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Abstract

In this paper weintroducea simpleanalyticalmodeling
appmoac for computingserviceunavailability dueto long
responsdime, for infinite and finite single-serversystems
aswell asfor multi-serversystemsClosed-formequations
of systermmunavailability basedon the conditionalresponse
time distributions are derivedand sensitivityanalysesare
carried out to analyzethe impactof long responséime on
serviceunavailability The evaluation provides practical
guantitativeresultsthat can help distributed systendevel-
opersin designdecisions.

1 Intr oduction

Distributed systemswidely sustainour day-to-daylife
providing servicefor a large numberof enterprisespro-
ducingbusinespportunitiesand offering new serviceso
customersSuchsystemshouldideally remainoperational
supportingcorrectservicedespitethe occurrenceof unde-
sirableevents.

Service unavailability may result from several causes
suchasi) failuresin servicehosts,in the communication
infrastructurg1] or in theusersite,or ii) heary loadslead-
ing to overloadedseners.Fromtheuserviewpoint, theser
vice is percevedasdegradedor evenunavailableif there-
sponsdime is too long comparedo whathe or sheis ex-
pecting. A long responsgime may discouragesomeusers
whowill visit otherserviceproviders. For instancejf are-
guesttakes30 seconddo complete usersmayconsiderthe
requesfailed.

The goal of this paperis to provide a modeling ap-
proachfor computingserviceunavailability dueto long re-
sponsdime, relying on Markov reward modelsandqueue-
ing theory We analyzethe long responsetime effects
on serviceunavailability without distinguishingthe various
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causedeadingto long responseime. We introducea flexi-
ble mathematicahbstractiorthatis generalenoughto cap-
ture the essencef unavailability behaior dueto long re-
sponsdime. We analyzethis measuret steadystate start-
ing with asingle-sererqueueingsystemthenmulti-sener
gueueingsystemsare considered.The aim of our work is
twofold:

o Evaluatethe effectsof long responsdimeson service
unavailability.

o Provide practicalquantitatie resultsthat canhelpin
designdecisions.

The derivation of the response-timedistribution is
widely recognizedo benottrivial [8]. Someinterestingap-
proache$have beenproposedo definemeasuresombining
performancenddependabilityissued7, 6, 3]. [7, 6] intro-
ducedamodelfor hardandsoftreal-timesystemswhile [3]
hasconsideredransactionasystemsn which failuresmay
be dueto frequentviolation of responséime constraints.

The modelingapproachpresentedhis paperbuilds on
and extendsthe work introducedin [3]. The latter work
uses) a Markov modelto evaluatesystenmavailability, and
i) ataggedob approacto computetheresponséime dis-
tribution. We take a stepfurther by providing closed-form
equationdor response-timeistribution andfor serviceun-
availability dueto long responsdime in single and multi-
sener systems.The closed-formequationsarederived us-
ing the well-knawn gammafunction. We presentseveral
sensitvity analysego illustratehow the designercanuse
themodelsto guidethe systemdesign.

The paperis organizedas follows. Section2 defines
the availability measurdasedon responsdime. In section
3, we introducethe modelingapproachusingsingle sener
gueueingsystems.This is followed by sensitvity analysis
resultsillustratingthe measurdehaior. Sectiord provides
a modelingapproachusing multi-sener queueingsystems
with sensitvity analysis.Section5 concludeghepaper



2 Availability measure definition

Steadyserviceavailability may be definedasthe long-
termfraction of time of actuallydeliveredservice. We as-
sumethat the servicestatesas perceved by the usersare
partitionedinto two sets:i) a setof statesn which the ser
viceis percevedasavailableandii) the complementarget
in which theserviceis percevedasunavailable.

Let Q denotethe setof all servicestatesandp;: bethe
probabilitythatthe serviceis in statei at steady-state.

