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Kragujevac tree is indicated by K; K € Kg,—;(o+1)+1,s With order and size s (2f + 1) + 1 and s (2t + 1), respectively. In this paper, we
have alook at certain topological features of the total graph and line graph of the total graph of the considered tree, i.e., Kragujevac
tree, by computing different topological indices and polynomials.

1. Introduction

The graphs throughout the discussion are simple. In a graph
H, V(H) and E(H) denote the sets of nodes and lines
accordingly. Consider dy; (1) be the degree of a vertex u.
Here, we assume that A, A,, A;, ... are the branches which
are shown in Figure 1. A Kragujevac tree [1-3] with central
vertex consisting of degree at least 3 is a proper tree having
branches A, A, A;, . . ..

A group of proper Kragujevac trees whose central vertex
consist of degree s and order g is symbolized by Kg,, ;, and by
adding a new vertex of degree 2 to a pendant line, an im-
proper Kragujevac tree is attained [4]. It is symbolized by
Kg,s see [5-7] for more details.

Here, we have the branches A;, A, ,..., A, wherel;>2
for all {i=1,...,m} connected to the mid vertex. Our
concern in this research work is with a specific type of
Kragujevac tree when A;,A;,...,A; are identical, ie,
I, =1, =---=1, = p. Thus, order and size of Kragujevac tree
K €Ky, are q=s(2t+1)+1 and s(2t + 1) accordingly,
see Figure 2.

Any function on a graph that does not rely on the la-
belling of its vertices is referred to as a graph invariant or
a topological index. Many invariants have been used in
QSPR/QSAR studies with varying degrees of success. Gut-
man and Trinajstic [8] proposed Zagreb indices three de-
cades before. Balaban et.al. later referred to them as Zagreb
group indices [9, 10].

Then, the first Zagreb index and second Zagreb index are
formulated as

M, (H)= Y (@)Y= ) d,+d,

leV (H) mleE (H)

My(H)= Y d,d,.

mleE (H)

(1)

In 2011, Fath-Tabar [11] suggested third Zagreb index
for some graph H symbolized by M, (H) and is specifically
defined as

M3(H) = Z |dm_dl|' (2)

mleE (H)
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FIGURE 1: Branches (a) A,, (b) A;, (c) Ay, and (d) As.

FiGure 2: Kragujevac tree K from class Kgsg 5.

The same author introduced Zagreb polynomials in the
same year, naming them first, second, and third Zagreb
polynomials, and they are formulated as

M (Hu)= Y uf*,

mleE (H)
d,d
M, (H,u) = Z u ™, (3)
mleE(H)
M;(H,u) = Z uldn=il
mleE(H)

respectively. Modified Zagreb indices [12] are another
variant of Zagreb indices that are associated with degrees of
vertices. The modified Zagreb indices first and second are
signified by mM, (H) and mM, (H), respectively, and are
defined as

redefined first Zagreb index = Re M, (H) = Z

redefined second Zagreb index = Re M, (H) =

redefined third Zagreb index = Re M, (H) = Z (d,d)(d,, +d,).

M= Y

mleE (H) “'m 1 @
"M,(H) = ) ﬁ.

mleE (H) “'m*1

Hyper-Zagreb index, proposed by Shirdel et.al. [13], was
formulated as

HM(H)= Y (d,+d)" (5)

mleE (H)

In 2013, Ranjini et.al. suggested redefined Zagreb indices
[14] and were formulated as

d, +d ©)
mleE (H) d,d
d,d, )
mleE(H) ~m + dl

(8)

mleE (H)
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Furtula etal. introduced forgotten index which is
marked by F(H) for graph H [15], formulated as

FED= 3 (@)= 3 [@) @]

leV (H) mleE(H

Parallel to the notion of forgotten topological index is
that of forgotten polynomial. Forgotten polynomial of
a graph H is given by

F(H, I/l) = z M[ (dm)2+(d1)z]. (10)

mleE (H)

Reciprocal Randi¢ index, reduced second Zagreb index,
and reduced reciprocal Randi¢ index were proposed by
Gutman et al. [16] in 2014 as follows:

3
RR(H) = Y +/(d,)(d),
mleE(H)
(11)
RM,(H)= ) (d,-1)(d;-1),
mleE(H)
RRR(H) = ) \(d,-1)(d-1). (12
mleE(H)

Many new graph invariants [17-20] known as family of
Gourava indices were brought into existence by V. R. Kulli in
2017 and are described as follows:

first Gouravaindex = G,0 (H) = Z (d,, +d;+d,d], (13)
mieE (H)
second Gouravaindex = G,O(H) = Y [(d,, +d;)(d,d))], (14)
mleE (H)
1
product connectivity Gourava index = PGO (H) = , 1
Py \(d,, +d) (deh) (1)
m
sum connectivity Gourava index = SGO (H) =
mzeEZ(H) \/(dm +d)) +(d,d) (16)
first hyper — Gourava index = HGO, (H) = Z [(d,, +d) +(d,d)]’, (17)
mieE (H)
second hyper — Gourava index = HGO, (H) = Z [(d,, +d))(d,d)]". (18)
mieE (H)

M-polynomial [21] is given as

M (H;u,v) = Z xsp(H)usvp,

1
d<s<p<A ( 9)

where 6 and A are respectively minimum and maximum of
vertex degrees in graph H and x;, represents the number of
edges ml € E(H) such that {d,,,d;} = {s, p}. We can deduce
various indices from M-polynomial such as

first Zagreb index = M, (H) = (D, + D,) (M (H; t4, V)1, (20)
second Zagreb index = M, (H) = (D,D,) (M (H; 14, V)) o1, (21)
modified second Zagreb index = "M, (H) = (S,,S,) (M (H; 4, v)),_,_1» (22)
Randic index = Ry (H) = (S°S") (M (H; , W)yyy = 3 (dyped))", (23)

mi€E (H)
inverse Randic index = RR(H) = (D,D;) (M (H; 4, V), ey = Z W (24)

mleE (H)



Symmetric division deg index

SDD(H) = (D,S, + D,S,) (M (H; 4, V) ey = )

harmonicindex = H(H) = 2S,J (M (H; u,v))

inverse sum indegindex = ISI(H) = S,JD,D, (M (H; u, v))

and augmented Zagreb index

A(H) = S,Q_,D. D> (M (H;u,v))

u=v=1
dnd ’ (28)
i mleE (H) {m} ’
where
DM (H;u,v) = uw,
D,M(H;u,v) = VW)
S (e = J 0 wdt, (29)
S ) = J:Mdn

JM (H;u,v) = M (H; u,u),
QM (H;u,v) = u"M (H;u,v).

Since the past three years, people have conducted a lot of
research on graphs, various operations, and chemical in-
variants of graphs. Observe simple charts under different
chart operations such as line chart, subdivision, half-full
point chart, half-full line chart, and general chart. The to-
pological index of these operations on the graph is studied in
depth.

Eliasi et.al. [22] displayed operations in the chart, such as
S, R, Q, T, named subdivision, semitotal dot chart, semitotal
line chart, and general chart. The subdivision graph rep-
resented by S (H) is derived from H by replacing each of its

u=v=1 —

Complexity

{min () , max(dy, dl)} (25)
micE (k) (X (dm’dl) min (dm, dl) ’
Z : (26)
mICE (H) dy, +d
dmdl
u=v=1 = 5 (27)
mleEz(H) dy, +d

edges or lines with a path of length 2, or in other words, by
placing a new vertex (called white vertex) on each line of H
[23-25]. In order to maintain the difference between the
existing vertices and the newly inserted vertices, the vertices
in H are called black vertices. If two white vertices are
adjacent to each other in H, it is called correlation. Similarly,
if two black vertices are adjacent in H, it is called correlation
[26, 27].

In 1981, Bertz [28] invented the first topological index
established on an online graph. For these graphical opera-
tions, many authors quote [21, 29, 30] to compute various
topological indices. The general diagram of the Kragujevac
tree is displayed in Figure 3.

Next part of this research paper comprises of two main
Sections 2 and 3. In Section 2, we put forward computations
for several chemical invariants (through direct calculations
2.2, 3.2 and using relation between polynomials 2.1, 3.1 and
chemical invariants 2.3, 3.3) for Kragujevac tree. In Section
2, graphic operation T, total graph is applied at K, whereas in
Section 3, same computation is made for L (T (K)).

2. Certain Topological Indices and
Polynomials of T (K),
where K € Kgq=:5(2t+1)+l,s

In this section, we compute certain topological indices,
polynomials, and several other chemical indices in terms of
these polynomials as mentioned in previous section for the
total graph of Kragujevac tree. The edge partition is depicted
in Table 1.

Theorem 1. Let H be the total graph of a Kragujevac tree;
Ke Kgq:s(2t+1)+1,s' Then’

F(H,u) = Z L @) (@) o (@ sst1?] | o [(svv1)4(2e42)7]

mleE (H)

+ stu

2
[(s+t+1)2(t+3)%] +iu[(t+3)2+<t+3)2] _itu[(t+3)2+(t+3)2]

2
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FiGure 3: Total graph of Kragujevac tree.

TaBLE 1: Line distribution in T (K), where K € Kg,_sti1)11,5-

Lines of type

Number of lines

E (2s,5+t+1)
(s+t+1,2t+2)
(s+t+1,t43)
(t+3,t+3)

E (t+3,4)

E (1133

1Te)

E (43

IES)
(s+t+1,s+t+1)

E (t+3,2t42)

E (2t+2,25)

E (124

s
s
st
st(t—1)/2
st
st
st
st
st
s(s=1)/2
st
s

st

+ stu [(e+3)*+(4] + stu [(e+3*467] + stu[(4)2*(2)2] + stu [(47+37°]

2
(32+(2)%] +iu[(s+t+1)zﬁ{s+t+l)2] (t+3)7H(2t+2)*]

+ stu[ + stu[

_ gu [ (s+t+1)2+(s+t+1)z]

[@t+2)*+(25)°] [ @t+2)>+4)*]

+ su + stu ,

d,,+d 3s+t+1 ++142t+2 +t+1+t+3
M, (H,u) = Z N = s syt + stu’

mleE (H)

2
iut+3+t+3 _ s_tut+3+t+3 t+3+4 t+3+3

2 2

+ + stu + stu + stu4+2

2

4+3 3+2 S +t+1+s+t+1 S sttlest+1 t+342t+2
+stu” "+ stu” + 5145 ST Sy

+ stu
2

2t4+242s

+2t+4
+ su + stu g

2s+2t+2
2t+2+4 3s+t+1 s+3t+3
=S|lu +u -

+st[u

u2t+6 2t+6
2
_T+ ™ U™ b+ us] + st [T]

2542142
2 3t+5 204242 2t+6
+s[ 3 ]+stu++su+”+stu+,

M2 (H, u) _ z udmdl _ Su(ZS)x(s+t+l) + Su(sﬁ-t+1)><(2t+2)

mleE (H)

2
(erteDx(t+3) | SE (e3)x(ee3) _ St (43)x(t43)
2 2

+ stu
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(t+3)x(4) (t+3)x(3) (3)x(2) + (2t+2)x(2s)

+ stu su

+ stu + stu

2

S L SHADXHED) fu(s+t+1)x(s+t+1) (t+3)x(2t+2)

+ + stu

(2t+2)x(4) (4)x(2) (4)x(3)

252 +2st+2s

+ stu + stu + stu

+ Stu(t+3)x(4) = S[u

S2 25t 425+ 21+ +1
2st+at+2s+2t242 U 2 +st+4t+35+3
u - |+ st|u

2

2 +6t+9
u
+

2

ut2+6t+9 u52+25t+25+2t+t2+1 )
2 2 2t°+8t+6 4st+4. 8t+8
+ st +5 | ———— | +stu + su™ g sty B9

2 2

12 4t+12 3t+9 8 6
+ul+ " +u]

M, (H,u) = Z uldm_dll = g (D) o (s+t+1)=(2142)
mleE (H)

2
_ ts _ st _ _
+Stu(s+t+1) (t43) +7u(t+3) (t+3) _Eu(HS) (t43) +Stu(t+3) (4)

(t+3)-(3) (4)-(2) (4)-03)

+ stu + stu

2
+ stu B)-(2) | 5 (s++D)=(s4t+1)

+ stu +

S (stt41)—(s+t+1
—7u(5++) (s+t+1)

+ stu
2

(t43)-042) | o Q42)-(29) | oy (2H4D)-(4) _ s[ZuS’ -1 }]

2

2

_ 1 _ 1 1 _ _ _
+ st|u’ —E+ut 1+ut+uz+2u] +t52[5] +52[E] +stul T+ sty ost2

(30)

Proof. Consider the total graph of Kragujevac tree, denoted ~ of T(K) based on the lines of type E( ,) where
by T'(K), where K € Kg,_(t41)+1,- We categorize the lines  ml € E(T (K)). The line classification is shown in Table 1,

F(H,u) = Z u(d"1)2+(d1)2 _ Su[(ZS)ZHHtH)Z] n Su[(s+t+1)2+(2t+2)2]
mleE (H)

2
4 sty [ DME37] %u[au)%(na)z] _ St [ +432]

2

+ stu [(t+37+(47°] + stu[(t+3)z+(3)2] + stu[(4)2+(2)2] + stu [(@7+7]

2
[Gr+@r] | S L LD s+ +1)7] [ (t+3)*+(2t+2)?]

