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11. £ SystemCh & &EHL 7k - REL THFIT D &(F?

P I I I I
If

BEAR YTy ESR

; ‘ —_ \
REARY IV ER
B I I

T—ENREEHOBHIE

FAMRUF,

N=KY17 Y7 M) TR DA S8-T1-R

(5) EHEKD
EIEAEL

—
EVa—LMoELTOrL
I HILAVLALE T ILOE AL 5 Y
Vi
0; 10% 20% % 40% 50V%

(8) HW/SWHRHI/FAYR

DMEmR
E(7) TLMAME AOER
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12. §#0pen SystemC Initiative (OSCI) %>
JEITAICEAFF 9 AiEENE 2

F [ [ [ [ [

3= 7-9v397 DE BB

B AL ERRESE

ERTOT—F2JGrEH

1 —DER-REOREL~DRB

Z0
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4.2.3 SystemC 2.10 #FHHaE
)40
B4R &
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SystemC2.1 D #FiRe (3R#)

LRM: IEEE P1666/D2.1.1, October 17, 2005

FLOAARUNIZR B AIILADANU L2 TEIT. R—bEN LT ILHEIGE
sc_report: KIgICREShf-2—YEZDLR—MEAI/F

I5RL—a#& TR SimBAtARE. SImi& T BICo—/LEh 2B %8 m
OARURSAUBIENET ML TELSERATREIC

sC_mainlZiNz . mainZH L ilc3 A& aREIC

AN JLEFIZB BB LI-SystemC/A—2a U BRI =IBE D VB TS —
sc_uint/sc_int/sc_biguint/sc_bigintZ ¥+ AFiL CEFET D EMATRE

SystemC 2.0.1Tl& B £#kTH>1=fork/join A IEX HR—F

v sc_stop()ZEa—ILLI=BICTILAEEZ(Isc_mainlZRA M B TR A M EERATRE
vV FYRILEEDA—IHETEET H=0HDsc_exportZziEM

3
v
v
v
v
v

<\
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~SystemC2.1 D #FriaE ~
FLL\A R RDSXsc_event_queue

B—HAIILADARU L ETEITAIRE
sc_event E; (lf (i) (i) ARVMIEE2[E
E.notify(10);wait(10;//(1) 0 10 20 30 40
E.notify(20);wait(10);//(2) [ e i |
E.notify(10);wait(10);//(3) I T 3
. (1) (2)or(3) MELLMDA
RURLOFEELEL
A @O Morzensm
sc_event_queue E; ! | }
0 10 20 30 40
E.notify(10);wait(10);//(1) [ [ [ I I
E.notify(20); wait(10);//(2) ! j‘ Pa !
E.notify(10);wait(10);//(3) 1)
o (2)and(3)
BMADAR N E
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~SystemC2.1MD i aE ~

HLLAAU RIS Rsc_event_queue~ig=

R—rENLTHDET ILAMEZEAEE
/?C_MODULE(master) \ GC_MODULE(sIave) \

{

sc_port<sc_event_queue_if> port;

sc_port<sc_event_queue_if> port; int sc_main(int, char**)

SC_CTOR(master) SC_CTOR(slave)

master A1("A1");

slave A2("A2");

sc_event_queue
wire;

{
SC_METHOD(monitor);
dont_initialize();
sensitive << port;

{
SC_THREAD(action);

void action() Al.port(wire); }

A2.port(wire);

wait(10, SC_NS); sc_start(100):

port->notify(10, SC_NS);
wait(10, SC_NS); _
port->notify(10, SC_NS); return 1; )

N y N -

void monitor()

cout << "catch event" << endl;

sc_port<sc_event_queue_if>

ARURFEE

A RUNZAE

sC_event_queue
© Copyright 2006 JEITA, All rights reserved J‘E ITA 34
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~SystemC2.1MD i aE ~
HFLWLWA AR RIS Xsc_event_queue~g=
SERGD NRNS TS a0 BD AU

BHDAZOIT-ENERBICAN U ERE
ARVMEEHED 2D ENEER

ARUPSEE MRS 1
ELa—)LA AAVHREED2 L
— =
ARUIEE ] !
E2a1—/LB
Ak / \ AJyk2
RBZIA N MARELTERYCIF R—PTA R ERETE LI
X NCEHTES ! é%%%%gt%yl—)bliﬁ%ﬁb’c
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~SystemC2.1MD i aE ~
ESINT=sc_report®API

ITo5—Ayt—UHAMED. RRIE/EE/ NI B
—HMNEHEE AN AT-AIZTES !

sc_severiry SC_action sc_handler
-SC_INFO

— -SC_LOG .
-SC_WARNING -SC_STOP "EERFH

-SC_ERROR
-SC_FATAL

-SC_DISPLAY A—HEELE

SC_REPORT_ERROR(ID, MESSAGE)
SC_REPORT_WARNING(ID, MESSAGE)
SC_REPORT_INFO(ID, MESSAGE)

SC2.0.11Z&%»>1=APIIFBELE
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~SystemC2.1 D #FriaE ~
EINT=sc_report®API~ =

int sc_main(int,char**)

SC_REPORT_INFO("/Format Check", "Type-A selected");
SC_REPORT_WARNING("/Format Check", "Bad type");

#include <systemc.h>

BRGAvE—SH AR, K TOL UG EREERRE

{
sc_report_handler::set_log_file_name("log.log"); lNog.logl1Z7 AL~ iyt—TFH A
sc_report_handler::stop_after(SC_WARNING, 10); WarningAy+—2p10E M hdh -k

sc_report_handler::set_actions(SC_ERROR, SC_DO_NOTHING); = ERRORLAJLIE{AH LAY
sc_report_handler::set_actions("port error", SC_DO_NOTHING);  "port error" &LV & RTDfF<ED (Efa]HL ALY

} Ab—UEHNEES

DARATLERTHE SN AVE—CHANTES

AMIVE  SKBEDORTLA(SZ A COMETIEESICHN. T/ v Em L

*SystemCA—RILHAE DT 5ELDLHIETES

© Copyright 2006 JEITA, Al rights reserved JEITA 37
~SystemC2.1D #Fri R ~
Elaboration/Simulationa—/JL/\'w 2%k

AV ARSI R /T AR O2UN D7 —X CREAa— LA AT EE
AVANS95 Ak
| R MERE DB S Y RS54
— — ¢i ~ = ~
&m|_before_end_of_elaboration) | ).~ smsch et s ey 9
end_of_elaboration() ‘ .
l oSystemCH— )L — )L,
RAEREHED T =S RE
& start_of_simulation() fﬂlifﬁéf\&o)’cﬁb\f WIS R
B end_of_simulation() )
ﬂ sc_module/sc_port/sc_export/sc_prim
TFRANSHA _channel® S A& L=95 A F A AT EE
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~SystemC2.1D #Fri%RE ~
O RSAU 51 5E RO B K H

TTFTHRDENDEEMSEATURSA B MES BT EE
S DH(Esc_argc()T. 5IBDARIEsc_argv() TSR EE

SC_MODULE(Ctest)

Ctest(sc_module_name name, int _ac, char *_av)
: sc_module(name)

{
my_ac = _ac;
strcpy(my_av, _av);
cout << "argc ="<<my_ac << endl;
cout << "argv[0] =" << my_av << end|;

e
int sc_main(int ac, char **av)

Ctest test("test", ac, av[0]);
return 0;

¥

ETREY

{ — AVRRSHEL

SC_MODULE(Ctest)

{
CTOR(Ctest) )

{
const char * const *str = sc_argv();
cout << "argc
cout << "argv[0] = " << str[0] << endl;

E:,\> Y
int sc_main(int ac, char **av)

Ctest test("test");
return 0;

¥

ECHhLTES

=" << sc_argc() << endl;

V

SystemC 2.0.13—F 45|
© Copyright 2006 JEITA, All rights reserved
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~SystemC2.1MD #FriEE ~
mainZzix £ (29 5 B (K4

SystemCO#EE) T, KK BEYTsc_mainiHhis
JImainlMslsc_mainiFEgi35MDIZ. sc_elab_and_simiZza—JL

int sc_main(int ac, char **av)

{

cout << "Called sc_main" << endl;
return 0;

by
int main(int ac, char **av)

if( 'strcmp(av[0], "SystemC") )
return sc_elab_and_sim(ac, a

else
return my_simulator(ac, av);

}

a—K4)

© Copyright 2006 JEITA, All rights reserved
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~SystemC2.1D #Fri%RE ~

BB EX v ANET:ERI 2245

#SC_uint/sc_int/sc_biguint/sc_bigintZ&E#& 9T 2D ICTF ¥ AMIFE
JEL. BEAMYKZ 5 A XIZITEFENDE

sc_uint <4> sc_uint_val;
sc_int  <4> sc_int_val;
sc_biguint<4> sc_biguint_val;
sc_bigint <4> sc_bigint_val;

sc_uint_val =1;
sc_int_val =2;
sc_biguint_val = 3;
sc_bigint_val = 4;

sc_uint<16> assigned_sc_int

MHNELGLHGEELFYACNDDLERE
SystemC2.0.1ClXaV /(LTS5 —

sc_uint<16> assigned_sc_uint = (sc_uint_val, sc_int_val, sc_biguint_val, sc_bigint_val);
= (sc_uint_val, sc_int_val, sc_biguint_val, sc_bigint_val);

sc_uint<16> assigned_sc_biguint = (sc_uint_val, sc_int_val, sc_biguint_val, sc_bigint_val);
sc_uint<16> assigned_sc_bigint = (sc_uint_val, sc_int_val, sc_biguint_val, sc_bigint_val);

a—K4
JEITA
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~SystemC2.1MD #FriEE ~

sc_stopDE—FIETE (REI 2 E (K4

SC_MODULE(Ctest)
{

sc_in<bool> clk;

void func1(){
for(inti=0;i<3;i++ ){
wait();
cout << "[" << i << "] funcl" << endl;

b
sc_stop(); Ctest
b
void func2(){
for(;; X
wait();
cout << "[I' << | << \ It
} ' B ."
sc_stop(); sBHIILET |
3EL—THikITS |
CTOR(Ctest) 3EIBMHIFHR?
{

SC_THREAD(funcI); dont_initialize(); sensitive << cIk.pos();
SC_THREAD(func2); dont_initialize(); sensitive << clk.pos();

Y
' 4

© Copyright 2006 JEITA, All rights reserved J‘E ITA

[0] funcl
[0] func2
[1] funcl
[1] func2
[2] funcl

[2] func2 «

-_%5;( T--

[0] funcl
[0] func2
[1] funcl
[1] func2
[2] funcl
4R T --

sc_set_stop_mode(SC_STOP_FINISH_DELTA)
FIFAEEELEL (T IAINECE D)

sc_set_stop_mode(SC_STOP_IMMEDIATE)

42
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~SystemC2.1D #Fri%RE ~
sc_exportI ZB§ 9 5 E A5l

FrRILEE

Va—

o a1—)LINER CEZE AIRE

modulel

-- --() channel ( )- -

module2

f
modulel module2
@l:>() channel (- | AYE—TTAREFvH
| VIEEDA—LRERTRE
process ) <«--- =
\_
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£

~SystemC2.1D FrRE ~

sc_exportIZBf 9 % E K45l
// Interface
class C_if : virtual public sc_interface ?C_MODULE( module1 )

. sc_port<C_if> P;
public: _ SC_CTOR(module1){ SC_THREAD(run);}
\{|rtual void run() = 0; void run() {wait(10, SC_NS); P->run();}
// Channel . -
class C : public C_if, public sc_channel Ixos(h':; |rr;(érég?‘f%cé;;g:** Y
{ . modulel mod1("mod1");
public: mod1.P( mod2.IFP );
S_C—CTOR_(C) & sc_start(17, SC_NS);
virtual void run() return 0;
cout << sc_time_stamp() ) V4
<< "In Channel run() " << endl;
}
b
SC_MODULE( module2 )
{
public:
C Co;
sc_export<C_if> IFP1;
SC_CTOR(module2):C0("C0"),IFP("IFP",CO){}
Y V
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~SystemC2.1D #Fri%RE ~

EMSNn=05X /B

¥on 50—\ LB
SC_FORK .
SC_JOIN before_en_cl_of_glaboratlon
start_of_simulation
H5R end_of_simulation
sc_event_queue sc_start_of_simulation_invoked
sc_export sc_end_of_simulation_invoked

sc_process_handle
sc_event_queue_if
sc_export_base
sc_generic_base
sc_value_base
sc_spawn_options

