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or any odd va

         IJST (2014)

. 4, we have, 

ଵݒ௝ିଵ൯, 4 ൑ ݆
൑ ݆ ൑ ݊ െ 2ൟ 

௝൯ 

௡ݒସሻ ൅ ⋯
௡ݒ௡ିଶሻ 

d from a Maxim

d from a Maxim

ሻ ൅ ܩሺݎܥ ൅ ݒ
൅  ௡ିଷሻݒ௡ିଵݒ

൅ 3
2

െ ሺ݊ െ 1ሻ

െ 1ሻ െ
݊ ൅ 3
2

 

൅ 3
2

 

൰ ൅ ฬ
݊ ൅ 3
2

െ ݊

ൌ ݊. 
r ∀	݅ ൌ 3, 4, …

alue of ݊ ൒ 5, 

) 38A1: 1-9 

൑ ݊ െ 2 

 

mal Planar 

 

mal Planar 

ଷሻݒ௡ିଵݒ ൅

ሻฬ 

݊ฬ 

… , ݊.  
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ሺ݅ሻ. ௩೔൯ܩ൫ܴܥܸ ൌ ܴܥܸ ቀܩ௩ሺ೙శయሻష೔ቁ , 3 ൑ ݅ ൑

௡ାଷ

ଶ
	; 

ሺ݅݅ሻ. ௩೔షభ൯ܩ൫ܴܥܸ ൌ ௩೔൯ܩ൫ܴܥܸ ൅ 1, 4 ൑ ݅ ൑
௡ାଷ

ଶ
  

and 
ሺ݅݅݅ሻ. ௩೔శభ൯ܩ൫ܴܥܸ ൌ ௩೔൯ܩ൫ܴܥܸ ൅ 1,

௡ାଷ

ଶ
൑ ݅ ൑ ݊ െ 1. 

 
Proof: It is easy to verify that, for any ܩ௩೔: 3 ൑ ݅ ൑ ݊ 
obtained from ݈ܲ௡,  
 

௩೔൯ܩ൫ݎܥܸ ൌ෍ݎܥ൫ܩ ൅ ௝൯ݒ௜ݒ

௜ିଶ

௝ୀଷ

൅ ෍ ܩ൫ݎܥ ൅ ௝൯ݒ௜ݒ

௡

௝ୀ௜ାଶ

 

 
For any finite odd number ݊ ൒ 5, the minimum 

crossing number of a graph ܩ ൅  ௝, correspondingݒ௜ݒ
to each pair ݒ௜,  ௝ of non-adjacent vertices of ݈ܲ௡ݒ
included in the set ൛൫ݒ௜, ݅|	௝൯ݒ ൌ 3, 4, … , ݊ െ 2; ݆ ൌ
݅ ൅ 2, ݅ ൅ 3,… , ݊ൟ is given in Table 1: 

Hence, by observing each column in Table 1, the 
results hold for any odd n ≥ 5. 

 
Table 1. The Crossing Number of an Odd Order Graph ܩ ൅   Corresponding	௝ݒ௜ݒ

to each Pair ݒ௜,  ௝ of Non-adjacent Vertices of ݈ܲ௡ݒ
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Table 2. The Crossing Number of an Even Order Graph ܩ ൅  ௝ Correspondingݒ௜ݒ
to each Pair ݒ௜,  ௝ of Non-adjacent Vertices of ݈ܲ௡ݒ
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Table 3. The crossing number of a simple graph ܩ௩೔,௡: 3 ൑ ݅ ൑ ݊ 
 

 ௜ݒ                          
 ௩೔,௡൯ܩ൫ܴܥܸ

Vertices in ௡ܲିଶ 

 ... ଵସݒ ଵଷݒ ଵଶݒ ଵଵݒ ଵ଴ݒ ଽݒ ଼ݒ ଻ݒ ଺ݒ ହݒ ସݒ ଷݒ

V
er

te
x 

ce
nt

er
ed

 c
ro

ss
in

g 
nu

m
be

r 
of

 G
 w

ith
 r

es
pe

ct
 to

 v
ᵢ, 

fo
r 

ea
ch

 ݅
ൌ
3,
4,
…
,݊

   
   

