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2ovroun wepiinyn

Ta dedopéva péca oe £vo KOKAMUO oYEOOV TAVTOTE AIOLTEITOL VO LETOKIVI OO0V
amd to onueio OMpovpyiag Tovg HEGH 0TO KUKA®UO o€ €va. GALO onueio, MOTE va
ocvveylotel n emeCepyacsio Tovg M va amobnkevtodv yio peAhovtikn yprion. H
petakivinon avtr ogv yiveton akaptaio, aAld omaitel Eva ypovikod S1IoTNO TO 0To{0
€100yEL TOAAOVG TEPLOPITUOVE TOL £YOVV VO KAVOLV LE TOV YPOVIGHO KO TNV 0000
TOV KUKADOUOTOG. ZVYKEKPIUEVA, 1) LEYIOTN ETITPETOUEVT] GLUYVOTNTA AEITOVPYIOG EVOG
KUKADNOTOG ££0PTATAL AUESO OO TNV HEYIOTY KABVOTEPTOT TOL GLVAVTATOL KATH TNV
UETOKIVIOTN TV 0EOUEVOV.

2NV GLYKEKPIUEVT] OMAMUATIKY] Epyacio yivetal Tpoomddeio yio TNV avantuén
gpyoreiov Aoylopkod mov elvol amoapaitnto Yo TNV UEAETN Kol avdAvon Tov
HOVOTOTIOV dEGOUEVOV EVOG KUKAMUATOC. XKOTOG €ival HEGO Ad TNV GUYKEKPLUEVT
TPOGEYYION 1 OVOATTLEN €VOG avTopaToTomuEvVoL mAdiciov (framework) mov Ha
vrootpilel avdmtuén texvik®v Yoo TNV PEATIOON TG amOS00NG T®V VTOEEETUON
KUKAOUATOV. X auTniv TV Katevbuvon 1 a&loddynon tov Kpiclpuov kabvotepnoewmy
O1a000NG TOV HOVOTATIOV OEJOUEVAOV KOl TMOV OAANAETOPAGE®Y HETOED TOLG
amoteAOVV KopuPiko onpeio.

Kotd cuvéneia, n mapovca SImA®UATIKY Kiveiton Tave o dvo dEoveg. [lpatov,
N OGLOTNUOTIKY JSTOHTOON TOV GYEONOTIK®OV KotevBhvoewv mov ypelaletor vo
aKOAOVONGEL £VOC OYESIOGTNG GUOTNUATOV TPOKEIUEVOL VO PEATIOGEL TNV 0TOO00T)
TOL KLUKAOMOTOG Tov Kataokevalel. H avoivtikn meprypoer] Oo Ponbnoet tov
GYEOLOOTH VO OITOPVYEL TEXVIKA KOl GYEOOOTIKA TPOPANUATO TOV CLVAVTMOVTOL KOT
™ OBpKELD [aG OadKaciog ovATTUENG EVOG OAOKANP®UEVOD. AgDTEPOV, N OVATTTVEN
epyareimv AoyioHKoD, TOV GE cuvepyacia pe epmopikd epyareio g etanpeiog Xilinx,
Ba Pondncovv tov oyedlaotn vo emTOYEL KOADTEPT OOSO0T) GTO GUOTNUO KO VO,
EMTOYVVOLV TNV dtadikacio TG avamTuéng kot ¢ eraAnfevong tov KukAopatog. H
BeAtioon mov emtuyyAveTOL 6TV ATOO0GT GLYKPIVETL LLE TO OPYIKO KOKAMUOAL.

Aé&Eerg KA ewd: Kpioyo povomdtl, Hovomdatio dedouévav, UEYIoTN kabvotépnon,
ovyvoTTO Agttovpyiog, dwayeipion poroyudy, Planahead
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Abstract

Data created in a circuit is often needed to be transmitted to a part of
the design other than their creation place in order to be further processed
or stored for future utilization. These transmissions cannot take place in
zero time, but a short amount of time is required, which results in many
timing constrains regarding the timing and the performance of the circuit.
In particular, the maximum allowed frequency for operating a circuit highly
depends on the maximum delay met during data transmissions.

In the context of the current diploma thesis it has been developed
software tools required for studying and analyzing the data paths of a
circuit. This methodology aims to improve the performance of the under
examination circuit. That 1s achieved by analyzing the data path
propagation delays as well as their interactions. All the above, help the
circuit to apply design improvements that optimize its performance

To conclude, this diploma thesis has two main goals. First, explicitly
define design instructions which will guide a system engineer to improve
the performance of the targeted integrated circuit. The detailed directions
will help the designer to avoid some technical issues that occur during the
design process. Second, the development of software framework, in
collaboration with commercial EDA tools by Xilinx, will contribute to
accomplish even better system performance and accelerate the development
and verification of the circuit. The performance improvement is compared
to the original circuit.

Key words: data paths, propagation delay, operation frequency, clock
management, Planahead.
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Evyaprotisg

H mapodoa siumhopatikn epyacio eival amotéAespo TG cuvePYOsiog LoV HE TO
Epyaotipio Mikpobmoroyiotdv kot Ynoeakadv Xvetnudtov arnd tov Anpiiio tov 2014
puéxpt ko to dePpovapto tov 2016.

Oa Ndera va gvyaplotiom Beppd tov kabnynt) K. Anuitplo Xodvtpn yu v
EUMIOTOOVVY] TTOL LoV €0€1&e o1V avabeon 1TNG OCLYKEKPWEVNG €PYaciag, TOV
owdxtopa k. NikOAoo Zoumdkn yo v kabodnynon, T €0GTOYES TAPATNPNOELS
KaO®G Kt TNV dyoyn cvvepyacio mov glyape kob® OAN T S1dpPKELD TNG EKTOVIONG TNG
mapovoag epyociog. Emiong, evyapiot®d Oepud tovg vmoynelovg SdAKTOpES Kot
GUVEPYATEG TOV gpyaoctnpiov kot WMTép oG K. Kwvotavtivo Mopaykd ot
'edpyro Aevtapn yuo v moAvTiun fondeta Tovg 6ta TPOPALLATO TOL AVEKVY OV KOTE
™ OBPKELD TNG EPELVOG,.

Télog, B Bera va evyaploTom BepUd TNV OIKOYEVELDL LOV Y10 TNV VTTOGTHPIEN
OV LoV TTPOGEPEPE Kot Wwaitepa TIC TeEAevTaieg népeg Kabmg kol Toug GiAovg pov,
[Mévvn, AAéEavopo, Zmopo, Aswvida, 'iavvn ko ['dpyo, Yoo To evolapépov Kot v
vrooTNPIEN oV £dELVaY Katd TN Oldpkela g epyacioc. Xwpic exeivovg n mapodcoa
gpyacia oev Oa eiye oAokAnpwOel emTvydC.
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1. Ewayoym

1.1 Evoopoatopéve Xvotipoto

‘Evoc omlOg opiopoc TOv EVOOUATOUEVODL GULGTNUATOS Elval OTOldONTOTE
ovokevn 1M omoia mepAauPavel Evav LTOAOYIOTY|] oL £ival aPOCIOUEVOS o€ pia
GLYKEKPIUEVT AElTOVpYia Kol Ogv €ivor YEVIKOD GKOTOV. VY VA, TO CUGTNO TPETEL VO,
OVTOTOKPIVETOL GE VTOAOYIGTIKOVS TEPLOPIGUOVS TPOyHOTIKOL ¥pdvov (real time
computing constrains) Kot €ivol evomuatouévo ¢ UEPOS UING OMOKANPOUEVNG
GLOKEVNG TOV TOALEC POPEC meptAapPdvel vAko (hardware) ko unyavikd pépm.

To evooUaTOUEVO GLGTNHOTO TOIKIAOVY ATTO POPNTEG GLOKEVEG OTWS YNOLOKA
POAGYL KOl GUGKEVES LOVGIKNG, MG EPUPUOYES LEYAANG KAILOKAG, OTTMG povAapLol Kot
EAEYKTEC EPYOOTAGIMV, KOl GUGTNUATO WOAITEPA LEYAANG TOAVTAOKOTNTOS OTT™g Elvarl
ta. avtokivnta. H moAvmlokdtnta TV eVEOUOTOUEVOV GUCTNUATOV UTopel va givat
HIKpN, OT®¢ o€ £vav oAl pikpoeAeykt (micro controller), £mg vynAn ce cuaTHpOTO
UE TOAAEC HOVAOES, TEPUPEPEINKES GUOKEVEG 1| CLOKEVES dlyelplong OIKTVWV. TNV
ewova 1 etvar opatd o1dpopa cOYYPOVE EVOOUATMOUEVO GUOTHUOTE OLOPOPETIKNG
TOAVTAOKOTNTOG GYEO10ONG Ad TOALAL KOl SLOPOPETIKE TESIO EPOAPLOYDV.

Embedded Systems [1

\i Group

(]
o

- P
B
E? _‘éﬂm

1: Zoyypova Evewuorwuéva Zootiuata.
IInyn: es.informatik.uni-kl.de

Ta oOyyxpova ocvotiuoate ovyvd Poacilovior o€  KPOEAEYKTEG, OMAAON
enelepyaoTEC UE EVOOUATOUEVY] LVNUN 1 GAAEC TEPLPEPEINKEG GUOKEVEG, OAALL
KOVOVIKOT JUKPOETEEEPYOAOTEG CUVAVIMOVTOL OKOUO E0IKE GE TOADTAOKO GUGTNLATA.
Ot emelepynotég pmopovv va elval YeEVIKOD 6KOTOV €iTe 101KA GYedOGHEVOL (custom
designed) ywo pion ToAD cvykekpluévn epoappoyn. ‘Eva yopaxtnpiotikd moapddstypo
eEedkevpévou enelepyaotn elvar o enelepyaotng ynoerokov onuatog (digital signal
processor - DSP).

["a molov dpmg AOYO XPNGIULOTOI0VVTOL LIKPOENEEEPYAOTES; LTV EPMTNON OVTN,
VILAPYOVY SVO OTAVINGELS:

* O ukpoenelepyaotés eival £vag TOAD amodoTIKOG TPOTOG VAOTOINGNG YNOLOK®V
CLOTNUATOV, KOODG TPOGPEPOVY TNV SVVATOTNTO ETAVOYPNCLULOTOINONG NG
oxediooNG TOL VAIKOV amAd pe pio aAdayr Aoyiopikov. Avtd eival dwaitepa
ONUAVTIKO, KOODC M oxediaon OAOKANPOUEVOV KUKAOUATOV TOUPAUEVEL Ui
axppn Kot ypovoPopa dtadtkacioL.
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1.2

Ov wkpoenelepyaotéc kaboToHV EVKOAOTEPN TNV CYESIOGT OIKOYEVELDV
TPOIOVTMOV TO, OTTOT0 LITOPOVV VO KATOGKEVOGTOVV Y10l VO TTOPEXOVY SLOUPOPETIKA
GUVOAQ YOPOKTNPLOTIKAOV GE SLUPOPETIKES TIUEG KOl UTOPOVV va enekTafodv Yo
Vo TapEYOLV VED YOPOKTNPLOTIKE, Mote vo ocvpfadifovv pe Tig poaydaio
netaaAlOUEVES OyOpPES.

Evoopoatopévn vrorloytoTiky — TPOKANGELS

H evoopoatopévn vmoloyiotikny (embedded computing) eivor amd moAAEg

amOYES TEPIGOOTEPO  OMOUTNTIKN Omd TO TPOYPOUUOTO 7OV  YPAPOVTOL Yol
TPOCOTIKOVG  Lmoloylotés. H  Asttovpywkdétnta  €ivol  onuaviikny 1060  GTNV
VTOAOYIOTIKY] YEVIKOD GKOTOU OGO Kol TNV EVOMUATOUEVT] VTOAOYIOTIKY, OAAAL Ol
EVOOUOTOUEVES EQAPLOYES TPETEL VA IKOVOTOLOVV TOAAOVG EMITAEOV TEPLOPLGLLOVG.

Ilolbomhokor  alyopiBuoi:  Ov  Aewtovpyleg 7oL  ekTEAOVVIOL OO TOV
HIKpoemeEEPYNOTH Umopel va etvan 1daitepa oOvOeTES (Y100 TOPAOELY DL, EAEYYOG
™G PONG KOWGHOL GTO OVTOKIVNTO)

Awaodvoeon ue tov ypnoty: Ol JUKPOETEEEPYUOTEG YPNGLLOTOLOVVTOL GUYVA Y10,
TOV €AEYYXO TOAVTAOK®V Ol0CLVOECEMV LLE TOV ¥PNOTN Ol 0moieg umopovv va
nepapBdvouy TOAAL pevoy Kot €TAOYEG (Yoo TAPADELYHO, GE £VO. GUOTNUO
evtomiopov 0éong (global positioning system - GPS)

o va yivoov ta mpdyuato okOpo SVOKOAOTEPN, TOAAEC Agltovpyieg T@V

EVOOUOTOUEVOV GUOTNUATOV TPETEL VO TPOAYLATOTOLOVVTOL LEGO GE GUYKEKPIUEVES
npoBecpieg (deadlines).

THpoyuotikog ypovos (real time): TIOAG EVOOUATOUEVO VTOAOYIGTIKA
GUOTNLOTO TPETEL VO, AELTOVPYOVV GE TPAYUATIKO ¥pOvo. Av ta dedouéva dgv
glvor étopa péypt por cvykekpluévn mpobeouio, T0 cLOTNUO KIVOLVEVEL UE
Katappevon. H un tmpnon tov neplopiopmv ypdévov pmopel va dnpovpynocet
dVCOPESTNUEVOLS TTEAATEG 1] VO KOOTIGEL akOpa Kot ovOpmmiveg Cmég.

Aeitovpyies molromAav pvBuwv (multirate): O1 Aertovpyleg TOV EVOOUATOUEVOV
GUOTNUATOV O)l LOVO TTPETEL VO OVTATOKPIVOVTOL GE GUYKEKPLUEVES TTpoBETiEC,
oAAG TOOVOV TOALEG AelTovpYieC TPAYLATIKOV YpOVoL umopel va eEgMacovTal
nmopdAinia. Etvor mbovo kdmoteg Aettovpyieg va ekteAodvtal pe apyod puiuo kot
dAAeg pe ypnyopo. Ot epapuoyég molvuéowv (multimedia) eivor 1o xvplo
TOPBAOELYIO CUUTEPIPOPAS TOALATADY pLOUDV, KOODSC TO TUUATO YOV KOt
EIKOVOG  EKTEAOVLVTOL HE TOAD OlOPOPETIKOVG pLuOUOLS OAAGL Tpémel va
TOPOUEVOVY GLYYPOVICUEVOL.

Koarog xaraokevns: To cuvolMkd KOGTOG KATOOGKELNG £VOC GUOTNLOTOS Eival
TOAD ONUOVTIKO ©€ TOAAEC eQappoyéc kot mpocolopiletor amd mwOAAOVC
Toapayovteg, OT®MG 0 TOTOG TOL emeepyacTy], N TOGHTNTA TNG UVIAUNG KOl TO
TAN00¢ TV EEMTEPIKDOV GUOKEVOV.

loyog (power): H xatavoiwon ioybog emmpedler v owdpkew (NG TG
UTOTOPLOG TV QOPNTMOV GLOTNUAT®V, TOV GE TOAAEG EQAPLOYEC elval kpiotun,
oAAG Ko TNV Tapaymyn Bepudtntog mov Umopel vo. 00MYNOEL GE TPOCMOPIVI
advvapio xprons TOL GLGTILOTOG.
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* [lepropiouévor  mopor ovotiuotog: Xe  ovtifeon pHE TOVG TPOCOIIKOVE
VTOAOYIOTEG, TO  TMEPIOCOTEPO.  EVOOUATOUEVO  CLOTHHOTO  dlafétovv
TEPLOPICUEVOVE TTOPOVS TPog aslomoinon (Y mapddetypo, Tpopodocio omd
urotapio, TEPLOPICUEVT] TOGOTNTO KVUPLOG UVIAUNG, MYyeg N1 KaBOAOL GLGKELES
€10000V/e£000v). Emopévag, sivar amapaitntn n tpocektikn a&lomoinomn tovg,
®oTE 1 €QoapUoY” oL Ba TPEEEL OTO GLYKEKPIUEVO GUOTNUO VO, UTOPEL Vo
Aertovpyel cOOTA.

O e€mTepikol Teplopiopol eivar pior GNUOVTIKN TNYN dSvokoAiog otV oyedioon
EVOOUATOUEVOV cvotnuatov. Koatd v oyediaon, toug mpénet va AneHodv voéyn ta
TOPOKATO CNUOVTIKA TPOPATLLOTO.

11600 vliKo yperaletar; Y TOPYEL TPOTOC Y10 CNLLOVTIKO EAEYYO TNG TOCOTNTOG TNG
VTOAOYIOTIKNG 1GYV0G TOV £QAPUOLETAL GTO TPOPANLA LEG® TNG ETAOYNG TOL TOHITOL
TOV JUKPOETEEEPYAGTY], TNV TOGOTNTA TNG LVIIUNG, TIG GLOKEVEC 16000V Kol EE000V Ko
ToAAG AAAa. EQOcov mpémel cuyva vor 1Kovomolo0vTol TETO01 TEPLOPICHOTL amOO00TG
Kol KOGTOLG KATOGKELNG, 1| EMAOYN TOL DAMKOV &ivol oMuavTiky. Av To LAIKO givat
Myo, 10 cvotnua oev Ba pmopel va avtarokpifel otic Tpobecpieg. Av 10 LVAIKO glval
VePPOAKO, TO KOGTOG TOV GLGTNUOTOS ALEAVETOL YWPIG avaioyn Peitioon g
amdO0oNC.

I kovoroiodvion o1 mpobeouies; O ®POS TPOMOG Kavomoinong  piog
nmpofecpiag elvalr n emtdyvvon TOL VAKOD, MOOTE TO TPOYPOUUO Vo EKTEAEITON
ypnyopotepa. H emdoyn avt Opmg av&dvel 10 KOOGTOC TOV GULGTHUATOS, OTMG
avapéptnke. Eivon eriong mbavo n avEnomn tov ypovicuol Tov enefepyastn vo unv
PeAtidoel Tov ¥pdvo eKTEAEONC, EPOGOV 1 TOYVTINTO TOL TPOYPAUUOTOS UTOPEL Vo
nepropiletal amd 10 CLGTNHO LVIUNG.

llwg eloyiotomoicitar 1 kataviiwon 1oydog, & OAOL TO. GLOTNUATO, T
KOTOVAA®ON 10Y00¢ ivar Kpioyo {RTnuo. ATOTEitol TPOGEKTIKY oYediooN Yoo TV
emPpddvvon pn KpIGWOV TUNUATOV TOL GULGTNUOTOS YO TOV TEPLOPICUO NG
KOTOVAA®ONG EVA TKOVOTOL0VVTOL OKOUT Ol OTapaitnTol 6TOYO01 ATdd00TC.

2yeotoon ue ovvorotnra ovefaluions. H miat@oéppo vAIKOO pmopel va
ypnoworomBel ylo apketéc yeviég mpoioviov pe eldyloteg M KaBOAov oAloyéc.
Qotoco, givor embBounm N mpocoHnkn dvvaToTHTOV PEGH TOL Aoyiouikov. Eival
EMOUEVMG CNUAVTIKN 1] OOGTH GYe0iaoT TOL VAIKOD daote va mpoPreedei n amddoon
AOYIG KOV TTOL OKOMA OEV £XEL OYEOAOTEL.

A&iomiotio. H a&lomotio givol onpoavtiky Katd v onpovpyio Tpoidoviov aAld
KOl OE OPIGUEVES EQOPUOYES, OGS TO. KPIoHO om0 TAEVPES AGPAAELNG GUGTHATO
(safety critical systems).

