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Abstract

Rough set introduced by Pawlak is a mathematical tool to deal with a special type of
uncertainty. In this a set with incomplete and insufficient information is represented by set
approximations called the lower and upper approximations. Intuitionistic fuzzy rough set is a
generalization obtained by combining the notion of intuitionistic fuzzy set and rough set.
Intuitionistic fuzzy rough matrices arise when a finite number of intuitionistic fuzzy rough sets
are defined over a finite universe. The purpose of this paper is to define intuitionistic fuzzy
rough matrices and study some of their theoretical properties including some operations
between them. Decision making based on composition of intuitionistic fuzzy rough matrices is
developed. An example is presented to illustrate the working of the method.

1. Introduction

The theory of rough sets was initiated by Pawlak [4, 5]. It is an extension
of classical set theory for the study of systems characterized by insufficient
and incomplete information. A key notion in Pawlak rough set model is the
equivalence relation, where equivalence classes serve as the building blocks
for the construction of lower and upper approximations. Replacing the
equivalence relation by an arbitrary binary relation, different kinds of
generalizations in Pawlak rough set models were obtained.

Matrices play an important role in the broad area of science and

engineering. The classical matrix theory cannot answer questions involving
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various types of uncertainties. Yang et al. [6] initiated a matrix
representation of fuzzy soft set and studied their basic properties. They
defined products of fuzzy soft matrices that satisfy commutative law and used
them in a decision making method. The notion of fuzzy soft matrix was
studied by Borah et al. [1].

In [7] Yang et al. introduced the concept of interval-valued fuzzy soft set.
They defined complement, AND, OR operations and proved De Morgan's,
associative and distributive laws for the interval-valued fuzzy soft sets. They
also developed a decision making method using interval valued fuzzy soft
sets. Some numerical examples are employed to substantiate the theoretical

arguments.

Lei Zhou et al. [3] proposed a general framework for the study of relation
based intuitionistic fuzzy rough approximation operators within which both
constructive and axiomatic approaches were used and established some basic
properties of intuitionistic fuzzy rough approximation operators. Chetia et al.
[2] defined intuitionistic fuzzy soft matrices and some operations on these

matrices.

In this paper we define intuitionistic fuzzy rough matrix and and study
some of their theoretical properties including some operations between them.
Decision making method based on composition of intuitionistic fuzzy rough
matrices i1s developed. Numerical example i1s given to illustrate the
application of the method.

2. Preliminaries

Definition 2. 1 [3]. Let U be a nonempty and finite universe of discourse.
An intuitionistic fuzzy relation IFR on U is an intuitionistic fuzzy subset of
U x U, Viz.,

IF = {{(x, y), n(x, ¥) v(x, ¥)l(x, y) e U xU)}

Where n : U xU - [0,1] and v : U x U — [0, 1] denote the membership and
non membership values of (x, y) satisfying the condition

0 < u(x, y)+v(x, y) <1 forall (x, y) e U xU.

Definition 2.2 [3]. Let IFR be an intuitionistic fuzzy relation defined on
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(U xU). The pair (U, IFR) 1is called an intuitionistic fuzzy rough
approximation space. For any A4 e IF (U), where I1F(U) denotes the
intuitionistic fuzzy power set of U, the lower and upper approximations of A
with respect to (U, IFR ) denoted by 1F R(A) and IFR(A) are defined as

follows:
IF R(A) = {x, wyp g(a)(®) vip gea)(x)/x e U}
IFR(A) = {x, M rm ) Vg ) ®)/x < UL

Where

Rip ra)(®) = Ayeplvmp e, y) v, ()]
Vir r(a)®) = Vgl px, y) A vy (9)]
Mpra)®) = Vyer M pr (e, 2) A u, ()]
Vip Ra)®) = Ayculvpr s y) Vv ()]

The pair (IF R(A), IFR(A)) is called the intuitionistic fuzzy rough set

associated A denoted by IFR (A4).

