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ApOpog Authopatikig Epyoaciog: (Yypoppoteiog)
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EITANAITPOTPAMMATIZOMENEX MONAAEX YAIKOY"

dortntg: Anuntprog Kovtcoyewpyog
Emprénov: Avioviog Aadaiiapng

Iepiinyn

2V emoyN MOG, Ol TEPIOCOTEPOL EMEEEPYACTEG OMOLTOVV TOAD VYNAEG TOYVTNTEG AELTOVPYIOC.
ApBuntikéc mpdelc dnmg Tpdcheon, apaipeon Kol TOAAUTANGIOGHOG YPNCYLOTOOVVTAL GE d1Apopa
YNOLOKE KUKAMLLOTO Y10, TNV EXTAYXVVOT) TG VTOAOYIOTIKNG dtadtKaciog. O ToAATANCIAGILOG OToTEAEL
Qo amd TG ONUOVTIKOTEPES aplOuNTIKég TPaEels o epapuoyés enebepyaciog GMUOTOG, OTMS Yo
TOPASELYHLO. OTNV YNOoKT enesepyocio GNUATOGC.

H npaé&n tov ToAhamlociacpod amotelel TEPIOPIOTIKO TAPAYOVTO OTr TayLTN T Eneéepyaciag. o Tov
AOY0 avTO avVOTTUGGOVTOL OAO Kol TTePlocoTeEPES UEBodol peimong Tov apBpod Tov Prudtov g
dwdkaoiog Tov TOAAUTAAGIOGHOD. XT0 GYedoUd KAOE Ynelokod KUKADUATOS Ol TPEL Pocikég
mopapeTpol Tov kabopilovv v amddoon gival 1 TaxHTNTA, 1) IGYLG KOl 0 YDPOG TOV KATAAAUPAVOUY
Ol AOYIKEG TWOAEG. ZYETIKA UE TIG EMUEPOLG JEPYACIES EVOG YNPLAKOD GLOTNUATOS, M TPAEN TOL
TOAAATAQGLOG OV OmOlTEl pHeydAo ¥pdvo ektédeons kafioTmvtag Tov Pacikd mapdyovTa TEPATOONS
pog Asrtovpyiog. EmmAéov n vionoinor evog KUKAMUATOC TOAAOTANCIUGHOD amaltel Leyalo aptOpd

AOYIK®V TOADV KOl MG OTOTEAEGHO €XEL KO TN HEYOADTEPT] KOTOVAA®GON 10)00¢. ['or 6GAovg Tovg
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TOPOTAV® AOYOUG O OYEOWGUOC KUKAOUATOV TOALOTAGGIOGHOD 7oL Pedtidvouy €vav 1
TEPIOCOTEPOVG OO TOVG OYESLOGTIKOVG GTOYOVS TNG VYNANG TOYVTNTOG, TNG KOTUVAA®MGNG KOl TOL
aplOpod TOV AOYIKOV TUAGYV, OTOTEAEL TPOTEPALOTITAL.

H mopodoo Sumhopatiky epyocio €el ¢ 0TOXO TNV TPOCOUOIMOT NG SldKaciog «ovvOesTo»
(*“Synthesis™) kot «vAomoinong» (“Implementation”) S1G@opov KVKA®UATOV TOAALATAAGIAGHOD GE
emtonio cvotoyia Tpoypoppatiiopevov Toiav (FPGA). T v tpocopoinon emiéydniay diipopot
aAyopiBpor moAlomhaciacpod tov 8bit, 16bit, 32bit kor 64bit. Q¢ mepifdAlov mpocopoimong
ypnowonombnke 1o Vivado Design Suite oto omoio £ywvov S1Gpopol cLVSVOGUOL SLOIKOGLDY
oyediacong “Synthesis” ko “Implementation”. Ot rapandve dradikacicg oyedioong TposopotmOnKay
oto evaluation board Artix - 7 FPGA AC701 to omoio givar pio étolun mAat@oppo. avamtuéng
YNELKOV KuKAopatov Baciopévn oto o tpdceato Artix — 7 FPGA t¢ Xilink, to XC7A200T-
2FBG676C.

Ta anoteléopata tng mpocopoinong Ba eivar ot cuYKPIcES TOV KUKAOUATOV TOALOTANGLOG IOV TOGO
®G TPOG TOVG YPOVOLG VAOTOINGNG TV ddikaoldv oyedioong “Synthesis” ko “Implementation” 6co
KO G TTPOG TNV KATAVAAMGT 16YV0G¢, Tov aplfpd Tov AoyIK®V TUAGV KaB®G Kol T0 CLGYETICUO OA®V
TV Toponave HeTasld tovc. Ot cuykpicels avtég Oa yivouv 1060 og enimedo pLepovopuévov alyopifumv

600 Kot o€ eninedo alyopiBumV TOAATAAGIAGHOV 15105 AOYIKNG AAAGL dlopopeTIK®Y bit.
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ITPOAOI'OX

H wpdén tov moAlamAiaciocpod amotelel éva amd to Pacikd otoryeion ™G YNELOKNG
enefepyaoiog onuartog (Digital Signal Processing) (DSP) xafd¢ ypnoylomoleitor 6e EQapPUOYES
OMWC 0 peTacynNUaTIcHOg Fourier oto d1akpttd ¥povo, 0 «ypriyopoc» petooynuotiopndg Fourier, n
oLVEMEN onudtev Kol To YneuKd eidtpa. Adym Aowmdv g evpeiog ¥ponsg KukA®pATwv
TOALOTAQGIOGHOD LIAPYEL GLVEXNS €pevva Yo TN PeAtiotomoinon twv mPokaBopioUEVOV
aAyopiBumv TOALOTAAGIOGHOD Kot TNV ovantuén vE®V Tpooeyyicewv vAOmoinong Yy
AmOd0TIKOTEPT OPYITEKTOVIKY. ZNUEPA VILAPYOVV TOAAOT 0AYOPIOLLOL YO TN dlEVEPYELD TNG TPAENG
TOV TOAOTANGLOGHOY KAo10t 0mtd Tovg omoiovg eivar: 0 Booth, o Wallace Tree, o Dadda, o array,
o serial ko o Vedic. Kamrotot amd toug mapamndve odyopifuovg pmopovv eniong vo tpomomoinovv
aALGLoVTOG TOV aAyOPIOLO TOV YPNGLOTOOVY Y10, TN SIEVEPYELN TOV UEPIKMV aBPOICUATMV TOVG

TPOKVTTOVTOG L0, LEYOAN TOIKIALL O1LPOPETIKMV OAYOpiOU®V TOAAATANGIOC OV,

Kémowotr and avtovg tovg adyopiBpovg mOALOTAAGIOGHOV eMAEXONKAY Yol TN TOPOLGA
SMAMUATIKY Epyacio. XKomOG TG epyaciag eival 1 Tpocopoinon g dwdikaciog «Synthesis» kot
«Implementation» tov olyopibpuwv ovtdv oe FPGA dote va peketnBodv ot S14¢popeg
aAMAemidpdoel; tov  dwdwacwdv oxedioong (design  flows) kar tov  odyopibuwmv

TOAALOTAQGLOGLOV.

¥10 Kepdhawo 1 6o avarvBodv ot adydpiBpol TOALUTAAGIAGIOD OV YPNCLOTOONKAY GTN
ToPoVGO SUTAMUATIKY EPYOCIO DOTE VAL VITAPEEL L0 TTLO EUTEPIGTATMOUEVT] EIKOVO, TAVE® GTOV TPOTO

TOV AEITOVPYOVV Ot aAydp1Bot avTol.

Y10 Kepdlato 2 Oa yiver avaivon tov mepipdirovtog mpocopoioong Vivado Design Suite pe
™ Pondeta Tov 0moiov Eytvav OAEG Ol AMAPAITNTEG TPOGOUOIMONG TV H10dIKACIOV GYESINONG
«Synthesis» kot «Implementationy kat omd 10 omoio e&dyOnKay OAEG Ot AmaPOiTNTEG TANPOPOPIES

e€Oy®OYNG TOV OMOTEAEGUATOV TNG TOPOVCOS OUTAMUATIKNG EPYOUCIOG.

Y10 Kepdiao 3 Bo mopovclactodv To amOTEAEGUOTA TOV GLYKPICEOV TV aAyopiduwmv

TOAOTAOGLOG OV KOl TOV S1adKacldv oyediaong «Synthesisy kol «lmplementation».

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 17:24:05 EEST - 216.73.216.250



Y10 Kepdiaio 4 6o mopovslacTovV TO. CUUTEPACLOTE TMV TOPATAVEO GLYKPIGE®V Kol Oa
mpoTafovv Tpomotr eEEMENG ™G TapovoOS £PEuvag KOOMG Kol VEEG TPOOTTIKEG TOL OLTY

dnuovpyet.
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EYXAPIXTIEX

O Aé&eig elvar Adyeg yo va meptypdyouy TV €uyvopocsvvn pov mtpog tov Kabnynm kot
empPrénovta g Aumhopatiking pov Epyaciog k. Avtdvio Aadoidpn. To acteipgvto evdlapépov
TOV KOU 1 HETASOTIKOTNTA TOV TOGO OTIS TopadOcEl; Tov  padnuatog  Avamtvéng
Tniemkowmviok®v Zuomudtov 6e YAIKO, 0G0 Kol OTIC TOAV®PES GLINTNOELS HOG KOTA TN
dupkela ekmovnong ¢ Aumlopatikng Epyaciog, pe kabodnynoav cmotd kot otabepd. Ot

YVOGELS TOV AMOTEAEGAY KOl cLVEXILOVY VO OmOTEAOVV TNYY| B0 UAGHOV KO EUTVEVLGNG Y10 LEVAL.

[ToAAég evyapiotie apudlovv 610 cuvadedpo k. Aviovn Xoppofao yu TG TOADTULES
OLUUPOVAEG OV MOV TPOCEPEPE O OAOL TO OTADIO EKTOVIONG TNG MOPOVGOS OUTAMUOTIKNAG

gpyaciog.

®a NBela emiong va evxapIoTIo® BEPUE T GVVIPOPS LOL Y10 TNV OUEPISTH YOXOAOYIKN KOt
MO oP1EN TOL LoV TPOGEPEPE KOTA T SLAPKELD EKTOVNONG TG OUTAMUATIKNG EPYAGIOG KOOGS
Yopig ™MV TOTN TG 0TI SOLVOTOTNTEG LoV KOl TNV KATOVONGN NG TitoTa amd avtd d¢ Oa fTav

EQIKTO.

Téhog, mOAAEG evyaploTieg appolovy 6Tovg GIAOLE OV Y10 TNV VTOUOVI Kol KATAvONGT IOV

£0€150v 61N TPOOTAOELD LLOV Y10 TNV EKTTOVIOT| TNG TOPOVCAG SITAMUATIKNG EPYACIOGS.
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KE®AAAIO 1

AAT'OPIOMOI ITOAAAITAAXIAXMOY

1.1 TYHOOI AATOPIOMON IMOAAATIAAXIAXMOY
1.1.1 BOOTH [1]

O olyopOpog moAlamhaoiacpod Booth molhamiacialer dvo mpoonpacouévovs aptOpong
KAVOVTOG YPNON TOL GLUUTANP®OUOTOG MG Ttpoc dvo. O Booth éyel ™ dvuvatotnto vo ektelel
MyoTepeg TPOGHEGEIS KOl OPAIPECELS GE GVYKPIOT e TOV Pactkd aAyoplOuo TOALOTAAGIOGHOV
(shift —and — add). ITpoketrton yio pia Sradtkocio Kmdkomoinong mov eAayletonolel Tov aptud tomv
LEPIKMV TaPayOVT@V NG O1001kaciog Tov ToAlanAiaciocpov. H kmduconoinon avt faciletot ot
oyxéon:

n-2
X:_xn_1+z lexi
i=0

H mapoandve oyxéon pmopet va ypaeei Kot 16000VoL ©G:

X=2xX-X
2K= s B ®n-3 v X0 0
XK= 0 Xn-1  Xn2 X1 X0
Zn-1 In-2 Z1 0
Omnov: zp = x5 — x4
Zy = X1~ Xy
Zn-2 = Xp-3 — Xp—2
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AvoADOVTOG TO YNOIO Z,_1 TPOKVATEL 1) TAPOUKATO GYEON:
Zp-1 = —2 X Xpn-1tXn2+Xp1 =Xp_2 = Xp_q

O odyopBuog morlhamiacioopod Booth e€etaler dwdoykd ta N-bit yned tov
TOAALOTANGLOGTY Y G€ TOPAGTOGT GUUTANPOUATOS O TPOG 00 ave&aptnta av avtoi ivat BeTikol
N apvntkoi apBpoi. Av vmoBécovpe 10 yvopevo P =X XY 6mov ¥ = y,,_1Vn_2 - Y1Yo Kol

X = Xp_1Xp_z - X1X( TOTE COUEOVA LE TOV 0AYOpIOU0 ToALaTAOGIG oD BOoth 1oyvel n oyéon:

n-1
P:XXYZZ (yi_l—yi)XXXZi
i=0

ZOpeova pe ) mapomdve oyxéon 10 X moAlariactdleTal pe £vo amd To oTOXELD TOV GLVOAOV
{-1, 0, 1} og kGO Pripa, COUPOVA LLE TO ATOTELEGLLO TNG OPOIPESTIG TV dVO SASOYIKOV YNeimV
00 moAlomAactacty Y. Me 1t kw@dwomoinon Booth eléyyovpe tig ouddec povadwv mov
napovolalovtot péca o€ £va S1adtko aptdpod. H dwadikaoio g kwdikomoinong apyilet éva bit mpwv
™ ddtkacio Tov abpoicpatog, oniadn av n aBpoion Eekvd amd to Yy N Kodkonoinon apyilet
amd 10 y_q. 'Yotepa, pue eopd amd ta 6e&1d mpog Tt apiotepd egetalovrol Ta ymoeia ava 60o.
Meta&d tov ynewkov {evymv mov e€gtaloviol vadpyetl emkdivyn pe amotédespo povo éva bit
TOV TOAALOTAQGLOOTY] VO pével ektOG. To amotédecpo g Kmdkomoinong mapovstaleTon

otovllivoxag 1.1.

IMivaxag 1.1 MTivakog kodwkoroinong Radix-4

Kodwkomoinon Booth ,
Yi Yii Vig— Y Agutovpyia
0 0 0 Agv vrapyet oepd and 1
0 1 1 Téhog oepdg amo 1
1 0 -1 Apym oepdg anod 1
1 1 0 Méon oepdc and 1

Ta Prjpata g Aettovpyiog Tov adyopibuov Booth cuvoyilovtol ota akdiovba:

o AvYY,_; =00nY;Y;_; = 11 101¢ 0AicONnGE TO AOPOIGHA LEPIKDY YIVOUEV®V KATH £VOL

bit Tpog ta apiotepd
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o Av Y)Y, ; =10 t6te agaipeoe tov moramiactooty X and 10 TPEXOV AOPOIGHA TV
EVOLAPES®V YIVOUEVOV Kot PeTd oAlcOnoe 1o amotélecpo Katd pio Béomn mpog T
apLoTePA.

e Av YY;_; =01 tote agaipece tov morramiactooty X and T0 TpEYoV AOPOIGHa TOV
EVOAPES®V YIVOUEVOV Kot PeTd oAlcOnoe 1o amotélecpo Katd pio Béom mpog to
aploTePA.

e ToY;_; eivon éva bit kot anoterei apyixn cvvOnkn Tov adyopifuov

o To Tpéyov GOpoOCHO TOV UEPIKAOV YVOUEVOV A 0pYIKOTOLEITOL GTNV 0Pyl TOL
aAyopiBuov kor €yet tov S0 oplOpd bits pe tOv TOANOTANGIGT KOl TOV
TOAAOTAAGLOGTED

o O apBuog tov emavaAyemv Tov aAyopifuov eéaptdtotl amd Tov apud tmv bits tov

TOAALOTAQGLOGTY] KOl TOV TOAAQTAQGLOGTEOV.

