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Abstract As the number of World Wide Web (Web) users grows, Web traffic continues to
increase at an exponential rate. Currently, Web traffic is one of the major components of Internet
traffic. Also, high bandwidth usage due to Web traffic is observed during peak periods while leaving
bandwidth usage idle during off-peak periods. One of the solutions to reduce Web traffic and speed
up Web access is through the use of Web caching. Unfortunately, Web caching has limitations for
reducing network bandwidth usage during peak periods. In this paper, we focus our attention on the
use of a prefetching algorithm for reducing bandwidth during peak periods by using off-peak period
bandwidth. We propose a statistical, batch, proxy-side prefetching scheme that improves cache hit rate
while only requiring a small amount of storage. Web objects that were accessed many times in
previous 24 hours but would be expired in the next 24 hours, are selected and prefetched in our
scheme. We present simulation results based on Web proxy trace and show that this prefetching
algorithm can reduce peak time bandwidth using off-peak bandwidth.
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glultie] dlojgt 5o 27 &7 wEA FriEi o
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7] $j&] MA Al (caching server)E 7| ]'P_ &=
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2.1 Z2|HA0| $HE X0l mE -E-
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3= £ ok
Server-initiated prefetching : 9 Awo]A Zg]
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Client-initiated prefetching : Z}o|dEd|X =
AHAAE FPste Yot FgeldEE 53
EHES 93 #AA49 42 98HE 2UHE £ e
AHEAL SoJHE. (agent)E HlHoZ TH#HAE 4 &
ME 2718t & £ 1 =YPHAAT $ AT, 2, 13].
o] WhHE ¢ AMuju} ZEha] MuoA FHE ez
MRS ZeteldEe]  gsia o]l A = Utk
Client-initiated prefetching2 € Mwj9} ZeloldE
78 e T 9} FHoldE 7ty A5 HES Tl
FPETh o] P & o] ZEo|dES] 4 HE
H&l (Web access pattern)Z ©|83}7] wf&ol A
9] HAHA ARAEY HE HHS FHE F gds
@o] Ak

Proxy—initiated prefetching : X8A] A A
AHEAIEY] 9 A HS dHHS nigoz =yHA 3
€ oltk =] MHdA FEoldEZRE ¢ A
Aol gt 84& e F vt tgo] a¥Y ¢ AA
£ d&sto ZEHA S FY3PAY, dBFoT meg
AL o EAES AR A AZtdlel] Y3}
(3, 17, 18]. =2} Mujs 2" €& AHEAE9 4
HZ ddg @23 Jizke vl 238  AAE
A& & e AF FeelJdEY 9 AHE HAA
Z "art give Aol glov Zd a4d o A
As AP Ztzte) FZEelAENA AFde= A
AMHEAY 7)ol Aojof sttt AL AAZ It

2.2 D2HaE ¥ EMe MAE Yo mE 2R

A2 moHAE § ANE dFste Wyl
w} BAZ W (statistical prefetching) [5, 8, 9] 7
244 94 (deterministic prefetching)2.g& 7% &
At [1].

Statistical prefetching : A4 Wie Zgto]dd
ESo) Ug HTY 2T (access log)E vlg oz 494
3 7I7EEe § AA) A2 A5 &AL Aty
AHAE § AAE M3 ol o] e &
Al 97 Aol7] Wi FFF Wrths B& vE
A Az @dulg 5 Uk

Deterministic prefetching : 234 Wie =g
HAZE ¢ AAEol ARAEN 3] FHo2 74E

T 3tk A& F0], o AR} R HolAE HE
g o vlE golsd ¥ AAES AFSE 1 w2 o
olA7t HZE W AFE § AASo] Z# A o]
e Fdad 9 AAHMERS A 87 RE
o @HlEE HEY o] Hue FHo) Aoy B
Zht AL ZEjHAE 9 AAE shsht (A
o 317] W&o A § AAE hFe = drlde &
A7 Yehs @dol ok
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A JL EA uz} @ AR (response time)
£ 017 9% =AY 748 FF dIE AES
A% ZEEAog PR B 4 o

Prefetching for Response Time Reduction '
SH AIHE Fol7] 9% ZEHAL AR EAE
4 A48 B3 e 9 tedd YA steAel &
SANE 2§ ZA49 dE9 EAES Vg woli,
A7 1 £A4E A7 HE o AL AFshe @
Holth. o] 7IHollA AH8-He Ze#Hd duEe d
Z guF(2 5 13, 16, 18]& F3 AME3IY FxH
A e e FMEZA] ZEHA &4 HEE YEY
Ml GHE vtHde s WEYA Edde] Be peak
periods Wole 23l8] WEHNE 7FA7= @i
At

Prefetching for Balanced Bandwidth Usage
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periods$} off-peak periods7te] EFF A< dgE A}
4 TR S T AZseA ke it Batch
prefetching 71¥o] T¥Z3 balanced bandwidth
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59 8%o] BE ZAoE iEHe § EME d¥FS
2 vg =z 7IYelh
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gt Ege] dA4g Folil g
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B 80% Wk (125299861 byte)Ql AIZME off-peak
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04:00%8  13:007HA1H, 13:005-E
04:007+2| ). off-peak periodsE AR 71EL Z+z}
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Trace)

