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OBMEXEHHS AJMTUBHUX CIIBBIIHOIIEHB ITPH MOPO3PSAJHIA TOTOKOBIIH OBPOBIII
B AM-CUCTEMAX YNCJIEHHSA

AHoTanis. Y BCTyIli ONHMCaHO BUKOPHCTAHHS IIOPO3PSIHOI TOTOKOBOI 00poOku B AM-cucTeMax 4uCeHHs i if mepeBaru. Buznaueno akry-
aHLHiCTL 06MC)K€HI) AIUTHBHUX CHiBBiZ[HOI_HeHI) JJIA TUX CUCTEM YHCJICHHSA i MO)KJ'H/IBiCTB 1X BU3HAYCHHS 3a JOIIOMOT OO aHaﬂisy opo3psaa-
HOIr'0 IOTOKOBOI'O JOOaBaHHI. C(_bOpMyJ'IBOBaHa 3aJada Z[OCJ'IiL[)KeHb JIIA Z[aHO.ll CTaTTi. OHI/ICaHO k1ac AM-cUCTEM YMCIIEHHS Ta iX BJIACTH-
BOCTi. HaBeI[eHO O6Me)l(eHHﬂ, 110 HAKJIAJarThCA Ha MapaMEeTpu aJuTHUBHUX CHiBBiIIHOIJ_IeHb. HpOBC[[eHO aHani3 opraHi3aui'1' TIEPEHECECHHA
pu gojaaBaHHi B AM-cuctemax yuciieHHs1. OOTpyHTOBaHO HEOOXiHICTh 3alIPOIIOHOBAHMUX aBTOPAMU OOMEKEHb aIMTUBHUX CITiBBiJHOILICHB
UL OpraHi3anii mopo3psIHoi HOTOKOBOI 00pOOKH. B KiHIII cTaTTi HaBEAEHO CIUCOK BiOMUX HAYKOBHX ITyOJiKaIlii 10 JaHii TeMi.

KurouoBi ciioBa: mopo3psiiHa NoTokoBa 06podka, AM-cucTeMH YHCIeHHS, A/IUTHBHE CIIBBiIHOIIEHHS, IePeHeCeHHs].

AHHOTaHP[ﬂ. Bo BBCACHHWH OITMCAHO HUCIIOJIB30BAHUC nopa3psmHof/'1 TIOTOKOBOM O6pa6OTKI/I B AM-cHCTeMaxX CYUCIICHUS H €€ NpEeUMyLIECTBA.
OHpeﬂeneHa aKTyaJIbHOCTb OI‘paHI/I‘IeHI/[ﬁ AOATUTHBHBIX COOTHOIIIEHU I JJIA OTUX CUCTEM CUHMCIIEHUS U BO3MOXXHOCTBH HUX OIPEACIICHUSA IIPU
MIOMOIIIM aHAJIM3a NOPa3psAHOr0 MOTOKOBOTO ciioxenust. ChopMmynrpoBaHa 3a1aua UCCICAOBAHUS I JaHHOU crtathu. Onmcan kiacc AM-
CHCTEM CYHCJICHUS M MX CBOICTBA. HpPIBeZ[eHBI OrpaHUYCHUS, HAaJIara€MbI€ Ha INapaMeTpbl aJAUTUBHBIX COOTHOIIICHUH. HpOBeI[eH AHaJIn3
OpraHusalyy 1nepeHoca Ipu CJI0KECHUU B AM-cucTeMax CUMCIICHUS. O6OCHOBaHa HBO6XOI[I/IMOCTI) NPEUIOKEHHBIX aBTOpaMu OI‘paHI/I‘IeHMﬁ
AAIUTUBHBIX COOTHOIIICHUH JUIsL OpraHusanyu HOpaSp}II{HOﬁ TIOTOKOBOM 06p860TKI/I. B KOHII€ CTAaTbU HABCICH CIIMCOK U3BECTHBIX HAYUHBIX
IMyOJIUKAIUH 110 TAaHHOW TeMe.

KarwueBble ci1oBa: nopaspsiiHasi HOTOKOBasi oﬁpaﬁonca, AM-cucTeMbl CYHC/IeHUH, AJTUTHBHOE COOTHOLIIEHHUE, IEPEHOC.

Abstract. In introduction the using of order sequential pipeline processing in AM numerical systems and its advantages are described. The
impotence of additive relationships limitations for this numerical systems and the possibility of his analysis are specified on. The task of
researching in this article is formulated. The class of AM-numerical systems and its properties is described. The limitations, which imposed
on additive relationships, are suggested. The analysis of carrying in adding organization for AM numerical systems is carried. The limitations
of additive relationships, which suggested by authors for order sequential pipeline processing, are well founded. In end of article the all
known scientific publications list for this problem is suggested.

