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Abstract

Let G be a (p, @) 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 each edge uv assign the label< @ (u), (v) >. We say that ¢ is a
vector basis S-cordial labeling if |(px — (pyl <1land |Vi — yj| < 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 with a vector basis S-cordial labeling is
called a vector basis S-cordial graph. In this paper, we investigate the vector basisS-cordial labeling behavior of corona
product of alternate generalized snake graph with m copies of Ki graph where S =

{(1,1,1,1),(1,1,1,0),(1,1,0,0), (1,0,0,0)} is a basis in R*.
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INTRODUCTION

In this paper, we consider only finite, simple and undirected graph G = (V(G), E(G)) where V(G) and E(G)
respectively, denote the vertex set and edge set of G. Note that p = |V (G)| and g = |E(G)]| denote the number
of vertices and edges of G respectively. The idea of graph labeling was first introduced by Rosa in 1967 [11]. For
a dynamic survey on graph labeling, we refer to Gallian [3]. Total edge irregularity strength for some snake related
graphs was discussed in [1,15,16].The heronian mean labeling of graphs was introduced by Santhiya et al. [12]
and also proved that the path, cycle, comb, dragon, triangular snake, quadrilateral snake, double triangular snake
double quadrilateral snake, triple triangular snake, triple quadrilateral snake, star K3, n < 5 and complete
introduced by Cahit [2]. For the terminologies and different notations of graph theory, we refer the book of
Harary [4]and of algebra, we refer the book of Herstein [5]. Pair mean cordial labeling of triangular snake,
alternate triangular snake, quadrilateral snake and alternate quadrilateral snake, hexagonal snake, irregular
quadrilateral snake and triple triangular snake were discussed in [9,10]. We state a few definitions which are
needed for proving the main results.

Definition 1.1. The generalized snake graph GSy, j is obtained from the path P, by replaced each edge of the
path by the cycle Cy.

Definition 1.2. The corona G;®G, of two graphs G;and G, is obtained by taking one copy of G; and |V (G,)|
copies of G, and joining each vertex of the i™ copy of G, to the i™ vertex of G.

Definition 1.3. The generalized alternate snake graph GAS,, ;. is obtained from the path P, by replaced each

graph K, n < 4 admits heronian mean labeling [12, 13, 14]. The concept of cordial labeling was first

alternate edge of the path by the cycle C;,.We have introduced new labeling technique called vector basis S-cordial
labeling in [6] and investigated the vector basis vector basis {(1,1,1,1), (1,1,1,0), (1,1,0,0), (1,0,0,0)}-cordial
labelling behavior of some standard graphs like path, cycle, comb, star, complete graph, generalized friendship
graph, tadpole graph, gear graph and thorn related graphs in [6-8]. 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 corona product of generalized alternate
snake graph with m copies of K, graph.

In this paper, we consider the inner product space R™ and the standard inner product < x,y > = x;y; +
X2Y2 + o+ XpYnwhere X = (X1, X2, ., Xn), ¥ = V1, Y2, Yn) » X1, Vi € R.

Main Results

In this paper, we consider the generalized alternate snake graph with the pendent edges to have a cycle.
Theorem 2.1.The corona product of generalized alternate snake graph with m-copies of Ky, AGS,, y © mKjis a
vector basis{(1,1,1,1), (1,1,1,0), (1,1,0,0), (1,0,0,0) }-cordial foralln = 2,N = 3 and m > 1.
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Proof. Let V(AGS,y O mK;) ={u;,u;j*|1<i< g 1<j<Nand1<k<m} and E(AGS,y O
mKl) = {uilluilN,ui,jui_j+1|1 <i< g, 1 S] <N - 1} U {ui'Nui+1'1|1 <i< ; - 1} U {ui_jui,jk|1 <i<

g, 1<j<Nand1l <k <m} respectively be the vertex and edge sets of AGS,y © mK;. Then
[V(AGSyy @ mKy)| =p = 2N+ Dand |E(AGS,y O mK;)| =q=Z(N(m+1)+1) —1. Let us

assign the Vectors to the vertices in the following order
1 2 m 1 2 m 1 2 m
u11,u12,...,u1N, ...,uzll,UE'z, ...,ug,N,un ,u11 ,...,u11 ,...,ulN ,ulN ,...,ulN y seny uﬂl ,ugl ,...,ugl )
2 2 2 2 2
e, Un 1 Un

2
s ENZ, ...,u%Nm. There are four case arises. Let M=§. Then p=MN(m+1) and q =

MN(m+1)+ M — 1.

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

Then M = 4t4,t; > 0.

Subcase (I): N = 0 (mod 4)

Then, N = 4t,, t, > 0. We assign the vector (1,1,1,1) to the first 4t;t, vertices. Then assign the vector
(1,1,1,0) to the next 4t, tyvertices. Also assign the vector (1,1,0,0) to the next 4t, tyvertices. Assign the vector
(1,0,0,0) to the next 4t;t, vertices.

Subcase (I a):m = 0 (mod 4)

Then, m = 4ts, t3 > 0. Wehave p = 4(16t,t,t5 + 4t,t,) and g = 4(16t,t,t5 + 4t t, + t1) — 1. We assign
the vector (1,1,1,1) to the first 16t;t,t3 pendent vertices. Then assign the vector (1,1,1,0) to the next
16t tytzpendent vertices. Thereafter assign the vector (1,1,0,0) to the next 16t;t,t3pendent vertices. Assign
the vector (1,0,0,0) to the next 16t;t,t; pendent vertices. Hence ¢(11,1,1) = @(1,1,1,0) = P(1,1,0,0) =
©(1,0,0,0) = 16t tyts + 4tet,. Thus y, = 16ttty +4tit, +t; —1 and y3 =y, =y, = 16tt,t3 +
4t,t, + t.

Subcase (I b):m = 1 (mod 4)

Then, m = 4t; + 1, t3 = 0. We obtain p = 4(16t,t,t3 + 8t ty)and q = 4(16t,t,t3 + 8tyt, +t;) — 1. We
assign the vector (1,1,1,1) to the first 16t,t,t5 + 4t;t, pendent vertices and assign the vector (1,1,1,0) to the
next 16t t,t; + 4t t,pendent vertices. Thereafter assign the vector (1,1,0,0) to the next 16t t,t; +
4t,t,pendent vertices and assign the vector (1,0,0,0) to the next 16t;t,t3 + 4t;t, pendent vertices. Hence
P1111) = PA1,1,0) = P(1,1,00) = P(1,0,00) = 16t1tat3 + 8tity . Thus y, = 16t1t,t3 + 8tyt, + ¢ — 1 and
Y3 =V2 =1 = 16t t,t5 + 8Lyt + ty.

Subcase (I ¢):m = 2 (mod 4)

Then, m = 4t; + 2, t3 = 0. We get p = 4(16t,tyt3 + 12t ty)and q = 4(16t 1t t5 + 12t1t, +t1) — 1. We
assign the vector (1,1,1,1) to the first 16t;t,t3 + 8t;t, pendent vertices and assign the vector (1,1,1,0) to the
next 16t;t,t; + 8t typendent vertices. Thereafter assign the vector (1,1,0,0) to the next 16t t,t; +
8t;typendent vertices and assign the vector (1,0,0,0) to the next 16t;t,t; + 8t;t, pendent vertices. Hence
P1111) = PA1,1,0) = P(1,1,00) = P(1,0,00) = 16t1tt3 + 12t1t; . Thus vy = 16t1t,t3 + 8t1t; + ¢ — land
Y3 = ¥, = y1 = 16t t,t3 + 12t4t, + t;.

Subcase (I d):m = 3 (mod 4)

Then, m = 4t; + 3, t3 = 0. We have p = 4(16t,t, t; + 16t,t,) and q = 4(16t t,t3 + 16t1t, + ) — 1.
Then assign the vector (1,1,1,1) to the first 16t;t,t5 + 12t;t, pendent vertices and assign the vector (1,1,1,0)
to the next 16t;t,t5 + 12t t,pendent vertices. Thereafter assign the vector (1,1,0,0) to the next 16t;t,t; +
12t typendent vertices and assign the vector (1,0,0,0) to the next 16t;t,t; + 12t;t, pendent vertices. Hence
P1111) = Pa,1,10) = P(1,1,00) = P(1,000) = 16t1tots + 16t1t; . Thus  y, = 16t1tyts + 16t1t, + ¢4 —
land y3 =y, =y, = 16t t,t; + 16t,t, + t;.

Subcase (II: N = 1 (mod 4)

Then, N = 4t, + 1, t, > 0. We assign the vector (1,1,1,1) to the first 4t,t, + t; vertices and assign the vector
(1,1,1,0) to the next4t;t,+t vertices. Also assign the vector (1,1,0,0) to the next 4t;t,+t; vertices and assign
the vector (1,0,0,0) to the next 4t t,+t; vertices.

Subcase (II a): m = 0 (mod 4)

Then, m = 4t3, t3 > 0. We have p = 4(16t 1t t3 + 4t t, + 4tit3 +t1) and q = 4(16t 1t t5 + 4t t, +
4t t3 + 2t;) — 1. We assign the vector (1,1,1,1) to the first 16t;t,t3 + 4t;t3 pendent vertices and assign the
vector (1,1,1,0) to the next 16t,t,t3 + 4t;tzpendent vertices. Thereafter assign the vector (1,1,0,0) to the
next16t,t,ts + 4t tzpendent vertices and assign the vector (1,0,0,0) to the next 16t;t,t; + 4t t; pendent
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vertices. Hence ®(1,1,1,1) = ©(1,1,1,0) = @(1,1,0,0) = P(1,0,0,0) = 16t1tyt3 + 4tit; + 4tits + 5. Thus y, =
16t,tyt5 + 4tyty + 4tyts + 2t; — land y3 = ¥y = y1 = 16ty tyts + 4ty t, + 4ty 65 + 285

Subcase (II b): m = 1 (mod 4)

Then, m = 4t3 + 1, t3 = 0. We get p = 4(16t,t5t5 + 81ty + 4tyts + 2t;)and q = 4(16t,t,t5 + 88y, +
4t ts3 + 3t;) — 1. Thereafter assign the vector (1,1,1,1) to the first 16ttt + 4t t, + 4t,ts3 + t; pendent
vertices and assign the vector (1,1,1,0) to the next 16t,t,t5 + 4t t, + 4t t3 + t;pendent vertices. Then assign
the vector (1,1,0,0) to the next 16t;t,t5 + 4t t, + 4t t5 + t;pendent vertices and assign the vector (1,0,0,0)
to the next 16t;t,t; + 4tyt, + 4tits + t; pendent vertices. Hence ¢(11,1,1) = P(1,1,1,0) = P(1,1,0,0) =
P1000) = 16t1tyts + 8tity + 41t + 2t Thus y, = 16¢1tyt; + 8tyt, + 4tits +3t; — Land y3 =y, =
V1 = 16t,tts + 8tyt, + 4,65 + 3t;.