9 H H8e B¥sln =ZHA delve sy @
< A7) Hste] AA EdY gye zAlslgEd
a3 7lsAb AY 16709 AEdgAN dAEE= ¢
EYYE dEoE vt EFFUY § EdY F3
717+ 19999 108 15Y(E)FE 109 28(5)Y7HA] 2
F Foltk 25 B ¥ AANE A FejoldEE
9 & 4799 A AA AFE (cache object
hit rate)2 54.96% R0 A vlOlE HZEEF (cache
byte hit rate)2 31.42%% Wehlz o] 7|7k59t HE

H 834 (request)® 4= 4,077,3087I 2L total bytes
= 502G Atk EF 3Fo) A MuE Eojee H
F a4 AsE 0123670 =R 42 BF bytes
= 3.6GHTH
£ 13X A5 wE o AA) 5

Bz 5H¢ W 9 ¥ AA 9 37 Ho

B4 A 42(%) ZZ(Mbyte) (%)

13 |86227 (70.75 %) 1479.75 (68.12 %)

2 3 16,690 (13.69 %) 310.79 (14.31 %)

3 3 6462 (53 %) 11820 (5.44 %)

4 3 3451 (2.83 %) 74.01 (341 %)

05]3;:\1} 9,053 (7.43 %) 189.52 (8.72 %)

Total 121,833 (100 %) 2172.27 (100 %)

¥ 12 #FF 34 (reference count)o] WE A
AZE ¥ A AA4e o A H7 FFS U
g Aoltk =z 4= FEoldESC] § AAE=s

£33 25 Jepanh Aol AFE Y AAE Fo)
A WA guw 3zd 9 Adse 34 9 48

(121,88370) FolA 70.75%F vebdz 23} o4 F
Z9 9 AASL A 2025%] Esigch ¢ HA
9] total sizeE FZE 347} 1390 Aol 68.12%E X
stgla, 23] olAkel Aol Mol 31.88%F AT
wd FEEed 934" 9 AAEQ total bytesw
217227 Mbytedtt. § AAe BT FH= ¥ A5
9} v HE g Holx ke AL & 5 QUth
3.5 85 HI} M (Performance Metrics)
zHA dagEe] FELS FY3] A e
e ZAY F Ut 71Fo) Badd, =w e
F 53 7ES o o) v 7IXE B F Aok
Request Saving @ Z2HAHE 4 AH(E FdA o}
S AAE L&A ) g AE o] ASo= hito]

oX oX

AE 83 3FE AMEAY HA 8 o #EE
Ebdt). Request savingo]l &5 A 24 ASE
< Folxich

Bandwidth Saving @ ZZ|#|Ad] 93] dtd g
Z& AHEAY AA 4 EdF] g qIE A8
vl&2 Jebdtl Bandwidth saving®] Hold4E 7
Al HlolE HFEL EolXx awHE peak periods?
bandwidth usage= Zo1&Al ¥t} 3 ZH Ao
oaiA AHofEe YFEL HAZE peak periodsE¢t
of AHgE U9F S EoF37] wEd ZEAe Ed)
Al peak periodsEetel A%EE HYE 2428 &
gk},

Accuracy © accuracyw ¥ =FoA Aogh )
A gagEy  BHEE SHsU] A Aol =z
HA A AFE (prefetched object hit rate)s} =z
#H nlolE HZFE (prefetched byte hit rate)Z e}
ok Ze#y AA 455 =3 9 AAE F
dA HAZ v 23" 8% 359 HE&s YEY
B ZHA ulolE AFEL ZHAE 4 A9
total bytes FolA AAMZ ohed 23F ¢ ANES
total bytes®} B]-&2 JEld Ao|th Accuracy’} Fob
AFE myE Aol o3 BHlHE hgEe FHojzu.

Wasted Bandwidth : Z2]#H% QA Eeto]dd
Ed gsix 84HA 2 ¥ AA HA nlolES
veldich B =82 off peak periodsE¢re] @& iy
Z& At ZEH A7) Wi#ol  off-peak periods
el E7tEle W9 E F/res ¥ 2R

o2

4. Z2|HE AlAH A

QN 4BE meNY Pae ez AN A
o SRHez FANE ey Ax9e A8 B
o mamy Axde FEE a2 29 2ol v
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zelsy AsY AA0 Soltr] 2 A A wa
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3 2 71A sl otk AHME B =8 At
s zud Al2de A Ao Aol Ba8%
o, A4 AW EE Squid [715 AHE3IEY: SquidE
A AW Z AR o) F+ SquidEe freewareo]7] w&
o &a, FAFgelA ®ol ALEHI Jow A48 A
Au AETozZ Cobalt Network® CacheRaQ [29]%}
Packetstorm Technologies®] Webspeed [30]%= W%
Ho2 Squidg ARSI Stk wWEkA SquidE 71wke
z2 Iaiﬂi‘ N 2eg AASH Squidg AHEEtE Ae

& oMyt B =FoA Atshe ZelHA Al

E\Q% AR £ Sl FHAR Y AME trans-
parent 7] MW 2] FAg}
Akl =H A Alade] EEL FA Prefe-

tchable Object List Generator?} Request Generator
F RE UE £ Utk FHClAES] AN MY
(Squid)el Al £3& ZUH Squide WA A9 74
o Ao g AAr} EAseA sy, JoH 1
g AAE Zelo|dEANA AF}T EASA AV
FESIA 4 Ade AT ¥ AHA 84S B
t} o] AZ2He squiddlM AEE o)EE 2
(access.log, storelog)Z ©]8-3}a} Prefetchable Object
List Generator®lA] prefetchable object listE AAJ3H
o} Request Generatore 3hte] ETC|JdEEHN F3
&t off-peak periods¥<tel prefetchable object list
o de 83 (request)E ¥ AHolA Hujo] Squid
Al AAH e d AANES B Ak o] T
gl g A A"gE Squiddte YA CE add-ono.2A
A

