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Abstract: The rise of “Multiple devices per user” computing model and the mobility requirement of moving
across physical environments bring great challenges to task migration in four aspects: continuity, transparency,
heterogeneity and generality. This paper proposes the concept of “virtual user space”, and establishes a task
migration framework based on a virtual user space, called TaskShadow-V, to address these challenges. Virtual user
space guarantees the continuity of user tasks and capabilities of migrating across mobile devices. Meanwhile, the
context-based mechanism of intelligent migration decision-making is proposed to ensure transparency of task
migration. This mechanism employs virtual user space as the migrating granularity and uses context information to
automatically make the decisions of migration. The study conducts an experiment to verify the effectiveness of
proposed TaskShadow-V framework.

Key words: task migration, virtual user space, virtualization, context-aware, multi-device user experience
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Table 1 Comparison of different migration frameworks
F 1 AFELITHAELL L
. User Solutiqn Deplorability Ability of migrating Network load
ransparency generality across devices
Gaial™! Low Low Medium Low Medium
Aural®” Medium Low Low Low Low
Deepshot™®! Medium Low Low High Low
TaskShadow!™ High Medium Medium High Low
SoulPad™” Low High Medium Medium Low
ISR Medium High High Low High
Shivan!*? Low High Medium High High
TaskShadow-V High High High High High
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Fig.1 Architecture of task migration framework based on user virtual space
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Input: The set of raw location information p={po,p1,...,Pn}, Which pi=(xi,yi);
Output: The set of smoothing location information R.

Initialization: R=NULL, Count.=0;
Insert po into set of R, and assign po to peur;
FOR each pj except po in the set of P
IF the distance between p; and pc,r is greater than Error Threshold THEN
Mark p;j as Error Point, and Countce++;
IF Countc is greater than Continuous Error Threshold THEN
Insert p; into set of R;
Assign p; to peyr and reset Counte to 0;
ENDIF
ELSE
Peur=((Xcur+Xi)/2,(YeurtYi)/2);
Insert peyr into the set of R;
ENDFOR

Fig.2 Pseudo-Code of smoothing algorithm of location
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Table 2 Time overhead of automatic device selection mechanism (ms)
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Device number Time overhead of ontology parsing ( £ std.) Time overhead of device selection (£ std.)

50 826.96( £ 38.17) 0.97(%0.12)
100 883.60( £ 15.66) 1.90( £ 0.33)
200 987.89( £ 29.66) 3.18(£0.47)
400 1123.20( £ 53.88) 5.18( % 0.20)
800 1 355.83( £ 39.62) 10.02( £ 0.83)
1600 1763.99( & 50.06) 18.83( + 0.59)

4.2 THW2AEEZIHBAMEREITME

AL A# A TouchPad B10-C1 1 % 5l 5 4%, AL FE 2% 24 Intel Core u3500 1.4GHZ, P 17y 2GB;# H 1) 5
T Z iy 2t DELL T5500 R %1, B % 4 Intel Xeon 2.0GHZ AL L2581 AGB [ W A7 IX A% % #2235 T Xen 4.0.2
R T A e A, B AT 10 T B8 T B S T B S 6 AR ideacentre K320 T IR 4% 4% b, 3E4% ] Ubisense &7 52 4%
SKARECH 1) S I AR R Xen SIS B8 45 A Ay e G A i X B304 1 %) 6 2 ), B SRR e 4% P H 1 e % L =
] — AN g A 25 1) 2% e B P S 3 2k, 3R AR NFS B A e =2 i 48 25 1) 3 3 2 P AR F i b A S 3635 8 7 4
A RERE PR3 — AN TH ) AATOWE AT 45, BLAR LB A% A P A% . 128M 77, 10G A4 24T Ubuntu
VEZR SR, 55— A 2 1HI ) 57 3 SCRY 44 S5 AT 55, L AL B PR AZ AL P13 . 64M P9 77, 100M 4 JF32 4T tinyCore Linux
BAER L.

8 i i IR WBIE S 5 AT AT 9086 o 4 S R PATAE (T4, 55 4 o 35 A AT SO i 5
T 4% AL 75 1 S A DT T AR B I AT % IRAT 45 2805 A T B AT 38— AN I 2038 3 30350 BT 5 11 2%y
1 135 0] AR FE B ESR I 5 K.

