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1, DEFINIERIGINS

1.1. Layer Matrix LM
A layer of vertices located at distance k to the vertex i is defined as: 14
G(i), = {v| veV(G), d; =k| (1)

~  Define the partition of G with respect to i as:

e
|
—

q i

i

G(i) ={G @)y ; k €[01,...ecc;] | )

with ecc; being the eccentricity of i (i.e., the largest distance from i to the other
vertices of G).
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The entriesin the layer matrix (of vertex property) LM, is defined as:

[LM]i,k: Q 2

V‘dl"v:k (3)

with the most used operation being the summation. The zero column is just the column of vertex

properties. Any atomic/vertex property can be considered as pi and any square matrix M can be
taken as info matrix, i.e., the matrix supplying local/vertex properties as row sum RS, column sum
CS or diagonal entries given by the Walk matrix34 .

Layer matrix is a collection of the above defined entries:

—{[LM], ;i € V(G); k €[01,..,d(G)] |

il

BT
I.I i

(4)

with d(G) being the diameter of the graph (i.e., the largest distance in G).

The layer matrix of vertex labeling LLb (see below) is the first layer matrix to be constructed. It
represents just the graph partitions with respect to all its vertices.
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1.2 Shell Matrix SM

Define the entriesin the shell/layer matrix (of pair vertex property) SM as: °

SM],. = Q M];, (5)
v|d; =k
~ with the most used operation being the summation.
= Shell matrix is a collection of the above defined entries:
= SM = {[SM], ;; i € V(G); k €[01..,d(G)] | (6)

The zero column, , in case of zero diagonal sguare info matrix but any other vertex property
(written as diagonal entries) can be considered. The above definitions hold in any graph and any
square matrix.
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> 1.3. Distant

- AYAsTeRE L canemlluiplred oy disiance (topol egical or genuine
SE)RSEeEleliNg VErlICes In the graph. Trhe way ofi achieving this “extension’
BiiiEentfitnction oft matrix and'operation used.

IMENIGPE eSOl the above defined matrices are examplified on two
cracfiss
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> Trietggolacical clescrl giors cife ezlctifziee] oy tgler
@EEEEUJ Seitware package 1.0/on the following
IESICITIALIGES; adjacency, connectivity, distance, 3D-
diSienee; detour, and four types of Cluj matrices
(=otred).
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Figure 1. Window of the basic matrices calculable by TOPOCLUJ
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,21

o fd Upithe lLILb matrix (Table 1), by using an amended distance
frleiy ‘*DLb IILb + D, , where I is the diagonal unity matrix. The
Ocl itiening of G; with respect to its vertices is obtained by collecting the
S 2beling of vertlces located at distance k from the given vertex i (cf (1)).
= = Recdl that the non- diagonal entriesin the distance matrix D, count the
= number of edges on the shortest path joining two verticesii and j, while the
diagonal entries are zero.!
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Table 1
DLb(G,) LLW(G,)
112 3 4 5 6 7 k|0 1 2 3
11 1 2 3 4 2 3 1 {2} {3, 6} 4,7 {5}
211 2 1 2 3 1 2 2 {1,3,6) 4,7 {5} ]
312 1 3 1 2 2 1 3 2,470 {1,5,6} ] ]
:_._E_, 413 2 1 4 1 3 2 4 {3, 5} 2,7 {1, 6} 0
—
-~ 5|4 3 2 1 5 4 3 5 {4} {3} 2,70 {1,6}
62 1 2 3 4 6 3 6 2 {1, 3} 4,7 {5}
713 2 1 2 3 3 7 7 {3} 2,4  {1,5,6 0
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ZIPROPERTIES OF LAYER MATRICES

ENESE Simple and essentilel 1Sithe courniring
IBPE Y (¢, the existence of avertex in agiven
pusition’is counted by 1, and zero, otherwise). The

deoriesponding layer matrix | isgivenin Table 2.
== JAnother example is the layer matrix of partial charges
= [, (calculated on G,).
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Table 2

Al

LC(G) LCH(G,)

i ¥k 1 2 3 4 RS 0 1 2 3 4 RS

1 1 2 2 1 7 0.087 0.186 0.282 -0.333  -0.223 0

2 3 2 1 0 7 0.186 0.370 -0.333 -0.223 0 0

3 3 3 0 0 7 0.195  -0.147 -0.048 0 0 0

4 2 2 9] 0 7 0.015  -0.028 -0.162 0.175 0 0

5 1 1 2 2 7 -0.223  0.015 0.195 -0.162 0.175 0

6 1 2 2 1 7 0.087 0.186 0.282 -0.333  -0.223 0

7 1 2 3 0 7 -0.348  0.195 0.201 -0.048 0 0

CS 12 14 12 4 0 0.776 0.418 -0.924 -0.271 0
CSk 12 28 36 16 922 0.776 0.835 -2.771 -1.082 -2.241
CS1/k 12 7 4 1 24P 0.776 0.209 -0.308  -0.068  0.610

2004/3/30 (@) 2x Wiener index W; (b) 2x Harary index H
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PROPERTIES OF LAYER MATRICES

NBIEIETHEOWS T fepresent just the vertex adisiance
SEBIEEISEUIENCES DIV (7. e., the numider of vertices|ocated at
cl :r?ﬂéﬂ Jdrenm i)~ while the column sums CS represent the
gl '-DDSk
0 L’ ¢ (5 calculated when layer matrix is performed by
T iPOCL UJwith no property Is selected (see Figure 2).

| = Is.calculated by clicking on the "atomic charge” in the
E Properti es” second window.

.5. .'.'
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Figure 2. Window of layer matrix calculation; properties for

weighting schemes and topological indices/polynomial as options
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Within TOPOCLUJ program the partial charges are calculated as
follows:

1/(d, ;)*
Chi,j :Iog|:(S]/Sl) ( l’]) i| (8)

55 chi =2 ;¢hi, ©)
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Z2PROPERTIES OF LAY ER MATRICES:

EOVE fielations; 5| S represent the Sanderson group

electroreczil it es cal culiated for the hydride groups (7.e., the heavy
giom:;"v? fﬁ el surroundl ng hydrogen atoms) in the molecule.

Trizlog Snction provides the for the ¢/, Viewed as a
djSic jeeidecreasing| perturbation (see also ref. 13) of the it 'SGE produced

-.0< theatom); (see the exponent, where d, 1sthe Euclidean distance
= S Sananating atoms / and ).

q.:ffﬁeN XV array collecting the entries ¢/, Is the charge matrix € 11, whose

— [oW sumsc/;, represent the total ; on hydride group/atom iin
the mol ecule (column £=01In - Table 2).

- & Distance-extended property sum indicates, in this example, the location of
the negative partial charge on the more eccentric atoms (e.g., N and O).
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By multiplying C.5' by % (or 1/k) distance-extended properties are obtained.
In the above example, Wiener®8 77 and Harary®!' H indices are thus obtained
(twicevalue, in Table 2).

