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Abstract- The theories of uncertainty are very useful to treat
with mathematics that needs to address and in providing a
flexible model to elaborate uncertainty and vagueness involved
in decision making. In this paper, we used the information
system by converting the information system to the triangular
fuzzy number matrix; into its membership function and by
computing the relation matrices to take the suitable decision
with degree. In this paper, we also introduced an application in
real life.

Keywords- Fuzzy matrices, Information system, triangular
fuzzy number, Horizontal Curve Design, membership function.

I.  INTRODUCTION

By developing intelligent systems, we can operate with
real life and engineering problems. A large part of
mathematics is based on the notions of a set .Set theory,
however ,was founded by a single paper in 1874 by George
Cantor " on a property of the collection of all real algebraic
numbers"[1]. In classical set theory.an element either
belongs to a set or does not belong to a set .Fuzziness [2]
plays an essential role in human life because most of the
classes encountered in the real physical world are fuzzy. In
1965, Zabeh [3] introduced the idea of a fuzzy set as an
extension of the classical set theory. The idea of
intuitionistic fuzzy set" was first published by krassimir T .
Atanassov [4] and many works by the same author and his
colleagues appeared in the literature [5], [6], [7]. Established
by Florentin smarandache in 1980 ,neurosophy was
presented as the study of the origin , nature , and scope of
neutralities, as well as their interactions with different
ideational spectra The main Idea was to consider an
entity ,"A" in relation to its opposite "Non-A , and to that
which is neither "A" nor Non — A ", denoted by " Neut-
A" .and from on, neutrosophy became the basis of
neutrosophic set theory, neutrosophic logic , neutrosophic
probability, and neutrosophic statistics . In 2012
neutrosophic crisp sets have been investigated by Salma et,al
[81, [9], [10], [11], [12], [13].

On the other hand, scientists have started to color most
domains of classical mathematics such as: topology[14],
algebraic structures, relation theory, and differential measure
theory .etc. In mathematics , topology (from the Greek, place
and study) is concerned with the properties of space that are
preserved under continuous deformations, such as stretching ,
crumpling and bending, but not tearing or gluing.Fuzzy logic
[15],[16] has proved to be a powerful tool for decision-
making systems, such as expert systems. Fuzzy set theory
has already been used in the expert systems. Sanchez [17]
formulated the diagnostic models involving fuzzy matrices
representing the knowledge. Esogbue and Elder utilized
fuzzy analysis to the model. Meenakshi and Kaliraja [18]
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have extended Sanchez's approach for any application using
the representation of an interval valued fuzzy matrix. They
have also introduced the arithmetic mean matrix of an
interval valued fuzzy matrix and directly applied Sanchez's
method of the application on it. Fuzzy set theory also plays
an important role in the Decision Making. Decision Making
is a most important scientific, social and economic endeavor.
In classical crisp decision making theories, decisions are
made under conditions of certainty but in real life situations
this is not possible which gives rise to fuzzy decision making
theories. For decision making in fuzzy environment one may
refer Bellman and Zadeh [19],[20] .

In this paper, we would like to discuss how fuzzy set
theory [21],[22] and fuzzy logic [23] can be used for
developing knowledge based systems using triangular fuzzy
number matrices by converting the information system to
fuzzy matrices to take the suitable decision making and take
the decision with degree.

Definition 1.1 [24] (Triangular fuzzy number matrix)
Triangular fuzzy number matrix of order m xn is defined
a8 A = (8;)men where a, = (a;_,a;y.a;,) is the

ij™ element of A . ay, ,ay, are the left and right spreads of

a;; respectively and ay,, is the mean value.

Definition 1.2 (Maximum operation on triangular fuzzy
number)

Let A = (aij)mxn where a; = (a
nwhereby

) and

i &iim o &jju

B = (bij)

mx

by = (by. by, byu) be two triangular fuzzy number
matrices of same order. Then the maximum operation on it
is given by: L__ = max (A, B) = (supfa;;b;})
where:

Sup{aij 'bij}: (Sup(aijL ; bijL)' Sup(aijM ;bijM ), Sup(aiju ;bijU )
is the j; = element of max (A, B)-

Definition 1.3 (Arithmetic mean (AM) for triangular fuzzy
number)
Let A =(a,, a,, a,) beatriangular fuzzy number then,

(AM) = (a,+ a, + a,) /3. The same condition holds for
triangular fuzzy membership number.

