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Abstract 

The ability in providing result that is consistent with actual ranking remains the major concern in group decision 

making environment. The main aim of this paper is to introduce a novel modification of TOPSIS method to facilitate 

multi criteria decision making problems based on the concept of Z-numbers called Z-TOPSIS. The proposed method 

is adequate and intuitive in giving meaningful structure for formalizing information of a decision making problem, 

as it takes into account the decision makers’ reliability. This study also provides bridge with some established 

knowledge in fuzzy sets to certain extend as to strengthen the concept of ranking alternatives using Z – numbers. To 

ensure practicality and effectiveness of proposed method, stock selection problem is studied. The ranking based on 

proposed method is validated comparatively using spearman rho rank correlation.  Based on the analysis, the proposed 

method outperforms the established TOPSIS methods in term of ranking performance  

Keywords: Type-1 fuzzy number, interval type-2 fuzzy number, z-number, multi-criteria decision making, TOPSIS, 

stock selection, reliability of information. 

1. Introduction 

There has an increasing interest in group decision making 

technique and a considerable amount of study has 

published on it.  In about forty years since it is introduced 

, over 70 Multi Criteria Decision Making (MCDM) 

techniques has developed for facilitating decision making 

practice [1]. MCDM is a practical tool for selection and 

ranking of a number of alternatives, its applications are 

numerous[2]–[5]. Amongst the techniques available, the 

frequently used are Simple Additive Weighting 

(SAW)[6], Analytical Hierarchy Process (AHP) [7], 

ELimination and Choice Expressing REality 

                                                 
*Typeset names in 10 pt Times Roman, uppercase. Use the footnote to indicate the present or permanent address of the author. 

(ELECTRE)[8], and Technique for Order Preference by 

Similarity to Ideal Solution (TOPSIS)[9].  

SAW method is based on the weighted average. An 

assessment score is considered for all alternatives by 

multiply the scaled importance given to the alternative of 

that element with the weights of relative importance 

directly assigned by decision maker. However, SAW 

uses only for maximizing assessment criteria, while 

minimizing assessment criteria should be transformed 

into the maximizing ones by the respective formulas prior 

to their relevance [10].  While for AHP, it is based on the 

decision maker assigning a relative value of weight for 

all of the criteria by pair-wise comparison. The 



Abdul Malek Yaakob & Alexander Gegov 

 

shortcoming is that the exhaustive pair-wise comparison 

is tiresome and time consuming when there are a lot of 

alternatives to considered. On the other hand, ELECTRE 

which is introduce by [11],  is categorised into three 

namely  Choice problematic, ranking problematic and 

sorting problematic. For ranking problematic, ELECTRE 

II, ELECTRE III and ELECTRE IV are used. They are 

concerned with the ranking of all the activities belonging 

to a specified set of activities from the greatest to the 

worst. A major problem with the ELECTRE methods is 

they use similar threshold values but provide different 

ranking towards alternatives. Therefore, the 

aforementioned techniques have limitations from one to 

another.  

In contrary, TOPSIS which is introduced in 1981[12], 

it is a helpful technique in dealing with MCDM problems 

in real life. It chooses the best alternative in a problem by 

taking the alternative that has the shortest distance from 

the positive ideal solution and the farthest from the 

negative ideal solution. It helps Decision Makers (DMs) 

solve the problem through analysis, comparisons and 

rankings of the alternatives. TOPSIS has deemed one of 

the major decision making techniques. In recent years, 

TOPSIS has been effectively applied to the areas of 

human resources management [13], transportation [5], 

product design [14], manufacturing [15], water 

management [16], quality control [4], military [2], 

tourism [17] and location analysis [18]. In addition, the 

concept of TOPSIS has also been connected to multi-

objective decision making and group decision making. 

The high flexibility of this concept is able to 

accommodate further extension to make better choices in 

various situations.   

According to [19] and [20], TOPSIS has the 

following three advantages: (i) a sound logic that 

represents the rationale of individual choice; (ii) a scalar 

value that record for both the best and worst alternatives 

concurrently; and (iii) a straightforward computation 

algorithm that can  be easily programmed into a 

spreadsheet. These advantages make TOPSIS a popular 

MCDM technique as compared with other related 

techniques such as AHP and ELECTRE[21]. In fact, 

TOPSIS is a value-based process that compares each 

alternative directly depending on information in the 

evaluation matrices and weights [5]. Thus, TOPSIS is 

chosen as the main body of expansion in this study.  

