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Abstract: To achieve on-demand software deployment in large-scale virtual machine (VM) environments, this
paper presents a prefetch-based on-demand software deployment optimization mechanism to reduce the VM startup
latency and to improve the VM running performance at user side. Based on the characteristics of user’s behavior of
using software and fine-grained splitting of virtual disk (VD) image, the paper prefetches those small-sized
being-used VD images at user side from server side by using an access frequency and priority-based ﬁrefetch target
recognition algorithm—AFPTR and uses a dynamic adjustment mechanism to adjust the prefetch amount during the
prefetching process so as to improve the local hit ratio of virtual disk accessing" and then‘the VM running
performance at user side. Based on QEMU virtual machine monitor and Linux system, a prototype is built to
implement the prefetch mechanism. Experiments on the prototype show.that the prefetch mechanism can effectively
reduce the VM startup latency and improve the VM‘runking pérformance at user side, supporting on-demand, fast
software deployment in virtual machine environments:
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1 Inc_Slice_Counter(TS_counter); L \ \ '
2. cur_target=Get_Max(access_profile): 11U 1) AT B v (1) COW R3S 4 R TR B A
3 if (cur_target>0 && 'Ifetch _Complete(cur_target)) {
4 cow prlo[curltarget]++
5. Tg_counter[cur target]=0;
6 m= 0;
7. Yelse{ IINMM T2 321 3Rk
8 if (cur_target==0) {
9. cur_target=pre_target;
10. m++; }
11 if (m==M)||Fetch_Complete(cur_target)) {
12. cur_target=Get_Max(cow_prio);  //FBIN B0 5G4 & = i) COW 4 1 Jhy TIER H A5
13. if (cur_target==0)
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14, cur_target=1; N A TREL H Ax AR COW Hig L AE J TRE H b

15. m=0;}}

16. Clear_Access_Profile();

17. pre_target=cur_target;

18. return cur_target;
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AT B 1) COW i 4t 45 v 1 TR 1 5% 41k 38 0 30 245 1 2 COW 1 43 (W) D0 56 20, A8 43 — B K 1R B Tv) pA9 15 1) 33
) COW. A A TR H B i L3R 80K, 30— 20 3 i 1 S0 H s 0 R At 28 30 e 80 5 3 ) I 2 B
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AH LG HR T4 G2 (10 SR AN KRS e S A8 W45 AFPTR 503 Jod 45 T 40 v o JTT P O A P 6 0 L[ 2 B LA
COW % b, B Ml B2 i 7 TR PRt o4, 7 8 9 2 9 B e ¥ Uk 5, R el e Sl 32 4714 i
2.3 FEESETHHE { 1D -

Xof PO R PR (A Y BT R 18 T R AR AR

(1) PAER% A T 2 S A 2 5 Wi FOLLRL YY) F%B@%\M%%ﬁ 00, 0B S5 ARG, TIPSR FH A ORI T

S 2S8R I /I R SR

(2) B BT SRR RS A e R 15 R s S W TR ) P9 DR 3% 0 B R R 1 I B 2

jtE{J?ﬁﬁlﬁﬁg%ﬁ&ﬁi@%%ﬁi@ﬁﬁ*%ﬁ;}iz,miﬁfﬁvﬁd\ﬁﬂxiL)%ﬁﬁﬁlﬁﬁwm‘l&ﬁﬁ 2R

FRATTHHIA 45 4 i T3 14) 740 A L A9 Sh 7 8 TP 4% 4% 1A T AR AR B . TP 4% 4% i T %< NS(network speed) 1 LA i
UL 0 B 3 25— R B A e BT A () A T, UUNS=n/T. ¥ H J5 PIAN TSR TE] F) v P06 NS 43 531 2 NS Al
SIS 1, D) P 5% A% i 8 2 1) A8 Ak L AS ANS TR 55 24 2 (1) e ff o

ANS=(NS;—NSg)/NS;,# NS;<NSy,NS;=NS; 75 I}, NS;=NS, Q)