+ stu + stu

_ fu[(s+z+1)2+(s+t+1)2] 4 su[(2t+2)2+(25)2] + Stu[(2t+2)2+(4)2]’

2
d,,+d 3s+t+1 +H+ 142642 ++14+t+3
M, (H,u) = Z = sy syt + stu’
mleE (H)
st st
t+3+t+3 t+3+t+3 t+3+4 t+3+3 4+2
+—Uu - —u + stu + stu + stu

2 2

2
4+3 342 S ++1+s+t+1 S sttles+i+1 4342142
+stu "+ stu” + Eus ST 2 ST L stu

2
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M, (H,u) =

M;(H,u) =

2s+2t+2
+ Suzr+2+25 + Stu2t+2+4 =5 u3s+t+1 + us+3t+3 _
2
u2t+6
2t+4 t+7 t+6 6 7 5
+st|:usJr * —T+u+ +uvu +u +u ]

2t+6 25+2t+2
+ St2|: 5 :| + 52[ 5 :| + Stu3t+5 + SuZt+2+25 + Stu2t+6,

udmd’ _ Su(Zs)x(s+t+1) + Su(s+t+1)><(2t+2)

mleE (H)

2
+ Stu(s+t+l)x(t+3) + %u(t+3)><(t+3) _ %tu(t+3)><(t+3)

(t+3)x(4) (t+3)x(3) (3)x(2) su (2t42)x(2s)

+ stu + stu + stu +

2
5_u(5+t+1)><(s+t+1) _ fu(s+t+1)><(s+t+1) +

2

(t+3)x(2t+2)

+ stu

(2t+2)x(4) (4)x(2) (4)x(3) 252 +2st+2s

+ stu + stu + stu

+ Stlfl(t+3)x(4) = S[u

S22st 425+ 2t +t2+1
2st+4t+2s+2t242 U P +st+4t+35+3
u - | +st|u

2

2 4+6t+9
+

2

2 +6t+9 2425t 4+25+2t+t2+1
2| U 2|U
+ st +s
2

12 412 . 349 . 8 . 6
+u+u v v +u]

2

2t +8t+6 4st+4 8t+8
+ stu + syt sty 808

Z u|dm—d,| _ Su(Zs)—(s+t+1) +Su(s+t+1)—(2t+2)

mieE (H)
ts* st
+ Stu(s+t+1)—(t+3) + _u(t+3)f(t+3) _ _u(t+3)—(t+3)
2 2
+stu @ oy F-0) 4y, -
2
+stu® O L 4,-@ S_u(s+t+1)—(s+t+l) _ fu(s+t+1)—(s+t+1)
_ _ _ e 1
+ sty Q@) Qr2)-29) | (a62)-(4) _ 5[2us =1 E]
_ 1 _ 1 1
vst|lu T -+ u il P +2u] +t52[7] +52[7]
2 2 2
+stul T+ s s

(31)
O



Theorem 2. Let H be

the total graph of Kragujevac tree;

K € Kgg-s(at+1)+1,5 then we have

HM (H) =

ReM,(H) =s

Re M, (H) =

125> + 565t> + 8s + 209st + 205t + 10s” + 55°t + 16st> + 65>
+ 2sth + 25 + 135> + 695t + 585t + 8st” + 4s + 4s° + 857,

3 3 1
+ p—
25 +2t+2 2st+ At +25+25 42 S 2st+2s+ 2+ + 1

3 4 3 7

2 3 2 +
oSt +2s+2t" +4t+2 t +st+4t+3s+3 t°+6t+9 4t+12
+ st

1 7 5 1

2
ettt - 5
t+3 4 12 6 s 4+2st+2s+2t+t +1

1 1
+ 52t + ]

_t2+st+4t+3s+3 S 42st+2s 42t 415+ 1

5 2 3 1 1 1
3 += -5 + +
[t +st+4t+3s+3 t +6t+9 t +6t+9 4t+12 3t+9

+ st

5[ 1 26+ 6 1
+st | 5———| +st +t[ ]
[t°+61+9 (8t +8) 2t +2s+2

3 1 3t+5 2t +2+42s
+5 |3 3 + st 5 +s >
ST+ 2st+2s+ 20+ +1 20°+8t+6  (4st +4s)

3 2 2

2s 25°t 2s 25°t 4st 2s

2st

2

+ + + + + +
3s+t+1 3s+t+1 3s+t+1 s+3t+3 s+3t+3 s+3t+3 s+3t+3

2

2s st st 4st 35°t 3st

51,‘4

+ + + + + + +
S+3t+3 s+2t+4 s+2t+4 s+2t+4 s+2t+4 s+2t+4 4t +12

3 2 3 2 2 2

N 3st N Ost st 6st 9st N 4st N 12st N 3st
20+6 4t+12 4t+12 4t+12 4t+12 t+7 t+7 t+6
Ost  4st  12st  6st st st s st
+—t—+—+—+ + + +
t+6 3 7 5 4ds+4t+4 2s+2t+2 2s+2t+2 2s+2t+2
szl‘2 52 s3 szt 52

+ + - - - -
ds+4t+4 4s+4t+4 4ds+4t+4 2s+2t+2 2s+2t+2 25+ 2t+2

st? s (26*+8t+6)  ast+ds  8t+8
- - + st +s +s s
4s+4t+4 4s+4t+4 t+3+2t+2 2t +2+2s 2t+6

ReM;(H) =5 +5'[6] +5°[8] — s [8] + s[5] + 365°t + 104st” + 245" + 45’ + 135t

li (H) =

+42st° + 4572 + 25 + 65t + 50st° + 122st% + 78st + 165>t + 85°t> + 85> + 8s°,

1

1 1
+st2[ ]+52[ ]+st +s + st ,
4t + 12 4s+ 4t + 4 3t+5 2t + 2+ 2s 2t+6

1 1 1 1
s[ + - ]+st[ - + + +
3s+t+1 s+3t+3 4s+4t+4 s+2t+4 4t+12 t+7 t+6

Complexity

(32)
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4 3
s 3s

RMZ(H)=E+7+252—s+s3t+952t+225t+

39st>  3s°t* 9st® st

+ +—
2 2 2
2 2
Vs™+2st+t
RRR(H):s[\/252+25t—s—t +\/25t+2t2+s+t —f}+st|:\/st+25+t2+2t

2 2
Vt©+4t + 4 Vit +4t +4
— +\/3t+6+\/2t+4+\/§+\/3+\/§:|+st2|:2 :|

2|:\/52+2st+l‘2
+s|—

2

4

>

] +sty/(t+2) 2t + 1) + s/ (2t + 1) (2s — 1) + st/ (2t + 1) (3),

1 1
PGO(H) =s +s

\/[653 + 851> + 85t + 4st + 25 + 2st’ ] \/[2521‘ +8st> + 10st + 248" + 6£° + 18t + 25+ 6]

1 st 1

+_
\/[3$t2 +26° + 126 + st + 16t + 35> + 155 + 18] 2 \/[2t3 +18¢% + 58 + 54]
1 st 1 1

+s -—= + st
VIt +2+29) (45t +49)] 2 \/[2t3 +18¢° + 58t + 54] \/[4t2 +40¢ + 84]

1 1§ 1

+ st + st +—
V48] T V[B4] 2 \/[253 + 657t +6st” + 125t + 85> + 65+ 47 +2° + 2 + 61

1 1
_s + st
2\ [2s’ +657p+6st’ + 1ast + 85 + 65+ 4" + 2 + 24 6t] [ + 27t +54]
1 1 1
st +s + st
\/[(3t+5)(2t2 + 11t +11)] VIt +2+2s)(4st +4s)] /(2 +6) (8t + 8)]
1 1 1

o \/[(3t +5)(2t% + 8t +6)] oG] V0]

GOI(H):s[Ss+252+23t+t+1]+s[3s+7t+25t+2t2+5]+st[s+2t+4+st+t2+t+3s+3t+1]
(t-1)
2

+ st

+

+ st [t2 + 8t + 15]] + st[5t + 19] + st[4t + 15] + st[14] + st[21] + st[11]

s(s—1
+( )[4s+4t+3+52+t2+25t]+st[(2t2+11t+11)]+s[(4st+2t+2+65)]+st[(10t+14)],

GO, (H) = §* +5*[6] + 5 [8] + s[5] + 5257t + 2265t” + 325°t* + 45°t> + 295°t + 92st°
+ 4572 + 257 + 78st + 857,
HGO, (H) = 375" + 125’ + 55” + 245°t + st° + 45°t” + 105" + 45° + 65*t + 25°t” + 95> + 625°t

+ 405 % + 1257t + 30s° + 69st” + 285t + 24st” + 8s°t% + 35st + 255 + st° + 2s°t" + 6st”
6
st
+ 14st? + S8 + 85° 12 + 315°t% + 1657t + 63st> + 425°t + 49st + - 8st° + 47st* + 120st°

2255t2 StS 4 3 2 2255t 3 2 56
+ 2 - 7 — 8st” —47st” — 120st” — T + 25st” + 190st™ + 361st + 121st + E
4352 4357+ 4s° + 125 + 11s* + 2757 + 267 + 2578 + 126°1% + 115°F + 225°¢

92
+ 2578 + 1257t + 65° + 5 35717 = 35t — 45t — 1287t + 11°F°

5st*

ot
-1 - -

2817 —125°% — 11st” — 2257t — 2st> — 125t — 65° — >
HGO, (H) = s[65” + 85” + 857t + 4st + 25 + 25t2]2 +s[28°t + 25 + 163t + 8st” + 18¢° + 6t

2
2 st
+18t + 85+ 6]” + st[3st” + 267 + 1267 + 1dst + 't + 155+ 12+ 12t + 5 2
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+18¢% + 54t + 54 - %t[zﬁ + 1887 + 54¢ +54]" + st 4% + 40t + 84] + st [36% + 27¢ + 54]”

2
S
+ st[48]% + st[84)° + st[30]* + 5[253 + 65t + 65t + 125t + 65° + 65 + 6% + 26> +2 + 6t]2

S 2
- E[Zt3 + 657t + 65t + 125t + 65° + 65+ 612 + 260 + 2 + 6t] s

1 1

SGO(H) =s +s
\/[35+t+1+252+25t+25] \/[s+3t+3+25+4t+2t2+2]

st? 1 st 1
- - 5 + st
2 \/[t2+6t+9+2t+6] 2N +6t+9+2t+6  VIBE+12+7]

1 1 1 1 1
S sy v e Tty Y e s 1))

+sz 1 s 1
2 \/[52+25t+2$+2t+t2+1+2$+2t+2] 2 \/[52+25t+2$+2t+t2+1+25+2t+2]
1 1 1

+s + st
\/[(2t2+11t+11)] V[(4st +2t +2 + 65)] \/[t2+st+4t+3s+3+s+4] (34)

F(H) =45 + 5 +st" + 5+ 25t + 257t + 25" + 5~ + St° + 5 + 25t + 25t + 25° + 4st” + 4s + 8st

4 2 4
st™ 9st st
+ SOt + St + st + 25t + 287t + 257 + st° + 9st + 6st° +7+T+3St3 +—

+ st

9St2 3 St3 2 Ost 2 St3 Ost 3 2 3
+T+3St —7—3St —7—351’ —7—7+St + 9st + 6st” + 16st + st

4 2,2 2 3 2
2 s 7 s 2 3 3, S st
+ 9st + 6st +9st+205t+285t+135t+5+57+5+5 t+s +s t_5_7

S S st
———st—5s —————Zst———sz—52t+st[5t2+14t+13]+s[4t2+4+8t+452]
2 2 2

+ st[4t2 +20 + 8t].

