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Abstract: 
A method for finding the generalized inverse of Centrosymmetric and k– Centrosymmetric 
Intuitionistic Fuzzy Matrices is provided in this paper. Also focusing on the fundamental 
principles and theorems of Centrosymmetric and k- Centrosymmetric Intuitionistic Fuzzy 
Matrices, as well as examples. 
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I. Introduction 

 The generalized inverse ( g -inverse)  deals with matrix inverse generalization  for 
both singular and  non-square matrices. Ann Lec [1] has studied  Secondary symmetric and skew 
symmetric secondary orthogonal matrices, Cantoni and Butler [2] have discussed Eigenvalues 
and eigenvectors of symmetric centrosymmetric matrices, Elumalai and  Rajesh kannan [3]  have 
presented k - Symmetric Circulant, s - Symmetric Circulant and s – k Symmetric Circulant 
Matrices, Elumalai and Arthi [4] have studied  Properties of k - CentroSymmetric and k – Skew 
CentroSymmetric Matrices, Gunasekaran and Mohana [5] have focused on  k-symmetric Double 
stochastic, s-symmetric Double stochastic , s-k-symmetric Double stochastic Matrices, 
Hazewinkel and Michiel [6] have characterized Symmetric matrix, James Weaver [7] have studied  
Centrosymmetric (cross-symmetric) matrices, their basic properties, eigenvalues, and 
eigenvectors, Kim and  Roush [8] have discussed Generalized fuzzy matrices, Meenakshi [9] has 
studied  Fuzzy Matrix: Theory and Applications, Pradhan  and Pal [10] have presented the 
Generalized Inverse of Atanassov’s Intuitionistic Fuzzy Matrices, Pradhan  and Pal [11] have 
focused on  some results on  Generalized Inverse of Intuitionistic Fuzzy Matrices, Punithavalli 
[12] has studied Symmetric-Centro Symmetric Fuzzy Matrices. The generalized inverse of 
matrices is applicable in many field, likely power, robotics, image processing and signal 
processing.  

Anandhkumar et.al [13] has study Partial orderings, Characterizations and Generalization 
of k-idempotent Neutrosophic fuzzy matrices. Anandhkumar et.al [14]  has studied On various 
Inverse of Neutrosophic Fuzzy Matrices. Anandhkumar et.al [15] has discussed Reverse Sharp 
and Left-T Right-T Partial Ordering on Neutrosophic Fuzzy Matrices. Anandhkumar et.al 
[16,17,18,19,20] has studied  on Reverse Tilde (T) and Minus Partial Ordering on Intuitionistic 
Fuzzy Matrices, Interval Valued Secondary k-Range Symmetric Neutrosophic Fuzzy Matrices, 
Pseudo Similarity of Neutrosophic Fuzzy matrices, secondary k-column symmetric Neutrosophic 
Fuzzy Matrices, Characterization of Fuzzy, Intuitionistic Fuzzy and Neutrosophic Fuzzy 
Matrices, Anandhkumar et al [21] have studied Generalized Symmetric Neutrosophic Fuzzy 
Matrices. 

Aim of this paper is to describe generalized inverse of Centrosymmetric, k– Centrosymmetric 
Intuitionistic Fuzzy Matrices and to discuss some basic principles and theorems of 
Centrosymmetric and k- Centrosymmetric matrices, as well as examples. 
1.1 Research Gap 

Anandhkumar et al., [18] presented the concept of range and kernel-symmetry principles 
to NFM.  We have applied the range and kernel-symmetry principles to IVIFM in this context. 
We have examined some of the results and extended both concepts to IVIFMs. We first present 
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equivalent characterizations for a RS matrix and a KS matrix. We then derive the equivalent 
conditions that IVIFMs must meet to show kernel symmetry, and we explore the relationship 
between range symmetry and kernel symmetry. We also find equivalent conditions that allow 
various generalized inverses to have kernel symmetry. 

II. Preliminaries and Notations 
AT is the Transpose of A if A is a Centrosymmetric IFM. Let k denote a fixed disjoint transposition 
product in Sn and K represent the  permutation IFM. Clearly K meets characteristics like KT = K 
and K 2 = I. 

 
III. Definitions And Theorems 
called Centrosymmetric ,thus A= [aij ]  Centrosymmetric if aij = an-i+1,n-j+1. If  K denotes the n×n 
IFM with <1,0> on the counterdiagonal and <0,1> everywhere else (that is 

 if   ), then A is centrosymmetric IFM  iff AK = KA. 

Example:1 Let us consider the intuitionistic Fuzzy matrices 
  
and 

 
Definition: 2  A Centrosymmetric intuitionistic Fuzzy matrices (IFM)   is called k-
Centosymmetric IFM  if A = KAT K  
Definition:3  Let the intuitionistic Fuzzy  Matrix  A of order m rows and n columns is in the form 
of  ,where  and  are called the degree of membership and also the  
non-membership  of  in A , it preserving the condition  
Definition 4. Suppose a and b are two IFM elements   are 
component wise  
addition and multiplication are described as,  

  
and   
Definition 5. (Identity  IFM) Identity intuitionistic Fuzzy matrices of order n×n are denoted by 

 and is defined as   where . 