Subcase (II ¢): m = 2 (mod 4)

Then,m = 4t3 + 2, t3 = 0. We obtain p = 4(16t t,t3 + 12t1t, + 4t t3 + 3t;) and q = 4(16t t,t5 +
12t,t, + 4t t3 + 4t;) — 1. Then assign the vector (1,1,1,1) to the first 16t t,ts + 8ty t, + 4t t5 + 2t
pendent vertices and assign the vector (1,1,1,0) to the next 16t;t,t3 + 8t t, + 4t;t3 + 2ty pendent vertices.
Also assign the vector (1,1,0,0) to the next 16t t,t; + 8tyt, + 4t ts + 2t;pendent vertices and assign the
vector (1,0,0,0) to the next 16t;t,ts + 8t1t, + 4t;t5 + 2t; pendent vertices. Hence ¢(1,1,1,1) = @(1,1,1,0) =
P1100) = P(1000) = 16185t + 125, + 4tyts + 3. Thus  y, = 16t1tyts + 12618, + 4t t; + 4t —
land y3 =y, = y1 = 16t,65t5 + 128, ¢, + 4ty ts + 4t;.

Subcase (II d): m = 3(mod 4)

Then,m = 4t; + 3, t3 = 0. We obtain p = 4(16t;t,t; + 16t t, + 4t t3 + 4t;) and q = 4(16t L, t; +
16t t, + 4t t3 + 5t;) — 1. In this case, assign the vector (1,1,1,1) to the first 16t;t,ts + 12t1t, + 4t t5 +
3t; pendent vertices and assign the vector (1,1,1,0) to the next 16t t,t; + 12t;t, + 4t t3 + 3t;pendent
vertices. Also assign the vector (1,1,0,0) to the next 16t t,t5 + 12t1t, + 4t t; + 3t;pendent vertices and
assign the vector (1,0,0,0) to the next 16t;t,t5 + 12t;t, + 4t t3 + 3typendent vertices. Hence ¢(1,1,1,1) =
(p(l,l,l,()) = (p(l,l,(),()) = (p(l,0,0,0) = 16t1t2t3 + 16t1t2 + 4‘t1t3 + 4‘t1 ThUS Ya = 16t1t2t3 + 16t1t2 +
4tt3 + 5t — land y3 =y, = y; = 16t t,t5 + 16t,t, + 4t t5 + 5¢t;.

Subcase (III): N = 2 (mod 4)

Then, N = 4t, + 2, t; > 0. We assign the vector (1,1,1,1) to the first 4t;t, + 2t; vertices and assign the vector
(1,1,1,0) to the next 4t t,+2t vertices. Also assign the vector (1,1,0,0) to the next 4t;t,+2t;vertices and
assign the vector (1,0,0,0) to the next 4t t,+2t; vertices.

Subcase (III a):m = 0 (mod 4)

Then, m = 4t3, t3 > 0. We have p = 4(16tt,t3 + 4t t, + 8t t3 + 2t1) and q = 4(16t 1t t5 + 4t t, +
8tits + 3t;) — 1. We assign the vector (1,1,1,1) to the first 16t;t,t5 + 8t;t; pendent vertices and assign the
vector (1,1,1,0) to the next 16t;t,t; + 8t;tzpendent vertices. Thereafter assign the vector (1,1,0,0) to the next
16t,t,t; + 8t tzpendent vertices and assign the vector (1,0,0,0) to the next 16t;t,t5 + 8t;t; pendent vertices.
Hence @111 = @1,11,0) = P1,1,00) = P(1,000) = 16t1tyt3 + 4t1t, + 8tyt3 +2t;.  Thus  y, =
16t,t,ts + 4tit, + 8tits + 3t; — land y3 = ¥, = ¥1 = 16t,tyts + 4ty t, + 8tyts + 3t,.

Subcase (I11 b):m = 1 (mod 4)

Then, m = 4t5 + 1, t5 > 0. We get p = 4(16ttts + 8t,t, + 8ty ts + 4t;) and q = 4(16t,tyts + 8ty t, +
8t t3 + 5t;) — 1. We assign the vector (1,1,1,1) to the first 16t;t,ts + 4t t, + 8t t3 + 2t; pendent vertices
and assign the vector (1,1,1,0) to the next 16t;t,t; + 4t t, + 8t t3 + 2ty pendent vertices. Then assign the
vector (1,1,0,0) to the next 16t;t,t5 + 4t t, + 8tyts + 2t;pendent vertices and assign the vector (1,0,0,0) to
the next 16t;t,ts + 4t t, + 8tyts + 2t; pendent vertices.  Hence ¢(111,1) = @(1,1,1,0) = P(1,1,0,0) =
P(1000) = 16t1tyts + 81ty + 8tyts + 4ty Thus ¥4 = 16t,tyts + 8tyty + 8tyts + 5t — land y3 =, =
V1 = 16t,t,t5 + 8ty t, + 8ty ts + 5t;.

Subcase (I1I ¢):m = 2 (mod 4)

Then,m = 4ts + 2, t; > 0. We have p = 4(16t,t,ts + 12t,t, + 8t ts + 6t;) and q = 4(16t,t,t5 +
12t,t, + 8t t3 + 7t;) — 1. Then assign the vector (1,1,1,1) to the first 16t t,t5 + 8t t, + 8t t3 + 4ty
pendent vertices and assign the vector (1,1,1,0) to the next 16t,t,t; + 8t t, + 8t t3 + 4t;pendent vertices.
Also assign the vector (1,1,0,0) to the next 16t;t,ts + 8t;t, + 8tytz + 4t;pendent vertices and assign the
vector (1,0,0,0) to the next 16t,t,t5 + 8tyt, + 8tyts + 4ty pendent vertices. Hence ¢(1,1,1,1) = @(1,1,1,0) =
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P1100) = P1,000) = 16t1tots + 12¢1t, + 8tyts +6t;. Thus Y, = 16t tyts + 12t1t, + 8tyty + 7t; —
land Y3 =V, =Y, = 16t t,t3 + 12¢,t, + 8t t; + 7t;.

Subcase (II1 d): m = 3 (mod 4)

Then,m =4t;3+3,t3=0. We get p = 4(16t;t,t3 + 16t t, + 8t1t3+8t;) and q = 4(16t t,t5 +
16t t, + 8ty t3 + 9t;) — 1. In this case assign the vector (1,1,1,1) to the first 16t,t,t3 + 12t,t, + 8t t5 +
6t; pendent vertices and assign the vector (1,1,1,0) to the next 16t t,ts + 12t;t, + 8t t3 + 6t;pendent
vertices. Also assign the vector (1,1,0,0) to the next 16t;t,t5 + 12t;t, + 8t t5 + 6t;pendent vertices and
assign the vector (1,0,0,0) to the next 16t;t,t5 + 12t4t; + 8ty t5 + 6t;pendent vertices. Hence ¢(q,1,1,1) =
(,0(1_1,1,0) = (p(l,l,0,0) = (p(l,0,0,0) = 16t1t2t3 + 16t1t2 + 8t1t3 + 8t1. Thus Ya = 16t1t2t3 + 16t1t2 +
8titz +9t; — land y3 = y, = y; = 16t t,t; + 16t4t, + 8t t; + 9t4.

Subcase (IV): N = 3 (mod 4)

Then, N = 4t, + 3, t, = 0. We assign the vector (1,1,1,1) to the first 4t; t, + 3t; vertices and assign the vector
(1,1,1,0) to the next 4t t,+3t vertices. Also assign the vector (1,1,0,0) to the next 4t;t,+3t;vertices and
assign the vector (1,0,0,0) to the next 4t;t,+3t; vertices.

Subcase (IV a): m = 0 (mod 4)

Then, m = 4ts, t; > 0. We have p = 4(16t,t,ts + 4tst, + 12t,t5 + 3t;) and q = 4(16t,tyts + 4t,t, +
12t,t3 + 4t;) — 1. We now assign the vector (1,1,1,1) to the first 16t;t,t5 + 12t;t5 pendent vertices and
assign the vector (1,1,1,0) to the next 16t;t,t5 + 12t;tspendent vertices. Thereafter assign the vector (1,1,0,0)
to the next 16t;t,t; + 12t t3pendent vertices and assign the vector (1,0,0,0) to the next 16t;t,t5 + 12t;t5
pendent vertices. Hence @(1,1,1,1) = @(1,1,1,0) = P(1,1,0,0) = P(1,00,0) = 16t1t5t5 + 4tyt, + 12t1t5 + 3.
Thus y, = 16t,tots + 4tyty + 126,65 + 4ty — Land y3 = y, = y5 = 16t t,t5 + 4tyt, + 128,85 + 4t;.
Subcase (IV b): m = 1 (mod 4)

Then,m = 4t3 + 1, t; = 0. We get p = 4(16tt,ts + 8t1t, + 12t,t5 + 6t;) and q = 4(16t,t,ts +
8tit, + 12t1t3 + 7t;) — 1. We assign the vector (1,1,1,1) to the first 16ttt + 4t t, + 12t,t3 + 3t
pendent vertices and assign the vector (1,1,1,0) to the next 16t;t,t5 + 4t t, + 12t;t3 + 3t;pendent vertices.
Then assign the vector (1,1,0,0) to the next 16t t,ts + 4t t, + 12t;t53 + 3t;pendent vertices and assign the
vector (1,0,0,0) to the next 16t;t,t5 + 4t t; + 12t1t3 + 3t; pendent vertices. Hence ¢(1,1,1,1) = @(1,1,1,0) =
P1100) = P(1000) = 16165t + 8tity + 12t5t5 + 6ty Thus  y, = 16t1tyts + 8tyt, + 126185 + 7, —
land ¥3 =y, = y; = 16t,t5t5 + 8tyt, + 12t t5 + 7t;.

