[VOLUME 5 I ISSUE 2 1 APRIL - JUNE 2018] e ISSN 2348 -1269, Print ISSN 2349-5138
http://ijrar.com/ Cosmos Impact Factor 4.236

Rough-Intuitionistic Fuzzy Classification with Two Thresholds-
Algorithms and Implementations

B. Venkataramana @ & L. Padmasree (2 & M. Srinivasa Rao 3) & G. Ganesan)
(WDepartment of Computer Science & Engineering, Holy Mary Institute of Technology,
Bogaram, Kesara Mandal, Telengana, India
(2 Department of Electronics & Communications Engineering, VNR Vignana Jyothi Institute of Engineering &
Technology, Bachupalli ,Nizampet, Telengana,India
() School of Information Technology, Jawaharlal Nehru Technological University Hyderabad,
Kukatpally, Telangana,India
() Department of Mathematics, Adikavi Nannaya University, Rajahmundry, Andhra Pradesh, India

Received: April 29,2018 Accepted: May 30,2018

ABSTRACT The theories of Rough sets and Intuitionistic fuzzy sets are commonly in use in various technic

applications. In this paper, we propose three types of indexing algorithms to index the records of the decision table w
intuitionistic fuzzy decison attributes and we implement them using C Programming.
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INTRODUCTION

Theory of rough sets [4,5] is commonly in use for the researches pertained to knowledge
engineering and in some of the real time applications; the data may not be crisp in nature. Hence, a few
researchers have been concentrating on dealing uncertainty in knowledge engineering. In Particular,
G.Ganesan et. al,, [2,3] demonstrated an indexing technique using two thresholds in intuitionistic fuzzy
input. In this paper, we developed three kinds of indexing techniques using two thresholds on intuitionistic
fuzzy decision attribute of a decision table.

The paper is organized into 6 sections. In 2nd section, the basic mathematical concepts pertained to
the subsequent sections are dealt. In 314, 4th and 5t sections we provide lower, upper and rough indices
algorithms respectively for a decision table with intuitionistic fuzzy decision attribute using two thresholds
and these algorithms are implemented using C Programming. The 6t section deals with the concluding
remarks.

MATHEMATICAL PRELIMINARIES
In this section, we describe the concepts of rough sets and its hybridization with intuitionistic fuzzy

sets.
Rough Sets

For a given finite universe of discourse U and an equivalence relation R on U, let U/R = {Y1, Y2h 8 h
AAT 1T OA OEA OAO T 4&# Ail ANOEOAI AT AA Al AOOAO 1T £

approximations are defined as  RX=C{Y[ U/ R: Y| X} and RX=C{ Yi U/ R: YAX_F} where RX and RX
are said to be R-lower and R-upper approximations of X. For the purpose of implementation of these
approximations, we provide the algorithms to compute Lower and Upper Rough Approximations [4,5] as
follows:

Algorithm of Lower Rough Approximations

\\Yy, Y2h  8zfEquiralence Classes
\\ X-Input

Let D=NULL
Fori=1totdo

If X is superset of Y;, thenD=D C Y;
Return D

Algorithm of Lower Rough Approximations
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\\Y1, Y2h  8zfEquiralence Classes
\\ X-Input

Let D=NULL
Fori=1totdo

If X AY;, NULL thenD=D C Y;
Return D

I OOAT AOOI 660 EIT OOEOET T EOOEA AOUUU OAOO fp¥Y AO
whenever the non-membership is not a compliment of membership. Now, we focus on hybridizing
roughness and intuitionistic fuzziness.

Hybridization of Roughness and Intuitionistic Fuzziness

Let U ={x1,xz2h 8,@e any universe of discourse and A be any intuitionistic fuzzy subset of U. If pa and
r a be the membership and non membership functions defined on the universe of discourse U to [0,1] with
nSPABgcoaqsp A O AOGAOU @ EI 5h 4EAI OEA EIT OBEOE
A= (%), 9a (30)), (TR (%2), G2 )+ (TR (X1), Ga (%1)))

by

ea, a,g .
Now, define  Ag ! Zu:{xl Ula,<m(x)<a,; b, <g,(X)<b,} .Let X be any partition of U,

ebl bz u
say {B1,Bzh 8 {h For the given intuitionistic fuzzy set A, the lower and upper approximations with respect to
a and b can be defined as

e, a,o gu aze g a,o
Ay ao=Ag" Zhand AP =gt 20
1 420 &b, b gb, b
& b, 1 2U 1 2U

LOWER INDICES IN A DECISION TABLE WITH INTUITIONISTIC FUZZY DECISION ATTRIBUTE

Here, an algorithm is dealt to compute the lower index by using square and square root functions
on two thresholds of an intuitionistic fuzzy input A. To compute the index, the lower rough approximations
are used. This algorithm is illustrated using a decision table with an intuitionistic fuzzy decision attribute.