Proof. For line classification shown in Table 1, use of for-  Theorem 3. Let H be the total graph of a Kragujevac tree;
mulas (5)-(9), (11)-(18), and (22) will give desired above K € Kg,_(pi1)11,» then M-polynomial and certain topo-
expressions. O  logical indices deducted from M-polynomial are

2
25 stt+l L, 2042 w1 143, SE 13 3 St o3 43
M(H;u,v) = su™ v 4 sty pstu®™ T 4 UV Uy

2
t+3_ 4 t+3_ 3

4 2 4 3 32 S 1 s+t+1
+stu v+ stu YV + stu v+ stu” v + stu’y +Eus++ S

S s+l st+t+l 43 2142 242 2s 242 4
—Eu v +stu TV +su” VT +stuT v,

95
M,(H) = 65 +75t+ 55+ 2%t + 11st* + st° + 5°,

3% st

+
2 2

5  _, 75 ,  97st }
Mz(H):7+7s t+7+14st +

2

3
+os+
2
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4 4
st
+ > + 3 +5° + 16st% + 14st + 45> + 2st° + 4szt,

1 1 1
"M, (H) = 5| - 3| +st|
25+ 2t +2 2+ 25t +4t +2s+2 2(s+t+1) t“+st+4t+3s+3

1 1 1 st 1 1 1 1
5 + + st +—+ +—+—+-
2% + 2t + 18 4t +12 2t+2)(4) 8 3t+9 8 12 6

1 1
+st2[ 3 ]+52[ 2j|+st +s y
2% + 12t + 18 2(s+t+1) (2t +2)(t+3) (2t +2)(2s)

s s st (st)?
28 s+ t+ D)% (22 G+t+1)"  (E+3)  (s+t+ D)% 2(+3)(t+3)

R, (H) =

3 st + st + st + st + st
2(t+3)*(t+3)"  (°(t+3)" 3" (+3)* 3@ Q)

st $ s 1

T ) 261t ) Gatr 1) 2ttt it ) 2 (1 3)

1 1
e @)

(35)

RR, (H) =[s(2)*(s+t+ 1" +s(s+t+1)* (2t +2)  + st (s+t+ 1) (¢t +3)°
2
—%(s+t+ (s + £+ 1)“+%(t+3)“(t+3)“—%t(t+3)“(t+3)“+st(t+3)“(4)“

2
+st(t+3)"(3)" +st (4 ()" + st (4)* (3)* +st(3)* ()" + %(s +t+1)%(s+t+1)"

+st(2t+2)" (t+3)" +5(25) (2t + 2) + st (4)* (2t + 2)%,

2 1 1 2 2 3 29
SDD(H)=52[ + +1]+st[ + + ]

+ +—
s+t+1 2t+2 2t+2 t+3 s+t+1 2(t+3) 4

o1 1 1 [ 1 1 1 13 [ 1
+st[ ]+ +st[ + + +—]+st
t+31 2t+2 t+3 s+t+1 t+3 12 2(t+3)

1 t 1
+-+=+s +—| + 2st,
2 2 s+t+1 2
2 2 1 2 1 2 2
H(H)=s + - + st - + +
3s+t+1 s+3t+4 2s+2t+2 s+2t+4 2t+6 t+7 t+6
1 2 2 2

+7+7+7]+52[7]+st2[ ]+st +s + st X
3 7 5 25+ 2t +2 2t +6 3t+5 2t +2+2s 2t+6

ISI(H) =s(2s)(s +t + 1)%;

1
+s(s+t+1)2t+2)—————+st(s+t+1)(t+3)
+t+1 s+

3t+3 s+2t+4
2

+%(t+3)(t+3)

1 1 st

2t+6+St(4)(3)§+5t(3)(2)§_5(t+3)(t+3)2t+6
1 1 1§

+St(t+3)(4)—t+7+St(t+3)(3)—t+6+5t(4)(2)€+5(S+t+ (s+t+ 1)—25+2t+2

s 1 2t +2 2s
——(s+t+1)(s+t+1)—— +st(t +3) +st+2)————
2 2s+2t+2 3t+5 2t + 25+ 2

4
+ st (2t +2) ——,
2t +6

AGH) =525 (s+ £+ 1) ——— s+ s(s 4+ 1) (2 42—
(Bs+t-1) (s+3t+1)
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pst(st+1)P(E+3)— S 3 (43— 3P 3
(s+2t+2)° 2 (2t +4)° 2 (2t +4)°
1 1 1
+st(t+3)°(4)] Y +st(t+3)°(3)° T +st(4)° (2)3W +st(4)° Bf@
st P (2t (st D (s 4 D S(srta D (st e P
(37 2 s+26)° 2 (2s +2t)°
1 1
+ st (2t + 2)3 (2t + 3)3m + S (25)3 (2t + 2)3m + st (4)3 (2t + 2)3m (36)

Proof. For line distribution shown in Table 1, use of for-
mulas (19)-(28) will give above desired expressions. O

3. Certain Topological Indices and
Polynomials of L (T (K)),
where K € Kgq=:s(2t+1)+1,s

In this section, we calculate specific topological indices and
polynomials and many other chemical indices in terms of

F(H,u) = Z MCORC

mleE (H)

+ stu

(t+4)+(3t+3)?

+ stu + stu

2 2 2 2
+ stu O 4 5, OO

2 2 2 2
(t+5)"+(3t+3) + st (S _ 1)M(HS) H2t+4)
(t+4)+(2t+5+2)? +

2 2
+ stu (2t+s+3)“+H3t+3)

these polynomials, as presented in the first section of the
Kragujevac tree total line graph. Figures 4-7 represents
certain topological indices and polynomials.

Theorem 4. Let H be the line graph of total of Kragujevac
tree; K € Kgg—sate1)41,s- Then,

(t+4)>+(2t+4)2 (4)°+(5)*

+st(s—1u + stu

(t+4)>+(5)° (t+4)>+(3)

stu + stu

+st(t - l)u(3t+3)2+(2t+4)2

2 : st(t-1)(t -2 2 2 2,022
b st (t — 1) s’ ( ) ( )u(2t+4) W (940)

+ stu

2 2
. u(2t+s+2) H2t+s+2) + stu

sy s2n? | s(s=1)(s— z)u(23+2t)2+(25+2t)2

2

2 2
4 S(S _ 1)u(s+3t+l) +(2s+2t)

s(s—1 )2 )2
N ( . )u(35+t 1% +(3s+-1)

+(

st(t—1 2 2
. ( )u(3t+3) +(3t43)

+ stu
2

2 2
+ Stu(3t+3) H2s+2t) +su

(3s+t—1)2H(2t+s+2)* N Su(3s+t— 12 +(s+3t+1)%

+s(s=1Du

+s(s—1

s l)u(25+2t)2+(25+2t)2 +s tu(2t+4)2+(5+3t+1)2 i

2

2 2 2 402 2 e\2 2 2 st(t—-1
(4)*+H(t+5) + Stu(2t+4) +(4) + stu(2t+4) +(5) + stu(2t+s+2) +H(s+3t+1) + ( )

2
+st(s—1)

2 2
+s (S _ 1)u(3s+t— 1)°+(2s+2t)
(25+2t)*+(2s+2t)*

Yuu (25+2t)*+(3s+t—1)%

2 2
stu (2t+4)"H2s+2t)

(3t+3)*H(s+3t+1)*

(s+3t+1)*H(2s+2t)?
b
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HM (H) ReM, (H) ReM, (H)

=W 1OV N 00 ©

20000 1000

800
600
400
200

15000

10000

5000

I{eh43 (}{) nlhd],(}{) I{ﬁdz (}{)

F1GURE 4: The pictorial representation of (a) HM (H), (b) Re M, (H), (c) Re M, (H), (d) Re M5 (H), (e) "M, (H), and (f) RM, (H) in space.

M,(H,u) = Z ot

mleE (H)
4 Stu(t+5)+(3t+3) + st (S _ 1)u(t+.’>)+(21.‘+4) + st (S _ l)u(t+4)+(2t+4) + stu(t+4)+(3t+3)
+ Stu(t+4)+(2t+s+2) + Stu<t+4)+(5) + Stu(r+4)+(3) + Stu(t+5)+(5) + Stu(5)+(3)

+ Stu(2t+s+3)+(3t+3) + st (f _ 1)u(3t+3)+(2t+4) + st (i’ _ 1)1,1(213+s+2)+(2t+4)

st(t=1)(t—-2
su(s+3t+1)+(23+2t) + ( 2)( )u(2t+4)+(2t+4)

+ + stu(4)+(3) + stu(4)+(5)

(4)4(t+5) )H(4) QU)o QrseDe(se3te]) | st(t—1)

2

2t+4
+ stu +stu®* + stu

u (2t+5+2)+(2t+s+2) )H2t+s+2) (Bs+t—1)+(s+3t+1

+stu ! +su )b st(s—1)
s(s—1)(s—2
u(2t+s+2)+(25+2t) + ( ) ( )u(25+2t)+(25+2t)

2

+s (S _ l)u(3s+t— 1)+H(2s+2t)

)y (#3221 1) (25200405420 s(s— l)u(3s+t— DH(3s+-1)

2
(2t+4)+(s+3t+1) T st

+s(s— )+s(s—

+5s(s— 1)u(25+2t)+(3s+t7 1) +(s— 1)u(25+2t)+(23+2t) +stu

s | st (t - l)u(3t+3)+(3t+3) b sty GEIHRD | (13)32s420)

2 (37)
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350
300
250
200
150
100

50

00000
80000
60000
40000
20000

HGO, (H) HGO, (H) PGO (H)

F1GURE 5: The pictorial characterization of (a) RRR (H), (b) GO, (H), (c) GO, (H), (d) HGO, (H), () HGO, (H), and (f) PGO (H) in space.

My(Hyu)= Y '
mleE (H)
(t+5)x(3t+3)

u (t+5)x(2t+4 )u (t+4)x(2t+4)

) 4 st (s—1
(t+4)x(5)

+st(s—1)
(t+4)X(2t+s+2)

+ stu

(t+4)x(3t+3) (t+4)x(3)

+ stu + stu

(2t+s+3)x(3t+3)

+ stu
(5)%(3)

+ stu

(t+5)x(5) u(3t+3)><(2t+4)

+ stu + stu + stu +st(t—1)

)u(2t+s+2)x(2t+4) . st(t - 12)(t - Z)u(2t+4)x(2t+4)
(2t+4)x(4)

(4)x(3)

+st(t-1 + stu

(4)x(5) (4)x(t+5) (2t+4)x(5) (2t+s+2)x(s+3t+1)

+ stu + stu + stu + stu + stu

+ st (t - 1)u(2t+s+2)><(2t+s+2) + Stu(3s+t— 1)x(2t+s+2) + Su(3s+t— 1)x(s+3t+1)

2
s(s—=1)(s—2
+ st (S _ 1)1/1(2t+s+2)><(2s+2t) + ( ;( )u(25+2t)><(2s+2t) +s (S _ 1)
Ly Ostt=Dx@se20) (s— l)u(s+3t+l)><(25+2t) Fs(s— l)u(25+2t)><(25+2t) N s(s—-1)

2
. u(3s+t— 1)x(3s+t—1) +s (S _ 1)u(2$+2t)><(3s+t— 1) + (S _ 1)u(25+2t)><(25+2t)

(s+3t+1) asvae) st(t— l)u(3t+3)><(3t+3)

2
su (s+3t+1)x(2s+2t) ,

2t+4 2t+4
+stu( ) +stu( t

(3t+3)x(s+3t+1) (3t+3)x(2s+2t)

+ stu + stu +
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5000
4000
3000
2000
1000

SGO (H) F (H)

2500 6 160
140
2000 5 120
1500 4 100
80
1000 3 60
500 2 40
1 20
e e i
05
05 P
e aran
:!.l‘lnl('l !xI'
15 RSSespess 15
» ek v
N
m
M, (H) SDD (H)

FiGUre 6: The pictorial representation of (a) SGO (H), (b) F(H), (¢) M, (H), (d) M, (H), (e) "M,, and (f) SDD (H) in space.