Subcase (IV ¢): m = 2 (mod 4)

Then,m = 4t3 + 2, t3 =2 0. We have p = 4(16t 1t t3 + 12t1t, + 12t1t3 +9t;) and q = 4(16t 1t t5 +
12t,t, + 12t,t3 + 10t;) — 1. Then assign the vector (1,1,1,1) to the first 16ttt + 8tyt, + 12t;t53 + 6t;
pendent vertices and assign the vector (1,1,1,0) to the next 16t;t,t5 + 8t;t, + 12t;t5 + 6t;pendent vertices.
Also assign the vector (1,1,0,0) to the next 16t t,ts + 8t;t, + 12t;t3 + 6t;pendent vertices and assign the
vector (1,0,0,0) to the next 16t;t,t5 + 8t t, + 12t1t3 + 6t; pendent vertices. Hence ¢(1,1,1,1) = @(1,1,1,0) =
®(1,1,0,0) = Y(1,0,00) = 16t tyt; + 12ttt + 12t1t5 + 9¢4. Thus Y = 16t 1ty t3 + 1284 t, + 12¢t3 +
10t; — land y3 = ¥, = ¥4 = 16t,t,ts + 12t,t, + 12¢,t5 + 10t

Subcase (IV d): m = 3 (mod 4)

Then,m = 4t3 + 3, t3 = 0. We get p = 4(16t tt3 + 16tt, + 12t1t3 + 12t;) and q = 4(16t 1t t3 +
16t,t, + 12t,t3 + 13t;) — 1. In this case assign the vector (1,1,1,1) to the first 16t t,t5 + 12t4t, +
12t,t; + 9t; pendent vertices and assign the vector (1,1,1,0) to the next 16t t,ts + 12t;t, + 12t,t5 +
9t, pendent vertices. Also assign the vector (1,1,0,0) to the next 16t,t,t; + 12t,t, + 12t;t3 + 9t;pendent
vertices and assign the vector (1,0,0,0) to the next 16t;t,ts3 + 12t,t, + 12t;t5 + 9t;pendent vertices. Hence
P1111) = PA1,1,0) = P(1,1,00) = P(1,0,00) = 16t1tt3 + 16t1t; + 12¢1t3 + 12¢;. Thus y, = 16¢,t,t3 +
16t,t, + 12t,ts + 13t; — land ¥3 = ¥, = ¥4 = 16t t,ts + 16t,t, + 12t,t5 + 13t

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

Then M = 4t, + 1,¢; > 0.

Subcase (I): N = 0 (mod 4)

Then, N = 4t,, t, > 0. We assign the vector (1,1,1,1) to the first 4t,t, + 4t, vertices. Then assign the vector
(1,1,1,0) to the next 4t, tyvertices. Also assign the vector (1,1,0,0) to the next 4t; t,vertices. Assign the vector
(1,0,0,0) to the next 4t;t, vertices.

Subcase (I a):m = 0 (mod 4)
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Then, m = 4t3, t3 > 0. We have p = 4(16t 1t t3 + 4t t, + 4tttz +t,) and q = 4(16t t,t3 + 4t t, +
4t,t3 + t, + t;). We assign the vector (1,1,1,1) to the first 16t;t,t5 + 4t,t3 — 3t, pendent vertices. Then
assign the vector (1,1,1,0) to the next 16t t,t; + 4t,t5 + typendent vertices. Thereafter assign the vector
(1,1,0,0) to the next 16tttz + 4t,t5 + typendent vertices. Assign the vector (1,0,0,0) to the next 16t,t,t3 +
4tyt3 +t; pendent vertices.  Hence @(1,1,1,1) = ©(1,1,1,0) = 9(1,1,00) = P(1,000) = 16t1tot3 + 4t1t; +
Atyts + 6, Thus Yy = ¥3 = ¥3 = ¥1 = 16ty t,ts + 4ty ty + 4tyts + ty+ty.

Subcase (I b):m = 1 (mod 4)

Then,m =4tz + 1, t3 = 0. We obtain p = 4(16t t,t; + 8t t, + 4t,t3 + 2t;) and q = 4(16t 1t t3 +
8tit, + 4tyts + 2t, + t1). We assign the vector (1,1,1,1) to the first 16t,t,t5 + 4t t, + 4t,t3 — 2t, pendent
vertices and assign the vector (1,1,1,0) to the next 16t;t,t; + 4t t, + 4t,t;3 + 2typendent vertices. Thereafter
assign the vector (1,1,0,0) to the next 16t t,t5 + 4t t, + 4t,ts + 2t,pendent vertices and assign the vector
(1,0,0,0) to the next 16t;t,ts + 4t t; + 4tyts + 2t; pendent vertices. Hence @(1,1,1,1) = ©(1,1,1,0) =
®(1,1,00) = P(1,00,0) = 16t1tyt3 + Bt t, + 4ty t; + 2t, . Thus Vs =V3 =V2 =Y = 16t tyt3 + 8t1t, +
At,ts + 2t, + t5.

Subcase (I ¢): m = 2 (mod 4)

Then, m = 4‘t3 + 2, t3 >0. We get p = 4‘(16t1t2t3 + 12t1t2 + 4‘t2t3 + 3t2) and q = 4(16t1t2t3 +
12t,t, + 4ty t5 + 3t, + t1). We assign the vector (1,1,1,1) to the first 16t;t,t5 + 8ty t, + 4t,t3 — t, pendent
vertices and assign the vector (1,1,1,0) to the next 16t,t,t3 + 8t t, + 4t,t3 + 3t,pendent vertices. Thereafter
assign the vector (1,1,0,0) to the next 16t,t,t3 + 8t t, + 4t,ts + 3t,pendent vertices and assign the vector
(1,0,0,0) to the next 16t t,t; + 8tit, + 4t,t; + 3t, pendent vertices. Hence ¢(1,1,1,1) = P(1,1,1,0) =
P1100) = P(1000) = 16165t + 1285, + 4tyts + 3ty Thus 1, = y3 = ¥ = y1 = 16t;t5t5 + 12,8, +
4t,ts + 3ty + t.

Subcase (I d):m = 3 (mod 4)

Then,m = 4t; + 3, t3 > 0. We have p = 4(16t t, t; + 16t t, + 4t t; +4ty;) and q = 4(16t t,t5 +
16t t, + 4ty t; + 4t, + t1). Then assign the vector (1,1,1,1) to the first 16t;t,t3 + 16t,t, + 4t,t; pendent
vertices and assign the vector (1,1,1,0) to the next 16t;t,t3 + 16t t, + 4t,t; + 4t,pendent vertices.
Thereafter assign the vector (1,1,0,0) to the next 16t;t,t5 + 16t;t, + 4t,t3 + 4typendent vertices and assign
the vector (1,0,0,0) to the next 16t1t,t5 + 16t3t, + 4t,t; + 4t, pendent vertices. Hence ¢q9,1,1) =
P10 = P1100) = P(1000) = 16t1tyts + 16t;t, + 4tyts + 4ty . Thus vy = 16t,t,ts + 16t1t, + t; —
land ¥3 =y, = y1 = 16t tyts + 16616, + 4tyts + 4ty + ¢

Subcase (II): N = 1 (mod 4)

Then, N = 4t, + 1, t, > 0. We assign the vector (1,1,1,1) to the first 4t t, + t; + 4t, + 1 vertices and assign
the vector (1,1,1,0) to the next 4t;t,+t vertices. Also assign the vector (1,1,0,0) to the next 4t;t,+t;vertices
and assign the vector (1,0,0,0) to the next 4t;t,+t; vertices.

Subcase (II a): m = 0 (mod 4)

Then, m = 4t3, t3 > 0. We have p = 4(16t t t; + 4t t, + 4t tz +4tt3+ty +t, +t3)+ land g =
4(16t tyts + 4t ty + 4tyts + 4tyt; + 2t +t, +t3) + 1. We assign the vector (1,1,1,1) to the first
16t tyts + 4t ts + 4t t; — 3t, + t3 pendent vertices and assign the vector (1,1,1,0) to the next 16t;t,t5 +
4t ts + 4t,ts + t, + tzpendent vertices. Thereafter assign the vector (1,1,0,0) to the next 16ttt + 4t t; +
4t,t; + t, + tzpendent vertices and assign the vector (1,0,0,0) to the next 16t t,t; + 4t t; + 4tyts + t, +
t3 pendent vertices. Hence (1,11,1) = 16t1t,t3 + 4t1t, + 4tyts + 4tyts +ty +t, +t3 + Land @1 q1,0) =
P11,00) = P(1000) = 16t1tots + 41ty + 4tyts + dtots + ¢y +ty + t3Thus ¥y = 16t1tyts + 4t1t, +
At ity + Atots + 2t +ty + ts + land y3 = ¥y = Yy = 16t tyts + 4t,t, + At ts + Aoty + 26, + L, + ts.
Subcase (II b): m = 1 (mod 4)

Then,m = 4ts + 1, t5 > 0. We get p = 4(16¢,t,t5 + 8tyty + 4tits + 4tyts + 2, + 26, + t3) + 2 and
q = 4(16t t,t5 + 8t t, + 4t ts + 4tyts + 3t; + 2t, + t3) + 1. Then assign the vector (1,1,1,1) to the first
16tttz + 4t t, + 4t ts + 4tyt3 + t; — 2t, + t3 pendent vertices and assign the vector (1,1,1,0) to the next
16t tyts + 4t t, + 4t ts + 4t t; + t; + 2t, + typendent vertices. Then assign the vector (1,1,0,0) to the
next 16t tyts + 4t t, + 4t ts + 4tyts + ty + 2t, + tzpendent vertices and assign the vector (1,0,0,0) to the
next 16tit,ts + 4t t, + 4ty ts + 4tyts +t; + 2t, + t3 pendent vertices. Hence @(q1,1,1) = 16818585 +
8t1t2 + 4t1t3 + 4t2t3 + Ztl + 2t2 + t3 +1= ‘P(1,0,0,0) and ‘P(1,1,1,0) = (p(l,l,0,0) = 16t1t2t3 + 8t1t2 +
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Atits + Atyts + 2t + 28, + ts. Thus ¥y = y; = 16t,tyts + 8tyty + 4tyts + 4tyts + 3t; + 2, + t5 +
land y3 = ¥, = 16t,tyts + 8tyt, + 4ty ts + 4tyts + 3ty + 26, + t3.

