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Epyootipwo 3 (2 gfdouddeg)

e Epoopdda 1 (avordymg 10 EpyacTnploKO TUNO TOV EXETE ONAMOEL)
('kpovmr A) Tpitm  20/05 12:00—14:00 otV aibovoa B.110
(I'kpoomr B) Tpitn  20/05 16:00—18:00 otv aifovca B.110
(I'kpovn I') Tpitm  20/05 18:00-20:00 otV aibovoa B.110
(I'kpoort A) ITéumtn 22/05 16:00—18:00 oty aifovca B.110

e Efoopdda 2 (avordymg 1O EpyOcTNPLOKO TUNLO TOV EXETE ONAMOEL)
(I'kpovmr A) Tpitm  27/05 12:00-14:00 otV aibovoa B.110
(I'kpoorr B) Tpitn  27/05 16:00-18:00 oty aibovca B.110
('kpovn I') Tpitm  27/05 18:00—20:00 otV aifovca B.110
(T'kpoort A) ITéumtn 29/05 16:00—18:00 oty aifovca B.110

2t ddpkela TV epyactnpiov Bo vAOTOmMoETE 6€ TPEIS PAGELS TO TToyvidl «AafdptvOoc»
(Maze). ITepuinntikd, to tehkd maryviol Oa eppavilet oe VGA 006vn éva AapopvBo kot )
eryovpa evog aiktn. O yprotng Bo Pmopel v LETOKIVIGEL TOV TOAKTN LE TOL KOV TTOV TNG
TAOKETOG KO 0 6KOTOG €tvat va Tov 0dnynoel oty €000 10 Toy\TEPO SLVOTOV.

Y10 Epyaotipio 3 Bo vAomojoete v teAgvtaia. gdon tov maryvidlod (6 2 gfdopadsg
gpyasTnpiov) mov mtephapuPavel Tov EAeYX0 T®V KIVGE®V Kol TG 0£0omg Tov TaiKTn HEC®
unyavev tenepacuévav kataotdoemv (FSM). To gpyactiplo avtd Paciletol 6to LAKO TmV
gpyaotpiov 1 & 2. Aivetar évo katdAinlo testbench kon reference outputs kot O propeite vo
ypnoporomaoete Tov tpocopowt) VGA (VGA Simulator) yio va fAénete Tt Oa eppavioviov
o€ [ TPayUaTIKT 006V 0o ToV KOJKEA GoG.

I[IpocPaon 6Tov KOOIKA TOV EpyaoTNpiov:

INo tov k®dwka kot T mapaddoelg Exovv dnuovpyndei git repositories oto gitlab tov
Tunpotog. XTovg €yyeypOUMEVOVS QOITNTEC GTO £PYAOTNAPLO ovTioTolyel éva private git
repository tng popong:
https://gitlab-csd.datacenter.uoc.gr/hy220 2025s/lab3_submits/lab3-csd XY Z\W
Kévte git clone 1o mpoowmikd cag repository pe to username oag (csdXYZW@csd.uoc.gr
ko o password cac). H tpdcsPaocn givar epiktr and to diktvo tov IMavemopiov kot to VPN.
MHN KANETE FORK - Epyaocteite angvbeiag oto repository mov cog divetan

To oyéoro Tov Epyactnpiov 3:

I"oa 10 Epyactipio 3 t0 6x£010 TOV GOG SiveTol Eval TPOTOTOMUEVO GE GXEGN LLE TO GYESL0 TOV
Epyaotmpiov 2 kot paivetotl 6TV TapoKat® E1KOvVa.:
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To oyédto €xer v €€Ng 1epapyio:

e vga _maze_top (src/vga_maze top.sv): cog divetal kot o€ oyéon pe to Epyactipio 2 el
npootebel To pmhok maze_controller, moptec yia kovpmid (up, down, left, right, control),
ko seven segment display (optional). Ot cuvdéoelg paivovtal 6To Gy

e vga_sync (src/vga_sync.sv): To pmlok avtd vAomotel To ¥povicud tov tpmtokdAlov VGA
Kol TPEMEL VoL lval 1) VAOTOINoT 60G OTME TPOSUPUOGTNKE Yo TO Epyactipio 2.

e vga frame (src/vga_frame.sv): To umhok avtd eivar vebbvvo yio T dnuovpyio TV
ypouatov RGB (red/green/blue) yw kdabe pixel mov gupaviletor oty 006vn yo va
eppaviotel o Aafvpvlog kat o maiktng otnv 006vn Ko TPEme va, givat 1 VAOTOINGN oG
and 10 Epyaotipio 2.

e maze_controller (src/maze_controller.sv): To prhok owtd givar veevbuvo yia tov Ereyyo
TOV KWVNoE®MV Kot TG B€oMg Tov ToiKTN HEC® UNYOVOV TEMEPUCUEVOV KATOGTAGEWDV
(FSM). Aemtopépeteg yia 1o Tt Bo TPETEL VoL VAOTOGETE TEPTYPAPOVTOUL TOPAKATO.