  

           ௩೔,ହ൯ 1 0 1ܩ൫ܴܥܸ

          ௩೔,଺൯ 2 1 1 2ܩ൫ܴܥܸ

         ௩೔,଻൯ 4 3 2 3 4ܩ൫ܴܥܸ

        ௩೔,଼൯ 6 5 4 4 5 6ܩ൫ܴܥܸ

       ௩೔,ଽ൯ 9 8 7 6 7 8 9ܩ൫ܴܥܸ

      ௩೔,ଵ଴൯ 12 11 10 9 9 10 11 12ܩ൫ܴܥܸ

     ௩೔,ଵଵ൯ 16 15 14 13 12 13 14 15 16ܩ൫ܴܥܸ

    ௩೔,ଵଶ൯ 20 19 18 17 16 16 17 18 19 20ܩ൫ܴܥܸ

   ௩೔,ଵଷ൯ 25 24 23 22 21 20 21 22 23 24 25ܩ൫ܴܥܸ

  ௩೔,ଵସ൯ 30 29 28 27 26 25 25 26 27 28 29 30ܩ൫ܴܥܸ

...
              

 
 
Theorem 2.4. Let ܩ be a maximal planar graph 
݈ܲ௡, with even order ݊ ൒ 6. If ܩ௩೔ is a simple graph 

obtained by including the edges ൛ݒ௜ݒ௝	|3 ൑ ݆ ൑ 		݅ െ
2ൟ ∪ ൛ݒ௜ݒ௝	|݅ ൅ 2 ൑ ݆ ൑ ݊ൟ to the graph ܩ, then 

௩೔൯ܩ൫ܴܥܸ ൌ ܴܥܸ ቀܩ௩ሺ೙శయሻష೔ቁ , 3 ൑ ݅ ൑
௡ାଶ

ଶ
. 

 
Proof: Let ݊ ൒ 6 be any arbitrary even integer.  
We prove the result by induction on ݅. 
In basis, we prove the result for ݅ ൌ 3.  
From Table 2, it can be observed that,  
 
ܩ൫ݎܥ ൅ ௝൯ݒଷݒ ൌ ܩ൫ݎܥ ൅ ,௝ିଶ൯ݒ௡ݒ 5 ൑ ݆ ൑ ݊      (1) 

⇒ ௩య൯ܩ൫ܴܥܸ ൌ෍ݎܥ൫ܩ ൅ ௝൯ݒଷݒ

௡

௝ୀହ

	 

ൌ ܩሺݎܥ ൅ ହሻݒଷݒ ൅ ܩሺݎܥ ൅ ଺ሻݒଷݒ ൅ ⋯ 
൅ݎܥሺܩ ൅  ௡ሻݒଷݒ

ൌ ܩሺݎܥ ൅ ଷሻݒ௡ݒ ൅ ܩሺݎܥ ൅ ସሻݒ௡ݒ ൅⋯ 
൅ݎܥሺܩ ൅  ሺ1ሻ൯	݉݋ݎ൫݂														௡ିଶሻݒ௡ݒ

ൌ෍ݎܥ൫ܩ ൅ 	௝൯ݒ௡ݒ

௡ିଶ

௝ୀଷ

 

ൌ  	௩೙൯ܩ൫ܴܥܸ
 

Hence, ܸܴܥ൫ܩ௩೔൯ ൌ ܴܥܸ ቀܩ௩ሺ೙శయሻష೔ቁ, for ݅ ൌ 3. 

Let us assume that the result is true for ݅ ൌ
௡

ଶ
. 

