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ABSTRACT 
For a graph G = (V(G),E(G)) a coloring C:V(G) → 𝕫k, k ≥ 2 (not a proper coloring) called the modular 
coloring if for each pair of neighboring vertices 𝒮(u) ≠ 𝒮(v). Theminimum k for which G has anmodular k 
-coloringiscalledmodularchromaticnumberofG.Themodulark-coloringofagraphisdenotedby mc(G).Inthis 
study we examine the modular chromatic number for some snow graph and extended snow graph of cycle 
related graph. 

Keywords: Snow graph, extended snow graph, wheel graph, gear graph, friendship graph, generalized fan 
graph, flower graph. 
 
INTRODUCTION 
There are many real-world applications for graph theory. That's when a graph coloring comes into play. 
One of the research's emerging topics is modular coloring. We consider the finite undirected connected 
graph. F. Okamoto, E. Salehi, and P.Zhang in 2010. In [1,4], a modular k- coloring, k ≥ 2 of a graph without 
isolated vertices is a coloring of the vertices of G with the element in 𝕫k(where adjacent vertices may be 
colored the same) having the property that for every two adjacent vertices of G,The sum of the colors of 
the neighbors are different in 𝕫k. The minimum k for which G has a modular k- coloring is called modular 
chromatic number mc(G). 
LetGbeanygraphandHisadoubleclawgraph.Let{v1,v2,…,vμ}aretheexternalvertex(exceptthe 
center vertex) of a graphG, take μ copies of H and the root vertex of the double clawgraph joined withthe 
each external node G is called snow graph and it is denoted by STdc(Gμ) where μ is the number of external 
vertices of graph G and Tdcdenote the double claw tree graph. 
LetGbethecyclicgraphandHisanyγ−arytreegraph.Let{v1,v2,…,vμ}aretheexternalvertex(except 
the center vertex)of a cyclic graph, take μ copies of H and the root vertex of the γ−arytree joined with the 
external node of G by an edge is called extended snow graph denoted by STγ(Gμ) where μ,γ is the number 
of external vertices of cyclic graph G and height of n-ary tree graph T respectively. 
In [2] P. Sumathi, S. Tamilselvi, determined the modular chromatic number of certain cyclic graphs. In [3], 
we obtain the modular chromatic number of the inflated graphs of the wheel, gear, fan, friendship, and 
flower graphs. In [4], also we examined the modular coloring of the corona product of a generalized 
Jahangir graph. In [5] N. Paramaguru, R. Sampathkumar, investigatedmodular colorings of join of two 
special graphs. In [6], T. Nicholas, G. R, Sanma, discussed the modular colorings of cycle related graphs. In 
[7],R.Rajarajachozhan,R.Sampathkumar,foundthemodularcoloringofthecartesianproductsKm□Kn, 
Km□Cn,And Km□Pn. In [8], T. Nicholas, G. R, Sanma, found the modular colorings of circular Halin graphsof 
level two.In [9] Sanma. G. R, P. Maya obtained the Modular coloring and switching in some planargraphs. 
 
Mainresults 
Let G be a non-trivial undirected connected graph. In this paperwe introduced two new graph structures, 
snow graph STdc(Gμ) and extended snow graph STγ(Gμ) of cycle related graphs. The following theorem 
results that the snow graph and its extended snow graph of cycle related graph admits modular coloring. 
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4 whenμisodd 

Theorem1.Foranyintegerμ≥3,themodularchromaticnumberofasnowgraphofwheelgraph 
3whenμis even 

mc(STdc(Wμ))= { . 

Proof:Theconstructionofthesnowgraphof Wμisdescribedas,letWμbea wheelgraph onμverticesand 
HisanydoubleclawtreeTdc.EachexternalvertexofWμexceptthecentervertexisattachedwiththeroot 

vertexoftheTdcisjoinedbyanedgeiscalledsnowgraphofwheelgraph.LetV(STdc(Wμ))=c0∪vα∪ 
vαβwhere1≤α≤μand1≤β≤6andletE(STdc(Wμ))=c0vα∪ v′:1≤α≤μ∪v′:1≤α≤μand1≤ 

α αβ 

β≤6.ThemodularcoloringofSTdc(Wμ)isdefinedbythefollowingtwocases 
Case1:When μisodd, 

ColoringofSTdc(Wμ)is 

C(c0)=0,C(vα)=0forall α. 
Whenαrangesfrom1toμ −1andβrangesfrom 1to6 

Foralloddα; C(vαβ)={
1: β=2

, 
0:otherwise 

Forallevenα;C(vαβ)={
2: β=2 

0:otherwise 

When;C(vαβ)={
3:β=2 

. 
0:otherwise 

ModularcoloringofSTdc(Wμ)is 
1:1≤α≤μ−1,whereα isodd 

𝒮(c0)=0,𝒮(vα)={2:1≤α≤μ −1,whereαiseven 
3:α=μ 

Whenαrangesfrom1toμ −1andβrangesfrom 1to6 

Foralloddα; 𝒮(vαβ)={
0:β=1,2,3

, forallevenα; 𝒮(vαβ)={
0: β=1,2,3

. 
1:otherwise 

Whenα=μ;𝒮(vαβ)={
0:β=1,2,3

. 
3:otherwise 

2:otherwise 

Case2:Whenμiseven, 

ColoringofSTdc(Wμ)is 

C(c0)=0,C(vα)=0forall α. 
Whenαrangesfrom1toμandβrangesfrom1to6 

Foralloddα; C(vαβ)={
1: β=2

,forall evenα;C(vαβ)={
2: β=2

. 
0:otherwise 

ModularcoloringofSTdc(Wμ)is 
𝒮(c)=0,𝒮(v)={

1:forall oddα 

0:otherwise 

0 α 2:foralloddα 
Whenαrangesfrom1toμ −1andβrangesfrom 1to6 

Foralloddα; 𝒮(vαβ)={
0:β=1,2,3

, forallevenα; 𝒮(vαβ)={
0: β=1,2,3

. 
1:otherwise 2:otherwise 

FromtheabovecasesthegraphSTdc(Wμ)is4modularcolorable,thereforethemodularcoloring ofmc(STdc (Wμ)) 

= 4. 