e rom (src/rom.sv): To umAok cog divetar £€tolo kot dnuiovpyel i cvyypovp ROM
TAPOUETPIKOD LEYEBOLG KoL TNV OpYKOTOLEL e Ta TeplexOpeva evog apyeiov mov divetat
eniong og mopapetpog. Ot mopteg g ROM eivan: clk, en, addr, dout. H wopta en (enable)
onuatodotel pia véa avayvoon, n topta addr (address) sivat yio va d00&i 1 €i6060g yio. T
d1evbvvon mov Bélovue va doPdcovpe ko  woptTo e£6dov dout (data out) PBydlel ta
nepleyopeva g o1evbuvong addr otov «emopevo kokhlo». H mapduetpog Size opilel tov
apOuod tov Bécewv e ROM, n mapauetpoc width o mAdtog o bits g kdbe BEong g
ROM (16-bits otv mepintmon pog) ko 1 mopauetpog file dnidver 1o apyeio mov Oa
xpnowonombel yoo apykonoinon twv mepieyopévov g ROM. Emiong oto ¢dkeho
src/roms oag divovtan 3 apyeio (mazel.rom, player.rom, exit.rom) mov 6o ypnoipomombovv
Y. apytkonoinon tev dedopévev tawv dtpodpov ROM mov Ha ypnoiomocovue yio to
EPYAOTNPLO (TEPIGGATEPEG AETTOUEPELEG TVOVTOL TOPAKAT®).

e debouncer (src/debouncer.sv): To pmAok awtd ADVEL TO TPOPANUA TNG KAVOTNONGN G TOV
UNYOVIKOV KOUUTUOV TOV YPNGUYLOTOIOVVTOL Yo TNV Kivnom Tov maiktn kot cog dlveton
érolo Kot etvor ovvdedepévo KOTOANA®MG 6Tto vga maze top. Xiyovpevteite OTL €xel
E101KEG TAPOUUETPOVS Y10 TV TPOCOUOIMOT).

e vga_ tb (src/vga_tb.sv): éva testbench yia mpocouoiwaen mov dnuovpyei to porot (25 MHz
— 40 ns), o reset, kot ta opoTo and to Kovumid. To testbench amobnkedel v £€0d0 oL
KUKAGOUATOS oag o€ éva, apyeio (vga_log.txt) ue to katdAinio format £1o1 dote vo propeite
va, ypnoporooete Tov VGA Simulator ya va pAénete Tt Ba epoaviletol oty 006vn and
ToV K®OKd cag. [Tepiocotepeg Aemtouépeteg yio tov VGA Simulator mopakdro.

e Reference output: 1o @daxero ref vrdapyet éva tpdtumo vga_log.txt output wov givar owtd
nov Ba Tpémet va dnpovpyel Evag cmwotog kmdikag. Mmopeite va kavete diff to apyeio mov
napdyel o kKOOGS cag e to reference output ya va evtomicete Ado.

e VGA Simulator: Méoco oto @dkelo ref/vga-simulator vrapyet po 16tooeAida mov
umopeite vo avoiete Tomikd otov Web browser coc. Exel prmopeite va emAéEete to log file
7oL £yl SMuovpynBel amd TNV TPOGOUOIMGN GOG KOt OTOV TATHGETE TO KOLUTT Submit tote
0o gppaviotel og o sikovikp VGA 006vn 1 é£000¢ cag. Mropeite vo T0 dOKILACETE
emiong pe to reference output. Mnv aAld&ete TIC TOPAUETPOVS TOV VAPYOVY NON GTN
oerida!

e Alvetou emiong o eakelog run pe étopwo Makefile yia va tpéete v Tpocopoimon kot va
deite av Pyalete ocwotd omoteléopoata (make xor petd make check) pe tovug
VROGTNPLOUEVOVG TPOGOUOIMTES OTMG AVAPEPOVTOL GTT GEAIDN TOV LaOUATOG.


