QUBILS-MIDAS 3D-DESCRIPTORS

1. Mathematical Definition.

The QuBILS-MIDAS molecular 3D-indices! ? are computed from the atomic contribution of
each atom in a molecule. In this way, if a molecule consists of n atoms, then the k™ two-linear,
three-linear and four-linear indices for atom “a” are calculated as n-linear algebraic maps® #

(forms) in R", in a canonical basis set, and are expressed by the following equations, respectively:

n n
mla = ma'k(f: y) = Z Z gfj’kxiyj = [X]T Gk [Y] (D
i=1 j=1
n o n n
trLla = tra'k()f, ¥, Z) = zzzgthj,lkxiyjzl =QGQT%* . x - y-z (2)
i=1 j=11=1
n n n n
quLa = qua’k(f, y,Z, M—,) — ZZZ Z gqiajlkxiyjzlwh — @,Qa.k XY-Z-W (3)
i=1 j=11=1 h=1

h
where, “a” indicates the atom (a = 1,2, ...,n), n is the number of atoms in a molecule, L, is the

entry corresponding to the contribution of the atom “a” in the vector of atom-level indices L
[designated here by the well-known acronym: LOVI (LOcal Vertex Invariant)]® © and x%,...,x",

yh ..M 24 2" and wh, ..., w" are the coordinates or components of the molecular vectors x, y, z

and w in a system of canonical (‘natural’) basis vectors of R".

The use of molecular vectors based on atomic properties as representation of the chemical
structures has been used in other works.”2° As can be noticed, these molecular vectors are weighted
with different “standard” atom- and fragment-based properties (weights) for atoms in a molecule
and thus several combinations of algebraic forms are obtained (see Table 1). The weighting
schemes (properties) used are the following: 1) atomic mass (M), 2) the van der Waals volume
(V), 3) the atomic polarizability (P), 4) atomic electronegativity in Pauling scale (E), 5) atomic
Ghose-Crippen LogP (A),'*"12 6) atomic charge (C) (Gasteiger-Marsili),** 7) atomic polar surface

area (PSA),® 8) atomic refractivity (R),'"** 9) atomic hardness (H) and 10) atomic softness (S).



Table 1. N-linear algebraic forms implemented in the QUBILS program.

Used symbols
1: Using the unitary vector

1. Two-linear [m*(x, )] . !
' 1
1 1
: <>: Using different properties :
! |
1 1
1 1

- Linear (X, Y =1)
- Bilinear (X <>)
- Quadratic (X =)

=: Using equal properties

2. Three-linear [tr¥(x,y,2)]
- Threelinear (X <> Y <> 2)
- Threelinear-Quadratic-Bilinear ((X = Y) <> Z)
- Threelinear-Bilinear (X <>Y,Z =1)
- Threelinear-Linear (X, Y =1,Z=1)
- Threelinear-Cubic (X =Y = 2)

3. Four-linear [qu*(x,y,z,w)]
- Fourlinear (X <>Y <>Z <> W)
- Fourlinear-Quadratic-Threelinear (X =Y) <>Z <> W)
- Fourlinear-Threelinear (X =1,Y <>Z <> W)
- Fourlinear-Cubic-Bilinear (X =Y =Z) <> W)
- Fourlinear-Bilinear (X =Y =1, Z<>W)
- Fourlinear-Linear (X =Y =Z =1, W)
- Fourlinear-Quadruple (X =Y =Z =W)

The coefficients g, gt5“ and gq5i; are the elements of the k™ two-tuples, three-tuples and

four-tuples atom-level spatial-(dis)similarity matrices, G**, GT** and GQ%* for atom “a”,
respectively. In this way, if each one of the k™ two-tuples [three-tuples, four- tuples] atom-level
matrices for a molecule are summed, then is obtained the corresponding k™ two-tuples [three-
tuples, four-tuples] total spatial-(dis)similarity matrix, G* [GT*, GQ¥*] (see section 2 for

mathematical definition). Therefore, each atom-level matrix define an atom-level index for atom

“a” (see Egs. 1-3). Lastly, the coefficients gfj“k, gtf}l‘k and gqf};ﬁ are obtained from the coefficients

a,k

g:} of the G*, gt of the GT* and gqf};ﬁ of the GQ¥, respectively, as follows:



g;“ =g; if the two atoms are equals atom "a"

1 . .
=5 g; if one atom is equal to atom "a" (4)
=0 otherwise
gti =gty if the three atoms are equals to atom "a"

ijl

2 .
=3 gt;, if two atoms are equals to atom "a"

