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ABSTRACT

This thesis proposes the analysis of replacement-algorithm-of web cache server.
We found that.each replacement algarithm is suitable for each type of data size in the
web pages. ‘RASM. (Replacemeni Algorithm Selection--Mechanism)” is 'a selection
mechanism of replacement algaerithm .that has been developed depending on size of
data. This thesis presents the modified version of the RASM called MRASM (Modified
Replacement Algorithm Selection Mechanism forweb cache server). The MRASM allows
web cache server 4o choose, the appropfiate replacement algorithms, depending on
data size. New data will replace the data in cache that have the same range of data size

for increasing Hit Rate.
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dayaniesrennliann Sibling vassiaies (Wld5asaannléanidsninadiunig) deazling

U

Wiinarudideusainsdnivdeys
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4 Compound Relation

1 v
9/ [

d. g =3 a e [ L -l
Wuszuuidsznauldos Wuuandivinesd dauauuin ilaouduiusiuisuuy
. . s dl o v v a 5 b 4
Parent-Child Waz Sibling Fea1u1raazsasfuLFuiunisiesaalduinisees HTTP Client 1é
gauarianugausalun1suFuus Proxy usazdaiitainannaniszan (Load-balancing)
2 a o - o ac L oA o [y a X
TAENNNTORNAUIUTUATBNIULATEIH A F AT RN ANNARINIFIRNNINTY ARDAAY

a0 ldunAna8s Cooperate Web-Cache iiaazpranugndausasniaiiudeyalaandos

E——BF—k
e —l = = (==
Proxy Server #1 Proxy Server #2  Proxy Server #3
(Parent) (Child & Sibling) (Sibling)
HTTP Client

519 2.4 ugmssuLunATdiviae M a AU RusILLING Y

1
=3

lusr Ui SulaTidiina Mnsusuiusaus 2 eseiuilasiinnsdnstnaesd
IR ANTULATE AN NI Lﬁ’ﬂ%’ﬂﬂ"l?ﬁﬂu‘]@ﬁ‘:'lﬁ’h\'lLLﬂ‘ﬁLﬁ:’a[ﬂ‘s\iﬂ’a‘]_lﬂ"lﬁ’i’N 7 elungu
gaaiunaT efiussAnsaam

nwslmmaa ICP [10] FllunsRagr eI TS uLATIE Sina s Lﬁmmmﬂ%ﬂm’mﬂa

ey URLs Aifleg ludnuagidsne lndidsalagazifunisuantidden 1ICP message

(ICP-Query & ICP-Reply) tiasrusandeyanldlunisfasaedayaarnivuasidinineiney

U

IndiAes Tneduuandivinefazds IcP-Query lUfuduuandinine e ndiAes e lify

1 v
o =l o

WANRIABLNAUNIAIE ICP-Reply tWemaudn wu (HIT) wialuiny (MISS) dayaniasaaiiy

LYl

Tatn12d4 ICP-message & azdalaendanldusnsain TCP vie UDP fild usinnsldusnis
A7n UDP aziipaumsnzassinndnnszlifinisa¥1e Connection asvinenumsandn TCP
WINAANNIQUMIETEY ICP-message IMNIEAMNINAAAIINMUIUUUITEAINEE NN
seursetnefildfnselUduatiiodindifns lunsdiiasliaendeniuuandfmae sl

'
[ =l

Sudayaifeanis wanannil TCP ail Overhead Miluaindn UDP

U



duinnoayanag mznemnﬁ%ﬂmmzﬂ

giluuy ICP message

ICP Message azilsznaudag 2 dauRa Header 1u1A 20  Octet WAz

Payload Milowanlduuudasldfagi 2.5

- - 32 bits

Opcode Version Message Length

Request Number Lo

Options |

Options Data

4 Sender Host Address

Payload

g1 2.5 uaAeTERzIRYAgIuL IR ICP Message

Opcode: lugeudlduanilssianaes  ICP-message laufidn Opcode ol
KilAe ICPLQUERY. ICPIMISS, ICP_HIT il

Version: Lﬂu'dfmm‘ﬁﬁ‘zq vérsion fumber 48YICP protocol tivaldmsaageu lnely
taqiuiildanu Version2 uaz'3

Message Length: WudauilduanAniugnaranuaTes ICP-message laaazd
Anenldiiu 16384 Octets

Request number; udauild identify dlefinnsaey Query ﬁﬂﬁngﬂLﬁUﬂalu
Reply-message AnEl

Options: #AMe12 4 Octet (1w Option flag fiazdaniiu Opcode L'ﬁmmﬂizmﬁ
519 7 1 ICP_FLAG_HIT_OBJ azldsaniu ICP_QUERY dedusenlimeundudaedaya
wevnausnvasdayslifiuaiineniresainen (Reply)

Options Data: §9141m 4 octet 15995UN1991197U289 Optional feature T4 ICP-

feature a19azsialddayaluiaii

60883
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Sender Host Address: (flugaunldifiu IPv4 Address 989 Host 9149 ICP-Message
wrgeinglsfimufiil Address Nfiwdaniu Socket API agudadaidunisgndau inliludun

Toulunisldanu

Payload: iudaurasilemdilounaliuiuaulagazauiy Opcode walaesni

wd2aziiluAn Null-terminated URL String

2.4 Web Cache Software
199910 World Wide Web ifluszuuiila (Open System) #uanldszuuuas
Wsunsusneifianuuansnsfiuanrsaiasausaniiulé 3s Web Cache Software fiiild

1 a T o ' 4; a = =3 aa ;7
snuagunungludumnefiula Wdanliaradinadeldsunsuiduiag wnelusunsuitianlday

nuoe

2.4.1 CERN Proxy Server

i3 W
[11] TusunsufignWraautee Il sunsunaey © bastnsa gAY Unix n19N197u
wanqraldsunsuiAenaiandiindw i dfniaes (Web Server) uiflavanaiinsalunis

Suduuas  Aeldsumoanfan 1Usunsuinisiudwata i Simple “Cache 9@ 181908

Parent Léfiae T1AtaaYIN0Y Wa=saeiulsinaan HTTP, FTP, Gopher ias WAIS 1o suly

L e 1 3

ANNNTOATIAGALANNANING2UAY Parent LL@Q‘:Q‘J?@IQ‘]}@NﬁWﬂﬂﬂﬂ’llﬂﬂﬂuq?ﬂﬁmﬁiﬂlﬁ nae

L 7

AraseLRINAN ATy re ey AN saasaRaL lAALLLRMUALI A wAZN 19 1T TTL uay

frdiaanistayaaanidiassimiaiiedeyaiinmudrasioudn 414 IMS GET lunnsiesve

] |
o« o

douavanunargriAuiulig (File) adludar avtalwdazgniauunann URL

LS a

& 3/ - i o 9 8 9 o 99 [ i o L%
nalilassaineresdoyadl Directory Sruaunnn nmadntiadeyainldda annuadanaanalif

CERN Server TdimunziuanundifiunnanTg

2.4.2 Apache

(121 Wewnsuillafinrsuanana i ld laweaetinaslderunuatinaunsvane 1
Tsunsufignldarududud@ivinefidundn Tsunsuwmundaalusunsunim ¢ sy
a5 uldun Unix viavus Wdauaed Caching #181702095UNM9MNULLILLASN

Parent Czche Tmziganngtuuuses URL 1 asandradeaiuisamiuauldiaununis

=l

Avuanatuaznismatia TTL Wuldsunsudfiaanuaiuisnlunisiilu Web Caching

o

\iuLAeINfe CERN
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2.4.3 Netscape Proxy Server

(13] Wsunsuilfulusunsduuat uaznfendidfinefinaant: gnimunlag
yanadAnRluga¥e CERN Proxy pandrmbeiiied 1995 uazatuasovinaldiy
sruulfiFnisuanesia 1y Digital Unix, HP-UX, AIX, IRIX, SunOS, Solars, BSDI,
Windows95, Windows NT, Windows XP uazainisamauandiwldsunsdinmaged
(Web Browser) las@arunsasesfunisinausedinslnaealavaiosa wuHIP, FTP,
Gopher, SSL, ICP, CARP (Cache Array Routing Protocol)

lugautes Caching @141709995UNNINNULLILLARN Parent Cache  (Aegan
7UULU289 URL WAZAINTOATIAABUAIINENINAI983 Parent Cache wkndanuiassialy
18 uardrfanualininuasiaselldaueiesdunefiluiuaiulagmss wi Netscape
Proxy Server limiuasannanludni Load Balarcing %ia Discovery Lol 41uAIN
é’mﬁﬂmmmmuaulﬁﬁmuuﬁwummmua:m?vﬁmﬂﬁﬂ TTC sunsaiianansninan
Hulrfaead Inonsesdayatdvaruglitn i analiuuaes URL, Ueanynssmas MIME
types ﬂ?ﬂ'ﬁmﬂﬂﬁﬁ Java, JavaScript, MIagUnanila sunssidanunsoinauson sy
SNMP(Simple Network Management Protocol) imﬂmmﬁ‘nﬁ’mumL‘é@uiﬁd’-}::ﬂﬁiﬂmm
wanluda SNMP -Server | il arunsapsaaseyllsunanaindanngislandugunsad
wisedneauls

2.4.4 Harvest Cache

i

Wudaulsznauwilesas Harvest Project’ Radeyanat uasifiuuausniiinag
WanunInslnAea ICP (Intemet Cache Protocol) Intifa Harvest Cache gninlilWaiunsie
Iae Squid was Netseape tagigaunrarasfunisnuaasinslanaaa: HTTP, F1P, gopher

waz ICP

245 DeleGate

[14] Wwduuandivneiinielduuuainuans Platiorm 193szuunljisnag lal
d1aziu Unix, Windows, 0S/2 uwazanusnsasiuinsiamaaidu HTTP, FIP, Gopher,

NNTP, POP, SMTP, Telnet, WAIS, X, CU-SeeMe, Socks, SSL LLlax ICP version »

2.4.6 Microsoft proxy

[15] M1unelFan W adeNTed Windows NT waznianufaniinslnaea

HTTP uaz CARP
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2.4.7 Wcol/Catalyst

o

[16] 81A&N1TMN perfecting IHBAAATNAITILALIANNULUAINS

2.4.8 Novell BorderManager FastCache
[17] sasfuinsinmaa: HTTP, ICP 14

2.4.9 Cacheflow

[18] Wmaila Prefecting lun1sanaiueslunisiasradeys

2.4.10 Mows

[19] W ns1ananlunnswmnlusunsruazaidisainausaniy tnslnaaa ICP 16

a;l"v = a -'/ -3 o d' L% i = | a = o—c‘;
wananiaduanwarduidunaruieaatalaldnanraaumssdnluane 1 inusil
saiudnmnisineraesisunsi Squid Wundn idesanidulisunsuiigniloainlUlg

| v
awluvane 7 i vianiunisAnmnaznne luesdnasyzedsmen

2.5 Squig

Internet Research Task Force Research Group on Resource. Discovery (IETF-
RD) lETnnswamnlsunsy Havest el slindsaresisandfinefaenad
Ust@nanIn Tﬂﬂma‘ugnaammulﬁﬁmiﬁwwéauﬁ’ummun?:ﬁ”@mmmuu‘qm?:
nezanelissndudivinaiuate o \Wiiunaaq Internet Cache Protocol (ICP) dnuiunis
Aasaseudnad@ivmes TUsunsuainisaldiu Sun0S  waz Digital  Unix - 0NgNIUUAAN
(Configuration) “#ldlasnisufila Text -File degneruidiellsunsuizasine lsunsa
annsnsesiulisinaas HTTP, FTP ua Gopher 16 A1 Default was Maximum TTL
ans0 il Anafiuld dwsustiun URL fidnei widledeyafinaudnaioudas
azgnavlyl laglidinnsnsaaaeuing IMS GET

Squid [20] A9 Internet Proxy Caching application %Qﬁ'ﬂmﬁiuﬁummﬂn%‘ﬁwm
Tusunsunes Harvest Project Aelaildfqasjanunsudnlunisimuiuas Inelé5udumy
AUUAYUIIUIAEAND National Laboratory of Network Research (NLANR) Squid ik
LN Ui suaziTlaLe Source Code wandnuiielienanadasldfinimaney
Lm::ﬂs"‘uﬂgﬁﬂmm‘uLﬁmﬁmﬂ'mumma‘m’tuﬂwmﬁumsﬁfausiﬂé’qaiﬂﬂmﬂﬂmm'] WAz
wiladeRananafiingy mnmcﬂmaﬁnm'smﬁﬂﬁ Squid duitnetnaunsuans me:ﬁ'ﬁ'
fannuinisdnunisdsuldsunsuainisnazainisalfulgealss@niainaesiuniuaany

raanaslalag  Squid HA Na nasaluni1sia Proxying Wae Caching laaldinslnaag
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HTTP, FTP waz URL WUUAM 9 19 SSL UATAINS0AZR191UULY Cache Hierarchies Tag)
14lnslnAaa ICP. HTCP, CRAP, Cache-digest lun1s@aanssendnanu n1siduuas
G aafaranuisoniuldedaiitssansnanlaiin azdadszneudaaszdndnining
lﬂl [ dl o - ] =) = (=3 -oa e dl
gasrzuulngy GeasdszneuidrAgsetssdnsninreaiuuandivines Ae ainldlu
nadnfadeyalufad wiaup NI MaNNAL99szUY  Disk-Throughput WATAIINATINITD

Tunsdszunanawes CPU

i/ =

-:l. a v G ac -l = tz =l 1 dl
ez auuAgsvinaiing ﬂﬁli‘ﬂ'TW‘LL'LL%JJQLLﬂﬁ‘:ﬁ‘U‘Uﬂﬂ?’ﬂ:uﬂ’]ﬂﬁlﬁ‘ﬂuﬂi‘ﬂmLW@

o & o !
U

d‘ a d’l’ 2] | =i dln = = = =
uenudyuifasiiagulidnssdlunisesonesluandandulunsalgnidunrenisesan

=

sruudnsesianfirzuulfiRnasusy Squidealdiflafadoymiiuiaraniuuamdinioed

v o o qi o 1 a; % e = & = d‘ o 8
‘ﬁﬂﬂﬂqzﬂqﬁqfﬂuqlﬂ?@Qﬁq?@QNWl'ﬂQ"]ULLWUWI@“UW NITR ﬁulmﬂ@ﬂ?:uuwa:u’mﬂ‘n
i - i - O e 3 o ‘A o .
sauu Squid HufladAtlszneunany - athefiresanls lidnasdudatiunugegaenis
¥a990feunil (Peak number of Request per minuté) Seazudasliiiusuausasdeyangn

¥0498310 LA AL LA LA Z 2NN ATO UL AU URIN TN UALATAZ B WL NTUTUe N9 LU

o or

nMsNRazAIULUAINTTTaMe aegail TuedfuAnengAnssun sl uBne filnyes

17 ' = s o & L a” rn:lI 1= aa 73 = G
A i uRaanunnsinAnlaidan anfawed iumazavnlifia@finasldudumesiln 1

a “oe

t (=3 o P = 9 d’ a é’ GH v =
AN/ F AN UATIEI Waas naanlwe sy n1sseva ﬂ'ﬂﬂﬂﬂ'ﬂuﬂlﬂ =9/ wan

