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ABSTRACT: Reflexive polytopes in n dimensions have attracted much attention both in
mathematics and theoretical physics due to their connection to Fano n-folds and mirror
symmetry. This work focuses on the 18 regular reflexive polytopes corresponding to smooth
Fano 3-folds. For the first time, we show that all 18 regular reflexive polytopes have
corresponding 2d (0,2) gauge theories realized by brane brick models. These 2d gauge
theories can be considered as the worldvolume theories of D1-branes probing the toric
Calabi-Yau 4-singularities whose toric diagrams are given by the associated regular reflexive
polytopes. The generators of the mesonic moduli space of the brane brick models are shown
to form a lattice of generators due to the charges under the rank 3 mesonic flavor symmetry.
It is shown that the lattice of generators is the exact polar dual reflexive polytope to the
corresponding toric diagram of the brane brick model. This duality not only highlights the
close relationship between the geometry and 2d gauge theory, but also opens up pathways
towards new discoveries in relation to reflexive polytopes and brane brick models.
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1 Introduction

The study of worldvolume theories of D-branes probing Calabi-Yau singularities has been
immensely fruitful in the past [1-4]. More recently, interest has grown in studying the
setup of D1-branes probing Calabi-Yau 4-fold singularities as a pathway towards a better
understanding of 2d N' = (0, 2) gauge theories [5-11]. When the Calabi-Yau 4-fold is toric,
it was shown that the corresponding gauge theories are endowed with additional structural
features. In this case, the map between the Calabi-Yau geometry and the gauge theory
is considerably simplified by what we now call as brane brick models, which are Type
ITA configurations that are connected to the D1-brane at the Calabi-Yau singularity via
T-duality [5, 6]. One of the main virtues of these brane setups is that both the gauge theory
and the underlying geometry can be easily determined from them.

There are various approaches for deriving the brane brick models associated to a given
toric Calabi-Yau 4-fold, including partial resolution [5, 6], mirror symmetry [8] and the
topological B-model [12, 13]. In addition, more efficient algorithms that apply to large
classes of toric geometries, such as orbifold reduction, 3d printing and Calabi-Yau products,
have been developed [14-16]. Using these methods, brane brick models corresponding
to a variety of toric Calabi-Yau 4-folds have been found. Interestingly, some of these
examples involve 2d (0, 2) gauge theories that exhibit novel gauge theory phenomena such as
triality [17, 18], which through brane brick models obtained a brane picture interpretation
as well as a geometrical interpretation through Calabi-Yau mirror symmetry [7, 8].

A particular class of toric Calabi-Yau 4-folds however has not yet been systematically
studied in the context of brane brick models and the corresponding 2d supersymmetric gauge
theories. This class of toric Calabi-Yau 4-folds is realized as complex cones over Gorenstein
Fano varieties that are constructed from a special set of lattice polytopes known as reflexive
polytopes. This class of polytopes is special because they come in pairs that are related by a
polar duality, which only exists between reflexive polytopes. Due to this property, reflexive
polytopes have a long history in string theory, beginning with their introduction through mir-
ror symmetry [19-23] in the study of string theory compactifications on Calabi-Yau manifolds.
Batyrev and Borisov [22-26] pioneered the systematic search for mirror paired Calabi-Yau
manifolds that are realized as hypersurfaces in toric varieties given by pairs of dual reflexive
polytopes. Figure 1 shows an example of two dual reflexive polytopes in dimension 3.

Thanks to the tour de force search for reflexive polytopes by Kreuzer and Skarke [19-21],
we know today how many of them exist up to lattice dimension 4. Our interest lies in



Figure 1. The toric diagram for M2 (P? x P!) and the corresponding dual polytope. Both are
reflexive polytopes in dimension 3 with the single interior point highlighted in red.

lattice dimension 3, where there are 4,319 reflexive polytopes up to GL(3,Z) equivalence.
The corresponding toric varieties are known as Fano 3-folds. In order to study brane
brick models corresponding to these reflexive polytopes, we are interested in the associated
complex cones — the non-compact toric Calabi-Yau 4-folds.

In this work, we focus on reflexive polytopes in dimension 3 that are also regular. A
reflexive polytope is regular if every cone in the fan defined by the polytope has generators
that form part of a Z-basis. Amongst the 4,319 reflexive polytopes in dimension 3, there
are a manageable subset of 18 polytopes that are both reflexive and regular. A property of
regular reflexive polytopes is that their associated Gorenstein Fano varieties are smooth.
The fact that the polytopes are reflexive and regular has an interesting consequence for the
corresponding brane brick models that we aim to explore as part of this work.

One of the main aims of this work is to find first the brane brick models and hence the
corresponding 2d (0,2) gauge theories for toric Calabi-Yau 4-folds whose toric diagrams
are the 18 regular reflexive polytopes in dimension 3. Because the toric diagrams are
regular and reflexive, GLSM fields associated to brick matchings in the brane brick model
either refer to the extremal corner points or the single interior point of the toric diagram.
Moreover, the toric Calabi-Yau 4-fold given by the regular reflexive polytopes is expected
to be the mesonic moduli space of the 2d (0,2) gauge theories represented by the brane
brick models. The spectrum of mesonic gauge invariant operators is therefore intricately
lined to the GLSM fields corresponding to the points in the regular reflexive toric diagram.

In order to study this correspondence, we calculate the full spectrum of mesonic gauge
invariant operators by obtaining the generating function known as the Hilbert series [27-29].
Using plethystics [30, 31], we are able to identify the generating set of mesonic gauge invariant
operators for each brane brick model associated to a regular reflexive polytope. As it is the
case for any mesonic gauge invariant operator, the generators carry charges under the global
symmetry of the gauge theory, which can be obtained from the isometry of the corresponding
toric Calabi-Yau 4-fold. The mesonic flavor symmetry, which is part of the global symmetry,
assigns charges to the generators that can be scaled to be integer valued. This enables us
to represent each set of mesonic flavor charges carried by a generator as a point on a Z3
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Figure 2. The 18 regular reflexive polytopes in dimension 3 corresponding to toric non-compact
Calabi-Yau 4-folds and corresponding smooth Fano 3-folds.



lattice. The convex hull of the set points associated to the set of generators of the mesonic
moduli space forms a convex lattice polygon, which we call as the generator lattice.

One of the main results of this work is that for all 18 brane brick models corresponding to
toric Calabi-Yau 4-folds whose toric diagram is a regular reflexive polygon, the corresponding
mesonic moduli spaces have a generator lattice which is the polar dual to the toric diagram
of the Calabi-Yau 4-fold. This correspondence between the toric diagrams and the generator
lattices of the mesonic moduli space is exact because on both sides of the correspondence we
are dealing with reflexive polytopes on a Z3 lattice. Our work illustrates this correspondence
explicitly for all 18 regular reflexive polytopes corresponding to the 18 smooth Fano 3-folds
for the first time, whilst making simultaneously a connection to 2d (0,2) gauge theories
realized by brane brick models.

Our work is structured as follows. In section 2, we give a brief overview of reflexive poly-
topes and talk about the construction of Fano n-folds. The appearance of the corresponding
non-compact toric Calabi-Yau 4-folds is discussed. Section 3 continues with a review on
brane brick models and the realization of 2d (0, 2) gauge theories as worldvolume theories of
D1-brane probing toric Calabi-Yau 4-folds. We discuss the characterization of the mesonic
moduli spaces of brane brick models in terms of Hilbert series and the construction of gen-
erator lattices. The following sections then discuss the brane brick models for the 18 regular
reflexive polytopes and illustrate how the toric diagrams are polar duals to the corresponding
generator lattices. We conclude our work with a short summary of its main results.

2 18 smooth Fano 3-folds and toric Calabi-Yau 4-folds

Let us begin with a short review about the particular set of lattice polytopes known as
reflexive polytopes and the role they play in our work.

2.1 Reflexive polytopes

Reflexive polytopes form a special subset of lattice polytopes A, in Z™. We call the convex
hull of a finite number of points in Z™ a lattice polytope A,, in dimension n. The vertices
of the lattice polytope form the set A,, NZ". In this work, we call these convex lattice
polytopes A, also toric diagrams.

A lattice polytope is called reflexive if the dual polytope (sometimes also known as the
polar polytope) given by

A°={veEZ" |m-n>-1VmeA,}, (2.1)

is also a lattice polytope in Z™. Reflexive polytopes and their duals have a unique interior
lattice point at the origin (0,...,0) € Z™.

For a given n, there is a finite number of such reflexive polytopes up to GL(n,Z) equiv-
alence and this makes the problem of classifying these reflexive polytopes an interesting
combinatorial problem. For n = 2, it is straightforward to identify the 16 reflexive polygons
up to GL(2,Z) equivalence. For higher n, the problem of classifying all reflexive polytopes
becomes significantly more complicated. Due to Kreuzer-Skarke [19-21], the number of re-
flexive polytopes is known to be 4,319 in n = 3 and 473,800 in n = 4 as summarized in table 1.



d | Number of Polytopes | Number of Regular Polytopes
1 1 1

2 16 5

3 4,319 18

4 473,800,776 124

Table 1. The number of distinct reflexive polytopes and distinct regular reflexive polytopes in
dimension d < 4 [19-21].

A subset of reflexive polytopes in each dimension n is known to be regular. A polytope
is called regular if every cone in the fan has generators that form part of a Z-basis. That
means, for instance in dimension n = 2, the boundary edges of the polygons do not contain
any internal points. For dimension n = 3, the boundary faces of regular polytopes are all
triangles that do not contain internal points on their boundary edges and in the interior of
the triangles. There are exactly 18 regular reflexive polytopes in dimension n = 3 as shown
in table 1. Batyrev-Borisov [22-26] studied these reflexive polytopes A, in n dimensions in
order construct new families of smooth Calabi-Yau hypersurfaces in toric varieties given by
A,,. To be more precise, if A, is reflexive, it corresponds to a Gorenstein toric Fano variety
X(Ap). We here also call X(A,,) a toric Fano n-fold, which is smooth if A, is regular
in addition to being reflexive. The duality between reflexive polytopes that relates dual
families of smooth Fano n-folds X (A,) has been shown to be mirror symmetry [19-23|.

Every reflexive polytope A, is also associated with a non-compact toric Calabi-Yau
(n+1)-fold, which is basically the affine cone over the base X (A,,). As discussed in [32], many
properties of the Fano n-folds can be related to geometrical properties of the corresponding
toric Calabi-Yau (n + 1)-folds. The following section summarizes both constructions for
given A,,, their geometrical properties and the notation that we use to identify them.

2.2 Fano n-folds and Calabi-Yau (n + 1)-folds

The following section gives a brief summary on Fano n-folds and non-compact toric Calabi-
Yau (n + 1)-folds that correspond to reflexive polytopes A,.

Fano n-folds. Given a lattice polytope A, in dimension n, one can construct a compact
toric variety X (A,,) of complex dimension n [33, 34]. From the lattice polytope, one can
construct the normal fan ¥(A,) as the positive hull of the n-cones over all the faces of
A,,. Given the fan ¥ from the polytope A,,, the corresponding compact toric variety X ()
follows by gluing in the standard way the affine varieties of each of the cones in 3. If the
lattice polytope A, is reflexive, X (X) is known as a Gorenstein toric Fano variety or short
as a Fano n-fold [35]. Furthermore, if A,, is regular, meaning every cone in the fan 3(Aj,)
has generators that form part of a Z-basis, X (3) is also known to be smooth [34].

As discussed in section 2.1, there are in dimension n = 3 precisely 18 distinct reflexive
polytopes that are regular. Each of these 18 polytopes corresponds to a smooth toric
Fano 3-fold X (As3). In this work, we concentrate on these 18 reflexive polytopes and



’ Model ‘ Polytope ‘ E ‘ Calabi-Yau 4-fold ‘ Fano 3-fold ‘
1 (0) 4 C*/Z4 (1,1,1,1) P3
2 (4) 5| M32,y%3(CP?), PY_(dPy) P2 x P!
3 (5) 5 Y24(CP?) P(Op2 @ Op2(1))
4 (6) 5 Pl_(dPy) P(Op1 & Op1 & Op1(1))
5 (7) 5 Y22 (CP?) P(Op2 @ Op2(2))
6 (24) 6 PL_(dPy) P(Op1xp1 & Opryp1 (1, —1))
7 (25) 6 Py (dPy) PL-blowup of 5
8 (26) 6 Py H(dPy) P(Ogp, ® Oqp, (1)), lap, =1
9 (27) 6 | Y2L(CP' x CP'), P2_(dPy) | P(Opiypr @ Opiypi(1,1))
10 (28) 6 P3_(dPy) PL-blowup of 3
11 (29) 6 PY_(dPy), Pl_(Fp) dP; x P!
12 (30) 6 QYN Zy, P)_(Fy) P! x P! x P!
13 (81) 7 Pl_(dPy) dP3 bundle of P!
14 (82) 7 P?_(dPy) dP5 bundle of P!
15 (83) 7 P3_(dPs) dP5 bundle of P!
16 (84) 7 PY_(dPy) dPy x P!
17 (218) 8 PY_(dP3) dP3 x P!
18 (219) 8 Pl_(dP3) dP3 bundle of P!

Table 2. The names of smooth Fano 3-folds and toric Calabi-Yau 4-folds corresponding to the
18 regular reflexive polytopes in dimension 3. E is the number of external points of the reflexive

polytope.

the corresponding toric Fano 3-folds. Figure 2 shows the 18 reflexive polytopes with the
corresponding names of toric Fano 3-folds. Table 2 also summarizes the names for the 18
toric Fano 3-folds with the corresponding SAGE polytope index [36].

Non-compact Calabi-Yau (n+ 1)-folds. A lattice polytope A,, can also be associated
to a non-compact toric Calabi-Yau (n + 1)-fold. The complex cone over the toric variety
X (Ay) associated to the lattice polytope A, is an affine toric Calabi-Yau (n + 1)-fold X, 4;
of complex dimension n + 1.

Let us give a brief overview on the construction of &), 1. First, let us explicitly define
the polyhedral cones o that are generated by the vertices of X (A,,). Given that the vertices
of X(A,) are in Z", the origin N := (0,...,0) € Z"! is taken to be the apex of the
polytope in Z™. Then the vectors u; from this apex to the vertices of X (A,,) generate the
cone o as follows

a:{Z)\iui ’ /\UIZO} C Ng:=NxzR. (2.2)

u;



Like the polytope A,, having a dual following (2.1), the cone also has a dual ¢ that lives
in Mg := M @z R where M := hom(N,Z). The dual cone ¢ is given by

o/ ={veMg|v-u>0 Yuco}. (2.3)

Following the definition of the dual cone oV, X, 11 can be identified as the maximal spectrum
of the group algebra generated by the lattice points covered by oV in M. This is given by

X, +1 ~ Spec (Clo¥ N M]) . (2.4)

Note that the end-points of the vectors generating the cone are all co-hyperplanar. This
guarantees that X, 11 is a Gorenstein singularity and hence relates to a Calabi-Yau manifold.

While &), 11 can be considered as the complex cone over the Gorenstein Fano variety
X(Ay), as a toric non-compact Calabi-Yau (n + 1)-fold it is also a real cone over a
Sasaki-Einstein manifold Y of real dimension 2n + 1. The Sasaki-Einstein manifold Y is a
Riemannian manifold where the cone over Y has a metric of the form

ds?(Xpe1) = dr? 4+ r2ds(Y), (2.5)

which is Ricci-flat and Kéhler. The metrics of large classes of Sasaki-Einstein manifolds
were found in the past [37-39]. Moreover, these Sasaki-Einstein manifolds have a volume.
The volume has a minimum non-zero point that determines the Reeb vector field for the
corresponding Sasaki-Einstein manifold [40]. The volume functional that is used for the
minimization process can be written in terms of the Reeb vector field. In [32], it was shown
that the minimum volume of Sasaki-Einstein manifolds corresponding to toric Calabi-Yau
manifolds and obtained from reflexive polytopes up to dimension n = 4 are related to
topological quantities such as the Chern number and the Euler number of the toric varieties.

In this work, we concentrate on the 18 regular reflexive polytopes in dimension n = 3
and the corresponding non-compact toric Calabi-Yau 4-folds. The 18 polytopes with the
names of the corresponding Calabi-Yau 4-folds are shown in figure 2 and listed in table 2.
Note that the toric Calabi-Yau 4-folds corresponding to regular reflexive polytopes A3 and
smooth Fano 3-folds are part of one or multiple large families of toric Calabi-Yau 4-folds.
Accordingly, the naming convention for the toric Calabi-Yau 4-folds follows the naming
conventions for these large families, which are as follows:

o Abelian orbifolds of C*. Abelian orbifolds of C* take the general form C*/Z,, x

ZLpy X ZLp, where the order of the orbifold is N = ninons. For each Z,, factor, there

is an integer 4 vector (ai,as,as,as) that determines the orbifold Z,,-action on C*.

Given that C* has coordinates zj, the orbifold Zn,;-action (a;1, a2, ai3, ai4) acts on
the coordinates as follows

25— wi k2 (2.6)

where (w;)" =

1. The corresponding convex lattice polytopes Ag for Abelian orbifolds
of C* are 3-dimensional lattice tetrahedra with polytope volume N, where the volume
of C* is normalized to 1. Distinct Abelian orbifolds of C* for a given order N were

counted and classified in [41, 42]. Since all Abelian orbifolds of C* are toric Calabi-Yau



4-folds, we label the Calabi-Yau geometries with the orbifold name containing the
orbifold action on C*. In this work, the Abelian orbifold of the form C*/Z, with
action (1,1,1,1) is the only example where the corresponding polytope Ay is a regular
reflexive polytope. In fact, the toric diagram for C*/Z, with action (1,1,1,1) is the
unique regular lattice tetrahedron with a single internal point as shown as Model 1
with polytope index (0) in figure 2 and table 2.

M3? and QYY1 /Zy. M3? and QUM are Sasaki-Einstein 7-manifolds [43] whose
metric is explicitly known. They are higher-dimensional generalizations of the famous
T1! Sasaki-Einstein 5-manifold and were some of the few known Sasaki-Einstein
7-manifolds before the discovery of some infinite families. The cone over M3? is a
toric Calabi-Yau 4-fold which has a regular reflexive polytope as its toric diagram. In
figure 2 and table 2, this Calabi-Yau 4-fold is labeled as Model 2. In addition, even
though M?>? refers to the Sasaki-Einstein 7-manifold, we use the name interchangeably
also for the corresponding Calabi-Yau cone. The cone over Q1! is a toric Calabi-Yau
4-fold whose toric diagram is the smallest lattice octahedron in Z3. The non-trivial
Zs orbifold on this Calabi-Yau 4-fold has the regular lattice octahedron with a single
internal point as its toric diagram as shown as Model 12 in figure 2 and table 2. We
refer to this Calabi-Yau 4-fold as Q%11 /Z,.

YPF(CP?) and YP*(CP' x CP!) families. Tt was shown in [37, 38] that in all odd
dimensions there are infinite families of Sasaki-Einstein manifolds. In particular, [39]
shows that for any positive curvature Kéhler-Einstein manifold By, there is an
infinite class of Sasaki-Einstein (2m + 3)-manifolds. In the case for Sasaki-Einstein
7-manifolds, two infinite classes labeled by two integers p and k were found with By
being CP? and CP! x CP!. These are known as Y?*(CP?) and YP*(CP! x CP') and
the cone over these Sasaki-Einstein 7-manifolds is a toric Calabi-Yau 4-fold. The
coordinates of the toric diagrams of these Calabi-Yau 4-folds can be written in terms
of the integers p and k as illustrated in figure 3. In the particular cases of Y23(CP?),
Y24(CP?), Y2°(CP?) and Y>!(CP! x CP!), the corresponding toric diagrams are
regular reflexive polytopes as shown in figure 2 and table 2. We refer to these as
Models 2, 3, 5 and 9 respectively and also refer to the toric Calabi-Yau 4-folds by the
names of the corresponding Sasaki-Einstein 7-manifolds.

Calabi- Yau 4-folds with a Calabi-Yau 3-fold base. In this work, we introduce names
for toric Calabi-Yau 4-folds whose toric diagrams relate to toric diagrams of toric
Calabi-Yau 3-folds. Given the toric diagram of a toric Calabi-Yau 3-fold, it can be
placed on the plane z = 0 in a Z3 lattice. By adding additional lattice points above or
below the z = 0 plane, the convex hull of all the points forms a 3-dimensional convex
lattice polytope corresponding to a toric Calabi-Yau 4-fold. For example, if one adds
a single lattice point at height z = 1 above the toric diagram of the Calabi-Yau
3-fold (CY3) at height z = 0, the resulting toric diagram will correspond to the toric
Calabi-Yau 4-fold of the form C x CYs.



yPk(CP?) YPH(CP' x CP")

(1,0, k)

Figure 3. Toric diagrams corresponding to the Y?*(CP?) and Y?#(CP* x CP") families of toric
Calabi-Yau 4-folds.

In order to refer to toric Calabi-Yau 4-folds with reflexive polytopes Ags as their toric
diagrams, we add two lattice points to a toric diagram As at height z = 0. One point
is added above As at height z = 1 and another point is added below As at height
z = —1. If Ay is a reflexive polygon in 2-dimension then the resulting Az from this
construction is also a reflexive polygon. We denote such toric Calabi-Yau 4-folds
as Pi_(CYj3), where i labels the GL(3, Z)-distinct combinations of adding a lattice
point at height z = 1 above and at height z = —1 below the toric diagram of CYs3.
Figure 4 shows how Models 2 and 4 are respectively P?_(dPg) and P{_(dPg) and
accordingly refer to examples of toric diagrams of Calabi-Yau 4-folds obtained from
the toric diagram of dPg, which refers to both the 0-th del Pezzo surface and the
3-dimensional Calabi-Yau cone over it.

Figure 4 shows a generalization of this construction with Model 7, where starting
from the toric diagram of dPg, two lattice points are added at height z = 1 and one
at height z = —1, giving a regular reflexive polytope for a toric Calabi-Yau 4-fold that
we call Py (dPg). The last example in figure 4 is a case when starting with the toric
diagram of dPg, two lattice points are added at height z = 1, one added at height
z = —1 and one external point of the toric diagram of dPg lifted to height z = 1.
We refer to the toric Calabi-Yau 4-fold of the resulting regular reflexive polytope as
Py H,(dPy), where the added H; indicated the lifting of an external point of the
toric diagram of dPy.

In this work, most toric Calabi-Yau 4-folds whose toric diagrams are regular reflexive
lattice polytopes are of the form Pj,(CYg). For some cases, a given toric Calabi-Yau
4-fold Pi_(CYs3) is the same as adding lattice points to another toric Calabi-Yau
3-fold CY%, i.e. PL_(CY%). An example would be P!_(Fp), which is the same as
PY_(dPy) as illustrated in figure 5. Here, Fy refers to both the zeroth Hirzebruch
surface and the Calabi-Yau cone over it similar to the first del Pezzo surface dP;.



2 PY_(dPy) 4 P! _(dPy) T P (dPy) 8 P H,(dPy)

v =

Figure 4. Naming convention for toric Calabi-Yau 4-folds that are related to toric Calabi-Yau
3-folds. The red lattice points indicate the unique internal point of the regular reflexive polytopes.

! P%_(dPy)

P!_(Fo)

Figure 5. The toric diagram for P}_(Fp) is the same as P _(dPy).

3 Brane brick models and their mesonic moduli space

In the following section, we summarize the construction of brane brick models that corre-
spond to 2d (0,2) supersymmetric gauge theories corresponding to toric Calabi-Yau 4-folds.
We discuss in particular the construction of the mesonic moduli space M™ of these 2d
(0,2) supersymmetric gauge theories that exhibits interesting features for the case when
the toric diagram for the corresponding Calabi-Yau 4-folds is a regular reflexive polytope.
For completeness, a brief review of brane brick models is presented here and the reader is
referred to [5, 6] for more details.

3.1 2d (0,2) theories and toric Calabi-Yau 4-folds

Quiver. The gauge symmetry and matter content of the 2d (0,2) theories are encoded in
a generalized quiver diagram. The generalized quiver diagram contains two types of fields
in the bifundamental or adjoint representation of the U(XV;) gauge groups. The fields are
either chiral X;;, represented by directed black arrows in the quiver diagram, or Fermi A;;,
represented by unoriented red lines in the quiver diagram. Fermi fields are not assigned an
orientation, as illustrated in figure 6, due to the A;; Kji symmetry of 2d (0,2) theories.
The nodes of the quiver correspond to the U(NN;) gauge groups of the 2d (0,2) theory.
Figure 7 shows an example of a quiver diagram for the 2d (0,2) theory corresponding to
the Abelian orbifold of the form C*/Zy (1,1,1,1).
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Gauge Group Chiral Fermi
U(N;) Xij Ajj
I i J I J
Figure 6. Quiver representation of U(N;) gauge groups, chiral and Fermi fields. The subindices of

field variables indicate the gauge nodes under which they transform. Fermi fields are not assigned
an orientation due to the A;; <> Aj; symmetry.

3 3

CO——0

Figure 7. Quiver for C*/Zy (1,1,1,1). The numbers next to edges correspond to the multiplicity
of field between the adjacent nodes in the quiver diagram.

In this work, we focus on the case when all ranks of the gauge groups are equal, i.e.
N; = N. This simplifies the non-abelian SU(N;)? anomaly cancellation conditions on
the quiver [5, 6.1 It states that for each quiver node i, the number of connected arrows
corresponding to chiral fields n} and Fermi fields n!" need to satisfy the following condition

nX —nl =2. (3.1)
Adjoint chiral or Fermi fields contribute 2 to n) and nf’, respectively.

Binomial J- and E-terms. Every Fermi field A;; corresponds to a pair of holomorphic
functions of chiral fields, which we call E;;(X) and Jj(X). These functions are restricted
to be binomial in the case when the probed Calabi-Yau 4-fold is toric. This is linked to
the fact that ideals defining toric varieties are binomial prime ideals, which are precisely
defined by the J- and E-terms of the 2d (0, 2) theory as we will see below in the discussion
on moduli spaces. For now, it is noted that this restriction was called the toric condition
in [5, 6] and implies the following general form of the J- and E-terms,

JjZ‘ZJ;;—Jj_i, EijIEi—;—Ei}, (3.2)
where Jjj:T and Elj; are holomorphic monomials in chiral fields.

As we will see in the following sections, this work will identify for each toric Calabi-Yau
4-fold whose toric diagram is a regular reflexive polygon a corresponding 2d (0,2) theory,
which is the worldvolume theory of the D1-brane probing the Calabi-Yau 4-fold. For each
of the 18 regular reflexive polytopes, we will uniquely identify the corresponding 2d (0, 2)
theory in terms of its J- and E-terms and its quiver diagram.

'For this class of 2d (0,2) theories living on D1-branes probing Calabi-Yau singularities, Abelian gauge
anomalies are cancelled by a generalized Green-Schwarz mechanism through interactions with bulk RR-
field [44].
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D4 | x x x -+ X -+ X

NS5 | x x b))

Table 3. Brane brick models are Type ITA configurations where D4-branes are suspended from
an NSb-brane that wraps a holomorphic surface ¥. This configuration is T-dual to the D1-brane
probing the toric Calabi-Yau 4-fold corresponding to X.

3.2 Brane brick models

The 2d (0,2) worldvolume theory of probe D1-branes on toric Calabi-Yau 4-folds can
be represented in terms of a T-dual Type ITA brane configuration known as a brane
brick model [5, 6]. Brane brick models are powerful tools to study 2d (0,2) theories and
corresponding toric Calabi-Yau 4-folds because they combine field theory information and
information about the Calabi-Yau geometry in a single representation. Accordingly, they
play an analogous role for 2d (0, 2) theories and toric Calabi-Yau 4-folds as brane tilings do
for 4d N' =1 theories and toric Calabi-Yau 3-folds [4, 45, 46].

Brane configuration. A brane brick model is a Type ITA brane configuration of D4-
branes wrapping a 3-torus 7° and suspended from a NS5-brane wrapping a holomorphic
surface ¥. The holomorphic surface ¥ is the zero locus of the Newton polynomial corre-
sponding to the toric Calabi-Yau 4-fold,

Z C(a7b76)$aybzc =0, (3.3)
(a,b,c)eV

where ¢4 ) take values in C* and V' is the set of lattice points in the toric diagram Aj of
the toric Calabi-Yau 4-fold. The intersection between the holomorphic surface ¥ and the
3-torus T2 is precisely where the D4-brane meets the NS5-brane as summarized in table 3.

The intersections create a tessellation of the 3-torus 7% which we call as the brane brick
model. For simplicity, we can replace X by its simpler skeleton diagram that consists of 2d
faces that indicate the locations of the NS5-brane wrapping . These 2d faces separate T°
into 3d polytopes filled by D4-branes. We call these 3d polytopes as bricks.

Dictionary. The brane brick model on T° consists of the following fundamental compo-

nents:

e Bricks. Bricks are 3-dimensional polytopes that tessellate the 3-torus 7%3. Each
brick corresponds to a U(N;) gauge group of the 2d theory. As the 3-dimensional
generalization of a brane interval, its interior indicates the location of the D4-branes
suspended between the NS5-brane wrapping X.

e Faces. The 2-dimensional brick faces are even-sided and can be oriented systematically
along their boundary edges such they are either oriented or unoriented. Oriented
and unoriented faces correspond to bifundamental (or adjoint) chiral and Fermi fields,
respectively. Faces corresponding to Fermi fields are 4-sided. The two bricks adjacent
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Brane Brick Brick Face Quiver Field

@. -
o

Gauge Group
U(N;)

Figure 8. 2d brick faces in the brane brick model can be systematically oriented along their
boundary edges such that oriented even-sided faces correspond to chiral fields and unoriented 4-sided
faces correspond to Fermi fields.

Brane Brick Model Quiver

plaquette

Figure 9. Edges in the brane brick model correspond to monomials in the J- and E-terms of the
2d theory. The corresponding collection of chiral fields with the associated Fermi field forms what
we call a plaquette (blue). Each Fermi face with its four edges is associated with four plaquettes
that form the J- and E-terms corresponding to the Fermi field.

to a given face correspond to the gauge groups under which the corresponding field
transforms. Figure 8 shows how the two different types of faces correspond to chiral
and Fermi fields in the 2d theory.

e FEdges. Edges in a brane brick model are always adjacent to a Fermi face and a number
of chiral faces. We call the collection of chiral fields and the Fermi field associated to
the faces that coincide at a given edge a plaquette, as illustrated in figure 9. The chiral
fields in a plaquette form one of the monomials J;E and Efjc in the J- and E-terms of
the 2d theory. Every Fermi face with its four edges is associated with four plaquettes
that form the J- and E-terms corresponding to the Fermi field. Opposite edges of a
4-sided Fermi face form a J- (or E-) term while the other pair of opposite edges form
a E- (or J-) term, as illustrated in figure 9.
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Brane Brick Model Gauge Theory

Brick Gauge group
Oriented face between bricks Chiral field in the bifundamental representation
7 and j of nodes i and j (adjoint for i = j)
Unoriented square face between | Fermi field in the bifundamental representation
bricks ¢ and j of nodes i and j (adjoint for i = j)
Edge Plaquette encoding a monomial in a

J- or E-term

Table 4. Dictionary between brane brick models and 2d gauge theories.

The complete dictionary between the 2d gauge theory and the brane brick model is
summarized in table 4. For a thorough discussion of these constructions and generalizations
beyond T3 see [6, 47].

In this work, we will identify one brane brick model representing a 2d (0, 2) theory for
each of the toric Calabi-Yau 4-folds which have regular reflexive polytopes as their toric
diagrams.? We will identify the J- and E-terms as well as the quiver diagram which define
the brane brick model as well as the corresponding 2d (0, 2) theory.

3.3 The mesonic moduli space and the forward algorithm

The Calabi-Yau 4-fold geometry that is probed by the D1-branes is related to the vacuum
moduli space of the 2d gauge theory that lives on the worldvolume of the D1-branes. We
call this particular vacuum moduli space the mesonic moduli space M™® of the brane brick
model. The mesonic moduli space is the toric Calabi-Yau 4-fold probed by the D1-brane
when we consider the Abelian 2d theory with U(1) gauge groups. As usual, for 2d theories
we have in mind the classical moduli spaces, which should be regarded, in the spirit of the
Born-Oppenheimer approximation, as target spaces of non-linear sigma models.

