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Abstract. The article presents the nullification of numbers in the system of re-
sidual classes (SRC). This method is widely used in the non-positional number
system in the SRC with the need to determine positional characteristics. Two
methods of nullification are presented in the article: the method of successive
subtractions and the method of parallel subtractions. Based on these methods,
algorithms are developed for their implementation. The essence of the method
of successive subtractions is that the nullification procedure is carried out con-
sequently from the junior foundation to the oldest. The essence of the parallel
subtraction method is that the nullification procedure is carried out parallel in
time for two reasons. It is advisable to use these methods in the implementation
of operations of comparing numbers in the SRC, and in monitoring data pre-
sented in the SRC. The estimation of these methods by the number of equip-
ment and by the time of implementation of the nullification procedure is made.
In terms of the efficiency of the nullification procedure, a parallel subtraction
method was proposed.

Keywords: methods of nulling numbers; method of successive subtractions;
nullification constants; nullification block; nullification procedure; parallel nul-
lification method; sequential nullification; system of residual classes.

1 Methods of data control in the system of residual classes
based on the principle of nulling

One of the methods for determining the correctness of a number is the nulling (nulli-
fication) method, which consists in the transition from the initial number.

A=(a, 8y, . 8,,8,,) @)
to the number:
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A? =(0,0,..,0,7,.,) @)

with the help of such a sequence of transformations in which there is no output out-
side the working range of the system of residual classes (SRC) [1-8].

The process of nulling a number consists in successively subtracting from this
number the nulling constants of the form:

(rn.l.l’ Moy mn+l) , Where m, = @2.., m, -1);
O0,m,,,....,m,.,), where m,, =(1, 2,...,m, -1).
In this case, the number A=(a,, a,, ...,a,,a,,,) is sequentially converted to a form

A'=(0,a,,..,a,,a,,) thentoanumber A"=(0,0,...,a’,a,,;,) etc.
By repeating the process n times, we get:

A® =(0,0,...,0, 7,,,).

If y,,,=0, then the original number is correct and lies in the range [0, M), if
72 # 0, then the number is incorrect and lies in the range [jM, (j+1)M), for
j=@2,..,m_,-1), where (j+1) is the value of the number of the interval in

which the operand A falls.
We show that an error AA can transfer the correct number A, lying in the interval
[0, M), only in one of the two intervals.

We write A=A+AA, i.e.
A=(,a,,..a,a ,)+(0,0,..Aa,..1). 3)

Obviously, AA is not in the first (working) interval [0, M), since the first interval
contains the correct number:

A, =(0,0,...,0,0).
Let AA be inthe k-th interval:
(k—)M <AA<KkM .
We write the system of two inequalities:

0<A<M,
(k—=1)M < AA< kM.

Add up the two inequalities:
k-DM < A+AAL (k+DM .



Let j=k-1, then we can write:
iM<A<(j+2)M,
i.e. an error may cause the correct operand to be incorrect, lying only in one of two

intervals [ jM, (j+DM) or [(j+DM, (j+2)M) .

2 Method of successive subtractions

Consider the nulling procedure in terms of the time of its implementation. The es-
sence of the first (Z1), the basic in the theory of SRC, nullification procedure (the
procedure of sequential nullification (SN)) consists of a sequence of operations for
subtracting in form:

A(i+1) — A(i) —NC(i), (4)
by means of a set of NC of the form (5):
NC® = [ 182 e Il % I 16 I e 1% 2 e 35T
t® = a© t1<0):0,ml_1.
NCO =[0It [t Il 165 I 1 2 2 12 12 11854,
t® =a®, t® = —0m -1 m, —1;
NC® =[0[[O[It [|...1t% It IIt.(fi o T2 12 112 1182 (162]

t? =a®, t? =0,m,—1;
NC =[0[[ O 011 10N 142 - 3 I 2 e (18],
t0D =g -0 m-1;
NC®® =[0[[ 0] O|...[ O Ol OIl... | O 0N 1™ [I£7,7T,
(0,2 a2, 02 =0,m, —1;
NG =[0]|0[|O[|... | Ol|OI[O]l.. 101 0[Ol t™ [I£7,],

