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Abstract

Based on the structure information of the mathematical characteristics of the degree distribution of saturated
hydrocarbons, a method to count the branching number of a saturated hydrocarbon is proposed and then
extended to general molecules. In order to understand the structure information of the characteristics, some new
concepts are introduced, and the edges in a molecule are partitioned into different cases. In the understanding,
the edges that are essential to connecting the cycles are not considered as the branches. Subsequently, several
formulas are tried to calculate the proposed branching number. Then, the formulas are generalized to other
molecules with poly—cycles, heteroatoms and/or multiple bonds. Most of molecules are counted in agreement
with intuitive view, but there also exits some molecules that are difficult to judge the branching numbers. The
method offers an automatic and easy way to count the branching number of a molecular graph. The branching
number is applied to be one of the classifiers to simplify the structure diversity, and the regression results are
improved greatly. A new method, orthogonal block variables combining with canonical correlation analysis, is
also used in the regression, which can avoid collinearity and includes, at the same time reducing the variable
dimension significantly, almost all the information of original variables.

Keywords. Branching; branching number; cyclicity; cycle number; degree distribution; graph theory.

Abbreviations and notations

B, branching number DD, degree distribution
E, expectation of degree distribution MAD, the mean absolute deviation
SOM, the second order moment TOM, the third order moment

TOAM, the third order absolute moment

1 INTRODUCTION

In 1998, Prof. Randi¢ reviewed that the quantitative characterizations of molecular structural
features have been overlooked and neglected for too long time, and he analyzed the slow advance in
quantitative characterization of molecular attributes is primarily due to lack of precise definition of
such attributes [1]. The molecular attributes have been studied for many years, although most of the
concepts have not been rigorously defined. The same dilemma extends to molecular shape,

cyclicity, chirality, degree of folding, degree of planarity, molecular complexity, aromaticity,
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molecular similarity and molecular diversity, and even the branching in saturated hydrocarbons has

not been rigorously defined [1].

Since the advent of the Wiener index [2], there are more than 400 topological indices emerged,
and many topological indices claim that they code some specific structure information. It is the goal
of topological index first to define the structural features of molecules mathematically and then to
study the chemical consequences of the molecular features, just as the first general index of
molecular complexity [3]. The basic idea is that topological indices can code molecular shape, size,

branching, cyclicity, symmetry, centricity, compactness, diversity, and complexity as well.

The subject of branching has received considerable attention in the graph theory over the past
decades years. In 1973, Lovasz and Pelikan suggested the leading or the first eigenvalue of the
adjacency matrix as a molecular branching index [4]. Two years later, Randi¢ [5] proposed the
famous branching index, which is a useful descriptor of molecular branching. And later, Gutman
and Randi¢ [6] consider branching, to some degree, from the mode of a distribution, which allows a
rigorous definition of the concept of branching and they suggest that structures having an identical
distribution of valencies should not be discriminated [6]. In the same year, Bonchev and Trinajsti¢
define a measure of branching from information theory, which is essentially based on a kind of
distribution [7]. In 1988, Bertz [8] proposed a definition of branching in terms of the degrees of the
central points in the star graphs. Kirby [9] discussed the limitations of some branching indices and
offered some remedies improving the performance of the connectivity index for larger alkanes.
Recently a novel branch index was proposed [10], which is based on the path matrix, a newly
introduced matrix for graphs in which the matrix elements are expressed as the path subgraphs of a

graph considered [11].

In the studies, many kinds of indices are proposed as branching index, however a dilemma is that
even the branching number of molecular graph has not yet been generally accepted, especially for

cyclic molecules, and a general method to compute the branching number has not been found.

In our former works [12], several mathematical characteristics, based on the degree distributions,
are investigated in the total 530 saturated hydrocarbons [13] to mine out some structural features,

and there are, mainly, two structural features, cyclicity and branching, coded by the characteristics.

In the present work, the former study is briefly introduced and some useful structure information
is obtained. Based on the cyclicity and the branching information of the former research, some new
concepts on partition of edges are suggested, and then a method to calculate the branching number
is proposed for saturated hydrocarbons and then extended to general molecules with poly—cycles,

heteroatoms and/or multiple bonds. The results are in agreement with intuitive view.

