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Abstract. Let G be a (p,q) graph. Let V be an inner product space with basis S. We denote the inner product of
the vectors x and y by < x,y >. Let ¢ : V(G) — S be a function. For edge uv assign the label < ¢ (u), ¢ (v) >. Then
¢ is called a vector basis S-cordial labeling of G if |¢, — ¢,| < 1 and |y; — ;| < 1 where ¢, denotes the number
of vertices labeled with the vector x and 7; denotes the number of edges labeled with the scalar i. A graph which
admits a vector basis S-cordial labeling is called a vector basis S-cordial graph. In this paper, we investigate the
vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial labeling behavior of some new graphs like the
olive tree, lobster graph, I,,, , graph, shrub graph, rose flower graph, clematis flower graph, cherry blossom flower
graph, armed crown graph, rocket graph and sandat graph.
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1. INTRODUCTION

In this paper, a graph G = (V,E) is finite, simple, connected and undirected. The idea of
graph labeling technique was introduced by Rosa in 1967 [16]. Arithmetic number labeling
for banana tree, olive tree, shrub, jelly fish, tadpole graphs were discussed by Uma Maheswari
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and Purnalakshmi [18]. The existence of (s,d) magic labeling in some trees such as a coconut
tree, regular bamboo tree, symmetrical tree, olive tree and spider tree have been determined
by Sumathi and Mala [14]. A novel encryption algorithm using skolem graceful labeling was
studied in [17]. Square Sum labeling has been investigated in [19] for lobster and fan graph.
Mean cordial labeling of tadpole and olive tree has been investigated by Deshmukh and Shaikh
[3]. Rathod and Kanani [12] proved that the middle graph, total graph and splitting graph of
the path are 4-cordial. Kavitha and Sumathi [7] have proved that the caterpillar and lobster
graphs are quotient-4 cordial. Prime cordial labeling behavior of the crown, armed crown,
H-graph and butterfly graph were examined in [13]. Amuthavalli and Shanmuga Sundaram
[1] have studied the super fibonacci graceful anti-magic labeling for rose flower graph, clema-
tis flower graph and cherry blossom flower graph. Cycle and path related near mean cordial
graphs were explored in [7]. Susilawati and Salman [15] have determined the rainbow con-
nection number of a rocket graph. Cordial labeling was first introduced by Cahit [2]. We
follow the terminologies and relevant notations of graph theory and algebra in [5, 6]. For a
survey on graph labeling, we refer the book of Gallian [4]. We have introduced the new label-
ing technique called vector basis S-cordial labeling in [9] and also investigated the vector ba-
sis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial labeling behavior of several graphs like
path, cycle, comb, star, complete graph, fan graph, friendship graph, lilly graph, bistar graph,
generalized friendship graph, tadpole graph, gear graph and thorn related graphs in [9, 11, 12].
In this paper, we examines the vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial
labeling behavior of some new graphs like the olive tree, lobster graph, I, , graph, shrub graph,
rose flower graph, clematis flower graph, cherry blossom flower graph, armed crown graph,
rocket graph and sandat graph.

In this paper, we consider the inner product space R" and the standard inner product < x,y >=

xX1y1 +x2y2 + - - + Xy, Where x = (X1,X2, .. .,Xn),Y = (V1,Y25 -5 Vn) » Xi, Vi € R.
2. PRELIMINARIES

We use some basic definitions which are needed for the upcoming section.
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Definition 2.1. [16] The olive tree O, is a rooted tree consisting of n branches where the i'"

branch is a path of length i.

Definition 2.2. [17] The lobster graph L,(q,r), n > 2 is a graph with n vertices on backbone
path, each of which is connected to q hand vertices and each hand vertex is connected to r

finger vertices.

Definition 2.3. [18] The shrub graph S, n,.... n, is a graph got by connecting a vertex vy to the

central vertex of each of k number of stars.

Definition 2.4. [4] Let P, : ujuy . . .u, and P, : viv; . . .vy, be the two paths and consider two stars
with vertex set {x,x;,y,yi} and {xx;,yyi}. The graph Ly, n > 2 is obtained by the two paths

P,, P, and two stars by identifying the vertices x,y,u,,v|. Note that u is the identifying vertex.