Theorem2.Foranyintegerμ≥3,themodularchromaticnumberofasnowgraphofgeargraph 

mc(STdc(Gμ))=2. 
Proof: The structure of the snow graph ofGμ, let the graph Gμbe a gear graph with μ vertices then take μ 

copiesofdc,eachexternalvertexofGμisaffixedbyonedc,letV(STdc(Gμ))=c0∪vα∪vαβwhere 
1≤α≤μ and1≤β≤6andletE(STdc(Gμ))=v′:1≤α≤2μ∪ v′:1≤α≤μand1≤β≤6. 

α αβ 

Coloringof ST(G)isC(c)=0,whenαrangesfrom1toμ;C(v)={
0: foralloddα

. 
dc μ 0 α 1:forallevenα 

Whenαrangesfrom1toμandβrangesfrom 1to6 

Foralloddα; C(vαβ)={
1: β=2

,forall evenα;C(vαβ)=0. 
0:otherwise 

ModularcoloringofSTdc(Gμ)is 
𝒮(c)=0,𝒮(v)={

1:forall oddα 

0 α 0:foralloddα 
Whenαrangesfrom1toμ −1andβrangesfrom 1to6 

Foralloddα;𝒮(vαβ)={
0:β=1,2,3 

, forallevenα; 𝒮(vαβ)={
1:β=1,2,3

. 
1:otherwise 0:otherwise 
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1: β=2 

FromtheabovecasesthegraphSTdc(Gμ)ismodular2-colorable,thereforethemodularcoloringof 

mc(STdc(Gμ))=2. 

 
Theorem3.Foranyintegerμ≥3,themodularchromaticnumberofasnowgraphoffriendshipgraphmc(STdc (Fμ)) 

= 3. 

Proof:TheconstructionofthesnowgraphofFμisdescribedas,letFμbeafriendshipgraphonμvertices 

thentakeμcopiesofdc,eachexternalvertexofFμisaffixedbyonedc,letV(STdc(Fμ))=c0∪vα∪ 
vαβwhere1≤α≤2μ and1≤β≤6andletE(STdc (Fμ))=c0v′:1≤α≤2μ∪ v′:1≤α≤μ ∪v′:1≤ 

α α αβ 

α≤μand1≤β≤6. 
Coloringof STdc(Fμ)is, C(c0) = 0,when αrangesfrom 1to2μ;C(vα) = 0. When α 
ranges from 1 to 2μ and β ranges from 1 to 6, 

Foralloddα; C(vαβ)={
1: β=2

,forall evenα;C(vαβ)={
2: β=2

. 
0:otherwise 

ModularcoloringofSTdc(Fμ)is 
𝒮(c)=0,𝒮(v)={

1: forallodd α 

0:otherwise 

0 α 2:forallevenα 
Whenαrangesfrom1to2μandβrangesfrom 1to6 

Foralloddα;𝒮(vαβ)={
0:β=1,2,3 

, forallevenα; 𝒮(vαβ)={
0:β=1,2,3

. 
1:otherwise 2:otherwise 

ThegraphSTdc(Fμ)ismodular3-colorable,thereforethemodularcoloringofmc(STdc(Fμ))=3. 

 
Theorem 4. For any integer μ ≥ 3,the modular chromatic number of a snow graph of generalized fan 

graphmc(STdc (GFμ)) = 3. 

Proof:AsnowgraphofageneralisedfangraphSTdc(GFμ)isconstructedbytakingageneralisedfangraph 

GFμ=Km⊕ Pnandμ copies double claw graph (dc), since all the vertex of the generalized fan graphGFμis 

external vertices, each vertex of the GFμattached by the double claw graph. The vertex set of STdc(GFμ) 

isdefinedasvα∪vαβsuchthat1 ≤ α ≤ μ = m + n and 1 ≤ β ≤ 6.considerbi-vertexsetsV1(GFμ)isa vertexsetof 

Kmcomplement,and V2(GFμ)isa vertexsetofa pathgraph Pn.Thegraph STdc(GFμ)contains 

K3asaninducedsubgraphso,itisminimum3colorsarenecessarytocolorthegraph,thatimplies mc(STdc(GFμ)) ≤ 

3. The graph’scoloring is accomplished based on the vertex sets, likeC(V1(GFμ)) = 1and 

C(V2(GFμ))=0.ThedcgraphaffixedwiththevertexsetV1(GFμ)iscoloredinawaythat;C(vαβ)= 

0forallβ.ForthedcgraphthatisattachedwithV2(GFμ),thecoloringisgivenby,whenαisodd; 

C(vαβ)={
1:β=1to3

,whenαiseven;C(vαβ)={ .Itresultsthemodularcoloringis 
0:otherwise 0:otherwise 

𝒮(V(GF))=0andwhenαrangesfrom1ton𝒮(V(GF))={
1:whenαisodd

.Themodularchromatic 
1 μ 2 μ 2:whenαiseven 

numberofvαβthatisconnectedtoV1(GFμ)is𝒮(vαβ)={
1:β=1 to3

,similarlywhichisconnectedto 
0:otherwise 

V(GF)is𝒮(GF)={
0:β=1 to3

.Thisisvividlyproducetheresultthatthemodularcoloringis 
2 μ μ 1:otherwise 

mc(STdc(GFμ))=3. 

Note: The previously mentioned theorem applies to the modular chromatic number of the snow graph of 
the fan graph. 

