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Abstract

The aim of this paper is to introduce a topology called upper rough topology in
terms of upper approximations. It is shown that the upper rough topology is coarser then
the rough topology. An algorithm is defined in terms of upper rough topology to find the
key factors or core in an information system. It is used to analyze real life problems.
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1. Introduction
Rough set theory proposed in 1982 by Zdzislaw Pawlak, is a mathematical tool

for representing, reasoning and decision making in the case of uncertain information.
Rough set theory deals with the approximation of sets or concepts from the existing data
by means of equivalence relations. The main advantage of rough set theory in data
analysis is that, it does not require any preliminary or additional information of the
data. Rough topology was introduced by Lellis Thivagar et al in 2012 in terms of
approximations and boundary region of a subset of an universe. The concept of upper
rough topology is used to find the core factor for complete information system (briefly
CIS) and incomplete information system (briefly IIS).

2. Preliminaries

Definition 2.1
Let U be a non-empty set of objects called the universe and R be an equivalence

relation on U named as the indiscernibility relation. The pair (I/.R) is called the

approximation space [5]. Let X be a subset of U.
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™ ekl ek - tha objects, whick
a. The lower approximation of X with respect to R is the set of all obj i

5 e & --I

can be for certain classifiod ag ¥ with respect to R and it is denoted by L,(X) [5]

That is, 1,(x)= U{Rw: R e X} where R(x) denotes the equivalence class
i

determined by x.

The upper approximation of X with res

pect to R is the set of all objects, which
can be possibly classified

as X with respect to R and it is denoted by U,(X) [5).

That is, U, (x)= U{RM): Rx ~ x #¢}.
wi

The boundary region of X with respect to R is
classified neither a8 X nor as not-x with re
B:(X). That is, B,(X)=0(x)-

the set of all objects, which can be
Spect to R and it is denoted by
Ly(X) (5].

Definition 2.2

Let U be the universe of objects, R be

an equivalence relation on
rh,:{U,;&,LRQX],UREX‘J.BR(X}}

and
where X [/ . T, satisfies the following axioms:

L U and ge cF
.  The union of the elements of any sub collection of T, isin 7,
lii.  The intersection of the elements of any finite sub collection of 7, is in T,
7, forms a topology on U/ called as the rough topolo

gy 12] on U with respect to
X. We call (U7

#+X ) as the rough topological space,

Definition 2.3

An information system [1] is of the form (U,A.{Vﬂ}. f,) where Uis a non empty

finite set of objects, called the universe, A is a finite non emp

Uy set of attributes, V. is
the attribute value

set of an attribute ae A and f,:U -V, is called the information

function, If f.(x) is equal to a missing value for some ye [/ and ae A, then the

information system is called an incomplete information system (briefly IIS) (3].
Otherwise, it is a complete information system (briefly CIS) (3], A missing value is
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denoted by *. That 18, an incomplete information system is of the

where ae A and »e Ul'_l_ An incomplete information system can also be denoted by
(LAY

form AV, g !

Definition 2.4

Let U/ be an universe and A be a finite set of attributes

there is a binary relation on U
R(B)={(x, v)e UxU

For any subset g
corresponding to

of A B given by
L= LA orf,(x)=*orf (y)=* for any ae B}. Then R(B) is a
tolerance relation [3] on U.

3, (x) denotes the maximal set of objects which are possibly

on U. That 18,

indiscernible with X by the  tolerance relation

Q)= {_\'E U:(x,y)e R(B), xe U} A

Definition 2.5

If (U,A) is an incomplete information system and Bc A, then a subset ¥ of U is
said to be the tolerance class with respect to B, if (x,y)e R(B) for any x,ve X. (/7 R(B)

denotes the set of all maximal tolerance classes with respect to B and is called a full
cover of /.

