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SYNTHESIS OF STRUCTURE OF THE ADDER BY MODULE

Abstract. The subject of the article is the study of the structure of low-bit binary adders for an arbitrary modulus of the
residual class system (RCS). The purpose of this article is to develop an algorithm for synthesizing the structure of the
adder of two residuals of numbers by an arbitrary value of the RCS module, by organizing inter-bit connections between
the binary digits of the adder, the combination of which determines the structure of the adder modulo. Tasks: to investigate
the possibility of performing the operation of addition of two residuals in RCS based on positional binary adders; to
analyze the influence of additionally introduced interdigit connections into the positional binary adder on the value of the
contents of this adder; to develop an algorithm for the synthesis of an adder by an arbitrary RCS module. Research
methods: methods of analysis and synthesis of computer systems, number theory, coding theory in RCS. The following
results were obtained. It is shown in the work that the introduction of additional interdigit connections in a positional
binary adder allows changing the contents of this adder. The rules for the introduction of these additional links are
formulated, on the basis of which an algorithm for the synthesis of an adder by an arbitrary RCS modulus is obtained.
Specific examples of the synthesis of structures of binary adders for various values of the RCS modules are given.
Conclusions. Thus, the paper proposes an algorithm for the synthesis of an adder by an arbitrary RCS module, which is
based on the use of positional binary adders, by introducing additional inter-bit connections. The application of the
considered algorithm expands the functionality of positional binary adders.
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Introduction organizing and using additional inter-bit

The operation of adding of two numbers is the main
operation, which is implemented by a computer system
(CS), both in a positional binary notation (PN) and in a
non-positional notation of residual classes (RCS). The
adder of two numbers is the main part of operating device
of CS in PN. Adders of two numbers by module m; are
also elements of CS along with positional adders [1-3]. In
RCS, the modular addition operation (a; +b;) modm; is

implemented on base of usage of low-bit modulo m;

adders. One of the methods for implementation of the
modular addition operation (g; +b;) modm; is based on

the usage of structures of positional low-bit binary adders
[4-7]. This approach provides a wide range of options for
implementation of the structure of such adders. This
allows to fully use available practical experience in the
design and selection of structures of binary adders. The
article proposes an algorithm for synthesizing the
structure of an adder of two remainders of numbers by an
arbitrary RCS module.
Main part

The article discusses the synthesis of an adder of
two residues of numbers by an arbitrary RCS module
m; . Synthesis of modulo adder is a procedure for
constructing the structure of a non-positional adder from
positional binary one-bit adders (BOA). In non-
positional adder by an arbitrary module m;, an addition
circuit is used, which is implemented in the structure of

adder by module M =2" —1. This is achieved by

connections X Lt in the general case, between the ;-

th and the i -th BOA of the adder module M .
An arbitrary initial structure of a # -bit binary

adder by module M =2" -1 is shown in Fig. 1.

The task of adder by module m; synthesis is to
ensure the modular addition of two residues for a given
modules by means of a adder by module M =2" —1.In
this article, this is achieved by introducing into the
adder by module M additional links of the form
X Lt where the sign X e, denotes the connection

between the output of the j-th BOA and the input of
the i -th BOA. A diagram of the organization of such an
additional connection between the output of the j-th
BOA and the input of the i -th BOA is shown in Fig. 2.
The essence of constructing adders by module
RCS is as follows. In the initial adder by module
M =2"-1, on base of certain rules, additional
connections X Lit; are formed [1]. The usage of

additional connections X 1t in the adder by module

M =2"-1 allows to synthesize an adder for
performing the operation of adding the residues of
numbers by module m;, since the introduction of

additional connections X 1t changes the weights of
individual bits of the adder and reduces the module of

the adder from the initial value M to the required
modulus value m; .
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Fig. 1.The structure of a binary adder by module M =2" — 1
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In the general case, the modulo adder synthesis
algorithm consists of a sequence of performing the
following operations.

1. Obtaining the structure of the adder by module

M =2" -1, where n=[log,(m; —1)]+1.
2. Determination of the adder binary bits S; for
true. of

determining the condition S; =0 is based on the

which equality S;=0 is The process
representation of the module in binary code.
3. Additional connection X 1t begins with the

most significant bit of the adder.
4. Additional connection X it goes to the BOA

input, for which S; =0.

Examples of synthesis of structures
of adders by an arbitrary module

Two examples of synthesis of structures of adder
are considered.

Example 1. m; =53 . The stages of synthesis of an
adder by module of RCS are as follows.

