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Bepuoukaums umdposoro ansamHa 4
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Lenk Bepudmraumnm — yGeantscs, 410 pesynstat PekoHBepreHTHble NyTU B HEOAHO3HAYHOM CUTYALMUM

HEKOTOPOTO NPEOOPT30BAHMS FBASETCS

NPeAnoONAraembiM Uinm OXMAAEMbIM " Bepudukaums cobCTBEHHOMO AN3ANHA NOATBEPXAAET €ro
COOTBETCTBME BALLIEW MHTEPNPETALMM CrieumndUKaLmm,

Bepuéukaums — >1o cornacosarme ¢ nomolbio 0 He CaMOM cneunpuKaLmm

PA3ANYHBIX CPEACTB CNeUMPrKALMM 1 BEIXOAA BeprdbuLMPOBATL AONXKEH APYTOit

Bepudunkaums npeobpasosaHus moxet ObiTh " Bepudrkaums BO3MOXHA NPU HAMUUYMKM U3OBITOUHOCTH

BLINOMHEHA TOMBKO Yepe3 BTOPOM PEKOHBEPTEHTHbIN B COMHMTENBHOM CUTYaLMM

MyTb C OOUWMM UCTOUHUKOM

Interpretation O RTL coding

e

Specification @

Interpretation 9

Verification



Y10 HYXHO Ans BepudUkaumm

[naH TectMpoBaHus

Y70 1 Kak Mbl Byaem npoBepsTs,
KOK Mbl Oyem KOHTPONMPOBATL
nporpecc

TecToBoe okpyxeHue npoekTa

TO, 4TO 6y)],eT nogaBdATb TECTOBLIE
BO3OENCTBMSA U CMOTPETL

340 OTBETAMM CNCTEMDI

MUHCTpyMeHTbI oTnaaku

MexaHn3m BoCnpom3BeneHms
OLWMBOK M OTNAAKM

Y

e

Cucrema cbopku npoekra

Hapo ymeTs 3anyCcTuTb NPOEKT HO MOLENUPOBAHME,
MNONYYNTb PEIYNBTATH, YMETH MX BOCNPOMN3BECTH

Tectnbl

CobCTBEHHO TO, YTO
Mbl OyEeM 3aMyCKaTh

MexaHu3m koHTpons n M3MepeHuns nporpecca

Hano paspaboTaTs moaesns NokpsITUS,
YMETb COOUMPATL M AHANM3UPOBATL €O



[Too YADRO

Mbl co3aaéM coBpeMeHHble TEXHONOTUYECKME MPORYKTbI:

Cepsepsl CucTembl XpaHeHus Tenekom

VESNIN 1 VEGMAN nanHbix TATLIN obopygnoBaxmne

CeTeBO€ M KOMMYTALUMOHHOE
obopynosanme KORNEFELD KVADRA

KnueHtckue yctporictea



[loueMy He xBaTaeT paboumx KappoB?

Obu1as CNOXHOCTb AAHHOM 0B1aCTH
1. bonblwol koHseep PAOOT A9 BHINYCKA NPOAYKTA HA PHIHOK |
2. 3HOHWE 93bIKOB OMUCAHKUS ANNAPATYPLI;
3. MeToponoruii, nponpUeTapHbie MHCTRYMEHTHI.

Mano cneumanmcTos



Pewenuns ot YADRO

Komnarus YADRO paszersaeT obWwmpHYyo 06pa30oBATENBHYIO MHULMATUBY, B PAMKAOX
KOTOPOW PACWMPSET COTPYOAHNYECTBO C POCCUMCKMMM BY3AMM MO KIKOYEBBIM
HAMPABAEHUAM: NMOMHOMY LMKITY paspaboTku cuctem Ha kpuctanne (CrK),
TENEKOMMYHMKALUMOHHOM pa3paboTke M NPOrPAMMHON MHXEHEPUN, B TOM YMCe afs

CNCTEM XPAHEHMA LAHHBIX.

