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Chapter 1
Introduction

1.1 Research Motivation

Presently, investors are more interested in investing in stocks and bonds than
keeping their money in the bank because it yields a higher return. However, this
higher return also comes with higher risk; investors may lose some of their
investment, get a lower-than-expected return, or get a lower return than that from
another type of investment. Therefore, they have to analyze a stock carefully before
investing in it.

In addition to several established approaches to stock analysis—such as
quantitative fundamental analysis, technical analysis, and stochastic analysis—new
analytical tools have been developed and widely used including ones that are based
on Brownian movement, fuzzy logic, and the analytic hierarchy process. The analytic
hierarchy process {(AHP) is a multi-criteria decision making approach and is a
structured technique for organizing and analyzing complex decisions, based on
rmathematics and psychology. [t was developed by Saaty in the 1970s, to help one
make decision when one is faced with the mixture of qualitative, quantitative, and
sometimes conflicting factors that are taken into consideration. AHP has been very
effective in making complicated, often irreversible decisions. It has been extensively
studied and refined since then (e.g., [1-11] and references therein).

Fuzzy sets and fuzzy logic, especially, are of wide interest today. They are
effective tools for modeling, in the absence of complete and precise information,
complex business, finance, and management systems. The subjective judgement of
experts who have used fuzzy logic techniques produces better results than the
objective manipulation of inexact data. The concept of a fuzzy set is a reflection of
reality reflection which serves as a point of departure for the development of
theories which have the capability to model the pervasive imprecision and
uncertainty of the real world. As applied to stock analysis (e.g., [12-15] and
references therein), fuzzy logic uses integrated experiential knowledge of human
experts to make better quantitative estimates, not possible with classical logic, based
on robust mathematical principles.

By reason of vagueness of boundaries of stock data in future and the attendant
imprecision, uncertainty, and preference of decision makers, therefore, fuzzy logic
and AHP seem suitable for this problem. This paper proposes an approach to stock



analysis based on calculated weights from fuzzy quantitative analysis and fuzzy
rmulti-criteria decision making. The idea of using fuzzy quantitative analysis and fuzzy
multi-criteria decision making to imply final investment weights for the stock
selection into portfolio is different from the previous works. The practicality of the
approach was demonstrated by an application to a test set of data.

1.2 Objectives of the study
To present a tactic of conveying the stock selection into portfolio by using
two tactics, fuzzy quantitative analysis and fuzzy multi-criteria decision making.

1.3 Scope

In this research, we will only construct a tool for financial analysis only. We
do not compare the tool with others. We demonstrate an application to a test set of
data.

1.4 Benefits of the study
We obtain a tool for financial analysis that may be an alternative for investors.



Chapter 2
Theoretical Preliminary

In this chapter, we will introduce some fuzzy logic, financial ratio and fuzzy

multi-criteria decision making.
2.1 Fuzzy logic and Inference[6]

2.1.1 Fuzzy set

Definition 2.1: Given a crisp set 4 of a universe i, a fuzzy set A on 4 is defined

A= {(x, i, (\)) Ixe A} where u.(x)<[0,1] (2.1)

anduis a membership function of A.

Example 2.1 Given A={1,2,3,4,5}, defined a fuzzy set 4 with the membership

function u,(x) where u;‘(x)=l.
: X

Sine uy(x)= o
) X

x 1 2 3 4 5
u;(x) 1 0.5 0.33 | 0.25 0.2

Hence .3={(1,1),(2,0.5),(3,0.33),(4,0_25),(5,0.2)}, A can be expressed as the

following figure:

=

ot ——
T
o |
U Y
h=l =
h

Figure 2.1 Membership function of fuzzy set A4



Definition 2.2 Let A be a fuzzy set under the membership function u;:4 —[0,1]

A s a normalized fuzzy set, i.e., Jx,u;{x)=1.

A is a nonnormalized fuzzy set, i.e., Vx,u, (x} <1.

For nonnormalized fuzzy set 4, we can make A4 is a normailzed fuzzy set,

defined as 4 (x)= 1—“%{‘-'5——%
A -

2.1.2 Fuzzy number
Definition 2.3 Given a fuzzy set A, an a-cut set or Level set a , denoted by [uj]a,

for all @&(0,1] is defined as

{xeAIu‘.-{(x)za};()(o:Sl o2

[”.a]a b

{xeA lu;‘(x)>0} =0
Note: Closure B represented by the expression B .

Given an R, fuzzy number space, Definition 2.3 assures that every u, € R,
can be represented by a closed interval [u j]a =[u(a),t(a)] where u,ii:[0,1] >R
are functions that satisfy the following conditions:

1) u is a bounded, left continuous, and non-decreasing function on [0,1];

2) & s a bounded, right continuous, and non-increasing function on [0,1];

3) u(a)<u(a) forall & €[0,1].

Definition 2.4 Let A be a fuzzy set under the membership function u;: A —[0,1],
A is called Convex fuzzy setif u, (Ax, +(1-2)x,) 2 min{u; (x),u;(x,)} for all
x,X, €4 and A1€[0,1].

Note: Since definition 2.4 can be expressed following figure.

u,

T ) B

Uy (Ax, +(1-A)x,)

Uy (le) --------

i
N 1
Ax+(Q=A)x,

Figure 2.2 Shown convex fuzzy set A




Definition 2.5 Let 4 be a fuzzy set under the membership function u;: 4 —[0.,1],

A is a fuzzy number if it satisfies the following conditions:

1) A is a normal fuzzy set.

2) A isa convex fuzzy set.

3) Forevery @ e[0,1], [u}]a =[a,b]for some closed interval [a,b].

g . M. y .
Definition 2.6 Given a*,a",a**,a" € 4 where a* <a™ <a™ <a¥, a trapezoidal

fuzzy nurber is a fuzzy number 4 whose membership function u.(x) is defined by

L
[ x~a L;aLSxSaM'
(2.3)

M v
. 2 <
__aM2 A P Sxsa

0 s Otherwise

and represented by the expression A4 = (a’“,a“‘" ,aMz,aU>.

Note: - A trapezoidal fuzzy number A= aL,aM,aM,aU) is called a triangular fuzzy

number and expressed as 4 =(a"‘,a""",a”) :

- For any real number a, e ={a,a,a)=(a,a,a,a) .

f ]
&

e
[+
o

()

(=]
[~

Lol
R

=
-

[ >4

Figure 2.3 Triangular fuzzy number and trapezoidal fuzzy number

For convenience, nmeN ;7,={1,2,..,n}, I, ={1,2,..,m} is defined for further use

in this research.

Definition 2.7 A=(5,J-)m is a fuzzy matrix if &, are fuzzy numbers for all i€/, and

Jel.



2.1.3 Operation on fuzzy

Definition 2.8 Let4,B be a fuzzy set under membership function #; and %,
respectively, the intersection of two fuzzy set 4 and B (}i r"\ﬁ’) can be defined by
the membership function u._ ; (x)=min {u}-j (x).u; (\)} ,forall xedd or denoted by

Uz (¥)= /\{Ll'; (x),u; (\)}

Figure 2.4 A "3 é

Definition 2.9 Let 4,B be a fuzzy set under membership function #; and U

respectively, the union of two fuzzy set 4 and B (ﬁC)E’) can be defined by the
membership function ... (Jc)znmx{u:r (x).2e5 (x)} , for all. xedd or denoted by

g5 (¥) =iy (x). 15 ()}

uix]  / N W, {x)

Y

o
uis
]

Figure 25 AU B

Definition 2.10 Given any two fuzzy numbers 22( L,a.M‘,aMI,aU)and
§=(bL,IJ‘"‘,bM1,bU> and a real positive number p € R*, operations ®, ©, ®,

@ between A and B and an operation @ between 4 and p are defined as
follows:



2®B=<aL+bL,aM1+bM‘,aMZ+bM2,aU+bU> (2.9)
AS B ——-(a"“ =bY,a™ —pM: g _pM gY -—b"‘) (2.5)
2®]§=<a’“bL,aM'bM',aMle=,a”b”) (2.6)
pOA= (paL,paM',paM’,an) (2.7)
ADB=(a" 1b",a" 16" ,a" [b",a" Ib") (2.8)

Definition 2.11 Given two trapezoidal fuzzy numbers ;1=<aL,aM’,aM3,aU> and
;§=<bi,b‘”‘,bM’,bU>, the distance between A and B represented by the symbol
d(4,B) is defined as

d(3,§)=\/—}‘:[( e Gt B e I 0l D)

Definition 2.12 M =(!‘3ﬁ)m is a fuzzy vector when all A7, = (r.‘r:}f',}:rqrf’i,:n,f"’ﬁ,;gqf’), iel,

are trapezoidal fuzzy numbers. The aggregation of M, represented by M,,., is

defined as

B n 1 1 n
M, =<1n1p{m;"},—Zm§"‘ = > m™, mz&x{mﬁ}). (2.10)
i = L= &

2.1.4 Linguistic variable

Linguistic variables[7] are the input or output variables of the system whose
values are words or sentences from a natural language, instead of numerical values.
A linguistic variable is generally decomposed into a set of linguistic terms. For
example speed is a linguistic variable then we have little faster(0-80km./h.), fast(80-
120km./h) and ultrafast(120upkm/h.) are term of linguistic.

2.1.5 Fuzzy Inference systems

Fuzzy inference systems uses Mamdani Method, parallel if-Then rules form
the deducing mechanism which indicates how to project input variables onto output
space. A single fuzzy If-Then rule follows the form, in this consider fuzzy logic # sub

conditions of rule 1,2,...,q.

Rule-1: if x; is j,, and X, is 4, ... and x, is 2,,, then y is B,

Rule-2: if x, is A,, and X, is Ay ..and x,is A,, then yis B,,

Rule-g: if x, is /:’.ql and x, is 21‘!: .. and x, is }}qﬂtheny is Eq,

Fact: X is 4, and X, is 22 .and x is A,



Conclusion y is B

Fuzzy inference process consists of three steps:

1) Calculate the weights between Fact AZ and conditions }ik,. of rule k=1,2,...,q9
and i=1,2,...,n. Which is the minimum height of sub fuzzy fact and condition of rule,
such that

i

W, = ./"\(\./141;\%U (1,)) = A (Y (uj‘ (x)ruy, (A,))) (211

=1\i - f=l

For k=1,2,...,9.

2) Truncate 1;’,\. equal to W, , with E’k represented by 7% and defiled membership

function,
U3 (v)=w, Aty (v) (2.12)

3) Find fuzzy set B from union of 7§]., that is B= ?’},, and defiled membership

Gz

k=l

function.

nr

U (y)=:£1 s, (y)=k\:l(wk Al (})) (2.13)

2.1.6 Defuzzification

In this research, performing defuzzification of the fuzzy output to a crisp
output to a centroid method. A crisp z% is the average weight of the weight at each
Uy (z)

point z on domain B where w, =—%—"— forall ze B,
J-uﬁ(z)dz
B
J.zué(z)dz
i.e., the crisp output is z% = fzwdz=2——.
j[ Iuﬁ(z}dz
B

2.1 7 m-partition of n-scale

! 2 ,n—I} is called n-

Definition 2.13 Given n is positive integer , , " youn
n-1"n-1n-1 n—1

scale set on [0,1].

Definition 2.14 Given n-scale an m is number, m-partition of n-scale on [0,1]

denoted by M,,M,,..., M, respectively, where

n



M, =[0,a], M, =(a,,a,), M, =(a,,,]1 ;k=23,.,m-1and g, .

n—1

Example 2.2 let n=4 and m=3.

0 1 2 3]1_[412,
4-1"4-1"4-1"4-1 3737

M1=[O,EJ M,:(l,g] M3=[3,1}.
3 T3 3 3

2.2 Financial Ratios

We have n-scale set

And 3-partition is

The quantitative stock analysis[e.g.8,9,10,11] presented in this study is based
on the following financial ratios: Price to Earnings Ratio or P/ E Ratio; Price to Book
Value Ratio or P/ BV Ratio; and Price to Intrinsic Ratio or P/ P, Ratio, which are

defined as follows.

Definition 2.15 Let n,, #, and n, be the number of common stock, preferred
stock, and treasury stock respectively, £ be current price per share, and E, be P

quarter net profit, price to earnings ratio or P/ E s defined as

E(n +n,—n;)

AR (2.14)

g

P/ E denotes the stock price per 1 baht of net profit that the investor is
willing to pay for.

Definition 2,16 Let # be the number of be the number of registered share, 4, and
R, be the asset and liability of the company respectively, and P be current price

per share, price to book value ratio or P/ BV is defined as

prar=ti (2.15)
B

!

A-R

{

where B, =
n

P/ BV denotes how many times the current stock price is compared to its

account value.
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Definition 2.17 Let r be the reference interest rate, D, be the k™ year-end
dividend per share,k €, and F, be the n” -quarter historical price, the current
target price P, is defined as

L3

1]

P, =R (1+) =YD, (1+r)"™ (2.16)

n
k=1

Definition 2.18 Let F, be the cument target price and P be the current stock

price, price per target price ratio or P/ P, is defined as

u

PIp =% (2.17)
£

P/ P, denctes how many times the current stock price is compared to the

current target price.

2.3 Fuzzy Multi-Criteria Decision Making

We will introduce process of fuzzy multi-criteria decision making[12,13]
consisting of fuzzy Analytic Hierarchy Process: AHP and Fuzzy Technique for Order
Preference by Similarity to Ideal Solution Method: FTOPSIS .

2.3.1 Fuzzy analytic hierarchy process[14,15]

Definition 2.19 Let A=(a‘.j) be an nxn matrix where a; >0 foralli,jel, b 4

Nxn

is @ consistency matrix if there exist weight vectors w=(w,) , w >0, forall iel,

where > w, =1 and g, =w,{w, forall i,jel,.

=]

MmN

Wy Wy w,
W 1 2 W
W Wy W,

M}] WZ wu
Yo Yo W I
L T L S ]
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Definition 2.20 Let An(a,.j) be an nxn matrix where @, >0 forall 7,jel,, 4

xR

is a reciprocat matrix if a, =1/a, forall i,je{,.

1 Gy oy
A= 1/“’12 I a'._’u
l/aln 1/a2n e l

Definition 2.21 Let ‘E:(ﬁﬁ)m be an nxn fuzzy matrix where a; >0are fuzzy

numbers for all i, j e/, Alisa reciprocal fuzzy matrix if @, =12a, forall i,jel,.

In  particular, if every member of ;1:(&'&.) s a triangular fuzzy number

e

~ LM U S — : Np— AN\] 1
ay.:(a,.j,aﬁ ,a,.j>, A is a reciprocal fuzzy matrix if aﬁ'=<7’_M’_L>for all
. a'.‘ ), ”
I i ¥
i,jel,.

Definition 222 Let 2=(Ei,.j)m be an saxn fuzzy matiix where

a; =lay(a),z,()]>0 forall i,jel Aisa consistency fuzzy matrix if there exist

ne

a; €la,(a),a,(a)] forall i,j€l, and some a €[0,1] with which 4 =(a;‘.') is a

RXN

consistency matrix, i.e.,, there exist w"=(1»vf‘) , wf>0, for all iel, where

nxl

> wf=1and af =w*/wiforal i,jel,.

i=|

According to Definition 2.23, since wf >0fer all iel,, there exist fuzzy
vectors W= (), where w® e[w (), W ()]>0 for all i€/, . These vectors are

called fuzzy weight vectors.

It is clear that if 4 is a fuzzy consistency matrix then it is a fuzzy reciprocal
fuzzy matrix and A is not a fuzzy consistency matrix if it is not a fuzzy reciprocal
fuzzy matrix. Because of these reasons, construction of a fuzzy consistency matrix
usually starts by first constructing a reciprocal fuzzy matrix A. J. Ramik[16,17]
proposed a method for calculating fuzzy weight vector w={(1),, for a fuzzy

reciprocal matrix 4={a, where a, = a,.’?,af’f”f,ag for all i,jel by using the
P ¥ frpen if if 255 2B n Y g

method of geometric mean. W, =(w:, W:{’wf) are defined for all k €I where
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1n n n Iin
) () ()
l=C,.— 7 V=C, — 2 (218)

W

£1) Z[Ha,, i 51|

i=1

and

1 u n )

M
i)
2 band ¢

; 1)
C, =mins = max{ -~ 4 (2.19)

el . 1n iel, " n |-
L [4)
I I a,.j I | a,}.
L\ S J N J

In addition, J.Ramik[16,17] defined a consistency index for measuring the
nearness of a fuzzy reciprocal matrix to the corresponding fuzzy consistency matrix

as follows.

Definition 2.23 Let ﬁx(&ij )m be a fuzzy reciprocal matrix, of which

5,; “(G,,,ay O ) are triangular fuzzy numbers, evaluated from a scale S=[l,o‘}
o

for some real number o >1, the consistency index of A represented by the symbol

I (ﬁ) is defined as
} (2.20)

~ - Y ~ (A M U .
where w=(W,),, are fuzzy weight vectors and w,.=<wf WL W, ) for all iel, as

L
i M

w

—_—y

w

isf :
J

If(A) C7 «max max{

expressed in (2.18) and

Cd =4 (2.22)

o—-o " 0"

1 n \n-2
{ T2n 2 } ;02 (5]
max -c
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If the consistency index 17 (,&)ﬁo, the fuzzy reciprocal fuzzy matrix A is
absolutely consistent. The closer the value of I,‘,’(ﬁ) to 0 is, the more consistent the

matrix is. Generally, an acceptable value is 17 (;I) <0.1 or 10 %.

2.3.2 Fuzzy technique for order preference by similarity to ideal solutions

method.

The other technique, FTOPSIS developed by C.T. Chan[18] and S. Balli, et
al.[2], is a fuzzy technique for ranking preference levels by comparing the similarity of
alternate choice to the ideal choice in order to find the best alternative. It covers
diverse alternate choices, decision criteria, and decision makers.

Applying this technique to n decision makers, #, decision criteria and n,

alternative as alternate choices, the analysis steps are as follows.

Step2-1) Finding matrix for decision makers
Herein a reciprocal matrix is compares paired data that are metrics of real
quantities such as price, weight, and preference. Here, these quantities are
preferences. Levels of preferences are represented by numbers in a set
Qn={l,—L—,...,1,1,1,2,3,...,;!1—l,n}. Generalizing this idea, the set of crisp
n'n=1" "3°2

preference values £, is replaced by a set of fuzzy preference values
= 5 1 1 1\ = - " X

Q) = = o | 35,...,(11-1)5,115 where ky=(k—5,k,k+5) and
ng (H—l) P 25

—,}—=1®E§= —1—,1,—-—1—> forall kel and 0<6<1.
3 k+5 & k=6

In this step, a decision maker i , i=1,...,nis compared to another decision
maker j in terms of their preference level based on a preference function ¢(i, j)

defined as

¢ 36, €Q, >

(i, j) =11 s =1,
1 p(j,7) s j<i

The decision maker’s preference matrix D = (ﬁ,}.) is a reciprocal matrix where

- "] )f”i

e, j) i<y
i, =11 =
1D ep(f,i);i>j
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Step2-2) Finding a fuzzy weight vector w, = (W, , . fOr D= ( u)

Ii': XH]

Wy, = (1+(,k,vvjﬂ,w“> is a fuzzy weight vector for all k e/, where

ny 1y 1y
n " ”
M v
( a;} (Hakj J (H%]
L _ J= M J= U . J=l
Wi =Cp- R , Vm Cy U
" n " m " "
M M M
I1s; 3|11 IIE:
=1\ j=1 i=

i=1 \_j=1
with

C, =min; + and C, = max ¢

ae S AN _—
iel, n Vi iel, " i
L 1%
I | al}. I | a{-’-

If its consistency index I (D) as defined in Definition 2.15 is less than 0.1, it

is accepted as being valid. Otherwise, the decision maker’s weight is re-evaluated by
repeating Step2-1).

Step2-3) Decision makers d,,dz,...,d”l constructing decision criteria
C),CseeC,, fOr  evaluating alternative G, G,....G,  where = ¢,i=1,..,nis
constructed from investment weight of », individual groups given by decision makers

in the term of following linguistic terms.

linguistic term Fuzzy number
Very Low (VL) (0, 0, 0.1,0.2)
Low (L) (0.1, 0.2, 0.3)
Medium Low (ML) (0.2, 0.3, 0.4)
Medium (M) (0.3, 0.4, 0.6,0.7)
Medium High (MH) (0.6, 0.7, 0.8)
High (H) (0.7, 0.8, 0.9)
Very High (VH) (0.8,0.9,1,1)

The decision criteria constructed is in the form of a fuzzy matrix B with
members b, <bﬁ£,bf,j,bﬁf{’,bffk) Jjel, iel, and kel , which are trapezoidal

fuzzy numbers representing the linguistic terms of C)5Cy5ee5C,, ShOWN in Table 2.1.
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Table 2.1 Decision criteria for evaluating alternative G,,G,,...,G

1

dl dZ d"[
G, ' _-bm b b“'ﬁ
4 Gz &2 11 b. 12 2k,
ny - -bnsn Hayin
G, by Biz - by,
c = = p
2 G, by by2y 220
. — . : =R
G"J bnszl _-b.gszz -anZni
G] in;l I_J!i¢2:2_ blng'nl
¢ - N WY, i
" G, 21 bl_n;’.! _ e bzn;n_X
L) Ly e . P ) i
Gﬂ) bn;n_z_l ] ‘ -bnlnﬂ yyhic

Step2-4) Decision makers d,,d,,....d, evaluating decision criteria €13 Cyaennr Gy
constructing  from the linguistic terms VL, L, ML,M,MH,H,VH as in step2-3). A

fuzzy  matrix C= (Ev) for  evaluation is  then obtained  where

naxn,

&, €{VL,L,ML,M,MH,H, VH} forall iel, and jel, asshownin Table 2.2.