1. In accordance with the size of the module
m; =53, the number n of BOA of adder by module

M=2"—1is determined. For module m; =53 there is

e R eI R

Fig. 2. Diagram of an adder by module M =

2" — 1 with one additional connection X

n=[log,(m; —=1)]+1=[log,(53-1)]+1=6. The

structure of adder by module M =2" —-1=63 will be
the following (Fig. 3).
Initial structure of adder by module m; =53

without additional connections X 1t will be the same.
2. Module m; =53 binary  code
S6 SS S4 S3 S2 S] is 110101, which means S6 =1 ,
S5=1,S4=O,S3=1,S2=O and S1=1. From the
form of the module m; =53 which is represented in the

in

binary code, S, =S4 =0 is determined.

3. Based on the obtained results, the structure of
the adder by module m; =53 is represented in the
following form.

In accordance with the synthesis method, two
additional connections X no and Xy, are

introduced into the adder by module M =2-1. In
order to check the correctness of the synthesis of the
adder by module m; =53, the value of the RCS module
M =m; for a given adder structure is determined.
Based on the given structure of the adder (Fig. 4), a
number of structures of individual parts of the adder by
module m; =53 is composed.

»
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Fig. 3. Initial structure of adder by module M = 2°- 1
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Fig. 4. Structure of adder by modulo m; =53

The first part of adder structure is shown on Fig. 5.
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Fig. 5. First part of structure of adder by module m;

For the first part of adder structure module M,

will be the following M =15-15-14—1. The second
part of adder structure is shown on Fig. 6.
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Fig. 6. Second part of structure of adder by module m;
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For this part of adder structure module M, :
Mz =M1 *T3 T -1= (1:6 *T5Ty —1)'T3 *Tp -1.
For adder by module the value of module M = m;

of RCS will be determined as follows (fig. 4-6)
ml- =M2 ‘T -1 =[(T6 'Ts 'T4—1)"C3 *To —1]'T1 —-1=

-|@* -2 -1]-2-1=53.

Based on the performed calculations, there is the
conclusion that the synthesis of the adder by module
m; =53 (fig. 4) was carried out correctly.

Example 2. m; =97 . The stages of synthesis of

an adder by module of RCS are as follows.
1. In accordance with the size of the module
m; =97, the number n of BOA of adder by module

M =2"—1is determined. For module n; =97 there is

n=[log, (m; =1)]+1=[log, (97-1)]+1=7.

The structure of adder by module
M =2"-1=27 —1=127 will be the following (Fig. 7).

2. Module m; =97 in  binary code
8786 S5 S4 838, S; is 1100001, which means

S;=LS¢=18,=8,=8;=5,=0,8=1.

3. Based on the obtained results, the structure of
the adder by module m; =97 is represented by Fig. 8.
In accordance with the synthesis method, four additional
connections X | 507, X | 407, X317, X |47 -are introduced

into the adder by module M =2"—1. In order to check
the correctness of the synthesis of the adder by module
m; =97, the value of the RCS module M =m; for a
given adder structure is determined.

The first part of adder structure is shown on Fig. 9.
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Fig. 7. Initial structure of adder by module M = 2" 1
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Fig. 8. Structure of adder by modulo m; =97
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Fig. 9. First part of structure of adder by module m;

For the first part of adder structure module M,
will be the following M =17 -14-15—1. The second
part of adder structure is shown on Fig. 10.
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Fig. 10. Second part of structure of adder by module m;

For the first part of adder structure module A,
will be the following M, = M, -t4 —1. The third part of

adder structure is shown on Fig. 11. For the first part of
adder structure module M; will be the following

M5 =M, -t3—1. The fourth part of adder structure is
shown on Fig. 12.
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Fig. 11. Third part of structure of adder by module m;
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Fig. 12. Fourth part of structure of adder by module m;

For the first part of adder structure module M,
will be the following M, = M3 -1, —1. The fifth part of
adder structure is shown on Fig. 13.
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Fig. 13. Fifth part of structure of adder by module m;
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For the first part of adder structure module M5
will be the following M5 =M, -1 -1.

The value of module m; :
Fig.9: M;=17-14-15-1;
Fig. 10: My =M -t4—1=(17-16-15—1)- 14 —1;

M3 =M2'T3—1=

Fig. 11: =[(r7 “Tg s —l)t4 —1}13 -1;
My=Mz-1,-1=

Fig. 12 ={[(r7-r6-15—1)-14—1]13—1}~12—1;
Ms=My -7 —1=-1+x

Fig. 13:

x({[(ﬁ “Tg - Ts —1)-14—1]13—1}-12—1).

In this case, the result of the synthesis of the adder
by module m; =97 (fig. 8) is correct.

