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Motivace

»1he design and testing of an advanced microprocessor chip is among the most complex
of all human endeavors.”

-- John Barton (Intel vice-president
in charge of product testing)

To ensure that its products are as error-free as possible, Intel, based in Santa Clara, Calif., now
spends a half-billion dollars annually in its factories around the world, testing the chips for more than
a year before selling them.

Even the slightest design error in the chip could end up being a billion-dollar mistake.
« = 1994, floating-point calculation error in Pentium, costs: $420 million

« = 2007, AMD’s Barcelona processor — series of bugs, severe impact on revenue

chip complexity: Intel 8088 (1981): 29 000 transistors, Nehalem (2008): 731 million
transistors!
New York Times, 16.8.2008
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Verifikace

Verifikace — proces ovérovani, zda dany systém splfiuje zadané pozadavky
« vystup je v souladu se specifikaci

Validace — oveéruje faktickou spravnost vysledku
« vystup odpovida pozadavkum uzivatelu

Verifikace v oblasti navrhu pocitacového systému:

Funkéni verifikace — ovérovani, zda model obvodu (nebo syntetizovana struktura) pini
funkci dle specifikace

Formalni verifikace — vyuziva matematickych metod k formalnimu popisu specifikace
nebo sledované vlastnosti k ovérovani, zda funkCnost systému je v souladu se zadanym
formalnim popisem (vysledkem je dliikaz spravnosti, angl. proof nebo protipfiklad, angl.
fire, counter-example)
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Vyvojovy proces
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Verifikace v procesu vyvoje systemu

Overall Design Cost Breakdown
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 verifikace klade pozadavky na vypocetni infrastrukturu a lidské zdroje (pro
velké projekty az tisice serveru, terabaijty verifikaCnich dat, ...)
 verifikace se stava (stala) nejnakladnéjSi a nejdelSi Casti v procesu vyvoje

« verifikaci nikdy nemozno povazovat za ukoncenou — je potfeba stanovit
dostacujici uroven pokryti (pozadovana uroven spolehlivosti ve funkénosti)
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Simulace a verifikace

stimulus vysledky

A DUT

111001..
101001..
000101..
001100..

100101..
011101..
111010..
000010..

\

 Fizeny test — rucni pfiprava vektoru vstupu, simulace a kontrola vystupu (vystupni
hodnoty a pribéh signalu)

?

U stop  iterativni proces
« zastaveni v okamihu, kdy
uz se neobjevuji chyby
* jednoduchy pfristup
* nizky poCet odhalenych
&as chyb
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Verifikace

« coverage-driven verification

woel stop

» stanoveni cilt pokryti — coverage
g goals — CO je potfeba verifikovat
§ « aJAK uréit 100% pokryti cile

cas

» v dobé navrhu se tvofi model (coverage model), ktery svym
popisem zachycuje stanovené cile verifikace

* generovani testu:
* fizeny (directed)
« nahodny (random)
* nahodny s omezenimi (constrained-random)

UPSY FIT VUT v Brné 8




Constrained-random verification (1)

checker

constrained-random

stimulus vysledky

100101...
011101..
111010..
000010...

111001..
101001..
000101..
001100..

DUT

Functional
omezeni Coverage

« automatizovani procesu verifikace
 tvorba verifikacniho prostredi
je treba vzit do uvahy: konfiguraci zarizeni a prostredi, vstupni data, chyby a poruseni
kom. protokoll, ¢asové zpozdéni, ...
« 3C’s model:
« constrained-random verification
« checking
« coverage & constraints
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Constrained-random verification (2)

constrained-rando
testovani n\ nékolik béhu,

rizna seminka

i _ » fizene testovani — < — _
pridani, uprava , S

) : e “ Funkéni
omezeni (constrains) ,
/ pokryti

minimalni identifikace
v ’ E— ,
zmeny kodu mezer v pokryti

« konvergence k danému pokryti — iterativni proces

» testovaci plan — ze specifikace a implementace je mozné stanovit vyCet vlastnosti,
které je potreba testovat