- Reciprocal matrices are calculable by the window "Mathematical operations”,

. and next "Reciprocal”.
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Topological indices| are calculated as the half sum of the entriesin a square
matrix (i.e., the matrix supplying the property p) :

T
[=>[M];;=(1/2)-u-M-u (")
i<j
~~ withuand uT being the unity vector (of dimension N, i.e., the number of

e

~ verticesin G) and its transpose, respectively.'?

—
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ZAPROPERTIES OF LAY ERNMAMRICESH

> 2.2418

> el /ar Slbaer walk degrees . Thewalk degree (of
lefiejin O)lequals the row sum in the adjacency matrix - (raised

ANIOWETC). For e = 1 one recovers the classical vertex degree
(:_ﬁ ey vertex valency).34

%ﬂ%ﬂtnes A- - matrix egual unity when two vertices: andj are

= connected by an edge and zero otherwise.

= s=Ihe distance extended property is now the valency** and the

valency-distance index was patterned by several authors!>1518

(see footnote, Table 3). In matrix terms, the Cramer product
IS calculated.
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Table 3

LW (G) L2W (G, L3W (G)
i ¥k 0 1 2 3 4 RS 0 1 2 3 4 RS 0 1 2 3 4 RS
1 1 3 4 3 1 12 3 5 9 7 2 26 5 12 17 14 4 52
2 3 5 3 1 0 12 5 12 7 2 0 26 12 22 14 4 0 52
3 3 6 3 0 0 12 6 12 8 0 0 26 12 26 14 0 0 52
4 2 4 4 2 0 12 4 8 8 6 0 26 16 18 10 0 52
1 2 3 4 2 12 2 4 6 8 6 26 4 8 12 18 10 52
6 1 3 4 3 1 12 3 5 9 7 2 26 5 12 17 14 4 52
f 7 1 3 5 3 12 3 6 9 8 0 26 6 12 20 14 0 52
:‘E CS 12 26 26 16 26 52 56 38 10 5 108 112 74 18
& CSk 26 52 48 16 1422 52 112 114 40 318 108 224 222 72 626
CS1/k 26 13 5.3 1 45.3 52 28 127 25 952 108 56 247 45 1932

(@) 2x ( = Degree-Distance Index; Ivanciuc, Dobrynin, Schultz, Estrada - see text)
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2, Fr <(‘ PERTIES OF LAY ER MATRICES

MENWEl e A(FEIgUress), rinning the
algorit! (IDiudea; Topan and Graovac®), allows to
elljels ifle [AISing of asguare matrix at a pewer e.

N *evaluztes a (topological) property of avertex |, by
e Zlive simmation of thefirst nei ighbors

ﬁ— r:=centr|but|ons

"+ The dgorithm is extended to account for general
graphs (with loops and multiple bonds):
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Y NEREnyASHUarematig, LIS the Uiz cicaeenalmabiix and
Li is tne numesr giloggs e o a—

210 [0) [fle cllo)]

M+I=W, ; e=0
[e+1WM]ii = 2Li[eWM]ii +Z([M]ij[eWM]jj)
J#I

[CWy 1, =20, W, 1, + > (M1 [W, 1)

k+#j

[T Wy 15 =[C Wy 1, =M1
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a. TOPOCLLT W matrix calculation

Filz:  Calculake  Operal Aairix st

37 4|

| G1_COM
. G1_0I
G1_D3D
G1_DE
G1_Cioi
G1_CiDe
G1_CFDi
G1_CFDe
G1_CH

Froperlies

[ atarnic charge
[] Group mass
[5Gl

[ Keep matrix

o 0K

Figure 3. Window of W matrix calculation (weighted by a chosen property
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The algorithm starts with the diagonal entries [#%Y/],;= 1. In
each of the following steps [#Y.\/|,; become the row sums £.5; of
the matrix M rzisec] at a power e, Me:

e = M¢é1..=¢ :
[WM]ll g[ ]ZJ WM, (14)

_ They represent wallk degrees, ©M, , weighted by the property
collected in M. The sum of all diagonal entriesin ¢W,, istwice
- theglobal graph invariant </VM , called molecular walk count.

2wy =2 Wy = 2Wy (G) 5

i
In the above, M = A or CON. When M = D, then ¢eWM defines
the Wiener number of rank e .27
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Z2PROPERTIES OF LAY ER MATRICES:

N GICEEOUNINOR e Oeneial grapis; the a goritnm needsthe
:psu rr 2ONI6f the alems earne|leops (Figure 4)

NINSTRPNT S 2 binary numbers column under the name
"L erty 2leeR" In the file of properties “name.prp”* provided

9
BYAENORPOCI UJ program.
=it hls Case, the proper matrix IS the connectivity matrix
10SE NON- dlagonal entries are just the conventional bond
= orders: 0) 4, 2, 3 and 1.5, for non- bonding, single, double,
~ triple and aromatic bonds;
* | the graph has no loops, the classical

recovered

algorithm is
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Figure 4. Window of local properties ("aproperty", in a ""name.prp" output file)
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Examples W'/ are given in Tables 4 for G, onc_e_f_ora?p‘gand N im—

at atoms 5 and 7 (representing heteroatoms with unshared electrons
S). The parameter eis 1 and 2, respectively.

Table 4.1. Walk Count in the general Graph G,

LW (CON(G,)) LW (CON_loop(G.))
1/1 1 0o 0 0 0 O 1 1 0 0 0 0 0
2|1 3 1 0 0 1 O 1 3 1 0 0 1 0
-~ 3/0 1 4 1 0 0 2 o 1 4 1 0 0 2
- 4]0 0 1 4 3 0 0 O 0 1 4 3 0 O
= 5|0 0o 0 3 3 0 o0 O 0 0 3 5 0 0
= 6|0 1 0 0 0 1 O O 1 0 0 0 1 ©
7/0 0o 2 0 0 0 2 O 0 2 0 0 0 4

Sum of diagonal elements = 18 Sum of diagonal elements = 22
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Takhla 4 ° . .
[zi0))a 4L - ‘f"' i
L2W (CON(G,)) L2W
(CON_loop(G,))

113 1 0 0 0 0 0 3 1 0 00 O 0
2(1 6 1 0 0 1 0 1 6 1 00 1 0
3]0 1 11 1 0 0 2 0 1 15 10 O 2
- 410 O 1 13 3 0 0 0 0 1 13 0 0

= 9
= 50 O 0 3 12 0 0 0 0 0 322 O 0
. 6(0 1 0 0 0 3 0 0 1 0 00 3 0
710 O 2 0 0 0 8 0 0 2 00 O 16

Sum of diagonal elements = 56 Sum of diagonal elements = 84
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Distance y
WHEYS OpE Aol Umn /- = 0listhe row sumiinithe distanceimetiix. - andithe:
. | — —
coffesgorielinie ez cellayerof disiance i
Table 5
LD S(G))
i ¥k 0 1 2 3 4 RS 1 2 3 4 5 6 7 RS
1 15 10 24 26 17 922 0 1 2 3 4 2 3 15
2 10 39 26 17 0 92 1 0 1 2 3 1 2 10
: 3 9 36 47 0 0 92 2 1 0 1 2 2 1 9
- ' 4 12 26 24 30 0 92 3 2 1 0 1 3 2 12
oy 5 17 12 9 24 30 92 4 3 2 1 0 4 3 17
: = 6 15 10 24 26 17 92 2 1 2 3 4 0 3 15
7 14 9 22 47 0 92 3 2 1 2 3 3 0 14
CS 922 142 176 170 64 - CS 15 10 9 12 17 15 14 922
CSk 142 352 510 256 1260P
CS1/k 142 88 56.67 16 302.67

