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OIIEHKA CJIOKHOCTH BBIYMCJEHUI B KOHEUHBIX IMOJISIX

Aunortanus. [IprBeeH CpaBHUTEIIBHBIN aHAIIN3 alIapaTypPHOH ¥ BPEMEHHOMN CIIOKHOCTH CXEM YCTPOMCTB, PEaIH3yIOMINX YaCTO HCIIOJIB3Y-
€MbIEC METO/[bI BHIYHMCIICHUN B KOHEYHbIX ITOJISIX.

KiioueBble c/10Ba: KOAbI, KOHEYHBIE MOJI51, CI0KHOCTH CXeM YCTPOIiCTB.

AwnoTtanis. HaBeneHo nopiBHAIBHUI aHAII3 allapaTypHOIO Ta THMYACOBOI CKJIAJHOCTI CXeM MPUCTPOIB, IO PEati3yloTh 4aCTO BUKOPHCTOBY-
BaHI METOIM O0YHUCIICHD B KIHIIEBUX ITOJISIX.

KJi11040Bi cJ10Ba: KoaH, CKiHYEHHI M0J151, CKJIATHICTh CXeM NMPUCTPOIB.

Abstract. The comparative analysis of the instrumental and temporal patterns of devices that implement commonly used methods of compu-
tation in finite fields.

Key words: codes, finite fields, the complexity of circuit’s devices.

Berynuienue

BbluniciieHust B KOHEUHBIX TIOJISIX HAXOJAT MPUMEHEHHUE BO MHOTHX O0JIACTSAX HAYKU U TEXHHKHU (B TEOPUH
KOJIMPOBaHMUs, MIEPEKIIOYCHUH, B Kpunrorpaduu, npu nudpoBoi 06paboTKe CUTHAIOB U AP.).

Tak xax Ha0Op KOMaH/I YHUBEPCAIBHBIX KOMIBIOTEPOB HE MPUCIIOCOOIICH JUIs BHIMOIHEHUs! OIlepaLuil Hajl
JJNIEMEHTaMH KOHEYHBIX TMOJIeH, TO Ui TakuX Omepauuii HeoOXOAMMO CO31aBaTh IOIOJIHUTENIbHBIE
HOANPOTPaMMBbI HIIH CIICIHaJIbHBIE BEIYUCIUTENILHBIE YCTPOWCTBA.

AKTyalbHOCTH

Bbruncienust B KOHEUHBIX TMOJISIX C ITOMOIIBIO BBIYMCIHUTENBHBIX YCTPOWCTB MOTYT OBITh pEaM30BaHBI
pasnmuHbIMH criocobamu. HanbosbIee pacripocTpaHeHne TONTydHiIa pealn3alis Onepaii Hal MHOTOWICHAMHI
Y 3JIEMEHTaMH KOHEYHBIX IOJICH B JIMHEHHBIX MOCIIEIOBATEIBHOCTHBIX MalIMHAX (perucTpax casura). MoxHO
NPUMEHATh METOJBl C MCIOJBb30BAaHWEM JIOTMYECKHX (GYHKIMH, ITO3BOJIAIONINE pEalN30BBIBATH OIEPALUH
YMHOXCHHS, a TaKKe WHBEPTHPOBAHHUS B KOHEUHBIX IOJIIX MAaJbIX MOPSAKOB (CO CTENEHBIO MOPOKAAIOIIETO
1oJie MHOTOWwIeHa <6), Ha KOMOMHAIMOHHBIX cxeMax. Mcronb3yeTces Takke TaOJIMUHBIN METO/I, B COOTBETCTBUH
C KOTOPBIM pe3yJIbTAaThl ONEPaLUii B KOHEYHBIX MOJIAX XPAaHATCS B MOCTOSHHOM 3allOMHUHAIONIEM YCTPOWCTBE
(IT3Y) wnu mporpammupyemoit norudeckoit martpuiie (IIJIM). OcHoBy ammapaTHOW peanu3al MOTYT
COCTaBUTh CIEIHAIbHBIE KOHEYHBIC aBTOMATbl, CHENUAIU3UPOBAHHBIC IPOIECCOPHI C MHUKPOIPOrPaMMHBIM
YIPaBJICHUEM U CUCTOJIMYECKHE CTPYKTYPHI.