After getting the branching number of a molecular graph, it is applied to be one of the classifiers

to simplify the structure diversity, and regression results are improved greatly. In order to enhance
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the information contents of variables, more block variables [14,15] are introduced, and a newly
proposed method, orthogonal block variables combining with canonical correlation analysis, is used
in the regression, which can avoid collinearity and includes, at the same time reducing the variable

dimension significantly, almost all the information of original variables.
2 METHODOLOGY AND DISCUSSION

2.1 The degree distribution (DD) and mathematical characteristics

As shown in studies [16, 17], the atomic vertex degrees constitute the degree distribution of a
molecule. Once the distribution is given, the mathematical characteristics of the distribution can be

easily calculated.

The expectation might be regarded as the center of the distribution. The expectation can be easily
calculated by the average of vertex degrees in the molecule by E(V;), in which V; is the vertex

degree of atom i.

The kth central moment of DD is easily obtained by E((Vi— E( V)Y, where the V; is the vertex
degree of atom i. The first central moment is zero. The second central moment is the variance using
a divisor of n (number of carbon atom) instead of n—/ where n is the sample size. The structural

feature of the variance by using n and n—1 is the same, only differing in the values.

The kth absolute central moment of DD can be calculated by E(abs(Vi— E( V,-))k), where the V; is
the vertex degree of atom i. The first order absolute central moment is larger than zero, and is called
mean absolute deviation (MAD). The MAD of a distribution provides a measure of the spread or
dispersion around its mean. A small value of the MAD indicates that the degree distribution is
tightly concentrated around the mean; and a large value of the MAD typically indicates that the
degree distribution has a wide spread around its mean. The second absolute central moment holds

same structure information with the second central moments because their values are the same.

2.2 Cycle number of molecules and the expectation of degree distribution

The cycle number is helpful to understand the branching in the structures, and the proposed
formula to count branching number is enlightened by the formula to count the cycle number. The
expectations of the distributions hold information on the cyclicity of molecular graphs. Some
saturated hydrocarbons are listed in the Table 1, in which the saturated hydrocarbons with same
number of carbon atoms and same expectation values are grouped, and the branch seems have no
influence on the expectation values. The labels of structures in Table 2 correspond to the labels of

structures listed in Figure 1.
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Figure 1. Eighty—two structures used in the present study.
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Table 1. Structure examples of the cyclicity of saturated hydrocarbons and their related expectation of the degree
distributions.

NC“  Cycle(s) 0 1 2 3 Difference

10 Expectations 1.8000 2.0000 2.2000 2.4000 0.2000
Structures 1,2,3,4 5,6,7,8 9,10,11,12 13,14,15,16

9 Expectations 1.7778 2.0000 2.2222 2.4444 0.2222
Structures 17,18, 19 20,21, 22 23,24, 25 26,27, 28

8 Expectations 1.7500 2.0000 2.2500 2.5000 0.2500
Structures 29, 30, 31 32,33,34 35, 36, 37 38, 39,40

7 Expectations 1.7143 2.0000 2.2857 2.5714 0.2857
Structures 41, 42,43 44, 45, 46 47,48, 49 50, 51, 52

“NC indicates the number of carbon atoms

From Table 1, s36d, bcpe, 22mbc3210, and 13mbce3300 are all with 10 carbon atoms and 2
cycles, which is calculated by the cyclicity used in defining Balaban J index [18] and is also equal

to the so—called smallest set of rings [19]. The definition of cyclomatic number is as:
g=n_-n+l (1)

in which n denotes the number of carbon atoms, and n, means the number of edges in the saturated

hydrocarbons.

2.3 Branching information from the former study

The center (expectation) of a degree distribution corresponds to the cyclicity of a saturated
hydrocarbon, and the dispersion around its center (or cyclicity) of a degree distribution is a measure
of branching. The mean absolute deviation (MAD) of a distribution provides a measure of the

spread or dispersion around its mean.

Table 2. Structural examples of decanes and the related moments of the degree distributions.