. [NosiBneHne HoBbix Kabeap B 0OPA30BATENbHBIX YYPEXAEHUSX C
COOTBETCTBYIOLWMMM MPOTNPAMMAMK OOYUEHMS;

. CTaxmposku ;

. BHenpeHne nonynspHbix 13blkOB B BEPUPUKALMIO LMPOBOTO

OM3AMNHAQ.



A3bik Python cambirt nonynsapHbii B Mmpe

ASIC verification language adoption (testbench)

80%

70%

60%

90%

40%

Design Projects

30%

20%

10%
La — I
VHDL Verilog Vera System C  SystemVerilog Specmane CIC++ Accellera PSS Python OTHER
Testbench

ASIC Verification Language Adoption
m 2014 = 2018 m 2022



Ppeimeopk Cocotb

Cocotb is a coroutine based cosimulation library

Python C library Simulator
TEST Pl
— |
.....................
GPl ——  VHPI
Extend —— @ | N\ ..l
FLI L > >
| Verilog / VHDL
—>> —




Ppeimeopk PYUVM — Hagctpoika Hag cocotb )

e

. ['loBTOpPHOE MCNONb3OBAHME KOACQ:,

Object - Oriented Software Engineering
. CTQ Hﬂ‘Q pT[/] 30 LL[/] §|/ ) Software Structures . ( Goals §
: objects 1 reusability

. [MbKOCTb U KOHOUTYPUPYEMOCTS [ cases >
) CprKTyp d p OBAHHbIN NOAXOA ’ ( inheritance | /Zextensibility

(polymorphism) =
. MacwtabupyemocTs. templates

. / T flexibility
design patterns

hitps: / /www.chipverify.com /tutorials /uvm


https://www.chipverify.com/tutorials/uvm

Apxutektypa UVM Testbench YA
e

Test Environment v

coverage
4_
RAL collector
model )
virtua
sequence

Test configuration

configuration

Interface N

Agent

coverage
collector

()
@)
O
monitor @
=

Agents
sequences

library

virtual R
sequences seqguencer =

library

Agents conﬂguraﬂon T

sequences
library
~_

11



Section UVM 1.2 |EEE

Name Description

q)peﬁMBOpK PYUVM Specification

uvm_obiject does not capture
Base Classes S _
fransaction timing information

[lo motueam ctanaapta UVM 1.2

Leverages logging, controlled

Reporting Cl
SPOTNgG G888 using UVM hierarchy

IEEE Specification: .

All uvm_void classes
Factory Classes , ,
automatically registered

IMnnemeHTHpoBaHa obuias,

Simplified to only common

H(][/]6Qﬂee 4ACTO Hle/\/\eHﬂe/\/\Oﬂ Phasing phases. Supports objection
system
Ci)YH KUMOHAJTbHOCTD , UVM TLM Interfaces Fully implemented

Implements uvm_component with

He nMmnnemeHTUpPOoBaHLI

hierarchy, uvm_root singleton,

3

Predefi t Cl
reesinee Cempenent Clesszs run_test(), simplified ConfigDB,

Recording Classes,

uvm_driver, efc

uvm_resource_db, _imp classes ...

Mmnnentnposar RAL 19/02 /24

Refactored sequencer

functionality leveraging Python

Sequences, sequencer, sequence_item v el 1Y
language capabilities. Simpler

and more direct implementation




Ppenmeopk PyUVM

UVM underscore Class Names

No macros. Automatically in the factory

No phase arguments

class AluAgent (uvm agent) :

def build phase(self): <«
super () .build phase()

Simplified factory access

if self.active() :

self.driver = Driver.create ("driver", self)
try: —

self.is monitor = ConfigDB() .get(self, "", "1s monitor™)
except UVMConfigItemNotFound:

self.is monitor = True

Python exceptions simplify code

1f self.is monitor:
self.cmd mon = Monitor ("cmd mon", self, "get cmd")
self.result mon = Monitor ("result mon", self, "get result")