Subcase (II ¢): m = 2 (mod 4)

Then,m = 4t3+ 2, t3 > 0. We obtain p = 4(16t t,t; + 12t t, + 4t t5 + 4t,t; + 3t; + 3t, +t3) +
3and q = 4(16t,t, ts + 12t4t, + 4t t3 + 4t t3 + 4ty + 3t, + t3) + 3. Then assign the vector (1,1,1,1) to
the first 16t t,t5 + 8tyt, + 4t ts + 4tyts + 2ty — t, + t3 pendent vertices and assign the vector (1,1,1,0) to
the next 16t t,t5 + 8tyt, + 4t ts + 4tyts + 2ty + 3t, + tzpendent vertices. Also assign the vector (1,1,0,0)
to the next 16tityt; + 8t t, + 4t t; + 4tyts + 2t + 3t, + t3 + 1 pendent vertices and assign the
vector(1,0,0,0) to the next 16t;t,ts + 8ty t, + 4t t5 + 4t t3 + 2t + 3t, + t3 + 1 pendent vertices. Hence
P1,111) = P1,1,00) = P(1,000) = 16t1tyts + 1281t; + 4ty t3 + 4tyts + 3t + 3t +t3+ Land 91,110 =
16t,tyt5 + 128ty + 4ty ts + 4tyts + 38, 4+ 3t, + 3 Thus yu =¥y = ¥y = 16t,tyt5 + 128,18, + 48yt +
Atyts + 4ty + 3ty + tz + land y3 = 16t,tyt5 + 128t + 4ty ts + 4tyts + 4ty + 36, + t3.

Subcase (II d): m = 3(mod 4)

Then, m = 4t3 + 3, t3 = 0. We have p = 4(16t t,ts + 16t t, + 4t it + 4tyts + 4ty + 4t, + t3 + 1)and
q = 4(16t t t; + 16t t, + 4t ts + 4t,t; + 5t + 4ty + t3 + 1). Then assign the vector (1,1,1,1) to the first
16ttt + 12t t, + 4t ts + 4ty ts + 4ty + t3 + 1 pendent vertices and assign the vector (1,1,1,0) to the next
16t t,t; + 12t t, + 4t ts + 4tyt; + 4ty + 4ty + t3 + 1 pendent vertices. Also assign the vector (1,1,0,0) to
the next 16tttz + 12t1t, + 4t ts + 4tyts + 4ty + 4t, + t3 + 1pendent vertices and assign the vector
(1,0,0,0) to the next 16tyt,ts + 12t t, + 4t ts + 4ty ts + 4ty + 4t, + t3 + 1 pendent vertices. Hence
P11 = Pa,1,10) = P1,1,00) = P(1,000) = 16tttz + 16t1t; + 4t t3 + 4tyts + 4t + 4t +t3 + 1.
Thus y, = ¥3 = Y3 = ¥4 = 16t1t,ts + 16t,t, + 4tyts + 4tyts + 5t; + 4ty + t5 + 1.

Subcase (III): N = 2 (mod 4)

Then, N = 4t, + 2, t, > 0. We assign the vector (1,1,1,1) to the first 4t;t, + 2t; + 4t, + 2 vertices and
assign the vector (1,1,1,0) to the next 4t;t, + 2t;vertices. Also assign the vector (1,1,0,0) to the next 4t;t, +
2t;vertices and assign the vector (1,0,0,0) to the next 4t;t, + 2t; vertices.

Subcase (III a):m = 0 (mod 4)

Then, m = 4ts, t; > 0. We have p = 4(16t,t,t5 + 4tyty + 8tyts + 4tyts + 2t; + ty + 263) + 2and =
4(16t tyts + 4t t, + 8Btytg + 4tyt; + 3ty + t, + 2t3) + 2 . We assign the vector (1,1,1,1) to the first
16ttt + 8t ts + 4t t; — 3t, + 2t3 — 1pendent vertices and assign the vector (1,1,1,0) to the next
16ttt + 8t ts + 4ty t; + t, + 2tzpendent vertices. Thereafter assign the vector (1,1,0,0) to the next
16t tyts + 8t ts + 4ty t; + t, + 2tzpendent vertices and assign the vector (1,0,0,0) to the next 16t;t,t5 +
8tits + 4tyts + ty + 2t3 + 1 pendent vertices. Hence ¢(1,1,1,1) = @(1,0,0,0) = 16t1t,t3 + 4t1t; + 8tyts +
Atyts + 2t + ty + 2t3 + land @(1110) = Pr100) = 16titats + 4tity + 8tyty + 4yt + 2ty + ty + 2t5.
Thus ¥4 = y; = 16t,tyts + 4t1t, + 8ty ts + 4tots + 36, + t5 + 25 + land y3 = v, = 16t,tyts + 4t1t, +
8ty ts + 4tyts + 3ty + £y + 2.

Subcase (III b): m = 1(mod 4)

Then,m=4t; +1, t; > 0. We obtain p = 4(16t,t,ts + 8tit, + Btits + Atyts + 4ty + 26, + 2t +
1)and = 4(16t;t,t3 + 8tyt, + 8t ts + 4tyt; + 5t + t, + 2t3 + 1). Then assign the vector (1,1,1,1) to the
first 16t,t,ts + 4tyt, + 8t ts + 4ty ts + 2t — 2t, + 2t3 — 1pendent vertices and assign the vector (1,1,1,0)
to the next 16tttz + 4t t, + 8tytz + 4t t3 + 2t + 2t, + 2tz + 1 pendent vertices. Thereafter assign the
vector (1,1,0,0) to the next 16t t,t5 + 4t t, + 8tits + 4tyts + 2t + 2t, + 2tz + 1 pendent vertices and
assign the vector (1,0,0,0) to the next 16t t,t; + 4t t, + 8t ts + 4t,ts + 2t + 2t, + 2t3 + 1 pendent
vertices. Hence (P(1,1,1,1) = ‘P(1,1,1,0) = ‘P(1,1,0,0) = (p(l,0,0,0) = 16t1t2t3 + 8t1t2 + 8t1t3 + 4t2t3 + 4t1 +
2t, + 2ts + 1. Thus y, = Y3 = ¥, = ¥, = 16t t,ts + 8tyt, + 8tyts + 4tyts + 5ty + 2t, + 2t5 + 1.
Subcase (I11 ¢): m = 2(mod 4)

Then,m = 4t; + 2, t; > 0. We obtain p = 4(16t,tyts + 12t,t, + 8tyts + Atyts + 6t + 3ty + 2t5 +
1) + 2and q = 4(16t t,t3 + 12t,t, + 8t tz + 4t t; + 7ty + 3t, + 2t3 + 1) + 2. Then assign the vector
(1,1,1,1) to the first 16t t,t5 + 8t t, + 8t itz + 4tyts + 4ty — t, + 2tzpendent vertices and assign the vector
(1,1,1,0) to the next 16t t,t5 + 8t t, + 8t ts + 4t,ts + 4ty + 3t, + 2t3 + 1 pendent vertices. Thereafter
assign the vector (1,1,0,0) to the next 16t;t,ts + 8t t, + 8tyts + 4tyts + 4ty + 3t, + 2t3 + 1 pendent
vertices and assign the vector (1,0,0,0) to the next 16t t,t5 + 8t t, + 8t t; + 4tyt; + 4ty + 3t, + 2t5 +
2 pendent vertices. Hence ¢(1,1,1,1) = @(1,0,0,0) = 16t1tot5 + 12t1t; + 8ty t5 + 4t,ts + 6t + 3t, + 2t5 +
2and Q11100 = P11,00) = 1661tats + 12818, + Btyts + 4tyts + 6t + 3ty + 265+ 1. Thus y, = y; =
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16t,t,ts + 128, t, + 8tyts + 4tyts + 7ty + 3ty + 2ts + 2and  y3 =y, = 16t,t,t5 + 12t5t, + Bt t5 +
4t,ts + 7ty + 3ty + 2t5 + 1.

Subcase (III d): m = 3(mod 4)

Then,m = 4t3+ 3, t3 = 0. We obtain p = 4(16t t,t3 + 12t t, + 8t t; + 4t,t3 + 8ty + 4t, + 2t5 +
2)and q = 4(16t t,t; + 16t t, + 8t ts + 4t,t; + 8ty + 4ty + 2t3 + 2). Then assign the vector (1,1,1,1)
to the first 16t t,t5 + 12t t, + 8t t; + 4t,t5 + 6t; + 2tzpendent vertices and assign the vector (1,1,1,0) to
the next 16t tyts + 12t1t, + 8t ts + 4tytz + 6t + 4t, + 2t3 + 2 pendent vertices. Thereafter assign the
vector (1,1,0,0) to the next 16t t,t5 + 12t1t, + 8t ts + 4t,t3 + 6t + 4t, + 2t3 + 2 pendent vertices and
assign the vector (1,0,0,0) to the next 16t t,t3 + 12t t, + 8t t; + 4t,t3 + 6t; + 4t, + 2t3 + 2 pendent
vertices. Hence (p(l,l,l,l) = (P(1,1,1,0) = (p(l,l,0,0) = (p(l,0,0,0) = 16t1t2t3 + 16t1t2 + 8t1t3 + 4t2t3 + 8t1 +
Aty +2t5 + 2. Thus Y4 = y3 = Vo = 71 = 16t,tats + 168ty + 8tyts + 4tyts + Ot, + 4¢, + 2t5 + 2.
Subcase (IV): N = 3 (mod 4)

Then, N = 4t, + 3, t, > 0. We assign the vector (1,1,1,1) to the first 4t;t, + 3t; + 4t, + 3 vertices and
assign the vector (1,1,1,0) to the next 4t;t, + 3t;vertices. Also assign the vector (1,1,0,0) to the next 4t;t, +
3ty vertices and assign the vector (1,0,0,0) to the next 4t;t, + 3t; vertices.

