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gobooboo (oobgooo
OpenMP|[5] Y N
Cilk[2] Y N
TBBI6] Y N
MPI[4] Y Y
UPC[7] Y Y
X10[8] Y Y
Chapel[1] Y Y

01 00000000,00000

U 2000000000000

oo

gbooogoobo |ooobo,0oo00,0o00b0000b00obo
oon oooobooooobooon

oboooo ooooboooobooon

goboooooo |oooobooboboogooo

1 0Jo0bo0—>Lbuooboggno

goooo,0o0ooboboobooobooboboooobooboobooooooboobooobo,on
oooooooooo,oboboobooobooobooobo. Obooooooooooobooobooonn,
O0000oooooooooo0o000oooooooOoCOOOoO00. DO HASpODDODOOUO
gboboobobooooboobooooboooboon.

00000 9o00oo0Uo0, 000000000000 L0.010,0000000000
0.000200000000000000000000000O0A0.

gooobooooobooboooooboooooobooog.

2 0JO0000—Isingd OO

singDO00O000DOO0OO0OO0ODOOOO0OOOODOODOOOOODOO.

ing0 00000000000 0O0O0O0OD. 0000 (N)ODDODOODDOUOODODOOOUO. OO
000001000 -100000. singD0000,00 SO000000OO0O EMS) OO0
oboooooboo e, 00000,

E(S)=-J> oi-0;+HY o (1)
(i,9) ¢
oooobodo. J,HO,0ODOoooooooOoooboboooooooooobobooa,J>o0
goo. oo,o0ooooo Z@mD,DDDDDDDDDDDDDDDDDDDD. ogoo200
goobodoooobuo, oo buoooooono.
0oo0doodooooooooOo. 000, 00oo0o soooooo,

¢(5) = e POAT (2)



O00000. k00000000, 7T00000000. 00000, TO000000,¢S)0000
gooboob,boobgo,oboobboobooboobooboobboobo. bboboobbod
goooobo,booboooobooboooobobo—-4obobooooboboooo—ooo,
o000 HHOOOOODOOOOODOOOOOO.
IsingO0OO000O00DOO0O0OO0O0OOOOOOOOOOODOODOODOODOO0O0ODOO0,0000D00
goog,boboogon

1
M:NEO'Z‘ (3)

oboooooobooo.boobO,FoToOooooobooboooooboooooon.
gobobooboboobooboobob,0bobob0obobobobOobobOo,bobOobDOoD
gbooobOooboooob.ocoboobooo,cobooboboooobooon.

S=0000000;
repeat {
S'=500000000;
r=00,1100000;
it (¢(5")/a(S) <) 8 = '
if(00){
oooooogo sooo;
SO00000oooooooo;

0000,0000 $00,0000080000,00000 $0000 800000000
0000. 00000000, ¢S) >¢(S), 0000 ¢$)0000000000,0000 §0
000,0000000000 ¢(S)/q(S)0 $'00000.00000000000000000
000 S0,¢S)000000000000000000000,000000000000000
00000000. 000000000000000000,000000000000000, 0
0000000000000000000000000.

3 Ising00OOOO0OOOOO

coobooo,0ooopooooobooooo.J=10,k=1000000.

e JOOONXxNDO20000000O0DOO,0002000000000.2000000
oboooboooooooboooogo,obooon

E(S):fJ 0'1"0]‘+HZO'1'
(4,9) @

ooooboooo.boooobooooboobooobooboooooa.

/* 0000 =/
typedef struct ising {
double H; /¥ 0000 =/



double T; /* 00 */

double M; / 000000 O (3)) *x/
double E; /* 00000000 @ (1) =/
unsigned short RS[3]; /* 00000 %/
char al[N]I[N]; /¥ 000000 */

} ising;

00000 a@jlO0O0O0O (4,j) 00000000000 OOOO.

e 10 SUOUIDDODDDOUOUDODDOODO SDOUODDOOO,SO0OUOOOUOODOOOOOO
0,0000000000000 §'000.

e 0DO,AE=E(S") - E(S)00O,
0()/a() = o0 (S )
goo.

e AED, SO §00000000,,00000000000000000
AE =20i;(J(0iy1,; + 0ijr1 + 0ic1j + 0i5-1) — H)

oooooo.o000.0,,0S0000000 (i,j)DDDDDD,Ug,jD S/’oouoooog.
gbooobOob,bobobooboboooobobooooobooooooboooooa.

void do_step(ising * S, double t) {
// 0000000007
int i = NRAND48(S->RS) % N;
int j = NRAND48(S->RS) % N;
// 000000M, EOOO
double dM = - 2 * S—>a[i]l[j];
double dE = dM * (5->H - (S->al(i+1) % NI[j] + S—>alil[(j+1) % N]
+ S—>al[(i+N-1) % NI[j] + S—>alil [(j+N-1) % N1));
if (dE < O || ERAND48(S->RS) < exp(- dE / S->T)) {
S->alil[j] = -S->alil[jl; // OO
S->M += dM;
S->E += dE;

}

000000000000, 000dostep00000000DD, 000000000000, O
ooooooo.

sim_result init_and_do_steps(double H, double T, int n_sweeps, int seed) {
int s;
ising S[1]; // 0000
sim_result r = { H, T, 0.0, 0.0, 0 };
init_config(S, H, T, seed); // 0 OODOOOOODO



S->M = calc_M(S);
S—->E calc_E(S);
// 000000000000

for (s = 0; s < n_sweeps; s++) {

int 1i;
for (i = 0; 1 < N * N; i++) {
double t = s + (double)i / (N * N);
do_step(S, t);
}
r.n_samples++;
r.M += S->M;
r.E += S->E;
}
return r;

}

seed00000000. 00 N?2000000000D00000ODO,00000 N20000000
O000O0O0O.nsweeps U00000OO0OUOOOOOOOOUOOOOOODO,00000, (n_sweeps
NHOOooooooao.

0000000000 simresult 00, 00000 (HO 7),00000000000,000
ooooooooo,00b0000000000D.

typedef struct sim_result {

double H; /¥ 0000 =/

double T; /x 00 %/

double M; /* 000 (QO0O000oo) =/
double E; /* 00000 @QUOoOooooo) =/
int n_samples; /* 00000 =/

} sim_result;

obooobOoboooobOobooooobooooooboon.

4 00O
obooobOoboooooboooooooboon.
1. 0000000000000 O0,0000¢S)D0000DO0oUDODOO0OUDUOODOO.
2. 00000((HUOT)UOOOUOOOOOUOOOOOOOOOOOOO.

obooooooooo,boboboboooboobo,b0bobobob0obUob. booooboobooo

gbobooboobooooboooooo.
ooo0OO0OO0oO00OoOog,0ofdoooooooooo0ooooooooob0. oo cggoooo

obooooOoboooooboboooboobooooooboooo.

SIMPLE:



for (i = 0; i < n_times; i++) {
seed = ...;

results[i] = init_and_do_steps(H, T, n_sweeps, seed);

oooooooooo,FO0TODO00OO0O0OO0O0OOO0OOO0OOO0bOOoO0bOO0. 000,70 T
ooooooboooobobooooooobooo.

NESTED:

for (h = 0; h < n_Hs; h++) {
for (t = 0; t < n_Ts; t++) {
for (i = 0; 1 < n_times; i++) {
H= ...;
T=...;
seed = ...;
results[h] [t] [i] = init_and_do_steps(H, T, n_sweeps, seed);

goooooboo,boboobooobooboboooboo,ooobooboboooooboboon
OO0O0000. 000 SIMPLE, 000 NESTED, 00OO0OOO00DO.

5 OpenMPOOODDOO

5.1 SIMPLEOOOO OpenMPOUOOODOO

OpenMP OO, OpenMP O OO ODOOO0OOOODOOODODO, parallelD00O00O, for0000O0O
oo0oo0oO0oooooOoO0ODODOOOO0.
parallel 00O O0O0ODO0O,

#pragma omp parallel
O

g,gbogboo,oboboooboobboobooboobbooboo. booboobbod
gboooboobooooobooon.
parallel 00O O00D00OO0O00ODOOOO0OOO0OODOOOOOO,ODO00000000DOOOO
oooooooooooOo,oo0gosepMDODOOOOODOOOOO.
O000,00000000(@OO000)0,for00000000, worksharingOOOOOOO.
SIMPLEOOOOOOOOOOOOOOOO.

#pragma omp for
for (i = 0; 1 < n_times; i++) {

results[i] = init_and_do_steps(H, T, n_sweeps, 1i);



OO000,parallel 000000000 O0OOOOOOODODODOOCOOOOOOOOOOOOO. O
oooooobooooboboooobon0,bb0o0n oMPNUM_THREADSOOODOO.

000000, static (0000000, 000000000000000), dynamic(OD0O0OO
00000000000000000),guided (00000000 OO0OOOOOO)00O,000
oboo0,00000staticO00O0. OO0, 00000000000000000000000AO
oooooo.

OooooooooUoOooo,o00dd for0000O0O0DOOCOOO0O. OOO continue O
break 000000, 0000000C00O00O0DOOOOOODOOODO,O00D0C0. 00O0DO
ooo0oo0o0o0o,000000o00o0o0Do0oooo0 (o0 yo0o0,000 (CO00
+00 x00OOO0OUOOODOoOoOoO0)00ooDOooOoooOOO.

OpenMP O, 000000000C0OO0O00OO,000000000000QCCOOOODOOOO
OO00,00000000D0resultsd,0000000O0O0DOOOOODOOOODOOOOODO.

5.2 NESTEDUOUOUOO OpenMPUOOUOOONO

OpenMP OO for 000000000000 OOO,00000000 (perfectly nested loop) O
O00,00000000000000000000. 0000000DOOO0,000000000
000 (00o0oooUO0)00Do0o0DoOO0oUoO0O,0000000D00O00. 0oo,

for (...) {
S1;
for (...) {
S2;
}
}

gbooooobooooobooon,

for (...) {
for (...) {
S3;
S4;
}
¥

O00000.000000000000000000O,for00000 collapse(D00)0000
O00000000000.200000000000A0, collapse(2)000.
OO0 NESTEDOOOO,00000C0000O0O0O00O00DOAO.