Table 2.2 Evaluation of decision criteria ¢;,¢y,:..,C,,

d, d, d,,l

¢ n Cin Ch
G Ca Cay ~ Cay’ =C

; e

an 3] C;;; 2 : .cn_,_p;l

Step2-5} Calculating decision criterfa based on decision makers’ weights by
multiplying the decision criterion of a decision maker in each column in Step2-4)
(depicted in Table 2.2) with the corresponding decision maker’s fuzzy weight vector
W, = (W, ) Where W,, =(1vj,k,wf,“_’k,wik) =(wj‘k,wfk,wj{k,wgk> calculated from

Step2-2). Table 2.3 shows these multiplication results.



Table 2.3 Decision criteria based on weights of decision makers

16

d, d, d,
¢ & ® Wy, 1 6, ®wW,, Cim @'Wd,u,
¢, & ® wd | 6@ W | &y, W, -
Cny Gt ® Waa | Cup2 ® wff 2 Cn;u.‘ We My

Next, multiplying the decision criterion for evaluating alternative in the
representing each decision maker constructed in Step2-3) with the

column

corresponding  decision

_ L U\ L 7]
= (wd,k’wrk’wd,k> > (Wd.ka%=ka:wd.k>

Wi

maker’s

fuzzy weight vector

multiplication results are in Table 2.4.

calculated

ﬁ} = (ﬁ’d,k )m-:l

from Step2-2).

where

The

Table 2.4 Decision criteria for evaluating alternative based on weights of decision

makers.
d, 4, d»i
G, E’m iy, . :'ti ® -'_d.z._ = bu:; Wi,
! G, 52.11_@"“’.4; : 5,2 2 @y, bzmi ®W|’ "o
L) & ~nj_l 1® -Hd,l 5:_1,'12 ® "_a_,z 1,1;:,‘ ® ﬁ’d,m
I : 12169{‘.«‘1 -5122 .®";‘"#;2 < ~|2n,.® "‘-q'_,n,
G G, : 522 1. ® ﬁ.d-.l_ 5222 ® ﬁ_’é,z L 522% ® ﬁ‘;‘ ,n,_:,
: T g ot | - B,
G"J bn,2| ®ﬂ’d,l -’1_;2_#‘@ ﬁ’d,’i s bnﬂrq ®ﬁfd.n
Gl l;ln 2 ® ﬁ':’d'Z . .b:r;:;r; ® ‘z)&,:nl .
Cn, G, Z;2n12®wd;2 B S bz}::l:.i ®ﬁ"d.n,
G"’ . i);'.\”zz@ ~sz - ' Eﬂa"x"r® ﬁ;‘;’ 'a.'?l. )

Step2-6) Aggregating weights of decision criteria based on the decision

makers’ weights as follows.

( u’

R R

cf ? t‘l’

)
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1 I ] "
B o g M, _ M, U U
where w_; _1{Ep{c“,‘jk} W, —;E Coit' + W E ka YW, —ngglx{cw‘,.k} for all
- 1 k=1 L -

iel, ,C, =(5mk) and n,

l'h"”]

is the number of decision makers. Table 2.5 shows

these aggregation results.

Table 2.5 Weights of decision criteria ¢,,c,,....c,,

C] C, e C”:

WZ ﬁ)r,i ﬂ;'.'.! i w"<":

Next, aggregating alternative based-on. the-decision makers’ weights (Table

2.4) by the following equations:
= W U
1,' <r1" \,l.' Y i ’xﬂ>

3 1 M U _
where x, mm{bn o l __.Zb“ #h Sy Zb“ N7 %y max{b“ ey forall
] k=1 k=

jenyieny B =(h, ) and 1, 'is the number of decision-makers. These
H:" »\"I

results are shown in Table 2.6.

Table 2.6 Evaluation matrix of alternative REINGCL

CI CZ C":
G, Rt ¥ i
G, Xy X33 1 Lony =
2 Y & - . = ..’&
Gn; A’u, 1 ‘xu,»..‘! g 'ru;d;

Step2-7) Constructing  a ' decision matrix by normalizing the alternative’

evaluation matrix X (Table 2.6) as follows,

ny

4 M,
\f} x;',," X, rf: U
=( .~ where x; —max{ ﬂ}.

R = (r_-ﬁ )“ i ! f:,',‘ - * 3 k3 CHEC
37 X X X, X Y
i i

Then, multiplying the normalized matrix with the decision weights from Step 2-6),

V= (v)
I T nyxny

LM, M, P :
<b Va'sVitsVy > and ¥, =7, ®W, when jel ,iel, .

PR G BT

where v, =

kb

77962
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Table 2.7 Alternative’ evaluation matrix

Cl c2 CH:
G, Yy LV Vi,
G | v Yy e | Vam o B
: _ : _ =
G"a ] Vigi® vﬂ;z Vs

Step2-8} Defining positive ideal solution (G") and negative ideal solution

A~

(G )from Table 2.7 as G = (ﬁ;,f’;,...,ﬁ;z) andG™ = (f#,",vz ,...,13;2), respectively,
A s t A Jf} L A P "'_ -
where v, —mjz;x{vﬂ.} and ¥ um}n{vﬁ} el Aied, V—(vj,)"jml .
Step2-9) Calculating the distances between the alternative’ evaluation
results with the positive and negative ideal solutions, as defined by the following,

-
d=Yd,G0) e,
i=1

Ha
d; =3d,0,%) ,jel,
i=l
where dv(ﬁj,.,f),.'—) are calculated in the same way as fuzzy numbers are calculated

according to Definition 2.11 (depicted in Table 2.8).

Table 2.8 Distances between the alternative’ evaluation results and positive and

negative ideal solutions G and G~

i
& G Cn dj,- = Zdv(ﬁjiﬂﬁj )
i=l
e N Lt L '
el G A L T o T e
& -_‘__1’?'.(?21_3-‘-’-1 )i;-z',f_i'v(vz;g‘fz Yol ‘dv@mé,vznz}_; e dz G
: ST B D R
G | g e gn aes | | g ety gt
" _;dﬁj(v.,m;a-?’;i'- ) fis,_(?’,;,aﬂ_’zg )_._ _dv(ﬂ;_,;,zs";,z),- Lo df?s_ o

Step2-10) Calculating the nearness coefficients to the positive ideal solution
CC;, and ranking the alternative according to them. CCJ. are defined as follows,



19

a-
CC,=— -
dj+dj.

From the calculation, a set of investment weights for alternative,

, Jel, .

W, =(w,w,,...w, ) where w,w,,..,w, are weights of alternative, is obtained. The

alternative of which investment weight value is nearest to one (the closest to the
positive ideal solution) is the best alternative.



Chapter 3
Stock Selection Procedure

This section presents the proposed stock selection procedure which is done
in the following 3 Main steps:

Main step 1) Analysis of individual stocks within each industrial eroup

In this Main step, analysis of individual stocks within each industrial group
from their financial ratios, using fuzzy logic principles to calculate the normalize
investment weight for each individual stock;

Main step 2) Analysis of industrial groups

Since the investment weight for each individual stock can’t be compared
across industrial group. So, this research presents idea in analysis of industrial for
ranking interestedness in investment follows industrial group. This Main step, present
analysis of industrial groups (e.g. finance, communication, technology and property)
using fuzzy multi-criteria decision-making principles to calculate the investment
weight for each industrial eroup;

Main step 3} Analysis of individual stocks across all industrial groups

In this Main step, analysis of individual stocks across all industrial groups using
the 2 types of weights from Main step 1} and 2) to calculate the final weight for
ranking all individual stocks in the market.

3.1 Analysis of individual stocks within each industrial group

In this Main step, we apply the method of P.Bumlungpong, et al. [4] to
analyze individual stocks within each industrial group. Price to Earnings Ratio (P/E
Ratio), Price to Book Value Ratio ( P/ BV Ratio), and Price to Intrinsic Value Ratio (
P/ P,Ratio) are used to calculate the investment weight for each individual stock
within an industrial group based on quantitative fuzzy analysis under these
assumptions:

1) A calculated investment weight of an individual stock can be compared
only to another one in the same industriat group;

2) More recent data reflect current trend better than earlier ones;

3) Fuzzy rules are flexible and depend on expert information.

The specific steps of the fuzzy analysis are as follows.
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Step1-1) Screening in only m individual stocks (S,,S,,...,5, ) in the same

industrial group of which sufficient financial data are provided for calculating P/ E,
P/BV ,and P/P of n earlier years up to the present.

Step1-2) Calculating {£/P)(S}), (P/BV)(S)) and (P/B,)(S) for all

iel, and kel, where S denotes the " stock in the i" year.

m

Step1-3) Calculating the following weighted arithmetic mean: (E / P)w (S,),
(P/BV)"(S,),and (P/P,)"(S,), ke, from the following equations:

(E1P)" (S)=2w(EIP)S),

i=l

(P1BVY"(S) =3 w(P/BV)(S))

and (PIEY(S)=3w(P/B)SD
i=1
where w, = 2 Liel.
n(n+1)

Step1-4) An expert constructing fuzzy sets in linguistic terms of the ranked
financial ratios /P, P/BV ,and P/P and a fuzzy set W of the investment

weights from (E/P)"(S,), (P/BV)"(S,) and (P/P)"(S,), ke1,.

Step1-5) An expert constructing fuzzy rules for estimation based on the fuzzy
sets constructed in Step 1-4). These fuzzy rules are in the form of an ‘if-then’ rule as
follows:

Rule-1:if x, is A, and x,is A, ... and X, is }il

H

then y is I:?i,

Rule-2: if x, is Ay, and X, is ﬁzz ..and x, is A, then yis By,

Rule-g; i X is A, and x,is 4, .. and x, s A, theny is B,
where x,,x,, x; and y are fuzzy variables of E/P, P/BV, P/P and W
respectively, andjk], A,,, and ,:Iks, kel are linguistic terms of E/P, P/BV,
P/, and W respectively, ie, E/P={4, 4,... 4.}, PIBV ={Adn,...A4,},
PIP={4,,A,,.., A

q3} and W={;§,,:§2,...,E }

q

Step1-6) Importing the E/ P, P/BV and P/P of the latest day and making

estimation with Mamdani method using the fuzzy rules constructed in Step 1-5).

Hence we obtain an output of a fuzzy set B under the membership #; on B.
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Step1-7) Performing defuzzification of the fuzzy output to a crisp output by
a centroid method. A crisp z¥*is the average weight of the weight at each point z

on domain B where

w_:—uf’—gi)— forall zeB,
) J.u};,(z)dz
B
J.zuﬁ(z)cfz
i.e., the crisp output is 2% =J'szdz Y
3 Iug(z)dz
B

It is the investment weight of each individual stock in a particular industrial
group. These weights are then used to rank stocks in an industrial group.

3.2 Analysis of industrial groups

Industrial groups are ranked by weights calculated by the method of fuzzy
multi-criteria decision-making consisting of AHP, fuzzy Analytic Hierarchy Process, and
FTOPSIS, Fuzzy Technique for Order Preference by Similarity to Ideal Solution
Method.

Applying this technique to #, decision makers, 7, decision criteria and n,

alternative as alternate choices, the analysis steps are as follows.

Step2-1) Finding matrix for decision makers
Herein a reciprocal matrix is compares paired data that are metrics of real
quantities such as price, weight, and preference. Here, these gquantities are

preferences. Levels of preferences are represented by numbers in a set

O ={E,L,...,l,l,l,z,l...,n—l,n}. Generalizing this idea, the set of crisp
n n-1 32

H"

preference values L2, is replaced by a set of fuzzy preference values

n

- |1 1 1 TN i X

Q=5 12535 (=1 571 ¢ where &y =(k~8,k,k+5) and
P (l’l—-l) 35 25

-&~=l®l§§=<—l—,l,;> forall kel and 0<§<I1.

z, k8% k-5

In this step, a decision maker i , i=1,...,nis compared to another decision
maker j in terms of their preference level based on a preference function ¢(i, )
defined as

¢; >3 eQ, ;j>i
o, j)=41 =i
1B ¢(,1) s J<i
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The decision maker’s preference matrix D = (ﬁ,}.) is a reciprocal matrix where
- 71]30!‘
e, J) i<j
a, =41 si=J

i
1Do(j,i);i> j

for D= (53.)

L LA )(H‘

Step2-2) Finding a fuzzy weight vector W, = (W, )

x|

W, = (wf‘k,wfk, wj’.k) is a fuzzy weight vector for all k €/, where
" Ity
u
o ——( L

i
" 1n, " 1/
L M
| | a i I | a,(j
J= Mo =l U
liny wd,k - iny  ° wﬂ',k U [
m n, ! " " "
M M M
2| s 2|4 2| 114
=1\ j=l =

=1\ =l

with C, = mins and €, = max <

fEl,,I ;| (12N r ,.E‘,n] " Liay
as [T/
i i
~ d .

If its consistency index I,‘,T (ﬁ) as defined in Definition 2,15 is less than 0.1, it

—_—

is accepted as being valid. Otherwise, the decision maker’s weight is re-evaluated by
repeating Step2-1).

Step2-3) Decision makers d),d,,...,d, constructing  decision criteria

C)5C,5..56, fOr evaluating industrial  groups G, G,,...,G

i’

where ¢, i=1,.,n,is
constructed from investment weight of #, individual groups given by decision makers

in the term of following linguistic terms.

linguistic term Fuzzy number
Very Low (VL) (0, 0, 0.1,0.2)
Low (L) (0.1, 0.2, 0.3)
Medium Low (ML) | (0.2, 0.3, 0.4)
Medium (M) (0.3, 0.4, 0.6,0.7)
Medium High (MH) | (0.6, 0.7, 0.8)
High (H) (0.7, 0.8, 0.9)
Very High (VH) (0.8,0.9 ,1 ,1)
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The decision criteria constructed is in the form of a fuzzy matrix B with

members b, =<bﬁk,bjfg,bf.;,bjfk> , jel, iel, and kel,, which are trapezoidal

fuzzy numbers representing the linguistic terms of €},C55--,C, Shown in Table 3.1.

Table 3.1 Decision criteria for evaluating industrial groups G,,G,,...,G,

d] dZ . dﬂx
G, i by lin
4 G, by by =7
Gn3 bn;il . bn;l2 min
GI bm bt”za" bi_znl
c O e -
z G, Py by 220
G”3 _ib,,)z; bnj,_,2 b:gzn,
i \§ i
G, By, gy b,
z = — =
2 Gz 21 ;_bluzz _b2n1_ﬂi.
] i !
G"’ - -éf’ml e b"s"'z?- R R s

Step2-4) Decision makers dy,d,,....d, evaluating decision criteria €)5Cy5es Gy

constructing from the linguistic terms VL,L,ML,M,MH,H,VHas in step2-3). A

fuzzy matrix € = (Ey) for  evaluation is then obtained where

Hyxin

&, €{VL,L,ML,M,MH,H,VH} forall i€/, and jel, asshown in Table 3.2.

Table 3.2 Evaluation of decision criteria Cp3CarennsCy

d,
G

- —
¢, ; =0,
C"z - .cﬂ;:‘!ﬁ .

Step2-5) Calculating decision criteria based on decision makers’ weights by
multiplying the decision criterion of a decision maker in each column in Step2-4)
(depicted in Table 3.2} with the corresponding decision maker’s fuzzy weight vector
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. g ~_foL Mo U\ U
W, = (W, ) Where W, m(mvd.k,wd‘k,wd‘k) —(Wj’k,wfk,wfk,wd’,‘,) calculated from

Step2-2). Table 3.3 shows these multiplication results.

Table 3.3 Decision criteria based on weights of decision makers

Next, multiplying the decision criterion for evaluating industrial groups in the
column representing each decision maker constructed in Step2-3) with the
where

The

corresponding  decision

LM U\ o1 u
f.kswd.kawd.fc> 7 (Wz.mwfks“"fk""ﬂr,k)

Wix = (W¢

dl dZ d"l
G _01_1_._® Wi | Ce ® Wiz Gy, OWy,
CZ czi ® Hj"xl 622'®wd,2 iR Cz-”l ®Iu’"ﬂ1 . = A
B B g - — T - "
cnz cn;l ®’Wd!, : cjrzé ®w¢{;2 'c_ny:, M’d’ oy

maker’s

fuzzy weight

multiplication results are in Table 3.4.

vector

calculated

ﬁ} S (ﬁii,k )nxl

from Step2-2).

Table 3.4 Decision criteria for evaluating industrial groups based on weights of

decision makers

dl d2 d"a
G] Em . ‘.d‘,l Snz ® _~n‘, R -“m ® ﬁ’d@, )
& G, 13:2.1'1 ®.:~d,l ~212__®1~d. “31», ®ﬁ§,u;
G, byin ® Wy, b, ®%, | B @V,
G | Ba® | Ba®Wn || b, @,
6 Gz b2_2:l. ® ﬁ’d: ~:-:22. ®ﬁ"d, 5 . '-'22”[ ® ~d,;;;
I . e Gt - i
G,,J . ,_ . _b’-isz-"’r ® ﬁ’d,nj
G, . Elaflnl ® ~’d,n, :
% | G o | By @,
G o | B @Ry

Step2-6) Aggregating weights of decision criteria based on the decision

makers’ weights as follows.
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e M, 2
H”c,a' ( cl’wcr’lﬂ "W, >
L " . o o U "
— 111 | il 2 -
where wc,i - rl;lip{c;|',fk} ' - Z u rA ' cn = Z w,: ! c,i - n;fl?']X{cw ;A} for all
= L L= =

iel

Ity

these aggregation results.

Table 3.5 Weights of decision criteria ¢,,c,...,c,
G €y m
w w.‘ i Ws: - w‘-\"z

,C (E,M) and n, is the number of decision makers. Table 3.5 shows
"Zx”i

Next, aggregating industrial groups based on the decision makers’ weights

(Table 3.4) by the following equations:
i"_ﬂ (Xﬂ,xﬂ ,xfz,x )
=3

| k=1

"

_wa

1y k=l

My My

My _ b M, _U
Jikr '1' w, fik » X i

"
47 " L
where x; =min{b, o}, ;" =

= nggx{bwj.’fk} for all

jen,ien, B, (b“ M) and n, is the number of decision makers. These
T3ty

results are shown in Table 3.6.

oy

Table 3.6 Evaluation matrix of industrial eroups G, Gy;-., G,
G © Cry
G, % i ; iy
G, &y Koy ] K2y
G.u3 x@} xn; 2 . . 'xfny:l

Step2-7) Constructing a decision matrix by normalizing the industrial groups’

evaluation matrix X (Table 3.6) as follows,

A . xpox xf X . oy
R=(rﬁ)nx , F=l =5, 4,5 ) where x; =max{xﬁ}.
- i - -
= X% X X% /

Then, multiplying the normalized matrix with the decision weights from Step2-6)

] oM M
)ujml where 1, <Lﬂ, Vi ,vﬂ)

V=%,

and ¥, =7, ®w, when jel, ,iel, .
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Table 3.7 Industrial groups’ evaluation matrix

C] CZ c"z
Gl : vf 1: '. viz . - . v!_l),_ :
an vir; 1 ) Vn,z ) B ien - vu;n.;

Step2-8) Defining positive ideal solution (G™) and negative ideal solution

AR AR

(G )from Table 3.7 as G = (v,,vz, oV ::2) andG™ = (ﬁf,ﬁ;,...,ﬁ;z), respectively,
where ¥, = n;;x{v‘.’f} and ¥ =m"in{v{“.} ijel iel 14 =(f3~) .

i y i i I Jif mo? y M gy

Step2-9) Calculating the distances between the industrial groups’ evaluation
results with the positive and negative ideal solutions, as defined by the following,

d; :Zdil(ﬁﬁ’ﬁi) s J EI
=1

n

ny

d _Zd(;:9v) aJEI,,J

where d (V7. ) are calculated in the same way as fuzzy numbers are calculated

according to Definition 2.8 (depicted in Table 3.8).

Table 3.8 Distances between the industrial groups’ evaluation results and positive

and negative ideal solutions G* and G~

& e
< £ Cny d;'_ y idv(ﬁjn{;j )
=1
. " . A‘r . I T > i ’1_ —
¢ i) ) : ;dp.("_11,1’2 ) He “A -dv(l-’lni:?ﬂz')_ S d‘. o
T .,.'\',a_-_ . - - at EEa . A N . "--lh....__
Gz . dV(VZI,Vl) - dv(vzg,vgﬂ) " 7"".‘ d_."(-v2n-. {}2?1;) . o dz.; o
an | dﬁ(mﬂ.-’ﬁj“ ) d ( 4 2,1?9 ) RS 'dv(vngn-.:vm ) S d’!; o

Step2-10) Calculating the nearness coefficients to the positive ideal solution,
CC,, and ranking the industrial groups according to them. CC, are defined as

follows,
d-
CC, = ——  jel .
d;""d}' ’
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From the calculation, a set of investment weights for industrial groups,
W, =(w,w,,...w, ) where w,w,,..,w, are weights of individual groups, is obtained.
The industrial group of which investment weight value is nearest to one {the closest
to the positive ideal solution) is the best industrial group.

3.3 Analysis of all stocks from different industrial groups
In this step, the two investment weights from Main Step 1) and Main Step 2)
are used to calculate the integrated final investment weights for all of the stocks in
the market, denoted as
Woalsy) where Wy, (s;) =W (s;)-W,(G))
and W(s,} is the weight of the i" stock from the ;™ group from Main Step 1 and
W,(G,) is the weight of the ™ group from Main Step 2). These weights are then

used to rank the stocks for making decisions and planning out strategies.
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Chapter 4
Application of the analysis procedures to a

demonstration case

As a demonstration of the applicability of our analysis procedures, a
simulated case of stock selection into a portfolio for a given period of time is
conducted. Suppose that the 6 industrial groups of investment interest were the
following: agriculturat and food industry (G, } consumer product and service industry

(G,), financial industry(G;,), industrial product and technology industry(G,),
property and construction industry{G,), and resource industry(G;). Stocks from

each individual industry were analyzed as follows.

