cells PEI,

P32. *... PEk. to input of which are fed control signals 91, c2 (with

weights -1=1 ani v(21-1) =21-1; respectively) and the informational

signals xl, z2, ... , xk, represented by the direct meanings, with

weights Y2-2 or w3=3 (Fig. 4). The thresholds of elements/cells are

identical and equal to 1-21+3.

In the mod/conditions of information retrieval cl-1I. c2=O, in

this case the device/equipment fulfills the functions of ordinary

restoring organ/control (7].

In the -olb/conditions of the detection of false zero cl=c2-0,

is the mods/conltions of the detection of false unity cl=c2=1o in

this case the device/equipmnt transmits erroneous input as* or zero

to the appropriate output/yield of devi-ce/o qipment.

The use/application of similar restoring organs/controls in

multistage reserved logical units ?Imf ( AM- digital computer] makes

it possible to Uiscover and to consectively/seriallya move a  error

for any type to the output/yield of device/equipment with the kelp of

the automatically made test programs.

Ld
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Page 190.

Comparti ve evaluati:ons of the ezpemditures ot equipment. ?he

thresoldO, logic elemenits, uiLIed tin diaglrams examined above. cam be

realized on the baais of 1relsstr-traasiultOr. tunnel- tramsistor,

optical-electronic and other diagram. depeading om the required high

speed, the required poeor, freedoml frOm interference, etc. In this
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case logical comparators, constructed on the uniform components, for

example, on the diagrams of DTL and on the threshold elements/cells,

which contain diode-resistor linear adder and transistor

discriminator. For simplicity let us compare the expenditures of

equipment for the analogous diagrams, constructed on

resistor-transistor Boolean and threshold elemnts/cells.

Figure 5 shows the example to the realization of diagram, given

in Figure 1, on resistor-transistor threshold elements/cells. Diagram

contains 18 resistors and 3 transistors. The analogous diagram,

constructed on the elements/cells of the type "logic", contains 21

resistors and 15 transistors. It is possible to show that the

diagrams, given in Figures 3 and 4, even more differ significantly

from the appropriate diagrams, constructed on the Boolean

elements/cells, since in them entirely ire used the corrective

properties of threshold elements/cells.

.,Ld
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Z2

Fig. 5. Example to the realizations of highly stable

device/equipmenat.
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Page 19 1.

Abstracts.

*Pages 3-11.

*It is shown that DZO of program vith the help of integral

4 technology can be carried out on the same physical basis@ as

computational units of TsVH. This will lead to an increase in the

high speed of special-purpose TsVN.

Illustration 4, References 2.

Pages 12-27.

Article is dedicated to questions of construction and research

of different functional dependences taking into account the specific

character of deductions ccncerning modulus/module p, since precisely

these questions play principal role in construction and use of

systems of nomograms in SSOK.

Illustration 7, References 4.
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Pages 28-37.

Article is dedicated to construction and research of nomograms

from the adjusted points in the deductions on modulus/module p whose

scales and resolving straight lines are constructed in the dedactions

according to module p. This makes it possible to reduce periodicity

on the scales and gives the possibility to use nomograms for the

4reverse operations.

Illustration 3, References 5.

Page 192.

Pages 3 8-50.

Is proposed the mathematical model of the process of heating

metal in the soaking pits of rolling department. On the basis of the

constructed model of object is reproduced one of the used in practice

* modes/conditions of heating metal in the soaking pit.

Illustration 3, References 14.

Pages 51-64.
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In the article are examined the versions of the construction of

the self-correcting codes with the use of the finite-difference

diagram due to the specific behavior of finite differences in the

higher orders and is given generalization of this principle of

engineering the self-correcting codes.

References 2.
4,

Pages 65-73.

Is examined the method of the decoding of the nonpositional

code, based on obtaining of a difference in the remainders/residuss

in the control bases/bases with the parallel rounding.

References 8.

Pages 74-79.

In the article is examined the unparallel method of executing

the operation of rounding, based on specific ratios between the

working and surplus ranges of the representation of numerical

information.