#pragma omp for collapse(3)
for (h = 0; h < n_Hs; h++) {
for (t = 0; t < n_Ts; t++) {

for (i = 0; 1 < n_times; i++) {



results[h] [t] [i] = init_and_do_steps(H, T, n_sweeps, seed);

gboooogo,3ubooooboobooogooboon.
ooocooobooog,

for (i = 0; i < n_times; i++) {
H= ...;
for (j = 0; j < H_times; j++) {
T=...;
for (k = 0; k < T_times; k++) {
seed =

results[i] [j][k] = init_and_do_steps(H, T, n_sweeps, seed);

}

gbooobooobo,oboobooboon.

5.3 OpenMPO0ODO

OOo0OCOOQOOO0DO,000000000 for0000oooggd, OpenMP O parallel DO OO O
for00D00OO00DOOODO,O0000000,00000. for0D000O0DOOODOOODO
O,0000000000DOo0O00oo0ooo0 frO000DOOO0,0000DOO0O0DDOO
booooooooooobooboobobobobo,oboo0b00ob0obobobo. oboo, oo
gboboobOoboooobooooobooboooooboooooboobooon.

OO0 OpenMPOODOOOOOOOODOOOODOOOOOO. ODOOOO,0000000DCC
0000,000000000000000000000. 000000 (@O0000o0o000oo
0000000)000000000000000. 0000000000000 0D0O0DO0O0O0
oboboobOobooooo,obooooboobooobooboooon.

OpenMP 000000000 DOOOODOOOOOOODO, OpenMP 300000000000
Otask0OOOOO0O. OOOOOO CikkO,0000000000O0. O0O000ODOOO0ODOO
gooooQooooo,0o0GGeccoooooooOoOooOoOoOoOooOooo.oooooooooo
coooOo0oO0oobOoOo0ooooO0oOoooOo0ooDooO,0000b0o000oDooOoooDog. task
oboooobooboooobooooobobooooobooooobon.

gooo,00000oooobo0oogoooooooooooooooooooDDoD cikOoOooo.

6 CilkkOOOOOO
6.1 CilkkODO0O

CilkkOO MITOOOOOOOOOD, OOO Intel O, Parallel Building Blocks DO OO0OOO
OO0ooooOdO,Cikplusd0O0O. 0D0O0O0O0ODOOOODO.



CilkOO,spawn 000 syncO0O0O00O00O0O0OOO0O0DODOCO. DOQOOOOODD,00000O
googobooobooboobooog.

cilk int fib(int n) {
if (n < 2) return 1;
else {

int x

spawn fib(n - 1);
int y = spawn fib(n - 2);

sync;

return x + y;

}
gooo,

spawn OO OO0
goo,

spawn U0 =000000O

ooooooooo,boobooooobooobooobooob. oobo,0o0o0boo0oobo,o0o0o0n
ooooooobooooobon.

sync;

O,000000000D00000DO0D00O0DOO00.00DOOd,sync0000DOOOOOOOO
O00o000ooOo0oooooo0DooooOooooUoDoO. oopopogoogg, fib(a - 1)
000 fir(n - 2)0000000DOOOODO.

Spawn OO0, 00000 Pthreads 0O00O00OO0OD0OOD0OOO0OOOOO,000O0O0DOOO
(pthread create) 00000000000 UOUOUOOUO,0000O0 PthreadsOOOOOO
OO00oo0d0ooo. 00o000oDoOooooo,000 fb000000000O00O0O0 spawn
ooooooooooo,000gooooooooobo.boooboobboboooboO,spawnd00Od
00000000 (spawn 00000000000 DO,00000000000000D0O0O0OOO
0000000)0,0000000,workstealingDOOOOODOO0OOOOOOOOOOO. O
00000000, MultilispOOOODO Lisp000000000O00OOO, Lazy Task Creation [3] O
ooooooog.

Lazy Task Creation 00,000 (0 0O000OO0O0O0O0O0OO0O0O0OO0)00000000O0O0OOO
00000000000, 000 main0000000000O0O0OOOOOOOO (busy)yDOO.
CilkDOO0OOUOO0OO0OO0OOUOO0OO0OOUOOOOOUO (-mproc)0OODODO.

BusyOOOOO,0000spawn 000000000 OOOOOODOCOOOO,00D0O00. O
OO0,00000 AO

x = spawn fib(n - 1);
O00spawn 0000000, A0 fib(n - HDOOOOOOOODOOO. AQ fib(n - 1) OODO

000000,00000000000000000, A0 fiv(a - 1)O0O0O,000000 (...0
00— fib(n - DO0O0O0O0)00O000O. O0D0OOO,0000000000D00O0O0ODOO



OO00O. AD fib(n - 1)) 0000000000 ODOOOOOODOO, fib(a - HOOODO, 00
0000000 (work stealing).

0000000000 (spawn) 00, 00000000O0O0OOOOOOOOO, 000000
O0000bO0o0O0obOOobOOoooooOooOonD,workfirst 00 O00OODOODODO. OOODOOO
goo,gobboooboboo, oo boboobobbooooooobbbbbooooouobbo
goooobboobobobbbbbooooooo, oo bbb oo oooobbo
(parent-first 000 O 0O0O0OO).

spawn 0000000000 spawn 00000000, 000 busyOOOODODO,D000 steald
goooobboboooo,uobbb,spawn 000000 bboo0—0O000ooobn
googbo,0obooboobo—g0ogoo.

O0,work-first 10 00000D0D0O0D0ODO, workstealingO OO, 00000000000O00O0O
goodbo,ob0bobobooboooboobon.

e JOODOOOOOOOODO,spawn 0O 0OOOOODOOOOOOOODOO,O000000A0C
goo.

e J00,00000D0DOCOOOODDO.DODO,workstealingdO,00000000O0OO
ooooboooooag.

e Work-first 000 O00OO0D00ODOOO, workstealingOD OO0 O OO0OOODOOOOOOOOOO
00o0o00o0.0o00o00o,00000000000000 (bOOD0D0oL0oDOooOoooOo
0000000o0o0o0)ooUOoOd,spawn U000 0O0O,0000000000O00OO0.

ooo0oOoooOoOOoOooooboOoboOooboD,b000boDbbo0o0oooO,0b00000D00, parent-first
000.000,0000000000,0000000000000000000000 (spawn O
00000000, 0000000000000)0000000,000000000000000
gboboobooboooboboooooboooobobooobooboooobo.oboOo,obo0o0aon
ooooooobooooooon.

Work-first 00 0000000000000, spawn 0000000 (D0)000000OO0OO
0,000000000000000O0000OO0O00. DODO0O00O0DOOOOOOOoOO (O
0000o00)0000U00o,0000000000000U000O00U0O0O00DUOoOOO0OOg
o,0booobooboobooboobobooooboboboooboooboon.

6.2 SIMPLEODOODO CilkOOOOODO

MITOOOOOOOOOOOOOO0O00O00O0C CilkOOOO for 0000000000000
0000000000000000, OpenMP O worksharing for 000000000000000
00,200000000000000,000000000000000. 000,000 SIMPLE
0000,00000 [0,ntimes) 000000 [¢,b)0,0000000000000000000
00o000000000000.

oooo,

/+ [10,i1) 0000000000 =*/
cilk run_sims_rec(int i0, int i1, ...) {
if (10 + 1 == i1) {
/* D00000000 =/



seed = ...;

results[iO] = init_and_do_steps(H, T, n_sweeps, seed);
} else {

/+ 00000000 200 =/

int ic = (i0 + i1) / 2;

spawn run_sims_rec(iO, ic, ...);
spawn run_sims_rec(ic, il, ...);
sync;

}
oooooo,ooa,
run_sims_rec(0, n_times, ...);

goooo. ooo, ... ODO0OO,000000D000000000000000.ODDODODbODOO
000, results, H, T, nsweeps U000 00O (DO0OOOOOOO)OOODO.
goooooooobooooa,

if (i0 + 1 == i1)

oooooooooob,200b000ooobooooboooobobobooDooboooDoboooo

go.boboobooobooooooooobooobobooobooooooooobo,bbooooa, o

gbooooOobooooboboo,00oobooboooobooocoobooboooooon.
gooooowooooooboooooboboooooboo,

if (i1 - i0 < 10)

oooooo.

000000000000000000000,000000000000, spawn000000
000000,00000000,000000000000000000000000. Spawn O
000000000000000000,000000000000000000. 00000000
00,0000000000000000000000000000000,0000000000
0000 (0: 1% 00).

000000000000000,000000000,000000000000000000
0000,spawn 00000000000000000000000,0001000000000
ooooooooo.

6.3 UOUooooO
obO,0000000000000000 spawn0O0O0O0:

for (i = 0; i < n_times; i++) {

seed = ...;

results[i] = spawn init_and_do_steps(H, T, n_sweeps, seed);
}

sync;



O,0000000000000000D0D0O0,0000000D0000000000O0,00000
000000oO00ooooooo. 000000, 0000spawn 000000000 OCOOOOOO
O0.0000000spawn0000000,000spawn0000000O0DOODOOOOO. OO
0,000 work stealingO0 OO0 D0OOODOODODOO.

000000000000, workstealingOOODOOOOO0O0OOODOOODOOODOODOOO. O
00o00o00o00o0ooo0o0ooo0oooo0ooUoO,o@UDL)0ULDO0DOO0O0. 00O
oooo,20000000000000D0000,

spawn run_sims_rec(i0, ic, ...);
spawn run_sims_rec(ic, il, ...);
0000 runsims_rec(i0, ic, ...) 00000000000, 000000000000000,

OO000000 workstealing OOOO0OD0. OOOOO0OO0OOOOO0OOOOOOO.
gbooooooooo,0obobobobooboooocooo. ooo,00b00obo0obOooboon
000 (0000000000000 000DO00D) 000000, ntimes000D00OODODOO
00,000 log(ntimes) 0000000 0D0OOD0OOD0OD. 0OOD0O0OD0OUOOODOUODOUOOOOOO
ooooooo,bobooooobooooog:

00 spawn init.and do_steps(H,T,nsweeps,seed); 0000000
00 results[i]=0000000

+1

000.00000,00000000 O(n_times/log(n_times)) J00000000000.

0000000000,000000000000000000000000000000000
0000000000000. 000000000000,000000000000000. Intel
00000000000 CikPs00000000,00 for00000000000.