Structures MAD SOM TOM TOAM
1 0.3200 0.1600 -0.0960  0.1088
2,3 0.4800 0.3600  0.0240 0.3312
4,53,54 0.6400 0.5600  0.1440 0.5536
55, 56, 57 0.8000 0.7600  0.2640 0.7760
Difference  0.1600 0.2000  0.1200 0.2224
5 0 0 0 0
6,58 0.2000 0.2000 O 0.2000
59, 60, 61 0.4000 0.4000 O 0.4000
62, 63, 64 0.6000 0.6000 0 0.6000
Difference  0.2000 0.2000 O 0.2000
10, 65, 66 0.3200 0.1600  0.0960 0.1088
67, 68, 69 0.4800 0.3600 —-0.0240 0.3312
70,71, 72 0.6400 0.5600 —-0.1440 0.5536

Difference  0.1600 0.2000  —0.1200  0.2224
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The molecular branching has a significant effect on the central moments such as the mean
absolute deviation (MAD), the second order moment (SOM), the third order moment (7OM), and
the third order absolute moment (TOAM) as well. The structures of some saturated hydrocarbons
are listed in the Table 2, in which the saturated hydrocarbons with same number of carbon atoms
and same moment values are classified. The moment values of saturated hydrocarbons, with
arithmetic number of branch(es) and same number of carbon atoms, form an arithmetic series. The

labels of structures in Table 2 correspond to the labels of structures listed in Figure 1.

For alkanes, the simplest cases are those only with methyl, in which the alkanes n10, 2mn9,
26mn8, and 246mn7 have 0, 1, 2, and 3 branches. The saturated hydrocarbons with ethyl or
substituent with more carbon atoms are more complex. The saturated hydrocarbons 4en8, and
25m3en6, without much ambiguity, are regarded as with 1, 2, and 3 branches. The molecule 4ipn7,
with isopropyl, is recognized as with the same moment values for saturated hydrocarbons with 2
branches. Intuitively, the isopropyl as a whole can be regarded as a branch of the main chain of
heptane, and then partition the isopropyl from the main chain to be isobutane, which should be
thought as a sub—chain on the propyl chain with another one branch. And so, the molecule 4ipn7 is
with 2 branches. Other cases can be deduced by the above methods, for example 24m3ipn5 can be
recognized as total four branches (three branches on the main chain of amyl, and one branch on the

sub—chain of propyl (to be isobutane)).

For mono—cyclic saturated hydrocarbons, the molecules C10, 1mC9, 14mC8, and 135mC7 are
with 0, 1, 2, and 3 branches; saturated hydrocarbons 1eC8, m2pC5, and 1e35mC6 are recognized as
with 1, 2, and 3 branches; and the molecules 1SbC6, and 1m3ipC6 are found with 2, and 3

branches.

For bi—cyclic saturated hydrocarbons, the situations are relatively complicated due to the
complexity as the different connection patterns between cycles and also the attachment of
substituents. The three saturated hydrocarbons, 3mbc331n, 2ebc2220, and 2ebe3300, are found with
one branch, and the saturated hydrocarbons 26mbc2220, and 24mbc3300 are investigated as with

two branches.

There are some confused cases, for instance, the saturated hydrocarbons bc440d, and bCpe, all
with two cycles and different connecting edges, are investigated with the same MAD, SOM, TOM,
and TOAM values as 0.3200, 0.1600, 0.0960, and 0.1088, and all are regarded as without branch.
Someone will argue the branch situation in the three saturated hydrocarbons. In the understanding,
the edges that are essential to connecting the cycles are not considered as the branches. From this
view, the three saturated hydrocarbons hold the same moment values, and based on this point, the
similar cases can be deduced, for example the molecules 65, 66, 73 and 74 from Figure 1 are
thought to be without branch.
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2.4 Cyclic edge, chain edge, and branch

In order to understand the structure information coded by the former studies, some concepts are,

cautiously, proposed. The proposal is based on the idea of partitioning the molecules.

Cyclic edges are the edges that are essential to the construction of a cycle. Chain edges are the
edges that construct the chain of a molecule, and the edges that are essential to connecting several

cycles belong to this group.

Sub—chain edges are the edges on the chain of a functional group that is a substituent on the
cycle or the chain, such as the propane of isobutene (having one vertex connecting to the chain)
from 4ipn7. Similarly, sub—(sub),—chain edges can be deduced, for instance the methyl on the
propyl (main—chain of the isobutene). The edges that are not essential to connecting the cycles in a
molecule are recognized as sub—chain (or sub—(sub),—chain) edges. The sub—(sub),—chain edge can

be one edge or a combination of several edges.