3 U] T AT ST R o P o 3T A 4 B RO AR 6 IR ) T 3T A% 45 B ISF 1) T G355 AR 6 A5 44 A BT
Wk BB FH AT 55 e A0 DG IBE 75 1R I [ 552 560 28 L O I T 6 58 BHLINT i) 485 5 4T 45 28 2R R ) 4% B 58 10
O, PSR  TFAS A 2.19s. S A4 B ) T 85 2 48 AT fal 2 T 26 21 68 BUALIT B8 45 SR 10 B I 1) % A 5 98 A
54Mbit/s [ 2 IRBE T, SCR G 15 FAMLE AT 45358 19135 R fA ) 1) F 485 9 31l 47 59.47s i1 229.09s. 4 T % L,
2SI AE T 55 ) LOOMbit/s [ e I 45 FR 5% T 4 T S0 HEAT 2 MR, FRATT A BILAE 12 9 288 BB 1K SR 4 'S5 R0 A

© HEBEERAET hipd/ www, jos. org. cn



# ¥ 37 4 TaskShadow-V: & F & wbag 3545 50k &8 P AR 45245 135

B MU 55 3T A% 191 20 SO AR IR TR T4 233 21.27s 11 68.16s.

Table 3 Migration time overhead of two users’ tasks in different network environment (unit: s)

T3 WAH AR AEARE N2 IR 55 T T B I 8] T4 (AP
M5 BESI% T P 8] T4 AR [F] TS
o g 54Mbit/s TG2k % 48 FR 5 59.47
SRS MER 100Mbit/s 47 £ 1955 3£ 5 )10 2127
ot " 54Mbit/s TG2k M 44 FR 55 ' 229.09
RHRA L% 100Mbit/s 17 25 M £% 1 453 68.16
4.3 MEEHIEE TS TBIIITER
38 T X5 AN 5] B9 48 348 55 R A [R AT 450
2 3L 7 i 75 W R) IR RS AT LA (L3R oo \
3), BT 5 DB 9 24 5 1 4 T A oo\
S5 KT T 10 5 A 1) 7T 45 Bt 2 ik S\
b T SR E LR, A £ \\\
T — AN SEI0 R VT Al W9 5% 4 ikt 1 0t § 150 ~—_
£ % 5T 8 1 5 W % % % R o —
WonderShaper #4181k £ 1l 1 45 (1) 0
o K AR i T IS ) Y 4% T R t 2z 3 4 5 6 7 B 8 10
ﬁ E lgjf ﬁt" X)[ﬂ % %IJ_L */FJﬁ" 'f]t_ % E]':] Ji*z Network Transmission Speed{NB/s}

\ = e Fig.3 Time overhead of task of watching movie at different network
SR BALE R 3 RO  Walching
transmission speed

R af LR i, 5 i BB I B gy 3 e 5 A I 1 B ) T
4 AL P OB T 05 5.3 0

T 05 0 1) 5. 90 2 s L /T 2B 00 T B 0 3 9725, B 9 T 1 >
0 32 22 6028 (B 4 A 0 T2k 1), 6L A2 01 5 80 35 4406 B ) T 5. L6 397 11 L6 76 24 802,110 Frf
T SEHF K B JR R 98 T 4055 51 600Mbit/st®20), iy A sk FH = JT b (1) JC £ 190 455 B35 e g 42 i 100 Mibit/s
S 600 Mbit/s (¥4 5 . DRI, 72 T WL AR I 0 44 S0 26 20 SCHR LT 25 8 RE LR 46 1 IS P 52
FIP AT 45 10T

5 #EipFkFkI{E

ARSCHE T T R AUH P A R AR S5 I B HESE TaskShadow-V DL Y FH B Bl PERI“— N 2 HL iy Sk
TR FRATR T R SUAL ATy TaskShadow-V/ (145 J2 R il 5 i, I 412 H ik T i 58 (K B RE AT A% v S Akl SR S B
155 11E WL . TaskShadow-V SZH§AE 55 515 8l B4 1038 WI ANELEVE T, 0F H e s SR oA T B T s
ITRER FA DAL S UE T TaskShadow-V REM A7 RS ILH AT 5532 WA M 5 6 ) 2 i 3T H5

TaskShadow-V SEHL R AA ] 7 IR BT IAERS , A 45 BT AT 10 0 P I FH R G2 A7 I (R PR 28 0 AN XA g BR T — A B
Y B 55 3 Ao 5 2K 7 T e A I P O 5 1K) O R A7 AL, 73— 75 THT RE 0% DRAIE 7 $58 A 2 Tl £ — B0k AR i,
B P IR ST IAT AR BEORME AR T RS 1L Rt v A i 58 22 1) Bl XA 15 28 G AR M CRAIE T 8 1) S I 1 e ) 2 AE AR
5 (R 2 PR BE R AR I A AR 2 A6 TaskShadow-V HESL IR A% P g, 451 L BF 5 G A k2> i
2ol R i A% i PO 00 B B DI A R AU AT A T B 0% DL SRS 48 77 925 R B AL e AT A R I () T 4.

References:

[1] Pierce JS, Nichols J. An infrastructure for extending applications’ user experiences across multiple personal devices. In: Proc. of
the 21st Annual ACM Symp. on User Interface Software and Technology. New York: ACM, 2008. 101-110.