Heasn

Lenb cTaTbd COCTOHUT B TOM, YTOOBI IMOTYYUTH COOTHOIICHHUS CIIOKHOCTH CXEM, KOTOPBIC OBl TI03BOJISIIH
BEIOMpAaTh JydIIne W3 pPa3pabOTaHHBIX WM HW3BECTHBIX METONOB WM CXEM II0 HEOOXOIUMBIM IapaMeTpam
(ammapaTypHBIM 3aTpaTaM, BpEeMEHH BEIYUCIICHIS).

[Mon ammapaTypHOit cnokHOCTHIO (N) CXeMBI Oy/IeM IMOHIMATh KOIHYECTBO (DYHKIIMOHAIBHBIX 3JICMCHTOB
OasmcHoro Habopa (cxem W c¢ mBymsa Bxomamm, cxeM WJIM ¢ nmByms Bxomamm u cxeM HE) B cxeme,
peanu3yoIIeH 3aJaHHYI0 (YHKITUIO.

ITon BpemenHo cnoxHOCTHIO (T) cXeMbl Oy/1eM TOHHMMATL BpeMsi, HEOOXOIUMOE ISl PeaIH3aliy CXeMOM
3alaHHOHN (DYHKIMY, TPHU ITOM 3a CIUHUILY BPEMEHH NMPUHUMACTCS BpeMs CpabaThIBaHHS DJIEMEHTa 0a3MCHOIO
Habopa (t).

3agaun

C0XHOCTh CXEM BBINOJIHEHHS ONlepanunii ¢ MHOrowieHaMu Hax nojiem GF(2)
Omnepanun BBIIOTHAIOTCS C MHOTOYJIEHAMHA

a(x)=a, X" +a, X" +...+ax +a,;
(1
b(x)=b, x"" +b _x"7+...+bx +b,,

rae a;, bj e GF(2).
CI0KHOCTh CXEM YMHOXCHUSI MHOTOJICHOB.

CH0XHOCTb CXEeM YMHOKCHUS IIPUBCACM JId ClIyvast, KOrjaa deg a(X) = deg b(X) =m-— 1 .

CHOXHOCTh CXEMbl YMHOXKEHHS MHOTOUYIEHOB Ha cIBUTOBBIX peructpax (CCYM) [1, 2] paBHa (mpu
HAJIMYUU PErUCTpa AJI 3allMCU U XpaHEHHUs 0JHOTO U3 comHoxuteneit B CCYM):
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NCCYM =34m-23 ;
CnoXHOCTh KOMOMHAIIMOHHON cXeMbl YMHOKeHUs MHorowieHoB (KCYM), peanuzytomeil npeanoKeHHbIH
METO]l HETIOCPEACTBEHHOTO YMHOYKEHHSI MHOTOUJIEHOB [3], COCTaBIsET:
Tkcym =(Bm=2)t.

C0>KHOCTB CX€M JIeJICHUs] MHOTO4JICHOB.
Jenenue mHorowtena C(X) Ha MHorouneH a(X) MPOU3BOIMTCA B COOTBETCTBUH C BHIPAKEHHEM

c(x)=a(x)-b(x)+r(x),

rue MHOT'O4JIEHBI a(x) u b(x) IpECTaBIICHbBI BBIPA)KCHUSIMU (1), MHOTO4JIeH

-1 -2
1(X)=1,_;X'  +1,_oX ~+...+ X +T, fABASETCH OCTATKOM OT ACNCHH, KOdhDHIHEHTE 8, bj , I, €

GF(p).
Crenenb MHOrowIeHa C(X) (1ea1MMOro) paBHa:

degc(x)=(d—-1)=dega(x)+deg b(x)=(m—-1)+(n-1).

