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3axBajHOCT

3axBaJIHOCT
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3ajarak JUTLIOMCKOT pajia

1. 3apaTak AMNJIOMCKOr paga

- PeanmzoBatu ¢yHkumonanHy Bepudukanujy cuntermsuOmwiHor UART wmomyna
npunarohenor pany ca Wishbone marucrpanom. @okycupatn KOMyHHKaMOHE MOryhHOCTH
cuctrema ca o00e ctpane (UART wu Wishbone). Peanmu3zoBaTu mpoBepy YCIEUIHOCTH
TpaHCaKIyje mojaTaka y 006a cMepa, pyHKIIMOHATHOCT KOMyHUKAIIMOHUX OTepanuja (duTama
u nucama). 06e30enuTn Mel)ycoOHy HE3aBHCHOCT €HTUTETA 300T IbUXOBE MMOHOBHE yIoTpede
y cim4HUM cuctemMuma. PeanmszoBatu cienehe omepanuje y oxBupy Wishbone mpoTokona:
single read, single write, single pipeline read w single pipeline_write. BepudukoBatu
cllydajeBe Kaja je OUT MapHOCTH YKJbY4YeH M HCKJbydeH y dopmatr UART makeTa KOju ce
masbe. Bepugukoparu nmapHy u HeMapHy MAapHOCT KaJa je OMT MapHOCTH YKJbYYEH Yy Gopmar

UART makera.



VYBoa

2.YBoAa

- Hamperxkom TexHONoOruje, MHTErpHcaHa Kojla KOja C€ KOPUCTE€ Y CBAaKOJHEBHHM
ypehajuma mnpomsBose ce y CBEe HampeAHUjUM TEXHOJOTHjaMa, ca CBE BHUIIUM
(bYHKIIMOHATHUM KapakTepucTukama. tbiuxoBa 3acTymJbeHOCT ce jaBjba y 00JIacTHMa Kao LITO
Cy MeAWIIMHA, Ba3IyXOIUIOBHA, BOjHA W ayTOMOOWICKa HHIycTpHja. Ypehaju xoju ce
IPOM3BO/IE 3a Jare o01acTH Mopajy OMTHM MakcMMaiHO moy3aaHu. [loTeHuujanHe rpemike
yHyTap CHCTeMa KOju YIpaBJbajy JaTuM ypehajuma Mory wu3a3BaTu KaractpodanHe
MOCIIEANIIC 1O JbYACKH >kuBOT. I1ITO je HampeqHMja TEXHOJOTH]ja MPOU3BOAKE, IieHa je Beha.
[IpeTxogHO HaBeIEHW pa3lIo3W JOBOJE [0 TOpacTa 3Havyaja Bepu(UKaIMje XapIBEPCKHX

ypehaja rnpe \bUXoBe KOHaYHE MPOU3BOIHE.

- Bepudukanuja npeacraBiba MeXaHW3aM UCIUTHBaKkA (QYHKIIMOHAITHOCTH MOJIENa KOjU
je mu3ajuupan nomohy HDL jesuka 3a ommc xapaBepa. OCHOBHH 3aJaTak HPUIHMKOM
UCIUTHBaKka (HYHKIMOHATHOCTH j€ TPOHAIAKEHHE TPellaka U HeJOCTaTaka y MOJCIY J13ajHa
KOoju ce Bepu(HUKyje, OJHOCHO Tpellaka Koje HUCY Yy CKIany ca crenu]ukanmjoM Koja je
HarfucaHa 3a JlaTd Mojell. Bepudukanuja ce u3BpiaBa NOKpETamHEM TECTOBA KOJU UCIHTY]Y
OpojHa cTama 3a cBaky Moryhy ynasny noOyny. [loctoju Buiie Mmetona Bepudukaimje Koje cy
kopumhere kpo3 uctopujy. IIpBo je ymorpebipaBaH IUPEKTaH METOJ KOJjU CE BPEMEHOM
MOKa3a0 Kao HENOBOJbHO a00ap. HberoBm Hemocramu Cy y TOME HITO CBaKM TECT 3aXTeBa
BEJIMKKM HAIoOp MPWIMKOM KpEeUpama O]l CTpaHe BepHU(PHUKAIIMOHOT HHXCHepa, Bepudukaimja
CBAaKOT IIMJba IIOjEIMHAYHO 3axXTeBa MPEBUINE IIOCNTA, JAaje JIONIy MOKPUBEHOCT paIHHUX
CIICHapHja Kao W CiydYajeBa Koje WHXemep Huje crenudummpao. 300r HaBeIECHUX
HelocTaraka yBOJM C€ OrpaHMYeHa Bepu(UKalMja Ha OCHOBY CIIy4ajHOT MOKPHBAbA.

Hedunumy ce ctama DUT - a kojuma Tpeba HCIIUTATH TpaHUYHE ciiydajeBe. Takohe kpeupajy



VYBoa

Ce HU3BEIITajH O MOKPUBEHOCTH KOjU HAC HMH(MOPMHUIINY O OCTBAPECHHM I[HJbEBUMA U O
HeJocTaluMa Ha Koje Tpeba oOpatuTu naxmwy. OBakaB METOJ HE 3aXTE€Ba MUCAKHE OIPOMHOT
Opoja TecToBa M HWCTOBpeMEeHO 00e30elyje merarsHy Bepudukanujy u noehaBa mance 3a

MIpOHATa3aK HEOUCKUBAHMX TPEIIaKa y JU3ajHy.

- YV okBHUpy OBe TeMaTHKe HajakryenHuja je UVM merononoruja 3a BepupHUKaLM]y
IaM3ajHa MHTErpucaHux koia. UVM mpencraBiba IIMPOK CKyl OMOIMOTEKAa Kiaca Koje
omoryhaBajy ayromaTtu3zaiujy yayrap SystemVerilog je3uka y BHIy CEKBEHIU, TPaHCAKIIH]ja,

¢byHKIMja 1 OpPOJHUX APYTHX CHTUTETA 332 ayTOMATH3aIlH]jy Mpolieca HCITUTHBAKbA.



Teopujcke ocHOBE

3. Teopujcke ocHOBe

3.1 UART

- UART npencraBba XapABEpCKy jeIUHMILy KOja pealu3yje aCUMHXPOHY KOMYHHKAIH]y
U3/BOjeHUX OJIOKOBa ca pauyyHapckuM cucrtemMoM. CaM Ha3MB mpejcTaBiba cKpaheHuily on
Universal Asynchronous Receiver Transmitter, IITO Cé MOXXE IMPEBECTH Kao YHHUBEP3AJIHU
ACMHXPOHHM NPUMONpeaajHUK. bp3uHa npenoca je yHanpexa oapelheHa u o3HadaBa ce y 6oamuma
(enrn. Bauds) xoju omnpenebyjy O6poj nmocnarux 6urta y cekynau. [Ipuiankom crnama jeqHe peuw,
Ha IpeajHOj cTpaHu MOy hopMupa ped, mpouupyje je ydanuameM cTapT OuTa Ha MOYETaK

u crom OuTa Ha Kpaj. Moryhe je meTeKToBaTH MOTEHIMjaHy TPEIIKy Ha NPUjEMHOj CTpaHH

YKJbyYHBambEM OMTa TApHOCTH.

Cnuxka 1. (UART dopmar nakera)

3.1.1 UART IP Core

- Monayn ce cactoju u3 peructapa noMmohy Kojux ce u3BpIlaBajy TpaHcakiuje. Wishbone
uHTepdejc MOXKe Ja pajH y JBAa MAaruCcTpaiHa Moja: 32-OMTHU WK 8-OUTHU. Y OBOM IPOjEKTy
je BepudukoBaH camo ciy4aj ca 32-OmtHOoM MaructpaioM. Kopuctu ce FIFO wmeton
opranmzaiiyje mnojaraka ca 1younom memopuje on 16 peun. [Ipenopyyena Op3uHa mpeHoca,
Ol cTpaHe au3ajHepa Moayna, je 9600 bps. Peructpuma ce mpucTyma Tako IITO C€ Y HHX
VIIHCY]y JEJbeHE BPEIHOCTH WM C€ OIEpalHjoM YWTama IPOBEpPaBa HHUXOBO  CTAmbe.

ApXUTeKTypa Anu3ajHa MOIyJa je puKa3aHa Ha CIUIH 2.
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Cnuxka 2. (Apxutektypa UART monyna)

- PeneBanTHe perumcrpe MOXKEMO pas3BpCTaTW y JBE Tpyme. JemHa rpymna mpeacraBiba
control-path monyna (Interrupt Enable, FIFO Control, Line Control Register, Modem Control,
Divisor Latch Byte 1, Divisor Latch Byte 2). OBU perucTpu city’xe 3a KOHQUIrypanujy MoyJa.
Jpyra rpyna npeacrasiba data-path monyna (Receiver Buffer u Transmitter Holding Register).

VHyTap 0BHUX perucrapa ce KOHKPETHO U3BpIIABajy TPAHCAKIIMje [T0JaTaKa.
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Register List

Hazus Anpeca ([LIupuna [[Ipuctyn Onuc

Receiver Buffer 0 8 R 3na3 FIFO npujeMHuKa

Transmitter Holding |0 8 w Va3 FIFO npenajHuka

Register (THR)

Interrupt Enable 1 8 RW YkibyunTr/MackupaTu npekuse
rexpucane ox ctpane UART-a

Interrupt Identification|2 8 R Nudpopmanmje o mpekuguma

F'IFO Control 2 8 w FIFO KOHTpOIIHE OMIHje

Line Control Register 3 8 RW KoHnTpona koHekiuje

Modem Control 4 8 w KoHTposie mogema

Line Status S5 8 R CratycHe nndopmaiiyje

Modem Status 6 8 R CTaTyc MojemMa

Scratch Register 7 8 RW PesepBucano. He Tpeba kopuctutu

Ta6ena 1. (JIucrta perucrapa)

Divsor Latch Byte Registers

Hazus Anpeca  |[[Hupuna [[Ipuctyn (Onuc

Divisor Latch Byte 1 (LSB) 0 8 RW LSB - nomwa TOJIOBUHA
OouTOBa

Divisor Latch Byte 2 1 8 RW MSB - ropma M0oJ0BUHA
OoutoBa

Tabena 2. (Divisor Latch Byte peructpmu)

Interrupt Enable Register (IER)

bur#  |[[Ipuctyn |Omnuc
0 RW Received Data available u Timeout Indication npexuan
‘0’ — UCKJbYYEHO
‘1> — yKIJbyU€HO
1 RW Transmitter Holding Register empty npexuj
‘0’ — UCKJbYYECHO
‘1’ — ykibyueHo
2 RW Receiver Line Status Tpexun
‘0’ — HCKIJbYYEHO
‘1> — yKIJbyU€HO
3 RW Modem Status npexun
‘0’ — UCKJbYYEHO
‘1’ — ykJpyueHo
7-4 RO PesepBucano. Tpeba na 6yne noruuka ‘0°.
Pecet Bpeqnoct: 00h

Tabena 3. (Interrupt Enable Register)
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Interrupt Identification Register (IIR)

E Tun HN3BOp npexkuaa Pecer koHTpOJIa
en| | =| Z [MPeKuga MpeKuaa
| =] = S
= = = =
T-H N -I =
O 1] 1] yst|Receiver Line Parity, Overrun or Framing |Uutame peructpa Line
Status errors or Break Interrupt Status Register
01|04 |[Receiver Data FIFO HYBO OKHJIamka je FIFO anTame nmojgaTaka
available ITOCTUTHYT
1[1]0]° [Timeout bap 1 kapaktep ce Hanazu 'y  |[Uurame FIFO
Indication FIFO-y anu HUjenax KapakTepperucrpa
Huje ynucan y FIFO wnu (Receiver Buffer
MPOYHTAH U3 Iera y Register)
Mocyeiiba 4 KapakTep
BpEMEHCKa IHKITyca
00| 1] [Transmitter Transmitter Holding YnucusameM
Holding Register |Register Empty Transmitter Holding
empty Register unu
YUTAEEM PETHCTPA
IIR.
00104 Modem Status CTS, DSR, RI or DCD. Hurame u3 perucrtpa
Modem Status Register.
butoBu 4 u 5 : Jlornuka ‘0’
butoBu 6 u 7 : Jlornuka ‘1’ 300r KOMIIATHOMIIHOCTH
Pecer Bpenuoct : Clh

Tabena 4. (Interrupt Identification Register)
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Line Control Register (LCR)

burt #

[Ipuctyn

Omnuc

1-0

RW

1360p Opoja OuTa y CBAKOM KapakTepy.
‘00’ — 5 6uta
‘01’ — 6 6uta
‘10> — 7 bura
‘11> — 8 bura

RW

N360p Opoja cTom Oura.

‘0> — 1 cron Out

‘1’ — 1.5 crom OUT Kaja je My’)KHHA KapakTepa 5 Oura, y CynpoTHOM je 2
cToI OuTa

Wwmatu Ha yMy Ja IpHjeMHUK IpOBEpaBa caMo MPBH CTOI OHUT

RW

'YKJpydHBame NAPHOCTH.

‘0’ — Hema napnoctu

‘l’ — buT mapHOCTM ce TEHEpHIle 3a CBaKd OJJIA3HU KapakTep Hu
[IPOBEpaBa Ce 3a CBAKH JI0JIA3HU KapaKTep

RW

[Tapna/HemapHa mapHoCT.
‘0’ — Ako mojatak uMma napas 6poj ‘1’°, Taga je 6ur naproctu ‘1’
‘1’ — Ako momarak uma Hemapad Opoj ‘1’°, Tajga je OUT mapHOCTH
‘1.

RW

Stick Parity our.

‘0’ — UckibyueHo

‘1’ - Ako cy OutoBu 3 u 4 noruuka ‘1’, OGUT mapHOCTU c€ MPEHOCH Kao
mormuka ‘0’°. Ako je out 3 nornuka ‘1°, a Out 4 nornyka ‘0’ GUT MAPHOCTH
Ce MPEHOCH U MPOBEpaBa Kao Jjoruyka ‘1°.

RW

Break Control 6ur.
‘1’ — Cepujcku uzna3s je jgoruuka ‘0’.
‘0’ — VckipydeHo

RW

Divisor Latch Access 6uT.
‘1’ — Divisor Latch peructpuma ce MoXe MPUCTYIUTH
‘0’ — Onemoryhen npuctyn Divisor Latchpeructpuma

Reset value: 00000011b

Tabena 5. (Line Control Register)
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Line Status Register (LSR)

but # |[[Ipuctyn |Onuc
0 R Data Ready (DR) uHnukatop.
‘0’ — Hema kapakrepa ynyrap FIFO-a
‘1’ — bap jeman kKapakTep je IpUMJbEH U HaJla3u ce y
FIFO-y.
1 R Overrun Error (OE) naaukaTop.
‘1’ — Axo je FIFO nyH u cineaehu KapakTep je HPUMIbEH YHYTap
noMepaykor peructpa. Kapakrep koju Oyzae npumibeH, npenucahe mogarak
VHYTap MOMEpadyKor perucrpa u Mojarak Ha HajHUxkoj aapecu y FIFO-y.
but ce Opumie untamem u3 peructpa. I'enepuine Generates Receiver Line
Status npexus.
‘0’ — Hema nipexopauema
2 R Parity Error (PE) uaaukaTop.
‘1’ — Kapakrep Koju ce TpeHyTHO Haia3u Ha Bpxy FIFO-a je npumMibeH
ca TpemKkoM MmapHocTu. but ce Opwuine unrameM peructpa. ['enepurie
Receiver Line Status npexu.
‘0’ — Hema rpenike napHOCTH y TPEHYTHOM KapakTepy
3 R Framing Error (FE) naaukaTop.
‘1’ — bur koju je mpumJbeH Ha Bpx FIF(O-a Hema BauiaH CTOI OWT.
Moxxe OuTH na cy cBu monamu omrteheHu. but ce Opumie ynramem
peructpa. ['enepuiue Receiver Line Status pexus.
‘0’ — Hema rpeiiike yokBUpeHa y TPEHYTHOM KapakTepy.
4 R Break Interrupt (BI) naaukaTop.
‘1> —YcnoB 3a mpekuj ce Aecuo y TpeHyTHOM Kapaktepy. [Ipexun ce
AKTHBHMPAO KaJia je CUTHAJ 3a MPEHOC Ha JIOTUYKOj HYJIH 3a BpeMe jeIHOT
KapakTep (crapt OuT + momarak + OWT MapHOCTH + cTOom OWMT ) . Y TOM
ciynajy, HyATH Kapaktep ynasu y FIFO u YVAPT yeka Ha BaJduaaH CcTapt
out na 6u mpummo crnexehu kapaktep. but ce Opuiie unTameM perucrpa.
['enepuiie Receiver Line Status TpeKku.
‘0’ — Hema yciioBa 3a npekuJ1 y TPEHYTHOM KapaKTepy
S R Transmit FIFO je npa3aH.
‘1’ — FIFO npenajuuk je mnpaszaH. ['enepume Transmitter Holding
Register Empty npekun. but ce Opuile kaja je mogaTak ymucaH yHyTap
FIFO npenajHuka.
‘0’ —1naue
6 R Transmitter Empty uHIUKaTop.
‘1’ — IIpenajuuk FIFO v nipenajHu MOMEpayKy perucrap cy mnpasHu. but
ce Opwuire kaza ce mogarak ynuiie y npegajau FIFO.
‘0’ — Mnaue
7 R ‘1’ — FIFO je nmpumuo 0ap jemaH MHIUKATOp TpelIKe (parity error,

break interrupt vy framing error). YKOIUKO C€ JECH OVEITun error, oBaj
out ce Takohe mocrasiba. bUT ce Opuille YUTakHEM PETUCTA.
‘0’ — Nnaue.

Tabena 6. (Line Status Register)
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FIFO Control Register (FCR)
burt #|[Ipuctyn [Onuc

0 w Hruopucaru (Kopuctu ce 3a ykibyunBame FIFO-ay NS16550D). C 063upom
na oBaj UART noapxkasa camo FIFO mon, oBaj OUT Ce UTHOPUIIIE.

1 w YrucuBamem storuuke ‘1’ Ha aapecu 1, Opuiie ce FIFO npUjeMHUK B PECETY]d
ce merona Jioruka. [lomepauku perucrap ce He MPasHU Tj. TMPUjeM TPEHYTHOI
KapaKkTepa ce HacTaBJba

2 w 'YrucuBamem joruuke ‘1’ Ha aapecu 2, Opuiie ce FIFO npenajHuK U peceTyjd
ce merosa Jioruka. [lomepauku perucrap ce He Mpas3HU Tj. CIambe TPEHYTHOI
KapakTepa ce HacTaBJba

5-3 |W ruopucaru
7-6 W Receiver FIFO Interrupt HUBO OKUJlamba
‘00° — 1 byte
‘01’ — 4 bytes
‘10’ — 8 bytes
‘11’ — 14 bytes

Pecer Bpeqnoct: 00h

Tabena 7. (FIFO Control Register)

Hanowmena: Peructpu koju cy Besanu 3a moaeM (Modem Control Register n Modem Status
Register) HUCY BepH(PUKOBAaHM y OBOM IPOjEKTy M 300T TOra HHCY HABEJCHU OIKMCH THX
perucrapa

10
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3.2 Wishbone

- Wishbone mpencraBjba padyHapCcKy MarucTpally OTBOPEHOT KOJa HaMEHhEHY
Mel)ycoOHO] KOMyHHKaIMju JenoBa WHTerpucaHor kona. Llmwe je omoryhutm melycoGHO
MOBE3MBAKBE PA3MUUTUX OJIOKOBA YHYTap WHTErpuUcaHoOr koja. PaHuje cy ce KopucThie
HecTaHJ[apAN30BaHe TEXHUKE HHTEPKOHEKIH]je, Koje Cy Oere mpodieMaTHyHe 3a HHTErpanujy.
VYBoheweM cTaHIap/He IIeMe MHTEPKOHEKIUje, je3rpa ce MOry MHTerpucatu Op>ke U Ha Taj
HAuMH y mWTO KpaheM poKy Kpajiu Mpou3Boja Ou OO miacupaH Ha Tpxuiure. Wishbone je
OCMHUIIUBEH Kao JIOTHYKAa MAarucTpana, HE HABOAM EJIEKTPUYHE KapaKTePHCTUKE WIN
TomnoJyorujy maructpaie. Jledunume ra ckyn curHaiza koju melycoOHO uHTepearyjy y
3aBHCHOCTH O] OIepalyje Koje u3BpiiaBajy. Heke o7 OCHOBHUX omepainuja Koje cy
kopuiheHe y oBoM Monyity cy: Single read, Single write, Single pipeline read, Single pipeline

write.