Definition 6. The scalar multiplication of intuitionistic Fuzzy Matrix  
such that  
0≤ a ≤ 1 is denoted by  

Definition 7. (Transpose) The transpose  of an IFM  is defined as  

where  
Definition 8.( IFPM) If each row and each column contains accurately one  <1,0> and all other 
entries are <0,1> in a square IFM, it is known as intuitionistic Fuzzy permutation matrix. 
Definition 9.  A basis D of an intuitionistic fuzzy vector space  W is standard basis iff whenever 

for  and  then  
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Iv. Generalized Inverse 
This section shows the g-inverse of an IFM. We also described a method for finding the g-inverse 
of a Centrosymmetric and k– Centrosymmetric IFMs. 
Definition: 10 The IFM A∈ Fm×n is said to be regular (or g-inverse) if there exists another IFM, 
K ∈ Fn×m  such that AKA = A. The generalized inverse of an IFM is not unique that is an IFM has 
many generalized inverses exists. 
Definition:11 For IFM A∈ Fm×n and  another  IFM, K ∈ Fn×m satisfies the given equation AKA= 
A and (AK)T =AK, then K is  called  least square generalized inverse of A which is called  it as  
A{1,3} inverses. 
Definition:12 For IFM A and  another  IFM, K ∈ Fn×m satisfies the given equation AKA= A and 
(KA)T =KA, then K is  called  minimum norm  generalized inverse of A  which is called  it as  
A{1,4} inverses. 
Definition:13:  For IFM (KA) ∈ Fm×n and another  IFM, (KA)T  ∈ Fn×m  is said to be Moore 
Penrose inverse of  KA if  KA(KA)T KA = KA ,  (KA)T KA(KA)T =(KA)T, [ KA(KA)T]T= 
KA(KA)T and  [(KA)T KA]T= (KA)T KA . 
The Moore Penrose inverse of KA is denoted by (KA)+ 
Theorem:1 Let A be a Centrosymmetric IFM with a standard basis of non-zero rows. If A 
satisfies the equation AKA=A with the maximum and minimum process for some  IFPM K, then 
K is a generalized inverse of A. 
Proof: A standard basis is formed by the non-zero rows of an IFM A.  
If  KA = Y, Therefore the rows of Y and  the rows of A rearranged. 
Then Y is an idempotent IFM,  
i.e., Y = Y2, with the similar row space as A and non-zero rows forming a standard basis as well. 
Therefore the  standard basis are unique,  

 A = YK , where K is permutation matrix. 
 Therefore,  
AKT A = YKKTYK  
            = YYK     (KKT=I) 
            = YK 
            = A          

   AKA = A             (KT=K) 
Therefore, K is a  g-inverse of A . 

Example:2 Consider the IFM,  ,
  

Theorem:2 For Centrosymmetric IFM  B∈ Fn, if exists ⇔ exists.
 Proof :  For  Centrosymmetric IFM B ∈ Fn, if exits then  

 BT is a generalized inverse of  B , then  BBTB=B  BTBBT = BT 

Therefore , BT  is a {2} inverse of  B. 
Since both BBT  and BTB are symmetric.  
Hence  

 exists ⇔BBT B = B 
 exists ⇔KBBTB = KB 
 exists ⇔  (KB)(KB)T(KB) = KB    where K2 = I 
 exists ⇔  (KB)  

                 ⇔ (KB)+ exists 

Example:3 Consider the IFM ,  

⇒
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Theorem:3 If is k-Centrosymmetric  IFM, then K is a least square g- inverse of  A. 
Proof :  It is enough to show 

(i) AKA =  A 
(ii) (AK)T = AK 

By theorem (1) ,(i) is easily verified 
 Let is K-centrosymmetric IFM 
  A = KAT K 
AK = KATK.K  
AK = KATK2       (K2=I) 
AK = KATI = KAT 
 (AK )T = KTAT = KAT      (  KT=K) 
(AK )T = KAT 
Therefore, (AK )T = AK 

Example:4 Let us consider the IFM,  ,
 

 

Theorem:4  If is k-Centrosymmetric IFM, then K is a minimum norm  generalized  inverse 
of  A.   
Proof :  It is enough to show 

(i) AKA = A 
(ii) (KA)T = KA 

By theorem (1) ,(i) is easily verified 
 Let is K-Centrosymmetric matrix 
  A = KATK 
KA = K.KATK  
KA = K2 ATK                   (K2=I) 
KA = IATK=ATK  
(KA )T = ATKT=ATK       ( KT=K) 
(K A)T = ATK  
Therefore,(KA )T=KA 

