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Abstract: As functional and non-functional requirements on safety critical real time systems stack up, the development of multi-core
technology in these systems has become a trend. How to guarantee the credibility and reliability on the multi-core platform, however, is

the key problem in both academic and industry. While many theoretical and applied achievements have been accomplished on the
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single-core platform, there are still a lot of scientific problems need to be solved on the multi-core platform. Suitable for describing
concurrency behaviors, synchronous language SIGNAL is a formalism widely used in the functional design of safety critical real time

systems. The SIGNAL compiler supports generating the simulation code from the synchronous specification to verify and analyze the

properties of the system model. However, existing studies pay less attention to the generation of multi-platform parallel simulation code

from SIGNAL specification. This paper proposes a methodology for automatically generating parallel code from SIGNAL specifications.
First, equation dependency graph (EDG) is defined and the specification is translated to analyze the global data dependency relations.
Then EDG is partitioned to explore the parallelism of the specification. Finally, altogether with clock relations, parallel tasks are mapped

into OpenMP structures. A case study is provided to illustrate the proposed methodology.

Key words: synchronous specification; SIGNAL; parallel program; code generation; OpenMP
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(6]
(instant) tn(neN+). , ,
s s (reaction).
@)
(signal) V—tn(neN+). \ , “1”.
, (present) (absent), , 1.
3)
(abstract clock, )
1.1.2
, , (monoclock) (multiclock). R
(master clock) s
, .Esterel Lustre
.SIGNAL
1.2 SIGNAL
SIGNAL CNET INRIA Esterel  Lustre
,SIGNAL , Polychrony!'”. SIGNAL
) (Xp),teN. , )
N 1. s “X. SIGNAL , event
, . (dataflow equation)
SIGNAL 4 (primitive construct) , (instantaneous relation)
(delay) (undersampling) (deterministic merging, ). 1 4
(1) f :(2)
, (memory equation),
Table 1 Syntax and semantics of primitive constructs on dataflow equations
1
Instantaneous relations y:=f(X1,X2,...,Xn) XlyeeesXn Ly f(X1,X2,.--,Xn) y
Delay y:=X § init ¢ y X s c, X Y
Undersampling y:=X when z z true X Ly X ; y
Deterministic merging y:=x default z X Y X; X z Ly Z; y
SIGNAL 2.

>
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(monoclock operator).

) y X b
b ( [b]). , y X 2 }

(multiclock operator).

Table 2 Primitive constructs and corresponding clock relations

2
y=f(x1,x2,...,xn) AY=AX=. L =X
y:=x § init ¢ AY=AX X y
y:=X when b Ay=rxN[b] b true X Wy
y:=X default z NY="XUNZ y X z
SIGNAL ,  SIGNAL (process).
.SIGNAL process 5 (composition) (local
declaration). 3
Table 3 Syntax and semantics of primitive constructs on process
3
Composition PIQ P Q ;PIQ P Q
Local declaration P wheret 15;;t 2 s,;...t_nsp; end; P 51 Sn P P
SIGNAL BNF ’ , x:=yfz ;PIQ
;P/x :
P,Q:u=x=yfz|P|Q|P/x.
SIGNAL “m “cell” (extended construct), SIGNAL
, SIGNAL
SIGNAL [18], SIGNAL [19].
EDG
SIGNAL s
(equation dependency graph, EDQG)
, [20] , SIGNAL
1 .SIGNAL .
EDG; RNFS. , EDG
> OpenMP

