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Abstract - Let 𝐺 = (𝑉,E) be a simple connected undirected graph with vertex set 𝑉 and edge set 𝐸. The advent of graph theory 

has played a prominent role in wide variety of engineering applications and optimizes its use in many applications. We 

characterize graphs whose semi-image neighbourhood block graphs are  never has crossing number k (k=1 or 2). Also we 

prove that the semi-image neighbouhood block graph of a graph which are planar and outerplanar in terms of forbidden 

subgraphs. 
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I. INTRODUCTION 

All graphs considered here are finite, undirected and without loops or multiple lines. We use the terminology of [2]. The 

open-neighbourhoodN(u) of a point u in V(G) is the set of points adjacent to u. E(G)].N(u) = [v/uv In 1975, Kulli [4] 

introduced the idea of a minimally nonouterplanar graph. The inner point i(G) of a planar graph G is the minimum possible 

number of points not belonging to the boundary of the exterior region in any embedding of G in the plane. Obviously G is 

outerplanar if and only if i(G)=0. A graph G is minimallynonouterplanari(G)=1 and G is n-minimally (n≥2) nonouterplanar if 

i(G)=n. A graph is planar if it can benonouterplanar if i(G)=1, and G is n-minimally (n drawn on the plane in such a way that 

no two of its lines intersect. If B = {u1, u2, …, ur , r ≥2} is a block of a graph G, then we say that point u1 and block B are 

incident with each other, as are u2 and B and so on. If two blocks B1 and B2 of G are incident with a common cutpoint, then 

they are adjacent blocks. If B = { e1, e2, ...es , s≥1}is a block of a graph G, then we say that line e1 and block B are incident 

with each other, as are e2 and B and so on. This idea was introduced by Kulli in [5]. The points, lines and blocks of a graph are 

called its members.  

For each point vi of G, we take a new point ui and the resulting set of points is denoted by V1(G). 

The semi-image neighborhood block graph NBI(G) of a graph G. The semi-image neighbourhoood block graph NBI(G) of 

a graph G is defined as the graph having point set V(G) )(GV  b(G), two points of V(G) and )(GV  are adjacent if they are 

adjacent in G, two points Viand jV  are adjacent if i=j, with two points of V(G) are incident with b(G).This concept was 

introduced by Kulli and Niranjan [17]. Many other graph valued functions in graph theory were studied, [ e.g in [1],[3],[6]-[16] 

[18]-[21] and [23]-[37]]. 

Theimage neighbourhood graph NI(G) of a graph G is defined as the graph having point set V(G) )(GV  , two points of 

V(G) and )(GV  are adjacent if they are adjacent in V(G), two points Vi and jV  are adjacent if i=j. This concept was 

introduced by M.H.Muddebihal, Usha.P and  Milind S.C. [22].A graph, the semi-image neighbourhood block NBI(G) and 

image neighbourhood graph NI(G) are shown in Figure 1.In 1975,  
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Fig. 1 

II. PRELIMINARIES 

We use the following result to prove our main results. 

Theorem A.[17]. A nonseperablenonouterplanar graph G is minimally nonouterplanar if and only if it fails to 

contain a subgraphhomeomorphic to one of the graphs of Figure2. 

Theorem B [17]. The semi-image neighbourhood block graph NBI(G) of a graph G is planar if and only if G is 

outerplanar. 

Theorem C [17]. The semi-image neighbourhood block graph NBI(G) of a graph G is outerplanar if and only if 

every component of G is a path. 
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III. MAIN RESULTS 

Lemma 1.If G is K4 or K2,3, then Cr[NBI(G)]=3. 

Proof. Suppose G is K4 or K2,3.Then it is easy to see that the graphs NBI(K4) and NBI(K2,3) are nonplanar and drawing in                    

Figure 3 shows that its crossing number is at most 3. One may also observe that NBI(K4) and NBI(K2,3) cannot be drawn without 

having a K4 or K2,3 line crossed. However, Figure 4 shows that the deletion of such a point leaves a nonplanar graph (it contains 

a homeomorphic of K2,3). Therefore the crossing number must equal to 3. 

 

We prove that for any graph G, semi-image neighbourhood block graph NBI(G) never has crossing number k(k=1 or 2). 

Theorem 1.The semi-image neighborhood block graph NBI(G) of a graph G never has crossing number k(k=1 or 2). 

Proof. We consider the following two cases. 

Case 1. Suppose (G)2.Then G is either a path or a cycle. We now consider the following subcases of this case. 

Subcase1.1. Assume G is a path. Then by Theorem B and Theorem A, NBI(G) is planar and has crossing number zero. 

Subcase 1.2. Assume G is a cycle. Then by Theorem A, NBI(G) is planar. Hence Cr[NBI(G)]=0. 

Case 2. Suppose (G)3.Then we have the following subcases.  

Subcase 2.1. Assume G is tree. Then by Theorem A, Cr[NBI(G)]=0. 

Subcase 2.2. Assume G is not a tree. Again we consider subcases of subcase 2.2. 