3.2.1 Single write onepauuja
- Ilpomene curHama ce y CBUM oOIlepalyjamMa M3BPIIABAjy HA y3Ja3Hy WBHUILy PaTHOT
TakTa ( eHII. rising edge).
Huxnyc 1:
1. Master nocTaBsba BaIMHY aJpecy Ha CUTHAILY wb_addr.
2. Master mocraBjba BPEAHOCT curHaiza wb sel y 3aBUCHOCTM Ha KOM Jeily
MarucTpae kel J1a H3BPIIHN OIeparyjy.
3. Master noctaBiba curHaie wb_stb u wb_cyc y crame noruuke ‘1°.
4. Master nocTtaBspa cUrHan wh_we y cTame JIoruuke ‘1’ - onepaiyja miucama.
5. Master nnoctaBiba curnan wb_ack y crame moruuke ‘0’.

6. Master mocTaBjba BpEIHOCT YHYTap curHana wb_dat w.

Huxnyc 2:

1. Slave onroBapa Tako mTo ynwucyje Joruuky ‘1’ y cunran wb_ack.

Huxnyc 3:
1. Slave neuyje (euran. latch) noparak Ha curHainy wb_dat w.
2. Master ynucyje noruuky ‘0’ y curaane wb_stb v wb_cyc v 03Ha4aBa Kpaj
oreparyje.

3. Slave ynucyje noruuky ‘0’ y wb_ack kao oaroBop Ha IpoMeHy cTamba wb_stb.

11
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fwb2uart_tb_topjwb_dk_tb
fwb2uart_tb_topfwb_rst_tb
fwb2uart_tb_topfwb_addr_th E'hion
fwb2uart_tb_topjwb_sel_th
fwb2uart_tb_topfwb_dat_w_tb

fwb2uart_tb_topjwb_we_th
fwb2uart_tb_topfwb_sth_th
fwb2uart_tb_topfwb_cyc_th
fwbZuart th topfwb dat r th
fwb2uart_tb_topfwb_ack_th

Cnuxa 3. (Single write onieparuja)

3.2.2 Single read onepauumja
Huxmnyc 1:

1. Master noctaBsba BaIMHY afpecy Ha CUTHAIY wb_addr.
2. Master mocTaBijba BPEJHOCT cUTHaTa wb sel y 3aBUCHOCTM Ha KOM Jemy
MarucTpae KeJH J1a U3BPIIH OTepalyjy.
3. Master nioctaBiba curHaine wb_stb u wb_cyc y crame joruuke ‘1’ - mouerak
oreparyje.
4. Master noctaBiba curHan wb_ack y ctame noruuke ‘0’.

5. Master octaBiba curHasie wh_we y crame soruuke ‘0’ - ornepanuja dnTama.

Huxnyc 2:
1. Slave onrosapa Tako ITO ynucyje Joruuky ‘1’ y cunran wb_ack.

2. Slave nipe3enTyje BaMIaH MOIaTaK YHyTap curHaina wb_dat r.

Huxnyc 3:
1. Master neuyje (euri. latch) noparak Ha curnany wb_dat r.
2. Master ynucyje normuky ‘0’ y curHame wb stb m wb cyc W O3HauYaBa Kpaj
oreparyje.

3. Slave ynucyje nornuky ‘0’ y wb_ack xao onroBop Ha npomeHy cramwa wb_stb.

12
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fwb2uart_th topfwb dk_th
fwb2uart_th topfwb rst th
fwb2uart_tb topfwb_addr_th
fwb2uart_th topfwb sel th
fwb2uart_th topfwb dat w_th

fwb2uart_th topfwb_we th
fwb2uart_th topfwb sth th
fwb2uart_th topfwb _cyc th
fwb2uart_th topfwb _dat r th
fwb2uart_th topfwb_ack th

Cnuxka 4. (Single read onepanuja)

3.2.3 Single pipeline read onepauuja
- Paznuka u3mely oOudHe onepaniyje u pipeline onepanuje je y Tpajamy curaana wb_stb.
Kon obuune omeparyje CUTHAT MMa BPEIHOCT JIoTWYke ‘1’ 10 3aBpIIeTKa ormeparuje, a y
pipeline Moy MMa BpETHOCT JOrMuYke ‘1’ caMmo jejaH TakT Ha MOYETKy orepanuje. OBO
MIPaBUJIO BaXKU U 3a omepanyje single write u single pipeline write
Huxnyc 1:
1. Master mocTaBsba BAIMIHY aapecy Ha CUTHAIY wb_addr.
2. Master moCTaBjba BPETHOCT CHUTHasa wbh sel y 3aBUCHOCTH Ha KOM JEIy
MarucTpaie Keiu J1a U3BPIIH OTepallyjy.
3. Master noctaBsba curHan wb_stb y crame goruuke ‘1°.
4. Master ocTaBba CUTHAT Wb _cyc y CTame JOruuKe ‘1’ - moyerak onepanwje.
5. Master noctaBiba curHan wb_ack y ctame noruuke ‘0.

6. Master noctaBsba curHas wb_we y ctame noruuke ‘0’ - ornepaiyja unTama.

Huxmnyc 2:
1. Slave yniucyje noruuky ‘1’ y cunran wb_ack.
2. Slave nipe3eHTyje BaIMJaH 1ojaTaKk Ha curnany wb_dat r.
3. Master noctaBsba curHan wb_stb y crame jgoruuke ‘0’.

4. Slave ymucyje mornuky ‘0’ y wb_ack xao oiroBop Ha IpOMEHY cTama wh_stb.

Huxmnyc 3:
1. Master neuyje (eHriu. latch) nogatak Ha curHainy wb_dat r.
2. Master ynucyje noruuky ‘0’ y curHast wb_cyc u 03HauaBa Kpaj oreparije.

3. Slave yniucyje nmornuky ‘0’ y curnan wb_ack.

13
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fwb2uart_tb_topfwb_dk_tb
fwb2uart_th_topfwb_rst_th
fwb2uart_tb_top/wb_addr_tb
fwb2uart_th_topfwb_sel_th
fwb2uart_tb_top/wb_dat_w_tb

fwb2uart_th_topfwb_we_th
fwb2uart_tb_topfwb_stb_th
fwb2uart_th_topfwb_cyc_th
fwh2uart_th_top/wb_dat_r_th
fwb2uart_tb_topfwb_ack_th

Cmuxa 5. (Single pipeline read oneparuja)

3.2.4 Single pipeline write onepauuja
Huxnyc 1:

1. Master noctaBsba BalUHY afpecy Ha cUTHainy wb_addr.
2. Master mocTaBjba BPEIHOCT cuUrHama wb sel y 3aBUCHOCTHM Ha KOM Jeiy
MarucTpae KeJu J1a U3BPIIH OTepaIyjy.
3. Master noctaBsba curHan wb_stb y crame jgoruuke ‘1°.
4. Master nocTaBsba curHan wb_cyc y crame Joruuke ‘1’ - mouyerak omneparuje.
5. Master noctaBiba curHan wb_ack y ctame noruuke ‘0.

6. Master moctaBjba CUTHAJI Wb_we y CTame JIOTHUKe ‘1’ - omepanuja ynrama.

Huxnyc 2:
1. Slave ynucyje noruuky ‘1’ y cunran wb_ack.
2. Master noctaBiba curnain wb_stb y cramwe jgoruuke ‘0’.

3. Slave ymucyje norudky ‘1’ y wb_ack kao oaroBop Ha IpoMeHy cTamba wb_stb.

Huxnyc 3:
4. Slave neuyje (eHriu. latch) nogarak Ha curHainy wb_dat w.
5. Master ynucyje norudky ‘0’ y curHan wb_cyc v 03Ha4aBa Kpaj orneparuje.

6. Slave yniucyje nmornuky ‘0’ y curnan wb_ack.

fwbZuart_th_topfwb_dk_th
fwb2uart_th_topfwb_rst_th
fwb2uart_th_topfwbh_addr_th
fwb2uart_th_topfwbh_sel th
fwb2uart_th_topfwbh_dat_w_th

fwb2uart_th_topfwb_we_th
fwb2uart_th_topfwb_sth_th
fwb2uart_th_topfwb_cyc_th
Jwb2uart_th_topfwb_dat_r_th
Jwb2uart_th_topfwb_ad:_th
Crnuxka 6. (Single pipeline write onepanuja)

14
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3.3 SystemVerilog jeauk

- SystemVerilog npencraBiba Hagorpanwy Ha Verilog HDL je3ux paau moOoJsbliama
MPOAYKTUBHOCTH, YWT/PUBOCTH W TOHOBHE YINOTpeOe KOJa NPUWIMKOM BepUpHUKAIH]E.
Kombunyje ocobune Verilog-a, ca ocobmnama C i C++ mporpamckmx je3uka. Heke
Kapaktepuctuke SystemVerilog-a cy yBoheme 00jeKTHO-OPHjEHTHCAHOT MEXaHHM3Ma, BEIUKa

MOTyhHOCT paHaoMu3aliije, NoapIIKa 3a GyHKIHOHAIHY BepUDUKALIH]Y...

3.4 UVM metoponoruja

- UVM mpexacraBba ckpaheHuily on eHrieckor wuspasza Universal Verification
Methodology. To je craHmapau3oBaHa METOMOJOTH]Y 3a (QYHKIIMOHATHY BepUDHUKAIH]Y
OCIIOleHa Ha OpojHe OuOimotreke pasujeHe y SystemVerilog jesuky. OOjeKTHO-
OpHjCHTHUCAHH TIPUCTYII, Kao TJaBHA KapakTepuctuka SystemVerilog jeauka, omoryhasa jako
Kpeupame BeprU(PUKAIUOHNX KOMIIOHEHTH, JIOK BeNIUKU Opoj mpeneduHucaHux (QyHKIHja U
TackoBa yOp3aBa mporec Kpewpama TectoBa. HacnehuBamem, ynyrap UVM knacHe
xujepapxuje (cnuka 8.), omoryhaBa ce Op3 pa3Boj 100OpO CTPYKTYyHpaHUX BepHU(PHKAITMOHUX
KOMIIOHEHTH U o0jekata. ba3He kiiace caapike moTpeOHa 1mojba U METOJIC 32 KOHTPOITY Tako Ja
HUje MOTPeOHO CBAaKM NYT M3HOBA KpeupaTH KOMIOHEHTYy Beh moaudukoBatu onpehene
METO/Ie 32 KOHKPETHE MOTpeoe.

butrHa kapakrepuctuka oBe wMeromonoruje cy UVM daze. One mnpenacraribajy
MEXaHu3aM KOjHU CHUHXPOHH30BaHO Mokpehe u wm3BpamanBa cumyianujy. CBe KOMIIOHEHTE,
YHyTap TecTOeHYa, Cy U3BEJCHE U3 KJIace uvm_component u npuiarohene cy kouuenry UVM
¢asHor W3BpHIaBama cuMmynanyja. CBaka KOMIIOHEHTa MpoJia3u Kpo3 yHampen aeduHucane
¢aze u He Moxe na npehe y HapenHy (azy TOK cBe KOMIIOHEHTE HE JTOBPIIE M3BPIIABABE Y
TpeHyTHO] (azu. Daze cy nedbunucane callback meronama xoje ce fene y aBse rpyrme:

1. function (He TPOILIM CUMYJIAIIIOHO BpEME TOKOM CUMYJIaIHje)

2. task (kOH3yMHpajy CUMYJIAIIMOHO BPEME TOKOM CHMYIIAIIH]e).

daze MOKEMO TIOJICIIUTH Y TPH KaTeropuje:
1. Build phase (build, connect, end_of elaboration),
2. Run phase(start_of simulation, reset, configure, main, shutdown)

3. Clean-up phase(extract, check, report, final)

15
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gL hud
Build Time < connect
. end_of_elaboration
" start_of_simulation
Run Time <
( extract
check
Cleanup <
report
q final

Base class for all UVM
data and hierarchical

components

[

pre_reset
post_reset
pre_configure

_configure _

post_configure

>

pre_main

___main___

post_main

pre_shutdown

_shutdown _

post_shutdown

Cnuka 7. (UVM phase concept)

uvm_object

name <
copy(),

clone()
print()

=

Run-Time
Tasks

I uvm_transaction I

I uvm_sequence_item I

uwn_report_obied e uvm_sequence
[ uvm._report () -
uvm_report_handler T — [ ompont _’;...m | TLM i
pare::m— ot [ Tom_owon] [omsot | [omme | E
children T :
| uvm_subscriber |—3 ﬁ:ﬁﬂ]ﬁﬂﬂ-‘”‘ create () | '"""-;“-"“ ]_‘“"“‘-'“‘-""a""-““"'i E
conn;:t _phase(), [Luvm_tim_analysis_fifo | 'M“_M_W_Mi

uvm_env

end_of_elaboration_phase();
start_of_simulation_phase();

4—-' uvm_sequencer I

uvm_test

uvm_driver

run_phase(), ......
.

—

uvm_meonitor

uvm_agent

I uvm_scoreboard I

Cnuxka 8. (Xujepapxuja UVM xiaca)
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Konuent pemema

4. KoHUyenT pewema

Peanuzanuja Bepudukanuje oor moayia npatd UVM mabioH KOju UMa CBOJy JeIUHCTBEHY
CTPYKTYpY Ol KOje ce He oacTyna. Ha BpXy Xujepapxuje ce Haja3u TOIl MOIYJT y KOME ce
uHcTaHmpajy DUT u Buptyanau unrepdejcu 3a ode crpane (Wishbone n UART). Metonom
set() ce mocTaBjba KOH(QUTYpalHMja BUPTyaTHUX HHTEpdejca yHyTap KOHPHUTypannoHe Oase
nojaraka . JlepuHucanu cy reHepaTopH 3a paJHU TakKT U peceToBame cucrema. Ha kpajy ce
MI03MBa METOJIA run_test() Koja Kpenpa WHCTaHIly TecTa Ha HajBUIIEM HHUBOY. [lo3uBameM oBe
Metone ce mokpehe build dasza TOkOM Koje ce Kpeupajy CBe OCTaie KOMIIOHEHTE KOje ce
HaJla3e Ha HIDKEM XHUjepapxujckoM HUBOY (Enviromment, Tx scoreboard, Rx scoreboard,
Sequencer...). Y ckiany ca 3aXTeBHMa YHyTap BepH(PHUKAIMOHOT OKPYXeHba ce Hajase :

1) Wishbone environment

2) UART Tx u UART Rx environment

3) Tx scoreboard w Rx scoreboard

4) Virtual Sequencer

5) Register model

6) Reference model
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Konuent perema

4.1 Crtpkrypa Ton moayna (Top test bench)

Top test bench

DUT

Clock generator

Virtual interface

Reset generator

Test

Environment(Test bench)

Wishbone environment
UART Tx environment
UART Rx environment
Tx scoreboard
Rx scoreboard
Virtual Sequencer
Register model
Reference model

TOP_TB

TEST

WB2UART_ENV

& Y

et

g =

(£ - \\
| REF. MODEL |

VIRTUAL
SEQUENCER

M_CFG
(WBZUART_CONFIG)

Tx_SCOREBOARD

Rx_SCOREBOARD

M_WEB_MASTER_ENV
(WB_UVC_ENV]

M_CFG

M_UART_TX_ENV M_UART_RX_ENV

(UART_UVC_ENV) (UART_UVC_ENV)
M_CFG
M_CFG K
(UART_UVC_CFG) (UART_UVC_CFG)

M_CFG M_CFG

{UART_UVC_CFG) (UART_UVC_CFG)

MASTER UART TX AGENT UART RX AGENT
AGENT
WISHBONE UART UART
k.
DUT

Cnuka 9. (Top test bench apxutexTypa)
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Konuent perema

4.2 Ctpyktypa Wishbone okpyxema

Wishbone environment
Wishbne master agent
Driver
Monitor
Sequencer
Sequence library
Coverage

M_WB_MASTER_ENV
(WB_UVC_ENV) M_CFG
(WISHBONE_UVC_CFG)
M_MASTER_AGENT M_CFG
(WISHBONE_UVC_CFG)
SEQUENCE
LIBRARY
SEQUENCER
MONITOR DRIVER
A F A
¥

WISHEOME_IF

Crnuxka 10. (Apxurekrypa Wishbone okpyxema)
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Konnenr pemema

4.3 CTtpyktypa UART Tx u UART Rx okpyxema

UART Tx environment
UART agent
Driver
Monitor
Sequencer
Sequence library

UART Rx environment
UART agent
Monitor

M_UART_TX_ENV

(UART_UVC_ENV) M_CFG

(UART_UVC_CFG)

M_UART_RX_ENV
(UART_UVC_ENV) M_CFG
{UART_UVC_CFG)

M_UART_AGENT M_CFG
(UART_UVC_CFG)

SEQUENCE
LIBRARY
SEQUENCER
MONITOR DRIVER

A A

M_UART_AGENT

M_CFG
(UART_UVC_CFG)

|
MONITOR

F Y

UART_IF

UART_IF

Cnuxa 11. (Apxurexkrypa UART Tx u UART Rx okpyxKema)
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5. Mpeapnor pewerwa y UVM okpyemwy

5.1 Wishbone UVC’s

- YV oBom mipojekty Wishbone cTpaHa je 3aMUIIbEHA Kao MPOIECOpPCKa jeANHHIIA KOoja
komynunupa ca UART nepudepujom. Ha cnumu 8. je mpukaszaHa cTpykrypa fest bench-a koja
caipku camo master areHTa Ha Wishbone ctpann. Melytum, na 6u Bepudukanuja Ouiaa mro
yCIIeUTHH]ja, HEOIIXO/IHO je KpenpaTH U slave arenrta koju he nmpeyseru ynory DUT-a 1ok ce He
npehe Ha Tom HUBO BepuduKanuje. AKO c€ MNPUWINKOM TecTHpamwa Wishbone master n
Wishbone slave arenTa TpaHcakiidje yCHeIIHO 00aBibajy, BepU(PUKATOp MOXKE J1a TapaHTyje 3a
ucnpaBHocT Wishbone xomnonenara. [Ipenackom Ha Tomm HUBO BepuduKkanuje, slave cTpaHa
Ce MCKJbYUYje U Ha HBEHO MECTO ce mpukibydyje DUT. V ciydajy Aa ce mojaBu HEKa Tperika
MPUIMKOM TPaHCaKIHMja, BEpU(PHUKATOp MOXKE 3aKJbYUUTH Jia MIOCTOjU rpemka yuyrap DUT-a u

eBEHTYyaJIHy TpeIlKy MpHUjaBUTH Au3ajeHpy Aa je oTkioHu. Ctpykrypa Wishbone UVC-a je

IpUKa3aHa Ha ciauuy 12.

WE_UVC_ENV

*
-~
M_MASTER_AGENT

—

MONITOR

M_CFG
((WISHEONE_UVC_CFG)

M_CFG
(WISHEOME_UVC_CFG)

SEQUENCE
LIBRARY

l

SEQUENCER

i

‘ DRIVER ‘

|

M_SLAVE AGENT

—

MONITOR

Fy

M_CFG
(WISHEONE_UWVC_CFG)

SEQUENCE
LIERARY

!

SEQUENCER

DRIVER

E

N

T
|

!

WISHBONE.

Crnuxka 12. (Apxurekrypa Wishbone UVC-a)
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5.1.1 Wishbone UVC item

- Wishbone UVC item mnpenctaB/ba OCHOBHM EHTUTET Y KoOjeM ce JePUHUIIY

MPOMEHJbMBE HaJl KojuMa he ce BpPIIMTH paHAOMHU3allMja BPEJHOCTH TOKOM CHUMYyJalldje
TECTOBA, Tj. HA HACyMH4YaH HauuWH he CBakoj MPOMEHJBMBOj OMTH J07€JbeHA HEKa BPETHOCT.
Hedunmie ce kako he pykoBanamn na ynpasssa curaamuma DUT-a.
- IlpuwniukoM peduHHCcama CBake MPOMEHJbMBE, HCIpE] Ha3MBa TUIA MPOMEHJBUBE, CTOJU
pe3epBucana peu rand koja omoryhaBa nmpoMeHJbHBO] a Oyne paHaoMu3oBaHa (ciuka 11.).
JleprHncane npoMeHJbUBE MPENICTaBIbajy CUTHAJIE YHYTap BepU(UKAIMOHOT OKPYKEHa KOjH
he Outm moBe3anm muUpeKTHO ca curHanuma DUT-a y tom momyny. Takohe, mpoMeHIbHBE
MOTYy O3HA4aBaTu TUIl omnepanuje (cnuka 13. nuauja 24. ) unu HeKy APYry KapaKTEpPUCTUKY
Koja uma ofpeheny GyHKIIMOHATHOCT IPUIUKOM BepudUKalmje.