Definition 2.5. [1] The rose flower graph R, is obtained by joining n copies of the cycle Cg with

a common vertex. That is Ry, is the one point union of n copies of Cs.

Definition 2.6. [1] The clematis flower graph C, , is obtained by joining m copies of C4 +e

and n copies of K, with a common vertex.

Definition 2.7. [1] The cherry blossom flower graph CB,, ,_1 is obtained by joining m copies of

C3 and n copies of K, with a common vertex.

Definition 2.8. [17] The armed crown AC, ,, is a cycle with a path of length m — 1 attached at

each vertex of the cycle.

Definition 2.9. [15] The rocket Ry, » is a graph with the vertex set V(R ) = {xi,¥i,20,%m.j» 2},
Vm,j | 1 <i<mandl < j < n} and the edge set E(Ry ) = {Xiyi,Xm20,Ymz0 | 1 <i < m}U

{xixip 1, xiyie,yivie | 1 <i <m—1}U{ XX, js YmYm,j» 202 | 1 < j < n}.

Definition 2.10. [1] A sandat graph ST, is a graph with the vertex set V (ST,) = {u,u;,u; j | 1 <

i<nandl < j <2} and the edge set E(STy, n) = {uuj,uu; j | 1 <i<nandl < j <2}.
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3. VECTOR BASIS S-CORDIAL LABELING

Definition 3.1. Let G be a (p,q) graph. Let V be an inner product space with basis S. We
denote the inner product of the vectors x and y by < x,y >. Let ¢ : V(G) — S be a function.
For edge uv assign the label < ¢ (u),d(v) >. Then @ is called a vector basis S-cordial labeling
of G if |9 — @y| <1 and |y, —vj| < 1 where ¢, denotes the number of vertices labeled with
the vector x and Y; denotes the number of edges labeled with the scalar i. A graph which
admits a vector basis S-cordial labeling is called a vector basis S-cordial graph. A Simple
example of a vector basis S-cordial labeling of graph is given in the following figure (1) where

S={(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)} is a basis of R*.

(1,1,1,1)

(0°0°0°1)
(001D
O1TTD
(111D

Figure 1: Vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial graph.

4. MAIN RESULTS

In this section, we investigate the vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-
cordial labeling behavior of some new graphs like the olive tree, lobster graph, 1, , graph, shrub

graph, rose flower graph, clematis flower graph, cherry blossom flower graph, armed crown

graph, rocket graph and sandat graph.

Theorem 4.1. The olive tree O, is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial
graph for all n.

Proof. Let V(0,) ={v,vij | 1 <i<nandj=1}U{v;j |1 <i<n—1landj =2} ---U{v;j |

i=1,2andj=n—1}U{v;|i= landj=n} and E(O,) = {vvy; | 1 <i <n}pU{viavii |
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I<i<n—1}U{vpvep |1 <i<n—=2}-U{viu1vau-1)}. Note that p = [V(0,)| =

@ +1and g = |[E(Oy)| = @ Assign the vectors to the olive tree O, in the following

order v,vi1,v21,V31,. o Vk=1) 15+ Va1 V12:V225 - V(- 1)25 -+ 5 VI(n—1)> V2(n—1) Vin-

Case (i): p=0 (mod 4)

Then p = 4¢. Assign the vector (1,1,1,1) to the first 7 vertices. We assign the vector (1,1,1,0)
to the next ¢ vertices. Next, assign the vector (1,1,0,0) to the next 7 vertices. Moreover, assign
the vector (1,0,0,0) to the next ¢ vertices.

Case (ii): p=1 (mod 4)

Note that p = 4r + 1. Then, assign the vector (1,1,1,1) to the first  + 1 vertices. We now
assign the vector (1,1,1,0) to the next ¢ vertices. Also, assign the vector (1,1,0,0) to the next
t vertices. Finally, assign the vector (1,0,0,0) to the last ¢ vertices.

Case (iii): p =2 (mod 4)

Then p = 4t + 2. Now, assign the vector (1,1,1,1) to the first  + 1 vertices. We assign the
vector (1,1,1,0) to the next 7 + 1 vertices. Assign the vector (1,1,0,0) to the next ¢ vertices.
Further, assign the vector (1,0,0,0) to the next 7 vertices.