« coverage-model sbira data a vyhodnocuje pokryti
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Verifikacni prostredi — testbench

« Vv procesu vyvoje systému je velké usili vénovano tvorbé testbench (ver. prostredi)
« snaha o co nejvySsi znovupouzitelnost nejen pro dalsi testy, ale i projekty

« cilem co nejmensi zasahy do kodu, pouze zmeéna konfigurace

» tvorba testbench pomoci rozdéleni do nékolika vrstev

:> Command driver assertions monitor
testbench (— DUT | > A j _ r ________

—
Test 8

___________________ T

: Generator Environment |
Functional agent j1> scoreboard == checker i U ':>
___________i} _______________________________ ﬁ _______ ' Functional agent [===) scoreboard = checker !
— : =
Command driver assertions monitor ﬂ:> | """""{} """""""""""""""" ﬁ """ |
] _____________ﬁ_ﬁ ___________ j _ r _______ | Command driver assertions monitor N

Signal i ERRREEEEEEE -————————————ﬁ—ﬁ ——————————————————— i
:{> DUT i Signal i

: :> DUT :

________________________________________________________________

abelanod [euonouny
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OVM metodika

« metodologie — védna disciplina zabyvajici se metodami, jejich tvorbou a aplikaci
« metodika (v comp. sc.) — souhrn praktik a postup

» doporuceni pro vytvareni verifikaCnich prostredi pro Cislicové systémy

» objektové orientovany pristup

» knihovna vytvorena v SystemVerilogu

* OpenSource licence (Apache)

« vytvorfena ve spolupraci firem Cadence a Mentor Graphics (AVM & URM kompatibilni)
« podpora vice jazyku v jednom prostfedi (SystemVerilog, SystemC, VHDL, C/C++)

« standardizovana v ramci organizace Accelera — zaklad pro UVM (v1.0 vydana
17.5.2010)
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OVM metodika

» standardizované a konzistentni prostredi pro verifikace
« konfigurovatelnost a flexibilita — co nejmensi zasahy do zdrojového kodu
* pouze zména konfigurace

« oddéleni testl od verifikacniho prostredi

« transaction-level abstrakce komunikace

 viceurovnova komunikace — protocol stacking

« standardizované zasilani zprav (chyby, varovani, hlasky)

« komponenty verifikacniho prostfedi maji také standardizovanou strukturu
 driver, monitor, sequencer, ...
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Transakcni vrstva - abstrakce komunikace

» udalost (napf. zména urovneé signalu)
* vznika v Casovém okamziku
» je svazana s daty, kontrolni informaci

* v simulatoru
» udalost se propaguje na vSechny vstupy
« jednotlive bloky jsou vyhodnoceny
* naplanuje se Casovy okamzik vystupu

* mnozstvi udalosti ovlivhuje vykon simulatoru
« simulace sbérnice pomoci jedné udalosti je efektivnéjSi nez
skupiny samostatnych signall s jednotlivymi udalostmi

* na transakCni urovni je transakce modelovana jako jedna udalost
* S nijsou svazana data a kontrolni informace a miaze (nemusi) byt s
ni byt spojena €asova informace
» skryti nizkourovnové implementace komunikace
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SystemVerilog

* puvodné se pro navrh a simulaci pouzivali HDL jazyky
* maji vSak jenom omezené moznosti pro navrh komplexnich prostredi pro
testovani

 slozitost obvodu vedla k potfebé vzniku jazykl umoznujicich jejich testovani
* OpenVera a e (komercni jazyky)

* OpenVera se stala zakladem pro navrh nového jazyka
» Accelera konsorcium
« 2005 - vznik HVL jazyka SystemVerilog
* podpora ze strany IEEE — standard jazyka P1800-2005

UPSY FIT VUT v Brné
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SystemVerilog

« zalozeny na prvcich jazyka Verilog
* objektové orientovany jazyk
» pouzitelny ve fazich implementace, vytvareni testbenchl a assertion konstrukci

