ooooooooDo
IPSJ SIG Technical Report

Vol.2016-0S-137 No.9
2016/5/31

dodbobboodooobobodooobuoogooooood
goooobogooboodgdad

oooooft

oooo®™ ooooft

oooooft

oooooooboooooooooegouooboooooooooboooooooboooooooooooooooo
goooooooooooooOoOooOoOO0OOOO0OOOOO0OOOOO0DOOO0OOOOOOOOObOOOObOOOOO
gbooopcO0O00C0O0O0DOOCOOOOOO0OOOO0OOOO0ODOOCOOOCOOOCOOODOOOODOOOOOO0OO0
goo0pcOO0O00O0CO0O0DOOCOODOOOODOOOOOOOODOOOODOOOODOOOODOOODOOOOOOO
gooooooooooooooOoOooboOooOoboOoOoOboOoOoOoOoOoOboOoOoOobOUoOobObOOoOooOoDOOoooooo
gboooboooooooobooooboboopcOOOOOOOOOOOODOOOOOOOOOOOOOO0O00O000S
orpGOOOODOOOODOOODOOODOOOODOOOODOOOO PGOOOOOOOODOOOODOOOOOOO

o040 0000000000000

oo000o0oooooooosoboooOoOoOoOoOOOOODnOn

1. Odono

gobobooobobobooboobuobooobooboo
goooooooooboboobobbbobooooooooag,
0o0000o0o0oDO0oD0o0oDOooDDOOooooDooogn
go0oo0OOoobOooOb0oOobOOoobOobOOoOoboobDOoo
0o0000o0o0oDO0oD0o0oDOooDDOOooooDooogn
go0oo0OOoobOooOb0oOobOOoobOobOOoOoboobDOoo
0o0000o0o0oDO0oD0o0oDOooDDOOooooDooogn
goboooooboobooboobobobooboobooo
go0o0d0ooobOOooOOoOobOOooObOooOOoOobooogn
goooooobooboo

goooobobbooooooooo Lsitogoooo
goboooooboobooboobobobooboobooo
goodobobbooooobobobbooooepuom
0000000oooOo0o0oooooooooee) oo
goo0oooboOobobOoooboOoopcOOODDOO
0o000000oDO0o000oDOooDDOOoooOoDooogn
go0oo0O0oobOooOb0oOobOOoobOobOOoOobOooboOoo
0 0 0 OWIPS(Whenever Idle Putto Sleep) 0 00 0 0 0O PG O
g0oo00ooOoODbOo0oDb pGIObObOO0ObObOObODOO
goowips DO0O4ooobO pGOOOOOOODODODODO
gob0oo pcUODOOO0O0OODOODOOOODOODOO
go0o0d0ooobOOooOOoOobOOooObOooOOoOobooogn
gomooboobobobooboobobobobooobo
goodoobobo/uoooobobbooooooooo
goboooooboobooboobobobooboobooo
goo0ooO0o0obOoOobOoobOOoobDOobobooboooobogra
0o000000oDO0o000oDOooDDOOoooOoDooogn
go0oo0O0oobOooOb0oOobOOoobOobOOoOobOooboOoo
0ooooooOoooooooobo0oooooooora
go00cpPuObOOO0ODOODOOODOObOODOO

1 000000

(©2016 Information Processing Society of Japan

gbooooboooboobobooboboboboo
gbooooboobobobobooboobob pGgOOO
gboooobooobooboboobooboboon
gbooodoboobobobobooboobobooboon
gbooooboomb cepudbooooOooboOoOOOD
gobooooooboboooboobboobo/moooon
gboooobooobobobobooboboboboon
gbooooboooboobobooboobobooo
gboooobooobobobobooboboboboon
gbooooboooboobobooboobobooo
gboooobooobobobobooboboboboon
gobooooS bOooobooobbooobooboboon
gbooboobooboobobobo pcOO0OOODOODOO
gboooobooobooboboobooboboon
gbooobodobooobobobobooboboboboon
gbooooboooboobobOoo pcOOODOOODO
gbooooboooboboboboobo pcObOOOO
gbooooboooboobobobooobo™moboobooboo
gbooooboooboobobooboobobooo
ooog