Ewova 1.1 Aoyiko dudypappo adyopifuov tolhamiaciocuod Booth
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Ta kOplo TAeovekTHpaTa TOL OAyopiBuov moAlamiaciacpod Booth sivar:

e H xwdwonoinon Booth givar ko1 yw mpoonuacuévovg Kot Un TPOCTLUGUEVOLS
aptOpovg.

e To kdBe yneio tov KOKOMOMUEVOL apBpod pmopel vo moapaybel dueca ywpig
e€apnomn and TPOMNYOVUEVH LEPIKA YIVOLEVA LG Kat Eival cuvdptnon povo tov ;Y4

e Me v K®O1KOTOINGT TOL SLASIKOD APLOLOV UTOPOVILE VO LEIWCOVE TOV aplOUd TV

TPOGHECEDY TOL ATOLTOVVTOL Y10l TOV TOAAUTAACIAGULO.
Ta onpavtikdtepa pelOvEKTAATO TOV aAYOpOpov Booth sivar:

¢ H moivmioxkdttd Tov: H Aoyikn tov gival apketd mo moAVTAOKT 0TI KATOVOTOT| Kot
TNV VAOTOINOT GE OXECN LE TOVS TOPAS0GIOKOVS 0lyopiBpovG.

e H peydd xobvotépnon petddoong g mAnpoeopiog: O alydpiBuog amortel peydio
aplOUd EMAVAANYEDY Y10 VO VTTOAOYIGEL TO YIVOUEVO EVOC TOAAUTANGIOCHOD, YEYOVOS
7OV AVEAVEL TO YPOVO LETAOOGNG TG TANPOPOPIaG.

e H peydin xotavaioon: H vionoinon tov olyopiBpov KoTovoA®VEL HEYAADTPO TOGA
000G G€ GYEON LE TOVE TAPOSOGLOKOD AAYOPIOIOVE, E1OIKA Yo LeYaADTEPO 0plOpod bits

£160000.

1.1.2 WALLACE TREE [2]

O aAyopiBuog Wallace Tree givar pua 0modoTikr| VAOT0INGM VAKOD EVOC YNOLOKOD KUKADLOTOG
mov moAlomAactdlel dvo axépotovg appods (Ewova 1.2). O oiyopdupog Wallace Tree

amoTEAEITOL OO TOL TOPAKATO PriporToL:

1. ToAamiacialovpe KaBe ymeio and 1o Eva apBuntikd cvvoro pe kdbe yneio amd 1o
Ao apduntikd cvvolo mapdyovtag ol n? amoteAéopota. Avaloyo pe ) 0éon twv
LEPIKMDV TOPAYOVIOV TO KOAMOWL OGVVOESTG (EPOVV  JPOPETIKE Papm, Yo
TOPASELY LD TO KAADOI0 TOV HETAPEPEL TO OMOTELES A A, b3 Exet Papog 32.

2. AxolovBei n peiwon tov apBuod TV pEPIKOV yvouévmv og 000 emineda pe ypron

Kukhopdtov full ko half adders
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3. Téhog axoArovBel 1 opadomoinon OA®V TV KOAOIDGEDV 6€ SVO APBOVG 01 0TO{0L

npootifevtal pe copPatikny Tpdcheo.

ﬂ:g ﬂ: ﬂ! an
x by b, b, b,
azhy  axby ayby aphy
azh,  azb, a, b, agb,
ash, a,b, a,b, agh,
azb; ab; a, by aghs
p'f p(l p.') p-l 1?1 Inf ;]1 p”

Ewoéva 1.2 TTodomhactacpog 4x4 bits pe yprion odyopibuov Wallace Tree

H Ewoéva 1.3 Odeiyver v dOpoton TtV HEPIKOV YwwopEvav o€ €vav  ahyopiBuo
nolamiaciocpov Wallace tree 4x4 bits. 1o mp®dTo 6T6010 TO. LEPIKA YIVOLEVA TV TPLOV TPDTOV
oepav abpoifovror peta&d tovg pe ™ Pondewr abporotdv CSA (Carry Save Adder) ko
Aappdvovtar Egxwpilotd ta afpoiocpata kot ta vroAowro Tove. Ot pepkég avtég abpoioelg e ta
VIOAOITO TOVG TTPOooTifevTal e TV TeEAeLTAiN GEPA 6TO deVTEPO GTAdO TOL ahyopiBuov. Télog

1N S0 d1KAGI0L OAOKANPOVETOL GTO TEMKO GTASI0 KOTA TO 07010 OV TPOKVTTEL KATO0 KPUTOVLEVO.
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+ Ha
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Ha Ha
* ‘/_,,-""
Ha
I : !
P6 P5 P4 P3 P2

Pl

Ewoéva 1. 3 Aadikacio aBpotong peptkmv yvopévav aiyopifuov Wallace Tree

PC

I'evika, évag n-bit olyopOuog molhamiacioopod Wallace Tree mepihappaver n+l otdda,

dNAadn Yo To TOpUTAv® Tapddetypo Tov 4xX4 bits moAlamlacioopoy amattovvior 5 otadw. H

yprion CSA aBpoiot Pertidvel v KabBvotépnon petddoons pog Kot 1o kibe otado eivon

ave€apTnTo amd TO TPONYOVUEVA KPOTOVLEVOL.

[Maipvovtag omolecdnmoTe TPEiG KAAMIIDOELS e TO 1010 Pdpog Kot eldyovtas teg oe Evav full

adder to amotélespa o givarl pio Kolmdimon 10100 Bapovg He TIG KOAMIIDOELS EIGOS0V Kot Lo

KOA®OImoTN pHeEYOADTEPOL PAPOVE OO TIC TPELS KOAMOIMOES €16000V. Av mpokLYoLV dV0

EVOTOLEIVOGES KOAMIIDGELS 1010V PAPOVG TO AMOTELECHA TOVG TPOKLITEL AO TV ABPOIGT TOVG

péom evog nuadpotot. TEAOG, av amopével HOVo o KOAMII®ON, ALTH GUVOEETOL LUE TO EMOUEVO

eMinedO.

O aiyopBpog molhomiactacpov Wallace Tree €yet o e€ng TAeovektuaro:

1. Kd&Be eninedo tov dévipov peldvel Tov aplpud Tomv S1ovuoUdTemVY KTl £V TapdyovTo,

3:2.

24

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 17:24:05 EEST - 216.73.216.250



2. TIpoopépel v eAdylotn KaBLoTEPNON LETAOOTG TG TANPOPOPIaG.
3. O ahyopbpog Wallace Tree mapéxer O(logn) ypdvo kabvotépnong petddoong
TANpoeopiag, oAAd TPocsBETovTag Ta PePKd yvopeva pe cuUPaTikovg adyoptBpovg

G0potong Oa amoutovoe 0 (log?n) ypovo.
O aiyopBpog molhomdactacpov Wallace Tree €yet ta e€ng peovektmuarto:

1. Aev mapéyet kavévo mheoveKTnpo evovtt 0évtpwv ripple adder ota eprocdtepa FPGA.
2. Abdym g doung dacHvdeong o aptBnog Tv abpototdv avgaveton pali pe 1o TAn0og

Tov bit Tov Tpénel va ToALATANGIAGTODV.

1.1.3 VEDIC [3]

O aiyopBpog moAlamraociacpotd Vedic givat o mapadootakds akydpOpog ToAAATANGIOGHOD
dv0 apBpdv oto dekadtkod cvotnua. H id1a Aoy akodlovbeitan kot 6to dvadikd cvotnpa. Eivor
oL yevikn néB0d0g TOAMATAAGIOG LoD TTOL £XEL EQUPLOYT 6€ OAES TIC TepuTToels. To dvopo Vedic
ecmKAeiel Tov TpOTO OV AgrtovpYEL 0 ahyopBpog Iniadn «Katakdpvea kot Atydvian(«Vertical
and Crosswise»). Baoiletor oty 1060 T OAQ TO, LEPIKA YIVOLEVO, LTOPOVV VO YEVIKELTOVV V1O
nolamiacioopovg nxn bits. Eeocov ta pepwkd abpoicpoto ko ywopeva vmoloyilovton
nopdAnia 1 toxOdTa vAoToinong tov aAyopiBuov eivar aveEdpnTn amd TV TONLTNTO TOL
eneEepyaotn). H vmoAoyiotikn 1oyvg tov aiyopifuov avEdveton pali pe to péyeboc tmv dtoviwv
€16000v Kot €£600V Tov. Ady®m NG omAng doung tov pmopel €OkoAa va evoouatmdel og
omotodnmote chip. O aAydpiBuoc morlomAaciacpov Vedic €xel to mAEOVEKTHUA TOS, KOODS O
apBudg tov bits moAlamlaciocpol avéavetal, 1 KabvoTéPNon TOV AOYIKOV TLUADY Kol M
EMPAVELN TTOV AmoTel ALEAVOVTOL LE TTOAD apyoVS puOUOVE 6€ cVYKPLoN e GAAOVG GLUPBATIKOVG

nolamlaciootéc. O 8bit alyopOpog morlariaciacpov Vedic paivetar otnv Ewova 1.4.
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Ewoéva 1.4 Alydpbpog morramraciacpod Vedic yio 8x8 bits

Mepikd and ta TAeovekTnpaTa TOV 0aAyopdpov moAlamioaciacpov Vedic sival:

1. O ypdvog d1ddoong g TANpoYopiag etvar ave&apTnTog amd ToV ¥pOVo AEITOVPYING TOV
emeepyaotn kabdg To pePKA ywopeva kot ta afpoicpotd tovg vmoioyifovrot
ToPIAANAQL.

2. Zuykpurikd pe GAAOVG  OAyOplOHOVG, €xEl  UIKPN OYETIKA KOTOVAA®ON Yo
nolamlacioopovs 8bits kol 16bits ot omoiot ¥pNoponoHY GLYKPITIKA AyOTEPEG
TOAEC.

3. Kabog o apBuog towv amaitobpevov molov avdvetal, 1 meployn mov yperdleton
ALEAVETOL GYETIKA apyd o€ oxéon He GAAOVG aAyopiBlovg, Yeyovog mov Tov KabioTd
YOPIKA ATOSOTIKO.

4. H kabvotépnon petddoong avéaveton apyd kabng ta bits ei.cdd0v avédvovrat.
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Ta o onuovtikd petovektnuata tov akyopiduov Vedic givat:

1. Adyow g odoung tov, emPoapdvetor omd TN KoOBLOTEPNON TG UETASOONG TOL
KPOTOVUEVOL T®V 0OPOIGTMOV, PAVOUEVO TIOL EVTEIVETOL OGO UEYOADVEL O aplOUOG TV
bits ToAanlaciocod.

2. Otav o apBpog tov bits Eemepvd to 32bits 1 64bits n kabvotépnon petddoong g

TANPOPOPIOG AVEAVETAL CNUOVTIKA.

1.1.4 SERIAL [4]
1.1.4.1 Serial — Parallel

1.1.4.1.1 Tumocg 1°

O mpmdTog THMOC oEplakoy moAlamiaoiact amoteleitan amd téocepelg full adders, téooepig
noreg AND yuo ™ mapayoyn pepikadv yvopévev kot téooepa ototyeio kabvotépnong (Euwodva
1.5). v mapovoa doun to yneio petopopdg (carry out bit) kabe abpoiot avatpopodoteitat

oToV 1010 0Bpo1oTh ¢ oMU 16000V PETE amd TOV TOAUS EVOG POAOYLOV.

D D D
I S N
5l [yl 5] g

Ewodva 1.5 AhyopiBpog morramhaciocpov Serial — Parallel Tvomov 1

1.1.4.1.2 Tumog 2°°
H pévn dbdgpopa tov dehtepov tOmov ogplakod afpoiot omd ToV TPMTO £YKEITOL GTNV
Kabvotépnon PeETAd0GNG TOV GNUATOG TOV 6TOV TPOTO TOHIo e&aptdrtar Kupimg omd dvo full adders

(Ewova 1.6). Emiong, ot n apytekTtoviky umopel yivel uépog oG HeyaAdtepng apyLTEKTOVIKNG
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KOG TPooPépet T duvaTtdHTNTA SeVVOESNC e emmAéov KukAmpata (pipeline). Xe avty v
nepintwon, kabmg aAlalel  doun Tov KLUKA®UATOG, TO Pacikd ototyeio KabBvotépnong Ba eivar

N+1 full adders.

D

Ewoéva 1.6 AdydpBpog morramracioopod Serial — Parallel Tomov 2

1.1.4.1.3 Tumog 3°

Y& 0UTOV TOV TOTTO TO GO LETAPOPAS Oev avatpopodoteital otny gicodo tov full adder 6mmg
ovpPaivel otov tomo 1 (Ewova 1.7). e avtn v nepintoon o apduog tov full adders kabopilet
v KaBvotépnon petadoong onuatog. H dopn avtm uropet va dtacuvoedel pe dAleg Sopéc Kabmg

OgV TEPLEYEL AVAOPOCT) KPATOVUEVOU.

(51 L

~+ oK+t Hp Rt HBH -
[

Ewoéva 1.7 AhydpiBpog morhamlacioopotd Serial — Parallel Tomov 3
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1.1.4.2 Serial — Serial

Oleg o1 mapamdved dopég mov avaeépbnkav avikovy ot katnyopio tov Serial — parallel
CEPK®OV 0AY0PIOU®V TOAAATANGIOGHOD. ZTIG GEPIUKESG EMKOWVMVIES TAL dESOUEVA EIGEPYOVTOL
CEPOKA, EMOUEVMG O GEPLOKOG OAYOPIOUOG TOAUTANGIOGHOD TPEMEL VAL TOAAUTAAGLALEL TOV

TOAALOTAQGLOGTY| [LE TOV TOAAATANGLOGTED GELPLOKAL.

O aiyopOpog mordamraciacpov serial — serial amobnkevet Ta bits e1d6d0v o RS kataympntég
omw¢ paivetor ko oty Ewova 1.8. 'Evag adydpiBpoc moAlamhaciacpod N-bits umopel va ddoet
amotéheopo Petd amd 2N moApovg poAoyol. Emopéveg to onpovtikOTePO TAEOVEKTNUA TOL
CLYKEKPIULEVOL adyopiBuov etvar Tog propel va mapéyet amotédespo petd and xpdvo 2N maipmdv
poroYy100, 0 omoiog eivan ave&dptntog amd v kabvotépnon tov full adders, oe avtibeon pe Toug

napandve serial — parallel odyopiBuovc.

Cr-1 -2 T3 <0

xik}
whkl

£y

S #1!

FA

I
1
|
[
I
i
I
i
[
i
[
Cir I
I
I
i
I
i
I
i
I
I
I
[

Iﬁl_i)_”_.m L --i. s FAC
1 ‘o s T

o

<r Cir

Ewoéva 1.8 Adydpibpog morramraciacpov Serial — Serial

11 ovvéyeln mapovotdletarl o alyopduog moAlamiaciacpot serial — serial yio dvo apiBpovg x
kot Y pe N ymoia o xabévag tovc. O mopakdtom olydplOpog TOALUTAAGIOGHOD OPOPE OKEPOLES

JEKUOIKEG AVATOPACTAGELS aplOU®V 6TO dVASIKO GVGTN LA
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Y10 apywo Priua otav fo = f(x,y), 6nwg eaivetar oty (1), 0o KGbe apBpoOS avarapictaTol

a6 10 AOPOIGHA TOV AMYOTEPO GNUAVTIKGOV YNOLOV KOl TOV EvVOTopeivavTov Dits.

= (Staa)e(Sn2)

i=0

- (i(xi x 2% + x0)> X (i(yi X 2t + yo)> €Y
(z xz) (zylxz)ﬂoxm ( ZW) (yzz>

i=1

AoV yivel 0 TOAAOTAAGIOGOG YPOLLUY TPOG YPOUUY YIVETAL YPNON TG CLVAPTNONG f7 -
fi=flx—x0,y —¥0) = (x —x0) X (¥ — ¥o) )
H ovvédpmon f; umopel va amocvvieBel pe mopdpolo Tpomo o©T10 emOUEVO  Priua.

