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METHOD OF BIT-BY-BIT TABULAR REALIZATION OF ARITHMETIC
OPERATIONS IN THE SYSTEM OF RESIDUAL CLASSES

In this article the method of increase of productivity and reliability of functioning of the data processing system
is suggested based on the use of position-independent computing system in the residual classes (SRC). The de-
veloped method takes into account properties of symmetry of tables of realization of basic arithmetic opera-
tions and is based on the use % part of the numerical data of the aggregate tables, realizing module operations
multiplication, summation and deduction in SRC. Method of bit-by-bit tabular realization is recommended
in the digital information processing systems for the productivity improvement of decision of computing tasks.
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Introduction

Stormy development of the computing engineering
presently allows to provide the control of operating pa-
rameters of the real-time systems in the set limits, that
in the turn allows to warn emergency situations. Treat-
ment of large volumes of information for the compara-
tively short interval of time with the set level of reliabil-
ity of functioning is the distinctive feature of such sys-
tems. The existent data processing system (DPS) func-
tioning in the binary base notation system (BNS)
not always are able to decide the set problems in accor-
dance with the produced requirements. One of basic
lacks of such DPS is the sequential processing of infor-
mation, because information submitted in BNS that
is stipulating the presence of bit-to-bit communications.
This circumstance does not allow parallelizing the decided
algorithms at the level of elementary microoperation.

The objective of the paper is to develop method
of digit-by-digit tabular realization of arithmetic opera-
tions in the system of residual classes.

1. Analysis of the last researches

Application of untraditional architectures which
are built by with the use of the notation systems (NS)
of possessing the maximal level of internal parallelism
is grounded in literature [1]. One of such NS is the sys-
tem of residual classes (SRC). Short form of the resi-
dues is one of the SRC properties that allows to use
the tabular method of realization of arithmetic opera-
tions, which, as is generally known, provides the ultra-
high computing speed, i.e. the result of arithmetic op-
eration can be got in the moment of receipt of entrance

operands (for one cycle), what is unattainable for BNS.

Simultaneously with this circumstance wide intro-
duction of technologies of the Programmable Logic De-
vice allows successfully realizing the methods of tabular
information processing in SRC at creation of fast-acting
and high-fail-safe structures of DPS [2].

2. Basic materials of researches

The search of ways of increase of productivity and
reliability of information processing resulted in the ne-
cessity of development of tabular method of realization
of module operations.

Known tabular method of realization of operation
of module multiplication in SRC, will be realized
by means of the use of code of tabular multiplication
(CTM) [3]. In this case the table a;b;(modm;) of mod-
ule multiplication for arbitrary base m; SRC is symmet-
ric in relation to left (main) and right diagonals, and also
vertical and horizontal lines. Symmetry in relation to a
left diagonal is determined to commutability operation
a;b; of multiplication, and symmetry in relation to a
right diagonal is determined to, that

(m; —a;)(m; —b;) =a;b;(modm; ).

Symmetry in relative to a vertical and horizontal
line is determined from the condition of multiple of val-
ue of the module to the sum of symmetric numbers
of table of multiplication

aibi + (mi _bi) = O(modmi),

aibi + bi (mi - ai) = O(m()d mi) .

Coming foregoing from is obvious, that for tabular
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realization of operation of module multiplication
a;b;(modm;) it is enough to have numerical informa-
tion only about its eighth part. Hereof is possibility
to simplify the table of module multiplication, due
to the exception from the operating device (OD) of DPS
of part of surplus equipment (elements And
in the blocks of matrix circuit).

For the most effective realization of operation
a;b;(modm;) methods allowing in four times to de-
crease the table of module multiplication are used.
The decision the set problem is possible as a result
of development and application of the special codes.

The method of determination of result of operation
in SRC

by means of the use of CTM is following: if two oper-
ands are set in CTM a; =(v,.a}) and b; =(yy.b}),

of module multiplication abj(modm;)

in order to get product of these numbers with respect to
base m;, it is enough to find product of a{bj (mod m;)

and invert its generalized index vy; in case if y, it is
differs from vy, i.e.
a;b; (mod m;) = (yi,ai'b{ (mod mi)) ,

7i9 lfYa * ’Yb»
Yis ifva =703

. aj, ify, =0,
aj = )

m; -a;, ify, =1.

where vy = {

Foregoing conclusions behave only to realization
of operation of module multiplication [1].

During realization of arithmetic operations
of summation and deduction basic difficulty consists
that it is enough difficultly to synthesize the tabular al-
gorithms of implementation of these module operations,
because the tables of realization of operations of sum-
mation and deduction are different on the digital struc-
ture, hereupon, its do not possess those properties
of symmetry, which the tables of module multiplication
are possess. However got it is accomplished other re-
sults can be, exploring marketability one module opera-
tion by tables realizing operation reverse to her, and the
opposite.