2. 00000000000 oooooon

21 O00DOOOOOO0OO0OO
gbooooboooboobobooboboboboo
gbooodoboobobobobooboobobooboon
gboooobooobooboboo oSobooooon
gbooodoboobobobobooboobobooboon
gboooobooobobobpRrEBpuoooobooooon
gbooooboooboobobooboobobooo
gbooooboooboboboboobm 100000
oboobooboooboobobooo
gboooobooobooboboobooboboooboo



oooooooooDo
IPSJ SIG Technical Report

gooooobvFsOoOoooooooooboooboo

gooooM4on0 EDFOb00OO0ODOOO0OObOO0DbOOn

goooooobobobobooDbO bvFSs OOOODO
gobooboooboboboobooboboooboobon

goooobooobooboobooobooboboboobooon
DVFS UO0Q0Q0o0oO0o0ooooobobooooobobooogo
ggisioooooboooooooooooooooooo

goooceubobOobObOmboobOobOoOoDOoo

gobooobooobobobooboobooboobooboon

goboooooboobooboobobobooboobooon

gobooobooobobobooboobooboobooboon

goboooooboboboobooboobooboobooon

gobooobooobobobooboobooboooboobobon

gooooooboomooboooboobooboon PG

goboboooboobobooboobooon

BRHDRITER
Wy |[wef{ wf| wy B Ledi)
meem |
EE EBERT ¢
B4 B BB ) WEBE DTS

01 obobooboooboobooo

22 0J0O0O0O0OO0OOOOOO0OO0O0 pcO0O

goopGO0OD00OO0OODOODOOMO 20000
gopchOO0D00OO0DOOOODOOOOOOO/MDODO
gooooooboboobobobobbbboooogog BEPO
Break Even Point0U 0 0 O OO [6UBEPI D OOOODOOO
go/oobooobooboobopcObOODOODOn
gobooobooobobobobooboobbbdo BEpPOOO
gobooooobobobobooboobooboobooon
gooooooboribooboboboo pcObOODOO
gooo/mo00b BEPOOOODOOOOODOOODOD
goboooooboobobUoob00o0obOUO0DbBEPO
gobooobooobobobooboobooboboob pcOOO
goooogooobooo

Power

Sleep Sleep Sleep Sleep
A <BEP Al = BEP. TN T
"HeI<HR wBHHIZE |BHHIZE

02 pGUOOODOOODOODOOOO

gooooobogeooooooobobbooooo
pGOOOOOOOODOOOOOOOODO BEPODOOODO
goo00oo0O BEPOOODOOOOODOO pGOODOOO
goooooogo 3sgpecgOO0DOOO0O0OO0ODLOOOOO

(©2016 Information Processing Society of Japan

Vol.2016-0S-137 No.9
2016/5/31

gboooobooobooboboobooboboon
gbooodoboooboboboboobooboboboon
gbooooboooboboboboobooboboon
gbooooboobobdobobo BEpPOOOOOOODO
gboooobooobOo pcUOOO0ODODODOOOOODO
gbooooboooboobobooboobobooo
gbooboobooobobobobooboboboobooon
gbooooboooboobobooboobobooo
gbooboobooobobobobooboboboobooon
gbooooboooboobobooboobobooo
gooono

TBIPG

f— %_ ilncrease

BEP#5F&PG

Power.

start end

time

EHRRY time

FORSAL

03 PGOOOOOOOOOOONM]

3. OO

gbooooboooboobobooboboboboo
gbooodobooboboboboobooboboboon
OpGUOOODOOODOODODOODOOOODOOOD
gbooodoboooboboboboobooboboboon
gbooooboooboobobooboobooboon
gboobobooboobooboobooo

gbooooboooboboboboobobbooboo
gbooooboooboobuobooboobobooo
BEPOOOUOOOOOOOOODOODOOOOOOOOO
gboooobooobooboboobooboobooo
gbooooboooboboboboobooboboon
gboooobooobooboboobooboobooo
gbooodobooboboboboobooboboboon
gboooobooobooboboobooboboon
gbooodobooboboboboobooboboboon
gboooobooobooboboob osh pGOODO
gbooobooboobooboboo

4. OOOOOOO

oboooogwlips OO0OO0DO pGUODLOOOOO
gbooboobooobobobobooboboboboon
goboooboboooboobobooboboooboono pG
gobO/[mooboobooboobooooooboobooooon
gbpGcOOD0O00D0O0OC0OO0PGOHOODODOODOWIPSH
b0 pcUOOODOODODOODOOOODOOODO
O0O0OACTIVELDODODOODOOOODODOOOOOOOO
gbooooboobobobobbob pghOObDOOO



oooooooooDo
IPSJ SIG Technical Report

000O0D0O0S 00000 PGOOOOOOODDOOO
00000000000000000000000000
00000000000000000000000000
O00O00OWIPS 000000000000000000
00000000000000000000000000
000000000000000000002200000
BEPOOOOODODOOOOOOOOOOOOOOOOOO
00000PG 0ODODOOODOOOOOOOOOOD
00000000000000000000000000
O[6[70000 PGOOODOOODDOONOOODO0ODO
00000000000 BEP 000OOOOOOOOOO
00000000000000000000000000
ooooo