DSRADAI YR
sc_module:reset_signal_is
sc_report_handler:get_count
sc_object:get_parent_object, get_child_objects
sc_clock:start_time, posedge_first

sc_elab_and_sim

sc_argc

sc_argv

sc_stop_mode
sc_delta_count
SC_spawn
sc_interrupt_here
sc_stop_here

sc_release
sc_get_current_process_handle
sc_find_object
sc_get_top_level_objects

sc_trace_file::set_time_unit jvc{;its&i_r:tl)nning
© Copyright 2006 JEITA, Al rights reserved JEITA 45
i B ?ﬁ'&'IEE D)=k
2. 1CEMEEHENERIN-ED
sc_start(0)[&, TILHEERZREFELT B KIS
S RR—UTEEKRGZBN
.SsC_stopa— /L& IZsc_startZa—IL 3 HETS5—I(C
.sc_stopa—JL#&IZsc_stopZFBUVI—ILTEHELET—=F1C
WY HR—ROSEa 1583 —2a (1&ih)
W3R YR —SNZE VAT REE D B D HERE (B ak)
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~E1@’I€E0) FEIEJ%N

sc_start(0) D EN{E+B:E 51

v\lb—yasz

#include "systemc.h"
SC_MODULE(X)
{sc_in<bool> clk;
SC_CTOR(X)
{SC_METHOD(msg);
dont_initialize();

sensitive << clk.pos();

¥
int sc_main(int argc, char* argv[])

sc_clock clock("clock”, 1, 0.5);

X XC'X");
x.clk(clock);

sc_start(0);

cerr << "Program END" << endl;

void msg(){ cout << sc_time_stamp() << endl; }

oy EEHE/ B EHEERT S
RNELDHIETNEETEITTS
EFTUIaL—avEETLTL:

o

2 0 10)5"% 2.1m
EITHR

0 NS 0 NS

1NS Program END

2 NS

3NS

return 0;
b 7
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~ B DRE~
[¢] ~ (] — N ~ ~

HR—RrOSEQ INA5/8\—23Y
0S version compiler version 2.0.1 2.1
Sun0S Tix)/2.8 |GNU C++ 2.95.2 O X
2.95.3 O @)
3.2.3/3.3.2 X @)
SUN C++ SC6.1/SC6.2 @) X
SUN Studio C++ (8 X @)
Linux RedHat (6.2 GNU C++ 2.95.2/2.95.3 O X
1.2 GNU C++ 2.95.3 @) @)
8.0 GNU C++ 2.95.3/3.2.3/3.3.2 X @)
ee2l GNU C++ 3.2.3 X @)
HPUX 11 HP C++ A.03.15/A.03.33 O X
A.03.63 X @)
MacOS X GNU C++ 3.1/3.3 X O
WindowsNT 4.0(SP6a) [VC++ 6.0(SP5) @) X
Windows XP VC++ 6.0/7.1 X @)

3 SystemGC2.1Tl&. SunOS ver2.7(&HR—kxt &4t
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~ E?ﬁ'lid) Fl:ﬁ%"’

fFE Y R— SNV ATRE T AN B DHERE (ki)
SystemC2.0.1DH #tED1-5HI-SystemC2.1)F77L 2V AL SaL—4(Ver2.1 Beta Oct 12 2004)

[ZIEEEShTIVDA, LRM(IEEE P1666/D2.1.1, October 17, 2005) Tl &2 &t TUL VAL i EE
CERADBELGLORITEERE). BEYR—FEINGVATREEABLO T, SRITHEALEVEH LN,

WE B E[FRada it RE/HRER
sc_cylce&sc initializeZ IE 8 Tsc_startZ{#5 © |sc cycle, sc initailize sc start
S2al—2ar kiR OE#REsim contextZEET VAL T IS, Fif-l[CEH
Shi=TR7VEABEH#EFAT 5. <function>
<TFHERBEH#> sc_delta_count
sc_delta_c‘ount sc_is_running )
v S — gt
sc_find_object <member function>
<A N—Fa%D> get_child_objects
get_child_objects get_parent_object
get parent object
event.notify_delayed)D XY [<. event.nitify(SC_ZERO_TIME)% F Q |notify_delayed notify(SC_ZERO_TIME)
rator, rator<< of A for ition: inding ( . e Ny e . ("
Z::r:::, )air:‘tit::e;)ato of class sc ‘m.odule ol p‘osTo al port binding (Use o |r—rmmo L« H—MEED”0
e e B e R
sc_sensitive(clk) 8T, sc_sensitive << clk ZHELE © |[sensitive(event) sensitive << event
sc_sensitive(clk) 108 T, sc_sensitive << clk ZHf1Z © |sensivei_pos(clk)/neg(clk) sensitive<< clk.posedge()
sc_simulation_time
sc_set_default_time_unit
default time unit(=1ns) B A DEREEEA TELLTE S, O |se-get default time unit NONE
time unit®ZE & LA EE, sc_start(double)
sc_clock(const char¥, double,
doul?|e double, b:)o|)
sc_signal D A2/ 3\—8#fget_new_valueOZ{EH %L, O ::ii’::,lgzi;)“_ﬂgﬁ NONE
SYSTEMC _VERSIONZE #%EH F7I<. sc versionOB$Z {5, O |®E# SYSTEMC_VERSION sc_versionBA %
WD TE BRI T I7 AL (L, VODE o | vedTH—Thonly
sc bitZ{#5 &Y C++DboolZ oz F5 5% ? @ |sc bit bool
lwatchine(reset) DX Y[, reset signal is Z{FS Q atching in CTHREAD reset signal isBE %K
© Copyright 2006 JEITA, Al rights reserved JEITA 49
Z & Xk
2 i
1. IEEE P1666 homepage, http://www.eda.org/systemc/
2. LRM: IEEE P1666/D2.1.1, October 17, 2005
3, OSCI, http://www.systemc.org
S —_— o
o JEITA/BEAEZER2000FEE7 =27 I)LLR—K'SLDEHIRE"
s STARC, “SystemCAFP9(1.08R) 200544 8"
6. OCP-IP, http://www.ocpip.org/home
;. ARM CASI,
http://www.arm.com/products/DevTools/ESLmodelinterfaces.html
8. GreenBus, http://www.greensocs.com/GreenBus
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i SystemC TLM&j[aFA2& A &t

n SystemC TLMOEMAEZEM. TLMIZEET HRL >
I~ D ¥ B 52 O 4 X
« A—HDILUF
» EDARV A —DRLUFR
 ZEEERDILUR
n DIRELTOEBECHMMEDY <Y
n AERR
 BEHFEDFEFHN (ex. DAC, DATE{)
» ECSI Efficient Transaction Level Modeling Workshop & ¥}
« EDAEIRIEEE

© Copyright 2006 JEITA, Al rights reserved JEITA

53

i 2005 F ETLMB A HENE
FEH # EDSF2006 T }

TLMEIRZEH K

> TLMOMRETEERL
FAB®

BERFDFRMX
(ex. DAC, DATE!t?)

ECSI &¥#

> o TLMIZIEDEF
T [ e
EDAEIFIZAE N refinen;ient ~ o452 £ TLM API
Fi
Web'F# > gﬁ-r;M *OSCIDTLMIZ#E L
v | APILLE: /‘
/

OSCITIM — |

SC2.1 LRM
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4.2.4.1.1 TLM&fj[A (F&D)
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~TLME) [ ~
OSCIDTLMZE#E 1k

OSCI Transaction Level Modeling Standard 1.0 (Jun 2005)

User
Layer Master Slave Yy — channel Ny
read() ' :
write() sc_port<IF1> sc_port<IF2>
Protocol | iiator port slave_base
Layer
tim tim
| interface

Transport
Layer

interface N 1]

sc_port<IF> sc_export<IF>
transport()

B OSCI-TLMIZ. Transport LayerTOtim interface® & &

B unidirectional/bidirectional blocking/non-blocking#iTransaction Level£T!)>
JHVETEEIC

B SystemC2.1CEAINhT=sc_exportiZkl, FrRIILENIT [TEGIAATREICSEET —
AMEE% + context switching D HIE = =iE b
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~TLME} ] ~
TLMOHREEEREH A ERY

HMRE JE 22 i
1
PV PORT4 IDLE |WRTIE | IDLE |READ| IDLE PORT
' [ 1wz |
PVT PORﬂ IDLE | WRTIE | IDLE READ ioLE [([ll PORT ;%
1 B
»n
Cycle POR IDLE (WA|{WD| IDLE |RA| WAIT |RD| IDLE . PORT |
Accurate T# ﬁ
m
EH LU uU U e | B
:.I: H— PIN IHERIREE IEI
PIN PIN
| e =
PIN PIN
H 8
B Transaction Level ETUL T & IR EIZRLIZET UL T L) I7A AV MM R DS
ns
© Copyright 2006 JEITA, All rights reserved JEITA 57
~TLMEjj[[] ~
~
Bk < 7ETLM API
Protocol JEHK7F Protocol &%
donate !
PV
_Interoperable '-’
reenSocsld. JEEF
DSystemCR—Z D PVT
=TV —REE
*PV/PVT/CAZED
RO MRELTH/N—
*SPIRITHEHDXMLA
—Z@O/AR | TR T R e
generate/config 3 Cycle
T I\ HI/F OCP-TL1 AHB CLI Accurate
eLogging I/F (OCPIP) (ARM#t)
\ (LHRBAFE )
CASI CASI-AHB CASI-AXI
(ARM#t) (ARM#t) (ARM#t)
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~TLMB ] ~
TLMIRZE D Ef ]

(ESCI Workshop on Efficient Transaction Level Modeling&Y) STw440

- June 30, 2005 - Paris, France SWHREEA E #—4 Yk TAA—H (2002-) PVA—X
HMRE < HEREARET (2003-)
o7 —XTUF¥IREE(2004-) PVTR—R
TLMERFEA TS
PV -HRF v+ L. TLM_<protocol>
-TLM-RTL, RTL-TLM(BuSIF/IP, ISS)
-EDAY—ILED TS (1> 1P Traffic Generator
-TLMh[/—:/ﬁ'(lt:!ay C++/1day SystemC/3day TLMET %)
e k—Web/\—ZTLM delivery )
- Philips
*PSE(Philips SystemC Environment)
Cycle -B8IE IPETLOBRALCHDOERETIFHIL
Acourate -OSCI TLM#$L-GProtocolL A ¥ —%EF JL1L
K—Transactor, Adaptor(£7:4protocol £#2) L EDS 4TS 1E
Bosch
cE A= YMIBHD/ KT+ —< 2 X R
| e TLM->RTLOYI7A U AV N FERAFE
RTL
Thales
T—F TR BN TE Sreference
EFILATIMEAD B
Infineon CEADMAY YR
oEA—4yMISWEIH -BIEEREHEREER D 43 B
o AT LRFIEO LT MREEIZA RN -BHDOSWI S5y T —Ls
XTS5, SERIFHWERIZF AL, -B#()System Exploration
© Copyright 2006 JEITA, All rights reserved JEITA
4.2.4.1.2 Workshop on Efficient
~ o
(20056 A ESCIF#ENDT—13v7)
*EDAR A —Efi[A]
1—HEjR
TH 3
oIRZEAL B M
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4.2.4.1.2.1 EDANL S —Bf
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i EDAR A —&fj[A]
= CADENCE
» BLRSHMERETILTHIATESTAMMUFY)2—3(Specman)
= Prosilog
= SPIRIT2.0(TLM:BMN)ZZIL Y R—r T BIPERETHIRIE
= Summit Design
= HDL/SystemCO IR - TN\ JREBELERESA TS DY R—F
= Celoxica
= SystemC TLMM5D & K EFPGAZA—D HR—k
= Synopsys
= SystemC/SystemVerilog# @ &9 555tV —/L-AVFADLIPTO—

= Mentor Graphics
- TLMEFIRLIREEAVFOS
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CADENCE

R#tg5HY)a—ay
HEERI7AVAVNIETS
BREIBRE OB R AR

Verification

eRM(Reuse Methodology)

TX agent

Config.
active_passive
name

Majority of verification
environment is at
transaction level

BFM does Transaction
Level to DUT
translation

Monitor

Coverag:

Checker

SystemC ‘ CiC++ -
Simulation §5irmlaﬁon= Verification
High-Level Model | Simulaﬁm'jm:mlemﬁon
M MixedL;hguage 1 Verification
Simulati — —
Environment | aw Im]:;fgme. _— | —_—
‘ DUT : mulation Prototype N —
e — : | FARRVFP—%THF v |
Environment sw‘ oo |
Environment
A golden, adaptable verification plan and
automation environment enables spec fo post
silicon sticcess
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RETEZY—IL-514T31)
- Ak
«eVC(&£Taka—IL54T31)) - .
v BLMBRLARILD Sk

| RTLTLMOEFY>S |

Interface to
sequence driver is

RITL Interface transaction based

Architectur A
BFM
[] subset of the
Signal State full RTLBFM
Machine
Method port
(complex
structures)
RTL DUT Signal port

(simple signals)

TLM Interface
Architecture

BFM t

o mpEgELEy TR
v' Protocol|Z{R7ELALY Z—7s

AMBA AXI Bus

64
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Prosilog

mR#IDHV1—3y
*SPIRIT2.00 7 )L HR—bk
‘RTLITLMD T R—I Ak

TLMT /3T N T —T D R @Y —IL

 import / packaging

« configurable IP management
* interconnect management

» wrapper/transactor insertion
« third party tool link

Third party
Generators)
SPIRIT
Packager
e —— HR—KP
e [ [ [T eI AMBA PVT
[(5 ] AMBA CLI
. AMBA Transactor
Spociatization | o - el — | OCPIP TL2/TL1
This toolkit allows any kind of Code Factory’ IP description OCPIP Transactor
application based on SPIRIT 2.0 '

© Copyright 2006 JEITA, All rights reserved 65

Summit Design(§%&t=70—)

Electronic System Level Design

e |

Soft d
pedonrer) |CEEEp| owEs

A4 AV WEDFE
Product Prototype Integration
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i Summit Design (Vista/Visual Elite)

IR FINYAH

= JAVIYNTI0Y

a—k-I5H

« THAL - TSHH
KRR

= TLME R
SCVZ14731)
TLMZ473)
OCP-IPZ1735!)
T—XTOF R
= SWEITHE

= FST0V O

© Copyright 2006 JEITA, All rights reserved

JEITA

ERITHIESINDEDD LMD
72Uy, Vista/Visual Elite/Processor
model(ARM/MIPS) ??
Vista&Visual Elited&LN & ?