Enavoiappdvovrag m dwdikacio avtn 1 yevikny cuvaptnon (3) umopel va eEayet.

fj =fj+1 +4;j=01,..,n—-1
AjZijijzzxj+ ijZjXZinZi + ijZjXZXiXZi (3)

H j-oot enovéinym copemvo pe v e&icmon (3) eivaun fj11 cvv mv adpoistikh petafoin 4;.
Ze ot v nepintoon av X; = 1 ta Pépn tov bits Tov apBpod y aBpoilovtor 6ra pali. Emiong,
av Y; = 1 1a Bépn tov bits tov apBpod X abpoiovran pali. Av ko o dvo bits eivar 1, av eivar
avaykoaio, o bit Bapovg Tov moAkamraciocuod X X ¥; umopodv va npoctebodv 6e mponyodevo
aOpotcpa. Emopévog katd v ekdotote exavainym, to bits (x-, yj) TPENEL VO, AtoOnNKeLTOHV Y100
TNV ENOUEVT] EMAVAANYN. ZVVETMG Ol dOUES TPEMEL VAL GYEOAGTOVV £TGL (OGTE o€ kABe Pripa va

dnpovpyovvral ta bits Tov 1663wV Kot va amodnkedovTal 0l LEPIKOT TOALUTANGIAGHOL.
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O1 ceplaxoi adyopiBuol givar n KaAdTepn emiAoy OTOV 1 TAXVTNTO PETAGOONG TOL GIUATOG
etvar Aydtepo onuavtik] amd 1oV YOPo Kot TV Kotavaiworn. Ot ceprokoi odyopiOuot
TPOCPEPOVV VAOTIOMCEIS UE AYyOTEPES AOYIKEG TUAEG dpa kol pe Ayoteprn KotavdAiwon. To
avTITIHO aVTOL OUMG, €ival M pelmon ™G GLVOAIKNG Tovg amddoong, kabdg 1n kKabvotépnon

petddoong g TANpoeopiag avEavetat.

1.1.5 ARRAY [5].[6]

Ot ahydp180t1 TOALOTANGIOG OV TTivake eival EVpE®S YVOoTOl AdY® TG amAng doung tove. To
KOKAopo tov moAlamAiacioot] Paciletor otov adydpiBuo mpooHnkng kot petoromons. Kabe
LEPIKO YIVOUEVO TOPAYETOL OO TOV TOAAATANGLOGO TOV TOAALUTAAGIOGTEOV LE KAOE Eva amd Ta
bits Tov moAlamiaciact. Ta pepkd yvopeva otn cvvéyela petatomilovial cOUemva pe ) B€on
T0vG Ko votepa mpoatifevrar (Ewova 1.9). H npdcsbeon pmopei vo mpaypotomombei kot pe Evav
anid aBpowotr Carry Propagate. Ot adyopiBpoi moAlamiaciocpol mivaka arortovv N-1 apBud

a0po1oTdV, LVTOOETOVTAG TMG TO UAKOG TV aplBUdV TOALATANGLOGHOV gival N.

Ewdva 1.9 AdydpiBpog molhamlacioopod wivoko yio 4x4 bits

"Eva mopdadety o ToALOTAAGIOG OV LE T1 HEBO0JO TivaKa PaiveETaL LE TN HOPPT] AOYIKMV TUADY

v 600 4bits apOpovg oty Ewova 1.10.
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Ewéova 1.10 Aopn Loyik®dv Toddv adyopibuov molharmiacioood tivoko yio 4x4 bits

[Mopdro mov M péBodog avth ivar PovopeviKd amAY], OTWS GaiveTal Kot omd TO TOPUTIVE®
oynua, n Tpdcsbeon yiverar tavTOYPOVA, TOPIAANAL Kol oeplakd. Me okond ) Pedtioon tng
kaBvotépnong petddoons, kabmg kot T mepoyng mov kataiapPdaver oto FPGA, ot CRA
aBporotég avtikabiotavral cuvnBmg and abpoiotég Carry Save, 6Tovg 0moiovg TO MOTELEC LA KoL
TO KPOTOVUEVO TEPVA GOV TANPOPO Pl GTOVS afpo1oTEG TOV EMOUEVOL GTadi0V. To TEAMKO YIvVOpUEVO
AmOKTATOL amd OMOVONTOTE afpolotn Toyelog petddoong onuatog (cvvnbwg avtdg eivan
aBpoiotng Carry Ripple). Xtovg moAlamrloolactéc mivako o apluds TV HEPIKMDY YIVOUEVMV TOV
npémel vo, mpootehovv gival id10g pe tov apBud tov bits tov moAlamlaciacti. Avti 1 didtaén

napovotdleral otnv Ewova 1.11.
32

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 17:24:05 EEST - 216.73.216.250



Ewova 1.11 Aoun Aoyik®dv moAdv adyopiBuov moAlariaciocpol Tivaka pe ypnon Carry Save

afpoictiv

H meploym mov kotorappdvet £vag adydptOpog TOAAATANGIOGHOD TIVOKO OVEPYETOL GE:
Total Area = (N — 1) x M % Areag, ,

e N: ta bits Tov ToAanlacioot)
e M: ta bits Tov moAlamiociactéov

o Areagp,: meployn KatdAnyng mAnpous abpolotn
H kaBvotépnon petdadoong g mAnpopopiog divetal amd tn oyéon:

Delay =2 (M — 1) * g,
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¢ 7z, HxaBvotépnon petddoong mAnpogopiog evog TANpovs abBpotot).
Ta mheovekmpata yprong evog adyopidpov mtollamiactocol ivaka gtvot:

1. 'Eyetl pukpn moAvmAokOTNTOL.

2. Tapdyston edkoro Y10 TOAOTAAGIOCHOVG TOGO HKP®V 060 Kot peydiwv bits

3. ApBpdvetar e0KOAN GE GLGTNLLOTO TTOV ATALTOVY TAPOUTAV® ATTO EVO KOKA®LOL.

4. To oynuo tov ivol omAd pe amotédlecpa va ivarl edkoAn n dwadikoacio Tov placement

Ko routing.
Ta peovekmpoto Tov ahyopifpov molharlociacol tivaka givar:

1. 'Exet peydAn kotavdiwon n omoio avédvetal ekOeTikd pe v avénon tov apldpdv
€16000V
2. 0c0 0 apBuodg tov bits 16660V avédvetat To 1510 KAVOLV Kot 01 AOYIKES TOAES, YEYOVOG

oV odNyel og avdykn KAAvYNG LEYOADTEPTG TEPLOYNG.

1.1.6 DADDA [7], [8]

O olyopOpog morlamiaciacpod Dadda mpoxvmter and tov akyopildpo  mopdAiniov
nolamiaciocpov. O Dadda givar ehappdc Todtepog Kot amartel AydteEPo aptOpd TUA®Y amd TovV
TOPAAANA0 aAyOp1Opo moAlamhaciacpov. O akyopiBuog Dadda eivor puo omd tig moAAEG pebddovg
TOPOAANAOD TOAALUTANGIOGHOD Kol gAoyloTomolel Tov aplud tov otadiov mpdcbeong mov
OTOLTOVVTOL Y10 TOV VTOAOYICUO TOL afpoiCUATOC TOV HEPIKAOV YIVOUEVAOV. AVTO TO EMTLYYAVEL
YPNOYLOTOUDVTOG TANPELG Ko UITANPELS aBpO1oTEG DOTE Vo LEmBel 0 apBUOS TOV YPOUUUDY TOV
TivoKa yvopévev o€ Kabe otadio mpocbeonc. [Tapodro mov o adyopduog noldaniaciocpot Dadda
&xel amAn doun, M Swdkacio pHeTddooong TG TANPOPOPING Eival o apyn AGY® TNG GEIPLOKNG

drdkaciog ToAAaTA0GIOCHOD.

1.1.6.1 A)ly6piQuoc Dadda

O oiyopOupog Dadda Baoiletar otov mivaka mov gaivetoar oty Ewova 1.12. O wivakag tov
LEPIKMDV YIVOUEVMV KOTAOKEVALETOL 6TO TPADOTO 6TAd0 and o aAiniovyioc AND moidv 6mtmg

eaiveror oty Ewova 1.13.
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Ewdva 1.12 TTivaxag pepikdv ywopuévev adyopibpov torlariacioacpuov Dadda

Ewova 1.13 Toapaymyn peptkodv yvopévav pe ypnon moiov AND

O aiyopBpog Dadda nepiiappdvet to e€ng Topakdatom oo

1. TloMomhooloopdc kabe bit tov moAlamiaciaot pe kKabe bit Tov moAlanAaciacTéov.
Avdroya pe T 0éom TOV UEPIKMOV YIVOUEVAOV TO KOAMOWL HUETOPOPAG TOVG EYOLV
PO peTIKA Pap.

2. Meiwon tov aptfpod TV HePIK®V YIVOUEV®VY GE dVO eMineda TANPOVG ABPOIGTOV.

3. Opoadomoinon tov KoAwdiov ce dvo apBuods kot mpdcbeon tovg pe copPotikd

afpoiot.

1.1.6.2 AlyopiOuoc Dadda e ypnhon abpowotn Ripple Carry

To Aoywd didypappo evog akyopibpov morlaniaciocpot Dadda pe yprion abpoistédv Ripple

Carry eaivetar oty Ewova 1.14. Zopepova e 10 oynio, Toipvovtag 0TotadNToTE Tpio KOAMO
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e 1o 1010 Bapog Ko E1GAYOVTAG TO G E160J0VE G€ £vav afpo1oTh TO OmOTEAEG LA TS (BpotonS Ba

etvat éva kodmoto €£660v Tov 1810 Papovs. H dadwkacio tov adyopiBpov @aiveton mapoakdto:

1. Tpio amd o pEPKE YIVOUEVO TTOL TPOKVTTOVY OO TO TPMTO GTASI0 UETAPEPOVTOL LE
Tpio KOA®OW G €i60001 6ToVg 00po1oTéC. To amotélecua g ABpoIoNG HETAPEPETOL
¢ €10000¢ 6TOVG ABPOICTEC TOV EMOUEVOL GTASIOV, EVA TO KPATOVUEVO TNG ABpoiong
aBpoiletar pe Ta emOpEVA dVO PEPIKE YIVOUEVO TOV 0BPO1GTH TOL 110V GTAdIOL.

2. Mg v emovoinyn g J0IKAGIOG AVTAG TO HEPIKE YIVOUEVO UEWDVOVTIOL GE V0
eminedo TANPoVG 0BpOIGTAOV.

3. Xto telko eminedo axorovbeitar n idio péBodog abpoiong pe tov Ripple Carry afpoiot

Ko TPOKVOTTEL TO Yvopevo Pl mg p8.

Ewéva 1.14 ABpoion pepikdv yivopévov pe xprion abpoiotov Ripple Carry

1.1.6.3 AlyépiBuoc Dadda pe ypnon abpowotn Carry Save

H apyrrextovikn tov akyopifuov Dadda pe yprion abpoiotr Carry Save eaivetar oty Ewkova
1.15. H dwdwacio tov aiyopiBuov opilel mwg, maipvovtag omoladmote Tpic o100y kd KaADdo
TOV HETAPEPOVY HEPIKE YvOpeva kot aBpoilovtdg ta, To amotélecpa e dBpotong Ba eivar va
KOA®MS10 1010V BAPOVG e aVTA TNG 10000V Kot Eva KOADI0 peyoivtepov Papovs. Ta Prpota g

dwdkaciog giva:

1. Tplo pepkd SodoyKd YWOUEVO €1GAYOVTOL HE KOADOWL ¢ €1G0d01 £VOG TANPOVG

afpoiot.
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2. To kpatobdpuevo g dBpoiong yiverotl £16050G TV BPOIGTMOV TOV EXOUEVOV GTASIOV.

3. Z10 emduevo otddo TOo 0bpoicpato Kol TO KPOTOVHEVO TV 0OpOIGTMOV TOL
TponyovpeEVoL otadiov abpoifovior peta&h Tovg.

4. Y10 tEMKO GTAd10 YiveTon xpnom evoc ypryopov abpototh ripple carry wote va peiwbel

0 ap1Ou6G TV oTadiny Kot vo TpokLyeL To Yvopevo Pl wg p8.

Ewova 1.15 ABpoiwon pepikmv yvopévav pe xpnon obpostaov Carry Save

Ta mheovektnuata tov alyopiuov moilariaciacpov Dadda mapovoidlovror Tapakdto:

1. Eivau toydtepog amd tov Wallace Tree moAlamiooioot.

2. 'Eyxel picpdtepn molvmhokotnta amd tov Wallace Tree.

3. 'Exel yauniotepeg anmwieieg and tov Wallace Tree.

4. "Eyel Myotepn kabvotépnon petdadoong minpogopiog and tov Wallace Tree.

O aAyopBpog Dadda eivor yevikd kaAvtepoc amd Tov avtiototryo akyoppo Wallace Tree pe ta

o1 OpG pelovekTuata pe avtov[9].
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KE®AAAIO 2
MMPOXOMOIQXH FPGA

21 TOFPGA
2.1.1 TENIKH ANAAYZH FPGA[10]

To FPGA givat piio 6uokevn) Tov 610 SUGOIACTOTO EMTITESO TEPIAAUPAVEL Lot GLGTOLYIO AOYIKADV
KEAMDV KOl TPOYPAUUATICOPEVOV SOKOTTAOV. TO amAomomuévo doptkd ddypappa evog FPGA
eaivetor oty Ewova 2.1. KébBe Aoywd kel pmopel va dopoppmbel dote v exTeAel pia amin
Aertovpyion Ko €vag TPoypoupaTiCONEVOS SOKOTTNG TPOCsOpUOleTal MOOTE v apExel N Oyl
ovvoeon petald tev Aoywkov keMdv. Kdabe efatopikevpévoc oxedlacpog  viomoteitot
kaBopilovtag ) Aettovpyia KaOe Aoyukod Kehov kot enthektikd pvOuiloviag Tig cLuVOESEIS TV

TPOYPUUHOTICOUEV®V SOKOTTAOV.

I logic cell P3s logic cell
PS PS PS
logic cell PS logic cell

Ewova 2.1 Arhomompévo dopkd dwdypoppa FPGA
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Kabe Loywkd kel amotereitan amd évo LUT(Look Up Table) ko éva D flip — flop. To LUT
YPNOWOTOLEITOL  YloL TNV  EKTEAECT, OMOWGONTOTE GLVOVACTIKNG Aettovpyiog. O «kdbe
katackevaotg FPGA propel va emdégetl dapopetikd apBpo LUTS gicodoh yio to mpoidv tov,
ne amotéleoua kaBe FPAGA va dapopomoteiton amd kdbe dAro. Lty Ewodva 2.2 paiveton n
ECMTEPIKT OOUN EVOS AOYIKOD KLTTAPOL. ZOHpava pe avth PAEmovpe g facileton og éva LUT
POV 1600wV kat éva D flip — flop. To FPGA umopei va oynuoatioel éva akolovdiokd 1 éva
oLVOLOOTIKO KUKA®UA OvOAoya pe TV €£0d0 mov emiléyetal. Aniadr), n €£odog Yy odnyel og
oLVOLOOTIKY VAOToiNon &vd M ( o€ okoAovBwkn. Extog amd Aoywkd wOTTOpA Kot
npoypappatiiopevoug daxodnteg kibe FPGA amnotedeitan kot and addd otoyeio ta omoio eivon

vrevBuva Yo TN PVHUN, TN SLXEIPIOT TOV POAOYIOV TIC SEMAPEG E1GOO0L Kal ££600V K. 0.

b lookup table
(LUT)

clk >{:Ih

Ewova 2.2 Ecwtepikod didypoppo Aoytkod KuTtépov

Me okomd v avénom ¢ eveMéilog Kot TG amdd00Tg OKTM AOYIKA KOTTOP cuvdvdlovTat

petalld tovg og o €01KN SOUN ECMOTEPIKNG OPOUOAOYNONG. ZUUP®VO LE TOVG OPOVG OV £XEL
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ewodyer n Xilinx 800 Aoy wOttapa mov ovvdvalovior poli onpovpyodv éva “slice”.