In orderto definethe serviceavailability basedon the
responséime, let usintroduce

e R(i): therandomvariabledenotingthe responseime
giventhatthesystemis in i at steady-state;

e d: the maximumacceptableesponsdime (i.e., if the
responsdime is longer, the serviceis consideredas
unavailable), this metric canindicate network delays
or an overloadedsener; it is alsoreferredto asthe
maximumresponsé¢ime requirement;

e ¢: the quality of servicerequiremen{or the accepted
quality of service)representinghe minimum fraction
of requestghatsatisfythe maximumresponsgimere-
guirement;

e P[R(i) < d]: theconditionalresponse-timeistribu-
tion (i.e., the probabilitythattheresponse¢ime of are-
questis lowerthanor equalto d, giventhatthe system
isin states at steady-state).

Using the definitions above, the serviceis said to be
availableif thefollowing conditionis satisfied

P[R(i) < d] > ¢ 1)

Let us denoteby K the statesin which the serviceis
available (i.e., equation(l) is satisfiedfor all statesi, i =
0 to K). Thus,the serviceavailability A andthe service
unavailability U A aregivenby:

K K
A=) peUA=1-3 p ey
=0 =0

Theevaluationof theunavailability measurdasednre-
sponsdime is carriedout accordingto the following steps.
First, oneneedsto specifythe servicemodeldescribingin
particularthedistribution of requestrrivalsandprocessing
timesaswell asthe senerscapacity Basedon this specifi-
cation, P[R(i) < d] andp; canbe obtainedfor a givend.
For agiven¢, using P[R(i) < d] > ¢, K is derived,then
the availability is computedby equation(2). It is worth to
mentionthat the two parametersd and ¢ characterizahe
quality of serviceandshouldbe specifieda priori. For ex-
ample,onecanspecify¢ to beequalto ¢ = 0.9 andd = 5

seconds.This meanghatthe serviceresponsegime should
belessthan5 seconddor atleast90%of all requests.

In thefollowing sectionswewill i) build analyticalmod-
elsfor single-serer systemsandfor multi-sener systems,
andii) derive closed-fromequationdor the conditionalre-
sponsdime probabilityandserviceunavailability.

3 Singleserer queueingsystems

In this sectionwe assumehattheseneris modeledasa
singlequeueingsystemwith exponentialarrival andservice
times. Themodelingapproachusingsinglesenergueueing
systemsis carriedout in two steps. First, we model the
availability measurdasedntheresponséime distribution
at steady-statandthensomenumericalsensitvity analysis
resultsarepresented.

3.1 Modeling

3.1.1 Conditional responsdime distrib ution

In this simplestexample, we assumethat thereis only a

single processservingthe incoming requestsat a constant
rate u requests/secThe systemis assumedo bein state:

whentherearei requestsn the system(: — 1 waiting for

servicein the qgueueandonebeingsened). By definition,

if arequestrrivesgiventhattherearealreadyi requestsn

the system,thenthe total time spentin the systemby the

requestdenotedas R (i), is givenby asumof i + 1 random
variables.Sincethe randomvariablesareindependenand
identically distributedwith mean1 /p, it canbe shovn that
R(4) is describedy anErlangdistribution [2] asfollows

PlRG) <d=1-3 D

= 7

Let usconsidettheincompletegammafunction® defined
oo

asT(i + 1,ud) = e~ ttidt.
—pd
Usingthefactthat
22 27 _ T(j+1,z2)
1 oy ERal U ek R
[+z+2f* +jJe TG+ 1)

P[R(i) < d] canbeexpressedsfollows

T+ 1, pd)

(4)

INotethatT'(i + 1) is definedby the following integral T'(i 4 1) =
oo .
e~tt'dt. If i is a positie integer thenT'(i + 1) = 4. It is also

0
importantto notethats is notacomplex number



3.1.2 Sewvice unavailability

Considera systemaccessiblgo a very large population.
The arrival processs characterizedby requestsarriving at
anaveragearrival rateof A requests/secdhisassumptions
known asthesingleclassor homogeneousorkload.