" =g (0 =0, m, -1, ()

from the corresponding numbers:

AP =[a [laf” la” II... 129 la® llaf Il 122 1, 12l [l a” [lafl],
AV =[0lla llas” Il lla% la® a1l 1l ey, ey, 1a lagl,
AP =[0]l0]1a” II...[1a% la® lla II...[1a; 1 a2, &y 1 ey ll agi],
AT =[0[[0[[O]... 10N & lal II... 1&g ey Ilals” Ilag™ llay .
For example: performing the first subtraction operation:
AY = A9 -NC? =[a® [l a” [l ||..I1a% la” [laf) ..
e lan?, llag flag” [Tl =6 116" 117 11 165 16” IIt.(fi ...



S I, 1 116 11651 = {[&® —t@Tmod m, || [af —t{ Imod m, ||

n+1
Ias” —t” Tmod m, ||... I [&%) —t9Tmodm, , || [a/® —t®Tmod m, |
Il (&% —tImodmy, ||... I[as% — % Imod m,_, || [a;, —t,%Imodm, _, ||
1% —tImodm, , || [&” —t®Tmod m, [| [, —t'%1modm, ,} =
=[olla? [1a’ II...I1a% [la® 1l Il llas [1al, llal lal [l ags];
performing the second subtraction:
A(Z) _ A(l) Nc(l) —
=[0llaf’ [la II...Ila% [1a® llaf Il Ila% Il a2, Nl a; [l Il at;
01 1™ I I I e 0 2 e 2, 16 e ] =

= {0/l [ ~tImodm, ||[a%’ ~t Tmodm, | ...|[[a%, ~t%]mod m , |

Ila®” -t 1modm, [[a} ~tf;1mod m,,, [|... Il [a’; —t’;Jmod m, , |

I[a®, —t®,Jmodm__, || [a®, —t® Imodm,__, ||[a®® —t®Tmodm_ ||

” [ar(izl n+l] mOd mn+l}
=[0ll0l1ag II...lla? la® [laf Il ---I1ag; 12, ll &g’y Nl &y i
performing the third subtraction:
A(3) _ A(Z) _ Nc(2) _
=[oll0f1ag [I...11a% [1a® 12’2 II... 12 [ &, 12l 1af® [laf]-

i+1 n+1

~OION ™ Il & I I I e e, e 112 11857

i+1 n+1

={0)l0]|[a” —t?Tmodm, || .|| [&?% —t2]mod m,, [|[a® —tPImodm, |

”[ (2) (2)] mod m,., ... [a(Z) (2) ]mod m, Il [a(z) (2) ]mod m,_, Il

i+l

2%, —t%1modm, , [[[a? —t®Imodm, ||[a®, — ﬂ]modmnﬂ}

=[olj0li0lla lla? Il 1% [1a® [laf) 1.1l as 1 ay, llags ll &y &gy,

etc. The algorithm for performing the SN procedure is presented in Table. 1. In ac-
cordance with this algorithm, the initial number A=A =@ || a®|...||a? ||

a2 |l...1a” |a'%) according to the formula (4) is sequentially converted to the

i+1 n+1

form A® =(0]|0||...| 0|l 7,.,) with the help of a sequence of operations that does

not result in the output of the numerical value of the number A over the working
range [0,M) of the SRC. In this case, the initial number
A=A9 =@ 17 ||..1a° a9 ||...1a® | al%) is sequentially reduced to the

i+l n+1
form 4™ ie.
A=A9 = (@® a0, . a® a?, .. a®, a®

L E ' Un+l/
AY = (0, a®,a®,...a®,a®),
A(Z) :(0, 0, ag(Z) ,a(Z),a(Z)

n+1/ 1

A® =(0, 0, 0, a?,...,a®,a®?) and so on.

