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A comparative analysis of two ways to implement the equivalent shaper in code
converters is performed. An algorithm for constructing tables of laws of operation of
the main non-standard node (equivalent shaper) in code converters by the method of
accumulating equivalents is considered and proposed. The formulas for determining
the number of rows of equivalents are obtained. Parallel and sequential strategies for
using transformation steps are considered. The analysis of tables of equivalent ge-
nerators was carried out, for the construction of which lexico-graphic enumeration
of all transformation steps was used. An algorithm for constructing tables of the laws
of functioning of equivalent generators is formulated. An analytical expression is
obtained for determining the number of rows in tables of the laws of functioning of
equivalent generators in code converters with a parallel strategy of using conversion
steps. The conducted research allows to speed up the stage of system design of code
converters.
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Statement of the problem.The dignity of codes converters (CC) by the method of
equivalents accumulation as compared to other method is a high speed and the possibi-
lity of changing in the wide limits of ratio between speed and hardware costs.

The regulation of the ratio between speed and costs is achieved due to the choice
of number of conversion steps (1, 2, 3, 4 or more) and by the choice of steps values, the
variant of decomposition of the multi-bit CC into blocks, and also due to the use or serial
or parallel strategy of the input counters reset in the multistage CC.

Analysis of recent research and publications. The performed researches on this
subject are devoted to the system approach to designing of converters of codes [1-4],
use of interfaces and mathematical models [5, 7], methodological bases of support of
preservation of engineering works [6] and methods of visualization [8].

At the same time, insufficient attention is paid to various strategies for implementing
code converters.

The purpose of this work is the analysis of the structure of CC functioning and
formulation of the formation algorithm of the tables of laws functioning of the equivalents
generator (EG) for CC with the different number of conversion steps:
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— determination of lines’ number of the EG, hardware costs of which are proportional
to their number;
— comparative analysis of implementation methods of EG.

Presentation of the main research material

1. Serial strategy of usage of the conversion steps

Serial strategy of steps usage is implemented as a scheme more simply. Maximum
number of conversion cycles of any K-ary input number into a binary code on an exit of
CC for two-step (N,), three-step (N,) and three-step (N,) CC is determined according to
formulas (1):

N, =](K-1)/a[+a-1;
N, =](K-1)/b[+](b-1)/a[+a-1; 1)
N, =1(K-1)/c[+](c-1)/b[+](b-1)/a[+a-1,

where K — is a base of numeral system at the entrance; a — the second step of conversion
(a>1); b —the third step of conversion (a <b < ¢); ¢ — the fourth step of conversion; | [ —
brackets mean round up to lowest integer. The first step is always equal to 1.

When serial strategy of the steps usage, the reset of the input counters is conducted
with a most step [1].

Then, when all bits has a value that less than a biggest step, there is a transition to
lowest step, and, on the last step, conversion is executed with a step 1.

For information reception about excess conversion step of the number X,, triggers
of state registers (table 1) and excess decoders (ED) are used.

Excess decoders are implemented on the base of combinational circuits. The con-
dition of values formation of signals from the output of excess decoders is determined
by expressions (2), (3), (4), (5).

Table 1.
Steps
1 2 3 4
1 a b
Ci Di Ei i
LX =21 LX, 2a;
i_{O,Xi =0, ) b _{O,X,, <a, (3)
LX, >b; LX, >2c;
i_{O,Xl.<b, (4) E_{O,Xi<c. (5)

2. Parallel strategy of usage of the conversion steps

In the application of the parallel strategy of usage of the different conversion steps
simultaneously in different bits can be used reduction of indicator of multi-bit counters
on the value magnitude of the biggest from the steps of ¢, b, a or I (for the four-step CC)
[2, 3]. Thus the value of the number
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X,(t+1)=X,(0)~7, (©6)
where y = max{c,b,a,l}.

The application of the parallel strategy of usage of the different conversion steps
decreases the maximal number of the conversion cycles in the two-step CC from 7 to 5,
and in the three-step CC from 4 to 3.

To define the usage expediency of the parallel strategy, it is necessary to get the
series of estimations of EG complexity for two strategies, and also formation algorithm
of laws functioning of the EG [2]. Optimal values of conversion steps for parallel strategy
it is possible to get by simulation (table 2) or using special software “Converter” [2]. In
a table 2 NT means the number of the conversion cycle.

