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L-closure: 5T EIRBEIR{ER g & 130
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L-closure: 5T EIRBEIR{ER g & 130
(2/2)
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Alist *bin2list(void (*scan0) closure (move_f),
Bintree *x, Afist *rest){

Alist *a =0 *kv = 0;

void re (move_f mv){ /* create closure */
X = mv est = mv(rest); /* scan roots */
a=myv = mv(kv); /* scan roots */
scan0O(mv /* scan older roots */

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

if(x->right) rest's bin2list(scan1, x->right, rest);
kv = getmem(scani1, &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;
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‘ Using Lexical Closures

[* simplified for explanation */
bin2list(closure_t scan0,
Bintree *Xx, ...){
void scan1 closure (){
X = move(x);
scan0();
}
bin2list(scan1, x->righ

s)}

getmem(scan1,... );

}

inspect/
modify
T seemt
p Qc
/,. getmem

i'i bin2list

!

scan0=f], x=0xAA80

bin2list

scan0=[ ], x=0xAAQ00

C stack
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‘ Tascell: Load Balancing Framework [PPoPP2009]

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

sequential computation

4 Nowv. 2010 Masahiro Yasugi 10



Speedup relative to sequential C

HIEFRER (Niagara2 Tascell)

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

I 2 4 8 |6 32 64 128

# of workers
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Speedup relative to sequential C

HIEFEHR (Niagara2 Cilk [PLDI98])

64
32

——Fib(44)
-#-Nqueens(|6)

Pentomino(| 3)

LU(2000)
—Comp(30000)
—-Grav(400)

I 2 4 8 |6 32 64 128

# of workers
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Transformation-based implementation ot
L-closures [Hiraishi,Yasugi,Yuasa2005,0]

= Translating into “standard” C

= Using an explicit stack

o Save C frames as explicit
frames and “return”

o Call the L-closure which
inspects/modifies data on the
explicit frames f(4) f(4)

f(5) f(5)

&) &)
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Transformation-based implementation ot
L-closures [Hiraishi,Yasugi,Yuasa2005,0]

= Translating into “standard” C

= Using an explicit stack

o Save C frames as explicit
frames and “return”

o Call the L-closure which
inspects/modifies data on the
explicit frames i) f(C )

o “Call” and restore C frames f(5) f(5)
from the modified explicit
frames

&) &)

4 Now. 2010 Masahiro Yasugi
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GCC-based Implementation Model

for I.-Closures

Two locations for each variable

o Private location
Compiler’s pseudo register
Private values may be kept in registers.

o Shared location

Stack frame slot

Accessed by L-closure bodies.
The coherency between private and shared
locations is maintained /azily.

4 Nov. 2010 Masahiro Yasugi
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Implementation Model for I.-Closures

For efficiency, Pre-processing should be
delayed until the L-closure is actually
Invoked.

Delayed (lazy) pre-processing

o Save private values = shared locations
o Initialize the code-environment pair

o Enable post-processing

Conditional post-processing
o Restore private values € shared locations

4 Nov. 2010 Masahiro Yasugi
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Lazy Pre-/Post-Processing for [.-Closures

Delayed until the L-closure is actually invoked

bin2list

(owner of scan1)

return

4 Now. 2010

getmem

call

return

gc

L-call

return

Masahiro Yasugi

scan1
(L-closure)

return

*

Pre-Processing
(delayed)

Conditional
Post-Processing
(enabled by
Pre-Processing)

18



bin2list getmem gc scan1
(owner of scan1) (L-closure)

. Pre-Processing
(delayed)

call call L-call :
Post-Processing

(enabled by
Pre-Processing)

I:l \D \[r I:l I:l Quasi-Epilogue
(restoring

callee-save

registers)

® Selector
(selecting

L branches)

4 Nowv. 2010 Masahiro Yasugi 19
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(define (gcd a b)

(if

(=b0)a
(gcd b (remainder a b))))
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A space-etficient first-class continuation
represented as a list of “Frame” objects

list of “Frame” object
C frame with reiisters

(= 26 0)
(if | 30 (gcd ...))
(gcd 30 26)
(if__m)

(if @ 30 (gcd ...))