Algorithm for Lower index of an element

Algorithm (alpha, beta, A, x)

//Algorithm to obtain index of x an element of universe of discourse
//Algorithm returns the index

1. Let x_index be an integer initialized to M.
2. Pick the equivalence class K containing x.
3. If U(y)=0 for all y belongs to K
Begin
x_index = -x_index
goto 7
End
4. If U(y)=1 for all y belongs to K
goto 7
5. #1 1 DOOA O! 11 xAORGADT A T £ Al PEAhR
6. YE O @ AATT1c¢cO O t 11 xAO AT OTA 1T £ Al PEARAAG!
7EEITA 0@ AATT1¢cO O ' 11 xA0O AT OT A T £ Al PEARAAOAG
Begin
alpha= sqrt(alpha) //square root of alpha
beta = sqr(beta) //square of beta
x_index=x_index+1
#1 1 DOOA O! 11 xAO0 AT OTA T &£ Al pEARAAGAG

End
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else )
7TEEIA j OO
Begin

.14

AAITTCO OF !

alpha= sqr(alpha) //square of alpha
beta = sqrt(beta) // square root of beta

x_index=x_index-1

#1 1 DBOOGA O! 1
End

7. Return x_index

Experimental Results

i xAO AT OT A 1

1T xAO

AT OT A i

Consider the following decision table with 10 records namely 2,3,4,5,6,7,8,9,10 and 11 with three
conditional attributes namely Attr_1, Attr_2, Attr_3 and an intuitionistic fuzzy decision attribute.

Decision
Aur_1 Attr_2 Attr3 Membership | Non-Membership
2 | Satisfactory Brilliant Satisfactory 0.6 0.2
3 Brilliant Satisfactory | Average 0.7 0.1
4 Brilliant Brilliant Satisfactory 0.6 0.2
5 Poor Average Worst 0.5 0.2
6 Worst Brilliant Worst 0.7 0.2
7 Poor Satisfactory Brilliant 0.3 0.7
8 | Satisfactory Average Worst 0.3 0.3
9 | Satisfactory Worst Poor 0.9 0.1
10 Average Average Brilliant 0.2 0.5
11 Worst Poor Worst 0.3 0.6

It may be noticed that the records are grouped according the similarity for each key or group of
keys. i.e., the records are grouped as follows: For Attr_1, the grouping are {( Satisfactory, {2,8,9}),

(Average,{10}),

(Brilliant, {3,4}), (Worst, 6,11}),
{(Satisfactory,{3,7}), (Average,{5,8,10}), ( Brilliant{2,4,6}),

obtain {( Satisfactory, {2,4}), (Average,{3}), (Brilliant,{7,10}), (Worst,{5,6,8,11}), (Poor,{9})}.

(Poor, {5,7}) }. For Attr_2, the grouping are
(Worst,{9}), (Poor,{11})} and for Attr_3, we

In this example, for Attr_2, the algorithm is implemented in C with the thresholds 0.35 and 0.78. It
is observed that the lower index of 4 and 8 are 52 and 49 respectively.

Universal set = {234567891011 }

3,0.3) (0.9,0.1) (0.2,0.5) (0.3,0.6) %

U/R set is:
2 4 6
3 7

5 8 10
9

11

Alpha = 0.35
Beta = 0.78
Alalpha,betal set = {2 3
A_Lower[alpha,betal set =

BN

sooe INTUITIONSTIC FUZZY WITH TWO THRESHOLD: LOWER INDEX seex

enter the element X in universal set to obtain lower index to X: 4

U/R set is:
2 4 6
3 7

set A = { (0.6,0.2) (0.7,0.1) (0.6,0.2) (0.5,0.2) (0.7,0.2) (0.3,0.7) (0.5 8 10

9
11

Alpha = 0.35

Beta = 0.78

Alalpha,betal set = { 2 3 4
£

56
Ai_Lower[alpha,betal set = { 2 4

square root of Alpha= 0.591608
square of Beta= 0.608400
Alalpha,betal set = {23 46
A_Lower[alpha,betal set = { 2
square root of Alpha= 0.769161
square of Beta= 0.370150
Alalpha,betal set = { 9 ¥