Thus, all kinds of edges can be partitioned into the cyclic, chain, sub—chain edges and sub—
(sub),—chain edges. Next interest is how to consider the branch of a molecule. The chain edges and
cyclic edges are not regarded as branch, while one sub—chain (or sub—(sub),—chain) is regarded as a
branch. Some examples are listed below to give some deep understanding of the concepts. The
alkane 2mn9 has a chain composed of 8 edges, and one sub—chain as methyl that is considered as
one branch. The saturated hydrocarbons m2pCS5 has a cycle formed by 6 cyclic edges, and two sub—
chains (one is methyl and the other is propyl), and so the branching number of the structure is 2.
The alkane 4ipn7 has one sub—chain as isopropyl, and a sub—sub—chain as methyl, and so the alkane
has two branches. Logically, the saturated hydrocarbon 1m2ipC6 has two sub—chains and one sub—

sub—chain, total three branches.

2.5 Branching number in saturated hydrocarbons
After the conceptual definition of the branch, enlightened by the formula (1) to count the cycle

number, a method is proposed to calculate the branching number of saturated hydrocarbons.

(1) If n, is equal to or bigger than n, that is, the molecule are cyclic saturated hydrocarbons, the

branching number f is:
B=2*(n—nc)+2*ns+tn;3 (2)
(2) For alkanes, with their n, being smaller than », the branching number (5) is:
p=2%ny+n; 3)

in which n denotes the number of carbon atoms; n, means the number of edges in the alkane; ny is

the number of quaternary atoms; and n; represents the number of tertiary atoms.

The formula to count the branching number can be expressed by including cyclicity, and, for

cyclic saturated hydrocarbons, the branching number is:
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B=2*(n—n¢)+2*ny+n;=2*ny+n;—2pu+2 4)
where u is the cyclicity.

The branching numbers are obtained by using the number of non—hydrogen atoms, edges, and
vertex with degree 3 and 4. Some examples are listed in Table 3 by applying the method to count
the branching number of saturated hydrocarbons, in which molecule 73 from Figure 1, having 9
carbon atoms, 11 edges, 2 trinary atoms, and 1 quaternary atom, is recognized as with 0 branch; and
similarly the molecule 74 from Figure 1 is regarded as with no branch. From the above discussion,
the edges that are essential to connecting the cycles are not regarded as branch of the molecules, and
so the two molecules are thought to be without branch. This case should be discussed to give a
general definition of the branching number in similar situations, however the proposed branching

number is, so far, a rational choice.

Table 3. The branching numbers of some saturated hydrocarbons

Structures n ne Deg-3 4 B
4 10 9 2 0o 2
53 10 9 2 0o 2
61 10 10 2 0 2
73 9 11 2 1 0
74 27 32 10 0 o0
75 13 14 5 0 3
76 19 21 10 0 o6
77 12 14 4 1 2
78 33 38 15 0 5

2.6 Branching number in the molecules with poly—cycles, heteroatoms and/or
multiple bonds

For a general molecule, just for calculating the branching number, all non—hydrogen atoms are
considered as the same, while all kinds of bonds are regarded as identical, that is, without
distinguishing the atoms and bonds. Then, the algorithm to calculate the branching number of a

general molecule is, carefully, generalized to be:

(1) for cyclic molecules:

ﬂ:2*(n-ne)+D 2 3nD3gi *(Degi_2) (5)
eg ;2

(2) for acyclic molecules:

ﬁ: 2 nDegi*(Deg i_2) (6)

Deg ;23

in which n denotes the number of carbon atoms; 7, is the number of edges in a molecule; Deg;
means the vertex degree of an atom; and n,,,, represents the number of atoms with specific Deg;.
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The branching numbers can be obtained by using the number of non—-hydrogen atoms, edges, and
vertex with degree equal to or higher than 3. The results of some real and virtual molecules are
listed in Table 4 by the proposed method. The algorithm calculates easily the branching numbers,

which are in agreement with the intuitive view.

Table 4. The branching numbers of some real and virtual molecules

Structures n ne Deg=3 4 5 6 7 8 B
79 11 12 4 o 0 o0 o0 0 2
80 15 16 5 0o 0 o0 o0 o0 3
81 9 10 1 0 o0 1 0 0 3
82 14 15 5 0O 0 0 o0 o0 3

2.7 Application of branching number as a classifier to simplify the structure
diversity

In QSPR research, even for the simplest property, normal boiling point (bp), of saturated
hydrocarbons, a perfect descriptor combination allowing to model accurately cycloalkane bps is not
yet found [13]. The cited authors analyzed the reasons into four aspects as structural diversity, low
precision of boiling points, stereochemistry, and the difficult extension of TI defined for acyclic
molecules to cyclic compounds. The first reason is that the diversity in the structures of (poly)cyclic
saturated hydrocarbons is overwhelming. The first question is weather it should simplify the

structure diversity.