We first assumehatall requestsarriving are queuedor
service. This assumptioris known asinfinite buffer. Then
wewill considetthefinite buffer case All theanalysegpre-
sentedassumehat the systembeinganalyzedis in opera-
tional equilibrium.

3.1.3 Infinite buffer

Requestsarrive at the systemat a rate of A requests/sec,
gueuefor service,getsenedatrate i requests/seandde-
part. Sucha systemis a traditional M/M/1 queuesystem
[2], in whichthe probability (p;) thatthereare: requestst
steady-statés well-known

pi = (1—p)p’ (5)
wherep = % refersto theload.
K
Therefore gquation(2) becomesd = Z(l —p)pt.
i=0
K ) 1— pK+1
Usingthefactthat » ~ p' = ————, we obtain
i=0 1=p
A=1-pKtl o Ud = piH! (6)

3.1.4 Finite buffer

For a systemsupportingat most b requestsncluding the
requesbeingprocessedfinite buffer) denotecoy M/M/1/b
gueuesystemwe have

K+1 K+1

L—p
A= 1— phti

@UAzl—[l_p 7)

1— phtt

whereK < b.

Table 1 summarizeshe equationsfor user perceved
unavailability due to long responsedime in single sener
gueueingsystems.Recallthat the computationof U A re-
quiresto calculate K which correspondgo the maximum
valueof i satisfyingequation(1).

3.2 Sensitivity analysis
In this section,somenumericalresultsare presentedn

orderto illustrate the behaior of U A usingthe equations
derivedin Tablel.

Conditionalresponsg¢ime probability

T(i+ 1, ud)

Unavailability dueto long responsdime for
anM/M/1 queuesystem

UA = pk+l

Unavailability dueto long responsdime for
anM/M/1/b queuesystem

UA=1- [ r]

Table 1. Closed-form equations for single
server queueing systems

3.2.1 Variation of responsdime

An importantconsideratiorior designpurposess to define
whenthe serviceis "too slow”. In fact, one hasto speci-
fy the thresholdd for the acceptableesponsdime. Con-

sideringthe exampleof web seners, practicalexperiences
have suggestethattensecondss well abovethenormalre-

sponsdime for all thesitesstudiedin [5]. Thelatterdivides

timing problemsaffecting sitesavailability into "medium”

(tensecondspand”severe” (thirty secondsproblems.

Figurel shavstheconditionalresponséimedistribution
(P[R(¢) < d]), givenin Tablel, asafunctionof thenumber
of requestsconsideringdifferentvaluesfor ud. In fact,the
evaluationof this distribution allows usto determinethe K
statefor which (P[R(i) < d] > ¢).

As it canbe seen,the responsdime probability is di-
rectly affectedby the productud. It is notewvorthy that ud
correspondso theaveragenumberof requestprocessetyy
thesenerduringaperiodof time d. Anotherobsenationis
that K increasesvith ud. For example,settingthe quality
of serviceparametew to 0.9, K = 7 for ud = 12.5 and
K =63 for ud = 75. In fact,thegreateiis K, thehigheris
the probability thatthe responseime is lower thand. Fig-
ure1 alsoshowvsthatlower valuesfor the quality of service
parametew (e.g.,¢ = 0.8) clearlyleadto greatervalues
for K. In otherwords, thegreateris K, the morerequests
arriving atthesenerarelikely to be satisfiedwithin theac-
ceptableaesponsdime.

Suchanalysesreusefulfor designdecisions sincethe

2It canbe noticedthatfor a given ¢, the longeris the responseime
requirementthegreatetis K.
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Figure 1. P[R(i) < d] for single server sys-
tems

expectedlevel of degradationof responsdime probability
asafunctionof thenumberof requestgjueuedn thesystem
canbeevaluated.