1.3 FPGA - wropikn e€éhén

To FPGA (Field Programmable Gate Array - ovotoyio emtoma
TPOYPOUUUOTICOUEVOV TVADV) €ivol TOTOG TPOYPUUUATILOUEVOL OAOKANP®UEVOD
KUKADUOTOG YEVIKNG X¥pNoNg To omoio dtabétel peydho aplBud Tomomompuévov ToAdY
KOl GOAA®V YNOLOIKOV AEITTOVPYLOV OTTMOC ATOPIOUNTES, KATOYMPNTEG LWVIUNG, YEVVITPLEG
PLL kot moAAd aAra. Mepwikd FPGA evoopoatdvouv eniong avorloyikég Asttovpyies.
Kotd tov mpoypappotiopd tov FPGA, o omoiog yivetar mavtote eved avtd eival
tomofeTnuévo AV oe €val TUTOUEVO KOUKAMMUO, €VEPYOTOlovVTAL Ol €mBLUNTEG
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Aertovpyieg Kot 0100VVOEOVTOL LETAED TOVG MOTE VO GCLUTEPIPEPETAL BG OAOKANPOUEVO
KOKA®UO LE CLYKEKPIUEVT] AtTOVPYiaL.

O kmdkag pe Tov onoio mpoypoppotiCetar 1o FPGA ypdopetot og Kamola yYAdooo
neptypoeng vAkoV 0nwg 1 VHDL ko 1 Verilog. ‘Exet mapopoto nedio epapuoydv pe
GAAa TPOYPOUUOTICOHEVO OAOKANPOUEVO YNPLoKd cvuatipoto énwg ta PLD kot to
ASIC. Opwg 10 FPGA 6100£t€e1 k@mota 10104TEPQ YOPOKTNPLOTIKE TOV TEPTYPAPOVTL
TOPOKATO:

* To FPGA ydvel tov mpoypoppoatiopd tov Kébe @opd mov ydver v thon
Tpopodociag tov. Emopévoc, amortel e£0Teptkd HKPOETEEEPYAOTN 1| VUM LE
poviun ocvykpdtmon odedouévaov (non volatile memory) amd to omoio Oa
npoypappotiletar, kdbe popd mov enavépyeTon | TAoT TPOPOSOGIaC.

* O mpoypappatiopog tov FPGA pmopet va adddlel kdBe popd mov Tpomomoteital
TO AOYIGUIKO TOV HIKPOETEEEPYATT 1 TO OEGOUEVE TNG LVIUTG TTOV TO EAEYYEL.

* Agv vmapyel Kamowo Oplo otov opliud TV Qop®dV TOv umopel va
TPOYPOUUOTIOTEL.

* H xatavdimon 1oyvog eivan onuavtikd avéEnuévn oe oyéon pe ta ASIC.

To FPGA &givan 1dwoitepa KatdAANAO EKEL TOL O TOPAUETPOL AELTOLPYIOG TPETEL
va. aALAlovV GUYVA 1 6E HKPEG TOcOTNTEG Topay®YNS, eved 10 ASIC, Adym palikng
TOPOY®OYNG, Etvar ONVOTEPO EKEL TOL AMOUTOVVTOL LEYAAEG TOCOTNTEG KOl 1 EMOLUNT
Aertovpyio etvan avotnpd tpokabopiopévn, ywpic cpaipata (ta ASIC dev pmopovv va
TPOYPAUUOTIOTOVV EavA).

Baoum dopkn povada tov FPGA eival to Aoywkd pmhok, pe v (pMorn tov
0Tto{oL LAOTOOVVTAL Ol AOYIKEC GUVOPTNOELS TOL €KPPALOLV TIG Agttovpyieg evog
YNEKOU KUKAGOUOTOG. AVAAoYa e TO HEYEDHOC TOV KUKADUATOG, TOAAG AOYIKO LITAOK
GLVOEOVTOL Y10, VO DAOTTOGOVY TO TANHOC TOV amapaitnT®V AOYIKOV GUVOPTICEMV.
2115 ewcoveg 2 ko 3 paivovton pepikd FPGAs.

2: FPGA move o€ TOTmUEVO KOKADUATO
IInyy: en.wikipedia.com, codehackcreate.com

H Bropnyavia tov FPGA mpoékvye and T mpoypopptotilOpeveg pviues novo
avéyvoong (programmable read only memory - PROM) kot 116 TpoypapptatilOUeVeS
Aoywcée ovokevég (programmable logic device - PLD). Kot ot dvo mponyovueveg
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GLOKEVEG £YOVV TNV dVVATOTNTO TPOYPAUUATIGHOV o€ opadeg (banches). Qotdc0, 0
TPOYPAUUATIGIOG TOVG oTNPIlovTaV 68 KOAWOIOUEVT] AOYIKY] AVALEGH GTIG TOAES.

H odexoetic tov 1990 nrav expnktikn yie to FPGA 1600 amd dmoym
TOAVTAOKOTNTOG TNG GYEO10OTG TOVG 0G0 Kol dykov Tapaywyns. Tnv idwa mepiodo Ta
FPGA ypnoomotobhvtav ce TNAETIKOWVOVIOKEG EQOPUOYES Kot ato diktva. [Ipog To
téh0g NG oekaetiag, Too FPGA Bprkav tov dpoOUo TOVE GE O EUTOPIKES EQPAPUOYES,
™V avtokwnrofrounyavio Kot Brounyavikég eQapuroyEc.

Mia tpdopatn tdon eivar n VPPLOKN OPYITEKTOVIKT], ONANOT] O GLVIVACUOG TOV
AOYIK®V pumAok tov mopadoctak®v FPGA pe evoopotopévoug emeEepyaotés Kat to
OGYETIKA TEPUPEPELOKA Y10l VO GYNUOATICOVV £VOL OAOKANPOUEVO GOOTHUO. TAV®D OE EVQ.
rpoypouuotilouevo chip (system on a programmable chip). H ocvykexpiuévn
OPYITEKTOVIKY] TEPLOPILEL TNV KATAVAA®GON 10YVOC, dNUovpyel €vo LUKPOTEPO OE
puéyebog ovoTNHO Ko 68 HEYOAVTEPT ASI0MIGTIO TOV GLVOEGEMY TV 000 EEYMPLOTOV
ocvotnuatov. (Wolf, 2008)

2T0V Tivoka KOl TO YPAQNUO TOv aKOAOLOOVV LTAPYOLV GLYKEVIPOUEVA
dwpopa otolyelo mov @avep@vovv v otopikn] €&EMEn twv FPGA  (mnmyn:
en.wikipedia.com).

Year 1982 1987 1992 2000

8.192 9.000 600.000 millions
1: E&éAién tov apiBuod roiav ota FPGA

10000 ‘O market size
7500
5000

2500

7 1993 2005 2010 2013

3: E&élién g ayopds o exatopudpio

1.4 TIieovektinata ypions tov FPGA

H woavotra tov FPGAs va cuvovdlovv ta KaAdtepa ototyeio. omd Toug 0vo
Kkoopovg (ASICs kou cvotiuata Boaciopéva o eneepyact]) 00Nynoe GtV gvupeia
voBétnon Tovg amd dAeg Tic frounyaviec. Ta FPGA mapéyovv taydtnta kot a&lomiotia,
EVOD 0V amoutovV TO UEYAAO TPOKATUPOAKO KOGTOG TOV TTaPOVGCIALeL o oyedioom
Baciopuévn ota ASIC. To emavampoypoppoatiidpevo mopitio £€xet to 010
TAEOVEKTNHOTO Kot EVEMETLQ e v AOYIGUKO TTOV TPEYEL GE EVa GLGTN O PUCIGUEVO
o€ enefepyaotn, 0AAG dev mepropiletar omd Tov aplfpod TV S100ECIUOV VTOAOYICTIK®Y
mopnvev. e avtiBeon pe tovg enefepyaotéc, ta FPGA eivar mapdAinia and v
KOTOGKELY] TOVG K1 £TGL O10POPETIKES Olepyaciec Oev ypetdletar va avtaywvifoviot yuo
tovg 010G mopove. Kabe aveEdptnn vmoloyiotikn depyacia avoriBetor ce €va
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OLLPOPETIKO TUMa Tov chip Kot pmopet va Agttovpyel avtdvopa ympig emppon amod
GAAeg Olepyaocieg. Zuvemmg, M amOO00T €VOC TUNUOTOC HOG — €QUPUOYNG OEV
emmpedletal 6tav meplocdtepes depyacieg mpooteBovv oto cvotnua. (The Linley
Group, 2009)

Ta kOp1a mheovektipota e ypnong towv FPGA cuvoyilovion mopokdto:

* Amo6doon. Exuetodiievopeva v mapaiiniio 6to vAkd, to FPGA vrepéyovv wg
TPOG TNV LIOAOYIGTIKN 16Y1 TV YNPLakdv eneEepyactdv onpartog (digital signal
processors - DSP) eykataAeimovtag tnv Aoyik Tng akolovbiakng eKTEAESTG KOt
emruyydvovtog meplocotepa avd KOkAo poioyiov. H BDTI, o etapsio
benchmarking, ce pelétn g €6eie 6011t o0 FPGA pmopovv va mapaddcouvv
TOAAEG POPEG TOPATAV® ATOO0GT OV SOAAPLO GE PEPIKEG EQOPLOYEG GE GYEN
ue éva DSP (BDTI Industry Report, 2006). O éleyyog €1600mv kot e£00mV 610
EMMEDO TOV LAIKOV TOPEYXEL KAADTEPOLS YPOVOLS ATOKPIONG KOl EEEIOIKELIEVN
AELTOVPYIKOTNTA Y10, VO, IKOVOTTOMGEL TIG OVAYKES LLOG EPOPUOYTG.

* Xpovog oty ayopd (time to market). H teyvoroyia tov FPGA mpocoépet
gveM&la Kot KavotnTe Toelag mpotvumonoinong. Mia 1déa kat pio oyedioon
UTOPOVV VO, SOKIHAGTOUV GTO LAMKO yYopic vo pecolapnoet m ypovofopa
ddikacio g Kataokevng evog ASIC (Thompson, 2004). Ot cuvéyelg aAharyég
Kol PeAtidoelg g oxedlaong umopovv va emrtevyfodv 6e dpeg avil yu
gPoopdoes. to eumdplo LLAPYOVY TOAAEG EMAOYEG VAIKOV WE OL0POPETIKOVG
tomovg [/O Mon ocvvoedepéveg mlve o€ €va emavompoypappatiiopevo chip.
Emiong, n ovveymg avéavopevn dwbeoipudtra epyoreiov AOYIGHIKOD LYNAOD
EMMEGOV  UEIDOVOLV TOV YPOVO EKHAONONG €16AYOVTOG TOAAATAG emimeda
aQoipEONG Kol TPOCPEPOVTAG ETOUYLES VAOTOMGELS Y10 TPONYUEVO EAEYYXO KOl
enefepyacio oNUATOC.

* Kodotog. To npokataforkd k6ctoc oyedioons evog ASIC Eemepvd katd TOAD TIG
avtiotoryeg Aoelg faciopéveg oe FPGA. H peydin apyn enévovon tov ASIC
umopet va dkoorloynel amd Yoo KOTAOKEVAOTES TOL TAPAYOLV KOl TOVAOVV
nalwued chip. H @don tov emavampoypoppatilOIEVOL TLUPITIOV EAATTAOVEL TO
KOOTOC OvATTLENG Kol TNV YpovoPopa dradikacio Kataokevnc. Emeldn cvyva
otV TPAEN 01 TPOSYPAPES EVOC GLGTHLATOG AAALALOVV LE TOV YPOVO, TO KOGTOG
TOV CLVEYDV 0ALaY®DV o€ oyedlboelg FPGA elval apeintaio 6tav cuykpbet pe
T0 peydro k6otog enavacyediaong evog ASIC.

* Afwmortio. Evd ta gpyodeion AOYIGUIKOU TOPEYOVY TO TPOYPOUUOTIOTIKO
nmepairov, ta kKukAopatoa tov FPGA eivor g vAomoinon ¢ ektéleong tov
TPoypappoTog oto VAKO. Ta cvotiuata Paciouéva oe emeEepynotn cuyva
ToapEYOVV TOAAG emtimeda apaipeons yio fondeia otV OpoLOAdYNON SlEPYACIDV
KoL TOV SLHopacpd TOpwv avapesa oe diepyacies. To enimedo “odnyog” eréyyet
TOVG TOPOLG TOL VAIKOV KOl TO AEITOVPYIKO GUGTNHO oY EPILETOL TNV LV UN KO
Tov emeEepynotr). Xe kdBe 0100£01U0 VTOAOYIOTIKO TLPNVEL LOVO pio EVTOAN
umopel va ektedeotel kdbe ypovikn OTIYUN Kol T0 GLOTHUATO PBaciouéva, og
enelepyaotn KIvouvehouv ¥povika KpIioleg 01epyasiec cuveyms vo SIoKOTTOVY
n plo v aAAn. Ta FPGA, ta omoio dev dwaBétovv Agttovpyikd GOOGTNUA,
ELUYLOTOTOLOVV TOVG KIVOUVOUGS AEI0MIOTIOG LE TPOYLLOTIKE TAPAAANAT EKTEAEGT
EVIOADV KO VIETEPUIVIOTIKO DAIKO aplepmuévo og Kabe diepyacio wov vrdpyet
GTO GUGTILOL.
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* Moaxkpoypovia covtipnon. Onwg avaeépnke mponyovpévog, ta FPGA elval
avaPaduicylo Kot 0V amotovv T0 KOGTOG KOl TOV YPOVO ETAVASIOUOPPOONG
onwg éva ASIC. Ta ynoerokd mpoTtOKOALN ETKOIVOVIOV, Y10 TOPASELYLO, EXOVV
TPOOLLYPOPEG OV Umopel va aAAGEOVY HE TOV KoupO Kol Ol OETAPES TOL
BaciCovtal oe ASIC gvdeyouévag va TpoKaAEGOVV TPOPANLOTA GUVTHPNONG Kol
ovpPatomrag. Me tic duvatotreg emavadtapopemong to FPGA pmopovv va
avtaneEEAOovy 6e peAOVTIKEG Tpomomtomaelg mov Oa ypelaotovv. Kabog Eva
TPOLOV M €va cOGTNUA OPHALEL, AEITOVPYIKES EVIGYDGELS UTOPOVV VA YIVOLV GE
avtd YOpig TOV ¥POVO TOL aAmOUTEITOL Yoo GYESIOGN DAMKOL Oamd TNV oapyn.
(National Instruments, 2012)

1.5 Aopn tov FPGA

Ta FPGA amotehovvion and tpia Pacikd ototyeia: logic boards, Bupec e10600v
Kot €€600v Ko mpoypoppotilopevn dpopordynon. O tomog g logic board mov
ypnoonoleiton exnpealel v tayvnTa Kot v empdvelo tov FPGA. "Evag xotvog
tomog logic board mov ypnoiponoteiton ota cvyypovoe FPGA Baciletar oto lookup
tables (LUT), ta omoia aroteAovvtatl omd évav N:1 moivmAéktn kot po pvnun N bit.
Ocov apopd v ymowk Aoy, éva LUT anid amapiBuel Evov wivoka ainbeiog,
dtvovtag v dvvatodtta oto FPGA va vAomotel mepimiokm ynoelokn Aoywkn. (Brown
& Rose)

LUT

‘Eva LUT eivor évag mivokag mov ovtikafiotd vmoAoyiopods v opo Tng
ektéleonc pe pio mo amhn kot ypryopn Asrtovpyia indexing. Av xkou too LUT éyovv
emAeYel ®OC M KVPLXL VITOAOYIOTIKY povada ota gunopikd FPGA, to péyebog toug oe
kéOe logic board mpémel va mpoodiopiotel mpooektikd. Ta peydio LUT umopodv va
YEPIOTOVV O  TOAVTAOKOLG VTOAOYIGHOVUG KOl GCUVEMMG VO UEIDGOLV  TIG
KaBvoTePNOEIS TAVED GTNV KOA®SI®MOT avApesa 6TiS d1dPopes povades. 261060, aVTO
oonyel oe mo apyég viomomoeg tov LUT efoutiag tg ypnong peyordtepmv
TOAVTAEKTOV. ATO TV GAAN mAevpd, pkpodtepa LUT éyxovv o¢ amotéleoua tnv
ypnowonoinon  peyaivtepov  apiBuod logic blocks, kdtt mov aviaver Tig
kabvotepnoel; koAwdimong otnv oyediaon. EmmAéov, vmbpyer po  povado
amoOnkevong evig bit mov givan éva D flip flop. O moAvmAéitng e€d6dov emhéyel Eva
amotéAecua it amd TNV cuvaptnom mov givar vAoromuévn pésa oto LUT egite anod to
bit mov eivar amoOnkevpévo oo flip flop.

Awovvogo

Ta oOyypova FPGA elval oyedlacuéva ypnoIHOTOI®VTOS TNV OPYLITEKTOVIKN
“yoidv”. ZOuemvo e oy, ot 00KEG HoVEAdES TomoBETOVVTUL GE £Va O160100TATO
TAEYHOL Kot O10oLVOEoVTaLl e €va GLYKEKPIUEVO HOTIRo. AvTég Ot dopkég Hovaodeg
oynpotiCouv Tig voideg ot omoiec eMTALOVY GTOV OKEAVO TOV O1ACLVOIEGEMY. AT 1
OPYLITEKTOVIKY| EMTPETEL GTOVS VITOAOYICUOVS VO TPy pLaTomo0ovv tomikd 6to FPGA,
EVOD LEYOADTEPOL VTTOAOYIGHOL OTLAVE G€ KOUUATIO Kol avTioToryilovtat o puoikd logic
blocks péoca oto mAéypua.
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4: Apyitextovikn ToTov vioidowy ue draovvoéaels block ko switch boxes

To kd0e block €yel mpdsPaon otovg yeitoveg Tov pécm tov block dracvvdeonc,
T0 omoio oLVOEEL TIG €16000VG Kot €£000VG TOoL AoyiKov block oTovg WOPOLG
dpopoAdynong Hécm mpoypoupatilopevoy olakont®v N moAvmiektdv. To block
dlaovvoeong emtpénel otV €10000 Kot TNV ££000 ToL Aoyko¥ block va amodoBovv ce
opllovtieg kol kaBeteg Owdpopés, Peitidvoviag Katd mwoAy TV gveletia
dpopoArdynong.

