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ABSTRACT

ARTICLE INFO

Let G be a (p,q) graph. Let f: V(G) — {1,2,...,k}
be a map. For each edge wv, assign the label
ged (f(u), f(v)).  f is called k-prime cordial labeling
of G if |vs(i) —vs(4)] < 1, 4,5 € {1,2,...,k} and
lef(0) —ef(1)] < 1 where vg(x) denotes the number of
vertices labeled with x, e;(1) and ef(0) respectively de-
note the number of edges labeled with 1 and not labeled
with 1. A graph with a k-prime cordial labeling is called
a k-prime cordial graph. In this paper we investigate 4-
prime cordial labeling behavior of complete graph, book,
flower, m(C,, and some more graphs.
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1 Introduction

All graphs in this paper are finite, simple and undirected. Let G be a (p, ¢) graph where
p refers the number of vertices of G and ¢ refers the number of edge of G. The number of
vertices of a graph G is called order of GG, and the number of edges is called size of G. In
1987, Cahit introduced the concept of cordial labeling of graphs [1]. Sundaram, Ponraj,
Somasundaram [6] have introduced the notion of prime cordial labeling. A prime cordial
labeling of a graph G with vertex set V' is a bijection f : V(G) — {1,2,...,|V|} such that
if each edge wv is assigned the label 1 if ged (f(u), f(v)) = 1 and 0 if ged (f(w), f(v)) > 1,
then the number of edges labeled with 0 and the number of edges labeled with 1 differ
by at most 1. Also they discussed the prime cordial labeling behavior of various graphs.
Recently Ponraj et al. [4], introduced k-prime cordial labeling of graphs. In this paper we
investigate 4-prime cordial labeling behavior of complete graph, book, flower, mC), and
some more graphs. Let z be any real number. Then |z | stands for the largest integer less
than or equal to x and [z] stands for smallest integer greater than or equal to z. Terms
not defined here follow from Harary [3] and Gallian [2].

2 Preliminaries

Remark 1. A 2-prime cordial labeling is a product cordial labeling. [7]

Definition 2.1. The Join of two graphs Gy + G4 is obtained from Gy and Gy and whose
vertex set is V (G1 + G2) =V (G1)UV (G3) and edge set E (G + Gs) = E(G1)UE (G2)U
{uv:u e V(Gy),v eV (Gq)}.

Definition 2.2. The graph C, + K; is called a wheel. In a wheel, the verter of degree n
1s called the central vertex and the vertices on the cycle C,, are called rim vertices. The
helm H, 1is the graph obtained from a wheel by attaching a pendent edge at each vertex
of the n-cycle. A flower Fl,, as the graph obtained from a helm by joining each pendent
vertex to the central vertex of the helm.

Definition 2.3. The Cartesian product graph G10G5 is defined as follows: Consider any
two points u = (uy,uz) and v = (v,ve) in V=V x V4. Then u and v are adjacent in
G10Gs whenever [u; = vy and ugvy € E (G)] or [ug = vy and uvy € E(GY)).

Definition 2.4. The graph C,,[OP, is called a prism. Let V(C,0P,) = {u;,v; : 1 <i <n}
and E(C,OP,) = {uuii1, v 0 1 <i <n—1}U{uug, v01} U{uo 0 1< <n}.

Definition 2.5. The book B,, is the graph S,,[l1P, where S,, is the star with m+1 vertices.

Theorem 2.1. [}] The cycle C,,, n # 3 is k-prime cordial where k is even.
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3 Main results

First we look into the complete graph K,,.
Theorem 3.1. Th complete graph K, is 4-prime cordial if and only if n < 3.

Proof. 1t is easy to verify that K;, K,, K3 are 4-prime cordial graphs. On the other hand
suppose there exists a 4-prime cordial labeling f for n > 4 then we have the following
cases.

Case 1. n =0 (mod 4).

Let n = 4¢. In this case vp(1) = vp(2) = v4(3) = vy(4) = t. But e;(0) = 3(}) +¢* = #
and ep(1) = (1) + 5t = HtTQ_t Then ef(1) — e;(0) = 3t* + ¢, a contradiction.

Case 2. n =1 (mod 4).

Let n = 4t + 1. We have the following cases.