Table 2

K=12 Set of steps 1,4
NT 1109876543210
6 5432102100
2 1021001000
0010000000
0 0000000000
0 0000000000
K=12 Set of steps 1,2,5
NT 1109876543210
65 4321021000
102100000000
00 0000000000
00 0000000000

N [WIN |-
S|—= [N [W
[—

AW | =

For one-step EG at the number of bits of p = 2 we have a next table of EG (table 3).
In a table 3 S means the general view of the equivalent.

Table 3
| Step 1
" ¢ S
0 0 0 0
1 0 1 K°
2 1 0 K!
3 I 1 K'+ K°

At the tables formation of laws of EG functioning for parallel strategy the full
lexical-graphical search of all values of conversion steps (table 4 — table 6) is used.
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Table 4 Table 5
i | D, D, C, C, i | DD | C C S
0] 0 0 00 0 0 0 0 0 0
1 0 0 0 1 K° 1 0 0 0 1 KO
2 0 0 1 0 K! 2 0 0 1 0 K!
3 0 0 1 1 Ko+ K! 3 00 1 1 Ko+ K!
41 0 1 0 1 oot . 4 0 1 x 1 aK?
+
510 1 | | AKKFaK 51 10 1 x aK!
6 | 0 1 1 0 aK! 6 11 1 1 | aKo+ aK!
7 1 0 11 aK!'+ ko
8 1 0 11 aK+ aK!

From the analysis of table 3 it is necessary that in her overhead part for two-step CC
2” combinations of junior group of variables are situated.

Then follows that for each combination of senior group with the number of ones j
it is necessary to write down 27~/ different combinations in junior group, which have p-j
zeros, and having searched of all values of these bits we will get 2”~/ combinations with
ones. '

The number of all possible combinations with j ones in senior group equals to C,.

Thus for two-step CC we will get the number of lines for EG by a formula (7).

Jj=p-1

N, =2+ > CJ-2"7 +1. (7)
Jj=1
Table 6
i | EEE | DD | CC S
0|0 0] 00 | 00 0
Lo o| 00 [ 01 K°
2 00 0| 00 10 K!
310 0] 0 0 11 K'+K°
410 01 0 1 0 1 aK’
500 0] 01 11 K'+aK’
6 0 0 1 0 I 0 aK!
7 0 0 1 0 I 1 aK'+ K"
8 0 0| 1 1 11 aK'+ K'
9 10 0] 0 1 0 1 bK?
10 0 1 0 1 I 1 K'+bK°
1o 1| 11 11 aK'+ bK’
201 0] 10 10 bK'
131 0] 10 11 bK'+ K
14 I 0 I 1 11 bK'+ aK"
15 I 1 I 1 I 1 bK!+ bK?®
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In the study of the number of lines of EG tables for different number of bits the
expression (7) we got:
N =(m+1)”, ®)
where m — number of different conversion steps .
The determination of number of lines of EG is a combinatory task. The number and
values of coefficients C [f are determined by numbers of Paskal’s triangle (table 7).

Table 7
p=0 1
p=1 1 1
p=2 1 2 1
p=3 1 33 1
p=4 1 46 4 1
p=5 1 510105 1

The calculation results Nm myist m =1,4 and p =1,5 are presented in Table 8.

Table 8
m P
1 2 3 4 5

1 2 8 16 32

2 3 9 27 81 243

3 4 16 64 | 256 | 1024

4 5 25 125 | 625 | 3125

K, | 0,75 | 1,125 | 1,69 | 2,53 | 3,8

K, | 0,67 | 1,33 | 2,67 | 533 | 10,66

K, | 0,625 | 1,56 | 3,91 | 9,76 | 24,41

The schedule of winning (saving) the number of rows of the parallel EG compared to
the method of direct selection of all combinations of EG in the parallel CC, respectively
to a two-step, three-step, four-step CC is determined by formulas:

N, N, 3

® 2.N, 2-N, 2:27°
4r 57
SRERTE (10) = (n

A generalized formula for saving the number of rows of the parallel EG for any
number of conversion steps m described by the expression (12):

