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Posrasinyro rexeparop sizep (omumcie moBorw VHDL) cekuioHoBaHOro moMHO}KyBa4a
eqementiB moais Faaya GF(2"). MomuoxkyBau 00pobuasic M-0iTni eaeventu mouas amya
GF(2"), nmpeacraBieni 3 BHKOPHCTAHHSM TaycCiBCbKOI0 HOPMAJIBLHOro Gasucy Tumy 2, i
(popmye M-0iTHuii 100yTOK MopuiaMu mo N OiTiB. 3MIHHI M Ta N € MapaMeTpamu, sIKi Moxke
3aJaBaTH KOPHCTYBa4y Mmix 4ac reHepanii saapa. 3minHa M 3a0e3neuye (opMyBaHHS
NOMHO:KYBa4iB, siki BiznosizawTp sk cranaapry JACTY 4145-2002 (m<509), Tak i cranmapty
| EEE1363-2000 (Mm<998). IToMHOKyBa4 MiCTHTH BY30J1 BOYJI0BaHOr0 KOHTPO.I10. [loMHOKYyBay
MO’Ke BUKOPHCTOBYBATHCS B NMpouecopax o0podaeHHs HuGpPoBUX MiAMUCIB, IKi IPYHTYIOThCSH
HA BUKOPHUCTaHHI eqinTH4HUX KpuBux. HaBeaeHo TexHiUHi XapaKTepUCTUKH 3reHEPOBAHMX
siep (amapaTHi BUTpaTH i po6oya yacTora).

Karouosi ciioBa: nuposuii nignmuc, exintuyuni kpusi, nose Fanya GF(2"), rayccisenkmii
HOpMAaJIbHHII 6a3HUC THUIY 2, MOMHOKYBa4, BOYA10BaHUI KOHTPOJb, FeHePaTop Aaep.

Scalable multiplier for Galoisfield GF(2™) elementsis examined. The multiplier usestype
2 Gaussian normal basis 521-bit Galois field GF(2°%) elements and forms 521-bit result by 16
bits portions. The multiplier forms the error flag in case error during the calculation. The
multiplier isused in digital signatur e processorswhich are based on the use of dliptic curves.

Key words: Galois field GF(2™), Gaussian normal base of type 2, multiplying, parity
check, concurrent error detection, cor e gener ator.

Beryn

Ha cydacHomy erami MareMaTH4HOI) OCHOBOIO LM(POBHUX MIINHCIB € €NNTHYHI KpHUBi. 32 OAHUM 3
BapiaHTIB peaizaii Ir(poOBUX MiNHUCIB 0OPOOJICHHS TOUOK ETNTHYHUX KPUBHX BiIOYBA€THCS 32 TIPaBHIaAMHU
006pobnenns enementis nomi [anya GF(2"). PospsmHicTe  eneMeHTIB monst M MOXeE CATaTH THCSAYi OITiB.
AmnapaTHa peastizalisi IOMHOXYyBa4a I TaKUX IMOJiB BUMArae IOHAJ MUTbHOH TpaHzuctopiB. [lomHOXKYyBaui
MOXYTh OyTH MapajelbHUMH, TOCTIAOBHUMHU Ta MapaJIeNIbHO-TIOCTITOBHUMU — CEKLIOHOBaHUMH. Y poOoTax
OCTaHHIX POKIiB 3BEpPTAEThCs yBara Ha BOYZOBaHI METOAM BHSBICHHS MOMHJIOK y poOOTI MOCIiJOBHHX
MIOMHO)KYBa4iB 3a JOMOMOIOK IM(POBOro KOHTPOIIO HA MapHiCTh (3icTaBieHHs Kimbkocti 1 cepen OiTiB
OIEpaH/iB Ta pe3yJbTaTiB). BOyIoBaHOMY KOHTPOJIO CEKIIOHOBAHHX IOMHOXKYBauiB, SIKi MOEIHYIOTh
TiepeBary napainenbHux (Oinblira MBUIKOIiA) Ta MOCTIJOBHHUX (MEHILI anapaTHi BUTPATH), IPUILISIACS MEHIIA
yBara. ToMy 3a/1aua POEKTYBaHHs CEKLIIOHOBAHUX MIOMHOKyBauiB eneMenTiB noiis ['anya GF(2™) 3 Bysnamu
BOY/IOBAHOTO KOHTPOJIKO € BXJIMBOIO i aKTYalbHOK. Y pOOOTI pO3IISIHYTO reHepatop siaep (OMUCiB MOBOKO
VHDL) cekiioHOBaHOTO MOMHOKyBaua eneMeHTiB nonis [anya GF(2™). IMomuoxyBau oGpobssie M-GiTHi
enementn nons [anya GF(2"), pescrasieni 3 BAKOPUCTAHHSM TayCCiBCbKOTO HOPMAIBHOTO 0as3ucy THITy 2, i
bopmye M-6iTHHIT 10OyTOK mopiisiMu 1o N 6itiB (1<N<m). 3mMiHHI M Ta N € mapaMeTpamu, sKi MOXKe 3a7aBaTh
KOPHCTYBaH ITiJl 4ac reHepailii siqpa. 3MiHHa M 3a0e3nedye GopMyBaHHs IOMHOXKYBAUiB, sIKi BIIIOBIAIOTH K
cranpapry JACTY 4145-2002 (m<509), tak i cranmapty |EEE1363-2000 (m<998). ITomMHOXyBay MiCTHTh
BY30J1 BOYJIOBAHOTO KOHTPOJTIO.