In 2000, TOPSIS methodology was introduced for the 

first time in fuzzy environment which believed can 

provide additional flexibility to represent the uncertainty 

comparison to non-fuzzy TOPSIS by [22]. After a 

decade, researcher has established TOPSIS methodology 

using interval type 2 fuzzy set, which supposed can offer 

further degree of freedom to represent the uncertainty and 

the fuzziness of the real world comparison to type 1 

version of TOPSIS[23]. Nevertheless, the reliability of 

the decision information and the experience of the expert 

are not well taken into consideration in decision process. 

Therefore the problems arise how confident the decision 

makers are about their decision. According to [24], the 

issue of reliability of information is very important in 

decision making environment  as this is extensively 

discussed in [25]. The concept of Z-numbers captures the 

fuzziness of information better than type- 1 and interval 

type-2 fuzzy set. They provide an additional feature 

which is the reliability of decision makers in representing 

the fuzziness of the decision makers’ preference. Hence, 

in this methodology, the concept Z-numbers introduced 

by [25] has been used to propose a novel modification of 

TOPSIS called Z-TOPSIS which can deal with the 

reliability of decision maker into the formulation. It 

seems to be more effective and intuitively significant for 

formalizing information structure of a decision making 

problem. 

The paper is organized as follows. In the next section, 

theoretical preliminaries for TOPSIS are given. Section 3 

focuses on the proposed TOPSIS method, with various 

combinations in an algorithm-by-algorithm fashion. 

Afterwards, the case study on stock selection problem is 

conducted to illustrate the usefulness of proposed 

method. For the analysis purposes these results are 

compared with returns on investment as benchmarking 

and validated comparatively using Spearman rho rank 

correlation. In the final section, conclusions are drawn. 

2. Basic Terms and Definitions 

In the following, we briefly review some basic 

definitions of fuzzy sets. These basic definitions and 

notations are used throughout the paper unless stated 

otherwise.  

Definition 1  [22]: Fuzzy set  

A fuzzy set 𝐴 is defined on a universe 𝑋 may be given as:  
  }|),{( XxxxA A    

Where   ]1,0[: XxA   is the membership function 𝐴. The 

membership value  xA  describes the degree of 

belongingness of Xx  in A . 
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Throughout this paper, type-1 fuzzy number, interval 

type-2 fuzzy number and Z-number are presented in the 

form of trapezoidal fuzzy number.  It is easy to deal with 

because it is piece wise linear. On the other hand, the 

good coverage of trapezoidal fuzzy number is a good 

compromise between efficiency and effectiveness. 

Definition 2 [22]: Type-1 Fuzzy Number   

A trapezoidal fuzzy numbers can be represented by the 

following membership function given by 
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Fig.1: Type-1 Fuzzy Number 

Definition 2[26]: Interval Type-2 Fuzzy Set 

A type-2 fuzzy set A
~

 in the universe of discourse X is 

represented by a type-2 membership function 
A
~  as 

follows:  
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where XJ  denotes an interval in [0, 1]. A type-2 fuzzy 

set A
~

 can also be represented as: 

 
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   , 

where  1,0XJ and  denotes the union over all 

admissible x  and u . 

Definition 3 [23]: Interval Type-2 Fuzzy Number 

A trapezoidal interval type-2 fuzzy set A
~

 can be 

represented by 
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where U
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iA  are type-1 fuzzy sets, 
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Fig. 2: Type-2 Fuzzy Number 

Definition 4 [27]: Z-number 

Z-number is an ordered pair of type-1 fuzzy numbers 

denoted as )
~

,
~

( BAZ  .  The first component A
~

, a 

restriction on the values, is a real-valued uncertain 

variable. The second component B
~

is a measure of 

reliability for the first component.  The illustration of the 

Z – number can be described as Figure 3.  

 

 

 

 

 

 

 

 

 

 

Fig. 3:  Z – number,   BAZ
~

,
~
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The concept of a Z-numbers, )
~

,
~

( BAZ  , is intended to 

provide a basis for computation with numbers which not 

totally reliable. A Z-number can be used to represent the 

information about an uncertain variable of the type where 

A represents a value of the variable X, and the second 

component, B represent an idea of certainty or 

probability such as the concept of sureness, confident, 

reliability, strength of belief and possibilities. Or 

informally, B may be interpreted as a response to the 

question: How sure are decision makers that X is A. 

Example of Z-valuation are:  

(Very good, Likely), (Good, Unlikely) 
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3. Proposed Method 

A systematic approach to extend the TOPSIS using Z-

number is proposed in this section. Step 1 is the extension 

of non-fuzzy TOPSIS, where the concept of Z-number is 

introduced into the formulation. Z – number enhances the 

capability of both type – I and type – II fuzzy numbers by 

taking into account the reliability of the numbers 

used[25]. This method is very suitable for solving the 

group decision-making problem under fuzzy 

environment. 

