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[Mavemotuo Kpnng
Eapwvé EEqunvo 2023

Epyactipio 2 (2 gfdoucoeg)
e Epdonada 24/04 £mg 28/04 (avardywe To pyacTnplokd TUNU TOV £XETE ONADOEL)

(A) I[épmm 27/04 15:00 - 16:00 otV aifovoa B.110
(B) Iéunm 27/04 16:00-17:00 otV aifovoa B.110
@) [éumm 27/04 17:00-18:00 otV aifovoa B.110

(A) Topaokevn 28/04 16:00-17:00 oy aibovca B.110
(E) Tapaoxevry 28/04 17:00-18:00 oy aibovoa B.110

o Epodopdada 02/05 g 05/05 (avardymg 10 pYacTNPLOKO TUNLO TTOL £XETE ONADGCEL)

(A) TIIéumm 04/05 15:00-16:00 oV aibovoa B.110
(B) TIIéummn 04/05 16:00-17:00 oV aibovoa B.110
I TIIépmtm 04/05 17:00-18:00 oV aibovoa B.110

(A) Topaokevry 05/05 16:00-17:00 oty aibovca B.110
(E) Tapaokevry 05/05 17:00-18:00 oty aibovoa B.110

Kota m didpkeia tov epyastpiov Bo vAOTOMoETE G TPELS PAGELS TO oY VidL «AafOptvOoc»
(Maze). ITepuinmrtid, to TeEMKO Taryvidl Oo eppavilel oe VGA 006vn éva Aafidpvbo kot T
eryovpa evog maiktn. O ypnotg Oa umopel vo LETOKIVIGEL TOV TOIKTN LE TO KOLUMTLY TOV
VILAPYOVY TAVE® GTNV TAAKETO KOl O GKOTOG £lval va Tov 00MYyNoel otnv ££000 TO TaYVTEPO
duvatov.

Y10 Epyaoctipio 2 Bo viomomcete v de0tepn QAo (6€ 2 gfdonddeg epyastnpionv) Tov
nepthopBaver v epedvion oty 006vn VGA evdg AafupivBov, evoc «maiktn» otnv apyr tov
AafupivBov ko g €£600v ToL AaPupivBov. To epyactplo awtd Paciletor 6To VAIKO TOL
gpyaomnpiov 1 kot cog diveton emmAéov kmowas Yoo ROMSs mov Ba ypnoipomomBovv yo
oyedioon tov AaPvpiviov ktA. Emiong cag diverar éva katdAinio testbench wou reference
outputs ko Ba pmopeite va ypnoporomoete tov tpocopoiwt) VGA (VGA Simulator) yia va
BAémete T1 o eppaviCovtav o€ pio Tpoypotikny 000vn amd Tov KOOKA GO,

Anmovpyie Pixel Blocks 16x16 yva VGA 640 x 480

o v gvkolotepn dlayeipion TV «moAlmv» pixels evog frame, cvyva opadomolodue ta
pixels og pmhox (block) kot ta ene&epyaldpaote pali. Mo cuyvn opadoroinon gival oe UTAOK
tov 16x16 pixels (16 omieg eni 16 ypouuég) v onoia. O ¥pNOUOTOIGOVUE KOl EUEIS Y10, TO
EPYOOTNAPLO. XTIV TOPAKAT® KOV QaiveTal 1 opadomoinomn evog frame 640x480 oe blocks
tov 16X16. Mg avti v opadonoinorn égovue dnuovpynoet éva miéypa (grid) 40x30 (40
omieg emi 30 ypappég) kot £tot £xovpe va dayeprotovpe 1200 blocks tawv 16x16 pixels avri
v 307200 pepovopéva pixels. ‘Eyovue Aowrov 30 ypappéc amd umiok (block rows) 6mov n
KaOe ypapun éxet 40 omleg amd pmiok (block columns).

