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SystemVerilogA—XDIRFEAVFAD
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« Cadence - Universal Verification Methodology
« Synopsys - Verification Methodology Manual
* Mentor Graphics - Advanced Verification Methodology

« 20074 Cadence & Mentor Graphics [Z# R TOVMFE X
« 20104 AccelleralZOVM 2.1.1ZR—X[CUVMBAREZ R K

« 20114, Accellerah’ UVM 1.0z1)1)—R

« 20174, IEEE-1800.2: L TUVMZ1EZE(LE
« |[EEE 1800 : SystemVerilog
- |[EEE 1800.1 : SystemVerilog-AMS (¥ #3)
 |EEE 1800.2 : UVM
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IEEE 1800.2 TIZUVMMDAPID HZ=12ZE1E

« UYMDAPIEIFA—F—h\ERT HAPI

» AccelleraTIZIEEE 1800.24Z# MAPIZ SystemVerilogd—kTRZEL.
“Reference Implementation” ELTA—T Y — XTIt

« SystemVerilog ISV D EFETERET S EHAHE
« Accellerad) SystemC WGTIZ, SystemCHDEEZEHTL VS

 GitHub_E TIEPythonIZ&KBAERENDTAD TV A—T UV —A A Tt
A TLYS (pyuvm)
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Python A2z /K

e PythonTiRSELDIETTRTAIT DI+
c FTTOMIISRFEAVRAVRIELI=HD

e C++IEETIERATEVZRIE B ITFEN TS HPythonTIEE L
e type() Z7 A EESIEFT O IMD IS AN B

print (type (2023))

<class ‘int’>

PythonTCIZ T R THA T HINED T
BATFIIX T OINTGAETA XN E
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PythonTIXT—2 TNV RIILBAaE—EN 5

yr = 2023 yr = 2023
pi 3.14 pi = 3.14

print (“Type of yr:”, type(yr))
print (“Type of pi:”, type(pi))
Y

print (“yr is now”, type(yr))
print (“New type of yr”, type(yr))

yr = pi
Yyr = pi

Type of yr: <class ‘int’>

Type of pi: <class ‘float’>

yr is now 3.14

New type of yr <class ‘float’>

P
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SystemVerilog&tb X5 & -+

SystemVerilog

uvm put port #(txn a) ff;
ff = new("f£f", this) ;
txn b bb;

bb = new("bb")

ff.put (bb) ;

AAAAAAAANAN

L4

Python

ff=uvm put port("f£f", this);
bb = TxnB("bb")
ff.put (bb) ;

VIRV YARTT—
SystemVerilog TlZ. . .
BRATIZKBDINTGAIZA X%
ZRTHERIZHSD
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Testbench Software o RTAZATRER
- HEEREDOFIVY
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BFM-A BFM-B
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cocotb &l ? ‘ocotb

www.cocotb.org

e coroutine cosimulation test bench

e coroutine
« VAl =3 AARNVMIT U OMEETRBET S ED 12— LT BBO K
SIZEZLFEVHELTHERT S
e cosimulation
« RTLY2aL—4MBPythonZE 7§ A ETRIBEE RS T aL—ay
e testbench
- Testbench Software 7Av % EE T 5 PythonT7 AT Z L%

* PythonDITaL AT LATRBSN TS 4B LULEDY I T I\ —
EERALTTRAMUF-YILIITERETED
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cocotb TITHZ & ‘ocotb

~

e v =al—

www.cocotb.org

~
~

AV DAN N RERF(ZESITI HeoroutineZr &9 5

« My T LA )JLDcoroutine - test Z4EFTEL. CIZEKH>TIZaL—i3

Vi

CHT D
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coroutineM EZELEZETT

DS5AR) YR URDEEES GEERAS R
9L —%4 \_| @cocotb. test () 5I3AVARLY
async def hello world(l):
SHﬂEH//// 7""Say Hello to world””” N
/{/\“/Hlxn—lj’ logger.info (“Hello, world.”) EITHRICEHIFI 5
e v\ loggerA 7O R —VHIFS 5
N
L
0.0ns INFO running hello world