Nm
m-N,

)

k=

(12)
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Figure 1. The schedule of changes k,, k,, k, in the function of the p bits of the EG
For two-step CC with different number of bits p (values of p are given in brackets)
we have a system of formulas (13):
N,(1)=2"+1
N,(2)=2"+C)- 22" +1=2"+2-2+1=4+4+1=9
N,(3)=2"+C}- 27" +C; - 272 +1=

=2°43.2°43-2+41=8+12+6+1=27 (13)

N,(H=2"+C,-2°+C; -2 +C; - 2+1=2"+4.2+6-2+4.2+1=

=16+32+24+8+1=81
N,(5)=2"+Ci-2*+C; - 2°+C; - 2 +C{ - 2+1=
=32+5-2"+10-2° +10-2° +5-2+1=32+80+80+ 40 +10 +1=243.

The analysis of EG tables for other values of m shows that the number of lines Ny~

is determined by the formula (14):
N, =(m+1)";m=12,... (14)

3. Formation algorithm of the tables of laws functioning of the EG

The analysis of the table 3 — table 6 allows formulating the following formation
algorithm of the tables of laws functioning of the EG in the CC with parallel usage of
the conversion steps:

We perform a complete searching (starting with zero combination) of all p-bit
binary combinations of junior group of states’ variables. While in the remaining m-1
senior groups (m — number of different conversion steps), all p bits of variables in each
group becomes zero.

After receiving the one combination of variables of the group, where was searched,
go to the searching of variables values of the neighboring senior group, excluding zero
combination.
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We determine the number of zeros in the regular combination of values of the
variables of the current group. In the column of variables of the current group regular
combination is repeated 2l times. In all p bits of variables of older groups relative to
the current group it is necessary to write down the zero values, and in the bits, where
variables of the current group have one values, in all the younger groups should also
write ones, where were searched all different binary values (from 000 .... 0 to 111 ... 1)
in 1 zero bits of the regular combination of the current group.

After receiving the unit combinations of variables of the current group it is necessary
to compare the set of the current group j with the number of conversion steps m. Ifi <m,
it is necessary to go to the searching of variables of the more senior group with number
i+ 1 (excluding the zero combination of variables). If i = m, then, go to the calculation
of equivalents.

Forreceiving the decimal values of the j row equivalent of the table of laws functioning
of the EG it is necessary to sum up the degree base k, that corresponding to one values of
bits of the binary combinations of state variables of the current group, and then multiply
the sum on the value of the conversion step, corresponding to the current group.

We perform the translation of the equivalent’s decimal value to the binary number
system.

We complete the formation of the table of laws functioning of the EG by specifying
all source data: the base of the number system at the input, the number of bits at the input
and output, number of conversion steps, values of the conversion steps and strategy of
steps usage — parallel strategy.

Detailed system design of the multistep and multiblock code converters is performed
by analyzing the hardware costs of the different decomposition variants of the multi-bit
CC into blocks in accordance with the procedure [4].

Conclusions

The main results. The structure and operation of conversion codes by the method
of equivalent accumulation are considered using a parallel strategy of using conversion
steps, which, in comparison with a sequential strategy, allows reducing the number
of conversion cycles from 7 to 5 (increasing the speed by 28%), and for a three-stage
strategy - from 4 to 3 (increase speed by 25%).

The analytical expression for the number of rows in table of laws functioning of the
EG in the CC with a parallel strategy of conversion steps usage in the function of radix
on the inputs, the number of different conversion steps m and the number of variables p
at the input of the EG, has been received.

We have analyzed two methods with a parallel strategy of using steps: a) based on
the aggregation of decoders (DC), which distinguish all lines; b) on the basis of two
decoders DC1 and DC2, which work separately, the lowest of which is controlled by the
state of the flip-flops of the register of the highest states.

The practical significance is as follows. The conducted research allows one to ac-
celerate the stage of system design of the CC with a parallel strategy of using steps;
increase the speed of the spacecraft and reduce the hardware costs for building the main
non-standard unit of the EG and the spacecraft as a whole.