* umoznuje vytvaret testy na vysoké urovni abstrakce

« pfinaSi mnoho novych datovych typu pro lepsi navrh verifikaéniho prostfedi a navrhu
Cislicovéeho systemu

« syntax podobna jazyku C
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SystemVerilog — 2-stavove dat.

typy

» pro zlepseni vykonu simulaci a redukce spotreby paméti

bit b;

bit [31:0] b32;
int unsigned ui;
int 1i;

byte b8;
shortint s;
longint 1;
integer 14;

time t;

real r;

//
//
//
//
//
//
//
//
//
//

2-state,
2—-state,
2-state,
2—-state,
2-state,
2-state,
2—-state,
4-state,
4-state,
2-state,

single bit

32b unsigned integer
32b unsigned integer
32b signed 1integer
8b signed integer
16b signed integer
64b signed integer
32b signed 1integer
64b unsigned integer
double precision fp

« pfipojovani 2-stavovych proménnych k DUT (problém s X,Z)

* pouziti operatoru $isunknown () — vraci 1, jestlize je nektery bit vyrazu X
nebo Z
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SystemVerilog — dat. typ pole

int lo hi[0:15]; // 16 ints [0]..[15]
int ¢ style[l6]; // 16 ints [0]..[15]

« vicerozmerna pole

int array2 [0:7]1[0:3];
int array([8][4]; // kompaktnéjsi zapis

« Cteni mimo rozsah vede k vraceni implicitni hodnoty pro dany datovy typ
« pole 4-stav. prvku typu logic — X
« pole 2-stav. prvku typu bit— 0
« plati i pro dynamicka a asociativni pole a fronty

* inicializace pole

'{0111213};

int ascend[4] =
= '{5,6,7}; // first 3 elements

ascend|[0:2]
ascend = '"{4{8}}; // 4 values of 8
ascend = '{9,8, default:-1}; // {9,8,-1,-1}

UPSY FIT VUT v Brné
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SystemVerilog — operace s poli

* prochazeni polem
for (int i; 1 < Ssize(array); i++)
foreach (array([3j])

foreach (multidimensional[i,J])

« podpora pfimého porovnani a kopirovani, tfidéni, obraceni porfadi, zamichani
« dynamicka pole — new [ ] konstruktor

int dynl[], dyn2[]; // declaration of dynamic arrays

initial begin

dyn = newl[5]; // allocation of 5 elements

foreach (dyn[j]) dyn[j] = 3, // initialization

d2 = dyn; // copy of dynamic array

d2[0] = 5; // modification of element

dyn = new[20] (dyn) ; // allocation of 20 elements and copy

dyn = new[100]; // allocation of 100 elements, old values lost
dyn.delete () ; // delete all elements

end

UPSY FIT VUT v Brné
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SystemVerilog — dat. typy

» podpora front — kombinace seznamu a poli
« podpora asociativnich poli

 struktury, uniony, vycCtové typy

« vytvareni novych datovych typl — typedef
» statické a dynamické pretypovani

UPSY FIT VUT v Brné
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SystemVerilog — tasks, functions

task — spotrebovava Cas

funkce — nulovy €as, nemuze mit Casovou prodlevu, pfikaz wait, blokujici pfikaz
souvisejici s Casem, muze volat task pouze ve vlaknu ohrani¢eném fork...join_none
prikazmi

ignorovani navratove hodnoty funkce
e void ' ($Sfscanf (file, "%d"), 1);

zapis funkci a taskd velmi blizky jazyku C

odstranéna kliCova slova begin..end

smér parametrd funkci a taskll — input, output,inout —hodnotou

podpora pfedavani odkazem — ref, vhodné pro pole (nemusi se kopirovat celé),
zmeéna promeénneé predané odkazem je viditelna hned volajici funkci (vhodné pro
viakna)

podpora implicitni hodnoty argumentt (pomoci pfirazeni)
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SystemVerilog — prace s casem

 direktiva pfekladace ‘timescale — nutno prekladat soubory ve spravném pofradi (kvuli
mire a presnosti)

