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Abstract

The Padmakar-Ivan (PI) index of a graph G = (V, E) is defined
as PI(G) = Y .cp(nu(e) + ny(e)), where e = uv, ny(e) is the number
of edges of G lying closer to u than to v and n,(e) is the number of
edges of G lying closer to v than to u. In this paper, a formula for
calculating the PI index of a nanotube SC4Cjs|q, 2p] is given.
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1 Introduction

Since the Wiener index was introduced by Wiener [1] in the study of paraf-
fin boiling points, many topological indices have been designed [2]. Such a
proliferation is still going on and is becoming counter productive. In 1990s,
Gutman [3] and coworkers [4] introduced a generalization of the Wiener index
(W) for cyclic graphs called Szeged index (Sz). The main advantage of the
Szeged index is that it is a modification of W; otherwise, it coincides with
the Wiener index. In [5,6] another topological index was introduced and it
was named Padmakar-Ivan index, abbreviated as PI. This new topological
index, PI, does not coincide with the Wiener index. Deng [7,8] gave the
formulas for calculating the PI indices of TUV Cg[2p, q] and catacondensed
hexagonal systems, and characterized the extremal catacondensed hexagonal
systems with the minimum or maximum PI index. Ashrafi and Loghman [9]
computed the PI index of zig-zag polyhex nanotubes. Recently, Deng [10]
computed the PI index of a torus covering by C, and Cs.

Following [10], the primary aim of this article is to introduce the method
for calculation of PI index for a nanotube covering by C, and Cs. Throughout
this paper G = SC4Cs[q,2p] denotes a nanotube covering by C,; and Cg
with ¢ rows and 2p columns in its cutting, see Figure 1. A nanotube G =
SC4Cs|q, 2p] is called the type-I (or the type-II) if all the edges on the open
ends are the edges of Cg (or Cy); otherwise, it is called the type-III. Note
that G = SC,Cslq, 2p] is a type-11I nanotube if and only if ¢ is odd.
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Figure 1. (a) a type-I nanotube; (b) a type-III nanotube.
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2 The number of edges equidistant to the
both ends of an edge

Let G be a connected and undirected graph without multiple edges or loops.
By V(G) and E(G) we denote the vertex and edge sets, respectively, of G.
If e = zy € E(G), then ny(e) is the number of edges nearer to = than y and
nz(e) is the number of edges nearer to y than x. The PI index of G is defined
as
PI(G) = Z [n1(e) + na(e))
e€E(GQ)

In all cases of cyclic graphs, there are edges equidistant to the both ends
of the edges. Such edges are not taken into account. Let X be the subset of
vertices of V(G) which are closer to « than y and Y the subset of vertices
which are closer to y than x. [X,Y] denotes the subset of edges between X
and Y, n(e) = |[X,Y]|. Then n(e) = |E(G)| — (n1(e) + n2(e)) is the number
of edges equidistant to the both ends of e for a bipartite connected graph G
(It includes the current edge e in n(e)). And

PI(G) = |E(G)? = > nle)

e€FE(G)

Therefore, for computing the PI index of a bipartite connected graph G, it
is enough to calculate n(e) for each e € E(G).

For the horizontal and vertical edges, we can observe the following results
by the symmetry of the nanotube SC4Cjs[q, 2p].

Lemma 1. (1) Let e be any horizontal edge between columns j and j+1
in G = SC4Cslq, 2p]. If G is a type-1, then n(e) = ¢; If G is a type-11, then

q, q = 0(mod4);
) g q = 2(mod4) and p is odd,;
() = q+2, q=2(mod4) and p is even, j is odd,;
q—2, q=2(mod4) and p is even, j is even.
q, p is odd;
If G is a type-III, then n(e) = ¢+ 1, piseven and jis odd;

qg—1, piseven and j is even.

