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1. X10 D 3E

X10 & &

o EAEEEEHE LS e ST I v S
 NiA e 7 v 7o 3 v 7R

lightweight threads, atomic blocks,
PGAS constructs, etc...

o AR Y 742 w B X Java like 7% aﬁg

% DAl type inference, constraint types DY H — F 2 &



1. X10 D 3E

Partitioned Global Address Space

+ 7R UVAZEREIIIEERZD To#HE, SnTnsb

+ 20 % place LN, place WTHR I 7:
A7z MID place 677 A TE R\

+ 7272 L. remote reference ZHi D Z LIFTE 5%




2. FLAT X10

FLAT X10 & 1%

+ JEFEIBEEZ W SPMD a7/ 5 A%
SCb 9 5 D JPMKL% X10 DY¥ 7% v bk

v VNP ORERINICIEETE B K ) ITEGET
o
> % place |3 7°0 & v ¥ (worker thread) & —XRf—XJi
+ SPMD 70 7" 7 A DGl 12 e B2 75\ 1 13l R




2. FLAT X10

FLAT X10’s syntax

main TD AR I 15 XL ]

finish Z
T[.] a = new T[u] (point p) {e}
Z

seqM

JA place 0 TOAFF I 115 X ]

ateach P
clock ¢ = new clock()
final T a = e

P

seqZ JA fEIE D place TEF I 415X ]

async (p) [clocked (cl,..)] P
atomic P

next

seqP




2. FLAT X10

async, finish

+ activity DAK & [AIH

finish { -

async (Place.place(0))

Console.OUT.println(“n = ” + n);
} A
final int m = 456; [ final %%&%fﬁ%f%% ]
async (Place.place(l)) {
Console.OUT.println(“m = ” + m);
}

}
=\ v v 2 WTER S 1L activity D% T & F50 |

finish 37 L 72T XRTCOMN%2 F L b 2 EEREZ H>

(rooted exception model)



4. FLAT X10 7 v % 4 A

async DA }7 ‘\/\\ aq ]) V4 " (in FLAT X10)

+ Remote async &
v T — 8 DILER
* (7 V74 LTOD)HRIZ polling I
IZRIPEIC AT S 1%




2. FLAT X10

async, ﬁniSh O)ﬁ%ﬂi\%/‘] (in FLaT X10)

+ finish
+ main (2 L 22T 720 gosrcs
» FAPTE R0
* async
* FAPMTERW
+ body (¥ non-blocking T7Z& 17 #LIE 7% & 72\
o B2 BT TRV 2w



2. FLAT X10

ateach

+ %% place IZ activity 42)%

% place (T activity %3%}336]
finish {

ateach (point [p]: UNIQUE) {
int id = UNIQUE(p).id;
Console.OUT.println(“hello at place ” + id)
}

}
ﬁ 71y 7 NTHARR S L7 activity DF& T Z2F5D ]




2. FLAT X10

ateaCh ) f?” 7\%/‘] (in FLAT X10)

¢ place 0 TLFETTE R\
+ unique distribution L 2FF 3 #1178\

<> unique dist. = @‘&T@ place e 1/'{—:4'\\32/)63\%&




2. FLAT X10

Distributed Arrays

+ place % % 7273 5 LSl

J distributed array O )% ]

int[.] a = new int[u] (point p) { O }

int[.] b = new int[u] (point p) { 1 }

finish ateach (point [i1i]: UNIQUE) {
a[i] += b[i] * 2;

}

T %% place TH YKoy %2 MLEH ]

FLAT X10 12 &1} 2 Hil#y:
unique distribution L 2*FF S 1172 \»



2. FLAT X10

Clocks

® N 7 [ HA ) “clock” DM, |

finish {

clock ¢ = new clock();

async (Place.place(0)) clocked (c) {
Console.OUT.println(“0-0");
next;
Console.OUT.println(“0-1");

}

async (Place.place(l)) clocked (c) {
Console.OUT.println(“1-0");
next;
Cojpsole.OUT.println(“1-1");

}

} c D3R S A7 activity $X T3
next XIZEE T 5 £ THHE




3. FLAT X10 2 > 3 A JLEREE

FLAT X10 2 >384

+ FLAT X10 2 — F % C++ 2 — R~
*» £7UX XA CTHU 707 7 LD8{E (SPMD)

s )

FLAT X10 compile> r C++ SPMD code
code *

] ) X10 Runtime

LAPI[GASNet | etc...