T P+l



Table 1. SN Algorithm

Sup;r:;iron Contents of operation

1 Appeal by value a® and number A in BNC, for the NC .

2 Performing a subtraction operation AY = A© —NC© .

3 Appeal by value a$” and number A® in BNC, forthe NC®.

4 Performing a subtraction operation A® = A® —NC® .

5 Appeal by value a$® and number A® in BNC, for the NC?.

6 Performing a subtraction operation A® = A® —NC® .

7 Appeal by value ' and number A® in BNC, for the NC® .

8 Performing a subtraction operation A = A® —NC®

2n-3 Appeal by value a{";? and number A2 in BNC, _, forthe NC"?.

2n-2 Performing a subtraction operation A" = A" _NC"2)

2n-1 Appeal by value @™ and number A®™ in BNC, , for the NC"™?.
Performing a subtraction operation A™ = A" —NC®™™ . Getting a nulli-

2n fied number

A® = A" =[0[|O]|...J[O]l..1 0110l 7., = a}].

By repeating the subtraction n times, we get the value A”) = (0| 0]|...||0]| &), or
A® =(0]0]..][0]l 7,.,) , where y,,, =a'. The SN procedure is shown in Fig. 1.

Opera-
tion .
Contents of operation
(cycle)
number
Appeal by the value of the remainder a® of a number
A=A? =[a0 |a |
0 0 0 0 0 0 0 0 H
1 |- 125 1a® [1af [I...1al% 12l [la |al |a{%] in  BNC,
for the NC NC = [t 15 1t [|... It 1t 1t 1]...
. . +(0
I I Y 1625 6 =a®; ¢ =0,m, -1,
Performing a subtraction operation A® = A® —-NC® =[a(” || a!” ||
) N2 0l...11a9 11a® 129 Il...11a%% 1al, 12l [ al® |al%] -
I G 1 IS I I - % 1% 162 I 1550 =

= {[a” —t]mod m, [|[a{” —t{”Imodm, || [a{” —tJmod m, || ..




1% ~tQImodme, [I[af® —t”Tmod m, ||[a} ~t}Tmod m, . ||...

-3 —t,%1mod m,  [I[al%, —t%,Jmod m, , | [a%, —t;% 1 modm, _, |

I[a® —t®modm, [|[@% ~t®]modm, .} =[0]|a® [|a® ||...|a% [|a® |

laf; -l as Ila?, Il 8y, Il &y |l &y

n+1d -

Appeal by the value of the remainder a of a number
AY =[0]af’ | ai" ...
~la% ra® [1af ... 1als 1al, [1a® [1al [|af,] in BNC, for the

NC NC® =[Ot 1t 1. 1t I 1t 111 N |

i+1

@ () @ 1) (1) (1) _
O 11O [t9]; t© =a®; t9 =0,m, —1.

n+1

Performing a subtraction operation
AD = A% —NC® =[0]|af’ | a8 ...

2% 11a® [1a® ... 122, [, [[a®, [|a® [|a%, ][Ol 12 |...[It%,

O N 0P 162, 18 1t 188, ] = {01 [a® —tTmod m, |

i+1 n+1
I[a” —tPImodm, ||... 11 [a%, -t Imod m, , [[[a® —t®Tmod m, ||
II[af ~tImod m,,, I|... I [al% —t2 Imod m, , I [a’, ~t%,Jmod m, , ||

Il [a%% —t®,1modm, , || [ —t®Tmod m, ||[a® —t“ﬁ]modmm}:

=[0ll0las” Il la® lla® lla2 Il ll & ll a2 llayy I3 Il ey

i+1 n+1d -

Appeal by the value of the remainder a{® of a number
A? =[o]l0flag ...

~l1al 11a® [1aZ1I...11a% 1a%, [ la® laf] in BNC, for the NC
NC® =[O Ot [I...[1t% It (162 1. 12 62, (1625 )
12 111215 67 =af?; 2 =0,m, 1.

Performing a subtraction operation A® = A® —NC® =[0]|0||a{? |...

~lla la® 1aZ i1l &% & laf lla? 2] =010l e Il 143 |
P G212 12 1625 116 162 ={01 0l [a” ~t?Tmodm ...