) ()
=3 gtiﬁ, if one atom is equal to atom "a"
=0 otherwise
gdis =090, if the four atoms are equals to atom "a"

3 .
=2 gqi'j.Ih if three atoms are equals to atom "a"

2 k H mnan
= g9;, if two atoms are equals to atom "a (6)

1 . .
= 2 gqi'jIh if one atom is equal to atom "a"

=0 otherwise
Finally and right from the previous definitions (see Egs. 1-3), the k" total (whole-molecule)
bilinear, quadratic, linear, three-linear and four-linear indices (QuBiLS-MIDAS MDs) can be
calculated applying a set of aggregation operators (also called invariants) defined in the reports®
7" to the vector of atomic contributions, L, for instance: the sum of the atom-level indices

(components of L) to aggregate the information captured by them.

2. N-tuples Spatial-(Dis) Similarity Matrices to Represent 3D-Information of the Chemical
Structures.

The codification of 3D information of the chemical structures to compute the proposed indices
is performed through the k™ two-tuples, three-tuples and four-tuples spatial-(dis)similarity
matrices [G¥, GT* and GQ¥] for the relations among two, three and four atoms respectively (see
Egs. 1-3). The superscript k indicates the power to which G, GT and GQ are raised. In this way,

for k = 0 all entries of the matrices G°, GT® and GQ° have value 1 and for k = 1 the coefficients

gi, Oty and gay, corresponding to the matrices G', GT* and GQ! represent the information of



the interactions among two, three and four atoms respectively. The definition of the coefficients

gi, Ot and gq;, is shown below:

gilj = Dij I J
=L, i=jand lone-pairs are considered (or D,,) (7)
=0 otherwise

gty =TT, ifatomsi, jand lare not equal
=L, i=j=1Iand lone-pairs are considered (or D,,) (8)
=0 otherwise
90, =QQy, if atomsi, j, I and h are not equal
=Ly, i=]j=I=handlone-pairsare considered (or D;,) 9)
=0 otherwise

where, D;; is the (dis)-similarity between atomic nuclei i and j (see Table 1), TT;, is an measure

jl
for ternary relations of atoms and QQ;;,, is an measure for quaternary relations of atoms. The

coefficients L, L; and L;,, represents the diagonal entries of the matrices G', GT"* and GQ'

ijl
respectively, which for a greater discrimination of the molecular structures could have assigned
two different values: 1) the number of lone-pairs electrons for atoms, or 2) the Euclidean spatial

distance, D,, for each atom i and center of the molecule, o.

Table 1. Metrics used to compute the “distance” between two atoms of a molecule.

Metrics Formula? Range®  Average Range

Minkowsky (m1-m7)
p=0.250.5,1,15,2,2.5,3,and o

[where, when p= 1 it is the
1

Manbhattan, city-block or taxi distance h »\?
(also known as Hamming distance dyy = <Zj=1|xf -l )
- d
between binary vectors) and p = 2 is [0, o0) d= %/y [0, 0)
n'p

Euclidean distance)

Chebyshev/Lagrange (m8)
. dyy = max{|x; — v}
(Minkowsky formula when p = o)



n g -yl
dyy = Z T 1 1.1
Canberra (m10) j=1 || + |y;] [0,n] [0,1]

- d
dow = Y-l — vl
- . XY = Gn ~ de 1
Lance - Williams/Bray-Curtis (m11) j:1(|x,-| + |yj|) [0,1] d=r [0‘_]
n n
Clark/Coefficient of \/ =y Y
ark/Coefficient o dyy = Z ( ) 4y
=1\ | + |y onl A= [om
Divergence (m12) s=1\|x| + |y [0,n] 7 [0,vn]
d =lzh % — . .
Soergel (m13) Tl max{x;, y;} [0,1] d= % [0';]
d Zh ( ) d
= xX; — K ~
Bhattacharyya (m14) XY j=1 V6 =i [0, ) d= % [0, )
n
i =Zh < _min{x]-,yj}> .
Wave — Edges (m15) XY j=1 max{x;, y;} [0, 1] J:% [01]

dXY =1- COSXY

where,
Angular Sep_ar_atlon/[l—Cosme Cos XY [0,2]
(Ochiai)] (m16) XY
J=1%Y)

h 2 h 2
,] j=1% Xj=1Yj

&The variable x;(y;) is the value of the coordinate j of the atom s and the atom t, corresponding to the molecule X (Y),

respectively. The h value is the Cartesian coordinates (X, y, z) of an atom. The p values in Minkowsky metric are 0.25,
0.5, 1 (Manhattan), 1.5, 2 (Euclidean), 2.5 and 3 (Minkowsky). ®“Range” refers to “range” and not to “rank” and is

defined as Range = max{xj} - min{xj}.