In this paper, the importance weights of various 

criteria and the ratings of qualitative criteria are 

considered as linguistic variables. These linguistic 

variables can be expressed in positive trapezoidal fuzzy 

numbers as Tables 1, 2 and 3. 

Table 1: Linguistic Variables for the Importance Weight 

of Each Criterion 

Linguistic Variables Trapezoidal Fuzzy Number 

Very Low (VL) (0.00, 0.00, 0.00, 0.10) 

Low (L) (0.00, 0.10, 0.10, 0.25) 

Medium Low (ML) ( 0.15, 0.30, 0.30, 0.45) 
Medium (M) ( 0.35, 0.50, 0.50, 0.65) 

Medium High (MH) ( 0.55, 0.70,0.70, 0.85) 
High (H) (0.80, 0.90, 0.90, 1.00) 

Very High (VH) (0.90, 1.00, 1.00, 1.00) 

 

Table 2: Linguistic Variables for the Ratings of all 

alternative 

Linguistic Variables Trapezoidal Fuzzy Number 

Very Poor (VP) ( 0, 0, 0, 1) 

Poor (P) ( 0, 1, 1,3) 

Medium Poor (MP) ( 1, 3, 3, 5) 

Fair (F) ( 3, 5, 5, 7) 

Medium Good (MG) ( 5, 7, 7, 9) 

Good (G) (7, 9, 9, 10) 

Very Good (VG) ( 9, 10, 10, 10) 

 

Table 3: Linguistic Variables for the Expert’s Reliability 

Linguistic Variables Trapezoidal Fuzzy Number 

Strongly Unlikely (SU) (0.00, 0.00, 0.00, 0.10) 
Unlikely (U) (0.00, 0.10, 0.10, 0.25) 

Somewhat Unlikely (SWU) ( 0.15, 0.30, 0.30, 0.45) 

Neutral (N) ( 0.35, 0.50, 0.50, 0.65) 
Somewhat Likely (SWL) ( 0.55, 0.70,0.70, 0.85) 

Likely (L) (0.80, 0.90, 0.90, 1.00) 

Strongly Likely (SL) (0.90, 1.00, 1.00, 1.00) 

 

In [22], it is suggested that the decision makers use the 

linguistic variables in Table 1, 2 to evaluate the 

importance of the criteria and the ratings of alternatives 

with respect to various criteria. In addition to this, Table 

3 is proposed here, which is implementing the Z-TOPSIS 

formulation to deal on decision makers’ reliability.  The 

importance of criteria, the rating of alternatives and the 

reliability of decision makers can be written in the form

)
~

,
~

( BAZ  . 

The following algorithm is conducted to get the 

ranking of alternatives, whereby Step 1 is purely from 

[24] but it make use  the linguistics variable for expert’s 

reliability from Table 3 for the component B in Z-

number, follows by Step 2-7 are adopted from [22]. 

Z-TOPSIS ALGORITHM   

Step 1: Used the Information from Table 3 to Derive 

Component B, and Then Convert Z-Number to Type-1 

Fuzzy Number 

Assume a Z-number, )
~

,
~

( BAZ   Let

]}1,0[|),(
~

{]},1,0[|),(
~

{ ~~  xxBxxA
BA

 , 
A
~  

and  
B
~  is a trapezoidal membership function.  The 

second part (reliability) needs to convert into crisp 

number using fuzzy expectation as shown in Eq. (1) 
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(1) 

 

where ∫ denotes an algebraic integration. Then add the 

weight of the second part (reliability) to the first part 

(restriction). Weighted Z-number can be denoted as 

shown in Eq. (2) 
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These can be type-1 fuzzy number as shown in Eq. (3) 
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It is proven in [24] that 
'~

Z  has the same Fuzzy 

Expectation with
Z

~
. 

Step 2: Construct Decision Matrix  D
~

 and Weight 

Matrix W
~

 

Assume that a decision group has K persons, and 

then the importance of the criteria and the rating of 

alternatives with respect to each criterion can be 

calculated as in Eq. (4). 

 

]~)()(~)(~[
1~

]~)()(~)(~[
1~

21

21

K
jjjj

K
ijijijij

www
K

w

xxx
K

x








 

(3) 

 

where 
K

ijx~ and 
K
jw~ are the rating and the importance 

weight of the 
thK  decision maker 
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Multi criteria decision making problem can easily 

expressed in matrix format as shown in Eq. (5). 
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(4) 

 

where 𝑥̃𝑖𝑗  for all 𝑖, 𝑗 and 𝑤̃𝑗 , 𝑗 = 1,2, ⋯ , 𝑛 are linguistic 

variables. These linguistic variables can be described by 

fuzzy numbers, 𝑥̃𝑖𝑗 = (𝑎𝑖𝑗,𝑏𝑖𝑗,𝑐𝑖𝑗,𝑑𝑖𝑗,) and 𝑤̃𝑗 =

(𝑤𝑗1, 𝑤𝑗2, 𝑤𝑗3, 𝑤𝑗4). 

