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A Parallel Programming Language
Based on Declarative Process Network Models

KAzZUuHIKO OHNO,' SHIGEHIRO YAMAMOTO,! TAKANORI OKANOTE
and HIROSHI NAKASHIMA'

Automatic parallelization is much difficult in non-numerical field, because irregular and
dynamic data structures are frequently used. Therefore, many parallelizing libraries and par-
allel programming languages have been proposed. However, the efficient systems tend to force
low-level specifications to the programmers. And the highly abstracted systems are difficult
to implement effiently. So, we are developing a parallel programming language named Orgel,
which aims for both efficiency and easiness. In the execution model of Orgel, the execution
units called agents run in concurrent/parallel and send messages via abstract channels called
streams. Unlike many other languages based on the similar models, the process network model
is declaratively specified. This feature prevents timing bugs and simplifies parallel program-
ming. Furthermore, the program can be strongly optimized using static analysis because the
execution model is known at compile time. We have implemented Orgel on shared-memory
multiprocessors. The result of evaluation shows that both the overhead in sequential execution
and the speedup in parallel execution can match with the programs using Pthreads library.
Parallelization was much easier using Orgel, and the increase of the executable size caused by
linking Orgel runtime library is only 23-65% larger compared to the Pthreads version.
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Fig.1 Process network of master-worker program.

stream Scontrol {
Mdata(char data[M]:in);
}
stream Sjob {
Mrequest (Mjob job:out);
Mjob(int param:in);
Mresult (char data[M]:in);
}
agent Aworker(Scontrol sc:in, Sjob sj:out){
char d[M], nd[M];
initial { taskstate = NO_TASK; }
dispatch(sc){
Mdata(d): { taskstate = HAS_TASK; }

}
task {
Mjob job;
sj <== Mrequest(job);
job 7== Mjob(p);
p0d00 nd0000O;
sj <== Mresult(nd);
}
}
agent main(){
char d[M];
Aworker w[N];
Scontrol c;
Sjob j;
connect self ==> ¢ ==> w[].sc;
connect self <== j<== w[].sj;
initial {
oooooD4a000o;
c <== Mdata(d);
}
dispatch(j){
Mrequest (job): job = Mjob(make_param());
Mresult(rd): { if (xrd0 400001
d000;
c <== Mdata(d);
}
}
}
}

02 00000000000D0O0000OrgelO0O
Fig.2 Master-worker program (Orgel version).
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agent AgentType (
[StreamType StreamName: Mode [,...]]
A

ooooooo

ooooooooooooo

oooo

initial Initializer;

final Finalizer;

task TaskHandler;

dispatch (StreamName){
MessageType: MessageHandler;

03 O0ObDOoOooooooo
Fig.3 Declaration of an agent type.
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stream Stream Type {
MessageType [(Type Arg : Mode [, ...1)];

04 0O000O0O0ODOO

Fig.4 Declaration of a stream type.
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connect [A0.S0 Dir0]1 S Dirl A1.51;
05 O0oOooo

Fig.5 Connection declaration.
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connect s <== c.o0;
connect s ==> b.i;
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connect self ==> ¢ ==> w[0].sc;
connect c ==> w[1].sc;

==> w[N-1].sc;
wl0].sj3;
<== w[1].sj;

connect
connect self <==

(SR SN
A
[}
[}

connect

connect j <== w[N-1].sj;

06 0200000000

Fig.6 Connection declaration equivalent to Fig. 2.

Aworker w[N][N];
Sdata se[N-1][N-1], sw[N-1][N-1],

sn[N-1] [N-1], ss[N-1][N-1];
connect w[il[j].eo==>sel[il[j] ==>wli+11[j].wi;
connect w[i] [j].wo==>sw[i-1][jl==>w[i-1][j].ei;
connect w[il[j].no==>sn[il[j]1 ==>w[il[j+1].si;
connect wl[i] [j].so==>ss[i][j-1]==>w[i]l[j-1].ni;

07 0OO00O0O0OOOO0OOOODOO
Fig.7 Connection declaration of mesh network.
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Fig.8 Mesh-type process network.

agent Anode(Sarc s: in){
Anode nl, nr;
Sarc sl, sr;
connect self ==> sl ==> nl.s;
connect self ==> sr ==> nr.s;

09 OOOODOOOOOoOooDo
Fig.9 Connection declaration of tree network.

010 0O00O0D0OO0OOO0OODOO0OOO
Fig.10 Tree-type process network.
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Stream <== Message;
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Variable ?== MessageType [(Argl [, ...1)];
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(1) dispatch(j){
sj <== Mrequest (job) ;—)> Mregest (job) :

job ?== Mjob(p); «——=——— job = Mjob(make param());
p0d00nd0 0000 ; Mresult(rd): { ....
sj <== Mresult(nd) :4

(a) Aworker O QOO (b) mainO OO0

011 000000000

Fig.11 Message communication.

