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The Wiener index, equal to the sum of the molecular graph distances, is a widely used chemical descriptor for
structure-property and structure-activity models. In recent years topological indices found new applications in
drug design, database mining, similarity and diversity assessment. As a result of the considerable interest for
topological indices, new molecular matrices were derived from graph distances: the reciprocal distance, resis-
tance distance, distance-valency, Szeged, and Cluj matrices. We present several graph descriptors derived from
the Szeged matrices: characteristic polynomials, matrix spectra, spectral moments. From the new descriptors,
several can be used in structure-property and structure-activity models.

INTRODUCTION

Numerous structural descriptors are used to compute physical, chemical, or biological proper-
ties with quantitative structure-property relationship (QSPR) and quantitative structure-activity rela-
tionship (QSAR) models. A significant fraction of the structural descriptors defined so far are derived
from the molecular graph representation of chemical compounds. Molecular graphs are non-directed
chemical graphs that represent, in different conventions, molecules. In molecular graphs vertices corre-
spond to atoms and edges represent covalent bonds between atoms, while geometrical features of mole-
cules, such as bond lengths or bond angles, are not considered. Numerous reviews? ! were published
on the theory and applications of topological indices in QSPR and QSAR models. Using molecular
graphs the chemical structure of a chemical compound can be expressed by means of various graph
matrices, polynomials, spectra, spectral moments, sequences counting distances, paths, and walks, or
topological indices. A topological index (TI) is a numerical descriptor of the molecular structure based
on certain topological feature of the molecular graph. When compared with other classes of structural
descriptors, such as geometric or quantum descriptors, topological indices have some important advan-
tages because they can be easily computed from the molecular graph and they offer a simple way of
measuring molecular branching, shape, and size. The Wiener index,!! equal to the sum of the molecular
graph distances, is a widely used chemical descriptor for structure-property and structure-activity mod-
els. The original formula for the Wiener index W can be applied only for alkanes; Hosoya proposed a
formula based on the distance matrix for computing the Wiener index for cyclic molecular graphs.!? In
recent years topological indices based on graph distances found new applications in drug design, data-
base mining, similarity and diversity assessment. As a result of the considerable interest for structural
descriptors, new topological indices were derived from graph distances: the reciprocal distance matrix
RD,!3-!® the Szeged index Sz,1%27 and Szeged matrices.?® 32 In this paper we present several graph
descriptors derived from the Szeged matrices: characteristic polynomials, matrix spectra, spectral moments.
From the new descriptors, several can be used in structure-property and structure-activity models.
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THE SZEGED INDEX AND THE SZEGED MATRICES

The original definition of the Wiener index W was formulated only for alkanes.!! Consider an
acyclic graph G = G(V,E) and denote with N, and Nj the number of vertices situated on both sides of the
edge e,; vertex v, is counted in N, while vertex v, is counted in ]\6 For acyclic graphs the Wiener index
W = W(G) of a graph G is defined with the formula:

W(G)= 2NN, )
e €E(G)
where the summation goes over all edges from the edge set £(G), e; € E(G). Hosoya proposed an
extension of the Wiener index for cyclic graphs:!?

W(G)——ZZ[DL )

izl j=1
i

Gutman introduced another formula that can be used to compute the Wiener index for cyclic
graphs. With a formula related to that used in equation (1) for the index # he introduced a new index,
the Szeged index Sz.!°-22 The interest in the new index was high, and in a short time a remarkable
research effort was made by mathematicians and chemists in order to elaborate the theory and applica-
tions of Sz.2>?7 The Szeged index is defined in the following way. Let e, be an edge of the molecular
graph G, connecting the vertices v, and v from G, v,, v, € (G). Let n, be the number of vertices v, of
the molecular graph G, having the propelty d,;< d and let n, be the number of vertices v, of the mole-
cular graph G, having the property d <d,. When a vertex v, is situated at the same distance from ver-
tices v, and v, ie. d,; dky the vertex is not counted nelther in n; nor in n.. For the two vertices that
form the edge € N gives the number of vertices closer to vertex v, and n; gives the number of vertices
closer to vertex v A formal definition of », and 7, is offered below:

=y v, v, v € NG), e, € E(G), d,;<d, } 3)
n; = {voivpv ' Vi € (G), e ;€ E(G), d, g < dg}- 4)

The Szeged index of the molecular graph G is:
Sz(G) = Zn,nj (5)

¢UeE(G)

where the summation goes over all edges e, from the edge set £(G), ¢;; & E(G). In acyclic graphs N, = n,
and N, = n.and the Wiener and Szeged indices coincide.