3. Upper rough topology
Definition 3.1

Let U be the universe of objects, ® be an equivalence relation on U/

and
T :{U,@,UR(X)} where X cU. TU» satisfies the following axioms:

i3 U and g e,
1. The union of the elements of any sub collection of 7, is in 7

L]

111. The intersection of the elements of any finite sub collection of T,

1S in T,
gt}

7, forms a topology on U called as the upper rough topology on U with respect to X .
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Example 3.2
Let U/ <{a.b.c.d.e}, U R={{a,b}.fe.d}{e}}, the family of equivalence classes of U

by the equivalence relation ® and X -{H.i’+rf}. Then U, (X)={a.b.c.d}. Therefore, the

upper rough topology 7, If*’-(ﬁ{!ﬂ‘.-’!.t‘.r."”.

Remark 3.3
The rough topology contains the upper rough topology defined on U/ with respect

to K. Thus the upper rough topology is coarser than the rough topology.

Example 3.4
Let U ={a.b,c.d,e,f}, U;'R={{{;J;},{f~,}{rj,_f},{e}}, the family of equivalence

classes of / by the equivalence relation R and X ={a.e,f}. Then U, (X)={a.b.d.c. f}.
Therefore, the rough topology Ty ={U,gﬁ,{a.b,r,d},{-‘-’-‘ft’f}'{“-b}} and the upper rough

topology 7, ={U.p.{a.b.d.e.f}}. Thus 7, cz,.

4. Algorithm
In this section an algorithm is developed to get the deciding factors or core to

choose the minimum number of attributes required for the classification of objects.
Step 1: Given a finite universe (/, a finite set A of attributes that is divided into

two classes, ¢ of condition attributes and D of decision attribute, an equivalence
relation R on ¢/ corresponding to ¢ and a subset X of U, represent the data as an

information table, columns of which are labeled by attributes, rows by objects and

entries of the table are attribute values.
Step 2: Find the upper approximation of X with respect to R

Step 3: Generate the upper rough topology 7, ~on U
Step 4: Remove an attribute x from ¢ and find the upper approximation of X
with respect to the equivalence relation on C - (x)

Step 5: Generate the upper rough topology 7, ~ on U
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Step 6: Repeat steps 4 and 5 for all attributes in C t
Step 7: Those attributes in ¢ for which 7, #7,_ form the core

5. Upper rough topology in CIS
Example 5.1

Measles is an acute viral and infectious disease. It is spread by contact with
infected person through coughing and sneezing and it is transmitted by droplet infection
or air borne. The symptoms of this disease are skin rashes, fatigue, dry cough, conjunctivitis
and fever. The disease can be prevented through vaccination by measles vaccine. After
recovery from measles person acquires immunity against infection for his life.

Consider the following information table giving data about 8 patients.

| |

| Pt ms;gi?s) Conju(l’(l:c)ti\fitis c?ﬁ%h Fa:;g}ue Temp:;}ature | Seanetes

| i Eh Yes Yes No No Normal 1 No
P | Yes Yes No No Very high | Yes
Ps Yes No No No High L Yes
Ps No No No No Very high | No |
Ps No Yes Yes Yes High { No _
Ps Yes No No No High | No |
Py Yes Yes Yes Yes High l Yes Il
Ps Yes Yes No No | Veryhigh | Yes |

Table 5.1

Here U ={P.P,P.P,.P.F.P,R}. The columns represent the attributes (the symptoms

for measles) and the rows represent the objects (the patients) in the above table. The
entries in the table are the attribute values. Skin rash, Conjunctivitis, Dry cough,
Fatigue and Temperature are the condition attributes and Measles is the decision
attributes. The patient P, is characterized by the value set (Skin rash, No),
(Conjunctivitis, Yes), (Dry cough, Yes), (Fatigue, Yes), (Temperature, High) and
(Measles, No), which gives information about the patient P,. In the table, the patients

e —————————————
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P.P.P.P.P and P are indiscernible with respect to the attribute ‘Skin rash’. The
attribute ‘Dry Cough' generates two equivalence classes, namely, {P.P,.P..P..F,.F,| and

F. P ). whereas the attributes ‘Skin rash’ and ‘Dry cough’ generate the Sqiivaiames
classes {P.P..P.P.P}, {P), {P) and {R].

