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In the past few years, graph theory has emerged as one of the most powerful
mathematical tools to model many types of relations and process dynamics
in computer science, biological and social systems. Generally, a graph is
depicted as a set of nodes which is called vertices connected by lines are
called edges. A topological index is the numerical parameter of a graph that
characterizes its topology and it is usually graph invariant. In this paper, we
compute some important classes vertex degree-based graph invariants using
the (a, b)-Zagreb index of some special graphs such as the co-normal
product of graphs, concentric wheels graph and intersection graph.

INTRODUCTION

Recently, there are various graph operations or
derived graphs plays an important role to model
the geometrical structure of any communication
system including internet which is based on graph.
The logical set up of a computer is designed with
the help of graph. Therefore, it is not surprising
that different graph operations have been used to
many diverse problems in computer science and
the field of chemical sciences to model chemical
compounds. A graph ' = {I*,E} consists of a set
denoted by ¥, and a collection E @ ¥ x¥, of
unordered pairs {e§} of distinct elements from
7. The set 17 is called vertex set and each element
of ¥V is called vertex or nodes and the set E is
called edge set and each element of it is called
edge or link. In this paper, we consider all graphs
are finite, simple and connected. The degree of a
vertex & &I is the number of edges in T
associated with it and is denoted as dgpf@} or
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simply &{z). A topological index of a graph is
numeric quantity obtained from that graph by
mathematically which is fixed under graph
isomorphism.

Topological indices are used for example in the
development of quantitative structure-activity
relationships (QSAR) in which the biological
activity or other properties of molecules are
correlated with their chemical structures. In this
paper, we compute the {a, i} —Zagreb index of co-
normal product of graphs,' wheels graph and
intersection graph®” and derived some other degree
based graph invariants as an applications of {g, bJ-
Zagreb index for some particular values of g and b.
The Zagreb indices were introduced in? to
compute the total 1 —electron energy (&) of carbon
atoms in 1972 and are defined as

M, () = dfer)? = feikec) + d€g))
T afeET)
and
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M (I} = QZ dle)dl( @),
aiREr)

We refer to,”” for more details about these
indices. In,'® Furtula and Gutman reinvestigate the
“forgotten topological index” in 2015 and is
defined as

F(r) = Z d(e)? = Z (dle)? + d(6)2).
T ] T

For more details about this index we refer our

reader to.'"" The redefined Zagreb index was

introduced in 2013, by Ranjini ef al. in'* and this
index is defined as

ReZM(r) = ; (aterat@ ) ate) + alF).

aEr)

We refer to,'”"” for further results about this
index. Followed by first Zagreb index and F-index
Li and Zheng was first introduced the general
Zagreb index in'® and is defined as follows

ML) = z dle)o
GBI
where, @ # 01 and @ €K, In details about this

index we refer to."”? General form of Randic’
index is defined as

R, = ;’ (dle)dt®))"

BETS

where, @ = @and @ €[E and it is introduced by
Gutman and Lepovi ¢’ * in 2001. Interested reader
to see,”*® for details about this index. The
symmetric division deg index is defined as

. die) diﬁ}t)
SDDATY - ( +—_—
K;m arg)  die

We encourage our reader to,*>’ for some
interesting results about this index. Azari et al. in
2011, introduced the #a, b} — Zagreb index
followed by Zagreb indices in,”® which is defined
as

Zpu )= ;' (i E)E +ci{a) Bl g1),
Al

Some our recent study about this index, we
encourage our reader to.”*”!

MAIN RESULTS

In the following sub sections, we compute the
(a,b)-Zagreb index of co-normal product of graphs,
wheels graph and intersection graph. With the help
of this (a,b)-Zagreb index we also calculate some
more graph invariants in the form of corollaries for
some particular values of g and k. First we
consider the co-normal product of graphs.