That is,  
 

ܴܥܸ ൬ܩ௩೙
మ

൰ ൌ ܴܥܸ ൬ܩ௩
ሺ೙శయሻష

೙
మ

൰ ൌ ܴܥܸ ቆܩ௩೙శల
మ

ቇ (2) 

 
Now, we prove the result for ݅ ൌ

௡ାଶ

ଶ
. 

From Table 2, we can observe that, 
 

෍ ݎܥ ൬ܩ ൅ ௡ݒ
ଶ
௝൰ݒ

௡ିଵ

௝ୀ௡ାସ ଶൗ

ൌ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡

௝ୀ௡ା଺ ଶൗ

;	 

෍ ݎܥ ൬ܩ ൅ ௡ݒ
ଶ
௝൰ݒ ൌ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ

ଶ
	௝൰ݒ

௡ିଶ
ଶൗ

௝ୀସ

௡ିସ
ଶൗ

௝ୀଷ
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⇒ ݎܥܸ ൬ܩ௩೙
మ

൰ ൌ ෍ ݎܥ ൬ܩ ൅ ௡ݒ
ଶ
௝൰ݒ

௡ିସ
ଶൗ

௝ୀଷ

 

൅ ෍ ݎܥ ൬ܩ ൅ ௡ݒ
ଶ
௝൰ݒ

௡

௝ୀ௡ାସ ଶൗ

 

ൌ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡ିଶ
ଶൗ

௝ୀସ

൅ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡

௝ୀ௡ା଺ ଶൗ

 

൅ݎܥ ൬ܩ ൅ ௡ݒ
ଶ
 ௡൰ݒ

ൌ ܴܥܸ ቆܩ௩೙శమ
మ

ቇ െ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
ଷ൰ݒ ൅

݊ െ 4
2

 

ൌ ܴܥܸ ቆܩ௩೙శమ
మ

ቇ െ
݊ െ 6
2

൅
݊ െ 4
2

	 

⇒ ܴܥܸ ൬ܩ௩೙
మ

൰ ൌ ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൅ 1                      (3) 

 

Similarly, ܸܴܥ ቆܩ௩೙శల
మ

ቇ ൌ ܴܥܸ ቆܩ௩೙శర
మ

ቇ ൅ 1	     (4) 

 
By substituting the equations ሺ3ሻ and ሺ4ሻ in 

equation ሺ2ሻ, we obtain, 
 

ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൅ 1 ൌ ܴܥܸ ቆܩ௩೙శర
మ

ቇ ൅ 1 

⇒ ܴܥܸ	 ቆܩ௩೙శమ
మ

ቇ ൌ ܴܥܸ ቆܩ௩೙శర
మ

ቇ 

Therefore,	ܸܴܥ൫ܩ௩೔൯ ൌ ݅ ௩ሺ೙శయሻష೔൯, forܩ൫ܴܥܸ ൌ
௡ାଶ

ଶ
. 

Thus, the theorem holds for ∀	݅ ൌ 3, 4, … ,
௡ାଶ

ଶ
. 

 
Theorem 2.5. If ܩ is a maximal planar graph ݈ܲ௡, 
with even order ݊ ൒ 6, and the simple graph ܩ௩೔ is 
obtained from ܩ by joining all its vertices to a 
vertex ݒ௜ ∈ ௜ݒ that are not adjacent to ܩ ∈  then ,ܩ
the vertex centered crossing number of a graph ܩ 
with respect to ݒ௜, for each ݅ ൌ 3, 4, … , ݊ is given 
by, 
௩೔൯ܩ൫ܴܥܸ

ൌ

ە
ۖۖ
۔

ۖۖ
ۓ ൬

݊ െ 4
2

൰
ଶ

൅ ൬
݊ ൅ 2
2

െ ݅൰ ,						3 ൑ ݅ ൑
݊
2
;

൬
݊ െ 4
2

൰
ଶ

,																					݅ ൌ
݊ ൅ 2
2

,
݊ ൅ 4
2

;	

൬
݊ െ 4
2

൰
ଶ

൅ ൬݅ െ
݊ ൅ 4
2

൰ ,
݊ ൅ 6
2

൑ ݅ ൑ ݊.