1 gﬂclass wishbrone uvc item extends uvm sequence item;

15 item fields

20 rand bit[2:0] Wi _addr = 0;

21 rand bit[3:0] wk _sel = -
22 rand bit[ 0] wi_dat w = 0;

e rand bit[ 1 wk_dat r = 0;

24 rand wk_cmd type & wh cmd = WE_SE;
25 rand wk_resp e Wk resp = WB_SUCC;
26 rand bit[3:0] Wk tgc = 5
27 rand bit[ 1 Wk _tga = 5
28 rand bit[ 1 wk tgd w = 0;

25 rand bit[ 1 wk tgd r = 0;

30 rand int whr wait ack = 07

Cnuxa 13. (wishbone_uvc_item - nexnapanyja IpoOMEHbUBUX )

- Hakon wHHMIMjanu3aiyje, HEONMXOJTHO j€ PEruCTPOBATH TPOMCHJBHBE y3 TOMOh
MakpoHapenbu (cimka 14.). OBa perumcrpanuja omoryhaBa wucrpaBaH pajJ KOMIIOHEHTH
o0jekaTa U HEOIXO/HA j€ Y CBAKO] O] HhHX.

istration macro

I

H

i
w

k i
g
=)
=2
1l
e

o

=ct_utils begin(wishbone uvc item)

ield int{wb addr, UVM ALL ON):

ield int({wbk sel, UVM ALL ON);

1d int{wb dat w, UVM ALL ON);

| int(wb dat r, UVM ALL ON):
enum{wbk cmd type &, wbh cmd, UVM ALL ON);
| enum({wk resp e, wb_resp, UVM ALL ON);
| int(wb tgc, UVM ALL ON);

1d int{wb tga, UVM ALL ON);

1d int{wb tgd r, UVM ALL ON);

uvm field int(wb tgd w, UVM ALL ON);

44 ‘uvm field int(wb wait_ ack, UVM ALL ON);

ihE ‘uvm object _utils end

o
]
|

o
]
I

e
m

o

]
e
m
=t
(o]
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]
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]
B
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[
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]
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m
[
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[
B
]
[
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1
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e

o
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Cnuka 14. (wishbone _uvc_item - peructpanyja npoMEHJbUBUX )
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[Ipennor pemema y UVM okpyxemy

- [IpunrkoM paHIOMH30BaKka BPEIHOCTH HEOIXOJHO j€ YBECTH OrpaHUuCHa Jla Ou ce
paHIOMH3alMja Cy3Wiia Ha MPUXBAT/FUB HUBO. Y OBOM CHTHTETY C€ YBOJHU IMOAPA3yMEBaHO
orpannueme (cimka 15.). PesepBucana ped soff 03Ha4aBa J1a je OrpaHUUYCHC BATHIHO CBE JIOK

ra pyro orpaHuyeme He npenuuie (cnuka 15. muauja 49.).

47 é] cc:st:a_ttﬂ

48 = constraint wb_def cst {
e soft wh_addr
S0 soft wb_sel
o1 soft wb_dat_w
o2 soft wk_dat r
53 soft wh_cmd
54 soft wb_resp
T soft wb tgc
SE soft wb_tga

5 soft wb_tgd w
o8 soft wh_tgd r
o= soft wb _wait_ack = 0y

WE_SR;:
WB_SUCC:

62 constraint wk bad cmd cst { !{wb_cmd inside {WE BR, WB_EBEW, WB _RMW}): }

Cnuka 15. (wishbone uvc_item - noapasyMeBaHO OTPAHUYCHE)

- YHyTap cBake Kjace, Koja TpeACTaB/ba KOMIIOHEHTY, j€é HEOIXOJHO IO3BaTH
KOHCTPYKTOp Kjace Tj. mo3BaTH Metony new() . JlebuHucame KOHCTpYKTOpa cCe
W3BpIIaBa BaH Tena kiace (ciuka 16.). KoHCTpykTOp je cacTaBHUM J1e0 CBake Kiace Koja
he ce kpeuparu, Tako J1a ce Hehe Bullle CIIOMUIBATH Y HACTABKY .

64 // constructor
65 extern function new(string name = "wishbone uvc item");

& ~endclass @ wishbone uvc _item

70 J// constructor

[ function wishbone uvc item::new(string name = "wishbone uvc item™);
super.new(name) ;

3 Fendfunction : new

Cnuxa 16. (wishbone _uvc_item - neduHUIM]a U TO3UB KOHCTPYKTOPA)

5.1.2 Wishbone UVC master sequence library

- wishone_cmd_master _seq je ¥iaca koja je W3BeIeHa W3 Kiace uvm_sequence. Opa
cekBeHIla he ce ogHOCUTH caMO Ha MacTep arenta Wishbone ctpane.

- Ha nouerky nedunuieMo cBe npoMeHJbHBE Koje he KOPUCTUTH MacTep areHT, ¢ THM
Jla pe3epBUCaHy ped rand He CTaBJbaMO HCIpE]] CBake NMPOMEHJbUBE, Beh caMo mcmpen oHux

KOjU Cy IOJI yTHIIajeM MacTep areHnra (ciuka 17.).
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18 . fields

15 rand bit[2:0] Wi _addr = =

20 rand bit[2:0] Wk _sel = -
21 rand bit[ 0] Wk _dat _w = =

22 rand bit[2:0] wWk_tTgo = =
EiE rand bit[2:0] wWi_tga = =
24 rand bit[2:0] Wk _tgd w o= -
A rand wb_cmd type e Wi cmd = WEB_SE;
26 bit[3:0] Wk _tgd r = ;
27 bit[ 0] Wk _dat_r = =

28 Wk _resp e Wk _resp = WB_SUCC;

Cmuxka 17. (wisbone_cmd_master seq - nepuHHCaHE IPOMEHIBUBHUX )

- Hakon peduHHCcarma NMPOMEHJFUBHX HEOMXOMHO j€ PErMCTPOBATH NPOMEHJbUBE
nomMohy Makpo Hapen6u kao y mpumepy S5.1.1 Cnuka 14. Ykparko mporec Koju ce y
okBupy UVM wMerononoruje Ha3WBa PETUCTPOBABEM YKOIMKO C€ OIHOCH Ha
npoMeHJbuBe 00e30ehyje kopumhewe ocnoBuux UVM wmetoma 3a paxg ca
peructpoBaHuM O0OjeKTHMa, a Ty CHaJajy KONMupame, KoMIapaiuja, UCHHC U OpojHe
apyre. Ha oBaj HaumH ocnmamamo ce Ha mocrtojehe merome 0e3 morpede aa ox Hyle
dbopMupaMo CBOje METO/IE 3a Oaparame ca MmoJarma.

- Jexnmapumemo cexkBeHuep (cnuka 18.) kKoju MMa ynory Jga KOHTPOJIMIIE TOK

CeKBeHHeIﬂipeHaHHﬂIPYKOBaOH-CeKBeHHa.

I pointer macro
€ p sequencer (wishbone uvc master Sequencer)

Cnuxa 18. (wisbone_cmd_master seq - nexiapalyja CeKBEHIEPa)

- YBOAMMO OrpaHuvCHa 3a MPOMEHJbUBE Koje he Outn pangomusoBane (ciauka 19).

OrpaHI/Iqu,a cC HOCTaBJ'Lajy Yy 3aBUCHOCTH O cueHaija KOjI/I KCIMMO Ja UCIITUTAaMO.

4 // constraints

43 |constraint. wb_cmd cst { soft wb_cmd inside {WB FW, WE PR, WB 5W, WE 5R}: }
4c constraint wb_addr cst { soft wb_addr inside {[0:12]}; }

5 constraint wb_sel cst { soft wb sel inside {[0:3]1}: }

51 [ constraint wb_dat_w_cst { soft wb_dat_w[31:2¢] inside {[C: 1z

52 - soft wh_dat w[23:0] = 0; }

53 constraint wb_tgc_cst { soft wb_tgc ingide {[0:101}; }

54 constraint wb_tga cst { soft wb_tga inside {[0:10]1}; }

T constraint wb tgd w cst { soft wb tgd w inside {[0:10]}; }

Cnuxka 19. (wisbone_cmd_master _seq - nepuHICcame OrpaHNYCHHA)

- CexBeHIIa caapku Tack body(), Koja ce mokpehe MPUIMKOM CTapTOBaka CEKBEHIIC.
VYuytap body() Tacka je onucaHa paama cekBeHle (cauka 21.). Y oBoM cityuajy, IpBo ce
METOJIOM create() kpeupa oOjeKaT CEKBEHIIE, a 3aTHM Ce IMO3uBa Merona start item()
KOjOj ce, Kao apryMeHt, mpocielyje Ha3uB KpeupaHOr O0jeKTa CEKBEHIIe. 3aTUM Ce

METOJIOM randomize() BpImM paHgomm3anyja . [IpoMeHIbUBE KOje ce€ paHIOMH3Y]y CYy
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ManupaHe Ha NPOMEHJbMBE M3 KJace sequence item 3axBajbyjyhu mnapamerpusaiuju

kiace (cnuka 20.).

16 [ch'.lass wishbone resp slave seg extends uvm sequence #(wishbone uvc item) ;

Cmuxa 20. (wisbone_cmd_master seq - napaMeTpu3alyja Kiace)

- [Napamerpu3anuja ce KOpucTH fa 6u ce nzberia morpeda 3a MPEeNnUCUBaBEM KOa
3a oapeheHe KapaKTepUCTHKE TOMYT BEIMYMHE WIM THIIA U YMECTO Tora omoryhasa
ynotpeOy jenHe cnenudukalyje 3a pa3induTe 00jeKTe.

- Kaga ce u3Bpmm pangommsaiyja, mo3uBa ce MeToAa finish_item() KojoMm ce
pykoBaoll o0aBemiTaBa Ja MOXeE Ja KOPUCTH paHAOMH30BaHE BpeaHocTH. Hakon
U3BpIIEHE TPAHCAKIMje MPOMEHEHE BpemrHOCTH ce uyBajy . OBaj MexaHH3aMm

KOMYHHKaIje u3Mel)y ceKBeHIepa U pyKoBaolla ce 30Be pyKoBamwe (handshaking).

TO é] body task
T1 —|task wishbone cmd master seq::body():
2 reqg = wishbone uvc item::type id::create("reqg"):

4 start_item(req);

TT = if{lreq.randomize () with {

fik: Wb _addr = local::wb_ addr:
T W sel == loecal::wk sel;
i1 Wb _dat w = local::wb _dat _w;
B1 W tgoc == loecal::wb_tgc;
B2 wh_tga == local::wh_tga;
3 Wb _tgd w = local::wb _tgd w;
B4 e Wi omd == loecal::wk cmd; })}) begin
i ‘uvm_fatal {get_type name(), "Failed to randomize.™)

B end

finish item(redq)’

BS Wb _resp = req.wb_resp;

S0 Wk tgd r = reg.wk_tgd Ty

G1 wb dat_r = reqg.wb_dat r;

92 ‘uvm_info{get_type_ name (), Szformacf("%=", req.sprint{)}, UvVH_1.OW)

et Fendtask : body

Cnuxka 21. (wisbone _cmd_master _seq - body() task)

5.1.3 Wishbone UVC slave sequence library

- Knaca wishbone resp slave seq je WIEHTHMYHO HAaNMCaHAa Kao W MPETXOAHA U3
onesbka  5.1.2.  JlepuHumemo TpOMEHJbHMBE, PETUCTPYjeMO  IPOMEHJBHBE  MPEKO

MakpoHapea0u, JEeKJIApUIIEeMO CEKBEHIIEp M Kpeupamo body() MeToay Ha HWCTH HAYHWH,
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Pasnuka je y nedunHucamy npoMeHbUBUX Koje he OMTH paHAOMU30BaHE U OTpaHUYEHE (CIUKa

22).

7 ff fields

i rand bit[3:0] Wb _tgd r = =
] rand bit][ :0] Wb _dat r = 07
1C rand int Wb _wait_ack = 0;
11 rand wb _resp e Wb _resp = WB_SUCC;
12 bit[4:0] wh _addr = 0;
13 bit[3:0] Wb =zel = =
14 bit] :0] wh_dat w = 0;
15 bit[3:0] Wk _tgco = H
16 bit[3:0] Wk _tga = H
17 bit[3:0] wh_tgd w = H
18 wh_cmd Type e Wi cmd = WE_SER;

Crnuka 22. (wWishbone resp_slave seq - nepuHHCaHE TPOMEHIBUBHUX )

5.1.4 WB2UART configuration sequence

- Haunn pana moayna je TakaB na je HeonxoaHo koHpurypucatu DUT nipe Hero miro ce
OmsI0 KakBa TpaHcakiyja u3Bpmu. OBa KOHPUTYpalHja ce OJHOCH Ha IOJCIIaBamke Op3uHE
pamgHOr TakTa Tpouecopa u UART mepudepuje, moJeniaBame NapHOCTH OWTa, CTON OWTA,
UTHI...

- wb2uart cfg seq knaca je u3BeneHa u3 kinace wishbone cmd _master seq (5.1.2). Ha
MOYETKY ce AcPUHHITY MPOMEHJbUBE KOje MPEACTaBibajy OuToBe yHyTap perucrapa DUT-a

KOju KOH(UTypunry Moayn (ciuka 23.).

D ffconfiguration field

7 rand int baud rate = o

i rand int clk freqg = ; F/F lkH=

] rand bit parity_enable = =
10 rand bit parity type = =
11 rand bit stop_bits = =
12 rand bit stick parity = =
13 rand bit break ctrl = B
14 rand bit[l:0] num of bits = =
15 rand bit clear rx fifo = B
16 rand bit clear tx fifo = B
17 rand bit[l:0] trigger_ 1vl = =
18 rand bit rec_dat_int = B
19 rand bit thr empty int = =
20 rand bit rec line int = B
21 rand bit modem dat_int = B

Cnuxka 23. (wb2uart_cfg_seq - nepunucame KOHPUTypAITUOHHUX T10JbA)

- Jlebunumemo orpaHWuYeHa 3a CBE MPOMEHJbHMBE Koje he OWTH paHIOMH30BAHE H
pPErUCTpyjeMo MX MPEKO MaKpoHapea0u MO y30py Ha MPETXOAHE CEKBEHIIE U3 ojliesbKa 5.1.2. u

5.1.3.

26



[Ipennor pemema y UVM okpyxemy

- Ocum body() Metone, oBa Kiaca CaApXu JAOAaTHE NBe MeToae: pre-body() u post-
body(). Metona pre-body() ce uszBpmaBa npe body() mMeTolne U y HOj c€ MO3MBa METOJA
raise_objections() Koja mpencTaBba WIACHTU(PUKATOP aAKTUBHOCTH TpeHyTHE ¢aze. Metoma
post-body() ce mo3WBa HAKOH H3BpIIaBama body() MeTone W y HOj ce TOo3MBa METOoj]a
drop_objections(). Ilo3uBom metoje raise _objections() ce 06e30elyje rapanumja na ce Tect
Hehe M3BPIIUTU Mpe HEro INTO ce I030Be Meroda drop objections() u Ha Taj HAYUH
ocHrypaBaMo H3BplIaBame body() metone mnpe 3aBpiueTka tecta. Onuc pre body() u post-
body() TackoBa IpuKa3aH je Ha CIUIH 24.

62 'J] pre-body task

7 —ltask wbZuart cfg seq::pre_body():’

4 if(starting phase != null)

65 starting phase.raise objection(this);
£E -endtask : pre_body

it S /ipost-body task
65 [Htask wbluart cfg seq::post_body();
T if(starting phase != null)

1 starting phase.drop _objection(this);
T2 -endtask : post_body

Cnuxka 24. (wb2uart_cfg_seq - pre-body() u post-body() tasks)

- Yuyrap body() merone KoH(UTYpaIliOHE CEKBEHIIE Ne(UHUNTY C€ TPOMEHIBUBE KOje
MpeJICTaBbajy peructpe koje koHdurypuury DUT kao u AojgaTHE NPOMEHIBUBE KOje Cy

noTpebHe 1a Ou ce KOHPUTypalrja IPUIKKOM MHcakba TeCTOBA JakKiie u3Boauia (cimka 25.).

77 bit[7:0] lcr_reg, msb_wvalue, lsb_wvalue, fifo_ctrl, interrupts;

78 bit[15:0] d1_walue;
dl_wvalue = (clk_freg* )}/ ({lc*baud_rate);

51 msb_wvalue = dl_wvalue[15::2]:

52 lsb walue = dl_wvalue[7:0]:
lcr reg = | , break ctrl, stick parity, parity type, parity enable, stop bits, num of bits }:
fifo ctrl = {trigger lvl, " 5 , clear tx fifo, clear rx fifo, }:

T interrupts = { 0 i " , modem dat int, rec line int, thr empty int, rec dat int}:

Cnuka 25. (wb2uart cfg seq - nomohHe IPOMEHJbUBE)

- DUT ce koHburypulle yIHUCUBAKHEM BpeAHOCTH y peructpe. [lo3mBameM Makpo
bynukuuje ‘uvm_do with XebeHOM CEKBHEIEepy MpociiehyjeMo orpaHuyema Tj. BPEAHOCTH
KOj€ KEeIMMO JIa YIUIIEMO y perucTpe . 3a MmpaBWJaH paj MOAYJA je HEONMXOAHO YPaIAUTH
cnenehe(cnuka 26.):

1. Yuayrap perucrpa Line Control Register Ha MecTy cenMor Ourta ynucatu | U Ha Taj
HauuH oMoryhutu npuctyn Divisor Latch peructpuma.

2. Youcatu xejbeHe BpenHOCTH yHyTap Divisor Latch 1 w 2 perucrapa. OBa aBa
perucrpa cy ImmpuHe 8 OWTa W 3ajeJHO TpEACTaBibajy |6-OMTHY BpPEIHOCT NOOHjeHY M3

Matematuuke popmyne ( system clock speed / (16 x desired baud rate) ).
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3. Onemoryhutu npucrtyn peructpuma Divisor Latch 1 u 2 ynucuBamweM BpeaHocTH 0
yHyTap peructpa Line Control Register Ha MecTy ceAMOT OuTa.
4. Tonecutu FIFO nuBo okunamwa yuyrap FIFO Control peructpa.

5. YKJbyuuTH XKeJbeHE NIPEKuie YHyTap peructpa Interrupt Enable.

g9 é] f/enable access to DL registers and set desired configuration in LCR
] = uvm_do with(m seq,{ wb_cmd == WB_S5W:
S Wb _addr == G
g2 Wb _sel == =
93 = Wb _dat w = lcr_reg; 1)
935 ffaet M5B value in DLR
S& = uvm_do with(m seq,{ wb_cmd == WB_S5W:
97 Wb _addr == G
S8 Wb _sel == 5
55 5 Wk _dat w = (msk_wvalus<<lc); 1)
101 f/3et L5B walue in DIR
102 = uvm_do with(m seq,{ wb_cmd == WB_S5W:
103 Wb _addr = 5
104 Wb _sel == 5
105 5 Wk _dat w = (lsb_wvalues<<z4); 1}

1

10 f/disable access to DL registers

108 lcr_reg[7] = F
10% = vin_do with{m _seq,{ wb_cmd == WE_S5W:
110 Wb _addr =— 5
111 Wb _s3el == =
= lcr_reg: }]

112 = Wb _dat_w

= ffeonfiguration FIFO control register
115 =] vin_do with{m _seq,{ wb_cmd == WB SW:

116 wh_addr == 5'& ;
117 Wb _s3el == H
118 = Wb _dat w = (fifo_ctrl«<<t): })

120 ffeonfiguration IER

121 = vin_do_with{m_seq,{ wb_cmd == WE_S5W:

122 Wb _addr =— 5

123 Wb _s3el == 5

124 = Wb _dat w = (interrupts<<lc): })

Crnuka 26. (wb2uart_cfg_seq - koupurypucame DUT-a)

5.1.5 Wishbone UVC master driver

- Knaca wishbone uvc_master _driver mpencraBiba pykoBolla Mactep areHTa Ha Wishbone
ctpanu. OBa KJlaca je u3BelleHa U3 Kiiace uvm_driver W U3BPIICHA j€ MapaMeTpu3ainmja Kao y
onesbky 5.1.2 (cimmka 20.) OcuMm perucTpoBama MPEKO MAaKpO HapeaOu, JCKJIapucaHa je
pedepennia BupTyanHor wuHTepdejca wishbone uve if, u KOH(Urypanuje Tura
wishbone_uvc cfg. OBe pedepenue cy ommcaHe y onesbuuma 5.1.9. u 5.1.13. Takobe je
HEOIXOJHO JIeKJIapucaTh NPOMEHJbUBY Thna REQ koja he mpencraBibaTH CEKBEHILy KOjy

CEKBEHIIEP IIaJbe PyKOBaoILy (ciuka 27.).

g fr

16 REQ m_req:

request item
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Crnuxa 27. (wishbone_uvc_master _driver - aexnapanyja npoMensbuse tTuna REQ)

- Yuyrap run_phase() paze nHHAIIMjaTN3yjeMO CUTHAJC BUPTYaITHOT HHTEepdejca (CmKa

28.). Tu curnanu he 6utu Manupanu Ha curnane DUT-a ynyTap Tol MoJtyJa.

45 A/ init signals

45 m vif.WB_ADDR <= H
= m vif.WB_DAT W <= H
43 m vif.WB_DAT R <= H
45 m vif.WB_STB <= O:

50 m vif.WB CYC <= O

51 m wvif.WB_SEL <= 0;

52 m vif.WB TGC <= 0;
53 m vif.WB TGD R <= 0;
54 m vif.WB TGD W <= 0;
55 m vif.WB TGR <= O;
Sé m vif.WB WE <= 0;

Crnuka 28. (wishbone_uvc_master driver - "HUIIMjaJIN3allMja CUTHAJIA)

- Hakon wunHMIMjanu3anuje curHama, pykoBaol Tpeba naa mpey3Me o0jekar
KperpaHe CEKBEHIIE KOjU My je CeKBeHIep mociao myrem 7LM mopra. TLM mpencraBiba
OMOMIMOTEKY KOja caapKd METoje Koje, u3Mel)y ocTalsior, ciyKe 3a KOMyHHKAIUjy u3Mehy
PYKOBAoIla ¥ CEKBEHIIEPA.