Main step 1): Analysis of individual stocks within each industrial group
As an example, the analysis of the property and construction industry, G, is

shown below.
In this group G, we use the past 5-year financial fact data of the companies

from Stock Exchange of Thailand, 2010-2014, http://www.settrade.com.
Step1-1) Gathering the past 5-year financial data of the companies in this

group and screening in stocks with complete data from 12 companies: CK, CNT, ITD,
NWR, PREB, SEAFCO, STEC, STPI, SYNTEC, TRC , TTCL, and UNIQ.

Step1-2) Calculating the E/ P, P/ BV, and P/ P, values of each individual
stock.

Step1-3) Calculating the following weighted arithmetic mean of E/P,
P/BV ,and P/P.Table 4.1, 4.2 and 4.3 show data of some stock(STPI), Table 4.4

show the weighted arithmetic mean of each individual stock in G;.

E/P
We gather data of each individual stock for calculating £/ P. We deal it following

this flowchart shown in Figure 4.1.



Close price

Common stock

Preferred stock

Treasury stock

30

12-quarter
net profit

A 4

P/E ﬁatio

y

E/P Ratio

Figure 4.1 A flowchart representing a process for calculating £/ P.
We calculate E/Pof each individual stock by using Definition 2.15. The

weighted arithmetic mean (E/P)W (S.), kel is computed from the formula:

(E/P)"(S,) =Zw (E/P)(S,)

2i

where W, =———, 1
" on(n+d)

el

n*

The weighted arithmetic mean £/P of some individual stock is shown in Table 4.1.

Table 4.1 E/ P of STPI

S5TPI stock 1471072014 | 27/12/2013 28/12/1012 30/12/2011 30/12/201%
Closing price of common

stock (baht) 15.7 62.75 28.75 27

Number of common stocks 369360995 368,492,092 367,873,233 367,516,097
Number of preferred stocks a 0 0 0

Number of treasury stocks 0 0 0 0

Latest 12-month profit 1908520000 1089760000 399510000 2021430000
P/E 14.8500 3.0385 21,2183 264733 4.9093

E/P 0.0673 0.3291 0.0471 0.0378 0.2037

E/P {weighted average) 0.1383

E/P (% weighted average) 13.83

P/BV

We gather data of each individual stock

following this flowchart shown in Figure 4.2,

for calculatingP/ BV . We deal it
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The number of be the rnumber Closing

Total Asset Total Liability ) .
of registered stock price

v

Accounting value per stock

v

P/BV Ratio

Figure 4.2 A flowchart representing a process for calculating P/ BV .

We calculate P/BV by using Definition 2.16. The weighted arithmetic mean
(P/BV)"(S,), kel, is computed with the formula:

(P1BVY'(S) =5 w(P/BV)(S)

w, = L iel . The weighted arithmetic meanP/BV of some
n(n+1)

individual stock is shown in Table 4.2,

where

Table 4.2 P/ BV of STPI

STPI stock 27/12/2013 28/12/2012 30/12/2011 30/12/2010
Closing price of common stock
(baht) 15.7 62.75 28.75 27
Number of common stocks 1477443980 368,492,092 367,873,233 367,506,097
Number of preferred stocks 0 0 0 0
Total assets 10867008638 7347262706 3522893354 4259624240
Total liabilities 4956210154 2622198628 423972604 1021904292
Accounting value per share 4.0006%92117 12.00857271 8.42388212 8.809017357
P/BV 3.924320978 5.225433658 3.412915754 3.065041072
P/BV of 2014 (an quarter) 4.8
P/BV (weighted average) 4.350963831
P/BV {highest} 25.18861616
P/BV (%) 17.27353263

P/P

n

We gather data of each individual stock for calculating P/ P,. We deal it following

this flowchart shown in Figure 4.3,
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y
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Figure 4.3 A flowchart representing a process for calculating P/ P,

In this research, we use MLR average from 2010-2014 for calculating P/ P,.

MLR of each individual year from 2010-2014 is shown in Table 4.3

Table 4.3 MLR

2010 2011 2012 2013 2014

BAY 6.5 7.625 7.375 6.875 7.125
BBL 6.125 7.25 7 7 6.75
BAY 6.125 7125 T 6.8575 6.75
KBANK 6.12 7.25 7 6.75 8.75
CIMB 6.75 71.75 7.625 1.625 7.375
T™MB 6.5 7.5 7.375 7.25 7.25
TNC 6.5 7.625 7.375 7.25 7.125
SCB 6.12 7.25 7 6.75 6.75
TISCO 6.5 7.625 7.375 7.125 7.125
UCB 6.85 7.875 7.625 7.25 7.25

Average 6.409 7.5 7.275 7.0733 7.025

We calculates P/P, by using Definition 2.17 and Definition 2.18. The

weighted arithmetic mean {P/P,)"(S,), keI,

(PIRY' ()= m(PIB)(S))

w, = ,
where W, 2t D)

stock is shown in Table 4.4.

is computed from this formula:

iel, The weighted arithmetic mean P/ P, of some individual
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STPI stock 14/10/2014 | 27/12/2013 | 28/12/2012 | 30/12/2011 | 30/12/2010
Closing price of common stock (baht) 20,8 15.7 62.75 2875 27
Dividend interest rate (%) 1.63 1.59 0.5 12.16 7.86
Dividend armount (baht} 0.339 0.2496 0.3128 3.496 21222
Expected interest (¥ ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment
1.0703 1.0707 1.0728 1.0750 1.0641
(1+7)
Target price in 2014 29.3056
Clesing price to target price ratio 0.7098
Therefore, financial ratio of stocks in G is Table 4.4.
Table 4.5 E/P ,P/BV ,P/F, of stocksin G
Financial
Ratio CK CNT ITD NWR | PREB | SEAFCC | STEC | STPI SYNTEC | TRC TTCL | UNIQ
E/P (%) | 1086 | 7.86 .89 6.14 10.5 6.38 5.59 1383 | 3.26 71.98 4.2 7.66
F/BV(%) | 8.71 g1 7.35 4.73 8.19 7.19 1606 | 17.27 | 38 8.99 16.19 | 8.3
PP, 243 112 0.94 2.38 294 0.97 1.67 0.71 1.86 0.83 2.87 24

Stepl-4) An expert constructing a fuzzy set based on the latest 5-year
financial data of which linguistic terms are represented by trapezoidal and triangular
fuzzy numbers.

Values of E/P ,P/BV ,P/P

n

were grouped into 3 levels: low(GL),
medium{GM') , and high{GH ), and so the fuzzy sets representing these levels were
I =(xl_’x.'.1’, ’xMz’xU) M =(yL,yM. ’yMz’yU), S ﬁ=<ZL’ZM, ,ZM2’2U> ‘

The fuzzy sets of linguistic terms are as follows:

E/P = LX=(0,0,1,3)

, MX={1,38,10) , HX=(8,10,100,100);
P/BY = LY={0,0,57) , MY=(57,10,16) , HY=(10,16100,100);

P/P, = LZ={0,0,,1.1) , MZ=(1,11,19,23) , HZ={19,2.3,100,100).
Let x, y,zand w be afuzzy variable of £/ P, P/BV and P/ P , respectively.

Then the membership functions of each fuzzy sets of linguistic terms are as follows:

(x—l
1 0<x<] B lsx<3
“L-:Y(x)= _(x—3) ;15x$3' uM“X(x)—él . ;3<x<8§
2 _(x—21 ) 8<x<10



Figure 4.5 Fuzzy sets of linguistic terms of P/BV

x—8
— ;8<x<10
uifx(x)z 2 ’
1 ;10<x <100
1 ;0<y <5
uL_Y(y)= _(y_7) ,5Sy£7 .
2
y-10
- ;10 y<16
ufiy(y)z ¢ g
1 ;16< v <100
1
1 ;0£2<1
u[z(z)z _(z—l.l) Q<z<l]
0.1

MZ

u_ (z)=J1

-

z-1
0.1

B (z— 2.3)

. 04
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z-1.9

_— 195223
u_(z)=1 04
HZ 1

;23<z<100

Figure 4.6 Fuzzy set of linguistic terms of P/ P,

Step1-5) An expert constructing fuzzy rules from the fuzzy sets constructed
from Step 4 as follows:

In this research, we define fuzzy sets of linguistic terms of as follows:

L=(0,0,02,03), RL={02,0.3,04,0.5), M ={04,0.5,0.6)

RH =(0.5,0.6,0.7,0.8) , H =(0.7,0.8,1,1)

which their membership functions are :

w—02
1 ;0 w=0.2 J 0.1 ;02=w=03
uL}V(w)= _(w_0_3) SNy uRL.W(w)= 1( S :03<w<0.4
0.1 w0,
- 04<w<0.5
0.1 Y
(w=0.5
— <
W0?4 :04<w<0.5 01 ;0.55w<0.6
uM'W(W)= ( 06) um'm'(w):d ;06<w=<0.7
w_.
- ;055 w<0.6 —0.
0.1 " —wz?g),a75w<os
=07  07<w<08
u. (w)=4 0.1
Hi¥

._.

©
o0
IA
=
IA
—
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Figure 4.7 Fuzzy set of linguistic terms of ¥

We denote fuzzy set of linguistic terms of Wby

RLW = Relatively low=,

We assume an expert determining fuzzy rules as follows:

L—W =: Low,

and HW = High .

Rule 1 If x is LY and ¥y
Rule 2 If x is LX and ¥y
Rule 3 If x is LX and ¥y
Rule & If xis LX and y
Rule 5 If x is LY and y
Rule 6 If x is LY and y
Rule 7 If x is LX and y
Rule 8 If x is LY and v
Rule 9 If x is LY and y
Rule 10 If x is MX and y
Rule 11 If x is MY and ¥y
Rule 12 If x is MX and h%
Rule 13 If x is MX and y
Rule 14 if x is Ai\’ and y
Rule 15 If x is MY and v
Rule 16 If x is MX and y

is L*Y and z is L_Z then w is RHW,

is LY and z is MZ then w is MWV
is LY and z is HZ then w is REW.
is MY and z is LZ then w is MW
s MY and z is MZ then w is RLW.
is MY and z is HZ then w is LW,
s HY and z is LZ then w is REW.
is HY and z is MZ then w is LW.
is HY and z is HZ then wis LW,

is L‘Y and z is L—Z then w is I—fW.

is LY and z is MZ then w is REIW.

is LﬁY and z is h;Z then w is MW .

is MY and z is LZ then w is REW.

is M;Y and z is M;Z then w is MW.

is M—’Y and z is H—’Z then w is RLW.

is h;Y and z is Lé then w is MyW.

MW = Medium , RAW =: Relatively high

36



Rule 17 If x

Rule 18 If x

Rule 19 If x

Rule 20 If x

Rule 21 If x

Rule 22 If x

Rule 23 If x

Rule 24 If x

Rule 25 If x

Rute 26 If x

Rule 27 if x

Step1-6) Importing the values of current P/ E , P/ BV andP/P, (

is MY and y is HY and z is MZ then w is RLW.

is M;X

is HX
is HX
is FIX
is HY
is HX
is HX
is HX
is HX
is HXY

and y is HY and z is HZ then w is LW,

and y
and y
and y
and y
and y
and y
and y
and y
and y

is MY and
is MY and
is MY and
s HY and
is HY and
s HY and

N

18]

s LY and z is L2 then w is HW,
s LY and z is MZ then w is HW.
is LY and z is HZ then w is REIW.
is LZ then w is HW.
is MZ then w is REW,

zZ is 11;2 then w is MFW

z is L7 then wis REW.

Z is M;Z then w is M;W

2 is HZ then w is RLW.

to E/P, BV /P andF, /P ), which, in this study, were the values of the 22" of

January 2015 shown in Table 4.5 below.

Table 4.6 Financial Ratios of the 22™ January 2015, http.//www.settrade.com
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inversing

Financial

Rati ! CK CNT ITD NWR PREB SEAFCO STEC STPI SYNTEC | TRC TTCL UNIQ
atio

E/F (%) 4.76 N.A 214 N.A 5.76 5.29 4.71 8.23 4,84 5.47 3.58 251

P/BV(%) 254 2.36 3.66 1.69 341 3.88 4.83 4.09 1.82 3.46 3.04 373

P/P, 2.55 0.91 1.34 2.34 4.29 1.7% 1.55 0.66 2.37 1.08 2.83 212

Note: The E/Ps of CNT and NWR were not applicable, meaning that they suffered a

loss, so they were not included in further calculation.

Next, we only show detail of inference for STPI stock by using Mamdani

method.
We input E/P=8.23, P/BV =4.09 and P/P =0.66 ,ie. input x=823,

y=4.09 and z=0.66.

Firstly, we compute weight (w) between input values and conditions of fuzzy

rules. For more understanding, let us see these pictures.

For E/ P




1
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i Fy B 0 100
8.23

Figure 4.8 Intersection between input value and fuzzy set of linguistic terms of
E/PSTPL

For P/BY

Figure 4.9 Intersection between input value and fuzzy set of linguistic terms of

P/ BV STPI
X | >< |
A
1 11 13 23 3

Figure 4.10 Intersection between input value and fuzzy set of linguistic terms of
P/ P STPI

n?

For P/F,

—

0%
046

From Figure 4.8-4.10, we have the concerned fuzzy rules as follows:
Rule 10 If x is MX and y is LY and z is LZ then w is HW .
Rule 19 If x is HX and yis LY and z is LZ then w is HW .

Since U (_\¢)=_@, u_ (,\')=(i;i), u_ (y)}=1and u. (z)=1

38
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we have,
I, =u - (8.23) AU (4.09) AU (0.66)
=0.885A1A1=0.885
hy =uH_X (8.23) s (4.09) A (0.66)
=0.115A1A1 =0.115
Then h=hyAh,=0.885A0.115=0.115

Since output of each rule is HW , so the union of truncated fuzzy outputs with

h=0.115-is equal to AL , that is, WLH, (w) =-HW

0115

G 92 03 04 05 066 07 08 1 g 062 03 04 05 06 07 08 1
7115

Figure 4.11 The union of truncated fuzzy outputs Wm,, (W) =-HB STPI

It is not difficult to find the membership function of Wum (W) = HW- . From Figure

4.11, we have

w07 07<w<07115
”;i',,,, (w)= 0.1 3
0.115 107115 sw<l

Step1-7) Performing defuzzification of the fuzzy output values to crisp values
with the centroid method, obtaining the investment weishts and normalize

investment weight shown in Table 4.7 below.

In this document, we only show defuzzification W,,,,, (w) = -HW of STPI.

, w07 07<w<07115
Since u;, (w)=1 0.1 , we get

0.115 ;071155 wsl

[ s (w)dw:%(0.3+0.2885)(0.115) =0.0338

W,

ot
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67115 W—O7 1
and j.wuﬁ:w(w)dw= ‘[ w( . ]dw+ I w(0.115)dw.
8

out 0.7 01 0.7115
Therefore w¥ = 9@ ={0.855.
0.0338

Note: For convenient, we use the MATLAB to compute the investment weieht # .

Calculated investment weight#  and normalize investment weight#] in
industrial group of the property and construction industry G,, can be conclude in

Table 4.7.

Table 4.7 The normalize investment weights from the analysis procedures

Stock K ITD PREB SEAFCO | STEC STPI SYNTEC | TRC TTCL UNIQ

The Investment
0.5 0.6285 0.5 0.65 .65 0.855 0.5 0.674 0.5 0.5

weights

The normalize

. . 0.084 | 0.105 0.084 0.1091 0.1091 | ¢.1435 | 0.084 0.113 0.084 0.084
investment weights W,

For the purpose of easy demonstration, the normalize investment weights ]

of the stocks from the other 5 industrial groups were made up. All of the weights are
tabulated in Table 4.8 below.

Table 4.8 The normalize investment weights of all stocks: the ones for Gywere

actually calculated while the rest were made up

Gl Gz G3 G4 Gs Gé
S;; | 00418 | §,-1026 | 55 | 01276 | 5, | 00518 [ §5(CK) 0.084 | 514 | 0.0261
Syp | 0024 | 55y | 0.169 | sp; | 0.1528 | 55 | 0.1077 | S25(TD) 0105 | 8§46 | 0.1258

Sy | 01148 [ 53 | 01359 | 553 | 00282 | 53, | 01745 | S35 (PREB) | 0.084 | 55, | 0.0667
Sqp | 01708 | 545 | 03006 | 545 | 00843 | 54, | 00528 | 545(SEAFCO) | 0.1091 | s, | 0.2034

ss; | 01003 | 55, | 0004 | 55 | 00822 | sg, | 01108 | Ss5(STEQ) 0.2091 | 5 | 0.0315
Sg1 | 0097 | sg [ 01376 | s | 00841 | 55, | 0.1399 | Sg5{STP) 0.1435 | 546 | 0.1576
Sy | 00764 | 55 | 01825 | 555 | 0.0335 | 5, | 0.0916 | S75(SYNTEC) | 0084 | 546 [ 0.2068
Sgy [ 0.0705 | s, | 00108 | sy | 0.0921 | 55, | 01099 | Sgs (TRO 0.113 | sg | 0.0638
Se; | 0.1484 Soy | 0211 | sy, | 0.0825 | Sos (TTCL) | 0084 | 595 | 0.1215

S1p1 | 0.1565 Sip3 | 02517 | $04 | 00986 | Sjos{ UNIQ) | 0.084




41

Main step 2): Analysis of industrial groups
Stocks from 6 industrial groups, G,,G,,...,G,, were analyzed. Three decision

makers, d,,d,,d,constructed 4 decision criteria, ¢,,¢,,6;,¢, calculated in the

following steps.

Step2-1) Calculating the weights for decision makers. The preference level of

]

the i decision maker is compared to that of the J decision maker with a scale

[1,9], obtaining
9

A
(1,1,1) (1,2,3) (2,3,4)

11

_1_51 151,1 1,2,3
(334) QL) (29
[1,1,1] (—1-,1,1) (1,1,1)
\2°3'2) (32

Step2-2) Calculating the fuzzy weight vectors, W, = (W, , ), for D= ( j) ,
Hixﬂ‘

!
1l

L3

and obtaining the following respective vectors for decision makers d,,d,,d,:

Since

. ys 1259921 wo 1817121 o 2.289428
That is (Hafjj =0.691042 ,[Ha,‘;] = 1 ,[]‘[a;’J = 1.44125
= 0.435429 /7 0.548481 /' 0.793701

3 3
Ha‘") =3.3650125

(—125992105 Cy, = max-< »=0.79370053

Thus 7, =(0.47165,0.53991,0.53991,0.53991),
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W,, ={0.25869,0.29712,0.29712,0.34012} ,and
#,, = (0.16296,0.16296,0.16296,0.18717),

and check a consistency index

L M U
- W, w W,
3 dk d
Y4 (A) = Cj smax { max {|—= —al|, |t — g | | 2L — ¥
Ty w ' “lw Y
d & d & .k
3
1 2\
9 s
= N | —
where 0% ) (p ; 192 3

max<{9-0 * ,9 * -9

C; =0.103
Therefore 1] (ﬁ) =0.09403

Step2-3) The 3 decision makers, d,,d,,d, evaluating 6 industrial groups,
G,,G,...,Gy according to the decision criteria ¢,¢,,¢;,¢, utilizing linguistic terms
VL, L, ML,M,MH,H, VH represented by trapezoidal fuzzy numbers as in Table 4.9.

According to the decision criteria

Table 4.9 Trapezoidal fuzzy numbers representing linguistic terms used for fuzzy

evaluation of industrial groups.

A Industrial | Decision maker
group g, d, 4,
G |os|o7|o7|08|06|07|07|08l08[09]1 |1
G, |os8|o9f1r [1 [o7fos|08]09]07|08|08]09
G, |ovfog|los]ov|or|os|os|os|07]0s]0s]o0s9
& G, Joslosl1r |1 loslas|1 {1 |os|og]1 |1
G, [os|o7|o7]|os|os|or]orlos|as]|o07|0r]|0s
G, |os{or|o7]os|o7]{08|08|09]06]{07 07|08
G, 06 |07{o7jo8lo7|o8|{08|09]|07]|08]|08]09
G, |o7]o0s{os|o9|o0s|07|07{08]0s|07]07]08
c G, |oeslo9ofi1 |1 {o8|o9|1 |1 |o8|os |1 |1
2 G, los]o7|o7|os|or]os]{osloes|07|oslos]as
G, |os6|07|or]os|os|orforfos|or|os]|o0s]|0s9
G, |o7|os|og{os|o7]os|og|og|07]08]|08]09
G, lo7|os{os|oo|o7{os|osloofor|os] o8]0y
G, |osfos|1 |1 {o7|os|o8|09|07|08]08]09
c G, |os|os|[1 |t foes|os|1 {1 |o7]|os]os]es
’ G, |or|os|aslog|os{o7r]or]os|os|or|or|os
Gs |o7fosfos]os|os|o7|07]08]07]{08]|08]09
Gy |o¢]or|orjos|o6f67]|07|08]07]|08]08]09




G, 06]07{07|[08|06|07|o7|o8|06]07]|07]08
G, |os]o7]lo7|08|o8(09|1 [1 {07 |08]08]09
G, 0708 |08|05{07{08]08]09]|07|08]08]|09
G, |oslos|1 |1 [oes|oof1r |1 |osfos|1 |1
G, [o07|o08|08|09|a7]08|08|09]07]|08]08]00
G, |Jor|os|os{n9|o06][07|07]|08|07|08|08]|09
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Step2-4) Decision makersd,,d,,d, evaluating the decision criteria ¢;,¢,,¢;,¢,
utilizing the linguistic terms VL,L,ML,M,MH,H, VH represented by the mentioned

trapezoidal fuzzy numbers as in Table 4.10.