= € [ 3 d‘ v 1 k% 2/ o dﬂ. 7 os
wdsniduaniauef Misasiaenasinnga mansesnasldemlutaaiiuv ivelaiunsnseedy

k2
o &

pnudeensfiadfinduausn ueunas

Squid. anrnRNeaMsaniy srutlURnas Unix - ldneuya Platiorm iagann
Squid tTauu Digital Unix 199U GNU C compiler asanunzaiin Squid EYOnT
0s #ifl compiler AYNAIY TaansAnRaasi@antia Source code N compile #3811 Binary

Version unfngd Geanssanssinlfinends uensaziitdymiEasaulsendoiinain

-] [ ] -J (] _ [ o ar } 4
nsineuses TWsunsudensing  Rueuudvat] Squid- Taadlaindaild uazludaquulad

nnsUfuuseldiatuasoun  Squid naldeuldun  Platform 484 Windows Taald@ada
SquidNT  Aadaldpununistfuusisda  Squid dusvunsuflaingaauiinnedy
e udildus Platform Unix
arulsenaueed Squid ﬁmuﬂ?:nﬂuﬁﬁqﬁm'ﬁmuﬁqlﬂﬁqﬁ
1. Client side: ludauiildfunindensieain laalewus wdasinnisiiaanu
nns¥asaef &3y uazlstinananisiaseriy d LaT99n1UsTananans@aiifas

9 e v @ \ - o f &
ﬁ‘:um'ﬁ‘ﬂ@ﬂﬂ'\ﬁ‘ﬁ"ﬂ\?ﬂl‘ﬂﬂut'ﬂqhqﬂQﬂ'J']NNﬂﬂqﬁ'ﬂqﬂqUEﬂuLLUUlﬁ Y HIT MISS vga
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REFRESH i{lusiu Teaziinnaifiudeyasessniuzaasusiaznisfeseiitszuoana

widulfineldausialy wunisfuriuiing e Log
2. Server side: inthiidainunisiesseannlaaeuiinazesnisiesadn

1 i &

linudeyaluua (Cache MISS) iﬂs}'qLﬁ?m@iwmfaﬁuimﬂ%uﬂgﬁuﬂmnmm
‘=: (5 k7 =i )% ' 1% é’ 1 ] o
Instnmeaillaaieuriassaidnundndas nsdetinunisfesseiianaasdaninull
Auidivneidunisilaaieudioinisiesaedeyavienaaziumdeaiuuns

=3

[l v v
Eaesau 1 Ald Melludausnsdfumdsesiuuandiinefn ¥ inmnau
fnnuduuandininefiaTecdu 1 fevielietnels Tasiinn q n1sfesaaainds
dfWnefllduaseadivinestu  fnarmuaudaiuaziflunsseinilugluunees
Inslapea HTTP il widinis¥essaEuduanmaglaaeusmiuazidunisiese
v
anulnslnmen” FTP vea Gopher i Thilnaes WAIS WAy Gopher tiuliires
WiupnuaularmimdasanluilaqiuiuiidadousenFuaesdenausznis
14 [l = & oo d‘ & =$I' =i L
Fvad U umMe f iR as s nidefeu iU HTTP
2 ]
3. Storage Manager: fauilazdudadantszanuszning client side uas
server side Ingazvimwihiiannisiudeyaiiived luwas vansdumdoyaainuag
= 1% [ e |y 20 g P il o & A
WAYNTONTe kAT IsAAnATwuATarawiafas Tayan lvaingn lunsdin lufdled
Pafvaeneianiiudeyalvalaunade danaisn NYsUNUAdaya (Replacement
Algorithm) WHLIFNY 7 184 Least-Recently-Used (LRU) 1E34#

4. Request Forwarding: (dudufiasvindinngetnunifesasannlaaieus

= = o 1,55

lUgaiasesfiuid finesauuie i uuAndine s uluuians@atnts i uun

= 4 v

auunuAefisa < Squid 1w Wianardernuntsiesantedlaneusdesnisiaque

v
o o

% =3 - rei‘ i =i o Lo - 4 =
Toyaa N uETHee fegnie lulauieiu T deduidmue fiulnemsaas
Tag Squid azlivinn1siesaedeyadsnaralfiiesandadinisinsents ulniuy

et uduaIntsovinldetermifinasiuuuminsssuinelaausuas 5y

WSNNTAUNNNNINNS (1148199¢BE LU campus network LALaw)

& o
251 AUABUNITVINIULDY Squid ILLATLESHINBS

N8I ILATE I IR AT us TN R U IR AN NS LTa

A 4‘ [~ = .'; q: Q 2 n:i | =l [l [ d: =3 =6 [ [l 4
Squid Tutunanwalnduivinuiiidunsendeduuiriaaiuuatdines Inauild
\Husestos Ae daFusiuszuy (System Initialization Phase) wazaslii3nag (Service

Phase)
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2.5.1.1 Fa9l5uAUsEUL (System Initialize Phase)

v (= lﬂl 3 ° :’I o 3 - « o = d“ ﬂi' =3 v

fudunisBusunisinauaiausndaiuuandivinefasvianismsaileiivdaya
vy dar Tnanisdmaelasnneiusslannetdesniniignasaienld udadadrgiaans
ins

dudunisGusuniminnuaiise q lWduuasdidineiasiinisnsaaeuny

L =i

k% s =i. Aﬂ‘ o (=3 = &« 5 dld
ANABDNTDITIUIDARY neqiudeyaninulilufaiuatnasnauATIRa U LA AUTANAN

o U U

a1y (AU Aaduat) Audsdenld aanduiadagaeensliiuinag
2512 49luusnis (Service Phase)
NIFNURZISNRIN
1. funnefesre: (N ATeaiuLATE a5 AU TCP Connection a1nlARLEUANIY
e oo 1 = « 8 . =e o s -
NNBFANAIMUA (AU nazithe wasm 8080 enviy Squid M1F wefm 3128) Taelaalaus
i v % — ar ] v 2 adaim &
avainnsfesadus i vuasEsiiaafiedsenaylusas URL PETDHAUALITNFBINT
nezinfudeyatine] MuEIns §IUTa HTTR/ETPiW GET, POST, REFRESH RN
2, FunndeyalualiGune: Walpdunisiede dauniuuatidiiaeiazyionis
nsaaaaudeyan iinasfecvetufley lumlasuayyrald danwy do3a Awnana (MEM_HIT)
faziinisdedpyasulinulaamydusilinuissianasaum dayamainlu Adiund
Aalil
3. Aupndnys Rariias ; lunsiifiviuuasdineflinudeyaly wlsFuAgiazin
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andudiinesain URL  fissyldlunisiesselaunss Tneiilalddeys
ar 1 v @ -] o (3 =i © 2 ar &
snatauidnfazyiantraaiu iy wikiues wazninisdaliny laaeus
N¥asraNn
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Fnefintasduluszuulangdsnisiarldiuiumanuduiusseudnaiuuat

v
G

Wil udivisaeadly Sibling aeiuuasny (agszAu@eaiy) lu
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natires Squid az1dinsTnAea ICP H1un1e UDP wafm 3130 widiuuad
@Wnaflunuianuduiusiuy Parent-Child AudivuaTidininaifasies
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s1lf1 2.7 uamaNaTaenIsiavseinudeyalumlisuat
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Clarknet

Cache 32 Mbytes

threshold Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 81.539 85.929 80.927 80.233
10 Kbytes | 92.208 85.825 | 60.554 81.153 | 76.838 80.763 72.634 78.389
100 Kbytes 87.476 89.389 71.545 72.576
1 Mbytes 92.143 91.120 77.014 74.674
Cache 64 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 90.110 90.873 88.017 87.965
10 Kbytes 95.682 | . 92:028 80.015 86.089 85.946 88.334 | 83.931 85.001
100 Kbytes 93.616 94.551 84.014 84.758
1 Mbytes 95.631 95.416 86.087 85.693
Cache 128 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes ' 94.984 956.195 94.130 93.350
10 Kbytes 97.230 95,632 | 92.260 96.109 91.589 94.246 | 92,813 93.085
100 Kbytes 96.671 96.926 93,180 93.008
1 Mbytes 97,158 97.161 93. 417 92817
Cache 256 Mbytes
Average Hit Rate (%) 7 Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 97.390 97.298 96.732 96.250
10 Kbytes 97.590 978l L.b25 a7.525 956.873 96.846 96.787 96.427
100 Kbytes 97.570 97.563 96.760 96.411
1 Mbytes 97.588 97.584 96.527 96.432
Cache 512 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 97.618 97.618 97.209 97.209
10 Kbytes 97.618 97.618 97.618 97.618 97.209 97.209 97.209 97.209
100 Kbytes 97.618 97.618 97.209 97.209
1 Mbytes 97.618 97.618 97.209 97.209
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NASA

Cache 32 Mbytes

Threshold Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 89.769 90.707 69.125 69.796
10 Kbytes 95.001 89.853 76.110 85.619 59.069 69.722 68.014 69.015
100 Kbytes 69.664 85.048 54.236 60.234
1 Mbytes 94.891 94.783 64.350 63.415
: Cache 64 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 93.149 93.824 82.707 81.287
10 Kbytes 96.383 93,530 85.632 90,058 74.752 81.797 81.340 79.779
100 Kbytes 83573 | 95.004 71.096 78.541
1 Mbytes 96.376 96.348 76.582 76.113
Cache 128 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GVDSF LFUDA RASM MRASM
1 Kbytes 95,796 96.075 89.301 88.221
10 Kbytes 97.364 95.659 92.779 94,910 86.241 88.509 88.754 87.699
100 Kbytes 97.130 97.238 88.452 87.501
1 Mbytes 97.373 97.358 86.746 86.525
Cache 256 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 97.588 97.699 92.880 92.408
10 Kbytes 97.963 97.284 97.678 97.879 91.673 92.508 92.891 92.346
100 Kbytes 97.976 97.964 92.756 92.110
1 Mbytes 97.973 97.963 92.101 91.714
Cache 512 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 98.192 98.196 94.663 84.472
10 Kbytes 98.287 98.068 98.231 98.230 94.554 94.649 94.703 94.506
100 Kbytes 98.285 98.281 94.694 94.523
1 Mbytes 98.295 98.287 94.739 94.685
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Byte Hit Rate (%)

LIUDA GDSF

T

RASM

(
1

2 3 4
Number of Requesls (limes)

5

[

x10*

g1l 4.91 Uay 4.92 nealuARsA Hit Rate WAZA Bytehit Rate AnuanfL

= ar acg = al e ' [
4.5.45 m'a‘ulsﬂuLﬁ.e_m'a@nfaﬁﬁumstmuw%gﬁwﬂiuLtm"lmm Threshold

3A1 100 Kbytes %al%ﬁaga@qn Calgory IaglLATaunn 512 Mbytes

apse Measa RASM

LFUDA

|

2 3 4
Number of Requests (times)

5

x 10

Byte Hit Rate (%)

100

95
|
90

¥ & B

-
=

MR.I\.\M

]

2 3 4
Number of Requests (times)

5

6

x 10"

g1l 4.93 uaz 4.94 nluaAdA" Hit Rate LAAY Bytehit Rate ATNAIHL



NNTINALAUAAIHANNINAABI284 Calgory awnsnudnslugUsmalafanseii 4.3

=i ° < a o
A9 4.3 UAAINANTTIIRBINIINUTER Iy Fdaya1es Calgory

Calgory

Cache 32 Mbytes

Threshold Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes Bi 244 86.282 64.762 65.914
10 Kbytes 92.687 88.504 71843 81.786 59.547 68.644 61.819 65.904
100 Kbytes 70.268 82.800 51.385 60.213
1 Mbytes 8¢ 345 87.609 i 58.017 57.087
Cache 64 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 8C.247 89.199 74.671 74.120
10 Kbytes 93.693 91.604 80,628 84.685 67.508 77.898 73.011 73.443
100 Kbytes 821287 86.014 66.913 67.110
1 Mbytes i :;36 90:451 66791 62.456
Cache 128 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 91842 21.941 83.449 81.237
10 Kbytes 94.257 83,275 881179 89.112 | 76.197 85.372 82.252 80.142
100 Kbytes 87824 90.929 TFT17 75.009
1 Mbytes 9315682 93.377 77.485 75.057
Cache 256 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 93.708 98.183 87.516 84.665
10 Kbytes 94.500 94.188 93.631 93.841 85.374 88.528 87.229 84.710
100 Kbytes 94.326 94.317 87.282 85.406
1 Mbytes 94.428 94.425 86.437 85.591
Cache 512 Mbytes
Average Hit Rate (%) Average ByteHit Rate (%)
GDSF LFUDA RASM MRASM GDSF LFUDA RASM MRASM
1 Kbytes 94.396 394.068 88.889 86.761
10 Kbytes 94.564 94.504 94,532 94.480 89.403 89.408 89.197 88.414
100 Kbytes 94.560 94,552 89.417 88.509
1 Mbytes 94.263 94.558 89.245 88.424
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4.6 N1FILATIZHNANITNAFDL

- o as Y B -
Qqﬂmﬂnqﬁ“f!ﬂﬁ’a'ﬁLLE‘E{ULWﬂU?ﬁﬂﬂﬂﬂn'ﬂ?ﬁqu?LLWuVIﬂﬂH‘a MRASM LN@LLE‘ﬂUL‘VIEJU

o s

fudanessy RASM, GDSF uaz LFUDA latlddeyaann Clarknet, NASA was Calgory

v ar

ANNITNILATIZA LA AT

461 mﬁms'}:ﬁw@m‘a"-i”lﬂmmsﬁqmu‘imﬂﬂﬁagmm Clarknet
o « ° ° o ad e -
N15UATIEIRANNTANALININNUTBIEaNasauN s unuAdays  MRASM  ile
WRHLWeURUAaNea35: RASM, GDSF Was LFUDA 137R59in153tAsn=iily 2 dnmusiae
szt g lfuilReurunreas wardATsludalsu e uan threshold a1nnsan

719 4.5 019 4.34 uazANT9R4 L IR AIHANT TN AN WT AR

= av P
4.6.1.1 ﬂ’]iqmﬂa‘:ﬁﬂﬂ ni1sdsutlagusuInaesLAY

N iU arumrauase s B LA E M laT i A s AaeeuATiily 32, 64,
128, 256 LAY 512 Mbytes

- AuAvesiATil 32 Mbytes - \ialddayasan . Clarknet @z l5tAn Hit Rate 194

= o o

Sane3BunswNLT Taya MRASM dndndanese RASM Wias thieshold RapnAnRaLu
NAN9 walWg29e threshold §44 A7 Hit Rate 1998AN83 53 MRASM aghNInIBIsaneTa
RASM LAz Hit Rate U998AN8354 MRASM Aatissud19nanessn GDSF Lay LFUDA
Tmm:@gﬁlﬂndwﬁﬂn@‘ﬁu GDSF uazginindaneind LFUDA Tz ivinzaes

fane3nd MRASM WAz RASM [9]

e I e ot

dquF1 Byte Hit Rate 2948an8304 MRASM fA1gendndanadoy RASM ludag

L)

threshold N4 #9Uil threshold ARTlagenangaz AR NI98aNe3s4 RASM

- 2WIAYILATR 64 Mbyles AsliA Hit Rate | 1998408304  MRASM 44091

'
i o

8ane35u RASM 1194 threshold ifArsaferaunats usilugasen threshold gae azléidn
Hit Rate IndlAearii uazAn Hit Rate 9999ane33s MRASM agatiszuinedaneson GDSF

uaz LFUDA Tngazagfiand danesan GDSF uargenindanassu LFUDA lutas threshold
g9

U

@7UA Byte Hit Rate 2896aN836N MRASM TANg@andndanesod RASM lutqq

U

threshold NA"47 duil threshold fiRuargenInazliAIRINdN8ane35 0 RASM

- 11AY8IUATH 128 Mbytes  arliiAn Hit Rate  2838ana3n  MRASM gandn

'
] o

dane3ny RASM Tugas threshold fiflArmtiatunans usilugaean threshold gaq axléen

Hit Rate InAtALa L mTlauIUIALAT 64 Mbytes WATAT Hit Rate 1098ANETAN MRASM a
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Bg9NINNgANEToN GDSF uaz LFUDA Imm:@g}ﬁ’mdﬁ@nﬁ%u GDSF uazganan
882304 LFUDA