Case 1: Patients with measles are taken as X. Here X ={f‘:-f’.-f’~--p.}- Let R be the

equivalence  relation on U with  respect to the condition attributes

€ ={Skin rash, Conjunctivitis, Dry Cough, Fatigue, Temperature} ={5.C. D, F.T} . The equivalence classes

i
determined by R corresponding to ¢ is given by {HR{(']={{ff}.{!ﬁ.a‘:},{f‘..ﬂ}.{ﬂ}-{ﬁ'}-{ﬂ}l-
The upper approximation with respect to R is given by U, , (X)={P. P.F.P. .F;. The

upper rough topology with respect to R is given by 7, le={¢.U.{P..P;-H-P--RH' If

‘Skin rash’ is removed from the set of condition attributes then the equivalence classes
corresponding to C,={C.D.F.T} is given by U/R(C)={{R}.{P.R}{P.R}{P}{P.P}}-
The upper approximation with respect to this equivalence relation is given by
U, (X)={P,P.P.R.F.R} and 7, (X)#27, (X)={¢,U.{P,P.P,F,.P.R}}. If Conjunctivitis

1s removed from the set of condition attributes then the

equivalence classes
corresponding to C, ={S,D,F.T} is given by U/R(C,)={{R}).{B.R}{R.R}{R}.{2}.{12}]-
The upper approximation with respect to this equivalence relation is given by

Unic,y(X)={B,, B, BB, B} and 5 (@05, (X) =[0,0.{B BB By R

If Dry cough’
18

removed from the set of condition attributes then the equivalence -classes
corresponding to C,={S,C,F,T} is given by U.’R(Q)z{{ﬁ}{f’,ﬂ}{ﬂﬂ}{ﬂ}{E}{R}}
The upper approximation with respect to this equivalence relation is given by
Ureo(X)={B, P, PR, B} and 7, (X)=7, (X)={¢,U{PR,.B,F.P,R}}. If Fatigue' is
removed from the set of condition attributes then the equivalence classes corresponding
to C,={5.C.D.T} is given by U/RC)={{R}{P.BY{R.PI{E){PY.{A]}. The upper

approximation with respect to this equivalence relation is given by U, . (X)={P, .P.F. P, P}

e
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and r, (X)=r (Xo={a.U' (P P.P.P L)} If ‘Temperature' is removed from the s+

of condition attributes then the equivalence classes corresponding to C. =(S.¢ .D,F)

given by U /R(CH {,’r"..“.f'_].{!',.if].I!',].[.".].[."” The upper approximation witl,

respect to this equivalence relation is given by U l.‘l.':—{P-P.!'.c"..!'ll’.} anl

(X)= {o.f‘.{f--.f'.,.",.ft_.!'..f:|]. Thus Core = {§.7T} .

T (X)=&T

Case 2: Let X {A.PA.P.F}, the set of patients not having measles. Let R be the

equivalence relation on ¢ with respect to the condition attributes ¢ - 1S.C.D.F T}. The

equivalence classes  determined by R corresponding to C s given by
f'f’Rf("-‘-]r{l”.}-{f’_-.fi].{P.,.I:,].{ﬂ].{!{}.{!’.}}. The upper approximation with respect 1

R is given by U/, (X) ={P.P.P.P.P}. The upper rough topology with respect to R s
given by T {.\"l={¢¢.l".{a",’.ﬁ.ﬂ.ﬂ.ﬁ,”. If ‘Skin rash’ is removed from the set of
condition attributes then the equivalence classes corresponding to (]:[(‘.D.F.T} 1S
given by l.’HR{C]1={{P;}.{P:.ﬁ].{P,.&},{ﬂ},{ﬂ.ﬂ}}. The upper approximation with
respect to this equivalence relation is given by Ui, (X)={B.F.P.P B P} and