67

Synthesizable SystemC

Celoxica (§%5t7H—)

Agility Compiler

Synthesis/P&R

ASIC/SoC

© Copyright 2006 JEITA, All rights reserved

- BEATLMANSAEIZFPGAIZT O

F&{jo

TIMT AU FEELANILTHE

A,

-Jd B HHI OB STE DR

#:SystemC,

-Synopsys Design CompilerFIZ

SNT-RTLZBEER.

-Stratix IIH LU Virtex 422

FPGA

JEITA

FPGARyN) R+D BB E R,
BHEOOYI DY R—k,
BHIOVIB LU A ZXEHIBED
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i Celoxica (HYR—EEE)

OSCI Synthesis Working Group®D & Y7 vk +7 L 7 7E S KA BE.

Char, short, long, long long (signed/unsigned) Thread process (sc_thread)
Bool Clocked thread process (sc_cthread)
Compile time float and double Method process (sc_method)
Arrays Wait()

Structures and classes Clock sensitivity
Sc_int,sc_uint, sc_bit, sc_bv, sc_logic, sc_Iv Reset behavior

Sc_fixed, sc_ufixed Hierarchical modules

Sc_in, sc_out, sc_inout Port mapping

Sc_signal TLM(sc_interface, sc_port)
Sc_fifo

sc_interface Multiple threads

Sc_port Multiple modules

Loop unrolling
Sc_ram(single and dual port memory)

SUEDHEHAMN

e
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Synopsys (&ito0—&Y—)L-HR—Fk)

i 1, =hER 3F-
SISy TLME EUME L ST 00,

‘TLM IPO R,

: SystemC .

e | 2 rhreBn hmnmaie s BB MR E DRIEEHE
: P ECGEH DO T

1 = 1 _ . -
........................ , | TAMUFOBEL-2E
Fap ':'[ Fovzot ] SvstemBLLe 1 m—t.
. : 3 BR{H | CRHIEE-WMREICHGT
e _ [ | BF A TREORE,
: 1

TR PO,

] RTLEA% 5

Es i | BEFARARUF
: BT THAURKELE :

\ VCS :

TR, . . . . . .. ... l ..................................... :

RTL /A\VEZX2
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* Synopsys(IPM1Z{it)

s [IPRUSLIBEL TR -TOwyH-RYIJx35)L
MDSystemC TLMiZ 7z {2 & (HW/SWHEEE)

= ARM/AMBA/AXI
= 926EJ]-S,946E]-S,1136E]-S
= AXI/AHB/APB/RemapPause/InteruptController/Timer/U
ART/Moniter
= PowerPC/CoreConnect
= PowerPC405/440
= /SP
= VirtioD = EKEEEET L
= ARM,Freescale,OMAP,...
« OSCI TLMIZZ&n

JEITA

© Copyright 2006 JEITA, All rights reserved
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Synopsys (IP1) 774 A k)

A=Yk
TLM TLM

| | =)

TLM |

f*

~

TL IP

RTL IF~
on -
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Mentor (B %)

Stimulus& % A

s /

"

i
Reuse Transaction
Level Stimulus
|

v

N—

Using classes to represent transaction
makes randomisation much easier

it }%Eziz KR

AT LFREE

]

© Copyright 2006 JEITA, Al rights reserved JEITA 73
Mentor (3—ILTVETIL)
BREEDIT—ILTUETIL
Golden Model
= Golden Models are TLMs of expected
behaviour
= Stimulus Generators are ( stochastic ) models
of external environment
m  Verification Engineers have been writing
TLMs for yvears
Stimulus [—>C]  Driver E
© Copyright 2006 JEITA, All rights reserved J‘E ITA 74
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i Mentor (7742 AV K)

~ 2 refinement

RTLSE BRI
FREERA IR

N

refinement

4
FREE AR R e

-
«

Stimulus [}

Increase
execution speed
by abstracting
away rtl not being

JL’—'C

tested

E_

ey

A

RETD—ERZERTLA

JEITA
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= VAN
i Mentor (=72 +&5E)
SoC
—Ltm|
stimulus [—*C  Driver EEE _%
—tm|
refinement
Start verification e A
e et g
on line T tested FREEXT R LS ETLMICZ
a raccion —_
SREYIaL—Yay,
| |
Stimulus [—*C|  Driver EEE —%
—{rd]
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i Mentor (EF &% 2 5 i)

N — N
. F 74/ \ i Driver -
put( t)
(U S o B
4
4 nb_get(t) » |

= OSCI TLM® %I H

n E=A

= Analysis Ports and

Recorders Eimataiel
7N
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i Mentor (ELE &1 % i)

= Functional Coverage

= Cross Coverage

= The Analysis Library

[ !
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4.2.4.1.2.2 1—HEH
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il—ﬂ“iﬂrﬂﬂvum

ICODES(EZ#HRTR T IR)

=« TLM®QInterfaceB A IS (Ei&E. 5473")) DA
s FZIGEEFDEHR—XDEAY DIHRTTHER)

s T—XTOFVIEZRTIPEFIAD=6TLME A

= Thales

= SystemC TLMIZ&KB{RE TSV I+ —LIZKYHBRED X vy TE8ER
= Bosch

= SystemC TLMIZ& B/ T7+—<T U R@EHFETLMM LD E K7 0—0 & A
= Infineon

= Virtual Prototyping|ZTLM%#| A
= Philips

» ERLSHMRERBOBITIBZHIREZEH
= STMicroelectronics
= TLM IP£$ 2 iR . [RKTLMZFI

© Copyright 2006 JEITA, All rights reserved J‘E ITA
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ICODES

p—_ TLM Svnthesis with ICODES
OSSSMHE FFEL#

=>EE *ICODES Design Flow and
Design Environment

0SSS7AVhIVR

FfE 7+ —< vk
e

European Sixth Framework Programme

(Bm%) -
Prosilog, OFFIS, Thales, SIEMENS, -~ iy | froeemeee
Bosch, Politecnico di Milano
HHELRJLDTLM (read/write)
*HW/SWDEEIVR—RUMER
HW interface module generation
SW interface routine generation http://icodes.offis.de
Generation of HW-buses
Binding modules to existing system buses
*VHDLH! 7
© Copyright 2006 JEITA, All rights reserved JEITA 81

ICODES

[ A B—T—RER(1) |

Shared Objects - Usage ﬁLES

5C MODULE ( ProdCons )
i

sc¢ shared< RoundRobin, FIFO< int, 32 > > sh;
void producer() ;

void consumer () ;

--------- 's\ "’ -_"'--._‘__h_h--
- .. . .
id producer() // SC_CTHREAD void consumer() // SC_CTHREAD
i / ‘
B ™ s¢ mee( val, sb, get() ):
; }
© Copyright 2006 JEITA, Al rights reserved JEITA .
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ICODES

§Vnthe£is A B—DT—RERQ2) GDES
L=

Template®instantiate “.‘
Polymorphism® fi# iR i .
Shared ObjectDBEEHZ [ ;
SWESA /&R
EEERFLTLVELY

Synthesis

Return values

© Copyright 2006 JEITA, All rights reserved J‘E ITA 83

FZI( Forschungszentrum Informatik)
FEEMDEZHR—RDF Y DEAEHEES

. Boorationflow - SystemC
i *Functionft#%') 774> LT-Architecture £ 7 JL &£k
Functional Model Li
UML \
Matlab/Simulink .

30L

Combined Model
SystemC

Target architecture

© Copyright 2006 JEITA, All rights reserved JEITA 84
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iFZI( Forschungszentrum Informatik)

___ ExplorationFlow BIE)—RADENYET
: F“““'“‘J m“m“JlEm"mrﬂ Communication AnalysisE A—R &L= T —FTIOFViRE

4. Resulting architecture
12 I O S ?xs 12
A ~

' R AU
031 5 23
21120 3.4 ;
23 24 2 ,
rd

.

- - tf
4 [543 _,--"C:,
1. Communication Scheduling Graph 2. Check paths 3. Coloring of the conflict graph
353y, 1) 2- ®@—+® 11,20 ® ©
- 13,5 ,8. 8.1 .—-. 5. 131

Liag -n;"p"u i - - SO
[R,,5;:R;sR,] ofi . @
A Ulelhp ntervals
(19938 P Y | C; and C, can have Res 1 _
conflict
) C.andC. potentiallv oarallell Res 2

1,20 MITFZI SIMT IL—THPIZHIBE DRI S B
“Communication Analysis for System on Chip Design”
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iFZI( Forschungszentrum Informatik)

Explmatwn Flow

EDA—W)ITFAAV N BIEE AR

*module environmentZzZEL TDEMEE K
HH)Y—RIconflict-free?s 7 V£ R R

RAMA DY —X
ConflictZ& EIZA
nNTER
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Thales (§%&t28—)

MATLAB AL
C/C++ Algorithm

v

cpP
Communicating Processes

SystemC l

Functional

PT
CP + Timing information

'

PV
Programmer view

v

SystemC PVT
TLM PV + Timing information

'

cc
Cycle Callable

'

SystemC RT
RTL Register Transfer

TLMZERISEH
HREDBVETYVT

‘BEEHHTOERIZHE
-Point to pointiE#k

BEERTETIL

-Point to point&/\RIZYT7A>
CBR-TRALFEETIL

CBEETILOUIFAY
BIEETILEHWAZE{F

EVRETRRV\IAYIRE

EVEE-ERETIL

B RELBIE D 5 B

OSCI TLMIZIFIREIL® LT
LMEULVAS, OfficiallZZg =55t
g 5FE.