- VYuyrap OeckoHayHe NeTJ/be ce I03MBa MeETOoAa get next item(m_req) ca
apryMEHTOM KOjH TpeJcTaBiba o0jexaTr cekBeHne. OBa MeTona mpey3uMa 00jeKaT CEKBEHIIE
ca paHIOMH30BAaHUM BpeIHOCTMMA. Y HACTaBKy ce MOKpehy JBe HUTH YHYTap KOjUX ce
Hanasu task handle reset() w task process item(m _req). Kopuctu ce mexanuzam fork-
join_any KOju 4eKka Ha W3BpLICHE jeAHO o HuUTH. Kan ce jeqHa HHUT HM3BpIIM Jpyra ce

ayromarcku Opuie (ciuka 29).

Sy e

o9 @ (posedge m vif.WB RS5T):

al forever begin

61 3&8q_item port.get next item(m req):
G2 fork : run phase fork block

63 = begin

od handle reset():

65 k= end

66 = begin

i process_item(m req):

it k= end

69 it join any

70 disable fork;

1 3e8q_item port.item done(m req):

Cnuka 29. (wishbone _uvc _master driver - fork-join_any mexaHnuzam)

- handle reset() he ce necutu y ciydajy na gohe no aktuBupama pecera. OH ce

aKTUBHpa Ha onanajyhoj uBuim pecet curnana (ciuka 30.).
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5 task wishbone uvc master driwver::handle reset():
#1:
& {negedge m vif.WB _RS5T):

vm_info{get_type name (), "Reset asserted.”™, UVM_HIGH)
3 endtask : handle_reset

wait reset assertion

Cnuxa 30. (wishbone_uvc _master driver - handle_reset())

- process_item() TpeAcTaBba HAjOMTHUJU [1€0 PYKOBaolla jep C€ y HEMy YIpaBiba
CUTHaJMMa U Ha Taj HaYUH ce peanusyjy TpaHncakuuje. Koa koju omucyje omnepaiuje je nucas
y cKJIany ca mpoTokonoM Wishbone B4. Onepanuje kKoje cy Bepu(pHKOBaHE y OBOM IMPOjEKTY

cy: single read, single write, pipeline_single read u pipeline single write (Cnuka 31).

102 if{item.wk_cmd = WE_3R) S/aingle read
103 [H begin

104 m vif.WB_WE <= 0;

105 @ (posedge m vif.CLE iff m wvif.WB ALK — 1):

106 item.wbk_resp = m vif.WB EBEE =—— (0 ? WB_SUCC : WB_FAIL:

10 item.wk dat r = m vif.WB_D&T R;
108 item.wbk _tgd r = m vif.WB_TGD R;

1049 - end

110 else if (item.wk _cmd = WEB_5W) S/aingle write
111 [H begin

112 m vif.WB WE <= 1;

1 m vif.WE_DAT W <= item.wb_dat w:

114 m vif.WE_TGD W <= item.wb_tgd w:

115 B (posedge m vif.CLE iff m vif.WB ALK — 1):

116 item.wbk_resp = m vif.WB EBRE =—— (0 ? WB_SUCC : WB_FAIL:

117 - end

118 else if (item.wk_cmd = WE_FR) S/pipeline single read
119 [H begin

120 m vif.WB_WE <= 0;
121 @ (posedge m wif.CLE]) ;

122 m vif.WB_5TB <= 0O
123 @ (posedge m vif.CLK iff m vif.WB &CKE =— 1):

124 item.wbk_resp = m vif.WB EBEE =—— (0 ? WB_SUCC : WB_FAIL:
125 item.wk dat r = m vif.WB_D&T R;

126 item.wbk_tgd r = m vif.WB_TGD R:

127 - end

128 else S/pipeline single write
129 [ begin

130 m vif.WB WE <= 1:

150 m vif.WE_DAT W <= item.wb_dat w:

132 n vif.WB_TGD W <= item.whk tgd_w:

133 @ (posedge m wif.CLE]) ;

134 m vif.WB 5TB <= (:

135 @{posedge m vif.CLK iff m wif.WB_ACK =— 1}:

136 item.wbk_resp = m vif.WB EBRE =—— (0 ? WB_SUCC : WB_FAIL:
137 - end

Cnuka 31. (wishbone_uvc _master driver - onepalyje YuTama 1 MIUCambA)
5.1.6 Wishbone UVC slave driver

- OBa KOMIIOHEHTa je HAECHTUYHA MNPEeTXoJHO] U3 onesbka 5.1.5. Pasnuka je y

nepuHUCaky CUTHANA KojuMa he s/ave areHT yrpaBJbaTH.
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5.1.7 Wishbone UVC monitor

- MonuTOp je macMBHa KOMIIOHEHTa KOja MMa 3aJaTak Jla caKyluba HH(popManuje o
IpoMeHaMa aKTHBHOCTM Ha curHanmuma DUT-a mpeko BupryanHor uHtepdejca. Kao y
MPETXOAHUM KOMIIOHEHTaMa HEONXOJHO j€ PErucTpOBaTH KiIacy NPEeKO Makpo Hapeaow.
Jleknapumry ce oka3uBay Ha HHTep(dejc ¥ Ha KOH(PUTYpaIoHy 0a3y mojaTaka Kao y OJeJbKy
5.1.5. HoBoct koja ce yBoau je aexnapanuja TLM Analysis Port-a nmomohy xojer MOHUTOP
npociehyje cakynspeHe mojgaTke KOMIOHEHTaMa Ha BHILEM XHjepapXujcKoM HHUBOY (Agent,
Wishbone Environment, Scoreboard).

- Vayrap build phase() daze kpeupamo mopt m oOjekar kiace wishbone uvc item

(cmuka 32.).

16 é] build phase
17 —Jfunction woid wishbkone uve monitor::build phase (uvm phase phase):

43 super.build phase (phase)

= o o

create port

5l n_aport = new("m_aport”™, this):
53 // create item

54 m_item = wishbone uvec item::type_id::create("m item”, this):
Fendfunction : build phase

Cnuka 32. (wishbone _uvc_monitor - build phase() )

- Run phase() daza je maeHTHyHa Kao y onesbky 5.1.5. (cnmmka 29.). Jemna Hut
npencrasiba task handle reset(), a npyra task collect item(). Task collect item() je TiaBHH
JIeO0 OBE KOMIIOHEHTE M Y HheMY CE€ CaKyIlbajy MOJAIM Tj. IPOMEHEHE BPEIIHOCTU CUTHAIA Ha
BUPTYaIHOM uUHTep(dejcy.

- Hakon omabupama cBux curHana (ciauka 34.), MeTomoM write() ce mpociehyjy
BPETHOCTH CUTHAJa KOMIIOHEHTaMa Ha BHIIEM XHjEpPapXHjCKOM HUBOY. Y OBOM CIy4ajy ce
BpenHocTH Tpocielyjy kommonentn Scoreboard (5.3.1 u 5.3.2). IloxkespHO je, mpe ciama
rmojaraka, Jla ce HampaBu Komuja oOjekTa kiace wishbone uvc item W Ja ce Ta KoIldja

npociehyje komrnonenrama (ciuka 33.).
138 S/ Write analysis 1::rt|
135 fcast(m _cloned item, m item.clone(}):
140 m_aport.write(m cloned_item) ;

Cnuxka 33. (wishbone_uvc_monitor - KIOHUPambe U ClAkE TI01aTaKa)
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109 é] if(m vif.WB STB =— && m vif.WB WE =— 0) Jff8ingle read
0 = begin

111 m item.wb dat r m vif.WE DAT R;

112 m item.wbk tgd r = m vif.WB TGD R;

113 m item.wb cmd = WB_SR;

114 - end

1L1LE elgse if{m vif.WB_S5TBE —— &k m vif.WB WE — 1) //single wrirte
116 [H begin

11 m item.wb_dat_w m vif.WBE DAT W;
118 m item.wb_tgd w = m vif.WE_TGD W:
m _item.wb_cmd WB_SW;

- end
else if(m vif.WE STB == && m vif.WB WE === 0) Jfpipeline read
begin

m item.wb dat r = m vif.WB DAT R:

m item.wb tgd r = m vif.WB TGD R:
- end
else /S /pipeline write
begin

m item.wb_dat_w = m vif.WE_DAT W;

m item.wb_tgd w = m vif.WE_TGD W:
130 e end

sl

e
{1l
il

o

]
{11
11

T ="]

132 m item.wb resp = m vif.WB ERR — ? WE_SUCC : WB_FATIL:

Cnuka 34. (wishbone_uvc _monitor - onepalyje YuTama 1 NUcama)

5.1.8 Wishbone UVC seqeuencers

- CekBeHIlepH KOMYHHIIHPAjJy ca pykoBaolnuMma npeko 7LM wHTpdejca W KOHTPOIHIIY
TOK MH(OpMalnHrja KOju ce pasMmemyjy u3Mmel)y pykoBaoma u cekBeHue. YHyrtap Wishbone
OKpyXXemha HWMamMO JIBa THIIA CEKBEHLepa: wishbone uvc _master sequencer W
wishbone_uvc slave sequencer. OHM TIpeicTaBJba)y IapaMeTpPU30BaHE Kilace Koje Cy
u3BeeHE U3 Kiace uvm_sequencer. O0e Kiace cy UAEHTUYHE Tako jaa he Outu omrcaHa camo
KJaca wishbone_uvc_master_sequencer. JeiHa pa3uiiuKa je y Ha3UBY Kiace.

- YV wishbone uvc_master sequencer Kiacu j€ HEONXOJIHO W3BPLIMTHU PETUCTPALH]Y
MPEeKO MaKpo Hapeadu u JeKiIapucatd pedepeHily KOHPUTypalHuoHOr oOO0jeKTa Kao y

MPETXOJHUM KOMITOHEeHTaMa (cimka 35.).

oo

Eﬂclass wishbone_ uvc_master sequencer extends uvm sequencer #(wWwishbone_ uvc item)

/ registration macro

uvm_component_utils (wishbone uvc master sequencer)
/ configuration

wishbone_ uvc_cig

R R =]

/ constructor
extern function new(string name, uvm component parent) ;
f/ build phase
extern virtual function woid build phase (uvm_phase phase):;

[ A S
e |

rendclass : wishbone uvc master Sequencer

w

f/ COnStructor

[El function wishbkone uvc master_sequencer::new(string name, uvin component parent) ;
super.new(nams, parent) ;

rendfunction : new

[T R X

f/ build phase

[Flfunction void wishbone uvc_master segquencer::build phase (uvm _phase phase);
super.build phase (phase)

rendfunction : build phase

L L) L L LY oL
oo

Wk o

“"endif // WISHBONE UVC_ MASTER SEQUENCEER SV

Cnuxka 35. (wishbone uvc_master _sequencer)
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5.1.9 Wishbone UVC interface

- Wutepdejc mpencraBiba KOHCTPYKUM)Yy y SystemVerilog jesuky Koja moBesyje
Bepu(UKaLnOHO oKkpy)emwe ca DUT-oM. Y wishbone uvc if cy nepuHUCaHN CUTHAIU KOjUMa
ynpaBiba Wishbone ctpana. On cagpxu ynaszne napamerpe CLK (pamuu takt) u WB_RST
(pecet cucrema) (cmuka 37). Ocum neduHHECama CUTHAIA, UMIDICMCHTHPAHHU CYy MEXaHU3MU

3a UCMIUTUBAKE UCIIPABHOCTH MTOHAIIAha CUTHANA - assertions (cnuka 36).

3 // a3sertions
4 property wb undefined sig wal (CLK, WB_RST, sig):
5 B (posedge CLE) disable iff{WB RST =— )

o

'sisunknown (31ig)
endproperty : wb undefined sig wval

[ ST o T % T ST T (T o8 ]
[ L ] 1

0 oo

CHE_WB_ADDE_UNDEF : assert property (wb_undefined sig wal (CLE, WB_RST, WB_ADDR))
else

(")

7B ADDR is .....;;.-.-.--_-:'"]

VL Error | AoobRLIUN Ralll™, algnal ¥

[
I

Crnuxka 36. (w.ishbone._ui/é_if : HpHMep ass-ert—a)

= Eﬂinterface wishbone uvc if (input CLE, input WB_REST) :

] include "uvm macros.svh”
) import uvm plg::*;

S JFF signals

10 logic [4:0] WE_ADDR:
11 logic [3:0] WB_SEL:
12 logic [ :0] WB_DAT R:
13 logic [ ] WBE _DAT W:
14 logic WE _WE:

15 logic WEB_S5TB:
16 logic WB_CYC:
17 logic WB_ALCE:
18 logic . ERR.;
11, logic [3:0] WEB_TGC:
20 logic [3:0] WB_TIGD R;
21 logic [3:0] WB_TGD W:
22 logic [3:0] WB_TGR:

Cmuxa 37. (wishbone _uvc_if - vHUTIMjanA3aIija CUTHAIA)
5.1.10 Wishbone UVC configuration object

- wishbone_uvc_cfg xiaca caapku Iojba KOja ce OJHOCe Ha KOoH(urypamujy areHata
yYHyTap BepHU(HKALMOHOT OKpyxkema. M3Bemena je u3 kmace uvm_object. Tloma yHyTap
KoH(puUTyparuone kiace oapelyjy kakse he areHT ocoOWHE Ja Toceayje: Aa JIM je master Win

slave, akTMBaH WJIM TaCWBaH, JIa JIK TTocenyje checks u coverage (civka 38.).

= class wishbone uvc cfg extends uvm object:

& f/ agent configuration

wh side e wb_side = WB_MASTER;

3 uvm_active_passive_enum m 13 active = UVM ACTIVE:
9 bit m has_checks;

10 bit m has coverage:

Cruxa 38. (wishbone_uvc cfg - KOHQUTYypallMOHA 110Jba areHTA)
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5.1.11 Wishbone UVC master agent

- ATEHT BpIIM EHKAICYyJalujy CEKBEHIEPa, PyKOBaola M MOHHUTOpPA YHYTap jEJHOT
CHTUTETa, MHCTAaHLUUPAHbEM M ITIOBE3MBAEM KOMIIOHEHTH myteM ILM wuntepdejca. Knaca
wishbone _uvc _master agent je n3BeicHa U3 KJlace uvm_agent. YHyTap Tesla oBe (GyHKIHje ce
ce W3BpIIaBa: pErHCTpaldja MpPeKo Makpo Hapenadu, UWHCTaHIMpa ce pedepeHna
KOH(UTYpaloHoT 00jexTa Tuna wishbone uvc cfg, ucranupajy ce 7LM mopToBH, Kpeupa
ce pedepeHIia BUPTyaIHOr MHTepdejca, MHCTAHIMPAjJy Ce KOMIIOHEHTE KOje areHT CaAp:Ku
(cnuka 39.)

- Wncranne TLM mopToBa ce Kpeupajy, a BUPTyaidHH uHTepdejc M KOH(DUTYpannoHU
o0jekar no0aBibajy KoHbpurypanujy yaytap builo phase daze. IlopToBu ce Kpeupajy
METOJIOM new(), a KoH(pUTypalyja BUPTyaIHor uHTepdejca U KOHDUTYPAIIMOHOT 00jeKTa ce

n00aBJbajy METOIOM get() n3 KoHpuUTypannoHe 6ase moaaraka (cimka 40).

i // registration mACro
vIL_component utils (wishbone uve master agent)
// configuration reference
10 wishbone uvc _cfg m cfg:
12 // analyais port
13 uvm_analysis port #(wishbone uvc item) m aport:
14 uvm_analysis export #(wWwishbone uwvc item) m aexport;

16 ff wirtual interface reference
17 [[] wirtual interface wishbone uvc if m vif:

fr

components instances

wishbone uvc _master driver m master driver;
wishbone uvc master Sequencer I MAaster Sequencer;
wishbone uvc _monitor m MAasSteér MONitor;

wishbone uvc_cov I MAaster cov;

[ I % T I % T
=

L

Cnuka 39. (wishbone uvc_master _agent - uacranue Wishbone arenra)

6 // create ports
m_aport = new("m_aport”, this):
3 n_aexport = new("m asxport”, this):

// get interface

B if('uvm_config db§(virtual wishbone uwe if) ::get(this, "","m vif", m vif}) begin
uvm_fatal (get_type_name (), "Failed to get wirtual interface from config DB!™)

- end

[FUR S =

// get configuration

if('uvm config_db #(wishbone_uvc_cifg) ::get(this, ""
uvm_fatal (get_type_name(), "Failed to get con

& - end

9 else

begin

1 print_cig():

2 end

.
{1}
LLf

“g", m_cig)) begin

object from config DB

oo
{1}
LLf

=}
T

Cnuka 40. (wishbone_uvc _master _agent - build phase())
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- Yuyrap build phase() pa3e ce Takohe kpenupajy KOMIOHEHTE KOje CaapKu areHr. Y

3aBHCHOCTH O] KOHQHTYypaIije KOjy areHT J00aBu U3 KoHpUTyparnroHe 06a3e mojaraka,

METOJIOM create() ce Kpeupajy Komnonenre (cimuka 41).

// creaté COMDONENts

if (m cfg.m is active == UVM _ACTIVE] begin
m master driver = wishbone uvc master driver::type id::create("m master driver”
n master sequencer = wishbone uvc_master sequencer::type id::create("m maste

end

n master monitor = wishbone uvc _monitor::type id::create("m master monitor’
if (m cfg.m has coverage = 1) begin

m _master cov = wishbone_uvc cov::type_id::create("m master_cov”, this):
end

Cnuka 41. (wishbone_uvc _master agent - Kpeupame KOMIIOHEHATA)

- Kanma ce xommoHeHTe Kpeupajy, HEeonmxoiHe uX je moBe3atu MelycooHno. IloBe3nBame

ce obaBmba y connect phase ¢da3zu. Y 3aBUCHOCTH OJ OcoOMHa areHTta Koju ojapehyje

KoH(purypamuonu objexat Wishbone arenta, MeTOJIOM connect() ce TOBe3yjy KOMIIOHEHTE

(cnuka 42.).

é] connect phase
—|function weoid uart uvc agent::connect phase (uvm _phase phase):
super.connect_phase (phase) ;

f/ connect ports
[ if (m cfg.m is_active = UVM ACTIVE) begin

mn driver.seq_item port.connect(m sequencer.seq_item export):
- end

n_monitor.m aport.connect (m_aport) ;

[ if (m_cfg.m has coverage =— 1) begin

n_monitor.m aport.connect (_cov.analysis export) ;
- end

//oconnect master agent export to monitor
n_monitor.m aport.connect (m_aeXport) ;

Cnuka 42. (wishbone_uvc _master agent - NoBe3UBambe KOMIIOHEHATA)

- Hakon noBe3uBama ce KOMIOHEHTaMa mpociiean nutepdejc u KoHpuUrypauuja us3

KoH(Hrypamnuone 6a3a nmojgaraka (cimka 43.).
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2 LJ] F¥ assign interface

3 E if (m cfg.m is _actiwve = UVM ACTIVE)} begin
4 m master driver.m vif = m wif;

= - end

5 m master monitor.m vif = m wif;

! assign configuration
F if (m cfg.m is_active == UVM _ACTIVE) begin
100 m master driver.m cfg = m_cfg;
101 m master sequencer.m cfg = m _cig;
102 - end
1 m master monitor.m cfg = m_cfg;
if {m_cfg.m has coverage — 1) begin
105 m master cov.m _cfg = m_cfg:;
106 - end
Crnuxa 43. (wishbone_uvc_master _agent - nmpociiehuBame KoHpHUTYparje u
untepdejca)

L
s L

F

of
{11
=

5.1.12 Wishbone UVC slave agent

- wishbone_uvc_slave agent kiaca je UACHTUYHA Kao W mpeTxonHa. Paznuka je y
HA3WBY KJIace M Ha3UBY KOMIIOHEHATa. Slave areHT MHCTaHIMpa KOMIIOHEHTE KOje Y Ha3UBY

Hoce npeduxkc slave ymecTo master.

5.1.13 Wishbone UVC environment

- Kiaca wishbone uvc env mpencraBiba OKpyxkewe Wishbone ctpane xoje, y
3aBUCHOCTH o1 Wishbone xoHdurypamnuje, caapxku master una slave areHra. YHyTap OBe
KJlace je W3BpIICHAa pEerucTpaiuja NpeKo MaKpo HapenOH, KpeupaHa je HWHCTaHIa
KOH(UTYyparroHor 00jeKTa 1 MHCTaHIIUPpaHH ¢y master u slave areHTH.

