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IMopiBHAAHO anmapaTHi BUTPaTH NOMHOKYBauiB ejaeMeHntTiB mouis Faaya GF (d") 3
BeJIUKOI0 OCHOBOIO 3 METOI0 BU3HAYEHHH IOJIS, Y IKOMY NMOMHOKYBa4 y pasi ioro peanizauii
Ha cyyacHux IIJIIC marumMme HaiiMeHIy amapaTHy cKJaaHicTb. [leTaqbHo po3r/siHyTO
BHYTPIIIHIO CTPYKTYPY OCHOBHOT'O eJieMeHTa OMHOKyBa4ya — MoaupikoBanoi komipku I'inga,
110 CKJIAJAEThCA i3 MOMHOKYBa4Ya Ta cyMaTopa, siki npauiowTs 3a moayiaeM M. Iloka3ano, mo
anapaTtHi BUTpPaTH NOMHOXYBadiB /s po3mimpeHux mno’aiB I'aaya 3 ocHoBow, Hadarato
Oiabmol 3a 2, OyayTh acMMOTOTHYHO Yy 4 pa3u OinbmIMMH 32 anapaTtHi BUTpPaTH
NMOMHOKYBayiB ABilikoBUX po3mnpenux noiais I'aaya.

Kirouosi ciaosa: nmoas I'anya GF (d"), momnoxkyBau, moaudikosana komipka Linna,
LUT.

The paper compares realissd on modern FPGA Galois fields GF (d™) elements
multipliers hardware costs for great basis d to determine the field in which the multiplier has
the lowest hardware complexity. Guild cell internal structure consisting of modul n multiplier
and adder. It is shown that hardwar e costs will have a constant value 4 which tends to increase
when the foundations of the field.

Key words: Galoisfields GF (d™), multiplier, modified Guild cell, LUT.

Beryn
V cydacHHX 3aco0ax 3axXMCTy iH(GOpMalii BUKOPUCTOBYIOTE onepauii Hajx nonsmu anya GF (2") 3
BEJIMKOIO KUTBKICTIO €JIEMEHTIB, SIKi IIPEJACTABIICHO B MOJiHOMIaJbHOMY Oa3uci. OnpaltoBaHHs €JIEMEHTIB
TaKUX MOJIB XapaKTePU3YEThCS BHUCOKOK aMapaTHOIO, CTPYKTYPHOIO Ta YacOBOIO CKIAJHOCTAMH. ToMy
BHU3HAYEHHS MOXXJIMBOCTI 3MEHILCHHS anapaTHOl CKIAJHOCTI Y pa3i BHKOPUCTAHHSI 3aMiCTh JBIMKOBHX
posumpenux nomie GF (2") momis T'anya GF (d") 3 ocmosoro d£ 998 Tta npuGnusHo 0IZHAKOBOKO

. . m _,n
KUTBKiCTIO eneMeHTiB (d » 2'') € aKTyaJaIpHOIO 3a/1a4ero.

AHaJi3 JiTepaTypHHX JKepet

3a ocTaHHI POKH TIOHSTTS ENINTHYHUX KPUBUX 3HAHIILIO CBOE 3aCTOCYBaHHs y Kpumrorpadii.
[MprurHOO 1IBOTO € Te, U0 ETINTUYHI KPUBI HaJl CKIHYEHHUMH TIOJISIMH YTBOPIOIOTh CKIHYEHHI TPpyNH, Ha
SIKHMX JIETKO BU3HAYMTH apuPMeTHUHI onepallii 3aBasku OaraTii ctpykrypi rpym. Jlorenep y kpunrorpadii
MpaloBaId 3 MYJbTUILUTIKATHBHUME TpyHamMd HaJa JeIKHMH CKIHYEHHHUMH TIONSIMH. 3a CBOIMH
BJIACTMBOCTSIMH €IINTHYHI KPUBI JCII0 HATaAyIOTh 111 I'PYIH, ajie IXHs IepeBara Iojsirae B ToMy, 10 iCHYe
Oinbma cBoOosa BHUOOpY ENINTHYHOI KPHBOI, HDX BHOOPY CKiHYeHHOro moyisi. KpiM TOro, eminTudHi
KPHUIITOCUCTEMH 3a0e3MeuyoTh Kpalui 3axuct iHdgopMmartii. s BUKOHaHHS omepaiiid HaJ| elinTHYHIMHA
KPUBUMH BHKOPHCTOBYIOTh apu(MeTHKy mnoiiB ['amya, komu eneMeHTiB Takux moniB [1, 2] momaroth
y MoJIiHOMiaJIbHOMY a00 HOpMallbHOMY 0a3Hcax.