Table 4.10 Evaluation of fuzzy decision criteria

Decision maker
Criteria d, a, d,
c 081097)1 1 (08|09)1 1 081091 1
C, 07108080907 D.S 08]09|07|08)08]09
C; 08109 |1 1 081091 1 [068]09 |1 i
C4 05106 |07({08|08{09(1 1 (07 (08|08]|09

Step2-5) Calculating fuzzy decision criteria and the evaluation criteria for

industrial groups based on the weights of decision makers as in Table 4.11 and Table

4.12, respectively.

Table 4.11 Fuzzy decision criteria

Decision maker

Criteria
dl dl dS
o} 0.3773 | 0.4859 | 0.5399 | 0.5399 | 0.207 | 0.2674 | 0.2671 | 0.3401 | 0.1304 | 0.1467 | 0.163 | 0.1872
Cy 0.3302 | 04319 | 0.4319 | 0.4859 | 0.1811 | 0.2377 | 0.2377 | 0:3061 | 0.1141 | 0.1304 | 0.1304 | 0.1685
€, 03773 | 0.4859 | 0.5399 | 0.5399 | 0207 | 0.2674 | 0.2971 | 0.3401 | 0.1304 | 0.1467 | 0.i63 | 0.1872
c, 0.2358 | 0.3239 | 0.3779 | 04319 | 0.207 | 0.2674 | 0.2971 | 0.3401 | 0.1141 | 0.1304 | 0.1304 | 0.1685
Table 4.12 Fuzzy evaluation of industrial groups
Industrial Decision maker
Criteria 4 p
sroup 1 2 d,
G 0.283 | 0378 | 0.378 | 0432 | 0.155 | 0.208 | 0.208 | 0.272 | 0.13 | 0147 | 0.163 | 0.187
G, | 0377 | 0486 058 | 050 0181 0238|0238 | 0306 | 0.124 | 0.13 | 013 | 0168
c 0, 0.33 | 0432 | 0.432 | 0.486 | 0.181 | 0.238 | 0.238 | 0306 | 0.114 | 0.13 | 0.13 | 0.168
1 G, 0377 | 0.486 | 054 | 0.54 | 0.207 | 0267 {.0.297 | 030 | 0.13 | 0.147 | 0.163 | 0.187
G, 0.283.] 0.378 | 0.378 | 0.432 | 0.155 | 0.208 | 0.208 | 0.272 | 0.098 | 0.114 | 0.114 | 0.15
Gy | 0283|0378 0378 | 0432 | 0181 | 0238 | 0.238 | 0.306 | 0098 | 0.114 | 0.114 | 0.15
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G 0.283 | 0378 | 0378 | 0.432 | 0.181 | 0.238 | 0.238 | 0.306 | 0.114 | 0.13 | 0.13 | 0.168
G, | 033 |0432 | 0432 | 0.486 | 0.155 | 0.208 | 0.208 | 0.272 { 0.098 | 0.114 | 0.114 | 0.15
c G |oam 0486 | 054 | 054 | 0207 | 0.267 | 0297 | 034 | 013 | 0447 | 0163 | 0.187
G, | 02830378 | 0378 | 0.432 | 0.181 | 0.238 | 0.238 | 0.306 | 0.114 | 043 | 0.3 | 0,168
G, | 0285 | 0378 | 0378 | 0432 | 0155 | 0.208 | 0.208 | 0272 | 0110 | 013 [ o013 | o.168
Gy | 033 | 0432 | 0432 | 0486 | 0.181 | 0.238 | 0238 | 0306 | 0.114 | 013 | 013 | 0.168
G, 033 | 0432 | 0432 | 0.486 | 0.181 | 0.238 | 0.238 | 0.306 | 0114 | 0.13 | 0.13 | 0.168
G, o317 | 0486|050 | 054 | 0181|0238 | 0238 | 0306 [ 0.114 | 013 | 013 | 0.168
¢, Gy | o377 | 0486 | 054 | 050 | 0207 | 0267 | 0297 | 038 | 0114 | 013 |03 | 0168
G, o033 ]0432| 0432|0486 | 0155 | 0.208 | 0.208 | 0.272 | 0.098 | 0.114 | 0.124 | 0.15
Gs | 033 | 0432 0432 | 0.486 | 0.155 | 0.208 | 0.208 | 0.272 | 0.124 | 0.13 | 013 | 0.168
G, | o283 | 0378 | 0378 | 0432 | 0.155 | 0.208 | 0208 | 0272 | 0.114 | 013 | 013 | 0.168
G, 0.283 | 0378 | 0.378 | 0432 | 0.155 | 0,208 | 0.208 | 0.272 | 0.098 | 0.114 | 0.114 | 0.15
G, | 0283|0378 | 0378 | 0432 | 0207 | 0267 | 0297 | 03¢ | 0114 | 013 | 013 | 0.168
c G, | 033 {0432 {0452 | vase | 0181 | 0238 | 0238 | 0306 | 0114 | 013 | 013 | 0.168
4 G, [ 0377|0486 | 054 | 056 | 0207 | 0267 | 0297 | 03¢ | 043 | 0.147 | 0.163 | 0.187
G, | 033 | 0432 | 0432 | 0486 | 0.181 | 0238 | 0238 | 0.306 | 0.114 | 013 | 013 | o168
Ge | 033 | 0432 | 0432 | 0.986 | 0.155 | 0.208 | 0.208 | 0272 | 0.114 | 0.13 | 013 | 0.168

Step2-6) Aggregating the decision criteria and the fuzzy evaluation of
industrial groups based on the weights of decision makers. The aggregation results
are shown in Table 4.13 and 4.14 below.

Table 4.13 Ageregation of decision criteria

Criteria
c C, ¢ ¢,
weight | 013 |03 | 0333 [ 054 | 0114 [ 0.267 [ 0267 [ 0486 [ 013 [ 03 [ 0333 [ 054 | 0.114 | 0.241 | 0.268 | 0432
Table 4.14 Aggregation of evaluation of industrial groups
Criteria
Group
G 6 G 4
G, 0.13 | 0244 | 0.25 | 0432 | 0.114 | 0.249 | 0.249 | 0.432 | 0.114 | 0.267 | 0.267 | 0.86 | 0.098 | 0.233 | 0.233 | 0.432
G, 0.114 | 0.285 | 0.303 | 0.5¢ | 0.098 | 0.251 | 0.251 | 0.486 | 0.114 | 0.285 | 0303 | 0.54 | 0.114 | 0.259 | 0.2¢8 | 0.432
G, 0.114 | 0.267 | 0.267 | 0.486 | 0.13 | 03 [ 0333 | 054 |0.114 | 0295 | 0.322 | 054 | 0.114 | 0.267 | 0.267 | 0.486
G, 013 |03 0333|054 | 0114 | 0.249 | 0.249 | 0.432 | 0.098 | 0.251 | 0.251 | 0.486 | 0.13 | 0.3 [ 0333 | 0.54
G, 0.098 | 0,233 [ 0.233 | 0.432 | 0.114 | 0.239 | 0.239 { 0.432 | 0.114 | 0.257 | 0.257 | 0.486 | 0.114 | 0.267 | 0.267 | 0.486
G 0.098 | 0243 | 0.243 | 0.432 | 0.114 | 0.267 | 0.267 | 0.486 | 0.114 | 0.239 | 0.239 | 0.432 | 0.114 | 0.257 | 0.257 | 0.486

Step2-7) Normalizing the weights of industrial groups for each decision criteria
shown in Table 4.13 then multiplying the normalized matrix with the weights of

decision criteria from Step2-6), defined by




V:[Vi":'(,x:, , where vj.,.m(

L
ViirV,

M] MZ
i * Vi

,v}f) and ¥

i

a5

=7, ®W,, when jel,2,.,6,

iel,2,..,4 ; to obtain a decision matrix shown in Table 4.15 below.

Table 4.15 Decision matrix

Group Criteria
c, €y

G 0.031 | 0.136 | 0.154 | 0432 | 0.024 | 0.123 | 0.123 ] 0.389 | 0.028 | 0.148 | 0.148 [ 0.486 | 0.021 | 0.104 | 0.116 | 0.346
G, 0.028 | 0.158 | 0.187 [ 0.54 | 0.021 | 0.124 | 0.124 | 0.437 | 0028 | 0.158 | 0.168 | 0.54 | 0.024 | 0.115 | 0.134 | 0.346
G, 0.028 | 0.148 | 0.165 | 0.486 | 0.028 | 0.148 | 0.165 | 0.486 | 0.028 | 0.164 | 0.179 | 0.54 | 0.024 | 0.119 | 0.133 | 0.380
G, 0.031 § 0.167 § 0.206 j 0.54  0.024 | 0.123 | 0.123 | 0.389 | 0.024 | 0.14 | Q.14 | 0486 | 0.028 | 0.134 | 0.1656 | 0.432
G 0024 | 0.13 | 0.144 | 0.432 | 0.024 | 0.118 | 0.118 | 0.389 | 0.028 | 0.143 | 0.143 | 0.486 | 0.024 | 0.119 | 0.133 | 0.389
G, 0.024 | 0.135 | 0.15 | 0.432 | 0.024 | 0.132 § 0.132 | 0.437 | 0.028 | 0.133 | 0.133 | 0.432 | 0.024 | 0.114 | 0.128 | 0.389

Step2-8) Stipulating a positive ideal solution (S™)and a negative ideal
solution (S7) to be

*

S = [(0.54, 0.54, 0.54, 0.54), (0.486, 0.486, 0.486, 0.486),
(0.54, 0.54, 0.54, 0.54}, (0.432, 0.432, 0.432, 0.432) ]
ST = [(0.021, 0.021, 0.021, 0.021), (0.021, 0.021, 0.021, 0.021),
(0.024, 0.024, 0.024, 0.024), (0.021, 0.021, 0.021, 0.021)]

Step2-9) Calculating the distances from the results of industrial groups
evaluation in Table 4.15 to the (S") and the (57)ideal solutions shown in Table 4.16

and Table 4.17, respectively.

d(G,87)= \/g[( Fob ) (a5 (a5 (a0

Table 4.16 Distances between G,.(1,2,3, 4, 5,6) and 8~ for each decision criterion

Criteria

Distance SUM
G c, C, ¢,

dy=d,(G,S") | 0381572 | 0348712 | 0.378268 | 0.309819 | 1.418371

dy=d,(G,,S") | 0364995 | 036628 | 0.369604 | 0301308 | 1.382533
d;' =d,(G;, S') 0.374072 | 0.326879 | 0.365443 | 0.298251 | 1.364645
dy=d,(G,,8") | 0356869 | 0398712 | 0.384022 | 0.284309 | 1373911

dy=d,(Gs,S) | 0388391 | 0.351266 | 0381127 | 0.298251 | 1418985

d‘::d,,(Gf,,S*) 0.38534 | 0.341527 (-0.389187 | 0.300650 | 1.416708




46

Table 4.17 Distances between G,(1,2,3,4,5,6)and S~ for each decision criterion

Criteria

Distance SUM
o <, o C,

dy =d,(G,S7) | 0223775 | 0.197715 | 0.247374 | 0.174345 | 0.843208

d;=d (G,,57) | 0281158 | 0.220808 | 0.276399 | 0.17835 | 0.956716

dy =d, (Gy,S7) | 0251745 | 0.251745 | 0.278567 | 0.198531 | 0.980589
dy =d,(G,,87) | 0285192 | 0.197715 | 0.245285 | 0.225285 | 0.953478
dy=d (Gs,857) | 0221504 | 0.196478 | 0.246015 | 0.198531 | 0.862528

3 =d,(G;,57) 0.223065 | 0.222647 | 0.218246 | 0.197315 | 0.861274

Step2-10) Obtaining the nearness coefficients CC, to the positive ideal

solution and the investment weights W, shown in Table 4.18 below.

Table 4.18 Nearness coefficients to the positive ideal sotution

Industrial Group G, G, G, G, G, G,
9
CCF—=+ 0304297 | 038056 | 0.392965 | 0.380328 | 0.318558 | 0.315015
dj+d;
Weights 0.157599 | 0472877 | 0176738 | 0.173169 | 0.159816 | 0.159816

Main step 3) Analysis of all stocks from different industrial groups

The two kinds of investment weights obtained from Main Stepl) and Main
Step 2} were used to calculate the final investment weights for all of the stocks in
the market, W,,(s;), where i represents the i" company and j the j” industrial

group, and the final weights were ranked as shown in Table 4.19 below.

Table 4.19 The final investment weights of all of the stocks in the market

Sy Siz | Stz | Sea | S | Sae | Sz | Fu 2 523 541 Se6 S101 Seq
Wau (sa') 00473 | 00472 | 0.0396 | 0.0332 | 00317 | 0.03114 | 0.0307 | 0.03063 | 0.0287 | 002543 | 0.02503 | 0.02478 | 0.0247
Sy Seo | Ssx | S | Sss | Si3 | S26 | So6 | Ssa | Sga | Sa § Sy | Sws | 51
Woas (Zs-f) 0.0237 | 0.0227 | 0.0218 | 0.0215 | 0.0201 | 0.01998 | 00195 | 001894 | 0.0183 | 0.01820 | 001792 | 0.01720 | 0.02373
Sy Sos | Sa2 [ Swoa | 55§ S | Set | St | Sas | Se3 | Sz | S | %15 | Sss
Wou (Sf) | 0.0167 | 0.0166 | 0.0166 | 0.0166 | o.o15e | 0.01583 | 0.0157 | 0.01544 | 0015 | 001459 | 0.01411 | 601279 | 0.01270
Sy S35 | Sus | Sizs | Sn | Smi | S | Ss6 | Sa | Sua | Sm S 573 $56
Wou (sf) 0.0127 | 00127 | 0.0127 | co111 | 0.0102 | 0.01004 | 0.0094 | 0.00960 | 0.0096 | 0.0079 | 0.00608 | 0.00608 | 0.00529
Sy §33 St | Sa1 Sg2 352
W, (s J) 0.0047 | 0.0039 | 0.0034 | 0.0018 | 0.0007




a7

From Table 4.19, investors can use the calculated weights to help with their
decision-making and strategy-planning. The better stocks to invest in show higher
final investment weights.



Chapter 5
Conclusions and Suggestions

5.1 Conclusions

The innovation appeared in this document is to present the tactic of
conveying the stock selection to portfolic by using two tactics, fuzzy quantitative
analysis and Fuzzy multi-criteria decision making. The two tactics imply the final
investment weight. Investors can determine their strategies by using the final
investment weights. The final investment weights may be used to select stocks and
allocate asset into portfolio. A case study presented in Table 4.19 shows that, if we
use the final investment weights as decision criteria to select stocks into portfolio,
stock that has the highest weight is the most interesting and is chosen first. In
contrast, stock that has the lowest weight is the least interesting and is chosen last.
However, decision-making and strategy-planning of each investor may be different
and depend on their financial risk tolerance. For example, some investors whose
financial risk tolerance is high level maybe invest in only one stock with the highest
final investment weights while some investors reduce risk by investing in many stocks
with high final investment weights. You should keep in your mind that there is no
best tool in the world for financial analysis but you can alter tools that fit for each
situation. The purpose of this research is to construct the tool for financial analysis
that may be an alternative for investors. At least, we hope that this research will

help investors to make an appropriate decision.

5.2 Suggestions
For future work, we will improve our model and compare results with others
in each situation. Moreover, the software of this model will also be provided.
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Appendix A
Table of Financial Ratios
E/P
Table A-1 E/ Pof ONT .
CNT stock 14/10/14 27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock
(baht) 525 10 3.78 4,98
Number of common stocks 1002904144 501452102 501452102 401161682
Number of preferred stocks 0 0 0 0
Number of treasury stocks 0 0 0 ¢
Latest 12-month profit 442180000 465780000 165010000 352260000
P/E 22.8100 11.8075 10.7659 11.4871 56713
E/P 0.0438 0.0840 0.0929 0.0871 0.1763
E/P (weighted average) 0.0789
E/P (% weighted average) 7.89
The first trading day 1/3/1991
Table A-2 E/ Pof NWR
NWR stock
14/10/14 27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 1.87 1.92 0.65 0.73
(baht}
Nurmber of common stocks 1,974,801,416 1,552,901,243 | 1,552,901,243 | 1,552,901,243
Number of preferred stocks 0 0 0 0
Number of treasury stocks 0 0 0 ¢
Latest 12-month profit 58360000 538910000 95780000 54270000
F/E 64.0000 63.2776 5.5326 10.5386 20.8885
E/P 0.0156 0.0158 0.1807 0.0599 0.0479
E/P (weighted average) 0.0614
6.14

E/P (% weighted average)

The first trading day 27/9/1995




Table A-3 E/ Pof PREB
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PREB stock

14/10/14 27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 6.15 9 348 3.14
(baht)
Number of common stocks 308,676,462 | 231,507,783 215,222,961 201,934,000
Number of preferred stocks 0 0 ] Q
Nurnber of treasury stocks 0 Q 0 0
Latest 12-month profit 261500000 188710000 106740000 61750000
P/E 13.5100 7.2595 11.0411 7.0168 10.2684
E/P 0.0740 0.1378 0.0906 0.1425 0.0974
E/P {weighted average) 0.1050
E/P (% weighted average) 10.5
The first trading day 2/12/ 2005
Table A-4 E/Pof SEAFCO
SEAFCO stock

14/10/14 27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 452 5.85 3.08 5.05
(baht)
Number of common stocks 268,730,194 { 215,000,000 215,000,000 215,000,000
Number of preferred stocks 0 0 0 0
Number of treasury stocks 0 0 0 0
Latest 12-month profit 138220000 138230000 -58670000 -58880000
P/E 12.3700 8.7879 9.0950 «11.2869 -18.4400
E/P 0.0808 0.1138 0.1089 -0.0886 -0.0542
E/P (weighted average) 0.0638
E/P (% weighted average) 638
The first trading day 3/9/2004
Table A-5 E/ Pof STEC
STEC stock

14/10/14 27/12/13 28/12/12 30/12/11 30/12/10
Closing price of cornmon stock 13.2 27.25 123 134
(baht)
Number of comman stocks 1,525,106,540 | 1,186,208,619 | 1,186,208,619 | 1,186,208,61%
Nurnber of preferred stocks o 0 0 0
Number of treasury stocks 0 0 0 ]
Latest 12-month prefit 1733200000 1165320000 903500000 443760000
F/E 21.4000 11.6152 21.7385 16,1487 358194
E/P 0.0467 0.0861 0.0361 0.0619 0.0279
E/P (weighted average) 0.0559
E/P (9% weighted average) 559

The first trading day 31/8/1992




Table A-6 E/ Pof SYNTEC
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SYNTEC stock

14/10/14 27/12/13 28/12/12 30/12/11 30/12/10

Closing price of common stock 1.09 1.04 0.79 1.1
(baht)
Number of common stocks 1600000000 1600000000 1600000000 | 1600000000
Number of preferred stocks 0 0 0 0
Number of treasury stocks 0 ] 0 0
Latest 12-rmonth profit 80600000 -132050000 97260000 203480000
P/E 18.3100 21.6377 -12.6013 12.9961 8.6095
E/P 0.0546 0.0462 -0.0794 0.0769 0.1156
E/P (weighted average) 0.0326
E/P (% weighted average) 3.26
The first trading day 8/8/1993
Table A-7 E/Pof TRC
TRC stock

14/10/14 27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 2.92 7.35 3.2 4.16
{baht)
Number of common stocks 816,586,773 | 336,585,589 | 333,558,339 | 330,668,089
Number of preferred stocks 0 0 0 0
Nurber of treasury stocks 0 0 v} 0
Latest 12-month profit 126360000 240560000 143040000 182840000
P/E 17.8000 18.8702 10.2839 1.1617 7.5234
E/P 0.0562 0.0530 0.0972 0.1396 0.1329
E/P (weighted average) 0.0798
E/P (% weighted average) 7.98
The first trading day 22/12/2005
Table A-8 E/Pof TTCL
TTCL stock

14710757 27/12/56 28/12/55 30/12/54 30/12/53
Closing price of commaon stock 34 34.75 118 9.6
(baht)
Number of common stocks 560,000,000 | 480,000,000 | 480,000,000 [ 480,000,000
Number of preferred stocks 0 0 c 0
Number of treasury stocks ] 0 0 0
Latest 12-month profit 655010000 545660000 399330000 337050000
P/E 27.6900 29.0683 30.5685 14,1838 13.6712
E/P 0.0361 0.0344 0.0327 0.0705 0.0731
E/P (weighted average) 0.0420
E/P (% weighted average) 4.2
The first trading day 16/6/2009




Table A-9 E/FPof CK
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CK stock

14/50/14 27/12/13 28/12/12 30/12/11 30/12/10
Closing price ¢f common stock 155 134 7.55 9.5
(baht)
Number of common stocks 1652585336 | 1652585336 | 1652585336 | 1652585336
Number of preferred stocks 0 0 0 0
Number of treasury stocks 0 0 0 0
Latest 12-month profit 7673850000 568400000 927400000 -335060000
P/E 22.0800 3,3380 38.95%6 13.4538 -16.8560
E/P 0.0453 0.2996 0.0257 0.0743 -0.0213
E/P (weishted average) 0.1086
E/P (% weighted average) 10.85
The first trading day 3/8/1995
Table A-10 E/Pof ITD
ITD stock

14/10/14 27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 3.88 4.2 3.62 4.64
(baht)
Number of common stocks 4,860,473,011 | 4,193,678,180 | 4,193,678,180 | 4,193,678,180
Number of preferred stocks 0 ¢] 0 0
Nurnber of treasury stocks 0 0 0 0
Latest 12-month profit 907370000 126160000 -1698460000 297920000
P/E 38.8600 20.7838 1396120 -8.9382 65.3151
E/P 0.0257 0.0481 0.0072 -0.1119 0.0153
E/P {weighted average) 0.0089
E/P (% weichted average) 0.89
The first trading day 9/8/1996
Table A-11 E/Pof UNIQ
UNIQ stock