Kabe dwoupoppmdpevo otoryeio tov FPGA amoutel éva bit minpogopiag yio va
datnpnoet pio dStopopemon kabopiouévn and tov ypnotn. ['a éva FPGA Bacilopevo
oe LUT, avtéc o1 mpoypappatilopeve tomobecieg mepthapavouy to tepleyOUevo Tov
Aoywo¥ block kot v ovvdoeoyomra. H dSwpopewon emtvyydvetor pHECH
TPOYPOUUOTICHOD TV bits oL cLVOEOVTOL HE OLTEG TIG TPOYPOUUUOTICOUEVES
tomoBeciec, cOpPwVA e TNV €l60d0 TOL ¥PNoT. YTAp)ovv TOALOl TPOTOL Yoo TNV
amofnkevon evog bit Svadikng TAnpoeopiag pe TNV o dNUoPIA va givor 1 SRAM, 1
antifuse ko n flash pvAun. (Kuon, Tessier, & Rose, 2008)

H mo evpeia ypnoipomorodpuevn pébodog yio v amobnkevon mAnpopopiog
Stapdpemong ota eunopikd FPGA eivor n mmtikn otatikn RAM, nepiocodtepo yvoot
®g SRAM. Avt 1 teyvikn £ytve ONUOPIANG EMELON TTAPEYEL SVVATOTNTEG YPYOPNS KOl
AmEPIOPLOTNG EMAVAIIAUOPPOONG GE LU0 N)O1 YVOOTH TEYVOAOYia. Mewvektnuota g
SRAM egivar n vynAN KATOVAA®GON EVEPYELNG KOL 1| TTNTIKOTNTO TOV OEOOUEVOV.
2uykpvopevn pe AAAeG Texvoroyieg pvnung, éva otoryeio tg SRAM givon peyaidtepo
(amortel 6 €mg 12 transistor) Kot Tapovctdlel onNUAVTIKY GTATIKY Katovaiwon eéoutiog
pevpdtov dwpponc. Eva axdpo onupoviikd pelovékmnuo eivor 6tt 1 SRAM dgv
dlatnpet ta dedopEVaL TNG YOPIG EVEPYELN, TOL GNUALVEL OTL KaTd TNV eKkivinon to FPGA
dev €xel OpUOPPMOON Kol TPEMEL VO, TPOYPOULULOTICTEL YPTCILOTOUDVTOG AOYIKT Kol
amofnkevon extog chip. AVTd EMTLYYAVETAL YPNCLUOTOIOVTOS LT TTNTIKY VAN Y10l
dltnpnon g OUOPEMONG Kol Evay JUKPOEAEYKTY] Y10 VO TPOYLOTOTOWCEL TNV
O1001K0G10L TOV TPOYPAUUATIGHOV KoTd TNV ekkivion tov FPGA.

AV Kot MydTEPO INUOPIANC, TOAAEG OIKOYEVELEC GLGKEVMDV YPNGUYLOTOLOVY LVIUN
flash ywo va amoOnkevoovv v mAnpogopia dapdpewonc. H puviaun flash eivan
owpopetikny amd v SRAM enedn eivor pun Tk kKol pmopel vo gyypogel
neplopiopévo aplBpd eopov. H un mmtwomra g uvnung flash onuaiver 6t ta
dgdopéva umopoHv va eyypaeolv Kol va moapapeivovy amodnkevpéva axopa Kot yopig
Vv apoyn pevpatos. Xe avtifeon pe 1o FPGA mov Baciovror e SRAM, avtd mov
BaciCovtar oe pvaun flash mapoapévouv Sopope®UEVO amd TOV YPNOTN KOl OEV
ypedlovtal EMITAEOV DAKO Y10, VO TPOYPOUUOTIGTOVY KOTA TV EKKIVIGT, TOVL GNUaivel
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otL elvanl o var Agttovpyncovv opéows. EmmAéov, €va kottapo flash pviung
KOTOOKELALETOL 0O AydTEPQ transistors Kot GUVERMG EXEL UKPOTEPES ATMAEIEG AOY®
pevpdTov dtoppone. QoT060, Ol GUYKEKPIUEVEG UVIUEG £XOVV TEPLOPICUEVO KVKAO
AVOYVOGEMV/EYYPUPDOV KOl GLYVA YOUNAOTEPES TAYVTNTES EYYPAPNS CLYKPITIKAL LLE TIC
SRAM. O ap1Buog tov KOKA®V yypaeng e&aptatal amd TV teXVoAoYio aAAd TUTIKA
KOpoiveTol o€ HeEPIKA ekoTOppOpla @opés. Emmpocheta, ov mepiocdtepec te)VIKEG
eyypaong oe flash amoartovv vynAlotepn TaoN CLYKPITIKG HE TO GAAQ KUKAMOTO.
Enopévmg, yperalovror fondntikd kukAodpato Ktog chip 1 00pUEC OTwg avTiieg Taong
Y0l VO TPOLYLLOLTOTIO|COVV EYYPOPEG.

Mo tpitn Tpoc€yyion yio TpoypappaTicud sivat n texvoroyia pvinung antifuse.
Onwc vrodnAdvel kot 10 OVOUHQ, TPOKEITOL YO, EVAV UETOAAIKO GUVOEGUO TOL
ovumepPeEPETOL TO avtifeto amd pio acedieta. O chvoespog antifuse ivor Kavovikd
avorytog (U1 oLVOESEUEVOG). Mid TPOYPAUUATIGTIKY| dtodkacio oL TepAapuPavel gite
£vay TPOYPOULOTIOT LYNAOD pevuaTog ite pia aktiva laser Mdvouv Tov GUVIECHO
Yl VoL OYNUOTIOTED P NAEKTPIKT GUHVOEGT GV VOL VT PYE KAAMDILO OVOUETO OTIC GKPES
tov antifuse. Ilopovocwaler  opketd  mAeovekTNUOTO  OAAGL  Oev  glvan
emavampoypoppotioo. MOAG €vag obVOEoHOg MOGCEL, €yl vRootel &vav  un
avtiotpentd petaoynuatiopd. Toa FPGA mov Pacifovion 6e avtr] v te)voAoyia
Bewpovvtar mpoypappatiiopevo povo pio opd. To yeyovog avtd mepropiler v
eveMla kKol Kafotd aKatdAANAN ™V TEYVOAOYia Yoo Tpotvmonoinon. Qot1dco, N
xpPNon ™G TEXVOAOYing cuvodeheTal omd pPePIKA TAcovekTHHaTa. O CUVOECUOG EXEL
oA pKkpO  pé€yehoc ouYKPITIKA HE TO KOTTOPO TGOV GAA®V TEYXVOAOYIDV TOV
amoteAovVTAL 0O apkeTA transistor. Avtd oonyel o pkpég KaBuoTePOELS O1AO00NC
KOl UNOEVIKY] OTOTIKN KOTOVAAW®GON EVEPYELNG EMELDN OEV LIAPYOLY TAEOV PEVUATO
opvyns. Emiong ot ovvoeopot etvar 1dwaitepa avBektikol oty aktvoPoria, yeyovodg
oL KaB1GTA TNV TEYVOAOYIN KATAAANAN Y10 GTPATIOTIKES KO OLOGTNUKEG EQOPUOYEGS.

1.6 "Etowpeg frprroOnkeg

[ToAAG epmopikd epyadeio mapéyovy Eva yevikd oet amd tunuota FPGA, oniadn
SLUPOAIKES avamapacTdcels £Tolumy blocks Asttovpyldv mov o ypnotng embopet va
gvoopatmcel oto 0kd tov FPGA design. Avtd to tpuqpate mopovsidloviol 6tov
YPNOTN TOV EPYUAEIOV MG GUUPOAN ETOLO TPOG XPNON TAV® GE U0 TAUKETO.

To tpuqpato wpvy v obvBeon (pre synthesized components) mapéyovror mg
evomteg Kmowka avtikelnévov (object code) ywpig va eivor omapaitnto va
aTOKAAVYOLV ToV TTnyoaio Kodka emmédov RTL 1 netlist. To cOotpa mepriapPdver
ToAAaTAES PPA0ONKEG TapExOVTaS VO OAOKANP®UEVO GET TUNUATOV TPO cHVOEDTS,
HE €0POC amd AmAEG AOYIKES TUAEG UEXPL AELTOVPYIEC VAIKOD LYNAOD EMTESOV, OTTMC
TOAMMOTAQGCIOOTEG KOl OLOUOPOMOTEG TOAU®V 1 oKOMO Kol €MEEEPYNOTEG KO
TEPLPEPELNKE EMKOVOVIOG.

Avtd to étotua TunpaTo umopoHv va, 160000V 6e oxédta amd ToV YPNOTH TOL
gpyareiov kat émerta oAOKANPO to design va petapepbel oe pio KOTAAANAN LGIKN
ovokevn. Ta mAegovektnuaTo YPNONG E£TOW®V TUNUATOV €lvol TOAAG. Mepikd
AVOQEPOVTOL EVOEIKTIKA TOPAKAT®:

* Meiwon tov ypOHVOL TOL amaLTEITON Y10l TNV OAOKAN pwon Tov design kabm¢ ToOAAN
GUY VA YPNOYLOTOLOVUEVH TUTLOTOL TTOPEYOVTOL ETOLLLOL.
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* EukoA0TEpPOg €AEYYOC TNG GMOTNG AElTovpyiog TOv GYediov, aPoL T £TOLUA
TUNUOTO TOPEYOLY EYYUNUEVA GOGTY| AElTovpyia.

*  AuvatoTnTa EMOVOYPNOUOTOIN oG TUNUATOV TOAAES POPEC.

* AmodoTikdtEPO KLUKAOUOTO, KAOMG Ta  TPOCSPEPOUEVO  TUNHOTO  €lval
BeAtiotomomuéva yio tnv Agttovpyio tov tpoopilovral.

1.7 Teprypaoen HpoPfifqpatog ko Ilpétacn Aveng

H xoBvotépnon tov kpicipov povomatiod avaykalel T0 KOKA®UO Vo AEITovpyel
o€ pio CLYKEKPEV GLYvOTNTO 1 otoia dev TapafLalel TOLg TEPLOPIGLOVG TOV. AvTh
N ovyvotNTa VTOAOYIleTo G 0 aVTIoTPOPOS aPlBUOS TG KabvaTépnong mov £yl T0
Kpiowo povomdrti. Apketd ocvyvd M TEMKN ocvyvotnta Asttovpyiog eivor akopo
YOUNAOTEPN Y10 VO SIUGPAMGTEL OTL TO KPIGIIO LoVOTaTL OV Tapafraletor kot 0Tt OAEG
01 €100001 Kot 01 ££0001 T®V EMUEPOLVS TUNUATOV glvar £yKupeg ko otabepés. Emeion
TO KUKA®UO AELTOVPYEL G éva GevAplo “worst case”, eivor BEPato Tt OAa Ta vTdAOUTHL
HOVOTATLIOL AEITOVPYOVV OUOAA KOl O1 ¥POVIKOT TEPLOPIGHOTL TOVG IKAVOTO100VTAL. AVTY|
N ovyvotTTa Elvar 1 LYNASGTEPT SLVATNH TOV TO KOKAMUO UITOPEL VO AEITOVPYNGEL XOPIG
TPOPANLO GTOL LOVOTATIO OEOOUEVMV TOV.

Qc1000, T0 KOUKAOUO cLVNO®G EXEL TN OLVATOTNTO VO AEITOLPYNOEL QKOO TTLO
ypnyopo. Avtd emruyydveror péca omd TV OVAALGT TOV LOVOTATIOV TOL Kol TNG
AeTovpYIKOTTOG TOVG. AVAAOyo HE TNV AETOVPYIKOTNTO TOVG, €lval duvatov va
avénbel n ocvyxvotTo. AtToVPYiaG TOV KLUKADUOTOS YWPIC VO LVIAPYOVV EUPOVEIC
EMMTOCES €1T€ AOY® EKUETAAAELONG TNG OPOPAS Be®PNTIKNAG Kol TPOYUOTIKNG
KaBvoTépnong oe pia TAATEOPLA EITE AOYM YOUNANG ETITTOONG GTO TEMKO AELTOVPYIKO
amotédecua. Avti eivon n KOpro (ko amlomomuévn) Wwéa oty omoia otnpileTon 1
OLVOUIKT KAUAK®OGT GLuYVOTNTOG.

[Ma k60e 6TavPodPLL TOL GLVAVTATAL, ] AOYIKT) GLVAPTNGT TOL LAOTOIEITOL GTO
onueio g octavpwong (to onueio avtd eivar ocvvBwg éva LUT) peletdron
TePUTEP®. MEGH TNG AVOALONG TOV JOCTAVPDOCE®Y, UTOPovV vo. kabopiotel M
AELTOVPYIKOTNTO TOVG KOl KOT  EMEKTOCT 1 oLYVOTNTO AELTOVPYiRG OAOKANPOV TOV
KUKAGOPOTOG. O TpOTOG e ToV 0moio avTtdg 0 EAEYY0G EMTLYYAVETAL Efvot AUETAPANTOG
KkaBmg etvarl amodnkevuévog oe £va lookup table mov dev petafdiietar katd Tov ¥pdvo
ektéleonc. Me tov Tpomo avtdv emtvyydvetal n dtoyeipion g S1oTaVPOONG YMPIg
Vo 0ALAEEL I AOYIKT TOV KUKAMDUOATOC.

1.8 Epyaieia mov ypnoiporonOnkayv

Ymv mopohoa SMAMUATIKY epyacio ypnooromdnke to epyaieio Planahead
mg etopeiog Xilinx. Emutpéner otov ypnotm va ocvvBécel 10 ox€d10 TOL, VO
TPOAYLLOTOTOMGEL AVAALGT] TOV YPOVICLOD, VO EAEYEEL TV OIOKPIoT] TOV KUKAMUOTOG
6€ OLAPOPES E16OO0VG KOl KATAOTACELS KOl VO TPOYPOUUOTICEL TO design Tov Tavm Gg
pio TAokéta yo Tpaypatikn Asttovpyio. Me 1o gpyareio avtd, givor duvatn 1 HEAETN
TOV ATOTEAECUATOV VAOTOINoNG Tave oto FPGA (implementation) kot Tov ypovicpon
(timing) pe otdyo TV avaivon g kpioung Aoywkne. EmumAéov, Bondd oty Bedtioon
™m¢ amddoong tov design tov ypnomn péow floor planning, tpomomoinong Twv
TEPLOPICUDOV KOl TOAADV OOQOPETIKOV pvOupicewv oe emimedo oHvOeong kot
vAomoinong.
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Kabe design mov viomoteiton pe v Ponbeta tov Planahead mepvéel amd ta

otdoo Tov placement, Tov mapping kot Tov routing. AkoAov0ei pio cuvToun avéivon
v kéOe Eva amd avtd To oTAo:

>

Placement: civor éva omapoaitnto Prpo oty MAEKTPOVIKY Oxediaon Kot
avaeépeTol oty ovabeon tomobecidv pe akpifelo O1POpOV TUNUATOV TOV
KUKAGUOTOG pHésa otnv meployn tov chip. ‘Eva katdtepng mowdtnrog placement
oyl povo emnpealel v amoddoon tov chip, aAld mBavov vo odnyncel otnv
aduVapio. KOTOGKELNG TOL TOPAYOVTIONS KOAMOIDGES HEYAAOL HNKOLG TOV
Eemepvolv Tovg dtabéaipovg Topovg Yo routing. Katd cuvénein, n dtodikocio
vt TPEMEL va Kavel Tig avabéoelg evamapaiinia Pertiotonotel éva mAn0og
otoyov, Oote va emrtevyfodv ot mpodaypapéc amddoons. XapoKTnPloTIKol
otdyol Tov placement meprhapfavouv:

* JVVOMIKO UNKOS KOAWOIWOEWV: 1 EAMUYLOTOMOINGCT] TOV UNKOUG TV
KOAOIUDOEDV ATOTEAEL TOV TPOTUPYIKO GTOYO TOV AOYICUIKOD TOL VAOTOLEL
to placement. Avtd Oyl p6vo cuviehel oty peiwon Tov peyébovg tov chip,
OAAG TOLTOYPOVO HEIDVEL TNV KATOVOA®OON 10YVOC Kol TV Kabvotépmnon
d1Ad00NG T®V SNUAT®V TOL £ival aVOAOYN TOV UKOVG KOA®MOTWONG.

* Xpoviouog: o KOkAog poAoylov evo¢ chip kabopileton amd v Kabvotépnon
TOV HOKPVTEPOL LOVOTOTION TOV, TOV GUYVA OVOPEPETOL O KPIGILO LLOVOTTATL.
"Exovtag kabopiopéveg mpodiaypapéc amddoons, T0 AOYIGUKO TPEMEL Vo Elvail
olyovpo OTL OV VTLAPYEL LOVOTATL TOL Va. EEMEPVA TNV UEYLOTN KaBopiopévn
Kabvotépnon.

* Jvupopnon: Eva glvor omapaitnto vo petmbel 10 pnKog tov KoA®wOIDGE®Y
MOOTE VO EMAPKOVYV 01 TOPOL TOL routing, eivan emiong avaykoio ot TOPOtl avtol
VO IKOVOTTO100V TTPOSLYpapES TOTIKOTNTOS TOv® oto chip. Mo meployn pe
oLUPOPNON 16MC OOMYNOEL GE TAPUKAUYELS OLOPOUMOV aLEAVOVTOS TIC
KOA®IUDOELS.

* Joydg: m peiwon g 16y0vog cuvNBmG TEPIAaUPEVEL TV GOOTN KOTOVOUN TWV
TUNUATOV Yoo TNV pelmon ¢ Katavaimong kot v eEopdAvvon g
Bepuoxpaciog tov chip.

* 'Evag devutepedmv o10)0g TOV Aoyliopikoy gival n peiwon Tov xpovov Tov
amottel yio TNV OAOKANP®oT ToL To placement.

Mapping: eivon pio pébodog pe v omoia to design pmopei va aviictoylotel oo
ovokd pins Tov FPGA o710 omoio Oa mpoypappatiotet, dniaon moreg 1 dSidpopa
otoyyeio emAéyovtal amod Tic PfAlodNKeg yia va VAOTOGOVV To KUKAMDLOTO TOV
design. Awapopetikd, eivor to péco pe to omoio to design pmopel va
aAAnAemdpdoel pe tov “€E® KOGUHO”. XapTOypap®OVING ECMTEPIKA YNOLUKE
oNMOTO G pIns KATO10G GLOKEVNG, 1 AOY1KT TOL design Umopel va EMKOVOVNGEL
ne aAla tunuata tov chip. Q¢ pépog tov mapping, kabopilovrol Kot avaloyikd
YOPAKTNPIOTIKA oTto pins, Onmwg IO standards, ovvauelg odnynong (drive
strengths) kot slew rates. e enimedo AOYIGUIKOV, TO mapping XITVYYAVETOL LE
ypnomn dwpopemcemv Kot apyeiwv mepropiopdv. Eva FPGA design pmopet va
€xel TOALUTAEG KaBOPIGUEVES SLOUOPPMOELS, e KOBE pia vo TepLEyeL To apyeio
TEPLOPICUOV (YOPTOYPAPNOT pins, TEPLOPIGHOL TOTOOETNONG Kol OpOLOAOYN oG,
TEPLOPICUOT POAOYIOD KOl YPOVICUOV) 7OV OOUTEITOL YO VO OTOXEVGEL OE
VAOTTOINGN TAVE® GE SLUPOPETIKES PLGIKES GUGKEVEC.
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» Routing: sivon pia dadikacio mtov otnpiletar oto placement, mov kabopilel v
tomoBecio kibe evepyov otoryeiov mov ypnoonoteital omd To KhkAmouo. Metd
to placement, To routing tomofetel KOAMIL TOV ATOLTOVVTOL Y10, TNV GVVOEST
TV Totofetnuévav eEapmnudtov evad dtatnpel GAovS Tovg Kavoveg Tov design.
210 AOYIGHKO divovTon KOOl TPoVTAPYOVTH TOADY®MVA TOV ATOTEAOVVTAL OO
pins Kol TPOOIPETIKE KATO1EG TPOVTAPYOLGES KaAwOlhoels. Kdbe éva amd avtd
To. TOAVYVe cuoyetileton pe éva net, fdoel ovopatog 1 evog apBpov. H kopua
gpyacio Tov router £ivat vo dNUIOVPYNCEL YEMUETPIEG DGTE OAN TO. PINS TOL 1010V
net va etvot cuvoedeIEVA, KOVEVO PIn CLGYETICUEVO LE GAAO net va Unv cuvoEeTat
Kot OA01 o1 Kavoveg Tov design va woyvovv. Evag router umopel va amotdyet unv
GLVOEOVTOG OVO pins oL Empene va. cuvoedoHV (open), GuvoEovTag dVO pins TOV
oev énpene (short) N mapaPraloviog kdmorov kavova. Emmiéov, yio va cuvoefovv
oMOTA TO. nets, ol routers MPEMEL VO TNPCGOLY TOV YPOVIGUO, VO UNV
onovpynceovy wpoPfAnquata crosstalk, vo TnPGOVV TIC ATOUTIGES TUKVOTNTOG
Kol TOAMG GAA0. AT To mopamave sivor epeovéc 0Tl To routing eivar pio
wlaitepa OVGKOAN dtodkacia.