Diudea proposed an extension of the equations (3) and (4) for any pair of vertices v, v, €
e ¥(G).2*32 In a graph G with N vertices labeled from 1 to N, »,, represents the number of vertices v,

of the molecular graph G having the property d,, < dkj:
n; = {vk Ve Vp Vi € nG), d/a' < d/g} (6)

This quantity is the element of the nonsymmetric Szeged matrix Sz, = Sz (G), a square NN
nonsymmetric matrix:
n, if i#j
52,3, =4 7. )
0 ifi=j
The square NxN dense symmetric Szeged matrix Sz, = Szp(G) is obtained from Sz through a
symmetrization operation:

nn, ifi#j
(sz,], =4 " /. (®)
' 0 ifi=j
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With a similar symmetrization operation one obtains from Sz the square NxN sparse symmetric
Szeged matrix Sz, = Sz (G):

nn, if i#j and e € E(G
(52,1, =" [ Im s nd e, € 2O ©)
|0 if i=j or ¢, ¢ E(G)
where £(G) represents the set of edges of G. An alternative definition of the Sz, matrix is:
[Sz,],; = [A]m,; = =[A];[8z,); (10)

where [A] is the element of the adjacency matrix A = A(G). The Sz, and Sz matrices are used to
define the Szeged, Sz, and the hyper-Szeged, Sz, indices of graph G: 2832

sz=3> S s2.], ()
S::P:ZZ[SZP]U. (12)

RSZP(G), is a square NxN symmetric matrix derived

Il

The reciprocal Szeged matrix, RSz,
from the Sz, matrix: ;2831

[RSz,],

[Sz,],' if i (13)
0 ifi=j

POLYNOMIALS AND SPECTRA DERIVED FROM THE SZEGED MATRICES

The characteristic polynomial Ch(M) = Ch(M,G,x) of the molecular matrix M = M(G) is
defined with the following equation:33

Ch(M,G,x)=det(x] ~-M)= D ¢ x"" (14)

n=0

where I is the unit matrix of order N and ¢, is the nth coefficient of the characteristic polynomial
Ch(M). The molecular graph of a normal alkane with N vertices is the linear graph L,. The characteristic
polynomials of the Sz, matrices, Ch(Sz,), for the linear graphs L,—L,  are given below

Ch(Sz,,L,)= x* - 8x
Ch(Sz,,L,) = x* - 34x? + 81

Ch(Sz,,Lg) = x° - 104> + 1408x

Ch(Sz,,L;) = 26— 259x* + 11971x? — 50625

Ch(Sz,,L,) = x7 ~ 560x° + 68032x> — 1410048

Ch(Sz,,Lg) = x® - 1092x¢ + 295590x* — 18752644x% + 121550625
Ch(Sz_,L,) = x° ~ 1968x7 + 1057728x° — 162280448x> + 4743069696

Ch(Sz,.L ;)= %10~ 3333x% + 326548246 — 1045341514x* + 87561880389x2 — 797493650625



478 Ovidiu Ivanciue

The molecular graph of a cycloalkane with N vertices is the ring R,. We present below the
characteristic polynomials of the Sz, matrices, Ch(Sz,), for the rings R,—R ;.

Ch(Sz,,R))=x*-3x -2

Ch(Sz,R)) = x* — 64x?

Ch(Sz,R,) = x> — 80x> + 1280x — 2048

Ch(Sz.R,) = x® — 486x* + 59049x2 — 2125764

Ch(Sz,R;) = x7 - 567x° + 91854x* — 3720087x — 9565938

Ch(Sz,,Ry) = x* — 2048x° + 1310720x* — 268435456x?

Ch(Sz,R,) = 2% — 2304x7 + 1769472x> — 503316480x> + 38654705664x — 137438953472

Ch(Sz,,R,,) = x'° — 6250x% + 13671875x5 — 12207031250x* + 3814697265625x° —

— 381469726562500

The Ch(Sz,) polynomial has integer coefficients, with large positive or negative values. The
coefficients of this polynomial increase rapidly with the increase of the number of atoms in the molecular
graph. Without a scaling down, such structural invariants, are of little use in QSPR and QSAR studies.
The values of the Ch(Szp) polynomial of the linear molecular graphs L,~L , are presented here.