Cilk0O0OD0D00,000000000000000000,O0penMPOOOO,0000000
0000000000000000000. 000,00000000000000000,000
000000000000,000000000000000000000,0000000000
oooooo.

6.4 NESTEDUOUOOO CilkODOOGOOO

OO0 NESTEDOOOOOOOOOOOQOOOOOOOOOO?00OOO,00000 nHsxX
nTsxntimes UOO0O0 20000000000000. 000000 20000000000
oooogooo,booooooob,0oboooboooooobobooboooobbooboooooDo, o
ubooooobooooog.

gboboooooooobooboobooooboobooobooooboo,oboobooobooooaon
obO,000000000000b00000000.

cilk void run_sims_rec(int hO, int hl, int tO, int t1, int i0, int i1,
double HO, double dH, double TO, double dT,
int n_sweeps) {
if (h1 - h0 > 1) {
spawn run_sims_rec(hO, (hO+h1)/2, tO, t1, i0, i1, HO, dH, TO, dT, n_sweeps);
spawn run_sims_rec((hO+h1)/2, hi1, t0, t1, i0, i1, HO, dH, TO, 4T, n_sweeps);

sync;



} else if (t1 - t0 > 1) {
spawn run_sims_rec(hO, h1, tO, (tO+t1)/2, i0O, i1, HO, dH, TO, dT, n_sweeps);
spawn run_sims_rec(hO, h1, (tO0+t1)/2, t1, i0, i1, HO, dH, TO, dT, n_sweeps);
sync;

} else if (i1 - i0 > 1) {
spawn run_sims_rec(hO, h1, tO, t1, i0, (i0+il1)/2, HO, dH, TO, dT, n_sweeps);
spawn run_sims_rec(hO, hl, tO0, t1, (i0+i1)/2, i1, HO, dH, TO, dT, n_sweeps);

sync;
} else {
/¥ 000000 =/
double H = HO + hO * dH;

double T = TO + t0 * dT;
int seed = hO * n_Ts * n_times + t0 * n_times + i0;

results[hO] [t0] [10] = init_and_do_steps(H, T, n_sweeps, seed);

gobooobooooboooooo,0coobocoo,oo0booobooooooooooo. ooo
ooO00ODOOO00O0O000oOOODODOO0O0000,0000b0oODbbOO000 Lazy Task Creation
googooooboobooon,

e JO00O0O0OODOODOODOODOOOLOOODODOODOODOOOODOOO
e JO0O0OOOD20000000ODOO

e JOOODOSOOODDOOOOD

e JOOODOODODODO

000oO0o0oO0o0oo0o0o0o0o0oOo0. 00000000 oo0o0o0o0o00oO00o0o0O0000n
0,.000000000000000000000.

00,00000,00300000(000)00060O00O0O00O0O0UOODODOOO,3000
O000ooO0o0ocOo0oo0oo0o00ocO00. 000000000000 O00O0O000000000n
O,0000000000100000000. 000000000000, TBB, Chapel, X1000O
0,0000000000000.

0000000000000 000000,0000000 workstealingOOOOOOOOOO
0000000,000—ht -ho)00000,0001000000—-000000000. 0O
ooo00000ooooooO0o000O0ooooooO0, 000000000, booOoo0oooog,
oooooooooooooooo—oo0o0000—000000000. 0000,00000
00000000000, 00000o0oU0oo0oo0oooboooo0/o0D0oooUoo
oooooo.

ocooooooo,3oooooboooooooooooooooooOoOoboboobooooOoOo,obobo
00000000000 (Orthogonal Recursive Bisection; 00 00000). D000O00O00OO
oo.

cilk void run_sims_rec(int hO, int h1l, int tO, int t1, int i0, int i1,
double HO, double dH, double TO, double dT,



int n_sweeps) {

if (h1 - hO > 1 & h1l - hO >= t1 - t0 & hl - hO >= i1 - i0)) {
spawn run_sims_rec(hO, (hO+h1)/2, tO, t1, i0O, i1, HO, dH, TO, dT, n_sweeps);
spawn run_sims_rec((hO+h1)/2, h1l, tO, t1, i0, i1, HO, dH, TO, dT, n_sweeps);
sync;

} else if (t1 - t0 > 1 && t1 - t0 >= i1 - i0) {
spawn run_sims_rec(hO, hl, tO0, (tO+t1)/2, i0, il, HO, dH, TO, dT, n_sweeps);
spawn run_sims_rec(hO, hi, (t0+t1)/2, t1, i0, i1, HO, dH, TO, dT, n_sweeps);
sync;

} else if (i1 - i0 > 1) {
spawn run_sims_rec(hO, h1l, tO0, t1, i0, (i0+il1)/2, HO, dH, TO, dT, n_sweeps);
spawn run_sims_rec(hO, hil, t0, t1, (i0+i1)/2, i1, HO, dH, TO, dT, n_sweeps);
sync;

} else {
/« 000000 =/
double H = HO + hO * dH;
double T TO + t0 * dT;

int seed = hO * n_Ts * n_times + tO0 * n_times + i0;

results[hO] [t0] [10] = init_and_do_steps(H, T, n_sweeps, seed);

}

00000,0000,000000000000(@O60000)000O00U0ODOOOOOODO
u.ooo,gbobobobobooooooobo,obobobobobobooooobooobooon
000000000000 00O0O,0000000000 TBBO, Chapel, X10O0OO0OOOOOO
oooooooooon.

7T 0D000DOOO0OOOOOOOOO0OOOOOD(TBB)ODOOO
O
71 TBBUOOO

00000000000 O00o00oOo0ooo0o (TBB)O,000000 C++000000O00O0O
oOooooooOooooogooo. OopenMPOOODOODOOOODOOOOODOOOODDODOGO,
googoobooo,boobooboobooboobooboobooboo,boobooboo
goooooboooobon.

ooo

e 00DODO
e 0ODODO
e 000O0OOD (0DODODO)

e OOOOODO



gb,gbboobooaoboabodoboobobooobobobooboobooboad.

googbooboobboobobooobooobooboob,0oboo,boobooboobog
OoO0o0o0oO0O00. OpenMPO forOO000O0OO0OOOOO, parallelfor000000OD0ODO. OOO
oboooooooo,oboboboboobooboooboooo. ooooboo,bobo0o00o0ob0oo0ooon
gbooboobobooboa,boabodabo,gbgobuoobooboobooabooobooabood
goooo.

parallel for(DODOODOOOOODOODOO,
ooooooboooooboboboooobooooooog

000,00000000000DO0O00OOOOoD, TBBOODOOOOOODOOODOOOO, =
a,...,b—10000000000000 blockedrange , 200000 (00 )0 00O blocked range2d
00000. 000000000000 o00O,00000000O0O000 (DUDOoODOOO 200
000000O0000o00)00oooooooooooooao.

000,000000000000000D0O0O0O0,000000000,00000 operator()
O0000. 000000, 000000000 TBBOODODOOOOOOODOOOO,000000
oo0ooooooooooooo.

7.2 SIMPLEOOOO TBBOOOOOO
OO0oooo SIMPLEOQOOOOOOOOO TBBOODOOOODOOOOODO.

parallel_for(blocked_range<int>(0, n_times),

apply_init_and_do_steps(H, T, n_sweeps, results));
OO0, apply-init_.and dosteps DU OO UOODOODOOODOOODOOODO.

class apply_init_and_do_steps {
double H;
double T;
int n_sweeps;
sim_result_t results;
public:
apply_init_and_do_steps(double H, double T,
int n_sweeps, sim_result_t results) {
this->H = H;
this->T = T;

this->n_sweeps = n_sweeps;
this->results = results;
}
void operator() ( const blocked_range<int>% r ) const {
for( int i=r.begin(); i!=r.end(); ++i ) {
seed = ...;

this->results[i] = init_and_do_steps(H, T, n_sweeps, seed);



OO00000D00O,operator() 000000, 000000D0CO00DOO00ODOOODOOODOO
ooooo.

TBBO CilkkOOO,00000000000C0OOCCOOOOOOOOOOOQOO. parallel_for
00000000000 000D00 parallel forOOO0O0DDOO.

goooooooooboobooobooboooboooboooboobooobooo,oboo0oobooo
OO0 parallel for 0 0000000000000, 000000000D0DO0O0.0D0DO0OOCOOO0OO
O, parallel for 0000000 O00OQOOO,00000000000000000O0O0O0000OO0O,
0000o00o000ooO00ooooO0,000d00000000000o000Un (Doooooo
000000)00000000000,00000000.00,00000000000,000
gbooooobooboo,0boobooobooboooooobobooooobooboo,booooaon
Oo00000O0opooooOoOoO. openMPOOOOOOOOOOOOOOOOOO,00000CO
ooooooboooog.

C++0x000 C++0000CO0OO,0D0DODOOODOO0O0O0O0,00D0D00ODOOOOOOOO,
gboboobobooooobooooboooooobooog.

#include "tbb/tbb.h"
using namespace tbb;
parallel_for(blocked_range<int>(0, n_times),
[=] (const blocked_range<int>% r ) const {
for( int i=r.begin(); i!=r.end(); ++i ) {
seed = ...;
this->results[i] = init_and_do_steps(H, T, n_sweeps, seed);
}
b;

[=l0D0 40000800000, 0000000000000 0ODDOODODODOODOO,0O0DODOO
oboobooobOoboooboooobooboobooooobo,00o00oboob0oo0ooOoonn
goo.

goooobooooobooobooooooobo,ooooo0booobboobooooobooo
oo0oooo,0000000 C++000000000000O0O0O00O0CO0O00O0O.

73 NESTEDOUOUOO TBBOUOOUOOOD—30000O0ODO

TBBOOOO,000 NESTEDOOOODODODOOODODOODOOODODOOOO?