As can be previously observed, the two-tuples spatial-(dis)similarity matrix of order 1 (G?)
constitute a generalization of the geometrical matrix'® where each entry only correspond to the
Euclidean distance!®?2 between two atoms. On the other hand and as can be analyzed, the sub-

indices i, j, I and h belonging to the ternary and quaternary measures (TT;;,QQy;,) represent the

atoms of the non-covalent interactions that are codified. Thus, the values of these sub-indices are



not always different whereby the distinct combinations of them are considered. In this way, the
three-tuples (or four-tuples) spatial-(dis)similarity matrices can be built using only ternary (or
quaternary) measures or as from the reducing of ternary (or quaternary) measures to the
corresponding inferior measures. Therefore, the following options are into accounted to build the
n-tuples matrices:

e Ternary relations:

T; three different atoms
3nC (non—complete): TT;, = _ (10)
0 otherwise

T, three different atoms

3C (complete): TT;, =1 D, twoequal atoms and one different atom (11)

0 otherwise

e Quaternary relations:

Qi four different atoms
4nC (non —complete ): QQ;, = _ 12)
0 otherwise

Qyi four different atoms
T; two equal atoms and two different atoms

4C (complete): QQ;;, = _ (13)
D; three equal atoms and one different atom

0 otherwise

where, 3C (or 4C) and 3nC (or 4nC) is the nomenclature assigned when the ternary (or quaternary)

measures can be or not reduced, respectively. In addition, Q;,, is the measure used to establish the

relation among four atoms (see Table 2B), T,, is the measure used to establish the relation among

il
three atoms (see Table 2A), and D; is the distance between two atoms (see Table 1). Table 3
shown how the reduction of the ternary and quaternary measures is fulfilled. It is important to
highlight, that to compute the ternary and quaternary measures is mandatory to select at least one
(dis)-similarity metric, except for the calculation of the measures of Volume, Bond Angle and
Dihedral Angle. This selected metric is also used when the n-way measures are reduced to

considerer relations between two atoms.



Table 2. Measures used to compute the ternary (A) and quaternary (B) relations among atoms of

Triangle Area
(m21-m22)

Summation Sides
(m25-m26)

Bond angle
(Angle between sides)

a molecule.
A) Triple Measures (TTxvz)
Measure Formula
Perimeter
T.,=d +d,_+d
(m19-m20) XYZ Xy yz X

Txvz= S(S_dxv)(s_dvz)(s_dzx)
s— dXY +de +dzx
2

Ty = dxv + de

A, A, , A, coordinates of three atoms of a molecule
U=A-A.V=A-A
U*Vv

(M27-m28) Ty, =a =arccos {—J
ul*V|

B) Quaternary Measures (QQxyzw)
Perimeter
(M19-m20) vazw = dXY + de + dzw + dwx

A A, A, A, coordinates of four atoms of a molecule
Volume 1 Ai-Aa Ar-Ag An—Aa
(m23-m24) Quxvzw :E A=A An-An A Ao

Summation Sides
(m25-m26)

A«a - Ax3 Azs _Axs ANS _Axs

vazw = dxv + de + dzw



A, A , A, coordinates of three atoms of a molecule in the plane A
B, . By, B, coordinates of three atoms of a molecule in the plane B

Dihedral Angle Uy= (Ax -A )X (AZ - Ay)
(m29-m30) Ug =(By - A )x(B, - Ay)
— = U,*Ug

Quyaw =« arccos[|UA|*|UB|J

Table 3. Reduction of the ternary and quaternary measures to compute the n-way relations among

atoms of a molecule

Quaternary Measure (Qijin) Ternary Measure (Tiji) Distance Metric (Djj)

Perimeter (quadrilateral) Perimeter (triangle) Distance between two atoms

Volume Triangle Area Distance between two atoms

Summation Sides (three sides) Distance between two atoms

N
N
> Summation Sides (two sides)
N

N2 2 2 2

Dihedral Angle Bond Angle 0

The matrices G*, GT* and GQ¥ for k > 2 are calculated multiplying the coefficients gi'}‘l, gti'}[ '

and gq:}ﬁ of the matrices G*~1, GT*~* and GQ*~1, respectively, by the corresponding coefficients

gﬁ gtiljI and gq;Ih of the matrices G!, GT* and GQ?, respectively. So, the elements of the matrix