Case (iv): p =3 (mod 4)

Then p = 4t + 3. We assign the vector (1,1,1,1) to the first # + 1 vertices. Assign the vector
(1,1,1,0) to the next 7 + 1 vertices. Assign the vector (1,1,0,0) to the next 7 + 1 vertices. So
assign the vector (1,0,0,0) to the next ¢ vertices.

Therefore the above labeling technique is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-

cordial labeling of the olive tree O,,. 0

Theorem 4.2. The lobster graph Ly(2,r) is a vector basis
{(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial graph for all n,r.

Proof. LetV(L,(2,r)) = {ui,vi,wi,vij,wij | 1 <i<nand1 < j<r}and E(L,(2,r)) = {uitti+1 |
1 <i<n—1}U{uwi,uiwi,vivij,wiw;j | 1 <i<nandl < j<r}. Notethat p=|V(L,(2,r))| =
n(2r+3) and g = |E(L,(2,r))| = n(2r+3) — 1. Assign the vectors in the following order
ULV WL VI VI - s Vi W, W25 e ey Wip, U2, V2, W2, V21, V22, - -+, V2r, W21, W2, - - -

Wry ey Uny Vs Wiy Vil s Vi « « « s Virs Wil s Wiy« « s Wi

Case (i): L(2,r),L3(2,r),Ls5(2,7),...
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Subcase (i): p=1 (mod 4)

Then p = 4r. Assign the vector (1,1,1,1) to the first # 4+ 1 vertices. We assign the vector
(1,1,1,0) to the next ¢ vertices. Next, assign the vector (1,1,0,0) to the next ¢ vertices.
Moreover, assign the vector (1,0,0,0) to the next ¢ vertices.

Subcase (ii): p =3 (mod 4)

Note that p = 47 + 1. Then, assign the vector (1,1,1,1) to the first # 4 1 vertices. We now
assign the vector (1,1,1,0) to the next ¢ + 1 vertices. Also, assign the vector (1,1,0,0) to the
next ¢ + 1 vertices. Finally, assign the vector (1,0,0,0) to the last 7 vertices.

Case (ii): L4(2,r),Ls(2,r),L12(2,7),...

Then p =0 (mod 4). Note that p = 4¢. Now, assign the vector (1,1, 1,1) to the first # vertices.
We assign the vector (1,1,1,0) to the next ¢ vertices. Assign the vector (1,1,0,0) to the next ¢
vertices. Further, assign the vector (1,0,0,0) to the next ¢ vertices.

Case (iii): Ly(2,r),L¢(2,7),L10(2,r),...

We see that p =2 (mod 4). Then p = 4t +2. We assign the vector (1,1,1,1) to the first  + 1
vertices. Assign the vector (1,1,1,0) to the next # + 1 vertices. Assign the vector (1,1,0,0) to
the next ¢ vertices. So assign the vector (1,0,0,0) to the next ¢ vertices.

Thus the above labeling technique is a vector basis

{(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial labeling of the lobster graph L, (2,r). O

Theorem 4.3. The shrub graph Sy, n,.... n, is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,

0,0)}-cordial graph for all n,r.

Proof. Let V(Sp, ny,...n) = {u,uiyuij | 1 <i<kandl < j<i}and E(Sy n,y,..n,) = {uui | 1 <

i <k} U{uj | 1 <i<nand1< j<i}. Note that p = |V (S, my...n)| = 5 4 k41 and g =
\E(Snynp,m)| = k(kg'l) + k. Assign the vectors in the following order u,uy,uz, ... ux,uyy,uz1,

U2, U31,U32,U33,U41,U42,U43, UL, . . . s UL] UKD,y - -+ 5 Ufk-

Case (i): p=0 (mod 4)

Then p = 4t. Assign the vector (1,1,1,1) to the first z vertices. We assign the vector (1,1,1,0)
to the next 7 vertices. Next, assign the vector (1,1,0,0) to the next 7 vertices. Moreover, assign
the vector (1,0,0,0) to the next 7 vertices.