3. FLAT X10 2 > 28 A4 JLHEE%

SPMD design

« FLAT X10 DB % 5 % < F
C++ SPMD 2 — F~Z i

LT



3. FLAT X10 2 > 28 A4 JLHEE%

| \//Q/f }I/’fﬁul (async NHADERAT— bE XV )

+ async/ateach D/MIIZ H 5 EFRX AT —F X b

if (here == p0)
time = —mysecond();}/» time = -mysecond();

finish { finishStart(0);
ateach ([p]: UNIQUE) { Exception z = null;
for (i=0;i<N;i++) { try {
final int id = ...; for (1=0;i<N;i++) {
async (UNIQUE[id]) { const int id = ...;
c..(snip)... libAsync(...);
} }
} } catch (Exc e) { z = e }
} finishEnd(z);
} if (here == p0) {

time += mysecond(); time += mysecond();
Console.OUT.println(time); Console.OUT.println(time);

}




3. FLAT X10 2 > 28 A4 JLHEE%

| \//Q/f }1/1%1 (finish)

% finishStart & finishEnd DfH 12 2

if (here == p0)

time = -mysecond(); time = -mysecond();
finish { ]\) finishStart(0);
ateach ([p]: UNIQUE) { Exception z = null;
for (i=0;i<N;i++) { try {
final int id = ...; for (1i=0;i<N;i++) {
async (UNIQUE[id]) { const int id = ...;
c..(snip)... libAsync(...);
} }
} } catch (Exc e) { z = e }
} finishEnd(z);
Mif (here == p0) {
time += mysecond(); time += mysecond();
Console.OUT.println(time); Console.OUT.println(time);

}



3. FLAT X10 2 > 28 A4 JLHEE%

| \//Q/f }I/’fﬁul (ateach)

> B O A

if (here == p0)

time = -mysecond(); time = -mysecond();
finish { finishStart(0);
ateach ([p]: UNIQUE) { ]\Exception z = null;
for (i=0;i<N;i++) { try {
final int id = ...; for (1i=0;i<N;i++) {
async (UNIQUE[id]) { const int id = ...;
c..(snip)... libAsync(...);
} }
} } catch (Exc e) { z = e }
MnishEnd( zZ);
} if (here == p0) {
time += mysecond(); time += mysecond();
Console.OUT.println(time); Console.OUT.println(time);

}



3. FLAT X10 2 > 28 A4 JLHEE%

-1 \//{)/f }1/{5”1 (async NOZERXR AT —FX V)

% final T a = e; 1ZF& <

» ZDF FHI

if (here == p0)

time = -mysecond(); time = -mysecond();
finish { finishStart(0);
ateach ([p]: UNIQUE) { Exception z = null;
for (i=0;i<N;i++) { try {
final int id = ...; for (1i=0;i<N;i++) {
async (UNIQUE[id]) { const int id = ...;
«..(snip)... ﬁ libAsync(...);
} }
} } catch (Exc e) { z = e }
} finishEnd(z);
} if (here == p0) {
time += mysecond(); time += mysecond();
Console.OUT.println(time); Console.OUT.println(time);

}



3. FLAT X10 2 > 28 A4 JLHEE%

| \//{)/{ }bfﬁﬂl (async)

* 70— v Z{E L, libAsync ZW-O'H ¢

if (here == p0)
time = -mysecond(); time = -mysecond();
finish { finishStart(0);
ateach ([p]: UNIQUE) { Exception z = null;
for (i=0;i<N;i++) { try {
final int id = ...; for (i=0;i<N;i++) {
async (UNIQUE[id]) { const int id = ...;
...(snip)... [—— 1 1bASYNC (... );
} }
} } catch (Exc e) { z = e }
} finishEnd(z);
} if (here == p0) {

time += mysecond();
Console.OUT.println(time);

time += mysecond();
Console.OUT.println(time);

