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EFFICIENCY IMPROVEMENT OF DIVISION OPERATION
REALIZATION IN ON-LINE MODE

There is considered a method of numbers division, which enables to overlap
realization of digit-by-digit input of operands, their processing and digit-by-digit
output of the result starting with high-order digits. It allows reduction of the necessary
FPGA hardware resource during realization of parallel systems with direct connection
between calculation units by means of data transfer in serial code. There is provided
partial overlapping of calculations that gives a potential opportunity to accelerate the
computation process for realization of the series of operations connected by data. The
method enables to add functionalities to the division operation in redundant
symmetrical number system.

Key words: division operation, on-line computations, redundant number
system, dependent operations overlap.
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Relevance of the research topic. For parallel systems the time of task solution
depends not only on parallel algorithm branches processing time but also on time
expenditures for information interchange between calculation units (CU). The use of
systems with direct connection by means of data between CUs (DCS) permits to
reduce the information interchange time [1-4]. Data transfer time reduction, as well as
hardware implementation simplification is a relevant objective that requires additional
researches, including development of efficient arithmetic operation realization
methods.

Problem statement. When building systems based on FPGA, the efficient use
of the microcircuit resource (internal functional blocks and external pins) is an
important problem [5, 6]. By the example of the division operation there is considered
an opportunity to solve the above-mentioned problem reducing number of connections
between system units by means of data transfer in serial code.

Analysis of resent researches and publications. In parallel arithmetic the
division methods require availability of all digits of numerator and denominator before
calculation starts. It does not allow overlapping the processes of digit-by-digit input of
operands and the process of result digits calculation, so realization of computations in
on-line mode is impossible. To overlap the above-mentioned processes, division
methods of quasi-parallel arithmetic were developed [7, 8]. In this case the
calculations are realized starting with high-order digits and redundant number systems
are used to avoid carries to higher number positions. Nevertheless, the well-known
methods place restrictions to the form of operands representation, namely to their
range and sign.
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Singling out of unexplored parts of the general problem. Methods of
division in on-line mode require further research. Adding functionalities to methods
including possibility to process numbers with any sign, as well as to extend the range
of operands representation is an important task to be solved to increase the data
processing efficiency.

Task definition. The purpose of the research is to increase the efficiency of
division operation realization in on-line mode by adding functionalities to the methods.

Statement of the main material. For division of numbers we will use a
redundant symmetrical number system with the base & = 2 and the digits {-1,0,1}. In
DCS the units are connected directly according to data flow graph of the task. It
enables to interchange data between CUs without main memory use and, thus, to
accelerate computations.

At the time of execution of series of operations connected by data the CUs work
in the following way. At the each step CU accepts one operand digit from the previous
CU and forms one digit of the result for the next CU. The operation is realized starting
with the high-order digits. The formed result digit does not need any correction as in
the redundant number system there are no carries to result high-order digits.

In the on-line mode the result digits are formed with the delay of p cycles, i.e.

for division the CU executes binary operation Z =277 - X /Y, in which the operands
are n -digit fractional numbers and the result has m = n + p digits:

X:z;;xiz*i, Y:z:‘1=1yi27i9 Z:zzlzizii' (1)

Let’s suggest that OS‘X‘ <‘Y‘ Ta 27 S‘Y‘ <1 (r is an integer number, not
greater thann ). It is obvious, that in this case we get ‘Z‘ <1 and‘Z‘ <27”. With

X.,Y,Z we define numbers that have only 7 high-order digits.

*
To get n digits of the functionZ = X /Y, it is necessary to form m=n+p digits

of the functionZ =27 X /Y.

The condition of the symmetrical chopping of the function Z in i -th cycle of
calculation is the following

Z -2 <X Y <Z 27 )

If in each cycle the expression (2) is fulfilled, then after m cycles we will get a
function with the measure of inaccuracy that is not greater than 2" in absolute
value. In fact, for i=m the expression (2) is the condition of chopping
Z=2"X_/Y to m digits. During calculation process in i -th cycle the measure of

inaccuracy of the result will not be greater than the half of the weight of the digit that
is formed.



