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Abstract

Embedded systems have existed in many hand-held devices and the
power-saving mechanism has been supported by many microprocessors.
DVS (Dynamic Voltage Scaling) 1is a power-saving technique to
calculate and adjust the wvoltage and frequency at run time,
according to the workload requirement of 0OS. In this project, we
developed DVS algorithm and implemented in RT-Linux 3.0 running on
iPaq 3630. In this project, we addressed the issues and considered
the management overhead of power transition, which has not been
considered in the previous research. We proposed an algorithm that
can reduce the power transition overhead up to 30% of the original
one at most, and it will not damage the real time property. Finally,
we implement the algorithm in the proposed Linux-based embedded

operating systems.

Keywords: Embedded Systems, Linux, Power Management, Real Time System, Energy
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B 4.9 Idle= slack HJ?PL CUTRE
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Ris e~ idletst o @4, 10(b) #7177 -
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8 slack 8 slack |
(fvy)
a; ﬂi:am time a; dya,y  time
Scaling point Scaling point
(a) (b)

i 4.10 7] slack ier| S

slack<overhead > * T - 1 f¥ 5 2 R 47 o FRA-scheduler#-= %] = &R =47 -
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TR hedk v F EAER] R VEAR 0 A EEEAR R R oK gyl e~ idlefigt o gtttk o
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4.3.3 wE

PowerTransitionAwareScheduler(TaskQueue T)
a=workload by current operate speed
if @ > 1 then
idle time=arrive time-current time
if idle_time > overhead then // use idle time for power transition
idle time=idle time-overhead
a =re-calculate workload with higher operate speed
if @ > 1 then fail(unable to schedule)
set idle(idle time) // enter idle state and wakeup when idle time reached
else
a=re-calculate work with new speed and partial or full ovrhead
if @ > 1 then fail(unable to schedule)
voltage scale up(a)
freq_scale up(a)
endif
else if alpha <1 then
idle time=arrive time-current time
if (deadline-arrive time) < overhead then
if idle_time>0 then set_idle(idle_time) and keep current operate speed
endif
if idle_time > overhead then
a=re-calcuate workload with lower operate speed
if @ >1 then keep current operate speed
else freq_scale _down(a)
voltage scale down(ea)
idle_time=idle time-overhead
endif
set_idle(idle_time)
else
a =re-calcuate workload with lower operate speed and partial or full overhead
if @ > 1 then keep current operate speed
else freq_scale_down(a)
voltage scale down(ea)
endif
endif
endif

perform (task)
end.
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SEEAEL LB R RS MR OO o B0 R cnik & % § 2t Intel 2 7
# 3) SeSALL105CPUE32 = & B & AICPU » 4250 7B~ i e 25, 1> 3L ¥ CPUsh
SRS LATVE2. 10V > #381/0:n7 B 5 3.3V » 4 (o4 5 4 5 121
5OMHZ~221. 2MHZ, -

Parameter AC, AD (133 MHz) BC, BD (206 MHz) CCF[4:0) Core Clock Frequency in MHz
Maximum Run Mode Power 500 mW 1000mwW 3.6864-MHz Crystal Oscillator 3.5795-MHz Crystal Oscillator
Typical Run Mode Power’ 200 mW 350 mW 00000 590 57.3
Maximum Idie Mode Power? 100 mW 200 mwW fooot T e
- 3 00010 84.5 B5.9
Typical Idle Mode Power” 75 mwW 100 mW
00011 103.2 100.2
= 2 /4
Maximum Sleep Mode Current T5uA 75uh nm T80 1145
Typical Sleep Mode Current® S0uA 50 uA 00101 132.7 128.0
Vddi Max 163V 210V 00110 1475 143.2
Vddi Typ 155V 175V 00111 162.2 167.5
Vddi Min 47V 165V iy e Uit
01001 191.7 186.1
Vddx Max 360V 360V
01010 2064 2005
Vddx Typ 330V 330V o101t 212 2148
Vddx Min 300V 300V 01100~ 11111 Mot supported.
NOTES:

1. Typical operation defined using the following parameters:
320x240 LCD operating at 70 fps (passive color LCO,
8-bit color depth, single panel (1 DMA unit); and
UART3 transmitting and receiving 115.2 kbps (using 2 DMA units).
2. Room Temperature

* ffF 1 SAI110 Developer’s Manual » Oct 2001

5.1 SA11102 i+
B E BRSNS YR S s Aot - KT LRI S B R O

se

T

N

-
o
o

.2 RliFtk A
B A7 7 oTask setehdF fic 58> ¢ 7 7 Tasksehdic® - 4 7 pF B cha e {oWCPU(Worst
Case Processor Utilization) o Tl S ip4cT™ :
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struct 7ASK {

// Workload by cycles

pID : unsigned long; // Task ID

aTIME : unsigned long; // arrived TIME
dTIME : unsigned long; // deadline
real_cycles : unsigned long;

max_cycles : unsigned long;

min_cycles : unsigned long;

uplink[b] : struct TASK; // Tasks UpLink
downlink[5] : struct TASK; // Tasks downLink