}



3. FLAT X10 2 > 28 A4 JLHEE%

i AN /f }I/WHZ (async 7+ Dif / while)

* ZfFEIHEZ p0 TITV,

finish {
int 1 = 10;

while (i-- > 0) {
final int x = 1i;
async (UNIQUE[i]) {

atomic {
Console.OUT.println(
Hy = 4 4 X);
}

}

broadcast 9 5%

finishStart(0);
Exception z = null;
if (here == p0) i =

10;

while (true) {
if (here == p0)
flag = (i-- > 0)
sendReceive(flag);
if (!flag) break;

°
4

if (here == p0) x
sendReceive(X);
libAsync(...);

}

}Z]\'N

finishEnd(z);

i;



3. FLAT X10 2 > 28 A4 JLHEE%

| \//Q/f }1/1%2 (final T a = e)

+ e Z p0 Til% L broadcast 9 %

finishStart(0);
Exception z = null;

if (here == p0) 1 = 10;
while (true) {

finish {
int 1 = 10;
while (i-- > 0) {

final int x = 1i; if (here == p0)
async (UNIQUE[J-]) flag = (i—— > O)'
atomic { ' sendReceive(flag);
Console.OUT.println( if (!flag) break;
Y7} — 1 + ° ’ d
} X X) i if (here == p0) x = 1i;
} sendReceive(X);
libAsync(...);
} }

¥ finishEnd(z);



3. FLAT X10 2 > 28 A4 JLHEE%

o BN /f }1/1%2 (atomic)

& ’f EJ Eé) L 7I;C U (1 worker, async @ body %% non-blocking T % 7z & %)

void func-asyncO(args) {

finish { int x = (get from args);
int 1 = 10; Console.OUT.println
while (i-- > 0) { “Xx = "+ X);
final int x = 1i; }
async (UNIQUE[i]) { flag = (i-- > 0);
atomic { _ sendReceive(flag);
Console.OUT.println( if (1flag) break;
u = # 4 . . !
\ X X) i if (here == p0) x = i;
} sendReceive(X);
y libAsync(...);
y }

finishEnd(z);



3. FLAT X10 2 > 28 A4 JLHEE%

Z DAl

*+ (Clocks

+ §XTD clock Z MM LT, next 2%z
global barrier (GlobalSync F-U'H

+ Distributed array 42)i%

L) ICASH

oo, —

+ Syntax sugar (ateach & finish DOfHIZETT)



4. FLAT X10 7 v % 4 A

FLAT X10 7 % 1 A

+ Active messaging (LAPI) Z#]/H LT

+ finishStart/ finishEnd, globalSync,
libAsync, sendReceive

T %

* Active messaging:

*  gets, puts, active message



4. FLAT X10 7 v % 4 A

Active messaging

“ gets
+ Remote processor 7> 5 7 — ¥ 23 THL %

* puts

N \\

+ Remote processor IZT —4% 2k 5

7

* active message

+ Remote processor I & DFE S 17 a— F 23T



4. FLAT X10 7 v % 4 A

finishStart(cs)

p0: 7% place IZ
int finishStart(int CS) { &H\GC%ﬁﬂ’%}z(s‘catus)%ﬁfﬂ

if (here == p0) { ~
(CS Z & childDcContinueStatuslcEZFIALD)
LAPI Fence;
return CS;

} else {
(ContinueStatusIiCEZTAFXTNDDZFD)

(ERAFIC. RIELTemsgZIET 5)

CS = ContinueStatus;
ContinueStatus = 0;

return CS;
} pOLAS}: status %z 32 1)
WoTEFNzikd




4. FLAT X10 7 ¥ ¥ A A
finishEnd(exc) : 1
p0: 7O Z2F = 7,

t Exception* e) { A2 BT Tz 5

LAPI_Fence; PNEE LTI S

if (here == p0) { y
(eZzbufferlTiEN); ==
(FinishEnd AV V¥ HIN-1IC7TRH5DZFD)

(EEEIC. FIBAUTcmsgZLIET %)

if (buffer is not empty)
throw MultipleExceptions(buffer);
} else {
(RDENMEZITD active message ZpOIliX(F)