Mesonic moduli space M™€*, The mesonic moduli space is determined by the J-
and F-term constraints as well as the D-term constraints of the 2d (0,2) theory. Let us
summarize the properties and definition of the mesonic moduli space as follows:

e The J- and E-terms of the Abelian 2d (0,2) theory form a binomial ideal of the
following form
IJ:(LE:(): <J;r-—=]j; :07E;5_Ei; :0>, (3.4)
where as discussed in section 3.1 J;E and Ef; are monomials in chiral fields. We note
that the quotient ring of the form

Rx = C[Xij]/Z1=0.6=0 (3.5)

2Generically, multiple brane brick models can be associated to a given toric Calabi-Yau 4-fold (see e.g. [14]).
Such brane brick models correspond to IR equivalent 2d (0,2) gauge theories related by triality [18]. An
exhaustive classification of the triality dual phases for each of the Calabi-Yau 4-folds we consider is beyond
the scope of this paper.
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captures the essence of a toric variety X and we call it the coordinate ring of X. We
note that
F’ = Spec(C[Xy;]/Lr=0.5=0) - (3.6)

We call F? the master space of the corresponding brane brick model.?

Usually, the ideal Z;—¢ g—o is reducible into irreducible components, which are known
as primary ideals. Taking the largest of these primary ideals in (3.6), we obtain the
coherent component of the master space which we denote as "™ F”. In the following
discussion, we will concentrate on the coherent component of the master space and
for simplicity use "*7? and F” interchangeably for the Abelian 2d (0, 2) theories.

e The mesonic moduli space of the one D1-brane theory is related to the master space
e 7% Tt is obtained by quotienting out the U(1)% gauge charges, where G is the
number of gauge groups in the brane brick model. It is important to note that an
overall U(1) decouples, giving a total of U(1)¢~! independent charges. Accordingly,
the mesonic moduli space takes the following form

Ames — IrrJT_-b//U(l)Gfl ] (37)

The mesonic moduli space M™ is a toric Calabi-Yau 4-fold for brane brick models.
It is exactly the same Calabi-Yau that is probed by the D1-branes whose worldvolume
theory is the 2d (0,2) theory given by our brane brick model.

The dimension of the mesonic moduli space M™® can be derived by starting with the
number of chiral fields nX. The J- and E-terms impose n’ —3 independent constraints
where nf" is the number of Fermi fields in the brane brick model. Further restrictions
come from demanding invariance under the G — 1 independent gauge charges and the
anomaly cancellation condition from (3.1) that sets nX — n’" = G. By combining all
these constraints, one obtains the dimension of the mesonic moduli space M™® to be
nX — (nt" = 3) — (G — 1) = 4 as expected.

In the following work, we concentrate on brane brick models and corresponding 2d
(0,2) theories whose mesonic moduli space M™® is a toric Calabi-Yau 4-fold that has a
regular reflexive lattice polytope as its toric diagram. In order to illustrate how the toric
diagram can be systematically obtained from the brane brick model, a brief review on the
forward algorithm [6] which translates the 2d gauge theory information into toric data is
given below.

Forward algorithm. The forward algorithm for brane brick models involves the following
steps:

e K-matriz. Let us denote by X,, with m = 1,...,nX the chiral fields of the brane
brick model. The space of solutions of the J- and E-terms of the brane brick model
can be expressed in terms of G + 3 independent chiral fields, which we label by

3The concept of master space was introduced in [48, 49] for 4d N' = 1 gauge theories but, as mentioned
above, can be naturally generalized to supersymmetric gauge theories in other dimensions [5].

~15 —



vk. Accordingly, with G being the number of gauge groups, the chiral fields can be
expressed as follows

X,, = Hu,fmk , (3.8)
k

where m=1,...,nXand k=1,...,G+ 3. K is a nX x (G + 3)-dimensional matrix

that encodes the relations from the vanishing J- and E-terms of the brane brick model.

P-matriz and brick matchings. We note that the K-matrix can contain negative inte-
gers as entries meaning that chiral fields X,,, in the brane brick model sometimes are ex-
pressed in terms of negative powers of independent fields vy. In order to avoid negative
entries in K, we define a new matrix 1" to be the space of vectors dual to K as follows

K-T>0. (3.9)

Using 7', we can now express in terms of the independent chiral fields v, a new set
of fields p,, as follows

vk = | [ plke (3.10)

where o = 1,...,c. The p, are interpreted as GLSM fields [50] in the toric description
of the mesonic moduli space M™® of the brane brick model.

Using (3.8) and (3.10), all chiral fields X,, of the brane brick model can be expressed
in terms of GLSM fields as follows

X =[] pme (3.11)
«
where the (nX x ¢)-dimensional P-matrix is given by

Poxse = Knxx(G43) " T(G+3)xc - (3.12)

The labels of the matrices above indicate their dimensions. We also note that the
entries of the P-matrix are strictly greater or equal to zero.

In the brane brick model, the GLSM fields encoded in the P-matrix in terms of chiral
fields have an additional combinatorial meaning. The collection of chiral fields associ-
ated to a GLSM field is a special collection of fields that cover every plaquette in the
brane brick model exactly once [6]. We call this collection of fields also a brick matching.

Qje-matriz. The relations between chiral fields of the brane brick model are given
by the J- and E-terms. These relations can be expressed in terms of a collection of
U(1)-charges to the GLSM fields that form a new basis of fields parameterizing the
J- and E-terms. These charges are given by a ((¢ — (G 4 3)) x ¢)-dimensional charge
matrix called the @ jp-matrix, which is the kernel of the P-matrix as follows

(QUE)(c—(G+3))xc = ker(P) . (3.13)
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e Qp-matriz. In order to obtain the mesonic moduli space of the abelian 2d theory corre-
sponding to a brane brick model, we have to impose the D-terms. Accordingly, we need
to express the U(1) gauge charges on chiral fields as U(1) charges on the GLSM fields.
The U(1) gauge charges on chiral fields are given by the (G x nX)-dimensional quiver in-
cidence matrix d, where G is the number of nodes in the quiver. Because all chiral fields
are either in the bifundamental or adjoint representation, the incidence matrix satisfies

D dai =0, (3.14)

wherea =1,...,G and ¢ = 1,...,nX. Hence, only G — 1 rows of the incidence matrix
d are independent allowing us to reduce it to a ((G — 1) x nX)-dimensional matrix
d. Using the reduced incidence matrix d, the U(1) charges on the GLSM fields pq
fields can be summarized in a ((G — 1) x ¢)-dimensional matrix @p. The @ p-matrix
can be obtained from the following relation

di-1yxnx = (@D)(G-1)xe * Phnx - (3.15)

o Toric diagram. The Qjg- and @ p- matrices contain the U(1)-charges on the GLSM
fields which are associated with the vanishing J- and F-terms as well as the D-terms
of the brane brick model, respectively. The charge matrices Q;p and QQp can be
combined into the following total charge matrix

(Qt)(c—a)xe = ((QJE)(C—(G+3))><07 (QD)(G—I)XC) : (3.16)
The total charge matrix Q; is ((¢ — 4) X ¢)-dimensional where ¢ is the number of
GLSM fields.
The kernel of the total charge matrix @ is (4 x ¢)-dimensional,
Gt = ker(Qy), (3.17)

and encodes the toric diagram of the toric Calabi-Yau 4-fold that is the mesonic
moduli space M™® of the brane brick model. Every column of G; corresponds to a
GLSM field and a brick matching of the brane brick model and determines the position
of a point in the Z*-lattice. The convex hull of the points forms the toric diagram A
of the toric Calabi-Yau 4-fold. One can find a suitable GL(4,Z) transformation of the
coordinates of the points encoded in Gy such that all points lie on the 3-dimensional
hyperplane in Z*, giving us the 3-dimensional lattice polytope A. Multiple GLSM
fields may be mapped to the same point in the toric diagram.

One of the aims of our work is to identify for each toric diagram which is a regular
reflexive lattice polytope a corresponding brane brick model. As a result, we expect to
be able to identify 18 distinct brane brick models whose mesonic moduli space is a toric
Calabi-Yau 4-fold with a toric diagram that is one of the 18 regular reflexive polytopes.

The definition of the mesonic moduli space M™ in (3.7) and the formula for the toric
diagram encoded in G in (3.17) both refer to the same toric Calabi-Yau 4-fold associated
to a brane brick model. Before we proceed, it is interesting to point out that for the 2d
(0,2) gauge theories associated to toric Calabi-Yau 4-folds, the forward algorithm often
results in additional GLSM fields that we call as extra GLSM fields.
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Extra GLSM fields. In some cases, the forward algorithm leads to extra GLSM fields
in the P-matrix in (3.12). These in turn manifest themselves as additional points in the
toric diagram given by the Gy-matrix in (3.17). These points lie outside the 3-dimensional
hyperplane of the 3-dimensional toric diagram.

It is important to note that these extra GLSM fields are redundant for the description
of the mesonic moduli space M™  meaning that the toric diagram without the points
corresponding to the extra GLSM fields is the correct toric diagram for the toric Calabi-Yau
4-fold. This is because these extra GLSM fields correspond to an over-parameterization
of the mesonic moduli space M™ [5]. While normally, the mesonic moduli space M™®
is parameterized by mesonic gauge invariant operators formed by the chiral fields, which
form the spectrum of operators for the quotient in (3.7), the presence or absence of the
extra GLSM fields does not affect the spectrum of gauge invariant operators. In fact, if
we describe the mesonic moduli space M™® in terms of mesonic gauge invariant operators
that generate the entire spectrum of operators as well as their defining relations, then the
extra GLSM fields do not affect the generators as well as the defining relations amongst
them, leaving the mesonic moduli space M™ unaffected.

The Hilbert series [27-29] is an important tool to characterize the spectrum of gauge
invariant operators and hence the moduli space of a gauge theory. In the following sections,
we will show whenever extra GLSM fields are present, that their removal does not affect the
algebraic properties of the mesonic moduli space M™® of a brane brick model using the
Hilbert series. As a result, the following toric diagrams that we calculate using the forward
algorithm will only contain points corresponding to normal GLSM fields and have all points
corresponding to extra GLSM fields removed. Let us in the following section discuss the
calculation of Hilbert series for the mesonic moduli space M™¢ and how it can be used to
characterize the algebraic structure of M™® for brane brick models.

3.4 Hilbert series and plethystics

Hilbert series. The mesonic moduli space M™® of a brane brick model is the space of
gauge invariant operators under J- and E-term charges g and D-term charges Qp. The
Hilbert series is a generating function that counts gauge invariant operators [27-29] of a
moduli space. It contains information about the moduli space generators and the defining
relations that they form amongst themselves. For charges Q = (Qg,@p), the Hilbert
series for the mesonic moduli space M = M™® is given by the Molien integral

ya7 H %Zzl 1 27TZZz Pt} 1 _ ya HlQ' Q]a

(3.18)

where ¢ is the number of brick matchings corresponding to the GLSM fields of the brane
brick model and |@| is the number of rows in the total charge matrix Q.

The fugacity y, counts GLSM fields of the brane brick model and we set it to be
Yo = t; if the GLSM field corresponds to an extremal point p; of the toric diagram of the
Calabi-Yau 4-fold. Furthermore, we set the fugacity to be y, = ys,, if it corresponds to
brick matchings s,,, corresponding to the single internal point of the reflexive toric diagram.
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Finally, we set yo = Yo, if the GLSM field is an extra GLSM field that does not contribute
to the algebraic structure of the moduli space. In fact, in the following discussion of brane
brick models corresponding to regular reflexive polytopes, we see that setting the fugacities
for extra GLSM fields y,, = 1 does not change the algebraic structure of the mesonic moduli
space captured by the Hilbert series. This will be indicated in the Hilbert series calculation
when needed.

Plethystics. The moduli space is specified by its generators and defining relations formed
by the generators. In order to obtain information about the generators and relations
amongst them, we make use of the plethystic logarithm of the Hilbert series [30, 31]. The
plethystic logarithm takes the form

PL (g1 (yos M Z % tog [ (4 M)] . (3.19)

where p(k) is the Mobius function. If the expansion of the plethystic logarithm is finite, the
corresponding moduli space is known to be a complete intersection generated by a finite
number of generators subject to a finite number of relations. The first positive terms of the
finite expansion correspond to the counting of generators while the following negative terms
correspond to the counting of the defining relations formed amongst them. On the other
hand, if the expansion of the plethystic logarithm is infinite, the moduli space is known
to be a non-complete intersection. The first positive terms of the expansion again refer
to generators of the moduli space while all higher order terms refer to relations amongst
generators and relations amongst relations known as syzygies.

In the following work, the aim will be to identify the generators of the mesonic moduli
space of brane brick models corresponding to toric Calabi-Yau 4-folds whose toric diagram
is one of the 18 regular reflexive lattice polytopes in 3 dimensions. Using the plethystic
logarithm of the Hilbert series of the mesonic moduli space, which is in terms of fugacities
of the GLSM fields corresponding to brick matchings of the brane brick model, we are able
to write the generators of the mesonic moduli space in terms of GLSM fields. Since the
GLSM fields are themselves related to the chiral fields of the corresponding 2d gauge theory,
which we know are subject to the J- and E-term constraints, we are not only able to write
the generators of the mesonic moduli space in terms of chiral fields, but also reconstruct the
different J- and E-term equivalent expressions of the generators in terms of chiral fields.

3.5 Duality between generator lattices and toric diagrams

Global symmetries. From the isometry of the mesonic moduli space, which is a toric
Calabi-Yau 4-fold, we can obtain the global symmetry of the brane brick model which
contains U(1)%. A linear combination of the four U(1)’s relates to the R-symmetry of (0, 2)
supersymmetry. The non-R U(1)3 symmetry is known as the mesonic flavor symmetry. For
some mesonic moduli spaces, the mesonic flavor symmetry is enhanced to a non-abelian
group. In table 5, we summarize the global symmetries of the 18 brane brick models
corresponding to regular reflexive polytopes. The Hilbert series of the mesonic moduli space
can be refined in terms of fugacities that count the global symmetry charges carried by

~19 —



’ Model ‘ Global Symmetry ‘

1 SU(4) x U(1)

2 SU(3) x SU(2) x U(1)

3 SU(3) x U(1) x U(1)

4 SU(2) x SU(2) x U(1) x U(1)
5 SU(3) x U(1) x U(1)

6 SU(2) x SU(2) x U(1) x U(1)
7 SU(2) x U(1) x U(1) x U(1)

8 SU(2) x U(1) x U(1) x U(1)

9 SU(2) x SU(2) x U(1) x U(1)
10 SU(2) x U(1) x U(1) x U(1)

11 SU(2) x SU(2) x U(1) x U(1)
12 SU(2) x SU(2) x SU(2) x U(1)
13 SU(2) x U(1) x U(1) x U(1)

14 SU(2) x U(1) x U(1) x U(1)

15 SU(2) x U(1) x U(1) x U(1)

16 SU(2) x U(1) x U(1) x U(1)

17 SU(2) x U(1) x U(1) x U(1)

18 SU(2) x U(1) x U(1) x U(1)

Table 5. The global symmetries for the 18 models that can be obtained from the isometries of the
toric Calabi-Yau 4-folds.

each of the gauge invariant operators. This can be done by mapping the fugacities counting
GLSM fields y, into fugacities that count the global symmetry charges (z1, z2,x3,t). Here,
it is important to note that only the GLSM fields corresponding to extremal points in the
toric diagram carry non-zero charges while all other GLSM fields carry no charges under
the global symmetry.

In the following discussion, without loss of generality, we restrict ourselves to fugacities
in the Hilbert series that count the mesonic flavor charges (x1,x2,x3) and an additional
fugacity t, that instead of the R-symmetry charge counts the degree in GLSM fields p,
corresponding to the extremal toric points for each gauge invariant operator. This selection
of independent fugacities (x1,x2,x3,ty) for each gauge invariant operator counted by the
Hilbert series encodes the rank 4 global symmetry of the brane brick model. Furthermore,
this choice of fugacities enables us to identify for each gauge invariant operator of the
mesonic moduli space their mesonic flavor charges through fugacities (x1, 2, z3) whilst still
containing information about the composition of each gauge invariant operator in terms of
GLSM fields through the fugacities t,.

Lattice of generators. The lattice of generators is formed by the mesonic flavor charges
carried by the generators of the mesonic moduli space. The non-R mesonic flavor symmetry
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has rank 3 and the lattice that is formed by the charges is 3-dimensional. By a suitable
global scaling of the mesonic charges, the charges carried by the gauge invariant operators
can be made to be in Z3. There is only a finite number of generators for each mesonic
moduli space of a brane brick model. Each integer 3-vector of mesonic flavor charges
associated to a generator can be considered as the coordinates of a point on the Z3 lattice.
The set of lattice points for the generators of the mesonic moduli space forms a convex
polytope, which we refer from now on as the generator lattice of the brane brick model.

Duality between generator lattices and toric diagrams.

The generator lattice of a brane brick model is the dual of the toric diagram. If the toric
diagram is a reflexive polytope, then by duality of reflexive polytopes as stated in (2.1),
the generator lattice is also a convex lattice polytope that is reflexive. Accordingly, we are
closing the circle of our discussion by stating that for brane brick models with toric diagrams
that are reflexive polytopes, the corresponding mesonic moduli space has generator lattices
which are the reflexive dual of the toric diagrams up to GL(3,Z) isomorphism.

In the following sections, brane brick models corresponding to all 18 regular reflexive
polytopes are classified. Furthermore, it is shown that the mesonic moduli spaces of the
brane brick models have generator lattices that are reflexive polytopes which are reflexive
dual to the toric diagrams of the brane brick models. In order to show this, we calculate
the Hilbert series for each brane brick model and through plethystics write down the set
of generators with their mesonic flavor charges and chiral field content. This is the first
time all Fano 3-folds and the associated Calabi-Yau 4-folds corresponding to the 18 regular
reflexive polytopes have been systematically associated to quiver gauge theories realized in
string theory.

4 Model 1: C*/Z4 (1,1,1,1) [P3, (0)]

Model 1 corresponds to the Abelian orbifold of the form C*/Z, (1,1,1,1). The corresponding
brane brick model has the quiver in figure 10 and the J- and E-terms are given as follows

Als: ZzaYu — YsaZa PiaXos — X12Pos
Als: XsaZa1 — ZsaXa1 PiaYes — Yi2Pos
Als: YauXur — XzaYn PiaZos — Z12Pos
Ads: ZuYie — YirZiz PasXsa — Xo3Paa
Ady: Xa1Ziy — ZnX1s PasYss — YagPay
ASs: YuXiz — Xa1Yie PosZsa — ZozPaa . (4.1)
A3y Zi2Yosz — Yi2Za3 PsuXai — X3aPu
A3y X12Zo3 — Z12X23 PsaYai — YaaPu
Agl . Y12X23 — X12Y23 P34Z41 - Z34P41
Aio 2 Zo3Ysa — YasZsa PuXiz — Xa1Pro
Afs: Xo3Zs4 — Zo3Xza PuYiz — YiiPro
Ady: YosXsa — Xos3Yss PuZiz — ZaiPro

~921 —



Figure 10. Quiver for Model 1.

Through the forward algorithm, the P-matrix of Model 1 can be calculated as follows

S2 83
0

=
bS]
N
b
bS]
i
=
Vo)
W~

(4.2)

5

O O O OO OO OO0 O O O K~~~
O O O OO0 O OO FEEFEFREOOoOoOOo
S O O Ol = = H=HEOOOOoO oo oo
= = = RO O 0O OO0 00O oo o oo
SO oo RO ORI OO ORI OOO
O O R OO0 R, OO0 = Ol o

O R OO0 OO0 OO0~ OO
_ o O Ol O O Ol O O Ol O O O

The J- and E-term charges are given by

_ (P p2p3p4‘sl S2 83 S4
QJE_(1 11 1]-1-1-1 —1)’ (4.3)

and the D-term charges are given by

P1 P2 ps pa|s1 sz s3 sa
00O0O0I-11 0O
= 4.4
@p 0000[0-110 (4.9)
0 00O0]0 0 -11
The toric diagram of Model 1 can be found to be as follows,
P1 P2 ps pa|si s ss sa
111 11111
Gi=1]1100-1/00 00 (4.5)
01 0-1/0 0 00
0 01 -1/]0 0 0O

The toric diagram with brick matching labels is shown in figure 11.
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P3

P4

P1

Figure 11. Toric diagram for Model 1.

SU(4) U(1) | fugacity
p1 | (4+1,0,0) r1 t1
p2 | (—1,+1,0) 9 to
ps | (0,—1,41) | r3 t3
ps | (0,0,—1) T4 t4

Table 6. Global symmetry charges on the extremal brick matchings p; of Model 1.
Using the Molien integral formula, the Hilbert series of the mesonic moduli space of
Model 1 is found as

P(tivys;Ml)
(1 - yst?)(l - yst%)(l - ystg)(l - ysti) ’

g1 (ti,ys; Ma) = (4.6)

where t; are the fugacities for the extremal brick matchings p;. ys counts the brick matching
product s1s283s4 corresponding to the single internal point of the toric diagram of Model 1.
The explicit numerator P(t;,ys; M1) of the Hilbert series is given in the appendix section A.1.
By setting t; =t for all ¢ and ys; = 1, the unrefined Hilbert series takes the following

form
1+ 31¢* + 3148 4 ¢12

o (4.7)

g1(t,1; M) =

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.

The global symmetry of Model 1 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 6. Using the following fugacity map,

3/4 1/2,1/2 1/4,1/4,1/4
O AU W WL SO W L (4.8)
—% 2 '3t Ml T g /40 2T 12,1720 U3 T 3/4 ) :
to! b5y ts/ %ty t
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the Hilbert series for Model 1 can be rewritten in terms of characters of irreducible
representations of SU(4), the mesonic flavor symmetry of Model 1, as follows

(o]
g1(t, s M1) = > [4n,0,0]¢"". (4.9)
n=0
Here, [n1,n2,n3] = [n1,12,n3]sy(4) is the character of the irreducible representation of

SU(4) labeled by the highest weight n1,n2,n3. The corresponding plethystic logarithm is
PL[g1(t, zi; M1)] = [4,0,0]t* — ([4,2,0] +[0,4,0)t% + ..., (4.10)

where the mesonic moduli space is identified as a non-complete intersection. The set of
generators transform under the [4, 0, 0] representation of the mesonic flavor symmetry. Using
the following fugacity map

i l2
ts 5 L2 t3 y 43 ty )

g 1/4,1/4,1/4,1/4 .
R ol YU T (4.11)

the mesonic flavor charges on the gauge invariant operators become Z-valued. The generators
in terms of brick matchings and their corresponding individual Z3-charges are summarized
in table 7. The generator lattice as shown in table 7 is a convex lattice polytope, which
is reflexive. It is the dual of the toric diagram of Model 1 in figure 11. For completeness,
table 8 shows the generators of Model 1 in terms of chiral fields with the corresponding
mesonic flavor charges.

5 Model 2: M3? [P? x P!, (4)]

Model 2 corresponds to the Calabi-Yau cone over the M3?2 surface. The corresponding
brane brick model has the quiver in figure 12 and the J- and F-terms are given as follows

J E
Al : Xo3Xs1 — Zo3Ys1i PraXa2 — QuaRao
Afy: Yo3Yai — X23Z31 PiaYior — QuaSao
Ay ZosZs — YosXs1 PiaZaz — QuaTuo
Ads: XeaXaz — ZoaYio PasXse — XosPis
Ajg: YoaYiz — XoaZsz PosYse — Yo3Pie
NS : ZeaZsz — YsaXaz PasZse — ZozPie
Aje: XeaRaz — Zs1S1z X23Qs6 — Q25Xs6
Ads: YeaSiz — XeaTiz Y23Q36 — Q25Yss
AS¢ : ZeaTaz — YoaRas Z23Qzc — Qos5Zsc - (5.1)
ASy: XaoXoz — ZaoYos PisXos — X31Pua
A3s: YioYas — XuoZos PisYos — Y31 Pis
A3y ZinZoz — YioXos PieZea — Zs1Pia
A3y : RiaXoz — TioYes X31Q14 — Qz6Xea
A3s: Si2Yas — RuzZos Y31Qis — QseYeu
ASy: TuoZoz — SinXos Z31Qus — Qz6Z6a
Al : Xs56Xea — ZsYoa RaoQos — XaoPos
Als: YseYos — Xs6Z6a S12Qas — YaoPas
Ads: ZsoZos — YseXoa Ta2Qos — ZaoPos
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generator SU4) (z,,72,23)

pis (3, 1, -=1)
pip2 s (2, ;o 0)
pivys | (1, 1, 1)
p1p3 s (0, , 2)
pys | (=L, 1, 3

1

1

1

1
pips s (2, 0, -1)

pipeps s | (1, 0

0

0

pipsps s | (0, , 1)
ppzs | (=1, 0, 2
ping s (L, -1, -1

pipap3 s | (0, —1, 0)

Py s | (=1, -1, 1)
pip3 s 0, -2, -1)
paph s (-1, =2, 0
pis (-1, =3, -1)
Pipa s 2, 1
pipepas | (1, 1
PLP3Pa o, 1
P3py 8 (-1, 1, 2)
pipspas | (L, 0
pipapspa s | (0, 0
pipspas | (-1, 0O
PLP3Pa 0, -1, -1)
papipa s | (=1, =1, 0)
pipas | (=1, =2, —1)
pivis | (1, 1
mpepis | (0, 1
pipis | (=1, 1, 1)
pipspi s (0, 0
popspis | (=1, 0
s | (=1, -1, 1)

1Py 8 (0, 1, -=1)
paps s (-1, 1, 0)
pspis | (=1, 0, -1
pis (-1, 1, -1)

Table 7. The generators and lattice of generators of the mesonic moduli space of Model 1 in terms
of brick matchings with the corresponding flavor charges.
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generator SU4) (3, 52,33)
Pyg Po3 P3Py (3, 1, -1
X12X23 X34 X1 2 1, 0
Y12Ya3Y34Ya1 (1, 1, 1)
212293234211 (0, 1, 2)
PyoPo3 P3y Xy1 = PiaPa3 X34 Py = ProXog Py Py = X12P23 P3a Py (G 3)
PPy P3s Yy = P1oPa3Y3a Py = P1oYo3 Py Py = Y12 Pas Psa Py (2, 0, -1
P1oPo3P3gZyy = P1aPe3Zi3aPyy = ProZos P Py = Z12Pa3 Psa Py (1, 0, 0)
P Xo3 X34 X1 = X123 X34 X1 = X12P34 X1 Xo3 = X129 X093 X34 P (0, 0, 1)
P1oYo3Y34Yy1 = Y12 Pa3Y34Ya1 = Y12 P34 Va1 Yoz = Y12Yo3Y34 Piy s (-1, 0, 2
P19293734 701 = Z12Pa3Z34 241 = Z12P3aZ41 Zng = Z12Z23 734 Py (1, -1, -1
X12X23 X34V = X12X03Y34X41 = X12Yo3Xy1 X34 = V12 X3 X34 X1 (0, -1, 0
X192 X03 X34 741 = X12X03Z34 X a1 = X12Z03 X1 X34 = 212 X203 X34 X1 (-1, -1, 1)
X12Yo3Y34Yy1 = Y19 Xo3V34Yy1 = Y12 X34Y41 Yoz = VioYo3Y34 Xy 0, -2, -1)
X12293 234741 = Z19X93Z34 241 = Z12X34Zu1 293 = Z12 223734 X 11 (=1, =2, 0
Y12Yo3Y34241 = Y12Yo3234Y01 = Y12293Y01Y34 = Z12Y03Y34 Y (=1, =3, -1)
Y12Z23234241 = Z12Yo3 234241 = Z12Y34 2441223 = Z12 223734V 2, 1, -1
P1oPo3 X34 Xy1 = ProXo3 Py Xy1 = P1oXo3X34Py1 = X12Po3 P3u X1 = X12Py1 Pag X34 = X12X23 P34 P11 (1, 1, 0)
P1oPo3Y34Ys1 = P1oYo3 Py Y = P12Yo3Y34 Py = Y12 Pog P3y Y1 = Y12 Py1 PogYsq = Y12Yo3 Psg Ppy (0, 1, 1)
P1oPo3Z34Zy1 = PioZo3PsaZiay = ProZo3Zi3a Py = Z10Pa3 PsaZiny = Z1o Py PasZisg = Z19Z23 P34 Py (-1, 1, 2)
X12X03Y34Yy1 = Xi19Yo3 X34V = X12Yo3Y34 X1 = V1o X3 X34V = Y12 X1 Xo3Y34 = V12Yo3 X34 Xy (1, 0, -1)
X12X93Z34241 = X12Z23X34741 = X12293734 X a1 = Z12X03 X34 241 = Z12 X1 X03234 = Z12Z23 X34 X101 (0, 0, 0)
Y12Y23234241 = Y12293Y34 241 = Y12Z23Z34Y1 = Z12Y23Y34 241 = Z12Y1 Y3234 = Z12Z23Y34 Y1 (-1, 0, 1)
PioPy3 X34V = PraPo3Y34Xa1 = P1aXogP3aYa1 = P12Yo3 Xa1 Psa = P12 Xo3Y34 Py = Pr2Yo3 X34 Py (0, -1, -1)
= X12Po3 P34 Y1 = Y12 Pog P3y Xy1 = X192 Py Po3Y3q = Y12 Po3 X34 Py1 = X12Yo3 P34 Pyt = Y12 Xo3 P3g Py

P1oPo3 X34Z41 = P1oPe3Z34X41 = P1aXogP3yZyn = P1oZog Xa1 Psy = P1aXo3Z34 Py = P1aZa3 X34 Py (-1, -1, 0
= X190Po3P34Z41 = Z12Po3 P3y Xy1 = X190 Py1 Pa3Zizg = Z19Po3 X34 Py = X10Z23 P34 Py = Z12 X903 P3y Py

Pr1oPo3Y34 241 = PiaPa3Z34Ya = P1oYos Py Zyy = PraZo3Yy1 Pay = P1aYo3Z34 Py = ProZa3Ys34 Py (=1, =2, -1
= Y123 P34Z41 = Z12Pa3P3aYu1 = Y1o P Pa3 Z34 = Z12Po3Y34 Py = Y12Z23 P34 Py = Z12Y23 P34 Py

P15 Xo3X34Ys1 = P1aXo3V34Xa1 = PraYa3 X41 X34 = X12Po3 X34V = X120 Po3Y34 X1 = Y2 Pa3 X34 X1 1 1, -1
= X12P34 Y1 Xo3 = X12Yo3 P3a Xu1 = Y12 Xo3 P34 Xy1 = X120 X03Y34 P11 = X12Y23X34Py1 = Y12 X34 X03 Py

P1oX93 X34 241 = P12 Xo3Z34Xa1 = P1aZ23 X1 X34 = X123 X34241 = X192 Po3Z34 Xa1 = Z12Pa3 X34 X1 (0, 1, 0)
= X19P34Z41 X953 = X12Z03 P34 X1 = Z12X03P3a Xy1 = X120X03 234 Py1 = X10Z23 X34 P11 = Z12X34 X023 P

P Xo3Y34Yy = P1aYo3 XaaYa1 = ProYo3Y34 Xy = X120 P3Y34 Yy = Y12 Po3 X34V = Y12 Xy1 PosYay (-1, 1, 1)
= X12P34Y1Yo3 = Y12 Xo3 P3a Yy = Y12Yos Psa X1 = X12Yo3Y34 Py = Y12 Xo3Y34 Py = Y12Yo3 X34 Py

P19 Xo3Z34 241 = ProZa3X3aZay = PraZozZ3aXu1 = X123 234741 = Z12Po3 X34Z41 = Z19X41 Paz 23y (0, 0, 1)
= X12P34Z31Z23 = Z12Xo3P3aZ1 = Z12223P34 X1 = X12Z23734 Py = Z12X03Z34 Py = Z12223 X34 P11

P12Yo3Y34Z41 = P12Y23Z34Ya1 = P12 Z03Yn1Y3a = Y12 Po3Y34 241 = Y12 Po3 Z34 Y41 = Z12P23Y34Ynn (-1, o, 0)
= Y12 P34 Z11Yo3 = Y12 203 P34Ya1 = Z12Yo3P34Yy1 = Y12Y03 234 Py = Y12 Z23Y34 Py = Z12Y34Y23 P

P19Yo3734 741 = P1oZo3Ys3aZy1 = PioZo3Z34Yy1 = Y12 Pa3Z34 241 = Z12Pe3Y34Z41 = Z12Y41 PazZ3y (-1, -1, -1
= Y12 Ps4Zn1Zog = Z12Yo3PsaZyy = Z12 223 P34 Y1 = Y19 203734 Py = Z12Y23234 P11 = Z12293Y34 P11

X12X23Y34241 = X12X03234Yy1 = X12Yo3 X34 241 = X12203Y01 X34 = X12Y23234 X1 = X12223Y34 X1 (0, 1, -1
= Y12 X03X34Zu1 = Z12X23X34Y1 = Y12 X1 X03234 = Z12X23Y34 X1 = Y12 293 X34 X1 = Z12Y23 X34 X1

X12Y23Y34Z41 = X12Y03234Ya1 = X12Z23Y41 Y34 = Y12 X03Y34Zu1 = Y12 X093 734Ys1 = Z12X23Y34 Yy (-1, 1, 0
= Y12 X34241Yo3 = Y12 Z23 X34 Y41 = Z12Y03X34Ya1 = Y12Y23234 X141 = Y12 Z23Y34 X1 = Z12Y34Yo3 X1

X12Yo3 7347241 = X12293Y342Z41 = X19Z23234Y a1 = Y12 X03 234741 = Z12X03Y34Z41 = Z12Y41 X23 234 (=1, 0, -1)
= Y12 X34Z41 293 = Z12Y23 X34 741 = Z12Z03 X34 Y11 = Y12 203734 X a1 = Z12Y03Z34 X1 = Z12Z23Y34 X1

P19 Xo3Y34241 = P1oXo3Z3a Yy = P1oYo3 X34 Zay1 = PraZo3Yy1 Xag = P1aYo3Z34 X1 = P1aZ23Y34 X1 (=1, 1, -1

= X12P23Y34241 = X12Po3Z34Y01 = Y12 Po3 X34 Zu1 = Z12Pa3 X34Ya1 = Y12 X1 Pa3Zza = Z12Po3Y34 X1
= X12P34Z41Y23 = X12293 P34 Y1 = Y12 Xo3 P3aZy1 = Z12X23 P34 Ya1 = Y12 Z23 P3a Xa1 = Z12Y23P3a X1
= X12Y23 734 Py1 = X12Z23Y34Py1 = Y12 X03Z34 P41 = Z12Y34X03Py1 = Y12 Z03 X34 P11 = Z12Y23 X34 P11

Table 8. The generators in terms of bifundamental chiral fields for Model 1.
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Figure 12. Quiver for Model 2.

