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AHANI3 EPEKTUBHOCTI BUKOHAHHA TEOPETUKO-YUACITOBOIO
NMEPETBOPEHHA YOJIWWA HAL NOJIAMU TANYA

HaTanisa NpeBucokoBa
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Pe3rome: Becmanogneno moocnusicmo peanizayii nepemeopenns Yonua nao nonamu I anya i3 nooannsam ingpopmayii ma
BUKOHAHHAM apupmemuynux onepayiii 8 kodax cucmem I anya. Ilpoananizogano wieuokodito nPUCMpoi8 UKOHAHHS
apugmemuunux onepayiii nepemeopenns Yomua-I'anya ma ckiaouicme ix anapamypuoi peanizayii 8 O08iUKO08il

cucmemi yucienns ma npu I anya-kooyeanHi.

Kawuosi cinoBa: [lepemsopennss Yonwa, 0gitikoge uucnenns, kooyeanus Ianya, yac 6UKOHAHHA apupmemuynux

onepayii, anapamypHa CKIaoHiCmb.

IIpu peauizarii CHUCTEeMHHX hyHKIiT
iH()OTEXHOIOTIH 3aCTOCOBYIOTHCS METOIH
neperBopeHHst ¢Gopmu  Ta 1HdpoBoi  0OpoOKH
iHpopManii 3  BUKOPHCTaHHSM  JUCKPETHHUX

nepeTBopeHb. HeoOximHicTh 00poOKM Ta mepenadi

inpopmariii B  peampHOMY  4Yaci  3YMOBIIOE
aKTyanbHICTh  pO3pOOJIEHHA  Ta  CTBOPEHHA
eeKTUBHUX cHcTeM o00poOkum Ta  mepemadi
MOBIMOMJICHB. AmaparoM  peaiizamii Tporeayp

¢ poBoi 00poOku iHdOpMallii € MePETBOPSHHS, a
came, mneperBopeHHs @yp’e, VYomma, Xaapa,
TEOPETUKO-YHUCIIOBI Ta iH. JIMCKpPEeTHI OpTOTOHAIBHI
NEPETBOPEHHSI BUKOPUCTOBYIOTHCS JJIsI KOJYBaHHS,
00pOOKHM, 3MEHIICHHS HAJUIAIIKOBOCTI iH(oOpMaIrii,
30KpeMa, Tpu 00poOIi 300pakeHb, CHUCTeMax
3B’SI3KY, CIIEKTPOCKOTIi1, pajioIOKaIllii.

J¥ckpeTHI  NEpeTBOPEHHST ~ BHU3HAYeHI  Ta
pealizyroThCsl HaJl MOJIIMU KOMIUIEKCHHX drcen [1 -
6] Ta wmHam ckimuennmMu Tmomsmu [1, 2]. Ha
CHOTOJHINIHIA JEHb Cepell TEOPETHUKO-YHCIOBHX
MEPETBOPEHb HAJ[ CKIHUYCHHMMH mosmu [ amya
BUKOPUCTOBYIOThCS nepeTBopeHHsT Dyp’e-Tanya. ¥V
BUIIAJKy peaji3allii mepeTBopeHp B 0a3uci QpyHKIiH
VYonma 3HHKYIOTBCS BUMOTH IIOJO MOPSAKY OIS
lamya Ta mpocTime 3aiHCHIOETBCS TTEPETBOPEHHS
3HAYCHb CITEKTpaIbHUX KoedirmieHTin i3 mons ["amya
B TOJie¢ KOMIUIEKCHHX uucen [1], mpore He Oyio
pO3pOOIEHO  METOAM  BHKOHAaHHS  TEOPETHKO-
YUCIIOBOTO MEPETBOPEHHA Youlia Haja nojiem [amya
Ta BCTAHOBIICHO €()EKTHUBHOCTI IX 3aCTOCYBaHHS, 1110
3YMOBWJIO aKTYaJbHICTh IOCHIIPKEHb y BKa3aHOMY
HaIpsSMKY.

JluckpeTHe NEepeTBOPEHHS Youlla BUKOHYETHCS
HaJ  CKIHYEHHOIO  TIOCIINOBHICTIO  BIiJUIIKIB
iHponoToky i € METOI0M o0uHCIeHHs
CHEKTpaTbHUX KOE(Ili€HTIB, 0 BU3HAYAIOTh TaKi
XapaKTEPUCTUKU TOCIIIOBHOCTI, SIK €HEPreTHYHHUM
Ta (ha30BUH CIICKTPH.

3rigHo knacugikamii Oyp’e-noaidbHNX
MEPETBOPEHb [2] HAX MOJEM KOMIUIEKCHUX YHCEN
BU3HAYEHE JHCKPETHE IEPETBOPEHHSA YOIIla, a Haj
nonem [anya GF(p™) — OHMCKpeTHE TMEepeTBOPSHHS
Yomma-I'anya.

