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KE®AAAIO 1: I'NQPIMIA ME TO ANTIKEIMENO TQN FPGA

1.1 Iotopwkn avadpopn

Ot wWputég g Xilinx Ross Freeman kot Berrand Vanderchmint entvoncav to npdto
Budoipo kot OAOKANPOUEVO TOKETO AVOOIOTACOUEVOV TUADV. To HovTéAO avTd HTOV
10 XC2064 mov elye avadIOTOCOUEVEG OLOCVVOEOEUEVEG TUAEC KO OMOTEAEGE TNV
amopyn pog véag texvoroyiag kat ayopdc. To poviého XC2064 vrootipile v amin
Aoy oyediaon pe 64 avadwrtacopeva block(CLBs) pe dvo lookup mvakmv
€166000v(LUT).O Ross pmnke oto Hall of fame tov €Bvikdv gpevvntov yuo v
EPEVPECT] TOVL.

H dexoetia tov 1990 amotélece v amoyeimon g TeXVOAOYIKNG Prounyaviag g
FPGA 1660 otV moAvmtAokotnta TV VTosTNPlLOUEVOV AEITOVPYLDYV, OGO KOl GTOV
oyko g mopaywyns me. H FPGA v dekaetio avt) Pprike epappoyéc otov topéa
TOV EMKOWVOVIOV OIKTO®V TOL 0apyoTEPO YPNOLOTOWONKE aPEVOS GE EMIMENO
KOTOVOADTOV KOl OQPETEPOV OE EMIMEOO TEYVOAOYIKNG Propnyaviag aeov £yve
YPNOULO ePYAALELD YO TIC HEYAAES Propumnyavies.

H cbOyypovn e€éMEN g Tdong avTg €ivat 1 TGO va Ta{pvouV T KOKNG AOYIKNG Kot
APYLTEKTOVIKNG GYES10GNG KOl VOl T TPOYWPOVV £val PriLa Tapamépa cuvoLalovtag
Aoy mov ovvdéel ta block twv mapadociokdv FPGA pe v gvoopdtoon
UIKPOETEEEPYOOTMOV KOL OCYETIKMOV TEPLPEPEIONKDOY MOOTE VO OTOTEAODV TANPEG
cvotnuo yw ta mpoypappatiopeva chip. ITlapadelypoata tétoiwv  vPpLOWKOV
TEYVOLOYIOV pmopovv va PpeBodv oto Xilinx Virtex-II pro,Virtex-4 Kot GuoKELOV
Virtex-5 mwov mepthapPavouv évav N mepiocodtepovg emesepyaoctéc PowerPC xon
MicroBlaze evoopatopévovg oto mAaicto g Aoykng oxeodiaons e FPGA kabwmg
kot FPSLIC g Atmel 1 omoia ypnoonotel tov AVR enelepyactr) e cuvdvacud e

Atmel avad1aTacOUEVT) AOYIKT OPYLITEKTOVIKT).



1.2 Apyprektovikn pe FPGA

H yopaxtnpiotikn Poacikny  OpYITEKTOVIKY)  OmOTEAEiTOl  amd U0 OEPA

avadwtacopeveov blocks (CLBs) kot kavolov dpopoidynone. I'evikd, oia ta
KavaAle dpoporoynong €xovv 1o 1610 mAdrtog (apBpdc kaAwdimv). ‘Eva koxhopo
epapuoyng mpénet vo yaptoypoaendel oe évo FPGA pe toug emapkeig moépovg. To
yopaxtnpotikd block Aoywkng FPGA amotedeiton and €vav mivako cupfoviencelg
etoayoyng (LUT), xau flip-flop, 6mwg mapovoidletar mo Katm.
Yrdpyer povo pia mapoymyn, n onoio pumopetl va givor gite  katayopnuévn eite un
katayeypappévn mapoywyn LUT. To block Aoywkng €xel téooepic sloaywyég yio to
LUT ot po swooaymyn timer. Aedopévov 0Tl To. onuota poAoyldv (fanout)
Kafodnyovvtol Kavovikd HECH TV EWIKNG YPNONG  OQLEPOUEVOV  OIKTOH®V
dpoporoynong oe FPGA, avtd kot dAla onjpota pvOuilovtol yopiotd. [a avtiyv v
APYLTEKTOVIKY] Topddetypo, ol 0écelg twv ocvvdéouwv tov block Aoyikng FPGA
TOPOVGLALOVTOL TTO KATM.

Kd&Be ewoaywyn eivon mpooity| and pa mievpd tov block Aoyikng, evd o chvdesog
TOPOYWYNG UTOPEL VoL GUVOEGEL e TN OPOLOAOYNON TOV KAAMIIWOV GTO KAVAAL KOTM
an6 1o block Aoywmnc. Kdbe cdvdeopog mapaywyng block Aoyikng pmopei va cuvdebet
LE OMOONTTOTE OO TO TUNUATO KOA®OIWOoNS ota KavaAla dimha o avtd. Ouoimg,
éva I/0 block pmopel va cuvoebet pe omorodnmote amd to TUNUATe KAA®SI®MONG 6TO
KavaAl dimha oe avto. [Mapadeiypatog xaptv, éva I/O block otv kopven tov chip
UTopel va GUVOESEL e OTOLONTTOTE Ao To. KaAmole W (6mov 10 W gilval to mAdtog
KOAVOAM®OV) 610 0ptOVTIO KOVAAL AUECHOS KATM Ao aTO.

I'evikd, n dpoporoynon FPGA eivar oe kdBe tunua kodlwmdimong mov ekteiveton
puévo oe éva block Aoywkng mpotov va teppoticel oe éva switch box. Mg 10 va
avoi&ouv HePIKol amd TOVG avadLUTACMUEVOLS OlakonTeg PEoa o€ €va switch box, ot
HOKPUTEPEG TOPEIEG WITOPOVV VO KOTAOKELACTOVY. [ v vymAdtepn taydTTO
dwacvvdéovtar, pepikés apyttektovikég FPGA ypnoyomolodv i mo HokpoypOVIES
YpappéES dpopordynong mov ekteivoviat oto mtoAhamAid block Aoykrg. Onote og éva
KkdOeto Ko op1lovTio KavaAl vapyel évo switch box. e avTiv TV apyITEKTOVIKT,
otav swoayBel éva Kohddo oe éva switch box, vadpyovv TPES AVASIATUCHUEVOVS
OKOTTEG OV EMTPEMOVY GE ALTO YO VO GLVOEGOLV UE TPio GAAD KOAMOO OTO
napokeipeva tunpoata kavolov. To oyxéolo, 1 1 TomoAoyie, TOV SKOTTMOV TOV
YPNOLOTOOVVTOL GE OVTAV TNV OPYLITEKTOVIKY €ivorl 1 eninedn meployn Pociopévn

oV tomoAoyia Twv switch box. e avtiv v tomoloyia switch box, éva KoOA®I10



ot dwdpoun pe apBuod 1, cuvoéetar povVo pe To KoA®do otov aptipd dadpoung 1
OTO TOPOKEILEVA TUNUOTO KAVOADV, TO, KOADOWL 6T Odpopn aptfpnog 2 cuvdEovv
uovo pe GAAe KaAmola otn otadpopn pe aptuod 2 ko ta Aowd. O apOuog eneényeite
T0 KAT® T1§ GLVOESELS o€ £va switch box.

Ot oVyypoveg okoyéveleg FPGA emnekteivovtal Endve 6TIG avOTEPES IKOVOTNTESG VOL
ocvumepthapfavoouy t Aettovpyia o vYNAoL enuédov mov KabopileTon 6TO TLPITIO.
Evooudtmon avtdv Tov Kowvodv AEITOVPYIDOV GTO TUPITIO HELOVEL TNV TEPLOYT] TOV
amorteiton kot 6lvel av&avopevn AELTOVPYIKT| TaXOTNTA £VOVTL GTNV OIKOJIOUNGN TOVG
Ao TOLG TPMOTOYOVOLS TNG. Ta Tapadelypata avtd TEPIAAUPEVOLY TOVG
moAlomAac1aoTég, To yevikd block DSP, Toug evompatompévoug eneéepyaotéc, Ty
vynAn Aoykn tayvtrog /O kat Tig eveouaToUEVEG UVIIEG.

Ta FPGA ypnowonotodvtor epEme yio TV EXKOPMOCT] GLGTNUATMOV
CLUTEPTAOUPAVOUEVIG TNG ETKVPMOOTG TPO-TLPLTIOL, TNV EMKVPWOT LETA-TVPLTIOL,
kot firmware v avantuén. Avtd emTtpénel oTig EnyEPNoELS chip vo EMKLVPAOGEL TO
ox£010 ToVG TPOTOoL va apaybel To chip 610 £pyootdcilo, TOV PEIDVEL TO ¥POHVO GTNV

ayopd.
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1.3 FPGA oTtov mupiva KeVTPIKNG povadag enelepyaciog
Meptkéc €QUPUOYEC EQPOPUOGUEVNG UNYXOVIKNG £YOLV YPNGULOTOW|GEL [0, EVIOAQ

ovokevn] FPGA yio va avtikatastioovy T Asttovpyio vOg amAoy EVEGOUOTMOUEVOD-
pkpogkekty. Mo mpdoeata, évag mANpng tprovtadvaumitog mwopnvag KME
(kevtpumg povadag enelepyaciog) pmopel vo EQOPUOGTEL LECH TNG OVOOLUTACDOUEVG
Aoywng oe po peydang yopnrikotrog FPGA. Térotor mupniveg KME givan yvootol
¢ "noraxol muprveg KME," napadeiypata tov onoiwv givar MicroBlaze, Nios 11,
kot LatticeMico32 an6 Xilinx, Altera Kot 10 SIKTVOTO TAEY O AVTIGTOLYO.

[Tépa amd avtd, pepikég cvokevég FPGA mepiéyovv tov aplepopévo mupnva VAKoH
KME. Ta emieyuéva pépn Virtex amd Xilinx, mepiéyovv éva 1 mePIocdTEPOLS
evoopatopévovg KME mupfiveg tng IBM 6nwg PowerPC 405, extoc ond v
avadtatacopevn Aoyiky tov FPGA. Ta o dedopévn apyrtektovikny KME, évag
okAnpods (evoopatmpévog) mupnvag CPU Ba Eemepdoet Evav poiakd-rupnvo KME
(ONA., wa epappoyn avadtotacopuevnc-roywkne me KME). H evoopoatopévny KME
TEPEXEL aKPIPDOG TN AOYIKN KOl HOVO TIG OOUEG AOYIKNG MOV OTouToVVIOL Yiol TN
Aertovpyion g KME, kot n evoopatopévn Aoywn tmg KME eivar task specific
Behtiotomompévn, evad évag porakog mopnvag KME mpéner va (noer péco oto
vevikng ypnone mAéypa Aoywne e FPGA. Evoopatopévn KME pmopet va givor
emiomng evkorOTeEPO Vo evempotmbel oe o FPGA epappoyn emedn n kabopiopévn
evon ¢ evoopotopévng KME  «katéyst 1o mpoPAEyipa  YopoKTNPIOTIKA
CLYYPOVIGHOV, KOl 1) TOADTAOKATNTO H0G IGOOVVOUNG OVOOIUTOUCMIEVTG AOYIKTG.

H ypnon evoopoatopévov CPU pmopet va meplopicel v emioyn tov debéciumv
OLCKELMV Kol TOV epyoreimv oyediov Kot omoutel VWO ALTAV TN HOPPN TNG

TPOCEKTIKNG OTIOAOYNONG TEPQ OO T HaAaKn TpocEyyion tupnvev KME.
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1.4 IMhoteoppa Avantoéne ML403
Me v véa yevia FPGA ML403 avartoyOnkov TOAAEC oTpaTNyIKEG Yoo TNV

exkkivnon FPGA dwapdpewong, o€ £va Yed0GHO TOV EMTPENEL VO EMAEEOVUE QVTO
nov BéAovpe va ypnoyomotcovpe. Mmopobe va poptdcovpe 10 FPGA amgvbeiog
amd €vav kevipikod voloyiot) o€ vroloyiot JTAG interface. H Virtex-4 umopei va
exkwnoetl dueca flash chip. H ML403 éyer 32MB mAatoppa flash, mov propodv va
TPOYPOUHOTICTOVV €lte pe system.ace, eite amevbeiag 1 péow JTAG.. Opiopéva
o010 UITOPEL VoL YPNOILOTOMGOLY £Vl EEMTEPIKO UIKPOEAEKTN Y10 VAL POPTAOCEL TO
bit stream oand o eEmtepikn cvokevn amobnkevons. H mpocéyyion avt Oa mpémet
vo, ypnotponoteitor Katd kavova av ypnotponoteite 1 FPGA pdvo yu v epappoyn
TEPLPEPELOKADV KOl 10ImG, Ol emnTM®GES gival cuvBmg OTL €YeTe NMOMN KATOWO GALO
pkpoeneEepyaot pe o cvotnua. o mapdaderypa, pio tpostnkn otn PCI kapta Oa
UTOPOVGE VO PNCLUOTOUCEL OVTH TNV TPOCEYYIoT Yo TV mpostolpacia g FPGA.
H Xilinx mpoc@épel o Avon oe mokéto mov ovopdletol system.ace, dtnbécipa e
dvo tomovg, To éva amd avtd ypnoomnotet liner flash, kKot to Ao ypnopomotel o
Kkapta CompactFlash. H ML403 éyet eniong CPLD (Complex Programmable Logic
Device) onboard, 1o onoio umopet va pvBuicetl 1ig FPGA pe amoctoln tov bit stream
Kol arobnkevon otic pvnueg e FPGA.

[Mopatnpodpe 0vo onuavtikd onpeia. Ilpodtov, 610 oYedlacud mpémer vo Anedel
voymn M avaykn va puBuiotei 1 FPGA pe t1g ouokevéc 160000 / €660V Kot de0TEPO
Kol onNuovTikOTEpo mpémel v 0o0el 1dwiitepn mpocoyn oty oxediaon TOV
KUKAOUATOV 0OV GTO GUYKEKPIUEVE GLGTHHATO TTailel oNUOVTIKO poAo 1 akpifeila
oV oyediaomn av BELoLLLE Va TETVYOVUE ATOJOTIKA Ko agldmoTa GYEdL.

Y10 mokéto m xilinx oyedlace Svo emefepyootéc 32bit  €roovg vo TOLG
YPNOOTOMCOVE OTIG OKEG Hag epappoyéc. Ov emeepyaotés avtol  glvan
BeAltiotomompévor kol a&lOmoTo GYESNOTIKA EPYUAEID TOL LOC TPOCPEPOVTAL LE TO
nakéto. Ot dvo avtol enelepyaotég elvan o MicroBlaze kot o PowerPC. Ot didpopeg
OTOVG OLO AVTOVG EMEEEPYAOTES EIVOL GTO GYKO TOV GUGTNUATOV TOV EUTEPIEXOVTOL
010 KGOe €va KOl OTNV OMOOOTIKOTNTO TOLG TOPOAO TTOL £YOVV TEPITOL TNV 101
ovuneplpopd otic epapuoyés. O PowerPC sivan evoopatopévog otov mopnva evd o
MicroBlaze sivat oyediacpévoc mve 6to Tupniva.

Y10 maxéto tng Xilinx épyetar to software va copuminpdcel v oyedioon twv
embedded system pe to vo mpoc@Eépel TV duvatdTTa TG SOKIUNG Sdpopwv

epapuoyov pe toug C kar C++ compiler. Avtd mpooeépel otnv oyedioon dpeon

10



OlEmOP] HE TO OYEOOTIKO HOVTIEAO 0OV pmopovdue vo kabopicovpe v
CUUTEPIPOPE TOV TEPIPEPELOKDY TOV VITOGTNPILEL KAODS Kot TV dnuovpyio KO,
LE EQOPLOYEG TOAVUECMV.

‘Eva emmAéov mieovéktnuo g oyxediloong pe FPGA eivor m dvvatdmmra tov
GULGTNLOTOG OVTOD VO TPOGPEPEL YOPNTIKOTNTO GTNV TOTOOETNON AKOUA Kol TPLOV
eneepyactOv OTmG eivor o MicroBlaze pe tv €poppoyn vo OTOYEIDOVETOL GE
dvvatotres. H oyedootikr] kovotopion ovt) TPOoEOEPEL PEYAAN LTOGTNPIEN
TOAOTAOK®V GUOTNUATOV Kol €AEYY®OV HE TNV YPNoN MG Kol povo oxediaong
embedded system.

H MI403 mpoopépel éva €toylo Aeltovupyikd cvotnuo Linux pe moAvy younAiég
OTOLTNOES G€ TOPOLG OCLOTHUOTOG 7OV umopel va  ypnowomombel ocav Eva
OAOKANPOUEVO  VTOAOYIOTIKO GUCTNUO, OPOV TPOGEEPEL KOL TNV OLVATOTNTA
VROGTNPIENG OADV TOV TEPLPEPEIKDY OV YPeLaleTarl £va. cVYYPOVO LITOAOYIGTIKO

ovotnpa(network controller, vga output,usb, memory hard disc drive).

11



KE®AAAIO 2 : ENYXOMATOMENA YXYYTHMATA(EMBEDDED
SYSTEM

2.1 Eveopotopéve Zvotpota
Ta Evoopatopéve Xvotipata (embedded system) givor vmoroyiotikd cuotipato

€101KOV GKOTOV TPOCAUVATOAIGUEVO GTO VO EELTNPETNGOLVV TIG AVAYKEG TOV CLOKELMV
™mg ovuyxpovng ConMg Ommg Kivntd tAEpmva, palmtop, €AeYKTEC 0EPOGKAPDV,
avtokvitev KA. o to Adyo avtd cuvnbwg yapaktnpilovior amd to pKpd TOLG
péyebog Kot Tol 101aiTEPA YAPOUKTNPIOTIKA TOVG MG TPOG TNV KOTAVIAMOT 1GYVOG, TNV
amOd00Y, GE OULYKEKPIUEVES €QOPUOYES KOl TO YopnAd tovg koOcotog. 'Eva
Evoopotopévo Xoomua (E.X.) (Embedded System) amotelel vmoloyiotikny povdda
HE OPYITEKTOVIKY] Kol OpYEG AEITOLPYIOG TAPOUOIEG HE OVTEG TOV CLUPATIKOV
VIOAOYIOT®V, 1 Omoldt WGTOGO TPOCAPUOLETOL OTIS OVAYKEG KOl OTOLTIOEL TG
ekdotote gpapuoyns. 'Etol, kot oy mepintoon tov E.X., Bacikd dopkd otoyeio
amoterel €vog pkpoemeepyaostng, 0 omoiog Pploketor CLVOEOEUEVOS HECH  HLOG
epapyiog SLA®VY e OTOLXELD TPOCWPIVIG Ko Loviung amodnkevong (uvnueg RAM,
EPPROM, Flash, non-Volatile). ITapdAinia, oto E.XZ. amaviovror kot ctovyeio
e€e1OIKEVIEVOD VAIKOV TOL OTTOl0l EMKOWVOVOLV e TO. POCIKA dopkd oToryelor Kot
KOAOUVTOL VO ETITEAEGOVV GUYKEKPIUEVES EPYOGIEC OVAAOYO WE TIC OOLTNOELS TG
EKAOTOTE EQUPUOYNG O AmdOOoN, KoTAVAA®OT 1oYvos, Asttovpyieg /0 k.a. Ta
otoyei owtd vAomowovvror eite oe pn emavompoypappotiiopevo vikd (VLSI,
ASICs) gite og mpoypappatilopevo vako (PLD, FPGA) kot dtacuvoéoviot HECH g
epapyiog (mBovdg mOAADV EMTEOWMV) SIVAMY HE TOV UIKPOEMEEEPYOOTN KOl TN
pviun.

Agdopévng g emhoyng ovykekpuévou E.X., n {ntovuevn epappoyn yopiletal o
Koppdtio Tov Ba vioromBovv otov emeEepyaotn tov E.X. kot koppdtio To onoio Oa
vAomomBovv 6e VAIKO. O TpdTog SoY®PIGUOD TOV KOUUATIOV OVTAOV OTOTEAEL TO
016010 oYediaong VAKOV-AoYIoHKoV Kol KaBopileTon amd Tig anattnoelg (constraints)

tov teMkov E.X. o anddoon, oe péyeboc, Katavdiwmon 1oybog K.a.

12



2.2 Avaivon Evoopoatopéiveov Zvotnuatov
H xilinx mwapéyer éva moakéto and epyareio poll pe kédbe board mov Ponbodv oty

oyedlaon ko avdmtvuén spappoydv. To EDK (Embedded Development Kit) eivon

oA To. Epyodeio. GUGTAUATOG TTOV EMITPEMOVLY VO GYESNOTEL (oL TANPY EQAPUOYN

eveouatopévov enetepyaotn oe €va board xilinx FPGA.

To EDK mepirappdvet:

To Xilinx Platform Studio (XPS) cvotua mov eivar pio covita epyoaieionv

HE TO Omoio. UTOPOVUE VO OVOTTOEOLE

eneepyaot).

EQOPUOYN HE EVOOUATOUEVO

To Software Development Kit (SDK), pe Bdon to Eclipse open-source

mA0iclo, TO OmOi0 WTOPOVUE VO YPNCULOTOWCOVUE YO TNV OVATTLEN

EVOOLATOUEVOV EQAPLOYDV AOYIGUIKOD.

To SDK eivar emiong owbéoo wg avtovopo mpoypaupa. To SDK mapéyet

evoouatopéves pnedddovg enelepyaciog mepAAUPAVOLEVOV TOV TPOCYKEOIAGUEVMV

ene&epyaoT®V KABOPIGUEVAOV AEITOVPYIDV KoL TEPLPEPELOKADOV atd TNV Xilinix.

ISE Integrated Softwars Environmeant

SDK Software Developmeant Kit

XP5
Xilinx Platform Studio
Hardwars
Platfom
Procaessor Hardware
Developmeart = Software Devalopment
' |
Verification File
Genearation Software Debug
Design Implementation Softwara Profiling
Device Configuration Device Configuration
Figwre 1-1: Basic Embedded Design Process Flow

Also included in the
Embadded Edition

! ChipScope Pro

K114
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2.3 Avantoén Yakov

H xilinx emtpénet v onpiovpyio VITOGLGTHLATOG OIKNG LG AOYIKNG GYEdlOGNG OV
Ba etvar Mo evélkTo oTIg dKéG pog ovaykes. H miatedppa oyedioong g xilinx
EMTPENMEL TNV TPOGHNKN GTO TLPNVO €VOC 1 TEPLOCOTEPMV EMEEEPYUSTOV KoL

TEPLPEPELOKDV.

2.4 Avantoén E@appoyav

H mAateoppa mov eivar vrevBovn yuo to software koppdrt g avémroéng kabopilet
ToVg omwotovg software driver/library kou diver v dvvatdotnto vo emAéiovpe ov
Bélovpe va Eekivnoel amd £TOOo AOYISHKO 1) va. YTicovpe éva VEO AOYICUIKO OTIG

OIKEG LOG OVAYKEG,.

2.5 Awyeipron Xvokevov
Otav ov software xotr hardware mhateoppec eivar €roipeg tote TMPEMEL va

onuovpynbei 1o bit stream (dvadikn popen g oxediaong mov OBa Tpé€el TV
epapuoyn oto board) yia o cvykekpyévo board mov BEAovE Vo SOVAEYOLLLE.

H mpotvronoinon yw 1o kotéfacpo tov bit stream yivere pe omolodnmorte
TPOYPOUUO, — TPEYEL EVOOUATMOUEVO CLOTHUOTO KOl €ivol oLVOEdEUEVO HE €va
VTOAOYLOTN

Mo mv mopayoyn, amobhikevon kot katéBacpo tov bit stream ypnoipomolobvTol

CEIPLOKA KAAMO, LVNIES Kou XilinX programmer.

2.6 Emokonnon EDK

‘Eva evoopatopévo cOGTNUO TUTIKE UTOpeEl Vo TEPLEEL £VOV M TEPLGCOTEPOLG
mopnves, meprpepelakd kot block pviung ocvvoedeuéva pe processor buses. Ta
CULGTNLLOTA TTEPLEYOLV Kot port eE®TEPIKAOV cuvdésewv Ty ethernet, compactflash, usb,
vga, serial port. KaBe emeEepyaotig €xel éva aplOud mapopuéTpoyv Tov UTOPOVUE VO
TIC YPNOOTOMGOVUE OIS £XOVV, OAAA KOl VO TIC TPOGUPUOCOVUE OTIG OVAIYKES LOG.
210 6VOTNUO EMIONG TEPLEXETE KOL O YAPTNG LE TIG S1EVOVVOELS TOV APOP®Y VIOV

KO TEPLPEPELOKDV.

