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Alist *bin2list(void (*scan0) closure (move_f),
Bintree *x, Afist *rest){
: *kv = 0;

void re (move_f mv){ /* create closure */
est = mv(rest); /* scan roots */

= mv(kv); /* scan roots */

/* scan older roots */

/| pass pointer to closur scan1" on the following calls.

if(x->right) rest's bin2list(scan1, x->right, rest);
kv = getmem(scan1, &KVpair_d); /* allocation */
kv->key = x->key; kv->val = x->val;

a = getmem(scan1, &Alist_d); [* allocation */
a->kv = kv; a->cdr = rest;
rest = a;

if(x->left) rest = bin2list(scan1, x->left, rest);
return rest;

25 Dec. 2014 Masahiro YASUGI



‘ Using Lexical Closures

_ - _ iInspect/
[* simplified for explanation */ modify
bin2list(closure_t scan0, S cach x
Bintree *x, ... 1 scanl |
void scan1 closure (){ P gc
X = move(x); / o getmem /

scan0(); i‘ bin2list
}

- - . scan0=f], x=0xAA80
bin2list(scan1, x->righ

) bin2list
u)}

getmem(scan1,... ); EESTu
} C stack
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o Tascell: Backtracking-based Load Balancing
[TFH& - /\#2 {th PPOPP 2009]
BHOREBIF (proper tail recursion) [ILC 2010]
Tascell: spanning tree construction [ICPADS 2010]
Tascell: &7 - LIS EIREADEA [SACSIS 2011]
a Tascell: Nf&AR &8 (Barnes-Hut algorithm) [SACSIS 2012]
INETHDEE
BT D it AR5
L DERE
Chh b DERRE
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‘ Tascell: .oad Balancing Framework [PPoPP2009]

= “Logical thread’-free
= Compute sequentially, fork only when requested

parallelizable O

sequential computation

O

25 Dec. 2014 Masahiro YASUGI 11



Temporary backtracking by nested functions

spawned =0

| |"earc,. dwinderO
™ detected a l')( \ )

=amver () {

* dwinder0();

if (req_remain) send_task(); }
polling();

for (...) { // translated parallel for
for (d=0 ; d<4 ; d++) {

dwinder () { '

remove a piece

earch \ || NSHEREROM
dwinder, ‘ , ‘
( ) ’ loop_end =1
o spawned = 0 J
search ~ spawner )
(dwinder, loop_end = jl/2
) spawned = 0
25 Dec. 2014 execution stack

search for an older task

4 remove a piece

%&h for an older task .
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Tempora

search
(dwinder,

ws)s

search
(dwinder,

o

search
(dwinder,

o H

1 1 1

loop_end =1
spawned =0
dwinder ()

y nested functions

search (dwinderO, ...) {
spawner () {

loop_end =j1
spawned =0
dwinder ()

dwinder0();
If (req_remain) send_task(); }

polling();
D for (...) {// translated parallel for
for (d=0 ; d<4 ; d++) {

loop_end =1
spawned =0
dwinder ()

dwinder () { 7

set the removed piece

loop_end =jl/2
spawned = |

dwinder ()

set the removed piece

25 Dec. 2014

execution stack
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Speedup relative to sequential C

MRS (Niagara2 Tascell)

64
32
|6
8 ——Fib(44)
4 -#-Nqueens(16)
Pentomino(|3)
2 LU(2000)
| —Comp(30000)
0.5 -e-Grav(400)
0.25
0.125

I 2 4 8 16 32 64 |28
# of workers

|4 Masahiro YASUGI 25 Dec.2014



Speedup relative to sequential C

HEFE R (Niagara2 Cilk [PLDI'98])

64
32

——Fib(44)
-#-Nqueens(16)

Pentomino(|3)

LU(2000)
—Comp(30000)
-e-Grav(400)

I 2 4 8 16 32 64 |28
# of workers

|5 Masahiro YASUGI 25 Dec.2014
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SEDRE
» GCCANDL-closureDELEE

Trampoline Closure L-closure LW-SC
old O O @) O
GCC3
new - - WHE? O
old O o X @)
GCC4
new - - LY @
LLVM = O RIE RIE ®
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1. Parallel Depth First (PDF)-scheduling [Blelloch+, 1995]

« ESEBIIERICHBUVT, FLICHEBIEIND /) — RICHEBII(CETE
)Y —XZEDHTTCWK RIS 1—-U>T0AR

2. ABHISATY)LIC
* MiraXT [Sinz+, 2001]: 1 DD DIEREEST — I ZEEHEBE I DIFE
« PaSAT [Sinz+, 2001], YSAT [Feldman+, 2005]:
BID—INT—JILZH5, TNoDERTEERE I DIFE
3. Frequent Itemset Mining [Agrawal+, 1993]
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HOPEifi 5| E{TETJL (ACSI 2015/ TEEHL)

TascelllZHI 5+ LIEFE AL, TDTascell T
BT7ATLESZFEDEEE ST 7B D
5|1t (ACSI 2015I=TEEH L)

Tascell ® VM ETOEEA~D XL
0 RATL—2aviGETRBa7HIYDEI TN
WigigHimE, BR3lIC&KHREITITHS
polling AS@H. 2R
FRIRD 1= DS E Al
0 Indolent Task Creation [Strumpen 1998] (MIT CilkD Z5E)
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Clang
o blocks &M

LHEN HCHLTR

a0 F A< ®DLVS closure 120N
Intel C++ Compiler XE 12.1
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‘ Java = |:|3|:|E

|28 1T B L-closure (F)

= L-closure &ULV5 &Y L-handler (L-closure D BIFFEH LIE%ALY)
= H5 D throw D XHYIZ heall

static void f (int n)

hcalls A1 {
if (n<=1)

hcall new A1(4,1); // like throw

else
do {
f(n-1);

} handle (Al a) {
If (n < a.i) hcall a;

a.r *=n;
}
}

/] like Java’s throws

f(2)
/I like try-catch

f (3)

f (4) Al handler
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