Oraspg JgiTepaTypu, NOCTAHOBKA NMPodJeMHu
MareMaTHYHOIO OCHOBOIO HM(POBUX MIAMKCIB € eminTu4Hi KpuBi Ta nons [amya. OgHuM 3 BapiaHTiB
npescTaBienns enementis mos Lamya GF(2") € raycciBebkuil HopManbauii 6asuc tumy 2 [1]. s msoro
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0asucy BifioMuii MOCTiOBHUI HOMHOXYBad Mecci—-Omypi [2], mapaneipbHuii MOMHOXYBayu Ta IHapaieabHO-
MOCJTiIOBHHI MTOMHOXKYBay (CeKiioHoBaHui) [3, 4], 0coOIMBOCTI CHHTE3Y MOMHOKYBAIBHUX MATPHIIb TS HUX
po3ryIsiHyTI Y poboTi [5]. Meroau BOYI0BaHOrO KOHTPOIKO PE3YJbTATiB MHOKCHHSI Y HOPMAIbHHX Oa3ucax
nomiB Tanya GF(2") simomi 3 [6]. [st 30inbmIeHHs HagifHOCTI POGOTH MOCIIOBHOTO MOMHOYYBAaya, SKHiA
OpaIioe y HOPMAIbHOMY 0asuci TUIy 2 BiNMOBIAHO 10 cTaHaapty [1], 3ampormoHOBaHO MPOCTY cXemy
BOy0BaHOrO KOHTPOIO [7]. B Ykpaii aie cranmapt nud)poBOro mianucy Ha OCHOBI EINTHYHUX KpuBHX [1],
SIKMI BH3HAYa€ MaKCHMallbHY XapakTepucTHKy monst ['amya m=509, Tomi sik MibkHapoaHuii cranmapt [8] mae
3Mory mpaioBatu 3 Oinpimmu nomsivu (M<998). BoxHouvac, 3amadya aBromatiuyHoi rerepaiii VHDL-omnumcis
(smep) ceKiioHOBaHMX MOMHOYXKYBaYiB 3 By3/1aMH BOYIOBAHOI'O KOHTPOJIO HE PO3TJISAAIACS.

OCKUTbKH CEKI[IOHOBaHHUIT TIOMHOKYBAY TIO€IHY€E MIepeBart MOCiI0BHOro (MEHIII arapaTHi BUTPATH) Ta
napaiesapHoro (Oiibiia MIBUIKO/IS) MOMHOXYBAYiB i Ma€ JOMATKOBHMH BY30J BOYIOBAHOTO KOHTPOJIO, IS
33/1a4a € aKTyaJIbHOIO 1 BAYKIIUBOIO.