IBuakomiss  3aco0iB  1UdpPoBOi  0OpOOKH
iHpopManii 3anexuTh Big Meromy  0OpoOKw,
(dopMyBaHHS,  TNEPETBOPEHHS,  CXEMOTEXHIYHOI

peamizamii Ta dopmu nomanHs iHpopmarii. s
MTOJaHHS YKCeNl B IMMU(POBUX CHUCTEMaX HaWJaCTIIIe
BUKOPUCTOBYETHCS JBIIIKOBa cUCTeMa YHCIEHHS [3,
4, 5, 6], 30kpema, TIpu pearizalii BiIOMHX METO[IiB
mepeTBOpeHHs Youuma Hang mossmu [amya [1, 2].
[Ipote, yac BUKOHaHHS apuU(PMETHYHHX OTepamiii B
IOBIMKOBI CcHUCTEMi 3aJeXHUTh BiJ pPO3PATHOCTI
BHACIiI0K ¢dbopmyBaHHA Ta MOLITUPEHHS
MDKPO3PSTHUX TIEPEHOCIB.

Amnari3 pe3yabTaTiB pO3poOKH CydyaCHUX METOIB
e(eKTUBHUX OOYHMCIIEHh BKa3aB Ha MOXIIUBICTh
ICHyBaHHsI aJIbTEpHATUBHUX METOZIB KoxyBaHHA. B
poboti [7] po3po0JEHO  METOA  BUKOHAHHS
apu(MeTHIHHX OTepaliil JoJaBaHHA, BiTHIMaHHA Ta
NepeMHOXKEHHs B nonax ["amya, 1o IpyHTYEThCS Ha
napaienbHiii 00poOIi onepaHiB, MOAaHUX B KOJAAX
cucreM [amya, Ta BCTaHOBIIEHO, IO peaji3alis
apuMeTHIHHUX omepaliii Haj KogaMmu B moii [amya
mo30aBjicHa HEOMIKIB IBIHKOBOT apu(h)METHKH.
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Pesynpratu nmpoBeneHUX AOCHIIKEHb BKa3aJId Ha
MOXIIUBICTh BHUKOPUCTAHHS JAHOTO METONy TIpH

peanmizaimii  TEOPETUKO-YMCIOBHX  IIEPETBOPCHb.
OCHOBHHUM 3aBIaHHAM OCITLIKEHHS €
BCTaHOBJICHHSI MOJJIMBOCTI Ta OOIPYHTYBaHHS

e(eKTHBHOCTI 3acTOCYBaHHSI KOAyBaHHs [amya mys
momaHHs iHQopMallii mpu peamizaimii TEOPETHKO-
YHCIIOBOTO TIEPETBOPEHHS Youma Hajx IOISIMU
Tl'anya. Pe3ynpTaToM 3acTOCYyBaHHS MEPETBOPEHHS €

30i7bIIEHHsT  MBUAKOCTI  1uppoBoi  00poOKH
[IOB1IOMJICHb.
IleperBopennss Yomma-I'amya mocimiToBHOCTI

£x(i)}={x(0),x(1),...x(N—1)} nomaersess y

MaTPUYHOMY 3aIliCi 3TiIHO CHiBBiAHOMEHHS [1]:

S(n)=W(n)x(n), (1
ne i=01,....N—-1, S(n)=[S8(0),5(1),...
S(N-1)] - BEKTOP CIIEKTPAIIbHHUX
KoedirmieHTiB TIepETBOPEHHS Yomma-I"amya

posmipuictio N =2", n=12,..., W(n) -

marpuiis NXN  muckpeTHHX 3HaveHb (QyHKIii
Vomura Hag moem ['anya, x(7n) — TpaHCIIOHOBaHHMIA

sexrop [x(0),x(1),...x(N-1)] .
Marpuuss W ('n)oproroHansHa i CHMeTpHYHA,

TOMYy OOEpHEHE TepeTBOPEHHS Y OJIIlia 3aHCy€EThCS
y HACTYITHOMY BHIJISII:

x(n)z%W(n)S(n). )

Hdnst Toro, 1mo0 icHyBasa  OJHO3HAYHA
BIJIMOBIHICT, MK 3HAYEHHSMH CIIEKTPYy B IIOJI
KOMITIEKCHHUX YHCel 1 B moJii ['amya HeoOXimaHo, o0
nopsimok g=p" mons Ianya GF(q), ne p - npocrte, m
— JIoJIaTHE I1iJie, HaJl SKMM BU3HAUEHO TIEPETBOPEHHS
Vomma-Tanya i cmekrp S(n), onepxanuii B
pe3ysibTaTi BOTO MEPETBOPEHHS, OYyB HE MEHIIHH
noryxuocti  P(S(i)), MHOXHMHH  3HAYCHb
koediientis Yomma S(7), BU3HAUEHOT HaJl TIOJIEM

KOMIUICKCHHUX YHUCECJI IIPU TaKOMY 3HaYE€HH1 i, JJIsL
sxoro P(S(i)) makcumainsna [1], To6TO

q>P(S(i)).

Slxmwo N = p”, ne p — npocte yucIo, T0
P(S(i))=[(k=1)p™" " = [(k=1)p"" =1]",
ne k — auco pisHiB kBanTyBanus Xx(1) [1].

IlepetBopennst Yomima Ham mosiMu ['amya sk i
Ha/ TO0JIeM KOMIUIEKCHHX YHCeN OOYHCIIOETHCS 3a

MIBUJKAMH ~ QITOPUTMaMM  TEPETBOPEHHS,  SIKi
BHMAararTh BUKOHAHHS MEHIIOT  KUTBKOCTI
apudmeTnuHux omepauii, a came Nlog, N

JIoJaBaHb Ta 7[0g2 N nepeMHOXEHb Ha BiIMiHY

Bin N(N-1) oponasamp Ta %(N—])

MEepEeMHOKEHb TpH 0e3MmocepeIHbOMY OOYHCIICHHI
srigao Bupasy (1) [1, 4].