14



H mo xdto ewdvo mapovotdlel avoAvtikd v apyttektovikny oopn pali pe tao
oxedloTIKA epyoreia mov yperdloviar yi vo otnbel cootd £€va EVGOUATOUEVO

GUGTN O

JTAG Cabis I L FPas

Davinn
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2.7 Xilinx Platform Studio (XPS)

To XPS napéyet éva olokAnpmpévo meptBAALov yia T dNUovpyic. EVEOUATOUEVOY
ocvotnpdtwv mov Pacifoviat oe dvo TOToVG eneEepyactdv MicroBlaze kot PowerPC
Emiong 1o XPS mapéyet éva npdypappa eneEepyaciog Kot Eva oy€dto olayeiptong g
OLETMAPNG Y10 VO ONULOVPYNCOVLE Kol VoL EMEEEPYUSTOVUE TOV TTyaio kmoka. To XPS
TPOCPEPEL TPOGOPLOYN TNG PONG TOL €PYOAElOL HE EMAOYEG OUOPO®ONG Kol
map€xel  €vo.  YPOPIKO  CUGTNUO YO TNl OLVOESN TV  ENeEEPYUOTAV,
TOV TEPLPEPEINKMY Kot TV buses. And XPS, pmopodue vo ektehécovpe OAo T
EVOOUOTOUEVO EPYOAEI GLOTAUATOC TOL OmalTOVVTOL Yoo OAo Too hardware
components G €QOPUOYNG. Mmopolue emiong va eKTEAECOVUE TOV EAEYYO TOL

ovoTthpHatog 6to mepPdiiov XPS.

16



KED®AAAIO 3 : AHMIOYPITA NEOY PROJECT ANO TO
XILINX PLATFORM STUDIO 10.1 WIZARD

To wizard platform studio 10.1 givor évog odnydg mov pog Ponba va cticovue
OWOTA [0l EPAPLOYT OV Vo doVAgLEL. [ TOAAEG epappoyég dev yperaletal timote
Ao mapd povo XPS. Me Bdon to board mov Oa emhéEovpie, 0 00MyOC Hog eMLTPETEL
va emA£Eove ko va puBuicovpe to facikd oTotyelo TOV GLOTHLATOS OTWS TO €100G
eneepyaotn, debug interface, mpooOnkn CACHE, tomo pvAung xor péyebog,

TEPLPEPIKA €GOS0V / €£GO0V.

3.1 Tvmk dedKaGia SNUIOVPYIES VEOV GVOTHATOC.
Ortav gvepyomomcovpe 10 TPOYpoppo oyedioong g xilinx pag speavifel avtdépota

TIG EMAOYEG, av BEAOVLE VO dNUIOVPYNCOLLE VEO project pe Tnv BonBela tov wizard.

Xilinx Platform Studio - no project opened - [[Platform Studio]] EHE
File Edt Yiew Project Hardware Softwars Device Corfiguration Debug Stlation Window Help D& X
INPHR AR e REN RN AR P-ARs MU IEXBRIEE BB MON
Fioject Information Area x 3
| Puiect | ploatons | PCasbg | _ Belot ket nt o snuxs kit -
@ © Ducumentation Examples © Application Nules
Starting Your Project - click here for mere i
Hardware Development Software Development
< Xilinx Platform Studio
Create new or open existing project
\° (@ Base System Buider wizard (iecammended)
© Implementing your hardwarg BSB
© Simulating your embedded s [@ ) Blank %PS project
© Debugaing | w
E () Dpen a recent praject
|E oects... B =
“| Browse installed EDK examples [projects) here
[ ] [ Cancel ] [ Help 3
[Platform Studio]
x
2
|
=
= |
3« 1 3 |
5| Oupt | Waming | Ewer |

——— - T r A m a
i év(xpEn COE [ Mes. Héo 0. ise desighn tocls i Platform stud...  EN @ el fm Ll e Ryl

17



To apéomg emduevo Pruo eivar va tov Kabopicovpe 10 onueio oto dicko mov Ba

amoONKeVoEL OAOL TO ATOLTOVLEVO, APYELL TNG EQAPLOYNGS.

opened - [[Platform Studio]]

File Edit View Project Hardware Softwars Device Configuration Debug Siulation Windaw Help

NP HR AWM e iR RNEIAUBORN AR P AR MBI ER B IEEIRZBOONR

Prgject Information Area x &
Frokect | Alesiors | P Caabg | _ Beteut deslked toat fof e il iation :
© Documentation © Examples © Application Notes
tarting Your Project - click here for mere information
% Create New XPS Project Using BSB Wizard ] Software Development
New project © Cenfiguring and gencrating the
softwara platfarm B
Pioject file =
© D our software applications
Coh o {275yt Browse ..
[Coémy_pretectimpproject2/system ] [ Browse Se—
Advanced options [optional; F1 for helg] © Debugging ueing XMD and OB
[ Set Project Peripheral Repositories © Profiling®
© Using SDK*
[ || Browse..
© Cenarating e hardware bitstream
2] -
embedded software
© Downloading the eomplate system
bilstream =l
[Platform Studio]
x
=
]
=l
-8
Z
b1kl . . i B
5| vuput | waming | Enor |
File: 4/ Pl 10, 1/EDK docjusengishiplstform _studiofps_c_did_downloading_bitstreams_Fogahtm &)

¥t ovvéxewn apyilet mn  ovclooTikny  dnmuovpyio TG €pappoyng mov  Oa

YPNOYLOTOMGOVLLE.

Base System Builder - Welcome

iDPEHR iR E Embedded Deve . iERIBRIEE:REDON
Project Information Area Platform Stud &
Project | Applioations ‘ IP Catalog =
© Application Notes
J
here for mere infermation
Welcome to the Base System Builder!
Software Development
This tool wil lead you through the steps necessary to create an embedded system it andlacnarating e
huting and aencrating
pre platfarm =
oping your software spplications
Please begin by selecling one of the following options
ing XPS
@) | would like to create a new design
ing ueing XMD an
) 1 would like to load an existing .bsb setings fl (saved from a previows session) -
cofiline
[ || Browse ng SDK*
= o
puth
~l
x Created poores direc
z
2
=
=
i -
5| Dt | waming | Enor |
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Emiéyovpe to board mov Ba ypnoiponomcovpe. Tty kN HoG epopuoyn gival to

Virtex 4 ML_403.

Ider - Select Board

Select a target development board: X Br ZE %
Projest Information A
(sject Information Area g 3
Project | Applioations ‘ IP Catalog 3
@) | would ke to create 2 system for the following development board D
Board vendar. | Al v 2
Board name: here for mere infermation
Board revisian; | 1 v
Hole: Visit the vendor websie for addiional board suppott materials. Hoftwars DauplCpmonit
Vendor's Website Contact Info huring and gencrating the
fre olattarm -
Dowinissd Thitd Pary Bosrd Defirition Fies o e ssiwarseacthesions
() | would lke ta create a system for a custom board Ing XPS
bugging using XMD an
Board desciption
| Prefiling”
The MLA03 board is intended to showease and demansirate Vitew-d lechnology, especialy the i
new features being added ta the FPGA. The MLACS board uliizes Miinx Virtex 4 ng SDK*
KEAVPA12FFE6S device. ltis a demonstiation platform to showcase the enomous power and
Hesibiity of Vites-4 FPGAS inchuding new and improved clock technology, DSP blocks, Smart
FIAM blacks, advanced |/0s. embedded MACs, embedded processors, LISE, and mare,
. =
puth
v
x Created poores direc
=
2
=
=
@
2 & [ emak J[_Mewr | [ camcel | &8
5| Dt | waming | Enor |
il /i /10, 1 /EDK fdocjusenglishiplatorm_studiofps_c_dd_initislizing_bitstreams_bw_testing, em @]

210 gndpevo Prpa emA&yovpe Tov eneepyaoTr) TOL BELOVLLE VAL YPTGLULOTOUGOVLLE.

Yrdpyovv dvo £rotpot eneEepyactéc o MicroBlaze kot PowerPC.

Base System Builder - Select Processor

File Edit Yiew Project Hardwa

EX BRI EE:BED

The board pou selected has the following FPGA device:

i i A Archieoture: Device Package: Speed grade:

Project | Applications ‘ IP Catalog | | vtend | [actvtxiz2 | [fresa | [0 ] =5
© Application Notes

=

[0 sispping,

L

here for more information

Select the processor you would like to use in this design: Software Davalopment

Processors N
buring and gencrating the
) MicroBlaze fce platfarm

ooing yeur software spplications

@) PoweiPC
ing XPS

bugging weing X e

Erofiling”

Procsssor description

The PowerPC[H] 406 processor core i @ 92-0i implementation of 2 RISC FowerPC pracessor n =

embeddertenvionment architecture 1 & ntegrated ino the Vite: | Pro and Vites 4 FX.

devics using the IPImmexsion technology and suppartad by CoreConnest bus nfastructure

and extensive IP cores for periphercls and uiifes

puth
M

% | Created peores dired|
S
£
=
o | S [ cBack J[[Mew> ] [ cancel ] £
2
5 Dupd | waming | Enor |

Files 47 sf#iin 10,1 JEDK fdocfusenglishiplatform_studiofps_c_did_inktidlizing_sw_overview.htm
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Mog eppavifel ta yopakmploTikd tov enefepyaotr mov €yovue emAélel, otnv

npokeévn mepintmwon tov PowerPC.

- Base System Builder - Configure PowerPC Processsor

iDP AR i BWmE:

ER Rz EiRBEMON

Prgject Information Area ~
e | System wide settings -
Project | Applioations ‘ IP Catalog 3
Reference clock Processor clock ST © A REaGA NG
frequency: frequency: ki Eplication Nates:|
[100.00 | MHz 10000 ~| MHz [100.00 | MHz
here for more information
Ensure that your board is configured for the specifed hequency.
Resetpolary: | Active LOW Software Development
Processor configuration jpudna and generation the
pre platfarm
Debug I/F Joring your software spplications
@ {FPGAJTAR] ing XPS
CPU debug user pins anly bugging ucing X| Ii.
CPU debug and race pins e
©) No dsbug o
Onchip memary (OCH)
| [Uise BRAM)
= =
Data
PowerPC —  [0F __ ~
Instruction buin
T NONE v
Cache setup -
[] Enable
B Cesied voores diced For oplimal performance, enabls burst
and/or cacheline on memary
Enable floating point urit (FRU) (3]
z
2
B
=
ird
2 @ A [ emak J[_Mewr | [ camcel | B
& oupd | wamia | Enr |

File:4/Cfinx/10.1/EDK fdocfusenglshplatform_studiofps_c_hdw_impl_bw_platform htm

*7 &vapen

o Hilin Pl

Y10 egmduevo otddo Kabopilovpe TOVG TPOTOLG EMKOWVMVING, ONAAST TN GLPLOKN

nopta, to led ,mov Ba pag kKaBodnyodv 6T GOOTN AEITOLPYIR TO GLGTHATOG KOOMG

KOl TOL KOUUTILE TOV oG divouy T duvatdTnTo EAEYYOL TOV GUGTNHUOTOC.

iDPEHR:BWEiag

Prgject Information Area

The following external memory and 10 devices were found on your board,

Hilin Wirkes 4 MLA03 Evahuation Platform Revision 1

Project | Applioations ‘\F‘Eata\ng |

Please select the |0 devices which you would like to use:

10 devices

RS232_Uait

Peripheral: [%PS UARTLITE e

Baudate [bils
per seconds).

Daatits
Paiiy: NONE v

[] Use interrupt

LEDs 48it

Peiipheral: [%PS GFID <
[[] Use interrupt

LEDs Fosiions
Peiipheral: [ %P5 GFID ~

[] Useinterupt

x| Created peores director Push_Bultons_Position

Peripheral: | XPS GPID ~

[ Use interrupt

Data Sheet

Diata Sheet

Ex Brizz:2emon

(3

@ Application Notes
)
je for more information
tware Development
Ja.and aenerating the
tfarm

o
b vour software spplications

ing ueing XI e

Console Windaw

Next >

| [ concel

[

& I
Ouput | Waring | Enar |
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dtavovpe oto onueio mov kabopilovpe Tig d1dPopeg PvIES TOL Ba YPMNCIUOTOLEL 1|

EPAPLOYT HOG KOOMOG emiong Kol TIC CLOKEVEG €16000V / €£600V OTtmG ethernet kot

compactflash memory.

inx Platform Studio - no projer a

le Edit Yiew Project Hardware Sof

w Base System Builder - Configure 10 Interfaces (2 of 3)

D HEHL PR 9

Prgject Information Area

Prciect | Appliaions | P Catalog |

Created peores director

The following external memory and 10 devices were found on your board
iiree Vite 4 MLA0Z Evaluation Platform Revision 1

Please select the |0 devices which you would like to use:

10 devices
IIC_EEPROM
Peripheral: | XPS IIC v

[ Use interrupt

Data Sheet

SysACE_CompactFlash
Peiipheral: | XPS SYSACE ~

[ Use interrupt

Data Sheet

Cypress_LISB
[ Gopress. Data Sheet

DDR_SDRAM

Peiipheral: | MPMC v

Ethemet_MAC
Peripheral: [XPS ETHERNETLITE v

] Use interrupt

Data Sheet

Ex:Rrizc:impmon

3

© Application Notes

je for more infermation
tware Development
ja and generating the

attarm
i your softwars applications

I e

Console Windaw

T]utpul ‘Wamlng H Enar |

<Back [ New> | [ cancal

File:JfC:feiinx/10,1/EDK fdaciusenglishiplatform_studiojps_c_did intilizing_bitstreams_hw_testing, htm

77 Svapen

5 Hilinyc Pl

Ta enodpeva tpia Prpata kabopifovv Tic pvhueg mov Ba ypnoipomombovv, pe moio

dedopéva Ba Exovv oyéon kot ToH B GTEAVEL TOL ATOTEAEGUATO.

File Edit Yiew Project Hardware Soff

iDPHEHL B E i@

Prgject Information Area

Project | Applioations ‘\F‘Eata\ng |

Created poores director

T T T —— e ———

% Base System Builder - Configure 10 Interfaces (3 of 3)

The following external memory and 10 devices were found on your board,

Ex Rr s :2EDON

Console Windaw

iput ‘Waming HE’P_’_'

&
Ou

il ites 4 MLA0Z Evaluation Flatform Revision 1 ~
Please select the 0 davices which you would like to use: 3
0 desives © Application Notes |
[ TriMode_MAC_GMII Data Shest e for mere information
tware Development
fa and gencrating the
latfarm
b your software spplications
kes
ing using XMD an
ling”
SRAM
Lok
Feripheral: [ XPS MCH EMC -
FLASH
O Data Sheet
v
>
<Baok [ Mew> | [ Concel =
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- Xilinx Platform Studio - no projer*

DPHL BMEing

Project Information Area

Project | Applications ‘\F’Eata\ug ‘

Created peores director

[T Aoy <+ Base System Builder - Add Internal Peripherals (1 of 1)

Add other peripherals that do nat interact with off-chip components. Use the
“acd Peripheral” button to select from the list of available peripherats

1f you do ot wish to add any han D peripherals, click the "Next” button

Add Peiipheral ..

Peripherals

Ex:Rrize:mBMm

© Applic

4
ion Notes
J

e for more i

#ps_bram_if_cntir_1
Peripheral: XPS BRAM IF CNTLR

Remove

Memory size:

ftware Development
Ja and generating the
lattorm

b vour software applications
ks
ing ueing XI

ling"
el

Console Window

&l
0

Pt \Wammg e I

Next>

More Info

<Back [ ] [ cancel

File: 47 10,1 /EDK fdocfusenglshiplatform _studiofps

did_initializing_sv_overview.him

Xilinx Platform Studio - no project
File Edt View Project Hardware Softw

opened - [[Platform Studio]]

i < Base System Builder - Software Setup

Project Information Area

Devices to use as standard input, standard oulput, and boot memary

STON R5232_Uat |
Froject | Applications | IP Catal
it ~er | PCsidog | STDOUT: | RS232_Uat v
Baot Memory: | xps_bram_if_cnth_1 vl
Sample application selection
Select the sample C application that you would ke to have generated. Each appliation wil
include 2 finker sciipt
Memory test
Hustrate system aliveness and perform 3 basic 1ead/wite test to sach memory in your system
Paiipheral selftest
Perform a simple seliest for sach petipheral in yaur system.
Below are other software applications found for your board.In order ta select an application,
please ensure your system salisfy the reiements, Ses “Mors Detais”
ML403 Cypress USE Appliation Mors Detals
x

I

Duput | waming | Enar |

© Applic

4
ion Notes
J

r more infermation
hre Development

d generating the
hrm

wr saftware applications

X

jing wei

g

T

Next » Cancel

[

cBack [

J

J

File:4/Ceflinx /10,1 fEDKfd
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. Xilinx Platform Studia - no project opened - [[Platform Studio]]
File Edit %iem Project Hardware Softwal

~v Base System Builder - Configure Memory Test Application

The simple Merory Test application wil llustrate system aliveness and performn & basic resd/wile test
o your memary devices.
Prgject Information Area x Al
Project | Applioations ‘ P Catslog | MemoryTest B
Select the memory devices which will be used to hold the fallowing progran sections: © Application Nq...)
Instructior: | xps_bram_if_crir_1 v
= r more information
Data: | 2ps_bram_if_crtir_1 v/
Stack/Heap: | zps_bram_if_crll_1 v/ hre Development
Interupt Yec: | Mo ntemipl | hd acnerating the
pum
it software spplications
ng ueing XMD and GDE
-
“WARNING |
1f you have placed the Instiuction or Data section of this program in an extemal memory, you must
use a debugger. bootloader, o ACE file to inifislizs memoty before you can un this progiam
il
x
=
ES
=
=
2l - i £}
@ T
5 Oupt | waring | Evor | [ <Baok J[_mew> ] [ comesl ]
Files 23 i/ 10,1 [EDK e m_TreeTe e e [

File Edit Yiew Project Hardware Softwa

+ Base System Builder - Configure Peripheral Test Application

S EEBERIEEIBRBE OO
The Peripheral Selftest application includes a simple sel test for each petipethal in your system fi such
a selftest function exists in the driver the peripheral).
Pioject Informatian Area x al
Project | Applications ‘\F’Eata\ng ‘ PeripheralTest
Selent the memory devices which willbe used to hold the following program sections © Application Nuluu)
Instruction: | SRAM v/
r more information
Data: | SRAM v/
Stack/Heap: [ SRAM v hre Development
Internupt Vee: | Mo itemipt | hd gencrating the =
prm
ur software spplications
g wei n
-
WARNING - =
Due ta the expected size of this application, it s highly recommended that you place the
Instruction and Data sections in an exteinal memary. You will have to use a debuager,
boatloader, or ACE fie o niiaize the memory.
|
x
=
]
=l
-8
Z
1 L[ — )
2
& ount | waming | Enar | [ ek [ ter | [ comess |
Flei /i filin 10, 1/EDK fd n_ o= ]
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>10 TEAEVLTOI0 OTAS0 OGO APOPA TIG UVNUES KOl GUOKEVEG €16000V / €£600V, LG

enpaviCel éva mivaka pe to peyédn, and mod apyilovv Kot Tov TEAEUDVOLV, aPOV £XEL

HEYAAO pOLO OmG o SOVUE GTO EMOUEVA GTAOLOL.

linx Platform Studio - no project opened - [[Platform Studio]]

le Edit Wiew Project Hardware Softwa

NP HR 'FAWE e

e il Below is & summaty of the system you have crestedl. Plsase teview the information below, If t s
SRR A % % A conect, hit <Generste 1o enter the infomalion into the XPS data base and generals the system fles
Praiect Information Area | Dthenvize ratumn to the previous page to make comections, =

< Base System Builder - System Created

EIBRKIEE:RB DN

Project | Applications ‘\F’Eata\ng |

Processor: pped0 0 A
Pracessor clock frequency. 100.00 MHz
Bus clock hequency: 100.00 MHz
O Chip Memany: 8 KB
Total 0K Chip Memory : 65 MB pr more information
-SRAM = 1MB
-DDR SDRAM = B4 MB

The addiess maps below have been automatically assigned. You can modiy them using the
editing features of KPS

© Application Notes
)

%

hre D

d gencrating the

PLB Bus : PLBE_V46 Inst. name: plb  Attached Components: e
Core Name Instance Name  Base Addr High Addr Jucssitwers cppleations
sps_bram_if_cntl wps_bram_if_cnth_1  0WFFFFEOOD (FFFFFFFF
wps_uartit RS5232_Uart 084000000 0w8400FFFF ing ueing X1 i
#ps_gpio LEDs_d4Bit 081400000 0x&140FFFF -
#ps_gpio LEDs_Positiors: Ox51420000 OxB142FFFF -
*ps_gpio Push_Buttans_Position 051440000 0w 44FFFF =1
#ps_iic. IIC_EEPROM 051600000 Ow&1B0FFFF
#ps_spsace SpstCE_CompactFlast 0x83600000 (xB360FFFF
#ps_ethemetiite Ethemet_MAC 081000000 0x8100FFFF
#ps_mch_smc SRAM 0+FFEO0000 O4FFEFFFFF
v
x
=
£
-8
=
@ ! B
z T
& Oumr | waring | v | [ <Beck [ meneae ] [ comesl |
Flei /i filin 10, 1/EDK fd ¢ e ]

] év&pﬁn S m it o tools w_project o A =Cnarie

Me v emdoyn Generate 1o cuotnua apyilel va dnpovpyeite ko pog peoavifet oA

TOL OTTOPOATNTO. GYESIAYPAUUOTO KOl TANPOPOPIES £TOL MGTE VO YIVEL IO KOTOVONTO

TPOG EULAG TO TEMKO EVOOUATOUEVO GVUGTNUO TTOV EYEL dNovpynOet.

= Xilinx Platform Studio - C:/my_project/myproject2/system.xmp - [System Assembly View1]
File Edt View Project Hardware Software Device Configuration Debug Simulation \Mindow Help (=]
DPEHL DR el RRENENBOR AR E-ARS MBI EX B E E BB DONR
A% % R0
3

_______ Businlerfaces | Pons | Addresses | [Ee BIF Fiters
Foiect | Agplicaions | [P Caiaog | Hame Bus Connection P Tipe P ersion
Soltware Projects - 00e 450 ppodlS_viterd 2013
{TlAdd Software Applcation Projest @b Pl w46 1038
- Default: ppe405_0_bootioop P oot O apib? plo_+45 103a
Project: TestApp_Memory o Tl PR e
Frocessor: ppedl5_0 = mpme: °
ecutable: C:\my_projectmyproject?:Tel :’g’;zﬂ”—"—m"—’ *DS—"’T—“—“’“" ;gga
. ¥ps_meh_eme a
it beams  cr 7 tray Eram_black 100
@ jlagooe§ fagppo_entt 200
- . -3 proc sy sesel 0 proc_sys ezt 200
=1 Project: TestApp_Peripheral
s’ 1OIOCL TestApp_Teriphera B Ethemner MAC wps_ethemetite 2.00b
Foosssor: pped0s 0 D LEDy 4 sps_gpin 1.00a
- Executable: C:\my_project\myproject?iTel e i T
Compilr Optons @ Puish Buttans Postion 4ps_apio 100
P I EEPHOM vps_ic 2003
- B oA CE Compactflash ¥ps_spsace 100
@ F5232 Uit kps_uattits 1005
> clock_ganasaios 0 clock_generator 2013
< 5AAM sl bus st 3 wibus_spit 100
< | =
< | 5| Plotom St | ) Uniledl | Spstem dssamblyView | Block Disgram
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3.2 Odnyog Avantoéng Eeappoyav
To SDK mapéyet ev mepifaiilmv viomoinong software epappoymv.
e  Mnopei va ypnooromBei to ISE kot XPS ce pikpng yopntikdtntog 0ickoug.
e Ymootpilel Snuovpyios CLOTNUATOV LE TOAVENTEEEPYAOTEC.
o Mnopel va PeAtiotomolel 10 KUKAOUOTO OYESWIGHOV HE OTOTEAEGUA
TEPLEGOTEPT OMOOOTIKOTNTA Kol 6TOfEPOTNTOL
* Ymootpilel epapproyEg LOVo pe Tyoio KOJKO.
o Eléyyel to ovomnua o€ TEMKO 6TAS10 0660 0popa software kot hardware.

o Tlapéyer C/C++ editor aAld kor compilation environment.

3.3 Aquovpyio Bipiodnkov

To Libgen dmuwovpyet tig amapaimteg Piprodnkeg 6o apopd ta driver g
ovokevng, 1o file system kot TNV SCHVOEST TOL EVOOUATOUEVOL ETECEPYOOTI GTO
ocvotnpo. H mhatedppa Aoyopikov opiler yia kébe emelepyaotr, ta driver mov
oxeTIloVTOL LE TIC GLOKEVEG TOV TEPIAAUPAVOVTOL TN OIKN TOL TAATPOPLO VAIKOV,
emAeypéveg PpAoONKeg, cvuokevEg 16000V Kat e£EGS0V, pouTiveg YEPIoU0D, Kol GAAL
oLVOQY|] XOPOKTNPLOTIKA AoyiopkoV. [aipvovtag tig BifAodrkeg ko ta driver amod
mv eykatdotoon, poli pe PProdnkeg kot driver yio kébe mepPIPePEIOKO TOL
mopéyetal, 1o SDK eivar og 6éom va dnuovpynocel, cvumeplAapfovopévey tov
BpAoOnkov ko tov driver, éva executable format (.ELF) mov Oa eivon érouo va

TPEXEL GTNV TAATQPOPLL TOV EMEEEPYATTT).

