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(78 3 MU 2 7 S EHLACBERE J1H) SaaS #a(. 249R, BUPARIEL K — AMERAE TR LU - 53847, 1M
Cloudow K #i T Windows 2% uw. {H2, H A Windows {32510 RS H T, RILATFFE % Windows
f) SaaS At FAT B8 SCHY.

MBS BERA, A ST T 40T sk

1) 76 CART AR SR b B9, Wik T 2 RS I M P 2 B UAGIS AT I IR G, R T A5
LRATEFTTASAT W (A SOR R RO A2 A1)

2) KM RS R G T7 58, ALAFAE 55 S 4 4 0 B A S B P I 280 i A b 1) REAUL SO 3R
g8, Mg LA 58423 I 7 O AT A S S s AT 3 8s. [N, %M P 2 S0 R R T o8
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AT RS A TUARE S (A TS AT ZE . TR I04%E), W FE T 22 81T %I,

K1, Cloudow & TRt #E A (RPC) il T 2RI = i H - B AUMGIS AT IN A EG. e
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DR FERBIAMGEAE, J5 SRR R A H AR AR AT

R R RS R G B IS AT I AR 40 ik

1) RGWIa. T IE R 42T A e, RSO R G0 2 B AMZ T AT o8 0.
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G RN, JCBE A 48 J5 1 RO AR A B R G T AT 12 75 A LA 29 11600 A SCFF (BLFE
H %), GRS 5 1 K/NA 190 KB.

NEGERUE, B RGPS AEA A SR E AL E G A “Bi S0 H 2k (anchor
folders): fEIX—H & N, il AT BISCHE (G5 H %) Bk, JH 40, &5 SCiFst
B 5 IR 55 s b — s ME— B DXOAE TR <8l #R2 A
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2) ‘GHEA Cloudow % UL/ 72 & Windows PC 5284, H /o] LUl %A T HIX — &
G B i AT IR AR N B 802.11g T2k I 4% 38 NAR [ 9 ; %% )7 i & R G B 500, HoAR &

258



TEEY FERE B 42 B3

BARWN EERE P R RS RGN i PR R R A AT I A8 A2 A B
B, SCAF PR . Shell F2/7.

4.2 MikFE

AWM T 11 DARIR T RAE, EATEA RPN T 1) )3 3 I8 8] 53247 I a2 Al s T
Sk DU LLER.

VARG, KT AL 2 B A BRSSO\ R 7 R A X S A AR AS LB AT I R], PR
R

5501 20 JUAL R SRS Bl il R AT X e, [R] ISR P A /B A SR R e A S A AT T 1 B A B4
AL FEHRATE 2 1] (1) 8] .

852 B MK, X EEEE AR SR RS DU A 34, DA 484 (0 58 BT 8] (ZEAS AR PR B
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(3) BAFAEH P 2 e B bz ty, N T B SO R SE, (B A GAF (A i R0 100%,
B R UL SO 2R 58 B S S I ITT RS (HERR 2 TR A 3R).

BRI F A0 R 3 S AT I R Bl s FOR DMELEER, RARGE R ILIE 1. v AE 2, H
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1.6
B Baseline

14 B User-level virtualization

O User-level virtualization and virtual drive
1.2
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B 1 RARREBLAIERETH

Figure 1 Performance overheads of user-level virtualization

= Start-time(normalizd value) = Run-time(normalizd value) = Start-time(normalizd value) = Run-time(normalizd value)
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Figure 2 Running performance inside the campus. (a) The 1st time; (b) the 2nd time

(1) ARHZEAE A (F A TR XA RGN 1 RA21T). JA 8 SIaAT I 4 23 5 B kot 55 il
AT EAL (LK 2(a)).

A LUE B, AEIXAS P b B IR Sl I T A R RIE G P8 SEHEI TR 7.65 . X2 PR A 22
FE R, ORI R SO R G V5 I B e e e i HTTP Yy inl, i HSCA PO AR X — i f b JLP 6
POEAER] (WL 3.3 /NAY). i — i, JATIHESS 3 15N T HAFHEE AR, UG — A
M.