14/10/14 27/12/13 28/12/12 30/12/11 30/12/19
Closing price of common stock 6.4 3.86 2.06 39
{baht)
Number of commeon stocks 779,539,289 779,539,289 670,902,000 625,000,000
Number of preferred stocks 0 0 0 0
Number of treasury stocks 0 0 0 0
Latest 12-month profit 586660000 380300000 -15870000 148240000
P/E 19.0900 8.5042 79122 -87.0862 16.4429
E/P 0.0524 0.1176 0.1264 -0.0115 0.0608
E/P {weighted average) 0.0766
E/P (% weighted average) 7.66

The first trading day 30/3/2007




Note

1. The latest price of 2014 (14/10/2014)

2. The closing price of stock 2010-2013, use to the last day of year from Stock
Exchange of Thailand, 2010-2014, http://www.settrade.com,
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P/ BV
Table A-12 P/ BV of CNT
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CNT stock

27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock (baht) 5.25 10 3.78 498
Number of commaon stocks 1002904144 501452102 501452102 401161682
Number of preferred stocks 0 0 0 0
Total assets 5,602,628,968 4,550,921,601 4,142,043 466 3,421,241,760
Total liabilities 3,423,329,926 2,723,717,260 2,483,328,626 1,779,096,743
Accounting value per share 2172987872 3.643826267 3.307823087 4093474254
P/BV 241602821 2.744367944 1.142745516 1.2165704%5
P/BV of 2014 (2™ quarter) 26
P/BV (weighted average) 2.293285213
P/BV (highest) 25.18861616
P/8V (%) 9.10445099
The first trading day 1/3/1991
Table A-13 P/ BV of NWR
NWR stock

27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock (baht) 1.87 1.2 0.65 0.73
Number of common stocks 1974801416 1522901243 1552901243 1552901243
Number of preferred stocks 0 0 0 0
Total assets 8987997044 7652648104 6207423312 5550252608
Total liabilities 5960101190 5626139660 4778059463 4038914745
Accounting value per share 1.533265993 1.330689336 0.92044736 0.97323501
P/BV 1.21961878 1.442861191 0.70617835 0.75007577
P/BV of 2014 (2" qurarter) 13

P/BV (weighted average)

1.191299411

P/BV (highest)

25.18861616

P/BV (%}

4.729515125

The first trading day 27/5/1995




Table A-14 P/ BV of PREB

58

PREB stock

27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 6.15 9 348 3.14
(baht)
Number of common stocks 308,676,462 231,507,783 215,222,961 201,934,000
Number of preferred stocks 0 0 0 0
Total assets 4276212876.40 3118212385.10 2027832427.67 1355169423.95
Total liabilities 3167608844.40 2261196222.24 1356134535.61 753841663.47
Accounting value per share 3.591475763 3.701889205 3.120935741 2.97784306
P/BY 1.712388 2431191076 1.115048764 1.054454495
P/BV of 2014 (2" quarter) 27
P/BV (weighted average) 2.06184515
P/BV (highest) 25.18861616
P/BV (%) 8.18562296%
The first trading day 2/12/ 2005
Table A-15 P/ BV of SEAFCO
SEAFCO stock

27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 452 5.85 3.08 505
(baht)
Number of common stocks 268,730,194 215,000,000 215,000,000 215,000,000
Number of preferred stocks 0 0 0 0
Total assets 1484913281.86 1561939451.56 1540432261.44 1518200024.35
Total liabilities 710269988.03 869468692.41 1030475606.09 933949154.41
Accounting value per share 2.88260609 3220794229 237189142 2.717445907
P/BV 1.56802555 1816322182 1298541735 1.858362659
P/BV of 2014 (2™ quarter) 2.2
P/BV (weighted average) 1.811767658
P/BV (highest) 25.18861616
P/BV (%) 7.192803474

The first trading day 2/9/ 2004




Table A-16 P/ BV of STEP
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STEP stock

27/12/13

28/12/12

30/12/11

30/12/10

Closing price of common stock
{baht)

13.2

27.25

123

134

Number of common stocks

1,525,106,540

1,186,208,619

1,186,208,619

1,186,208,619

Number of preferred stocks 0 0 0 0
Total assets 25009590132 20295529907 16073528754 10208132456
Total liabilities 17232944917 14189281339 10235877514 5629422762
Accounting value per share 5.099083252 5.151917184 4.921268609 3.859953149
P/BV 2.5887C0625 5.289293097 2469355548 3,471544727
P/BV of 2014 (2™ quarter) 52
P/BV (weighted average) 4046195841
P/BV {highest) 25.18861616
P/BV (%) 16.06358926
The first trading day 31/8/ 1992
Table A-17 P/ BV of SYNTEC
SYNTEC stock

27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 1.09 1.c4 0.79 11
{baht}
Number of common stocks 1600000000 1600000000 1600000000 1600000000
Number of preferred stocks 0 0 0 0
Total assets 5448816195 4374783290 4373744971 4339603697
Total liabilities 28814189455 2177701975 2087696823 2014984686
Accounting value per share 1.602891713 1.373175822 1.428780093 1.452886882
P/BV 0.680020984 0.757368418 0.552919238 0.757113313
P/BV of 2014 (2" quarter) 15
P/BV (weighted average) 0.957009399
P/BV (highest} 25.18861616
P/BV (%) 3799372671

The first trading day 8/7/ 1993




Table A-18 P/ BV of TRC
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TRC stock

27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 2.92 7.35 32 4.16
(baht)
Number of common stocks 816,586,773 336,585,589 333,558,339 330,668,089
Numnber of preferred stocks 0 0 ¢ 0
Total assets 1976999778 25028356089 2377968299 1082236509
Total Uabilitles 823141241 1513287606 1580542684 404278040
Accounting value per share 1413026239 2.939959747 2.390663107 2050268809
P/BV 2.066486749 2.500034229 1.338540755 2.029002237
P/BV of 2014 (2™ quarter) 27
P/BV {weighted average) 2.264808895
P/BV {highest) 25.18861616
P/BY (%) 8.991398658
The first trading day 22/12/ 2005
Table A-19 P/ BV of TICL
TTCL stock

27/12/13 28/12/12 30/12/11 30/12/10

Closing price of common stock 34 34.75 11.8 9.6
(baht)
Number of common stocks 560,000,000 480,000,000 480,000,000 480,000,000
Number of preferred stocks 0 0 0 i)
Total assets 14295816690 7658700942 6903631079 3674967924
Total lizbilities 8808994838 5337780276 5221441903 2139082927
Accounting value per share 9.797896164 4.835251388 3.504560783 3.19976041
P/BV 3470132713 7.18680317 3.367041044 3000224632
P/BY of 2014 (2™ quarter} 32
P/BV {weighted average) 4.078349806
P/BV (highest) 25.18861616
P/8Y (%) 16.19124203

The first trading day 16/6/ 2009




Table A-20 P/ BV of CK
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CK stock

27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 15.5 13.4 7.55 9.5
(baht)
Number of common stocks 1,652,585,336 1,652,585,336 1,652,585,336 1,652,585,336
Number of preferred stocks 0 0 0 G
Total assets 72,034,226,062 51,184,836,049 36,635,520,980 30,869,989,695
Total liabilities 55,193,632,977 42,324,463,176 30,044,514,925 24,258,249,267
Accounting value per share 10.19045293 5361522144 3.990720425 3.758801614
P/BV 1.521031509 2499250247 1.891888981 2527401277
P/BV of 2014 (2™ quarter) 26
P/BV (weighted average) 2.192878401
P/BV (highest) 25.18861616
P/BV (%} 8.705831186
The first trading day 3/8/ 1995
Table A-21 P/BV of ITD
ITD stock

27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 3.88 4.2 3.62 4.64
{baht)
Number of common stocks 4.860,473,011 4,193,678,180 4,193,678,180 4,193,678,180
Number of preferred stocks 0 0 0 0
Total assets 65,150,761,000 58,982,728,000 53,039,974,000 | 50,825,850,000
Total tiabilities 52,767,334,000 49,562,400,000 44,139,910,000 39,174,432,000
Accounting value per share 2.547782278 2206316383 2122257269 2.778329071
P/8v 1.52289308 1.869727716 1.705730594 1.670068549
P/BV of 2014 (2% quarter) 2.2
P/BV (weighted average) 1.8521524
P/BV (highest) 25.18861616
P/BV (%) 7.353132814

The first trading day 9/8/ 1994




Table A-22 P/ BV of UNIQ
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UNIQ stock

27/12/13 28/12/12 30/12/11 30/12/10
Closing price of common stock 6.4 386 2.06 39
{baht)
Nurmber of common stocks 779,539,289 779,539,289 670,902,000 625,000,000
Number of preferred stocks 0 0 0 0
Total assets 12617361372 6162881171 5704666423 5226890700
Total liabilities 10013115304 4098519264 4136728027 3606396560
Accounting value per share 3.340750242 2.648181992 233706025 2528750624
P/BY 1.91573734¢6 1.257603749 0.881449248 1.542239189
P/BV of 2014 (2" quarter) 32
P/BV (weighted average) 2.089393221
P/BV (highest) 25,18861616
P/8V (%) 8.294990117

The first trading day 30/3/2007

Note

1. The latest price of 2014 (14/10/2014)
2. The closing price of stock 2010-2013, use to the last day of year from Stock

Exchange of Thailand, 2010-2014, http://www.settrade.com.




PIP

Table A-23 P/ P of CNT

"
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CNT stock

14/10/2014 ;7/12/201 28/12/201 30/12/2011 | 30/12/2010
Closing price of common stock (baht) 5.55 5.25 10 3.78 4.98
Dividend interest rate (9} 3.6 4.95 3 12.7 4.02
Bividend amount (baht) 0.1998 0.2599 0.3 0.4801 0.2002
Expected interest (7 } 0,0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment (1+ 1.0703 1.0707 1.0728 1.0750 1.0641
F)
Target price in 2014 4.9651
Closing price to target price ratio 1.1178
The first trading day 1/3/1991
Table A-24 P/ P, of NWR
NWR stock

La/10/2014 911972013 28/12/201 30/12/201 30/12/201

2 1 0

Closing price of common stock (baht) 1.99 1.87 1.92 0.65 0.73
Dividend interest rate (%) D 505 0 0 0
Dividend amount (baht) 0 0.0944 0 0 0
Expected interest (7 ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment (1+ 1.0703 1.0707 1.0728 10750 1.0641
F)
Target price in 2014 0.8348
Closing price to targst price ratio 2.3838
The first trading day 27/9/1995
Table A-25 P/ P, of PREB
PREB stock

taporzo1a | 57/1200s 28/12/201 30/12/201 30/12/201

2 1 0

Closing price of common stock (baht) $.75 6.15 9 3.48 3.14
Dividend interest rate (%) 4.1 0.49 1.55 2.7 1.58
Dividend arnount (baht) 0.3998 0.0301 {.1395 0.094 0.04%96
Expected interest (1 ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment (1+ 1.6703 1.0707 1.0728 1.0750 1.0641
r)
Target price in 2014 3.3164
Closing price to target price ratio 2.9399

The first trading day 2/12/2005




Table A-26 P/ P, of SEAFCO
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SEAFCO stock

14/10/2014 27/12/201 | 28/12/201 | 30/12/201 | 30/t2/201
3 2 1 0
Closing price of common stock (baht) 6.1 4.52 5.85 3,08 5,05
Dividend interest rate (%) 3.03 0.49 0 0 0.99
Dividend amount (baht) 0.1848 0.0221 0 0 0.05
Expected interest (7 ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investrent (1+ 7} 1.0703 1,0707 1.0728 1.0750 1.0641
Target price in 2014 6.265%
Closing price to target price ratio 0.9735
The first trading day 3/9/2004
Table A-27 P/ P, of STEC
STEC stock
1471072014 27/12/2013 28/12/201 30/12/201 30/12/201
2 1 0
Closing price of common stock (baht) 26.25 13.2 27.25 123 13.4
Dividend interest rate (%) 19 0.19 2.02 1.79 0.97
Dividend amount (baht) 0.4988 0.0251 0.5505 0.2202 0.13
Expected interest (7 ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment (1+ 1.0703 1.0707 1.0728 1.0750 1.0641
¥}
Target price in 2014 15.7472
Clesing price to target price ratio 1.6570
The first trading day 31/8/1992
Table A-28 P/ P, of SYNTEC
SYNTEC stock
18/10/2014 27/12/231 | 28/12/201 | 30/12/201 | 30/12/201
3 2 1 0
Closing price of commen stock (baht) 2.42 1.09 1.04 0.79 i1
Dividend interest rate (%) 2.07 0 1.92 3.8 273
Dividend ameunt (baht) 0.0501 0 0.02 0.03 0.03
Expected interest (¥ ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment (i+ 1.0703 1.0707 1.0728 1.0750 1.0641
r)
Target price in 2014 1.2999
Closing price to target price ratio 1.8617

The first trading day 8/7/1993




Table A-29 P/ P, of TRC
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TRC stock

18/10/2014 27/12/201 28/12/201 30/12/2011 30/12/201
3 2 o

Closing price of commeon stock {(baht) 4.08 292 7.35 32 4.16
Dividend interest rate (%) 1.22 1.42 1.62 a.67 1.44
Dividend amount (baht) 0.0498 0.0415 0.1191 0.1494 0.0599
Expected interest (¥ ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment {1+ 1.0703 1.0707 1.0728 1.0750 1.0641
r)
Target price in 2014 4.9166
Closing price to target price ratio 0.8298
The flrst trading day 22/12/2005
Table A-30 P/ P, of TTCL
TTCL stock

14/10/2014 | 27/12/2013 | 28/12/2012 | 30/12/2011 (3;0/12/201
Closing price of common stock (baht) 29 34 34.75 11.8 9.6
Dividend interest rate (%) 227 1.61 1.24 3.14 3.59
Dividend amount (baht) 0.6583 0.5474 0.4309 0.3705 0.3446
Expected interest (7 ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht invesiment (1+ 1.0703 1.0707 1.0728 1.0750 1.0641
)
Target price in 2014 10.1073
Closing price to target price ratio 2.8692
The first trading day 16/6/ 2009
Table A-31 P/P, of CK
CK stock

14/10/201 30/12/201 30/12/201

. 27/12/2013 | 28/12/2012 ] 0
Closing price of common stock (baht) 26.5 15.5 134 7.55 9.5
Dividend Interest rate (%) 148 2.26 2,61 1.32 0.92
Dividend amount (baht) 0.3922 0.3503 0.3497 0.0997 0.0874
Expected interest {7 ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment (1+ 1.0703 1.0707 1.0728 1.0750 1.0641
r)
Target price in 2014 10.8861
Closing price to target price ratio 24343

The first trading day 3/8/1995




Table A-32 P/ P, of TD

66

M
CNT stock

14/10/201& [ 27/12/2013 | 28/12/2012 30/12/2011 30/12/2010
Closing price of common stock (baht) 5.54 3.88 4.2 3.62 4.64
Dividend interest rate (%) 0 0 0 1.38 0
Dividend amount (baht) 0 0 0 0.05 0
Expected interest () 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment {1+ 1.0703 1.0707 1.0728 1.0750 1.0641
r)
Target price in 2014 5.8868
Closing price to target price ratio 0.9411
The first trading day 9/8/1994
Table A-33 P/ P, of UNIQ
UNIQ stock

14/10/2014 27/12/2013 28/12/2012 30/12/2011 | 30/12/2010
Closing price of common steck (baht) 11.4 6.4 3.86 2.06 39
Dividend interest rate (%) 1.06 0.94 0 2.71 2.82
Dividend amount (baht) 0.1208 0.0602 0 0.0558 0.11
Expected interest (# ) 0.0703 0.0707 0.0728 0.0750 0.0641
Baht gained from 1 baht investment (1+ 1.0703 1.0707 1.0728 1.0750 1.0641
r)
Target price in 2014 1.7455
Closing price to target price ratio 2.4023

The first trading day 30/3/2007

Note

1. The latest price of 2014 (14/10/2014)
2. The closing price of stock 2010-2013, use to the last day of year from Stock
Exchange of Thailand, 2010-2014, http://www.settrade.com.




Appendix B

The inference and Defuzzification
ITD
Input E/P =214 , P/BV =3.66, P/P =134 ie. x=2.14 , y=3.66,

z=1.34
Firstly, we compute Weight(w) between input values and conditions of fuzzy

rules. For more understanding, let us see these pictures.

For E/P
L X | X H
1 , E 8 1% 1

2.14

T

Figure B-1 Intersection between input value and fuzzy set of linguistic terms of

E/P ,ITD.
\< %] X H
\ 1$

Figure B-2 Intersection between input value and fuzzy set of linguistic terms of
P/BV ,ITD.

ForP/ BV

-~

2

For P/ P,

1 11 R 23 00
134

Figure B-3 Intersection between input value and fuzzy set of linguistic terms of
P/P inITD.
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From Figure B-1-B-3, we have the concerned fuzzy rules as follows:
Rule 2 If x was LX and y was LY and z was MZ then w was MW
Rule 11 If x was MX and y was LY and z was MZ then w was RHW .

Sincew . (x)= _(xT_S) u. (x}= @ u (v)=1 u (z)=1

we have
hy=u (2.14) At (3.66) AU (1.34)

=043A1A1 =043
Bo=u_ {2.14)Au . (3.66 . (1.34
hh=u. (214)a_ (366)nu_ (134)
=0.57A1Al =0.57
Since output of each rule is MW , RHW , so the union of truncated fuzzy outputs

with 4, =043-s equal MM and equal to A, =0.57. REHL, that s,
7, (w) = MO REHE

ot

M RH
043
54 92 03 02 05 05 07 08 1 Y 02 03 06 05|D6 07 (08 1
0.a43 4.557 Q743
4.543

Figure B-4 The union of truncated fuzzy outputs Iff’;u, (w) = MU U-REHF |TD.

It is not difficult to find the membership function of WH{,,,, (w)z MPL R From

Figure B-4, we have

o1 ;04<w<0.443
0.43 ;0443 <w<0.543
M (w) =} WO_(IJ-S ;0.543 < w<0.557
0.5';' ;0.557<w<0.743

—L‘%ﬂ 0743 w< 0.8
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Defuzzification
J.wuﬁ. (w)dw
wcg = i -
I
W
Thus

Jos (w)dw=[%(o.443—0.4)(0.43)}[0.43(0.543—0.443)]

W

+|:%(0.557—0.543)(0.14)}+[%(0.186+0.243)(0.57)J

=0.1755
0443 w 0.543 U.j.s‘n' w
wiy, (Wdw= | —(w=0.4)dw+ { 0.43wdw+ | —(w—0.5)dw
l:l[ /a 6[44 0' 1 0.£3 0.543 0'1
0.743 0.8 W
+ I 0.57wdw— J —{(w—0.8)dw
0.557 0.743 0'1
=0.1103
Therefore w® = -OL(B =10.6285.
0.1755

PREB
Input E/P =576 , P/BV =341, P/P, =429 e input x=5.76, y=3.41,

z=4.29
Firstly, we compute weight(w) between input values and conditions of fuzzy

rules. For more understanding, let us see these pictures.
For E/P

1 3 & 10 1on
576

Figure B-5 Intersection between input value and fuzzy set of linguistic terms of
E /P, PREB.



For P/ BV

i JE————

| X M X H
5 7 10 1% i

241
Figure B-6 Intersection between input value and fuzzy set of linguistic terms of
P/BV |, PREB.

b
L X M Y H
1 11 ‘19 23

425

-]

For P/ P,

100

Figure B-7 Intersection between input value and fuzzy set of linguistic terms of
P/ P, ,PREB.

L

From Figure B-5-B-7, we have the concerned fuzzy rules as follows:

Rule 12 If x was MiX and ¥ was Ly and z was h;Z then w was MW .

Sine uM_X (x)=1 uL_}_ (_v)=1 uh& (z)=l

we have
by =u (5.76)/\11& (341) Au. (4.29)

HZ

=1Al1Al
=]

Since output of each rule is MW , the so truncated fuzzy outputs with 7, =1 is

equal to ML that is W, (w)= ML

70
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& £2 03 04 05 06 07 48 1 ¢ 02 03 04 03 06 07 08 1

Figure B-8 The union of truncated fuzzy outputs W, (w) = ML PREB.

It is not difficult o find the membership function of Iff/m (w) = MU From Figure B-

8, we have
W[/ oas w< S
ur—(w)=dy O
R (w—10.6)
- i 105<w<0.6

Defuzzification
I wi,, (wdw

c g
wg — ot

J- u {(w)dw

Woul

Thus [ u (w)dw:%(0.6—0.4)(1)

=0.1
0.5 0.6
I wity, (w)dw = I w[w 0'4]dw— _[ w[w—O 6)dw
. 2 0.1 iz 0.1
=0.05
Therefore we = -00115 =0.5.

SEAECO
Weinput E/P =529 , P/BV =388, P/P =179 ,ie x=529, y=3.88,

z=1.79.
Firstly, we compute Weight(w) between input values and conditions of fuzzy

rules. For more understanding, let us see these pictures.



For E/ P

i 3 592 3 10 100

Figure B-9 Intersection between input value and fuzzy set of linguistic terms of
E/ P, SEAFCO.

BT
I. M H
aS 1 1o 16 106

3.8

ForP/ BV

Figure B-10 Intersection between input value and fuzzy set of linguistic terms of
P/ BV ,SEAFCO.

ForP/P,

1 11 13 23 100
179

Figure B-11 Intersection between input value and fuzzy set of linguistic terms of
P/ P , SEAFCO.

n !