IToMHOXKYBaYi JUIA TAKKX TIONIB XapaKTEPU3YIOTHCS BHCOKOIO amapaTHoo [3], crpykrypHoio [4, 5]
Ta 4acoBoIO [6] cKIagHOCTAMH.

3 jiTepaTypu BigoMo GaraTo NpHCTPOiB s onpairoBaHHs enementis nonis anya GF (d") [7], axi
BUKOPUCTOBYIOTh Y PI3HUX KpHUNTOrpadivHUX MepeTBOpPEeHHsIX. BigoMuil MaTpuyHMi NMOMHOXKYBad JUIs
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nBilikoBuX umcen [8], skuit cknamaerbes 3 komipok [inmma [9]. Takox Bimomuii MOMHOXKYBad Ha OCHOBI
mMoaupikoBaHux Komipok ['inma [y BHKOHAaHHS omepaliii MHOKeHHs eneMeHTiB momis Iamya GF (d™)
[10]. V crarri [11] po3risHyTO amapaTHi BUTpaTH MaTpMYHKX IOMHOKYyBauiB nonis [anya GF (d"), konn
d < 4, y po6ori [12] posrasHyTo amapaTHi BUTpaTH NOMHOXKYyBadiB, ko d £ 998, ane He po3risHyTO
BHYTPIIIHBOT CTPYKTYpH MOAM(BiKOBaHMX KOMipok [imga Ta ii BIUIMBY Ha OIIHIOBaHHS amapatHoi
CKJIAJIHOCTI, IO 1 € IPEeAMETOM I1i€i poOoTH.

Meta podoTu
Meroo poGOTH € JOCHTIUKEHHS anmapaTHHX BHTpaTH NOMHOXyBauis nonis [amya GF (dV)
(3 mpuOIM3HO OJHAKOBHMH KITBKOCTSMH €JIEMEHTIB) 3 BEJIMKOK OCHOBOIO Ta 3 BPaXyBaHHSIM BHYTPIIIHBOT
crpykrypu komipku ['inma. Koam enemenriB momie [amya mnpu 1mboMy TIPEACTaBISIOTBCS B
MOJTIHOMIaJIbHOMY 0a3uci.

Peanizanis na IIJIIC
IMomuoxysau s momis Famya GF (d") moxke Oyru peanizoBanmii Ha OCHOBI MOIM(IKOBaHHMX
xomipok T'imga (KT'). Momudixosani KI' mng nonis Tanmya GF (d™) marores 3 Bxomm Ta 1 BuXin

pospsianictio P = @0og, M Gir koxHuii (puc. 1). Y pasi Bukopucranns cyqacuux IIJIIC, noriuni KoMipku

SKMX OyIyIOTHCS Ha OCHOBI MpOrpaMoBHUX 6-Bx0omoBux koMmOiHariinux cxemu (LUT - 6 Bxoxis, 1 Buxin),
peanizamis Ha IIJIIC takmx xomipok [inma y camoMy 3araJibHOMYy BHMAJKY, KOJNH HE YTOYHIOETHCS

crpykrypa KI', a BpaXxoByeTbCs TUNBKM KUIBKICTH ii BXOJIB Ta BHXOiB, HOTpedye :(23p'5 -1)xp
LUT.