Me ovt v opadoroinon oe block tov 16x16 pixels éyovtag ™ cvvietayuévn evog pixel
(oA, ypauun) uropovpe vo Bpodue tov apibud tov block oto omoio avrkel maipvovtag to
mAiKo ¢ aképatag daipeong pe 1o 16 kot ayvodvtag o vrdéiowro. [a mapddetypa to pixel
(3, 31) avnkel oto block (3/16, 31/16) dniadn o block (0, 1) evéd to pixel (536, 372) avikel
oto block (33, 23). X hardware 1 dwaipeon pe duvapelg Tov 2 énmg To 16 oty TEPinTOON pHag
givon po amd olicOnon katd 4 Oéoeig 6€14 M amdo bit selection and MSBS, ondte givat moAD

«EOVAY TPAEN.



ZTAAEG (Columns)

\0 16 624 639

pixel (3, 31) e

BLOCK (0,29) L] BLOCK (39,29)

Mo 10 Epyoctipio 2 10 o010 givar EAAPPADS TPOTOTOMUEVO GE GYECT| LLE TO GYES0 TOV
Epyaocmpiov 1 kot gaivetor oty mopokdto eiKova:
clk rst

l |

vga_maze_top
vga_sync
ClK — o_hsync » 0_hsync
rSt—. 0_vsync » O_VSync
o_pix_valid o _row o_col
i pi i i i_col
oIk ) i_pix_valid irow I_co
rst —s o_red » 0 _red[3:0]
—| i_player_bcol 0_green » 0_green[3:0]
— i player_brow o_blue » 0_blue[3:0]
a37 —»] i_exit_bcol
d22 —pd i_exit_brow vga_frame

To oyéd10 €xer v €€Ng tepapyio:

e vga _maze_top (vga_maze_top.sv): cog divetal kat o€ oyéon pe 10 Epyaoctipio 1 éxel omha
npootedein mopta i_dip mov givan 8-bits ko kdmoleg GuVETELS OTMG PaivovTaL GTO GYTLLO.



e vga_sync (vga_sync.sv): To umAok owtd vAOTOLEL TO YPOVIGHO TOV TPp®mTOoKOAALOV VGA Y10
avéivon 640 x 480 kon mpémetl va, eivon n vAomoinon cog and to Epyactipio .

e vga frame (vga_frame.sv): To pmlox avtd eivar vrevbuvo yioo T Snpovpyio TV
ypouatov RGB (red/green/blue) yio ke pixel mov npénet va eppaviletar oty 006vn yo
va gueoviotel o AafoptvBog kot o maiktng oty 006vn Kot givon awtd mov Ba mpémel va
vAomomoeTe Yo 10 Epyactipio 2 pe Ao TIC TPodaypopES Tov cag divovTol TopoKkiTm.

e rom (rom.sv): To umhok ocoag odivetar €toluo kot Onuovpysi u ovyypovy ROM
TOPAUETPIKOD HEYEDOLG KO TNV OPYIKOTOLEL e TO TEPLEYOUEVD. EVOC apyeiov oL divetal
emiong g mopapetpog. Ot mopteg g ROM eivan: clk, en, addr, dout. H wopta en (enable)
onuotodotel pia véa avayvmon, n topta addr (address) eiva yio vo. 500€i 1 €ilcodog yio
devbvvon mov Béhovue va daPdcovpe kot  woOpTo e£6dov dout (data out) PBydlel ta
nepleyopeva g dtevbuvong addr otov «emdpevo koxlo». H mapdpetpog size opilel tov
apOuod tov Bécewv g ROM, n mapdauetpoc width o mAdtog og bits e kdbe BEong ¢
ROM (16-bits otv mepintmon pog) ko 1 wopauetpog file dniodver 1o apyeio mov Oa
xpnooromOel yio apyucomroinon tov mepieyopuévov g ROM. Eniong oto dkeio roms
cag divovtor 3 apyeio (mazel.rom, player.rom, exit.rom) mov 6o ypnopomombodv yio
apykomoinon twv dedopévov Tov dedpov ROM mov Oa ypnoyomotcovpe yio 10
EPYAOTNPLO (TEPIGGATEPES AETTOUEPELEG SIVOVTOL TTOPOKAT®).

