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BCTYII

MeTor0 maHOTO KypCy € OTpUMAaHHS TEOPETHYHHX OCHOB Ta
NPaKTUYHUX HABUYOK 3 iHkeHepii sikocTi. Jucuumina "lmkenepis sikocti'
CIpsIMOBaHAa Ha TIOTTMOJNCHHS 3HaHb Ta NPAKTUYHUX HABHYOK CTYACHTIB 3
Cy4JacHOi TEXHOJIOTI] CTBOPEHHS CKIIQIHHUX MMPOTPaMHUX MPOIYKTIB Ha 6asi
i7e# i MpUHIKUTIIB 00'€KTHO-OPIEHTOBAHOTO METOTY.

Ha ocHoBi BuBuYeHHS mucnMILIiHM "[HXEHepis sKocTi" CTyIeHT
NOBUHEH 3HATH:

— eTaIy XUTTEBOTO UKy ITPOTPaMHOro 3a0e3NeUeHHS;

— METPUKH POTpaMHOro 3a0e3reueHHs;

— METOIM KePYBaHHS SKICTIO BIJJHOCHO J0 PO3POOKH MPOCKTYBAHHIO
Ta eKCIUTyaTarii MporpaMHIX MPOAYKTIB;

— CASE-3aco06u asst TecTyBaHHS IPOTPaMHOTo 3a0e3MeueHHs.

CTyJeHT MOBUHEH BMITH:

— OIIIHIOBATH SIKICTh Ta €()eKTHUBHICTh MPOTPaMHOTO 3a0e3rmeueHHs
TIpH pillleHH] 3aBJaHb PO3POOKH;

— TepEeBIPSATH KOPEKTHICTB;

— BUKOHYBAaTH TECTYBaHHS;

— MMPOBOANTH BUOIpP Ta BJIOCKOHAIECHHS IIPOrPAMHOT0 3a0€3MeUeHHSI.

Oco0nuBy yBary Tpeba NPUAUIATH MPaBUIBHOMY O(QOPMIICHHIO
3BITIB 3 MIPAKTHYHUX POOIT. 3BIT MOBUHEH MICTUTH: TUTYJIbHHN apKyI (Ha
HbOMY BKa3ylOTh Ha3By MIHICTEPCTBA, Ha3By YHIBEpCHTETy, Ha3BYy
kadenpu, HOMep, BUJ 1 TeMy poOOTH, BUKOHABIIS Ta 0c00y, 110 TpHAMAE
3BiT, piK); MeTy, BapiaHT 1 3aBJaHHi poOOTH; JAKOHIYHWUU ONHC
TEOPEeTHYHUX BIZOMOCTEH; TEKCT MHpOrpamu, MO OOOB'SI3KOBO MiCTHTh
KOMEHTapi; 3MiCTOBHHI aHaJi3 OTPUMAHUX PE3YJIbTaTiB Ta BUCHOBKH.

3BIT BUKOHYIOTH Ha OinmoMy mamepi ¢opmary A4 (210 x 297 mm).
TekcT po3MIIYIOTh TUTBKH 3 OJHI€T cTopoHH JHcTa. [loist cTopiHKH 3 ycix
O0okiB — 20 MM. ApKymii CKpIIUIIOIOTH 3a JOMOMOTOI0 KaHIEISPCHKUX
ckpinok. [yt HAbOpy TEKCTY 3BITY BUKOPUCTOBYIOTH penakrtop MS Word:
mpudt Times New Roman, 14 nyHkTiB. MiKpSJIKOBHH iHTEpBa:
NOJYTOPHUHM — Uil TEKCTY 3BiTY, OJUHAPHUN — Ul JIMCTUHTIB MpOrpaM i
PO3IPYKIBOK JaHMX.

[Ming gac crmiBOeciny CTyJEHT OBUHHUN BUSIBUTH 3HAHHS TPO METY
poboTH, MO TEOPETUYHOMY Marepiaiy, MPO METOIU BUKOHAHHS KOXHOTO
eranmy poOOTH, IO 3MICTy OCHOBHUX PO3IiIIB PO3POOJICHOTO 3BITY 3
JMIEMOHCTpAINI€I0 pe3yabTaTiB Ha KOHKPETHHX mpuKiIagax. CryaeHT
MMOBUHHUN BMITH TPaBWIBLHO aHAJI3yBaTH OTpPUMaHi pe3ynapTaTu. Jlist
CaMOTICPEBIPKY TPH MIATOTOBI J0 BUKOHAHHS 1 371a4i POOOTH CTYICHT
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MOBUHHHI BiJNOBICTH HAa KOHTPOJbHI NUTAaHHS, NPUBENEHI HaNpHUKiHII
OMHCY BIAMOBIAHOT poOoTH. 3aralbHW 3alliK CTYAEHT OAEPIKYE IMiCIA
BUKOHAHHS 1 3/1a4i OCTaHHBOI pOOOTH.
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JJABOPATOPHA POBOTA Nel
MOJAEJBHO-OPIEHTOBAHE TECTYBAHHA

1.1 Meta po6oTu

BuBunTH OCHOBHI 00’€KTHO-OPi€EHTOBaHI METPUKH NPOTPAMHHX
CUCTEM Ta peaildyBaTy iX i3 3acrocyBanHsM MoBu C++ ta Qt.

1.2 OcHoBHi TeopeTn4Hi BitoMocTi

TectyBanust Ha ocHOBi Mojeni (amrim. Model-based testing) - e
TECTYBaHHS MPOTPAMHOTO 3a0C3MEUYCHHS, B SKOMY BapiaHTH TECTYBaHHS
YaCTKOBO a00 MOBHICTIO BUXOATH 3 MOJEII, SIKAa OMUCYE JCSIKI aCIeKTH
(vacrime QyHKIIOHAIBHI) TecTOBaHOI cucTemu (aHrit. System under test).
Mopeni MoOXyTh BigoOpaxaTm OakaHe TIOBEIOiHKY cucTeMH abo
BUKOPHUCTOBYBATHCS Il CTBOPEHHSI TECTOBUX cTpaTeriii abo cepeoBuIna
TECTYBaHHSI.

TecToBe MOKPHUTTS - TOKPUTTS BCIX MOXIHUBHX Jiif KOpUCTyBaua B
KOHTEKCTI TaHO1 MporpamMu

IloBHe TecTOBe TOKPUTTS - JOCTaTHS iHGopmarlls, 1100
MPOXO/DKEHHST BCiX 3reHEPOBAaHMX TECTIB O03HAYAI0 TMOKPUTTA BCiX
MOJJIMBUX Jii KOpUCTYBaya

ETanu TecTyBaHHs, 3aCHOBAHOTO HA MOJICIISX:

* [loOynmoBa Momeni (Momenb KIiHIIEBHX aBTOMAaTiB, MOJEh IMOMIN
CHCTEMH 1 T.11.);

* ['eHepyBaHHs OYIKYBaHUX BXIJTHHX JAHUX;

* ['eHepyBaHHS O4iKYBaHUX BUXIJIHHX 3HAYCHb;

* [TopiBHSHHS 3 GAKTHYHUMU PE3yTbTATAMHY,

* [IpuiAHATTS pillICHb.

CTpyKTypa MOJIEI:

* IIpocrora - momenp MOBHMHHA OyTH HACTUILKM MPOCTOIO, 00
BUTpATH Ha ii MOOymIOBY MOTIM O OKyHmUTHCS. XOpolia IMPocTa MOAEIh He
BUMAara€ BEJUKHX BKJaJCHb HA HABYaHHS IMepcoHany. Mojelib MOBUHHA
OyTH iHTYITHBHO 3pO3YM1JIOI0 KOXKHOMY CITiIBPOOITHHUKY.