Yvvdvalovtog técoepa “slices” dnuovpyeitan éva CLB (Configurable Logic Block).

2.1.2 ANAAYZH TOY FPGA IIOY ITPOXOMOIQO®HKE

H duitaén mov mpocopoimbnke otnv mopovod SUTA®UATIKY epyacia yioo v eEaymyn TV
TopokaTo dedopévov givar to Evaluation Board g Xilinx, AMD Artix 7 FPGA Evaluation Kit.
To ovykekpévo Evaluation Board mpoceépel apketd mpoeyKatesTNUEVH TEPLPEPELOKD OTMOC
EMTAYVVOIOUETPO, BEPLOKPAGIOKS a1GONTPA, YNOLOKO HWKPOP®MVO, EVIGYLTH NYOL KOl LEYAAO
appd cvokevdV €16650V / €£0d0v. H peydin motkidia TV TEPLPEPEINKDOV GUOTNUATOV TOPEYEL
0TO0 OYed0T TN SVVATOTNTO OEVEPYELNS LIOG EVPEING YKAUOSG EPUPLOYDV XWOPIG TNV avAyKN
emmAéov eEmTEPIK®V cvotnudtov. Me 10 1oyvpdv dvvatotitwv FPGA mov evoopotmdvel
(XC7A200T-2FBG484C), 10 peyaho apBud eEmTepikdv LVNI@V Kot T HeYOAN Totkihio Bupdv,
omwg USB, ETHERNET «.a., pmopel va vAomomcel oyedlacpods mov Kvpoivovior omd

EKTTOOEVTIKA KUKAMUATO MG Kot 10YVPovG EMEEPYOOTEC.

To FPGA Artix — 7 XC7A200T-2FBG484C mov evoouatdvel to Topandve Evaluation Board
etvar Bedtiotomomuévo Yo Aoykr] VYNANG amdO0oNG Kol TPOGPEPEL LEYOAVTEPT] YOPNTIKOTNTA,
VYNAOTEPN OO0 Kol TEPIGCOTEPOVG TTOPOVS GE GYECN LE TAAALOTEPOVS GYEIACUOVG TNG 110G

owoyévelas. Kamowa and ta yapakmmpiotikd tov XC7A200T-2FBG484C avagépoviat Topakatom:

33.650 CLBs.

740 DSP Slices.

13.140Kbits ypiyopng pviung RAM
10 CMTs (Clock Management Tiles)
1 XADC

YV V V VYV VY

» Méyiot ovuyvomta ecotepikod poroyov 640MHz
2.1.3 AIAAIKAYIA ANAITITYEHY

H amlomompévn pon avantuéng evdg cuotpotog mov Paciletar oe FPGA napovsialetar oty
Ewova 2.3. To apiotepd pEPOS NG pong ovATTLENG QPOPE TN UETOTPOT TNG EVVOIOAOYIKNG
YADOOOG UNYOVIG G€ OAEG TIC AmAPOITNTEG AEITOVPYIEG TOV PUOIKAOV AOYIKOV kKeMmV Tov FPGA.
To de&l pépog g pong agopd v emiPePaimon 0pbNg Aeltovpyiog TOL KOJKO UNYoviG COLP®VAL
ne Tig amontnoelg oxediaons. Ta khpla Prjpata g dtadkaciog avaADovTol ToPaKAT®:
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f input file  / process
/ constraint // RTL code / (1] ,‘-’ testbench;'

v v v (2]

. RTL
synthesis simulation

vy R

implemen- | functional |

%or::. | simulation |

e — =

v N '

device staticiming | | timing |

ﬂ programming analysis | simulation |
| I ———

l

FPGA
chip

Ewova 2.3 Awdwacio Avartoéng

1. Emninedo oyediaong: Katd to 6tdd10 avtd mapdyetor 0 TEPLypaPIKOg KMOWKAG UNYOVAG
COLPMOVO LE TIG OTOUTNGES GYedlOoNG. XT0 0TAd0 aVTd umopel va mapaydel kot Eva
apyYelo TEPOPICUDV GYESIAONG DOTE VO, TPOSUYPAYEL TOVG OTOIOVS TEPIOPLGHOVS

VAOTOINOTG TOL KO UNYOVIG.
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2. Ilpocopoimon tov k®dka unyovig: H mpocopoimon tov kddwka pnyavng yiveton pe
ypnon kddwa test bench. O kddwkog test bench énwg ko 0 kOdKoG oyedioong eival
KOOKEG mePypapng vAkov. H mpocopoimon opuwg yiveran og eninedo registers (RTL)
Kol Oyl og eminedo KMdKa meptypaeng viwkov (HDL). Avtd onpaiver mog or HDL
KOOKEG petappaloviol oe registers kot VoTEPH TPOCOLOIDVOVTOL.

3. Awdikooia “Synthesis”: H diadikacio avt LETATPENEL TOV KOOIKA TEPTYPAPHG VAIKOD

oe amAéc Aoykég moeg, flip — flops kot dAla Aoywd e€apthpata.

4. Awdwocio “Implementation”: H dwdwacio “Implementation” anoteAeiton and tpelg

LKpOTEPES depyaoies: 1) petappacn (translation) 2)tn yaptoypdenon (mapping) kot
2)mv tomobétnon kot SpopoAdynon (placement & routing). Ot tpeig owtég
VTOSOOIKAGIES TTEPLYPAPOVTOL ETLYPUUUOTIKG TOPUKAT®:

a. H dwdwacio g HeTAEPOoNS GLUYX®OVEDEL OAOL TOL GYNUATIKA S10ypAUUOTO GE
éva eviaio diktvo.

b. H dwdwacio g yoptoypdenons avtiotoryilel TIC EVVOIOAOYIKEG TUAES TOV
OYMNUOTIKOV GE PUOIKA AOYIKA KEAMA Kot KEALA £1000wV / €£0dmv Tov FGPA.

c. H ddwacio tomoBéong kot dpopordynong mapdyst ™ euoikn ddtaln 6to
ecntepikoy tov FPGA. Tomobfetel 1o keMd oTIC QUOIKEG TOVG OEcElG Ko
kaBopilet 1 Srdpopég doovuvoEoNG.

Metd to téhog tov “Implementation” kot mpiv yiver o mpoypoppaticpog tov FPGA
TPOYLOTOTTOIEITAL AVAAVOT] OTATIKOV Ypovicpo (static time analysis) katd v omoia
e€ayoviat S1aQopeES YPOVIKEG TOPAUETPOL OTTMOC 1 UEYIOTN KOOLOTEPNOT UETAOOGNC
ONULOTOG KOL 1) LEYIGTN GLYVOTITO POAOYIOV.

5. Tlpoypappoatiopog tov FPGA: Xt dwodkacio avt mapdystot £va apyeio S1opdpewong
SOLE®VA [E TO TEAMKO diKTLO OTTC AV TO TPoEkvYE omd to “Implementation”. To apygio
avtd «poptdveToy oto FPGA oeiplokd dote va Sopope®OeL KATAAANAQ ToL AOYIKA
KEAMA KO TOVG TPOYPUUUATICOUEVOVG OLOKOTTEG. LTI GUVEYELN UTOPEL TPOAPETIKA VOl
YiveL Kol AEITOVPYIKT| KOl XPOVIKY] TPOCOUOIMGT MGTE Vo damioTmBel 1 opBOTNTA TOV
Kot o€ pUOKO eninedo. H Aettovpyikn mpocsopoimon ypnotponotei £va cuvOeTiKd dikTvo
wote vo avtikataotinoel v RTL weprypaen kot EAéyyet v opBdTTaL TG d1001K0GToG

“Synthesis”. H ypovikny mpocopoinorn ypnoonotel 1o teAkd diktvo kot poali pe
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Aemtopepn Ogdopéva  ypoviopol mpaypoTonolel TV mpooopoiwon. Adym  tng
TOAVTAOKOTNTAG TOV OIKTVOV, 1 AEITOVPYIKN KOl YPOVIKN TPOCOUOImoN Umopel va
ATTOLTOVV CTUOVTIKO XPoVIKO dtdotnpa. EeOcov Oumg yivel xpnon «KoOADV» TPOKTIKMV
oxedlaong, N AEITOVPYIKN KoL YPOVIKY TPOCOUOIMGT) LTOPOVV VO TAPAAELPOOVV KoL VOl
dwnpnBet povo n RTL mpocopoimon, dote va yivel EAeyy0S TOV KOOIKO TEPTYPAPNS
VAKOV.
2.2 TO IMPOI'PAMMA ITPOXOMOIQXHX VIVADO
1 ovvéyelo Oa yivel Teptypar] Tov TPoypappatog tpocopoimong Vivado. Me avtd Eywvav
OAeg Ol amapaitTNTeS TPOGOUOIMGES Kot e&dyOnkav OAeG Ol amapaitnteg avoaeopés, Pacel Twv

omoiV TapdydnKoy To ATOTEAEGUATO TOV EXOUEVOD KEPOUAAIOV.

['o v TepovciooT Tov TPoypappaTog xpnoipomomonke o 8bit akyoplOpog moAlamriociacod

Vedic.

2.2.1 TO KYPIO ITEPIBAAAON

Yty Ewoéva 2.4 paivetal 1o KOpo tepPaAiov Tov mpoypappatoc tpocsopoinong Vivado yo

tov 8bit alyopOpo Vedic.
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Ewéva 2.4 Kbpio mepifdirov Vivado

10 mhvo aplotepd PEPOG Tov TEPPAALoVTOg VITdpyovV Ta design sources to omoio Qoivovtol
avaAvtikotepa oty Ewova 2.5. Xto onueio avtd ypdeovior and 1o pundév 1 mpootiBevton
e€mTEPIKA OAOL TO OTTOPAITNTO OPYELD KMDOKO TEPLYPAPNS VAIKOV, TO apYElDl TEPOPITUMY KOONDGS

Ko 0 KOJIKOG Tpooooimong test bench.
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Sources
Q I 2 +
A Design Sources (1)
v @ & vedic8x8 (vedicxs.v) (7)
> @ M1 vedicdxd (vedicBxBv) (7)
> @ M2 vedicdxd (vedicBxEv) (7)
> @ M3 vedicdxd (vedicBxEv) (7)
@ A1 adder10 (vedicgxE.y)
@ 42:adder10 (vedicBud.y)
« @ M4 vedicdxd (vedicBxay) (7)
~ @ W vedic_22 (vedicBxB.v) (2)
@ HO: halfadder (vedicxd v)
@ H1: halfadder (vedicBxav)

> @2
> @ V3
@ A1
o rz:
> @ V4
® A3

vedic_2x2 (vedicBxB.v) (2)
vedic_2x2 (vedic8x8.v) (2)
addert (vedic8xd v)
adderd (vedicgxd v)
vedic_2x2 (vedicBxB.v) (2)
adderd (vedic8xd v)

@ A3: adders (vedicBx8.v)
W Constraints
constrs_1
w Simulation Sources (1)
b sim_1 (1)
~ @ 2 test 8x8 (vedictest_8x3.v) (1)
> @ VO :vedicBx8 (vedicBxd.v) (7)
> Utility Sources (1)

Ewova 2.5 Iepapyikn dopn apyeiov oxedioong

210vg aAYOPIBLOVE OV APOPOVV TNV TTAPOVGO SMAMUOTIKY €pyacio 0€ TPooTédnke Kamolo
apyelo meplopiopudv oyedioong, og kot og Kabe mpocopoinon to FPGA eiio&evoioe povo pia

oyediaon.

Onwg eaivetatl kot otnv Ewdva 2.5, 1o apyeio test bench test_8x8 kaAei tov 8bit adydpiOuo

Vedic, ®oTte Vo ToV TPOGOUOLDGEL, OT®G O S0VIE TAPAKATO.
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2.2.2 HIPOXOMOIQXH RTL

X1 ovvéyeln, 6mog eaivetal kot oty Ewova 2.6, exteAeiton n tpocopoioon RTL tov 8bit

aAyopiBuov Vedic dote va dwomotmbel n opOn Aettovpyia tov.

Untitled 2

Q B @ Q@ X ¥ « 4 »l r

4 [1]
4100
- W B[7:0]
417
4[]

48]

4 [4]
413

4115
8 [14]
a3
4 112]
8 [11]
8 [10]

819

Ewova 2.6 [Ipocopoimor tov Kddka Teptypapng vAKOD

Avdroya e To €100¢ TOL KMOKO TOL TPOGOUOLMVETAL UTOPEl va KPBel amapaitnTto o xpdvog
npocopoimong vo LeTaPAndel dote va yivel mo €0KoAN avdAvoN TOV OMOTEAECUAT®OV TNG. XTHV
Ewova 2.7 gaivovtar 1o mapdbupo tov pubpicemv mpocopoinong Kot 0 Tpdmog HeTafoANg Tov

YPOVOL TPOGOUOIMOTC.
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4 Settings X

Simulation

Project Settings pecify various settings to ‘

General

Simulation Target simulator: Vivado Simulator v

Elaboration

N Simulator language: Mixed d

Synthesis

Implementation Simulation set: sim_1 ~

Bitst

sream Simulation top module name: | test_8x8 E
> IP
Generate simulation scripts only

Tool Settings

Project

P Defaults mpilati Elabora Simulation  Netlist | Advance
> Vivado Store xsim.simulate fcl. post

Source File xsim.simulate.runtime~ 100ns

Display ¥sim.simulate log_all_signals

Help xsim.simulate.no_quit
» Text Editor

xsim.simulate.custom_tcl
3rd Party Simulators
ty xsim simulate wdb

> Colors

xsim.simulate saif_scope
Selection Rules

Shortcuts

xsim.simulate.saif

xsim.simulate.saif_all_signals
> Strategies

xsim simulate add_positional
> Window Behavior P

¥sim.simulate xsim.more_options

Select an option above to see a description of it

Ewova 2.7 PvBuiceig [Ipocopoicwong Kot LeTABOANG TOL ¥pOVOL TPOGOUOIMOTG

2.2.3 XTPATHIIKEY SYNTHESIS KAI IMPLEMENTATION

Apov olokAnpwBel m RTL mpooopoiwon pe emitvyio, n dwdwacio cvveyiletar pe to
“Synthesis” ka1 petd pe to “Implementation” tov kddwo. To Vivado diver po minddpa
dapopeTikdV otpatnyk®dv “Synthesis” kot “Implementation» oto oyedoot ®ote avTdg va

EMAEEEL PACEL TNG APYITEKTOVIKNG OV EMOVLEL QVTEC TOV TOL TAPLALOVV KAAVTEPO.