Meta po6oTn

Metoto pobot € po3pobieHns renepatopa VHDL-ommcis (saep) CeKIiOHOBaHMX MOMHOKYBAYiB
enementis nonis [aya GF(2"), npeacrapnenux y raycciBchbkoMy HOPMAILHOMY 0a3uci THITy 2, 3 By3JIaMu ix
BOYZIOBaHOTO KOHTPONKO. [IOMHOXKyBau TOBHMHEH 0OpoOIATH M-OiTHI enementn nons Lamya GF(27),
npeJIcTaBjIeHi 3 BUKOPUCTAHHM T'ayCCIBCHKOTO HOPMAIBHOTO 0a3ucy Ty 2, i popMyBaTH M-OITHUI 1OOYTOK
nopiisiMd 1o N 6itiB (1<N<M). 3MmiHHI M Ta N € nmapameTpamu, siKi KOPHUCTYBaY MOXKE 3a/IaBaTH Iepes
TeHepaIli€ero sapa. 3MiHHa M MMOBWHHA 3a0e3redyBaTd (OPMyBaHHS TOMHOXKYBAYiB, SKi BiMOBIAIOTH SIK
crangapty JICTY 4145-2002 (m<509), Tak i crangapry | EEE1363-2000 (m<998).

CTpyKTypHa cXeMa Npolecy NpoeKTYBaHHS NPHUCTPOIB 1Js po6oTH i3 uudpoBuMH mianucamu
CTpyKTypHY cXeMy Mpoliecy TPOEKTyBaHHS MPUCTPOIB It pOOOTH i3 MUPPOBUMH T IMTHCaMH HABEICHO
Ha puc. 5. 'eHeparop sjiep, SKOMy NpPUCBSYCHA JaHA CTaTTs, 3HAXOMWTBHCS HA I CTPYKTYpHIH cxXemi B
enemenTi «I eHeparlist ONKCiB OKpeMux By3:iB crerpoiiecopa Ha HDL: HLL>» (HDL — moBa ormucy anmaparHux
3ac00iB, HLL — MoBa nporpaMyBaHHsI BACOKOTO PiBHS).

MarteMaTH4YHi 0CHOBH BOYI0OBAHOT'0 KOHTPOJII0 CEKIIOHOBAHUX MOMHO:KyBayviB 11 GF(2m)
CekItioHOBaHMI M-OITHMIA TTOMHOXYBa4 popmye M-OiTHHI 100yTOK R B | M/N[=K cekiisix nopiisiMu 1o
no6itie (k=0,1, .., K-1):
(rm-kn-L S (T (T T rm-n+r) = (f(a‘n-kn, -+ Ol Gy -y Bmrknels bm-km teey bm-l, bO, ey bm-kn-l)a ey f(a*n-n+r+l, Ty
8n1y @y s Breners Prmnres «-oy B, Doy oy Prner)) [24]. )
Osnaka nomwiku Eg y poborti mocmimoBHoro moMHOXXyBada Mecci-OMypr Uil T'aycCiBCBKOTO
HOPMaJTbHOTO Gasucy Tty 2 hopMmyeThest 3a hopmysioro (2):

m-1
E.=> (ahor), @
ne a;, by —6itu enemenris nona A ta B, r; —6itn pe3yJ1I}:,iaTy R
Momudixanis  popmymn (2) Eg= %E(akn By @ Nsi) = E:leK Jla€  3MOTYy BBECTH BY30I
BOYJJOBAHOTO KOHTPOJIO y KOXKHY CEKIIitO ni:;/)HI{:(fxcyBaqa. ITpu uLOMykzliomHa CEeKIli pa3oM 3 po3psaaMH
n-1

I00yTKy (OpMye 4YacCTKOBY O3HaKy € = Z (ByiBsi @ Nyi) TOMMIKM MHOXeHHsA. st oTpuMaHHs
i=0
3araybHOI O3HAKM MHOYKEHHS1 HEOOX1JTHO IIPOBECTH JIOJIATKOBY 3TOPTKY YAaCTKOBHX O3HaK.