Step 3: Construct Normalized Fuzzy Decision Matrix, 𝑅̃ 

For the purpose of making various scales comparable, 

linear scale transformation is used to construct 

normalized fuzzy decision matrix as shown in Eq. (6) 
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The technique mentioned on top of is to preserve the 

property that the ranges of normalized fuzzy numbers 

belong to ]1,0[ . 

Step 4: Construct the Weighted Normalized Fuzzy 

Decision Matrix, V
~

 

Considering the different importance of each criterion, 

we can construct the weighted normalized fuzzy decision 

matrix as shown in Eq. (7) 
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where   jijij wrv ~~~  . 

(6) 

 

Step 5: Find Fuzzy Positive-Ideal Solution, 
*A and Fuzzy 

Negative-Ideal Solution, 
A  

Based on the weighted normalized fuzzy decision matrix, 

the elements ijv~ , for all i  and j  are normalized positive 

triangular fuzzy numbers and their ranges belong to the 

closed interval ]1,0[ . Then, we can define the fuzzy 

positive-ideal solution and fuzzy negative-ideal solution 

as shown in Eq. (8). 
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(7) 

 

where )1,1,1,1(~* jv and, )0,0,0,0(~ 
jv  for nj ,,2,1   

Step 6: Find Distance of Each Alternative from
*A and 

A  

The distance of each alternative from 
*A and 

A  can be 

currently calculated as shown in Eq. (9). 
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where ),( d is the distance measurement between two 

fuzzy numbers. 

Step 7: Find Closeness Coefficient, iCC  

A closeness coefficient is defined to determine the 

ranking order of all alternatives once the 
*
id and 


id of 

each alternative iA for mi ,,2,1   has been calculated. 

The closeness coefficient of each alternative is calculated 

as shown in Eq. (10). 
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Obviously, an alternative iA  is closer to the 
*A and 

farther from 
A as  𝐶𝐶𝑖 approaches to 1. Therefore, 

according to the closeness coefficient, we can determine 

the ranking order of all alternatives and select the best 

one from among a set of feasible alternatives. 

4. Application to a Stock Selection Problem 

In this case study the evaluation is done by three decision 

makers. These financial experts including finance 

lecturer, fund manager and PhD finance student. They 
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evaluated 25 Securities listed on Main Board in Bursa 

Malaysia at 30 November 2007 and then make 

investment recommendations according to financial ratio 

considered. The stocks are Green Packet Bhd(S1), 

Malaysian Pacific Industries(S2), AIC Corp Bhd(S3), 

Mesiniaga Bhd(S4), HeiTech Padu Bhd(S5), D&O 

Ventures Bhd(S6), Pentamaster Corp Bhd(S7), ENG 

Teknologi Hldgs Bhd(S8), Patimas Computers Bhd(S9), 

Metronic Global Bhd(S10), Globetronics Technology 

Bhd(S11), Unisem M Bhd(S12), GHL Systems 

Bhd(S13), Kobay Technology Bhd(S14), Aliran Ihsan 

Resources Bhd(S15), Puncak Niaga Holding Bhd(S16), 

Ranhill Utilities Bhd(S17), Digi.Com Bhd(S18), Time 

dotCom Bhd(S19), Lingkaran TransKota Hldg(S20), 

YTL Power International Bhd(S21), BIMB Holdings 

Bhd(S22), Pan Malaysia Holdings Bhd(S23), Syarikat 

Takaful Malaysia(S24), Kuchai Development Bhd(S25). 

The most importance ratio considered in investment 

is Market Value of Firm (C1) defined as Market value of 

firm-to-earnings before amortization, interest and taxes 

ratio.  This ratio is one of the most frequently used 

financial indicators and the lower this ratio is better [28].  

Return on Equity (C2) used to examine how much the 

company earns on the investment of its shareholders.  

Portfolio managers examine this ratio very carefully and 

used it when deciding whether to buy or sell.  The higher 

the ratio is better.  Dept/equity ratio (C3), this ratio 

belongs to long term solvency ratios that are intended to 

address the firm’s long run ability to meet its obligations.  

So, it is assume by DMs that the lower the ratio the 

better[29].  Current ratio (C4) is one of the ways to 

measure liquidity of company.  It explains the ability of 

a business to meet its current obligations when fall due.  