Il. METHODOLOGY OF SUITABLE DECISION

To find suitable decision for set of objects corresponding
set of fuzzy parameters the values of membership function
£e, (x ) must satisfy 0 < w, (X) <1 and computable with

formulated measure on the parameters. So, we can put the
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procedure of obtained suitable decision as follows:

Step 1: Construct the triangle fuzzy matrices.

Step 2: Convert the elements of triangle fuzzy number
matrix into its membership function

L = Qi SaijM Saiju _
U 100 100 100

Step 3: Compute the relation matrices [18] which help the
decision maker to strongly confirm the correct
decision.

Step 4: Now, we can take the suitable decision with degree
after step 3.

I11. APPLICATION OF FM IN SELECTING SPECIALIZATION

In Egypt, Faculty of Engineering, Tanta University, we
suffer from lack of specialization and how and why choosing
the department to each student where the famous in Egypt
each student chooses the department according to that its
famous and ignoring that if this student is eligible to this
department or not [25]. So, we need to choose the suitable
department to each student by its degree of each object
where each department needs to be excellent in specific
objects.

Example 1.1

o In electrical department need the student to be
excellent in  Mathematical, Physics and Computer
(Logic).

e In Architecture department need the student to be
excellent in drawing engineering and Computer
(Logic).

e In Mechanics department need the student to be
excellent in drawing engineering, mechanics and
Computer (Logic).

e Incivil department need the student to be excellent in
drawing engineering and Computer (Logic).

Let S ={5,,5,,5,,S,} be the set of students, D=
(architecture, electrical, civil, mechanics} be the set of
department and Su= (logic, Mathematics, drawing
engineering, Physics, mechanics} be the set of subjects
related to the departments. We assume the above students sit
for examinations (i.e. over 10 marks total) on the above
mentioned subjects to determine their department
placements and choices. After the various examinations, the
students obtained the following marks (see Table I). The
departments and related subjects' requirements (see Table

).

TABLE |
STUDENTS VS SUBJECTS
Logic Drawing
Mathematics |engineeri Physics | mechanics
S (8,9, 10) (8,9,10) (5,6,7) 1(8,9,10)| (4,5,6)
1
s (4,5, 6) (5,6,7) (4,5,6) | (3,4,5) 6,7,8)
2
s 6,7,8) (5,6,7) (6,7,8) | (4,5,6) (3,4,5)
2
S (5,6,7) (7,8,9) (5,6,7) | (5,6,7)| (4,56)
4
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TABLE Il
DEPARTMENTS VS SUBJECTS
Architecture | Electrical | Civil Mechanics

Logic (7,8,9) (7,89 (7,809) (5,6,7)

Mathematics (4,5, 6) (8,9,10)| (6,7,8) (7,8,9)
Drawing

engineering (8,9, 10) (4,5,6)] (8,9, 10) (7,8,9)

Physics (4,5, 6) (7,89 (4,5 6) (4,5, 6)

Mechanics (4,5, 6) (4,5,6)| (56,7) (8,9, 10)

Step 1:

By converting the information system to the triangular
fuzzy number matrix (R, S) is another parameterized
family of triangular fuzzy number matrix and gives a
collection of approximate description of the student-subject
in the university. Thus the triangular fuzzy number matrix
(F, S)represents a relation matrix M ., called student-
subject matrix given by:

E (SU [<S,.(8,9,10) >;<S,,(4,5,6) >;
(S = | <S.(6.7.8)>:<S,.(5.6,7) >
[<sS,.(8,9,10) >;<S,,(5.6,7) >;