S ESETRN

iR

SIGNAL s OpenMP
o F-5% I3 il g

EDG

Fig.1 Process of parallel code generation from SIGNAL specification

1 SIGNAL
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21
SIGNAL ( s ),
“if ~x then compute(x)”, X , X s
s s SIGNAL
(1)
4 ,SIGNAL SIGNAL
, event s s
, SIGNAL
2
SIGNAL , ’ C
C:{Ci\ieZ+}. Ci, ~Cy,...,"\Cx
[21] , (clock equivalence class). ,
s (reduced
normal form, RNF), RNEFS. R ,SIGNAL
endochrony (221, N
RNFS >
[23] , RNF
2.2 EDG
SIGNAL R [24] (synchronous flow dependency
graph, SFDG) .SFDG (DAG),DAG R
,.SFDG
, EDG .EDG
> , EDG ( NDG)
1. EDG NDG (B,L,R), ,B (G,A), G A,
G > A(A );L A ;R A
, 4 4 NDG
Table 4 Mapping from primitive constructs to NDG
4 NDG
L R G
y=Ff(X1,X2,. .., Xn) y Xi,.....Xn if C_y then y:=f(xy,...,Xn)
y:=X $ init C NULL NULL NULL
y:=X when b y X,Z if C_y then y:=x
y:=X default z y X if C x then y:=x
z if C 2\C_xtheny:=z
S S NULL if C_s then read(s)
>y L9 X15-++5Xn RaB G y C_ya A
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y:=f(Xy,...Xn). y X1 Xn Y Xi X
s y X R NDG y
Y L; X z R;B G y Cuy,
y:=X , y:=X , X z R Cy
s , y X z X C x RY X;
X z Yy z ,
NDG, , , R L s
EDG SIGNAL ; EDG
2. EDG (SNDG,—), ,SNDG NDG >
Vi,Va V>V, vi.Lev,.R.
SNDG, , .EDG
SNDG . 1 (
) ; ; G ,
2.3 EDG
EDG 3 ,
EDG 5 >
2.3.1 EDG
EDG , “”? R ViV, Vi
€q, V2 €0 > €0 €q;.
, ) ©o €4, €eq
SIGNAL , EDG , (parallel task)
3. T )
o T EDG , (D teT,tcEDG.SNDG;(2) t
LeT,tiNtL=;(3) T EDG s t (task node).
. T s (precedence relation).
EDG . T
. teT,t (anti-chain), n; netn; n, n, m
° tLheTt; t t, n t) m, m n.
2 EDG . EDG, TaskList. EDG
NodeSet ( 3 ), ( 4 ) 5 ~ 10
EDG « 5 ), “” .
setNoDegree Task R tempTask( 6 ). tempTask TaskList (7 ),
setNoDegree NodeSet ( 8 ).
NodeSet , TaskList
EDG , TaskList={tn1,tn2,...,tnk}»
. teT .
. Xye{n,..,nid,te by ety ot b
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° nonyXye{l,...k}, x<y, netyy, met,y, n m
TaskList s )
TaskList TaskList={tn,tns, ...t} xye{ng,...,ng, y=x+1,
ty ty, L=ty
EDG S S s, EDG
R , c:=d defaulte, d
C € G
,C d; d e ,C e. , n—n,—..—n,
C1NCY". .k 0, ) )
1:Input: EDG
2:Output: TaskList% s
3:NodeSet«—EDG.Nodes% NodeSet EDG
4:while NodeSet=d
5: setNoDegree«findNodeWithNoIndegree(NodeSet)% NodeSet
6: tempTask<«—createT(setNoDegree)% Task t
7: addTask(TaskList,tempTask)% TaskList
8: removeRelation(NodeSet,setNoDegree)% setNoDegreee
9: removeNode(NodeSet,setNoDegree)% NodeSet setNoDegree
10:endwhile
11:return TaskList
Fig.2 Partition of EDG based on topological sorting
2 EDG
2.3.2
EDG , TaskList, s
RNFS R
°
°
, TaskList, “=” ,
ClockDef
tl = t2' ,ClockDef t t, t,
ClockDef ;. ClockDef t
endochrony R R , TaskList 2 ,
task ; RNFS RNF
ClockDef
ClockDef; ClockDef task.pre=task , task.pre = task.
ClockDef1 ClockDef2  ClockDef3 ClockDefn-1
t=b=h..=t, tt = L = 5 = ... =
ClockDefk
L] Kk = tkH,ClOCkDeﬂ( | ERTRUIN P
° ty Ci... .8 ClockDef1,...,ClockDefk—1
SIGNAL
2.4 OpenMP
OpenMP s C C++ FORTRAN
SIGNAL R s
parallel sections s

© PEBEEG T

http:// Www. jos. org. cn



#pragma omp sections [clause[[,] clause] ...]

[#pragma omp section]
structured-block
[#pragma omp section ]
structured-block

#pragma omp sections . #pragma omp section
structured-block s . S
sections s 5.

Table 5 Mapping from TaskList to sections

5 sections

sections
#pragma omp sections {
}
eq #pragma omp section {
if(eq.Class==true){
eq.A
1
=h=t;.. .=t #pragma omp sections {
tl %tl sections

}

#pragma omp sections {
tk %tk sections

}

#pragma omp sections

#pragma omp section . sections

>

1705

3 sections

,  OpenMP

s sections section

ClockDef'1
> Lt = b

ClockDef1
ClockDef1
ClockDef1

sections section

5

, SIGNAL OpenMP+C

( ) OpenMP
S section section

SIGNAL Polychrony SIGNAL
) . OpenMP

SIGNAL OpenMP
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R EDG R OpenMP

31 SIGNAL
ABRO™ ABRO , 3 .ABRO 3
A B R 0. ,ABRO , A B
,LABRO 0. R ABRO . ABRO R [16] SIGNAL
SIGNAL s
Fig. 3 State machine of ABRO
3 ABRO

1:process ABRO=

2:(? boolean A, B, R;! boolean O;)

3:(JA*=B"=R

4:]A"=A_received

5:|A_received”=B received"=after R until O

6:nR:=not R

7:RT:=nR when R

8:|A_received:=RT default AR

9:|AT:=A when A

10:|AR:=AT default Adelay

11:]Adelay:=A_received $ init false

12:|BT:=B when B

13:|B_received:=RT default BR

14:|BR:=BT default Bdelay

15:|Bdelay:=B_received $ init false

16:InO:=not O

17:|/from_R before_O:=nO default RR

18:|RR:=Re default after R _until O

19:|Re:=R when R

20:[after_R_until_O:=from_R_before_O $ init true

21:|O:=true when ABR

22:]ABR:=A_received when Arr

23:|Arr:=B_received when after R_until_OJ)