The P-matrix of Model 2 takes the form

\./
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(5.3)

)

J

S4 S5 S ST S8 S9

53
000 0 O0O|1 -1-1-1000T11
11-1-1-10-1-1-1000 2 2
000 O0 0|0-10-1100°01
000 0 0|0 O-1-1010T10
00-1-1-110 0 0 0 00O 111

P1 P2 P3 P4 P5 ‘81 52

[

The J- and E-term charges are given by
QJE
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S lA% P3
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Ps

Figure 13. Toric diagram for Model 2.

and the D-term charges are given by

P1 P2 P3 P4 Ps ‘81 S2 83 S4 S5 86 ST S8 S9
00-1-1-1j0 0 1 0 00O0 1 1
Qo=140 7 1 tloto 000014 (54)
000 0 O0O[0OO-10O0O0OO0OT1F0
000 0 Of0OO O-10000 1

The toric diagram of Model 2 is found to be as follows

p1 P2 p3p4P5‘818283848586878889

1111 1111111111
Gi=|1-1000[000000000 (5.5)

00 10-1000000000

00 01-1000000000

The toric diagram with brick matching labels is shown in figure 13.
Using the Molien integral formula, the Hilbert series of the mesonic moduli space of
Model 2 is found to be as follows

P(tzu Ys; MQ)

(1- yst%tg)(l - yst%tg)(l - yst%ti)(l - yst%ti)
1

X )
(1= st 83) (1 — yst5t3)

where t; are the fugacities for the extremal brick matchings p;. ys counts the product of brick

91(ti, ys; Ma) =

(5.6)

matchings si ... sg corresponding to the single internal point of the toric diagram of Model 2.
The explicit numerator P(t;,ys; M2) of the Hilbert series is given in the appendix section A.2.
By setting t; =t for all ¢« and ys = 1, the unrefined Hilbert series takes the following

form
1+ 26t° + 2610 + ¢1°

(1—1¢5)* ’

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.

g1(t, 1, Ma) = (5.7)
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SU3) (21,20) | SU(2): | U(1) | fugacity
p1 | (0, 0) +1 r1 t1
p2 | (0, 0) -1 To to
ps | (+1, 0) 0 r3 t3
pa | (=1, +1) 0 r4 t4
ps | (0, —1) 0 rs ts

Table 9. Global symmetry charges on the extremal brick matchings p; of Model 2.

The global symmetry of Model 2 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 9. Using the following fugacity map,

t3t4ts taty t5x2
2,2 X2 = —, 2= —(/—,
43 t1ta t2

t= t5.%‘2 , L1 = (5.8)

the Hilbert series for Model 2 can be rewritten in terms of characters of irreducible
representations of SU(3) x SU(2), the mesonic flavor symmetry of Model 2, as follows

o0
g1(t,xi, z; Ma) = Z[Sn,0;2n}t5”, (5.9)
n=0
where [mq,mo;n] = [my, m2]SU(3)(11 ) [n]su(2),- The corresponding plethystic logarithm is

PL[gl(t,xiaZ;MQ)} = [3a0;2]t5 o ([6’()’ 0] + [4a 1;2] + [272;4]+
+12,2;0] +[0,3; 210 ..., (5.10)

where we see that the mesonic moduli space is a non-complete intersection.

The set of generators transform under the [3, 0; 2] representation of the mesonic flavor
symmetry. Using the following fugacity map

2/3,2/3,2/3
- : t t ta "ty 7t
P=tPP0 5 =2 =2 = 45 (5.11)
t4 ts t5
the mesonic flavor charges on the gauge invariant operators become Z-valued. The generators
in terms of brick matchings and their corresponding rescaled mesonic flavor charges are
summarized in table 10.

The generator lattice as shown in table 10 is a convex lattice polytope, which is reflexive.
It is the dual of the toric diagram of Model 2 shown in figure 13. For completeness, table 11
shows the generators of Model 2 in terms of chiral fields with the corresponding mesonic
flavor charges.
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generator | SU(3)(z, z,)
pip3s (1, 1) 1
p1p2pis 1, 1) 0
P3pis 1, 1 -1
Ppipas | (0, 1) 1
pipepipas | (0, 1) 0
P3PS (0, 1) -1
pipsp3s | (-1, 1) 1
pipapspis | (-1, 1) 0
papspis | (=1, 1) -1
pipis (=2, 1)
ppopis | (=2, 1) 0
p3pis (-2, 1) -1
pipdpss | (1, 0) 1
pipepipss | (1, 0) 0
P3p3Pss (1, 0 -1
pipspapss | (0, 0) 1
p1p2p3papss | (0, 0) 0
p3pspapss | (0, 0) -1
pivipss | (=1, 0)
pipapipss | (=1, 0) 0
papipss | (=1, 0) ~1
pipsp3s (1, -1 1
pipepapds | (1, —1) 0
P3psp3s a1, -1 | -1
pipapis (0, -1 1
P1P2PAPES (0, -1) 0
p3pap2s 0, -1)| -1
pipis (1, -2 1
Pp1P2pis (1, -2 0
P3p3s 1, -2 -1

Table 10. The generators and lattice of generators of the mesonic moduli space of Model 2 in terms
of brick matchings with the corresponding flavor charges.
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generator SU(3)z,.22) | SU(2)z
P1yRy2Y23731 = Pa5Ys6Z6aRa2 = Yo3 Psg ZeaRaz (1, 1) 1
P1aX9Ya3Z31 = Po5Ys6Z6aXa2 = Ya3 P36 ZoaXa2 = QraRa2Y23731 = Q25Y56 Zpa a2 = Y23Q36 Z64Ra2 (1, 1) 0
Q14X12Y23731 = Q25Y56Z64 X142 = Y23Q36 Z6a Xa2 (1, 1) -1
P14Ry2Y23X31 = PiaRasZo3Z31 = P1aS1aY3Z31 = Po5Ys6XeaRao = PasZs6Z6a Raz = Pas5Y56 264542 (0, 1) 1
= Ya3 P36 XeaRaz = Z23 P36 Zoa Rz = Yo3P36 261512

P1aX4oYo3X31 = P1aXaoZo3Zs = PraYuaYo3Z31 = PosYs6 XeaXa2 = PosZs6Z6aXa2 = PosYs6Z64 Y12 (0, 1) 0
= Ya3 P35 X6aXaz = Zo3 Py ZeaXaa = Yoz Pss ZoaYa2 = QuaRaaYo3 X1 = QuaRa2Z23731 = Q14S12Y23731

= Q25Y56 X6a a2 = Q25756 Z64Ra2 = Qa5Y56 Z6aSa2 = Y23Q36 X6aRa2 = Z23Q36 ZeaRaz = Y23Q36 264512

Q14 X12Y23 X351 = QuaXa2Z23731 = QuaY12Y23731 = Qa5Y56 X64Xa2 = Q25756 Z64 X142 = Q25Y56Z64Y 12 (0, 1) -1
= Y53Q36 X64 X412 = Z23Q36Z6a X a2 = Y23Q36Z64Ya2

P14Ry2Z23X31 = P14Sa2Y23X31 = P1aSuaZ23731 = Pas Z56 XeaRao = PasYs6X64S42 = Pa5Z56 264542 (-1, 1) 1
= Za3 Py XeaRaz = Ya3 P36 X64S12 = Z23 P36 Z6aSa2

P14X42Z93X31 = P1aYaoYo3 X1 = PraYaaZo3Zs1 = Pos Z56 XeaXa2 = PosYs6X6aYaz = Po5Z56Z64Y 12 (-1, 1 0
= Za3 P35 X6a X2 = Yo3 Pss X6aYao = Zo3 Py ZoaYa2 = QraRu2Z23 X351 = Q14S12Y23 X531 = Q4502723731

= Q257256 X642 = Q25Y56X64542 = Q25256 Z64Sa2 = Z23Q36 X6aRa2 = Y23Q36 X64512 = Z23Q36Z64512

Q14X12Z23X31 = QuaYa2Y23X51 = Q1aY12 223731 = Q25256 X6a Xa2 = Q25Y56X64Ya2 = Q25756 Z64Y a2 (=1, 1 -1
= Z23Q36 X64Xa2 = Y23Q36 X64Ya2 = Z23Q36Z64Ya2

P14S42Z93X31 = Pa5 Z56X64S42 = Zo3 P36 X64S42 (=2, 1) 1
P14Y19Z23 X351 = PosZ56 X6aYa2 = Z23 P36 X6aYa2 = Q14512223 X31 = Q25756 X64542 = Z23Q36 X64.512 (=2, 1) 0
Q14Y12Z23X31 = Q257256 X64Ya2 = Z23Q36 X6aYa2 (=2, 1 -1
P1yRy2X23731 = PraRaoYo3Ys1 = PraTuaY23231 = Pos X56Z6a Rz = PosYs6YeaRao2 = Po5Y56Z64 T2 (1, 0) 1
= Xo3PssZeaRaz2 = Y3 Py YoaRaz2 = Yo3 P36 ZoaTa2

P1aX49X03Z31 = P1aXaoYo3Ys1 = PraZuaYo3Z31 = Pos X56ZeaXa2 = Po5Ys6YeaXa2 = Po5Ys6Z64 242 (1, 0) 0
= Xo3P36Z64 X142 = Yo3 PssYsaXuo = Yoz Pss Z6aZaz = QuaRuaXo3Z31 = Q1aRa2Y23Y31 = QuaTu2Y23731

= Q25 X56Z6a Rz = Q25Y56Y64Ra2 = Q25Y56 Z64Ta2 = X23Q36Z64Raz2 = Y23Q36Yoa Rz = Y23Q36 Z64 T2

Q14X12X23731 = QuaXa2Y23Y31 = Q14Z12Y23731 = Qa5 X56 264 Xa2 = Q25Y56Y64 X2 = Q2556 Z64 242 (1, 0) -1
= X93Q36Z64Xa2 = Y23Q36Y64Xa2 = Y23Q36Z64Za2

P1aRyp X23X31 = PraRa2Z23Y31 = P1aS12X03Z31 = P14S12Y23Y31 = PraTipYo3 X1 = PraTioZo3 731 (0, 0) 1
= Po5 X56X6aRaz = Pa5Z56YoaRaz = Pas X56Z64512 = PasYs6Y64502 = P56 XeaTuz = Pas Z56Z64T 12

= Xo3 P36 Xea Rz = Z23 P36Yoa Rz = Xo3P36 264512 = Ya3 P36 Y6442 = Ya3 P36 XeaTuz = Zo3 P36 Zga T2

Py XaaXo3 X1 = PraYaaXo3Zs1 = P1aZs2Yo3 X1 = PraXuoZo3Ya1 = P1aYaoYa3Ys1 = PraZaaZo3Z3 (0, 0) 0
= Pos X56X6aXa2 = Po5 Z56 Y64 Xa2 = Pos X56Z64Ya2 = Po5Ys6X64Z102 = PasYs6YeaYa2 = PasZs6Z6aZ12

= Xo3 P35 X6a X2 = Xo3P36Z6aYaa = Z23P36Y64Xa2 = Yoz Pas XeaZa2 = Y3 P36YoaYa2 = Zo3 Pag Zoa Zaz

= QuR12X23X31 = QuaR2Z3Y31 = Q14512 X23731 = Q14S12Y23Y31 = QuaT2Y23 X531 = QuaTu2 2323

= Q25 X56 X64Ra2 = Q257256 Y642 = Q25 X56 264512 = Q25Y56Y64542 = Qa5Y56 X64Th2 = Q25756 Z6aTa2

= X03Q36 X642 = Z23Q36 Y64 a2 = X23Q36264 512 = Y23Q36Y64542 = Y23Q36 X64Th2 = Z23Q36 Z6aTa2

Q14 X412 X23X31 = Q14Y12X037Z31 = Q14Z42Y23X31 = Q14 X42Z23Y31 = QaYa2Y23Y31 = QaZa27Z23731 (0, 0) -1
= Q25 X56X64 X1z = Q25756 Y64 X2 = Q25 X56Z64Ya2 = Q25Y56 X64Za2 = Qa5Y56Y6aYaz2 = Qo5Z56 Z64 212

= Xo93Q36 X64Xa2 = X23Q36Z64Y12 = Z23Q36Y64 X2 = Yo3Q36 X64 242 = Y23Q36Y64Ya2 = Z23Q36 Z64 212

P14S12X23 X351 = P1aSaaZ23Ys51 = PiaTuaZ23 X31 = Pas X56X64S12 = Po5Z56Y6a502 = Pos Z56 XeaTu2 (=1, 0 1
= Xo3P36X64512 = Z23P36Y64542 = Z23 P36 X64Ta2

P14Yy2 X3 X531 = PraZsoZ23X31 = PraYaoZo3Ys1 = Pos X56X64Yao = Pas Z56 X6aZa2 = Pos Z56Y64Ya2 (-1, 0) 0
= Xo3 P36 X64Yao = Zo3 P36 XeaZao = Zo3P36YeaYa2 = Q14522 X23 X531 = Q14S12223Y31 = Q14Tu2Z23 X531

= Q25 X56X64542 = Q25756 Y6412 = Q25 Z56 X6aTu2 = X23Q36X64S42 = Z23Q36Y64542 = Z23Q36 X6aTa2

Q14Y12 X3 X531 = QuaZa2 723 X351 = Q1aY12Z23Y31 = Qa5 X56X64Ya2 = Q25756 X64Z42 = Q25756 Y64 Y12 (-1, 0) -1
= Xo93Q36X64Ya2 = Z23Q36X64Za2 = Z23Q36Y64Ya2

PraRyp X23Y31 = PuaTaa X23Z31 = PraTazY23Ys1 = Pas Xs56Yeall2 = Pos X56Z64Ta2 = PasYs6YeaTu2 1, -1 1
= Xo3PsYoaRa2 = Xo3Pas ZoaTao = Ya3P36Y64Ta2

Py X142 X03Y31 = PruZsoXo3Z31 = PraZa2Ya3Ys1 = Pos X56Y64 X142 = Pos X56Z64Z12 = Po5Y56Y64Z12 (1, -1 0
= Xo3 P36 Y64 Xa2 = Xo3 P36 ZeaZao = Yoz P36YoaZa2 = QuaRaa X23Ya1 = QuaTuaX03Z31 = Q14Tu2Y23Y

= Q25 X56Y6a Rz = Q25 X56Z64Tu2 = Q2556 YoaTuz = X23Q36YoaRaz = X23Q36 Z6aTa2 = Y23Q36Y6aTa2

Q14 X412 X23Y31 = QuaZa2X23731 = Q1aZa2Y23Y31 = Qa5 X56Y64Xaz = Q25 X56Z64 2142 = Q25Y56Y64Z42 (1, -1 -1
= X23Q36Y6aXa2 = X23Q36Z64Za2 = Y23Q36Y64Za2

P14S12X93Y31 = PraTye Xo3 Xs1 = P1aTus Z23Y31 = Pas X56Y64S12 = Pas X56XeaTu2 = Pos Z56Y64 T2 0, -1 1
= Xo3P36Y64512 = Xo3 P36 X6aTa2 = Z23P36Y64Tu2

P14 Z42 X203 X531 = P1aYao Xo3Y31 = PraZaaZ23Y31 = Pos X56X64Z12 = Pas X56Y64Ya2 = Pos Z56Y64Z12 0, -1 0
= Xo3P36X64Z42 = X23P36Y64Ya2 = Zo3 P36Y64Za2 = Q14512 X23Y31 = QuaTu2 X023 X31 = Q14T42Z93Y31

= Q25X56Y64512 = Q25 X56X64Tu2 = Q25Z56Yo4Tu2 = X23Q36Y6a512 = X23Q36Xe4Ta2 = Z23Q36 Y64 T2

Q14242 X23X31 = QuaYaa Xo3Y31 = Q14Zu2Z23Y31 = Qa5 X56X64Zu2 = Q25 X56Y64Ya2 = Q257256 Y64 242 0, -1) -1
= Xo93Q36 X614Za2 = X23Q36Y64Ya2 = Z23Q36Y64Za2

P1yTyp X23Y31 = Pas X56Y6aTa2 = X3 Ps6YoaTu2 1, -2 1
P14Z45X03Y31 = Pos X56Y64Za2 = X23P36Y6aZa2 = Q1aT12X03Y31 = Q25 X56Y64Tu2 = X03Q36Y6aTu2 1, -2 0
Q14242 X23Y31 = Q25 X56Y64Z42 = X23Q36Y64 242 1, -2 -1

Table 11. The generators in terms of bifundamental chiral fields for Model 2.
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Figure 14. Quiver for Model 3.

6 Model 3: Y?*(CP?) [P(Op @ Op2(1)), (5)]

Model 3 corresponds to one of the YP#(CP?) models, Y24(CP?). The corresponding brane

brick model has the quiver in figure 14 and the J- and E-terms are given as follows

Using the forward algorithm, we

form

1
A16 :
2
A16 :

3 .
A16 :
Ads :

43 -

2
A43 .

3.
A43 :

1
A52 :

2
A52 .

3
A52 :
Ay :

61 -

2
A61 :

3.
A61 :

Xe3 P35 251
Ps3 P35 X51
Pe3 P35 Z51
P35 751Q14
P35 X51Q14
P35Y51Q14
P>y X46Qs5
P, Y16Qs5
Py Z46Qs5
X12P24X4s
Y12 P24Ya6
Pro P2y Zys

b
=
3
no

— Zg3 P35 X51
— Xe3P35Y51
— Z63P35Y51
— Q31 X12P24
— Q31Y12P24
— Q31 P12Poy
— Xo6 P63 P35
— Xo26Z63Ps5
— X26X63Ps5
— P12 P24Yiss
— X12P24Z4s
— Y12 P24 Xue

E
P12 Xo6 — Q14X46
X12X26 — Q14Ya6
Q14Z46 — Y12 X026
X46X63 — ZaePos
YiePos — Xa6Z63
ZaeZes — Y6 Xe3
X51X12 — Zs1Yia
Y51Y12 — X51 P12
Zs1 P12 — Y51 X102
X63Q31 — Qo5X51
Ps3Q31 — Qes5Ys51
Z63Q31 — Qe5Z51

(6.1)

can calculate the P-matrix of Model 3. It takes the
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P3
si
P2

P5

Figure 15. Toric diagram for Model 3.

The J- and E-term charges are given by

h P2P3P4P5‘31 52 53 54 S5 S¢ |01 02
0 1[-1-10 0 0 —1/1 0
0 1|-1-1-1-10 010 0 |, (6.3)
11/0 0 0 0 -1-1/00
01/0 0 -1-1-10101

P1 P2 P3 p4 P5| S1 S2 S3 S4 S5 Se |01 02
000O0O0O[{O0-1001 0(0O0
000O0OO0O]0 OO0O-10 1|00
= 6.4
Qb 00000/1 000 -101/00 (6.4)
000O0O0O[O0O O1O0 O —=1{00
000O0OO0O|—-10 01 0 0|0O0
The toric diagram of Model 3 is given by the Gy-matrix,
P1 P2 P3 P4 D5 ‘81 §2 83 S4 S5 S6|01 02
1 111 11111112 2
Gi=|-11000/000000[00 (6.5)
—-1010 0|0O0O0OO0OO0OO0OO0O|0O0
1 00 1-110 0 00O0O0|1 1

Figure 15 shows the toric diagram of Model 3 with brick matching labels.
Using the Molien integral formula, the Hilbert series of the mesonic moduli space of

Model 3 is found to be as follows
P(t;, ys; M3)
g1(ti, ys; M3) =
oo (1 — ysyat1t3) (1 — ysyststd) (1 — ysystatd) (1 — ysyott3)
1
X , (6.6)
(1 - ysyot%tg)(l - ysyotgtg)

where t; are the fugacities for the extremal brick matchings p;. ys counts the product of brick
matchings s ... sg corresponding to the single internal point of the toric diagram of Model 3.
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SU(S)(th) U(1)p | U(1) | fugacity
P1 (1, 0) 0 T1 tl
D2 (—1, +1) 0 79 to
ps | (0, —1) 0 r3 t3
ps | (0, 0) +1 T4 ta
b5 (07 0) -1 s 5

Table 12. Global symmetry charges on the extremal brick matchings p; of Model 3.

Additionally, y, counts the product of extra GLSM fields 0102. The explicit numerator
of the Hilbert series P(t;,ys; Ms3) is given in the appendix section A.3. We note that by
setting y, = 1, the characterization of the mesonic moduli space by the Hilbert series does
not change. This implies that the extra GLSM fields indeed are an over-parameterization
of the moduli space as expected.

By setting t; = t for all extremal brick matching fugacities, and ys = 1 and y, = 1 for
all other fugacities, the unrefined Hilbert series takes the following form

1

A=t (1—p)
x (143t 410t° +12t° — 9t — 26110 + 6411 +3¢12 - 3¢1% + 6414 — 26415
—9t16 11249 4110620 4 3¢21 %), (6.7)

91(t7171;M3) =

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.
The global symmetry of Model 3 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 12. Using the following fugacity map,

tat tox? tyx
457$2:21,b:417 (6.8)
t2t3 t1 ty

the Hilbert series for Model 3 can be rewritten in terms of characters of irreducible

t =132, T3 =

representations of SU(3) x U(1), the mesonic flavor symmetry of Model 3, as follows

o0 oo
g1 (t, xi, by M3) = Z Z [[in + 3n270]b—2n1t4n1+5n2
n1=0n2=0
+ [An + Bng + 4, O]p2m H2Em BRG] (6.9)
where [my, ma| = [mq, mQ]SU(?))(wl +y) a0d b is the fugacity for the U(1) factor of the mesonic
flavor symmetry. The corresponding plethystic logarithm is

PL[gy (¢, 2:,b; M3)] = [2,0]b2t* 4-[3,0]¢° 4[4, 0]b%¢°
—[0,2]6= 48— ([3, 1162+ [1,2]b=2)t° — ([6, 0]+ [4, 1] +2[2,2])t1°
—([5,1]6%+[3, 2062 +[1, 3162t — ([4,2]b* + (0,461 12 +...,  (6.10)

where we see that the mesonic moduli space is a non-complete intersection. The generators
form 3 sets which respectively transform as [2,0]62, [3,0] and [4,0]b? of the mesonic flavor
symmetry. Using the following fugacity map
3/2,3/2 3/2,3/2
capap L 6PRP @Y

t=t%t =45 g, =

t3
9 xz 9 -
YT 2 2T 2

h= 2% 6.11
’ tots (6.11)
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the mesonic flavor charges on the gauge invariant operators become Z-valued. The generators
in terms of brick matchings and their corresponding rescaled mesonic flavor charges are
summarized in table 13. The generator lattice as shown in table 13 is a convex lattice
polytope, which is reflexive. It is the dual of the toric diagram of Model 3 shown in
figure 15. Note that the 3 sets of generators transforming under [2,0]6=2, [3,0] and [4, 0]b?
of the mesonic flavor symmetry form the 3 layers of the generator lattice in table 13. For
completeness, table 14 shows the generators of Model 2 in terms of chiral fields with the
corresponding mesonic flavor charges.

7 Model 4: P!_(dPp) [P(Op & Op & Opi (1)), (6)]

Model 4 corresponds to the Calabi-Yau 4-fold P}_(dPg). The corresponding brane brick
model has the quiver in figure 16 and the J- and E-terms are given as follows

J FE

Ao Zo3Z31 — Ya3X31 PiuZso — QiaTus
Als: X53X31 — Zs6Ye1 P14 X42Q25 — Q14X42P2s5
Als Ys6Ye1 — X53Z31 P14Y42Q25 — Q14Y12Pos
Ads s Y61QuaYaz — XeaZao Py5Ys56 — Yo3Ps6
Adg ZeaZaz — Ye1Q14Xa2 Po5Zis6 — Z23Psg
Ads: Yo1PuaYir — XeaTuo Y23Q36 — Q25Y56
A : ZeaTas — Ye1PraXao Z23Q36 — Q25756 . (7.1)
Adg XeaXa2 — ZpaYa2 Pr5 X53Q36 — Q25X53P36
A3yt X42Q25X53 — ZazYas P36Xea — X31P14
A3y Za2Z23 — Y42Q25X53 P36 Zss — Z31P14
ASy: XaoPosXss — TuzYos X31Q14 — Q36X64
A3y TyoZoz — Yao2PosXs3 Z31Q114 — Q36264
A3y YioYos — Xu2Zos3 P3sY61Q14 — Q36Y61P 14
Ays : Zs6Z6a — Ys6Xe64 T12Q25 — Za2Pos

Using the forward algorithm, we are able to obtain the brick matchings for Model 4.
They are summarized in the P-matrix which takes the form
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generator SU3)(z1,3.) | U(L);
Pip3so M, 1) | -1
p1papiso 0, 1) -1
p3p3so (-1 1) | -1
P1P3PESso (1, 0) -1
Ppop3pEso o, 0 | -1
p% pg S0 (1, -1) -1
PIpapss0? (1, 1) 0
pipepapsso® | (0, 1) 0
pip3papsso® | (=1, 1) 0
P3papss0° (-2, 1) 0
pipspapsso® | (1,  0) 0 R o~ o
p1p2p3papsso® | (0, 0) 0
p3pspapsso® | (=1, 0) 0
pip3papsso® | (1,  —1) | 0
papapapsso® | (0,  —1) | 0
Pipapss0° (1, =2 0
pipiso’ (L, 1 1
pipapiso’ 0, 1) 1
pipspiso® | (=1, 1) 1
pipspiso® | (=2, 1) 1
p3piso’ (=3, 1 1
p?pgpisog (1, 0) 1
pipapspiso® | (0,  0) 1
pipapspiso® | (=1, 0) 1
papspiso® | (=2, 0) 1
pip3piso® (L, -1 | 1
pipepipiso® | (0, —1) 1
papapiso® | (=1, —1) | 1
p1pipiso® (1, -2 1
papipiso’® 0, -2 1
p3piso® (1, -3)| 1

Table 13. The generators and lattice of generators of the mesonic moduli space of Model 3 in terms
of brick matchings with the corresponding flavor charges.
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generator

Q14246 X63Q31 = Q14Z16Q65X51 = Y12 X26 X63Q31 = Y12X26Q65X51

Q14Y16X63Q31 = Q11216 Z63Q31 = Q1aYa6Q65 X51 = Q14Z26Q65 751 = X12X26X63Q31 = Y12 X26Z63Q1

= X12X26Q065X51 = Y12X26Q65 251

Q14Y16Z63Q31 = Q14Y16Q65 251 = X12X26Z63Q31 = X12X26Q65 251

PraXo6X63Q31 = P1aXo6Qe5X51 = Q14216 P63Q31 = Y12 X6 Ps3Q31 = Q14 X6 X63Q31 = Q14 X46Q65X51

= Q14Z16Q65Y51 = Y12X26Q05Y51

P12 X26Z63Q31 = P12X26Q65Z51 = Q14Y16 Ps3 Q31 = X12X26P63Q31 = Q1aX16Z63Q31 = Q14X16Q65 251

= Q14Y16Q65Y51 = X12X26Q65Y51

P1oXo6Ps3Q31 = PraX26Qe5Y51 = Q14X46Pe3Q31 = Q14X46Q65Y51

Y12 P24 Z16X63Q31 = Y1220 Z46Q05 X51 = Q14216 X63 P35 X51 = Y12 X26 X3 P35 X51

X12PoaZ46X63Q31 = Y12PoaYae X63Q31 = Y12 P2aZa6 Z63Q31 = X12P24Z46Q65 X51 = Y12P24Y16Qe5 X51 = Y1221 Z46Q65 Z51

= Q14Ya6X6335X51 = Q14246 Z63 P35 X51 = Q14246 X 6335251 = X12X26X63 P35 X51 = Y12 X206 Z63 35 X51 = Y12 X26X63 P35 251

X12PoaYiae Xe3Q31 = X12P2aZ16Z63Q31 = Y12 PaaYa6 Ze3Q31 = X12P24Y16Qe5 X51 = X124 Z46Q65Z51 = Y12P24Y16Q65 251

= Q14Y16Z63 P35 X51 = QaYac X3 P35 251 = Q1aZ16Z63 P35 Z51 = X12X26Z63 P35 X51 = X12X06X63 P35 251 = Y12X26Z63 P35 Z51
X12PouYi6Z63Q31 = X12PoaYa6Qe5Z51 = Q14Ya6Zo3 P35 251 = X12X26 Z63 P35 Z51

P1oPyuZ46 X63Q31 = PraP2uZ16Qes X51 = P1aXo6X63 P35 X51 = Y12PouZa Po3 Q@31 = Y12 P2 X146 X63Q31 = Y12 Poa X46Q05X51

= Y1224 Z46Qe5 Y51 = Q14246 P63 P35 X51 = Y12 X026 P63 P35 X51 = Q14 X146 X63 P35 X51 = Q14Za6X63P35Y51 = Y12 X26 X3 Ps5 Y51

P1oPyyYie X63Q31 = PraPouZ16Z63Q31 = Pr2PaaYa6Qe5 X51 = P12 PoaZa6Qe5 251 = P12 Xo6Z63 P35 X51 = P1aXo6X63 P35 251

= X12P2uZ46Ps3Q31 = Y12P2aYa6 Pz Q31 = X12PoaXa6 X63Q31 = Y1220 X46Z63Q31 = X12Poa Xa6Qo5X51 = X1224Z46Q65Y51