Co-normal product of graphs

Let us suppose that I; and T, be two graphs
with vertex sets VIl = {By, ¥0, Byoee B}

and Vil ) = {my, 1y, wgeeee, by | respectively.
The co-normal product of I3 and I} is denoted by
Tipag with the vertex set

PO # W) = { e = (Bpati iwy, € VEN Liand two
vertices  ¥ppand v, of Ijjr g are connected if
vy, 1s connected to 1. in [ or vy, is connected to -,
in [3. In this paper, we compute (a,b)-Zagreb
index of co-normal product between two path
graphs E, and P, where, m and x denotes the
number of vertices in F,, and B, respectively. The
total number of vertices in Fyppy i mx and the
total number of edges In Py IS
fm¥x—1) +x*m— 1) — 2{m — 13{x — 1]

or m*ly-+x*l, =2l,02) where, 1, and I,
are the number of edges in B, and P, respectively.
Thus |I‘*"EE",_,‘l [:] }| = Mg and
| B Py fp, )| = m®(x — 1) + x*(m — 1) — 2{m — L} {x — 1).
The edge set of Fpypp,1based on degree of the end
vertices can be partitioned into 9-distinct subsets
which are shown in the following Table 2. An
example of Fyrgq is shown in Figure 1. Let us

consider Py = Gy (56},

Table 1

In the following table we derived various degree based graph invariants
from the (a,b)-Zagreb index for some particular values of aand b

Graph invariants

Corresponding (a,b)-Zagreb index

My(lt

SpghTx

B (T

T}
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Table 1 (continued)

P )
ReZM(T] FAS,
¥ Z, 00T
Rg(T} L_
elll 5% iy
SDETL Fy 1]
Table 2

Edge partition of iz ; (22 2 51

(et dfinal SRy ?

Total number of edges

A0 = L+ — L] 8
difl =2 + 20x— 11+ dm— 23
dlfet = (o +x— 1L 8

difl =2+ Z0m— LI+ (x—Z)

digt = §m +x— LI
Uil = Zne+ Z0c= X1

dim—2+z2-3)

diel = 2 + 20— 11+ (m— 21 = dif] Am + 12
diedt = Z + 26— 11+ (x— 21 = d{B] 4x -+ 12
difed = Z+ Zfz— LI+ (w— I} dfm ey =51

dift =2 + Z0m— LI+ Gx— 20

dips = 2+ 2z~ Li+ (— &}
difl = Zm+ 2x—2)

Afm=- = T+ 2m - 2F

digd = 2 b 2l = JF ok fE— 2]
difl= 2m-+ 20— )

A — File— S} - 2 — i

die = Zpn+ Zix— I =d{R]

i = 2 — 51
L = B =BT (2 =41

Theorem 1. The {u, b} —Zagreb index Z, (& )= P (Say) is given by

Proof. From definition of general Zagreb index we get,

D= (et fec) *adfF)F + dfe)®a(@re)

afF 2B e}

= E ffm+x—1)% (2x+m—2)"+fm+x—1)¥ {2x +m— 2)5}

wlaEy &b

D=8{{m+x—1)% (2x+m—2)+{m+x - 108 2x+m—2)2)+8{{m+x— 1) 2m+x— 2)8 +
fm +x— 1) (2m +x — 2)8) + (4m + dx — 200 fm +x — 1% (2m + 2x — £ + (m +x — 1)¥.

(2m + 2% — 4)%) + (8m — 24) 2% + m — 20" (Bx — 24) (x + 2m — 2) ') + (dm + 4 —

200(€2x + m—2)% (x+2m — 2)¥ + (2x +m— 2)5. {x+ 2m — 2)2) + { 2(m — 2)* + &dx — 3)m —

I (2x+m—2)8 (2x +2m — 4P+ (2x+m—2)8. (2x + 2m - 48 )+ [2(x - 2)2 +

4x — 3m — 3 x + 2m — 202 (2% + 2m — 4P+ (x + 2m — 2)F . (2x + 2m — 4)2) +

2[(m — 2)%x— 3){20x — 3) + (x — £} m — 3)]2x + 2m — 4) (e

(M
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-+ Z {{111+2<:—l}"'- (2na+u=—200 + (g +x— l}h-ﬂm-f-x—ﬂ}"'J

aRaEL &)
+ Z fm+x—10% 2m+2x—4 "+ (m+x—10¥. 2m+ 2x - 4)%)
aFeE ()
+ {{Zx-f- m—202 {2 +m—2)+ {(2x +m -2 (Ix+ m- 2}“-}
mfRE,(Gy)
-+ Z ffx+2m—2)% (x+2m — 2D + {x+ 2m— 2} x-+2m — 2)%)
wFR B Gl

