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Abstract

Each year a large number of new diseases were found worldwide, which requires the development of new drugs to cure
these diseases. In this process, researchers need to do a lot of work to test the effectiveness of new drugs and side effects.
Due to the intrinsic connection between the characteristics of compound and its molecular structure, methods of pharma-
ceutical theory are widely used in the analysis of the features of the drug. By calculating the chemical indices of drug
molecular structure, scientists could learn the chemistry and pharmacy characteristics of the corresponding drugs. In this
paper, from the theoretical perspective, we state the following conclusions: (1) the exact expression of generalized degree
distance for starlike tree is determined; (2) the eccentricity related indices of hetrofunctional dendrimer are discussed. The
results obtained have broad application prospects in the pharmaceutical sciences.

Keywords: Theoretical pharmacy, molecular graph, topological index, dendrimer
AMS 2010 codes: 05C10.

1 Introduction

It’s revealed by drug testing from the early research that the physico-chemical and pharmacological prop-
erties of drugs are closely related to their molecular structures. It raised much attention from the theoretical
researchers, and until now, many topological indices are defined as useful as numerical parameters of drug
structures which play an important role on understanding the properties of drugs.

In theoretical pharmacy model, a molecular structure of each drug is denoted as a molecular graph G (each
atom is expressed as a vertex and each chemical bound is represented as an edge), then a topological index
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can be regarded as a score function f : G — R* which maps each molecular graph to a read positive number.
In the past four decades, many indices are introduced by scholars from the engineering application prospects,
such as Zagreb index, Wiener index, sum connectivity index, Gutman index and harmonic index which reflect
several structural characteristics of molecules and drugs. There were many contributions to report these degree-
based and distance-based indices of special molecular structures (See Farahani et al. [1], Jamil et al. [2], Gao et
al. [3-7] and Gao and Wang [8—10] for more details). The notation and terminology that were used but undefined
in this paper can be found in [11].

Now, we present some important indices which will be computed in the next section. The Shultz polynomial
is denoted as

Se(Gx)= Y (d(u)+d(v)x"").
{uv}cv(G)

The additively weighted Harary index (also called, reciprocal degree distance) is defined as

d(u)+d(v)
Ha(G) = a\)atv)
! {M,VEV(G) d(u,v)

As the extension, the generalized degree distance is denoted as

H(G) = Y (dw)+d)d (uv).
{uv}CV(G)

And, the corresponding polynomial can be stated as

Hy(Gx)= Y (d(u)+d(v)x" ),
{uy}CV(G)

Some results on above indices and polynomials can refer to Alizadeh et al. [12], Sedlar [13], Pourfaraj and
Ghorbani [14], Pattabiraman and Vijayaragavan [15], and Hamzeh et al. [16] and [17].

Let d(v) be the degree of vertex v, and ec(v) be the eccentricity of vertex v which is denoted as the largest
distance between v and any other vertex in molecular graph G. The first atom-bond connectivity index (ABC
index) is defined by Estrada et al. [18] which is stated as

d(u)+d(v) —2‘

ABCO) = X A dldw)

uveE(G)

Then, the eccentricity version atom bond connectivity index (called the fifth ABC index) is denoted as

ec(u)+ec(v)—2
ec(u)ec(v)

ABCs(G)= ).
uveE(G)

The first geometric-arithmetic index (GA index) introduced by Vukicevi¢ and Furtula [19] which can be formu-
lated as
2/d(u)d(v)

GAG)= Y i rd0)

uveE(G)

Several contributions on geometric-arithmetic index can be found in Zhou et al. [20], Rodriguez and Sigarreta
[21], [22] and [23], Husin et al. [24], Bahrami and Alaeiyan [?], Sigarreta [26], Divnic et al. [27], Das et al. [28],
Mahmiani et al. [29], Fath-Tabar et al. [30] and [31], Das et al. [32], Gutman and Furtula [33], Furtula and
Gutman [34], and Shabani et al. [35]. The the eccentricity version geometric-arithmetic index (called the fourth
GA index) is defined by Lee et al. [36] which can be expressed as

2\/ec(u)ec(v)
o) ec(u)+ec(v)’

GA4(G)= )

uveE(
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Furthermore, the first and the second multiplicative version of eccentricity index are described as
[T} (G) = Muvep o) (ec(u) +ec(v))

and
I15(G) = I,yep(g)(ec(u)ec(v)),

respectively. Moreover, as related polynomials, the fourth and sixth Zagreb polynomials are defined as

Zg4(G,x) _ Z xec(u)+ec(v)

uveE(G)
and
Zgs(Gox) = Y, welect),
uveE(G)
respectively.

Although there have been several works in topological indices of material structures, the research on topo-
logical indices for certain special drug structures is still largely limited. Furthermore, as a widespread and
critical drug structure, dendrimer and starlike molecular graphs are widely used in medical science and fre-
quently appears in new drug structures (see Kobeissi and Mollard [37], Omidi and Tajbakhsh [38], Omidi and
Vatandoost [39], Betancur et al. [40] and Farooq et al. [41] for more details). It inspires us to obtain the exact
expressions of some special topological indices for important classes of starlike molecular graphs and dendrimer.