5. O0b0bdo0odoooouoooon

gooooooboobobopcOObOODbDODnO
gobooobob BEP OOOOOOOOOOOOODOO
goooooowips OOooobD pGOOOOODODO
gobooboooboboboobooboobooboobon
gobogd2200000000000000 BEPODOOO
gobooboooboboboobooboobooboobon
goo wipsOOOoOoOoOOoDOOO0ODOOOOO0ODOOO0OD0OOO0
gobooboooboboboobOob0OBEP DODOOODOODO
goboooooboboboobooboobooboobobon
gobooobooobobobooboobobobooboobon
goboooooboooon

goboboooboooboob BEPOODOOOODOO
goooboBEPOOOODOOOOODOOODOOODOO
gooooobbbooo0oooooooooboobooo
WIPS DO0O0O0O0OO0O0000b00o0oboo0booooboogn
gobooooobooboboobobobooboobooon
goooboooboboboobooboobobooboobobon
gobooooobooboboobobobooboobooon
gobooboooboboboobooboobobooboobaoon
gooooooboboboobobob pGOODOOODOODO
goobooobooobooboboobooobooobooso
goboooooboboboobooboo pGOOO PGO
goboobooobooboboobooboobooo
5 O0O00OO0O0OO0OO0ODOOOOOOO0

goooooobooboobooboobooboobog
googowlpPSOOooOoobDooOoooD 00000 wd
goooooobooboobOoob Fres00DO0ODOODO
gobooboooboboboobooboboboobooboon
gobooooobooboboobooboobooooon
gobooboooboboboobooboboboobooboon
goboooooboobooboobooboobooboon
goooobooobooooobooboobodthhooono
;00000000 wr000000O0OO

(©2016 Information Processing Society of Japan

Vol.2016-0S-137 No.9
2016/5/31

00000 PGOOOOOODOOOOOOOOOOOO
00000000000000000000000000
000000000 70000000000000000
00000000000000000000000000
40000000000000000000000000
OD000000 BEPOODOOOOOOOOOOOOOO
0ooo

0000000000000 000000000O00
0DMO0MO000000000000000Nonooo
5110000000

0000000000000000000000000
OD0000D00000Aff000O0DOOCO 700000
0D;00000wd00000000Aff00000O 70
000000 MOOOOODOOOOOOwOOOOOAffO
0DooooMmoOoon

M
Aff=T—=) w M
i=1

O 400000000000000O00OAffODO0OOO
gbooooboooboboboboobobobooboon
gbo0o pGOOODOODODOODOODOODOOD
gboobooooowboobobuoobobaebOOn
obooobooAffo0booboboooboooceuooon
gboooono

Aff > Zai 2)
i=1
M
D,
: Aff
Wy Wy, } Wi
T Time
Wy 4 Wy Qg ree Wi @
T——l Ta—sl ! |PE—

Time
U4 00O0O0DOOOODOOODOOODO

s12000000000000000O000O00
51.1000000000AffOO0O0D0O0O0DOOCOODO
o@boooobooboboilbed0OOooooooooon
gboooobooboboobbb00obOoooboon
O000«™00000000000000000000
gboooobooobooboboobooboboon
Det00000000000000000D000000
gboobooboooboobooboo
gbooooboooboobobooboboboboo
g:/000o0boobobobioob Free0000O0COODO



oooooooooDo
IPSJ SIG Technical Report

000000000 x00000000000 L0000
000000000 weitD BEPOOOOODOOOO0O000O
x0000000000000000000000000
OFre00000000000000000x00000
00 00000000000000000

e xOBEPOODDODOODOOOOOODD aiyit

e xOBEPOOOOODDDOD0D0O0000000O0O0O

00zt

auntt (BEPumt x) X numt
(x=1,2,..,BEP)
Zit,t;ﬁt — (Ll;nit unLt) X numt
x=1,2,..,BEP
it = x0 000000 “
Lunit — ppunit 0 000000

