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Abstract: 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 operations and
is based on the use Y 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 op-
erating parameters of the real-time systems in the set limits, that in the turn allows to warn emer-
gency situations. Treatment of large volumes of information for the comparatively short interval of
time with the set level of reliability of functioning is the distinctive feature of such systems. The
existent data processing system (DPS) functioning in the binary base notation system (BNS) not
always are able to decide the set problems in accordance with the produced requirements. One of
basic lacks of such DPS is the sequential processing of information, 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 operations 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 system of residual classes (SRC). Short form of the residues is one of the SRC prop-
erties that allows to use the tabular method of realization of arithmetic operations, which, as is gen-
erally known, provides the ultra-high computing speed, i.e. the result of arithmetic operation can be
got in the moment of receipt of entrance operands (for one cycle), what is unattainable for BNS.

Simultaneously with this circumstance wide introduction of technologies of the Programmable
Logic Device allows successfully realizing the methods of tabular information processing in SRC at
creation of fast-acting and high-fail-safe structures of DPS [2-4].
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2 Basic materials of researches

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

Known tabular method of realization of operation of module multiplication in SRC, will be real-
ized by means of the use of code of tabular multiplication (CTM) [5-7]. In this case the table
ab(modm) of module multiplication for arbitrary base m; SRC is symmetric in relation to left

(main) and right diagonals, and also vertical and horizontal lines. Symmetry in relation to a left di-
agonal 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)=ab (modm).
Symmetry in relative to a vertical and horizontal line is determined from the condition of multi-
ple of value of the module to the sum of symmetric numbers of table of multiplication
ab +a(m —b)=0(modm),
al +b(m —a)=0(modm,).
Coming foregoing from is obvious, that for tabular realization of operation of module multiplica-
tion ab(modm,) it is enough to have numerical information 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 ab.(modm,) methods allowing in four times to decrease

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 of module multiplication ab/(modm,) in
SRC by means of the use of CTM is following: if two operands are set in CTM a =(y,,a) and
b, :(;/b, ,’), in order to get product of these numbers with respect to base m;, it is enough to find
product of ab’(mod m) and invert its generalized index y; in case if y, it is differs from ,, i.e.

ab (mod m)=(y,al (mod m)),

where:
:{7“ ify, #7,
Vo iy, =7,
and
. |a, ify, =0,
i={mi-ai, if y =1.

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 algorithms of implementation of these module
operations, because the tables of realization of operations of summation and deduction are different
on the digital structure, hereupon, its do not possess those properties of symmetry, which the tables
of module multiplication are possess. However got it is accomplished other results can be, exploring
marketability one module operation by tables realizing operation reverse to her, and the opposite.

At research of digital properties of tables of module operations of summation and deduction [8] a
next analytical correlation is proved

I:(ya’a‘il) +(7/b’b|'):| +

+{[mi _(7a'ai’)]_(7b, .')}=0(mod m), 1)
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where a =(7,.a/), b =(,.b) — input operands represented in the special code of tabular presen-
tation of operands offered in this article (SCTPO) We will write down expression (1) in a this form

() + () =m = {[m = (7, 8) ]~ (7%, 00)}- (2)

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) to use CTM simultane-
ously for three module operations: multiplication, summation and deduction. On the basis of ex-
pression (2) we will consider a method by means of which it will be possible to carry out implemen-
tations of any of three arithmetic operations in SRC: multiplication, summation and deduction. Op-
eration 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 (a/—b’)modm,. In compliance with expression
(2) we will consider the method of realization of operation of module summation.

1. The minuend & =(y,,a/) is inverted on the module of m, i.e. we will get the following ex-

pression: & = ((;/a +1)mod 2, a{). We abandon a subtrahend (,,b/) without the changes.
2. By means of ROM realizing operation of module deduction, on input operands a' and b the
result of operation is determined as (& —b/)modm, . As well as for the algorithm of module multi-

plication the index of x result of operation of module deduction is formed in compliance with the
values of indexes of the corresponding operands, i.e. in concordance with the values (y, +1) mod 2

and y,, where:

7, if (7, +1)mod 2y,
- {9/, if (ya +1)mod 2=y,.
Consequently, the result of operation of module deduction will have the following form:
(7.(a/—b/)modm, ).
3. We invert the got result of module deduction on the module of m;, i.e.
((7 +1)mod2,(a —b/)modm, ).

For construction of tables of basic arithmetic operations there is most showy application of
method of the special encoding, which is described higher, and is allowed simultaneously to de-
crease the size of tables of summation, deduction and multiplication in four times.

