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AHAJII3 EOEKTUBHOCTI PEAJII3ALII
JOJABAHHA B HEABTOHOMHOMY PEXUMI

ANALYSIS OF EFFICIENCY OF ADDITION
OPERATION REALIZATION IN ON-LINE MODE

Posrmsimaetbest anroput™ Ta amapaTtHa peajizailis omeparlii J10aBaHHS Pi3HOI
KUTBKOCTI ONEpaHIiB B HEAaBTOHOMHOMY peXHMI. Takuil pexum JI03BOJISIE 3
BUKOPUCTAHHSIM HAJUIUIIIKOBOT CUCTEMH YMCIICHHS TOEAHYBATH IMPOIECH MOPO3PSTHOTO
BBEJICHHS, OOpOOKM 1 TIOPO3PSIIHOTO BHBEICHHS JaHUX, IMOYMHAIOUM 31 CTapIIUX
pospsiaiB. [lokazaHo, 1110 3acTOCyBaHHS OaratoornepaHHOl (PYHKIIT JOJaBaHHS JTO3BOJISIE
3MEHIIIMTH 3aTPUMKY (POPMYBaHHS PO3PSIIIB Pe3yJIbTATy Ta arnapaTHi BUTPATH.

KurouoBi ciioBa: HeaBTOHOMHI OOYHCIICHHS, HAJUIMIIKOBI CHCTEMHUYUCIICHHS,
CYMIIIIEHHS 3aJIKHUX OTEpPaIliii.

Puc.: 3. Ta6un.: 1. bi6mn.: 6.

The article deals with an algorithm and hardware implementation of two-place
and multi-place functions of addition in on-line mode, which allows to combine the
processes of bit-by-bit input, processing and bit-by-bit output of information, starting
with the high-order bit with the use of redundant number system. It is shown that the
implementation of a multi-place function enables to reduce delay in the result digit
obtaining, as well as scope of equipment.

Key words: on-line computations, redundant number system, dependent
operations overlap.

Fig.: 3. Tabl.: 1. Bibl.: 6.

AKTYAJIBHICTh TeMH J0CJHi[:KeHHsl. PillleHHs CKIaJHUX 3aBlaHb OOpOOKHU
iH(popMariii B peaibHOMY 4aci 00yMOBJIIOE 3aCTOCYBaHHS MapajieIbHUX 00YHCIIOBAIb-
HUX cucteM. Yac pileHHs 3ajjad B TaKUX CHCTEMax 3aJeKUTh HE TUIBKH Bij yacy
BUKOHAHHS MapajelbHUX TUIOK aJITOPUTMIB, aje 1 BiJl BUTPAT yacy Ha oOMiH iHpopma-
i€l MDK 00YHMCIIOBaTbHUMHU MOAyIsiMu (OM). 3MEHIIUTH BUTpPATH 4yacy Ha OOMIH
JAHUMH JIO3BOJISIE BUKOPUCTAHHS MOTOKOBUX CHCTEM 3 Oe3locepe/HIMU 3B'sI3KaMU
(IICB3) mixx OM [1, 2]. IligBumieHHS e(EKTUBHOCTI 3a3HAYEHUX CHCTEM €
aKTyaJIbHUM 3aBJaHHSM, 1110 BUMArae J0JIaTKOBUX JOCIIIKEHb.

IlocranoBka mnpodaemu IIpu moOynosi cuctem Ha 6a3t [UIIC BaxmBoro
poOJEMOI0 € E€KOHOMHE BHKOPHCTAHHS PECypCy MIKPOCXeM (BHYTPIMIHIX (PyHKIIIO-
HAJIbHUX OJIOKIB 1 30BHIIIHIX BHUCHOBKIB) 3 METOIO 3MEHIIEHHS YHCIa MIKPOCXEM JIJIs
pearizaliii 0OYUCITIOBATBHOI CUCTEMU. Y POOOTI PO3TIISIAETHCS MOKIMBICTD BUPIIICHHS
IIbOT'O 3aBJIAHHS 32 PaXyHOK 3MEHILIEHHS KUTbKOCTI 3'€/THAHb MK KOMITOHEHTAMHU CUCTEMH.