Peanizanisa cexnioHoBaHOT0 MOMHOKYBa4a i3 BOy10BAaHMM KOHTPOJIEM
Cxema By3na (opMyBaHHsI YacTKOBHX O3HaK (puc. 6) Ta croci6 1l mix €HaHHS 10 TOCIiOBHOTO
noMHOXyBava (puc. 7) Bimomi 3 [7]. Ho ckiamy By3na (OpMyBaHHS YaCTKOBUX O3HAK BXOMSTH IBOBXOIOBI
enementu | ta Bukmoune ABO (XOR), a takox miunnbhuid Tpurep (T-Tpurep), Ha SKOMY HAKOITHIY€EThCS
O3HAaKa I1i/I Yac BUKOHAHHS MHOYEHHSI.
IMocninoBuuit moMHOXYBay Mecci—Omypi (puc. 7) CKIATaeThesi 3 JBOX PETICTPIB LUKIIYHOTO 3CYBY
orrepariB RGA i RGB ta noMHOXyBapHOI MaTpuili M.
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CekuioHOBaHMI MOMHOXYBay 3 By3/laMH BOYIOBaHOTO KOHTPOJIO HaBedeHO Ha puc. 8. [lomHoxyBau
(puc. 8) TakoX CKIAMAETHCS 3 ABOX PETiCTPIB IMKIIIYHOrO 3¢cyBy orepaniB RGA i RGB, 16-tu cekuiit F1, ...,
F16, sxi npatmrorote 3a (opmysnoro (1), Bysna 3ropTku YacTkoBHX o3Hak momuiku Error Convolution ta
perictpoBoro daiina pesynpraty MHOKeHHS Out RG File. Takox 10 ckiiaay CEeKIiOHOBAHOTO MOMHOXKyBaua
BXOIMTH By3011 KepyBantsi Control Unit, sikuii Griokye gpopmyBaHHS i-X po3psiaiB 100yTKy, koiu | < 0, Ta IXHix
YaCTKOBUX O3HAK MOMHJIOK.

OyHKIIOHAIBPHY CXEMy By3Ja 3rOPTKHM YacTKOBHX O3HAK HaBeAeHO Ha puc. 9. Ins npukiamy 515-
OITHOrO TIOMHOYKYBa4a BY30J1 CKJamaeThesi 3 4-x kackamiB enementiB Bukmodne ABO (XOR), posmineHux
KoHBeepHUMH perictpamu Pipeline A, B, C.

| AOCTpaKTHi aJlTOPUTMU Ta TECTOBI MPUKIIAAX: CTAHIAPTU |

v

| CTpyKTYpHi alITOPUTMH, CTPYKTYpa IIpOLECOpiB: pO3pOOHUK |

_L | Mozesnb poboTH OKpeMHUX By3JliB: MaTeMaTHuHMI nakeT (Maple) |
l I I
N —
["'eHepaulist 1OCTiAHUIIBKUX ) Monenb poboTH OKpeMux [Tporpama poboTu &
BIIMBiB (moMuinok): HLL By3J1iB crieunpouecopa: HLL MIPOTOKONBHOTO Npouecopa: LLL
TI'enepayia onucie oxkpemux gy3nie I"'eHepallis MAIIMHHUX KOJiB MPOrpam
cneynpoyecopa Ha HDL: HLL IPOTOKOJIbHOTO Ipolecopa: HLL
\ 4 v A 4
I"eHepallisi 3’ €qHaHbL OKPEMUX BY3JiB ["eHepautis KoMauaHUX GaiiiB A
crieunpouecopa Ha HDL: HLL NpoBEAEHHA MozentoBaHHa: HLL
\ 4 ¢ Y