Theorem5.Foranyintegerμ≥3,themodularchromaticnumberofasnowgraphofflower graphmc (STdc (Flμ)) = 

3 or 4 

Proof:TheconstructionofthesnowgraphofFlμisdescribedas,letFlμbeaflowergraphonμvertices 

then takeμcopiesofdc,eachexternalvertex ofFlμisaffixedbyonedc,letV(STdc(Flμ))=vα∪ vαβwhere 
1≤α≤2μand 1≤β≤6 and let E(STdc (Flμ))=c0v′:1≤α≤2μ∪v′:1≤α≤μ∪v′:1≤α≤ 

α 

μ and 1 ≤ β ≤ 6. 
ColoringofSTdc(Flμ)is, 
C(c0)=0,whenαrangesfrom 1to2μ;C(vα)=0. 

α αβ 

Whenαrangesfrom1to2μexcept α=2μ−1andβrangesfrom1to 6, 
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β 

β 

β 

β 

Forallodd αwhereα≡2,3(mod 4);C(vαβ)={
2: β=2

. 
0:otherwise 

Foralloddαwhere≡0,1(mod4);C(vαβ)={
1: β=2 

. 
0:otherwise 

Whenα=2μ −1;C(vαβ)={
3: β=2 

. 
0:otherwise 

ThemodularcoloringofSTdc(Flμ)is, is 
𝒮(c0) = 0, 
whenαrangesfrom1to2μexcept2μ−1, ifα ≡ 

0,1(mod 4) ; 𝒮(vα) = 1, 
ifα≡2,3(mod4); 𝒮(vα)=2, 
ifα=μ −1;𝒮(vα)=3. 

Whenαrangesfrom1to2μexcept 2μ −1andβrangesfrom1to6, For all α 

where α ≡ 0,1 (mod 4); 𝒮(vαβ) ={
0:β= 1,2,3 

, 
1:otherwise 

Forall αwhere α≡2,3(mod4);𝒮(vαβ)={
0:β=1,2,3

, 
2:otherwise 

When α=μ − 1;𝒮(vαβ)={
0:β=1,2,3 

. 
3:otherwise 

FromtheabovecasesthegraphSTdc(Flμ)ismodular3-colorable,thereforethemodularcoloringof 

mc(STdc(Flμ))=3. 

 
Extendedsnowgraph 

Theorem6.IfG=WμandHisanγ−arygraph,thenSTγ(Wμ)ismodular3or4- colorable. 
Proof: Let H be a γ-ary graph with γ- children and G be a graph of Wμwith μ vertices. Then, since every 
vertex in the wheel graph Wμis an external vertex, the extended snow graph of wheelWμis created by 
taking μ copies of the H = γ-ary graph and attaching them to the μ vertices of the wheelgraph by an edge. 
TheV[STγ(Wμ)]={vo∪vα∪vhα∋α→1 toμ;h→1tonandβ→1to∑h−1γi∀ α,γ,n,i∈ℕ} andthe 

β i=1 
E[STγ(Wμ)]={eα∪v′∪v′′∪ehα∋α→1toμ;h→1tonandβ→1 to∑hγi∀ μ,γ∈ℕ}.The following 

α α β i=1 

twocasesdealsthetheorem.ThemodularcoloringofSTγ(Wμ)isdefinedbyaninjectivemapping 

C(Cμ):vα∪vαβ→𝕫k;k≥2. 
Case 1: When μ is odd, 
ThecoloringofSTγ(Wμ)is, 

C(v0)=0,C(vα)=0forallα. 
Themodularcoloringoftheaboveverticesis 

1 if1≤α≤μ−1,whereαisodd 

𝒮(c0)=0,𝒮(vα)={2 if1≤α≤μ,whereαiseven 
3 ifα=μ,whereμisodd 

Coloringoftheγ-araygraphofSTγ(Wμ)ispartitionedintothreesubcasesasfollows 
Subcase1:Whenγ≡0(mod4) 
Whenαrangesfrom1toμ−1andforallβ 

Forall oddα;C(vαh)={
0 if1≤h≤n,wherehis even

, β 1 if1≤h≤n,whereh isodd 
0 if1≤h≤n,wherehis even 

Forallevenα;C(vαh)={1 if2≤h≤n,whereh isodd, 
2 ifh=1 

0 if1≤h≤n,wherehis even 
Whenα=μ;C(vαh)={1 if2≤h≤n,whereh isodd 

3 ifh=1 
ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1toμ−1andforallβ 

Foralloddα;𝒮(vαh)={
0 if1≤h≤n,wherehisodd

, β 1 if1≤h≤n,whereh iseven 
0 if1≤h≤n,wherehisodd 

For allevenα;𝒮(vαh)={1 if4≤h≤n,whereh iseven. 
2 ifh=2 

0 if1≤h≤n,whereh isodd 
Whenα=μ;𝒮(vαh)={1 if≤h≤n,wherehis even. 

3 ifh=2 
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β 

β 

β 

β 

β 

β 

β { 

Subcase2:Whenγ≡1(mod4) 
Whenαrangesfrom1toμ−1andforallβ 

Forall oddα;C(vαh)={
0 if1≤h≤n,wherehis even

, β 1 if1≤h≤n,whereh isodd 
0 if1≤h≤n,wherehis even 

Forallevenα;C(vαh)={1 if2≤h≤n,whereh isodd, 
2 ifh=1 

0 if1≤h≤n,wherehiseven 

Whenα=μ;C(vαh)={
1 if2≤h ≤n,h ≡1(mod4)wherehisodd 

β 2 if2≤h≤n,h≡3(mod4)wherehisodd 
3 ifh=1 

ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1toμ−1andforallβ 

Foralloddα;𝒮(vαh)={
0 if1≤h≤n,wherehisodd

, β 2 if1≤h≤n,whereh iseven 
0 if1≤h≤n,wherehisodd 

For allevenα;𝒮(vαh)={2 if4≤h≤n,whereh iseven. 
3 ifh=2 

0 if1≤h≤n,wherehis odd 

Whenα=μ;𝒮(vαh)={
1 h=2,n;n≡2(mod4)whereh is even 

β 2 h=n,n≡0(mod 4),wherehis even 
3 if4≤h≤n−1,whereh iseven 

Subcase3:Whenγ≡2(mod4) 
whenαrangesfrom1toμ−1andforallβ 

Forall oddα;C(vαh)={
0 if1≤h≤n,wherehis even

, β 

Forallevenα;C(vαh 

1 if1≤h≤n,whereh isodd 

)=
0 if1≤h≤n,whereh iseven

, 
2 if1≤h≤n,wherehisodd 

0 if1≤h≤n,wherehis even 
Whenα=μ;C(vαh)={1 if2≤h≤n,whereh isodd. 

