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Epyoactipio 3 (2 gfdoucoeg)

e Epoopdda 08/05 émg 12/05 (avaAdY®S TO pYacTNPLOKO TUNLO TTOV £XETE ONANDGEL)

otV aibovoa B.110
otV aibovoa B.110
otV aibovoa B.110
otV aibovca B.110
otV aibovca B.110

o Epodopada 15/05 g 19/05 (avardymg 10 pyaoTnplokd TUNHO TOL £XETE ONADGCEL)

(A) Tléumtn 11/05 15:00 - 16:00
(B) TIéuntn 11/05 16:00-17:00
@) Téumtn 11/05 17:00 - 18:00
(A) Tlopaokevry 12/05 16:00 —17:00
(E) Tapaokevry 12/05 17:00 —18:00
(A) Tléumtn 18/05 15:00 - 16:00
(B) TIéumt 18/05 16:00—17:00
@) Téumt 18/05 17:00 - 18:00
(A) TIopaokevry 19/05 16:00—17:00
(E) Tapaoxevry 19/05 17:00 —18:00

otV aibovca B.110
otV aibovca B.110
otV aibovca B.110
otV aibovca B.110
otV aibovoa B.110

21 Sdpkeln TV epyactnpiov Bo vAOTOWoETE GE TPEIS PACELS TO TToyvidl «AafdptvOoc»
(Maze). ITepuinmrtid, to TeEMKO maryvidl Oo eppaviCer oe VGA 006vn éva Aafdpvbo kot T
eryovpa evog maiktn. O ypnotg Ba pumopel vo LETAKIVIGEL TOV TOIKTN E TA KOLUTLA TTOV TNG
TAOKETOG KOl 0 6KOTOG fvat va Tov 0dnynoet oty €000 10 T OTEPO OLVOTOV.

Y10 Epyaotipio 3 o viomomoete v teAevtaia gdon Tov maryvidlod (6 2 efdopadsg
gpyacTNPi®V) oy TEPILOUPAVEL TOV EAEYY0 TV KIVICE®V Kol TG B€omg Tov TaikTn péow
unyavev tenepacuévav kataotdoemv (FSM). To gpyactiplo avtd Paciletor 6to VAKO TmV
gpyaompiov 1 & 2 kot cog divetal emmAéov KOdkag Yo o dimoptn ROMS mov Oa
ypnowonomBel yoo tov €AEyY0 TOV KWWNCE®V TOV TAIKTN YOP® 0amd TOVG TOIYOLG TOV
AaPupivbov. Eniong cag diverat éva katdAinio testbench kou reference outputs ko Oa propeite
va. ypnowonomoete tov mpocopowwty VGA (VGA Simulator) yw va PBrémete 1t Oa
epepavifovtav o€ po Tporypotikn 000vn amd Tov KOOKA GO,

INoa 10 Epyaotipio 3 10 6x£010 TOV GOG SIVETOL EIVOL TPOTOTONIEVO GE GYEGN LE TO GYESLO0 TOV
Epyactnpiov 2 ko paiveton oty mopokdtom eikova:

clk rst

I

vga_maze_top vga_sync
clk —» 0_hsync o_hsync
rst — 0_vsync 0_vsync
o_pix_valid o_row o_col
clk— maze_controller i pi)lt valid i r!)w i (!Ol
rst —s - clk ] = — - L.
« - ?—L'Ieds rst — o_red o_red[3:0]
i_dgwn G IReInL = o_green o_green[3:0]
i 0_ram_addr o_blue blue[3:0
i_left i_rom_data - 0_blue[3:0]
:_ggrr:ttrol o_player_bcol »| i_player_bcol
- o_player_brow i_player_brow
d37 = i_exit_bcol 437 —s i_exit_bcol
d22 —p |_exit_brow d22 —) | exit_brow vga_frame




To oyédio €xel v €€Ng tepapyio:

e vga _maze_top (vga_maze top.sv): cag diveTor pio TpdTn €KO0CN KOL GE GYECT WE TO
Epyaoctipio 2 éxer npootebei o pmhok maze_controller, mopteg yio kovpmid (up, down, left,
right, control) ko leds, ko emmAéov ndpteg oto vga_ frame yio va umopei o maze_controller
va éyel mpocPacn oty ROM 1oL AofupivBov. Ot cuvdécelg paivovior 6to oynua. Ao
YPEWGTEL VO TPOTOTOMMGETE ALTO TO OPYELD COUPMOVA LLE TNV EKPDVNON.

e vga_sync (vga_sync.sv): To umAok owtd VAOTOLEL TO XPOVIGHO TOV Tp®mTOoKOAAOL VGA Y10
avdivon 640 x 480 kot mpémet va etvon 1 vAomoinon oag amd to Epyactipio 1.