Subcase (IV a): m = 0 (mod 4)

Then, m = 4‘t3, t3 > 0. We have pP= 4‘(16t1t2t3 + 4t1t2 + 12t1t3 + 4‘t2t3 + 3t1 + tz + 3t3) + 3and =
4(16t tyts + 4t ity + 12t1t5 + 4ty ts + 4t; + t, + 3t3) +3 . We assign the vector (1,1,1,1) to the first
16t t,t; + 12t1t5 + 4t,yt; — 3t + 3t3 — 2pendent vertices and assign the vector (1,1,1,0) to the next
16t t,t; + 12t1t5 + 4t,ts + t, + 3tzpendent vertices. Thereafter assign the vector (1,1,0,0) to the next
16t t,t; + 12t t5 + 4tyts + t; + 3tz + 1 pendent vertices and assign the vector (1,0,0,0) to the next
16tttz + 12t t; + 4t t; +t, + 3t3+ 1 pendent vertices.  Hence P1,1,1,1) = 91,000 = P(1,1,00) =
16t,tyts + 4ty t, + 12t + 4tyts + 3ty + ty + 3t3 + land P1110) = 16t otz + 4ty t, + 8t ts +
At,ts + 3ty + ty + 3tz. Thus ¥4 = ¥y = y1 = 16ty tyts + 48,6, + 12,5 + 4tyts + 4ty + t, + 3t3 + land
Vs = 16t tyts + 4t t, + 8tyts + 4tyts + 3ty + ty + 2t

Subcase (IV b): m = 1(mod 4)

Then,m =4t + 1, t; > 0. We obtain p = 4(16t,tyts + 8tyty + 12t,ts + 4tyts + 6t + 2t, + 3t5 +
1) + 2and q = 4(16t 1t ts + 8t t, + 12t1t5 + 4tyts + 7ty + 2t, + 3t3 + 1) + 2. Then assign the vector
(1,1,1,1) to the first 16t tyts + 4t t, + 12t1t5 + 4t t3 + 3t; — 2t, + 3t3 — 1pendent vertices and assign the
vector (1,1,1,0) to the next 16tyt,ts + 4t t, + 12t t3 + 4ty ts + 3ty + 2t, + 3t3 + 1 pendent vertices.
Thereafter assign the vector (1,1,0,0) to the next 16t t,ts + 4t t, + 12t t5 + 4ty t3 + 3t + 2t, + 3t3 +
1 pendent vertices and assign the vector (1,0,0,0) to the next 16t t,ts + 4t t, + 12t,t5 + 4t t5 + 3t; +
2t, + 3t3 + 2 pendent vertices. Hence ¢11,1,1) = @(1,0,0,0) = 16t1tot5 + 8tyt, + 12t1t5 + 4t,t3 + 6t +
2t, +3t; + 2and Q(1110) = P1100) = 16t1tots + 8tyty + 12t,t5 + 4tyts + 6ty + 2t, + 3tz + 1. Thus
Ya = y1 = 16t tyts + 8tyt, + 12t t5 + 4tyts + 7t + 2t, 4+ 3tz + 2and  y3 = ¥y = 16t,t,t5 + 8tyt, +
12t,ts + 4tyts + Tty + 2t, + 3t + 1.

Subcase (IV ¢): m = 2(mod 4)

Then, m = 4t3 + 2, t5 = 0. We obtain p = 4(16t,tyts + 12¢,t, + 12t,ts + 4t,ts + Ot + 3¢, + 3ts +
2) + land q = 4(16t 1t t5 + 12t t, + 12tt5 + 4tyt3 + 10t; + 3t, + 3t3 + 2) + 1. Then assign the vector
(1,1,1,1) to the first 16t t t; + 8t t, + 12t,t3 + 4tyt; + 6t; — t, + 3tzpendent vertices and assign the
vector (1,1,1,0) to the next 16t t,ts + 8t t, + 12t t3 + 4ty t3 + 6t1 + 3t, + 3t3 + 2 pendent vertices.
Thereafter assign the vector (1,1,0,0) to the next 16t t,t; + 8t t, + 121t + 4t,t; + 6t + 3t, + 3t3 +
2 pendent vertices and assign the vector (1,0,0,0) to the next 16t t,t5 + 8t t, + 12t t5 + 4t,ts + 6t; +
3t; + 3t3 + 2 pendent vertices.  Hence @(q,1,1,1) = 16t1t5t5 + 1284, + 12t1t5 + 4t,t5 + 9t, + 3¢, +
3t5 +3and P1110) = P1,100) = P1000) = 16titats + 128, + 12855 + 4tyts + 9ty + 3¢, + 3t5 + 2.
Thus ¥4 = 16t,tyts + 12t,t, + 128,t5 + 4tyts + 10t; + 3t, + 3ts + 3and  y3 = ¥, = ¥y = 16t,t,ts +
12t,t, + 12t,ts + 4t ts + 10t; + 3t, + 3t + 2.

Subcase (IV d): m = 3(mod 4)

Then, m = 4t3 + 3, t3 = 0. We obtain p = 4(16t tyts + 16t t, + 12t,t5 + 4tyts + 12t + 4t, + 3t5 +
3)and q = 4(16t t,t3 + 16t,t, + 12t,t5 + 4ty t3 + 13t + 4t, + 3t3 +3). Then assign the vector
(1,1,1,1) to the first 16t t,ts + 12t5t, + 12t1t5 + 4ty ts + 9t; + 3tzpendent vertices and assign the vector
(1,1,1,0) to the next 16ttty + 12tt, + 12t1t5 + 4tyts + 9ty + 4t, + 3t3 + 3 pendent  vertices.
Thereafter assign the vector (1,1,0,0) to the next 16t t,ts + 12t1t, + 12t t5 + 4t,ts + 9t; + 4t, + 3t5 +
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3 pendent vertices and assign the vector (1,0,0,0) to the next 16tttz + 16t,t, + 12tt3 + 4t,t3 + 9t +
4t, + 3t3 + 3 pendent vertices. Hence @¢1,1,1,1) = ®(1,1,1,0) = ©(1,1,00) = P(1,0,00) = 16t1t,t3 + 16t1t; +
12t,t5 + 4tyts + 128, + 4ty + 3t5 + 3. Thus g = ¥z = ¥Va = y1 = 16t,tyt5 + 16t,t, + 12¢,t5 + 4t,ts +
13t, + 4t, + 3t5 + 3.

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

Then M = 4t + 2,t; = 0.

Subcase (I): N = 0 (mod 4)

Then, N = 4t,, t, > 0. We assign the vector (1,1,1,1) to the first 4t;t, + 4t, vertices and assign the vector
(1,1,1,0) to the next 4t t, + 4t,vertices. Also assign the vector (1,1,0,0) to the next 4t;t,vertices and assign
the vector (1,0,0,0) to the next 4t t, vertices.

Subcase (I a):m = 0 (mod 4)

Then, m = 4t3, t3 > 0. We have p = 4(16tt,tz3 + 4t t, + 8tyts + 2ty)and q = 4(16t,t,t3 + 4t t, +
8tyts + 2t, + t1) + 1. We assign the vector (1,1,1,1) to the first 16t;t,t5 + 8t,t; — 2t, pendent vertices and
assign the vector (1,1,1,0) to the next 16t;t,t; + 8t,t; — 2t,pendent vertices. Then assign the vector (1,1,0,0)
to the next 16t;t,t5 + 8t,ts + 2t,pendent vertices and assign the vector (1,0,0,0) to the next 16t t,t5 +
8t,t; + 2t, pendent vertices.

Subcase (I b):m = 1 (mod 4)

Then, m = 4‘t3 + 1, t3 > 0. We obtain pP= 4‘(16t1t2t3 + 8t1t2 + 8t2t3 + 4t2)and q= 4‘(16t1t2t3 +
8tit, + 8tyts + 4t, + t1) + 1. We assign the vector (1,1,1,1) to the first 16t;t,t3 + 4t t, + 8t,t5 pendent
vertices and assign the vector (1,1,1,0) to the next 16t;t,t; + 4t t, + 8t,tzpendent vertices. Then assign the
vector (1,1,0,0) to the next 16t;t,t5 + 4t t, + 8t,t; + 4t,pendent vertices and assign the vector (1,0,0,0) to
the next 16t,t,t; + 4t t, + 8t,t3 + 4t, pendent vertices.

Subcase (I ¢): m = 2 (mod 4)

Then, m = 4‘t3 + 2, t3 > 0. We obtain pP= 4‘(16t1t2t3 + 12t1t2 + 8t2t3 + 6t2)and q = 4(16t1t2t3 +
12t,t, + 8tyt3 + 6t, + t;) + 1. We assign the vector (1,1,1,1) to the first 16t,t,t3 + 8t t, + 8ty t5 + 2t,
pendent vertices and assign the vector (1,1,1,0) to the next 16t,t,ts + 8t;t, + 8t,t3 + 2t,pendent vertices.
Then assign the vector (1,1,0,0) to the next 16t;t,t3 + 8t;t, + 8t,t3 + 6typendent vertices and assign the
vector (1,0,0,0) to the next 16t t,t5 + 8t t, + 8t,t; + 6t, pendent vertices.

Subcase (I d): m = 3 (mod 4)

Then,m = 4t3 + 3, t3 = 0. We get p =416t t,t5+ 16t t, + 8tyt; + 8ty)and q = 4(16t,t,t5 +
16t t, + 8t,yt; + 8t, + t;) + 1. We assign the vector (1,1,1,1) to the first 16t;t,t3 + 12t t, + 8t,t; + 4t,
pendent vertices and assign the vector (1,1,1,0) to the next 16t;t,t; + 12t;t, + 8t,t5 + 4t,pendent vertices.
Then assign the vector (1,1,0,0) to the next 16t;t,t5 + 12t;t, + 8t,t5 + 8typendent vertices and assign the
vector (1,0,0,0) to the next 16t;t,t; + 12t t, + 8t,t5 + 8t, pendent vertices.

Subcase (II): N = 1 (mod 4)

Then, N = 4t, + 1, t, > 0. We assign the vector (1,1,1,1) to the first 4t,t, + 4t, + t; + 1 vertices and assign
the vector (1,1,1,0) to the next 4t t, + 4t, + t; + lvertices. Also assign the vector (1,1,0,0) to the next
4t,t, + tyvertices and assign the vector (1,0,0,0) to the next 4t,t, + t; vertices.

Subcase (II a): m = 0 (mod 4)

Then, m = 4t3, t3 > 0. We have p = 4(16t tyt3 + 4t t, + 4t t; + 8tytz + t; + 2t, + 2t3) + 2and q =
4(16t tyts + 4t ty + 4t ts + Btyty + 2t + 2t, + 2t3) + 3. We assign the vector (1,1,1,1) to the first
16t tyts + 4t ts + 8t,yt; — 2t, + 2t3 pendent vertices and assign the vector (1,1,1,0) to the next 16t;t,t5 +
4t ts + 8tyt; — 2t, + 2t3 — 1 pendent vertices. Then assign the vector (1,1,0,0) to the next 16t t,t; +
4t ts + 8t,ts; + 2t, + 2tzpendent vertices and assign the vector (1,0,0,0) to the next 16t t,t; + 4t t; +
8tytz + 2t, + 2t3 + 1pendent vertices.