R (sU,) - |

| <S; (5.6,7)>,<S,(7.8,9) >

[<S,,(5,6,7)>;<S,(4,5,6) >; |
':1(SU3) =
_<S3,(6,7,8)>;<S4,(5,6,7)>_
B 9,1 : 4,5) >; |
F(SU,) - <S,,(8,9,10) >;<S,(3.4,5) >;
_<Ss(4,5,6)>;<84(5,6,7)>
S (4,5,6)>;<S, (6,7,8) >; |
E(sU,) - | =S (456)==5,(6.7.8)=;
<S;(3,4,5)>;<S,(4,5,6) > |
su, suU, su, suU, SU, 1)
S, ((8,910) (89,10) (56,7) (89,10) (4,5,6)
M, =S, | (456) (567) (4,56) (34,5 (6,7.8)
S, | (6,78 (567) (67,8 (456) (345)
S, | (567) (7.89) (567 (567 (45.6)

By converting the information system to the triangular
fuzzy number matrix (F, D) is another parameterized
family of triangular fuzzy number matrix and gives a
collection of approximate description of the department-
subject in the university. Thus the triangular fuzzy number
matrix (F, D) represents a relation matrix M, called
department-subject matrix given by:

F(D,) = [<SU,,(7,8,9)><SU,,(4,5,6) ><SU,(8,9,10) >;}
| <SU,,(45,6)><SU,,(4,5,6) >

F(D,)= [<suU,,(7,8,9)><SU,,(8,9,10) >;<SU,, (4,5,6) >;}
| <SU,,(7,8,9)>;<SU,,(4,5,6)>

F(D.)= [<SU,,(7,8,9)><SU,,(6,7,8) >;<SU,(8,9,10) >;}
| <SU,.(4,5,6)><SU,,(5,6,7) >
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(©,) <8U,,(5,6,7)>;<SU,,(7,8,9) ><SU;(7,8,9) >;
*77|<su,,(45,6)><SU,,(8,9,10) >

D, D, D, D,

SU, ((7.89) (7.89) (7.89) (56,7) @)
v _SY (456) (8,910) (67,8) (7,89)
>V "su, |(8910) (456) (8 910) (7,809)
sU, | (456) (7,89) (456) (456)
SU; | (456) (456) (567) (8 910)
Step 2:
(MSSU)men:
sU, U, su, su, SU,
S, (08091 (08091) (050607) (08091) (04,0506)
S, |(0.40506) (050607) (0.40506) (0304,05) (0607,08)
S, (06,07,08) (0506,07) (0607,08) (0.4,0506) (030405
S, 1(0506,07) (07,08,09) (050607) (0506,07) (0.4,0506)
®)
(MDSU)men:
D, D, D, D,

SU, ((0.7,0.8,09) (0.7,0.8,0.9) (0.7,0.8,09) (05,0.6,0.7)
SU, [(04,0506) (08,091 (06,0.7,0.8) (0.7,0.8,0.9)
SU, | (08,091 (0.4,0506) (08091 (0.7,0.8,09)
SU, |(04,0506) (0.7,080.9) (0.4,0506) (0.4,05,0.6)
SU, (0.4,05,0.6) (0.4,0506) (0506,07) (08,009,

Step 3:
Computing the following relation matrices

M, = My )nen (Y (Mosy Jen =
D, D,
0.7,08,0.9) (08,09,
0.4,05,0.6) (0.5,0.6,0.7)
0.6,0.7,0.8) (0.6,0.7,0.8)
0.5,0.6,0.7) (0.7,0.8,0.9)

D, D,
07,08,09) (0.7,08,09
05,06,07) (0.6,0.7,08
06,07,0.8) (0.6,0.7,08
06,07,0.8) (0.7,0.8,0.9

N
—_ =~ ~
—_ = =
= = = =
—_ =~~~

)
)
)
)

(4)

<

2= Mgy )nen (YOE)Mogy Jen) =
D, D, D, D,
(0.6,05,04) (06,0504) (0.6,05,04) (0.6,050.4)
, | (06,05,04) (0.6,0504) (050.4,04) (04,0.4,05)
(05,05,04) (06,0504) (04,0504) (0.50504)
(0.6,05,04) (05,0504) (050504) (0.50504)

o

4
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(5)

M, = (J(_)(Mssu )men )(')(MDSU )men =
D D, D, D,

1

S, ((05,05,04) (0.4,0504) (0.50504) (05,0.50.4)
S, |(06,05,06) (060505 (0.60505) (0.60.50.4)
S, |(0.4,0505) (0.6,0.50.4) (0.50605) (0.7,0.6,0.5)
s, ((05,05,04) (050504) (050504) (0.6,0.50.4)