M, (H,u) = Z yldndi|

mleE (H)
+ Stu(t+5)—(3t+3) + st (S _ l)u(t+5)—(2t+4) T st (5 _ l)u(t+4)7(2t+4) + stu(t+4)—(3t+3)
Loty QD) L () | (B =-0) | (49-9) | (9)-0)
- - - st(t—-1)(t-2
b st G0 |y ORI | Gres2)- (e (t-1(@-2)

2

. u(2t+4)7(2t+4) + Stu(4)—(3) + Stu(4)—(5) + Stu(4)—(t+5) + Stu(2t+4)—(4) + Stu(2t+4)7(5)

(2t+s42)=(s43t41) st(t - l)u(2t+s+2)—(2t+s+2) +s
2

(3s+t—1)—(2t+s+2)

+ stu tu

(3s+t—1)—(s+3t+1) L trseD-se2n) S (s—=1)(s~ z)u(2$+2t)—(2s+2t)

2

+ S(S _ l)u(35+t— 1)—(2s+2t) +s (S _ 1)u(s+3»1.‘+1)7(25+2t) +s (S _ l)u(25+2t)—(25+2t)

+ su +st(s—1)

s(s=1)

4 5 u(3s+t— 1)-(3s+t—1) 4 S(S _ 1)1/1(254-2t)—(3s+t— 1) 4 (S _ 1)u(2s+2t)—(23+2t)
+ Stu(25+2t)—(s+3t+1) + Stu(2t+4)—(25+2t) + st (tz_ l)u(3t+3)—(3t+3) + Stu(3t+3)—(s+3t+1)
+ Stu(3t+3)—(25+2t) + Su(s+3t+1)—(25+2t).

(38)
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H (H) ISI (H)

FiGURE 7: The pictorial characterization of (a) H (H) and (b) ISI(H) in space.

Proof. Consider the line graph of total graph of Kragujevac ~ L(T'(K)) based on the lines of type E(; ;) where
tree, denoted by L(T(K)). We categorize the lines of ml € E(L(T (K))). The line distribution is shown in Table 2.

F(H,u) = Z u(dm)2+(dz)2

mleE(H)

(£+5)2+(3t+3)? Yu (t+5)2+{(2t+4)* Yu (t+4)>+2t+4)? (4)>+(5)

+ stu +st(s—1 +st(s—1 + stu

(2t+4)*+(3t+3)? (t+4)> +(2t+s+2)° (t+4)>+(5) (t+4)*+(3)?

2
+ stu + stu + stu + stu

(t+5)>+(5)° (5)%+(3)? (2t+5+3)*+(3t+3)* Yu (3t+3)2+(2t+4)?

+ stu + stu + stu +st(t—1

(resr2P4(aea? st(t - 12)(t - 2)u(2t+4)2+(2t+4)2 N

42 +(3)

+st(t—1u stu

2 2 2 2 2 2 2 2
(4)*+H(t+5) (2t+4)°+(4) + Stu(2t+4) +(5) + Stu(2t+s+2) Hs+3t+1)

+ stu + stu

. st(t - l)u(2t+s+2)2+(2t+s+2)2 (3s+t—1)2+(s+3t+1)?

2

(3s+t—1)2H2t+5+2)2

+ stu + su

(trs+2s420)” S (s=1D(s~- Z)u(25+2t)2+(25+2t)2

Yuu (3s+t—1)2+(25+2t)*
2

+st(s—1u +s(s—1

(s+3t+1)*+H(2s+2t)? )u(2$+2t)2+(25+2t)2

+s(s=1u +s(s—1
s(s—1 e oy
+ ( )u(3s+t 1)*H3s+t—1)

Yuu (25+2t)*+(3s+t—1)%
2

+s(s—1

+(s— l)u(25+2t)2+(25+2t)2 n Stu(2t+4)2+(5+3t+1)2 n stu(2t+4)2+(25+2t)2

st(t—1 2 2
i ( 5 )u(3t+3) +(3t+3)

+ stu (3t+3)+(s+3t+1)?

i tu(3t+3)2+(25+2t)2 n Su(s+3t+1)2+(2s+2t)2

>
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TaBLE 2: Line classification of L(T (K)).

17

Lines of type Number of lines

E (t+5,t+4) st

E (2t+4,t+5) st
(t+5,2t+5+2) st

E(t+5,3t+3) st

E (115040) st(s—1)

E (t1at44) st(s—1)

E (t+4,3t+3) st

E (t+4,2t+5+2) st

E (t+4,5) st

E (t+4,3) st
(t+5,5) st

E (53) st
(2t+5+2,3t+3) st

E3143.0149) st(s—1)
(2t+s+2,2t+4) st(s—1)

E (2t14t44) (st(t—=1)(t—2))/2

E (43 st

E 45 st

E (4,t+5) st

E (2t+4,4) st

E (2t+4,5) st

E(2t+s+2,2t+s+2) st (t - 1)/2

E (2t+s+2,5+3t+1) st

E (3s+t—1,2t+5+2) st

E (3s+t—1,5+3t+1) S

E 14s122s120) st(s—1)

E s42125120) (s(s—1)(s—2))/2
(3s+t-1,25+21) s(s—=1)

E (si3t4106020) s(s—1)
(2s+2t,2542t) s(s=1)

E 3644-1,354t-1) s(s=1)/2

E (361213541-1) s(s—1)

E (2s5+2t,25+2t) s—=1

E (2t+4,5+3t+1) st
(2t+4,25+2t) st
(3t+43,3t+3) st(t—1)/2

E (3t+3,5+3t+1) st

E (3t+3,25+2t) st

E (s+3t+1,25+2t) N

M, (H,u) =

d,,+d,
u
mleE (H)
+ Stu(t+5)+(3t+3) + st (S _ 1)M(t+5)+(2t+4) + st (5 _ 1)u(t+4)+(2t+4) + Stu(t+4)+(3t+3)
+ Stu(t+4)ﬁ{2t+s+2) + Stu(t+4)+(5) + Stu(t+4)+(3) + Stu(t+5)+(5) + Stu(5)+(3)

+ Stu(2t+s+3)+(3t+3) + st (t _ 1)u(3t+3)+(2t+4) T st (t _ 1)M(2t+s+2)+(2t+4)

(s+3t+1)4(2s420) st(t—1)(t - 2)u(2t+4)+(2t+4) @)+(3) (@)+(5)

2

+ su + stu + stu

+ Stu(4)+(t+5) + stu(2t+4)+(4) + Stu(2t+4)+(5) + stu 5
+ Stu(3s+t— 1)+ 2t+s+2) + Su(3s+t— 1)+H(s+3t+1) + st (S _ 1)1/1(21.‘+s+2)+(25+2t)
N s(s=1)(s— 2)u(25+2t)+(23+2t) 4 5(s — 1) Cort-DHasi20)

2

(2t+5+2)+(s+3t+1) n st(t— 1)u(2t+s+2)+(2t+s+2)
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M, (H,u) =

M;(H,u) =

Complexity

s(s—1 _ _
5= DUl (o), Geranasan ( . )u(3s+t D+(3s+—1)

1)u(25+2t)+(3s+t— 1) 1)1/1(2.s+-2t)+(25+2t) + Stu(2t+4)+(s+3t+l)

+s(s— +(s—

(3t+3)+(s+3t+1) (3t+3)+(2s+2t)

(2t+4)+(2s421) st(t— l)u(3t+3)+(3t+3) + stu

2

+ stu + stu

(39)

dmdl
u
mleE (H)
(t+5)x(3t+3)

l)u (t45)x(2t+4 1)u(tJr4)><(2t+4)

) 4 st (s—
(t+4)%(5) + stu(t+4)x(3)

+ stu + st(s—

(t+4)x(3t+3) (t+4)x(2t+s+2)

+ stu + stu

(5)x(3)

+ stu

+ Stu(t+5)><(5) + stu + Stu(2t+s+3)><(3t+3) T st (t _ 1)I/l(3t+3)><(2t+4)

l)u(2t+s+2)><(2t+4) + st(t—=1)(t - z)u(2t+4)><(2t+4)

2
(2t+4)x(4)

(4)x(3)

+ st (t — + stu

(4)x(5) + stu (4)x(t+5) (2t+4)x(5) (2t+s+2)X(s+3t+1)

+ stu + stu + stu + stu

+ St(t - 1)M(2t+s+2)><(2t+s+2) + stu(3s+t— 1)X(2t+s+2) (3s+t—1)x(s+3t+1)

2
+st(s— I)u(2t+s+2)><(23+2t) n Wu(kﬂt)xesut)
+s(s- 1)u(s+3t+1)><(25+2t) +s(s— 1)1/1(254-2t)><(25+2t)

+ su

Fs(s— 1)u(35+t— 1)x(2s+2t)
s(s— l)u(gﬁp Dx(3stt—1

2
N Stu(2t+4)><(s+3t+1) n Stu(2t+4)x(25+2t) n Mu(3t+3)x(3t+3)

2
(3t+3)x(2s+2t) + Su(s+3t+1)x(23+2t)

) +s(s— l)u(25+2t)><(35+t* 1) +(s— l)u(25+2t)><(2s+2t)

(3t+3)x(s+3t+1)

+ stu + stu , (40)

yldn=dil
mleE (H)
+ Stu(t+5)—(3t+3) + st (S _ l)u(t+5)—(2t+4) T st (S _ l)u(t+4)—(2t+4) + Stu(t+4)_(3t+3)

(t+4)—- (2t+s+2) (t+4)-(5) (t+4)-(3) (t+5)—(5) (5)-(3)

+ stu + stu + stu + stu + stu

(2t+543)-(3t43) B3t )u(2t+s+2)—(2t+4) N st(t—=1)(t-2)
2

(4)—(t+5) + Stu(2t+4)—(4) + Stu(2t+4)—(5)

+stu +st(t—1) ) pst(t-1

. u(2t+4)—(2t+4) (4)-(3) (4)-(5)

+ stu + stu + stu

(2t+5+2)=(s43t+1) st (t - l)u(2t+s+2)—(2t+s+2) (3s+t— 1)—(2t+5+2)

2

+ stu + stu

(Bstt—1)—(s43t+1) iy CLrs2-0se20) s(s=1)(s— z)u(25+2t)—(25+2t)

2
+s(s—1Du

+ su +st(s—1

l)u(3s+t— 1)—(2s+2t) +s (S _ 1)u(s+3t+1)—(25+2t) (2s5+2t)—(2s+2t)

+s(s—
s(s—1 1) _
+ ( : )u(3s+t 1)-(3s+t-1

(2t+4)—(s+3t+1) +

1)1/£(2.9-¢—21‘)—(33+t— 1) + ( 1)u(25+2t)—(25+2t)

)+s(s— s—

(2t+4)-(25420) st(t— l)u(3t+3)—(3t+3)
2

(3t+3)—(s+3t+1)

+ stu stu + stu

+ Stu(3t+3)_(25+2t) + Su(s+3t+1)_(25+2t).