= Y12 P24 X46Q65 251 = Y12P24Yi16Q05Y51 = Q1aYae Po3 P35 X51 = Q14246 P63 P35 Z51 = X12X26Po3 P35 X1 = Y12 X026 P63 P35 Z51

= Q1aX46Z63P35X51 = QraXa6 X3 P35 Z51 = Q14Ya6 X3 P35Y51 = QaZuc Zg3 P35 Ys1 = X12Xo6Xe3P35Y51 = Y12X26Z63 P35 Y51
P1oP21Ya6Z63Q31 = P12PoaYi6Qe5 251 = PraXo6Z63 P35 251 = X12P2a Y16 Po3Qs1 = X12P24X46Z63Q31 = X12 P24 X146Q65Z51

= X12P4Yi16Q05Ys51 = QuaYa Po3 P35 Zs1 = X12Xo6Pos P3s Zs1 = Q1aXa6Z63 P35 251 = Q14Ya6Z63 P35 Y51 = X12X06Z63 P35 Y51

P1oPyyZ4 Po3Q31 = PraPou X6 X63Q31 = Pr2PoaXa6Qo5X51 = PraPoaZa6Qe5Y51 = PraXoePoa P3s X51 = PraXo6Xe63Ps5Y51

= Y12 PuXu6 Po3Q31 = Y1224 X16Qo5Y51 = Q14 X6 P63 P35 X51 = Q14216 Po3 P35 Y51 = Yia Xo6 Po3 P35 Ys1 = Q14 X146 X63 P35 Y51

P1aPyyYie Po3Qs1 = PraPouXa6Z63Q31 = PraPas Xa6Qo5251 = PraP21Y16Qe5Ys1 = P12 Xo6Ps3 Pas Z51 = PiaXo6Z63PssYs1

= X12Pa X6 Po3@31 = X124 X46Q05Y51 = Q1aXa6Po3 Pss Z51 = Q14Ya6Po3 P35 Y51 = X12Xo6Po3 P35 Ys1 = Q14 X146 Z63 35 V51
PraP2y X4 Po3Qs1 = PraP2uXu6Qe5Y51 = PraXogPo3 P35 Y51 = Q14X46 Po3 P35Y51

Y12 P24 Z46X63 P35 X51

X12PoaZ46 X 63 P35 X51 = Y12 PoaYa6 Xe3 P35 X51 = Y1224 246 Z63 P35 X1 = Y1220 246 X63 P35 Z51

X12PoaYa X3 Pa5 X1 = X12P24Z46 Z63 P35 X1 = X12P20 246 X63 P35 Z51 = Y12PP24Y16 Z63 P35 X51 = Y12 P2a Y6 X63 P35 Zs1 = Y12Poa Za6 Z63 P35 Z51
X12P24 Y46 Z63 P35 X51 = X12PoaYa6Xe3 P35 251 = X12PouZa6 Ze3 Py Zs1 = Y12PoaYa6Z63 P35 251

X12PoaYa6Z63 P35 Z51

P1o Py Z46 X3 P35 X51 = Y12 P24 Za6 Po3 P35 X51 = Y12 Poa X6 X3 P35 X51 = Y12 P24 Z46 X335 Y51

P1aP2y Y6 Xe3 P35 X51 = ProlouZae Zes Pss X51 = ProPouZas X3 Pas Zs1 = X12P24 246 Po3 Pas X51 = Y1224Ya6 Po3 P35 X51 = Y124 Z46 Po3 P35 Z51
= X12Pou X6 X3 P35 X51 = X12P24Z146 X63P35Y51 = Y12 P20 X46Z63 P35 X51 = Y12 Pou X6 X63 P35 Zs1 = Y12PoaYa6 X63 P35 Ys1 = Y12 P24 Za6 Z3 P35 Y1
ProPyyYa6 Zg3 Pss X51 = PraPauYa6 X3 Pss Zs1 = PraPauZa6 Ze3 Pss Zs1 = X12PoaYae Pos P35 X51 = X12Poa Za6 Pos Pss Zs1 = Y12 PaaYae Po3 Pys Zs1
= X124 Xu6Z63 P35 X51 = X12PoaXa6 Xe3 P35 Z51 = X12P24Ya6 X 63 Pss Y1 = X12PoaZa6 Z63 Pss Y1 = Y12P2a X6 Z63 P35 Zs1 = Y12P24Y 6 Z63 P35 Ys1
PraPoyYa6Zo3 Pss Zs1 = X12PoaYae Po3 P35 Zs1 = X122 X146 Z63 P35 251 = X12%24Y 16263 P35 Y51

P1oPyyZa6 Po3 P35 X51 = ProPoaXus Xe3 P35 X51 = ProPauZa6 Xe3Ps5Ys1 = Y12 Poa X6 Po3 Pas X51 = Y12 PaaZag Pos Pss Y1 = Y1220 X6 X63 P35 Y51
ProP2yYi6Ps3 Pas X51 = ProPouZag Pos Pss Zs1 = PraPauXaeZe3 Pss X51 = ProPosXasXe3Pas Zs1 = ProPoaYas Xe3P3sYs1 = ProPauZ6Z63 P35 Y51
= X124 X46Po3 P35 X51 = X12P24Za6 Po3 Ps5 Y51 = Y12 Pou Xug Po3 Pa5 Zs51 = Y12 PoaYa Pos Pas Y51 = X12P2aXa6 X63P35Y51 = Y12PoaXu6Z63 P35 Y51
P1oPoy Y6 PosP3s Zs1 = ProPoa X6 Ze3 P35 Zs1 = PraPauYa6Ze3PasYs1 = X10P2uXa6Pos3 Pas Zs1 = X12PoaYas Po3 PssYs1 = X12Poa X6 Z63 P35 Y51
ProPyy X Po3 Pss X51 = P1aP2yZas Po3 PssYs1 = PraPayXu6 X3 Ps5Y51 = Y1224 X46Po3 P35 Y51

ProPyy X6 Po3 Pss Z51 = PraPoaYae Pos P35 Ys1 = PraPauyXu6Ze3 PasYs1 = X12P24 X146 P63 P35 Y1

ProPyy X6 Po3 P35 Y51

—

—

= —

=

)

[

Table 14. The generators in terms of bifundamental chiral fields for Model 3.

Figure 16. Quiver for Model 4.
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Figure 17. Toric diagram for Model 4.

The J- and E-term charges are given by

51 82 53 S4 S5 56|01 02

D1 P2 P3 Pa D5
0 0 -1|-1-1-101 1|0 0

11
Q=000 0-1]-10-1010[10 ], (7.3)
000 O0-10-1-1001(01
00-1-1-10 0 0 11 1(00
and the D-term charges are given by
P1 P2 P3 P4 P5|S1 S2 S3 S4 S5 S6 |01 02
00-1-1-1{0 1 00 1 1|00
000 0 O0O]O0 O 1 O0O0-1/00
= 7.4
@p 001 1 1/-10 00-1-100 (7.4)
0000 0/0~-1000 1|00
0000 0/0 0-101 0|00

The toric diagram of Model 4 is given by

P1 P2 P3 P4 p5‘8182838455$60102

1111 1/1 1111122
Gi=]1001-10/000000[00], (7.5)

1-10 0 0/000000O0[00O0

01 0-11{00000O0TO0|11

where figure 17 shows the toric diagram with brick matching labels.

Using the Molien integral formula, the Hilbert series of the mesonic moduli space of
Model 4 is found to be as follows

P(tia Yss Yo; M4)
1 — ysyot1t3) (1 — ysyotat3) (1 — ysyot1t]) (1 — ysyotat])
1
U= ) (1= yeydtitl)

where t; are the fugacities for the extremal brick matchings p;. ys counts the product of brick
matchings s ... sg corresponding to the single internal point of the toric diagram of Model 4.
Additionally, the fugacity y, corresponds to the product oj09 of extra GLSM fields. The

g1 (ti, Yss Yo M4) = (

(7.6)
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SU(2), | SU(2)y | U(1)y | U(1) | fugacity
P1 +1 0 +1 1 t1
P2 -1 0 +1 9 to
D3 0 +1 0 r3 t3
P4 0 -1 0 T4 14
D5 0 0 -2 5 ts

Table 15. Global symmetry charges on the extremal brick matchings p; of Model 4.

explicit numerator P(t;, ys, yo; M4) of the Hilbert series is given in the appendix section A.4.
We note that setting the fugacity y, = 1 does not change the overall characterization of
the mesonic moduli space by the Hilbert series, indicating that the extra GLSM fields, as
expected, correspond to an over-parameterization of the moduli space.

By setting ¢; = t for the fugacities of the extremal brick matchings, and all other
fugacities to ys = 1 and y, = 1, the unrefined Hilbert series takes the following form

1
(1—tHH(1—17)?
X (144t + 9% + 8% 4+ 37 — 5¢% — 126 — 7410 — 44t 4 3¢12 4 3413 — 4414
— 7t 12616 — 517 4 318 1 819 4 9120 4 44?4420 (7.7)

g1 (t7 17 17 M4) -

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.

The global symmetry of Model 4 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 15. Using the following fugacity map,

1/2
ttots t ttots taty
= s Xr = —/—— y y = — y b = — y (7_8)
tst 13/ tst] /212

the Hilbert series for Model 4 can be rewritten in terms of characters of irreducible
representations of SU(2) x SU(2) x U(1). In terms of fugacities of the mesonic flavor
symmetry of Model 4, the Hilbert series becomes

o0 o0
gi(t,z,y, b My) = > Y [[nl + 2ny; 30 + 2np]pM Aoz
n1=0mn9=0

+ [3n1 + 2n9 4+ 3;n1 + 2n9 + l]b_n1_1t6n1+5”2+6

+ [3711 + Tng + T;n1 + no + 1]b—n1—3n2—3t6n1+13n2+13

+ [An 4 Ty + 4yl 2m SIS T (7.g)

where [m;n]| = [m]su(2), [?]su(2),- The fugacity b counts charges under the U(1) factor of
the mesonic flavor symmetry.
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The corresponding plethystic logarithm is

PL[g1(t, =, y,b; My)] = [1;3]bt* + [2;2)¢° + [3; 1646 + [4; 000 2¢"
— ([0;4] + [252) + 1)b%¢® — ([1;5] + [3; 3] + [1; 3] + [3; 1] + [1; 1)) b¢°
— ([454] + [2;4] + [4; 2] + [0; 4] + 2[2; 2] + [4;0] + 1)¢°
— (55 3] +2[3; 3] + [5; 1] + [1;3] + [3; 1] + [1; 1])b~ ¢!
— ([652] + [4;2] +2[2;2] + [4;0] + )b 212 + ..., (7.10)

where we see that the mesonic moduli space is a non-complete intersection. The generators
form 4 sets that transform under [1;3]b, [2;2], [3;1]b~! and [4;0]b~2 of the mesonic flavor
symmetry of Model 4, respectively. Using the following fugacity map

ts Bt o £5/2¢3/2

1/2 j=
ty’ tg/zti/Q ’ tats

F=4?0? =

(7.11)

the mesonic flavor charges on the gauge invariant operators become Z-valued. The generators
in terms of brick matchings and their corresponding rescaled mesonic flavor charges are
summarized in table 16. The generator lattice as shown in table 16 is a convex lattice
polytope, which is reflexive. It is the dual of the toric diagram of Model 4 shown in figure 17.
We also note that the 4 layers of points in the generator lattice in table 16 corresponds
to the 4 sets of generators that transform respectively under [1;3]b, [2;2], [3;1]6~! and
[4;0]b~2 of the mesonic flavor symmetry. For completeness, table 17 and table 18 show the
generators of Model 4 in terms of chiral fields with the corresponding mesonic flavor charges.

8 Model 5: Y%5(CP?) [P(Op: @ Op2(2)), (7)]

Model 5 corresponds to one of the Y?#(CP?) models, Y>3(CP?). The corresponding brane
brick model has the quiver in figure 18 and the J- and E-terms are given as follows

J E
AiQ : XosXs51 — Q25Z51 P13 X3 — X14Ps2
ALy XosRs1 — PasZs X14Qa2 — Q13X32
Ale: X64Qa2Yar — Xo5Xs51 P13 X36 — X13P36
Als : Xe65251 — X6aX42Y21 P13Q36 — Q13P36
Als . XeaPi2Yor — XesRs1 X13Q36 — Q13X36
Ay : X14 X4 — X13X32 Prs X51 — Qa5Rs1

Ads s X36X64Quz — Q36X64Xa2 Po5Ys3 — Y21 P13

A3s: X36XeaPaz — P3sXoaXaz Y21Q13 — Q25Y53 (8.1)
Ags : Y21 X13 — Xo5Ys3 P36 X64Qa2 — Q36X64P a2

Ajs : Z51Q13 — X51X13 P36 Xe5 — X32P25

A3 Z51P13 — R51X13 X32Q25 — Q36X65

Als X51X14 — Y53Q36X64 Py Xos — Xao2Pos

AZs: YssXs6Xea — Zs1Xia Pi2Q2s — Qa2Pos

Als R51X14 — Ys53P36Xe64 X12Q25 — Qa2X25

Ags : X32X25 — X36X65 R51Q13 — Xs51P13
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generator SU(2)z | SU(2)y | U(1);
plpg 50 2 0 1
pgp% s0 2 1 1

p1p§p4 S0 1 0 1

p2p§p4 so 1 1 1

plpgpi S0 0 0 1

pgpgpi S0 0 1 1
plpi S0 —1 0 1
pgpi S0 -1 1 1

p%p%pg, 50° 1 -1 0

P1P2p3ps 807 1 0
p%p§p5 50° 1 1 0
Pipspaps 50 0 -1 0
P1P2P3paps 50 0 0 0
Pp3paps 50 0 0
pipips s0* -1 -1 0
p1p2pips s0° -1 0 0
p%pim 50% —1 0
p:fpgpg 503 0 -2 —1
Pip2pspE s0° 0 -1 ~1
plp%pgpg 503 0 0 -1
p%pgpg 50° 0 1 —1
p?p4p§ 503 -1 —2 -1
Pipapap} s0° -1 -1 -1
P1P3pap} s0° ~1 0 ~1

p§p4p§ 503 -1 1 -1
p‘fpg so’ -1 -3 -2

pE{’prg so’ -1 -2 -2

pip3pd so* -1 -1 ] -2

plp%pg sot -1 0 -2
p%pg sot -1 1 -2

Table 16. The generators and lattice of generators of the mesonic moduli space of Model 4 in terms
of brick matchings with the corresponding flavor charges.
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generator SU(2)z | SU(2)5 | U(1);
P14Yi9 293 X351 = Po5 Z56XeaYaz = Zo3 P36 XeaYao 2 0 1
Q14Y12Z23X31 = Q25256 X64Ya2 = Z23Q36X64Ya2 2 1 1
P14 X492 Z93X31 = P1aY1Y03X31 = P1aY12 293231 = Pas Z56 X6aXa2 = Pa5Ys56X64Ya2 = PasZ56Z64Y 12 1 0 1
= Z3P36 X64Xa2 = Yo3 P36 XeaYao = Zo3 P3s Z64Ya2

Q14 X42Z23X31 = Q14Y12Y23 X351 = Q14Ya2 223731 = Q25256 X64Xa2 = Q25Y56 X64Ya2 = Qa5Z56Z64Ya2 1 1 1
= Z23Q36X64Xa2 = Y23Q36X64Ya2 = Z23Q36Z64Ya2

Py X4oYo3X31 = P1aXyoZo3Z31 = P1aYaoYo3Z31 = PosYs6 X6aXao = Po5 Zs6Z64Xa2 = Po5Y56Z64Ya2 0 0 1
= Yo3 P36 X64Xa2 = Zo3 Pss ZeaXao = Yo3 P36 Z64Ya2

Q14 X42Y23X31 = Q14 Xu2Z23731 = Q14Y12Y23731 = Q25Y56 X6aXaa = Q25756 Z64 X2 = Q25Y56Z64Ya2 0 1 1
= Y23Q36 X64Xa2 = Z23Q36Z64 X142 = Y23Q36Z64Ya2

P14 Xy9Ya3731 = Pa5Y56Z64Xa2 = Ya3P36Z64 X2 -1 0 1
Q14X42Y23731 = Q25Y56 264 X2 = Y23Q36Z64 X a2 -1 1
P1yTaoZo3 X351 = Pos Zs6XeaTua = Zoz P36 XeaTao = P1aYao Pos X53X31 = P14Yao Pos Z56 Y61 1 -1 0
= P14Y12Z23P36Y61 = Pas5 X53 P36 X6aYa2

P14 742793 X531 = PosZ56XeaZa2 = Zo3 P36 XoaZag = Q1aTu2Zo3 X351 = Qa5Z56 X4 T2 = Z23Q36 X6aTa2 1 0 0
= P14Y12Q25 X53X31 = P1aY12Q25756 Y61 = P1aY12223Q36Y61 = Q14Y12Pos X53X31 = Q14Ya2Po5 Z56Y61

= Po5 X53Q36X64Ya2 = Q14Y12Z23P36Y61 = Q25 X53 P36 X64Ya2

QaZa2Z93 X351 = Qo556 X64Z12 = Z23Q36X6aZa2 = Q14Ya2Q25 X53X31 = Q14Y120Q25Z56Y61 1 1 0
= Q14Y12223Q36Y61 = Q25 X53Q36 X64Ya2

Table 17. The generators in terms of bifundamental chiral fields for Model 4 (Part 1).

Using the forward algorithm, we are able to obtain the brick matchings for Model 5.
They are summarized in the P-matrix which takes the form
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generator SU(2)z | SU(2)5 | U(1)
P1yTaoYo3 X351 = PraTuoZa3Zs1 = PosYse XeaTuz = PasZs6Z6aTha = Y3 P36 XeaTha = Zo3 P36 ZoaTu2 0 -1 0
= P1aXyoPos X53 X351 = PraXaoPos Zs6Yo1 = PraYaaPos X53231 = P1aYaa PosYs6Y61 = PraXa2Z23P36Y61

= P14Y1oYa3P36Y61 = Pas X53 P36 X6aXa2 = Po5 X53P36Z64Ya2

P14 Z40Y23X31 = PraZuaZo3Zs1 = PasYs6 XeaZaz2 = PasZseZeaZaz = Ya3Pae XeaZa2 = Za3 PssZeaZaz 0 0 0
= QuuTa2Y23X51 = QuuT12Z93Z31 = Q25Y56 X64Ta2 = Q25256 Z64Ta2 = Ya3Q36 X6aTu2 = Z23Q36Z64Tu2

= P13 X42Q25 X53X31 = PraX42Q25Z56Y61 = P1aYa2Q25X53231 = P1aYa2Q25Y56Y61 = P1aX42Z23Q36Y61

= P14Y12Y23Q36Y61 = Q14 X2 Pos X53X31 = QuaXu2Po5 Z56Y61 = Q14Yaa Pas X53Z31 = Q14Y12Po5 Y56 Y61

= Pr5 X53Q36 X64Xa2 = Pa5 X53Q36Z64Y12 = Q14 Xu2Z23P36Ys1 = Q14Y12Y23 P36 Y61 = Q25 X53 P36 X4 X2

= Q25 X53P36Z64Ya2

Q14Z12Y23X31 = QuaZaZ23Z31 = Q2556 X6aZa2 = Qa5Z56 264242 = Ya3Q36 X64Za2 = Z23Q36 264242 0 1 0
= QuaX02Q25X53X31 = Q14X102Q25Z56Y61 = Q14Ya2Q25X532Z31 = Q14Y12Q25Y56Y61 = Q14 X42223Q36Y61

= QuaYa2Y23Q36Y61 = Q25 X53Q36 X6 Xa2 = Q25 X53Q36Z64Ya2

P14TaoYo3731 = PosYs6ZeaTaz = Yo3P3s ZoaTaa = PraXaoPos X53731 = P1aXaaPa5Y56Y61 -1 -1 0
= P1aX42Y23P36Y61 = Po5 X53 P36 Z64 X142

P14Z45Y03231 = Pa5Y56 264242 = Ya3 P36 Z6aZ42 = QuaTuaY23 731 = Qa5Y56Z6aTaz = Y23Q36 Z6aTu2 -1 0 0
= P1uX42Q25X53Z31 = P1aX142Q25Y56Y61 = PraXa2Y23Q36Y61 = Q14 X2 Pos X53731 = Q14 Xa2Pa5Y56Y61

= Po5 X53Q36 Z6aXa2 = Q14 X42Y23 P36 Y61 = Q25 X53 P36 Z64 Xa2

Q1421223731 = Q25Y56Z64Z12 = Y23Q36 2642142 = Q14X 12Q25 X53Z31 = Q14X42Q25Y56 Y61 -1 1 0
= Q1aX12Y23Q36Y61 = Q25 X53Q36 Z6a X a2

P14YsoPos X53P36Y61 = PraTua Pos X53X31 = P1aTyo Pos Zs56Ye1 = PraTyoZa3 Pa6Ye1 = Pas X53 P36 X64 T2 0 -2 -1
P14Yo Pos X53Q36Y61 = P1aYa2Q25 X553 P36 Y61 = Q14Ya2Pos X53 P36 Ye1 = PraZaa Pas X53 X3 0 -1 -1
= P1uZysPos Z56 Y1 = PraZanZo3 Py Ys1 = PraTuoQ25 X53X31 = P1aT42Q25Z56Y61 = P1aTu2Z23Q36Y61

= Py5 X53P36 X64Z42 = Q1aTua Po5s X53X31 = QuaTua P25 Z56Ye1 = Pas X53Q36 X64Ta2 = Q14Ta2Z23 P36 Y61

= Q25X53 P36 X64Tu2

P14Y1p Q25 X53Q36Y61 = Q14Ya2 P25 X53Q36Y61 = Q1aYa2Q25 X53 P36 Ye1 = P1aZanQ25 X53 X351 0 0 -1
= P14Z42Q25Z56Y61 = P1aZ42Z23Q36Y61 = Q14242 P25 X53 X531 = Q14Z142Pos Zs6 Y61 = Pos X53Q36 X64Z42

= QaZa2Z23P36Y61 = Q25 X53 P36 X64Za2 = Q14T42Q25X53 X531 = Q1aTu2Q25Z56Y61 = Q1aTa2Z23Q36Y61

= Q25 X53Q36X64Ta2

Q14Y12Q25X53Q36 Y61 = Q14242Q25 X53 X531 = Q14Z42Q25Z56 Y61 = Q14242 223Q36Y61 = Q25 X53Q36X64Z42 0 1 -1
Py XaaPos X53 P36 Y61 = PraTya Pos X53731 = P1aTu2 PasYs6Ye1 = PraTu2Y23PsYe1 = Pas X53P36 Z64 112 -1 -2 -1
PraX42 Pos X53Q36Y61 = PraXu2Q25 X53 P36 Y61 = Q14 Xa2 Pas X53 P36 Y61 = PraZa2 Pas X53 231 -1 -1 -1
= P14Z42Ps5Y56Y61 = P1aZ42Y23 P36 Yo1 = PraT1oQ25X53731 = P1aTu2Q25Y56Ye1 = PraTa2Y23Q36Y61

= Po5 X53P36 264212 = QuaTa2 Pas X53 731 = Q14T12 Pa5 Y56 Y61 = Pas X53Q36Z64T12 = Q14Tu2Y23 P36 Y1

= Q25 X53 P36 Z64 T2

P1aX49Qo5X53Q36Y61 = Q14 X142 Po5 X53Q36Y61 = Q14 X42Q25 X53 P36 Y61 = P1aZa2Q25 X53Z31 -1 0 -1
= P14Z42Qa5Y56Ye1 = P14 Z42Y23Q36Y61 = Q14242 Pa5 X53231 = Q14Z42P25Y56Y61 = Pos X53Q36Z64Z42

= QuaZs2Y23P36Y51 = Qo5 X53 P36 264 Za2 = Q14T12Q25X53 731 = Q1aTu2Q25Y56Y61 = Q14T42Y23Q36Yo61

= Q25 X53Q36 264112

Q14X42Q25 X53Q36Y61 = Q14212Q25 X53Z31 = Q14Z42Q25Y56Y61 = Q14242Y23Q36Y61 = Q25 X53Q36Z64Z42 -1 1 -1
P14TyoPos X53 P36 Y61 -1 -3 -2
P14 Z45Po5 X53P36Y61 = PraTua Pos X53Q36Y61 = P1aTu2Q25 X53P36Ye1 = Q14Tu2 P25 X53 P36 Yo -1 -2 -2
P14 242 P25 X53Q36Y61 = P1aZ12Q25 X53 P36 Y61 = PraT12Q25 X53Q36Y61 = Q14242 Pa5 X53 P36 Y61 -1 -1 -2
= QuaTu2 Po5 X53Q36Y61 = Q14Tu2Q25 X553 P36 Y61

P14Z45Q25 X53Q36Y61 = Q14Z42 P25 X53Q36Y61 = Q14212Q25 X553 P36Y61 = Q14T42Q25 X53Q36Y61 -1 0 -2
Q14212Q25X53Q36Y61 -1 1 -2

Table 18. The generators in terms of bifundamental chiral fields for Model 4 (Part 2).

Figure 18. Quiver for Model 5.
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Figure 19. Toric diagram for Model 5.

The J- and E-term charges are given by
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and the D-term charges are given by

(8.4)

].
|

1 0{00O0O0O0O0
0 -1j0 0 0 00O
0 0 0j0O0OO0OOO0OO
-1 0{00O0O0O0O0
-10 0{00O0O0O0O0

1

P1 P2 P3 P4 P5|S1 S2 S3 S4 S5 Se |01 02 03 04 05 Og

0000O0O/0O0-10
000O0O0|0 OO0
000O0O0|-101
0000O0O/0 10 O
000O0O0O|1T 0O

Qp = [
The toric diagram of Model 5 is given by

(8.5)

111111222222

10-10 0(00O0O0O0O0O0O0O0O0O0O
01-10 0(00O0O0OO0OO00O0O0O0TO0O0
00 21-11000000j17 11111

1

11 11

P1 P2 P3 P4 Ps ‘81 52 53 54 S5 36‘01 02 03 04 05 Op

Gy = (
where figure 19 shows the toric diagram with brick matching labels.
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SU3) (21,20) | U(L)p | U(1) | fugacity
pr| (1, 0 0 ) t1
pe | (=1, +1) 0 To to
ps | (0, —1) 0 r3 t3
ps | (0, 0) +1 T4 ta
ps | (0, 0) -1 rs t5

Table 19. Global symmetry charges on the extremal brick matchings p; of Model 5.

The Hilbert series of the mesonic moduli space of Model 5 takes the form

P(tza Ysy Yos M5)
1 — ysydt3t3) (1 — ysydt5t3) (1 — ysydt3td) (1 — ysyol112)
1
< 3 7
(1 — ysyotats) (1 — ysyotsts)

91(tis Yss Yos Ms) = (

(8.6)

where t; are the fugacities for the extremal brick matchings p;. ys counts the product s; ... sg
and y, counts the product o; ...0s. The explicit numerator P(t;, ys, Yo; M5) of the Hilbert
series is given in the appendix section A.5. We note that setting the fugacity y, = 1 does
not change the overall characterization of the mesonic moduli space by the Hilbert series,
indicating that the extra GLSM fields, as expected, correspond to an over-parameterization
of the moduli space.

By setting ¢; = t for the fugacities of the extremal brick matchings, and all other
fugacities to ys = 1 and y, = 1, the unrefined Hilbert series takes the following form

1
(1—13)3(1 —17)3
X (14+10t° 4 187 — 15¢% — 35¢10 4 6411 + 15¢12  15¢13

+ 6t — 35¢1° — 15617 + 18418 + 10620 + £29) (8.7)

91(t7 ]-7 ]-7 M5) ==

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.
The global symmetry of Model 5 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 19. Using the following fugacity map,

t3t2  tats t3t2 t3ts

= 1 = To = b= 8.8
titots " tats ] 7 titgtd’ titots (8:8)

the Hilbert series for Model 5 can be rewritten in terms of characters of irreducible
representations of SU(3) x U(1). In terms of fugacities of the mesonic flavor symmetry of
Model 5, the Hilbert series becomes

oo o0

gtz by Ms) = > [[nl + 3ng, 0]~ 2 g3natonz
n1=0n9=0

+ [5ny + 3na + 5, 0]b2"1+2t7"1+5”2+7} : (8.9)
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where [my, ma] = [m1, m2]gus) The fugacity b counts charges under the U(1) factor

(z1,29)"
of the mesonic flavor symmetry. The corresponding plethystic logarithm is

PL[gy(t, s, b; Ms)] = [1,0]672¢3 + [3, 0% + [5, 0]b%t7
—[2,1]072% — ([6,0] + [4,1] + [2, 2t + [2,0p~ M + ..., (8.10)

where we see that the mesonic moduli space is a non-complete intersection.

The generators form 3 sets that transform under [1,0]6=2, [3,0] and [5,0]b? of the
mesonic flavor symmetry of Model 5, respectively. Using the following fugacity map

3/2,3/2 3/2,3/2
7o/ 4 S S g_% (8.11)
Tt Ty T T e VT g '
203 203 23

the mesonic flavor charges on the gauge invariant operators become Z-valued. The generators
in terms of brick matchings and their corresponding rescaled mesonic flavor charges are
summarized in table 20.

The generator lattice as shown in table 20 is a convex lattice polytope, which is reflexive.
It is the dual of the toric diagram of Model 5 shown in figure 19. We also note that the 3
layers of points in the generator lattice in table 20 corresponds to the 3 sets that transform
under [1,0]6=2, [3,0] and [5, 0]6? of the mesonic flavor symmetry. For completeness, table 21
and table 22 show the generators of Model 5 in terms of chiral fields with the corresponding
mesonic flavor charges.