Example 2.3. Let (U, FR ) be an intuitionistic fuzzy rough

approximation space, where U = {x,, x,, x5} and
A = {(x;,0.9,0.08), (xy,1,0), (x5, 0.7, 0.3)},
IFR - {{(xy, 21), 0.9, 0.1), {(x,, x5), 0.3, 0.6), ((x;, x5), 0.4, 0.4),
((xg, x1), 0.4, 0.6), {(xy, x5), 1, 0), (x4, x3), 0.7, 0.3),

(x5, x,), 0.2, 0.5), (x5, x5), 0.5, 0.5), (x5, x3), 1, 0)}.

Then
B r(a)(®1) = 0.7, wpp pea)(xe) = 0.7, wyp peay(xy) = 0.7, vyp pea)(xy) = 0.3,
vir r(a)(®2) = 0.3, vip p(a)(xg) = 0.3,
Mrpr(a)®1) = 0.9 wppa)(®2) = Lowppa)(x3) = 0.7, v iy (%) = 0.1,
2) = 0. Vg a)(x3) = 0.3

UIFE(A)(JC
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Hence

IFR (A) = {{{x,, 0.7, 0.3), {x,, 0.7, 0.3), (x5, 0.7, 0.3)}, {(x,, 0.9, 0.1),

(24,1, 0), (x5, 0.7, 0.3)}}.

Definition 2.4. Let U = {x;, x,, .., x,} be the universal set and
IFR (A;), j =1, 2, .., ¢ denote the intuitionistic fuzzy rough sets defined on
U. An intuitionistic fuzzy rough matrix associated with Uand {4 ;} isa p x ¢

matrix expressed as

IFRM = (IF RM, IF RM), .

where IFRM = ifrm ;,i=1,2,..,pj=1,2,..,q and

ifrm ;= ((P‘ifgmij) Hifrm;; ) (Uiflmij’ Vitrm,; NYi, j- Hifrmg o Rifrm, represent the

lower and upper approximations of the degree of membership and

Vifrm, > Vifrm, Tepresent the lower and upper approximations of the degree of

non-membership satisfying the conditions u + v <1 forall i, j.

if;mij if?mij

Definition 2.5. An intuitionistic fuzzy rough matrix of order p x ¢ 1is

called intuitionistic fuzzy rough null matrix if all its elements are
((0, 0) (1, 1)). It is denoted by IFR .

Definition 2.6. An intuitionistic fuzzy rough matrix of order p x ¢ 1is

called intuitionistic fuzzy rough absolute matrix if all its elements are
((1, 1) (0, 0)). It is denoted by IFRA.

Definition 2.7. Two intuitionistic fuzzy rough matrices FrRM = ifrm ;
and IFRN = ifrn; of the same order are equal if and only if
Bifrmy = Bifrngs Mifrmy; = Rifrag and Vigrmy = Vifrngo Vifrmy = Vifrng for all
i, J.

3. Operations on Intuitionistic Fuzzy Rough Matrices

Definition 3.1. The sum of two intuitionistic fuzzy rough matrices IFRM
and IFRN of the same order is defined as
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IFRM + IFRN = [max (uiflmi" Wifrng ), max (uif;mij, Wif n )]

i ij

= [min (Uifynij, Vif rny ), min (vif?mij’ Vif iny )]

Example 3.2. The intuitionistic fuzzy rough matrix associated with

U ={X,, X,, X3} and {4,, 4,, A;} is given by

A, A, A,
X, ( (0.6, 0.9)(0.4, 0.1) (0.6, 0.75) (0.4, 0.25) (0.7, 0.75) (0.3, 0.25)\
IFRM = X, (0.7, 0.8)(0.3, 0.2) (0.7, 0.7)(0.3, 0.3) (0.7, 0.7) (0.3, 0.29)