The main aim of this paper is to study the generalized degree distance of starlike tree and eccentricity related
indices of hetrofunctional dendrimer.

2 Main results and proofs

The purpose of this section is to present our main results and detail proofs.
2.1 Indices study of starlike tree

Let D(G) = (dy,da,--- ,d,) be the degree sequence of the graph G with d; > d, > ---d,, where d; denotes
the degree of the i-th vertex in G. Moreover, D(G) = (d{',dy?,--- ,d;") implies that G has g; vertices with degree
diforie{1,2,--- ,t}.

A double star S, , (the detailed structure can refer to Figure 1(a)) is a tree which is yielded from K ;, and
K1 41 by identifying a pendent vertex of K , with the center of K, 1, where 1 < p < q. Hence, for a double
star S, , with order n, we get p+¢g = n and p < | 5]. Furthermore, if p = [ 5| and ¢ = [ 5], then S, , is called a
balanced double star.

Let (¢1,c2, -+ ,cq) be a partition of order n. The starlike tree can be constructed using the following method:
(i) Let S1,S2,---,S4 be the stars and vy,v,,---,v, be their center vertices. Set |E(S1)| =c¢1 — 1,|E(S2)] =
ca—=1- [E(Sa)| =ca—1;

(i1) Add a vertex vo and then adjacent to the center vertices vi,v;,---,vq of S1,82,--, Sy respectively.

In this way, we can deduce a tree T with diameter at most 4, and dy (vi) = ¢, dr(v2) = ¢2, -+, dr(vg) = cq
respectively. Moreover, we infer |V(T)| = n+1, E(T) = Y%, ¢; = n. We denote this molecular structure as
S(c1,¢2,-++,c4) shown in Figure 1(b). Now, our main result in this part is stated as follows.
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S(cpeyca)

a b

Fig. 1 Two classes of starlike tree

Theorem 1. Let S(cy,c2,- -+ ,cq) be a starlike tree described above. Then, we have

H)L(S(Cl,027~ . Cd)>

d d ci—1
Zc +¢)+d*—d+( Z(z(lz )+(d—1)c,-)+(d+1)(n—al))-2’L

= i=1

d d d n—d d /0 _1
+(Y @+ DY (@—-1D)=Y (F-1) 3’1+2(< 5 ) —Z( ’2 ))-4’&
i=1 i=1 i=1 =
Proof. For any pairs of vertices (x,y) C V(S(c1,¢2,--+,cq)), we get d(x,y) < 4. Thus, we have d(x,y) =k
where k € {1,2,3,4}. The vertex set of S(cy,¢z,--+,cq4) can be divided into three classes: (1) the center vo; (2)
Vi, ,vg; (3) the leaves wi,wo, - -+ ,w,_4. The following discussion can be divided into four parts.
e Since |E(S(cy,¢2,++,¢4))| = n, there are n pairs with d(x,y) = 1, and the total contribution of this part to
generalized degree distance is

U

( ?+Ci)+d2—d.

M&.

i=1

d
Z{(Cﬁ 1)(ci—1)+ Z(c,+d) —

=

e Vertices x and y which in pairs (x,y) = (vo, w;), (v;,v;) or (w;,w;) satisfy d(x,y) = 2. The total contribution
of this part to generalized degree distance is

d

(2 (ci ; 1) +(d— 1))+ (d+1)(n—d))-2*

i=1
e We get d(v;,w;) =3 where i # j, and the total contribution of this part to generalized degree distance is
d d d
Zc,—klz Zc—l)) 3%,
i=1 i=1 i=1

o We getd(w;,w j) = 4 if and only if w; and w; are not the neighbors of the same vertex v, (1 <k < d). The
total contribution of this part to generalized degree distance is

()5 ()

By summing up the above results, we get the desired result. O
In view of Theorem 1, we deduce the following corollaries.
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Corollary 1. The Shultz polynomial of starlike tree S(cy,ca,- -+ ,¢cq) is
Sc(S(er,c2,++ ,¢q),X)

d d Ci—l
Z i +¢)+d —d)x+(2(2< 5 >+(d—1)c,-)+(d+1)(n—d))x2

G oy -gd-meen (") g (e

i=1

Corollary 2. The additively weighted Harary index (reciprocal degree distance) of starlike tree S(cy,c2,++ ,¢q)
is

HA(S(CI’C% U >Cd))

o 2L (") +(d=De) +(d+1)(n—d) + ("5

_(;(c%+ci)+d2—d)+ a2 5 2

LI+ DI (=D =E (G = 1)
3

Corollary 3. The generalized degree distance polynomial of starlike tree S(cy,cz,- -+ ,¢q) is

HA(S<017CZa"' ,Cd),X)
d

2.2 Eccentricity related indices of hetrofunctional dendrimer

As macromolecules, hetrofunctional dendrimers D|n| (here n is denoted as the total stage number) have been
widely used in pharmacy and medicine. As an example, the structure of D[6] is presented in Figure 2, and the
different growth stages are depicted in Figure 3 and Figure 4. Obviously, we have |V (D[n])| = |E(D[n])| =

40x 2" —38, ifn=2¢
{24 x 2138 if n="2r+1,

Our proof follows the technology in Farooq et al. [41], and the whole results can be divided into two parts

according to the parity of n.

where ¢ is a positive integer.