FRAT A iy 22 A7 2R 280 I B0 78 A4 E A5 R A i 00 A 5 97 SR IR AR A R B A L % A 2R 38 B MC (missiing

count) W] LA i P 45 AN TS P 42 75 BUHR IR IR BIR AT BT S5 PIANTS 4 75 BRI CHU43 53l I MCo FTMC ¢, 1)
AMC=(MC;—-MC;)/MC;,#MC1<MC,MCi=MC ;77 JIIMC;=MCy; # MC;=0,MC;=1 (2)

%JTﬁ%*?ﬁtﬁﬁﬂlﬁ"éﬂ%Eﬂ%‘éE&iv’ﬁ&*?ﬁ@%*%ﬂ]4%VMM§'§j<lj%i%>}€§(Max‘_Réq_c_unt)ﬁfﬂﬁb‘i
1 510G B % T4 5 11 VMM, B K B s 2 8 T DA R AW L3 A7 e R O 3o ) B 3 A AN TS R,
M2 H5 NCHIMC ) 18 F: LA Max_Req_Count Ay B o7 s F5 R B 3R AT I 4% AR 4 ‘NE‘JS‘Q%%%?MX%?{%F*E{E
fief, AR i o R 2 N Bl T 3 S RTINS RIMC 1 R 4280, 3 e R, (st st /N 3R AT BT T A S B
i B AT 8 R T TR A4 S SRR (R A BT R ) 886 st 2 X (3) g, U UL 0 Y R AR
23 (4) KAy 2 B TUIRCR A 2Max_Req_C¥n?}L*¥§<B’\ﬁﬂﬂli%Pn1,NUi’uﬁﬁTSE‘J?ﬂHX%Pn$té%E/AfC(5)7‘|€

fiff
b}

» T=(ANC+AMC)/2 ©)]
LU E(-1)'*[10-20e™8/(e ™ +1)], £ T>0, Mit=0; 75 W t=1 (4)
i P,=nxMax_Req_Count+P, 1, #7P,<Max_Req_Count,lJP,=Max_Req_Count (5)

}

3 KIS5ZRE

¥

31 %% !

It QEMU REAUMLAN Linux -5 AT T 3L UL 10 12 i 1 30 2 J 7R AR 4, Jl e S 30 46k 17
TR A R

FATTH 3 TAEAEQEMU h FF K (¥ COW A 04 Bt 18 4% K B meowE A7 147 Ji& A SR FUHR. /1 meow 1 5 R
NG S A 1A 1 LA SR 2 o HCHR 90 168 5 P9 A XK B Iy e ud T i ) B 2247 (block: cache) K ]
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LRUZF i 55 s kAT 45 B LA % S I B 35 52 I 77 X (access_profile) ' QEMU R 4 i 1] 5 115 5.
AV & T T S A2 cow_client A TREUIR 45 F2 7 cow_server SR SEILTELHLH).cow_server J& — M iE4T
TE IR 55 748 St O S PH 22 26 R S 0 A0 IR 45 6 R B B MU P i cowr_client 1 FT R 42 S (422 e B ke 0 T ), M IR 55

Hp R TR SR M AR ER prefetch_policy. 4% 75 BUER 2675 demand_fetch LA & TIUHR £6 7% prefetch iX 3 34> RS2 T
32 % I

S0 T A 2% 25 RR P ML A 000 1.8GHZ (1) Intel XU AL FEL 35 1 1GB P47, Jili 1k 100Mbps ) LA
X WAHEE A8 A R R G000 Fedora 7.4 7 R I 405 meow B+ IR Z) ) QEMU 0.9.0 /E 5 VMM
BT IR S5 A AT P s UL 2 T 512MB N AFRI 10GB 1 HE FLRE AL (R 23 X QGB,iﬁ;%é}ﬁ\ e>>t‘3,lj%j<4\
AKB). BAHES T 3 Py KA1 rpm A3 H F 42k COW REHE, K 2B 1 1) COW @izﬁﬁ%@ﬂ&%‘%&ﬁ%.ﬁi%‘
T AR BT e BEAE L COW g v 1 i s/ 1B i 12 JW_Record_Rlayback >k H &3z 47 156 s I :
WA LA T S i U e . L 8 B T