X, ((0.76,0.9)(0.14, 0.1) (0.76, 0.81)(0.16, 0.16) (0.8, 0.88 ) (0.16, 0.09))|

For the same universal set U = {X,, X,, X;} the intuitionistic fuzzy

rough matrix associated with {B,, B,, B;} is given by

Bl BZ B3
1 ( (0.5, 0.8)(0.5, 0.2) (0.8, 0.8)(0.19, 0.19) (0.5, 0.8) (0.5, 0419)1
(0.6, 0.6)(0.4, 0.4) (075, 0.79)(0.25, 0.15) (0.6, 0.84) (0.4, 0.16 )

X
IFRM = X |
X, ((0.75, 0.8)(0.25, 0.2) (0.75, 0.9)(0.25, 0.1) (0.8, 0.89)(0.2, 0.11))

Now

( (0.6,0.9)(0.4,0.1) (0.8,0.8)(0.19,0.19)  (0.7,0.8)(0.3,0.19 )
=| (0.7,0.8)(0.3,0.2) (0.75,0.79)(0.25,0.15) (0.7,0.84 )(0.3,0.16)
L(0.76,0.9)(0.14,0.1) (0.76 ,0.9)(0.16,0.1) (0.81,0.89 )(0.16,0.09 )

IFRM  + IFRN

Definition 3.3. The difference between two intuitionistic fuzzy rough

matrices IFRM and IFRN of the same order is defined as

IFRM - IFRN

[min (Hiflmij’ “ifl’h'j ), min (P'if;mij’ “if7nij )]

’ Uif?ni- )]

= [max (vi, s Vifrny ), max (Uif7mgj ’

for all i, ;.

Example 3.4. Consider the intuitionistic fuzzy rough matrices IFRM and
IFRN as in Example 3.2.

(0.5,0.8)(0.5,0.2)  (0.6,0.75)(0.4,0.25) (0.5,0.75)(0.5,0.25)
IFRM - IFRN =| (0.6,0.6)(0.4,0.4) (0.7,0.7)(0.3,0.3) (0.6,0.7)(0.4,0.29 ) |
L(o.75,o.8)(0A25,0.2) (0.75,0.81)(0.25,0.16 ) (0.8,0.88 )(0.2,0.11 )J

Definition 3.5. The AND operator between two intuitionistic fuzzy rough
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matrices IFRM and IFRN denoted by IFRN A IFRN 1is the intuitionistic

fuzzy rough matrix

IFRM A IFRN = (ifrm i ifrn i )pzqui’ j=1,2,..,p
and
ifrm i X ifrn G o= [min (“iflmij’ Hif["ij ), min (Hif;mij’ “if?nij )]
[max (Uifimij’ Vif rng ), max (vl/rmj, Vif iy )N, i, j=1,2, ..., p.

Example 3.6. Consider the intuitionistic fuzzy rough matrices IFRM and
IFRN as in Example 3.2.

IFRM A IFRN = (ifrm i ifrn i )pzqui’ j=1,2,..,p

( (0.5, 0.8) (0.5, 0.2) (0.6, 0.75) (0.4, 0.25) (0.5, 0.75) (0.5, 0.25)

| (0.6, 0.6)(0.4, 0.4) (0.6, 0.75) (0.4, 0.25) (0.6, 0.75 ) (0.4, 0.25 ) |
} (0.6, 0.8)(0.4, 0.2) (0.6, 0.75) (0.4, 0.25) (0.7, 0.75 ) (0.3.. 0.25)}
| (0.5, 0.8)(0.5, 0.2) (0.7, 0.7)(0.3, 0.3) (0.5, 0.7)(0.5, 0.29 ) |
} (0.6, 0.6)(0.4, 0.4) (0.7, 0.7)(0.3, 0.3) (0.6,0.7)(0.4, 0.29) |
| (0.7, 0.8)(0.3, 0.2) (0.7, 0.7) (0.3, 0.3) (0.7, 0.7)(0.3, 0.29 ) |
} (0.5, 0.8)(0.5, 0.2) (0.76 , 0.8)(0.19, 0.19 ) (0.5, 0.8)(0.5, 0.19 ) }
} (0.6, 0.6)(0.4, 0.4) (0.75, 0.79 ) (0.25, 0.16 ) (0.6,0.84)(0.4,0.16)}
((0.75, 0.8)(0.25, 0.2) (0.75, 0.81)(0.25, 0.16) (0.8, 0.88)(0.2, 0.11) )