(2) Let Ej, be the set of horizontal edges in G = SC,Cs[q,2p], H =

> nfle).
e€b),
If G is a type-I, then H = pg?; If G is a type-11, then
pa’, q = 0(mod4);
H =1 pg, q = 2(mod4) and p is odd,;
pg® +4p, q = 2(mod4) and p is even.

s .
e |} pet, p is odd;
If G is a type-111, then H = { pg® +p. pis even.
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Proof. (1) Since e is a horizontal edge between columns j and j+1 in
G = SCyCslq,2p], 1 < j < 2p, where 2p + 1 = 1(mod2p), all the edges
equidistant to the both ends of e are the edges between columns j and j+1
or between columns p+j and p+j+1 by the symmetry. If G is a type-II and
q = 2(mod4), there are £ + 1 edges between columns j and j+1 when j is
odd; there are  — 1 edges between columns j and j+1 when j is even. If G
is a type-III, there are % edges between columns j and j+1 when j is odd;
there are %1 edges between columns j and j+1 when j is even. Otherwise,
there are 4 edges between columns j and j+1. So, (1) holds.

(2) If G is a type-II, ¢ = 2(mod4) and p is even, then H = (¢4 2)(4 +
Dp+ (¢ —2)(& —1p = pg® + 4p; If G is a type-IIl and p is even, then
H=(q¢+ 1)(#)p+ (g— 1)(%1)1) = pg® +p. Otherwise, H = pq? since there
are pq horizontal edges in G = SC,Cs|q, 2p).

Lemma 2. (1) Let e be any vertical edge in G = SC,Cs[q, 2p], then
n(e) = 2p.

(2) Let E, be the set of horizontal edges in G = SC,Cslq, 2p], K
> n(e). Then

ecEy,

2p%(q — 2), if G is a type-I;

K ={ 2%, if G is a type-1I;

2p%(q — 1), if G is a type-III.

Proof. (1) Let e be any vertical edge between rows i and i+1 in G =
SC4Csgq,2p], 1 <i < g—1. Then all the edges equidistant to the both ends
of e are the edges between rows i and i + 1. So, n(e) = 2p.

(2) The number of vertical edges in G = SC,Cs|q, 2p] is

p(g —2), if G is a type-];
|E,| =< pgq, if G is a type-1I;
p(qg—1), if G is a type-IIL.
So, (2) holds.

To calculating PI(G), we need calculate n(e) for all oblique edges e in
. We first note that: (1) if G = SC4Cslg, 2p] is a type-1I nanotube, then
G’ = SC4Cslqg — 2,2p] is a type-1, where G’ is obtained from G by deleting
the first and the last rows; (2) if G = SC4Cs[q, 2p] is a type-11I nanotube,
then G" = SC,Cslg — 1,2p] is a type-I, where G” is obtained from G by
deleting the first or the last row. And G and G’ (G”) have the same oblique
edges. So, we suppose that G = SCCs[q, 2p] is a type-1 in the following, then
q is even. For the oblique edge e = z11291 in G, we will give a formula for
calculating the distances from x1; (or z2;), and find the subset X of vertices
which are closer to x1; than x5, and the subset Y of vertices which are closer
t0 Z91 than x1; in V(G).
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Figure 2. Some distances from the vertex z1; in G; and Gj.

Table 1. The values of d; (11, x,4) — t.

1 2 3 45 6 78 9 10 11 12
1/j-1 -1 113 3 55 7 7 9 9
2/0 0 0 2 2 4 46 6 8 8 10
311113 3 5 5 7 7 9 9 11
412 2 2 2 4 4 6 6 8 8 10 10
5/3 3 3 3 55 77 9 9 11 11
64 4 4 4 4 6 6 8 8 10 10 12
7|5 5 5 5 5 7T 79 9 11 11 13
8§86 6 6 6 6 6 8 8 10 10 12 12
97 v 7 v 7 7 9 9 11 11 13 13

We first consider two graphs G; and

(G5, where (G is obtaining from

G = SC,Cs[q, 2p] by deleting the horizontal edges between columns 1 and
2p (see Figure 2), G5 is obtaining from G = SC4Cs[q,2p] by deleting the

horizontal edges between columns 1 and 2.

Z91) in G is the minimum of the ones in G
Now, we calculate the distances from

2. And Table 1 lists the values of dy(x1;

distance between z1; and z,; in G;.
From Table 1, we can see that

r—2,
2[2t+r+1}

B T
2= —

dy (1117 In)

k] ‘rrt)

And the distances from z1; (or
1 and Gbs.

11 in G as showing in Figure
— t, where d;(z11,x) is the

<[F+2
]+3andris odd;
] + 3 and r is even.

