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(Dynamic Voltage Scaling based on Workload of Application for Embedded Processor)
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Abstract

Portable devices generally have limited energy sources, so there is a need to minimize the power
consumption of processor using energy conservation methods. One of the most common energy conservation
methods is dynamic voltage scaling (DVS). In this paper, we propose a new DVS algorithm which uses
workload of application to determine frequency and voltage of processors. The proposed DVS algorithm consists
of DVS module in kemel and specified function in application. The DVS module monitors the processor
utilization and changes frequency and voltage periodically. The other part monitors workload of application.
With these two procedures, the processor can change the performance level to meet their deadline while
consuming less energy. We implemented the proposed DVS algorithm on PXA270 processor with Linux 2.6
kernel.
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Table 1. Relative power of TM5400

Fregeuncy Voltage Relative Power
([MHz]) (vh ([96])
700 1.65 100
600 1.60 80.59
500 1.50 59.03
400 1.40 41.14
300 125 24.60
200 L10 1270
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Fig. 1. Comparison of traditional power
management and DVS
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Procedure of DVS module in kemel
Input: running and idle time for each performance
level
U < {u | uis pre-defined processor utilization
range}
Si = {(fv) | (f,v) is frequency and voltage for each
performance level}
for each interval T
calculate Ptimengming and Pimeiqe
calculate Ur
if (Ur is within U})
next frequency and voltage = S;
change performance level

Procedure of DVS system—call
Input: ratio of next workload to average of workload
(WL)
F; < {r | r is pre-defined ratio range}
M < {t | t is the amount of transition of
. performance level}
for each system-call
if (WL, is within R;)
next amount of transition = M;
adjust performance level

Procedure in user space
Input: next workload
for every workload
calculate Wilaverage;
calculate WL,
inform the DVS module of WL,

a8 3. Az
Fig. 3. Pseudo-code
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Inter PXA270 Processor

DVS module
in kernel

Special function
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Fig. 4. Experiment environment

A" DVS ¢12EL PXA2ZI0ZRAME ol
3 gtz Alaglof A FEHRUG 2 4= A
P& A% @38 BF1 Qlrh PXAZI0Z 2 A4
=8l NE OF 3 FEE o83t T3 F
et A B = ol M= 670 F3 E0E o]
£33tk DVS 282 252 26 714 HA8h
o] ES ZZAA o]&-&E olEdte TR
53 & AAsln SREEaWoERY HE
e zpgj el v &S o] 83l o] W3l wt
2} B3 $FEL AT TN Fojd Y&
FFshe FEAE F2 DVS EEo) YA Aojd
o T8 A2 09[VIF-E 14[V]7HA] ¥Zo] ks
&t

ARE 93IM 471K MPEG-4 ¥t L. Bd & &
vsich 2 9L A7 2EFY ZIEF
98 2E2 IR FAE 2E8T HY
2 MPlayerg o| &3t AU A¢td DVS
amelEe) A% ¥uE 98 non-DVS w3,
Vertigo 28]2 PEAK ¢2d&3 vk =
2AAM ] & T3 FEAA AvEe AEE [7]4
Ueld RUNNING IDLE A7+e) AH|HY ghe
o] &3tk

¥ 25 2EZT H|t]e A4 A] S8 dlolH
&4 EL non-DVS H)S 7|Eo g Hlm e
RAolt), 2Ez vlr] 9] AAPL ]| Hils
&% £ g I WEgE 7] g7 dlolE &
Ago] A Yehhs Ae RE dHolge 5%
27} o]FolX|A| Asith= A& Edch A v
olE| &AEEZ R DVS guElFo] TRAM &
% FFEg AR Y $ET2 O B2 4RSS

(92

g PEAE #AE + Joh PEAK ¢354 3
T dolH &HES 125[%E AE WA
09[%1& Yehlie A vinsia g2 2tolg Bl
ok PEAK 12]F¢] st o] vjojg} &4 E]
S 2% 4 =AYy dag b= el 24
o] Az HA RN SLZ=aY T2} e W
I XSS AU T A

k.3 2. non-DVS YAlE J|Fo28 H0|E 48
Table 2. Data loss rates normalized to the
non-DVS method

Woe 28 'tﬂ°]F—1 EA &%)
Vertigo | Proposed | PEAK
Animation 0.3 1.3 14.1
Movie 0.1 16 135
Car racing 01 03 10.0
Sport 0.0 05 121
Average 01 09 125
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Table 3. Average power consumption

28] A ([mW])
non-DVS | Vertigo | Proposed

e FH

Animation 353.0 316.7 304.2

Movie 351.1 3064 304.2
Car racing 365.1 345.6 3259
Sport 357.0 3246 3139
Average 356.6 323.3 312.0
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