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ABSTRACT

In this paper, fuzzy weighted approach is used to solve the
multi-criteria  decison making problem in a Web server
system. The assessments of Web server by Web
adminigrators are assgned wsing linguigic terms. The
overall assessments of alternatives, with respect to every
criteria, are alowed by different weights usng a
symmetrical  triangular  fuzzy number  with fixed interval
confidence. Web administrators  incondstent  optimistic
levels can be fledbly assgned by different desred index of
optimism

Keywords Fuzzy  number,  Multi-criteria  decision
making, Confidence interval

1.0 INTRODUCTION

Web  server  capacity  upgrading/planning  frequently

involves many complex components such as link capacity,
redundancy of information resources, advanced load
baancing approaches, etc.  Web sarver administrator  will
be facing difficulties in making ther decisons based on
imprecise factors, for instance, fluctuating behaviour of

Web traffic, evolutionary network technologies, financid
limitation, €tc.
In order to hande humans subjective thoughts and

judgements under complex circumgances, extensve gudies
have been done to overcome the problem where the
traditiond Saaty’'s andytic hieracchy process (AHP) [1] is
facing a vary unbdanced scde of estimation. Yiping Fan &
a. [2] usad the fuzzy relation in the AHP for solving the
multiple vague criteria decisonmeking by edablishing the
fuzzy relation between the vegue criteia and some
measurade items.  ChungHsing e d. [3] proposed an
agorithm for solving generd fuzzy multi-criteria decison
meking problem involving fuzzy data expressed by means
of linguigic terms. To hande human's subjective
judgements, Don-Lin Mon [4] has proposed a fuzzy AHP
based on entropy weight to evduate a wegpon systems
which involves multiple criteria. However, most of the
mentioned methods involve complicated matrix  vector
calculdions. Hence, an efficient multicriteria  decison
method isvita to accelerae the process.
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In the following literature survey, Web server performance
improvement gpproaches can generdly be caegorised as
caching approach [5-7], establishing redundancy of Web
sarvers [810], and inteligent Web traffic handling methods
[11-18].

In this paper, Web server administrators will judge the
dternatives, such as caching feature, inteligent workload
handling methods as wel as redundant servers to evauate,
and sdect the dternatives priority for upgrading their
sysem. Generdly, the subjective judgements given by the
administrators are vague and imprecise due to the
inconsistent adminigtrators experiences, lack of
experimental data and miscellaneous system  conditions.
The implementation of fuzzy set theory to handle the muilti-
criteion problem is suitable to capture the subjectiveness
and vagueness decisions. Fuzzy linguigic term with
symmetricd  triangular  fuzzy number will be utilised to
indicate the influence srength of the judgements in the
hierarchy dements.  Linguigtic term approach is convenient
for  decisonmakers to express their  assessment.
Furthermore, each of the criteria is assigned with different
weights to exhibit the influence strength to the respective
dtenative.  This is done to ensure the flexibility of
judgements.

The approaches of interva arithmetic, confidence leve
fuzzy sets (a- cut) and the index of the decision-maker
optimism leve (1), are employed to determine the desred
dternative.  a-evd fuzzy sats are utilised to avoid the
complexity and cortroversd fuzzy ranking to ensure the
predefined  fuzzy number can  confidently  rank[19].
Different optimism index () will be used depending on the
decisonmeker's  optimism  leve. To examine the
consistency of the fuzzy ranking, preceding of a is chosen
to exhibit the reiability of the precedence dternative.