(a) 2xW; (b) u(D D JuT
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Z2PROPERTIES OF LAY ER MATRICES:

> The disteniegiedisgielcel gfoosgiAl(UERigls
(fogaleejiesl), . In'matrix terms, it means the
Crerrier grdeltet (see footnote b, Tables and

Flejtfes))
= Siimilar calculations cam be performed on the detour
= qatrix A (with the non-diagonal entries counting the
number of edges on the joining two
vertices i and /, while the diagonal entries are
ZEY0).220
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The path-defined distance and detour matrices are calculable by the

"Combinatorial matrix" command (Figure 5):°

[D .—{Np,(i,j);(i’j)ED(G), Ty

j (16)
A=l i i =

[A ].:{Np,(i,j);(i’j)EA(G), if i#]
P0

=== : (17)
== ’ if i=]

= M.]; +1

' Np’(i,j){[ ]2’ j=(1/2)[([Me],~,~)2+[Me]ij} M =D; A (18)

where N, ., isthe number of all internal paths® of length 1</ <|¢ /)| included in the
path (/).
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Filz Calculate | Operation  Window  Help

0@ 0 Matrielist
Malecule lisk ...

M Mathematical operations  # Matrix sum
Matrix difference

W omnakrix

Walk operator Reciprocal

) Cramer produck
Laver makrix ] A eratd
H k
Shell matriz e

Eigen values and weckars

Combinatarial makrix

IEEE S

[11:02:55 8 2

Figure S. Window of the basic algebraic matrix operations
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ZaPROPERTIES OF LAY ER MATRICES

23. LM_ «

IR _/n metrlc matrix, say the product matrix , Can

part 1pate either by its RS or CS, thus providing two

-:r

== different (T'able 6 and below).
%nsmn by distance is equivalent to the Cramer

—_—

': - —multiplication by . (of the matrix product
- see footnote 1, Table 6).
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Table 6
LAD_RS(G,) AD(G,)
i ¥k 0 1 2 3 4 RS 1 2 3 4 5 6 7 RS
1 10 39 46 35 12 142 1 0 1 2 3 1 2 10
2 39 56 35 12 0 142 4 3 4 7 10 4 7 39
3 36 74 32 0 0 142 7 4 3 4 7 7 4 36
4 26 48 48 20 0 142 6 4 2 2 2 6 4 26
r'____,_ 5 12 26 36 48 20 142 3 2 1 0 1 3 2 12
6 10 39 46 35 12 142 1 0 1 2 3 1 2 10
:._- 7 9 36 65 32 0 142 2 1 0 1 2 2 1 9
B CS 142 318 308 182 44 CS 24 14 12 18 28 24 22 142
CSk 318 616 546 176 1656*
CS1/k 318 154 60.67 11 543.67

(8 u(D,(AD,)u’
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20 Jeo A
WAl

.

operator’ =22

=

It is defined as (see Figure 6):1°

M ii M ij
[Wort s, ipls = 27 Wy, Ml =[RS(MD)M2)]IMa],  ao)

i

— where Wy, isthe walk degree of elongation [M,],, , of the vertex i, weighted
by the property collected in matrix M, (i.e., the # row sum of the matrix M,,
{ raised to power [M,] ). The diagonal entries are zero.
This matrix, that mixes three square matrices, isa true rnztrix operstor (See
below).

| A
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Pz Caloulsks Operstion  Window  Help

__—il]ﬁr_.

Laloulate matrs by Walk operator ﬂ

Souree ey Sedecies matrly
| g1_aL gl_aL
=4 g1_Cow gi_1
=4 gl Dl al DE

1 030 ¥

T Aeep matnx

| o 0K I x:.amul

FrEsT

i HerH R

Figure 6. Window of the Walk operator
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o \WTthin) Ehie AR matrix eperator, the
Flaclairrizirel zllejagfeiiie) e

o= he_f *='r IlECOVErS the £S5/ CS of the corresponding
o1 lslsmatix product

> I E,RS eguals the pairwise Hadamard product
=0 the two properties collected in and V1.
= 'The last result has no correspondence in the

e——

T
—

- Examples are glven for = A and = D_In
Tables 7 and 8 (see also footnote a, Table 3).

2004/3/30




.
(¥ . matrix operetor and the Hlzclesneicelelojire

In case of matrix W ;1 ; vz, (With M, =1, i.e., the matrix having
all non-diagonal entries unity) the meaning of their vector sumsis
given® in egs. (20) to (22).

-
o

F;-F; CS(W(Ml,l,MS)) = CS(M;M,)

— (20)
- CS(W(MS,I,Ml)) = RS(M,;M,) 1)

RS(W nm11m3) = RS(W vz mp) = RS(M) eRS(My) (22)

2004/3/30




2004/3/30

(a) u(De(W(A,l,De)))UT; (b) CS(W(A,I,De)) n CS(ADe)’ (C) RS(W(A,I,De)) = RS(A) .RS(De)

LW, .1.09 RYG) Wa,1pe(Gy)

o 1 2 3 4 RS 1 RS
15 30 42 38 17 142 0 15
2 30 57 38 17 0 142 3 0 3 6 9 3 6 30
3 27 68 47 0 0 142 6 3 0 3 6 6 3 27
4 24 4 4 30 0 142 6 4 2 0 2 6 4 24
5 17 24 27 4 30 142 4 3 2 1 0 4 3 17
6 15 30 42 38 17 142 2 1 2 3 4 0 3 15
7 14 27 54 47 0 142 3 2 1 2 33 0 14
142 280 294 214 64 142

280 588 642 256  1766°

280 147 7133 16 51433




MR

il

)

Table 8

!