Complexity

Theorem 5. Let H be the line graph of total of Kragujevac
tree; K € Kgy_g(at41)41,5 then we have

HM (H) = 74st* + 248st> + 522st* + 830st + 1735t + 2935°t> + 50s°£°
+365°t% + 8st° — 85 + 133s°t — 115s° + 2657,

3 3 4

Re M, (H) = st’ 2 to3 to3 +—
" +9t+20 27+ 14t+20 2t" +st+ 12t +5t+14 2t +st+ 12t + 55+ 14

3 3 4 1 5
-— +— +— +5 25+ 5
207+ 14t +20 2t +12t+16  3t" + 15t + 12 t+ 6t" + 12t +3rt +3s+ 6
7 5 3 2
+— T2 t 3 o2
6t +18t+12 6t +18t+12 2t +6t+st+2s+4 2t +6t+st+2t+4
1 1 1 1 5
4 Ta120 a+8 56410 of 2
4t° + 12t +2st +4s+8 4t + t+ S5t + 6t° + 6t + s + 16st + 3s
2 2 3
+— 2 T2 2 + 2 2
A4t" +4st + 8t +s  +8s+4 4t" +4st +8t+s +8s+4 Tst+3s" +5s+2t7 -2
2 5 1 1
- 2 2 + 2 T3 t3
3st+2t°+s" +2s+2t 2rt+6t"+14t+4s+4 t +st+2t+2s 3t°+6t+3

1 1 5 9
3 +— +— +st|
3t°+6t+3 3t +4t+s+st+4 6t + 65t + 6t + 65 "+ 9t +20
9 7 8 9
T3 T3 T3 52
2004+ 14t + 2t 21" +st+ 12t +5s+4 2t +st+ 12t +5s+4 217 + 14t + 20

4 7 2 8 5
-5 +— + +—+—
t"+6t+8 3t°+15t+12 t+5 15 6t + 12t +3st+3t+6

7 3 7 9 9 1
+

6t°+ 18t +12 25 +6t+st+2s+4 12 20 4t+20 t+2
9 3 2
+ * 2 2 T2 2
10t +20 65t +6t° +8t+s" +3s 4t  +4st+8t+s +8s+4
1 4 1
+ 2 2 + 2 2 - 2 2
7st +3s" +5s+2t" -2 7st+3s"+55s+2t" -2 3st+2t"+s +2t+2s
3 5
S Ht2+2st 655+ 2t +8st —2s— 2t 25° + 8st + 25 + 2t + 6t
1 1 3
St +2st 95+ 2 +6st+1—-2t—6s 655+ 2% +8st — 2t — 2s
5 1
2 2 + 2 + 2
ST+t +2st 6t +2st+ 14t +4s+4 sT +st+2t+2s

+

+

1 4 1 5
2 + 2 + 2 + 2 2
3tT+6t+3 9T+ 12t +3t+3st+3 2T +2st+2t+2s 6t° +2s + 8st + 2t + 2s

2 1 9 4 1
t 2 + 2 +2 + 2
20+ st + 12t +5s+ 14 2t +14t+20 t"+6t+8 6t +12t+3st+3t+6

+ S

19

(41)



20 Complexity

1 2 1

— + —
A7 + 12t +2st +4s+8 Ost+6t° + 8t +5° +3s A’ +4st +8t+5° +8s+4
4 1 3

+ 2 2 + 2 2 - 2 2
7st +3s"5s+2t"—2 3st+2t" +s  +2s+ 2t 6st+4t7 + 25" +4s+ 4t
3 3 5

T i2 2 +— 2 t 3 2
28" +2t" +4st 65" +2t° +8st +2s—2t 25" + 8st + 25 + 2t + 6t
1 1 3

+ +
Pr st 42st 9P+t +1+6st—2t—6s 8st+ 65> +2t5 —2s—2t
1 1 1

+ 2 + 2 + 2
2t +2st + 4t +4s 9t" + 12t +3s+3st+3 2st+ 6t + 14t +4s+ 4

+

1 29 3 3

|+t 5 +—

3t" + 3st + 3t + 3s 217+ 14t +20 2t" + 12t + 16

1 1 2

+ 2 + 2 2 + 2 2

47 + 12t +2st +4s+8 4t +4st +8t+s" +8s+4 3st+2t7+s +2s+2t

3 5 4 2
2 + 2 + 2 2
6t +18t+12 4t + 12t +2st+4s+8 4t " +4st+8t+s +8s+4

1 2 4 5
T2 +s 2 2 T ) 2
3t"+6t+3 7st +3s" +55s+ 2t -2 T+t +2st 65" +2t° + 8st + 25— 2t
1 1
T2 2 + 3 2
6s” +2t" + 8st —2s— 2t 25" + 8st +2s+ 2t + 6t

(42)

1 3

42425t 9 412+ 1+65t—2t—65 952 +1>+ 1+ 6st —2f — 65
1 5 1

- - +
8st +65° +2t° — 2t —2s  8st+ 65>+ 262 -2t —2s 5+ +2st

3 3 1
3 2 +5’t 2 2 T3 2
61" + 25" + 8st + 2t + 2s 6st +4t" + 25" +4s+ 4t  2s” + 2t + 4st

4 1 3 -3 5
R ) 2 R ) 2 T3 2
25"+ 2t° + 4st 25" +2t" +4st 65" +2t" +8s—2s—2t
3 1 3
T3 7t 33 T3 3
28" +8st+2s+2t+6t° t+5s +2st 9sT +t" +6st — 2t —6s

5 1 1
+ 2 2 TS =3 2 ) 2
8st + 65" +2t° — 2t — 2s 65" +2t° +8st —2s — 2t 25" + 8st + 2s + 2t + 6t

1 1 1
p— + p—
95 + 2 + 1+ 65t — 2t — 65 8st + 65>+ 2t> —2t —2s s>+ 1> + 2st

1 -1
+ +s ,
6t + 25%8st + 25 + Zt] [t2 +s8+ 2st]
2 2 3 2 3 2

+ + + - + +
26+9 3t+9 3t+s+7 4t+8 3t+8 4t+7 3t+s+6
6 18 6 12 2 1 4 6

+ + - + + + - +
5t+s+5 5t+7 5t+7 4t+s+6 t+2 2t+4 t+2 5t+2s+3
2 1 2 4 6 2 3

+ - + — + + +
2t+s+2 2t+s+2 4s+3t+1 3s+4t+2 5t+s+5 2t+s+2 2t+2
3 9 6 ] 2[ 9 14 2 12

- + + + + +
4t +4 6t+s+4 5t+2s+3 2t+9 3t+9 3t+s+7 2t+s+7
9 12 15 10 5 3 5 12

+ - + + + + + +
2t+4 3t+8 4t+7 3t+s+6 t+9 t+7 t+10 5t+s+5
12 18 8 2 2 4 4

+ - + - + - +
5t+7 5t+7 4t+s+6 2t +6t+st+2s+4 t+2 t+2 t+9

Re M, (H) = st’
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4 10 8 1 2 7 4
+ + + + - + -
t+4 2t+9 5t+2s+3 2t+s+2 2t+s+2 4s+4t 3s+t+2
1 2 6 1 1 2 N 1
s+t 5s+3t—-1 3s+5t+1 s+t 12s+4t—-4 5s+3t—-1 s+t

14 4 3 3 12 6 6
+ + + - + + +
5t+s+5 2t+s+2 4t+4 2t+2 O6t+s+4 5t+2s+3 3s+5t+1

20 20 14 15 16 12 8
+ + + - + +
2t+9 3t+9 2t+s+7 4t+8 3t+8 4t+7 3t+s+6

+ st

20 12 25 15 6 12 3

+ + + +—+ - -
t+9 t+7 t+10 8 S5t+s+5 5t+7 22+ 6t+st+2s+4

2 12 20 20 8 10 1 2 4

+—+—+—+ + + - - +
t+2 7 9 t+9 t+4 2t+9 2t+s+2 4s+3t+1 5t+s+5

1 N 2 2 3 N 2 2
2s+2t 5s+3p-1 3s+5p+1 6s+2t—2 5s+3t—-1 s+t
3 3 ] 22[ 1 4 1
+ + +s + +
2t+4 6t+s+4 3s+5t+1 3t+s+7 t+3 3t+s+6
3 4 6 1 1 2
+ + + +—+ +
5t+s+5 4t+s+6 3s+5t+1 s+t 12s+4t+4 5s+3t-1

2 2 6 3 ] 2[
+ + + + + s t|———
5t+s+5 2t+s+2 5t+2s+3 O6t+s+4 3t+r+7

16 4 3 1 3
+ + + - +
3t+9 3t+s+6 5t+s+5 4"+ 12t+2st +4s+8 O6t+s+4
3 2 5 5 4 2
+ - + + - +—
5t+2s+3 2t+s+2 4s+3t+1 2s+2t 3s+4t+2 s+t
2 8 N 2 8 2 1
5s+3t—-1 5s+3t—1 3s+5t+1 3s+5t+1 s+t 6s+2t—2
3 8 2 2 4 4
+ - - +—+ +
6s+2t—2 5s+3t—1 5s+3t—-1 s+t 5t+s+5 2t+s+2
6 8 ] 23[ 2 2 1 4 ]
: + + + + +
5t+2s+3 3s+5t+1 3t+9 4t+s+6 2t+s+2 3s+4t+2

(43)

4 6 4 2 1 1 1 5
+st[ + + + - + ]+st[ ]
5t+7 4t+s+6 t+2 4t+4 t+2 2t+s+2 2t +4
3[ 1 3 4 2 3
+st — + + - -—
5t+2s+3 8t+4s+8 4s+3t+1 3s+4t+2 3s+4t+2 s+t
8 8 2 3 8 ] 32[ 1
+ + +—+ + +5t|—m
5s+3t—-1 3s+5t+1 s+t 6s+2t—-2 5s+3t-1 8t +4r+8
6 1 ] 3[ 3 1 2 6
+ + +s +— = -
3s+4t+2 2s+2t 4s+4t s+t 55s+3t—1 5s+3t-1
N 2 2 1 3 9 2
3s+5t+1 3s+5t+1 s+t 6s+2t-2 12s+4tt—4 5s+3t-1
6 1 2 ] 2[ 1 2 2
_—+——+ +s + -
55+3t—-1 s+t 3s+5t+1 2s+2t 5s+3t—-1 3s+5t+1
1 3 2 ] [ -1 1
} - + + +s -
12s+4t—-4 6s+2t—2 5s+3t—-1 3s+5t+1 4s+4t 12s+4t -4

4 1 ] 5[ 1 ] 4[ -3 6
+st|l——+—|+s +s +
3s+4t+2 s+t 2s + 2t 2s+2t 5s+3t-1
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2 1 9 6 o -1
+—t— + ]+t[—],
3s+5t+1 s+t 12s+4t—-4 5s+3t-1 s+t

Re M (H) = st[143t° +406t> + 1000t + 1745 + 141st” + 485" + 304st + 1285 + 50s°t + 75|
+5°t[ 287 + 13617 + 338t + 308 + 65° + 265t + 36st” + 165” + 40st + 85| + st°
- [657 +213t7 + 203t + 39 + 857t + 525 + 145" + 245t + 72st + 25| + 5”87 + 48t
+96t + 64] + 5[~595” + 15¢° + 957t + 6757 | + 5[29st” + 114> = 175 — 11 + 66st
+5°[8t° + 857 + 24st” + 245°t| +5° [5¢° + 855” + 1055t

+153st — 515> — 3> — 4st + 9t + 155 — 2],

m 1 1 1 1 1 1 1
MI(H):st[ + + + + - +
2t+9 3t+9 3t+s+7 4t+8 3t+9 3t+8 4t+7

1 1 1 1 1 1 1 1
+ - + + +—+ - -
3t+s+6 t+9 t+7 t+10 8 5t+s+5 5t+7 4t+s+6

1 1 1 1 1 1 1 1
+———+—+—+ + + + -
2(4t+8) 7 9 t+9 2t+8 2t+9 5s+2t+3 4t+2s+4

1 1 1 1 1 1
+ - + + - +
4s+3t+1 3s+4t+2 5t+s+5 4t+2s+4 6t+6 O6t+s+4
[+t amvs s es tarareal
+ +s°t + + + + st ———
5t+2s+3 3t+9 3t+8 5t+7 3s+4t+2 4 +s+6

1 1 1 5 1 1 1
+ + +st[ + -
4t+8 2(4t+2s+4) 6t+6 4s+4t 4s+4t 5s+3t-1

1 1 1 1 1 1
- - - + +
3s+5t+1 4s+4t 2(6s+2t+2) 5s+3t—1 4s+4t 3s+5t+1]
3 -3 1 1 1 1 1
+s + + + + +
2(4s+4t) 5s+3t+1 3s+5t+1 4s+4t 2(6s+2t—-2) 5t+3t-1

Loval 2
+s - ,
4s + 4t 4s + 4t
-51 25
RM, (H) = st[th +53t+ 102 + 65t + 11s + 52] +5°t[867 +20 + 25 + 8st + 5| + st [7#

2

11 s s, -19s* 11#
+17t—7+6st+4s+5 +7[4t +12t+9]+s

2

1 33s° 1742
— 5st + 30s + 21t — 12] +s3[252 +282 +4st—25—2t+5] +52[T+T

11
+17st — 19s — 13t +7],

RRR(H)=st[\/t2+12+7t +\/2t2+11t+12 +\/3t2+14t+8 +\/2t2+9t+4s+st+4

—\/2t2+11t+12—\/2t2+7t+3s+st+3+\/2t2+9t+9+\/3t2+11t+6

+\/4t+12+\/2t+6+\/4t+16+\/§+\/6t2+7t+25+3st+2—\/6t2+13t+6

142 + 12t + (9/2)
—\/4t2+8t+3s+4st+1+ 5 + V6 + V12

Complexity
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+V3t+ 12+ V6t +9+ \/8t+12+\/6t2+5st+52+3t+s,

11

1 603
GO, (H) = st[ + 184t + -t 55s + 23st + 252] + szt[6t2 + 40t + 55 + 6st + 35> + 45] + st?

