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Construction of Two Infinite Classes of Strongly 

Regular Graphs Using Magic Squares 
 

MIRKO LEPOVIĆ 
Dedicated to French  mathematician Philippe  de La Hire 

 

Abstract. We say that a regular  graph  G of order  n and  degree r ≥ 1 (which  is not the complete 

graph)  is strongly  regular  if there  exist non-negative integers  τ and θ such 

that |Si  ∩ Sj | = τ  for any  two  adjacent  vertices  i and  j and  |Si  ∩ Sj | = θ for any  two distinct non-

adjacent vertices  i and j, where Sk  denotes  the neighborhood  of the vertex k.  Using a method  for 

constructing the  magic and  semi-magic squares  of order  2k + 1, we have created  two infinite classes of 

strongly  regular  graphs  (i) strongly  regular  graph of order  n = (2k + 1)2  and  degree r = 8k with τ 

= 2k + 5 and  θ = 12 and  (ii) strongly regular  graph  of order  n = (2k + 1)2  and  degree r = 6k with  

τ = 2k + 1 and  θ = 6 for 

k ≥ 2. 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 26-10-2020                                                                           Date of Acceptance: 05-11-2020 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

 

I. Introduction 

 
 

 

 

 



Construction of Two Infinite Classes of Strongly Regular .. 

DOI: 10.9790/5728-1605054466                            www.iosrjournals.org                                                 45 | Page 

 

 
 

 

 

 

 

 

 



Construction of Two Infinite Classes of Strongly Regular .. 

DOI: 10.9790/5728-1605054466                            www.iosrjournals.org                                                 46 | Page 

 
 

II. Magic squares of order 2k + 1 
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π(p0) ∈ {1, 2, . . ., 2k + 1} and π(q0(2k + 1)) ∈ {0, 2k + 1, . . . , 2k(2k + 1)}, which 

provides 

that  kij  = kµν   and  `ij  = `µν .   Without  loss of generality  we may  assume  that  i  = 

µ. Since π(q0 (2k + 1)) is presented  in the  j-th column of the  matrix  L2k+1  only one 

time, we find that  j = ν . Since9  the i-th  row and the µ-th row of the matrix  K2k+1  is 
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a cyclic permutation of its first row and since the i-th  row and the µ-th row of the 

matrix  L2k+1 is a cyclic permutation of its first row, we can easily see that  any mis  in 

the i-th  row is also presented  in the µ-th row. Indeed, we have 

 
 

mi,j+1 = π(p0  + 1) + π((q0  + 1)(2k + 1)) = mµ,ν +1 , 
 

(i) understanding that  π(p0 + 1) = π(1) if p0 + 1 = 2k + 2 and π((q0 + 1)(2k + 1)) = π(0) 

if q0 + 1 = 2k + 1 and (ii) understanding that  mi,j+1 = mi1 if j + 1 = 2k + 2 and mµ,ν +1 = 

mµ1 if ν + 1 = 2k + 2.  In the view of this,  we can assume that  j = 1.  Since j = ν 

we have 

that  ν ∈ {2, 3, . . . , 2k + 1}.  Finally,  in order to prove that  M2k+1  is a semi-magic 

square 

we shall consider the following four cases: 
 

Case 1.   (i  = 2t and  µ = 2s).   Consider  the  case when k + 1 − s + ν  ≤ 2k + 1 

and k + s + ν − 1 ≤ 2k. Using (3) and (4) we obtain  that  π(k + 2 − t) = π(k + 1 − s + 

ν ) and π((k +t)(2k +1)) = π((k +s+ν −1)(2k +1)), which provides that  (i) k +2−t = k 

+1−s+ν and (ii) k + t = k + s + ν − 1. Using (i) and (ii) we obtain  ν = 1, a 

contradiction because ν > 1.  Consider the case when k + 1 − s + ν ≤ 2k + 1 and k + 

s + ν − 1 > 2k.  Using (3) and  (4) we obtain  that  π(k + 2 − t) = π(k + 1 − s + ν ) 

and  π((k + t)(2k + 1)) = π((k + s + ν − 1 − (2k + 1))(2k + 1)), which provides that  

(iii) k + 2 − t = k + 1 − s + ν and (iv) k + t = k + s + ν − 1 − (2k + 1).  Using (iii) 

and (iv) we obtain  2ν = 2k + 3, a contradiction because 2 - 2k + 3.  Consider the case 

when k + 1 − s + ν > 2k + 1 and k + s + ν −1 ≤ 2k. Using (3) and (4) we obtain that  

π(k + 2 − t) = π(k + 1 −s + ν −(2k + 1)) and π((k + t)(2k + 1)) = π((k + s + ν − 1)(2k + 

1)), which provides that  (v) k + 2 − t = k +1−s+ν −(2k +1) and (vi) k +t = k +s+ν −
1. Using (v) and (vi) we obtain 2ν = 2k +3, a contradiction because 2 - 2k + 3.  