BxXiJ — 4 Oitn BXi1—3p Oitn
A
| Al B C | | Al B C | l BXII[ _ 3p l
A B A B 6iTH
| MUL mod 2 | | MUL mod n |
S S Gn
| | | |
[ a B Gl ([ B | l l
| Co S Z | | S Z | BUXI :p GiTH
S S
- " | Bmxiz-26iru 4P Buxig—p Gtk
a o 8

Puc. 1. Komipra I'inoa, (a); moougixosana xomipku I'inda onst 06podxu
enemenmie nonie Ianya GF (d™), (6); ymoene zpaghiune nosnauenns (cumeon)
mooughixosanoi xomipxu I'inoa GF (d™) (s)

Ouinnty kinbkicts LUT y komipmi [ima MoxkHa 32 KiTbKOMa BapiaHTaMH:

1) BBaxaTu KOMipKy [infa “4OpHOI CKPHHBKOI® — MOBHICTIO HUTICHUM EIEMEHTOM, B SKOMY
HECYTTEBOIO € BHYTPIIIHSA CTPYKTYpa, a 10 yBaru 0epeThes TUIbKK KUIbKICTh BXOIB Ta BUXO/IIB;

2) 3 yTOYHEHHSM BHYTPIIHBOI CTPYKTYpu (komipka ['inma ckiamaeTbcs 3 MOMHOXKYBada Ta
cymaropa);

3) MOMHOXKYBa4d Ta CymMaTop, IO MPAIIOIOTh 3a MOAyJIeM M, y kowmipii ['imga ckiIagaroThes 3
0a30BUX (DYHKIIOHATBHUX EIEMEHTIB: MYJIbTHILIEKCOPIB, OJHOPO3PSAHUX IBIKOBUX CyMaTOPIB Ta 1HIIKX.

JIBa mepiii BapianTH Oysi0 PO3IJSIHYTO B momepentix podorax [10, 11], ToMy po3riisiHeMO TiTbKA
TPETil BUIAJIOK.

AnapaTHi BUTPAaTH 3pY4YHO OI[IHIOBATH, IOPIBHIOIOYM 13 BUTpAaTaMHU MMOMHOXYBaya JijIsl JIBIMKOBOTO
nons Fanya GF (27).
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[MomHOXyBauy MomndikoBaHol KOMIipkH ['inla MOXXHA TPENCTABUTH K MAaTPUYHUI TTOMHOXYBad 3
OPSIMHM Ta 3BOPOTHUM X010M (puc. 3). 3a mpsMOro Xoay 00YHCIICHb BUKOHYEThCS OIepallis MHOYKEHHSI, a
3a 3BOPOTHOI'0 — 3HAXOJDKEHHS OCTadi Bijl MUICHHS METOJ0M Oe3 BiJHOBJICHHS 3aJMIIKIB. 3a MPSIMOTO
xoxayi ogHy KoMmipky SMn moxua peamizyBat Ha KLUT1 = 2 enemenrtax LUT (4 Bxoau Ta 2 BUXOIH), 32
3BopotHOro — oauH enement SMch nwa KLUT2 = 2 enemenrax LUT (5 Bxomis, 2 BuX0au), a €JIeMEHTH
Sn —ua KLUT3 = 1 (3 Bxoam, 1 Buxix) tTa RN — wa KLUT4 = 1 (2 sxomu, 1 Buxin) exementi LUT.
Cymatop SUM_G wmoaudikoBaHoi komipku [inma OyayeThCcs 3a JIONOMOIOHO JIAHIIFOXKKA ITOBHHUX
OJIHOPO3PSIHUX JIBifiKOBUX cymaTopiB. [IBa Taki cymatopu (5 BxomiB, 3 BUXOH) MOXKHA MPEACTABUTH 32
noromororo 3 LUT —KLUTS = 3. Jlani npencTaBieHHs HaBEACHO Ha pHC. 2.