Say Hello to world
0.0ns INFO Hello, world.
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Al —avEFRBEED

- FFRlIZ/HE I SFEH
« VHDLTIXprocess. SystemVerilogTldtask, PythonTldcoroutine

process 1is vinlok

begin : Python
wait for 2 ns; import cocotb

report “I'm done”;
wait;
end process;

from cocotb.triggers import Timer
@cocotb.test ()
async def wait 2ns( ):
await Timer (2, units=“ns”)

initial begin logger.info("I'm done”)
#2ns;
$display( “I'm done”);

end
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Timer Z{EHL=HDO 3 FEZHEH

import cocotb
from cocotb.triggers import Timer
import logging

async def countup (name, delay, count):
"""Count up to the count in every delay"""
for ii in range(l, count+l):

await Timer (delay, units=%“"ns”)
logger.info ((f” {name} counts {ii}”)

dCCelerd) 2023/06/22
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BRRAVDEHEFR IR T FL

import cocotb
from cocotb.triggers import Timer, Combine
import logging

async def countup (name, delay, count)
for ii in range(l, count + 1) ;
await Timer (delay, units="ns")
logger.info (£f” {name} counts {1i}"”)

@cocotb. test ()
logger.info ("START COUNTING”)

running task h = cocotb.start soon(countup (“"DVConJP”, 1, 3)

await running_ task_h 0.0ns INFO START COUNTING
1.0ns INFO DVConJP counts
« AR FEENIZ start_soon() TITS
o — 2.0ns INFO DVConJP counts
° ‘\ ~ > . 3 = ‘z /~ o
start_soon() AR I /\U /L% await THREL TR TZFD 5 (e STSIE e T ererala
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EITRRV D HELH

@cocotb. test ()

async def do not wait( ):
“"Launch counter “"”
logger.info (“"START COUNTING”)
cocotb.start soon (countup (“"DVConJP”, 1, 3)
logger.info(“ignored running task”)

INFO START COUNTING
INFO ignored running task

« start_soon()THRVITEENIL =AY, /\UFILZEFE ST await LTLVELY
« VL —LAaVvITEEDERDERTIT S

« ER(ZHE while L—TLRENHBIKRTHERAT S (FRIIELZIaL—a & T EFTHE)
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BRODAMFIFEE

@cocotb. test ()

async def task interleaver( ):
logger.info (“"Count KEN to 5, PA to 3”)
KEN h = cocotb.start soon(countup (“KEN”, 1, 5)
PA h = cocotb.start soon(countup(“PA”, 2, 3)
await Combine (KEN h, PA h)
logger.info (“"Task interleaver test done”)

.00ns INFO Count KEN to 5, PA to 3
.00ns INFO KEN

.00ns INFO PA

.00ns INFO KEN

.00ns INFO KEN

.00ns INFO PA

.00ns INFO KEN

.00ns INFO KEN

.00ns INFO PA

.00ns INFO Task interleaver test done

« await Combine() (XA DFRINEHLLDEHFD
(SystemVerilog @ fork~join [l TLVS)

« Combine LIS} (Z First() HHYRFDARIE T #4FD
(SystemVerilog @ fork~join_any IZ{LLTLNVS)

0o JooUlddWNDN
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UIal—ia EDIEBE DR
e Trigger : 2aL—32DRAAZ T (ZREIEAT 518D coroutine

\d

« Edge(signal)
« BELESOROTYY GLEY /IITY)ZER[FD
 RisingEdge(signal)
« BELEESODRDIEYTYOZERFD
 FallingEdge(signal)
s HELEESTDRDILTYIVOERFD
» ClockCycles(signal, num_cycles, rising=True)
« EELEED num_cyclesTHRELI=H AL DI LY SITYIVIZEHFHFD
« BHEDTIAILEIILLEY (rising=True)
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counter &)t ybT AR