N
0]
0]
N

In the case O, ef(1) = (tgl) +3t(t+1) + 2% = W and e;(0) = 3(}) +¢* = #
Then e;(1) — e;(0) = 3t* + 5¢, a contradiction.
. 2

Consider the case 2D Here ep(1) = (5) + 2t(¢t + 1) + 3t2 = L and ¢4(0) = ("t +
20 +t(t+ 1) = 23 Then ef(1) — e;(0) = 3t + ¢, a contradiction.

2 2 f f
For the case O, ep(1) = (1) +3t(t+1) +2t2 = 1% and e;(0) = ("5 +2(}) +¢2 = 2L,
Then e;(1) — e;(0) = 3t* + 3¢, a contradiction.
In the case O, ef (1) = (1) +2t(t4+1)+3t2 = % and e;(0) = (")) +2(0)+t(t+1) = @
Then e;(1) — e;(0) = 3t* + ¢, a contradiction.
Case 3. n =2 (mod 4).
Let n = 4t 4+ 2. Here we consider the following cases.

0 vp(1) = vp(2) =t + 1, vp(3) = vy(4) =t
0 vp(1) = vp(3) =t + 1, vp(2) = vp(4) = ¢
0 vp(1) = vp(d) =t + 1, vp(2) = vy(3) = ¢
0 v0p(2) = vp(3) =t + 1, vp(1) = vp(4) = ¢
0 v0p(2) = vp(d) =t + 1, vp(1) = v(3) = ¢
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|:| Uf(g) = Uf(4) =1 + 1, Uf(l) = Uf(?) =1

In the case U, ef(1) = (Hl) +(t+ 1)+ 3tt+1) +¢* = % + 1 and ef(0) =
(D +2() +(t+1) = 243 Then ef(1) — e;(0) = 3t> + 4t + 1, a contradiction.
Consider the case . Here ep(1) = (') + (t + 1) + 4t(t + 1) = LEH 41 and
er(0) = (t+1) +2(3) +t* = % Then e;(1) — e;(0) = 3t* + 7t + 1, a contradiction.
Consider the case 0. Here ef(1) = ("0") + (t +1)2 +3t(t + 1) + 2 = % + 1 and
er(0) = (") +2(0) +t(t+1) = 5t2+3t Then e;(1) —e;(0) = 3t* + 4t + 1, a contradiction.
In the case O, ey(1) = (}) + (t + 1) +3t(t+ 1) +¢* = % +1 and ez (0) = 2("}') +
(1) +t(t+1) = 2553 Then ef(1) — e;(0) = 3t> + 3t + 1, a contradiction.

For the case [, ef(l) () +att+1)+* = w and e (0) =2("0) + () +(t+1)* =
M + 1. Then e;(1) — e;(0) = 3t* + ¢t — 1, a contradiction.

For the case O, ep(1) = (5) +3t(t + 1) + 2 + (t + 1)* = % 1 1 and ef(0) = 2("5') +
(1) +t(t+1) = 3253 Then ef(1) —es(0) =32+ 3t + 1, a contradlctlon.

Case 4. n =3 (mod 4).

Let n = 4t + 3. We have the following cases.

In the case O, e;(1) = (5)+3t(t+1)+2(t+1)* = e ML 19 and ep(0) = 3("0!) +(t+1)% =
5t22+7t + 1. Then e;(1) — e;(0) = 3t* + 3t + 1, a contradiction.

Consider the case 0. Here ef(l) = (") +2(t+1) +3(t+1)2 = % + 3 and
er(0) = 2("5) + (L) +t(t+1) = 343 Then ef(1) —ef(0) = 3t2+ 7t + 3, a contradiction.
For the case O, ef(1) = (1) + 3t(t F 1)+ 2t + 1) = BEH 49 and e, (0) = 2("5) +
(O +(t+1)= @ + 1. Then e;(1) — e;(0) = 3t* 4+ 5¢ + 1, a contradiction.

In the case O, ef(1) = (Hl) +2t(t+ 1)+ 3(t+1)* = W + 3 and e;(0) = 2("11) +
2(0) +t(t+1) = % Then e;(1) — e;(0) = 3¢* + 7t + 3, a contradiction. O

mC', denote the m copies of the cycle C),.
Theorem 3.2. The graph mC,, is 4-prime cordial for all values of m and n > 3.

Proof. We consider the following cases.

Case 1. m is even.

Subcase la. n is even.