€)

goboobooobooboboobooboboboobobbo
go0oOBEPOOOOODOOOOOOOO BEPOODOOO
goboooooboobobooboobooboobooon
gmooobooboboooboobobobobooobo
(9 UO000D0oO00o0oooooooooooboooboobooo

gooood
() 0O0O0O0D0OO0DOOO BEPOOOODOOODOOOD
gboooboooo

U0@UOO0O000000Db0O0x00000000DO0
gobooboooboboboobooboBEPOODOOOOODO
b oo0obooobobOOoobooboboO BEPOOO
gooooooboobb sboobooboooboobaon
gobooooobobobooboobooBEPODOODOOO
gobooooobobobooboobobobooboobooon
goooboooboboboobooboobooon

oooGUuooobooboobo BEPOODOODOO
gobooooboooboobobooobodo BEPOOO
goodoooobooobboBEP DOODOOOOOOO
BEP UOUOOOOO0OO0OO0DOOOOOOO0 BEPOOODO
gooooooboo egbO0O0DOOOBEPODOODOOO
b BEPOOOOOOOOOOOODOOOOODO BEPUO
gobooboooboobooboobooooon

A
0] !
L I
A | eeplETS
e A)—Fh
il

4
i:s
nx BEPZ D I

2—= |

B |

0 BEP

A)—THAILRX

U5 db@ubbobooobooboboboobooon

(©2016 Information Processing Society of Japan

Vol.2016-0S-137 No.9
2016/5/31

BEPI BT S
AN )=
12h

S REHEL—oN

X

AY=THAIILEX
06 ODOGUIUODODODODDODODODODODOODDODODDOOOOO

00@ODO0@MOOOOD BEPOOOOOODODOOO
0 BEP0OOOODOOOOOOOOOOOOOOOO
0000000000000000@O00000000
0000000000000000000000O00Aff
000D000000000000000@OO0MGOOO
0000000000000000x000000000
000000000000thO0ODOOOMOOOth,OO
G)oooo

thy = {ximit}

unit=1,2,...m (5)

th 00OOOMOODOOOD i0 mOOO0000D00 unit
0000000000 x000000000000000
0000000000000 x*"0000000000
0000000000000000000th,000000
00000000000000@OO00thb0ODOOOO
(©ODOOMODDO00D0@MIOOD

m X
th; —argmaxz Z Zz”n

i=1 unit=1k=1

(DDDDAff>Z i ia}‘"”)

i=1 unit=1k=1

(6)

m  BEP

th; —argmaxz Z Z unit

i=1unit=1k=x

([I[I[IEIAff>Z i f umt)
nit=

(7
B
i=1u 1k=x

52 oSO000000O00O0O0O00OCODOODOOOO0 pG
oo

oSO s10000b0b0o0ooboobobbooboo
gboboooboooboboboobobboopGcOOOOO
ugbopcOObO0DOODODOODOOOODOOOD
Oth,DOOOOODODOOOO0O0O0O0oooooooooD
gboooobooooSuoobobobobboobobo MO
gboooobooobobobooboobooMMOOOD
gbooodobo osbuobobobooboboboboon



oooooooooDo
IPSJ SIG Technical Report

gobooooobobobobooboobooboobobooon
goboobooobobobooboobooboboobooboon
goboooboooboobooobooobooboobo
gooooooooooboooAaffO0DO0O0OD0en,00
gobooobooobobobobooboobooboobooon
goboobooobooboobooboobooboobooon
gobooobooobobobobooboboboobooboon
gobooooobopcOOD0OODOO PGHODOOWIPSOO
goooboooboobobooboobobbooboboo

6. 0O pPGUOOODO

sOooboobg pcUOOO0DOOOODOOOOO
PG OOOO0O0O0OOO0DOOOODOODODOOODODOOO
gobgnobooboobuoobd pGOOOODODO
Geyser O OOOD0OO0O0DOOO0DOOOOODOOODOO
goooobbO1ooooobbboooooobbog
O Alu, Shift, Mult, DivO O OO0 O0O00O00000O0000
goooogopcUOO0OO0OO0ODOODOODOODOO
goboobooobobobooboobooboob pcOOO
gooobo pOOO0O0OC0OO0ODOODOODOODODO
gpcUOb0O0O0OO0O0O0DOOOOODOODO PGUOOODO
gooboobgoosboobooboooboopchOODbDO0O
gooobooopcOobOob0OoobonOo 70 pGOHOOO
gooooooboobmoopA@AbOO0onomoOO @
gooobpcUOODDMOO PGOUODOOMMIOODNO (D)
gooobopcUOOOD0OODODODOO
PGRAT—HRALURA

