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2000 9 VHDL Verilog-HDL
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International  [% 2 Accellerald
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SLD
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SystemC SpecC

3
UML UML
2 SystemC SpecC
UML
5 5.1
5.2 5.4 3
SystemC SpecC UML 55 4
5.6
5.1.2.
VHDL
Verilog-HDL
VHDL
IEEE/DASC 1996 OOVHDL VHDL+
Verilog-HDL 2000
Verilog2000
Verilog Superlog Co-Design Automation
2000 10 VHDL+
VHDL
VHDL Verilog VI OVl 2000 9
Accellera C/C++
(1) OOVHDLM™  Object-Oriented Extensions to VHDL
IEEE/DASC OOVHDL Study Group 1998 2001 3

OOVHDL VHDL



VHDL

SUAVEE!  Objective VHDLM

2000 Objective VHDL

(2) VHDL+?

IEEE/DASC  SID System and Interface based Design 1999

6 PAR Project Authorization Request : 1551 IEEE Standard Board

VHDL+ ICL 70
OOVHDL
ICL
2000 10 SID ICL 2001 3

(3) Superlog®

Verilog Co-Design Automation

Superlog  Verilog-HDL C VHDL
Java LSI
Co-Design Automation 1997
Magma Design Automation Viewlogic Sente
2001 3 Co-Design Automation Accellera
5.1.3.
C C++
C/C++
Java
1 CIC++
C 1980
DeMicheli

Hardware-Cl*% 1990 EDA C/C++

Gajski SpecClt"18  ANSI-C



Synopsys SystemCl2% CynApps

Forte Design Systems Cynlibt*9 C++
C Level Design [ ANSI-C/C++ SpecC
SystemC 1999 SpecC Technology Open
Consortium  STOC 8 Open SystemC Initiative OSCI  [29 2001 3
Bach-Cl**2 NEC BDL[2415]
C/C++
C/C++ C C++
°
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® C/C++
® HDL
® C/C++ RTL-HDL

(1) SystemC 20

Synopsys OSCI
SystemC 5.2
(2) SpeccC r718
Gajski
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Verilog-HDL

CynApps Pure C Bit
Cycle 3
Cycle
Verilog-HDL Cynthesis CynApps
Accellera 2001 3 Chronology Forte

Design Systems

(4) CLevel Design ANSI-C/C++ 18l

C Level Design ANSI-C  C++
C Level Design C
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SFR  Successive Formal Refinement

5.1.4.

(1) UML Unified Modeling Language
UML 3

UML 5.4

(2) SLDL  Systems Level Design Language
SLDL
C VHDL

[24]

SLDL EDA Industry Council 1996
Committee 1999 4
1999 6
I Rosetta
2000 3 Rosetta  Java
2000 9 VI  Accellera C/C++
SLDL
Y
Y
<+  Phase-1 Rosetta
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SDL C
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5.2. SystemC
5.2.1. SystemC
SystemC Synopsys CoWare Frontier Design

C++ 1999 9 Version0.9
SystemC0.9 2000 4 Versionl.0 SytemC1.0 2000 7 Versionl.1
B SystemC1.13 2001 2 Version2.0 SystemC2.0
2 Versionl.2 B SystemC1.28
SystemC2.0
Synopsys CoWare Cadence Motorola STMicroelectronics
RTOS
SystemC
® SystemC C++
C++
C++
® SystemC
°
°
HDL
o

22001 2 1 SystemC2.0 2001



5.2.2. SystemC1.0

SystemC1.0
SystemC2.0
SystemC1.0
1 SystemC
SystemC 5.2-1

SystemC2.0

SystemC2.0

[33,34]

5.2-1 SystemC

3 SystemC1.23



3

» sc_method

» sc_thread

» sc_cthread

sc_thread

C++

sc_int<length>
sc_uint<length>
sc_bigint<length>

sc_biguint<length>

sc_bit

sc_logic

sc_bv<length>

sc_lv<length>

4 SystemC1.0

wait()

wait()