Ch(Sz,L;) = X -9x -8

Ch(8z,,L,) = x* - 58x2 - 192x - 135

Ch(Sz,,L;) = x> —226x> — 1848x2 — 4968x — 4320

Ch(Sz,,L) = X0 — 725x% - 11632x3 ~ 69996x? — 175504x — 144624

Ch(Sz,L;) = x7 — 1885x° — 52920x* - 610180x> — 3425400x% — 9134864x — 9207360

Ch(Sz,,L,) = x® — 4384x5 — 195696x° — 3772704x* ~ 38064384x> — 205599168x% -

~ 547395840x — 536544000

Ch(Sz,,L;) = x° - 9104x7 — 609968x° — 18363979x° — 305573760x* — 29597764862 —

~ 16409667600x? — 47572507008x —~ 55285493760

Ch(Sz,,L,;) = x10 - 17621x® — 1682384x7 — 74094356x5 ~ 1866611232x° —

— 28695471056x* — 270907003648x> — 1507725110272x2 - 4422668451840x —

~ 5049896140800
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The characteristic polynomials of the Szp matrices, Ch(Sz), for the rings R,-R , are:
Ch(Sz,R)) = x3-3x-2

Ch(Sz,R,)= 1%~ 66x% — 128x — 63

Ch(Sz,,R )= x% — 160x> — 1280x2 — 3840x ~ 4096

Ch(Sz,,Ry) = x% — 825x* ~ 11920x3 — 67680x% — 174336x — 170240

Ch(Sz,R;) = x7~1701x° - 51030x* — 688905x> — 4960116x* — 18600435x - 28697814
Ch(Sz,R,) = x8 — 5068x5 — 232848x° — 4779810x* — 54050976 — 349963740x2 ~

~ 1221605712x — 1789361847

Ch(Sz,,Ry) = x? —9216x7 — 688128x° — 24772608x> — 528482304x* — 704643072027
— 5798205849612 — 270582939648x — 549755813888

Ch(Sz,R,)) = x10 - 20745x® — 2163840x7 ~ 1074124802 — 3172958208x° —
~59935948800x* ~ 734967889920x> — 5686469591040x2 — 25308094791680x —

—-49516677955584

As is apparent from the above examples, all characteristic polynomials derived from the Sz,
and Sz_ matrices have large negative or positive values for their coefficients. This property makes them
unsuitable for the computation of topological indices for structure-property models. The reciprocal
Szeged matrix RSz_ has elements with lower values than those from the Sz, matrix, giving polynomials
with lower coefficients. The characteristic polynomials of the RSz, matrices, Ch(RSz,), for the linear

graphs L,—L,, are presented below.
Ch(RSzp,LS) =x3~1.5x-05
Ch(RSz L)) = x* - 0.84722x? - 0.33333x - 0.02194
Ch(RSz,,L,) = x® —0.58333x% - 0.24537x%? - 0.03318x — 0.00129
Ch(RSz,,L) = x%—0.41565x% = 0.15579x3 — 0.01974x% - 0.00066x + 0.00001
Ch(RSz,L;) = x7-0.31676x° —0.11019x* ~ 0.01430x* ~ 0.00069x?
Ch(RSzp,Lg) = x8 - 0.24811x% — 0.07783x% — 0.00903x* — 0.00029x3+ 0.00002x?
Ch(RSz,,L,) = x2—0.20106x7 - 0.05817x% — 0.00639x° — 0.00020x* + 0.00002x3

Ch(RSzp,LlO) = x10-0.16599x% — 0.04399x7 ~ 0.00435x° — 0.00008x> + 0.00002x*
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The Ch(RSz) polynomial is a new polynomial in the family of polynomials with real value
coefficients. In the above examples, the coefficients of the Ch(RSzp) polynomials are presented with
five decimal positions; the coefficients with an absolute value lower than 107 are not considered. The
characteristic polynomials of the RSz, matrices, Ch(RSz,), for the rings R,—R |, are given here.

