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Abstract: Dynamic voltage scaling is an effective low-power technique. Using the technique, compiler-directed
dynamic voltage scaling can reduce computer’s energy consumption effectively. Based on programming language’'s
syntax tree, a real-time dynamic voltage scaling algorithm for low power is presented, and the algorithm assisted
with static timing analysis could make intra-task dynamic voltage scaling by automatically inserting dynamic
voltage scaling source code. The algorithm has been realized in the real-time low-power system RTL Power, and
obtained energy reduction of up to 50 percent over no power management in some real-time embedded benchmarks.
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WCET (worst-case execution time) ,
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execution cycle) , WCEC
WCEC, D, fimax
fmin ’ .
, RWEC(reduced worst-case execution cycle)
Curtime Overhead,
fre« = RWEC/(D — Curtime— Overhead) (D]
1 D= 1 Curtime=
2 WCEC= 2 RWEC=
3 finitiaI= (WCEC/D) 3 Overhead=
4 if (finga>fmex) 4 free=RWEC/(D-Curtime-Overhead)
5 ,Stop 5 if(frec>fmax)
6 elseif (finia<fmin) 6 _ ,Stop
7 finitial :fmin 7 else If(fne)<t<fmi n)
8 setFreq(finitia) 8 Trext=Tmin
9 setFreq(freq)
setFreq Y .setFreq ,
) ) gcc )
’ VDD21 VDDl ) C ’ [15]
trran = 2'C‘|V002 _VDDlll I e (2
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RWEC ;
, RWEC.

RWEC ,

cache cache

, cache BTB

) WCEC,

int f1(int a)

if(a>5)
return a
return O;
}
int main()
intij,a
a=0;
f1(a);
for(i=0; i<100; i++) [100]
for(j=0; j<10; j++) [10]

RWEC

cache

[17,18]

ar+;

f1(a);

return O;

}
Fig.1 The representative code and the corresponding context tree for time estimate
1
3
) RWEC,

RWEC , RWEC
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RWEC = RVVECbase + Z (Loop:naxfiteration - Loopci:urfiteration _1) 'WCECIioop (4)
i=0
RWEC, . , WCEC,,,, [
’ Loopli'nax_iteraiion I ’ Loop::ur _iteration I " 1
RWEC
4 Loop:nax_iteralion ’ Loopicur _iteration

i
’ . 1 Loopcur _iteration " 1

) ’ )

Loopl::for(il...)
Loop2::for(i2...)

LoopN::for(iN...)
LoopN end

Loop2 end
Loopl end

__index1...__indexN=0
Loopl:for(il...)
Loop2::for(i2...)

LoopN::for(iN...)

__indexN++
LoopN end
__indexN =0
Loop2 end
__index2=0
__index1++
Loopl end
__index1=0
WCEC,,,,
For(9) , RWEC, . ,
RWEC,... , ,

3.2 RWEC

: RWEC ,
RWEC:

n . . .
RWEC = RVVECfunc + RVVECbase + Z(Looplmax_iteration - Looplcur_iteration _l) -WCEC, (5)

loop
i=0

WCECIioop ’ Loopimax_itefation ’ Loopicur_iteration ’ RVVECbase

, RWEC RWEC RWEC.

func func
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3.3

f1()

}
f2()

{
f1()
f1()
}

f1(float RWEC)

}
f2(float RWEC)

{
RWEC1 = RWEC+RWECa
f1(RWEC1)
RWEC2 = RWEC+RWECh
f1(RWEC2)
}

f1 ;

f1

1 listDbV SPoint=

2 While(listDV SPoint )

3 For( listDVSPoint dvsPoint)

4 dvsPoint

5 f ,

6 listCallPoint

7 For( listDV SPoint)

8 If( )

9 RWEC

10 Elself( )

11 RWEC y
RWEC

. 12

listCallPoint
listDV SPoint

RWEC f1 RWEC,., f1
fl
RWECa RWECh, fl
RWEC
listDV SPoint;
RWEC, .
’ I:zVVECbasev
RWEC RWEC
, (8]
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1 stCounter= ( )
2 accuCounter =0
3 ( )
4 accuCounter
5 ( )
6 initCounter = accuCounter
7 accuCounter =0
8 For ( )
9 If (accuCounter > stCounter)
10 )
11 accuCounter =0
12 If ( )
accuCounter*
13 accuCounter
14 (initCounter+accuCounter)
s , stCounter, ;
RTL Power(real-time low-power) .RTL Power
HEPTANE (28, Sim-Panalyzer (9,
ARM .
SNU(Seoul National University) SNU-RT (201 3
, . 3 adpcm,fftlk  matmul .adpcm ,
3 , 800 \ )
2 000.fftlk 1024 .matmul , 5x5,
20x20
Sim-Panalyzer
1 1 1 1
Ruu 2 Lsq 2 alu 1 1
alu 1 1 1 true
64 , 1 4
L1 cache 16 32 32 1
L1 cache 16 32 32 1
TLB 32,4096 32,30
50Mhz~200Mhz, 1.8V,1/0 3.3v
1 .adpcm
, , : , 2
fftlk  matmul ,
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Tablel The statistics of voltage adjustment

1
Weight The number of voltage The times of voltage .
Program threshold scaling point adjustment Frequencies (Mhz)
adpcm 1000 2 1 200, 81
fftlk 10 000 1 7 200,179,159,139,119,99,79,59
matmul 400 2 16 200,196,187,178,169, ...,84,74,64,54
2 : ,;nodvs
,dvs . 2(a) , ,
20%~50% ,matmul . 2(b) ,
. itk 0.2%,matmul 1%
,adpcm 0.1%. ,  2(c)
, 40%~120%, )
, , 2(d)
) ) ) 50Mhz
, 50Mhz )
, 3 2(e) . ,
35%~50%,fftlk ,  matmul
15 g 9
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25 2202 0128
£ 2 = o g % 0.15
B = ’ ff :
g5 15 — = | ® nodvs 2 S 01 ® Ratio
=] 1 B R ¥ dvs 2= 0.05
= g 05 % B s i
0 pcm  fftl matmul = adpcm fftlk  matmul
(c) The actual execution time (d) The ratio of the actual execution time versus the deadline
(© (d /
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o
[61]
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Fig.2 Theintegrated results of voltage adjustment

2

© PEERE

http:/ www. jos. org. cn




1734 Journal of Software 2005,16(10)
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