RTL

64 2
64
64 2

64

2 0/1 1

0/1/2/X 1

sc_bit

sc_logic



sc_fixed
sc_ufixed
sc_fix
sc_ufix
o
o
walit()
wait_until()
2
SystemC SystemC
3
SystemC1.0 5.2-2 2
stimugen adder monitor

5.2-2

5 SystemC1.0  wait_until() SystemC2.0 wait()



5.2-3

SystemC

sti muqen.cppl

der.cpp monitor.cpp

stimugen.h

monitor.h

5.2-3 SystemC

xxX.h

XXX.Cpp

main.cpp

5.2-4 5.2-5 5.2-6

I adder . h
SC MODULE( adder ) {
/1]
sc in clk CLK;
sc in<int> inl;
sc in<int> in2;
/1]
sc out<int> out ;
/1]

void entry();

Il

SC CTOR( adder ) {
SC CTHREAD( entry, CLK. pos() );

5.2-4

adder.h




Il adder . cpp

#i ncl ude “systenc. h”
#i ncl ude “adder.h”

void adder :: entry()
while( true ) {
out = inl + in2;
wait();
out = inl + in2 + 2,
wait();
}
}
5.2-5 adder.cpp
/] mai n. cpp

#i ncl ude “systenc. h”
#i ncl ude “adder. h”

#i ncl ude “stinmugen. h”
#i ncl ude “nonitor.h”

int sc main( int ac, char *av[] ) {
/1]
sc signal <int> sl1;
sc signal <int> s2;
sc signal <int> s3;

11

sc clock clock( “CLOCK", 10, 0.5 );
11

adder Add( “MWAdd” );

Add << clock << sl << s2 << s3;
stimugen ST( “STIM );

ST( clock, s1, s2);

noni t or M “MON' );

M cl ockint( clock );

Ms3int( s3);

11 200
sc start( 200 );

5.2-6 main.cpp




5.2.3. SystemC2.0
SystemC1.0 C/C++
HDL RT
SystemC1.0

SystemC1.0

° wait()

° sc_event

SystemC1.0
SystemC2.0

5.2.4. SystemC
SystemC2.0

M ethodol ogy-Specific

M ethodol ogy-Specific

ASIC

SystemC2.0

524

SystemC1.0

DSP



SC_master< > , sc_inmaster < >, sc_outmaster< >, sc_inoutmaster< >

CPU

sc_slave< >, sc_inslave< >, sc_outslave< >, sc_inoutslave< >

5.2-7
> inslave

outmaster:|

4—[ outslave
inmaster }4_

“—> inoutslave

5.2-7
3 5.2-8

Full Handshake
Enable Handshake

No Handshake



Full Handshake

Enable Handshake

No Handshake

5.2-8

@
6\H W/SW

BCA I

5.2-9

5.2-9 SystemC




() Functional Level

> UTF: Untimed Functional
> TF: Timed Functional
UTF
) BCA: Bus Cycle Accurate

Full Handshake Enable Handshake

No Handshake uT
° CA: Cycle Accurate
RT
3
5.2-10
CPU
Full Handshake Enable
Handshake No Handshake 7
6 SystemC2.0 HW/SW
RTOS RTOS

7 SystemC2.0



(Full Handshake )

¢

BCA

clkl clk2

5.2-10

BCA
5.2-8  Full Handshake

address data req ack
Enable Handshake

BCA
5.2.5. SystemC
SystemC 2000 2 1 20 25

SystemC

OSCl

(20] EDA

1 Synopsys  CoCentric family
3.3.1



2 CoWare N2C
3.3.2

3 Frontier Design
ANSI-C SystemC
A|RT library RT

A|RT Family

SystemC

A|RT builder
5.2.6. OSCI
OSCI
EDA
[20]
82001 2 13

A|RT Designer
SystemC HDL

Frontier Design

Open SystemC Initiative

1999
2001 3

8 OSClI

Lucent Technologies, Motorola, NEC, Sony, STMicroelectronics, Synopsys and Texas Instruments

[32]