Keywords: order sequential pipeline processing, AM numerical systems, additive relationship, carrying.

Beryn

3acTrocyBaHHS MTOPO3PSAIHOI TOTOKOBOI 0OpOOKM TpH TOOYIOBI CIemiaai30BaHUX NU(QPOBUX MPHUCTPOIB B
IHTErpajbHOMY BUKOHAHHI J03BOJISIE 3MEHIITUTH KiIbKICTh BEHTHJIIB Ta KUIBKICTh JOBI'MX 1H(GOpPMAIIHUX 3B's3-
KiB B IHTETpaJbHUX MIKpOCXeMaX, SIKi € OCHOBHOIO IEPEIIKOIO Y MOaIbIIOMY IiIBHIIICHH] CTYIICHS iHTerpa-
uii [1-4]. Jns moBHODYHKIIOHATHHOT OpraHizalii Takoi 0OpoOKH aBTOpaMH 3alpOIIOHOBaHO kiac AM-cucteM
YHCIJICHHS, [0 y3arajJbHIOE BiJIOMI 1 JO3BOJISIE CTBOPIOBATH HOBI CHCTEMH YUCIICHHS 3 MOXKJIUBICTIO IOPO3PSIHO-
ro BUKOHAHHS BCIX apu(METHYHHX omnepauiid B exuHoMy notoui [5]. /laHa MOXIMBICTb 3’SBISIETHCS 3aBISIKH
0OMEXEHHIO JIOBXKMHU MEPEHECEHHs Y CTapIIi po3psiiy, sske 00YMOBJIEHO HAsBHICTIO Y IIMX CHCTEMAax YMCIICHHS
AJIUTUBHUX CIIBBiHOLIEHb IEBHOTO BUAY 3 3aJaHUMH OOMEKECHHSIMU.

AKTyaJlbHiCTh

3arpornoHoBaHi aBTOpaMH OOMEKEHHS a/IMTHBHUX CIIBBITHOIICHb € HEOOXiTHOIO YMOBOIO BUKOHAHHS T1e-
PEHECEHHS 1 3aI03WYEHHsI TPH OPO3PSJHOMY IIOTOKOBOMY JIOZIaBaHHI 1 BinHiMaHHi. [IpoTe, HayKkoBi myOmikamii
3 00TpYHTYBaHHS HEOOXiTHOCTI caMe TaKUX OOMEXEHb JJIsi KOPEKTHOTO BUKOHAHHS MEPEHECEHbD 1 3all03UYCHb B
AM-cucremax 4ucieHHs BiJcyTHi. OCHOBHOIO OIEpalli€l0 MOPO3pSaHOI MOTOKOBOI apu(MeTHKH, Ha 0a3i skoi
OpraHi3oBaHi iHII omepaii, € 1oJaBaHHA. ToMy 3anpornoHOBaHi 0OMEXEHHS aJUTHBHUX CITiBBIJHOIIEHb MO-
XKyTh OyTH IIpOaHaTi30BaHi MPH BUKOHAHHI JaHO omeparii.

Mera

MeTor0 cTaTTi € O0TpYHTYBaHHs HEOOXITHOCTI 3aIPOIIOHOBAHMX aBTOPAMH OOMEKEHb, 1[0 HAKJIATAFThCS
Ha aJuTHBHI CHiBBiAHOMEHHS B AM-cHucTeMax 4YHMCIEHHS, JUIA OpraHi3allii MepeHeceHb NPHU TOPO3PSITHOMY
MTOTOKOBOMY /I0/IaBaHHi.
3anaua

Jyis mocATHEHHsS BKa3aHO! METH aHAaJi3y€eThCsl OpTaHi3allis MEPEeHECCHHs MPH J0JaBaHHI y JOBIIBHO 33/a-
Hilt AM-cHucTeMi YHCIIEHHS 3a PaXyHOK aJUTHBHHUX MEPETBOPEHD HA JCSKOMY i-MYy KpOIli TTOPO3PSAHOTO TOTO-
KOBOTI'O JI0JlaBaHHs.
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AHaJti3 nepeHeceHHs! Npu aoaaBaHHi B AM-cucTeMax YucJIeHHs

AM-cHCTEeMH YHCIIEHHS — 1€ BarOMO3HA4YHI HA/JIMIIKOBI CUCTEMH YHUCJICHHS 3 MPUPOJAHUM TOPSAKOM Bar
[6], B sikux Mixk Baramu po3psiiiB HAPsITY 3 MYJIbTHIUTIKATUBHAM iICHY€ aJIMTUBHE CITiBBiJHOLICHHS IEBHOTO BUAY
13 3a1aHIMHU OOMEKeHHSIMU. Byp-sika AM-crctemMa 9icieHHS MOKe OyTH ONrcaHa TaKOI0 CYKYITHICTIO TTapaMe-
TpiB:

Ck ={O,...,Ck_1};
W, :
tAr,p :Wz'p+t — Rr,p

. t a7
ne k>2 — 3naunicts cuctemu uncnenus; Cy — MHOKHHA 1U(P; W — OCHOBA CHCTEMHU YHCIICHHS; A" P_ AOUTHUB-

He cmiBBinHomenHs (A-cmiBBimHOIeHHs) mopsaky (1,7, p); t,7, p — mapamMeTpu aJUTHBHOTO CIiBBiIHOIICHHS

p .
> PN RT, p_ a
(t>0,7>0, p=0 — mismi); = ) I -W" —rpannyHe 3Ha4eHHs (I €Cy).
i=0
AnmTHBHE CHiBBiJHOIIEHHS 3aJa€ThCS MapaMeTpaMu P, Ui 7, a TAKOXK MHOXKHHOIO UMD I ,...,Io. [Ipn 1mpo-
My Ha MapaMeTpH aJIMTHBHOTO CITiBBIHOLICHHS HAKJIAAAIOTHCS TaKi OOMEKEHHS:

rﬂ' > rT(i_l) > 0,

det = 0. (1)
Kox R* mae Burisin
rmo. . 'Orr(p—l) ...0-- .OrTO. . .Oro .
%/_/%f_/
r T T
J1Jist TIOMaHHs aIMTUBHOTO CITIBBIHOIICHHS [-T0 PO3PSIIY BUKOPUCTOBYETHCS BHPa3 3 IApaMETPOM i
tAZ P -y, it _ RT:P
AT w Ri’p @

HpI/I HbOMY BBAKA€THCH, IO

REP =w™P.R7P,

HasiBHICTD aqUTHBHMX CIiBBiJHOIIEHb B AM-cucTeMax YHMCIIEHHS 03BOJISIE BUKOHYBATH ollepamii aJuTu-
BHOTO TIEPETBOPEHHS (A-TIEpETBOPEHHSI), 1110 3MiHIOIOTH KOJI YUCJIa MPH 30epeKeHH] HOT0 YUCIIOBOTO €KBiBaJICH-
Ta. 3alpONOHOBaHI A-TICPETBOPCHHS MOJIATAIOTH Y TOJIAaBaHHI JESIKOi BEIMYMHU JI0 OJHI€T YaCTUH KOZY 1 BiIHi-
MaHHI TaKoi caMOi BETMYMHH Bif iHIIO{ I0ro YacTHHH y BHIMAAKY, SKIIO 3HAUYEHHS 000X IIMX YaCTHUH 3a0BOJIb-
HSIOTH TeBHiM ymoBi. Onepanii 30iJbIICEHHS OJIHI€T YaCTUHM KOy YHCia 1 3MEHIIEHHS 1HIIOI IPpH HE3MIHHOMY
3HaYeHHI BCHOTO KOJY BiZIOMI Tij] Ha3BOIO MepeHeceHHs 1 3ano3nueHHs. OTxe, aluTUBHI NIEPEeTBOPEHHS 31IiHC-
HIOIOTh IIEPCHECCHHS 1 3aTI03MYCHHS TP JTOJIaBaHHI 1 BigHiMaHHI B AM-cHCTeMax YUCIICHHS.

3a HanpsMKOM MEPEHECEHHs! aUTHBHI MEPETBOPEHHS MOIUISIOTHCS HA MEPETBOPEHHS 3 MEPEHECEHHIM Y
crapmi po3psan (AL-niepeTBOpPEeHHs) i MEPETBOPEHHS 3 NEPEHECEHHSIM Y MOJIOALII po3psiiu (AR-TiepeTBOpEeHHs)
B 3aJIEKHOCTI BiJl TOTO, HAJl KO JaCTHHOIO KOAY BUKOHY€ETHCA JIOJABaHHs. 3a yMOBaMH BUKOHAHHS aAWTHBHI
MepeTBOPEHHS NOAUISIIOTECS Ha enlemenTapHi (E), yniepcanbai (U) ta noBHi (F). Y naniif cTaTTi BAKOPUCTOBY-
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IOTBCS €JIEMEHTaPHI aJINTHBHI NEPETBOPEHHS 3 MEPEHECeHHAM y cTapiii Ta B Moyomi po3psau (EAL- ta EAR-
MIEPETBOPEHHS] ), 1[0 OMUCYIOTHCS] TAKUMHU BHPa3aMu:

-1 .
Xo mpu(Xiye = Ck)V  J (Kig(p-j) < Fe(p-j))i
0<j<p

EALTP(XTY) =3 (X7 2+ W) + (X — RTR ) mpu

Xt <G YV (Xi—r(p—j) 2 rT(P—j))'
0<j<p

®)

X mpn(Xi =0)v T (Xir(poi) + o) > Skt
0<j<p

'EAR{P(Xg ) = { (X172 = W) + (Xg + RTE ) pw

(it >0~ Kice(p-j) + Te(p-j) < Ca)
0<j<p

(4)

OCHOBHUMH apu(pMETHYHUMH onepauisMu B AM-cucTeMax YHCIEHHs € J0JlaBaHHs 1 BiTHIMaHHs, 0cO0JIU-
BOCTI SKMX BU3HA4YarOTh BJIACTUBOCTI apU(METHUKH LHX CUCTEM YHUCICHHS. MHOXXEHHS BUKOHYEThCS Ha OCHOBI
JIOZIaBaHHs 1 3CYyBY, a JJICHHS — Ha OCHOBI BifiHIMaHHS 1 3cyBy. [lopo3psiiHe BifHIMaHHS B JaHUX CHUCTEMax
YUCIICHHS NOAIOHE O MOPO3pAIHOro NoaaBaHHS. ToMy nani Oyne po3IJISHYTO JHIIE IOPO3PSAHE OAABAHHS.
[Topo3psaHe nmoTokoBe goxaBaHHs B AM-cucteMax YHCIEHHS BUKOHYETHCS, IIOUYMHAIOYH 31 CTAPIIMX PO3PSIIB.
Juis peamizamii mepeHeceHs BUKOPUCTOBYIOTECS aIUTHBHI IepeTBOPeHHA. Hexail moTpiOHO 3HAHTH CyMy KOJIB
yrcen X+Y=Z. Ha x0)HOMY KpoLi HOPO3PSAHOTO T0JaBaHHS BU3HAYAETHCS KOX Z; TAKAM YHHOM, IO Ha OCTaH-
HBOMY KPOIIi BiH JOPiBHIOE KOJy pe3ynbTary Z. Ha deproBomy i-y TakTi BUKOHYETHCS JOIABAHHS BiIIOBiIHUX
PO3pAAIB NOAAHKIB i pO3psAY HOMEPEIHBOr0 POMIXKHOTO PE3yJIbTaTy

Z()pia =20 =D p_jig +Xnoig + Ynoj1-

[Tpu upboMy MOXKE BHHUKHYTH IEPEHOBHEHHS, JUIA JIKBiAamil sikoro norpiono BukoHatn UAL-nepeTBopeHHs.
Jlane nepeTBOpEHHs NOJIATae y BAKOHAaHHI nociiioBHOcTI EAR-IepeTBOpeHb I0KM He BUTIOBHUThCS yMoBa EAL-
neperBopenHs. [licns nporo BukonyeTbesi EAL-ieperBopenHst. [TokakeMo MOKIMBICTh TaKOTO HEPETBOPECHHS
Jutst Oynb-1k0i AM-CUCTEMH YHCIIEHHSI 3aBASIKH BIACTUBOCTSIM i1 aJUTUBHOTO CITiBBiJHOIICHHSI.

IMo3naummo j=n-i-1. IIpencrasumo z(i); y Burmsai komy Z1y(i), ik moxasaso Ha puc.l:

. j+t
2(i); =21, ()70 = 2(0) ;- wl + Y 0-wk.
k=j-7r(p+1)

DEOENDED
-

t 7(p+1)
Pucynok 1 — 3o6paxenns koxy Z1q(i)

Buxonaemo (j-t)-re EAR-niepetBopernst Haj kogom Z1g(i):
Nt , .
23, ()=EAR TR (ZL ()P, 1)

p+1

Ocxkimbku z1o(i)=2(i)>0 1 7 (ZA(i) jok = 0), To ymoBa, BkasaHa y (4) AJIs TaHOTO MEPETBOPEHHS, BUKOHY-
k=0

etbes. 3 (2) i (4) ciimye, M0 B pe3yJIbTaTi IEPETBOPEHHS YTBOPIOEThCs Ko Z14(i), 300paxkennii Ha puc.2:
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[0]..]oJz()-1[0]..[o]r]0]..[0]rpu|0]-]O]rgpy|-[0]--[0]ro[0]..] O]
- VA A

t \t T T T i,
——

dp+1)
Pucynok 2 — 3o6paxenns koay Z14(i)