000000 parallelfor 0 300 0000000000000 0O,00000000000OO
0000000,0000000000000D0D000 operator() 00 0O0O0ODODODOODOOO.
000000000 00O00DO00oOdOo,0b0d0oo00oog,doogn TBBOO, parallel_for
OO00o0ooooo,0000000000ooo00oooo0oooo0Oo0,00ooo0oooog
O0O00D00D00O00O. 0000 blocked-range2d, blocked range3d DD O DO OOOODO. OO0
0000000000,00000000 blockedrange3dd DODOODOO for0ODO0O,

parallel_for(blocked_range3d<int>(0, n_Hs, 0, n_Ts, 0, n_times),
apply_init_and_do_steps(HO, dH, TO, dT, n_sweeps));

ogooooobobo, 3o gguooboboboooooooUogg. goggo
operator() 0D 00OO0ODO.



void operator() ( const blocked_range3d<int>% r ) const {
for( int h=r.pages().begin(); h!=r.pages().end(); ++h ) {
for( int t=r.rows().begin(); t!=r.rows().end(); ++t ) {

for( int i=r.cols().begin(); i'!'=r.cols().end(); ++i ) {

double H = HO + h * dH;
double T = TO + t * dT;
int seed = h * n_Ts * n_times + t * n_times + i;

results[h] [t] [i] = init_and_do_steps(H, T, n_sweeps, seed);

}

joooooboooooo,oo,0boboo0o0ooooobbooooooooobooooo.oooon
OO00OO00000ODOO0O00000ooOb0o00OoO,0b0D200000000A0. blocked_range2d
(00O blocked range3d) 00000000000, 000 (0O0O0O0OO0)0000O0UOOO 2000
O,00000000000. 0000000000000 0O0,30000, Adaptive MeshO OO
obooooOobooooboboo,000obo0oboooooobooboooooboon.

8 MPIOOOOOO
8.1 SIMPLEOOOO MPIODOOOO

ooooooooooooooboOooooOoo00ooOo0ooooO.booooDboOoOoo MPIDO
O.00000000DOO0C0O0000O0DDOODO0O0O0,0000000DO G, C++, FortranO O
ooooooboooog.
spPMDOOOOOOOOOO,000000000000000000OCOO0000OBOODOOO
(MPI20000000000 PUT/GETOOOOOOOO).
OO00000DODOO0O0000oooOo0, OpenMPO forO00 staticOOOOOO0O0O0ODOO
oodd. OopenMPOOOOO,000D0D0DODOCOO0OO00ODODOOOOO0OODODOOOOO
000,0000000,00000000000 (DODD0O0O0C0DOoOUOOODO)ODOOOOOOO
OO0O00o0o0,0000000.000000 MPI.GatherOOQOO.
SIMPLEODOOOOODOOOOOODOOOOO.

int n_per_proc = (n_times + THREADS - 1) / THREADS;
int begin = n_per_proc * MYTHREAD;
int end = begin + n_per_proc;
for (i = begin; i < end; i++) {
int seed = ...;
my_results[i] = init_and_do_steps(H, T, n_sweeps, seed);
}
MPI_Gather (my_results + begin,
sizeof (sim_result) * n_per_proc, MPI_BYTE,
results, sizeof(sim_result) * n_per_proc, MPI_BYTE,
0, MPI_COMM_WORLD) ;



THREADS, MYTHREADO OO OO, 0000000000,000000000000(0O0OO
OUpCOO0OUOOOODOOOOOOODOO)

O0,MPLGathee OO0, 0000000000000 DO00OO0COODODOO,OD00000CO
000000 (results)0000,00000000000 (myresults)J0OOOOOO.00O,
gboobdbgbobooboboob,obobobooboboobobduobdl, my_results
goooboobooboobooboon.

82 NESTEDUOUOOO MPIOUOOOODO

NESTEDOOOOOOOoog?

gboooooboooboooooboobooooobooo,0cobooboboocooooboOoo,booboon
00000000000000—PO0O00O00000O0O0OOU (nHs xn.Ts Xn_times)/P 000
goooooo—-ooobo.oboobooboobooboobo.oobooobooboobooao
obooooobooboooooboo,oo0obobooooobooboooocooOo,ob00obooooon
gbooooooooboobooog.

int n_per_proc = (n_Hs * n_Ts * n_times + THREADS - 1) / THREADS;
for (h = 0; h < n_Hs; h++) {
for (t = 0; t < n_Ts; t++) {
for (i = 0; 1 < n_times; i++) {

int thread = (h * n_Ts * n_times + t * n_times + i) / n_per_proc;
if (thread != MYTHREAD) continue;
double H = HO + h * dH;
double T = TO + t * dT;

int seed R

my_results[h] [t][i] = init_and_do_steps(H, T, n_sweeps, seed);

}

MPI_Gather (((sim_result *)my_results) + MYTHREAD * n_per_proc,
sizeof (sim_result) * n_per_proc, MPI_BYTE,
results, sizeof(sim_result) * n_per_proc, MPI_BYTE,

0, MPI_COMM_WORLD) ;

obooooobooooboboooooboo.ooboooon,

oboooooooooon
gbooooogooboo

gooooo.

gboboobooboobo,boobobobooboboooboooboooooboooo.booooboo
gboooobOoobo.oboooobooo,0obo0obooooboobooboboooboOoboooaon
0000.000000000000000000000 (D00 £1)000,fi00000000
goooo.

int fi;



int n_per_proc = (n_Hs * n_Ts * n_times + THREADS - 1) / THREADS;
int begin = n_per_proc * MYTHREAD;
int end = begin + n_per_proc;
for (fi = begin; fi < end; fi++) {
int h = fi / (n_Ts * n_times);
int t = (fi % (n_Ts * n_times)) / n_times;
int i = fi % n_times;
double H = HO + h * dH;

double T = TO + t * dT;
int seed = h * n_Ts * n_times + t * n_times + i;
my_results[h] [t] [i] = init_and_do_steps(H, T, n_sweeps, seed);

}

MPI_Gather (((sim_result *)my_results) + MYTHREAD * n_per_proc,
sizeof (sim_result) * n_per_proc, MPI_BYTE,
results, sizeof(sim_result) * n_per_proc, MPI_BYTE,
0, MPI_COMM_WORLD) ;

O0,000000000 MPILGatheeOOOOODOOO—DOOO0OOOOOOOOOODODOO
ob0—0o0,00b00bo0oon.

e results, my results 00 0000000000000 30000 (0000000000000
00000)000.CO00,0000000000000000000,000000000
000D0,0000 myresultsfh][t][ij 000 000000000000000,000000
000000000000000000000000000 (0000000000). 000
00000,0000000000 MPLGathee 10000000,

e JUIDODOOODOOO,3000DLDOODLDDOUOOODOOODDLDOODD. bOoOOD
O,000000000000000O0O0COOO0O00O0OODOO, 00 MPIGather OO
oooog.

gboboobooboooobobooooboo,oboobooobooboooobobooooobon.

9 UpCOOOOOO
9.1 UpPCOODO

UPC (Unified Parallel C) O, SPMDOOOOOOOOOO, OpenMP O for000OO0OOOODO
00000000 worksharing for 0 O (upc_forall), 00 000000000000, 00,0000
doodoodoooooooo,codndoonooooooooo.

go,0boofdogoobbbdo,0gbbbooog, bbb oo0oobbooboooooo,
shared DOOO0OODO.

shared double x;
shared double a[6 * THREADS];

O00 THREADSO O OOODOOODO (DOO0)OOO UpCOOOOOOO. MPIODOOOOOOO
ooooovupCcOOOOOOOOO.



Shared 00 (x) 0,000 0000000000000O0O. SharedOO (a)0, 00000000
000000000U00oo00 (Co0oooO0)oooooUooD.Oooo,IDo0OUO0OO alol,
a[THREADS], a[2*THREADS], ..., a[B5+THREADS],ID 1000000 al[1], al[THREADS+1], a[2*THREADS+1],

., a[6*THREADS+1], ... 000000000000, 00000000 60000000000
go.

gooobooobooboobooboobobobobobooboon,

shared[3] double a[17 * THREADS];

0000,shared00000000O. 000,300000000000000000000000O.

vpCOOO0OCOOU0O00OO0OOU0O0OOOOOUOOOOOOUOOOOOOOOOOO (dynamic
translation 00 ), 00 0000000000000 O0OOO0OO0O0OOOOOOO sharedDOOOO
O00000.000000000000000D0O000DODO000DOOOO00,0000000
ocooooogooo.

Dynamic translation 00O 0O, 000000000, shared 0000000 THREADSO OO OO
O,00000000000000000000000O0,shared00000000ODOOOODOO.
000 6 * THREADS, 17 * THREADS O 0000000 ODO0OODO. ODODOODOODOOO,D000
oJO0oDoOoOoOoDOooOoOooDoogoo,ooo,

shared[] double a[100];

obooo,0000b0o0oboobooboocooooobo. bobooo,ob00ob00ob o0bObOoOOn
gooo,0o0obooboooooo.

shared[] sim_result results[n_times];

SharedDO0OODOOOOOOOOOOCODOODOODODOOOOOODO. DODOOOOODOOO
000000,0000000000 (shared0000)000000O00, 00000000000
000000000000 00000000O0. 00,shared0 00000000 O0ODOO0ODOOOO
Oo0oOooo.0o00ooooooooooooon.

Worksharing O 00 upc_forall0, 00000 forOO0000O0OOO00ODOO,000000 OpenMP
Ofor0000ODOOODO.

upc_forall (init; condition; increment; affinity) O

000000, 000 i, condition, increment0 000 CO for 000 OO00OODOOOO. OO0
00O00O0D0Od, OpenMP O for 000000000000 ODOO. OOO aeffinityd, 00000
0000000000 ID0O0O000. 0000, (affinity % THREADS) D IDODOOO0OOOOO
OO0O0ooooood. OpenMPOODODO, static, dynamic 0000000000000, 0000
00000bO0o0obOoOOo0obOOooboOo. Oobo,dynamic0000OO0ODOOODOOODOOODODOODOO.
goo0ooOdooooobooooooOo,0oooooooo.

9.2 SIMPLEOOODO UPCOOOOOO

00000000, 000 SIMPLEOODOO, OpenMP O static 00000000000000
oooooo,



n_per_proc = (n_times + THREADS - 1) / THREADS;

upc_forall (i = 0; i < n_times; i++; n_times / n_per_proc) {
seed = ...;
results[i] = init_and_do_steps(H, T, n_sweeps, seed);

}

upc_barrier;

O00. shared00 results 000000000000, 0000000000000 DO0OOOO
oo.

upc_barrier 0 , upc_barrier 0 000000 shared DO 000000, upcbarrier 00, 00000
OO00oo00ooo0ooooooooooooooog.