@211 Byte Hit Rate 18988n8355: MRASM HAgandndanasau RASM lutas
threshold N&14°] 7uf threshold fiRuazganTazldAAIndndaneisy RASM lainn

- UNATBILATT 256 Mbytes Az 1HAN Hit Rate 7046aN8381 MRASMUAS RASM
IndiAneiiu uazAnegjszudnedaneidy GDSF uax LFUDA latazegfinndnsaneisu GDSF
UWaTQININBANSIaN LFUDA

d91A1 Byte Hit Rate 1849aN8351N MRASMuUAT RASM Aln&iAeiv uazegsening
$8ne331 GDSF uaz LFUDA Tntazetiini8anas s LEUDA uazqanindeneisn GDSF
(9]

- IUNATBALATT 512 Mbytes o+ WiAA Hit Rate 1898ANe35:1 MRASM, RASM,
GDSF uay LFUDAYNAY

d9uAA Byte Hit Rate 9898ANE3aN MRASM, RASM, GDSE uaz LFUDA $iA1vinriy

VTN

4.61.2 nsRtasazsiaanigiiunlAguean threshold

ANAN$IT 4.1 HatnnnsUsulaese threshold A0 1,10,100 Kbytes ax 14 A
Hit Rate 189 MRASM qzildnanasludas threshold ArTiaanaduna1 uazAn Hit Rate Az
dntudleftiaun threshold sz atgs datsn Byte Hit Rate asiiAnmaaiiefiuuna
threshold @q%u

le9anniite threshold SRR lHEane3ss MRASM waz RASM Ansiiansoun
deyadouluryfiauianinndathreshold vnliaunisniswdaAualAtysesdeyaduiuy
LFUDA ifunannl¥iAn Hit Rate luga4 threshold ﬁwqﬁﬁﬁhﬁﬁndﬁm Hit Rate Tug94
threshold figatu Fuile threshold ilAgamanmdeyadaulvafazdiunntieandn threshold

nldaunisnisudArandrdnyeesdeyaiuuuy GDSF AwinliiAn Hit Rate fiA1gau [9)

U

da1An Byte Hit Rate (e threshold HAs N IHEaNE35 MRASM Uay RASM

n1sfarsndeyadauluglawiannnnda threshold inlaunisnisuiataud ATy a84

L=

dayaiiuuuy LFUDA uuavinliidn Byte Hit Rate 1ugaq threshold finviilAnge uazas

ANaALRAN threshold 1AM Teaduifuaesan Hit Rate [9)
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4.6.2 MIAATIERRANITINRBINITYINUIRETRYALRI NASA

N13TATIZWHANITAIABINIIUTRIE AN SR TTaya MRASM (e
wWiouinuiuganeisn RASM, GDSF uaz LFUDA 1313xin19ta1eilu 2 Anwniche
Anssiludalfufsunnnteast uesinesiludalfun Ao threshold wilouiy
$ayaann Clarknet IensWgLI 4.35 B 4.64 uwaEm19947 4.2 Fauanenanisdnaeinig

NTULTIA AT

4621 msiAseiaansdiuifaurunpreauas

anmsdfunlasumunauarreniuuandiiaelaa s aunaa ety 32, 64,
128, 256 Was 512 Mbytes

- qmeduntil 32 Mbytes il li¥enasin NASA ar 1WA Hit Rate 1098ane35x
nsunuiideys MRASM genindanetss RASM ludas threshold AdARaiatnunans us
T4 threshold §47 Aa-Hit Rate 210988Na358 MRASM Uaz2e4danasas RASM Ay
IndiAearin useA HitRate 1848an8581 MRASM Ratiszni199anessa GDSF uay
LFUDA Tenzaginnd danesas GDSF tazganinanean LEUDA Tuiludnwausi
MU EANLBLANET9M MRASM 1Az RASM [9)

4711 Byte Hit Rate 18398aN03 54 MRASM AAIgNNTIAAND3 54 RASM o

threshold AdAR DTN d2uT threshold igeazldianaanindaneinad RASM

- IUIATBILATH B4 Mbytes Azl1#AN Hit Rate 18488n8351 MRASM §4n1n

'
= o

8ana3on RASM hugag threshold fidlAmntiatnunans wilugaada threshold g ax1éien
Hit Rate In&LAEAIL LALAY Hit Rate 1948AN8351 MRASM Avatssuiafanessyu GDSF
waz LFUDA Tntiazegiiind 8aneitn GDSF uaraanindanedsu LFUDA Tt threshold

d
g
o
@2UA1 Byte Hit Rate 7838an8355 MRASM HAgandndanasan RASM ludaq
threshold N&147 4317 threshold NALazgeuINTazldA1AININEaNE35N RASM

- TUIATBILATH 128 Mbytes A=A Hit Rate 1899an8353 MRASM gandn

'
= °

8ane35H RASM Tuga4 threshold AidA1sTatunas wilugaadn threshold g7 azléidn
Hit Rate In&LAgiy ilauaunauaT 64 Mbytes WazA1 Hit Rate 1998aN835:1 MRASM A%
BEj9rUIN98aNe3oN GDSF uaz LFUDA lagazat/Anndndane3ss GDSF uazgandn

faNa331 LFUDA
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d91A" Byte Hit Rate 1848aN8353 MRASM HAgandadaneion RASM luuan

'
o [ ar =l

1ud4 threshold N&13° d9ufl threshold ﬁﬁw;m:@qmnqq:‘tﬁmmmmanmﬁu RASM 4]
wn TapsanudalndiAsaniy

- AUNAURILATT 256 Mbytes ax 1A Hit Rate 1998an8754 MRASMUAZ RASM
IndiAeiu uasilinlndidaafuresdane’sn GDSF uaz LFUDA Tnsazatannindane’sy
GDSF uazgeninganaisu LFUDA

A%1AN Byte Hit Rate 2848ana353 MRASMUAZ RASM AlndlAsail uazian
Iné\Aeeiuaesdaneisn GDSF wax LFUDA lntazatannindaneisy LFUDA wazgendy
danasou GDSF [9]

- uNATRLATR 512 Mbyte:, a:1%A1 Hit Rate 1848ana388 MRASMUAZ RASM
IndiAoeiu warildn piAnaiurassanaias GDSE waz LFUDA Tatiazagifnndndaneiiu
GDSF uargandnganessu LFUDA

A21AN Byte Hit Rate 9846808355 MRASM, RASM, GDSF Was LFUDA HAn

4622 nsitAssvinanislsulaauan threshold

SINA1ET 4.2 eI WA thresholdaan 1,10, 100 Kbytes Az laan
Hit Rate 989 MRASM azdienanashigqa threshold Ardeu il 1unans uazen Hit Rate az
Lﬁu%uﬁmﬁmmm threshold Tusziyge daum Byte Hit Rate arfiansaaiaifisauna
threshold Qd%u

ieaaniile thieshold ﬁmﬁﬁqﬁﬂﬁé’ﬂn@?ﬁu MRASM Laz RASM Hnnsiaisoun
fayadrulugiiianiananndn threshold M lwasnisnasuadgpsdadyeesdasyaiiuuuy
LFUDA ifluniavinlyidn Hit Rate Wuda threshold é’hqf‘:ﬁmﬁqndqm Hit Rate Twgas

= v

threshold g% Tadle threshold HAganinTdayaaoulugifazliawiadeanda threshold

g

vinlaunisnisuaraudrdyresdeyaiduwun GDSF AanlieA Hit Rate HAgaTu [9)

d2uA" Byte Hit Rate 18 threshold HAmninlidanaisy MRASM uay RASM 3
nsiatsundaysdiulugfaurauinnda threshold MinldaunisnisuiAImI N 1Aty 199

Toyailunuy LFUDA {unavinlien Byte Hit Rate 1499 threshold finiifiA1g9 wazaz

AARAUEDAN threshold HANGITY TAAURUIBIAT Hit Rate [9)]
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463 n1saATIERNanITIIaaInIsinnulaedayauas Calgory

= 'S o o ar = af dlb d‘
NSAUATITURANITANABINITANIULBISANETTNNTUNUNTBYR MRASM (iin
wWiouReuAUSanessd RASM, GDSF Was LFUDA 3195 hNN19As=ily 2 dnwucie
AP LTI LT U R AT8ULAT WaTAATIETITUSuAsuAN threshold R1nnsaw

717 4.65 D9 4.94 UATANTIW 4.3 TawARINANITABINIRNUTIFIAT

46.3.1 nsaasernanisUsulfsurunnuanas

anmstiuilasunnauasreaiuuamimine Aasdss e swaniy 32, 64,
128, 256 waT 512 Mbytes

- 9u1AT9ILATH 32 Mbytes Lﬁ'ﬂl"’ﬁ‘ﬁmﬂﬂﬂﬂﬂ Calgory. az1¥i@n Hit Rate 284
daneiiunisunuiidayn MRASM gendrdanesss RASM luga8 Threshold AifiAndndaay
Na19 usilda9pn thieshold §97 A7 HitRate 1898AN8384 MRASM A¥A1n911898ane33)
RASM WFA1 Hit Rate 1848808350 MRASM LaSSANET L RASM AR nd danesay
GDSF uaz LFUDA %aumnm’wamnwamswmaﬂwwﬁmﬁamn Clarknet was NASA i
nnnnnsigssedexarad Calgory H150NniatNG 1283 Clarknet LAY NASA 39N aas
AR A Bl ia96 5.4 1aamT 5

- =

A2.A" Byte Hit Rate 7899808304 MRASM HA1gIn918ane5 18 RASM a4

U

'
97 o '

threshold ¥ #wariunads d3uf threshold gauangazlirfndadansisn RASM

- 1w naduAT 64 Moytes Az LA Hit Rale 78988ne35M MRASM g9nan
dane33u RASM 11594 threshold fiflamniunana wlugadan Threshold ﬁma:@amnq L
16iAn Hit Rate IndiReAM wridT Hit Rate 1896aM 8393 MRASM wasdanesan RASM fia
Andndaneiiu GDSF uaz LFUDA

91 Byte Hit Rate 7848aN8753 MRASM iiAgend1annasay RASM lutaq
threshold AN dudl threshold ﬁﬁql,l,azqqmm%'lﬁﬁhﬁﬁndﬁﬁﬂn@?‘%m RASM

- 1unmeauATT 128 Mbytes azl¥iAn Hit Rate 1895002331 MRASM qandn
fane3an RASM W14 threshold Aiflentunans wilugaasn Threshold ﬁﬁu@:ﬂ;qmn‘] qz

oA Hit Rate IndlAe W wiflauaunnuat 64 Moytes

'
i 1 oas =

#21A1 Byte Hit Rate 1998808353 MRASM HANAINI18aNET53 RASM
- JUIATAILATH 256 Mbytes axlWAN Hit Rate 1848aN83591 MRASMUAS RASM
InAiAseiu wazdiAlndlAtaiudaneisy GDSF way LFUDA

A7UA1 Byte Hit Rate 1996an8358 MRASM HAIAINI18aNa3a0 RASM
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- YUNATBIULATH 512 Mbytes ax11iAN Hit Rate 1998ane35d MRASM, RASM,

GDSF uax LFUDA lndiAsenu

421A1 Byte Hit Rate 1848an8318 MRASM HAANdndanasan RASM

4632 nisAaseaanisUiunlasuan threshold

ANA199T 4.3 levanasUualaouan threshold A0 1,10,100 Kbytes Waz 1
Mbytes azléiAn Hit Rate 189 MRASM ariiAtanaslugag threshold Atasfiatiunans
WAZAN Hit Rate axifinduiiiaiinaunn thieshold Tus2fuge dauAn Byte Hit Rate aziiAn
: ﬁﬁmuﬁmﬁmmm threshold @d%u

ilaaanniile threshold SAeTTi TdanaTaIrMRASM uAL RASM Hn7sfRansun
dayadauluailianinxinnan threshold M laxA1snTuaA AR ATy 1t ayaduuLL
LFUDA flunanalidn Hit Rate lugas thresnold ﬁmﬁﬁmﬁmqm Hit Rate w9

= W

threshold 7198 Tausia-threshold Reirgasnnqdayaganlvaliasiawnatiaanda threshold

g

W launisnIaar uaIAT s L L. GDSE asialiiAq HitRate #A1997u

u

i

dauAn Byte Hit Rate 1ie thrashold 3ifn s fialig anass s MRASM 4az RASM
nsiatsudagadanlugiiauinunnnivihiesnold AaldauRAEnaTMIAIAIHANATYT8
dayaiuiuy LFUDA. (uravin AN Byl Hit Rate ludad threshold Fin7iiiAge uazay

'

AARILDAN threshoid HANA9T% TIAAUNMH9AN Hit Rate

v

464 DITIATIEHANLULLIDIDaNDT 08 MRASM N1l RASM

AINNIINARAVNIININIUTAIEANETEN MRASM (Wi unt RASM Taalddaya
nARaU 3 gAARAAN Clarknet, NASA Way Calgory-atwudnda Hit' Rate 1898anasa
MRASM WAz RASM Tu1a9A threshold A1nATANANTNUNUNAIA T ANAAR WATIIAN

threshold annUunanedargeazlffa Hit Raie 497U 1atiAn Hit Rate 1898ane351n1s

unufideys MRASM gandndaneisy RASM ludad threshold  fidAMAMEetnunans u
141991 threshold 447 A1 Hit Rate 1838aN2554 MRASM WAU849ANS35H RASM Ay
In&iAeaiu Tnauauatidngunn Jatmunsuatingazldan Hit Rate #lndiAeai
@9UA1 Byte Hit Rate 7848aN8354 MRASM aalunjargandnues RASM lutas threshold
na19 uazaniauatldlugiunn uddauewas ugjuinazldan Byte Hit Rate IndiAsaiy
snudayaaas Calgory azlérn Byte Hil Rate 1998ane335 MRASM Andntes RASM

