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1. Introduction

TOPSIS (technique for order preference by similarity to ideal solution), initially developed by Hwang
and Yoon (1981), is an important classical multiple criteria decision making method (MCDM). It con-
sists to calculate a closeness coefficient that can be used for ranking the set of alternatives with respect
to the set of criteria. In the classical TOPSIS method, the performance rating and the weights of criteria
are given by crisp values. However, with the complexity of the environment and under many condi-
tions, crisp values cannot model adequately some real world situations because human judgment and
preference are often ambiguous and cannot be estimated exactly (Kuo et al., 2007). Fuzzy set theory
(Zadeh, 1965) emerged as an alternative way to treat information from human judgment and preference,
it has been successfully applied to handle the imprecision in the TOPSIS method. The obtained tech-
nique, called fuzzy TOPSIS, has been investigated in many works (Chen, 2000; Chen et al., 2006; Chen
& Hwang, 1992; Chen & Tzeng, 2004; Jahanshahloo et al., 2006; Liang, 1999; Wang & Elhag, 2006;
Wang & Lee, 2007; Wang et al., 2007; Yeh et al., 2000; Yeh & Deng, 2004). A review on fuzzy TOP-
SIS methods can be found in Kuo et al. (2007).
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Atanassov (1986) generalized the idea of fuzzy set to intuitionistic fuzzy set (IFS) which takes into
account the hesitation of decision makers. IFS treats vague information by considering membership
function and non-membership function and this can minimize the imprecision degree in complex sys-
tems. Intuitionistic fuzzy TOPSIS has been applied in some studies (Boran et al., 2009; Xu, 2007; Tan
& Chen, 2010; Wei et al,, 2013; Aloini et al., 2014; Zhang & Yu, 2012; Joshi & Kumar, 2014).

In this paper, we develop a fuzzy TOPSIS method based on intuitionistic fuzzy values (IFV-TOPSIS)
to solve MCDM problems in which the performance rating values and the weights of criteria are given
by linguistic terms. Arithmetic operations between intuitionistic fuzzy values are used for normalizing
imprecise ratings and weights of criteria. In order to demonstrate the effectiveness of the suggested
method, we propose a case study aiming to evaluate and compare the service quality of major five
airports in North Africa.

The rest of the paper is organized as follows. Section 2 introduces the TOPSIS method. Section 3
illustrates intuitionistic fuzzy set (IFS). Section 4 describes developed TOPSIS method to solve MCDM
problems when ratings and weights of criteria are considered as intuitionistic fuzzy values. Section 5
proposes a case study aiming to evaluate the service quality of five airports in North Africa. The paper
is concluded in Section 6.

2. TOPSIS method

TOPSIS method consists to calculate a closeness coefficient for each alternative based on distances
between the target alternative and the positive and the negative-ideal solutions. The best alternative has
the shortest distance from the positive-ideal solution (PIS) and the farthest from the negative-ideal
solution (NIS).

Let a multi criteria decision making process with n alternatives 4,,4,,...,4, and m criteriaC,,C,,...,C

Each alternative is evaluated with respect to the m criteria. All the values/ratings are assigned to alter-
natives with respect to decision matrix denoted by X (x,.j) . Let W =(w,,w,,...,w, ) be the weight vec-

nxm

tor criteria, satisfying Zilwi =1. The TOPSIS method can be summarized on the following steps:
i. First, normalize the decision matrix using the following transformation for each 7,
_ N . (1)

Then, multiply the columns of the normalized decision matrix by the associated weights. The
weighted and normalized decision matrix is obtained as:

i=l..,nj=1..,m (2)

v, =W, X1y,
where w, represents the weight of the jth criterion.

ii. Determine a positive- ideal and a negative -ideal solution: the positive- ideal and the negative- ideal
alternatives are determined, respectively, as follows:

A" =(vl+,v;,....,v; )={(mj’;1xvy.;jeQb),(nljjnvy;jeQL,)} (3)
A =(v1_,v2",....,v,; )={(mjinvij;j eQb),(m}';lxv[j;j eQC)} “)

where Q, is the set of benefit criteria and Q_ is the set of cost criteria.
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iii. Calculate the distance of each alternative from positive- ideal and negative-ideal alternatives: the
Euclidean distances for each alternative are, respectively, given by:

" ()
Sh= Z(vl/ -y )2, i=1,...,n
j=1
” (6)
ST = (vl.j—v;)z, i=1...,n
Jj=1
1v. Calculate a closeness coefficient for each alternative as
- 7
RC,=—2_ i=1...n; 0<RC <1 ™
S[ +S[

v. Rank the alternatives according to the closeness coefficients.
3. Intuitionistic fuzzy sets

In this section, we review the basic concepts relates to intuitionistic fuzzy sets.

