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Introduction & Motivations
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Introduction & Motivations

Virtual Prototyping for SoCs

Register Transfer Level (RTL)
Synthesizable+

Cycle and Data Accurate+
Slow Simulations—
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Introduction & Motivations

Virtual Prototyping for SoCs

Transaction Level Modeling (TLM)
+ Early Available

+ Fast Simulations

— Not synthesizable

Register Transfer Level (RTL)
Synthesizable+

Cycle and Data Accurate+
Slow Simulations—
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Introduction & Motivations

TLM in practice (System()

moduleX DMA '~ - oo o oo

moduleX :: T2(){
while(true){

!

!
o | S e
= while (x 0

@@ J1 E l| : y = ,()_jad)(gddrlvl + x)"0xFF;
!
!
|
i

|
|
|
|
|
p.write(addrM , x); |
|
|
addrD+0x1, 42); |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

b2\ Al (Al W W, &
f : |—, ' | p.write (addrD+0x0, addrM);
! . S p.write(
\\ \7\/|7|té_ -~ o -3 u 5V.a\/ivtr(iZg()?der+0x4, 0x01);
~read ‘——==——
Bus : ! e2.notify ();
Some Guidelines: iy
. |
o Inside a module: I moduleX::irq(int n){
0 |
e Shared variables A non' 0. notify();

o Events (wait, notify) ages th  wei(e2)
o Between modules: 1

o Function calls through ports |_Example Implementation of moduleX_

° .. \/

Bouhadiba & Maraninchi & Funchal 42 Contracts for TL-Modeling EMSOFT'09 4 /25



Intro

tion & Motivations

Example System-on-Chip

Multimedia SoC STi7200 (Set-top Boxes, HD television,...)
(STMicroelectronics)

STBus

MIVRMII for 100BT IRl
Ethernet - § 33 N
= @
DDR2 | Hard 8835 Peripheral 10
i === a ripheral
SDRALW disks g g % % % and external interruplts
4 AL AA
32, 32 St
ST40 350 MH. 2; 2
care = Ethernet DACs X
LMo MIVRMII SmartCard|| IR P
,—| o A > interface || Ty/Rx||interface
Int. control ax *
MUl Lt || |usg A piseac lems e, & N 5
32 K Deache 2.0 interiaces UARTs (| SSCs|
: v
3

3 Y
t f‘ Flex VPE 1J
Video decoder 2D gammal Display
5 E.Qeﬂ_”,& ;VE"JGWZQ buhner compositor [#—HD disp proc 4
103 "
TSG DMA in sT231 m‘l o HD disp proc
TSG DMA out Video decoder
v C-1 (inc WMV Local Remote| LY
SECTP Clock generator | ' lae4MPEG 2 SD D
v and system
4
a services DENC DA‘CS
T
vV ¥ vy v
TS inputs i = ov Loc;wdeo c#-{ a4 Localvideo  Remotevideo DV  Flasho
> O out outpul ou output oufput(SD)  out companion
t output {(HD) it tput (SD) itput (SO t
o T chip
hadiba & Maraninchi & Funchal 42 Contracts for TL-Modeling EMSOFT'09

%

5/ 25



Introduction & Motivations

Example System-on-Chip
Multimedia SoC STi7200 (Set-top Boxes, HD television,...)

(STMicroelectronics)

32} a2
ST40 core 350 MHz

SATA
16 K lcache ||| LMI0

Int. control 3 ||
MMU USB|
22 K Dcache Lmi 2.0 :

%

Bouhadiba & Maraninchi & Funchal

MIVRMII for 100BT Y
Ethernet s 3 0
=3
DOF2 |Hadd | — — — — ° ==
SDRAM) disks |
P4

o

= 3
: —
PTI 5 Video decq
g C-1 (inc wr)
=] 8 H2e4/MPE o
TSG DMA in sT23t!
4
TSG DMA out v Vidd Y
SECTP Clock generator ﬁgg
¥ and system
4 services
§ J
v v |
TSiputs T - - == Y TuEr v o e