29t° 81 562 19s 31, s
| —+51t+—+5s+2st | +s|—————4s—2t — st +— +s[25+2t+25
2 2 2 2 2

2 2 17t2 3352 1 2 2
+2t +4st]+s — TS T+ 235t - —[4t+4s+14t +4s +8st],

GO, (H) = st [143t° + 406t> + 1000¢ + 1745 + 141st” + 48s° + 304st + 1285 + 505°t + 75’ | + s’t
- [28¢° + 136t + 338t + 308 + 65° + 265°t + 365t + 165” + 40st + 85| + st [65¢” + 213t
+203t + 39 + 857t + 525 + 14s” + 24st> + 725t +25° | + st°[8t” + 487 + 96t + 64]
+5[-595 + 156> + 95t + 675” + 29st” + 11£7 — 175 — 11t + 66st] +5°[8¢” + 85
+24st” + 245’ p| + 57 [5¢° + 855° + 105st> + 1535’ — 51 — s* — 3¢* — 4st + 9t + 155 - 2],

4

783t
HGO, (H) = st +1851¢% + 1114¢> + 1148st> + 3205t + 9596¢ + 126s°t> + 354st°

5 4 1361
+441s” + 10s™ + 1855st +

1
+654s + 1257t + 5953] + szt[24t4

+ 73485 + 1928° + 45" +28s° + 165°t + 565t + 325°t + 575 + 112st
4

185¢
+ 1738 +28s + 1421] + stz[ + 629 + 1548t + 16st° + 104st> + 205t

+4s°t% + 255> + 216st + 140s + 1622t + 13%] +57[8t" + 85" + 245’7 + 85
+8t + 485°t + 165t + 48st> + 165° + 24t” + 485t + 56st” | + 5> [36t" + 1095*
+68t° + 405> + 22457t + 118st” + 2675°t> + 110s°t + 191st” — s> + 46> + 138st
+10t + 4s + ;] +5[-108s" +£* = 2125’ — 10st> — 1095’ — 205 + 4t° + 4857

3
+ [3t2 + 1268t + st* + 10t — 65 + 23st — - [16t4 + 145" + 485° + 165 + 16t

+965°t + 72st + 96st° + 32s° + 48> + 965°t + 1125t2],

HGO, (H) = st[(2t3 +27 + 121t + 180)2 +(6t" + 60> + 180t + 180)2 +(6t” + 5st” + 55 + 50¢°
+34st + 126t + 98 + 49t +5°)” + (126" + 96¢% + 204t + 120)” —(6¢> + 601> + 18¢ + 180) -

(68 + 5267 + 144¢ + 128)” +(126° + 8167 + 153¢ + 84)” + (562 + 65¢ + 180)” +(20¢ + 130
+180) +(5¢% + 25t +250)” + (667 — 5st> + 57t +48 + 426% + 28st + 84t + 45 + 32)’

2 2 3 2 2 2 2 2
+(3t +33t+ 84) + 14400 +(30t + 90t + 35% + 35°t + 215t + 30 + 425t + 40t + 21s)
(306 + 13262 + 185¢ + 84)" —(161> + 25 + 325 + 726> + 45> + 48 + 104t + 125t> + 40st )’
2

1
+ E(16t3 +96t% + 192t + 128)2 + 7056 + 32400 +(4t250t + 180)2 +(16t2 + 96t + 128)

1 1
+
V2rt + 2762 + 121t + 180 Vet + 60> + 186t + 180

PGO(H) = st

23

(45)
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Complexity

1 1 1
+ 3 2 N 2 Y
V12£® + 961 + 2045 + 120 Vet® + 169> + 186t + 180 V5> + 65¢ + 180
1 . 1
V6t> + 5267 + 144t + 128 V61> + 55t> + 55> + 50t> + 34st + 126t + 98 + 495 + s°t
1 1
+ 3 2 + 3 2 2 2 2
V128 + 8182 + 153t + 84 V61 — 55t + 5°t + 48 + 4217 + 28st + 84t + 4s” + 32s

1 1 1
+ + +
Vst2 + 75t +250 V120 \/30£% 1+ 90£2 + 357 + 357t + 21st> + 30 + 425t + 90t + 1215

(46)

1 1

p— +—
V308 + 13267 + 186t + 84 V84
1

V16t® + 257t + 325 + 725> + 4s” + 48 + 104t + 112st> + 40st
1 1 1 1

+ + + +
2V16t° + 962 + 192t + 128 V180 +/at? + 50t + 180  V16t> + 96t + 128
1 1

+ +
V308 + 25 + 95 + 34t + 957 + 58> + 175°t + 49st + 42st>  \3t> + 33t + 84
1

2V16t% + 25> + 24st” + 16 + 4817 + 1257t + 64st + 48t + 205> + 40s
1

+
V125> + 6t + 3757 — 6t + 2357 + 29st> — 35 + 225t + 2> — 2
1

V65> + 16t° + 265%t + 365t + 165> + 40st + 24t + 8s + 8t
1

+
V38 + 44rt + 165t + 257t + 4s° + 20 + 100> + 90t + 24s
1

+
V16t + 24st> + 481> + 64st + 85°t + 165> + 32f + 325
1 1

- +
2V54t% + 162t + 16t + 54 V64t + 35 + 108t% + 425t + 27st> + 12 + 66t + 35 + 15s
1 1

2
} + st
V30> + 125°t + 125° + 18t + 185 + 48> + 142st> + 60st ] [\/6t3 + 60t + 186t + 180
1 1

1

: +
V6t + 526 + 144t + 128 V6t + 16t° + 265°t + 1365t + 165 + 40st + 24t> + 8s + 8t
1 1

V306 + 13267 + 186t + 84 V16> + 96t% + 192t + 128
1

+
V16t® + 257t + 325 + 1217 + 45% + 48 + 104s + 112st> + 40st
1

+
2V16t% + 25 + 24st” + 16 + 4817 + 1257t + 64st + 48t + 205> + 40s

2
+ st

1 3[ 1
+ +st
254> + 162> + 162t + 54 ] 2V16t° + 95 + 182t + 128

1 1
+s 3 3 2 2 2 2 + 3 3 2 2
V125® + 126° + 525t + 85> — 82 + 525t> —4s — 4t V16> + 16s° + 48st” + 48s°t

(47)
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SGO (H) = st

1

V305 + 6% + 2t + 25 + 34st’ + 585°t — 165> — 24st — 8

1

V65> + 308 + 16> + 345t + 2t + 25 + 8t + 24st + 52

1

2V545% + 267 + 18st? + 18s + 54s°t — 365t — 545° + 6t — 6t — 2

1

V305> + 60 + 2t + 25 + 34st> + 585°t — 165> — 24st — 8t

1 1

+ +
V16t + 165> + 48st? + 485°t  V/58st? + 3> + 65° + 34st’t + 25 + 2t + 24st + 85> + 16>

1 1
S 3 3 2 2 :|+32[ 3 3 2 2 2 2
2V16t% + 165> + 48st> + 485°t V305% + 617 + 2t + 25 + 34st” + 585°t — 165> — 24st — 8t

3 1

- +
2V16t% + 165> + 48st> + 485°t  V6s° + 30t° + 16t + 34s°t + 2t + 25 + 8t + 24st + 525t

1

+
2V545% + 267 + 18st? + 185 + 54s°t — 365t — 54s° + 6t — 6t — 2

1

+
V305> + 60 + 2t + 25 + 34st> + 585°t — 165> — 24st — 8t

1 1
+ 3 3 2 2 ]_[ 3 3 2 2, |
Vi6t® + 165 + 48st’ + 485t V16t® + 165 + 48st” + 485t

1 1 1 1

- +
Ves + 2t +8st +3s+t—1 \et> +8st+ 7t +5s+ 1

2 + 2 + 2 + 2
VE+11t+29 V2P +17t+29 22 + 15t + 65+ st +21  \/3t2 + 22t + 23

1 1 1 1 1

- - + + +
Vot + 17t +29 V2P + 15t +24 V32420t +29 V6t +35 V6t +35
1 1 1

A —— - -
V23 162 + 17t + 9s + 3st + 1 V61> + 23t + 29  V4t® + 20 + 24
11 1 1 1

ot + +
VIO V29 V5t+29 VIOE+29 6t 4257 + 13t + 55+ 6st + 3
1 1 1

+ - +
V38 + 22 +3t+9s+1 Vat® +2s> + 65t + 8t +7s+2  6t> + 25t + 195 + 15t + 9
1 1 1

+ - +
Vat? £ ast +10s+ 12t +4  2V92 + 24t + 15 VOt* + 18t + 4s + 3st + 7

1 5 [ 1 1
+ +st +
V6t® + 6st + 8s + 11t + 13] V2t +17t29 V2 + 15t + 29

1 2 1 1
+\/ X . ]+st [\/ 5 +\/ X
4"+ 28" +7s+ 8t + 2 6t" +23t+9 4t° + 2st + 55 + 16t + 14

1 1 1
+ 2 ]+S[ 2 + 2 2
2V9t" + 24t + 15 \/3s+3t + 10st + 2t + 65— 1 \/45 + 4t" + 8st + 4s + 4t
1 1 1
Vos? 267 + 8st +3s+t—1 Vas® +4t> + 8st + 4t + 4s  2V9s” + > + 65t — 1
1 1 3

+ S

1 5 1
2V4s™ + 4t + 8st + 4s + 4t 65" +2t" +8st+t+3s—1
3 1

. +
2V4s? + 4% + 8st + 4s + 4t VAs® + 4t + st + 4s + 4t

25

(48)



26 Complexity

1 1 1
} + +
\/252+6t2+85t+7s+5t 2\/932+6st+t2—1 \/652+2t2+83t+3s+t—1

1
Vas? + 48> + 8st + 4s + 4t |

F(H) = st[84t2 + 185” + 40st + 263t + 8s + 476] + szt[18t2 + 587 + 125t + 58¢ + 4s + 77]
+ szt[26t2 + 28 + 8st + 52 + 8s + 26] + st? [4t2 +16 + 16t] +s [41‘2 +4s + 85t]
+ s[—1752 +7t% — 6st + 10t + 14s — 1] + s [201.‘2 +36s” + 40st — 165 + 4]

- [8t2 +8s° + 16st].
(49)

Proof. For line distribution shown in Table 2, use of for-  Theorem 6. Let H be the line graph of total of Kragujevac
mulas (5)-(9), (11)-(18), and (22) will give desired above tree; K € K@y ors1)e1,90 then M-polynomial and certain to-
expressions. O  pological indices that can be deducted from M-polynomial are

4 2t+4 t t 2, 2 t 2t+4
M (H;u,v) = st v + stV 4 st 0?2 4 st PV st (s - D PV

t+4 2t+4 t+4 3t+3 t+4 2t+s+2 t+4 5 t+4 3 t+5
Du ™y

+st(s— +stu Y +stu TV +stu vV +stu TV +stu

2t+s+2 343 3t+3 2t+4

VStV + stu VI st (s — Dud PV st (s — DR

st(t—1)(t=2) p14 2044 43 45 4 145 2t+4 4 2t+4 5
+fu P pstu™y + stu” v+ stut VY + st o stu™ Ty

2t+s+2 s+3t+1 St(t - 1) 2t+s+2 2t+s+2 3s+t—1_ 2t+s+2
1% +—1u 14

+ stu + stu Vv
2

(50)
3s+t—1_ s+3t-1

s(s=1)(s—2
+su v + st (S _ 1)1/12t+s+2V2(s+t) + ( )( )u2(5+t)V2(s+t)