Consider the case when k + 1 − s + ν > 2k + 1 and k + s + ν −1 > 2k. Using (3) and 

(4) we obtain that  π(k + 2 − t) = π(k + 1 −s + ν −(2k + 1)) and π((k + t)(2k + 1)) = π((k 

+ s + ν − 1 − (2k + 1))(2k + 1)), which provides that  (vii) k + 2 − t = k + 1 − s + ν − 

(2k + 1) and (viii) k + t = k + s + ν − 1 − (2k + 1).  Using (vii) and (viii) we obtain  ν 

= 2k + 2, a contradiction because ν ∈ {2, 3, . . . , 2k + 1}. 

 

Case 2.  (i = 2t and µ = 2s + 1).  Consider the case when 2k + 1 − s + ν ≤ 2k + 1 

and 

s + ν − 1 ≤ 2k.  Using (3) and (4) we obtain  that π(k + 2 − t) = π(2k + 1 − s + ν ) 

and 

 

π((k + t)(2k + 1)) = π((s + ν − 1)(2k + 1)), which provides that  (i) k + 2 − t = 2k + 1 − s + ν 

and (ii) k + t = s + ν −1. Using (i) and (ii) we obtain ν = 1, a contradiction because ν > 
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1. 

Consider the case when 2k+1−s+ν ≤ 2k+1 and s+ν −1 > 2k. Using (3) and (4) we 

obtain 

that  π(k + 2 −t) = π(2k + 1 −s + ν ) and π((k + t)(2k + 1)) = π((s + ν −1 −(2k + 1))(2k + 1)), 

which provides that  (iii) k + 2 − t = 2k + 1 − s + ν and (iv) k + t = s + ν − 1 − (2k + 

1). 

Using (iii) and (iv) we obtain  2ν = 2k + 3, a contradiction because 2 - 2k + 3. 

Consider the case when 2k + 1 − s + ν > 2k + 1 and s + ν − 1 ≤ 2k. Using (3) and (4) we 

obtain that π(k +2−t) = π(2k +1−s+ν −(2k +1)) and π((k +t)(2k +1)) = π((s+ν −1)(2k 

+1)), which provides that (v) k + 2 − t = 2k + 1 − s + ν − (2k + 1) and (vi) k + t = s + ν 

− 1. Using (v) 

and (vi) we obtain 2ν = 2k + 3, a contradiction because 2 - 2k + 3. Consider the case 

when 

2k + 1 − s + ν > 2k + 1 and s + ν − 1 > 2k. Using (3) and (4) we obtain that  π(k + 2 − t) 

= π(2k + 1 − s + ν − (2k + 1)) and π((k + t)(2k + 1)) = π((s + ν − 1 − (2k + 1))(2k + 1)), 

which provides that  (vii) k + 2 − t = 2k + 1 − s + ν − (2k + 1) and (viii) k + t = s + ν − 1 − 

(2k + 1). Using (vii) and (viii) we obtain ν = 2k + 2, a contradiction because ν ∈ {2, 3, . . . 

, 2k + 1}. 
 

Case 3.  (i = 2t + 1 and µ = 2s).  Consider the case when k + 1 − s + ν ≤ 2k + 1 

and k + s + ν − 1 ≤ 2k. Using (3) and (4) we obtain that  π(2k + 2 − t) = π(k + 1 − s + ν 

) and π(t(2k + 1)) = π((k + s + ν − 1)(2k + 1)), which provides that  (i) 2k + 2 − t = k + 1 

− s + ν and (ii) t = k + s + ν −1. Using (i) and (ii) we obtain ν = 1, a contradiction 

because ν > 1. Consider the case when k + 1 − s + ν ≤ 2k + 1 and k + s + ν − 1 > 2k. 

Using (3) and (4) we obtain that  π(2k +2−t) = π(k +1−s+ν ) and π(t(2k +1)) = π((k 

+s+ν −1−(2k +1))(2k + 

1)), which provides that  (iii) 2k + 2 − t = k + 1 − s + ν and (iv) t = k + s + ν − 1 − (2k + 

1). 

Using (iii) and (iv) we obtain  2ν = 2k + 3, a contradiction because 2 - 2k + 3. 

