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Abstract

A topological index is a real number obtained from the molecular graph structure. It can predict the physicochemical and biological properties of
many anticoronavirus drugs. In this article, the topological index of some drugs for the treatment of coronavirus was computed using the Wiener-
Hosoya eigenvalues of the molecular structure of hydroxychloroquine, chloroquine, camostat, nafamostat, remdesivir, and lopinavir compounds,
and the Quantitative Structure Property Relationship (QSPR) study of some properties: Boiling point, Molar weight, Flash point and Enthalpy were
investigated. It was observed that the regression model value r is more than 0.6 and p value shows less than 0.05.
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1. Introduction

A graphical index is a numerical value corresponding to a structural invariant graph, and in chemical graph theory, these invariants
are known as topological indices. In the field of medical and chemical sciences, the topological indices are used for studying the
chemical, medical, biological and pharmaceutical or physicochemical properties or features of drugs. Concerning the previous
deadly diseases, the COVID-19 pandemic has been considered the biggest life-threatening issue that modern medicine has ever
tackled. Scientists have tested available antiviral agents and got a favourable impact of recovering from pandemic. Highlighting
the importance of topological indices in the study of pharmaceutical and chemical drugs, Jorge et al. [1] presented a mathematical
pattern for the screening of the well-known viral protease inhibitor called lopinavir as the reference drug in treating COVID-19.
Their results indicate that anitiviral such as Brecanavir, as well as virus groups of drugs among which are antibiotics of the microlide
family (azithromycin, clarithromycin, erythromycin among others) could be useful in treating COVID-19 infection.

In the same year, Sayed et al. [2] investigated several degree-based and neighborhood degree-sum-based topological indices for
several antiviral drugs using M-polynomials and neighborhood M-polynomials methods. In addition, a quantitative structure-property
was established between the various topological indices and the various physiochemical properties of these antiviral drugs, along with
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redesivir, chloroquine, hydroxychloroquine, and theaflavin was performed in order to access the efficacy of the calculated topological
indices. The results obtained reveal that the topological indices under study have a strong correlation with the physicochemical
characteristics of the potential antiviral drugs. They went further to investigate the biological activity (P1C50) of these compounds
using multiple linear regression (MLR) analysis.

Inspired by the work in Anand et al. [3], Hosamani [4] studied the quantitative-structure property relationship (QSPR) of
phytochemicals screened against SARS-Cov-2 3CLpro with the help of topological indices like the first Zagreb index M1, second
Zagreb Index M2, Randić index R, the Balban index, and the sum-connectivity index (SCI). The study revealed that SCI and M1
are two important parameters to predict the molecular weight of the topological polar surface area of phytochemicals, respectively.
Habibi and Taheri [5] selected a subset of human proteins as a candidate set that can bind to approved drugs. The method is based on
the information about human virus- protein interaction and their effect in the biological processes on the host cells. Some informative
topological and statistical features for proteins in the protein-protein interaction network were presented. Two groups of drugs was
selected and evaluated. The first group contains the experimental unapproved treatment for COVID-19 and shows that, of the 17
drugs in this group, 15 drugs are approved by their selected sets. The second group contains the extended clinical trials for COVID-
19. The COVID-19 associated protein sets were studied, and proteins that are essentially involved in disease pathology were also
identified.

Mathematical models as an integral part of artificial intelligence are designed for contact tracing, genetic network analysis for
uncovering the biological evolution of viruses, understanding the underlying mechanisms of the observed disease dynamics, evalu-
ating mitigation strategies, and predicting the COVID-19 pandemic dynamics. Nandini et al. [6] described mathematical techniques
to exploit and understand the progression of the pandemic through a theoretical characterization of the underlying graphs. They
obtained several topological indices for the various graphs of biological interest, such as pandemic trees, Cayley trees, Christmas
trees, and the Corona product of Christmas tree and paths. The plots of entropy and logarithms of topological indices of pandamic
trees accentuate the underlying severity of COVID-19 over the 1918 Spanish flu pandemic.