(1) The main indices, calculated by the in—house software, Heuristic Queue Notation (H.Q.N.)
system [20], are: autocorrelation index [21], molecular connectivity index [22, 23], E—state index
[24], Kappa index [25], MEDV—4 [26], MHDV [27], MEDV-13 [28], information indices [29],
mpc [30], mpw [31], mwc [32], eigenvalue index [33], uvxy indices [34], uvxyoi indices [35],
Balaban D index [36], J index [18], IB operator (using RD) [37], triplet [38], detour index [39],
Harary index [40], Z [41], Idi [42], MTI [43], All Path version Wiener index [44], W [2], Zagreb
[45], EFVCI [46], and centric index [47, 48] as well. However, even with so many indices, the
regression results (s = 3.3553; however maximum absolute residual MAR = 25.0279) are still not
satisfactory by multi—linear regression. Thus, it seems to be necessary to divide the total molecules
into small groups (classes) based on the structure information of diversity, or to regress by non—
linear methods.

(2) Consider the two sub—sets from the 530 saturated hydrocarbons: one is the set 4 of acyclic
structures with one branch and another is the set B of acyclic structures with two branches. When
the two data sets are regressed by seven chi indices, some interesting regression results are
obtained. The regression results for data set A are R = 0.9992; s = 2.0044; and maximum absolute
residual (MAR) equal to 4.9781, while those for data set B are R = 0.9981; s = 2.0988; and

maximum absolute residual (MAR) equal to 6.8427. However, when the two data sets are applied
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together, the regression results are: R = 0.9974; s = 2.8511; and especially the maximum absolute
residual (MAR) changed so much to be 12.1857. From the analysis, the two data sets should belong
to different classes. Further analysis is by using three block variables such as molecular
connectivity index, Kappa index and E-State index to model the two sets. However even with three
block variables, the regression results are still not good MAR = 10.9062. The same situation
extends to two data sets of acyclic structures with both two and three branches, the regression is
MAR = 11.9014. This phenomenon shows that the structure diversity should be classified further to
obtain satisfactory results or there should introduce or design more descriptors. In the work, the

regression by classification based on the three block variables is considered.

hAD

1 15 _ 2 25 i
Expectation of the distributions

Figure 2. Structural diversity by the number of carbon atoms, the expectations and MADs of the ratio distributions. (c
means classification; the first number following the c, such as 0, 1, 2, 3 et al., denotes the number of cycles in the
alkanes; the second number following the c, such as 0, 1, 2, 3 et al., represents the number of branches in the alkanes;
and the third number (if existing) following the c, such as 0, 1, 2, 3 et al., points to the number of quaternary atoms in
the hydrocarbons.)

(3) Another example is that, from the size of structures, mathematical expectation and mean
absolute deviation (MAD) of degree distribution of a molecular graph, the structure diversity shows
some interesting results as shown in Figure 2, which can be easily repeated by the readers by using
the formula given in the theory and methodology section. From the figure, the acyclic and
monocyclic structures have not been further divided into sub—group, while multicyclic structures

are grouped into different sub—groups by the number of quaternary atoms, which is completely from
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the size, mathematical expectation, and MAD themselves with least human intervention. The work
gives some interesting enlightenments of the structure diversity, and the results indicate that the

diversity should be further classified to make regression satisfactory.

The key of classification and regression is how to classify the variables (X), which is essentially
how to classify the molecular structures. A good classification should be the one holding chemical
knowledge or information in order to interpret the models. The results in the research may bring a

new way to model the properties of saturated hydrocarbons.

