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Dynamic Processor Throttling for Low Power Computing

MasaAakt KONDO, .t MoToNOBU FUJITA
and HIRoOSHI NAKAMURA

This paper describes a method of dynamically throttling processor speed using dynamic
voltage scaling (DVS) technique for low power computing. We propose a micro-architecture
level mechanism that detects performance imbalance between processor and memory and ad-
justs processor frequency to redress the imbalance. By the adjustment, the mechanism selects
an optimal processor speed among several voltage/frequency setting points and thereby power
consumption is reduced. We evaluate power saving and performance degradation for our pro-
posed method by cycle level simulation. The evaluation results reveal that the method has
potential to reduce a large portion of energy consumption with negligible performance loss.

goobooooobooobboobobooooo
gobooooooobooobooobbooooo
000000000000 (Dynamic Voltage Scaling:
pvs)ooUoooUoOooooOoooOoooooooo
0000000000000000 Intel Pentium MY
0000000000 SpeedStepd Transmeta Cru-
soe TM5800% [ LongRun 0O ODVSOOOOOO
oo0oooooOooooooooobvsooooo/
goooooobooooooooooboooooa
goodoooooooooooobooobooooon
doooooooooooooooocMOosOOn
goooboboooboboooboooobogoo 20
gooodobooobooooobuoobooooon

1. 0 O0o0o

oooooboooooooooboooooboooo
ggboooooboobobuoobuooboboboon
gogbooooobuooboboobuoobobooo
gobobooooooooooocoooobooobon
gooooboboooooooooooooooooon
goooobooooooooooooooooooon
gogbooobooboboobobuooboboon
gogboboboboooboobobboboboboon
00 (Thermal Design Power: TDP)O OO OO0
oooooooooooobooooo TDPOOOOO
gbooooooboobooobooobooooobOoooon

goTbpOD0OO0O0D0OOOOOOODOOODOOODO
goboooogooobooooobooobooboooboo
gboooboobooooboooobooboboo
gobobooooooooooooooooooooon
gobobooooooooooooooooooooon

toooooooog JST

10000 ODO00000ooooooo
Research Center for Advanced Science and Technology,
The University of Tokyo

go7d

goboooobooooooobooooboboo
Oo00 bvSOOoooooooooooooooo
gobobooooooooobooooocooooobooo
gooboooooooooooooobooooooboon
gobobooooooooooooocooooooon
gobooooboooobooooooooboooo
goooboooooooooooooooooooon
gboooooooboooboooboobooobobooooon
gbobooooolibobooobooooobooooobon
goooobooooooooooooooooooon


研究会Temp 
 

研究会Temp 
 

研究会Temp 
社団法人 情報処理学会　研究報告IPSJ SIG Technical Report

研究会Temp 
2003－ARC－154　　(17)

研究会Temp 
2003／8／6

研究会Temp 
－97－

研究会Temp 
 

研究会Temp 
 


0 1 Intel Pentium M OOOO0O000O000000000O000O0O0O

goboocoooon

Processor Clock 1.6GHz 1.4GHz 1.2GHz 1.0GHz 800MHz 600MHz
FSB Clock 400MHz | 400MHz | 400MHz | 400MHz | 400MHz | 400MHz
Memory Bus Clock 266MHz 266MHz 266MHz 266MHz 266MHz 266MHz
Processor Core Vdd 1.484V 1.420V 1.276V 1.164V 1.036V 0.956V
(%Energy) (100%) (92%) (74%) (62%) (49%) (41%)
00000000000 0000000000000
0DVSOO0000000000000000000 bower _ Cache miss i1 _

Cache miss #2 Cache miss #3
gooobooobooboobobuoobooooon // /
gooooooooboobooobooooooogd
0DVSOOOO0O0O00O0O00D0000000000 . et s s
000000000000000000000000 £=20Hz war | el T el T
gooodoobooobuoobooooooooon Time