3 ifh=1 
ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1toμ−1andforallβ 

Foralloddα;𝒮(vαh)={
0 if1≤h≤n,wherehisodd

, β 3 if1≤h≤n,whereh iseven 

Forallevenα;𝒮(vαh)={
0 if1≤h≤n,wherehisodd

. β 2if 1≤h≤n,whereh iseven 
0 if1≤h≤n−1,whereh isodd 

Whenα=μ;𝒮(vαh)={1 ifh=2andh=n,hiseven . 
3 if4≤h≤n,whereh iseven 

Subcase4:Whenγ≡3(mod4) 
Whenαrangesfrom1toμ−1andforallβ 

0 if1≤h≤n−1,whereh iseven 
Foralloddα;C(vαh)={1 ifh≡1(mod4),wherehisodd, 

2 ifh≡3(mod 4),wherehisodd 
0 if1≤h≤n−1,whereh iseven 

Forallevenα;C(vαh)={1 ifh≡3(mod4),wherehisodd, 
2 ifh≡1(mod 4),wherehisodd 

0 if1≤h≤n,wherehiseven 

Whenα=μ;C(vαh)= {
1 if1≤h≤n;h≡3(mod4),wherehisodd

. 
β 2 if5≤h≤n;h≡1(mod4),wherehis odd 

3 ifh=1 
ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1toμ−1andforallβ For 
all odd α; 

0 if1≤h≤n,wherehisodd 

𝒮(vαh)={
1if1≤h≤n − 1;h≡0(mod4),andh=n,h≡2(mod4)

, β 2 ifh=n,h≡0(mod4) 

3 if1≤h≤n−1;h≡2(mod4),wherehis even 
Forallevenα; 
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β 

β 

β 

β 

β 

β 

β { 

0 if1≤h≤n,whereh isodd 

𝒮(vαh)={
1if1≤h≤n− 1;h≡2(mod4),andh=n;h≡0(mod4) 

β 2 ifh=n;h≡2(mod4) 
. 

3 if1≤h≤n −1;h≡2(mod 4),wheren his even 
Whenα=μ; 

0 if1≤h≤n,whereh isodd 

𝒮(vαh)={
1if1≤h≤n− 1;h≡2(mod4),andh=n;h≡0(mod4) 

β 2 ifh=2andh=n,h≡2(mod4) 
. 

3 if1≤h≤n−1;h≡0(mod4),wherehis even 
Thus from the above results STγ(Wμ) is 4 modular colorable for μ- is odd, therefore the modular coloring 

ofmc(STγ(Wμ)) = 4. 

Case2:When μis even, 
C(v0)=0,C(vα)=0forallα. 
Themodularcoloringoftheaboveverticesare 

𝒮(c)=0,𝒮(v)={
1 if1≤α≤μ,whereαisodd 

0 α 2if 1≤α≤μ,whereαiseven 

ColoringofSTγ(Wμ)issplittedasthreesubcasesasfollows 
Subcase1:Whenγ≡0(mod3) 
Whenαrangesfrom1toμandforallβ 

Forall oddα;C(vαh)={
0 if1≤h≤n,wherehis even

, β 1 if1≤h≤n,whereh isodd 
0 if1≤h≤n,wherehis even 

Forallevenα;C(vαh)={1 if2≤h≤n,whereh isodd, 
2 ifh=1 

ModularcoloringofSTγ(Wμ)is 

𝒮(c)=0,𝒮(v)={
1 if1≤h≤n,wherehis odd

, 0 α 2if 1≤h≤n,wherehiseven 
Whenαrangesfrom1toμandforallβ 

Foralloddα;𝒮(vαh)={
0 if1≤h≤n,wherehisodd

, β 1 if1≤h≤n,whereh iseven 
0 if1≤h≤n,whereh isodd 

Forallevenα;C(vαh)={1 if4≤h≤n,wherehis even. 
2 ifh=2 

Subcase2:Whenγ≡1(mod3) 
Whenαrangesfrom1toμandforallβ 

Forall oddα;C(vαh)={
0 if1≤h≤n,wherehis even

, β 

Forallevenα;C(vαh 

1 if1≤h≤n,whereh isodd 

)=
0 if1≤h≤n,whereh iseven

, 
2 if1≤h≤n,wherehisodd 

ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1toμandforallβ 

0 if1≤h≤n,wherehis odd 
Foralloddα;𝒮(vαh)={1 ifh=n,wherenis even , 

2 if1≤h≤n−1,wherehiseven 
0 if1≤h≤n,whereh isodd 

For allevenα;𝒮(vαh)={1 if1≤h≤n−1,wherehiseven. 
2 ifh=n,whereniseven 

Subcase3:Whenγ≡2(mod3) 
Whenαrangesfrom1toμandforallβ 

0 if1≤h≤n,wherehiseven 
Foralloddα;C(vαh)={1 ifh≡1(mod4),wherenisodd, 

2 ifh≡3(mod4),wherehisodd 
0 if1≤h≤n,wherehiseven 

Forallevenα;C(vαh)={1 ifh≡3(mod4),wherenis odd, 
2 ifh≡1(mod4),wherehisodd 

ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1toμandforallβ 
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β 

β 

β α 

β α 

α 

β 

β 

α 

β { 

β { 

 

 
Foralloddα;𝒮(vαh)= 

0 if1≤h≤n,wherehis odd 

1 
if 1 ≤ h ≤ n;h ≡ 0(mod4),where n is even 

and h = n, where n ≡ 2(mod4) ,
 

2 
if1≤h≤nh≡2(mod4),wherehis even

 ⎝ andh=n,wheren≡0(mod4) 
0 if1≤h≤n,wherehisodd 

 
For allevenα;C(vαh)= 

1 
if 1 ≤ h ≤ n;h ≡ 2(mod4),where n is even 

and h = n, where n ≡ 0(mod4) .
 