}

e A7 p R A 4 - B u g aTask Set o A ARV R Ry 2 B 7 & 4 Task Seten

PR 0 TURC B e R RS

struct _7ASK SET {

N
Period :
aTIME
dTIME

cycles :

}

izTask SetenAd 2 4258 © £ 4 2 Task > ¥ 7 § & 72 Fenp g7 8 2 w2t 5] > 7

unsigned long;

: unsigned long;

: unsigned long;

unsigned long;

: unsigned long; // Number of Tasks

// Range of period

// arrive time

// deadline

// Workload by cycles

// Worst Case Execution cycles

// Best Case Execution cycles

T AR M

Fi& * EDF# 4% » P % ¥ ¢t ikdeadlineidt B > FRMSRH| % & 1 * periodimdt B o

Fo o R F & Taske A B F - 2 T B L B RR B A2 B A M A fo e

Task Set -

T A A AT 1 iTHA o 21 A 4 3 I CPU Utilizationsng A 4B 3 iaiA o

Utilization | WCET Execution Time Cycles Period
450) 45 9954 450
025 2250 168.75 62213 2250
3375 253.125 93319 3375
0.50 2250 281.25 62213 2250
3375 421.875 93319 3375
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900, 225 49770 900
450 168.75 37328 450
075 2250 168.75 62213 2250
3375 1012.5 93319 3375
450 112.5 24885 450
100 2250 1125 62213 2250
3375 843.75 93319 3375

5.2 Task Sets parameters
Utilizationsig & » #75 Task Sete i 7 B BWCET " F ehid & > B 2R k3 A e

P?F’?/’Tﬁ%-t TR EREBNPIMOART AN E RFLEAER &P AR DA

4 o

0.3 HEEAR

WA A & 2 0 = B30I

Slack Estimation : slackg B % > P48 8 7 0B L 587 [ e 4800 5 02 3 dpdE e o
11 B~ @ slack ek B g ¥

Return of Investment Control : iE/jpH-dK FIRFY I L gk o bl4e:slack? 53 &
> Taskt 7 p fF + meTask 387 gl f Fligde @ @ = { % Gyedp o

Power Control : T BRAe#E F4pdleni4] > ot S & o F g g o

S L 0T I RN S SO S s gy g

BUeh s U Rk T AR 8P elow Bound 0 14 gt A 4 4t A 3t Low Bound #IWCETR 7 &
HiTeF Pl A2 7 Febslack e

REEEREHLAE A P UL IR EESERT > Aol SRR
# S Excelth #3403 T A48 st o

F R
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Adjustment
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L R kL

P E R P > 9 Power Transition® Heefiinde™

Quantity of Power Transition

160
140
120
100
80
60
40 ° E
20
0

Power Transition

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
CPU Utilization

——No DVS ——ssEDF JaEDF —>¢— ssEDF+Our Scheme —*— laEDF+Our Scheme

'6.1 Quantity of Power Transition
®6. 1% 37 Power Transitions i ek iw » B 34 380+ N F & CPUAI* Z 160%~80%

2 o itk B F P 0 Power Transitionsriddg4odf g * &+ H70%2 -2 553
o hBend RICPUE AT IR M TR AN F 1 TR F A £ ffE 2 A ABTT -
AR T AP TR S R T U MR S B 930% 2% o T 0 R E A
S i R 30% o

B

‘fﬁb-t“ PR R TIREARG ST Tk B6. 21 (TR S A AGEAF LTRSS EAE
e 280%CPUR * 57 » 40BTasken v ims B 4 113 & - B6.BB: §iE+
FErAFOFR PF2a i e B Ea B dly M 2R3 75
B g TR KR WRRE  fe BT 0 T F N e dp o T R chi & ) 45
Fomob s o

DVS with NO overhead consideration
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3500000
3000000
2500000