During realization of operations by tabular methods additional diminishment of equipment due
to that a not single table is built which will realize a result in a binary code is possible in a number
of cases, but k to more shallow tables realizing solutions on each of to digits of result, where k —

register capacity, necessary for storage of number on the examined base k = [Iogz(mi —1)] +1.

Thus very often unification of tables occurs, i.e. reduction of amount of different types of tables
necessary for realization of arithmetic unit. The chart of realization of the generalized ® arithmetic
operation (® — it is multiplication, summation and deduction) on the arbitrary module of mj is rep-
resented in the table 1, and symmetry in relation to a vertical line, horizontal line and diagonals is
similarly indicated. Subject to symmetry of tables of realization of basic arithmetic operations (mul-
tiplication, 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.
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Table 1 — Table of realization of the generalized arithmetic operation to the module of m

a a a
a -1 m=1 a
b ' B B ™
) e (@, @b)modm=c,, (@ ®b;)modm=c,, (a ® b, )modm = ¢
0 (a, ® b)) modm=c,, T =N R =
s
b, | (¢, @b, )mod m=c (am_1 ® b5 )umod M=C (@, @b, )modm=17, ., (a,,®b, )mod m= i
T 7 ol TG | S SRR o T
= =
/?:‘_\_‘L‘
bm—l (GU ®b )mOd m= 0 m+1 ( M- ® bm l)qu'm - 1 m+ (am—l ®‘b';14m_0¢niz C el mel (am 1 ®b )mﬁd m= m+1
B 1 N o B —S5XY ] S
o A
= a, , ®b Jmodm= a _, ®b Ymodm - _
by (au?ém_l_)_medmfcum_” ( mT—l 1) (’”T‘l)(m_n ( ’”Tl i) o) (am , 88 )mOd'm-i_C(r_n:l)(m—l)
Table 2 — Second quadrant of the table 1
a @ a -t
a -
b am—l am—l aL‘l
b, (a, ®b,)modm = ¢, (a, ®b,)modm = ¢, (@, ®b,)modm =c,, "'Wl ®by)modm = n-l
b, b, (a, ®b,)modm = ¢, (a, ®b)modm = ¢, (@, ®b,)modm =c,, (am_-l ®b)modm=c =)

b, b, (a, ®b,)modm = c,, (a, ®b,)modm=c,, (a, ®b,)modm = c,, (”m 1 ©b,)modm = (mﬁl]
b&_1 bL“ (a, ®bm__l)modm =€ (A ®bL_1)modm = | (4 ®bL_l)modm =C et (a,, ®b, )modm=c, ; ,,
2 2 2 2 2 2 2 2 2 272
Table 3 — Information of the second quadrant of table 1 represented in a binary code
a a a, D1

2
9
b am—l am—'z a@
2
c c :
-1 H —1 B
b Cﬂﬂ.a ? CUU(.:-l:- 2 Cm.a ? Cm(.a-lj- 2 Cma 27200y (me'{ ':me(i—l}
0
<2 Cgp »C, <> Cyg, »C Cyg »C ceosC oy 2C g
> Coo, > Coo, > €10, > C10, > 20,5 €20, (mTIJUl (mTIJUa
c
—1 —1 L
b bm—l me s CDI(.H:- 7T Cl L= Cl Legy? ™" Cgla P2y 7 (mT)l" (mT)l(H:'
1
<5 Cgy, »C €y 5C Cyy »C s
> Gy - Cog ERSERELE TN IR IRELS T (T—lJll ™y,
c
m—1 T om—
b bm—? Cuz_‘ 7602“_1) ERE 617 3612U 0 ng‘ 2022, ( 3 12 (f:l?(k—lj
2
-2 Cog, 5 Coa, 2 €125 €12, 262,56 “’C(mT71321’C(m'_:1)23
c | c c -l c
5 5 o o ey 17 1, e N T S ("’—Ix’”—‘IJ‘ ’ t’"—‘l N
m—1 m+1 - - - - -
2| T2 | es€C oy 5C L € et C ot s 4 wesC€ ol e sC _1 1
0 0, 1(”’—31 1(’%19 255 25 EE T