Higher the ratio is better[30]. Market value/net sales (C5) 

is market value ratios of particular interest to the investor 

are earnings per common share, the price-to-earnings 

ratio, market value-to book value ratio, earning-to-price 

ratio.  The lower the ratio is the better[31].  Price/earnings 

ratio (C6) measure the ratio of market price of each share 

of common stock to the earnings per share, the lower this 

ratio is better. In the case study, the alternative of 

decision makers to be rank and to be weighted according 

to the above mention ratios are 25 stocks listed in Bursa 

Malaysia. 

In this study, Microsoft Excel is used to calculate all 

the calculation involved in the evaluating the ranking of 

stocks and the weight of each criterion. The processes of 

evaluating the ranking and weight of each stock are as 

follow the proposed methods. The DMs use the linguistic 

weighting variable in Table 1 to assess the importance of 

the criteria ,and make use information in Table 3 to 

measure the DMs reliability when assess the criteria then 

we represent it in the z-number form ),( BAZ  as Table 

4 below: 

Afterward, the DMs use the linguistic rating variable 

in Table 2 to evaluate the rating of stock with respect to 

each criterion and use information in Table 3 to cooperate 

DMs reliability in evaluating the stock performance with 

respect to each criterion. 

Table 4: Importance of the criteria and the DMs 

reliability 

 DM1 DM2 DM3 

Criteria A B A B A B 

(C1) VH L H L VH SL 

(C2) MH SWL MH SL MH L 

(C3) H SL M SWL H SL 

(C4) M L ML L MH L 

(C5) H SL MH SL ML SWL 

(C6) ML L ML L ML L 

  

All linguistic terms can be express as trapezoidal fuzzy 

number as shown in Table 1, 2 and 3. The Z-TOPSIS 

Algorithm introduced in Section 3 is now illustrated for 

the case study of stock selection problem.  

Step 1: Used the Information from Table 3 to Derive 

Component B, and Then Convert Z-Number to Type-1 

Fuzzy Number 

 

In this subsection, using Eq. (1)-(3), the important of 

criteria C1 from Table 4 is used to illustrate the 

procedure of proposed approach. Assume Decision 

Maker 1 (DM1) give his opinion as follows:  
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The DMs knowledge can be expressed to Z-number as:  
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At first, we should convert DMs reliability into crisp 

number  
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B

B






 

Second, add the weight of reliability to the constraint. 

)9.0;0.1,0.1,0.1,9.0(
~

Z  

Third, convert the weighted Z-number to Type-1 fuzzy 

number according to proposed approach. 

)0.1*9.0(,,9.0*9.0(
~ ' Z  

                    )9487.0,9487.0,9487.0,8538.0(  

Repeat the same procedure for all DM’s judgments.  



 Z-TOPSIS 

 

Step 2: Construct Z- Average Decision Matrix, D
~

 and 

Z-Average Weight Matrix.W
~

 

Using Eq. (4) the fuzzy decision matrix and determine 

the fuzzy weight of each criterion is constructed. 

In this case, the rating of S1 and weight respect to C1 is 

calculated using Eq. (4) rating of stock, using Eq. (4).  

),,,(~ dcbaxij  02.7385.585.836.6 a ,

 14.8353.783.907.7 b ,

 
14.8353.783.907.7 c , 

42.8337.883.907.7 d .  

Therefore the average rating for S1 is

)42.8,14.8,14.8,02.7(~
11 x . 

 

In order to define z-average weight matrix using Eq. (4) 

),,,(~ dcbawij  , 83.0388.076.085.0 a ,

93.0398.085.095.0 b ,

93.0398.085.095.0 c , and 

96.0398.095.095.0 d  

Therefore the average weighting for S1 is

)96.0,93.0,93.0,83.0~
11 w  

Step 3: Construct a Normalized Z- Decision Matrix ( R
~

)
  

The normalization method involved is to preserve the 

property that the ranges of normalized trapezoidal fuzzy 

number belong to  1,0 . The normalized fuzzy decision 

matrix is constructed based on Eq. (6), by assuming the

83.9max 1 j
i

C , then the normalized rating calculated as 

below 

 

Step 4: Construct the weight normalize Z-decision 

making matrix (V
~

) 

To construct fuzzy weighted normalized fuzzy decision 

matrix, Let ),,,(~ dcbavij  then the 11
~v  is calculated 

using Eq. (7) 

59.083.0*71.0 a , 77.093.0*83.0 b , 

77.093.0*83.0 c ,and 82.096.0*86.0 d  

Therefore the weight normalizes rating for S1 with 

respect to C1 is )82.0,77.0,77.0,59.0(~
11 v . 