Cache miss Cache miss Cache miss
resolve for #1  resolve for #2 resolve for #3

2. J0OOoOooOOooboooon

00000000 (Dynamic Voltage Scaling:
pvS)ooooOoOoUOo/oUooOoUooOoooOoo
goooobobobobobooooooooooooo
gooodobobOooboboobuooboooooo
goodooooooooooooboboooooood
gooooooboboobboooooooboooga
gooodobooboobooooooboboooo
goooooooboooooooo

OO0 DvSOOoOooooooooooooooo
goddoobooooboooooooobooooon
cMOSOOOoDooDooooooooopooog P
gooooooon

PocCxVdd® x f (1)
oooococMOSOOOoOoOOveadoOoOooono
fO00000000000000O0CMOSO00OOO
ooooo DDDDDDD‘FddDDDDDDDDDS)D

Dam (2)
goobveOODODOOVyOOOODOUODOD &
goboboobooooooooooocooooooon
0000 1020000000 ()boooooOoo
gobooboboooo 200000000000DO00
gogbooboobobuoobooboobobooo
000 (2)0000oo00oooOoooooooooo
goboboooooooooooooooooooon
goboboooooooooooobooooooboooboon
oococMoOSOOOOoooOoOoUoooOoooooOoo
ggoboboobbooobbuoobbooo

DvSOO0O0O0ooooooopoooooooog
00 000OIntel Pentium MOOOO0O (1.6GHz O )
goboboooooooobooobooooooooon
0ooooY 00000 1000000010000
gogbooooboobuoooobuooboooon
Ooooooooooooo w%oooooood

Cache miss #1

//Cache miss #2

Power Cache miss #3

dd =1.5

Vvdd =1.5vV = 2614

f=2GHz

vdd =1.2v
f=1GHz

Vdd =1.2 ’

stall ‘ f=1GHz

\ A
Cache miss
resolve for #1

01 DvSOoOO

O00U000o0oooooooooOn (%Energy)
goboboboooooooooooooooboooooo
goooooooooooooooobooooooon
gooocooo

Time

Cache miss
resolve for #3

Cache miss
resolve for #2

3. DooOooooooooDpoo bvsdd

3.1 O g

obobobooboooboooboooboooobooo
goboboboooooooooooobooooooobon
goboooboooboboooobooboooooboon
bvSOOOOOOoOOoOooooooOooooooo
goooboooooooboboooooboooooooo
ddododoooouooooooooobooooboooboooo
gbocooooooboooooooobooooo
gooooobooooooooobooooboooooo
gooooooooooooooobooooooon
oooopooooooooooobvsoooooo
gooooooooooboboobobobobbbbbbodoa
goboboboooooooooooooobobooon
goooooooooooooooboooooooon
ooboooooboo

goOoo bvSOooooooopooooo 100
0000ooOO0 (Without DVS) D OO OOOOOOO
0000oO0o0ooooOoo (With bvs)oooooO
goooooooooobooobooooooooon
goboooobooooooboboboooobooboOoooo

0980


研究会Temp 
 

研究会Temp 
 

研究会Temp 
 

研究会Temp 
 

研究会Temp 
－98－


ggbooooooobooboobuooboboon
gobobdoobooboobbooobbobobooo
00000000 (cache miss resolve) 000D OO
goboboboooooooooooooooooooon
aoono

00000000 (Without DVS)OOOO0O0OOOO
gogboooboobobboobooboboobooo
OoUooooooooobvsooood (With DVS)O
goboboooooooooooooooboboooon
goodooooooboooooboooooboboooooa
gogboooboobobobobbobobobboon
gogboooboboobuooboobobooboo
gobobooboooooooooooboooooooboon
goooboooooooobooboooboboobooooooon
oo00o0oo DbvSOoOoOooooooooooo
pobooooobobooboobobboboo
goobobooobbooobboo