9
4

A_Lower[alpha,betal set = { 9 ¥
X_index is: 52

gy
69%

enter the element X in universal set to obtain lower index to X:

¥
69%

4
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pu spee 100% cycles, Fram
4567891011 ¥

Universal set = { 2

soo¢ INTUITIONSTIC FUZZY WITH TWO THRESHOLD: LOWER INDEX »oex
set A = { (0.6,0.2) (0.7,0.1) (0.6,0.2) (0.5,0.2) (0.7,0.2) (0.3,0.7) (O.

Universal set = {23456789 10 11 % 3,0.3) (0.9,0.1) (0.2,0.5) (0.3,0.6) %
set A = { (0.6,0.2) (0.7,0.1) (0.6,0.2) (0.5,0.2) (0.7,0.2) (0.3,0.7) (O.|| U/R set is:
3,0.3) (0.9,0.1) (0.2,0.5) (0.3,0.6) % 2 4 6
3
U/R set is: 5 8 10
2 4 6 9
3 2 11
5 8 10
9 Alpha = 0.35
11 Beta = 0.78
Alalpha,betal set = {23 4569 ¥
Alpha = 0.35 A_Lower[alpha,betal set = {246 9 ¥
Beta = 0.78
Alalpha,betal set = {23 4569 3 enter the element X in universal set to obtain lower index to X: 8
A_Lowerlalpha,betal set = {246 9 ¥
enter the element X in universal set to obtain lower index to X: 8_ square of Alpha is 0.122500

square root of Beta is 0.883176

Alalpha,betal set = {23 456789 10 11
A_Lowerlalpha,betal set = { 2 4 5810911 %
x_index is:

UPPER INDICES IN A DECISION TABLE WITH INTUITIONISTIC FUZZY DECISION ATTRIBUTE

In this section, we propose an algorithm to compute index using upper rough approximations.
Similar to third section, square and square root functions are used on two thresholds of an intuitionistic
fuzzy input. The algorithm is illustrated with a decision table consisting of an intuitionistic fuzzy decision
attribute.

Algorithm for Upper index of an element

Algorithm (alpha, A, x)

//Algorithm to obtain index of x an element of universe of discourse
//Algorithm returns the index

1. Let x_index be an integer initialized to M.
2. Pick the equivalence class K containing x.
3. If U(y)=0 for all y belongs to K
Begin
x_index = -x_index
goto 7
End
4. If U(y)=1 for all y belongs to K
goto 7
5 #1 1 DOOA O! OPPAO AT OTA 1T A& Al PEAh AAOAG
6. £ O @ AAIT1coO 01 ' ObpPAO AT OT A 1T &£ Al PEAh AA(
7EET A j O AAITTcO O1 ' ObPPAO AT OT A T &£ Al PEARh AAOA
Begin
alpha = sqrt(alpha) //square root of alpha
beta = sqr(beta)
x_index=x_index+1
#1 1 DOOA O! OPPAO AT OT A 1T A& Al PEAD
End
else
7TEETA jO@ .14 AATT1cO OI 1 OpPPAO AT OT A T £ Al PEAR

Begin
alpha= sqr(alpha) //square of alpha
beta = sqrt(beta)
x_index=x_index-1
#1 1 DOOA O! ODPPAO AT OT A | &£ Al PEAD
End
7. Return x_index

