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Annomayus

B pabote cuHTe3MpyeTCs «COBMEIUCHHBII» aIrOpUTM MHOTOMEPHOIO THIIEPKOMIUIEKCHOTO JHC-
KpeTHOro npeobpaszoBanus Oypbe BEIIECTBEHHOTO CUTHAJA [0 OCHOBAHUIO TPH C NPEACTABICHHU-
€M JIaHHBIX B 00001eHHbIX Kojax ["amunbroHa-diizeHinTeliHa. [lomydeHa cioxHOCTh apupmMeTu-
YECKUX OMNepaluii B KOMMYTaTHBHO-aCCOLIMATUBHOM T'MIIEPKOMIUIEKCHOM airedpe U ee MpeacTas-
JIeHUM B 0000ILEHHBIX KoJax. [IpUBOASATCS OLEHKH BBIYMCIMTENHLHON CII0KHOCTH CUHTE3UPYEMO-

Tro ajropurma.

Beeoenue
B pabote cuHTE3MpyeETCS «COBMELIEHHBIN» aIrOpPUTM
MHOT'OMEPHOTO T'MITEPKOMILIEKCHOTO JIUCKPETHOTO Ipeod-
pazoBanusg Pypre (I'/I[1D) BelrecTBEHHOr0 CUrHaNA:
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Flr)= 2 77 (wy), M
ny ...,y =0
rie n=(my,...,my), my,...,my;=0,1,..,N-1,
I:{l,...,d}, W(p,v):Hmf"‘"i , mi:eznzisv . a
iel
gl=.=¢i=—1, g,....6; — OOpa3yIOUIHE >IEMEHTHI

HEKOTOpOil 24 -MEPHON KOMMYTaTHBHO-aCCOLIMATUBHOMN
runepkoMIuiekcHon anreopsl (KT'A).
Kaxk nokazaHno B psne pabort [3, 4] mist cuaTe3a ObI-

crpbix anroputmoB III® mmmuet N=37, peN mupexn-

MOYTHUTEILHEN MCIIOJIHL30BaTh MNpeACTaBJICHUC KOM-
IJICKCHBIX YUCCII U KBATCPHUOHOB B TaK Ha3bIBA€MbIX
IUKIOTOMUYECKHX Konax (y— Kojax). B Hacrosmiein

pabote mpom3BOAUTCS O00OOIIEHHE TAHHOTO IMPEICTaB-
JieHus Ha ciayyail MHoroMepHoi KT'A.

1. Kommymamueno-accoyuamughvie
2UNEPKOMNIEKCHbLe a12e0pbl

KommyTatuBHO-acconnaTnBHOl anredpoit B, , co-

rimacHo [1], Oymem Ha3BIBaTh 24 —MepHyI0 anredpy Haj
R c 6asucom:
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A= Hgi > a’i_oal s (2)
iel
rnae e?:l, s} =g, — o0Opasyolue 3JIEMEHTH CO cle-
AYHOLIUM MTPaBUIIOM YMHOXCHHUA !
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Anrebpa B, mpencraBuMa B Buzie IpsSMOH CyMMEI

2971 ommIeKcHBIX anredp [1].
BBezem cnenyrorine 0003HAYCHHS

2me; .
v,€C(g;), v;=e 4, iel , 4)
a TUIEPKOMIUIEKCHBIE YHCTa Y, €CTh COOTBETCTBYIO-

mue 06pa3},l B Bd QJICMCHTOB, CONPS’)KCHHLIX B C(Si)

3JIEMEHTaM Y, .