AHaJIi3 ocTaHHIX J0cJaiKeHb i myOaikaniii. BukoHanHs omepariiii MeTogaMu
napanenbHoi apupMEeTUKH BUMarae mnepeaayi AaHHsx Mbk OM OGaraTopo3psaHUMU
KOJaMH, 1110 He J103BOJisie eKOHOMUTH eneMeHTH komyTamii [IJIIC. s ckopodeHHS
yuciaa 3BSI3KIB  pO3pOOJICHI MeTOAM KBasimapawienbHuil apudmeruku [1, 2].
OO6uucieHHs B bOMY BUNQAKy B KO)KHOMY OM BHKOHYIOTHCS MPHU HOPO3PSIIHOMY
BBEJICHHI OTMEPaH/IIB 1 MOPO3PpsSIIHOMY (DOPMYBaHHI Pe3yJIbTaTy 31 CTAPIIUX PO3PSIIB.
JIisi BUKJIIOUYEHHS TMEPEHOCIB B CTapIll PO3PSAM BUKOPUCTOBYIOTHCS HaJTUIIKOBI



202 ICSFTI2018 Section 2. RT

CUCTEMH YHCIEHHs. 3aBISKU [[bOMY IIPU BUKOHAHHI JIAHIIIOKKIB 3aJI€KHUX 32 JAHUMU
oreparii BUHUKa€ MOXJIMBICTh YACTKOBOTO CYMIIIIEHHS Orepalliii Ha piBHI 00poOKu
PO3psIIB ONEpaHIiB, 10 MOKAa3aHO B psiii pooit [3-6].

BuaijieHHs1 HeOCTiKEHMX YacTHH 3arajbHoi mpodsaemu. Ilpu BuKOHaHHI
JAHITIOKKIB 3aJIeKHUX omepaliii koxkeH BM mpairoe B HeaBTOHOMHOMY (on-line)
pPEeXUMI, MPUIMaIOYM Ha KOKHOMY KpOIIl YeproBi po3psIu ONEpaH/iB BiJl MONEPEaHIX
OM 1 nepenarount po3psIi Pe3ysIbTaTy HACTYIMHOTO B JIaHIIOKKY OM. 31 301IbIIEeHHIM
JIOBKUHU JIAHIIOKKA Omepalliii 30UIbIIyeThest 4ac 0OpoOku maHux. JIisi CKOpOYeHHs
KUJIBKOCTI omepaliii B JaHILIOKKY JOLUIBHO BUKOPUCTOBYBaTH OM, siKi BUKOHYIOTbH
OararomicHi omnepartii. Po3poOka 1 1oCHIKEHHST alTOPUTMIB OaraTOMICHHUX omepauii €
BaXJTUBUM 3aBJaHHSAM I11IBUIIEHHS €(EKTUBHOCTI BUKOHAHHS 3aJIEKHUX ONEparlii.

IlocTanoBka 3aBaaHHA. Y AaHid poOOTI Ha MPHUKIAIL onepaui'l' JI0JITaBaHHS
JOCITIJIKY€ThCS e(I)CKTI/IBchTB peasnizanii O0araToMiCHUX onepaum npu H0p03p51z[H01
00poO11i onepaHmB Po3srnsigaerses anapatHa peasnizallis oneparii npu pisHOMY YHCIl
onepaniB. Oneparis CKJIaJaHHs KUIBKOX YUCeNl MOKe OyTH KOpUCHa Mpu LUpOBii
00poOI11i cUrHamiB, peanizallii MTYyYHUX HEHPOHIB, 00pOOIIl TaOIUIIH JaHUX.