2.0 HIERARCHY STRUCTURE MODEL

Based on Andytic Hierarchy Process [1], a structure mode
is developed. A hierarchy dructure is established with
three dternatives (A, A, A) and three criteria (C,, G, .G)
to sdect the greastes finite dternatives in favour of
improving the Web server peformence.  The hierarcchy
structureisdescribedin Fig. 1.
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Fig. 1. Hierarchy structure model

30 SUBJECTIVE JUDGEMENT EVALUATION -
LINGUISTICTERM APPROACH
31  Fuzzy Number

Fuzzy number with symmetricd triangular membership
function is utilised to evaluate the influence strength of the
dternatives in the hierarchy structure. A triangular
membership function is confined by three parameters {x v,
7 asfollows:

Triangle(a: x,y,z

A levd threshold (O<a<l) of the fuzzy set is defined to
show the decison-makers confidence to their judgements
The definition of the symmetricd triangular fuzzy number
with theinterval confidence at levd a can be determine as:

Ma = [Xiv za]

=[(yxa+x(y2a+z] X
1[0,1]

Table 1: Triangular Fuzzy Number

Triangular Parameters |Triangular Fuzzy number with
alevel

X y z (y-x) a+x (y2) a+z

1 1 3 1 -2a+3

1 3 5 2a+1 -2a+5

3 5 7 2a+3 -2a+7

5 7 9 2a+5 -2a+9

7 9 11 2at7 -2a+ 11

9 11 11 2a+9 11

For postive fuzzy numbers with the interval of confidence

a leve a, M gand Nythe basic operations[19] are:

49

Ma=[ma, ma], Nu=[ma,n"a] " gl [0,1]

and" m,, n,, ma, LT A

MaA N, =[ni, + n_avm+a+n+a]
M, qNa =[ i, -y, Ma-N, |
Ma AN, =[my ~ g, m', " n', ]
Ma ZEN; =[ma/ng,ma/n,]
32  Linguigtic Judgement Determination

The dternative(A\) respect to the Cy(Criteria A) linguistic
term setisassigned as.

{ BExtremdy  BExpensve(EEX), BExpensve(Ex), Above
Average(AA), Average(A), Economic(Ec), Very
Economic(VEC)}

Smilaly, the dternative(Ay) respect to the CyCriteria B)
and C, (Criteria C) linguitic term set are defined as:

{ Vay Poor(VP), Poor(P), Average(d), Above
Average(AA), Good(G), Extremely Good(EG) }

For the weighting scores, the evauaion of the strength
influence is represented by the linguistic term s¢ as below:

{ Very Weak(WW), Weak(W), Average(h), Above Average
(AF), Srong(S), Extremely Srong(ES) }

The predefined linguistic term ssts and their  respected
fuzzy numbers are illustrated as follows:

EEx Ex AA A E VEc

g

g

1 2 3 4 5 6 7 8 9 10 1l'Nun‘ber

VP P

degree

»

>
11 Number

1 2 3 4 5 6 7 8 9 10

Fig. 3: Linguigic Terms G,and C, in Fuzzy Judgement
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vw

degree

10 11 Number

Fg. 4: Lingui stic Terms Evauation Weighted Strength

40 ALGORITHM AND METHODOLOGY

Fuzzy logic concepts are used to solve the multi-criteria
decison making problem. The linguigtic influence srength
is asdgned according to (3.2). The greater the vadue of
decison-makers  assessments, the more relevant and  suit-
able the dternative to its respected criteria items. The
procedures of this methodology is shown asfollows:

Sepl
Compare among the dternatives influence drength with
repect to its criteria items using fuzzy linguigtic

performance scores (32). Example the fuzzy linguistic
scores based on the triangle fuzzy numbers are: {Extremdy
Expensve(EEX), Expensive(EX), Above Average(AA),
Average(A), Economic(Ec), Very Economic(VEC)} .

Sep?2

Table 2: Linguidtic fuzzy scores for aternatives with
respect to the criteriaitems

Criteriaa | Weights | Al A2 A3

0] LW, FLa Flg, Flas
(i) LW, Fler | Fle | Fles
(iif) LW, Fley [ Fle | Fle

In Table 2, the weights of criteria items and the fuzzy
scores of the dternaives are assgned as LW;, Fly, Flo,
Flgs....[20]. Based on the associated fuzzy number,
convert the linguistic term to fuzzy number.