8% ~t&Imod m, [I[a® —t*Tmod m, || [af?} —tZ1modm, , ||

@, -t Imodm, , [I[a%, -t®,IJmodm,__, [|[a®, —t® Imodm__, ||

II[ay” —t”Imodm, || [a2) —t7%

n+1

] mOd mn+1} =




=[olloflollas” lla? Il 1a & [la Il [las 1, llag?y Il &y [l &y

i+1 n+1

Appeal by the value of the remainder a® of a number
A® =[0]|0]|0]|a ||

7 [ ha? e da e e e e a? lla” lal] in BNC, for
the NC NC® =[0[0J| 011t II5? [1--- It 167 1311
3
1% 2% 165 167 65T 60 = 62 =0, m, —1.

Performing a subtraction operation A® = A® ~NC® =[0]|0]|0]|a{ |

a2 11112 12 12 1] 12 12, [1a®; 12 [ a%1-[0] 0]| 011t |
I 1 S IS NS0 e 1, 1 116 11521 =

8 ={0]|0l10][a —tPImod m, | [ —t¥Imod m, ||... || [a®) —t&Jmod m
I[a® —tPImod m, || [a% —tHImod m, , ||...II[a;, —t{,Imod m, , ||

ITa®, ~t&,1modm,_, [I[a®, ~t&Imodm, , [[[a® ~t©]modm, ||
M“>ﬁmmwm3=mmwwwéﬂ|M#W@ﬂmﬂwn

(4) |a(4) |a(4) | a£4) ” a(4)

n+1d *
Appeal by the value of the remainder a®” of a number
A =[ofloff0]...]0

lad™ fal? |I...11a¢2 lal? lal? |l |a%Tin BNC,, for the NC

NCE =[0[|0[|O[... | Ol t¢ ™ 52 [|... 182 82 1t

205 00 = a5 10 =0,m, -1

Performing a subtraction operation A®” = A —NC“™® =[0]|0]|0]I...
o | l0lat A .l &P [l al alP1-[o ] ]jo]...] O]
AO LI D I I 1 e T= {0l 0 j0]]... |O]]

[[a"™ —tPImodm, || [al,” —t;"Tmodm,, ||... [I[a —t{PImodm, _, ||

I[a" —tPTmodm,_, [|[a%Y —t"PImodm, , [|[[a"™ —t'Imodm_ ||
(&% —t¢ Tmodm, .} =[Ol 0]|O]|...[[0[[0[|a% I...I1a% | a®, || &, I

lla;” Il &g’

n+1d -




Appeal by the value of the remainder a'",” of a number

A" <[00l 0]]...
2n=3 | 10l10]I0]l...][0[10]|a"2 [[a®? |a®?] in BNC,, for the NC
NC™# =[0[[0[|O]|...[[0][O][O]..- 1O Ol " It ||
5715 402 =al?; g7” =0,m,, -1,
Performing a subtraction operatioln A = A2 _NC™2 =[0]]0]|0]...
~lrofofiof...1ofofal? a1 af®1-[0] 0[|O]f... /[0 [ Ol O]...
on—2 | - 1010NEL? 117 11t ®1={0[|0]|0][...]|0]|0[/0]|...][O[[ O]
I[a{"? —t"?Imod m, , || [a{"® —t"®]mod m, ||
||[a1§312)—tﬁilz)]mOde}=[0||0||0||~-||0||0||0||---||0||0||0||a,§"71) I
llay:"].
Appeal by the value of t|he remainder a"™® of a number
on—1 | A"? =[0][0]l0]... .. lloffofiofl...lofl0[0fla""™ llafi] in BNC, ,

for the NC NC™™® =[0[[ 0| O[|...[[O[[O[[Ol... [0l Of Ol fIt"™ It "1

(0 —alY; {0 =0, m, 1.