//SystemVerilog counter.sv
‘timescale lns/lns o« ZDECIR LIS ZE)Y—RD import HAHE
module counter (input bit clk,

input bit reset n,

output byte unsigned count) ;

always @ (posedge clk)
count <= reset n ? count + 1 : ‘b0;

endmodule

@cocotb. test ()

async def reset (dut):
cocotb.start soon(Clock(dut.clk, 2, units="ns”) .start())
dut.reset n.value = 0
await ClockCycles (dut.clk, 5)
count = get int(dut.count)
logger.info (f”"After 5 clocks count is {count}”)
assert count ==

8.00ns INFO After 5 cloks, count is O
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counter DA T AR

@cocotb. test ()
async def count3(dut) :
cocotb.start soon(Clock(dut.clk, 2, units=“"ns”) .start())
dut.reset n.value = 0
await FallingEdge (dut.clk)
dut.reset n.value =1
await ClockCycles(dut.clk, 3, rising=False)
count = get int(dut.count)
logger.info (f”After 3 clocks count is {count}”)
assert count ==

16.00ns INFO After 3 cloks, count is 3
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Python"—ZXDUVM - pyuvm
 |IEEE 1800.2 M1t#k s AV AR—ILT BHIZIE

% pip install pyuvm

 EREFDIL—IL c INYT—DFERT AICIE
« —fRENICEHO N B EEE R from pyavm import
e [FIXFEDONGUVEREITIEE ST
e PythonDHEREIXHEEHET

class AluTest (uvm_test):

 copy.deepcopy() < do_copy() def run phase (self) :
. & i self.raise objection()
_Str_() Convert28trlng() seqr = ConfigDB() .get(self, "", "SEQR")

seq = AluSeqg("seq")

seq.start (seqr)

time.sleep (1)

self.drop objection()
uvm_root () .run_test("AluTest")
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PythonIZ&H5UVMEE i 5]

</0lEERALGL., BEBICFactorylZ®H 5
/ build phase® 3 |#kI%%zL Factory~D7 7t AHFEE

class AluAgent (uvm_agent) : /
def build phase (self):

super () .build phase () ConfigDBH &1L
if self.active() :
self.driver = Driver.create("driver", self)
try:
self.is monitor = ConfigDB() .get(self, "", "is monitor")
except UVMConfigItemNotFound: — 5T SR DIERET
REURDEZE

self.is monitor = True

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

g

Introspectionl:&%iiﬁ@ﬂ—?«r‘zﬁ‘xﬁvﬂbJ
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12
13

14
15

Base Classes

Reporting Classes

Factory Classes

Phasing

UVM TLM Interfaces
Predefined Component Classes

Sequences,
sequencer,
sequence_item

dCCelerd) 2023/06/22

uvm_object does not capture transaction timing information
Leverages logging, controlled using UVM hierarchy

All uvm_void classes automatically registered

Simplified to only common phases. Supports objection system
Fully implemented

Implements uvm_component with hierarchy, uvm_root
singleton,run_test(),simplified ConfigDB, uvm_driver, etc

Refactored sequencer functionality leveraging Python language
capabilities. Simpler and more direct implementation
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FERINTULVEDUVMEEEE

e HRBALDUVMIT—H » Synchronization class
« EFEUVMOz—XDH THY » Container Class
e uvm_resource_db * Recording class
» uvm_config_db TR AR &E » Transaction recording
* _Imp classes » Policy class

+ RELGRE
* Report handler
» PythonMlogging T AT &E

* Register layer / model
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pyuvm UML #4755 s

uvm_void
uvm_object
|
uvm_report_object uvm_transaction
uvm_compoonent uvm_sequence _item
uvm_test
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Python TDFactorys\2—> : metaclass

e class [(FETEINDRAT—KIAVRT class
BATDA T H EERT S

e Cls ELVSA TV HMETEZE - name 1
TYIRADEREHN AN TS

* class # Factory& 9 47-6pMD~< /0O -
‘uvm_component_utils [EFE

« Factory M Singleton AV wyRhEiEEIh S

ZD3—KIE uvm_void V95 AN ERZINDEIZEITIND
(DAL RZ ZIEENSBFTILALY)

class FactoryMeta (type) :
def init (cls, name, bases, clsdict):
FactoryData() .classes[cls. name ] = cls
super (). init (name, bases, clsdict)

class uvm _void(metaclass=FactoryMeta) :

class uvm factory(metaclass=Singleton):

class uvm factory() .set type override by type (Driver, NewDriver)

dCCelerd) 2023/06/22
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Factory@EWLVAMNERIESND