[[IBuakuii anropuT™M MEPETBOPEHHS Y oJla-
lamya (LOITYT) wanm posmupenuMm monem [amya

GF(2") cxmamaetbest i3 n=Ilog, N eramis.
JloromixkHi  3HaYeHHs X, (i) Ha  KOXHOMY
MPOMiIKHOMY eTari BHU3HAYAIOTHCS
CIIIBBIIHOIICHHIM

x.(i)=ax,_,(i)+x,_,(i+bl), (2)

ne k=12,.,Iog, N — HOMEp eTamy alroputMy
neperBopenns; N = 2" — KiJbKIiCTh CHEKTpaIbHUX
a=(-1)" mod(2m - 1),
b=(-1 )[i/ ]]; e [l/ [ ] — MMO3HAYEHHS 117101 YaCTHHU
yucia i/l, [ =21

I'pad) anropurMy IIBHAKOTO IEPETBOPEHHS
Vonma-T'anya mams Bumagky N =8 HaBeaeHO Ha

puc.l, ne {x(i)}={x(0),x(1),...x(7)} -

3HaueHHs BXiJHOI mociizoBHOCTI, S(7) — BekTOp

KOCIIlIEHTIB;

KoeiieHTiB MIEPETBOPEHHS Yonma-I'anya

posmipaictio N = 27 .

x(0) * ¢ S (0)
x(1) S(l)
x(2) $(2)
x(3) S@3)
x(4) S4)
x(5) S()

x(6)
x(7)

)
(-mod7 ~ (-I)mod7 (-1)mod7

Puc. 1 -T'pad anropurmy mBHIKOro nepeTBOpPeHHs
Youama niaa N=8.

Apubmernyni  mii, sKi CKJIamaloTh 0a30BY
oreparlito, Ha KO)KHOMY €Talli epeTBOPEHHS MOKHA
MOJATH SIK

X (1) =x,_,(i)+x,_,(j); 3)
X (J)=x,, (D) + [(=1)mod(2" —1)]x, ,(j)(4)

I'pad anropurmy BuKOHaHHS onHiel 0a30Boi
oreparii mojaHo Ha puc.2.
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xk(i)
xk(j)

xk_1(i)
xk_J(]) .

(-1)mod(2"-1)

Puc. 2 — I'pad anropurmy 6a30Boi oneparmii.

3aranbpHa KiJbKICTh 0a30BUX OMEpallii,
HeoOXiZHa AJ1sl peaiizamii aropuTMy, CTaHOBUTD

N
—log, N .
5 g,

Jis  OIiHKKM  BENWYMHU 3MEHIICHHS dYacy
00YHNCIICHD MPOAHAII3yEMO OCOOJIMBOCTI BUKOHAHHS
apu(METUYHUX MOIYJIBHUX ONepalii y IBIHKOBIH
CUCTEMI.

OCHOBHMM METOZOM peami3aiii MOIYJIbHUX
oreparliii € BBEJCHHS JIOJAaTKOBUX IEPEHOCIB MIikK
pO3psiaMu CyMaTopa 3 METOI0 JOCATHCHHS 3aJlaHOi
BETMYMHU MOIylss M, BiAMIHHOI Bifi BENWYHHU
MOAYJIsI cymMaTopa 0e3 JOJaTKOBHUX IEPEHOCIB, SKa

craHoBuTh 2", 1€ M — YKMCIO PO3PAIIB Cymaropa

[1]. IIpu BuGOpi B sikocTi Moayns 3HaueHb 2" — ]
HEOOXi/IHMI JHIIe OJUH TEepPeHOC 31 CTapIIoro
3HAUYUIOTO pO3PsAy B  MOJOIUIMMA, OCKIIBKH

IepeHoC O3Hayae ojepxaHHs ukcna 2", 1o
nopisaroe I mod(2™ — 1) . llpu peanizauii onepanii
3a wmomynem 2" —1 mepenoc 3i

3HAYYIOTO PO3PSILy JOJAETHCA [0
TakyuM 4YHHOM, dYac [OJaBaHHSI B

IOIaBaHHs
CTapIIoro
MOJIOIIIOTO.

. m .
cymaropi 3a moxysiem 2" — [ BusHavaeThes i3 [1]

T, =20, +T,, ®)

.c.mod

ne T,. — 4ac monaBaHHA y IBIKOBOMY CyMaTopi,

.C.
T, — 3arpuMka CXeMH TeHepalii IepeHocy 3i

CTapIIOTrO 3HAYYIIOTO PO3PSITYy B MOJIOILIHA.