2 
if1≤h≤nh≡0(mod4),wherehis even

 ⎝ andh=n,wheren≡2(mod4) 
From the above cases the graph STγ(Wμ) is 3 modular colorable for μ- is even, therefore the modular 

coloring of mc(STγ(Wμ)) = 3. 

Theorem7.If G=GμandHisanγ−arygraph,thenSTγ(Gμ)ismodular2 -colorable. 
Proof: Let H be a γ-ary graph with γ- children and G be a graph of Gμwith μ vertices. Then, since every 
vertexinthegeargraph Wμisanexternalvertex,theextended snowgraphofgearGμiscreatedbytaking μ 
copiesoftheH=γ-arygraphandattachingthemtotheμverticesofthegeargraphbyanedge.The 
V[STγ(Gμ)]={vo∪vα∪vhα∋α→1to2μ;h→1tonandβ→1to∑h−1γi∀α,γ,n,i∈ℕ}and the 

β ′ ′′ hα i=1 
∑h i 

E[STγ(Gμ)]={eα∪vα∪vα∪ eβ 
2 

∋α→1to2μ;h→1tonandβ→1to i=1γ ∀μ,γ∈ℕ}.The following 

twocasesdealsthetheorem.ThemodularcoloringofSTγ(Gμ)isdefinedbyaninjective mappingC(Cμ):V → 𝕫k; k ≥ 
2.The coloring of STγ(Gμ) is, 
Case1:Whenμ≥3,γisodd 
Subcase1:h≡0(mod4) 
ThecoloringofSTγ(Gμ)isgivenby 
C(v0)=1,C(vα)=0∀α, 
Whenαranges from1to2μ,forallβ,and1≤h≤n 

Foreachodd α;C(vhα)={
0ifhisevenand h≡1(mod4);wherehisodd

, β 

 

Foreachevenα;C(vhα 

1 ifh≡3(mod 4);wherehisodd 

)=
0if his oddand h≡0 (mod 4);whereh iseven

. 
1 ifh≡2(mod 4);wherehis even 

Themodularcoloringis 
𝒮(v)=0,𝒮(v)={

0ifαiseven
∀α, 

0 α 1 ifαis odd 
Whenαranges from1to2μ,forallβ,and1≤h≤n 

Foreachoddα; 𝒮(vhα 
0 ifαisodd 

)={ 
1 if iseven 

Foreachevenα; 𝒮(vhα 
0 ifα iseven 

)={ 
1 if isodd 

Subcase2:Excepth≡0(mod4) 
ThecoloringofSTγ(Gμ)isgivenby 
C(v)=0,C(v) 0 

ifα iseven, 0 α={ 
1 if isodd 

Whenαranges from1to2μ,forallβ,and1≤h≤n 

For eachoddα;C(vhα)={
0 ifh≡1(mod 4);wherehisodd 

, β 

 

Foreachevenα;C(vhα 

1ifhisevenandh≡3(mod4);wherehisodd 

)=
0if his oddand h≡2 (mod 4);whereh iseven

. 
1 ifh≡0(mod 4);wherehiseven 

Theaboveapplicationsreflectthemodularcoloringis 
𝒮(v)=0,𝒮(v)={

0 ifαisodd
, 

0 α 1if αiseven 
Whenαranges from1to2μ,forallβ,and1≤h≤n 

Foreachoddα; 𝒮(vhα 
0 ifhisodd 

)={ 
1 ifh iseven 

Foreachevenα; 𝒮(vhα 
0 ifh iseven 

)={ 
1 ifhisodd 

Case2:Whenμ≥3,γiseven 
ThecoloringofSTγ(Gμ)isgivenby 
C(v)=0,C(v) 0 

ifα iseven, 0 α={ 
1 if isodd 

, 

. 

, 
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β 

β 

β 

i=1 β 

i=1 

α 

i=1 

β 

β 

i=1 

i=1 

β 

β { 

Whenαranges from1to2μ,forallβ,and1≤h≤n 
Foreachoddα;C(vhα)={

0 ifhisodd
, 

β 

Foreachevenα;C(vhα 

1if hiseven 

)=0if hiseven. 
1 ifh isodd 

Theaboveapplicationsreflectthemodularcoloringis 
𝒮(v)=0,𝒮(v)={

0ifαiseven
, 

0 α 1 ifαis odd 
Whenαranges from1to2μ,forallβ,and1≤h≤n 

Foreachoddα; 𝒮(vhα 
0 ifhisodd 

)={ 
1 ifh iseven 

Foreachevenα; 𝒮(vhα 
0 ifh iseven 

)={ 
1 ifhisodd 

ThustheabovecaseisleadstoSTγ(Gμ)is3modularcolorable,thereforethemodularcoloringof 

mc(STγ(Gμ))=3. 