7y, (X)#1, (X}:{;&.U.{H,P‘,R,.F;.ﬂ.&}}. If ‘Conjunctivitis’ is removed from the set of

condition attributes then the equivalence classes corresponding to CE:IS.D.F.T} 1s
given by UIR[C:J={{R].{Pz,ﬂ}.{ﬂ,:‘;}.{ﬂ}.{ﬂ},{P,}}. The upper approximation with
respect to this equivalence relation is given by UM._II(X]z{R.P,_,P;.R.R_} and
(X)=17,, (X)={g.U.{R.P.F,.P P}}. If Dry cough’ is removed from the set of

)
condition attributes then the equivalence classes corresponding to C,={S.C.F T} is

given by UfR(C])={{P}},{P:.ﬁ},{ﬂ,ﬂ},{ﬁ],{}’,}.{ﬁ}}. The upper approximation with
respect to this equivalence relation is given by UR,ri.(X)={H.R.ﬁ,&,.'1} and

7, L””zru....(X)={¢'U*{R‘ﬂ'&'&‘ﬂ}}' If ‘Fatigue’ is removed from the set of

o T ————,
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i . \
condition attributes then the equivalence classes corresponding to €, = [S.C.D.T} is

given by U /R(CH={{R}).{P.B)APE}{PIAL)AR }}. The upper approximation with
respect to this equivalence relation is given by U, (X)= [f’-l"--ﬂ-ﬂ-ﬂ} and
O, (A)=T, (X)= {o.U {R.P.P.P.P}}. If Temperature’ is removed from the set of
condition attributes then the equivalence classes corresponding to €, = {$.C.D.F} is
given by U/RCO={r.P.R}{P.2}{P}.{P)}{~r])}. The upper approximation with
(Xy={P.P,.P,.P.P,.F.F} and

respect to this equivalence relation is given by U,

L 1

., (X)#7, (X)={o.U{R,P,.P,P.P,P.R}}. Thus Core={S.T}.

Observation

From both cases it is found that Skin rash and Temperature are the symptoms

which are closely connected with the disease Measles.

Example 5.2

The following table gives information about 6 patients suffering from Flu.

J Patients Headache Myalgia | Temperature Flu '
] Ps Yes Yes Normal No ']
J P2 Yes Yes High Yes |
Ps Yes Yes Very high Yes il
P4 No Yes Normal No 1
P; No No High No \
Ps No Yes Very high Yes |
Table 5.2

Here U ={B,P, P, P, P P} . The columns represent the attributes (the symptoms for flu)

and the rows represent the objects (the patients) in the above table. The entries in the
table are the attribute values. Headache, Myalgia and Temperature are the condition

attributes and Flu is the decision attributes. The patient P. is characterized by the value

e ——— e e
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set (Headache, No), (Myalgia, No), (Temperature, High) and (Flu, No). which give
information about the patient P

Case 1: Patients with flu are taken as X. Here X {P.P.P). Let R be the
equivalence relation on with respect to the

{H.M.T}.

condition  attribute-
O :H\‘ildttt'ht‘. Myvalgia, 'I'L‘mppr;uurc}

The equivalence classes determined by

R corresponding to ¢ is given by U /R(C) -H!T].{!'.|.[!',].U’*}.{I’,}.’,IT_]}. The upper
approximation with respect to R is given by U, . (X)={A.F,F}

. The upper rough
topology with respect to R is given by T,

l;‘c’}:{cﬁ,f.f.{.‘“_..!’,.ﬂ}}. If ‘Headache' is
removed from the set of condition attributes then the equivalence classes corresponding
to C, ={M.T} is given by U/R(C)={{P.P}.{R}{P.R}.{~]}.