0000 OpenMP O staticO OO0, 0000000000000 OODO,00000000000
ooooooooooooooo,0oooog,

upc_forall (i = 0; i < n_times; i++; i) {

seed = ...;

results[i] = init_and_do_steps(H, T, n_sweeps, seed);
}

upc_barrier;

gboboobOoboo.boooobobooooobooog.

9.3 NESTEDOOOO UPCOOOOODO

000000000000 000000, 0000000000 offinity0000, 00000
continue 00000000 0OO0. O0O00OO0,0000000000000O00O0O0OOO. OO
OO0000O0O00DOo0o00DOo000O0O00bOODO,00000000 affinityd0O0O0OOO
goooo.

O00,000NESTEDOOOOOOOOO0O0O0O0O0.

int n_per_proc = (n_Hs * n_Ts * n_times + THREADS - 1) / THREADS;
upc_forall (h = 0; h < n_Hs; h++; continue) {
upc_forall (t = 0; t < n_Ts; t++; continue) {
upc_forall (i = 0; i < n_times; i++;
(h * n_Ts * n_times + t * n_times + i) / n_per_proc) {
double H HO + h * dH;
double T = TO + t * dT;

int seed h x*xn Ts * n_times + t * n_times + 1i;

results[h] [t] [i] = init_and_do_steps(H, T, n_sweeps, seed);

3

upc_barrier;

cooooooooooog,vupcOo0boOoOoOooOobOO0ooOoDO,0b0DOOoO0O0OoDOOOg, O
0000000000000 0000, affnity000000000 ID MYTHREAD)OOOOO



OOo0ooO0oO0OooO. oooo,000 MPIOOO NESTEDOOOOOQOOOOOOOOOOOOO.
gboooboooboobooobooboobboobooboobooboobon.

OO0O0Q0 UpPCO SPMDOOOOOO, worksharing for 1000000, MPIOOOOOCOCOO
oboooooboooboo.ooobooooboobo,booooboobooboobooooboOobooon
gboooboabodao,gbodgbogboooooobaon.

10

Chapel OO O OO

10.1 Chapel 00O

ocooooooooooobooo,0ooco0ooooboooooo MPIDOO UPCO,000O
SPMDOOOOO0O0OODOCOOOO0O0.00000D0D0QODO ChapelD0OD0 X100,000000
boboobobooooobooooboboooooboooo,ooobooooobooon.
Chapel0 CRAYODODODOODOOO,OOOOOOOOODOODDDODOO.

1.

2.

Java/COO0,00000000000,00000000000000000O0OA0.

gooboobooobooobooobo—-oboobooboo—0000000. booboa,
0000000 (fora) DOOODOOOO.

vpCOOOOOOOO,0000O00O0O0DOO0ODOUOODOOOOOOOOOOOOOO. UPC
0000,00000000000000D0,00000000 (CoOooUoO)oooooo
oo,00000booo0.boobooboboboooobooboooobooo.

gbobooouobobobooooboobobooooooboo,ooobobobooooon
goobooooobooo,oooooobocoboobooobo. cobooooboboo,0oooooon,
00000000000000000000000000,000 (lecale)D0O0O0OoOoooOnO
ooooooo.

.000000,00000000 lecale000O00OO0OO0OOOO (onOO0)00O0OOO

0.000((@00)0,0000000000lcaled000000OO00OO0OODO.

0000000000 000Oo00ooo0o0o,000000000000U00o0O (record
0000),000000000000000000000,00000000000000OO0
gboooboooobooboooooboooooboobooog.

TBBOOOO,000000 (range), 00 000000000000 (domain) 000000
00,000 for000000OO,0000D0O0000DDOO0ODOOOO,000DOO00OO
O00o0oooo.00ooooooooboo,000b0Db0O000 domainD0O000O0000OO
oo.

000000 domain 0O OO0OO0OOOOOOODOOOOO,00000,00000,000
gbooobog,0o0booboooboon.

DomainO000O0 locale 000000 (D0)00000OO0 mapped domain 000,000
ooooooOO0O0000,000domain 0000000000, 000000AD0O.

ugboobobogooobobo,bobobooboboooboboobd,onbgoboobogbg
oooOo0D,00b0b0b0cobpobOlecaleddnbOoooon.



10.2 ChapelO0OD0O0OO0OOO0O

OO00D0O0O00DO0O0000O0000O00. DO primitive d000 begin 000, Cilk O spawn
O,00000000000DOCOO00000DODOOCOO0000,000000O0DDDOO. beginO
Oo00oo00ooooooooboobo0ooDbboO0,sync0000D0DO single00OO0O0OD00O. ODOO,
O0000000ooOo0O0O000OooOoO0Oo00O0. 00000, 00000 fibO000 Chapel OO
ooooooboooog.

proc fib(n : int) : int {
if (n < 2) {
return 1;
} else {
var x = fib(n - 1);
var y = fib(n - 2);

return x + y;

gooooooo,c000ooooooooooooooooooo.
e 1J00DUOD,000 :0000000 (1000 : int).

e JOOODOO,0Db0O0O0vardbOOOO0O,0D0DbO00O00OOOOOODO,DO00O0O0O0O00OO
(0: 5000 var x = fib(n - 1)). 00O0O0O0O0O0OOO0OOO,0000000000
gooobo.oboobooooboobooooobobo,boo0ooobooon.

e JO0D0O0DODOOOIUIOIOOODODDODODO retwrn00000OCOOOOO,fiPOOOODOO
gbooooooooboobooooooa.

00,000 primitived begin O sync 000000000 OOOOOODOO.

proc fib(n : int) : int {
if (n <2) {
return 1;
} else {
var X : single int;
begin x = fib(n - 1);
var y = fib(n - 2);

return x + y;
+
ooo,

e 00 x0Oint000O0O,singleint 00OO0D0O0OOOODOO

e 000 x = fib(n - 1); 000 begn OO OODODOOO



OO000D0. CilkOO000 synced00D0000,return x + yOOOO xOOOO,000000
O000000000000000. Chapel0OD0OO0OO 100, syne00080000000O0
000000000,00000000$000000000000D000OO.

sync00O0 single00000000,000 10000000000O0O0O0DO0.DOO0O000O0O0OO
gboboobbooboboobboobo,gboaoboabooboa,booboabooaboabood
googob.ooboobooobgo,boobobobobooboobooboobobobooboo
O,0000000C0CO0000000000O0. 0000 fibOO0O0OO, singledO syncOO0O
OO000000,single0000O0ODOO.
gobobooobogob,bobobooobobobooboobobooboooob,bobobooa
goooboob. 000 syncd O,

sync {

}

oooooo,...00beginOOODOOOOOOOODOOOOOOOOO.OO0OODDOODOOOO
oooooooboooooooo.

OO00D0000 cobeginOODO. cobegin OO DOOOO0DOOOODOOOO0OOODOOOODO,DO
OO000000000 cobeginOOODODO. FibO cebegin OO OODOOO0O0DOOOOODO.

proc fib(n : int) : int {
if (n <2) {
return 1;
} else {
var x, y : int;
cobegin {
fib(n - 1);
fib(n - 2);

X

y

}

return x + y;

}

00 (ver 1.3.0)0 Chapel00 00, 10000 100 PthreedDO0OO00OO00O00O,00000
00000 PthreedDO0O00OD0OOCO,0000000.00C00000DODOOOOODODDOOO
O0000000,00001000 (locale)D000O0O0O0ODOOOODOOO.

10.3 0O0O0O0O0O0OO—Locale

O000000 localeD,onO0000000O. LocalesOOOO0OOO0OO0OO0O,0000000C
O localeD0O0000, 000 Locales[0]0 0000 locale 00000000000 O0OO. Locales
OO0000 numLocales 00 O0O00OO0ODOOOOODO.

ond doO

goo

)



on O {

000000,00000000000 locale0000000000.000 100 locale0O00
ooo,

on Locales[1] { ... }

goo.

104 00000 fordOd
00 Chapel 00,000 for00 0,

forO00 mOO0O0OO do
D .

3

good

forO00 in0OO0O0ODO {
U;

Ooo00o0o0o00O0. for0 foral0000000CDO for00,000000000000000Q00

gooooao.
00000000Q0O0ODO0O0000000OOODO0oUoUOUOOooOoO.Ogo,A0oOOd9y

gooooboobooooobooogooob.bobooooboobooboooboo

A : [0..99] int;
00000000000 00000000 f0000000 for0D0ODO.

forall i in 0..99 {
f(A[L]);

forall i in A.domain {

f(ALLD);

forall a in A {
f(a);



10.5 SIMPLECOUOOO ChapelOODOOOO

000 SIMPLEOOOUOOOUOOOOOOOOOOOOO.OO,000 (lecale)DO0OOOOO
ocoooooooogo. SspMDOOOOOOOOOO 10000000DODODOOOODD. OO
Ooo0o0o0000oooooooooooo0 onOOoOoOOOO. ODOCOQOQODODDO, kOO
goooooooo,boobooooobooo.obo0, 0000000, 00b000000000A0
0,000000000((@000000)ecaled 00000000, ODOOO0OOOOOO,0000
OO0000D0. Lecale 00 O0OO000O0ODOODOOO0OODODO,0D0locale00O00OODODOOO
O0,0000000000000000000 for0000. 000 lecaleDOOOOOOOODO
0000000000, ChapelOO0DOOOOODOOOODO,CilkO TBBOOOO,0000000
000 (Lazy Task Creation 0 000 ) 000000000000, O00,00000 localed OO
oooooooboboooog.