 

Theorem8.If G=FμandHisanγ−arygraph,thenSTγ(Fμ)ismodular3 -colorable. 
Proof: Let H be a γ-ary graph with γ- children and G be a graph of Fμwith μ vertices. Then, since every 

vertex in the friendship graph Fμis an external vertex except the center vertex, the extended snow graphof 

friendship graphFμis created by taking μ copies of the H = γ-ary graph and attaching them to the μ 

verticesofthefriendshipgraphbyanedge.TheV[STγ(Fμ)]={vo∪vα∪vhα∋α→1 to2μ;h→ 

1tonandβ→1to∑h−1γi∀ α,γ,n,i∈ℕ}and the E[STγ(Fμ)]={e2α∪vαvα+1∀oddα ∪ehα∋α→ 

1 toμ;h→1tonandβ→1to∑hγi∀μ,γ∈ℕ}.Thefollowingthreecasesdealsthetheorem.Themodular 
coloringofSTγ(Fμ)isdefinedbyaninjectivemappingC:V→𝕫k;k≥2.Thecoloringof STγ(Fμ)is, 
C(vα) = 0;whereαrangesfrom0to2μ. Thecoloringpatternsandthemodularcoloringofthe 
graphSTγ(Fμ)are followed from the case 2 of theorem 6. 

ThegraphSTγ(Fμ)is3modularcolorable,thereforethemodularcoloringofmc(STγ(Fμ))=3. 

 

Theorem9.IfG=k̅m ⨁PnandHisanγ−arygraph,thenSTγ (k̅m⨁Pn)ismodular3-colorable. 

Proof: Let H be a γ-ary graph with γ- children and G be a graph of k̅m ⨁Plwith μ vertices. Then, since every 
vertex in the generalized fan graph k̅m ⨁Plis an external vertex, the extended snow graph of generalized 
fan graphk̅m⨁Plis created by taking μ = m+l copies of the H = γ-ary graph and attaching themtothe 
μverticesofthegeneralizedfangraphbyanedge.TheV[STγ (k̅m⨁Pl)]={uα∋α→1tom∪ 
vα∋α→1tol∪vhα∋h→1tonandβ→1to∑h−1γi∀α,γ,n,i∈ℕ}andtheE[STγ (k̅m⨁Pn)]={u′∋α→ 

β i=1 α 
1 tom∪ v′∋α→1tol∪ehα∋h→1tonandβ→1 to∑hγi∀ μ,γ∈ℕ}.Thefollowingthreecasesdeals 

α β i=1 

thetheorem.Themodularcoloringof STγ (k̅m⨁Pl)isdefinedbyaninjectivemappingC:V → 𝕫k;k ≥ 2.the coloring 

ofSTγ (k̅m⨁ Pl) is given by 
 

 
Case1:whenγ≡0(mod3) 

C(uα) = 0∀αrangeasfrom1tom 

C(vα) = {1 if α is odd 
2 if is even 

Whenαrangesfrom 1tom,1≤h≤n,and1≤β≤∑hγi 
0 if1≤h≤n;h isodd 

C(vhα)={1if4≤h≤n;h iseven 

themodularcoloringis 
2 ifh=2andβ=1 

0 if1≤h≤n;his even 
𝒮(vhα)={1if1≤h≤n;hisodd,except1≤β≤γinh=3 

2 if1≤β≤γinh=3 
Whenαrangesfrom 1tol,1≤h≤n,and1≤β≤∑hγi 

ThecoloringoftheverticesofSTγ (k̅m⨁Pl)isfollowedfromsubcase1ofcase2inthetheorem6. 
Case2:whenγ≡1(mod3) 

Whenαrangesfrom1tom,1≤h≤n,and 1≤β≤∑hγi 

 
themodularcoloringis 

C(vhα 
0 ifhisodd 

)={ 
1 ifh iseven 

, 

. 
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β 

i=1 

β 

i=1 

β 

β 

β 

β 
2 h≡1(modγ) 

β 

i=1 

β 

β 

i=1 β 

i=1 

β 

β 

β 

β 

β 

𝒮(vhα 
0 ifhiseven 

)={ 
1 ifhis odd 

Whenαrangesfrom 1tol,1≤h≤n,and1≤β≤∑hγi 

Coloringoftheverticesvhαisdescribedinthesamewayofcoloringofsubcase1ofcase2inthetheorem 

6. 
Case3:whenγ≡2(mod3) 

Whenαrangesfrom 1tom,1≤h≤n,and1≤β≤∑hγi 

For 1≤h≤n;wherehisodd,C(vhα)=0, 

Forh=2;C(vhα)=1, 

Forh≥4;wherehiseven,thesubsequentofthevertex(h)ofthevertex(h− 2)whichiscoloredby1 

then the coloring is given by 

by C(vhα) = 1. 

Themodularcoloringis 

C(vhα )={ ,thatiscoloredby2thenthecoloringisgiven 
1 otherwise 

0if1 ≤ h ≤ n;whereh iseven 
C(vhα)={1 if3≤h≤n,;whereh isodd 

2 ifh=1 
Whenαrangesfrom 1tol,1≤h≤n,and1≤β≤∑hγi. 

ColoringofC(vhα)describedinthesamewayofcoloringofsubcase2ofcase2inthetheorem6. 

Theaboveresultsthat,thegraphSTγ(k̅m⨁Pl)ismodular-3colorable,thusthemc(STγ(k̅m⨁Pl))=3. 

 

Theorem10.IfG=FlμandHisanγ−arygraph,thenSTγ(Flμ)ismodular3-colorable. 
Proof: Let H be a γ-ary graph with γ- children and G be a graph of Flμwith μ vertices. Then, since every 

vertex in the flower graph Flμis an external vertex except the center vertex, the extended snow graph of 

flowergraphFlμiscreated by takingμcopies oftheH= γ-arygraph andattachingthem totheμverticesof 

theflowergraphbyanedge.TheV[STγ(Flμ)]={vo∪vα∪vhα∋α→1to2μ;h→1tonandβ→ 

1to∑h−1γi∀α,γ,n,i∈ℕ}and the E[STγ(Flμ)]={e2α∪vαvα+1∀oddα∪ehα∋α→1toμ;h→ 

1tonandβ→1to∑hγi∀μ,γ∈ℕ}.Thefollowing threecases dealsthetheorem. Themodularcoloring of 
STγ(Flμ)isdefinedbyaninjectivemappingC:V → 𝕫k;k ≥ 2. The 
coloring of STγ(Wμ) is, 
Case1:When μis odd, 
C(v0) = 0,C(vα) = 0forallαrangesfrom1to2μ. The 
modular coloring of the above vertices is 