Subcase 2.2.1. Suppose every block of G is a cycle or G has a block which contains at least two cycles such that i(G)=0. Then 

by Theorem A, NBI(G) has crossing number zero. 

Subcase 2.2.2. Suppose every block of G is a cycle or G has a block, which contains at least two cycles. Assume there exists a 

block B with i(B)1. Then by Lemma 1, NBI(B) has at least 3 crossings. Hence Cr[NBI(G)]7. 

 We have exhausted all possibilities and in each case we found that NBI(G) of a graph G never has crossing number 

k(k=1 or 2). 
 

We now present characterizations of graphs whose semi-image neighbourhood block graphs are planar and 

outerplanar in terms of forbidden subgraphs. 

Theorem 2.The semi-image neighbourhood block graph NBI(G) of a graph G is planar if and only if G has no 

subgraphhomeomorphic to K2,3 or K4. 

Proof. Let NBI(G) is planar. By Theorem B, i(G)=0. Suppose G has subgraphhomeomorphic to K2,3 or K4. Then NBI(K2,3) or 

NBI(K4) is nonplanar by Lemma 1, a contradiction. Hence Gahs no subgarphhomeomorphic to K2,3 or K4. 

Conversely, G has no subgarphhomeomorphic to K2,3 or K4. Then clearly G is outerplanar. By Theorem B, the semi-image 

neighbourhood block graph NBI(G) is planar. This completes the proof. 

 

Theorem 3.The semi-image neighbourhood block graph NBI(G) is outerplanar if and only if G has no subgraphhomeomorphic 

to K1,3 or C3. 

Proof.Let NBI(G) is outerplanar. Then by Theorem C, every component of G is a path. Hence G has no 

subgraphhomeomorphic to K1,3 or C3. 

Conversely, suppose G has no subgraphhomeomorphic to K1,3or C3. Then (G)2.Thus G must be a path. This completes the 

proof. 
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                                                                            Fig. 2 
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Fig. 3 
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                       Fig. 4 

 

IV. CONCLUSION 

We present here whose semi-image neighbourhood block graphs are  never has crossing number k (k=1 or 2). We further 

to find a characterizations of graphs whose semi-image neighbourhood block graphs are planar and outerplanar in terms of 

forbidden subgraphs. 

ACKNOWLEDGEMENTS 

 The authors are grateful to the reviewers for their critical comments and valuable suggestions 

REFERENCES 
[1] Basavarajappa N S, Shanmukha M C, Niranjan K M and Shilpa K C, Dakshayani Indices on Carbon and Boron Nitride Nanotubes. 9(4) (2020) 1680–

168. 

[2] F.Harary, Graph Theory, Addison Wesley, Reading Mass. (1969). 

[3] R S Indumati, M R Rajesh Kanna, H L, Parashivamurthy,Manjula C Gudgeri, Niranjan K M, Topological Indices of 2- Deoxy-D-Glucose for Covid-19, 

Journal of the Maharaja Sayajirao University of Baroda. 55(2) (2021) 368-374. 

[4] V.R.Kulli,On Minimally Nonouterplanargraphs.Proc. Indian.Nat.Sci.Acad. 41 (1975) 275- 280 

[5] V.R. Kulli, The Semitotal Block Graph and Total-Block Graph of a Graph of a Graph, Indian J. Pure Appl. Math. 7 (1976) 625-630.  

[6] V.R. Kulli and D.G.Akka, Traversability and Planarity of Semitotal Block Graphs, J Math. and Phy. Sci. 12 (1978) 177-178. 

[7] V.R.Kulli and D.G.Akka, Traversability and Planarity of Total Block Graphs, J. Mathematical and Physical Sciences. 11 (1977) 365-375. 

[8] V.R. Kulli and D.G.Akka, On Semientire Graphs, J. Math. and Phy. Sci. 15 (1981) 585-589. 

[9] V.R.Kulli and D.G.Akka,Characterization of Minimally Nonouterplanar Graphs. J.KarnatakUniv.Sci. 22 (1977) 67-73. 

[10] V R Kulli, B.Janakiram, K M Niranjan, The Dominating Graph, Graph Theory Notes of New York. 46 (2004) 5-8. 

[11] V R Kulli, B Janakiram, K M Niranjan, The Vertex Minimal Dominating Graph, Acta CienciaIndica. Mathematics. 28(3) (2002) 435-440. 

[12] V.R. Kulli and K.M.Niranjan, The Semi-Splitting Block Graph of a Graph, Journal of Scientific Research. 2(3) (2010) 485- 488.  

[13] V. R. Kulli, B. Basavanagoud and K. M. Niranjan, Quasi-total Graphs with Crossing Numbers, Journal of Scientific Research. 2(2) 257-263 (2010)  

[14] V.R. Kulli and K.M.Niranjan, On Minimally Nonouterplanarity of the Semi-Total (Point) Graph of a Graph, J. Sci. Res. 1(3) (2009) 551- 557. 