Theorem 2. Ifn =1, then

GA4(D[1]) =2+ 16V5 | 4v30 4‘ﬁ,

[Hf:[ Ny

IT; ( = 8%9%11%132,
I1;(D[1]) = 162204302422,
Zga(D[1]) = 2x® + 40”241 2413

Zg6(D[1]) = 2x'0 +4x%0 42270 4 2442

V[
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Fig. 2 The structure of D[6]

Ifn=2, then

GAy(DP)) = 24 16Y33 | 8V39 4VIBZ  8V2I0 , 32VIS

23 25 27 29 31
+64\/ﬁ N 24+/34 N 24\ﬁ 16\/> 161/105
33 35 37 39 41

PR SO £ 0N PN 0N WY -
e EER

IT;(D[2]) = 22%23%25%27%29*31433835374394414,
I1;(D[2]) = 121713241567 1822210%240%2728306*342380*420%,
Zg4(D[2]) = 2272 + 4x™ + 20 + 227 + 4x% + 43 4827 + x4 4 4x% 4 44!
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b. n=2

a. n=1

Fig. 3 The core of D[1] and D|2]

a. n=3 b. n=4

c. n=>5

Fig. 4 One branch of D[3], D[4] and D[5]

Zg6(D[2]) = 2x"21 4 4x132 124190 1 2x 182 1 45210 4 45290 4 83272 1 43300 1 4x3%2 1 40380 4 4,420,

Ifn =23, then

32v/15 16V/17  124/34 24/38 16v95 161105 8/462
GA4(D[3]) = 2+ \F+ ‘ﬁ+ \ﬁ+ \F+ ‘F+ +
31 33 35 37 39 41 43
+8\/506 N 161138 N 80v/6 N 40/26 N 24+/78 N 48121 N 164/203
45 47 49 51 53 55 57
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ABCs(D[3]) fﬂf \/7 \/ﬁ \f+2\/>+2[ \/;
*4@”\/;%\5*5\/2*:\&*3\@“\/;

IT;(D[3]) = 30231%33235%37439441%43%45%47449*51453%55457*,
I1;(D[3]) = 2252240%272230673424380%420*462*506*5524600*650*702*756*812%,

Zg4(D[3]) = 2x°° 443! 42233 4 20% 1437 1 4P 4 14 4 14V 4 145 14000 14 140,

Zg6(D[3]) _ 2)6225 +4x240—|—2x272+2x306+4x342+4x380+4x420 +4x462 +4)C506 +4X552
+4x600 +4X650 +4X702 +4x756 _|_4x812.

Ifn > 4 and n = 0(mod2), then

GAu(Dla]) = 2.4 BY/ D (Ul +1) | 4/(11e+1)- (11 +2)

22t +1 22t +3
4/(11t+2)- (11 +3) +8\/ 11t+43)- (11 +4)
22t +5 22t +7
[Z(Zl”\/ 1t +11i—7)- (11t +11i — 6) 2,+3\/ 1t +11i—6)- (11t +11i —5)
=~ 22t +22i—13 22t +22i—11
2,+2\/ 1t +11i—5)- (11t +11i—4) 2,+2\/ 1 +11i—4)- (11t +11i - 3)
22t +22i—9 22t +22i—17
+2l+2\/ e+ 11i—3)- (11t +11i—2) 2l+2¢ e+ 11i—2)- (11 +11i—1)
22t +22i—5 22t +22i—3
+2i+2\/(11t+111—1)-(11t+11i)+2i+2\/(11t+111)-(11t+111+1)
22t +22i— 1 22t +22i+1
2,H\/ e+ 11i4+1)- (11 +11i +2) +2i+2\/(11t+11i+2)-(11t—|—11i—|—3)
22t +22i+3 22t +22i+5
+2i+2\/(llt—i-111+3)~(11t+11i+4))+2t+2\/22t— - (221 —6)
22t +22i+7 44t —13
3V =6 (22 =5) | OU=5) (22 —A) /(2 —4) (2203
44z —11 44t —9 44t —

L2V QU3 2 =2) |0 (R2—2)- 22— 1)
44; =5 44t —3 ’

‘UR:
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2 22t —1 22t +1
ABCs(D[n]) = —+/22t —2+4 2
5(Dln]) m\/—+ \/(1”).(11t+1)+ \/(11t+1)-(11t+2)