Ppenmeopk PyUVM
cnonbaosaHme dabpmku:

SystemVerilog UVM

function void build phase (uvm_phase phase);
driver h
coverage h =
scoreboard h =

= driver::type id::create("driver h",6 this);
coverage: :type id::create ("coverage h", this);
scoreboard: :type_ id::create("scoreboard h", this);

Python UVM

def build phase(self):
self.driver = Driver.create("driver", self)

self.coverage = Coverage.create ('"coverage", self)
self.scoreboard = Scoreboard.create ("scoreboard",

self)




Ppenmeopk PyUVM

ConfigDB - npumutieras “singleton” peanmsaups, 6e3 napametpmaaummn

SystemVerilog UVM
config_db#(uvm_sequencer)::set(null, """ U"SEQR'", seqr)
if ('uvm_config db #(uvm_sequencer)::get(this, "",6"SEQR",seqr))
‘uvm_fatal("Could not find sequencer") # Error out if not there

Python UVM

ConfigDB () .set (None, "*'", "SEQR",6self.seqr)
self.seqr = ConfigDB() .get(self, "", "SEQR") # Automatically errors out




Ppenmeopk PyUVM

Pasunposarme:
* IMNNEMEHTUPOBAHBI TONBKO 0bLIME GA3bl C UX CTAHAAPTHLIM NOPSAKOM PABOTHI.

UVM 1.2 Spec Section @.8.1

uvm common phases = |

uvm build phase,

uvm connect phase,

uvm _end of elaboration phase,
uvm start of simulation phase,
uvm run phase,

uvm extract phase,

uvm check phase,

uvm report phase,

uvm final phase]




Ppenmeopk PyUVM

JormnpoeaHme:
* DunbTpaums coobLLEeHMM Mo

YPOBHIO;

* Buibop dunbtpa coobuiernii ang nioboro ypoBHS MePAPXMM;

* 3anuce B dpain.

Every Component has class LogComp (uvm_component):

self
self

def run phase(self):
self.logger self.
self.
self.
self.
self.
self.

raise_objection()

logger.debug ("This is debug")
logger.info ("This is info")
logger.warning ("This is warning")
logger.error ("This is error")
logger.critical ("This is critical")

.logger.log (FIFO DEBUG, "This is a FIFO message'")
.drop_objection()

DEBUG: <src file>(6) [uvm test top.comp]: This is debug

INFO: <src_file>(7) [uvm_test top.comp]: This is info

WARNING: <src file>(8) [uvm_test top.comp]: This is warning

ERROR: <src file>(9) [uvm test top.comp]: This is error

CRITICAL: <src_file>(10) [uvm_test top.comp]: This is critical

FIFO DEBUG: <src file>(1l) [uvm test top.comp]: This is a FIFO message

Level

CRITICAL
ERROR
WARNING
INFO
DEBUG

OVl eliile)l FIFO DEBUG

NOTSET

%

A
e

Numeric
value

50
40
30
20
10
5

0



[Mpumep apb_iso_env Ha PyUVM

PyUVM Environment

. VPI
k SIMULATOR

Reset VIP

environment M
APB_ISO_WRAPPER

' VPI l

l VPI l

APB_ISO_TOP

Scoreboard




Ppeimeopk PyUVM: lpi_agent_cfg
SV- Python:

class ymp lpi g agent cfg extends uvm object; @vsc.randob]
class 1lpi master agent cfg (uvm object):
virtual ymp lpi g if vif; def  init (self, name):
bit 1s active; super (). 1init (name)
bit print debug info = 1'b0; self.is active = 0
rand bit &reqn_gtate_during_rst; self.print debug info = 0
self.gregn state during rst = vsc.rand bit t()
extern function new(string name = "ymp lpi g agent cfg");
extern function void build();
‘uvm_object utils(ymp lpi g agent cfqg) ”
endclass
function ymp lpi g agent cfg::new(string name = "ymp lpi g agent cfg");