e vga_tb (vga_tb.sv): éva testbench yia mpocouoiwon mov dnuovpyei to poddt (25 MHz — 40
ns), o reset, ko ta ouata and ta DIP switches. To testbench amobnkevel Ty £€£0d0 oL
KUKADPOTOS 60g o€ évo apyeio (Vga_log.txt) pe to katdAinio format étol dote vo pmopeite
va ypnotporomoete tov VGA Simulator yio va pAénete Tt Oa eppaviletor oty 006vn and
T0V K®dKA 6ag. [Teprocdtepeg Aentopépetes yio tov VGA Simulator mopokdto.

e Reference output: 1o @dakelo reference vépyet évo tpdtomo vga_log.txt output mov givan
avto mov Oo Tpémel va, dnuovpyel Evag cwotog kadikac. Mropeite va kavete diff avtd mov
mopayel o dikdg oag kddKAg pe to reference output yio va evtomicete AdOn Koatd v
npocopoionon. To format eivan copPatd pe tov VGA Simulator kot givar modd anhd. e
KAOE ypopun mepLEyeL 10 ¥poOvo 6€ ns 0koAoLOOVLEVO 0Ttd TIC TYEG TV onpdtmv hsync (1-
bit), vsync (1-bit), red (4-bits), green (4-bits), blue (4-bits).

e VGA Simulator: Méoa oto @dkelo vga-simulator vrapyet po 16toceXida oV propeite
vo. avoi&ete tomkd otov Web browser cac. Exel propeite va emiéete to log file mov €xet
dnuovpyndei and v TPOCOUOIMON GO KOl OTOV TATHOETE TO KOovumi submit tote Ba
enpaviotel o pia ewovikn VGA 006vn 1 €€006¢ oag. Mmopeite va 1o dokipdoete eniong
ue to reference output. Mnv aAAGEete TIC TOPAUETPOVS TOL VILAPYOLY NON ©TN CeAida!

TV Tpémel VAOTON|GETE KL VU TPOGOUOLDGETE TPLV TATE GTU EPYACTNPLA:

INo 10 epyactipro avtd Oa mpénel vo vAomomcete to module vga_frame tov omoiov évog
Gdelog okehetog cog divetar. To module avtd pe Bdon 1ic 16630V TOL, 1_row, i_col, kot
i_pixel_valid mov mpoépyovtar and to module vga_sync (to viomomocate oto Epyacthipilo 1)
Ko Ti¢ eloodovg i_player_bcol, i_player_brow, i_exit_bcol, ka1 i_exit_brow (mov tpocOétovue
TOPA), TPENEL Vo, Onpovpynoel Tig Tég tov ypoudtov RGB (red/green/blue) yuo va
eppaviotel/{oypapiotel otnv 006vn o AafvpivBog, o maiking kot 1 ££060¢ Tov Aafvpiviov.

H gicodog i_player_bcol diver tnv opilovtia 6¢on (column) tov block mov Bpicketar o maiktng,
ue Baon v opadomoinomn oe mAEyua (grid) koun gicodogi player brow divel Ty katakopvON
Béon (row) tov block tov maiktn. H opildévtia B€on (block column) tov maiktn oto grid 40x30


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

dtvetar amd too DIP switches [3:0] kot n katakdpven 0éon (block row) amnd to DIP switches
[7:4] xou pmopeite vo TV 0AAALETE OV UETOKIVEITE TOLG OLOKOTTEG OTNV TTAOKETO. (A0yw
weproplouod orov aptfuo twv DIP switches oy mlaxéro oe avty ™ @don umopeite va
UETAKIVEITE TOV TaIKTH HOVo Kotd Alyes Oéoeig). Avtiotoyo ot gicodor i_exit_bcol ko
I_exit_brow divovv v 08éomn g e£660v oL Aafvpiviov oto TAéyua. H é€0dog oto Aafvptvio
etvon otnv 0éom (37,22) tov grid eivar otabepn} oto vga_maze _top module.

INa i tnég RGB twv pixels mov yperalovrot yio tov Aapopivbo, tov maiktn kot v €600 Oa
ypnoponomoete Ko Oa kévete instantiate 3 ROM pe Bdon to module rom.v mov cag divetat.