Crenenb mHorowieHa b(X) (4acTHOro) W3HA4aIbLHO HEM3BECTHA, HO €€ MOYKHO BBIYHCIHTH W3
BEIPAKEHHS:

deg b(x)=(n—-1)=degc(x)—dega(x)=(d-1)—(m-1).
Crenens MHorowsena r(X) (ocrartka) ompezensieTcs crerneHsio genurens a(X) :
deg r(x) =(r—1)<dega(x),

nosromy deg r(x) <(m—1).
CHOXHOCTh CXEMBI JIeJIeHHs] MHOTOWICHOB Ha caBurosbix peructpax (CCIAM) [1, 2, 4] paBHa (mpu
HAJIMYMK PETHCTPA ISl 3aMMCH U XpaHenus nenutens a(X)):

NCCI[M =34m-33 ;

CnoxHOCTh KOMOHMHAIIMOHHOW cxeMbl aeneHus MHorowieHoB (KC/JM) u ynuBepcamsHoii KCIM
(YKCIOM) [5], peanu3yrommux MOpeajioKeHHbI B [6] METOJI HEMOCPEJCTBEHHOTO JEJICHHs MHOTOYJICHOB,
COCTaBJISICT:

Nieam = Nykeam =5(m—=1)(d—m+1);
CIIOKHOCTb CXEM BBIMOIHEHHS ONEpAIHii Hajl dIeMeHTaMu kKoneuHoro moms GE(2M)
CJI0)KHOCTh CXEeM MPUBOJUTCS JJIsL JIIOOOro 0Opa3yromero KOHEYHOe I0Jie HEMPUBOJMMOrO MHOTOYJIeHA

X .
p(x) 3aJJaHHOM CTeNeHW m U 6€3 yueTa CJI0KHOCTH PErucTpa IJIsl XpaHEeHHsl TOr0 MHOTOWIEHA.
CI0’XXHOCTB CXE€M YMHOXCHUS 3JIEMEHTOB KOHEUHOTO IO,
CHOXHOCTh CXeMbI YMHO)KEHHS 3JIEMEHTOB KOHEUHOTO 1O Ha cABUTOBBIX peructpax (CCYD) [4] paBHa:
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n

Teeys = (22m +15)t.

Cxema, peanms3ylomas yMHOXeHHe 1o Mertony bapru—Illnatinepa [7] (cxema BIIYD), wumeer

annapaTypHyIO CIIOKHOCTb (M7 BEIYUCIIEHHS BCEX BEIMYMH C; M 0€3 ydeTa CIOKHOCTH BBIYMCIICHHS BEIUYMH

(1) (i)

O(,kl , CX€Ma BBIYMCJICHHUA BECIIMYHUH O(,kl H €€ CJI0KHOCTDb B Hy6HHKaHI/IﬂX HEC HpI/IBOHﬂTCﬂ):
NPy = (m+1)(5m -4
pirys = (M+1)(Sm—4)m.

Bpemst yMHOMEHHS COCTABJIACT (IIPU OJHOBPEMEHHOM BBLIYUCIECHHHM BEJIMYMH C; U C y4€TOM BPEMEHHU

BBIYUCIICHUS Ha cxemax M BexmunH (a i OLE(II) )):

M
B [8] pa3paboTaH MeTOJ HEMOCPEICTBEHHOI'O YMHOXCHHUS 3JEMEHTOB KoHewunoro mois GF(2M).
COKHOCTh KOMOWHAIMOHHBIX cxeM [9] mis peaiu3anuu 3TOro MeToa cocTaBiseT (0e3 ydera CIOKHOCTH

6))

