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Abstract Smart mobile devices are playing a more and more important part in people’s daily life.
However, the pursuit of increasing performance of mobile devices directly conflicts with the limited
battery capacity. The inevitable contradiction between them begins to block the development of smart
mobile devices. To overcome this limitation, the heterogeneous multi-processor architecture can
balance the user experience and the energy consumption on smart mobile devices, which makes it
become a new solution. Based on a compartmental QoE model, a schedule mechanism called XOS
oriented heterogeneous multi-processor devices is presented to provide a high energy efficient solution.
In XOS, the user interaction tasks are recognized by the operating system based on the cross-layer
information, and more computing resources are allocated to these tasks to guarantee the quality of
experience, while resources would be limited for other tasks to reduce energy consumption. A
simulation system is built to verify the effectiveness of the XOS model and then make a reasonable
optimization. Then the implementation and the experiment of the XOS are conducted on Odroid-XU3
board with Android operation system. The result shows that the tasks scheduled by XOS decelerate
lessens 2. 7% ~7. 3% QoE lost, whereas they reduce 8% ~48% ecnergy consumption at the same

time.

Key words smart mobile devices; heterogeneous multi-processor (HMP); quality of experience
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Fig. 1 The GTS model.
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Fig. 3 The XOS scheduling model.
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Fig. 4 The class diagram of the simulation problem.
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Fig. 5 The improved XOS schedule model.
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Fig. 7 The result of short tasks simulation.
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Fig. 8 The result of long tasks simulation.
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D B ry A% S

TERAEATAE b 8- cask_struce v i) B 45 4
sched _avg s IINAXT PEFR 1938 B ARZS (qoe_in_interaction_
process) 3 H.JF 4f W [6] (qoe _interaction start _time

jif fies) KI/NZ VI B} [R] (qoe_switch_to_high process
for_performance, qoe_switch_to_lowprocess_for_
saving) FEAF B BYAEAE I FEAR R 1Y I HLELT SR

TESAT 2 58 L A B GTS X B8 25 1R A A i) Bief
] 54 QoE FIAZ BUR A HEATHG A L I 58 MUAE: 55 1
OIE#. 78 GTS Fkh —3 5 MR LN
WA TG vh 3 3 52 B A select  task  rq  fair, run
rebalance domains,hmp force up migration, hmp
idle_pull, hmp offload down. £ 4~ F 45 B 111 2% 17
__update_task_entity contrib H1 & ¥ 5 5, I KA
21 B AT 55 IR HAF TR B I AT 55 Sk
hmp_up_migration 5 hmp_down_migration Jii Lk
VAL AR GE — AT 55 2 SRS TE A 1 BT,

HH GTS i He 1, 78 55 AT 55 B 280 5 8 bR 4K
__update_task_entity_contrib # i [ i}, XOS ¥ 2
155 1 28 RS FAE S 1 A% O b i is 47 i), DL ok
TE A2 1 e B i AL RS LA KRS 1Y 7 1) A M L 7R
ftb 4 A~IEF% 11, XOS 75 224 Wi i 4% 2% 14 A 75 1]
IHe 8 32 A sk X S A A% T 1) A B A S PR
A g S — A K PR %K should_stay_low
cpu. [A]I  7EIE S 2% 1 (0 G A 0 75 22 AT 55 18
K% L s A7 B (8] F0 28 BOIR A DL A2 02 A5 W i Af
M GTS i B2 539 2% N 1 ek 2052 B4 should _
follow_gts. 2 T 9E GTS B3k 75 4245 4 BiE 4% I g
% TE B M T AT 55 R R 3 i GTS 3 AH G Y 4
I 248 R M TR S DR IR A AT B 8 AR 2 XOS
GERFIIEAR

1155 19 28 RS AR B i A2 P A Bl sysfs 2
FIAG 38 25 A%, ) BE 2 38 o 76 sysfs o 78— 28 g 1%
SCHRSE L5 P 2 8] 9 22 B HoH move_foreground
4 move_background HI T i) P % 1% 18 4T 55 19 4R 25
A A HAT 55 1] SCHF S AN N AT 55 S RIAT
3 RN P A% AR LA RS X T 55 4 6 & L )
i attached_to_foreground, detached from_foreground
PN 1 3R AT 64T 55 98 FH B9 AT 55 8 O T &
(AT 555 5 ACRH 422 11 BAT 3 20 B s

A 55 (8] 1) M 5C 28 A2 N A v LUB 98 203 5%
B ME 55 1Y task_struct Bl 4509 i A ZZ B qoe_
attached_to_process. {1 F AT 45 1% H MK M ¢ & . A8 4
X AME 55 AR A e — PR R A AR SRR %R
P RAE N IEIZATE %5 H E WAL 5 5. ST 5 = AR
S w8 D s TR AL S S B AR
AT RIE KAFAE B RR G54 . FE AT I8 SR (A A
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o G 5R 2 BT 55 A A8 %o HCAULAT: 55 A AR L DU 94T 45 3%
2445 1 qoe_attached to_process 4% 33X 4K 4
WA AR L I DUARAT: 55 19 Ja8 1 R A7 3 B8 2% 1 1 1.