Abdul et al. [7] computed the topological indices based on even-degree and negative-degree for the Hydroxythyl Starch and
Hydroxychroroquine (HCQ-HEC) biconjugate molecular structures. Ev-degree and ve-degree based topological indices are two
novel degree-based indices as defined in graph theory. They are defined as responding to their relating partners. Wei et al. [8] went
further to compute some reverse topological indices, namely the reverse general Randić index, the reversed atom-bond connectivity
index, the reverse geometric arithmetic index, the reversed forgotten index, the reversed Balaban index, and the reverse Zagreb type
indices of some of the molecular structure of anitiviral drugs in treating COVID-19. In their computations, indices showed higher
values for Remdesivir. Anwar et al. [9] computed the Reduced Neighborhood topological indices and RNM-polynomials of some of
the antiviral agents. In particular, they considered Remdesivir, Chloroquine, Hydroxychloroquine, Theaflavin, and Dexamethason.
They went further to evaluate the RNM-polynomials of these structures with 3D graphical representations.

At the point when topological descriptors are joined with another quantum chemically determined electronic parameter, for ex-
ample, highest occupied molecular orbital, the lowest unoccupied molecular orbital, the energy of graphs, hardness, polarizability,
atomic electrostatic potentials, natural bond orbital investigations, and so on, one could get quantitative proportions of the reactive-
ness, stability, and binding potentials of a drug. In light of this, Liu et al. [10] derived the quantitative structure properties of several
antiviral drug compounds used to fight the outbreak of COVID-19. Their method of computation was based on the identification of
suitable edge-cuts such that the resulting graph leaves many convex components, which enabled them to formulate some required
properties. A graphical representation of some computed topological indices such as Wiener, Szeged, and Mostar and their variants
was shown.

Topological indices are important attributes to analyze the physicochemical characteristics of chemical compound structures.There
are five different types of topological indices: degree, distance, eigenvalue, matching, and mixed. In the above literature, all the topo-
logical indices used are degree-based. Pharmaceutical research, which has to do with going to the laboratory, is time-consuming
and cost-effective, hence there is a need to devise another way to study the efficacy and efficiency of drugs. In this study, we shall
compute the topological indices based on the Wiener-Hosoya matrix of the molecular structure proposed by Hassan et al. [11], which
is both vetex-degree and distance-based, of some antiviral drugs for the treatment of COVID-19 and construct a QSPR model.

This notion of Wiener-Hosoya index can serve as a topological index in chemical graph theory for Quantitative Structure Property
Relationship (QSPR) and Quantitative Structure Activity Relationship (QSAR) studies by predicting the physiochemical properties
of the chemical structure of drugs and other chemical compounds. This energy can be used to investigate the coherence of connected
graphs.

2. Materials and methods

2.1. The Wiener-Hosoya topological index
Let G be a connected graph with vertices vi(i = 1, 2, · · · , n) and v j( j = 1, 2, · · · , n). Then, the transmission of a vertex vi ∈ G,

denoted as σi = σG(vi), is given as [12]

σi = σG(vi) =
n∑

i=1

dG(vi, v j). (1)
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Figure 1: Chemical structure of Hydroxychloroquine
(C18H26CIN3O).

Figure 2: Chemical structure of Chloroquine
(C18H26CIN3).

The Wiener index of G, denoted by W(G), has the following representations:

W(G) =
1
2

n∑
i=1

n∑
j=1

dG(vi, v j) =
1
2

n∑
i=1

σi =
∑
i∼ j

(
σi

2di
+
σ j

2d j

)
. (2)

It is obvious that σi
2di
+
σ j

2d j
is positive, and the function,

w : E(G) 7−→ R+viv j 7−→
σi

2di
+
σ j

2d j
, (3)

is a weight function on E(G). This weight function is called Wiener-Hosoya weighting. The adjacency matrix of G with respect to
the Wiener-Hosoya weighting in equation (3) is denoted by WH(G) = (wi, j), where in Ref. [11], we have the following:

wi, j =

 σi
2di
+
σ j

2d j
i ∼ j;