BBIYUCJICHUSA OIICPALIMOHHBIX KOB(I)(I)I/H_II/ICHTOB pi " ux XpaHeHI/Iﬂ)Z

Nicys = m(10m —13)+4;

M

Jlnst pazpabortanHoro B [10] MeTona yMHOXKEHHS eMEeHTOB KoHeuHoro noyst GF(2™) ¢ ucnons3oBanueM
YMHOXKEHHUS M JeJCHUS MHOTOuIeHOB Haja mojeM GF(2) ciaoXHOCTh KOMOMHALIMOHHOM CXEMBl YMHOXECHHS
(KCVYD) pasna:

Tkcys =(6m=35)t.

CHOXHOCTb CXeM MHBEPTHPOBAHUS 3JIEMEHTOB KOHEYHOTO OIS,
M
KoMmOnHanmoHHbBIE CXEMBl WHBEPTUPOBAHHUS 3JIEeMEHTOB KoHeyHoro mnomsi GF(2) c¢ Bbrumcinenunem
MuHOpOB (KCUD-M), peanmsytromntie pa3padoTanHbIi B [11] MeTOI, IMEIOT CIIOKHOCTB:

m-1
Nicpnom = (5m* —4m)(m—1)/2 +Y_ (St —4)[m!/ rl(m —1)!];
r=2
Tkcyn-m =(Mm—-1)Cm+4)t/2.

VHBepTUpOBaHHE 3JIEMEHTOB KOHEYHOTO IOJII MOKHO BBINOJHATE MO Merony bapru—Illnaiinepa [7].
OmHAaKO, CXeMbI HHBEPTUPOBAHUS, PEATM3YIONINX 3TOT MeTo (cxeMbl BIIIMD), u uX CII0KHOCTh B IMyOTUKAIHIX

He npuBoautcs. B [12] pazpaboTana cxema BBIYHCICHHS OJIHOTO 3JIEMEHTa Ai +1.] MaTtpuIsl A nnsa cxem

BIIND. CnoKHOCTh CXEMBI AJIs1 OTHOBPEMEHHOTO BBIYUCIIEHUS BCEX 3JIEMEHTOB COCTABIISET:

N = (5m-4)m?;

Pemenue 3agaun

CpaBHeHI/Ie CIIO)KHOCTH CXE€M BBEIYHCIICHUI B KOHSYHEIX ITOJISIX

23



ISSN 1999-9941, “IHOGOPMALIIAHI TEXHOJIOT'Ti TA KOMIT'FOTEPHA THXXEHEPISI”, 2013, Ne 2

CpaBHEHHE CIIOKHOCTH CXEM BBIITOJTHEHUS Ollepanuii ¢ MHorowieHaMu Hax nojieM GF(2).
B pesynbrate cpaBaenus KCYM u CCYM nonydaem:

Ha puc. 1 u puc. 2 npusenensl rpaduku cinoxkaocrei KCYM u CCYM, U3 KOTOPBIX BHIHO, YTO
BpeMeHHast cinoxxkHocTh KCYM Bcerna mensbiie BpeMeHHOW cinoxHoctd CCYM, a anmapaTypHasi CII0KHOCTh

KCYM wmenbme cioxaoctt CCYM ms m < 7.
CpaBuenue KCJIM u CCIM pnaer:

[IpuBeneunsie Ha puc. 3 U puc. 4 rpaduKu NOKA3BIBAIOT, YTO BpeMeHHas cioxHocTh KCIAM (YKCIM)
BCerja MeHble BpeMeHHOW cioxHoctd CCJ/IM, ammaparypHas CIOXHOCTh — MEHBIIE JUIS OTPENCICHHBIX

COOTHOIIEHHT cTenenel gemmmoro C(X) u nemurens a(Xx) .

