O0D00.:0000000000000 (1)

Joooo
0000000000 000oooO,00oooogo (oo)

1 0000

1.1 00

gb,bggdboobogoobbobuooogbobobog,1obooogbob
O000000000000000 OpenMP [3,5,21,22|]0, 0000000000
000000000 MPI[13,18,23]000000000000. 00000000
goboboogobbbuoooobbboooobbooooonon.

e 10000DO0U0O0ODODODODD, 0000000 (COOO Fortran) OO
gbbboogobbbooodobbobooad.

e OUOODOLUOODLDUOODLLOODLDOUOODL,D0bDbUObD—0O
ooooboostoboboooooooobo,boboboooooooo—o
gboooogo.

e JOIDOODOODO—COODO Fortran—UO OO, 0000000O0ODOODO
gob,bbbodgggobobbouoooo,bbbbuoooooooboob
gbbobuoogoob,oogobbbduodgobbboooobn.

000000000000 0000000O00OO0O00OO (oooo)ooooOoo
gboumogbboobogbogboboobooboobobobo,obbo,bo
gobboboboooooobobobboooooobobob. ooobbbbooo
goobobooo,bbbbobbboboduooooooobbbobobbboodggo
goobo,gooboogoon.

gboo,dgbboogbbuooboboogbboobboooboboog,bodgbn
gbobodbboobbooboboooboooboog,boogboboooboo. o
gobobobooooobobog,gbbbbooooobobbooooboboad,
goobobobobobbotbdodgooooooobobo,obbbbbobboogad
gbob.gdbbogoogbboogugbuoobboooboogbo,oboo
gobboooobobooooboboooobbbooobbboooboboboo
gboogdo.buogobuogbbuoobbuodgbboobboba,bbogboo
gobobooooobooood.



1.2 O0O00O0O0O0obobooon

gboboboogoobboboooo,buggobboooobob—o00nboon
oboobooboobgobwobooboobooboo—00boobon
gbbodbbuooubgobb.ogbbuooboboooboogbboob, o
oboooboob,bboobboooboooboooboobbooboon
gb,0dbbuogoboobbuooobboobboooboonoog,boo
gbogobobooboob.ooboboboobooboob.

e JOIDOCPULLDOOIDOODODO,DbODbObLOOO,ODODODODO
gbobooboobooboobooboonn.

gbbogboboodabbuooobbuoobb,obbbooobbooobb
(00O0O00O0O0O0o00o0oooOO,0000000000OOO0)OD0Oooo
gboboboogodgboobooo.

e JIJIUDODDDDOOODODDO (NUMAD)ODDODDODOOOO.

gbbogobbogboboooobog,bboobboooboooobn
gooboooooboboo. ggg,bbboooobobbooooobobon
gbobobobouoooobbobbouooooobboobouoooobbooobo.
O0OOo0b0oobobOoobd Flat MPIDOODDOOO, 00000000000
gboodgb,dbuogbboobboobuoboobbooboooboobn.
googb,b0bgboboobooboobooboobooboob,oon
gboogbobuouugbooboobbooboobbuoboonoboobb
goobooogo.

e GPUL,SIMDUOUODOUODOODO,DO0D0O0O0ODb0ODOODbDODODbDODO
00000000000000000000O [11].

OO000OO00obOOo0oobooobooOocobob Fortrand0oooooonooOoQg
gbbuooobbogboboo,bbooobbbodobbooobbooobb
ooboobooboobooooooboooobooob. bo,SIMbO GeUDOO
gbogobbuoobobboobbuooobbuooobboobo,ooobn
gbobogoboodgb,ggbboogbbuogobbooboboooobn
gbbobboodgbbbobooobbodobboob.booobobodobb
gbooboogobbobuooooboboooooon.

e U UOOOLODLDUOOO,DUOO0O0ODLDOOUOOODLDOOOO.

O000b00O0,CcO0b00d FortranO0 OO0, 000000000000O000
gbobo,t0gogbbbooodgobbboog. ooobbboooobobb
gobobobboogooobooboog,goobbobboooa,gboboobob
gbboboogobbbuoooobbobooan.



gbobbboooooobbbbooa,uobob,bbbuooooobbbb
gboobooogbbob.bbooooobobboooob,booogbob
gogddddooooooooo. bbobbobooboooauooooooooo
goggooooooog,bboboobbbbboobbbbbibibi, z
FLOPS (DDOD)0000000D00ODO,z/2x8=42000/000000
O000000DoOo. 0o0oooo,000/FLOPSO =40,000000
gboboboboboboboooboboboobobobobo.bon
gbooboooobobo,gobbbduooglloboogn.

e O0UOOOODLODOOOODLDDOOOODO.