2) BRI

Ry T WD TR N DA B A I Y 4 AR £
H A SCH Android J2 15 BAL 3 AR 9 5 4 Java
FPE. FF R N GURT LG o B4 0 FH 28 00 w3 Oy ik
238 HAR QAR . ST A 24 iR B AT
W )5 ¥ foreground(int pid) FMFRIRAE HAT 45 45
B 5 background (int pid). ¥ TAE &K #i L &,
ul DA L 59 A 2 NER S TJT 1 attachForeground (int
pid) 5 attachBackground (int pid) #4715 5. 5 5
T A XA 2 R AT B )2 AR B A% ik

RIS AL B LR S ID 4.
i T Android JZ By L2 g 5 15 X5 W AY Linux P
ML T2 i 5 A R I AE Android J2 7 2 ]
android. os. Process. myTid () J5 ¥ 3 3k B % W T
Linux W2 27 19455 1D.

5 XBEITMH

5.1 L%t

N T RAIE XOS B35 M 92 bRiz 17808 A ST
— RN AT S 4] GTS 5 XOS $#i47,9f
A3 g T 1 B ) 55 RE AR5 S DA AR 2 AR ARTE Y
PERE. 4N 2 PR A SCHH R T 7E R Be e sl ik 4 1 )
P L LR 32 B AT Ry AL B b A% | ) B
T SRR U i LA B H A RS2 L O AR AT R
H o I T — S5, TR A A T B 58
AT Ay 1 o) O FSF V) AT L A U SRR 2 TR S
G ol BRI AE E A 10 WL AF 10 AR — IR R
—AEPE IR 4 W S B A A 5E 45h Odroid-XU3
TR

Table 2 The Tests Table
F2 MLt R

Execution Times

Test Application Loops in One Loop
Image Uploading WeChat 4 10
Webpage Loading Web Browser 4 10

Music Playing Kuwo Music 4 1
Video Playing Strom Player 4 1
Book Reading Duokan Reader 4 1

M F o> Android 7 H R 5 09 EARAD , B
J2 38 A ML X LA S B, PR AR S T TR B R T S
PR IX LA B AT g BRI 3. Sy T s 20 I Al A
55 B LR P AL & 6 S Activity B Hrfr—
Ak 3 BT D BT AT DL Bk A B S K 2 AR AT
SR HI IR L b AR 4 TR Java 38k it
1185 238 15 . AU ZEAE X S S g F P i He rh & AL TR
I AT AR AR P A B2 1 T IR 38 B SR 25 R AT
SER L ROR WD T s R A B AR AR AT R
TR N G FH o 8 AR 1 ) B 4

PR F AR A SRS # T — 5T J2EE
(R 1R 55 g T LA 32 26 7 o R R I B . Bk A% R
/N 2097 152 B i — 5K 1 B IR P 5 R 45 A Ab
T J 358 0 v R el 2 I 4% 38 B XoF S I ) S L X )
WU B 3L, L % PR v 52 R G 3 T (www. taobao. com)
MR A BT X T AR R O AR SO T
KR 27 s 1) MP3 & 5k SCHRAE R 6 4. % F 41
A4 R 3 X G R R K B 55 s 1) MP4 ]
WSCHE. BT MP3, MP4 SC % 5 BE 98 #% Android
RGAETCH = W A B0 SRR B DL A X 2
i ST SR % 42, BE A% 7 fie KRR B b ol /b A
PR 22 45 ). 3%k fEL 5 D 2 0 0 A Y B RO
/N5 MB B TXT SCHF, IFFEBR & b R 20 173
. RENR 2 s BEAL BE AR A S B DU R BT ORI
20 7305 — M — FL AT 20 ¥RH 3R L.

TE AR A M AT T R J3 T — A R Rk
RIS 3 52 567 14 e FE B P LA K ma 1 B )L pR TR AR
AR TCIE LUA] Tl R AR 00 8 HE AT R AR 5 — E Y
REAE T LAAS SCHE I3 5 50 45 o 2 J5 R HE R R AR
S BEFE NG5 R i 2 DAV /D SR A 2R Tl ok 1
5.2 XM

U EE UG o AR S A R AR A IR T 2
o 3% 1) S 6 R R Sl 5 ez () R

9 b SLH AR AEGE TT A5 . 5 Bl S 56 ik A
XOS BT W BEFEAH X F GTS 8k 4 BIREAR T
48.5%,12.1%.9.8%.28.2% 5 8.0%.