* JleTanbHICTD - MOJIE)Ih TOBHHHA OyTH HACTUIBKU JIETANBHOI, 1100 3
i gomomMororo MoxkHa OyJio O OmMHUCATH BCi CTaHU 1 MapaMeTPH MPOTpaMu
JUTSL IPOBEICHHST IOBHOIIIHHOTO TECTYBaHHS.

* TecToBaHICTh - MOJIENIb TIOBUHHA OyTH TOOY/IOBaHA TAaKUM YHHOM,
mo0 mpu TreHeparii TecTiB MOXxHa Oymo O oTpuMaTd TeCTOBI HabopH,
MIPUIATHI IS PYIHOT'O TECTYBaHHS (2 B HACIIIKY, 1 aBTOMAaTH30BaHOTO).
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* ABTOMaTH30BaHICTh - MO/IEJb IOBUHHA MIATPUMYBAaTH MOTEHLIHHY
aBTOMATH3aIliI0 TecTyBaHHs. ToOTO mepexonn MK cTaHAMH MTOBHHHI OyTH
HACTIJIbKH «HU3bKOPIBHEBUMMY, MO0 IX MOXHaA OyJlo mepeaBaTd Ha BXil
IHCTpYMEHTY aBTOMaTH3allii TeCTyBaHHS.

TectyBanHs mepexoiB (transition testing)

BapianT TecTyBaHHS pO3pOOIAETHCS IS KOXKHOTO ITEPEXO0Ty OKPEMO

MerTa - mepeBipuTH M BILUTMHE BHXiJ CHCTEMH, IIO 3HAXOAUTHCS B
crani s1, Ha BXif a 1 mpuU3BeIe 10 CTaHy S2.

1.3 3aBaanns Ha 1a6opaTopHy podoTy

1.3.1 O3HaifoMuTHCS 3 TEOPETUYHHMH  BIJOMOCTSMH  IIIOJIO
MOJIENILHO-OPiEHTOBAHOTO TECTYBaHH.

1.3.2 J{nst momeni midt po3podbutu FSM Mozens, sika T03BOJINTE:

Bapianr 1.

[Mpu umkmivHOMY mepeMilieHHi JiTa, TpM HATUCKAHHI KHOIKH
Bropy 1 moBepxy, npuixatu Ha | IOBEpX, 3yMHUHUTHCS 1 BITKPUTHU IBEPI.

BapianT 2.

[Mpyn 1mkIiYHOMY TepeMilieHHi JidTa, TpM HATUCKAHHI KHOIKH
Bropy 2 MoBepXxy, NpuixaTy Ha | TIOBepX, 3YMUHUTHUCS 1 BiTKPHTH JIBEPI.

BapianT 3.

[Tpu nukniyHOMY TIepeMimneHHi JiTa, Tpyu HATHCKaHHI KHOIIKH BHU3
3 moBepxy, NpUIXaTH Ha 3 MOBEPX, 3YMUHUTHUCS 1 BIAKPUTH JABEPI.

BapianT 4.

[Tpu nukniyHOMY TIepeMineHHi JiTa, Tpyu HATHCKaHHI KHOIIKHA BHU3
4 moBepXxy, NpUiXaTH Ha 4 MOBEPX, 3yMUHUTHUCS 1 BIJKPUTH JIBEPI.

1.3.3 Bukonartu aHajii3 OTpUMaHHUX PE3YJIbTATIB.

1.3.4 OdopmutH 3BIT Ta BiANOBICTH HA KOHTPOJIbHI TUTAHHS.

1.4 3micT 3BiTY

1.4.1 Tema Ta MeTa poOOTH.

1.4.2 Po3pobiena FSM monerns.

1.4.3 Anani3 oTpuMaHuX pe3yNbTaTiB.

1.4.5. BUCHOBKH, 1110 MICTSTh BIAMOBIAI HAa KOHTPOJIbHI 3alIMTAHHS, a
TaKOX BITOOPaXYIOTh PE3yJIbTaTH BUKOHAHHS POOOTH Ta iX KPUTHYHUH
aHais.

1.5 KoHTpoJIbHi 3anUTaHHS

1.5.1 Slki mo3HAUYKH BUKOPHCTOBYIOTbCA AJIS JIOTIYHMX orepauii B
BHpa3ax?
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152 flki eneMeHTH BHUCTYNAalOTh IHAWKATOPaMH MapaMeTpoOB
¢biznuHol Momemi?

1.5.3 le B BipTyasnpHOi naboparpii BKa3zyeTbcsd BUpPa3 KiHIEBOTO
aBTOMaTa?

1.5.4 B sxux BAax TeCTyBaHHS MOXKIIMBO BUKOPHCTOBYBaTH FSM?
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JABOPATOPHA POBOTA Ne2
OCHOBHU BEPU®IKAIII BBYIOBAHUX CUCTEM

2.1 Meta po6oTH

AmHamiz 1 3acTocyBaHHsI 3aco0iB aBTOMATH30BAaHOTO TECTYBaHHS
BOYZOBaHHUX CHCTEM.

2.2 OcHoOBHi TeopeTH4Hi BizoMocTi

Tpamuriiiine TecTyBaHHS BOYJOBAaHUX CHCTEM, OpI€HTOBaHE Ha
pO3pOOKY TECTOBMX HA0OpiB, IO CKIAAAIOThCS 3 BXIJHMX BIUIUBIB 1
OUIKYBaHUX pEaKIlii, CTa€ BCce OLIbII HEHAIIHHUM, TOMY IO B CHCTEMax
pealbHOTO Yacy MpoOJIeMaTHYHO BIATBOPHUTH CHUTYAIif0, IO MPUBOIUTH
came 0 Takux peakmiid. Sk B chepi HAYKOBUX JOCITIKEHb, TaK 1 po3po0IIi
MPOMHCIIOBOTO IHCTPYyMEHTapito s Bepudikalii po3MOAiICHUX CHCTEM,
MOMITHA TEHJEHIIiS IO KOHIIEHTpAIlil 3yCHJIb IO TPOCYBaHHS (POPMATBHUAX
BepudiKallii s mapareTbHuX 1 PO3MOMIJICHHX CHCTEM, SKi 3a0€3MeuyroTh
TapaHTilo TOro, WIO0 CHCTEMH JOTPUMYBATUMYTBHCS CBOIX KIIIOYOBI
BJIACTHUBOCTI I BCIX CBOIX BUKOHAHb.

Sk 00'ekT A PO3pOOKH MPOTPaMHOTO 3abe3nedeHHs sl PoOOTH
cnepidepifinumi mpuctposmu Oyna oOpaHa cucrtemHa tuata Digilent
Basys2 Board, Tomy mo BoHa € TUIaTGOPMOIO JUISI PO3POOKH 1
BIIPOBA/DKCHHS CXEM, SKa J03BOJISIE OTPUMATH JOCBI]] CTBOPEHHS PEANbHUX
UG POBUX CXEM, B TOMY YHUCIII i IO POOOTI 3 IepuepiitHIMHU TIPUCTPOSIMH.

Onuc cucremuoi miaaru Digilent Basys2 Board

BASYS2 - sBimmamouyna tutata kommanii Digilent mwa 6asi
nporpamoBanoi Joriunoi interpaibpHoi cxemu (IIJIIC) cimeiicta Spartan-
3E XC3S250E ¢ emuictio 250 000 BenTmiiB (puc. 2.1).
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Pucynok 2.1 — Briok-cxema matu Basys2

Ha mnnary BcTaHOBIEHO JaHIIOr XapuyyBaHHs, KoH(irypamiliHa
nam'ate, USB-kontponep Full-speed, imtepdeiicu PS / 2 i VGA, 8
CBiTHOMIONIB, 4 X 7-CErMEHTHUX IHIWKaTopa, 4 CIeiaNbHI KHOIKH, 8
nepeMHUKadiB, IO JO3BOJSE  PO3POOHUKY  Bigpasy  MPHUCTYIHUTH
MPOEKTYBaHHSI Maii0yTHHOTO YCTPOIO.

s maTv € BenMKa KibKicTh nepudepiianx moayinis (ALTL, AL,
VOpaBIiHHS JBWUTYHIB, JNaTYWKH), IO MiJIKIOYAIOTECS 110 O-BUBITHOTO
po3'eMy  posmmupeHHs. Jng  mporpamyBaHHS ~— IJIaTH  MOXKHA
BukopucroByBatu (ipmoBuii copr Xilinx ISE WebPack abo codt Bin
Digilent Adept.