Definition 3.1 Atanassov (1986). An intuitionistic fuzzy set 4 in X ={x}is given by:
Xz{(x,,uA(x),vA(x));xeX} 3

where, ,(x): X —>[0,1], v,(x): X >[0,1] and 0<p,(x)+v,(x)<1 VxeX. u,(x) and v,(x) are
respectively the degree of membership and non-membership function of x to 4.

If we use a membership function ¢, and a non-membership function f,to denote the lower bounds on
u,, then, the degree of membership of x in the intuitionistic fuzzy set 4 is bounded to a subinterval

[z L(x), 11, (x)} The interval [t L(x), 11, (x)] is considered as intuitionistic fuzzy value and Eq. (1)
can be replaced with

A={0x[1,(x),1= £,(0) Jixe X} o
3.1. Basic relation and operation on intuitionistic fuzzy sets

Let A4=[t,,1-f,] and 4=[t,,1- f,]be two IFV. The basic operations between as intuitionistic fuzzy
values can be summarized as follow:

A®B=[1,+1,, (1= f,)+ (1~ 1,)]
A=B=[t,~1,,(1- )~ (1= f;)]
A®B=[1,,,(1-£,)(1- £;)]

A@Bz[tA +tB,(1—fA)+(1_fB)]

Definition 3.2. Szmidt and Kacprzyk (2000). Let Az{(tA(x),l—fA(x));xeX}and

B ={(tB(x),1—fB (x));xeX} be two IFS in X ={x,x,,...x,}. The normalized Euclidean distance be-
tween 4 and B is given by
1

1(48)= =30 ) -1 )+ )- £

i=1

(10)
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4. The proposed interval-valued fuzzy TOPSIS

Suppose a decision process composed by k decision-makers which are responsible for selecting n
alternatives (a,,a,,...,a,) under m criteria (C,,C,,...,C, ). Criteria can be classified into benefit criteria

(B) and cost criteria (C). Further assume that the performance ratings and the weights of the criteria

are evaluated in linguistic terms represented by intuitionistic fuzzy values. The suggested [FV-TOPSIS
method is described as follow:

Aggregate the performance ratings and perform normalization

Let x,, = (txm_ ,1 _fx,,s ) » % 20, i=L.,n, j=1..,m, s=1...k, be the performance rating assigned to
alternative 4, by decision maker D, for criterion C;. The aggregated performance rating,

X, =(tx A= f. ) of alternative 4, under criterion C, can be evaluated as:

xy.z(%c)®(xyl+xy.2+...+xyk) (11)
The aggregated, i.e. x; = (t,.j,l -1 ) , can be normalized as follow:
e (=1 ’ (12)

r, ,
ij t +
v (1-1,)

t; :m?xti/.and (1—fxu )+ :m;_ax(l—fxu)for JEB;

S 0en)

t; =ml_intl.jand (l—fxq )7 =ml_in<1—fxlj>f0r jeC,

i (1-1,) (13)

l

Aggregate the importance weights and perform normalization

Let w), :(twn ,l—fwh) , X, 20, j=1,..,m, s=1,....k be the importance weight given by decision

W

maker D, to criterion C;. The aggregated importance weight, w, :<tw J= 1 ) of criterion C; can
be calculated as:

1 14
w.=;®(wﬂ®wj2®....®wjk) (14

J
The aggregated weights can be normalized as follows,
i Z‘w 1 “Jw
e (15)
zj:l W ijl L, m- zjzl Js,

where w' ; denotes the normalized w;

Construct the normalized decision matrix

The weighted normalized fuzzy decision matrix is given by V, = |:Vi/:' where v, =r, ®w/,. The mul-

tiply operator can be applied as:
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_ _ (16)
K {t(«,xw;)’(l‘f )((,,/XW;))}—[% <t (1=, )51 1) |

Determinate ideal and ideal negative solutions

Positive-Ideal and negative- ideal solutions can be defined as:

A" :(1, 1), je,

A4 =(0,0), jeQ

According to definition (2.2), the distance between each alternative and 4™ (and 4~ ) can be obtained
as:

d;:\/ﬁi[(%_1)2+(fv”)2} i =1yt (17)

J=1

d,-=\/ﬁi[(rvy ) (s —1)2}, i=1,.n (18)

J=1

where d,” denotes the distance between each alternative and 4" and d; denotes the distance between
each alternative and 4.