super.new (name) ;
endfunction



Ppeimeopk PyUVM: lpi_agent

SV: Python:

class ymp lpi g agent extends uvm agen class lpi master agent (uvm agent):
ymp lpi g agent cfg cfg; num id = 0
ymp lpi g monitor monitor;
ymp_lpi_q_driver driver; def init (self, name, parent, *args, **kwargs):
ymp lpl g sequencer sequencer; lpi master agent.num id +=1
- - self.num id = lpi master agent.num id
extern function new(string name, uvm component parent); super (). 1init (name, parent)
extern function void build phase (uvm phase phase);

extern function void connect phase (uvm phase phase);

‘uvm_component_utils(ymp_lpi_q_agent)”i
endclass

function ymp lpi g agent::new(string name, uvm component parent);
super.new (name, parent);
endfunction

endclass

20



Ppeimeopk PyUVM: lpi_agent
Python:

def build phase(self):
super () .build phase()
self.cfg = ConfigDB() .get(self, "", "cfg")
1f (self.cfg.is active):
self.sequencer = uvm sequencer ("lpl master seqr",self)
self.driver = lpi master driver ("lpli master driver",self,num id = self.num 1id)
self.driver.set cfg(self.cfq)
self.monitor = lpl monitor ("lpi monitor", self, num id = self.num id)
self.monitor.set cfg(self.cfq)
def connect phase(self):
1f (self.cfg.is active):

self.driver.seq item port.connect (self.sequencer.seq item export)

21



Ppeitmeopk PyUVM: |pi_driver
Python:

class 1lpi master driver (uvm driver) :
def  init (self, *args, **kwargs):
self.num id = kwargs["num 1d"]
del kwargs|["num id"]
self.__flag_tragsaction_completed = 0
self. flag transaction started =0
super (). 1init (*args, **kwargs)

RTL-wrapper:

def connect phase (self):
index = "lpi" + " vip " + "m" + st 1f. id - 1 '
pre_index pi _vip_ m str(self.num_1i ) // LPI VIP master[0] wires

_I_ mw mw
self.gregn = getattr (cocotb.top, (pre index + "gregn")) wire lpi vip mO gregn ;
self.gclk = getattr(cocotb.top, (pre index + "greset")) wire 1lpi vip mO greset ;
self.greset = getattr (cocotb.top, (pre index + “gclk")) wire ]in \ﬁip mO <qclj< .
- 14

~oe

def init flag to zero(self): wire lpl_le_mO_qacceptn

self. flag transaction started = 0 wire lpi vip mO gdeny ;
self. flag transaction compl =0 wire lpi vip mO gactive

~oe

def set cfg(self, cfqg):
self. cfg = cfg

22



Ppeimeopk PyUVM: |pi_driver

SV: run_phase Python: run_phase

task
ymp lpi g driver::run phase (uvm phase asyn? def _ main_task(self):
phage);_ - - - while True:
forever begin e
@ (negedge vif.rst);
fork async def  rst task(self):
forever begin SeeeZ
<. ..> 1
end async def run phase(self):
<. ..0>
begin while True:
<. > P first task = cocotb.start soon(self. main task())
end second task = cocotb.start soon(self. rst task())
Soin any awalt cocotb.triggers.First (first task, second task)
- <. l.0>

disable fork;
<. o>

end
endtask

23



Dpeimsopk PyUVM: driver YA

e
PyUVM: HeT nogaepxku try_next_item{)  S14_15_python_sequnces.py

class uvm driver (uvm_component) : class uvm seqg item port (uvm port base):
def init (self, name, parent): def connect (self, export):
super (). init (name, parent)

self.check export (export)

self.seq item port = uvm seqg item port("seg item port", self)
- - - = - - - super () .connect (export)

async def put reqg(self, item):

def put response (self, item):

async def get next item(self):

def item done(self, rsp=None):

async def get response(self, transaction id=None) :