Buxiiagennss ocHOBHOro marepiajy. Y poOoti [2] 3ampornoHoBaHU METON
CKJIaJIaHHs JBOX 4YMCEN MOJAHMX B HAJUIMIIKOBIN CHCTEMI YHMCIEHHS 3 MPHUPOJHUM
TOPSIIKOM Bar, OCHOBOK k =21 mudpamu 3 mMHOXkuHH {-1,0,1}.Ilpu BuKOHaHHI
JAHLIOKKA 3aJeKHUX 3a JaHUMM omepaiiii OM mnpaiooTh CHHXPOHHO HACTYITHUM
yuHoM [2]. Ha xoxxHomy kpomi OM mpuiimMae 1o OJHOMY pO3psily OINEpaHIiB 3
nonepeIHboro B JIAHIIOKKY OM 1 (opMyeTbCcsl OIMH pO3psANl pe3ysbTary s
HactynHoro OM. Omnepaliiss BUKOHYETbCS 31 cTapiiuxX po3psiaiB. OTpuMaHuil po3psi
pe3yNbTaTy HE BHUMAara€ KOPEKIlli, OCKUIbKM B HAJUIMIIKOBOI CHCTEMI YHCIIEHHS
MIEPEHOCH B CTapIL PO3PSAIN PE3YIbTATy HE MOIIUPIOIOTHCS.

[ToxazaHo [2], m0 po3psiau pe3yiabTary (OpPMYIOThCSA C 3aTPUMKOIO Ha p =2

KB, To6T0 OM BHKOHye mBOMicHY omepamnito Z =2 ¥ .(X +Y), npudomy,
OTICpPaH/IU € MPABWILHUMU F-pO3PSATHIUMHE TPOOOBUMHU YHCIIAMH:

X=3l 2 v=3
xl,yl e{_l,o,l}'

Jlnst orpumaHHs n po3psiaiB GyHkuii Z = (X +Y) HeoOXigHO chopMyBaTu
m=r+p po3psaniB ¢yukuii Z=2"7-(X+Y). Ilicnda BUKOHaHHS m KPOKIiB Oye
oTpuMaHa (pyHKIIis 3 TOXHOKOIO, sIKa 32 MOIYJIEM HE MEPEBUIILYE k"' .

AJTOpUTM BHMKOHAHHS [-r0 LUKy (i =1,., m ) 3BOAUTLCS 10 BUKOHAHHS

HACTYITHUX 00YHUCIIEeHb [2].
ITo bopmymi

H =2R +2°x+27y, (1)
3HAXOIUTBCS POMiXKHA repeminna 11 ; (TOYaTKOBUM € 3HAYCHHS Ro =0).
[Hudpa pe3ynpTaTy HOpMy€eTHCS 3a TPABUIOM
—1, axwo H. <27,
z, =20, akwo—2" <H <27; )
1, saxwpo H, > 27
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JUis BUKOHAHHS HACTYITHOTO LIUKITY OOYUCIIIOETHCS
R,=H,-z,. 3)
Posrnsinemo Mmonugikaniio aiaropuTMy s AOAABaHHA B HEABTOHOMHOMY
pexnmi K 7-pospsymanx  wncen X, (j=1,...,K), To6ro obuncnenns ¢ynkuii

_A-p K _ r —i
Z=2 Z,-le,—’ﬂe X, =2 x2".
SIKII0 B KOXKHOMY [ -My LUK OyJie BUKOHYBATHUCS CIiBBITHOLICHHS
—i-1 -p K —i-1
Z,-27<2ry X <Z,+27, 4)
TO MiCJsl BUKOHAHHA m = n + p LUKIIB Oyle OAEp’KaHO pe3yJbTaT 3 MOXUOKOIO, 1110

3a MOAyJIEM He mepeBuinye 2 "',
BgiBiu 3aminy

Ri :(2_172‘1::1)(] _Zi)zia (5)
BUpa3 (4) MokHa noatu y ¢popmi
—2'<R <27 (6)

HepiBHicTh (6) BUKOHYETbCA y BUXIZHOMY CTaHl IpU R, = o . byaemo BBaxkarw,

o Ha (i—1)-My Kpolli HEepiBHICTh (6) TaK0XK BUKOHYETHCS, Ta BUSHAYUMO TPHU SIKOMY
MIHIMQJIbHOMY 3HA4Y€HHI p II€ CIIBBIAHOIIECHHS OyJe BUKOHYBAaTHUCh HA OYJb-sIKOMY

HACTYIHOMY KPOIIL.