=] The upper approximation
with respect to this

equivalence relation

is given by U, (X)={P.P.P}

and
., (X)=rt

i n.k‘:={m.t.f.{P_,.ﬂ.F;}}. If ‘Myalgia’ is removed from the set of condition

attributes then the equivalence classes corresponding to C,={H.T} is given by

L-"f:‘?{-f_.]={1'H}.{Pz}.{ﬁ_}.{ﬂ}*{ﬂ},{ﬂ]}. The upper approximation with respect to this

equivalence relation is given by U, . (X)={P.P.R} and T, (X)=1, {X}:{aU,{P:.H_F:,}}. If
Temperature’ is removed from the set of condition attributes then the equivalence

classes corresponding to C,={H,M} is given by U."R{C_,)={{P,.E,P,}.{ﬁ.ﬂ},{ﬂ}}_ The

upper approximation with respect to this equivalence relation

18 given by
bm:ifXJ={ﬁ.Pz,ﬂ.ﬂ.ﬂ} and 7, (X)=# s (X)={¢,U,{ﬁ.ﬁ,ﬁ,ﬂ.ﬂ,}}.Thus Corez{T}.

Case 2: LetX ={R,P,P.

FERE

|, the set of patients not having flu. Let R be the equivalence
relation on ¢ with respect to the condition attributes € ={H,M .T}. The equivalence classes

determined by R corresponding to C is given by U .fR(C_]={{ﬁ},{ﬂ},{g},{g},{ps}‘{pﬁ}}_

The upper approximation with respect to R is given by U #c(X)={R,P,P}. The upper
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. - 1 Fiaadart.? i
rough topology with respect to R is given by 7,  (X)=]o.l A#.P.P}}|. I Headache'

removed from the set of condition attributes then the equivalence classes corresponding

o C ={M.T} is given by U /R(C )= “ A _{,r:_’.{p__ﬂ}_[;{” . The upper approximation
with respect to this equivalence relation is given by U,  (X)={P.F.P] and
Pue (X) =1y, (X)= {e.U { A.P..P.}}. If ‘Myalgia’ is removed from the set of condition

attributes then the

equivalence classes corresponding to C,={H.T} is given by
VIRC) ={RIMANAIA){R}.{R]}. The upper approximation with respect to this
equivalence relation is given by U,,. (X)={R.P.P)

and 7, (X)=7, (X)={o.UP.P.P}]
If “Temperature’ is removed from

the set of condition attributes then the equivalence
classes corresponding to C, ={H.M} is given by U!Rl(.‘t1={{PJ!.P_}.[P_..!':}.{P." The

5
respect to this equivalence relation is given by

Uk ,(X)={R.R.P,.P.P.P}=U and W, (X2t (X)={e.U.f
Ccm‘—'{T}L

upper approximation with

P.P,.P.P.P.P}]. Thus

Observation

Since the core has 7 as its only element, Temperature is the key attribute that
has connection to the disease Flu.

6. Upper rough topology in IIS
Example 6.1

Consider the following table giving information about the selection list for

recruitment in a software company. Qualification, Experience, Technical Skill,

Communication Skill and Salary Expectation are the conditional attributes of the
system, whereas Decision is the decision attribute.

B e —
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Cand; Qualification |Exoerime =T — T T ] ' ‘
andidates ul;;a“o“ Exp“r““““‘ Technical | Communication | Salary (8)  Decision
e W [ ® | skl Skill (Cs) Expectation (D) !
X, S — — - — = —— |
—_ e [ P-(‘_ Medium Good . Very High Accept k
X_‘- | T = —- = T 1 1
e U.G g Bad CGiood i Under norms | Reject | {
» | - - 4 b
—__ \_l_ . P.G High Good Bad l . Reject | )
I " iy T 1
X | U.G High . :'r(r:' Under norms | Accept
L | i
| Xs PG * Very Good - Alove niorme Asceps
- Very '
Xs P.G Medium y (':‘m.d 9 Accept
Xz U.G Low Bad . Under norms | Reject
Table 6.1