By a similar appearance, based on a table 3, we will take in the tables of 5-7 values the proper to
the second, k-1 and k (high-order position) the digits of result of the generalized arithmetic opera-
tion.
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Table 4 — Values of the first digit of result of the table 3

a al ag am__l
a, 2
b am—l am—? am_—l
2
c
b, Cop, Cig, Caq, (”’Tlm.,
c
b, -1 Co1, C, Coy, (”’T‘IJL,
c
b, b, Coy, Cia, Cya, (”’T_lp.,
b b c c. .
L= L o, 1% 2% D
Table 5 — Values of the second digit of result of the table 3
a & a, Ay
2
a, a
b a'm—l am—z m+1
2
by Coo, Cio, Cy, (”‘Tfl)o1
b, By Coy, Cuy, Cay, (”‘T&n1
b, by, Coz, Ciz, Cy, (mT‘l)z1
b b c
m-1 m+1 m-1 m-1 m-1 m-1, m-1
Table 6 — Values of the k —1 digit of result of the table 3
a a1 az am—l
&
b a‘m—l a‘m—z am+l
2
bo COO(H) ClO(H) C20(k4) (mT_l)O(H)
bl bm—l COl(H) Cll(k—l) CZl(k—l) (mTil)l(H)
bZ bm—2 COZ(H) Clz(m) sz(k—l) (mT_l)Z(H)
b b _ _ _ P
m-1 m2+l O(mTl)(H) l(mTl)(H) 2(mT1)(H) (mTl)(mTl)(H)

In spite of the fact that the size of every table is diminished and was multiplied the amount of ta-
bles, on the whole gaining in an amount the equipment takes place, as to the limit surplus of tables
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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 of operation appears by an absolute code, there is no necessity
in logical elements forming of the SCTPO index.

Table 7 — Values of the k digit of result of the table 3

a a, a, Ay
a, 2
a
b am—l am—Z m+l
by Coo, Cio, Ca0, (mT‘l)ok
b by, 4 Cos, Cua, Cay, (%)h
b, b, Coz, Cip, Cs, ("‘7’1)2 )
b b c c c c
m-1 m+1 m-1 m-1 m-1 m-1, m-1
2 2 PR ok 2T o GG

The results of calculation of amount of logical elements during complete and bit-by-bit tabular
realization of tables of the DPS operation device (OD) are resulted in the table 8. It is visible from
the table 8, that tabular realization of arithmetic operations in BNS is not effective, and with the in-
crease of digit grid of OD is impracticable.

Table 8 — Results of calculation of amount of equipment of the DPS OD

Capa- Complete . . .
city BNS Modules of SRC tabular ElES) p't . Gain
L tabular realization [%]
() realization
=1 | 98.98 _ ot mfg m=4, m=5, 263 132 4981
_ 216 . 216 _ 232 | m=2, m=5, m=7,
1=2 m=9. m=11, m=13 1259 546 56,63
02 024 _ o8 m=3, m=4, m=5,
1=3 - m=11, m=13, m=17, 2833 1433 49,42
m=19
m=2, m=3, m=5,
_ 282 932 _ 964 m=7 m=11, m=13,
I= m=17, m=19, m=23, 6943 3788 45,44
m=29
m=2, m=3, m=5,
m=7, m=11, m=13,
_ 264 064 _ 9128 m=17, m=19, m=23,
1=8 M=29. m=31. m=37 39079 24914 36,25
m=41, m=43, m=47,
m=53
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At the same time application of the SRC allows effectively (from point of increase of productivi-
ty and diminishment of amount of equipment of matrix circuit) to apply the tabular methods of real-
ization of arithmetic operations.

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 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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Merton Ta01M4HOI peaiM3anuy apuPMeTHYECKHX ONepanuii B cHCTeMe 0CTATOYHBIX KJIACCOB.
AHHOTamus. B craThe mpeutoxkeH MeTOA MOBBIICHAS IPOU3BOAUTENFHOCTH M HAIEKHOCTH (QYHKIMOHHPOBAHHS CHCTEMBI 00pa-

60TKK HH(GOPMALIUK OCHOBAHHBIH Ha UCIOJIB30BaHUU HEMO3UIOHHON CUCTEMBbI curcieHus B octarounbix kiaaccax (COK). Paspa6o-
TaHHBII METOJI YIUTHIBACT CBOIMCTBA CHMMETPUH TaOJIUIl peasTi3ali OCHOBHBIX apU(METHIECKIX ONepaliii 1 OCHOBAH Ha HUCIIOJb-
30BaHHM Y4 9aCTH YHMCIOBBIX JaHHBIX COBOKYITHOCTH Ta0JHI, pealn3yIOIIX MOIYIbHBIE OIEpallii YMHOXKEHHE, CJI0)KEHHNE W BEIIH-
tanne B COK. Merton mopa3psaHoi TaOMWYHONW peann3alidyl peKOMEHIOBaH B CHCTeMax HU(PPOBOH 00pabOTKH MH(POPMALUH I
TIOBBIIICHHUS TPOU3BOIUTEILHOCTH PEIICHNUS BEIYHUCIUTENBHBIX 33/1a4.
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