SystemVerilog UVM

function void build phase (uvm phase phase);
driver h = driver::type id::create(“driver h”, this);
coverage h = coverage: :type id::create(“coverage h”, this)
scoreboard h = scoreboard::type id::create(“scoreboard h”,6 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)

dCCelerd) 2023/06/22
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Python TT@) ConfigDB

» Singleton EEMNERIESN ., FAT(ZKDINTAISA AN E
« uvm_resource_db [£ff4>F uvm_config db f AT —REEE

SystemVerilog UVM

config db# (uvm_ sequencer) ::set(null, “*”, “SEQR”, seqr)
if ('uvm config db # (uvm sequencer) ::get(this, “”, “SEQR”, seqr))
‘uvm_fatal ("Could not find sequencer”)

Python UVM

ConfigDB () .set (None, “*”, “SEQR”, self.seqr)
self.seqr = ConfigDB() .get(self, “”, “SEQR")

dCCelerd) 2023/06/22
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Python [ZBEITHAL Yk

class UVMQueue (queue.Queue) :
#### In init ()

ZLvRDOKilllZ self.end while predicate = ObjectionHandler () .run phase complete
self.sleep time = 0.1

* SystemVerilog TIXAILEELR | ppaa

< Kill def get(self, block=True, timeout=None) :
if not block or timeout is not None:
try:

- Python TIZALYRAE & &

return super () .get(block, timeout)

AT 6h51iﬁtﬂ59~7ﬁﬁlz\g except queue.Empty:
raise
T R S else: # create block that can die
tj_—‘ L7H J#/? 0)get() £ while not self.end while predicate():
ExitL7Z{TIEEnigiy try:

datum = super () .get (block=True, timeout=self.sleep time)
return datum
except queue.Empty:
pass
sys.exit () # Kill thread if it's time to die

dCCelerd) 2023/06/22
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UVMQueue Z{£->7=TLM FIFO

class QueueAccessor:
def init (self, name, parent, queue, ap):
super (QueueAccessor, self). init (name, parent)

self.queue = queue
self.ap = ap

class NonBlockingGetExport (QueueAccessor,
TLMBIET 2=OIZFIFOD uvm_nonblocking get export)

T . def can get(self):
Queue~DNVRILEET return not self.gueue.empty ()

def try get(self):
try:
item = self.queue.get nowait()
self.ap.write (item)
return True, item # return tuple
except queue.Empty:
return False, None # return typle

self.nonblocking get export =
self.NonBlockingGetExport ("nonblocking get export",
self, self.queue, self.put ap)

dCCelerd) 2023/06/22
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Phase &) 2790429

class uvm_topdown phase (uvm_phase) :

o == Yt @Qclassmethod
UVM Common Pbaseg%ﬁ def traverse(cls, comp) :
« Common Phase HMal M [ZLRMT
EEINTLD

class uvm build phase (uvm_topdown phase, common phase) :

« hAA LD Phase (FREET
ﬁ;ﬁ%'{t’&ﬁ*ﬁ? uvm_common_phases = [

uvm_build phase,

=P D s o = uvm_connect phase,
* I\‘Jj 9 rb_//, N I\'L\_-j? Y7 (j: uvm_end of elaboration phase,
traverse method TX 5l uvm_start of simulation phase,

uvm_run phase,
uvm_extract phase,
uvm_check phase,
uvm_report phase,
uvm_final phase]

dCCelerd) 2023/06/22
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Sequence ) J7OR) 0

 Sequence / Sequencer [FLRMTIE2D0DEZE DL TS
c AL THREPTMNERMEZHIFTS-HICEENEHIZEOTLNS

e Python UVMD L —4 U ATIEIUTOERIENITHN TN,
. Sequencer 4 Driver /354954 XENTLVELY
« uvm_sequence | uvm_sequence_item Tld%:< uvm_object i3k
-« Sequencer NI 57 —ERL— 3L FIFOD &
* get_response() Tl Transaction ID 0 &% &
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UVML 7R—h#8E(E Logging TH A
 Logger [FAYtE—IF A R
» Logging LR JILTAYE—DFTAILR) T