Subcase (II b): m = 1 (mod 4)

Then,m = 4t; + 1, t3 > 0. We get p = 4(16t t,t3 + 8t t, + 4t ts + 8tyt; + 2t + 4ty + 2t3 + 1)and
q = 4(16t t,t5 + 8t t, + 4t ts + Btyts + 3ty + 4t, + 2t3 + 1) + 1. Assign the vector (1,1,1,1) to the first
16t tyts + 4t t, + 4t ts + 8ty t; + t; + 2t3 pendent vertices and assign the vector (1,1,1,0) to the next
16t tyts + 4t t, + 4t ts + 8tyt; + t; + 2tzpendent vertices. Then assign the vector (1,1,0,0) to the next
16t tyts + 4t t, + 4t ts + 8tyt; + t; + 4ty + 2t3 + 1 pendent vertices and assign the vector (1,0,0,0) to
the next 16t;t,ts + 4t t, + 4t t; + 8ty t; + t; + 4t, + 2t3 + 1 pendent vertices.

Subcase (II ¢):m = 2 (imod 4)
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Then, m = 4t3 + 2, t3 = 0. We have p = 4(16t t,t5 + 12t,t, + 4t t3 + 8tyts + 3ty + 6t + 2t3 + 1) +
2and q = 4(16t tyts + 12t,t, + 4t ts + 8tyts + 4ty + 6t, + 2t3 + 1) + 3. We assign the vector (1,1,1,1)
to the first 16t tyts + 8t t, + 4t tz + 8tytz + 2ty + 2t, + 2t3 + 1 pendent vertices and assign the vector
(1,1,1,0) to the next 16t t,t3 + 8t t, + 4t ts + 8tyt; + 2t + 2t, + 2tzpendent vertices. Then assign the
vector (1,1,0,0) to the next 16t t,ts + 8t t, + 4t t3 + 8t,t; + 2t; + 6t, + 2t3 + 1 pendent vertices and
assign the vector(1,0,0,0) to the next 16tit,ts + 8t t, + 4t t3 + 8t,t; + 2t + 6t, + 2t3 + 2pendent
vertices.

Subcase (II d): m = 3(mod 4)

Then, m = 4t3 + 3, t3 = 0. We have p = 4(16t,t,t3 + 16t,t, + 4t t5 + 8ty ts + 4t; + 8t, + 2t53 + 2)and
q = 4(16t t,t; + 16t,t, + 4t ts + 8tyt; + 5t + 8ty + 2t5 + 2) + 1. Assign the vector (1,1,1,1) to the first
16t tyt; + 12t1t, + 4t 1tz + 8tyt; + 3ty + 4t, + 2t3 + 1 pendent vertices and assign the vector (1,1,1,0) to
the next 16tttz + 12t1t, + 4t 1tz + 8t,t3 + 3ty + 4t, + 2t3 + 1pendent vertices. Then assign the vector
(1,1,0,0) to the next 16t t, t; + 12t,t, + 4t t3 + 8t,t5 + 3t + 8ty + 2t3 + 2 pendent vertices and assign
the vector (1,0,0,0) to the next 16tttz + 12t;t, + 4t t3 + 8tyts + 3ty + 8t, + 2t3 + 2pendent vertices.
Subcase (III): N = 2 (mod 4)

Then, N = 4t, + 2, t; > 0. We assign the vector (1,1,1,1) to the first 4t;t, + 4t, + 2t; + 2 vertices and
assign the vector (1,1,1,0) to the next 4t;t, + 4t, + 2t; + 2vertices. Also assign the vector (1,1,0,0) to the next
4t,t, + 2t vertices and assign the vector (1,0,0,0) to the next 4t;t, + 2t; vertices.

Subcase (III a):m = 0 (mod 4)

Then, m = 4t3, t3 > 0. We have p = 4(16t,t t; + 4t t, + 8t t; + 8tyts + 2t + 2ty + 4t3 + 1)and g =
4(16t tyts + 4t ty + 8tyts + 8tyt; + 3t + 2t, + 4t3 + 1) + 1. We assign the vector (1,1,1,1) to the first
16ttt + 8t ts + 8tyt; — 2t, + 4t3 — 1 pendent vertices and assign the vector (1,1,1,0) to the next
16ttt + 8t ts + 8ty t; — 2t, + 4t3 — 1 pendent vertices. Then assign the vector (1,1,0,0) to the next
16ttt + 8t ts + 8tyt; + 2t, + 4tz + 1 pendent vertices and assign the vector (1,0,0,0) to the next
16t t,ts + 8t t; + 8t,yt; + 2t, + 4t; + 1pendent vertices.

Subcase (III b):m = 1 (mod 4)

Then,m = 4t; + 1, t3 > 0. We get p = 4(16t t,t3 + 8t t, + 8t tz + 8tyt; + 4ty + 4ty + 4t3 + 2)and
q = 4(16t t,t5 + 8t t, + 8t ts + Btyts + 5t + 4t, + 4t + 2) + 1. We assign the vector (1,1,1,1) to the
first 16t tyt5 + 4t t, + 8t t; + 8tyts + 2t; + 4t3 pendent vertices and assign the vector (1,1,1,0) to the next
16t tyts + 4t t, + 8t ts + 8tyt; + 2t + 4tzpendent vertices. Then assign the vector (1,1,0,0) to the next
16t tyts + 4t t, + 8t ts + 8tyt; + 2ty + 4ty + 4t3 + 2 pendent vertices and assign the vector (1,0,0,0) to
the next 16t t,ts + 4t t, + 8t t; + Bty t; + 2t; + 4t, + 4t5 + 2pendent vertices.

Subcase (I1I ¢): m = 2 (mod 4)

Then, m = 4t5 + 2, t3 = 0. We have p = 4(16t;t,t; + 12t,t, + 8t t3 + 8ty t; + 6t + 6t, + 4t3 + 3)and
q = 4(16t tyt5 + 12t4t, + 8t t; + 8tyts + 7t + 6t, + 4t3 + 3) + 1. Then assign the vector (1,1,1,1) to
the first 16ttt + 8t t, + 8t t; + 8tyt; + 4ty + 2t, + 4t3 + 1 pendent vertices and assign the vector
(1,1,1,0) to the next 16t t,t; + 8t t, + 8t ts + 8t,t; + 4ty + 2t, + 4t3 + 1pendent vertices. Now assign
the vector (1,1,0,0) to the next 16t,t,t3 + 8t t, + 8t t3 + 8ty t; + 4ty + 6t, + 4t3 + 3 pendent vertices and
assign the vector (1,0,0,0) to the next 16t t,t; + 8t t, + 8t t3 + 8t,t; + 4ty + 6t, + 4t3 + 3 pendent
vertices.

Subcase (I11 d): m = 3 (mod 4)

Then,m = 4t3 + 3, t3 = 0. We get p = 4(16t,t,t3 + 16t t, + 8t t3 + 8ty t; + 8ty + 8t, + 4t3 + 4)and
q = 4(16t t,t5 + 12tt, + 8t t; + 8tyts + 9t; + 8t, + 4t3 +4) + 1. Then assign the vector (1,1,1,1) to
the first 16t tyt; + 12t4t, + 8t t3 + 8tyts; + 6t + 4t, + 4t; + 2 pendent vertices and assign the vector
(1,1,1,0) to the next 16tttz + 12t;t, + 8t ts + 8tyts + 6t + 4t, + 4t + 2pendent vertices. Now assign
the vector (1,1,0,0) to the next 16t t,t5 + 12tt, + 8t t3 + 8t,t5 + 6t; + 8ty + 4t3 + 2 pendent vertices
and assign the vector (1,0,0,0) to the next 16t t,t; + 12t1t, + 8t t; + 8t,t5 + 6t + 8ty + 4t5 +
2 pendent vertices.

Subcase (IV): N = 3 (mod 4)

Then, N = 4t, + 3, t; = 0. We assign the vector (1,1,1,1) to the first 4t;t, + 4t, + 3t; + 3 vertices and
assign the vector (1,1,1,0) to the next 4t,t, + 4t, + 3t; + 3vertices. Also assign the vector (1,1,0,0) to the next
4t,t, + 3tyvertices and assign the vector (1,0,0,0) to the next 4t;t, + 3t; vertices.

Subcase (IV a): m = 0 (mod 4)
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Then, m = 4t3, t3 > 0. We have p = 4(16t;t,t5 + 4t t, + 12t,t3 + 8tyt; + 3t + 2t + 6t3) + 2and g =
4(16t t ts + 4t t, + 12t1t5 + 8tyts + 4ty + 2t, + 6t3) + 3. We assign the vector (1,1,1,1) to the first
16t t,t; + 12t1t5 + 8tttz — 2t + 6t3 — 2 pendent vertices and assign the vector (1,1,1,0) to the next
16t t,t; + 12t1t5 + 8tttz — 2t + 6t3 — 3 pendent vertices. Then assign the vector (1,1,0,0) to the next
16t t,t; + 12t,t5 + 8t,tsz + 2t + 6t3 + 1 pendent vertices and assign the vector (1,0,0,0) to the next
16t tyts + 12t t3 + 8t,t3 + 2t, + 6t3 + 1pendent vertices.

Subcase (IV b): m = 1 (mod 4)

Then,m = 4t3 + 1, t3 = 0. We get p = 4(16t;t,t3 + 8t t, + 12t1t5 + 8t,t3 + 6t1 + 4t, + 6t3 + 1)and
q = 4(16t t,t; + 8tyt, + 12t4t5 + 8tyt; + 7ty + 4ty + 6t3 + 1) + 1. Assign the vector (1,1,1,1) to the first
16t t,t5 + 4t t, + 12t,t3 + 8tyt; + 3t; + 6t3 — 2 pendent vertices and assign the vector (1,1,1,0) to the
next 16t t,t5 + 4t t, + 12t t5 + 8t,t5 + 3t; + 6t3 — 2pendent vertices. Then assign the vector (1,1,0,0) to
the next 16tttz + 4t t, + 12t1t3 + 8t,tz + 3ty + 4t, + 6t3 + 1 pendent vertices and assign the vector
(1,0,0,0) to the next 16t;t,t; + 4t t, + 12t,t5 + 8t,ts + 3t; + 4t, + 6t3 + 1pendent vertices.