Tutaaaraunalugy



o
uUnan 5

N159LASIZUWIAT Threshold MLURNISH N

51 WUIARIUNITUIAT Threshold TLUNT AN
AINHANITNARDLTBISANETE NN TUNUTdoxaTiinauRAMT89 Hit Rate uaY Byte-
Hit Rate #il#a1nnnsU5ua threshold s 10 Koytes, 100 Kbytes, 1 Mbytes Waz 10
Mbytes RtWU11A1994 Hit Rate War Byte-Hit Rate 1:Jﬂﬂm’1?ﬂﬁ’%:uﬂﬂu@@nuﬂugﬂﬁj’ad
auntsneadaAanfld dchiamnsofiazuin  threshold imanzaslddasannismia
ATIAANART 161 LWSW:%UﬁUﬁﬂEDA:WL‘]Eﬂi‘?uﬂﬁi‘%@d‘ﬂ‘ﬂ‘ﬁ'ﬂiﬂﬂ, auradeya wazaauilunis

g
as o - [ i

Fosradeys AaiunisdiasIziule threshold Rimazasaznszialdaanisiuildsuen
i d‘ © =3 = U 2 . si' 9
tnreshold 1dFaes [30] uaziin1aWa13un4A1999 Hit Rate Lias Byte-Hit Rate #ilsian

nsUsuiaeudd threshotd 1 Fee IaunisiansanazgniiasanmuSenly 2 dail
; / | 7 ad v a= i o o )
1. A7 Hit Rate 2248aN035N MRASM slaaiminTiudiafTauifituiusi Hit Rate 184

anessy RASMsandnsaunuladatrl amir (A1 aHir. AeUTMLAR) G1HAT0LEASANNAT

p AN HitRate,, o0 = HitRate,, (5.1)
f‘i(f'fl'{'ah.’,.mm
N
> AHi,
AHit = % (9.2)

= ' 2/

181N HitRate,, . P8 AN Hil Rate 2848ANT5NNNTUNUATELHILL MRASM

= ! i

HitRate s, A8 A7 Hit Rate 1938aN8T5MNATUNUAdRLAILL RASM

rasm

9/

AHiL A AIMARI37EWINN Hit Rate Tadanassunisunuideyauuy

MRASM i Hit  Rate 7998ana3sunisunuideyaiiiiiaue

WeuAL Hit Rate 1898an83suN1sUNURdayaLLL RASM u

N195a41a A

P
i
—_— P 1 ] a i . ar Gl dl‘y
AHi A8 AWARNNARETENINN Hit Rate 1898anea3sunsunuiidaya
WUU MRASM fiu Hit  Rate 1248ane3sunisunuiidayad
dnauaiiauiu Hit Rate 18s8anessunisunuiideayauuy

RASM
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2. A Byte Hit Rate 1848aN0331 MRASM fiaailuduiianFauieuniua Byte Hit
Y Y

Rate 1848AN230N RASM Fad1usaunuléfiaed agwe ( A1 aBie sailuuon) aaune

L e

X
WAAIANNIT ARl

B ByteHr'.fRari’m rasm
ByvreHitRate, .,

N
Z ABvie,

AByte = i——\— (5.4)

hBjte - BwteHitRate,,,,, (5.3)

TagAn

= 1

BuichitRate,,,., A A1 Byte Hit Rate mmﬁan@?‘%umsxmﬁi'}i@gﬂtn,uu MRASM

ByichitRate,y, P8 A7-BYte HitRate 1899aNE30N ﬂ’Ta‘LWI'lAﬁ‘HﬂH@LL‘UU RASM

ABite, AD ANNARIIZNING Byte Hit Rate ‘rJ'aq'a"aWfﬁ“%mwmuﬁ‘h’wﬂ
wiu MRASM 11 Byte Hit Rats 2848ane 3 sunuiideyauuy

RASM-lunAssasaAfan.i

ABrie A AVHAAISIERLIEN4NG Byte | Hit. Rate 989880833 8N15unui

By LY MRASM fiu Byte ~Hit | Rate 41848 a0830HN1TUNUA

2

Ta3/auiig RASM

\ AB AN UNNTTEIANINN A

TunsitasisiunAn Threshold  fitmunzas ennanlasuaa Threshold  Faus 1

Kbytes liautls 1 Mbytes Taensifinaeend Threshold azifisludnsaauiyy Semi-log

as

i " A Ay va Sl Y 4t aadd, at  a
LLﬂ:ﬂ’]ﬂﬂqNﬂﬂ’NL’ﬁﬂﬁlﬂl@uﬂqLﬂuUQﬂLLﬂﬂﬂqqﬂ'} Threshold uTAluNﬂﬂmﬂQ’T ANBDITHLAN

'
= i ar

) . ; a LA a oy Y. Al a
Limu"]ﬂﬂ’]Nﬂ@']QL’ilf‘?ﬂwimwﬂqﬂ@ﬂuqznﬂqqﬂfl Threshold uulﬂuﬂﬂm7ﬂqq‘ﬂﬂﬂ”ﬂ?ﬁNLﬂﬂJ

|
h T 7 =

warandaulannInue 2 4949141 et NIRRT LAY AR LT BB RNBTE NN TUNUN

i/ ' 3 s 1 d‘ dl =l ar e ol
TRHRUARTULUL ﬂzim@mﬂnwmmmm Threshold 1’1L'HN’]S?‘INLJJ@Llﬁ‘ﬂlﬁLViﬂUﬂU@ﬂﬂ@ﬁ‘ﬁN

{
=y

nasunundeyauLy RASM Lafansunaindeulsdad 1 uaz 2 wninAadesasnanng
289 Hit Rate (aHir Bsialdazlddtyansal ar, unu) uazaeq Byte Hil Rate (2Bye T4l
a

ALld am, unu) wruaniunaliauInfan (ax,., (max) [azuanadapi Threshold AL

L]

Usz@Aninmunniiga

AH,, = AHir T ABye (5.5)

ar

[l kX
l14n199A12IMNIAT Threshold Aimsnzanaslddayaan 3 unaasall
1. Clarknet Taainivunruinaaaaglin 32, 64 uaz 128 Mbytes

2. Nasa lagiinnuaruingeswasidn 32, 64 Lax 128 Mbyles



3. Calgory lneinuuatuinwasuwalin 32, 64 uaz 128 Mbytes

5.2 N1SNARAUUBYAAIN Clarknet

85

foyalWa Log Nldainnissausanteaiuidiinesaes Clarknet fiv5unmunisiesae

9
Tnswanalunisese il

< ° v 7
MI1F19N 5.1 memmumsmwmmﬂa

o 5
AMUIU (AF49)

Tayanldnagay
AuruAR N1 094 1,465,049
anuruATe NI aee i ludniu 35,365

Tanunsnutiilediiusinasfeseninaunnaedeyamunisadaeanadl

M19199 5.2 uasdidefiduinisiesautpangasaunaussdaya

TRNTUIRTBYR - [RIUIUNIS[EILINNIS] SUUnIeTes | Sruaunissas
(lu) sa918 | 99979 | waisumy | wai@ausiu
(A54) (%) TUIATBYR YUIAUDY A
(lug) (%)
0-1K 324,835[, 2247 209,158,113 1,45
1K - 10K 799,278 54.56 3,544,644,990 24.56
10K - 100K 334,330 - 22.82 9,126,466,719 63.24
100K - 1M 6,473 0.44 1,141,927 ,683 7.91
Over 1M 133 0.01 408,939,965 2.83
Summary 1,465,049 100.00 14,431,137,470 100.00

Tnelfaraean1snney Tunisansesiunen threshold Tiwsnzay Tdvianasulaeu

AN threshold  619usl 1 Kbytes lilautie 1 Mbytes Tnenisiinaasdn  threshold  aziiialu

RNEIUULL Semi-log WATWINTNAY 28 TrAU uazUfuReuuATT 32, 64 LAz 128

Mbytes Tanan17a1aean1sinlFanunsauandlumse waznsnsalalil
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A19199 5.3 URANAN AH, ,AH, UAYAH,,, 19390Ya31N Clarknet Ingunauagiviniy 32

Delta

03 -

0.25

0.2

0.15

01

0.05

-0.05

Mbytes

Threshold AH,; AH, AHy
1Kbytes | 0.036644 | -0.00892 | 0.027726
2Kbytes | 0.061663 | -0.00715 | 0.05451
3Kbytes | 0.097506 | 0.00183 0.099336
4Kbytes | 0.10903 0.006898 | 0.115928
5Kbytes | 0.14763 0.018601 | 0.166231
B6Kbytes | 0.17889 0.029931 | 0.208821
7Kbytes | 0.19166 0.037432 | 0.229092
8Kbytes | 0.195 0.040558 | 0.235558
9Kbytes | 0.20919 0.047896 | 0.257086

10Kbytes | 0.19984 0.046542 | 0.246382
20Kbytes | 0.18616 0.066403 | 0.252563
30Kbytes | 0.16565 0.075295 | 0.240945
40Kbytes | 0.11686 0.074865 | 0.191725
50Kbytes | 0.072516 | 0.059221 | 0.131737
60Kbytes | 0.049299 | 0.045985 | 0.095284
70Kbytes | 0.031602 | 0.027687 | 0.059289
80Kbytes | 0.017394 | 0.013737 0.0317131
90Kbytes | 0.011466 | 0.005122 | 0.016588

100Kbytes | 0.008988 | 0.004688 | 0.013676

200Kbytes | 0.002832 | -0.00029 0:002543

300Kbytes | -0.00195 | -0.00994 | -0.01189

400Kbytes | -0.00357 | -0.01263 | -0.0162

500Kbytes | -0.00438 | -0.01409 | -0.01847

600Kbytes | -0.005 -0.01559 | -0.0206

700Kbytes | -0.00501 | -0.01563 | -0.02064

800Kbytes | -0.00529 | -0.01624 | -0.02152

900Kbytes | -0.00502 | -0.0157 -0.02072
1Mbytes | -0.00518 | -0.01564 | -0.02082
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i e { v y
AN 5.4 UAAIAT A, , AH, WAY AH,,, T9HLBFNNUNN9F8919400,000 AT, 800,000 AT

WAz 1,200,000 AT2899BYA31N Clarknet It runALATLYINL 32 Mbytes

400,000 requests 800,000 requests 1,200,000 requests
Threshold | A AH ), AH, AH,; AH FiVe P AH; AH AH
1Kbytes | 0.009231 | -0.00806 | 0.001166 | 0.02387 -0.00899 | 0.014877 | 0.032756 | -0.00898 | 0.023779
2Kbytes | 0.011978 | -0.00926 | 0.002713 | 0.038754 | -0.00836 | 0.030399 | 0.054694 | -0.00757 | 0.047122
3Kbytes | 0.018302 | -0.00463 | 0.01367 0.061331 | -0.0014 0.059927 | 0.086404 | 0.000845 | 0.087249
4Kbytes | 0.017384 | -0.00322 | 0.014166 | 0.065479 | 0.002585 | 0.068064 | 0.095486 | 0.005634 | 0.10112
5Kbytes | 0.030863 | 0.000073 | 0.030936 | 0.093293 | 0.010752 | 0.104045 | 0.13088 0.016339 | 0.147219
6Kbytes | 0.042728 | 0.004114 | 0.046842 | 0.11694 0.019328 | 0.136268 | 0.16009 0.026857 | 0.186947
7Kbytes | 0.030889 | 0.002312 | 0.033201 | 0.11387 0.021784 | 0.135654 | 0.1672 0.032719 | 0.199919
8Kbytes | 0.02571 0.001966 | 0.027676 | 0.11468 0.023988 | 0.138668 | 0.16975 0.035599 | 0.205349
9Kbytes | 0.028828 | 0.002486 | 0.031314 | 0.12193 0.027718 | 0.149648 | 0.18188 0.041796 | 0.223676
10Kbytes | 0.020859 | -0.00064 | 0.020219 | 0.10819 0.024052 | 0.132242 | 0.17046 0.039679 | 0.210139
20Kbytes | 0.010137 | -0.00377 | 0.006366 | 0.079904 | 0.024853 | 0.104757 | 0.14853 0.051917 | 0.200447
30Kbytes | 0.007194 | -0.00854 | -0.00134 | 0.067066 | 0.02588 0.092946 | 0.13071 0.058014 | 0.188724
40Kbytes | 0.002847 | -0.00976 | -0.00691 0.037195 | 0.016328 | 0.053523 | 0.088912 | 0.054326 | 0.143238
50Kbytes | 0.001861 | -0.01258 | -0.01072 | 0.022781 | 0.008346 | 0.031127 | 0.053506 | 0.039765 | 0.093271
60Kbytes | 0.002029 | -0.01054 | -0.00851 0.013027 | 0.001029 | 0.014056 | 0.032171 | 0.024104 | 0.056275
70Kbytes | 0.00285 -0.0065 -0.00365. | 0.011031 | 0.001248 | 0.012279 [ 0.022077 | 0.014139 | 0.036216
80Kbytes | 0.001615 | -0.00529 | -0.00367 | 0.006463 | 0.000552 | 0.007015 | 0.012289 | 0.007324 | 0.019613
90Kbytes | 0.00067 -0.0066 -0.00593 | 0.005121 | -0.00064 | 0.004478 | 0.008473 | 0.002018 | 0.01049
100Kbytes | 0.000406 | -0.00344 | -0.00303 | 0.003862 | 0.001228 | 0.0050839 | 0.006879 | 0.003396 | 0.010275
200Kbytes | -0.00059 | -0.00577 | -0.00635 | 0.000783 | -0.0023 -0.00152 | 0.00198 -0.00043 | 0.001552
300Kbytes | -0.00176 | -0.00809 | -0.00984 | -0.00164 | -0.00749 | -0.00912 | -0.00185 | -0.00878 | -0.01062
400Kbytes | -0.00206 | -0.008 -0.01006 | -0.00226 | -0.00818 | -0.01043 | -0.00303 | -0.01051 | -0.01353
500Kbytes | -0.00214 | -0.00854 | -0.01069 | -0.00248 | -0.00872 | -0.0112 -0.0036 -0.01163 | -0.01523
600Kbytes | -0.00213 | -0.00913 | -0.01126 | -0.00254 | -0.00936 | -0.0119 -0.00397 | -0.01279 [ -0.01676
700Kbytes | -0,00214 | -0.00918 | -0.01132 | -0.00255 | -0.0094 -0.01195 | -0.00398 | -0.01283 | -0.01681
800Kbytes | -0.00215 | -0.00922 | -0.01137 | -0.00256 | -0.00949 | -0.01205 | -0.00408 | -0.01308 | -0.01716
900Kbytes | -0.00215 | -0.00923 | -0.01137 | -0.00256 | -0.00947 | -0.01203 | -0.00399 | -0.0129 -0.01689
1Mbytes | -0.00216 | -0.00873 | -0.01088 | -0.00256 -0 00917 -0.01173 | -0. 00404 -0 01272 | -0.01676
Cache32Mbytes
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= T p—— { > o
AN 5.5 UWARNAT AH, , AH, UWAY AH,,, TIHLSHIUN1958929400,000 A3, 800,000 A

r

WAz 1,200,000 AFvr8sdayaann Clarknet TnemunauATYingL 64 Mbytes

800,000 requests

1,200,000 requests

400,000 requests

Threshold | A AH, A iyp AH,; AH) AH AH,; AH, AH;
1Kbytes | -0.00118 | -0.00044 | -0.00162 | -2.4E-06 | -0.00144 | -0.00144 | 0.001615 | -0.00154 | 7.93E-05
2Kbytes | -0.00159 | -0.00522 | -0.00681 0.002207 | -0.0051 -0.00289 | 0.007891 | -0.00472 | 0.003171
3Kbytes | -0.00139 | -0.00268 | -0.00407 | 0.005399 | -0.00249 | 0.002905 | 0.014254 | -0.00189 | 0.012364
4Kbytes | 0.001007 | -0.00373 | -0.00273 0.012201 | -0.00228 | 0.009923 | 0.021726 | -0.00122 | 0.020506
5Kbytes i 0.002012 | -0.00225 | -0.00024 0.015702 | 3.05E-05 | 0.015733 | 0.025124 | 0.001688 | 0.026812
6Kbytes } 0.001895 | -0.00392 | -0.00202 0.009493 | -0.00293 | 0.00656 0.020454 | -0.00068 | 0.019771
7Kbytes } -0.00043 | -0.00406 | -0.00449 | 0.014623 | -0.00135 | 0.013272 | 0.027808 | 0.001055 | 0.028863
8Kbytes 1 0.002531 | -0.0042 -0.00166 | 0.018894 | -0.00065 | 0.018244 | 0.030467 | 0.00178S | 0.032256
9Kbytes | -2.9E-05 -0.00487 | -0.0049 0.01538 -0.00166 | 0.013725 | 0.029176 | 0.001113 | 0.030289