9 Model 6: P!_(dP;) [P(Opixp ® Opiypi (1, —1)), (24)]

Model 6 corresponds to the Calabi-Yau 4-fold P}_(dP;). The corresponding brane brick
model has the quiver in figure 20 and the J- and E-terms are given as follows

J E
Al7: XrsYaeYs1 — X72Q26 Xe1 P15 Xs57 — X13Ps7
A7 X72Qo6Z61 — X8 Xs6Yer1 Pi5Ys7 — Yi3Psr
A, X7sYssRe1 — XroPasXen X13Q37 — Q15X57
A7 1 X7oPosZs1 — X8 Xs6Re Y13Qs7 — Q15Ys7

Alg : Xs6X61 — Ys6Ze1 P15 X54Q48 — Q15Xs54P a8

Ady: X13X34Yae — Yi3X34Xao PysYs1 — Q26Re1

Ass X54Xa2 — X57X72 Py X61Q15 — Q26X61P15

Ads : Y57 X72 — Xs54Ya2 Py Z61Q15 — Q26Z61 P15 - (9.1)
Ase : Z61Y13 — Xe1X13 P37 X72Q26 — QarX72P2e

Ads: YseYe1Xis — XsoYo1Yis P37 X78 — X34PFus

A3s: YseRe1X13 — XseRe1Yis X34Qus — Q37X7s
Als : X61Q15X514 — Y51Y13 X34 PigXge — Xa2Poe
Als: YorX13X34 — Z61Qi5Xs4 PysYse — YaoPoe
Als: X61Pi5Xs4 — Re1Yi3X34 X12Q26 — QasXss
Ale : Re1X13X34 — Z1P15Xsa Yi2Q26 — QasYss
Ags : Xs7XrsYse — Ys7XrsXso R61Q15 — Y61 Pis5
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generator SU3)(z1,3.) | Uz
p1p? so (1, 1) -1
pap? so (0, 1) -1
p3p? so (1, 0) -1
Pipaps 50 (1, 1) 0
pipapaps so* | (0, 1) 0
pip3paps so* | (=1, 1) 0
p3paps so* | (=2, 1) 0
pipapaps so* | (1, 0) 0
p1p2p3paps s0® | (0, 0) 0
pgp3p4p5 s0? (-1, 0) 0
pip3paps so° | (1, 1) | 0
pap3paps so® | (0, 1) | 0
Papaps $0° (1, -=2) 0
pipg s0° (1, 1 1
pipep? s03 (0, 1) 1
pipsp; so* | (=1, 1) 1
pip3p; so® | (=2, 1) 1
pipapi s0° | (=3, 1) 1
p3pg so® | (=4, 1) 1
pipspi so® | (1, 0) 1
pipapapi so* | (0,  0) 1
pipdpsp? so® | (=1, 0) 1
pipspapi so® | (=2, 0) 1
papsps 503 (=3, 0) 1
pipipi so® | (L, -1) | 1
pipepdpg so® | (0, 1) | 1
pip3pipi so® | (=1, —1) | 1
p3p3p; so® | (=2, —1) | 1
pipipi so® | (1, -2) | 1
pipepipi so® | (0,  =2) | 1
p3pipi so® | (=1, -2) | 1
p1pip3 503 (1, =3) 1
papip] s03 0, -=3) 1
p3pj 50° (1, -4 ] 1

Table 20. The generators and lattice of generators of the mesonic moduli space of Model 5 in terms
of brick matchings with the corresponding flavor charges.
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generator SUB) @32 | UL

P13 X30Yo1 = PosY53 X320 = P36 Xe5Y53 = X14Pi2Y1 (1, 1) -1
Q13X32Y21 = Q25Y53X32 = Q36 X65Y53 = X14Q42Y21 (0, 1) -1
X13X32Y21 = X14X42Y21 = Xo5Y53 X3 = X36Xo5Y53 {, 0) -1
Pi3 P36 XeaPaoYo1 = PosYs3 P36 XeaPa2 = Pr3XaoPos Rs1 = Pi3Pas X5 51 = X14Pao Pos Ry (1, 1) 0
P13 P3s X64Qa2Y21 = P13Q36XeaPaaYo1 = PosYs3P36 X64Qa2 = Pas5Y53Q36 X6aPaz = Q13 P36 X6a P12Y21 (0, 1) 0

= Q25Y53 P36 X64 P12 = P13 X320 Po5 X51 = P13 P3s X5 X51 = P13 X32Q25 Rs51 = P13Q36 X5 R51
= X14 P Pos X51 = Q13X32Po5 R51 = X14Qu2Pos Rs1 = Q13 P36 X551 = X14 P1oQ25 R51
Pr3Q36X64Qu2Y21 = Pa5Y53Q36 X64Qu2 = Q13 36 X64Qa2Y21 = Qa5Y53 P36 X64Qa2 = Q13Q36 X6a P12Y21 (-1, 1) 0
= Q25Y53Q36 X64 P12 = P13 X32Q25 X51 = P13Q36 X65X51 = Q13 X32 P25 X51 = X14Qu2Pos X1
= Q1336 X65X51 = X14P12Qa5X51 = Q13X32Q25 R51 = Q13Q36 X551 = X14Qu2Q25 51
Q13Q36X64Qu2Y21 = Q25Y53Q36 X6aQu2 = Q13 X32Q25 X51 = Q13Q36X65X51 = X14Q12Q25 X51 (=2, 1) 0
Pi3 P36 X4 X42Y21 = P13 X36X64Pa2Y21 = PosYs3 P36 X64Xa2 = Po5Ys3X36X64Paz = X13P36X64Pa2Y01 1, 0) 0
= Xo5Y53 P36 X64Pa2 = P13 X32Po5Z51 = P13 P36 Xe5251 = P13X32Xo5 R51 = P13 X36 X551
= X14PyoPos Z51 = X13X32Pos R51 = X14Xa2 Pos Rs1 = X13 P36 Xe5R51 = X14 Py Xo5R51
P13Q36X64X12Y21 = P13 X36X6aQu2Y21 = Pa5Y53Q36 X6aXa2 = Po5 Y53 X536 X64Qu2 = Q13 P36 X6a Xa2Y21 (0, 0) 0
= Q25Y53 P36 X64 X142 = X13P36 X64Qu2Y21 = Xo5Y53 P36 X64Qu2 = Q13 X36 X64Pa2Yo1 = Qa5Y53X36 X614 Paz
= X13Q36X6aP12Y21 = Xo5Y53Q36 X6aPa2 = P13 X32Q25 751 = P13Q36 X65251 = P13 X32X25 X551

= P13X36X65X51 = Q13X32 P25 Z51 = X14Qu2 P25 Z51 = X13X32 Pas X51 = X14Xa2 Po5 X51 = Q13 P36 X65Z51
= X13P36 X5 X51 = X14P12Q25 751 = X14P1oXo5X51 = Q13 X320 X5 R51 = Q13 X36 X551 = X13X32Q25 R51
= X14X42Q25R51 = X13Q36X65 51 = X14Qu2X25 51

Q13Q36X64X12Y21 = Q13 X36 X64Qa2Y21 = Q25Y53Q36 X6a Xa2 = Q2553 X36 X64Qu2 = X13Q36X64Qu2Y21 (=1, 0) 0
= Xo5Y53Q36 X6a Q2 = Q13X32Q25 751 = Q13036 X65Z51 = Q13X 32 X025 X51 = Q13 X36 X5 X51
= X14Q12Q257Z51 = X13X32Q25X51 = X14X42Q25X51 = X13Q36 X65X51 = X14Q12 X025 X51
Pi3X36X64Xa2Y21 = Po5Y53X36X6a X2 = X13P36 X6aXa2Y21 = X553 P36 X6a X2 = X13X36X64Pa2Y21 1 -1 0
= Xo5Y53X36X6aPaz2 = P13 X32X25Z51 = P13 X536 X65251 = X13 X352 P25 251 = X14Xa2 P25 Z51
= X13P36X65751 = X14P1aXo5 751 = X13X32X05R51 = X13X36 X551 = X14 X420 Xo5 51
Q13X36X64X42Y21 = Q2553 X36 X6a X2 = X13Q36 X6aXa2Y21 = Xo5Y53Q36 X64Xa2 = X13X36X64Qa2Y21 0, -1) 0
= Xo5Y53X36 X64Qa2 = Q13X32 X025 751 = Q13X36 X65 251 = X13X32Q25 751 = X14X102Q25 751
= X13Q36 X65751 = X14Qu2X25 751 = X13 X320 X205 X51 = X13X36 X65X51 = X14 X420 X205 X51

X13X36X6aXa2Y21 = Xo5V53X36 X6aXa2 = X13 X352 X05751 = X13X36 X65251 = X14 X420 X05751 1 -2 0
P13 P36 X64Pi2 Pos Rs1 (1, 1) 1
Pi3 P36 X4 Pao Pos X51 = P13 P36 X6aQa2 Pos Rs1 = P13Q36 XeaPaaPas 51 = P13 P3s Xea Pi2Q25 R51 (0, 1) 1
= Q1336 X6a Py Pos R51

P13 P36 X64Qu2 P25 X51 = P13Q36 X6aPa2 Pas X51 = P13Q36 X64Qu2Pas R51 = P13 P3g X64P12Q25 X51 (=1, 1) 1

= P13P36X64Q12Q25 R51 = P13Q36 X64P12Q25 51 = Q13 P36 X64 Paa Pos X51 = Q13 P36 X64Qa2 P25 R51
= Q13Q36 X64 P12 Pos R51 = Q13 P36 X64 P12Q25 R51
P13Q36X64Qa2Pos X51 = P13 P36 X64Q42Q25X51 = P13Q36 X64 P12Q25 X51 = P13Q36 X64Q42Q25 51 (=2, 1) 1
= Q3 P36 X64Qu2Po5 X51 = Q13Q36 X6a Pa2 Pos X51 = Q13Q36 X614 Qa2 Pas R51 = Q13 P36 X64Pa2Q25 X51
= Q1336 X64Q42Q25 51 = Q13Q36 X64 P12Q25 R51

Pr3Q36X61Q12Q25 X51 = Q13Q36 X64Qa2 P25 X51 = Q13 P36 X64Q12Q25 X51 = Q13Q36 X64 P12Q25 X51 (=3, 1) 1
= Q13Q36 X64Q12Q25 51

Q13Q36X64Q12Q25 X51 (=4, 1) 1
Py3 P36 X4 Py Pos Z51 = P13 P3g XoaXa2 Pos Ry1 = P13 X36 X4 Paa Pos Rs1 = P13 Py X4 Paa Xo5 51 (1, 0) 1
= X13P36X64Pa2 Po5 R51

P13 P36 X64QuaPa5 Z51 = P13 P3s XeaXaa Pos X51 = P13Q36 X64Paa Pas Zs51 = P13 X36 Xoa Pa2 Pas X51 (0, 0) 1

= P13Q36 X4 Xa2Pas R51 = P13 X536 X64Qu2Pos Rp1 = P13 Psg Xea P1aQa5Z51 = P13 P3s X6aPa2 X25 X51
= P13 P36 X64X12Q25 51 = P13 P36 X64Qu2Xo5R51 = P13 X36 X4 P12Q25 R51 = P13Q36 X6a P12 X5 51
= Q1336 X6 Pao Pas Z51 = X13 P36 X64Pa2 Pos X51 = Q13 P36 X64X42Po5 R51 = X13P36 X64Qa2 P25 R51
= Q3 X36 X6aPa2 Pos Rs1 = X13Q36 X64Pa2 Pos Rs1 = Q13 P36 X64Pa2 Xo5 R51 = X13 P36 X64Pa2Q25 51

Table 21. The generators in terms of bifundamental chiral fields for Model 5 (Part 1).
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generator

SU3) @1.22)

P13Q36 X64Qa2Po5 Z51 = P13Q36 X64 X142 P25 X51 = P13 X36 X64Qu2 Pas X51 = P13 P3s X64Q12Q25 751

= P13P3 X4 X42Q25X51 = P13 P36 X64Qu2X25X51 = P13Q36X64Ps2Q25 751 = P13 X36X64Pa2Q25X51
= P13Q36X64 P2 Xo5X51 = P13Q36X64X42Q25 R51 = P13 X536 X64Q42Q25 R51 = P13Q36X64Qa2Xo5R51
= Q13 P36 X64Qu2 P25 Z51 = Q13 P36 X6a X2 Po5 X51 = X13P36 X64Qu2Pos X51 = Q13Q36 X64Pa2 P25 Z51
= Q13 X36X6a P12 Pos X51 = X13Q36 X64Pa2 P25 X51 = Q13Q36 X64Xa2Pos 51 = Q13 X36 X64 Qa2 P25 R
= X13Q36X64Qa2Pos 51 = Q13 P36 X64Pa2Q25Z51 = Q3 P36 X6aPao Xo5X51 = X13 P36 X6a Pa20Q25 X51
= Q3 P36 X64X12Q25 51 = Q1336 X64Qa2 X 25 R51 = X136 X64Qu2Q25 R51 = Q13X 36 X64Pa2Q25 Rp1
= Q13Q36 X6a P12 X5 R51 = X13Q36 X6a Pa2Q25 151

P13Q36X64Q42Q25Z51 = P13Q36X64X42Q25X51 = P13 X36 X64Q42Q25X51 = P13Q36X64Q42X25X51

= Q13Q36X64Q2Pa5 Z51 = Q13Q36 X064 Xa2 P25 X51 = Q13 X36 X64Qu2Pos X51 = X13Q36 X64Q2Po5 X51
= Q13 P36 X64Q12Q25751 = Q13 P36 X64 X42Q25 X51 = Q13 P36 X64Qu2X25X51 = X13 P36 X64Q12Q25X51
= Q13Q36X64P12Q257Z51 = Q13 X36 X6aPa2Q25 X51 = Q13Q36 X64 P12 X5 X51 = X13Q36 X 64 P12Q25X51
= Q13Q36 X614 X12Q25 R51 = Q13X 36 X64Qu2Q25 51 = Q13Q36 X64Qu2X25 R51 = X13Q36 X64Q2Q25 51
Q13Q36 X64Q12Q25Z51 = Q13Q36X64X12Q25X51 = Q13 X36X64Q12Q25X51 = Q13Q36X64Qa2X25X51
= X13Q36X64Q12Q25 X51

P13 P3g Xoa XaaPos Z51 = P13 X6 X6aPaoPas Z51 = P13 X36 X6aXaaPos Rs1 = Pi3 Py XeaPra Xo57Z51

= P13 P36 X614 X142 X025 R51 = P13 X36X64 P12 Xo5R51 = X13P36 Xea Pao o5 Z51 = X13 P36 X64X42 P25 R51
= X13X36 X64 P12 Pos R51 = X13P36X64 P12 Xo5 R51

P13Q36X64 X142 P25 Z51 = P13 X36 X64QuaPos5Z51 = P13 X36 X64 Xa2Pos X51 = P13 P36 X614 X142Q25Z51

= P13P36 X64Qu2X257Z51 = P13 P36 X614 X2 Xo5X51 = P13 X36 X64P12Q25Z51 = P13Q36 X6aPa2 X5 751
= P13 X36 X6a P12 X5 X51 = P13 X36 X6a X12Q25R51 = P13Q36 X614 X2 Xo5 R51 = P13 X36 X6a4Qa2X25 R51
= Q13 P36 X64X42Pa5 Z51 = X13 P36 X64Qu2Pas Z51 = X13P36 X6aXaa Pos X51 = Q13 X36 X6a Pa2 Pas Zs1
= X13Q36X6a P12 Pa5 Z51 = X13X36 X64Pa2 Pos X51 = Q13 X36 X6a Xaa Pos R51 = X13Q36 X64 X2 Pos 51
= X13X36 X64QuaPos R51 = Q13 P36 Xea PaaXo5Z51 = X13 P36 X64Pa2 Q25251 = X13 P36 X64Ps2 Xo5X51
= Q3 P36 X64 X142 Xo5 R51 = X13 P36 X64X42Q25 51 = X13 P36 X64Qu2Xo5 R51 = Q13X 36 X4 Paa Xo5 51
= X13X36 X64 Pa2Q25 R51 = X13Q36 X4 Pa2Xo5 51

P13Q36 X614 X42Q25Z51 = P13 X36X64Qu2Q25 251 = P13 X36 X64X42Q25 X51 = P13Q36X64Qa2X25Z51

= P13Q36 X64 X142 X25 X51 = P13 X36X64Q12 X025 X51 = Q13Q36 X6a X12P25 751 = Q13X36 X64Qu2P25 751
= Q13 X36 X4 X2 P25 X51 = X13Q36X64Qu2 P25 Z51 = X13Q36 X 64 Xa2Pos X51 = X13X36X64Qu2 P25 X51
= Q13 P36 X64X42Q25 751 = Q1336 X64Qu2X25Z51 = Q13 P36 X64 X142 X205 X51 = X13P36X64Q42Q25 751
= X13 P36 X64X42Q25 X51 = X13P36 X64Qu2X25 X51 = Q13 X536 X64 Pa2Q25 751 = Q13Q36 X64Pa2 Xo5751
= Q3 X36X6a P12 Xo5 X51 = X13Q36X6aPa2Q25 751 = X13X36X64 P12Qa25X51 = X13Q36 X 64 P12 X5 X51
= Q13 X36X64 X12Q25 R51 = Q13Q36 X64 X142 X25 R51 = Q13X 36 X64Qu2 X5 R51 = X13Q36 X64X42Q25 51
= X13X36 X64Q12Q25 51 = X13Q36X64Qu2X25 R51

Q13Q36X64X12Q25 751 = Q13 X36 X64Q12Q25 751 = Q13X 36 X64X12Q25 X51 = Q13Q36 X64Q12X25Z51
= Q13Q36 X64 X412 X025 X51 = Q13X36 X64Qu2X25 X51 = X13Q36X64Q42Q25 Z51 = X13Q36 X64X42Q25 X51
= X13X36X64Q12Q25X51 = X13Q36 X64Qa2X25 X51

P13 X36X64Xa2Po5 Z51 = P13P3s X4 Xa2Xo5251 = P13 X36 X64Pu2X257Z51 = P13 X36X64X42X25 R51

= X13P36 X64 X142 Pa5 Z51 = X13X36 X64PaoPas Z51 = X13X36X64Xa2Po5 R51 = X13P36 X6a P2 X25 751
= X13P36 X4 X2 Xo5R51 = X13X36 X6a Pa2 Xo5 R51

P13 X36X64X12Q25751 = P13Q36X64X12X25 251 = P13 X36X64Qu2X25751 = P13 X36X64X42X25X51

= Q13X36 X4 Xa2 P25 Z51 = X13Q36 X064 Xa2 P25 Z51 = X13X36 X64Qu2Pa5 Z51 = X13X36 X 64 Xa2 P25 X51
= Q13 P36 X64 X142 X05Z51 = X13P36 X64X420Q25 751 = X13 P36 X64Qu2X25 751 = X13 P36 X6a X2 X25X51
= Q13X36X64P1oX25Z51 = X13X36 X6a Ps2Q25751 = X13Q36 X6a Pa2 Xo5751 = X13X36X64 P12 Xo5X51
= Q13 X36X6a X2 Xo5 51 = X13X36 X64 X42Q25 R51 = X13Q36 X64 X142 X05 R51 = X13X36X64Qu2X05 51
Q13X36 X614 X12Q25 251 = Q13Q36 X 64 Xa2X25Z51 = Q13 X536 X64Qa2X25 751 = Q13 X36 X64 X142 X25 X551
= X13Q36 X640 X12Q25 751 = X13X36 X64Q120Q25Z51 = X13X36 X64 X12Q25 X51 = X13Q36 X64Qa2X25Z51
= X13Q36X64 X142 X205 X51 = X13X36 X64Qu2X25X51

P13 X536 X64Xa2X25Z51 = X13X36 X6aXa2Pas Z51 = X13 P36 XeaXa2X25751 = X13X36X6a P2 X25751

= X13X36 X64 X142 X25 R51

Q13X36X64X42 X025 751 = X13X36 X64X42Q25 251 = X13Q36 X64Xa2 X025 751 = X13X36X64Qu2X25 751
= X13X36X64X12X25X51

X13X36 X640 X142 X25 751

(-1

Table 22. The generators in terms of bifundamental chiral fields for Model 5 (Part 2).
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Figure 20. Quiver for Model 6.

Following the forward algorithm, we obtain the brick matchings. They are summarized

in the P-matrix, which takes the form

(9.2)

110 001

110111

110 001

110111

0/1 000
110100

0/1 00O

P1 P2 P3 P4 P5 P6|S1 S2 S3 S4 S5 S6 S7 S8 S9 510 S11|01 02 03 04

010001j000000010O0 0j0O011

P51 00 00O0/00O0O0OO0OO0OO0OO0O01

Px|/1 00 000/000100001O0 00010

P31 000000000101 O0O0O0

Pgi1 000000000011 O01O0 01011

Q50 1 0000/000000O0O0TO0 1

@0 1 0000/0O00O01T000DO0OD1TO0 O0O|/0010

@370 1000 0/0000101000O0

@01 0O0O0O0O00OOOD0ODO1T1T01 0 01011

Re1/1 00 001{000000O01O0O0 00011

Zs1|0 01 01 0/0OO0O0000OO0O10O0 01 10O

X300 01 000/010000O00O0O01

X340 00010/00101000O0O0O0

X001 0002000011000 01101

X540 00001/01 10100000 0(001O0

X570 01 00001 00101000 O0(2110O0

X61/0 0011 0/000000010O0 0|1 10O

X»000001/27010010000 00001

X7wg/000010/001001001O0 0(10O0O0

X0 01 0002 00100000O0 0O(01O0O0

Y130 001 00/0O100O0O0O0OO0GO0 1

Yp/0 001001 000011000 01101

Ys»/0 001 00/{01 00101000 02110

Y61

Y0 001 00|12 0010000O0O0O O0O[0O1O00O0

P=
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Figure 21. Toric diagram for Model 6.

The J- and E-term charges are given by

(9.3)

)

S2 83 S4 S5 Sg ST S8 S9 S10 S11|01 02 03 04

0 -1-1-10-10-10|0 000
0 0 -1-10-10-101]0001
0 0-1000O0-11]0000

1
1
1

0 0-1-1-10-100 0/0010O0
0 0-10-100120 0(0000O0

0 -1-110 0 0 0(0O0O0O0
0-10000O0O O0O|]01O00O0
0 0-10000O0 Oj10O0O0

1
1

00 00O0O0OO0OTO0O|O0O0O0OO

P1 P2 P3 P4 P5 P6| S1

1100101

000O0OT1TO0O|O0

000O0OO0OTO|O

000O0T1TO01

000O0OO0O0O1

000O0O0OOO0O

000O0-10-10

0000-1010 -11

00O0O0T1

170 60 -10 0 0 0-100 O0|0OO0O0O

0011-10|-1-11

QJE

and the D-term charges are given by

(9.4)

52 83 S4 S5 S6 S7 S8 S9 S10 S11|01 02 03 04

0 0000OO0 0Oj0OO0O00O

1

1

000O0O0O Oj]O0OO0O0O
10000 0|00O00O

0 00 000O0O-10]000O0°0

1

-10 0000 0j00O0O

0

1
0 00 0-10000 O0(0O0O0O

P1 P2 P3 P4 P5 Pe6| S1

000O0O0OO0-10 0

0000O0OO00-10 0

0000O0OO0O0 0-100

000O0O0OO0|O

oo0o0oo0o00/0 0 0O-10 00100 0(0O0O0O0

000O0O0O0[O0 O

000O0O0O0O1

Qp =

The toric diagram of Model 6 is given by

2 2 22
J, (9.5)

1-10 0 0 0]0OOO0OO0O0O0OO0OO0OO0OGO0O O]O0 O OO
-1-111

1

1 1j17111111111

11

1
0oo01-100/0OOO00O0O0CO0OO0OO0OO0OOOOJ0 O0O00O0
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where figure 21 shows the toric diagram with brick matching labels.
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SU(2), | SU(2)y | U(1)y | U(1) | fugacity
P1 +1 0 0 1 t1
P2 -1 0 0 79 to
P3 0 +1 0 3 t3
P4 0 -1 0 T4 14
D5 0 +1 5 ts
D6 0 0 -1 6 te

Table 23. Global symmetry charges on the extremal brick matchings p; of Model 6.

The Hilbert series of the mesonic moduli space of Model 6 takes the form

P(tla Yss Yoiy Yoo s MG)
1 — Y53 Yoo 111312) (1 — Ysy3 Yoo tat3t2) (1 — ysys Yoo t1t5t2)
1

(1 = ysy2 Yoo tat3t2) (1 — Ysyo, 3, t3t5t2) (1 — ysyo, y2, t3t3t3)

1
, (9.6)
(1 = Ysyo, ¥, t3t4123) (1 — Ysyo, Y3, t3tat3)

gl(tiaysayo1ay02; MG) = (

X

X

where t; are the fugacities for the extremal brick matchings p;. ys counts the brick matching
product s; ...s11 corresponding to the single internal point of the toric diagram of Model 6.
Additionally, y,, and y,, count the products of extra GLSM fields 0;02 and 0304, respectively.
The explicit numerator P(t;, Ys, Yo, , Yo, ; Me) of the Hilbert series is given in the appendix
section A.6. We note that setting the fugacities y,, = 1 and y,, = 1 does not change the
overall characterization of the mesonic moduli space by the Hilbert series, indicating that the
extra GLSM fields, as expected, correspond to an over-parameterization of the moduli space.

By setting t; = t for the fugacities of the extremal brick matchings, and all other
fugacities to ys = 1, Yo, = 1 and y,, = 1, the unrefined Hilbert series takes the following form

1+ 216 4+ 21¢12 4 ¢18
A=

gl(t,l,l,l;/\/lﬁ) = (9.7)
where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.

The global symmetry of Model 6 and the charges on the extremal brick matchings under
the global symmetry are summarized in table 23. We can use the following fugacity map,

1/2 1/2,1/2
t t ty' "t
t:t1/2té/2 1 3 b= 1 2

, L= =75, Y= ) - ) (98)
t2/? #1/241/2 ts

where t3 = t5t6tZ1 and t; = tstety 1, in order to rewrite the Hilbert series for Model 6 in
terms of characters of irreducible representations of SU(2) x SU(2) x U(1). In terms of
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fugacities of the mesonic flavor symmetry of Model 6, the Hilbert series becomes

oo oo

g1(t,z,y,b; M) = Z Z [[3711 + 2n9; 1 + 2ng)b 21 bm1 N2

n1=0n2=0
+ [3n1 + noy + 1; 5’01 + 37’12 + 3]b2n1+2n2+2t12n1+6n2+6
+ [3%1 + 5712 + 3; 57’1,1 i 7?”&2 + 5]b2n1+2n2+2t12n1+18n2+12

+ [7711 + 5712 + 5; 9”1 + 7n2 + 7]b2n1+2n2+2t24n1+18n2+18

[T + 2np + T 9 + 2y + Qp2mF22AnHOna 24 ] (9.9)

where [m;n]| = [m]su(2), [?]su(2),- The fugacity b counts charges under the U(1) factor of
the mesonic flavor symmetry. We can write the Hilbert series also in highest weight form,
where each highest weight n of a character is counted by its own fugacity u to give

1+ pif i3t
(1 — g pob=2t8) (1 — p1 pu3%t6)

ha(t, p1, po, by Me) = (9.10)

where pi"ub ~ [mlsu(), [Mlsu),- The plethystic logarithm of the Hilbert series in (9.9) is

PL[g1 (t, z,y, b; Mg)] = ([1; 3]b2 +12:2] + [3;1]072)t5 — (1 4+ b7 + b + [0; 4]
4 [0; 416" 4 [1;1]672 4+ [1; 1]6% + [1; 3]~ 2 + [1; 3]b + [1;5]b + 2[2; 2] + [2;2]b~*
+[2; 216 + [2;4] + [3;1]672 + [3; 116 + [3;3]6 % + [3; 3]b* + [4; 0] + [4;0]p~*
+ [452] + [45 4] + [5; 1) 2 4L (9.11)

where [m;n] = [m]gy(2), [7]su(2),- From the plethystic logarithm, we see that the mesonic
moduli space is a non-complete intersection.

The generators form 3 sets that transform under [1;3]6?, [2;2] and [3;1]b=2 of the
mesonic flavor symmetry of Model 6, respectively. Using the following fugacity map

12 . ti _ t3 5 oty
tﬁ/,ﬂj:g,y:a,bzg (912)

the mesonic flavor charges on the gauge invariant operators become Z-valued. The generators
in terms of brick matchings and their corresponding rescaled mesonic flavor charges are
summarized in table 24. The generator lattice as shown in table 24 is a convex lattice
polytope, which is reflexive. It is the dual of the toric diagram of Model 6 shown in figure 21.
We also note that the 3 layers of points in the generator lattice in table 24 corresponds to
the 3 sets that transform under [1,0]62, [3,0] and [5, 0]b6? of the mesonic flavor symmetry.
For completeness, table 25 and table 26 show the generators of Model 6 in terms of chiral
fields with the corresponding mesonic flavor charges.
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3.,2 3
P1p3Ps S0102
3.,2 3
P2p3Ps S0102
2 2 3
P1P3P4P5 S0102

2 2 3
D2pP3p4apP5 0702

2.2 .3
P1p3p4Ps $0102

Ppap3pip? sofos
PLPiPE s0702
PapiipE s070s

pip3pspe soio}

PLP2p3pspe 50703
P3P3pspe $0103 -1

1
1
1
Pip3papspe 50103 1 0
0
0

o = O = O = O = O =

PLP2D3PaPsDs S0705 0
P3P3papsp6 0703 -1
pipipsps soto} 1 1
P1P2piPsP6 0703 0 -1
p3pipsps s0io3 -1 ~1
Pipspg so103 1 0
Pip2pspg 50103 0 0
PLP3P3PE $0103 -1 0 1
ngapg 50103 —2 0
Pipapi so103 1 -1 -1
PIpapapi 50103 0 -1 ]
plP%P4p(23 Solog’ -1 -1 1

P3papE 0103 -2 -1 1

O O O O O O O O O R = R = oH Rk ek

Table 24. The generators and lattice of generators of the mesonic moduli space of Model 6 in terms
of brick matchings with the corresponding flavor charges.

~ 54 —



generator SU(2)z SU(Q)Q U<1)E
P15 X57X78 X356 Z61 = X13 X34 X42P26Z61 = X13 P37 X718 Xs6Z61 = X13 X34 Pas Xs6Z61 1

Q15 X57X78 X836 Z61 = X13X34X42Q26Z61 = X13Q37X78 X586 Z61 = X13X34Q48 X586 Z61 0 2 1
P15 X57X78 X36X61 = Pi5X57X78Y36Z61 = P15Y57X78 X586 Z61 = X13X34 X2 Po6 X1 = X13X34Ya2 P26 Z61 1

= Y13 X34 X420 Po Ze1 = X13 P37 X78 Xg6 Xe1 = X13P37X78Ys6Z61 = Y13 P37 X7 Xs6Z61 = X13 X34 Pas X6 Xo1
= Xi13X34P1sYs6Z61 = Y13 X34 Pas X6 Z61

Q15 X57 X738 X586 X61 = Q15 X57X78Y36Z61 = Q15 Y57 X718 Xs56Z61 = X13 X34 X42Q26 X61 = X13X34Y12Q26Z61 0 1 1
= Y13X34X12Q26Z61 = X13Q37 X7 Xs56X61 = X13Q37X78Y86Z61 = Y13Q37 X78 X586 Z61 = X13X31Q15 Xs56 X1
= X13X34Qus8Y36Z61 = Y13 X34Qu8 X6 Z61

P15 X57X78Ys6 X61 = P15Ys7 X738 X536 X61 = P15Y57 X73Ys6 261 = X13X34Y12Po6X61 = Y13 X34 X402 Pos X61 1 0 1
= Y13X34Y12 Pos Ze1 = X13P37X78Ys6X61 = Y13 P37 X78 X6 Xo1 = Y13 P37 X78Ys6Z61 = X13 X34 PasYs6X61
= Yi3X34Pas X6 X61 = Y13 X34 PasYs6 Z61

Q15X57X78Ys6X61 = Q15Y57 X758 Xs56X61 = Q15Y57X78Ys6 Z61 = X13X34Y12Q26 X61 = Y13 X34 X42Q26 X1 0 0 1
= Y13X34Y12Q26Z61 = X13Q37X78Y36X61 = Y13Q37 X718 Xs6X61 = Y13Q37X78Y36Z61 = X13X34Q43Y36 X61
= Y13X31Qus Xs6 Xo1 = Y13X34Qu8Y36Z61

Pi5Y57 X78Ys6 X61 = Y13 X34Ya2 Pos Xo1 = Y13 P37 X78Ys6 X61 = Y13 X34 PasYs6 X61 1 -1 1
Q15Y57X78Ys6 X61 = Y13 X34Y12Q26 X1 = Y13Q37 X75Ys6X61 = Y13X34QusYs6 X1 0 -1 1
P15 X54 X490 Pos Z61 = P15 X571 X72P26Z61 = Pi5XsaPas Xs6Z61 = P15 X571 X7sXs6Re1 = X13 P37 X72P26Z61 1 1 0
= X13X34X42Pos R1 = X13P37 X738 Xs6 o1 = X13 X34 Pas Xs6 o1

P15 X54X42Q26Z61 = P15 X57X72Q26 261 = P15 X54Qu8 Xs6Z61 = P15 X57 X758 X86Y61 = Q15 X54X42P26Z61 0 1 0

= Q15 X57X72 P26 Z61 = X13Q37X72Pac Ze1 = X13 X34 X2 PaYe1 = X13 P37 X72Q06 261 = X13P37 X758 Xs56 Y61
= Q5 X54Pis X6 Z61 = X13X34Pas Xg6Yo1 = Q15 X57 X738 Xs6R61 = X13 X34 X42Q26R61 = X13Q37 X758 X661

= X13X34Qus Xs6 o1

Q15 X540 X420Q26Z61 = Q15 X57X720Q26Z61 = Q15X54Qu8 X586 Z61 = Q15X57 X738 X36Y61 = X13Q37X72Q26 Z61 -1 1 0
= X13X34X42Q26Y61 = X13Q37 X738 Xs56Y61 = X13X34Qus X661

P15 X54X42Pos X61 = P15 X54Y12Po6Z61 = P15 X57X72 P26 X61 = P15Y57 X72Po6 Z61 = P15 X54 P13 Xs6 X61 1 0 0

= P15 X54P1sYs6Z61 = P15 X57 X78Ys6 61 = P15 Va1 X73 Xs6 o1 = X13P37X72 P26 X61 = Y13 P37 X72Po6 Z61
= X13X34Yao Pos Re1 = Y13 X34 Xao Pag Ro1 = X13 P37 X78Ys6 61 = Y13 P37 X7s Xse Ro1 = X13X34PasYs6 61
= Y13 X34 Pas X6 61

Table 25. The generators in terms of bifundamental chiral fields for Model 6 (Part 1).