0 otherwise.
(4)

The Wiener-Hosoya energy of a graph G is the sum of the absolute values of its Wiener-Hosoya eigenvalues (see Ref. [11]), that is,

εWH(G) =

n∑
i=1

|λi| . (5)

2.2. The regression model
The regression model,

P = A + BWH(G), (6)

where P is the physical property of the drug, A is a constant, and B is the regression coefficient, and WH(G) represents the Wiener-
Hosoya energy of a molecular graph, G, which will be used in this work for the purpose of numerical calculations. These values
will be calculated using the R programming language for the values of four physical properties and the Wiener-Hosoya energy of the
anticovid-19 drugs, as shown in Figures 1 to 6.

2.3. Molecular structure of some anti-Covid 19 drugs.
The chemical structures of hydroxychloroquine, chloroquine, lopinavir, remdesivir and nafamostat are depicted in Figures 1 to 6.

Examining the physicochemical properties of these drugs is valuable.

3. Results and discussion

We applied the Wiener-Hosoya index on the chemical structures depicted in Figure 1 to 6, with their QSPR analyzed. The
correlation between the characteristics of this index with some physicochemical characteristics of the drugs will also be showcased.

3.1. Molecular graph of the chemical drug compounds
The molecular graphs of the chemical structure of the drugs in Figures 1 and 2 are obtained by representing the atoms as the

vertices and the bonds between them as the edges.
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Figure 3: Chemical structure of Lopinavir
(C37H48N4O5S 2).

Figure 4: Chemical structure of Camostat (C20H22N405).

Figure 5: Chemical structure of Remdesivir
(C27H35N6O8P).

Figure 6: Chemical structure of Nafamostat (C19H17N5O2).

Figure 7: Molecular graph of Hydroxychloroquine
anticovid-19 drugs.

Figure 8: Molecular graph of Chloroquine anticovid-19
drugs.

3.2. Computation of the vertex transmission of the molecular graphs
The vertex transmission of the molecular graphs in Figures 7 - 12 was computed. See Tables A.1 to A.4 in the Appendix.

Theorem 1. Let H1, H2, H3, H4, H5, and H6 be molecular graphs of chloroquine, hydroxychloroquine, camostat, nafamostat,
remdesivir, and lopinavir compounds, respectively. Then, WH(H1) = 1573.6547, WH(H2) = 1843.3820, WH(H3) = 3721.4581,
WH(H4) = 2517.0266, WH(H5) = 6389.5017, and WH(H6) = 10653.1564.

Proof
The sum-transmission of vertices of the molecular graph of these compounds are given in Tables A.1 to A.4. The results are obtained
by using equation 3.
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Figure 9: Molecular graph of Lopinavir anticovid-19 drugs. Figure 10: Molecular graph of Camostat anticovid-19
drugs.

Figure 11: Molecular graph of Remdesivir anticovid-19
drugs.

Figure 12: Molecular graph of Nafamostat anticovid-19
drugs.

Table 1: Various anticovid-19 drugs with its physiochemical properties.

SN Drugs Boiling Point Molar Weight Flash Point Enthalpy
1 Chloroquine 289 - 259.6 75.1
2 Hydroxychloroquine 90 335.9 296.4 86.0
3 Camostat 155 389.4 337.6 -
4 Nafamostat 260 347.4 339.1 97.1
5 Remdesivir - 602.6 - -
6 Lapinovir 118 - 546.9 143.0

3.2.1. Linear QSPR models for the Wiener-Hosoya index
Using the regression model in Equation (6), we get the linear QSPR models for the Wiener-Hosoya index. Let BP denotes the

boiling point, E, the enthalpy, MW, represents the molar weight,and FP, the flash point of the drugs. The QSPR model for the
Wiener-Hosoya index for some properties of anticoronavirus drugs is;

BP = 449.632 + 0.046WH(G),
MW = 271.725 + 0.038WH(G),
FP = 225.700 + 0.028WH(G),

E = 74.862 + 0.006WH(G).