(gcd 56 30)
(if __ W)
(gcd 478 56)
(KW 3)

Continuation
scheduler
in main

4 Now. 2010 Masahiro Yasugi 25




A space-etticient first-class continuation
represented as a list of “Frame” objects

list of
“Frame’s

(if @ 30 (gcd ...))

Continuation

scheduler
iNn main

4 Now. 2010 Masahiro Yasugi 26



A space-etficient first-class continuation
represented as a list of “Frame” objects

(if W 30 ( >

gcd ...

#f

Continuation
scheduler
iNn main

4 Now. 2010 Masahiro Yasugi



A space-etficient first-class continuation
represented as a list of “Frame” objects

list of
“Frame’s

(=20)
(if @ 4 (gcd ...))
(gcd 4 2)

(if W 30 (gcd ...))

(if W 4 (gcd ...))

(gcd 26 4)

Contlnuatlon
scheduler

in main )

4 Now. 2010 Masahiro Yasugi 28



‘ A space-etficient first-class continuation
represented as a list of “Frame” objects

list of
“Frame’s

(=26 0) (=20)

(if @ 4 (gcd ...))
(gcd 4 2)
(if __ W)
(gcd 26 4)
(if __ W)

Continuation
scheduler

in main )

(if M 30 (gcd ...)) (if @ 4 (gcd ...))

4 Now. 2010 Masahiro Yasugi 29



‘ A space-etficient first-class continuation
represented as a list of “Frame” objects

list of
“Frame’s

(=20)
(if @ 4 (gcd ...))
(gcd 4 2)
(i__ W)
(gcd 26 4)
(if | W)

Continuation
scheduler
iNn main

(if W 4 (gcd ...))

4 Now. 2010 Masahiro Yasugi
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relative execution time

Results on SPARC L closure, ot PTR] S

L-closure cont (recapture) EXX

proposed: L-closure cont EEEEEEA

L-closure, trampoline LZZZZZ

1 2 closure, [not PTR| ==
nOt PTR Stands fOr closure cont (recapture)
“improper tail recursive” closure cont E=——

closure, trampoline E=Z-Z3
root-addr stack, [not PTR] C—/1
original root-addr stack, trampoline C——]

2 [ I I I _ ! - ! (507) >< I
— — b _
| ] — b — ]
P 1 e
7 g ] (11 <
a - . . 5 By A 77 [N . AN
[ 1] N o %
K ok :
kil <K i
0% 1 <]
<K/ K %
Q».*/ bes %
) [ 1 %
557 K ;
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% N INE : 3
fft tak traverse fft (tail) cpstak
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L-closure, [not PTR| I
L-closure cont (recapture) EXXJ

Results on Intel Xeon

trampoline EZZZZZ

, [not PTR| ==

)

[.-closure cont BEEEEXEERA

proposed:
L-closure
not PTR” stands for

closure
closure cont (recapture) E==3

S R

closure cont
, trampoline EZZ1

closure
root-addr stack, [not PTR|] C—/]

N
root-addr stack, trampoline —/—

improper tail recursive

original

b

(4.38)

AW UONNDIXD JANR[AI

fft (tail) cpstak puzzle

traverse

tak

fft

boyer
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Tasuku Hiraishi, Masahiro Yasugi, Takuya Kouno, Seiji Umatani, and Taiichi
Yuasa. Tascell: a Backtracking-based Load Balancmg Framework ICS 10
poster presentation.

Masahiro Yasugi, Tsuneyasu Komiya, Tasuku Hiraishi, and Seiji Umatani,
Managing Continuations for Proper Tail Recursion, Proc. of International Lisp
Conference 2010, Oct. 2010

Masahiro Yasugi, Tasuku Hiraishi, Seiji Umatani, and Taiichi Yuasa, Dynamic
Graph Traversals for Concurrent Rewriting using Work-Stealing Frameworks for
Multicore Platforms, Proc. of IEEE International Conference on Parallel and
Distributed Systems (ICPADS 2010), Dec. 2010 (to appear).
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