LWL

LW(A,I,De)—CS(Gl) W(De,l,A)(Gl)

i ¥k 0 1 2 3 4 RS 1 2 3 4 5 7 RS
1 24 14 36 40 28 142 0 15 0 0 0O 0 0 15
2 14 60 40 28 0 142 1 0 10 0 O 10 0 30

0
3 12 54 76 0 0 142 0 9 0 9 0 0 9 27
4 18 40 36 48 0 142 0 0 12 0 12 0 0 24
5 28 18 12 36 48 142 0 0 17 0 0 0 17
6 24 14 36 40 28 142 0 15 0 0 0 15
7 2 12 32 76 0 142 0o 0 14 0 0 14
CS 142 212 268 268 104 cs® 1 39 36 26 12 10 9 142
0
CSk 212 536 804 416  1968°
CS-Vk 212 134 8933 26 46133

(@) u(D(D,A)uT; (b) CS(W(D,.1,A)) = RS(AD,); (c) CS(LW(A,1,D,)) = CS(L(AD,))
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9 I et J» Conside the benavior of the basic symmetric adjacency
A zifjc Eilstance matrices. Since the first matrix Is based on
e Connecvity relation, the corresponding will have only
o 'COI U,

-ic 1 (@long with the non-related 4 = O column).
= 5\ lare calculable by TOPOCLUJ, see Figure 7.
As ageneral property of S Vs, RS vector equals RS In the info
matrix
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File Calculake COperation  Window  Help

“imﬁtm
-

Calculate shell matrix x|

AfFtrix lis?

fations

[] Eeep matrix
[] C index
1 index
[ Palyniormial

2 Cancel |

IR

=R

Figure 7. Window of shell matrix calculation
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3.1, |

INGCESEI0] S UEICSIENCE EXIENUEN PIOPEMY IS

clefellplinleel Siznce but now! the extension s equivalent
(0] "rh"' Secand product

2 Qr : I that this ki nd of matrlx product:2®

= d_‘.,,.; P = operating within
;;matrlces IS basmai 1\ dlfflerentfrom the
‘r-_:—_:_ i working in case of LM matrices (see above).

e TheW|ener matrices W, andW are defined only on

trees.#42> They are cal cul able as the symmetric Cluj
matrices (see the next section).
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LL MATRICES

S ENRSymmENFc ClUFmatx® f LR S deinedionithe disiance
sONEEPIZC2Y (101 Other extensions see refs, 22-21), Initrees, its
[iEIFdIagEne entries count the paths going to  through 4, the
) PERERHIchiegualsthat of vertices located!closer to ;7 than

pltisjust the cardinality of the set of vertices/atoms

'e ) mg Suich condition;
ﬁ_nce IReycle-containing graphs more than one path could

pe—

—Joini7and (andthus providing different sets of

vertices, referred to 7, with respect to the path the
entries will be the maximal cardinality value, over al the paths
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Vil iy = {V veV(G),d,, <d;; p(i,v), 1 pG j)e ={i}; bk =12,...

[UCJ] .. = max |V; &
ij

FAl? ’p(i’j)k‘ (24)

= (see below).
Any other property (e.g., a property specifying the chemical nature of vertices) and
any mathematical operation (other than summation) can be considered in view of

defining the entries in the Cluj matrices of property.’-° We limit here to the counting
property, so that the entries will be integers.
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B i
eoretical Clujmeatnicesiare cal el ADIEes "basic

I

Trigerens!

MELAIEES 1Y/

Table 10

SUCJ(G))

I ¥ Kk 0 1 2 3 4 1 2 3 4 5 6 7 RS
1 1 1 2 2 1 6 0 1 1 1 1 1 1 6
2 1 15 6 3 0 24 6 0 3 3 3 6 3 24
3 1 15 13 0 0 28 4 4 0 5 S 4 6 28
ﬁ 4 1 8 4 4 0 16 2 2 2 0 6 2 2 16
= 5 1 1 1 2 2 6 1 1 1 1 0 1 1 6
= 6 1 1 2 2 1 6 1 1 1 1 1 0 1 6
7 1 1 2 3 0 6 1 1 1 1 1 1 0 6
CS 7 42 30 16 4 92° CS 15 10 9 12 17 15 14 92
CSk 42 60 48 16 166"
CS1/k 42 15 5.33 1 63.33

(a) 2x Wiener index /5 (b) 2x hyper-Wiener index
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—

JpsUmsint shell aiX liepresent just the distance-
geslileproiinaClul areees A\
] ee-extended property’ represents Cluj fragments and the involved
St matrix operation Is o | . Note that the Hadamard product
Jr Sifici(7.e., the same matrix product Is obtained by operating bothito
Efttandto rlght side).

T iEL,- {ensien by therreciprocal distance is important in modeling intra or
: ,} IIEolEcllar phenomena, which show decreasing values as distance
Toetiveen the involving partners increases.

I 0 trees thedistance extended Cluj fragments equal to the
Sdex contributions (see footnote b).

Also note that the product

leadsitora property extended by the Euclidean distance.
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—

—_—

The row sum £.5 and column sum C.5'in UCJ are related to those in the basic
matrices as.
RS(UCJ) = RS(W,) (25)
CS(UCJ) =CS(D,) (£0)

The £5and C.5in distance extended matrix D_UCJ are related to the above
~ basic matrices, defined for all vertex pairs:

RS(D_UCJ) = RS(W,) @7)
CS(D_UCT)=CS(D ) (28)

In (25) and (27) W, and W, represent the Wiener matrices defined on edge and
path, respectively.

il

J

BT

MatricesD_UCJ and D, areillustrated in Table 11.
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Table 11

D_UCJ (G))

2 3 4

(a) 2x hyper-Wiener index
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> Des ‘te tie dififierent distribution of nUMbers
(rh B1t0)the reversad meaning;: each entry count

e paths going to 7 through j), the CS in the
= _-,—*iéhell matrix of Cluj matrix transpose
~ (Trable 12) are identical to thosein

matrix (Which is an expected result).
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(a) 2xW; (b) 2x\WW

Table 12
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The symmetric matrix can be obtained from UCJ matrix by the
Fleclarnard procuct with its transpose

CJ=UC)e UCJT (29)
-~ Intrees, the following relations hold:
CI=CJ,=W, 30)
= CJ,=W,=CJ eA GD
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SRENES 1IN the shell matrix represent
souIBNNIERS te the hyper-\Wiener global index (see-
T cld) 2l 3= feotnote a).

i corresponding extension by distanceis

|valentto o) (andalso‘'V e ).

-—

= In cyclecontal ning graphs, between
the Cluj matrices and Wiener matrices (the last ones
Peling noet defined in such graphs).
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Table 13

SCJ(G))

k

i ¥
1
2
3
4
5
6
7

166* CS
268"
124.67

(a) 2x hyper Wiener index ; (b) 2x Tratch index
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i

elismatrix of the walk operator, '1-"':-- ——

r - —

Table 14

SW(A,I,De)(GI) W(A,I,De)(Gl)
vk |0 1 2 3 4 Zi‘l") 1 2 3 4 5 6 7 RS
1 11 4 6 4 15 o 1 2 3 4 2 3 15
2 1 9 12 9 0 30 3 0 3 6 9 3 6 30
3 19 18 0 0 27 6 3 0 3 6 6 3 20
: 4 1 4 8 12 0 24 6 4 2 0 2 6 4 24
= 5 11 2 6 8 17 4 3 2 1 0 4 3 17
—— 11 4 6 4 15 2 1 2 3 4 o 3 15
':'f-'_ - 7 11 4 9 0 14 3 2 1 2 3 3 0 14
cs 7 26 52 48 16 1422 CS 24 14 12 18 28 24 22 142
CSk 26 104 144 64 3380
CS1/k 26 26 16 4 72¢

(@) u(ADJu’; (b) u(A(D,eD))u’; (c) u(A(D, *RD))u’
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4. INDICES CALCULATED.