Case (ii): p=1 (mod 4)
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Note that p = 47 + 1. Then, assign the vector (1,1,1,1) to the first # 4 1 vertices. We now
assign the vector (1,1, 1,0) to the next ¢ vertices. Also, assign the vector (1,1,0,0) to the next
t vertices. Finally, assign the vector (1,0,0,0) to the last 7 vertices.
Case (iii): p =2 (mod 4).
Note that p = 4t +2. Now, assign the vector (1,1,1,1) to the first 7 + 1 vertices. We assign the
vector (1,1,1,0) to the next 7 + 1 vertices. Assign the vector (1,1,0,0) to the next ¢ vertices.
Further, assign the vector (1,0,0,0) to the next 7 vertices.
Case (iv): p =3 (mod 4).
Then p = 4t + 3. We assign the vector (1,1,1,1) to the first # + 1 vertices. Assign the vector
(1,1,1,0) to the next 7 + 1 vertices. Assign the vector (1,1,0,0) to the next 7+ 1 vertices. So
assign the vector (1,0,0,0) to the next ¢ vertices.
Thus the above labeling technique is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-

cordial labeling of the shrub graph Sy, »,....» O

-
Theorem 4.4. The graph I, , is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial

graph for all n,m.

Proof. Let V(Lnn) = {u,u,vi,xj,y; | 1 <i < n—landl < j < m} and E(ly,) =
{wittiy,uuy, vy,

Vivig1,uwjux; | 1 <i<n—2and1 < j <m}. Note that p = |V (I,)| =2(m+n)— 1 and g =
|E(Lpn)| =2(m+n)—2. Assign the vectors in the following order u,uy,uz, ... ,uyp—1,v1,v2,...,
Vi1 X15X2, oy Xy V15 V25 - -+ 5 V-

Case (i): p=1 (mod 4)

Then p = 4t + 1. Assign the vector (1,1,1,1) to the first # 4+ 1 vertices. We assign the vector
(1,1,1,0) to the next ¢ vertices. Next, assign the vector (1,1,0,0) to the next 7 vertices. More-
over, assign the vector (1,0,0,0) to the next ¢ vertices.

Case (ii): p =3 (mod 4)

Note that p = 41 + 3. Then, assign the vector (1, 1,1,1) to the firstz + 1 vertices. We now assign
the vector (1,1, 1,0) to the next 7+ 1 vertices. Also, assign the vector (1,1,0,0) to the nextz+ 1

vertices. Finally, assign the vector (1,0,0,0) to the last 7 vertices.
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Clearly the above labeling method is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-

cordial labeling of the graph I, . U

Theorem 4.5. The rose flower graph R,, is a vector basis

{(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial if and only ifn = 0,1 (mod 4).

Proof. Let  V(R,) = {uujvi;w; | 1 < i < 2n} and ER,) = {uw,uyv; |
1 < i < 2n} U A{wvy,wivair | 1 < i < n}. Note that p = |V(R,)| =
5n + 1 and ¢ = |E(R,)| = 6n. Assign the vectors in the following order
U, UL, VI, WL, V2, U2, U3, V3, W2, VA, U4, US, VS, W3, U2p—15,V20—1, Wny V2, U2n-

Case (i): =0 (mod 4)

Then n = 4¢. Then p = 5(4¢) + 1 = 20t + 1. Assign the vector (1,1,1,1) to the first vertex wu.
We assign the vector (1,1,1,1) to the next 5¢ vertices. Next, assign the vector (1,1,1,0) to the
next 5¢ vertices. Moreover, assign the vector (1,1,0,0) to the next 5¢ vertices. Finally assign
the vector (1,0,0,0) to the next 5¢ vertices.

Case (ii): n=1 (mod 4)

Note that n = 4t + 1. Then, p = 5(4t+ 1)+ 1 = 20t + 6. Assign the vector (1,1,1,1) to the
first vertex u. We now assign the vector (1,1,1,1) to the next 5¢ + 1 vertices. Also, assign the
vector (1,1,1,0) to the next 5¢ + 2 vertices. Also, assign the vector (1,1,0,0) to the next 5¢ + 1
vertices. Finally assign the vector (1,0,0,0) to the next 5¢ 4 1 vertices.

Case (iii): n =2 (mod 4)

Note that n = 4t +2. Then, p =5(4t+2)+1=20t+ 11 and g = 6(4r +2) + 1 = 241 + 12.
To get 61 + 3 edges for the label 4, we have to label (1,1,1,1) for atleast 5¢ + 4 vertices, a
contradiction.