oooooO0Ooooooooooo

000000000 11(a) 0000000000
O00sj 0000 Mrequest D OO0 OODOOO
00 11(1)@m0ooo0ooooooo jeboooo
OO00000outO000O00D0O00D0O0O0O0O0DODO
o0oooooo0ooooocoooooon

OO0O0Omain 00 O0D0O0OO0OOO 11(b) O
dispatch 0000000000000 O0O0OCODO
O00O0DOMrequest 000000000 OCOODOOO
000 makeparam() 000 00000000000
goooopoooOoOooooooOoOoooouoog
O Awvorker 00 OO0DDOOOOOO 11(2)™

Mjob D OODOOOOOOOOOOODOOOO
Awvorker 000 000O0O0O0OOO0OO0OOCOODO
0000000 MresultOOOOO0OOO0 mainO0ODO
00 11(3)

Orgel0 0 00000000O0O0COCOODOODODOO
oooooooooOooOoOooOooOoooOooooo
ooooooOoooooooOo0oooobooooOoooon
gooooooOooooooOooooooooooo
ooooOooOooooOoooooOooooooooog
oobooobooboooooooooooooboooo
oooooooooboooboboooooooobooooo
ooooooooooooobooOooooboobooooo
oooooOooooboo

3. 0Ooooaoono

2000000000OC0rgel0DDODOOODODOODO
gooboooooooobooooooooooboon
ooboooooooooooobobooooboDooo
gooooooooooooOopoooOoooooc
O PthreadsDOOOO0OO0O0O0OOOCOOKLIOOOD
goobooodoooooooooocoooooooon
gooobobobobobooboobobooooo1o0o0oaon
gobobocooooooocoboooooobooooboooo

000 Orgel DO OO0 OOO0ODO200000000
o2000000000000000000C000
goboobooooooobooboobOoooooooon
oooo0o0ob0o0obo0ddOmein 000000
gobooooooooOboobob0oooooobooo

gbooooooooobooooooooboboooo 101

char data[M], rdatal[N][M];
int param[N];

sem_t ww[N], wm;
pthread_mutex_t req_lock;

main(){
int i, n;
for (i =0 ; i < N ; i++)
pthread_create(..., worker, ...);
while(...){

sem_wait (&wm) ;
pthread_mutex_lock(&req_lock) ;
n = get_req();
pthread_mutex_unlock(&req_lock) ;
if (n & RESULT_MASK){
n -= RESULT_MASK;
if (rdataln] O data0O 0 00){
data_writer_lock()
dataO 00O ;
data_writer_unlock()

}
}
else{
param[n] = make_param();
sem_post (&ww[n]) ;
}
}
void worker(int *no){
while (...){

pthread_mutex_lock(&req_lock);
put_req(*no) ;
pthread_mutex_unlock(&req_lock) ;
sem_post (&wm) ;
sem_wait (&ww[*nol) ;
data_reader_lock();
data [ param[*no] 0 O rdatal*no] O OO ;
data_reader_unlock();
put_req(*no + RESULT_MASK) ;

¥

012 0O000000000000000 PthreadsO O

Fig.12 Master-worker program (Pthreads version).
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main
:— generic:new(merge,{SjI}, Sj0),
D = data(...),
create_worker(8, Sc, SjI, D),
master(Sj0, Sc, D).
create_worker(N, Sc, SjI, D) :- N > 0
| worker(Sc, SjIO0, D), SjI = {SjI0, SjIi},
NO := N-1, create_worker(NO, Sc, SjIi, D).
create_worker(N, Sc, SjI, D) :- N =:= 0
| S3I = {}.

master([req(J) |Sj]l, Sc, D)
:- make_param(..., J), master(Sj, Sc, D).
master([result(RD) |Sj], Sc, D)
:- update_data(RD, D, DO, Sc, Sc0),
master(Sj, ScO, DO).
update_data(RD, D, DO, Sc, ScO) :- RDO DOOOO
| DO = RD, Sc = [data(DO) | ScO].
otherwise.
update_data(RD, D, DO, Sc, Sc0)
:= DO =D, Sc = ScO0.

worker ([data(DO) |Sc], Sj, D)

:— worker(Sc, Sj, DO).
alternatively.
worker(Sc, Sj, D)

:= Sj = [req(J)|8j0], worker1(J, Sc, SjO, D).
worker1(job(Param), Sc, Sj, D)

:— Param [0 DOO DOO O OO

Sj = [result(DO)|Sj0], worker(Sc, SjO, D).

013 0000000000000000KL10OO
Fig.13 Master-worker program (KL1 version).
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agent_main () {«==*
Aworker wIN];
Scontrol c; Tiny,
Sjob j; m uuu.u‘,uul'lw,‘
for (i=0; i<N; i++) - K
_connect (c,w[i], 1, IN) j|

agent_ Aworker (q=ssssssssss
Scontrol sc; W% 1
Sjob sj)

ooooo0dID——

[]D[]DD]DD]DD?

014 00000000
Fig.14 Structure of the Orgel runtime.
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