Example:5 Consider the IFM,  ,
  

 
V. Centrosymmetric Intuitionistic Fuzzy Matrix 
This part, depicts the Centrosymmetric of an IFM. 
Lemma: 1 If A and B are Centrosymmetric IFM over a field F, then A + B, AB, and cA are 
Centrosymmetric IFM for all c in F. 
Proof:  By using definition:1  

Example:6 Consider the IFM 
 

 
Therefore ,A+B is centrosymmentric 

 
Therefore ,AB is centrosymmentric 
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Therefore ,cA is centrosymmentric 
 

VI. K-Centrosymmetric Intuitionistic Fuzzy Matrix 
This part, depicts the K- Centrosymmetric matrices of an IFM. 
Theorem: 5 Let   is k-Centrosymmetric IFM then AT = K AK.  
Proof: Let   is k-Centrosymmetric IFM  
          K AK = KAT  K     where    A = AT 

                              = AT K K     where     K AT = AT K  
                     = AT K2  
                     = AT 

Example:7  Consider the IFM  ,   

  
 

 

Theorem: 6 If A , B are both k-Centrosymmetric IFM , then AB is as well. 
Proof : A and B are both k-Centrosymmetric IFM if A = KATK and A = KATK. 
We know that,  AT and BT are also k-centrosymmetric IFM  then AT = K AK  & BT = KBK. 
To prove AB is  k-Centrosymmetric  IFM  
It’s enough to show , AB = K(AB)TK 
Now  
    K(AB)T K   = KBTATK 
                       =  K[(KBK)(KAK)]K     where , AT = KAK  and  BT = KBK 
                        = K2 B K2A K2                Properties of   K- CentroSymmetric IFM,    
                        = BA                              Where K2 = I                    
                       = AB                               Where, AB = BA 

Example:8  Consider the IFM,  ,
 

and  
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Theorem: 7 If  is k-Centrosymmetric IFM then  AAT is also k-Centrosymmetric  IFM. 
Proof : Let   is said to be k-Centrosymmetric IFM, then  A=  KATK 
If  AT  also k-centrosymmetric IFM then AT = KAK 
To prove that, AAT = K(AAT )TK 
            K(AAT )TK   = K[(AT )T A T ]K 
                                  =K[(AA T) ]K 
                                  = (AA T)K.K 
                                  = (AA T)K2               Where ,K2  = I                    
                                  = AA T 

Example:9 Consider the IFM,  ,
 

 

          
 

     
 

 

 

 
Note:  If  is k-Centrosymmetric IFM then  A2  is also k-centrosymmetric  IFM. 

Theorem:8 If is k-centrosymmetric IFM then  A +AT is also k-centrosymmetric IFM. 
Proof : Let  is said to be k-Centrosymmetric IFM,  then A = K AT K 
If AT  also k-centrosymmetric IFM, then AT = KAK 
To prove that  , A +AT = K(A + AT)TK 
K(A + AT)TK = K(A T+ (AT)T)K 
                       = K(A T+ A)K  
                    = (A T+ A)K.K  
                    = (A T+ A)K2 Where , K2 = I                    
                    = (A T+ A) 
                    = (A+A T) 
Note: If is k-centrosymmetric IFM then  A - AT is also k-centrosymmetric IFM. 

Example:10  Consider  the IFM,  ,
 

 

Theorem:9  If  A and B are k-Centrosymmetric IFM then  A+B  is also k-Cetrosymmetric IFM. 
Proof : If both A  and  B  are k-centrosymmetric IFM  if A = KATK &  B = KBTK 
Since  AT and BT are also k-Centro symmetric IFM then AT = K AK and BT = KBK. 
To show that  A+B is k-centrosymmetric  IFM matrix 
To prove that , A+B = K(A+B)TK 
Now    K(A+B)TK = K(AT +BT)K  
                                    = KAT K+KBTK  
                                    = A+B 
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Example: 11 Consider the IFM, A =  

 

 

 
 
 

Note: If  A and B are k-Centrosymmetric IFM then  A-B is also  k-Cetrosymmetric IFM. 
Theorem:10

 
If  A is k-Centrosymmetric IFM and K is the IFPM , k = (1 2) then KA is also k-

cento symmentric IFM.
 Proof: An IFM   is said to be k-Centrosymmetric IFM if   

Since AT is also k-Centrosymmetric IFM if   
To show that KA is k-Centrosymmetric IFM  
It’s enough to show ,  

 

   

  
VII. Conclusion 
We introduced the concept of Centrosymmetric and k– Centrosymmetric IFMs. We also described 
a method for finding the g-inverse of a Centrosymmetric and k– Centrosymmetric IFM, which 
emphasis the fundamental principles and theorems of Centrosymmetric and k– Centrosymmetric 
IFMs, as well as examples. 
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