The columns of the table represent the factors evaluated in the interview and the rows
represent the individual ability of the candidates, who attended the interview. The

entries in the table are the attribute values. The given information system is incomplete
and is given by (U.A) where U ={X,,X,,X,.X,.X..X,,X,} and A={Q.E.T.C.5.D} which

is divided into two subsets namely, the condition attributes C={Q.E.T.Cs,S} and the
decision attribute D. The attribute ‘Experience’ generates the tolerance classes
[x,.X,.x..X.}, {X..X,,X,.X,} and {X,,X,,X,}, since the missing attribute value for
X, and X, can be ‘Low’ or ‘Medium’ or ‘High’. Similarly, the maximal tolerance classes
for other combination of attributes can be formed. Considering all the condition attributes

together, the maximal tolerance classes are {X,,X,}.{X,.X,}.{X,}.{X }.{X,.X,] and

U 1RO ={{X, X} X0 X LX) X

Case 1: Let X ={X X, X, X,} be the set of candidates those who are selected for the

software concern. The equivalence classes corresponding to C ={Q,E,T,Cs.5} is given by
UfR(C):{{X,,Xé}.{XI,X?}.{Xi},{X,},{XS,XE}}. The upper approximation with respect

to R is given by U, ., (X) ={X,,X4.X5,X6}. The upper rough topology with respect to R is

e ——
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given by 7, (X)= {e'!',t' { b G GRRD (P, & ” . If we remove the attribute ‘Qun_liﬁcation' from
corresponding to
q-x.c.}}' The upmr

the set of condition attributes, then the equivalence classes

C, ={£.7.Cs, 8} is given by U/R(C)={{X,. X, }.{X,. X, ) { X, }.{x. )} { X

to this equivalence relation is given by

approximation corresponding
U i () = EX X X Xe) and the  upper  rough topology
G, . (X)) ={ @ U {5 X Xis X N = e Y

attributes, then the equivalence class corresponding to €, ={Q.7.Cs.5} is given by

iIs given by

[f ‘Experience’ is removed from the condition

U/ZRC)={{X,. X, }.{X . X, }.{X.. X, }.{X,.X,}.{X..X,}}. The wupper approximation

corresponding to this equivalence relation is given by U, ,fXlr{X_..‘E".X;.X..X,_..‘(.}
(X)={o.U.{X,.X,,X,.X,.X,.X,}}. If ‘Technical Skill' is removed from

and 7, (X)#r,
equivalence class corresponding to

the set of condition attributes, then the
C,={Q.E.Cs.S} is given by U-"R(CJZ{{X,.Xﬁ}.{xj.X,}.{X..X‘}.{X:}.{Xi,X.}}}_ The

upper approximation corresponding to this equivalence relation is given by

Up.,(X)={X,.X,. X,.X,,X,} and T (X2 I(X}:{;&,U,{XE,X,..X,XS,X,,}}.If‘COmmunicat:ion
Skill' is removed from the set of condition attributes, then the equivalence class
corresponding to G ={QET.S} is given by U/RC)={{X, X, }.{X,. X} {X,. X, } . {X }{X.x.}].

The upper approximation corresponding to this equivalence relation is given by

Upic, (X)={X,,X,, X, X, X,} and 7, (X)#r, (X)={p.U.{X,,X, XX, X}}.If Salary
Expectation’ 1s removed from the set of condition attributes, then the equivalence class

corresponding to C;z{QE,T.Cs} is given by U.f'R{Cs)={{X|,Xﬁ},{Xl,X?},{XJ}.{Xi},{XS,X&]}

which is the same as U/R(C) and hence 'rU”p[X)={¢.U.{XI.X*.XS,X6}}=:'h_ (X).