BiaMiHHI pucH miaTu:

—TIJIIC: XC3S250E (Spartan-3E);

—xinpkicTb BeHTwiis: 250 000;

—18-pa3psaHi MOMHOXKYBaYi;

—koHirypamiiiaa nam'ste Flash ROM mis 30epiranss kKoHgirypaiii
TUIIC XCFO02;

—T0CaJJOuHe Miclie ISl YCTaHOBKH KBapity 25/50/100 MI';

— 8 CBITIIOIOIB;

—4 X 7-CerMEHTHHX 1HIUKATOPA;

—4 cremianbHi KHOIKH,

— 8 mepemMuKayis;

—noptu: PS /21 VGA (8 po3psiniB);

—TOPTH PO3IIUPEHHS: 4X 6-BUBIIHUX TOPTY;
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—3axuct Big ESD 1 K3 na Bcix BuBogax [/ O.

IMpuknaau BapianTiB TecTyBaHHs ast iatu Digilent Basys2 Board
HaBeJIeHO HIKYE.

3aBpanns 1

Pospobutn Tect-ketic mms tmatu  Digilent Basys2 Board i
Monn(ikyBaTH MpOeKT testl BIAMOBIAHO 1O 3aBHAHHA: 3MIHUTH HOMEp
(GYHKLIOHATBHOTO TepeMHKava 1 KiIbKICTh CBITJIONIONIB, IIO CBATATHCA,
BiJIIOBITHO JT0O HOMEPY BapiaHTy .

Tecr-keiic testl

VYHiKanbHUH ieHTUdIKaTOp BapiaHTH TecTyBaHHs — testl.

Kopotkuii ommc BapiaHTa TeCTyBaHHS — CaMHi MpaBHid MEpeMHUKAY
sw[0] Oyne BMukaTy / BAMHKATH caMuii mpaBuii citimomion 1d[0].

[Mopsimok BHUKOHAHHA - BBIMKHYTH IUIaTy, BBIMKHYTH TIpaBHH
nepeMuKay.

Bumoru - TecT 3aBaHTaXEHHH Ha IUIAaTy, IUlaTa MIOKIIOYEHA IO
KOMIT'IOTEpa.

Kpurepiii 3aBepIieHOCTi - NpU BKIIOYCHOMY IPAaBOM IE€peMHUKadi
CBITUTBCS TIPaBHU CBITIOI0/, P BUMKHEHOMY - HE CBITUTBCA.

Kareropis TecTy - TecCTyBaHHSI CHCTEMHHX KOMIIOHEHT IIaTH.

ABtop - IBanoB LI

ABTOMaTH30BaHUH - TaK.

Kon Tecty:

module testl (
input [0:0] sw,
output [0:0] 1d);

assign 1d[0] = sw([0];
endmodule

3aBaanns 2
Po3pobutn Ttect-keiic s twuiatu  Digilent Basys2 Board i
Moau(iKyBaTH MPOEKT test2 BiAMOBIAHO JO 3aBIaHHS: 3MIHUTH BXIAHI i
BUX1J/IHI TapaMeTPH BiIIOBITHO 10 TAOIUII.
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Tabnuis 2.1 Tabnwis BXiTHUX 1 BUXIJHHUX ITapaMeTpiB

Ne Bxigni napametrpu | Buxigni napaMeTpu
BapiaHTy | (mepemukaui) (cBiTHNO0AIOIM)

7165|4132 ]1]|]0|7]6]5]4]3|2]1]0

1 1/1j1)1};1j1|1}j1)1}1)]1|1]1|1]1]1
2 11]0]j]12/02|0|2|0|0|1|0|1]0]1]0]1
3 11]1j]0/02)2/0|0|J0|0O|1|1]0]0]1]1
4 1]1]1/0/0)J0J2|1|/0|0|J0OJ0O]1]0]0]O
5 11]1)j111/0|j0j0O|0OJ2 2|1 |1]1]1]1]1
6 0j0j0j0j1j0}j12/0j1j0|1}j]0|0]0]0]|1
7 1100000020100 ]1]1]0]1
8 0j0j0]1]1]0]|0]0O]2]0O0]0O]J0OJ0OJ0O]J0O]1

Tecr-keiic test2

YHikanpHUH ineHTH(IKATOP BapiaHTH TeCTyBaHHS — test2.

Kopotkuii ommc BapiaHTa TeCTyBaHHS - 3Ha4eHHsS BaxeniB sw[0] u
sw[1] (0=FALSE a6o 1=TRUE) momaroTbCs B SKOCTI 3HAYCHb BXITHHX
napameTpiB Moxyis basic boolean a i b, a cBitmogiomu 1d [0] ... 1d [4]
OyIyTh MOKa3yBaTH 3HAUCHHS PE3ysbTaTiB poOoTH MOays basic boolean
not_a, not_b, a_and_b, a or b, a nand b (0 = FALSE = Buxn a6o 1 =
TRUE = Bk).

[Mopsiiok BUKOHAHHS - BKJIIOUWTH IJIATy, MOMEPEMiHHO BKJIFOYATH i
BAMHUKATH B PI3HUX KOMOIHAIISAX JBa MPaBUX NepeMUKada.

BuMoru - TecT 3aBaHTaXCHMH Ha IUIaTy, IUlaTa MiAKIIOUEHa 0
KOMIT'IOTEpa.

Kputepiii 3aBeprieHoCTi - TIpu BKJIOUYeHOMY Tepemukadi sw [0] i
BUMKHEHOMY SW [1] CBITUTBCS MepIIWii, TPETid 1 YeTBEPTUH CBITIIONION;
npyu BHUMKHEHOMY Tiepemukaui sw [0] i BkmroueHomy sw [1] cBITHTBCS
HYJIbOBHUH, TPETill 1 YeTBepTHH CBITIONI0]; NPH BUMKHEHOMY IE€peMHUKayi
sw [0] i BuMKHeHOMY SW [1] CBITHTBCS HYJIBOBHH, MEpIIUil i yeTBepTHI
CBITJIONIOJI; TP BKJFOUYEHOMY Tiepemukadi sw [0] i BkimroueHoMy sw [1]
CBITHTBCS IpyTUH 1 TpeTiil CBITIIONION.

Kareropiss Tecty - TecTyBaHHS CHCTEMHHUX KOMIIOHEHT IIJIaTH,
JIOT14YHI oneparii.

ABtop - IBanoB 1.

ABTOMAaTH30BaHUN - TaK.

Kon recty:

module basic boolean (input a, input b,
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output not a, output not b, output a and b,
output a or b, output a nand b
);

assign not a = ~a; // NOT

assign not b = ~b; // NOT

assign a _and b = a & b; // AND
assign a or b = a | b; // OR

assign a nand b = ~(a & b); // NAND
endmodule

module basic boolean basys2 (
input [0:1] sw,
output [0:4] 1d);

basic boolean impl(.a(sw([0]), .b(sw[l]),
.not _a(1df[0]), .not b(1ld[1l])
.a_and b(ld[2]), .a or . b(ld[ 1)

14
.a_nand b (1d[4]));
endmodule

3apnannsa 3

Po3pobutu Tect-keiic s taru  Digilent Basys2 Board i
Moau(ikyBaTu TpoekT test3 BIAMOBIIHO 0 3aBHaHHS. 3MIHUTH IEPIIY
BUBE/ICHY LU(py Ha HOMEp BapiaHTy, APYry - Ha YMCIO, L0 JOPIBHIOE
HOMepy BapiaHTy mrtoc 1.