boao podoSa 0
- | i —1 -
Co C1 _2
SMn —T1SMch Sn Rn
| | | |
L) L) L) L)
2LUT 2L.UT 1LUT 1LUT
Krumi =2 Krur2 =2 Krura=1 Krura=1
Sod Si
ao SUM ai SUM
o A S J = A S|
0 1
e el
210G Co G Co
3LUT
Krurs =3

Puc. 2. Peanizayia ocnosnux 6aoxis 6 komipyi 'inoa GF (d™)
3 8eIUKOI 0CHOB0I0 Ha 6-6xo0osux LUT

SMn — eleMeHT IOMHOXKYBa4a, SIKHi BUKOHYE OIEPAIil0 MOIYJIbHOIO MHOXKEHHS Ta JOAaBaHHS 1
Ma€ BUXOM PE3yNIbTaTy Ta TepeHeceH s, To0To e MoandikoBana komipka I'inma. SMch — enement, sxwuii
BHKOHYE OIlEpallilo J0oAaBaHHS a00 BigHIMaHHS 4YHCJIa B JONOBHUILHOMY KOAI y pas3i mileHHs 0e3
BITHOBJICHHS 3aJIMINKIB. SN — 1i¢ BY30J1, SIKUH BH3HA4Ya€ TUI OMEpallii, BIAHIMAHHS YK JOJABaHHS y pasi
JieHHs1 0e3 BIHOBJICHHS 3aJIMIIKIB. RN — elleMeHT, sSkuii BU3HAYA€, YU MOTPIOHO MPOBOAUTH IIE OJIHY
OIepalLliio T0JaBaHHs JJIs 3HAXO/KSHHS pe3y/IbTary.

KoedimienT anapaTHux BUTpaT NOMHOXKYyBada s enementi nons GF (d) BinnocHO amamoriynux

Ki

. k
BUTpAaT NOMHOKyBaua ams enementis nomi GF (27) ki, =k, *k., ne k, =" ko :k_
92 k2

koedinienTn ckaaaHocTi Ta Kinbkocti KT, kgd Ta kg 2 K 1a K, —xinekicts LUT y KT ta kinbkicts KT
mis o Tanya GF (d™) ta GF (2"), BiznosinHo.

Jns nsitikosux nomis Fanya GF (27) K,, =1, ans inmmx:

kgd =KSMn*KLUT1 + KSMch *KLUT2 + KSn*KLUT3 + KRn*KLUT4 + KSUMn *KLUTS5,

KSMn, KSMch, KSn, KRn — kinskocTi exeMenrtis, Bigmosiano, SMn, SMch, Sn, Rny
moMHOXyBaui toie I"amya (puc. 3).

Ky = (80g,d()?* 2 + (dog,d()* * 2 + dog,d(* 1 + dog,d(*1 + élngdu*E

. . .3 . N .
ke = 2(d0g,d())* +2(dog,d()* + 2dog,d i+ 5 d0g.du=4(dog.d 0)? + - 809,d () Ome:

. w1 . . w7 .
k,= 2(80g,d0)* +2(dog,d)* + 5 dog,d(1+ 2d0g,d (= 4(dog,d()* + > gog,dy (1)
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Puc. 3. [Ipeocmasnenns 6Hympiunboi cmpykmypu
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nomuoxcysaya MUL_G xomipxu I'inoa GF (d™) (a); cymamopa SUM_G xomipxu I'inoa GF (d™) (6)
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Puc. 4. cxema enemenma Mch, (a); cxema enemenma N, (6); cxema enemenma RN ()