MAEBATIR T, X RO TIRZ: ISATIN AP E K2 87%. Xt KA JA s FEZ2 A7 1K
SEHCE, IS AT IR bR G 0] 1RO H 2 B X B B A A . Ty HLEE N R] B T
TSR] DAHE 75— 40 P 48 U7 ) QB3R AF 73 S A (1 52 i KK B

(2) % 1 KisAT e, BT — I e ks | (25 TR Ar DR G oL ~isdT, 4R 0
Kl 2(b)).
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= Start-time (Normalized value) ®Run-time (Normalized value) = Start-time (Normalized value) #Run-time (Normalized value)

40 @ G

0 . e B B L
5 L DX K =3 R ¢
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B 3 ®REMIMNEITIERE

Figure 3 Running performance outside the campus. (a) The 1st time; (b) the 2nd time

KR OUAF TARZ: SRS T T2 90%; 13a AT I FR AN R T A 12%. X W]
BT 1 UGs T ORI 23 Bl Bl N 1AM G A7, A R U7 R BOR FRAIR.
AN, B 1 KIBAT R AR AT (M%) 260 MB, 1 BT MR KA1 B R/ 900 MB.

4.5 X AE 3: CERNET ARSEITMIL

HAM A E— A MBI, MR TN 2 & (D576 CERNET W) iz
5545

DREERILIE 3. LA 21, WERAHLZEAT 1 2%, T2 A S 1] P28 52 SEAE R TR ) 19.8 £, 3X
7D s I A BRI SE G 2 1 R B JE s AT IN R (R E AN AR T3 200 126%.

91 YAsAT R, ST RIS SR 2 SR SIS TAIE S T2 97%, MisAT N ASEIR 2 20%, Al
5 B B .

5 HMXIE

Z M REAUAL B T F R AL G A A 8 Ay I b e 55 A FH AR, I BB W A2 P2 ik
TREHUEL R 5T H P E R

o1 PR AN FIHARR SE ISR (Internet suspend/resume )89 ISR H BEAINLEA (U
VMWare Workstation) DA W48 SCAF RGEHAR, 45 w] LI ik B 106 ke bl s 52 (0 TARRR SR, 28
U — ARk 241 MokaFive LivePCY. —A LivePC SEFIAL & — AN s R AL, A 5IER
g8 J— ZHI N AT R ik G Fe v P 2 2e S N, D mT DA I 9 5% i 55 4 K 5 ) FEAS P4
FESMHLR AR ST, I 305 A 1 9% A7 1y 15 B A% e ok FAIR 2R 8 R S el R v 1) et A i ot

— B LTS RSB i L0~ AT R rh O N B IR 9 A 7 SR A T (1) R FOLREE A R B A 5%
# K ZHCR M VA BRI X RS, A VA 25 T BB AR, & R Ik gs J fe A iR
() AU LB AR A R e B IR e
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Cloudow: A SaaS runtime system based on the user-level virtu-

alization technology

ZHANG YouHui*, LI YanHua & ZHENG WeiMin

Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China
*E-mail: zyh02@tsinghua.edu.cn

Abstract SaaS is a promising mode for software delivery and usage across the Internet, which eliminates the
need of users to purchase, maintain and upgrade software to a large extent. This paper proposes a new SaaS
mode for legacy Windows software and its prototype, Cloudow. Cloudow enables ordinary users of Windows PC
to use legacy desktop software from the Internet without installation, and the system supports to restore the
user’s personal software configurations on another PC. User-level virtualization technology is employed to enable
legacy software to run without installation. Moreover, an on-demand delivery method based on the user-space
file system is adopted, so the user can launching the remote software just as launching the local counterpart.
Compared with the existing SaaS modes (like the VM-based solution and the Web applications), the legacy
software can run on the client end directly while stored on the remote site, which gets good balance between
compatibility and performance. Furthermore, aggressive pre-fetch mechanisms (including metadata/data/file
pre-fetch) and caching technologies are employed to improve the 10 access performance remarkably. The tests

show that for much common software, the runtime overhead is about 12%-20%.

Keywords software architecture, service oriented architecture, software as a service, user-level virtualization,

user-level file system
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