-V build phase() da3m ce nobaBiba KoHPHUTYpalrja MeToaoM get() (ciuka 44.). Y
3aBHCHOCTH O]1 KOH(DUTYpaAITMOHOT 10Jba Wh_side OKpYKEHE Kperpa arecHTa MeToIoM create()

U MeToJIoM set() pociel)yje KoHburypauujy, TOM UCTOM areHty (ciuka 44.).

IJ] // create agents and set confiquration

-] 1f(m cfg.wk side — WB MASTER) begin

41 m master agent = wishbone uvc master agent::type id::create("m
42 uvm_config db#(wishbone_uvc cfg)::set(this, "m master agent”,
43 - end

44 else

45 [H begin

46 m slave_agent = wishbone uvc slave agent::type id::create("m slave agent", this);
4 uvm_config db#(wishbone uvc cfg)::set(this, "m slave ag L » m _cfg);

48 - end

Cnuka 44. (wishbone uvc_master _agent - Kpeupame areHTa u
npociehuBame KOHPUT. )

r agent™, this);
", m_cfg);

ent ™
=nt”,

- Kondurypanuja koja je mocraBibeHa MeTo0oM sef() (ciuka 44. nunuja 42) je ucta
KoH(UTypalyja Koja je mpey3eTa MeTo[oM get() yHyTap master arenta (cnuka 40. muauja 56).
Ha oBaj Haumn ce mpociielyjy koHpurypanuje o1 Bpxa 0 MOCIEIHke KOMIIOHEHTES Ha JIHY

XHjepapxuje.
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5.1.14 Wishbone UVC common

- wishbone uvc_common.sy TpeAcTaBjba JaTOTEKy Yy KO0joj Cy JeKlapucaHe

MIPOMEHJbMBE EHYMEPHUCAHOT THUIa Koje ce kopucte y Wishbone UVC natorekama (ciuka 45).

4 typedef enum int {WB_EMW, WE BW, WB BR, WE_FW, WE PR, WE_S5W, WB_SR} wb_cmd type_e;
5 typedef enum int {WB_SUCC, WB FAIL} whk resp e;
& typedef enum int {WB_MASTER, WB_SLAVE} wb_side_e;

Crnuka 45. (wishbone uvc_common - IIpoMeHIbUBE EHYMEPHUCAHOT TUTIA)

5.1.15 Wishbone UVC package

- Ilaketn mpyxajy MexaHuW3zaM 3a CKIAJUINTEH¢ W ACJbee Kiaca U JAehUHHUIM]jA

NPOMEHJBMBUAX y BuUIIe Moxayna. Kama ce yBese maker, no0uja ce MPHCTYNl CBEMY

,Z[e(bI/IHI/IcaHOM " ACKJIApUCAaHOM Y TOM IIAKETY.

- wishbone_uvc_pkg naxet caap:xu cBe natoreke BesaHe 3a Wishbone UVC (cnuka 46.)

PO GO 1

T

-

Cnuka 46. (wishbone uvc _;;kg —_Wishbone UVC naroreke)

- Hpe HEI'o0 LHITO CC€ YBC3Y HATOTCKE , ITOKCIJBbHO J1a C€ CBAKa KJlaCa YHAIIpEA ACKJIApHUIIC

nomohy pesepBucane peuu fypedef (cnuka 47.). Typedef omoryhaBa nekiaparujy Kiace mpe

BEHOT JeUHNCAba, TAaKO Ja BepUPHUKATOP HE MOpa Aa OpuHE O peAociiely yBO3a JaTOoTeKa

YHYTAap Make€Ta U CBCHTYAJIHUX I'pCHIAKa ITPUITUKOM KOMHajHI/IpaI-ba.
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10 typedef class wishbone uvc slave driver;

11 typedef class wishbone uvc slave agent;

12 typedef class wishbone uvc monitor;

1L% typedef class wishbone uvc master driver;
14 typedef class wishbone uvc master agent;

185 typedef class wishbone uvc item;

16 typedef class wishbone uvc cov;

1 typedef class wishbone uvc cfg;

18 typedef class wishbone uvc slave Sequencer;
15 typedef class wishbone resp slave sed;

20 typedef class wishbone uvc master sSequencer;
21 typedef class wishbone cmd master sed;

22 typedef class wishbone uvc env;

Z3 typedef class whkiuart cfg seq;

Crnuka 47. (wishbone _uvc_pkg - nexnapanyja kiaca)

5.2 UART UVC's

5.2.1 UART UVC item

- Knaca wart uvc item je w3BeneHa u3 xiace uvc item. YHyTap Kiace JAe(UHHUILEMO
poMeHJbUBE (cirKa 48.):
- uart_data - mogaTak xKoju he ce ciaTu myTem cepujcke Be3e
- uart_parity_chk - eHyMepHuCaH THII KOjU HOCH WH(POPMALIN]y J1a U je OuT
MapHOCTHU MCIIPaBaH
- uart_tr_resp - eHyMepHCaH THI KOjU HOCH MH(OpMaLMjy Ja JIH je TpaHCaKIIHja
YCIICITHO M3BPIICHA

- uart_parity bit - BpegHOCT OUTa MAPHOCTH

f item fields
rand bit wart_data[Z] = { ’ ’ ’ » ’ ’ ’ | -
rand uvart parity chk e uwart parity chk = PARTTY OK;

2 uwart tr resp e uart_tr resp = TR_SUCC:
10 bit wart parity bit = O;

Cnuxa 48. (uart_uvc_item - nepuHucame TPOMEHIBUBUX )
- Jedunucana cy oCHOBHa OrpaHWYeH-a 32 MPOMEHJbUBE uart data w uart parity chk
HaJ KojuMa he ce BpmmTy pangomu3anuja (ciuka 49.).
21 /f constraints

22 constraint nart_default c { foreach(uart data[i]} soft uwart data[i] inside {[C:1]}:
23 soft uwart parity chk == PRRITY CK: }

Cnuxa 49. (uart_uvc_item - nepuHrCcambe OTpaHUYCHA)
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5.2.2 UART UVC sequence library

- uart_uvc_sequence Kiaca je W3BeleHa U3 uvm_sequence kinace. Kiaca je mpema
caapXkajy HMICHTHYHA Kao M Kiaca u3 ogae/bka 4.1.2. JlepuHucane cy NpPOMEHJbUBE,
JCKJIapucaH je CeKBEHIep, JeHuHHMCcaHa Cy OrpaHHYeha W HANpPaBJBEH je Oo0jekar Kiace

uart uvc_item (cnuka 50.)

f fields
rand bit uart_data[2] = { . . . . , " . b
rand uvart_parity chk e uwart_parity chk = PARITY OK;
10 f{ registration macro
11 ‘uvm _object_utils begin(uart_uvc seq)
iel v_int(uart_data, UVM ALL CN)
m{uart_parity chk e, uart parity chk, UVM ALL ON)

5 end

12 ‘uvm 1 sar

20 uart_uvc item reg;

22 // constraints
23 constraint uart data c { foreach{uart data[i]} soft uwart data[i] inside {[0:1]1}:}
24 constraint uart_parity chk c { soft uart_parity chk = PARITY CK: }

Cnuxka 50. (uart_uvc_sequence - TeJO Kiace)

- Pamnmomuszanuja yayrap body() task-a je ypaheHa mpeko Makpo Hapeadu Koje cy
noBe3aHe ca cexkBeHIoM. [IpBo ce mo3mBa Makpo ‘uvm_create() Koja mpuma Kao mapamerap
obOjekar kiace uart uvc_item. OBaj Makpo camo Kpeupa item. HakoH Tora ce mosmBa Makpo
‘uvm_rand_send _with() xoju pangoMu3yje CEKBEHILy KOja je MPETXOAHO KpeupaHa y3 momoh
Makpoa uvm_create(). Kopumheme Makpoa NpUIMKOM paHAOMH3AIMjEe 3ay3MMa Mambe

MeMOpHje U 300T Tora je IOToHHja 3a KopuiIheme.

3 '/ body task

40 task uwart_uvc seq::body();

42 ‘uvm_create(reg);

1S ‘uvm_rand send with(req, { foreach(uart data[i]) wart_data[i] == loecal::uart datal[i]:

44 uart_parity chk == PARITY CK:})

46 endtask : body

Cnuxa 51. (uart_uve_seq - task body() )

5.2.3 UART UVC base sequence

- base uart seq lib kiaca je CeKBEHIIa HalpaB/beHAa Ja OW Cce II0Ka3ao MpUMeEp
Kopulhema yrmbex/IeHe CeKBEHIE. YHYTap OBe KJlace je MHCTaHLUpaH camMo o0jeKar Kiace
uart_seq lib xoju he 6utu kopumhen ynyrap body() task-a. Takohe ce mo3uBajy task-oBu

pre-body() u post-body() Koju Cy UCTH Kao y OACJbKY 5.1.4.
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Y body() task-y ce yHyTtap merJbe mo3uBa Makpo uvm_do with(). OBaj Makpo
M3BpIIaBa CEKBEHILy y CKJIaJy ca OrpaHHuYCHHMa Koja ce HaBoJe Kao apryMeHT Makpoa. [los
U3BPIIABAEM CEKBEHIIE C€ II0Jpa3yMeBa: KpPEUpame, pPaHAOMU30BakE€ M IOKPETame

cekBeHIle (cnuka 52.). Ha oBaj HaYWH je MPHUKAa3aHO JETHOCTABHO MO3UBAKE CECKBCHIIC BHIIE

nyTa.

4 body
37 é—]task base uwart seq lib::body():

49 for{int i=0; i <= num of tr; itH+)

50 = begin

51 % ‘uvm_do with{m seq,{ disable soft uart data;

52 foreach(uart_data[i]) uwart_data[i] imside {[C:1]}:
53 - uart parity chk =— PARRITY OK:; } )

54 # ;

55 e end

56 Fendtask : body

Cnuxka 52. (base_uart seq lib - npumep makpoa uvm_do_with())
5.2.4 UART UVC driver

- Knaca uart uve driver n3Benena je u3 kiace uvm_driver. Y w0j ce Hana3u pedepeHiia
Ha BUpTyasHU uHTepdejc, pedepenna KoHGUTrypamoHor objekTa U nmpomensbruBa tuna REQ.
Y build phase() da3u ce meronom get() nobdasiba kKoHpuUTrypamuja kao y npumepy 5.1.11. YV
run_phase() $ha3u je UHUIMjAIU30BaH CUTHAJ 32 KOMyHHUKalHU]y (ciuKa 53.) U MOKPEHYTHU CY

tpenoBu(handle reset() u process_item()) nomohy mexanusma fork-join xao y npumepy 5.1.5.

51 ff init signals
o2 m vif.uart tx rx <= 1;

Cnuka 53. (uart_uvc driver - ”HULIMjanu3allja CUTHANA)

- VYuyrap process item() task-a je ONHMCAaHO YIPaBJbalb€ CHUTHAJIOM Yy 3aBUCHOCTH O]

koHpurypanuje UART arenta (cnuke 54, 55, 56).

T @(m vif.drive event iff m vif.reset n = 1) //start bit is driven
foreach (item.uart data[i]) /{ data bits
begin

91 m vif.uart_tx_rx <= item.uart_data[i]:

52 @ trf wvif. drlve event iff m vif.reset n == 1}; /f each data bit is driven

Cnuka 54. (uart_uvc_driver - ynpaBibame 6I/ITOBI/IMa HO)JaTaKa)
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if{m cfg.m has_parity == PARITY EVEN)
begin
item.uart parity_bit
m vif.uart_tx rx <= item.uart_parity chk
@(m_vif.drive_event iff m vif.reset n
F end
else if(m cfg.m has parity = PARITY ODD)
begin
item.uart parity_bit item.uart_data.xor()
m vif.uart_tx rx <= item.uart parity chk =
@(m_vif.drive_event 1ff m vif.reset_n
F  end

1):

1):

PARITY OK ? item.

f even parity

item.uwart_data.xor() =— 1L ? 1'bl : L'bO;
PARITY OK ? item.uart_parity bit

litem.uart_parity bit;
is driven

even bit

parity

{ odd par

? bl ;7
uart_parity bit litem.uart_parity bit;
f odd parity bit is driven

Cnuxka 55. (uart_uvc_driver - ynpaBibame OUTOM MapHOCTH)

case(m_cfg.m stop bits)

CNE:

begin

m vif.uwart tx rx <= 1;

@({m vif.drive ewvent iff m vif.reset n
= end

ONE_RND HALF:
begin
m vif.uwart tx Irx <=
B{m vif.drive event
m vif.uwart TxX_IX <=

iff m vif.reset n

1;

- end
TWC:
begin
m vif.uwart tx rx <=
B{m vif.drive_event
m vif.uart tx rx <=
B{m vif.drive event
- end

iff m vif.reset_n

~f

iff m vif.reset n

Cnuka 56.

5.2.5 UART UVC monitor

- Knaca uart_uve _monitor

@({m vif.sample event iff m wvif.reset n

one stop bit

= 1): first stop bit is driven

1y;

half stop bit is driven

and half

and two stop bits

first stop bit is driven

second stop bit is driven

(uart_uvc_driver - ynipaBibame CTOI OUTOM)

je u3BeleHa M3 Kiace uvm_monitor. MneHTu4Ha je kKao u

KJjaca wishbone_uvc _monitor n3 onesbka 5.1.7. Paznuka je y Ha3uBMMa THUIOBA IPOMEHJbUBUX

Uy caapxkajy process_item() task-a v JOTUITH 110

KOJOM ce 0/1a0upajy curHaiu (cimka 57.).

/f wait until reset is de-asserted
wait (m vif.reset n = 1};
‘uvm_info{get_ type name (), .."y UVM HIGH)
[ forever begin
// wait signal change
walt(m vif.uart tx rx == 0 &k m vif.reset_ n == 1);
m vif.rst_brg; //reset baud rate generator
@(m vif.sample event iff m vif.reset_n =— 1); //start bit has sampled
/[ collect item
foreach (m item.uart_data[i]) f/data bits
= begin
@(m _vif.sample event iff m vif.reset n = 1); //feach data bit has sampled
m item.uart_data[i] = m_vif.wart_tx rx;
- end
if(m_cfg.m has parity != PRRITY OFF) [/parity bit
= begin
@(m _vif.sample event iff m vif.reset n == 1); //parity bit has sampled
m item.uart parity bit = m vif.uart tx rx;
F end
@(m vif.sample event iff m vif.reset n = 1); //ffirst stop bit sampled
if(m cfg.m stop bits = TWO)
= begin
GB{m vif.sample event iff m vif.reset n = 1); //second stop bit sampled
m item.uart_tr_resp = m vif.uart_tx rx = 1 ? TR SUCC : TR FAIL: //check the success of the transaction
- end
117 m item.uart_tr resp = m vif.uwart tx rx = 1 ? TR SUCC : TR FAIL; //check the success of the transaction

Cnuxka 57. (uart_uve_monitor - process_item() )
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5.2.6 UART UVC sequencer

- uart_uvc_sequencer Xjaca je WUICHTHYHA Kao KJiacu wishbone uvc sequencer w3

onespka 5.1.8. (cnuka 35.). Pa3nuka je y Ha3uBy TUIIOBA MPOMEHIBUBUX (CiHKa 58.)

Eﬂclass uart uvc sequencer extends uvm sequencer #(uart uvc item);

! registration macro
‘uvm component utils {(uart uvc Seguencer)

' configuration reference
wart_uvc cfg m cfg;

' constructor
extern function new(string name, uvm component parent);
/ build phase
extern virtmal function wvoid build phase (uvm phase phase);

Fendelass @ uart uvc sequencer

constructor

[ function WAart uvc seguencer::new(string name, uvm component parent});
sSuper.new (name, parent) ;

Fendfunction : new

build phase

H founction wvoid uvart _uvc seqguencer: :build phase (uvm phase phase):;
super.build phase (phase);

rendfunction : build phase

Cnuka 58. (uart_uvc_sequencer)

5.2.7 UART UVC interface

- UART wntepdejc ce 3HaTHO pasnukyje on Wishbone unrepdejca. Ocum aepuHrCcaHOT

CUTHaJIa uart tx_rx, oBaj uHTep(ejC CaapKU HEKEe JH0JaTHE KOMIIOHEHTE Kao MITO CY:

baudrate reneparop, reset-baudrate renepatop u renepaTop paaHor Takra (clock generator).

- Kapakrepuctuka komynukanuje UART nepudepuja je y Tome mro je Op3uHa ciama

OoutoBa M3paxkeHa y Ooauma MociaTux y ToKy jeaHe cekynae (bps). BpemeHcko Tpajame

jemHor 6ona HUje yBek ncto. OHO WIIAK 3aBHCH O]l PagHOT TakTa mepudepujckor ypehaja u

300T TOTA je HEONXOAHO Kpeupatu baudrate reneparop (cimka 59.).

3G //baud rate generator

40 task baud_rat,e_generat,or:

41 forever

42 —] begin

s tmp cont = clk_cnt;

i while (tmp cnt > ]

45 = begin

46 @ (posedge clk iff reset n =—— 1) tmp cnt -= H
v if (tmp cnt = sample_ time)
48 —-»sample event;

ST - end

50 —>drive_event, H

51 - end

Cnuxa 59. (uart_uvc_if - baud rate reneparop)
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- Iomrro je UART acMHXpOHO 1Iajbe OUT Mo OWT, Tj. HEMa PaJHU TAKT HA OCHOBY KOT he ce
JIECUTH TIPOMEHA Ha CHTHAJly, YBOJM CE event Ka0 MEXaHHW3aM Ha OCHOBY KOjer ce YIpaBJba
MIPOHEHOM HAIIOHCKOT HUBOA HA CUTHAITY uart tx_rx W Ha OCHOBY KOjer ce€ OMTOBH 0J1a0upajy
y monutopy UART arenra.

- Umamo nBa event-a:

1, drive_event - okuIa4 Ha OCHOBY KOjer CUTHAJN uart tx rx Mema HAIOHCKU HHUBO Ca
noruuke ‘0’ Ha ‘1’ u 0OpHyTO.

2. sample_event - okunma4 Ha OCHOBY Kojer UART MOHUTOp OYMTaBa CTamke Ca CUTHAJIA
uart rx_Ix.

- drive_event ce akTHBHpa Ha TIOYETKY OHTa, OK ce sample event akTUBUpA HA CPEIUHH
ourta (cnuka 60.). sample event ce akTHBHpa HA CpEIUHU OWTA TIE je CHTHAN cTabuiaH. Y
pPCaTHOCTH JUTHTAIHUA CUTHAI HHjEe HJCajaH KOJ NPOMEHE HHUBOA, y IOYETKY CE jaBjba

OCLIUJIOBaE CUTHAJIA IOK HE TIocTaHe cTaduiaH (eHrd. ringing signal ).

drive_event drive_event drive_event drive_event

l - - -
1 start bit bit O bit 1 bit 2 1

I

sample_ewvent sample_event sample_event sample_ewvent

Cnuxka 60. (sample_event u drive_event)

- bp3une pannux taktoBa Ha Wishbone ctpanun u UART nepudepuju Hucy uctu. 360r
Tora sample event Hehe HHMKaJl Ta4yHO Ha TOJOBMHHM OWTa Ja BpIK ofadupame (€HTJ.
sampling). Ha ipBom Outy ce omabupame Bpiu OMU3y CpeauHe OWUTa U CBAKUM HapEIHUM
6utom ce nmosehaBa pactojame u3mel)y cpenune Outa u mecra ogabupama 6uta. 360r TOra je

HEOIXO/THO IOCJIe CBAKOT oJlabupama OuTa peceroBatu baud rate renepatop (cnuka 61.).

2 reset baud rate generator
function rst_brg:
34 clk cnt = { ,»"'.:Lart_cfg.rr._ba'.ld_rate}f‘aart_cfg.rr._clk_periu:ud:

35 tmp cnt = clk cnt;
: sample time = clk cnt/Z;
endfunction

Cnuxka 61. (uart_uvc_if - pecet baud rate reneparopa)
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- ['eHepatop paiHOT TakTa ce cacToju OJ jeAHe OecKOHayHE MeT/he Yy KO0jOj C€ CUTHAJ

TaKTa MHBEPTYje Ha MOJOBUHU 3aJaTe nepuoje (ciauka 62.).

S fclock generator
task clock generator;
clk <= H
forever begin
#:uart_cfg.m_clk_perindf )} clk <= ~clk;
end
endtask

PO CO

Cnuxka 62. (uart_uvc_if - reHepaTop paJHOT TaKTa)

- Y oBoM uHTepdejCcy ce Kperpa MHULA)IHU OJIOK Y KOM ce Mokpehy renepatopu Koju cy

MPETXOIHO ONHUCaHu (ciuka 63.).

64).