gogdddddoodoooooooooooog. bbbobbobobboobobo
goboboo,0doogoobb,bodgooobbbboooooooboobn
gbobo,uogoobbboogdgobb.bbooooobbboooobbb
0000 CO FortranOOODOOOODO, PythonO PerlOOODOODOODOO
O0O000DCOO0OO,MATLABO ExcelDOOOOODOOOO,0D000
gbooboogobbbooooon.

goobobobooboobobbbooddddooooooooobobo,oooobooon
goob, oo oobbuoobobuoobuooo,bboooon
gobobooooboobo,gobbbooogoobob.oooboobo,obboboo
00000000, Java concurrency framework [12] O, fork/join 00000 OO
[16) JDK 700000)000000000000000, CUDA [31] 0 OpenCL
000 GPUOOOOO, Hadoop [15,29]0 00000000000 0OO0O, 00O
gogoooobobobobobbobobobboboobobbbtbooduo. oo,00ugogo
O00000000000 DARPADOOODDOOO High Productivity Computer
Systems (HPCS) OO OO ODOODODODOOOOO. O0OO0OO0OOOOO,IBMOO
0 X10 [26, 30], Cray O O O Chapel [4, 8], Sun Microsystems (0 O )0 O O Fortress
[1,10)000,00000000000000D00000O0COO. OO0 HPCSOO
00000000, Ubiquitous High Performance Computing (UHPC) Program O
0,0000000000000000000O0O0000 (easier to program than
current systems) 0 0 0000000000000 COOOO0O0OOO.

1.3 UUggoon
1.3.1 OO

OO0D000ooob,000bOo MPIDO OpenMPODOO, 000000000
gbbodgbbuobo,uggbobooobboobbuoob,oobboooboo
gobbbooooooobob. ogoobbobbbooooooboboobobooo
gobobbbobbbotboddggog,gooooooobbbbbbboodggo
goboboogo.bbbooooobuoooobobboooooobo.



gbboobobood,bogbboodbbuoobobboobboodobb
goooDoog.

oooob—[oO0ob0o HPCOOODOODOOOOOODOODOD.

gboboggbboogbbo,0bbugooobbuogobbooobn
O.00,000 LnxO0O0OD0O,00 HAROOOODOODOOO.

gobbobod,ggoobobbobboudgo,gobbbooooobbobb
goo.

1.3.2 0J000OO00oooboo

gboboogdgbbodgbsugobogobooobboda. bb,0obbodabb

OOobooOoTBBOOOOOOODOOODOOOO,C++000000000O0. 00O
gobobbboboboooddgooooobobbbbbbbooadag,bogadagao
gboboboogobbbuoooobbboooooon.

Cilk [6, 14]: MITDO Leiserson 0 0000000000000 0OO,CO0O0O
gbbooboboodgbbuooobboga,buoubobbooboooobb
g.o0bobogogoobboug,ggooobobboooooono. b
OO0 Cilk Arts 0000000000 OOO0OOO, 000 Intel Cilk Plus
77000000, Intel Parallel Building Blocks 2400000000000
O000.00000MITOOOODOOOOOO (6000000000 Cilk
46000000

Intel Threading Building Blocks (TBB) [25, 27]: 00O Intel Parallel
Building Blocks UOD OO OO0, 00000000 C++00000D000OO
OO00oO0oob.bO00Dbo0ooo,cikboooooooooooo,ooo
gbobobooodgbobb.bbouooobbboooob,boooobob
gooboogo.

Unified Parallel C (UPC) [9, 28]: 00000000000000000
00000000000000000000000. CO0O00000000
0000000000.000000000000000,00000000
00000000,00000000000000000000,00000
000000000000000000000000000000000. O
0000000000 MPIOOOSPMDOO, 0000000000000
0000000000000000000000.

Chapel [4, 8]: Cray0 000000000000 DOOOOOOO,0000
ooboooboooooooo. ypCcObO,0D00Db0O0ODOO0OOOOODOO
gobo,0goobboboogdoobobboooooboobo. boooobobon
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O MPIO UPCOOOOOOO,1000000000O0DODO,00D0O0O0O
gbooboogobobooooon.

e X10 [26,30]: IBMOOJOOO0OOOOODOOOOOOOOOO,0000O0
OO00obOo0obo0ooDO. 000b0o0booboo0ooDoO ChapelDOO. O
OO0 Chapel D00, 00000000000 O0DO0ODODODODODOO
(0ODOOCOCOO0OO0O0U000000). o000 UUoUooooooo
gboobogoboo,0bbodgbboogbbuogobbooboboooobn
gbobobog,bbobboogobbobuooogbbobo.