ON' LAYER AND:SHELL VAT RICES

4.1. Indices of centrality, C(M); M = LM/SM:

1
C(M), = [Z([M]fkk e } 32)

k=1
= C(M)=wY C(M), (33)

where ¢cc isthe maximal distancein G (i.e., rzmnax d(i,k)) and wisa
weighting factor
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S
INDICES CALCULATED,. ..

ON LAYER AND/SHELL MATRICES

4.1. Indices of centrocomplexity, X(M); M = LM/SM:

i . —
X(M)l Z[ZM..*]-O l] *ti (34)
j=0 Y
== X(M)=w) X (M), (35)

An example given in Table 15, for the layer matrix LCON (with p, being the
row sum £.5'in the connectivity matrix CON and w = 1).
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“INDICES CALCULATEDS
ON LAYER MATRICES

Table 15

LCON_RS(G,); w=1
i ¥ K 0 1 2 3 4 C. X,

1 1 3 5 6 3 0.1579 1.3563

r'- = 2 3 6 6 3 0 0.2312 3.6630
—— 3 4 9 5 0 0 0.3557 4.9500
e 4 4 7 5 2 0 0.2458 4.7520
: 5 3 4 4 5 2 0.1711 3.4452
6 1 3 5 6 3 0.1579 1.3563

7 2 4 7 5 0 0.2153 2.4750

Sum: 1.5349 21.9978
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POILYNOMIALS CALCULATED,ON

LAYERMATRICES™

5.1. Characteristic Polynomia

The charecteristic polynomizl of amatrix is defined (seerefs. 9, 40) by

rEIAION: - -y G M%) = det[x] - M(G)] (36)

with I being the unit matrix of a pertinent order and M is a square matrix. The
~ polynornizl rootsare just the eigenvalues of the matrix M. The string of the

[ o

-~ decreasing values of the eigenvalues is called the spectrum of M.

o

- The coefficients a, of the characteristic polynomia (M = A, in which case the
= matrix symbol is omitted) of order N are calculable from the graph G on N
vertices.

N
Ch(G,x) =Y ap(G)-x"* 37)
k=0
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- S .
ROILYNOMIALS CALCUL%}‘ED‘OE'_

. LAYERMATRICE

Villiic; Spialter, erc.®
| Jr- @esuse of the Sachs graphs, contained as subgraphsin G.
=== Vlore efficient are the numerical methods of linear algebra,

T
e
—_

~ suchrastihewell-known recursive algorithms of Le Verier,
Erame, or Fadeev.042
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YOLYNOMIALS CALCULATED ON
LAYER MATRICESs

5.2. Dis

A distance property polynomial was defined!s as:

d(G)
P(G,M,p,x) = Z p(G, M k) x* (38)
k=0

— with p(G.M.0)=P(G) =2, and p, being avertex property.

= Inrelation (38), p(G,M,k) is twice the contribution to the global
= (molecular) property P(G) of the vertex pairs located at distance
k to each other, in the graph G.

The summation runs from zero to d(G), which isthe diameter of
G or the longest distancein G.

-~
—

T—
T
—

2004/3/30




 POLYNOMIALS CAT.CULATEDION
LAYERMATRICES®™"

- Wrer tnelocal orggeriy @ = | (L2, ifleV/Erishe cetigip)
I7(c7 9N IENGLES the nUMBEr off pair Vertices separated: by.
AISHENCE! <IN G, and the
(mo exactly twice this polynomial) is recovered. In this
CEISEY , Where /V/stands for the number of
~ﬁ'c'es il the hydrogen depleted molecular graph.

2
N

3e polynomiall coefficients are calculable as
,;:f ’the colunm sums In the layer matrices and

~_ * Thus, IS written as or
Eer example, reads: the polynomial of the
shell of unsymmetric Cluj matrix, calculated by partial
charges. When ©~, Is 1, it can be omitted.
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 POLLYNOMIALS CALLCULATED, ON

LAYER MATRICES

5.3. Gl¢

1. Thesum of absolute values of the polynomial coefficients
(see the Hosoya's Z-counting polynomial* and also ref. 45):

(40)

SumP (G, x) = Z‘ak (G,x)‘
k

~ 2. The maximal and minimal values of a spectrum (see the first eigenvalue of
== A, proposed by Lovasz and Pellikan® for characterizing the branching of

-~

—

= agraph, and also ref. 47):

AR

MaxSpP(G,x) ' MinSpP(G,x) @D

Examples are given in Table 16.
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F e _
EOILYNOMIALS CALCULATEDION

-~ LAYER MATRICE

3. A distance-extended property can be calculated by evaluating
the first derivative of the polynomial, for x = 1.
4(G)

P(G,M,pl)= > k-p(G,M,k)=D _P(G) (39)
k=1

il

In case p, = 1, isjust the Wiener inclex.

. The property p, can be taken either as a crude property (i.e., the column zero in
= [.M) or within some weighting scheme (i.e., transformed by the sequence: W-
operator Wiy vz mzy W(M) matrix, LM/SM), as shown above.

Any square matrix can be used as an irifo rnzirix for the layer matrices, thus
resulting an unlirnited nurnber of property polynomials

- 1.} il
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FOLYNOMIALS CALCULATED ON LAYER MATRICES S

.

Table 16.
Distance Matrix D, Shell of Distance Matrix SD, Polynomials, Roots, MaxSpP(G,x)
and MinSpP(G,x), and SumP(G,x) (in bold).

D, SD,
X, k0 1 2 3 4 Redy
1 0 1 2 3 4 2 3 13635 1 1 4 6 4 -0.044
2 1 0 1 2 3 1 2 @ -0432 1 3 4 3 0 -0.044
3 2 1 0 1 2 2 1 -0665 1 3 6 0 0 -0.813
4 3 2 1 0 1 3 2  -1309 1 2 4 6 0 -0.813
5 4 3 2 1 0 4 3  -2000 1 1 2 6 8
6 2 1 2 3 4 0 3 -3006 1 1 4 6 4
7 3 2 1 2 3 3 0 -6223 1 1 4 9 0
SumP(G,x) 6041 7 12 28 36 16 99

Ch(G,D,x) = x’-120x>-752x4-1840x3-2080x2%-1056*-192

P(G,SD,x) = 16x4+36x3+28x2+12x+7
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G ACTIVITY PREDICTION BYAL
. i
" CLUJ-SIMIL PROGRAM

SN, /711171 21 eXpresses thereliaiedness ol twormol ecules, with'a
large it IIERIE e MOl EcU & descriptions are closely related
zirle] vv glainumber going to zero in case they are unrelated.

2 Dzs_ ' alse expresses the relatedness of two molecules,

SOt Elmber @OES|te zero When thelrr molecul ar descriptions
-:5___:-‘—-'#-:- BIEIC] OsElV/rel ated.