TEXHIYHI HAYKNM / TECHNICAL SCIENCES 45

CIIMCOK BUKOPUCTAHMUX UKEPEJI

1. A.C. 1647908 SHO3M 7/12. IIpeobpazoBarens qBOMYHO-K-HIHOTO KO/Ia B ABOMYHBIN KOT /
Kakypun H. ., Kupsskos 0. K., Makapenko A. H. Otkpbitusi, nzobperenns. 1984. Ne 17.
C. 262-263.

2. Kaxypun H. {., Bapena B. B., Kosanenko C. H. ITapannensHas crparerus MCIoIb30BaHUS
II1aroB B IBYXIIAroBbIX IipeoOpazosareisx koxa. ACY n npudops! apromaruku. 2007. Beim. 141.
C. 29-36.

3. Komanenxko C. H. [IByxmaroBsrii mpeoOpa3oBareib KOJOB C IMapauIeIbHBIM UCTIONb30BaHHEM
maroB npeodpazosanus. ACY u npudops! asromaruku. 2007. Bem. 140. C. 103—109.

4. CucteMHOE NPOEKTHPOBAaHUE MpeoOpa3oBaresieil KOgoB POOHBIX YMCEN MO METOy HaKoII-
nenus sksuBasienToB / Kakypun H. f1., Jlomyxun FO. B., Makapenko A. H., 3amanees IO. C.
ACY u npubops! aromaruku. 2009. Bem. 146. C. 33-39.

5. Khamula O. H., Soroka N. V., Vasiuta S. P. Factors of influence of interface use based on mo-
bile applications. Hayxosi 3anmcku [ Ykpaincekoi akagemii qpykapcrsal. 2016. Ne 2. C. 28-36.

6. Hrabovskyi Y., Yevsyeyev O. Development of methodological principles of supportpreser-
vation engineering work. Technology audit and production reserves. 2018. Ne 2 (2). Pp. 43—
49. DOL: https://doi.org/10.15587/2312-8372.2018.127776.

7. Khamula O. H., Soroka N. V., Vasiuta S. P. Optimization of mathematical model of the impact
factors hierarchy of the interface use based on mobile. [Tonirpadis i BunaBHUYa cripasa. 2016.
Ne 2 (72). C. 28-35.

8. Hrabovskyi Y., Brynza N., Vilkhivska O. Development of information visualization methods
for use in multimedia applications. EUREKA: Physics and Engineering. 2020. Ne 1. Pp. 3—-17.

REFERENCES

1. Kakurin, N. Ja., Kir’jakov, Ju. K., & Makarenko, A. N. (1984). S. 1647908 SNOZM 7/12.
Preobrazovatel” dvoichno-K-ichnogo koda v dvoichnyj kod: Otkrytija, izobretenija, 17, 262—
263 (in Russian).

2. Kakurin, N. Ja., Vareca, V. V., & Kovalenko, S. N. (2007). Parallel’naja strategija ispol’zova-
nija shagov v dvuhshagovyh preobrazovateljah koda: ASU i pribory avtomatiki, 141, 29-36
(in Russian).

3. Kovalenko, S. N. (2007). Dvuhshagovyj preobrazovatel’ kodov s parallel’nym ispol’zova-
niem shagov preobrazovanija: ASU i pribory avtomatiki, 140, 103—109 (in Russian).

4. Kakurin, N. Ja., Lopuhin, Ju. V., Makarenko, A. N., & Zamaleev, Ju. S. (2009). Sistemnoe
proektirovanie preobrazovatelej kodov drobnyh chisel po metodu nakoplenija jekvivalentov:
ASU i pribory avtomatiki, 146, 33-39 (in Russian).

5. Khamula, O. H., Soroka, N. V., & Vasiuta, S. P. (2016). Factors of influence of interface use based
on mobile applications: Naukovi zapysky [Ukrainskoi akademii drukarstva], 2, 28-36 (in English).

6. Hrabovskyi, Y., & Yevsyeyev, O. (2018). Development of methodological principles of sup-
portpreservation engineering work: Technology audit and production reserves, 2 (2), 43—49.
DOI: https://doi.org/10.15587/2312-8372.2018.127776 (in English).

7. Khamula, O. H., Soroka, N. V., & Vasiuta, S. P. (2016). Optimization of mathematical model
of the impact factors hierarchy of the interface use based on mobile: Polihrafiia i vydavnycha
sprava, 2 (72), 28-35 (in English).