e vga frame (vga_frame.sv): To pmlok avtd eivar vrevbuvo yioo T Snpovpyio TV
ypouatov RGB (red/green/blue) yw kdabe pixel mov eugavifetor oty 006vn yia va
enpaviotel o AafopvBoc Kot o Taikng otV 006vn Ko TPEMEL vau gival 1 VAoToinon Gog
amo to Epyaotipio 2 ne emmAéov aAlayEg OTMS TEPLYPAPOVTOL TOPOKAT®.

e maze_controller (maze_controller.sv): To umiok owtd givar viebbvvo yia Tov Eleyyo TV
KIvoemv kat ¢ 0éong tov maiktn péom pnyavov tenepacpévov katacticemv (FSM).
Aemtopuépeteg yo To Tt o TPEMEL VO VAOTOMGETE TEPTYPAPOVTOL TALPOUKATO.

e rom (rom.sv): To umhok ocoag divetar £toluo kot Onuovpysi u odyypovny ROM
TOPOUETPIKOD PEYEDOLG KaL TNV OPYIKOTOLEL HE Ta TTepleyOpeva evog apyeiov mov divetat
eniong o¢ mopapetpoc. Ormopteg g ROM eivau: clk, en, addr, dout. H wopta en (enable)
onuotodotel pia véa avayvmon, n topta addr (address) eivat yio vo 600€i 1 €il60d0g yio
devbuvorn mov Béhovpe va dwPdoovpe kot  wopto eE6dov dout (data out) Pyaler ta
nepleyoueva g dtevbuvong addr otov «emduevo kokho». H mapauetpog size opilet tov
apfud tov Bécemv g ROM, n mapdpetpog width to mhdtog og bits tng kdbe Béong g
ROM (16-bits otnv mepintwon pag) kot 1 mopdauetpog file dniover to apyeio mov Oa
xpnowonomOel o apyuconoinon tov nepeyopévov g ROM. Eniong oto gdkeio roms
oag divovtor 3 apyeior (mazel.rom, player.rom, exit.rom) mov 6o ypnoipomomOovv yiao
apyKonoinon twv dedopévov Tov dwedpov ROM mov Ba ypnoylomocovpe yio 1o
EPYNOTNPLO (TEPIOGOTEPEG AETTOUEPELES OTVOVTOL TAPUAKATM).

e rom_dp (rom_dp.sv): To pmhok cag divetar £too ko givan pa dimoptm ROM Baociopévn
otnv povoroptn ROM mov meprypdoeton mapamdve.

e debouncer (debouncer.sv): To umhok avtd AOvel TO0 TPOPANUO TG «OVOTNONONG» TOV
UNYOVIKOV KOUUTU®Y TOV YPNGUYLOTOIOVVTOL Yo TV Kivnom Tov maiktn kol cog olvetot
£TOLLO Kot vl GLVOESEUEVO KATOAANAWG GTO vga_maze top.

e vga_tb (vga_tb.sv): éva testbench yia mpocouoiwon mov dnuovpyei to poddt (25 MHz — 40
ns), to reset, kot ta ofpata amd o kKovumd. To testbench amoOnkeder v é€odo Tov
KUKADPOTOS 6og o€ évo apyeio (Vga_log.txt) pe to katdAinio format étol dote va pmopeite
v, ypnoomotoete tov VGA Simulator ywo va BAérete Tt 0o eppaviletar oty 006vn omd
T0V K®dKA oag. [Teprocdtepeg Aentopépeteg yioo tov VGA Simulator mopakdto.

e Reference output: 1o @akelo reference vdpyet évo tpdtomo vga_log.txt output mov givan
avTo oL Ba TPEMEL va dMovpYEi £vag cmoTog kKddikas. Mropeite va kavete diff to apyeio
7oL apdyel o KmOKAG oag pe to reference output ywo va evtonicete Ado.

¢ VGA Simulator: Méca oto @dxero vga-simulator vadpyet o 16tocelido mov pnopeite
va avoi&ete tomikd otov Web browser cag. Exei propeite va emié&ete to log file mov €xet
dnuovpynbei and v TPOCOUOI®ON GOC KOl OTOV TATHOETE TO Kovumi submit tote Oa
enpaviotel o pia swovikn VGA 006vn 1 €€006¢ cag. Mmopeite va 1o dokipdoete eniong
ue to reference output. Mnv aAAGEete TIC TOPAUETPOVS TOL VILAPYOLY NON ©TN GeAida!


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

TV TpémeL VAOTON|GETE KL VU TPOGOUOLDCETE TPLV TATE GTAU EPYACTNPLA:

[No 1o epyactipo avtd apykd mpémel va tpomomomoete to Mmodule vga_frame mov
vAomomoate yio T0 Epyactipio 2 étol wote va ypnowonoiei t dimoptn ROM (rom_dp) ya
v maze_rom kot vo Pydlet v devtepn mopta tng ROM (en_b, addr_b, dout_b) otig
avtiotoyeg mopteg tov module (i_rom_en, i_rom_addr, o_rom_data). O: vzwéloirec ROM
TOPOUEVODY WG EYOVV.