3.4 Bitstream Initialize

To bitstream initialize eivar éva epyoieio mov pog Porba va dacHvdsovpe TIg
SLAPOPES LWVIIEG TOL GLGTNILOTOG LE TOV €MECEPYAOTN KOl TMG Oa GLUTEPIPEPETAL O
eneEepyaoTnG LS amd TO TIG TANPOPOPIES TOV TOL £xovpe dmoetl and to software. To
bitstream pmopel va dwafactel pévo amd to hardware agov givor kabapd oe yYAdooo
unyavng (Binary system) ,va viomotel 6Aeg Tic Asrtovpyieg mov €yovue kabopicet
uéca amod to ISE kot va evoopatmcet OAeg Tic epappoyés tov ELF apyeiov yuo kéOe

eneepyaot Eeymplotd
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3.5Anuovpyia System ACE Apyeiov (GenACE)
To XPS Generates Xilinx System Ace onuovpyel éva apyeio and 1o FPGA bit

stream ,ELF kot data file. To apyeio avtd kdver v 1010 dovAeid e to bit stream pe
™V Sdeopa OPMS OTL TO system.ace dnpuovpyeitar yo va EEKvd TV €Qoproyn amod
mv efoteptkn kbpta pvnung tov board compact flash.To system.ace pumopei vo
onuovpynBet yio omolodnmote TOTO €MELEPYAOTN, YO OTMOLOONTOTE TEPLPEPELNKO
vrootnpiler o board pe v povn mpodmoddeom 1o board va vroomnpilel ekkivnon

ocvotpatog and compactflash képra.

3.6 Gnu Compiler

O Gnu Compiler nepthoppdavete oto EDK kot ypnowomotet to binary system vyio
eCayoyn exteléoyov apyeiov. Ta yapakmnpiotikd g dwdikaciog mov ypetdletal
v va yiver compile évag kmokag 660 apopd 10 PowerPC kot tov MicroBlaze

(OiVOVTOL GTO O KAT® GYTLLOL.

Input GiC++ Files

|

cppl

SN
N/

(mb-as or powerpc-sabi-as)

celplus

r
Id
{rrib-d or powerpe-eabi-d)

l

Clutput ELF Fila

Librarias -

LG 11 08 $HE0S
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KE®AAAIO 4 :ITIEIPAMATIKO XTAAIO

4.1 E@appoyég Exkovov

210 otdd10 ™G dMovpyiag koo Ba TpéEove 6e POPETIKOVS eneEepyaoTEg
KOl PE OLOUPOPETIKES UVNIEG ETIKOVOVING TIC EQAPUOYES Yo VO, SOVIE TNV OTOS00
TOV ENEEEPYOCSTAOV. ANUIOVPYNCALE dVO KOOIKEG Ol 0Toiol GTNV 0VGia £YOoVV KLPLO
okomd 10 QUATpdpiopo ewoveov Tomov PGM. T'a va prnopécovpe va tepdcovpe v
EIKOVO LEGO GTOV KMOKO TNG EPAPLOYNG TPEEAE KATOlH EKOVO TOTOL .pgm GE Eva
GALO KMOOIKO TOV UETOTPEMEL TV EIKOVA GE £va. apyelo .txt Kot oTo TEPLEXOUEVO TOV
apyeiov ovtov petaTpémel TV €KOVO 68 v dLOAGTATO LN TPOSUAGUEVO TTivaKL
yopokmpov. O mivakag ovtdg TPEMEL Vo, €ivol OTMGONTOTE OTOTIKOG OTAV
ypnoorombel amd kAmoov KOO Yoo vo, unv €xovpe oAAoyEG Kol avakpiypn
OTOTEAECLOTO OTIC LETPNOELS LOG.

Ag eo0T1d00VUE OUMS GTOVG dVO KVPLOVE KOJIKES oL Bal Yivouv Ta TEWPA AT Yo VO
EKTIUGOVLE TIG EMOMDOELS TOV EMEEEPYACTMOV LUE OLOUPOPETIKA YOUPAKTNPIOTIKG KAOE
eopd. Ta kOpla YOPUKINPICTIKE KOl TOV OVO EPUPUOYDOV TOL B0 VAOTOCOVUE OF
koowa C givor va dtofdlovpe pa eikdva and €va ototikd mivaxka tov oroio Ha tov
MEPAGOVUE OO KAMOlEG OLVOPTNOELS Y. v Pydhovue amoteAéopota. Ta
ATOTEAEGUATO OO TNV EKTEALECT) TOV EQOPUOYDV Ba GTEAVOVTAL HEGM IOG GLPLOKNG
BVpag o€ €va vToAoyloT 0 omoiog Ba Kavel koTaypdeetl Ta dedopéva og Eva apyeio.
O mp®dTOC KMOKAG B asyoAeital pe TNV aAhayr] TOV avTIBECE®Y TOV XPOUATOV GE
opllovta emimeda kol ool avayvopilel péca amd TG CLVAPTNOELS TIG AVTIOECEL,
émeito. B dmpovpyet éva dedtepo mivaka o omoiog Bo TVIMOVEL PE aXVES YPOLUES
puovo 1 evarrayég oe oplovtio eminmedo. O mivakog avtdg Oa oTédveTon OmMC
TPoavVaPEPaLE PEC® oSVPLaKNG BVpag oe éva vroloylot) mov Bo Katoypdeel To
dedopéva og éva apyeio .txt 10 omoio Ba To avoifovue ot cvveyeio pe Eva image
editor ywo va dodue v @uktpapiopévn ewova(my éva okdkl tpoomadel va Ppet Tig
optlovTieg YpapUES avapuesa oto TETpdyova Kot va T Palel 610 véo mivaka Tov
onuovpyel). O kmdkag avtdg Aéyeton gradient Ppiokeron oto HMapaptnpel.O
deVTEPOC KOOGS Ba aoyoreiton TAM HE TV OAAOYT TOV YPOUATOV, OU®G OVTH TN
@opa dev Ba elvar oe opllovio eminmedo OAAG KOl GE KOTOKOPLPO LLE GKOTO VO
npoonabel vo avayvopicel To mEPypAppoTo omd Ty ewoévo(my  €vol OKAKL
nmpoomadel va Bpel ta mEPLYpAULOTA OO TOL TETPAY®VO Kot ta movie). H dovield

avtn Oa yiveTon TAAL Le GLVOPTNOELS Kol LE TOV 1010 TPOTO OTMG GTOV TPMTO KMOTKOL
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Ba otélvovton kat Oa kataypdeovtal og £va VITOAOYIoTH. O de0TEPOG KMOKOG AEYETOL

canny Kot Bpioketor oto Hapaptnpa?.

4.2 Em.oyn Eneepyaot

To 014610 avtd elvar to KHPLO TEWPAPATIKO PUEPOG TNG EPAPHOYNG apoD €00 Bal
TOpovUE OAEG TIG UETPNOEIS YO VO EKTIUNCOVUE TNV OTOSOTIKOTNTA TOL KAOE
EMeEEPYOOT) GE GLVOLOOUO [E KOMOWL TEPLPEPEIOKG KOl HE  OLOLPOPETIKES
nopapéTpoug kébe @opd. Ommg avagépape Kol o€ TPONYoOUEVO KEPOAOIO OAaL
oyxedtdlovror and to XPS(Xilinx Platform Studio) 1o omoio givatl 1o kOplo epyoireio
v ¢ emeepyoasio OAOV TV AETOLPYI®V 0AAG Kot Tov KabBopiopd OAwv TV
TEPLPEPELOKDOV OV B GLVOLAGTOVV e TOV enelepyaotn kol TEMKA Oa Tpéovv v
EQAPLOY.

Ot enelepynoTég MOV UTOPOVUE VAL SOKIUAGOVLE GTNV EPAPUOYN UG Eval dVLO Kot
dtvovtan étotpot amd o XPS yia va ypnoyonomBovv angvbeiog oe epappoyn. Ot dvo
avTol EMEEEPYNOTEG OEV DLAPEPOVY GE YOPAKTNPIOTIKA (Y 32bit) aAld dtapEépovy 6T
OPYLTEKTOVIKY] TOVG OXEOIOON LE OMOTEALEGHO VO CUUTEPLUPEPOVTAL SLOPOPETIKA OTIG
idtec epappoyés. O enelepyaotég eivar o PowerPC kot MicroBlaze. Kot covg dvo
avToOg  EMEEEPYOOTEG UTOPOVUE VO EQUPUOCOVUE OYeOOV OAD TO  gpYyOAeia
TEPLPEPELOKE KO TOPAUETPOVS OV givar dtabéoipa and to board €161 pmopovpe pe
NV 1010 EPOPLOYN VO TAPOVUE OTOTELECUATO KOL TEAKO VO GUYKPIVOLLE TaL EMimeEd
amodoTIKOTNTOG TOL K&OE enelepynoty.

O PowerPC amd tic 0dnyiec mov divel 0 KOTOOKELOOTNG Elvol CYETIKA 7O
amodoTIKOG amd Tov MicroBlaze dpmg ovtd o to dovue HEca amd TIG TEWPOUUOTIKES
Hog petpnoelc. Avtd mov Umopovpe  apytkd vo movpe eivan 60Tt 6tov PowerPC dev
pumopovpe va. gpappocovpe CACHE pviun oamevbeiog otov emefepyaocty kot ov
teMkd mpémel va, epappocovpe v CACHE pviun mpémetl vo TopopeTPOTOI|GOVLLE
v DDR pviun étot wote va €xel v 0k g CACHE pviun. Emimiéov 6Aeg Tig
petpnoelg Ba tig mapovpe amd timer mov Bo EQOPUOCOVUE GTO GUGTNUO. XTOV
PowerPC pmopobvue va epopupdcovpe kot software kor hardware timer evéd otov

MicroBlaze povo software timer.
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4.3 AwoOéorpec pvipeg

To endpevo onuovtikd (Mrnua otnv oyediaomn Kot VAOTOINGT KATOwS EPOPUOYNS
etvar 1 emAoyn PvAuNG mov Ba emMAEEOVIE VO POPTAOCEL Kot VoL TPEEEL TNV EPAPLOYN
pog. Onmg E€povpe YeVIKA amd T0. GLGTAUATO VITOAOYIGTMV TO UEYEHOS TG UVIAUNG
Kol 1 ovxvotnTo. AEtovpyiag Tng Oivouv o KOAY amddocn GTO GUGTNUO GE
oLVOLAGUO LE TNV eMEEEPYAOTIKN 10Y0D. AV éva GOOTNUA e TOAD KOAO emeepyootn
VoTEPEl GE MOl IKOVOTONTIKOV HeYEBOVG Kol cuyvoTnTa Asttovpyiog pvnun tote To
ocvotnpa ovtod dev Ba divel og kapia tepintwon 1o 100% twv Tpodiaypapdv Tov.

Ag gEetdoovpe AoumoOv moteg PVNEG O10BETEL TO GUGTNUO LOG KOl T{ LWITOPOVUE VAL
KOVOLLE LE ALTEG YO VO TETVYOVLE OG0 TO dVVATOV TEPLoadtepn amddoor. To FPGA
MI403 board tng xilinx 100étel Tpelg TOMOVG UVAUNG OV UTOPEIS AUESO VO TOVG
YPNOYLOTOUOELS GE GUVOLACHO pe Tov emeEepyactn. Ot Tpelg avtol TOTOL UVAUNG
elvar 1 XPS BRAM, n SRAM_C ka1 1 DDR_SDRAM. X¢ «é0e mepintoon n kabe
VAN €XEL TO TAEOVEKTNUOTO KOl TO, LEIOVEKTNLOTA TG GE OYE0M UE TIG GAAEG dvo.
Acg dovpe Aomdv TO OVOAVTIKAE Ta YOPAKTNPLOTIKA NG KaBe pog Eexmptotd yuo va
KOTOVON|GOVLLE GE Tl UTOPOVLE VO YPNCUYLOTOCOVLE TNV KAOE Lua.

H XPS BRAM egivar 1 mo pukpn pviun amd Tig Tpelg, n omoio givor peyeoug
8Kbytes kot Bpioketar péoa oto chip mov eivonl oyedlaouévog 0 eMEEEPYNOTNG OF
block pvnung avapeco ota CLB block. Onwg pmopovpe va kataidfoope ovth M
pvniun Ba elvar og KGBe mepinTwon M Mo amodoTIKN aPov dev ypetdletor eEMTEPIKA
processor buses vo EMKOVOVIGEL L TOV ENEEEPYACTN £TCL LEUOVOVTOL Ol OMOGTACELG
KOl UELOVETOL OMUAVTIKG Kol 0 xpovog aAAnieniopaonc. Telkd ouwg 660 kol va
aKoVYETOL WOVIKO dev gival KaBOAoL AETOLPYIKOS OVTOG O TOTOG UVAUNG HE TO
8Kbytes mov Ow0bétel, dev umopel va TpéEel peydhes eQapUOYEG KOl HAAAOV EXEL
oyxedtootel Yo d0kpeg og Bépata PertioTonoinong.

O emoduevog tomoc uviung eivor SRAM C n omoio éxer 1024Kbytes péyebog,
Bpioketon eEmtepikd amd to chip ko emkovavel e Tov eneepyaotn HECH KATOU®V
processor buses mov eivor oyeduopéva mhve oto board. H pviun avt) sivor n
AUECMG EMOUEVN TTLO YPNYOPOTEPT LUVTUT TOV GCLGTHHOTOG He PEYEDOG TKAVOTOINTIKO
Yo vAomoinom pecaiov TOMOVL EQPOPUOYEC KOU O KOAO EMImEdO  amOI00MNG
EMECEPYACTH-UVILNG.

H tehevtaio pvqun mov dwbéter 1o board eivaor 1 DDR SDRAM n omnoia €xet
péyebog 65536Kbytes(65MB), Bpioketon €€ and to chip ko emkowvwvel pe tov

eneepyaotn pécm processor buses ta omoia Exovv oyedlactel mivw oto board.
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O tdmog pvnung avtdg glvarl 0 o apydg Ge GYXECN LE TOLG GAAOVG OLO OUMG £XEL
péyeBog apketd to omoio pmopel vo wovomomoer OewpnTikd YL OTOLOONTOTE
epapuoyn 0éhovpe. H DDR_SDRAM gitvan 0 tHmog pviung mov ypnoyLonoleital o
To €VPY PAGUA GE OYEOMN UE TOVS GAAOLG OVO aPOD pmopel va cLVOVACTEL Kol [e
CACHE pviun n onoio umopet metvyel ToAd KoAd TOG00TO amdd00oNG Kol EMTAEOV
70 péyehog ™G Umopel Vo OMGEL GTOV GYEOIOTN KATOLOG EPOPHOYNS TN dvVATOTNTO
Vo VAOTOMGEL éva apykd HovTéAo peydilov peyéBovg va 1o eAéyEel v Tuydv
oxeO00TIKA AGOT Kol 6T cuveE)Ein va TO BEATIGTOTOM|CEL.

Y10 tedevtaio onueio MOV TWPEMEL VO ODGOLUE EUPOOT Elval TG PTOPOVUE Vo
dwyepotovpe v CACHE pviun. Tnmv CACHE pvnun dev umopodue va v
YPNOLUOTOU|COVE QUECOH CE MO EQOPUOYN OT®C EEpovpe, GAAG pmopoldue va
TETHYOVLE GLVOLALOVTOG TNV LE AALOVG TOTOVG LVIUNG EVIVTIOGLUKE OTOTELEGLLATOL.
Ymv CACHE pvrun vrmépyovv apkerol meplopicpol Omwg eivor 6tov  TtOMO
eneEePYOT TOV UTOPOVLLE VO, XPNGIULOTO GOV UE apoV otov PowerPC dgv pmopovpe
VoL TNV XPNCILOTON|COVUE QUEGH GE CLVOLOAGHO LE TOV EMEEEPYNOTH OAAE HLEG® TNG
DDR. Xtov MicroBlaze n CACHE pviun dev pog €xet moAAovG Teplopicpods Kot
étor av  Béhovue éva ovommuo koo pe CACHE pviun Ba mpémer  va
ypnoonomoovpe MicroBlaze enelepyaoty.

evikd to xke@aAaio pviuNng TPETEL Vo TO TPOGEXOVUE GE KOOE TEpinTOON APOV GTNV
ovcio Ol To Ogdopévo TEPVOLV OO TOLAAYIOTOV €va TOTO UVAUNG TLYOLOG
TPOCTELACNG. XTO TEPOUATIKO EMIMEDO TNG OIKNG LG EQAPLOYNG OAEG Ol LETPNOELS
Ba mapBodv amd Tov cLVOVACHSO TOL EMEEEPYACTN LE TNV LVIAUN. ZTO KEPOAAIO OVTO
Ba emavéLBovpe TO AVOADTIKA GE EMOUEVO KOUUATL TNG TEPOUATIKNG O1adIKACTog e

TEPIOCOTEPEC AETTOUEPELEG KOl EKTIUNOELS.

31



4.4 MeTpnTég

211 dapopeg 0Okeg mov Ba KAvovue HE T O1BPOPOU YOPOKTINPIOTIKA Yol VO
KOTOYPAWYOLLE TO TOGOGTO TG Amdd00MG VOGS GLGTHHOTOC Oa Tpémel va BEcovue Eva
HETPO GVYKPLONG Y10l VO, LTTOPECOVLE VO SOVLLE TIG SIAPOPES TOV EYOLV HETAED TOVS. O
O €VKOAOG TPOTOG VO GLYKPIVOLUE T SLAPOPO. GLGTHATO Elval v TpocHicovpie
timer 6TV EQUPUOYY HOG OVTMG MOTE VO UETPOVLE TO XPOVO TOV KAVEL Eva GLGTIUO
amo v opa Tov Ba Eekvhoel pExpt TV ®Pa TOL Oa TELELDGEL KO VO, LLOG TUTTMVEL TO
arotédecpa oty ££0do. 'Eneita Oa mepvovpe avtd to ypodvo kot Oa Tov cuykpivovpe
LE TNV aVTIGTOYN EPAPLOYT OAAL GE OLOPOPETIKO GLGTN LA

210 board mov Ba ypnopomocove VILdPYOLV dVo TPOTOL Vo TPocHEGOLLE timer O
np®TOoG TPOéMog €ivar o hardware timer o omoiog Ppioketor mave oto board o
emkowvmvel pe tov enefepyaotn pe buses kat o debtepog Tpdmog eivar o software
timer 0 0omoiog YpAPETAL LEGH GTOV KMOKO TNG EPAPLOYNG YiveTon compile Kot TpEyet
oov TPOypappa e epapuoyns. O software timer onilmvetor p€co otV main TOL
KOPLOG TPOYPAUUOTOS Kot EEKIVA, GTOUOTH KOl TUTMVEL UE TIG KATOAANAEG EVIOAES
omov epeig Béhovpe. O hardware timer eivan ehdylota mo cwoTdC and tov software
timer yw 10 AGy0o OTL dgv meEPUEVEL Vo GOPTMOEL M €QPOPUOYN OTN HVAUN Yo va
Eexwvnoet. Ot 6vo avTol timer £yoVV TEPLOPICUOVS MG TPOG TO TOHTO ENEEEPYAOTN TOV
ypnoworoovpe. o mapddstypa Eva cOGTNUO GYEOIUGUEVO KO TOPUUETPOTOMUEVO
va dovAgvet pe PowerPC umopovpe va xpnoomo|Govpe Kot Toug 0vo timer evd o€
€va GUOTNUO GYESIGUEVO KOl TOPAUETPOTONUEVO Vo, d0VAEVEL e MicroBlaze dev
umopel vo. OovAéyer pe tov hardware timer kol €101 TWEPVOVUE UETPNOELG
epapuolovtag tov software timer. Xe KaBe mepintwon n ddPopa GTOVG dVO Elvar
TOAD pkp oxedov apeAntéa. Ot dvo timer peTpodv KOKAOLG poroyol dnAadr Hertz
KOl To OmOTEAECHOTO TOVG ivan og dekaeadtkn popen. To amotéreopa oe second
teMkd Pyaivel amd 10 011 To board dovievel oe cvyvoétmta 100MHertz étot 10
petatpémovpe og Oekadkd kol to Swpovpe pe 1000000000 o va Bpodue T0

OTOTEAEG L.
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4.5 Ilewpopatiki orookacio
Onwg mpoavagépape ol eMOOGES Oa LTOAOYIGTOVV A0 SLOPOPETIKG GLGTHLLOTA TO.

omoio. oe k@Be mepimtwon Ba tpéyovv TV 1010 €PapUOYN OAAGL LE OLPOPETIKO

ovvovaoud enelepyaosti-pvnung. Ot dvo epappoyég pog givar o canny kKot gradient ot

omoiol aoyoAobvtol Kupiwg HE QIATPAPICHO KOOV €KOVOV Kol Ba  tovg

YPNOLUOTOU|COVLLE KOl TOVG dVO GTO. {0100 GLGTIILATO Y10l VO LETPT)COVLLE TIG EMOMGELG

emeEePyaoT UVAUNG OAAQ KOl TNV amOO0GT TOL GUCTHUOTOS HE TIC VO OUTEG

epappoyés. Iapokdtw Oa avaeépovpe avaAvTiKd Ta €1 S1UPOPETIKG GLGTNILOTA TOV
Oa YPNOUOTOUCOVLE LE TIG OVO AVTEG EPAPUOYES:

o XYotnua Paciopévo oe PowerPC pe pviun SRAM, hardware/software timer
kot Oa tpé€et Tig epappoyég gradient/canny.

e XVYotua Paciopévo oe PowerPC pe uviun DDR, hardware/software timer
ko o TpéEet Tic epappoyég gradient/canny.

o Yvomua Poowopévo oe PowerPC pe pvaun DDR ko CACHE,

hardware/software timer ko1 Oa Tpé€et Ti¢ epappoyég gradient/canny.

o Xvompa Pacwopévo oe MicroBlaze pe pviun SRAM, software timer kot 6o
TpéEet TI epaployég gradient/canny.

e XVotmua PBaciopévo oe MicroBlaze pe pvun DDR, software timer kot Qo
tpé€et Tig epappoyég gradient/canny.

e XYotmua Paciopévo oe MicroBlaze pe pvqun DDR xor CACHE, software

timer ko Oa tpéEet Tic epappoyég gradient/canny.

H mo névo dwdwocio Ba yivete oe Egxwplotd project to omoia OTOV GYEINAGTOOV
Kot TopapeTpomoinfovv tote e v Pondeta pog evioAng Ba onpuovpyeitol 1o TeEAMKO
apyeio system.ace to omoio Oa TpéEet TNV EQapUOYN LOG.

H evtoAn avtn givau

xmd —tcl genacetcl —jprog —-board ml403 —target ppc hw -hw
implementation/download.bit —elf TestApp Memory/executable.elf —ace system.ace —
start_address 0x00000000

(n xOp eviodr] vy v dnuovpyion Tov system.ace eival ovTr, OUOG GE UEPIKES
MEPUITOCES UTOpel var OAAAEEL avaddloyo HE TOV EMEEEPYOOTN 1 TNV UVIUN 7OV

YPNOOTOLOVLLE).
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O1 petproelg Oheg éywvav o€ gpyactnplakod eminedo pe ewova peyébovg 90KB kot
uéyebog mivoka 181x146.Ta amoteAéopata Ppickoviolr 6To MO KAT® TIVOKO UE TIG

avTIGTOLYEG EQPAPUOYES Kot TO avTioTolya cvothpata. Ta arotedéopato Oha eivat og

devTePOLETTAL.
Ilivakog 1: AToTeEAEOCPOTO PETPNOEDV
PowerPC MicroBlaze
SRAM 0,47s 2,24s
Gradient DDR 0,565 3,385
DDR + CACHE 0,04s 0,16s
SRAM 5,31s 14,6s
Canny DDR 6,44s 26,8s
DDR + CACHE 0,57s 3,29s
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Ta aroteAéopato TPV Kot LETA TO GIATPAPIOUO TNG EIKOVOG:

Ewéva mpv amd 1o prdtpdpiopa

|
L
{,1

. — L
L

L

Canny application
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Ipagpwcég mapactdoelg g Gradient eeapuoyng pe PowerPC xor MicroBlaze
GLVAPTNON TOL TOTOV UV UNG.

Gradient PowerPC

O SRAM
m DDR
o DDR+CACHE

second

1

memory type

Gradient MicroBlaze

O SRAM
= DDR
0 DDR+CACHE

second

1

memory type
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Ipapwcég mapaoctdoelg tg Canny eeoapuoyng pe PowerPC kor MicroBlaze

GLVAPTNON TOL TOTOL UVIUNG.