2 STi7200 TL-Model is complex:

Several HW components
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Introduction & Motivations

TLM + a Formal component model (42)

» Motivation

o Simplify the simulation
o Focus on Control Flow and Synchronizations
o Find bugs earlier

« How?

o Joint use of SystemC-TLM and 42
o Using 42 Control Contracts

%
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TLM + a Formal component model (42)

@ TLM = Transaction-Level Modeling
o + Widely used
o + Powerful (large systems, heterogeneous models, ...)
e + Intrinsically component-based
e — Very informal, models are mixed with the simulation mechanics

@ 42 = a Formal component-based model for embedded systems

e — Not flexible enough for large systems

o + Formal, clear distinction between the semantics of the model, and
the simulation mechanisms

+ Able to represent various MoCCs (a /a Ptolemy)

+ Formal interface and contract definitions for components

+ Connection to various verification tools

+ An execution mode for contracts only \/
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42 in a Nutshell: Basic Components

Input Control Ports
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42 in a Nutshell: Basic Components

Input Control Ports IS 2
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42 in a Nutshell: Assembling Components
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42 in a Nutshell: Assembling Components

For each OP¢ the controller:
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42 in a Nutshell: Assembling Components

For each OP¢ the controller:
Activates PROD, CONS, FIFO through op
Reads their output control ports (report)
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42 in a Nutshell: Assembling Components

For each OP¢ the controller:

Activates PROD, CONS, FIFO through op
Reads their output control ports (report)
Manages a temporary memory (reqr, dr, reqw...)
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Overview of the 42 Component Model

42 in a Nutshell: Assembling Components

Controller is {
var M : bool;
for OPg do :{ /xdefines opg.
dw, dr, reqw,...: fifo(1l,int);
M := random ();
if (M) {
PROD. op reqw . put; reqw.get;
FIFO . op gw.put; gw.get;
a := FIFO.report; /xreads oc.

if (a=o0k){ /xoutput control
PROD.op;dw. put; dw.get;
FIFO .op; /xactivates FIFO.

}

}else{

CONS.op; reqr.put; reqr.get;
FIFO.op ; gr.put; gr.get;

a := FIFO.report;

}

}

Bouhadiba & Maraninchi & Funchal

For each OP¢ the controller:

Activates PROD, CONS, FIFO through op

Reads their output control ports (report)

Manages a temporary memory (reqr, dr, reqw...)
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Correspondence Between SystemC-TLM & 42

Structural Correspondence

modulel::T1(){
while(true)q{
X++;

p2.£2(x);
wait(el); ...;

L
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module2: :f2(int x){

y = x x 42;

notify(e2);

oy

}}

modulel module2
(Do | D o]
P2y PlR Pl P2R
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Correspondence Between SystemC-TLM & 42

Structural Correspondence

An activation of the main component with OP corresponds

scheduler elects a new thread to execute.

' to what happens in the SystemC-TLM model when the

ctrl_main

y callfl  y op,

callf2

y contf2 y enq

ctrl_module

ctrl_module

callf2
v v

callfl op  contf2
\2 el v v
f1 T1
Vendf1 o Vendf2
modulel module2
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Structural Correspondence

modulel::T1(){ module2: :f2(int x){ modulel module2
p while (true){ e

X++; y = x x 42; T flI 2 le
e e 2w Pl Pl P2[3]
p2.f2(x); notify(e2); | L — 7 |
wait(el); ...; s

} 3 }
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- R
ctrl_main

y callfl \g/opn y contf2 y enq

ctrl_module | S,

callf2

ctrl_module Es

N 7D callf2
callfl = 7 opy/ contf2 Vv v
\2 1 f \2
e
f1 T1
Vendf1 o Vendf2
modulel module2
Wendfl Wf2c \yresp f1d \yendf2 Wflc v