Buninumo B (5) 3HaueHHS Ri_1 1 3po0UMO 3aMiHy

H, =2R +3 x,. (7)
Tonai Bupas (6) mpuitmae BUTTIS
z-2'<H <z +2"" (8)

Amnanizytoun Bupasu (6), (7), (8) Ta BpaxoByIOUYHM JOMYCTUMI 3HAYEHHS LUPP
OTIepaHIiB, OTPUMYEMO 3HAYCHHS 3aTPUMKHU

p=l+log K, )
TIpH SKIM BUKOHYETHCSI yMOBa (6) B OyIb-SKOMY LUK, TOOTO TpoIiec O0YUCICHB Oy ie

301KHUM. 3BUYAIHO, Tpeba BUOpATH MiHIMAJIbHE I[iJIe 3HAUCHHS 3aTPUMKH.
[TincTaBasoun B piBHICTH (8) AOMYCTHMI 3HAUCHHS z; € {—1,0,1}, orpumaemo

npaBuiio (GopMyBaHHS HUPPU pe3yabTaTy, sSKE CHIBMAgae 3 TpaBuiaoM (2) s
JTBOMICHOI (DYHKITIT T0TaBaHHS.

Omxe, npu gonaBaHHi K 4Ywcesl B KOXKHOMY ITUKII MOTPiOHO 110 dopmyi (7)
3HAWTH 3HAYEHHS # , BU3HAYMTH HUQpYy (yHKUII 3a momomoror mpasuna (2), Ta
3HAWTH 3HAYEHHA R JUIA HACTYIHOI iTepauii 3a popmyiioro (3).

Posrnsinemo amapaTHy peanmizaiiito JI0JlaBaHHS B HAJUIMIIKOBHX CHCTEMax
YHUCJICHHS.

Jlns moO6ymoBu BM BUKOpHCTOBYETHCS 3BUYAiiHA ABINMKOBA amaparypa. Ludpu
—1, 0, 1 xogyrOThCsl IBOMA IBINKOBUMH pO3psiiaMu, Hampukiia, Biamosiaao 10, 00, 01
Ta nepecusialoTbes Mixk BM 1o 1BoM npoBiaHUKaM.
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Cxema mpucrporo (puc. 1) mictuts perictp RGH nms 36epiranns H..
PospsnnicTe perictpa Bu3HawdaeTbes Qopmynoro n=2+p=3+log K, ne logk
BIINOBIa€ MAaKCUMalbHIM DPO3PANHOCTI npupomeHHs mnid H.. Perictp mae 2
3HAKOBHX po3psiau. 3HaueHHs H, (GopMyeTbcs B JONOBHAIBHOMY KOJI BiJIOBIIHO 3

dbopmyoro (7). brok nonaBauus (B/]) dopmye cymy i -X po3psiziiB BCiX ONEpaHiiB, 110
noxaroteca B BM B i-my nwmkm. Kinnese 3nauenHs H, (QopMyeTbcs Ha CymaTopi

(SM). Ha puc. 2 nyst Bunagky K =2 moka3aHo nepeTBopeHHs 1nudp onepanmais -1 Ta 1
B /1 -pO3pSIIHUIN JOTIOBHSUTBHUN KOJI, 1110 TIOJJAETHCS HAa BX1Jl CyMaTopa.
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3Ha4yeHHA pO3pALY pe3yJbTaTy Z; BHU3HAYA€THbCA KOMOIHALIMHOIO CXEMOIO

(KC), sika amamisye Tpu crapmi pospsmm xomy 11 ., BLANMOBIAHO 3 TaOIMIIEIO
ictuHHOCTI (Tabum. 1).

Tabauys 1.
Tabumus icTHHHOCTI PYHKIIH
H DyHKIis Z; =-1 DyHKis Z; =1
10,1...
11,0... ! 0
00,0...
11,1... 0 0
00,1...
01,0... 0 !
01,1...
10,0... i )

Binnimanus Z; BianoBigHO 3 (opmyiioro (3) 3aMIHIOETBCS IPOCTOPOBUM

¢dbyHKioHanbHUM 3cyBoM Ha perictpi RGH. Sk mokaszano Ha puc. 1, Buxig (7 -2)-ro
PO3psiy Mepenucy€eThesi BOAHOYAC B 1 -1l Ta (M -1)-i1 po3psiau pericTpy.