Canny PowerPC
7
6
5
4 @ SRAM
c
3 m DDR
o 3
» 0 DDR+CACHE
2
1
0
1
memory type
Canny MicroBlaze
) @ SRAM
S m DDR
& 0 DDR+CACHE
1
memory type
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4.6 Avarvon amoTELEGNATOV
Ag €EeTAOOLLE TOL OTOTELEGLOTO TNG TTELPAUOTIKNG O1001KAGT10G Yo Vo KataAnEovpe

OTO TOL0 O7TO TO. GLGTNHLLOTO TTOV £YOVLE VAOTOMGEL £lval TO AmodoTIKé 6woTd, G€ Ti
votepel Kot og 1L veptepel Evavtt Tov GAAwv. H mepapotikn dadikacio yopileton
o€ dvo uépn, v epappoyn gradient kot v epappoyn canny. ‘Exovue oyxedidost €&t
CLGTNLOTO TOL OTO10L AVAPEPUIE GE TPOTYOVUEVO GTAO0 Ko Oa ToL epappdsovpe Gha
KO GTIG 0VO £QAPHOYEC. O1 OVO EQUPHOYES SLOPEPOLV LETAED TOVG £TGL OEV UTOPOVILE
Vol TIg cLYKpivove dpeca, yio to Adyo 6t 1 gradient epappoyn Tp€xel LOVO pia Kuplo
oLVAPTNON Y10 PIATPAPICHO, EVOD 1 canny EPOPLOYN TPEYXEL OVO GLVAPTNGELS OO dVO
Qopég TV KdaBe pa €101 kot mepimov avoroyio n gradient givor 1o éva TETOPTO NG
canny. ['a tov mo mdve Adyo ot cuykpicelg pag Ba yivouv oe oyéom emnelepyaotn-
LVAUNG Kol oYL TOCO GE EMMESO EPAPUOYDV.

Onwg éyovpe avapépel KoL TO TAVO 1 KUPLOTEPT dtadikacio eivor 0 cuvoLAGUOG
enefepyaotn-puviune. Ot tpdmol cuVOLAGHOD ENEEEPYAOTN- UVAUNG Elvon TPELS Kot
T0uG epapuolovpe oe kdBe emelepyaotn oe kKABe EPAPLOYT. ZTNV TPMTN EPAPLOYN
TPELG TPOTOL GLVIVAGHOL pviUNG pe Tov PowerPC pog €6eiée ta e&ng amoteléopara,
pe v SRAM érpele v epappoyn oe 0,47 devteporenta pe v DDR og 0,56
devtepdrenta ko o cvvdvacudg PowerPC DDR+CACHE oe 0,04 devtepdrenta.
Amd 10 TPOTO GTAd0 NG ddtKaciog PAETovE TNV TEpAGTiO dAPOpa TNV Helmon
rpovov mpocbétoviag CACHE pviun oto cvomua. Mg tnv idw epoppoyn o
oLVOLOCUOG TOV TPIOV TUTT®V UvAUNG e Tov MicroBlaze pog €5e1iée to €€n¢
armoteAéopata  SRAM 2,24 Jevtepdienta, DDR 3,38 odevtepoienta Ko
DDR+CACHE 0,16 dgvtepdrenta. Ta amotelécpoto tov cuvovacupov MicroBlaze
KOl TPLOV TOT®V VNG deiyvel v dtdeopa oto emddoelg PowerPC MicroBlaze ko
aKopo poe @opd 10 OG0 onuaviiko sivor oe éva cvotnua vo vrapyet CACHE
pviun.

Tnv 101 dwdikacioa Bo axolovBncovpe Kot pe TNV OEVTEPT €POPUOYN Yo VO
EexaBopicovpe TOV GLVOVOGUO GTOV OTOI0 £YOLUE TNV UEYOAVTEPN ATOSOCT TOL
ocvotnuotog o€ ypovo. H canny epappoyr eivor mo moAvmAokn oe Oépota
CUVOPTNCEWDV TTOV YPNCLUOTOLEL Kot €lvol avapEVOUEVO VO TAPEL TEPIGGOTEPO YPOVO
Yo VoL TPEEEL GTO GUOTNHOL. AG S0VE AOUTOV TG £YOVV TO ATOTEAEGIATO GE QLT TNV
dwdwkocic. O ocvvovaouds PowerPC kot tov tprodov tomov pviung €deige ta
aroteAéopato. SRAM 5,31 Odevtepdienta. , DDR 6,44 devtepdriento Ko
DDR+CACHE 0,57 devteporenta. AxOpo pia @opd PAETOLUE TV CLUTEPIPOPE TOV
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ocvotuatog pe tov cvvovacud pviung DDR+CACHE va €xel tepdotia dtdpopa
anddoong amd TIC GAAOLG Ovo, aveCdptnrog emefepyaoctn Kor gpapuoyns. Ta
amoteAéopato Tov cvvovacuod MicroBlaze ko tov Tpidv TOHTOV UVAUNG NTOV
SRAM 14,6 devteporenta , DDR 26,8 devteporenta ko DDR+CACHE 3,29
devteporenta. O ocvvdvacuds avtdg emaindevce g oKOHo EOPE TIC MO TAVE®
EKTIUNGELS Hog Kot EEKaBEpIoe TO TOMio 6T0 TOI0C GVVOVAGUOG Eival TTO OTOOOTIKOG,.

YV TmEWPOUOTIKN  pog  dwdwkosio  epoppdcape oe kdbe mepimtwon  dvo
emeEEPYAOTEG KAl TPES GLVOVAGHOVG PvNuNG. To mpdto mov Béhape va dovue otV
TEWPAPATIKY dtodikacio etvarl Toiog amd Tovg Vo eneEepynoTés elval TO ATOJOTIKOG
KOl OEVTEPO TOV GLVOLAGUO LVTUNG TTOV BEATIOTOTOLEL TIC EMOMDCELS TOV GVGTILLOTOG.
O emeepynotne mov elxe TV KAAVTEPT amddooT o€ OAa to otadia givor o PowerPC
LLE CNUAVTIKY] O1dQopa G EMITESO EQAUPLOYDOV OAAE Kal GE EMIMESO GLGTAATOS. AVTO
oV OpeG €manée kKaBopioTikd POLO oTNV amdOO0GT GUGTNUATOG- EPAPUOYADV Eival O
ocvvovacudg pviung DDR+CACHE. O cuvovacudg autdc peiwoe to ypoévo g OANG
ddKaciog oNUOVTIKA Kot €tol 0ev denoe kouio apgipoAion 6to molog &ivarl o
W0oviKOg TPOTOG VoL OMLLOVPYTCOVLE £VOL GUGTNLLOL TTOV VO £XEL TV KAAVTEPT 0mddoon
oLVOLOCHOV GLGTILLOTOG-EPOPLOYDV.

O o whve mepapatikn dtadikacio pag £dmoe va kataAdfovpe oo eival o Khpla
YOPAKTNPOTIKA 7oL koBopilovy TNV cLUTEPIPOPE €VOG GULOTUOTOS KO TTMG
UTOPOVUE VO BEATIGTOTOMGOVUE £VOl GUOTNUO. AV TPEMEL VO TOVUE TOLO NTAV TO
cvoTnua. e TNV peyaAdtepn amddoon oiyovpa o ocvvovacpdg PowerPC  pe
DDR+CACHE 6pmg 1 o oot eKTiumon &ivol eKTO¢ amd TV KoAN 0pYLTEKTOVIKN
oyxedioon evog emeEepyaot) TOL evvoeitat Tailel oNUOVTIKO pOLO 6TV omdOooN VG
oLoTNHOTOG, 0 cVVOVAoUOG pvnung ne CACHE metvyaivel TeAKd vo mpoc@épet o

YnAa eninedo andd0ong o€ £vo GVGT LA
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XYMIIEPAYXMATA

Amo 6AN TV TTEPOUOTIKT dtadikacio pog 600nke n duvaTdTnTo VO KOTAAAPOVLLE TIG

amEPLOPIOTEG SVVATOTNTES OV TPOGPEPEL O TOUEAG OVTOG, GTNV LAOTOINGT €VOG
EVOOUATOUEVOD GUOTNUATOG. To HeYOADTEPO HEPOG TNG TAPAYWOYNG NAEKTPOVIK®MV
TAOKETOV KOl SAQopv TOTOV enelepyactdv ypnoipuonoodv ta board avtd og
ocvvovacud pe o XPS yia va vAomomcovy, va SOKILAGOVY KOl VO GTEIAOLV TEAIKA
oTNV Topoy®yn o povtéda toug. Olot glels mOov AGYOALOVUAGTE LE TNV EMGTHUN TNG
[Tinpogopikng mpémet va. dodpe 10 Bépa mo cofapd a@od VEAPYEL HEAAOV Kol
avamntuén oto topéa avtd. EmmAéov dev mpémetl vo mapaleiyoovpe 10 yeyovog OtL av
Kamolo¢ acyoAnOel pe Tov Topén ot TOTE TOL divETO N SLVATOTNTA VO KATOAGPEL
aKpPOC TMOG OOVAEVEL €VOC VLTOAOYIOTNG, MG oyeddletar €va GLOTNUA Kot Ti
amOd00T UTOPEl Vo EYEL LE TO YOUPOKTNPLOTIKA TOV SLOBETEL, O Kvntd THAEQ®VAL,
VTOAOYLIOTEG KOl YEVIKA OTL £XEL OXECT] LE OAOKAN POUEVO KUKADUATOL.

Eniong , pog divete 1 duvatdTTO VO KOTOVONGOVUE AEITOVPYIEC TMOV VITOAOYIGTOV
Tov ov Kot TS yvopilope og Oempntikd enimedo dev pmopovoape vo kotardfoope ti
poro mailovv 6g éva GVOTNUO KO TOCO UTOPOVV VAL TPOGOEPOVY GTI| OTOS0GT TOL.
Méoo oamd v dSwdkacio oVt UTOPEGAUE VO KOTOAAPBOLUE KOTOWO EMUTAEOV
YOPUKTNPLOTIK( TTOV TOPEXOVV Ol ETALPIES TOPAYWDYNG CUGTNUATOV LE OTOTELEGHO VO,
LITOPOVLLE VO EKTYUNCOVUE VO GUGTNO TOGO UTOPEL VO OMOOMOEL GTIG OVAYKES TOV
10 YPEOLOUACTE.

Oco agopd v 01K HOG TEWPAUATIKY SlodKacio HECO amd TIG UETPNOELS TTOV
TNPOUE WTOPECAULE VO KATOVOT|COVLE TWG KATOEG AETTOUEPELEG UTOPOVV VO TAEOVV
ONUOVTIKO pOAO oIV OmAS00T €VOG GLGTNUATOG KOL GTN GULUTEPLPOPH €VOC
eneepyaotn. Eidope tehkd mog por moAd pkpov peyébovg pviun Ommg sivor m
CACHE pmopet va amoyelidoet T1g duvatdtnTeS €VOC GLUGTNUATOC. AV CKEPTOVUE
Aoumov TV OAN S0OIKOGI0, KOTOAYOVUE GTO GUUTEPACHO OTL EVa CUGTNUO. UTOPET
va yivel KaAOTEPO TPOGHETOVTOG TOVG KAMOWL UIKPGL YOPAKTNPIOTIKG 7OV OUmG

nailovv peydio poro ota emineda amdO06NG TOL.
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IHPOBAHMATA KAI AYXEIX

270 TEPAUATIKO GTAO0 TNG OANG O100IKAGING CLUVOVTICOUE KATOL TPOPANUATO TOV

omwg eavnke moilovv oNUOVTIKO POAO GTN COGTH AETOVPYiO KATOOV GUGTHHOTOS

Kot piog epappoyne. Ta wpofAnpata avtd Bo To avaQEPOLLLE TLO KATO:

‘Eva. onpovtikd mpoéPANUe Tov GUVOVTIOOUE OPYIKO GE EMIMEOO EPUPUOYNG
elval kamoteg cvvapthoelg kmdika C ETPENE VA LETATPATOVV GE AVTIGTOLYES
ouvaptnoelg Tov compiler Tov vroopilel To XPS, yia va tpé&et | epapuoym
xopig tpopAnpata. Ot cuvaptmoelg ovtég Ppiokovtal og kamoleg PpAtodnieg
yw  moapddetypo  #include<  xparameters.h>, #include<xutilLh> kot
#include<xtime.h>.

Y10 enduevo onueio mov Pprkape dvckoria ivar oto 6TL KaBMG TO bitstream
TPOGTOOOVCE VO POPTMGEL TNV EQUPUOYT AdYO TV HEYEBOLG TOL KMOIIKA KO
TOV €QapUOYDV vIepyeiMlav, o1 0VPEG Kol 01 6ToiPES oD apykn Tun eivar
poMg ota 256byte. o va avTipetonicovpe to mpofAnuo ovtd avENcape Ty
Ty tov Heap ko Stack oe A0000 ko 1000 avtictouyo.

To televtaio mpoPfinua mov atilel va avagépovpe gival og eminedo petpntn,
a@o¥ o hardware timer €yel péyebog 32bit £tol Kvpiwg ot devTEPN EQAUPUOYY
oL MNTOV O TOAOTAOKN o€ Béua cvvaptnoemv, 0 HETPNTNG YEMLE Kot
unoevilotav. I'ia to A0Yo avtd dev pmopovoape va mapovpe petpnoec. H
AOom o€ avTd 1O TPOPANUE NTAY GTNV 1010 EPOUPLOYN VO KOWOVLE TNV EKOVA
TN UECT, VO TOPOVUE LETPNCELS YO TNV WICT €KOVA KO GTN GLVEXELD T
OTOTEAECUOTO VO, TOL TOAAOTAOGLAGOVUE LE TO OLO Y10 VO, SOVUE TEMKA TOGO

xPOVO Ba £kave e TNV OAOKAN PN E1KOVOL.
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IHAPAPTHMA 1

H epapuoyn avty aocyoieitor pe v aAlayn Tov avilféceny ToV YPOUATOV G

oplovtia emineda kot apobd avayvopilel péso amd TG GLVAPTAGELS, TIS avTiBécelg Oa
onuovpyel €va devtepo mivako o omoiog Bo TVIMGEL pe ayvEG YPOUUES HOVO TIG

evalhayég og oplovtio emimedo. O mivaxag avtdg Ba otédvetal pécw cuplakng Bupag

o€ £vo, VTOAOY1oTH 0 omoiog Oa Kataypdpel Ta dedopéva oe Eva apyeio .txt to omoio

Ba to avoifovue otn cvveyeio pe éva image editor ywo v 00VUE TNV GIATPAPICUEVT

ewova(my oe éva okdkl Tov mpoomadel va fpet Tig opllOVTIES YPOUUES OVALEGO GTO

teTpdyova kot va Tig falel oto véo mivaxka wov dnpovpyet).

/* Gradient edge detector - no templates */

/* G1 */

#include
#include
#include
#include
#include
#include

#include
#include
#include

#define
#define
#define
#define
#define

<stdio.h>
<stdlib.h
<stdlib.h
<malloc.h
<string.h
<math.h>

>
>
>
>

"'Xparameters.h"

""Xtmrctr.
“"xtime_I.

MAX 255
ROWS 181
COLUMNS 35
CLASS 5
Pl 3.14

hu
hu

unsigned char imgdata[181][35] = {

{ 30, 32, 40, 31, 30, 30, 39, 31, 29, 32, 28,
34, 26, 30, 31, 32, 28, 27, 34, 38, 96, 174, 192,
194, 194, 195, 191, 186, 184, 191, 191, 193, 190, 183,

171, 147, 120, 89, 58, 40, 30, 26, 26, 27, 28,

22, 24, 19, 26, 25, 33, 48, 76, 109, 146, 178, 184,
188, 195, 196, 194, 19, 199, 193, 193, 190, 188, 188,

190, 193, 196, 196, 194, 150, 71, 43, 39, 34, 33,

36, 31, 32, 34, 37, 33, 35, 31, 40, 31, 32, 32,
35, 34, 28, 34, 29, 37, 31, 33, 29, 32, 36, 38,
31, 35, 29, 35, 30, 35, 33, 39, 36, 30, 27, 36,
36, 37, 37, 35, 40, 43, 36, 30, 29, 34, 31, 39,
91, 174, 184, 191, 197, 192, 193, 195, 188, 195, 192, 186,
191, 193, 192, 188, 191, 192, 194, 192, 195, 189, 184,

194, 196, 192, 191, 195, 190, 191, 198, 195, 193, 189,

193, 195, 187, 183, 190, 190, 189, 190, 187, 186, 189,

190, 192, 186, 188, 187, 193, 186, 182, 180,},

{ 31, 25, 29, 30, 32, 29, 27, 34, 31, 26, 30,
30, 30, 34, 32, 29, 33, 31, 35, 54, 120, 183, 189,
197, 195, 194, 195, 192, 197, 199, 191, 188, 186, 189,

192, 191, 191, 183, 164, 133, 100, 78, 63, 55, 49,

48, 52, 58, 74, 105, 140, 170, 183, 187, 196, 193, 192,
194, 193, 194, 193, 198, 198, 193, 200, 195, 195, 194,
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194,
34,
38,
35,
37,
86,
193,
195,
192,
192,
{
33,
191,
191,
180,
197,
192,
38,
32,
33,
35,
37,
193,
193,
187,
159,
{
30,
193,
193,
195,
190,
194,
33,
37,
42,
42,
38,
187,
178,
110,
54,
{
32,
192,
192,
193,
192,
193,
31,
25,
29,
31,
45,
92,
49,
42,
40,
{
33,
193,

192,
37,
34,
34,
40,
168,
191,
195,
190,
191,
34,
28,
194,
192,
185,
190,
200,
33,
38,
37,
35,
80,
187,
198,
184,
153,
30,
32,
185,
193,
191,
192,
192,
33,
34,
35,
40,
65,
194,
182,
106,
54,
38,
35,
193,
194,
190,
198,
194,
34,
28,
32,
29,
56,
94,
49,
46,
39,
32,
35,
192,

195,
37,
35,
33,
41,
187,
190,
191,
190,
186,
31,
31,
196,
188,
189,
197,
194,
35,
28,
41,
34,
167,
192,
192,
190,
163,
35,
33,
191,
192,
191,
196,
195,
35,
36,
32,
34,
160,
187,
168,
102,
52,
37,
32,
195,
196,
195,
194,
195,
32,
28,
28,
30,
129,
87,
50,
43,
37,
31,
34,
193,

197,
38,
36,
30,
39,
192,
192,
192,
187,
183,
36,
32,
194,
195,
192,
200,
190,
33,
33,
39,
41,
187,
187,
194,
183,
158,
34,
31,
192,
196,
194,
194,
193,
34,
36,
31,
32,
191,
182,
163,
99,
56,
33,
40,
191,
192,
189,
188,
192,
32,
33,
26,
38,
145,
79,
46,
44,
34,
30,
34,
190,

196,
35,
30,
31,
41,
194,
196,
188,
187,
189,
27,
37,
196,
190,
193,
194,
190,
31,
33,
37,
37,
190,
190,
191,
182,
151,
36,
32,
193,
192,
193,
198,
191,
37,
30,
28,
33,
188,
186,
157,
95,
51,
35,
32,
193,
197,
196,
191,
192,
35,
30,
30,
30,
143,
75,
46,
47,
36,
31,
39,
194,

144,
38,
32,
37,
36,
194,
189,
190,
185,
183,
36,
31,
192,
192,
189,
192,
192,
38,
29,
28,
34,
190,
193,
191,
183,
154,
39,
30,
190,
196,
190,
193,
192,
40,
35,
36,
35,
185,
178,
155,
91,
49,
35,
34,
195,
198,
191,
190,
190,
32,
27,
37,
38,
136,
66,
47,
49,
31,
41,
34,
197,

72, 43,
38, 38,
36, 38,
36, 37,
41, 38,

193, 192,
193, 189,
193, 187,
183, 190,
188, 181,

31, 31,
35, 36,
192, 193,
183, 181,
197, 193,
191, 193,
146, 68,
38, 34,
29, 30,
34, 34,
32, 36,

186, 188,
191, 190,
193, 187,
173, 174,
145, 142,

33, 39,
30, 36,
190, 191,
196, 193,
191, 192,
195, 193,
141, 61,
36, 36,
33, 31,
27, 32,
31, 33,

192, 194,
180, 185,
149, 138,

78, 73,
39, 52,

27, 28,
34, 36,
192, 188,
192, 191,
197, 195,
196, 189,
136, 63,
32, 31,
27, 30,
34, 31,
35, 36,

127, 128,
68, 63,
48, 41,
43, 41,
361}1

29, 36,
39, 46,
197, 192,

37,
34,
44,
34,
37,

191,
196,
189,
192,
179,

36,
50,
194,
181,
196,
195,

39,
31,
25,
34,
35,

188,
196,
182,
174,
139,

39,
59,
189,
197,
195,
195,

37,
35,
36,
35,
42,

190,
181,
134,

67,
44,

34,
76,
191,
196,
191,
191,

34,
36,
35,
37,
45,

118,
56,
50,
39,

35,
99,
196,

39, 34,
34, 38,
36, 34,
31, 40,
38, 38,

189, 190,
192, 185,
192, 182,
188, 192,

3,
31, 33,

139, 185,
189, 191,
178, 177,
186, 192,
193, 192,

35, 30,
27, 34,
31, 32,
32, 33,
37, 31,

181, 189,
192, 194,
184, 190,
167, 152,
134,%,

34, 34,

153, 183,
193, 193,
191, 192,
199, 199,
194, 194,

34, 30,
26, 36,
34, 30,
36, 38,
37, 33,

195, 195,
181, 176,
127, 114,

65, 58,
461}1

37, 40,

166, 188,
190, 201,
191, 196,
190, 194,
190, 197,

31, 31,
37, 34,
31, 29,
41, 32,
42, 42,

107, 106,
64, 58,
42, 44,
38, 42,

38, 33,

174, 187,

192, 189,

32,
41,
38,
34,
187,

35,
189,

32,
33,
35,
37,
185,

32,
191,

31,
32,
37,
31,
187,

34,
191,

24,
33,
33,
42,
95,
50,
44,
34,

36,
195,
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190, 190,
194, 198,
193, 195,
190, 197,
29, 32,
36, 37,
48, 53,
91, 94,
155, 151,
49, 41,
38, 39,
36, 36,
33, 33,
{ 38,
31, 40,
194, 192,
190, 199,
195, 193,
196, 200,
186, 191,
63, 67,
115, 122,
162, 167,
182, 182,
181, 187,
36, 40,
42, 45,
33, 35,
35, 30,
{ 34,
30, 34,
189, 192,
184, 188,
183, 182,
152, 143,
83, 76,
163, 156,
176, 175,
179, 185,
180, 184,
186, 189,
29, 33,
39, 34,
32, 35,
33, 30,
{ 4o,
49, 54,
111, 106,
74, 71,
54, 55,
43, 39,
48, 45,
182, 186,
168, 173,
181, 175,
185, 177,
180, 174,
32, 40,
34, 36,
28, 36,
26, 29,

195,
192,
199,
194,
33,
35,
59,
93,
93,
38,
42,
33,
30,

32,

33,
197,
198,
194,
195,
193,
75,
125,
165,
174,
189,
36,
46,
38,
28,

37,

37,
192,

105,

42,
178,
178,
179,
174,
115,
37,
36,
27,
29,

197,
199,
199,
196,
38,
38,
47,
94,
60,
42,
41,
37,
32,

36,

36,
194,
191,
194,
200,
187,
74,
137,
167,
175,
185,
34,
42,
31,
30,

34,

34,

195,
193,
177,
122,
82,

159,
164,
184,
178,
179,
39,
41,
32,
30,

40,

50,
94,
73,
49,
49,
95,
175,
169,
178,
177,
56,
33,
31,
29,
35,

193,
194,
193,
190,
35,
41,
61,
111,
46,
44,
38,
38,
22,

34,

32,
193,
196,
194,
193,
190,
80,
135,
171,
171,
166,
37,
40,
39,
26,
38,
33,
200,
192,
172,
115,
84,
173,
166,
177,
174,
170,
36,
36,
33,
32,
38,
57,
91,
69,
53,
42,
168,
173,
165,
180,
176,
40,
31,
33,
30,
29,

195,
195,
193,
194,
36,
38,
68,
116,
45,
40,
37,
35,
28,
33,
32,
194,
193,
194,
189,
186,
88,
138,
168,
169,
93,
30,
36,
34,
28,
36,
40,
191,
196,
172,
107,
82,
172,
168,
177,
174,
101,
36,
39,
32,
30,
37,
47,
88,
66,
51,
46,
178,
175,
182,
185,
179,
37,
43,
33,
32,
32,

196,
195,
194,
129,
34,
42,
74,
124,
49,
46,
42,
36,
34,
30,
33,
194,
196,
193,
192,
128,
92,
139,
166,
169,
54,
38,
35,
36,
26,
29,
39,
195,
185,
167,
109,
105,
170,
171,
176,
174,
60,
33,
41,
25,
28,
40,
51,
84,
68,
53,
45,
172,
172,
181,
178,
187,
33,
42,
36,
32,
31,

196, 195,
193, 197,
197, 193,
60, 38,
34, 35,
41, 41,
74, 71,
127, 132,
43, 45,
38, 43,
37, 34,
32, 33,
311}1
33, 31,
40, 111,
190, 201,
193, 192,
193, 196,
187, 193,
64, 55,
97, 98,
151, 151,
183, 184,
176, 177,
41, 37,
35, 34,
37, 37,
33, 35,
28, 31,
28, 34,
55, 130,
195, 194,
186, 180,
161, 152,
106, 105,
149, 157,
166, 165,
179, 173,
188, 187,
184, 185,
46, 43,
29, 33,
33, 34,
26, 35,
26, 31,
41, 39,
70, 108,
93, 90,
61, 59,
46, 47,
44, 42,
182, 181,
171, 174,
185, 183,
172, 180,
185, 191,
29, 37,
37, 33,
33, 35,
32, 34,
361}1