4.1 Prefetchable Object List Generator

Prefetchable Object List Generators Zz|#HAE
g AYE A3 9% BEo|. o]AL Al A
B Zzte] 9 AA e} g Fx 3o § AAY A7)
£ 47 98 Squidel 2s|A MAEE access log}
store logE o83t} access loge SquidelAl L3 H
£ requestsel] gt AR Vel U3 store loge A
Aol Agg § AAe) i FRIF TP Uk &
A Prefetch Object List Generator= Squid®] A &
22 Z (refresh algorithm)& o]43ly {E7|7Ho] A
g 9 A FoA FFolM HEE o) gde} Ze
#| Qo] 71538 prefetchable object® A€3ict. HTTP
response message?] ] FEo] FA7IZr] Yeht
A2 g 9 AAE SquiddlA VEHeZ HAHFE
& Yoz ARG [7]. £AT ARE 29 39 Y
o WA EA5le] prefetchable object listE 4§73 gtct

[ Reference Count [ URL 1 Byte

19 3 Prefetchable Object Liste] 4]

Prefetchable Object List Generatore § AAE9
SENNE FAEY] st Squide] AR Lz EE
g3ale] Algshed, A Gaeige) Had ) |
FEL store logol YEh} Utk store loge T ¢
A7t AAl AAFE ) HTTP response headerel
solle 4 WEE FolA "agt gET F531d A
k=g

&8 A dae]EoM Ab88k= HTTP response
header®] 43} Wxo] tiste] YolR 1 SquidellA A
FHEe A dxeEy 4z § AAEY] FEEE
AR 3= o] tisiA dEgich

4.1.1 HTTP/1.0 Response Header

HTTP Z=2EHE [22, 23] 87/€% (Request/
Response) '4)-g o] gsled F2slin Stk &, e
Z2eZ 71%(: GET, HEAD, POST)dl dis] Ay
2 878 31 diolgl £ 3 TCP ddol
EolA 3, Murt e Hiufjo] dojel A% & N
Aoz dAzoe] BojxA He Folth FeloldE
Ay ¢ke] Alole] TCPE 7|¥tez & HTTP 94&
53 method, URI, protocol version, Ee}o|E AR
AHgzl dlolel T3t ol #RHS e a7 P 1
ozl MHeAl 87 dARAE Btk MHe ZEES
HA, A% BE LFIS WS, MY FE, dolg 3
B AREA dolgl 58 ¥XdeE §F WAAES B2l
ok AMA AMBlol M ALEE= HTTP response header®]
H=ES Ad9slr] el WA HTTP/10 response
header?] &2l tisha] AW EA 29 49 ZArt

olo

[l'l

»

= rlr

Full-Response = Status-Line
*(General-Header | Response-Header | Entity-Header)
CRLF [Entity-Body]
Status-Line = HTTP-Version | Status-Code | Reason-Phrase CRALF
Genaeral-Header = Date | Progma
Response-Header = Location | Server | WWW-Authenticate
Entity-Header = Allow | Content-Encoding } Content-Length | Content-type |

Expires | Last-Moditied | extension-header

Extension-Header = HTTP-header

1Y 4 HTTP/1.0 Response Header

Full-Response #WA|Ao] Eo7l= A WA &9 W
£-0] Status-Line®] 74 #2]& HTTP #Ao] A
Hx Udem ooy a2 H el ZE (Status-
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Code)7t EAIFI olold #AAE F714Y HE 43
(Reason-Phrase)o] REAA} dA|x] YR £
Bl CRLFE w1A7 o]9e] Ao 345 Y=
o it AREA dloletel -2 Entity #%-2 CRLF]
Holo] el 4 it

4% A A(response message)e] FAL R
General-Header, Request-Header, Response-Header,
Entity-Header 53 o] Wl 7}A] &H 4ol glch
A71A FEHOE AMEse B8 ¥4 RFC 8229
31" A Fsa de Heldk [31].

General Header® Full-Request WIAIZ|&} Full-
Response #IAIAlo] Aoz ¥Feo] Q&= sy 3
Aojt}. o]AL AFHI Y= wAIX ] B AE &
gl Zolt}. General Headerx Date9t Progma® +
=0l etk Dater wlAR7} gHEolAle daxbe} Azt
€ vehd o 2019 Progmat 87/$HY I 53
o we} oj= A HLHE WpEA T #AY
" AES Xgske o 2.

Response Header B=& Auj7} ¢ WAXE B
¥ o Status-Linedltt 4& 4 fle F7M8Y ARE
Astiz & o »Ack M= o]RAE o] f3ta] AMn
ZH4loll thE AH Request-URIONA ®AIE 2o
W A2 2 o8 wWid Ui JRE AT 4 vk

Entity-Header "WE=+ Entity-Bodyol thd <1=d
B, HF 3 9A, fE2 V1R B4 Fol T3 e
83 AHM(metainformation)E YEPE o 2ko]AL}
AGE Entity-Body HolEl/} §l& Wi &7 WAA
oA AT NF Aol 3 FRE geiE @ 2
1=

Squide] A LTZEFAAM  AMREE  HTTP
response header®] o tisiA 0 AHERWA T
7 2}

* Date : General Header?] Date® ®|A]A]7} HEo]
Ae @A A7 vebd o 22o]n RFC 822 [32]
A Felsta e orig-datest B2 2ot} o]g]
de v 2.