Yxed6v KaBe TpoPAnua mov oyetiCeton pe To routing eival dvoemidvto. To
amA0VGTEPO TPOPANLA OPOUOAOYNONG, YVOGTO MG dEVIPO TOL Steiner, EVPEoNS
TOV GLVTOUATEPOL OPOLOVL Yia Eva net xwpig epmdola Kot Kavoves Tov design givat
NP-dvokoho av 6Aeg o1 yovieg emtpémovion Kot NP-mAnpec av povo opilovtia
Ko kdBeta KaAmola emrpénovtal. Katd cvuvéneia, ol routers ondvia tpoonadodv
va Bpouv pia PéAtiotn Avon. AvtiBeta, oxeddv oAdxkAnpm m OpopoAdOYN oM
Baciletar o evplotikéc Avoelg mov mpoomabodv va Ppovv amAd  pio
1KOLVOTIOUTIKT AVoT).

LT Ty

5: Awadikooio kataokevng KokAauoros tave oe FPGA

To Planahead 6o ypnoomomOei emiong yo tnv ocbHVOEST TOV TPIOV UEPDV
(x0p1o kuKAWpO, KOKAopo Selector mov mapakolovdel ta onuatTo EAEYYOL Kot TO
digital clock manager mov emAéyel TV KATGAANAN cvyvoTNTO AELTOoLPYiG) TOV
6LVVOETOVY TO TEMKO KOKAMUOL.

To Oevtepo epyoreio mov Ba ypnowyomombBel elvar pio epopuoyrq mov
avartuydnke oto mAaiclo tng oimAmpatikng kot ovopdletor Planahead Expander.
AvoAdEl TO. OOTEAEGUOTO TNG YPOVIKNG OVOALGNG TOL KVUPLov KLKA®UaTog (To
aroteAéopato ovtd Tapgyovion and to Planahead) ko Bydler cav €€odo ta onpota
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eléyyov koBDC ko TIc avtiotoyeg ovyvotnteg Asrtovpyiag. H epappoyn elval
ypoppévn o€ Java yio va uUmopel vo EKTELEGTEL GE OTOI0ONTTOTE AEITOVPYIKO GUGTNLLA.
Mol pe Tov Expander épyeton pio axopo epappoyn ypoupévn oe Java mov ovoudleron
Generator. H epoapuoyn avt) owPaler to apyeio mov dnuovpyndnke oamd tov
Expander kot onpuovpyet éva apyeio pe kmdtka VHDL wov viomoiet to kdKA®pa mov
nmapoakorlovdel To onuota €AEyyov Om®G TPocdlopioNKAY Amd TO TPONYOVUEVO
gpyaireio.

To ISE ¢ XIlinx ypnoyonoteital yio v kotackevt| g povaoag digital clock
manager. H povada avtn petatpénet pio cuyvotnrta 16000V o€ péypt €€t (e€aptdron
and tov oo tov FPGA mov ypnowponoteital) cuyvotnteg e£6dov kabopiopéveg amod
Tov ypnotn. Xtmv moapovca epyacia, povo to I[P Core Generator tov ISE
ypnowonoteitat. OAeg o1 dAdeg Aettovpyieg emtvyyavovtal péca and to Planahead. H
katackevn Tov digital clock manager givol e0KoAn Kot Tpaypoatomotleitol péca amd
YPOPIKO TEPIPAALOV.

To FPGA Editor an6 v Xilinx ypnowonoteitor (epocov ypetaletal) yio vo
GUVOECEL TOL ECMTEPIKA ONUATO TOL KOPOL KLUKAMUATOS HE TIG €16000V¢ TOV
KUKAGpotog Selector. Av dgv LIAPYOLV ECMOTEPIKO GNUOTA, COLVOECT UTOPEl Vo
npaypatoromBet pécm kddwa VHDL kot 1o FPGA Editor dev ypetdletar. Emmiéov,
LT 1M €QOPUOYN UTopel va ypnotpomomBel yioo TANpoQopieg GYETIKEC HE TNV
kaBvotépnon o€ ovykekpiuéva dpoporoynuéva koiodw mov Ha Pondncovv tov
YPNOTN VO EMLTOYVVEL OKOLO TEPICCOTEPO TO KLPLO KOKAMLLOL.

To Isim and v Xilinx gival £vag TPOGOUOI®TNE TOL YPNCLLOTTOLEITAL Y10 VOl
eleyyel n Aertovpyia Tov véou kol PeATiopuEVoy KUKADONOTOS. O TPOCOHOI®MTNG Oivel
™V OLVVOTOTNTA EAEYYOV TV KUUATOUOPPDV E1G00V Kol 600V TOL KUKADLOTOG.

2. MovomdTi 0€00UEVOV, HOVOTTATL EAEYY OV, GUYYPOVY
KOl 0607 POV GYEOLOON

3.1 I'evika

Ov meplocdtepol  emeEepynotés Kol GAAQ TOAVTAOKO KLUKADUOTO €ivot
opyavouéva og 000 KOHPLOL TUNLOTO: TO LOVOTATL OEGOUEVAOV KOl TO LOVOTATL EAEYYOV.
To povomdrtt dedopuévov meptlappdvel OAa T0 KUKAOUOTO 7TOL VAOTOLOLV TOLG
VTOAOYIGUOVE oL LITooTnPilovTal amd To GVOTNU Kol omodnKevel dedouéva otn
PvnUn. X € TOAMEC TEPUTTMOELS, AVTE TAL KUKAMUATO £ivor mapdAinia peta&d Tovg Kot
10 TEMKO amotédeopo kabopiletar amd TV moAvTAES o TOV ETUEPOVS OTOTELEGUATOV.
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H povado eréyyov «abopiler v Asrtovpyic TOL  pOVOTOTION OESOUEV®YV,
EVEPYOTTOLOVTOG OlokOTTeEG Ko kobopilovtag onuato eAEYYOL O TOALTAEKTEG
oOLE®VA UE TIG EVTOAES TG LvNUNG. Me avtdv tov Tpdmo, 1 Hovada eAEYXOL umopel
va kabopicel Twg ta dedopéva péovv péoa oto povomdrt. (Digital System Design Using
Data Path and Control Unit, 2013)

H yevikn dour| evog ohyypovou ynelokod KUKAMUOTOS TOV VAOTOLEL tio GLYKEKPIUEVN

Aettovpyia QoiveTon TOPOKATO:
||v-----|-||||. [lP S’.n'ug -||||||-|-|----|-|-|||||rr----|-||||||vE
Signals
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6: Control and Data Path

Eotepka ofjpata eléyyov: kabopilovv v Aettovpyio TOV KUKADUOTOG.
EoTtepikd onpoto KOTAGTAGNG: DTOSEIKVOOLV TNV KATAGTOGT TOV KUKAMUATOC.
EoTepki] €i6000¢/££000G 0€00PEV@V: deGOUEVA GTO KOKAMLLAL.

INpoTo EAEYY0V OEOOUEVMV: GILOTO TOL TOPAYOVTOL OO TNV HOVAdX EAEYYOV Yol
ELEYYO T®V OEOOUEVOV.

YNROTO KOTAOTAONG OEO0UEVOV: VTOOEIKVOOLV TNV KOTAGTOGN TOV HOVOTOTION
OedoUEVDV.

3.2 Movondti dgdoopivmv

To povomdrtt dedopévov meptrapupdver umhok mov olayepilovror dedopéva. Aegv
apEyovv EAeyyo o€ Kavéva umiok. To povomdtt dedopévmv pmopel vao TapopuolaoTel
HE €PYATEG TOL VAOTOOVV GUYKEKPLUEVEG €pYacieg ota dedouévo kol yperdlovion
enifreyn amd Kamolov (oTnNV GLYKEKPUEVN Tepintwon N enifreyn yivetor omd to
povomdtt eAéyyov). Mepikd mapadeiypoto povomratiod dedouévmv givat:

Registers: mopdAAniotl KotaywpnTéS POPTOONS Yo AVAYVMGST OEO0UEVOVY TOPEAAN A,
KaTayopntég oAicOnong yio oeplakn avayvoon.

ApOuNTIKG KUKAOPOTO: 00pOIGTEG, APUIPETEC.
IMoAvTAEKTES: OPOLOAOYOVV T OEOUEVA GE VAV 1] TEPIOCCOTEPOVS TPOOPIGHOVC.

Merpnréc.
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[0 Tapdderypa, Bo KoTooKeLAGOVUE GTASIOKA £V OmAO povordTt dedopévav MIPS
Oewpdvtag évo vmocVVolo TV Asttovpyuidv. [ vo  Kotaokevdoovue TV
TPOGKOULOT] EVIOANG, YPEGLOVTaL TO ETOUEVO TPIOL KOUUATLOL.

Instruction — ™ .
address i T
Instruction PC >Add 5un4—~
Instruction wlinard - -
memory a 1 L~
a. Instruction memory b. Program counter . Adder

7: Basic components of Control and Data Path

évag aBpototrg yperaletat yio vo avEGvel Tov HeETpM TN TPOYPAUATOS 6TV dtevbuvon
™G enduevnc evioins. Mmopel va viomombei o¢ o ALU povipo ouvoedepévn dote
vo vAoTotel povo mpocbicelc. ¢ ek To0TOL, dev amatteitan EEYmPLoTod oNua EAEYYOV.
Mo povadoe pvAung amatteital yio Ty amoffKevoT TV EVIOADY TOV TPOYPAUUATOS
oL TOPEXEL LOVO AE1TovPYiol OVAYVOONG KOl GUVETMG OV OmOLTEL O EAEYYOV.
Télog, 0 peTpnTAg TPOYPAUUOTOS eivar €vag Katoy®pntig oL omobnkevel v
otevbuvon g Tpéyovcag evioAns. Mo véa Tiun ypageetol oe kabe kdxkro. ['a v
EVEPYOTOINGM TNG EYYPOAPNS OV amorteital onpa eEAEYYov. Xvvovalovtog avtd ta Tpia
KOUUATLOL ONULOVPYOVLE TO HOVOTATL OEGOUEVAOV Y10 TNV TPOGKOUICT) TNG EVTOANC.

Read
address

- Instruction

Instruction
memory

PC

8: MIPS Data Path

‘Eva axopo mopddety o Lovomatiod dedopévav givat to akolovbo. Mo v mpdén g
npdcobeong, ta dedopéva Ba avokTnOoOV amd TV UVAUN KOl TO. TEPLEYOUEVA TMOV
Katayopntov regl kot reg2 0o mpooteBodv ko Oa amobnkevtodv otov reg3. H
axolovBia eviolav eival 1 e&ng:

b reglout, Xin
* reg2.ut choose X, addition, Yin
® Yout, I'eg?)in

T a ofjuata eAEYXOL OV Eival YPOUUEV OE L0, YPALUT EKTELOVVTOL GTOV 1610 KUKAO.
Oha. ta veoroma ofjpoto mopouévouv otabepd. Emouévmg, otov mpdTo kOKAO TO
nepleyoueva tov regl ypdooviar otov Kotaywpnti X péow tov dadpouov. T ote, ta
nepleyoueva tov reg2 tomobetodvior mavw otov diddpopo. H ALU mpocbitel ta
dedopéva tov X kot reg2 Kot amobnKevEL TPOSOPIVA TO OTOTELEGHO 6TOV Y. X T0
televtaio Prpo, to omotélecpo petokiveiton amd tov Y otov regd péowm €vog
€0mMTEPIKOL d1adpopov. Movo évog kotoywpntig umopel vo tomobetioel dedopuéva
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TOve oToV 01dpopo oe kAbe KOKAO, emopuévag ta Pripata 2 kot 3 dgv Wropovv vo
ovyywvevtovv. (Processor: Datapath and Control, 2014)

3.3 Movada eréyyov

H povada eréyyov (ME) yepiletor Ola ta onuata eAéyyov. AtoyepileTon kot
KatevBouvel OAN TNV porn 16000V Kot ££000V, TPOoSKOoUILeL EVTOAES Kot KaTELOVVEL AAAEG
HOVAOEG TaPEYOVTOG CTIHOTO EAEYYXOV Kot xpoviopov. H povada eAéyyov Bempeiton g
0 gyK€QOAOG eedN O1evBeTel oyedOV Ta TAVTA Kol StGPAAilel TNV opaAn Aettovpyia.
O John von Neumann copumeptéAafe v HOvAdo EAEYYOV GTNV APYLTEKTOVIKN TOV. XTI
oVYYXPOVEC GYEOAOELS, M pHovdda eA&yyov eivor ecwtepkd Tpuqua g CPU pe v
vevikotepN Aettovpyio g va mopapével apetdfAint. (Englander, 2009)

Axpipéotepa, 1 povdoa eréyyov eivar pia gvpeyédng cvlhoyn omd mwoAvTAOKN
YNEKE KUKADOUOTO TOV Ol0GLVOEOVY Kol EAEYXOVV TOAAEG EKTEAECTIKES LOVAOESG
evtog ¢ CPU. H ME givon n mpo povéda g CPU mov déxeton amd Eva eEwtepikd
aroOnkevpévo pdypappa pia evtody. H ME 1618 amokmdikomolel v €vioAn oe
pepkd akoAovOiakd Pruoata mov eAéyyovv Kol cvvtovilovv tnv Olaxeipion twv
oedopévov and v CPU. H oyediaon avtov tov akoiovbiokodv Pnudtev Baciletol
OTIG AVAYKEG TNG KAOE EVIOANG KOt S10PEPOVLY G TTPOS TOV aPBUd, TN GEPE EKTEAEGNG
KOl TNV EVEPYOTOINGT TOV HOVAd®V. AVTO 00MYEL GE £VOV VTTOAOYLIGTN TTOL UTOPEL Vol
EKTEAEGEL €va TPOYPOUUO YOPIG VO OmonToLVTOL OAAOYEG 6TO DMKO TOv. AvTéG Ol
avaAuTikéG odnyieg ¢ ME vrayopevovv mown onpota evtog g WIIO mpémer va
gvepyomomBovv Kot Toleg HOVAOES EMAEYOVTOL LE TN GMOOTN GEWPA Y10 VO YEPLOTOVV
T dedopéva. AvAAOyo LLE TOV TUTO TNG EVIOANG oL sleépyetor otnv ME, n cepd kot
0 appds TV aKoAOLVOOKOV EVIOADY HITOPOLV VO O10LPOPOTON|GOVY TNV ETIAOYT TOV
tunudtov mov Bo ypnowwomomBodv yw TV EKTEAECT, TNG EVIOANG. AVTO TO
YOPOAKTNPIOTIKO TOL YPTCLOTOLEL ATOTEAECUATIKO LOVO EVIOAEG AOYIGUIKOD Y10 TOV
€leyyo Tov VA0V givar €vag amd Tovg AOYOVLS TOV Ol GUYYPOVOL DITOAOYIOTEG Elvail
gvéMKTOL 0TV TpEYoLV dtapopa tpoypaupata. (Mukhopadhyay, 2012)

‘Evoc ovvovaopog evog povomotiov dedopéveov poll pe v povada eAEyYov Tov
QoiveTOl TOPOKAT® (01 UTAE YPOUUES OVTIGTOLYOVY GE GNLOTO, EAEYYOV)
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9: MIPS

3.4 YovovaoTiki] (acVyypovy)) oyediacn

‘Eva ouvovootikd kOKA®po amotedeitor and SlcuVOEGES AOYIKOV TLA®V. Ot
TOAEG AVTIOPOVV OTIG TIEG TOV EICOIMV TOVG KOl TAPAYOLV EVOL ATOTEAEGILA GTNV ££000
TOVG, UETAPOPPAOVOVTOS dVASIKT TANpo@opio amd TV €i6000 oty ££0do tove. ‘Eva
UTAOK S8 YPOLLLO EVOC GLVOLOUGTIKOD KUKAMUATOS GOiveTOL TOPaKAT®. Ot n SLOOKES
petaPAntég €10600v mpoépyovtal amd eSmtepikn] myn. Or m petafAntég e£6d0ov
TPOEPYOVTOL OO TNV ECGMOTEPIKT] GLVOVOCTIKN AOYIKN Kol cvveyilovv oe eEmTEPIKA
KukAopota. Kabe petafint e16600v kot €£600V LITAPYEL MG VA OVOAOYIKO GYLLOL TOV
omoiov ot TIEG HETAPPALoVToL GE £vVa OLOOIKO GTUOL TOV OVTITPOCSHOTEVEL TO AOYIKO ()
kot 1. Xe moAAEC eQaployéG, M TNy KoL O TPOOPIGUOC eivan KoToywpntéc. AV ot
KOTOYOPNTEG TEPIAAUPAVOVTOL GTIC CLVOVACTIKEG TOAES, TOTE TO KUKAWUO Bewpeitat
akolovOioko. I'a n petaPintéc e16650v vdpyovy 2" Suvaroi cuvdvacuol petaPAntdv
e€ooov. [a kabe mBavd cvvovoaoud €10600v, vapyxel pio duvatny tun €£6o0v.
Enopévmg, to ocvuvovaotikd kOkAopo pmopel va avamoapooctabel pe €vov mivaka
aAnbeiog mov mepiEyel v Tun €6600L Yo KAOe cuvdvacud TV €160d0v. ‘Eva
GLVOVACTIKO KUKAMUO LUTOPEL emiong va meptypa@el amd m AOYkEG GLVOPTNOELS, pia
v Ka0e petafinm e£doov. Kdabe cuvaptnon e£660v meptypapetol pe 0povg amd Tig n
peTaPANTEG €16000V.

Ot dvadkég petaPAntég ekppdlovtat amd NAEKTPIKES TAGELS KO LEPTKOVS AALOVG
TOTOVG GNUOTOG. AVTA TO GNUOTO UTOPOVV VO, ETECEPYACTOVV GTIC YNOLOKES AOYIKEG
TOAEG KOl VO, DAOTIOTCOVV GUVOAPTNGELS. Y TAPYOVV UEPIKO GLVOVOACTIKG KUKAMUATO
OV XPNOILOTOOVVTOL EVPEWG OTN OYEdlOoT YNEOK®V GuoTUdtemy. Avtd To
KuKAGpoTa givor o1o0Ec1a ¢ OAOKANPOUEVO KUKAMUOTO KOl DAOTO00V cuviOelg
GLVOAPTNOELS TNG YNELokns oyediaons. (Mano & Ciletti, 2007)
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10: Combinational circuit

3.5 AxkolovOwakn (cOyypovn) cyediaon

To pmhox duaypappo evog akorlovdrokod KukA®UATOS @aivetol oto oynue 10.
Amoteleitan omd Eva cLVOLAGTIKO KOKAMUA 6TO 01010 £yovv cuvoeDel oToryeiao vnung
Y va oynuaticovv Evay Bpodyo avadpaong. To oTotyeia Lviung amodnkedovv dvadikn
mAnpoopia, 1 omoio kKabopilel TV KaTdoTaoN TOV KUKA®UOTOG eKEivn TN otiyun. T
0 oaKoAovBokd KOKAwpo AapPaver mAnpoeopieg omd TG €10000VG TOV KOl GE
OLVOVAGHO UE TNV TPEXOVGA KOTAoTOON ToL Kobopilel tnv emduevn katdotaon. T o
UTAOK O1AypOUIO. GOVEPDOVEL OTL O TIEG TV ££0d®V givan Guvaptnon Oyt HOVO TV
€1000®V OAG Kol NG amobnkevuévng katdotaons. & avtifeon, ot £€0d0t VO
GLVOVACTIKOD KUKADOUOTOG €0pTOVTAL LOVO OO TNV TIUNG TS EIGOJ0V.