Ch(RSz,R) = X =3x-2

Ch(RSZp,R4) = x4~ 2.25x% - 0.50x + 0.75

Ch(RSZp,RS) = x5~ 0.62500x> — 0.31250x% — 0.05859x — 0.00391

Ch(RSZp,R6) =x6_0.48611x% —0.17361x3 — 0.00651x2 + 0.00477x + 0.00054
Ch(RSZp,R7) = x7 = 0.25926x5 — 0.09602x* — 0.01600x> ~ 0.00142x% — 0.00007x
Ch(RSZp,Rg) = x8-0.21065x° — 0.06361x° — 0.00700x* ~ 0.00009x*+ 0.00005x?
Ch(RSZp,Rg) =19 - 0.14062x7 ~ 0.04102x5 — 0.00577x% — 0.00048x% + 0.00003x*
Ch(RSZp,Rm) = x10_0.11813x% — 0.02977x7 - 0.00331x% - 0.0001 7x?

The above examples demonstrate that, for the same molecular graph, the coefficients of the
Ch(RSzp) polynomials have much lower absolute values than those of the Ch(Sz,) and Ch(Szp) poly-
nomials. This property indicates that the Ch(RSzp) polynomial is fit for the development of topological
indices that can be used in structure-property or structure-biological activity studies.

The detour-distance matrix3® is a first example of a nonsymmetric matrix; such a matrix con-
tains much more information than the usual molecular symmetric matrix. We have to mention that
many graph descriptors were developed from symmetric matrices and some of them cannot be comput-
ed from nonsymmetric matrices. The characteristic polynomial is an invariant for nonsymmetric matri-
ces, and therefore it can be used for the nonsymmetric Sz, and RSz Szeged matrices. The characteris-
tic polynomials of the Sz matrices, Ch(Sz,), for the linear graphs L,-L, are given below.

Ch(Sz L) = x-5x-4

Ch(Sz,L,) =" - 18x2 — 40x — 24

Ch(Sz L) = x5 — 46x3 - 202x% - 343x - 210

Ch(Sz L) = X0 — 101x* — 730x% — 230312 — 3542x — 2205

Ch(Sz,L,)=x" - 193x> - 2076x* — 10491x* — 29322x2 — 44145x — 28350

Ch(Sz Ly = A8 — 34015 — 5088x° — 37318x* — 161712x> — 424952x% — 633804x ~ 415800
Ch(Sz,Ly) = 22 = 556x7 — 11038x5 — 110830x% — 686596x* — 2753420x° -

—7037758x2 — 10514127x — 7027020

Ch(Sz,L, )= %10 — 865x8 — 21992x7 — 288940x6 — 2410430x> — 135607 10x* —

~ 51837668x3 — 130141701x% — 194618070x — 131756625
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The characteristic polynomials of the Sz, matrices, Ch(Sz ), for the rings R,-R,, are:

Ch(Sz, ,R)=x*-3x-2

Ch(Sz,R,)=x*-18x? - 32x - IS5

Ch(Sz,R,) = x° — 40x3 — 160x% - 240x — 128

Ch(Sz,R) = x° — 105x* ~ 680x> — 1800x2 — 2208x — 1040

Ch(Sz,R)) = x — 189x° — 1890x* — 8505x* — 2041 2x2 - 25515x — 13122

Ch(Sz,R,) = x® — 364x° — 5040x° — 32130x* — 114912x3 - 238140x% — 268272x — 127575

Ch(Sz,,Ry) = »° — 576x7 — 10752x° — 967685 ~ 516096x* — 1720320x* — 3538944x7 —

—4128768x ~ 2097152

Ch(Sz,R ;) = x'0 - 945x® — 22560x" - 262080x° — 1838592x° — 8332800x* -

~ 24698880x - 46448640x% — 50462720x — 24182784

From these examples it is clear that polynomials derived from the Sz, matrix have too large
coefficients, and they are not of great use in deriving descriptors for QSPR and QSAR studies. On the

other hand, RSz, is a positive matrix with elements less or equal to unity that gives polynomials with
lower coefficients. We present below the characteristic polynomials of the RSz, matrices, Ch(RSz,),

for the linear graphs L,—L,,,.
Ch(RSz,,L;)=x3-2x -1
Ch(RSz,L,) = x* — 2.16667x2 - 1.66667x — 0.35417
Ch(RSz,,L) = x> — 2.33333x3 - 2.30556x — 0.86285x — 0.11343
Ch(RSz,L) = x5 — 2.40000x* — 2.68889x> — 1.31630x% ~ 0.31370x — 0.02914
Ch(RSz,L,) = x7 - 2.46667x° — 3.04769x* — 1.77292x* ~ 0.57164x - 0.09819x — 0.00691
Ch(RSz,,L,) = x& — 2.50238x6 — 3.29258x" ~ 2.14818x* - 0.83877x> ~ 0.19904x -
-0.02629x — 0.00146
Ch(RSz,,L,) = x° ~ 2.53810x7 ~ 3.52354x5 — 2.51252x° — 1.12327x* - 0.32808x" -
—0.0606612 — 0.00638x — 0.00029