1 
if1≤α≤μ−1andμ+1≤α≤2μ,whereαisodd;

 
𝒮(c0)=0,𝒮(vα )={ 

α=2μ,whereμiseven 
2 if1≤α≤μ−1,andμ+1≤α≤2μ;whereαiseven 
3 ifα=μ,whereμisodd 

Coloringoftheγ-araygraphofSTγ(Wμ)ispartitionedintothreesubcasesasfollows 
Subcase1:Whenγ≡0(mod4) 
Whenαrangesfrom1to2μexceptμandforallβ 
Foralloddαandα=2μ,αiseven;C(vαh)={

0if 1≤h≤n,where his even
, 

β 1 if1≤h≤n,wherehis odd 
0if1≤h≤n,wherehiseven 

Forallevenαexceptα=2μ;C(vαh)={1 if2≤h≤n,wherehisodd, 
2 ifh=1 

0if1≤h≤n,wherehiseven 
Whenα=μ;C(vαh)={1 if2≤h≤n,whereh isodd 

3 ifh=1 
ModularcoloringofSTγ(Wμ)is 
whenαrangesfrom1to2μexceptμandforallβ 

Foralloddαandα=2μ,αis even; 𝒮(vαh 
0 if1≤h≤n,whereh isodd 

)={ 
1 if1≤h≤n,wherehis even 

0 if1≤h≤n,wherehisodd 
Forallevenαexceptα=2μ;𝒮(vαh)={1 if4≤h≤n,whereh iseven. 

2 ifh=2 
0 if1≤h≤n,wherehis odd 

Whenα=μ;𝒮(vαh)={1 if≤h≤n,wherehiseven. 
3 ifh=2 

, 
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β 

β 

β 

β 

Subcase2:Whenγ≡1(mod4) 
Whenαrangesfrom1to2μexceptμandforallβ 

Foralloddαandα=2μ,αis even; C(vαh 
0 if1≤h≤n,wherehis even 

)={ 
1 if1≤h≤n,whereh isodd 

0 if1≤h≤n,wherehis even 
Forallevenαexceptα=2μ;C(vαh)={1 if2≤h≤n,whereh isodd, 

2 ifh=1 
0 if1≤h≤n,whereh iseven 

Whenα=μ;C(vαh) ={
1if2≤h ≤n,h ≡1(mod4)wherehisodd 

β 2if2≤h≤n,h≡3(mod4)wherehisodd 
3 ifh=1 

ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1to2μexceptμandforallβ 

Foralloddαandα=2μ,αis even; 𝒮(vαh 
0 if1≤h≤n,whereh isodd 

)={ 
2 if1≤h≤n,wherehis even 

0 if1≤h≤n,wherehisodd 
Forallevenαexcept=2μ;𝒮(vαh)={2 if4≤h≤n,whereh iseven. 

3 ifh=2 
0 if1≤h≤n,wherehisodd 

Whenα=μ;𝒮(vαh)={
1h=2,n;n≡2(mod4) wherehiseven 

β 2 h=n,n≡0(mod 4),wherehiseven 
3 if4≤h≤n−1,wherehis even 

Subcase3:Whenγ≡2(mod4) 
Whenαrangesfrom1to2μexceptμandforallβ 

Foralloddαandα=2μ,αis even; C(vαh 
0 if1≤h≤n,wherehis even 

)={ 
1 if1≤h≤n,whereh isodd 

Forallevenα; C(vαh 
0 if1≤h≤n,wherehis even 

)={ 
2 if1≤h≤n,whereh isodd 

0if1≤h≤n,wherehiseven 
Forallevenαexceptα=2μ;C(vαh)={1 if2≤h≤n,wherehisodd. 

ModularcoloringofSTγ(Wμ)is 
3 ifh=1 

Whenαrangesfrom1to2μexceptμandforallβ 

Foralloddαandα=2μ,αis even; 𝒮(vαh 
0 if1≤h≤n,whereh isodd 

)={ 
3 if1≤h≤n,wherehis even 

Forallevenαexceptα=2μ;𝒮(vαh)={
0 if1≤h≤n,wherehisodd

. 
β 2if 1≤h≤n,wherehiseven 

0if1≤h≤n−1,wherehisodd 
Whenα=μ;𝒮(vαh)={1 ifh=2andh=n,h iseven . 

3 if4≤h≤n,wherehis even 
Subcase4:Whenγ≡3(mod4) 
Whenαrangesfrom1to2μexceptμandforallβ 

0 if1≤h≤n−1,wherehis even 
Forallodd αand α=2μ,αiseven;C(vαh)={1if h≡1(mod 4),wherehisodd, 

2 ifh≡3(mod 4),wherehisodd 
0 if1≤h≤n−1,whereh iseven 

Forallevenαexceptα=2μ;C(vαh)={1 ifh≡3(mod 4),wherehisodd, 
2 ifh≡1(mod 4),wherehisodd 

0 if1≤h≤n,whereh iseven 

Whenα=μ;C(vαh)={1if1≤h≤n;h≡3(mod 4),where hisodd. 
β 2 if5≤h≤n;h≡1(mod4),wherehisodd 

3 ifh=1 
ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1to2μexceptμandforallβ 
Foralloddαandα=2μ,αis even; 

0 if1≤h≤n,whereh isodd 

𝒮(vαh 
1 if1≤h≤n−1;h≡0(mod4),and h=n,h≡2(mod 4) 

)={
2 ifh=n,h≡0(mod4) 

, 

3 if1≤h≤n−1;h≡2(mod4),wherehiseven 
Forallevenαexceptα=2μ; 

, 

, 

, 

, 

, 
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β 

 
𝒮(vαh 

0 if1≤h≤n,wherehis odd 
1 if1≤h≤n−1;h≡2(mod4),andh=n;h≡0(mod4) 

)={
2 ifh=n;h≡2(mod4) 

. 