10Kbytes | 0.000782 | -0.0048 -0.00412 0.019402 | -0.00076 | 0.01864 0.031113 | 0.001898 | 0.033011
20Kbytes i 8.65E-05 | -0.00478 | -0.00469 0.012882 | 0.000454 | 0.013336 | 0.031255 | 0.008218 | 0.039473
30Kbytes f -0.00076 | -0.0034 -0.00417 | 0.004352 | -0.00144 0.00291 0.022397 | 0.010128 | 0.032525
40Kbytes | -0.00012 | -0.00331 | -0.00342 | 0.003062 | -0.00214 0.000921 [ 0.013188 | 0.006102 | 0.01929
50Kbytes | -1.5E-05 -0.00389 | -0.00391 0.002473 | -0.00342 | -0.00094 | 0.00736 0.001189 | 0.008549
60Kbytes | -5.2E-05 -0.00281 | -0.00287 | 0.00169 -0.0023 -0.00061 | 0.004334 | 0.000717 | 0.00505
70Kbytes | -0.00012 | -0.00317 | -0.00329 0.001353 | -0.00253 | -0.00117 | 0.003488 | 0.000382 | 0.003871
80Kbytes i -0.00017 | -0.00368 | -0.00385 0.000921 | -0.00319 | -0.00227 | 0.002166 | -0.00146 | 0.000702
S0Kbytes ’ -0.00016 | -0.00267 | -0.00284 | 0.000619 | -0.00236 | -0.00174 | 0.001555 | -0.00117 | 0.00039

100Kbytes | -2.7E-05 -0.0026 -0.00263 | 0.000807 | -0.0023 -0.00149 | 0.001802 | -0.00115 | 0.000656

200Kbytes ‘ -0.00039 | -0.00276 | -0.00315 | -8.5E-06 | -0.00199 | -0.002 3.62E-06 | -0.00152 | -0.00152

300Kbytes | -0.00051 -0.00224 | -0.00276 | -0.00037 | -0.00178 | -0.00215 | -0.00039 | -0.00155 | -0.00195

400Kbytes i -0.00068 | -0.00221 | -0.00289 -0.00073 | -0.00179 | -0.00251 -0.00079 | -0.00154 | -0.00233

500Kbytes | -0.00061 | -0.00305 | -0.00367 | -0.00078 | -0.00282 | -0.00359 | -0.00107 | -0.00296 | -0.00403

600Kbytes | -0.00064 | -0.00397 | -0.00461 -0.00074 | -0.00341 -0.00415 | -0.00094 | -0.00319 | -0.00414

700Kbytes | -0.00075 | -0.00375 | -0.0045 -0.00096 | -0.00367 | -0.00463 | -0.00121 -0.00375 | -0.00496

800Kbytes | -0.00075 | -0.00375 | -0.0045 -0.00097 | -0.00368 | -0.00465 | -0.00122 | -0.00377 | -0.00499

900Kbytes | -0.00075 | -0.00375 | -0.0045 -0.00099 | -0.00367 | -0.00466 | -0.00132 | -0.00379 | -0.00511
1Mbytes | -0.00072 | -0.00314 | -0.00386 -0.00095 | -0.00316 | -0.00411 | -0.00127 | -0.00347 | -0.00474
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P99 5.6 UARIAT AH, , AH, LAY

WAz 1,200,000 ATsBRITRYAA1N Clarknet UUIALATYINTL 128 Mbytes

89

AH,,, T9HLBUIUNN958918400,000 AT, 800,000 A5

400,000 requests 800,000 requests 1,200,000 requests

Threshold AH AH,, AH gy AH ; AH, AH AH; AH, AH .y
1Kbytes 0.00039 -0.00038 | 6.19E-06 | 0.002283 -0.0027 | -0.00042 | 0.002767 -0.00438 | -0.00161
2Kbytes | -0.00023 -0.00052 -0.00075 | 0.001869 -0.0027 | -0.00084 | 0.003968 -0.00431 | -0.00035
3Kbytes | 4.92E-05 | -0.00191 -0.00186 | 0.003805 | -0.00318 | 0.000626 | 0.006885 -0.00419 | 0.002693
4Kbytes | 2.31E-06 -0.00189 -0.00188 | 0.002842 | -0.00297 | -0.00013 0.00843 -0.00322 | 0.005205
5Kbytes -3.9E-05 | -0.00251 -0.00255 | 0.002337 | -0.00381 | -0.00147 | 0.008433 -0.00401 | 0.004423
6Kbytes | 8.63E-06 -0.0023 -0.00229 0.00275 | -0.00354 | -0.00079 | 0.010843 -0.00316 | 0.007681
7Kbytes | 8.55E-07 -0.002 -0.00199 | 0.001764 | -0.00344 | -0.00167 | 0.010665 -0.00273 | 0.007933
8Kbytes | 4.07E-06 -0.00213 -0.00212 | 0.001555 | -0.00355 -0.002 | 0.009035 -0.00299 | 0.006046
9Kbytes | 2.65E-05 -0.00216 -0.00213 | 0.001487 | -0.00366 | -0.00217 | 0.009357 -0.00297 | 0.006391
10Kbytes | 1.94E-05 -0.00197 -0.00195 | 0.001272 | -0.00343 | -0.00216 | 0.007947 -0.00267 | 0.005274
20Kbytes | -0.00024 -0.00256 -0.0028 | 0.000254 -0.0043 | -0.00405 | 0.003205 -0.00437 | -0.00116
30Kbytes | -0.00011 -0.00263 -0.00274 | 0.000244 | -0.00376 | -0.00352 | 0.001473 -0.00421 | -0.00273
40Kbytes -7.8E-05 -0.00338 -0.00346 | 0.000406 | -0.00517 -0.00476 | 0.001452 -0.00557 | -0.00412
50Kbytes -9.3E-05 -0.00242 -0.00251 | 0.000172 | -0.00379 | -0.00362 | 0.001047 -0.00397 | -0.00292
60Kbytes -8.1E-05 -0.00174 -0.00182 | 0.000123 | -0.00301 | -0.00288 | 0.000734 -0.00326 | -0.00252
7OKbytes | -9.5E-05 -0.00145 -0.00155 | 6.36E-05 | -0.00285 | -0.00279 | 0.000592 -0.00331 | -0.00272
80Kbytes -7.7E-05 -0.00174 -0.00182 | 3.21E-05 | -0.00316 { -0.00313 | 0.000469 -0.00368 | -0.00321
90Kbytes -9E-05 -0.00226 -0.00234 | 6.34E-05 -0.0034 | -0.00333 | 0.000482 -0.00363 | -0.00315
100Kbytes | -7.8E-05 -0.0021 -0.00217 3.8E-05 | -0.00314 | -0.00311 | 0.000449 -0.00346 | -0.00301
200Kbytes -7E-05 -0.00168 -0.00175 -8.4E-05 | -0.00222 -0.0023 | 7.05E-06 -0.00251 | -0.00244
300Kbytes -7E-05 | -0.00162 -0.00169 -0.0001 -0.00195 | -0.00205 | -5.5E-05 -0.00212 | -0.00217
400Kbytes -5.6E-05 -0.00074 -0.0008 | -9.6E-05 | -0.00118 | -0.00128 | -7.3E-05 -0.00124 | -0.00131
S500Kbytes -7E-05 -0.00146 -0.00153 | -0.00013 | -0.00179 | -0.00192 -8.4E-05 -0.00217 | -0.00225
600Kbytes -5.5E-05 -0.00229 -0.00235 | -3.6E-05 | -0.00248 | -0.00252 | -5.3E-07 -0.00265 | -0.00265
700Kbytes | -6.5E-05 -0.00169 -0.00176 | -6.8E-05 | -0.00229 | -0.00235 | -4.4E-05 -0.00261 | -0.00266
800Kbytes | -6.4E-05 -0.00169 -0.00175 | -6.2E-05 | -0.00234 -0.0024 -2.1E-05 -0.00268 -0.0027
900Kbytes -6.5E-05 | -0.00169 -0.00176 | -6.8E-05 -0.0023 | -0.00237 | -4.3E-05 -0.00263 | -0.00268
1 Mbytes -7.1 E-OS -0 00197 -0.00204 -8.2E-05 | -0.00247 | -0.00255 | -6.2E-05 -0.00267 | -0.00273
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AINA1TNH 5.3 UazgUT 5.1 wiin 86 WARITNANAFNURRY A, , A, WAL AN, 109

] '
=

8an835N MRASM fiuganeisu RASM aindayawe Clarknet winAuasnaadefiléien

b

Wuuanuanedn@n threshold W linaNANINdanes LAY wAMINAaf el ARa

auazNedNAn  threshold WL lHHATAINIIEANETsNIAN LR UNIRAT AT UAIR T8

b

aaneisunsunuiideyausiszuuy aslinnAnsuEe9AT threshold Mnunzan o qad
HATINIBIAINARINARETRY Hit Rate (AH, ) UAZANARIRALTI84 Byte Hit Rate (A7, )
sanfuuA T AINNNAR (an,., (Max)) ABAN threshold 1 9Kbytes
al al 'y a i M e e

AINAPNN 5.4 WazgU 5.2 wiin 87 UAAIDNAKKEANARY AH, , AH, WAL AH,_, 189
JaNeI5N MRASM Nufanessy RASM I84LATTHIA.32Mbytes Geutietiunninisasts
) 2 [=1] [ = L7 9/ s
dayailu 3 szauAelTuIIATes1adayaieY (400,000 requests) ,Luna1e (800,000

requests) WATNAN (1,200,000 ~requests). azimnuladr luBuininasfassentasaz ldan

=

) o 1 oas i ' a ar af d’ o’ = i
uasuRfenuas ardeAalluAtunuandlssBnsnanasdanass u Ny uLselmisinga
LY o] = d; n‘ s es L7 i
1RIDANATENLAN uazilaNdTUan e idussa i unany wazuan s liA na s
RALTININTUR AL LAR I g AN sl s ulse lmaias Wi e ATl Funounag
I
Fp9989NINTU
UREAULATINIA 64 Mbyles RINATINT 5.5 Uaza1lil 5.3 i 8s anifiudnly
UFununisfessendetaclsanasdedeites uazipifaan IagAinasicafones Hi
Rate (a#,) a1nm1919% 5.3 dailuuan waruanialaas1ed Bytehit Rate(ad, ) (luay
i ] b Ql g as =R a ) 1 d =ﬂl -
LaANIIAT Hit Rate (WNIRAINGANAIaNIAN-WHAT Bytehit Rate anad aTILaIANL5u0
2 ar & Il ai d’ d" © [ ar
nisfesreiiluszaulIunans wazann Azl AN LR AR I NNIATUAINR A UA N T AN T
] & N 1
fgetuuazdanduuan uansindanesnitidanisiulsaludas linafauluFunanis
N
Faaaefiungy
uarluLATIUIA 128 Mbytes A9NAI979H 5.6 uaz3U# 5.4 uii1 89 aziudnly
[ 1 1 ¥
Wsnnunisfesradeeazlidnasaadeildazfinau (ausn Hit Rate tAnTL6 A1 Bytehit
= v a
Rate anauniiouluuataunass Moytes uazlufiunninisiessannne ms qa threshold 7
AarliAnas1vediuuen wansdnluwanilug witBunmunisfesratesszangnin
1 ' 1 ' 13
1e98aneTonfLFuLlgaludasddrfidesndndaneisuidn udidnas\WAn Hit Rate Tufiadu
WHA1 Bytehit Rate nauliANanas
siallifluntsmaseuiedinsziundn threshold fimmnzanlnglddeyanistesne
270 Nasa [pgfiIn1InAgeuAen1sanaesIuIngedLAt 32 Mbytes,64 Mbytes Wa 128

Mbytes AINAIAUMHBUAN fauanalunis waznsndald
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5.3 NSNAEALLAYAAIN Nasa

Tayalwd Log Wildannissusantesiud@iwinefues Nasa difunnnisiesas

v
Tnauanslupnsesielui

al °
A9199 5.7 LAAYIIUIUNNTTRI1D YDA

3 ° &

Tayan ldanaday F1U9U (AF)
A1UIUATI IUNNT5 D918 1,387,398
A uauAfaluntsFasaai lus i 22,531

1 L
TeamnsnuLefiduiniaiessemu g areslieysnuntaddagsneil

A19197 5.8 uandidesifudnisiesranenndaintesdaya

ﬁqamum%ga RIUAUNIS[IUIUNAS] AT1UIUNISSRY | 971UIUNI55R4

(larer) 50498 | a918 | wawiaumiy | veiigunin
(ﬂét“'a) (%) YUIATBYR YUNATAYA
- (lug) (%)
0-1K 369,919 26.66 189,190,080 0.71
1|£- 10K 653,598  47.11 2,759,967,061 10.37

10K - 100K 3TN A\ “ 2284 10,407,074,727 PN 1

100K - 1M 451l 325 10,887,322,794 40.92
Over 1M 2,087 \Q4% 2,364,172,850 8.89
Summary 1,387,398, 100.00 26,607,727,512 100.00

Tatlaqnaaean1anien unnsiirsiesiunsn threshold Runzan lévinnnsaasu

i 1 '
A threshold  A9WA 1 Kbytes l1auiia 1 Mbytes Inan1siinaedpn  threshold azifinlu
ERTAIUULY Semi-log LTUANMUIUMSAL 28 s2AU uazUSuReuuATi 32, 64 uas 128

Mbytes Tauan1a1aeInn lda1unsauanslumse uaznawsalelil
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A151990 5.9 UARNAT AH, , AH, UWAYT AH,,, 193183ya31NNasa tneauawAtviniu32 Mbytes

Threshold AH,; AH Ay
1Kbytes | 0.006933 | 0.008449 | 0.015382
2Kbytes | 0.020358 | -0.00022 | 0.020135
3Kbytes | 0.024106 | -0.00862 | 0.015486
4Kbytes | 0.032953 | -0.00678 | 0.026171
5Kbytes | 0.051046 | 0.005511 | 0.056557
6Kbytes | 0.062053 | -0.00405 | 0.058007
7Kbytes | 0.081563 | 0.010546 | 0.092109
8Kbytes | 0.080908 | 0.008045 | 0.088953
9Kbytes | 0.062171 | 0.020546 | 0.082717