AR 7 ST R A 10 Bos /R AR 1Y
AT B B30 T 15,9 %0, 1 ) 0 300 W5 A A T B[] 44
T 7.0%. BT AR S S B
1M EFRAL S . H QoE (B & MRAK, BT LN T 1X
3 FhHRAE A SN G T HRE AR A R AR =0 (D) 4
N7 B[R] 5 4 Ry ) P A 86 MOS B ge it 45 R an 3k 3
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Ji 7« XOS BEE X T R 1A% R A 0 T R 36 A1
T 73002 AT S TR T I T YRR AR T 2. 7 0%,

30

26. 50
O GTs

[ QoE Scheduler
20 } 19. 04

14.40 13.95

0l 10.23 g 93

107X Energy Consumption /J

1.45
,_&74 0.73 0.64

Image  Webpage Music Video Book
Uploading Loading Playing  Playing Reading

Tests
Fig. 9 Energy consumption with GTS and XOS.
9 SLEAREFEL R

1.6
O GTS

< 1.2 E QoE Scheduler
E
s 0.8 0.73 _0.78
&
[=]
a
&2 0.4

0.0

Image Uploading Webpage Loading
Tests
Fig. 10 Response time of tasks with GTS and XOS.

10 S 55 i o7 o [A] 45 2R

Table 3 The MOS Result of QoE in the Experiment
&R 3 LW QoE Ky MOS FitHR

Algorithm Image Uploading Webpage Loading
GTS 2.48 2.98
X0OS 2.30 2.90

BRI - XOS 535 MEAFAT 55 59 AT B 18] W A5
FEA I R B RO e (RSB T RERE B S
G AR S92 X T PR I ) AN 52 888 5 i ) AT 55 Cn
SRS XOS REWS W] 1 B A% H fE

6 FEXIIE

TR P F Z MR ERET R Z
SR AT 55 JR BE . AT B SE T R By 2 26 D
RELRLJRE B0 LR B 0 2 O 2 R it i 5 2) AR 2 5
W HC R B GO AR B

RURLBE 98 B 5 1 b A R Bk 5 A A R 5k
2 Fh. Van Craeynest S8 NJEH T —Fp 22 P8 B 5%
P PRI B A AR AE B M2 B A% 138 47 FH 45 1Y

) 5 DT 35 30 28 S 14 AL (R 3 A4S 8 B AR
A EDRE BT AT 08 % 0 ) T AR DR, O R X 1 e 5 fig
HEAT AR 2 P BA TR] B 3 2 1 55— AR 7 R
3 PIE (performance impact estimation) , 38 13 Ui
HAT 5847 CPL A . MLPILP {5 B k& AT 5
ST LI B SRR 7N W S i | 0 N BT ) NG
PRI T — R OR A AL ek R AT RE LR AT 55 s 1T
FERH B LASE 5 I R AZ I v H B8 I, DL Rk 2
PR AN I8 T PERE AL AL Z 0 T & 52 1Y REFE 24
. Koufaty 58 A$ 1 — R fi & 58 0% L BE 8 R 1] —
LAY IS AT 20 1] T R A% 30 2 /N 4k T 38 B
B M ORIBIT IR RIR BRI — T B L
B i 5 REAE L AEZ AT IH A 2% 18 AR 5

R Y R B B O T AR B AT axX
ALY I B A BE 0 X AT 55 1 AT SRS A i 4 .
Suleman ¢ A4 T ACS(accelerated critical sections)
SEVL RS N R L T v G S DX AR B AT
B2 T 38 BLBUR ) R B AT 55 4E IR K. Sondag
S NS T — B B AU 4 B B A0S 4 B
S 791 516 2 57 (9 15 8, 8 DG JC AR A5 BB 1) e 1 FH T 48
S BRI R 0 Ay B B S ORI AT AR Y
RS TE R B AREREAZ O BB T SR 2 e D s 1
REAZ.O DY 2 A5 22 A0 S F G, Saez B N4RH T
— iR B AR L RE 8 PR HTR ) AR O kB i AR
i i1 Ak 30 285 5 A AR AR L AT % M b 43 TBE A% 0 DA
RSB A NI T # AT 55 08 5
25 RS (0T 15T 55 7E S5 0 ) 1] 73 58 1T 58 30K /N
O P B A8 AL 3 B BB A o AT 55 AT L
Rt i) 7 R [R] 2 3ok 4 ) e PR R A 4R T I
IR BE L 2 1 A% 1Y BE FE 2y SR R0 T ER A 0 A2 4R
PE BT LR BEAR G 0 Tl 7= vt b, 2 & &5 A
TEfd WO 1 J5 S X 05 ¥E AT AT 55 43 A Y [R) B, S
et FH 38 4% SR TR AT AT 55 0 R B L 8 % S I AE S P
BORBARMIE BLT DL/ I R R 5 4 8L 2 1)
REFE . SR X F 58 BAMEAT 55 . HL oL i MR SR B
JIT LAk ol ) 88 B3k AN R A2 T T 9 A8 LA

7 ﬁ\ zﬁ

A SCBET T — I 1) A B4 R A R A 2
RH B XOS, &1 e iU fE % 2h i % 19 REAL 5
PP A AR SO — A B SR SR T ik
B AT AR S I X B B R R AT T A TR] I S T 9
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