2.2.3.1 Zrpoatnyikéc “Synthesis”

O1 otpatnykég g dadikaciog “Synthesis” gaivovtal oty Ewodva 2.8. Ot otpatnyikéc mov
ELLPAVILOVTOL LLE TO KKAEWOMUEVO TLOVY EIVOL 01 EPYOCTUCIAKEG GTPATIYIKES TOV Vivado, evd avTég
nov gueavifovtal pe 10 «okéto movyy glvar avtég mov opilel o oyxedotg. Kdébe otpatnyum
TPOCOEPEL KOl EMMAEOV EMAOYES TOPAUETPOTTOMONG OT®G Paivetal oto de&l mapdbvpo g

Ewodvag 2.8, mapéyovtag otov oyediactn emmiéov eveMéia ot oyedioct Tov.
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Strategies > Run Strategies
Choose a strategy based on various settings

Flow: Vivado Synthesis 2021

T 2 + =8
~ User Defined Strategies
L default
I Legic_Compaction
~ Vivado Strategies
Za Vivado Synthesis Defaults
Ja Flow_AreaOptimized_high
Za Flow_AreaOptimized_medium
Za Flow_AreaMuliThresholdDSP
Ta Flow_Altern ateRoutability
Za Flow_PerfOptimized_high
Ja Flow_PerfThresholdCarry
& Flow_RuntimeOptimized

Ewova 2.8 Etpamywés “Synthesis”

¥t ovvéyewr Ba yivel ol EMYPOUUOTIKY OvVOQOPE OTN AEITOLPYiR TOV GTPUTNYIKAOV

“Synthesis” mov ypnowomomOnkav oto TAiclo ™G TP VOGS SUTAMUATIKNAG EPYAGING:

a) Default: Eivou n Baoikn otpatnykn vAomoinong tov “Synthesis” kabmg d¢ divel fapog

Description:

Select an option above to s

MName: default

Options

~ Synth Design (vivado)
tel.pre
tcl.post
-flatten_hierarchy
-gated_clock_conversion
-bufg
-directive
-retiming
-fsm_extraction
-keep_equivalent_registers
-resource_sharing
-control_set_opt_threshold
-no_lc
-no_srlextract
-shreg_min_size
-max_bram
-max_uram
-max_dsp
-max_bram_cascade_height
-max_uram_cascade_height

-cascade dsp

0€ KOO0 GLYKEKPLUEVO TOUEQ.

b) Logic Compaction: Opyavaver 1ic odlvoideg Carry kot ta LUTS ypnoonoimvrog

Myotepa slices mote vo kKab1oTd T AOYIKN To GLUTOYY.

c) Performance optimized: 1o oyediooud vyning amddoong 1 Kown ypnon mopwv

amevepyonoteitat, To fanout puOpileton og yauniotepo apibud, o suvdvoouds twv LUTS
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amevepyomoleitat, yivetat dotrpnon Tev wodvvauwy registers kot to SRL extipumvton
LE PEYOADTEPT avOYN.

d) Runtime Optimized: Gvcialel ambd306M Kot Y®PIKN TEPLOYT Yo AyOTEPT KoBuaTEPNON

petdooong oNHOTOC.

2.2.3.2 Zrpornyucéc “Implementation”

Ye mApn avoloyio e TIG oTpatnYIKEG TG dwdikaciog “Synthesis” ot otpatyikéc g
dwdwaciog “Implementation” gaivovtat otnv Ewova 2.9. T 11¢ otpotnyikég 6uvoeong Kot Thv
TOPOUETPOTTOINGCT TOVG oYOOVV T O pe TG oTpatnykég “Synthesis” mov meprypdonkay

TOPOUTAV®.

Ewova 2.9 Ztpamywés “Implementation”

¥t ovvéyew Ba yivel ol EMYPOUUOTIKY OVOQOPE OTN AEITOLPYID TOV GTPUTNYIKOV

“Implementation” mov ypnoyomomnkayv 6Ta TAAIGLO TG TAPOVGAG SUTAMUATIKNAG EPYAGIAG:
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a) Default: H paocwr Aertovpyia “Implementation” n omoia d¢ divel Papog o€ Kdmo10
GLYKEKPYLEVO TOUEO.

b) Explore Area: Kdavel ypnon molhamidv adyopifumv BEATIoTOTOINONG OOTE VO EXITOYEL
duvntikd Aydtepo apfud LUTSs.

c) Explore with Remap: Eiodyet t Pertiotonoinon remap pe 6kond vo Letdcel To péyebog
™G AOYIKNG

d) Runtime Optimized: Ka&be papoa g dwdwoociog “Implementation” Ouvcialet
oeO100TIKN AOS00T Yo KAADTEPO ¥POVO LETAOOONG GOTOC. XTH GTPOTNYIKY OVTA M
euoikn Pertiotomoinon (phys_opt_design) arnevepyomoteitar.

2.2.4 AITAAIKAXIA SYNTHESIS

Epocov emAiéloope ) otpoatnyk] mov BEAovpue va QOpUOGOLUE Yol T O10dIKOGI0 TOV
“Synthesis” npoywpovpe pe v ektéleon mc. To amotéheoua g dwdikaciog eivar Eéva RTL
OYMNUOTIKO O1GypOpLo P OAES TIG OTOPOITTEG TUAEG Y10l TN SIEVEPYELQ TNG OlEPYACIOG O ZTNV
Ewova 10 o@aivetor 10 oynuotikd Sdypappo  Aoyikov moAdv  tov  8bit  adyopiBuov
TOAOTAOGLOUGHOD OTMG 0L TO TPoEkLYE amd TN ddikaoia synthesis. H otpatnywkn “Synthesis”

nov ypnoomomdnke otnv Ewova 2.10 frav n Runtime Optimized.
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Ewova 2.10 Zynpatikd 51aypopilo AoYIKOV TUAMY

2.25 AIAAIKAXIA IMPLEMENTATION

Metd v mepdtowon g dwdwaciag “Synthesis” akoiovOnce m  Jdwdikacio TOV
“Implementation” vy tov 8bit aAyoplOpo molomiacwuopov Vedic. H  otpatnywm
“Implementation” mov emAéyOnke Nrav avty tov “Runtime Optimized”. To amotélecpo ™G

dwdkaciog tov Implementation eaivetat oty Ewova 2.11.
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Ewoéva 2.11 duowkr oyedioon 8bit akyopibuov Vedic oto FPG

H Ewodva 2.12 deiyvel v meployn katainymng tov 8bit adyopibuov Vedic oe oyéon pe 1o
péyebog tov FPGA.
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Ewéva 2.12 TTeproyn katdinyng tov 8bit adyopibuov morramiaciacpod Vedic and v meployr tov FPGA

2.2.6 DESIGN FLOWS & ANA®OPEX

I'o Tov 8bit akyopOuo pe Tov 1610 TPOTO TOL TEPTYPAPNKE TAPATAV® EYIVOV KOL OL VTOAOUTES

TPOGOUOLDGELS TOV SLAPOP®Y GLVIVAGUMV oTpaTNYIKAOV “Synthesis” kot “Implementation”. OAot
01 GLVOVAGOL TOV GTPATIYIKOV OVEPYOVTOL GUVOMKA GE EKAOYTM TPOCOUOIDGELG “Synthesis”
ko “Implementation” yw «kd0e aiyopipo. Ot mpocopoidoelg avtéc yioo tov 8bit adyopiOpo

nolamiaciocpov Vedic mapovoidlovrar oty Ewodva 2.13.
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Ewéva 2.13 TIpocopowwoeig “Synthesis” kot “Implementation” 8bit alyopiBuov mtoAlamiaciacpod Vedic

2t ovvégeln €ywve M €AYy TOV ovoeopdv pe PBdon Tig omoieg £ywve mopaymyn TV
ATOTEAECUATOV TNG TAPOVGOS SMAMUOTIKAG £PYOCiOG 0T0 emdpuevo KepdAioto. H kaptéla tov
avapopav ke cuvdvaouov Tpocopoidosmv “Synthesis” kot “Implementation” gaivetar oty

Ewova 2.14.
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Ewoéva 2.14 Avagopéc mpoypappatog tpocopoimong Vivado ya tig mpocopoidoetg “Synthesis” kot

“Implementation”

Me v {010 AOYIK) 7OV TEPIYPAPNKE TOPOTAV® YO TIG TPOCOUOIDOOELS “Synthesis” o
“Implementation” tov 8bit alyopibpov morlomAiaciacpov Vedic £ywvav Kot Ol TPOCGOUOIDGCELS
O AV TV VIOAOOV aAyopifuwy. ATd TV Yy TOV AVAPOP®OV TV TPOGOUOIDCEMY OVTMV

TopdyOnKav To OTOTEAEGLOTO TOV TOPOVCIALOVTOL GTO EMOUEVO KEPOANLO.
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KE®AAAIO 3
AITIOTEAEXMATA INTPOXOMOIQXEQN

H mapovcioon tov amotelecudtov Ba yivel pe katnyopromoinon tov aiyopibuwv Bdoet tov
apBuod tov bits mwov kaAovvtar va moAlomAacidcovv. Ot ypaeikés mapactdoel; mov Oa

TapaTefOVV EYOVV VO KAVOLV LIE:

e 10OV ¥pOVO TTPOGOpOimoNg TG oTpatnykng “Synthesis”
® g TNV KATOVAA®ON 10YVOG
® L€ TN GLGYETION KaTavAAmong oyvog kot “Implementation” LUTS
e e ) ovoyétion “Synthesis” LUTSs ko “Implementation” LUTS
Télog yivetan 60YKPIoN TNG LEYIOTNG, EAAYIOTNG Kot LECTG TIUNG HeTa&d Tov adyopibuov Dadda

dapopeTik®dv bits oe:

e ¥pOVO TPOGOUOI®GNG TNG oTpaTYIKNG “Synthesis”
®  KOTOVOA®MON 1GYVLOG
e opuo “Synthesis” LUTs
e opOuo “Implementation” LUTS
Ot alyopiBpotr mov mpocopowmdnkoay kabdc kot o aplfudg euedviong tovg oe dvo M
TMEPIGOOTEPES KaTNYOpieg odyopibuwv avdAioyo pe tov apdud tov bits mapovcidlovior otov
[Mivaxag 3.1. Ztov id10 mivaka gaivetot o aplOudc epedaviong toug kabmg kot 1 Kotnyopio tomv bits

TOALOTAAGLOGLOV OV eppaviCovTat.

[Tivaxog 3.1 O1 Y7o e&étaon AlyopiBpot [ToAhomAacioacpon

. / :
o [ :

2

1

Vedic v v

Serial — Serial v
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e T e

Wallace Tree

‘ :

3.1 XPONOX ITPOXOMOIQXHX “SYNTHESIS”

[Mopakdto mapatiBevol ol YpaEIKEg TOPACTAGELS TOV YPOVOL TPOCOUOIMONS TG dlodkaciog
“Synthesis” ywo tovg mapamdve akyopdpove. H otpatnykég “Synthesis” mov epapudésmmray Gtov

KaBéva omd o Tovg avaAVLONKOY GTO TPONYOVEVO KEPOALO.

3.1.1 AATI'OPIGMOI ITOAAATIAAYIAEMOY 8BIT

O1 8bit aAy6p19p01 TOALOTANGIAGIOD TMV OTOIMV T ATOTEAEGLLOTO TAPATIOEVTOL GT GUVEKELN

sivat:
e (O Booth
e O Dadda
e O Vedic
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8bit Booth Synthesis Time
60

0% 42% 27%

50

40

30

Sec

20

10 e default

8bit Dadda Synthesis Time

90
80
70
60
50
40
30
20
10

13% 13% 13% 19%

v v

Sec

e default
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8bit Vedic Synthesis Time

45
40
35
30
25
20
15
10

9% 6% 22%

Sec

e (efault

3.1.2 AATI'OPI®GMOI ITOAAATIAAYXIAXMOY 16BIT

Ot 16bit adyopOpor morhamlaclocpuod TV omoimv To OmoTEAEGHOTO TapaTiBevTol ot

cuvéyewn givo:

e O Dadda
e O Serial — Serial
e O Wallace Tree
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16bit Dadda Synthesis Time

90
80
70
60
50
40
30
20
10

Sec

e default

16bit Serial - Serial Synthesis Time

90
80
70
60
50
9 40
30
20
10

0% 0% 0% 0%

ec

e default
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16bit Wallace Tree Synthesis Time

75,5
75
74,5

74

Sec

73,5
73
725 e default

72

3.1.3 AAI'OPI®GMOI ITOAAATIAAYXIAYXMOY 32BIT

Ot 32bit adyopOpor morhamlaclocpuod TV omoimv To OmoTEAEGHOTH TapaTifevTol ot

cuvéyewn givo:

e O Vedic
e O Dadda
e O Wallace Tree
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8bit Vedic Synthesis Time

140

120

100

80

Sec

60

40

20 e default

32bit Dadda Synthesis Time

6% 6% 33%

e default
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32bit Wallace Tree Synthesis Time

78
76
74
72

Sec

70
68
66
e default
64

62

3.1.4 AATI'OPI®GMOI ITOAAATIAAYXIAXMOY 64BIT

Ot 64bit adyopOpor molhamlaclocpuod TV omoimv To OmoTEAEGHOTH TapaTifevTol ot

cuvéyewn givo:

e O Array
e O Booth
e O Dadda
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64bit Array Synthesis Time

2500

2000

1500

Sec

1000

e default

500

64bit Booth Synthesis Time

180
160
140
120
100
80
60
40
20

Sec

e default
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64bit Dadda Synthesis Time

160
140
120
100

80

Sec

60

40

20 e (efault

3.1.5 XZYMIIEPAEZMATA XPONOQY IMTPOXOMOIQXHY “SYNTHESIS”

Ytov Ilivaka 1 PAémovpe tn ocvyvétnta mov mopatnpndnke avénom, peiwon 1M pndevikn
netafoin Tov ypdvov mpocopoimong “Synthesis” avaloya pe TN GTPAUTNYIKA TPOGOUOIMONG Yo
oV Tapomave aAdyopiBuovg. Ov cuykpicelg éywvav pe Paon tov xpdvo mpocopoimwong g

“default” otpatnyumg “Synthesis”.

I[Tivaxog 3.2 Zuyvotnto Metaporng Xpovov “Synthesis”

Ytpotnywkn “Synthesis” Avénon (%) Mndevikn Meiwon (%)
uetaforn (%)
explore area 75% 17% 8%
logic compaction 17% 50% 33%
performance optimized 25% 25% 50%
runtime optimized 25% 17% 58%
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ZOUQMVOL LLE TOV TTOPOTAVE TIVOKO TOPATPOVLE OTL T LEYOADTEPT GLYVOTNTO AENONS Y POVOL
npoocopoimong “Synthesis” mapatnpeiton ot otpatmywn “Explore Area”, evd m peyodvtepn
ovyvotTTa PEI®ONG TOL YPOVOL Tpocopoimong “Synthesis” mapatnpeitor ot oTpaTyKn
“Runtime Optimized”. H otpammywm “Synthesis” “Logic Compaction” katéyet to peyaAdtepo
T0600TO UNOEVIKNG HETAPOANG XpOVOL Tpocopoimong oe oxéon pe t “default” otpatnywn
“Synthesis”.

3.2 KATANAAQZXH IZXYOX
[Mopoakdto TapatiBeviot o1 Ypaeikég TOPAoTAGELS TG KATAVAA®MONG 10(V0S TV Vo e€étaon
aAyopiBuwv. Ot otpatnyucég “Synthesis” kot “Implementation” mov epapudotkay otov Kabéva

Ao ALTOVG AVAAVON KOV GTO TPOTNYOVUEVO KEPAALO.