* pro kazdy modul je vSak mozné urcit tyto hodnoty pomoci timeunit a
timeprecision, musivSak byt v kazdém modulu, ktery pracuje s Casem
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OVM — piiklad

class based —<

structural —{

classes

interface
module

DUT

— variable part

— fixed part

UPSY FIT VUT v Brné

23



OVM - hierarchie trid

*

ovm_report_object

—

UPSY FIT VUT v Brné
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OVM — DUT Interface

interface dut if(dut if 1f);
logic clock, reset, cmd;
logic [7:0] addr;
logic [7:0] data;

endinterface: dut if

class dut if wrapper extends ovm object;
virtual dut 1f dut vi;

function new(string name,
virtual dut 1f arg);
super.new (name) ;
dut vi = arg;
endfunction: new

endclass: dut if wrapper

top level

ovm_test

ovm_env

I dut_ifc

DUT
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OVM - DUT

module dut (dut if 1f);
always @ (posedge if.clock)
begin
ovin pkg::ovm top.ovm report info (“PCS", Spsprintf ("DUT received
cmd=%b, addr=%d, data=%d", if.cmd, 1if.addr, 1if.data));
end
endmodule: dut

top level

ovm_test

ovm_env

4 n

dut_ifc
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OVM —top_level

module top;

dut if dut ifl();

dut dut 1 ( . 1f(dut 1fl) );
initial
begin: blk

dut if wrapper 1f wrapper = new (
"1f wrapper", dut ifl);

ovm_test

ovm_env

set config object ("*", "dut i1f wrapper",

1f wrapper, 0);

endmodule: top
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OVM - transakce

class my transaction extends ovm sequence item;

‘ovm object utils(my transaction)

rand bit cmd;
rand int addr;
rand int data;

constraint c addr { addr >= 0; addr < 256;
constraint c data { data >= 0; data < 256;

function new (string name = "");

super.new (name) ;
endfunction: new

endclass: my transaction

}
}

UPSY FIT VUT v Brné
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OVM — seqguencer

class my sequencer extends ovm sequencer #(my_ transaction);
‘ovm_component utils(my sequencer)
function new(string name, ovm component parent);
super.new (name, parent);

endfunction: new

endclass: my sequencer

oem_Eny agent___
i sequencer | !
' | monitor driver i
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OVM — sequence

class read modify write extends ovm sequence #(my_transaction);
‘ovm _object utils(read modify write)

function new(string name = "");
super.new (name, parent);
endfunction: new

task body;
my transaction tx;
int a;
int d;

tx = my transaction::type id::create("tx");
start item(tx);
assert ( tx.randomize () with { cmd == 0; } );
finish item(tx);

a = tx.addr;
d = tx.data;
++d;

tx = my transaction::type id::create("tx");

start item(tx);

assert( tx.randomize() with { cmd == 1; addr == a; data == d; } );
finish item(tx);

endclass: my sequence

UPSY FIT VUT v Brné
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OVM — sequences

class seq of commands extends ovm sequence #(my transaction);
"ovm object utils(seqg of commands)
rand int n; // nob - controls operation of the sequence
constraint how many { n inside {[4:6]}; }

function new (string name = "");
super.new (name) ;
endfunction: new

task body;
repeat (n)
begin
read modify write seqg;
seq = read modify write::type id::create("seq");
start item(seq);
finish item(seq);
end
endtask: body

endclass: seq of commands
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OVM — driver

class my driver extends ovm driver #(my_ transaction);

‘ovm_component utils (my driver)

virtual dut if dut vi;

function new(string name,

function void build;
super.build();
ovm_object obj;

dut if wrapper if wrapper;

ovm_component parent) ;

get config object ("dut if wrapper", obj, 0);

assert( Scast(if wrapper, obj)
dut vi = if wrapper.dut vi;

endfunction: build

task run;
forever
begin
my transaction tx;

@ (posedge dut_vi.clock);
seq _item port.get (tx);