Date : Wed, 15 Oct 1999 08:12:31 GMT

- Expires : Entity Header®] Expires @t AY
&= diolelE ov] Qle Ao R FEE A7E ®
Algick. ohA] o)), AFe] FEVIE EAIY Zo] UA
712 FES g s 2 Azke AYAE FESIA
Foinr (AT o) A& Aolth wHeF A EH] Je
vloletell sl ol8A FAIEo] 1&g wed AAHZ A
Zto]l Ay ¢ okl AAIEHY Sle doleE 29

= HE Aot Expiresd &&= thd3 2t}

Expires : Mon, 01 Nov 1999 16:00:00 GMT

* Last-Modified : Entity Header BXod] Eol7lc
Last-Modified =& $A1Z0A o A9 vxg} &
A dAe} AZHE Y FET ST 2 2 o) FEF
gule FAFo] o] EAE ol9A Aot =rtE
geiee Aotk W FAZAqA FAdE FAY
Last-Modified @#7} 44&o] F3ko] A= Qe
BEARE B9 g5 o|F Zo|gtd 5L 44 AR
H BEME FEEAM QY AABIEA dRFEA
TEAAY FAZA AA3 Mgtk ol de ol
Zol Y £ ik

Last-Modified : Tue, 14 Oct 1999 12:45:26 GMT

412 Squid®] A L

B =RA Agkd =ZHA FxmEe A A
d AGE ¢ AAE FolA ZHAe] 753 g A
AE dgsied, 94 Fa717ke] A 4 AHE MY
giokh ukstd A Ml SetoldEVE 243 ¢ 7Y
A7 A9 AAle] A Qlojm 1§ AAY #
#i7}{Hexpiration time)o] X)}Tii HHEHW A ©)
Z(cache miss)E HI 3iF & AudA A2e] 83
< Hu)y) dEolth o]#d o A fEAHL B
71 8- Squidotde A LdadEL ATtz
ot 29 5% SquidolA FlAlel A" AAE AA A
A AA7E ZAAe A 2ndEE ¢HEE B
Agt Aot

STALE(1) Example
GUIENT_MAX_AGE : 100 (suc)
BJ_AGE 120 4o

Is CLIENT_MAX_AGE prevent | ¥#5_[in 0BJ AGE
!

18 OB AGE taes
than CONF_WIR?

! 5760 min (4 daya)
CONF_MIN - 0 min

I8 5 A YnHEY &M=

Z214 FolA HzRZ dXFe JEHE AHEIHY
T YR QEZ} U default valueE AFEF
t}. OB]_DATE®= € Aol 23N &9 wAx7 o
E0)7 AI2+e vebdth OBJ_LASTMODE 2 A7}
siRgte g A AjzHE Uehl o Expirest ¢ Ay
oA HalEe 9 Aol diF fEYHE veEdg. z

Zte]  OBJ_DATE, OBJ_LASTMOD, Expirest



303 CERE LIRS RSN

HTTP Respons Header2%-¥ 7}[4%
CLIENT_MAX_AGEE ZeloldEr MEF oz A3
F= o AAY Hd A delej] HTTP/LI
Cache-Control Request Header2%8 & < Av}[23].
w3l Squide refresh_pattern 738 £33 CONF_
MIN, CONF_PERCENT, CONF_MAX®} & squid.
confal A 71EHog A& 4 ok olg& HTTP
Response Headerol Expiresol] sl&sh= ghol 9ie 7
- default2 Expires && 2437 A3l *}%Q‘jr 71.
NOWe= A A12+e vels, OBJ_AGEE % ¢
MA7E ) Aol oF]x EoiR o 733}’\}7&% 1=
Ebdich LM AGEE 3ld ¢ A7t dEofe o F
<ol A2 olFo] dupt i AETHE ek
LM_FACTOR+ OBJ_ AGEE LM_AGEZ Y& ol

F A [22]

k. 2d 62 A duEelM AHEHE setEHES
A2 Helt
0BJ_DATE GIAXON OSOHE M ADE A

><

ot GIOIHE aAilgts Gy

\ 0

Expires 2 24F3= AIE BAl

OBJ_LASTMOD saX

UIA O 2MS 0K 2 X AIZHE HAI

CLIENT_MAX_AGE : S20IMEDJ HEXNOZ HalFE U 2H LIOIE BAl

GBJ_AGE = NOW - OBJ_DATE (sec)
LM_AGE = OBJ_DATE - OBJ_LASTMOD (sec)

LM_FACTOR = OBJ_AGE / LM_AGE (sec)

CONF_MAX 4320 {min , 3 days)