1 ovvéyela Oo mpémel vo, vaomomoete to module maze_controller tov omoiov évag Gdelog
okeleTOG oag divetor. To module mpénel vo viomoiei tv Pacikn Asrtovpyio Tov Taryvidov. Me
Baon tig e166d0v¢ i_control (pueoaio kovumi), i_up, i_down, i_left, kou i_right mov mpoépyovrat
amd to Kovumid, mpémel v dnuovpyet tig €€66ovg 0_player bcol kou o_player _brow mov
delyvouv v Tpéyovoa Béom tov maiktn otAn/ypouur (étor to module vga frame 6o
eneavilel Tov maiktn otV KotdAANAn 0éon kdbe popd). I'a vo amo@ociotel av 0 TaikTng
umopetl va petakivnOel oe emdpevn Béon Ba wpénetl va edeyybet av n emduevn/vmoymoeia Béon
010 Aapopwvio (dwafdlovtag tnv ROM) «tépte» mavem og Toilyo kot dev givar £ykupn N vdpyet
dtadpopog Kot £tot 1 kivnon etvan £ykvpn. Eniong av o maiktng gtacet otnyv £€£000 mov divetan
and T1g Topteg I_exit_bcol kot i_exit_brow tote 10 matyvidlt ohokAnpaovetat.

Apyikd oto Toyvidt o maiktng Eekvaetl and v 0éon (column, row) = (1, 0). Av matbei to
kovpni i_right Oa mpénet va avénbei n othAn katd 1. Av matn0ei to kovumni i_left Oa npénet va
ueiwbei n otyAn kotd 1. Av motnBei o kovuni i_down o mpémet va awEndei n ypopur| kotd 1.
Av atn0ei o kovpmi i_up Oa tpénet va petmbei n ypouun katd 1. OAeg o1 Tapamdve KIvicELg
npénel va yivovtal vo v tpoindBeon Ot dev «mEPTOLV» G€ Toiyo Tov AafupivBov kot dev
Byaivovv ektd¢ opiwv. "o TV vAomoinomn twv Pnudtov eAéyyov kot v evnuépmaon g 0éong
TOV TA{KTY G0G SIVETOL GTO TOPAKAT® GYNULA TO dtdypappe Kotaotdoemv g FSM mov mpénet
va vaomomoete. H FSM eivar ariomomuévny kou vwovoel thv mapouovy atny idla Katéotact ov

0V DITOPYEL VEQ EIGOVOG.
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Apywcd n FSM eivan otnv katdotaon IDLE ko mepiuéverl va matnel «3 cuveyodueveg eopég»
10 Kovumi i_control, avtd ovopdletol 6to oynua oav cvuvOnkn start_condition. Otav cuuPei to
start_condition npénel vo petaPaivel oty katdotaon PLAY 6mov mepiuével v enduevn
Kivnomn tov maiktn. Av mopepPAndei oo GAAoV Kovpumiov ektdg Tov I_control tote mpénet
va petpnBodv and v apyn 3 «ocvveyouevoy Totiuoto tov i_control.

Ymv kataotaon PLAY 1 FSM mepuéverl v endpevn kivnon tov moiktn Kol avaloyws Le T0
nmowo kovumi Bo mammbei n FSM  petaPaivet oe  pio omd  TIC  KOTOOTAGELS
UP/DOWN/LEFT/RIGHT. Ztnv katdotaon PLAY eniong eAéyyetan av 0 maiktng £Xel gTaoel
oV é£odo tov AaPupivOov (reach_exit) dniadn av n tpéxovca Béon eivar ion pe ) Béon
€€060v 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.

Y1ig kataotdosig UP/DOWN/LEFT/RIGHT mpénet vo dnpovpyndei o véo «omoynelon 0éon
avEavovtog M HEIOVOVTAG KOTOAANA®G T otAn (column) ™ ypapun (row). T'oa v
vroynelo 0éon mpénel va kpotdte o€ KoToy®pntéS (éotw new_bcol kot new brow) tnv
VIOYN QL0 GTHAT KO VITOYN PO, YPOLLUT Ot 0moies Ba £xovv mTPoKOWYEL amd TNV TPEYOVGO GTHAN
Kot TpEYOVoa Ypapu avoroywc. Metd n FSM petapaivel oty katdotacn READROM.