OnceK is evaluated,one can computethe serviceun-
availability using equation(6). Table 2 shovs how U A
variesasud increasesor differentloadsp andfor ¢ = 0.9.
We clearlyobsenethatU A decaySasterasy decreases.

pd | K | p=09 | p=08]|p=07|p=06
125| 7 | 4.3e-01| 1.6e-01| 5.7e-02| 1.6e-02
25 | 18 | 1.3e-01| 1.4e-02| 1.1e-03| 6.0e-05
50 | 40 | 1.3e-02| 1.0e-04| 4.4e-07| 8.0e-10
75 | 63 | 1.2e-03| 6.2e-07| 1.2e-10| 6.3e-15

Table 2. UA as ud increases (¢ = 0.9)

3.2.2 Effectsof K andponUA

U A providesa usefulindicatorto analyzetheimpactof re-
sponsdime on serviceunavailability. By definition,param-
eter K representshe setof statesfor which the response
timeis acceptabléor agivenquality of servicerequirement.
Figure2 shavs U A asa function of K for differentloads
p. The systemis assumedo be composediy one sener
with infinite buffer (M/M/1). Notethatby definition,p = 1
impliesUA =1and lim UA =0.
K—oo

Fromthefigure,we canseethatU A is very sensitve to
theloadp. U A decaysslowly for heary loadsp. In contrast,
for "light” loadsp < 0.6, the unavailability dueto long
responseime is negligible. On the otherhand,the greater
is K, theloweris U A. Suchbehaiour is betterillustrated
onFigure3thatplotsU A asafunctionof theload(p > 0.6)
for differentvaluesof K. In particular for systemsn which
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Figure 2. UA as a function of K (M/M/1 sys-
tem)
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Figure 3. U A as afunction of p (M/M/1 system)

K >> 50, thereis a small probability that the serviceis
percevedasunavailabledueto long responsdime. Thus,
accordingo thefigure,it is likely thatserviceunavailability
dueto long responseime will bevery low.

3.2.3 Finite buffer effectson U A

All theevaluationgresente@longthe previoussectioncan
alsobeappliedto a systemwith afinite buffer (i.e., consid-
eringanM/M/1/b queue).

Figure 4 shavs a comparisorbetweena systemwith a
finite buffer (M/M/1/b) anda systemwith aninfinite buffer
(M/M/1). The resultsfor M/M/1/b (dottedlines) are ob-
tainedusingequation(7). As expectedthe greateris b, the
lower is the differencebetweenthe models. For p = 0.9
M/M/1/40 is very closeto M/M/1. Thedifferences signif-
icantfor M/M/1/20. However, for lowerloads(p = 0.6 and
0.7), the curvesfor M/M/1/20 andM/M/1/40 arethe same
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Figure 4. The effect of finite buffer size b on
UA

asfor M/M/1.

For a given request,the greateris its position in the
buffer, the lower is the probability thatit is served within
the maximumresponsdime requirement.In finite queue-
ing systemstherequestsrriving whenthebuffer capacityb
is full arerejectedandthereforethey arenotconsidereds
leadingto serviceunavailability dueto long responsdime.
This explainsthe factthat U A for M/M/1/b is lower than
U A for M/M/1.

3.2.4 Approximation for UA

Theevaluationof U A requiresthe calculationof parameter
K whichrepresentshe setof statesafterwhich all arriving
requestprobablyperceve the serviceasunavailable. K is
not known a priori. It is computedn anintermediatestep.
We have investigatedh moredirectapproacHor computing
U A basedon anapproximatiorof K, in orderto obtainan
analyticalequationof U A asafunctionof only well known
parameterssuchasservicerate(u) andrequiredmaximum
responséime (d), without needingto computeK in anin-
termediatestepbasedon the conditionalresponséeime dis-
tribution.

By analyzingthe propertiesof the finite seriesf(n) =

n

(pd)’ - L .
Z , we foundthefollowing approximation for K

!
K=~ [ud - a\/;ﬁ-l (8)

whereq is aconstanthatcanbesetto supportagivenqual-
ity of service(e.g.,a = 1.35 for ¢ = 0.9).
Accordingly, U A canbeobtainedasfollows

=0

3In fact, K is obtainedthrougha sub-linearapproximatiorto the in-
flexion point of f(n) aroundgd.