CONF_MIN 0 (min}

CONF_PERCENT 0.2 {20%)

a9 6 A4 ATAFAN AEHE shetuy

4.1.3 Freshness 2%

Al AF=HA e Y A 2R FEI]Tl
A iAol A AAELE T 4 AA7E A e
Zol 9l&] 'FRESH'&tx #wo] ud olr] fag 7
oy, T 'STALE'ole}x #E=HE FaEA] AuA
AHEE 4 gle Folth wElr 'STALE'$ 9 AAE
zZ21#3 diidol @ F AUk Y AAMEY FEVI|To|
FEARE FAAB] %t 2 =FdAE squidd] A4
gulEs 83t A8k OBJ_DATE, OBJ_
LASTMOD, Expirest squid7} #]&38H= storelogE
F3M 48 4 iz, CONF_MAX, CONF_MIN.
CONF_PERCENT 3% squid’} A&sl= squid.conf
2 B34 ¢ # v CLIENT_MAX_AGEE® 218
53 48 & glu Zhzte] FejoldErit A

o] taEg Uvtst Al & givh webA o] g2 *}%

A 27 B A 3 20009
&2 g7z sl 17l 78 Squid9 access loge ¥
218 18 8L Squid® store logel 48 Uehdch
[ Time | Elapscd IRemmhm(ICnde/Smm Byte I Method ] URL |
1% 7 Access Log Format
I Time lAL‘(mn [ Status IOBJJ)AH"F)IU,L-\STMODJE\W':\[ Type ] Len I\(r(hx\dl lRLJ

1% 8 Store Log Format

4 AAe] FENE FAAME W) usojo H AR
NOW, = 3HAE o= AlFoz & ZA7tE A=
Hhfolrt cha] #a] ] EAVE freshdHA] staledHAE
2A% o A g doletZ AME-E access log &
ANA staledt A L ZEE| Aol AYH7] I7A
staledr A-2 A mEsob gk meEtA Squidd] A4

UnElES B2y NOWE ZEdd F718 da g8
AMgET ohes 2ol HAE + Atk
NOW = Current Prefetching Time + Prefetching
Frequency

Current Prefetching Time : $A9] Za|dd A& Al

Prefetching Frequency @ Z&]#H & F7]

B =R 5% FdlAM off-peak periods?d] E+
HAZ e ALR-3}7] W Fo] =Zal#|% 7] (prefetching
frequency) 2 SHFZ ZAEA 29 9« =HA F
718 A3t Add g HZe IS FEE Al
2+ 109 159 0441010 Al ZaH A Al 169
044], ool ZEHAY A7k 179 0440tk @l
(169 04:00) Zej#4-g 37] gste]l 109 159 04:00
Bg] 109 169 04:007A 2] access log$} store logE

U doleke 8O, HAN ZeAdy F1E o0
olc}.
Last pretetching time Current Prefetching time Next pretetching tim
A y é

i
Input Data (logs} Prefetching Frequency

10115 4 00 10/16 400 10/17 4 00

a9 ZeHy F7)

4.2 Request Generator
Request generatort Prefetchable Obejct Listoll 91
E 9 AAE off-peak periodsAlell 74 Mol AZ



A Q8T Y E ALES A% 4 =AY MY 309

HE & a4t REoly 3ol ZEioJEEZN FT&
3ok Prefetchable Object List Generatorel]l 23] A4
% Prefetchable Object Liste] wel =ZdHAAT
requests AAlSlAd off-peak periodsEQH ST ==
g ABAdlA requestE Hth B =Foix= HTTPE
A PsHE  command-line Web  client2# F3F8l=
wget [19]& AMS-3I9et S crontabd o] &3t =
%2072 off-peak periodsE¢te] ZHAAY + U=F
shATh

Request Generator® ©]-838} Off-peak periodss
ot =EHAE 4T A nHFof & Aoz =g
HHoz Q3 BHEAYo] dAH= AL WA soF o
o ggA ZEAg sdde 5o dAEE g
Zgo] AFHY off peak WHIZFE FA Y=F F
of &t} o] i WAN EHHEL XIdh= #5FH
¢} e vlEfm AX A AT SNMP agentE
o] &%ty SNMP agent® F71¥22 Z3 (polling)
oz A ASHT U9EHs 4 5 sdsd, o

£ ol g3ld ZH|Hel AMRHE dIEZHFS U

. Al2d0|1H

5
B =7A ANG ZeHA SudEd HAss #
718171 f18ted AlgEdeo]ld Tdde AASIHTE A&
<2 = 2FE AR B =FoA AAg ZEHH
71HE AE3AS Ao AMEIIA @4oks B9 A
4 Awe Aeg Hlashy] YFeln EREe =y
F Hebrge 244 we ZEHAY 45 ¥lad
oM B =EdA AAF ZAA dungse] #
AL A58 Aol B Felxe AEH|HS
g3 w AA8Es 949 webv]E (input parameter)$}
TAHAY P A Hg 7)Fo hate] At vf
Ao g Algdelds 93 ndd AEold HA e
st gt

5.1 AlE3I0|& 13 ujeto|e]

A B o] AL trace-drivenol® A Ta-FuhoA
2951 le A AWM CacheRaQ [29]91M A&
3l 21F o83k o] MY AHE EFTY TS
AREAA 16709 AECA ZAEE 4 Edgs A
gtz glon RAFHoZE SquidE AREST vk
A gl e FAF o AM-Ele 48 e (input
parameter) & o}l 9} Pl

»Logs : AlEd# | AeA YE HoletE A" 22
£ 19999 10¥ 15Y9%E 108 28U 2379 access

[l

1
.
2

log$} store loge©]th.