Case (iv): n =3 (mod 4)

Note that n =4t + 3. Then, p =5(4t+3)+1 =20t + 16 and ¢ = 6(4¢t +3) + 1 =24t + 18. To
get 61 +4 edges for the label 4, we should label (1,1,1,1) for atleast 5t + 5 vertices, This is a

contradiction. O

Theorem 4.6. The clematis flower graph C,, is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),
(1,0,0,0)}-cordial graph for all n.
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Proof. Let V(Cp,) = {wujuij | 1 < i < nandl < j < 3} and E(Cp,) =
{uw, uu; juijuio,uiouiz | 1 < i <nandl < j <3} U{wpvy,wivpi—1 | 1 <i < n}. Note
that p = |V(Cpn)| =4n+1and g = |E(Cp,)| = 6n.
Case (i): n=0 (mod 4)
Note that n = 4¢. Then, p = 4(41) + 1 = 161 + 1. Assign the vector (1,1, 1,1) to the first vertex
u. Also assign the vector (1,1,1,1) to the vertices of # copies of C4 +e i.e., u, Uy, U1, U1 3,UD 1,
Up2,U23,... U 1, 2,u; 3 and ¢ copies of vertices of K; i.e., uj,uz,...,u,. Assign the vector
(1,1,1,0) to the vertices of next t copies of Ca+ei.e., Uy 1,1, U412, U413, Ur+2,1, U422, Ur42 3,
oo U1 U0, u 3 and tocopies of Ky 1.e., upyq,ur42,...,uy. Thereafter assign the vector
(1,1,0,0) to the vertices of next ¢ copies of Cs + € i.€., Upr1,1, U212, U413, U21+2.1, U2r42.2,
U423, U3s,1, U3 2, U3, 3 and f copies of Ky i.e., upy1,uz:12,...,u3. Finally assign the vector
(1,0,0,0) to the vertices of next ¢ copies of C4 + e i.e., u3ry1,1,U31+12, U3r 13, U3142,1,U3142.2,
U342 3,0« Uly 1, U4 2, U4t 3 and ¢ copies of Kz i.e., U3p41, U342« - s U4z
Case (ii): n=1 (mod 4)
Letn=4t+ 1. Then, p =4(4r+ 1)+ 1 =16t +5. Step I: Assign the vector to the vertices as
in case (i). Step II: Then assign the vector (1,1,1,1) to the z + 1th copy of K> 1.e., u;41. Assign
the vector (1,1,1,0) to the vertex u,+1,1. Next, assign the vector (1,1,0,0) to the vertex w1 ».
Further assign the vector (1,0,0,0) to the vertex u; ;1 3.
Case (iii): n =2 (mod 4)
Then n =4t +2. So, p =4(4t+2)+ 1 = 16t +9. Step I: Assign the vector to the vertices as
in case (i). Step II: Then assign the vector (1,1,1,1) to the vertices u; 11,1 and u;11 2. Assign
the vector (1,1,1,0) to the vertices u; 43 and u,y1. Next, assign the vector (1,1,0,0) to the
vertices u; 2 1 and u;42 2. More over assign the vector (1,0,0,0) to the vertices U3 and u; 0.
Case (iv): n=3 (mod 4)
Then n =4t +3. So, p =4(4t+3)+ 1 = 16r + 13. Step I: Assign the vector to the vertices as

in case (i). Step II: Then assign the vector (1,1,1,1) to the vertices of # + 1th

copy of C4+e
i.e., U1.1,U+12,U413. Assign the vector (1,1,1,0) to the vertices of # + 2" copy of C4 +e
i.e., up23,uUp42 2u42 3. Further, assign the vector (1,1,0,0) to the vertices w43 1,22, Ur42 3.

More over assign the vector (1,0,0,0) to the vertex u,;3 3 and the vertices u;7 and u; 3. O
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Theorem 4.7. The cherry blossom flower graph CB,, ,,_ is a vector basis {(1,1,1,1),(1,1,1,0),
(1,1,0,0),(1,0,0,0)}-cordial graph for all n.

Proof. LetV(CBy, 1) = {u,u;,vi,w; | 1 <i<nand1 < j<n—1}and E(CBy ,—1) = {uu;,uv;,
uivi,uwj |1 <i<nandl1 < j<n—1}. Wehave p=|V(CB,,—1)|=3nand g= |[E(CBy,—1)| =
4n—1.