10Kbytes | 0.095369 | 0.007898 | 0.103267
20Kbytes | 0.13431 0.02796 0.16227

30Kbytes | 0.12028 0.011832 | 0.132112
40Kbytes | 0.13383 | 0.040053 | 0.173883
50Kbytes | 0.1646 0.044245 | 0.208845
60Kbytes | 0.1535 0.05208 | 0.20558

70Kbytes | 0.18256 0.071548 | 0.254108
80Kbytes | 0.16409 | 0.067159 | 0.231249
90Kbytes | 0.17338 | 0.083289 | 0.256669

100Kbytes | 0.16576 | 0.096387 | 0.262147

200Kbytes | 0.047425 | 0.036028 | 0.083453

300Kbytes | 0.011263 | 0.010329 | 0.021592

400Kbytes | 0.007167'| -0.00247 | 0.004702

500Kbytes | 0.003582 | -0.01962 | -0.01604

600Kbytes | 0.001534 | -0.01458 | -0.01304

700Kbytes | -0.00012 | -0.01083 | -0.01095

800Kbytes | 0.000919 | -0.01337 | -0.01246

900Kbytes | -4.6E-05 | -0.00934 | -0.00939
1Mbytes | -0.00085 | -0.01099 | -0.01184
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AN91971 5.10 UWARIAY AH, , A, UWAZ AH,,, T9HLENIMNN958999400,000 AR, 800,000

AS UWAZ 1,200,000 ATI28998LAIN Nasa TWIALATYNGTL 32 Mbytes
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400,000 requests 800,000 requests 1,200,000 requests
Threshold AH, AH,, AHp AH, AH AH,yp AH,; AH, AH,
1Kbytes | 0.005645 | 0.003623 | 0.009268 | 0.005839 | 0.007626 | 0.013465 | 0.006506 | 0.008331 | 0.014837
2Kbytes | 0.012529 | -0.00725 | 0.00528 0.016303 | -0.00247 | 0.013829 | 0.019386 | -0.00068 | 0.018704
3Kbytes | 0.012435 | -0.01264 | -0.00021 0.017545 | -0.01059 | 0.006956 | 0.022283 | -0.00911 | 0.013177
4Kbytes | 0.018723 | -0.00427 | 0.014454 | 0.025881 | -0.00578 | 0.020103 | 0.031089 | -0.00649 | 0.024599
SKbytes | 0.028371 | 0.001347 | 0.029718 | 0.039783 | 0.004069 | 0.043852 | 0.048428 | 0.005247 | 0.053675
6Kbytes | 0.034134 | -0.0064 0.027736 | 0.04822 -0.00527 | 0.042946 | 0.058732 | -0.00436 | 0.054371
7Kbytes | 0.049033 | 0.008725 | 0.057758 | 0.067154 | 0.009072 | 0.076226 | 0.077858 | 0.009948 | 0.087806
8Kbytes | 0.053144 | 0.00371 0.056854 | 0.068659 | 0.005533 | 0.074192 | 0.077875 | 0.007216 | 0.085091
SKbytes | 0.031108 | 0.011429 | 0.042537 | 0.046853 | 0.016856 | 0.063709 | 0.058338 | 0.019507 | 0.077845
10Kbytes | 0.055308 | -0.00087 | 0.054341 | 0.076451 | 0.004238 | 0.080689 | 0.09078 0.00701 0.09779
20Kbytes | 0.08598 0.015581 | 0.101561 | 0.11323 0.022574 | 0.135804 | 0.12939 0.02674 0.15613
30Kbytes | 0.061249 | -0.0039 0.05735 0.082952 | 0.003425 | 0.096377 | 0.11398 0.009802 | 0.123782
40Kbytes | 0.078265 | 0.021665 |-0.09993 0.10632 0.031038 | 0.137358 | 0.12721 0.037685 | 0.164895
50Kbytes | 0.086078 | 0.022852 | 0.10893 0.1334 0.03558 | 0.16898 0.15829 0.042298 | 0.200588
60Kbytes | 0.070848 | 0.02718 | 0.098028 | 0.11908 0.042178 | 0.161258 | 0.14574 0.049861 | 0.195601
70Kbytes | 0.084511 | 0.046922 | 0.131433 | 0.14581 0.063537 | 0.209347 | 0.1752 0.070196 | 0.245396
80Kbytes | 0.067506 | 0.02973 | 0.097236 | 0.12417 | 0.052918 | 0.177088 | 0.15516 0.064054 | 0.219214
S0Kbytes | 0.048695 | 0.021066 | 0.069761 | 0.1139 0.059416 | 0.173316 | 0.15854 0.078134 | 0.236674
100Kbytes | 0.051813 | 0.032318 | 0.084131 | 0.12376 0.079599 | 0.203359 | 0.15654 0.093718 | 0.250258
200Kbytes | 0.003547 | -0.01137 | -0.00782 0.013567 | 0.002028 | 0.015595 | 0.037477 | 0.026373 | 0.06385
300Kbytes | 0.002075 | -0.01377 | -0.01169 | 0.006004 | -0.00445 | 0.001559 | 0.0098539 | 0.006252 | 0.015791
400Kbytes | 0.001846 | -0.01124 | -0.00939 | 0.004313 | -0.00656 | -0.00225 | 0.006294 | -0.00381 | 0.002481
500Kbytes | 0.001071 | -0.01469 | -0.01362 | 0.00252 -0.0177 -0.01518 | 0.003297 | -0.01924 | -0.01594
600Kbytes | -0.00033 | -0.01187 | -0.0122 0.000502 | -0.01478 | -0.01428 | 0.001223 | -0.01486 | -0.01373
700Kbytes | -0.00063 | -0.00831 | -0.00884 | -0.00035 | -0.00988 | -0.01023 | -0.00018 | -0.01034 | -0.01052
800Kbytes | 0.000126 | -0.01675 | -0.01662 | 0.000616 | -0.01645 | -0.01583 | 0.000866 | -0.01417 | -0.0133
900Kbytes | -0.00023 | -0.01127 | -0.0115 -7.3E-05 | -0.01092 | -0.01099 | -3E-05 -0.00969 | -0.00972
1Mbytes | -0.00066 -0.01012 | -0.01078 | -0.00072 | -0.0096 -0.01082 | -0.00081 | -0.01053 | -0.01135
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v L
AT UAT 1,200,000 AFI284984ARIN Nasa TUIALATYIANL 64 Mbytes
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400,000 requests 800,000 requests 1,200,000 requests
Threshold AH; AH, AH g AH; AH,, AHyp AH; AH, AH iy
1Kbytes | 0.005379 | -0.03446 | -0.02908 | 0.006323 | -0.02934 | -0.02301 | 0.006887 | -0.02605 | -0.01916
2Kbytes | 0.00609 | -0.02327 | -0.01718 | 0.007826 | -0.02475 | -0.01693 | 0.009525 | -0.024 -0.01448
3Kbytes | 0.009871 | -0.02782 | -0.01795 | 0.014085 | -0.02574 | -0.01166 | 0.01712 | -0.02337 | -0.00625
4Kbytes | 0.014121 | -0.03074 | -0.01662 | 0.019947 | -0.02861 | -0.00866 | 0.023815 | -0.02696 | -0.00315
SKbytes | 0.019231 | -0.02592 | -0.00669 | 0.027483 | -0.02469 | 0.002794 | 0.032704 | -0.02344 | 0.009264
6Kbytes | 0.01437 | -0.02853 | -0.01416 | 0.023387 | -0.02408 | -0.00069 | 0.030039 | -0.02111 | 0.008932
7Kbytes | 0.016764 | -0.03254 | -0.01578 | 0.029881 | -0.0292 0.000679 | 0.037188 | -0.02713 | 0.010063
8Kbytes | 0.018295 | -0.03565 -0.01736 | 0.032489 | -0.02916 | 0.003338 | 0.040519 | -0.02479 | 0.015734
OKbytes | 0.015002 | -0.02974 | -0.01474 | 0.028934 | -0.02658 | 0.002355 | 0.037601 | -0.02389 | 0.013716
10Kbytes | 0.012806 ‘ -0.03126 | -0.01845 | 0.028371 | -C.02683 | 0.00154 | 0.037834 | -0.02407 | 0.013763
20Kbytes | 0.028044 | -0.03125 | -0.00321 | 0.049357 | -0.02449 | 0.024871 | 0.062024 | -0.02033 0.041697
30Kbytes | 0.020518 | -0.0283 -0.00778 | 0.044357 | -0.02072 | 0.023635 | 0.058226 | -0.01611 | 0.042119
40Kbytes . 0.027431 | -0.03322 | -0.00579 | 0.055335 | -0.02693 | 0.028404 | 0.070449 | -0.02175 | 0.048702
SOKbytes | 0.035295 | -0.02189 | 0.013406 | 0.077325 | 0.000701 | 0.078026 | 0.097131 | 0.009699 | 0.10683
60Kbytes | 0.011107 | -0.03579 | -0.02468 | 0.050185 | -0.00817 | 0.042016 | 0.076735 | 0.006749 | 0.083484
70Kbytes | 0.004869 | -0.03057 | -0.0257 0.042131 | 1.76E-06 | 0.042133 | 0.070067 | 0.01842 0.088487
80Kbytes | 0.003302 | -0.03158 | -0.02827 | 0.037363 | -0.00096 | 0.036407 | 0.070184 | 0.023253 | 0.093437
90Kbytes | 0.002881 | -0.04394 | -0.04095 | 0.025358 | -0.01457 | 0.010785 | 0.058085 | 0.017754 | 0.075839
100Kbytes | 0.000333 | -0.04124 | -0.04091 | 0.011787 | -0.02081 | -0.00903 | 0.038423 | 0.010574 | 0.048997
200Kbytes | 0.000305 | -0.04845 | -0.04815 0.002039 | -0.04191 | -0.03987 | 0.003926 | -0.03293 | -0.02901
300Kbytes | -0.00021 | -0.04051 | -0.04072 | 0.000549 | -0.0344 -0.03385 | 0.001256 | -0.02913 | -0.02788
400Kbytes | 0.000274 | -0.03036 | -0.03008 | 0.000887 | -0.02727 | -0.02638 | 0.001363 | -0.0237 -0.02234
500Kbytes | 2.39E-05 | -0.03511 | -0.03508 | 0.000625 | -0.03055 | -0.02993 | 0.001087 | -0.02676 | -0.02568
600Kbytes | -0.00026 | -0.03067 | -0.03094 | -2E-06 -0.02425 | -0.02425 | 0.000114 | -0.02003 | -0.01992
700Kbytes | -0.00036 | -0.02572 | -0.02608 | -0.0002 -0.01913 | -0.01933 | -6.5E-05 | -0.01571 | -0.01578
800Kbytes | -0.00017 | -0.02998 | -0.03015 | -3.8E-05 | -0.02137 | -0.02141 | 6.62E-05 | -0.01683 | -0.01676
900Kbytes | -0.00018 | -0.01941 | -0.01959 | -0.00011 | -0.01945 | -0.01956 | -1.1E-05 | -0.01867 | -0.01868
1Mbytes -0 00042 | -0. 022 -0. 02243 -0.00042 | -0.01717 | -0.01759 | -0.0004 -0.01427 | -0.01467
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AN919N 5.12 WAAIAN AF, , AH, UWATAK,., T9il1Bunninnsiadaa400,000 A3, 800,000

v v
AT UAL 1,200,000 AFIT897RYARIN Nasa TUIALATIVNAML 128 Mbytes
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400,000 requests 800,000 requests 1,200,000 requests
Threshold AH,; AH AH Ly AH; AH Y, AH AH; AH AH .y
1Kbytes | 0.001592 | -0.01599 -0.0144 0.002367 | -0.01513 | -0.01276 | 0.002691 | -0.01452 | -0.01183
2Kbytes | 0.001245 | -0.01544 -0.01419 | 0.003096 | -0.01467 | -0.01157 | 0.004384 | -0.01418 | -0.00979
3Kbytes | 0.00117 | -0.01526 -0.01409 | 0.003054 | -0.01364 | -0.01059 | 0.005091 | -0.01282 | -0.00773
4Kbytes | 0.001314 | -0.01505 -0.01373 | 0.003552 | -0.01373 | -0.01018 | 0.00597 | -0.01306 | -0.00709
5Kbytes | 0.001485 | -0.01421 -0.01272 | 0.00398 -0.01327 | -0.00929 | 0.006693 | -0.01269 | -0.00599
6Kbytes | 0.000699 | -0.01441 -0.01371 0.003916 | -0.01385 | -0.00993 | 0.0069811 | -0.01318 | -0.00627
7Kbytes | 0.000666 | -0.01031 -0.00964 | 0.003952 | -0.01068 | -0.00673 | 0.00633 | -0.01076 | -0.00443
8Kbytes | 0.000453 | -0.01223 -0.01178 | 0.005235 | -0.01127 | -0.00604 | 0.010151 | -0.01039 | -0.00024
9Kbytes | 0.000445 | -0.01255 -0.0121 0.005688 | -0.01199 | -0.0063 0.011316 | -0.01129 | 2.8E-05
10Kbytes | 0.00029 | -0.01249 -0.0122 0.005518 | -0.01199 | -0.00647 | 0.011308 | -0.01097 | 0.000342
20Kbytes | -6.1E-05 | -0.01497 -0.01503 | 0,006785 | -0.01193 | -0.00514 | 0.015332 | -0.00917 | 0.006164
30Kbytes | -0.00014 | -0.01113 <0.01126 | 0.007188 | -0.00864 | -0.00145 | 0.016205 | -0.00553 | 0.010678
40Kbytes | -6.1E-05 | -0.01108 -0.01114 | 0.004702 | -0.00886 | -0.00416 | 0.01497 | -0.00395 | 0.011021
50Kbytes | 0.000126 | -0.01267 -0.01255 | 0.000586 | -0.01177 | -0.01119 | 0.004263 | -0.00889 | -0.00463
60Kbytes | -0.00013 | -0.01367 -0.0138 0.000125 | -0.01355 | -0.01342 | 0.00121 -0.0127 -0.01149
70Kbytes | -0.0003 -0.01123 -0.01153 | -BE-05 -0,01193 | -0.01201 | 0.000373 | -0.0119 -0.01153
80Kbytes | -0.00032 | -0.01033 -0.01065 | -0.0002 -0.01195 | -0.01215 | 3.36E-05 | -0.01258 | -0.01255
S0Kbytes | -0.00048 | -0.00989 -0.01037 | -0.00033 | -0.01199 | -0.01232 | -9.9E-05 | -0.01286 | -0.01296
100Kbytes | -0.00035 | -0.00818 -0.00652 | -0.00026 | -0.00839 | -0.00865 | -6.8E-05 | -0.00956 | -0.00963
200Kbytes | -0.00015 | -0.01704 -0.01719 | 3.11E-05 | -0.01644 | -0.01641 | 0.000182 | -0.01544 | -0.01526
300Kbytes | -0.00033 | -0.01536 -0.01569 [ -0.00017 | -0.01607 | -0.01624 | -2E-05 -0.01537 | -0.01539
400Kbytes | -0.0003 -0.01889 -0.0192 -0.00018 | -0.0167 -0.01688 | -9E-05 -0.01476 | -0.01485
500Kbytes | -0.00025 | -0.01616 -0.01641 | -9.9E-05 | -0.0146 -0.0147 2.68E-05 | -0.01323 | -0.0132
600Kbytes | -0.00033 | -0.01646 -0.01679 | -0.00021 | -0.01351 | -0.01372 | -0.00012 | -0.01189 | -0.012
700Kbytes | -0.00027 | -0.01619 -0.01645 | -0.00017 | -0.01228 | -0.01245 | -0.00012 | -0.01033 | -0.01045
800Kbytes | -0.00032 | -0.01652 -0.01684 | -0.00025 | -0.01256 | -0.01281 | -0.00021 | -0.01053 | -0.01074
900Kbytes | -0.00034 | -0.01809 -0.01843 | -0.00026 | -0.01523 | -0.01549 | -0.0002 -0.01355 | -0.01375
1Mbytes | -0. 00025 -0.00998 -0.01023 | -0.00021 | -0.00757 | -0.00779 | -0.00019 | -0.00619 | -0.00638
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ANATT199 5.9 uaz LR 5.5 wiin 92 UAPNTNANARNIRAY AH, , A, WAZ AH,,, 184
w a i ac v ] ] A aly oy
8ana35: MRASM udane3ou RASM andaya1ed Nasa winaAinas1aedaflaiaiy
d’d ' [ = el = ] ' 1 d' =.i‘ val @ oa
LANUARIINAN threshold T lHaRiANdsaneTemAn wivinAas e il aS A nay
= ' i o 1% a; © 1 o = ef - 4; o = ar 1 n}
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HABRNNLRAETDY Hit Rate (a7, ) WATATNARIUARAEL0S Byte Hit Rate (a7, ) TuRwl&2 1en
1INN4A (an,., (Mmax)) ABAN threshold 7 100Kbytes
INAITI9N 5.10 wAzIUN 5.6 WY 93 LAAIDNANNARNNARY A7, , A, WA AN,
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'
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uR e TLLATTA B4 Mbytes 3AnBASNT 6,11 WaLg1R 5.7 w194 aziiudnly
Usununnsiessenianas leanasedeiitet uwasimdnay IneAuadiaafeaes Hi
Rate (a#, ) &10@191% 5.7 gaflunan UsA uafIeae1es Bytehit Rate( 2, ) (TJuay
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wazluuATIWIA 128 Mbytes R9nAI399%-5:12_uaz31l7 5.8 wii 95 azifiuinly
Vrununisievredesarlidnasiivaneildasiinay Tnuan Hit Rate iNTULAAT Bytehit
Rate anaunilanlunatauinsd Moytes uazlutFuininis¥assennns o qa threshold #
Az liAnasaaduiiuuan uansinluwasinaiuidinnntsfesaatesssansnm
1098ana3suiUfuLssluaz A fideundndanesiuiin ufidnazlia Hit Rate s
WiiA1 Bytehit Rate nAULAAaAAY