3 if1≤h≤n−1;h≡2(mod4),wherenh is even 
Whenα=μ; 

0 if1≤h≤n,wherehis odd 
αh 1 if1≤h≤n−1;h≡2(mod4),andh=n;h≡0(mod4) 

𝒮(vβ )={ 2 
ifh=2andh=n,h≡2(mod4) 

. 

3 if1≤h≤n−1;h≡0(mod4),wherehiseven 
Thus from the above results STγ(Wμ) is 4 modular colorable for μ- is odd, therefore the modular coloring 

ofmc(STγ (Wμ )) = 4. 

Case2:When μis even, 
C(v0) = 0,C(vα) = 0forallαrangesfrom1to2μ. The 
modular coloring of the above vertices are 

𝒮(c0)=0,𝒮(vα) 
1 if1≤α≤μ,whereα isodd 

={ 
2 if1≤α≤μ,whereαis even 

ColoringofSTγ(Wμ)issplittedasthreesubcasesasfollows 
Subcase1:Whenγ≡0(mod3) 
Whenαrangesfrom1to2μandforallβ 
Forall1≤α≤μ,whereαisevenand ;μ+1≤α≤2μ,where αisodd 

C(vαh)={
0if1≤h≤n,where hiseven

, β 1 if1≤h≤n,wherehis odd 
Forall1≤α≤μ,whereαisoddand;μ+1≤α≤2μ,where αiseven 

0if 1 ≤ h ≤ n,whereh iseven 
C(vαh)={1 if2≤h≤n,wherehisodd, 

2 ifh=1 
ModularcoloringofSTγ(Wμ)is 

𝒮(c0)=0,𝒮(vα) 
1 if1≤h≤n,wherehisodd 

={ 
2 if1≤h≤n,whereh iseven 

Whenαrangesfrom1to2μandforallβ 
Forall1≤α≤μ,whereαisevenand;μ+1≤α≤2μ,where αisodd 

𝒮(vαh 0 if1≤h≤n,wherehis odd 
)={ 

1if1≤h≤n,wherehiseven 
Forall1≤α≤μ,whereαisoddand;μ+1≤α≤2μ,where αiseven 

0 if 1 ≤ h ≤ n,where h is odd 
C(vαh) = {1if 4 ≤ h ≤ n,whereh iseven. 

2 ifh=2 
Subcase2:Whenγ≡1(mod3) 
Whenαrangesfrom1to2μandforallβ 
Forall1≤α≤μ,whereαisevenand;μ+1≤α≤2μ,where αisodd 

C(vαh)={
0if1≤h≤n,where hiseven

, β 1 if1≤h≤n,wherehis odd 
Forall1≤α≤μ,whereαisoddand;μ+1≤α≤2μ,where αiseven 

C(vαh)={
0if1≤h≤n,where hiseven

, 
β 2 if1≤h≤n,wherehis odd 

ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1to2μandforallβ 
Forall1≤α≤μ,whereαisevenand;μ+1≤α≤2μ,where αisodd 

0 if1≤h≤n,wherehisodd 
𝒮(vαh)={1 ifh=n,whereniseven , 

2if 1≤h≤n−1,wherehiseven 
Forall1≤α≤μ,whereαisoddand;μ+1≤α≤2μ,where αiseven 

0 if1≤h≤n,wherehisodd 
𝒮(vαh)={1if1≤h≤n− 1,whereh iseven. 

2 ifh=n,whereniseven 
Subcase3:Whenγ≡2(mod3) 
Whenαrangesfrom1to2μandforallβ 
Forall1≤α≤μ,whereαisevenand;μ+1≤α≤2μ,where αisodd 

β , 
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0 if 1 ≤ h ≤ n,where h is even 
C(vαh)={1ifh≡1(mod4),wheren is odd, 

2ifh≡3(mod4),whereh isodd 
Forall1≤α≤μ,whereαisoddand;μ+1≤α≤2μ,where αiseven 

0 if 1 ≤ h ≤ n,where h is even 
C(vαh)={1ifh≡3(mod4),wheren is odd, 

2ifh≡1(mod4),whereh isodd 

ModularcoloringofSTγ(Wμ)is 
Whenαrangesfrom1toμandforallβ 
Forall1≤α≤μ,whereαisevenand;μ+1≤α≤2μ,where αisodd 

0 if1≤h≤n,whereh isodd 

1 
if1≤h≤n;h≡0(mod4),wherenis even

 𝒮(vαh)= andh=n,wheren≡2(mod4) , 

2 
if1≤h≤nh≡2(mod4),wherehiseven

 ⎝ andh=n,wheren≡0(mod4) 
Forall1≤α≤μ,whereαisoddand;μ+1≤α≤2μ,where αiseven 

0 if1≤h≤n,wherehis odd 

1 
if1≤h≤n;h≡2(mod4),wherenis even

 
C(vαh)= andh=n,wheren≡0(mod4) . 

2 
if1≤h≤nh≡0(mod4),wherehiseven

 ⎝ andh=n,wheren≡2(mod4) 
From the above cases the graph STγ(Wμ) is 3 modular colorable for μ- is even, therefore the modular 

coloring of mc(STγ (Wμ)) = 3. 

CONCLUSION 
Inthis paper, wedeveloped two new graphs calledsnow graph and extendedsnow graph,and inaddition to 
that, we examined the modular coloring for some famous graphs, such as snow graph and its extended 
snow graph of wheel, gear, friendship, generalized fan, and flower graph. It results in the graph being 
modular - K colorable, and the modular chromatic number is obtained. The application of the result is 
extended to the traffic signal of a busy road with huge passengers, and in the future we can develop many 
applications related to this work using various graph structures. 
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