Posrnsinemo gBa BapiaHTH peanizaimii JOJaBaHHsS JEKITbKOX YHUCENT B
HEaBTOHOMHOMY PEXHUMI.

B nepwomy eapianmi cyma K ducen BU3HAYAEThCS 3a JOIMIOMOTOK OiHAPHOTO

nepea BM, mpusHaueHHX i MiACYMyBaHHS 1BoX uucen. Jepeo mae N =10g2K

SApyciB 0JHAaKOBUX BM, 1110 MpaiforoTh B HEABTOHOMHOMY PEXHMi. TOOTO JIAHITFOKOK
BM, mo BiamoBigae MakCHMalbHIM 3aTpuMIll (OPMYBaHHS PO3PSJIIB Pe3yibTary,
Takox cknanae N=log K momyiis. 3aranbHa KulbKicTh BM y GiHapHOMY 1epeBl, K

BiZIoMO, ckyagae cymy nepmux N=log K 4ieHIB TeOMETPUYHOI IIpOrpecii 13 3HaMeH-

HHUKOM 2 Ta OpiBHIOE M = 2" % —1=K —1.

B opyeomy eapianmi Bci K uucen o0poOistoThest B omHoMy BM, 1mo peanizye
K -micHY (hyHKIIIO JT01aBaHHS.

MoskHa TOpIBHATH MPUOIM3HO amapaTHI BHUTPATH Ha peai3aliio JIBOX
BapiaHTiB JAofaBaHHA. B mepmomy Bunaaky M OnokiB B/l B ckiiagi BM micTsaTh mo
olHOMY cymartopy (puc.2), a B apyromy BapianTi oguH BJ] mictute mepeso i3 M
cymaropiB, To0To Ha B/ BUuTpadaeThcs mpuOIM3HO OJJHAKOBUHN CKJIaJ arapaTypH.

Bces inma anapatypa, 1o € B oqnomy BM 3a 1pyrum BapiaHTOM, B CUCTEMax 3a
NEPIIMM BapiaHTOM  TIOBTOPIOEThCA B KokHOMYy BM, ToOTO M  pasiB. Ciing
3ayBa)XUTH, II0 PO3PSATHICTH CYMaTOpiB 1 PEricTpiB B pi3HUX BM MoOXke HecyTTeBO
BIJIPI3HATHUCS, ajle 11€ He BIUIMBA€E HA BUCHOBOK, 1110 MEPIINN BapilaHT MPOrpae APyromy
3a CKJIAQJIHICTIO.

[TopiBHsIEMO Yac BUKOHAHHS OOYHCIIEHb B CHCTEMax 3a JIBOMa BapiaHTamH Y
nepeadaveHHi, mo pizHi BM mpaitoroTe B CKJIaJi CUCTEMH B CHHXPOHHOMY PEXHMI,
TOOTO UK oOuMclieHb B pi3HUX BM opHakoBuii. Takuil pekxuMm € 3BUYAHHUM IS
IICB3, mo peanizoBani Ha [TJIIC.
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Puc. 3. 3anexHIiCTh KUTBKOCT1 IUKIIIB OOUMCIICHD BiJ] KITBKOCTI ONIEpPaHIiB:
psia | — Uit BUKOpUCTaHHSI ABOMICHUX QYHKILH; psix 2 — st K -MicHUX QyHKITiH

Yac BHUKOHAaHHS TMOCHIOBHOCTI 3 M omepailiii B HEaBTOHOMHOMY PEXHUMI
ckianae [4]

T=[m—-1+M(p+D,, (10)

ne [,— TpuBanicTh UKIY.
[Ipu m =32 st xBomicHOi Ta K -micHOT ¢yHKIii togaBanHs Gopmyrna (10)
MpuiiMae BiAMOBIAHO BUTJIS;

I'=31+3log K)t,,T=(32+1+log K)t,

3 ricrorpamu (puc. 3) BUAHO, IO I Oyab-sikoro K > 2 BHKOPHCTaHHS
OaratomicHOi ¢yHKII momaBaHHs 3a0e3ledye BUTpall B IIBUIKOMII BiIHOCHO
nBoMicHUX (QyHKIiH.Burpam B mBuakoaii 3pocrtae i3 301IbIMIeHHSIM MICHOCT1 (PYyHKIIIT
J0TaBaHHSI.