2n

Getting a nullified number AP = AV = AMD _NCO =
=[o[jof0fl...l0ft0f[0fl..lloflo][0fla" ™ || af"1-[0][ 0| O||... | O[[O]| O]

A1ofofl o)t |1t"P1={0]10]|0]|...|| 01|10 O]|...||O[|O|O]
I —t"Tmod m, [|[al),” —t7;"Imodm, .} =[0[|0||O]|...|[0]| O] O} ..
~rojloflojiofalm1, rae al’ =y,.,.

n+1

n+1

T, :2'n'Tadd

Fig. 1. Procedure of SN of numbers in the SRC

Denoting the sampling time of the NC from the corresponding nullification block
(NB) of the CS functioning in the SRC as t;, and the time of subtracting from the

number 4™ the constant NC™™?, i.e. performing the operation 4® = 4¢% — NC

i) as

t,, we get the total time 7%, of the nullification procedure for the first Z1 method:

TZl =N (tl + tg) (6)



3 Parallel subtraction method

Consider the following method (Z3) of operational control of data in the SRC (par-
allel nullification method (PNM)). The essence of the proposed control method is that
the nullification procedure is carried out parallel in time for two reasons. For n -even

numbers, we have ¢, a%? (i=1n/2), namely a,%, a,%; a,", a,,"; a;?, a,.

2P;... a2 a2 (see Fig. 2). For n -odd numbers, we have a,?, an‘o) a"V, ap,;
as? ), aly; ... a7 ™ (see Fig. 3). In this case, for an arbitrary value i of NC for

i—zeroes

the corresponding number, have the following form: A®” =[0]|0]|...||0]|a%, || a%, |I...

~lad s llag; llo]l...[lollo]l ag?

n—i—-1 n+1d
NC® =[0]|0]]... 1011t} 1EL .- It e 11O]l-... 1ol O] 141 th=0,m,,
() (i) () i) _ 40)
n—l O mn i tlJIrl - a’lll’ tnl—i _anl—i '
a® a®  a® ... al al® .. a®
(1) (0)
——e 9 ® —o—0—0—o
v v
(n/2-1) (n/2-1)
an?Z an72+1
v v
2) (2)
as an—z
v v
(] 1
v a ay,
. v
al® i=1n/2 2®

Fig. 2. Sampling scheme for nullification constants for PNM method (n —even number)

For an arbitrary value i we have that:
A — A0 _ Nc(i) —
=[0[l0]l...1011a% la® lals Il lla, lal .y [Tal 1O 1l...1 0]l a1~
0N 0N O N 6 11 16, 18, & O 101 £, ] =



={of|0]].../10I[a%} —t%Tmod m,, [I[a®’, ~t¢,Jmodm, , || [a®, —t";]mod m, || ...

.[@av._, —t®

n—i-2 n—i-2

I =t Imodm,_, ||0]...||0[|[a?, —t{ Imodm, , } =

+: +

Jmodm,_,, lI[a®, , —t®

n—i-1 n—i-1

Jmodm, . |l

i+1 i+1 i+1 i+1 i+1
=[oflofl...10N0fa%s” 1als” II...1al?, lad2 ([0l 0l...1 0] 0] afy’
(0) @ () (i) @ (i) @ )
Ch a, a; LR 2h ai a,, R a, a,;;
0)
o ® I ® *—9o 9o o
(n+1)/2-1
a(n+l)12
v v
(n-1)/2-1 (2L
a(n—l)/Z (n+1)/2+1
v 4
v al? a®?, v
1
aél) ar(1—)1
v i=L(n+1)/2 il
a” a®

Fig. 3. Sampling scheme for nullification constants for PNM method (n — odd number)

The algorithm for performing the PNM procedure is presented in Table. 2. Before

getting the value ,,, =a"? for n - even number, we have that:
n/2-1zeroes n/2-1zeroes
— N —
AYED = [0]]0]]... 101%™ 1al2 110l |lo]| o flalZ ] .
n/2-1zeroes n/2-1zeroes
— —
NC®Z D =[0]|O]|... [ O] [t5*  [It55.” 1101l [ 0| O |t T ,
(nf2-1) _ (nf2-1) _ - _ - _
try - =0,m,, t Y =0,m ., t97 0 =al ), (Y =alh?