00000000,00000000000000000 MPL OpenMPO, 000
0000000 Co-Array Fortran (CAF) [2,19) 000000000000000
000000,0000000000000000,00000000000.0
oooo,

l. ogobboooobobooooboboboooooo,
2.000000,bbgooboboouog,bobuooooboboboooooobo,

3. 0000000000000000000000000,000000000
oQ,

gbooboogo.

1.3.3 00004

goobbooob,bboboboobbbuododoooooooobobobbobooobn
goo.

1. 00000 (Embarrasingly Parallel) O 0O O
2.000

3. 000ao

4. 00000000

gbooobg,uggboboboboobodgbag,gboobaoobg,oooboao
goobgoboogobo,bbgdbbooboobuoobboobb.oobobo
gobobbobobbbotoogooooooob,goobbbbbbboodggo
gobobobooooogooobo. go,bbobbooooooboboog. bobo,od
gobobbboboobbobboodgooooobboboobbbooodg,bbooodggo
gobbobobboogogobob. ooobobbobboooooobobobbooo
goboboboodgg. bbobbbuoooobbbbboooooobbbbogo
goobooog.



01: 00000000 (00)

gobooo g

goboboooo (gobboo,obbboooobbobooon

goo 0000000oUoOooO(bocoogoouoo)oopooooo
gobooo gobobooo,bboogoboo

gbobobooodg (gobbobog,bbbuooogbbbod

1.4 0O0OOOO

gbobodgoboogobba,bbuogobooobo,bbuoobobooobn
gbobbbuooooooboboobobod. obbbobodoooooobbbobogo
go.

2 OJoooboboboboboon

gbboodgb,ggbbuoobobboodgbboobboooboa,boodabb
gboogobodg. bbodgboboobogobodg,ooobuoobobadgboo
g, ggggobbbbbbbbotoduuooooooobbbbbbbododaao
gobob. ogobobobbdooooobbbbodoooobobobbbodao
gbbodb,ogbbodbobboobobboobboobboono.boo
gobo,dbbogbbogoboob,gobbuooobooobboonoobooo
gbbodgbbug,bugbbooobodg,booobboobbooboboo
gobobooogbbobuoooobobooooboobooo.

gbboodgbbog,buogbobboodgbboobbooobog,boodabb
gboboboooob.bodg,bboboogobbboog,bbooogboboo
gbobbooboda,gubbbouoaob,bboooob,buooodgbbbodan
O000000000oo0oo0o0. 000oooooooooOg (oo,00000
00000000000O0O000)000o00o0O. 00,00000000000
gbbogobobodob,gubbo,gbobbodobbuoobbuoobbogboo
ooo0o,bo0bbooobboobobooobboobboo. boobboo
gboboboooobbobuoooobobooon.

obooobooobooobooobooob,boobbuoobuonbbo
gbooooago.

21 0J0b0obboooooobon

gobobbboo,obbbbbbbbbbbooooooobbbbbbbbb
gboboboogob,ogggbbobuoogobboooonn.



2.1.1 000000

oooooooono,
FO+90

0f)0¢)00000000000000000000000,00000000
0000000000,
00000000000,0f(),¢()000000000000000000 (O
0000000)00000000,0000000000000000000,0
0000000000000 000000000000,

000 CilkOO

int x = spawn f();

gO;

int y
sync;
Xty oL

OOob0Ooboboboooob.spawn £O0,£fO 000000000, 0000
OO000D00D00O00. ChapelUDOOOOOO begin OO, 000

var x : sync int;
var y : int;
begin x = £();
y =g0;

Xty oL

OO00O0. begin, O0O00OD0O0O0OD0OO0ODO. CilkkODO spawn0 00000
OO0000000D00Db0Dsynce0000O00OO0O0O, ChapelDODOO, 00 x
(synce0OOOOOO0O0O0O0)00000000O,000000000. 00000
ObOOo0ooOO0boooboobgn, cobegin OO,

var x, y: int;
cobegin {

x = £();

y =g0;
}

Xty oL

O0,00000000000000000D00D0DO0ODO0, coforallD OO0

O.0000booboogob,begm0DogoooonO,synedoonoon

gbbboooobbbuooobbod.
OpenMPOO,3.00 00000 task0 000000, D000000DDOOODO.

l0D0DDD0D0000000000000000—000000000000—00000000a0.



int x, y;
#pragma omp task shared(x)

x=1£0;
#pragma omp task shared(y)
y = 80;

#pragma omp taskwait

Xty ...

X10, TBBOOOOOOOOOODOODO.
oobooobobooobooobboobbo. bbb, boobboooobbo
gboboobobg,bobgoboboobobobobobobbobuobbobon
goobobobobobooboo,obobobobobo.bobobobon
gbogobooboobgoobooboo,oobooboobooboobon,
oboooooboooboobooobon.