10 Model 7: Py, (dPg) [P'-blowup of 5, (25)]

Model 7 corresponds to the Calabi-Yau 4-fold P, _(dPg). The corresponding brane brick
model has the quiver in figure 22 and the J- and E-terms are given as follows

J E
A : X51X12 — Z51Y12 Py X48Qs5s — XosPs3Pss
Ads : Y51Y12 — X51Z17Pr2 P2,Y48Qs5 — Ya3Pss
A3; Zs1Z17Pra — Y51 X2 PoyZ43Qs5s — Za3Pss
A3 Yi2Yo3 — X127223 P35Y51 — Y3661
Ags : XosXgs — Z23Yae Ps1X12 — Xe7Pr2
Ags : Y23Y36 — X2s8Zs6 Ps1Y12 — Y67 Pr2
Agy : XasXse — ZasPs3Ys6 Xe7Q71 — Qo1 X124
Ay YisPs3Yss — XasZse YerQra — Qo1Y12P24 (10.1)
Ady: ZagZse — YasXse Ps1217Q74 — Qo1Z17PraPay ’
Aty : Y36Yer — P35 X51217 Pr2Yes — Q74YasPs3
Ay P35 251217 — Ys6Xer PraZs3 — QraZ1sPs3
Al Xs6Xe7 — ZseYor ProXog — QraXus
Afy:  X12PauXus — Zi7PraPaiYas XgsQe1 — Qs5X51
A% YioPoaYis — X12P2aZss Ps3Y36Q61 — Qs5Y51
Ady : Zi7PraPasZas — YiaPosXus Zg6Qe1 — Q857251
Ay X12Xo8 — Z17Q74Yas Ps3 P35 X51 — XsePs1
A3y Z17Qr4Z1g — Y12X28 Ps3P35Z51 — ZsePe1

— 55 —



generator SU(2)z | SU(2)5 | U(1);
P15 X504 X42Q26 X61 = P15 X54Y12Q26Z61 = P15 X57X72Q26X61 = P15Y57X72Q26Z61 = P15 X54Q48 X536 X61 0 0 0
= P15 X54Qu8Y36Z61 = P15 X57X78Ys6Y61 = Pi5Y57 X738 Xs6Y61 = Q15 X54 Xa2Pos X1 = Q15X54Ya2Po6 Z1

= Q15 X57X72 P26 X61 = Q15Y57X72 P26 Z61 = X13Q37 X72 P26 X61 = Y13Q37 X712 Pag Ze1 = X13X34Ya2 P26 Y61

= Y13 X34 X412 Pos Y1 = X13 P37 X72Q26 X61 = Y13 P37 X72Q26Z61 = X13P37X78Ys6Y61 = Y13 P37 X78 X586 Vo1

= Q15 X54 P18 X6 X61 = Q15X54P1sYs6Z61 = X13 X34 PasYs6Yo1 = Y13 X34 Pis Xs6Ye1 = Q15 X57 X786 Ro1

= Q15Y57 X718 X6 Re1 = X13X34Y12Qo6 Re1 = Y13 X34 X42Q26 61 = X13Q37X78Ys6Re1 = Y13Q37X78 X561

= X13X34QusYs6 Ro1 = Y13X34Qus X6 g1

Q15X51X12Q26X61 = Q15X54Y12Q26 Z61 = Q15 X57 X72Q26 X61 = Q15Y57X72Q26Z61 = Q15 X54Q 18 X586 X1 -1 0 0
= Q15X54Qu18Y36Z61 = Q15 X57X78Ys6Y61 = Q1557 X738 Xs56Y61 = X13Q37X72Q26 X1 = Y13Q37X72Q26 261

= X13X34Y12Q26 Y61 = Y13 X34 X02Q26Y51 = X13Q37X78Ys6Y61 = Y13Q37 X738 Xs6Y61 = X13X34Q48Y36Y61

= Y13X34Qus Xs56Y61

P15 X54Y12Pos X61 = P15Y57 X712 Pog X61 = P15 X54P1sYs6 X61 = P15Y57 X78Ys6 Re1 = Y13 P37 X726 X1 1 -1 0
= Y13X34Yao Pos Re1 = Y13 P37 X78Ys6 Ro1 = Y13 X34 PasYs6Ro1

P15 X54Y12Q26 X61 = P15Y57X72Q26 X61 = P15 X54QusYs6X61 = P15Y57X78Ys6Y61 = Q15 X54Y12Pas Xo1 0 -1 0
= Q1557 X72 P26 X1 = Y13Q37 X712 P26 X61 = Y13 X34 Va2 Pog Y1 = Y13 P37 X72Q26 X1 = Y13 P37 X78Ys6 Y61

= Q15 X54Pa8Y36 X1 = Y13 X34 PasYs6Y61 = Qu5Y57X78Ys6 Re1 = Y13X34Ya2Q26 Re1 = Y13Q37X78Ys6 o1

= Y13X34QusYs6 Ro1

Q15X54Y12Q26 X61 = Q15Y57X72Q26 X61 = Q15X54Qu8Ys6 X61 = Q15Y57X78Ys6 Y61 = Y13Q37 X72Q26 X1 -1 -1 0
= Y13X34Y12Q26 Y61 = Y13Q37X78Ys6Y61 = Y13 X34QusYs6Y61

P15 X540 Xa2 Pag Re1 = P15 X57X72Pas Re1 = Pi5X54Pas Xs6Re1 = X13P37X72Pog Re 1 0 -1
P15 X504 X02PogYo1 = P15 X57X72PagYo1 = P15 X54Pis Xs6Y61 = P15 X54X42Q26 Re1 = P15 X57 X72Q26 Re1 0 0 -1
= P15 X54Q48 X586 %61 = X13 P37 X72PacYo1 = Q15 X5 Xa2 Pag Ro1 = Q15 X57 X712 Pag Re1 = X13Q37X72Pos Re1

= X13 P37 X72Q26R61 = Q15 X54Pas Xs6 g1

P15 X540 X42Q26Y61 = Pr5 X571 X72Q26Y61 = P15 X54Q8X36Y61 = Q5 X54X42Po6Yo1 = Q5 X57 X72Po6 Y1 -1 0 -1
= X13Q37X72P26Yo1 = X13 P37 X72Q26Y61 = Q15 X54 Pas Xs6Y61 = Q15 X504 X02Q26 61 = Q15 X57 X72Q26 61

= Q15X54Qu3 Xs6R61 = X13Q37X72Q26 Ro1

Q15X54X42Q26Y51 = Q15 X57X72Q26Y61 = Q15X54Qu8X36Y61 = X13Q37X72Q26Y61 -2 0 -1
P15 X541 PogRe1 = Pi5Y571X72PagRe1 = Pis X5aPagYse Re1 = Y13 P37 X72Pos Rt 1 -1 -1
P15 X54Ya2 PogYo1 = P15Ys7X72P26Y61 = Pi5 X54PisYs6Y61 = P15 X54Y12Qo6 Re1 = P15Y57 X72Q26 61 0 -1 -1
= P15 X54QusYs6 Re1 = Y13 P37 X72Pos Y1 = Q15 X54Ya2 Pas Re1 = Q15Y57 X72 Pag Re1 = Y13Q37 X72 P26 Re1

= Y13P357 X72Q26 1 = Q15 X514 PasYs6 o1

P15 X54Y12Q26Y61 = P15Y57X72Q26Y61 = P15 X54QusYs6Y61 = Q15 X54 Y12 PagYo1 = Q15Y57 X72 Pag Yo1 -1 -1 -1
= Y13Q37X72 P26 Yo1 = Y13 P37 X72Q26Y61 = Q15 X54PasYs6 Y61 = Q15 X54Y12Q26 61 = Q15Y57 X72Q26 o1

= Q15X54Qu8Ys6 61 = Y13Q37 X72Q26 61

Q15X54Y12Q26Y61 = Q15Y57X72Q26Y61 = Q15X54Qu8Ys6Y51 = Y13Q37X72Q26Y61 -2 -1 -1

Table 26. The generators in terms of bifundamental chiral fields for Model 6 (Part 2).

The P-matrix for Model 7 is
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Figure 22. Quiver for Model 7.

The J- and E-term charges are given by

(10.3)
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and the D-term charges are given by

(10.4)
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The toric diagram of Model 7 is given by
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where figure 23 shows the toric diagram with brick matching labels.
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Figure 23. Toric diagram for Model 7.

The Hilbert series of the mesonic moduli space of Model 7 takes the form

P(tza Yss Yoy Yoz s Yoz M7)
1 — ysy2 Yooy, t31384) (1 — ysyB, v y3, 31310)

g1 (tﬂ Yss Yoy Yoo s y03;M7) - (

1
X -
(1 = Ys¥or Yor Y2, t3t3t5) (1 — Yshor Y2, Yos t31212) (1 — ysyd Y&, Yo, t3E52)
1
X (10.6)

(1 = Ys¥or Y2, Yos t2t38) (1 — Ysy2, Yor o, 131413) (1 — Ysor Yoo Y2, t3t5tE)

where t; are the fugacities for the extremal brick matchings p;. ys counts the brick matching
product s ...sg corresponding to the single internal point of the toric diagram of Model 7.
Additionally, y,,, yo, and y,, count the products of extra GLSM fields 010203, 040506 and
o70s, respectively. The explicit numerator P(t;, Ys, Yo, Yoss Yos; M7) of the Hilbert series
is given in the appendix section A.7. We note that setting the fugacities y,, =1, yo, = 1
and y,, = 1 does not change the overall characterization of the mesonic moduli space by
the Hilbert series, indicating that the extra GLSM fields, as expected, correspond to an
over-parameterization of the moduli space.

By setting ¢; = t for the fugacities of the extremal brick matchings, and all other
fugacities to ys = 1, yo, = 1, yo, = 1 and y,; = 1, the unrefined Hilbert series takes the
following form

1
(1=7)3(1 —16)2(1 —t")(1 — t7)
X (14465 + 75 4+ 5¢7 + 3¢5 — 13t — 14412 — 813 — 41t — 2415 416 2417
+ 61 — 619 — 2620 — 21 4 2122 4 4423 4 8¢ 1447 4 13¢26 — 3¢20 — 530
— 73t — 43?2 — 37 (10.7)

gl(ta 17 17 17 17M7) =

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.

The global symmetry of Model 6 and the charges on the extremal brick matchings under
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SU2)z | UL)p, | U(L)s, | U(1) | fugacity
P1 +1 0 0 T t1
P2 0 +1 0 79 ty
D3 0 —1 0 T3 t3
P4 0 0 +1 T4 tyg
Ps 0 -1 5 ts
D6 -1 0 0 6 tg

Table 27. Global symmetry charges on the extremal brick matchings p; of Model 7.

the global symmetry are summarized in table 27. We can use the following fugacity map,

,_ _hig b, b, 32
= , L= y U1 = Y75 7795 V2 — 775
RIZRYE RYRYE RYZRYE R

(10.8)

where tot3 = t4t5 and t1tg = t4ts, in order to rewrite the Hilbert series for Model 6 in terms
of characters of irreducible representations of SU(2) x U(1) x U(1). In terms of fugacities
of the mesonic flavor symmetry of Model 7, the Hilbert series in highest weight form can
be written as
1

(1 = B3t7) (1 — byb3t2) (1 — p2by by 2t5)

1
X x (1 + pbfby 140 + 1?8 + pbybot”

(1 _ u3bf1b;1t5)(1 _MgbIQbZtﬁ) ( 0109 H (0102

+ 1207 03T + 2038 4 pbst® — ptoby 2 — b e Y — p3p3ey 12

— 2t BT byt — 2B — 23 bot!3 — pAbT b3S — 2p2p2e 1

Iu3b%t14 /,LbSbStlS + M7b 1b t17 + M5b2b tlS + Iuﬁtlg + ,U,Sblbgtlg
+ 1 bybot® + 15b262%9) (10.9)

hl (t7 M, bl) b27 M7) =

where " ~ [m]gu(a),. Note that in highest weight form, the fugacity u counts the highest
weight of the irreducible representations of SU(2). Additionally, the fugacities b; and bo
count the charges under the U(1) factors of the mesonic flavor symmetry.

The plethystic logarithm of the Hilbert series takes the following form

PL[g1(t, %, by, ba; M7)] = ([2]brby % + [3]by "0y )t” + ([1]bTby ' + [2] + [3]by *b3)t°
+ (b7 + [1biba + [2167 03)¢7 + (b5 + [1]63)¢° + brbyt”
— ([3]b3% + 6765 * + [1]b5° + [2]b7 b5 *)t"0 — ([4]brby * + [5]by "oy " + [1]67b5°

+ 2[2]b1by % + 2[3]by by + [4]b1° + biby® + 2[1]by Tby "+ [2]b1° + by )t
— ([2]b1b52 + 2[3]b3b5 " + 3[4] + [5]by 2ba + 2[1]b3b5 " + 3[2] 4 2[3]b7 2b2 + 2
1167 2by + [2]b7 *03) 112 — (2[2]b3 + 4[3]b1by + 2[4]by 163 + b3 + 3[1]b1by

+ 2[1]
+ 3[2]b; 103 + [3)b7 303 + by 162 + [1]b7 303t — ([1]b1be + 4[2]b3b3 + 3[3]b3
+ [4]b7 2b3 + bTb3 + 2[1]b3 + [2]by 2bs + by 23t + ..., (10.10)
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generator

2]
a
—~
®
—
=
a
—
—
=
S
c
—~
—
=
@l
I

Pip3ps 5010203
pip2p3 so10303
p%PsPs;pﬁ 801020§
Plpngps 8010303
p1p3p5p% 50102O§

2,2 2
D2PEPG S010503 -1

S O = =N

P3PsPE 8010203 -1
Pip3ps sotos0} 2
PIP2p3paps 50710503 1
P1P3pap? 070303 0 1 1
PID3Paps 5070203 1
P1P2P3PaPsP6 $070503 0
pipap2pe $030303 1
P1P3Papy $070203 0 1 1
Pap3papspg 010503 -1 0 0
P3pap 5070203 ~1 ~1 1
pipap3p] soiojol 1 _1
P1P3p3p3ps s030303 0 0
P3pip3 sofojos -1
p1p2p§pi D6 SO‘I’ 0% og 0 -1
P3pspipsps 5030303 ~1 0
Pap3PipG 5010303 -1 ]
P1pp3pE sofo3o) 0 1
p%p3p2p5 80411 0‘21 o% 1 0
P3p3pipe sofodol -1 1

3,24 . 5 4 3
P5P3P; S070503 -1 -1

N o= N = OO = O N = O

Table 28. The generators and lattice of generators of the mesonic moduli space of Model 7 in terms
of brick matchings with the corresponding flavor charges.

where [m] = [m]gy(g),. From the plethystic logarithm, we see that the mesonic moduli
space is a non-complete intersection.
Using the following fugacity map

3/2 3/2,1/2
3 tits -t -8
F=tyt)? 3 =220 b= B b= A5 (10.11)
£ tyth/? t3te

where t1tg = tot3 = t4ts, the mesonic flavor charges on the gauge invariant operators become
Z-valued. The generators in terms of brick matchings and their corresponding rescaled
mesonic flavor charges are summarized in table 28. The generator lattice as shown in
table 28 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram
of Model 7 shown in figure 23. For completeness, table 29 and table 30 show the generators
of Model 7 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator SU(2)z U(l)b] U(l)b;
X12Yo3 P35 751 = Yis Zge Xe7Qra = X12P21Yis Zg6Qe1 = X12P21YasQs5Z51 2 0 -1
Z17Qm4Ya8Zs6Qe1 = Z17Q7aYasQs5 251 = X12X28Z36Q61 = X12Y23Y36Q61 = X12X25@s5 251 1 1 0
X12Y23 P35 X51 = X12223 P35 251 = Y12Y23 P35 251 = Yas Xs6 X67Q74 = Zus Zs6 X67Q74 = Yas Zs6Yo7Q7a 1 0 -1
= X12P24Y18 X56Q01 = X12P21Z18 Z36Q61 = Y12P24Y18Z56Q61 = X12P24YisQs5X51 = X12P24Z48Q85 751

= Y12 P4 Y1sQs5 251

Z17Q11Yas Xs6Q61 = Z17Q74Z48 Z36Q61 = Z17Q74Y1sQs5X51 = Z17Q74Z45Qs5Z51 = X12 X258 X56Q61 0 1 0
= X1223Y36Q61 = Y12X28Z36Q61 = Y12Y23Y36Q61 = X12X08Qs5X51 = Y12 X25Q85 751

X12Z93 P35 X51 = Y12Y23 P35 X51 = Y12 223 P35 Z51 = Z4s X6 X67Q74 = Yas Xs6Ye7Q74 = Zas Zs6Y67Q74 0 0 -1
= X122 218 X36Q61 = Y12P24Y18 X56Qo1 = Y1221 248256 Q61 = X12P24Z148Qs5X51 = Y12P24Y1sQs5X51

= Y12 P24 Z45Qs5751

Z17Q74Z48 X86Q61 = Z17Q74Z48Qs5X51 = Y12 X028 X56Q61 = Y12Z23Y36Q61 = Y12 X28Qs5X51 -1 1 0
Y12Z93 P35 X51 = Zas Xs6YorQra = Y12 P24 Z48 X36Q61 = Y12 P24 Z48Qs5X51 -1 0 -1
X12P24Yas Ps3 P35 Z51 = X124 Yas Zse Po1 = P2aYas Zse Xe7Pr2 2 -1 -1
Z17Pra P2y Y8 Z86Qe1 = Z17PraPaaYisQs5 251 = X12PaaYis Pa3Y36Q61 = Z17Q74Y1s Ps3 P35 Z51 1 0 0
= X12Ya3Ps5Y51 = X12X28Z56 P61 = X12Y23Y3661 = XosZse XerPr2 = Yo3Y36Xe7Pr2 = XugZse Xo7Qr4

= X12P2a X4 Zg6Qe1 = X12P24X48Qs5 751 = X12P24YasQs5Y51 = Z17Pr2Ya3 Pas Zs1 = X192 X8 Pa3 P35 251

= Z17Q74Y18 786 Po1 = Y36 X67Q74Y1s Ps3

X12Xo8Qs5Y51 = Z17Q74Yas Ps3Y36Qe1 = Z17Pr2Xos Zs6Qe1 = Z17P12Y23Y36Q61 = Z17Pr2 X28Q85 751 0 1 1
= X12X28Ps3Y36Q61 = Z17Q74X48Z86Q61 = Z17Q74Xa8Qs5 7251 = Z17Q74YasQs5Y51

X12P24Yas Ps3 P35 X51 = X12P21Z48 Ps3 P35 Z51 = Y12 PoaYag Ps3 P35 Z51 = X121 Yas Xs6 Po1 1 -1 -1
= X12P24 248736 Ps1 = Y12P24Yas Z56 Po1 = PoaYas Xs6 Xo7Pr2 = PouZugZs6 Xe7Pro = PoaYas Zs6 Yo7 Pr2

Z17Pra P2y Y18 Xs6Qe1 = Z17PraPauZ4s Zs6 Qo1 = Z17Pr2PaaYasQs5 X51 = Z17 PraPaaZusQs5 251 0 0 0
= X12P24Z4s Ps3Y36Q61 = Y12 P2aYas Ps3Y36 Qo1 = Z17Q74Yas Pss Pss X51 = Z17Q74 248 Pa3 P35 Z51

= X12Z23P35Y51 = Y12Ya3 P35Y51 = X12 X208 X661 = X12223Y36 P61 = Y12 X028 Zs6 o1 = Y12Y23Y36 P61

= Xog Xs6Xe7Pr2 = XosZseYo7Pr2 = Z23Y36Xe7Pra = Ya3Y36Ye7Pr2 = Xus Xs6 Xo7Q74 = X8 Z36Ye7Q74

= X12 P2 X4s Xs6Q61 = Y12P2a Xus Zs6Q61 = X12 P2 XusQs5X51 = X12P24Z48Qs5Y51 = Y12 Paa XusQs5Z51

= Y12P24Y1sQs5Y51 = Z17Pr2Ya3 P35 X1 = Z17PraZo3 Pys Zs1 = X192 Xos Ps3 P35 X51 = Y12 Xog Pss P35 Zs1

= Z17Q74Y1s X6 Po1 = Z17Q74Z4s Zs6 Po1 = Yae X67Q74 218 sz = Ya6Y61Q74Yas Ps3

Y12 X2sQs5Y51 = Z17Q74Z48 P33 Y36Q61 = Z17PraX2s Xs6Q61 = Z17Pr2Z23Y36Q61 = Z17 P12 X280Q85 X51 -1 1 1
= Y12 Xos Ps3Y36Q61 = Z17Q72 X148 X36Q61 = Z17Q74XusQs5X51 = Z17Q72Z45Qs5Y51

X12P24Z4s P33 P35 X51 = Y12 P24 Yag Pz P35 X51 = Y12 P24 Z4s Pe3 P35 Z51 = X12PoaZ4s X56 P 0 -1 -1
= Y12 PouYas Xs6 Po1 = Y1224 248 Z36 Po1 = PaaZag Xs6Xo7Pra = PaaYis Xs6Yo7Pro = PoaZus ZsYor Pro

Z17Pra Py Z4s Xs6Qe1 = Z17PraPauZ4sQss5 X51 = Y12 P21 Z4s Ps3Y36Qe1 = Z17Q74 248 Ps3 P35 X1 -1 0 0

= Y12Z23P35Y51 = Y12 Xos Xs6Po1 = Y12223Y36 P61 = Xos Xs6Yo7Pr2 = Z23Y36Y67Pra = Xas Xs6Yo7Q7a
= Y12 Pas X4 X536Q61 = Y12 P24 XusQs5 X51 = Y12 P21 Z4sQs5Y51 = Z17Pr2Z23 P35 X51
= Y12 Xog Ps3 P35 X51 = Z17Q74 248 X536 P61 = Y36Y67Q74Z43 3

Table 29. The generators in terms of bifundamental chiral fields for Model 7 (Part 1).
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generator SU@)(@@) U(l)B
Y12 P24 Z48 P33 P35 X51 = Y12 P2aZas Xs6 Po1 = PaaZas Xs6Yer Pr2 -1 -1 -1
Z7 PraPayYas Py Pas Z51 = X12Poua Xug Zse Po1 = Pou X Zs6 Xe7Pra = X12P2a Xas Pe3 P35 Z51 1 -1 0
= X12PoaYis Ps3 P35 Y51 = Z17PraPayYus Zige Po1 = X12P24Yas Py3Y36 Ps1 = PaaYas Ps3Y36 X7 Pra

Z17PraPayYas Pe3Ys6Qe1 = Z17PraPaaXus ZgeQe1 = Z17Pr2PaaXugQs5 251 = Z17Pra P24 YisQs5 Y51 0 0 1
= X12P24 Xus Ps3Y36Q61 = Z17 P12 Xos a3 Ps5 Zs51 = Z17Q1a Xus Ps3 P35 Z51 = Z17Q74Yas Pa3 P35 Y51

= Z17Q74Y18 Ps3Y36 Ps1 = X12 P24 XusQss5Y51 = Z17Pr2Y23P35Y51 = X120 Xo8 Pe3 P35 Y51

= Z11PraXosZgs Po1 = Z17Pr2Y23Y36 P61 = X12Xos Pa3Ya6 Pt = Z17Q74 X148 Zs6 Po1 = Xos Ps3 Y36 Xe7 Pr2

= Y36 X67Q74 X8 Ps3

Z17PraX98Qs5Y51 = Z17Q74X48Qs5Y51 = Z17PraXos Pa3Y36Qe61 = Z17Q74 X148 Ps3Y36Q61 -1 1 2
Z17PraPayYas Py Pys X51 = Z17Pra Pau Z4s Pg Pys Z51 = X12Pay Xus X6 Po1 = Y12 P2 Xus Zs6 Po1 0 -1 0
= P2y X3 Xg6Xe7Pr2 = PouXusZs6 Yo7 Pr2 = X12P2a Xus Ps3 P35 X51 = X12PoaZas Ps3 P35 Y51

= Y12 P Xug Pss P35 Z51 = Y12 PoaYas Pas P35 Ys1 = Z17PraPagYas Xse Po1 = Z17PraPayZas Zse Pe

= X12P24 248 P33Y36 Po1 = Y12P24Yas Py3 Y36 Po1 = PaaZas Pe3Ys6 Xe7Pra = PoaYas Pa3YseYer Pro

Z7 PraPay Zss Py3Y36Qe1 = Z17Pr2 Paa Xus Xs6Qo1 = Z17Pr2 Pau XasQs5 X51 = Z17Pr2 Pau Z48Qs5Y51 -1 0 1
= Y12 P2y X4 Ps3Y36Q61 = Z17ProXog P3 P35 X51 = Z17Q74 X Ps3 P35 X51 = Z17Q74Z48 P33 P35Y51

= Z17Q74248 Ps3Y36 Po1 = Y12 Poa X4sQs5Y51 = Z17PraZ23 P35Y51 = Y12 Xog Ps3 P35 Y51

= Z17PraXog Xs6Ps1 = Z17Pr2Z23Y36 P61 = Y12 Xos Ps3Y36Po1 = Z17Q74 Xas Xs6 Ps1

= Xog Py3Y36Yo7Pra = Y36Y67Q7aXus Ps3

Z17PraPay Zag Py3 P35 X51 = Y12 Poa X4g X6 Po1 = PauXas Xs6 Yo7 Pr2 = Y12 P2y Xas Ps3 P35 X1 -1 -1 0
= Y12 P24 Zus Ps3 P35 Y51 = Z17ProPoa Z4s X6 Po1 = Y12PoaZ4s Pa3Ya6 Ps1 = PoaZas PssY36Yer Pr2

Z7 PraPay Xug Pe3 Pas Z51 = Z17 PraPoaYas Ps PssYs1 = Z17PraPayYas Ps3Ys6 P 0 -1 1
= X12P24 Xus Ps3 P35 Y51 = Z17Pra Paa Xas Zs6 Po1 = X12 P24 Xus Ps3Y36 P61 = Poa Xug PagYae Xo7 Pr2

Z17 P2 Pay Xug Ps3Y36Qe1 = Z17PraPay XusQssYs1 = Z17Pra Xog Py PysYs1 = Z17Q74 Xus Ps3 P35 Y51 -1 0 2
= Z17Pr2 Xog Ps3Y36 P61 = Z17Q74 X8 Ps3Y36 Fo1

Zn7 PraPoy Xug Py3 P35 X51 = Z17 P12 PoaZas Py Pas Y51 = Z17PraPon Zug Ps3Ys6 Per -1 -1 1
= Y12 P Xug Ps P35 Y51 = Z17PraPas Xus Xs6 Po1 = Yi2Poa Xug PasYae Po1 = PaaXus Ps3Ys6Yer Pra

Z7PraPay Xug Ps3 P35 Y51 = Z17Pra Paa Xas P3Ys6 Pe1 -1 -1 2

Table 30. The generators in terms of bifundamental chiral fields for Model 7 (Part 2).

11 Model 8: P++_H+(dP0) []P)(Odpl @ OdPl (l)), l2|dP1 = ]., <26>]

Model 8 corresponds to toric Calabi-Yau 4-fold Pyy_H, (dPg). The corresponding brane

brick model has the quiver in figure 24 and the J- and E-terms are given as follows

E
Al XerYr5QssXs1 — Xe2Xo1 P1yXus — X13Ps6
Als: XerYrsPssXs1 — Re2Xo1 X13Q36 — Q14X46
Alr XraXo1 — Yr5Y58 X3 P1aQur — QuaPar
Asy QarX72 — X46Xe2 Po5 X53X34 — X21 P14
A3y Py7X72 — XaeRe2 X21Q14 — Q25X53X34
Asg X6 Xo2 — Xs1Q14Ya2 Po5Yss — Yas5Psg
Ads : Xs1X13X34Ya2 — XsoXorXro Pr5Qss — Q25Pss8
Ads Xsoltea — Xs1P14Ya2 Y25@s58 — Q25Y58
A3, Y5 X553 — Xo1X13 P35 X62 — Q36Re2
Aj7r: Yr5QssXs1X13 — X72Q25 X3 P36 Xo7 — X34Pur
A37: Yr5PssXs1X13 — XraPasXss X34Qu7 — Q36X67
Als © QssXs1X13X31 — YssXs1Qua Py7Y7s — Yo Pos
Afs: PssXs1X13X31 — YssXs1Pua Yi2Q25 — QarY7s
Ay X46Xe67Y75 — YaoYos Psg X51Q14 — Q58 Xs1P14
Age : Xe2Y2s — Xe7X72Q25 Pss Xs6 — X53P36
A : Re2Yas — XerX72P25 X53Q36 — Q58 Xs6
Ags : Yss X6 — X53X34X46 Rg2Q25 — Xe2Pos
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Figure 24. Quiver for Model 8.

Following the forward algorithm, we obtain the brick matchings for Model 8. They are

summarized in the P-matrix, which takes the form

0 0 0 O

1
1
1
1

1

1

0

1

1

0 0

1
1

0 0 0 O

1
1
1
1

1

0

1

1

0 0

1
1
1

0 0

1

0 0 0 O

1
0 0 0 0 O

0

1

1

0 0 0 O
0 0

1
1

0

1

1
0
0

1 0 0 0

1

1
0

1
1

1

1

1 0 0

1
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Py/10000000010010/00100O01T11

P10 00000000O0CO0O0O1{0001001110 0

P11 0000000011 00O0/0100111001

P71 0000000001100/ 001001100 0

P11 00000/0O100O00O0O0O0O0COO0O11TO0O0O0O01

Q40 100000001001 0/001000T1T11

@»s/0 1 0000(0DODOD0OD0OD0ODO0OD1I/0001TO0O0111 0 0
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(11.2)
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The J- and E-term charges are given by

)
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and the D-term charges are given by
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(11.4)

]

The toric diagram of Model 8 is given by

G = {
where figure 25 shows the toric diagram with brick matching labels.

)

2
1 1

2

1-10000/0000O0O00OO0O0O0O0OOO0OOOO0OO0OO0O O OO O0O0
1

P1 P2 P3 P4 Ps pG‘Sl S2 53 S4 S5 S6 ST 38‘01 02 03 04 05 06 O7 08 09 010 011 O12 013 014 015
1 11111j11111111(222222222 2
0-1101000000O00O0j27 17111100000 0 0 00

1 0021017111111 1}2211111111

(11.5)

The Hilbert series of the mesonic moduli space of Model 8 takes the form

P(t’bv YsyYo1s Yoo s Yos s MS)
(1 = YsY2, Yoo Yos 113t5) (1 — YsY2, Yo, Yostatits)

gl(tiay&ym)y()myOs; MB) =

t3tate)

2
03

t?t4t6) (1 — YsYo1Yox Y

ygg Yos t3t421t§) (1 — YsYo1 Yoo ygg,

3
o1

(1 —ysy

X

1
2
02

V(1 = YsYo, Y,

., (11.6)

2
6

Y3 tatst

2,5, titst2

(1 — YsYor Y
. sg corresponding to the single internal point of the toric diagram of Model 8.

X
where t; are the fugacities for the extremal brick matchings p;. ys counts the brick matching

product sq ..
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Figure 25. Toric diagram for Model 8.

Additionally, y,,, Yo, and y,, count the products of extra GLSM fields 0102, 03040506 and
o7 ...015, respectively. The explicit numerator P(t;, Ys, Yo, s Yoy, Yos; Ms) of the Hilbert
series is given in the appendix section A.8. We note that setting the fugacities y,, = 1,
Yo, = 1 and y,, = 1 does not change the overall characterization of the mesonic moduli
space by the Hilbert series, indicating that the extra GLSM fields, as expected, correspond
to an over-parameterization of the moduli space.