ﬁ%ﬂ' 6.2 ssEDF

DVS with Overhead Consideration

4500000
4000000
3500000
3000000
2500000

2000000 /

1500000 AR iAo s ey
1000000

500000

— N v - O — o v ™~ O — o v = O
— o = = o~ AN AN AN AN AN

— N v =~ O
o o N N N

No. of Tasks & Time

—o— Workload —®— Energy Freq.  —¢ Voltage

ﬁ%ﬂ‘ 6.3 ssEDF + Our Scheme

REBEVRS G  RT BG4I E6. 75 A e ehd (TR T ha R 4L et i CPU
Utlllzatlon{:fﬂ*} i# 1 i¥& “upper bound » Jf{vﬁa‘* #Task ¥ 34 7CPU Utilization
ﬁ?”’*i'iﬂf?&ﬁ?ﬁﬁﬂgt’ﬂékmi&{slacko b4e: B TASKe34 7 pF ¥ 5 104> % H Deadline
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T gt AT o
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ﬁ%ﬂ‘ 6 4 Energy Consumption of 25% WCET
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100% WCET
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WCET Execution Time Cycles Period
0.25 112.5 11.25 2488 .5 112.5
562.5 42.1875 62213 562.5
843.75 63.28125 93319 843.75
0.5 225 22.5 4977 225
1125 84.375 62213 1125
1687.5 126.5625 93319 1687.5
1 450 45 9954 450
2250 168.75 62213 2250
3375 253.125 93319 3375
2 900 90 19908 900
4500 337.5 62213 4500
6750 506.25 93319 6750
3 1350 135 29862 1350
6750 506.25 62213 6750
10125 759.375 93319 10125
4 1800 180 39816 1800
9000 675 62213 9000
13500 1012.5 93319 13500
5 2250 225 49770 2250
11250 843.75 62213 11250
16875 1265.625 93319 16875
10 4500 450 99540 4500
22500 1687.5 62213 22500
33750 2531.25 93319 33750
15 6750 675 149310 6750
33750 2531.25 62213 33750
50625 3796.875 93319 50625
20 9000 900 199080 9000
45000 3375 62213 45000
67500 5062.5 93319 67500
25 11250 1125 248850 11250
56250 4218.75 62213 56250
84375 6328.125 93319 84375
30 13500 1350 298620 13500
67500 5062.5 62213 67500
101250 7593.75 93319 101250

WCET Execution Time Cycles Period
025 112.5 28.125 6221 112.5
562.5 70.3125 62213 562.5
843.75 105.46875 93319 843.75

53




L5 225 56.25 12442.5 225
1125 140.625 62213 1125
1687.5 210.9375 93319 1687.5
450 112.5 24885 450
1 2250 281.25 62213 2250
3375 421.875 93319 3375
) 900 225 49770 900
4500 562.5 62213 4500
6750 843.75 93319 6750
3 1350 337.5 74655 1350
6750 843.75 62213 6750
10125 1265.625 93319 10125
A 1800 450 99540 1800
9000 1125 62213 9000
13500 1687.5 93319 13500
5 2250 562.5 124425 2250
11250 1406.25 62213 11250
16875 2109.375 93319 16875
10 4500 1125 248850 4500
22500 2812.5 62213 22500
33750 4218.75 93319 33750
15 6750 1687.5 373275 6750
33750 4218.75 62213 33750
50625 6328.125 93319 50625
20 9000 2250 497700 9000
45000 5625 62213 45000
67500 8437.5 93319 67500
75 11250 2812.5 622125 11250
56250 7031.25 62213 56250
84375 10546.875 93319 84375
30 13500 3375 746550 13500
67500 8437.5 62213 67500
101250 12656.25 93319 101250

WCET Execution Time Cycles Period
025 112.5 28.125 6221 112.5
562.5 70.3125 62213 562.5
843.75 105.46875 93319 843.75
75 225 56.25 12442.5 225
1125 140.625 62213 1125
1687.5 210.9375 93319 1687.5
1 450 112.5 24885 450
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2250 281.25 62213 2250
3375 421.875 93319 3375
) 900 225 49770 900
4500 562.5 62213 4500
6750 843.75 93319 6750
3 1350 337.5 74655 1350
6750 843.75 62213 6750
10125 1265.625 93319 10125
A 1800 450 99540 1800
9000 1125 62213 9000
13500 1687.5 93319 13500
5 2250 562.5 124425 2250
11250 1406.25 62213 11250
16875 2109.375 93319 16875
10 4500 1125 248850 4500
22500 2812.5 62213 22500
33750 4218.75 93319 33750
15 6750 1687.5 373275 6750
33750 4218.75 62213 33750
50625 6328.125 93319 50625
20 9000 2250 497700 9000
45000 5625 62213 45000
67500 8437.5 93319 67500
75 11250 2812.5 622125 11250
56250 7031.25 62213 56250
84375 10546.875 93319 84375
30 13500 3375 746550 13500
67500 8437.5 62213 67500
101250 12656.25 93319 101250

WCET Execution Time Cycles Period
025 112.5 42.1875 9331.875 112.5
562.5 42.1875 62213 562.5
843.75 253,125 93319 843.75
05 225 84.375 18663.75 225
1125 84.375 62213 1125
1687.5 506.25 93319 1687.5
450 168.75 37327.5 450
1 2250 168.75 62213 2250
3375 1012.5 93319 3375
2 900 337.5 74655 900
4500 337.5 62213 4500
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6750 2025 93319 6750

3 1350 506.25 111982.5 1350
6750 506.25 62213 6750

10125 3037.5 93319 10125

4 1800 675 149310 1800
9000 675 62213 9000

13500 4050 93319 13500

5 2250 843.75 186637.5 2250
11250 843.75 62213 11250

16875 5002.5 93319 16875

10 4500 1687.5 373275 4500
22500 1687.5 62213 22500

33750 10125 93319 33750

15 6750 2531.25 559912.5 6750
33750 2531.25 62213 33750

50025 15187.5 93319 50625

20 9000 3375 746550 9000
45000 3375 62213 45000

67500 20250 93319 67500

75 11250 4218.75 933187.5 11250
56250 4218.75 62213 56250

84375 25312.5 93319 84375

30 13500 5062.5 1119825 13500
67500 5062.5 62213 67500

101250 30375 93319 101250
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