3.2 JU0OOoooobbooooobog
goboboooooooooooooooooooon
ODbVSOOOOoOOoOOoOooooOoooooooooo
gogoboboooboooobo

e L1000 /0D00000D,L20000000O0

od
e J00I0UDOLOUOLUOUDLO (L200DODO
OooOoooUoooooooon)

o DD OOODDOLDDOODLDO

0000 DbvSOOooooooooooooooo
gogboooboobobuoobooboobbooon
goboooooooboooooooooooboon
gbobboocooboooboooooobbooooooonn
gogboooooboobuoobobooboboboon
gooboobobooboobbooobobooo
ggboobooboobobuobooooobooo
gboboooboooooooobboooooooooon
goboooboooboooobobooobooooonn
gogboboboooboobobbobobobooo
gooooboboboooboboobboobobooon
ooo0o0oooo (boo)ooooooooooo
goboooboboooooooooboooooooooon
oooooooooooooDbbOOoO0OO00 “000n
O000oOoooooooo”’oo0ooOooog DVS
gogboooboooobboooboobooboon
goo0oo0obobOobD L2opooboobobOooog
000000000 L2oo00oobo00000000
ODbvsSOoOoooooood
gobobobooooooooooooooooonn
gogobobooobbooobboobbooo
3.2.1 ODUOOOO

0000 DvVSOOooOoOooooooooL2000
oooooo «coooooooobooboobooboooo”
gobobooooooooooooooobooooooon

(L2 event)

L2 L2 L2 L2 L2 L2
miss miss resolve miss write-back resolve

SR S N N NN
(vaRIueo)f
L2m

02 L2000000000O0O0O0OD

» Time

ooooooU0oo (DoooooOooooo)ood
go0o0boOoo0o0o0D00o0D Remy DOODODOOO 2
O Rrenry 0O0O0DOUODORL2 OOL20000000O
(L2miss) 0000 L200000000O0OO0OOO
O (L2 write-back) 0000000 10000000
goobooobobooobob11oobooo

pobooboboobooboobobboboo
goo0oo0o0boO0 Ry ODOODOODOODO
0000000000 3000000 CntoO Cnt1O
Cnt200000000000000000 Rram O
goobio200000000DOD0O000DODOOOO
gbo300b00oboobo0ooooboboooobooo
gooboobooboobboooboooboooo
gogoo

3.2.2 O0O0O0ODO

gooobooboooboooooooobogooo
gogbooobooooobooboobooboon
gooo0oo0oooooobo0 Ty OODODOOOO
gooooobo Iy ooooooooooooDbo
gooooobo Iy, ooooooooooooobo
gboobooboooboobooboooooobooo
gogboooboboooboobuooboobooo
gooooooboobooobobobobboboobobooboobo
Cnt00 00000000000 0O00O00O00OCNKt2
goooobooooooobobobobobooboo

000ooooooooUU0ooooooooO (Tiw)
ggboooboboobuooobbuoobobooo
0 Lead 00DO0OD0OOODODOOOO

Load = (Cnt2 x 2) + Cntl — Cnt0 (3)

oopooooobooo Ty ODOOODCOODOO

3.2.3 ODO00OOOODOO0OOOOODOO

0 B3)00000 Load 0000000 Tiw OO
gogbooooboooobooboboboobooo
000000 LeedDOOOQODDOODOCOO Th, O
ooodobo ThOoOOOLoadOd Th, OOOODOO
gbooobooboooboooboobooboooobooo
goobtodbooobooboboboooobog 1
0000000000Loadd Th,0OOOOOOOO
gogboooooboobuoobooboobboobon
gobooboooooboboobo1booboboo
gooooboooooboobobooooboo

godo0O0oo0o00o0ob0obO0obOobOo 30b00o

0990


研究会Temp 
 

研究会Temp 
 

研究会Temp 
－99－

研究会Temp 
 

研究会Temp 
 


for each cycle {
if (Rpam == 0) CntO++:;
elseif (Rpom == 1) Cntl++;
else Cnt2++;

/* for every Ty */
if ((CycleCount % Tity) == 0){
Load = (Cnt2 x 2) + Cntl — Cnt0;
if (Load > Thy, && Ciey > MinClockLev)
DownClockLev(Cley);
elseif (Load < Thy && Cjey < MaxClockLev)
UpClockLev(Cley);
else
/* UnchangingClockLevel */;

Cnt0 = Cntl = Cnt2 = 0;

}
CycleCount + +;
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