3.21 AATI'OPIGMOI ITOAAATIAAYIAEZMOY 8BIT

O1 8bit aAy6p19p01 TOALOTANGIAGIOD TMV OTOIMV T ATOTEAEGLLOTO TAPATIOEVTOL GT GUVEKELN

sivat:
e (O Booth
e O Dadda
e O Vedic

8bit Booth Total power
30,000

25,000

20,000

0,2%

0,2% 0,2% 0,2% 0,2%

pla S

15,000 57%

Watt

10,000 s default power

5,000

25,811 16,466 16,325
0,000

flows
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8bit Dadda Total Power

13,850
13,800
13,750
13,700

-0,7% -0,7% -0,6% -0,8%
13,650

13,600
13,550

13,500

Watt

1,4% 1,4%

e default power
13,450

13,400
13,811 13,811

13,350

flows

8bit Vedic Total Power

15,500

15,000

14,500

14,000
0,7% 0,7% 0,6% 0,8% 0% 0% 0,8% 0,5% 0,8%

Watt

13,500

1,4% 1,4% 1,4%
13,000
e efault power

12,500

13,419 13,367 13,392 15,239 15,188 15,239
12,000
Q@ © @
>

flows

3.2.2 AATI'OPI®GMOI ITOAAATIAAYXIAXMOY 16BIT

Ot 16bit adyopOpor morhamlacloopuod TV omoimv To OmoTEAEGHOTH TapaTifevTol ot

cuvéyewn giva:

e O Dadda
e O Serial — Serial
e O Wallace Tree
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16bit DaddaTotal power

42,000
-0,7% -0,7% -0,7% -1,8% -1,8% -2,2%
41,500
¢ ¢ ¢ 0,6% 0,9% 0,9%
41,000
g
=
40,500
e default power
40,000
41,202 41,202 41,202 41,861 41,767 41,861 40,765 40,588
39,500
2 L 0 o o o © © ©
27 7 >7 23 7 57 27 ; >/
& é‘bQ & & R & & @’bQ @
% & N & & @’ & &
o X & o7 & S 7 R
N N o & o Q& & o
P & e’ & e’ Pa B e’
o (‘é\@ &7 o@\@ & “\@
& & ijQ\ & B &
16bit Serial - Serial Total Power
40
35
-17,2% -17,2% -17,2% 0% 0% 0% + + + -25,6% -25,6% -25,6%
30
l l l 10,8% 10,8% 10,8%
25
g 20
=
15
e default power
10
5
25,09 25,09 25,09 33,566 33,566 33,566 22,528 22,528 22,528
0
0 0 £ o & &
%@@ 7 @'»Q 7 _\&e, 7 b&@ 7 &Q 7 ,\139 ’
e’ & N e’ & &
& & ® S &7 &
& - e’ o & e’
& & @ e’ &
& & S &
Da N4 R &
flows
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16bit Wallace Tree Total Power

50
48 -8,1% -8,1% -8,1% 0% 0% 4 -14% -14% -14% -14% -14% -14%
46 2,1%
44
g
=
42
e default power
40
38
43,467 43,467 43,467 47,301 47,301 48,301 40,681 40,681 40,681 40,681 40,681 40,681
36
o o o NS 83 N3 o o o o o o
2 % % < S S S ¢ <
4 Q7 D7 >/ 7 >7
'o‘% ’ @@Q 7 . Q/vb s & P & ) é_\\xz @@”b 7 6‘79 7 .&b % & &Q &
o & & & < 3§ o & & & N N
S & &L 3° & ® & &7 & 3° R S
& & ¢ & p & & S o & § ¢
K & X s o & S &
& & & < o & R N
flows

3.2.3 AAI'OPI®GMOI ITOAAATIAAYXIAXMOY 32BIT

Ot 32bit adyopOpor morhamlaclocpuod TV omoimv To OmoTEAEGHOTH TapaTifevTol ot

cuvéyewn givo:

e O Vedic
e O Dadda
e O Wallace Tree
32bit Vedic Total power
155,000
5% 5% 5% 0% 0,2% 0% 1% 0,5% 1% -15% -15,1% -14,9%
150,000 2
145,000
140,000
£ 135000
=
130,000
\ 4
A 4 e default power
125,000
120,000
141,979 141,979 141,979 148,750 126,945 127,183
115,000
] L L K © ©
>0 7 7 7 >7
& z&q e % & &
&7 N & &
N & *® Q ®
R . % 2 &
3 & &
e & N &

flows
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32bit Dadda Total Power

150
145 -0,6% -0,6% -0,6% 0% 0% 0% 4 4 <12,2% -11,5% <11,2%
1,9% 1,1% 1,9%
g
=
e | efault power
144,497 143,358 144,497 124,531 125,46
o o o o o o
$ s 83 o @ 55
G (@Q/ & & zéb é&z
@ & @’ < <
X7 R N R R
& e’ & e
& (\"*\@ \0@/ ('\.‘\@
ng\ & & &
flows
32bit Wallace Tree Total Power
145
-10,9% -11,3% -11,2%
140
2,4% 2,4% 2,4%
135
130
g
=
125
e default power
120
115
141,99 141,99 141,99 123,004
110
L L L © © ©
s K 57 2 Q >/
& Q/@»Q ((_\@z & é(@ ) ((-\\x“
e < & < &
S R K R R
N 3 e’ & @’
& @ & e’ &
° & 5 &
BN N & &

flows

3.2.4 AAT'OPIOMOI ITOAAATIAAYXIAXMOY 64BIT

Ot 64bit alyopOpotr morlamlaclocpod TV omoimv T omoTEAécpata mopatibevior ot

cuvéyewn givo:

e O Array
e O Booth
e O Dadda
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64bit Vedic Total Power

1000,000
-58,2% -58,2% -58,2% 0% -0,2% 0% 0% -0,5% 0% -46,6% -46,6% -46,5%
900,000
800,000
700,000
600,000
~
g 500,000
=
400,000
\4 \4
300,000 — default power
200,000
100,000
360,255 360,255 460,176 460,813
0,000
L L © 2>>o
7 7 7
£ E&Qg & r
@ N N
N & R
Q & o
B < &
° N
@Q &
64bit Booth Total Power
430
425
420 0% 0% 0% 0% 0% 0% 1,5% 15% 15%
H] 1,6% 2%
=

e default power

411,141 411,141 411,141 424,13 425,782 424,13
o o o o o
<Q < S < <
ol 4 D e Q7
& (@Q @ & zé(b
@ -Qé\ &’ ¢
&7 & & &7
& e’ Pa &
&7 & \o@ s (,\-06\
d@ & R &

flows
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64bit Dadda Total Power

410

400

-10,6% -10,8% -10,7%
390

Watt

e default power

346,47 345,666 345,919

3.25 ZXYMIIEPAZMATA KATANAAQYHY [¥XXYOX

Ytov Ilivaxa 3.3 PAémovpe T cvyvotnto MOV TopatnpnOnke advénom, peioon N uUndeviky
HETAPOAN TG KATAVAA®ONG 10YV0C AVOAOYO LE TN OTPATNYIKA Tpocouoimong “Synthesis” kot
“Implementation yw tovg vd perétn adyopiBuovg toAhamiacioouov. Ot cuykpicels Eyvav pe

Baon v katavaloon tov “default” otpatnywodv “Synthesis” kot “Implementation”.

[Tivaxog 3.3 Zvyvoémta MetafoAng Kotavaimong 1oy0og

YTpOTNYIKA YTpOTNYIKA AvEnon (%) Mndevikn Meiwon (%)
“Synthesis “Implementation” Metafon (%)
Explore Area 8% 17% 75%
Area Optimized | Explore with Remap | 17% 8% 75%
Runtime Optimized | 17% 8% 75%
Explore Area 17% 75% 8%
Logic Compaction
Explore with Remap | 17% 66% 17%
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YTpOTNYIKA YTPOTNYIKA AvEnon (%) Mndevikn Meiwon (%)
“Synthesis “Implementation” Metafon (%)
Runtime Optimized | 33% 67% 0%
Explore Area 50% 8% 42%
Performance i
o Explore with Remap | 50% 0% 50%
Optimized
Runtime Optimized | 58% 8% 34%
Explore Area 75% 0% 25%
Runtime ;
o Explore with Remap | 75% 0% 25%
Optimized
Runtime Optimized | 75% 0% 25%

Yopeova pe tov topandve Ilivaka wapatnpodpe Tog 1 HEYOADTEPT GLYVOTNTA OVENGNS TNG
Katavoloong ovpPaiver katd t “Runtime Optimized” “Synthesis” otpatnywkn xot TIg
otpatnykég “Implementation”, “Explore Area”, “Explore with Remap” kot “Runtime Optimized”

nov étpefav PAGEL QVTNC.

Avtifeta 10 PHEYIADTEPO TOGOGTO GLYVOTNTOG LEIMONG TS KATOVAAMONG TopaTt)pnnKe KoTd
™ otpatnykn “Synthesis” “Explore Area” kot tig otpatnywés “Implementation”, “Explore Area”,

“Explore with Remap” ka1 “Runtime Optimized” mov étpe&ov Paoet avtc.

Téhog 10 peEYOADTEPO MOCOGTO GLYVOTNTOG MUNOEVIKNG UETAPOANG TNG KOTOVOAMONG
nopatnpinke Kotd T otpatnywkn “Synthesis” “Logic Compaction” kot tn oTtpatnykn

“Implementation” “Explore Area” nov étpee Baoet avtng.

3.3 XYXXETIZH APIOMOY “IMPLEMENTATION” LUTS KAI KATANAAQXHX
IXXYOX
3.3.1 AAI'OPIGMOI ITOAAATIAAYIAEZMOY 8BIT

O1 8bit aAy6p1901 TOALUTANGIAGIOD TMV OTOIMV T ATOTEAEGLLOTO TAPATIOEVTOL GTI GUVEKELN

sivou:
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O Booth

e O Dadda
e 0O Vedic
8bit Booth Implementation LUTs & Power
(o0] ~
160 Q Lf;? 570 ¢ '§7°
5’,’ ~ ~
140
120
£ 100
=)
|
< 80
o
S 60
40
20
0
= (o) (o) (o) Y Y < (o) (o] (o] o O O
N 2 ° ¥ QP 9 < < <
& @7 & P& R L 27 R D7 L7 RS
,'5\ & N & & 2 & & 2 & &
. , : N
VSR e S S
Q N N 20 ) N3 O
N & @ F S &R S e &Y e
Q\oK 3‘\@ S & E 7 &
Flows
8bit Dadda Implementation LUTs & Power
e
® N o o o
m mn )
120 IS g 5§ & ~¥ ~
100
2 80
-]
|
= 60
(@]
@]
Z 40
20
0
N O O (o) NS Y N (o) (o) (o) (¢) ®) O
S S S L L P < <
be‘}'b &’b/ K D7 kq,’b/ @@Q/J@b/ 27 K7 QD7 &’b/ ,bQ/‘,\?/b/
> Q/@ (('\\,\’ ? \Q' (Q\ ’é Q}Q v i Q’(Q ((\\
@ S & ;& & S N 2NN
OO R TSR
+Q Q\ (X4 Q;\‘ (‘24 +Q N o/ Q:\Q $ 7/
Q & . KQ,/ N < e & e/
NS o & N D X S
L S SRS N
e < P e.\.Q < oF <
Flows
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30,000
25,000
20,000
15,000
10,000
5,000

0,000

13,850
13,800
13,750
13,700
13,650
13,600
13,550
13,500
13,450
13,400
13,350

watt

—=@=|uts

==@==power

watt

=@ |uts

=@==power



8bit Vedic Implementation LUTs & Power

140 15,500
. 15,000
[e))
% N 14,500
e 5 § g 8 8 £ & & 5 8 %
S>30 XY X o & X o X g ~ 14,000 +
. ~ ~ 2 ~ ~ N ~ A 2 /. ! s
1S}
o 125 4 g g 1300 g
z
g 9 & - & 13,000
120 ~ ~ ~ ~ o~ S ) ) =@ |Uts
& D IR S > 12,500
Q
115 12,000 power
= (o) (o) (o) Y \Y \Y (o) (o] (o] (®) O O
S P 3 > Q g ] < < <
< >/ 7/ 04
R & L @foQ & & K D& (@Q/ &
? SR S S 54 <
@ @ \'\@ @7 > N e & & R < K
¢ LR K&K
& ®$ &Y e ¢ RS el & e ¢’
NS SO & &L
ESEIN NS ®+Q\ N S &
Flows

O ITivaxog 3.4 deiyvel ) ovvdagetlo g petaPfoing Implementation LUTS kot 1oy00g Yo 6Aovg

TOVG GLVOVOCUOVG GTPATNYIK®Y TV TpLdV 8bit adyopiBuwv.

IMivaxag 3.4 Zovaeeia “Implementation LUTS & Toydog yia tovg 8bit aiyopiBuovg

8bit AhyépOpog | Xrpotnyki XTpaTnyikn LUTs | Power | Ilocootd
“Synthesis “Implementation” Zvvagsiag (%)
Default Default - - -
Explore Area 2 2 4
Area Optimized Explore with Remap N 2 x
Runtime Optimized -> N x
Explore Area 2 2 4
Logic Compaction Explore with Remap -> N x
Booth Runtime Optimized > 2 x
Performance Explore A_rea 7 . *
Optimized Explore with Remap N N v
Runtime Optimized 2 2 4
Explore Area N N v
Runtime Optimized Explore with Remap -> -> \
Runtime Optimized > > \
060670 cLvaQsLog peTafordv alyopifuov Booth 58%
Dadda Default _ Default - -
Area Optimized Explore Area N N v
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8bit AhyépOpog | Zrpatnyudi XTpaTnyiKi LUTs | Power | Ilocootd
“Synthesis “Implementation” Zvvagsiag (%)
Explore with Remap > > \
Runtime Optimized > 2 x
Explore Area 2 N x
Logic Compaction Explore with Remap N 2 x
Runtime Optimized > > \
Explore Area 2 N x
Performance Optimized | Explore with Remap 2 2 4
Runtime Optimized N 2 x
Explore Area N 2 x
Runtime Optimized Explore with Remap > > \
Runtime Optimized > > \
1060670 cvvaQslog petafor®dv alyopibpov Dadda 50%
Default Default - -
Explore Area 2 N x
Area Optimized Explore with Remap N N v
Runtime Optimized 2 2 4
Explore Area > 2 x
Logic Compaction Explore with Remap N N v
Vedic Runtime Optimized 2 2 4
Explore Area 2 N x
Performance Optimized | Explore with Remap N N v
Runtime Optimized 2 2 4
Explore Area > 2 x
Runtime Optimized Explore with Remap 2 N x
Runtime Optimized N 2 x
060670 cVvaQslog peTafor®dv alyopibpov Vedic 50%
Méoo Ilocooté cuvagpsiag petafolrav 8bit alyopiOpnwv 53%

3.3.2 AAI'OPI®GMOI ITOAAATIAAYXIAXMOY 16BIT

Ot 16bit adyopOpor morhamlacloopuod TV omoimv To omoTEAEGHOTH TapaTifevTol ot

cuvéyewn givo:

e O Dadda
e O Serial — Serial
e O Wallace Tree
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16bit Dadda Implementation LUTs & power

~ ~
¢ § o4
§ 587 5 ¢
=~ g 9 ¢ & 5 o
450 % N N N v = ™ ™
400 ¥ ¥ ¥
ﬁ350
5300
S 250 7
o 200 ) w0
Z 150 58
100 A\ \a
50
0
N o o) O & ¢ o o) o 0 o 0
S P P J J < < <
> 7/ / s
NP PR @\Q’b & & &K
Q . ) ) ) &
or & & &7 S D er & & esr < R
RO R NI S LN I O Q\O‘ L7 R
AT A A ¢/ o ¢’
o) N N O 2/ @7 S
& N o & o L
NS Q< & S SN
Flows
16bit Serial - Serial Implementation LUTs & power
Y Y Y
140 & g & & v I 9
120 & -
100
(%]
'_
> 80
G
o 60
=2
40
20
0
N o o O O & o o o o o
3 3 3 3 Q Q Q < <
63’\ ,\e’b/ ((@Q/ ',\?/b/ @,’b/ @be/ -\'\9’6/ ,\Q,’z’/ Q7 '\,Q’b/ 'bsz/ @%Q/ '\,\?’6/
? N > S
Y @ ‘0@ OKQ,/ >® QQ(Q o’ @ \((\ & @ . @
YOS K 7 RO K & S
RN e € ¢’ R M e’
OIS & T RS
N S QIS N N
Q:\-Q \0 Q,Q < ®+Q\ K\) +Q ‘0
Flows
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42,000
41,500

41,000

watt

40,500
40,000 & luts

==@==power
39,500

40
35
30
25
20
15
10

watt



16bit Wallace Tree Implementation LUTs & Power

~ ~ ~

~
Y Y QY Y
40 7 L LR R R R R R
o o o o o 48
350
46
» 300
'—
3 250 a
Y— ©
S 200 2 2
< 150 ————o
—e—|uts
100 ~ ~ ~ >~ >~ >~
g & & & & & 28
50 §F ¥§ § ¢ § ¥ —e—power
0 36
NS o O ¢ ¢ o o o o o o
S % ? 2 N ' < <
&7‘,@ &’ K D& X P LT R D L7 R 7
E N SN A N P SR N\
? & & ;& $ ¢ & er ¢ K
AN O K ¥ & &
SRR ) N AN SO SECRIIN JIR I
Q’.\.Q Qf* e’/ & > & s Q:\.Q ) 2’/ & N %
ok N ‘Q/ XN -4 N ‘Q,/ N
> & F OB © S
v < Pl < ®+Q N Q:\.Q I\
Flows

O ITivaxog 3.5 deiyvel ) ovvdgelo g petafoing Implementation LUTS kat 1600 yia 6Aovg

TOVG GLVOLOCUOVG GTPUTNYIK®V TV TpLdV 16bit adyopibuwv.