HEBAGO 2% +m — 202 (2m + 2x — 40P+ 2x+m — 2)F . (2m + 2x — 4)9)
+| Bl G (fx + 2m — 2)2 (2m -+ 2x — 408+ €x + 2m — 2)¥ . (2m + 2x — 4)9)
+| Bl G €2m + 2% = 4 (2m + 2% = 405+ (2m + 2x — 407 (2m + 2x - 4)°)
=8(m+x—1)% 2x+m—-2)+{m+x— 1 2x+m— 2)2)
+#{im+a— 1 Qm+x—2"+ m+x— 1 2m+x— 20}
+{dm + 4o — 2006 fm +x — 1% {2m -+ 2x — 4P+ (m+x — 1P (2m + 25— 4)9)
+(4m — 12)( (2x + m— 2% (2x+m — 2D + (2x+ m— 23" (2x + m — 2)2)
Ham— 120 fx 4+ 2m — 208+ {x + 2m — 20+ (x+ 2m — 2)°. {x + 2m — 2)5)
+{dm + dx — 200 {2x +m — 2% (x + 2m— 2)P+ (2x+m — 2D x+ 2m — 2)9)
+{2im—-2)* +4x— IMm— D)2+ m—2)* 2Zm+ 2 -4+ (2 +m— 2" 2Zm+ 2x - 4)8)
+f 2(x — 207 + 4x — BMm — 3 M fx+ 2m — 2% 2m+ 25— 4P+ (x + 2m— 205 2m+ 2 —4)=)

+{{m — 2030 — 3) + (m— 3} {2(x — 3) + (x— P (2m+ 2x — 42 (2m+ 2x — 4 +
£2m +2x - 4)F. 2m+ 2x —4)2)

+ Z ((Zx+m—2)* (x+2m—2)° + (2% +m— 2)* (x+2m— 2)*)
afel Gl

+ Z f(2x+m—2)% (2m+2x -4+ (2x + m— 20" (2m + 2x — 4)2)
LTy

+ Z {ﬂ:s-i- 2m -2 Qm+ 2 —F+ (x+ 2m —-2)7 (2m + 2n - fi;}“-:l
afe g )

-+ Z {(2m+ 2% — 402 2m + 2x — 45 + (2m + 2x — 47 (2m + 2x — 4)9)
afeEglGy)

=BG fm+x— 108 (2x+m— 2P+ (m-+x—1)¥. {2x -+ m — 2)2)
+E G im+x—1)* 2m+x— 2+ fm+x— 1D* 2Zm+x—2)2)
+ B G (fm+x — 102 (2m + 2x — 95 + fm+x — 15 (2m + 2x — 4)8)
+|BgfG ) {f2x+m— 202 (2x +m— 2"+ 2x +m — 2)7- (2x +m — 2)2)
+| B kG € + 2m — 208 x4+ 2m — 208+ €x + 2m — 208 - (x + 2m - 2)48)
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+|BefG O (2x +m — 202 fx + 2m— 2)5 -+ (2x + m — 207 (x+ 2m — 2)2)
+|BG (2% +m — 202 (2m + 2x — 408+ (2x+m — 2)¥ . (2m + 2x — 4)9)

+| B G (x + 2m — 2)*- (Zm + 2x — 407+ x5 + 2m — 2% (2m + 2x — 4)¢)
+| Bl @ {2m + 2% — 42+ {2m + 2% — 435 + {2m + 2x — )P (2m + 2x— 4)2)
=8{m+x—-1)* 2x+m -2 +(m+x— 1" 2x+m- 2)=)
+8{im+x—-10 2m+x -2+ fm+x— 1) 2m +x— 2)8)
+{dm +4x— 2006 (m +x — 1% 2m + 2x — 25+ (m+x — 1P (2m + 2x— 4)2)
+{am - 12)((2x + m—20* 2x+m— 2)% + (2x+ m— 23" (2x + m — 2)2)
+(dx— 120(6x + 2m — 2)% - {x + 2m — 2B+ (x+ 2m — 2)F+ (x + 2m — 2)9)
+{4m + 4 — 200 €2x +m — 2)% (x4 2m— 20"+ (2x+m — )7 (x+ 2m - 2)9)
+2m—2) %+ 4 — Im— D 2x+m— 202 2m+ 2 -4+ (2% +m— 25 2m+ 2x - 4)8)
+{20x — 207+ dx—3m— 3 J{x+ 2m — 202 2m+ 2x— 4P + (x+ 2m— 2)F 2m+ 2x — 4)2)
+{{m =212 x =3} + (m= {20 =3 + =4 2m+ 2Zx = 4= (2m -+ 2x = 4" +
(2m +2x— 47 2m+ 2x —4)%)

Vi 2 Vi V4 Vs

vii | vy | vy l vai | vsi l

g A
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Fig. 1 — The example of co-normal product between P5 and F;.
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Hence, the theorem.