ARM, Cadence, CoWare, Ericsson, Fujitsu Microelectronics, Infineon TechnologiesAGS,



5.3. SpecC
5.3.1. SpecC
SpecC 1997 UCI

SpecC

® SpecC ANSI-C

SpecC

® SpecC

® SpecC

behavior

channel

[38,39,40,41]

ANSI-C

D.Gajski



5.3.2. SpecC

1 SpecC
SpecC Program-State Machine PSM (3839 PSM
5.3-1 SpecC
5.3-1 SpecC
53-1 X,Y,Z
5.3-1
cl c2
531 SpecC 5.3-2 SpecC
behavior channel interface
z X
X X y Y
par Xy Xy

cl c2



interface L {
void wite(int x);
b

interface R {
int read(void);

b
channel C inplenents L, R // CL
{ void wite(int x) {
} Ce
int read(void) {
} ce
b

behavior X(in int pl, L p2, inint p3) [// X
{
void mai n(void) {
p2.wite(pl);
}
b
behavi or Y(out int pl, R p2, out int p3)// Y
{
void mai n(void) {
p3 = p2.read();
}
b
behavior Z(in int pl, out int p2)//
{
i nt cl; /1
C c2; /1
X (pl, c2, cl); /1 X
Y y(cl, c2, p2); 1 y
voi d mai n(voi d)
{
par{ x.main( ); y.main( ); } Il xy
}
b
5.3-2 SpecC
2

pipe

par




fsm )

5.3-3

par

5.3-3  fsm par X
a b c a b c
5.3-3  pipe
a a b
fsm 5.34 case
goto
break  fsm a fsm
0 b
fsm
fsm
a:
i f(x>0) break; [/ fsm
i f(x<=0) goto b;
b:
if(y>0) goto a;
i f(y==0) goto b;
el se goto c;
C:
br eak; [l fsm
}
5.3-4 fsm
par 5.3-5 a b c




par{ amain(); b.main(); c.main(); }

5.3-5 par

pipe 5.3-6

pipe{ amain(); b.main(); c.main(); }

5.3-6 pipe
3
wait notify
wait notify
4
5.3-7 SpecC trap
interrupt
trap (interrupt)
5.3-7
5.3-8 trap el bl
b2 try
interrupt
5.3-8 e2 b1l b3

b3 bl




behavi or B;
behavi or B1;

behavi or B_except(in event el, in event e2)

{
B bl;
Bl b2, b3;

voi d mai n(voi d)

{
try { blL.main( ); }
trap(el){ b2.main( ); } /1
interrupt(e2){ b3.min( ); } /1
}
b
5.3-8
try trap interrupt
5
waitfor do-timing
waitfor
do-timing
6
SpecC ANSI-C
o bool
° bit
° event
5.3.3. SpecC

SpecC 5.3-9




5.3-9 SpecC [38] p.70
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C
HDL

SpecC

o SpecC

o

IP
1P SpecC
5.3.4. SpecC
5.3-10 SpecC STOC SpecC Technology Open
Consortium SpecC
UML  SDL Java C++
HDL C/C++ HDL
SpecC STOC

SpecC
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SpecC

| Specc______________

SpecC

5.3-10 SpecC

1 SpecC
UcCl
SpecC C++
[27]
2001 6

2 Visual Spec

sToC =

SpecC
C++

Solaris  Linux UClI  SpecC

SpecC Technology Open Consortium  STOC

CATS SpecC
[42, 43)
Visual Spec SpecC
SpecC
Windows WindowsCE iTRON (O] SpecC

SpecC



VHDL

5.3.5.
STOC

STOC

SpecC IP

STOC SpecC Technology Open Consortium
SpecC
1999 11 10

EDA
50
2001 1 STOC (18]
DAC Design Automation Conference ESC Embedded

Systems Conference

2001 1 1.0 UCl
2001 6
STOC
o WG SpecC
SpecC
WG WG SpecC
WG SpecC WG SpecC

UcCl



5.4. UML

5.4.1. UML
UML Unified Modeling Language( )
UML
1
1990
Grady Booch Booch Ivar Jacobson OOSE  (Object
Oriented Software Engineering) James Rambaugh OMT (Object Modeling