A AEZET
Rftahd

ANRER

ZLRLIZBNT
SSUHHYa R

S S Ry AV WL 2 (VN VAV 4
«CLI/\ R

‘RTL/NR

1259 ENLTELBLAL
DIPE &K AT BE,

© Copyright 2006 JEITA, All rights reserved JEITA .
g o
Thales (IR 0OK3247)
Functional Model
(SystemC)
)
Hardware TLM
P (SystemC)
Virtual Prototype
Functional Model
(SystemC)
@C - ) Synthesis
EmbeddedC
Gate level
(HDL)
Software
(EmbeddedC) Hardware
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Bosch (E%&t

J0—)

Algorithmic

FILTYX LBEE
-7—470—

NIA— U ADEHHTE

Cyde acfurate
refinerent

* VRTLRUESa—ILLRIL
- AT

~INTA—IVRHETE
*FT—FTOFVRE
“VRATLER

-HW/SW4rEl

P LELYT

ELa—ILEHW/SWIZTYELY

PRTLRUESaA—ILAL
- REIRNE
-84 =TV RH#EE

=[-1=%
|

ration

TLMZERAT5EM

* 18T+ —I O RIRHT

-RELB IO AT DR
-RERCRH/ T —URMEE
-HW/SW4EIRE

P X LRDEIES AT LEROBHEIL
* NALRJIHW/SWE B
-EEEOBELNT 1Y
SY—R—RADER-UITF7A A

TLMEY A )L FEE OFElIEModule Adapter
TR

SRTLLRIL

-HBEIREE

-89+ —URBIE
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Bosch (TLM& Rk
A
TLM Synthesis with ICODES
-ICODES Design Flow and Systam Level | osss | standara
Design Environment e e
ICODES
Interface-and Communication-based Design of
Embedded Systems = =
- Abstract Read/Write
HWA L B—Tx—R - ED1—LERK rormat
'fl\\llvv’r:ngfE_mjl_x - :E:)l_)l/ﬂiﬁjz | Metric evaluation tool | | 0SSS Synthesis tool |
“HW/N
BRE VAT LNZAANDES 12— )L DIEH
*VHDL A HW/SW
0SSS \ ign cost informat nttgizzeedt gfcsr']?t
OFFIS System Synthesis Subset o o o o = = [ VHDL, Systemc | = C/C++/Assembler
Existing industrial - —
- -
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Infineon
E& §+ 7 D — From system requirements to system tests

TLM & VP

SW Development
Sys. Exploration

Syste Virual 1 AIDI|—>
Reqxlsr:r:‘em ‘ System Prototype / nelea DEsien
e Architecture Ex;c_ HW
Design, Deve‘z:‘r:"en( Digital Design  »
Analysis
’—‘ & Verification
Algorithm Design s
sef Eckmiiller Executable
Technologies Transaction SW Spec
\ES D osr Level Model Development oo
£ CO6 At Development
et | IT Platform: Data Project Setup, IP Libs, ...
Virtual Prototyping
C | FI fB Band Filter(Z3&
= Control Flow of Base Band Filter|Z3& A
esmBurst | | | i
Structure - 156 symbois. 156 symbois 156 symbois 156 symbols
5B Filter —
Enable —. .
BB Filter [’f} T coutar ave ™ ST s avars ST T e ovant T TR e b '“FZ';"“'
TLM Model | o taton can — \rim event Sy oven \ )
DsP Bus | |
reaister write burstread burstigad burst read burst read
Hi#4:]. Eckmiille, “TLM and Virtual Prototyping at Infineon’s Communication Division”, ECSI TLM Workshop 2005
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Infineon
AL 'Funcuun]__[run:uon‘ FuncuonHFuncllonHFunction]
(data flow)| " |(data flow)] " |(data flow)| |(data flow)| " |(data flow)
|
e ~
- Function Function
‘ VT ‘ e (time | event) (time / event) Function
{time | event) — T o (time 7 event)
) { (time / event) -]'

\ 72 N - - } Eg%
Function Function % Function
CA/RTL %"ﬂw ciock cyc\e)%1 clock cycle) (1 clock cycle)

DE

Gate Level

N
:
1
|
Hi ~
|
1
1
1
NN

BN

Hi#2:]. Eckmiille, “TLM and Virtual Prototyping at Infineon’s Communication Division”, ECSI TLM Workshop 2005
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Infineon
AL LD YR (SPIRITD #|H)

SPIRIT compliant
Meta-data IF description

= i
XML Front > XML
End Tool
PERL with _ _ ) )
XSLT ) .Cpp .Cpp .c
h .h
SystemC Testbench Firmware
Stub Module Frame Stub

Hi#2:]. Eckmiille, “TLM and Virtual Prototyping at Infineon’s Communication Division”, ECSI TLM Workshop 2005
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Philips
= HEY

« RICIPEEHES - HRIELAV IPEFIA) -
« BERZTOCIONF—LBITO—BLE-BREEORE A Re
SystemC&EELMEDH DR DLEGCH+AFILE BT S

fasasesd B
= SystemC modeling standard(Z%¢> R -
= Encapsulate best practices ‘.
= Provide a common ground and vocabulary == -l Svi‘
4 ‘~
»

» OSCIDOHZREIZX G
ELAMREROBITNES

= One port for every abstraction level
BE70ha/LZE#(AHB, AXI, DTL, VPB etc..)
= Is future proof for new bus protocols
good simulation speed

uuuuuuuuuuu

= Provides simple and clean interface (protocol specmc) for the model developer

88 : A, Saksena, “TLM Methodology and Modeling Styles”, ECSI TLM Workshop 2005
© Copyright 2006 JEITA, All rights reserved J'E ITA
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Philips
= OSCI TLME M Ed &
= User Layer: ET/LRAFEEN SR Z HAPIZEE

= Protocol Layer: Transport layer®+—E X%F|FHL

TUser layerMAPIZ £ %

= Transport Layer: OSCI TLM compliant transport
layerZ+£ B

App)nammu seriayer }»

0SCl Transport
layer AP

the bwer Ryer:

|
}
tin _nonbbcking_get ¥ ‘

Hi#2: A, Saksena, “TLM Methodology and Modeling Styles”, ECSI TLM Workshop 2005
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STMicroelectronics

CUSTOMER SYSTEM SPEC
u ux n-l- 7 A

Embedded SW

(4]

=
= K
Gl =
3
Oofl =
= H
@ o
21>

%)
v K
‘n(l)

- HREDEE
= /NA, CommunicationE®T /L DR E
SoC Functional Verification: PV (Untimed & Register-Accurate)
Embedded SW: PV (Untimed & Register-Accurate)
Architecture early study: PVT
» SWHWETFILDOETILOHMRE
Instruction- or Cycle-accurate ISS or WS native host compilation
» BHMRETITOREEE
« PV
SoC Functional Verification, Embedded SWE$
= PVT
Architecture early study

88 :A. Clouard, “TLM concepts that are successful at ST”, ECSI TLM Workshop 2005
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i STMicroelectronics
s IMEBERB)I7A A MDA RO

TLM in System-to-RTL flow

, ( HW/SW partitioning
TLM-Timed ‘ MP SW partitioning

Becexerulable speclication”

| |

TLM IP/SoC for TLM SoC for
HW functional RTL dev eSW dev SW functional
verification : validation

| !

TLM SoC for [ HW/SW integration
HW/SW Incremental TB |__ & validation |

Validated SoC RTL / eSW

H#2:A. Clouard, “TLM concepts that are successful at ST”, ECSI TLM Workshop 2005
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STMicroelectronics
s WNRT7ITYr—3>

= Set-Top Box. Digital TV. Image sensors. Mobile video. Wireless. Automotive

& FA B EA
= SoC virtual prototype for SW developers: production early 2002

= Reference model for IP & SoC functional verification engineers: production
early 2003

Models for SoC architect: production starting

1‘“—?"31t<‘:0)F’a§H¥(SPIRIT)

SPIRIT XML for SoC integration automation
RTL (Spirit 1.0) and TLM

Hi#: A. Clouard, “TLM concepts that are successful at ST”, ECSI TLM Workshop 2005
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STMicroelectronics

 FXETOO0—
» BHRETITOREEE
« PV: Embedded SWEd (Production usage in Divisions since 2002) . Functional
Verification (Production usage in Divisions since early 2003)

= PVT: Architecture Early Study (Usage in Division & ST customer, since 2004)

Which TLM for what - from our experience

Communicating Processes (CP) Function-calls (System Architect)

Foundation: Function Dataflow

Programmers View (PV = TLM)  Bus Specific ESW Developer
Foundation: Memory Map Architectural Func. Verif. Engineer

Time annotation (PV-T = TLM-T) Bus architecture Sys & HW Architects
Foundation: Timed Protocol Timing 5 Verif. Engineers

Transfer Level (TR=ARM CC) Word transfers (Verif. Engineers)

Foundation: Clock Edge Cycle-accurate

RTL L | Si IIBit = =
ev? ; I Verif. Engineers (srm)
Z Cycle-accurate

Foundation: Implementation

s|apop owaysAs

tH#8:A. Clouard, “TLM at ST — Lessons learned”, ECSI TLM Workshop 2005
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STMicroelectronics

» TLMOERZBELTREARD
=« Embedded SWEASIZH®
«  FPGATONZATRARAICSWEARATAE. TOMSA T TIEBLLIS—KHEDO TR THE,
o Y—LEFESILICESTTLMOF AERKRICERTED
= bus monitoring and usage analysis, System-Level Memory views, IP Traffic Generator

Customer Needs

Archittect HW / SWpartitioning

TLM-Timed, SysProbe, IPTG, SLM.

SoC executable specification

RIL development

TLM IP/SoC,SysProbe, TLM SoC, SysProbe, IPTG.
SLm, IPTG g. see FiexWare

= TIMOBRENBLE

. TIMPV stylez s
« VEAL—YavEELETUVIOFMEEAT

s TLMETILIZBRHAVROS T L—THMEY | R MICITREEF — LAMED
= AYRASY I —THRA = LETIVEER,
= SWEREAT7F—RbA—H T, BRIETUS=T7HI7—RMTFAOV/S,
= BRMICIE F1—YHTIM IPEEY, D 1—HEFIAT 5.

«  TIMERATAICEETILT—IN—RANRBE

s TLMOR—=UFHRE

= WebR—RDTLMER, Y R— A BFEERITS

H#8:A. Clouard, “TLM at ST — Lessons learned”, ECSI TLM Workshop 2005
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STMicroelectronics
| IPO) I:II:II:I *ﬁﬁ i mmdsp2_wrapper

st40_wrapper
st20_wrapper_dil
tac_cache_simulator
tac_channel_arbiter
tac_channel_base
tac_channel_router
tac_channel_seq
tac_memory
tac_paged_memory

timer_mmdsp2
timer_pwm4

uart

SATA AHCI

ATAPI/6 HDD Device
SATA Channel

-
-
-
-
-
-
-
r

Synchronous Serial Port
Real Time Clock

General Purpose 10

DMAc

Static Memory Controller
Colour LCD Controller
SmartCard Interface
Multiport Memory Controller
Vectored Interrupt Controller
Timer

Watchdog

System Controller

USB EHCI

USB Mass storage Device
SCSI primary command - 3
USB Channel

eDRAM / PLSRRAM controller

TLM wrappers as available in ST

= TLM Wrapper

88 A. Clouard, “TLM at ST — Lessons learned”, ECSI TLM Workshop 2005
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i#ﬁ‘—‘;&'ﬁmiﬂrﬂﬂvu

= GreenSocs (SystemCR—XDA—TY—RBHFET IL—T)
= High level generic bus@f=H DA 7SR

= SPIRIT
s XMLR—ZXDEE. ETVUTIURFLIEWIPAR T —2% 1844
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GreenSocs

F—TY)—AR—Z2DSystemCS4 T 5') B Finitiative
GreenSocst(f, A —TY—RAYP—E X1t

JOTI MBS MEENFEREEEZNE
FARDA T T REITS

e13large industrial partners

eSeveral smaller EDA and IP companies
*6 academic partners

#EF SStandards& (&
High level generic busD =D A>3
HWD et BB EICFEZ 51T 31
EERXWLIPELTA425T0YY

EHAB D ORI GRRRFIEREA TV —RELT, BRI %
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i SPIRIT

= SPIRITD#ERX
= Chairman: R. Vignau, Philips
= Vice-Chair: C. Lennard, ARM
« A /\—: ARM, Cadence, Mentor, Philips, ST,
Synopsys
= Technical WG
= SWG (Schema WG): RTL schema, API

=« EWG (ESL WG): TLM schema
=« VWG (Verification WG): Verification schema

© Copyright 2006 JEITA, Al rights reserved JEITA 105

i SPIRIT

= Vision
= Design~ B ##(-configure & integrate

= [P Meta Data (I FEHEAL
= |API for generator

« ERHENDST—4
s V22— 3r-ETIL
= ERRETIV
s FEaAR
= #HIAASW

© Copyright 2006 JEITA, All rights reserved JEITA o6
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SPIRIT

= Meta Datad 454
= FTFRIP, LA —IPIZ4# FH Rl RE
o IPOTH AU REAILIEKTE
= SOCE%EtY—IL Mnew featureZ=AIHEIZ3 %

© Copyright 2006 JEITA, All rights reserved JEITA 107
e IP
- SEM (37, FDER. HiE, k)
-SW, YEal—day, T, F¥asivk
® BUS
- SEF(AMBA, OCP, Ethernet, STBus...) . .
SPIRIT Cor| -eo vrriobvrE. s pliant SPIRIT Compliant
IP _—— SoC Design Tool Generators
SPIRIT
Metadata - -
SPIRIT Configurator
LGI XML
Generator
XML
system_busp I
{ i Confi Point
| i i toal
T IP|
i p i ort
i i ort || Design Build
f=] f=]
aRP s N__
® SoC IP ® LGI: Loose Generator Interface
- FYFRYNJZAMA VR 2 +HK) - Component generators: BUS, 7095, »EYTvF, SWF31/%
- Design generators: RTL, eSW, Design checker
® TGI: Tight Generator Interface
- SPIRIT DB API Hi#8:3-M, Fernandez,, “SPIRIT standard evolutions to cover higher abstractions
- low level schema elements7 7+&X levels”, ECSI TLM Workshop 2005
© Copyright 2006 JEITA, All rights reserved J‘E ITA 108