122 ICSFTI2019 Section 2. RT

Let’s define the following designation
R=Q2"X -2Y)2. (3)
At that, the condition (2) can be defined as follows
—27"Y <R <2'Y. 4)
Let’s suggest that in (i —1)- th cycle the condition (4) is fulfilled, i.e.
-27"Y <R <277 .. (5)

We should find the minimal delay p in forming function Z digits, for which

the condition (2) will be fulfilled in each cycle.
Using (1), (3) and (5) we get

R =2R +2"x,-Z y,—2zY. (6)
Designating
H =2R_+27"x—-Z_y., (7)
we get
R=H —-zY. (8)

In this case, taking into account (8) the expression (4) can be represented as
follows
(z,=2"YY. <H <(z;+27). 9)
Using the formula (9), we define the rule for selection of quotient digit from the
set {-1, 0, 1} in 7 -th cycle:

-1, z'f—gYiSH‘<—lY;
2 2
1 1
Z =1 if ——Y<H <-Y; 10
; 0, if 4 5 (10)
1 3
Lif =Y<H<=Y.
f 2[ 1 2[

In order to get the correct result, it is necessary to keep H, values within the

interval—%Yi <H < %Y . Selecting p values it is possible to provide the fulfillment
of the following expressions:

H__<—-Y, H . 2—%)’1.. (11)

Taking into account the formulas (4), (6) and the range of numbers

representation we can prove that the expressions (11) are correct when the minimal
integer value of the delay is the following: p=3.
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Algorithm of 7 -th cycle execution (where i =1,...,m) is boiled down to the
following calculations.
Using the formula (7), we find the intermediate value H, (H, =0), then

according to the rule (11) the digit of the result z, is formed. For the next cycle, the
value of R, is calculated by the formula (8).

The process of division of 5-digit fractional operands X = 0.10110 and
Y =0.11011 is shown in the table 1.

Table 1
Values of variables during process of number division

i|Xxi|yi Y; H; Fulfilled condition | 7 Z; R;

If1(1]0.1 0.0010000 | -172 1<H;<1/2 Y, | 0]0.0 0.0010000
210 1]0.11 0.0100000 | -172 Y,<H,<1/2 Y» | 0 | 0.00 0,0100000
31| 01]0.110 0.1010000 | 1/2 Ys<H3;< 3/2 Y5 | 1 |0.001 -0,0010000
4/-1]1|0.1101 -0.1000000 | -3/2 Ya<Hs<-1/2 Y4 | -1 | 0.0001 0.0101000
5/0|-1]0.11001 0.1011000 | 1/2 Ys<Hs< 3/2 Ys | 1 | 0.00011 -0.0001100
6| - | -1{0.11001 -0.0011000 | -1/2 Ys<He¢< 1/2 Y5 | 0 | 0.000110 -0.0011000
71 - | - 10.11001 -0.0110000 | -1/2 Y7,<H;< 1/2 Y7 | 0 | 0.0001100 -0.0110000
8| - | - 10.11001 -0.1100000 | -3/2 Yy<Hs<-1/2 Yg | -1 | 0.00010111 | 0.0000100

After m=n+p=5+3=8 cycles are completed, the following results repre-

sented in the canonical binary number system are formed:

Z=27X/Y=0.00010111; Z"=X/Y =0.10111.

The measure of inaccuracy of each function calculation is not greater than the
half of the weight of the low-order digit of the result.

Conclusions. There was proposed an algorithm for number division in on-line
mode that stipulates the use of redundant symmetrical number system with the digits
{-1,0, 1} and the base k = 2.

The increase of division operation realization effectiveness in comparison with
the well-known methods was achieved due to adding functionalities including the
capability to process numbers with different signs, as well as to extend the range of
number representation.