ITapanensHuii  cymaTtop 3  mHapajiellbHUMU
MEPEHOCAMH CKJIAJIAEThCS 13 JBOX YACTHUH: CXEMU
JIOJIaBaHHSI Ta CXeMHU (OPMYBaHHS IPUCKOPEHHUX
nepenociB [8, 9]. Cxema nomaBaHHS MICTUTH M
CIPOIIEHUX OJHOPO3PSAAHUX CyMaTOpiB Ha TpHU
BXOJIM Ta OAWH BHUXiA cyMH. Yac nomaBaHHS B
JBIHKOBOMY CyMartopi 3 MmapajieibHUMHU MepeHOCaMU
o0uncIoeThes 3a popmyioro [8, 9]

T,. =t +t;+t =5t,, (6)

Jie BpaxoBaHi 3aTPUMKH MpU BUPOOJIEHHI CHUTHANIB

reHepauii f, =f,, mepenocy [f;=2{, Ta

CyMyBaHHs B HalicTapIIoMy po3psai ¢, = 2t o A€ t »

— CepelHs 3aTPUMKA MOIIMPEHHS CUTHAITY TUIIOBHM
JIOTIYHAM CIIEMCHTOM. [pu m>38
BHKOPUCTOBYIOTHCSI CyMaTOpPH TPYIIOBOi CTPYKTYpHU

3 TMOCHIIOBHUMH a00 TapajedbHUMH IIepEHOCAMH
MiX rpynamiu [9]. B cymaropax rpynoBoi cTpyKTypH
cXeMa 3 PO3PSIIHICTIO M TOIUISEThCS HA k TPyII IO
[ po3psanis, nepeHoCH MiXk rpynaMu GOpMyIOTHCS 3a

JIOTIOMOTOI0 CXEM TPHCKOPEHOro TmepeHocy. Yac
JIOJIaBaHHS B CymMaropi 3  MapalieIbHUMU
nepeHocaMM B Tpymax Ta MDK  Tpylnamu

BU3HAYAETHCS 3aTPUMKaMU (POpPMYBaHHS CHUTHAIIB
reHepaii B rpynax f; = 3¢, , 3aTPHMKOIO B CXeMax
HPHCKOPEHOT0 MEPEHOCY MiXk IpynaMu £, Ta 4acoM

CyMyBaHHS B OCTaHHBOMY PO3pSAl CTapiioi Tpynu
¢, [8]:

T, =t;+t. +t,. 7
B 3amexnocTi Big po3psmHOCTI M cymaropa
TPyNoBOi  CTPYKTypH  3aTpuMKa B  CXeMax

HPUCKOPEHOTO TEPEHOCY MiXK TPyIaMH CTAaHOBHTH
£, :2tp mis m =32 abo ¢, =4tp s m =064,

T, =2tp. I3 BpaxyBanHAM chiBBigHOIIEHD (5) Ta

(6),

m
moxyiaem 2" — 1 cTaHOBHTH

yac BUKOHAHHsS oOmepaiii J0JaBaHHS 3a

T, . =2T, +T, =12,

.c.mod P

=16t

3rigHo cniBBinHomens (5) ta (7) 71, .4 »

ma m=32,T,

emod = 20tp g m =64 .

3BHYAHUM TEPEMHOXYBaueM
JNBIMKOBUX YHCEN, MOMAYJBHUH TMEepeMHOKYBaY
MICTHTh JOJATKOBHUH CcyMarop JmUIa peaiizamil

IUKIIYHOTO TEPEeHOCY 1 3BeACHHA IOOyTKYy 3a

[opiBHstHO 13

moxyiem 2" — [ . Yac BUKOHAHHS IIEPEMHOKEHHS B
TaKOMY TIEPEMHOKYBAUi BU3HAYAETHCS BETUMYHHOKO

T() :T()4,1ft.+T().c.+Tn’

m.mod

e T:) — YaC BUKOHAHHA onepaui’i MEPEMHOXKCHHS

M.
OBOX uucen ©Oe3 MpUBEACHHS pe3ylnpTaTry 3a
MOJIyJIEeM, INO BH3HAYAETHCI CYMOIO 3aTPUMOK
CHTHANIB B KOH'IOHKTOpax {, Ta 3aIpPUMKU B

o 2
HanuJIO0BIIOMY JIAHITFOKKY

OJTHOPO3PSIIHUX CyMaTopiB [9]:

MaTpHIT m

T,, =t,+(2m—1)t, =t,+(2m—1)-2t,.

M.

AJITOpUTM IIBUAKOTO TIEPETBOPEHHS Y oJllla-
lamya momsirae y TOCTiAOBHOMY BHWKOHaHHI

%log , N 6azoBux onepatiii (3) Ta (4).
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[lpn mapamensHOMYy BUKOHAHHI [OJAaBaHHSA Ta
nepeMHOKeHHs  3rimHo  BupaziB (3) Ta (4)
BIANOBIAHO TpuBajicTh ©0a30BOi  omepamii B
JIBIAKOBIN CUCTEMI CTAHOBUTH

T().6. = T().c,mod + T(),,w.mod .
bazoBa omepamis  (3), (4) peami3yeTscs

KOMIUIEKCHUM apu()METHUHUM MPUCTPOEM, Y SIKOMY
3MIACHIOETHCSI  MEPEMHOKEHHS Ha  KOe(]illieHT

[(—=1)mod(2" —1)]
JOJIaBaHHS Tap 4Yucell y CHiBBigHOmeHHSX (3) Ta
4).