2

3s+t—1_ 2(s+t) s+3t+1_ 2(s+t) S(S—1) 35401 3stt-1
V v +—u v

2

2t42s 2t+2s 2t+4  s+3t+1 2t+4 2t+2s
Du™""v +stu” "y +stu” v

+s(s—1u +s(s—1u

+ S(S _ 1)1/12t+25v3s+t—1 + (S _

st(t—1) 313 3143 3643 st3t+l 3t+3 2t42s
Tu 1% + stu Vv + stu 1%

s+3t+1 2t+2s

26425 2(t
+ su VI s (s — Dt 209

M, (H)=st(t+5)+st(2t+4)+st(t+5)+st(t+5) +st(s—1)(t+5) +st(s—1)(t+4)
+st(t+4)+st(t+4)+st(t+5) +st(5)+st(Qt+s+2)+st(s—1)Bt+3)+st(s—1)

st(t—1)(t-2)
2

(2t +s+2)+ (2t +4) + st (4) + st (4) + st (4) + st (2t + 4)

t(t—-1
+st(2t+4)+st(2t+s+2)+S(27)(2t+s+2)+st(3s+t—1)+s(3s+t—1)

s(s=1)(s=2)
2

+st(s=1)(2t+s+2)+ (2s+2t)+s(s=1)Bs+t—-1)+s(s—=1)

s(s—=1)
2

c(s+3t+1)+s(s—1)(2t +2s) + Bs+t—-1)+s(s=1)(2t+2s) +(s—1)
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t(t—1
‘(2t+2s)+st(2t+4)+st(2t+4)+s ( )

(3t +3) + st (3t +3) +st(3t+3)

+s(s+3t+1)+st(t+4)+st(t+5)+st(2t+s+2)+st(3t+3)+st(s—1)(2t+4)
+st(s—1)(2t+4)+st (3t +3)+st (2t +s+2) +st(t+4)+st(t+4)+st(5)+st(3)

st(t—=1)(t-2)

+st(5)+st(3)+st(3t+3)+st(s—1)2t+4) +st(s—1)(2t+4) + 5

- (2t +4)+st(3)+st(5) +st(t+5)+st(4)+st(5) +st(s+3t+1)
st(t—1)
+

2t +s+2)+st(Qt+s+2)+s(s+3t—1)+st(s—1)(2t + 2s)

+W(2t+25)+s(s— 1) (2t +2s) +s(s—1) (2t +2s) + s(s — 1) (2t + 2s)

2T D) b (s 1) (st o 1) 4 (s— 1) (26 4 25) + st (s + 3¢ + 1) + st (2¢ + 26)

st(t—1)
+

(Bt +3) +st(s+3t+1)+st(2t +2s) +s(2t +2s),

M,(H)=st[(t+4)(t+5)+(+5) 2t +4) + 2t +s+2)(t+5)+Bt+3)(t+5) +(s—1) (2t +4)(t +5)

+((s—-D(t+4)2t+4)+Bt+3)(t+4)+t+s+2)(t+4)+5(t+4)

+3(+4)+5(+5) +15+3t+3)(2t+s+2)

(=Dt +4)Bt+3) + (s - 1)(2t+4)(2t+s+2)+W(2t+4)(2t+4)

+12+20+(t+5)(4)+(4) 2t +4)+(5) (2t +4) + (s +3t+ 1) (2t +s+2) + (tgl)

-(2t+s+2)2+(3s+t—1)(2t+s+2)+(s—1)(2t+25)(2t+s+2)+(s+3t+1)

(t-1)
2

(2t +4) + (2t +25) (2t +4) + (3t +3)* + (s+ 3t + 1) (3t +3) + (2t + 25) (3t + 3)

+s[(s+3t-1)Bs+t—-1)+(s—1) (2t +2s)(3s+t—-1)+(s—1)(2t +2s) (s + 3t + 1)

+(s—1)(2t +2s)(2s +2t) +

+W (25 +2t) (2t +25) + (s + 3t + 1) (25 + 2) | + (s — 1) (2t + 25) (25 + 28),

(s—1)
2

(Bs+t—1)3s+t—1)+(s—1)(2t+2s)(Bs+t—1)

ML CED) = st 1 1 1 1 ]
2H) =t ey T i@ @isinais) Gianasy 7Y

1 1 1 1 1

T Y I T Y Ry S E VTR Y PRy A YRy PR R T Y PRy
1 1 1 1 1
e mes et eyesiy SV ey TV
1 (t—1)(t-2) 1 11 1 1
(2t +4) (2t +s+2) 2 Qt+4) (2t +4) 12720 " a(t+5) 42t +4)
1 1 (t-1) 1 1
TS+ 4) 43t 1) (2+5+2) 2 (2+s+2)(2+5+2)  (25+20) (2t +4)

1 o 1 ] (t-1)
T s+ 2)0s+t-1) TV st a2t 1s+2)  (s+t+)2t+4) 2

27

(51)

(52)
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1 1 1 1
'(3t+3)(3t+3)+(s+3t+1)(3t+3)+(2s+2t)(3t+3)]+S[(S_1)(2s+2t)(3s+t—1)
- ] o) 1 (s—1) 1

TS T s G rat+) T s (2s+2t) T 2 Gs+t-D(Bs+t-1)
(s—1) 1 1 (s=1)(s-2)

TS T Gs vt (2t +2s)  (s43t-1)(s+3t-1) 2

] 1 1

(2s+20)(2s+20)  (2s+20)(s+3t+ 1)] *-D (25 +2t) (2t + 25)°
1 1 1

(E+ 4 (+5)°  (£45)° 2t +4)° (2t +s+2)°(t+5)

S S S | S S—

TGt 45 T v k45 T Y 4 (L + )

1 1 1
Tt 3 (44" 24542 (14" BV (t+4)

1 1 ]

T G5 GG

L P S S L
terrar s STV G (2t +4) (2 +5+2)"
(t-1)(t-2) 1 1 1 1

2 Q2+ 2t + 4" T B @ G @ T (t+5)° @)

1 1 ]

@ 4" T B2t 4" (s+3t+ D) (2t +5+2)°
(t-1) 1 1
2 (2U+s5+2) 2U+5+2)°  (2U+5+2) Bs+i-1)

1 1 1
2s+20)* (2t +s5+2)" " (s+3t+1)*(2t +4) " (2s +26)* (2t + 4)°
(-1 1 1 1
"2 (3t+3)"(3t+3)" * (s+3t+1)%(3t + 3)° - (2s +20)% (3t + 3)°

! 1 L ]
SR o ARG yone vy e LA CIRRY)

1 (s—1) 1 (s=1)
st 2 43t D T v 2 (s 20 | 2

1 1
.(3s+t—1)“(3s+t—1)“+(5_1)(3s+t—1)“(2$+2t)“
(s=1)(s=2) 1 1
* 2 (2s +2t)% (25 + 2t)* * (s+3t-1)%s+3t-1)"

R,(H) = st

+(s=1)

(53)
1
(25 +20)* (2s + 2t)%
RR, (H) =st[(t+4)"(t+5)" +(t+5) (2t +4)* + (2t +s+2) (t +5)" + (3t + 3)* (t + 5)°
+(-DRt+D t+5)+(s-DQRt+ D) " (t+4)" + Bt +3)"(t+4)* + (2t + 5+ 2)°
2t s+2) G U+ D )+ D+ ) +5)+ (3)Y(5) + (3t + 3)°
2t +s+2) +(G-DE+ D Gt+3) +(s-Dt+4D* 2t +s+2)°

DD o 4y ot 4 4 4 (3 @)+ (5)° (0 + (0 9 (@) + (4 (2t + 4)°

+(s—-1)

+(5)* (2t +4)" +(s+ 3t + 1)“(2t+s+2)“+Q(2p+s+2)“(2t+s+2)“
+ (2t +5+2)Gs+t -1+ (=12t +25)*"Qt +s+2)* + (s + 3t + 1)* (2t + 4)°
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+ (2t +29)" 2t +4)" + (t; 1)(3t +3)" (Bt +3) "+ (s + 3t + 1) (3t + 3)°

+(2t +25)" (3t +3)"] +s| (s+3t = D)*GBs+t - 1) W

(2429  (2s+ 20  + (s =12t +25) " (Bs +t = 1)* + (s = 1) (2t +25)°

(543t + 1)+ (s— 1) (2t +25)% (25 + 26)* + (5; D st - 1% Gs 4t 1)

+(s=1)Bs+t—1)"(2s+20)" + (2t +29)" (s + 3t + 1)*] + (s = 1) (2t + 25)“ (25 + 21)%,

(t+5) )(t+5) (t+4) (t+4)
*ls- =2 33

(t+5)+ (2t+4)+ (t+5)
t+4 t+5 2t+s+2 3t+3

SDD (H) =

@+(2t+5+2) (_1)(3t 3) P 1)

(t+4) . (t+4)+ (t+4)+ (t+5)+
5 3 5 3 3t+3

2t+s+2
2t+s+2) (t-1)(t-2) (4) 4+ 4 (2t+4)+(2t+4)+(2t+s+2)
t+5 4 5 s+3t+1

+
2t +4 2 3 5
(t—l)(2t+s+2)+(3s+t—1)( )(2t+s+2) 2t+4) (2t+4)
s—
2 2t+s+2 2t+s+2 2s + 2t s+3t+1 2s+2t

1
+(2t+s+2)t—

+(t—1)+ (3t +3) +(3t+3)+(t+4)i+(t+5) !
2t +4 +5

2 s+3t+1 2s+2t +5

1 1 1
+(3t+3)——+(s—- 12t +4)——+(s+3t+1)——
(3t 43) 2+ (= D@+ 4) ——+ (s +3t+ 15—

HEO) () ()

1 1
+(s—1)2t+4)—+Bt+3)—+ 2t +s+2
(s ) )t+4 ( )t+4 ( s )t+4 +4 t+4
1 1 1 1 t-1(-2)
+(3)=-+3t+3)——+(s—-1)(2t+4 +(s—1)(2t+4 +
)+ Gt 3) S T D@+ (- D@+ D e 2

- (2t +4) + (3) + (5) + (t + 5) + (4)7 (5) + (s+3t+1)
2t + 2t+s+2
(54)
t—1 1 1 1
+( )(2t+5+2)7+(2t+s+2)7+(s—1)(2t+25)7
2 3s+t—1 2L +s+2
(t-1) 1 1
. + (2t + 2s) + (3t + 3) +(s+3t+1) + (2t + 2s)
2t +4 2t +4 3t+3 3t+3 3t+3
Bs+t—-1) (s—1)(s—2) (2s+2t) (Bs+t—-1) (s+3t+1)
+(s-1)————+(s—-1)————=
s+3t-1 2 2s + 2t 2s + 2t 2s + 2t
-1 2s + 2t +3t+1 -1 -2
+( )+(s— )(S )+(S )+1+(S (s )+(s—1)(2t+25)
2 3s+t—-1 2s+ 2t 2
F(s—1)(2t +25)——— + (s — 1) (2t + 25) NGl S
et (s— §)———+(s— s s—
3s+t-1 s+3t+1 2s + 2t 2
1 1
(B3s+t—-1 +(2t+2s)—— |+ (s—1)[2],
(35 )25+2t ( S)s+3t+1 (s = D]
1 1 1
H(H) = 2st + + + +(s-1)
2L+9 3t+9 3t+s+7 4t+8 +9 3t+8 4t+7
1 1 1 1 1 1
+ + + + +- +(s —1)— (s-1)——
3t+s+6 t+9 t+7 t+10 8 5t+s+5 4 +s+6
t-1D(t-2) 1 1 1 1 1 1 1 (t-1) 1
+ +-—+—+ + + + +
2 44+8 7 9 t+9 2t+8 2t+9 5t+2s+3 2 4t+2s+4
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1 1 1 t-1) 1 1
+ + + +
4t +3s+2 s+5t+5 2s+4t+4 2 6t+6 s+6t+4

1 ]+25[ 1 +(5—1)(5—2) 1 1 1

} +(s-1)———+(s—-1)—————
5t+2s+3 4s+ 4t -2 2 4s + 4t 5s+3t—-1 3s+3t+1

(s—-1)