The operation realization is digit-by-digit, starts with high-order digits and
allows overlapping of input, processing and output of digits. Also, it allows
overlapping of connected operations execution in different units, i.e. execution of
series of connected operations in concurrency mode at the level of digits processing,
and enables to accelerate computations.
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The on-line calculations enable to transfer data between system calculation
units in the serial code. It reduces the scope of necessary FPGA functionalities and
commutation resources (functional cells and input-output cells). Moreover, in this
mode the energy consumption is also reduced and the system reliability is increased.
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Bauepiit ’Kaoin, BasenTuna Kaodina

NIIBUIIEHHA EOEKTUBHOCTI PEAJIIBALIIL ONEPAILIILI
JAUIEHHA B HEABTOHOMHOMY PEXKUMI

AKTyaJIbHICTh TeMH JOCJHIIKeHHsA. 3pOCTaiodya CKIATHICTh 3a1ad 00poOKH
iH(pOopMaIlii B peaTbHOMY 9aci 00yMOBIIIOE 3aCTOCYBaHHSI MTapaIeIbHIX OOUNCITIOBATTBHAX
cucreM. Yac pimeHHst 33124 B TAKUX CUCTEMaX 3aJIC)KUTh HE TUTBKHU BiJl YaCy BUKOHAHHS
napajiebHUX TUIOK aJTOpUTMIB, ajie 1 Bix BUTpaT yacy Ha OOMiH iH(OpMaIien MK
OOYHUCTIOBAIBHUMHI MOJYJISIMA. 3MEHIINTH BUTPATH 4acy Ha OOMIH JaHHMH JO3BOJISIE
BUKOPHCTAHHS TApaJieIbHAX CHUCTEM 3 O€3MMOCepeqHIMU 3B’SI3KAaMHU MK MOIYJISIMH
CHCTEMH 32 PaxyHOK IEPECHIaHHS IaHWX IMOCTIJOBHUM KoaoM. llinBumieHHs edek-
TUBHOCTI TAKUX CHCTEM € aKTyalbHUM 3aBJaHHSM, 110 BUMarae J01aTKOBUX JOCIiKEHb,
B TOMY YHCIII pO3pOOKH e(heKTHBHUX METO/IIB BUKOHAHHS apU(PMETHIHHUX OTICPALTIH.

IMocranoBka mnpodaemu. Ilpu moOymoBi cucrem Ha 06azi [IJIIC BakimmBoio
npoOJieMOI0 €  €KOHOMHE  BHKOPHCTAHHS  PECypcy  MIKPOCXeM  (BHYTPILIHIX
(byHKITIOHATEHUX OJIOKIB 1 30BHIIIHIX BUBOJIIB) 3 METOIO 3MEHIIIEHHS YMCIIa MIKPOCXEM IS
peamizaiii oOumcimroBaibHOI cucTeMu. Ha mnpukmanmi omepamii auleHHS y  poOoTi
PO3ITSIIAETHCS MOXKIIMBICTh BHUPIIIEHHS 3a3Ha4€HOT MPOOJIEeMH 3a PaXyHOK 3MEHILICHHS
KUTBKOCTI 3B’SI3KIB MK BYy3JIaMH CHCTEMH HULIXOM IEPECHJIAaHHS JaHUX IOCTIIOBHAM
KOJIOM.

AHani3 ocTaHHIX JocCJHiKeHb i myOmikaniii. Metoqu niieHHs B mapayienbHii
apudMeTuIl MoTpeOyIOTh HASBHOCTI BCIX PO3PS/IIB AUJICHOTO Ta JUTbHUKA TIEPE]T TIOYATKOM
obuncienp. Lle He 103BOIIAE CyMINTyBaTH MPOIECH TTOPO3PSIHOTO BBEICHHS ONEPaH/IiB Ta
dbopMmyBaHHS PO3pSAMIB pe3yibTary. sl CyMillleHHs BKa3aHUX MPOIECIB PO3POOIICHI
METOIM JJIeHHS KBasimapanenbHoi apudmetnku. OOYHCIEHHS B [HOMY BUIAJIKY
BUKOHYIOTBCSI B HEABTOHOMHOMY (On-line) pexxuMi 31 cTapIimx po3psiiiB ONepaH/IiB, a I
BIUTyYECHHSI TIEPEHOCIB B CTaplll pO3psSAM BUKOPHUCTOBYIOTH HAUIMIIKOBI CHCTEMH
yrcinenHst. OnepariiiiHi MOyl B CHCTeMi 3’ €HYIOTBCS Bi/ITIOBITHO ITOTOKOBOMY Tpady
3ama4i. [Ipy BUKOHAHHI JIAHITIOXKKIB 3JICKHHUX 32 JAHUMHU OTIEpaliii OAEpX aHUl B I -My
IAKIT PO3PSIT Pe3yJIbTary B oAHOMY Moyt Moxke B (i +1)-My 1wkt B iHImoMy moysti
o0poOiATHCS SIK 4eproBuid po3psia omnepaHmy. lle 3abesredye 9acTKOBE CyMIIICHHS
oriepartiii Ha piBHi 00pOOKH pO3psIiB ONIEPAH/IIB.