Bouhadiba & Maraninchi & Funchal 42 Contracts for TL-Modeling

EMSOFT'09

11/ 25



Structural Correspondence

modulel::T1(){ module2: :f2(int x){ modulel module2
while(true)q{ e
xH4; y = x % 42; vl flI 12 le
0008 0008 P2w plg plw P2
- p2.f2(x); notify(e2); [ |
wait(el); ...; s
} 3 }
v °P
ﬂ y callfl  y op, y contf2 y enq callf2

(B ctrl_module

callf2
v v

ctrl_module Es

callfl op  contf2
4 el vV
1l ——f 11
Vendft = Jr2c Vendf2
\ [ modulel N - module2
\ Wendfl /Wf2c \yresp \yendf2 Wflc v
N - - fld

Bouhadiba & Maraninchi & Funchal

42 Contracts for TL-Modeling

EMSOFT'09

11/ 25



Structural Correspondence

modulel::T1(){ P module2: :f2(int x){ modulel module2
while(true){ e

X++; y = x x 42; T flI 2 le
Y, 5008 P2 PG plw P2
p2.f2(x); notify(e2); | L — 7 |
wait(el); ...; s

} 3 }

v °P
- T~ T
- callf2

y callfl  y op, v contf2\:y engq—

ctrl_module

ctrl_module [l e3

cllf2 __ — —
Vv

callfl op  contf2 v v
¥ el vy 2 g2 T2
fl T1

Vendf1 o Vendf2 Y.
modulel module2
Wendfl Wf2c \yresp f1d \yendf2 Wflc v

Bouhadiba & Maraninchi & Funchal 42 Contracts for TL-Modeling

EMSOFT'09

11/ 25



Bouhadiba & Maraninchi & Funchal

Correspondence Between SystemC-TLM & 42

Structural Correspondence
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Correspondence Between SystemC-TLM & 42

Structural Correspondence

' An activation of the main component with OP corresponds

' to what happens in the SystemC-TLM model when the

' scheduler elects a new thread to execute. |

++ The 42 model behaves like the SystemC one
- - But is less efficient
= We will not re-write SystemC in 42

il e Gt Pt allilin Tt Pt Ralinl Sl el et Ml ettt Rl o
Vendf1 Veoc Vendf2 ¥ic

modulel module2

Wendfl Wf2c \yresp \yendf2 Wflc v

fld
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Interesting Uses of the Correspondence

» Motivation

o Simplify the simulation
o Focus on Control Flow and Synchronizations
o Find bugs earlier

« How?

o Joint use of SystemC-TLM and 42
o Using 42 Control Contracts

%

Bouhadiba & Maraninchi & Funchal 42 Contracts for TL-Modeling EMSOFT'09 12 /25



Contents

@ 42 Executable Control Contracts [COORDINATION'09]

%

Bouhadiba & Maraninchi & Funchal 42 Contracts for TL-Modeling EMSOFT'09 13 /25



Control Contracts for 42 Components

Input Control Ports

£ 72 icly £
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Control Contracts for 42 Components

Input Control Ports

L 2, icly > £

& : a L

o [l omic ,,"\X od1 g o Allowed activation sequences

Q: :j§ S5 e #/‘)l 235 = o It recognizes the correct sequence of
2 internal memory é— activations since the first activation
- e} e Each state is an accepting state

_oc2 v v ocl

Output Control Ports
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Control Contracts for 42 Components

Input Control Ports

& : o _—
o| idlm o 7 > modl| s e Allowed activation sequences
B ( 9 J .
a :j§ S P, 235 S o It recognizes the correct sequence of
2 internal memory o activations since the first activation
= 3 . .
o2 v Vol S o Each state is an accepting state
Output Control Ports e Data dependencies (Required, Provided)