212 QJO0O0OOOOOoOoob,000oboo

goobboboobbbbbododooooooooobb,ooboobbbooob
gbbbuood.bobbod,bbbooobobbbooobb,oo0bbboo
gobobobobbooddooooogoobooobobboooag,booagao
g.boodbbuodabbuoobbobbba,bboobboobboooboo
gobboobo. gg,ogoobobbobobooooooobbobbodogoad.
gbo,gboodgbbuodgbbooobbog,oogbboobboooboo
gobbobbougooobbobobbodooooon. buooogobbbobogao
gobobbbbooad,bbboouuooooooobbbobbboodagao
goooDoog.

1.1000 =10SO0000000. 000000000 bD0obDO0bOobOobO
OOoO0ooSOoOoooonbDoOon, X10, ChapelOOOOOOODOO. OD0O
ooboooo,0boobboobobogooobo cepuboboooboooboobooOog
goo.

2.1000=10SO0O000DbO0ODO,b0D0OD0OO00.ObOobOobDOobDO
gbobbbodooogobobbbo,ugoooobbbbooooobobo, b
0000000000000 (0000000003 00000 OpenMP O
parallel D0 O 0O0O0O0O0O. D00 10000000,00000000000
gb,b0gggboobogoobobuoooobobboooobobooon.

. 0buooo,buogobobuoooobbbooobobbooon,bao
goboobodo. dgooogoboooboda. bbboboooo,gooobooboob
OOobo0oobOoooD. oDoboog Cilk, TBB, OpenMP O task OO OO OO0
O. 000 OpenMPOOOOODOODOODOODODOODOO. ODQOODODO
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O0OGCC430000000DOO0DOO0ODOODOODOODOO. DODO
gboooogo.

gobobboobobbotbodgooooooob,gooobbbbobbboodago
gobobbbbbbbotbododgooooooobbbbobbooooooaa, oo
gbobobuoooobobog3ggoooboga.
O0,000000000D000000O00DOOO0ODOOODOODOOO. cikD
ITBBOO, 0000000000000 O00OD0oooobLoboooboobOoD,bon
gbogboobooboobobooboobobobo.booboboboboa,
OO0DO000o0obo0ooboooobbOobOooooboogn. Chapel X100 0O
Localed PlaceD OO DOOODODOOO, 000000000 1000000000O
0.0000000,000000 (Localed Place)DO D OSOOOOOOOOO
obooboobboobooboobb. boobbooobooboobbon
gbobboodd,onb at0D000000OOO0O0O0OOOOO0OOODOOO.

2.1.3 Single Porgram Multiple Data (SPMD)

gboobodgbobooa,bbuogboboogbbuoobbog,buogoboodgbn
obooobodgb,booboboobboobboobboobbooboboon
O0000000000.0000000ooo,0000ooooooooog (o
0000000)00oooooooO0O,00,0000000000000000
O0.00000000,0000 10000 oSt 1gbobobo1gboboooo
gooboboo,bobbbobobbotbodoooooooobbobobobbboogoo
g,ggbbdugbboobboobobbuoobbuoobbo.obbogboo
OO0o0O0obOooboOo,0o0oboSOhobo0obOobDOoboboobOoD,bDOooo
gooobog.

gdddoooooouoooooobb,gouooob,gooooooon
0000000000000 0000oooo0oooo0o0ooooon (Bulk Syn-
chronous 0 0 O O, Loosely Synchronous 0 00 ). 000, 00000000000
gopobbobobobboodadg,buoduooooooobbbbbbbododggo
000 (0000,0000)000000000000OODOOO.

gbboooobbuooo-—-gobboooobbooobbobuooobobod—
Single Program Multiple Data (SPMD) 000 000000000000 O0OOO
O0.000000000000, Mulitple Data (0 0000D0)00000000O0O
gbobodobbooooboo,bbogobboobbuooboobo,obboooboo
O Single Program (00 O000O000)0000000. 00000000 SPMDO
ooo0o,0000SPMD—O00000D00O0DOOODDOOO—DOOODO,O0D0O
gbbuogbobobod,ogboobbuooobboobbooobbooo,oo
goboboogob,bggobboboogobobuoooobooog.



SPMDOOODO0OOOOOODOOOODO MPIOOO.2MPIOO, main0 0
0,000000000000000D00000 (D00 mpirun -np 10000 10
0)0000000000000000000. 0000000000000 oo
Ooooooooooo,MPIDOODOOOOO. UPCO CAFO SPMDOOO
ooo.