The Table 1 shows the values of the Boiling Point, Molar weight, Flash Point and Enthalpy of the anticovid-19 drugs. Table 2
and Theorem 1 show the correlated values of the physicochemical properties of anticovid-19 drugs with Wiener-Hosoya energy. It
can be observed that the Wiener-Hosoya energy, WH(G) = 0.937, shows a higher significant positive correlation with molar weight
when compared with other properties of the anticancer drugs. Similarly, WH(G) = 0.994, shows highest the correlated value with
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Table 2: Statistical parameters of the linear QSPR model for the Wiener-Hosoya index of anticovid-19 drugs.

Physical Properties N A b r F P Indicator
Boiling Point 5 449.632 0.046 0.962 36.844 0.009 Significant
Molar Weight 5 271.725 0.038 0.943 32.209 0.005 Significant
Flash Point 5 225.700 0.028 0.962 36.852 0.009 Significant
Enthalpy 5 274.862 0.026 0.994 38.374 0.002 Significant

Figure 13: TI on enthalpy. Figure 14: TI on flash point.

Figure 15: TI on molar weight. Figure 16: TI on boiling point.

Enthalpy compared with other properties of the anticovid-19 drugs. Table 2 shows the regression model of various physicochemical
properties of anticovid-19 drugs.

Figures 7 to 8 depicts the molecular graphs of the chemical compounds in Figure 1 to 6, respectively. t shows that the graphs of
these structures are single, connected and undirected. Each of the graph contains at least a cycle of order 6.

From our plots in Figure 13 to Figure 16, we can see a narrow spread of data points around the line which suggest a strong
correlation between the properties and the topological index. The points also cluster closely around the lines, which suggests a strong
linear relationship between these physicochemical properties and the Wiener-Hosoya index.

4. Conclusion

From our results, it was observed that the regression model value r is more than 0.6 and the p value shows less than 0.05. It therefore
follows that all the physiochemical properties are highly significant. Unlike other topological indices, which are either degree-based
or distance-based, we have shown that topological indecies based on mixed (degree and distance) can also be used to carry out a
QSPR study of chemical compounds. A study may be carried out for different chemical structures, and a conclusion may be given
based on their topological indices. May it be benzene structure, polymers, or any chemical compounds that can be taken for future
study. A multi-disciplinary project may be taken up by researchers in various for a better result.
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Appendix A.

Table A.1: Vertex transmission of Figure 7.

V V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 V18 V19 V20 V21 V22
∑

V1 0 1 2 2 3 4 3 4 5 6 5 6 8 7 8 9 10 11 12 12 13 13 144
V2 1 0 1 1 2 3 2 3 4 5 4 5 7 6 7 8 9 10 11 11 12 12 124
V3 2 1 0 2 1 2 3 4 5 4 3 4 6 5 6 7 8 9 10 10 11 11 114
V4 2 1 2 0 3 2 1 2 3 4 3 4 6 5 6 7 8 9 10 10 11 11 110
V5 3 2 1 3 0 1 2 3 4 3 2 3 5 4 5 6 7 8 9 9 10 10 100
V6 4 3 2 2 1 0 1 2 3 2 1 2 4 3 4 5 6 7 8 8 9 9 86
V7 3 2 3 1 2 1 0 1 2 3 2 3 5 4 5 6 7 8 9 9 10 10 96
V8 4 3 4 2 3 2 1 0 1 2 3 4 6 5 6 7 8 9 10 10 11 11 112
V9 5 4 5 3 4 3 2 1 0 1 2 3 5 4 5 6 7 8 9 9 10 10 106
V10 6 5 4 4 3 2 3 3 1 0 1 2 4 3 4 5 6 7 8 8 9 9 96
V11 5 4 3 3 2 1 2 3 2 1 0 1 3 2 3 4 5 6 7 7 8 8 80
V12 6 5 4 4 3 2 3 4 3 2 1 0 2 1 2 3 4 5 6 6 7 7 80
V13 8 7 6 6 5 4 5 6 5 4 3 2 0 1 2 3 4 5 6 6 7 7 102
V14 7 6 5 5 4 3 4 5 4 3 2 1 1 0 1 2 3 4 5 5 6 6 82
V15 8 7 6 6 5 4 5 6 5 4 3 2 2 1 0 1 2 3 4 4 5 5 88
V16 9 8 7 7 6 5 6 7 6 5 4 3 3 2 1 0 1 2 3 3 4 4 96
V17 10 9 8 8 7 6 7 8 7 6 5 4 4 3 2 1 0 1 2 2 3 3 106
V18 11 10 9 9 8 7 8 9 8 7 6 5 5 4 3 2 1 0 1 1 2 2 118
V19 12 11 10 10 9 8 9 10 9 8 7 6 6 5 4 3 2 1 0 2 3 1 136
V20 12 11 10 10 9 8 9 10 9 8 7 6 6 5 4 3 2 1 2 0 1 3 136
V21 13 12 11 11 10 9 10 11 10 9 8 7 7 6 5 4 3 2 3 1 0 4 146
V22 13 12 11 11 10 9 10 11 10 9 8 7 7 6 5 4 3 2 1 3 4 0 146
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Table A.2: Vertex transmission of Figure 8.