24:where boolean nR, nO, A_received, B_received,

from R before O ,Adelay,Bdelay,AR,BR,RR,ABR,Arr,after R until O,AT,BT,RT,Re; end;

Fig.4 SIGNAL program of ABRO
4 ABRO SIGNAL
3.2
5 C2
6 , C2 ,

endochrony C2
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C 2={"R,"A received,"B_received,”after R until O,"A,"B,"R,”nR,
“RR,*Adelay,"Bdelay, from R before O,"AR,"BR} C6=C2 R

C_6={"RT,"R_true,"Re} C_75=C_2\C_6

C_75={"A_received_default,"B_received_default,"RR_default} C13=C2 A

C_13={"A_true,"AT} C 77=C 2\ C_13

C _26={"B_true,"BT} C_26=C_2 B_

C_77={"AR_default} C 79=C 2\C 26

C_79={"BR_default} "§0=C 2 after R il

C_84={*ABR,AIr true} g,g 4_8 . a:’rf il O

C_92={"rom R _before O default} - rr

C_82={"after_R_until_O_true, Arr} C_86=C_84 ABR

C_86={"ABR_true,"n0,"0} C 92=C 2\C 86

Fig.5 Partition of clock equivalence classes for ABRO Fig.6 RNFS of ABRO

5 ABRO 6 ABRO
3.3 EDG
ABRO EDG, 7 . R EDG
s ¥ ABR:=A received when Arr,
ABR=A_received A_received Arr ’ s ,
s s . EDG
9 b 8 2
( )

IT % fier ®ounel O T T TTTTTTT I
I |
1c” 13 |
1IC B 1
167 26 "
€ I
C

Re
RR=after R
until_0

RR=R&
AR, BR-BT RR=|
nny) (ot iR

A_received=R
A_received=AR

ABR=A_received

_______________________________ -

1C_86=C_84 " ABR |

A_received=R
_received=AR

B_received=R
_received=BR

tom_R_before_O=n0
from_R_before_O=RR

B received=R1
B_received=BR

ABR=A_received

- noO=10
from_R_before_O=n0)
rom_R_before”O=RR

Fig.7 EDG of ABRO Fig.8 TaskList of ABRO
7 ABRO EDG 8 ABRO
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3.4 OpenMP
9

35

Eclipse

Package Explorer

VS 2010

i

A.txt B.txt R.txt

6 ABRO

"
[T e

Journal of Software

OpenMP , 3 A
1:int core(){
2: int mark=0;
3: #pragma omp parallel sections
4:
5: #pragma omp section
6:
7: if(read_A()==EOF)
8: mark=1;
9: 1
10: #pragma omp section
11:
12: if(read B()==EOF)
13: mark=1;
14: }
15: #pragma omp section
16:
17: if(read_R()==EOF)
18: mark=1;
19: }
20:  }

Fig.9 Fragment of OpenMP code
9 OpenMP
SIGNAL
SIGNAL
s 10
ABRO s A B R,
O.txt,3 11
’ tla A
t, A B R
2 ( 9A B b
, o

Fig.10 Generated code in VS 2010 perspective
10 VS 2010

Vol.28, No.7, July 2017

Eclipse
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it rronl

Fig.11 Example value of input signals
11

Table 6 A possible execution trace of ABRO

6 ABRO
1 t |5 1y ts te t;
A 1 1 1 1 0 1 0
B 1 1 1 1 1 0 1
R 0 0 1 0 1 0 0
(@) 1 1 1
o 12 , 3 1 6 O ,
ABRO
L - X
L1 +
Fig.12 Result of the execution
12
4
SIGNAL , )
[26] SIGNAL ,
S cluster S cluster cluster
) . ,SIGNAL
(micro-thread). wait s notify
(globally asynchronous locally synchronous, GALS) endochrony
, [27] weak endochrony : ,weak endochrony SIGNAL
: S full-diamond
. R weak endochrony . [28]
weak endochrony s SIGNAL
, weak endochrony
SIGNAL , weak endochrony
[21] isochrony!*”! weak
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endochrony. s weak endochrony [30]
(SFDG) s [30] [26] s weak
endochrony s weak endochrony
, endochrony SIGNAL R EDG
R [31] (synchronous guarded actions, )
OpenMP (dependency graph),
OpenMP . R SIGNAL R
, (31] , ,
> > SIGNAL s
; , [31]
s EDG
(] EDG SIGNAL ; s
. SIGNAL , OpenMP N
5
SIGNAL ,
SIGNAL z R EDG , SIGNAL
> EDG
OpenMP  sections OpenMP SIGNAL R
3 .(1) s
.(2) s s , Coq Caml
.(3) weak endochrony , SIGNAL weak endochrony
; s weak endochrony SIGNAL
Toulouse Institute of Computer Science Research ~ Mamoun Filali Jean-Paul Bodeveix
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