 

 
Proof: Let ܩ be a maximal planar graph ݈ܲ௡, with 
even order ݊ ൒ 6. 
Claim: ܸܴܥ൫ܩ௩೔శభ൯ ൌ ௩೔൯ܩ൫ܴܥܸ െ 1, 3 ൑ ݅ ൑

௡

ଶ
 

We prove the result by induction on ݅. 
The inductive basis, ݅ ൌ 3. 
From Table 2, we have, 
 

෍ݎܥ൫ܩ ൅ ௝൯ݒଷݒ ൌ෍ݎܥ൫ܩ ൅ 	௝൯ݒସݒ

௡

௝ୀ଺

௡ିଵ

௝ୀହ

 

⇒ ௩య൯ܩ൫ܴܥܸ		 ൌ ෍ݎܥ൫ܩ ൅ ௝൯ݒଷݒ

௡ିଵ

௝ୀହ

൅ ܩሺݎܥ ൅  ௡ሻݒଷݒ

ൌ෍ݎܥ൫ܩ ൅ ௝൯ݒସݒ ൅ 1

௡

௝ୀ଺

ൌ ௩ర൯ܩ൫ܴܥܸ ൅ 1 

⇒ ௩ర൯ܩ൫ܴܥܸ				 ൌ ௩య൯ܩ൫ܴܥܸ െ 1 
 

Hence the claim is verified for ݅ ൌ 3. 
We inductively assume that, the result holds for 

݅ ൌ
௡ିଶ

ଶ
. 

 

That is, ܸܴܥ ൬ܩ௩೙
మ

൰ ൌ ܴܥܸ ቆܩ௩೙షమ
మ

ቇ െ 1             (1) 

 
Let us prove the result for ݅ ൌ

௡

ଶ
. 

From Table 2, we observe that, 
 

෍ ݎܥ ൬ܩ ൅ ௡ିଶݒ
ଶ
௝൰ݒ

௡ିଶ

௝ୀ௡ାଶ ଶൗ

ൌ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡

௝ୀ௡ା଺ ଶൗ

; 

෍ ݎܥ ൬ܩ ൅ ௡ିଶݒ
ଶ
௝൰ݒ

௡ି଺
ଶൗ

௝ୀଷ

ൌ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡ିଶ
ଶൗ

௝ୀହ

 

⇒ ܴܥܸ ቆܩ௩೙షమ
మ

ቇ ൌ ෍ ݎܥ ൬ܩ ൅ ௡ିଶݒ
ଶ
௝൰ݒ

௡ି଺
ଶൗ

௝ୀଷ

൅ ෍ ݎܥ ൬ܩ ൅ ௡ିଶݒ
ଶ
௝൰ݒ

௡

௝ୀ௡ାଶ ଶൗ

 

ൌ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡ିଶ
ଶൗ

௝ୀହ

൅ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡

௝ୀ௡ା଺ ଶൗ

 

൅ݎܥ ൬ܩ ൅ ௡ିଶݒ
ଶ
௡ିଵ൰ݒ ൅ ݎܥ ൬ܩ ൅ ௡ିଶݒ

ଶ
 ௡൰ݒ

 

ൌ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡ିଶ
ଶൗ

௝ୀହ

൅ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡

௝ୀ௡ା଺ ଶൗ

൅
݊ െ 4
2

൅ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
 ଷ൰ݒ
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ൌ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡ିଶ
ଶൗ

௝ୀଷ

൅ ෍ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
௝൰ݒ

௡

௝ୀ௡ା଺ ଶൗ

൅
݊ െ 4
2

െ ݎܥ ൬ܩ ൅ ௡ାଶݒ
ଶ
 ସ൰ݒ

ൌ ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൅
݊ െ 4
2

െ
݊ െ 8
2

 

