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Abstract: The primary aim of the presentpaperis to modify the performancemodel of Bose
andCheng[1] to a morerealisticcasewhenexternalvisits arealsoallowed to the remoteWeb
seners andthe Web seners have limited buffer. We analyzehow mary parameteraffect the
performanceof a Proxy CacheSener. Numericalresultsare obtainedfor the overall response
time with andwithout a PCS.Theseresultsshav thatthe bene t of a PCSdependsn various
factors.Several numericalexamplesillustratethe effect of visit rates,visit ratesfor the external
users, andthe cachehit rateprobability on themeanresponseimes.
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1 Intr oduction

The World Wide Web (WWW) cangive a quick andeasyaccesgo a large numberof
web senerswhereuserscan nd all kind of information,documentsand multimedia
les. ¢ Fromthe users point of view it doesnot matterwhethertherequestedies are
onthe rm' scomputeror ontheothersideof theworld. Theusageof thewebhasbeen
growing very fast. The numberof internetusersincreasedrom 474 million in 2001to
590 million in 2002,andthe forecastfor 2006is 948 million users.Accordingto the
facts,thatin 1996the numberof usersvasonly 62700Q thegrowth is rapidandwe can
justify andexponentialgrowsin traf ¢, too. Theuserswvantto getahighquality service
andmodestresponsdime. The answerfrom the remoteweb sener to the client often
takesalongtime. Oneof the problemsis thatthe samecopy of the le canbeclaimed
by otherusersatthe sametime. Becausef this situation,identicalcopiesof mary les
pasghroughthe samenetwork links, resultingin anincreasedesponsg¢ime. A natural
solutionto avoid this situationis to storethis information.In generalcachingcanbe
implementedat browsersoftware;the originatingWeb sites;andthe boundanbetween
thelocal areanetwork andthe Internet.Browsercacheareinef cient sincethey cache
for only oneuser The cachingat the Web sitescanimprove performancealthoughthe
requestedes arestill subjecto deliverythroughthelnternetlt hasbeensuggestethat
the greatesimprovementin responsdime for corporationswill comefrom installing
a proxy cachesener (PCS)at the boundarybetweenthe local areanetwork andthe
Internet.Requestedocumentganbedelivereddirectly from thewebseneror through
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aproxy cachesener. A PCShasthe samefunctionalityasawebsenerwhenlookedat
from theclientandthe samefunctionalityasa clientwhenlookedat from awebsener.
Theprimaryfunctionof a proxy cacheseneris to storedocumentgloseto theuserso
avoid retrieving the samedocumensereraltimesoverthe sameconnection.

In this papera modi cation of the performancenodel of Boseand Cheng[1] is
givento dealwith a more realistic casewhen externalvisits are also allowed to the
remoteWeb senersandthe Web senershave a limited buffer. For the easierunder
standingof the basicmodelandcomparisonsve follow the structureof the citedwork.
In Section2 we constructa queuingnetwork modelto studythe dynamicsof installing
aPCS.Overall response-timéormulasaredevelopedfor boththe casewith andwith-
outa PCS.In Section3 numericalexperimentsareconductedo examinethe response
time behaior of the PCSwith respecto variousparametersf the model.Concluding
remarkscanbefoundin Section4.

2 An analytical model of Proxy CacheSetrver traf ¢

In thissectionwe brie y describehemathematicainodelwith thesuggestedhodi ca-
tions.Usingproxy cachesener, if ary informationor le isrequestetio bedownloaded,
rst it is checled whetherthe documentexists on the proxy cachesener. (We denote
the probability of this existenceby p). If the documentcanbe found onthe PCSthen
its copy is immediatelytransferedo the user In the oppositecasethe requestwill be
sentto the remoteWeb sener. After the requestedlocumentarrived to the PCSthen
thecopy of it is deliveredto theuser
The advantageof a PCSdependson severalfactors:The probability of the "cache
hit rate” of the PCS,the speedof the PCS,the bandwidthof the rm' s andtheremote
network andthe speedf theremotewebsener[1].
Fig. 1 illustratesthe pathof arequesin the modi ed modelstartingfrom the userand
nishing with thereturnof theanswetto theuser The notationsusedin this modelare
collectedin Tablel.
We assumehattherequest®f the PCSusersarrive accordingo aPoissorprocessith
rate , andtheexternalvisits attheremotewebsenerform aPoissorproceswith rate