// Wiggle pins of DUT

dut vi.cmd = tx.cmd;

dut vi.addr tx.addr;

dut vi.data = tx.data;
end

endclass: my driver

N SN agent__
sequencer
monitor driver

UPSY FIT VUT v Brné
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OVM — monitor

class my monitor extends ovm monitor;
“ovm_component utils (my monitor)
ovm_analysis port #(my transaction) aport;
virtual dut if dut vi;
function new

function void build;
super.build() ;

aport = new("aport", this);
task run;
forever
begin ovm_env S
my transaction tx; e s~ Al
@ (posedge dut vi.clock); sequencer

tx = my transaction::type id::create("tx");

>

tx.cmd = dut vi.cmd;
tx.addr = dut vi.addr; monitor driver
tx.data = dut vi.data; Lo mm oo mmmooooo oo

aport.write (tx);
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OVM — agent

class my agent extends ovm agent;

‘ovm_component utils(my agent)

ovm _analysis port #(my transaction) aport;

my sequencer my sequencer h;

my driver my driver h;

my monitor my monitor h;

function new(string name, ovm component parent);
super.new (name, parent);

endfunction: new

function void build;
super.build();

aport = new ("aport", this);
my sequencer h = my sequencer::type id::create("my sequencer h", this);
my driver h = my driver::type id::create("my driver h", this); ovm env
my monitor h = my monitor::type id::create("my monitor h", this); e = agent_
endfunction: build
. . sequencer
function void connect;

my driver h.seq item port.connect( my sequencer h.seq item export );
my monitor h.aport.connect( aport );
endfunction: connect

monitor driver

Y
—

endclass: my agent
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OVM — subscriber

class my subscriber extends ovm subscriber # (my transaction);

"ovm_component utils (my subscriber)

bit cmd;
int addr;

// coverage registers
int data;

function void write (my transaction t);

ovm report info ("PCS", Spsprintf ("Subscriber received tx %s",

t.convert2string()));
cmd = t.cmd;

addr = t.addr;

// transaction content extraction
data = t.data;
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OVM — environment

class my env extends ovm_env;
‘ovm_component utils (my env)

my agent my agent h;
my subscriber my subscriber h;

function void build;
super.build() ;
my agent h = my agent::type id::create("my agent h", this);

my subscriber h = my subscriber::type id::create("my gubscriber h",
o o thig) ; o o top level

endfunction: build

ovm_test

function void connect;
my agent h.aport.connect (
my subscriber h.analysis export);
endfunction: connect

J L dut_ifc

DUT

endclass: my env
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OVM - package

package my seq library;
import ovm pkg::*;

class read modify write extends ovm sequence # (my transaction);

class seq of commands extends ovm sequence # (my transaction);

endpackage
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OVM - package (2)

"include "ovm macros.svh"“
package my pkg;

import ovm pkg::*;
import my seq library::*;

class my env extends ovm env;

class my subscriber extends ovm subscriber # (my transaction);

class my agent extends ovm agent;

class my monitor extends ovm monitor;

class my test extends ovm test;

endpackage: my pkg

top level

ovm_test

J L dut_ifc

DUT

UPSY FIT VUT v Brné
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OVM — test

class my test extends ovm test;
"ovm_component utils(my test)
my env my env_h;

function new(string name, ovm component parent);

function void build;

task run;
seq of commands seq;
seq = seq of commands::type id::create("seq");
assert (seg.randomize ()) ;
seg.start (my env h.my agent h.my sequencer h);
ovm_top.stop request();

endtask: run

endclass: my test

top level

ovm_test

ovm_env

A IN
N [V

dut_ifc

DUT

UPSY FIT VUT v Brné
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OVM - Iinstancovani testu

module top;

import ovm pkg::*;
import my pkg::*;

dut 1f dut 1fl ();

dut dutl ( . if(dut ifl) );
initial
begin: blk

run_test("my test");
end

endmodule: top
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OVM - prubeh simulace