Table 5. Structure feature of the different classes

Classes No. of Structures No. of cycles No. of branches No. of quaternary atoms
Co00 9 0 0 —
Co01 23 0 1 —
C02 52 0 2 —
Co3 43 0 3 —
C04 20 0 4 —
Cos5 2 0 5 —
Cl10 8 1 0 —
Cl11 24 1 1 —
C12 75 1 2 —
C13 59 1 3 —
Cl4 35 1 4 —
C15 6 1 5 —
Cl16 2 1 6 —

C200 27 2 0 0
C201 11 2 0 1
C210 22 2 1 0
C211 18 2 1 1
C220 8 2 2 0
C221 14 2 2 1
C222 9 2 2 2
C231 8 2 3 1
C232 8 2 3 2
C242 1 2 4 2
C243 1 2 4 3
C300 15 3 0 0
C301 4 3 0 1
C302 5 3 0 2
C310 3 3 1 0
C311 3 3 1 1
C320 1 3 2 0
C321 2 3 2 1
C322 1 3 2 2
C332 3 3 3 2
C400 5 4 0 0
C401 2 4 0 1
C500 1 5 0 0

“ no further partition of the class is needed
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From the picture of structure diversity, the size and cyclicity can be easily calculated, while the
branching information is intuitively related with branching number. However before the method in
this work to count branching number, there still lack of a method to easily compute branching
number, and so in the present work, the proposed branching number is applied as one of the
classifiers to simplify the structure diversity. By following the structure information of the Figure 2,
the total 530 alkanes are classified into 36 classes. The structural features of the classes are listed in
Table 5. The first column of Table 5 is the names of the classes, the second column is number of
molecules contained in the class, the third column is number of cycles in the molecule, the fourth
column is number of branches in the molecule and the last column is number of quaternary atom.
From the Table and Figure 2 of the structure diversity, the classes by the automatic classifiers

reflect the same structure information hidden in the degree distributions.

After the classification of the structures, the problems in modeling different classes are: (a)
number of variables are large, which indicates that a method to reduce the variable dimension
should be introduced; () the structure information coded by individual block variable (descriptors
from same resources) [14,15] is not enough to obtain satisfactory models, and so more block
variables should be included; (¢) the high collinearity between original variables will make the built
model unstable, and orthogonal method to avoid collinearity had better be applied.. In the presnt
work, the newly proposed method, orthogonal block variables, derived from subspace projection
and canonical correlation analysis, is applied to model the different cases. The regression shows that
the results by a few orthogonal block variables including almost all of the information of original
descriptors are much better than those by selecting only one or two of the original family variables.
For each class, the molecular connectivity index, Kappa index and E—State index, representatives of
three generations of topological index, which are all mainly extended or proposed by Kier and Hall,
are used to model the classes that have more than 15 (3x5) structures. By our method [14,15], there
will generate three new orthogonal variables to represent the former original variables, which also
includes almost all the information contents of the original variables. The regression results are
listed in the Table 6.

Table 6. Regression results of different classifications

Classes R s RMSECV max(abs(residual))
Co1 0.9990 2.1292  2.4154 4.5650
C02 09985 1.9099 2.1618 5.3864
C03  0.9920 2.5732 2.9748 6.1702
C04 09938 1.8046  2.3745 3.2395
Cl1 0.9988 2.5943  2.8611 8.1256
Cl12 09975 2.8163  2.9401 8.1316
C13 09949 3.2775  3.6097 10.7345
Cl4 09925 3.3232  3.6590 7.4008
C200 0.9979 3.1480  3.8689 7.2981
C210 0.9947 28173  3.3471 7.2074
C211 09989 1.9949  2.4673 3.6546
C300 0.9972 25005  3.2316 4.4989
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The first column of the Table 6 is the names of the classes, the second column is correlation
coefficients, the third column is standard errors of regression, the fourth column is the cross—
validated root mean square error of prediction (RMSECV) and the last column is maximum

absolute residuals of regression.

From Table 6, the regression results of the classifications are satisfactory. Further analysis is by
using three block variables such as molecular connectivity index, Kappa index and E-State index to
model the two sets CO1 and C02. However even with three block variables, the regression results
are still not good MAR = 10.9062. The same situation extends to two data sets of acyclic structures
with both two and three branches (C02 and C03), the regression is MAR = 11.9014. It should be

expected that the simplification of the structural diversity contribute to the regression.

3 CONCLUSIONS

A method is proposed to count the branching number of saturated hydrocarbons and then
extended to some general molecules. Some new concepts are introduced to interpret the structure
information of the mathematical characteristics of degree distribution, and the edges in a molecule
are partitioned into different cases. The method offers an automatic and easy way to count the
branching number. The proposed branching number is applied as a classifier to simplify the

evaluation of structural diversity in chemical libraries.
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