194,
198,
191,
37,
32,
41,
65,
146,
48,
42,
42,
34,

29,
179,
193,
197,
192,
192,
58,
103,
149,
163,
181,
37,
46,
34,
32,
34,
28,
183,
196,
182,
147,
97,
151,
171,
179,
177,
182,
35,
36,
34,
30,
37,
47,
121,
88,
58,
52,
40,
178,
177,
176,
185,
190,
29,
33,
37,
31,

191,
195,
198,
29,
34, 37,
39, 47,
84, 96,
155, 156,
49,
39, 38,
44, 37,
41, 36,
32, 32,
196, 194,
192,
195,
196,
190,
60,
116, 120,
153,
162,
186,
31,
42, 44,
41, 38,
30, 33,
251}1
36, 40,
192, 198,
193,
190,
146,
88,
161, 172,
170,
176,
170,
182,
31,
37, 39,
37, 40,
31, 40,
301}1
42, 42,
122, 121,
84,
57, 56,
44, 48,
43, 47,
173, 178,
179,
181,
182,
184,
43,
33, 32,
39, 35,
25, 30,
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{ 117, 120, 125, 107, 120, 121, 122, 125, 123, 121, 146,
139, 153, 158, 156, 150, 151, 162, 155, 95, 60, 49,

48, 42, 42, 38, 38, 43, 49, 45, 41, 36, 45, 40,
42, 38, 40, 45, 42, 41, 37, 43, 40, 38, 37, 36,
47, 42, 37, 38, 39, 37, 38, 33, 32, 35, 40, 36,
33, 37, 39, 42, 37, 31, 35, 36, 35, 35, 33, 33,
31, 35, 39, 100, 173, 184, 195, 190, 185, 181, 185, 186,
i87, 183, 179, 183, 182, 176, 181, 183, 182, 181, 187,

i8o0, 183, 183, 181, 178, 187, 187, 183, 186, 181, 183,

184, 183, 184, 189, 185, 181, 183, 182, 183, 186, 187,

193, 176, 182, 182, 184, 187, 187, 187, 182, 187, 186,

193, 171, 128, 54, 42, 39, 36, 33, 29, 32, 30,

33, 36, 36, 36, 31, 32, 33, 37, 38, 36, 34, 35,
32, 36, 37, 28, 33, 36, 38, 38, 44, 32, 33, 32,
38, 37, 28, 32, 32, 31, 28, 33, 31, 39, 34, 33,
36, 29, 30, 29, 28, 30, 29, 32,%,

{ 165, 174, 168, 156, 153, 156, 159, 164, 157, 161, 172,
ir8, 177, 176, 178, 170, 174, 166, 139, 79, 47, 37,

37, 41, 35, 35, 38, 37, 32, 38, 36, 36, 37, 30,
30, 32, 37, 37, 37, 36, 38, 37, 34, 38, 35, 46,
40, 34, 41, 39, 34, 32, 39, 32, 35, 37, 40, 35,
35, 34, 35, 35, 34, 32, 29, 27, 31, 34, 33, 41,
34, 30, 35, 100, 168, 187, 191, 191, 187, 180, 187, 188,
184, 189, 190, 191, 195, 188, 194, 185, 186, 186, 188,

193, 188, 190, 193, 188, 194, 194, 186, 186, 190, 187,

182, 184, 184, 184, 181, 185, 184, 188, 184, 189, 185,

190, 186, 185, 187, 186, 189, 188, 192, 188, 189, 188,

189, 186, 132, 60, 42, 32, 41, 33, 35, 38, 39,

42, 32, 36, 31, 29, 35, 29, 34, 30, 25, 33, 38,
36, 35, 33, 37, 42, 37, 35, 41, 41, 36, 37, 34,
41, 40, 34, 35, 34, 28, 31, 32, 39, 34, 31, 31,
31, 33, 29, 26, 28, 28, 27, 31.,%}.,

{ 181, 175, 169, 169, 171, 1ve6, 177, 174, 177, 172, 179,
180, 180, 182, 178, 178, 171, 168, 133, 66, 39, 35,

28, 27, 28, 30, 31, 36, 34, 35, 33, 34, 32, 30,
27, 32, 33, 39, 38, 41, 40, 36, 39, 38, 39, 38,
38, 35, 37, 33, 32, 37, 38, 32, 33, 32, 34, 35,
31, 33, 32, 29, 34, 27, 32, 26, 28, 35, 32, 35,
32, 32, 34, 110, 180, 184, 192, 185, 190, 190, 191, 195,
193, 184, 181, 187, 191, 182, 181, 186, 194, 192, 187,

188, 198, 191, 186, 193, 189, 191, 185, 189, 190, 190,

188, 189, 192, 182, 189, 184, 188, 195, 191, 192, 191,

187, 192, 193, 187, 186, 192, 196, 198, 192, 191, 192,

195, 185, 146, 74, 42, 35, 36, 36, 35, 31, 33,

38, 35, 34, 31, 31, 28, 34, 37, 39, 37, 34, 33,
31, 34, 35, 33, 34, 36, 38, 41, 37, 33, 45, 35,
35, 33, 33, 32, 29, 35, 27, 30, 31, 29, 32, 28,
28, 28, 29, 36, 25, 25, 30, 28,%},

{ 181, 172, 175, 175, 17v5, 176, 182, 175, 177, 179, 186,
176, 179, 186, 185, 181, 176, 165, 108, 53, 41, 35,

36, 35, 36, 31, 33, 36, 34, 35, 29, 33, 33, 32,
29, 30, 28, 34, 29, 34, 39, 38, 37, 45, 44, 39,
39, 38, 34, 36, 39, 35, 34, 33, 36, 26, 28, 32,
32, 29, 29, 35, 28, 30, 31, 31, 31, 39, 38, 40,
41, 43, 43, 114, 176, 190, 190, 192, 191, 186, 194, 200,
191, 191, 189, 188, 189, 190, 186, 181, 184, 191, 191,

186, 187, 191, 187, 184, 190, 191, 183, 181, 189, 188,

183, 190, 188, 190, 182, 195, 189, 190, 187, 188, 183,

185, 193, 190, 192, 179, 189, 188, 194, 190, 188, 188,

185, 189, 146, 64, 41, 36, 33, 35, 29, 31, 30,

33, 33, 29, 25, 39, 33, 39, 36, 35, 30, 30, 35,
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33, 35, 29, 30, 30, 27, 35, 34, 35, 34, 34, 35,
35, 29, 34, 30, 32, 32, 30, 30, 28, 33, 33, 32,
30, 27, 34, 28, 31, 27, 31, 33,1},

{ 187, 189, 182, 186, 180, 185, 175, 179, 184, 185, 187,
187, 186, 192, 182, 177, 181, 165, 104, 51, 38, 34,

33, 38, 31, 32, 37, 33, 36, 33, 31, 30, 35, 33,
31, 28, 30, 30, 30, 33, 39, 36, 34, 34, 40, 39,
40, 35, 33, 37, 37, 38, 32, 35, 31, 32, 32, 34,
34, 32, 32, 33, 27, 32, 30, 38, 30, 31, 29, 37,
38, 35, 39, 118, 177, 188, 190, 191, 192, 190, 196, 191,
190, 190, 190, 187, 189, 191, 189, 188, 188, 194, 191,

191, 188, 191, 191, 193, 192, 192, 192, 189, 189, 191,

188, 185, 187, 187, 185, 185, 191, 190, 187, 187, 187,

190, 189, 192, 190, 188, 191, 187, 188, 190, 191, 189,

185, 180, 152, 82, 54, 42, 35, 35, 33, 33, 35,

38, 30, 36, 32, 34, 41, 29, 34, 35, 35, 36, 29,
32, 31, 32, 37, 34, 34, 31, 31, 27, 34, 35, 31,
32, 31, 28, 32, 25, 32, 28, 31, 28, 29, 31, 33,
30, 25, 33, 29, 28, 24, 30, 27.%,

{ 189, 183, 187, 192, 190, 190, 189, 184, 192, 195, 184,
181, 189, 186, 192, 189, 184, 150, 87, 40, 32, 34,

35, 37, 36, 31, 30, 29, 36, 26, 31, 31, 32, 30,
32, 32, 31, 26, 34, 27, 36, 38, 39, 43, 43, 38,
37, 37, 33, 38, 33, 34, 31, 35, 37, 30, 38, 38,
33, 35, 32, 32, 31, 33, 31, 25, 36, 33, 40, 44,
43, 42, 42, 127, 181, 192, 196, 191, 195, 187, 191, 188,
195, 191, 185, 186, 199, 192, 193, 190, 186, 193, 194,

191, 190, 190, 192, 190, 186, 188, 192, 191, 191, 195,

190, 194, 187, 190, 189, 187, 184, 186, 194, 192, 193,

191, 193, 187, 192, 194, 192, 185, 187, 189, 191, 192,

188, 186, 167, 84, 44, 40, 33, 36, 33, 29, 33,

25, 36, 30, 30, 30, 28, 26, 35, 32, 33, 34, 34,
39, 30, 33, 32, 31, 31, 33, 40, 38, 33, 30, 31,
29, 32, 29, 28, 29, 28, 32, 31, 30, 32, 33, 29,
32, 29, 34, 25, 25, 29, 34, 32,%,

{ 1v8, 18v, 183, 180, 188, 186, 180, 185, 187, 185, 189,
184, 187, 188, 187, 188, 180, 146, 75, 41, 33, 30,

30, 26, 36, 35, 32, 33, 31, 33, 30, 31, 38, 35,
43, 35, 35, 31, 38, 38, 31, 32, 41, 33, 39, 38,
34, 33, 34, 39, 34, 34, 34, 31, 27, 38, 34, 30,
38, 35, 27, 30, 26, 30, 31, 31, 30, 33, 30, 31,
33, 28, 40, 130, 183, 191, 190, 191, 190, 190, 188, 195,
194, 194, 191, 189, 191, 191, 195, 191, 191, 193, 192,

188, 195, 192, 192, 194, 192, 190, 184, 187, 193, 189,

191, 191, 186, 189, 186, 190, 189, 189, 191, 192, 190,

190, 192, 189, 190, 193, 189, 188, 194, 195, 192, 191,

192, 189, 174, 97, 48, 37, 36, 36, 38, 33, 34,

40, 31, 31, 30, 38, 33, 33, 31, 40, 35, 29, 29,
34, 33, 33, 32, 34, 32, 37, 36, 35, 39, 37, 32,
29, 26, 27, 28, 26, 27, 24, 26, 26, 30, 23, 29,
27, 27, 28, 27, 21, 24, 29, 27,%,

{ 183, 179, 1vs8, 179, 187, 189, 182, 185, 187, 190, 183,
186, 189, 182, 193, 182, 180, 130, 67, 41, 39, 30,

35, 29, 31, 34, 30, 30, 34, 32, 34, 33, 33, 35,
35, 39, 37, 31, 35, 33, 33, 41, 38, 37, 43, 42,
39, 38, 28, 33, 35, 36, 33, 33, 33, 37, 38, 31,
31, 33, 31, 31, 28, 27, 26, 29, 28, 31, 32, 40,
39, 41, 49, 130, 180, 191, 191, 191, 189, 194, 189, 186,
191, 192, 193, 193, 192, 198, 194, 195, 191, 185, 187,

194, 192, 192, 193, 189, 189, 180, 185, 183, 188, 190,

189, 188, 187, 185, 189, 194, 187, 185, 194, 187, 191,
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194, 189, 195, 188, 186, 192, 187, 195, 193, 192, 193,

197, 188, 177, 112, 48, 34, 32, 31, 31, 28, 32,

40, 38, 25, 33, 30, 34, 34, 30, 31, 29, 32, 29,
29, 32, 30, 33, 30, 34, 37, 29, 32, 29, 34, 34,
32, 25, 26, 22, 30, 30, 26, 27, 29, 31, 28, 26,
29, 25, 31, 32, 28, 31, 30, 31,%},

{ 185, 181, 184, 182, 180, 183, 179, 179, 179, 187, 189,
190, 181, 187, 186, 182, 175, 121, 51, 37, 34, 34,

24, 28, 36, 33, 32, 37, 36, 33, 33, 31, 35, 30,
31, 38, 31, 29, 33, 27, 32, 33, 34, 35, 33, 35,
34, 34, 33, 31, 29, 37, 34, 34, 30, 32, 34, 30,
26, 30, 27, 34, 33, 35, 36, 34, 26, 30, 43, 54,
50, 36, 36, 132, 183, 193, 196, 193, 195, 191, 190, 192,
190, 191, 193, 200, 193, 193, 193, 193, 189, 189, 190,

185, 192, 186, 186, 191, 192, 189, 192, 191, 191, 182,

188, 191, 194, 189, 190, 188, 189, 185, 191, 193, 189,

190, 192, 195, 189, 191, 190, 190, 196, 182, 189, 193,

192, 192, 181, 130, 58, 36, 33, 35, 30, 34, 35,

32, 30, 30, 33, 34, 31, 30, 29, 35, 32, 28, 31,
31, 31, 32, 34, 30, 32, 32, 28, 28, 35, 29, 30,
33, 25, 30, 24, 29, 25, 33, 35, 29, 30, 30, 28,
30, 30, 28, 28, 36, 32, 39, 31,},

{ 1ve6, 173, 185, 186, 178, 184, 187, 185, 181, 188, 191,
190, 185, 185, 189, 184, 170, 111, 46, 36, 37, 32,

34, 36, 31, 32, 39, 31, 28, 34, 34, 33, 28, 29,
32, 38, 37, 30, 36, 30, 33, 32, 33, 35, 32, 29,
32, 35, 35, 32, 36, 36, 37, 42, 34, 29, 27, 27,
34, 28, 30, 30, 23, 30, 27, 27, 30, 32, 32, 43,
41, 35, 45, 141, 183, 192, 194, 194, 186, 192, 191, 191,
192, 191, 193, 195, 194, 195, 190, 196, 188, 194, 198,

192, 197, 193, 193, 188, 190, 189, 193, 191, 197, 192,

193, 191, 190, 191, 188, 190, 196, 189, 190, 187, 189,

191, 191, 186, 192, 192, 189, 195, 194, 187, 185, 190,

191, 192, 189, 132, 64, 40, 34, 29, 34, 33, 33,

37, 28, 31, 31, 31, 33, 34, 32, 31, 34, 41, 31,
29, 34, 31, 33, 42, 33, 34, 34, 30, 32, 34, 27,
28, 28, 34, 29, 28, 33, 27, 32, 28, 27, 28, 28,
31, 31, 38, 37, 34, 29, 33, 34,%},

{ 185, 192, 184, 189, 179, 188, 187, 185, 183, 194, 192,
187, 186, 190, 188, 189, 162, 96, 42, 39, 31, 30,

36, 33, 32, 32, 32, 30, 37, 33, 35, 31, 26, 31,
30, 33, 31, 31, 31, 27, 30, 33, 29, 31, 29, 40,
32, 31, 30, 30, 28, 25, 31, 29, 31, 32, 34, 32,
29, 28, 33, 29, 35, 26, 31, 24, 28, 29, 31, 39,
39, 37, 45, 137, 186, 192, 196, 194, 187, 194, 199, 189,
190, 194, 193, 191, 191, 192, 193, 196, 195, 192, 192,

192, 192, 194, 191, 195, 190, 189, 189, 188, 191, 190,

190, 186, 195, 193, 194, 190, 194, 194, 197, 186, 194,

190, 194, 190, 192, 192, 191, 191, 190, 197, 192, 189,

191, 193, 191, 135, 67, 41, 36, 38, 35, 36, 36,

37, 40, 34, 34, 36, 37, 31, 30, 31, 30, 29, 30,
33, 35, 36, 34, 35, 31, 35, 36, 34, 37, 34, 35,
31, 32, 32, 27, 23, 28, 30, 30, 29, 26, 21, 29,
27, 27, 30, 37, 42, 30, 33, 30,},

{ 188, 188, 187, 188, 182, 183, 187, 187, 184, 184, 189,
184, 191, 198, 192, 185, 164, 88, 39, 39, 27, 31,

36, 29, 35, 37, 32, 32, 31, 31, 33, 33, 36, 31,
26, 34, 32, 31, 31, 31, 29, 29, 38, 31, 36, 34,
32, 36, 37, 32, 33, 32, 29, 31, 28, 30, 29, 31,
29, 35, 30, 30, 34, 37, 23, 30, 26, 27, 29, 29,
26, 33, 44, 143, 186, 195, 194, 191, 190, 194, 186, 189,
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192, 193, 191, 195, 182, 192, 199, 191, 197, 193, 190,

185, 188, 195, 196, 194, 194, 191, 190, 194, 191, 191,

191, 185, 185, 190, 190, 194, 193, 200, 190, 194, 196,

195, 188, 189, 190, 192, 191, 196, 193, 192, 191, 187,

192, 194, 192, 146, 69, 39, 35, 35, 30, 37, 33,

35, 31, 33, 31, 39, 37, 34, 30, 25, 29, 27, 32,
27, 29, 30, 33, 36, 37, 30, 32, 22, 25, 33, 30,
27, 30, 35, 28, 29, 25, 26, 26, 29, 34, 30, 28,
26, 30, 33, 33, 37, 34, 33, 33,3},

{ 191, 189, 193, 191, 190, 188, 190, 189, 194, 186, 184,
187, 192, 193, 193, 190, 145, 75, 42, 35, 39, 31,

30, 33, 34, 32, 30, 28, 38, 31, 36, 31, 29, 28,
27, 26, 32, 25, 29, 31, 27, 34, 29, 33, 30, 27,
28, 33, 30, 30, 26, 32, 32, 28, 27, 30, 32, 30,
28, 30, 28, 32, 29, 31, 30, 27, 28, 30, 34, 32,
38, 37, 53, 141, 182, 193, 187, 194, 196, 187, 185, 187,
190, 195, 193, 191, 187, 186, 190, 187, 192, 190, 192,

194, 192, 195, 189, 190, 190, 189, 190, 198, 191, 189,

187, 185, 189, 188, 188, 188, 186, 188, 192, 193, 194,

197, 194, 190, 189, 192, 192, 192, 193, 193, 193, 191,

192, 188, 194, 151, 78, 39, 39, 34, 32, 32, 34,

31, 35, 30, 31, 29, 27, 34, 34, 28, 29, 29, 31,
28, 33, 33, 28, 40, 37, 35, 32, 26, 25, 35, 27,
27, 36, 33, 29, 36, 33, 33, 28, 29, 32, 28, 25,
25, 29, 26, 27, 35, 26, 34, 33.%}.

{ 190, 190, 188, 194, 191, 195, 185, 190, 194, 190, 186,
187, 191, 190, 189, 181, 127, 63, 35, 31, 32, 33,

29, 36, 33, 29, 31, 31, 38, 30, 29, 25, 27, 27,
27, 28, 26, 30, 25, 30, 28, 32, 32, 28, 31, 29,
28, 30, 29, 27, 25, 33, 29, 32, 33, 30, 26, 29,
33, 35, 29, 30, 28, 34, 32, 29, 43, 39, 41, 41,
42, 41, 55, 141, 182, 190, 188, 188, 192, 192, 188, 193,
194, 189, 187, 185, 187, 183, 192, 194, 185, 189, 188,

190, 190, 182, 187, 181, 186, 185, 188, 189, 186, 191,

185, 177, 187, 194, 191, 193, 189, 187, 184, 191, 191,

192, 194, 186, 177, 183, 192, 195, 191, 186, 192, 193,

196, 189, 195, 164, 83, 48, 38, 34, 37, 30, 30,

29, 29, 31, 35, 39, 36, 34, 33, 35, 28, 29, 28,
26, 28, 30, 27, 27, 30, 29, 32, 26, 28, 30, 28,
25, 26, 25, 23, 27, 26, 29, 19, 23, 27, 35, 26,
22, 23, 25, 23, 30, 25, 38, 25,%},

{ 187, 190, 189, 191, 198, 190, 189, 190, 190, 186, 187,
192, 186, 193, 190, 182, 116, 61, 37, 35, 32, 34,

32, 35, 32, 35, 35, 63, 77, 40, 36, 22, 31, 26,
31, 34, 34, 24, 29, 31, 32, 27, 30, 31, 29, 32,
28, 26, 28, 26, 30, 30, 27, 31, 31, 31, 26, 29,
28, 31, 37, 35, 31, 32, 25, 30, 34, 39, 44, 36,
44, 43, 53, 143, 186, 192, 192, 189, 185, 186, 187, 184,
186, 187, 188, 189, 190, 188, 195, 184, 178, 179, 186,

187, 183, 186, 185, 188, 188, 191, 185, 185, 183, 183,

185, 182, 181, 193, 190, 193, 195, 187, 180, 181, 186,

186, 193, 192, 186, 188, 188, 186, 188, 188, 193, 189,

189, 187, 189, 162, 86, 41, 31, 33, 25, 25, 23,

27, 22, 25, 25, 26, 31, 29, 25, 25, 30, 30, 26,
26, 25, 27, 25, 26, 26, 30, 30, 29, 29, 27, 23,
30, 29, 30, 27, 26, 28, 23, 32, 28, 22, 29, 29,
28, 28, 28, 31, 25, 32, 28, 32,%},

{ 189, 191, 196, 199, 192, 187, 193, 195, 190, 190, 189,
193, 187, 194, 193, 178, 109, 52, 34, 29, 31, 23,

35, 29, 38, 33, 35, 37, 38, 32, 27, 29, 26, 29,
24, 27, 33, 26, 28, 24, 28, 30, 29, 33, 30, 39,
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35, 36, 29, 27, 32, 29, 27, 29, 33, 26, 28, 34,
29, 28, 32, 38, 32, 27, 28, 30, 33, 31, 32, 31,
35, 37, 61, 147, 182, 190, 192, 190, 191, 192, 182, 186,
187, 191, 190, 192, 194, 194, 195, 195, 184, 188, 175,

173, 179, 190, 188, 186, 191, 190, 182, 175, 177, 173,

iro, 175, 171, 186, 190, 188, 195, 186, 175, 177, 183,

188, 187, 189, 187, 183, 191, 184, 190, 189, 190, 188,

186, 192, 188, 175, 99, 47, 41, 27, 29, 29, 33,

30, 27, 37, 33, 29, 33, 30, 42, 31, 31, 33, 34,
30, 32, 30, 33, 30, 27, 31, 29, 27, 24, 28, 25,
30, 29, 30, 35, 37, 20, 27, 37, 32, 28, 29, 31,
34, 28, 31, 31, 30, 33, 37, 28,%},

{ 192, 191, 191, 195, 193, 193, 199, 194, 188, 193, 193,
189, 195, 196, 192, 165, 97, 45, 35, 30, 30, 28,

29, 29, 32, 34, 28, 38, 34, 32, 33, 32, 34, 28,
32, 26, 22, 27, 27, 25, 29, 29, 29, 27, 35, 32,
33, 29, 34, 34, 29, 36, 29, 28, 23, 22, 28, 29,
29, 28, 35, 32, 34, 29, 29, 32, 35, 33, 26, 27,
30, 32, 47, 143, 177, 189, 193, 196, 192, 192, 192, 192,
187, 192, 191, 195, 195, 193, 193, 196, 193, 194, 193,

191, 183, 183, 196, 191, 189, 195, 191, 182, 172, 176,

ir7, 177, 180, 185, 192, 188, 190, 193, 186, 184, 188,

192, 191, 188, 187, 183, 173, 181, 178, 183, 188, 194,

188, 191, 189, 178, 108, 48, 42, 33, 37, 31, 31,

30, 28, 35, 34, 33, 27, 26, 31, 33, 27, 27, 34,
29, 31, 29, 35, 30, 32, 28, 29, 25, 33, 32, 26,
27, 30, 27, 34, 30, 31, 28, 29, 29, 30, 31, 33,
28, 32, 32, 34, 26, 29, 30, 29,%},

{ 191, 191, 194, 193, 194, 189, 186, 190, 192, 192, 189,
191, 191, 196, 192, 156, 90, 48, 32, 28, 28, 32,

26, 32, 32, 35, 32, 30, 30, 33, 32, 29, 32, 30,
32, 28, 25, 27, 29, 31, 34, 31, 36, 34, 29, 37,
38, 39, 33, 33, 30, 28, 33, 30, 28, 28, 28, 26,
29, 33, 36, 36, 31, 29, 36, 27, 35, 37, 35, 31,
33, 25, 54, 153, 191, 188, 194, 192, 192, 193, 191, 192,
193, 195, 193, 192, 193, 192, 192, 196, 196, 193, 182,

189, 183, 189, 187, 183, 188, 193, 193, 193, 188, 189,

182, 177, 174, 181, 189, 193, 192, 192, 182, 176, 192,

189, 192, 189, 174, 169, 176, 186, 187, 193, 188, 184,

189, 188, 188, 177, 114, 58, 43, 31, 33, 33, 29,

34, 32, 28, 35, 30, 30, 30, 31, 30, 33, 27, 33,
26, 36, 29, 34, 28, 32, 35, 33, 24, 30, 32, 31,
32, 32, 30, 31, 34, 30, 26, 29, 31, 26, 27, 30,
30, 30, 28, 29, 28, 28, 27, 29,%},