T napyovv dvo tHmol akolovblokdY KuKA®udtwv. Eva cOyypovo akolovbiokd
KOKAOUO €lval éva GOGTNUO TOV 0moiov 1 cvumeprpopd Kabopiletor amd v yvoon
TOV OCNUATOV G O1KPITEG GTIYUEG TOL XpOVovL. Eva axoivBiokod khkhopo dlayelpiletot
onuota mov emnpedlovv To. otoyein uvAuNG o€ dlakprtéc otyuég ypdvov. O
GLYYXPOVIGUOGC emTLYYAVETOL Omd Uil YEVWATPLO TOAUDOV 7OV TOPEXEL £VOL CNUOL
POAOY100 TTOV E£YEL TNV HOPPT| TEPLOOKDV TaAp®V. O 1 waAuoi tov poroylo dadidovtat
GTO GUOTNLO [LE TETOL0 TPOTO MGTE Ol TAALOL va emnpedlovv Ta oTotyEio LvnUNG 6TV
apiEn tovc. [ mapdderypa, oe éva kOKAouo mov mpochHitel dVO oToyeion Kot
amofnkevel To amotédespa, Ba €kave v tpdcsbeon kot Ba amobnkeve to dBpolcua
oV aeiEn evog moAuov poroyiov. Ovopdloviar cOYXpove KUKADUOTO ETEDN 1
OpaoTNPLOTNTO LECH GTO KOKAMUO KoL 1) avVaVEDGCT] TOV TILOV OTIC LVALES YIVETALl LE
naApovg poroyod. H oyedioon tétoiwv kukloudtov elval €Qikt) emneldn omavio
avipetonilovv Bépata aotdbelng Kot 0 YpovIGUOS TOVG UTOPEL Vo YWPIOTEL OE
UIKPOTEPO TUNLOITOL.

H pvqun mov ypnoyomoteitor oto akolovbrokd kukAdpata ovopdaletar flip flop
Kot Umopel va omodnkevoet évo umit dSvadikng TAnpogopiac. X € otabepr| katdotaon,
1N T Tov propei va eivan 0 1 1. 2 € éva akolovBoko kdkAwpa, n £E0dog kabopiletar
amd Vv €l60d0 kat Tig TéEG mov eival amobnkevuéveg ota flip flop. H véa tyun
amofnkevetatl o0tov cvuPei Evag moiudg poroyrov. Ilpwv v éhevon tov moAuov, n
oLVOLACTIKY AOYIKN] Tov Ompovpyel v eicodo tov flip flop mpémer va €xer pa
otabepn T, Emopévac, n taydtnta Asttovpyiog evOc akoAovOiokod KUKAMUATOC
givan kpiown. Ot xabvoteproelg 616001 Tailovy onuoviikd poAo 6Tov Kaboplopod

™G eAdyotng omdoToonS HeTalh TOV TOAUMY TOL POAOYIOD MGTE TO KUKAMUOL VO
Aertovpyel cwotd. (Mano & Ciletti, 2007)
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[b) Timing deagram of dock pulics

11: Block Diagram and Timing Diagram of Clock Pulses

3.6 Movonatio

v ymoeakn oyediaon, eival chvnbeg dedopéva mov mapdyovtal oe £vo onueio
TOVL KUKADUOTOG VoL TPETEL VO LeTapePBovV o€ Eva dALo onueio yia va amodnkevfovv
N va eneEepyactovv. H dtadpopr] mov cuvoéel v agetnpio LE TOV TPOOPICUO TOV
ONUATOV OVOUALETOL HOVOTTATL. AV KOl TOL ONUATO TOEWOEVOLY UE HEYOAN TaydTNTO
HECH 6TO KOKAMMO KOl O1 ATOGTAGELG OV £fvar LEYAAES, amatteiTon KATO10G ¥pOVOS Yo
TNV HETAPOPA TOVG. AVTAOG 0 ¥pOVOC ovoprdleTon KaBvaTépnon Kot UTopEl VoL ETNPEACEL
ONUOVTIKA TNV amddoom evog kKukAopotos. Kabmhg vrdpyer évag peydrog apBudg
HOVOTOTIOV G€ KAOE ynelokY| oyediaor, To HeyaAdTepo LOVOTATL, ONAAOT OVTO TOV
aroutel Tov TEPLoGHTED YPOVo O1ddoomg, ovoudletal kpiowo povordtt. To kpioiuo
HOVOTATL TTPEMEL VO €lval pKpOTEPO MO TNV EMTPENOUEVT] KOOLGTEPNON TOL
kaBopiletan amd Tov TaAUO poroY10V.

clk i |  E—
ROI R,
R, I

critical path

12: Critical Path

H xaBvotépnon evdg povomatiod eival 1o amotéAeso TOAADY TOPAyOVI®V Kol
TEPLOPICUOV KATO TNV oYedioon Ko Tov KUKAO Agrtovpyiag. O emoduevog mivokag
ouvoyilel pepkovg Adyovg mov kabopilovv v kabvotépnon evog LOVOTTATION.
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‘Evag oyedwomg mpémet va Adfet vmoym tov Oho Tto cuvdedepéva evyn,
povomartia and £i6080 o€ KaTo®PNTH Kot omd Kataywpnt o€ ££0d0. Ta oyedlaoTtikd
gpyareion  pmopovv va  Ponbfioovv oty  avaltnomn EMEWN  AVOPEPOLV  TIC
KOBVOTEPNOELG TV LOVOTOTIOV KOl TPOGOUOIWTEG LITOPOVV VO, VOADGOVY TNV XPOVIKN
amddoon v KukAopdtov. (Wawrzynek, 2013)
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Yn60eon gpyaciog

To xOKA®pa Tov peleTOnke NTov P oplOUNTIKN Kot Aoyikn Hovado mov VAOTOLEl
npacelc mave og 600 64bit Tpoonuacuévoug aképatove. A xeton eniong oty £i6060
éva, onua 4 bit mov eAéyyxer v mpdEn mov Bo viomombel. Ov mpdéelg mov
vrootnpilovtat eivat:

* TIpocBeon

*  Aogaipeon

*  AvEnon TpdTOoL apBpov Kot Eva

*  AvEnom devtepov apBuov Katd Eva
*  Mzeiwon npdtov ap1fuod katd Eva

*  Mzeimon debtepov aptBpov kotd Eva

* TloAomlaclocpuog

e ZVyKkplon
*  Aoywd AND
*  Aoywo OR

*  Aoywd XOR

*  Aoywo NOT

*  Aoywo NAND

*  Aoywo NOR

*  OM\ioOnon aprotepd

*  OM\ioOnon de&1a
To xoKAwpa elye kaBvotépnon 5.7 nanosecond mov onuaivel 4Tt N HEYIGTN GLYVOTNTA
Aertovpyiag Tov eivan 175 MHz. avedptnta and T1g TIHES TV OPIGUATOVY 1 TNV TPAEN
oL VAomolEiTal, ovTN 1M ocvyxvotnTo MTov otabepn Ge OAN TN OldKacio TNG
TPOGOUOIWONG,.
Q010060, TO KOKA®UO NTOV 1KOVO Vo SLoEIPLOTEL OKOUO HEYOADTEPEG GUYVOTNTEG.
Metd v avdivon, Bpédnke 6Tt vITAPYEL Lo TEPLOYN TOL KUKADUOTOG TOV UITOPEL VOl
Aertovpynoet o€ peyoarvtepn ocvyvotnta (304 MHz) 6tav to vworlomo kOKAmpa gival
avevepyo N nuevepyo. o Adyovg aceaieiog, n povada ypoviotnke Alyo younAodTepa
ota 300 MHz 6tav 1 suyvotnta Asttovpyiog Tov kpiciov povomotiov eivon 175 MHz.
To xbdxhopo tov scheduler ypetdletar 600 KOHKAOVE POAOYIOD YO VO AVIXVEDGEL TIG
aAloyéC Kot va emAEEEL TO KOTAAANAO poAdt. [ va avénbel 1 damepatdtTa Tov
KUKAGUaTOG, dnuovpynnke éva pipeline 3 otadiov. A Ho KOKAOVG pOLOYIOD UETE TV
aAAay"| o€ dedoEVA E1GO00V, 1 VEX cLYVOTNTA EIVOL ETOLUN KO QTAVEL TPV TOV TPITO
KOKAO poli e ToL 0E00UEVA TTOV TTPOKAAEGAY TNV OAAAYY. Q¢ amoTéAeoal, Ta OEOOUEVL

enelepydlovtal Pe TNV COGTH GLYVOTNTA KOl LETA TOV TETOAPTO KOKAO TO OMOTEAECLOL
gtval otafepo oy ££000 TG HOVADIG.
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T a ofjpoto Tov TPoKaAoHY OAAAYEG GLYVOTHTOV Eival Ta 4 bit Tov EAEYYOLV TV TPAEN
KOl PEPIKA Omd TO O CNUOVTIKA 1 EAGYIOTO CNUOVTIKA ymoio Tov dvo aplBudv
€16000v. MOvo pepikd amd to evolaueso yneio TpokaAovy oAAayn cuyvOTNTaC.

To test bench mepieAéuPave 150 mpageic. Ov woég nNtav mpocHeon, 20
nolMamlaotacpoi, 35 hoyikég npateig ko 20 cvykpiceic. O 1 meprocdtepeg tpocbioelg
Eywvay vtd ™V avénuUEVN cuyvVOTNTO KoL TaV N TPAEN LE TNV HeYaAVTEPT PeAtioon.
28 amo tg 75 mpages (37%) €ywoav pe v peyodvtepn ovyvomta. O cuvolikog
xpOvog extéreong petmdnke xotd 21%. 31% tov Aoyikov mpdéemv Eytvav pe v
avénuévn cvyvotnta Kot o xpdvog ektéleong petmdnke katd 18.3%. Ot cvykpioelg Kon
0l TOALOTTAQGLOOUOL Eytvay KUPImg otV apyikn ovyvotnta. Mdovo pia obykpion
npaypatoromnke ota 300 MHz Bedtidvovtag tov xpdvo katd 2.9%. Kapia Bedtioon
OgV TAPOVGIACTNKE GTOV TOAALUTANGLAGLLO.

-

b

-
—

13: Slow to Fast Clock Switching
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Yourepdopata

H mopodoo dumhopatikny epyoacio métuye tov 0100 TG Kobmdg N uebodoroyio mov
avamtuyOnke Katdeepe va AELITOVPYNOEL Eva KOKA®UO TTEPa amd TV Tpokadopiopévn
TOV GLYVOTNTA Y10 TPDOTN Popd xwpic AaBn. T o kdklwue cvveydg mapakorovdel ta
onpoTo Ko Asrtovpyet 6e cvyxvotnTa Tov dev emnpedlel v opbn Asttovpyia Tov.
E mmhéov, n ovykexpipévn pebodoroyia dev eEaptdtat amd TNV S0Un TOL KUKAMUATOC
Ko umopel va ypnoyonomOet oe ororodnmote hardware IP.

H mnopokorobbnon tov onudtov sodyst kamowo kabvotépnon otn oyedioon.
Qo01000, 1 OMKN KabBvoTépnon sivarl KaAdtepn 1 ion pe TV TePiodo TOv TO apyov
poroyoV. H oaldayn poroyidv ypetdletor oty yepotepn mepintmon xpovo 060 M
EPL0d0C TOL MO aPYoD PoAOYloD. AVTO onuaivel OTL TNV XEPOTEPT TEPITTMOT TO
KOKAOUO AELITOVPYEL OMMC TO GPYIKO YOPIC TIG TPOTOMOMOES. & KAOe GAAN
TEPIMTOON, TO KUKA®UN UTOPEL VO AVENCEL TNV GLYVOTNTO TOV KO VO AEITOVPYNGEL
TayvTEPOQL.
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3.FPGA Timing

3.1 Suggested solution

In the following sections it will be described the whole process of
analyzing the circuit and building the feedback circuit as well as
“assembling” the units and implementing them on the FPGA chip. In the
appendix A, there are some detailed tutorials about Planahead, the custom
tool named Planahead Expander as well as step by step guide to implement
the new and enhanced circuit on the FPGA and run simulations using
Xilinx tools.

3.1.1 Timing information of original circuit

In order to analyze the circuit and study every path that is in the
design under examination, Planahead tool by Xilinx will be used. Planahead
manages the source code files of the design, synthesizes it and implements
it. User is able to insert the desired timing constrains (for instance the
greatest possible clock period, or the latest nanosecond that data must be
in a stable state) and Planahead tries not to violate any of these constrains.
In case that the constrains are too tight and Planahead is not able to meet
them successfully, it will be mentioned in the timing report and user will be
prompted to insert new and looser timing constrains. Planahead gives also
the ability to inspect the inner structure of a circuit, make manual changes
and adjusting the optimizations level that will take place in the circuit (for
example, how Planahead will handle the input and output pins, the usage
of buffers and D flip flops for synchronizarion and many other options).

After synthesizing the design, its output files with the extensions edf
(netlist of the implemented design) and twr (timing report of the
implemented design) will be used for further analysis by the custom tool
Planahead Expander in order to locate the signals that we are going to study
further. In appendix B, the structure of those two files will be explained.
Quite briefly, edf file stores all information about how pins are connected to
each other and which signals reach each pin of the components used in the
design. On the other hand, twr file contains information about the delay
found in each path analyzed and reports all violations that may occurred (a
negative number representing the slack of a path indicates that some
violation happened because the timing constrains were too strict).

Planahead also outputs many other log files and reports in order to
help user follow the results of each stage. There are, however, many output
files which are encrypted and are not user accessible. Those files are used
by Planahead and are not meant to be processed by user. Finally, some of
the files contain the same information but in a different file format (to
illustrate, twx is exactly the same timing report as in twr file but it uses the
xml format instead of the plain text).
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a. Finding crossroads

Planahead Expander parses the netlist file (edf file) as well as the
timing report (twr file) and stores all information into an internal database.
First, the tool parses the edf file and stores the signals of the circuit as well
as all the pins of the components they reach. Then, the tool starts parsing
the timing report and stores information such as source and destination
component, total path delay, components that are crossed by the path and
their names in the database.

In timing report, besides component names and delays, signal names
which connect the components are also mentioned. When the timing report
parser finds the name of a signal in the path under examination, it searches
into database for the pins that this particular signal reaches. At this point,
the tool makes a pin - path match and it is the first major step into finding
the functionality. The matches that Expander makes, are all stored in the
database as well. The way that Expander makes the matches justifies the
design option to parse the netlist file first. It is worth mentioning that up to
this point, Expander is able to perform pin - path matches correctly only
in circuits that their timing report does not include signal or component
names n the form of directories (for example,
designl/componentl/and1/inputl). Some of these directories are quite
simple and they can be resolved automatically by the application, otherwise
the user will be informed via a graphical user interface option that results
may not be completely accurate. If the circuit uses unique names and
identifiers for signals and components, Expander will produce one hundred
percent accurate results. (Directories are the result of automatic renaming
performed by Xilinx tools during synthesis and implemenation. Directories
may also occur when the source code of the circuit has an hierarchical
structure. Directories are present in the timing report file but they are
“disassembled” in the edf file in an unfathomable way. As a result,
Expander is not able to successfully match the signal with the
corresponding pin).

In addition to the above information, timing report provides detailed
information about the delay and its distribution in the path. There are quite
a few types of delays mentioned in a timing report (for example, “net” delay
explains the delay a signal meets when 1t propagates through a wire. Net
delays are usually higher than other types of “logic” delay). Expander stores
the total delay up to the pin currently examined in the database. If the
component or the pin is met a second time, Expander compares the current
delay to the previous one stored and keeps the greater one because a “worst
case scenario”’ 1s approached. That way it is certain that afterwards no
violation of the the timing constrains of the circuit will happen. A detailed
analysis of the delays per path is presented to the user in one of the output
files that Expander produces. The whole delay analysis is taking place
during the timing report parsing and the results are used later.

After the matching has been done (it takes place in parallel with
timing report parsing), the tool is able to locate meeting points in the
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design. A meeting point is defined as the component that two or more
distinct paths are reaching it. For instance, in the following figure it is
already known that paths with identification numbers 1 and 2 are reaching
pins I1 and I2 of component with name “demonstration”. Expander is able
to figure out that “demonstration” is a meeting point and uses it for the next
steps in the analysis. Meeting points are presented to the user in a pdf file
after the application is successfully terminated.

Component 2 Component 1
o o
j) jY]
= =
N -—
Component 5 Component 4 Component 3

€ Yied

Component 6

14: Path Example

b. Finding functionality

The functionality of the paths in the meeting points is further analyzed
in order to form a “selector” component that will take decisions. In other
words, this new component will be able to monitor the functionality of the
meeting points and select the best operating frequency to speed up the
process with no or insignificant functionality errors.

For each signal which affects the functionality, Expander applies a
BFS (breadth first search) algorithm in order to locate the proper signals
because the circuit features quite common structure with a graph
(components are the nodes of the graph and nets are the edges that connect
the graph). The implementation of the algorithm has been modified in order
to be adjusted to the data structures used.

Finally, all the signals which were found in this step are presented to
the user in an Excel (.xlsx) file in columns along with the delay of each path.
That file not only helps user verify and understand the results but it is also
needed for the final step of the processing done by Expander.

c. Presenting path signals

The last part of Expander reads the previous Excel file and exports a
text file with a worst case approach scenario. That file will be later used by
Generator in order to create the “selector” circuit in VHDL that monitors
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the functionality and promotes the proper clock frequency back to the
original circuit.

Expander reads the signals. For each different signal it finds in the
Excel file, it checks the delays of the paths that are controlled by that signal.
As mentioned before, it uses a worst case approach, which means that it
keeps the largest delay of the paths. This is done to ensure that no timing
violations will take place during synthesis, implementation and simulation.

In the text file, it 1s mentioned the name of each parental signal along
with the maximum frequency that it can trigger. That frequency is
calculated as the reciprocal of the delay found before. After the creation of
this text file, Expander terminates because its job has been done.

Important note about Expander

Expander displays many messages to its console in order to help user
track the state of the process. When everything terminates normally, the
console will contain a message of successful termination. Otherwise, an
error message will be displayed in red which will inform the user about the
error.

d. Manual retouch of file

Before generating the VHDL code, some manual changes to the output
file of Expander are required in order Generator to run without problems.
In particular, the frequencies must be grouped and then sorted in ascending
order (Generator uses a binary search algorithm). The user can define up
to six groups with different frequencies (these numbers are assuming that
the user implemented the circuit on a Kintex 7 platform. Numbers may
vary when using other platforms). These two operations that are taking
place manually can be better explained through a simplified example.

In the following table, Expander found ten parental signals each with
a different frequency. Please take into consideration that some of these
frequencies are quite close. This is a strong indication that those frequencies
can target the same group which is going to be characterized by the slowest
signal (largest delay). Of course user is able to group the frequencies as
desired but groups must always follow the limitations about:

1. Up to how many different groups the digital clock manager can support
(up to six in Kintex 7)

2. Respect the upper limits of each signal. Signals cannot be accelerated
because this will lead to timing violations of the paths.

Signal name Signal frequency (MHz)
A 111

247

250

115

118

222

320

OMMmMOO W
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H 322

| 360

J 121
2: Example of Expander Output

From the above table it can be claimed that three groups can be
created. The first group is going to consist of signals A, D, E and J because
their frequencies are close to each other. This group will get a frequency
equal to its slowest; in that case 111 mhz. With same thoughts, the second
group consists of signals B, C and F with a frequency of 222 mhz. Lastly,
the remaining signals will compose the third group with a frequency of 320
mhz.