LetF betheaverageof therequestede size. Wedene 1, 2, 3 and 5 suchthat:

1=p and 2=(1 p) 1)

3= 2+ ,5=(1 Py 2 (2

The solid line in Fig 1. ( 1) representshetraf c whentherequestedle is available
onthe PCSandcanbe delivereddirectly to theuser The , trafc depictedby dotted
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Figure1: Network model

line, representshoserequestsvhich could not be sened by the PCS,thereforethese
requestsnustbedeliveredfrom theremotewebsener. Naturallythewebsenersenes
not only the requestof the studiedPCShut it also senesrequestof otherexternal
users.Let 3 denotethe intensity of the overall requestsarriving to the remoteWeb
sener. The ; trafc undegoesthe procesof initial handshakindo establisha one-
time TCPconnectior{7], [1]. We denoteby | 5 thisinitial setup.

Accordingto [1], "The remoteWebsener performances characterizethy the capacity
of its outputbuffer B, the staticsener time Ys, andthe dynamicsener rate Rs.” In

our modelwe assumehat the Web sener hasa buffer of capacityK . Let P, bethe
probability thata requeswill be deniedby the Web sener. As it is well-known from

basicqueueingheorytheblockingprobability Py, for theM =M =1=K queueingsystem:

Po=pv=k)= & T @
where R.B.
" F(VeRs+ B4) @
Now we get
_ sF(YsRs + By) )

RsBs
Now we canseethattherequestarrive to thebuffer of theWebseneraccordingo

a Poissomrocesawith rate
4= @1 Pp) 3 (6)
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Theperformancefthe rm' sPCSis characterizethy the parameter8,., Yy and
Ryc.
If thesizeof therequestede is greatetthenthe Web sener's outputbuffer it will start
aloopingprocessuntil thedelivery of all requestede’ sis completedLet

— in 1-Bs
q=min 1= (7)

be the probability that the desired le canbe deliveredat the rst attempt.Let Z be
the rate of the requestsarriving at the Web serviceconsideringthe looping process.
Accordingto the conditionsof equilibrium andthe o w balancetheory of queueing

networks
0

4=0q 4 )]

Then,we getthe overallresponseime:

8 9
< =
1 1 F
Txc = IL ( ) + P B . + —C
xe Fo(Ye+ 22) ,
8
< 1 1
R : (©)
T3 F(ve+E) O
1 F~
+— + B + N
S F (etie) ° e

Theresponsgime Ty. consistof treeterms.

The rst termis thetime to checkwhethertherequestede is onthe PCSor not. This
is derivedform thewaiting timein anM =M =1 queueingystem/vherethe visits form
aPoissorprocesswith rate andtheservicerateis =

Thesecondermis therespons¢imein thecasef therequesteaﬂocumentamstsonthe
PCS.the probability of whichis p. The rst itemin thistermis thewaiting time onthe
PCS,wherethe numeratorF(Yi% is the "servicedemand”.The secondtem in
thesecondermcorrespondo the requwedtlme for contentto travel throughthe client
network bandwidth.

Thethird termis theresponsdime whenthe requestedle doesnot exist onthe PCS.
The probability of thateventis (1  p). This term consistsof treetermstoo. The rst
item is the expectedone-timeinitialization time of the TCP connectionbetweenthe
PCSandtheremoteweb sener. The secondtem is the waiting time of the queueing
systemon theremoteWeb sener, where 4=q= Z andF =N is the expectedtime of
transferringthe requestealocumentson the network of the bandwidth.The third term
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is the waiting time of the PCSwhenthe copy of the requestealocuments transfered
to theuser
Whenthereis no PCS theoverallresponsdime T, is givenby the samearguments:

1
Tz ———
I (+)
1 F_F (10)
M @P) (+) " N. Ng
F(Ys+g—:) q

3 Numerical results

For the numericalexplorationsthe correspondingarameter®f Chengand Bose[1]

areused.Thevalueof the otherparametergor numericalcalculationdare:l s = Iy =

0:004secondsBs = By. = 2000bytes,Ys = Yyc = 0:000016secondsRs = Ry =

1250Mbyte/s,Ns = 1544Kbit/s, andN. = 128Kbit/s.