{ 187, 188, 187, 188, 191, 190, 193, 196, 194, 189, 192,
191, 191, 187, 182, 148, 75, 35, 35, 34, 28, 23,

29, 28, 35, 33, 29, 25, 31, 31, 33, 29, 29, 26,
26, 29, 31, 29, 29, 23, 27, 32, 28, 30, 33, 29,
29, 32, 21, 29, 28, 31, 32, 27, 30, 26, 28, 32,
28, 30, 26, 30, 30, 33, 35, 34, 37, 32, 26, 33,
30, 34, 63, 159, 191, 191, 193, 194, 195, 191, 192, 193,
195, 193, 191, 198, 194, 189, 191, 190, 190, 191, 193,

192, 184, 183, 187, 184, 188, 193, 189, 188, 178, 179,

188, 181, 187, 196, 188, 189, 190, 193, 184, 186, 191,

188, 189, 188, 188, 187, 184, 186, 183, 187, 193, 189,

191, 189, 194, 185, 125, 63, 39, 36, 32, 29, 32,

22, 29, 32, 31, 32, 25, 28, 32, 32, 35, 34, 37,
33, 32, 32, 28, 27, 30, 27, 31, 36, 31, 28, 27,
28, 30, 33, 34, 27, 24, 30, 33, 32, 34, 32, 26,
29, 27, 29, 27, 30, 23, 34, 31,},
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{ 192, 186, 174, 169, 176, 180, 192, 196, 193, 196, 194,
190, 188, 179, 170, 125, 61, 36, 34, 32, 23, 22,

24, 30, 26, 33, 28, 31, 25, 28, 25, 24, 29, 33,
32, 26, 24, 23, 27, 29, 25, 29, 24, 29, 25, 34,
33, 30, 27, 32, 29, 26, 26, 29, 25, 30, 30, 34,
33, 28, 26, 29, 32, 35, 29, 32, 35, 31, 36, 31,
40, 37, 71, 165, 187, 195, 194, 192, 194, 192, 192, 192,
196, 191, 188, 190, 195, 193, 197, 189, 192, 189, 186,

188, 191, 194, 190, 189, 186, 191, 192, 190, 191, 186,

181, 178, 185, 188, 180, 186, 189, 190, 182, 183, 184,

186, 181, 193, 185, 186, 179, 176, 184, 189, 198, 190,

190, 180, 179, 175, 140, 66, 41, 34, 31, 32, 34,

27, 35, 32, 31, 33, 29, 32, 23, 29, 28, 36, 25,
33, 33, 31, 29, 32, 28, 25, 31, 30, 27, 30, 39,
35, 32, 30, 33, 36, 31, 29, 29, 30, 31, 28, 27,
31, 33, 31, 28, 29, 31, 28, 30,}%},

{ 193, 184, 178, 185, 188, 193, 195, 197, 192, 190, 193,
189, 183, 181, 167, 122, 53, 38, 26, 27, 28, 27,

23, 31, 31, 30, 30, 29, 27, 32, 30, 29, 31, 29,
30, 31, 21, 30, 29, 32, 34, 30, 31, 27, 32, 33,
34, 44, 39, 32, 31, 33, 36, 29, 31, 30, 36, 30,
31, 29, 34, 34, 34, 31, 32, 38, 34, 32, 32, 32,
31, 36, 71, 162, 189, 196, 196, 192, 197, 192, 192, 195,
194, 199, 194, 188, 188, 193, 193, 195, 196, 194, 193,

195, 194, 185, 188, 190, 191, 195, 188, 193, 188, 195,

189, 188, 182, 187, 187, 184, 189, 190, 185, 189, 189,

184, 187, 195, 181, 176, 184, 193, 194, 196, 194, 188,

182, 178, 184, 185, 148, 77, 46, 34, 25, 32, 32,

30, 31, 32, 29, 29, 35, 30, 27, 29, 33, 30, 33,
32, 35, 36, 33, 29, 31, 31, 35, 37, 35, 30, 30,
27, 28, 34, 26, 32, 28, 29, 28, 28, 32, 28, 24,
27, 28, 28, 22, 29, 27, 31, 31.,%}.,

{ 191, 187, 194, 189, 189, 185, 191, 197, 193, 191, 193,
188, 187, 183, 167, 112, 56, 43, 36, 29, 30, 30,

29, 34, 27, 32, 36, 35, 29, 31, 32, 31, 35, 30,
31, 33, 30, 31, 32, 26, 27, 29, 29, 27, 30, 27,
37, 37, 34, 40, 32, 31, 31, 31, 37, 30, 32, 33,
32, 35, 35, 31, 38, 36, 37, 40, 35, 28, 33, 37,
43, 35, 70, 168, 191, 191, 193, 191, 190, 194, 195, 192,
192, 194, 194, 189, 194, 188, 192, 201, 190, 195, 196,

193, 193, 190, 191, 193, 190, 194, 191, 187, 186, 190,

187, 184, 181, 184, 179, 184, 191, 185, 191, 194, 188,

189, 188, 187, 193, 182, 181, 189, 193, 190, 193, 184,

187, 196, 184, 184, 158, 70, 48, 32, 28, 29, 28,

34, 33, 25, 25, 26, 28, 31, 29, 28, 28, 32, 28,
34, 33, 30, 29, 31, 34, 24, 28, 34, 27, 29, 32,
30, 30, 28, 26, 31, 35, 34, 29, 30, 28, 27, 30,
30, 24, 30, 31, 34, 34, 42, 37.%},

{ 192, 191, 189, 187, 190, 194, 194, 192, 191, 190, 188,
189, 193, 193, 180, 108, 52, 36, 39, 35, 33, 33,

31, 33, 32, 36, 35, 34, 32, 32, 34, 33, 30, 30,
34, 31, 30, 31, 33, 30, 30, 29, 25, 30, 29, 24,
36, 40, 34, 33, 44, 33, 34, 23, 32, 32, 27, 30,
31, 31, 29, 31, 32, 35, 29, 32, 33, 34, 39, 32,
36, 44, 87, 172, 189, 193, 191, 193, 195, 196, 191, 194,
189, 193, 191, 190, 197, 192, 197, 194, 190, 194, 190,

193, 199, 190, 192, 194, 195, 193, 193, 184, 190, 187,

195, 193, 186, 189, 183, 184, 189, 190, 190, 189, 185,

186, 191, 186, 188, 192, 189, 188, 191, 192, 185, 187,

194, 192, 190, 187, 165, 78, 40, 38, 30, 30, 33,

23, 34, 33, 32, 33, 32, 31, 30, 28, 26, 30, 32,
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31, 30, 31, 30, 27, 38, 29, 30, 31, 28, 28, 30,
29, 25, 26, 28, 23, 32, 32, 31, 32, 36, 32, 33,
30, 33, 34, 34, 31, 29, 30, 29,},

{ 195, 185, 186, 190, 192, 194, 192, 182, 188, 185, 192,
193, 194, 191, 173, 94, 57, 37, 32, 32, 33, 32,

30, 31, 30, 33, 32, 32, 32, 31, 32, 34, 34, 26,
37, 31, 27, 29, 32, 31, 31, 31, 29, 30, 32, 32,
33, 31, 32, 29, 29, 29, 28, 35, 29, 28, 25, 29,
26, 34, 33, 33, 33, 43, 38, 44, 39, 37, 41, 36,
32, 37, 79, 170, 188, 186, 187, 193, 198, 199, 197, 193,
197, 190, 192, 186, 189, 192, 197, 191, 194, 193, 193,

191, 185, 190, 190, 191, 197, 196, 195, 193, 192, 198,

192, 190, 189, 190, 195, 192, 194, 192, 189, 192, 190,

189, 188, 187, 188, 186, 199, 190, 188, 187, 187, 190,

187, 190, 188, 187, 163, 89, 47, 40, 33, 34, 30,

41, 28, 33, 33, 34, 36, 27, 28, 34, 33, 36, 25,
32, 37, 31, 29, 30, 33, 29, 24, 29, 29, 26, 27,
25, 25, 29, 33, 29, 33, 31, 34, 32, 31, 33, 29,
36, 35, 34, 29, 33, 40, 39, 37,},

{ 193, 190, 193, 192, 195, 191, 190, 187, 190, 194, 187,
190, 191, 189, 155, 74, 42, 36, 35, 30, 30, 30,

29, 30, 29, 31, 32, 29, 30, 29, 29, 37, 31, 31,
30, 28, 31, 31, 29, 28, 26, 30, 26, 35, 30, 35,
31, 30, 26, 31, 36, 25, 29, 31, 33, 31, 32, 32,
30, 33, 28, 30, 32, 32, 30, 30, 29, 31, 37, 32,
34, 42, 96, 172, 188, 186, 196, 192, 190, 192, 196, 193,
192, 187, 187, 189, 187, 194, 192, 190, 194, 199, 193,

190, 192, 194, 193, 199, 195, 189, 187, 199, 192, 192,

189, 186, 194, 188, 190, 191, 190, 192, 191, 193, 195,

191, 185, 188, 184, 189, 188, 190, 192, 192, 190, 194,

194, 184, 187, 189, 171, 101, 49, 36, 31, 32, 32,

36, 27, 29, 28, 32, 32, 28, 37, 32, 33, 36, 33,
37, 31, 33, 37, 32, 24, 32, 30, 29, 24, 34, 29,
34, 32, 25, 33, 33, 30, 33, 31, 26, 33, 26, 27,
33, 30, 34, 29, 30, 34, 33, 34,},

{ 193, 192, 191, 193, 192, 191, 187, 191, 192, 188, 191,
192, 192, 187, 144, 72, 40, 35, 29, 32, 30, 31,

30, 26, 30, 29, 27, 30, 37, 27, 33, 31, 39, 35,
29, 31, 30, 28, 23, 27, 31, 33, 31, 31, 31, 30,
26, 33, 28, 33, 28, 30, 31, 35, 38, 32, 29, 27,
37, 31, 31, 29, 29, 28, 25, 27, 30, 31, 27, 33,
37, 46, 89, 166, 175, 186, 188, 192, 196, 192, 188, 184,
180, 191, 188, 196, 197, 195, 188, 182, 180, 189, 191,

193, 194, 189, 188, 184, 187, 190, 190, 190, 188, 185,

185, 192, 195, 194, 193, 189, 190, 188, 196, 192, 188,

188, 186, 187, 191, 195, 193, 190, 187, 187, 191, 193,

195, 197, 191, 187, 176, 116, 62, 38, 32, 33, 30,

37, 34, 35, 40, 37, 32, 34, 36, 41, 32, 31, 31,
31, 33, 30, 32, 29, 31, 32, 34, 35, 28, 35, 31,
32, 26, 31, 36, 33, 34, 33, 33, 35, 35, 38, 29,
33, 29, 29, 34, 33, 32, 34, 34,}

¥

struct header {
int nr, nc;
int oi, 0Oj;

/> The IMAGE

data structure

/* Rows and columns in the image */
/* Origin */

*/
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struct

¥

image {
struct header *info; /* Pointer to header */
unsigned char **data; /* Pixel values */

typedef struct image * IMAGE;

int

struct

{

/*

/*

/*

PBM_SE_ORIGIN_COL=0, PBM_SE_ORIGIN_ROW=0;

image *newimage (int nr, int nc)

struct image *Xx; /* New image */
unsigned char *ptr; /* new pixel array */
int i;

if (nr <0 |] nc <0) {
printf (Error: Bad image size (%d,%d)\n", nr, nc);

return O;
}
Allocate the image structure */
X = (struct image *) malloc( sizeof (struct image) );
if (Ix) {
printf ('Out of storage in NEWIMAGE.\n");
return O;
}
Allocate and initialize the header */

x->info = (struct header *)malloc( sizeof(struct header) );
if (1(x->info)) {
printf ('Out of storage in NEWIMAGE.\n");

return O;
> _
X->info->nr = nr; X->info->nc = nc;
x->info->o0i1 = x->info->0j = O;
Allocate the pixel array */

x->data = (unsigned char **)malloc(sizeof(unsigned char

/* Pointers to rows */

char));

if (J(x->data)) {
printf ("'Out of storage in NEWIMAGE.\n");

return O;
}
for (i=0; i<nr; i++)
{
x->data[i] = (unsigned char *)malloc(nc*sizeof(unsigned
iT (x->data[i]==0)
{
printf ('Out of storage. Newimage - row %d\n", i);
exit(l);
}
}
return x;
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/*function prototypes*/

void gradl (IMAGE x);

int range (IMAGE im, int i, int j);

float ** f2d (int nr, int nc);

void freeimage (struct image *z);

void sys_abort (int val, char *mess);

void copy (IMAGE *a, IMAGE b);

void CopyVarlmage (IMAGE *a, IMAGE *b);

IMAGE Output_PBM (IMAGE image, char *filename);

main O

XTmrCtr XPS Timer ;

//typedef unsigned long long XTime;
XTime start ;

XTime end ;

unsigned int diff ;

//void XTime_SetTime(XTime Xtime);
//void XTime _GetTime(XTime *Xtime);

int i, j;
IMAGE Xx;

printf ("\nPGM file class %d size %d columns X %d rows
Max=%d\n'", CLASS, COLUMNS, ROWS, MAX);

x = (IMAGE)newimage (ROWS, COLUMNS);
x->info->o0i1 = PBM_SE_ORIGIN_ROW;
x->info->0j = PBM_SE_ORIGIN_COL;
PBM_SE_ORIGIN_ROW = 0;
PBM_SE_ORIGIN_COL = 0O;
for (i=0; iI<ROWS; i++)
for (J=0; J<COLUMNS; j++)
x->data[i][jJ] = imgdata[i][jl;

XTmrCtr_Initialize(&XPS_Timer ,XPAR_XPS TIMER_O DEVICE_ID) ;
XTmrCtr_SetResetValue(&XPS_Timer,0,0x00000000) ;
XTmrCtr_Reset(&XPS_Timer,0) ;

XTmrCtr_Start(&XPS_Timer,0) ;

start=0;
XTime_SetTime(start) ;
XTime_GetTime(&start) ;

gradl (X);
XTime_GetTime(&end) ;
XTmrCtr_Stop(&XPS_Timer,0) ;
i = XTmrCtr_GetValue(&XPS_Timer,0) ;
putnum(i) ;
print(’'\r\n");

printf ("Time : %L\n",end);
putnum( end ) ;



print(’'\r\n");

i = (unsigned int) end-start ;

putnum( 1 ) ;

print(*'\r\n"");

i = (unsigned int) (end>>32) - (start>>32) ;
putnum( 1 ) ;

print(*'\r\n'");

//delay :
for (i=0; 1<8000000; ++i) ;

Output_PBM (x, '‘gradl.pgm™);
printf ('Output is in file "gradl.pgm*\n');

void gradl (IMAGE x)
{
int i,j,k;
double z, dx, dy;
int pmax=0, pmin=255, thresh = 128;

for (i=x->info->nr-1; i>= 1; i--)
for (J=x->info->nc-1; j>=1; j--)

{
dx = (x->data[i][j]-x->data[i-1]1[iD);
dy = (x->data[i][j]-x->data[i]l[j-11);
z = sqrt(dx*dx + dy*dy);

if (z > 255.0) z = 255.0;

else if (z < 0.0) z = 0.0;
x->data[i][J] = (unsigned char)z;
if (pmax < (unsigned char)z) pmax
if (pmin > (unsigned char)z) pmin

(unsigned char)z;
(unsigned char)z;

}
thresh = (pmax-pmin)/2;
for (i=0; i<x->info->nr; i++)

x->data[1][0] = O;
x->data[i][x->info->nc-1] = O;
}

for (J=0; j<x->info->nc; J++)

x->data[0][j] = O;
x->data[x->info->nr-1][j] = O;
}

/* Threshold */
for (i=0; i<x->info->nr; i++)
for (J=0; j<x->info->nc; j++)
if (x->data[i1][J] > thresh) x->data[i][]j] = O;
else x-—>data[i][J] = 255;

55



int range (IMAGE im, int i, int j)

{
if ((i<0) || (i>=im->info->nr)) return 0;
if (g<0) || g>=im->info->nc)) return 0;
return 1;

}

float ** f2d (int nr, int nc)

{
float **x, *y;
int i;
x = (float **)calloc ( nr, sizeof (float *) );
if (x == 0)
{
printf ('Out of storage: F2D_\n"");
exit (1);
for (i=0; i<nr; i++)
{
x[i] = (Float *) calloc ( nc, sizeof (float) );
if (X[i] == 0)
{
printf ('Out of storage: F2D %d.-\n", 1);
exit (1);
}
}
return Xx;
}
void freeimage (struct image *z)
{
/* Free the storage associated with the image Z */
int i;
if (z 1= 0)
{
for (i=0; i<z->info->nr; i++)
free (z->datal[i]);
free (z->info);
free (z->data);
free (2);
}
}
void sys_abort (int val, char *mess)
{
printf ('**** System library ABORT %d: %s ****\n",
val, mess);
exit (2);
}

void copy (IMAGE *a, IMAGE b)

CopyVarlmage (a, &b);
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void CopyVarlmage (IMAGE *a, IMAGE *b)
{

int 1,j;

if (a == b) return;

if (*a) freeimage (*a);

*a = newimage ((*b)->info->nr, (*b)->info->nc);
if (*a == 0) sys_abort (0, "No more storage.\n");

for (i=0; i<(*b)->info->nr; i++)
for (j=0; j< (*b)->info->nc; j++)
(*a)->data[i][j] = (*b)->data[i]l[j];
(*a)->info->o0i = (*b)->info->0i;
(*a)->info->0j) = (*b)->info->0j;

IMAGE Output_PBM (IMAGE image, char *filename)
{

FILE *T;

int 1,j,k, perline;

char bufi[64];

//strcpy (bufl, filename);
if (image->info->nc > 20) perline = 20;
else perline = image->info->nc-1;
//Tf = fopen (bufil, "w™);
//if (F == 0) sys _abort (0, "Can"t open output File.'™);

printf ("P2\n#origin %d %d\n", image->info->0j, image->info->0i);
printf ("%d %d %d\n*", image->info->nc, image->info->nr, 255);
k = 0;
for (i=0; i<image->info->nr; i++)
for (J=0; j<image->info->nc; j++)
{
printf ( "%d ', image->data[i][il):;
k++;
if (k > perline)

printf ("\n");
k = 0;
}
}
printf ("'\n'");

//fclose (F);
return image;
}
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ITAPAPTHMA 2
H epapuoyn 6o acyoreiton oAl pe TNV aAdoyn TOV ¥POUATOV OU®G QLTH T QOpA

dev Ba etvon og oplovTio eninedo ALl Kol 6€ KATAKOPLPO LE GKOTO Vo TPocTadel
VO 0VOyVOPIGEL TO TEPTYPAULOTO OO TNV EKOVO(T.Y 6€ £va OKAKL TOV TPOocTadel va
Bpet ta meprypappoata amd ta teETpdydva Kot ta movia). O mivakoag ovtog Ha
oTéAvetol PEow ovplokng BOpac oe éva vmoAoylot) o omoiog Oa KoTaypAPEL TO
dedopéva og éva apyeio .txt to omoio Ba to avoifovue o1 cvveyeia e éva image
editor ywo va SovpE TNV PIATPAPIGUEVT EKOVAL.

/*Canny*/

#include <stdio.h>
#include <stdlib.h>
#include <malloc.h>
#include <string.h>
#include <math.h>

#define MAX 255

#define ROWS 181

#define COLUMNS 35
#define CLASS 5

#define PI 3.14
//#include "lib_h"
#include "xparameters.h"
#include "xtmrctr._h"
#include "'xtime_I_h"

/* Scale floating point magnitudes and angles to 8 bits */
#define ORI_SCALE 40.0
#define MAG_SCALE 20.0

/* Biggest possible filter mask */
#define MAX_MASK_SIZE 20

unsigned char imgdata[181][35] = {

{ 30, 32, 40, 31, 30, 30, 39, 31, 29, 32, 28,
34, 26, 30, 31, 32, 28, 27, 34, 38, 96, 174, 192,
194, 194, 195, 191, 186, 184, 191, 191, 193, 190, 183,

171, 147, 120, 89, 58, 40, 30, 26, 26, 27, 28,

22, 24, 19, 26, 25, 33, 48, 76, 109, 146, 178, 184,
188, 195, 196, 194, 196, 199, 193, 193, 190, 188, 188,

190, 193, 196, 196, 194, 150, 71, 43, 39, 34, 33,

36, 31, 32, 34, 37, 33, 35, 31, 40, 31, 32, 32,
35, 34, 28, 34, 29, 37, 31, 33, 29, 32, 36, 38,
31, 35, 29, 35, 30, 35, 33, 39, 36, 30, 27, 36,
36, 37, 37, 35, 40, 43, 36, 30, 29, 34, 31, 39,
91, 174, 184, 191, 197, 192, 193, 195, 188, 195, 192, 186,
191, 193, 192, 188, 191, 192, 194, 192, 195, 189, 184,

194, 196, 192, 191, 195, 190, 191, 198, 195, 193, 189,

193, 195, 187, 183, 190, 190, 189, 190, 187, 186, 189,

190, 192, 186, 188, 187, 193, 186, 182, 180,},

{ 31, 25, 29, 30, 32, 29, 27, 34, 31, 26, 30,
30, 30, 34, 32, 29, 33, 31, 35, 54, 120, 183, 189,
197, 195, 194, 195, 192, 197, 199, 191, 188, 186, 189,

192, 191, 191, 183, 164, 133, 100, 78, 63, 55, 49,
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48,
194,
194,
34,
38,
35,
37,
86,
193,
195,
192,
192,
{
33,
191,
191,
180,
197,
192,
38,
32,
33,
35,
37,
193,
193,
187,
159,
{
30,
193,
193,
195,
190,
194,
33,
37,
42,
42,
38,
187,
178,
110,
54,

32,
192
192
193
192
193,
31,
25,
29,
31,
45,
92,
49,
42,
40,

52,
193,
192,
37,
34,
34,
40,

168,

191,
195,
190,
191,

34,

28,
194,
192,
185,
190,
200,
33,
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34,
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31, 31,
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34, 34,
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33, 39,
30, 36,
190, 191,
196, 193,
191, 192,
195, 193,
141, 61,
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36!}!
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37,
34,
44,
34,
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194,
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34,
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27, 34,
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34, 34,
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193, 193,
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34, 30,
26, 36,
34, 30,
36, 38,
37, 33,
195, 195,
181, 176,
127, 114,
65, 58,
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37, 40,
166, 188,
190, 201,
191, 196,
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31, 31,
37, 34,
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38, 42,

192,
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34,
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35,
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191,

31,
32,
37,
31,
187,

34,
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{ 32, 31,
33, 35, 34,
193, 192, 193,
190, 190, 195,
194, 198, 192,
193, 195, 199,
190, 197, 194,
29, 32, 33,
36, 37, 35,
48, 53, 59,
91, 94, 93,
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49, 41, 38,
38, 39, 42,
36, 36, 33,
33, 33, 30,
{ 38, 32,
31, 40, 33,
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186, 191, 193,
63, 67, 75,
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187, 183, 179, 183, 182, 176, 181, 183, 182, 181, 187,

iso, 183, 183, 181, 178, 187, 187, 183, 186, 181, 183,

184, 183, 184, 189, 185, 181, 183, 182, 183, 186, 187,

193, 176, 182, 182, 184, 187, 187, 187, 182, 187, 186,

193, 171, 128, 54, 42, 39, 36, 33, 29, 32, 30,

33, 36, 36, 36, 31, 32, 33, 37, 38, 36, 34, 35,
32, 36, 37, 28, 33, 36, 38, 38, 44, 32, 33, 32,
38, 37, 28, 32, 32, 31, 28, 33, 31, 39, 34, 33,
36, 29, 30, 29, 28, 30, 29, 32,%}.