[
[

<t
T
L2 (5
T
213
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where [z] denotes the maximum integer not larger than z throughout this
paper. So, we have

Lemma 3. dy(z11, ) = t+4 2] -3, ¢ > [%} + 3 and r is odd,;
2(2H=2] — 2, ¢ > [£] + 3 and r is even.

Lemma 3 can be easily proved by the inductive method on t, we omit
here.

Table 2. The values of dy(z11, Tmy) — t.

1 23 45 6 7 8 9 10 11 12
1.1 113355 7 7 9 9 11
2/0 0 2 2 4 4 6 6 8 8 10 10
311133 5 5 7 7 9 9 11 11
412 2 2 4 4 6 6 8 8 10 10 12
5(3 3 3 5 5 7 7 9 9 11 11 13
64 4 4 4 6 6 8 8 10 10 12 12
7|5 5 5 5 7 7 9 9 11 11 13 13
8§86 6 6 6 6 8 8 10 10 12 12 14
97 7 7 7 7 9 9 11 11 13 13 15

Similarly, we calculate the distances from x; in G5 as showing in Figure
2. And Table 2 lists the values of dy(x11, ) — ', where da(z11, xy) is the
distance between x1; and x,, in G5 and
v 1, t=1
) 2p+2—t, t>2

From Table 2, we can see that

r—2, 1<t <[5]+1;
do(@i1, 2) —t' = { 2[20] — 1, ¢ > [%} +2 and r is odd;
22 — 2, ¢ > [3] + 2 and 1 is even.
So, we have
r—2, 1<t <[54

Lemma 4. dy(z1y,2,0) =t + 2[%2%] —1, ¥ >[5]+2andr is odd;
2[%] -2, t'>[5]4+2andris even

Since the vertices x,; in Gy and x,4 in G are identical, we have
Lemma 5. ()If t = 1, then d;(z11, xr) = da(211, T1);

(i) If 2 <t < p+1, then dy(z11, 2ry) < do(@11, T );
(iil) If p4 2 <t < 2p, then dy(z11, ) > do(T11, T );
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Proof. (i) It is immediate from Lemmas 3 and 4.

({)2<t<p+1.

Case 1. t > [5]+3. Then [§]4+3 <t < p+1land [} <p-—2

t'=2p+2—-t>p+1>[5]+2

(a) If r is even, then by Lemmas 3 and 4

dz(fﬂn,fﬁrt') - dl(ifn,ifn) = (t/ + 2[2tl4i] - 2) - (t + 2[%} - 2)
=dp+4 -2t +2([2] - [2E)
>4dp+4—4t (since [Z2ET] — [2Hr=2] > _¢)
> 0.

(b) If r is odd, then by Lemmas 3 and 4

dg(rlhrmr) — dl(l’u,l’n) = (t, + 2[2tr4i] — 1) — (t + 2[%} — 3)
= dp+6 — 2t + 2([=E] - [25H))
> dp+6—4t > 0.

Case 2. 2<t <[5+ 2.

(a) If ' < [5] + 1, then by Lemmas 3 and 4

day(z1y, ) — dy (211, 200) =(r+t —2)—(r+t—2)
=t —t=2p+2—2t>0.

(b) It > [5] +2, ie, 2p+2—1‘>[ ]+2, thent-}—['] < 2p.

Whenllbodd,[ =15 2t >r—2[5]—4=-3.

By Lemmas 2 and 3, We have

d2(:13117:15rtr) — dl(xlhxrt) = (t, + 2[2152%] - 1) - (T’ +t— 2)
=dp+5+2[=H] - (2t +7)
>4p+5+2(-1)—(4p+1) >0.

When ris even, [5] = 5. And 2t +r <dp, r =2t >r —2[f] —4 = —4.

By Lemmas 2 and 3, we have

dg(xu,xﬂy) — dl(In,In) = (t, + 2[2152%] — 2) — (T‘ +t— 2)
=dp+4+2[=2] - (2t +7)
>4p+5+2(—1) —4p > 0.

(i) p+2<t<2p. Then 2 <t =2p+2—-t<p.

Case 1. t' > [5] + 2.

(a) If r is even, then by Lemmas 3 and 4

dy(11, e) — do(@n, T0w) = (t— 24 2[2=2]) — (¢ — 2+ 2[27))
= (2p — ¢/ + 2([FFEET]) — (¢ — 24 2[25])
=dp+2-2' +2 [r—?t’+2] _ [@D
> 4p+2—2t/+2(r 2t'—1 2t’+r)
>4p+2—2t’+2(t’—1) > 0.