At research of digital properties of tables of mod-
ule operations of summation and deduction [3] a next
analytical correlation is proved

[(Yasai)+(ve,b)) ]+
+{[mi —(ya,ai’)]—(yb,b{)} =0(modmy ),

where a; =(y,.a!), b; =(yp,bj) — input operands rep-

M

resented in the special code of tabular presentation of
operands offered in this article (SCTPO). We will write
down expression (1) in a this form

(vasaf)+ (vp,bf) = my —{[m; —(va.a0) = (v6. )} @

It ensues from expression (2), that for the receipt
of result of operation of module summation in SCTPO
it is enough to know the result of operation of module
deduction, i.e. there is possibility effectively (from point
of diminishment of amount of equipment of ROM)
touse CTM simultaneously for three module opera-
tions: multiplication, summation and deduction.

On the basis of expression (2) we will consider
a method by means of which it will be possible to carry
out implementations of any of three arithmetic opera-
tions in SRC: multiplication, summation and deduction.
Operation of module summation is carried out by means
of the algorithm described by expression (2). We will
make the algorithm of implementation of operation
of module summation by a table, for implementation

of operation of module deduction (aj —b})modm;.
In compliance with expression (2) we will consider

the method of realization of operation of module sum-
mation.

1. The a; =(v,.a]) s

on the module of m;, i.e. we will get the following ex-

minuend inverted

pression: @ =((y, +1)mod2,a}). We abandon a sub-

trahend (yy,b}) without the changes.

1
2. By means of ROM realizing operation of mod-
ule deduction, on input operands a and b; the result

of operation is determined as (aj —b{)modm;. As well

as for the algorithm of module multiplication the index
of y result of operation of module deduction is formed
in compliance with the values of indexes of the corre-
sponding operands, i.e. in concordance with the values
(Y, +1)mod?2 and v, where:

v, if (ya+l)mod2¢yb,
b y, if (ya+1)m0d2:yb.

Consequently, the result of operation of module
deduction will have the following form:

(yi,(a{ —b{)modmi) .

3. We invert the got result of module deduction
on the module of m;, i.e.

((v; +1)mod2,(a} - b} )modm; ).

For construction of tables of basic arithmetic op-
erations there is most showy application of method
of the special encoding, which is described higher, and
is allowed simultaneously to decrease the size of tables
of summation, deduction and multiplication in four
times. During realization of operations by tabular meth-
ods additional diminishment of equipment due to that a
not single table is built which will realize a result in
abinary code is possible in a number of cases, but
k to more shallow tables realizing solutions on each
of to digits of result, where & — is register capacity, nec-
essary for storage of number on the examined base

k= [logz(mi —1)] +1.
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Table 3
Information of the second quadrant of table 1 represented in a binary code
a
a al 32 mi_l
2
ao a
b Am-1 Am-—2 LH
2
b c c c c c c € m-1 € m-1
0 OOk AR 000 10k LR 100 20k LR 200 (T)Ok (T)OO
b,_ c ey C
bl m-1 c01k7"”C010 Cllk,...,Cllo Cz]k,...,Czlo (mTl)lk’ ’ (mTl)IO
byt | Pt [ € met seoC mot | € mol senC omel | € mel. s mol m-1_m-1. >+ m-1_m-1

The chart of realization of the generalized
® arithmetic operation (® — it is multiplication, sum-
mation and deduction) on the arbitrary module of m;
is represented in the table 1, and symmetry in relation
to a vertical line, horizontal line and diagonals is simi-
larly indicated.

Subject to symmetry of tables of realization of ba-
sic arithmetic operations (multiplication, summation and
deduction), and also on the basis of the methods
of reduction of tables considered above, is information

taken in the table 2 % part of table 1, and in particular,

its second quadrant.

In a table 3 numeric data

of the second quadrant of the table 1 are represented

in a binary code.

On the basis of the table 3 we will take in a table 4
values respective to the first (low-order position) digit
of result. Thus for realization of DPS we will use only
those table elements (blocks) 4, which correspond
to the single values of low-order position digit of result.