—171—




SPIRIT

= SPIRIT 2.0

= ESL

= configurable system-design modelsxt i

= TLMTDOSoCTHAUETIUY (HW, SW) D HR—F
= Verification

n IREE. AT LERETIRIBIC) IS

s TAMUFRBEDOYR—K

© Copyright 2006 JEITA, Al rights reserved JEITA 109
= SPIRIT 2.0 ESL
©® FSUHHLavIF, FAtaL R
- BEE. ETVUSISKFELELNOSCI TLM, OCP-IP, SystemVerilog)
- Design IP&Verification 1P}
nresolved Multi-
view Design SPIRIT XML
component
PV PVT| RTL
view view view
® TLMHRL
- TLMRyk) R, AL FIH—,
FIUYIT LA .
Configure )
_,.a—""-—-‘ -R--_
.a—f'""—-‘ T
i~ T
‘_____;-'-’—' X "-\—\_\_\_\_‘
Resolved Design Resolved Design Resolved Design Resolved Design
Configured PV Configured PVT Configured RTL Configured Mixed
0 =] | Fié | ﬁl’ﬁ
Hi#2:]-M, Fernandez,, “SPIRIT standard evolutions to cover higher abstractions .
levels”, ECSI TLM Workshop 2005 © TLM. RTLIE# R
© Copyright 2006 JEITA, All rights reserved JEITA 110
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SPIRIT

= SPIRIT 2.0 Verification
= VIP characterization

« VIPEARZE, E=4—  BRGEETILE2a— BREEL

FRINSA—RUGIE
= VIP interfaces
= EEB. BTV EKE
= Sources of stimulus
=« White Box IF., Parameterized Assertion
= Testbench sequences
s TR —H XD RHE

© Copyright 2006 JEITA, Al rights reserved JEITA 111
+ 1.0 public release @ BN » Dec 2004
» Scope =RTL
+ 1.1 public release =~ > Jun 2005
» Scope += Timing constraints
« 2.0 alpha release . »
» Scope += TLM Design + RTL Verification J
* 2.0 public release \ /-» Dec 2005
« Scope += TLM Verification \/,,f’
Hi#2:]-M, Fernandez,, “SPIRIT standard evolutions to cover higher abstractions
levels”, ECSI TLM Workshop 2005
© Copyright 2006 JEITA, All rights reserved J‘E ITA 112
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SPIRIT

= SPIRIT Today: 1.1 Deliverables

= XML Schema
= Bus, Component IP and SoC Design IP
« LGI, TGI support
= Timing constraint for flow to synthesis
= Generator APIs
« LGI. TGI
s FEXaAVE
= {5l

« Leon IP (UART w/ timing constraints, timers, interrupt controller)
= AMBA BUS Definitions

© Copyright 2006 JEITA, Al rights reserved JEITA 113

4.2.4.2 YT vk
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s JEEIETIE
. EQEJr“J—)Lc‘:L,'C_EEFﬁ1I:hftﬁiof:@n’ﬁéﬁﬁmﬁiﬂéﬁﬁtt,
TUTOARBZFETIE
« BESROERAETELELT.OSCITEESNTWWAERY T Vb
LEax—
« BT YD SysetmCxEY—ILD R GIK R DFER
« BEEYTEVRDBREDHER

u IEEJJW'Q'
 SEEOEKRELGZERY T EYMIDULNT, OSCINLD 2N
WiREHER
= 2006/3E M TH. OSCINS D AFRDEIAMNTET, BRpi
RAEAHETLVEL

« OSCINDER YT vrDKREHRET S
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i EHY Ty (OSCI) DK R iR

= 20057 A-9RIZOSCI&E/Y T ybSWGDIKRETE
A(EEWRYHRE)
« SWGFI7MWNIREDF-OEEIZHE-TLND
» EE (LA RF T (A2H—:Andres Takach) W xfiELTLYS
« IV ARIZDOLNT, SWGS AV N—(£1)DEZEES
KOELTWAM, ARV ELGZWNESALHY . EKEZBFIEA

AT
BT I EVNARE, BEERY—ILRAFEAN T FERZE
MLTULVS

 MGLAIVEERIZEEHY

BRY TV TREL TS RAUMNILUT D3R
= BXTENDERY—ILHH IS TEGLTHRLD

= MODULEELTEET HEENTH— Uk

«» AETHRST R84 TEEETOHRL

© Copyright 2006 JEITA, All rights reserved JEITA e
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i E YTy OSCI)DEHEREFIAR

= EDSFCRMELI=V AT LATH AL ITA—3 LT
OSCIZL YT rMike Melidith[ZFEEE
« BT EYNNEIAROFiEEH
« NBAFRFERIEAEE L TLVELY
« JEITANER YT ybELE1—F5Z&IZDUVT

g‘ ERXLA—DREITEINNILX, OSCI/R—FTiast
%

s OSCIIZJEITATDERY T ybLEL—%E
==

a8

« OSCIALEABINNIL, GRS T EVFDREZEL
Ea—L7T. BI¥IDETEZETT S
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i SREIRAETF—LDSEDEE

s SEENMAH

= 2005 ELHUIE. BEERDERKRRERETSEE A
VBRI I—RAERAEEZMILL TEHE

» HEHNBRTHERLER. SREIRFAELLT.MELTE
HBHZEELT=

= 2006 E(ZFITT(E)

« BERYRENS, a—TAV T HARSAUDBEENTLVELD
CERRMO=DT, BMEERERDOE RN L. HETARE
RNBZHEETT 5

= TLMEIREAEEEEL T, SystemCENRMITTERT 7=
HDIL—LT—V%RETT S

« BIEERETLMDBEZ DAL
s AVRTI—RAEHDF|NZDULNT
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4.2.4.3 SystemC&l[[] 53 47T
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i FR ARV AVFTHERIN - ERAESLE
s ABERREGSF-FE. ORI aVEFE
= Design Automation Conference (DAC)
2002,2004,2005

= Design Automation and Test in Europe (DATE)
2000-2005

« BARSystemCa—H27+—5.L 2003-2005
= European SystemC Users Group (ESCUG)

= International Conference on Hardware-Software
Codesign and System Synthesis(CODES+ISSS)
2000-2005

= Stanford Univesity 1999,2004
= University of California, Irvine(UCI) 2000-2004

© Copyright 2006 JEITA, All rights reserved JEITA -
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s WXL TDIERIZHEE
u *ﬁnl_t
= HERE
= MEEE
= CoSimulation
= BT I)L-FxvF> % (Property, Assertion)
= ZD1th(Mixed Signal, Power , Area%k)
= 1R
2 JI7AAE
= B
- MR (ORT7TIIY)
« FHEEFVY
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4 $875 3% (continued)

« EEDOMIBTHLHEE
« NA: JEK
=« JP: BHR
« EU: 3—AvN
« ASIA: 727
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—— IREE- 1 RE

&3~ CoSim
¢ FR3E-Model Check
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—@— &K&it-refinement
—t—RE- AR
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1999 2000 2001 2002 2003 2004 2005
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1999 2000 2001 2002 2003 2004 2005
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CDELIE, BRIE—ED
BIREHR
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O %5t MIEEREt

B RE- AR

O 5t refinement
B R3Ot

O {3 - Model Check
O 1REE- CoSim

B AL AR

O HREE- HAE

1999 2000 2001 2002 2003 2004 2005
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EE =BV AR
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1999 2000 2001 2002 2003 2004 2005
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o REEDHTH, MEREEHIEIMNZLMERZH S

s CO3FERMIE. ENLFINZLEARTI SN —E
DEEZHHDESH T
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4.3

SystemVerilog® 29 J'IL— T &

SystemVerilogiZ# 1L & [A]

JEITA SystemVerilog Task Group

J E I T A SystemVerilog‘

SystemVerilogiZ# L D EE R

2002/06 Accellera, SystemVerilog 3.01J!)—X
2003/06 Accellera, SystemVerilog 3.1!)!)—X
2004/06 Accellera, SystemVerilog 3.1a')!)—X
Accellera)SIEEE~NRFR—2 3>
IEEE P1800 WG &
2005/11 IEEE Std. 1800-2005!)!)—X
IEEE Std. 1364-2005')!)—X

JEITA @ Systemeriloge
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Accellera SystemVerilog 3.1a WG#A &

J E I TA (3) SysternVerilog.

IEEE P1800-2005/P1364-2005 WG

| £ B & - Johny Srouiji

—g&lIE & & — Shrenik Mehta
s ItEE%/P?ISOOWG ——£52 - Dennis Brophy
stemverlio 'S
y 9 — Z;ZZ{:_ — Noelle Humenick
! £ B & - Tom Fitzpatrick
= . LRM — H#FZF B K — Neil Korpusik
- K P HEZHR p
=RE arT" S Stu Sutherland |
P1800 Errata 1364 Verilog
Sub-WG . -
............ FiE HEE e Sub-WG
[ | | I | [ Fl |
SV- SV- SV- SV-CC & BTF Encryption | Errata
BC EC AC PTF

..... JEITA S ;). I .SystemVerﬂog‘
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HROTEILTSEBAD
V=)L, A S ILT4 T DI

http://www.systemverilog.org/products/products_solu.html

Ace Verification

Adveda
Alatek
r \ ALdec
SystemVerilog™ e
R T Axiom
1___/ Beach Solutions
Blue Pearl
Bluespec
Products & Solutions + Cadence
© SystemVeriog Home « Doulos
© Querview i L fiom Vendor i + HDLAB
o Technical Papers & Interra Systems
Tutorials & Jasper
» Systemviriog LRM ompany Name Product B
© Technical Commitiees Ace Verifeaton LTD System Veriogfor | Q3. 2005 x x x Logic Research
° Products &Solutons Verifcation Mentor Graphics
oL bl ety [ e ] = Mirafra Technologies
© Events Aatels HES Accelerator Q2, 2004 x NEEs
° :‘”‘““V”s aidec_nc Riviera, Increment | x x % Bereim
e v Project VeriPage
Adec, Inc Riviera-IPT Incremental | x x x Real Intent
ggu\ezases. « SiConcepts
Silicon Interfaces
Aenta inc SpyGlass Q4.2004 x Silicomotive
Atents inc. SpyGlass+ Q4.2004 x St Baat Dl
avdom. @Designer-PRO___|@2.2004 x x x «  Suthrhan HDL
aviom @verifer Q2 2004 x x «  SynapitCAD
Beach Solutons EASISudo Q82004 x x «  Synopsys
Eiue Pearl Verity-Check Q4,2004 x x +  SyosSil
Designer « TransEDA
Biue Pearl Verity-Check Expert_ | 08,2004 * «  VeriEz
EBluespec Bluespec Roalable x Verific Design
LD Veritools
Cadence Incisive Q4,2004 x x x VhdICohen

Wilamette HDL
Xtreme-EDA

Sy eriloge
ystemVerilog
—

JEITA ®)

HAIHZEEZADMREL IFFFIA

The Electronic Design Automation Technical Committee (EDA-TC) of Japan Electronics & Information
Technology Industries Association (JEITA) established a SystemVerilog Task Group, under its EDA Technical
Committee, to promote standardization of SystemVerilog in Japan. This standardization of SystemVerilog IEEE
Std. 1800-2005 has an important meaning to Japan's Electronics and Information Technology Industries. With
the enlargement and complexity of LSI, further improvement of design productivity and quality is required. We
believe that SystemVerilog will bring about solutions to such problems.

Yoshio Okamura, Chairman, Electronic Design Automation Technical Committee (EDA-TC),
Japan Electronics & Information Technology Industries Association (JEITA)

[B&EER]

i £(JEITA)DEDA: =Tl FEL =& temVerilog Task
ghE ﬁ?ﬁﬁﬁfﬁﬁig :5 Syste%VerilngEIEEqE;SE. 1800-2&%§L§%§§%1’:C !ﬁ: Elr%(fe)%?ﬁgﬁfﬁ
S 1 SIDREREIE ITFEL . S5715LSIORE R L & SR EAR DO CLBA .
SystemVerilogl&Z D X% REEERT 5 THS.