// [a, ) OO0, localed O [p, q) O localeODOOO
proc run_sims_rec(a : int, b : int, p : int, q : int,
H : real, T : real, n_sweeps : int,
results : [] sim_result) {
if (p+1==q {
// 1 locale 0 DOO0ODODDOODOOODOO forO O
forall i in a..(b-1) {
var isng = new ising(H=H, T=T, n_sweeps=n_sweeps, seed=i);
results[i] = isng.init_and_do_steps();
¥
} else if (a + 1 == Db) {
// 100000000000000
var isng = new ising(H=H, T=T, n_sweeps=n_sweeps, seed=a);
results[al = isng.init_and_do_steps();
} else {
// locale0 OO [p, g OOOODOO
var r = (p + q) / 2;
// 000000d, [a, p)OOO
var c = (a*x (@ -1) +b*x (r -p)) / (q-p);
// 000000000
cobegin {
run_sims_rec(a, ¢, p, r, H, T, n_sweeps, results);
on (Locales[r]) do

run_sims_rec(c, b, r, q, H, T, n_sweeps, results);

gooooboboboooooooooo,
e Locale0O0O [p,g)0 20000 [p,r)000 [r,q) OO,

e 000000D0000000D000000 [¢,b)00000 [a,¢) 000 [¢,b)00,



e [a,¢) O localelp,q) OO, [¢,b) O locale [r,q) 0000000000000 DOO0.

e 000D UDDO cobeginO OO, [r,q)D00ODOOOOODO localer 00000,

10.6 NESTEDOUOUOO Chapel00OO0OODO

NESTEDOOOOOODOOOO,ClkO0OO0O0O0OO0O0O0O0O0O0OO0O0O. OO, ChapelDOOOO
OO0 domain 0000, 00000000C000D0CO00ODOO0ODOOOOODODO. 0O0OOOO
gboooboooooboobooog.

proc run_sims_rec(dom : domain, locales : range, results : [ sim_result) {
if (locales.length == 1 || !divisible(dom)) {
// locale 100000000000 OOOOODOOODOOODO
forall x in dom {
var (h,t,i) = x;
var H = HO + h * dH;
var T = TO + t x dT;
var seed = h * n_Ts * n_times + t * n_times + 1i;
var isng = new ising(H=H, T=T, n_sweeps=n_sweeps, seed=seed);
results(h,t,i] = isng.init_and_do_steps();
}
} else {
// 00 localesO0ODOOODO0O
var p = locales.low;
var g = locales.high;
var r = (p+ q + 1) / 2;
// 0000000000004
var (sdom_0,sdom_1) = divide_domain(dom, r - p, q + 1 - r);
cobegin {
run_sims_rec(sdom_0, p..r-1, results);

on r run_sims_rec(sdom_1, r..q, results);

}

O00000,00000000000 (dom : domain) 0, 00000000 (locales : range) O,
000000000000 0000000. bomaind,00000000O0O0OOODOOODOO0O
O00D0OO0OO0OD0DOOO0O0O. TBB O blocked_range, blocked range2d D OO0 OO0O0OOO0DOOODODOO0O
ood.

Chapel00 100000 [a,b] ={z|a<2<b} 00000 range 0 a..b, 00 [a,b] X [¢,d] =
{(z,y) |a<z<bc<y<d}00000 domain0, [a..b,c..d] 00000000000 00O0
good.

goooooooooboooa,

run_sims_rec([0..n_Hs-1,0..n_Ts-1,0..n_times-1],

[0. .numLocales-1], results);



gbooobooabooaod.
O00D00D00 divisibleUDO O, domain 0000000000000, 00000 domain O
gboboobooboobooboooo.bobooooboooooboon.

proc divisible(d : domain) {
// d.dim(1), d.dim(2), 4.dim(3) 0000 30000
if (d.dim(1).length > 1) { return true; }
if (d4.dim(2).length > 1) { return true; }
if (d.dim(3).length > 1) { return true; }

return false;

proc divide_domain(d : domain, a : int, b : int) {
var 11 = d.dim(1).length;
d.dim(2).length;
d.dim(3) .length;
if (11 > 1) {
// 100000000
d.dim(1) .low;
d.dim(1) .high;
var m = (a* 1 +b*x (h+ 1)) / (a + Db);
return ([(1..m-1),d.dim(2),d.dim(3)],[(m..h),d.dim(2),d.dim(3)]);
} else if (12 > 1) {
// 200000000
var 1 = d.dim(2) .low;
d.dim(2) .high;
var m=(a*x1 +b*x (h+ 1)) / (a + b);
return ([d.dim(1),(1..m-1),d.dim(3)],[d.dim(1), (m..h),d.dim(3)]1);
} else if (13 > 1) {
// 300000000
d.dim(3) .1low;
d.dim(3) .high;
var m=(a*x1 +b*x (h+ 1)) / (a+ b);
return ([d.dim(1),d.dim(2),(1..m-1)],[d.dim(1),d.dim(2),(m..h)]);
} else {

assert(false);

var 12

var 13

var 1

var h

var h

var 1

var h

OO0O000O0O02000000000, dividedomainOOOOOOOOOOOODOO.



11

Xiogooooo

11.1 X10000

X100 IBMOOOOOOODO,0000000D0 ChapelDOOOODOOO.

1.

2.

JavaOOO,0000000000000.

goobodobooOo0oodoooOodob—OLOO00ooO0dobo0—0oOooogooo.ooboooo
0,00000000 (21.2)000000000. D000D0O0ODOODOOOOO,0000
U0mapOoong.

ubobobobobooooooo,0boboboboooobo,bobo0oboboobooon
U,0000000o0000ooobooooooooooboo. oooooooooooooon
OO000D00O000DCOO0O. 000 Chapel0 UPCODOOOOODOOOO.

ChapelO00, 000000000000 COO0OOOOOOO,0D0O0000DOOOODO
go.o0o00boooobooo,obooboo,oboobooboooboboobooboooooon
O000,000 (place)DJ00000O0DOOOODODOOODO.

.000000,00000000 place000000O00OO0OOO (at00)00000O0ODOO.

00000000000000 20000000000 (DOO0OODvalO0OO0)0,0000
0000000 (varOOD0)000O,valO0O0OO place0000O000O0OOOOOO (OO
0000000000000 000). 000000,00 place00000000OODOOO
oooobooooobobobooog.

TBBO Chapel 0000, 000000, 00000000000000 (Region) 0000
ooo0o,000 fr000OOCOOCCOO,000000O0O0O0O0O0O,000CCQCQOQCDCDOO
obooo0O.000000 pPpointd0oonO.

0000 Chapel0 X10O0OOOOOOO. OOO0OOO0OODOOOCOOOOOOODODODOOO
o.0b00boooocoos3oooon.

11.2 X100O0OOODOOOO

Chapel 0 X10O0OOOOOOODOO,00000D0C000DOO,0000D0D000O0O0. OO
0000 (000000000)0,Chapel 0000000000000 OO (locale)0 0000
ooooooo,Xxoooboooooooooooboooobooooboooobooogoo. o
gbooobooboobbo.oboobouooobpbO0b0O0ObD a0, 00000 qgOOODOO0OO
O,00000p0b0000O0O0O0DO.

Chapel:
on (p) {
var a : [0..9] int; // OO0 al locale pO0O0
on (q) {
al3] = 100; // q00, p0000000000
}

writeln("a[3] = %d\n", al3]); // al3] = 100



Chapel X10
oooooon begin async
ooooooood |sync{...} finish { ...}
000000000 | cobegin, coforall | N/A
o00ooo forall N/A
ooooooo Locale Place
gooooo on at
oooo numLocales Place. MAX_PLACES
o0o0ooo Locales Place.places()
gooooooo ggd Point
oooooo range Region
gooood domain Region
oooooo domain N/A
good gd ggd

O 3: Chapel X10: O0O0O,00000,000

X10:

at (p) {
val a = new Array[Int] (10);
at () { // 000 a00000000000
a(3) = 100; // 00 alpOalODOO
}
Console.OUT.printf ("a(3) = %d\n", a(3)); // a(3) =0
}

Chapel 00 O0O00DOOOO0ODOCOOOODOOOOODOO,qOO0O0O0O 1000,p0O0O0OO
0O0.X1000,at00000000,a0000000,00000.00000p0000000
00)000000.X100O at0D000O0O0O0O,at (p) SOO000OOOOO,SO000OOOOOO
OOo0oo0oOdoO,val0O0000000O0O000ODOO0 pOOO0OOOO0ODODOOO,DO00DDOO
0. 000p0qU00000000000O00DODO. var OO0UO0OODOO(DOOUOODOODOO
0)0,00000000placed000000OO0OO0ODO,00000O00O0O0OODOOOO. OO0
Ubb0aOvar0O0O0O0O0,00000000000000O000OO0.

Local variable "a" is accessed at a different place, and must be declared final.

X100,000 place0000000O0O0OODOOOODOO,0000000000 GlobalRefO'O
gbooobooobooboo.boo,0dabbog,bobbobboobboobooboobon.

val a = new Array[Int](10);
val ga = new GlobalRef [Array[Int](1)](a);

ooooo,
new GlobalRef [0 ](ODOODODOODOOOOO)

OoOoOOO0O0O0. 0000000, Array[Int](1) 00,1000 mtO000000C0OCOCCOCODO.
U000 gadD0,0000000D00O0O0ODOODOOOO,000 OOODOO.



val orig_a = gaQ);
orig_a(3) = 100;

O00,0000ga(O 000000000000 placed00O0DODDOODO.DDOODDOOO
gooooooboobooog.

at (Place.places()(0)) { // 0 OO placeD ...
// 00000000000 ga0d0O0O...
val a = new Array[Int] (10);
val ga = new GlobalRef [Array[Int] (1)](a);
// place 1000
at (Place.places() (1)) {
val a = ga();
a(3) = 100;
}
Console.OUT.printf ("a(3) = %d\n", a(3));

D0 ga(ODO0ODO0OO0ODODOOOODODOOOODDODOOO0,gabD0O0O0 placedOO0O0O0O0O
OO000D0O0O00.0000000,place000000O00ODO placel000D00OO0O0O0ODOOO
oo.

at (Place.places()(0)) { // 0 OO placel ...
// 00000000000 ga00ODO...
val a = new Array[Int] (10);
val ga = new GlobalRef [Array[Int] (1)](a);
// place 1000
at (Place.places() (1)) {
at (ga) {
val a = ga();
a(3) = 100;

}
Console.OQUT.printf ("a(3) = %d\n", a(3));

Ooo0ooo0oOoo,0b00000D00d place0D0OO0O0O0ODODOOODOOODO. ODOOODO
ugboobooobooobooboboboobboobobo.oboobooboobooobg.