⇒ ܴܥܸ ቆܩ௩೙షమ
మ

ቇ ൌ ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൅ 2                  (2) 

 
By substituting ሺ2ሻ in ሺ1ሻ, we get, 

ܴܥܸ ൬ܩ௩೙
మ

൰ ൌ ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൅ 2 െ 1 

⇒ ܴܥܸ ൬ܩ௩೙
మ

൰ ൌ ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൅ 1 

⇒ ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൌ ܴܥܸ ൬ܩ௩೙
మ

൰ െ 1 

⇒ ௩೔శభ൯ܩ൫ܴܥܸ ൌ ௩೔൯ܩ൫ܴܥܸ െ 1, for ݅ ൌ
௡

ଶ
. 

Thus, ܸܴܥ൫ܩ௩೔శభ൯ ൌ ௩೔൯ܩ൫ܴܥܸ െ 1, holds for 

3 ൑ ݅ ൑
௡

ଶ
                                                               (3) 

 
Similarly, we can prove that, 
 
௩೔శభ൯ܩ൫ܴܥܸ ൌ ௩೔൯ܩ൫ܴܥܸ ൅ 1, 

௡ାସ

ଶ
൑ ݅ ൑ ݊ െ 1  (4) 

 
To find ܸܴܥ൫ܩ௩య൯: 

௩య൯ܩ൫ܴܥܸ ൌ෍ݎܥ൫ܩ ൅ 		௝൯ݒଷݒ

௡

௝ୀହ

 

ൌ ෍ ܩ൫ݎܥ ൅ ௝൯ݒଷݒ ൅ ෍ ܩ൫ݎܥ ൅ 	௝൯ݒଷݒ

௡

௝ୀ௡ା଺ ଶൗ

௡ାସ
ଶൗ

௝ୀହ

 

ൌ 2൬1 ൅ 2 ൅ 3 ൅⋯൅
݊ െ 4
2

൰ 

ൌ 2 ൤
1
2
൬
݊ െ 4
2

൰ ൬
݊ െ 4
2

൅ 1൰൨ 

ൌ ൬
݊ െ 4
2

൰
ଶ

൅
݊ െ 4
2

 

⇒ ௩య൯ܩ൫ܴܥܸ ൌ ൬
݊ െ 4
2

൰
ଶ

൅ ൬
݊ ൅ 2
2

െ 3൰ 
 
From equation ሺ3ሻ, we obtain, 
 

௩ర൯ܩ൫ܴܥܸ ൌ ቀ
௡ିସ

ଶ
ቁ
ଶ
൅ ቀ

௡ାଶ

ଶ
െ 4ቁ	

	

௩ఱ൯ܩ൫ܴܥܸ ൌ ቀ
௡ିସ

ଶ
ቁ
ଶ
൅ ቀ

௡ାଶ

ଶ
െ 5ቁ

	
⋯																																																										

ܴܥܸ ൬ܩ௩೙
మ

൰ ൌ ቀ
௡ିସ

ଶ
ቁ
ଶ
൅ ቀ

௡ାଶ

ଶ
െ

௡

ଶ
ቁ

															

ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൌ ቀ
௡ିସ

ଶ
ቁ
ଶ
																			

		 ۙ
ۖ
ۖ
ۖ
ۖ
ۘ

ۖ
ۖ
ۖ
ۖ
ۗ

                   (5) 

 
Also, by the previous theorem, we have, 
 

௩೔൯ܩ൫ܴܥܸ ൌ ܴܥܸ ቀܩ௩ሺ೙శయሻష೔ቁ, 3 ൑ ݅ ൑
௡ାଶ

ଶ
          (6) 

 
By substituting ݅ ൌ

௡ାଶ

ଶ
 in Equation	ሺ6ሻ we can 

arrive, 
 

ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൌ ܴܥܸ ቆܩ௩
ሺ೙శయሻ	ష	

೙శమ
మ

ቇ 

ܴܥܸ ቆܩ௩೙శమ
మ

ቇ ൌ ܴܥܸ ቆܩ௩೙శర
మ

ቇ ൌ ቀ
௡ିସ

ଶ
ቁ
ଶ
             (7) 