OO0, OpenMPO O, 000000 mainODO0 00000000 OODOOODOO
0000000, 0000000000000000 parallel 00 (#pragma omp
parallel) 000000000 . O0DO0OO0OO parallel 00000000, OO
O00000000000000000 ([22]3000). 000000 parallel 00
oooooooboboboooooobobooooboboOo,bobooobon
Oboboooboboo. bood,parallel U0 0ODO0O0O0OOOOOOOODODODOOO,
OO000000000000o000 parallelDO00O0O0O0OOOOOOOOO. OO,
OO0 parallelDO0DOO0OD0O0OOODODOOODOOODOOOOO,SPMDOOOODOO
Oobooobooooooobooboooboo.ooboooood OpenMP O SPMD
oOoobOooOoo0o0obOobob0. bOoob,0000obUobDoobUobOoboOoo
OO0000000000 parallel OOO0OD0O,00000 parallelDOOO0OOOO0O,
O000000000.000X100000ooooooooooogo (cockd
000000 resume/next 000 0; [26) 167000)000000000O. 00O,
OOoooboSePMDOODOODOODODOODOODOO,0D0DODOOO.

2.1.4 Work sharing 0 [J

sePMDOOOOOOOOOOOODOOOD,ODO00DO000O0O0O0O0ODOOO
gbob.bouogoobobo,gbbbuoooobbbooob,boogbooboo
goodboodobogboo,ggbogbbodbooboobbobbobobo
gbboboooobboooo. bb,oo0obbbooob,boogboboboo
gboboboooboo. booboobooboobooboobobbobobo
ooooobo,0boboooogoooobobob.boboboooog, SPMD
O00000000000000000000000 (fragmented view)J OO O OO
O0000D0. 0000000000,0000000 (global view) D OO OO OO
OOooO0D.000,000 forO:

for (i = 0; i < n; i++) {
£f(i);
}
O0000000o0ooooooocoooon,

coforall (i in 0..n - 1) {
£(i);
+
QDDDDD,MPIDDDDDDDDDDDDDD,DDDDDDDDDDDDDDDDDDDD.
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000000 (coforalld Chapel 000 for0), 00 00000000OOOOO,

begin_idx = ( my_rank * n) / n_procs;

end_idx ((my_rank + 1) * n) / n_procs;
for (i = begin_idx; i < end_idx; i++) {
£(i);

}

gbogdgb.bodbboobbodgbbdaboboobboob,bbooboo
gobbobbougooobobboooooobobboog. obbbbodgo
gbogo,ggboobobuoobbodbboobooobuoobbodg.boo
quicksort DO OO 200000000:

quicksort(a, p, q) {

quicksort(a, p, r);
quicksort(a, r, q);

}
OO00O0DbO0bOob0boobogoDo Gilkdn

quicksort(a, p, q) {

spawn quicksort(a, p, r);
quicksort(a, r, q);
sync;

}

ooog,sepMDOOODOODOODOOOOOOODOOD.

SPMDODOOOOODOO,for00000000ODO0OODOODODOODOOODOODOO
OO0000,work sharingOD OO0 0000000 DOOOOOOO. OO0 UPCOO
goo

upc_forall (i = 0; i < n; i++; 7*i) {
f(i);
}

O00000. OO0 COO0O0 forO00D00D0ODDO ()ODODOOO. ODDODO 7%10,
affinity 000000, 0000i00000 (7*ximod P)ODO0OOOOOOOOO
0000 (POODOODODO). O000D0OO0OOO0DOOO, (7*imod P)ODODOOOO
OO0 boooobooobDigoboooobood for0D0DOO0O. OpenMPODO O
00 forO0O (#pragma omp for) 00000 O0DO0O0OOOO. 000O,00000
OO0b0o0obooooobooobooooonD,bo0bo00n parallelD OO0 O
gbooboogob,ogooobooog.
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U 2.0000000000000000000000.

OO0 (000 | SPMD | work shar- | DOOOOOODO

OO0 Oo0d ing 00
MPI N N Y N oooon
CAF N N Y N oooon
UPC N N Y Y upc_forall O affinity O
OpenMP| Y Y/N? | Y Y #pragma omp for[] schedulell
Cilk Y Y N - oooood
TBB Y Y N - oooood
X10 Y N Y - O000:at0,0000: OS
Chapel |Y N N - O00d0:on0O,0000: OS

gbooodgobog

215 00000

Chapel O coforall D0 OO0 OODOO0O, 0000 SPMDODODO
0000000000000 ooodoDoDoOooD. ooooo,00ooooon
O,000000000000000000,00 for0000O00OO0DOOODOOO
O0000.0000000000000000000000000d0. Work sharing
00000000000 bOO0o0oo0ooOo. ooooooboooooooon
for000000O00OO0ODODOOOODO.

gobboobbodgoogooboobboodgg 2000, ggooboooo

goo.

OOooOdb: 00b0boboooooboooor?oooooYy.

gbbbu: ggobobda,bbbodg,buoodbbooobobbuogbbon
Ooo0ooOoO0OO000 (CooOoOoOoOoOobOooOoOoooogo) ooo
ooy.