D, D, D, D,

S, ((06,05,04) (0.6,0504) (0.6,0504) (0.6,0504) ©
M, =max{M,,M,}=S, |(0.6,05,0.6) (0.6,0.50.5) (0.6,0505) (0.6,0505)
S, [(05,05,05) (0.6,0504) (050605 (0.7,0.6,05)
S, 1(0.6,0504) (050504) (050504) (0.6,0504)
(7)
M5:M1(_)M4:
D, D, D, D,
S, ((0.4,03,05) (0.2,-0506) (0.1,0.305) (0.1,0.30.5)
S, (0.2,0,0) (-0.1,0.3,0.2) (-0.1,0.5,0.2) (0,0.2,0.3)
S, (010203 (0,0204) (010103 (-0.1,0.103)
S, (-0.1,010.3) (0.2,0305) (0.,0.204) (0.1,0.30.5)
Step 4:
D, D, D, D,
S, 0.03 0.1 0.03 0.03 (8)
M, =S, -0.07 0.07 0.07 0.17
S, 0.21 0.2 0.17 0.1
S, 0.1 0.23 033 0.3

S1 can select electrical (Electrical Engineer), mechanics
(Mechanical Engineer) or architecture (architecture
Engineer) and by the requesting department or the biggest
degree chosen this student in the suitable department. S; is to
read mechanics (Mechanical Engineer), S; is to read
architecture (architecture Engineer) or civil (civil Engineer)
and by the requesting department or the biggest degree
chosen this student in the suitable department. And S, is to
read civil (civil Engineer). So, we deduce that this case study
presented in this mark can be applied in many real life
applications. For example: political or social case.

IV. ROUGH SET CONCEPTS ON SELECTING SPECIALIZATION

In this paper, we connect the Rough set theory [26]
with Horizontal Curve Design by classifying the various
roots by its diameters and make decision for suitable
velocity.

Definition 1.4: Let A be a fuzzy set and .., (x)is
membership for x < A then
AY ={x pu(x)=a} S, ={A” ,(A“)}, 0<a<l.

Definition 1.5: Let A and B be fuzzy sets and R is

. 0 . .
relation from AxB to B where B is crisp set.
So,
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Ry =3 ((X5,y0).£(y ) € R such that x«(y ;) = aExample 1.3

ySA ={R, , (R,)°} Example 3.1: If »=o0.8 be
V =[00111111111] and v/ = [11111111111] and
when «>0.9 be v =[oooooo11111] and

V,=[00001111111] , & given by (see Table m).

Using the above definitions, we obtain the following
approximations:

Using the above definitions, we obtain the following
approximations: Case 1: At > 0.8,The comparison lower
approximation |} (x )=¢ . the comparison upper

approximation

Uv11 X)) ={R..R;,R3.R,,R5.R6. R, Rg, Ry, R, Ry}

Sos = {{R1, R} {R5, R, R, Re, R7, Ry, Rg, Ryg, Ry, 3} The decision lower approximation L2 (X ) = {R,,R,}and

Sg.s ={R,,R,,R;,R,,R5, R, R7,Rg, Ry, Ry, Ry}

the decision upper approximation

SXB = {{Rl’ RZ’R37 R47R5’ RG'} 1 {R77R87 RQ'RlO’ Rll}}

S:)/.Q ={{R,,R,,R;5,R}, {Rs, R, R, Rg,Rg, Ry, Ry}

Definition 1.6: Let A,B,c be fuzzy sets and
20, (X)), 125 (Y )y 24 (z) be @ membership  of
Xx eA,y eB,z eCc then the o — level decision
classification of A can be defined as:

D, ={{x;}:x, €A, (X;.y;.2;) e AxBxC and g5 (y;) = 2, (2, )}
D” ={D, , (D)}

Example 1.2

Let x ={x :V, >V = Yes}, & given by Table 1.
In fact, the set X consists of three
objects: R, \R,,R,.R,.R.,R.,R,,R, - Now, we want to
describe this set in terms of the set of conditional
attributes A = {suitable or not}-

V. NEW APPROXIMATION OPERATION ON HORIZONTAL
CURVE DESIGN

In this paper, we also used lower and upper
approximations of above set are important to reduce the
number of sets to make suitable decision. If we used
uncertainty concepts to determine any set, we must find two
sets one of them included and other contained in this set.
Under classification of set of parameter and condition, we
formed four approximations operators as follows:
Definition 1.7: Let A ,A,,....,A_ be fuzzy sets of

comparison values with set A then comparison lower
approximation ~ of set 5~ can be  defined
asiL, (X)={k :k €S randk < X }and comparison
upper defined
as: Up (X)={k :k eS2randX ~k =g} Where
X < U ,uU isuniversal set.