=—= -‘A’dlss milarity measure is the well-known

.-u-l

' '_' - Slmllarlty and dissmilarity are both included in the more
general term . Several proximity numbers are known
put we limit here to some more utilised ones.
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ACTIVITY PREDICTION BY

LUJ-SIMIL PROGRAMI

6.1 Sim

Distance indices usually assume a Minkowski metric within an m-dimensional

space: 1,40,41

1/z
m

D(x,y) = Z‘xi — Vi

i=1

Z

(42)

__- ~ where X = (X,X,,..X) and Y = (Y,,Y,,...Y,,,) are the two structures of m points. Such
- indices are extensively used owing to their geometrical interpretation:

- -when z = 1, the city-block distance (Tanimoto or the Manhattan distance )

-when z= 2, the Euclidean distance results.
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Similarity indices:
1. Carhart index:*

(43)
SIM (A, B) = me(}Ak Igi )05 T4 +> Ipy]
k k
:5_—-5- where | ,, are numbers describing molecule A and summation runs over al the
- = / descriptors taken in work.

8 SIM(A,B) takes values from 0.0 (nothing in common) to 1.0 (identity).
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Similarity indices:

2. Good index>® (linear form)

\IAk—IBk\
IM(A.B);, =1—
SIM (4, B) {maxIAk,lBk (“44)

- taking valuesin the range [0,1].

.-l

:ﬁ

ConSI dering all the »/ descriptors, the index will be:

-ﬂt

SIM (A4, B) =

45)
Wik 21

where wk isthe weighting factor for the descriptor *.
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Similarity indices:
3. Cluj-Simil Index (amodiffication of the Good index):

2 2
IHOBAE) 5

SIM (A4, B); =1-| ' .
12(4)+12(B)

:‘;'E Comercial programs for similarity search. CONCORD (University of Texas at

-~ Austin and TRIPOS Associates), ChemModel (Chemical Design Ltd.),
= ALLADIN, etc.

-ﬂt
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Ares

Any proximity measure isametric if it satisfies the relations: 3

(1) D(x,y) = 0 for x = y;
(2) D(x,y) = D(y,x) and (47)

() D(x,29 =D(x,y) + D(y,2

il

| A

-~ Similarity procedures provide partitioning of sets of molecules into cligjoirit
supsetsor clusters based on their similarity.

2004/3/30




‘Aﬁ’VITY PREDICTION BY:
LUJ-SIMIL PROGRAMI

6.2. Similarity Search by Cluj-Simil Progranmn

Similar , Using topolegical descriptors proved to be
VEAUISERuliin

e iexist global properties (i.e, propertles involving the

helemolecule) that do not need the speciffication of a

sShsiructure responsible for them (in the opposition to some
,;:gfq@artlcular pielegical activities).

"“_' Nany physico-chemical properties (of industrial importance),

schras: boeiling point, enthalpy of formation, octane numiber,
\/ISCosity/, etc. can be estimated by using appropriate

, calibrated on well-defined training sets.
* A property similarity procedure looks for similar molecular
descriptersin lists of molecules in a database.
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E

ACﬁVITY PREDICTION BY2n
LUJSSIMIL PROGRANI

NIEISOTWare ISWwritten (In
DENIA.0]anguage) for smilarity searchiin large

cleiizle)
Indices

Simil
Statistics
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Cluy=Simil Programs=

£33 Similarity - [Form1] _ - 10| |
=8| x|

Figure 8. The main window of the Cluj-Simil program
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ACTIVITY PREDICTION BY.

o

CLUJ-SIMIL, PRO

Similarity search by our program, in aset of 100 anthranylic
acids (G;), showing aniinflamatory activity (Table 17):4>4/

COOH X4
NH X2

11|
\
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- :
ACTIVITY PREDICTION BY

~ CLUJ-SIMIL PROGRA

The biological activitaty 4 was calculated from the
Minimal Effective Dose MED (mg/kgbody) by
formula:

A=log(k/ MED), k= 4000 )

Wi
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ACTIVITY PREDICTION BY
CLUJ-SIMIL PROGRAM .

.

AYNMEEIRAINYACIC DS'Wi (TIINFIEAMATORY ACTIVITY
Molecule X, X, X, X, X, |MED

1 H H H H H 200 1.3010
2 H CF, H H H 3.3 3.0835
3 H CH, H H H 100 1.6021
4 H Cl H H H 25 2.2041
5 H NH, H H H 400 1.0000
6 H OCH, H H H 50 1.9031
7 H SO,N(CH,), H H H 50 1.9031
8 H COCH, H H H 200 1.3010
9 H N(CH,), H H H 100 1.6021
10 H H cl H H
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ACTIVITY PREDICTION BY. -
CLUJ-SIMIL PROGRAM ——

AMATORY ACTIVITY

1 H C,H, H H H 200 1.3010

12 H CN H H H 25 2.2041

13 H C,H, H H H 50 1.9031

e 14 H SCH, H H H 100 1.6021

.“-.r: 15 H NO, H H H 100 1.6021
—

— 16 H OC,H, H H H 100 1.6021

- 17 H Br H H H 50 1.9031

18 H C,H, H H H 25 2.2041

19 Cl H H H H 50 1.9031

20 CH, H H H H 200 1.3010
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GAGITHIT S .
AL ELTANR ACIDS W / NFIEAIVIAT OIRY 2
.

21 H H CH, H H 400 1.0000
22 cl H cl H H 100 1.6021
23 H cl cl H H 100 1.6021
24 CH, CH, H H H 10.4 2.5850
25 CH, CF, H H H 1 3.6021
26 CH, SO,N(CH,), H H H 6.2 2.8097
27 CH, NH, H H H 50 1.9031
28 CH, N(CH,), H H H 6.2 2.8097
29 CH, cl H H H 5.3 2.8778
30 CH, OCH, H H H 6.2 2.8097

0]04 0



AN NY j
:
31 H CF, H H 100 1.6021
32 Br CF, H H 1.6 3.3979
33 Br Br H H 3.1 3.1107
34 H CH, H H 100 1.6021
35 Cl H H 12.5 2.5051
36 Br CN H H 1.5 3.4260
37 F Cl H H 3.1 3.1107
38 H Cl H H 50 1.9031
39 Cl Cl H H 2.1 3.2798
40 CH NO H H 3.1 3.1107

0]07




0]07

AYNM N'Y DS'W
.
41 CH, CN H 3.1 3.1107
42 CH, C,H, H 3.1 3.1107
43 cl H H 3.1 3.1107
44 cl CH, H 6.2 2.8097
45 cl H H 12,5 2.5051
46 CH, H H 50 1.9031
47 CH, H H 200 1.3010
48 H CH, 200 1.3010
49 CH, H 400 1.0000
50 CH, SO,N(CH,), 0.7 3.7570



ACTIVITY PREDICTION BY. -
CLUJ-SIMIL PROGRAM ——

AMATORY ACTIVITY

51 cl cl H c H 3.1 3.1107

52 H cl cl c H 200 1.3010

53 CH, CH, H CH, H 25 2.2041

54 CH, H CH, CH, H 100 1.6021

= 55 H c CH, c H 100 1.6021
——

— CH, H CH, H CH, 400 1.0000

_ 57 c SO,N(CH,), H H c 13 3.4881

58 c OCH, H H c 0.3 4.1249

59 CH, Br H H CH, 1.6 3.3979

60 c CN H H c 1.6 3.3979
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AANARIIAE "
AL[TELTL AW ACTISTW A \FEAMATORY A
.