+—t
4s+ 3t +1

1 (s—1) 1 1

+(s—1) + +(s-1) +s
4s + 4t 2 6s+2t-2 3t+5s-1 3s+5t+1

+2(s-1 S
( )4s+4t

(t+4)(t+5) (@E+5Q@t+4) Qt+s+2)Q2t+s+2) (Bt+3)(t+5)
ISI(H) = st + + +
2t+9 3t+9 3t+s+7 4t + 8

. (s—l)(2t+4)(t+5)+ (s—l)(2t+4)(t+4)+ (3t+3»)(t+4)+ 2t+s+2)(t+4)
3t+9 3t+8 44 +7 3t+s+6
5(t+4)+3(t+4) (5)(t+5) 15 12+(3t+3)(2t+s+2)
t+9 t+7 t+10 8 7 5t+s+5
N (5—1)(2t+4)(3t+3)+ (5—1)(2t+4)(2t+s+2)+(t—l)(t—2) (2t +4)(2t +4)
5t+7 4t +s+6 2 4t + 8
+20+ (t+5)(4)+ (4)(21,‘+4)+ (5)(2t+4)+ (s+3t+1)(2t+s+2)
9 t+9 2t + 8 2t+9 5t +2s+3

(t-1) (2t+s+2)(2t+s+2)+ (2t+s+2)(3s+t—1)+ (s=1)(2t+2s)(2t +s+2)
2 4t +2s+4 4s+ 3t + 1 3t+3s+2

N (S+3t+l)(2t+4)+ (2t+25)(2t+4)+ (t—1) (3t +3)(3t +3)
s+5t+5 4t +2s+4 2 6t +6

+

(55)

: (s+3t+1)(3t+3)+ (2t +2s) (3t + 3) +5[(2t+2$)(s+3t+1)
s+6t+4 5t+2s+3 3s+5t+1
(s— 1)(5—2)(25+21.‘)(2t+25)+ (s=1)(2t+2s)(3Bs+t — 1)+ (s=1)(2t+2s)(s+3t+1)
2(4s +4t) 55+3t—-1 3s+5t+1
N (s— 1)(2t+25)(25+2t)+ (s=1)(Bs+t—-1)(3s+t— 1)+ (s=1)(Bs+t—-1)(2s +2t)
4s + 4t 2(6s+2t—2) 3t+5s+1
+(s+3t—1)(3~s+t—1) +(s—l)(2t+2$)(25+2t)
6s+4t -2 4s + 4t
(t+4)°(+5)° (t+5°Qt+4)° Qt+s+2°@¢+5° Gt+3)7°@¢+5° (3)°4)’
2t +7)° (3t +7)° (3t +s+5)° (4t + 6)° (5)°
(s—1)t+4)° (¢ +5)° (s—1)Qt+4)°@¢+4)° Gt+3)°@¢+4)° Qt+s+2)]°Qt+s+2)°
+ 3 + 3 + 3 + 3
(Bt+7) (3t +6) (4t +5) (Bt +s+4)
. GYE+4)° BY@E+4> GBP@E+5° (3)°6G) NEE 3’2t +s+2)° (52t +4)
(t+7) (t+5)° (t+8)° (6)° (5t +s+3)° 2t +7)°
. (s—l)(2t+4)3(3t+3)3+ (s— 1)(2t+4)3(2t+s+2)3+ (2t +4)° 2t +4)]° (t-1)(t-2)
(5t +5)° (4t + s +4)° 8 (4t +6)°
(5)°(4)° (t+5°4)° @’@t+4)° Qt+s+2’Qt+s+2)°(t-1) (2t +2s) (2t +4)
+ 3 + 3 + 3 + 3 + 3
(7) (t+7) (2t +6) 8(4t +2s+2) (2s + 4t +2)
. (s+3t+1)7°Q2t+s+2)° Qt+s+2)°Bs+t-17 (s—1)(2t+2s)° 2t +s+2)°
(5t + 25 + 1)° (4s+3t—1)° (4t + 35)°
(s+3t+ 1)’ +4)° (Bt+3)’(Gt+3 (1) (s+3t+1)°(3t+3)° (2t +25)° (3t +3)°
T rste3)y 8(6t +4)° T sretr2) | (s+st+1)

>

A(H) = st
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(2t +25) (s+3t+1)° (2t+28)° Q2s+2t)°(s—1)(s-2) N (s—1)(2t+2s)°Bs+t-1)°
(3s+5t—1)° 8(4s + 4t — 2)° (5s+3t— 5)°
. (s—1)(2t +25)° (s + 3t + 1)3+ Bs+t-17>Bs+t- 1)3(5—1)+ (s—1)Bs+t-1)°2s+2t)
(3s+5t— 1)° 8(6s + 2t — 4)° (3t + 55— 3)°
(s=12t+25)° 2s+2t)  (s+3t-1°@s+t-1°]  (s—1)(2t+25)° (25 +2t)°
' (4t + 45— 2)° (45 + 4t — 2)° (4t + 45— 2)° ' 56

Proof. For line distribution shown in Table 2, use of for-
mulas given in (19)-(28) will give the above desired
expressions. O

4. Conclusion

In this study, we computed different topological indices and
polynomials for total graph and the line graph of total graph
of the considered tree, i.e., Kragujevac tree. It would be
fascinating in the future to discover the same outcomes for
those chemical invariants that have not yet been evaluated.

Data Availability

The data used to support the findings of this study are cited
at relevant places within the text as references.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

This work was equally contributed by all writers.

References

[1] S. A. Hosseini, M. B. Ahmed, and I. Gutman, “Kragujevac

trees with minimal atom-bond connectivity index,” MATCH

Communications in Mathematical and in Computer Chem-

istry, vol. 71, pp. 5-20, 2014.

B. Basavanagoud and S. Timmanaikar, “Computing first

zagreb and forgotten indices of certain dominating trans-

formation graphs of kragujevac trees,” Journal of Computer

and Mathematical Sciences, vol. 8, no. 3, pp. 50-61, 2017.

[3] M. Rezaei, M. S. Hosamani, M. R. Farahani, and M. K. Jamil,
“On the terminal wiener index and Zagreb indices of Kra-
gujevac tree,” International Journal of Pure and Applied
Mathematics, vol. 5, no. 113, pp. 617-625, 2017.

[4] B. Basavanagoud, “Computing certain topological indices of
some dominating graph operations of Kragujevac Trees,”
Asian Journal of Mathematics and Computer Research, vol. 15,
no. 1, pp. 30-40, 2017.

[5] B. Basavanagoud and S. Timmanaikar, “On the wiener and
hyper wiener indices of certain Dominating Transformation
Graphs of Kragujevac Trees,” International Journal of
Mathematical, vol. 8, no. 1, pp. 128-138, 2017.

[6] B. Basavanagoud and S. Timmanaikar, “Study on some to-
pological indices of semientire and entire dominating graphs
of kragujevac trees,” Journal of Computer and Mathematical
Sciences, vol. 9, no. 2, pp. 94-109, 2018.

[2

[7] R. Cruz, J. Rada, and I. Gutman, “Topological indices of
Kragujevac trees,” Proyecciones (Antofagasta), vol. 33, no. 4,
pp. 471-482, 2014

[8] I. Gutman, N. Trinajsti¢, and C. F. Wilcox, “Graph theory and
molecular orbitals. Total ¢-electron energy of alternant hy-
drocarbons,” Chemical Physics Letters, vol. 17, no. 4,
pp. 535-538, 1972.

[9] M. H. Khalifeh, H. Yousefi-Azari, and A. R. Ashrafi, “The first
and second Zagreb indices of some graph operations,” Dis-
crete Applied Mathematics, vol. 157, no. 4, pp. 804-811, 2009.

[10] H. Deng, D. Sarala, S. K. Ayyaswamy, and S. Balachandran,
“The Zagreb indices of four operations on graphs,” Applied
Mathematics and Computation, vol. 275, pp. 422-431, 2016.

[11] A. E. Nabeel, “Zagreb polynomials of certain families of
bendrimer nanostars,” Tikrit Journal of Pure Science, vol. 20,
no. 4, 2015.

[12] J. Hao, “Theorems about zagreb indices and modified zagreb
indices,” MATCH Communications in Mathematical and in
Computer Chemistry, vol. 65, pp. 659-670, 2011.

[13] G. H. Shirdel, H. Rezapour, and A. M. Syadi, “The hyper-
Zagreb index of graph operations,” Iranian Journal of
Mathematical Chemistry, vol. 4, no. 2, pp. 213-220, 2013.

[14] P. S. Ranjini, V. Lokesha, and I. N. Cangil, “On the zagreb
indices of the line graphs of the subdivision graphs,” Applied
Mathematics and Computation, vol. 218, no. 3, pp. 699-702,
2011.

[15] B.Furtula and I. Gutman, “A forgotten topological index,” Journal
of Mathematical Chemistry, vol. 53, no. 4, pp. 1184-1190, 2015.

[16] I. Gutman, B. Furtula, and C. Elphick, “Three new/old vertex-
degree based topological indices,” MATCH Commun. Math.
Comput. Chem, vol. 72, no. 24, pp. 617-632, 2014.

[17] V. R. Kulli, “The gourava indices and coindices of graphs,”
Annals of Pure and Applied Mathematics, vol. 14, no. 1,
pp. 33-38, 2017.

[18] V.R.Kulli, “The product connectivity gourava index,” Journal
of Mathematical and Computational Science, vol. 8, no. 6,
pp. 235-242, 2017.

[19] V. R. Kulli, “On the sum connectivity Gourava index,” In-
ternational Journal of Mathematical Archive, vol. 8, no. 6,
pp. 211-217, 2017.

[20] V. R. Kulli, “On hyper-gourava indices and coindices,” In-
ternational Journal of Mathematical Archive, vol. 8, no. 12,
pp. 116-120, 2017.

[21] M. S. Ahmad, W. Nazeer, S. M. Kang, and C. Y. Jung,
“M-polynomials and degree based topological indices for the
line graph of Firecracker graph,” Global Journal of Pure and
Applied Mathematics, vol. 13, no. 6, pp. 2749-2776, 2017.

[22] M. Eliasi and B. Taeri, “Four new sums of graphs and their
wiener indices,” Discrete Applied Mathematics, vol. 157, no. 4,
pp. 794-803, 2009.

[23] M. R. Farahani, M. R. Jamil, M. K. Jamil, M. R. Rajesh Kanna,
and S. M. Hosamani, “The wiener index and hasoya



32

(24]

(25]

[26]

(27]

(28]

(29]

(30]

pOlynomial of the Subdivision Graph of Wheel S(W,,) and the
line graph subdivision of the wheel L(S(W,)),” Applicationes
Mathematicae, vol. 6, no. 2, pp. 21-24, 2016.

M. R. Farahani, M. R. Jamil, and M. K. Jamil, “The shultz and
modified schultz polynomials of the certain subdivision and
line subdivision graphs,” Journal of Chemical and Pharma-
ceutical Research, vol. 8, no. 3, pp. 51-57, 2016.

M. Ajmal, W. Nazeer, W. Khalid, and S. M. Kang, “Forgotten
polynomial and forgotten index for the line graphs of Banana
tree graph, Firecracker graph and subdivision graphs,” Global
Journal of Pure and Applied Mathematics, vol. 13, no. 6,
pp. 2673-2682, 2017.

M. F. Nadeem, S. Zafar, and Z. Zahid, “On certain topological
indices of the line graph of subdivision graphs,” Applied
Mathematics and Computation, vol. 271, pp. 790-794, 2015.
Y. Gao, M. K. Jamil, A. Aslam, and M. R. Farahani,
“Comutation of some new/old vertex-degree-based topo-
logical indices of line graph of subdivision graph of some
nanosrtuctures,” Journal of Optoelectronics and Biomedical
Materials, vol. 9, no. 3, pp. 135-142, 2017.

S. H. Bertz, “The bond graph,” Journal of the Chemical Society,
Chemical Communications, vol. 818-820, 1981.

M. F. Nadeem, S. Zafar, and Z. Zahid, “On topological
properties of the line graphs of subdivision graphs of certain
nanostructures,” Applied Mathematics and Computation,
vol. 273, no. 273, pp. 125-130, 2016.

W. Nazeer, M. Akmal, M. Imran, and M. R. Farahani, “On
topological indices of line graph of subdivision of star and
friendship graphs,” International Journal of Pure and Applied
Mathematics, vol. 118, no. 2, pp. 413-417, 2018.

Complexity