{id1}icl {od2}

{id1}ict  {od2} {id2}ic2 {od1; od2}]

| %
{}ic2
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Control Contracts for 42 Components

Input Control Ports

& : o _—
o| idlm o 7 > modl| s e Allowed activation sequences
B ( 9 J .
a :j§ S P, 235 S o It recognizes the correct sequence of
2 internal memory o activations since the first activation
= 3 . .
o2 v Vol S o Each state is an accepting state
Output Control Ports e Data dependencies (Required, Provided)

e Don't care about values except for
particular data ports

{id1}icl {od2}

{id1}ict  {od2} {id2}ic2 {od1; od2}]
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Control Contracts for 42 Components

Input Control Ports

& : o _—
o| idlm o 7 > modl| s e Allowed activation sequences
B ( 9 J .
a :j§ S P, 235 S o It recognizes the correct sequence of
2 internal memory o activations since the first activation
= 3 . .
o2 v Vol S o Each state is an accepting state
Output Control Ports e Data dependencies (Required, Provided)

e Don't care about values except for
particular data ports

(i1} icl Joc? {od2) @ Control information

{id1}ic1/ocl {od2} {id2} ic2 /oc2{od1; 0d2}]
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42 Executable Control Contracts

Asynchronous Simulation MoCC as a Contract
Interpreter

{Yop/end{} i op
M ?

Contract

A LF *AOP a
G -

%
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42 Executable Control Contracts

Asynchronous Simulation MoCC as a Contract
Interpreter

{Yop/end{} i op
M b {}or{}

Contract

A LF *AOP a
G -

albl
available={}

%
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42 Executable Control Contracts

Asynchronous Simulation MoCC as a Contract

Interpreter
{}op/end{} b op
M . b {}or{}

Contract

A LF *AOP a
G -

albl A0p  a2bl
available={} available={}

B.op

alb2
available={}
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Asynchronous Simulation MoCC as a Contract
Interpreter

{}op/end{}
{}op/end{} .

s e
@

s
0 ) Vend
Aop ¥ )
albl __Aop | Gob1  __AOP _ a3p1
available={} available={} available={a}
B.op B.op i B.op
A.op
alb2 _Aop [ 9oh2  __Aop | a3b2
available={} available={} available={a}

i B.op : gB.op
alb3 alb3 Aop_ a3 \/
available={b} available:? a} available={a, b}
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Asynchronous Simulation MoCC as a Contract
Interpreter

{}op/end{} y op
y popsenaty () : y Dot

A/Q@ - H
N

*end

~ = -

7

/Q‘.Op -~ S o
albl +~ m,@bl s _Aop _ a3bn

-~

available={} S availabfe:{} availaBle={a}

i B.op B.op l\ B.op
a1b2 A.op P 22b2 A.op  33b3 . Example execution path
available={} available={} available:{\a}

i B.op : JE_B__OE /
a1b3 ¥ a1 b3 A.0p~ Ta3b \/
available={b} available={a} _, available={a, b}
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Asynchronous Simulation MoCC as a Contract
Interpreter

{}op/end{} s
y popsenaty () .

A/Q@ - H
N

‘s
900 0 Vend
T T Mep ) et

albl +~ __Aop 1 aob1 7 AOP _ a3bnr A.op
available={} S availabfe:{} availaBle={a}

i B.op B.op ‘\ B.op
a1b2 A.op P 22b2 A.op  33b3 . Example execution path
available={} available={} available:{\a}

i B.op : JE_B__OE /

¥ ' -~

alb3 ~ai b3 A.0p~ "33 \/
available={b} available={a} _, available={a, b}
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Asynchronous Simulation MoCC as a Contract
Interpreter