V V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 V18 V19 V20 V21 V22 V23
∑

V1 0 1 2 2 3 4 3 4 5 6 5 6 8 7 8 9 10 11 12 13 14 12 13 158
V2 1 0 1 1 2 3 2 3 4 5 4 5 7 6 7 8 9 10 11 12 13 11 12 137
V3 2 1 0 2 3 2 1 2 3 4 3 4 6 5 6 7 8 9 10 11 12 10 11 122
V4 2 1 2 0 1 2 3 4 5 4 3 4 6 5 6 7 8 9 10 11 12 10 11 126
V5 3 2 3 1 0 1 2 3 4 3 2 3 5 4 5 6 7 8 9 10 11 9 10 93
V6 4 3 2 2 1 0 1 2 3 2 1 2 4 3 4 5 6 7 8 9 10 8 9 96
V7 3 2 1 3 2 1 0 1 2 3 2 3 5 4 5 6 7 8 9 10 11 9 10 107
V8 4 3 2 4 3 2 1 0 1 2 3 4 6 5 6 7 8 9 10 11 12 10 11 124
V9 5 4 3 5 4 3 2 1 0 1 2 3 5 4 5 6 7 8 9 10 11 9 10 108
V10 6 5 4 6 3 2 3 2 1 0 1 2 4 3 4 5 6 7 8 9 10 8 9 108
V11 5 4 3 3 2 1 2 3 2 1 0 1 3 2 3 4 5 6 7 8 9 7 8 89
V12 6 5 4 4 3 2 3 4 3 2 1 0 2 1 2 3 4 5 6 7 8 6 7 85
V13 8 7 6 6 5 4 5 6 5 4 3 2 0 1 2 3 4 5 6 7 8 6 7 110
V14 7 6 5 5 4 3 4 5 4 3 2 1 1 0 1 2 3 4 5 6 7 5 6 89
V15 8 7 6 6 5 4 5 6 5 4 3 2 2 1 0 1 2 3 4 5 6 4 5 94
V16 9 8 7 7 6 5 6 7 6 5 4 3 3 2 1 0 1 2 3 4 5 3 4 101
V17 10 9 8 8 7 6 7 8 7 6 5 4 4 3 2 1 0 1 2 3 4 3 2 110
V18 11 10 9 9 8 7 8 9 8 7 6 5 5 4 3 2 1 0 1 2 3 1 2 121
V19 10 11 10 10 9 8 9 10 9 8 7 6 6 5 4 3 2 1 0 1 2 2 3 129
V20 13 12 11 11 10 9 10 11 10 9 8 7 7 6 5 4 3 2 1 0 1 3 4 157
V21 14 13 12 12 11 10 11 12 11 10 9 8 8 7 6 5 4 3 2 1 0 4 5 178
V22 12 11 10 10 9 8 9 10 9 8 7 6 6 5 4 3 2 1 2 3 4 0 1 178
V23 13 12 11 10 9 10 11 10 9 8 7 7 6 5 4 3 2 1 3 2 4 5 0 152

Table A.3: Vertex transmission of Figure 9.