N

+«Synopsys «-Doulos «Sequence Design

«Mentor Graphics «HDL Design House «Silicon Interfaces
«Cadence «Interra Systems «SiMantis

«Magma «Jasper «Sunburst Design

«Real Intent «LOA Technology «Sutherland HDL

+«Novas «NoBug «SynaptiCAD

«Blue Spec nSys «Verific Design Automation
«Denali «Paradigm Works «Verilab

+Ace Verification «Perftrends «VhdICohen Publishing

«Blue Pearl Software
+«ComputerBasedEducation

«PSI-Electronics & MU-Electronics

JEITA ©

«XtremeEDA
«Yogitech

7 o N
SystemVerilog
———
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IEEE 1800 WG Errata
IRHEHEDIK

JEITA SystemVerilog Task Group

J E I T A S}-fstemVerﬂogh

Agenda

. IEEE 1800 WG Errata £EHDIBE
. JEITA SV-TG {ZHEHDRFTIKR
« Enhancement (S iEHRILR) G DM

o id 127 Jeita 2: Cover statement handling in formal verification undefined
« id 134 Jeita 9: 4 state values as constraints

« id 138 Jeita 13: unclear behavior of default sequence

. id 151 Jeita 26: optional rule to specify size in 4.2

o id 152 Jeita 27: Another option for size

o id 154 Jeita 29: Dual Data Rate needed in always_ff

J E I TA (2) SystemVerilog
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IEEE 1800 WG Errata O£

«|[EEE 1800 Errata
. |EEE 1800 (SystemVerilog) IZ®f 9 ETiE. EBMREDT—2R—X
o N THSHEEAEE(id: guest , password: guest)
http://www.eda.org/svdb/login_page.php
o FREITHI SRR, BEE. REEA. HRFLHAERRE
Errata £{AMD1K% ('06/3/10 TTE)

7oy b &M Errata KR
Project Open | Resolved | Closed|| Total
SystemVerilog 571 61 565| 1203
OVL 25 15 39| 79
Ver i 10gANS 79 0 W86l x stawsomEm®
3 OVL : Open Verification Library
new TR
RT—=BRZED Elrli;ta KR . feedback : ZLRLURHEHDOASTH)
Status Open [Resolved |Closed |[Total : . P
v 157 5 (')'I'ﬁl confirmed CBHERE
acknowledged 20 0 0 20| assigned B ETHAVES
conf i rmed 3 0 0 3 Ived B =
assigned 206 0 o 208 "M HBERER
resolved 0 76 0 76 acknowledged : LRM FS7REBIERT
closed 0 0 611f| 611 closed :LRM RS 7hDIBEREEHR

J E I TA (3) Systcm\’crilog‘

JEITA SV-TG R EHDIK;

« JEITASV-TG &Y. ‘04/8/4 |Z Errata % P1800 ~NRZE
o '05/32 BRDIKR (84T — AT—2R 4#)

Errata — close - 26
Enhancement — new -4
Enhancement — assigned : 1 ¥
Enhancement — close 1 &
85t 32

Errata (321 TIREETABTDRY
*Enhancement (& EELHDIIREER
o IR—I(PBH)IZ—EH#TRT
« Enhancement £
o SRILMELTIAO—TE2HELHD
« P.6 LIf&IZ Enhancement 4D HEHANBEZEENHD

J E I TA (4) SystemVerilog‘
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JEITA SV-TG BEHEHDKRE(—E)

Id Summary Type (20855;25/3)
126|Jeita 1: Typo in 17.13 Errata closed
127|Jeita 2: Cover statement handling in formal verification undefined Enhancement |closed
128|Jeita 3: typo in Section 17 Errata closed
129|Jeita 4: typsetting in 17 Errata closed
130(Jeita 5: Typos in 17 Errata closed
131|Jeita 6: Intersect may be confusing in section 20 Errata closed
132|Jeita 7: strong intersect needed Errata closed
133|Jeita 8: assuring randomization Errata closed
134|Jeita 9: 4 state values as constraints Enhancement [new
135|Jeita 10: typo Errata closed
136|Jeita 11: unclear assertion semantics Errata closed
137|Jeita 12: iff issues Errata closed
138|Jeita 13: unclear behavior of default sequence Enhancement [assigned
139|Jeita 14: unclear how to change value in covergroup Errata closed
140|Jeita 15: typo in section 20 Errata closed
141|Jeita 16: Typo in section 20 Errata closed
142|Jeita 17: BNF typo Errata closed
143|Jeita 18: rewrite #2 step in section 2? Errata closed
144|Jeita 19: can step be used beyond clocking blocks? Errata closed
145|Jeita 20: Max uses for time unit? Errata closed
146|Jeita 21: Simple explaination in section2 Errata closed
147[Jeita 22: Enum clarity needed Errata closed
148|Jeita 23: mixing of signed/unsigned Errata closed
149|Jeita 24: Change variable names in examples in 3.16 Errata closed
150]|Jeita 25: Example typo in 4.2 Errata closed
151|Jeita 26: optional rule to specify size in 4.2 Enhancement [new
152|Jeita 27: Another option for size Enhancement [new
153|Jeita #28: typo in 28 Errata closed
154|Jeita 29: Dual Data Rate needed in always ff Enhancement [new
155|Jeita 30: In the Index, check isn't on page 199 Errata closed
156|Jeita 31: In Index, issue with blocking and DPI imports Errata closed
157|Jeita 32: typo in 5.6 Errata closed

J E I TA (5) Systcm\’crilog‘

Enhancement E4D M (1)

ID:127, Jeita 2: Cover statement handling in formal
verification undefined, new

CoverX MERYHZLNZDLT, BIRIAREEICBAL TIXBAREICE RSO
TLVEH, FRAREEICEIL TIRE B SN TULVEWL I EZ 15,

Status: new (enhacement request)
Assigned to SV-AC

B DBREHRR: This errata, 127 as Coverage for static verification
was voted to be resolved not-a-bug. However, to keep it as an
enhancement request, in September 13, 2004 meeting.

BICER<Tvat T #EITERTFS

ID:134, Jeita 9: 4 state values as constraints, new

FIHFE S F LERKIZEUNT, 2{E(0/1)1211 THELAE(0/1/XIZ)%E
ERATTREE T A LD ARMEEIRE,

Status: new (enhancement request)
B 5y g b 1) DAY
WHTEVEDLES

J E I TA (6) SystemVerilog‘
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Enhancement EHD#(2)

o ID:138, Jeita 13: unclear behavior of default sequence, feedback

« CoverpointXIZ$L\ T, default sequencebL THOVrEhDE
ZDOEBLNTHETHLS_ LB,

. Status: feedback

« Assigned to SV-EC (Errata)

. EHOBETHN: This point may be discussed a bit, because
the number of possible unspecified sequences is pretty
large and the coverage engine needs to keep track of them
even if the sequence is not a prefix of the specified one. For
instance if 4 => 5 is specified, then any of 0=1, 9=>10 etc
needs to be tracked in default sequence. Also it is not clear
whether 9 => 10 and 9 => 10 => 11 will be counted as two in
the default bin. Ideally, it should be mandatory for a default
sequence to have the same starting point as any of the
specified sequences, to be counted. So for this example
where specified sequence is 4 => 5 => 6, the default
sequences to be counted would be 4 =>6,4=>5=>7 etc. A
sequence like 12 => 14 is not counted in default.

. EfTERTS
J E I TA @) Systcm\’crilog‘

Enhancement E#DF#1(3)

. ID:151, Jeita 26: optional rule to specify size in 4.2, new

« unpacked BRI DEFEIEE AEDBELILFELZERLTLND

« Status: new

o BMRSTLTIL [size] A [0:size-1] ELTRIREIN DA, Chilk
EREOEXLHICLL-ORELEZBEN L

o CORIBEMIRT B1-8. [size] # [size-1:0] . [!size] &

[0:size-1] LT HEEEXRELTLD
« Status A\ assigned [CR1Ho/-F AT, HYUELERELD
o 1ID:152, Jeita 27: Another option for size, new

o HIE ID:151 [2DUWVT, FIDBIEFEZFRELTIS

« Status: new

o [size>] T [size-1:0] &L. [size<] T [0:size-1] £T %

« Status A\ assigned [CR1Ho/-F AT, HYUELERELD

[# 2 (1D:151,1521L58)] CEEDE L LRM ASIELL. JEITA FIDIEHEIZFREA
Hot=, LEIFRBESTRENATEZTOFTFERHLTL

SystemVerilog
(8) ) ¢
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Enhancement EHDEEH (4)

ID:154, Jeita 29: Dual Data Rate needed in always_ff, new

. always_ff DR 5 EDYIER. HBLVE, LRM ~DBFEEER

LTWL3
o Status: new

« event_expression |Z posedge #%%L\lE negedge LM IEE
TE4i V=8, DDR(Dual Data Rate) #ET VY TELLY
o H5L\I, posedge/negedge Z&HBRLI-GAICRTYI LS
CEMBEEIN TV
o ZTLT. FEE2ODBERZRELTLS
. “edge” (1995M FHIFE) THITYI LS LS ITHATR
f5l: always_ff @(edge clk, negedge rst)
. posedge/negedge #REELLZMESICHT YD LGS AR
fll: always_ff @(clk, negedge rst)

. Status #* assigned [ZftHho1-BF A T, Y ELEREED
J E ITA (9) Systcm\’crilog‘
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IEEE Std.1800-2005
(SystemVerilog)
SVAFa1—R)7IL

JEITA SystemVerilog Task Group

__ S
J E i T_;é\ Sy S:temVeriLOg‘

Agenda

o AFa—M)TIL A&
o« TH—a bl
« |IEEE Std. 1800-2005 (SystemVerilog) &
e SVAFa—KJ7JL
« SVAIE
o E X (assert/ property / sequence)
o TiRyk
. RERFOFIVY
o BT YHIY
« EDAY—IILDYR—MRIRFRAE

J E ITA 2 Systeﬂh-ﬂ?
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AKFa1—k)7ILAE

- IEEE Std. 1800-2005F 21—k 7 JL

« SVA(SystemVerilog Assertion)(ZDUL\T
. REAGY—ILTH AT, OHRGRR O
» B PREDOFIVY
» IA LT IDFTVD
» DURYNDFIVY
» KERFOFVY
» BTFENSUY LI DF VY

« SVAEXDEDAY—/LIZLB Y HR—MRRFHE

| —

J E ITA (3) Systenweri]@?
YERLA N

. [JEITA EDARMTEMEZEER EELL/INEERET
@M SystemVerilog2 X945 JL—7 |
IEEE Std.1800-2005(SystemVerilog) D EFE{E4{L
EERICBALLSE

o AN— I (FBERARUA —5 EDARVS —:4)

(BR) BRI —OTITRAT7 A, () E6R.
(BEZ, BARTATUR-THAU -V RT LI,
BAS/TLA () IMTREBEX (K).
AB—GS5T49YRTxI (B)
ELEMK) . ) LERYRTH/0D

CHE+EIE

J E ITA 4) Syfstcﬁ%rﬂ?

—
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o NTDRRD:=HIZIE. . .
1. RTAZ2FREMATARELEEZFEILE
2. ALFELIMEDOHERZH I~ GIESED
3. HAKERL B/ NYIL—ALTNANT ODRREEFRERTE

Reference Model

DUT
(Black Box)

Bupday) asuodsay
S10}IUOY SduUeW.I0Jod

‘.
J E ITA (5) Systenweri]@?

TH— a3 R—R &S

o HUAIME, ALy DR L
« NTORHRR
o HWAICEEIBHIIEHNRBLENTOERR
o IN\YHRL—RDiEHE

Reference Model
Assertion Assertion
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TH—avélE? AR ERITLIDH,?

° Tﬂ—DHDIi*ﬁEIEE?%
o JXEITOVIEDAZ—DIARLEDEILENS
BE EER
o 7H—1a TS hbHAFEINLHHE B

. EAIME. Ly ERLE
o TIBADHE ARFEZBEIR
. AEMOME
o BHIICRELE-ETIVIZENS

| —

J E ITA 9) System\’ari]?

SystemVerilogft &

Verilog HDL(IEEE1364) D #3545

IEEE Std. 1800-2005
HDVL (HDL + HVL)
o THALULRIDI-HICERZEHME

« HDVL (Hardware Description and Verification Language)

7Y —avigeEYR—bk

REE
—— —
FHA
asa=4—vav k3R RERE T8
{8—TTAR Verilog HDL FA% 47

Verilog HDL 2001
| Verilog HDL 1995

J E I TA (10) S}’Stcrrﬁérﬂ?-‘
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SVA({s 1l

1. ZiIERBOFvy
o TONRTIDEER
. FANRT1OEIRICKDIENA
« not®RETF
2. BALTIORDFIVY
o V—URDER
o U—=HUZADIIMIZLZEFA
o TONRFAHEDI—HTURREUHL
3. URYrDFIVY
o S$onehot YRTL:T7Hiay
4. RKEBREFEOFIVH
. throughout BEF
5. RJFENSUOFILAVDFIVI
. BO—HLEBOMERA

| —

J E ITA (11) Systern\’e‘ri]o?