Definition 3.7. The OR operator between two intuitionistic fuzzy rough
matrices IFRM and IFRN denoted by IFRM v IFRN is the intuitionistic

fuzzy rough matrix

IFRM v IFRN = (ifrm i ifrn i )pzqui’ j=1,2,..,p
and
ifrm g < ifrn o= [max (Wi Bip g ) max (g s Bipia, )]
[min (szrmj’ if rng ), min (szrmj’ Vif iy )N, i, j=1,2, ..., p.

Example 3.8. Consider the intuitionistic fuzzy rough matrices IJFRM and
IFRN as in Example 3.2.
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IFRM v IFRN = (ifrm i ifrn i )pzqui’ j=1,2,..,p
( (0.6, 0.9)(0.4, 0.1) (0.8, 0.8)(0.19, 0.19) (0.7, 0.8) (0.3, 0.19 ) )
| (0.6,0.9)(0.4,0.1) (0.75, 0.79 ) (0.25, 0.15 ) (0.7, 0.84)(0.3, 0.16 ) |
}(0.75,0.9)(0.25,0.1) (0.75, 0.9)(0.25, 0.1) (0.8, 0.79 ) (0.2, 0.11) i
| (0.7, 0.8)(0.3, 0.2) (0.8, 0.8)(0.19, 0.19) (0.7, 0.8)(0.3, 0.19 ) |
} (0.75, 0.8)(0.3, 0.2)  (0.75, 0.79)(0.25, 0.15) (0.7, 0.84 ) (0.3, 0.16 ) I
| (0.75, 0.8)(0.25, 0.2)  (0.75, 0.9)(0.25, 0.1) (0.8, 0.89)(0.2, 0.11) I

\
1(0.76, 0.9)(0.14, 0.1) (0.8, 0.81)(0.16, 0.16)  (0.81, 0.88)(0.16, 0.09 ) |

| (0.76, 0.9)(0.14, 0.1) (0.76, 0.81)(0.16, 0.15) (0.81, 0.88 )(0.16, 0.09 )|

‘{(0.76,0.9)(0.14,0.1) (0.76, 0.9)(0.16, 0.1) (0.81, 0.89)(0.16, 0.09 ))

Definition 3.9. The max-min composition of the two intuitionistic fuzzy

rough matrices mwrM , , and IFRN , . denoted by IFRM = IFRN is

defined as

IFRM = IFRN =IFRD ,,, :[ma_x min (“ifimij’“ifmjk ),ma;{ min (pif;mij,pif;njk )]
J J

[mi.p max (vifimij’
j

ifrmy > Vigrn NV s k.

Vif rn ), min  max (v
j

Definition 3.10. The intuitionistic fuzzy rough complement of IFRM
denoted by IFRM is defined as 7R M ' = (ifrm ;), where

ifrméj = ((Uifynij , Uif;mij ), (Hifimij’ Hif,fmjk NVi, j

where

Hif;mij + Uif)Tmij < 1.

Theorem 3.11. Commutative law holds for intuitionistic fuzzy rough

matrices over the universe U.
(1) IFRM A IFRN = IFRN A IFRM
(1) IFRM v IFRN = IFRN v IFRM .

Proof.

(1) IFRM A IFRN = min (u, o Wipn ) max Wi s Vi)
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= min (kg
= IFRN A IFRM .
(i) IFRM v IFRN = max (W4, > K, . )» min

ij ij

), min

= max (W, g Wifm

= IFRN v IFRM .