" 22t +3 i 22t+5
(11t +2) - (11£+3) (11t +3)- (11t +4)
+’§(2i+1 2gt+22i—15 i 2gr+22i—13 |
= (11t +11i—7)- (11t + 11i — 6) (11t +11i—6)- (11t + 11i —5)
it 2.2t+22i—11 i 2.2t—|—22i—9 .
(11t 4+11i—5)- (11t + 11i —4) (11t 4+11i—4)- (112 + 11i —3)
it 2.2t—|—22i—7 i 2.2t+22i—5 .
(11t 4+11i=3)- (11t + 11i —2) (1t 4+11i=2)- (11t +11i— 1)
" 22t +22i—3 i 22t +22i—1
+2 - ~+2 - ;
(11t 4+11i—1) - (11 + 114) (11t +114) - (11 +11i+ 1)

it 22t +22i+1 it 22t +22i+3
(I +11i+1) - (11t + 11i+2) (11 +11i+2) - (111 + 11i+3)

" 22+ 22i+5 » 44— 15
+2 . . )+2
l . l —_— . J—
(T 11i43) - (14 11+ 4) (221 =7)- (221 = 6)
41— 13 441 — 11
2[+2 2t+1
* \/(zzz —o =5t (221 —5)- (221 —4)
4419 4417
2t+1 2t+l
* \/(22z “H-u—3) " (221 —3) (221 —2)

44t — 5
2t+1
+ \/(22z2)-(22z1)’

t—1 .
IT (D)) = (220)2(22 + 1)*(22¢ + 3)2(22¢ + 5)2(22¢ + 7)* - T [ (226 +22i — 13)*"
i=1
(220 4+22i — 1) 7 (22t +22i —9)2 " (220 +22i — 7)¥ " (22t + 22 — 5)
(226422 —3)2 T (220 +22i — 1) (220 +22i+ 1) (221 + 220+ 3)2 "
(22t +22i+5)2 " (220 4220+ 7)) (44t — 13)2 " (441 — 1) (44 — 9)*"

21+l

(44t —7)%" (441 — 5)¥ " (441 — 3)2,

2i+1

t—1 :
I (D[n]) = (116)% (112 4+ 1)°(11r 4+ 2)* (112 4 3)° (112 +4)*- T (( (11t +11i—7)%"
i=1

2i+2

(11— 6)P 2 (1 + 11— 52 (e 11— )2 (1 +11i=3)2 (11 + 110 —2)
(111‘—1—111—1)2 A1) T (e 11+ D2 (e + 11 42)2 7 (1 4+ 11i+ 3)
(L +11i4+4)2 Y22 = 7)2 7 (220 — 6)32 " (220 — 532 (22 —4)? P (220 —3)2
(22t —2)* (220 — 1),

2i+2

‘UR
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t—1
Zg4(D[n]) _ 2x221 +4x221+1 +2x22t+3 +2x221+5 +4x221+7 + Z(zt+1x22t+221—13
i=1
+2z‘+2x22t+22i711 + 2i+1x22t+22i79 + 2i+1x22t+22i77 + 2i+1x22t+22i75

+2l+1x22l+22173 + 21+1x22t+22171 + 21+1x22t+221+1 4 2l+1x22t+221+3 + 21+1x22t+221+5
+21+1x22t+221+7) 4 2t+1x44t713 4 2t+2x44t711 4 21+1x44t79

t+1_ 44r—7 t+1_44t—5 t+1_44r—3
+2"" x +27X +27" X ,

Zg6(D[n]) = (1) (110) g (1101141 o (1641)-(1142) 4 5 (11642)-(11143)

g (113)-(1114) 4 ti <2i+1x(11t+11i77)-(11t+11i76) 12, (11— 6)(11e411i-5)

i=1
it (N 11i=5)- (1 11i=4) g it 1 (1 11i=4)-(16411i-3) 4 oit 1 (1 11i-3)-(111411i-2)

1L (N 11i=2)- (L= 1)y it L (L 1= 1)-(H11) g ot L (111 (11164 1)

Jr2t+1x 22t—7)-(22t—6) + 2t+2x(22t76)-(22t75) + 2t+1x(22175)-(22174)

(
(
4 (U T 1) (L 1042) it L (W 1i2)- (L 1143) i1 (T4 1i43)-(1 lz+11i+4))
(
+2t+1x(

22174)-(22t73)+2t+1x(22t73)-(22t72)_’_2t+1x(22tf2)-(22t71)‘

Ifn > 5 and n = 1(mod2), then

8/ (11t +4)- (111 +5)
22t4+9
4/(11t+5)- (11 +6) +4\/(11r+6)-(11t+7) N 8y/(111+7)- (11t +38)
22t +11 22t +13 22t +15
8/ (111 +8)- (117 +9) N 16/(11t49) - (117 + 10) N 8y/(11r+10) - (112 + 11)
22t +17 22t +19 22t +21
8/ (11t +11)- (11 +12) N 8/(11t+12) - (11 +13) N 8y/(11t+13) - (11¢ + 14)
22t +23 22t 425 22t 427
8y/(11r+14) - (112 +15) N 8y/(11t+15) - (112 + 16) N 8y/(11t+16) - (111 +17)
22t +29 22t +31 22t +33
+8\/(11t+17)-(11t+18) +H 543 V(e +11i+7) - (112 + 11i+8)