The file must be manually rearranged by user in order Generator to
create the VHDL code for the monitoring and selecting circuit. The above
table should be transformed as shown below, in order Generator to function
properly.

Signal name Signal frequency (MHz)
A 111
111
111
111
222
222
222
320
320
320
3: Sorted Generator Input

—_ IOTMOWeemMO

e. Generating VHDL Code

Generator 1s a fully automatic tool. It parses the files containing the
signal names along with their frequencies as they were edited manually
by the user which contains a list of signal names and their corresponding
frequency. During parsing, Generator creates a list with the different
frequencies found in the file. This list is already sorted in ascending order
because the input file was created that way. This list helps Generator define
the index that Selector should output when a signal it monitors changes.

Generator uses some helping functions (such as convert a string to
binary number) as well as a vhdl code generator which creates a VHDL file.

After Generator terminates successfully, an output file entitled
“Selector.vhd” is created, which contains synthesizable VHDL code. This
code monitors the parental signals specified by Expander and outputs a
vector which is the index needed for frequency selection. This file will be
later added in to Planahead. (Detailed instructions can be found in the
appendix A).
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f. Creating digital clock manager (DCM)

The third and last segment of the new and enhanced circuit is the
digital clock manager. This component can be easily created via a graphical
user interface in a Xilinx tool called Core IP Generator. However, the
automatically created code needs some modifications by user in order to be
properly implemented into the design.

Digital clock manager is a special structure which deals with multiple
clocks in the same circuit. More specificly, a digital clock manager accepts
as an input a clock pulse of a user defined frequency (on Kintex 7 the range
of accepted frequencies are 100 up to 900 mhz) and produces up to six
different clock pulses of user desired frequencies (once again a digital clock
manager targeting Kintex 7 supports up to six outputs. Other platforms
may support fewer or more output clock pulses). By default, all output
clocks are connected to global clock buffers in order to be accessible by the
rest of the circuit.

It 1s worth mentioning that Xilinx does not provide the exact way that
the digital clock manager functions. However, it is mentioned that the
manager performs suitable multiplications and divisions on the input clock
signal in order to generate the desired output pulses. That is the main
reason that a digital clock manager may fail to produce exactly the desired
outputs; if frequencies are too close (almost equal), the manager will be
unable to perform proper operations and the resulted clocks will not be the
desired. DCMs also eliminate clock skew, thereby improving system
performance. Similarly, a DCM optionally phase shifts the clock output to
delay the incoming clock by a fraction of the clock period.

Another structure needed to build the digital clock manager is called
bufgmux and it is provided by Xilinx as well. This is a special multiplexer 2
to 1 (cannot be modified by user) which operates the same way as a normal
multiplexer but has some key differences. First of all, bufgmux accepts in
its input pins two clock pulses and not signals of std_logic(_vector) as well
as a select signal (std_logic only) which selects the clock that will be
forwarded to the output. However, the most important difference compared
to a simple multiplexer is the way that the clock switching is happening.
Because bufgmux drives many other synchronous components with its
clock, it must be ensured that the switching will take place fast and no
glitches or spikes will appear. The clock signal must always be stable in
order not to trigger flip flops accidentally. A normal multiplexer is not able
to guarantee such smooth switching so it is unappropriate for such a
sensitive task on the fabric.

When the S input changes, the bufgmux does not drive the new input
to the output until the previous clock input is Low and the new clock input
has a High-to-Low transition (please refer to the next table). By not toggling
on the first Low-to-High transition of the input, the output clock pulse is
never shorter than the shortest input clock pulse.
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Inputs Outputs

10 1 S 0
10 X 0 10
X I1 1 I1
X X R 0
X X v 0

=

4: Switching between Clocks

If the user needs to connect more than two clock frequencies, user can
utilize more bufgmux units into cascode mode (the output of the first
multiplexor will become the input of the second and so on). Each bit of the
indexing signal will drive a single layer of multiplexor. The output of the
last multiplexor will be the desired output of the digital clock manager. It
is highly important to mention that each FPGA offers a limited number of
units “bufgmux” and user must pay attention to that when grouping the
parental signals. The exact number of such units are mentioned in the data
sheet of the FPGA used.

Detailed instructions on how a digital clock manager is built and which
modifications are required to the output file in order to be properly
implemented with the rest of the code can be found in appendix A.

g. Schematic of the enhanced circuit

The new circuit is composed by three parts: the original circuit, the
selector and the digital clock manager. The connections of these three
segments can be made either in VHDL level or using a tool provided by
Xilinx called FPGA editor. The former can be used for input signals and the
latter for internal signals which are not known or visible in VHDL level.

Detailed instructions on how to use FPGA editor can be found in appendix
A.

Data delay can be easily achieved by putting the proper number of D
flip flops before the input of the original circuit. This will delay the input
until its clock pulse is ready. It is worth mentioning that those flip flops will
also be triggered by the clock that is selected by the digital clock manager.
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Future Work

The current work could be expanded towards various directions. Some
of those are listed below.

An urging matter that requires further examination is the renaming
of components and signals that occurs during the process of the netlists by
Planahead, as well as the disintegration of the names that are parsed as
directories. Both problems can be surpassed by migrating the current
project in the 2014.2 version of Vivado, that deals with those issues
effectively. Another advantage of using Vivado is the enhanced and more
modern version of FPGA Editor which allows more accurate and user -
friendly manual modifications of placement and routing. A proposed
solution to the renaming issue is the following. Using the elaborated design,
it is possible to find the correct net name whose names need to be preserved
and set the correct MARK DEBUG constraints in the XDC. The correct
name for the RndData net is Data because the net exits the module via port
Data. After applying MARK_DEBUG constraint on these net names found
via the elaborated design using set_property MARK_DEBUG true [get_nets
...], synthesis is able to correctly apply the constraints and preserve the nets.
In the netlist, the net name does change, but the MARK_DEBUG properties
are preserved. This 1s an expected behavior as Vivado synthesis does
rename ports in the default flatten_hierarchy rebuilt flow. (Vivado
Synthesis - Net names are not preserved by mark_debug, 2015)

Furthermore, the project could be expanded by implementing
approximate computing, in favor of acceleration of datapath execution and
increased exploitation of the slack of the paths. Approximation is not a new
idea, as it has been used in areas such as lossy compression and numeric
computation; in fact, John von Neumann wrote a paper on it in 1956
(Probabilistic logic and the synthesis of reliable organisms from unreliable
components, Automata Studies (Shannon & McCarthy, 1956 ). According to
a Computing Community Consortium blog post on the U.S. Defense
Advanced Research Projects Agency (DARPA) 2014 Information Science
and Technology (ISAT) Targeted Approximate Computing workshop, a
number of researchers are working in this area. (Kugler, 2015)
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Appendix A — Detailed Tutorial

A.1 From VHDL to implementation

1. Launch Planahead and from the opening screen choose “Create new

project”

2. Follow the instructions of the pop up window.
3. In screen “Project type” choose RTL project.
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15: Opening Screen of Planahead
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4. Specify the source code (in Verilog or VHDL) you want to insert.

5. In screen “Default part” choose the target device you wish

6. Check the settings specified and click “Finish”
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The main screen of Planahead is now open. On the left side there is
“Flow Navigator”, which contains all steps needed to implement the design

as well as settings panel and many other useful tools.
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17: Main screen of Planahead

(Optional) In case you want to add more source files, click on the “Add
sources” option of Flow navigator and follow the instructions of the pop
up window.

(Optional) Launch Simulator by clicking on “Run behavioral
simulation” to verify the circuit operation, make sure that the source
files do not contain syntax errors and the code does not have any
critical bug.

(Optional) Click on “Open Elaborated design” to see a schematic of the
circuit and ensure that all connections have been done properly.
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10. Click on “Synthesis settings”. A new window opens which contains all
settings which can be configured by user. Default settings are okay,
but user can make changes.
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19: Synthesis Settings

11. Click “Apply” and then “OK” to save any changes.

Now a wrapper file must be created in order to create partitions (this
will be done later). VHDL top file must contain only one entity in order to
be compiled successfully. So, a wrapper file is needed in order to wrap the
main circuit inserted before and the two new components that will be
inserted later. Wrapper file is like a main function of a common
programming language which calls and controls the rest of the source code.
Wrapper will be the top module of the entire circuit and will control all the
separate source code files.

12. Click on “Add sources” from flow navigator and choose “Add or create
design sources”.
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20: Add Sources Screen

13. Click “Create new file”.
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21: New File

14. Follow instructions until the new file is created. The file will be blank
and as a result it will produce syntax errors. Write the Verilog or
VHDL code for the wrapper (example of source code will be included in
Appendix C).

15. After saving the file, make sure that Planahead recognized the
hierarchical structure of the project. Wrapper file should be on top and
below it should be the circuit.
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22: Hierarchical Code Structure

16. Click on “Open Elaborated design” from project navigator.
17. From the sources panel make sure that “RTL netlist” tab is selected.
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23: Partitions Overview

18. Right click on the name of the original circuit and select “Set
Partition”. After that, new options will appear in Flow navigator.
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24: Setting a Partition

19. Click on “Specify partition” option from flow navigator and make sure

that all

2

actions are set to “implement

implementation tabs.
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25: Using Partitions

o

20. Click on “Run Synthesis” from flow navigator. Depending on the
circuit, the time for synthesis may be quite long. User can check the
progress from the upper right progress bar and from the Tcl console of

Planahead.

21. (Optional) After synthesis is complete, click on “Open synthesized

design” and then “Schematic” from flow navigator to inspect how the

circuit will be implemented on the FPGA.
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26: Synthesis schematic

22. After synthesis is complete, click on “Implementation settings” from
flow navigator to see all available settings. User can make changes
although default settings are satisfactory.
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27: Implementation Settings

23. Click on “Run implementation” from flow navigator. Depending on the
circuit, the time for implementation may be quite long. User can check
the progress from the upper right progress bar and from the Tcl console
of Planahead.

24. After implementation is complete, click on “promote partitions” from
flow navigator. A new window will appear.
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everything from

implementation except wrapper. Click “OK”.
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A.2 Analyzing the circuit using Planahead Expander

Expander requires some additional software to function properly. User
must have installed both Eclipse and Xampp. Expander is written in Java
and runs as an application through Eclipse and uses MySQL server found
in Xampp. After successful installation, open Xampp and click “manage
servers”. Turn on both MySQL database and Apache web server.

Welcome Manage Servers Application log

Server Status
@ MySQL Database Stopped Start
@ ProFTPD Stopped
€@ Apache Web Server Stopped
Configure
Start All Stop All Restart All

29: Xampp main window

The apache web server is optional and is used to check the information
stored into the database that Expander creates. This can be done by visiting
“localhost” with a web browser. A page similar to the next one should appear
if everything runs fine.

localhost/dashboard/
> >

Apache Friends Applications ~ FAQs ~ HOW-TO Guides ~ PHPInfo  phpMyAdmin

XAMPP Apache + MariaDB + PHP + Perl

Welcome to XAMPP for OS X 5.6.14

translation missing: en.You have successfully installed XAMPP on this system! Now you can start using Apache, MariaDB, PHP and
other components. You can find more info in the FAQs section or check the HOW-TO Guides for getting started with PHP applications.

Start the XAMPP Control Panel to check the server status.

Community

XAMPP has been around for more than 10 years — there is a huge community behind it. You can get involved by joining our Forums,
adding yourself to the Mailing List, and liking us on Facebook, following our exploits on Twitter, or adding us to your Google+ circles.

Contribute to XAMPP translation at translate.apachefriends.org.
Can you help translate XAMPP for other community members? We need your help to translate XAMPP into different languages. We

have set up a site, translate.apachefriends.org, where users can contribute translations.

Install applications on XAMPP using Bitnami

30: localhost main screen

Database is located after clicking “phpmyAdmin” on the upper right
side. On the new window that appears, on the left side there will be a
database with name “tools”. This is the database that Expander uses.
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31: Database overview

Now the java source files must be imported to Eclipse so that the can
be executed. Launch Eclipse and select as workspace the directory that user
wants. Go to file and then choose import. A new window opens. Select
“Existing project into workspace” and click next.

EneEepyacia

Kataypag

| RS I e S B - S 0 L FE: M CASIe o= R R S A i T L] B 99 vava e [?9ava| 25 Debug
£ Package Explo 33| = O CodeGenjava  [J] PlanaheadExpanderjava 52 1] TwrParser java GenObject java =0 [ rasklst 8 =0
Bh < d- %% ¢ XBE
» @ Generator -
» Eoriginal )y renes Select
" ol . ctiva
» (& Planaheadxpander 5 Colls: Grophs, Tnftializer, £ createnew projects from an arcivefe or dectoy Itputhriter, ExcelWriter POy At
6 =
& public class PlanaheadExpander ¢
4 Select an import source:
public static void main(stri
(& Existing Projects into Workspace
String[] input = new Str £ File System
[l preferences
Graphs gui = new Graphs( b c=cjcer
qui.runQ); »eovs
=
Initializer init = new ] »t:‘E
inic.createdatabase0; |} O O comnectiyyn | &
21 while (lgui.getProcced(; | > (> Jave EE Connect to your task and
2 try » (= Maven ALM tools or create a lacal
Thread. sleep(30¢ | b (= Plug-in Development -
» (= Remote Systems =
catch (Interr‘:p;edi: » & RunfDebug = Outine 3 o
gui.errorToCons
e.printStackTrac | (= Seatter Fle Editor BARRW e N
3 » (= Target Configuration Editor -
> T
! » (= Team v ©, PlanaheadExpander
input[0] = gui.getTwr(). @ ®main(Stringl) : void
input[1] = gui.getEdf().
EdfParser parscEDF = ney
parseEDF . parse();
Next > Gancel
37 TwrParser parseTHR = nev
3 parseTiR.parse();
Problems @ Javadoc [, Declaration ¥ Tasks ') Cansole &% o= a8

No consoles to display at this time.

32: Importing Expander in Eclipse (1)
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Import Projects -
| select a directory to search for existing Eclipse projects. f ItputWriter, ExcelWriter

Select All

Deselect All

Refresh

input[0] = gui.getTwr().
input[1] = gui.getEdfQ.

Working sets
EOF = nev
ol

Add project to working sets

Working sets:

33: Importing Expander in Eclipse (2)

Select the option “Select root directory” and browse to the location that
the folder of Expander and Generator are stored. After that, click Next and
then finish. Now both Expander and Generator are ready to be launched.

Expander needs two files which were created before in step Al. Files
with extensions edf and twr were created after implementation. User should
locate both of these files and copy them into the folder that Eclipse uses as
workspace.

Launch Expander by selecting run, run as, java application. The main
window of Expander launches and is ready for usage. If database existed,
Expander will delete it and will require a restart. In console Expander will
print messages to inform user about the processes and the state of the
application. More detailed error messages are displayed on the console of
Eclipse.

~LANAHEAD
Please select a TWR file: Select file
Please select a EDF file: Select file
Go!
Console:

Databased existed. Please relaunch the application

34: Expander main window
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After Expander terminates normally, some output files will have been
created. Most of these files are for user information and only one is required
for the next step. This file has name “frequrncies.txt” and contains all the
names of the control signals with their maximum operating frequency. This
file needs some manual editing before proceeding. The frequencies must be
grouped according to user’s wishes and then sorted in ascending order.

When manual editing is done, Generator is ready to be launched. First,
save the edited text file into the directory that the source code of Generator
1s saved. Generator also runs inside Eclipse and needs an input argument
which is the file name. Select the source file “CodeGen.java” and go to run,
run configuration. A new window will open and will look like the next
picture.

Create, manage, and run configurations P
Run a Java application \v”

=% =k Name: CodeGen

© Main |69= Arguments . =i\ JRE Classpath | '~ Source | T Environment | (=] Common
5| Apache Tomcat e
[E]C/Cr+ Application Program arguments:
& Eclipse Application frequencies.txt
£ Eclipse Data Tools
5| Generic Server
5| Generic Server(External Launch)
5| HTTP Preview
5| J2EE Preview
] Java Applet
v [3] Java Application

Variables...
VM arguments:

[3]CodeGen

[7] PlanaheadExpander

7] PlanaheadExpander (2) Variables...
Ju JUnit
35 JUnit Plug-in Test V| Use the ~XstartOnFirstThread argument when launching with SWT
> Launch Group
m2 Maven Build Working directory:
4 0SGi Framework
Juy Task Context Test
3§ XSL Other:

* Default:

Filter matched 20 of 29 items

? Close Run

35: Setting Input Arguments

Select the arguments tab and into the field labeled “program
arguments” type in the name of the manually edited file. Click apply and
then run. After Generator terminates successfully, into the current
workspace a file entitled “Selector.vhd” will have been created. This file
contains the source code that will be inserted into the project in Planahead
and will compose the second component of the circuit.

For the next step, Planahead is going to be used once again. User can
close Eclipse and shut down the MySQL and Apache web servers.

A.3 Inserting Selector into the project
1. In the previous project select “Add sources” from flow navigator and

then choose “add or create design files”. Then click “add files” and
import the file with title “Selector.vhd”.
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2. Once the file is imported, Planahead will update the hierarchy of the
design. For now, Selector must be at the same hierarchy level with
wrapper. Update the wrapper file so that it uses an instance of Selector
and save the changes. After saving is done, the hierarchy is updated
and Selector should be below the wrapper.

3. Click on “open elaborated design” in flow navigator and in the sources
panel select the “RTL netlist” tab.

4. Right click on the selector and select “set partition”.

A.4 Building the digital clock manager

1. From flow navigator select the option IP catalog. Alternatively, type
the command coregen -J Xmx1024m into the tcl console of
Planahead. A new window appears.

X| X2GO-nzompaki-50-1456555166_SDMATE dp32

15) sepications piaces system = (B @) sunren 28,1708 o=
Xiinx CORE Generator - No Project DG

Lue View Manage P Help

e Xilinx CORE Generator
version [xa [} | logiCRRE

There is no project open

36: Opening Screen of Core Generator

&

Create a new project by clicking File, new project.
3. After the creation of the project, on the left list of options select FPGA
features and design, clocking, clocking wizard. Double click that option
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37: Locating Clocking Wizard
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38: Defining input frequency

clock in the “primary” field. Click next.

The higher input frequency the more accurately the digital clock

manager will produce the frequencies specified by user.
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39: Defining output frequencies

5. In the above window, user can define the output frequencies that

6.

wishes. Please note that the digital clock manager may not produce
the desired frequencies accurately (for example frequencies are too
close in value). Click next after you define as many outputs as desired.
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40: Optional pins

In this page, select some of the optional input and output signals but
leave the “clock feedback source” at its default value.
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41: Other options

7. Make no changes at the above page.

vt e S
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[ reee ]
B

42: Renaming options

8. (Optional) Rename the input and output pins
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43: Settings check

9. Check all the options selected to verify that everything is according to
the specifications of the design. If everything is fine, click “generate”.

Clocking wizard creates many files. For the circuit in Planahead, only
two of them are needed. Those files are the VHDL file of the digital clock
manager (.vhd) and the constrains file (.ucf). Both of them will be inserted
in the project of Planahead.