-z A sepuly o 33 = FEiEE
7Moo mejH| AT § AAE APk

- ZEHA a4 43 rgeEe HZ Y
¥ EYE udeR Yot § EHE FH9 AR
2E e 4 EdY FJ2 o] 3FE F712 WA
Fohe AL & 5 AUtk gEkd fEe F2Y #A
37 Bt 21E o] HIIEF Tt
- 9 MAe FE7)7F (expiration time)o] Avt 4|
M #Az A5E 13 o), 23 o], 33 o,
43] o4, 53 ol § AMAEL WFoz Mygrh
714 Fx J4E 2 AAHA ge olfe #H=E
34d wE Y AAEY FHY HAZ A F
A AA E o5He BAE AEHEE B3N B
A & AAs7) deld. AAE didez =3
£ sRtes #A=R 35 22 f AXES ZYed
P& u =AY H5S 9 Eold Aozt d4H
U AAZ la £ FHolA Er|E gt

- =ZEHAE ¢ EAM9 HA ZVIE off-peak
periodsE<re] @& W E SFET 24 A T

- 3530 AdHE UlE off-peak periodse 04:00
HE 13:007kx10ltk. wald ZelH A 4300 AlFE
= A7k 04:000]4).

- A 2uEE sy A Al AgE
£ 9 AA FoAA FEVIZE] AertE #4871 9
3l Squide] A LdxelEE AMEs=d, ol AMEEH
= 4ErEe 41238 49 A Ao 2
NOW+E 4.1.3%"0M Ay u2 dxe =« At
otk ZalHA 715 3 Frolth

5.2 AjE2djoiM 2E

Al gl mde Iy 107 ZTh Prefetchable
Object List Generatore off-peak periodsE<tol] ]
ARE § AAE 2735 prefetchable object listE
A A& performance analyzer= prefetchable object
list2 o] &3l WA AMuly}l ZelHAL FPPE H$
o zEHAAE A ¥US A Ao 4T Hh
HAeg A

AEYolAL SN ZHAE AMEHRE HEee A
S31A) 23S F59 AFE ¥ 2437 4% 4%
7} AE=ZE request saving® bandwidth saving©]
o Z#HAe] FEAS ZAs A% A5 Hrt Ax
2+ accracy9} wasted bandwidthe]th.

Prefetchable Object List Generatore oA A+
B zZ# geteigel ZHAE ¢ AR dd

i
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Simulatnon Model

Performance Metrics
With Prefeiching

Frefeichabid )
access log bie Ferfarmance
store log ? y

28 10 AEHeld 1Y

Performance Metrics
Without Prefetching

71E8 vlgo g 3FE F71E access log9 store log
Z 0|83l prefetchable object listS AAd3ich
Performance Analyzert prefetchable object list$}
o249 access logE Y& dlojgl& wro}l prefetch-
able object list]l Eolde € A7 e 29
access logolx 7|250o] glow Ay Hyl Hu 4
A request saving (JHAl A HFE), bandwidth
saving (FiA] dlolE HEE)1} accuracy (ZE]#HA 7
A HFE, LAY volE HFE)E F7F A7k 9
Y s 29 access logol B9 A R wasted
bandwidth& &7} A7tk =3 ZH 4L A8 7Y
4 MY ZHAS AMREA ge A Auee
request saving® bandwidth savingg& ¥lwslm =
Arda zAAe 4% accuracy®  wasted
bandwidth 2 Hlwale] B =& AAG =y

3 gmAF) FEHE ZAHG,
6. & o

ol FollMde ¢reld HHE AlEdold AT w
Holl 71%38ld 3FoA HuE AT H7 A AL
st § =ZE# Ao P& vw EMea R4S &
A3 Aotk WA =Za|HAe E84S =AY 9
3l accuracy®} wasted bandwidthe] A|E#e]d Ax
E %YolEY, performance parameter®olA request
saving® bandwidth saving & Z8j4 Zal#HAL A}
SRS Aot AHS3A IS A9 45S v B
S =

6.1 Accuracy

Accuracys EZIHA AA HFE3 TAF dglo)
E HFEEZ T vasigo ¥ 2 #= slgs
13] o), 23] o), 33 o)A, 43] o)4 53] ooz
ZHHAS FPHE BLY HAEE duszm Yok
Fz A7 23 o4 ¥ AAE ZAsae
749 WA AA HFES 6426%Her Fz A3
7b 18 oAl o AAE A =ZHAPL AL
3942965 °F 25% A% "ol ZelHA ulole 3
TES AHRYE Fx ) 23 ol o AxTne

2 3=z dd 3=

Fx A4 | ZyAd A HFE | XAy velE dFE
13] ol4 39.4 % 2 %
23] o] 64.3 % 45.1%
33 o]y 76.5 % 53.5 %
43] o] 833 % 62.6 %
53] o]t 87.1 % 72.6 %

ZAAARE A 46.1%Qoy 13 ooz sty
ZHAARE ALE 2% Vet Jdz 350 =
ol A4E uiRie ZaHAeE 9 AAY oed &%
o} ¥ prefetched object hit& RojF+= AL ¢
g Sllen Fzx H4vt wolyd g gl 23"
HES lineardtdl X&EHoEZ F718ke RS ¢ F+
Ak FREY B W FE A5E 2o zdAe
d5E AT}t Folrides A4E G & AT