sialiliflunimaaeuiiedinszinie threshold Tmunzaulanlddayanisiesae
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97

doyalWa Log Rlfannissusanseasiuid@ivinesves Calgory H1Buunisiesae

v
Tnguanslumnime Fi@iﬂﬁ

al ° E v
197140 5.13 Llﬂmﬂqququﬂqﬂ‘ﬁ"ﬂﬁﬂ'ﬂﬁlﬂiﬂﬂ

° £
FTUIU (AF49)

ﬁ’agamﬂﬁ’wmaau
auuATe N egee 567,132
AuuATIlun1T a9 Ldg iy 30,822

Tauroudaulefiduinisieswennauontesdoysmunizadaganil

o - v i |
m1519% 5.14 udadilefifusinisiesvaisnndasmingasdea

TNUUINTBYR _ [{IUIUNISAINIUNTE] FUIUNNEsas | d1uIUnnsTas
(lus) 2972 | 599719 | waiieusmy. | aetfausi
(ﬂgd) (%) PNATDYA PUIATAYA
(lug) (%)
Og P& 128,290} 22.62 68,863,501 0.87
1K 10K 318/973|1/66.24 1,100,693,834 13.88
10K - 100K 111,649 19.69 3,069,032,895 38.56
100K - 1M 7old] 3 182 1,961,095,222 24.72
Over 1M 188 \0.13 1,742,961,290 2197
Summary 567,132 100.00 7,932,646,742 100.00

Tngldsnaeanimineu lunisimazsivnan threshold Aiwnnzan LEvanasaey

A1 threshold  FIaWs 1 Kbytes liaufa 1 Mbytes Tneinnsiintedsn  threshold azifinlu

v v 1 1
aRTAIULLL Semi-log LluauIunedu 28 szav uazdiulRsunaTi 32, 64 uay 128

Mbytes TIHAN1T188ININ IFaINT0LARSLLAT9 Lazna syl
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A9 5.15 WAAIAN AH, , AH,
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WAL AH,,, 1891083YA%N Calgory TuNALATIVINL

32Mbytes
Threshold AH,; AH, AH iy
1Kbytes | 0.010132 -0.0005 0.009628
2Kbytes | 0.026535 0.002897 | 0.029432
3Kbytes | 0.04451 0.010613 | 0.055123
4Kbytes | 0.056704 0.006741 | 0.063445
S5Kbytes | 0.069391 0.005747 | 0.075138
6Kbytes | 0.072933 0.006195 | 0.079128
7Kbytes | 0.072301 0.008412 | 0.080713
8Kbytes | 0.067934 0.014437 | 0.082371
9Kbytes | 0.060364 0.012922 | 0.073286
10Kbytes | 0.075393 0.020268 | 0.095661
20Kbytes | 0.11955 0.0405 0.16005
30Kbytes | 0.12256 0.05292 0.17548
40Kbytes | 0.12403 0.07542 0.19945
50Kbytes | 0.10363 0.074415 | 0.178045
60Kbytes | 0.10377 0.083261 | 0.187031
70Kbytes | 0.097065 0.095423 | 0.192488
80Kbytes | 0.097701 0.083543 | 0.181244
90Kbytes | 0.11857 0.11406 0.23263
100Kbytes | 0.082528 0.10394 | 0.186468
200Kbytes | 0.04831 0.065756 | 0.114066
300Kbytes | 0.014521 0.046514 | 0.061035
400Kbytes | -0.0094989 0.013126 | 0.003627
500Kbytes | -0.012421 0.009911 | -0.00251
600Kbytes | -0.01837 -0.01755 | -0.03592
700Kbytes | -0.016996 -0.01844 | -0.03544
800Kbytes | -0.015253 -0.0162 -0.03145
900Kbytes | -0.019587 -0.02822 | -0.04781
1Mbytes -0 01 5043 -0. 02024 —0.03528
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= Dl Seems Te—e 4 o v 4
‘Fn?']\"W'5.16 WARNAT AH; , AH, WAT Ay 'N:J‘]J?‘u’mm’iﬁ‘ﬁ‘ﬂd’ﬂﬂéloo,ooo A94, 800,000

A uaz 1,200,000 AF¥TR9d83Aa1N Calgory TUIALATIVINGT 32 Mbytes

1Mbytes | -0.00181 -0.0048 -0.00661 | -0.00764 | -0.0083 -0.01595 | -0.01407 | -0.01944

100,000 requests 300,000 requests 500,000 requests

Threshold AH,; A AH,y AH,; AH, AH AH; A AH,
1Kbytes | -0.00348 -0.00383 | -0.00731 | 0.001771 | -0.001 0.000771 | 0.008662 | -0.00252 | 0.006141
2Kbytes | -0.00976 -0.00468 | -0.01444 | 0.00557 -0.00084 | 0.004726 | 0.022962 | 0.000227 | 0.023189

3Kbytes | -0.01291 -0.00465 | -0.01756 | 0.020325 | 0.006631 | 0.026956 | 0.040724 | 0.007866 | 0.04859
4Kbytes | -0.01301 -0.00257 | -0.01558 | 0.02619 0.002873 | 0.029063 | 0.051684 | 0.003991 | 0.055675
SKbytes | -0.01168 -0.01059 | -0.02227 | 0.030171 | -0.00172 | 0.028453 | 0.063557 | 0.002136 | 0.065693
6Kbytes | -0.0102 -0.00874 | -0.01995 | 0.034355 | 0.000409 | 0.034764 | 0.066863 | 0.002985 | 0.069848
7Kbytes | -0.01483 -0.00809 | -0.02302 | 0.030145 | 0.001092 | 0.031237 | 0.065406 | 0.004598 | 0.070004
8Kbytes | -0.01988 -0.00517 | -0.02505 | 0.024564 | 0.005803 | 0.030367 | 0.060957 | 0.010599 | 0.071556
9Kbytes | -0.01929 -0.00605 | -0.02534 | 0.019632 | 0.005192 | 0.024824 | 0.053454 | 0.009985 | 0.063439
10Kbytes | -0.01513 -0.00461 | -0.01974 | 0.032069 | 0.008959 | 0.041028 | 0.067863 | 0.015028 | 0.082891
20Kbytes | -0.01659 -0.00595 | -0.02254 | 0.058214 | 0.01973 0.077944 | 0.11049 0.034423 | 0.144913
30Kbytes | -0.01875 -0.00975 | -0.0285 0,054902 | 0.026276 | 0.081178 | 0.11078 0.045744 | 0.156524
40Kbytes | -0.0031 -0.00462 | -0.00772 | 0.05921 0.040708 | 0.099918 | 0.11299 0.066477 | 0.179467
50Kbytes | -0.00041 0.008807 | 0.008396 | 0.040242 | 0.040809 | 0.080851 | 0.092674 | 0.065755 | 0.158429
60Kbytes | 0,002492 0.016478 | 0.01897 0.042427 | 0.046796 | 0.089223 | 0.094135 | 0.074624 | 0.168759
70Kbytes | -2.82E-05 | 0.03311 0.033082 | 0.038554 | 0.061093 | 0.099647 | 0.087793 | 0.087033 | 0.174826
80Kbytes | -0.00861 0.013699 | 0.005088 | 0.024481 | 0.040295 | 0.064776 | 0.083843 | 0.071908 | 0.155751
90Kbytes | -0.00426 0.03559 0.031328 | 0.054413 | 0.077476 | 0.131889 | 0.10842 0.10647 0.21489

100Kbytes | -0.01108 0.026455 | 0.015372 | 0.025556 | 0.066412 | 0.091968 | 0.071332 | 0.095088 | 0.16642
200Kbytes | -0.01626 -0.01767 | -0.03393 | -0.00218 | 0.013102 | 0.010912 | 0.037931 | 0.051721 | 0.089652
300Kbytes | -0.00739 -0.00274 | -0.01014 | -0.01158 | 0.01099 -0.00069 | 0.007777 | 0.035764 | 0.043541
400Kbytes | -0.00418 -0.00641 | -0.01058 | -0.01143 | 0.001825 | -0.0096 -0.01159 | 0.008107 | -0.00348
500Kbytes | -0.00285 -0.0044 -0.00735 | -0.01195 | -0.00017 | -0.01212 | -0.01429 | 0.005051 | -0.00923
600Kbytes | -0.00265 -0.00725 | -0.00991 | -0.01039 | -0.01265 | -0.02304 | -0.01995 | -0.02162 | -0.04157
700Kbytes | -0.0023 -0.0059 -0,0082 -0.01465 | -0.00949 | -0.02414 | -0.01711 | -0.01736 | -0.03448

800Kbytes | -0.00226 -0.00585 | -0.00811 | -0.01466 | -0.0105 -0.02516 | -0.01699 | -0.01791 | -0.0349
900Kbytes | -0.00191 -0.00852 | -0.01043 | -0.00868 | -0.01533 | -0.024 -0.0189 -0.02885 | -0.04775
-0.03351

0.25

0.2

0.05

Delta Hit+Bytehit
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100

AT uAz 1,200,000 AFYE9dR3ARN Calgory TWIALATLYINGL 64 Mbytes

100,000 requests

300,000 requests

500,000 requests

Threshold (bytes)

—+— 100,000 requests a 300,000 requests ___ 500,000 requests

Threshold AH,; AH, AH AH ; AHy AH AH,; AH, AHy
1Kbytes | -0.00151 0.000974 | -0.00054 | -0.00454 0.015035 | 0.010495 | -0.0049 0.00785 0.00295
2Kbytes | -0.00198 | -0.00333 | -0.00531 -0.00124 | 0.003321 | 0.002077 | 0.004679 | 0.000856 | 0.005535
3Kbytes | -0.0028 -0.00649 | -0.00929 | -0.00107 -0.00206 | -0.00314 0.007278 | -0.00412 | 0.003162
4Kbytes | -0.00241 -0.00534 | -0.00774 | 0.005167 | -0.00755 | -0.00239 | 0.011324 | -0.00819 | 0.003133
S5Kbytes | -0.00217 | -0.01148 | -0.01365 | 0.01407 -0.01742 -0.00335 | 0.022031 | -0.01547 | 0.006557
6Kbytes | -0.00501 -0.00201 -0.00703 | -0.00091 0.008619 | 0.007705 | 0.010587 | 0.002468 | 0.013055
7Kbytes | -0.00519 | -0.00188 | -0.00707 | -0.00083 0.008933 | 0.008105 | 0.013377 | 0.003606 | 0.016983
8Kbytes | -0.00508 | -0.00704 | -0.01212 | -0.00616 | 0.010923 | 0.004765 | -0.00064 | 0.006284 | 0.005645
9Kbytes | -0.00614 | -0.00941 -0.01555 | -0.00251 -0.00371 -0.00622 0.002946 | -0.00376 | -0.00081

10Kbytes | -0.00865 | -0.01068 | -0.01933 | -0.00346 -0.00353 | -0.00698 0.009278 | -0.00169 | 0.007592
20Kbytes | -0.00709 | -0.00336 | -0.01045 | -0.00058 | 0.004961 | 0.004384 | 0.004056 | 0.004868 | 0.008924
30Kbytes | -0.00635 | -0.00976 | -0.01611 0.001129 | 0.004519 | 0.005648 | 0.01168 0.009823 | 0.021503
40Kbytes | -0.0057 -0.01462 | -0.02031 0.008492 | 0.00385 0.012341 | 0.025277 | 0.012984 | 0.038261
50Kbytes | -0.00471 -0.0068 -0.01151 0.00932 0.010055 | 0.019375 | 0.024711 | 0.017954 | 0.042665
60Kbytes | -0.00444 | -0.00755 [ -0.01199 | 0.009177 | 0.008874 | 0.018051 | 0.025872 | 0.01607 0.041942
70Kbytes | -0.00426 | -0.00843 | -0.01269 | 0.016143 | 0.015857 | 0.032 0.030523 | 0.025879 | 0.056402
80Kbytes | -0.00401 -0.00922 | -0.01323 | 0.013702 | 0.016944 | 0.030646 | 0.021583 | 0.019306 | 0.040889
90Kbytes -0.00385 | -0.00902 | -0.01286 | 0.010282 | 0.017502 | 0.027784 | 0.016719 | 0.017706 | 0.034425