Table 1 COW disks and definition ofs<commanly-used software functions

*x1 CO\WMMJ{ BAE SR X

seg_no COW disk Size (compressed) Commonly-Used functions
1 F7 6‘88.3;MB OS booting
. Regular functions*, Layer(New,Copy,Delete,Merge), Filter(Blur,Enhance,
2 5 & { it Tw?st,General,Noise), geléct Tools,pgainting TooI%, )Transfo(rm Tools
§ . Regular functions*, Export, Find & Replace, Table, Drawing,
3 Open&ffice.writer 79.2 MB Insert(Header,Footer,Special Character,Picture), Character, Column,
Paragraph, Bullets and Numbering, Page, Options
4 Adobe reader 501 MB Regular functions*, Save as Text, Properties, Select All, Find, Search,
7.01 ) Preferences, Page Display, Basic Tools, Zoom Tools

* Regular functions: Open, Close, Save, Copy, Cut, Paste, Save as

3.21 R COW R ERE

R COW i fik i T~ 2 B A5 4V R 4, 7% 209 S 38 2 0 P ol ol T RS 3OR AR cow@éﬁﬁﬁi@@ﬁﬁ%
T TERY SR COW AL R0 & AT LGB T A8t P R 3 5 30 B e BLIN JE B 1Ry, L

(1) ALGeT7 K COW T4k IR 55 2% 3t 4% 20 10 7 o AR DR 45, ARG R BB LD, o

(2 J‘ﬁﬂxﬁ?ﬂ&:ﬂ%F‘ﬁiﬁﬁ%fﬂﬂ@ﬁé&ﬁﬁ%,@ﬁﬁi‘FTEHXE%H%%%D?EE{JE\&HH%%B‘J?‘iiﬁfaZJJEMHL.

XA 5 0, BA TR 3 VR HOT- S5 (B4 o 558 5 10 45 SR S 6 45 SR IS 20 M ST DL 1), TR V6 AR T
2 81.4%I1 J8 2 LR AR H5 W == 5 L, 8 Ty i ﬁ;{ﬁmmiﬁ,ﬁ%)ﬂﬁmﬁ COW {43 %] Y. 1) 5% F COW REAE )
SEBR A2 198.4MB, S S AR COW 2 KI5 7.9%. T L, 1 5 I Mok 5 75 2 45 2 23 sl o o o5 2 A1 L
o], P ik A o AT BN Hﬂﬁﬂ,ﬁé’ﬂﬂﬁ‘ 5. 296 11 B b 2 3 i TR 19 1. R AT Ak X E R IR REUR shid
Tt e A 7 ) AT ELTUOE A L A AR D S8 . A T IR s R e ol G T B R R AN 6 T R B R T
5440 KRR N T 0, UG K JBLWL 90 R B B3 ) T St COW A1 3828 ZE AL 45 )73k F M % COW AL 1
A A O P ity SR 110 P 2 10k — S 18 0 e 30 438 0 7 TR 0, el T R LML 10 08 3 4R A4 R 4 B
B 5] 484, V50 A5 OV 0 4 A4 i A°0 it s 48 (1 BT U] 48, DTG AS 25 386 m ) Bl 42 iR

Table 2 VM startup latency (s)
F2 BUHE LR *)
Transfer time | Decompress time | Boot time | Startup latency | Decreased amplitude
Traditional 89.2 382.4 82.3 553.9
81.4%
Prefetch 0 0 102.5 102.5

3.2.2  THH AR
T L TREH LR AR COW i 35358 35 B H o 2 g, FeATIst 2 1 rp 3 Rk - i) COW g #: 40 Sl i T #E 0 R
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3 FIERE VA N COW HEAL Ui ) (A b iy vp %

(1) sEAHE T I (Demand): H A7 44 77 BB R, TR L.

(2)  TRHL,JCTREL H bR iR 50 (No-AFPTR): 3% 75 ERH A TR FEAH &5 5, 008 Lk Vil ) COW G A 4

YT H #5.

(3) T, TR H b5 R (AFPTR): 4% i WU B A TR FRAH 45 &, 3 I AFPTR S92 5k U0 TR H .