{ 165, 174, 168, 156, 153, 156, 159, 164, 157, 161, 172,
ir8, 177, 176, 178, 170, 174, 166, 139, 79, 47, 37,

37, 41, 35, 35, 38, 37, 32, 38, 36, 36, 37, 30,
30, 32, 37, 37, 37, 36, 38, 37, 34, 38, 35, 46,
40, 34, 41, 39, 34, 32, 39, 32, 35, 37, 40, 35,
35, 34, 35, 35, 34, 32, 29, 27, 31, 34, 33, 41,
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193, 188, 190, 193, 188, 194, 194, 186, 186, 190, 187,

182, 184, 184, 184, 181, 185, 184, 188, 184, 189, 185,

190, 186, 185, 187, 186, 189, 188, 192, 188, 189, 188,

189, 186, 132, 60, 42, 32, 41, 33, 35, 38, 39,

42, 32, 36, 31, 29, 35, 29, 34, 30, 25, 33, 38,
36, 35, 33, 37, 42, 37, 35, 41, 41, 36, 37, 34,
41, 40, 34, 35, 34, 28, 31, 32, 39, 34, 31, 31,
31, 33, 29, 26, 28, 28, 27, 31,%,

{ 181, 1v5, 169, 169, 171, 1ve6, 177, 174, 177, 172, 179,
180, 180, 182, 178, 178, 171, 168, 133, 66, 39, 35,

28, 27, 28, 30, 31, 36, 34, 35, 33, 34, 32, 30,
27, 32, 33, 39, 38, 41, 40, 36, 39, 38, 39, 38,
38, 35, 37, 33, 32, 37, 38, 32, 33, 32, 34, 35,
31, 33, 32, 29, 34, 27, 32, 26, 28, 35, 32, 35,
32, 32, 34, 110, 180, 184, 192, 185, 190, 190, 191, 195,
193, 184, 181, 187, 191, 182, 181, 186, 194, 192, 187,

188, 198, 191, 186, 193, 189, 191, 185, 189, 190, 190,

188, 189, 192, 182, 189, 184, 188, 195, 191, 192, 191,

187, 192, 193, 187, 186, 192, 196, 198, 192, 191, 192,

195, 185, 146, 74, 42, 35, 36, 36, 35, 31, 33,

38, 35, 34, 31, 31, 28, 34, 37, 39, 37, 34, 33,
31, 34, 35, 33, 34, 36, 38, 41, 37, 33, 45, 35,
35, 33, 33, 32, 29, 35, 27, 30, 31, 29, 32, 28,
28, 28, 29, 36, 25, 25, 30, 28.%}.,

{ 181, 172, 175, 175, 175, 176, 182, 17Y5, 177, 179, 186,
176, 179, 186, 185, 181, 176, 165, 108, 53, 41, 35,

36, 35, 36, 31, 33, 36, 34, 35, 29, 33, 33, 32,
29, 30, 28, 34, 29, 34, 39, 38, 37, 45, 44, 39,
39, 38, 34, 36, 39, 35, 34, 33, 36, 26, 28, 32,
32, 29, 29, 35, 28, 30, 31, 31, 31, 39, 38, 40,
41, 43, 43, 114, 176, 190, 190, 192, 191, 186, 194, 200,
191, 191, 189, 188, 189, 190, 186, 181, 184, 191, 191,

186, 187, 191, 187, 184, 190, 191, 183, 181, 189, 188,

183, 190, 188, 190, 182, 195, 189, 190, 187, 188, 183,
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185, 193, 190, 192, 179, 189, 188, 194, 190, 188, 188,

185, 189, 146, 64, 41, 36, 33, 35, 29, 31, 30,

33, 33, 29, 25, 39, 33, 39, 36, 35, 30, 30, 35,
33, 35, 29, 30, 30, 27, 35, 34, 35, 34, 34, 35,
35, 29, 34, 30, 32, 32, 30, 30, 28, 33, 33, 32,
30, 27, 34, 28, 31, 27, 31, 33.%},

{ 187, 189, 182, 186, 180, 185, 175, 179, 184, 185, 187,
187, 186, 192, 182, 177, 181, 165, 104, 51, 38, 34,

33, 38, 31, 32, 37, 33, 36, 33, 31, 30, 35, 33,
31, 28, 30, 30, 30, 33, 39, 36, 34, 34, 40, 39,
40, 35, 33, 37, 37, 38, 32, 35, 31, 32, 32, 34,
34, 32, 32, 33, 27, 32, 30, 38, 30, 31, 29, 37,
38, 35, 39, 118, 177, 188, 190, 191, 192, 190, 196, 191,
190, 190, 190, 187, 189, 191, 189, 188, 188, 194, 191,

191, 188, 191, 191, 193, 192, 192, 192, 189, 189, 191,

188, 185, 187, 187, 185, 185, 191, 190, 187, 187, 187,

190, 189, 192, 190, 188, 191, 187, 188, 190, 191, 189,

185, 180, 152, 82, 54, 42, 35, 35, 33, 33, 35,

38, 30, 36, 32, 34, 41, 29, 34, 35, 35, 36, 29,
32, 31, 32, 37, 34, 34, 31, 31, 27, 34, 35, 31,
32, 31, 28, 32, 25, 32, 28, 31, 28, 29, 31, 33,
30, 25, 33, 29, 28, 24, 30, 27,%,

{ 189, 183, 187, 192, 190, 190, 189, 184, 192, 195, 184,
181, 189, 186, 192, 189, 184, 150, 87, 40, 32, 34,

35, 37, 36, 31, 30, 29, 36, 26, 31, 31, 32, 30,
32, 32, 31, 26, 34, 27, 36, 38, 39, 43, 43, 38,
37, 37, 33, 38, 33, 34, 31, 35, 37, 30, 38, 38,
33, 35, 32, 32, 31, 33, 31, 25, 36, 33, 40, 44,
43, 42, 42, 127, 181, 192, 196, 191, 195, 187, 191, 188,
195, 191, 185, 186, 199, 192, 193, 190, 186, 193, 194,

191, 190, 190, 192, 190, 186, 188, 192, 191, 191, 195,

190, 194, 187, 190, 189, 187, 184, 186, 194, 192, 193,

191, 193, 187, 192, 194, 192, 185, 187, 189, 191, 192,

188, 186, 167, 84, 44, 40, 33, 36, 33, 29, 33,

25, 36, 30, 30, 30, 28, 26, 35, 32, 33, 34, 34,
39, 30, 33, 32, 31, 31, 33, 40, 38, 33, 30, 31,
29, 32, 29, 28, 29, 28, 32, 31, 30, 32, 33, 29,
32, 29, 34, 25, 25, 29, 34, 32,%,

{ 1v8, 187, 183, 180, 188, 186, 180, 185, 187, 185, 189,
184, 187, 188, 187, 188, 180, 146, 75, 41, 33, 30,

30, 26, 36, 35, 32, 33, 31, 33, 30, 31, 38, 35,
43, 35, 35, 31, 38, 38, 31, 32, 41, 33, 39, 38,
34, 33, 34, 39, 34, 34, 34, 31, 27, 38, 34, 30,
38, 35, 27, 30, 26, 30, 31, 31, 30, 33, 30, 31,
33, 28, 40, 130, 183, 191, 190, 191, 190, 190, 188, 195,
194, 194, 191, 189, 191, 191, 195, 191, 191, 193, 192,

188, 195, 192, 192, 194, 192, 190, 184, 187, 193, 189,

191, 191, 186, 189, 186, 190, 189, 189, 191, 192, 190,

190, 192, 189, 190, 193, 189, 188, 194, 195, 192, 191,

192, 189, 174, 97, 48, 37, 36, 36, 38, 33, 34,

40, 31, 31, 30, 38, 33, 33, 31, 40, 35, 29, 29,
34, 33, 33, 32, 34, 32, 37, 36, 35, 39, 37, 32,
29, 26, 27, 28, 26, 27, 24, 26, 26, 30, 23, 29,
27, 27, 28, 27, 21, 24, 29, 27,%,

{ 183, 179, 178, 179, 187, 189, 182, 185, 187, 190, 183,
186, 189, 182, 193, 182, 180, 130, 67, 41, 39, 30,

35, 29, 31, 34, 30, 30, 34, 32, 34, 33, 33, 35,
35, 39, 37, 31, 35, 33, 33, 41, 38, 37, 43, 42,
39, 38, 28, 33, 35, 36, 33, 33, 33, 37, 38, 31,
31, 33, 31, 31, 28, 27, 26, 29, 28, 31, 32, 40,
39, 41, 49, 130, 180, 191, 191, 191, 189, 194, 189, 186,
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191, 192, 193, 193, 192, 198, 194, 195, 191, 185, 187,

194, 192, 192, 193, 189, 189, 180, 185, 183, 188, 190,

189, 188, 187, 185, 189, 194, 187, 185, 194, 187, 191,

194, 189, 195, 188, 186, 192, 187, 195, 193, 192, 193,

197, 188, 177, 112, 48, 34, 32, 31, 31, 28, 32,

40, 38, 25, 33, 30, 34, 34, 30, 31, 29, 32, 29,
29, 32, 30, 33, 30, 34, 37, 29, 32, 29, 34, 34,
32, 25, 26, 22, 30, 30, 26, 27, 29, 31, 28, 26,
29, 25, 31, 32, 28, 31, 30, 31.,%}.,

{ 185, 181, 184, 182, 180, 183, 179, 179, 179, 187, 189,
190, 181, 187, 186, 182, 175, 121, 51, 37, 34, 34,

24, 28, 36, 33, 32, 37, 36, 33, 33, 31, 35, 30,
31, 38, 31, 29, 33, 27, 32, 33, 34, 35, 33, 35,
34, 34, 33, 31, 29, 37, 34, 34, 30, 32, 34, 30,
26, 30, 27, 34, 33, 35, 36, 34, 26, 30, 43, 54,
50, 36, 36, 132, 183, 193, 196, 193, 195, 191, 190, 192,
190, 191, 193, 200, 193, 193, 193, 193, 189, 189, 190,

185, 192, 186, 186, 191, 192, 189, 192, 191, 191, 182,

188, 191, 194, 189, 190, 188, 189, 185, 191, 193, 189,

190, 192, 195, 189, 191, 190, 190, 196, 182, 189, 193,

192, 192, 181, 130, 58, 36, 33, 35, 30, 34, 35,

32, 30, 30, 33, 34, 31, 30, 29, 35, 32, 28, 31,
31, 31, 32, 34, 30, 32, 32, 28, 28, 35, 29, 30,
33, 25, 30, 24, 29, 25, 33, 35, 29, 30, 30, 28,
30, 30, 28, 28, 36, 32, 39, 31,%},

{ 1ve6, 173, 185, 186, 1v8, 184, 187, 185, 181, 188, 191,
190, 185, 185, 189, 184, 170, 111, 46, 36, 37, 32,

34, 36, 31, 32, 39, 31, 28, 34, 34, 33, 28, 29,
32, 38, 37, 30, 36, 30, 33, 32, 33, 35, 32, 29,
32, 35, 35, 32, 36, 36, 37, 42, 34, 29, 27, 27,
34, 28, 30, 30, 23, 30, 27, 27, 30, 32, 32, 43,
41, 35, 45, 141, 183, 192, 194, 194, 186, 192, 191, 191,
192, 191, 193, 195, 194, 195, 190, 196, 188, 194, 198,

192, 197, 193, 193, 188, 190, 189, 193, 191, 197, 192,

193, 191, 190, 191, 188, 190, 196, 189, 190, 187, 189,

191, 191, 186, 192, 192, 189, 195, 194, 187, 185, 190,

191, 192, 189, 132, 64, 40, 34, 29, 34, 33, 33,

37, 28, 31, 31, 31, 33, 34, 32, 31, 34, 41, 31,
29, 34, 31, 33, 42, 33, 34, 34, 30, 32, 34, 27,
28, 28, 34, 29, 28, 33, 27, 32, 28, 27, 28, 28,
31, 31, 38, 37, 34, 29, 33, 34,%,

{ 185, 192, 184, 189, 179, 188, 187, 185, 183, 194, 192,
187, 186, 190, 188, 189, 162, 96, 42, 39, 31, 30,

36, 33, 32, 32, 32, 30, 37, 33, 35, 31, 26, 31,
30, 33, 31, 31, 31, 27, 30, 33, 29, 31, 29, 40,
32, 31, 30, 30, 28, 25, 31, 29, 31, 32, 34, 32,
29, 28, 33, 29, 35, 26, 31, 24, 28, 29, 31, 39,
39, 37, 45, 137, 186, 192, 196, 194, 187, 194, 199, 189,
190, 194, 193, 191, 191, 192, 193, 196, 195, 192, 192,

192, 192, 194, 191, 195, 190, 189, 189, 188, 191, 190,

190, 186, 195, 193, 194, 190, 194, 194, 197, 186, 194,

190, 194, 190, 192, 192, 191, 191, 190, 197, 192, 189,

191, 193, 191, 135, 67, 41, 36, 38, 35, 36, 36,

37, 40, 34, 34, 36, 37, 31, 30, 31, 30, 29, 30,
33, 35, 36, 34, 35, 31, 35, 36, 34, 37, 34, 35,
31, 32, 32, 27, 23, 28, 30, 30, 29, 26, 21, 29,
27, 27, 30, 37, 42, 30, 33, 30,%},

{ 188, 188, 187, 188, 182, 183, 187, 187, 184, 184, 189,
184, 191, 198, 192, 185, 164, 88, 39, 39, 27, 31,

36, 29, 35, 37, 32, 32, 31, 31, 33, 33, 36, 31,
26, 34, 32, 31, 31, 31, 29, 29, 38, 31, 36, 34,
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32, 36, 37, 32, 33, 32, 29, 31, 28, 30, 29, 31,
29, 35, 30, 30, 34, 37, 23, 30, 26, 27, 29, 29,
26, 33, 44, 143, 186, 195, 194, 191, 190, 194, 186, 189,
192, 193, 191, 195, 182, 192, 199, 191, 197, 193, 190,

185, 188, 195, 196, 194, 194, 191, 190, 194, 191, 191,

191, 185, 185, 190, 190, 194, 193, 200, 190, 194, 196,

195, 188, 189, 190, 192, 191, 196, 193, 192, 191, 187,

192, 194, 192, 146, 69, 39, 35, 35, 30, 37, 33,

35, 31, 33, 31, 39, 37, 34, 30, 25, 29, 27, 32,
27, 29, 30, 33, 36, 37, 30, 32, 22, 25, 33, 30,
27, 30, 35, 28, 29, 25, 26, 26, 29, 34, 30, 28,
26, 30, 33, 33, 37, 34, 33, 33,1},

{ 191, 189, 193, 191, 190, 188, 190, 189, 194, 186, 184,
187, 192, 193, 193, 190, 145, 75, 42, 35, 39, 31,

30, 33, 34, 32, 30, 28, 38, 31, 36, 31, 29, 28,
27, 26, 32, 25, 29, 31, 27, 34, 29, 33, 30, 27,
28, 33, 30, 30, 26, 32, 32, 28, 27, 30, 32, 30,
28, 30, 28, 32, 29, 31, 30, 27, 28, 30, 34, 32,
38, 37, 53, 141, 182, 193, 187, 194, 196, 187, 185, 187,
190, 195, 193, 191, 187, 186, 190, 187, 192, 190, 192,

194, 192, 195, 189, 190, 190, 189, 190, 198, 191, 189,

187, 185, 189, 188, 188, 188, 186, 188, 192, 193, 194,

197, 194, 190, 189, 192, 192, 192, 193, 193, 193, 191,

192, 188, 194, 151, 78, 39, 39, 34, 32, 32, 34,

31, 35, 30, 31, 29, 27, 34, 34, 28, 29, 29, 31,
28, 33, 33, 28, 40, 37, 35, 32, 26, 25, 35, 27,
27, 36, 33, 29, 36, 33, 33, 28, 29, 32, 28, 25,
25, 29, 26, 27, 35, 26, 34, 33.%}.

{ 190, 190, 188, 194, 191, 195, 185, 190, 194, 190, 186,
187, 191, 190, 189, 181, 127, 63, 35, 31, 32, 33,

29, 36, 33, 29, 31, 31, 38, 30, 29, 25, 27, 27,
27, 28, 26, 30, 25, 30, 28, 32, 32, 28, 31, 29,
28, 30, 29, 27, 25, 33, 29, 32, 33, 30, 26, 29,
33, 35, 29, 30, 28, 34, 32, 29, 43, 39, 41, 41,
42, 41, 55, 141, 182, 190, 188, 188, 192, 192, 188, 193,
194, 189, 187, 185, 187, 183, 192, 194, 185, 189, 188,

190, 190, 182, 187, 181, 186, 185, 188, 189, 186, 191,

185, 177, 187, 194, 191, 193, 189, 187, 184, 191, 191,

192, 194, 186, 177, 183, 192, 195, 191, 186, 192, 193,

196, 189, 195, 164, 83, 48, 38, 34, 37, 30, 30,

29, 29, 31, 35, 39, 36, 34, 33, 35, 28, 29, 28,
26, 28, 30, 27, 27, 30, 29, 32, 26, 28, 30, 28,
25, 26, 25, 23, 27, 26, 29, 19, 23, 27, 35, 26,
22, 23, 25, 23, 30, 25, 38, 25,%,

{ 187, 190, 189, 191, 198, 190, 189, 190, 190, 186, 187,
192, 186, 193, 190, 182, 116, 61, 37, 35, 32, 34,

32, 35, 32, 35, 35, 63, 77, 40, 36, 22, 31, 26,
31, 34, 34, 24, 29, 31, 32, 27, 30, 31, 29, 32,
28, 26, 28, 26, 30, 30, 27, 31, 31, 31, 26, 29,
28, 31, 37, 35, 31, 32, 25, 30, 34, 39, 44, 36,
44, 43, 53, 143, 186, 192, 192, 189, 185, 186, 187, 184,
186, 187, 188, 189, 190, 188, 195, 184, 178, 179, 186,

187, 183, 186, 185, 188, 188, 191, 185, 185, 183, 183,

185, 182, 181, 193, 190, 193, 195, 187, 180, 181, 186,

186, 193, 192, 186, 188, 188, 186, 188, 188, 193, 189,

189, 187, 189, 162, 86, 41, 31, 33, 25, 25, 23,

27, 22, 25, 25, 26, 31, 29, 25, 25, 30, 30, 26,
26, 25, 27, 25, 26, 26, 30, 30, 29, 29, 27, 23,
30, 29, 30, 27, 26, 28, 23, 32, 28, 22, 29, 29,
28, 28, 28, 31, 25, 32, 28, 32,3},
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{ 189, 191, 196, 199, 192, 187, 193, 195, 190, 190, 189,
193, 187, 194, 193, 178, 109, 52, 34, 29, 31, 23,

35, 29, 38, 33, 35, 37, 38, 32, 27, 29, 26, 29,
24, 27, 33, 26, 28, 24, 28, 30, 29, 33, 30, 39,
35, 36, 29, 27, 32, 29, 27, 29, 33, 26, 28, 34,
29, 28, 32, 38, 32, 27, 28, 30, 33, 31, 32, 31,
35, 37, 61, 147, 182, 190, 192, 190, 191, 192, 182, 186,
187, 191, 190, 192, 194, 194, 195, 195, 184, 188, 175,

173, 179, 190, 188, 186, 191, 190, 182, 175, 177, 173,

iro, 175, 171, 186, 190, 188, 195, 186, 175, 177, 183,

188, 187, 189, 187, 183, 191, 184, 190, 189, 190, 188,

186, 192, 188, 175, 99, 47, 41, 27, 29, 29, 33,

30, 27, 37, 33, 29, 33, 30, 42, 31, 31, 33, 34,
30, 32, 30, 33, 30, 27, 31, 29, 27, 24, 28, 25,
30, 29, 30, 35, 37, 20, 27, 37, 32, 28, 29, 31,
34, 28, 31, 31, 30, 33, 37, 28,%,

{ 192, 191, 191, 195, 193, 193, 199, 194, 188, 193, 193,
189, 195, 196, 192, 165, 97, 45, 35, 30, 30, 28,

29, 29, 32, 34, 28, 38, 34, 32, 33, 32, 34, 28,
32, 26, 22, 27, 27, 25, 29, 29, 29, 27, 35, 32,
33, 29, 34, 34, 29, 36, 29, 28, 23, 22, 28, 29,
29, 28, 35, 32, 34, 29, 29, 32, 35, 33, 26, 27,
30, 32, 47, 143, 177, 189, 193, 196, 192, 192, 192, 192,
187, 192, 191, 195, 195, 193, 193, 196, 193, 194, 193,

191, 183, 183, 196, 191, 189, 195, 191, 182, 172, 176,

ir7, 177, 180, 185, 192, 188, 190, 193, 186, 184, 188,

192, 191, 188, 187, 183, 173, 181, 178, 183, 188, 194,

188, 191, 189, 178, 108, 48, 42, 33, 37, 31, 31,

30, 28, 35, 34, 33, 27, 26, 31, 33, 27, 27, 34,
29, 31, 29, 35, 30, 32, 28, 29, 25, 33, 32, 26,
27, 30, 27, 34, 30, 31, 28, 29, 29, 30, 31, 33,
28, 32, 32, 34, 26, 29, 30, 29.%}.

{ 191, 191, 194, 193, 194, 189, 186, 190, 192, 192, 189,
191, 191, 196, 192, 156, 90, 48, 32, 28, 28, 32,

26, 32, 32, 35, 32, 30, 30, 33, 32, 29, 32, 30,
32, 28, 25, 27, 29, 31, 34, 31, 36, 34, 29, 37,
38, 39, 33, 33, 30, 28, 33, 30, 28, 28, 28, 26,
29, 33, 36, 36, 31, 29, 36, 27, 35, 37, 35, 31,
33, 25, 54, 153, 191, 188, 194, 192, 192, 193, 191, 192,
193, 195, 193, 192, 193, 192, 192, 196, 196, 193, 182,

189, 183, 189, 187, 183, 188, 193, 193, 193, 188, 189,

182, 177, 174, 181, 189, 193, 192, 192, 182, 176, 192,

189, 192, 189, 174, 169, 176, 186, 187, 193, 188, 184,

189, 188, 188, 177, 114, 58, 43, 31, 33, 33, 29,

34, 32, 28, 35, 30, 30, 30, 31, 30, 33, 27, 33,
26, 36, 29, 34, 28, 32, 35, 33, 24, 30, 32, 31,
32, 32, 30, 31, 34, 30, 26, 29, 31, 26, 27, 30,
30, 30, 28, 29, 28, 28, 27, 29,%},

{ 187, 188, 187, 188, 191, 190, 193, 196, 194, 189, 192,
191, 191, 187, 182, 148, 75, 35, 35, 34, 28, 23,

29, 28, 35, 33, 29, 25, 31, 31, 33, 29, 29, 26,
26, 29, 31, 29, 29, 23, 27, 32, 28, 30, 33, 29,
29, 32, 21, 29, 28, 31, 32, 27, 30, 26, 28, 32,
28, 30, 26, 30, 30, 33, 35, 34, 37, 32, 26, 33,
30, 34, 63, 159, 191, 191, 193, 194, 195, 191, 192, 193,
195, 193, 191, 198, 194, 189, 191, 190, 190, 191, 193,

192, 184, 183, 187, 184, 188, 193, 189, 188, 178, 179,

188, 181, 187, 196, 188, 189, 190, 193, 184, 186, 191,

188, 189, 188, 188, 187, 184, 186, 183, 187, 193, 189,

191, 189, 194, 185, 125, 63, 39, 36, 32, 29, 32,

22, 29, 32, 31, 32, 25, 28, 32, 32, 35, 34, 37,
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33, 32, 32, 28, 27, 30, 27, 31, 36, 31, 28, 27,
28, 30, 33, 34, 27, 24, 30, 33, 32, 34, 32, 26,
29, 27, 29, 27, 30, 23, 34, 31,3},

{ 192, 186, 174, 169, 176, 180, 192, 196, 193, 196, 194,
190, 188, 179, 170, 125, 61, 36, 34, 32, 23, 22,

24, 30, 26, 33, 28, 31, 25, 28, 25, 24, 29, 33,
32, 26, 24, 23, 27, 29, 25, 29, 24, 29, 25, 34,
33, 30, 27, 32, 29, 26, 26, 29, 25, 30, 30, 34,
33, 28, 26, 29, 32, 35, 29, 32, 35, 31, 36, 31,
40, 37, 71, 165, 187, 195, 194, 192, 194, 192, 192, 192,
196, 191, 188, 190, 195, 193, 197, 189, 192, 189, 186,

188, 191, 194, 190, 189, 186, 191, 192, 190, 191, 186,

i81, 178, 185, 188, 180, 186, 189, 190, 182, 183, 184,

186, 181, 193, 185, 186, 179, 176, 184, 189, 198, 190,

190, 180, 179, 175, 140, 66, 41, 34, 31, 32, 34,

27, 35, 32, 31, 33, 29, 32, 23, 29, 28, 36, 25,
33, 33, 31, 29, 32, 28, 25, 31, 30, 27, 30, 39,
35, 32, 30, 33, 36, 31, 29, 29, 30, 31, 28, 27,
31, 33, 31, 28, 29, 31, 28, 30,%}.,

{ 193, 184, 178, 185, 188, 193, 195, 197, 192, 190, 193,
189, 183, 181, 167, 122, 53, 38, 26, 27, 28, 27,

23, 31, 31, 30, 30, 29, 27, 32, 30, 29, 31, 29,
30, 31, 21, 30, 29, 32, 34, 30, 31, 27, 32, 33,
34, 44, 39, 32, 31, 33, 36, 29, 31, 30, 36, 30,
31, 29, 34, 34, 34, 31, 32, 38, 34, 32, 32, 32,
31, 36, 71, 162, 189, 196, 196, 192, 197, 192, 192, 195,
194, 199, 194, 188, 188, 193, 193, 195, 196, 194, 193,

195, 194, 185, 188, 190, 191, 195, 188, 193, 188, 195,

189, 188, 182, 187, 187, 184, 189, 190, 185, 189, 189,

184, 187, 195, 181, 176, 184, 193, 194, 196, 194, 188,

182, 178, 184, 185, 148, 77, 46, 34, 25, 32, 32,

30, 31, 32, 29, 29, 35, 30, 27, 29, 33, 30, 33,
32, 35, 36, 33, 29, 31, 31, 35, 37, 35, 30, 30,
27, 28, 34, 26, 32, 28, 29, 28, 28, 32, 28, 24,
27, 28, 28, 22, 29, 27, 31, 31,%,