 Logging /A RS TH A% AR

« 29— TF7AIL HTML, 5& CRITICAL 50

. . ERROR 40

rLogging 74 —RyFTAvE—2% WARNING 30
74— YL

INFO 20

DEBUG 10

pyuvm Ci&fjj === FIFO_DEBUG 5

NOTSET 0
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Logging D& FH

class LogComp (uvm_component) :

£ T® uvm_component HY def run_phase (self):
Self.logger *ﬂ%ﬁ'@,’&’ﬁ? self.raise objection()

self.logger.debug("This is debug")
self.logger.info("This is info")
self.logger.warning("This is warning")
self.logger.error ("This is error")
self.logger.critical ("This is critical")
self.logger.log (FIFO DEBUG, "This is a FIFO message")
self.drop objection()

pyuvm DT A—< v (L
UVMIZZE1EL

(message_ldli, {'\L\) 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>(ll) [uvm test top.comp]: This is a FIFO message
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Logging > kA—)L

* uvm_report_object
» set_logging_level(logging level)
« add_logging_handler(handler)
« StreamHandler - sys.stdout & & sys.stderr [ZT1) >k

« FileHandler - 27 IIL~DEAH
 NullHandler - NOP

« set formatter_on_handlers(formatter)

e Uvm_component
« set_logging_level hier(logging level)
« add_logging _handler_hier(handler)
« set formatter_on_handlers_hier(formatter)
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uvm_test top (AluTest)

TinyALU {& Fa {51

coverage scoreboard
(Coverage) (Scoreboard)

e U2l —ARLIFEBERICEAEINT=-PythonT AR F Q
e cocotb ZAAWLVTCRHRRFEINI=ZaL—2ATAMIUF &

R
driver cmd_mon result mon
(Driver) (Monitor) (Monitor)
Droxy ‘ Proxy Proxy

get_result()

clk —»
result Monitor
BFM

get_cmd ()
clk
CMD Monitor
BFM
reset_n

reset n

send _op(A, B, op)‘ I ‘ ‘k ' k )
T ———mm e ————— Y N
A [7:0] . :COI'lflgDB () \
clk | —» done : A PROXY” :
1§ resuic [15:0] : PythonProxy !
ALU Driver BFM resetn— ! :
B [7:0] | :
> |
= A opr2:0) : Send_Op () :
Anp 001 ! |
|
. AND 010 |
op [2:0] XOR ?;é i get_cmd ( ) :
| I
| I
clk reset n ! get result() :
\ )

cocotb proxy + BFM
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Python / Simulation & M Proxy Interface

class PythonProxy (uvm component) :
def init (self, name, parent, label):
super (). init (name, parent)

proxy.send op(aa, bb, op) ConfigDB() .set (None, "*", label, self)
cmd = proxy.get cmd()

result = proxy.get result()

_ class CocotbProxy:

Blocking & AP def init (self, dut, label):

self.dut = dut

ConfigDB () .set (None, "*", label, self)
self.driver queue = UVMQueue (maxsize=l)
self.cmd mon queue UVMQueue (maxsize=0)

UVMQueue @) maxsize = 0 [FEEDF1—

dCCelerd) 2023/06/22
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Monitor

class Monitor (uvm_ component) :

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

def build phase (self):
self.ap = uvm _analysis port("ap", self)

def connect phase (self):
self.proxy = self.cdb get ("PROXY")

def run phase (self):

while not ObjectionHandler () .run phase complete() :
get method = getattr(self.proxy, self.method name) PythonTlZE=4—FE%%

catum = get methodl) XFHICEETLES
self.ap.write (datum)

def build phase (self):
self.cmd mon = Monitor("cmd mon", self, "get cmd")
self.rslt mon = Monitor("rslt mon", self, "get result")

dCCelerd) 2023/06/22
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cocotb|Z&XHE=AX—E$BFM

def get result(self):
return self.result mon queue.get()