Ymv kotactacn READROM 1 FSM ypnowonotel tv vroyneia ypoppun Kot GTAn yuo va
dwPdoet v KatdAinAn oevbuvorn and v ROM £éto1 dote va «de» av vmdpyel Toiyog
(avatpé&re oto Epyaotipio 2 yio deite g npénel d1evbuvelodotnoete Ty maze_rom) kot
petafaivel otnv kotdotacn CHECK.

2mv xotdotaon CHECK epgpaviCovrar ta dedopéva g ROM kon mpénet va edeyyBet av n
Kivnon eivar éykvpn (move_valid). H kivnon eivor £ykvpn av ta dedopéva mov dapalete omd
v ROM dev givan RGB(0,0,0) dnAadn| dev givor «podpo» (v ivar toiyog). Av n kivion givot
gyxvpn (move_valid) tote petafaiver oy katdotacn UPDATE. Av 1 kivon dev eivoat
éyxopn (Imove_valid) tote n FSM ayvoei v kivnon kot emotpépet oty Katdotoon PLAY.

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

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

Teppatiopodg tov moyvidon: Av katd ™ obpkeln Tov moryvidl motndel «5 cuveyopeves
@opéc» to kovumi i_control tote To moyvidl TPEMEL VO CTOUATHOEL KO VO ETICTPEYEL OTNV
katdotoon IDLE. Eniong av mepdoovv mepinmov 40 devtepdAenta amd TV apy] TOL oLy ViS00
Kol TO oy viol 0ev €xel oAoKANP®OE], ONAadN 0 TaiKING 0EV £YEL KATAPEPEL VO PTAGEL GTNV
¢€odo (katdotacn END), tote mpémer va yiver time-out kot 1o moryviolr va ohokAnpwOel
nmyaivovtog oty Katdotaon END.

Mmrdpo Xpdvov: v 006vn Bélovue va paivetal o, pmdpa ypovov/progress bar mov va
delyvel og moto onueio Ppioketal To moryviol petpovrag puéypt ta 40 devteporenta. H “progress
bar” npénel vo oynuotiletal oTadoKd He KOKKIVO Yp®Uo amd oplotepd mpog ta. 0eEd oty
tedevtaio oepd and pmiok (16x16 pixels) g o06vng. e kdbe devtepOLEnTO TTPEMEL VO
npootifetar/yepiler éva  umlok. IlpocBéote v Aoywkn mov  ypelaleron Ko TO




ofuoto/elcodovc/eE6dovg otor katdAinio modules kar cuvdéote ta 6TO vVga_maze_top
module.

> kotdotoon END n pumndpa xpovov kot 1) B€omn tov moiktn mpémel va Letvouy «Iay®puéEvoy
eve otV Katdotaon IDLE va maipvouv apyikés Tipég. Kmouomomote Tic KATOoTAGELS LE TIG
napakato tipés: IDLE=1, PLAY=2, UP=3, DOWN=4, LEFT=5, RIGHT=6, READROM=7,
CHECK=8, UPDATE=9, END=10. Odnyeiote v é£odo 0_leds pe v xatdotaon tg FSM
v va umopeite va PAEnete o€ mowa katdotaon Ppiokete 1 FSM. To yeviko reset diveton amnd
10 DIP SWITCH 0.

TV TpéMEL VO KAVETE GTO EPYOOTIPLO:

Oo TPETEL VO TATE GTO EPYOCTIPLO LUE TOV KOOIKA GG ETOLUO KL TPOCOUOLMUEVO UTO TPLV
Kot vo, akohovOfeete v pon Tov gpyareiov Xilinx Vivado kot ta frjpato mov ypetdletor yio
vo, «katefdoeten to oy£d10 oty FPGA kot va to deite vo doviedet. T'a tnv avabeon pins (pin
assignment) ypnowomnoieiote to constraint file wov cag diveran (lab3.xdc). Otav natdre ta
Kovumd Bo mpémet va umopet va PAEneTe T0 TaikTn va Kiveital péca oto Aafupvo pdvo dmov
dev vdpyet toiyog. Agi&te To KOKA®UO TOV S0VAELEL 6TO BonBo.

T pémel va To.PadDGETE:

[pénel vo tapadmoete tov SystemVerilog RTL kddko tov umhok (1) maze controller, (2)
vga_frame, ka1 (3) vga_maze_top. H mopdadoon Oa mpémet va yivel £og ) 2" efdopado tov
gpyootnpiov (Epdopada 15/05 émg 19/05) oto 16h0g TG DPOG TOL £XETE EPYAGTNHPLO GLPOD
Eyel mponyovpévas eEetactel amd tovg fonbovs. Xteidte tov kKA cag pe e-mail oto
hy220@csd.uoc.gr pe titho: Lab3 — Ovouarendrvopo — AM.

O KOOKES Oa EAEYYOVTAL Y10 AVTLYPOAPES ILE ELOIKO LOYIGUIKO!


mailto:hy220@csd.uoc.gr