Conclusions

The article considers an algorithm for synthesizing
the structure of adders by module m; of RCS. The
algorithm for the synthesis of adders is based on the
usage of existing adders by modules M =2" —1, which
are widely used in CS, operating both in the PN and in
the RCS.

The article directly provides an algorithm for the

synthesis of an adder by module m; . The algorithm is
implemented by introducing and using additional inter-
bit connections X E The article formulates the rules
for introducing these additional connections. The usage
of additional connections (based on the structure of

adder by module M =2" —1) allows to create an adder
that implements the operation of adding two residues g;

and b; of numbers. A set of k adders by module is an

adder of two numbers A4=(q,a;,...,4;,...,a;) and

The given examples of the synthesis of the
structure of adders by module of RCS confirm the
possibility of practical usage of the algorithm which is
considered in the article.

B=(b,by,...,b;,...b;) in RCS. Specific examples of
the synthesis of adders by module for various values of
the RCS modules m; are given.
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CHHTe3 CTPYKTYPH cyMaTopa 3a MOAYJIEM
B. A. KpacHobaes, C. O. Komman, /I. M. KoBanbsuyk

Anotanisi. IIpeqmerom crarTi € HOCHIUKEHHS CTPYKTYpU MAalOpa3spsHUX JIBIHKOBHX CyMaTOpiB 3a JIOBUIBHUM
MozyiieM cucreMu 3anuikoBux kiacis (C3K). MeToro f1aHoi cTarTi € po3poOka ajuropuTMy CHHTE3y CTPYKTYPH CyMaTopa JBOX
3aJIMIIKIB 4ucell 3a JOBUIbHUM 3HaueHHsM Moayns C3K, muisixom opranizaiii MDKpO3pSIHHX 3BI3KIB MiX JBIHKOBUMHU
po3psiiaMu cymaropa, KoMOiHallis SKUX BU3HAYA€E CTPYKTYPY cymMaropa 3a MoayieM. 3agadi: JOCIiIMTH MOXIIMBICTh BUKOHAHHS
ornepauii roxaBanHs aABoxX 3anumkiB y C3K Ha 6a3i mo3uIiiHUX ABIHKOBUX CyMaTOpiB; NPOBECTH aHANI3 BIUIMBY IOJATKOBO
BBEJICHUX MIKPO3PSIHUX 3B'SI3KIB y MO3MLIHHMIA ABIKOBUI CyMaTop, Ha BEJIMYMHY BMICTY LbOrO CyMaropa; po3poOUTH
aITOPUTM CHHTEe3y cymaTopa 3a JoBuTbHEM MmoxyineM C3K. Meroam nOCTiJDKEHHS: METOIM aHAJi3y i CHHTE3y KOMITIOTEpHHX
cucTeM, Teopist uuceln, Teopist komyBaHHi y C3K. OTpumani HactymHi pe3yabTatH. B pobori mokaszaHo, IO BBEICHHS
JIOIATKOBUX MIDXKPO3PSIHUX 3B'I3KIB Yy MO3MIIMHMI JBifiKOBHI cymarop, H03BOJNSE 3MIHMTH BMICT JIAHOTO CyMaTopa.
CdopMynboBaHO NpaBUIa BBEICHHS LMX JIOJATKOBUX 3B'I3KiB, HA OCHOBI 4Oro OTPUMaHO AJTOPUTM CHUHTE3y CyMaTopa 3a
noinbHMM MoxyineM C3K. HaBelleHO KOHKpeTHI NPUKIAQM CHHTE3y CTPYKTYp IBIHKOBMX CyMaTOpiB Ul PI3HUX 3HAa4€Hb
moxnyniB C3K. BucHoBku. TakiuM 4rHOM, Y poOOTi 3aIIpOIIOHOBAHO aJITOPUTM CHHTE3Yy cyMaTopa 3a JoBiIbHUM MoxyieMm C3K,
SIKMH 3aCHOBaHMII HA BUKOPHCTaHHI MO3ULIHHUX JBIIKOBUX CyMaTOpiB, IIJISIXOM BBEAEHHS JOJATKOBUX MDKPO3PSAIHHX 3B'S3KIB.
3acToCyBaHHs PO3IIIIHYTOrO aJIFOPUTMY PO3IIMPIOE (DYHKIIOHATbHI MOXKIIMBOCT] HO3ULIHHNX IBIHKOBUX CyMaTOpiB.

Kaw4yoBi ciooBa: cucrema 4YuCIEHHS, CHUCTeMa 3aJIMIIKOBHX KIJIACiB, MO3HMLINHMIA JBIHKOBHH CyMaTOp, MOAYJBHI
0OYMCIIEHHsI, KOMITTOTEpHA CHCTEMa.
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