- Ha

] @ o M
BT

1 &

54 [H initial begin: clock_ start
wait(uart cfg != null):;
rst_brg:
5 = fork
58 clock generator;
baud rate generator;
- Jjoin
61 F end
Cnuka 63. (uart_uvc if - "HULjaJIHU OJI0K)

r
ano Ln

r
=]

oo LN

Kpajy je moTpeOHO UCIUTATU WCIPABHOCT CUTHANIA KPEUpPAmEM assertion-a (CIuka

f/assertions
property uwart undefined sig_wval (CLE, reset_n, sig):;
@ (posedge clk) disable iff(reset_n === )
18isunknown {sig)
endproperty : uwart undefined sig wval

CHK URRT TX RX UNDEF : assert property (uart undefined sig val(clk, reset _n, uart tx rx))
else
FRETTON FAILLD™. ™ £

"uvm_error ("ASSERTION FAILD", "Signal uwart_tx rx is undefined!"™)

Crnuka 64. (uart_uvc_if - npumMep assertion-a )

5.2.8 UART UVC configuration

uart uve_cfg je Kiaca wu3BelIeHa W3 uvm_object kmace. Y O] ce Halase

KOH(}HrypamnroHa mosba koja onpelyjy kapaxrepucruke UART areHta, mapHocT Outa, Opoj

cTom 6uTta, Op3uHy npeHoca u nepuody paaxor takra UART nepudepuje (cnuka 65.).

6 configuration fields
T uvm _active passive enum m i3 active = OVM ACTIVE;
i Uart_type parity e m_has parity = PARTITY EVEHN;
S uvart_stop bits e m_stop bits = QONE;
’ bit m_has checks = 1:
11 bit m_has coverage = 1;
2 int m _baud rate = H
int m clk period = -

Cnuka 65. (uart_uvce cfg - konpurypanuona nosa UART arenta)
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5.2.9 UART UVC agent

- uart_uvc_agent Xjaca je 1o cacTaBy WJACHTUYHA KJjacu wishbone uvc _master _agent u3
onesbka 5.1.11. Pasnuka je y HasuMBMMa KOJA JIeKJIapHcama IPOMEHJBUBUX M THIIOBHMA
npomensbuBuX. Canpxu pedepenne KoHPUTypannoHOT 00jeKTa W BUPTYaJHOT MHTEpdejca,
TLM niopToBe U KOMIIOHEHTE (driver, monitor u sequencer).

- Yuyrap build phase() dpaze obaBsba ce cienehe:

1. Meronom new() xpeupa TLM nopToBe

2. Ipexo kiace uvm_config db meronom get() nodaBiba KOH(MUTYpAIH]y U

uHTepdeEjC

3. Ilpexo knace uvm_config_db metonom set() npocnel)yje koHbuUrypamujy
MOHUTOPY U PYKOBAOILY

4. Kpenpa KOMIIOHEHTE METOJIOM create()

- Y connect_phase() pa3u, y 3aBUCHOCTHU 0J] KOH(puUrypamuje ob6asba cieznehe:
1. IToBe3yje npukIbydKe pyKOBaola U CEKBEHIIepa
2. IloBesyje MpUKIbYIKE MOHUTOPA U areHTa
3. lonempyje uatepdejce MOHUTOPY U PYKOBAOITY

4. lomubeyje KoH(HUTypaIujy pyKoBaolly, CEKBEHIIEPY H MOHUTOPY

5.2.10 UART UVC common

- uart_uvc_common.sv JaToreka je 3ajeqHuuka 3a cBe UART koMmnoHeHTe. Y BOj Cy

neUHUCAaHU EHyMEepUCaHU TUIOBHU Koje Kopucte UART komiioHeHTe (ciuka 66.).

4 [Htypedef enum bit {
£ UART_UVC LOW_E
UART_UVC HIGH E
-} uwart_uvc_signal_ walue_e;

v

Htypedef enum int {
PARRITY OFF,

PRARITY EVEN,
PRARITY ODD

-} uart_type parity e

Fltypedef enum int {
ONE ,

CNE_AND HALF,

TWC

~} uwart_stop _bits_e;

Htypedef enum int {
PRRITY FAIL,
PRARITY OK

-} uwart_parity chk e;

Fltypedef enum int {
TR_sUCC,
TR_FATIL

-} uart_tr_ resp e;

Cnuxka 66. (uart_uve_common - IpOMEHJbUBE EHYMEPUCAHOT THIIA)
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5.2.11 UART UVC environment

- wuart uvc _env Kaiuca je wu3BeAeHa u3 wuvm_env kiace. Cagpxu pedepeHiy
KoHGUrypamnuoHor objekta u uHcranyy UART arenta. YHytap build phase() daze nobasiba
KOH(UTYpaIyjy METOJOM gef(), METOJIOM sSet() MOCTaB/ba KOH(MUTYpAIH]y 3a areHTa | Kpeupa

are’HTa MeToJIoM create() (cauka 67.).

f/ build phase
—|function void uwart uvc env::build phase(uvm phase phase);
super.build phase (phase);

T=]

31 // get configuration

32 = if(luvm config db #(uart_uvc cfg)::get(this
33 ‘uvm_fatal (get type mame(), "Failed to ge
34 F  end

7", m_cfg)) begin

n object from config DB!™)

a

ff set agents configurations
uvm config db#(uart_uvc cfg)::sec({this, "m uwarc agent"”, "m cig", m_cfg):’

39 /{ create agents
40 I uart_agent = uart uvc agent::type id::create("m uart agent”, this);

Crnuka 67. (uart_uve_env - body phase())

5.2.12 UART UVC package

- uart_uvc_package naker caapxu ce naroteke Besane 3a UART UVC (cnuka 68.).

“include
include
include
include
include
include
include
include
include
include
include

Y]

1 o

[T's]

Crnka 68. (uart uvc _package - UART UVC datoteke)

- Kao y ommeky 5.1.15. u3BmIeHa je aekiapaiyja Kjiaca IMpe HHUXOBE AeuHHIIN]jE

KopuihemeM pe3epBucane peuu typedef (ciuka 69.).

typedef class uwart_uvc_item;
typedef class uart_uvc cfg:

10 typedef class uwart _uvc monitor:;
11 typedef class uart uvc driver;

BT

12 typedef class uwart_uvc_seguencer;
13 typedef class uwart_uvc cowv;
typedef class uart uvc agent;
typedef class uart_uvc env;

oo s

typedef class uwart_uvc seq;
1 typedef class base_uart_seg lib;

Cnuka 69. (uart uvc package - nexnapanuja Kiaca)
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5.3 TOIN OKPYXXEHE

5.3.1 Rx Scoreboard

- HajOuTHHMja xoMIioOHeHTa y BepuUKaluju mpenacraBiba Scoreboard. Yuyrap oBe

KOMITOHCHTE CE€ BPIIK KOMIIapalHja OYeKWBAHE W CTBapHE BpenHOCTH. OYEKUBaHY BPETHOCT

Kkpeupa pedepenTHH Mojei (5.4.3), a ctBapHy BpenHocT kpeupa DUT (cnuka 70.).

scoreboard

Cnuxa 70. (Ilpumep Scoreboard-a 'y TeCTHOM OKpYyKemY)

- Knnaca wb2uart rx_scoreboard je usBenena us xkiace uvm_scoreboard. OBa xiaca

caip>ku pedepeHIie Mojiena perucTpa u peepeHTHOT MoJiela, IPOMEHJBHUBY KOja MpecTaBiba

HU3 y Koju he ce cMermTaTy moany 3a KoMnapanujy 1 IMIDICMEHTAIHOHE ITOPTOBE 32

Wishbone u UART ctpany (cnuka 71.).
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El class Uqual:t_l:x_s coreboard extends uvm_scor eboard;

f/registration macro
‘uvm_component utils (wb2uart_rx scoreboard)

//references
wbluart register model m reg model;
wbZuart reference model m ref model;

//uart queue instance
uart_uvc_item uart_g[$]:

//instance implementation ports
uvm analysis imp wb master r #(wishbone uvc item, wb2Zuart rx scoreboard) m port wb master r;
uvm analysis_imp uart_tx #(uart_uvc_item, wb2uart rx scoreboard) m port uart_tx;

Cnuxka 71. (wb2uart rx_scoreboard - uHuLMjan3anyja MoieNna U MOPTOBA)

- YV build phase() da3u ce Kpeupajy UMIUIEMEHTAIIMOHUA MOPTOBU METOAOM new(), U

n00aBIbajy ce KOHPUTYpanuje u3 peepeHTHOT H PETUCTAPCKOT MOJIEa METOIOM get() (cuka

72.).
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28 //build phase
29 function veid build phase (uvm_phase phase);
30 super.build phase(phase)

31 m port_wb master r = new("m
32 m port_uart_tx = new("m [

2 er r", this);
tx", this);

34 /fget configuration

35 1f(luvm config db #(wb2uart_register_model)::get (null
‘uvm_fatal{get_type name(), "Failed to get resgister

end

"reg_modsl", m reg model)) begin

1f(|uvm config_db #(wb2Zuart_reference_model)::get(null,
40 ‘uvm_fatal (get_type_name(), "Failed to get reference 1
41 end

A", "ref model", m ref model)) begin

Cnuka 72. (wb2uart _rx_scoreboard - build phase())

- Scoreboard je noBe3aH ca arentuma nyrem 7LM noptoBa. Y scoreboard-y je xpeupan
UMIUIEMEHTAMOHN TIOPT TUMNA uvm_analysis imp KOju je TOBe3aH ca IOPTOM THUIa
uvm_analysis_export kpeupaHoM yHyTap areHta. [lopT uvm_analisys export je moBe3aH ca
MOHHUTOPOM ca JIpyre cTpaHe U Ha OBaj HAYMH MOBE3Yje€ MOHUTOD U scoreboard.

- Scoreboard y ckiony Kiace caJip>Ku BUpTyaiHy GyHKUM]y write(), y K0joj je onpalhena
JIOTHKA KOMITapalyje OYeKHMBaHE W CTBapHE BPETHOCTH TMOAATaka . Y TPEHYTKY IO3UBaba
write() MeTo/Ie YHyTap MOHHUTOpA, scoreboard he MPUMUTH MAaKET TPAHCAKIU]e YHYTAp CBOje
BUpTyaiHe QpyHKLU]jE write().

- 3a morpebe KoMmmapanyje ce KOPHCTH pel (eHIVI. queue) y KOju ce CMellTa
TpaHCaKIMja Koja MpBa MPUCTUTHE Yy scoreboard. Y cnunm 74. je ommcana write() GyHIKH]ja

Wishbone ctpane, a Ha ciutm 73. write() ¢ynkuuja UART ctpane.

ffuart write function
4 virtoal function void write_ uart tx(uart_uvc item item);
5 wart_uvc _item m item;

void' (Scast(m item, item.clone()});

i} if (uart_g.size() <= b=
0 uart_g.push front(m item);

endfunction : write uart_tx

CJ‘II/IKa 73. (wb2uart_rx_scoreboard - write() UART ¢dbyukuuja)

/fwishbone write function
virtual function void write_wb_master_r(wishbone_uvc item item);
wishbone uvc_item m_item;
uart_uvc _item tmp item;
uart_uvc item m tmp_item;
uart_uvc_item queue_item;

s void' (Scast(m_item, item.clone()));

if(m item.wb_cmd = WE_SR) begin
void' (m reg model.update reg(m item.wb_addr, m item.wb_sel, m item.wb_dat_w)):
if((m reg_model.m divisor_ latch access =— ) && (m item.wb addr = ) && (m item.wb sel = }) begin
top item = m ref model.wb2Zuart_convert_rx(m item);
void' (Scast(m tmp item, tmp_item.clone()}):
= if(uart_g.size() > && uart g.size() <= } begin
queue item = uart g.pop back():

62 CHE_RX MATCH DATA : assert(m tmp item.compare (gueue_item))
63 else
“uvm_error (get_type_name(),"Items do not macch”)
E end
else
‘uvm_error{get_type name(),"No predicted item for comparation")
o end
o end

71 r endfunction : write_wb master_r

Cnuka 74. (wb2uart rx_scoreboard - write() Wishbone pyHnkuuja)
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- Kommapanuja ce uzBpiiaBa METOJIOM compare() y CKIOMy d4ekepa. Y ciydajy Aa je
JOIILIO JI0 TPEUIKe MPUIMKOM KOMIapainuje, uekep he mactu Ha ocHOBY 4era he Bepudukarop
3HATH Ja My TecT Huje nobap. [locToje Tpu BpcTe rpemaka NpuiimKoM KoMIaparyje:

1. CrBapHu U31a3HU NOJALM HUCY UCTU Ka0 OYEKUBAHU.

2. Jlecuna ce mpoMeHa Ha u3Ja3y Koja HHje Onila O4eKHBaHa.

3. OuekunBaHa MpoMEHa Ha U3J1a3y ce HUje Jlecuiia, a Tpedana je.

- YV okBupy scoreboard-a nmotpebHO je yHyTap check phase() da3e onpaautu mpoBepy
NOMYHEHOCTH penia (ciuka 75). Y oBoM ciydajy uMamo jenal pen, 3a UART ctpany, jep Kox
Rx tpancakuuje Wishbone yexa na my UART nepudepuja nouabe NoJaTke 1 Ha OCHOBY TOra
3Hamo jga he tpancaknuja ca UART crpaHe mpBa ctuhu y scoreboard. Rx TpaHcakija je

omucaHa y ojesbKy 5.3.12.

4 ffcheck phase
5 function wvoid check phase {(uvm phase phase);
super.check phase (phase);

if{uart_g.size() > 0)
‘uvm_error{get_type name(), "Not all data were collected")
S0 endfunction

Cnuka 75. (wb2uart _rx_scoreboard - check phase())

(TR =+]

5.3.2 Tx Scoreboard

- wb2uart tx_scoreboard je WIeHTHYAaH Kao M TpPeTKOAHA Kiaca wbluart tx scoreboard.
Pasnukyjy ce mo Tome rie je CMEImTEeH 4YeKep Tj. TIe Ce M3BpIIaBa KoMmmapanujy. Y Kiacu
wb2uart_rx_scoreboard xommapanuja ce u3BpIIaBa y write() GyHKuuju Wishbone crpane
(cmuka 74.), a y 0oBOj KJlacH ce Kommapauuja usBpmiaBa y write() yukuuju UART ctpaHe

(cuka 76.).

65 é] f/uart write function
2 -] wirtwal function void write uart rx(uart uvc item item) ;
uart_uvc item m item;
uart_uvc item gueus_item;

void' (fcast(m item, item.clone(}}):
7] = if(wishbone g.size() > &L wishbone g.size() <=1¢) begin
2 queue_item = wishbone g.pop_bkack():
T3 CHE TX DATA MATCH : assert(m_item.compare (quseues_item))
3 else
5 ‘uvm_error{get_ type name(),"Items do not match")
5 = end
else

‘uvm_error {get_type name(), "No predicted item for

endfunction : write_uart rx

Cnuka 76. (wb2uart tx_scoreboard - write() UART ynkuuja)
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5.3.3 Register model

- Perucrapcku Monen mpejctaBjba €HTHTET YHYTap BEPH(DHUKAIMOHOT OKPYXKEHha KOjJH
o0yxBaTa perucTpe M BHUXOBa IOjenHaYHa moJsba. [locToje kiace Be3aHe 3a perucrtpe RAL
(Register Abstract Layer), Mmel)yTuM y OBOM IIPOjeKTy OHE HUCY KOpHUIIheHe.

- wb2uart register_model xnaca je u3BelcHA W3 Kiace uvm_object. Y OBOj KJIacu Cy
nepuHUCaHA MOjeJMHAYHA [T0Jba KOja MPeCcCTaBsbajy KOHTpolHEe OuToBe y peructpuma DUT-a

(ciuka 77.).

10 JSiregister model fields

11 bit m parity enable H
12 bit m even parity sel H
13 bit m divisor latch access = 7

Cnuka 77. (wb2uart register_model - nepHICaBE KOHTPOJIHUX OUTOBA)

dynkuuja update reg() uMa 3amaTak Ja 3a0enexu CBaKy IpOMEHy yHyTap Line

Control Registra (cnuka 78.).

H f/function update register

37 function update reg(bit[<:0] addr, bit[3:0] sel, bit[21:0] data);
= if((addr == ) && (sl == }) begin

35 m parity enable = datal[3]:;

40 m even parity sel = data[<];

41 m divisor latch access = data[7]:

42 parity cg.sample();

2 -rupdate_cfg;

44 = end

5 - endfuonection

Crnuxa 78. (wb2uart_register_model - update reg() pynkumja)

- OyHKIMOHATHA TIOKPUBEHOCT je TIpUKa3aHa TPEKO covergroup TUNA. YHyTap
covergroup-¢ Cy HaBele TadHE BPEAHOCTH TIPOMCHJBMBUX Koje Ou Tpebase OuTH
ucKkopuirheHe MPUIMKOM TeCTUpama. Y PEerucTapckoM MOJENy ce Halla3H jeHa cover rpylia

Be3aHa 3a rapHocT oura (ciuka 79.).

16 [l] covergroup parity cg;
1 option.per instance = 1;

19 cov_par enable: coverpeint m parity enable
20 H {

21 bins parity enable =
22 bins parity disable
23 - }

¥

{11
{0}

25 cov_even parity sel: coverpoint m even parity sel
26 [ {

2 bins parity even =
28 bins parity odd =
29 - }
30 COV_par en cross par sel: cross cov_par enable, cov_even parity sel:
31 I endgroup : parity cg

¥

{1}
{0}

Cnuka 79. (wb2uart register model - covergroup parity cg)
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5.3.4 Reference model

- [lpunukom ciama mojaraka ce KOPUCTE JBE BPCTE€ MPOTOKOJIA Ca Pa3IHYUTHM
dbopmatuma nakera. C jeHe CTpaHe ce Hala3W MapajelHu TpoTokon Wishbone xoju ocum
moJlaTaka caJip’ku M HeKe JI0JJaTHE CUTHAJIe, 10K ¢ aApyre cTpaHe umamo UART ca cepujcKuM
MPOTOKOJIOM KOjU OCHMM TIOJaTKa WMa KOHTposiHe OwurtoBe. PedepenTHm Monmen Bpimu
MIpernaKuBame, Tj. U3BJIAYH CaMo JIe0 ca MoAaluMa KOju je 3ajeIHUYKU 32 00a MPOTOKOIA.

- wb2uart reference_model xnaca je u3BeneHa U3 kjace uvm_object. OBa kjaca cajpxu
IBe WACHTHYHE (yHKIMje 3a mpemnakuBame Nakera. JemHa (yHIKHja ce OgHOCHM Ha Tx
TPaAHCAKIU]y Tj. TPAHCAKIIN]Y KOja ce obaBiba y cmepy Wishbone - UART (cnuka 79.). pyra
¢byHLKH]ja ce olHOCH Ha Rx TpaHcakLujy Koja ce o0aBiba y cMepy UART - Wishbone.

[l] function uart uvc item wb2Zuart convert tx(wishbone uvc item in item);

uart_uvc_item out_item;
out_item = uart_uvc item::type id::create("out_item");

//get configuration

= if(luvm config db #(wb2Zuart register model)::get(null,
‘uvm_fatal{get_type name(), "Failed to get register mode

- end

odel™, "reg model", m reg model)) begin

if{m reg model.m parity enable) begin
if(m reg model.m even parity sel) begin
out_item.uart parity bit = *in item.wb dat_w == i H H f/even parity
E end
else
= begin
out_item.uart parity bit = *in item.wb_dat_w == 2 : H f/odd parity
- end

% if(in item.wk addr == && in item.wh sel = && m reg model.m divisor latch access == ) begin

= foreach (out item.umart data[i]) begin
out_item.uart_data[i] = in item.wb_dat_w([i+24];
- end

= end

41 return out_item;
42 | endfunction

Cnuxka 79. (Pedepentnu mozen - wbh2uart_convert_tx())
5.3.5 Virtual sequence

- Knaca wb2uart virtual sequence mipectaBiba 0a3Hy CEKBEHIy HU3 KOje Cy M3BEICHE
TECTHE CeKBeHIe u3 oesbaka 5.3.10, 5.3.11 u 5.3.12. V oBoj kjacu cy camo Mo3BaHE METOJIE

raise_objection() v drop _objection() xao y onesbky 5.1.4. cnuka 24.

5.3.6 Virtual sequencer

- wb2uart virtual sequencer je ¥iaca Koja caupku pedepeHIle CEKBEHIEpa W HMa

3a/laTak Ja ymnpaba kbuMa (ciuka 80.).
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1 ['ifndef WB2UART VIRTUAL SEQUENCEER S5V
2 ‘define WB2UART VIRTUAL SEQUENCER SV
Flelass wbZuart virtual sequencer extends uvm sequencer;
= ‘uvm component utils (wh2uart virtual sequencer)
7 f/constructor
B [Fl function new (string name = "whiuart virtual seqguencer”, uvm _component parent);
9 super.new (name, parent);
10 - endfunction
12 /{ Declare handles to other sequencers here
1 wishbone uvc master SEequencer M Master Sequencer!
1 uart uvc SEegquencer m _txX Sequencer;
l& rendeclass

endif // WB2UART VIRTUAL SEQUENCER SV
Cnuka 80. (wb2uart virtual sequencer)

5.3.7 Top environment

- Kitaca wb2uart_uvc_env mpeacraBiba OKpyXeme Koje TPYIUIIe KOMIOHEHTE YHYTap

jenHor Omnoka. Mucranuupana cy Wishbone m UART oxpyxewa, Rx u Tx Scoreboard,

Bupryannu cexBeniep, Perucrapcku u Pedepentuu moaen (cnuka 81.).