SPMD: SPMDOOOODODODOOOOOOO (00000000 OO)0DODOOO
OOoooo?0O00OnOYvY.

work sharingO00: 000 OD0OO0O0O0OO0O0O0O0ODOODOOO,for000D0ODO
000000000 (work sharing00)000000000O0? DOOOO

Y.

gbobboogd: bbgbooboobogbogboobo,bugoboobo
gbobobooogbbbodaod.

30penMP 3.0000 task00. 0000000000 DOOOODODO.
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22 QJ00bOOo0oboboobuooboboobd

gb,g0booobboobobooogbboobbo,bbuogoboodgbn
gbogobo. gbobogobbda,bbooobodbudabbodbbodboo
gboogo,ggbooobuogbbuodgbbogbooobuoobbog.bobo
oboobooobooboobg:

double al[N] [N];

alil[j] = 0.256 * (ali+1]1[j] + alil[j+1] + ali-11[j] + alil[j-11);

obob,00 000000000, 0000000000D00DOO00DO0ODODOO0
O,gb0oo0boogn.

ooobobobooobob,booboboboobob,boboobobd
gooboboboboooo. oo, obobooooobobobobobon
obobobobobgb,0obobuoobob,booboboboobobon
O0O. OpenMP, Cilk, TBBOODOOOODODOOOO.

Obhoooboobbudb a0o0oboobob,boobboobbgoobbo
obO. 0bogbbooboobobooobooboobbooobooboobbon
oog.

221 0O00OO0OOOOOO

gobogoboo,bogobbooobobobbooo,oo0bbooobn
gobbobbouoooobobobbouooogb. bouooooobbbbogo
send/receive 010 0. 00 0000000000000 O0O0O0OOOOODO. OOO
OO0 SpMDOOOOOOOODO,00000000 (I-NODO), 00000 (N-1
00),000 (N-NOD)ODOOOOoOooooooooooooooooo.

gboboboodgbuoobboob,gobboobboobboobbo.gbb
goooboooooo.

1. 000000000000000000000000000 (00000)0
gboboboog,bbbooggbbobooogbbbo.

2. 00000000C0O0O0,00000000 (D0DU0U0O0)ODDOODO,000
00000 (0Oo0000)oooOoO0o00ooooO0O.0oo0,0000000
gbobogbobog,bbogbboogbbuoobobboobbooogbn
gooboooao.

. 00,0000ooobobooooobobobbodgoo,obbbogo
gbobbooogbbbuooogbbboooobbobooogobn.
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4. 00gb0O0o0oobOOobO,0o00b00b000b0boboobobooboboob
O0,0000000000000000.00D0,0000A0000 a,0
OO00BOOOObODOOOODOODOO,

e ADBO,0bO00O0O0DOOOODDOOODOOOOOOODDOOODDO
e BOAD,Jab000000O0OC0O0DOOODDOOODODOODODOOO

00000000000000000000000 (fetch deadlock). 00O
googobb,obbboodgbbooobbooobbooobooobn
gbobobooogon.

. bb,buuooogobbobobbduoooobbobbbouoog,obbbao
00 (send deadlock). 000, 0000000000000 O0OOOOOOO
gbbuoggb,oobbuoodbbuoogbbooobbuooobboobb
gobbobboogoobobbougoooobo,bbobbouogag,goobooob
gbooboogo.

Fetch deadlock DO OO, 00000000000, 000000000000 ODO
000000000000 00000,0a/b000000000O0OO0OOOO0OO
ooooobogob,0boobooooooboooooboobogooboog. SPMD
gbobob—-ubogobboooobobboooobobud—o0obbooogno,od
g, godggoobbbbbbbbbooooooooobbbbbodoggo
gboboboo,gbbobdggobobogogb.bbuoobo,bogoboobooo
gbobbooggbbbuoooobbobuoooobobodaod.

O0,a0d bO0OOOOOOO,senddeadlock0O000OOOOOOOOO,000
gbboooogaooo.

e J000DDUOUOOO (MPILIsendOO)ODODO
e 00U OUOODLDLDUOODLDDLDOOOODLDDLDDUOO. ODDLDOOOOL,

— AODD-0O00OO0COODbLOOO
— BOOOaOOOOOOODBOODO

goo.

oboboboobooobooboobuooboobobo MPIOD O,

222 QJUO0OO0O,000000000

gbobodgbbogob,gboboogbbda,bboobbuogoboodgbn
oboobooobod. oobbooboobbooboobb2000000
000000000 (Doooo000Uoooooo)oooooooo.
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O000000000000000000000 (one-sided communication) [
000000000000 (Remote Memory Access; RMA)OOO. 0000
Oput,get 000 APID, 0 0000000OOODOOODOOO,000000000
g.gogouoo,ugbooobobbbboooooooguooobooboobooobo,bn
obobooboobgo.