{}op/end{} y op
y popsenaty () : y Dot

‘/@ s

0Q *end

N T M-l - ==

\ ’ \ , N
-7 Sose So-- requires b

= - — -

, < A\op m -~ =~ -
albl +~ __Aop 1 aob1 7 AOP _ a3bnr A.op
available={} S availabfe:{} availaBle={a}
i B.op B.op ‘\ B.op
a1b2 A.op P 22b2 A.op _ 13}> . Example execution path
available={} availa‘ble:{} available\:\{\a}

i B.op : JE_B__OE /
b3 ¥ ~aib3 A.op- “33b \/

al
available={b} available={a} _, available={a, b}
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: Control Contracts For SystemC-TLM

Extracting Control Contracts From SC-TLM Code

@while (true){
X+
e3.notify ();
e4 . notify ();
Bwait(el);
if(x < 42){

F(x)s

g(x);

}

y=x+1;

while (y < 5){
y++;

@®wait(e2);

}
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: Control Contracts For SystemC-TLM

Extracting Control Contracts From SC-TLM Code

@while(true){ é

X+ @
e3.notify ();
e4 . notify (); @ @
Bwait (el);
if(x < 42){
f(x): (o)
g(x);
}
y=x+1;
while(y < 5){ @ The component loses Control Flow in wait
y++; and function calls.
®wait(e2);

y 4
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: Control Contracts For SystemC-TLM

Extracting Control Contracts From SC-TLM Code

while (true){

X+ @
e3.notify ();
e4 . notify (); @ @
Bwait (el);
if(x < 42){
f(x): (o)
g(x);
}
y=x+1;
while(y < 5){ @ The component loses Control Flow in wait
y++; and function calls.
®wait(e2);

y 4
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: Control Contracts For SystemC-TLM

Extracting Control Contracts From SC-TLM Code

while (true){

X+
e3.notify (); /\@
e4 . notify (); @ @
Bwait (el);
if(x < 42){
i f(x); @
g(x);
}
y=x+1;
while(y < 5){ @ The component loses Control Flow in wait
y++; and function calls.
®wait(e2);

y 4
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: Control Contracts For SystemC-TLM

Extracting Control Contracts From SC-TLM Code

while (true){

X+
e3.notify (); /\@
ed . notify (); ° @
\L Bwait(el);
if(x < 42){
f(x); ()
g(x);
}
y=x+1;
while (y < 5){ @ The component loses Control Flow in wait
y++; and function calls.
©wait(e2): o Data values are abstracted

y 4
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: Control Contracts For SystemC-TLM

Extracting Control Contracts From SC-TLM Code

{}op{e3;e4}
while (true){
X+
e3.notify (); /\@
ed . notify (); ° @
\L Bwait(el);
if(x < 42){
f(x); ()
g(x);
}
y=x+1;
while (y < 5){ @ The component loses Control Flow in wait
y++; and function calls.
©wait(e2): o Data values are abstracted

y 4
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Extracting Control Contracts From SC-TLM Code

while (true){
X+
e3.notify ();
e4 . notify ();
Bwait(el);
\L if(x < 42){
F(x):
g(x);
}
y=x+1;
while (y < 5){
y++;

}

Bouhadiba & Maraninchi & Funchal

@®wait(e2);

{Jop{e3;e4}

{el}op/fc{fd}

&

O

@ The component loses Control Flow in wait

and function calls.

@ Data values are abstracted
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Extracting Control Contracts From SC-TLM Code

while (true){
X+
e3.notify ();
e4 . notify ();
Bwait(el);
\L if(x < 42){
F(x):
g(x);
}
y=x+1;
while (y < 5){
y++;

}
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@®wait(e2);

{Jop{e3;e4} l

I call the function f

{el}op/fc{fd}

&

&

O

@ The component loses Control Flow in wait
and function calls.

@ Data values are abstracted
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Extracting Control Contracts From SC-TLM Code

while (true){
X+
e3.notify ();
e4 . notify ();
Bwait(el);
\L if(x < 42){
F(x):
g(x);
}
y=x+1;
while (y < 5){
y++;

}
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@®wait(e2);

{Jop{e3;e4} l

{el}op/fc{fd}

I call the function f

&, @

&

&

{}contf/gc{gd}

O

@ The component loses Control Flow in wait
and function calls.