* 12 11 10 98 76 5 ese
[ [ DIV |MUI.T | 5HIFI‘| ALY ‘ I

PG (WIPS)
WIZ7 9747 (ACTIVE)
HHPGIE—F1)
HHIPG(E—F2)

g7 00OpGgUODOPGUOOOODODOODO

gopGcUOOOSODOO0OO0OO0ODOO0DOtODODOO0DOO
gobodgBEPOOOOODOOCODOOODOODOOODOOO
goboooooboboboobooboobooboobogoon
goboobooobobobooboboodn GeyserO OO
goooooobob sbooboobooboboooDbo

gooooooboobooboobooboobooobog
gobooboooboboboobooboobooboobobon
goooomooboomooboobooboon BEP
goboooooboboboobooboobo pcOOODOOO
gooooboooboobobooboboboobooboon

(©2016 Information Processing Society of Japan

Vol.2016-0S-137 No.9
2016/5/31

gooobO wilpSOOO pGOOODOODOO
gbooodbooboboboboobobooboo

gboooobooobooboboobooboboon
gbooodoboobobobobooboboboboon
gbooosbooobooboboobooboboon
gboooobooobooboboobooboo pcODO
gboooobooobobobobooborooboon
gbooooboooboobobooboobobooo
gboooobooobobobobooboboboboon
gboobog200b000b0obooobooboooon
gboooobooobobobobooboboboboon
gboooobooobooboboo

RY—FHIEL SRS

31 24 23 16 15 8 7 0
DIv MULT | SHIFT ALU

*

SIZFEITT S 7L B(BEP)

MERELCAS
31 2423 1615 8 7 0

DIv MULT | SHIFT ALU

*

PR ik,

g8 obpcgUOODOOOOODO

7. OO

ooboooooobbooooooboooooboooo
oOooD0o0o0oOobOoOoOoOobOooooboooo pcOOO
000000 0DOOo0O0OO0DOOo0ooOoooooooooo
oo0b0o0o0OOooooooobobooog
71 0000

ooooooobOooooboOooobooooooo
0000000 Matrixt DhryStoneld Dijkstra 0 0 0O 0 OO
ooboooob roobooboooooobooobooon
U000 FPGAOUO GeyserUDODODOODOOODOOO Geyser
onFPGA U D OODOGeyseronFPGA DO D UODOOODOOO
gboooooooowips DOOO0OOOO0ODOOO0ODOOD
ooboooooooboobooDbooomobOooD PG
oO0oOO0o0oo0O0obDOo0oOOobDOoOoboOobooooDooboobooon
goboooobooobobooooboboowiesOOogD
o0ooboobOobOoooo0obon0 wOOOODoODOO
oboo Fre000000OD0OOO0DOOOODOODOODO
oobDO0o0ooOobD pcOODOOOODOOODODOOOO
000000000 00OO0DOOo0oOO0Ooooooooog

O000000D p0000D0O0C0ODOxODOOO
oooooMAgowIlPsSOOOO00O0PGOOOOOODO
DDDDDDnﬁ,’;itDDDDDDDDDDDxDDDDDDD
0000000000000 Oxpe, 000000000



oooooooooDo
IPSJ SIG Technical Report

000000000000 00MO4000000000
0O000O0M0 BEP 0000000000 OOOO0
000000000000000 EDDDOOOOOOOD
®DOO00O0o

Xmax

M m
— unit unit
Etemp - Z Z Z (Li,k X Nk X k)temp

i=1 unit=1 k=1 (8)

<DDDDM=DDDD:3>
m=00000:4

OoDO0OOwlPSs 00000000 DO0OO0DOOOOOO
E“mmmPGDDDDDDDDDDDDDDDDDﬁﬁp

temp

gooooooboboboboob yooomooooo

_ “temp temp
Yiemp = FWiPs )

temp

EWiPS sch

goobooobboooboooobooonD wd
U 1gboooboooboobooo roboboboooboo
goboooooboboboobobooborobooDbo
goooobobboobooooooooooooboboobooboo
pGUOOOOOODOOOOOOODOOODOOO O 2
goboooboooboboboboobobbo Toobao
gobooAffo0o00oboobobobooooon