11.3 SIMPLEO OO0 X100O0OO0O0OO

O0,SIMPLECOOOOOOOOOODOOO Chapel0O0O0O0O00O0O0. OCO,000000
OO000 place0 000000 O0DDOO. O00OO0OO0DODOOOO asyncO, placeDOOO atOd
OO00000.1place00000O00DOOOOODODOOO, ChapelDODOO0OODOOOOOOO
gboooboobooboobg,bddbuobdf async00gn.



static def run_sims_rec(a : Int, b : Int, p : Int, q : Int,
H : Double, T : Double, n_sweeps : Int,
results : GlobalRef [Array[sim_result] (1)]) {
if (a +1 ==D>) {
val isng = new ising(H, T, n_sweeps, a);
isng.init_sigma();
val res = isng.init_and_do_steps();
at(results) {
results() (a) = res;
}
} else if (p + 1 == q) {
val ¢ = (a +b) / 2;
finish {
async run_sims_rec(a, ¢, p, q, H, T, n_sweeps, results);
run_sims_rec(c, b, p, q, H, T, n_sweeps, results);
}
} else {
val r = (p +q / 2;
valc=(a*x (q-1) +bx*x (r-p)) / (q-p);
val there = Place.places() (r);
finish {
async at(there) {
run_sims_rec(c, b, r, q, H, T, n_sweeps, results);
}

run_sims_rec(a, ¢, p, r, H, T, n_sweeps, results);

}
gboabouoabooaogooaobood

at(results) {

results() (a) = res;

}

000.000000000000000 (at(results))0,00000000000000000
(results()), 00000000000,
NESTED 000, Chapel 0100000000, Chapel 10 0000000000000,

def run_sims_rec(reg : Region, places : Region,
results : GlobalRef [Array[sim_result] (3)]) {
if (reg.size() == 1) {
val [h,t,i] = [reg.min(0), reg.min(1), reg.min(2)];
val H = HO + h * dH;
val T = TO + t *x dT;

val seed = h * n_Ts * n_times + t * n_times + i;



val isng = new ising3(H, T, n_sweeps, seed);
isng.init_sigma();
val res = isng.init_and_do_steps();
at (results) {
results() (h,t,i) = res;
¥
} else if (places.size() == 1) {
val [reg_O,reg_1] = divide_region(reg, 1, 1);
finish {
async run_sims_rec(reg_0, places, results);
run_sims_rec(reg_1, places, results);
}
} else {
val p = places.min(0);
val q = places.max(0);
valr=(p+q+ 1)/ 2;
val [reg_O, reg_1] = divide_region(reg, r - p, q + 1 - r);
val there = Place.places()(r);
finish {
async at(there) {
run_sims_rec(reg_0, p..(r-1), results);
¥

run_sims_rec(reg_1, r..q, results);

12 0000

oooO0oO0oO0OO0OO0O0O0O0OO,000coooooooo8uuuoooog,0ooooooon
O000000000.HA80 OO ODO,16000 x16 00 (25600)0000000000OO.

12.1 0O0O00O0O0O
e 00000 (DDDDDO): 64 x 64
e 0000D0DDDDD0OODDD0: 1000 x 64 x 64
e 0000O0D0D0D00OO: 1024

e 0ODODO (H): 0.0

000000000 (J): 1.0

e 00O (T): 1.0



0000000,0000000D00000 HAR OO O COUODOOUOD 4U0D00D00O0O0CODO.
00,00000000000000000000000D00,000000000000DO00
000. 00000000000 1000000000000 0ooooooooo,0oooooo
0000 (000o0o0oU0ooo)ooooooooo.
C, OpenMP, Cilk, TBB, MPI, UPC O O erand48, nrand48, jrand4d8 00000 (D 0OOOOOO
O00000)000000.00000000000000000 (unsigned short 0 300000
o0Oooo)coooooo.

long int nrand48(unsigned short xsubil[3]);
long int jrand48(unsigned short xsubi[3]);
double erand48(unsigned short xsubi[3]);

Chapel00,00000000000 (homogeneous tuple) 0, CO0000O0O0OOOOOOO.
000,0000000000000,000000000000000000.¢

_extern proc jrand48(inout x : 3*uint(16)) : int(64);
_extern proc nrand48(inout x : 3*uint(16)) : int(64);

_extern proc erand48(inout x : 3*uint(16)) : real;

OO0,CO000000D0OO0DO ChapelOODOOOOOOODOOODOODOO,D00DO
oooooooooo.
Xjogooooooooopoooooo,Xooooooo,co30oooooooooooo
0.000,X1000000 X100 CO jrand48, nrand48, erandd80 0000000000 OOO.
ocoooooooo,0ooggo cooog0goo. oo Ccoooopgooooooooooag
00o00ooo0o0oooOoooo,XlooooooooooooooUooooooooD (boooo
00000oO0o0O00)0000o0oo0o0UooO0. J0o0o0o0ooooOooooooo,co0oo
cooooooooooooobooogo,0oogoooobooboogoo.ooooooo cooooag
OX1o0OoOOoOO. 0O, Chapel000O000OO00O0OODODOOOO, ChapelOODODOO COOOO
gbobooboboooobobooobooboooooboooo.
gboboobOoooooobooooboooonn.

12.2 0OO0O0O0O

ocoooooooooooooooo0ooooooooooboDoooog,coooooooDoon
oooobobooooobobobooo 100D,

goooooooooooooooooooooooo,Xwowooooooooo cooooo
25%00, Chapel0 200000000000000,000000000000000O00O00OO0O.
ocoooo0oooOooo0oOobo cooooUoooOoooOo,0booooooobooooooo cC
gbooobOobooooboboooooa.

00, Chapel, X1000O,0000000000000000000OO0OO0OO0O0O0OO (OO0 HO
0)000O0o0,000000o000. Do0o0O000oUUoOoOOO00, 0000000000
ooooooooooooooo,0opooo00o.X1o0d C++0000oooo Java0oOod
gboooooboobooooobo,bcoboboooooob,0coboboooooboobooooon
goooooo.

00000, chapel-1.3.0/chapel/doc/technotes/ README.extern



800 T T T T T T T T

700 .
600 .
500
400 r
300
200 r
100

elapsed time (sec)

C OpenMPCilk TBB MPI UPC Chapel X10

language
01.00(000,100)00000o

12.3 1000000000

020,100000000000000000000000000000.MPIOOOOOOO
00000,0000000000100000000000000000 (0000000000
00O0O0O0B,...,HOOO).

0000000000000000000000000,000000000 100%000000
ooooo.

e Chapel 0 15000000 100%00,16000000000 5020 0000000000.
e X100 1600 1200. 0000000 60%00

OO00O00O0, ChapelDOOOOOOOOOOOOOOOOO,O0O00000D0O0O0O0DODOO
o,0boboooob11oooooboooooboooooboooo.oboboboooboobooo
gboooooooo. 1sbobdboboboboobobooooooooboooooboo,1e000O0n
gboocooobooooooboooooa.

goooooob,b0bo00ob0obooooooboobooooo,ob0 xXxwoooboooooboooon
00o00000o00. 0000000000000 00oOoUO (000000 300)0,00
000000000000 00D00O000000O0 (falsesharing) OO0 000000, 160000
03000,00000000000000000000O00000OO0 (00000 30000)00
obooooobooobooboooobobooobOo,oboooobobooobob.bobooon
0100%0000000000,00000000.

oo000o0O0Ooopoo,cilkd Xwooooooooooooooooooooooooo. CGik
00 spawn, X100 0O async 0000000 1024000000000. X1o0OOooOooOOooOoOoOoO
ooooooboooobobooooooobooo.

124 0O0O0OO0OO0OD100/000000O0OO

030,0000000000((CO0O00000O0O0)0 1000000000 DO0OODOOOOOO
gooono.

gooOo,000b0000000b0 1e000000DOOODOODODODOODO.

00000000000 0000OD0O000000,00 ChapelOO0ODOOOOODOOOODO
gbooboob. ooboboboobooobobobobooboboobooobOoobooobooboboon



16 C T T T T T T T ] 16 [ l
14 g 14 g
12 E 12 E
10 E 10 E
8 b 8 b
6 b 6 b
4 g 4 F g
2 F E 2 F E
O 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0246 810121416 0 246 810121416
P P
TBB MPI
16 F ™ ™ 1 1] 16 F ™ ™ T 1 ]
14 g 14 g
12 g 12 g
10 1 10 | 1
8 1 8 1
6 1 6 1
4 g 4 F g
2+ g 2+ g
0 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1
0 246 810121416 0 246 810121416
P P
UPC Chapel
16 - i 16 [ T T T T T T T T_]
14 g 14 g
12 E 12 E
10 E 10 E
8 g 8 g
6 g 6 g
4 g 4 F g
2 F E 2 F E
0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0 246 810121416 0 246 810121416
P P
X10
6 F ™ ™ T ]
14 g
12 g
10 8
8 - -
6 - -
4 - -
2 - -
0 1 1 1 1 1 1 1 1

o

2 46 810121416
P

02 1000000000. POOUOC (DOOUOOOODOOUOOOO). OOO,0000000
gooooood



16 F E 16 | E
14 . 14 .
12 + . 12 + .
10 | 8 10 8
8 8 8 + 8
6 8 6 8
4 + . 4+ .
2+ . 2+ .
0 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1
0 246 810121416 0 246 810121416

N N

Chapel X10
16 F ~ ~ 1 1 1] 16 F ~ Tt I
14 8 14 8
12 + . 12 + .
10 . 10 .
8 + 8 8 8
6 8 6 8
4 + . 4 F .
2+ . 2+ .
0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
0246 810121416 0 246 810121416

N N

0300000 @Q00/000)000000

Read Only OO OOO0OO,00000000CO00O0DOOO0OODOOOOOO.OOODOO
ChapelO0O0OOOOOOOODODODODOODOO,COCOOCCOOODO,000000D0O

config var v =...;
oo

config const v=...;

oooooooooon.
00 Chapel 00, 0000000000 API?2000,0000000000000000000.

12,5 0DOO0OO0OOOOOOO/ODOOODOOOOO

040,00000,0000(1000000,8,12,160000)0000000000. 00
0,l00000000000000,000000100/000000000000OOOOOO
0,000000000,Chapel00000O,1200/0000000000000000 (1600
0 x1200 =192000,0 1500). 000000000000 O0O0O0OO0,000000000
gooooooao.