Omnpenesnenne 1. YropspoueHHBIH HAO0Op BELIECT-

BEHHBIX YHCET (no,...,ni,...,nzdil) TaKHX, 94TO:
d 1+l
h=y - [Iv/ s (5)
ieT J=1

e T:{O,...,Zd—l}, i=y...;, 1={0,1} HasoBem

0000IIIEHHBIM Y— KOJIOM 3JIeMeHTa s u OyzeM o0o3Ha-

4arh <h>
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d
Y=1T=[ v i=y g, =00 (6)
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HazoBeM 0asncoM MpexacTaBieHus anrebpel B, , a mo-

JydeHHyko anre6py o6o3Haunm B 4 - JJaHHOE TIpeACTaB-

JICHUEC 3JICMCHTOB anre6pLI Bd OAHO3HAYHO U IIPOU3-

BOJIBHBIN 3JIEMEHT ( g)eB 4 TIPUMET BUJ:

<g>=z &L .

i€l
. hi(Js
ITycts \V(],t):H(—l)’(] I), rae QyHKIuA A, -
iel
YMHOXEHHUE (-TO pa3psiia JBOUYHOTO MPEICTABICHUS

J,t . Torna MHOECTBO U3 24 otoGpakeHuii G :

c;:B,—B,, @)
TaKHX, 4T0 O (x)chi\y(j,i)Ei , tme xeB,, c;eR,
iel
jeT , sBnseTcs MHOXECTBOM aBTOMOP(GU3MOB anred-
per B, .
3ametim, uto o, (I, )=Tq;, Te ® — nopaspsaHOe
CIIOXKEHWE MO  OCHOBaHHI 2,  Tak  Kak
(i) = . .
G‘/(Yi):“/zf (7 *’):yi, iel, jeT. Torma aBTOMOp-
¢usmsel (7) anredper B, Hang R mpuBomar k cinenyro-

IeMy MpeoOpa3oBaHUIO KOJIOB
<Gj (g )>=Z§i@jfi@ ;o (®)
iel

IpUYeM Iepexo] OT THIEPKOMIUIEKCHOTO BJIEMEHTa K
€ro aBTOMOp(HOMY 00pa3y peaim3yercs B KOIax TpH-



BHAJIBHO, ITyTeM NEePECTaHOBKH, M He TpeOyeT NOIOJIHH-
TENbHBIX BEIIECTBEHHBIX YMHOKECHHH.

B pabote [1] nmokaszano, uto mig moboro d>1 cy-
IIECTBYET TONBKO JBE PpAa3JIMYHBIX KOMMYTAaTHBHO-

acconuaTuBHBIX anre6psl: anrebpa B, B kortopoii

B;=1 mnsa xaxnmoro i€/ wu anrebpa B, B koTopoit cy-
mecTByeT i€/ Takoe, uro fB;=—1.

bynem cuutath, 4TO NpPU OLIEHKE BBIYUCIUTEIHHOU
CJIOKHOCTU PacCMaTpPHBaEMbIX AJTOPUTMOB OAWH U3
COMHOXKUTEJIEH MpeArosaraeTcs MOCTOSHHBIM, TIO3TOMY
BCE apuU(METHYECKUE OINepaly HaJl ero KOMIIOHEHTa-
MU MOTYT OBITh peali30BaHbI 3apaHee. Y MHOKEHHS Ha
CTETIeHN 4YHCiIa 2 SIBIAIOTCS OoJiee IPOCTBIMU OIepa-
LUSIMH, YEM CIIOKEHHS M YMHOXKEHUS U HE YUUTBIBAIOT-
Csl IPU aHAJIN3€ BBIUUCIUTENLHON CIOXKHOCTH allTOPUT-
moB 1D [2, 4].

Teopema 1. YMHOXEHHE ABYX MPOM3BOIBHBIX dJIe-

MeHTOB B anrebpe B, MoxkHO peanmszoBaThb 3a 3.2

BEIIECTBEHHBIX YMHOXEHUH U (4d—1)~2’1_l BeIIEeCT-

BEHHBIX CJIOKCHUH.