Y neitikoBux monsix GF (27) ams peamisanii momHoxyBada motpioHo K ,=2n° - 2n+1 komipox

linga, a B momax Tamya GF (d") 3 ocmosoro d kkd=2m2- 2m+1. Takox m0OaTKOBO

(m- 1)* (2%€9905_ 1)* dog,d(] LUT s sHaxomkeHHs koediuieHta, Ha sKMH  [OTPIGHO

MEPEeMHOKUTH HE3BIIHUH MOMiHOM (IIMMH anapaTHAUMHU MOXKHA B 1[bOMY BHUIAJIKy 3HEXTYBAaTH, OCKUIbKH

BOHH MaJli TIOPIBHSIHO 3 BUTPATAMHU Ha peaizalliro camux koMipok ['inma). Omxke:

2m* - 2m+1 ' :
> — » C—+ JUIS BEJIUKHX I, 2

—_— )
2n-2n+1 n®* éng

N 7 N
(4(dog.d U)2 + E éOQZdU)mZ
mul » 2 (3)

n

k»

k

n
Tpu somy d™ » 2", Tomi m» log, 2" = 5 k, »log,’d,

2

N 7 .
4(é092d LDZ + E é092d u
7 (log, d)?

Jlost manux N Ky Tpeba po3paxoByBatH 3a TouHimmMu Gopmynamu (1, 2, 3).

k

limygy K, =4 . Tpadix dyrxuii kmul maBeneno na puc. 4.

Sk BMIHO 3 puc. 4, BiIHONIEHHS anapaTHUX BUTPAT Ha peaizawiro moMHoxkysauis y o GF (d™) mo
armapaTHUX BMTpaT Ha peatialiio nomMHOXysBadis y nomi GF (2") y pasi 36iibienns posmipy moss
OpSAMYBATHMYTh 10 aCHMITOTHYHOTO 3HaueHHs 4, 10 CBIIYMTH MPO IepeBary, 3 MOy armapaTHUX
BUTpAT, BUKOPUCTAHHS JBIMKOBUX pO3LIMPEHHUX MOiB ["aya mepen BUKOPUCTAHHSIM PO3IMIMPEHUX OB 3

BCJIIMKOIO OCHOBOIO.

81



e U B~ A R R B A R B R E )
N A ~mO =0 WM NSO W ~m
I T e B B =T I v | N OO~ WM s d g n

S N SN D O~ O =~ N Mo O~ ® 00
L I B B I I I O B I I
n

Puc. 4. I'pagpix Gpynxyii kmu|

BuchHoeku

VY cyuacamx [UIIC mpu peamizanii moOymoBaHWX Ha OCHOBI MoaugikoBaHux Komipok ['imma
noMHOXyBadiB enementis nonis [anmya GF (d"), 3a ymoBH, 1110 TOMHOKYBa4 Ta cymaTop y Komipui [ina
CKJIAZIafOThCsl 3 0a30BUX (DYHKIIOHATBHUX €NEMEHTIB. MYJbTHILICKCOPIB, OIHOPO3PSIHUX JBIMKOBHX
CyMaTopiB Ta IHIINX EIEMEHTIB, BIJHONICHHS aapaTHIX BUTpAT Ha peaji3alliio MoMHOXyBauiB y noni GF
(d™ mo amapaTHMX BUTpaT Ha peali3alilo MOMHOXKyBadiB y momi GF (2") i3 36iblIeHHAM BenMYuHH
OCHOBH TOJIsSI TPSIMYBATHMYTh JI0 aCHMIITOTHYHOrO 3HadeHHs 4. ToOTo ms posmmpenux noiiB [amya 3
MPHOJIN3HO OJJHAKOBOKO KUTBKICTIO €TEMEHTIB MEHIIHUX arnapaTHUX BUTPAT BUMAraloTh MOMHOXYBadi JUIs
NBIAKOBHUX MOJIIB ["amya, SKIO eIEMEHTH MOJIiB IIPEACTABICHO B MOJIIHOMIiaIbHOMY Oa3Huci.
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