0s ¢ —— equation (6)
o fy equation (9)
0.7 l.
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Figure 5. UA as a function of ud

UA ~ p( (Md*am-l)*'l (9)

Thus,U A canbe evaluateddirectly asa function of u
andd only, for a given ¢. Figure5 shavs a comparison
betweertheunavailability computedy equation(6) (where
K is anintegervalue obtainedfrom equation(4)) andthe
approximationgiven by equation(9) (a« = 1.35). UA is
plotted as a function of ud, where dottedlines represent
the approximation. As it can be seen,the approximation
is very accurate. It differs from the exact value only for
ud < 5. In otherwords,for ary ud > 5 (whichis the case
of mostsenersystemsapableof handlingmuchmorethan
5 requestyer second) thereis no differencebetweenthe
exactandtheapproximated/alueof U A.

Equation(9) andtheresultsof figure5 shaw thatU A ap-
proache$ asud approachemfinity, (i.e., (11im UA=0).
pd—00

It meanghatfor agivend > 0 with asener having infinite
servicerateu = oo, thereis no serviceunavailability due
to longresponsdime. At thesametime, for agivenservice
ratep > 0, thereis no serviceunavailability for a userwith
aninfinite patienced = oc.

4  Multi-server queueingsystems

Let us considera multi-sener queueingsystemconsist-
ing of a queueingouffer of finite or infinite size,with mul-
tiple identical seners. Suchan elementaryqueueingsys-
temis alsoreferredto asa multi-sener system.In section
4.1 we presentlosed-formequationgor the conditionre-
sponsdime distribution andthe serviceunavailability. Sen-
sitivity analysisresultsarepresentedn section4.2.



4.1 Modeling

4.1.1 Conditional responsdime distrib ution

Let ussupposdhatthe multi-sener systemis composeaf
cidenticalseners,whereeachseneris capableof handling
u requests/sed.et R.(i) betherandomvariabledenoting
the responsdime in steady-statef an arriving requestat
a systemwith ¢ senersandi requestslIf arequestarrives
whentherearealready: requestsn the system two differ-
entcasescanbe distinguishedo modelthe corresponding
conditionalresponsgime distribution:

e If i < ¢, thenew arrival is processedmmediatelyby
oneof thefreeseners. Thus, R.(i) is anexponential
randomvariablewith parametey..

e If 4 > ¢, thenew arrival mustwait for 1 — ¢ + 1 ser
vice completiondeforereceving service(lf ¢ = ¢, the
new requestmustwait for one servicecompletion. If
1 = ¢ + 1, two servicecompletionsarerequired.etc.).
In thiscase R.(4) is thesumof anErlangrandomvari-
able X correspondingo the requestwaiting time and
anexponentiarandomvariableY denotingtheservice
time. Therefore by convolution

P[R.(i) = X+Y <d] = /dF(d—y)g(y)dy, where
i—c 0

J
Flzi—c+1)=1->_ ('u;gf) e™#°% and

J=0
9(y) = pe .

After asetof transformationgsee[4] for all details), we
obtainequation(10)

1—e Jfi<e
1— (Ll)i_c"'le_“d
o—
P[RC(Z) S d] = [1 _ I(G—ct+1,(c=1)ud ]
. T(i—c+1)
— L lad) Jifi > c
(10)

4.1.2 Sewice unavailability

Letustakethesamesystenconsistingof cidenticalseners,

where eachsener is capableof handling x requests/sec.