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 V18 V19 V20 V21 V22 V23 V24 V25 V26 V27 V28 V29
∑

0 1 2 2 3 4 4 5 5 6 6 7 7 8 9 9 10 10 11 12 13 14 14 15 16 17 17 18 18 269
1 0 2 2 3 4 4 5 5 6 6 7 7 8 9 9 10 10 11 12 13 14 14 15 16 17 17 18 18 263
1 1 0 1 2 3 3 4 4 5 5 6 6 7 8 8 9 9 10 11 12 13 13 14 15 16 17 17 18 256
1 1 2 0 2 2 2 3 3 4 4 5 5 6 7 7 8 8 9 10 11 12 12 13 14 15 15 16 16 213
1 1 2 2 0 2 3 3 4 4 4 5 5 6 6 7 8 8 9 9 10 11 12 13 13 14 15 16 16 243
1 1 1 2 2 0 2 3 3 3 3 4 4 5 6 6 7 7 8 9 10 11 11 12 13 14 14 15 15 192
1 1 2 2 2 2 0 3 3 3 3 4 4 4 5 5 6 6 7 8 9 10 10 11 12 13 13 14 14 177
1 1 2 2 3 3 3 0 4 4 4 5 5 5 6 6 7 7 8 9 10 11 11 12 13 14 14 15 15 200
1 1 2 2 2 3 3 3 0 4 4 5 5 5 6 6 6 6 7 8 9 10 10 11 12 13 13 14 14 185
1 1 1 2 2 2 2 3 3 0 3 4 4 4 5 5 5 5 6 7 8 9 9 10 11 12 12 13 13 162
1 1 1 2 2 2 3 3 3 3 0 4 4 4 4 5 5 6 6 6 7 8 8 9 10 11 11 12 12 153
1 2 2 3 3 3 4 4 4 4 5 0 5 5 5 6 6 7 7 8 8 8 9 9 10 11 12 12 13 189
1 1 2 2 2 2 3 3 3 3 4 4 0 4 5 5 5 6 6 7 7 7 7 8 9 10 10 11 11 148
1 1 2 2 2 3 3 3 4 4 4 5 5 0 5 5 6 6 6 7 7 7 8 8 8 9 9 9 9 148
1 1 1 2 2 2 3 3 3 4 4 4 5 5 0 5 6 6 6 6 7 7 8 8 9 9 9 10 10 155
1 1 2 2 2 3 3 3 4 4 4 5 5 5 5 0 6 6 6 7 7 7 8 8 8 9 9 9 9 148
1 1 2 2 2 3 3 3 3 4 4 4 5 5 5 6 0 6 7 7 7 7 8 8 8 8 9 10 10 145
1 1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 0 7 7 7 7 8 8 9 9 10 11 11 142
1 1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 7 0 7 7 8 8 8 8 9 10 10 11 144
1 1 2 2 2 2 3 3 3 4 4 5 5 5 6 6 6 7 7 0 8 8 8 8 9 9 10 11 11 152
1 1 1 2 2 3 3 3 4 4 4 4 5 5 5 6 7 8 8 9 0 9 10 10 11 11 12 13 13 174
1 2 2 3 3 4 4 4 5 5 5 5 6 6 6 7 8 9 9 10 10 0 11 11 12 13 14 15 15 205
1 1 2 2 2 3 3 3 4 4 4 4 5 5 6 7 8 9 9 10 10 11 0 11 12 12 13 14 14 189
1 1 2 2 2 3 3 3 3 4 5 5 6 6 7 8 9 10 10 11 11 12 12 0 13 13 14 15 15 206
1 2 2 3 3 3 4 5 5 6 7 7 8 8 9 10 11 12 12 13 13 14 14 15 0 15 16 17 17 252
1 1 1 2 2 2 3 4 4 5 6 6 7 7 8 9 10 11 11 12 12 13 13 14 14 0 15 16 16 214
1 2 2 3 3 4 5 6 6 7 8 8 9 9 10 11 12 13 13 14 14 15 15 16 16 17 0 18 18 275
1 1 1 2 2 3 4 5 5 6 7 7 8 8 9 10 11 12 12 13 13 14 14 15 15 17 18 0 17 248
1 2 2 3 3 4 5 6 6 7 8 8 9 9 10 11 12 13 13 14 14 15 15 16 16 17 18 18 0 275
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Table A.4: Vertex transmission of Figure 10.