Case (i): n=0 (mod 4)

Let n = 4¢. Assign the vector (1,1,1,1) to the first vertex u. Also assign the vector (1,1,1,1)
to the vertices uy,vy,up,vs,...,us,v; and the vertices wi,wp,...,w,;_1. Next assign the vector
(1,1,1,0) to the vertices usy1,Vit1,Ur+2,Ve+2,--., U2, vy and the vertices wy, wyyp,...,wo_1.
Further assign the vector (1,1,0,0) to the vertices up1,Vor41,U21+2,V21425- - -, U3, V3 and the
vertices wy;, Wy 1, .., w3,—1. Finally assign the vector (1,0,0,0) to the vertices uz; 1,341,
U342, V3142, - - -, U4, V4 and the vertices Wiy, W31, ..., War—1.

Case (ii): n=1 (mod 4)

Letn=4¢+1. Assign the vector (1,1, 1, 1) to the first vertex u. Then assign the vector (1,1,1,1)
to the vertices uy,vy,u2,va,...,u;,v; and the vertices wy,wo,...,w;. Next assign the vector
(1,1,1,0) to the vertices usy1, Vi1, Ur12,Vi+2,--- U, v2; and the vertices wyyy, wrio, ..., wo,.
Further assign the vector (1,1,0,0) to the vertices wnsi1,Vari1,Ur12,V242,---s U3, V3t
and the vertices wy;i1,Wp42,...,w3.  Assign the vector (1,0,0,0) to the vertices
U3t 1,5 V3e4+1,U3t+2, V3142,

..., U4z, v4 and the vertices w341, W3s42,...,ws;. More over assign the vector (1,1,1,0) to the
vertex u, = u4 1 and assign the vector (1,1,0,0) the vertex v, = vgs4 1.

Case (iii): 7 =2 (mod 4)

Let n = 4t 4 2. Then assign the vector (1,1,1, 1) to the vertices u,uy,vy,us,vs,...,u,v; and the
vertices wi,ws, ..., wyy1. Thereafter assign the vector (1,1,1,0) to the vertices u;41,Vy+1,Us42,
V42, ..., U, vy and the vertices wyi 2, Wit 3,. .., Wori1, Wort2. Also assign the vector (1,1,0,0)
to the vertices U1, Vor41,U2t4+2,V2:+2,- - -, U3, v3; and the vertices wos 1, W42, ..., W3r4+1. As-
sign the vector (1,0,0,0) to the vertices us;y1,Vv341,U3r+2,V3+2,-- -, U4z, v4; and the vertices
W32, W343,...,War1. More over assign the vector (1,1,1,1) to the vertex v, = v442 and

assign the vector (1,1,1,0) the vertex u, = u4,1. Finally assign the vector (1,1,0,0) to the
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vertex v, = v4+1 and assign the vector (1,0,0,0) the vertex u, | = ussy.
Case (iv): n =3 (mod 4)
Let n = 4r+ 3. So assign the vector (1,1,1,1) to the vertices wu,uy,vi,uz,va,... us Vv
and the vertices wi,wo,...,wy. Then assign the vector (1,1,1,0) to the vertices

ut+17vl+17ul+27vl+27 ey

uy;, vy and the vertices wy 1, ws 42, ..., wo. Further assign the vector (1,1,0,0) to the vertices
WDt 1, V2r+1, U242, V2142, - - - U3, V3 and the vertices wosy1,Wor42,..., W3 Assign the vector
(1,0,0,0) to the vertices uzsi 1, V341, U342, V3142, - - - , Uas, V4 and the vertices wi, 1, w342, ..,

w4s42. More over assign the vector (1,1, 1, 1) to the vertex uy, v, and assign the vector (1,1,1,0)
the vertex u,_1,v,—1. Finally assign the vector (1,1,0,0) to the vertex u,_»,v,_>. and assign

the vector (1,0,0,0) the vertex u,_1 = uas+1. O

Example 4.8. A vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial labeling of
the cherry blossom flower graph CBg 5 is given in figure (2).

=)
o o \Q N
2

(1,1,1,0)
\‘
N

Figure 2: Vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial labeling of the cherry
blossom flower graph CBg s.

Theorem 4.9. The armed crown ACy,,, is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1, 0,0,0) }-

cordial graph for all n,m.