24



Pperimeopk PyUVM: sequence_item
SV: Python:

@vsc.randobj
class lpi g item(uvm sequence item) :
def init (self):
super (). init ("lpi g item")

class ymp lpi g item extends uvm sequence item;

rand int pre delay clk;
rand int post delay clk;

self.pre delay clk = vsc.rand int32 t()
self.post delay clk = vsc.rand int32 t()

extern function new(string name = "ymp lpi g item"); def eq (self, other): #do compare analog
return (self.state req == other.state req and
self.state resp == other.state resp and
uvm_object utils(ymp lpi g item) self.state active == other.state active)
endclass
function ymp lpi g item::new(string name = "ymp lpi g item");
super.new (name) ;
endfunction def  str (self): #do print analog
return ((£f"\nName: {self.get full name()} \
function void ymp lpi g item::do print (uvm printer printer); L.
printer.print field int("pre delay clk", pre delay clk, \nstate active: {self.state active}"))
S$bits (pre delay clk));

endfunction

def get lpi state(self):
if (self.state req == lpi g reg e.NO REQUEST and
self.state resp == lpi g resp e.IDLE):
return lpi g state e.Q RUN.name

function ymp lpi g states e ymp lpi g item::get lpi state();
case ({state req, state resp})
{NO_REQUEST, IDLE} : get lpi state = Q RUN;

default : get lpi state = ILLEGAL;
endcase
endfunction

else:
return lpi g state e.ILLEGAL.name

25



Pperimeopk PyUVM: sequence

Python:

class lpili master direct sequence (uvm sequence) :

def 1nit (self, name):
super (). 1nit (name)

async def body(self):

item = lpi g 1tem()
with l1tem.randomize with() as 1it:
lt.state req == lpi g req e.REQUEST

awalt self.start item(iltem)
awalt self.finish item(item)

26



Ppeimeopk PyUVM: scoreboard

Python:

from apb iso pkg import *
class apb 1so scoreboard (uvm component):

def 1nit (self, name, parent):
super (). 1nit (name, parent)
self.passed = None
self.apb slv trn = None

def build phase(self):

self.dut fifo reset = uvm tlm analysis fifo("dut fifo reset", self)
self.slv fifo reset = uvm tlm analysis fifo("slv fifo reset", self)
self.mst fifo reset = uvm tlm analysis fifo("mst fifo reset", self)
self.mst fifo trans = uvm tlm analysis fifo("mst fifo trans", self)
self.slv fifo trans = uvm tlm analysis fifo("slv fifo trans", self)
self.lpi fifo trans = uvm tlm analysis fifo("lpli fifo trans", self)

<..>

27



Ppeitmeopk PyUVM & cocotb_coverage

* [cnonbayioTcs CTAHOAPTHBIE KNACCH-COOPLIMKM NOKPLITUS -

uvm_subscriber.

* Sample-dyHkumnm 0bepHyTH B AEKOPATOPL BUBANOTEKNM

cocotb_coverage.

28



class apb iso cov collector (uvm component) :

class uvm AnalysisImp (uvm analysis export):

def init (self, name, parent, write fn):
super (). init (name, parent)
self.write fn = write fn

def write(self, tt):

self.write fn(tt)

def  init (self, name, parent):
super (). 1init (name, parent)
self.analysis export master rst = self.uvm AnalysisImp ("analysis export master rst",self,

self.write master rst cov)
<>

def write master rst cov(self, master rst item):
self.sample rst mst (master rst item.rst st.name)

async def run phase (self):

<>
@CoverPoint ("apb iso top.reset mst", bins = [rst state.RST ASSERT.name, rst state.RST DEASSERT.name])
def sample rst mst (self, a):
pass