Subcase (IV ¢): m = 2 (mod 4)

Then,m = 4t; + 2, t3 = 0. We get p = 4(16t t,t5 + 4t t, + 12t,t5 + Btyts +9t; + 6t, + 6t3 +4) +
2and q = 4(16t tyts + 4t t, + 12t1t3 + 8tyts + 10ty + 6t, + 6t53 + 4) + 3. Assign the vector (1,1,1,1) to
the first 16ttt + 12t1t5 + 8tyts + 6t — 2t, + 6t3 + 1 pendent vertices and assign the vector (1,1,1,0) to
the next 16t t,t; + 12t,t3 + 8t,t; + 6t; — 2t, + 6t3 + 1pendent vertices. Then assign the vector (1,1,0,0)
to the next 16t;t,t; + 12t,t3 + 8t,t; + 6t + 6t, + 6t3 + 5 pendent vertices and assign the vector (1,0,0,0)
to the next 16t t,t; + 12t;t3 + 8t,t3 + 6t + 6t, + 6t3 + Spendent vertices.

Subcase (IV d): m = 3 (mod 4)

Then,m = 4t5 + 3, t; = 0. We have p = 4(16t,t,t5 + 16t,t, + 12t,t5 + 8tyts + 12¢, + 8t, + 6t5 +
6)and q = 4(16t;t,t; + 16t t, + 12t,t3 + 8t,t3 + 13t + 8t, + 6t3 + 6) + 1. Then assign the vector
(1,1,1,1) to the first 16t;tyts + 12t1t, + 8t ts + 8tyts + 9ty + 4t, + 6t3 + 3 pendent vertices and assign
the vector (1,1,1,0) to the next 16tttz + 12t,t, + 8t t3 + 8ty t; + 9t; + 4t, + 6t3 + 3pendent vertices.
Then assign the vector (1,1,0,0) to the next 16t;t,t; + 12t t, + 12t t5 + 8t,ts + 9t; + 8t, + 6t5 +
6 pendent vertices and assign the vector (1,0,0,0) to the next 16tttz + 12t1t, + 12t1t5 + 8tyts + 9¢t; +
8t, + 6t3 + 6pendent vertices.

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

Then M = 4t; + 3,t; = 0.

Subcase (I): N = 0 (mod 4)

Then, N = 4t,, t, > 0. We assign the vector (1,1,1,1) to the first 4t;t, + 4t, vertices. Then assign the vector
(1,1,1,0) to the next 4t t, + 4t,vertices. Also assign the vector (1,1,0,0) to the next 4t;t, + 4t,vertices.
Assign the vector (1,0,0,0) to the next 4t, t, vertices.

Subcase (I @):m = 0 (mod 4)

Then, m = 4t3, t3 > 0. We have p = 4(16t t,t5 + 4t t, + 12t,t3 + 3ty)and q = 4(16t1t,t5 + 4t t, +
12t,t5 + 3t, + t;) + 2. We assign the vector (1,1,1,1) to the first 16t;t,t5 + 12t,t3 — t, pendent vertices.
Then assign the vector (1,1,1,0) to the next 16t t,t3 + 12t,t3 — typendent vertices. Thereafter assign the
vector (1,1,0,0) to the next 16t,t,t; + 12t,t3 — typendent vertices. Assign the vector (1,0,0,0) to the next
16t t,t3 + 12t,t5 + 3t, pendent vertices.

Subcase (I b):m = 1 (mod 4)

Then,m = 4t; + 1, t3 = 0. We get p = 4(16t,t,t3 + 8t t, + 12t,t5 + 6t,)and g = 4(16t,t,t5 + 8t t, +
12t,t5 + 6t, + t;) + 2. We assign the vector (1,1,1,1) to the first 16ttt + 4t t, + 12t,t3 + 2t, pendent
vertices and assign the vector (1,1,1,0) to the next 16t;t,t; + 4t t, + 12t,t; + 2t,pendent vertices.
Thereafter assign the vector (1,1,0,0) to the next 16t;t,t5 + 4t t, + 12t,t5 + 2t,pendent vertices and assign
the vector (1,0,0,0) to the next 16t,t,ts + 4t t, + 12t,t3 + 6t, pendent vertices.

Subcase (I ¢):m = 2 (mod 4)

Then,m =4t;+ 2, t3 > 0. We have p = 4(16t t, t3 + 12t1t, + 12t,t3 + 9t,)and q = 4(16t4t,t3 +
12t,t, + 12t,t5 + 9t, + t;) + 2. We assign the vector (1,1,1,1) to the first 16t;t,t3 + 8t t, + 12t,t;5 + 5t,
pendent vertices and assign the vector (1,1,1,0) to the next 16t;t,t; + 8t t, + 12t,t5 + 5typendent vertices.
Then assign the vector (1,1,0,0) to the next 16t;t,t5 + 8t t, + 12t,t53 + Stypendent vertices and assign the
vector (1,0,0,0) to the next 16t;t,t; + 8t t, + 12t,t5 + 9t, pendent vertices.

Subcase (I d):m = 3 (mod 4)
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Then,m = 4t; +3, t; 2 0. We get p = 4(16¢,tots + 16t,t, + 126585 + 12¢,)and g = 4(16t,t,ts +

16t t, + 12t,t3 + 12t, + t1) + 2. We assign the vector (1,1,1,1) to the first 16tttz + 12t,t, + 12t,t5 +

8t, pendent vertices and assign the vector (1,1,1,0) to the next 16t t,t; + 12t;t, + 12t,t;5 + 8t,pendent

vertices. Then assign the vector (1,1,0,0) to the next 16t;t,t; + 12t,t, + 12t,t;3 + 8typendent vertices and

assign the vector (1,0,0,0) to the next 16t,t,t5 + 12t4t, + 12t,t3 + 12t, pendent vertices.

Subcase (II: N = 1 (mod 4)

Then, N = 4t, + 1, t, > 0. Assign the vector (1,1,1,1) to the first 4t t, + t; + 4t, + 1 vertices. Then assign

the vector (1,1,1,0) to the next 4t t, + t; + 4t, + 1lvertices. Also assign the vector (1,1,0,0) to the next

4tit, + tq + 4t, + 1 vertices. Assign the vector (1,0,0,0) to the next 4t;t, + t; vertices.

Subcase (II a): m = 0 (mod 4)

Then, m = 4t3, t3 > 0.We get p = 4(16t t, ts + 4t t, + 4tits + 12t,t3 + t; + 3t, + 3t3) + 3and q =

4(16t tyts + 4t ity + 4tyts + 12t,t3 + 2t; + 3t, + 3t3 + 1) + 1. We assign the vector (1,1,1,1) to the first

16t tyts + 4t t3 + 12t,t3 — t, + 3tz pendent vertices. Then assign the vector (1,1,1,0) to the next

16t tyts + 4t t3 + 12t,t3 — t, + 3tzpendent vertices. Thereafter assign the vector (1,1,0,0) to the next

16t tyts + 4t t3 + 12t,t3 — t, + 3t3 — 1 pendent vertices.  Assign the vector (1,0,0,0) to the next

16t t,ts + 4t t; + 12t,t5 + 3t, + 3t; + 1 pendent vertices.

Subcase (II b): m = 1 (mod 4)

Then,m = 4t; + 1, t3 = 0.We have p = 4(16t t,t5 + 8tyt, + 4tyts + 12t,t3 + 2t + 6t, + 3t3 + 1) +

2and q = 4(16t 1t t; + 8t t, + 4t t; + 12t,t5 + 3t + 6t + 3t3 + 2). We assign the vector (1,1,1,1) to

the first 16t t t; + 4t t, + 4t t; + 12t,t5 + t; + 2t, + 3t3 + 1 pendent vertices and assign the vector

(1,1,1,0) to the next16t tyts + 4t t, + 4tyts + 12t,t3 + t; + 2t, + 3tzpendent vertices. Thereafter assign

the vector (1,1,0,0) to the next 16t t,ts + 4t t, + 4tits + 12t,t53 + t1 + 2t, + 3tzpendent vertices and

assign the vector (1,0,0,0) to the next 16t t,ts + 4t t, + 4t t; + 12t,t5 + t; + 6t + 3t3 + 2 pendent

vertices.

Subcase (II ¢):m = 2 (imod 4)

Then,m = 4t3 + 2, t3 = 0.We get p = 4(16t tyts + 12t1t, + 4t it + 12t,t5 + 3t; +9t, + 3t3 +2) +

land q = 4(16t tyts + 12t1t, + 4t ts + 12t,t53 + 4t + 9t, + 3t3 + 2) + 3. We assign the vector (1,1,1,1)

to the first 16tt,t5 + 8t t, + 4t 1tz + 12t,t5 + 2t + 5t, + 3t3 + 1 pendent vertices and assign the vector

(1,1,1,0) to the next 16t t,ts + 8t t, + 4t t3 + 12t,t5 + 2t; + 5t, + 3t3 + 1 pendent vertices. Thereafter

assign the vector (1,1,0,0) to the next 16t t,ts + 8t t, + 4t t; + 12t,t5 + 2t + 5t + 3t3 + 1 pendent

vertices and assign the vector (1,0,0,0) to the next 16tt,t; + 8t t, + 4t t3 + 12t,t5 + 2t; + 9t, + 3t3+ 3

pendent vertices.

Subcase (II d): m = 3 (mod 4)

Then, m = 4t5 + 3, t3 = 0.We have p = 4(16t;t,t5 + 16t t, + 4t ts + 12t,t5 + 4t; + 12t, + 3)and g =

4(16t tyts + 16t t, + 4tyts + 12t,t3 + 5t + 12t, + 3) + 2. We assign the vector (1,1,1,1) to the first

16ttty + 12t t, + 4t t3 + 12t,t3 + 3t; + 8t, + 2 pendent vertices and assign the vector (1,1,1,0) to the

next 16t tyt; + 12t,t, + 4t t; + 12t,t5 + 3t + 8ty + 2 pendent vertices. Thereafter assign the vector

(1,1,0,0) to the next 16t tyts + 12t t, + 4t t; + 12t,t5 + 3t; + 8t, + 2 pendent vertices and assign the

vector (1,0,0,0) to the next 16t;t,t5 + 12t t, + 4t t; + 12t,t5 + 3t; + 12t, + 3 pendent vertices.