Theorem 3.12. Associative law holds for

matrices over the universe U.

(1) (IFRM A IFRN ) A IFRO = IFRM A (IFRN
(1) (IFRM ~v IFRN )v IFRO = IFRM ~ (IFRN
Proof.
@
(IFRM A IFRN ) A IFRO = (min (W45, o Mifm ), max (v 5,

(Uifro . ))

LY

= (min (444, g Mifrm g

max (vi/rn i’ Vifro i ))

IFRM A (IFRN A IFRO

(i1) (IFRM v IFRN )v IFRO = (max (“ifrm

ij

V((Hifm ), (Uifm i )

y

(max (uif,m i Witm o Mifro ), min (Uifrm S Vifm

(Wi ) Wifm

i i )) v (max (Mifm

i

IFRM v (IFRN v IFRO ).

> Hifrm ij )’ max (Uifrn i’ Yifrm )

> Hifro ij )7 max (vifrm

((”ifrm i ), (Uifrm i )) A (min (“ifrn G’ Wifro .. ),

Y

> Vifrn o )

(Uifrm - ij

v

ifen g Vifrm )

intuitionistic fuzzy rough

A IFRO )

v IFRO )

>Vifrn ))/\ ((Hifm - )7

ij i y

i’ vifrn ij 7Uifro ij ))

Y

).

» Mifrn ij )’ min (Uifrm i’ Vifrn if ))

’ Uifro - ))

2

’ l’lifro i )’ min (vifrn i’ Uifro ij ))
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Theorem 3.13. Distributive law holds for intuitionistic fuzzy rough
matrices over the universe U.

(1) IFRM A (IFRN v IFRO ) = (IFRM A IFRN )v (IFRM A IFRO )
(1) IFRM v (IFRN A IFRO ) = (IFRM v IFRN ) A (IFRM v IFRO ).
Proof. Proof is straight forward.

4. Application of Intuitionistic Fuzzy Rough Matrices

In this section some applications of intuitionistic fuzzy rough matrices in

real life situations are presented.
4.1. Statement of the problem:

Let X = {x;, g, .o, x,} be a given universal set and
Y = {y,,59, ., ¥, ) bea given set of properties based on which the elements
of the universal set are described in the form of intuitionistic fuzzy rough

matrices. Let Zz = {z,, z,, ..., z,} be the set of possible conclusions that can

be drawn on the individual elements of U based on the set of properties Y.
The effects of the properties on the conclusion are given in the form of
another intuitionistic fuzzy rough matrix of appropriate order. The problem is
to arrive at the best conclusion for each element of the universal set based on

the properties.

4.2. The Method

Let X = {x;, x5, ..., x,} be the given set of objects. Let
A ={A;, Ay, .., AL} be the set of properties associated with the given set of
objects and let B = {B,, B,, ..., B,} be the set of conclusions arrived on U

based on A. Let IFRM = (Wi pmy > Warrmyy ) Wi pmy o Vigimy, ) be the

intuitionistic  fuzzy rough matrix associated with U xA and

IFRN = ((P'iflnjky Wirrng ) Cif rni s Vigin )) be the intuitionistic fuzzy rough
matrix associated with A4 x B. Let

IFRT = ((“ifﬁik s ey, )(Uifitik’ Vifrey, )) = IFRM  » IFRN
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be the composition of IFRM and IFRN. Let
IFRS = ((uiflsik » Hifrsy, )(Uifisik » Vifrsy, )) = IFRM  * IFRN

be the composition of IFRM and IFRN, where IFRN denotes the complement
of IFRN . IFRT and IFRS are p x r intuitionistic fuzzy rough matrices giving

the conclusions on the elements of the universal set U based on the influence
of A and B.