12 /{ component instance

13 wishbone uvc env m Wi Master env;
14 uart_uvc env m uwart_tx env;
15 uart uvc env m Wart_ Irx env;
16 wbZuart_virtual sequencer m vir seqr;

17 wh2uart_rx scoreboard m rx scoreboard;
18 wbZuart_tx_ scoreboard m tx scoreboard;
15 wbluart_reference model m ref model;

20 whZuart_register model m reg model;

Cnuka 81. (wb2uart uvc_env - MHCTaHIIE KOMIIOHEHATA)

- Canpxu pedepeHity kKoHpHUTyparmoHoT 00jeKkTa Koju je onucad y 5.3.8. ¥V ciy4ajy aa

je momuio no mpomene y peructpuma DUT-a, Te mpomene ce Oenexe yHyTap (yHKIHje

update reg() ynyrap Perucrapckor mozena u3 oxesbka 5.3.3. HakoH Tora je HEOnmxXoJHO Te

UCTE NPOMEHE YHETU Yy KOH(UrypauuoHu objekar Be3aH 3a VAPT ctpaHy y3 momoh task-a

update uart cfg (cnuka 82.).

//update uart configuration
virtual task update_uart_cfg();
forever begin
@(m _reg model.update cfg):
if(m reg model.m parity_enable) begin
m cfg.m tx agent cfg.m has parity
m cfg.m rx agent cfg.m has parity
end
else
begin
m cfg.m tx agent cfg.m has paricty = PARITY OFF;
m cfg.m rx agent cfg.m has parity = PARITY OFF;
end
end
endtask : update_uart_cfg

m reg model.m even parity sel ? PARITY EVEN : PARITY ODD;
m reg model.m even parity sel ? PARITY EVEN : PARITY ODD;

Cnuxka 82. (wb2uart_uvc _env - update uart cfg())
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- YV run phase() ¢a3su yHyrap fork-join none OnOKa TO3WBAMO JBE HHTH:
update uart _cfg() n task time bomb(). bnok fork-join_nuje Onokupajyh m cumynamnuja ce
HacTaBJba Oe3 yeKkama Ha W3BpIIABamke HUTH. Task time bomb() ce akTHBHpa y KOJHKO CE
cumynanuja 3ariaBu. [leduHulie ce OKBUPHO BpeMe Koje Tpaje AyXKe Of CUMYJaIUIje U aKo

TO BpEMe UCTEKHE, aKTUBUPA CE TIOPYKa IPEIIKe Koja TpeKuIa cumyiamnujy (cimka 83.).

45 S frun phase

46 virtunal task run phase {uvm phase phase};
4 super.run phase (phase) !

48 = fork

49 update _uwart_cfg();

50 time bomb () !

sl - join none

52 - endtask : run phase

54 H wirtmal task time bomb():

55 i ;

=13 ‘uvm_fatal ("TIME BOMB M5G", "Simulation timed out™)
5 - endtask ! time bomb

Cnuka 83. (Wb2uart uvc _env - time_bomb())

- YV build phase() da3zu ce nobaBba KoHpuUrypamuja U3 KOHPHUTypaluoHe O0aze
mojaraka MeTojgoM get(). Kpeupajy ce KOMIIOHEHTE M TIOCTaBJba C€ KOHQUTypaluja 3a
KOMITOHCHTE Ha HIDKEM HUBOY XHjepapxuje MeTofoM set()(ciuka 85.).

- Y connect phase() ¢hazu ce nosesyjy TLM noproBu arenata ca Rx u Tx Scoreboard-om.
Takohe ce moBe3yje BUpPTyaIHH CEKBEHIEp ca cekBeHuepuma Ha Wishbone n UART ctpanu

(cnuka 84.).

4 g];;cc::ect phase
5 —lfunction void wbZuart uvc env::connect phase (uvm phase phase);
2 super.connect_phase (phase) ;

'f conmmect ports
M uart_txX_ env.m Uart_ agent.m aSXport.connect (m_rx scoreboard.m port_uart_tx) s
100 I uart rx Env.m Uart agent.m aeXport.connect(m tx scoreboard.m port_uart rx);

WO W e

W

101 m Wb master env.m master agent.m aexport.connect{m rx scoreboard.m port wb master r);
102 m Wb master env.m master agent.m acsxXport.connect(m tx scoreboard.m port wb master w);

m vir segr.m master seguencer = m Wb MasSter env.m MasSter agent.m Master Seguencer;
m vir_seqr.m tX Sequencer = m Uart_tX env.m uart_agent.m Sequencer;

10 Fendfunction : connect phase

Cnuka 84. (wb2uart uvc env - build _phase())
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[l]function woid wauart_uvc_env: :build_phase tuvm_phase phase) ;
super.build phase(phase);

m oM m

'/ get configuration

71 [H if{'uvm config db #(wb2uart uvc_top cfg)::get(this, "",
p ‘uvm_fatal (get_type mame(}, "Failed to get configuration c

- end

5 // create component

& m_uart_tx env = uart_uvc_env::type_id::create("m uar
m_uwart rx env uart_uvc env::type_id::create('m
m Wk master env wishbone uvc env::type id::create("m
m_vir_ seqr wbhZuart_virtual sequencer::type_id::create(
m_rx scoreboard wb2uart_rx scoreboard::type_id::create('m rx:
B1 m_tx scoreboard wbhZuart_tx_scoreboard::type id::create("m tx
82 m_ref model wb2Zuart_reference_model::type id::create("m
m reg model whb2uart_register model::type_id::create("m

85 /{ set configuration

BE uvm_config db#(uart_uve cfg)::set(this, "m
uvm_config db#(uart_uvc cfg)::set(this, "m
uvm_config db# (wishbone uvc cfg)::iset(this, "m wh m
uvm_config db#(wbZuart register model)::set(null,
uvm_config db#(wbZuart_reference_model) ::set(nuoll, "EE

fg", m cfg.m rx agent cfg):

g", m_cfg.m tx_agent_cig):;

"m cEg" . cfg.m master agent_cfg);
1", m reg model);

=1", m_ref model);

WO oW W0 o Co

Frendfunction : build phase

Crnuka 85. (Wb2uart uvc _env - build _phase())

5.3.8 Top configuration

- wb2uart uvc top cfg Kiaca TpencTaB/ba KOH(UIypalujy Ha HAJBUIIEM HUBOY
XHjepapxuje yHyTap fest bench-a. 3a pasnuky oj NPETXOJAHHX KOH(pHTrypaiuja Koje cy
OIMCaHe, y 0BOj KoH(purypamuju he ce camo MHCTaHIMpaTH 00jeKTH Kilace KOHUTypalyja Ha
HIDKEM HUBOY. Y 3aBUCHOCTH 07 Opoja areHaTa, 3a CBaKOI' areHTa Ce WHCTaHIMpa IO jelaH

o0jekar u y KOHCTPYKTOpY Kjiace, METOJIOM create(), ce Kpeupajy koHdurypamuje (cnuka 86.).

constructor
—|function wbluart uvc_top cfg::new(string name = "wblIuart uvc top cfg"):;
super.new (name) ;

o

/ create UVC configuration

B m _rx_agent cfg = uwart_uvc _cfg::type_id::create("m_rx
] m tx agent cfg = uwart _uvc cfg::type id::create("m tx
i m master agent cfg = wishbone uvc cfg::type id::create("m

31 Fendfunction : new

Cnuxa 86. (Wb2uart uvc top cfg - KOHCTPYKTOD)

5.3.9 Register access sequence

- wb2uart reg access seq Kjaca je CEKBEHIIa KOja MCIHTYyje MCIPABHOCT perucrapa
yaytap DUT-a. Ca cTaHOBHIIITAa ONEPATUBHOT MPUCTYTA PETUCTPH CE€ JIJI€ Y TPH TPyIIE:
1. read only peructpu
2. write only peructpu
3. read-write peructpu
- HeonxoaHo je mpBO MUCHHTATH Ja JH CBAKH PETHCTAp HCIyHaBa OCOOMHY MPHUCTYIIA
KOja je HazHaueHa y crierudukanuju DUT-a. McniutuBame ce BpUIN y TPH KOpaKa:

1. YurameM perucrapa aa 6 ce mpoBepuiia peceT BpeaHoCT (ciuka 87.)
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2. YnucuBameM JIornukux ‘1’ y perucrpe (cnuka 88.)

3. YurameM perucrapa u mpoBepa CTBApHUX U OUEKMBAHHUX IIpoMeHa(cauka 89.)

T - - - R - Y
[ = T S

3 o

‘uvm_cdo on_with(m wb_cmd master seq, p_Sequencer.m master sequencer, { wb_cmd //read from IER

wb_addr
wb_sel
CHE IER RST VALUE : assert(m wb cmd master seq.wb dat r = (32'h0<<1€))
else
‘uvm_error{"In e
‘uvime do on with{m wb cmd master segq, p Sequencer.m master segquencer, { wb cmd == WB SR; //read from IIR
T T T T T T T wb:add]: b0000 H
wh_sel = 4'b0010; })
CHE_IIR RST_VALUE : assert(m wb cmd master seq.wb dat_r = (32'hcl<<i))
else

‘uvm_error("In

‘uvm_do on_with(m wb_cmd master seq, p_segquencer.m master sequencer, { wb_cmd //read from LCR
wb_addr

wb_sel

CHE_LCR RST _VALUE : assert(m wb_cmd master seq.wb dat r = 32°
else
‘uvm_error("I

‘uvm _do on_with(m wb_cmd master seq, p_segquencer.m master sequencer, { wb_cmd //read from LSR
wb_addr
wh_sel

CHE_LSR RST_VALUE : assert(m wb_cmd master seq.wb dat r = (32'hél<<lg))

else
‘uvm_error("I

Cnuka 87.(wb2uart reg access seq - IpoBepa peceT BPEIHOCTH)

‘uvm do_on with(m wb cmd master seq, p_Sequencer.m master sequencer, { wb_cmd == WB_5SW; // write to LCR
wb_addr -
wb_sel
wh_dat w

CHK_WRITE LCR RSP : assert(m wb_cmd master_seq.wb_resp = WB_S5UCC)
else

‘uvm_do_on_with{m _wb_cmd master_seq, p_sequencer.m master_sequencer, { wb_cmd = //write to IER

wb_addr == 3
wb_sel
wb_dat w 13]
CHE_WRITE_IER R5P: assert(m wb cmd master seq.wb_resp = WB_SUCC)
else
“uvm _error("Transac

‘uvm do_on with(m wb cmd master seq, p_seguencer.m master sequencer, { wb_cmd //write to LSR
wh_addr
wh_sel

wb_dat_w

CHK _WRITE_LSR RSP: assert(m wb cmd master seq.wb_resp == WB_SUCC)
else

‘uvm error("Tr n failed", "e

Cnuka 88, (wb2uart reg access_seq - ynuc J0oruukux ‘1)

“uvm_do_on_with(m wb_cmd master_seq, p sSequencer.m master_ sequencer, { wb_cmd //read from LCR
wb addr

whb_sel

CHE READ LCR RSP: assert(m wb cmd master seq.wb dat r = 32'h7E)
else
‘uvm_error ("R

‘uvm do_on with(m wb cmd master seq, p_sequencer.m master sequencer, { wb cmd — //fread from IER

wh_addr ==
wb_sel =
CHE READ IER RSP: assert(m_wb_cmd master_seq.wb_dat_r = (32'h0I<<l1€))
else
“uvm_error ("
vm do_on with(m wb cmd master seq, p seguencer.m master sequencer, { wb cmd = WB SR; f/read from LSR
whb_addr ;
wb_sel
CHE READ LSR_RSP: assert(m_wb_cmd master_seq.wb_dat_r == (32'hél<<lf))
else

“uvm_error ("Read data is

Crnuxka 89. (wb2uart_reg_access - mpoBepa OUEKUBAHUX U CTBAPHUX BPEAHOCTH)
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5.3.10 Tx transfer sequence

- wb2uart tx_transfer seq je kiaca koja o0aBJba TpaHcakuuje y cMepy Wishbone-UART.
[Ipe came TpaHcakiMje je HEOMXOJHO IMO3BaTH KOH(UTYpalMOHY CEKBEHIy Yy Ko0joj hemo
nepuHUCATH KOH(UTYpaIrjy 3a JaTy CEKBEHIy. 3a IO3WB CEKBEHIIE CE KOPHCTH MaKpO
‘uvm_do_on_with K0ju ©Ma KapaKTCPUCTUKY JIa ITO30BE KECJHCHY CEKBCHILY, CCKBEHIICD U JIa
neduHuIIe orpaHuuema. Ha oBaj HauMH ce mMoamkKe e(UKACHOCT MPWIMKOM TECTHpama

(cmuka 90.).

1 sequence

1{m_wb2uart cfg_seq, p_sequencer.m master sequencer, { disable soft parity enable;
disable soft parity type’
baud rate . ;

2 clk freq = ; // kHz

3 parity enable inside {[0:1]};
parity_type inside {[0:1]}: // l-even O-odd
stop_bits =

clear_rx_fifo
clear_tx_fifo
trigger 1vl
rec dat_int
thr_empty int
rec line int

L ' 3]
Cauka 90. (wb2uart tx_transfer seq - no3uBambe KOHPUIypaloHe CEKBEHIIE)

- Kagma je xoHdwurypanmja M3BpIICHA, TMO3MBA CE CEKBEHIA y KOjOj HABOAMMO THII
orepalije 1 ocTaje keJbeHe napamerpe. [lomro nporecopcka jenunuina Ha Wishbone crpanu
paau Ha 3HaTHO Behoj ¢pexBeHyju y ogHocy Ha UART nepudepujy, npoBepy 3aBpIIETKa

TpaHCAKIMje IPOBEepaBaMo MEPUOJIMIHUM UITUnTaBameM (eHra. polling) perucrapa. Ha xpajy

TpaHCaKIHje je joIl MOTPEeOHO MOCTAaBUTH 4Yekep Koju he mcruratu cramwe FIFO perucrapa

E for(int i — 1; i <— num of_trans; i++) begin : TX TRANSFER_BYTES SR
[l ‘uvm do_on with(m wb_cmd master_seq, D _Sequencer.m master sequencer, { whb_cmd == WB_SW;
wb_addr = ;
wh_sel = P h
[ end
# ;
Fl'uvm_do_on with(m wb_cmd master seq, p_Sequencer.m master_sequencer, { wb_cmd = WB_SR;
wh_addr == 3
wh_sel = i h
E while(!(m _wh_cmd master_seq.wh_dat_r & (( <<9)<<18)) || '(m_wh_cmd master_seq.wh_dat r & (( <<3)<<1%))) begin : PCLLING TX_ FIFC_AND EMPTY IND
# ;
El  ‘uvm_do_on_with(m_wb_cmd master_seq, D_Sequencer.m master_sequencer, { wb_cmd == WB_SR;
wh_addr = 5
wh_sel = i })
[ end
CHK TX FIFO EMPTY: assert(m wb_cmd master seq.wb dat_r <<16))
e€lse “uvm error ("TX_FIFC and TX . EGISTER are not empty”, "error")

Cmuka 91. (wb2uart_tx_transfer seq - Tpancdep moiaTaka)

5.3.11 Rx transfer sequence

- wb2uart rx_transfer seq je xnaca koja o0aBJba TpaHcakmuje y cmepy UART-Wishbone.
Kao m mperxomna cexkBeHma u3 oxaesbka 5.3.10 cagpxu KOH(UTYpalOHY CEKBEHIy Ha
nouetky. HakoH nosuBama koH¢urypanuone cekBenue, UART ynucyje noapatke y FIFO

peructpe (cnuka 92.)
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begin
for(int 1 = 0; 1 <= num of trans; it++) begin : RX TRANSFER BYTES
‘uvm_do_on_with(m uart_uvc seq, p_sequencer.m tx sequencer, { foreach ( uart_data[i]) uarc_data[i] inside {[0:1]};
uart parity chk = PARITY OK; })
#100us;
end
end

Cnuxka 92. (Wb2uart rx_transfer seq - ynucupamwe nogaraka y FIFO)

- Ilocne ynucuBama mnonaraka y FIFO peructpe, Wishbone nepuoaudHo MpoBepaBa

perucrap 3a INpCKUAC 0K CC HC aKTUBHpPaA 6HTI«ﬁH J03BOJbaBa da CC npoanQy'nonauH

(cmuka 92.)

E_
:

&
&
& =]
&
&

begin

#100us;
‘uvm _do_on with(m wb_cmd master_ segq, p_sequencer.m master sequencer, { wb_cmd == WB_SR; // read from line status register
wb_addr == 5'b00100;
wb_sel == 4'bOL00; 3]
while(num of rec <= num of trans ) begin
while(!(m wb_cmd master seq.wb dat_r & (32'hi<<.%))) begin : POLLING DATA READY IND
#100us;
‘uvm_do_on with(m wb_cmd master seq, p_sequencer.m master sequencer, { wb_cmd == WB_SR;
wb_addr == 5'b00100;
wb_sel == 4'b0l00; })
end
‘uvm _do_on with(m wb_cmd master seq, p_sequencer.m master sequencer, { wb_cmd == WB_SR; //read from FIFO
wb_addr == 5'b00000;
wb_sel == 4'bl000; 3]

num of rec++;

end

Cnuxka 93. (wb2uart_rx_transfer seq - IpoBepaBame PETUCTPA U YUTAKE M10/1aTAKA)

5.3.12 Top environment package

- wb2uart uvc_env_top pkg yBo3u makete u3 onesbka 5.1.15 u 5.2.12 ka0 u KOMIOHEHTE

Koje caapku Tom OKpyxkeme (ciauka 94.). Takohe u3BpmaBa nexnapanujy kiaca moMmohy

pesepBucane peun typedef kao y mpeTxoaHUM MaKeTUMA.

26 ff include env files
27 "include "wbhiuar
28 "include "whai
29 "include "wh
I "include "whai
31 "include "whai
32 "include "whai
"include "wh
34 "include "wh
35 "include "wh
36 "include "wh
T "include "wh

Cnuka 94. (wb2uart uvc _env_top pkg - KOMIIOHEHTE TOI OKPYKEHha)
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5.4 TECTOBM

- Tect npexacraBiba oOpa3zall 3a MpoBepy 1 BepupHKanujy onpeheHnx KapakTeprucTuKa 1
(GYHKIMOHATHOCTH JAW3ajHa. BepupukanuoHM I1UlaH HABOAM CBE KapaKTEpUCTUKE |
(GYHKIIMOHATTHOCTH KOje Tpeba Bepu(UKOBATH, a TECTOBU Cy MOTPEOHU Jja OM TOKPUIIU CBaKy
oIl ’BUX. 3a Bepu(UKANHK]Yy CIOKCHHUX Mpojekara 0OWYHO je MOTPEOHO HEKOJMKO CTOTHHA Ta
YaK U BUILE PAa3IMYUTUX TECTOBA. Y MECTO J1a MUIIEMO UCTH KOJ 33 PA3JIMUUTE TECTOBE, YNTAB
test bench craBbaMo y KOHTEjHEp KOjH Ha3MBAaMO TOIl OKPYKEHE U TO OKPYKEHE KOPHCTHMO
ca pa3nMuuToOM KOH(puUTrypamujom 3a cBaku TecT. CBakM TECT MOXKe OUTH IpENuCaH,
aKTUBUPATH W JICAKTHUBHPATH areHTe, MEHmaTH BPEAHOCTH KOH(UTYPALMOHHM IIOJPUMA,
MOKPETaTH DPa3IM4YMTe CEKBEHIIE Ha Pa3IMYUTUM CEKBEHIIEpHMa YHYTap BepU(UKAIIMOHOT

OKpYKCHbaA.

5.4.1 Base test

- test wb2uart base xnaca je W3BeICHA M3 KJace uvm_test U TIPEJICTaBlba 0a3Hy Kiacy
U3 KOje ce MOYKE M3BOJWTH BUIIE TECTOBA. YHyTap Oa3HOr TecTa ce Ae()UHUIIY 3ajeTHUYKE
0cOOMHE CBUX TECTOBA. Y OBOM 0a3HOM TECTYy WHCTAHIIMPAHO j& TOI OKPYKEHme U pedepeHiia
rlIaBHE KOH(UTypanuje.

-V build _phase() pa3zu meTonom create() ce kpeupajy KoH(GUTypalHja TOI OKPYKemba 1
caMO TON OKpyXeme. MeToqoM sef() ce IMocTaBjba KOH(HTypamuja 3a TOH OKPYXKEHE.
I'mobanna Qyukumja set confing int(), ca matuM napaMeTpuma Ha ciaumum 95. omoryhasa
CHUMame CHUMYJallhje YHyTap CBake KOMIOHeHTe. Metomna set report verbosity level hier()
onpehyje ropwy TpaHHIly TIOpyKa Koje he ce mpeacTaBibatu y TepMHUHATY. JeaH o HUBOA U3

tabene 8. ce MOCTaBIba Ka0 apryMEHT MPETXOTHO CIOMEHYTE METOIE.