01 0O00OD000D0O0OMegacycled
DhryStone Dijkstra
23.4 40.5 234

Matrix

U2 0ob0ooboooooboo

oor 000044 | ODO0OO0O0O0O

0 Mega cycleDl | O Mega cycleDl | O 0O O 0O OO %0
1 87.6 0.39 0.4
2 88.0 0.78 0.9
3 88.8 1.56 1.8
4 90.3 3.13 3.5
5 93.5 6.25 6.7
6 99.7 12.5 12.5
7 112.2 25 223
8 137.2 50 36.4
9 187.2 100 53.4
10 287.2 200 69.6
11 387.2 300 71.5
12 487.2 400 82.1
13 587.2 500 85.1

72 O0O00O0O

000000 2000000 TOOO@OGOOOO
000000000000000000 PGOOOOOO0
00000000000000 YOOOOOOOOOO

(©2016 Information Processing Society of Japan

Vol.2016-0S-137 No.9

2016/5/31
2500650010000 12500000 90000
FyTRESCTDHE
.. 100% 40
g 4 80% _L
E 20 60% E
T 20 ao% 1
¥ w
=2 10 0%
: e
h 16
00 o% E
0 20 a0 60 80 100

AR O RABEE OB E (%)

FyTRESCTODIHE

w
o
F-
a

g 100% §
E 4o 80% _I‘
- ¥4
=30 60% 4
& i)
B ¥
i 20 40% 1)
i 0
= 1 ; an
2 1.0 20% :5
H
0.0 0%
0 20 0 60 80 100 o
AP ORIBERE OB S (%)
FuTiRE100°CDIFE
5.0 ) ql:[
S 100% E
% 40 i ..I\
% 30 = - 6% :L.rj
=l s
‘| 20 a0% K
¥ ﬂ_u
o 1.0 20% “;"3
5 H
H
0.0 0% E
0 20 a0 60 80 100
B P D RIBEFOEIS (%)
FyTRELS COEE
5.0 - 4a
"\2.‘ 100% ﬁ
= n
% o 80% :l\
- 8
¥ 30 60% 3
= ]
mlﬁ 10 40% Lﬂwl
¥ 0
e,“ 10 20% “}S
H #
00 0%

o

20 40 60 B0 100

B D RABEME OF)E (%)

e ORI F—BERMRE == (b D TR LF—BERHERE
——F 2 (2) TREPETEIZEELEAY—TOWE ——H (b TREPETIIZEELLAY—TOWE

09 oboboobooboooboobobbooboo
gbooooboooboobobooboboboboo

gboooobio@uuobomwpoboooboooboooon
gbooooboooboboboboobobobooboon



ooooooooDo
IPSJ SIG Technical Report

gooooooboboboobooboobooboobooboon
goboooboooboboboobooboboboobooboban
gooooooboboboobooboobooboobooboon
gooobooboobooogboob@ubOOobooDn
gomMmobooo2s00000 4.0%Mbs00000 4.0%0
000000 33%012500000 25% 00000
gobooboooboboboobooBEPODOODOODODOO
gobo0o0d BEPOOOODOOOOOODOOODODO
goboo obbobO0oobobOooboobOOoBEPOOO
goooooboobog 1w uooooogooooo
gobooboooboboboobooboobooboobobgoon
goboooooboboboboobooboobooboboon
gboboboboDoDOoDAffO0O0OO0OODOODO
goooo0 BEPOOOOODOOODOOO BEPODOOO
gobooboooboboboboobooboboobooboboaon
gobooooobobobobooboobooboboboon
gobooboooboboboboobooboboobooboboaon
gobooboooboboboboobooboboobooboboaoon

o0 BEPOOUODOODOOOODOODOODODOODO

goooooo BEpOOOO 300000000000
goooo Fre00000000DOO0O0OODOOODODODO
gooooooboboboobooDb BEPOOOOOODO
goboooooboboboobooboobooboooon
goooboooboooo

03 00000000000 BEP[6]

unit 250 650 10000 12500

ALU 124 38 18 12

Shift 160 50 22 14

Mult 118 44 44 34

Div 58 14 6 2
7.3 00

gobO0oBEPOOOODOOODOOOO BEPOOODOO
goooooob pcOOOO0 WIPSOOODOOODOO
goboooooboobooboobooboobooooon
goboobooobobobooboobooboobooboon
goboooooboobooboobooboobooooon
gooobooobobobooboobo
73100000

gobobooobooboboobooboboboobobbo
gooooooboboboobooboobooboobooboon
goboooboooboboboobooboboboobooboban
gooooooboboboobooboobooboobooboon
goboooboooboboboobooboboboobooboban
goboooooooobobooobobooboDbOOAffod
MOOOOO;0000000000q000000D00
O0O0O0OD0O0O0OAff/lODO0ODODODOOOO 40000000
0000000000000 00000000gAFf/oa