Calculate the closeness coefficient

The closeness coefficient of each alternative can be obtained as:

d;

co_d (19)
d' +d;

i=1,..,n

According to the closeness coefficient, we can determine the ranking order of all alternatives and select
the best one from them.

5. A case study of North Africa airports

The quality of service is a basic performance indicator for the operation of an airport. High service
quality may have a significant impact in promoting future tourism and business activities. Thus, the
evaluation of the quality of services has become an important issue for airport management. As we
know, tourism is an economic factor of the North African countries. Thus, governments of these coun-
tries have recently become interested in evaluating the service quality of their airports in order to con-
front the intense competition that characterizes this sector.

In this paper, the proposed IFV- TOPSIS method is applied to evaluate the service quality of five
major airports in north Africa; Houari Boumedienne Airport (A1), Cairo International Airport (A>),
Carthage International Airport (A3) Mohammed V International Airport (As) , and Tripoli International
Airport (As), . 7 benefic criteria (B) and 3 cost criteria (C) have been used in the study; Safety record
(B), security (B), Seating comfort (B) , Courtesy of employees (B), Neat appearance of employees (B),
Availability of non-stop flight (B), Promptness and accuracy of baggage delivery (B), pollution (C),
ticket price (C) and redtardness (C).

To conduct the study, 200 questionnaires are sent out to licensed tour guides in 15 general travel agen-
cies in Tunisia. The reason of the choice of these respondents was that we wished respondents had the
experience of traveling with all airlines to be evaluated. The licensed tour guides were the most natural
choices due to their frequent travels. Each decision maker has presented his assessment based on lin-
guistic variable for rating performance and importance of each criterion by a linguistic variable. For
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each linguistic variable, we assigned an intuitionistic fuzzy value. These values are registered in Table

1 and Table 2.

Table 1
Definitions of linguistic variables for the ratings
Very poor (0.1; 0.8)
poor (0,2;0.67)
Fair (0.3; 0.66)
good (0.4; 0.60)
Very good (0.5; 0.44)
Table 2
Definitions of linguistic variables for the importance of each criterion
Very low (0.11; 0.78)
low (0,18; 0.66)
Fair (0.22; 0.56)
high (0.4; 0.49)
Very high (0.5; 0.34)

After obtaining the passengers’ perception, we used first equations (11) and (14) to calculate the rating
of alternatives with respect to each criterion and the importance of the criteria. The intuitionistic fuzzy
valued decision matrix is given by Table 3.

Table 3
The intuitionistic fuzzy valued decision matrix and weights
A As Aj Ay As weights

C (0.18;027)  (0.20;0.63)  (0.33;0.22)  (0.34;0.23)  (0.13;0.78)  (0.33;0.29)
C, (025;0.16)  (0.31;0.58)  (0.42;0.34)  (0.39;0.35)  (0.20;0.59)  (0.50; 0.34)
C (0.31;0.14)  (0.42;0.33)  (0.46;0.28)  (0.46;0.29)  (0.21;0.57)  (0.33;0.23)
Cs (0.13;0.78)  (0.17;0.61)  (0.21;0.53)  (0.20;0.54)  (0.10;0.79)  (0.66;0.19)
Cs (023;0.74)  (0.24;0.70)  (0.27;0.44)  (0.31;0.40)  (0.19;0.80)  (0.31;0.44)
Ce (022;0.76)  (0.31;0.54)  (0.38;047)  (0.37;047)  (0.18;0.77)  (0.40;0.61)
C; (0.33;0.24)  (0.33;0.28)  (0.34;0.30)  (0.33;0.31)  (0.22;0.38)  (0.52;0.19)
Cs (0.21; 0.6) (031;0.68)  (0.22;0.58)  (0.21;0.59)  (0.64;0.13)  (0.28; 0.54)
Co (0.51;0.2) (0.42;0.44)  (0.36;0.38)  (0.37;0.39) (0.57;0.2) (0.17; 0.69)
Cio (0.41;0.13)  (0.41;0.18)  (0.37;0.22)  (0.37;0.18)  (0.50;0.22)  (0.34;0.27)

Eq. (12) and Eq. (13) were used to normalize the decision matrix. Table 4 shows the normalized de-
cision matrix.