Hoxasamenscmeo. Ilycts g=» & E,, h=) nE,,
tel telT
g.heB,; u nd™, nd™ ed™ 97 eB;, | Torma nammbie
3JIEMEHTBI MOXKHO MPEJCTaBUTh B CICAYOIIEM BHE:
h=ng ni"E, g=Ey +EE,

rze, cormacto [1], E?=1. Torma
[ )
2 - )(E)

rge & :ég_l ié‘;fl_l , :ng_l inf’_l . CnenoBaTensHo,

)

TpeOyeTcsi BBINOJHHUTH J[BA YMHOXKEHHS 3JIEMEHTOB
KT'A pa3smeprocTH 247y YETBIPE CIIOKEHUS BIIEMEH-

toB KI'A pasmepHOCTH 24 IIpumMensis Te xe camble
paccyxnenust k B, , u pmanee, momyuaem anroputm

BBIYHCIICHHS, Ha TOCJEIHEM Iare KOTOPOro IPOHM3BO-
JIMTCST YMHOKEHHE 3JIeMeHTOB anreOopsl C (koMIutekc-

HBIX uncen). Ha k -om mare mmeem 2k y3J10B, TO €CTh

2k apudMeTHIeCKHX orneparmii B anredpax B,_, . Jns
KaXXJI0T'0 Il1ara 3Ha4YeHus (ng’k +nfl’k ) u (ng’k —nf’k)

MOTYT OBITh paccuMTaHbl 3apaHee. Toraa KOJIMYECTBO
BEIIECTBEHHBIX YMHO)XEHMH MOXXHO COKpaTHTb, HC-
MOJB3ysl Ha TIOCHEIHEM IIare 3apaHee BBIYHCICHHOE
MIPOM3BEICHUE COOTBETCTBYIOMINX KOHCTaHT. CrnenoBa-
TENbHO, MYJBTHIUTMKATHBHASL CIIOXHOCTH BBIYHCIICHUS
NPOU3BEICHUS JIBYX IPOHM3BOJIBHBIX JIEMEHTOB alred-

pel B, cocraBmster 3277 BemecrBeHHbIX YMHOKEHHI.

AHaNOTMYHBIMH PAcCyKACHUSAMHU IMOJTy4aeM, dTO
aJJUTUBHAsL CIOXXHOCTh YMHOXCHUS IBYX 3JIEMEHTOB

anreopsl B; cocrasmser (401—1)~2”l_1 BEIIECTBEHHBIX

CIIOKEHHUIA.

Teopema 2. IMycts (g)z(&o,...,ézdfl ) ,

<h>=(n0,...,n2d_l), TOTla YMHOXEHUS (hg) MOXKHO

BBITIOJIHUTH TTOCPEICTBOM 3¢ BEILIECTBEHHBIX YMHOXKE-
HUH U 3(3”/ -2 ) BEILIECTBEHHBIX CIO0KECHUH.

Joxazamenbcmego. 3aMeTuMm, 4TO B OOOOIIEHHBIX
KOJax TaK)Ke UMEEeT MECTO COOTHOIIICHHUE:!

(g)=0, +BT,. (h)=ar; +b7,. (10)

rie (a),(ﬁ),(a),(b)eéd,l . Torma ywmHOXeHHE (hg)
MOYKHO PEaTU30BaTh 3a 3 YMHOXEHHS U 32 3 CIIOKCHUsI

06o0meHHbIX  koxoB pasmepuocti 2971, Tlonyuaem
ITOPUTM BBIYUCICHHUS YMHOXXCHHS B 00OOLICHHBIX
KOJIaX, aHAJIOTWYHbBI CHHTE3UPOBAHHOMY B Teopeme 1.
CyMMUpYsI CIIO)KHOCTh Ha KaKIOM IIare, MOJIydaeM,
9TO YMHOXKEHHE ABYX IMPOU3BOJIBHBIX JJIEMEHTOB aj-

reGpsi B, peammsyercs mocpenctBom 3¢ BemecTeH-
& i d_~d
HBIX YMHOXEHHH W 23’2 - =3(3 -2 ) BEILIECTBEH-
i=l
HBIX CJIOXKEHHIA, YTO U TPeOOBAIOCh 10Ka3aTh.
Caencreue 1. Ilycte geB, , heB,, rne k<d . To-
ra YMHOXXEHHE JJIEMEHTOB <g> " <h> peanusyercst

2d7k

MIOCPEICTBOM 3k BELLECTBEHHBIX YMHOXEHUN U

320k -(3k ok ) BEIECTBEHHBIX CIOKEHUH.