Ch(RSz L )= +10 _ 2.56032x8 — 3.69423x7 — 2.81498x5 — 1.392562° — 0.47204x* —

—~0.10886x% — 0.01621x2 — 0.00139x — 0.00005



482 Ovidiu Ivanciuc

We give below the characteristic polynomials of the RSz, matrices, Ch(RSz,), for the rings

Ch(RSzR)=x*-3x—-2

Ch(RSz ,R,) = xt - 3x2 - 2x

Ch(RSz,,R,) = x* - 2.50000x> ~ 2.50000x2 — 0.93750x — 0.12500

Ch(RSz,R,) = x¢ — 2.50000x* — 2.50000x> — 0.93750x2 — 0.12500x

Ch(RSz,R,) = x7 - 2.33333x% ~ 2.59259x* - 1.29630x3 — 0.34568x2 — 0.04801x — 0.00274
Ch(RSz,,R,) = x® — 2.33333x% — 2.59259x° — 1.29630x* — 0.34568x> — 0.04801x7 — 0.00274x
Ch(RSz,Ry) = x% — 2.25000x7 ~ 2.62500x5 — 1.47656x> ~ 0.49219x* - 0.10254x* —
—0.01318x2 - 0.00096x — 0.00003

Ch(RSz,R ;) = x'° — 2.25000x® — 2.62500x7 — 1.47656x° — 0.49219x° — 0.10254x* —

-0.01318x - 0.00096x2 — 0.00003x

For rings, this polynomial has an interesting property: if n is odd, Ch(RSz R , )=
= xCh(RSz,R ). Similarly with the Ch(RSz ) polynomial, the examples presented here show that the
coefficients of the Ch(RSz,) polynomial have much lower absolute values than those of the Ch(Sz,)
and Ch(Sz ) polynomials. Therefore, this polynomial can be used to derive useful structural descriptors.

An eigenvalue x, of the molecular matrix M = M(G) is a zero of its chalacterlstlc polynomial,

Ch(M,G,x) =0, fori = 1 to N. The complete set of graph eigenvalues x,, x,,..., x, forms the spectrum
of the mo]ecular matrix M, Sp(M,G) = {x,, .» N}. The Sp(Sz,) spectra of some linear and

cyclic molecular graphs are presented below:
Sp(Sz,,L,) = {2.82843, 0, -2.82843}
Sp(Sz,.L,) = {5.60555, 1.60555, ~1.60555, ~5.60555}
Sp(Sz,,L;) = {9.38083, 4, 0, -4, -9.38083 }
Sp(Sz,,L,)= {14.16245, 7.32989, 2.16744, -2.16744, ~7.32989, ~14.16245}
Sp(Sz,,L,)= {19.94859, 11.66190, 5.10429, 0, -5.10429, ~11.66190, —19.94859}
Sp(Sz,,Ly) = {26.73722, 17.00887, 8.97332, 2.70168, -2.70168, -8.97332, ~17.00887, ~-26.73722}
Sp(Sz,,L,) = {34.52721,23.36715, 13.85179, 6.16250, 0, —-6.16250, -13.85179,
-23.36715, -34.52721}
Sp(Sz,.L,) = {43.31799, 30.73220, 19.75546, 10.55752, 3.21627, -3.21627,

-10.55752, -19.75546, -30.73220, -43.31799}
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Sp(Sz.R;) = {2, -1, -1}
Sp(Sz.R,) = {8,0,0, -8}
Sp(Sz,.R,) = {8, 2.47214,2.47214, -6.47214, -6.47214}

Sp(Sz.R,) = {18,9,9,-9, -9, -18}

Sp(Sz_.R,) = {18, 11.22282, 11.22282, —4.00538, —4.00538, ~16.21744, -16.21744}
Sp(Sz.Ry) = {32,22.62742,22.62742, 0, 0, -22.62742, -22.62742, -32}