http://ericeastwood.com/lab/vga-simulator/

TV TpEMEL VAOTTONGETE KL VO TTPOGOUOLMDOETE TPLV TATE OTA EPYUCTNPLO:

o 1o gpyaotiplo Oa mpénel va viomooete o module maze_controller tov omoiov évog
Gdeto¢ okehetdc oag oivetal. To module mpémer vo viomotei v Paocikn Asttovpyio Tov
moayvidtov. Me Baon tig el6d6dovg i_control (uesaio kovurnt), i_up, i_down, i_left, kot i_right
OV TPOEPYOVTIOL amd To KOVWMIG, mpémel va dnuiovpyel tig e£6dovg 0_player bcol kot
0_player_brow mov deiyvouv v tpéyovca BEon Tov maiktn oTtHAN/ypapuun (étot To module
vga_frame Oa epgavilel tov moiktn oty KatdAAnin 0éon kabe popd). I'o vo amo@actoTel av
0 moikng umopel va petokwnbOei oe emdpevn 0éom Oa mpémer va eleyybel av 1
emdpevn/vroynoetla Béon oto Aapdpivbo (Safalovtac tnvy maze ROM) «réptem Tave o€ Toixo
Kot dev glvar £ykvpn N vdpyet dtddpopog Kot £totl N Kivinon eivan Eykvprn. To module avtd
npémel vo. Exel Eva instance tng maze rom o6mw¢ to module vga_frame. Emiong av o maiktng
etacel oty €060 mov divetarl and Tig mopteg I_exit_bcol xou i_exit_brow tote 10 moryviol
OAOKANPOVETOL.

Apykd oto moryviol o maiktng Eekvaetl amd v 0éon (column, row) = (1, 0). Av tatmOei to
Kovurti i_right Oa mpémet va avénbei n otiin katd 1. Av totnBei to kovpni i_left Oa tpénet va
uewwbei n oA katd 1. Av matnei to kovpni i_down Oa mpémet va avénbei n ypapun xatd 1.
Av ot Bei o kovuni i_up Oo mpémel va petwbei  ypopun katd 1. Oleg ot mapandve KvAceLg
npénetl va yivovtal vo v Tpotimdeon Ot dev «TEPTOLV» GE Toiyo TOov AaPupiviov kat dev
Byaivouv gktdc opiwv. ' tnv vAomoinom tov Pnudtov eAEyyov Kot v evnuépmon g 0éong
TOV TTOKT GOG SIVETOL GTO TOPAKAT® GYNLA TO dLdypappa Kotaotdoemy thg FSM mov npénet
va viomowmoete. H FSM eivou amlomomuévny kar vrovoet v wapaouovy atny idia katdotaon o
0EV DIAPYEL VEQ EIGOVOG.

move_valid

Apywd n FSM eivan oty katdotaon IDLE ko mwepyiéverl va matn el «3 cuvexdpeveg gopéc»
10 Kovumi i_control, avtd ovopdletol 6to oynua oav cuvonkn start_condition. Otav cuuPei to
start_condition npénetl vo petaPaivel oty katdotaon PLAY 6mov mepyével v enduevn
Kivnomn tov maiktn. Av mopepPfindei Tatmpo dAlov Kovpumwiov ektdg Tov I_control tote mpémnet
va petpnBodv and v apyn 3 «cuveyouevoy Tatroto tov i_control.

Yy kotdotacn PLAY 1 FSM zmepiuével v enduevn kivnon tov moiktn Kot ovaAldyoS e TO
nowo wovumi OBo mammbei n FSM  petaPaivet oe pio omd  TIC  KOTOOGTAGELS



UP/DOWN/LEFT/RIGHT. Ztnv katdotaocn PLAY eriong eAéyyeton av o maiktng el Taoet
oV é£odo tov Aafvpiviov (reach_exit) dSniadn av n tpéxovca Béon eivar ion pe ) Béon
€€000v Tov Aafvpiviov Tov Epyetar omd TIc TOPTEG i exit beol ko i_exit_brow. Av o maiktng
&xel ptdoet oty 6060 10TE 1) FSM petafaivel oty katdotacn END.

Y1 kataotdoeig UP/DOWN/LEFT/RIGHT mpénet vo dnpovpyndei o véo «vmoymnelon 0Eon
av&hvovtog M peldvovtag KoTtoAMAmg ™ omAn (column) i ™ ypouun (row). T'o v
voynela 0éon mpémel v kpotdte o€ Kotoyopntés (éot® new_bcol kot new brow) tnv
VITOYNPLO. GTHAT KOl VITTOYTPLOL YPOLLUT O OTTOieC Ba 40UV TPOKVYEL OO TNV TPEXOVGO GTHAN
KoL TpEYOVoa YPapu avoroyws. Metd n FSM petafaivel oty katdotacn READROM.

2mv kotaotacn READROM 1 FSM ypnowonotel tv vroymeia ypoppun Kot GTAn yuo va
dwpdoel v KaTAAANAN o1evbBvvorn and v ROM €161 Mot va «de» av LIdpyel TOiY0G
(avatpéére oto Epyaotipilo 2 yuo deite g mpémel dievbuvoiodotnoete v maze_rom) kot
petafaivel oty kotdotacn CHECK.