6.2 Wasted Bandwidth

Wasted bandwidth®} off-peak periods E-<Foll 27}
He d9E AEE 3188 F2 A5 92 JeEhid
3 3% 2tk s W HlEe UgEe Idx 347
13} o439 ¢ AAE ddez ZHAYS B¢
670.72 MbyteZ AA $} EdllY (3775.043 Mbyte)2)
178% % t] 2771 d9E 7hHen Iz 340} 2
3 o]3Q g AA g oz ZAHAAYS F-
© 17265 Mbyte2 ©4 A 9 E"9 46%7L
7T ol AL F=x vt 28] oo =z
Ag drct 135 odez #L B F MAE o
B tgZo] Yuldth: AL HAFET E =R
£ off-peak periods F<l =ZHAHLE slz=z
off-peak periods®] w¥EF ALg-a3-2 Z7idn) 3% 9
o off-peak YE AL 796.356 Mbyteo]t}, whe}
A Az g 13 ol ¢ AAE Yo zad
A3lAE Y off peak HNAF ALgake] 519%%E =
ZbEIdT,  ZE|H A JHl"e dY9Z e off-peak
periods 9] HF ALGHFS 23] ooz FHF

itz R 35 W JulslE | Off-peak periods Fke]
A F (%) WHE AL Zohe

13] o)4 | 670.72 M (178 %) 519 %

23] o] | 17265 M (46 %) 283 %

38 ol | 7447 M (20 %) 167 %

43] o]& | 3591 M (1.0 %) 108 %

58] o|& | 1697 M (05 %) 72 %




FEER

7% 16.7%, 4

A% 283%, 33 olyom FAYE
* sgez %

oldd A$E 10.8%, mA|dto g 53)
FAE Be 7.2%2 71 )
6.3 Request Saving

ZAAE FAsA GRS A AMA AN HE
< 55% U, FE 5T 13 oY 9 AAE yA

2 zHAS FPUS A F71h AN AH HE
43%2 AA MA] AA HFEL 593%S R
FE 37E 28] ol A9 FUHEL 353 %, 3
1’320 B89 S8 2.72%, 43 o]l A
7HEE 2.1%, FE A47) 53] o)l ASe =g
161%7tk #A=x A4E 13 ojygom g8 #AS$o
Fx 34E 28 ooz zZEHAYS wro
7% F7vetgTh oA ZalH s 9 A o) u
& i He F/M4S el Aotk g 11e =g
HAL TP 4pe ALY AA A% A5 A
A Fzx A5 zHHAL FPAL A AN A
A AFEE 2d=Z2 Yehd Aotk

o.-‘.“:.\‘l to

Mm o

o)l..

.O rlr o oft lor .—YL rlo
[
ro

3

—&—with prefetching

—&— without prefetching |

|

i

B0 2oy Mol vl sao |
FEEE

ag 11 4}5 Lls @i rraluﬂ?g
A S s ke
HEE

cage g9 =
B9 AN 4

6.4 Bandwidth Saving

zHHAS SR U 3
B2 314% %Y, =2 A57) 13 o9  AHE o
Aoz zedAlAs £PPL 2 71D sNA A H
TEL 5.01%, F=E 357} 238 o)4A ALY 18
2 378 %, 3§l o3¢ E$-9 Z718-L 227%, 43] o]

39 A wlolE AE

A 7A%e] Ehee 159%, %E 357} 53] o)Akl
A9 F7HEE 1.19% Rt Fx 35S 13 olgow
zHHAE FHAWUE Fde F=2 3458 238 oo
2 FY3E ZA-Rot 1.23% FUhslac 19y 12 2
A Fzx A5dz ZgHAS FPPL A A A
A F2EY TYAASE FH5A GRS AL A

X HFEE 2#zZ= Jebd  AHoltk  Request
saving® #]<$:38F HlE€lS Holm o)

AEIN A A& A% 9 =ZaAHY 7Y 31

e T

a8 12 Fx e ﬂalifﬂ’e} sﬂﬂe Bt =
AHAE FHA GRS A9 A nlolE
HFE

2 =8N A ZEsd dadEe Argsd
zjg ol oy AdsHe NYEL HAZE peak
periods&¢tel AME-E U9 ZS 293 1Y 132 =
AL F3A peak periodsFetel Hotss HjgZ
Zage adze F¥8 soltk

ssoly 4oy 59 oly
e

18] ol

29 13 Az 34y s »g?r Peak Periods &<¢te] of
HE ALEF A e

6.5 Summary
2 =FdAM Ar G
A Bt AxE F=x

ez zZaAAHSE B4
Aeds gustd & 45 2

# 4 Performance Metrics

Accuracy
FZ | Request | Bandwidth | Wasted
314 | saving | saving |bandwidth | FPrefetched | Prefeiched
object hit rate | byte hit rate

olﬁi} 430 % | 501 % | 178 % 394 % 2 %
Zﬂ o, Q Q, 0,
ol [383% | 3% | 46% 643 % 451%
f‘]i} WR%| 221% | 20% | 765 % 835 %
4‘§] 0, ) 0, [+) [+
olar | 2109 150% | 10 % 8.3 % 626 %
5§] o) o, ©, o, 0,