1

k k
G* will be equal to (gﬁ) , the elements of the matrix GT* will be equal to (gt,“) and the elements

K
of the matrix GQ* will be equal to (gqilj,h) . When algebraic transformations to normalize the

elements of these matrices are not applied, then these are designated as k™" non-stochastic two-
tuples spatial-(dis)similarity matrix (NS-SDSM, ,,G¥), k™" non-stochastic three-tuples spatial-
(dis)similarity matrix (NS-T-SDSM, ,,GT¥) and k" non-stochastic four-tuples spatial-
(dis)similarity matrix (NS-Q-SDSM, ,,GQF).

The proposed matrices G*, GT* and GQ¥ can be considered as generalized matrices.*® These
matrices are computed through the Hadamard matrix product and are obtained by raising the
matrix elements both to positive or negative exponents. When the exponent k is negative then is

computed the reciprocal to each entry of the n-tuples matrices, except for the diagonal elements



when the numbers of lone-pairs is considered. The k values corresponds to non-covalent
interactions among atoms of a molecule and its maximum value (k = -12) is related with the

Lennard-Jones potential.

3. Normalization Formalisms based on Simple-Stochastic, Double-Stochastic and Mutual
Probability Schemes.

With the purpose of normalize the non-stochastic n-tuples matrices [G*, GT* and GQ¥] are
applied three probability schemes which are associated with inter-atomic interactions in the
chemical structures. The probabilistic transformations have been used in other frameworks with
successful results although these are not commonly employed in chemo-informatics studies.” 2326

In this work are used the k™ simple-stochastic two-tuples spatial-(dis)similarity matrix (SS-
SDSM, (G¥), k™ simple-stochastic three-tuples spatial-(dis)similarity matrix (SS-T-SDSM,
«sGT¥) and k™" simple-stochastic four-tuples spatial-(dis)similarity matrix (S5-Q-SDSM, ;GQ¥).

The coefficients ssgi‘j, . gti‘}, and gq:}lh corresponding to the matrices ((G*, ((GT* and ((GQ¥,

respectively, are calculated as follows:

k k
g5 _ O
ssgii} :?:n—J (14)
! Zgilj
1
tk tk
ss gti'}l - nSSg. "= n nzg L (15)
I ZZ ns gti?l
=1 1=
ns gq|k ns gqlk
ss gqil;m = S L n n n L (16)
i ZZ ns gqiljlh
=L 1= h=1

k

where, nsgi‘j, Ot and nSgqi'},h are the elements of the matrices ,,G*, ,,GT* and ,,GQF

respectively, S; is the summation of the coefficients of the row i in the matrix ,;G* or the spatial
(dis)similarity vertex degree of order k for the atom i, and S;; and S, is the summation of all
entries of the two- and three-tuples matrices corresponding to each atom i in the non-stochastic n-

tuples matrices ,,GT* and ,,;GQ¥, respectively.



From these simple-stochastic algebraic transformations are obtained non-symmetric matrices

and thus other approach to considerer is a double-stochastic scaling where the sum of the elements
of each row and column is equal to 1. However, for the n-tuples matrices (n>2) does not exist
reported algorithms to perform this transformation. Therefore, only have been employed the k™
double-stochastic two-tuples spatial-(dis)similarity matrix (DS-SDSM, ,;,G*) which is computed
through the Sinkhorn and Knopp algorithm.?’

Lastly, the k™ mutual-probability two-tuples spatial-(dis)similarity matrix (MP-SDSM,
mpGF), K" mutual-probability three-tuples spatial-(dis)similarity matrix (MP-T-SDSM, ,,,,,GT)
and k™ mutual-probability four-tuples spatial-(dis)similarity matrix (MP-Q-SDSM, mp(GQ") are
used. With the mutual-probability transformation are obtained matrices where the summation of

all entries is equal to 1. The coefficients mpgﬁ, mp gtil}I and , gqi'},h corresponding to ,,,,,G¥, ,,,,, GT*

d mp(GQ" , respectively, are computed as follows:

g _ 9
mli =5 = T a (17)
k
ol
i=l j=
t t
WOt == (18)
! ZZZ ns gtl]l
i=1 j=1 1=1
k k
- gq5|h — nsquijIh B n: gqnljlh (19)
ih ZZZZ ns gq:}lh
j=1 1=

i= 1 h=1

where, S;, Sy and S;,are the sample spaces belonging to the matrices ,;G*, ,GT* and ,,;GQ¥

ijl
respectively. The three sample spaces are computed by summing all elements of their respective

matrices.