Step 5: The Fuzzy Positive-Ideal Solution 
A  and Fuzzy 

Negative-Ideal Solution 
A  

The fuzzy positive ideal solution and fuzzy negative ideal 

solution are defined based on Eq. (8).  

 
].)0,0,0,0(,,)0,0,0,0(,)0,0,0,0[(

],),1,1,1,1(,,)1,1,1,1(,)1,1,1,1[(

2521

2521
*









A

A
 

Step 6: Distance of Each Alternative from 
A

~
 And A

~
 

The distance between weights normalized rating ijv~  from 

FPIS and FNIS for 25 stocks are determined using Eq. 

(9). These are shown the way to get D and D .  

  32.0)189.0()159.0(
3

1
),( 22

11  ACd  

and similarly  

,58.0),(,55.0),( 1312   ACdACd  

93.0),(,61.0),(,70.0),( 161514   ACdACdACd

producing overall: 

)~,~(

1

*
11 



 

n

j

jij vvdD  

         68.393.061.070.058.055.032.0   

Next, using Eq. (16) for S1 

  86.0)082.0()059.0(
3

1
),( 22

11  ACd  

and similarly 

,60.0,(,63.0),( 1312   ACdACd  

26.0),(,59.0),(,48.0),( 161514   ACdACdACd  

producing overall:  

 

 

 

43.326.059.048.060.063.086.0   

Step 7: The Closeness Coefficient of Each Criterion, iCC  

Find the closeness coefficient for each alternative using 

Eq. (10). For example, the closeness coefficient for S1 is 

calculated using Eq. (10) as follows: 

48.0
43.368.3

43.3
*1 











ii

i

dd

d
CC   

The closeness coefficient and the ranking of 25 stocks 

based on proposed method is shown in Table 5. 

5. Discussion of Results  

The ranking produced by Z-TOPSIS (see Table 5) is 

compared with the type-1 TOPSIS method and interval 

type-2 TOPSIS method as shown in Table 6 and 7, where 

DMs reliability is not considered. The returns on 

investment for a month trading period have been used for 

validation purposes. Investment is dynamic process, 

since longer the investment period, the greater the risk. It 

)86.0,83.0,83.0,71.0(~
)83.942.8,83.914.8,83.914.8,83.902.7(~

11

11





r

r

)~,~(

1

11 


 

n

j

jij vvdD
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depends on the return on investment. If the percentage is 

higher, investors very quickly sell their share. So, for this 

study one month investment is preferable 

Table 5 : Ranking of 25 stocks based on Z-TOPSIS 

 
. 

In the stock market, a price change or return in 

investment is the difference in trading prices from one 

period to the next or the difference between the daily 

opening and closing prices of a share of stock. For 

example, let's say Company Malaysian Pacific Industries 

(S2) shares opened at MYR8.60 and closed at MYR9.30. 

The price change is MYR0.7 or percentage of return is 

MYR0.7/MYR8.60 x 100 = 8.14%. As shown in Table 8. 

In the real stock market, the greater the positive price 

change/returns, the more desirable the stock. Likewise, 

the greater the negative price change/returns the less 

desirable the stock.  The statistical method, spearman rho 

correlation, is used in this study to identify and test the 

strength of a relationship between ranking based on 

TOPSIS methods and ranking based on returns on 

investment. At the same time, its measure the efficiency 

in terms of methods based on rankings performance as 

shown in Table 9 

 

 

 

 

 

 

RANK STOCK CC

1 Green Packet Bhd(S1), 0.48

2  Pentamaster Corp Bhd(S7), 0.40

3 Pan Malaysia Holdings Bhd(S23), 0.39

4 Kuchai Development BHD (S25). 0.38

5 Unisem M Bhd(S12), 0.37

6 Lingkaran TransKota Hldg (S20), 0.36

7 Mesiniaga Bhd(S4), 0.35

8  Globetronics Technology BHD(S11), 0.34

9 Puncak Niaga Holding BHD (S16), 0.33

10 YTL Power International Bhd(S21), 0.32

11 ENG Teknologi Hldgs BHD (S8), 0.32

12 Aliran Ihsan Resources Bhd (S15), 0.31

13 Metronic Global Bhd(S10), 0.31

14 Malaysian Pacific Industries(S2), 0.30

15 Digi.Com BHD (S18), 0.30

16 Kobay Technology BHD(S14), 0.29

17 GHL Systems Bhd(S13), 0.28

18  Ranhill Utilities Bhd(S17), 0.27

19 D&O Ventures Bhd(S6), 0.27

20 BIMB Holdings Bhd(S22), 0.24

21 Time dotCom Bhd(S19), 0.24

22 Syarikat Takaful Malaysia (S24), 0.23

23 HeiTech Padu Bhd(S5), 0.23

24 AIC Corp BHD (S3), 0.18

25  Patimas Computers Bhd (S9), 0.16



 Z-TOPSIS 

 