We needto computethe probability that the systemwith

¢ senershasi requestsat steady-statelenotedp;(c). As-

sumingthatthe sequencef interarrival timesis described
by independenandidenticalexponentialrandomvariables
of rate A (atraditionalM/M/c in which p;(c) is well-known

[2] with p = Ci), we obtainfor serviceunavailability the

following closed-formequation(see[4] for all details)

Lopo S K<
UA={ 1-pollecde” (12)

J(e)” A=pet) ;““ Jif K> ¢

To summarizefori = 0,1, 2, ... requestsP[R.(i) < d]
canbe computedusingequation(10). Basedon this distri-
bution, K is obtainedasthe maximumvalueof ¢ satisfying
P[R.(1) < d] > ¢. Then,we canproceedo calculatelU A
for multi-senersin aninfinite andfinite queueingsystems
usingequation(11).

4.2  Sensitivity analysis

In this section, we study the effect of the number of
senerson U A usingthe modelingapproachdevelopedin
the previous section. The analysisis dividedin two parts.
First, in 4.2.1the responsdime distribution is studiedin
orderto quantify how the responsdime is affectedby the
numberof seners.A simpleexampleof systems presented
illustrating somepossibleconfigurations.Then, we evalu-
ate U A itself taking into accountthe responsdime varia-
tion, the load effectsin 4.2.2andthe numberof senersin
4.2.3.

4.2.1 Variation of responsdime distrib ution

Figure 6 shawvs the responseime distribution (P[R.(i) <

d]) asa function of the numberof requestscomputedby

equation(10). This functionis evaluatedvaryingthe num-
berof senersc andthe productud. As it canbeseenasc

or ud increaseghe responseime probability is improved.
Thisis illustratedby theincreaseof K. Clearly, thegreater
is K, theloweris UA. Theeffectof K on U A for multi-

senersis similar to the caseof single-serer (discussedn

section3.2.2).

Theseresultscan be usedfor supportingdesigndeci-
sions. For instancejet us defineby uc the aggreatedser
vicerateprovidedby ¢ seners.We considera setof system
configurationglesignedo supporthesameaggreyatedser
vice rateof uc = 150 requests/secTable 3 identifiesfour
possiblesystemconfigurationsusingonly multi-seners, i)
to iv), andoneconfigurationy), with a singlesener.

Thevaluesof K areK = [116,126,130,131,133] cor
respondingo configurationd), ii), iii), iv) andv) respec-
tively. This resultshaws that a configurationwith only 1
sener providesthe greatestK'. Clearly, the responsdime
is longerwhenthe aggreyatedservicerate is split among
theseners. This factexplainswhy K decreasefor config-
urationsthatemploy varioussenerswith low servicerates
(e.9., K = 116 for ¢ = 12 andpu = 12.5, comparedo
K =131forc=2andy = 75).
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Figure 6. P[R.(i) < d] variation for multi-ser ver queuing systems

Configuration| ¢ I3
i) 12 | 125
ii) 6 | 25
iii) 3| 50
iv) 2 | 75
V) 1 | 150

Table 3. Configurations for uc = 150 reg/sec.

4.2.2 Load effectsonU A

Table4 shavs theimpactof ¢ andud on U A for different
loadsp (settingd to 1 to simplify the analysis)assuming
the sameaggreyatedservicerateof uc = 150 requests/sec.
The serviceunavailability is given in days:hours:minutes
peryearfor variousloadsp = [0.8,0.9,0.95]. U A is com-
putedusingequation(11) basednthevalueof K obtained
from equation(10). Note thatfor p < 0.8, thereis a very
smallunavailability dueto long responsdime.

Accordingto Table4, it canbe seenthatthe lowestU A
is obtainedfor a single powerful sener (configurationv).
Neverthelessfor all configurations[/ A is lessthan5 min
and30secperyearfor p < 0.9, whichisrelatively low. U A
is significantlymuchhigherfor p = 0.95.

450

UA in days:hours:minutegeryear
Configuration || p=08 | p=10.9 p=0.95
)] 0 00:00:05| 00:32:28
ii) 0 00:00:01| 00:15:17
iii) 0 0 00:11:07
iv) 0 0 00:10:16
V) 0 0 00:09:04

Table 4. Impact of p on UA (uc = 150).