Tect-keiic test3

VYHikansHUN i1eHTH(IKaTOp BapiaHTH TecTyBaHHA — test3.

Kopotkuii onuc BapianTa TecTyBaHHS - NPU BKJIIOUYEHOMY CTaHi
camoro TmpaBoro nepemukada sw [0] Oyzme CBITHTUCS Ipyruil 1 yeTBepTHI
mudpoBuil aucmieil 3 udporo «7», Mpu BUMKHEHOMY - Oyne CBITUTHCA
nepmui i Tpetiit undpoBui AucIUIel 3 HTUPPOIO «5».

[opsiiok  BHKOHAaHHS - BKIIOYHTH TUIATY, BKIFOYUATH TPaBUii
nepemMuKay.

Bumorn - TecT 3aBaHTaXEHUH Ha IUIATy, IUlaTa MiOKIIOYEHa [0
KOMIT'IOTEpa.

Kpurepiii 3aBepIIeHOCTI - TPH BKIFOYCHOMY CTaHI CaMOTO MPaBOTO
nepemukada sw [0] cBiTUTbCS Ipyruil 1 4eTBepTHi UUPOBUI AMCIUICH 3
UQporo «7», Ipu BUMKHEHOMY - MEpUIMH 1 TpeTii UupoBHil AUCIUICH 3
UG POIO «5».
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Kareropis Tecty - TecTyBaHHS CUCTEMHHX KOMITOHCHT TUIATH.
Agrtop - IBanos L.1.

ABTOMaTHU30BaHUI - TaK.

Kon tecry:

module seven driver (
input value,
output [0:3] an,
output [0:6] segments
)7
// value=true - 7
// value=false

- 5

assign an[0] = value 2 "1" : "O0";

assign an[l] = value ? "O0" : "1";

assign an[2] = value 2 "1" : "0";

assign an[3] = value ? "O0" : "1";
assign segments[0] = value ? 0 : 0;
assign segments[l] = value ? 0 1;
assign segments[2] = value ? 0 0;
assign segments[3] = value ? 1 0;
assign segments[4] = value ? 1 1;
assign segments[5] = value ? 1 0;
assign segments[6] = value ? 1 0;

endmodule
module seven driver basysZ (
input [0:0] sw,
output [0:3] an,
output [0:6] seg
)
seven driver driver57(.value(sw[0]), .an(an),
.segments (seq));

endmodule

-— 0

-- 5] | 1

-—— - <- 6
-— 4 | | 2
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3aBnanus 4

Pospobutn Tect-ketic mums  tmatu  Digilent Basys2 Board i
MOnU(DIKyBaTU MPOEKT test4 BIAMOBIAHO 1O 3aBIAHHS: 3MIHUTH HOMEp
MUTOTJIMBOTO CBITJIOJIO/Ia BiMMOBIHO JIO BapiaHTa, i YaCTOTYy MHUTOTIHHS
Ha | / BapiaHT cek.

Tect-ketic test4

VYHiKaIbHUH ieHTU(IKATOp BapiaHTH TeCTyBaHHS - test4.

Koporknii ommc BapiaHTa TeCcTyBaHHA - HEOOXiJHO BMHUKaTH /
BUMUKAaTH camuii ipaBuii cBiTnoxion Id [0] 3 wacToToro pa3 B ceKyHY.

ITopsinok BUKOHAHHS - BKIIOYUTH ILIaTy.

BuMoru - TecT 3aBaHTaXCHHMH Ha IUIaTy, IUIaTa MiAKIIOUEHa 0
KOMIT'FOTEpA.

Kpurepiii 3aBeplieHOCTi - MpH BKIIOYEHHI IUIATH CaMUN MpaBHid
ceiTiomion 1d [0] 3aropsieThCs 3 4aCTOTOKO pa3 B CEKYH/LY.

Kareropis TecTy - TeCTyBaHHSI CHCTEMHHUX KOMITOHEHT ILIATH.

Astop - IBanoB LI

ABTOMAaTHU30BaHUI - TaK.

Kon tecty:
module clock divider (

input clk,

output one second

) ;
reg [25:0] counter;

// count up on each positive clock
always @ (posedge clk)
counter <= counter + 1;

// one second signal would be emitted when
// 26th bit of the counter would become "1"
assign one_ second = counter[25];

endmodule

module clock divider top(
input clk,
output [0:0] 1d
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clock divider count(.clk(clk),
.one_second(1d[0]));
endmodule

3aBnanng S

Po3pobutn Tect-keiic ms miatk Digilent Basys2 Board (ma Bam
po3cyn) 1 MoauGiKyBaTH MPOEKT testS BIAMIOBITHO HIM.

Tecr-keiic test5

YHikanpHUH iqeHTH(IKATOP BapiaHTH TeCTyBaHHS - tests.

KopoTtkuii omuc BapiaHTa TECTYBaHHS - KOXEH IEPEeMHKad 3aIlafoe
BIJIIOBIIHUN HOMY 32 HOMEPOM CBITJIONI0], HATUCKAHHS KHOIKA BUMHKAE
BIMOBIAHUH 32 HOMEPOM IHIUKATOpP, CHOMHI TIEpeMHKay 3aIycKae
MUKIIIYHY 3MiHY ITUQp HA IHAUKATOpaX.

[Mopsimok BUKOHAHHS - BKIIOYHMTH IUIATY, BKIIOUUTH IO 4Yep3i pi3Hi

nepeMuKayi.

Bumorn - TecT 3aBaHTaXXeHW Ha IUIATy, TUIATa MIJKIFOYEHA [0
KOMIT'IOTEpa.

Kpurepiii 3aBepmieHOCTi - MpHU BKIOYEHOMY MEPEMHUKadl CBITUTHCS
BIJIMIOBIIHUN CBITIOMION, TpPH BUMKHEHOMY - HE CBITHTHCS; TIpPHU

BKIIFOUEHOMY ChOMOMY TIepeMUKaYi 3aIyCKa€eThCs IUKIIIYHA 3MiHa udp Ha
IHMKATOpax; MpPU HATHCKAHHI KHOIKY BUMHKAE BiJIIIOBIIHUI 3a HOMEPOM
IHMKATOP.

Kareropis Tecty - TeCTyBaHHSI CACTEMHHUX KOMITOHEHT TLIATH.

Astop - IBanoB LI

ABTOMAaTH30BaHMI - TAK.

Kox tecty (Honatok A)

2.3 3aBaaHHs Ha J1a00OpPaTOPHY POOOTY

2.3.1 O3HallOMUTHUCS 3 TEOPETUYHMMHU BiJOMOCTSIMH I[0JI0 3ac00iB
ABTOMAaTH3MPOBAHOTO TECTYBAaHHS JJIsl BOY/IOBAHMX CHUCTEM.

2.3.2 BuBuutu MoBy Verilog.

2.3.3 Po3pobutu BapianTu TectyBanHs s Digilent Basys2 Board.

2.3.4 BukoHatu aHaJli3 OTPUMaHMX PE3YJIbTaTIB.

2.3.5 O¢opmutH 3BIT Ta BiANOBICTH HA KOHTPOJIbHI MTUTAHHS.
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2.4 3micT 3BiTY

2.4.1 Tema Ta MeTa pOOOTH.

2.4.2 Po3po0ieHi BapianTu TectyBanHs st Digilent Basys2 Board.

2.4.3 AHani3 oTpUMaHHX pe3yJIbTaTiB TECTYBaHHS.

2.4.5. BUCHOBKH, 1[0 MICTATH BIAMOBII HA KOHTPOJIbHI 3aITUTAHHS, a
TaKOXX BiJOOPaXYIOTh PE3yNbTaTH BUKOHAHHS POOOTH Ta IX KPUTHIHHN
aHais.
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JJABOPATOPHA POBOTA Ne3
POBOTA 3 IIJIATOIO IBUAKOI'O
IHPOTOTUIITYBAHHS

3.1 Mera po6oTtu

Po3pobuti  BapiHTH  TecTyBaHHA I IUIATH  [IBHIKOTO
npotunyBanHs Ha moBi VHDL B Quartus I1.