2mv xotdotaon CHECK epgpaviCovrar ta dedopéva tg ROM kon mpénetr va edeyyBet av n
Kivnon eivar éykvpn (move_valid). H kivnon eivor £yxvpn av ta dedopéva mov dapdalete and
v ROM dev givan RGB(0,0,0) dniadn| dev givor «podpoy (v eivar toiyog). Av n kivion givot
éyxvpn (move_valid) tote petafaiver oy katdotacn UPDATE. Av 1 kivion dev egivat
éyxopn (move_valid) tote 1 FSM ayvosei v kivinon kot emotpépel otny katdotoon PLAY.

2mv xoatdotaon UPDATE evnuepdvetor n tpéyovca Béon pe v véa B€om kot emoTpépet
otV Katdotaon PLAY.

Ymv katdotacn END n FSM mepyéver 1o métnua tov i_control yw va petafel oty
katdotoon IDLE.

Teppatiopodg tov mayvidwn: Av katd ™ odpkela Tov moryvidoh motnbel «6 cuveyodueveg
@opéc» to kovumi i_control tote to moyvidl TPENEL VO GTOUATAGEL KO VO ETLOTPEYEL GTNV
katdotoon IDLE. Eniong av nepdoovv nepimov 90 devtepodrenta amd v apyr| TOL oLy vidolon
Kol To oy viol 0ev €xel oAokANPp®OEel, ONAadN 0 TalkING OEV £XEL KATAPEPEL VO PTACEL GTNV
¢€0do (katdotaon END), tote mpémer va yiver time-out kot to mayvidr va olokAnpwOel
anyaivovtog otny Katdotact END. Otav to mode givor 1 (dnAadn n avaivon givar 1024x768)
10T€ 0 YPOVOG Yoo To timeout mpémel va givan 150 devtepdrenta AOy® TOVL UEYAADTEPOV
AaPopivBov. Tt kotdotacn END o ypdvog o m 0éom tov maixtn mpémer va peivovv
«oyopévay evad oty Kotdotacr IDLE va maipvouv apyikég Tipés.

BONUS (20%): Ep@avien tov ypovov 611 4 006veg 7-segment

Eupgaviote 1o ypovo mov petpdre puéypt to time-out otig 4 006veg 7-segment mov vtapy oLV 6TO
board. Meletnote TIc TPOSLOYPOPEG Kot TOV TPOTO ERPAVIONS TIHDV GE 0VTEG TIG 000veg 0md
to manual tov board (kepdiawo 8.1 / oelideg 15-17):

https://digilent.com/reference/ media/basys3:basys3 rm.pdf



https://digilent.com/reference/_media/basys3:basys3_rm.pdf

TV TpémEL VO KAVETE GTO EPYOOTIPLO:

Oo TPETEL VAL TATE GTO EPYOCTIPLO LE TOV KOOIKA GG ETOLUO KL TPOCOUOLMUEVO UTO TPLV
Kot v, akohovOfeete v pon Tov gpyareiov Xilinx Vivado kot ta frjpato mov ypetdletor yio
va «katePfdoeten 10 oyédio otnv FPGA kat vo. to deite va doviedet. ' v avabeon pins (pin
assighment) ypnowonoteiote to constraint file mov cag diveron (constr/lab3.xdc). Otav motdte
To KOVUTd O Tpémel va umopel va PAERETE TO TaUKTN VO Kiveitol pésa oto Aafopvbo povo
O6mov dev vrdpyet Toiyoc. AgiEte To KOKA®UA TOL dOVAEVEL 6TO Bonbo.

MMopddoon Tov KOIKA TOVL EPyacTPiov:

[Ipénel va mapaddoete 6T0 TELOC TOL £PYACTNPIOV T apyEid GTOV QAKELD SIC OTWG £YOVV
npokOyel/aArdéel. H mapddoon o mpémet va yiver péxpr ™ 2" gfdopado Tov pyastnpiov
(Tpitn 27/05 M Iépmtn 29/05 avoroywg 10 I'Kpovsw TOV VKETE) 6TO TEAOG TG MPOS TOV
&xete epyactnplo Kol mpémer va £xete eetaotel amd tov Pondé — dev apxel povo va
napadmoete oto gitlab!

Ov tapadocsirs o yivovtar povo péom tov gitlab.
MHN npocOéccte To Vivado project ] To axero “run” oto git 1!

Evdektikéc evioléc

e (it status (ywo va deite Tt £xet aALGEEL)
git config user.email csdXYZW@csd.uoc.gr (MHN ypnowonomoete to --global flag)
git config user.name "Name Surname" (MHN ypnowonomoete 1o --global flag)
git add src (ywo va mpocBécete to apyeia Tov aALdEaTe 6TO PAKELOD SIC)
git commit -m “lab3 delivery” (commit kot prvopor)
git push (6o mpémet mhAL va. ypnoipomomoete To USername ko to password cag)
Empepordote 6T1 10 push £ywve kor 6T To. apysio £xovv avéfer oto gitlab oto
repository mov cag 660nke kar OXI XE FORK