Let X = (max (uif?tik’ Wi rs; ), min (Uif?tik’ Vif rs, )

And Yik = (max (“ifgtik ’ uiflsik ), min (Uif[tik ’ Uif;sik ))

Hoifrx I + Hifry ik Uifrx ik = Uifry ik
Zy = 2 s 2 .

The elements of z,, give the maximum intuitionistic fuzzy membership and

minimum intuitionistic fuzzy non membership values of each element of the

universal set based on the effect of A in relation with B. It is a p x »r matrix

whose rows are labeled by elements of the universal set and the columns are
labeled by the elements of B. To arrive at a conclusion regarding each
element of the universal set, we compare between the elements of first
column and conclude that the element of the column which has maximum
intuitionistic fuzzy membership and minimum intuitionistic fuzzy non
membership values is the best among the elements of the universal set in
respect of the first element of B. Similar conclusions can be drawn with

respect to other elements of B.
4.3. Algorithm
The steps of the algorithm based on the method explained above are as
follows:
Step 1: Input the intuitionistic fuzzy rough matrix IFRMon U x A.
Step 2: Input the intuitionistic fuzzy rough matrix IFRN on A x B.

Step 3: Compute the matrices IFRS = IFRM * IFRN and
IFRS = IFRM * IFRN .

Step 4: Compute the values x,, and v,, where,
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X, = (max (uif;tik, Rif rsy, ), min (vif;tik, Vif rsy, )

Y, = (max (“ifitik’ Hif rsy, ), min (Uifgik’ Vifr sy, ) and

Hifrx I + Hoifry ik Uifrx ik = Uifry ik
Zik = 9 ’ 9 .

Step 5: Compare and conclude. The entry z, that corresponds to the

maximum membership and minimum non-membership values under each
column identifies the best element of the universal set with respect to that

column.
4.4. Example

Suppose there are four patients P,, P,, P, and P, in a hospital. Let
U =1{S,,8,, S, S,} bethe universal set representing the symptoms weight

loss, headache, fatigue and rashes, respectively.

Step 1: The intuitionistic fuzzy rough matrix IFRM representing Patients
symptoms is given below:

5 s, 5 s
B
[(0.6.0.8)(0.29.0.1)  (0.75.0.9)(0.14.0.07)  (0.68.0.69)(0.29.0.2)  (0.88.0.9)(0.1.0.07) |
Py 1 (0.6, 0.7)(04.029)  (0.7.0.8)(0.3.0.2) (0.68.0.69)(0.29.0.2)  (0.73.0.88)(0.22.0.12) |

)

FRM = 1 (075.0.9)(02.003) (0.78.0.87)(0.19.0.1)  (0.8.0.85)(0.12,0.08)  (0.79.0.92)(0.16.0.06) |
l07.09(01901)  (06.085)02008) (©.65076)(0.17.019)  (0.79.083)(0.15009))
4

U = {D,, D,, D3, D,} be the set of diseases under consideration.

Let p, = chicken pox, D, = small pox, D, = mumps and D, =
measles.

Step 2: The intuitionistic fuzzy rough matrix IFRN representing
symptoms diseases is given below:

D D, Dy D,

s, . N
1((0.65.09)(025.01) (0.8.0.8)(0.15.0.15)  (0.69.0.73)(0.18,0.13)  (0.7.0.74)(0.22.0.17)
FRV < 22| (069.09)03.01) (0.66075)(0.27.021) (0.75.08)(0.15012)  (0.82.0.88)(0.18.0.11)
= 5. | (069.09)(0.19.0.07) (0.75.0.75)(0.25.024)  (0.77.0.8)(0.24,02)  (0.81,0.82)(0.18.0.14)
53 | (0.73.0.85)(0.22.0.13)  (0.68.0.8)(0.3.0.16)  (0.79.0.9)(0.19.0.08) (0.81.0.85)(0.18.0.14)