[Mivaxog 3.5 Zvvdaeewo “Implementation” LUTS & Ioyvog yio toug 16bit adyopibuovg

16bit Trpotnywkn “Synthesis | tpoatnywi LUTs | Power | Ilocootd
AdyoprOpog “Implementation” Tovagerag (%)
Default Default - - -
Explore Area N N v
Area Optimized Explore with Remap -> -> \
Runtime Optimized > > \
Explore Area 2 2 4
Logic Compaction Explore with Remap -> -> \
Dadda Runtime Optimized > 2 x
Explore Area 2 2 4
Performance Optimized | Explore with Remap N N v
Runtime Optimized 2 2 4
Explore Area N N v
Runtime Optimized Explore with Remap -> -> \
Runtime Optimized -> N x
1060670 cvvaQslug petafor®dv alyopifpov Dadda 83%
Serial — Serial Default _ Default - - -
Area Optimized Explore Area N N v
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16bit Trpotnywkn “Synthesis | Ztpatnyua LUTs | Power | Ilocootd
AlyopOpog “Implementation” Xovagswg (%)
Explore with Remap > > \
Runtime Optimized > > \
Explore Area 2 2 4
Logic Compaction Explore with Remap > > \
Runtime Optimized > > \
Explore Area 2 2 4
Performance Optimized | Explore with Remap > > \
Runtime Optimized > > \
Explore Area N N v
Runtime Optimized Explore with Remap > > \
Runtime Optimized > > \
060670 cVvaQslug peTafor®dv alyopibuov Serial — Serial 100%
Default Default - - -
Explore Area N N v
Area Optimized Explore with Remap > > \
Runtime Optimized > > \
Explore Area 2 2 4
Logic Compaction Explore with Remap > > \
Wallace Tree Runtime Optimized > 2 x
Explore Area N N v
Performance Optimized | Explore with Remap > > \
Runtime Optimized > > \
Explore Area > > \
Runtime Optimized Explore with Remap > > \
Runtime Optimized > > \
060670 cvvagslag petafordv alyopibuov Wallace Tree 92%
Méoo ITooooté cuvagslag petoforav 16bit alyopidpmv 92%

3.3.3 AAI'OPI®GMOI ITOAAATIAAYXIAYXMOY 32BIT

Ot 32bit adyopOpor molhamlacloopuod TV omoimV To OmMOTEAEGHOTH TapaTifevTol ot

cuvéyewn givo:

e O Vedic
e O Dadda
e O Wallace Tree
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32bit Vedic Implementation LUTs & power

3500
3000
2500
(%]
'—
> 2000
©
© 1500
z
1000
500
0
0 0 0 ¢ ¢ ¢ o0 ©o ©o © ©
R Q<
& pr R D P RS 20 Q0 DO ®’ K
¥ &R @ L EE RS
2 & & & £ & N
&7 oS « & @ ¢ & @ S &
O & RO R KRR
RN e € S @RS ol 24
AN s & ¢ T & ¢ e
Q\O & Q\°§ \)& \0& & SO
RS < O >
< < AN ?:‘.Q Q Q:\"Q <
Flows
81

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 17:24:05 EEST - 216.73.216.250

155,000
150,000
145,000
140,000
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130,000
125,000
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32bit Wallace Tree Implementation LUTs & Power
2 © w ©

o 9 o N Jas
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v g oy oo 8 5 & J &
2500 © N~ @ J Y ¥ I 7 145
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~ ~ NN R
XX 3 140
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500 R o0 n
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0 110
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Flows

Ytov Iivaka 3.6 aivetal n cvvageto g petafoing Implementation LUTS kat ioy00g Yo 6Aovg

TOVG GLVOVOCUOVG GTPUTNYIK®V TV TpLdV 32bit adyopibuwv.

IMivaxag 3.6 Zovaeeio “Implementation LUTS & Toybog ya tovg 32bit adyopibpovg

32bit Trpotnywkn “Synthesis | tpoatnywi LUTs | Power | Ilocootd
AdyoprOpog “Implementation” Tovagerag (%)
Default Default - - -
Explore Area N N v
Area Optimized Explore with Remap -> -> \
Runtime Optimized > > \
Explore Area 2 2 4
Logic Compaction Explore with Remap -> -> \
Vedic Runtime Optimized > > \
Explore Area 2 2 4
Performance Optimized | Explore with Remap N N v
Runtime Optimized 2 2 4
Explore Area N N v
Runtime Optimized Explore with Remap N 2 x
Runtime Optimized 2 2 4
060670 cVVaQELOg peTafor®@v alyopibuov Vedic 92%
Dadda | Default | Default - - -
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32bit Trpotnywkn “Synthesis | Ztpatnyua LUTs | Power | Ilocootd

AlyoprBpog “Implementation” Zvvagsiag (%)
Explore Area N N v
Area Optimized Explore with Remap > > \
Runtime Optimized > > \
Explore Area 2 2 4
Logic Compaction Explore with Remap > > \
Runtime Optimized > > \
Explore Area 2 2 4
Performance Optimized | Explore with Remap N N v
Runtime Optimized 2 2 4
Explore Area N N v
Runtime Optimized Explore with Remap N 2 x
Runtime Optimized 2 2 4
1060670 cvvaQslog petafor®dv alyopifpov Dadda 92%
Default Default - - -
Explore Area N 2 x
Area Optimized Explore with Remap > > \
Runtime Optimized > > \
Explore Area 2 N x
Logic Compaction Explore with Remap > 2 x
Wallace Tree Runtime Optimized > 2 x
Explore Area 2 N x
Performance Optimized | Explore with Remap N 2 x
Runtime Optimized 2 N x
Explore Area N N v
Runtime Optimized Explore with Remap N N v
Runtime Optimized 2 2 4
060670 cvvagslag petafordv alyopibuov Wallace Tree 42%
Méoo ITooooté cuvagslag petoforav 32bit alyopidpmv 75%

3.3.4 AATI'OPI®GMOI ITOAAATIAAYXIAXMOY 64BIT

Ot 64bit adyopiOpor molhamlacloopuod TV omoimv To omoTEAécpHOTO mapaTiBevTol ot

cuvéyewn givo:

e O Array
e O Booth
e O Dadda
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64bit Array Implementation LUTs & Power

18000 1000,000
16000 900,000
14000 800,000
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Flows
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64bit Booth Implementation LUTs & Power
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64bit Dadda Implementation LUTs & Power

14000 & 430
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Flows

O Tlivakag 3. 7 deiyvel ) cvvaeeo g petafoing Implementation LUTS kot 1oy00g Yo 6Aovg

TOVG GLVOVAGHOVG GTPATIYIKOV TOV TPLOV 64bit adkyopibuwmv.

IMivaxag 3. 7 Zvvagewo “Implementation LUTS & Ioybog yio Tovg 64bit adyopiBuovg

64bit Trpotnywkn “Synthesis | tpoatnywi LUTs | Power | Ilocootd
AdyoprOpog “Implementation” Tovagerog (%)

Default Default - - -

Explore Area N N v

Area Optimized Explore with Remap -> -> \

Runtime Optimized > > \

Array Explore Area 2 2 4

Logic Compaction Explore with Remap N N v

Runtime Optimized 2 2 4

o Explore Area 2 N x

Performance Optimized Explore with Remap N N 7
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64bit Trpotnywkn “Synthesis | Ztpatnyua LUTs | Power | Ilocootd
AlyopOpog “Implementation” Xovagswg (%)
Runtime Optimized 2 2 4
Explore Area N N v
Runtime Optimized Explore with Remap > > \
Runtime Optimized N 2 x
[Moc0oT6 cVVaQELOg peETEPoA®V alyopiBpov Array 83%
Default Default - - -
Explore Area N N v
Area Optimized Explore with Remap > > \
Runtime Optimized > > \
Explore Area 2 2 4
Logic Compaction Explore with Remap > > \
Booth Runtime Optimized > > \
Explore Area 2 N x
Performance Optimized | Explore with Remap > > \
Runtime Optimized > > \
Explore Area 2 2 4
Runtime Optimized Explore with Remap N 2 x
Runtime Optimized 2 N x
060670 cvvaQslog petafordv alyopifuov Booth 75%
Default Default - - -
Explore Area > N x
Area Optimized Explore with Remap > > \
Runtime Optimized > > \
Explore Area > 2 x
Logic Compaction Explore with Remap > > \
Dadda Runtime Optimized > > \
Explore Area 2 2 4
Performance Optimized | Explore with Remap N N v
Runtime Optimized 2 2 4
Explore Area 2 N x
Runtime Optimized Explore with Remap N N v
Runtime Optimized 2 2 4
060670 cvvaQslug petafor®dv alyopifpov Dadda 75%
Méoo IToo0oTé cUvaQELag peTaforav 64bit alyopidpmv 78%

3.35 XYMIIEPAEZMATA YYXXETIZHY “IMPLEMENTATION” LUTS & [XXYOX

[Maipvovtag tov péso 6po TtV aAyopibumv morlamiociacpov 8bit, 16bit, 32bit ko 64Dbit
TPOKVITEL TOG TO UEGO TOG0GTO cuvaeelag “Implementation” LUTS kot 163006 yio. 0Aovg Tovg
alyopiBuovg ayyilet 10 75%. To T000GTO VTO TAPEYEL IO ACPAAELD. GTO VO GUUTEPAVOVLLE TG
OTN TAEWOVOTNTO TOV TEPMTOGEMV LITAPYEL cuVAEPELD avapecsa otov aplud tov LUTS kot

KaTavaAwon 1oyboc.
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Mo 11 TEPMTOCEIS TOV deV EMTVYYXAVETOL AVTH 1] GLVAPELL UTOPEL VO GUVTPEYOLY TOAAOL
Aoyot. 'Evag amd avtoig kat icmg o o onpovtikog eivar to utilization tov LUTS mov emttuyydvetan
oe k@B mpocopoimon. Anhadn oTIg TEPTOOCELS TOV 0 apBpdc twv LUTS avédvetar evod n
Katavalmon oyvog peiovetat to Utilization tov LUTS avtdv icmg ivat GuyKpITIKG UKPOTEPO GE
oyxéon pHe dAheg TEPTMOOELS. AvTifeTa OTIC TEPUTTAOGELS TOV 0 apBpos Twv LUTS peidveton evod
1N katavaimon woyvog avéaveral to Utilization tov LUTS icmg givar peyaddtepo o€ oxéon pe GAleg

TEPUTTMOOCELG.

3.4 XYXXETIXH “SYNTHESIS LUTS ME “IMPLEMENTATION” LUTS
3.4.1 AATI'OPIGMOI ITOAAATNIAAYIAEZMOY 8BIT

Ot mapokdTo® wivakeg Oelyvouv Tov TpOmo ovoyétiong tov “Synthesis” LUTS pe tov

“Implementation” LUTS tng idwag viomoinong “Synthesis” vy tovg 8bit olyopibuovg

TOAALOTAQGLOGLOV:
e O Booth
e O Dadda
e O Vedic

[Mivaxag 3. 8 Zvoyétion “Synthesis” LUTSs pe “Implementation” LUTS ywa tov 8bits adyopiBuo

noAamlaciocpod Booth

8bit Booth Algorithm

Synthesis Implementation Synthesis Implementation  LUTS’
directive directive LUTs LUTs Improvement
Default Default 111 111 0%
Explore Area 129 -29%
Area Optimized | Explore with Remap 100 100 0%
Runtime Optimized 100 0%
Logic Explore A_rea 111 0%
Compaction Explore with Remap 111 111 0%
Runtime Optimized 111 0%
Performance Explore A_rea 146 0%
Optimized Expl(_)re wnh_Rgmap 146 142 3%
Runtime Optimized 146 0%
Runtime Explore A_rea 547 32%
Optimized Explore with Remap 802 173 78%
Runtime Optimized 522 35%
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[Mivaxog 3. 9 Zvoyétion “Synthesis” LUTSs pe “Implementation” LUTS ywa tov 8bits adyopiBuo

noAamlactocpov Dadda

8bit Dadda Algorithm

Default Default 87 87 0%
Explore Area 71 0%
Area Optimized | Explore with Remap 71 71 0%
Runtime Optimized 71 0%
Logic Explore A_rea 104 -20%
Compaction Expl(_)re wnh_Rgmap 87 87 0%
Runtime Optimized 87 0%
Performance Explore A_rea 104 5%
Optimized Explore with Remap 110 108 2%
Runtime Optimized 107 3%
Runtime Explore A_rea 89 0%
Optimized Expl(_)re wnh_Rgmap 89 89 0%
Runtime Optimized 89 0%

[Mivaxog 3. 10 Tvoyétion “Synthesis” LUTs pe “Implementation” LUTS yuo tov 8bits akydpiBuo

noAamlactacpov Vedic

8bit Vedic Algorithm

Default Default 124 124 0%
Explore Area 125 0%
Area Optimized = Explore with Remap 125 122 2%
Runtime Optimized 125 0%
Logic Explore A_rea 125 -1%
Compaction Explore with Remap 124 123 1%
Runtime Optimized 124 0%
Performance Explore A_rea 128 1%
Optimized Expl(_)re wnh_Rgmap 129 123 5%
Runtime Optimized 129 0%
Runtime Explore A_rea 129 8%
Optimized Expl(_)re wnh_Rgmap 140 135 4%
Runtime Optimized 129 8%
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3.4.2 AATI'OPI®GMOI ITOAAATIAAYXIAXMOY 16BIT

Ot mapokdTo® wivakeg Oeiyvouv Tov TpOmo ovoyétiong tov “Synthesis” LUTS pe tov
“Implementation” LUTS 1tng idwag viomoinong “Synthesis” yw tovg 16bit oiyopibuovg

TOALOTAAGLOGLOV:

e O Dadda
e O Serial — Serial
e O Wallace Tree

IMivaxag 3. 11 Xvoyétion “Synthesis” LUTs pe “Implementation” LUTS yuwa tov 16bits aiyopibpo

noAamlactocpov Dadda

16bit Dadda Algorithm

Default Default 351 351 0%

Explore Area 125 0%

Area Optimized = Explore with Remap 324 351 0%

Runtime Optimized 324 0%

) Explore Area 324 0%

Logic Explore with Remap 351 324 0%
Compaction . o

Runtime Optimized 351 0%

Explore Area 351 0%

Perf_orr_nance Explore with Remap 431 351 0%
Optimized - o

Runtime Optimized 430 0%

Runt Explore Area 428 1%

untime ;
Optimized Explc_)re wnh_Rgmap 391 430 0%
Runtime Optimized 391 0%

[Mivaxag 3. 12 Tvoyétion “Synthesis” LUTs pe “Implementation” LUTS yuwa tov 16bits aiyopibpo

noAamlactocpov Serial — Serial

16bit Serial - Serial Algorithm

Default Default 87 87 0%
Explore Area 86 0%
Area Optimized = Explore with Remap 86 86 0%
Runtime Optimized 86 0%
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16bit Serial - Serial Algorithm

) Explore Area 87 0%
CL:g%:(r:)action Explore with Remap 87 87 0%
Runtime Optimized 87 0%

Explore Area 122 0%

g‘;r;%:rigggce Explore with Remap 122 122 0%
Runtime Optimized 122 0%

) Explore Area 89 0%
g:?itrlnT;e g Explore with Remap 89 89 0%
Runtime Optimized 89 0%

[Mivaxag 3. 13 Tvoyétion “Synthesis” LUTs pe “Implementation” LUTS yuwa tov 16bits aiyopibpo
noAamlactacpov Wallace Tree