Sp(Sz.R,) = {32, 24.51342,24.51342, 5.55674, 5.55674, -16, ~16, ~30.07016, -30. 07016}
Sp(Sz,.R,,) = {50, 40.45085, 40.45085, 15.45085, 15.45085, —15.45085, —15.45085, —40.45085,
—40.45085, -50}

The spectrum Sp(M,G) of the molecular graph matrix M = M(G) is used to define two molec-
ular descriptors, namely the maximum spectrum value, MaxSp, and the minimum spectrum value,

MinSp:
MaxSp = max(Sp(M,G)) (15)
MinSp = min(Sp(M,G)) (16)
From the examples presented above one can see that for linear graphs MaxSp = ~MinSp,
while for rings R, this property holds only when 1 is even. The spectra of linear graphs and those of
rings R, with n even are symmetric with respect to zero. Because the spectra Sp(Sz ) do not increase
too qu1ckly with the increase of the number of atoms in the molecular graph, they can generate useful

structural descriptors. The spectra of the Sz, matrices, Sp(Sz,), for the linear graphs L,—L,, and the
rings R;—R,, are:

Sp(Sz,.L;) = {3.37228, -1, -2.37228}
Sp(Sz,,L,) = {9.-1,-3, -5}

Sp(Sz,,L) = {18.47367, -2, ~2.41952, 6, -8.05415}

SP(Sz,,L) = {33.70984, ~1.60336, ~4.07566, ~5.10648, —9.78493, ~13.13941)

Sp(Sz,.L,) = {55.33413, ~2.90129, -3.57229, ~7.45541, ~7.49220, ~16.64330, ~17.26963}
SP(Sz,,Lg) = {85.23377, -2.21532, -5.47729, ~7.85915, ~10.27461, ~11.15931,
~21.62487, ~26.62324}

SP(Sz,.L,) = {124.04750, -3.71292, ~4.70106, ~10.57412, ~10.65248, ~14.64097,

-14.73559, ~29.95837, -35.07199}
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Sp(Szp,Lw) = {173.65460, ~2.84983, —6.75348, —10.61308, —13.75493, -16, ~18.72221,
-19.19168, —-36.66062, —49.10876}

Sp(Szp,R3) ={2,-1,-1}

Sp(SzP,R4) = {9, -1, -1, -7}

Sp(Szp,RS) = {16, 4,4, -4, 4}

Sp(SzP,RG) = {35, 4,4, -4,-4,-19}

Sp(Szp,R7) = {54, -9, -9, -9, -9, -9, -9}

Sp(Szp,Rs) = {91,-9,-9,-9,-9, -9, -9, -37}

Sp(Szp,Rg) = {128, 16, -16,-16,-16,-16, ~16, 16, -16}

Sp(Szp,Rw) = {189, -16, -16, -16,-16, -16, ~16, -16, -16, -61}

While the Sp(Sz ) spectra of linear graphs have real number values, those of the rings have

integer number values. Also we have to point that the R spectra show degenerate values, e.g. for R,
the eigenvalue —16 is eight-times degenerated. The spectra of the RSz matrices, Sp(RSz ), for the lin-
ear graphs L,~L,, and the rings R,—R, are presented below.

SP(RSz,,L,) = {1.36603, 0.36603, —1}
Sp(RSz,,L,) = {1.08333, -0.08333, -0.41667, —0.58333}

SP(RSz,,L;) = {0.93994, —0.06583, -0.16667, ~0.33333, -0.37411}

SP(RSz,,Ly) = {0.80129, 0.01419, -0.09193, -0.18036, —0.25559, -0.28760}
Sp(RSz,,L,) = {0.70893, 0.00961, -0.01990, —0.12768, —0.13016, -0.21526, -0.22554}
SP(RSz,,Ly) = {0.62904, 0.05480, —0.02533, -0.07932, —0.09882, -0.10939, -0.18065,
~0.19033}

SP(RSz,,L,) = {0.56914, 0.05973, —0.00754, ~0.06269, ~0.06355, ~0.08693, ~0.08761,
-0.15925, —0.16130}

SP(RSz,,L,)) = {0.51725,0.07530, ~0.01018, -0.04666, ~0.05045, -0.05240, -0.07327,
~0.07741, -0.13945, —0.14274}

SP(RSz,R,) = {2,-1,-1}

Sp(RSz,R,) = {1.5,0.5, -1, -1}