Definition 1.8: Let A ,A,,....,A, be fuzzy sets of

comparison values with set A then decision lower
approximation of x —uyu ,u is universal set can be

defined as: L2 (X )={k :k eD andk < X } and
decision upper approximation of x —u ,u is universal
set can be defined as:

approximation of set A, can be

U2(X)={k :k eD”andX ~k = ¢}

https://digitalcommons.aaru.edu.jo/erjeng/vol3/iss4/5

}Uv2 X)) ={R;.R;,R;.R,,R5,R6. R, ,Rg, Ry, Ry, Ry, F

Case 2: At_, - o.o,The comparison lower approximation

L, X)) ={R,;,R,.R;,R,} the comparison upper

approximation

U\}l (x ) = {R11R2’ R3’R47R57R6’ R7’R87 R9’R10' Rll}

the decision lower approximation

L2 (X ) =4{R,.R,.R,.R,,R,,R,} and the decision

upper approximation

LJV2 (X ) = {R11R21 R3’R4"R5’R6’ R7 ’R8" RQ’RIO’ R11}'
One can easily the following properties of

approximations. Proposition 1.1 Let ! (x) and

L2 (X ) be comparison and decision lower approximation

then the following are satisfied.

L L (#)=¢. @

Proof:

LetL) (X)=¢, If X =g, then L (#) =¢.

By the same way, L2 (#) — &.

i L U)=U. @

Proof:

LetLy (X)=U, If X =U,then L, U)=U.

By the same way, L2 U ) =U.

iy (X AY ) =Ly, (X)) AL, o). (3

Proof:

Let x € L\l,i(X )mL&l(Y )=X eul(X )= 3k eShand k X ;

Xxely ()=>3keS and k <Y then k <X Y from Defination 3.1
then k L (X Y ), then L (X Y ) =L (<)L (7).

By the same way, L2 (X —~Y )=L2 (X ) LZ ¢ ).
V. X <Y implies L (X )<L (). 4)

Proof:
If

X cY thenx eX = x eLél(X)jx eL&l(Y) 3L\1,1(X)<;L$1(Y)
By the same way, X <Y implies L2 (X )< L2 (Y ).
VoL, (X WY ) oL (X)) UL, (). ©)

Proof:
If

xeX orxeY =xely (X)orxely (f )=xel, (X)ux el (' )Ly (X UY).
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Thusx < |_\1/1 (X Wy ). Itis easy to notice that the reverse
implication is not true in general,

forLy, (X Wy ) =L, (X)L, ()

By the same way, L2 (X UY ) o L2 (X )ULZ ¢ ).
Proposition 1.2 Let le1 (X )and U2 (x ) be comparison

and decision upper approximation then the following are
satisfied.

LUy (@) =¢. ()
iyl U)=U. (7

il ug (X UY )=Ug (X)oUy (). ®)

iv. X <Y impliesUy (X)cUy (V). (9

V.U (X AY ) UG (X)) AUy (). (10)
Proposition 1.3 Let |_\1/1 (X ) and L2 (X) be comparison
and decision lower approximation, y (x yand U7 (X )

be comparison and decision upper approximation then the
following are satisfied.