MPI 20 MPI.Get, MPI PutO0O0O APIO, RMAODOOOOOOOO. OOO
ob,b0b000b0boboobobobobooboobob,ob0bobon
goggobobboogguoobbobbobbooboo, oo bb. on
O,0000000NICODOD0O0ODOO0OO0OO0ODOOO0ODOO0OObObOOD, 0000
O00,0000000000O0O0 cCcpUDOOOOORMADODOOOODOO.

RMAOODOOOOOODOOOODOOOOOOOOOOODDOOO,bO000
guoooboooobobobuoooobobbooobbob oo, ooobon
Oo0O0ooooooooooOo.MPI200,000000 MPIGet, MPI PutO OO
000000000000 000000 (MPILWincreate). OO0OO0OO0O0O, O
gooboboboboboboooobobo. b0, 0bobobobobon
00000000000 (MPI.Winfence) DODOOOO. OO0, 0000000
0000 (0000)00000000O000oOo0DU0oOoDOooDoooOoOooODoDO.

223 0O00OO0OOOO

RMAOODOOODODOODOOOOODOOODOOODOODOOODOOOO (Global
Address Space) 00 0. 00000000 0O0OOOO0O, 0000000000
0000000000000, 0000000000000 0000o0o0oDoOon
O,0000000000000000.00000000DO0O00O00D0O000A0
0000000000 000000000. DO000000 Partitioned Global
Address Space (PGAS)OD0O0OOOOOOO.

O00000PGASOO,000000000000D0O0DO0ODOODDOOODOO
0000000000 O00DOO0o0oOooooooOo. PGASODOOODO 20000,
0000000000000 0OODO,00d0D00pd000ODxO000,00000
Op00000a05K00000000DO0O0,00000000000O0DO0O00O
O00000,0000(@00O00)00a02300000000000000000
O—000000000O00O00O00O00ooDoooooooooooo0—ooon
O0. 00000,00000000 «a0O00D0O0OD0O0O0ODDO,ad05000000
OO0do0oO0oooooooooooooa.

0000000000 (local view) DO OO PGASD,00000O000O0OO (global
view) 0O OO PGASOOOOD. 000000 CAF,000000 UPC, Chapel, X10
ood.

O00,00000000,000000000 (global address space)J 00000
O000,00000000000D00000D0000000,000 a050000
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gobbbbbbbouoddgooodoo,oooooobbbbbbbododgaao
gboboboooobb,ogbbbbooogbobuooobobbooon.

224 0O0O0O0OO0OOOODO PGAS

CAFODO,000000D0000D0 coarray00000OO00O0OODOODDO. O
gobobooggooood

real, dimension(n) :: a

real, dimension(n)[*] :: a

0000000 a000 coarray0 00000, 000000000000 a00
000 (CAFOO0000O00D0O0000,000000000000000)000
00000.00000000000,00000000305000000000
nooo,

a(5) [3]

gooobood.

2,25 OO0O0OOOOOODO PGAS

UPCO ChapelO 0O, 00000000000 0ODOOODOO,000000000
00000000000 000000000. 000 UPCOOOO (shared)0O O
gbbboogob,boggbbbuoogobbbuoooobobod.

shared int x;

gbboooobbuooob,boguobbuoobbuoogbxd,x0bboo
gboogobodgd. bbodgbobooboooboobbo,booboboobobo
gboboboogodgbobobodg. ogo,

shared int b[100*THREADS] ;

0 100xTHREADS (D00 0OD0)000D00O0DO0OO0O,000 10000000000
goodb.ogbooboobooob,bbgbodbdo<e <100 x THREADS
gboogobuogbbodgbbogb.ogb,ogboobbuoobbagboo
gooobobobb,jddgodoogoooooobb. oboooougoaaa
0000000000000 0O0O0O00000 (DoUoOooooooo)ooo
go.

UPCODO sharedDO0 0000 (DODODO)00D0O,0000000000000
(000)OoO0o00o00O,0000000D0000bOOO0O00OOOO,000
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OO000000000. 00000 shared00000000O00OO0ODOO,0000
OO0000000D000DO00DO0o0bDO0o0oDbDOoOoDg. ChapelODOODOO
0000 (classO000000)000000OO0ODO.OD000O0OODOOOOO
OO000DO0DbO0b0O0OO0shared0 0000000, 00D00000O.