<..> 29



Dpenmeopk PyUVM & cocotb_coverage

apb_iso_top 91.21%
apb_master 100.0%
Ipi_state | 100.0%
gstate _cp 100.0%
direction | — 100.0%
responce 100.0%
pstrb [ — 100.0%
pproto 100.0%
pprotl [ — 100.0%
pprot2 100.0%
gstate_cp_X_status_tr_cp HEE— 100.0%
apb_slave 84.21%
Ipi_state 50.0%
gstate_cp 50.0%
direction | — 100.0%
responce 100.0%
pstrb [ — 100.0%
pproto 100.0%
pprotl [ — 100.0%
pprot2 100.0%
gstate cp_X status_tr cpim | 50.0%
reset_dut 100.0%
reset_mst 100.0%
reset slv 100.0%
COVercross 77.78%
get_all _reset 100.0%
Ipi_state 75.0%

get all_reset Ipi_state | . 75.0%

30



Python debugger in vscode

CranpapTHbit otnanyurk vscode - debugpy

RUN AND DEBUG

77
“ VARIABLES
78 async def run phase(self): (reTurn) reset_sequence_param._ LnlT__
79 > rst_thread_dut: <Task 291 f shed coro=start utcome=Value(N
80 listen host, listen port = debugpy.listen(("localhost", 5679)) > rst thread mst: <Tash CORC S SR S
81 # Suspend execution until debugger attaches ; o o -
82 debugpy.wait for client() ’\'j” ead_slv: <Task 293 Tinished coro=start() outcone=Value(None
83 # Break into debugger for user control  SELEE Uvn_test_top
84 breakpoint() # or debugpy.breakpoint() on 3.6 and below > special variables
85 self.raise objection() > function variables
® 36 print(COCOtb.SIM_NAME) > apb_memory_random_responce_sequence: <apb_me andom_responce_sequence.apb_me y_rand esp
e 387 cocotb.start soon(self.apb slave responce()) > cfg: <apb_iso_env_cfg.apb_iso_env_cfg object at 8x7f9f974bscd
/8 © .. encath tan test en.value =q . I S ) S
. > children: <generator object uvm_component.children at @x7f9f945b1fce>
Add Breakpoint "cocotb clock")
> component_dict: _top 3 B L . b_ B B L L N
Add Conditional Breakpoint... . v env: uvm test top.apb iso env
Add Logpoint... = 20 > special variables
93 min_delay_trn =0 > function variables
94 max delay trn = 2000 > apb_iso_env_cfg: _tso_env_cf L A
95 v apb_master_agent: uvm_test_top.apb_iso_env.apt
® 96 try: . > special variables
97 num pkts = int(cocotb.plusargs["num pkts"]) _ v
o - > function variables
98 except KeyError:
99 num_pkts =1 > apb_master_seqr: N t_top.apb_iso_env.apb_ ter_agent.apb_master_seqr

> special variables
> function variables
fix_pready_timeout: 10

has_cov: ©

is_active: 1

31



QEMU /Renode with cocotb

PyUVM Environment

Server-inside cocoth i
clk_generator S I M U LATO R

VPI

7
o
o
s
T

driver

CFG
environment

Slis
g

APB_ISO_WRAPPER

A
0y
13
o
0}
=
o

P

driver

H
I<

seqr

™
-

HH;
l<

Pl

driver

sS|lig = S S
o M o 1
S i S i

APB_ISO_TOP

Scoreboard D)

< o | [over] VPI
) o | aner

<]
S,
g
@

@
<

P

HIE
I<
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OnbIT UCNONb3OBAHMUS:

[lpobnemsbl ¢ KOTOPBIMK CTONKHYNCS:
. Otcyrcteme try_next_item() B driver class (nonblocking) ;

. OTCyTCTBME NOKPLITUS, PAHAOMM3ALMM, KOHCTPEMHOB, KOK BCTPOEHHOTO GYHKUMOHANA.