Sep 3

The find fuzzy scores of Alternative 1 is represented by
FHAY. The F(A1) evauation involves fuzzy number
multiplication and addition usng interval arithmetic and p-
cuts based on Table 1. Let the p-cuts of F(A;), F(Ay) and
FA) represented as [AL,®, AW, [A2®), A2M] and
[A3,%), A3 respectivdly, where pi[0,1]. The F(A)
can be evaluated as follows:

FA )= LWIAFLaA LWoAFLpA LWAFLe
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Smilarly F(A2) and F(As) are defined as below:
F(A2)=LWIA FLA LWoA FLyoA LWBAFL o
F(A3)= LWIAFLaA LWoAFLssA LW3AFLcs

where F(A1), F(A2) and F(As) ae symmetricd triangular
fuzzy number.

Sep 4

To involve the index of decisonmakers optimism level(l
where 11 [0,1]) with fixed p, let us denote DM p' (A1), DM
. (A2) and DM ,'(A3) as the scores with fixed p and fixed
I:

DM ' (AD=1 AL™ + (1-1) AL™
DM ' (A2=1 A2™ + (1-1) A2
DM ' (A3)=1 A3™ + (1-1) AZ™)

Sep 5

Normalise the DM /' vdue to evduate the highest degree
of auitability among the sdection with respect to Al, A2
and A3 for fixed p and fixed |. The normaised vaues are
denoted asNo,' (A1), Na,'(A2) and No,' (A3). Let

AL DM. (A)

Nai (A) DM;(Ai)"'DMaI\(AZ)-FDM;(AB)
| _ DMi(A)

NQa(AX) DM;;(A{)"'DMEI‘('%)-FDM;(AS)
AL DM (A;)

No; (A) DM (A,)+DM. (A )+ DM, (A)

where 11[01], pl[01], N,'(A1) T[01], N,'(A2) T1[01]
and N,'(A3) T[0,1].

50 NUMERICAL EVALUATION

Condder a public accesshle Web sarver on the Internet.
The Web server system consgts of two redundant servers to
handle the large population of unknown users accesses.
The Web server is connected to a switch and a router that is
connected to the ISP then to the Internet.  The backbone is
connected to the Internet through a T1 link. Due to high
user demands, the Web dte exhibits extremdy dow
response and traffic congestion.  In order to overcome Web
traffic congestion, Web saver administraiors have to
monitor the performance of the Web server and discover
sevead factors that enormoudy influence the Web server
overdl performance.



Web Server Future Planning Decision Analysis — Fuzzy Linguistic Weighted Approach

2 = =2

Fig. 5: Web server system and Internet connectivity

Assume that the three dternatives upgrade festures are
caching(A;), inteligent load bdancing approaches(d;) and
redundant server(As). However, the priority of the selection
within  the three dternatives is governed by the
economy(C,)) and bursty traffic adaptation(G,) and their
gpecid advancement(CG.). To solve the multiple criteria
decison making problem, fuzzy approach is utilised to
capture the vagueness of the descriptions and judgements
among the Web saver adminigtraors. The subjective
evauations of the dternatives is based on the follow

F(A)= LW,AFLLA LWLAFL, A LWSAFL
=1A7A7TA3A3A3A5A9A3A5ATA0A
1A 9 A 3A5A 341
=140.33

F(A,) = 15818 F(Ay=13838

Thenormalised valuefor Nq,'(Al), NouI (A2)and
No,' (A3) are obtained asfollows:

No,' (A1) =0.321,
No,' (A2) =0.362,
No,' (A3)=0.317

The priority of the upgrading dternatives are in the order of
intdligent load baancing gpproaches (A,), cachinglA) and
redundant server(A). Regardless of the variety of a values,
the results are consstent with the priority of A, A ad
following by A, The consistency of the result assures the
acceptability and correctness of the sdected dternative. To
eamine the conssency and rdiability of the fuzzy
ranking, preceding vadue of a is chosen with three different
level of optimism such as | =005 | =05and | =095
depending on the optimism level of the Web administrator.
The results are illugtrated in Fig. 6, 7 and 8, where different
levdls of Web administrators optimisn have no influence
in the consistency of the aternatives priority.