A = A = A NC2 D = {0]0]]... |0 [I[alfy Y ~ti* Y Jmodm,, |
n+1

I[ a5 —tG2.” Jmodm,, 01O [| 0 O I &t —t & Jmod m, . | =

=[oljof...lIoliollo]l...[jollollaf> ], where 7., =a(;?.

Before getting the value y,,=al"? for n -odd number, we have that
'%1—1 zeroes n7+1_1 zeroes
/—/% /—/%
A O 0]]...[| Ollal s P 0] 10flal ],



Table 2. PNM algorithm

Operation .
P Contents of operation

number

Appeal by the value of the remainders a{® and a!” of a number A® in
1 BNC, for the NC©.
2 Performing a subtraction operation A®” = A® —NC© .

Appeal by the value of the remainders a”’ and a®”; of anumber A® in BNC,
3 for the NC®.
4 Performing a subtraction operation A® = A® —NC® .

Appeal by the value of the remainders a” and a'?, of a number A® in
5 BNC, for the NC*?.
6 Performing a subtraction operation A® = A® —NC®@ .
i Performing a subtraction operation A" = A% —NC™?.

Appeal by the value of the remainders a‘) and a'”, of a number A® in
1+1 BNC, forthe NC®.
i+2 Performing a subtraction operation A" = A® —NC®.

Appeal by the value of the remainders a,2,” and a'),? of a number
n-3 A™22 in BCN,,, , for the NC*?.
n-2 Performing a subtraction operation A" = AM22 _NC("22)

Appeal by the value of the remainders a'7)>™ and a!7}>;" of a number A2
n-1 in BNC,,, , for the NC™*?

Performing a subtraction operation A™? = A™#Y _NC™2D

Getting nullified number A
n

AD =AY =[ofl0f ... [0...I01 01l 7,... = &1 -

n+1




NC= ~[0[O... [ Ofl(C2 2 101l 0| ]

(n+1)/2 n+l
(D)/2-1) AL (nsl)/2-Y) _ o (n+D)/2-1)
t =0, Mz s Loz = 8naye

(n+1)/2
AD — A2 _ AreI2) e/

={01[0]]... 1011 [ 2012 ~t {22 Jmod m ., [10]101[ O[] O][O]

II[a

((n+1)/2-1) _t((n+1)/2—1)

(2 g2 modm, | =[0]0]]...]| 0| |0]10][al%>* ], where

n+1

7, L= a(n+1)/2
n+: .

n+1

PNM method in the SRC presented in Fig. 4.

Opera-

tion .
Contents of operation

number

(cycle)
Appeal by the value of the remainders a”® and a'” of a number
A=A =[a" |

. llas” [1as” Il 12" [1a® a1 1al lal, la® 1af” ll &g in
BNC, forthe NC© = [t/ [ [1t§ [|... 1t 1t 153 1.
SRR IR IR I 621 67 =a®, P =aP; ¥ =0,m -1,
t¥=0,m -1
Performing a subtraction operation A® = A© —NC©® =[a® | a{ ||
lag™ N1 12 [1afy 1l 11as lal, llag llas” laf 1 -t 1 |
2 1 I T 2 2% 1 18 (1] =

0 0 0 0 0 0
, = {[a® -t 1modm, || [a{” ~t]modm, || [a{” ~t]modm, |l...

” [ai(f):{ _ti(?“mOd m_, ” [ai(O) _ti(O)] mod m; | [al(f»):)l —ti(fﬂ mod m,, ”

~I[al% —t%Imodm, 4 |[[af, —t% Imod m, , |I[a”; —tImodm,, |]...
0 0 0 0 1 1

- =t Tmod m, | [a® —t%Imodm, ., } =[O &’ [| & || ...

-l lla® laf Il 1 lla, llas% 1101l a1

+

Appeal by the value of the remainders a{’ and a®, of a number
AY =[0]laf” ||

la” II..-1la la® laf Il Il &y, llay?; 101l a1 in BNC, for
the NC® =[Ot [1t” [I... Il e& 1162 IS M- 1% I
I el ot g =a?,  th=al;  t’=0m,-1,

t =0,m _, 1.