(FRDbufferiCeZEMUL. )
(FinishEndZA V7 UX> KT 3)

} LAPI_Fence; pOLLA}: #% 1 & F84: L 7= HlHt = 1
\ p0 (A

% 7" global barrier "C[A]H ]

P

void finishEnd(cqQ

J




4. FLAT X10 7 v % A4 L

Z DAl

+ libAsync(p, f, args)

+ place p T f(args) 23FHEfTI 1 5

+ active message I X % 54
+ sendReceive(x)

+ place 0 7> 51D place D broadcast
+ globalSync()

7272 D global barrier (LAPI_Fence) ?
% OIS RER 2 L
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KNS

+ HPC Challange Benchmark

* Stream

> RandomAccess
* FT

+ NAS Parallel Benchmark
< FT



5. s
BRI

+ IBM p575 cluster
+ 16CPUs SMP * 128 nodes = 2048 processes

* CPU: Power5 1.9 GHz, Memory: 64GB, OS: AIX

% Blue Gene/L
* “Virtual Node Mode”

* 1 rack: 2048 processors



5. s

HPCC Stream

+ distibuted array DEMFEIZDWT
A€ NV FIE (Gbyte/s) Z &t

+ place [AIDWE7% L

ateach (point [p]: a) {

c[i] = a[1i];

b[i] = alpha * c[1];

c[i] = a[1i] + b[1];

a[i] = b[i] + alpha * c[i];

}
¥ 23— FIZA X =TT
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HPCC Stream (on Power5 cluster)

GB/s of Stream on Power5
4000 T T T T
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5. Gl
HPCC Stream (on Blue Gene/L)

GB/s of Stream on BlueGene
35000 T T T T T
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5. s

HPCC Random Access

+ distibuted array % 7 ¥ % A 12 XOR THHT
+ Giga Updates Per Second (GUP/s) % &1Hl

ateach (point [p]: UNIQUE) {
finish {
for (int i=0;i<N;i++) {
final int id = random();
final int idx = random();
async (Place.place(id)) {
array[idx] "= id + idx;
}
}
}

} % 23— FlZA X =TT



5. s

HPCC RandOm ACCQSS (on Power5 cluster)

GUP/s of RandomAccess On Power5 (tablesize = o longs / place)

0.45 T T T T MPi
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5. s

HPCC RandOm ACCQSS (on Blue Gene/L)

GUP/s of RandomAccess on BlueGene

GUP/s of RandomAccess

Flat X10

0 ! I ! I L ! L
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5. wHth

HPCCFT

* R 1I2OuER 7 — V) T2
+ async IC K BEIR EBEDL — N7 v 7

* ver.l: one sided arrayCopy interface

finish ateach (point [p]: UNIQUE) { %fﬁi(ffﬁﬂa)ﬁiﬁi)]
for (int k=0; k<N; k++) { A
perform local transposition of the block k;
async (k) { Arraycopy(...); }

} j y—
' % 32— FldA A —2TF 15 ]

+ ver.2: J#ifE % MPI_Alltoall T Z #1 2 (by hand)




5. Gl
HPCC FT (on Powerb cluster)

Gflop/s of FT on Power5 (256 MB / place)
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5. 2l
HPCC FT (on Blue Gene/L)

Gflop/s of FT on BlueGene
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NPB FT

* 307 — U TAR

+ async I K BEITHR EBEDA—N—T v 7



5. s

NPB FT (on Powerb cluster)

Mflop/s of FT on Power5 (CLASS D)
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6. £ £ & & future work
J-
X &

¢ X10 DY 7+ v b FLAT X10 %z 2%&f - 924

+ SPMD + asynchronous messaging %z ZR¥1 9 % D
+3 7 FE BT

o OV NIRRT 2 VoS4 L HEIE

% Powerb cluster & Blue Gene/L Taf
+ MPI, UPC IZ VS92 i % 3EBK




6. £ £ & & future work

Future work

+ Place N T HED activity Z A7 P 2=V 7
T5-0D7L—07—7DEA

* I worker thread D%+ — b
+ Work stealing scheduling ® 2% (cf. Cilk)

+ Non-global barrier operations (clocks) &
A b H[EE 7% finish DE A