Table 4
The normalized intuitionistic fuzzy valued decision matrix
Ay A, As Ay As

C (0.54; 0.35) (0.47; 0.90) (0.71; 0.41) (0.73; 0.42) (0.59; 0.97)
C, (0.75; 0.16) (0.73; 0.82) (0.91; 0.64) (0.84; 0.64) (0.90; 0.73)
Cs (0.93; 0.14) (1.00; 0.47) (1.00; 0.52) (1.00; 0.53) (0.95;0.71)
Cy4 (0.39; 0.93) (0.40; 0.87) (0.45; 1.00) (0.43; 1.00) (0.45; 0.98)
Cs (0.69; 0.97) (0.57; 1.00) (0.58; 0.83) (0.67; 0.74) (0.86; 1.00)
Cs (0.66; 1.00) (0.73; 0.77) (0.82; 0.88) (0.80; 0.87) (0.81; 0.96)
C; (1.00; 0.31) (0.78; 0.40) (0.73; 0.56) (0.71; 0.57) (1.00; 0.47)
Cs (1.00; 0.21) (1.00; 0.26) (1.00; 0.37) (1.00; 0.30) (0.78; 1.00)
Co (0.41; 0.67) (0.73; 0.40) (0.61;0.57) (0.56; 0.46) (0.87; 0.65)

Cio (0.51; 1.00) (0.75; 1.00) (0.59; 1.00) (0.56; 1.00) (1.00; 0.59)
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By considering the different importance of each criterion, we can obtain the weighted normalized intu-
itionistic fuzzy valued matrix. This matrix is depicted by Table 5.

Table 5
Weighted normalized decision matrix
A A, As Ay As

Ci (0.04; 0.02) (0.03; 0.06) (0.05; 0.02) (0.05; 0.02) (0.04; 0.06)
C (0.09; 0.01) (0.09; 0.06) (0.11; 0.05) (0.10; 0.05) (0.11; 0.05)
Cs (0.07; 0.01) (0.08; 0.02) (0.08; 0.03) (0.08; 0.03) (0.07; 0.04)
Cs (0.06; 0.04) (0.06; 0.04) (0.07; 0.05) (0.07; 0.05) (0.07; 0.05)
Cs (0.05; 0.10) (0.04; 011) (0.04; 0.09) (0.05; 0.08) (0.06; 0.11)
Ce (0.06; 0.16) (0.07; 0.12) (0.08; 0.10) (0.08; 0.13) (0.08; 0.15)
C; (0.13;0.01) (0.10; 0.02) (0.09; 0.02) (0.09; 0.02) (0.13; 0.02)
Cs (0.04; 0.02) (0.07; 0.03) (0.05; 0.07) (0.07; 0.04) (0.05; 0.14)
Co (0.01; 0.12) (0.02; 0.07) (0.02; 0.10) (0.02; 0.08) (0.03; 0.11)
Cio (0.04; 0.07) (0.06; 0.07) (0.04; 0.07 (0.04; 0.08) (0.08; 0.04)

Euclidean distance from the positive- ideal and negative- ideal alternatives are obtained using Eq. (17)
and Eq. (18) formulas, respectively. The results are registered in Table 6.

Table 6
The distance from the ideal solution and negative-ideal solution
A* A

Ay 0.667 0.660
As 0.665 0.663
Aj 0.664 0.665
Ay 0.662 0.667
As 0.669 0.658

Finally, the closeness coefficient of each airport is obtained by applying Eq. (19). The results are:
RC, =0497 RC,=0.499 RC,=0.500 RC,=0.502 RC,=0.459

Therefore, the final ranking is A4, = 4, > 4, > 4, > A, . The final ranking results show that Mohammed

V International Airport is the best of the five airports in terms of service quality, followed by Car-
thage International Airport, Cairo International Airport, Houari Boumedienne Airport and Tripoli In-
ternational Airport.

6. Conclusion

We have developed a TOPSIS method based on intuitionistic fuzzy values to solve multiple criteria
decision making problems characterized by vague human judgments. Via the suggested method, the
ratings of alternatives and the importance weights of criteria are normalized into a comparable scale by
using arithmetic operations between intuitionistic fuzzy values. A case study aiming to evaluate and
compare the service quality of five major North African was conducted to demonstrate the effectiveness
of the proposed TOPSIS method. This study helps managers of airports to know the requirements of
their customers and the priority of enhancing service items.