| Onuc 3’egHaHb ycix By3iiB Ha HDL: BpyuHy (po3poOHUK) |

¢ A 4

| Jloriune monenosanHs [IJIIC: mogentotoua nporpama ( WebPack, ActiveHDL) |

v

| Tononoris [U1IC: inTerpanbHe cepenoBulle pospodbHuka (WebPack, ISE) |

v \

| Oizuune mopentoBanHs [1J1IC: mogentotoua nporpama (WebPack, ActiveHDL) |

A 4 ¢

Bizyanizauis pezynbraris monentoBanus [1JIIC: HLL |

Puc. 5. locnioosnicmv npoekmysants OnUCie QyHKYIOHATbHUX 8Y31i6

IMocainoBHicTHL pod0TH reHepaTopa
OcHoBHI eTany poOOTH reHeparopa saep:
BBEJICHHS ITapaMeTpiB MTa N;
reHepallis yTBOPIOBAIBHOrO ToiHoMa nonst GF(2™) 111 onTuMaIbHOro HOPMATBHOTO Ga3KCy THUITY 2;
reHepaLlis MIOMHOXKYBAJIbHOI MaTPHILI;
TeHepallis CeKI[iif TOMHO)KyBaya,
reHepaLis By3Jia BOyJOBAaHOT'O KOHTPOJIIO KO>KHOI CEKIIii;
00’ eTHAHHS CEeKLil y €ANHNUI By30J1 IOMHOXYBaya,
00’ €THAHHS CEKLIMHUX BY3J1iB BOYZOBaHOTO KOHTPOJIIO B €AMHMUI By30J1 BOYJOBAHOTO KOHTPOJIIO.
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a; &
—»
o — T
bi i 1 4
—> » CE —>
v
Reset
» R
Puc. 6. @opmysau uacmrosux 03HaK NOMUIKY
L RGA A
a, a, a,, Y CED
i o
A4 \ 4 (PRI A S €
M r ER—
A
4 RcB ¢ L
b b, b . |«
0 m-1 A
r ST

Puc. 7. HOMHOD!CJ/(%Z‘{ 3 6)Y3/10M BUABIEHHA NOMUTIOK

' o

* 16-bit cyclic shift

<J Iiol

16-bit cyclic shift |J

| ao | a4 | ------ | as13 | as14 b1 | ------ | bsi3 | D514
515 515
Yy v v v v v v
FO F1 F14 F15
with with with with
CED CED i CED CED
€0 le15
- T e T
Error Convolution
=
l499 500 513 514
l483 l484 . 497 l498
Output RG file
3 I4 7 l1g
X X X XXX X X X XXXXTrg rq l2

Puc. 8. Cexyionosanuii nommoxcysau iz 60y0068aHuUM KOHMPOIEM
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Oco0mBOCTI CMHTE3y NOMHOKYBAJbLHOI MAaTPHIL

Haiicknagnimoro TeXHONOrivHo0 oneparieto mif yac cunre3y VHDL-kony HOMHOXKYBaIbHOT MaTpuili €
3HaxXO/pKeHHs1 obepHenoi matpuii (M X M) [5]. Yac 3HaxomkeHHs O0OEpHEHOI MATPHIN ISl Pi3HUX MOJIB
HaBezieHO y Tabn. 1. Poszpaxynku anst m = 515, 519, 530 npoBoauiuncst Ha IpoLecopi 3 TAKTOBOIO YacTOTOO
2,6 T, 2 siapa (mparroBasio TUTbKH OHE SIPo), 00’ €M oriepaTiHBHOI mam’ siti 4 I'GaiiTu.

¢eﬂeﬂeﬂe@eﬁewe7¢ea¢eg¢elo¢ell¢elz¢ela¢el4¢els
xor xor Xor xor Xor xor xor Xor
€a €1a €a €3 €1a €5a €6a €7a
A4 A A p N A A A\ A PI e“neA
Y L L ¥ Y v v v P
xor xor Xor Xor
€ob €ib € €sp
p N A A A PI d'neB
v L v v P
Xor xor
€oc €1c
M 1 PipdineC
Y v P
xor
e
Puc. 9. 3eo0pmra uacmrosux 03HaK NOMUNIOK
\Tabauys 1
Yac o6unciieHHs 00epHeH0I MaTpHLi
m 515 519 530 998
Yac, ron. 1ron. 35 xB. 1ron. 57 xB. 1ron. 39 xs. 50 rox.

JloriuyHa CTpyKTypa 3reHepoBaHoi MOMHOXYBaIbHOI MaTpHLli HaBeneHa Ha puc. 10.