[2] Dearman D, Pierce J. It’s on my other computer! computing with multiple devices. In: Proc. of the 26th Annual SIGCHI Conf. on
Human Factors in Computing Systems. New York: ACM, 2008. 767-776.

© HEBEERAET hipd/ www, jos. org. cn



136 Journal of Software #4+%4& Vol.22, Supplement (2), December 2011

[3] Chang TH, Li Y. Deep shot: A framework for migrating tasks across devices using mobile phone cameras. In: Proc. of the 2011
Annual Conf. on Human Factors in Computing Systems. New York: ACM, 2011. 2163-2172.
[4] Sohn T, Li FCY, Battestini A, Setlur V, Mori K, Hori H. Myngle: Unifying and filtering Web content for unplanned access between
multiple personal devices. In: Proc. of the 13th Int’| Conf. on Ubiquitous Computing. New York: ACM, 2011. 257-266.
[5] LiY, Landay J. Activity-Based prototyping of ubicomp applications for long-lived, everyday human activities. In: Proc. of the 26th
Annual SIGCHI Conf. on Human Factors in Computing Systems. New York: ACM, 2008. 1303-1312.
[6] Garlan D, Siewiorek DP, Smailagic A, Steenkiste P. Project aura: Toward distraction-free pervasive computing. IEEE Pervasive
Computing, 2002,1(2):22-31.
[71 Wang Z, Garlan D. Task-Driven computing. Technical Report, CMU-CS-00-154, Mellon University, 2000. http://reports-archive.
adm.cs.cmu.edu/cs2000.html
[8] Roman M, Ho H, Campbell R. Application mobility in active spaces. In: Proc. of the 1st Int’l Conf. Mobile and Ubiquitous
Multimedia. Oulu, 2002.
[91 Pan G, Xu YQ, Wu ZH, Yang L, Lin M, Li S. TaskShadow: Towards seamless task migration across smart environments. |IEEE
Intelligent Systems, 2011,26(3):50-57.
[10] Caceres R, Carter C, Narayanswami C, Raghunath M. Reincarnating PCs with portable SoulPads. In: Proc. of the 3rd Int’l Conf. on
Mobile Systems, Applications, and Services. New York: ACM, 2005. 65-78.
[11] Satyanarayanan M, Kozuch MA, Helfrich CJ, O’Hallaron DR. Towards seamless mobility on pervasive hardware. Pervasive and
Mobile Computing, 2005,1(2):157-189.
[12] Sud S, Want R, Pering T, Lyons K, Rosario B, Gong MX. Dynamic migration of computation through virtualization of the mobile
platform. In: Mobile Networks and Applications. 2011.
[13] Pan G, Zhang L, Li SJ, Wu ZH. SmartShadow: A model of pervasive computing. Journal of Software, 2009,20:40-50 (in Chinese
with English abstract). http://www.jos.org.cn/1000-9825/09006.htm
[14] Bahl P, Padmanabhan VN. RADAR: An in-building RF-based user location and tracking system. In: Proc. of the 19th Annual Joint
Conf. of the IEEE Computer and Communications Societies, Vol.2. 2000. 775-784.
[15] Priyantha NB, Chakraborty A, Balakrishnan H. The cricket location-support system. In: Proc. of the 6th Annual Int’l Conf. on
Mobile Computing and Networking. New York: ACM, 2000. 32-43.
[16] http://lwww.ubisense.net/en
[17] http://xen.org/
[18] http://lartc.org/wondershaper
[19] IEEE Computer Society. IEEE 802.11n-2009—Specifications Amendment 5: Enhancements for Higher Throughput. New York,
2009. [doi: 10.1109/IEEESTD.2009.5307322]
[20] How does 802.11n get to 600Mbps? 2007. http://www.wirevolution.com/2007/09/07/how-does-80211n-get-to-600mbps/

M Hh 305 S0k
[13] 2N 5K AL, 450 1, S I ) e 5% T (SmartShadow): — AN 5 T 545 2 5K £ 2% 41 ,2009,20:40-50. http://www.jos.org.cn/1000-
9825/09006.htm

BPIR(1986—), U5 WL Rk N, H L B (1976 —), U5 1 b A B 1 LR

5, CCF 2R 4% by, 1 BT 5 0 A % 0 Jili CCF 4 b, 32 B 5T A A ¥ & v 5,
5. THEALPLAE, BEAR.

H R 1E (1988 —), T Wil -1 4 ,CCF 244
O3, 2 B ST ATR N 5 5

FHB®1979—-), 9 &, &I HZ CFF &
AW B3 1 R o R o A 2R o
e RS P25

© HEBEERAET hipd/ www, jos. org. cn