By setting t; = t for the fugacities of the extremal brick matchings, and all other
fugacities to ys = 1, yo, = 1, yo, = 1 and y,, = 1, the unrefined Hilbert series takes the
following form

(1—1)3
(T —t)2(1 = 5)2(1 = ¢7)2(1 — 1)
x (14 3t 4 6t2 + 10> + 15¢* + 24> 4 40t5 + 687 4 113t% 4 175¢° + 253¢1°
+ 336t + 409t12 4 462t13 + 490t 4 496115 + 493t1¢ 4 491417 + 49318
+ 496110 4 490120 + 462t + 409t + 33673 + 25324 + 175%° + 113t%
+ 6827 + 40128 4 2417 + 15630 4 10631 + 6132 + 3133 + 131 | (11.7)

gl(t7 17 17 17 MS) -

where the palindromic numerator shows that the mesonic moduli space is Calabi-Yau.

The global symmetry of Model 8 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 31. We can use the following fugacity

map,
1/2 1/2,1/2 1/2,1/2
1/2,1/2 i 1,7t ty 7ty s
R e P S S L 11.8
b t§/2 tiﬂ i3ty (11.8)

where t3t4 = tstg and t1to = t5tg, in order to rewrite the Hilbert series for Model 8 in terms
of characters of irreducible representations of SU(2) x U(1) x U(1). In highest weight form,
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SU2)z | UL)p, | U(L)s, | U(1) | fugacity
P1 +1 0 1 t
P2 -1 0 0 9 to
P3 0 +1 0 3 t3
P4 0 —1 0 T4 t4
D5 0 +1 5 ts
Dé 0 -1 re te

Table 31. Global symmetry charges on the extremal brick matchings p; of Model 8.

the Hilbert series of Model 8 can be written as

1
hi(t, p, b1, ba; Mg) =
b M) = T i o T 1 b )
1
X X (14 p?t% + ubybot” + 30205 145 4 b2031°

(1 — pAbiby %t7) (1 — b2b3t1L)

+ u2b:ft9 _ u?’bebgtw + /Lb%bgtw _ ;L‘r’bflbgltn _ /ﬂbflbgtu _ 2M4t12

- ub‘;tm o u6b1b2_2t13 o 2M3b162t13 - /f’b%b;lt” o ugb%bgtM o /ﬁb{’tl‘r’

_ ub?bgtlf’ +M5bf2b2t16 +u7bf1b§1t17 +u4bf1bgt17 Jr'uﬁtls +p5b1b2t19
pSB3t2 4+ b byt?® + 30312 (11.9)

where p™ ~ [m]gy(2),. Here in highest weight form, the fugacity p counts the highest
weight of irreducible representations of SU(2).
The plethystic logarithm of the Hilbert series takes the form

PLg1(t, x, by, ba; Mg)] = [1]by 2bat™ + ([3]b7 byt + by 163)t° + [2]15
+ ([4]b1b5 2 + [1)b1ba)t™ + ([3]b7by ' + b705)t° + ([2]b7 + [2]by°)t” + [1]b1bat ™
— ([3]b1 22 + [2]b7 %05 + [1]b7 2b2)t"? — (705 + [5]b7 b5 ! + 2[3]by by !
+ (2067103 + b[1)by 1y T + by H3)E — (51657 + 3[4] + [3]b5° + 2[2] + [1]b3
+ [1)b52 4 1)t12 — ([6]b1by % + 2[4]b1by % + 3[3]b1ba + 2[2]b1by 2 + 2[1]b1 by

+ byby D' — (2[5]b3by 1 + [4]b305 " 4 3[3]bTby 4 3[2]bT03 + 2[1)b3by ! + bIb3

+ 03yt 4L (11.10)
where [m] = [m]gy(2),. From the plethystic logarithm, we see that the mesonic moduli

space is a non-complete intersection.

Using the following fugacity map

1/2 2
~ ts5t ~ tols ~ tot
t:té/2t1/2,55: ste 2 _ taty

;b= =14, 1111
3 ta tl/Q 51§ (1

where t1to = t3t4 = tstg, the mesonic flavor charges on the gauge invariant operators become
Z-valued. The generators in terms of brick matchings and their corresponding rescaled
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generator SU(2)z | U(1)y | U(1);,
Plp?;ps 80%0203 1 0 1
Papips 5070203 0 0 1
p3pap? s030303 1 1
Pipaps 010203 1 -1 0

Pip2papes $010203 0 -1 0
PLP3P4P6 5010203 -1 ~1 0
P3pape $010203 -2 -1 0
PIP3papspe $050303 1 0 0
P1D2P3P4P5D6 80%O§0§ 0 0
P3p3papspe $030303 -1 0 0
P1P3Papipe $030303 1 1 0
P2p3papipe s0i0303 | 0 1 0
pipspg so10303 1 -1 | -1
Pipap3pi 5010303 0 -1 -1
piP3p3pg $010303 -1 -1 1
P1P3P3PE 5010303 -2 -1 -1
Papspg 5010303 -3 B T |
P3papipe sofo30} 1 2 0
PiP3pspg soio303 1 0 —1
Pip2p3pspg s030303 0 0 -1
P1P3P3Ds PG s01030% | —1 0 -1
P3p3pspg soiosol -2 0 -1
PIP3pEpg 5070503 1 1 1
P1papipEpg 5070503 0 1 ~1
P3PIPEDE 5070503 -1 1 -1
P1p3pEPG s010503 1 2 ~1
P2p3pEpg s010503 0 2 ~1
P3p3ps 5070503 1 3 ~1

Table 32. The generators and lattice of generators of the mesonic moduli space of Model 8 in terms
of brick matchings with the corresponding flavor charges.

mesonic flavor charges are summarized in table 32. The generator lattice as shown in
table 32 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram
of Model 8 shown in figure 25. For completeness, table 33 and table 34 show the generators
of Model 8 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator

SU(2)z

U(L),

P14 Yo Xo1 = Pos X53X34Ya2 = Pys Xe7Y75X53 = X34 ParY75 X553 = Prs X6 X67Y75

Q14Y12X21 = Q25 X53X34Y12 = Q36 X67Y75 X3 = X34Qu7Y75X53 = Q58 X6 Xe7Y75

X34 X146 X67Y75 X553 = X13X34Y12Xo1 = Ya5 X53X34Ya0 = Vs X6 X67Y75

Po5 X53 P36 Re2 = Pas Psg Xs6Re2 = P1aYaaPos Pss Xs1 = PraParY75 Pss Xs1

Po5 X53 P36 X62 = Pos Pss Xs6 X2 = Pas X53Q36 62 = P25Q58 Xs6Re2 = Q25 X53 P36 Re2 = Q25 Pss Xse lg2

= P14Y12 Po5 Q58 Xs1 = PraPurY75Q58 Xs1 = P1aY1oQo5 Pss X1 = P1aQarY75 Pss Xs1 = QuaYaa Pos Pss Xs1

= QuaPyrY75 Pss X1

Py5 X53Q36 X62 = Pas Qs Xs6X62 = Q25 X53 P36 X62 = Q25 Prs X6 X62 = Q25 X53Q36 Ro2 = Q25Q55 X662
= P14Y12Q25Q58 X831 = P1aQurY75Q58 X31 = Q14Ya2 Pos Q58 Xs1 = Q1aParY75Q58 Xs1 = Q14Y12Q25 Pss Xs1
= Q14Qua7Y75 P55 Xs1

Q25X53Q36 X62 = Q25Q55 Xs56X62 = Q14Y12Q25Q58 X581 = Q14Qa7Y75Q58 Xs1

P14 X6 Xe7Y75 Pss Xs1 = X13X34Ya2 Pos Pss X1 = X3 P36 Xo7Y75 Pss X1 = X13 X34 ParY75 Pss X1

= PiyPyr X7 Xo1 = PraXusRe2 X21 = PosYss Xso o2 = X13Ps6 Re2X21 = Ya5 X53Pss Re2 = Y25 Pss X Ie2

= P14Yio Po5 Y58 X51 = PraPurYe5Yss Xs1 = PraYaoYos Pos Xs1 = Pas X53P3s Xe7X72 = Pas X53 X34 Par X72

= Pa5 Psg X6 Xo7X72 = Po5 X553 X34 X462

PryX46Xe7Y75Q58 Xs1 = X13X34Ya0 Pos Q58 Xs1 = X13P36 X67Y75Q58 X581 = X13 X34 ParY75Q58 X1

= Q14X46X67Y75 Pss X531 = X13X34Ya2Q05Pss X51 = X13Q36 X67Y75 P5s Xs1 = X13X34Qa7Y75 Pss X1

= P1uQur X712 X1 = PraXas Xe2X21 = PosYss Xs6 Xe2 = X13P36 X62X21 = Yo5 X53 P36 X62 = QuaPar X72X21
= Yo5 Ps X6 X2 = QraXa6Ro2Xo1 = Q25Yss X6 Ro2 = X13Q36 Re2Xo1 = Yo X53Q36 Ro2 = Yo5Q58 Xs6 o2
= P14Y1pQ25Y58 Xs1 = P1aQuarY75Y58 Xs51 = P14YaYo5Q58 Xs1 = Q14Ya2 Po5 Vs Xs1 = Pos X53Q36 X67X72

= P53 X53X34Qu7 X72 = Po5Q58 X6 X67 X712 = Po5 X53 X34 X6 X62 = Qo5 X53 P36 X67X72 = QaParYr5Y58 X1
= Q25 X53 X34 Par X720 = Q1aYa2 Y25 Psg X1 = Qa5 Pss X6 Xe7X72 = Q25 X53 X34 X46 262

Q14 X416 X67Y75Q58 X581 = X13X34Y12Q25Q58 X51 = X13Q36 X67Y75Q58 X531 = X13X34Qu47Y75Q58 Xs1

= QuuQarX72X21 = Q14 X146 X62X21 = Q25 Y58 Xs56X62 = X13Q36X62X21 = Y25 X53Q36 X62 = Y5058 Xs56 X62
= Q14Y12Q25 Y58 X1 = QuaQurY75Y58 X531 = Q14Y2Y25Q58 X51 = Q25 X53Q36 X67X72 = Q25 X535 X34Qa7 X712
= Q25Q58 X586 X67X72 = Q25 X53 X34 X416 X62

Yo5Y58 X6 o2 = X13 X34 Xu6 X67Y75 Pss Xs1 = PraXae Xe7Y75 V58 Xs1 = X13X34Ya2Po5 Yas Xs1

= P53 X53 X34 X146 X67X72 = X13P36 X67Y75Y58 X531 = X13 X34 ParY75 V58 X1 = X13X34Y2Y25 Pss Xs1

= P1yXas Xe7X72X21 = P1aYaoY25Yss X1 = Po5Yss Xs6 X67X72 = X13P36 X67 X72X21 = Yo5X53 P36 Xe7 X712
= X13X34 P17 X712 X1 = Ya5 X553 X34 Pa7 X72 = Yo5 Pss X6 Xo7X72 = X13X34 X6 Re2Xo1 = Y25 X53 X351 Xa6 Re2
Y25 Y53 X6 X62 = X13 X34 X146 X67Y75Q58 Xs1 = Q14 Xa6 X67Y75Y58 X531 = X13X34Y12Q05Y58 X1

= Q25 X53 X34 X6 X67X72 = X13Q36X67Y75 V58 X51 = X13X34Qu7Y75Y58 X51 = X13X34Ya0Y25Q58 X351

= Q14 X146 X67X72X21 = Q14Y12Y25Y58 X531 = Qa5Y58 X6 X67X72 = X13Q36 X67 X72X21 = Y25 X53Q36 X67X72
= X13X34Qu7 X72X21 = Y25 X53 X34Qu7 X72 = Y25Q58 X536 X67X72 = X13 X34 X6 X62X21 = Yo5 X553 X34 X6 X62
P14 Pa7 X792 Pos Pss X31 = PraXas R Pos Pss Xs1 = X3 P36 Rea Pos Pss X1

P14 Py7 X7 Pos Q58 Xs1 = P1aQa7 X72 Pos Pss Xg1 = P1aXueXeaPos Pss Xs1 = PraXaeRe2 Pos Q58 Xs1

= P1aPyr X72Qa25 Pss Xs1 = PraXaRe2Q25 Pss Xs1 = X13P36 Xo2 o5 Ps Xs1 = X13P36 Rp2 Pos Q58 Xs1

= QuaPyr X72Po5 Pss X531 = Q14 Xa6Re2Po5 Pss X531 = X13Q36 625 Prs Xs1 = X13 P36 R62Q25 Prs X1

P14Qur X72PosQs58 Xs1 = PraXa6Xe2Pas Q58 Xs1 = PraPyr X72Qo5Q58 Xs1 = P1aQar X72Q25 Pss X1

= P1aX16X62Q25 Pss Xs1 = PraXu6R62Q25Q58 Xs1 = X13 P36 X62P25Q58 Xs1 = QraPar X712 P25 Q58 Xs1

= QuaQur X72Po5 Pss X51 = Q14 X146 X625 Prs X531 = X13Q36X6225 Pss Xs1 = Q14 Xu6Re2 P25 Q58 X1

= X13Q36R62 P25 Q53 X1 = X13 P36 X62Q25 P58 Xs1 = X13 P36 R62Q25 Q58 X1 = Q14 Par X72Q25 Prs X1

= Q14 X146 R62Q25 Prs X1 = X13Q36R62Q25 P53 X1

o = =

SC o R =R

Table 33. The generators in terms of bifundamental chiral fields for Model 8 (Part 1).
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generator

P14Qu7 X72Q25Q58 X51 = PraX46X62Q25Q58 Xs1 = Q14Q47 X72 Pas Q58 X51 = Q14 X146 X62 Po5 Q58 Xs1
= X13Q36 X62 P25 Q58 X51 = X13P36 X62Q25 Q58 X581 = Q14 Par X72Q25Q58 X531 = Q14 Qa7 X72Q25 Pss X1
= Q1aX16X62Q25 P5s Xs1 = X13Q36X62Q25 Pss X51 = Q14 X6 R62Q25Q58 X531 = X13Q36 62Q25 Q58 X381
Q14Qu7 X72Q25Q58 X581 = Q14 X146 X62Q25Q58 X851 = X13Q36 X62Q25 Q58 X1

Yo5 Y58 Xs6X67 X712 = X13 X34 X416 X67Y75Y58 X581 = X13 X34 X406 X67X72X01 = X13X34Ya42Y25 Y58 X1
= Ya5 X53 X34 Xa6 Xo7 X712

P14 Xa6Xer Xr2Pos Pss Xs1 = X13 P36 X671 X712 Po5 Pis Xs1 = X13 X34 Par X720 Pos Pss Xs1

= X13X34 Xa6Re2 P25 Pss X31 = PraPur X7 Po5 Y5 X1 = PraXaeRea o5 Yss Xs1

= P14y Py7 X72Y25 Pss X31 = P1aXasRe2Y25 Pss Xs1 = X13 P36 Re2P25 Y58 Xs1 = X13P36 ReaY25 Pss Xs1
PraXaeXerX72 P25 Q58 X1 = PraXu6XerX720Q25 Pis Xs1 = X13 P36 Xo7X72 Pos Q58 Xs1

= X13 X34 P17 X72 P25 Q58 X1 = Q14 Xa6 X67X72 P25 P5s X51 = X13Q36 X67X72 P25 P5s Xs1

= X13X34Qa7 X72Pos Pss X1 = X13 X34 X6 X625 Pss Xs1 = X13 X34 Xa6 o2 Po5 Q58 Xs1

= X3 P36 X67X72Q25 Pss Xs1 = X13 X34 Pa7 X72Q25 Pss X531 = X13 X34 X146 Re2Q25 Pss X1

= P1aQa7 X72Po5 Y58 X581 = P1aXasXo2 P25 Yss Xs1 = PraPar X72Q25Y58 X581 = PraPa7r X72Y25Q58 X1
= P14Qa7X72Y25 Pss X531 = P14 X46X62Y25P5s X531 = P1aX46R62Q25Y58 Xs1 = PraXasRe2Y25(58 X1
= X13P36 X625 Yss Xs1 = Q1aPar X712 Pos Vs Xs1 = Q14 Xu6Re2Po5 Yss Xs1 = X13Q36R62P5 Y58 Xs1
= X13P36 X62Y25 Pss Xs1 = X13P36 R62Q25Yss Xs1 = X13P36 Re2Yo5 Q58 Xs1 = Q14Par X72Y5 Pss Xs1
= Q14Xa6Re2Y25 Pss Xs51 = X13Q36R62Y25 Pss Xs1

Py X46 X67X72Q25Q58 X581 = Q14 X6 X67 X712 Pa5 Q58 X1 = X13Q36 X7 X72 Pas Q58 Xs1

= X13X34Qu7 X72 Po5 Q58 X51 = X13X34 X6 X62Pa5 Q58 X531 = X13 P36 X67X72Q25Q58 X351

= X13X34 P17 X72Q25 Q58 X531 = Q14 X6 X67X72Q25 Pss X531 = X13Q36 X67X72Q25 Pss X1

= X13X34Qa7 X72Q25 Pss X831 = X13 X34 X146 X62Q25 P5s Xs1 = X13 X34 X146 R62Q25 Q58 X1

= P14Qa7X72Q25 Y58 X51 = P1aXu6X62Q25 V53 X51 = P1aQur X72Y25Q58 Xs51 = P14 Xa6Xe2Y25Q58 Xs1
= Q14Qu7 X72Pa5 Y53 X51 = Q14 X46X62P25Y58 Xs1 = X13Q36X62P25Y58 X51 = X13P36 X62Q25 Y58 X1
= X13P36 X62Y25Q58 X51 = Q14 Pa7 X72Q25Y58 X531 = Qua Par X72Y25Q58 X31 = Q14Qua7X72Y25 P5s Xs1
= Q1aX16X62Y25 Pss Xs1 = X13Q36 X62Y25 Pss X1 = Q14 Xu6R62Q25 Y58 Xs1 = Q14 X6 R62Y25Q58 X1
= X13Q36 R62Q25 Y53 X531 = X13Q36 R62Y25Q58 Xs1

Q14 X146 X7 X72Q25Q58 X51 = X13Q36 X67 X 72025058 X581 = X13X34Q47 X72Q25Q58 X51

= X13X34 X146 X62Q25 Q58 Xs1 = Q14Qu7 X72Q25 Y58 X51 = Q14 X416 X62Q25 Y58 X1

= Q14Qu7 X72Y25Q58 X531 = Q14 X416 X62Y25Q58 X531 = X13Q36X62Q25 Y58 Xs1 = X13Q36X62Y25058 X581
X13 X34 Xa6X67X72 P25 Pos Xs1 = PraPur X72Y25Y58 X531 = PraXueRe2Y25Y58 Xs1

= X3 P36 Rp2Y25Y58 X581 = P1aXu6Xe7r X725 Y58 X581 = PraXae Xo7X72Y25 P58 X1

= X13 P36 X67X72P25 Y5 X51 = X13 X34 Par X720 Pos Vs Xg1 = X3 X34 Xa6Re2 5 Y58 X1

= X13 P36 X67X72Y25 Pss X51 = X13 X34 Par X72Y25 Pss Xg1 = X13 X34 X46 R62Y25 Pss X1
X13X34 X46 X67X72 P25 Q58 X581 = X13 X34 X6 X67 X72Q25 Pss X1 = P1aQuar X72Ya5Y58 X1

= P14 X46X62Y25 Y58 X51 = X13P36X62Y25 Y58 X581 = Q14 Par X72Y25 Y58 Xg1 = Q14 Xa6R62Y25 Y58 Xs1
= X13Q36 62Y25 Y58 X51 = PraXus Xo7X72Q25Y58 X1 = PraXu6 Xer X72Y25Q58 X351

= QuaX16Xe7 X712 P25 Yss X531 = X13Q36 X67X72Po5 Yas Xs1 = X13X34Qu7 X72Pas Y55 X1

= X13X34 X6 Xe2Po5 Y58 Xs1 = X13P36 X7 X72Q25Y58 Xs1 = X13 P36 X67 X72Y25Q58 X1

= X13X34 Pyr X72Q25 Y58 X581 = X13 X34 Pa7 X72Y25Q58 X581 = Q14 X6 X7 X72Y25 P55 X1

= X13Q36 X67X72Y25 Pss X1 = X13X34Qa7X72Y25 P5s Xs1 = X13X34 X146 X62Y25 Pss X1

= X13 X34 X146 62Q25 Y53 X1 = X13X34 X6 R62Y25Q58 Xs1

X13 X34 X146 X67 X72Q25Q58 Xs1 = Q14Qu7 X72Y25Y58 X581 = Q14 X6 X62Y25 V58 X1

= X13Q36X62Y25 Y58 Xs51 = Q14 X146 X67 X720Q25 Y58 X51 = Q14 X146 X67X72Y25Q58 X1

= X13Q36 X67X72Q25Y58 X51 = X13X34Qu7 X72Q25 Y58 X51 = X13X34 X6 X62Q25 Y58 Xs1

= X13Q36 X67X72Y25 Q58 X51 = X13X34Qu7 X72Y25Q58 X531 = X13 X34 X6 X62Y25Q58 X351

X13 X34 Xa6X67 X725 Y58 X1 = X13 X34 X6 X67X72Y25 Prs X51 = P1aXaXerX72Y25Y58 X1

= X13 P36 X67X72Y25 Y58 X1 = X13 X34 Par X72Y25Y58 X1 = X135 X34 X46R62Y25Y58 X1
X13X34 X416 X67X72Q25Y58 X51 = X13 X34 X46X67X72Y250Q58 X531 = Q14 X46X67 X72Y25 Y58 X51

= X13Q36 X67X72Y25 Y58 X1 = X13X34Qu7 X72Y05 Y58 Xs1 = X13 X34 X46X62Y25Y58 Xs1
X13X34 X416 X67X72Y25Y58 X1

Table 34. The generators in terms of bifundamental chiral fields for Model 8 (Part 2).
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12

Model 9: Y#(CP' x CP') [P(Op1ypr @ Opiypr(1,1)), (27)]

Model 9 corresponds to the YP*(CP! x CP')) class of toric Calabi-Yau 4-folds. It is
Y21(CP! x CP') and the corresponding brane brick model has the quiver in figure 26. The

J- and E-terms are

A%7 :
A§7 :
A§7 N
A%7 .
A%g :
A%S :
A%S :

2
Ass

3
A25 .
4
A25 :
A :

36 -
A :
38 -
1
A46 :
2
A46 :

X74Q48Y52Y01
X72Q26T61
X74P1sYs2Y21
X72P26T61
Xg2Q26Ro1
Xg2PogRe1
X58Xs2

D X7 X74QusYa2
Y57 X72
X57X74P1sYso
T61Y13

Ys2Y21 X3
Re1X14

Yo5 X57X74

X72Q26 Re1 P15 X57
X74Q18X82Y21 Pi5Ys57
X72Po6 Re1 X13Q37
X74P1g Xg2Yo1 Y13Q37
Y82Q26T61 P15X58
Y32 PasT61 X14Qas
X57X72 Py R61Q15
Y57 X74Qus Xs2 P6Ys5
Xs58Y52 PsT61Q15
Y57 X74 Pys Xso2 Y21Q15
Re1X13 P37 X72Q26
Xg2Yo1Y13 P37 X74Qus
Yo5Y57 X 74 Pys Xg2Q26
T61X14 Pi1gYs2Q26

E

— X13P37
— Y13F37
— Q15X57
— Q15Y57
— X14Psg
— Q15X58

— Q26R61P 15

— Y21 P15

— Q26761 P15

— Q26Y65

— Q37 X72Pa
— Q37 X714 Pys
— QasXg2Pog
— Qu8Ys2P26

(12.1)

Following the forward algorithm, we obtain the brick matchings for Model 9. The brick

matchings are summarized in the P-matrix, which takes the form

P1 P2 P3 P4 P5 P6|S1 S2 83 S4 S5 S¢ S7 S8 89|01 02 03 04 05 Og 07 08 09 010
P51 000002 000O0O0O0ODO0OO0CTI1LIIT 1 1T11T00011
Py|1 0000001 0O0OO000O0O0OO0OCO[111000O0O0T11
P71 0000O0(0OOODOCOO0O1O01{2 001011020
Pig|1 0O00O0O0[0OOODODOOOD1O0{(0OD1TO011101O00O0
@Qi5/0 1 0000/ 0OO00ODO0ODO0ODO0OO0OCTIIT 11T 1100011
@Qws/0 1 000001 00000O0CO0OLT1T1TO000O0O0T11
@370 1 000O0O00OOO0ODO0O0OD1TO01I|2 001011020
Q|01 0000/0OO0OO00ODO0OO0ODO0OT1TO0(01TO1T1T1TO01TO0O0
R0 01 01 0/0OOOO0OO0O010O0O0O(00O0O1T111100
T6:6/0 001 1 0]OO0OO0CO01000/{0O0O011111O00O0

P=|X3000100/{100010000/011010010 2
Xu/00000O1j2 001 10101/2010000011
X5710 001 00j0OO0OO0O1010O0000O0CO0O0111T11
X5/0 00001{000110110/000O0O0CO0O1TO010O0
X7»/000001{0O0O1 100010/0000O0O0O0OO0OO0TO0

000010/000100O0O0O0(10100O0O0O0OO0OTG 0

000100001 000O0O0OO0OB0O0O0ODO0OO0OO0O1TO0T11

0010001 00O0O01O0O0O0OO0O(01T1T01O0O010O0 2

00000101 0001O0O0O0(00O0OO0O0OO0OO0OO0OO0OTGO0

001000/0OOOO0O1TO01TO0O0O0000O01T1111

0000011 00001001(000110O0000O0

00100O0/001000O0O0O0O0O00O0O0O0DO0OO0OT1TO0T11
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Figure 26. Quiver for Model 9.

The J- and E-term charges are given by

(12.3)

I

52 83 S4 S5 S¢ S7 S8 59|01 02 03 04 O5 Og O7 08 O9 010

1 0-1-10{00000O0O0OO0OO0O
1 0-20 0/00000O0O0O010O0

-1-10 -110-100{1 000000000
-1-10 0 0 00O -10/010000000O0O0
-1-1-1 0 -10 0 0 0[]0 0O0OO0OO0O0OOOO0O 1
-1-10 -10 0 0 0 0/0O01000000O0O0

-1-10 0
-1-1-10
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and the D-term charges are given by

(12.4)
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The toric diagram of Model 9 is given by

] , (12.5)

S1 82 S3 S4 S5 S6 S7 S8 89‘01 02 03 04 05 Og O7 08 09 010
111111111}2222222233

1-10 0 0 0j]OOO0OO0O0O0O0O0OO0O0O0O0O0OO0OO0OO0OO0OO0O0
001-100{00O0O0O0O00O0O0O0G0O0OO0OO0OO0O0O0O0O0®O

01r011-1yj00000O0O0OO0COG|]27 1711111111

111111

P1 P2 P3 P4 P5 D6

Gy = [
where figure 27 shows the toric diagram with brick matching labels.
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Figure 27. Toric diagram for Model 9.

The Hilbert series of the mesonic moduli space of Model 9 takes the form

P(tla Yss Yor s Yoo Mg)

gl(tiaysayo1vy02; ./\/lg) = (

1
X
1
X (12.6)

(1 = ysYo, Y2, tot3t8) (1 — ystio, Y2, t1tatd) (1 — Ysyo, y2,tatatd) ’

where t; are the fugacities for the extremal brick matchings p;. ys counts the brick matching
product si...sg corresponding to the single internal point of the toric diagram of Model 9.
Additionally, y,, and y,, count the products of extra GLSM fields o;...09 and o901y,
respectively. The explicit numerator P(t;, Ys, Yo, » Yoo ; Mog) of the Hilbert series is given in
the appendix section A.9. We note that setting the fugacities y,, = 1 and y,, = 1 does
not change the overall characterization of the mesonic moduli space by the Hilbert series,
indicating that the extra GLSM fields, as expected, correspond to an over-parameterization
of the moduli space.

By setting t; = t for the fugacities of the extremal brick matchings, and all other
fugacities to ys = 1, yo, = 1 and y,, = 1, the unrefined Hilbert series takes the following

form

g(t,1,1,1; My) = 1— 2+ 4¢* + 565 +13t% — 619 + 13412

1 . (
(1—12)(1—18)3
+ 5tM 4 416 — 18 4 420y (12.7)

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.
The global symmetry of Model 9 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 35. We can use the following fugacity
map, 1/2 1/2,1/2
NS x:t}/’ y— t3 . /2]

22 #1/2¢1/2 ts

: (12.8)
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SU(2), | SU(2)y | U(1)y | U(1) | fugacity
P1 +1 0 0 1 t1
P2 -1 0 0 79 to
P3 0 +1 0 3 t3
P4 0 -1 0 T4 14
D5 0 +1 5 ts
D6 0 0 -1 6 te

Table 35. Global symmetry charges on the extremal brick matchings p; of Model 9.

where t3t4 = t5tg and t1to = tstg, in order to rewrite the Hilbert series for Model 8 in terms
of characters of irreducible representations of SU(2) x SU(2) x U(1). In highest weight form,
the Hilbert series of Model 9 can be written as

1+ pipst®
(1 — papaod=2t4) (1 — pfp3b?t8)

hl(t7,u’17/'627b;M9) = (129)

where pf'py ~ [mlsu(),[nlsu(),- Here in highest weight form, the fugacities y and p2
count the highest weight of irreducible representations of SU(2), x SU(2),.

The plethystic logarithm of the Hilbert series takes the form

g1(t, @, y,b; M) = [1; 1] 2t 4 [2; 2)¢% 4 [3; 3]6%¢® — b~ 418
— (131672 + [3;1]072 + [1;1]07)¢"0 — ([4; 4] + [2;4] + [4;2] + [0;4]
+ [4;0] +2[2; 2] + 1)1 — [3;5]p% M + ... | (12.10)

where [m;n] = [m]sy(2), [Plsu(e),. From the plethystic logarithm, we see that the mesonic
moduli space is a non-complete intersection.