221435 ,;( 221 +22i+ 15

Lgi3 V(e +11i+8) - (117 + 11i +9) +2i+4\/(11t+11i+9)-(11t+11i+10)
22t +22i+17 22t +22i+19

i3 V(1 +11i4+10) - (11t + 11i+ 11) L gitd V(I 11i411) - (11 + 11i+12)
22t +22i+21 22t +22i+23

L gi3 Ve +11i4+12) - (11t 4+ 11i+13) g3 Ve +11i+13) - (11 + 11+ 14)
22t +22i+25 22t +22i+27

L git3 V(U +11i+14) - (11t + 11i + 15) L gitd V(1 +11i415) - (117 + 11i+ 16)
22t +22i+29 22t +22i+31

Lgi3 V1t 4+11i416) - (11t 4+ 11i+17) o3 \/(11t+11i+17)-(11t+11i+18))
22t +22i+33 22t +22i+35 ’

GA4(Dln)) =2+
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ABCs(Dln]) =

22t 47
V22t 4
ot \/(llt—l—4) (111 15)

1 22t 49 ) 22t 411 22t 413
(11245)- (112 +6) (11t +6) - ( 11t+7 (1147)- (112 +8)
22t 415 22t 417 22t 419
+4
(112 +8)- (llt+9) (11 +9) - ( 11t+10 (11z4+10)- (11¢+11)
22r 421 22t 423 22t 425
+4 +4 +4
(I1r+11)- (1124 12) (11r+12)- (1124 13) (11r+13)- (11t + 14)
22t +27 22t +29 22t +31
4 4 4
+ \/(11t—|—14) 15 \/11t—|—15 (ii+16) \/(11t+16)-(11t+17)
22t 433 = 22t 4+22i+13
4 21+2
+ \/(11t+17)~(11t+18)+§;( \/(11t+11i+7).(11z+11i+8)

L2 22t +22i+15 it 22t +22i+17
(11 +11i+8) - (111 + 11i+9) (11 +11i+9) - (117 + 11i + 10)

i 22¢ +22i+ 19 i 221 +22i+21
+2 +2
(1174 11i+10) - (111 + 11i+ 11) (14 110+ 11)- (11 + 11i+ 12)

i 22f +22i+23 i 22t +22i + 25
+2 +2
(117 +11i+12)- (111 + 11+ 13) (11t + 110+ 13) - (112 + 11i + 14)

- 22t +22i+27 - 22t +22i+29
_|_21+2 +21+2
(117 +11i+14) - (117 + 11i+ 15) (11 +11i+15)- (11 +11i + 16)

2 22t +22i+31 L2 221 +22i+33 )
(11 +11i+16) - (111 + 11i+ 17) (It +11i+17) - (11r +11i+18) 7

11¢ —|-4

IT; (D[n]) = (22 +8)%(22¢ +9)*(22¢ + 11)?(22¢ + 13)?(22¢ + 15)*(22¢ + 17)*
(22 4+19)3 (221 +21)*(22¢ 4-23)* (221 +25)* (221 4+-27)* (221 +29)*(22¢ 4 31)*(22¢ + 33)*(22¢ +-35)*
t—1

T2 +22i+15)%7 (220 +22i +17)2 7 (220 4220 +19)
i=1

(226 4+22i+21)2 7 (221 +22i +23)2 7 (221 +22i+25)2’”(22r +22i+27)
(2264220 +29)% 7 (22 +22i+31)2 7 (220 +22i +33)2 7 (221 +22i 4+ 35)2 ),

2i+2

I (D[n]) = (11t +4)3 (116 4+ 5)5 (11 +6)* (112 +7)°(11r 4 8)3 (11 4+ 9) 12 (117 + 10) 12
(108 (11 +12)8 (11 + 13)3 (112 + 14)3 (11 4+ 15)3 (11 4-16)8 (111 4-17)8 (112 4 18)*
t—1

JTC+ 11+ 7)2 7 (1 4+ 11 48)% 7 (114 110 4+9))>2 7 (11 4+ 110+ 10)32
i=1

(e T+ 1D (1 11+ 12)2 7 (e 104+ 13)2 7 (1 4+ 11+ 14)2
(U 11+ 15)2 7 (111 416)2 7 (11 + 11+ 17)2 7 (11 4+ 11+ 18)2 ),
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Zg4(D[n]) :2x221+8 +4x22t+9+2x22t+11+2x221‘+13 +4x221‘+15
+4x22t+l7_|_8x221+19 +4x221+21+4x221+23 +4x221+25 +4x22l+27

t—1
+4x22t+29 +4x221+31 +4x22t+33 +4x22t+35 + 2(21+2x22z+221+15
i=1
+2z+2x221+221+17 +21+3x22t+221+19 +2l+2x22t+221+21 +2z+2x22t+221+23