(©2016 Information Processing Society of Japan

Vol.2016-0S-137 No.9
2016/5/31

gboooobooobooboboobooboboon
O0Afff000000OC0ODOODOODOOODOOOOOOO
obooboooboobooobooboobobo

O 4 D0O0D0O0OOODODODOOOOUOODODOOOOOO
00000 [Mega cycle]

goo

goo
0Q 250 650 1000 1250
[%]
223 N/A N/A N/A 1.2
36.4 N/A N/A 43 26.2
534 N/A N/A 543 76.2
69.6 N/A 75.7 154.3 176.2
77.5 N/A 175.7 254.3 276.2
82.1 39.6 275.7 354.3 376.2
85.1 139.6 375.7 454.3 476.2

7320000000000000000000000A0

gbooooboooboobobooboboboboo
gbooooboooboobobooboobobooo
gbooooboooboboboboobooboboboon
gbooooboooboobOobOoobOooOoBEPOODO
gboooobooobobobobooboboboboon
gbooobooogoon

O o0booobooboboogboo@uuobmomuooo
gbooooboooboboboboobooboboon
gbooodobooobobobobooboobobooboon
gboooobooobOobobOobD ALUDO shitdooogo
gbooodobooobobobobooboobobooboon
gboooobooboboboDbO0o BEPODOOOODOODO
gboooobooobOoobooob 2s00000BEPODO
gbooboobooboboDbo shittbooo e60%Udood
000 ALU O 27%0Mult O 12%0Div 0 1%0 0 00 650
gbooodobO BEPOOOODOOODOOODOODO ShiftO
ALUDOODO 9% 00000000 10000 1250000
gbooo0od bivO 0%0000BEPOOODOOOOODO
gbooooboooD MmutdoO DivOOOODOOODO
Oo0bD00oo0obo0oboOoDbOoO0bD ALUDOO shiftO 0O
gboooobooobDOMultd DivODODOOOOOOODO
gbooodoboobobobobooboobobooboon
gboobooOMultD DivOOOOODOOOOOOOODO
gbooodoboobobobobooboobobooboon
gboooobooobobobooboobooo
7330 000000000000000000O0OO0

O000Aff'O0 MultO DivOOOOQOOOOOOOO
goboooobooobooboboobooboobooo
gboobOoobobobOobooD GeyserDOOOoOoanO
goboooobooobooboboobooboobooo



oooooooooDo
IPSJ SIG Technical Report

FyiBEBCOES

sl
(=]
ca
=]

o
o
o
=]

[
=}
[
o a

o

(2) (b) (a) (b] (a] (b} (a) (b) (a) (b) (2) (b
364 534 696 775 821 851
R EA P DR M D B & (%)

AL — B IR A (%)
i
T F—BIEFTHIRE %)

FuTRE CDEHE

{2) (k] (=) (b) (a} (b) (a) (b] (2) (b) (2] (k)
125 223 354 534 696 775
ERAR0RBEROBIE(%)

Vol.2016-0S-137 No.9
2016/5/31

FviRE100°CDIE S

[0 T s T < ]
o o o O

0
() (B) (=) (B (2) (k) (a) (k) (a) (k) (2] (b)

67 125 223 364 534 69.
BB ORBEROIS(%)

T LA — B R AR (%)

W ALU ®mShift ®m Mult = Div
g 1oobooooga2sbesg,joob0ibdbd@ubbomiboooooboooogooong

gbobooobooboooooooogon4uooogo
gooooOo0obOO0oOoOoDOOoOoboOoboooDoOoooboooD
000 LLP(Least Leak Point)U D O O Mult O DivO O OO
00000000 ODOUAff'lODOOOO BEPOO LLPO
gooo0oo0ooOOooOoO0oocOooDOoOoOoLpOOOOOD
opGOODOOOOODOO71IO000D00O0O0O0OODO
0oo0bO0obO0bO00O0o0OO0oO0D0 ybobhoDooooo
BEPOUOOOODOOOOODOODOOOOODODOOOOD
gob0O yooo 40 0000000000000000
Afff0000000000O0OOOO yOOO 71%000
goooooooOoboooon
goooobooboooooobooooobooooooo
OO0 BEPOODOOOOOODOOD BEPOOOODOODO
00000000000 AfffOOOO0OOOOOOBEPO
gooobooOobooooOoobDooboobooobooobooon
gooooo0oo0OO0O0ooOoDOOoOooobooooooogo
oooooDoOoOmMultD DivOOOODOOOODOOOD
gooooo0oo0OO0O0ooOoDOOoOooobooooooogo
gooobooOobooooOoobDooboobooobooobooon
o FreO00O00OODOODODOOODODOODOO
gooooboobooooooboobooboooboon pG O
gopcO0OO00O0DOOOODOODOOOODOOODO