4. Local-Fragment (group, atom-type) N-tuples Spatial-(Dis)Similarity Matrices.

The previous n-tuples matrices used to represent the relations among two, three and four atoms
(nspss,asmp] @ nsgssmp1GTY, nspssmpi@QF) can be also employed to codify information related
with groups or atom-types belonging to a specific molecular fragment F. In this way, are utilized

the k™ local-fragment two-tuples, three-tuples and four-tuples spatial-(dis)similarity matrices,



ns(ssmplGTE + nsss,mp]GTF @A pgrss mp) GQEF, respectively. The elements of these local-fragment
matrices are computed as shown below:

nssdsmdiE = nspsasmpJii i the two atoms belongs to fragment F

1 .
= S rslsss.mo) g;; if one atom belongs to fragment F (20)
=0 otherwise

wpsmeOtiie = nepsmpy Oty if the three atoms belongss to fragment F

2 .
= —nsmsmol gtifI if two atoms belongs to fragment F

3 (21)
= %ns[ss,mp] gtﬁI if one atom belongs to fragment F
=0 otherwise

nssmp] 9 = nopeme90in i the four atoms belongs to fragment F

3 .
— nsfssmp] gqi‘j.Ih if three atoms belongs to fragment F

4
%ns[ss,mp] gqi‘j.Ih if two atoms belongs to fragment F (22)
%ns[ss,mp] gqi‘j.Ih if one atom belongs to fragment F

=0 otherwise

where, the coefficients ns[ss,ds’mp]gi‘}F, nsfss.mp] gti‘}IF and ggss mp] gq:}.hF are the values of the local-
fragment matrices (55 mpiGTF » nspssmpiGTE aNd 1gps mp1 GQEF, respectively, and the elements
ns[ss,ds,mp]gil;’ ns{ss.mp] gt5| and  gqss mp] gqi'}Ih are the (dis)similarity values represented in the total

MALriCes 555 asmp]Gr nsfssmpiGT: nspss mp;GQY, respectively.

It is important highlight that to the local-fragment matrices can be applied the algorithms
specified in the Egs. 4-6 and in this way determine the k™ atom-level local-fragment matrices,
nstssmplGTE s nsissmp]GTES and gpssmp)GQE". Therefore, these matrices can be used to
compute the atom-level molecular indices for each atom “a”” of a molecule, which are represented

in the local-fragment LOVIs vector, L,. In this way, the k™ local-fragment bilinear, quadratic,
linear, three-linear and four-linear indices are calculated applying the aggregation operators over

the atom-level local-fragment vector fL.



In this software, the local-fragment MDs can be calculated by seven chemical (or functional)
groups in the molecule, these are: hydrogen bond acceptors (A), carbon atoms in aliphatic chains
(C), hydrogen bond donors (D), halogens (G), terminal methyl groups (M), carbon atoms in
aromatic portion (P) and heteroatoms (O, N and S in all valence states, denoted as X).

5. N-tuples Constraints to Consider Interactions According to Topological and/or Euclidean
Geometric Distances.
With the purpose of establishing a relation between the topological and geometrical aspects for
each group of “N” atoms considered and in this way take into account some short-, middle- and
large-relations, two procedures are defined:
e N-tuple Graph-theoretical cutoff (P) known as “path cutoff”’, based on the topological
distance. These cutoffs are denoted as: lag P for N =2, lag 3P for N =3 and lag 4P for
N=4.
e N-tuple Euclidean-geometric cutoff (L) known as “length cutoff”, based on the Euclidean
distance. These cutoffs are denoted as: lag L for N =2, lag 3L for N =3 and lag 4L for
N=4.
The application of one or both molecular cutoffs on the matrices (GJ%F), (G]’JT%F) and GQ%F) permits
to compute the two-, three- and four-tuple topological and geometric neighborhood quotient total
(or local-fragment) spatial-(dis)similarity matrices, NQG{r), NQGT{; and NQGQ(,
respectively. The coefficients of these novel matrix approaches are computed by multiplying the
elements of the matrices (GJ%F), (G]’JT%F) and GQ%F) by a ratio obtained as the number of relations

between the N considered atoms that present a topological and/or Euclidean-geometric distance