{ 191, 187, 194, 189, 189, 185, 191, 197, 193, 191, 193,
188, 187, 183, 167, 112, 56, 43, 36, 29, 30, 30,

29, 34, 27, 32, 36, 35, 29, 31, 32, 31, 35, 30,
31, 33, 30, 31, 32, 26, 27, 29, 29, 27, 30, 27,
37, 37, 34, 40, 32, 31, 31, 31, 37, 30, 32, 33,
32, 35, 35, 31, 38, 36, 37, 40, 35, 28, 33, 37,
43, 35, 70, 168, 191, 191, 193, 191, 190, 194, 195, 192,
192, 194, 194, 189, 194, 188, 192, 201, 190, 195, 196,

193, 193, 190, 191, 193, 190, 194, 191, 187, 186, 190,

187, 184, 181, 184, 179, 184, 191, 185, 191, 194, 188,

189, 188, 187, 193, 182, 181, 189, 193, 190, 193, 184,

187, 196, 184, 184, 158, 70, 48, 32, 28, 29, 28,

34, 33, 25, 25, 26, 28, 31, 29, 28, 28, 32, 28,
34, 33, 30, 29, 31, 34, 24, 28, 34, 27, 29, 32,
30, 30, 28, 26, 31, 35, 34, 29, 30, 28, 27, 30,
30, 24, 30, 31, 34, 34, 42, 37.%,

{ 192, 191, 189, 187, 190, 194, 194, 192, 191, 190, 188,
189, 193, 193, 180, 108, 52, 36, 39, 35, 33, 33,

31, 33, 32, 36, 35, 34, 32, 32, 34, 33, 30, 30,
34, 31, 30, 31, 33, 30, 30, 29, 25, 30, 29, 24,
36, 40, 34, 33, 44, 33, 34, 23, 32, 32, 27, 30,
31, 31, 29, 31, 32, 35, 29, 32, 33, 34, 39, 32,
36, 44, 87, 172, 189, 193, 191, 193, 195, 196, 191, 194,
189, 193, 191, 190, 197, 192, 197, 194, 190, 194, 190,

193, 199, 190, 192, 194, 195, 193, 193, 184, 190, 187,

195, 193, 186, 189, 183, 184, 189, 190, 190, 189, 185,
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186, 191, 186, 188, 192, 189, 188, 191, 192, 185, 187,

194, 192, 190, 187, 165, 78, 40, 38, 30, 30, 33,

23, 34, 33, 32, 33, 32, 31, 30, 28, 26, 30, 32,
31, 30, 31, 30, 27, 38, 29, 30, 31, 28, 28, 30,
29, 25, 26, 28, 23, 32, 32, 31, 32, 36, 32, 33,
30, 33, 34, 34, 31, 29, 30, 29,},

{ 195, 185, 186, 190, 192, 194, 192, 182, 188, 185, 192,
193, 194, 191, 173, 94, 57, 37, 32, 32, 33, 32,

30, 31, 30, 33, 32, 32, 32, 31, 32, 34, 34, 26,
37, 31, 27, 29, 32, 31, 31, 31, 29, 30, 32, 32,
33, 31, 32, 29, 29, 29, 28, 35, 29, 28, 25, 29,
26, 34, 33, 33, 33, 43, 38, 44, 39, 37, 41, 36,
32, 37, 79, 170, 188, 186, 187, 193, 198, 199, 197, 193,
197, 190, 192, 186, 189, 192, 197, 191, 194, 193, 193,

191, 185, 190, 190, 191, 197, 196, 195, 193, 192, 198,

192, 190, 189, 190, 195, 192, 194, 192, 189, 192, 190,

189, 188, 187, 188, 186, 199, 190, 188, 187, 187, 190,

187, 190, 188, 187, 163, 89, 47, 40, 33, 34, 30,

41, 28, 33, 33, 34, 36, 27, 28, 34, 33, 36, 25,
32, 37, 31, 29, 30, 33, 29, 24, 29, 29, 26, 27,
25, 25, 29, 33, 29, 33, 31, 34, 32, 31, 33, 29,
36, 35, 34, 29, 33, 40, 39, 37,},

{ 193, 190, 193, 192, 195, 191, 190, 187, 190, 194, 187,
190, 191, 189, 155, 74, 42, 36, 35, 30, 30, 30,

29, 30, 29, 31, 32, 29, 30, 29, 29, 37, 31, 31,
30, 28, 31, 31, 29, 28, 26, 30, 26, 35, 30, 35,
31, 30, 26, 31, 36, 25, 29, 31, 33, 31, 32, 32,
30, 33, 28, 30, 32, 32, 30, 30, 29, 31, 37, 32,
34, 42, 96, 172, 188, 186, 196, 192, 190, 192, 196, 193,
192, 187, 187, 189, 187, 194, 192, 190, 194, 199, 193,

190, 192, 194, 193, 199, 195, 189, 187, 199, 192, 192,

189, 186, 194, 188, 190, 191, 190, 192, 191, 193, 195,

191, 185, 188, 184, 189, 188, 190, 192, 192, 190, 194,

194, 184, 187, 189, 171, 101, 49, 36, 31, 32, 32,

36, 27, 29, 28, 32, 32, 28, 37, 32, 33, 36, 33,
37, 31, 33, 37, 32, 24, 32, 30, 29, 24, 34, 29,
34, 32, 25, 33, 33, 30, 33, 31, 26, 33, 26, 27,
33, 30, 34, 29, 30, 34, 33, 34,},

{ 193, 192, 191, 193, 192, 191, 187, 191, 192, 188, 191,
192, 192, 187, 144, 72, 40, 35, 29, 32, 30, 31,

30, 26, 30, 29, 27, 30, 37, 27, 33, 31, 39, 35,
29, 31, 30, 28, 23, 27, 31, 33, 31, 31, 31, 30,
26, 33, 28, 33, 28, 30, 31, 35, 38, 32, 29, 27,
37, 31, 31, 29, 29, 28, 25, 27, 30, 31, 27, 33,
37, 46, 89, 166, 175, 186, 188, 192, 196, 192, 188, 184,
180, 191, 188, 196, 197, 195, 188, 182, 180, 189, 191,

193, 194, 189, 188, 184, 187, 190, 190, 190, 188, 185,

185, 192, 195, 194, 193, 189, 190, 188, 196, 192, 188,

188, 186, 187, 191, 195, 193, 190, 187, 187, 191, 193,

195, 197, 191, 187, 176, 116, 62, 38, 32, 33, 30,

37, 34, 35, 40, 37, 32, 34, 36, 41, 32, 31, 31,
31, 33, 30, 32, 29, 31, 32, 34, 35, 28, 35, 31,
32, 26, 31, 36, 33, 34, 33, 33, 35, 35, 38, 29,
33, 29, 29, 34, 33, 32, 34, 34}

¥

struct header {

int nr,
int oi, 0j;

nc;

/* Rows and columns in the image */

/* Origin */
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/* The IMAGE data structure =/

struct image {
struct header *info; /* Pointer to header */
unsigned char **data; /* Pixel values */

};

typedef struct image * IMAGE;

struct image *newimage (int nr, int nc)

{
struct image *Xx; /* New image */
unsigned char *ptr; /* new pixel array */
int i;
if (nr <0 |]] nc <0) {
printf (“Error: Bad image size (%d,%d)\n", nr, nc);
return O;
}
/* Allocate the image structure */
X = (struct image *) malloc( sizeof (struct image) );
if (Ix) {
printf ("'Out of storage in NEWIMAGE.\n");
return O;
}
/* Allocate and initialize the header */
x->info = (struct header *)malloc( sizeof(struct header) );
if (M(x->info)) {
printf ('Out of storage in NEWIMAGE.\n");
return O;
}
x->info->nr = nr;
x->info->nc = nc;
x->info->o0i = 0;
x->info->0j = 0;
/* Allocate the pixel array */

x->data = (unsigned char **)malloc(sizeof(unsigned char
*)*n r) ;

/* Pointers to rows */
if (J(x->data)) {
printf ("'Out of storage in NEWIMAGE.\n");

return O;
}
for (i=0; i<nr; i++)
{

x->data[1] = (unsigned char *)malloc(nc*sizeof(unsigned
char));

if (x->data[i]==0)

{

printf ('Out of storage. Newimage - row %d\n", i);
exit(l);



}

return Xx;

}

/* Fraction of pixels that should be above the HIGH threshold */
float ratio = 0.1;

int WIDTH = 0;

int PBM_SE ORIGIN_COL=0, PBM_SE_ORIGIN_ROW=0;

/*function prototypes*/

int trace (int i1, int j, int low, IMAGE im, IMAGE mag, IMAGE ori);
float gauss(float x, float sigma);

float dGauss (float x, float sigma);

float meanGauss (float x, float sigma);

void hysteresis (int high, int low, IMAGE im, IMAGE mag, IMAGE
oriim);

void canny (float s, IMAGE im, IMAGE mag, IMAGE ori);

void seperable_convolution (IMAGE im, float *gau, int width, float
**smx, Float **smy);

void dxy seperable _convolution (float** im, int nr, int nc, float
*gau, int width, float **sm, int which);

void nonmax_suppress (float **dx, float **dy, int nr, int nc, IMAGE
mag, IMAGE ori);

void estimate_thresh (IMAGE mag, int *low, int *hi);

int range (IMAGE im, int i, int j);

float ** f2d (int nr, int nc);

void freeimage (struct image *z);

void sys abort (int val, char *mess);

void copy (IMAGE *a, IMAGE b);

void CopyVarlmage (IMAGE *a, IMAGE *b);

IMAGE Output_PBM (IMAGE image, char *filename);

int main
{
XTmrCtr XPS Timer ;
//typedef unsigned long long XTime;
XTime start ;
XTime end ;
unsigned int diff ;
//void XTime_SetTime(XTime Xtime);
//void XTime_GetTime(XTime *Xtime);

int i,j,k=CLASS;

float s=4.0;

int low=5,high=3;

IMAGE im, magim, oriim;

printf (“'Parameters: HIGH: %d LOW %d Sigma %f\n', high, low,

s):
printf (C'\nPBM file class %d size %d columns X %d rows
Max=%d\n'", CLASS, COLUMNS, ROWS, MAX);

im = (IMAGE)newimage (ROWS, COLUMNS);
im->info->0i = PBM_SE_ORIGIN_ROW;
im->info->0j = PBM_SE_ORIGIN_COL;
PBM_SE_ORIGIN_ROW = 0;
PBM_SE_ORIGIN_COL = 0;
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for (i=0; i<ROWS; i++)
for (J=0; J<COLUMNS; j++)
im->data[i][J] = imgdata[i][]];

XTmrCtr_Initialize(&XPS_Timer ,XPAR_XPS_TIMER_O_DEVICE_ID) ;

start=0;
XTime_SetTime(start) ;
XTime_GetTime(&start) ;

XTime_GetTime(&end) ;

printf ("Time : %L\n",end);

putnum( end ) ;

print(*'\r\n");

i = (unsigned int) end-start ;

putnum( 1 ) ;

print(C'\r\n);

i = (unsigned int) (end>>32) - (start>>32) ;
putnum( 1 ) ;

print(’'\r\n");

//delay :
for (i=0; 1<8000000; ++i) ;

/* Create local image space */
magim = newimage (im->info->nr, im->info->nc);
it (magim == NULL)
{
printf ('Out of storage: Magnitude\n');
exit (1);
}

oriim = newimage (im->info->nr, im->info->nc);
ifT (oriim == NULL)
{
printf ('Out of storage: Orientation\n™);
exit (1);

}
XTmrCtr_SetResetValue(&XPS_Timer,0,0x00000000) ;
XTmrCtr_Reset(&XPS_Timer,0) ;
XTmrCtr_Start(&XPS_Timer,0) ;

/* Apply the Filter */
canny (s, im, magim, oriim);
XTmrCtr_Stop(&XPS_Timer,0) ;
i = XTmrCtr_GetValue(&XPS_Timer,0) ;
putnum(i) ;
print(’'\r\n");

XTmrCtr_SetResetValue(&XPS_Timer,0,0x00000000) ;
XTmrCtr_Reset(&XPS_Timer,0) ;
XTmrCtr_Start(&XPS_Timer,0) ;

// Hysteresis thresholding of edge pixels
hysteresis (high, low, im, magim, oriim);
XTmrCtr_Stop(&XPS_Timer,0) ;
i = XTmrCtr_GetValue(&XPS_Timer,0) ;
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putnum(i) ;
print(*'\r\n™);
for (i=0; i<WIDTH; i++)
for (J=0; j<im->info->nc; j++)
im->data[i][J] = 255;

for (i=im->info->nr-1; i>im->info->nr-1-WIDTH; i--)
for (J=0; j<im->info->nc; j++)
im->data[i][J] = 255;

for (i=0; i<im->info->nr; i++)
for (J=0; jJ<WIDTH; j++)
im->data[i][J] = 255;

for (i=0; i<im->info->nr; i++)
for (J=im->info->nc-WIDTH-1; j<im->info->nc; j++)
im->data[i][J] = 255;
Output_PBM (im, "canny.pgm'™);

printf (Output file is:\n"");
printf (" canny.pgm - edge-only image\n');

}
float norm (float x, float y)
{
return (Float) sqrt ( (double)(X*x + y*y) );
}

void canny (float s, IMAGE im, IMAGE mag, IMAGE ori)

int width;

Ffloat **smx,**smy;

float **dx,**dy;

int i1,j,k,n;

float gau[MAX_MASK_SIZE], dgau[MAX_MASK_ SIZE], z;

/* Create a Gaussian and a derivative of Gaussian filter mask */
for(i=0; i<MAX_MASK_SIZE; i++)
{
gau[i] = meanGauss ((float)i, s);
if (gau[i] < 0.005)
{
width = i;
break;

}
dgau[i] = dGauss ((float)i, s);

n = width+width + 1;
WIDTH = width/2;
printf ('Smoothing with a Gaussian (width = %d) ...\n", n);

smx
smy

f2d (im->info->nr, im->info->nc);
f2d (im->info->nr, im->info->nc);

/* Convolution of source image with a Gaussian in X and Y directions
*/
seperable_convolution (im, gau, width, smx, smy);
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/* Now convolve smoothed data with a derivative */
printf (“'Convolution with the derivative of a Gaussian...\n");
dx = f2d (im->info->nr, im->info->nc);
dxy_seperable_convolution (smx, im->info->nr, im->info->nc,
dgau, width, dx, 1);
free(smx[0]); free(smx);

dy = f2d (im->info->nr, im->info->nc);

dxy_seperable_convolution (smy, im->info->nr, im->info->nc,
dgau, width, dy, 0);

free(smy[0]); free(smy);

/* Create an image of the norm of dx,dy */
for (i=0; i<im->info->nr; i++)
for (J=0; j<im->info->nc; j++)

z = norm (dx[i]1031, dy[i1D:;
mag->data[i][Jj] = (unsigned char)(z*MAG_SCALE);

}

/* Non-maximum suppression - edge pixels should be a local max */

nonmax_suppress (dx, dy, (int)im->info->nr, (int)im->info->nc,
mag, ori);

free(dx[0]); free(dx);
free(dy[0]); free(dy);
b

/* Gaussian */
float gauss(float x, float sigma)

float xx;
if (sigma == 0) return 0.0;

xx = (Float)exp((double) ((-x*x)/(2*sigma*sigma)));
return Xxx;

}
float meanGauss (Float x, float sigma)
{
float z;
z = (gauss(Xx,sigma)+gauss(x+0.5,sigma)+gauss(x-0.5,sigma))/3.0;
z = z/(P1*2.0*sigma*sigma) ;
return z;
}
/* First derivative of Gaussian */
float dGauss (float x, float sigma)
{
return -x/(sigma*sigma) * gauss(x, sigma);
}
/* HYSTERESIS thersholding of edge pixels. Starting at pixels
with a
value greater than the HIGH threshold, trace a connected
sequence
of pixels that have a value greater than the LOW threhsold.
*/

72



void hysteresis (int high, int low, IMAGE im, IMAGE mag, IMAGE oriim)

{

int i,j,k;

printf ('Beginning hysteresis thresholding...\n");
for (i=0; i<im->info->nr; i++)
for (J=0; j<im->info->nc; j++)
im->data[il[j] = O;

if (high<low)
{

estimate_thresh (mag, &high, &low);
printf ('Hysteresis thresholds (from image): HI %d LOW %D\n",

high, lTow);

/*

*/

}
/*

the

*/

For each edge with a magnitude above the high threshold, begin
tracing edge pixels that are above the low threshold.

for (i=0; i<im->info->nr; i++)
for (J=0; j<im->info->nc; j++)
it (mag->data[i]l[j]1 >= high)
trace (i, j, low, im, mag, oriim);

Make the edge black (to be the same as the other methods) */
for (i=0; i<im->info->nr; i++)
for (J=0; j<im->info->nc; j++)
if (im->data[i][jJ] == 0) im->data[i][J] = 255;
else im->data[i][j] = O;

TRACE - recursively trace edge pixels that have a threshold >
low
edge threshold, continuing from the pixel at (i,j)-

int trace (int i, int j, int low, IMAGE im, IMAGE mag, IMAGE ori)

{

int n,m;
char flag = 0;

if (in->data[i]1[j] == 0)
{

im->data[i][J] = 255;

flag=0;
for (n= -1; n<=1; n++)
{
for(m= -1; m<=1l; m++)
{

if (i==0 && m==0) continue;
it (range(mag, i+n, j+m) && mag->datali+n][J+m] >= low)
it (trace(i+n, j+m, low, im, mag, ori))
{
flag=1;
break;
}
}
if (flag) break;

return(l);
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return(0);
}

void seperable_convolution (IMAGE im, float *gau, int width,
float **smx, float **smy)

{
int i,j.k, 11, 12, nr, nc;
float X, y;
nr = im->info->nr;
nc = im->info->nc;
for (i=0; i<nr; i++)
for (J=0; j<nc; j++)
X = gau[0] * im->data[i][J]: vy = gau[O0] * im->data[i]l[i]:
for (k=1; k<width; k++)
11 = (i+k)%nr; 12 = (i-k+nr)%nr;
y += gau[Kk]*im->data[11][j] + gau[k]*im->data[l12][]j];
11 = g+k)%nc; 12 = (J-k+nc)%nc;
X += gau[k]*im->data[i][11] + gau[k]*im->data[i][12];
}
smx[1101 = x; smy[i101 = y;
}
}

void dxy_seperable_convolution (float** im, int nr, int nc, Tfloat
*
gau,

{

int width, float **sm, int which)

int i,j,k, 11, 12;
float Xx;

for (i=0; i<nr; i++)
for (J=0; j<nc; j++)
{
X = 0.0;
for (k=1; k<width; k++)
{
if (which == 0)

11 = (i+k)%nr; 12 = (i-k+nr)%nr;
x += -gau[k]*im[111[J]1 + gaulk]*im[12][i]1;
}

else

{

11 = (g+k)%nc; 12 = (J-k+nc)%nc;

X += —gau[k]*im[i][11] + gau[k]*im[i][12];
}

}
smi]0] = x;
}
}

void nonmax_suppress (float **dx, float **dy, int nr, int nc,
IMAGE mag, IMAGE ori)
{

int i,j,k,n,m;

int top, bottom, left, right;
float xx, yy, 92, gl, g3, g4, g, Xc, ycC;
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for (i=1; i<mag->info->nr-1; i++)
for (J=1; j<mag->info->nc-1; j++)
mag->data[i][j] = O;
/* Treat the x and y derivatives as components of a vector */
xc = dx[i]1[];

yc = dy[illj]l:
if (fabs(xc)<0.01 && Fabs(yc)<0.01) continue;

g = norm (Xc, yc);

/* Follow the gradient direction, as indicated by the direction of
the vector (xc, yc); retain pixels that are a local maximum. */

if (fabs(yc) > fabs(xc))
{

/* The Y component is biggest, so gradient direction is basically
UP/DOWN */

xx = Fabs(xc)/fabs(yc);
yy = 1.0;
g2 = norm (dx[i-110j]1. dy[i-1101);
g4 = norm (dx[i+1]10j]1. dy[i+110D;
if (xc*yc > 0.0)
{
g3 = norm (dx[i+1][j+1], dy[i+1][j+1]);
g1l = norm (dx[i-1][j-11, dy[i-110-11);
} else
{
g3 = norm (dx[i+1][§-1]1, dy[i+1]1[-1D);
gl = norm (dx[i-1]0+1]1, dy[i-110+1D);
}

} else

{

/* The X component is biggest, so gradient direction is basically
LEFT/RIGHT */

xx = Ffabs(yc)/fabs(xc);

yy = 1.0;

g2 = norm (dx[i]1[J+1], dy[il1[J+1]);

g4 = norm (dx[il1lj-11, dy[il1-1D);

if (xc*yc > 0.0)

{

g3 = norm (dx[i-1]1[j-11., dy[i-1]1[3-1D);
gl = norm (dx[i+1][j+1], dy[i+1]1[+1D);
}

else

{

gl = norm (dx[i-1]1[j+1]., dy[i-1]1[3+1]);
g3 = norm (dx[i+1][j-11, dy[i+1]1[3-11);
}

}

/* Compute the interpolated value of the gradient magnitude */
if ( (g > (xx*gl + (yy-xx)*g2)) &&
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}

‘ (@ > (xx*g3 + (yy-xx)*g4)) )

iT (g*MAG_SCALE <= 255)

mag->data[i][]j] (unsigned char)(g*MAG_SCALE);
else
mag->data[i][]j]
ori->data[i][]j]

255;
atan2 (yc, xc) * ORI_SCALE;

} else
{
mag->data[i][j] = O;
ori—>data[i][j] = O;
}

void estimate_thresh (IMAGE mag, int *hi, int *low)

{

int i,j,k, hist[256], count;

/* Build a histogram of the magnitude image. */

for (k=0; k<256; k++) hist[k] = 0;

for (i=WIDTH; i<mag->info->nr-WIDTH; i++)
for (J=WIDTH; j<mag->info->nc-WIDTH; j++)
hist[mag->data[i][j]1]1++;

/* The high threshold should be > 80 or 90% of the pixels

*/

}

/>
*/

J = (nt)(ratio*mag->info->nr*mag->info->nc);

J = mag->info->nr;

it (J<mag->info->nc) j = mag->info->nc;
J = (nH(0.97));

k = 255;

count = hist[255];
while (count < j)

{
k--;
if (k<0) break;
count += hist[k];
}
*hi = k;
1=0;

while (hist[i]==0) i++;

*low = (*hi+i)/2.0;

Check that a pixel index is in range. Return TRUE(1) if so.

int range (IMAGE im, int i, int j)

{

it ((i<0) |] (i>=im->info->nr)) return O;
if (g<0) || g>=im->info->nc)) return O;
return 1;
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float ** f2d (int nr, int nc)

{
float **x, *y;
int i;
x = (Float **)calloc ( nr, sizeof (float *) );
if (x == 0)
{
printf (stderr, "Out of storage: F2D.\n"");
exit (1);
for (i=0; i<nr; i++)
{
x[1] = (Ffloat *) calloc ( nc, sizeof (float) );
it (xX[i] == 0)
{
printf (stderr, "Out of storage: F2D %d.\n", i);
exit (1);
}
}
return Xx;
}
void freeimage (struct image *z)
{
/* Free the storage associated with the image Z */
int i;
if (z 1=0)
for (i=0; i<z->info->nr; i++)
free (z->data[i]);
free (z->info);
free (z->data);
free (2);
}
}
void sys abort (int val, char *mess)
{
printf (stderr, "**** System library ABORT %d: %s ****\n",
val, mess);
exit (2);
}

void copy (IMAGE *a, IMAGE b)
{

CopyVarlmage (a, &b);

void CopyVarlmage (IMAGE *a, IMAGE *b)

{
int i,j;

if (a == b) return;
if (*a) freeimage (*a);
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}

*a = newimage ((*b)->info->nr, (*b)->info->nc);
if (*a == 0) sys_abort (0, "No more storage.\n");

for (i=0; i<(*b)->info->nr; i++)
for (J=0; j< (*b)->info->nc; jJ++)
(fa)->datali][J] = (*b)->data[i][il;
(*a)->info->0i (*b)->info->0i;
(*a)->info->0j (*b)->info->0j;

IMAGE Output PBM (IMAGE image, char *filename)

{

//

//
//

FILE *T;
int i,j,k, perline;
char bufli[64];

strcpy (bufl, filename);
it (image->info->nc > 20) perline = 20;
else perline = image->info->nc-1;
//f = sysace fopen( bufl, "w" );
f = fopen (bufl, "w');
if (f == 0) sys_abort (0, "Can"t open output file.");

C'P2\n#origin %d %d\n", image->info->0j, image->info->01);
(""%d %d %d\n'', image->info->nc, image->info->nr, 255);
0

i<image->info->nr; iI++)
=0; j<image->info->nc; j++)

Q

printf ("%d ", image->data[i][j]);
k++;
if (k > perline)
{ printf (f, "\n");
k = 0;
}

}
printf ("'\n'");
//fclose (F);
return image;
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