100Kbytes | -0.00284 | 0.000389 -0.00245 | -0.00169 | 0.011054 | 0.009367 | 0.005941 | 0.008899 | 0.014839

200Kbytes | -0.00119 | -0.0083 -0.00948 | 0.000226 | 0.001472 | 0.001699 | 0.019737 | 0.021634 | 0.041371

300Kbytes | -0.00074 | -0.00377 | -0.00451 -0.00639 | -0.00714 | -0.01352 | -0.0028 -0.00326 | -0.00606

400Kbytes | -0.00066 | -0.00635 | -0.00701 -0.01064 | -0.01673 | -0.02737 | -0.0133 -0.02937 | -0.04266

500Kbytes | -0.00054 | -0.00704 | -0.00758 | -0.00781 -0.0189 -0.02671 -0.01371 -0.0342 -0.04791

600Kbytes | -0.00057 | -0.00196 | -0.00253 | -0.0072 -0.01785 | -0.02505 -0.01476 | -0.03872 | -0.05348

700Kbytes | -0.00055 | -0.00544 | -0.00599 | -0.00519 | -0.01955 | -0.02474 -0,00819 | -0.03544 | -0.04363

800Kbytes | -0.00044 { -0.01055 | -0.01099 | -0.00345 | -0.02217 | -0.02561 -0.00514 | -0.03424 | -0.03938

900Kbytes | -0.00042 | -0.01281 -0.01323 | -0.00288 | -0.02144 | -0.02432 -0.00431 -0.03305 | -0.03736
1Mbytes | -0.00053 | -0.01176 | -0.01229 | -0.00383 -0.02341 -0.02725 -0.00596 | -0.03732 | -0.04328
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AT UAT 1,200,000 ATILEITRYARIN Calgory TUNAUATIVINGAL 128 Mbytes
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Delta Hit+Bytehit
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Threshold (bytes)

—— 100 000 requesls = 301: DOG requests N 500 000 requesls

100,000 requests 300,000 requests 500,000 requests
Threshold | A AH,, AH g A, Ay AH A Ay, e
1Kbytes | -0.00022 | -0.00031 | -0.00052 | -0.00145 | -0.00507 | -0.00852 | -0.00129 | -0.00953 | -0.01082
2Kbytes | -0.00013 | -0.00025 | -0.00038 | -0.00115 | -0.00452 | -0.00567 | -0.00076 | -0.01138 | -0.01214
3Kbytes | -0.0002 -0.00358 | -0.00378 | 0.001012 | -0.01272 | -0.01171 | 0.002264 | -0.01789 | -0.01562
4Kbytes | -0.00021 | -0.0052 -0.00541 | 0.001435 | -0.01884 | -0.01741 | 0.002893 | -0.02247 | -0.01958
S5Kbytes | -8.8E-05 | -0.00475 | -0.00484 | 0.002537 | -0.0176 -0.01506 | 0.005116 | -0.02052 | -0.01541
6Kbytes | -8.3E-05 | -0.00432 | -0.0044 0.001506 | -0.01356 | -0.01206 | 0.003547 | -0.01769 | -0.01414
7Kbytes | -0.0001 -0.00523 | -0.00533 | 0.001358 | -0.02106 | -0.01971 | 0.00162 -0.02932 | -0.0277
8Kbytes | -6.2E-05 -0.00431 -0.00437 | 0.00165 -0.01535 | -0.0137 0.003883 | -0.02012 | -0.01624
SKbytes | -4.1E-05 | -0.00484 | -0.00488 | 0.002398 | -0.01758 | -0.01518 | 0.006555 | -0.02109 | -0.01454
10Kbytes | -4 4E-05 | -0.00479 | -0.00484 | 0.002036 | -0.01737 | -0.01534 | 0.004563 | -0.02119 | -0.01663
20Kbytes | -8.3E-05 | -0.00445 | -0.00454 | 0.002327 | -0.0179 -0.01658 | 0.004841 | -0.02701 | -0.02217
30Kbytes | -5E-05 -0.0025 -0.00255 | 0.004266 | -0.01347 | -0.00921 | 0.004986 | -0.02394 | -0.01895
40Kbytes | -3.2E-05 | 0.000287 | 0.000255 | 0.003018 | -0.00597 | -0,00296 | 0.001357 | -0.021 -0.01964
50Kbytes | -3.4E-05 | 0.00026 0.000226 | 0.003641 | -0.00498 | -0.00134 | 0.005636 | -0.01883 | -0.01319
60Kbytes | -3.6E-05 | -0.00569 | -0.00573 | 0.002375 | -0.02018 | -0.0178 0.006684 | -0.03039 | -0.02371
70Kbytes | -2.1E-05 | -0.00487 | -0.00489 | 0.001372 | -0.01817 | -0.01679 | 0.010998 | -0.02214 | -0.01114
80Kbytes | -3.4E-05 | -0.00712 | -0.00716 | 0.004618 | -0.01896 | -0.01435 | 0.015608 | -0.0207 -0.00509
90Kbytes | -2.5E-05 | -0.0011 | -0.00112 | 0.004235 | -0.00304 | 0.001191 | 0.019913 | -0.00145 | 0.018468
100Kbytes | -2.5E-05 | -0.00553 | -0.00556 | 0.000828 | -0.01989 | -0.01927 | 0.009582 | -0.0193 -0.00971
200Kbytes | -1.3E-05 | -0,00063 | -0.00064 | <0.00022 | 6.71E-06 | -0.00021 | 0.001224 | -0.00634 | -0.00511
300Kbytes | -1.3E-05 | -0.00062 | -0.00064 | -0.0002 0.000656 | 0.000457 | 0.000213 | -0.00703 | -0.00681
400Kbytes | -2.8E-06 | 0.000999 | 0.000996 | -0.00046 | 0.000857 | 0.000398 | -0.00083 | -0.00809 | -0.00891
500Kbytes | -1.2E-05_ | 0.000745 | 0.000734 | -0.00039 | 0.000392 | -5.1E-07 | -0.00051 | -0.00821 | -0.00872
600Kbytes | -3.9E-05 | -0.00239 | -0.00243 | -0.0003 -0.00704 | -0.00734 | -0.00043 | -0.0154 -0.01583
700Kbytes | -3.8E-056 | -0.00239 | -0.00243 | -0.00037 | -6:00544 | -0.0058 -0.00061 | -0.0133 -0.01391
800Kbytes | -2.9E-05 | -0.00111 | -0.00114 | -0.00034 | -0.00393 | -0.00427 | -0.00057 | -0.01214 | -0.01271
900Kbytes | -2.1E-06 | 0.001566 | 0.001564 | -0.0003 0.002887 | 0.002584 | -0.00054 | -0.00557 | -0.00611
1Mbytes | -5.5E-07 | 0.002367 | 0.002367 | -0.0003 0.00471 0.004406 | -0.00054 | -0.00293 | -0.00347
Cache128Mbytes
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RMNANTIN 5.15 uargUi 5.9 Wi 98 UAANTNANNAGNURRAY A, , AH, UAT AH,,,
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0 [=1 0 0 : t r-'ild ' o =] a [ 1 1 4 Qe
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o . 5 T
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Abstract

This paper describes the improvement of web cache server by studying in replacement algorithm
of data which is requested from the clients. We found that each replacement algorithm is suitable for cach
type of data size in the web pages. LThe sclection mechanism of replacement algorithm has been developed
depended on sire of datas call RASM (Replacement Algorithme Selection Mechanism). For our research
we try to mprove the RASM, call the Improvement of Selection Mechanism for Replacement Algorithms
(ISMRA) for web cache server. The ISMRA allows web cache server to choose the appropriate
replacement alporithms, depended on data size. New data will replace the data in cache that have the sume
range of data size. The result by means of simulation showed that ISMRA gave the higher hit rate than

RASM.
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Where € s the cost associated with bringing data 1 into the
cache, 51k the data size and £o1s a running age factor that
starts at 0 and i updated for cach replaced data /1o the
priorty key of this dataoin the priority gqueue. ie., [ A,
Phas alzarithm achieves the hest it rte when ¢4 1.

1.2 Least Frequeney Used with Dynamic Aging
(LEU DY)

Fhe LU DA algorithm was developed from LU and
FEU-Agmg algorithme ] thae can achieve the highest of
Bate Hhe Rate These algorithms accomplish by retunimy
the most popular datas regardless of data size. LEFU DA
calculates the prionts key value (A for data 1 using g (2
by settng (1o ]

5
koo fget L=

2.3 Replacement Algorithm Sclection Mechanism
(RASN
Accordig to the characteristics of GOSN Tephiccinent
alzonthm and LEVDA replacement algorithm, there 1 g
selection method for replacement algorithm for web cache
server called Replacement Algorithm Selection Meclamism
(RASND [S]0RASN L ealculates A value in Fqaiyshown

below

/.

{r_ o o U 50 PRIGERGNI (1813
11
|

™ 1N = Threshald 329

Where Sois therdata sizes 70 running age factor tha
starts trom O and as updated for cach'replaced data f 1o the
prionty kevolthisidaa in the priorin quene! e £ & and
Fos frequency of each ¢ that starts from | awhen A
threshold, otherw ise, s will stant from 0,

JOIMPROVEMENT OF REPLACEM
ALGORITHM SELECTION MECHANISM (TRASN)
According 10 the RASM. Algorithm. when cache s
almost tull and has new data; the data replacement will
oceur by removing data that has_lowest priority key value
towest A out of web cache server until there is enough
spice o heep new datain cache. regardless ol replaced data
that has data size greater or lower than threshold. Example,
the new data file which has size greater than threshold may
replace o many data files in cache which size is lower than

threshold. So it looks unfair on the ratio of caleulating &
between Lg (3.1) and Eq.(3.2) because Equ(3.0) is divided
by size of data Consequently,

- Kol Eq3 ) is very lower than K, of 1iq.(3.2)

- Data that has size lower than threshold ofien be
released from the cache and the hit rate is deereased

In this paper, we introduce a method for improving the
RASNE by considering the priority key for each group of
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data which is separated by depending of the theeshold. By
replacing new dats which has size greater than threshold
to data i cache which has size greater than theeshold oo
And new data which has size lower than threshold
replace o data i cache which has size lower than

threshold wo as shown in Eg.4) and Fig 1. respecunely

I’ L I ¢ I o Threshold
» i

1o AR I'hreshold

by this condition
oo, R which

L . Ihireshold) and( s, Fhreshold)] or

Cite e

[ts L Threshold) and( 8 Thresholdy)

whe: i replacement trom data in left side
o datain right sude

b s new data that enter tocache
t e s daty that will be removed from cache
N w dnsize of new data (byles)

S vsizc ol data that will be removed from

cachie (hytes)

HORSHY LREUDA,

el “.’\.|\'IAI‘ -
i B2
[T hrma e \

Ny ane Dalg

Fig 12 IRASN Diagram for Replactig it

[ i e——
e

L SINMULATIONMODEL AND CONFIGURATION

W evaltate the performance of RASM by modeling
the simulation: model using matlab6.3, The simulation
process can be explained as follows:

b Define parameters of web cache server such as
size of eache. type of replacement algorithm. high limit,
low limit of cache, and threshold as follows:

¢« Ihe Thresholdis setto 110 and 100 Kbytes,

respuectively,

= hesize af cache is set w32, 64 and 128 MByes.

respectively,

o The high limit s equal 1o 90",

2. Send requests of test data to web cache server one
by one. The test data is collected from log file of web
Clarkner
thaee IhTgovAm ]/ conteibd Calgans -1 TP huml)
by this detail

-The number of requests is 1,465,049 times
-The number of requests that is unique is 35,350 times

cache server of
(http '
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-Percent of requests which is separated by the period of
data size is shown in Table |

Tablel: Percent of Reguests along with Data Size

Size of Data (Bytes) % of requests
0- 1K 2747
IKk 10K 34,56
10k 100K 2282
100K - 1M 0.4
Over |M 0.01

3 Check files in the cache. I a request file 15 a hit, its
priority key will be updated and wait for a next request
Otherwise, the process will check the size of cache. 1108
higher than a high limit the replacement algorithm il
start (o remove files from a cache until the size of cachy
decreases below o high limit. Then the replacement
algorithm stops and the new file is kept in cache and waits
for a next request.

5. RESULT QF IRASM ALGORITHMS

In this secuon, we evaluate the performance of HASM
in terms of Hit Rate and Byte Hit rate by comparing with
RASM8] as show in Fig.310 Fig 8. respectively.

- For the cache size of 32 Mbytes, Hit Rate of TRASM s
higher than Hit Rate of RASM atthreshold 1Kbytes and 10
Kbytes and Byte it Rate is very close RASM at threshold
I Kbytes and 10 Kbytes because IRASM replaces new data
to data in cache insame size group. Big size data replace 10
big size data inceache not replace 10 small size and high
access times data in cache. So Hit Rate of IRASM is very
high.

- For the cache size of 64 Mbyvies: the resultis the same
as 32 Mb,

- For the cache size of 128 Mbates. the result 1s not
different and does not show in this paper and for the higher
size of cache the result s notditferent between TRASM and
RASM algorithm oo

- e
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R 33

Fig.3: Hit Rate  Threshold  1KB., CacheSize - 32MB
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Fig X BuestiuRare Theeshold OB CachesSize 64\

0. OPTINUN THRESHOLD

S Yol it and Yabate- LI o RSN cannot he piinied
mto - mathematical  equation. they depend on e
envarenment of requesis, the size oldata, and the Trequdnes
el requests ineach datas Tnoorder o consider the suitable
threstobd, we doa simulatmg by changing the thieshold

trom b Kbytes to 100 Kby tescWecan explimed as follows
I Rate of TRASM must mcrease from RSN denored

as Ao should be pesttive o Tga S and g )
T [ Lag i
N Hakawe, 0 ai’h‘.l.ll.-"‘{_k" N
HuRate, ..,
N,
[ S rix)

\

2 Bute Bhit Rate- ot RSN must increase from RASM
denoted as A, sould BE positve in g (503 and (543
Haawd lirftane g Bt B Rt s b 5T
' Byl Bl e

i/ Y

N oves,

VT 154
\

3 Opumum Threshold < the masimum vadue ol sum
\oand W,

Rate and Byte Hit Rateas shownan Lig 9w Fral

Sothe threshald at MOKbytes-get best |t

, G S
~ ,z,:mwm_-.,__,_ .-.h_.-,.ﬂ“

5 0% o &

> 7 e' d”"f Cadt " f ¢ il
s RN @"’

el A «‘nﬂ
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'

Fig. 9 [ umpmnmr n/ Hit H(m dmn’.’il e Hir Rate of
IRAS and RASM ar cach threshold
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Figad(0: [ Rate Theeshold - SOKB - Cache Size 64V B

Fig. e By res! lifare [ hreshold  JUKEC aohe
Szt 64
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In dus paper. we have antroduced the improvement
ol RASM, eabled theTmprovement of Replacemem
AlvacthmeSeleetian Mechansm (IRASM) for web cache
servers ThefRASNL adlows web caeche server to choose
the approperate replacement algorithms dependmg on size
atldaty New datawill réplace the data i cache that hinve
the same range ol data seze. In the small cache size of 32
and 04 Mbyies, IRASN providesthe higher Hit Rate than
RAKN]
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