Performing a subtraction operation A® = A® —-NC® =[0||a® ||a{ |..
~la a® [al .- lal lla?, la® 10 llal1-[0 1t 1t ..

i+l

T TR I, 12, 1182, (101821 = {0l [a? o, |

i+l
I [a$” —t?Imod m, || [a{” —t’Tmodm, ||... || [a®, -t Tmodm,_, ||
I[a® —tPTmod m, || [af, —t%,

ITa®, —t&,Jmodm,, |I[a®; —t&,Jmodm, , [| 0] [a®, ~t*Jmod m, , } =

:[0||0||a§2) a1l 12 la® llaid |l . Il a2 [l a2, 1011 0]l g2

i+1

Imodm,, [|... I [af%; ~t%Jmod m, _, ||

Appeal by the value of the remainders a{ and a'”, of a number
A =[0]|0]|
la®[..-1a2% 12?122 |- 12l 1af, [0 0]laf%] in BNC, for the

NC@ =[O[[ Ot Il I e2 ™ It 11225 152, I

i+1

lofloft&], ¥ =af, t, =a®,; t? =0,m, -1, t*, =0,m_, -1.

n+1

Performing a subtraction operation A® = A® —NC® =[0]|0]|a? ||..
~la@ a® a0 lla?; a2 11010l a 1[0 0t |I... 1t ||t(2) I

i+1 n+1
L2112 12, 110110182 {0|| 01| [a” —t{?Imodm, ||
I [2? —tPTmodm, ||...|[[a) —t¥Imod m,, || [a® —t®]mod m, ||
I8 —tZTmod m, , [|... [l [ —tZJmod m, , || [a{?, —t&,]mod m, _, ||

i+1 i+1

1011011 [a%, —t&1modm, . { =[0l[ 0|0l || a® II...I1 &%l a® 1 a I ...

lla, lla; 10110110] &

n+1d -

For
value
AD

Appeal by the value of the remainders a’™ and a'”, of a number
A" =[o]l0]...

-1 -1 -1 -1 -1 -1 i1 .

~lofa &l (a1l als Il [lal% 110 01l... 10| af’] in

i+1 i+2 i+l n+1
BNC, , forthe NC®™ =[0]|0]|...]|O]|
(Lo ||t“ DI IR Y T2 1101 Ol 10 [I50T; ¢ =™

i+1 i+2 n—i+ n+1
, 0 =al s =0,m —1 m-1,tY =0,m 1.

n—i+1 n— |+11 n—i+1 n—i+1




Performing a subtraction operation A" = A —NC®™® =[0]|0]|0]...
<ol jat? ... 1ol ol al1-[ofl 0 [O]f... [ O t" P [t |I... 1Ol

i+1 n+1 i+1
o1t 1={ofl01l...]10/l [ —t*“Tmod m [|[a’,” —t!;" Tmodm,, |
I1a%;” 9" Tmod m, , [|... II[al"? —t¢% Imodm, , , ||
[I[a85" -t Imod m, _, [ [al"?, —t¢:%, Imodm, ., [|0]|O1]...[|O]|

I [a,” —t%;” Imod mm} =[0l0]l...l1o110l1a% [1a%, I a®; |l
o a® oo .10 af

n—i- n+1d -

Appeal by the value of the remainders a®, and a®, of a number
AV =[ofl0f|0]..
~ofofa®...ia®  1a® jjojofa®] in  BNC, for the

i+l n—i— n+1 !

NCO =[ofloflofl..- 100Nt -1t It ol ol ] th=af),
tr(li—)i = aﬁi}i ; ti(EL =0,m, -1, té?i =0,m,; 1.

For Performing a subtraction operation A®™® = A® —_NC® =[0]|0]|...