@ Data values are abstracted
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Extracting Control Contracts From SC-TLM Code

I call the function f

{Jop{e3;e4}
while (true){ l
X++; {el}op/fc{fd} {}contf/gc{egd}
e3.notify (); N
e4 . notify (); n )
Bwait (el): . {}contg{e3;e4}
s {el}op{e3;ed}
if (x < 42){ o)
©p. F(x): {e2}op{e3ied] —= ¢ )
@p-£(x); (U ejont)
}
y=x+1;
while(y < 5){ @ The component loses Control Flow in wait
Y4+ and function calls.
©wait(e2); ¢ Data values are abstracted

y 4

Bouhadiba & Maraninchi & Funchal 42 Contracts for TL-Modeling EMSOFT'09 17 / 25



Lightweight Execution for SystemC-TLM

modulel module2
(T o] | | o
P2y Pl Pl P2
I I— |
Vv °P
ctrl_main
y callfl y ops y contf2 y enq Wcal|f2 v v
ctrl_module ctrl_module
callt) e3
callfl op contf2 v_ v v
% el X f2d 2 g2 T2
fl T1
Vendfl 7 Vendf2 Veic
modulel module2
Vendfl Vi Viesp Vendr2 Vi v
fld
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Lightweight Execution for SystemC-TLM

o Extract Contracts From SystemC

@ TR

modulel module2
IS | 1S
{ = ~ \
P s~ p2w ~plg |~ [Plm  p2g
SN - - |/ —
/ —
gd\ o)

ctrl_main
y callfl y ops y contf2 y enq Wcal|f2 v v v
ctrl_module ctrl_module
callt) e3
callfl op contf2 v_ v v v
v v Vv e2
el f2d f2 T2
1l ——f 11
Vendfl 7 Vendf2 Veic
modulel module2
Vendfl Vi Viesp Vendr2 Vi v
fld
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: Control Contracts For SystemC-TLM

Lightweight Execution for SystemC-TLM

o Extract Contracts From SystemC

modulel module2
@ Execute Contracts instead of Code 1 ﬂI @ le
p2|T| PlE Pl p2|f|

=. L BT P |

y callfl J, opn I'.\l, contf2 ,"\y enq ". Wcalll“2 v I'\ \1,;

ctrl_module

‘ callfl y ‘ op coftf2
v el v Vv
1l ——f 11
Vendf1 o Vendf2
modulel

module2

Vendfl \nyC Wresp

Vendr2 Vi

fid
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: Control Contracts For SystemC-TLM

Lightweight Execution for SystemC-TLM

o Extract Contracts From SystemC
@ Execute Contracts instead of Code
@ Produces a super-set

of SystemC executions

&3

modulel module2

3| |3

PlAl Ply P2
| EN— |

1 v
' '
' '
' '
'
'

y callfl  y op, y contf2 iy eng

ctrl_module

‘ callfl y ‘ op coftf2

v el v Vv
1l ——f 11

Vendfl Ve

modulel
Vendfl Vi Viesp Vendr2 Vi v
fld
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TL-Modeling with SystemC: an Example

DMA Memory
= o] £
Sl 1Y
Wl [Al A/l /]
L
write . a
read
Bus
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Typical Uses of 42 Contracts with SystemC-TLM

TL-Modeling with SystemC: an Example

DMA/ Memory /

o
= o] £
iR
Wl [Al A/l /]
L
write . q a
read i /
Bus

@ Reuse of existing components (e.g., DMA, Memory, Bus)

vV
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Typical Uses of 42 Contracts with SystemC-TLM