Address o BLOCK (0,0) 1 7 Address o PIXEL(0,0)
1 BLOCK (1,0) 1 PIXEL(0,1)
2 [ _® BLOCK (2,0) 2 [_®  PIXEL(0,2)
blocks
15:12 . 15:12
row 0 IE——
39 BLOCK (39,0) 15 PIXEL(0,15)
40 16 PIXEL(1,0)
UNUSED PIXEL(1,1)
63 y__. PIXEL(1,2)
64 BLOCK (0,1)
BLOCK (1,1)
BLOCK (2,1) 3 PIXEL(1,15)
blocks
row 1
103 BLOCK (39,1)
UNUSED
"
128 T 240 PIXEL(15,0)
PIXEL(15,1)
PIXEL(15,2)
255 PIXEL(15,15)
2047

H ROM tov AaPvupivBov (maze_rom) éxst 2048 Oéoeig ko mhdtog 16-bits kot divel oe kabe
0éon wa T RGB yia kabe block tov Aafvpiviov oto mAéyua (grid 40x30). Ora ta pixels
(16x16) awtov Tov block mpénet va maipvouv v da Ty kon pémet va, ™ daPalete amd
ROM divovtoc v katdAinAn dievBvvon. To mepieydpevo g maze_rom oe Kabe dievbuvon
TOPOLGIALETAL OTNV  TOPUTAVED €KOVO Kol TO Opyelo apylkomoinong oo oiveton
(roms/mazel.rom). Eneiom to grid 40x30 (1200 blocks) éyet draotdoeic mov dev givar duvauelg
TOV 2, Y10 VO SIEVKOADVOLLE TNV d1ELBLVGLOJOTNOT YPNCLOTTOLOVUE pia peyaivtepn ROM pe
2048 Oéceig mov pmopel va viomomost éva grid 64x32 kai £tol kdmoleg Béoelc uévouvv
aypnoomointeg 0TS QaiveTal oty €1KOvVo. AvTtd mov YpeldleTol va KAVETE yio T Maze_rom
etvar va, Bpeite g Oa «yevvnoete» T cmaotn dievbuvon yo va mdpete Tic cmotég Tnég RGB.
Kda0e 0éon g Maze ROM eivan 16-bits kan 1o mepiexopevo mapéyet tig tipnés RGB wg e€ng: (1)
ta bits 3 £w¢ 0 divovv v Tipn Yo to 4-bit ke ypoua, (ii) to bits 7 Eémg 4 divovv v Tiun Yo
10 4-bit Tpdovo ypdpa, (i) ta bits 11 £wg 8 divovv v Ty yo To 4-bit KoKKIVO Ypdpa, (1V)
T voOAowa bits dev ypnoonotovvol.

O maiktng mpémetl va epeaviCetor pdévo oto onueio (block) tov grid mov divetan omd T1g 16650V
i_player_bcol «ou i_player_brow. O maixtng 0o eppaviletar oe éva pévo block amd 16x16
pixels kot yio kaOe pixel avtov tov block ot Tipnég RGB yia gpeavion mpénetl va dafdlovran
am6 po dAn ROM (v player_rom). H ROM tov maiktn (player_rom) éye1 256 6éoeig, mhdtog
16-bits ko to mepLEYOUEVO TG o8 KAbe devBuven TopPovctdleTol GTNY EIKOVA, TO QPYELO
apycomoinong cog divetar (roms/player.rom). H player rom ypnouomoteiton mAnpmg, dniodn
oe k0Be Oiomn éyxel dwpopetikéc RGB tipéc yia kabéva and ta 16x16 pixels étor wote va



Coypoprotel o Taikg (0 Mdplog ©) pe koldtepn Aentopépeta. oty player_rom mpémet va
Bpeite mog Oa «yevvnoetey m oot dievbuvon yia va mapete T1¢ KatdAAnieg tiuég RGB.