Subcase (III): N = 2 (mod 4)

Then, N = 4t, + 2, t; > 0. Assign the vector (1,1,1,1) to the first 4t;t, + 2t; + 4t, + 2 vertices. Then assign

the vector (1,1,1,0) to the next 4t t, + 2t; + 4t, + 2vertices. Also assign the vector (1,1,0,0) to the next

4ty t, + 2ty + 4t, + 2vertices. Assign the vector (1,0,0,0) to the next 4t;t, + 2t; vertices.

Subcase (III a):m = 0 (mod 4)

Then, m = 4t3, t3 > 0.We get p = 4(16t t,t5 + 4t t, + 8tyts + 12t,t3 + 2t + 3t, + 6t3 + 1) + 2and

q = 4(16t tyt5 + 4t t, + 8Btits + 12t,t5 + 3t; + 3t, + 6t3 + 2). We assign the vector (1,1,1,1) to the first

16ttt + 8tyts + 12t,t3 — t, + 6t3 pendent vertices. Then assign the vector (1,1,1,0) to the next

16ttt + 8t ts + 12t,t3 — t, + 6t3 — 1 pendent vertices. Thereafter assign the vector (1,1,0,0) to the next

16ttt + 8tyts + 12t,t3 — t, + 6t3 — 1 pendent vertices.  Assign the vector (1,0,0,0) to the next

16t t,ts + 8t t; + 12t,t5 + 3t, + 6t3 + 2 pendent vertices.

Subcase (III b):m = 1 (mod 4)

Then, m = 4t; + 1, t3 = 0.We have p = 4(16t t,t3 + 8t t, + 8t t3 + 12t,t5 + 4ty + 6t, + 6t3 + 3)and

q = 4(16t t,t5 + 8t t, + 8tits + 12t,t5 + 5t; + 6t + 6t3 + 3) + 2. We assign the vector (1,1,1,1) to the

first 16t tyt; + 4t t, + 8tyty + 12t,t3 + 2t; + 2t, + 6t3 + 1 pendent vertices and assign the vector
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(1,1,1,0) to the next 16tttz + 4t t, + 8tyt; + 12t,t3 + 2ty + 2t, + 6t3 + 1 pendent vertices. Then assign
the vector (1,1,0,0) to the next 16t t,ts + 4t t, + 8tyts + 12t,t3 + 2t; + 2t, + 6t3 + 1 pendent vertices
and assign the vector (1,0,0,0) to the next 16t;t,t5 + 4t t, + 8t t; + 12t,t5 + 2t + 6t, + 6t3 + 3pendent
vertices.

Subcase (I1I ¢): m = 2 (mod 4)

Then,m = 4t3 + 2, t3 = 0.We get p = 4(16t t,ts + 12t4t, + 8t tz + 12t,t5 + 6t + 9t, + 6t3 +4) +
2and q = 4(16t tyts + 12t1t, + 8t tz + 12t,t5 + 7ty + 9t, + 6t3 + 5). We assign the vector (1,1,1,1) to
the first 16tttz + 8t 1ty + 8t tz + 12t,t3 + 4ty + 5t, + 6t3 + 3 pendent vertices and assign the vector
(1,1,1,0) to the next 16t,t,t3 + 8t t, + 8tyt; + 12t,t3 + 4ty + 5t, + 6t3 + 2 pendent vertices. Then assign
the vector (1,1,0,0) to the next 16t t,t3 + 8tit, + 8t 1tz + 12t,t3 + 4t; + 5t, + 6t3 + 2 pendent vertices
and assign the vector (1,0,0,0) to the next 16t;t,t5 + 8t t, + 8t t3 + 12t,t5 + 4t + 9t, + 6t3 + Spendent
vertices.

Subcase (I11 d): m = 3 (mod 4)

Then,m = 4t5 + 3, t; = 0.We gt p = 4(16t,tyt5 + 16t,t, + 8t ts + 126,t5 + 8t; + 12, + 6t5 +
6)and q = 4(16t tyts + 16t t, + 8tyts + 12t,t3 +9t; + 12t, + 6t3+ 6) + 2. We assign the vector
(1,1,1,1) to the first 16tttz + 12t5t, + 8t 1tz + 12t,t3 + 6t + 8t, + 6t3 + 4 pendent vertices and assign
the vector (1,1,1,0) to the next 16t;t,t3 + 12t,t, + 8t t3 + 12t,t3 + 6t; + 8t, + 6t3 + 4 pendent vertices.
Then assign the vector (1,1,0,0) to the next 16t;t,t; + 12t t, + 8t t; + 12t,t53 + 6t + 8t, + 6t5 +
4 pendent vertices and assign the vector (1,0,0,0) to the next 16tttz + 12t,t, + 8t t3 + 12t,t5 + 6t +
12t, + 6t5 + 6pendent vertices.

Subcase (IV): N = 3 (mod 4)

Then, N = 4t, + 3, t, = 0. Assign the vector (1,1,1,1) to the first 4t;t, + 3t; + 4t, + 3 vertices. Then assign
the vector (1,1,1,0) to the next 4t,t, + 3t; + 4t, + 3vertices. Also assign the vector (1,1,0,0) to the next
4t,t, + 3ty + 4t, + 3vertices. Assign the vector (1,0,0,0) to the next 4t;t, + 3t; vertices.

Subcase (IV a): m = 0 (mod 4)

Then, m = 4t3, t3 > 0.We get p = 4(16t tyts + 4t t, + 12t5t5 + 12t,t5 + 3t; + 3t, + 9t3 + 1) + land
q = 4(16t tyt5 + 4t ty, + 12t1t5 + 12t,t5 + 4ty + 3t, + 9t3 + 2) + 3. We assign the vector (1,1,1,1) to
the first 16t t,t3 + 12t,t3 + 12t,t3 — t, + 9t3 — 1 pendent vertices. Then assign the vector (1,1,1,0) to the
next 16t;tyts + 12t1t5 + 12t,t3 — t, + 9t3 — 1 pendent vertices. Thereafter assign the vector (1,1,0,0) to the
next 16t;tyts + 12t;t3 + 12t,t3 — t, + 9t3 — 1 pendent vertices. Assign the vector (1,0,0,0) to the next
16t tyts + 121t + 12t,t5 + 3t, + 9t; + 3pendent vertices.

Subcase (IV b): m = 1 (mod 4)

Then, m = 4t3 + 1, t3 = 0.We have p = 4(16t tyts + 8t t, + 12t1t5 + 12t,t3 + 6t + 6t, + 9t3 +4) +
2and q = 4(16t t,t5 + 8t t, + 12t1t5 + 12t,t5 + 7t + 6t, + 9t3 + 5). We assign the vector (1,1,1,1) to
the first 16t;t,t3 + 4t t, + 12t1t5 + 12t,t5 + 3t; + 2t, + 9t3 + 2 pendent vertices and assign the vector
(1,1,1,0) to the next 16ttt + 4t t, + 12tt3 + 12t,t3 + 3ty + 2t, + 9t3 + 1 pendent vertices. Then
assign the vector (1,1,0,0) to the next16t t t; + 4t t, + 12t1t3 + 12t,t5 + 3ty + 2t, + 9t3 + 1 pendent
vertices and assign the vector (1,0,0,0) to the next 16t;t,ts + 4t t, + 12t1t3 + 12t,t5 + 3t; + 6t, + 9t5 +
5pendent vertices.

Subcase (IV ¢): m = 2 (mod 4)

Then, m = 4t3 + 2, t3 = 0.We get p = 4(16t tyts + 12t1t, + 12t5t5 + 12t,t3 + 9t; + 9t, + 9t3 + 6) +
3and q = 4(16t tyts + 12t,t, + 12t5t5 + 12t,t3 + 10t; +9t, +9t; +7) + 1. We assign the vector
(1,1,1,1) to the first 16ttt + 8tyty + 12t,t3 + 12t,t3 + 6t + 5t, + 9t3 + 4 pendent vertices and assign
the vector (1,1,1,0) to the next 16t;t,t3 + 8t t, + 12t,t3 + 12t,t3 + 6t; + 5t, + 9t3 + 3 pendent vertices.
Then assign the vector (1,1,0,0) to the next 16t;t,t; + 8tit, + 12t t5 + 12t,t5 + 6t + 5t, + 9t5 +
4 pendent vertices and assign the vector (1,0,0,0) to the next 16t;t,t3 + 8t t, + 12t,t3 + 12t,t5 + 6t +
9t, + 9t; + 7pendent vertices.

Subcase (IV d): m = 3 (mod 4)

Then,m = 4t3 + 3, t3 = 0.We have p = 4(16t tytz + 16t3t, + 12t1t5 + 12t,t5 + 12t + 9t, + 9t5 +
9)and q = 4(16t tyt5 + 16tt, + 12tt5 + 12t,t5 + 13t + 12, + 9t3 +9) + 2. We assign the vector
(1,1,1,1) to the first 16t tyts + 12t5t, + 12t1t5 + 12t,t5 + 9t; + 8t, + 9t5 + 6 pendent vertices and assign
the vector (1,1,1,0) to the next 16ttt + 12t t, + 12t,t3 + 12t,t3 + 9t; + 8t, + 9t3 + 6pendent vertices.
Then assign the vector (1,1,0,0) to the next 16t tyts + 12t1t, + 12t,t5 + 12t,t5 + 9t; + 8t, + 9t5 +
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6pendent vertices and assign the vector (1,0,0,0) to the next 16t t,t5 + 12t5t, + 12t5t3 + 12t,t3 + 9t; +
12t, + 9t3 + 9pendent vertices.

Hence this vertex labelinge is a VB {(1,1,1,1), (1,1,1,0), (1,1,0,0), (1,0,0,0) }-cordial labeling of AGS, y © mK;
forn=2,N=>3 andm > 1.

CONCLUSION

In this paper, we proved that the corona product of generalized alternate snake graph with m copies of K| is a
vector basis {(1,1,1,1), (1,1,1,0), (1,1,0,0), (1,0,0,0)}-cordial. The existence of vector basis S-cordial labeling of
the corona operation of more families of graphs with m copies of K; is an open problem.
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