Kputepiem  amaparypHoi  ckmamHocti A
MPUCTPOI0 € IiHa 3a KBalilHOM — cymapHe 4YHCIO
BXOOIB  BCiX  JIOTIYHMX  €JIEMEHTIB  CXEMU.
ArmapaTypHa CKJIaJHICTh apu(PMETHIHHX IPUCTPOIB
[1, 8 9] peamizamii DIBUIKOTO MEPETBOPCHHS
Yomma-l'anya 1npu  BUKOPUCTaHHI  JBIMKOBOI
CHUCTEMH BH3HAYAE€THCA CKIATHICTIO MOIYIBHOTO

cymaropa A MOAYJBHOIO TEPEMHOXKXYyBada

3rigHo  BUpazy (4) Ta

0.c.mod >

A, . ,oq T JOTIUHOI CXeMH reHepalii mepeHocy i3

CTapILIOro 3HAYYIIOr0 PO3psiay B MOIOAMIHI A :

AO.LUHYI" = A(),c,mod + An + A().M.m()d .

Crnenudika  peKypcHBHOTO  yNOPSIKYBaHHS
MeTony KoayBaHHs ['allya mependauae peamizallito
apupmeTnuHuX onepauiid (3), (4) nepeTBOpeHHs Ha
OCHOBI ~ MaTpWIli  TPOTPaMOBAaHUX  JIOTIYHHX
enementie  (IIJIM). 3amicte  m -po3psAHOTO

IBIIIKOBOr0 cyMaropa BHKOPUCTOBYETHCS CyMaTOp

Ha ocHoBi IIJIM posmiprictio (2" —1)xm’, m’

IBOBXOJOBUX JOTIYHUX ejneMeHTiB “I” ta m -

BXOJIOBHX CYMaTOPIB 3a MOJYJIEM JBa.
Yac BHUKOHAHHS ormepariii JOJaBaHHI
CKJIaIa€ThCsl 13 9acy AOCTyIy no ermemeHtiB [1JIM

t 4yacy 3aTPUMKH IOIIMPEHHS CUTHAY OJHUM

docm.?

JIOTIYHUM eJleMeHTOM “1"— ¢ , Ta yacy J0/aBaHHA B

CymaTopax 3a MOJyJieM jiBa [, :
TGL: = t()ucm. + tp + tc = 4tp

e tp—

MIOIIUPEHHST CUTHATY OJHUM THIIOBHM JIOTIYHAM
CJIEMEHTOM.

3rinHo Bupa3y (4) ans BUKOHaHHS 0a30BOI
omeparii MIBHUIAKOTO TepeTBOpeHHS Y oumma-Iamya
HEOOX1THO 3MIACHUTH OJIHY orepariiro
MepeMHOKEHHsI Ha KOHCTaHTy. Peanizamis maHoi
omeparii  moTpedye  BUKOPHCTAaHHS  MaTpHIl

YCEpEAHCHE  3HAUCHHA  3aTPUMKHU

MPOTPAaMOBAHMX JIOTIYHUX EJIEMEHTIB PO3MIPHICTIO

(2" —1)xm.
Yac BHKOHaHHSI NMEPEMHOXCHHS IMPH pealizarii
HIBUJKOTO MePEeTBOPEHHS Yomma-T"anya

BHU3HAYAETHCS YacOM JIOCTyMy A0 enemeHTiB [LJIM

TG.M. = t()ocm. = th :
Yacom T1;, mpu peamisanii anropurmy
NEPEeTBOPEHHS]  MOYKHAa  3HEXTYBaTH, OCKIJIBbKH

oreparlis mepeMHOXeHHs y 6a30Biii onepartii (3), (4)
BUKOHYETHCS OJHOYACHO 13 JOAaBaHHSIM 3TLIHO
Bupasy (3). Takum 4MHOM, 4ac BUKOHaHHs 0a30BOi
omeparii (3), (4) B komoBux cuctemax [amya
CTaHOBHTh

TGﬁA :TG.C. +TG,c. :ZTG

.C.

ArmapaTypHa CKIIAIHICTh apuhMETHIHUX
npucTpoiB pearizaiii [10] mBUIKOTrO MEPEeTBOPESHHS
Yomma-I"anya npu Bukopuctanti ["amya-koayBaHHS
BU3HAYAETHCS K CyMapHa CKIAIHICTb cymaropa Ta
MePEeMHOKyBaya 3TiHO BUPA3y:

AGA = AG.C. + AGJL H

ne A;. Ta A, , - amapaTypHa CKJIQIHICTh

cyMaropa Ta MepeMHOXyBada B KOJOBUX CHCTEMax
l"anya BignoBiIHO.

[ToBHMI yac, KM BUTpPAvyaEeTbCsd HA BUKOHAHHS
apudMeTHIHNX omepariii mpu peamizamii IITYT
nociigosHoctel fnoexkunu N = 2" y nBilikoBomy
YHCICHHI Ta Yy KOAOBUX cucTeMax [amya

BHU3HAYAETHCA qacoMm BHUKOHAHHA

N

—log, N
5 g,
0a30BHX OIEpaIiii:

N
T, :To.5.7logz N =

.C.

N
= (Td,c.mod + TO,.u.mod )710g2 N 5

T; = TG.@%ZOgZ N = 2TG.c,%lOg2 N =
=T, .Nlog, N .