61 i CH, Cl H H Cl 3.1 3.1107
62 CH, Cl H H CH, 0.4 4.0000
63 Cl OC,H, H H Cl 0.8 3.6990
64 CH, COCH, H H CH, 0.9 3.6478
65 CH, N(CH,), H H CH, 1.6 3.3979
66 C,H, NO, H H C,H, 12,5 2.5051
67 NH, Cl H H CH, 25 2.2041
68 CH, CH, H Cl H 25 2.2041
69 CH, CN H H CH, 0.4 4.0000
70 CH, SCH, H H CH, 0.4 4.0000

0]04 0



A PRED s
P RO
gAY 7.
-/_-’.\[’- | \[ Y, D \W. \ A DR
.
71 CH, NO, H H cl 1.6 3.3979
72 CH, C,H, H H CH, 6.2 2.8097
73 C,H, SO,N(CH,), H H C,H, 12.5 2.5051
74 C,H, COCH, H H C,H, 25 2.2041
75 cl H CF, H cl 0.8 3.6990
76 CH, SO,N(CH,), H H CH, 0.5 3.9031
77 CH, NH, H cl 6.2 2.8097
78 CH, CH, H H cl 125 2.5051
79 cl cl H CH, 0.8 3.6990
80 cl H C,H, H cl 0.8 3.6990

0]07




ACTIVITY PREDICTION BY. -
CLUJ-SIMIL PROGRAM ——

AMATORY ACTIVITY

81 cl H c c H 400 1.0000

82 cl cl cl H H 200 1.3010

83 c H c H c 100 1.6021

84 NH, CH, H H CH, 25 2.2041

= 85 CH, CH, H H CH, 6.2 2.8097
——

T c CH, H H CH, 3.1 3.1107

- 87 CH, cl H CH, H 1.6 3.3979

88 CH, C,H, H H CH, 1.6 3.3979

89 CH, NH, H H c 13 3.4881

90 CH, SO,CH, H H CH, 0.6 3.8239
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AL ELT AR STV, A 0)¢
.
91 T a N(CH,), H H Cl 0.6 3.8239
92 CH, SOCH, H H CH, 0.5 3.9031
93 Cl Cl Cl H CH, 12.5 2.5051
94 CH, CH, H CH, CH, 100 1.6021
95 cl Cl cl H cl 12,5 2.5051
96 cl CH, cl H cl 12,5 2.5051
97 cl Cl cl Cl H 100 1.6021
98 Cl Cl H Cl cl 1.6 3.3979
99 Cl Cl Cl Cl Cl 25 2.2041
100 CH, CH, Cl CH, Cl 100 1.6021
004/3/30 90



Swl iterature Data:4’

No. X, X, X, X, Xy calc Aobs
P C

1 CH, NH, H H CH, 2,121 2,784 1,903

2 CH, OCH, H H cl 3,551 3,925 3,824
3 CH, CF, H H CH, 4,121 4,156 3,699
4 CH, NO, H H CH, 3,308 2,457 3,398
5 CH, cl H H NH, 2,409 2,731 2,810
6 Cl CN H H CH, 3,839 4,759 3,903

7 cl N(CH,), H H CH, 3,625 3,463 3,398
8 CH, Cl H H cl 3,161 3,448 3,699
“BE cl cl H CH, H 2,891 2,290 2,810
10 CH, Cl H Cl H 2,728 2,634 3,398

The prediction quality by PRECLAV (R? = 0.7026, r, = 0,7333) was considered
as '"good" while those supplied by CODESSA (R? = 0,4254, r, = 0,6444)

as "'satisfactory".
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~ ACTIVITY PREDICTION BY4l
CLUI=SIMIL PROGRAM

6.3. Clu

IMSEPEaterthe initial set in two subsets: the fraiing set and the
yencprset. (In our example, the 100 molecules were partitioned

in 1:: '-'I'étlo)
tulate topolegical descriptors for all molecules of the two sets.

=€
= ;, BELErg the training set in /77 (here /7= 4) clusters,
o 41?h opHoaeaders .and simiianty criteria; as follows:
leader with (molecule # 5)

leader with (molecule # 6)

leader with (molecule # 2)

leader with (molecule #70)

A unigue chriterion was used in our example: index
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ﬁ‘VITY PREDICTION BY.
SLUJ-SIMIL PROGRAM®

Al CHlAtCHEE S rEssion equatlons (Imoene or: bivearate) i the clusters
_r Ij_r‘ __l|_[|J S8,
Here, hiemoedeling descripters were different from the similarity:
Jeren: namely, Cluj idices, centrality indices and composite indices
Alclllaiediby the aidiof Walk Matrix operator. Some of these descriptor
e to account the hetereatom and multple bond present in molecule.

were calculated by

—

-
CJ
Y
2 v-f_
)|

-*:-::‘ -

= _ e —Clusterlng the prediction set. The step 2 is repeated, with the same
= = —-~—]eaders and similarity criterion as used for the training set.

6. Predict the property A by the aid of regression equations,
—calibrated in step 4.

7. Validate the algorithm (in case the activity in the predicting set was
Known).

Reslts of the application of the above agorithm are given in Tables 19-
22 (only the prediction step).
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ACTIVITY PREDICTION BYiu
'CLUJ-SIMIL PROGRAM®

6040 Stu / ‘iM“}I{(W:mmimfl]‘W.:‘Hliﬂlhn_———.
OfAll___

Cluster (a); Leader #5.

THE EQUATION USED FOR PREDICTION (TABLE 19) ISTHAT CALIBRATED
IN THE TRAINING CLUSTER (A):

| IgMed,, =-14-10"-GjDilP + 3.3-10°° - CFDelIP “9)

== n=7, R2=0.9991
= where CJDIilP and CFDel P are the theoretical hyper-indices CIJDi and CFDeand 7 is
the number of structuresin the cluster.
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ACTIVITY PREDICTION BY2

Molecule

X

CLUJSSIMIL PROGRAMT =

Taple 19, Preclici]

A
i 'I '\1}.1" \

21 H H CH, H 1.000 1.207
3 H CH, H H 1.602 1.739
37 F Cl H H 3.111 2.825
38 H Cl H Cl 1.903 1.866
22 Cl H Cl H 1.602 2.211
23 H Cl Cl H 1.602 1.540
39 Cl Cl H H 3.280 2.825
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3.500 -

y=1.2808x - 0.5864 -
R?=0.8759

O|500 T T T T T T T T T 1
1.000 1.200 1.400 1.600 1.800 2.000 2200 2.400 2.600 2.800 3.000

A pred

Figure 9. The plot A, VvS. A_,. (cf. eq. 49)

calc

The quality of prediction is good (R2 = (0.8759), as can be seen in the plot

VS. (Figure 9). This fortunate case, when the activity of the
structures in the prediction set is known, can be considered the validation
step of the algorithm.
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ACTIVITY PREDICTION BY:
= CLUJ-SIMIL PROGRA

pediction stey

Cluster (b); Leader #6.