For the validation purposes, the authors consider the 

RANK STOCK CC

1 Green Packet Bhd(S1), 0.6565

2 Kuchai Development BHD (S25). 0.5361

3  Pentamaster Corp Bhd(S7), 0.5341

4 Puncak Niaga Holding BHD (S16), 0.5183

5 Unisem M Bhd(S12), 0.5072

6  Globetronics Technology BHD(S11), 0.5044

7 Pan Malaysia Holdings Bhd(S23), 0.5043

8 Mesiniaga Bhd(S4), 0.4976

9 Lingkaran TransKota Hldg (S20), 0.4821

10 ENG Teknologi Hldgs BHD (S8), 0.4812

11 Aliran Ihsan Resources Bhd (S15), 0.4535

12 Malaysian Pacific Industries(S2), 0.4495

13 Metronic Global Bhd(S10), 0.4489

14 YTL Power International Bhd(S21), 0.4483

15 BIMB Holdings Bhd(S22), 0.4436

16 GHL Systems Bhd(S13), 0.4401

17 Digi.Com BHD (S18), 0.4348

18 Kobay Technology BHD(S14), 0.4256

19 D&O Ventures Bhd(S6), 0.4088

20  Ranhill Utilities Bhd(S17), 0.4001

21 HeiTech Padu Bhd(S5), 0.3853

22 Syarikat Takaful Malaysia (S24), 0.3665

23 Time dotCom Bhd(S19), 0.3640

24  Patimas Computers Bhd (S9), 0.2756

25 AIC Corp BHD (S3), 0.2559

TYPE 1- TOPSIS METHOD

RANK STOCK CC

1 Green Packet Bhd(S1), 0.94

2  Pentamaster Corp Bhd(S7), 0.77

3 Pan Malaysia Holdings Bhd(S23), 0.69

4 Unisem M Bhd(S12), 0.68

5 Lingkaran TransKota Hldg (S20), 0.66

6 Kuchai Development BHD (S25). 0.63

7 Mesiniaga Bhd(S4), 0.61

8 ENG Teknologi Hldgs BHD (S8), 0.60

9 Puncak Niaga Holding BHD (S16), 0.59

10  Globetronics Technology BHD(S11), 0.56

11 YTL Power International Bhd(S21), 0.56

12 Metronic Global Bhd(S10), 0.54

13 Kobay Technology BHD(S14), 0.53

14 Digi.Com BHD (S18), 0.53

15 Aliran Ihsan Resources Bhd (S15), 0.51

16 Malaysian Pacific Industries(S2), 0.50

17  Ranhill Utilities Bhd(S17), 0.48

18 GHL Systems Bhd(S13), 0.47

19 D&O Ventures Bhd(S6), 0.46

20 BIMB Holdings Bhd(S22), 0.44

21 HeiTech Padu Bhd(S5), 0.39

22 Syarikat Takaful Malaysia (S24), 0.37

23 Time dotCom Bhd(S19), 0.37

24 AIC Corp BHD (S3), 0.35

25  Patimas Computers Bhd (S9), 0.34

TYPE 2- TOPSIS METHOD

Table 6: Ranking based on type 1 TOPSIS 

Table 7: Ranking based on interval type 2 TOPSIS 
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ranking based on existing non rule based approach and 

actual price change. The rankings are compared 

descriptively using Spearman rho correlation. The 

advantages of this correlation method are its easy 

algebraic structure and intuitively simple interpretation. 

Besides this, the method is less sensitive to bias due to 

the effect of outliers and can be used to reduce the weight 

of outliers (large distances get treated as a one-rank 

difference). 

Table 8: Ranking of 25 stocks based on returns on 

investment 

Ranking Stock  

Returns 

(%) 