NQ 1 NQ gtl

smaller or equal to a predefined p and/or | thresholds. Then, the entries ™ ;) , ijicey and

" g0, Of the matrices NQG{,, NQGT{:, and NQGQ{, are mathematically defined as

follows:

NQgilj(F) =gi1j(F) if Prip <Py <Pmy and/or | <I;<I 23)

=0 otherwise



NQgtle(F) gtiljl(F) if Prin = Pij» P ji:Pii < Prex and/or Inin SIij1|j|’||i < Imax

=ggt.l. if P, < Pij» pj|(|l) < P andlor I —Iu IJ|(|I) |
37 i Py < PPy S P andlor g <Ll <1

m

jrtli — Tmex (24)
1 .
:ggtiﬁl(F) if pm'n < pij (jL1i) < pmax and/or Im'n < Iij agnn <l

max

=0 otherwise

" 9%y = 9%y I Prin < PP jioPiiPri S P @Ndlor 1 <Ll d by <1

_§gq1 If pm’n < pij’pjl(lh)’plh(hi) < pmax and/or Imn < IIJ IJ|(|h)’||h(hI) Imax
T i Doy < Py PP < P @ndor L <l by <1
2 If pm’n < pij pj|(|h hiy — prrax and/or Imn - Ilj Ijl(lh hi) = Irrax
_quiljlh(F) if pm’n < pjl’plh(hi) = prmx and/or Im’n < IjI’IIh(hi) = Irmx (25)
IfPrin < PP < P @ndfor 1 <11 <1

mi Ih'*hi — “max

L if < < d/ | <l <l
4gq|JIh(F) W Pmin = Bijniiniy S Prax ANAION A S biininniy S liex

=0 otherwise

where, the coefficients 0, gt;,, 90, represents the relations between two, three and four atoms

of a molecule and correspond to the total (or local-fragment) matrices (G:(F), (G'I[‘ ry and (GQ(F),

respectively. In addition, p,, and 1, represent the topological and Euclidean-geometric distance

between two atoms of a molecule, while [pm-n, pm] and [|min ,|,mx] constitute the used-defined
topological and Euclidean-geometric intervals, respectively.

Also, other molecular cutoff procedures are proposed in order to only consider the ternary (N =3)
and quaternary (N = 4) relations between atoms of a molecule whose values are consistent with

a specific multi-metric. These procedures are denominated as N-tuple Geometric cutoff based on
Multi-metrics and its mathematical definition is as follows:

N gt iji(F)y = gtuI(F) if v, < Wi StV (26)
=0 otherW|se
Ne gchljm(l:) gth(l:) OV < AVijn < OV 27)

=0 otherwise



where, v, and qv,,are the values corresponding to the calculation of a ternary and quaternary

multi-metric, respectively. In addition, [thin ,tVrmx] and [qu-n ,quax] are the predefined intervals

when cutoffs based on relations between three and four atoms are applied, respectively.
Specifically, the ternary multi-metrics that may be used include the Triangle Area (lag A), Bond
Angle (lag BA) and Ternary (or Triangle) Perimeter (lag TP); while the quaternary multi-metrics
that may be used include Volume (lag V), Dihedral Angle (lag DA) and Quaternary (or
Quadrilateral) Perimeter (lag QP).

It is important to highlight that the molecular cutoffs defined for a same number of atoms could

be simultaneously applied, e.g.: in a relation between three distinct atoms (i j=1) if any

permutation of three-tuple cutoffs (lag 3P, lag 3L, lag A, lag BA and lag TP) is used, then all the
considered criteria must be fulfilled. On the other hand, also the molecular cutoffs for relations
between two, three and four atoms can be concurrently applied on the same matrix representation.

Therefore, on four-tuple matrix approaches when four distinct atoms are analyzed (i = j=k =1)
then four-tuple cutoffs can be applied, if three distinct atoms are analyzed [(i = j)=1 = h] then
three-tuple cutoffs can be applied, and if two distinct atoms are analyzed [(i = j =1)= h] then two-

tuple cutoffs can be applied. Likewise, this previous strategy is employed on three-tuple matrix
approaches when three-tuple cutoffs and two-tuple cutoffs are computed for relations between

three (i = j =1) and two [(i = j)= 1] distinct atoms, respectively.
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