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Compiler Control Power Saving Scheme for Multicore Processors

JUN SHIRAKO,! MUNEHIRO Y OSHIDA,! NAOTO OSHIYAMA,*
YASUTAKA WADA,t HIROFUMI NAKANO," HIROAKI SHIKANO, 't
Kenr KiMUurAttt and HIRONORI KASAHARA®

A chip multiprocessor architecture has attracted much attention to achieve high effective
performance and to save the power consumption, with the increase of transistors integrated
onto a chip. To this end, the compiler is required not only to parallelize program effectively,
but also to control the volatage and clock frequency of computing resources carefully. This
paper proposes a power saving compiling scheme with the multigrain parallel processing envi-
ronment that controls Voltage/Frequency and power supply of each core on the multiprocessor.
In the evaluation, OSCAR compiler with the proposed scheme achieves 60.7 percent energy
savings for SPEC CFP95 applu using 4 processors without performance degradation, and 82.7
percent energy savings for MPEG2 encoder using 4 processors added deadline constraint.
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Fig.1 Hierarchical macrotask definition.
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Table 1 Rates of parameters at each frequency.

state FULL | MID | LOW | OFF
frequency 1 1/2 1/4 0
voltage 1 0.87 0.71 0
dynamic energy 1 3/4 1/2 0
static power 1 1 1 0
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Phase OO OO MTOOOODOO maex; 00000
000000000000 000 PhaseOO O OO
000000000000000 Thaz,-deadline 00
O0mex, DO0O00O0O0O arg;; DOO0OOO00OO
max; = max(arg;_1,arg; 2, ...)
argi_j =Ti jm +Tijn+...+mazi_j_1 + ...
oooo arg;; OOOODOOOOOOOOCOOO
Tiijom+Tijn...+maxi_j_1+... <Tmax;_deadline
0o00o0o000oOo MTODOOO Phased OO
O0Phase 000000000 34100000
00000 erg 000000 FULLOODOODOO
pgooooboooboobooboboobooboobo
rFrviODODOODOOOOO0OD erg000D0O0 MTO
Jjoo0oooooOOooOOo0ooOobooD FPVODOOODO
gooMTODOOODOOODODOOODODOOODOOOO
oooooog
3.4.10034200000000000000 MT
o00obOoOoOoooooooooa
3.5 OD00O0O0OOOOODODOOO
340000000 MTGOOOO FVOOOO
000000000 ON/OFFOOODODOODDOO
Joboo00ooO0oooooOoidledbbOoOoooOonO
OOMTGOO iddle0000OO0OO0OOOOOO 3000
ooo
(1) DOUDOOoDOOOMTOOOO
(2) 0OOO0MTOOOO
(3) DO0DOO0DO0ODOO0ODOO0OO0 idle
05000000000 idled00OO0OO0O PG3
O0DO000OO00bOO0o0oDbOOooDoOoOobOOoOobOOobDOono
pgooboboobobbooboobobooboo
O0idle00000O0O0O0OO0OOOOOOODO
e JIDOU0ODODOOODODOOWeODODOO
ON/OFFOODOOOOO
e JIODDOOODDOOOUODODOOO
3.6 MTOOO MTGOOOODOOOOO
goooooo MTGOO MT, ODOoOoOooOOO
OO0oODO00O0O0DbOOooOOooOoOo MT, OO00ODOODOO
MTG, 000000000 MTG; 000000 MT



Vol. 47 No. SIG 12(ACS 15)

gooobbooo0ooooooobooooooooo
goopoooooooboo MT; OoooOo 13 O
0 MTG, OO0O0O0OOoDoDOoOOOOoOoOooooOoOog
Tyvra; deadtine 0000000 FVOOOOOOO
doooooooooo MTG; 0DO0DOO00OO0OOO
0dooooooo MTG; OoOooooO MT; OO
0o0o00oOo0o0bOoDooOobOOooboooooooo
gobobdoooobooboobuoobooooo
ggobooobobooooboo
step.1 TG, _deadiine 0 0 0
T(FULL)D MT, 000000 FULLOOOOO
0000000 num_of_iter; O MT; O RBOOO
000DOO00ODO0ORBOOOOODO 10DO0O0OOOOO
goobooooo

TymTG; _deadline

= (T, — T;(FULL)) /| num_of _iter;

step.2 MTG, 000000 O0O0OOO
MTG; 00 jO000 MTO MT,; 0000 step.1
goboO0o0oooooboooonD 3400 FVOOO
3.500000000000MT;; 00000000
Enev‘gyMTi_jDDDDDDDDDDDDDDMTGZ'
goobooooog ZEneTgyMTi_jDDDD
step. 30000000000
MT; 0 RBOOOOOOOOOOOO num-of _iter;
ddooorFvoooooooooooboooo
000000 oOO0o0ooDDbOoOooDbooooooao
overhead; 000 020000000000000
e MT; 0000000000 EnergymT;
e MTG; O DOOOO DD(ZEnergyMTi_j +

overhead;) X num_of _iter;
gooboboboboobooobooboobooboobooo

4. 0 00O O

0000000000000000000 OSCAR
0000000000000 0000000000
0000000000000 00000000o0on
0000000000 0D0D0OO0D0D0D0OD 10000
0000000 FVOOO000000O00000 2
00009nmO00000000000000000
0000000000000 00FULLOOO0OO0
400MHz 000000000 OO0OO0O0000000
00000000000000000000000
0000000 20000000 Wattch? 000
000000000000000000000000
00000000000 D000D0000000000
000 SH-mobile 0000000 0000000

gooooooooooooooooobooooooooooo 153

02 0000000000000

Table 2 Power and frequency transition overhead.

dynamic power 220 [mW]

static power 2.2 [mW]
delay(FULL - MID - LOW) 0.1 [ms]
delay({FULL, MID, LOW} - OFF) | 0.2 [ms]
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