2. Anzopumm muozomepuozo I'/IIID
6€UleCMEEHH020 CUZHAIA RO OCHOGAHUIO MPU

ycts f (v)eR - TpeoOpa3yeMblii MHOTOMEpPHBII
(Nd) — wmaccuB, N=3" . Ero rumnepKoMIUIEKCHBIH

criekTp ompenensercs coorHomenrneM (1). Korcrantsr
W(p,v), ©; CUATAIOTCH 3aJaHHBIME OGOOIICHHBIMU

Komamu I 'ammiipTOHA-Dif3eHIITEHHA.
Cnextp (1) MOXKHO MpeacTaBUTh B hopme:

Pl 3 F (W) e).

rac

) !
Fy(r)= 2/, (3v+p)W (m3v+p).

ny ..,y =0

3uadenms F, (1) 1OCTATOYHO MOTHOCTBIO BBIUHC-

JATh JUISI BEKTOPOB MEA , rae A - dyHIaMeHTanbHas
00JacTs:

A:{p:OSml,. LMy S]%—l} .

3HaveHus £ ( u+a) JUIS BEKTOPOB M+ , JIeXKAIINX

B 00JacTAX, MOJNyYEHHBIX U3 00JacTH A aJIUTUBHBIMHU
CIIBUTaMH Ha BEKTOPbI



a:(oclﬁ,...,ad ﬁj, a;=0,1,2,
3 3

OTJIMYAIOTCS OT COOTBETCTBYIOMIX £, () JIHIID MHO-

HKUTETAIMHI V,..., Y5> Yi»---»Yq» A4 HE TPEOYIOT JIs BBI-
YHCIICHUS JONOJHUTEIBHBIX BEIICCTBEHHBIX OICpPaLHid.

Tpu BbrumcIeHnH Fj (1) JIOCTATOYHO OTPaHHUMTHCS

3HAYECHUAMH PNEA)CA :

Ay :{p:OSm1 yenes My S% (]%H)} .

3Ha4YeHHsI CIIEKTPa B OCTAIBHBIX TOYKaX 00IacTd A
BBIYHCIISFOTCS C UCIIONB30BaHUEM TOXKAECTB!

o, (, (w)oi el )T =

(V)Y

Ymuoxkennst Ha | [y{" u BbimonseHne oroGpase-
iel
HUH c, He TpeOYIOT HETPUBUAIIBHBIX BELIECTBEHHBIX
YMHOKEHUH.
YYuTBIBas CIOXHOCTH apH(PMETHUECKUX OIeparlHid

B 0000MIEHHBIX Y—KOaX, TIOy4aeM:

M (Nd )=%N”’ log, N+0(Nd) , (11)
d(va\ 43 d
4 ()= o NV log N+O(N?), (12)

Gf(Nd)=#Ndlog3N+0(Nd), (13)

rae Mf(Nd), Af(Nd), Gf(Nd) COOTBETCTBEHHO

MYJIbTUIUIMKATUBHASA, aJAUTUBHASA U 06mas{ CJIO’KHOCTh
ajropurma.

3aknrouenue

IIpennaraemoe mpencraBinenne KIA mo3BossieT
cunTe3uposars anroputmsl I'IIID no ocHoBaHUIO TpU
IIPOU3BOJIBHOM Pa3MEpPHOCTU BXOJHOro curHana. llpu
9TOM C POCTOM Pa3MEPHOCTU CJIOKHOCTh aIrOPUTMA
BO3pacTacT JOCTaTOYHO MEUICHHO.
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Abstract

The paper synthesizes a “combined” algorithm for a multidimensional hypercomplex
discrete Fourier transform of a real signal at base three with data representation in generalized
Hamilton-Eisenstein codes. The complexity of arithmetic operations in commutative-
associative hypercomplex algebra and its representation in generalized codes is determined.
The computational complexity of the synthesized algorithm is evaluated.
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Fourier transform.
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