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Motivation
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® Thread, java.util.concurrent, java.rmi
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Goals (1/2)
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Goals (2/2)
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® Java like 'R FEBICINAT

Value classes
Region iterators

Type inference (fi%)
Constraint types (fi§)

etc...



X10 Programming Model

® |ightweight threads
® Asynchronous Activities, Foreach, Future

® Atomic Blocks

® Partitioned Global Address Space (PGAS)
® Places, At, Distributions, Ateach

® Asynchronous Expression

® Clocks

® Value Classes



X10 Programming Model
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Place
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¢ here CTIRED place ZHF

® obj.home TATI YU NDET B place ZEUS

® here.next(), here.prev() /& &

® CUDA Core ¥ Cell D SPE Zik> Z &EHBHEFE ()
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W= A
Place D&

® Place DIFH. /— REITOBEEIIAA .,

® Place [A]/®D mutable object, activity DIZE][FAA]

® immutable object (& PJ
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® Place [F1RAERY
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*| place @ hierarchical, dynamically varying notion (& future work
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Asynchronous Activities

® activity (& lightweight thread

Vm

ER: async (P) S f.Cilk's spawn
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Asynchronous Activities: {3

[ﬁbonacci] [ data copy]

class Fib { val t1 = new T();
var r:int; finish async (here.next()) {
public def this(n:int) { val t2 = new T();

this.r = n; async (tl) {
} tl.value = t2;
public def run() { }
if (r < 2) return; }

val fl1 = new Fib(r-1);
val £f2 = new Fib(r-2);
finish {
async fl.run();
f2.run();

}

r = fl.result
+ f2.result;



Partitioned Global Address Space

® Globally Asynchronous, locally Synchronous (GALS)

® local DT —HICIET7 TV ERATZESH remote D
T—HITIE T X TEIRU (Locdlity Rule)

® remote DT —HFICF T TEZATBRICIE. ZD place I
activityZ RV L. 77 BRI D

® place N TC(d sequential consistency HYEX D IZD (?)
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Arrays, Regions, Distributions

® Region

AT

52,57 I | - : £ O, RITICEADL 5T
¢ (ZRJT)ECHD index (pomt)j)z)[ it B & LT 1 S
e [0..9]: EA{(0)(I),..(9) /

® [0..9, 0..91: &5 {(0,0),(0,1),...(1,0),..(1, 1)}
® Region [CXI T S 1R1E

® union, intersection, difference, etc...
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Arrays, Regions, Distributions

® Distribution
® region D E DHEID%Z ED place [CEID H TS H

o FHAIAAD distribution

® unique distribution

® constant distribution

® block distribution

® block-cyclic distribution

® etc..
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Arrays, Regions, Distributions

® Distributed Array
o B D Place [CXTcH B (ZXTT)ECH

o A9 BPFEIC distribution ZISTE

==z
val a = DistArray.make[Int] (
[1..10]->here,
((i):Point) => 1i);
val sumsq = a.map((n:int) => n*n).reduce(Int.+,

0);
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Foreach, Ateach

A

o i5l|JL—7: foreach (p in C) S

o CICEENDINTD plc2WT,
p.home T S Z %17

EIREE

val a = Array.make[Int](((i):Point) => 1i);
finish foreach ((i) in a.region) {
b(i) = a(1);

}
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Foreach, Ateach

A

o i5l|JL—7: ateach (p in D) S

® distribution D IC &3
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EZE

val a = DistArray.make][

Int](dist, ((i):Point) => 1i);

finish ateach ((1) in a.dist) {
a(i) = b(i); // assert(a.dist == b.dist)

}
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Clocks

o /N 7HkrE

® activity ICE#k: async clocked (c) S

o /\J: next

finish async {
val ¢ = Clock.make();
async clocked (c) {

say(“A-1"); next; say(“A-2"); next; say(“A-3");
}

async clocked (c) {
say(“B-1"); next; say(“B-2"); next; say(“B-3");
}

}
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Atomic Blocks

e YNIZIwo7JOvYY: atomic S

¢ XT—KMXYKNSODEFTZT7 NIV IICITD
o iHl#Y: s [Tl async W finish [CFE T DIRIEZE TRV

var sum = 0;
finish foreach ((1i) in [1..9]) {
atomic {
sum += 1;
}

}
System.OUT.println(i); // 45
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Future

® Future: val F = future (P) E;
® place P T\ E ZIF[EHAETT

®@ F.force() CElENKRDL2DZFE., BEZEIE

def fib(n:Int) {
if (n < 2) return n;
val f1 = future fib(n-1);
val f2 = future fib(n-2);
return fl.force() + f2.force();

}



At Expression

e [BHAZETT: val V = at (P) E;

® placeP T E ZETL. EITHRDDIDZR[F-T
ZDFERZIRT

val t1 = new T();
finish async (here.next()) {
val t2 = new T();

async (tl) {
tl.value = t2; val t1 = new T();
} tl.value
} = at (here.next()) new T();
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Value Classes
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® valueclass D1 VATV RAIEED place N5 TH 7Y
TATES

® at (P) S ZfEHT ZMLEIELL

® built-in value classes

® boolean, byte, char, int, String, etc...
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Property

® asyng, finish, at, atomic, clock Z AW CEE & 17
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o wait NNFELE T B DT finish, at, clock

wait-for 772 7: % activity [ICE TS wait DIKFRERZRIRELILT T 7

Al A2 5 Al IFA2 DIRTEZF-o>TW5S
Al 2 Co A2 RS AlIFA2 D next ZF->TW5S

|. suspend U7C activity & clock 2/ — R &LV T T7Z2ZERS

2. % clock D5 ZF D clock BN EEKE 11/ activity(finish) NI 2% 5[ <
3. & activity(next) H'5 Z D activity [CEBK ST clock NI % 5(<
4. 2 activity(finish S) 1V5 S T spawn S 1Lfc & activity NLTw %z 5| <

CDEE, DTZ7ICHYATILNTE TLINIL deadlock
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