From Figure B-9-B-11, we have the concermned fuzzy rules as follows:

Rule 11 if x was MX and y was LY and z was MZ then w was REW
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Since um (x):] ufy (y):l uﬁz (Z):l

We have
hy=u. (5.92)/\1;& (3.88)/\uhiz (1.79)

=1Aalnl
=1
Since output of each rule is RHW | the so truncated fuzzy outputs with &, =1 is

equal to-REHE that is W,,, (w) = REHE

RH RH

&4 02 03 04 05 06 07 08 1 g 02 03 08 05 045 0O 08

Figure B-12 The union of truncated fuzzy cutputs Wum (w) = R , SEAFCO

It is not difficult to find the membership function of W;", (w) = RE- . From Figure

B-12, we have
Pho
R < w Al
0.1
uw‘((w)=41 :0.65w<0.7
A\l 0.7<w<0.8
0.1
Defuzzification

Thus I Uy (H-')dw=%(0.3+0.1)(1)

H’ﬂlﬂ
=(.2
0.6 0.7 .8
_[ wi, (w)dw = j w(w 05}1’w+ wdw— _[ W(W_O'S)dw
W, - 0.5 0.1 0.6 0. 0.1

=0.13
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Therefore W = —— =(.65.

0.13
0.2

STEC
Weinput £/P =471, P/BV =483, P/P, =1.55,ie. input x=4.71, y=4.83,

z=1.55
Firstly, we compute Weight(w) between input values and conditions of fuzzy

rules. For more understanding, let us see these pictures.

For £/ P

/

1 3 B 0
471 i@

Figure B-13 Intersection between input value and fuzzy set of linguistic terms of

E/P,STEC.
For P/ BV
1
L \ M >< H
5 ¥ i 16 100
4,83
Figure B-14 Intersection between input value and fuzzy set of linguistic terms of
P/BV |, STEC.

ForP/P,
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1 1.1 1% 23 19
155

Figure B-15 Intersection between input value and fuzzy set of linguistic terms of
P/P | STEC

/I

From Figure B-13-B15, we have the concerned fuzzy rules as follows:

Rule 11 If x was MX and ¥y was LY and z was MZ then w was RAW

Since u . (x)=1 u]__y(y)=1 u. (z)=l

MY MZ
We have
b= U (4.71) A u. (4.83) A K (1.55)

=1AlAl

=1

Since output of each rule is RHW , the so truncated fuzzy outputs with 4, =1 is

equal to-RAHE that is 1, (w)= REH-

RH RH

4] 02 03 64 03 06 07 08 1 ] 92 63 G4 05 06 GF 08 1

Figure B-16 The union of truncated fuzzy outputs VﬂV,,,,, (w) = RHW. STEC.

It is not difficult to find the membership function of Wom (w) =REWL . From

Figure B-16, we have
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[w=05 0.5<w<0.6

0.1
u-w(w)=<l 0.6 w<0.7
—(w;?'g) 0.7<w<0.38

Defuzzification
_[ wi, (wdw

v,

e

I Uy (w)dw

i

ot

wE =

Thus [ uy (w)d =%(0.3+0.1)(1)

W
=0.2
0.7 0
I Wit (Wdw = I w(w 2 5]dw+ I wdw — I W[W_O S}iw
W 0.5 06 0.1 0.1
=0.13
Therefore w¥ = 2 =0.65
0.2

SYNTEC
Weinput £/P =484, P/BV =182, P/P =237 e x=4.84, y=1.82

z=2.37.
Firstly, we compute weight( w) between input values and conditions of fuzzy

rutes. For more understanding, let us see these pictures.

For E/P

P
-
™
5

i

Figure B-17. Intersection between input value and fuzzy set of linguistic terms of
E/ P, SYNTEC.



ForP/ BV

5 7 0 1% 10
1.82

Figure B-18. Intersection between input value and fuzzy set of linguistic terms of
P/BV , SYNTEC.

ForP/P,

100

..
-
b
=
%
g

137

Figure B-19 Intersection between input value and fuzzy set of linguistic terms of
P/ P, SYNTEC.

n?

From Figure B-17-B-19 we have the concerned fuzzy rules as follows:

Rule 12 If x was MX and y was LY and z was HZ then w was MW |

Since . (x}=1 u. (r¥)=1 u. (z)=1

We have ho=u_ (4.84)/\u[y (1.82) AU (2.37)
=1alnl

=1

Since output of each rule is MW , 50 the union of truncated fuzzy outputs with

h, =14is equal to-}rézl‘fi, that is, #,, (W)*‘M—”
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g 02 03 04 05 06 07 08 L ¢ 92 03 04

0.8 i

Figure B-20 The union of truncated fuzzy outputs ¥, , (w) =MW, SYNTEC.

It is not difficult to find the membership function of Wam (w)= MIL From Figure B-

20, we have
W exewe0.5
- 0.1
uﬂ.’ (“’) (W'—O 6)
- ;0.55wg0.6
0.1
Defuzzification

Thus jzmMo@dw=%(a6—a4xn

Wour
=0.1
0.5 0.6
I wuy, (whdw= W[W_O 4]dw— j w[w 0'6}lw
W, " 0.4 0.1 0.5 0.1
=0.05
Therefore wt = % =05.

IRC

We input /P =547 , P/BV =346, P/P, =109 ,ie x=5.47, y=3.46,

z=1.09
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Firstly, we compute weight(w) between input values and conditions of fuzzy

rules. For more understanding, let us see these pictures.

| X M X H
1 ¥ & e i

547

For E/ P

9

Figure B-21 Intersection between input value and fuzzy set of linguistic terms of

E/P ,TRC
| >< M X H
s ? i % 1
]

24

ForP/BV

ot

Figure B-22 Intersection between input value and fuzzy set of linguistic terms of

P/BV ,TRC.
{X M XH

[ | 11 1.8 23
1.5%

For P/P,

o

Figure B-23 Intersection between input value and fuzzy set of linguistic terms of
P/P,TRC.

B2

From Figure 4.8-4.10, we have the concerned fuzzy rules as follows:
Rule 10 If x was MX and y was LY and z was LZ then w was HW .

Rule 11 If x was M—X and ¥y was Ly and z was MZ then w was RAW .
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MZ 0.1 MX LY
We have ho=u - (5.47)/\ui,y (3.46_)/\;::[2 (1.09)
=1A1A0.1 =0.1

My, = um (5.47)/\2!EY (3.46)/\um;z (1.09)

=1A1A09 =09

Since output of each rule is HW RHW , 50 the union of truncated fuzzy outputs

with 7y, =0.14s equal HH- and equal to Kk, =0.9 REHL, that is,

7, (w) = HIE O REHE

0.9
RH H RH H
0.1 /
] 02 03 04 05 05 07 08 1 0 02 03 04 03 06 07 D08 1
) 058 071 479

Figure B-24 The union of truncated fuzzy outputs i, , (w)= HPL ORHIL TRC

It is not difficult to find the membership function of Pf/m (w) =-HHAL O RHI- . From
Figure B-24, we have

W03 05 <w<059
0.1
0.9 -0.59 < w<0.71
HH:- . (W) =4 0.8
-(W‘ : );0.71$w50.79
0.1
0.1 0.79<w<]
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Defuzzification

j wi,, (w)dw
it
o Wour

w*
I uy (wydw
i
Thus Iu”-,m,(w)a’w=[—;—(0.12+0.3)(O.9)}+|:-;—(0.2+0.21)(0.1)}
W
=0.2095
0.59 w 0.7 0.79 w 1
wu, (Wdw= | —(w—=0.5dw+ | 0.9mdw— | —(w=-0.8)dw+ | 0.1ndw
W:[,, o 6.‘5 0.1 ( )d u.’[g 0£l 0.1 ( )d 0.'[9
={.1412
Therefore w% = C. 412 =0.674.
0.2095
TI1CL

Weinput £/P =358 , P/BV z=3.04, P/P, =283 e x=3.58 y=3.04,
z=3.04.

Firstly, we compute weight(w) between input values and conditions of fuzzy

rules. For more understanding, let us see these pictures.

For E/ P

3 ¥ ] W 100
358

Figure B-25 Intersection between input value and fuzzy set of linguistic terms of
E/P,TTCL



For P/ BV

% ¥ w H W

Figure B-26 Intersection between input value and fuzzy set of linguistic terms of

P/BV ,TTCL

,_
=
x

ra
(=]
La

Figure B-27 Intersection between input value and fuzzy set of linguistic terms of
P/P, TICL

Rule 12 If x was MX and y was LY and z was HZ then w was MW
Si ) 1 ) =1 - =
ince u_ (x) u (») u. (2)

We have
b, =u_ (3.58) il (3.04) A u (2.83)

MY

=1alnl
=1

Since output of each rule is Mw , 50 the union of truncated fuzzy outputs with

hy, =1-is equal to MHUL , that is, W, (w)= M-

82
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a 02 03 Q& 03 06 07 08 1 0 02 03 0«&

95 06 07 08 i

Figure 4.11 The union of truncated fuzzy outpuis W,;m (w) =HW TICL

It is not difficult to find the membership function of Vf{,,,, (W) = MH- . From Figure B-

28, we have
w—0.4
0.1
T (w)=
= —(l;-%i) 0.5<w<0.6

;04<w<0.5

Defuzzification

I wit, (w)dw
Wﬂlff %

w% =

Thus | um(xv)dw=%(o.6—o.4)(1)

”’rﬂl'
=0.1
0.5 0.6
I wi; (w)dw= j w[w 0'4}1w— I w[w O'GJJW
W o Ny 0.1 = 0.1
=0.05
Therefore we = % =05 .

UNIQ

We input E/P =3.51, P/BV =375, P/P, =3.12,ie. x=3.51, y=3.75,

z=3.12.
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Firstly, we compute weight (w) between input values and conditions of fuzzy

rules. For more understanding, let us see these pictures.

For E/P

/

¥

| X |
¥ o4 t
34

e

L[]

Figure B-29 Intersection between input value and fuzzy set of linguistic terms of

E/ P, UNIQ.

For P/ BV

M X H
7 A 1% H

ta
~]
tn

>

-3

Figure B-30 Intersection between input value and fuzzy set of linguistic terms of

P/BV , UNIQ.

ForP/P,

M

H

33

¥

23

312

pLesd

Figure B-31 Intersection between input value and fuzzy set of linguistic terms of

P/P,

L

UNIQ.

From Figure B-29-B-31, we have the concerned fuzzy rules as follows:
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Rule 12 If ¥ was MY and Y was LY and z was HZ then w was MW .

(:)=1

Sine um (\) =] u[r (_]) =1 ugz

We have
by =u. (3.58)/\11L_Y (3.04)/\%2 (2.83)

MY

=1AlAl

=]

Since output of each rule is MW , so the union of truncated fuzzy outputs with

Ay, = 1-is equal toW; that is, 7, (W): M)

g 92 03 0% 05 66 07 08 i o 02 03 04 05 06 07 08 1

Figure B-32 The union of truncated fuzzy outputs #,, (w) =3 UNIQ

it is not difficult to find the membership function of Wom (w) “—“MHL From Figure B-

32, we have
w04 4<w<05
. 0.1
uﬂ-’,,,,, (M;) T (W"O 6)
——T ;0.5<5w<0.6

Defuzzification

I wu,, (w)dw
ol
wE = W

I umw(uﬁdw

Thus I uy, (Wdw= -;—(0.6—0.4) (1)

W,

out
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=0.1
% (w-04 w—0.6
I wu,, (w)dw= w( }1’ ( }iw
[ " 0.4
=0.05
Therefore wE = w =0.5

CK
Weinput £/P =4.76 , P/BV =254, P/P =225 ie x=476,y=254,
z=2.25

Firstly, we compute weight(w) between input values and conditions of fuzzy

rules. For more understanding, let us see these pictures.
For E/P

/

1 E & e £00
478

Figure B-33 Intersection between input value and fuzzy set of linguistic terms of
E/P ,CK

ForP/ BV

] 7 10 16 100
2.54

Figure B-34 Intersection between input value and fuzzy set of linguistic terms of
P/BV , CK
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ForP/P,

1 i1 1.9 2.3 100
255

Figure B-35 Intersection between input value and fuzzy set of linguistic terms of
P/P,CK

From Figure B-33-B-35, we have the concerned fuzzy rules as follows:

Rule 12 If x was MX and ¥y was LY and z was HZ then w was M~W_

Consider u. (x)=1 u. (y)=1 u._ (z)=1

MX Ly HZ
Thus = “ (4.76) A " (2.54) A “ (2.55)
=1AlAl
=1

Since output of each rule is MW , 50 the union of truncated fuzzy outputs with

h, =1-is equal to#fﬁi, that is, Tff{,,,,(‘r‘»’)=W ]

0 02 03 ¢z 03 08 0T 08 1 g 02 03 04 05 08 07 08

Figure B-36 The union of truncated fuzzy outputs Wom (W) =MW | CK

It is not difficult to find the membership function of VT{,,,, (W) =MW From Figure B-

36, we have



Defuzzification

Thus j Uy (wWdw=
W

05 06
w-0.4 w—0

wu. (Widw= w( W— w(
WJ:IIJ 'lﬂur I 0'.[5 ’ 1

Therefore

w04 4<w<05
v (w)=] 01
- (w=06) 1 s<weos
- 0.5<wg

B[ =

_[ Wi, (wdw

V,

ot

I U (w}dw

i

i

I

w’v’&’ —_

(0.6-0.4)(1)=0.1

0.1 0

0.

.6

)dw =0.05
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Stock Selected Technique into Portfolio by Fuzzy Quantitative Analysis
and Fuzzy Multi-Criteria Decision Making
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This paper presents a stck selectinn approach assisted by Foizry procedures, by this approsch, stocks are vlassificd into groups
according o busindss HFpes. Wathin each group, the docks sre sehwesed and thes rarked wocording to their ipvestrmian wictiht
ohesimed Trom fuazy quantititive analysls. Groupy were alw faiked wecomding s their group weight abtatned from fuzzy anilptic

hierarchy process (FAHT) and pechinique for order prefcrence by simitarlty 16 “denl solation method {TOPSIR). The everall wasight
or cach stack wis ten derived from bath of hese weights and used for selectivg stock o tie poriilio, A3 & denionstrotbon,

our imalysis procedures were applied toa test set of data,

1. Introduction

Prysently, nvestors dre maorc Ineresied in investing I stadks
and bonds than keeping their money in the bonk because it
yiglids o higher refurn. However, thishigher return also comes
with Righer risk; investors puly lose someof thelr investment,

oL e Jowerhan-expected return, or get a Tower retyrn than,

that from anather type of investment. Therefoye, they have to
analyze a stock carefully Dhefore investing in il

fn addition o sevesal established approashes 1o stock
sualysis—such ag quantitative fundamental analysis, tech

pical analysis, and stochastic analysis--new analytical tools

have been developed ard widely nsed including ones that ore
based on Brownian thovernent, ey togie, and the analytic
higearchy process.

‘The analytic Risrarchy process {ATPY s 4 multicriteria
deciston-making approsch and is 2 sructured technique
for organtzing and analyzing complex. decisions, based on
mathematics and psychology ) as developed by Saaty in
the 1970s, to Telp one make decision when one is faced
with the mixture of qualitative, quanuiative, and sonkimes
conflicting fsctors that are faken into consideration. AT has
heen very effective making complicated, often irreversible

ducisions 1t lias beed extensively studied and refined sinee
then fega 1111 -nd referencas therein).

Fuzzy sets and fuzzy logic, espacially, ave of wide interst
today, They are effective wols for medeling, in the absmee
of comptete and precise information, comples business,
finance, and management sysiems. The subjective judgemen
of experts who have used Fazzy logic techniques produces
fetter results than the objective manipulation of inexadt
data. The concepl of o fuzzy st is 2 reflaction of eality
reflection which serves as & point of departure for the
duselopment of theorics which have the capsbility 10 model
the pervasive lmprecision anid uncertainty-of the real world.
As applhied to stock anslysis (28 112-15) and references
ihercin), fuzry logic uses integrated experiential knowledge
of humasn expirts w make better quantitative edtimates, not
possible with classical agic, based on Tobusl mathematical
principles.

By reason of vagueness o boundaries of stock data
s fistusre snd the attendant imprecision, uncertainty, and
preference of. decision miskers, therefore, fuzzy logic and
AHP seetn sultable for this problem, This paper proposes an
approach 10 stack analysis based en calculated weights from
fazey quantitative analysis and finzzy andticriteria decizion
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making. The ilea of using fuxzy quantitative saalysis and
fuzey multicriteria decidon making @0 inply final investiment
weights for the stock selection inte portfolic is different from
the previous works, The practicality of the approach was
demonstrated by wn application to st test set of datu.

2. Preliminaries

2L Fuzzy Logiv: application and Defmitions. Fazzy logic
was bfradicdd by Zadeh {16] and has been widely applied
te problems in various fields of study, Many researchers
usend fuzzy logicin stock markes analysis {e.g.. 112-151) and
dectsion maklng (e, |4, 6, 2935170, 1o this study we
use fuzy logic in both, stock munrker analysis and decision
muking,

1n this subsection, definifions of the fuzzy legic terms and
copcepts used I tiis study wie deseribed below,

Definition 1. Given a colsp set A of 8 universe %, 2 forey sl
Hon A i delined ax

A= flxarda)) | x e AL where nixyej0 i) )

and s a membership fenction,
Brefinition 2. Given a fuzzy set 8, an a-cut set, denoted by
{71, for all e & [0, 1), i defined as

{Sx,-zailu{.\')?za}; fteugl
il {3

[¥eAluix) >0 a=0.

Dfinition 3. Let 7T be a fuzay set under the membership o :
B — {0 1], and i 50 fuzzy nomber 1 satisfies the following
conditions:

{1) i7 s 0 normal fuzzy sets that is, v & B, wix) = 1,

{2) it dsa convex fuezy sets thatis WA & [0,1], Vo, £ B,
sl o+ {1~ Dy} = minfuta ), alx)h

£3) Forevery & € [0,1], [R]F = [aB] for some closed
interval [a. Bl

Given an Ry forzy oumber space, condition (3) of
Definition 3 ensures that every B ¢ By can be represented by
a closed interval {5H]"* = Juia), Tla}, where 30.%: {0,1] — &
are functions that satisly the fllodving conditions

{1} 1 k5’3 bounded, left continueus; and nondecrensing
function on j0, 1L

{2) T b5 a bounded, right continuous, and no-fnereasing
function on [0, 1].

(3 ule) < Tila) foralle & [0, 1)

Definition 4. T = {gifech, Wax}] s a posithoe fozzy numbser that
can be representéd by the expression @ » 0, i g{U) » 0,

Advances in Qperations Research

Definition 5, Givena® 3 a* < a™ < ¥, 5irapeznidal fuery
number &' fuzzy number 3 whose membership lunetion
z{wyis defined by

[

Xf L A

-7 HEsExga

A

_ I; a*h g gt
(¥ =1 v (3

X-a" . ﬂl‘f;ﬁ\“-tuu

aMr — gl =

0; otherwise

: P R TR Y Ry
and wepresented by the exprossion F= (o, 0™, 2 a7 ),

Definitimn. 6. A traperoidal fuzzy  number E =
{ata™ oM ¥y 1 ealled W (ringular fuzey number
and expressed w5 T = {ai, a*falh,

Note, Por any redl number a0 = {a, a,0) = (m,a,4, ),

Difinition 7. Given any two positive fuezy numbers 3 =
b et i ad o= (i, B0 Y and @ réal
positive number p'e B, operations @, & &, and © betwéen
@ and b ond an operation ® between @ and p are defined us
folkows:

Fahe= {ni bt @M Mt et GV {.JU> R
Fohe (a[‘—bu,a"‘f‘ g™ g Y !JL> i
T P bgh Mo M MM Ut
deb= <u B T R ). (1
pod= (pa’, pa'l, pa't pa"y,

LA My U7
5.8) 5% el a i
b= < g > '

B0 B pY B
Definition & Given two trapezoidal fuzzy mimbers 8 =
{a"a® ”.a‘”’.a&’} and B = (B 6% 5V 6, the distance
between ® and Dreprescrned by the symbol J(3,5) 15 defined
as
rf['ﬂ,i;;]
{s)

Eflli [ <P o (0%~ 090 4 e T s (o - 15T,

For convenience, I, = 12, 0 bsdefined for furnibier
use i-this paper,

Definiition 9. A= (&U]"?-’F“ is & furzy matrix if % are Fun}

Jwieubsers for alff € £ ond § 6 L.

Definition 10, 8 = {7, )., Is 2 fuzzy veclor when alim, =
‘_ ) Hyduas 23 . i
Onbo® by, T e T, are traperoidal Ry numbers,

The aggregation of M, represented by 81 . is defined as

Mg,
X 1.8 & s ; (63
A L M, L R, ow [ d
R T DR I AN A TP A LR 1T .
<i~i{’}n;"u%’ M{’!
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2.2, Conststency Fuszy Marix, I this subsection, we intro-
duce the definition of consistency furzy matrix and consis-
temcy index which was developed by Ramik [3, -4,

Defiesition 11 Lot A = (50,0 bean 5 5w matrix where a;, >
i for all 4, & J, and A is a reclpeocal maris if w; = 1/ Tor
alli je d, '

Defimition 12 Let A = (), bean nxn mutrixwhere s, > 0
for aff i, ] & 1 and A is 2 consistency matris ¥f there exist
weight vectars @ = (0 )ae 1y > Oy forall i € 1, whare
Yoowy = and oy = uyfw; for all £, ] € 1.