The VHDL file, however, needs some manual modifications because by
default the output clocks of the digital clock manager are connected to
buffers. It is required that those output clocks will be connected to special
multiplexers called “bufgmux”. This connections are done by modifying
VHDL code and some examples can be found in the code section of Appendix
C. Modify the “entity” declaration of the digital clock manager by inserting
a std_logic (or vector) input signal for the selection signal (this must be the
same type with the signal output of the selector), delete the output clocks
and replace them with one unique output port. At the end of the file, delete
the commands that drive output clocks into buffers and replace them with
a line of code:

Mux : bufgmux port map (select signal, inputs, output);

A.5 Inserting the digital clock manager

1. In the previous project select “Add sources” from flow navigator and
then choose “add or create design files”. Then click “add files” and
import the file with extension .vhd.

2. Once the file is imported, Planahead will update the hierarchy of the
design. For now, Selector must be at the same hierarchy level with
wrapper. Update the wrapper file so that it uses an instance of digital
clock manager by coping the entity declaration into wrapper and
changing “entity” keyword to “component”. Create an instance of the
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3.

dem just like the other instances and connect to its pins the proper
signals. After saving is done, the hierarchy is updated and digital clock
manager should be below the wrapper. The wrapper not only
instantiates the different units but also connects the input and output
pins of the components via VHDL code. This is achieved, however, only
for the external signals of the main circuit that selector monitors. For
the internal signals the connections will be made using FPGA Editor.
Click on “open elaborated design” in flow navigator and in the sources
panel select the “RTL netlist” tab.

4. Right click on the selector and select “set partition”.
5. Click the option “specify partitions” and a new window appears.
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44: Importing and implementing partitions

All actions should be set to “implement” for both synthesis and
implementation tabs except for the original circuit which must remain
in “import” action in both tabs.

Click on the “run synthesis” from flow navigator.

Click on the “run implementation” from flow navigator after synthesis
1s completed.

9. Click on “promote partitions” and select all options instead of wrapper.
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45: Promoting partitions

10. If no internal signals exist, skip section A.6

A.6 Connecting internal signals using FPGA Editor

1. After implementation is completed, click on “open implemented
design” and then on “FPGA Editor’. A new window appears.
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46: FPGA Editor main screen

2. In the command section of FPGA editor type “setattr main edit-mode
toggle” to enable editing the design.

3. From list 1 select the name of the component that will be connected.
In case that extensive renaming has been done by Planahead, you can
return to Planahead and click “open synthesized design” and then
“schematic”. This will open the design and will help user locate the
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signals. The names used in synthesis are the same used by FPGA
Editor.

From list 2 select the name of the signal that is going to be driven to a
specific pin of the component specified. User can locate the names of
the signals just like in the previous step.

Click on the pin of the component and while holding down the control
key click on the name of the signal. Both the signal and the pin of the
component must be selected.

Type in the command section “route”. If an error appears saying that
“nothing found to route”, then ironically everything is fine.

Type in the command section “autoroute”. Some messages will appear
informing the user that everything went fine.

Repeat that procedure as many times as required in order to connect
all signal from the main circuit to the inputs of the selector circuit.

It is worth mentioning that changes made with FPGA Editor are not

visible in Planahead. For example, the schematic option under Synthesis
will not show the changes done. The only way to verify that connections
were done correctly is by running the simulator and checking the
waveforms.

Please note that there is an online video tutorial for FPGA Editor. Just

search for “FPGA Editor” on www.youtube.com.

A.7 Simulating the new design

1.

Before simulating the circuit, it needs some delay balancing. This will
be possible after inserting two rows of D flip flops before the entrance
of the original circuit (to balance the two clock cycles delay of selector)
and one row of the same components right after the selector output.
By defining a signal in VHDL code (which will be the output of the Ds)
and by changing their values like “output <= input” in a process which
has the clock into its sensitivity list, a D flip flop is created. (Please
note that the number of rows of flip flops required depends on the
original circuit. However, selector always delays for two clock cycles
and the digital clock manager functions asynchronously).

Click on the “add sources” from flow navigator an then select “add or
create simulation files”.
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47: Add simulation sources

Click “add files” and insert a testbench file written in Verilog or VHDL.
Example code of a testbench file written in VHDL can be found in
appendix C.

After the file is imported, click “run timing simulation”. A new window
appears with some settings. User can edit the default settings.
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48: Simulator settings

Click “OK” and the simulation window will appear. User can add or
remove signals in order to verify that the new circuit functions
properly.
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Appendix B

B.1 Edf file explanation

EDIF (Electronic Design Interchange Format, used as edf by Xilinx) is
a vendor-neutral format in which to store Electronic netlists and
schematics. It was one of the first attempts to establish a neutral data
exchange format for the electronic design automation (EDA) industry. The
goal was to establish a common format from which the proprietary formats
of the EDA systems could be derived. When customers needed to transfer
data from one system to another, it was necessary to write translators from
one format to other. As the number of formats (N) multiplied, the translator
1ssue became an N-squared problem. The expectation was that with EDIF
the number of translators could be reduced to the number of involved
systems.

Representatives of the EDA companies Daisy Systems, Mentor
Graphics, Motorola, National Semiconductor, Tektronix, Texas
Instruments and the University of California, Berkeley established the
EDIF Steering Committee in November 1983. Later Hilary Kahn, a
computer science professor at the University of Manchester, joined the team
and led the development from version EDIF 2 0 0 till the final version 4 0
0.

The general format of EDIF involves using parentheses to delimit data
definitions, and in this way it superficially resembles Lisp. The basic tokens
of EDIF 2.0.0 were keywords (like library, cell, instance, etc.), strings
(delimited with double quotes), integer numbers, symbolic constants (e.g.
GENERIC, TIE, RIPPER for cell types) and "ldentifiers", which are
reference labels formed from a very restricted set of characters. EDIF 3.0.0
and 4.0.0 dropped the symbolic constants entirely, using keywords instead.
So, the syntax of EDIF has a fairly simple foundation. A typical EDIF file
looks like this:

(edif wrapper
(edifversion 2 0 0)
(edifLevel 0)
(keywordmap (keywordlevel 0))
(status
(written
(timeStamp 2016 02 21 11 22 29)
(program "PlanAhead" (version "14.7"))
(comment "Built on 'Fri Sep 27 19:24:36 MDT 2013'"M)
(comment "Built by 'xbuild'")
)
)
(Library hdi primitives
(edifLevel 0)
(technology (numberDefinition ))
(cell IBUF (celltype GENERIC)
(view netlist (viewtype NETLIST)
(interface
(port O (direction OUTPUT))
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(port I (direction INPUT))
)
)
)
(Library U_alu alu64 1lib
(edifLevel 0)
(technology (numberDefinition ))

(cell (rename U_alu alu64 "U alu#alu64") (celltype GENERIC)
(view view 1 (viewtype NETLIST)
(interface
(port clk (direction INPUT))
(port (array (rename A "A[63:0]") 64) (direction INPUT))
(port (array (rename B "B[63:0]") 64) (direction INPUT))
(port (array (rename S "S[3:0]") 4) (direction INPUT))
(port (array (rename Result "Result[63:0]") 64) (direction
OUTPUT) )
)
(contents

(instance T R 0 (viewref netlist (cellref FD (libraryref
- hdi primitives)))
(property XILINX REPORT XFORM (string "FD"))
(property XSTLIB (boolean (true)))
(property INIT (string "1'b0"))
)
(instance T R 1 (viewref netlist (cellref FD (libraryref
- hdi primitives)))
(property XILINX REPORT XFORM (string "FD"))
(property XSTLIB (boolean (true)))
(property INIT (string "1'b0"))
)
(net (rename Mmux S 3 B 63 wide mux 20 OUT15 split 63

"Mmux S[3] B[63] wide mux 20 OUT15 split[63]") (joined

(portref O (instanceref
Mmux S 3 B 63 wide mux 20 OUT15121))
(portref D (instanceref T R 63))
)
)

The 1.0.0 release of EDIF was made in 1985.

EDIF 2.0.0

The first "real" public release of EDIF was version 2 0 0, which was
approved in March 1988 as the standard ANSI/EIA-548-1988. It is
published in a single volume. This version has no formal scope statement
but what it tries to capture is covered by the defined viewTypes:

e BEHAVIOR to describe the behavior of a cell

* DOCUMENT to describe the documentation of a cell

* GRAPHIC to describe a dumb graphics and text representation of
displayable or printable information

* LOGICMODEL to describe the logic-simulation model of the cell

e MASKLAYOUT to describe an integrated circuit layout

e NETLIST to describe a netlist

e PCBLAYOUT to describe a printed circuit board

* SCHEMATIC to describe the schematic representation and
connectivity of a cell
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e STRANGER to describe an as yet unknown representation of a cell
e SYMBOLIC to describe a symbolic layout

The industry tested this release for several years, but finally only the
NETLIST view was the one widely used and some EDA tools are still
supporting it today for EDIF 2.0.0. (EDIF Overview, 2005)

To overcome problems with the main 2.0.0 standard several further
documents got released:

* Electronic Industries Association

* EDIF Monograph Series, Volume 1, Introduction to EDIF, EIA/EDIF-
1, Sept. 1988

* EDIF Monograph Series, Volume 2, EDIF Connectivity, EIA/EDIF-2,
June 1989

e Using EDIF 2 0 0 for schematic transfer, EIA/EDIF/AG-1, July 1989

* Documentation from Hilary J. Kahn, Department of Computer
Science, University of Manchester

* EDIF 2 0 0, An Introductory Tutorial", September 1989

* EDIF Questions and answers, volume one, November 1988

* EDIF Questions and answers, volume two, February 1989

* EDIF Questions and answers, volume three, July 1989

* EDIF Questions and answers, volume four, November 1989

e EDIF Questions and answers, volume five, June 1991

EDIF 3.0.0

Because of some fundamental weaknesses in the 2.0.0 release a new
not compatible release 3.0.0 was released in September 1993, given the
designation of EIA standard EIA-618. It later achieved ANSI and ISO
designations. It is published in 4 volumes. The main focus of this version
were the viewTypes NETLIST and SCHEMATIC from 2.0.0.
MASKLAYOUT, PCBLAYOUT and some other views were dropped from
this release and shifted for later releases because the work for these views
was not fully completed.

EDIF 3.0.0 is available from the International Electrotechnical
Commission as IEC 61690-1

EDIF 4.0.0

EDIF 4.0.0 was released in late August 1996, mainly to add "Printed
Circuit Board" extensions (the original PCBLAYOUT view) to EDIF 3.0.0.
This more than doubled the size of EDIF 3.0.0, and is published in HTML
format on CD.

EDIF 4.0.0 is available from the International Electrotechnical
Commission as IEC 61690-2.

Problems with 2.0.0
To understand the problems users and vendors encountered with
EDIF 2.0.0, one first has to picture all the elements and dynamics of the
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electronics industry. The people who needed this standard were mainly
design engineers, who worked for companies whose size ranged from a
house garage to multi-billion dollar facilities with thousands of engineers.
These engineers worked mainly from schematics and netlists in the late
1980s, and the big push was to generate the netlists from the schematics
automatically. The first suppliers were Electronic Design Automation
vendors (e.g., Daisy, Mentor, and Valid formed the earliest predominating
set). These companies competed vigorously for their shares of this market.

One of the tactics used by these companies to "capture" their customers
was their proprietary databases. Each had special features that the others
did not. Once a decision was made to use a particular vendor's software to
enter a design, the customer was ever after constrained to use no other
software. To move from vendor A's to vendor B's systems usually meant a
very expensive re-entry of almost all design data by hand into the new
system. This expense of "migration" was the main factor that locked design
engineers into using a single vendor.

But the "customers" had a different desire. They saw immediately that
while vendor A might have a really nice analog simulation environment,
vendor B had a much better PCB or silicon layout auto-router. And they
wished that they could pick and choose amongst the different vendors.

EDIF was mainly supported by the electronics design end-users, and
their companies. The EDA vendors were involved also, but their motivation
was more along the lines of wanting to not alienate their customers. Most
of the EDA vendors produced EDIF 2.0.0 translators, but they were
definitely more interested in generating high-quality EDIF readers, and
they had absolutely no motivation at all to write any software that
generated EDIF (an EDIF Writer), beyond threats from customers of mass
migration to another vendor's software.

The result was rather interesting. Hardly any software vendor wrote
EDIF 2.0.0 output that did not have severe violations of syntax or
semantics. The semantics were just loose enough that there might be
several ways to describe the same data. This began to be known as "flavors"
of EDIF. The vendor companies did not always feel it important to allocate
many resources to EDIF products, even if they sold a large number of them.
There were several stories of active products with virtually no-one to
maintain them for years. User complaints were merely gathered and
prioritized. The harder it became to export customer data to EDIF, the more
the vendors seemed to like it. Those who did write EDIF translators found
they spent a huge amount of time and effort on generating sufficiently
powerful, forgiving, artificially intelligent readers, that could handle and
piece together the poor-quality code produced by the extant EDIF 2.0.0
writers of the day.

In designing EDIF 3.0.0, the committees were well aware of the faults
of the language, the calumny heaped on EDIF 2.0.0 by the vendors and the
frustration of the end users. So, to tighten the semantics of the language,
and provide a more formal description of the standard, the revolutionary
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approach was taken to provide an information model for EDIF, in the
information modeling language EXPRESS. This helped to better document
the standard, but was done more as an afterthought, as the syntax crafting
was done independently of the model, instead of being generated from the
model. Also, even though the standard says that if the syntax and model
disagree, the model is the standard, this is not the case in practice. The BNF
description of the syntax is the foundation of the language inasmuch as the
software that does the day-to-day work of producing design descriptions is
based on a fixed syntax. The information model also suffered from the fact
that it was not (and is not) ideally suited to describing EDIF. It does not
describe such concepts as name spaces very well at all, and the differences
between a definition and a reference is not clearly describable either. Also,
the constructs in EXPRESS for describing constraints might be formal, but
constraint description is a fairly complicated matter at times. So, most
constraints ended up just being described as comments. Most of the others
became elaborate formal descriptions which most readers will never be able
to decipher, and therefore may not stand up to automated
debugging/compiling, just as a program might look good in review, but a
compiler might find some interesting errors, and actually running the
program written might find even more interesting errors.

Solutions to edif 2.0.0 problems

The solution to the "flavor" problem of EDIF 2.0.0 was to develop a
more specific semantic description in EDIF 3.0.0 (1993). Indeed, reported
results of people generating EDIF 3.0.0 translators was that the writers
were now much more difficult to get right, due to the great number of
semantic restrictions, and the readers are comparatively trivial to develop.

The solution to vendor "conflict of interest" was neutral third-party
companies, who could provide EDIF products based on vendor interfaces.
This separation of the EDIF products from direct vendor control was critical
to providing the end-user community with tools that worked well. It formed
naturally and without comment. Engineering DataXpress was perhaps the
first such company in this realm, with Electronic Tools Company seeming
to have captured the market in the mid to late 1990s. Another dynamic in
this industry is EDIF itself. Since they have grown to a rather large size,
generating readers and writers has become a very expensive proposition.
Usually the third-party companies have congregated the necessary
specialists and can use this expertise to more efficiently generate the
software. They are also able to leverage code sharing and other techniques
an individual vendor could not. By 2000, almost no major vendor produced
its own EDIF tools, choosing instead to OEM third-party tools.

Since the release of EDIF 4.0.0, the entire EDIF standards
organisation has essentially dissolved. There have been no published
meetings of any of the technical subcommittees, the EDIF Experts group,
etc. Most of the individuals involved have moved on to other companies or

efforts. The newsletter was abandoned, and the Users' Group no longer
holds yearly meetings. EDIF 3.0.0 and 4.0.0 are now ANSI, IEC and
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European (EN) standards. EDIF Version 3.0.0 is IEC/EN 61690-1, and
EDIF Version 4.0.0 1s IEC/EN 61690-2. (Guide to EDIF, 2005)

B.2 Twr file explanation

This extension declares the timing report file generated by Xilinx tools.
This type of file includes detailed description about the paths analyzed in
the circuit and information about their timing behavior, timing violations
and constrains verification. Unlike edif files, the timing report format is
easily readable and understandable giving information to user about the
paths in the design. It is worth mentioning that the content of the timing
report depends heavily on the timing constrains that are set by user before
synthesis and implementation. The format and structure of the file do not
change. A typical example of a timing report (.twr file) looks like the
following text document:

INFO:Timing:3412 - To improve timing, see the Timing Closure User Guide (UG612).

INFO:Timing:2752 - To get complete path coverage, use the unconstrained paths
option. All paths that are not constrained will be reported in the
unconstrained paths section(s) of the report.

INFO:Timing:3339 - The clock-to-out numbers in this timing report are based on
a 50 Ohm transmission line loading model. For the details of this model,
and for more information on accounting for different loading conditions,
please see the device datasheet.

Timing constraint: OFFSET = IN 1.8 ns BEFORE COMP "clk" "RISING";
For more information, see Offset In Analysis in the Timing Closure User Guide (UG612).

22249 paths analyzed, 255 endpoints analyzed, 0 failing endpoints
0 timing errors detected. (0 setup errors, 0 hold errors)

Minimum allowable offset is 1.791ns.
Slack: 0.009ns (requirement - (data path - clock path - clock arrival
+ uncertainty))

Source: S[2] (PAD)

Destination: T R 45 (FF)

Destination Clock: clk BUFGP rising

Requirement: 1.800ns

Data Path Delay: 3.268ns (Levels of Logic = 15)
Clock Path Delay: 1.502ns (Levels of Logic = 2)
0

Clock Uncertainty: .025ns
Clock Uncertainty: 0.025ns  ((TSJ*2 + TIJ"2)"1/2 + DJ) / 2 + PE
Total System Jitter (TSJ): 0.050ns
Total Input Jitter (TIJ): 0.000ns
Discrete Jitter (DJ): 0.000ns
Phase Error (PE): 0.000ns

Maximum Data Path at Fast Process Corner: S[2] to T_R 45
Location Delay type Delay(ns) Physical Resource
Logical Resource(s)

A20.1 Tiopi 0.396 S[2]
S[2]
S_2_ IBUF
SLICE_X36Y122.C5 net (fanout=192) 1.026 S_2 IBUF
SLICE_X36Y122.C Tilo 0.035 Mmux S[3] B[63] wide mux 20 OUT7_rs AS inv
Mmux_ S[3] B[63] wide mux 20 OUT7_rs_AS inv2
SLICE_X23Y101.AX net (fanout=1) 0.583 Mmux_ S[3] B[63] wide mux 20 OUT7_rs AS inv
SLICE_X23Y101.COUT Taxcy 0.162 Mmux_ S[3] B[63] wide mux 20 OUT7_rs cyl[3]
Mmux S[3] B[63] wide mux 20 OUT7_rs_cy<3>
SLICE_X23Y102.CIN net (fanout=1) 0.000 Mmux S[3] B[63] wide mux 20 OUT7_rs cyl[3]
SLICE_X23Y102.COUT Tbyp 0.031 Mmux_ S[3] B[63] wide mux 20 OUT7 _rs cyl[7]
Mmux S[3] B[63] wide mux 20 OUT7_rs_cy<7>
SLICE_X23Y103.CIN net (fanout=1) 0.000 Mmux S[3] B[63] wide mux 20 OUT7 _rs cyl[7]
SLICE_X23Y103.COUT Tbyp 0.031 Mmux_S[3] B[63] wide mux 20 OUT7_rs cyl[1l1]
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Mmux_ S[3] B[63] wide mux 20 OUT7_rs_cy<1l1l>
SLICE_X23Y104.CIN net (fanout=1) 0.000 Mmux S[3] B[63] wide mux 20 OUT7_rs cyl[1l1]
SLICE_X23Y104.COUT Tbyp 0.031 Mmux_S[3] B[63] wide mux 20 OUT7_rs cyl[15]

Mmux_ S[3] B[63] wide mux 20 OUT7_rs_cy<15>
Total 3.268ns (1.009ns logic, 2.259ns route)

(30.9% logic, 69.1% route)

Skipping the introductive text, a detailed description and explanation
of some of the first properties of the path will be given.

e Slack: the first item listed for each path is the slack, which is how
much time the path made the constrain by, or in the case of a negative
number, how much it is violated by.