Assign the label 2, 4 to the first two vertices of the first cycle, then assign 2,4 to the
next two vertices of the first two cycles and so on. In this process the last vertex of the
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cycle received the label 2. Next we move to second cycle and assign the label as in first

cycle Proceeding like this until we assign the label to the mth

m+2
2

1,3 to the next two vertices and so on. Clearly 3 is the label of the last vertex of the
mT”th, ...,m!" cycle vertices.
Subcase 1b. n is odd.

As in subcase la, assign the label to the n — 1 vertices of the first cycle. Then assign the

cycle. We now move to the

m+2

cycle. Assign the labels 1,3 to the first two Vertlces of the cycle and assign

label 2 to the last vertex of the first cycle. Now we move to the second cycle. Assign the
labels 4,2 to the first two vertices of the second cycle and 4,2 to the next two vertices
and so on. This process is stopped at the (n—1)" vertex. Then assign 4 to the n'" vertex
of the second cycle. Next we move to the third cycle and assign the label to the vertices
as in first cycle. Similarly assign the label to the 4™ cycle as in second cycle. That is
the " cycle vertices is labeled as in (i — 2)™ cycle. Proceeding like this until we reach

mT“th cycle. Assign the label to the first, second,

. (n — 1)* values of the mT“th cycle as in subcase la. Then assign 3 to the last vertex
mt4th
2

the %th cycle. We now consider the

of the mT“th cycle. Next we move to the cycle and assign assign the labels 3,1 to
the first two vertices and assign 3,1 to the next two vertices and so on. In this process

the ( — 1) vertex received the label 1. Then assign the label 3 to the last vertex of the

mTH cycle. Next a851gn the label to the vertices of the m+4 cycle. Next assign the label
m+6th mth m+8th . ma4th .
to the vertices of ™52 cycle as in cycle and ™5 cycle as in "= cycle. That is
the i'" cycle is labeled as in (i — 2)™ cycle.
y y
Case 2. m is odd.
As in case 1, assign the label to the first, second, ..., (m — 1) cycle vertices. We now

consider the m! cycle. By theorem 2.1, any cycle has a 4-prime cordial labeling. Let ¢
be such a labeling. Assign the label to the m!” cycle as in g. It is easy to verify that this
vertex labeling is a 4-prime cordial labeling. O

Next we consider the One point union of m paths.
Theorem 3.3. One point union of m paths P, is 4-prime cordial.

Proof. Let the common vertex be u.

Case 1. n is odd.

Subcase la. m is odd.

Assign the label 2 to the common vertex u. Next we move to the first row. Assign the
labels 2, 4 to the first two vertices of the first row. Then assign 2, 4 to the next two vertices
and continue in this pattern. Note that in this process the last vertex of the first row
received the label 2. We now move to the second row. Assign the labels 4,2 to the first
two vertices and 4,2 to the next two vertices and so on. Clearly, the last vertex of the
second row received the label 4. Next we move to the third row and assign the label 2,4
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to the first two vertices of the third row, and 2, 4 to the next two vertices and so on. Note
that 2 is the label of the last vertex. Next consider the fourth row and assign the labels
to the first two vertices by 4,2 and so on. Proceed like this until we have labeled =2 row

vertices.

ntith
2

the next two vertices and so on. Clearly 1 is the label of the last vertex. Next we move
to the ”T+3th row. Assign the labels 3,1 to the first two vertices and 3,1 to the next two
vertices and so on. The label of the last vertex is 3. Proceed like this till the n'* row.

Next consider the row. Assign the labels 1,3 to the first two vertices and 1,3 to

Subcase 1b. m is even.
As in subcase la, assign the labels to the first two vertices of the first row by 2,4 and
next two vertices by 2,4 and so on. In this case the last vertex received the label 4. We

now move to next row and assign the label to the first two vertices by 2,4 and next two

vertices by 2,4 and so on. Proceed like this till “= L7 ow.

n+1th
2

two vertices by 1,3 and so on. The last vertex receives the label 3. Next we move on to

Next we move to row. Assign the labels to the first row vertices by 1,3 and next

the ”TJrgth row. Assign the labels 3,1 to th first two vertices and next two vertices by 3, 1
and so on. The last vertex receives the label 1. Proceed in this fashion to the next row
and assign the labels 1,3 to the first two vertices and next two vertices by 1,3 and so on.
Proceeding in this fashion to the n* row, clearly the vertices of the n'* row are labeled
as 1,3,1,3,1,...,1,3.