OvM-2.1.1

#

# (C) 2007-2009 Mentor Graphics Corporation

# (C) 2007-2009 Cadence Design Systems, Inc.

# ________________________________________________________________

# OVM INFO @ 0O: reporter [RNTST] Running test my test...

# OVM INFO @ 0O: reporter [OVMTOP] OVM testbench topology:

# ______________________________________________________________________
# Name Type Size Value
# ______________________________________________________________________
# ovm test top my test - ovm_test top4
# my env_h my env - my env_h@6
# my agent h my agent - my agent h@8
# aport ovm analysis port - aport@l4
# my driver h my driver - my driver h@46
# rsp _port ovm analysis port - rsp port@50
# sqr _pull port ovm seqg_ item pull + - sqr_pull port@48
# my monitor h my monitor - my monitor h@52
# aport ovm analysis port - aport@54
# my sequencer h my sequencer - my sequencer h@l6
# rsp_export ovm analysis export - rsp_export@ls8
# seq _item export ovm seq item pull + - seq_ltem export@42
id num_ last regs integral 32 'dl
id num last rsps integral 32 'dl
# my subscriber h my subscriber - my subscriber h@10
# analysis imp ovm analysis imp - analysis imp@12
# ______________________________________________________________________
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OVM - prubeh simulace

# OVM _INFO @ 5:

# OVM_INFO @ 5: r
# OVM_INFO @ 15:
# OVM_INFO @ 15:
# OVM_INFO @ 25:
# OVM_INFO @ 25:
# OVM_INFO @ 35:
# OVM_INFO @ 35:
# OVM_INFO @ 45:
# OVM_INFO @ 45:
# OVM_INFO @ 55:
# OVM_INFO @ 55:
# OVM_INFO @ 65:
# OVM_INFO @ 65:
# OVM_INFO @ 75:
# OVM_INFO @ 75:
# OVM_INFO @ 85:
# OVM_INFO @ 85:
# OVM_INFO @ 95:
# OVM_INFO @ 95:
# OVM_INFO @ 105:
# OVM_INFO @ 105:
# OVM_INFO @ 115:
# OVM_INFO @ 115:
#

# -—— OVM Report
#

# ** Report count
# OVM_INFO 26
# OVM_WARNING

# OVM_ERROR

# OVM_FATAL

# ** Report count
# [OVMTOP] 1
# [PCS] 24

# [RNTST] 1

# ** Note: $finis
# Time: 115 ps

eporter [PCS] DUT received cmd=x, addr= x,
reporter [PCS] DUT received cmd=0, addr= 59,
ovm_test top.my env _h.my subscriber h [PCS]
ovm_test top.my env _h.my subscriber h [PCS]
reporter [PCS] DUT received cmd=1, addr= 59,
reporter [PCS] DUT received cmd=0, addr= 87,
ovm_test top.my env _h.my subscriber h [PCS]

ovm_test top.my env _h.my subscriber h [PCS]
reporter [PCS] DUT received cmd=1, addr= 87,
reporter [PCS] DUT received cmd=0, addr=251,

ovm_test top.my env _h.my subscriber h [PCS]

ovm_test top.my env _h.my subscriber h [PCS]
reporter [PCS] DUT received cmd=1, addr=251,
reporter [PCS] DUT received cmd=0, addr= 39,

ovm_test top.my env _h.my subscriber h [PCS]
ovm_test top.my env_h.my subscriber h [PCS]
reporter [PCS] DUT received cmd=1, addr= 39,
reporter [PCS] DUT received cmd=0, addr= 17,
ovm_test top.my env_h.my subscriber h [PCS]
ovm_test top.my env_h.my subscriber h [PCS]
reporter [PCS] DUT received cmd=1,
reporter [PCS] DUT received cmd=0,
ovm_test top.my env_h.my subscriber h [PCS]