Corollary 1. From equation 1, we derived the following results,

My (G} = Z) of @) = 8(3x + 2m — 3} + 8(2x + 3m — 3} + {4m + 4x — 200{3m + 3x — 5} +
Bm—2402x+m—2) + €8x — 24 0x + 2m — 2) + {4+ dx — 20063 m + 3x — 4} +

%2{11‘1 —2) %+ 4{x — 3)(m — 3)){4x + 3m — 6) + { 2(x — 2)% + 4dx — 3){m — 3 }(3x + 4m -

6+ (lm— 2)%(x— 3) + (m — 3H24x — 3) + (x — )5 dm + 4 — 8),

Ma(6) =3 20,6
=8m+rx-1x+m—-2)+8m+x-1)2m+x-2)
+fdm — 1202% +m — 2)° + (4 + 4 — 20m +x— 1)2m + 2x —4)
+fdog — 12)6% + 2m — 2%+ (4o + 4w — 2002% +m— 2 2m -+ x — 2}
-+ {2{11’1 — 218+ dm — 3 )x - 3}}{22: +m—202m +2x — 4}
+{20x = 2)2 + 4{m — 3x — 3} ){x + 2m — 2)62m -+ 2x — 4}
=2 =3 (= 320 = 3) b (= P2 2y =4 E

Fig ) =Zpte)=8m+x- 1"+ 2x+m—-2)}+8m+x—- 1)+ Q2m+x-2)} +
fdm +4n— 20 +x— 11"+ 2m+ 2x— 4 ")+ 0m — 24042x +m— 2)7 -+
Bx — 24)x + 2m— 2)% + (dm + 4w — 200062x +m1— 2%+ (x4 2m—2) ¥+
2(m—2)? +4{m — 3)x— ) {{2x+m - 2)% +{2m +2x — 4 + (2x—2) 2+
gy — B0 — 30 + 2m — 2)% -+ 2n1 + 2x — 405 4+ 26m — 2)%(x— 3) + (m —
32z - 3+ (x — 4 P2m+ 2x— 4) 2

ReZM{G,) = 2,406 ) = 8lm-+x — 1{2x +m — 2)(3x + 2m — 3) + 8m +x— I{2m +x—
212 + 3m — 30+ (dm + 4o — 200m +x— 1)0(2m + 2x — 4){3m + 3x—-5) +

(Bm = 24002% + m = 2)2 + {Bx = 240 + 2m = 202 + (dan + dox = 20042% + 1= 20X + 2m -
2)(3m + 3x — 4) + { 2(m — 2)* + 4€x — 3)m — 3)}(2x + m - 2){2m + 2x — 4){4x + 3m — 6) +
f2(x — 202 + 4x — 3)m — 3)){x + 2m — 2)€2m + 2x — 4)43x + dm — 6) -+ 2(fm — 2} 2 -
30+ fm—30{2x—3) +{x— 4332 + 2x — 4) 7,

MG ) - Ty oG ) S+ x— 10870 4 (2 b — 20971) 4+ B +x— 10814

(2m +x— 2395 + (dm + 4 — 200 €m+ x— 14+ 2m + 2 — 4L+

(8m —24)102% +m— 20071 4 {8y — 24)ix + 2m— 215 L 4 fdmy 4 4 — 200662 + m — 2)871
fa+ 2m—23*L)+ {2{1.:1 — 2P+ 4m—3rix— 3}}{{22& +m=— 21t (Zm+ 2x — 4L+
{2{7{ =P — T — H}}E{?m g = PIETL e (D P = ALY R 2 = 200 = 3) 4
o — 3{26x = 3) + {x — 4)° T 2m + 2x — 4771,