(b) If r is odd, then by Lemmas 3 and 4

dl(xll,:th) — dQ(.Z’u,.Z’Tt/) = (t -3 + 2[%}) — (t/ -1+ 2[%2%])
= dp+2 -2t + 2 - PG
>dp— At +2> 0.

r
2

Case 2. 2 <t <[] +1.
(a) If t < [5] + 2, then by Lemmas 3 and 4
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di(@11, Try) — do(z11, 20) =(r+t—2)—(r+t —2)

—t =222 >0.
(b) If t > [£] 4 3, then by Lemmas 3 and 4
di(z11, Tre) — da(T11, T00r) (t—2+2[2E=2]) — (r+t' —2)
(t—242[ZH]) — (r+t —2)
t+r)—(r+t'—2)=2p+4-2{>0

vl

when r is even; and
dl(]?u,]?n) — dg(Ilhwn/) (t — 3 + 2[%]) — (T’ + t, — 2)
(t—3+2ZL]) — (r+t —2)
(t—3+2ZE)) - (r+t —2)
t—t'=2p+2-2t'>0

VIVIV I

when r is odd.

Now by Lemma 5, we can directly give a formula of calculating the dis-
tances from z1; in G = SC4Cslg, 2p).

Theorem 1. (i) d(z11,20) = di(x11,24) f 1 <t <p+1;
(ii) d(z11, ) = do(T11, ) i p+2 <t < 2p.

14131211109 8 7 6 5 4 3 2 1=t

t= 56 78 91011121314
r=1 910 13— 13310 76

2 —8 132 32 98

3 s—9 1243 —33 18-

4 [ 1011 14+ 1231 &

5 1HH2 15+ 1312 935

6 10 1314 —3d 1130 7

7 611 1415 15 1241

8 1243 16— 1413 104

9 1 0 1314 17— 1514 114

10 2 1536 —316 13421

11 o T e A e O

12 1 1

13 1

14 — = =

I
Figure 3. Some distances from the vertex zo; in Gy and Gs.

Next, we consider the distances from xs;. Using the same methods as
above, we can calculate the distances from z9; in G; and Gy (see Figure 3.)

Table 3. The values of dy(z21, %) — .
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1 2 3 4 5 6 7 8 9 10 11 12
110 0 2 2 4 4 6 6 &8 8 10 10
2|/-1 113 3 5 5 7 7 9 9 11
310 2 2 4 4 6 6 8 8 10 10 12
411 1 3 3 5 5 7 7 9 9 11 11
512 2 4 4 6 6 8 &8 10 10 12 12
6|3 3 3 5 5 7 7 9 9 11 11 13
7174 4 4 6 6 8 8 10 10 12 12 14
85 5 5 5 7 7 9 9 11 11 13 13
9976 6 6 6 8 8 10 10 12 12 14 14
We can see from Table 3 that
r—3 1<t <[z
dy(z91,Tpy) — t = 2[2“{72} —1, t>[5]+1andris even
2[2”4“3], t>[5]+ 1 and ris odd
So, we have
r—3, 1<t< [’5]
Lemma 6. dy (721, 7¢) = t+4 2[2=2] —1, t > [f]+ 1 and r is even;
(23] t>[f]+1and ris odd.

Table 4. The values of dy(za1, xmy) — t.
1

1 2 3 45 6 7 8 9 10 11 12

110 0 0 2 2 4 4 6 6 8 8 10

2.1 1113 3 5 5 7 7 9 9

3/0 0 2 2 4 46 6 8 8 10 10

41 1 13 3 5 5 7 7 9 9 11

5/2 2 2 4 4 6 6 8 8 10 10 12

6/3 3 3 35 5 7 7 9 9 11 11

714 4 4 4 6 6 8 &8 10 10 12 12

85 5 5 5 5 7 7 9 9 11 11 13

9/6 6 6 6 6 &8 8 10 10 12 12 14

We can see from Table 4 that(r > 2)
r—3, 1<t <[f]+1;

dy (291, Tpp) — ' = { 22t -3, > [%} + 2 and r is even;
Q[Zt/zi“l] -2, t'>[5]+2andris odd.