Proof. Let V(ACmm) = {uw‘ | I <i<nandl << m} and E(AC,W) = {u,-vluiﬂvl,un’lul’l |

1 <i<n—-1}yU{ujuij | 1 <i<nandl < j < m-— 1} We have p =
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\V(ACy ;)| = mn and g = |E(AC, )| = mn. Assign the vectors in the following order
UL 1, UD 1, U3 15 Up 1, U1 2, U2 2, U3 D,

e U 2 UL s UD s US s e+ U e

Case (i): p=0 (mod 4)

Let p = 4t. Then assign the vector (1,1,1,1) to the first ¢ vertices and assign the vector
(1,1,1,0) to the next 7 vertices. Further, assign the vector (1,1,0,0) to the next 7 vertices
and assign the vector (1,1,0,0) to the next ¢ vertices.

Case (ii): n=1 (mod 4)

Let p =4t + 1. First assign the vector (1,1,1,1) to the £ + 1 vertices and assign the vector
(1,1,1,0) to the next ¢ vertices. Moreover, assign the vector (1, 1,0,0) to the next ¢ vertices and
assign the vector (1,1,0,0) to the next ¢ vertices.

Case (iii): n =2 (mod 4)

Let p =4t + 1. Assign the vector (1,1,1,1) to the first  + 1 vertices and assign the vector
(1,1,1,0) to the next ¢ + 1 vertices. Finally, assign the vector (1,1,0,0) to the next # vertices
and assign the vector (1,1,0,0) to the next 7 vertices.

Case (iv): n =3 (mod 4)

Let p =4t + 1. First assign the vector (1,1,1,1) to the £+ 1 vertices and assign the vector
(1,1,1,0) to the next ¢ + 1 vertices. Thereafter, assign the vector (1,1,0,0) to the next 7 + 1
vertices and assign the vector (1,1,0,0) to the next 7 vertices.

Therefore the above labeling technique is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-

cordial labeling of the armed crown AC,, . O

Theorem 4.10. The rocket graph Ry, 3 is a vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-
cordial graph for all m.
Proof. Let V(Ru3) = {xi,yi,20,X1,j,¥1,j,21,j | 1 < i < mandl < j < 3} and E(Rp3) =

{xi)’hlel»

Y1Z1,X1X1,j5 Y1Y1,j; 2121, | 1 < i <mand 1 < j <3}U{xixiy 1, Xyie 1, Yiviet | 1 <i<m—1}. We
have p = |V(R,,3)| =2m+ 10 and g = |E(R,, 3)| = 4m+ 8.
Case (i): p=0 (mod 4)

Let p = 4t. Step I: Then assign the vector (1,1,1,0) to the vertices xj 1,x2,x3 and
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assign the vector (1,1,0,0) to the vertices y; 1,y12,y13. Also assign the vector (1,0,0,0)
to the vertices z1,21,1,212,21,3- Step II: Assign the vector to the vertices in the following
X1, V15X2,Y2,X3, Y35+ -

Xm,Ym- Assign the vector (1,1,1,1) to the first 7 vertices and assign the vector (1,1,1,0) to the
next t — 3 vertices. Further, assign the vector (1,1,0,0) to the next r — 3 vertices and assign the
vector (1,0,0,0) to the next r — 4 vertices.

Case (ii): p =2 (mod 4)

Let p =4t +2. Step I: Assign the vector (1,1,1,0) to the vertices X1,1,X1,2,X1,3 and assign
the vector (1,1,0,0) to the vertices yj1,y12,y1,3. Also assign the vector (1,0,0,0) to the
vertices 21,21,1,21,2,213- Step II: Then assign the vector to the vertices in the following
X1,Y1,%2,Y2,X3,V3, - - -, Xm,Ym- Assign the vector (1,1,1,1) to the first 7 vertices and assign the
vector (1,1,1,0) to the next t — 2 vertices. Moreover, assign the vector (1,1,0,0) to the next

t — 2 vertices and assign the vector (1,0,0,0) to the next ¢ — 4 vertices.

Clearly the above labeling pattern is a vector basis
{(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial labeling of the rocket graph R, 3. O
Theorem 411. A sandat graph ST, is a vector basis

{(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial graph if and only if n = 0,3 (mod 4).