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 V18 V19 V20 V21 V22 V23 V24 V25 V26
∑

0 1 2 2 3 3 4 4 5 5 6 6 7 8 9 10 10 11 11 12 12 13 14 15 16 16 198
1 0 1 1 2 2 3 3 4 4 5 5 6 7 8 9 9 10 10 11 11 12 13 14 15 15 181
1 2 0 2 3 3 4 4 5 5 6 6 7 8 9 10 10 11 11 12 12 13 14 15 16 16 205
1 1 1 0 2 2 2 2 3 3 4 4 5 6 7 8 8 9 9 10 10 11 12 13 14 14 151
1 1 2 2 0 2 2 3 3 3 3 3 4 5 6 7 7 8 8 9 9 10 11 12 13 13 151
1 1 2 2 2 3 0 3 3 3 4 4 4 4 5 6 6 7 7 8 8 9 10 11 12 12 142
1 1 1 2 2 2 2 0 3 3 3 4 4 4 5 6 6 7 7 8 8 9 10 11 12 12 140
1 1 1 2 2 2 2 3 0 3 3 4 4 5 5 5 5 6 6 7 7 8 9 10 11 11 123
1 1 2 2 2 2 3 3 3 0 3 4 4 4 5 5 5 6 6 6 6 7 8 9 10 10 117
1 1 2 2 2 3 3 3 3 4 0 4 4 5 5 5 5 6 6 7 7 8 9 10 11 11 127
1 1 2 2 2 3 3 3 4 4 4 0 4 5 5 5 5 6 6 6 6 7 8 9 10 10 121
1 1 1 2 2 2 3 3 3 3 4 4 0 4 4 5 5 5 6 6 7 7 7 8 9 9 111
1 1 2 2 2 2 3 3 3 3 4 4 4 0 4 5 5 5 6 6 7 7 8 8 8 8 111
1 2 2 3 3 3 4 4 4 4 5 5 5 6 0 6 6 7 7 7 8 8 8 9 10 10 137
1 1 1 2 2 2 3 3 3 3 4 4 4 5 5 0 5 6 6 6 7 7 7 8 9 9 113
1 1 1 2 2 2 2 3 3 4 4 4 5 5 5 6 0 6 6 6 7 7 8 9 10 10 119
1 1 2 2 2 3 3 3 3 4 4 5 5 5 5 6 6 0 7 7 8 8 9 10 11 11 131
1 1 2 2 2 3 3 3 4 4 4 4 5 6 6 7 7 8 0 8 9 9 10 11 12 12 140
1 1 2 2 2 3 3 3 3 4 4 5 5 5 5 6 6 7 7 0 8 8 9 10 11 11 131
1 1 2 2 2 3 3 3 4 4 4 4 5 6 6 7 7 8 8 9 0 9 10 11 12 12 132
1 1 1 2 2 2 3 3 3 4 5 5 6 7 7 8 8 9 9 10 10 0 11 12 13 13 155
1 1 2 2 2 2 3 3 4 5 6 6 7 8 8 9 9 10 10 11 11 12 0 13 14 14 173
1 2 2 3 4 4 5 5 6 7 8 8 9 10 10 11 11 12 12 13 13 14 15 0 16 16 226
1 1 1 2 3 3 4 4 5 6 7 7 8 9 9 10 10 11 11 12 12 13 14 15 0 15 193
1 2 2 3 4 4 5 5 6 7 8 8 9 10 10 11 11 12 12 13 13 14 15 16 16 0 217
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