BuaijieHHsI HelOC/Ii/I2KeHUX YACTHH 3arajbHoi mpodJjemu. Meronu miieHHS
B HEABTOHOMHOMY PEXHMi MOTPeOYIOTh MOAAIBIIONO J0CTKEeHH . (s migBUIIeHHS
e(peKTUBHOCTI OOpOOKM JaHUX B CHCTEMAax PEAIbHOTO Yacy Ba)XJIMBUM 3aBJaHHSIM €
MiABUINEHHS (YHKIIOHAIBHUX MOMKJIMBOCTEH METOJIB, B TOMY YHCIi, 3a0e3nedeHHs
oOpoOKM uymucen 3 JOBUIBHMMM 3HaKaM{ Ta pPO3IIMPEHHS Jlana3oHy IOJaHHs
OIepaH/iB.
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IMocranoBka 3aBaaHHs. Merolo po0OOoTH € MIABUINEHHS €(QEeKTHBHOCTI
BUKOHAHHS oTepaii AiIEHHS Yrcel B HEaBTOHOMHOMY PEXXKHUMI IUISIXOM PO3LIUPEHHS
BKa3aHMUX BUIIE (DYHKIIOHATBHIX MOXKIMBOCTEH METO/IiB.

BukiiaieHHs1 OCHOBHOro Marepiaay. 3alpoOIllOHOBAHO AJITOPUTM JUIEHHS
qrcel B HEABTOHOMHOMY pPEXHMI 3 BUKOPHUCTAHHSIM HAUIMIIKOBOI CHMETPHYHOI
cuctreMu yucieHHs 3 uuppamu {-1, 0, 1} Ta ocHoBoro k =2. Metoa m03BOJIsIE
CYMIIIEHHS TPOIECIB TMOPO3PSAHOTO BBEIEHHS OIMEpaHAiB, iX OOpoOKku Ta
MOPO3PSATHOTO BUBENIEHHS pe3ynbratry. Lle mae MOXIMBICTH pealnizyBaTu MapaieabHy
0o0poOKy Ha pO3PSTHOMY piBHI 3alle)KHUX 3a JAHUMHU OIepalliid, IO JI03BOJISE
npuckoputu oduncnenns. [lokazano mpukiaz AijeHAS YUCET.

BucHoBku. JlocsarHyTo migBUIICHHA €()EKTHBHOCTI BHKOHAHHS —OIeparii
TUIEHHS BIHOCHO BIJIOMHX METOJIB 32 PaxyHOK pO3MIMpPEHHS (YHKIIOHATBHUX
MO>KJIMBOCTEH, B TOMY YHCIIi, 3a0e31meueHHst 0OpoOKH YKcen 3 JOBUTbHUMH 3HAKaMH Ta
301IBIICHHSI Jlialla30HY MOJaHHS OTePaH/IIB.

3aBISKU TEPECUJIAaHHIO JaHUX MDK BY3JaMH CHUCTEMH IOCIHIJIOBHHM KOJIOM
3MEHIIYIOTBCSA ~ HEeoOXimHi  (yHKmioHampHI Ta KomyTamiai pecypeu [IJIIC
(pyHKIIOHANIBHI KOMIPKM Ta KOMIPKM BBEJIEHHS-BUBEIEHHA). B cBowo uepry,
3MEHIIYETHCSI eHEPTOCIIOKUBAHHS Ta I1IBUIIYETHCS HAIIHHICTh CHCTEM.