Ly (X)X Uy (X). (11)
Proof:

If xeX =x el (X)andx eUy (X) ,
But L, (X)=X and X Uy (X)

,then L\l,l(X Y=X gUVll(X )E

By the same way, L2 (X ) = X <UZ2(X).

i Ly U —X)=U —-U; (X). (12)
Proof:

If xeU —X)<=Xx eL\l,l(U —X)

So

xelU-X)ox el -Uy (X)=x eUy (X) e nonxely (X)

then Ly U —X)=U —Ug (X )"
By the same way, L2 U — X ) =U —UZ2 (X ).

ii. Uy U =X )=U —L; (X). (13)
Proof:

If xeU —X)<=Xx eU\,ll(U —X)

So

xelU -X)exel-L (X)ex el (X)< nonxely (X)
,then Uy U —X )=U —L, (X)-

By the same way, U2 (U —X )=U —LZ (X ).

v Ly (L, (X ) =Uy (L, X ) =L, (X). (14
Proof:

Let Ll (X )=X andU} (X )=X,If X =L} (X)
then LI (L, (X)) =U (L, (X ) = L, (X).

By the same

way, L7 (L7 (X)) =U/ (L7 (X)) =L (X).

ViU U (X)) =L U (X)) =0 (x). (19
Proof:

Published by Arab Journals Platform, 2019
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Let L) (X)=X andU} (X ) =X ,If X =U}(X)

then L) (Uy (X)) =UJ U (X)) =UJ (X).
By the same

eway, Uy (UJ (X)) =L UJ (X)) =UJ (X ).
Where —x denotes U — X .

It is easily seen that the lower and the upper
approximations of a set, are respectively, the interior and the
closure of this set in the topology generated by the
indiscernibility relation

Since any set can measure by upper and lower

approximations, which depends on the method of
classifications by parameters. So, it is important to
introducedthe various kinds or Rough notations on sets.

Definition 1.8 Let U ={R,,R,,...., R} be set of objects

andv, =f/,V,,...v 3} be set of comparison fuzzy

parameters, then the following four categories of vagueness
defined as:
1. Aset X isroughly Vv, -definable, iff L (X)= ¢ and

Uy, (X)=U,

2. A set X is internally Vv, -undefinable,
iffLy (X )=gandUg (X )=U ,

3. A set X is externally Vv, -undefinable,

iffLy (X)=ganduy (X)=U .
4. Aset X s totally vV, -undefinable, iff Ly (X ) =g and

Uy (X)=U "

Definition 1.9 Let y ={R,,R,,...., R} be set of objects
and v ={\)1,V2-----1Vm} be a set of standard fuzzy
parameters defined onU the following four categories of
vagueness defined as:

1. A set x is roughly vv -definable, iff L7 (X ) = ¢ and

U/ (X)=U,

2. A set X is internally V  -undefinable,
iffL2 (X )y=gand U/ (X )=U,

3. A set X is externally v -undefinable,

iffLZ (X )=gand UZ (X )=U,
4. Aset X s totallyV -undefinable, iff L2 (X ) = 4 and
Uv2 X)=u.

The intuitive meaning of this classification is the
following:

e A set X is roughly v -definable means that with the

help of A we are able to decide for some elements of
U that they belong to x and for some elements of
U that they belongto —X .

is internally v -undefinable means that using

A we are able to decide for some elements of U that
they belong to —X , but we are unable to decide for any

element of U whether it belong to X .
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e A set x is externally vy -undefinable means that using
A we are able to decide for some elements of U that

they belong to X , but we are unable to decide for any
element of U whether it belongsto —x .

e A set x is totally v -undefinable means that using
A we are unable to decide for any element of
U whether it belongsto X or —x .

A rough set can be also characterized numerically by the

®  following coefficient:

PR I T B A AR
ug, X)) U X))
wprocy = 1=
Uy, )|

And by the same way, a?(X )= |L5 X )| called the
Uy X))

accuracy of approximation, where X denotes the cardinally

of X #¢. Obviously 0< e, (X )<1. If o, (X ) =1,

X is crisp with respect to A (X is precise with respect to

A'), and otherwise, if o, (X )<1, X is rough with

respectto A (X isvague with respectto A ).

VI. SUMMARY

We review several concepts which will be used in this
paper; the development from fuzzy set to its extensions for
instance, the neutrosphic set, the intuitionistic set, the
intuitionistic fuzzy set and display in this paper the fuzzy
matrix that is quite interesting and useful in many
application areas. We also display an application associate
with it.

VII. CONCLUSION

The case study presented in this work can be applied in
many real life applications. For example: medicine, political
or social cases.
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