4

.02
. 0.0

4
9
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D,

D,

5.0.1)(0.65.0.9)
0 1)(0.67.0.9)
9,0.07)(0.69.0.9)
2.0.13)(0.73.0.85)

(0.15,0.15)(0.8.0.8)
(0.27.0.21)(0.66.0.75)
(0.25.0.24)(0.75.0.75)
(0.3.0.16)(0.68.,0.8)

(0.18.0.13)(0.69.0.75)

(0.15.0.12)(0.75.0.8)  (0.18.0.11)(0.82.0.88)
(0.24.0.2)(0.77.0.8)  (0.18.0.14)(0.81.0.82)
(0.19.0.08)(0.79, 0.9) (0.18.0.14)(0.81.0.85)

(0.2.0.17)(0.7.0.74)

Step 3: The composition of the intuitionistic fuzzy rough matrices
IFRM + IFRN and IFRM =+ IFRN give two intuitionistic fuzzy rough
matrices IFRT and IFRS respectively, as given below:

D, D, D, D,
2
1((073,09)(022.01) (0.68.08)(027.015) (0.79.09)(0.15.0.08) (0.81.0.88)(0.18.0.1)
FRr - 2(073.09)0.190.1)  (0.7508)025016) (077.0.8)(0220.12)  (0.8.0.85)(0.18.0.14)
= p, | (0.73.0.9)(0.19.0.08)  (0.75.0.8)(0.2.0.15)  (0.79.0.9)(0.19.0.08)  (0.79.0.87)(0.18.0.11)
P3 ((0.73.0.9)(0.19.0.1)  (0.7.0.8)(0.19.0.15)  (0.79.0.83)(0.19. 0.09) (0.79.0.85)(0.18.0.11) |
4
D, D, D, D,
P
1((03.013)(065.085) (03.024)(0.66.075) (0.24.02)(0.69.075) (0.22.0.17)(0.7.0.74)
FRs < 12[(03.013)(065085) (0.3.024)(0.66.0.75) (0.24.02)(0.69.0.75)  (0.22.0.17)(0.7.0.74)
= p, | (03.0.13)(0.65,0.85) (03.0.24)(0.66.0.75)  (0.24.0.2)(0.69.0.75)  (0.22.0.17)(0.7.0.74)
P3 (03.0.13)(0.65.085)  (0.3.0.24)0.66.0.75) (0.24.0.2)(0.69.0.75) (0.22.0.17)(0.7.0.74)
4
Step 4: Computation of x,,, v, and z,,.
by D, Dy Dy
B,
1((09.01) (08015) (09008 (088011)
v. _P(0901) (08.0.16) (0.8012)  (0.85.0.14)
i = p | (09.008) (0.80.15) (09.008) (0.87.0.11)
3{(07301) (08015 (083.009) (085011))
P, ’
by D, Dy Dy
P .
2 ((073.022) (0.68.027) (0.79.0.15) (0.810.18)
- 0.73.0.19) (0.75.025) (0.77.022)  (0.8.0.18)
ik = p |(0.73.0.19) (0.75.02) (0.79.019) (0.79.0.18)
31(073.019)  (0.7.0.19) (0.79.0.19) (0.79.0.18)
By
by D, Dy Dy
P s
! ((0815-006) (0.740035) (0.845-0.035) (0.845-0.025)
2z _P| (08150045 (0775-0045) (0.825-005)  (0.825-0015)
ik = p | (0.815-0.055) (0.775.-0.025) (0.845.-0.055) (0.835.-0.025)
P3 (0.815.-0.045)  (0.75.-0.02)  (0.81.-0.05) (0.82.-0.03)
4
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Step 5: By comparing the elements of first column we conclude that

patient P, is affected by chicken pox. Similarly we conclude that p, is

affected by small pox, P, is affected by mumps and p, is affected by measles

while P, is also affected by measles.

(1]

(2]

(3]

(4]

(5]

(6]

(7
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