1 AIC Corp BHD (S3),  25.98 

2 Green Packet Bhd(S1),  12.45 

3 Aliran Ihsan Resources Bhd (S15),  11.21 

4 Malaysian Pacific Industries(S2),  8.14 

5 Puncak Niaga Holding BHD (S16), 6.38 

6 Pan Malaysia Holdings Bhd(S23), 5.56 

7 YTL Power International Bhd(S21),  3.05 

8  Globetronics Technology BHD(S11),  2.27 

9 Kobay Technology BHD(S14), 1.45 

10 Kuchai Development BHD (S25). 0.95 

11 D&O Ventures Bhd(S6), 0.00 

12 Digi.Com BHD (S18),  -0.40 

13 Unisem M Bhd(S12),  -0.60 

14 Syarikat Takaful Malaysia (S24),  -0.63 

15 Time dotCom Bhd(S19),  -0.69 

16 Lingkaran TransKota Hldg (S20),  -1.02 

17  Pentamaster Corp Bhd(S7),  -1.54 

18  Ranhill Utilities Bhd(S17), -2.04 

19 HeiTech Padu Bhd(S5),  -2.20 

20 BIMB Holdings Bhd(S22),  -2.88 

21 Mesiniaga Bhd(S4),  -4.35 

22 Metronic Global Bhd(S10), -6.25 

23  Patimas Computers Bhd (S9),  -9.09 

24 ENG Teknologi Hldgs BHD (S8), -9.86 

25 GHL Systems Bhd(S13),  -10.87 

 

In general, the coefficient of rho    measures the 

strength of association between two ranked variables. 

The formula used to calculate Spearman’s Rank is shown 

in Eq. (11) 

 
nn

i







3

26
1  

 

(11) 

where i  represents the difference between the ranks  

and n  donated number of alternatives considered. 

 

The coefficient,   can take values between +1 to -1. 

If  1   indicates a perfect relationship of ranks, if 

0  shows no relationship between ranks and 1

indicates a perfect negative association of ranks. The 

closer 


 is to zero, the weaker the relationship between 

the ranks.  

 

 

Table 9: TOPSIS Ranking Performance Based on Spearman Rho Correlation for Established Methods (EM) and Proposed 

Method (PM) 

 T1 (EM) IT2 (EM) Z-TOPSIS (PM) 

No. Stock Actual T1 (EM) IT2 (EM) Z (PM) 

 

 

 

 

 

 

 

 

 

1 S1 2 1 1 1 1 1 1 1 1 1 

2 S2 4 12 16 14 -8 64 -12 144 -10 100 

3 S3 1 25 24 24 -24 576 -23 529 -23 529 

4 S4 21 8 7 7 13 169 14 196 14 196 

5 S5 19 21 21 23 -2 4 -2 4 -4 16 

6 S6 11 19 19 19 -8 64 -8 64 -8 64 

7 S7 17 3 2 2 14 196 15 225 15 225 

8 S8 24 10 8 11 14 196 16 256 13 169 

9 S9 23 24 25 25 -1 1 -2 4 -2 4 

10 S10 22 13 12 13 9 81 10 100 9 81 

11 S11 8 6 10 8 2 4 -2 4 0 0 
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12 S12 13 5 4 5 8 64 9 81 8 64 

13 S13 25 16 18 17 9 81 7 49 8 64 

14 S14 9 18 13 16 -9 81 -4 16 -7 49 

15 S15 3 11 15 12 -8 64 -12 144 -9 81 

16 S16 5 4 9 9 1 1 -4 16 -4 16 

17 S17 18 20 17 18 -2 4 1 1 0 0 

18 S18 12 17 14 15 -5 25 -2 4 -3 9 

19 S19 15 23 23 21 -8 64 -8 64 -6 36 

20 S20 16 9 5 6 7 49 11 121 10 100 

21 S21 7 14 11 10 -7 49 -4 16 -3 9 

22 S22 20 15 20 20 5 25 0 0 0 0 

23 S23 6 7 3 3 -1 1 3 9 3 9 

24 S24 14 22 22 22 -8 64 -8 64 -8 64 

25 S25 10 2 6 4 8 64 4 16 6 36 

      0 1992 0 2128 0 1922 

Rho coefficient     0.234  0.182  0.261 

Methods Ranking according performance  2  3  1 

  





1 

Based on the analysis in Table 9, it is observed that the 

proposed method, Z-TOPSIS, outperform the existing 

non rule based approach in term of ranking performance. 
 

6. Summary 

This paper introduces a novel Z-TOPSIS method- 

extending the capability of the new concept of Z number 

within multi-criteria decision making analysis 

particularly TOPSIS. Proposed method takes into 

account the decision maker reliability very well. 

Compared to existing TOPSIS methods based on type 1 

and interval type 2, Z- TOPSIS can efficiently represent 

uncertain information. Based on analysis of results, Z-

TOPSIS produces the most significant rho coefficient 

comparison to others established TOPSIS methods. It 

seems to be more effective and intuitively significant for 

formalizing information structure of a decision making 

problem. Proposed method also has more powerful to 

describe the knowledge of human being and will be 

widely used in uncertainty information process. 

Furthermore, this study also provides bridge with some 

established knowledge in fuzzy sets to certain extend as 

to strengthen the concept of ranking alternatives using Z 

– numbers. 
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