Experimental Results
In the above example, we obtain the upper indices of 9 and 11 as 56 and 49 respectively.
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NeuTroN DOS-C++ 0.7, Cpu speed: max100% cycles, Frameskip 0, Program:
sx INTUITIONSTIC FUZZY WITH TWO THRESHOLD: UPPER INDEX < filpha = 0.35
Beta = 0.78
Universal set = { 23456789 10 11 » Alalpha,betal set = {23456 9 ¥
A_Upperlalpha,betal set = {2463 758109
set A = { (0.6,0.2) (0.7,0.1) (0.6,0.2) (0.5,0.2) (0.7,0.2) (0.3,0.7) (O.
3,0.3) (0.9,0.1) (0.2,0.5) (0.3,0.6) ¥ enter the element X in universal set to obtain upper index to X: 9
U/R set is: square root of Alpha= 0.591608
2 4 6 square of Beta= 0.608400
3 P Alalpha,betal set = {23469 ¥
5 8 10 A_Upperlalpha,betal set = {2463 79 1%
9 square root of Alpha= 0.769161
1 square of Beta= 0.370150
Alalpha,betal set = { 9 ¥
Alpha = 0.35 A_Upperlalpha,betal set = { 9 ¥
Beta = 0.78 square root of Alpha= 0.877018
Alalpha,betal set = {23 4569 square of Beta= 0.137011
A_Upperlalpha,betal set = {2463 758 109 ¥ Alalpha,betal set = { 9 ¥
A_Upperlalpha,betal set = { 9 ¥
enter the element X in universal set to obtain upper index to X: 9 square root of Alpha= 0.936492
square of Beta= 0.018772
Alalpha,betal set = { }
A, Uppex‘[alpha,beta] set =4}
X mdex is:

NeuTroN DOS-C++ 0.77, Cpu speed: max100% cycles, Frameskip 0, Program: ~ TC

Universal set = {23456789 1011 ¥
se¢ INTUITIONSTIC FUZZY WITH TWO THRESHOLD: UPPER INDEX seee
set A = { (0.6,0.2) (0.7,0.1) (0.6,0.2) (0.5,0.2) (0.7,0.2) (0.3,0.7) (0.

Universal set = {23456789 10 11 ¥ [3,0.3) (0.9,0.1) (0.2,0.5) (0.3,0.6) %
set A = { (0.6,0.2) (0.7,0.1) (0.6,0.2) (0.5,0.2) (0.7,0.2) (0.3,0.7) (O.||U/R set is:
3,0.3) (0.9,0.1) (0.2,0.5) (0.3,0.6) ¥ 2 4 6
< T {
U/R set is: 5 8 10
2 4 6 9
3 11
5 8 10
9 Alpha = 0.35
11 Beta = 0.78
Alalpha,betal set = {23456 9 }
Alpha = 0.35 A_Upper[alpha,betal set = {2463 758109}
Beta = 0.78
Alalpha,betal set = {23 4569 % enter the element X in universal set to obtain upper index to X: 11
A_Upperlalpha,betal set = {2463 758109 %
enter the element X in universal set to obtain upper index to X: 11_ square of Alpha is 0.122500
square root of Beta is 0.883176
Alalpha,betal set = {23 456789 10 11 ¥
A_Upperlalpha,betal set = {2463 758 109 11 »

x_index is: 49

ROUGH INDICES IN A DECISION TABLE WITH INTUITIONISTIC FUZZY DECISION ATTRIBUTE

By hybridizing lower and upper rough approximations, in this section we propose an algorithm to
compute rough indices by squaring or square rooting two thresholds of the given intuitionistic fuzzy input.
The algorithm is demonstrated with a decision table containing an intuitionistic fuzzy decision attribute.

Algorithm for Rough index of an element

Algorithm (alpha, beta, A, x)

//Algorithm to obtain index of x an element of universe of discourse
//Algorithm returns the index

1. Let x_index be an integer initialized to M
2. Pick the equivalence class K containing x.
3. If U(y)=0 for all y belongs to K
Begin
x_index = -x_index
goto 8
End
4. If U(y)=1 for all y belongs to K
goto 8
5. #1 1 DPOOA O! 11 xAO AT OT A 1T &£ Al PEAhRh AAOAG h O!
6. YA O @ AMAG AT 1'£1AITEAhR AAOAS
7TEEIA 0@ AATT1¢cO O ' 11 xA0O AT OT A T £ Al PEAR AA
Begin

alpha= sqrt(alpha) //square root of alpha
beta = sqr(beta) // squre of beta
x_index=x_index+1

#1711 DOOA O 1ixAO Ai BT A 1 £ Al PEAR AAOAG
End
Goto 8
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else
7. ) £ O @ .i/4 KOBACGCAIDI A T &£ Al PEAR AAOGAS )
7EEI A j 0@ .14 AATT1TcoO O '+ OpPPAO AT OT A 1T &£ Al PEAN

Begin
alpha= sqr(alpha) //square of alpha
beta = sqrt(beta) // square root of beta
x_index=x_index-1
#1 1 DOOA O! OPPAO AT OT A T &£ Al PEARAAOGAG
End
else
Begin
Gamma=alpha
Delta=beta