Note that the labeling pattern in this case is such that the label of the last vertex of the

n+1 th n+3 th

row and the label of the first vertex of row are the same. Also, the n'* row

n+1 th

5 row vertices.

Vertlces are labeled in the same pattern as in

Case 2. n is even.

Assign the labels to the vertices of the first, second, ... ”T_Zth rows as in case 1. Next we

n+2 h

move to the ”+2 " row. Assign the labels to the row and subsequent rows as in case

1. We con81der the 2™ row. Assign the labels to the first Lmj vertices as in the 252"

2 2 2
row corresponding vertices and assign the L%J, L%J +1, ..., m*" vertex of the "th TOW as
in the corresponding vertices of the n'* row. Obviously thls vertex labeling is a 4-prime

cordial labeling. O

Example 3.1. A 4-prime cordial labeling of one point union of 8 paths Py is given in
figure 1.

Now we investigate the 4-prime cordiality of Ky + mKj.
Theorem 3.4. Ky + mK; is 4-prime cordial if and only if m = 0,1,3 (mod 4).

Proof. Let V(Ky+mKy) = {u,v,u; : 1 <i<m}and E(Ky+mK;) = {uv, uu;, vu; : 1 <
i <m}. Clearly Ky + mK; has m+ 2 verices and 2m + 1 edges. We divide the proof into
four cases.
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O 0 0 00 ¢ 0 o
© 06 06 06 0 ® o o
@ denotes the vertex with the label 1 —  denotes an edge not labeled with 1

@ denotes the vertex with the label 2 denotes an edge with the label 1

@ denotes the vertex with the label 3

@ denotes the vertex with the label 4

Figure 1:

Case 1. m =0 (mod 4).
Let m = 4t. We define a labeling f : V(Ky + mK;) — {1,2,3,4} by f(u) =2, f(v) =4
and

flu) = 2, 1<i<t
Flus) = 3, 1<i<t
flugers) = 4, 1<i<t
Fluges) = 1, 1<i<t.

In this case v(1) = vf(3) =¢, v(2) =vs(4) =t + 1 and e(0) = 4t + 1, es(1) = 4t.
Case 2. m =1 (mod 4).

Let m = 4t + 1. Assign the labels to the vertices u,v,u; (1 < i < 4t) as in case 1.
Then put the label 3 to ugy1. Let g be the above vertex labeling. Here v,(1) = ¢,
1y(2) =vy(3) =vy(4) =t + 1 and e,(0) =4t + 1, e,(1) = 4t + 2.

Case 3. m =2 (mod 4).

Let m = 4t 4+ 2. Suppose there exists a 4-prime cordial labeling ¢.

Subcase 3.1. ¢(u) = ¢(v) = 1.

Here e,(0) = 0 and e, (1) = 8t + 5. Then e4(1) — e4(0) = 8 + 5, a contradiction.
Subcase 3.2. ¢(u) =1, ¢(v) = 2.

Here e,(0) = 2t + 1 and e4(1) = 6t 4+ 4. Then e,4(1) — e4(0) = 4t + 3, a contradiction.
Subcase 3.3. ¢(u) =1, ¢(v) = 3.

Here e4(0) =t and e,(1) = 7t + 5. Then e,(1) — e4(0) = 6t + 5, a contradiction.
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Subcase 3.4. ¢(u) =1, ¢(v) = 4.

Similar to subcase 3.2.

Subcase 3.5. ¢(u) = ¢(v) = 2.

In this case e,(0) = 4t + 1 and e,(1) = 4t + 4. Then ey4(1) — e4(0) = 3, a contradiction.
Subcase 3.6. ¢(u) = ¢(v) = 3.

In this case e,(0) = 2t —1 and e, (1) = 6t+6. Then ey(1) —e,(0) = 4t+5, a contradiction.
Subcase 3.7. ¢(u) = ¢p(v) = 4.

Similar to subcase 3.5.

Subcase 3.8. ¢(u) =2, ¢(v) = 3.

In this case e,(0) = 3t+1 and e4(1) = 5t+4. Then ey(1) —e,(0) = 2t+3, a contradiction.
Subcase 3.9. ¢(u) = 2, ¢(v) = 4.