 
Also, from Equation	ሺ4ሻ, we get, 
 

ܴܥܸ ቆܩ௩೙శల
మ

ቇ ൌ ܴܥܸ ቆܩ௩೙శర
మ

ቇ ൅ 1

ൌ ቀ
௡ିସ

ଶ
ቁ
ଶ
൅ 1 ൌ ቀ

௡ିସ

ଶ
ቁ
ଶ
൅ ቀ

௡ା଺

ଶ
െ

௡ାସ

ଶ
ቁ

ܴܥܸ ቆܩ௩೙శఴ
మ

ቇ ൌ ܴܥܸ ቆܩ௩೙శల
మ

ቇ ൅ 1

ൌ ቀ
௡ିସ

ଶ
ቁ
ଶ
൅ ቀ

௡ା଼

ଶ
െ

௡ାସ

ଶ
ቁ	

ܴܥܸ ቆܩ௩೙శభబ
మ

ቇ ൌ ܴܥܸ ቆܩ௩೙శఴ
మ

ቇ ൅ 1

ൌ ቀ
௡ିସ

ଶ
ቁ
ଶ
൅ ቀ

௡ାଵ଴

ଶ
െ

௡ାସ

ଶ
ቁ	

⋯		
௩೙൯ܩ൫ܴܥܸ ൌ ௩೙షభ൯ܩ൫ܴܥܸ ൅ 1

ൌ ቀ
௡ିସ

ଶ
ቁ
ଶ
൅ ቀ݊ െ

௡ାସ

ଶ
ቁ	 ۙ

ۖ
ۖ
ۖ
ۖ
ۖ
ۖ
ۖ
ۘ

ۖ
ۖ
ۖ
ۖ
ۖ
ۖ
ۖ
ۗ

			          (8) 

 
Thus, from all the above equations included in 

ሺ5ሻ, ሺ7ሻ and ሺ8ሻ, we conclude that, for any 
arbitrary even number ݊ ൒ 6, the vertex centered 
crossing number of a simple graph ܩ with respect 
to ݒ௜, for each ݅ ൌ 3, 4, … , ݊ is given by, 
 

௩೔൯ܩ൫ܴܥܸ

ൌ

ە
ۖۖ
۔

ۖۖ
ۓ ൬

݊ െ 4
2

൰
ଶ

൅ ൬
݊ ൅ 2
2

െ ݅൰ , 3 ൑ ݅ ൑
݊
2
;

൬
݊ െ 4
2

൰
ଶ

,														݅ ൌ
݊ ൅ 2
2

,
݊ ൅ 4
2

;	

൬
݊ െ 4
2

൰
ଶ

൅ ൬݅ െ
݊ ൅ 4
2

൰ ,
݊ ൅ 6
2

൑ ݅ ൑ ݊.
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Theorem 2.6. ܸܴܥ൫ܩ௩య,௡ିଵ൯ ൌ  ௩೔,௡൯, forܩ൫ܴܥܸ
 

݅ ൌ ൞

݊ ൅ 2
2

,
݊ ൅ 4
2

;݊݁ݒ݁	ݏ݅	݊	݄݊݁ݓ			,

݊ ൅ 3
2

.݀݀݋	ݏ݅	݊	݄݊݁ݓ										,
 

 
Proof: Let ݊ ൒ 5 be any arbitrary integer.  
Let ܩ௩య,௡ିଵ be a simple graph obtained from a 
maximal planar graph ݈ܲ௡ିଵ, by adding pair-wise 
non-crossing edges ൛ݒଷݒ௝	|5 ൑ ݆ ൑ ݊ െ 1ൟ, that are 
not incident with a vertex ݒଷ ∈ ܸሺ݈ܲ௡ିଵሻ.  