Pewenne — nobasuts dpermsopk cocotb-coverage -

(https: //qithub.com/mciepluc/cocotb-coverage) n pyvsc -
(https: / /qithub.com /fvutils /pyvsc /)

Tect - apb_iso_all_random_reset SIM_OPTS="+num_pkis=50"

. Huskas
RAM execution time

Pyuvm + Cadence 20620 KB Om:40.56s
UVM SV + Cadence /19680 KB Om:24.55s

NOON3BOONTESNTBHOCTD.

34


https://github.com/mciepluc/cocotb-coverage
https://github.com/fvutils/pyvsc/

Brisogbl, npenmywectea PyUVM:

1 KpoccnnatdopmeHHoCTs;

2.Open-source friendly — cnonbsosanme kak Gecnnathbix cumynsTopos (lcarus
Verilog, Verilator), Tak n nponpuetaprbix (Synopsys, Cadence, Mentor Graphics),
MHOXECTBO OTKPHITHIX OMbNMOTEK;

3.Jlerkuit ctapt ¢ s3bikom Python ;
4.Bo3aMOXHOCTb Nepencnonb3oBaHUS OKPYXEHUs HO CUCTEMHOM YPOBHE;

5.Paseumtue Python-paspaboTtumka no UVM-SV sepudmkaropa.

UVM-SV
Python- Cocotb, Bepudrkatop

paspaboTumk PyUVM uMdpPOBOro
AM3aMHO
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YA
e Ers

NHskeHep no paspaboTtke cuctemHoro MO ana cuctem Ha Kpuctanne (SoC/BSP) apxutexTypbl RISC-V - |

NHxKeHep-nccnenoBatens no paspaboTke anropmutmos LLOC (AME) DevOps ntxerep — —

|/|H)K€Hep No NMPOeKTNPOBaAHNIO aHa}'IOFOBO-LI,l/ICprBbIX neyvyYaTHbIX NMaaT

NHxKeHep no BepuduKkaumm CHK (Python)

NHxeHep no Bepudpurkaumm CHK (SystemVerilog/UVM)

MHH(GHep no onNTMMmn3au i nnachopN\ noa Nno NCKYCCTBEHHOIO MHTEJ/I/1EKTA

NHxkeHep no paspaboTke MO ana 6a3oBbix cTaHUmMit (Go, C++, Python)
NHKeHep No malHHOMY 0DyYeHNto

VlHH(eHep no pa3pa60THe NPOrpaMmMHbIX CPeaACTB aHa/IM3a NMPOonM3BOANUTE/IBHOCTA

NHXeHep no cuctemHomy nporpammmposaHmio CHK NH»keHep no paspaboTke MO KOMNbIOTEPHOro 3peHna

NHxkeHep no paspaboTke MO BIOS UEF!
NH»keHep no paspaboTke MO BMC

A

A NH»eHep no FPGA npoToTMNMpOoBaHMIO
VIH)XeHep No aBTomMaT13aumn TeCTUPOBAHNA //careers.yadro.com/|mpu|se

NHXeHep-CXeMOTEXHUK LMDPOBLIX YCTPOMCTB
NH»KeHep no RTL NpoeKTMpoBaHuMo

MHKeHep-KOHCTPYKTOP neyaTHbIX naat




Git repo:

hitps:/ /github.com /hurisson/pyuvm_primer



Jlutepartypa:

Python for
RTL Verification

A complete course in
Python, cocotb, and pyuvm

Ray Salemi

Primer
1 to the

* https://pythonworld.ru/samouchitel-
ovthon

e hitps://docs.cocotb.org/en/stable/

* Python tor RTL Verification: A complete
course in Python, cocotb, and pyuvm, Ray
Salemi


https://pythonworld.ru/samouchitel-python
https://pythonworld.ru/samouchitel-python
https://docs.cocotb.org/en/stable/

Cnacubo 3a BHUMaHMe!
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