Similar to subcase 3.5.

Subcase 3.10. ¢(u) = 3, ¢(v) = 4.

Similar to subcase 3.8.

Case 4. m =3 (mod 4).

Let m = 4t 4+ 3. Assign the labels to the vertices u,v,u; (1 < i < 4t + 1) as in case 2.
Then put the label 2,1 to w49, ugr3 respectively. If i) be the above vertex labeling then
(1) =vy(3) =vy(4) =t 4+ 1, vy(2) =t + 2 and e, (0) = 4t + 3, ey (1) = 4t + 4. O

Next investigation is about the prism C,,JP;.
Theorem 3.5. The prism C,0P; is 4-prime cordial if and only if n # 4.

Proof. First we observe that C,L1P, has 2n vertices and 3n edges. We consider the
folowing cases.

Case 1. n =0 (mod 4).

Let n = 4¢. It is easy to see that Cy[JP; is not 4-prime as it has number of edges not
labeled with 1 is not more than 5. So we may assume that ¢ > 1. First we consider the
vertices uq,Us,...,u,. Put the integer 2 to the first 24 vertics, namely, uq, us,. .., uoy.
For the vertices ugs i1, Ustio, Usirs, we allocate the integer 3. The remaining vertices from
Ugst4 1O uy are labeled by 1,3 alternatively so that wus, receive the label 1. Now we move
to the vertices vy, vg, ..., v,. Assign the label 4 to the vertices vy, vo, ..., vo;. Then put the
label 1 to the vertices voii1, Varra, Vorr3. The remaining vertices v; where 2t +4 < ¢ < 4t
are labeled with 3 or 1 according as ¢ is even or odd. One can easily check that each label
1,2,3,4 used to the vertices of the prism is exactly 7. Also the number of edges labeled
with 1 and not labeled with 1 are each 37”

Case 2. n =1 (mod 4).

Let n = 4t + 1. Assign the labels to the vertices u;, v;, (1 < i < 4t) as in case 1. Then
relabel the vertices wopy1, Uorio, Varr1, Vorso by 2,1,4, 3 respectively. Finally we use the
labels 3,1 to assign the vertices ugsi1, vory1 respectively. If f denote the above labeling
then vp(1) = vp(3) = 2, vp(2) = vp(4) =2t + 1 and ef(0) = 6t + 1, ef(1) = 6t + 2.



77 R. Ponraj, / Journal of Algorithms and Computation 48 (2016) PP. 69 - 79

Case 3. n =2 (mod 4).

Let n = 4t + 2. Assign the labels to the vertices w;, v;, (1 < i < 4t) as in case 1. Then
relabel the vertices wosyo, Uopia, Uapr2, Uapra, Wi, Vi, (26+5 < i < 4t+1) with 1 if they are
already labeled by 3 or relabel with 3 if they are already labeled with 1. If we denote g
as this labeling then vy(1) = v,(2) = v4(3) = v4(4) =2t + 1 and €,(0) = e,(1) = 6t + 3.
Case 4. n =3 (mod 4).

Let n = 4t + 3. Assign the labels to the vertices u;, v;, (1 <@ < 2t41) as in case 3. Then
put the integers 3,4 to the vertices wugsio, vo;14 respectively. Then assign the label 1 to
the vertices u;, (2t +3 < i < 4t + 3). If i is odd and put the label 3 if i is even. For he
vertices vy, (2t + 3 < i < 4t + 3) assign 3 or 1 according as ¢ is odd or even. If ¢ denotes
the above labeling then v,(1) = v4(3) = 2t, v4(2) = ve(4) = 2t + 1 and e,(0) = 6t + 4,
€¢(1) = 6t + D. U

Finally we look into the flower and book graphs.
Theorem 3.6. Flowers Fl, are 4-prime cordial for all n.

Proof. Let V(Fl,) = {u,u;,v; : 1 < i <n}and E(Fl,,) = {uujz; - 1 <i<n-1}U
{upur} U {uu;, uv;, vv; 0 1 <i < n}. Clearly Fl, has 2n + 1 vertices and 4n edges.
Case 1. n =0 (mod 4).