3.2 OcHOBHi TeopeTH4Hi BizoMocTi

[Tix tepminom «mpoekt B Quartus Il po3ymierbest Habip Qaiinis,
MOB'SI3aHUX 3 MMPOEKTOBAHUM IPHUCTPOEM, 1 HaOIp BIAMOBITHUX Oi0MiOTEK.
ABTOMaTHYHO TIPH CTBOPEHHI HOBOTO TPOEKTY CTBOPIOIOTHCS (haitmm 3
posmmpennsm .qpf (quartus project file) i .gsf (quartus settings file).
®aiiny MOXKYTh OyTH JTBOX THIIIB - JIOTi4HI 1 jomomixHi. Jloriuni Qaiinu
OTHCYIOTh TMOBEAIHKY a00 CTPYKTYPY OKpeMHUX MOAYIiB mpmiany. [lo Hux
BITHOCATBCS (aiiii 3 TEKCTOBHM OIMCOM HAa MOBax OIMKCY amapaTypu
(HDL daiinn, Hardware Description Language), ¢aitnu 3 rpadiyaum
NPE/ICTaBICHHIM CXeM, (ailii 3 MOJaHHSIM OKPEMHUX MOJYJIB Yy BUTJISII
KiHIIEBHX aBTOMATiB. JlomomixkHi ¢aitin MicTATh MOJATKOBY iH(OpMAIIiFO
PO MPOEKTOBaHWHA MpPUCTPil: Qalinu ycTaHoBOK 1 mpu3HaueHb (.qsf),
cuMBOJIbHI (aitnu (.bsf), daitnu 3BiTiB (.Ipt).

3.3 3aBganHs Ha Ja00paTOPHY POOOTY

3.3.1 PoboTa 3 mepemukauamu
st cBoro BapiaHTy peanidyBatd BkitoueHHs LED BiamosigHum
nepeMHuKadeM

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE. STD_LOGIC_ARITH ALL;
use IEEE.STD LOGIC UNSIGNED.all;

entity test is
port (

pPSW: in std logic vector (7 downto 0);
PLED: out std logic vector (7 downto 0);
pLEDl: out std logic vector (7 downto 0)
)7
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end test;

architecture tl of test is

begin

PLED (0) <= pSW(0);
PLED (1) <= pSW(0);
PLED (4) <= pSW(1l);
PLED (5) <= pSW(1l);
PLED1 (0) <= pSW(0);
PLED1 (1) <= pSW(0);
PLED1 (4) <= pSW(7);
PLED1 (5) <= pSW(7);

end architecture;

3.3.2. Po6oTa 3 7 cerMEHTHUM HUCILIEEM

Peanmizyiite BHBiI Ha [AWCIUICH HOMEp BalIOro BapiaHTy IO

BKUTIOUeHHIO O TepeMuKaya
[Tpuxitag poOOTH 3 KHOITKAMU 1 TUCTUICEM

library IEEE;

use IEEE.STD LOGIC 1164.all;

use ieee.std logic arith.all;
use ieee.std logic unsigned.all;

entity btn test is
port (
pbtn: in STD LOGIC VECTOR( 7 downto 0);
pHex0

STD _LOGIC VECTOR( 7 downto 0);
pHex1

STD _LOGIC VECTOR( 7 downto 0);
pHex?2

STD _LOGIC VECTOR( 7 downto 0);
pHex3

STD LOGIC VECTOR( 7 downto 0)
)
end btn test;

architecture numbers of btn test is

out

out

out

out



20
begin

if (pbtn = "000000001") then
pHex0<="11110000";
phexl <="00000000";
phex2 <="00000000";
phex3 <="00000000";
elsif (pbtn="00000010") then
pHex1<="11110000";
phex0 <="00000000";
phex2 <="00000000";
phex3 <="00000000";
end if;

end numbers;

3.3.3 BukoHaru aHani3 OTpIMaHUX pe3yJIbTaTiB.
3.3.4 OdopMuTH 3BIT Ta BIANOBICTH HA KOHTPOJIbHI ITUTAHHS.

3.4 3micr 3BiTY

3.4.1 Tema Ta meta poOOTH.

3.4.2 Pe3ynbTaTy BAKOHAHHS CBOTO BapiaHTY 3aBJIaHHS.

3.4.3. Anani3 oTpUMaHHX pe3yJIbTaTiB.

3.4.5. BUCHOBKH, III0 MiCTATH BiJIOBi/li HA KOHTPOIBHI 3alUTaHHS, a
TaKOX BiOOPaXKYIOTh pE3yJbTaTH BHUKOHAHHS POOOTH Ta 1X KPUTHYHHI
aHais.
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HdomaTtok A
Konx tect-keiicy test5

CompSel.vhd
library IEEE;
use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity CompSel is

Port (regEppAdrIn : in std logic vector (7 downto

0);
CS80_9F : out std logic;
CSO0_7 : out std logic;
CS8 F : out std logic;
CS10 : out std logic);
end CompSel;

architecture Behavioral of CompSel is

begin

CS0_ 7 <= 'l1' when regEppAdrIn(7 downto 3) = "00000"
else '0';

CS8 F <= 'l1' when regEppAdrIn(7 downto 3) = "00001"
else '0';

Cs1l0 <= '1' when regEppAdrIn = "00010000™ else '0';
CS80 _9F <= 'l' when regEppAdrIn(7 downto 5) = "100"

else '0';
end Behavioral;

PinDrivers.vhd

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity PinDrivers is
Port ( -- ck : in std logic;
-- sys clk: 50Mhz
busIn : in std logic vector (7 downto



22

busOut : out std logic vector (7 downto 0);
Wr : in std logic;
-- write cycle
adrIn : in std logic vector (7 downto 0);--
Epp address
CompSel : in std logic;
-— component select
- HandShakeReqOut : out std logic;
-— unused; steady '0'
-- DoneOut : out std logic;
-- unused; steady '0'
btn : in std logic_vector (3 downto 0);
sw : in std logic vector (7 downto 0);
PIO : inout std logic_vector (87 downto 72));
-- Ja, JB, Jc, JD,
PS2 and VGA pins
-- PS2C: inout std logic;
-— PS2D: inout std logic);
end PinDrivers;

architecture Behavioral of PinDrivers is

signal PIOint : std logic vector (87 downto 70):=
x"FFFF"&"ll";

begin
-— Combinatorial busOut
busOut <= "00000000" when CompSel = '0' else

-- prepared for OR-ing

when not selected

btn (3 downto 0) & -- BTNs (read only)
- "00" & PS2C & PS2D
"0000" when adrIn (3 downto 1) =
"000" else
sw (7 downto 0) when adrIn (3
downto 1) = "001" else
PIO (79 downto 72) when adrIn(3
downto 1) = "011" else
-— JB4...1 & JRA4...1
PIO (87 downto 80) when adrIn (3
downto 1) = "100" else

--— Jb4...1 & JC4...1
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"00000000"; -—- prepared
for OR-ing

—-— Output Latches
-= outReg: process(ck, Wr) is
outReg: process (Wr) is

begin
-= if ck'event and ck = '1l' then
if wr'event and wr = '0' and -=
write cycle
CompSel = '1l' then -- component
selected
- if adrIn(3 downto 1) = "000" then
-= PIOint (71 downto 70) <= busIn(1l
downto 0); -- Sync and PS2
- -- PS2C, PS2D
if adrIn(3 downto 1) = "011" then
PIOint (79 downto 72) <= busln;
--JB&JA
elsif adrIn(3 downto 1) = "100" then
PIOint (87 downto 80) <= busIn;
--JDh&JC
else
null;
end if;
end if;
-= end if;

end process;