THE EQUATION USED FOR PREDICTION (TABLE 20) ISTHAT CALIBRATED
IN THE TRAINING CLUSTER (B):

: lgMed ,, = 69.5201- CCH —6-10"° - XCH 0

n=238; R2=0.9813

where CCH and XCH are the centrality and centrocomplexity indices,

respectively, weighted by the partial charges of atoms or of hydride groups.
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ACTIVITY PREDICTION BY«. -n.f'_- -

CLUJ-SIMIL PROGRAM

ﬂ]'“ 1|. '
il

Molecule X, X, X, X, X A ps A
14 H SCH, H H H 1.602 1.578
27 CH, NH, H H H 1.903 1.908
47 CH, H H CH, H 1301 1.778
9 H N(CH,), H H H 1.602 1.697
8 H COCH, H H H 1301 1.564
67 NH, Cl H H CH, 2.204 2.370
68 CH, CH, H cl H 2.204 2117
78 CH CH H Cl 2.505 2.761
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2.800 y = 0.9687x - 0.0821

R’ = 0.829

1.700 1.900 2.100 2.300 2.500 2.700 2.900

A pred

Figure 10. The plot A, Vs. A, (cf. eq. 50)

calc

The quality of prediction is again good (R2? = 0.829 - Figure 10).
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ACTIVITY PREDICTION BY, ...
. CLUJ-SIMILL PROGRA

Predictioiggicse

Cluster (¢); Leader #2.

THE EQUATION USED FOR PREDICTION (TABLE 21) ISTHAT CALIBRATED
IN THE TRAINING CLUSTER (C):

== lgMed ,, =3.46-107° - CjDelE —5.4-10° -W,p, 1. , (1)
— n=10; R?=0.9272

where CJDel E is the Cluj Detour index (calculated on edges) while \W ;54 is the index
obtained by the matrix operator W, ;, i3 With M, = CJD (matrix Cluj-Distance),

M, = Di (distance matrix) and M, = A (adjacency matrix).
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.
arity by (ql_l_uj-Simil.ngr?ﬁﬁ —

Q!

S)_.

Tal ~recliction in Clustes czicler H2

Molecule X, X;

95 Cl Cl Cl H Cl 2.505 2.451

93 cl cl Cl H CH, 2.505 2.451

: 96 cl CH, Cl H cl 2.505 2.451
::_ 80 Cl H C,H, H Cl 3.699 3472
= 88 CH, C,H, H H CH, 3.398 3.686
53 CH, CH, H CH, H 2.204 2.002

85 CH, CH, H H CH, 2.810 3.061

77 CH, NH, H H cl 2.810 3.061

55 H Cl CH, Cl H 1.602 1.120

52 H cl Cl Cl H 1.301 1.120
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y =0.7981x + 0.5489
R?=0.9438

Figure 11. The plot A, vs. A_,. (cf. eq. 51)

calc

The quality of prediction is the best, in our experiment: R2= 0.9438 (Figure 11).
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ACTIVITY PREDICTION BY

- I
CLUJ-SIMIL PROGRA

Predidiligyids

e

Cluster (d); Leader #70.

THE EQUATION USED FOR PREDICTION (TABLE 21) ISTHAT CALIBRATED
IN THE TRAINING CLUSTER (D):

T

1

i

!

. IgMed,, =313 10 - CjDelE—4.8-10° - W, 1

(52)
n=11; R?2=0.9596
where CJDel E is the Cluj Detour index (calculated on edges) while \W ;5.4 is the index

obtained by the matrix operator W, ;, i3 With M, = CJD (matrix Cluj-Distance),
M, = Di (distance matrix) and M, = A (adjacency matrix).
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ACTIVITY PREDICTION BYn-f'_-* g

Taile 22, Fredicijo;

CLUIESIMIL PROGRAM

™ bm'rw' 1Y

sader 70

Molecul | X, X, X, X, X,

e
69 CH, CN H H CH, 4.000 3.826
80 1 H C,H, H cl 3.699 3.633
| 93 cl cl Cl H CH, 2.505 2.709
" 96 cl CH, cl H cl 2.505 2.709

——

— 95 cl CH, 1 H cl 2.505 2.709
=0 40 CH, NO, H H H 3.111 3.856
- 2 H CF, H H H 3.084 3.328
92 CH, SOCH, H H CH, 3.903 4.191
53 CH, CH, H CH, H 2.204 2.240
85 CH, CH, H H CH, 2.810 3.192
68 CH, CH, H cl H 2.204 2.240
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y =0.9111x + 0.0889
R? =0.8692

Figure 12. The plot A, vs. A_,. (cf. eq. 52)

calc

The quality of prediction is again good (R? = 0.8692 - Figure 12)
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ACTIVITY PREDICTION Byam™™
LUJ-SIMIL PROGRAM™ =

SWANElRIon of the above predictions Is given
I rLG ure 13.
o ]—F 21 - V/S. IS
= etty good ( ), In comparison
:;:' "to the literature data (R% < 0.7100).4

= Among the 50 structures in the prediction
SEet
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y = 0.8855x + 0.1647
R? = 0.8647

Figure 13. The plot A, vS. A

(cf. eqs. 49-52)

calc
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7. CONCLUSIONS o

Layer i nave galined aconstant Interest among the chemical
UEBIISIS 100NN correlating studies and griaph discriminating analysis. It is
eIEEIthY that the super-index EATI, authored by Hu and Xu“ is based
Of} 2l JJK et originating at the

T fles eII et prioposed by Randic®? ini2001 isa matrix,
b . We recognize here the priority of the Noves birsk

Y
. = n 0 gwded 0)Y Skorobogatov 2L

= Our was to contribute, along with the well-known commercial
— regrams CODESSA 2 MOLCONN Z,°2 DRAGON,>** TOSS MODE>

- —

—— —-p
~ or POLLY *® by software Package2 (WhICh comes from an

experience of two decades of our group)*°’ to the increase of use of the
topological descriptors in modeling physico-chemical and biological

properties.
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7. CONCLUSIONS o

- Descript by the aid of : DSI, Cluj (CjDi,
SDENCIEDI, CEDE), W 11 11213, INdices of centricity and CentrocompIeX|ty
( WEIGhied by partial charges of atoms and hydride groups) for
LENTZI Ol P0SE: the and

0 IEi by the criterion: DSI (that weights the atom valency by group

._L;e _ onegatlvmes of Sanderson type) is with the

;———E{E ~" . calibrated within the traini ng set showed , that
= _recommend them for the prediction set.
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7. CONCLUSIONS o

.~ The p fior thelbiological activity of the structures in the

oredle isa arepertinent: theplot ©  vs
=hl0) ;\,z.-s "2 correlation: , which the results reported
Jf.LJ.EF ature 4

: h.
N

ur “procedure can eyl in , for fast
e = ustening, according to the similarity vs. selected leaders, and predicting

[l

— (non measured) molecular properties.
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