AT T POOA O! 11 xAO AT OT A 1T £ Al PEARAAOAG h 60! OPPAO
xEEI Aj O@ /4 AAITT1Tc¢cO O ' 11 xAO AT OT A 1T £ Al PEAN
0@ AAiTi11c¢cO O ' OPPAO AT OT A T &£ cCAi i An AAlI OA6Q

Begin

alpha = sqrt(alpha) //square root of alpha

beta = sqr(beta) //square of beta

gamma=sqrt(gamma) //square root of gamma

delta=sqr(delta) // square of delta

ATi DbOOA O! 11T xAO AT OTA T £ Al PEAh AAOAS h o0! ObPDPA
x_index=x_index+1

End

y £ 0@ AAITTTcO O1 ' 11 xAO AT OIT A 1T &£ Al bEAh AAOGAS
x_index=-x_index

End

8. Return x_index

Experimental Results
In the given example, we obtain rough indices of 2 and 11 as 52 and 49 respectively.

[ NeuTroN DOS-C E ycles, Frameskip 0, Program: TG 3 $ NeuTroN DOS-C Cpu speed: max 100% cycles, Frameskip 0, Program: IO

soe¢ INTUITIONSTIC FUZZY WITH TWO THRESHOLD: ROUGH INDEX soex set A = { (0.6,0.2) (0.7,0.1) (0.6,0.2) (0.5,0.2) (0.7,0.2) (0.3,0.7) (0O.
3,0.3) (0.9,0.1) (0.2,0.5) (0.3,0.6) ¥
Universal set = {23456789 1011 ¥
U/R set is:
set A = { (0.6,0.2) (0.7,0.1) (0.6,0.2) (0.5,0.2) (0.7,0.2) (0.3,0.7) (©O.|]|]2 4 6

3,0.3) (0.9,0.1) (0.2,0.5) (0.3,0.6) % 3 @
5 8 10
U/R set is: 9
2 41 6 11
3 7 :
5 8 10 Alpha = 0.35
9 Beta = 0.78
11 Alalpha,betal set = {23 4569 ¥
A_Lower[alpha,betal set = {2469 ¥
Alpha = 0.35 A_Upperlalpha,betal set = {2463 758109 ¥
Beta = 0.78

Alalpha,betal set = { 2 3 enter the element X in universal set to obtain rough index to X: 11
A_Lower[alpha,betal set =
A_Upperlalpha,betal set =
square of alpha = 0.122500

enter the element X in universal set to obtain rough index to X: 11_ square root of beta = 0.883176

Alalpha,betal set = {23456 789 10 11 ¥

A Upper[alplm.beta] set ={2463758109 11 %
x_index is: 49

[ NeuTroN DOS-C++ 0.77, Cpu speed: max 100% cycles, Frameskip 0, Program:  TC

s INTUITIONSTIC FUZZY WITH TWO THRESHOLD: ROUGH INDEX seex

U/R set is:
. - 2 4 6
Universal set = {23456789 10 11 ¥ 3 27
set A = { (0.6,0.2) (0.7,0.1) (0.6,0.2) (0.5,0.2) (0.7,0.2) (0.3,0.7) (O. g g 19
3,0.3) (0.9,0.1) (0.2,0.5) (0.3,0.6) ¥ 1

DRiset s Alpha = 0.35

3 2 Beta = 0.78

5 8 10 Alalpha,betal set = {23456 9 %

g A_Lower[alpha,betal set = {2469 ¥

1 A_Upperlalpha,betal set = {2463 758109 ¥

Alpha = 0.35 enter the element X in universal set to obtain rough index to X: 2
Beta = 0.78

square root of alpha = 0.591608
¥ square of beta = 0.608400
Alalpha,betal set = {23469 %
7809 A_Lower[alpha,betal set = {2469 ¥
2 square root of alpha = 0.769161
square of beta = 0.370150
Alalpha,betal set = { 9 3
A_Lower[alpha,betal set = { 9
x_index is: 52

A_Lower[alpha,betal set

Alalpha,betal set = { 2 3
A_Upperlalpha,betal set =

enter the element X in universal set to obtain rough index to X:
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CONCLUSION
In this paper, we proposed three algorithms for computing indices of the records of the decision table with
intuitionistic fuzzy decision attributes using Two thresholds and implemented them using C Programming.
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