Ny

4207
3507
2807 /
2107
1401

701

- 70"
Pucynox 1 — I'paduk ammapatyproii cioxaoctn CCYM u KCYM:
=58 -NCCVM, ~NKCYM, &2 — AN

TA

3501
3001
2501

2001

w

0o 1 5 3 4 5 6 7 5 9 dom
Pucynok 2 — I'paduk BpemenHoii croxaoctd CCYM n KCYM:
-=—8-8--TCCYM, —TKCYM, 22—~ — AT
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Ny

4001

3001

2007

- 100~
Pucynok 3 — I'paduk anmmapaTypHOH CII0)KHOCTH CCI[M u KCI[M (YKCIIM):
=855 -NCCIM, — NKCIM, s— — AN

111&

3851
3301
275
2201
1631
1101

557

0 l é 3 ; 3 g 9 % ; iO ):
Pucynox 4 — I'padux BpemenHoii cnosxkaoctd CCAM u KCAM (YKCIM):
=858 -TCCIM, —TKCIM, =22 — AT

. M
CpaBHEHHE CI0XKHOCTH CXEM BBITIOIHEHHS ONepanuii Haj 3JeMeHTaMu KoHedHoro monst GF(2™).
CpaBnuBasg KCYD ¢ CCYD, umeem:

AN =Ny — Ngeys = 2(45m —5m? - 3) ;

Bpemennas cnoxnocte KCYD Bcerma MeHblne BpemMeHHOH cnoxkHoctn CCYD, a ammapaTypHas

cnoxnocth KCYD menbuie cnoxnoctn CCYD mma m < 8. Ha puc. 5 u puc. 6 npeacraBieHsl rpaQuku
cioxHoctert KCYD u CCYD.

Na

75010
5901
4301
2701

11or

+ + + + + + + Ly + >
_50_0 1 2 3 4 5 6 7 8 9 10 m

Pucynok 5 — I'paduk ammapatyproii cioxaoct CCYD u KCYD:
-85 - NCCVYD, —NKCVYD, -&—-=—2-—AN
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v

0 1 2 5 4 5 & 7 5 9 lom
Pucynox 6 — I'padux BpemenHoii cioxxaoctd CCYD u KCYD:
=55 -TCCVYD, —~TKCVYD, &—s—a — AT

CpaamBasgs KCYD c¢ BUIYD, momyyaeM MHHUMAaIbHBIC 3HAYCHUS BENWYHMH (T.K. CXeMa BBIYHCICHHSA

(1)

BCIIMYMH Otkl " €€ CJIIOKHOCTH B ny6m/11<au1/mx HC HpHBOI[?[TC?[)Z

AN™™ = NP1y — Ngeys = m[m(5m —9) +9]—4; AT™" = Ty — Tecys =t

Takum o6pazom, cnoxkHocTh KCYD Beerna menbie ciuoxkaoctu BITYD.
Tounoe cpaBHenne KCUD-M u cxem BIIND BBINONIHUTE HEBO3MOXKHO, TaK KaK HE U3BECTHBI anmnapaTyp-

i
Hasgd U BpEMCHHAaA CJIOKHOCTU CXEM BBIYHCJIICHUSA 3JICMCHTOB Otgd) MaTpulbl M1 1 CXEM BBIYUCICHUA MHUHOPA

A ~ A

M; ;1 onemenra A, ;| marpuusl A B cxemax BIIND (06o3Hauenus npuseners! B [12]). OaHako MOKHO
OTIPENIeIUTh BETUYUHBI CIIOKHOCTEH 3THX cxeM, pu KoTopbix KCHU3-M OyayT myumre cxem BIIND.