Let ܩ௩೔,௡ be a simple graph arrived from a 
maximal planar graph ݈ܲ௡, by including the edges 
൛ݒ௜ݒ௝	|3 ൑ ݆ ൑ ݅ െ 2ൟ ∪ ൛ݒ௜ݒ௝	|݅ ൅ 2 ൑ ݆ ൑ ݊ൟ 
which are pair-wise non-crossing, in any of its good 
drawing. 
Case (i): ݊ is even. 

Thus, from previous theorem, for ݅ ൌ
௡ାଶ

ଶ
,
௡ାସ

ଶ
, 

we have, 
 

ܴܥܸ ቆܩ௩೙శమ
మ ,೙

ቇ ൌ ܴܥܸ ቆܩ௩೙శర
మ ,೙

ቇ ൌ ൬
݊ െ 4
2

൰
ଶ

 

 
Clearly, ݊ െ 1 is odd. 
Thus by Theorem 2.1, we get, 
 

௩య,೙షభ൯ܩ൫ܴܥܸ ൌ ቆ
ሺ݊ െ 1ሻ െ 3

2
ቇቆ

ሺ݊ െ 1ሻ െ 5
2

ቇ 

൅ቆ
ሺ݊ െ 1ሻ ൅ 3

2
െ 3ቇ 

ൌ ൬
݊ െ 4
2

൰ ൬
݊ െ 6
2

൰ ൅ ൬
݊ െ 4
2

൰ 

ൌ ൬
݊ െ 4
2

൰ ൬
݊ െ 6
2

൅ 1൰ 

ൌ ൬
݊ െ 4
2

൰
ଶ

 
 
Thus for any even ݊, 

௩య,೙షభ൯ܩ൫ܴܥܸ ൌ ݅ for	௩೔,೙ቁ,ܩቀܴܥܸ ൌ
௡ାଶ

ଶ
,
௡ାସ

ଶ
. 

Case (ii): ݊ is odd. 
Then, the vertex centered crossing number of a 

graph ܩ of order ݊ with respect to a vertex ݒ೙శయ
మ
∈

ܸሺܩሻ will be, 
 

ܴܥܸ ቆܩ௩೙శయ
మ ,೙

ቇ ൌ ൬
݊ െ 3
2

൰ ൬
݊ െ 5
2

൰ 

൅ ฬ
݊ ൅ 3
2

െ
݊ ൅ 3
2

ฬ 

ൌ ൬
݊ െ 3
2

൰ ൬
݊ െ 5
2

൰ 
 
Here, ݊ is odd ⇒ ݊ െ 1 is even. 

Then by the previous theorem, we have, 
 

௩య,೙షభ൯ܩ൫ܴܥܸ ൌ ቆ
ሺ݊ െ 1ሻ െ 4

2
ቇ
ଶ

 

൅ቆ
ሺ݊ െ 1ሻ ൅ 2

2
െ 3ቇ 

ൌ ൬
݊ െ 5
2

൰
ଶ

൅ ൬
݊ െ 5
2

൰ 

ൌ ൬
݊ െ 5
2

൰ ൬
݊ െ 5
2

൅ 1൰ 

ൌ ൬
݊ െ 5
2

൰ ൬
݊ െ 3
2

൰ 
 
Hence, for any odd ݊, we have,  

௩య,೙షభ൯ܩ൫ܴܥܸ ൌ ܴܥܸ ቆܩ௩೙శయ
మ ,೙

ቇ. 

Thus the proof obtained can be tabulated as 
follows: 

Hence, the vertex centered crossing number of 
݈ܲ௡ିଵ with respect to the vertices ݒଷ, ௡ିଵݒ ∈
ܸሺ݈ܲ௡ିଵሻ are identical with that of ݈ܲ௡ with respect 
to ݒ௜ ∈ ܸሺ݈ܲ௡ሻ, where i takes the median value 
from 3 to ݊. 
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