+2H—2x22t+221+25 4 21+2x22t+221+27 4 21+2x22t+221+29 + 21+2x221+221+3]
+21+2x22t+221+33 + 21-"-2)62214-221-"-35)7

Zg6(D[n]) _ 2x(11[+4)-(11t+4) +4x(11t+4)-(11t+5) +2x(11t+5)~(11[+6)

0 (1+6)-(11147) 4 (1147)-(11148) | 4 (118)-(1169) | g (111+9)-(111+10)

Ay (A 10)- (111 | g (T (110412) g (1 12)-(113) | 4 (110413)-(110+14)
( (

1 g (NH14)-(115) | g (1+15)-(11416) 4 g (11416)-(116417) | g4, (11+17)-(111418)

t—1
+Z(2l+2x(11t+1ll+7)‘(11l+111+8)+21+2x(11[+111+8)~(11t+111+9)+2l+3x(11t+111+9)‘(11I+llt+10)
i=1
_|_21+2x(11t+111+10)~(11t+111+11)+2l+2x(11t+111+11)-(11t+111+12)+21+2x(1ll+111+12)~(111+111+13)
_|_2i+2x(11t+11i+13)~(11t+11i+14)+2i+2x(11t+11i+14).(111+11i+15)+2i+2x(1lz+11i+15)-(111+11i+16)
+2i+2x(11t+11i+16)-(11t+11i+17)+2i+2x(1lt+11i+17)'(11t+11i+18))'

Proof. Since D[n] is symmetrical, we can mark the vertices several representative symbols which are de-
scribed in Figure 3 and Figure 4. Next, we only present the detailed proof of GA4 index, and other parts of result
can be yielded in the similar way.

If n = 1(mod2), then let t = % and 1 < i<t — 1. By the analysis of graph structure of D[n], the set of
E(DIn]) can be divided into the following subsets which are described as follows:

u,v): with eccentricities 117 44 and 117 + 4, and there are two edges in this class;
)

v,w): with eccentricities 117 +4 and 117 45, and there are four edges in this class;
: with eccentricities 11¢# + 5 and 117 4 6, and there are two edges in this class;
x,y): with eccentricities 11z + 6 and 117 + 7, and there are two edges in this class;

y,a1): with eccentricities 117+ 7 and 117 + 8, and there are four edges in this class;

ai,by): with eccentricities 117 4+ 8 and 11¢ + 9, and there are four edges in this class;
: with eccentricities 117+ 10 and 11# + 11, and there are four edges in this class;
: with eccentricities 11¢# + 11 and 11# + 12, and there are four edges in this class;

: with eccentricities 117+ 12 and 11¢ + 13, and there are four edges in this class;

(
(
(
(
(
(a1,b1)
* (by,c1): with eccentricities 117 +9 and 117 4 10, and there are eight edges in this class;
(c1,e1)
(e1, /1)
(
(
( : with eccentricities 117 4 14 and 117 4 15, and there are four edges in this class;
(

)

g1,h1): with eccentricities 117+ 13 and 117 + 14, and there are four edges in this class;
)
)

: with eccentricities 117 + 15 and 11¢ + 16, and there are four edges in this class;
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* (wy,x1): with eccentricities 117+ 16 and 117 + 17, and there are four edges in this class;

* (x1,y1): with eccentricities 11417 and 117 + 18, and there are four edges in this class;

* (y;,a;y1): with eccentricities 117 +11i+7 and 117+ 11i + 8, and there are 272 edges in this class;

* (aiy1,biy1): with eccentricities 117+ 11i+8 and 117+ 11i +9, and there are 22 edges in this class;

o (bit1,ciy1): with eccentricities 117+ 11i+9 and 11¢ 4+ 11i 4 10, and there are i+3 edges in this class;
* (cit1,ei+1): with eccentricities 11¢ 4 11i+ 10 and 117 + 11i+ 11, and there are 2i+2 edges in this class;
o (eir1, fir1): with eccentricities 117+ 11i+ 11 and 11z + 11i + 12, and there are 22 edges in this class;
* (fis1,8i11): with eccentricities 117 4 11i 412 and 11+ 11i + 13, and there are 27+ edges in this class;
* (git1,hiv1): with eccentricities 11¢ + 11i+ 13 and 11¢ + 11 + 14, and there are 2/+2 edges in this class;
* (hit1,viy1): with eccentricities 117+ 11i+ 14 and 11z + 11i+ 15, and there are 2i+2 edges in this class;
* (Vit1,wit1): with eccentricities 11£ 4 11i4 15 and 117+ 11i + 16, and there are 2i+2 edges in this class;
* (Wit1,Xi+1): with eccentricities 117+ 11i4 16 and 117+ 11i+ 17, and there are 2i+2 edges in this class;