Jns  OIHKM MOXIHMBOIO CKOPOYEHHS dacy
BUKOHAHHS OOYMCIIEHb [UISI BHKOHAHHS IIBHIIKOTO
mepeTBOpeHHs Yomma-['amya Tpw  3acTOCYBaHHI
3allpOMIOHOBAHOTO  METOAYy  KoayBaHHi [amya
MPOBEIICHO pO3paxyHKH qacy BUKOHAHHS
apudMeTnIHNX omepartiid [8, 9, 11]. OckiTbku M1
pospsiaHOCTel m = 3...8 mepeBary 3a IIBHIKOIIEI0
MalTh  JBIMKOBI  TapajenpHI  cyMaropm 3
napaielnbHUMH TepeHocamu [8, 9], TOo aHami3
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IPOBEACHO 3a YMOBH BHKOPHCTAHHS JIBIMKOBHX
MmapajeibHUX ~ CyMaTopiB 3  MapajiejbHHMH
nepeHocamu Juisi pospsiqHocTet m=4 1 m=3§,
CyMaToOpiB TPYIOBOI CTPYKTypH 3 MapaicIbHHUMH
[EePeHOCaMH MK TpymaMH Ui PO3pPSAHOCTEH
m>16 Ta MaTpUYHHX MEPEMHOXKYBadiB i3
CePeIHBOI0 3aTPUMKOIO TTOLIMPEHHS CUTHAILY OIHUM
THIIOBUM JIOTYHHUM €JIEMEHTOM / , , HC.

VY tabmumi 1 HaBeneHo 3HAYCHHS, a HA PUC. 3 —
3aJIOKHOCTI 4Yacy BHUKOHAaHHS  apU(METHYHHX
omepariii Bix pospsanocti IUIIYT B komoBHx
cucremax ['amya 7', Ta B aBilikoBiil cucremi 7, .

UL PI3HUX 3HAYCHb JIOBXWHHU ITOCIIIOBHOCTI

N=2":

Tabauns 1. Yac BUKOHAHHS
apudMeTHYHHX onepaniii B konoBuX cucremax I'aaya
Ta B ABIiiiKOBil cucTeMi, HC

n To.a TG
4 10881, 2561,
512001, 81921,

16 46137344 ‘,
32 1,08577E+13tp
64 | 1,68825E+23 t,

41943041,
5,49756E+117,
4,72237E+21¢,

le+22
1e+20
1e+18
1e+1B
le+14
le+12
1e+10
1e+HlB
1eHlB

15

el

Puc. 3 — 3ane:xnocri yacy BUKOHAHHA apH(PMETHYHHX
omnepauiii Bia po3psigHocTi B koxoBux cucremax I'anya
Ta B ABiliKoOBiH cucTeMI.

I3 Tadbauui
Mo OJIS JOBXWUH
N=4 o
aprdMe TUYHMX onepauin IOOJaBaHHSA Ta
MIEPEeMHOKEHHST TpH  pealizamii I[epeTBOPEeHHs
Youa i3 3acTOCyBaHHSAM MeToy KoayBaHHs ["amya

1 wMoxHa mnimcymyBaTu,
nocjigmoBHOCTENM Bi1n

N:264

BUMKOHAHHHA

_ Tda .
norpebye y k; = paszis MeHme
T,
yacy, HIK y IBIHKOBOMY 4uclicHHI. B Tabnwmmi 2

HABE/ICHO 3HaueHHs KoedillieHTa MPUCKOpPeHHsS Kk,
JUTS 3HAYCHb PO3PSTHOCTI 7

Taoauus 2. KoediunieHT npuckopeHHs BUKOHAHHS
apupMeTHYHNX onepaniii B KoqoBux cucremax I'amya
Ta B ABilikoBiii cucTemi

n 4 8 16 | 32 | 64
k, 14363 |11,0]19,8 35,8

3nificHeHO OLHKK e(EeKTHBHOCTI amapaTypHOI
pearizamnii apuMETHIHUX MPHUCTPOIB 32 KPUTEPIEM
A-T [9] npu BuKOpHCTaHi JBIHKOBOTO YHCIIECHHS
A,.T,. ta xomysanus I'anya AT .. Pesymbratn

MOPIBHSIHHS TaKUX MPHUCTPOIB 332 JTaHUM KpUTEPieM i
3aJIe)KHOCTI BiJ| iX pO3PSATHOCTI HaBEIEHO B TAOIHUII
3 ta Ha puc. 4 BIAMOBITHO.

Taoauus 3. 3HavyeHHsI OUiHOK eeKTUBHOCTI
anapaTypHoi peaJizauii apupMeTHYHNX NPHUCTPOIB 3a

kputepiem AT
n 4,.T,.. AT
4 624 512 52 736
8 107 008 000 39 305 216
16 3,41416E+11 9,34906E+12
32 3,05665E+17 1,55838E+23
64 1,84876E+28 1,13246E+43

10 20 0 40 50 B0
AgTe.
A,u4c4Tu4c.

n

Puc.4 — 3anesxkHocTi oniHOK e(peKTHUBHOCTI
anapaTypHoi peaJizauii apupMeTHYHNX NPHUCTPOIB 3a
kputepiem AT Bia po3psiiHocTi.