References 4.
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Page 19 3.

Pages 80-82o

Article is dedicated to use of one of the heuristic methods of

the selection of the structure of the network/grid of the exchange of

information in connection with RST~S of Kazakh SSR.

References 2.

Pages 83-90,

in the article is examined the problem of the optimization of

exchange systems by information on stochastic models. For the purpose

of the decrease of a quantity of experiments is proposed the

algorithm, which varies the principle of search in the process of

optimization.

illustration 1, References 3.

Pages 91-96.
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In the article is examined the method, which allows on the

mutual location component in the disorder to determine its number,

and to also solve inverse problem.

References 3.

Pages 97-103.

Is exaainel the corrective P(n. k)-code, noupositional by its

*nature and provided by positional properties due to the introduction

of positional characteristics.

References 3.

Page 1911.

Pages 104-114.

In the article is examined the structure of the special-purpose

magnetic drum, which makes it possible to realize rapid Fourier

transfor a

Illustration 7, 'fable 2, References 2.
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Pages 115-119.

Is examine the task of the optimum planning/gliding of the

graph *f the issue of heltings In the section *steel foundries - the

isolation/evolution of soaking pits" metallurgical combine. The

quality of planping/gliding is considered on the statistical model of

the section in question.

References 3.

Pages 120-125.

Is realized the separation of many apexes/vertexes of

n-dimsnsional bLnary cube into the classes of equivalency.

Is described the algorithm of the determination of a number of

apexes/vertexes of the classes of equivalency with the use of an

apparatus of the theory of generating functions. Is indicated the

principle of the single-valued numbering of the elements/cells

indicated,

References 5.

Pago 195.

M L I. . . .. . ... . : -: 'i , ... . = " ' . . . . . .J . . . -
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Pages 126-139.

Is shown the possibility of using the series/row of the focmal

procedures of alaptive approach for the solution of the problems of

guaranteeing the material and tecbnical supply within the framework

of the system of Glavsmab of KazSSR. It is noted that the realization

of approach is possible only with the use/application of computers

within the framework of ASU of tcanch.

Illustration 1. References 7.

Pages 140-145.

In the article is examined numeration system, the weight of

which is a recurrent sequence of the type of libonacci's numbers. Is

shown the possibility of the separation of nubers into the groups of

digits that, so that during the addition there is no transfer from

the group into the group.

Table 2, References 5.

Pages 146-149.
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In the article is examined one model of the compression of the

information, realized on computers DESK-3M. Model is based on the

principle of the place value of storage of digital information.

illustration 2.

Pages 150-158.

la the article are represented statistical models of

communications for exchange systous by information, imitating steady

functioning taking into account the diverse variants redundancies.

Models are regulated in the increasing complexity. are given the

descriptions of the algorithms of models and their program in the

language of SLANG-system,

Illustration 5,-lable 1. References 3.

Page 196.

Pages 159-161.

la the article is represented the algorithm of the evaluation of
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the flexibility of communication network with the parallel

edges/fins, using alternate routes ef the transmission of information

from the source in the discharge.

References 4,

Pages 162-169.

Is given and is traced the algorithm of the calculation of

4, elementary functions with the help of the tables in the aonpositional

*, numeration system.

Pages 170-185.

In the article is examined the change in some weakly-positional

systems of the important integral characteristic of a number, called

weight, change with an increase In the number of basis of upper bound

of the weight of a number, designated by D, and also dependence

between the wei;ht of a number in the system and the subsystems.

References 2.

Pages 186-190.
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Vork examines questicns of the construction of some logic

circuits on the threshold oleuents/cells: the synchronized highly

stable devices/equipment with the correction and vithout the

correction of errors, rostoring organs/controls, which combine the

functions of the correctien of errors with the functions of check.

Is shown the efficiency of the ua of such diagrams in the

levices/equipment of automation and computer technology.

Illustration 5, References 7.

Pages 197-198.

No typing.
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