In Figures2.- 10. the dottedline plot the casewith a PCSandthe normalline depicts
the casewithouta PCS.

3.1 Effect of visit rate

In Fig 2. theresponseime is depictedasa functionof thevisit rate.In this Figurethe
visit ratesfor the externalusersis 100 requests/sindthe cachehit rateis 0:1. We see
thatin this casethe response¢ime will be greaterwhenwe installa PCS.In Fig 3. we
usethe sameparametersyut the cachehit rateis 0:25. In this casetheresponseime is
the samewith andwithout a PCS.In Fig. 4 we usea highervisit ratefor the external
users( = 150 with a smallercachehit rate(p = 0:1). When is smallerthen70
requests/she responsdime is larger with a PCSthanwithout a PCS.Whenwe usea
higher cachehit ratewith a highervisit rate for the externalusers(Fig 5, p = 0:25,
= 150 theefciency of PCSis clear In this casetheresponsgime with a PCSwill

be smallerthanthe responsdime without a PCSfor ary valueof the visit rate.So,we
canseethatthe performancef a PCSdepend®n a high scaleof the rms behaiour,
but whentheintensityof therequestérom the rm is greatetthan70, andthevisit rate
for theexternaluserss 150requests/¢hanit is enougha smallcachehit rateto access
asmallerresponsé¢ime.

3.2 Effect of visit ratesfor the external users

Now we investigatethe effect of the visit ratefor the externalusers. In Fig. 6 the visit
ratefrom the PCSis 20 requests/sthe requestedle sizeis 5000 byte andthe cache
hit rateis 0:1. We canseethatwith theseparameterinstallinga PCSwe geta higher
responsdime. In Fig. 7 we modi ed only the cachehit rate probability to 0:25. In
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this situationwhenwe have morethan 140 externalrequests/shenthe responsdime
with PCSis smallerthanwithouta PCS.Whenthe cachehit rate probabilityis smaller
(p= 0:1) and = 70requests/¢Fig. 8) thentheresponsdime with a PCSis smaller
thanwithout, whenwe usea greatelvisit ratefor the externalusers( > 150). When
we usea highercachehit rate probability (Fig. 9 p = 0:4) thenthe responsdime with
aPCSis smaller independentlypf the externalvisits. ObservingFig. 6 - 9, we can nd
thatin generaltheresponseime with andwithout a PCSincreasesvhenthe visit rate
for the externalusersincreasesWhenthe visit rate of the studied rm is modest(20
requests/sjhenthe bene t of the PCSis visible whenthe visit ratesfor the external
usersarebiggeror whenthe cachehit rateprobabilityis highet

3.3 Comparison of the two model

Whenthe visit ratefor the externalusersis zero( = 0) andthe the buffer size (K)

for the remoteWeb sener is unlimited we getthe equationusedby Boseand Cheng.
Fig 10.(p = 0:1, F = 5000bytes, = O0) depictsthe overall responsdime asa
function of the arrival rate given by the equationusedby Boseand ChengandFig 4.
depictstherespons¢ime givenby our modelwith the sameparametersisingvisit rate
for externalusers( = 150 andbuffer size(K = 100). InvestigatingFig 4. we see
thatthe responsdime with PCSwill be smallerthanwithout a PCSonly in the case
whenwe usea highervisit rate( > 85). In Fig 4. the advantageof the PCSwill be
visible with lower visit rates( > 65). The numericalexamplesshov us that using
our modi cationswe gota morerealisticqueueingnetwork model.Usingour modi ed

modelwhenthe externalvisits areallowed,the PCSwasbene cial with alowertraf c.