Summary -—---

s by severity

0
0
0
s by id
h : ../../src/base/ovm_root.svh(507)
Iteration: 24 1Instance: /ovm _pkg::ovm root::run_ test

addr= 17,
addr=112,

data= x
data= 70
Subscriber
Subscriber
data= 71
data=143
Subscriber
Subscriber
data=144
data=214
Subscriber
Subscriber
data=215
data=252
Subscriber
Subscriber
data=253
data=134

received
received

received
received

received
received

received
received

tx
tx

tx
tx

tx
tx

tx
tx

cmd=0,
cmd=1,

cmd=0,
cmd=1,

cmd=0,
cmd=1,

cmd=0,
cmd=1,

Subscriber received tx cmd=0,

Subscriber received tx cmd=1,

data=135
data= 9

Subscriber received tx cmd=0,

addr=59,
addr=59,

addr=87,
addr=87,

addr=251,
addr=251,

addr=39,
addr=39,

addr=17,
addr=17,

addr=112,

ovm_test top.my env _h.my subscriber h [PCS] Subscriber received tx cmd=0, addr=0, data=0

data=70
data=71

data=143
data=144

data=214
data=215

data=252
data=253

data=134
data=135

data=9
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O-In Formal Verification

* Mentor Graphics
» staticka formalni verifikace
e assertion-based verifikace

» model-checking — algoritmicky pristup ovérfujici, zda dany systém spliuje zadanou
vlastnost systematickym zkoumanim stavového prostoru daného systému

* vysoky stupen automatizace
« pomerné jednoduse pouzitelné
* neni potreba testbench

« funkCni verifikaci neni mozné pokryt vSechny mozné vstupy a kontrolovat vystupy
» 32b komparator — vice 500 000 let na kontrolu chovani (pfi dnes dostupnych
technologiich)!
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Formalni verifikace — model checking

« model checking ~ property checking

* porovnani 2 modelu
* model obvodu
* property, assertion — sledované vlastnosti, popis chovani
» pfi shodé — dikaz spravnosti

prop (A — B)
assert prop;

N N AN

PSL/SVA -

» dukaz znamena, Ze neexistuje Zzadny vstup, ktery by zpusobil poruseni sledované
podminky
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Funkcni a formalni verifikace

stavovy prostor

>

‘ X

» Funkcni verifikace:
* nedokaze pokryt vSechny stavy — nedostatek ¢asu a vypocCetniho
vykonu

UPSY FIT VUT v Brné
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Funkcni a formalni verifikace

stavovy prostor

_

« Formalni verifikace:
« prohledava stavovy prostor
» nedokaze pokryt cely stavovy prostor — nedostatek pameti

UPSY FIT VUT v Brné
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O-In formalni verifikace - property

* jazyky pro podporu zapisu vlastnosti — properties, assertions

« SVA, PSL

SVA: PSL.:

always @ (posedge clk) assert always (

assert property ( {req && ack} |=>
req && ack [=> {!reqg within gnt[->1]}
(!req within gnt[->11]) ) @ (posedge clk);

) ;

podpora SVA, PSL (IEEE standardy)

vyuziti assertion knihoven — jednoduche zakomponovani do testu
* QVL - Questa Verification Library
* OVL - Open Verification Library

podpora automatickych kontrol — bez potreby psani assertions
» kontrola mrtvého kédu
« analyza FSM (deadlock, dosazitelnost stavi)
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O-In formalni verifikace

PCI bus

3=

109UU02J91Ul WBISAS
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http://www.mentor.com/products/fv/multimedia/toughest-bugs-0in-fv-webseminar

Priklady z praxe

@—ﬁCESN ET
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NIFIC

» wirespeed packet filtering

Mﬂdel5im|

SystemVerilog |

Smart random
packet generator

Smart random
packet generator

FramelLink
Driver

"uI'HDLl

Smart random
packet generator

FrameLink
Driver

L

C

C Ruleset parser library

Framelink
Driver

|

MNIFIC core

FrameLink
Monitor

FrameLink
Maonitor

Ty

Scoreboard

FrameLink
Monitor

LEN Y

—

NS

Ruleset
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Flowmon

* Flow-based (NetFlow/IPFIX) monitoring platform
 verifikace subkomponent
 priklad: verifikace jednotky HFE-X — extrakce poloZek z hlavicek paketu

FL header |FL payload = protocol headers+data payload UH header

mmmmmmmmmm -

MI32
maodul
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Konec prednasky

Dekuji za pozornost!
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