—-— Combinatorial Output buffers
outBuf: process (PIOint) is
begin
for i in 72 to 87 loop
if PIOint(i) = '0O' then
PIO(i) <= 'L';

else
PIO (1) <= 'Z';
end if;
end loop;

end process;

-— outBufPS2D: process (PIOint) is

-— begin

-= if PIOint (70) = '0' then
-= PS2D <= 'L'; -- low
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- else
-- PS2D <= 'Z'; -- weak high with
pullup
-= end 1if;
-— end process;

- outBufPS2C: process (PIOint) is

-- begin

- if PIOint(71) = '0' then

-- PS2C <= 'L'; -- low

- else

-- PS2C <= 'Z'; -- weak high with
pullup

-= end 1if;

- end process;

end Behavioral;

EppCtrl.vhd

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity EppCtrl is
Port (

-- Epp-like bus signals

clk : in std _logic; -- system clock
(50MHz)

EppAstb: in std logic; —-—- Address strobe

EppDstb: in std logic; -—- Data strobe

EppWr : in std logic; -- Port write
signal

EppRst : in std logic; -- Port reset
signal

EppDB : inout std logic vector (7 downto 0); -
- port data bus

EppWait: out std logic; -- Port wait signal

-- User signals
busEppOut: out std logic vector (7 downto 0); --
Data Output bus
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busEppIn: in std logic vector (7 downto 0); --
Data Input bus

ctlEppDwrOut: out std logic; -- Data
Write pulse
ctlEppRdCycleOut: inout std logic; -- Indicates

a READ Epp cycle
regEppAdrOut: inout std logic vector (7 downto 0)
"00000000";
-- Epp Address
Register content

HandShakeReqgIn: in std logic; -- User
Handshake Request

ctlEppStartOut: out std logic; -- Automatic
process Start

ctlEppDoneIn: in std logic -- Automatic

process Done
)
end EppCtrl;

architecture Behavioral of EppCtrl is

-- The following constants define state codes for the
EPP port interface

-- state machine.

-- The states are such a way assigned that each
transition

-- changes a single state register bit (Grey code -
like)

constant stEppReady : std logic vector (2 downto
0) := "000";

constant stEppStb : std _logic_vector (2 downto
0) := "010";

constant stEppRegTransf : std logic vector (2 downto
0) := "110";

constant stEppSetProc : std _logic_vector (2 downto
0) := "O011";

constant stEppLaunchProc: std logic vector (2 downto
0) := "111";
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constant stEppWaitProc : std logic vector (2 downto
0) := "101";

constant stEppDone : std logic vector (2 downto
0) := "100";

-- Epp state register and next state signal for the Epp
F'SM

signal stEppCur: std logic vector (2 downto 0)
stEppReady;

signal stEppNext: std logic vector (2 downto 0);

—-— The attribute lines below prevent the ISE compiler
to extract and

-—- optimize the state machines.

-—- WebPack 5.1 doesn't need them (the default value is
NO)

-— WebPack 6.2 has the default value YES, so without
these lines would

-—- "optimize" the state machines.

-— Although the overall circuit would be optimized, the
particular goal

-- of "glitch free output signals" may not be reached.
-- That is the reason of implementing the state machine
as described in

-- the constant declarations above.

attribute fsm extract : string;
attribute fsm extract of stEppCur: signal is "no";
attribute fsm extract of stEppNext: signal is "no";

attribute fsm encoding : string;
attribute fsm encoding of stEppCur: signal is "user";
attribute fsm encoding of stEppNext: signal is "user";

attribute signal encoding : string;

attribute signal encoding of stEppCur: signal is
"user"; B

attribute signal encoding of stEppNext: signal is
nusern;

-- Signals used by Epp state machine

signal busEppInternal: std logic vector (7 downto
0);
- signal ctlEppDir : std logic;

signal ctlEppAwr : std logic;
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-- Epp signals
-- Port signals

-- Synchronized Epp inputs:
process (clk)
begin
if clk'event and clk='1l' then
if stEppCur = stEppReady then
ctlEppRdCycleOut <= '0';
elsif stEppCur = stEppStb then
ctlEppRdCycleOut <= EppWr;
-- not equivalent to EppWr due to default
state
end if;
end 1if;
end process;

busEppOut <= EppDB; -—- name meaning change!!!
EppDB <= busEppInternal when (ctlEppRdCycleOut
= '1") else "ZZZZZZZ7";
busEppInternal <= regEppAdrOut when EppAstb = '0'

else busEppln;
-- Epp State machine related signals

EppWait <= '1l' when stEppCur = stEppDone else '0';
ctlEppAwr <= 'l' when stEppCur = stEppRegTransf and
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EppAstb = '0' and
EppWr = '0' else
'0';
ctlEppDwrOut <= 'l' when (stEppCur = stEppRegTransf
or
stEppCur = stEppSetProc)

and EppDstb = '0'

and EppWr = '0' else

lOl,.
ctlEppStartOut <= 'l' when stEppCur =
stEppLaunchProc else

process (clk)

begin
if clk = '"1' and clk'Event then
if EppRst = '0' then
stEppCur <= stEppReady;
else
stEppCur <= stEppNext;
end 1if;
end if;

end process;

process (stEppCur)
begin
case stEppCur is
-- Idle state waiting for the beginning of
an EPP cycle
when stEppReady =>
if EppAstb = '0' or EppDstb = '0' then
-- Epp cycle recognized
stEppNext <= stEppStb;
else
-- Remain in ready state
stEppNext <= stEppReady;
end 1f;

when stEppStb =>
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if EppDstb = '0' and HandShakeRegIn
'l'" then
stEppNext <= stEppSetProc;
else
stEppNext <= stEppRegTransf;
end 1f;

-- Data or Address register transfer

when stEppRegTransf =>
stEppNext <= stEppDone;

-—- Automatic Process

when stEppSetProc =>
stEppNext <= stEppLaunchProc;

when stEppLaunchProc =>

if ctlEppDoneIn = '0O' then
stEppNext <= stEppLaunchProc;
else
stEppNext <= stEppWaitProc;
end if;

when stEppWaitProc =>

if ctlEppDoneIn = 'l' then
stEppNext <= stEppWaitProc;
else
stEppNext <= stEppDone;
end 1if;

when stEppDone =>

if EppAstb = '0' or EppDstb = '0' then
stEppNext <= stEppDone;

else
stEppNext <= stEppReady;

end 1if;

-— Some unknown state
when others =>
stEppNext <= stEppReady;

end case;
end process;
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-- EPP Address register

process (clk, ctlEppAwr)

begin
if clk = '1l' and clk'Event then
if ctlEppAwr = '1l' then
regEppAdrOut <= EppDB;
end 1if;
end 1f;

end process;
end Behavioral;
SimpleSseglL.edDemo.vhd
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity SimpleSsegledDemo is

Port (ck: in std logic;

btn: in std logic vector (3 downto 0);
sw: 1in std logic_vector (7 downto 0);
led: out std logic vector (7 downto 0);
seg: out std logic_vector (6 downto 0);

dp: out std logic;

an: out std logic vector (3 downto 0);