So, we have
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0, t'=1;
t+2(b)-2, t'>2
r—3, 1<t <[]+ 1
Ifr > 2, then dy(xoy, zw) = t'+ 2[%] -3, t'>[5]+2andr is even;
2[”’%_1] -2, t'>[5]+2andris odd.

Lemma 7. If r = 1, then do(z21, xr¢) = {

Asin Lemma 5, we can prove the following result by using Lemmas 6 and 7

Lemma 8. ()If t = 1, then d(z21, ) = do(z21, Tp);
(ii) If 2 <t < p, then di (2w, 7pe) < do(@21, 2000 );
(iii) If p+ 1 <t < 2p, then dy (21, T) > do(T21, Ty ).

And now, we can give a formula of calculating the distances from x5; in
G = SC4Cs[q, 2p] by Lemma 8.

Theorem 2. (i) d(za1,z4) = di (@1, 2p) if 1 <t < p;
(ii) d(za1, @) = da(a1, 20) i p+1 <t < 2p.

In the following, we first find the subset X of vertices of V(G) which are
closer to xy; than xo; and the subset Y of vertices which are closer to xo;
than x1; in G, and give the formula of calculating n(e) for the oblique edge
€ =T11%21.

Let X = {x|lr € G, d(x11,204) < d(z21,704)}, and Y = {xp|z €
G, d(x11, Tpg) > d(T91,7,¢)}. Since G is a bipartite graph, Y = V(G) — X.

Let D = d(z11, %) — d(w21, ¥). Then x4 € X if and only if D < 0.

Case I. 1 <t <p.

By Theorems 1 and 2, we have D = d; (%11, T,¢) — di(w21, T¢), and

(i) D<0forl1<r<2t—1;

(ii) D > 0 for 2t <r <gq.

Case IL. p+2 <t < 2p.

By Theorems 1 and 2, we have D = da(x11, Tr) — da(Xa1, Tper) > 0.

Case IIl. t =p+1 (' =p+1).

By Theorems 1 and 2, we have D = d;(x11, Trt) — da(T21, Trer).

D >0, 2p+r=1(modd) and r is odd;
D <0, 2p+r=3(modd) and r is odd;
D >0, 2p+r=0(mod4) and r is even;
D <0, 2p+r=2(mod4) and r is even.

When 1 <r <2p—3,

When r=2p—2,2p—1, D <0.
When r > 2p, D > 0.

So, we have that
Lemma 9. (i) If 2p < ¢, then

X ={z,]l <r <2t—1and 1 <t < ptJ{zrps1|2p+r = 2,3(mod4) and 1 < r < 2p— 1}
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(ii) If 2p > ¢ + 2, then

X ={z |l <r<2t—1and 1 <t < g} J{zrps1|20+r = 2,3(mod4) and 1 <7 < ¢};
_ ) 2p, qg2=22p _
(iil) n(e) = { 0 q<p—2 where e = x1129;.

Two examples are showed in Figure 5, where X is the set of large dots.
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In the following, we calculate n(e) for oblique edges €, = Z,1T,11,1 In
a type-I nanotube SCyCslq,2p], where q is even, r = 2k — 1 is odd and
1<k < Let Ty = SC4Cslr + 1, 2p] be the nanotube consisting of the first
r+1 rows of SC4Cslq, 2p] and Ty = SC,Cs[qg—r + 1, 2p] the one consisting of
the last ¢ — r + 1 rows of SC4Cs[q, 2p]. Then T; and T3 are the type-I ones,
and the edge e, = x,12,411 in SC4Cs[q, 2p] can be viewed as the oblique edge
at row 1 and column 1 in 77 and also in T5. By Lemma 9 (iii), we have

_ )2, k2>p o
nl(e,)—{ % k<p—1, in T7;
< 4_

na(e,) = 2p, k<g-p+l in Ts.

q—2k+2, k>1-p+2
And n(e,) = ni(er) + na(e,) — 2 since there are two edges counted twice,
2 <k <1-1, and using Lemma 9, we have the following result.