TL-Modeling with SystemC: an Example

DMA/ Memory /

° (e]
= o] £
Sl 1Y
Wl [Al A/l /]
L

write . R

read

Bus

/4

@ Reuse of existing components (e.g., DMA, Memory, Bus)

@ Part of the functionality is not implemented

Bouhadiba & Maraninchi & Funchal

42 Contracts for TL-Modeling

EMSOFT'09
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Contract-Based Execution of the System

) DMA Memory
w : Al \ /H\ ]
| I
B '\ 1A
us

%
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Typical Uses of 42 Contracts with SystemC-TLM

Contract-Based Execution of the System

60

4

) DMA Memory
w : Al \ /H\ ]
| I
B '\ 1A
us

/O

/

@ Extract control contracts from existing SC-TLM components

vV
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Typical Uses of 42 Contracts with SystemC-TLM

Contract-Based Execution of the System

D % O &
+

QO
+
) DMA Memory
w : Al \ /H\ ]
| I
Bus '\ 1A

@ Extract control contracts from existing SC-TLM components

@ Write new contracts for the missing ones

vV
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Typical Uses of 42 Contracts with SystemC-TLM

Contract-Based Execution of the System

) DMA Memory
w : Al \ /H\ ]
| I
Bus '\ 1A

@ Extract control contracts from existing SC-TLM components
@ Write new contracts for the missing ones

@ Execute the contracts with 42 controllers \/
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Contract-Based Execution of the System

- If there is a bug, the new contract is not compatible with
the extracted ones

"""""" él]s' "‘"""“'"[7"'"""""

@ Extract control contracts from existing SC-TLM components

@ Write new contracts for the missing ones
@ Execute the contracts with 42 controllers \/
@ = Find Synchronization Bugs
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Typical Uses of 42 Contracts with SystemC-TLM

Wrapping SystemC Code

Component implementation:

modulex :: T()

@while (true){
x4+

DE

DB

%
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Typical Uses of 42 Contracts with SystemC-TLM

Wrapping SystemC Code

Component implementation:

modulex :: T() \
@while (true){ Wrapped
x4+
e3.notify (
e4 notify ();
®wait(el);
if(x < 42)
f
g

)¢ fake SC library (wait, notify, ...)
Called functions (p.f, p.g, ...)

©p.
@p.

The SystemC/TLM implementation is wrapped in a fake
SystemC library.

%

Bouhadiba & Maraninchi & Funchal 42 Contracts for TL-Modeling EMSOFT'09 22 /25



Typical Uses of 42 Contracts with SystemC-TLM

Wrapping SystemC Code

Component implementation:

rﬁ‘o‘d‘ulex::T _—\

@while(tru(()e){ wrapped
SEAFAF o H g
€3 notify fake SC library (wait, notify, ...)
e Called functions (p.f, p.g, ...)

)i
)i

The SystemC/TLM implementation is wrapped in a fake
SystemC library.

OF
)i
)i
if(x < 42){
p-f(x
p-g(x

The goal is to capture all the control flow going out of the
component (wait, notify, p.f, ...).

%
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Typical Uses of 42 Contracts with SystemC-TLM

Executing the Implementation against the Contract

Component implementation: Contract of T
rlnlo.d'ulex STOA{ {}Op{e3;e4}
@while (true){
X++;
€3 notify (); {el}op/fc{fd} Y
Dware(el): {eljop{e3ied} ) /
if(x < 42){
©p. f(x):
@p.g(x);
{e2}op{e3;ed}
ctrl_(main+module)
op,
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Executing the Implementation against the Contract

Component implementation:

I:r\la&ulex STOA{

Contract of T
{}op{e3;ed}

@while (true){

:;Jrr;\otify ): {el}op/fc{fd} /“
)

(
A {etlop{e3ed} iy M)
_ 0=<day [ <~ Ll _

The implementation executes in a thread. It is suspended |
and resumed by the 42 execution engine ‘>
|

The contract of T is used as defensive code
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Typical Uses of 42 Contracts with SystemC-TLM