ZILRBOFIVY

. ERLTLVGLMREBIZGoTULVELD?
« FIFOIZ# UL Tpush&popldRIFFICFEAE LAY
« FIFOIZBL\TIlDEEICEZAAFTTELL

.

o propertyZERALTHFTIRELTEE
o notEFERALTRILREEZIEE
property p_expected([31%1]);

<HIfFd 5>
endproperty
property p_illegal([313k]);
not (<ZE LK HE>);
endproperty
JEITA (12) “‘@
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ZILIRRE DA G

o FIFOIZH L TpushépoplEFRZFREAELLLY
o FIFOIZEWLTIlD LEICEZAA T TEA

ek LT L LT e w1~ e e
reset 0 ~ 0
push B ~
pop N/ ~
fifo_cnt 4hE N 4nFfu) M 4nf X ~ 4hrtul) X
pass pass fail fail
JEITA (13) 5‘@Q

- RN {OER U]

« FIFOIZE UL Tpushépopl RIRFICFRAE LA (R IEREET)
o FIFOIZEWLTIUllDEEICTEEFAA[ETEERL (FELLIKRE2)
property p_fifo_push_pop; /| ZiILHRE1EEE

@(posedge clk) disable iff (reset) /| > F)LoOyoEERT) vk
not (push && pop);

endproperty

property p_fifo_full_push; /| Z1H{REE2% F&H
@(posedge clk) disable iff (reset)
not (full && push && !pop);

endproperty

Il EELI=FRIRT1E2TH—F

a_fifo_rule_1 : assert property (p_fifo_push_pop);
a_fifo_rule_2 : assert property (p_fifo_full_push);

J E I TA (14) Systc;ﬁ&ﬂ?
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BALTILDFTVY

. REFBLAICBENTTITEH?
o reqD 7Y —FREEEH 1YL LLAICackh 7Y —k
o bus_transDT7H—r&, RDY(9)L Tbus_reqT 7 H—F

- 2

. BHEDENEZEsequenceTESE

sequence s_sequence([51%]);
<EMEL—Ho2R>

endsequence

| —

J E I TA (15) Systemveril?

A LT D ERH

reqD7H—k&. BRE YA 2)LLIAICack7H—k
reql-ack1: 8 M1UILLIA
req2-ack2: 10 12)LEA

ok LT LI LD L L L L o L
reset
reql /_
ackl «—F—6 cycleﬁg\

pass
req2 / \ /\

ack2 - 11 cyclegHS\)

J E I TA (16) Systcz;ﬁkrﬂ?
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A LTI +DEC A

o reqD7Y—r&. BB Y AVILLAICackh 7Y —k
. reql-ack1: 8T ALUILLA
. reg2-ack2: 10 12)LELHN

sequence s_response(ack, maxcycle); // req-ackD 484 L7 EESR
@(posedge clk) ##[0:maxcycle-1] ack; // 0~maxcycleD il [Zackhi7H—k
endsequence
property p_response(req, ack, maxcycle); // req-ack®D 70/«
@(posedge clk) disable iff (reset)
Il —4> X% req. acki=i&E A
req |=> s_response (ack, maxcycle);
endproperty

Il ‘'ZELI=F 0/ T 1%req1-ackl, req2-ack2Zh ENIZF H—r (BEEY A VILITRLD)
a_timeout_rule_1 : assert property (p_response(req1, ack1, 8));
a_timeout_rule_2 : assert property (p_response(req2, ack2, 10));

| —

J E I TA (17) Systemveril?

DRI DF VY

e TURYNTCHARZIESHARELZKRREIZHE>TULVEL
Hh?
o WRETBEEDIEYREFN“1"THD

. 2

o« VRATFLIFUYILa $onehotE{ER

$onehot (KFzYIRRIEE>) I
JE ITA (18) Systcz;ﬁkrﬂ?
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iy {5 B

. EEROIEVFOHTHS

ek LI L L LU L L
reset 0
mux[3:0] 4'b1600 X 4'bd001 X[4'b0101 )| #'b0100
pass fail pass
JE ITA (19) Systerrwer@

sy @D L b 451

. FEEFDIEVFOHITHS

property p_onehot_check; /| DJVRyMEEEEH
@(posedge clk) disable iff (reset)
$onehot (mux);

endproperty

I REBLE=TONT4ETH—

a_onehot_1 : assert property (p_onehot_check);

/i

Il HLLIET O/ ST+ EHBE L

a_onehot_2 : assert property (
@(posedge clk) disable iff (reset)
$onehot (mux));

J E ITA (20) Systcnikﬂl?
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LT RT L-T792aVICKEFVY

o MRETHZEVMEEMEVMETAN“1"THS., HLLLIFALLOTH S
o MRETHEIZX'BLXZ?HNEFLTIND

Il 721y LLIFALLO

a_onehot0_1 : assert property (
@(posedge clk) disable iff (reset)
$onehot0 (mux));

I “X”%LLIE“Z2” TlEELY

a_detect_xz_1 : assert property (
@(posedge clk) disable iff (reset)
not ($isunknown (data)));

| —

J E ITA (21) Systerrwer@

RERFOFIV)

o =R KREHNRBFINTLEMN?
o framelIZN\RYAVIIHBPT7IT1ITTHD
. ready’s'870vJlowTHAHHAMEF . transmitlx 7 H—rEh %

. 2

o throughoutZ{#fa

sequence s_throughout;

<ZEREE> throughout <fRFEFHIR >

endsequence

KRFREFT—UT7ORR

J E ITA (22) S}’Stcrrﬁérﬂ?-‘

—201—




RERFOFyIERAH

« resetétransmitlIready>—4 AL TP OT4TTHS
o ready>—4> 2R :readyNEHEHIIY A IILTIT1T1274%

ok [ LU L L T L e e
reset .\
transmit
ready B
pass fail
J EITA (23) Sy@@

RERFOFyICBH)

« resetétransmitldready>—45 AL 7 OT4TTHD
. ready>—47 > X :readyhN B3V AT IT14T 12155

sequence s_ready 3; /| REFITAREL—HSUREEE
@(posedge clk)
(!reset && !transmit ) throughout ready[*3];
endsequence

Il =42 R%ECclkF A2 DT OIT2ELTTH—F
a_throughout_rule : assert property(
@(posedge clk) disable iff (reset)

s_ready_3);
J E ITA (24) Systcnikﬂl?
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BTFENS T DFIVY

o BTFENSUT S TRBEhATORIILICENT, YYTRE

EZFDEEMRELLM?
. Q’Jil:)x rRILATZEHEDLUAR ANREEFMAIZEE TS (FOn
T4

. UUIAMSETLAVWEERALSS EBHASAEL (FO/$T12)

e TTHEADETIZRTELARUANEDET D) IT ALK RE
THELARRGENEL (VT RN TGRS 12T B R
RORFHENELY) (FA/ST43)

o TANRTAATA—HILEHEFR
property p_tagtransaction;
int tag; I/ O—HILEH
(<>, <KRAX>) I B—HLEHE~DHKA

endproperty

| —

J E ITA (25) System\’eri]o?

BT GENST O30 D FE R

- U 07_111) FERILAT EFFOL AR DR ERRARICHET S (T 0
INT4

o UHIRAMRTLAEVWEERCAY IBRBASNEL(FO/T12)

o TETEHDRATIZHTBLARVANEDLT DY T ASHERLVR
THELARVRAGINGWN (NI RN TEWNEY 21T BL AR
YRIEHENEL) (FA/8T43)

e inipinininipinipininSnininin

reset

req S '\ //\\
r_tag[3:0] | XZX ]
-2 cycI: ¥ fail
ack Y N \
a_tag[3:0] XZX

.
SystemVerilog™
-—/
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BT FERS S DR HI()

o UUTRPERLATEHOLARUZDM00Y A VIILRICIEET S
(Fas8741)
property p_tag_req2ack; /| 27 HEDL AR REEE
logic [3:0] tag; /| Z7O/RTF4ROO—HILES
@(posedge clk) disable iff (reset)
(req, tag=r_tag) |->/l reqDT7H—k
I(ack && (a_tag==tag)) // FEEFFIZIXESELY
11100817 JLLLAIZackh’ 7 H—Fk
##[1:100] (ack && (a_tag==tag));
endproperty

I 3T FEL AR 2D T OIRT1ETH—F
a_tag_req2ack : assert property (p_tag_req2ack);

| —

J E ITA (27) S_Vstem\’ai]o?

BT HENS T I3 D

cak 5l (2)

o VOTRMETLEVWEFRLCAS FBERASNENN(T0/RT12)

property p_reqtag_once; /| VOTANS DEMHEEEIE
logic [3:0] tag; /| 7A/STF4ROO—HILER
@(posedge clk) disable iff (reset)
not ((req, tag=r_tag) // req®D7H—k
##1 (ack && (a_tag==tag)) [*1:$] /I RIL#45 Dackh %z
##0 (req, r_tag==tag) Il RIC2Y QYOI TR L FEITSND
);
endproperty

MO TRMT ODEFZEIETONRT1ETH—F
a_reqtag_once : assert property (p_reqtag_once);

J E ITA (28) Systc;ﬁ&ﬂ?
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BT HFEZH oL a0 DL HI(3)

. BTHEHDETIZHTILRARUANEZDLT DVHOIRAMGEVRETH
BEL AR ZBENEN (VITRRSNTRENET IS/ HL AR R GG
i) (Fas8543)

property p_acktag_once; /| FIEGAST DU AR X1k
logic [3:0] tag; /| FO/ST4RDOO—HILEH
@(posedge clk) disable iff (reset)
not ((ack, tag=a_tag) // ack D7 H—F
##1 I(req && (r_tag==tag)) [*1:$] /| FICZ% DreqhiziLy
##0 (ack && a_tag==tag) /| GIL2YJ DackhFHiTshd
);
endproperty

IFRIETZZYT DL AR ZRZIETA/NRTETH—F
a_acktag_once : assert property (p_acktag_once);

| —

J E ITA (29) S_Vstem\’ai]o?

FEH

. fANLI=SVAEX
« property~endproperty
o BIFSNBBIFEER>TY—avELTHA
sequence~endsequence
. —EOBE—TUREEE-TONT1ATHA
a_assert_name : assert property();
. BBLE7H—3>EF7H—F
« hot
. RiERBOEE
$onehot()
o DURYMESDFIVY
throughout
. —EHRRADOREBEEE
. A—HILEH
o TANRTAATR—HILLEEREZRASEAEE
« Appendix:EDAY—/LTOYR—MRIRAE

J E ITA (30) Systc;ﬁ&ﬂ?
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V=L DY R—FRR

- HAXHA

| —

J E ITA (31) System\’ail?
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4.4  SystemC/SystemVerilog »iR%

[ERE 1] REMO T FHEOUN A Z AT T 5720 AL TH Y | BRI A

@WMTé%ﬂ%

[7FE 2] keyword ZHHFRT 21224720 . SystemVerilog D& 52> 5 KIEZR ERDBME 2 D21

keyword ##llZ (& SV)ZHHA

keyword or phrase REE (R%E)
I=? (£ SV) T A v R — R A
##0 (I SV) VU A AN Ty TR

.* port connection

kAR — M BERE

.name port connection

name H~— ~EEGE

2. (JESV) ESREE NS

[=n] (£ SV) = o AFEERRIRE D R L
[->n] (£ SV) A goto MV I L
= (& SV) FA—NT v T EEEE T
|-> (& SV) F—=RT T E.%?Yﬁi%%’*
==? (7ESV) T AV R — FEAhEEST
abstract class s 7 2

active region T T 4 7RIk

alias A DT A

antecedent AEH

application TV r—a v

arc coverage

T—=T e AR T

arc transition T — B
argument GIEe

argument mode JlEE—F
argument passing 515808 L
argument passing by name FIE DA HITE L
array literals Bcsl) 7 Z v

array locator methods

WAl r—% « XAV v R

array ordering methods

WA A—Z Y T« Ay R

array part selects Rl iapE 2N

array reduction methods BlFY 7 a e AV R
array slices Bl AT A A

assert 7Y —F

assert quiescent state FRIERRE T H— b

assertion TH—=ra v

assertion density

T — g VERE

assertion-based design

TH— m - AFEE
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keyword or phrase BREE (R®E)
assertion-based verification T =g X — A RGE
assignment operator T A RS
associative array methods HARRISN A Y > R
associative arrays EARALS]
assume T a—h
assume-guarantee reasoning TV o — L ORESHERGE
assumption RE
attribute et
automatic task F—=hb~Fv o - ZRT
back-to-back grant Uk TVICASGEpSE
base class T T A
behavior i
binary fixed-point representation [ /MU R B,
binding i
bins B
bit-select By MER