B (G )l= %Z'MEEFH_} =8im+x=1042x+m=2)"+8m +x=1)H2m+x=2)%+

e — 12)62% + m— 20%% -+ (dm + 4 — 2006m + x5 — 10%2m -+ 2% — 4% -+ (4o —

120 -+ 2n1 — 20%@ 4 (dq + 4% — 2002% + m— 20 2m+x— 2)% + {2{11’1 —2)5 4

dfm — 3hix — 3}}{2x +m— 21 2m+ 2x — &)=+ EE{X — 25 - 3hx - 3}}{2{ + 2m —
2)22m+ 2x -4t {im—-2)%x -3+ m—-3{2x —3) + (x -4+ 2m + 2x — 4)°°,

SopiG) =2 (G ) =8m+x -1 2x+m -2+ fm+x— 1" 2x +m -2} 1) +
Him+x—12m+x—2)"t+im+x—-10"12m+x— 204 + {dm + 4 —

20im+x - 2m+ 2x -4+ m+x—- 1" H2m+ 2x — 4)1) + (8m - 24) +

(8 —24) + (dm+ 4 — 20025+ m— 20 x+ 2m -2+ (25 +m - 20 x4+ 2m - 20N+
Ezim - 21+ Hm—-3x—- 3}}{{22; +m=-21t02m+ 25 -4t + (25 +m - 20" 2m+ 2x -
L)+ (20x— 2%+ {m - 3)x - 3)) (x+ 2m - 2)42m + 25 — 4L + (x+ 2m — 2)~L(2m +
2x— &)+ 20m - 2)%x—3) + m— 3 {20x -3} + (x—4)°])
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Table 3
Edge partition of M., (2 F1

I:sf fwl, diF I| af € EiG:1 Total number of edges
Glbnt = mLdiF) =4 T
@il =4 = dif] Zrare — G
dial =3 = dif m
ﬁ":‘ﬁ‘:r =4, I'.-I::g:f =T m

Concentric wheels graph

Let us consider n concentric cycles with vy is
the center and let each cycles divided into m parts
that is each cycles contains m vertices. We denote
ri vertex of k™ cycle with ., for
1=r=ml <k = In concentric wheels graph
rt" vertex of k™ cycle is connected to
corresponding & vertex of (k= 1)} cycle for
1% =m,2 =k =nand v is connected to each
7" vertex of nearest cycle that is for & = 1. This

graph is denoted as W,,, the total number of
vertices in W, ,, is mut + L1 and the total number of
edges in W, is 2mmn, The edge partition of W, ,

is shown in Table 3. The example of a concentric
wheels graph for n = 3and #m =4 is shown in
Figure 2. Let us consider W, = G2 {Say),

Theorem 2. The {a,b)—Zagreb index of
concentric wheels graph & is given by

Z,506) = (m**. 48 - m¥*L. 48} + (2mn — 3m). 21258300 o 2. 3948 4o 4R . 30 4 4R 38, (2)

Proof. From the Table 3 and by definition of €, b} —Zagreb index, we get

2., 06.) = BZ (A2 d(F)E + de)bd (F)2)
EFRE( Gl

af gLl

-+ Z {39.3% 430 30)+

affall G}

ma . 45 +mb . 48 ) 4
{

{49 45+ 45 . 49
&R )

{4e. 35 4+ 4b . 30)
afi2E, G}

= |E1{G )} (me - 47 +m¥ - 47 ) + |B{Go)| (45 47 + 4F - 47)

+|Bg{G ) (3e . 3F 35 . 39 ) + |E{G M(4m . 3T + 4F . 39)

Vi

Vas

Wis

Fig. 2 — The example of a concentric wheels graph My (it = 4, 17 m F.
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=mim®. 4% +mP . 47 )+ (2mn— 3m) (49 . 48 + 4F . 49}
+m(39: 35 4+ 37, 35} + mf4e. 38 4 4F . 39)

Hence, flows the results as shown in equation 2.
Corollary 2. In the following corollary, we
derived some degree based topological indices for

() MGy =2 4(6:) =mim+ 16u — 7),

(i) MolG,)=22,(6) = 4m® + 32mn — 27m,

(i) FE ) m Zyu06 ) mm® + Gdmin — 37m,

some particular values of @ and b by using
equation 2,

(v) BeZM{Gy) = Z;, (G- ) = 4m¥ + 16m* + 25mn— 246m,

MG ) =Z 1 glGy) = {mﬂ--f- - 4':"1}}-# {2mn — 3my) - 20%@=1 4 2, 3te-10 4

(v) mf4em 4 3la-D)