Executing the Implementation against the Contract

Component implementation: Contract of T
rlnlo.d'ulex STOA{ {}Op{e3;e4}
@while (true){
X++;
€3 notify (); {el}op/fc{fd} Y
Dware(el): {eljop{e3ied} ) /
if (x < 42){
©p.f(x);
@p.g(x);
{e2}op{e3;ed}
ctrl_(main+module)
op 1-selection
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Typical Uses of 42 Contracts with SystemC-TLM

Executing the Implementation against the Contract

Component implementation: Contract of T
rlnlo.d'ulex STOA{ {}Op{e3;e4}
@while (true){
X++;
€3 notify (); {el}op/fc{fd} Y
S (etjo(esiet) ) |
if(x < 42){
©p.f(x);
@p.g(x);
{e2}op{e3;ed}
2'““‘?”— ctrl_(main+module)
op 1-selection
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Typical Uses of 42 Contracts with SystemC-TLM

Executing the Implementation against the Contract

Component implementation: Contract of T
rlnlo.d'ulex STOA{ {}Op{e3;e4}
while(true){
X4+
? €3 notify (); {el}op/fc{fd} Y
s penrs O (et)ople3et)’, ) :
if(x < 42){
©p.f(x);
@p.g(x);

{e2}op{e3;ed}
2'““‘?”— ctrl_(main+module)

op 1-selection
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Typical Uses of 42 Contracts with SystemC-TLM

Executing the Implementation against the Contract

Component implementation: Contract of T
l;'\.o.d'ulex::T(){ {}Op{e3;e4}
whilegrtJrrue){ nOtlfy()
3. notify ()7 {el}op/fc{fd} Y
e4. notlfy() o /
®wait(el); {el}op{e3,e4}
if(x < 42){
©p.f(x);
@p.g(x);

{e2}op{e3;ed}
ERYELISM | (main+module)
1-selection
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Typical Uses of 42 Contracts with SystemC-TLM

Executing the Implementation against the Contract

Component implementation: Contract of T
modulex :: T(){ {}op{e3;e4}

while(true){
X++;
e3.notify ();
e4. notlfy );
®wait (el

(
(
)i
if(x < 42)
f
g

{el}op/fc{fd} ,~
{el}op{e3;e4} /

©p.
@p.

{
(x);
(x

v~ A-wait(...)

----- 4-suspend
{e2}op{e3;ed}
2'““‘?”— ctrl_(main+module)

op 1-selection
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Typical Uses of 42 Contracts with SystemC-TLM

Executing the Implementation against the Contract

Component implementation: Contract of T
modulex :: T(){ {}op{e3;e4}

while(true){
X++;
e3.notify ();
e4. notlfy );
®wait (el

(
(
)i
if(x < 42)
f
g

{el}op/fc{fd} ,~
{el}op{e3;e4} /

©p.
@p.

{
(x);
(x

v~ A-wait(...)

4-suspend

2-acti\?L ctril

op,

{e2}op{e3;ed}
(main+module)

1-selection

5-op finished

%
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Executing the Implementation against the Contract

Component implementation:

Contract of T

v
i ) e
medulex:: TO{ @_&)p{e3,e4} 6-compatibility?
hile (true){

o

:;Jrr;\otify {el}op/fc{fd} 4 -‘

ify ()
I ottty (o)
if(x < 42){ o~ e

This execution step should notify e3 and e4 (calls to
e.notify()). Otherwise, the implementation does not re- )
spect the contract.

5-op finished
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Summary and Perspectives

Summary:
e Formal Contracts For SystemC-TLM Components
e Executable, lightweight simulation = early detection of bugs
e Joint execution of contracts and SystemC = Check compatibility
of implementation

Perspectives:
o Extend the translation to time
e Connection to verification tools
e Use 42 contracts to describe abstract SC-TLM components \/
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