200000, chapel-1.3.0/chapel /doc/technotes/README.comm-diagnostics
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040000000000

0od ooooooogo OO00oo0oooooooD |oogo MPIOD

C gee 4.5.2

OpenMP | gcc 4.5.2

Cilk MIT Cilk 5.4.6 gee 4.5.2

TBB tbb30-201009150ss_lin.tgz gee 4.5.2

MPI HAR8000 O O mpich-mx-gcc

UPC Berkeley UPC 2.12.1 gee 4.5.2 mpich-mx-gce

Chapel Chapel 1.3.0 gce 4.1.2 mpich-mx-gcc

X10 X10 2.1.2 gee 4.5.2 mpich2-mx-gcc
Oooog

[1] The Chapel parallel programming language. http://chapel.cray.com/.
[2] The Cilk project. http://supertech.csail.mit.edu/cilk/.

[3] E. Mohr, D. A. Kranz, and R. H. Halstead, Jr. Lazy task creation: A technique for increasing
the granularity of parallel programs. IEEE Trans. Parallel Distrib. Syst., 2:264-280, July 1991.

[4] The message passing interface (MPI) standard. http://www.mcs.anl.gov /research/projects/mpi/.

[5] OpenMP Application Program Interface Version 8.0. http://www.openmp.org/mp-
documents/spec30.pdf.

[6] Intel Threading Building Blocks 3.0 for open source. http://www.threadingbuildingblocks.org/.
[7] Unified Parallel C. http://upc.gwu.edu/.
[8] X10. http://x10.codehaus.org/.

[9) O0000.0000:0000000000000 (1). Technical Report 1, 00000000
gooo, 10 2011.

A 0O0OO0OO0ODOoOOoOoooo

040,000000000000000. C, OpenMP, Cilk, TBBO 1000000000, 0
000000000000. MPIO HAS00OOOOOOOOOOOOOOOOOOO,00000O
0D00000O00.00000,000000000000000,00000000000000

B OpenMPOOOOO

OO0000000000DOCOO0O000 oMPNUM_THREADS=OOODOO. POODOOOOOODODOO
oooooooooo.

OMP_NUM_THREADS=P program



C dcGilkbuogono
0000000000000,000000000-nproc0000000000. POOOOOCO
0OoOoooo0o0o0oooooo.

program -nproc P

D TBBUOUOUOOO

0000000000000, APIO taskscheduleriinit 0000. OO0000OO0O0O00O0O0O0O
ooooooooooo,0o000oooooooboo0ooooooboo0. oo0oooooDo POO
oboooooboooobo,0bo0ooooboon,

new task_scheduler_init(P);

O000. <tbb/task_scheduler_init.h>0 include O O.

E MPIOOOOO

HAS00OD O OOOMPIODOOOOOOOOOOOOOODOOOOO, /opt/itc/mpi/mpiswitch.sh
Osource 00000, PATHODDOODOODOO.

sh /opt/itc/mpi/mpiswitch.sh

000000000 MPIOOOOOOO, 000 mpich-mxgec0000. 00000000000
oooo,

. /opt/itc/mpi/mpiswitch.sh mpich-mx-gcc

0000,000 mpirund PATHOOO.

UPC, Chapel, X100 OODOOODOODOO, HASOOO OO MPICHOODODODOODOOOOO, d
O00. HAsooOO O OO, MPIDOOOOOODODOODO, 00000000 DODOoOoOoOon
OO0 NO, ppn (process-per-node) 00000 0O.

e U0 NxXxppnOOOODOOOODOOOOO (mpirunO-npO0000O00OOONO)

e 000O0D0DO,Nxppn000-np000000,00000000000000,0000
0000000000, Nxppn000000000000000. 0000 mpirun0, 00
00000000000000000000,000000000.000,10000 ppnO
00000000 10000000, (ppn+ 1)0000 2 xppn 00000000 2000
OooO00,..0000000000000000.

e U0O0O,ppn 000000 0ODOO0O0O0ODOODOOOOODOOODO, mpirunO00O00O0O.

e mpirun 0 0 000 00 mpiexec (/opt/torque/bin/mpiexec) 000000, 00000000
g, jobboboboooooooobooboobo.

mpiexec -n N -npernode P program

O,NOOOOOUOO POOOUOOOUOODOO (OO NPOOOO). MPIDOOOOO, mpiexec
000000000000, mpirun0 mpiexecOOOOOO0O0O0O0O00OO, /opt/itc/mpi/*/bin/mpirun
oooooo0o.



F UpCOOOOOO

Fi1 000000

HAS0000ODOODOOOODODDO gee (fusr/bin/gec) D0 0OO0O0D0,4.1.20,0000000
ooo0,4.0,41,4200000000000000000000000.

checking for known buggy compilers... CC is gcc 4.x, for x < 3
configure: error: Use of gcc/g++ 4.0, 4.1 or 4.2 for compiling this

software is strongly discouraged.

0000000 gec45200000000000. UPCO SMP, UDP, MPI, MX (Myrinet) O
0,00000000000000.0000000,PATHOOOOO MPI (mpicc) 000000
0000, configure 0000, 00 MPIDOOOOOOOOO.

F.2 00000

OO00000000,00000 PthreadsOOO0O UPCOOOOO0OOOOCOOCOOOO -pthreads
gooo.

upcc -0 -pthreads program.c

F.3 OO
vpCOO0D0COOO0ODOOOOwernndODOOOOODOO.
upcrun -n N X P -pthreads P

0,UPCOO0O0OO (NxP)OOOOODO. -pthreads PO, 0000000000 PO, Pthreads
gboooobooobooboobon.
OO0O0OMPIDOOOOODODOOO0OO0O00O0,mpiexecOOO0O00O0D0ODO,00000010000
OO000D0O0O00000O0O000oobo0O0.wernODOOODOO MPIOOOOODOO,D000
MPIRUN.CMDU U DO OOOOOOOOOO. OO0, -npernode 100000000 . OOOOOO
oooooooooooob,100bbo0ob0 POO,000NDOO,OD00D00DOOO.

MPIRUN_CMD="mpiexec -n %N -npernode 1 %C" upcrun -n N X P -pthreads P

G ChapelOOOOO0O

G.1 000Ogoono

Chapel0 UPCOO,00000000 UDPO MPIOOODOOOOOO. OOOOOO UDPO,
gbgboobdobobobuoobdobobo. boobobobobooboobobonooooa
ooooo,MPIODOOOODOOOOOODODOO.

CHPL_COMM=gasnet
CHPL_COMM_SUBSTRATE=mpi



00,0000000 PthreadsO0DOO0O00OO0OOOOOO,10000000000000000
O, nanox, Qthreads 00, 0000000000000 0ODO. OO0O0OOO0ODOOODOOODOOOOO
Oo000d, PthreadsOOOOODO.

G.2 0OO0OO0O0O0O

doOobOobon, cHPL_HOME, CHPL_COMM, CHPL_COMM_SUBSTRATE OO 3000O0O0OOOOO
O0. 00000000000 00000000. CHPLHOME O, Chapel OODOOODOCOODODOO
chapel-1.3.0/chapel 000 00000000000, —-fast00O00O00, 00000000000
gboooboooooboobooog.

CHPL_HOME=chapel-home CHPL_COMM=gasnet CHPL_COMM_SUBSTRATE=mpi chpl --fast
program. chpl

G.3 OO

0000000000000 ChapelUODOOO0ODOODOODOOOO,MPIODOOODOOODOOO
000000000 0o0000oDoO.D000000O0oonD lecaleb00-nlO0OD0OOOOOO
00000, localed D forallOO0 OO0 OO0OOODOOOODO, --dataParTasksPerLocale 00 000
goooooooo. vpCOO,MPIDOOOO 10000 1000000O00ODODOOOOO
O0.0000000000D00000.

mpiexec -n N -npernode 1 program -nl N --dataParTasksPerLocale P

G4 0O00OOOOOO
Chapel 00000000 0ODODOOOODOODOODOODOODOODO.
e 000D0O0ODO: chapel-1.3.0/chapel/doc/README.chplenv
e J0UD,0000000: chapel-1.3.0/chapel/doc/README.multilocale

e J0DIDOOODDOOOODOO: chapel-1.3.0/chapel/doc/README.executing

H Xi10000000
H.1 000000

X100 MPIDO sockets 000000000 OOOOO00O0O0O0O, socketsd SSHOODOOOO
OO000o0oOoooo,HAgoo OO MPIOOOO. DO0ODDOOOOO MPIOODOOOODO,D000
(ant dist) 0 -DX10RT MPI=true 000 0. OO, MPIO MPRROOOO0O0O.2 000 X100000O
MPI O, mpich2-mx-gcc O OO0 O0O.

3http://x10.codehaus.org/X10RT+Implementations



H2 00000
MPIDOOOODOODOODOODOODOODODO, -x10rt mpi OOODOOOODOODOO.
x10c++ -0 -NO_CHECKS -x10rt mpi program.x10

Chapel0 0O, -0 -NOCHECKS OO OODOOOODOOOOODOOOODODOOO.

H.3 00O

gooooobooooooood,xtoe++0 000000000000, runx10 00000000
oboooobooooboooDbo,00b0b00bob0o00o,0ob0odob00oooDoO. X10Launcher
OO000000000000000,D00 socketsO0O00D0OOOO0DOODOOODODOO. -x10rt
mpi 000000000 0DO0ODOOOOCO,0000MPIOOOOOOOOOOOOOOOOOO
go.

X100OoOOOoOoOOoUoooOOo (DoO00D)0,0000 X10NTHREADSOOOOO. OOODO
00,000000000000000000D0. 0000000000, X10_STATIC_THREADS=10
OO. Chapel UPCODODO, mpiexecJO 1000 100000 MPIDOOODOOOOODOO.

X10_NTHREADS=PFP X10_STATIC_THREADS=1 mpiexec -n N -npernode 1 program

H4 0000

http://x10.codehaus.org/X10RT+Implementations

http://x10.codehaus.org/For+Users

http://dist.codehaus.org/x10/documentation/languagespec/x10-env.pdf

http://x10.codehaus.org/Performance+Tuning+an+X10+Application