4.2.3 Impact of the number of serverscon U A

Table 5 shaows the impactof ¢ for threevaluesof service
ratesuy = [25, 50, 75], whentheloadis setto p = 0.9. It is
importantto notethatincreasing is efficient for reducing
U A especiallywhenthe load is not heary p < 0.9. For
instancejf u = 25 andp = 0.9, thenU A is 49 daysper
yearfor ¢ = 1 comparedo (UA =~ 16 minutesperyear)
for ¢ = 3. It becomesnoreefficient asy increasege.g.,
for u = 50, UA = 4 daysperyearfor ¢ = 1 comparedo
U A =~ 1 minuteperyearfor ¢ = 2).



c| p=25 w=>50 w="15
1| 49:07:22| 04:20:29| 00:10:16
2 | 06:07:24| 00:01:09 0

3| 00:15:51 0 0

4 | 00:01:38 0 0

5| 00:00:07 0 0

Table 5. UA in days:hour s:min utes per year
for p =0.9.

5 Conclusion

In this papemwe have providedananalyticmodelingap-
proachfor computingserviceunavailability dueto long re-
sponsdimesusingqueueingsystemsheory Closed-form
equationf the responsdime distribution andthe service
unavailability were developedin orderto illustrate funda-
mentalavailability issuesfor single and multi-sener sys-
tems.

The modelspresentedn this paperare aimedto allow
the systemdevelopersto draw someinterestingand practi-
cal conclusionsconcerningthe impact of variousparame-
terson the userperceved unavailability. For example,the
resultshave shawvn thatfor "light” loads(i.e., p < 0.7), the
unavailability dueto long respons¢imeis negligible. From
the designerperspectie, the evaluationssuggesthat sys-
temswith low serviceratesubjectto aheary loadp > 0.9
tend to exhibit the highestunavailability due to long re-
sponsdime. The effect of heary loadson U A is lesssub-
stantialas the aggreyateservicerate increases.Also, the
obtainedresultshave suggestedhat the differenceon U A
amongthe configurationdecomesiggligible astheaggre-
gateservicerateincreases Finally, increasingthe number
of seners(c) hasbeenefficientfor reducingU A especially
for low loadsp < 0.9.

It hasbeenshawn thatit is possibleto provide a service
satisfyinga responsdime requirementusing only seners
with low servicerate,althoughthis is not the optimal con-
figuration. In fact,we shouldemploy eithera powerful sin-
gle seneror varioussenerspreventingasmuchaspossible
the overloadedperiods(p > 0.9). For multi-senerssys-
tems,theresponsdime is longerasthe aggreyatedservice
rate is sharedamongthe seners. This fact explains why
configurationghatemploy varioussenerswith low service
ratesarenot the optimal configuration.

All the analyzegresentedhave focusedon the unavail-
ability due to long responsetime, assumingthat all the
senersareavailable. We emphasizéhefactthatif we take
into accounthe failuresof oneor moreseners,theimpact
of long responsdime on serviceunavailability shouldbe
more significant. Although the optimal configurationcon-

sistsof a powerful singlesener, it represents singlepoint
of failureundertheavailability viewpoint. Therefore anal-
ternative configurationemploying morethana singlesener
shouldprovide a bettertradeof supportingdegradableser
vice underthepresencef failures.

Finally, it is recognizedhatthe serviceunavailability in
the context of widely distributed sener systemsmight be
dueto problemswith the host(e.g.,the remotehostis too
busy handlingotherrequests)problemswith the underly-
ing network (e.g.,a properrouteto the site doesnot exist)
or problemdn theuserhost.In this paperour attentionwas
devotedto the serviceunavailability dueto long response
time concentrate@tthe senerside.In orderto analyzethe
impactof the responsdime on the end-to-endserviceun-
availability aspercevedby usersit is necessaryo include
othercomponentsiffectingthetime spentby auserrequest,
e.g.thenetwork delay(lateng/ andtransmissioriime), etc.
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