PS2C: in std logic; -- PS2 serial clock

PS2D: in std logic -- PS2 serial data
)7

end SimpleSsegLedDemo;
architecture Behavioral of SimpleSseglLedDemo is

signal cntDiv: std logic_vector (28 downto 0); --
general clock div/cnt

alias cntDisp: std logic vector (3 downto 0) is
cntDiv (28 downto 25);

alias clkDisp: std logic is cntDiv(1l6); =-- divided
clock

-- 50MHz/2"17=381Hz

alias ckl: std logic is cntDiv(9); -- divided clock
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-- 50MHz/2"10=48828Hz

signal s buf:std logic vector (9 downto 0); --
buffer for PS2 receiver
signal key code:std logic vector (7 downto 0):=

x"00"; -- scan code from keyboard
signal par:std logic; -- parity bit for PS2 receiver
signal wdg: integer range 0 to 50000000; -- watch dog

counter (1 sec at 50MHz)

signal digit:std logic vector (3 downto 0); --
curent displayed digit

signal PS2Cold:std logic; -- stored PS2C for edge d

begin
led <= sw;

ckDivider: process (ck)
begin
if ck'event and ck='1l' then
cntDiv <= cntDiv + '1';
end if;
end process;

-- selecting the content of the seven segment display
process (sw(6))

begin
case SW(6) 1is
when '0' => -— sw6 LOW
digit <= cntDisp; -- simple counter on all
digits
an <= btn; -- pressed buton turns
digit OFF
dp <= '0"'; -- al decimal points ON
when others => -- sw6 HIGH

-- displaying the keyboard scan code on seven
segment display last two digits
dp <= '1"; -- al decimal points OFF
case clkDisp is
when '0' =>
digit <= key code(3 downto 0); -- digit
0 (LSD)
an <= "1110";
when others =>
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digit <= key code(7 downto 4); -- digit

an <= "1101";
end case;
end case;
end process;

-- watchdog counter
wdgCnt: process (ck)
begin
if ck'event and ck = '1l' then
if PS2D = '0' then -- PS2 data not idle
wdg <= 0; -- reset watchdog
else
if wdg < 50000000 then -- less than 1 sec
wdg <= wdg + 1; -- increment
end 1if;
end 1if;
end 1if;
end process;

process (wdg,PS2C)
begin
if ckl'event and ckl = '1l' then
PS2Cold <= PS2C; -- storing old
value of PS2C for edge detection
if wdg = 50000000 then -- PS2D idle
for the last 1 sec.
s buf<="1111111111";
par<='0"';
key code<="00000000";
-- no valid byte available
elsif PS2Cold = '0' and PS2C = '1l' then --
rising egde of PS2C
if s buf(0)='0" then
-— 11 bits received ("start bit" reached
S_buf (0))
if (par='l' and PS2D='1l"') then -
correct byte: parity OK, stop bit OK.
key code<=s buf (8 downto 1); -- the
received byte is delivered
s buf<="1111111111";
-- a new reception is prepared



par<="'
else

0';
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-- incorrect byte

s _buf<="1111111111";

par<="'

0';

key code<="00000000";
- no valid byte available

end if;

else

shift bits to right,

bit.

-- not yet 11 bits

s _buf<=PS2D&s_buf (9 downto 1); --

adding the new received one

par<=par xor PS2D;
-- parity check.

end 1if;
end 1if;
end 1if;
end process;

Includes the received parity

--HEX-to-seven-segment decoder
STD_LOGIC VECTOR (3 downto 0);
STD_LOGIC VECTOR (6 downto 0);

-= HEX:
-= LED:

in
out

-—- segment encoinputg

with
seg<=

digit SELect

"1111001"
"0100100"
"0110000"
"oo11001"
"0010010"
"0000010"
"1111000"
"0000000"
"0010000"

when
when
when
when
when
when
when
when
when

"0001",  --1
"0010",  --2
"0011",  --3
"0100",  --4
"0101",  --5
"0110",  --6
"0111",  --7
"1000",  --8

"1001",  --9
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"0001000" when "1010", --A
"0000011" when "1011", --b
"1000110"™ when "1100", --C
"0100001" when "1101", --d
"0000110" when "1110", --E
"0001110"™ when "1111", --F
"1000000"™ when others; --0

end Behavioral;

ckMux.vhd

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

library UNISIM;
use UNISIM.VComponents.all;

entity ckMux is
Port ( ckO : in STD LOGIC;
ckl : in STD LOGIC;
sel : in STD LOGIC;
ckOut : out STD_LOGIC);
end ckMux;

architecture Behavioral of ckMux is
begin

BUFGMUX inst : BUFGMUX

port map (
O => ckOut, -- Clock MUX output
I0 => ckoO, -— Clock0O input
I1 => ckil, -- Clockl input
S => sel —-— Clock select input

)
end Behavioral;
DispCtrl.vhd

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
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use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

entity DispCtrl is
Port (ck: in std logic; -- 50MHz
- Hent: in std logic vector (9 downto 0);
- horizontal counter
-- Vent: in std logic vector (9 downto 0);
- verical counter
HS: out std logic;
- horizontal synchro signal
VS: out std logic;
- verical synchro signal

outRed : out std logic vector (2 downto 0); -
final color
outGreen: out std logic_vector (2 downto 0);
—-— outputs
outBlue : out std logic_vector (2 downto 1)
)7
end DispCtrl;

architecture Behavioral of DispCtrl is

-—- constants for Synchro module

constant PAL:integer:=640; --Pixels/Active
Line (pixels)

constant LAF:integer:=480; --Lines/Active
Frame (lines)

constant PLD: integer:=800; --Pixel/Line Divider

constant LFD: integer:=521; --Line/Frame Divider

constant HPW:integer:=96; --Horizontal
synchro Pulse Width (pixels)

constant HFP:integer:=16; --Horizontal
synchro Front Porch (pixels)
-— constant HBP:integer:=48; --Horizontal
synchro Back Porch (pixels)

constant VPW:integer:=2; --Verical synchro
Pulse Width (lines)

constant VFP:integer:=10; --Verical synchro
Front Porch (lines)
-- constant VBP:integer:=29; --Verical synchro

Back Porch (lines)
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-- signals for VGA Demo

signal Hcnt: std logic vector (9 downto 0); --
horizontal counter

signal Vcnt: std logic_vector (9 downto 0); -
verical counter

signal intHcnt: integer range 0 to 800-1; --PLD-1 -
horizontal counter

signal intVcnt: integer range 0 to 521-1; -- LFD-1 -
verical counter

signal ck25MHz: std logic; -- ck 25MHz
begin

-- divide 50MHz clock to 25MHz
div2: process (ck)

begin
if ck'event and ck = '1l' then
ck25MHz <= not ck25MHz;
end if;

end process;

syncro: process (ck25MHz)
begin

if ck25MHz'event and ck25MHz='1l' then
if intHcnt=PLD-1 then
intHcnt<=0;
if intVent=LFD-1 then intVcnt<=0;
else intVcnt<=intVecnt+1;

end if;
else intHcnt<=intHcnt+1;
end if;
-— Generates HS - active low
if intHcnt=PAL-1+HFP then
HS<='0";
elsif intHcnt=PAL-1+HFP+HPW then
HS<='1";
end if;
-— Generates VS - active low
if intVent=LAF-1+VFP then
vsS<='0";

elsif intVent=LAF-1+VFP+VPW then
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vs<='1l";
end 1f;
end 1f;
end process;

-- mapping itnernal integers to std logic vector ports
Hent <= conv_std logic vector (intHcnt,10);
Vent <= conv_std logic vector (intVent, 10);

mixer: process (ck25MHz,intHcnt, intVecnt)
begin
if intHcnt < PAL and intVecnt < LAF then -— in
the active screen

if Vent (7 downto 6) = "00" then
outRed <= Vecnt (5 downto 3);
outGreen <= "000";
outBlue <= "00";
elsif Vent (7 downto 6) = "01" then
outRed <= "000";
outGreen <= Vcnt (5 downto 3);
outBlue <= "00";
elsif Vent (7 downto 6) = "10" then
outRed <= "000";
outGreen <= "000";
outBlue <= Vcnt (5 downto 4);
else
outRed (2 downto 1) <= Vcnt (5 downto 4);
outGreen (2 downto 1) <= Vcnt (5 downto 4);
outBlue <= Vcnt (5 downto 4);

end if;
else
outRed <= (others => '0");
outGreen <= (others => '0");
outBlue <= (others => '0"');
end if;

end process;
end Behavioral;
Basys2_100_250General.ucf

# This file is a general .ucf for Basys2 rev C board
# To use it in a project:
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# - remove or comment the lines corresponding to unused
pins
# - rename the used signals according to the project