Hauni Bukonaemo (j-2t)-te EAR-mepetBopenns Hax kogom Z1y(i):

Z1,(i)="EAR] 5 (214 (1) ).

j—7(p+1)
p+1
Bpaxosyroun (1), orpumyemo z1o(i)j=r >0 i v (z1(31) jot-k = 0). Tomy ymoBa JaHOTO TIEPETBOPEHHS Tek
k=0

BUKOHYETHCS. B pe3ynbTaTi nepeTBopeHHs yTBOPIoeThes ko Z1,(i), 300pakenuit Ha puc.3:

[0]..]o]z(i)-1][0]..[0]ry-1]0[.|Ofrp[0]--| O] rpny| O]--.|O[ rooy [ O[] O ro | O]-.[ O] ro | O]...] O]

N A A A A J \ A
Y Y Y Y Y Y Y H_j

t \t t -t t -t t D
N
o(p+1)

Pucynox 3 — 3o6paxenns koay Z1,(i)

[IpomoBxuMo mocifoBHO BUKOHYyBaTH EAR-TiepeTBOpeHHS:

Z15())="EAR} 5 (ZL, ()T ).

Z1,()="EAR 5 (ZL() T ) .

Z1, 111 ()="EART (2L 2 () )

J—7+t
Z:l'r/t (i):tEAR j-—pr (le'/tfl (I)ip—xp) :

VYMOBH IHX MEPETBOPEHb BUKOHYIOTHCS BimnosimHo 10 (1) i (4). Ilicnst Bukonauus 7t EAR-mepetBopeHs
YTBOPIOETHCS KOJI, 300pakeHuit Ha puc. 4:

(o] -.[o]zarA[- [ro]. [rpn]-[rea].-

I"T | ro |

KT TyT Tj

P
Pucynok 4 — 3o0paxenns kogy Z1 (i)

Janwuii xox 3an0BonbHsAE YMOBI j-ro EAL-nieperBopenns (3), ockinbku Z(i)j-121 p, I p2T g1y, ...y F2T0.
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Bukonaemo j-e EAL-iepetBopenns komy Z1 4

Z1(i) ;="EALTP (21,1 (D T )

B pesynbTaTi AaHOTO MEpETBOPEHHS yTBOPIOEThCs koA Z1(i)j, 300pakeHuii Ha pHC.5, B SIKOMY BUKOHAHO
nepeHeceH s y crapiuuid (j+t)-it po3psia:

|1|0|...|0| 2(i)i-1-r || F ol p1) || F o) T4p2) || r-ro || o |
“ -~ A A — A )
t T T T
_/
Y
)

Pucynok 5 — 306paxenns xoxy Z1(i)

3 JaHOTO PUCYHKAa BHIHO, 110 OOMexeHHs (1) aZMTHBHOTO CHiBBiZHOUICHHS B AM-cHUCTEMI YHCICHHS
JIAI0Th MOXJIMBICTH B PE3YJIbTaTi BUKOHAHHS IOCIIJOBHOCTI aJUTHBHHUX IEPETBOPEHb OTPHMATH KO, SKUH
MICTHTh 3MEHIICHE HA OJUHHUINO 3HAYCHHS B j-y O3PSIl i KOPEKTHE KOJOBE MPEACTABICHHS B HIINUX PO3PSIIax.
L{to mocmiJOBHICTH MEPETBOPEHh MOXKHA OIKCATH OJJHUM BUPA30M:

Z1(i) ;="EALP (‘EAR TP (‘EAR TP, (.'EAR TG, ((EAR TR, (‘EAR TR (2(1) ; -w!))).

Slkmo 3meHmenHs Z(i); Ha OAVHMUINO HE TIPU3BOAUTH 10 JTiKBiallil IEPETIOBHEHHS, TO JaHa IIOCIiTOBHICTh
MIEPETBOPEHb IOBTOPIOETHCSA 0 THX ITip, JOKU TIEPETIOBHEHHS He Oy/Ie JTIKBiJOBaHO.
BucHoBok
IpoBeaeHuit aHami3 opraHizailii NePEeHECEHHS 332 PAXYHOK aJUTHBHUX MEPETBOPCHb MPU MOPO3PSIIHOMY
MOTOKOBOMY J0JaBaHHI B AM-cucTeMax YHCJICHHS IO3BOJIMB OOTPYHTYBAaTH HEOOXiTHICTH 3alpOorOHOBAHHUX
aBTOpaMu OOMEKEHb, 1110 HAKIAJAAIOTHCS HA aJIUTHBHI CITIBBIHOIICHHS IIUX CUCTEM YHCIICHHS.
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