Consider the case when k + 1 − s + ν > 2k + 1 and k + s + ν − 1 ≤ 2k. Using (3) and (4) 

we obtain that  π(2k + 2 − t) = π(k + 1 − s + ν − (2k + 1)) and π(t(2k + 1)) = π((k + s + ν − 

1)(2k + 1)), which provides that  (v) 2k + 2 − t = k + 1 − s + ν − (2k + 1) and (vi) t = k 

+ s + ν − 1. 
 

Using (v) and (vi) we obtain 2ν = 2k + 3, a contradiction because 2 - 2k + 3. Consider 

the case when k + 1 − s + ν > 2k + 1 and k + s + ν − 1 > 2k. Using (3) and (4) we obtain 

that π(2k+2 − t) = π(k+1 − s+ν − (2k+1)) and π(t(2k+1)) = π((k+s+ν − 1 −

(2k+1))(2k+1)), which provides that  (vii) 2k+2−t = k+1−s+ν −(2k+1) and (viii) t = 

k+s+ν −1−(2k+1). Using (vii) and (viii) we obtain ν = 2k + 2, a contradiction because 

ν ∈ {2, 3, . . . , 2k + 1}. 
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Case 4.  (i = 2t + 1 and µ = 2s + 1). Consider the case when 2k + 1 − s + ν ≤ 2k + 1 

and s + ν − 1 ≤ 2k. Using (3) and (4) we obtain  that  π(2k + 2 − t) = π(2k + 1 − s + ν ) 

and π(t(2k+1)) = π((s+ν −1)(2k+1)), which provides that  (i) 2k+2−t = 2k+1−s+ν 

and (ii) t = s + ν − 1. Using (i) and (ii) we obtain ν = 1, a contradiction because ν > 1. 

Consider the case when 2k + 1 − s + ν ≤ 2k + 1 and s + ν − 1 > 2k. Using (3) and (4) 

we obtain 
 

that  π(2k + 2 − t) = π(2k + 1 − s + ν ) and π(t(2k + 1)) = π((s + ν − 1 − (2k + 1))(2k + 1)), 

which provides that  (iii) 2k + 2 − t = 2k + 1 − s + ν and (iv) t = s + ν − 1 − (2k + 1). 

Using (iii) and (iv) we obtain  2ν = 2k + 3, a contradiction because 2 - 2k + 3. Consider the 

case when 2k + 1 − s + ν > 2k + 1 and s + ν − 1 ≤ 2k. Using (3) and (4) we obtain that  π(2k 

+ 2 − t) = π(2k + 1 − s + ν − (2k + 1)) and π(t(2k + 1)) = π((s + ν − 1)(2k + 1)), which provides 

that  (v) 2k + 2 − t = 2k + 1 − s + ν − (2k + 1) and (vi) t = s + ν − 1. Using 

 
 

(v) and (vi) we obtain  2ν = 2k + 3, a contradiction because 2 - 2k + 3. Consider the case when 2k + 1 

− s + ν > 2k + 1 and  s + ν − 1 > 2k.  Using (3) and  (4) we obtain  that π(2k +2−t) = π(2k +1−

s+ν −(2k +1)) and π(t(2k +1)) = π((s+ν −1−(2k +1))(2k +1)), which provides that  (vii) 2k +2−t = 2k 

+1−s+ν −(2k +1) and (viii) t = s+ν −1−(2k +1). Using (vii) and (viii) we obtain ν = 2k + 2, a 

contradiction because ν ∈ {2, 3, . . . , 2k + 1}. 

 

Theorem 1. Let M2k+1 [mij ] = K2k+1 [kij ] + L2k+1 [`ij ] where K2k+1 [kij ] = K [2k + 1][2k + 1] 

and L2k+1 [`ij ] = L[2k + 1][2k + 1]. Then M2k+1 [mij ] is a semi-magic square of order 2k + 1 

for k ≥ 2. 

 
Theorem 2. Let M2k+1 [mij ] = K2k+1 [kij ] + L2k+1 [`ij ] where K2k+1 [kij ] = K [2k + 1][2k + 1] and 

L2k+1 [`ij ] = L[2k + 1][2k + 1]. Then
10   

M2k+1 [mij ] is a magic square of order  2k + 1 if 3 - 2k + 1. 

 
Proof. In order to prove that  M2k+1  is a magic square it is sufficient to show that  the all elements  

in both  diagonals  of the  matrix  K2k+1  and  the  matrix  L2k+1  are mutually different.  First,  

according to K [2k + 1][2k + 1] we have that 
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Remark 5.  In case that  k = 2 the  applied  method  of cyclic permutations for creating the magic 

squares is reduced to the method of cyclic permutations for creating the magic squares of order 5 

established  by French mathematician Philippe  de La Hire. 

 

III. Two infinite classes of strongly regular graphs 
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mij  and miν . 
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