Table 4
Values of the first digit of result of the table 3
a a a, Am-1
ap
b Am-1 Am-2 aLﬂ
2
C e
by €00, €10, 20, (m71)00
b b c c c € m-1
1 m—1 010 1 10 210 (T)IO
bm—l bm+1 C m-1 C m-1 C m-1 C m-1. m-1
— 0(— 1(— 2(— —)(—
5 5 (2)0 (2)0 (2)0 (2)(2)0
Table 5
Values of the k digit of result of the table 3
a al az aE
ao 2
b Am-1 Am-2 aLH
2
by 00y, €10, €20, (mT_l)ok
b b C C C C m-1
1 m—1 Olk 1 1k 21k (T)l k
bm—l bm+1 C m-1 C m-1 C m-1 € m-1_ m-1
—_— 0(— 1(— 2(— —)(—
5 5 (2)k (2)k (2)k ()
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By a similar appearance, based on a table 3, we will
take in the table of 5 values the proper to the k (high-order
position) the digits of result of the generalized arithmetic
operation. In spite of the fact that the size of every table
is diminished and was multiplied the amount of tables,
on the whole gaining in an amount the equipment takes
place, as to the limit surplus of tables is brief and, as we
see, the blocks of table, which correspond to the significant
digits of result, will be realized only. Because the result

and use of SCTPO. Reliability of functioning of the DPS in
the SRC rises due to diminution of intensity of refusals
of tabular circuits of realization of arithmetic operations
by diminution on 40-60% (depending on a computer word
length) of amount of equipment of the DPS OP.
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of operation appears by an absolute code, there is no neces-
sity in logical elements forming of the SCTPO index.

Conclusion

Thus, the method of increase of productivity
and reliability of the real-time DPS which functions in the
SRC is offered in the article. Productivity of calculations of
the DPS in the SRC rises due to the use of tabular principle
of realization of arithmetic operations by introduction
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METO/I HOPA3PSITHOM TABJTMYHO PEAJIM3ALINA APUOMETHUYECKHUX ONEPALIUI
B CUHCTEME OCTATOYHbBIX KJIACCOB

C.A. Kowman, B. H. bapcos, B.A. Kpacnooaes, E.B. fAcvkosa, H.C. /lepenvko

[IpemnoskeH MeTOX TOBBIIIEHHS MPOM3BOIUTEIHFHOCTH M HAISKHOCTH (PYHKIIHOHMPOBAHUS CHCTEMBI 00pabOTKI
nH(pOpPMAIMK OCHOBAHHBIN HAa WCIONB30BAaHUU HEMO3UIIMOHHON CHCTEMBI CUMCICHHUS B octarodnbiX Kiaccax (COK).
Pa3paboTaHHBI METOJT YYUTHIBACT CBOWCTBA CHMMETPHH TAOJIUIl pean3allii OCHOBHBIX apU(METHUECKUX OIeparyil
Y OCHOBAH Ha UCIIOJIb30BAHUH %4 YaCTH YKCIIOBBIX JTAHHBIX COBOKYITHOCTH TAOJIHII, PEaTM3yIOIIHX MOIYJIbHBIC OTIePAIliN
YMHOXKEHUE, cnokeHne 1 Berautanue B COK.

Ki1oueBble ¢10Ba: TIPOM3BOIUTEIIBHOCTD, HAJIGKHOCTD, CHCTEMa CUHCIICHUSI B OCTaTOYHBIX KJIaccaX, CHCTeMa 00-
paboTKH HHPOPMAIIIH, CIICIUATBHBINA KO TAOIMYHOTO TPEICTaBICHHS OTICPAH/IOB.

METO/I IIOPO3PSITHOI TABJIMYHOI PEAJIIBALII APUOMETHYHAX OIEPAIIIN
Y CUCTEMI 3AJIMIIIKOBUX KJIACIB

C.0. Kowman, B. I. bapcos, B.A. Kpacnooaes, K.B. Acvkosa, M.C. /lepenvko

3anponoHOBaHUH METO]I ITiIBUIICHHS POAYKTUBHOCTI Ta HAMIIHOCTI (PYHKIIOHYBaHHS CHCTEMH 0OpOoOKH iH(Op-
Marlii 3aCHOBaHMH Ha BUKOPHCTOBYBAHHI HETIO3UIIIHHOI cucTeMu uncieHHs v 3amkoBrx kmacax (C3K). Pozpobienmit
METO]] BpaXOBY€ BIACTUBOCTI CUMETPii TabiWIb peanizaliii OCHOBHUX apr(METHYHHX ONeparliil i 3aCHOBaHUA Ha BUKO-
PHCTOBYBaHHI 74 YaCTHMHH YHCIOBUX JAaHWUX CYKYIHOCTI TaOJWIb, IO PEali30ByIOTh MOAYJIBHI omeparii MHOXKEHHST,
cknajanHs Ta BinHiManHs y C3K.
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pMartii, crierianbHui KO TaOJIMYHOTO MPEACTABICHHS OTCPaH/IiB.
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