* Source: the source is the output pin that drives the path.

* Destination: the destination is the stopping point of the path.

* Requirement: The requirement is the time constrain number.

* Data path delay: this line shows the total path delay as well as the
number of levels of logic used to implement the timing path.

* Clock path skew: The Clock Path Skew is the difference between the
time a clock signal arrives at the source flip-flop in a path and the time
it arrives at the destination flip-flop. The PAR clock report shows Net
Clock Skew. The Net Clock Skew is skew on the clock net. The Clock
Path Skew takes the entire clock path into account not just the clock
net. This would include the IBUFG delay, net delay to a DCM, delay
through a DCM, net delay to global buffer, delay through the global
buffer and the clock net delay.

* Source clock: The Source Clock is the name of the source clock signal
(if any) driving a synchronous source (For Example, FF).

* Destination clock: The destination dock is the name of the
destination clock signal (if any) driving a synchronous destination (For
Example, FF).

* Clock uncertainty: The clock uncertainty for an OFFSET constraint
might be different than the clock uncertainty on a PERIOD constraint
for the same clock. The OFFSET constraint only looks at one clock
edge in the equation but the PERIOD constraints takes into account
the uncertainty on the clock at the source registers and the uncertainty
on the clock at the destination register so that two clock edges are in
the equation.

After these items, timing report describes the route that the path has
chosen in order to connect the starting and ending point. The file contains
information about the slice that it crosses, what type of delay is caused (for
example if is delay on a net or due to process in a LUT), how many
nanoseconds is the delay and the physical and logical resources of the
components that are used inside the slice mentioned before. Finally, the
total amount of delay is further analyzed in order to give user more detailed
information. In general, the format of the timing report is simple and easy
to read. (Timing Analyzer, 2008)
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Appendix C - Source Code

In this appendix there will be presented some sample VHDL code so
that it made clear how components are connected to each other, how the
hierarchical design takes place and how the wrapper file functions and
finally how the source code of the digital clock manager, which is
automatically generated, can be modified to suit the needs of the project.

C.1 Main circuit of the demo

The main circuit of the demo is a 64 bit arithmetic and logical unit
which can perform 16 different operations. This circuit has four inputs; two
64 bit numbers, a 4 bit code which indicates the operation that will take
place and the clock. It outputs the final result. The source code of the
arithmetic and logic unit is quite simple and self explanatory.
library ieee;

use leee.std logic 1164.all;
use leee.numeric std.all;

entity alu6d is

port (
clk: in std logic;
A,B: in signed (63 downto 0);
S: in std logic_vector (3 downto 0);
Result: out signed (63 downto 0)
) ;
end alu64;

architecture Behavioral of alu64 is

signal T A, T B: signed(63 downto 0) := (others => '0"');
signal T R: signed(63 downto 0) := (others => '0');
signal T Sel : std logic_vector (3 downto 0);

begin

process (clk)
begin

if rising edge(clk) then

’

<= A
B;

H a3
n W

f— <:
_Sel <= S;

case T _Sel is

when "0000" =>

TR<=TRA+ 1;

when "0001" =>
TR<=TB + 1;

when "0010" =>
TR<=TA-1;
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end

end if;
end process;

Result <= T R;

end Behavioral;

when

when

when

when

when

when

when

when

when

when

when

when

when

when

case;

"0011" =>
TR<=TB - 1;
HOlOOH _>
TR<=TA + T B;
"0101" _>
TR<=TA-T B;
"0110"™ =>
TR <=TA and T B;
"01l11" =>
TR <=TAor T B;
HlOOOH _>
T R<=TA xor T B;
"1001" _>
T R <= not T A;
"1010" _>
T R <= not T B;
"1011" =>
if (T_A > T _B) then
T R <= x"0000000000000001";
elsif (T _A < T B) then
T R <= x"0000000000000002";
else
T R <= x"0000000000000000";
end if;
"1100"™ =>
T R <= T A nand T B;
"1101" =>
T R <= T A nor T B;
"1110" =>
T R <= shift left (T A,1);
"1111" =>
T R <= shift right(T _B,1);

others =>
T R <=
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C.2 Selector of the demo

This 1s the code generated by the custom tool called Generator. It has
inputs that are defined by the main circuit. In this case, it accepts as inputs
21 bits of the inputs of the arithmetic and logical unit that monitor every
clock cycle and a clock. It outputs a signal that also depends on the number
of different frequencies that the digital clock manages produces. In this

demo, only two frequencies exist and as a result Selector outputs a single
bit.

library ieee;
use leee.std logic 1164.all;
use IEEE.numeric std.all;

entity Selector is
port (
clk : in std logic;
B58, B57, A57, A6, S3, S2, Sl, SO0, B63, A63, B62, A62, B4e,
A45, B45, A44, B2, B1, Al, BO, A0 : in std logic;
O : out std logic
)

end Selector;
architecture Behavioral of Selector 1is

signal buffB58, buffB57, buffA57, buffA56, buffsS3, buffs2,
buffsSl, buffS0 : std logic;

signal buffB63, buffA63, buffB62, buffAc2, buffB46, buffAds5,
buffB45, buffA44 : std logic;

signal buffB2, buffBl, buffAl, buffBO0, buffA0 : std logic;

signal changeB58, changeB57, changeA57, changeA56, changeS3,
changeS2, changeSl, changeS0 : std logic;

signal changeB63, changeA63, changeB62, changeA62, changeB46,
changeA45, changeB45, changeA44 : std logic;

signal changeB2, changeBl, changeAl, changeB0O, changeA0
std logic;

signal syncB58, syncB57, syncA57, syncA56, syncS3, syncS2,
syncS1l, syncSO : std logic;

signal syncB63, syncA63, syncB62, syncA62, syncB46, syncA45,
syncB45, syncA44 : std logic;

signal syncB2, syncBl, syncAl, syncBO, syncAO : std logic;

signal temp : std logic := '0';

signal low, high : std logic;

begin
sync : process (clk)
begin
if rising edge(clk) then
syncB58 <= B58;
buffB58 <= syncB58;

syncB57 <= B57;
buffB57 <= syncB57;

syncA57 <= A57;
buffA57 <= syncA57;

syncA56 <= A56;
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end if
end process;

buffA56 <= syncAb56;

syncS3
buffs3

syncS2
buffs2

syncS1l
buffsl

syncS0
buffso

syncB63
buffB63

syncA63
buffAe3

syncB62
buffB62

SyncA62
buffA62

syncB46
buffB46

syncA45
buffa4s

syncB45
buffB45

syncA44
buffAd4d

syncB2
buffB2

syncBl
buffB1l

syncAl
buffAl

syncBO
buffBO

syncAQ
buffAl

’

<=
<=

<=

changeB58 <= buffB58
changeB57 <= buffB57
changeA57 <= buffA57
changeA56 <= buffAb56
changeS3 <= buffS3 xor syncS3;
changeS2 <= buffS2 xor syncS2;

S35
syncS3;

= 52,
= syncS2;

= S1;
= syncSl;

= S0;
= syncS0;

= B63;
= syncB63;

= A63;
= syncA63;

= B62;
= syncB62;

= AG2;
= syncA62;

= B46;
= syncB46;

= A45;
= syncA45;

= B45;
= syncB45;

= A44;
= syncA44;

B2;
syncB2;

= B1l;
= syncBl;

= Al;
= syncAl;

= BO;
= syncBO;

= AQ;
= syncAO0;

xor syncB58;
xor syncB57;
xor syncAb57;
xXor syncAb56;
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changeS1l <= buffSl xor syncSl;
changeS0 <= buffsS0 xor syncS0;
changeB63 <= buffB63 xor syncB63;
changeA63 <= buffA63 xor syncA63;
changeB62 <= buffB62 xor syncB62;
changeA62 <= buffA62 xor syncA62;
changeB46 <= buffB46 xor syncB46;
changeA45 <= buffA45 xor syncA45;
changeB45 <= buffB45 xor syncB45;
changeA44 <= buffAd44d xor syncAdi4;
changeB2 <= buffB2 xor syncB2;
changeBl <= buffBl xor syncBl;
changeAl <= buffAl xor syncAl;
changeB0 <= buffBO0 xor syncBO;
changeAQ0 <= buffA0 xor syncAO;

low <= changeB58 or changeB57 or changeA57 or changeA56 or
changeS3 or changeS2 or changeSl or changeS0;
high <= changeB63 or changeA63 or changeB62 or changeA62 or
changeB46 or changeA45 or changeB45 or changeA44 or
changeB2 or changeBl or changeAl or changeB0O or changeA0;

process (clk)

begin

if rising edge(clk) then

if low = 'l' then
temp <= '0"';

elsif high = '1l' then
temp <= '1"';

else
temp <= temp;

end if;

end if;

end process;
O <= temp;

end Behavioral;

C.3 Digital clock manager

Digital clock manager is a source code that is generated automatically
by Xilinx tools according to user’s wishes. However, in order to function
properly some modifications are required. Some changes are needed in the
declaration section of the component and at the end of the source code
instead of driving the pulses to buffers they are connected to a special
multiplexer called “bufgmux”.
library ieee;
use leee.std logic 1164.all;
use leee.std logic unsigned.all;

use leee.std logic arith.all;
use leee.numeric std.all;

library unisim;
use unisim.vcomponents.all;

entity dcmCaseStudy is
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port
(-- Clock in ports

dem_clk : in std logic;
-- Clock out ports
selectSignal : in std logic;

promoted : out std logic;
-- Status and control signals
RESET : in std logic;
LOCKED : out std logic
)

end dcmCaseStudy;

architecture xilinx of dcmCaseStudy is

attribute CORE_GENERATION INFO : string;

attribute CORE_GENERATION INFO of xilinx : architecture is
"decmCaseStudy,clk wiz v3 6, {component name=dcmCaseStudy,use phase ali
gnment=true,use min o jitter=false,use max i jitter=false,use dyn pha
se shift=false,use inclk switchover=false,use dyn reconfig=false, feed
back source=FDBK AUTO,primtype sel=MMCM ADV,num out clk=2,clkinl peri
0d=2.000,clkin2 period=10.0,use power down=false,use reset=true,use 1
ocked=true,use_inclk stopped=false,use status=false,use freeze=false,
use clk valid=false, feedback type=SINGLE,clock mgr type=MANUAL,manual
_override=false}";

signal clkfbout : std logic;
signal clkfbout buf : std logic;
signal clkfboutb unused : std logic;
signal clkoutO : std logic;
signal clkoutOb unused : std logic;
signal clkoutl : std logic;
signal clkoutlb unused : std logic;
signal clkout2 unused : std logic;
signal clkout2b unused : std logic;
signal clkout3 unused : std logic;
signal clkout3b unused : std logic;
signal clkout4 unused : std logic;
signal clkout5 unused : std logic;
signal clkout6 unused : std logic;
-- Dynamic programming unused signals
signal do_unused : std logic _vector (15 downto 0);
signal drdy unused : std logic;
-- Dynamic phase shift unused signals
signal psdone unused : std logic;

-—- Unused status signals
signal clkfbstopped unused : std logic;
signal clkinstopped unused : std logic;
signal tempClock : std logic;

begin

-- Input buffering

--— clkinl buf : IBUFG
-— port map

-= (O => dcm_clk,

-— I => dcm_clk);

-- Clocking primitive

-- Instantiation of the MMCM primitive
- * Unused inputs are tied off
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- * Unused outputs are labeled unused
mmcm_adv_inst : MMCME2 ADV
generic map

(BANDWIDTH => "OPTIMIZED",
CLKOUT4_CASCADE => FALSE,
COMPENSATION => "ZHOLD",
STARTUP WAIT => FALSE,
DIVCLK DIVIDE => 25,
CLKFBOUT MULT F => 60.125,
CLKFBOUT PHASE => 0.000,
CLKFBOUT USE FINE PS => FALSE,
CLKOUTO DIVIDE F => 6.500,
CLKOUTO_PHASE => 0.000,
CLKOUTO_ DUTY CYCLE => 0.500,
CLKOUTO USE FINE PS => FALSE,
CLKOUTI_DIVIDE => 4,
CLKOUTI_PHASE => 0.000,
CLKOUT1 DUTY CYCLE => 0.500,
CLKOUT1 USE FINE PS => FALSE,
CLKINI_PERIOD => 2.000,
REF_JITTERl => 0.010)

port map
-— Output clocks
(CLKFBOUT => clkfbout,
CLKFBOUTB => clkfboutb unused,
CLKOUTO => clkoutO,
CLKOUTOB => clkoutOb unused,
CLKOUT1 => clkoutl,
CLKOUTI1B => clkoutlb unused,
CLKOUT?2 => clkoutZ2 unused,
CLKOUTZ2B => clkout2b unused,
CLKOUT3 => clkout3 unused,
CLKOUT3B => clkout3b unused,
CLKOUT4 => clkout4 unused,
CLKOUTS => clkout5 unused,
CLKOUT®6 => clkout6 unused,
-- Input clock control
CLKFBIN => clkfbout buf,
CLKIN1 => dcm_clk,
CLKINZ2 => '0"',
-- Tied to always select the primary input clock
CLKINSEL = '1"',
-- Ports for dynamic reconfiguration
DADDR => (others => '0"),
DCLK => '0"',
DEN => '0"',
DI => (others => '0"),
DO => do_unused,
DRDY => drdy_ unused,
DWE => '0"',
-— Ports for dynamic phase shift
PSCLK => '0"',
PSEN => '0"',
PSINCDEC => '0"',
PSDONE => psdone_unused,
-— Other control and status signals
LOCKED => LOCKED,
CLKINSTOPPED => clkinstopped unused,
CLKFBSTOPPED => clkfbstopped unused,
PWRDWN => '0"',
RST => RESET) ;
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-- Output buffering
clkf buf : BUFG
port map
(O => clkfbout buf,
I => clkfbout);

promote : BUFGMUX port map (tempClock, clkoutO,

selectSignal) ;
promoted <= tempClock;

end xilinx;

C.4 Wrapper file

Wrapper file unites all components under a common interface which
1s seen as a unit by VHDL compiler. This file creates instances of the
components, redirects their inputs and their outputs and connects them
(when external signals are used). The following code is a simple wrapper

clkoutl,

file and can be modified to suit custom needs and other components.

library ieee;
use leee.std logic 1164.all;
use leee.numeric std.all;

entity wrapper is

port (
A,B: in signed (63 downto 0);
S: in std logic_vector (3 downto 0);
Result: out signed (63 downto 0);
dem freq : in std logic;
rst : in std logic;
lck : out std logic

)

end wrapper;

architecture Behavioral of wrapper is

signal index : std logic := '0';
signal finalClock : std logic;
signal indexBuffer : std logic;

signal dffAl, dffB1l, dffA2, dffB2, syncInputh,
signed (63 downto 0);

syncInputB

signal dffSl, dffs2, syncS : std logic vector (3 downto 0);

attribute KEEP : string;
attribute KEEP of syncInputA: signal is "TRUE";
attribute KEEP of syncInputB: signal is "TRUE";

component alu64

port (
clk: in std logic;
A,B: in signed (63 downto 0);
S: in std logic_vector (3 downto 0);
Result: out signed (63 downto 0)

) ;

end component;
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component
port (

clk: in
B58: in
B57: in
A57: in
A56: in
S3: in
S2: in
Sl: in
S0: in
B63: in
A63: in
B62: in
AG2: in
B46: in
A4d5: in
B45: in
Ad4 . in
B2: in
Bl: in
Al: in
BO: in
AQ: in
O:

) .

’

Selector

std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;
std logic;

out std logic

end component;

component dcmCaseStudy is

std logic;

std logic;

port
(-— Clock in ports
dcm clk : in
-- Clock out ports
selectSignal in std logic;
promoted out std logic;
-- Status and control signals
RESET : in
LOCKED out

) ;

end component;

begin

process (finalClock)

begin

if rising edge(finalClock)

std logic

then

syncInputA <= A;
syncInputB <= B;
syncInputA;
syncInputB;

dffAal
dffB1
dffA2
dffB2
syncs
dffsl
dffs2

<=

dffAl;
dffB1;
S;

syncs;

= dffsl;

indexBuffer <= index;
end if;
end process;
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U dcm : dcmCaseStudy port map (dem freq, indexBuffer, finalClock,
rst, 1lck);

U alu: alu64 port map (finalClock, dffA2, dffB2, dffs2,
Result) ;

U selector : Selector port map (finalClock, syncInputB(58),
syncInputB(57), syncInputA(57), syncInputA(56), syncS(3), syncS(2),
syncS(1l), syncS(0), syncInputB(63), syncInputA(63), syncInputB(62),
syncInputA(62), syncInputB(46), syncInputA(45), syncInputB(45),
syncInputA(44), syncInputB(2), syncInputB(l), syncInputA(l),
syncInputB(0), syncInputA(0), index);

end Behavioral;

C.5 Test bench of demo circuit

library ieee;
use leee.std logic 1164.all;
use leee.numeric std.all;

entity tb_alu64 is
end entity;

architecture Behavioral of tb alu64 is

signal T dcmInputClock : std logic := '0';

signal T A, T B, T R : signed(63 downto 0) := (others => '0"');
signal T _Sel : std logic vector (3 downto 0) := "0000";

signal rst : std logic := '0';

signal 1lck : std logic := '0';

component wrapper
port (
A,B: in signed (63 downto 0);
S: in std logic_vector (3 downto 0);
Result: out signed (63 downto 0);
dem freq : in std logic;
rst : in std logic;
lck : out std logic
)

end component;
begin

U wrap : wrapper port map (T A, T B, T Sel, T R,
T dcmInputClock, rst, 1ck);

-— 500 MHz clock for dcm
process
begin
T dcmInputClock <= '0';
wait for 1 ns;
T dcmInputClock <= '1';
wait for 1 ns;
end process;

process
begin
--setup time for dcm
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wait for 1501 ns;

--start performing additions

T Sel <= "0100";

T A <= x"0000011029200000"; --slow
T B <= x"0000128c2f0046e0";

wait for 50 ns;

T A <= x"00001lebc2f5656e8"; --slow
T B <= x"00003fbde6le5660";
wait for 50 ns;

T A <= x"40003fbde6le5668"; --fast
T B <= x"cl202aadetleb67e";
wait for 50 ns;

T A <= x"756b6aade75c5c5e"; --fast
T B <= x"917c08e5471c5cdf";
wait for 50 ns;

T A <= x"0fd4ead35776e5bfo"; --slow
T B <= x"7a3d4993666flacl";
wait for 50 ns;

T A <= x"4964ec51b36abbfb"; --slow
T B <= x"7a3d4993666flac0";
wait for 50 ns;

T A <= x"4964ed8d9%7aal99f"; --fast
T B <= x"7a3d4993dad9%7c64";
wait for 50 ns;

T A <= x"4964ec945fdab094"; --fast
T B <= x"7a3d490bb3a68b9%a";
wait for 50 ns;

T A <= x"40003fbde6le5668"; --slow
T B <= x"cl202aadetleb67e";
wait for 50 ns;

T A <= x"756b6aade75c5c5e"; --fast
T B <= x"917c08e5471c5cdf";
wait for 50 ns;

T A <= x"0fd4ead35776e5bfo"; --slow
T B <= x"7a3d4993666flacl";
wait for 50 ns;

T A <= x"4964ec51b36abbfb"; --fast
T B <= x"7a3d4993666flac0";
wait for 50 ns;

T A <= x"40003fbde6le5668"; -—-fast clock

T B <= x"cl202aadetleb67e";
wait for 50 ns;

end process;
end Behavioral;
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