Therefore, Core={E,T,Cs}.
Case 2: Let X ={X,,X,,X,] be the set of candidates those who are rejected for the

software concern. The equivalence classes corresponding to C ={Q,E,T,Cs,S} is given by

e e e e —
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U/R(C) {{.\',..\’,,}.{.k' .,\r.}.{x.;.fx,}.;x...\',}].

to R is given by v, (X)={x, x x }

The upper Approximation with respect

given by 7 () ,. R rough topology with respect to R is
| Uy ) {a.ra.{x..x,.x.}}. If we remove the attribute ‘Qualification’ from the
T‘[ t {.:[ condition attributes, then the equivalence classes corresponding to € = {f.]’,(‘;‘s]
IS given by ””‘,”"}:HX'"Yn]'{f‘i’_--A',}.{X.}-.[x,}.{x“xa]}_ Thie: uppat’ womrdle
cnrrespunding to this equivalence relation is given by U ,(X1={X_..X,.X‘._} and the
upper rough topology is given by 7, er:{a.U.{x_,.x..x.;}: 7., (X). If ‘Experience’ is
removed from the condition attributes, then the equivalence class corresponding to
€2 ={Q.7.Cs,5} is given by uzm(",;z{{x,,x,_}.{xl.x,},{x_..x,}.{x‘.x.},[x{.xn]}. The
UPPEr  approximation corresponding to this equivalence relation js given by
um_,[A’Jz«{xl.x‘..x,.xa.x,} and 1, (X)#7, tXJ={¢.U.{X,.X_..X,.X,.X.}}.H"l"r:chnicai
Skill’ g removed from the set of condition attributes, then the equivalence class
corresponding to C, ={Q,E,Cy,S} is given by U.-’R(C,}={{XI.X,,}.{X:.X,].{X;.X,].{X,}.{X‘.X,_H.
The upper approximation corresponding to this equivalence relation is given by
YrieyX)={X,, X, X;, X} and T, XV 2T, VAR ULX, X, X X, ) . 1 ‘Communication
Skill' is removed from the set of condition attributes, then the equivalence class
corresponding to C,=(QET.S| is given by U.’R{C;}={{X1,Xﬁ},{XZ,X,‘}.{X:.X,].{X‘].{X,.Xb}}.
The upper approximation corresponding to this equivalence relation is given by
Upicn(X)={X,.X,,X,,X,} and T ()2, (OO =T6G005 X X e ke
Expectation’ is removed from the set of condition attributes, then the equivalence class

corresponding to C, ={Q,E,T,Cs} is given by UfR(c,)={{x,,xﬁ},{xe.x,}.{xl}.{&],{xﬁ.x,,}}

which is the same as U/R(C) and hence rum_‘l(X)={¢,U,{X3,X,.XT}}=rl,_l‘_tX]_

Therefore, Core={E,T,Cs).
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From both cases the core is found to be Experience, Technical Skill and

Communication Skill which have close connection to the selection of a candidate for the

software concern.

Example 6.2

Consider the following table giving information about six patients. Blood

Pressure, Cholesterol and Chest Pain are the conditional attributes of the system,

whereas Heart Problem is the decision attribute.

IEPatients Pf.e]sosﬂudre Cholesterol | Chest Pain PI:;:::m

J P High High * Yes |

l} P2 * High Yes Yes |

|8 P3 Normal * No E No l
‘ P4 High High i 1 Yes l
[ Ps * Low Yes l No 1
[ Ps Normal Normal No l No 1

Table 6.2

The columns of the table represent the symptoms for heart problem and the rows

represent the patients. The entries in the table are the attribute values. The incomplete
U :{HSIP}_?P}‘P-I’Pi'Pﬁ}

information

system

1s given

by by

(U,A)

where

and

A={BP,Ch,CP,D} which is divided into two subsets namely, the condition attributes

C ={BP,Ch,CP} and the decision attribute D.

Case 1: Let X ={F.P, P,} be the set of patients having heart problem. The equivalence

classes corresponding to C={BP,Ch,CP} is given by U/R(C)={{R.P,.P}.{P.P}{R}}.