VA""('}fg lrofaly la lals Il lal_, llal, llal; 101l... 110l &g, ]~
L0101 IO IS, IS 1 e 1162 2 O 1101160, ] =
= {0 || 0 || || 0 ” [ai(i)l _ti(jr)l] mod m.. ” [a'i(i)Z _ti(i)z]mOd m,, ”
|| [ai(l)s _ti(i)3] mod M3 ” el [aﬁi,)ifz _té?pz] mod m_i_, |
I, —t% dJmodm, ., [ITa; —t;%Imod m, ; [[O]]... [0
I, —t&,Jmodm, .} =[0]|0]|...|[01|0]|a%s [|als ||... l|al?, [ al |
lofiof...lolollalP1.
Further for n even n odd numbels we get: for n even number. Appeal by
the value of the remainders a(*® and a1 of a number
A™ED =[0]|0]|... 101 al;*™ llayzs” 101110l 0l al’*™] in BNC,, ,
for the NC™2™ =[0]|0]|...]| 0||tr§7£2‘1) [|

- It 101 I01OIE T 0P =al™™, gl =agsi”;
tr(\%z_l) =0, m,, -1, tr(mr;gj) =0, M2 -1

For n odd number.
Appeal by the value of the remainder al ;> of a number

ACDED ~[0]0]]...
A01CHZY 0] [0] a2 9]  in BNC.,, for the




NC %9 = [0]| O]|... [ 0| (0357 1 O11-.- 10115 ™*]
(D72 (/2D . (D)2 _ —0, Movvors 1

2 =&z v Yneay2

For n even and n odd numbers, we obtain the following values of the
number A® to be nullified.

For n even number.

Getting a nullified A® number: A® = A2 = AM2D _

-NC™* =[0]0]|...[|0]la%5*™ [ags” 1O 1l... [ 01| O]l & ™1~
-[0[10]]... 1011ty 15257 Ol [0l Ol ¢35 1= {0l O I... [|O
ITag,” ™ty P Imod m, , I35, —t7 " Imod m, ., [|O11... 101101
I[a%y ™~ Imodm, .} =[0[|O]|...||01|0]| O[] .|| 0| 0] & |, where

— q(n/2)
Vi = an+l '

For n odd number.
Getting a nullified A number: A = AT = A2 _
NCZD =0l 0]... | 0]l &)™ lOll... 10| a%%™* 1 -[0]| O]} ...

OIEE > IOl oIt 1=1{0]| 0] ..] O

(n+1)/2 n+l
((n+1)/2-1) _ 4((n+1)/2-1)
” [a(n+1)/2 _t(n+1)/2 ] mod m(n+1)/2 ” Ofl...1101]

I —t 2 O modm, , } =[0|O|... /| O |I...][ 0] O[] a7,

where 7, =a "'

T,,=n-7

Fig. 4. Procedure of SN of numbers in the SRC

The time T3 for performing the zeroing procedure for the first (Z3) method of the
PNM is defined as:

T73=N" Tyqq, (7)

When implementing the nullification procedure for the second (Z3) method in the
block of nullification constants (NB) of the calculator in the SRC, it is necessary to
2
have K,, = Z(mi -m. .., —1) nullification constants. In this case, the number of Nz,
i=1
double digits of the NB nullification constants is determined by the expression
2
Kza=2 (M-m ;-1 (n-2i+1).
=1



4 Conclusions

The article presents the nullification of numbers in the system of residual classes
(SRC). This method is widely used in the non-positional number system in the SRC
with the need to determine positional characteristics. Two methods of nullification are
presented in the article: the method of successive subtractions and the method of par-
allel subtractions. Based on these methods, algorithms are developed for their imple-
mentation. The essence of the method of successive subtractions is that the nullifica-
tion procedure is carried out consequently from the junior foundation to the oldest.
The essence of the parallel subtraction method is that the nullification procedure is
carried out parallel in time for two reasons.

It is advisable to use these methods in the implementation of operations of compar-
ing numbers in the SRC, and in monitoring data presented in the SRC [9-13]. The
estimation of these methods by the number of equipment and by the time of imple-
mentation of the nullification procedure is made. In terms of the efficiency of the
nullification procedure, a parallel subtraction method was proposed.

The obtained research results can be useful for various methods of increasing the re-
liability and fault tolerance of computer systems [14-18].
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