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Abstract How to program many-core architectures is a critical issue. This paper studies scalable
hardware mechanisms to support Cilk programming model, in order to achieve a good balance be-
tween programmability and scalable hardware implementation. The Cilk language is a simple ex-
tension to C, and writing Cilk programs is similar with sequential programming. In addition, pro-
grammers need not worry about system dependent issues, such as scheduling, load balancing and
data locality, etc. This work is based on scope consistency. First a data centric approach is
proposed for improving the programmability of scope consistency. Then architectural support for
DAG consistency is proposed. Experimental results on a set of scientific benchmark programs
show good performance speed up for a small number of cores. Experimental results also reveal
two fundamental reasons which limit the performance scalability of Cilk computations on many-

core architectures: the unbalanced on chip network bandwidth usage and limited memory

bandwidth.
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fili ik

fence

acquire(lock_id)
release(lock_id)
ber(region_id)
ecr(region_id)
remote_reconcile(src, dest)
reconcile_flush

reconcile

register_addr

SR fence 18 X
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R — A H A X
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A2 T — BB R Y close_scope s 45 B —A™ it BG4 4 47 580 — S 1 71X eer 34 WCH HR R X
T SR A S R A BB OK AR S 1 1 (dirty) B AFATE B L2 A7,

F TR Bt i (dirty) ZAFATE B L2 G A7 SRR ¥ T A A7 AT B R TEAL.

KA E 1 dirty) TSR] L2 ZA75.
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Consumer Thread:

int sync_read(int *{lag){
int ret;
acquire(flag);
Producer Thread: ret = *flag;

release(flag);

return ret;
ber(R1); )
Produce Data;
ecr(R1); while(sync_read(eflag) 1= 1);
fence; fence;
acquire(e.flag); ber(R1);
flag = 1; Consume Data;
release(&.flag); ecr(R1);
(a) (b)
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Cilk int main( ){ Cilk void Work1() {
ber(R1); Consume Data;
Produce Data; }
ecr(R1);
sync; Cilk void Work2 {
Spawn Work1; ber(R1);

Spawn Work2; Consume Data;
sync; ecr(R1);

return 0; }
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41 s blockMM I strassenMM ) 43 51 A 43 H
strassen BIESCINAE [T ik iz . Fo Xt blockMM |
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B7 [ 250 A
Fib 30
blockMM 1024 (default) and 2048
strassen MM 1024
LU 1024
Cholesky —n 1000 —=z 4000
FFT 10241024 and 41024 X 1024 (default)
CilkSort 4000000 (default) and 6000000
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6.1 Coherence Vector FE 4R M FR XX IT

Coherence Vector A i _F i [Fl 18 i3 A R A4 1 1
JFHSR R s B el 2 5 B G £ T — 4 Bloom
Filter f) A8 {1 25 1 8 47 75 25 5 F1 0% % 38 22 [] Y A Ay
[ R A SO R 8 Z 8 R — > Fh A A b ik 4 1R
FI S ik A HE AR, R 4 B0 T )F 3 64 DM EEiE
AT Fib B2 %, A6 [ e 18 50 T 3% 2% 38 A0 A 24448 fr
Z A5G Z&. e #E Fib 8 Fp 02 N o HA B B ifs 2 1Y)
HRAR A R332 47 I [ AR AE runtime 9, [R 1 Al
DL O X AR F AR A7 4 7 f# runtime B9AT R, W
Vi B 02 o AN TR G BN 0 6 9 1R R B AR P AT N A
PP N CIEOE 5 N LR o 35 O = R S X R V=
B AR AS [A] 45 380 14 152 2% B0 AN S A [F].

x4 AEEEFERT Coherence Vector iR R EFNME KM

A B DR i #1/ mm?* it W]
C1 0. 546 0.051X64 9/6/6/6
C2 0. 448 0.054 X 64 9/7/6/5
C3 0.414 0. 059 X 64 9/8/5/5
C4 0. 257 0.077 X 64 9/9/5/4
C5 0.232 0.115X64 9/9/9
C6 0.212 0.137X64 10/9/8
C7 0. 187 0.203X64 11/9/7
C8 0. 143 1. 871X 64 13/14
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