46 [TOJIITPA®LI I BUILABHIMYA CITPABA / PRINTING AND PUBLISHING * 2020 / 2 (80)

8. Hrabovskyi, Y., Brynza, N., & Vilkhivska, O. (2020). Development of information visualization
methods for use in multimedia applications: EUREKA: Physics and Engineering, 1, 3—17 (in
English).

doi: 10.32403/0554-4866-2020-2-80-38-46

MOPIBHAHHS METO/IIB PEAJII3AIIIL ®OPMYBAYIB EKBABIBAJIEHTIB
HEPETBOPIOBAYAX KO/IB

I M. Makapenko

Xapxiscokuil nayionanorutl ekonomiunuti ynieepcumem im. Cemena Kysneys,
npocn. Hayku, 94, Xapxis, 61166, Yxpaina
mak_001@ukr.net

Posenanymonepesazunepemaopiogauiekodie3a MemooOMHAKONUYEHHeKGI8AeHINIG
V NOPIGHAHHI 3 ITHUWUMU eleMenmamu oouUCIosanrbHux cucmem. Ilposedeno ananiz 06ox
cnocobie peanizayii popmyeaya eksisaieHmia y nepemeoposaiax Kooy, Ha OCHO8I mpuze-
pis pecicmpis cmany ma oewugpamopis nepeguwyenis. Posensanymo ma 3anponoHoeano
aneopumm noby0osu mabauyb 3aKOHI8 (DYHKYIOHYBAHHA OCHOBHO20 HECMAHOUPMHO20
8y31a Yy nepemeoprosayax Kooy 3a MemoOOM HAKONuueHHs exeieanenmis. Ompumani
dopmynu Ons susHaueHHs KilbKocmi psioKie exeieanenmis. Pozensinymo napanenvui ma
ROCIi008HI cmpamezii suxopucmarnts emanie mparcgopmayii. Ilposedeno ananiz mao-
JUYDb eKGIBANEHMHUX 2eHepamopie, 0jisl N0OY008U AKUX GUKOPUCTNAHO JIeKCUKO-2padiune
nepepaxyeanmsl 6cix emanie nepemeopeHts. LLnsxom mooentoganms, a maxoic 3 6UKo-
PUCANHAM CREeYUANbHOo20 npocpamnoeo 3abesneuenns «Convertery, ompumaui on-
MUMANbHI 3HAYEHHST Nnepemeopents 01 napaienvioi cmpamezii. Chopmynvosano ai-
eopumm no6yoosu mabauyb 3aKOHI6 QYHKYIOHYBAHHS €KGIGANIEHMHUX 2eHepaAmopIs.
Ompumano ananimuunuil 6upa3s OJis 6USHAYEHHS KIIbKOCMI pa0Ki@ Y mabnuysax 3aKoHie
DYHKYIOHY8aAHHA eKGI6ANICHIMHUX 2eHEPAMOPIE Y NEPEemEoPIosaiax Kooy 3 napaierbHOI0
cmpameziero BUKOPUCMAHHS KpOoKie nepemeopens. Cmeopeno nepedymosu 01 po3-
PpobKu Mmemoouxu nodyoosu mabauys opmyeaua exsieanenmie. Ompumanuii aneo-
pumm nooyoosu mabauys 3aKoHie hyHKyionyeanHs opmysauie exeisarenmis. Ilpose-
OeHe 00CHiOAHCEHHS 0036OIAE NPUCKOPUMU eman NPOeKmy8arHs Nepemeoposaiie Kooie
3 RAPANETLHOIO CIMPAMEIEI0 BUKOPUCIAHHS KPOKIG, W0 0acCmb 3M02Y 30i1buumu ueuo-
KOOT10 00UUCTIOBANLHOT CUCMEMU | SMEHWUTNUY ANAPamypHi GUMpamu.

Knwuogi cnosa: chopmysay exgisanrenma, nepemseopiosay Kooy, an2opumm, aHais,
Memoo HAKONUYeHHs eK8IGaNlenmie, mpueep, pecicmp cmauy, oekooep, zpagiunuii no-
WK, KOMOIHAMOPHA 3a0aya.
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