XN

Yn

XOR2

{x®xy |

AND2

matrix

matrix

1y, 04 @ %))}

Ll

XORm

Puc. 10. Jlociuna cmpykmypa nomMHoNCY8aANbHOT Mampuyi

MoxuBi 2 BapiaHTH CHHTE3y MHOXHHHM eneMeHTiB | matumi i ¢opmyBaHHS 3 HHMX pe3yiabTary
MHOeHHS. [locminoBHMi BapiaHT:

i=1;
y(0):=0;

L11: whilei <= mloop
y(i) := y(i-1) xor (c(i) and b(i)); i ;=i +1,

end loop L11;

X:=y(my;
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[lepeBaroto 1pOro BapiaHTa € MPOCTHH OMHUC 3 BUKOPUCTaHHsS OnHOro omnepartopa Loop mosu VHDL i

[MapanespHuit BapianT (HaBeIeHHUI TpUKIIaL 1t ME515):

i:=0;

x:="0"

a0: whilei <= 127 loop

d(i) := (c(4*i+1) and b(4*i+1)) xor
(c(4*i+2) and b(4*i+2)) xor
(c(4*i+3) and b(4*i+3)) xor
(c(4*i+4) and b(4*i+4));

i=i+1

end loop &0;

1:=128;

d(i) := (c(4*i+1) and b(4*i+1)) xor
(c(4*i+2) and b(4*i+2)) xor
(c(4*i+3) and b(4*i+3));

i:=0;

al: whilei <= 31loop

(i) := (d(4*i+0) and d(4*i+0)) xor
(d(4*i+1) and d(4*i+1)) xor
(d(4*i+2) and d(4*i+2)) xor

(d(4*i+3) and d(4*i+3));
=i+l
end loop al;
i:=32;

i) := (d(4*i+0) and d(4*i+0)):

i:=0;
a2: whilei <=7 loop

(i) := (e(4*i+0) and e(4*i+0)) xor

(e(4*i+1) and e(4*i+1)) xor
(e(4*i+2) and e(4*i+2)) xor
(e(4*1+3) and e(4*i+3));

=i+l

end loop a2;

i:=8;

f(i) := (e(4*i+0) and e(4*i+0));

i:=0;

a3: whilei <=1 loop

o(i) := (f(4*i+0) and f(4*i+0)) xor
(f(4*i+1) and f(4*i+1)) xor
(f(4*i+2) and f(4*i+2)) xor
(f(4*i+3) and f(4*1+3));
i=i+1

end loop a3;

g(i) := (f(4*i+0) and f(4*i+0));

i:=0;

a4 whilei <=01loop

X = (g(4*i+0) and f(4*i+0Q)) xor
(f(4*i+1) and f(4*i+1)) xor
(f(4*1+2) and f(4*i+2));

i=i+1

end loop &4;

-- X —result

oJHOro napamerpa M. Hemomnikom € 10BodIi TpuBaJuii yac poOOTH 3ac001B IPOEKTYBaHHsI TOMOJIOT I KpUCTaa.

[lepeBaroro napyroro MeroJy € MIBHIIIA PoOOTa 3aco0iB NMPOEKTYBaHHS TOTOJOTIi KpHCTala.
Henonikn — ckiragamii onmuc 3 BUKOPUCTaHHS JIeKiIbKoX omneparopiB Loop mosu VHDL Ta ix mapamerpis,
SIK1 TOJaTKOBO Tpeba po3paxoByBaTH i3 3aJJaHOT0 3HAYEHHS mapamMeTpa M.

PesyabTaTn iMmiieMenTanii Ta nepeBipsAHHs po00TH IOMHOKYBaviB

TaycciBchkuii HOpManbHui Gasuc Tumy 2 icHye ms noiis Famya GF(2™) mia me515, 519, 530, 531,

543, 545, 554, 558, 561, 575, 585, 593, 606, 611, 614, 615, 618, 629, 638, 639, 641, 645, 650, 651, 653, 659,
683, 686, 690, 713, 719, 723, 725, 726, 741, 743, 746, 749, 755, 761, 765, 771, 774, 779, 783, 785, 791, 803,
809, 810, 818, 831, 833, 834, 846, 866, 870, 873, 879, 891, 893, 911, 923, 930, 933, 935, 938, 939, 950, 953,
965, 974, 975, 986, 989, 993, 998 [8] (mepepaxoBaHO TITBKY OIS, s KX 509<m<998).
Pesynpratu immuiemenTartii aesikux sgep it TTIC 6vex130tff1156-2 3acobamu Xilinx WebPack12
HaBeqieHo y Tabut. 2 ta 3 (* — cuHTe3 monepeHbo nMpoBeaeH i 3acodamu Synopsys Synplify).