Blocking @) API

async def result mon bfm(self): prev done = 0
while True:
await FallingEdge (self.dut.clk)
try:
done = int(self.dut.done)
except ValueError:
done = 0
if done == 1 and prev _done ==

self.result mon queue.put nowait(int(self.dut.result.value))
prev_done = done
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Functional Coverage

class Coverage (uvm_subscriber) :
def end of elaboration phase (self):
self.cvg = set()

def write(self, cmd) :
self.cvg.add (cmd. op)

def check phase (self):
if len(set(Ops) - self.cvg) > O:
self.logger.error (f"Functional coverage - Missed:
{set (Ops) -self.cvgl}l")

Python IZ[Z% covergroup DYWLV =6, TR TDopstEBlESni-opsDEHERY . IkITERDIT5
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Sequence Item

class AluSeqItem(uvm sequence item) :
<snip _ init >
def eq (self, other):
same = self.A == other.A and self.B == other.B and self.op == other.op return same
def str (self):
return f"{self.get name()} : A: Ox{self.A:02x} OP: {self.op.name}"
f" ({self.op.value}) B: Ox{self.B:02x}"

def randomize (self) :
self .A = random.randint (0,255)
self.B = random.randint (0,255)
self.op = random.choice (list (Ops))

do_compare() ¥ convert2string() &F MGt gEZ Python {EZZTEEL TS
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ALU Test

class AluTest (uvm test):

def build phase (self):
= self.env = AluEnv.create("env", self
« IRIE (env) DAV REZV AL (fenv )
] _ _ def end of elaboration phase (self):
* Logging Level z DEBUGI=t vk self.set logging level hier (logging.DEBUG)

o _ def run phase(self):

» AT AVREEL TV RREST self.raise objection /()

seqr = ConfigDB() .get (self, "", "SEQR")
seq = AluSeq("seq")

seq.start (seqr)

time.sleep (1)

self.drop objection ()
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AluTest Z#i5k L T Python/cocotb @ Test

« Python @ Proxy Zz4 2 A3 X1k
e “PROXY” [ZAF7

« Test #8 T % cocotb IZIEZADE
Proxy ZHL\%

% python tynyalu uvm.py
>

class PythonAluTest (AluTest) :

def build phase (self):
= PythonProxy ("model proxy", self, "PROXY")

;ﬁper().build_phase()

class CocotbAluTest (AluTest) :
def final phase(self):
cocotb proxy = self.cdb get ("PROXY")

cocotb proxy.done.set()

" .
.

if name == " main
uvm_root () .run_ test ("PythonAluTest")
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COCOtb TeSt cocotb @ proxy A2 XA R4k

_~ B&NH ConfigDB() ICRFFEN S

@cocotb. test ()

async def test alu(dut):
clock = Clock(dut.clk, 2, units="us")
cocotb.start soon(clock.start())
proxy = CocotbProxy (dut, "PROXY")
await proxy.reset()
cocotb.start soon (proxy.driver bfm())
cocotb.start soon (proxy.cmd mon bfm())
cocotb.start soon (proxy.result mon bfm())
await FallingEdge (dut.clk)
test thread = threading.Thread(target=run uvm test,

args=("CocotbAluTest",), name="run test")

test thread.start() < UVM test Z#2 &)
await proxy.done.wait ()
await FallingEdge (dut.clk)

daceelnera

SYSTEMS INTIATIVE



ERIZEHBERT

* % pip install pyuvm

e Github L DA —TV—X-TJOS Yk
* https://github.com/pyuvm/pyuvm
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cocotb / pyuvm (/N X5 H

* UUMT&ETRSLE
« SystemVerilog KY T 2EZYL TS /| WBLGECAEITERE
« VIP & SystemVerilog + UVM AYEEI#Y

- cocotb + ZDMT O I +D AIREM

« Coverage, Random, etc

o« FEAEDSH

« VIR TERETE or N—F O TEREE
- AAAENIGLWLD D

» Python & SystemVerilog
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