Avtiotorya pe tov maikt, 1 £€0d0¢ npémetl va eppaviletar poévo oto onueio (block) tov grid
7oL divetan omd Tig £160d0v¢ I_exit_bcol kari_exit_brow. H é£odo¢ Oa eppaviletot o€ Eva povo
block and 16x16 pixels kot ya kéOe pixel avtod Tov block ot tipwéc RGB yo epedvion npénet
va daPdlovrar amd o GAAn ROM (v exit_rom). H ROM 1tng €£660v (exit_rom) &yt 256
Béoeic, mAdtog 16-bits ko o mepe)Ouevo G o€ kGOe dieHbvvorn mapovoidletar 6Ty EKdVa,
10 apyeio apykoroinong cog diveton (roms/exit.rom). H exit rom ypnowomoteitoan TAnpwc,
dNAadn oe ke Béon xel dapopetikég RGB tuég yio kabéva and ta 16X16 pixels éto1 wote
vo {oypagiotei 1 ££000¢ (To Aotépt ©) pe kakvtepn Aemtopépetia. T v exit_rom npénet va
Bpeite mwg Oa «yevvhoete» ) cmot) dtebBuvon yia va tapete T1g KatdAinAeg tipég RGB.

Ytmv viomoinomn wov meptypdeetal, o Aafvpviog eppaviCetor ota 40x30 blocks tov grid cav
background kot «tdve» and avtov oe cuykekpyéva blocks, mov divovtar amod Tig £166600G,
eupaviCovtat o maiktng Kot 1 £€£000¢ Tov Aafupiviov (tétota avtikeipeva elvar yvmoTd Kot g
sprites). Otav o maiktng kot 1 é£o0doc eivar oto 1o block mpémel va gpeoaviletor povo o
noiktng. Apa tehkd 1 mpotepardtnta pedviong etvan (1)maiktmg, (2)£Eodog, (3)Aafvpivboc.
To module vga_frame Aowmdv pe Paon tig €106d0v¢ mpémel va daPalel T1g KatdAA e
devBvveelg and tic 3 ROM kot va gmidéyet yia gpedvion v katdAinAin RGB tyun avaioya
LE TNV TPOTEPOLOTNTA OV £XEL TO KAOE avTiKeipevo kot £Totl va dnpovpyel tig €£650vg Tov
0_red, o_green, o_blue. ®@vunbeite 61t to module avtd mpémet va mapdyel ££060 6TOV «EMOUEVO
KOKAo». Emiong, otav ot eicodotr i_col kar i_row dgv givor éykvpeg (dnAadn n €icodog
i_pix_valid givon 0) Tote M £€0d0¢ mpémet givar to pavpo ypodpa RGB(0,0,0).

Oa npémetl vo. viomooete oe SystemVerilog RTL to module vga_frame. Tlpw zwdte ot0
gPYAOTAPLO Do TPEMEL VO TPOGOUOLDGETE Kot va emainbevoete e to Etowo testbench kot ta
reference outputs tov kdd1Ka cag. Ba mpémel va uropeite vo deite v ££0do mov Oa EPyale o
KOKAoua pe tov mpooopowwty VGA Simulator. Mn Eexdoete va PdAete reset otovg
KaToympnteg!

T wpémer va KAVETE 6TO EPYNOTNPLO:

Oo TpENEL VO TATE GTO EPYOCTIPLO LE TOV KAOOIKA GOG £TOLHO KUL TPOGOUOLOUEVO OO TPLV
Kot vo, akolovOfoete v pon Tov gpyaieiov Xilinx Vivado kot ta Brjpato mov ypetdletor yia
va «katefdoeten 10 6x€d10 otnv FPGA kot va to deite va doviedet. o v avabeon pins (pin
assignment) ypnowonoteiote to constraint file mov cag diveron (lab2.xdc). AAAGETe ta DIP
switches kot deite 0T 0 maikTNG aALGLEL Oéom otV 006vn. AgiEte T0 KOKA®UA TOL SOVAEVEL
010 Pon0o.

T pémer va To.padOCETE:

[Ipénel va mtapadmnoete tov SystemVerilog RTL kddika tov umhok vga_frame. H moapddoon
0o wpémel va yiver T 2" gfdopdda tov epyactnpiov (Epdopndda 02/05 émg 05/05) oto téhog
NG OPOG OV EYETE EPYACTNPLO. XTEIATE TOV KMOKE cag ue e-mail oto hy220@csd.uoc.gr pe
titho: Lab2 — Ovouareravopo — AM.

O1 KOOKEG 00 ELEYYOVTAL Y10, AVTLYPAPES NE ELOIKO AOYIOUIKO!
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