3nificHeHO MOPIBHIHHS 004N CITIOBATBHUX
NPHUCTPOIB 32 METOAaMH BUKOHAHHS IEPETBOPEHHS
Yonma-T"anya i3 noganHsaM iHpopManii y 1BIHKOBIH
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CHUCTEMI Ta 13 BUKOPHUCTAaHHSAM | amya-KoayBaHHS 3a
HACTYITHUMH OCHOBHUMH TIOKa3HHKAMH: YacoM
BUKOHAaHHS apu(METHYHUX oOmepaniii (KUIBKICTb
apuMeTHIHHUX omeparliii Ay 000X CXeM OJHAaKOBa)
Ta 3a kputepieM AT, e A — anaparypHa CKIQJIHICTb
npuctporo, T — yac po3B’si3aHHA 3a7a4i.

AHami3 ojepXaHWX pe3ylbTaTiB 32 KpPUTEPiEM
AT  no3BONMMB  BHM3HAYUTH AN  3HAYEHb
pospsimHOCcTEH M < 16 TepeBary BHKOPHUCTAHHS
KomyBaHHs [amya, a st pospsaHocTeidr m > 16
nepeBary IBilIKOBOTO YHMCIICHHS.

Jnst mpuckopenHsa BukoHanHs HIITYT meTtonamu
napaneiabHO1 00poOKH BHUKOPHUCTOBYIOTBCS
CTPYKTYpH, IO MICTATh JACKiIbKa MapajeabHO
nirounx apupmeTnaHux npuctpois [3, 10]. 3okpema,
yac BukoHanHs IIIYD y cucremi, mo MicTuTh

N/2 mnapanenpHo MNpamioouuMx  apupMETHIHUX
TIPUCTPOIB

T, =T,;log,N;

Ty =Tg, log, N.

Orxe, 3acrocyBaHHsA KomiB [alya B Takmx
cucremax IMPU3BOAUTH o 3MCHIIICHHS qgacy
BHUKOHAHHS MMEPETBOPEHHS HA BEJTMYUHY

AT =T, . -T;=(T,5 —Ts; )log, N .

TakuM  YHMHOM, BCTaHOBICHO  MOKJIMBICTD

peamizamii IIITYD i3 momanusMm iHdopmamii Ta
BUKOHAHHIM apU(PMETHIHUX OTEpaIlii B KOIOBUX
cucremax [amya. [IpoaHasi3oBaHO IIBUIKOZIIO
MPUCTPOIB BUKOHAHHS apUPMETHYHUX Omeparii
TepeTBOpeHHs Yomma-I'amya Ta CKIAagHICTh iX
amapaTypHoi peamizailii B ABIHKOBIH  cucTemi
yucleHHs Ta npu ['anya-koryBaHHI.

Bcranosneno, mo mpu peaiizarii nepeTBOpeHHs
Yonma-I'anya B KojoBux cucremax [anya,
amaparypHa CKJIaJHIiCTh apu()METHYHHX TPUCTPOIB
CXeMH BHKOHAHHS TIEPETBOPEHHS Ui OKPEMHX
3HAYCHb PO3PAMHOCTEH € OUTBIIOI0, BOJHOYAC, Yac
BUKOHaHHs apuMETHYHHX OIlepamid Juis BCiX
po3psaHOCTEH 1, BIANOBIIHO, Yac BUKOHAHHSA
[IEPETBOPEHHST MEHIIHHA, HiIX TPU BUKOPUCTAHHI
IBIAKOBOI CUCTEMH YHCJICHHS.

[IpoBeneni OCIILIKEHHS JOBOIATH
e(eKTUBHICTh 3a IMOKAa3HWKOM 4Yacy 3aCTOCYBaHHS
lanmya-komyBaHHS 1 BHKOHAHHS  TEOPETHKO-
YUCJIOBOI'O TMEPETBOPEHHS Youlla Haj IOJIAMU
lanya.
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Resume: [t is set possibility machine realization the Walsh transform above the Galois fields with presentation of

information and implementation arithmetic operations in the Galois code systems. The speed

of devices of

implementation of arithmetic operations for the Walsh - Galois transformation is analysed. It is set and analyzed
complication of it’s apparatus realization in the binary system and in the Galois -code.

The methods of transformation of form and
digital processing of information with the use of
discrete transforms are used in realization of system
functions of information technologies. The necessity
of processing and information transmission in the
real time predetermines actuality of development
and creation of the effective systems of processing
and message transmission. Transforms are the
vehicle of realization of procedures of information
digital processing, namely, the Fourier, Walsh, Haar
transform, number-theoretic and other discrete
orthogonal transforms are used for the coding,
processing, reduce amounts of information, in
particular, at the image processing, communication
networks, spectroscopy, radio-location.

The known results of researches the discrete
Fourier and Walsh transforms are analyzed in the
field of complex numbers [1-6] and in the finite
field [1, 2]. The discrete Walsh transform is
performed with the finite sequence of selected
performance information flows and it is the method
of calculation of spectral coefficients which
determine such descriptions of sequence, as power
and phase spectrums.

In order to classification of Fourier-similar
transforms [2] the discrete Walsh transform is
defined above the field of complex numbers and the
discrete Walsh-Galouis transform is defined above
the Galois field GF(p").

For representation of information in case of
realization Walsh-Galois transform it is suggested to
use the code systems Galois’s [7], what allows to
avoid the defects of dynamics of implementation of
arithmetic operations in the binary system.