(Vi) BolGo) = 22,006, = 4%.m ' ** 1 + (2mn — 3m) - 2% +m - 383 -+ 48),

(vi) SPD{GY = 2y -1 (6y) = 3 (m? + 16) + 4amn + =

Intersection graph

Let 4 be a non empty finite set and
H={4,A 4} be a family of non empty
distinct subsets of A such that 4 = |U¥-, 4. The
intersection graph of H is denoted as £} such
that VEQE(HD), with two vertices 4, and A, in
(U HY are connected whenever Ay (14, = ¢ for
i # k. Thus a graph T is an intersection graph on

B()[ =4’

m —
P

L) ()~
Tl

A if there exist a family H of non empty distinct
subsets of 4 for which [ 1K), In this paper,
we consider a non empty finite set 4 of cardinality
m and let H be the collections of all non empty
distinct subsets of A of cardinality p{l = p = m}
and is denoted by H,. Let the intersection graph

§¥H,) be denoted as T,. The total number of
vertices in [} is (";“j that is [W*{I} )| = {’:') and

)— l), ifmz2p

)— l), if m < 2

Lemma 1. The degree of each vertex & & I}, is shown in the following lemma as follows:

;I—.L), ifmz2p

my _ m—p
gy fe0) = ((P:I (

((1:)— l), i m < 2p.

The examples of intersection graphs are shown
in Figure 3, where figure g} shows the example
of fEH.) or Iy and figure €&} shows the example
of fiHz} or I',. Here we consider 4 = {1,2,34}

and H,.H.; are respectively defined as
Eu - ['{l,?,?p}_ {1,2,4:}, {:1.13"']-‘}.' izaﬁ.ﬁl‘}}.’
H: = {{1,2}, {laa}a {l.l .:'1_-3[} ‘:2.13}.' {2.1":1:'}.' {3.1":1:'}}'
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Ay As Ag

A, As

A, A, Ay A Ay
(a) (b)
Fig. 3 — The examples of intersection graphs i}.Eff&} and ﬂ{Hg ),

(2~ dfe)??) [as dla) = d(F)]

Theorem 3. The fa,bi—Zagreb index of
intersection graph [}, is given by =
afRE\Ty

Z ot ) =2|B ) by, fec)a? ], 3
(=20 0) o = 2l5(5 (ot
Proof. From definition of fg, 8} —Zagreb index Hence the theorem.
and using Lemma 1, we get

L= D (@od(§) +ale) d(8))

Corollary 3. From equation 3, we get the
following corollary as shown in the following,

o6oEr)
£.,(0) (1;)((1;) - (\ln; P} _ l)((l::z; (m; 1:-;1 i 1)%} -
AN e

topological indices from equation 4, in the

Corollary 4. For some particular values of a
following corollary as follows:

and b we compute some other degree based
m 11 m—p} )

- -11, ifmzi
EAE-7)-1) . wmae
m' { fm )

=1] ., ifm=<Ip
ENE)-1) - vm<aw

)
Il Il 11'1-1})

- -11, ifm= 2
l[(pl({pl (7)) rmam
E 8

mb [ fm
=11, ifm<ip.
EG)-1) - <
1
I I 11'1—1:-)
O(E@-7-1). pme

G- s

{8} MJ.'EPF} = EL-'E'EPF} =

(i) Mo, ) = %zu{r;}=

(i) F(T, ) = Z(Tp) =

o
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(m
4

€1v) ReZM{Ty) = Zg, () =

G)

(m
P

) 1 .
fui) Rﬁ{Pﬂ} = Ezmn:i.r‘ﬁ} =

GG

Wi

(eit) SPB(T,) = Z) 4 (Tp) =

CONCLUSIONS

In this paper, we consider three types of special
graphs such as co-normal product of graphs, con-
centric wheels graph and intersection graph. Based
on case study we have classified the edge partitions
of these graph operations and compute (a,b)-Zagreb
index for these graphs. We also compute some other
degree  based graph invariants such as
My AT, Mo (TP, ReZMT), M), R (T and
SDD{T for some particular values of w and &. In
future study, we will consider some other graph
structures to compute this {am, b =Zagreb index.
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