BucHoBKH. 3anponoHOBaHO aJIrOpUTM Ta peani3allis 0araToMiCHOI (PyHKIIT
JOJaBaHHS YHCENl B HEAaBTOHOMHOMY pPEXHMi 3 BHUKOPHUCTAHHSM HAJIUIIKOBOT
CUMETPHUYHOI cucTeMU unucieHHs 3 nudpamu {-1, 0, 1} Ta ocHoBOIO £ = 2 . Omeparris
BUKOHYETHCSI TIOPO3PSIHO 31 CTApIIMX PO3PSAIIB 13 CyMINIEHHSIM IPOIIECIB BBEICHHS,
00poOKM Ta BUBEACHHS PO3psAaiB yucen. Lle 103Boisie 4acTKOBO MOETHYBATH 3aJIEkKH1
omepailii B pi3HUX MOAYJAX, TOOTO BHUKOHYBATH JIAHIIOKKH 3aJICKHUX OIepailiii B
pPeXUMIi CyMIIIEHHS Ha PO3PSAHOMY PiBHI.

[Tokazano, mo peamnizamis 6aratomicHoi (GyHKII JTOJaBaHHS TO3BOJISIE TIPHUCKO-
puTH OOYHCIICHHA Ta 3MEHIIUTH amnapaTypHi ButpaTH. OOMIH JaHUMH MDK BYy3JaMu
CUCTEMH TIOCIIJOBHUM KOJIOM 3MEHIIye HEoOXifaHl (yHKIIOHAIBHI Ta KOMYTAIllHI
pecypcu [UIIC (pyHKIioHATEHI KOMIPKH Ta KOMIPKY BBEACHHSI-BUBEICHHS), 1110, B CBOIO
4yepry, MiABUIILY€E HAAIHHICTh CUCTEM.
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ANALYSIS OF EFFICIENCY OF ADDITION
OPERATION REALIZATION IN ON-LINE MODE

Relevance of the research topic. The solution of complex tasks of information
processing in real time determines the use of parallel computing systems. In such
systems the time of solving problems depends not only on the time of execution of
parallel branches of algorithms, but also on the time spent on the exchange of
information between computing modules. Reducing the time spent on data exchange is
an urgent task.

Problem statement. When building systems based on FPGA, an economical
use of the microcircuit resource (internal functional blocks and external pins) is
important in order to reduce the number of chips for the implementation of the
computing system. The paper considers the possibility of solving this problem by
reducing the number of connections between components of the system.

Analysis of recent researches and publications. Performing operations using
parallel arithmetic requires data transfer between blocks with multi-bit codes. This does
not save the switching elements of the FPGA. To reduce the number of links, quasi-
parallel arithmetic methods have been developed. Calculations in this case in each block
are performed with bitwise introduction of operands. To exclude transfers to the upper
digits, redundant number systems are used. When performing chains dependent on data
operations, it becomes possible to overlap operations at the processing level of the
operand bits. This is shown in a number of works. Singling out of unexplored parts of
the general problem. When performing the chain of dependent operations, each
module works in on-line mode. With the increase in the length of the chain of
operations, the processing time increases. To reduce the number of operations in a chain,
it is advisable to use modules that perform multiple operations.

Task definition. In the present paper, the efficiency of realizing a multi-
operand function in the case of redundant data representation is shown.

Statement of the main material. The algorithm and hardware implementation
of the addition function in on-line mode using redundant number systems is
considered. A comparative analysis of the speed and complexity of devices with
different number of operands is performed. The result of comparison showed greater
efficiency of devices with a large number of operands.

Key words: on-line computations, redundant number system, dependent operations
overlap