8. UOoOd

gobooboooboobooboobooboboboobo
gob pcUOD0OO0O0ODOODOODODOODOO

gooobooobooboboobooboobobobooboon

BEPOUODOOOOODOOOOOODOOOODOODOO
goboooobooooobooboboooboob BEPO
gooooooboboboboooboobobooboo
goooooobobob pcOODOODODOODOO
gobooooobobobooboobosgo pGOOODOOO
goboobooobobboobooboobobobooboo
O pcgOwIPSODOOOOODOOODOOOODOOODODO
4.0000000000000000000000000
goboooooboboboobooboobobobbooboo
goboooooboboboboooboobobooboo

(©2016 Information Processing Society of Japan

goooooooobobobobobooboooooooooon
pGOOOODOOSOOOOOOOOODOO

ooon

[11 N. Seki, L. Zhao, J. Kei, D. Ikebuchi, Y. Kojima, Y. Hasegawa, H.
Amano, T. Kashima, S. Takeda, T. Shirai, M. Nakata, K. Usami, T.
Sunata, J. Kanai, M. Namiki, M. Kondo, and H. Nakamura. A fine-
grain dynamic sleep control scheme in mips r3000. Computer
Design, 2008, ICCD 2008. IEEE International Conference on,
pp.612-617.

[2] C.L.Liuand]J. Layland. Scheduling algorithms for multiprogram-
ming in a hard real-time environment, Journal of the ACM, 10(1),
1973.

[3] Kriehi Ramamritham, John A. Stankovic. Scheduling Algorithms
and Operating Systems Support for Real-Time Systems.
Proceedings of the IEEE, 1994, Vol.82 No.1, pp.55-67.

4] OO0, 00000.EDFO0O0OCOOOOOOOO DVFS
oooocpubOOCOOOO0.00O0CQOOOODDOOOOO
goooooooooooooooooooo n3oo0og,
2010, Vol.2010-0S-113, No.15, pp.1-8.

[5] Pillai, P. and Shin, K. G.. Real-Time Dynamic Voltage Scaling for
Low-Power Embedded Operating Systems. 18th ACM Symposium
on Operating Systems Principles, 2001, pp.89-102.

[6)] DOOOOOOOOOOOODOOOOOOOOOOOODO
ooooooo0ooooo0.0oooooooooooo
oO0o0o0oo0oo0 MIPSR3000000000000000O0O@O
o0oooo0). 0000,2008,vol.107, n0.414,VLD2007-111,
pp-43-48.

[77 DOOOOOOOOOOO0ODOOOOO0OOOOOOODO
ooooooooooooO0.ooooooooooooo
gooooooOo0oooooOoooooOooooooooon.
0000,2008, vol.107, no.414, VLD2007-111, pp.37-42.

[8] O0O0O0OO0OOOO0OOOOCOO0OOOOOOOOOOO0O0O0
oooooooOoooooOooooooO0.00o0oo0o
osO0O0oO0OoOoooOoO0OooooOoUOooOoobOoOoDO.
goooooooooooooooooooooooooo
000000 11 000ooOo0@oooooOooooog
0200 00000000000,2012, Vol.2012-0S-
121&2012-ARC-200, No.16, pp.1-8.

o] OO0 OO,00 OO0,00 0,00 0,00 000,0
0O 0ooo0.0poo0o00oo0 osooooooooooooo
ooooooooo.swePPO OO 2013, DOOOOOODO
oO00ooo0o0oooooo0ooooooooooo0n 126
000000,2013, Vol.2013-0S-126, No.6, pp.1-9.

[t0] OO0OO0O,0000,00000,00000,000,00
o0.000000000O0C0CO0O0O0O0OCO0O0O0DOO0O
LSIOO0O0. 0000000000 ARC-173,2007, pp.79-84.