TR 7R, BATEATR 1 A RR A ) R D)8, I A% S 5 VE T At Ay e
58, MU AT RN AE LUEAT B AN TR H AR KR AR S5 #8 3IE AT 3 AR AR LLEEAT 22 AN TR H AR 16 254 IR 78
ik 1 IRATTBE R T PR R A T SR M BB, FAR B T i FHCIBIYGTE v 3 I AFPTR Sk rh FAlTHK
t=58,N=10,M=3; 0 T FLER I 2V 0k, J7 ik 2 FIT57A 3 b UL I 32KB (AR [ FlUAE. B ATiE QEMU 11y
meow B A IR AN HAs I T R AR DA AC AR I Hh A R Uiy I R4 T B IR O AR 5 1.2 15 7 vkt
A Bt o SRS T4 VA i e S 0 R AT B 3 RIS A S B R B R 3L T 3 R
TR A HiL iy ) SE A 4 RN LN 3 ﬂu%ﬁ,({%%#ﬁ%ﬂxﬁ%%%‘/}ﬁ,cgw T i 15 i) 1) A b oy v 236 g
A, KB 43 s 1) 75 00 3o Y 4% HEAT 6 JE AFPTR (¥ U0 (No-AFPTR), LIy e 5 Kl $2  COW A vy
I {4 45 b iy o 2SR = T 20%; 7E R AFPTR ﬁ%iﬂ?ﬂﬁﬁx H AR 15 ST, COW BERL U In 1) A b iy v 28 5
w1, V-3 83%, 1 15 9 88%, AT ttﬁ?%é?ﬁ#iﬂx\%%u% AFPTR {15 8L, 43 7 442 5 T 41.8%7H1 21.8%.

1.0
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Fig.3 Comparison of local-hit-ratios under different deployment approaches
3 ANIFIFE ITIE T WA A vp A EL AR ' \

A 0] A b iy R R R R L R S TAE VR 2 R 3 AR ARV S ) TIE H FRad 3t I H AR K
Byt e R AR 3 AGEH 45 R T LU B AFPTR B34 & T H b ‘@Eﬁ"ﬁéﬁﬁ%'J“fAFPTR MR oL,
Wk 3 PHIRERS IR AEXT 3 PR IR B AFPTR SRR IR B AsiErf 5 s o 97%, 73008
85.5%; 7 £ 4R T, ST 3106 (15 IR H 74 AFPTR ERRU14 # COW T A R0 5k oy 1 12 Gimp, A%t
& AT LUE B R 64.2%01 FitEL H M‘%&iﬂ“ﬂ?ﬂ&im} SV COW 45k, 35. 196 () FIER H b3 15 4 i cow
ﬁz‘{ﬁFI%EF({ilﬂﬂiﬁﬁﬁﬂﬁ}ﬁﬁﬂ.ééiiﬁ*ﬁﬁﬂl‘]’%%,mﬂﬁiﬁﬁﬁqﬂ,Gimp IS 7)) COW kit TV 28 4k 5 4= T 3 H
J s, DAL AR DU 72 1 5 ,HE,AFPT‘R LA VA AR TR H AR DL R KR COW AR A 2 TR H .

fTable 3 Statistical results of prefetch target determination (%)

A ¥
e * 3 TIHHWHE NS4 R (%)
)

seg_no COW disk PT determination method 1 2 3 4

) Gimn 2.2 AFPTR 351 [ 642 | 05 | 02

pe No-AFPTR 485 | 49 | 1.6 | 09

— AFPTR 42 | 0.1 [954 03

8 Openoffice.writer No-AFPTR 91 | 06 | 892 | 11

AFPTR 26 | 02 | 02 [o7
4 Adobe reader 7.01 No-AFPTR 72 | 04 | 05 | 919
AFPTR 31 | 397 | 315 | 25.7
2,3,4 All No-AFPTR 58 | 412 | 301 | 229

3.2.3 TilE
Sy T INARER 2.3 75 rp R s 2 VAT HLE A o, B AT TR 1 s R0 T e h A R T Rl SR s AT T
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Fig.4 Comparison of lgcal-hit-ratios under different prefetch amount determination policies
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Fig.5 Comparison of VM startup latencies Fig.6 Comparison of local-hit-ratios
under different number of users under different number of users
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