Verbosity Level Value
UVM_NONE 0
UVM_LOW | 100

| UvVM_MEDIUM | 200

UVM_HIGH 300
UVM_FULL 400
UVM_DEBUG 500

TabGemna 8. (Verbosily level )
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1 build phase
32 [gfunction void test_wbluart_base::build phase(uvm_phase phase);
3 super.build phase (phase);

35 // create component
5 m whbZuart env = wbZuart uvc env::type id::create("m whiuartc snv", this);

f/ ecreate and set configuration
m_cfg = wb2uart_uvc_top_cfg::type_id::create("m cfg", this);
40 set_default configuration():;

42 // set configuration in DB
13 uvn config db#(wbZuart uve top cfg)::set(this, "m wkiuart env”, "m cfg", m cfg);

45 // enable monitor item recording
46 set_config int("*", "recording detail", 1);

48 /f define verbosity
15 uvm _top.set_report verbosity level hier (UVM HIGH);
5 rendfunction : build phase

Cnuka 95. (test wb2uart _base - build _phase())

- Ha xpajy ce ybairyje 1ogaTHO BpeMe MO3UBamkeM MeTolIe set drain_time() yaytap dase
end of elaboration phase(). OBa wmeroma he HakHagHO TOTPOLIUTH JOII HEKOJIUKO
BPEMEHCKHX IIMKIIyca HAKOH W3BpalllaBamba Nocieanjer drop objection()-a. Y TOM OJaTHOM
MEPUOJTy CE MOTY H3BPIIUTH HEKE 3a0CTaje aKTMBHOCTH HAKOH IITO CE MPUMEHH M OAPAaU

caB ctumyiyc (ciuka 96.).

% f/ end of elaboration phase
function wvoid test_wbzuart_base::End_Df_elabDIation_phase:uvm;phase phase) ;
super.cnd of elakoration phase (phase);

/ allow additiomal time before stopping
uvm_test_done.set_drain time (this, e

endfunction : end of elaboration phase

Crnuka 96. (test wb2uart_base - set _drain_time())

5.4.2 Main test

- Knaca main_test HHCTaHLIHpa CCKBCHIIC wb2uart reg access_seq,
wb2uart_rx_transfer _seq m wb2uart tx_transfer seq omnmcane y onmesbumma 5.3.9, 5.3.10. u
5.3.11. VYuyrap run_phase() ¢daze, mo3uBom metone raise objection() ce mokpehe TecT.
Metonom create() ce Kpewpajy NPETXOAHO HHCTaHIMpaHe cekBeHle. Han kpeupaHum
CEKBEHIIaMa ce M03MBa METo/a start() u mokpehe cekBeHIa Ha KEJbEHOM CEKBEHIIEPY KOjH ce
HAaBOJM Kao aprymMeHT oBe Merone. Ha kpajy ce mosuBa meroma drop objection() xoja

O3Ha4aBa Kpaj Tecta (cnuka 97.).
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29 // run phase
—|task main test::run phase(uvm phase phase);
31 super.run phase (phase) ;

uvm test done.raise objection(this,
‘uvm_info{get_type name(), "TEST

get_type name());
, OVM_LOW)

o

J/register access test scenario

37 m _seq = wb2uart_reg_access_sedq::type_id::create("m_s=g", this);

38 m_seq.start(m wbZuart_env.m vir segr):

40 f/tx transfer test scenario

41 m _seqgl = wb2uart_ tx transfer seq::type_id::create("m segl"”, this):;
42 m seqgl.start(m wb2uart env.m vir segqr);

44 ffrx transfer test scenaric

45 m seql = wb2uart rx transfer seq::type id::create("m =s=g2", this);

B
o

m segql.start(m wbluart_env.m vir seqr):;

48 uvm_test_done.drop objection(this, get_type name()):
‘uvm_info{get_type name(), "TEST FINISHED", UVM LOW)

rendtask : run phase

Cnuka 97. (main_test - run_phase())

T

- Tectr wmaca caapxu (QyHKIHjy Koja HOCH Ha3u set default configuration(). Y 0BOj

(byHKIHjU ce OCTaBajy BPeIHOCTH KOH(DUTYPALIMOHUX MT0Jba areHata (cimka 98.).

45 ff redefine configuration
m cfg.m master agent cfg.whb_sides

f
1 &
Il

WB_MASTER:

! m cfg.
48 m cfg.
m cfg.

1 f
] Ts)

o Ln 1L 1
WoEh =1 &y Ln

oM o
"3

m cfg.
m cfg.

o
n

m master agent cfg.m is active
m master agent cfg.m has checks

= OVM ACTIVE:

Lr

m master agent_cfg.m has coverage = 1;

=i § m cfg.
52 m cfg.
53 m cfg.
s m cfg.
m cfg.
m cfg.
5 m cfg.

m cfg.
m cfg.
m cfg.
m cfg.
m cfg.

m tx agent cfg.
.m_has parity
m tx agent cfg.
m tx agent cfg.
m tx agent cfg.
m tx agent_ cfg.
m _tx agent cfg.

m tx agent_ cfg

m rx agent cfg.
m rx agent_ cfg.

m rx agent cfg

m rx agent cfg.
m rx agent cfg.

m is active

m stop bits
m_has_checks

m has coverage
m baud rate

m _clk period

m is_active
m _has parity

.m_sStop bits
m rx agent cfg.
m rx agent_cfg.

m_has_checks
m _has coverage
m baud rate
m _clk period

= UVM_ARCTIVE:
= PARITY EVEN;

= CONE;

= UVM_PASSIVE;
= PARITY_ ODD:
= ONE;

Cnuxa 98. (main_test - set_default confi guratlon())

5.4.5 Tests package

- Yuyrap makera wb2uart uvc test package ce yBo3e maketum wishbone uvc pkg,

uart_uvc_pkg v wb2uart uvc _env_top pkg. Takohe yBo3e HaTOTeKe y KOjEMa CE Haia3e TECT

KJ1ace.
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1

4]

| i el
=1

(T4 ]

Eﬂpackage whinart uvec test pkg;

5.5 TON MoAavn

*include "uvm macros.svh"

import uvm_pka::*;

Ff import UVC's packages
import wishbone uvc pkg::¥;
import uart uvc pkg::i¥;

ff import env package
import whiuart uvc env top pkg::¥;

ffclass declaration
typedef class test whiuart base;
typedef class main test;

Ff include tests
*include "tes W2

*include "ma

-endpackage : wbZuart uvc test pkg

Cnuka 99. (wb2uart _uvc_test pkg)

- Tonm momyn wh2uart tb_top mpenctaBiba CTaTUYKH KOHTEJHEP KOjU CAAPXKU CBE

BepuduKannoHe koMmroHente, uaTepdejce u DUT. Ton mMoayn ce Takohe MOke 3BaTH U TOII

test bench. Yuytap oBor moayna oapaheno je cneaehe:

1. VBesen je maker wb2uart uvc test pkg koju caapku cBe Nakere Koju he ce

KOPUCTUTH IPUIMKOM CHMYJIAIHje.

2. MHcTanpany ¢y curaaid, uarepdejcu u 6azuu rect (cimka 100.)

1 MmN b

Cinuka 100. (

// import test package
import wauart_uvc_test_pkg::*:

// wishbone signals

reg
reg
wire|[
wire|[
wire[
wire
wire
wire
wire|[
wire

wb_clk tb;
wb_rst_tb;
4:0] wb_addr_tb;
3:0] wb_sel tb;
31:0] wb_dat_w_tb:
wh_we_tb;
wb_stb tb;
wb_cyc_tb;
31:0] wb_dat_r_tb;
wb_ack tb;

//uart signals

wire
wire

stx_pad tb;
srx_pad_tb;

f/ UVC interface instance

wishbone uve if wishbone uvc if inst(wb clk tb, wb rst tb):
uwart_uvc_ if uwart_tx if inst(wb_rst_tb);
uwart_uvc_ if uwart_rx if inst(wb_rst_tb);

test_wbluart_base m base_test;

wb2uart tb_top - nexnapanuja CUTHaNIa, HHTEpQejca U TecTa)
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3. [loBe3anu cy curHanu BUpTyaiqHOT uHTep(dejca ca curHanuma Mmoayna (ciuka 101.)

assign
assign
assign
4 assign
41 assign
42 assign
c it assign
assign
15 assign

(TS =]

4 assign
48 assign

Wi addr th = wishbone uvc if inst.WB_ADDR;
Wk sel th = wishbone uvc if inst.WB_SEL;
Wi dat w thh = wishbone uvc if inst.WEBE _DAT W:
Wk wWe th = wishbone uvc if inst.WB WE;

Wk stk th = wishbone uvc if inst.WB_STB:;
Wk cyc th = wishbone uvc if inst.WB_CYC;
wishbrone uvc if inst.WEB DAT B = wk dat r th;
wishbone uvc if inst.WEB ACK =

wishbone uvc if inst.WE ERR

srx _pad th uart tx if inst.
uwart rx if inst.uart tx Irx

Wk _ack th;
uart tx Ix;
stx _pad th;

Crnuxka 101. (wb2uart tb_top - moBe3uBame CUTHATIA MOAYJIa M HHTEpdejca)

4. N3BpmieHo je Mmammpame curHana DUT-a ca curHamuma mopnyna (ciamka 102.).

ITocnenwa 4 curnana cy ManupaHa Ha JIOTHUKy ‘0’ jep Cy TO CUTHaJIM KOjU Cy B€3aHH 3a

MOIEM U HE yquTByjy IMPHUIUKOM BepI/IQ)I/IKaHI/Ije. Cpaku curHan MOpa OuTH ITOBe3aH HETAC I1a

300T BUXOBOT He Kopuihema ce goaespyje ‘0.

50 J] S /DO0T instance

o1 —| wuwart top dut (

52 .wb clk i (wb_clk tb),

5 Wb _rst i (wb_rst_th),
54 Wk _adr i (wh_addr th),
FIE Wb dat 1 (wk_dat w_thk),
56 Wb _dat_o (wk_dat_r th),
i) Wh_we 1 (wb_we_th),

o Wk _sth i (wh_=tb_th),
£12; Wb _cyc 1 (wb_cyc tb),

50 Wb _ack o (wk_ack th),
61 Wb _sel i (wb_sel th),
62 .5tx pad o (stx_pad th),

o

¥z

.8rx pad 1
.ct3_pad i {
.dsr_pad i
.ri pad 1

.ded pad 1

(srx pad tb),
} r

( ).
( )
{ )

Crnuxka 102. (wb2uart tb_top - nvantmjanmsanuja DUT-a)

5. [locraBipame KoH(purypanuje uaTepdejca yHyTap KOHPHUTYypannoHe 0aze mojaraka.

Kao jeman on mapamerapa ce yHyTap sef() METOJle HaBOJIW IyTama JIO areHata Koju he ce

CIy>)KHTH UHTEp(DejcoM.

6. Mannmjanm3anyja curaaia pagHor TakKTa ¥ TeHEPUCAhEe peceTa CHCTeMa YHyTap

MHHUIHjaTHOT OJ1oKa (cimka 103.).

B1 #

initial begin
2] W rst_th <=
B0 wh clk th <=

Wk rst_th <=

r

r

]

define initial clock value and generate reset
clock and rst_init block

Cmuxa 103. (wb2uart tb_top - vHUIIMjaIA3aIIH]a PAJHOT TaKTa U PECET TeHePaTop)
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7. 'enepucame pagHor takta (ciuka 104.).

B 5 ff generate clock

2 always begin : clock gen block
B # wh clk th <= ~wk clk th;
it end

Cnuxa 104. (wb2uart tb_top - reHepaTop pagHOT TaKTa)

8. Ilokperame Tecta yHyTap HHULMjATHOT Ooka (ciuka 105).

f/ run test

initial begin ! run test block
2 run_test ()’

end

o L n
I

Cnuka 105. (wb2uart tb_top - mokpeTame TecTa)
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6. Pesyntatun

- Moayn je nu3ajaupan nomohy Verilog HDL miporpaMcKor je3uka, a Bepudukaiyja je
u3BpiieHa nomohy werononoruje UVM w y3 mnomoh Oubnmoreka Koje caku OBa
MeTo/0NIoTHja. AjaT y KOM je Moayil BepudukoBaH je Mentor Questa Sim-64 10.4c. 360r
OTPAaHMYCHOCTH pecypca M HeIocTaTka anata Koju omoryhaBajy TOKpeTame perpecuje
TECTOBA, TECTHH CJIy4ajeBH Cy KPEHpaHU y BUAY 3aCCOHMX CEKBEHIIM KOju ce mokpehy yHyrap

JeIHor TecTa.

- YcmemHocT Bepudukanuje ce orieaa y (YHKIMOHATHO] TMOKPUBEHOCTH (EHTJI.
functional coverage). Ha xpajy mpojekTa je HeOImXoHO Ja PYHKIMOHAIHA IIOKPUBEHOCT Oyie
makcumanHa (100%), na Ou ce Ha OCHOBY OBakBOI pe3yjiTaTa MOTJIO CMAaTpaTtd Ja je
TECTUPAHH MpPOjeKaT (YHKIHMOHATHO HMCIHUTaH. YKOJIMKO MOKPUBEHOCT HHUje MaKCHMAJHA,
HEOIXOJHO j€ YBECTM HEKE M3MEHE WJIM OTKPUTH CBEHTyallHe rpeike. DyHKIHMOHATHA

MIOKPUBEHOCT OBOT MPOjeKTa je MakcuMainHa (ciuka 106.)

= fwb2uart_uvc_env_top_pkg/wb2uart_register_model

=31 TYPE parity_cg 100.0% 100 100.0% [
- CVP parity_cg::cov_par_enable 100.0% 100  100.0%
=
[B] bin parity_enable 5 1 100.0% D
|B] bin parity_disable 2 1 100.0% ‘{'
- CVP parity_cg::cov_even_parity_sel 100.0% 100 100.0% DN
=
{E] bin parity_even 1 1 100.0% -('
[E] bin parity_odd 6 1 100.0% [N "
=+ gl CROSS parity_cqg::cov_par_en_cross_par_sel 100.0% 100 100.0% DR "
in <parity_enable,parity_even= 00.0%
B] bi ity_enabl ity 1 1 100.0%
|B] bin <parity_enable parity_odd > 4 1 100.0% DD -~
{B] ignore_bin ignore_par_disable_sven_odd 2 - - -('
+- 5 INST \fwb2uart_uvc_env_top_pkg::wb2uart_register_model::parity_cg 100.0% 100 100.0% .,/'

Cnuxa 106. (Functional coverage)
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- OcuM NOKPUBEHOCTH, MOTPEOHO j€ U3BPLIMTU MPOBEPY CTAOMIHOCTH U BaJIMIHOCTH
curHana uHrepdejca. OHM ce ucnuryjy mnomohy concurrent assertion-a (cauka 107.).

HeoxoHo je 1a ce cBe TBpAE MOTBP/IE.

"1 Narme |Induded |Asserﬁon Type_\| Languad Enable | Failur| Pass |.t
+& /wb2uart_tb_top/wishbone_uvc_if_inst/CHK_WB_TGD_R_UNDEF { Concurrent SVA an 0 1
+ /wb2uart_tb_topjuart_rx_if_inst/CHK_UART_TX_RX_UNDEF f Concurrent SVA an 0 1
A /wb2uart_tb_topjuart_te_if_inst/CHK_UART_TX_RX_UNDEF { Concurrent SWA on 0 1
+-A /wb2uart_tb_top/wishbone_uwc_if_inst/CHK_WE_ACK_UMNDEF f Concurrent SVA on 0 1
+-& fwb2uart_tb_top/wishbone_uwc_if_inst/CHK_WB_ADDR_UNDEF ,/' Concurrent SVA on 0 1
+% /wb2uart_tb_topjwishbone_uwc_if_inst/CHK_WB_CYC_UMNDEF ,/' Concurrent SVA on 0 1
+-& /wb2uart_tb_top/wishbone_uvc_if_inst/CHK_WB_DAT_R_UNDEF { Concurrent SVA an 0 1
x4 /wb2uart_tb_topwishbone_uve_if_inst/CHK_WE_DAT_W_UNDEF f Concurrent SVA an 0 1
#A& /wb2uart_tb_top/wishbone_uwc_if_inst/CHK_WE_ERR_UMNDEF f Concurrent SVA on 0 1
#4 /wb2uart_tb_top/wishbone_uvc_if_inst/CHK_WB_SEL_UNDEF f Concurrent SVA on 0 1
+-A& fwb2uart_tb_top/wishbone_uvc_if_inst/CHK_WB_STB_UNDEF ,/' Concurrent SVA on 0 1
+-A% /wb2uart_tb_topjwishbone_uwc_if_inst/CHK_WB_TGA_UNDEF ,{ Concurrent SVA on 0 1
+-A% /wb2uart_tb_top/wishbone_uwc_if_inst/CHK_WB_TGC_UNDEF { Concurrent SVA an 0 1
+-A& /wb2uart_tb_top/wishbone_uvc_if_inst/CHK_WB_WE_UNDEF f Concurrent SVA an 0 1
A& /wb2uart_tb_top/wishbone_uvc_if_inst/CHK_WB_TGD_W_UNDEF f Concurrent SVA an 1} 1

Cnuxa 107. (Concurrent assertions - IpoBepa BaJIUTHOCTH CUTHAJIA)

- IlocToju u gpyra BpcTa TBpIWBU a TO Cy immediate assertion KOje 30BEMO UEKepHU
(enrn. checker). Kopucre ce 3a mpoBepy Kommapanuja YHYTap CEKBEHIHM W JPYTUX
KOMIIOHEHaTa. Y ciydajy Ja KOoMIapalMja HHUje TayHa, 4yekep he 00aBeCTUTH O ToMe
BepuQUKaTOpa, Ha OCHOBY 4Yera he BepuduKaTOp 3HATH Yy KOM JeiIy Koja Tpeda Ja Tpaku
rpeuky. Y OBOM MPOjeKTy Cy YeKepu MOCTa/beHH MPHJIMKOM IMPOBEpe MPUCTyIa perucrapa
YHyTap CeKBeHIle wbhluart reg access seq W yHyTap Scoreboard-a TpUIUKOM TIpOBEpe
OYCKHBaHE U cTBapHE BpeaHocTH (ciauka 108.).

"IName ‘_llnduded |Asserh'on Type |LanguadEnable|FaiIur|Pass |l
A fwb2uart_uve_env_top_pkg::wb2uart_te_transfer_seq::body/CHK_TX_FIFO_EMPTY -.f Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg::wb2uart_be_scoreboard: mwrite_uart_rx/CHK_TX_DATA... { Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg::wb2uart_rx_scoreboard:write_wb_master_r/CHK_RX_... \( Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg::wb2uart_reg_access_seq::body/CHK_WRITE_LSR_RSP \( Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg::wb2uart_reg_access_seq::body/CHK_WRITE_LCR_RSP -f Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg::wb2uart_reg_access_seq::body/CHK_WRITE_IER_RSP -f Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg::wb2uart_reg_access_seq::body/CHK_READ_LSR_RSP -f Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg::wb2uart_reg_access_seq::body/CHK_READ_LCR_RSP -f Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg:wb2uart_reg_sccess_seq::body/CHK_READ_IER_RSP \f Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg::wb2uart_reg_sccess_seq::body/CHK_LSR_RST_VALUE \f Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg::wb2uart_reg_access_seq::body/CHK_LCR_RST_VALUE \f Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg:wb2uart_reg_access_seq::body/CHK_IIR_RST_VALUE { Immediate SVA on 0 i
A fwb2uart_uve_env_top_pkg:wb2uart_reg_sccess_seq::body/CHK_IER_RST_VALUE { Immediate SVA on 0 i

Cnuxa 108. (Immediate assertions - checkers)
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3axspydax

7.3aK/byyak

- ¥V ckinagy ca 3axTeBUMa IOCTaB/BEHMM Y OKBHPY 3aJlaTKa OBOI' JAMIJIOMCKOI paja,
BepudHKaLMja MOJyJIa Y OBOM IIPOjeKTy je YCIIEHIHO M3BpuIeHa. HampaBibeHu Cy pa3inauTu
TECTHH CIIy4ajeBU KOjU Cy JIOBEIM [0 MAaKCHMalHe  (YHKIHMOHAIHE IOKPHBEHOCTH.
BepudukannoHo OKpyXeme je KOHIUIHPAHO TaKo Ja C€ CBaka KOMIIOHEHTa MOXe
WH/IMBUYaIHO KOPUCTUTH. Y Cllyyajy Jia ce yBely HeKe J10/1aTHE (PYHKLIMOHATHOCTH Y MOAYII,

BepH(bHKaHHOHO OKPYKCHE CC Y3 MUHUMAJIIHEC IPOMCHEC MOKC ITPUIIAaroauT JoAalnuMa.
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8. JiutepaTypa

[1] Ray Salemi - The UVM Primer An Introduction to the Universal Verification
Methodology-Boston Light Press (2013)
2] https://www.verificationguide.com

3] https://www.chipverify.com

[
[
[4] http://www .testbench.in
[5] https://cluelogic.com

[

6] https://www.learnuvmverification.com
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