® (Xi+1,Vi+r1): with eccentricities 1174 11i4-17 an t+ 111+ 18, an there are 212 edges in this class.
1, Vit ith icities 11r+11i+ 17 and 11+ 11i+ 18, and th 2i+2 dg his cl

If t =0, then n = 1, we have

2 ec(u)ec(v)_22\/4-4+42\/4-5 22\/5-6 22\/6-7

GAL(D[1]) = - .
weE D) ec(u) +ec(v) 4+4 445 546 6+7

Ift =1, then n = 3, we get

2/ ec(u)ec(v)
weED[3) ec(u) +ec(v)

2V/15-15 21516  _2y/16-17 2\/17-18+42\/18-19

GA4(D[3]) =

=2 4 2 2
15+15 + 15+16 + 16417 + 17418 18+19
+42\/19~20+42\/20-21 +42\/21-22 42\/22~23 42\/23-24
19+20 20421 21+22 22+23 23424

242425 42\/25-26 42\/26-27 42\/27-28 42\/28-29

4 )
+ 24425 25426 26427 + 27428 + 28429

V[
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If n > 5, then we obtain

2\/ec(u)ec(v)

2/(11t+4)- (11 +4)

Bo Zhao and Hualong Wu Applied Mathematics and Nonlinear Sciences 2(2017) 93-110

2/(11t+4)- (11 +5)

GA4(D[n]) =

ec(u) +ec(v)

uveE (D[n])

(11t 4+4)+(11r +4)

2\/(11t+5)- (11 +6) 22\/(11t+6)

S(11e+7)  24/(11t+7) - (111 +38)

(112 45)+ (11 +6) (11z46) +

(11 +7) (111 +7) + (111 +8)

2/ (11t +8)- (111 +9)  _2+/(11¢+9)

S(116410)  24/(11t+10)- (11z +11)

(112 48)+ (11 +9) (11 49) +

(117 +10) (1174 10) + (117 4 11)

(11t 4+4)+ (11t +5)

2/(11e+11) - (111 +12)

2/(11t+12) - (11t +13)

2/(11t+13) - (112 + 14)

(11 4+11)+ (112 +12)

(1174 12) + (117 4 13)

(11t +13) + (11 + 14)

2/(11t+14) - (11t +15)

2/(11t +15) - (11t + 16)

2/(11t+16) - (11t +17)

(11r+14) + (11 + 15)
2/(11t+17) - (111 +18)

t—1

(11 415) +

(114 16) (11t +16) + (11¢ +17)

Mz\/ (11t +11i+7) - (11t +11i +8)

(11t 4+17) + (112 4 18) ZZ‘I

2i+22\/(11t+11i+8)~(11t+111+9)
(L1t +11i+8) + (111 +11i+9)

(It +11i+7) +

122/ (T + 110+ 10) - (117 + 11 4 11)

(11 +11i+8)

32/ (1t +11i+9) - (117 + 11i 4 10)
(117 4+11i+9) + (1174 11i + 10)

22/ (e + 11+ 11) - (11r 4+ 11i + 12)

(11t +11i410) + (11r + 11i 4 11)

+2i+22\/(11t—|—11i+12)-(11t+11i+13)

(e + 11i+ 11) + (112 + 11i+ 12)

2l.+22\/(11r+111+13) (114 11i+14)

(11t +11i412) + (111 + 11i 4 13)

o2/ (e +11i+14) - (112 + 11+ 15)

(11t +11i+13) + (111 + 11i + 14)

22/ (1t +11i+15) - (111 + 11i + 16)

(117 + 11i+ 14) + (111 + 11i + 15)

(11t +11i+15)+ (111 +11i416)

22/ (e +11i+16) - (111 +11i+17)

2i+22\/(11t+11i+17)-(11t+11i+18)
(I 4+11i+16)+ (11r+11i4+17)

(11t +11i+17)+ (111 4+ 11i 4 18)

).

If n = 0(mod2), then let r = § and 1 <i <t — 1. According to the analysis of molecular structure of D[n],
the edge set of D[n] can be divided into the following subsets which are presented as follows:

* (u,v): with eccentricities 11¢ and 117, and there are two edges in this class;
* (v,w): with eccentricities 117 and 11z + 1, and there are four edges in this class;

w,x): with eccentricities 117 + 1 and 117 42, and there are two edges in this class;

x,y): with eccentricities 117 42 and 117 + 3, and there are two edges in this class;

y,a1): with eccentricities 117+ 3 and 117 44, and there are four edges in this class;

- with eccentricities 117+ 11i — 7 and 117+ 11i — 6, and there are 2! edges in this class;
: with eccentricities 117+ 11i — 6 and 117+ 11i — 5, and there are 212 edges in this class;
: with eccentricities 11¢ +11i — 5 and 117+ 11i — 4, and there are 2°*! edges in this class;

. with eccentricities 117+ 11i — 4 and 117 + 11i — 3, and there are 2/*! edges in this class;