Lemma 10. Let e = z,17,411 be a oblique edge between row r and row
7+ 1 1in a type-I nanotube SC4Cs|q, 2p], q is even, r =2k — 1,1 <k < L.
(i) If ¢ < 2p, then n(e) = gq.
2p+2k -2, 1<k<%—p;
(ii) If 2p+2 < ¢ < 4p—2, thenn(e) =< ¢, I—p+1<k<p-1
2p+q—2k, p<k<4
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2p+2k -2, 1<k<p-—1;
(iﬂ) If ¢ > 4p, then n(e) =< 4p—2, pgkﬁ%—p;
tq—2k k>%-pil

Lemma 11. Let N be the sum of n(e) over all oblique edges e in G =
SCyCslq, 2p).

2

. e, q < 2p;
1) If G is a type-I, then N =
(1) If G is a type-1, then {Qp(qu—QpQ—qu?p), q22p+2

. plg — 2)%, ¢S 2p+2
2) If I, then N = t
(2) If G is a type-II, then {Qp(gpq_sz—q—2p+2)7 q=>2p+4.

' | plg-1)?, q<2p+1
(3) If G is a type-I1I, thenN—{ 2(2pg — 20 —q+1), ¢>2p+3.

Proof. (1) Let Ny = Z n(ear_1) be the sum of n(eg_1) over all oblique

edges eg_1 of column 1 m a type-I nanotube G = SC,Cs|q, 2p]. By Lemma
10,

(i) If ¢ < 2p, then Ny = Lg%

(i) If 2p+2 < ¢ < 4p — 2, then

N :Ei(2p+2k—2)+ g4 S (2p4 g —2k)
k=1 k=%—p+1 k=p
=@ -pPE+p-D+a2p—{-1)+E-p+p+9)

=2pq—2p* —q+2p
(iii) If ¢ > 4p, then
N = (et 2k—2)+ z(4p—2)
k=1 k=%-p+1
=pP-DBp-2)+ (4p 2)(§-2p+1)+pB3p—1)
=2pq—2p> —q+2p

J’_
Mo

(2p+q—2k)

So,

2
B | pes, q < 2p;
N =2pN; = { 2p(2pq — 2P —q+2p), q>2p+2.

(2) and (3) hold, since a type-II G = SC,Cs[q,2p] (or a type-III G =
SC4Cslq, 2p]) can be changed into a type-I G' = SCyCs[q — 2,2p] (or G”" =
SCyCslg — 1,2p]) and G and G’ (or G”) have the same oblique edges.

3 A formula for calculating PI index of G =
SC4Cslg, 2p

Using Lemmas 1,2 and 11, we can give a formula for calculating PI index of
G == 30408[(]7 2]7}

Theorem 3. Let G = SC,Cs|q, 2p].
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(1) If G is a type-I, then
PIG) = 9p*¢* — 14p*q + 8p* — 2pg®, g =<2
9 — 18p%q + 4p® + 2pq — pg® +4p°, ¢ >2p+2.
1s a type-11, then
(2) If G is a type-II, tl

Ip*q* — 14p*q — 2pg® + 4pq + 4p”® — 4p, q<2p+2,q=0;
9p2q® — 14p>q — 2pq® + 4pq + 4p® — 4p, g<2p+2,qg=2pisodd;
PI(G) = I?q° — 14p%q — 2pg® + 4pq + 4p® — 8p, q<2p+2,q=2pis even;

Ip*¢* — 18p*q — pg® + 4p® + 2pq + 8p*> —4p, ¢ >2p+4,q=0;
Ip*°¢* — 18p*q — pg® + 4p® + 2pq + 8p*> —4p, ¢ > 2p+4,q = 2p is odd;
Ip*¢* — 18p*q — pg® + 4p® + 2pq + 8p* — 8p, ¢ > 2p+4,q = 2p is even;
(3) If G is a type-III, then

Ip°q* — 14p°q — pg® + 2pq + 6p* — p, q < 2p+ 1p is odd;

Ip?q% — 14p*q — pg® + 2pq + 6p* — 2p, q < 2p—+ 1p is even;
PI(G) = 2,2 2 2 3 2 ; .

9p°q” — 18p°q — pq” + 4p° + 2pq + 6p° — 2p, q > 2p + 3p is odd;

Ip2q® — 18p%q — pg® + 4p® + 2pq + 6p> — 3p, ¢ > 2p + 3p is odd.
Proof. It is immediate from Lemmas 1,2 and 11, since
PIG)=|EG))?— ¥ nle)=|EG)?—(K+ H+ N) and |E(G)| =

EG

E32((6))

3pq — 2p.
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