162%| 119% | 05 % 871 % 26 %
o




312 AR FHEE=EX  JREA A 27 D A 3 Z20009)

B =8 Aok zHA) gueEos ZsH
& 3PS A$ off-peak periodsELe] HIZFL &
7}S) 3 peak periodsEeY thdEL ZHadrh Fz 3
¥ off-peak periods ¢l F7tEE 3% Ho
9E Z7187 peak periods B¢ FAHE 3¢ #
7+ U9E 4L SHE YEWE ¥ 59 gt

B 5 ¥E 359 Peak Periods 59 U9% Pagw
Off-peak Periods F+9] HHE 27H&

Bz Peak periods ™% off-peak periods Y%
£ gty S

13 o) 64 % 519 %

28} o] 48 % 283 %

33] ol 29 % 167 %

48 o} 20 % 10.8 %

58] o] 15 % 72 %

of met aw gttt TR L&4 wol7 sl
NE zsgel seld deHE WASFe BLSS
zor] majsol JalA Pulse dasFe Aes
2 $o ey ZeHgs) EEHE ol ge 4
oz vEd 4 e
E,=B /B,
E,:Z2HE &84
B, E2IHAN QoA EAL= S ZE(Mbyre)
B, D2IHEON 2AshA LHIEE WAZE (Mbyte)
¥ ERNE 32 9582 9 AAE PR 1
8 ol 28] o4, 38 ol4, 48] o, 53] oo
zes e AgHold stddeh o T A A %
iz

oA 71 ZeElAlAe EE&AC] B & Ay
FHAL FPsfor s, FE AF7t BEFE Y
HAe AEAHL Fold Foloh 1t 7|A nH
of g Agte mEHAE FaH ZEYEE Bandwidth
Saving® FulHE digEago|ct. Fx L7t FoA
B nEHHe 84S RolAY ZEHAE ¥ A
A7l Holxuzg Aose dIEFe ZFAEA =HH
= H A A FulEE hdF =3 FrkskA €9
ok weld] Zsld &84, Bandwidth Saving®
Wasted Bandwidthg m@iste =z 345 A4k
2z 35y =ZAe A&A, Bandwidth Savingd}
Wasted BandwidthE #®2 Jehlid % 67 2t

%6 ¥z A48 = A EEA7 Peak Periods ™
Z gad

F= Bs Bw | p | Bandwidth | Wasted

3% | (Mbyte) | (Mbyte) Saving | Bandwidth
13] o | 18916 67072 | 028 501 % 178 %
28] o] | 1418 17266 1082 3B % 46 %
38 ol | &6 | T4 |115] 221% | 20%
48] o] | 6008 b9l | 167 159% 10 %
58 ol | 406 1697 |266| 119% 05 %

E 62 B Az A4S UFE ZYAA a4
EolA T Puise WAEZE HojA ZEd A <
A Hebse dYgEgs FHojAt gy B =%
Me AdFeE wEAY £ ARE Fx AFE 29
olo = st xedH =S AASHULL 2t o
Ae zgFY 7sAte] @70 wE FAol §Ho
st A4 ARIE 148 4 o

2

7.2 ¥ g% A7

B =% peak periodsEete] Y% AHEEFE 7
A7)7] 98 2Hog § EHHE qPOE e T
H4 ¢ngEg Asty, AEgoldg B 2 FE
Qe Bk AlEdolAe Hie B =&dA AUgd
Zawa BielECF off peak periodsELS] AME-H
A e WYES AHgEle vlE] CdidEHe 9 AAE
9lojg o 24 peak periodsE¢HY] WYE AMEFE F
d & Utke AL Bk

B =R Ay =Z#d dndEs §
request saving® A4 MHLE AHERE ARG &
=2 HFg 353%7F Z7FEQL bandwidth savinge
378%7F F/HERT E=F FE JAFE 28] o4 4
AAere gz ZHAE Ar] dEgd ZdHA
MA A ZeHA uolE AFES 2 64.26%,
451%2 W$ =uch olAL e ¥ 4 AAE
g Asleds ZHAY G A o HFES
dozd A F&4L Y & AN F=
9] AL B3 zYAAd s7EE tx3 §FE
288 £ dde FHel HAth wA A Ml
E =gdA A ZgHA JHe AedeEs 3
HEE g Ee] A9 glol peak periods &% WY
Z ALRZS 29 £ QS =3} prefetching scheme
£ squidgte R4 Aol EYH o Z add-on feature
24 F7iEEg § My SepoldlEe] HepeA e

2 RO

tlo

P



B2 AU WAE AL AT 9 ZawP Ay

H7ol 98 glol § AWy FeholdEd FHIA =
AR I 5 AUrk

Algdold AFg B3l 2 =4 AUg LTEM]
A duelFe FEHS AT 4 UAck "ekA o
22 mEHy A2"E AN Ao FrtEd /‘Hi'ﬁr
YESZ FHHS 712 Haglol a&Fog A8
= Sl

B =R 38 Web traffic tracett AlEd o)A
A AL8H o] AL ANk F|AHo] ol dtw

ZIgAEE 55 @70k oA off-peak
periods(e.g., 20:00708:00)7F © & 3JAke} 22 nt
2 @AM E Ze#H A “:"] gAY o #
old Zolztx VETh £ =& AEHIANS
A ZeEld Ay guEEd a4 SHsA=d, 4
AZ Nd M} A FFoZN FEHS YSF

Aol Hadjr} wd Ao ZHA A2HLe =1
AN gojeba zEHHo| 5 ¥ AFE A
g3l real-time® & prefetchable object list® A
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