Xijoooooooooooooooo. boobooboooobog, Chapel
OouvpCOOOOOOODOOODOODOODOODODOODODOOOD.DOODO
0000,0000000000000000000000. 00000 (1000
O00000)00000000,00000000000 (GlobalRef)DOOOOO
goob,b0boboboboboobobobo.bobobobobobon
gbobodgbbooa,bbugbobuoogbboobbuoobbooob,ooooo
gboobobobobob.obooboobobobobobob,bobobon
gbooobooooooo.

226 0U00OOOOOOO

OO000000D000 PGASOODOOODOOO,00D000D0OO0D0DOOO0DOO
I e et Y A O

OO0O0O0O0D0000g, UPC, Chapel, X10O0O, 000000000 OOOOOO
doodo-oobodoooooooooooooobooooooooono. oo
0odooooooooodonoooooo, odoooooooooooot
000000000000, ChapelUODDODOOOODODODOOODDOOOODDOOO
go0o,00o0doobodoonoooooooooon.

OO0, Chapel X10O0OOODOOOOOOOOO,0000000000D00O0ODO
0o0o0ooooooooon. odd,ond at00d0oodooooooooon
00000, 0000000O0000000DOOOOO00000O. ypCcODOOOO
0odooooooodoboooooodoooo, obooooodoooot
000000000 (upcaalloe). 00, 00000000000O0O0O0O0ODOOOO
000000000000 (upc_global alloc, upc_all_alloc).

227 O0O00O0OO

gbbbuoooobbbuodgobbooogboboboooob 3bobo.

oOoodbo: oobooooooboooobooooboor0obooOo,00obooooooDo
OobO0o0oo0ooOOobooboobO,0b00obooboobooob?boOobOoboboo
oboooooobonDy.

RMA: YOOO,O0OOOODODOODO (RMA)ODOOOOoOoOoDoOoO?D0OO0OO00O0O
Y.
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O3 00000000o0bogggoobuoggoon

000 | RMA | PGAS | globalview | DO DO OODOO
0od
MPI Y \'G N N -
CAF Y Y Y N -
UPC Y Y Y Y block-cyclic
OpenMP| N - - - -
Cilk N - - - -
TBB N - - - -
X10 Y Y5 Y Y block
Chapel |Y Y Y Y block-cyclic, 00 00O O

PGAS: YOOO,ODODOOOOOO(PGAS)DOODOOOODOOO? OD0OOOO
Y.

Global View: YO OO, 00000 OO0OOO global view OO O OO OO, local
viewHO OOOO4ood. oooogy.

oboooob: Yboo,oboobobooboo,obooboboobon

3 Ougonbn

gododoudooouooo, oo, oououoodgo
gdoooooooou, oo ouo,ouoooooougo
goooououo,oooooooooog.

0odooooooooonoooooodon, odoooooooooooon
oo ooooooooog, tbguooboououoooood
O. X100 Chapel OO ODODOOOOOOODOOODOOOOOOOOO. OO,0O
OO00o00oooooo,000o0o00boo00ooooooo,00noo0oooon
goog.

0000000000000 00,PGASOOO0DOODODOODOODOO,O000
ddodoooooouooooouou, oo oooououooouon
O000000000000. 00000000000 (aggregation) 0000000
gdoooo, 0o oooououooouon
O0. UPCOO upcmemget, upcmemput 0000000000000 APIODO
UUdd. oo oooouoooo,uoooa
0000000 wememget 000000000 (DO0O0DODODODODOOODOOOO

AMPI 200
‘000 at0000000000D0000O0DOOO0
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000000000)0000. 0000000000000 0oOoOO,00000
OOooOoooooooooooogo,bobooMPIDOODOOO. OO, Chapel O
Xooooooogoooboobooooooo.
gb,gggbobuoodgbbooobobodg,bboobuooobboo2000
oboobooboobbo. bobboobooboboobbuooboobbon
gbobobuoooob,gggobobbuooooobooooboog.

e D UOOODLODOOUOODLDDLODOOOOLODLDOOOOn,
e 0D UOOODLODOOUOUODLDLDOOOOLODLDOOOOD,

e UUO0ODODUOOODLDUOOODLDUOOLODLDODOODLDOO,bUO00DLOD
obobobooboobooboobobboboa,

gbbbooogbbbuoooobbboodoobboooooobood.

ooobooobob,boboboboobooboboboo, MPIDODOODO
gbogbooboobooboboobooboobobooboo.booboa,
000000000 000oooooO0,00ooo Geu/CcPUODOOOOOO, O
Ooooooooobooooooo,GpUOO0O0OOOOODOOODOOODOO
gobobboogoooboobbodag. bbobbouoooobbobogao
00000000,0000000000000000000O0ODOO (CilkkOOO
0000000000000 0oooooooooooD), GeUODOOOOOOO
O0000000000000,000000000000D000 17,20000000
g.0ooug,bbbuggbboboooobbbooog,bbooogboboboo
oboboboobooboobgobg.
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