bit-stream casting

vy MY

black-box verification

7T v IRy I ARRGE

block name

Tay 74

blocking assignment

Ty xRN

block-level

Ta w7 LL

body ENEN

boolean condition 7 — VARG
boolean expression 7 — 3

boolean layer T—=UTr LAY
boundary condition RS A:

bounded-model checking

ERftEET V- F v

branch coverage

TIUF RNV

branch unit 7T vFa=y b
branching-time temporal logic et R FHT R A i
built-in method FLIRIATI A Y > R
built-in package FAFRIATR I Ir—
c++ exception C++ gk

callback = A/

cast operator HUZE AT 1
casting Y

channel T ¥ FL

—208—




keyword or phrase

class

77 A

class definition

75 AER

class member

7T A e AN

class method

TR Ay R

class parent member

By I 2ADA N

class scope operator

75 A e Aa—TIRE T

class template

T A T L— ]

c-like ErB7A7

clock 7y

clock tick rasw g T4y
clocked thread sy ZREEAL Yy R
clocking block VA= AR A=

code coverage

I— R« ALY

coding restriction

a—F ¢ v T HIK

compilation unit

AN =y b

component AR —R R
composition operators ARSI 1
concatenation PR
concatenation operator L R
concurrent ar ALy b

concurrent assertion

aryHL T =

concurrent assertion construct

=B N R INZ 3

conditional expression EIE=nY

conditional expression pattern AN —
conditional operator S

configuration a7 4 Xal—ray
consecutive concatenation R

consecutive repetition HEAIE D K L
consecutive repetition operator LAY 0 K U 1
consequence I

consistency assertion AT h—ra v
constraint il

constraint block

LHES A=

consumer routine

HEN—F

context object

aVTHAN ATV b

co-operative multitasking

BF~ L TFZ A

co-routine semantics

a)—F T 4T A
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keyword or phrase BREZ (GRFE)
cover F N —
cover property FIN— « T aRT 4
coverage TNy

coverage access function

B Y e T A

coverage analysis

T8V DR

coverage API

H3L Y API

coverage density

BNy VEESE

coverage metrics

ANy« AR TR

coverage model

TNy Y e BT

coverage option

TNy s g

s A (IR wY)

cross
cycle delay operator A 7 VEBIEE AT
declaration HE

decrement operator T YA NEEA
default argument T 7 4V MBI
delta notification VA & 3 IR
design assertion REFT Y —a v
design insight axat Lo EX

design pattern

FHA e RNH—

Direct Programming Interface (DPI)

directive TAVIT 4T
DPI export DPI =7 A4 — h
DPI import DPI A > 7R— |k
dynamic array HHELA

dynamic array method RSN A Y > R
dynamic process 7 a2

dynamic property checker BT 4 e F vl
dynamic sensitivity BT 4 BT 4
dynamic spawned process BV E) 7 m ' R

dynamic variable EULRPAS=

elaboration TIRL— g
encapsulation B 7w Al

ended (71 SV)

ending event

A~ b

end-to-end

T RY—xz R

enumerated type

HIZE

enumerated type method

FNERIA Y >

—210—

FAVI he Tl IIvT e A X T2—A

TN Ay e I 2 A




keyword or phrase BREE (R®E)
event Ak
event finder AXRVE Ty A UH
event list A b URAb
eventuality AXCTF Y VT 4
export T AR— |k
export binding T 7 AR— Mg

expression coverage

TIAT gy s BN yY

expression operator

T Ay g L EET

fail ES SRS

failure PNl

fairness NP

false fireing 2 -UN
finite-precision integer ARG B AL

fire sk, FEKTD
fireing FEK

first match RHID—E

first match operator Ty —A b vyFHEES
fixed-point classes N7 T A
formal verification 7 F—~ JVEERIE
foundation layer implication operator St B AT

functional coverage

HEEED N L

functional coverage group

BEEED N L o T —"

functional coverage model

EEED N« BTV

functional coverage point

FEBED N L w0« IRA > b

functional coverage specification FERET /N L AR
fusion [Eigay

fusion operator [FiEn e

goto repetition goto ARV IR L

goto repetition operator goto #8 V) K U H 1
hardware design and verification language N— R = 7 REHRAE S Rh
hierarchical channel Mg 7 v r v
immediate notification RIHRF 1 0
implementation ES
implementation-defined FEIARAT D
implication R

implication operator o EAET

implicit conversion I ER DAL
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keyword or phrase

import

A AR—F

inactive region

AT VT 4 7 Ehk

include file

A TN—FRT7AV

inclusive operator B B T
increment operator A7 YAy NERET
inheritance kA

initializer list UL Y 2 B
instance A AR A
instantiate AVAB AT D
instantiation A URB AR
integer B

interface AHTz—R

interface methods

AHETo—RR« A K

interface proper

A BT —A T AIN—

intersect (¥ SV)

=ty v AR —Gm B

intersection R

invariance RZEME

invariant property RET T 4

iterative constraint 0 IR Uil

iterator A2 L—4

label 7~

length-matching sequence connection ESO—ET 5 —F7  ADKEE
library FA 77

library map file TATIV T Ty AL
lifetime FATHEA N

limited-precision fixed-point classes

PRGNS EE [ E /N 7 F A

limited-precision integer

PREHS RE AL

line coverage

FGAL e IRy

linear-time temporal logic

PRI A SR B

list method UA K AV K

literal value VT I VE

liveness property IS a7 ¢

lock =

logic vector FmEE 7 A

logical implication operator AP B A
longest static prefix KEFNT I 74 v A
macro ~7n
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keyword or phrase BREE (R®E)
mailbox A— LRy 7 A
master v AH
match —E
matched (71 SV) R A E ARt/ A (ST
member function A B
method Ay R
modeling layer ETFTVT LAY
module Y a—)b

module hierarchy

EY o — L=

module instance

T a— )L e fLUAK LA

module instantiation

FVa—)b s f AH AR

module name TV a—IL4
multiple dimension array EZVoinedl
multiple event notification ZEA X NEA

multiple out-of-order

ZET U NAT A —Z (T X LIEFF)

multiple request transaction timing

LEER T W gy AAAI ST

multiport < LVFR—
mutex Ra—T v I A
mutual FHA.

named assertion

LRI ETY— 9

named binding

AN & D45

named block

LEifttE 7wy 7

named port connection

A & R— bt

NBA region NBA fE3

nested identifier FA N LTz5n+
nested module ANFDEY 2—)b
non-abstract class FEZR 7 7 A

non-blocking assignment (NBA)

VAR A AWN

non-clocked procedural assertion

ray L7 —ra v

nonconsecutive count repetition TR D I L

nonconsecutive exact repetition R A K B BUik 1K

nonconsecutive repetition FEAE AR D R L

nonconsecutive repetition operator FEEAGERIRR D K L @5%%

non-corrupt data assertion AT TR e TR e T Y=g
non-inclusive operator oG E@Yﬁi%ﬂz

non-length-matching sequence connection

BRI DH—lr v ZADFES

non-overlapped

FHEM
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keyword or phrase BREE (R®E)
non-overlapped implication FEHETE
notification HEN
notify SRS )
object FENTAVE S/
object hierarchy F 7TV MNEE
observe region LI FE b
operator A

operator associativity

L DG A NENRL

operator overloading

HEEADOA—n—F

operator precedence

L OB SN

out-of-order protocols

T NETA =K T han

out-of-order request

T NET A= HER

out-of-order transaction

TUNETA=F - FTo T vas

over constrained

E S

over constrained procedural assertion

TR E T —a v

overlapped implication e EE SR
overlapping implication e EE SR
overload A —r—nm— K
override F—=/"—=T A K
package Ny lr—
packed array Ny 7 FIRR A
packed structure N 7 RIS IR

parameter

Gl ET2T NT A=

part-select classes

W7 Z A

part-selects

HIFAPESIN

pass statement

INATL

path coverage

IRA s Ny Y

PLI callback PLI =—/L Ny 7
polymorphism AU E—T 4 XA
pop Ry

port A—h

port binding N— N

port instantiation

W—h e A RF A

port policy

H— b e HY 2—

portless channel access

R—F e LF¥RNT 7 EAR

positional binding

DA ANRY 7 57

positional port binding

PLiEIC &2 AR — M
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keyword or phrase BREE (R®E)
procedural Tt HY
procedural assinment Fhe ZHIRA
procedural continuous assinment SR AL 0L TAAWN
process kA

process instance

TR e A VAH A

process sensitivity

TakA kLU TF AT

program block

TRy T A Tayy

Programing Language Interface(PLI)

TaTTGIT e T

A UHF T 2—R

property a7
property declaration TanT 4 HE
property language ZASPAVAN =1
property structure VAPAY AP 3
propositional temporal logics i RE R A R B
proxy class KRB T 2

pure virtual functions R AR B
push Tyva
quantization mode sf{bEt—F
query =)

quiescent state assertions

FREIREET Y — 3 v

random test

FUE LT AL

random test generator

TS L T A MERK

reactive region

VT 7T 4 7 ER

reactive testbench

ST 2 s R F

real literal

E¥D T T

recursive property

SRR 7 1 3T ¢

reduction operator

UE T a  TmEA

reduction or

U&7 a3 OR

reference model

U757 LA FT )L

regression test

U7 vLygy T A

repetition MR L

resolution operator VY'Y a—a EET
resolved Uz

resolved signal VY NVTIEE

restriction il

return value SUAIK -1

rounding modes 5 ONEE— R

safety property e a T ¢
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keyword or phrase BREE (R®E)
sample point BRI
scheduling semantics AT a—) T ewv T 4T A
scope Aa—
scope resolution operator Aa—" U a— g AT
semaphore <74
semi-formal vIT g —~b
sensitivity BT ET 4
sequence = A

sequence and operator (73 SV)

= v AR EGm B

sequence declaration

V—lr AEE

sequence expression

= AR

sequence fusion

o AR

sequence fusion operator

=l v ARATEE A

sequence implication operator

VU U AEEEAE T

sequence intersection

Y=l ABGEWET)

sequence or operator

= v AmBR IR

sequential assertions

=Ty e T =gy

severity level

HRS

severity task HRZ AT

sign extension (ERFEINIS

signal {5

signature DA/ A e
simulation Vial—var

simulation time

VI a2 b— g UHFEE

simulation time resolution

VI o b— g VRS

slave AL—7

sparse array A N— ZBEF|

spawned process L = i S

spawned process instance BEf 7oA« A AX A
specification-level iR L~

specify

BEY 5., kR %

starting event

BHtEA X b

state-explosion NV

static processes Bt A

static sensitivity T BT 4
static spawned process FRAUELE) 7 1 & 2
static tasks ERE 2 A
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keyword or phrase

stimulus

AT 42T A

streaming operator

A Y — LR T

string literal

XFEHN T T

strong operator B AL
strong suffix implication SRR AR
subordinate Boolean expressions e 7 —=
suffix implication R EE

suffix next implication

I A NERTER

suffix sequence

JFREy—r A

syndrome T RE—A
system function AT LB
system-level VAT LHLL
tag a7

tag set /A AN
tag-based B TR

tagged AN

tagged union HIff&a=F
task AART

template T L— b

template parameters

TUT U= e NT AL

temporal layer

FURTIL e LAY

temporal property TURTIV e TaRT 4
terminating property =P
testbench T A RRF

thread Al R

throughout (7% SV) T v AR
time resolution If R R 2

time slots AA L Ay b
time unit IR P BT

time window el o+ RO
time-bounded window ISEIEER A GVl N
timed notification ZA L Ri@H
time-out ZALT TR

top-level module

& BT 22—

top-level object

AT e 7 b

trace

L —2A

trace file

L —R 7711
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keyword or phrase BREE (R®E)
transaction N A IV
transient behavior AR R
transition B
traverse object KINR—=R e F TV b
trigger VN
triggering event NUTERDANR B
unary delay AT AL
union EAEEEEN
unpack TNy
unpacked array T8y 7 BRI
unsized literal AEREYV T IV
unspawned process REE 7 m & 2
unspawned process instance KEE T OB A« f U AHK R
update T
update request L&

user-defined

R

user-defined conversion

PR

variable-precision fixed-point classes

(EEREEEEE NI 7 7 A

vector N7 4

verification layer FREEL A 7

violation 45

virtual interface REEA BT —R
void return value void BV fiE

weak operator S5 AL

weak suffix implication SEREE R

weak suffix implication operator SRR B A A
weight operator BT EE T

wild equality operator

U A v R — Rl E 1

wild inequality operator

U A v 73— RIS T

wildcard AN RH—F
wildcard operator T A )V Rl1— RiE&H A
within (7 SV) I A EE

Zero extension B etk
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