Proof. Let V(ST,) = {u,uj,u; j | 1 <i<nandl < j <2} and E(ST) = {uwj,uu; j | 1 <i<
nand1 < j <2}. Note that p = |V(ST,,)| =3n+1 and g = |E(ST,)| = 5n.

Case (i): n=0 (mod 4)

Let n = 4t and p = 12t + 1. Then assign the vector (1,1,1,1) to the vertex u.
Assign the vector (1,1,1,1) to the vertices of first ¢ leaves i.e., first 3¢ vertices
UL, UL U2, U 1 U, UD D, o Uy 15 Uy,

u;» and assign the vector (1,1,1,0) to the vertices of next ¢ leaves i.e., next 3t vertices
U 1,1, U1,

Up 1,25 Up 4213 Up g 25 Up 12250 oy UDp 15 UDs 5 UDz D Thereafter, assign the vec-
tor (1,1,0,0) to the vertices of next ¢ leaves i.e., next 3r vertices

u2l‘+1717”2[+17u21‘+1727u2t+2,17u21‘+27 u21+2,27 R 7”3[717u3la

u3; 2 and assign the vector (1,0,0,0) to the vertices of next ¢ leaves i.e., next 3¢ vertices u3; 11 1,
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U341, UBt4+1,2, U342, 1, U342, UBt4+2.25 - - - 5 Uds 1, Udr, Uds 2.

Case (ii): n=1 (mod 4)

Let n =4t 4 1. Then p = 12t +4 and g = 20t + 5. To get the edge label 4, for atleast 57 + 1
vertices, we have to assign the vector for atleast 3¢ 4- 2 vertices, This is a contradiction.

Case (iii): n =2 (mod 4)

Let n =4t +2. Then p = 12t +7 and g = 20r + 10. To get the edge label 4, for atleast 57 42
vertices, we have to assign the vector for atleast 3¢ 4 3 vertices, a contradiction.

Case (iv): n =3 (mod 4)

Letn=4t+3 and p = 127+ 10. Step I: Then assign the vector (1,1, 1, 1) to the vertex u. Assign
the vector (1,1,1,1) to the vertices of first 7 leaves i.e., first 3¢ vertices Uy UL, U0, UD 1, UD U D,
U1 Uiy and assign the vector (1,1,1,0) to the vertices of next ¢ leaves i.e.,
next 3¢ vertices Upp 1,1y U1 Up 1,25 Up 42 1, Up 42, Up 4225 -« s UDp 1, U2, UDE D Thereafter,
assign the vector (1,1,0,0) to the vertices of next ¢ leaves i.e., next 3¢ vertices
UDr+1,1, U2p+1, U2+1,2, U2e 42,1, U21+2,

U422, .., U3 1,U3,u3 2 and assign the vector (1,0,0,0) to the vertices of next ¢ leaves i.e.,
next 3t Vertices ussi1,1,U3r41,U3r+1,25U3142,1, U312, U3122,- - -, Uds 1, U4, Us; 2. Step II: Then
assign the vector (1,1,1,1) to the vertices w411 1,us,+1 and assign the vector (1,1,1,0) to the
VErtices ug; 12, U412,1,Usr+22. Also assign the vector (1,1,0,0) to the vertices U4t 42, Udt 43,1

and assign the vector (1,0,0,0) to the vertices ua; 13, Uar13, Uar13 2.

Clearly the above labeling method is a vector basis
{(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial labeling of the sandat graph ST, if
n=0,3 (mod 4). O

Example 4.12. A vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial labeling of

the sandat graph STy is given in figure (3).
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(1,1,1,1)

(1,1,1,1) (1,1,1,1)

,1,1,0

(1,0,0,0) (1,1,1,0)
(1,1,0,0) (1,1,0,0)

(1,1,0,0)

Figure 2: Vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0) }-cordial labeling of the

sandat graph STj.

5. CONCLUSION

The vector basis {(1,1,1,1),(1,1,1,0),(1,1,0,0),(1,0,0,0)}-cordial labeling behavior of
some new graphs like the olive tree, Lobster graph, I, , graph, shrub graph, rose flower graph,
clematis flower graph, cherry blossom flower graph, armed crown, rocket graph and sandat
graph has been investigated in this paper. Our future work will involve the investigation of

vector basis S-cordial labelling for more graph families in trees and flower graphs.
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