16bit Wallace Tree Algorithm

Default Default 421 421 0%
Explore Area 327 0%
Area Optimized = Explore with Remap 327 327 0%
Runtime Optimized 327 0%
Logi Explore Area 421 0%
ogic ;
Compaction Explc_)re wnh_Rgmap 421 421 0%
Runtime Optimized 421 0%
Explore Area 379 0%
Performance Explore with Remap 380 379 0%
Optimized - P
Runtime Optimized 379 0%
Runti Explore Area 379 0%
untime ;
Optimized Explc_)re wnh_Rgmap 380 379 0%
Runtime Optimized 379 0%

3.4.3 AAI'OPIGMOI ITOAAATIAAYXIAXMOY 32BIT

Ot mapokdTom wivakeg Oelyvouv Tov TpOmo ovoyétiong tov “Synthesis” LUTS pe tov
“Implementation” LUTS 1tng idwag viomoinong “Synthesis” yw tovg 32bit oalyopibuovg

TOALOTAQGLOGLOV:

e O Vedic
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e O Dadda
e O Wallace Tree

[Mivaxog 3. 14 Tvoyétion “Synthesis” LUTs pe “Implementation” LUTS yuwa tov 32bits aiyopibpo

noAamlactacpov Vedic

32bit Vedic Algorithm

Default Default 1961 1949 1%

Explore Area 1618 0%

Area Optimized = Explore with Remap 1919 1618 0%

Runtime Optimized 1618 0%

) Explore Area 1949 1%

Logic Explore with Remap 1961 1946 1%
Compaction RuNi o

untime Optimized 1949 1%

Explore Area 2226 1%

Performance Explore with Remap 2253 2216 2%
Optimized - o

Runtime Optimized 2226 1%

) Explore Area 3065 15%

Runtime Explore with Remap 3617 2875 21%
Optimized - P

Runtime Optimized 3052 16%

IMivaxoag 3. 15 Tvoyétion “Synthesis” LUTs pe “Implementation” LUTS yuwa tov 32bits aiyopibpo

noAamlactocpov Dadda

32bit Dadda Algorithm

Default Default 1428 1427 0%

Explore Area 1366 0%

Area Optimized = Explore with Remap 1366 1366 0%

Runtime Optimized 1366 0%

) Explore Area 1427 0%

ég%:‘;action Explore with Remap 1428 1427 0%

Runtime Optimized 1427 0%

Explore Area 1805 0%

Perf_orr_nance Explore with Remap 1811 1804 0%
Optimized - P

Runtime Optimized 1805 0%

Runtime Explore Area 1643 1643 0%

Optimized Explore with Remap 1642 0%
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32bit Dadda Algorithm

Runtime Optimized 1643 0%

IMivaxog 3. 16 Tvoyétion “Synthesis” LUTs pe “Implementation” LUTS yuwa tov 32bits aiyopibpo

noAamlactacpov Wallace Tree

32bit Wallace Tree Algorithm

Default Default 1678 1675 0%

Explore Area 1572 0%

Area Optimized = Explore with Remap 1572 1572 0%

Runtime Optimized 1572 0%

) Explore Area 1675 0%

Logic Explore with Remap 1678 1675 0%
Compaction RuNi o

untime Optimized 1675 0%

Explore Area 2097 1%

Performance Explore with Remap 2117 2093 1%
Optimized - o

Runtime Optimized 2097 1%

) Explore Area 1877 0%

Runtime Explore with Remap 1877 1874 0%
Optimized Runti S

untime Optimized 1877 0%

3.4.4 AAT'OPI®GMOI ITOAAATIAAYXIAXMOY 64BIT

Ot mapokdto® wivakeg Oelyvouv Tov TpOmo ovoyétiong tov “Synthesis” LUTS pe tov
“Implementation” LUTS tng idwag viomoinong “Synthesis” vy tovg 8bit oalyopibuovg

TOAAOTAQGLOGLOV:

e O Array
e O Booth
e O Dadda
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[Mivaxag 3. 17 Tvoyétion “Synthesis” LUTs pe “Implementation” LUTS yuwa tov 64bits aiyopibpo

moAhamAaclocpod Array

64bit Array Algorithm

Default Default 13697 13697 0%

Explore Area 5955 0%

Area Optimized = Explore with Remap 5955 5955 0%

Runtime Optimized 5955 0%

) Explore Area 13697 0%

Logic Explore with Remap 13697 13690 0%
Compaction - S

Runtime Optimized 13697 0%

Explore Area 15418 5%

Performance Explore with Remap 16255 15384 5%
Optimized - o

Runtime Optimized 15418 5%

) Explore Area 13315 5%

Runtime Explore with Remap 14017 13315 5%
Optimized - o

Runtime Optimized 13226 6%

IMivaxag 3. 18 Tvoyétion “Synthesis” LUTs pe “Implementation” LUTS yuwa tov 64bits aiyopibpo

noAamlaciocpov Booth

64bit Booth Algorithm
Default Default 7994 7992 0%
Explore Area 7960 0%
Area Optimized = Explore with Remap 7962 7960 0%
Runtime Optimized 7960 0%
Logi Explore Area 7992 0%
ogic ;
Compaction Explc_)re wnth_Rgmap 7994 7992 0%
Runtime Optimized 7992 0%
Explore Area 8621 14%
Performance g5 0re with Remap 9968 8621 14%
Optimized - P
Runtime Optimized 8621 14%
) Explore Area 11844 3%
Runtime Explore with Remap 12193 11832 3%
Optimized - P
Runtime Optimized 11844 3%
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IMivaxag 3. 19 Xvoyérion “Synthesis” LUTSs pe “Implementation” LUTS yio tov 64bits aAyopiBuo

noAamiaclacpov Dadda

64bit Dadda Algorithm
Default Default 6325 6321 0%
Explore Area 6321 0%
Area Optimized = Explore with Remap 6132 6321 0%
Runtime Optimized 6321 0%
Logi Explore Area 6321 -3%

ogic ;

Comprton ey o a2t E
= (o]
Explore Area 7059 0%
g";;%:?;zgce Explore with Remap 7078 7046 0%
Runtime Optimized 7059 0%
] Explore Area 11158 0%
g:rt‘itr'n”i“;e ; Explore with Remap 11343 11143 0%
Runtime Optimized 11234 0%

3.45 ZXYMIIEPAEZMATA XYXXETIXHY “SYNTHESIS” KAI “IMPLEMENTATION” LUTSs

A6 TOVg TOpATAV® TIVOKEG paiveTal Tmg ota TepocdTEpa “Implementations” mov mapdyovrot
amd ™ otpatnykn “Synthesis” “Runtime Optimized” vrdpyetl fertioon otov apBud tov LUTS.
XTI VTOAOMES VAOTOWOELS, €KTOC UEPIKAOV eEMPECEMY, OV QOIVETOL VO VTTAPYEL 1WOwaiTEPN

uetapoin oto LUTS tov “Synthesis” a6 avtd tov “Implementation”.

3.5 XYI'KPIZH AATOPIGMOY DADDA AIA®OPETIKQN BITS

21 ouvéyel TapoLGIILoVToL Ol YPOPIKES TOPAOCTACES TV OAYOPIOU®Y TOAAATANGIAGILOD
Dadda 8bit, 16bit, 32bit kot 64bit. Av kot 6mwg @aiveTal GtV apyf TOV KEPAAAIOL VITAPYOLY Kot
dAlol aAyopiBpor mov eppaviCovior oe dapopetikd bits molhamiacioouov, emdéybnke va
nTapovolactel povo o adyopiduog Dadda kabmdg avtdg vdpyel 6€ GAOVG TOLE TOAAATAUGIUGUOVGS
dwapopetik®dv bits. Ta cupmepdopato TV aAyopiOpmv mov dev TapovclalovTal Eival 6 GLUEMVIN
LLE TOL GCLUTEPACUOATO TOV TPOKVITTOVV OO TH GVYKPLOT| TOV dopopeTIKOV bits moldamiaciocpon

Tov adyopibpov Dadda.
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3.5.1 XPONOZX [TPOXOMOIQYHY YXTPATHI'TKHY “SYNTHESIS”

H napokdto ypapikn mapdotacn deiyvel v EAdy1oT, TN LEYIOTN Kol TN HECT UETABOAN TOV

¥pOVo Tpocopoimong “Synthesis” yia tov adydpiBuo Dadda ce 8bits, 16bits, 32bits xar 64bits.

450 Dadda Synthesis Time
404,674
400 377,786
345,666

350
300
250
(]
‘200 M 8bit
150 M 16bit

o m 32bit
100 63 64bit

ATO T TOPATAV® YPAPIKT TUPAGTACT PAIVETOL TMG EVA Y10 TOVS TOALUTAAGIAGLOVG TV 8DItS
kot 16bits n péon tun tov ¥pdévov Tpocopoinong “Synthesis” dev petafAAAeTon CNUOVTIKA Yo

TOVG EMOUEVOVG dVO 0KOAOLOET ekBeTIKN AWOENOM.

3.5.2 KATANAAQZXH IXXYOX

H mopokdto ypaeikn tapdotacn delyvel TNV EAGIOTN, TN LEYIGTN KOL TN WLEGT LETOPOAN TNG
1o00G Yo Tov akyopibpo Dadda oe 8bits, 16bits, 32bits kau 64bits.
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450 Dadda Total Power 404,674

400 377,786
345,666
350

300
250
200 H 8bit

150 124531 138,330 144,497 H 16bit

100 M 32bit

40,588 41,342 41,861 64bit
50 13515 13,644 13,811

O I | |

watt

ATO TN TOPOTAVED YPOPIKN TapacoTtact PAETOVUE TOG e TV HeTafoAr Tov DIts eloddov amd 8
og 64 N petafoin g wyvog akoAovBEl ypappuky petaforn Kabmg n pio 1oydg and v oA €xel

éva otafepd mopdyovTo Tov KupaiveTol YOpw amd tnv Tun 3.

3.5.3 APIOMOZX “SYNTHESIS” LUTS

H napokdto ypaeikn mapdotacn deiyvel Tnv Ay 1oTn, TN HEYIOTN Kot T LEST UETAPOAN T®V

“Synthesis” LUTS yia tov adyopiBuo Dadda ce 8bits, 16bits, 32bits kot 64bits.
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12000 Dadda Synthesis LUTs 11343

10000
8000 7441
= 6132
g 6000 m 8bit
4000 m 16bit
La11 = 32bit
2000 1366 1535  64bit
71 324 gg 370 110 %31
0 —  am —_ . —
-Q Q ,5\.
& @??0 &
2" Flows

Kot €8 mapatmpovpe mmwg n petaforn) tov LUTS o oyéon pe to bits g16660v akolovOei

YPOLLUKT avENCT e Eva TapdyovTa oL Kupaivetot yop® and 1o 4,5.

3.5.4 APIGMOZ “IMPLEMENTATION” LUTS

H napokdto ypaeikn mapdotacn deiyvel Tnv Ay IoTn, TN HEYIOTN Kot T LEST UETAPOAN T®V

“Implementation” LUTS ywa tov adyopiBuo Dadda oe 8bits, 16bits, 32bits kot 64bits.

12000 CSA dadda CSA Main Impl LUTs 11234
10000
3000 7611
" 6321
S 6000 m 8bit
W 32bit
2000 1366 1550 1805 6 4b!
;1 324 90 372 . 108 430 oot
0 | | —— |
2
Flows
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Kot €6 mapatnpodpe mmg 1 petaforn tov LUTS oe oxéon pe ta bits e10660v axorovdel

YPOLLUKT avENCT e Eva TapdyovTa oL Kupaivetot yop® and 1o 4,5.
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KE®AAAIO 4

XYMIIEPAXMATA KAI ITPOOITIKEX

g T TN SMA®UOTIKY £pYOcio £YIVE TPOGOUOIMON UG LEYAANG TOIKIAING aAyopiBUmY OTTmC
aVTOl TEPLYPAPNKAY TAPATAV® Y10, TOAAATAOCIOGHOVG TV 8Dits, 16bits 32bits kot 64bits. Ot
TPOGOUOLDGELG AVTEG Eyvav [ T xpron tov mpoypappatoc Vivado Design Suit g Xilinx. H
TPOGOUOimGN TV dadikacidv “Synthesis” kot “Implementation” £ywve péosm tov evaluation board
AMD Artix 7 1o omoio evoopatodvel to FPGA XC7A200T-2FBG484C. H edpeon tov mo
amodotikoy Tpomov “Synthesis” kot “Implementation” yio tomoloyiec ToAAaTAAGIUGTOV Eival
wWwitepo onuovtikny kabdg avtol ekteAobV onuovtikég Olepyaciec oe ddpopovg VLSI

o106 L0V 01 0Toiol TPEMEL vaL £ivot 1010iTEPQ ATOdOTIKOL Ao Aoy TahTNTAG Kot 0mOd00G.

O1 pébodot “Synthesis” kat “Implementation” avaivOnkav og Tpog Tov ¥pOdvo TPOGOHOimoNG,
tov apBpd tov LUTS ko v 1oy tovg Y 6A0vg T0vg mpog e&€tacn aAyopiBuovg pe ta
ATOTEAEGLLOTO TV OVOADGEDY VO POIVOVTOL GTO TTpoNyovEVO Ke@Ahato. Emiong éywve cuykpion
Kol TOV OAANAEEAPTNOEDV SOPOPETIKMY HETAPANTOV dote va e&oyBel n Aoyikn pe v omoia 1

Ka0e petafAn emnpedlet TV GAAN.

Amd 10 OTOTEAEGHLOTO TOV TPOGOUOIDCEMY TNG TOPOVGOS IIMAMUATIKNG £xovv e&apedel ot
¥poOvol Tpocopoiowong g owdwaciag “Implementation”. O Adyog ¢ un évraéng tov
TPOCOUOIMCE®MY OUTAOV €lval 1 HEYOAN OPOPOTOINCT TOV OTOTEAECUAT®OV TOVG OE
EMOVOALUUPOVOLEVEG TPOGOUOIMCEL TNG 1O10C OTPUTNYIKNAG. AV KOl Ol TPOGOUOUDGELS OVTEG
de&nynoav otov 10 vroloyiot) dev €ytvav Ohec v 1010 ypoviky mepiodo. Avtd elxe ®¢
amotéAeclo. va vapyovv Swapopés amd ta tasks tov background émg kou to updates tov
AETOVPYIKOD GLOTNUATOG Le To omoia deénydnoav ot mpocopodaoels. Ot dpopés avtég eivar
KOVEG VOL ETNPEAGOVV TO YPpOVO TPocooimang g dwadikaciog simulation. TTapdia avtd ot ypdvor
simulation g dwdikaciog “Synthesis” de pdvnke va LeTOBAAAOVTOL IO10UTEPO OO TIC SLUSOYIKES

EKTEAEGELG KO Y10, OVTO TO AOYO GUUTEPLEANPONGAV GTN TAPOVGA SUTAMLOTIKY EPYACIAL.

Q¢ mpoomntikn, N TapoHoo MmAwUatiKy gpyacio o pmopovoe va €xel ) deEaywyn TV
TOPATAVE® TPOCOUOIDGEDV GE EVOV OO LLOKPVGIEVO NAEKTPOVIKO DTOAOYLIGTY| 0 0T010G Bat £xEl TOV

eAdyoTo 0pOUd TPOYPOUUATOV TOV AOLTOVVTOL Yo T OlEVEPYELD HOVO QLTINS TG AELTOVPYiag,
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ONAOdN TOV TPOGOUOUDGEMY. XTO GLYKEKPLEVO VLTOAOYIOTH KOAG Oa Mtav emiong va pnv
ePapUOlovTal EVNUEPMCELS AEITOVPYIKOD GULOTNUOTOS, TOVAGYICTOV KOTA Tr OEVEPYEID TV
TPOCOUOIMSE®V. Mia d€0TEPT TPOOTTIKTY Bal NTOV Ol TAPUTAV®D TPOGOUOIDGELS VO EPUPLOGTOVV
oe mpaypoatikd FPGA dote va yivel n oOYKPION TPOYUOTIKOV OTOTEAEGUATOV LE OVTOV TNG

J1d1KaG10G TPOGOUOIMONG,.
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