Definition 13, Lel A = (g, , beasnadn fusy mattis where
iy > 0 are fuszy numbers foralld, j € 4, and A js a reciprocal
fuzzy matrix if i, = 1@d, for sl i fe 1.

b particulas, if every member of A = {8, is a
wiangular fuzey ramber fi,; & {n{f‘._nf-}’. rz,r:f 3, & s a reciprocal
fuzzy matrie {7, = (.l,fafﬂ 14, lfaf,;) foralli, je I,

Prgfemition 14. letA = (@ hr DA 55 22y matrix, where
Wy = g () T, fad] > O foralli, j @ 4, and A i a conststency
furzy matrix if there exist u:; g 1&3{«}.35,,(::3} forallij € i,
and some e € [0, 1] withwhich A = (a}.q 052 consistency
erix; that is. there existee™ = (oY 0] > 0, foralti ¢/,
where ¥, off = tandaff = ufw} foralliyj & £, :

According 1o Defisition 14, sinee wf® > Oforall i €
1, there exist fumy vectors I = (@), where wi e
ja{a) W] > 0forallie I, These vectorsate called [arzy
welght vectors,

1t is clear Uit 1A is a frezy consistency matrix then itisa
furzy reciprosal fazey matrix and Aignota fikzzy comsistency
matrix If ¥t is not 2 iy reciprocal fuzzy matrix, Because
of these reasons, construction of 4 fuzzy consistency matrix
wiwally staris by first constructing a reciprocal fuzzy mutrix
7, Ramikand Korving [41 propased a mgthed for caleylating
furey weight vector i = {10}, fOr 8 fazzy reciprocal matrix
A = Qﬁ!’]}n'w where E,-f——".{_ﬂ{':,ﬁr?}?’ﬂg) for alt i, € I, hyz

1

wsing e method of geomewic man, @y = ok, wt ully
are defined forall & ¢ I, where

(['f:'z&"’ff‘;i g
tin'
Z:q (ﬂ;ﬂﬁf}f) '

L
e

L ]
IU_;";= CL‘

Wy = — T 7}
l:m! [Il;‘«iﬁ;‘;‘:
tin
T (l”ﬂ'c:“ﬁ)
Wy = G e T
Lt (]1;~1“Ij
.4 H
N ( }'-_—maf
b ) NS
(n_jzlﬂf}) ; @

s 38110
oy = Tl {-—-—--ﬂ-(n"m”ij ) }
apy = T : .

X, {ﬁ";“::fj)‘;ﬂ

In addition, Ramik and Koeviny [4] defineda CONSISILACY
index for measuring the nearoess of 4 fuzzy reciprocal matrix
I¢ the corresponding Ruzzy consistency matris as fallows,

Definition 15, 1el A = (& oy e 8 fuzay meciprocal matrix,
of which &, = {rzj{; a_;}r, rx‘[; b dre triangadae fzey numhcr;,
evulunted From 3 scale § = [1fava] for some rend number
@ > 1 the consistency index of A represented by the symbol
17(A) Is defined 25

o F T o L la
L [A):Lm~n‘aqx max m—ﬁg e~y b
i 4

©

where B = (@),,q are fuzzy weight veclors and 5, =
(k. ey wl’) for all§ € £, s expressed in (7) and

= 1

] g1 3 W2
-
may fo - o200, g? {tajapi® - izfl!f““zl"l)}‘ 2

SRR {i! - aiz‘«':rﬁ}nt 47{2'3"”’?,.“ ili 3

1f the consistency index Fj(A) = 0, the fuay recipresal
fuzzy matrix A is ebselutedy consistent. The closer the vidue
of 1A} 1o § is, the more consistent the miatrix is. Generally,
an acceprable value is 17 (A} < 4.1 or H1%,

Thearem 1 (see 413 IF A ds an w % fuzzy reciprocal marix
weith trignqulior fuzzy elements evaluated with the scate b fir.5}
Jor soure o > 1, then G < £{A} < L

R (10)
oz (2]
2

23 Fiignciod Retios, A sustaingble investnyent and mission
requites effective plansing and liftuncal management.

The quantitative stock analysis Is w wseful tool that witl
improve investment’s enderstanding of financial results and
teends over time and provide key indicators of organizational
performance. Ivestor may use the quantisative stock ana s
to plapoinr strengthis and weaknesses of cach eompany that
impaict to B stock.
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The: quamifative stock analysis presented in this sudy is
based o the follvwing financind ratios: price to carnings ratio
ar FLE Ratio: price 1o book value miio-or PYRV Batios snd
price ter intrinsic ratio or P/P, Ratio, which are defined as

fellines.,

Refirdtion {7 Lot my, o, a0d 1y he the number of conimon
stock, prefeesed stock, and treasury stock wspectivdy, P
carrent price per share, and E rth-quaries net peofit; price fo
carpings ratie or P{E s delined ag

B B(m b -y
E E, )

F{E denotes the stock price per 1 baht of net profit that the
investor iswilling t pay for

{113

Definition 18, 1ot o1 be the number of be the number of
registered share, &, and R, the asset and liability of the
company respectlvely, and £ carrenl price per-sharg price fo
book value ratio v BIBY is defined as

r’ !lr
— T — i
WA {2}

where B, = {4, - &, }{n.

PRV denotes how many Hemes the current stock price is’

compared 1o its account value,

Definitior 19 Let r be thie reference interest rate, L7, the kth
year-end dividend per share, & & 1, and 7 the sth-quarter
histarical price; the curreat farget price £, s defined as

Py Byl €0~ Y Dot 4, {13)

kel

Definition 201 Let B, be the current target price and # the
current stock preicy; /P, is called price per target price vati
represénted by the symbol P/E,.

PR, denptes how many times the current stock price s
eornpared 10 the current farget price.

3. Stock Selection Procedure

This section presents the proposed stock selection procedare
which iz done in the following 3 main steps,

Step I “The first step Iv analysis of individual stocks withiln
cach ndustaial groop from their finaneial rutlos, using furey
logic principles to calcalae the investment weight for each
individual stock,

Step 2 "The second step §s amalysis of indidirdal groups (e g,
finance, communication, téchnology, and praperty} using

fuzzy mulicritera decision- making princlples 1o calculate.

the investment wetght for each industrial group,

Step 3. The third step is analysis of individusl stocks aceoss
all industeial groaps vsing the 2 types of weights from Steps
Land 2 1o cadenlate the finad welght for raking sl Indbviduat
stocks in the market.
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3.8 Step & Auglysis of tdividuid Stocks wirkin Bad Induserial
Ggugp, In this step, we apply the method of Bumlungpong
et ab, [15] to analyze individual stocks within each industrial
groupt, Price 1 ecamings mtio (PfE ratiol, price v book
value ratio (PFBV ratlo), and price 1o intrinsic wloe ratlo
{F{P, ratle) are used o caleulate the investiment weight for
each individual stock within an industrlal group based on
quantitalive fuzey aoalysis under ihese pésumptions:

{13 A salonlated d masument weight of s individos] stock
can e compared only to another one in the same
inidusteial yroup.

(2} More recent data reflect corrent trend betier than
eathisr ones.

{33 Fuzzy rules wre flexible and depend on expert infor-
matiorn,

The specific steps ol the fupzy aoalysis areas follows,

Step LL This step involves scréening in only »r individial

stocks (8,85, 0. B, i the same fmduisteial group of which

sufficient financind data are provided for alevlating PAE,
PIBV, and PIE, of 1 eaclier years up 10 the present.

Step 1.2, This slep involves calculating (5 P)S)), (2/BVIS]),
and (P/PS 1 forailie ] andk g 1, where § denotes the
Add slock fn the fith yeun

Step 1.3, Thisstep involves calculating the folowing weighted
acithmetic mean: (E7 PP (PFBV) RIS mndd {23V (S,
k€ 1, frony the following equations:

(5T o031 ()60
(_I;%)“* {8 = ;Z‘l‘w, (ﬁ%) (5‘;)‘

where w, =

{tn

i_ E‘E:f
T "

Step L4 This step involves an expert enastructing fuzry sets

i linguistic terms of the ranked financial ratios E/ P, PIBY,

and #/1, and i fuzzy set W of Yhe investment weights from
(EIPYSO, PPIBYY (S, 1, andd (PIE,)(S, 0 & € ...

Step 1.5, This step frrvolves an expert constructing fizzy nules
for estimation based on the fuzzy sets constructed in Siep L4,
Thisse fowey rules are o 1he form of an *ithen” role ag
[Blhews:
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Rule-{:16%, 3840,y and vy is it pand xy is @y, then yis

5.
Rulé-2: i xy i5 8y, and xy I8 Fyp and vy 157y, then pris
.

4
M

Bue- s ifx 15y snd %, 158, and x5 ¥, then yis

b,

Xy X Xy, mnd poare fuzey varisbles of E(P, PRV, B/B,
and W), respectively, and @y, F, and o & 8 1, are
tingnistic tenins of B/, 2/, PP, and Wy, respectively;
that is, BfP = [y, @y s B b PIBV = (@), B, Bl

AP = (g diyg o ol and W=l By B0

Siep L8, Thisstep involves importing £/ P, P/BV, ond 1 B, of
the latest day and making estimation with Mamdant mathod
using the fuzzy rules constructed inStep 15 henoe obtainlng
an output of n fazy set & under the membership 1z on &

Step 1.2 This step invabves performing defuzzification of the-

fuzzy owtput fo g crisp outfpul by & centroid method, A
crisp 2 Is the average weight of the weight at each point
s on dommin 8 where wy, = wgdzl .[!} gzl dz for all
z ¢ M thay 35 the orisp ouput s 2% = ]ﬂ zuhds =
L,zu_a{z:} dzf Litrjiw}dz It is the jnvestrient weight of
cach individaal stock in 3 particular indusizial wroup, These
welghts ane then used torank stocks in an Industrial group,

2, Step 2 Anadpsis of edusteiol Groups, Industrial grongs
arg partked by weights cateulated by the method of fuzzy mal.
ticrheriadecisiori-making consisting of AHP [uzzy analytic
hierarchy process, and Fzey Techndque for Order Preference
by Si’mii'\rity ter Tdeal Subition Methad (FTOPSIS)

AHY is 3 method for calculating decision weights devel-
aped by Saary {11} wnd Paul Yoon and Hwang {5). Tt com-
pares paired d,am that are metrics of ool quantities such
a8 price. weight, and proference, Here, thuse quantities are
preferences. Levds of preforences are represented by nantbers
inaset 0, = {3 din- 10 8 L0 3. 0~
L,mj expressed as a reciprocal matrix. Generalizing this
idea, the set of crisp prui-rence values 1%, & rephced by
n sel af Ny pmfemm: values f} = ;'Ijﬁ5,1;{j: g S I
J;’Sﬁ,lfz,g,l 2&,34,. qin ~ T Figh where ky = -~ Sk K+
Sy nnd i;’&& = 1ok = (Lik+8), 1k k-8 frall ke i,
and= =,

“The other technique, FIOPSIS developed by Chan {17]
and Balli ani Korukoglu {16}, isa fuzzy technique for ranking
preference levels by comparing the a&mi!:mty of alternate
choice to the [den} chobee inorder to fimd the best aliernative,
Tt covers diverse alternute choives, decision criteria, and
decksion rakers.

Applying 1his technique to ) decision makers, ny dech-
sion eriteria; and ry Industrial groups as alernite choices, i
anadyvsis stepsre as follows,

Step 2.1 (hoding weights for decision makers), In this siep,

a decision makerd, ¢ = 1., 5 is compared to another
decision maker § in taress of their preferance Jevel based oo o
preference function pli, ) defined as

T Fyeldy joi
plid=<1n iwi (15}
leal(id;  jwi

The decislon maker’s preference el I = (), Is @
reciprvcat tmatrix where

wli i i< f
dp=4n i=f {16}
lepifids i>]

Step 2.2 (finding a fuzey weightvectorilly = (D, (), .y for D =
{85 e, g, B Wi, = {w,f .mf; ,ufu} B a fuzey weight vector for
alk &/, where

ooy ()
ity = bap ( m oA Wy ®
2 J-i Ty
Az iin
(™ -
Ak = 1wt ¢
T “1:’[)
1y e
J o (IT:L: 3&;) I
st o ra| PARILH
(T
with
;“ Ull
o ( 1}wi“#j }
C:L 5‘2: L Uﬂ‘; »
Al (n}zl if.
{18}

( ?"l-l"ff l.frr;}
(It}

1 its consistency index Iy (D) ox defined in Definition 15
i¢ less-then .1, it s scceptind as being valid, Otherwise, the
decision maker's weight is reevalusted by repeating Step 2,

Cee= .m:ua {

Sup 23 This step involves decision makers d),ds....

o, constructing decision crimria T Gavr e &y, fOF emlsmtmg-
Indirstrial groups Gl G where ¢, { = Loviiatty, B
constructed from mvesnm*m umght of ny individual groups
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given by decision makees in the weap of lnguistic terms {see
Table 13,

The decision criteria constructed are in the formofa fuzy
matrix- B with members by = (bf;k. a}‘;i‘.f{ifj.f?j{ﬁ}, FE A
fef, andk ¢ 1, which are trapezoidal fuzzy numbers
representing the linguistic terms of g, ¢p,....4, shown in

(19). '
Deciston Criterig for Evsluating  ladusrial Growps Gy,

Gaioon o G, Consider

dy dy .. dy,
G} gm EE:Z Ve s r’gmﬁ

Gy by by .l

!
' N : o .
. o -
G"As 5nill i"rv,,ll * En}hg
G, by b By
O T TP I
& ' Y " =B 9
v H : : v
- o - Ve
L"rl baif.!l bﬂ,!}. i*" hh,.ZIn_
Gy ff.!nj i i}lu:z .- {’_In‘sa‘
G) I’.‘ng 4 b’.n,_l = I’er#n‘
S | - & Peyvii)
Gm b‘h"*ﬂ &”wﬁ- 5 I’lfa thdly

Step 24, This siep invobves dicision makers d lle?“”dn,
eviluating dedision criteria ¢, 85,06, construsting from
the finguistic terms VL LML, M M H, VH s in Step 23,
A forzy mabeix £ = (T}, ., [or evaloation &5 then vhtained
where 2, € {VLLMLMMUEILVIH forall§ € 1, and
J e L, as shiown in (20). i

e, .,
E.ﬁfj & ﬂ;nf;! e
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Evalation of Idvision Criterin 6.4, ., 6, Consider

dp dy e dy

G fy Tr oo iy

G Cn xp v W, 126)
s I
G Cagt Cur *t Cp

Srep 5. This step Involves caleulating declsion criteria based

on decistonmakers’ weights by multiplying the decision crite-
rion of » decision makérin each colunin in Step 24 {depicied
e (27 withethe corresponding decision maker'sfuzzy welgit
vector Wy = (Wax), where @y, = (i wig ) =
fwh s t_u:,’_fk, w:}i,wf; o caleuloted from Step 2.2, Bguation (21)
shows these multiplication resudis,

Dicision Criteria Sased on Welghts of Ixeeision Makers.
Comsider

d, o we A,

& R RHy, HpRi0, - T, &y,
1 1

G By By Ca®U e &, @i, (=0, {21}

Pl - = 4 =
' .

- Ll r

i'tn‘l o md,i z:nl.l & Ed,: Ty Eu;u, © m..f.ul

Next, we multiply the decislon criterion for evaluating
industrial groups in the columin representing each decision
maker constructed n Step 2.3 with the corresponding deci-
sioremaker’s fiezzy weight vector @ = () ). whre I, =
(ufewii ul) = fud,wiludl el clealated from
Step 2.2. The multiplication vesults ave.in {22).

Decision Criterin for BEvaluating fndusteicl Grnips Based on
Weighes of Decision Makers, Consider

ke d,
' i:",,‘ & i?;g_,ﬂ

bz!m & Wit

4 : i H 1
o B P
by @iy uga @Bz - 3{;;,1:;* F Wi,
G by @By L. b, @i,
n -~ o - . b —
By @ by & vor Hyg, @
G ) 3 ; CEl £l 1 ¥4 ; 120, .‘ A, o Bﬁf (,22)
N o :
Gy, by ®yy  Bn@iy o b, 88,
Gy @iy b ellyy L Dy, B,
. Gy By 8iflyy By @iy . By, B0,
. > «

: b

G"é f’én_.w,l @, b-mmz Gillgy iy ey & mﬁ;r’a
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Tanre)

LInguistic 1eem Fuzzy maimber
Very Jinw (V1) 00,102
fowi{l} §HL1,40.2,0,3)
Mediang Tow (M) 02,03, 0.4)
Medivm (M) 0504, 0.6,0.7)
Mediun bigh (MH) {0.6,0.7, 0.5)
High {H) 0.7, 08, 0.9)
Very biph (VH) OrEANY

Step 28, This step involves aggregating weights of decision
critertd bosed on the decision makers” weighes as follows:

i, = (el ol el £23)
. A &
where 1t = mmh{ J,\J w, hos = {1/m) thi )y u

(I!nij }_.f‘_, e wl = maxgl, [ck‘“} forall i€ 1,
Co = @y adapnns ;md 1y 1s the number of decision ma.krera‘
Equation (24 shows th m aggregation results

Weights of Decision Critetint 46y, 6, . Consider

:I Q e qg
W, B, @ @, 24}
p M Wy e U,

Next, we aggregate Industrial groups based an the decl-
sion muksers weights (see (227 by the foflowing eqietions
B (ehafalindy, o

. P \ Ay A, ity
where x'; = n)ln,:_':liigfwk},xji = (“”:J},&i,iw 8 ) .\j{* =
{§fn) 2:"’ bfj‘,,‘,xv = nmx,’;;*,{b“ JForall & ny i€ ay
B,= (& e sik o, e« 00 12y B5 e olrmder ol decision makers.
These mcul:» are shown in {26).

Bvalnation Matrix of Iadustrial Groups G, G, ... G, - Con-

sider
LI A

. = -
L) &y &y - Xy,

Xy - Xy, {26}

L] .
4 e

Gy Fy

v m s o
(-’a, Tt Amg " Ky,

Step 2.7.7This step involves mn«truczmg w decision mustrix b
rormalizing the industrisl groups’ evaluation matrixv ¥ {sex
{28Y) as follows:

= (F«éla,xn; i

R 2
s gt b {2
- ji I # i 1
ry s i | s | i whiere \' rmat{x ;

x} i

o ? o ! ‘Ir
at Ay

Then, mulliplying the normutized mairdy with the decision
weiniits fmm Smp 6, V= Ty, where By =
(v’“,w‘“‘. vﬁ o }mdm =T e, when fel e f!,,

Industrial Groups’ Bviluation Matrix, Consider

G Wy Ty o "L,
Gy By ¥y oo By, r—i? (28
t’m -"ml T‘Jﬂ'f.‘é > T‘N_e'l;

Step 2.8, Ilis step involves defining positive ideal solution
{G") and negative idead solution (G7) from (26) as G o
MM T )and G = (775,00, B, b espectively, where

7o maxj’-"is*g} and 7 = mmj {v’} U S B

"_". = (E’}‘ }m et

Step 2.9, This step involves caleulaing the distances bebhween
e industrial groups’ evishuatiog césulls with the positive and
negative ideal solurlins, as defined by the following:

1,

dy = el (¥
#1
”, )
ﬂ'; = Zd-‘i (Tﬁﬁ,
dwl

ﬁﬁ';)-' je ‘I'ih"
{29

'{;“). j‘g[l;)*

where d,(¥;, %) are calculated Tn the same way as fuzzy
numbers afe calculated according 1o Definition 8 {depicted
i {303).

Distantes between the tadustrial Groups' Evabuation Results
aitd Prsitive and Negative Feal Spluzions ™ and 67, Congider

oo
B d} = ;d» (w";fff.'?;*' )

fi Gz red
Gy d (¥ ) A (308 o dy {9, 70) e a0
G, 4, {‘ma ™) 'f:-(m"zz:i}?“) dn-(":‘zn,-?';;)' dy”
Gn; ‘fi‘( m:“"iz ) e (uﬂﬁ vy ) e ‘{"V'{!“‘ﬂ_i_!_l;'?';;_ dv'h(
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Taprg X Eifal STRL

ST stock AN 2FA200 28/1242002 30012/ 205t /1272010
Closing prise of commen 157 s 235 =
Nugmsber of common stecks IaSERNS95 368492092 367,873,253 IEZ5R6.087
Nissalser af prefered stocks ¢ ] [} [
Nusrther of treasury shocky o 9 ) n
Latost [2-month poofd 1908534004 1897600 WYR1006) 202330000
jirdcy 148500 30385 2313 264733 49093
Ep BT 0,326 47 {.0378 10,2037
EFP{weighted average} 0,1583

EJP 1% weighted sverage) J3.83

Step .18, This step involves calculnting the nearmess coelfi-
iients to the positive ideal Solution, CC, and mnking the
industrial groups according 10 then, C-ij are defined as
follows

i ,
. J é}
;e

Hy*

From the calculation, a set of ovestment weights
for industrial goups, Wa = {wj, w0, ), where
trgs Wy, oul i, are weights of Individual groups, is obtained.
The idusteiad group of which investment weaight value is
nearest o one {the clasesr {o the positive Idesl solution) is
the best industrial group,

33 Sep B Analeds of Al Stecks from Differenr Drdustriad
Grougs. b this step, the Correlation-Product Implication is
usedy the two investment weights (rom Steps § and 2 are
used to calculage the integrated final investment weights for
all of the stocks In the market, denoted us Woulsid where
Wenlsish = Wils) WlG)) and Wi (s;) are the welght of the
fth stock from the fth group from Step tand Wy{ti} Is the
welght of the jth group from Step 2. These weights are thih
used o rank the stocks for making decisions and planning
ot srmegles.