Technique) 3



1994 Booch Rational [*4  Rambaugh
Booch OoOMT
Jacobson 1996 Booch OOSE OMT
UML Rational UML UML
1997
OMG(Object Modeling Group) 9! UML
UML
5.4-1 OMG
Rational (1994 )
G.Booch(Booch )
> 1997/1 L 5 1997/9 1999/10
J.Rumbaugh(Rumbaugh )
UML 1.0 UML 1.1 UML 1.3
I1.Jacobson(OOSE )
1996:UML
DEC, HP, I-logix, intellicorp, I1BM,
Icon Computing, MCI Systemhouse,
Microsoft, Oracle, Rational Software,
TI, Unisys
5.4-1 UML
UML
UML
Rational [ OMGH*
3
UML
® (
)
o (
* )




UML

UML
UML

UML

IBM
OCL (Object Constraint Language)!“®  UML
OCL
OCL Specificationl“®

UML
UML
UML
1999
54.2. UML
UML 1.1 Summary? UML 1.1 Notation Guide*®
Semantics!*”!
[44,45,46,51] [52,53,54]
1
UML
UML
°

UML 1.1



UML

UML

UML

OMG UML
UML Web[45]

oA RS \_‘

[47,48,49,50]



set()
>
°
2
_________________>
°
0.1 1
°
>
3
UML
UML

0.1



UML

<< >>
UML
o
{ =}
o
{}
UML OCL Object Constraint
Language
( ) 100ns OCL
{self.delay -> notEmpty implies self.delay.time <= 100 ns}
54.3. UML
1 Use Case diagram
( 54-1)

( 5.4-2) 5.4-3



1 99

5.4-

2

5.4-3

£ <

BITE

oy F LA

BHfRElERRET S

T nenpet 2

BfElEFRTT S T

RT L

5.4-4




UML
UML

[
Qe
2

Activity diagram

5.4-5

, |%Eﬁau%ﬁ¢ ]

i
] H
i

% ==
N @Eici£>—————

| ]
3 u
| ]

\ | mEmsemr |

é ST B g RE RS

5.4-5



.@<>=—

BT e =] HROT

R

Interaction diagrams
:Sequence diagram

:Collaboration diagram

(

s Friaykn-3 Fgrabe-3 | .
i !
EE:
T smernse)

I #Hrfh e gE T

5.4-6

5.4-6)



Statechart diagram

( 5.4-7)
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54.4. UML
UML

CPU

1 Rational
Rational 4

C++

2 Telelogic

Telelogic 5

3 i-Logix

i-Logix (56

4 Project Technology

Project Technology

BridgePoint

BridgePoint

UML
UML

Rational Rose/Rational Rose Real Time
UML
UML
Rational Rose Real Time Rational Rose

oS

Tau UML Suite
UML
SDL Suite

SDL UML C++ Java

Rhapsody
Rational Rose RealTime
C/C++,Java
UML

BridgePoint/DesignPoint
(57 UML

10

VxWorks

10

C/C++/Java

UML
C
UML
DesignPoint



5 Microsoft, VISIO 2000 Professional

Microsoft 58
UML
Visual C++ UML

54.5.
UML  Open Modeling Group
UML
UML RTF Revision Task Force
2.0

UML1.4

® UML2.0

® OMG

UML RTF Revision Task Force

WG[Gl]

VISIO 2000 Enterprise

Visual C++

[59]

UML1.3

C++

2001 1 1
OMG
UML1.4

UML1.x WGI®? UML2.0



5.5.
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SLD 1

5.5-1 SystemC SpecC UML

o X
5.5-1 SLD
SystemC v1.0 SpecC(v1.0) UML v1.3
X X
X X o
o SW
0]
o X
o HW/SW x
o X
X
X
X
HW/SW RTL RTL x
IP x
o
IBM OCL Object Constraint
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SpecC SystemC
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SystemC  SpecC

SystemC BCA
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5.6.
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