[15] V. R. Kulli and K. M. Niranjan,On Minimally Nonouterplanarity of a Semi Splitting Block Graph of a Graph, International Journal of Mathematics 

Trends and Technology (IJMTT). 66(7) (2020). 

[16] V.R. Kulli and K.M.Niranjan, The Semi-Splitting Block Graphs with Crossing Numbers, Asian Journal of Current Research. 5(1) (2020) 9-16. 

[17] V.R.Kulli and K M Niranjan, The Semi-Image Neighbourhood Graph of a Graph, Asian Journal of Mathematics and Computer Research. 27(2) (2020) 

36-41. 

[18] VR.Kulli .and K.M Niranjan., The Total Closed Neighbourhood Graphs with Crossing Number Three and Four, Journal of Analysis and Computation. 

1(1) (2005) 47- 56. 

[19] K.M Niranjan., P Nagaraja. and VLokesh., Forbidden Subgraphs for Graphs with Quasi-total Graphs of Crossing Numner≤2,Journal of Intellgemt 

Systems Research. 2(21) (2008) 109-113. 

[20] Maralabhavi, Y.B. Venkanagouda M. Goudar and Anupama, S.B., Some Domination Parameters on Jump Graph, International Journal of Pure and 

Applied Mathematics. 113 (2017) 47-55. 

[21] Maralabhavi, Y.B. Anupama, S.B. and Venkanagouda M. Goudar, Domination Number of Jump Graph, International Mathematical Forum, Hikari 

Publishing Ltd. 8 (2013) 753-758. 

[22] M.H.Muddebihal, Usha.P and Milind S.C,  Image Neighbourhood Graph of Graph, The Mathematics Education. 36(2) (2002). 

[23] K.M Niranjan, Forbidden Subgraphs for Planar and Outer Planar Interms of Blict Graphs, Journal of Analysis and Computation. 2(1) (2006) 19-22. 

[24] K M Niranjan, Rajendra Prasad K C, Venkanagouda M Goudar, DupadahalliBasavaraja, Forbidden Subgraphs for Planar Vertex Semi-Middle Graph, 

JNNCE Journal of Engineering and Management. 5(2) (2022) 44-47. 

 



K M Niranjan / IJMTT, 68(4), 52-58, 2022 

 

58 

[25] K. M Niranjan, Radha R. Iyer, Biradar M. S, Dupadahalli Basavaraja, The Semi-Splitting Block Graphs with Crossing Numbers Three and Forbidden 

Subgraphs for Crossing Number One, Asian Journal of Current Research. 5(1) (2020) 25-32. 

[26] K.M Niranjan , Nagaraja P, Lokesh V, Semi-Image Neighborhood Block Graphs with Crossing Numbers, Journal of Scientific Research. 5(4) (2013) 

295-299. 

[27] Rajanna N E and Venkanagouda M Goudar, Pathos Vertex Semientire Block Graph, International Journal of Mathematics Trends and Technology. 7(2) 

(2014) 103-105.  

[28] M A Rajan, V Lokesha and K M Niranjan, On study of Vertex of Graph Operations, J Sci. Res. 3(2) (2011) 291-301. 

[29] Rajendra Prasad K C, Niranjan K M and Venkanagouda M Goudar, Edge Semi-Middle Graph of a Graph, (submitted).  

[30] Rajendra Prasad KC, Venkanagouda M. Goudar and Niranjan K M, Pathos Edge Semi-Middle Graph of a Tree, (submitted).  

[31] Rajendra Prasad KC, Venkanagouda M. Goudar and Niranjan KM, Pathos Vertex Semi-Middle Graph of a Tree, South East Asian J. of Mathematics and  

Mathematical Sciences. 16(1) (2020) 171-176. 

[32] Rajendra Prasad K C, Venkanagouda M. Goudar and K.M. Niranjan, Pathos Edge Semi-Middle Graph of a Tree, Malaya Journal of Matematik. 8(4) 

(2020) 2190-2193. 

[33] Rajendra Prasad, K.C. Niranjan, K.M. and Venkanagouda M. Goudar, Vertex Semi-Middle Graph of a Graph, Malaya Journal of Matematik. 7 (2019) 

786-789. 

[34] Rajendra Prasad, K.C. Niranjan, K.M. and Venkanagouda M. Goudar, Vertex Semi-Middle Domination in Graphs, Jour of Adv Research in Dynamical  

and Control Systems. 12 (2020) 83-89. 

[35] M. C. Shanmukha, K. N. Anil Kumar, N. S. Basavarajappa, And K. M. Niranjan, TopologicalIndices on Properties of Line Graph of Subdivision of Plane 

Graphs. 9(4) (2020) 2121–2135. 

[36] Venkanagouda M. Goudar, Pathos Vertex Semientire Graph of a Tree, International Journal of Applied Mathematical Research. 1(4) (2012) 666-670.  

[37] Venkanagouda M. Goudar, K. S. Ashalatha, Venkatesha, M. H. Muddebihal, On the Geodetic Number of Line Graph, Int. J. Contemp. Math. Sciences. 

7(46) (2012) 2289 – 2295. 