Let n = 4t. Define a labeling f : V(Fl,) — {1,2,3,4} by f(u) = 2, f(uxus1) = 3,
f(ug12) =1 and

f(us) 2, 1<i<2t
flugaoig) = 3, 1<i<t
f(uart2:) = 1, 1<i<t
f(’UZ) = 4, 1<i<2t
flvgpgoiv) = 1, 1<i<t-—1
flugpanine) = 3, 1<i<t—1.

Here vp(1) = vf(3) = vp(4) = 2t, vp(2) =2t + 1 and e;(0) = ef(1) = 8t.

Case 2. n =1 (mod 4).

Let n = 4t + 1. Define a function ¢ : V(F1,) — {1,2,3,4} by g(u) = 2, g(u+1) = 4,
9(vaer1) = g(var2) = 3, g(vary3) = 1 and

9(us) = 2, 1<i<2t
9(uaet2:) = 3, 1<i<t
g(ugioit1) = 1, 1<i<t
g(v;) = 4, 1<i<2t
g(Vapyoign) = 1, 1<i<t—1
9(Vary2iq3) = 3, 1<i<t—1

Here vy(1) = 2t, v4(2) = v4(3) = v,(4) = 2t + 1 and e,4(0) = e,4(1) = 8¢ + 2.
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Case 3. n =2 (mod 4).
Let n = 4t 4+ 2. Define a function ¢ : V(Fl,,) — {1,2,3,4} by ¢(u) = 2, ¢(ugs2) = 3,
¢(var43) = 1 and

p(u;) = 2, 1<i<2t+1
d(Uaet2:) = 3, 1<:<t+1
d(ugpyoir1) = 1, 1<i<t
¢(vi) = 4, 1<i<2t+1
d(Varg2i42) = 1, 1<i<t
O(Vopyoins) = 3, 1<i<t—1.

Here v4(2) = 2t 4+ 2, vg(1) = v4(3) = v4(4) =2t + 1 and e4(0) = e4(1) = 8t + 4.

Case 4. n =3 (mod 4).

Let n = 4t + 3. For Fl3, put the labels 2,3,4 to the vertices wq,us,us respectively
and 2 for the vertex u. For the vertices vy, v, v3 respectively, assign the labels 4,1, 3.
Obviously this labeling is a 4-prime cordial labeling of Fl3. Let t > 0. We define a
map ¢ : V(Fl,) — {1,2,3,4} by ¢¥(u) = 2, Y(uay2) = 4, Y(vary2) = ¥(vauss) = 3,
(vogyq) = 1 and

¥(u;) 2, 1<i<2t+1
U(ugpyoiv1) = 3, 1<i<t+1
Y(ugproive) = 1, 1<i<t

Y (vi) = 4, 1<i<2+1
V(vapgoirs) = 1, 1 <0<t
Y(vopyoia) = 3, 1<i<t—1.

Here vy (1) = 2t + 1, vy(2) = vy(3) = vy(4) = 2t + 2 and e,(0) = e, (1) = 8¢ + 6.
Hence Fl, is 4-prime cordial for all n. O

Theorem 3.7. The book B,, is 4-prime cordial if and only if m > 1.

Proof. Let V(B,,) = {u,v,u,v; : 1 < i <m} and E(B,,) = {uv, vu;, uv;,v; 0 1 < i <
m}. Clearly, the number of vertices and edges in B,, are 2m + 2, 3m + 1 repectively. It
is easy to see that By = (Y is not a 4-prime cordial graph.

Case 1. m is even.

Let m = 2t. Define a map f: V(B,,) — {1,2,3,4} by f(u) =2, f(v) =4 and

f(u;) 2, 1<i<t
flug)) = 3, 1<i<t
flvi)) =4, 1<i<t
flo) = 1, 1<i<t

Here vs(1) = v4(3) =t, vp(2) =vs(4) =t + 1 and e;(0) = 3t + 1, ef(1) = 3t.
Case 2. m is odd.
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Let m = 2t + 1. Define a function g : V(B,,) — {1,2,3,4} by g(u) = 2, g(v) = 4,
9(uaes1) =1, g(ve+1) = 3 and

g(u;) 2, 1<i<t
g(ut_H) = 3, 1 S 1 S t
g(v;) = 4, 1<i<t
g(Ur14) = 1, 1<i<t
Here vy(1) = v4(2) = v4(3) = v4(4) =t + 1 and ey (0) = ey4(1) = 3t + 2. O
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