Posrisnaerscs METO AUIEHHS YMCENl B HEABTOHOMHOMY PEXHMI, 10 J103BOJISIE
CYMIIIEHHS TPOIECIB TMOPO3PSAHOTO BBEIEHHS OIMEpaHAiB, iX OOpoOKku Ta
MOPO3PSATHOTO BHBEACHHS PE3yJbTaTy, MOYMHAIOUM 31 cTapmmx pospsaiB. Lle mae
MOJIMBICTh 3MEHIIMTH HeoOXimHuit amapatHuii pecypc IIJIIC mpm peamizamii
napajelbHUX CHCTEM 3 0e3MoCepeIHIMU 3B’ SI3KaMU MiXK 0OYUCITIOBAIBHUM MOIYJISIMU
3a paxyHOK TEepeCcUyIaHHs JTAHUX TOCIiJOBHUM KojoM. [Ipyn BUKOHAHHI MTOCIIiIOBHOCTI
3aJIeKHUX 32 JaHUMH Olepamii 3a0e3MmedyeTbcss YacTKOBE CyMIIEHHS BUKOHAHHS
oreparii, mo Ja€ MOTEHI[IHHY MOXIIUBICTBH JUIsl MPUCKOPEHHS Oo04YmciieHb. Meton
po3mmproe (YHKIIOHAIBHI MOXIIUBOCTI Omeparii TUICHHS YuCeNl B HAUTUIIKOBIN
CUMETPHUYHIN CHCTEMI YHCIICHHS.

KurouoBi cioBa: onepairisi [iJieHHSI, HCABTOHOMHI OOYMCIICHHSI, HAJIMIIKOB1
CHCTEMH YHCIICHHS, CyMIIIEHHS 3aJIC)KHUX OIEPaLIii.
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EFFICIENCY IMPROVEMENT OF DIVISION
OPERATION REALIZATION IN ON-LINE MODE

Relevance of the research topic. For parallel systems the time of task solution
depends not only on parallel algorithm branches processing time but also on time
expenditures for information interchange between calculation units. Data transfer time
reduction, as well as hardware implementation simplification is a relevant objective
that requires additional researches, including development of efficient arithmetic
operation realization methods.

Problem statement. When building systems based on FPGA, the efficient use
of the microcircuit resource (internal functional blocks and external pins) is an
important problem. By the example of the division operation there is considered an
opportunity to solve the above-mentioned problem reducing number of connections
between system units by means of data transfer in serial code.

Analysis of resent researches and publications. In parallel arithmetic the
division methods require availability of all digits of numerator and denominator before
calculation starts. It does not allow overlapping the processes of digit-by-digit input of
operands and the process of result digits calculation, so realization of computations in
on-line mode is impossible. To overlap the above-mentioned processes, division
methods of quasi-parallel arithmetic were developed. In this case the calculations are
realized starting with high-order digits and redundant number systems are used to
avoid carries to higher number positions. Nevertheless, the well-known methods place
restrictions to the form of operands representation, namely to their range and sign.

Singling out of unexplored parts of the general problem. Methods of
division in on-line mode require further research. Adding functionalities to methods
including possibility to process numbers with any sign, as well as to extend the range
of operands representation is an important task to be solved to increase the data
processing efficiency.

Task definition. The purpose of the research is to increase the efficiency of
division operation realization in on-line mode by adding functionalities to the methods.

Statement of the main material. There is proposed a method of numbers
division in on-line mode, which enables to overlap realization of digit-by-digit input of
operands, their processing and digit-by-digit output of the result starting with high-
order digits. It enables to realize parallel processing of operations connected by data at
the level of operand digits that allows acceleration of data transfer. Unlike the well-
known methods, this one gives an opportunity to realize division of numbers with any
sign. Moreover, the range of data representation is extended.