The upper approximation with respect to R is given by Upc(X)={P,P,,P}. The upper

rough topology with respect to R is given by 7, I(X)={¢.U,{R1P;-H}}- If we remove

the attribute ‘Blood Pressure’ from the set of condition attributes, then the equivalence

e ——————————
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((ACP] is given by (PP p 3
. J.thnn_‘.!.fﬂulf;;.,.|, r . s |
The upper approximatic \ SRR AR RY AR .
: g : Ximation {‘urr‘imlmnf]lnﬂ to this equivalence relation is given by
8 LA )= ,‘-'.l'! P pl .
. 4LE) and the upper rough topology is given by = al(P.Lp 1l ge | g
l’ .(1}]“!(1_{;[ + T 1 . / ol | :
erol’ is removed from the set of condition attributes. then the eQuivalencs
classes COrres e o ' y =
Jmhl)nﬂdlnhlﬂ( ':{Hf.ff’] wm\"'“hf""""”'r-"“"'-"-"ﬁ-f'-'l.ff’ P,H The u -

approximati ANy . : : :
p ation l(!rllhpﬂﬂd]nﬂ' to this P[[Ul\'ﬂlf‘ll('f‘ relation IS Fiven b'_‘lf f' f.\'!—’P.P.P,.P'

and the 3 . 0
the upper rough topology is given by 7, (X) (ov.(p.P BBl 25, (X), If ‘Chest Pain’ 1

removed from the get of condition attributes, then the equivalence classes corresponding
given by U /R(C,)= “.‘f.f'_..!’i}.{f',,!’,}.[P,.!’._).U’.P__H The upper

e Xy={P P P.P)
Therefore

tﬂ {'_‘I = ,l B!j.(“'l’} 1-5
approximation corresponding to this equivalence relation is given by U/,

and the upper rough topology is givenby 7, (X)={o.U.{P.P.P.P}} = f,, (X)

Core = {HP.C'P.CFI} :

Case 2: Let x ={P.P,PB] be the set of patients not having heart problem. The equivalence

classes corresponding to C={BP,CI:,CP} is given by UIR(C]z{{!’,.ﬁ.ﬂ},{ﬁ,ﬂ.},{ﬂ}‘l_

The upper approximation with respect to R is given by Upe/(X)={P.P,P]. The upper
rough topology with respect to R is given by z; (X)={¢,U,{ﬁ.f-;,ﬂ}}_ If we remove the

attribute ‘Blood Pressure’ from the set of condition attributes, then the equivalence
classes corresponding to C, ={Ch,CP} is given by UfR(C,)={{P,,ﬂ.ﬂ}.{e,ﬁ.a},{ﬁ.a}.{P,}}

1S given by

The upper approximation corresponding to this equivalence relation

Uy (X)={P.B,P,P,P}] and the upper  rough  topology is  given by

7 (X}z{gp,u,{ﬁ,g,g,g,};}};eru ., (X). If ‘Cholesterol’ is removed from the set of
condition attributes, then the equivalence classes corresponding to & ={BP, CP} 1S given
by U/R(C,)={{R,R,P,B}{P.P}}. The upper approximation corresponding to this

equivalence relation is given by Upc,(X)={R,P,P,P P, P} and the upper rough
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topology is given by X)) Id\_l | I' I (N I Chest Paln® (e removaed fram the aot of

condition attributes, then the equivalence classes corvesponding to ¢, « {!“‘.t'h} in given

by '/ R(C,) {{."_,J‘._.':}.H'.P,},|."“.':}.{!‘..!:,H. The upper approximation correnponding

to this equivalence relation is given by U, (N)= {800, 0) and the uppor rough

topology is given by ¢, (X)={e.U{£.A.R.E]} e n, (X). Therefore, Core = {BP,CP,CH).

Observation

From both cases we conclude that Blood Prossure, Cholesterol and Chest Pain

are the symptoms which are closely connected with heart problem.

7. Conclusion .
In this paper we have shown that the concept of upper rough topology has boon

apphied to find the key factors of Measles, Flu and Heart Problom using the algorithm,

We could find that Skin rash and Temperature are the deciding symptoms for Moasles

and Temperature 1s the key factor for Flu. Also Blood Pressure, Chest Pain and

Cholesterol are the key symptoms which are closely connected to the Heart Problem.
The key factors for the recruitment process of a software concern are found using the

proposed algorithm
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