Tabauys 2
IMmiiemenTanis noMmHoxyBava nist m=515 (6e3 CED)
n 1 8 16* 16 32
KinskicTs cnaiicis (%) 688 (3%) | 1771 (8%) 1026 (5%) 2307 (11%) 7018 (35%)
Iepioa CHHXPOIMITYJIBCIB, HC 5.523 8,5 13,1 13,8 13,8
Yac iMIuIeMeHTarii, Xs. 5 50 304 Hemae manux
Tabauys 3
ImmiemenTanis noMHoxyBava xist m=519 (6e3 CED)
n 1 8 16 32
KinbkicTs craiicis (%) 675 (3%) 2248 (11%) 3240 (16%) 6,112 (30%)
[Tepion CHHXPOIMITYJIBCIB, HC 6.319 13.198 12.490 14.576

83



CyMapHa KiJIbKiCTh BXOJIB ONEpaH/IiB Ta BUXOIB PE3yJbTaTy OAHOrO IOMHOXKYyBada JOPiBHIOE 3M i
JUI BUILE3raJaHuX IOJIiB MepeBHIIye KiIbKicTh KOHTakTiB cydacHux IUIIC. [ns mepeBipsiHHS poOOTH
3reHepPOBAHMX MMOMHOXKYBAa4yiB BHKOPUCTOBYEThCs crelianbHo crBopenuit VHDL-crenn (puc. 11), no
CKIIQJy SIKOTO pa3oM 3 MOMHOXYyBadeMm BxonmaTh BXimHi FIFO i3 3ammcom mo 128 O6iTiB i 4ynTaHHAM
no 1024 6itu ta Buxignuii FIFO i3 3anucom no 1024 6itu i untannsam no 128 6itiB. CymapHa KilbKiCTb
BXOJIB ONEpaHIiB Ta BUXOMAIB pe3yibTaTy CTEHAA IOPiBHIOE 256, IO Aa€ 3MOTY peani3yBaTH HOro Ha
Benukomy Habopi cydacuux [UJIIC.
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Puc. 11. Cmeno 0ns nepegipanns noMHOICY8AHI8

TecToBi mpuKNIaay U NEPEBIPSIHHSI PpOOOTH TIOMHOXKYBa4iB YTBOPIOIOTE:

MHOXkeHHs 1 x 1=1, nmpu poMy y HOpMalibHOMY 0asnci 1 mpencTaBisieThesl KOIOM 3 M ABIHKOBUX
omuanns (1...1);

MHOXCHHS @ X @ = &, IIPH I[bOMy y HOPMAIBHOMY OAa3HCi Pe3ylIbTaT IiIHECEHHS 10 KBAApaTa
orepaHzia & JOPIBHIOE Pe3yIbTaTy HUKIIYHOTO 3CYBY IIHOTO ONEPaH/a & Ha OJMH JABIHKOBHUH po3psi (IKIIO
a=aody...am1, 3= 2a;...8m180).

3a pe3ynbpraTaMy BKa3aHHX TECTIB 3TeHEpOBaHI MOMHOXKYBadi IPAIIOIOTh IPABUIBHO.

BucHorok

VY pobGoti 3amporoHoBaHo reHepatop VHDL-omuciB (smep) CeKI[iOHOBaHMX IOMHOKYBadiB
enemenTiB nonie [anya GF(2™), npeacraBiennx y raycciBCbKOMy HOPMaIbHOMY Ga3uci THITy 2, 3 By3J1aMu
ix BOymoBaHOro KOHTpomo. IloMHOXKyBau 00po0nsie M-GitHi enementn monst Lamya GF(2™) i dopmye
M-GiTHHI OOyTOK mopuismMu 1o N 6itiB (1<N<M). 3miHHI M Ta N € mapameTpaMy, sIKi KOPUCTYBa4 MOXe
3aJaBaTy mepe]] reHepalicro aapa. 3MiHHa M 3ade3neuye (GopMyBaHHs MOMHOXYBAYiB, SIKi BiIMOBIIAIOThH
sk craugapty JJCTY 4145-2002 (m<509), tak i cragmapty IEEE1363-2000 (m<998). V poboTi HaBemeHi
pe3yJIbTaTH IMIIEMEHTAIII] Ta TECTYBaHHS 3T€HEPOBAHUX MOMHOKYBAiB.
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