Ecmu MPUHATH BO BHUMAHUE, YTO allllapaTypPHBIC CJIOKHOCTHU CXEM BBIYUCJICHUSA MUHOpA Mi+l 1 9JICMCH-

Ta Ai 41,1 MaTpuisl A B cxemax BIIIUD u munopa M j dNeMeHTa A j MaTpHIIBI A B KCUD-M (0603Haue-

HUS TIpUBeIeHH! B [ 12]) onnHAKOBEL, TO B peynbrare cpaBHeHHI KCUD-M u cxem BN noryanwm:
min min 2

[Toatomy anmapatypHas cnoxHocte KCUD-M Bcerna meHsblie anmnapaTypHou cinoxkHoctu cxem BIIND.

i

OTO NmpH TOM, YTO HE YYTEHa CJIOKHOCTh CXEMBI JJIs BBIYHCIICHHUS 3JIEMEHTOB Otgd) matpuuel M; B cxemax

BIIND (Takast cxema W €€ CIOXXHOCTh B INyONMKamMAX OTCYTCTBYIOT). [Ipm 3TOM BpeMeHHas CIO0XXHOCTb

(1)

Tkcnun-m < Thims » ecim BpeMeHHas CI0KHOCTb CXEM BBIYHCIICHHUS HIEMEHTOB Oly{ MaTpHULbI M; B cxe-

max BIIUD 6yzer He Menee Bemmuunbl (M — 2)t .

Ha puc. 7 mokazan rpaduk anmaparypHoit cioxkaoctd BIIIND u KCUD-M.

N‘[

14000
112007
84001
56007

2800

B /:r’—/ﬁ;/‘ﬂ/f/? —

0 ‘] 2 3 4 5 6 7 8 9 10 m
Pucynok 7 — I'paduk ammapatypHoii cinoxkaoctr BIIIND 1 KCUD-M:
-5—85-5- - NbIIIND, — NKCUD-M, &—=—=— — AN
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3nech:
min b m-1 5
Ny = Ny = (dm”™ —4m)(m—-1)/2 + z Sr—4)[m!/r!(m-r)!] +m(5Sm~+m—-4)/2.
r=2
BoiBoabI

[MoxyaeHHsIe B pe3ynbTaTe CPaBHEHHUS COOTHOLIEHUS CI0XKHOCTEH CXEM, PEaTH3YIONINX pPa3paOOTaHHbBIE U
W3BECTHBIC METOABI BEIYHMCICHHH B KOHEUHBIX ITOJISIX, MIO3BOJISIOT BHIONPATH JIydIINE U3 3TUX METOJOB M CXEM
o0 He0OXOAMMBIM MTapaMeTpam (anmapaTypHbIM 3aTpaTaM, BpeMeHH Bbraucienus) [13].

KoMOHHAIIMOHHBIE CXEMBI, PEaIU3yIOLIe HOBbIE METO/bI BEIYMCICHHH B KOHEYHBIX IMOJISIX, 3HAYUTEIBHO
COKpAIIAIOT BPeMs BBIUMCIICHUH 110 CPAaBHEHMIO C pean3alueil B IMHEHHBIX [10CIe10BaTeIbHOCTHRIX MalllHHAX !
B 13 pa3 — s oneparuil yMHOXEHUST MHOTOWICHOB, B 9 pa3 — JuId onepanuii AeJeHUs MHOTOWICHOB, B 4 pa3a —
JUIS OTIepaluii YMHOXKEHUS 3JIEMEHTOB KOHEYHOTO TOJISL.

JIng HeKoTOpBIX cTeneHeit MHOrouaeHoB HaJ nosieM GF(2), ¢ KOTOpsIMHU MPOU3BOIATCS ONEPAIUH, a TAKXKe
creneneii obpasyiomero mnoxe GF(2V) HenpuBOIMMOro MPUMHTHBHOTO MHOTOUICHA p(x) paspaboranusie

CXEMBI TaK)Ke JIyJIlle ¢ TOYKH 3PEHUS almapaTypHOH CIIOKHOCTH. DTH CXEMBI IMEIOT IPEHMYIIECTBO 10 CI0XK-
HOCTH TIepel NPYTUMH H3BECTHBIMH KOMOWHAIIMOHHBIMH CXEMaMH, HallpuMep, pealn3yonMu MeTo bapti—
[uaiinepa.
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