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With the progress of low-power research on embedded systems,the estimation and anaysis of the energy con-

sumption of operating system becomes a hot topic. This pgper presents a quantitative gpproach to estimate and anadyze the energy
consumption of embedded operating system (EOS) . In this approach, EOS and applications are executed on two cooperated simular
tors. Instruction execution energy is estimated using a cycle-accurate micro-architecture power model. We propose an OS energy
consumption estimation model based on software functionality and structure. The goproach can calculate the energy consumption for
functions, routines ,services and kernel execution paths in an EOS,and can identify the key modules and factors impacting the sys-
tem energy consumption. Our experiments show that the proposed gpproach improves the accuracy and efficiency of energy estima-
tion of EOS significantly. The estimation results can be used to quantitatively analyze and optimize the energy consumption of EOS

and gpplications.
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, IF ( ) THEN
cur . node ;
4.1 IF (func  cur. mode) THEN
; CONTINUE;
NULL ;
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read ,sys. fork )
: (D)
, 1 (2)
Bexplict  service »
Eexecpath =
“ Boqict - senvice + Bimplict - senvice T Eroutire »
(6)
5
Sron-
0ARM-1100 , ARMLinux 2.4.18
Skyeye!™ PowerAnalyz-
ert?l . SrongARM
1.
busybox ( 2).
1 SrongARM-1100
Parameter Value
Feature Sze 0.18m
Vg 1.5V
Frequency 200MHz
Fetch/ Issue/ Retire Wicth 2 (inorder)
RUU/LSQ sze 4
L1 I-Cache 16KB (32B cache line ,2-way asc. )
L1 D-Cache 8KB (32B cache line ,32-way assc. )
TLB (ful asoc) entries 32
2
cat s In echo more ,du| rm,mount ,cp ,gzip ,qunzip tar
ifoorfig ftpget telnet netstat
ps whoami kill ,chap,
Mgy dlient Msy server
( 3,

sys. read (iricro :17. 005 ,mem:0. 000)
foet (micro :8. 527 ,mem::0. 000)
generic _file . read (micro :3. 336 ,mem:0. 000)
fput (micro:1. 130 ,mem:0. 000)
(a) sys.read  generic _file. read

sys. read (micro :523. 169 ,mem::0. 000)
fget (micro :3. 106 ,mem 0. 000)
proc - file . read (micro :428. 426 ,mem:0. 000)

free_ pages(micro :8. 810 ,mem 0. 000)
fput (micro :1. 084 ,mem:0. 000)

(b) sys.read  proc_file. read

sys. read (micro:14962. 155 ,mem:164. 220)
foet (micro :3. 106 ,mem:0. 000)
tty . read (micro :14953. 539 ,mem: 139. 230)

cpu_ ide(micro:14924. 231 ,mem:42. 840)
_irg. svc(micro:31. 205 ,mem:0. 000)
fput (micro:1. 132 ,mem:0. 000)

)
(c)sys.read  tty. read
3
51
( 2 )
) 2 0 e 4% £ 1 X B
sys_call F/———————— e
sys_read == s ,-, h,x”;
sys_write 5= O FEREEF
arch_idle |
irg_svc —/——
dab t_usr
pab t_usr * e . . . .
0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
1 PR i 55 11) B FE
sys_call F——"— O X HEF
sys _read { O A BB
sys_write 4
arch_idle —m—m—m4mm4m0m——0——
irg_sve f
dabt_usr /—/———
pab t_usr E? — :
0% 10% 20% 30% 40% 50% 60% 70% 80%
B4 PR A R S5 B TR R RS AR A A
4
(1) (arch.ide)
, 81 %;
3 %.
(2 (dabt .us) (palt.
us)
54 %, 57 %.
SrongARM ARMLInUx 2.4
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, (1) ,
ID , s getpid
(©)] , 5ul. ,
, (. snitch. to) (wake. up . process)
37 %, 17 %, 10U , 2.
8%, 34 %. , (2
3 ,
(3)
, 110 /
/ , 9yS. execv
, 453. 31ul. gys. fork
5.2 / ) 89.40uJ ; gys. clone
/ 43.88U
/ 3
) /
3 /
/
s/s.getegd 25 | 49 | 352|951 | 1.7 /
b s/s.getetid 20 | 3.12 | 2.143| 7.59 | 1.91
3/s.getgd 20 | 217 | 195 | 271 | 0.18 '
S/S.GEPgP 19 | 3.03 | 2.15 | 497 | 0.97 ' '
s/s.cetpid 19 | 1.55 [ 0.20 | 2.17 | 0.41
_ shitch. to 10 | 1.24 | 1.08 | 1.78 | 0.16 )
_tasklet . <chedule | 69 1.09 | 0.93 | 1.66 0.19 4 gys.read
_wake. p 427 | 278 | 0.20 | 5.97 | o0.77 Ty de | Tinmer
wake. up . process | 30 5.48 | 3.04 | 8.57 1.30 (W) w! wl w
schedule 113 | 8.77 | 1.04 | 28.67| 7.8 ) 1| 78| a = 0 | us | s 2 0%
- reeq
s bk 147 112,211 445 1 29.60{ 7.00 V-1 Toms| 0 | 26 | o |awn| @ | oo
s fork 24 |89.40 ] 73.10 [113.73| 11.04 3| 0| 2 10 1 || = 0.19%
9/s. e@v 24 | 453.31|372.00[1219.60 164.83 1] 123 | 45 0 0 0 | &a%
9/s. et 21 |138.34|115.81[188.50| 19.09 girflc— 5| 137 | 85 52 0 o o | e2.04%
lHe.
9ys. clone 6 43.88 | 25.18 | 72.39 | 16.24 . 3| 40 0 0 0 0 0 100 %
§/s. gatb4 77 | 53.34 | 20.25 [ 243.36] 29.11 2l 13| 13 0 0 o 0 100%
s open 44 [ 71.63| 29.2 |445.94| 62.105
/s. write 201 | 80.97 | 38.72 [ 204.94| 32.71 sys. read , 4 ys. read
5. read 266 | 44.74 | 8.10 |355.00| 40.78
y/s. dose 66 | 78.44 | 8.02 [330.58| 93.59 ’ tty. read
10 tty . read 197 | 23.74 | 12.47 | 35.474| 4.64
tty . write 291 | 71.88 | 31.46 |197.78| 32.31 ity
_dabt . sic 39 | 46.04 | 32.98 [165.15| 20.53 ) )
. pabt . user 1211 | 34.27 [ 191.27[402.69| 37.36 , ,
_irg. scc 244 | 34.12| 9.50 | 86.57 | 12.41 , tty Timer
o timer 84 | 16.79| 6.62 | 32.05| 4.70
, Ide
, / , 3 %.
ID /O generic. file. read ,
Hash , 62.04 %
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