3.4 Effect of the cachehit rate probability

Fig.11( = 20, = 100 F = 5000 bytes,K=100) depictsthe overall response
time asa functionof the cachehit rateprobability. The overall responsdime without a
cacheseneris independenotf p, asobsenedfrom (10). Hencewe useT  0:321sfor
all valuesof p. The overall responseime with a PCSdecreaseasp increasegasseen
in Fig. 11. Whenwe usea cachehit rateprobability 0.2 the ef ciency of a PCSis
visible.

3.5 Effect of the buffer size

Let TL denotethe responsedime, whenwe useunlimited buffer for the Web sener.
In this casethe blocking probability Py, is 0, sofrom (6) we getthat 4 = 3. Wecan
easilyderive the overallresponseime usingequation(9):
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In Fig 12.,13. we depictthe responsdime in function of the buffer size.In both

Figuresthe dottedline plot the responsdime whenwe useWeb sener with limited
buffer andthe normalline illustratesthe casewhenwe useunlimited buffer. Of course,
using unlimited buffer we get constantvalue for the responsdime. Accordingly, we
would like to getinformation, regardingthe effect of the buffer size on the response
time.
Whenthevisit ratefor the externalusersis zero( = 0) thentheresponsédime given
by theequatiorequalgo theresponséime givenby theequatiorthatwasusedby Bose
andChenglnFig12.(p= 0:1; = 70, = 0,F = 5000bytes)we nd thatthebuffer
sizeof theWeb sener effectstheresponsgime only if it is very small. Whenthe buffer
size(K) is morethan5 , theresponseime is independenbf the buffer size.In Fig. 13
we analyzethe situationwhenexternalvisits areallowed (p = 0:1; = 70, = 100,
F = 5000bytes).We canobsene thatallowing externalvisits the effect of the buffer
sizevanishest a biggervalue.In our casethis happensvhenK is greateithan8.
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: arrival ratefrom the PCS
: visit ratesfor the externalusers
F: averagele size(in byte)
p: cachehit rateprobability
By : PCSoutputbuffer (in byte)
I xc : lookuptime of the PCS(in second)
Yyc : staticsenertime of the PCS(in second)
Ryc: dynamicsenertime of the PCS(in byte/second)
N¢: clientnetwork bandwidth(in bit/second)
Bs: Weboutputbuffer (in byte)
| s: lookuptime of theWebsener (in second)
Ys: staticsenertime of theWeb sener (in second)
Rs: dynamicsenertime of theWebsener (in byte/second)
Ns: senernetwork bandwidth(in bit/second)
K : the buffer sizeof the Web sener (in requests)

Table 1: Notations

4 Conclusions

We modi ed the queueingnetwork modelof Boseand Chengl[1] to a morerealistic
casewhenexternalarrivalsareallowedto theremotewebsenerandthewebsenerhas
limited buffer. To examinethis modelwe conductechumericalexperimentsadaptedo
realisticparameteraiVe noticedthat,whenthearrival rateof requesténcreaseshenthe
respons¢imesincreasaswell regardles®f theexistenceof aPCS Butin contraswith

[1] whenexternalvisits are allowedto the remoteweb sener, the PCSwasbene cial
with alow traf c andalow cachehit rate. Whenwe useda high visit ratewith a high
cashhit rate probability, thenthe responsdime gapwasmoresigni cant betweerthe
casesvith andwithouta PCS.

To comparethe two modelswe examinedthe effect of the visit ratefor the external
users.With low externalarrival rate installing a PCSresultedhigherresponsdimes.
Increasingthe visit rate for the external users,the differencebetweenresponsdime
with andwithout a PCSwassmallerandsmalleruntil this differencevanishedandthe
existenceof a PCSresultedowerresponsgimes.

Examining numericalresultsit was clear that allowing external arrivals and limited

buffer amorerealisticmodelwasobtained.
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