# clock pin for Basys2 Board

NET "mclk" LOC = "B8"; # Bank = 0, Signal name = MCLK
NET "uclk" LOC = "M6"; # Bank = 2, Signal name = UCLK
NET "mclk" CLOCK DEDICATED ROUTE FALSE;

NET "uclk" CLOCK DEDICATED ROUTE = FALSE;

I~

# Pin assignment for EppCtl
# Connected to Basys2 onBoard USB controller

NET "EppAstb" LOC = "F2"; # Bank = 3
NET "EppDstb" LOC = "F1"; # Bank = 3
NET "EppWR" LOC = "C2"; # Bank = 3
NET "EppWait" LOC = "D2"; # Bank = 3
NET "EppDB<0>" LOC = "N2"; # Bank = 2
NET "EppDB<1>" LOC = "M2"; # Bank = 2
NET "EppDB<2>" LOC = "M1"; # Bank = 3
NET "EppDB<3>" LOC = "L1"; # Bank = 3
NET "EppDB<4>" LOC = "L2"; # Bank = 3
NET "EppDB<5>" LOC = "H2"; # Bank = 3
NET "EppDB<6>" LOC = "H1"; # Bank = 3
NET "EppDB<7>" LOC = "H3"; # Bank = 3

# Pin assignment for DispCtl
# Connected to Basys2 onBoard 7seg display

NET "seg<0>" LOC = "L14"; # Bank = 1, Signal name = CA
NET "seg<l>" LOC = "H12"; # Bank = 1, Signal name = CB
NET "seg<2>" LOC = "N14"; # Bank = 1, Signal name = CC
NET "seg<3>" LOC = "N11"; # Bank = 2, Signal name = CD
NET "seg<4>" LOC = "P12"; # Bank = 2, Signal name = CE
NET "seg<5>" LOC = "L13"; # Bank = 1, Signal name = CF
NET "seg<6>" LOC = "M12"; # Bank = 1, Signal name = CG
NET "dp" LOC = "N13"; # Bank = 1, Signal name = DP

NET "an<3>" LOC = "K14"; # Bank = 1, Signal name = AN3
NET "an<2>" LOC = "M13"; # Bank = 1, Signal name = AN2
NET "an<l>" LOC = "J12"; # Bank = 1, Signal name = ANl
NET "an<0>" LOC = "F12"; # Bank = 1, Signal name = ANO
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# Pin assignment for LEDs

NET "Led<7>" LOC = "G1" ; # Bank = 3, Signal name = LD7
NET "Led<6>" LOC = "P4" ; # Bank = 2, Signal name = LDG6
NET "Led<5>" LOC = "N4" ; # Bank = 2, Signal name =
LD5

NET "Led<4>" LOC = "N5" ; # Bank = 2, Signal name =
LD4

NET "Led<3>" LOC = "P6" ; # Bank = 2, Signal name = LD3
NET "Led<2>" LOC = "P7" ; # Bank = 3, Signal name = LD2
NET "Led<1>" LOC = "M11" ; # Bank = 2, Signal name =
LD1

NET "Led<0>" LOC = "M5" ; # Bank = 2, Signal name =
LDO

# Pin assignment for SWs

NET "sw<7>" LOC = "N3"; # Bank = 2, Signal name = SW7
NET "sw<6>" LOC = "E2"; # Bank = 3, Signal name = SW6
NET "sw<5>" LOC = "F3"; # Bank = 3, Signal name = SW5
NET "sw<4>" LOC = "G3"; # Bank = 3, Signal name = SW4
NET "sw<3>" LOC = "B4"; # Bank = 3, Signal name = SW3
NET "sw<2>" LOC = "K3"; # Bank = 3, Signal name = SW2
NET "sw<1>" LOC = "L3"; # Bank = 3, Signal name = SWl
NET "sw<0>" LOC = "P11"; # Bank = 2, Signal name = SW0
NET "btn<3>" LOC = "A7"; # Bank = 1, Signal name =
BTN3

NET "btn<2>" LOC = "M4"; # Bank = 0, Signal name =
BTN2

NET "btn<1>" LOC = "C11"; # Bank = 2, Signal name =
BTN1

NET "btn<0>" LOC = "G12"; # Bank = 0, Signal name =
BTNO

# Loop back/demo signals

# Pin assignment for PS2

NET "PS2C" LOC = "B1" | DRIVE = 2 | PULLUP ; #
Bank = 3, Signal name = PS2C

NET "PS2D" LOC = "C3" | DRIVE = 2 | PULLUP ; #
Bank = 3, Signal name = PS2D

# Pin assignment for VGA

NET "HSYNC" LOC = "Jl4" | DRIVE = 2 | PULLUP ; #
Bank = 1, Signal name = HSYNC

NET "VSYNC" LOC = "K13" | DRIVE = 2 | PULLUP ; #

Bank = 1, Signal name = VSYNC



NET "OutRed<2>"
Bank = 1, Signal
NET "OutRed<1>"
Bank = 1, Signal name =
NET "OutRed<0>" LOC =
Bank = 1, Signal name =
NET "OutGreen<2>"
# Bank = 1, Signal
NET "OutGreen<l>"
# Bank = 1, Signal
NET "OutGreen<O0>"
# Bank = 1, Signal name
NET "OutBlue<2>" LOC =
# Bank = 1, Signal name
NET "OutBlue<l>" LOC =
# Bank = 1, Signal name

LOC =
name =
LOC =

name

name

# Loop Back only tested
NET "PIO<72>" LOC =
Bank = 1, Signal name =
NET "PIO<73>" LOC =
Bank = 1, Signal name =
NET "PIO<74>" LOC =
Bank = 1, Signal name =
NET "PIO<75>" LOC =
Bank = 1, Signal name =

NET "PIO<76>"
Bank = 1,
NET "PIO<77>"
Bank = 1,

LOC =
Signal name =
LOC =
Signal name =
NET "PIO<78>" LOC =
Bank = 1, Signal name =
NET "PIO<79>" LOC =
Bank = 1, Signal name =

NET "PIO<80>" LOC =
Bank = 1, Signal name =
NET "PIO<81>" LOC =
Bank = 1, Signal name =
NET "PIO<82>" LOC =
Bank = 1, Signal name =
NET "PIO<83>" LOC =
Bank = 1, Signal name =

LOC =

LOC =

LOC =

IIB2H

"A3 1]

HJ3 "

"B5"

"C6"

"B6"

"c5"

HB7H

"A9"

"B9"

"A]_O" |

"C9"
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"F13" |
RED2
"D13" |
RED1
"cl4r |
REDO

IIG14II

= GRN2

IIG13II

= GRN1

"Fl4"

= GRNO

IIJ13H

= BLU2

HH13H

= BLU1

signals

| DRIVE

JAl

| DRIVE

JA2

| DRIVE

JA3

| DRIVE

JA4

| DRIVE

JB1

| DRIVE

JB2

| DRIVE

JB3

| DRIVE

JB4

| DRIVE

JC1

| DRIVE

Jcz

JC3

| DRIVE

Jc4

DRIVE
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NET "PIO<84>" LOC = "C12" | DRIVE = 2 | PULLUP
Bank = 1, Signal name = JDI1
NET "PIO<85>" LOC = "A13" | DRIVE = 2 | PULLUP
Bank = 2, Signal name = JD2
NET "PIO<86>" LOC = "C13" | DRIVE = 2 | PULLUP
Bank = 1, Signal name = JD3
NET "PIO<87>" LOC = "D12" | DRIVE = 2 | PULLUP

Bank = 2, Signal name = JD4