The main task of research is establishment of
possibility and ground efficiency of application of
Galois coding for presentation of information during
realization of the number-theoretic Walsh transform
above the Galois fields. The increase of speed of

digital information processing is the result of
application of transform.

The Walsh-Galois transform is a sequence of
finite length N. It obtained from a sequence of input
data and it is given in a matrix form by equation (1).
The terms of choice of order g of the Galois field
GF(q) are resulted for existence of synonymous
accordance between the values of spectrum in the
field of complex numbers and in the Galois field [1].

The Walsh-Galois transform above the Galois
fields as well as above the field of complex numbers
is calculated with application fast algorithms Walsh-
Galois  transform (FWGT), which require
implementation of less of arithmetic operations. The
flow graphs of algorithm of fast Walsh transform
computation for length of the input sequence N=8 is
plotted on Figure 1. The flow graph of base
operation of an algorithm is shown in Figure 2. The
common amount of base operations, necessary for

N
realization of algorithm, makes ?log ,N.

For estimation of time shortening of calculations
it is analysed the features of implementation of
arithmetic module operations in the binary system.
The basic method of realization of module
operations is put into the units additional transfers
between the bits of adder with the purpose of
achievement of the set size of the module of M,
different from the size of the module of adder

without the additional transfers, which makes 2",
where m is a number of bits of adder [1]. Time of

addition in adder by the module 2" —1 [1] is
determined from expression (5) as a two time of
addition in binary system and a time delay in scheme
of carry unit.

Time of implementation of operation of addition
is analyzed in a binary adder with the parallel
transfers, which depending on a scheme is calculated
by formulas (6), (7) [8, 9]. Time of implementation
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of operation of addition on the module 2" —1 is
determined taking into account equations (5), (6),
.

It is comparative with ordinary multiplier binary
numbers, module multiplier contains one more adder
for realization of cyclic carry and report of result by

the module 2™ — /. Time of implementation of
multiplying in such unit is determined by times of
binary multiplication, binary addition and a time
delay in scheme of carry unit.

There is a total number of inputs of all logical
gates in scheme by the criterion of apparatus
complication A to the device. Apparatus
complication of arithmetic units [1, 8, 9] of
realization of the fast Walsh-Galois transform at the
use of the binary system A, ., is determined by

complication of module adder 4 module

0.c.mod >

multiplier A and logical scheme of

o0.m.mod
generation of carry from a meaningful significant
bits most in junior one A, .

Specific of recursion organization of method of
Galois code foresees realization of arithmetic
operations (3), (4) transformation on the basis of
matrix of programmable logical gates. Time of
implementation of operations of addition,
multiplication by the constant and base operation of
the fast Walsh-Galois transform is analyzed in the
Galois’s codes systems.

Apparatus complication of arithmetic units of
realization [10] of the fast Walsh-Galois

transform in the Galois codes use A; is

determined as total complication of adder and
multiplier.

Timing realization of arithmetic operations [8, 9,
11] are executed for estimation reduction of time of
performance of calculations fast Walsh-Galois
transform and application of the offered method
Galois coding. The analysis is carried out subject to
the condition the use of parallel adders. Time of
implementation arithmetic operations in the code

systems Galois’s 7'; and in the binary system 7,
is given in Table 1. Corresponding functional

dependences of length of input sequence N =2"
are represented on a Figure 3.

It is possible to do a conclusion from the Table
1, that for lengths of sequences from N =4 to

N =2 implementation of arithmetic operations of

addition and multiplying at realization of the Walsh-
Galois transform with application of Galois coding
method requires in &, one times less time, than
with the binary system. The values of coefficient of
acceleration of implementation arithmetic operations
and the values of bit 7 are given in the Table 2.
Estimations of efficiency of apparatus realization
of arithmetic units are done by a criterion A4-T [9]
A().C,T o.c.

code A;T . Value of estimations of efficiency of

at used binary system and Galois

apparatus realization of arithmetic units by the
criterion AT are given in a Table 3. Dependences of
estimations of efficiency of apparatus realization of
arithmetic units by the criterion AT of a bit are
plotted on a Figure4.

Comparison of computing devices is done by the
methods of implementation of the Walsh-Galois
transform with representation of information in the
binary system and in the Galois code use by the
following basic criterions:  time of arithmetic
operations implementation and by the criterion of
AT, where A is apparatus complication of devices,
T is time of decision of task. The analysis of the got
results by AT criterion allowed to define for the
values of adder bits m < /6 advantage of the use of
Galois code and for adder bits m > /6 advantage
of binary system.

Thus, possibility of computation fast Walsh-
Galois transform is set with presentation of
information and implementation of arithmetic
operations in the Galois’s code systems. The rapid-
acting of devices of implementation of arithmetic
operations of Walsh-Galois transform and
complication of their apparatus realization in the
binary scale of notation and in Galois code are
analysed.

It is set that apparatus complication of arithmetic

units of scheme of transformation for the some
values of adder bits the realization of Walsh-Galois
transform in the Galois’s code systems is anymore,
but the time of implementation of arithmetic
operations for all adder bits and time of
implementation of transformation is less, than at the
use of binary system.
These researches prove to efficiency of the Galois
coding application for implementation of the
number-theoretic Walsh transform above the Galois
fields by time criterion.
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