: with eccentricities 117 +11i —3 and 117+ 11i — 2, and there are 2°*! edges in this class;

?ﬂ

(
(
(
(
(
(ai, bi
(bi
(ci
(e
(/i
(8i

: with eccentricities 117+ 11i —2 and 117+ 11/ — 1, and there are 2+! edges in this class;
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o (hi,v;): with eccentricities 11¢+ 11i — 1 and 11¢ + 114, and there are 2/*! edges in this class;

* (vi,w;): with eccentricities 117 + 117 and 11 + 11i + 1, and there are 2'"! edges in this class;

* (w;,x;): with eccentricities 117+ 11i+ 1 and 117 + 11i+ 2, and there are 2i+1 edges in this class;

* (x;,y;): with eccentricities 117+ 11i+2 and 11z + 11i+ 3, and there are i+l edges in this class;

* (yi,a;+1): with eccentricities 117+ 1143 and 117 + 11i + 4, and there are 2i+2 edges in this class;
* (a;,b,): with eccentricities 22¢ — 7 and 22¢ — 6, and there are 2! edges in this class;

s (b:,¢;): with eccentricities 22f — 6 and 22¢ — 5, and there are 2/*2 edges in this class;

* (c;,e;): with eccentricities 22¢ — 5 and 22¢ — 4, and there are 2! edges in this class;

* (e, f;): with eccentricities 22¢ — 4 and 22¢ — 3, and there are 2! edges in this class;

* (f;,&): with eccentricities 22¢ — 3 and 22¢ — 2, and there are 2/*! edges in this class;

* (g, h;): with eccentricities 22¢ — 2 and 22¢ — 1, and there are 2'*! edges in this class.

Ift =1, then n = 2, we have

2/fec(u)ecty) _,2VIT1T | 2V 12 | 2VI213 ,2V13-14

GA4(D[2]) = _
wetpp)) ecu) +ec(v) 11+11 11+12 12+13 13+ 14
VIS 2VI506 (V16T 2VIT I8 2VIB 9| 2V1920 | 2V20 21

14415 + 15+16 + 16+17 17418 18419 19420 20421

V[
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If n > 4, then we obtain

2 2/(11e) - (112) ~ 2+/(11e) - (11¢+1
GAL(Dl]) — ec(uec(v) _,2/(110)(111) ,2/(110)- (111 +1)
weE D) ec(u) +ec(v) (11¢) 4+ (11¢) (11t) 4+ (112 +1)
2/ (1t +1)- (111 +2) _2+/(11+2)- (111 +3) 42\/(11z+3)-(11z+4)
(11t +1)+ (112 +2) (111 42)+ (112 +3) (112 43)+ (11t +4)
+’—Zl(2,.+12\/(11t+11i—7).(11r+11i—6) 2i+22\/(11t+11i—6)~(11t+11i—5)
“ (e 4+11i=7)+ (11r+11i - 6) (1t +11i—6)+ (111 +11i = 5)
2i+12\/(11t+11i—5)-(11t+11i—4) 2,.+12\/(11t+11i—4).(11r+111'—3)
(117 4+11i—=5)+ (111 4+ 11i—4) (111 +11i—4)+ (11r +11i - 3)
2i+12\/(11t+11i—3)-(11t+11i—2) 2,.+12\/(11t+11i—2).(11t+11i—1)
(11 +11i=3)+ (11 +11i —2) (1l +11i—2)+ (11 +11i—1)
i 2/ (A4 11— 1) - (e +11) 24/ (11 +118) - (11 + 11+ 1)

(11 +11i—1) + (11z + 113) (1114118 + (11 +11i+ 1)
12/ (e +11i+1) - (11 4+ 11i 4 2) 2i+12\/(11t—|—11i—|—2)-(11t+11i+3)

(1l +11i+1)+ (11 +11i+2) (11 +11i+2) + (11r + 11i+3)
i+12\/(11t+11i+3)-(11t+lli+4))+2t+12\/(22t—7)-(22t—6)

(11 +11i+3) + (11 + 11i+4) (221 —7) + (22t — 6)
+2t+22\/(221 —6)-(22t —5) 51 24/(22t —5)- (22t — 4)

+2

(22t — 6) + (22t — 5) (22t —5) + (22t — 4)
2t+]2\/(22t—4)-(22t—3) 2t+12\/(22t—3)~(22t—2)
(22t —4) + (22t — 3) (22t —3) + (22t —2)

124/ (22t —2)- (22t 1)
2 )

Thus, we yield the expected result. |

3 Conclusion

In this paper, we mainly discuss two molecular graphs which commonly appeared in drug structures. Our
results can be concluded as follows: first, we manifest the generalized degree distance of starlike tree; second,
we report the eccentricity related indices of hetrofunctional dendrimer. Since these indices are widely used in

the analysis of chemical and pharmacological properties of drugs, the theoretical results obtained in our article
admit promising prospects of engineering applications in the field of chemistry, pharmacy and medical science.
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