descriptions: arm .
] lqu--""‘ Sl
Table3: Fuzzy linguistic scores of three alternative we T
] R
™ ek R —T
Criteria Weight | A1 | A2 | A3 z m
a L.
Criteria A(Economy) oo =
a  Softwarecost W A AA A E
b. Hardware cost S Ex | AA | VEx 5w
c.  Support cost A Ex AA Ex
Criteria B (Bursty traffic s
adaptation) AA G G AA TR ORE A My m f o - nk Mg g ek - -4 mE Em ER b
a  Latency decrease A A G A an At
b. Errorrateda:rea% S G AA G [ R N TR R TI T R TR RN TR T R TENT RTA T RNTRNT AT |
c. Bandwidth utilisation
Criteria C (Advancement)
a  Security feature W G A P ! . | |
b. Redundancy (b&:kl.p) \i A A G Flg 6: Norlmdlsed vaue of NOu (Al), NOH (Az) and
c.  Scaability A P AA | AA No,, (Ag) for optimistic decision-meker

Initidly, assume the value of p is equivaent to 0.05 and the

decisonmeker with the index of optimism,| =0.05. Based
on Table 4 and the equation (4-8), the final fuzzy scores can
be obtained asfollows:
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mormalized ralue
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Fig. 7: Normalised value of No,' (A1), Na,' (A2) and
Noy' (As) for moderate decision-maker
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Fig. 8 Normalised vaue of No,,' (A), No,' (A;) and
Nop'(A3) for pessmigtic decison-meker

5.1  Comparison With AHP Method

The Saay's AHP approach is based on the pairwise
comparison among the dternatives with its associated
criteria The prioritisstion of the dternatives can be
obtaned by determining the eigenvector of the parwise
matrix that is developed by the dternatives. The previous
numericd example is evauaed by this nonfuzzy method.
The interva vaue is represented by the mean and the
ranking of the dlternativesis obtained asfollows:
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The pairwise comparison assessments matrices (Table 3):

1 12 1 12
CriteriacA =| 2 1 4 Criteria-B =| 2 1
12 14 12 14
@
1 12 1 1 VU4 4
CriteriaC= 2 1 CriteriaComparison 4 1
2 1 1] 14 1/8

The row sum is cdculaled and normdises each of the
pairwise matrices. Bdow is the egenvector for each
dternatives with respect to each criteria and the weighted

egenvector (multiply the normaised matrix with the
elgenvector of the criteria):

0.286 0.286 0.2 0.221] 0.2802
Moverat § 0571 0571 0400 | *| 0711| = | 05594

0.143 0143 0. 0.068 0.1

The resaults concluded that the ranking of the dternatives
ae A, A; and Az.  The unbdanced of the AHP scoring
shows the haf of the nondiagond eements (a) with the
range of 1 to 8, while others with the range of 1/8 to 1/2.
The gagp of the integer vaue is between 8 and 3/8
respectively.  This will cause a very uneven outcome if
irrdevant judgement has been assessed.  Furthermore, this
method is not capable to capture the vagueness of the
mapping of on€s scoring to a red vaue ingead of fuzzy

scoring. Findly, the different optimistic levels of DMs
canot be flexible moddled according to  different
behaviours of theDMs.
6.0 CONCLUSON

In this paper, fuzzy linguigtic term of Web administrators
assessments are used to  capture the fuzziness and
subjectiveness  of  prioritisng the upgrading dternatives
sHection in a multi-criteria decison meking problem in a
Web saver system. The traditional methods such as AHP
or synthetic evaluation method are not able to capture the
fuzziness of the decisonmakers assessments.  Further, the
proposed method with the predefined fuzzy number and
cetan confidence of leve (a-cut-method) is capable of
avoiding the conflict and unrdiability of fuzzy ranking
problem. The fuzzy approach has demonstrated the
conggency of confidence in decisonmeking dnce the
different levels of optimism and a-levds have no influence
to the evauation outcome. The upgrading dternatives as
well as its associate criteria may involve more candidates
under different circumstances and specific conditions. The
proposed method ams to provide dternatives for Web
administrators when sdecting proper optimal  solution to
prioritise the exiting multi-criteria  decison  making
problem.
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