References

Aloini, D., Dulmin, R. & Mininno, V. (2014), A peer IF-TOPSIS based decision support system for
packaging machine selection, Expert Systems with Applications, 41, 2157- 2165.

Atanassov, K. (1986), Intuitionistic fuzzy sets, Fuzzy sets and system, 20, 87-96.

Atanassov, K. (2000). Two theorems for intuitionistic fuzzy sets. Fuzzy Sets and Systems, 110, 267—
269.



358

Boran, F.E., Gen, S., Kurt, M. & Akay, D. (2009), A multi-criteria intuitionistic fuzzy group decision
making for supplier selection with TOPSIS method, Expert Systems with Applications, 36, 11363-
11368.

Chen, C. T. (2000). Extensions of the TOPSIS for group decision-making under fuzzy environment.
Fuzzy Sets and Systems, 114, 1-9.

Chen, C. T., Lin, C. T., & Huang, S. F. (2006). A fuzzy approach for supplier evaluation and selection
in supplier chain management. International Journal of Production Economics, 102(2), 289-301.
Chen, M. F., & Tzeng, G. H. (2004). Combining grey relation and TOPSIS concepts for selecting an

expatriate host country. Mathematical and Computer Modelling, 40,1473—1490.

Chen, S.J., & Hwang, C. L. (1992). Fuzzy multiple attribute decision making. Berlin: Springer.

Hwang, C., & Yoon, K. (1981). Multiple attribute decision making: Methods and application. New
York: Springer.

Jahanshahloo, G. R., Hosseinzadeh Lotfi, F., & Izadikhah, M. (2006). Extension of the TOPSIS method
for decision-making problems with fuzzy data. Applied Mathematics and Computation, 181, 1544—
1551.

Joshi, D. & Kumar, S. (2014), Intuitionistic fuzzy entropy and distance measure based TOPSIS method
for multi criteria decision making. Egyptian informatics Journal, 15, 97-104.

Kuo, M. S., Tzeng, G. H., & Huang, W. C. (2007). Group decision-making based on concepts of ideal
and anti-ideal points in a fuzzy environment. Mathematical and Computer Modelling, 45, 324-339.

Kuo, M. S., Tzeng, G. H., & Huang, W. C. (2007). Group decision-making based on concepts of ideal
and anti-ideal points in a fuzzy environment. Mathematical and Computer Modelling, 45, 324-339.

Liang, G. S. (1999). Fuzzy MCDM based on ideal and anti-ideal concepts. European Journal of Oper-
ational Research, 112, 682—691.

Tan, C. & Chen, X. (2010), Intuitionistic fuzzy Choquet integral operator for multi-criteria decision
making, Expert Systems with Applications, 37, 149—-157.

Wang, T. C., & Chang, T. H. (2007). Application of TOPSIS in evaluating initial training aircraft under
a fuzzy environment. Expert Systems with Applications, 33, 870-880.

Wang, Y. J., & Lee, H. S. (2007). Generalizing TOPSIS for fuzzy multiple-criteria group decision-
making. Computers and Mathematics with Applications, 53, 1762—1772.

Wang, Y. M., & Elhag, T. M. S. (2006). On the normalization of interval and fuzzy weights. Fuzzy
Sets and Systems, 157, 2456-2471.

Wei, G., Zhao, X. & Lin, R. (2013), Some hesitant interval-valued fuzzy aggregation operators and
their applications in multiple attribute decision making, Knowledge- Based Systems, 46, 45-53.

Xu, Z.S. (2007), Methods for aggregating interval-valued intuitionistic fuzzy information and their ap-
plication to decision making. Control and Decision, 2,22, 215-219.

Yeh, C. H., & Deng, H. (2004). A practical approach to fuzzy utilities comparison in fuzzy multicriteria
analysis. International Journal of Approximate Reasoning, 35, 179—194.

Yeh, C. H.,, Deng, H., & Chang, Y. H. (2000). Fuzzy multicriteria analysis for performance evaluation
of bus companies. European Journal of Operational Research, 126,459—-473.

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8, 338-353.

Zhang, H. & Liying, Y. (2012), MADM method based on cross-entropy and extended TOPSIS with
interval-valued intuitionistic fuzzy sets, Knowledge-Based Systems, 30, 115-120.

© 2017 by the authors; licensee Growing Science, Canada. This is an open access ar-
@ ticle distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