4. Application of the Analysis Procedures to
# Demonstration Case

As a demonstration of the applicability of vue analysis.
procedures, asinulated caseof stock selection into 1 portfolie
{ora given period of time was conducted. Suppose st the §
industrinl groups of investment interast were fhe following:
agricultural and food industry (G, ) consumer product esd
service_industey (G,). fidancial industey (G). Industrial
pioduct and teclonlogy industry (G}, property and don-
struction - ndustry (Gy), and resource industry (G}, Stocks
from each individual Iadustry were analyzed as follaws,

Step ! tomalysis of stocks in an industrial group). Asan exam-
ple. the analysis of the praperty and consiruction industey,
Gs, is shown bedaw,

Inthisgroup, G, weuse the past S-year fingncial fact data
of the companies from Stock Exchange of Thailand, 2010~
20t bitpdfwwewsertade.com/,

Step L1 This step involves gathering the past S-year financinl
data of the companies in this group and screening in stocks
with cemplate data from [2companics: CK, CNTITD, NWR,
PRED, SEAFCO, STEC, STP, SYNTEC, TRC, TTCL, and
LUINIQ.

Step 1.2. This step involees coloudating the E7P, PIBRY, and
PP, values af each individuad stock,

Step 1.3, This step Invaives caleulating the following weighted
arithmetic mean of B/, P/BY, and £/P,. Tables 2, 3, and
4 show data of same stock (STP1), and Table 5 shows the
weighted arithmetic mean of each individua) stock in G,

Step Lo, This step involves an expeet constracting o fgey set
based on the Jatest 5-year financial data of which Bnguistic
lerms$ ake represented by trapezoidal and tiangular furey
numlsers,

Valugsof E/P, PAAV and LB, were grouped inte 3 levels
low (1), medium {M}, and high (1), and so the furcy seis
represening these levels were

L= (1Y,
M = (m*;, 't .mu> . {32}

He (W00 1M 10y
The fuzzy s¢18 of Hngulstic terms were as fullows:
EfP = LX = {00, L3 MY = (1,38, 108, HX =
{8, H), 100, 100}
PIRY = LV = (0, 0, 5.7 MY = (5,710,165 HY =
{10, 16, 100, HODY.

PR = L2 = {00,100, MZ = {1,1.1,1.9.2.3},
HZ =419, 2.3, 104, 1{61).

Step 1.5, 'This step bnvolves an exgreet constructing finkzy rales

[rom the Fuzay sets constructed from Sidp 14 as pllows:
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TabLe 3 HBY e/ 51PL

STPL stack IPH23 291202012 JHI22083 IS0
Closimg price of common - £2.75 147 3
ok hahty 137 73 A5 7
Number of sammaon stocks WTT4430R0 IRALL002 3THTH233 ITIENGT
Nunsher of préferred siocks B Y i} ]
Total assets 186TRORGIR AT R0 3522893354 4250624240
“Tstal Hisbities 49536210154 il 423973604 1021894292
Accounting valoe per share F Q069217 L2 IHI85529) B42385212 HEIOTY 857
PERY 3924320974 325435658 3412913734 2065645072
PRV of 204 {20d quarnice] 4.8
P ferighted sverape) 43509635031
PIBY (highest) II836I616
FIRY [727355263
Tanced: PP o BT,

ST aack L2014 AL 2R3N Wa2ims 3N
Closkag price of commaon 1, a o e s "
ok (Bahn) OB 187 5275 AT X
Dividenad interesy sate (%) 163 159 (3 116 A6
Divistend amsount (hahi} 0.33% 02456 .3438 KL el i
Expevted intorest (r) D.O763 [V Q0723 00734 PR
?L!:\ht‘ galm\i frcun 1 hahi 10703 10707 10728 L0730 L6t
vesiment {1 4 £}
Taeget price in 204 2830536
Clt:ssi'ng price to taogel price 07098
i 81a]

Tanrk 3 £1P, PII and PAB, of stocks in Gy,
Financhal ratle €K CNT 1T NWR  PRER  SEAFCO  STRG  STPE SYNTEC  TRG TICL  UNIQ
EIp{%) 15.86 a6 15+ 614 0.5 .38 339 1383 326 g 4.2 Z64
gy #71 i 735 473 B9 P a6 1227 1B 899 1614 3
P 243 Laz .54 238 o4 0497 L7 1.7 186 .83 287 24

"

Rule L: i x was LX and y was LY and z was L2 then
u wiis, RHW,

Rule 20 i x was LY and 3 wos LY anid 2 was MZ then
wwas MY,

Rule 27: if x was HX and pwas HY and £ was HZ
ihen wwas RLW,

Step L6, This-step involves importing the values of current
PYE (inversing 1o BIP), P{RY, and P/ 8, which, in this study,
were the viluesof the 22nd of Jameary 2015 shovn in Table &,

Noteo The EfPs of CNT and NWR were not applicable,
meaning thet they suffered o hoss, so they were ant indaded
ini further culcakation.

Step 1.7, This step involves performing defuzzification of the
Sy putput values to orisp values with the centroid method,
obtuining the investment weiplité shown in Table 7.

For the purpose of easy demmastration, the invistment
welghts ol the siocks froin the other § industrial groups were
mmade up. Allol'the weights are tabulated in Table 8,

Step 2 tanabysis of industriskgronps), Stocks from 6 industrial
groups, &,y .. . O were analyaed. Thrée decision makers,
dyy dy oy constructed 4 dedsion critera, o, 6, oL o
cafeulated Fit the fillowing steps.
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TABLE 6 Finunciol raios of the Z2nd. Banuary 2013, httpiwwwictfrade. cond,

Fancial eatle CK ONT  ITD NWR PREB  SEAFCG  STREC  SIDPL SYNTEG TRC TICL UNNG
EiP %) 476 NA 24 N.A 576 w29 4.71 R23 4,84 547 338 35F
PBY 254 238 368 169 341 R 453 4.09 182 346 EXi 37
PR 255 .91 134 2.34 4.29 1,79 155 G.65 .57 108 183 31
Fanik 7 favestment wiighiy frimn the analysis procedures,
Stock CR e PRER KEAFCC JEEC It SYNTEC TR TICh UNIGQ '
Iovestmvent weiphls 0084 G105 0.084 LA 094 0435 Q.084 0.413 G.084 484
TARLE & foveetiment weights of all stocks: the one for Gy werr sctuatly cabuislated while the 1ol were aimde v,

Gi G: g, G, G, G, )
5ir BN ' 0.26 s 01276 10 00518 15 (CK 1464 ' o6l
£y 0024 f 040 35 01525 g 0077 g (ITED 111K Sxe 1125
P BHAR Yas 1359 iy noE2 ¥ 078 39 (PREB) 0,084 S 0.0847
E 23704 4 (IR S N84 Sy 32 25 (SEAFCTS (hiG 9 Faa n.2034
% 0.ieni Sa 0004 S5 00822 ey AT 3 {STRCY .19 S 0,633
Yot 0097 S 01376 das B384 S 04399 £, (ST aMB s, 0.1576
. NS Sy 0.1825 i 00535 £y 1L0Y1G o (SYNTEC) 84 S 12068
S Qo705 5, 00104 F 0421 53 03099 Sy (TR B3 S 00638
[ AT Sy 0211 B 0,0825 g ATTCL) 0,083 San 325
g 1363 Suey 03507 P {0956 1 (LRI o454

Step 2.1, Thizstep invalves ealeulating the weights for decision
makers, The preference level ol the fth decision maker was
compared to. that of the jih decision maker with o scale
{1/%,9], obkaining

{(LL1} (2.3 {2.3.4)

{38

Step 2.2, 'This slep involves ealeulnting the fuzzy wreight
vectors, @y = (Byhyy, for D o= (8),., and obtin-
ing the following respective vectors for decislon ks
ers dyoddy,dy Ty, = {(0.47168,0,53991,0,53991, 053991},
Wy, = (U.25869,0.20712,029712,034012), and @y, =
(0.36296, 016296, 016296, 0L18717}, sond & consistency index
F ) = 0,09403,

Step 2.3, “This step involves the 3 decision makess, d,, i,
dy evaluating 6 Industrial groups, G Gy, ..., & according
te the decislon criteria o, 6. 6, ¢, wtilizing liogulstie ferms
VE L ME, M, MELH VH representéd by, trapezoidal fimay
rivmmbers asin Table 9,

Step 24, “This swep involves decision makers d|, d,, d;
evaluating the decision criteria €. ¢ g o willizing the
lngubstls terms VL, LML, M M, H, VH represented by the
mertioned trapezoidel fuzzy mumbers asin Tabla 10,

Step 2.5, This step involves calonlating fuezy decision ¢riteria

ansd the evaluation eriteria for Industrial groups bissed on the

weights of decision makersas in Tables 11 and 12, respectively:

Step 2.6, This step involves aggregating the decision criteria
ard the furzy evaluation o induostrist groups based on the
welghts of decizion miskers, The aggregation resaltsare shown
n Tables 13 and 14,

Step 27, This step involves notmalizing the weights of
tndustrial groups for each decision ¢riteria shown in Table13
and then muliiplying the normalized mstrix awith the weights
af decision criteria {rom Step 2.6, defined by ¥ = ()00
where 9, = {%.@,",sﬁﬂv%} and ¥y = Ty & B, when
J € LZo 6,0 & L2 o obtain a decision matrix
shown [n Table 15,

Step 2.8, This step Involves stipulating 2 positive idead sofution
{5”} and anegative idedl solution (§7) to be
8 = (0,54, 0.54,0.54,0.54),
{0,486, 0488, 0486, 0.486) , {0.54,0.54, .54, 1.54) ,
(0,432, 0432, 0432, 0.432)],
8 e [(0.025,0,023, 1.021,0.0217,

(0,021, 0,025, 0.021,0.621),
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TABLE 9§ Trapezoidal fuzry numbers représenting lingoistic Lerms used Jor uzzy evalugtion of industeind growps;

Decision aaker

Criterin Inlustzial group 4 4, 4,
L 0.6 a7 o7 08 LG 07 0.7 [+2 08 HAT i H
G, 08 B 1 1 0y DS 08 0¥ 0F 08 08 09
5 &, 07 a8 8 09 07 g .8 0.9 [thel 0.8 1323 (A7
3y 1k 0.9 1 i a8 IR H 3 {2 9 i i
L 0.6 @7 (A (2] {6 07 nr i3:3 N4 I ) 1.3
G, 06 7 7 (5 07 DR L5 08 .6 7 17 04
0y AL 07 o7 08 a7 0.8 0.5 0.9 o7 ir8 .8 09
0y 07 L] 133 0% 046 o7 0.7 138 {14 0.7 7 1.8
& L a8 [1%Y ¥ 1 8 0. t i 0.8 LY k i
0y Ok o7 07 R 0.7 (LB R L3 Or} 8 03 0ns
Gy g 7 0z (¥ LN 07 ) &8 07 0.8 L% e
{5 07 L8 L& 0y . ] Uy 0.4 x .8 % 0.2
(o8 a? {8 .8 09 0r 0.8 0.5 8 a7 [LE] 04 03
L) O 4 i i a7 0.8 0.4 089 thed LB 8 4.9
P Gy 08 (he i 1 HES iy i i ) 0.8 na 0%
G oF g i 5 0.5 07 (LN (5] .6 s 0.7 U3
(£ o5 0.8 th.} 04 0.6 07 (L) 8 [ 8 n.g 0y
{iy .6 0.7 0.7 Q.8 1.6 0.7 (L7 3] 0.7 g 0.8 A
Gy 0.6 a7 A {8 4.6 07 0.7 L] iR ) 07 (3
Gy 0.6 0.7 o ax O.R U8 1 i > U8 118 0y
5 i ur 0.8 3. 0.y 0z DE {14 A [t .8 (23 0.9
) a8 B9 1 1 Q2.8 LA i 3 12 i) I i
G5 07 .8 0.8 18] 87 18} .8 0.9 07 133 08 (A1
{3, 07 0.8 0.8 0.3 1.6 0.7 .7 (L5 07 08 03 0.9

Tanrs 1 Evaldation of fiwery deciiion criteria,

Declsiviny meaker

Criterin 4, % >

5 08 09 1 1 0809 1 1 0808 1 1
[ 07 N8 G& 09 7 08 O 09 07 B8 0.5 04
) o8 0% i 1 08 09 1@ I 08 09 1 1
& &5 086 07 LS 0.8 0% | I 07 068 08 09

(0022, 0,024, 0.024,0.024),
{0.021, 0,021, 0.021, 0,021}
{34}

Stepr 28, “This step involves calenlating the digances from
the resulis of industrial groups evaluation in Table 34 o the

("7 and the {S7) Ideal sblutions shown in Tables 16 and 17,

respeciively

Step 210, This step invelves obiaining the nearmess couffi-
clenks CC;, = 1.2, 6, 1 the positive ideal solution and the
imvestment weights shown in Table 18,

Step 3 {anabysis ofall stocks fnom different industrial groups),
The twis kinds of vestment weights obtalned from Steps |
and 2 were used to caleulite the final investment weights for
all of the Stacks i the markel, Wiy (s, where § represents
the ith company angd f the jth industralgroup, and the final
welghls were ranked as shown in Table 19,

From Table 19, investors ¢an use the calculated weights
1 help with their decision-naking and sirategy-planning.
The better stocks 1o invest i show higher final investnient
welghts,

5. Conclusions

The innovation appearing in this paper is o present, the
tactie of couveying the stock selection fo portfulio by using
two tactics, firery quantitative analysis and fuzzy higrarchical
analysis, The hwo tactics imply the final fnvestment weight,
Envestary can defermine their strategies by psing the fiind
investment weights. The finad investment weights may be
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Diecision mker

Criterin
d, s oy
5 OITRY AR 05399 05399 0207 N 02971 03401 03304 L0457 0063 0UE2
4 BA2 O4319 G439 DJESe QUL 03R 0EEYT 0 A308L OBl 01304 01304 0u6ss
o U3773  04E3 05399 0838R 027 Q26T 0.9 040 asdd O GU6Y IR
c; U23538 O35 03929 a3y 0207 02671 039N G340 11141 GIM4 DI3E 06BS
Tapte 12 Yurzy cvaluation of industrid gronps.
Criterda  Tnddusieind group Dectsion maker
LA [ iy
e (283 07K OSFR 6432 QU35 0208 028 DI 003 0T QUEY DAY
G, 374 GaRG 034 0584 DS DI B2 DI Q1N 013 B3 006K
. &, 033 0431 1437 DABG 0081 G238 6238 D305 0aM O0Y D03 DSk
! G, G377 0486 G5 054 0207 B26F 0257 D3 03 DT 0063 G087
G BIE3  O37R OB G432 OUSS G208 D28 01 G49E DM 0d8 045
G, DIB3 Q78 D37S 0 D432 OaSL DI 038 D306 DOSE  BHE OM4 (S
G, 0283 0378 DATE D432 BB P23 0238 D306 6Ld4 04 DE3 D68
G, (33 042 0432 0486 0A5S DZ0S 0208 DITX 098 MM 0AE 0ls
o &, D377 i:.-nsf; 054 DAL DT BT 0297 UM DG 0M7 063 0IST
: e O2R3 OE L3TE 032 OUBL 0238 023 D306 DAM O GB 013 UG8
&, £283 AR DA7E 0432 (USS DI0S 0208 0272 M 013 A3 Dl
€, 033 6432 0432 0486 8L D238 43R 0306 0JM 633 003 D.ME
o 33 B3l 0432 Q486 0481 GUIR 0288 0A0s DB B3F 003 ss
G, 0377 D4BE 05 954 DISL 0238 023 0206 LM 043 B3 D68
. G, 0377 0486 B 034 027 0267 0 0M O 0 DJ3 0 033 D168
G, 033 (432 0432 0486 G0AF 008 0203 027 0085 nlE nms 015
G, 033 (43 432 0486 023 G308 0208 027X Ol 013 o4% D68
e 383 GJ78 0378 B3 035 008 D208 D2 DM G 3 nies
[ 0383 Q3% LATH 0432 (UBS Q08 0208 03T 0008 OM I 18
¢, 0263 037 057 G432 0207 067 029F B3 GIM 0 0B 013 DIGS
. <, 033 0431 0432 0486 081 D23 OM& D306 01 OU3 003 DI6R
G, 0377 OARBE 0S4 054 0207 G267 0397 030 03 DA4F misd DsT
Gy 033 0402 0432 0486 480 0238 X8 0306 DL 0B 4B nies
G 035 0437 0132 D4B6 G153 BI0S 0206 027 OIM G013 o1F  nI6S
Tamy 13; Apgregation of decision critesin,
Criteria
5 g ) “
Weight 633 03 8333 054 B 0267 0267 0486 013 03 0333 054 OH4 029 0368 04
Tabts 14: Apgrepstion of evaluation of industrial proups.
Grivp Lriteria
Ky £ L5} 1
G, 613 0244 035 0432 R4 0240 09 D43 aN4 0267 0267 4486 0098 0233 0233 043
G, DI 0285 0303 0S4 ODBS 251 025 0486 DM BXS5 0303 054 (U4 0359 6288 0A3?
Gy DIM 0267 G267 0486 BU3 03 IR 058 004 0295 0322 454 N4 07 0T 0488
&, OLF 03 033 03 I 00 0280 043 G09S 0251 0251 Q486 I3 03 B3I 03
G, GOSE 023 I3 043 DAM 023 0 DGR B 057 025 0ABE G014 0267 0267 (446
G, M98 0243 0243 0432 QM4 D367 6267 AR OB G230 0T 0432 0l 0257 025 Dd%e
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Tanii 15 DPecision matrix,

. Criteria
Carevigs .
<i [ 5 £
G, Q03 036 DA G432 003 G230 003F 0339 048 D38 D43 G4%8 DL 0304 0BG LS
Gy QO3 D458 DA B8R 002 DI DI 0437 D038 QA58 Gied BAY A0 0SNG
G, QO 448 0168 QdBE G028 O G185 NaEE  po8 0ded OBV DA 08N 0NN 083 (5
£ DOR 0167 B0E 054 DO BRI OZY 38 00N OM 4 GdES G028 013 B8 04N
Gy A0 003 M4 0432 003 G BNE Q380 DORE 0M3 QB4 0486 G024 GNP I Gaw
G, 00X DA3F N5 D432 90 032 0132 0437 D028 BA33 04N 0432 B0 0Ol 128 0338
Tanig 16 Distinces hetween G’»,.j = .., Band 8 for eoch decision criterion.
Distance Lrieta Suth
_ & £ 2 A
d: =, {G! 5 0381572 (348712 378268 8309818 1438371
A =6, {68 D364955 0346628 LRI GAH308 [ 382533
d) =d {8 0.3740572 324657 0363443 0.3 136 145
o =, {0, 8%) {h336854 AR 0384022 0.28430% 1373911
iy =4, {G,. 87) AR G.351266 GARH27 0,29835 LA18983
4 =d 6,8 kI EE IRE R {.38G187 0300654 11678
Tanre 17 Distanoes between G j = T boand 8 foreach decision criteriion.
Distance oA\ S
.9;' L ] <3
d; =41, {{'}!.5') 0323775 Q197715 (:24723%] PRYESE L 0.5432085
& =d {63 ) 1.281158 0.20708 0,276399 017535 0936716
d] = d.{0,5 i GIRIT43 0.251245 0278587 (L19B33L B.9B05SY
d; =, 0,87 Q285192 197715 0.245285 0225285 (.953478
dy =d, (G087 0.221504 0196478 0246015 0498531 i1.861528
o i, { 2 1 4223083 D2264T G286 .I97315 {18610
Tasan s Nearness coeflicents bo the posilive ideal sofution.
Industriat proup G, G, G, &, G, O,
;= Py : T DARE2GT Q38056 1392965 (350328 {L3IR358 a3s018
iy
Weights RiFies] 172837 GIFG7IH DI7369 {LI59816 159816
TaneE 19: The Final invéstment weiphis of ol ofthe ducks in the markel,
£ L ot Hay e . Foy *54 L F1y 3y St $1a 5
W (S;;) G473 0472 00396 0.0332 00317 00N 90307 D.O3063 00287 03543 Q02503 002378 00M7
Hoy 5 Bas i Ras 5 Ean S oy 34 $34 LEY: Bg g
Wo(si} DO BORT DO2IE 0G5 G020 OOI9YS  DOISS  OOMSI 00183 O0IBH Q07 QI O0AS
15 L LY Fime Fai iy Fg $a1 S % Sy & 13 35
Wm (%J 00167 00166 0166 00166 05 001583 00157 GOISH afks 00N 00N QnIZFY  o.avy
L5 53 04 Siig 1 g T, Fie Fag Sk Sgs Sy Fix Snp
W, (;:B} OMIF LI A0 a4l 0MIZ 0M o003 DOUUSH DOES 00078 00608 000608  DaHB9
5o Eyy $in 2. &2 Bz
Wiy (s,) GOMT 00030 0003 DO 08007
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ased 0 sdfect stacks and allucate mssot into portfolis, A
case study presented in Table 19 shows that i€ we use the
final investment wéights as decision criteda 1o select stocks
intn portfolio, stock thal has the highast weight is the most
interesting snd Is chesen first In contrast, vock that hax
the fowest woight §s the least nteresting and s chosen Iast,
Howevzr, decision-making and steategy-planning of cach
investor tuay be différent and depend on tiwir financiat risk
tolerance., For example, some investors whose financial risk
tolerance ks high leved maybe invest in onty one stock with the
hiphiest faal ipvistmant welghts while seme Investors reduce
risk by investing in many stocks with high final invesiment
welghts, You should keep in your mind thay thete is o best
tool in the wordd for financial analysis but vou can alter jouls
that fit for each situation. The purpose of this tesearch is
ta construct the tool for linancial amlysts. tue may be an
alternative for bivestors. At least, we hiope that this research
will help ivestors to make an approprinte decision,

For Futore work, we will improve vir roodel dnd compare.

results with nthars In cach situalion, Moreover, the software
o this modd willalsobe provided,
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