The generators form 3 sets that transform under [1;1]6=2, [2;2] and [3;3]b? of the
mesonic flavor symmetry of Model 9, respectively. Using the following fugacity map

. t ty -~ 2
Pt =2 =2 =2 (12.11)
t t tots

where t1to = t3t4 = tstg, the mesonic flavor charges on the gauge invariant operators become
Z-valued. The generators in terms of brick matchings and their corresponding rescaled
mesonic flavor charges are summarized in table 36. The generator lattice as shown in
table 36 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram of
Model 9 shown in figure 27. We also note that the 3 layers of points in the generator lattice
in table 36 corresponds to the 3 sets that transform under [1;1]b=2, [2;2] and [3; 3]b? of the
mesonic flavor symmetry. For completeness, table 37 and table 38 show the generators of
Model 9 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator

@p)
-
~—~
[\
N—
IS
w2
c
[\
~—
<
-
—
—
~—
S

O O O B = = O O F |/

2 2
P1P3Pg $0103

P2pspg 50103
PLpapg 50103
p2p4p% 80103
Pip3pspe s010%
PLP2P3P5P6 50703
P3P3PsPe S0T0% -1
Pipspapsps $0703
P1DP2P3P4P5D6 SO%O% 0
P3P3PaPsP6 SOT0H -1
Pipipsps sotol 1 —1
P1P2PIPsP6 S0705 0 1
P3pipsps sotos -1 -1
pip3ps 50703 1
Pipapips s0io; 0
PiP3P3PE 503703 -1
P3p3ps s0703 —2
Pip3papi sojos 1
pip2pipap? sofos 0
p1p3papapd sojoy | —1
P3p3papi so}os —2
Pipspipi sojos 1
Pip2pspip3 50303 0
PID3P3PiDE 50705 —1
Pap3pipi sofos -2

Pipip? soios 1 -2

(R = e

—_

o O O O = ===

[ T
e

pipapip? sofos 0 -2
p1p3pip? solos -1 -2

P3pip? soios -2 )

e e i e e e e e e e e T e T e T = S = S o B e B o B e B e B e BN an BN e BN an)

Table 36. The generators and lattice of generators of the mesonic moduli space of Model 9 in terms
of brick matchings with the corresponding flavor charges.
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generator SU(2)z | SU(2)y | U(1);
P15 X58YgoY21 = Pi5Y57 X72Ya1 = PogYe5 X58Ys2 = PagYo5 Y57 X72 = Y13 P3r X72Yo1 = X14PysYso Y1 1 1 -1
Q15X58Ys2Y21 = Q15Y57X72Y01 = Qa6Y65 X58Ys2 = Q26Ye5Y57X72 = Y13Q37 X72Y21 = X14Qu8Ys2Y01 0 1 -1
P15 X57X72Y21 = P15 X5s Xs2Ya1 = Pag Y5 X57X72 = PopYes X8 X2 = X13 P37 X72Y01 = X14Pis Xs2Y21 1 0 -1
Q15 X57X72Y21 = Q15 X58 Xs2Y21 = Q2665 X57X72 = Q26 Ye5 X58 Xs2 = X13Q37X72Y21 = X14Qus Xs2Y21 0 0 -1
Pi5Y57 X74PagYeoYo1 = PaeYe5Ys7X74PasYs2 = Y13 P37 X7a PigYsoYo1r = P15 Xs5sYs2Pos IR61 1 1 0
= Pi5Y57 X72Pas Re1 = Y13 P37 X712 Pos Re1 = X14PasYs2Pos 61

Pr15Y57X74QusYs2Y21 = PaYe5 Yo7 X74QuasYs2 = Y13 P37 X74QusYs2Yo1 = Q15Y57X74 Pas Y2 You 0 1 0
= Q26Y55Y57 X74 PasYso = Y13Q37 X74 PasYsoYo1 = P15 X58Ys2Q26R61 = P15Y57 X72Q26 61

= Q15X58Ys2 P26 Re1 = Q15Y57 X172 Pag Re1 = Y13Q37 X72Pos Re1 = X14QusYso Pag Re1 = Y13 P37 X72Q26 Re1

= X14PssY32Q26 Ro1

Q15Y57X74Qa8Y32Y21 = Q26Y65 Y57 X74QusYs2 = Y13Q37X74QusYs2Y21 = Q15 X55Ys20Q26 61 -1 1 0
= Q15Y57X72Q26 Re1 = Y13Q37 X72Q26 Re1 = X14Qu8Y32Q26 R61

P15 X57 X74PysYsoYo1 = Pi5Ys7 X7aPas XsoYo1 = PogYes X57 X7 PagYso = PaeYe5Ys7 X74Pas Xso 1 0 0
= X3 P37 X74P1sYs2Yo1 = Y13 Py X74 Pas XsoYo1 = P15 X57X72Pas Re1 = P15 X58 X2 Pog Rt

= P15 X58Y30PoTo1 = P15Ys7X72PosTe1 = X13 P37 X72Pas Re1 = Y13 Pa7 X72Po6To1 = X14Pis X2 Pos Re1

= X14PygYs2Po6Ti1

P15 X57X74QusYs2Y01 = Pi5Ys7X74Qus Xg2Yo1 = PagYe5 X57X74QusYs2 = PasYe5Y57 X74Qus X2 0 0 0
= X3 P37 X74QusYs0Y21 = Y13 P37 X74Qus Xso Vo1 = Q15 X57X74 PasYsoYo1 = Q15Y57 X74 Pas Xg2Yo1

= Qa26Y65X57X74 P1sYs2 = Qa6 Ye5Y57 X74 Pas Xs2 = X13Q37X74PasYsoYo1 = Y13Q37 X 74 P1s Xg2Yo1

= P15 X57X72Q26 Re1 = P15 X58 X52Q26R61 = P15 X58Ys2Q26T61 = P15Y57X72Q26T61 = Q15 X57 X72 P26 61

= Q15 X58 X526 Re1 = Q15 X58Ys2PasTo1 = Q15Y57 X72PoTo1 = X13Q37 X712 Pas o1 = Y13Q37 X72Pa6T61

= X14Qus Xs2 Pog Re1 = X14QusYs2PasT1 = X13 P37 X72Q26 Re1 = Y13 P37 X72Q26T61 = X14 P13 Xs2Q26 61

= X14Ps3Y32Q26T61

Q15X57X74Qu8Ys2Y21 = Q15Y57 X74Qus Xs2Y21 = Q26Ye5 X57X74Qu8Ys2 = Q2665 Y57 X74Qus Xs2 -1 0 0
= X13Q37X74QusYs2Y21 = Y13Q37 X74Qus Xs2Y21 = Q15 X57X72Q26 is1 = Q15X 58 X520Q26 61

= Q15X58Y52Q26 61 = Q15Y57X72Q26T61 = X13Q37 X72Q26 Re1 = Y13Q37 X72Q26T61 = X14Qa8 X52Q26 lM61

= X14Q48Y52Q26T61

Pi5 X57 X74Pas XsoYo1r = PogYo5 X57X74Pas Xso = X13 P37 X74Pas XsoYo1 = P15 X57 X720 PosTo1 0 -1 0
= P15 X58 X52PasTo1 = X13 P37 X72PosTe1 = X14Pas X2 PogT1

Q15 X57X74Qus X32Y21 = Q265 X57 X74Qus X2 = X13Q37 X74Qus Xs2Y21 = Q15 X57 X72Q26T61 -1 -1 0
= Q15 X58 X520Q26T61 = X13Q37 X72Q26T61 = X14Qu8 X52Q26T61

P15Y57 X714 PisYso Pag Re1 = Y13 P37 X74 PisYso Pog 61 1 1 1
P15Y57 X74QusYs2 Pas Re1 = Pi5Y57 X74PasYs2Qo6 Re1 = Y13 P37 X74QuasYs2 Pos Re1 0 1 1
= Q1557 X7 PisYso Pos o1 = Y13Q37 X 74 PasYso Pos g1 = Y13 P37 X74 Pas Y2 Q26 61

Pr15Y57 X74Qu8Ys2Q26 Re1 = Q15 Y57 X74Qu48Ys2 Pag Re1 = Y13Q37 X74Qu8Ys2 Pa g1 -1 1 1
= Y13 P37 X74QusYs2Q26 o1 = Q15Y57X74 PasYs2Qo6 o1 = Y13Q37 X 74 PasYs2Qo6 61

Q15Y57X74Q48Ys2Q26 1 = Y13Q37X74Q48Y32Q26 R61 -2 1 1
P15 X57 X724 Py Yso Pog Re1 = P15Y57 X74Pag Xsa Pag Re1 = PisYs7X74P1sYso PogTi1 1 0 1
= X3 P37 X74PasYs2 Pos Re1 = Y13 P37 X74 Pas Xso Pag Re1 = Y13 P37 X714 PagYs2 PasTe1

P15 X57 X74QasYs2 Pas Re1 = Pi5Ys7X74Qus Xs2Pas Re1 = P15Y57X74Qu8Y32PosT1 0 0 1

= P15 X57X74P1sYs2Q26 Re1 = P15Y57 X7 Pis X52Q26Re1 = P15Y57 X724 PisYs2Q26T61
= X13 P37 X74QusYs0Po6 Ro1 = Y13 P37 X74Qus X2 Pag Re1 = Y13 P37 X74QusYs2 PogT1
= Q15 X57X74P1sYso Pog Re1 = Q15Y57 X74Pas Xsa Pog Re1 = Q15Y57 X74PasYs2 PasTo1
= X13Q37X74P1sYso Pag Re1 = Y13Q37 X74P1s Xsa Pog Re1 = Y13Q37 X 74 PasgYs2 PosTo1
= X13P37 X74PysYs2Qo6 Re1 = Y13 P37 X174 Pig X82Q26 Re1 = Y13 P37 X74 PisYs0Q26T61

Table 37. The generators in terms of bifundamental chiral fields for Model 9 (Part 1).
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generator SU(2)z | SU(2)5 | U(L);
Pi5 X57 X74Q48Y52Q26 Ro1 = P15Y57 X74Qus Xs2Q26Re1 = P15Y57 X74Q48Y52Q26T61 -1 0 1
= Q15 X57X74Qu8Ys2 Pog Re1 = Q15Y57 X74Qus X2 Pos Re1 = Q15Y57 X74Qua8Ys2 PosT1

= X13Q37X71Qu8Ys2Pag 1 = Y13Q37 X74Qu8 X82 Pog Re1 = Y13Q37X74Q48Ys2Po6 T61

= X13P37X74Q48Y52Q26 61 = Y13 P37 X74Qu8 Xs2Q26 61 = Y13 P37 X74Qu8Y32Q26 61

= Q15X57 X714 P1gYs2Q26 61 = Q15Y57 X714 Pag XgoQ26Re1 = Q15Y57 X 74 PusYs2Q26T61

= X13Q37X74 PigYs2Q06 61 = Y13Q37 X724 Pag Xg2 Q26 Re1 = Y13Q37 X74 PusYs2Q26T61

Q15 X57X74Qu48Ys2Q26 Re1 = Q15Y57 X74Q48 X82Q26 Re1 = Q15Y57 X74Qu8Y52Q26T51 -2 0 1
= X13Q37X74QusYs2Q26 Re1 = Y13Q37 X74Qu8 X52Q26 R61 = Y13Q37X74Qu8Y32Q26T61

P15 X 57 X74Pyg Xgo Pog Re1 = P15 X57X74PagYso PagTs1 = Pi15Ys7 X74Pug Xgo PosT1 1 -1 1
= X13P37 X74Pys Xgo Pog Re1 = X13 P37 X74 PugYso PogTs1 = Y13 P37 X74 Pag Xgo PogTi1

Py5 X57 X74Qu8 Xgo Pog Ro1 = P15 X57X74Qu8Ys2 PasTo1 = P15Y57X74Qu8 X582 PosT1 0 -1 1
= P15 X57 X74P1s X52Qo6 61 = P15 X57X74PasYs2Q26T61 = P15Y57X74Pas X32Q26T61

= X13P37 X74Qu8 Xga Pog o1 = X13 P37 X74QusYso PosTo1 = Y13 P37 X74Qus X2 Po6Ti1

= Q15 X57 X724 Pas Xs2 Pog Re1 = Q15X 57 X724 PagYso PosTs1 = Q15Y57 X74 Pas Xs2 PasTe1

= X13Q37 X724 Pas Xs2 Pog Re1 = X13Q37 X724 PagYs2 PosT1 = Y13Q37 X74 Pas Xs2 PosTs1

= X13P37 X74P1s X82Q26 61 = X13 P37 X74P1sYs2Q26T61 = Y13 P37 X74 Pag X32Q26 161

P15 X57X74Q48 X82Q26 Re1 = P15 X57 X74Qu8Y32Q26T61 = P15Y57X74Qus X82Q26T61 -1 -1 1
= Q15X57X71Qus Xs2 Pas Re1 = Q15 X57 X74Qu8Y82Po6T61 = Q1557 X74Qu8 X2 P26 11

= X13Q37X74Qus Xs2 Pas Re1 = X13Q37 X74Q48Y82 Po6T61 = Y13Q37X74Qu8 X2 P26 151

= X13P37 X74Q48 X82Q26 Re1 = X13 P37 X74QusY32Q26T61 = Y13 P37 X74Qu8 X32Q26T61

= Q15 X57 X724 Pas X82Q26 Ro1 = Q15 X57X74 Py Y2Q26T61 = Q15Y57X74 Pag Xs2Q26T61

= X13Q37 X714 Pas X52Q26 Ro1 = X13Q37 X74PisYs2Q26T61 = Y13Q37 X 74 Pis Xs2Q26T61

Q15 X57 X74Qu8 X52Q26 Ro1 = Q15 X57X74Q48Y32Q26T61 = Q15Y57 X74Q45 X32Q26T51 -2 -1 1
= X13Q37X71Q48 X82Q26 1 = X13Q37X74Qu48Y32Q26T61 = Y13Q37 X74Q48 X82Q26T61

P15 X57 X74 Pig Xso PogTo1 = X13 P37 X74Pus X2 PogTs1 1 -2 1
P15 X57X74Qu8 X820 PosTo1 = P15 X57 X74P1s X82Q26T61 = X13 P37 X74Qu8 X852 P26 161 0 -2 1
= Q15X57 X714 P1g Xgo PogTo1 = X13Q37X74 Pis X2 PogTo1 = X13 P37 X74 Pag XgoQ26T61

Pr5 X57 X74Q48 X82Q26T61 = Q15 X57X74Qus X2 Po6T61 = X13Q37 X74Q48 X582 Po6To1 -1 -2 1
= X13P37 X74Q48 X82Q26T61 = Q15 X57 X724 Pag Xg2Q26T61 = X13Q37 X74Pas X32Q26T61

Q15 X57 X74Qu8 X52Q26T61 = X13Q37 X74Q48 X32Q26T651 -2 -2 1

Table 38. The generators in terms of bifundamental chiral fields for Model 9 (Part 2).
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13 Model 10: P?_(dP;) [P'-blowup of 3, (28)]

Model 10 corresponds to the toric Calabi-Yau 4-fold P?_(dP;). The corresponding brane
brick model has the quiver in figure 28 and the J- and E-terms are

J FE

Al7: X7aQusYa2Yor — X72Q26 Xe1 P15 X57 — X13Ps7
Al X722 — X74X42Y21 Pi5Y53Q37 — Q15Y53 P37
A7 . X74PigYsoYor — XroPasXet X13Q37 — Q15X57
Als : Xg6X61 — Ys2221 P15 X54Q4s — Q15X54Pus
Ads X5aXa2 — X57X72 Py X61Q15 — Q26X61P15
A5 X57X74QusYs2 — Ys3Q37X7aXuo Po6Yss — Ya1Pis

A3 : Y53Q37X72 — X54Q48Ys2 PagZes — Zo1P1s . (13.1)
A3s : Xs7X74PagYso — Ya3PsrX74Xyo Y21Q15 — Q26Ye5

A Y53 P37 X720 — X54PssYso Z21Q15 — Q26765
Ajg : Ze5Ys53 — Xe61X13 P37 X72Q26 — Q37 X72Pas
Als : Ys2Y21X13 — Xs6Y65Ys3 P37 X74Q4s — Q37X74Pss
Alg X61Q15X51 — Yo5Y53Q37X74 PigXgs — Xu2Pos
Als Yo5 X57 X714 — Zo5X54 PysYs2Q26 — QasYsaPas

Al Xe61 P15 X514 — Yo5Y53 P37 X74 X42Q26 — Qa8 Xss

Following the forward algorithm, we obtain the brick matchings for Model 10. The
brick matchings are summarized in the P-matrix, which takes the form

D1 P2 P3 P4 P5 Pe

Y3
flary
w
)
®
w
V)
ot
»
(=)
©»
3

58

QS
N
Q
3
Q
i
o
ot
QS
(=N
QS
J
Q
o
o)
<

3 S4 01
P51 00000/12000000O0O[1 11110000
Px|1 0000001 00000O0/1 11101000
P11 00000/0010000O01 00010110
Pig{1 00 000/0O00O0CO0100[010001101
Q501 0000(10O0O0CO0OO0ODO0ODO0ODO0O1TI 11110000
®@x/0 1 0000/01000000{1 11101000
Q7[00 1 0000/0O0O010000O01T00O010110
Qw01 0000000001 00/(01 0001101
Xi30 0000 1j20000001j01 1100001
X0 00001000001 10{000000111
P=|X4000100/00101001/000000000 (13.2)
X570 00001j]00100001j000000111
Xe1|00O1 010/0O0O01000000O0O0C1T1111
X7000100/00001110(00000000O0°0O0
000010/00001000(001O00O0O00O00O0
0000O01{01 000010j2 01100010
000100(0O1010000O0(000O00100O00
0010000O000O0OO001|01 0101001
0001001 0010000(000O01TO0O0O00O0
001000/0O00O0O0O0OO0C1TO0}(2 00110010
00001101 010000(001O001111
00001117001 0000(001O01O0111
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Figure 28. Quiver for Model 10.

The J- and E-term charges are given by

(13.3)
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and the D-term charges are given by

(13.4)

] , (13.5)

0 000 -10/000O0O0O0O0CO0CO0

1

1

000 0-100000O00O0O0OO0O

1

1/000000O0O0O
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1

0

0/0000O0O0OO0O0GO

0-11

0 0 0 0

P1P2P3 P4 P5 P6|S1 S2 S3 5S4 S5 S6 S7 S8 |01 02 03 04 05 Og O7 08 O9

0000 OO0

0000 OO0 O

0000 O0O0O-10 0 0O0O0OTO
0000 OO0 =10

000-1-10{0 0 O
0001
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Qp

The toric diagram of Model 10 is given by

1 11111j11111111/222222222
1-10 0 0 0J]OOOO0OO0OOO0OO0OO0O0OOO0OOO0OO0O
10100-10000000O0/1 170111000

1f000000O0O0O0O0O1TO0O0O01T1T1

P1 P2 P3 P4 P5 Pé ‘81 52 53 54 S5 S6 ST 58‘01 02 03 04 05 06 O7 08 09

00 0-11

Gy = [
where figure 29 shows the toric diagram with brick matching labels.
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Figure 29. Toric diagram for Model 10.

The Hilbert series of the mesonic moduli space of Model 10 takes the form

P(ti> YsyYoi 5 Yoas Mlo)
1 — Ysy2 Yor 13t383) (1 — ysy2, Yoo t5t3t3)

gl(tiaysayopyOQ; MlO) - (

1
X
(1 — ysyd 3, t1312) (1 — ysyl y3,t3t3t2) (1 — Ysyo, Yoo t1t3t6)
1
X (13.6)

(1 - ysy01y02t2tit6)(1 - ysymyggtlt%tg)(l - ysy01y§2t2t%tg) ’

where t; are the fugacities for the extremal brick matchings p;. ys counts the brick matching
product si ... sg corresponding to the single internal point of the toric diagram of Model 10.
Additionally, y,, and y,, count the products of extra GLSM fields o; ... 05 and og. .. 09,
respectively. The explicit numerator P(t;, Ys, Yo, Yo, ; Mio) of the Hilbert series is given in
the appendix section A.10.

By setting t; = t for the fugacities of the extremal brick matchings, and all other
fugacities to ys = 1, yo, = 1 and y,, = 1, the unrefined Hilbert series takes the following form

(1-12)%(1 = %)
(= (1 — e - m - o
+ 7% 4+ 105 + 197 + 278 + 4147 + 5110 + 62t + 76112 + 73¢13 + 85¢14
+ 85¢15 + 8110 4 85¢17 + 85t 4 73¢19 + 76120 4 6262 + 512 4 41423
+ 2782 4+ 19¢25 4+ 10620 + 7477 + 328 4 262 + 2130 4 3%) | (13.7)

g1(t,1,1,1; Myp) = 1+ 262+ 263 4 3t4

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.
The global symmetry of Model 10 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 39. We can use the following fugacity

map, 1/2 1/2,1/2 1/2,1/2
_ tl tl tQ tl t2

o b= , 13.8
té/Q tq tg ( )

t=t/H?

where tsty = tstg and t1to = tstg, in order to rewrite the Hilbert series for Model 10 in
terms of characters of irreducible representations of SU(2) x U(1) x U(1).
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SU2)z | UL)p, | U(L)s, | U(1) | fugacity
P1 +1 0 1 t
P2 -1 0 0 9 to
P3 0 +1 0 3 t3
P4 0 —1 0 T4 t4
D5 0 +1 5 ts
Dé 0 -1 re te

Table 39. Global symmetry charges on the extremal brick matchings p; of Model 10.

In highest weight form, the Hilbert series of Model 10 can be written as

1
(1= by 03 1) (1 = by M 9) (1 — by '9) (1 — ptb{b319)
% (1 +Mb;1b51t5 +M2t6 —|—,LL2b1t7 +H3b1b2t7 +[L3b%b2t8 _ M3bf2b;1t10 _ /L4b;1t11
BT b Y — M2 by bat'B — B8 (13.9)

hl(t7 M1, (12, b7 MIO) =

where ™ ~ [m]gu(e),. Here in highest weight form, the fugacity p counts the highest
weight of irreducible representations of SU(2),.
The plethystic logarithm of the Hilbert series takes the form

PL[g1(t, 2, b1, by; Muo)] = [1]o7 by 1" + (12007 + [1J07 b3 1)e> + ([2] + [1)3 )2
+ ([3]b1b2 + [2]b1)t7 + [3]b702t® + [4]b3b3t°
= ([107°05 "+ b7 by )" — ([3]b1 by + (2007 03 + 2[1]b7 203 + by *by
+ 07210 — ([4)byt + 2[3]b7 Tyt 4 2267 + 3[1)by toy t + by thy 2 + by et
— (3[4] + [3]62 + [3]b271 + 3[2] + [1]62 + 2[1]p27! + 2)t'2 — (2[5]b1be + 2[4]by
+ 3[3]b1ba + 3[2]by + 2[1]b1ba + [1]b1by 4 b1)t'3 — ([6]b363 + 2[5]b3by + [4]b303
+ [4]0% + 3[3]b3b2 + 2[2]b303 + [2]b2 + 2[1]bTby + V)M 4. (13.10)

where [m] = [m]sy(). From the plethystic logarithm, we see that the mesonic moduli space
is a non-complete intersection.
Using the following fugacity map

1/2,1/2 3/2,1/2

f=t té/Q,aE:i;,b]:t‘r’th,b}:tE’th, (13.11)
where t1to = tsty = tstg, the mesonic flavor charges on the gauge invariant operators become
Z-valued. The generators in terms of brick matchings and their corresponding rescaled
mesonic flavor charges are summarized in table 40. The generator lattice as shown in
table 40 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram of
Model 10 shown in figure 29. For completeness, table 41 and table 42 show the generators

of Model 10 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator SU(2)z | ULy, | U()y,
P3pspi s0toz ~1 ~1 0
pzpipg 50102 0 -1 -1
3.2 2
P3p3paps 50103 -2 0 1
P5Pspapspe S0703 -1 0 0
P2papsps 50103 0 0 -1
P1p2pspi s0702 0 -1 0
plpip(; 50102 1 —1 —1
4.3 2 43
P2p3ps 50102 -3 1 2
3 9 9 3 3
P2P3P5P6 50103 -2 1 1
2 9.2 93
D2P3P5P6 SO102 -1 1 0
2 2 2
p1p3p3paps sotos | —1 0 1
Papips s0103 0 1 -1
P1p2pspapspe 50105 0 0 0
P1papsps 50103 1 0 ~1
Pipapi solos 1 -1 0
3.3 2 43
P1p2p3Ps S0102 -2 1 2
2.2 2 3 3
P1P2P3P5P6 S0102 -1 1 1
P1p2p3p3pE s0103 0 1 0
2 9 2
Pip2p3paps s0705 0 0 1
Pp1p3ps 0105 1 1 -1
Pip3papspe 0105 1 0 0
223 2 43
P1P2P3P5 $0102 -1 1 2
2 2 92 3 3
P1p2p3PsPe 50102 0 1 1
2 292 23
P1P3PsPe S0102 1 1 0
3 2 3 2
PiP3PaPs 50103 1 0 1
339 43
P1P2p3Ps $0102 0 1 2
3 .2 2 3 3
P1P3Ps5P6 S0102 1 1 1
4.3 2 43
P1P3Ps5 50102 1 1 2
Table 40. The generators and lattice of generators of the mesonic moduli space of Model 10 in
terms of brick matchings with the corresponding flavor charges.
generator SU(2)z | U(1);, | UL,
Q15Y53Q37X72Y21 = Q15 X51Qu8Ys2Y21 = Q26Y65Y53Q37X72 = Qa6Ye5 X54Qa8Ys2 -1 -1 0
Q15 X504 X221 = Q15 X57 X72Y21 = Qa6Y65 X54Xa2 = Qa6Ye5 X57X72 = X13Q37X72Y21 = Qus Xs6Ye5X54 0 -1 -1
Q15Y53Q37 X720Q26 X61 = Q15 X54Qu8Ys2Q26X61 = Q15Y53Q37X74Qu8Ys2Y21 = Qa6Ye65Y53Q37 X74QusYs2 -2 0 1
Q15Y53Q37 X740 X42Y21 = Q15 X57 X74QusYs2Y21 = Q26Y65Y53Q37 X714 Xa2 = Q26Y65 X57X74Qus Y30 -1 0 0
= X13Q37X74Q4sY52Y21 = Q37 X74Q18 X665 Y53 = Q15 X54 X142Q26 X61 = Q15 X57 X72Q26 X61
= Q15Y53Q37X72721 = Q15 X54Qu8 X386 X61 = Q15X54Qu8Ys2291 = X13Q37X72Q26 X61 = Q26 Z65 Y5337 X72
= Q26265 X54Qu8Y32
Q15 X57 X724 X142Yo1 = Q26Yes X57 X740 Xa2 = X13Q37 X724 X12Y21 = Qus Xs6Yes X57X74 = Q15 X540 X427 0 0 -1
= Q15 X57X72Z21 = Qa6 Z65 X504 X a2 = Q26 Z65 X571 X72 = X13Q37X72Z21 = Qus X6 Z65X54
Pi5Y53Q37X72Y21 = Pr5 X54QusYs2Yo1 = PasYe5Y53Q37X72 = Pog Y5 X54QusYs2 = Q15Y53 P37 X72Yo1 0 -1 0
= Qa6Y65 Y53 P37 X72 = Q15 X540 PasgYsoY21 = Qa6Y65 X504 PasYso
P15 X540 X42Y01 = Pi5s X57X72Y21 = PogYes X54Xa2 = PogYe5 X57X72 = X13P37X72Y01 = Pas Xg6Y65X54 1 -1 -1
Q15Y53Q37X74Q45Ys2Q26 X1 -3 1 2
Q15Y53Q37 X740 X42Q26 X61 = Q15 X57 X74QusYs2Q26 X61 = Q15Y53Q37X71Qu8 X6 X61 -2 1 1

= Q15Y53Q37X74QusYs2 291 = X13Q37 X74Q18Y32Q26 X61 = Q26265 Y5337 X74QusYs2

Table 41. The generators in terms of bifundamental chiral fields for Model 10 (Part 1).
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generator

Q15 X57 X724 X142Q26 X61 = Q15Y53Q37 X74X42Z91 = Q15 X57 X74Qus X6 X61 = Q15 X57 X74Qa8Y52221
= X13Q37 X740 X12Q26 X61 = Q26Z65Y53Q37 X714 X2 = Q26 Z65 X57 X74QusYs2 = X13Q37X71Q18 X536 X61
= X13Q37X74Q48Y52 201 = Q37 X74Q45 X386 Z65 Y53

P15Y53Q37 X72Q26 X61 = P15X54Qu8Ys2Q26 X61 = Q15Y53Q37 X72Pos X61 = Q15 X54Qu48Ys2Pas X1

= Q15Y53 P37 X72Q26 X61 = Q15 X540 PagYs2Q26 X61 = P15Y53Q37 X74QusYs2Y21

= Pa6Ye65Y53Q37 X74QusYs2 = Q15Y53 P37 X74QusYsoYo1 = Qa6Y65Y53 P37 X74QusYs2

= Q15Y53Q37 X74 Pag Yo Yo1 = Q26Ye5Y53Q37 X 74 PagYso

Q15X57X7uXa2Z21 = Q26 Z65 X571 X714 Xa2 = X13Q37 X174 X 42291 = Qus X6 Z65X57 X714
P15Y53Q37X74X42Yo1 = P15 X57X74QusYs2Yo1 = PagYe5Y53Q37 X740 X2 = PasYe5 X57X74Qu8Y52

= Q15Y53 P37 X74 X42Yo1 = Qa26Y65 Vo3 Par X74 X2 = X13 P37 X74QusYs2Y21 = P37 X74Q48X56Y65Y53

= Q15 X57 X74PisgYsoY21 = Qa6Ye5 X57 X74 PasYso = X13Q37 X74PagYsoYo1 = Q37X74P1s X56Ye5Y53

= P15 X54X142Q26 X61 = P15 X57X72Q26X61 = P15Y53Q37X72 221 = P15 X54Qu8 Xs6 X61 = P15 X54QusYs22Z21
= Q15 X540 X142 Pas X1 = Q15 X57 X72Pa6 X1 = X13Q37X72Pas X61 = Pas Z65Y53Q37X72 = Pas Z65X54Qu8Ys2
= Q15Y53 P37 X72Z21 = X13P37 X72Q26 X61 = Q26 Z65Y53 P37 X72 = Q15 X504 P1s X6 X61 = Q15X54Pas Y2721
= Q26265 X54 P18 Y32

P15 X57X74X42Y21 = PasYos X7 X74Xa2 = X13P37 X740 X49Y01 = Pus X56Yo5 X57X74 = P15 X5aXa2Z01
= P15 X57X727221 = Pa6Z65 X540 X42 = PagZo5X57X72 = X13 P37 X72791 = Pyg X56Z65X54
P15Y53 P37 X72Y21 = P15 X54PasYsaYo1 = PagYe5Y53 P37 X720 = PagYe5X54PasYs2

P15Y53Q37 X74QusY52Q26 X61 = Q15Y53Q37X74QusYs2 Po X1 = Q15Y53 P37 X74Q48Ys2Q26 X61

= Q15Y53Q37 X74 P15 Ys2Q26 X1

P15Y53Q37 X724 X142Q26 X61 = P15 X57X74QusYs2Q26 X61 = Pi15Y530Q37X74Qu8 X6 X61

= P15Y53Q37 X74QusYs2721 = Q15Y53Q37 X714 Xa2 Pa6 X1 = Q15 X57 X74QuasYs2 P26 X1

= X13Q37X74Q48Ys2 P26 X61 = P26 Z65Y53Q37 X74QusYso = Q15Y53 P37 X740 X 42026 Xo1

= Q15Y53 P37 X74Qus X6 Xo1 = Q15Y53 P37 X74QusYs2Z21 = X3 P37 X74QusY520Q26 Xo1

= Q26265 Y53 P37 X74Qu8Ys2 = Q15 X57 X74 PusYs2Q26 X61 = Q15Y53Q037 X 74 Pas Xs6 Xo1

= Q15Y53Q37 X714 PasYs2Z91 = X13Q37 X74 PusYs2Q26 X61 = Q2626553037 X724 PasYs2

P15 X57X74X42Q26X61 = P15Y53Q37 X740 X402 721 = P15 X57X74Qu8 X386 X61 = P15 X57X74Qu8Ys2 201

= Q15 X57X74 X142 Pas X1 = X13Q37 X174 Xa2 Pos X1 = Pa6Z5Y53Q37X74 X a2 = PagZg5X57X74Qu8Ys2
= Q15Y53 P37 X74 X492 291 = X13P37 X740 X102Q26 X1 = Q26265 Y53 Ps7 X74 X2 = X13 P37 X74Qu8 X536 X61
= X13 P37 X74QusYs2Z91 = P37 X74Qus Xs6Z65Y53 = Q15 X57X7a Pas Xse X1 = Q15 X57X74 PasYs2Z21
= Q26265 X57X74P1sYs2 = X13Q37X74Pag X6 Xo1 = X13Q37X74PasYsoZo1 = Qa7 X74Pas X6 26553
P15Y53Q37 X792 Pa X1 = P15 X54QusYs2Pos X61 = P15Y53 P37 X72Q26 X61 = P15X51P18Y520Q26 X1

= Q15Y53 P37 X72Pag X61 = Q15 X504 PasYso Pog X1 = P15Y53 P37 X74QusYs2Yo1

= P15Y53Q37 X74PasYso Y21 = PogYe5Y53 P37 X74QusYso = PogYesY53Q37 X 74 PigYso

= Q15Y53 P37 X74PasYsoY21 = Qa6Ye5 Y53 P37 X74 PisYso

P15 X57X74Xa0Z21 = PasZe5 X571 X74Xa2 = X13P37 X740 X49 201 = Pys X56 265 X571 X74
P15Y53 P37 X74Xa2Yo1 = P15 X57X74PasYs2 Y21 = PogYes Va3 P37 X74 Xa2 = Pag Y5 X57X74PasYs2

= X3 P37 X74PagYsoYo1 = P7 X74Pas Xs6Ye5Y53 = Pi5X54X42Pos X61 = P15 X57X72P26 X1

= P15Y53 P37 X72 291 = P15 X54Pus Xs6X61 = P15 X5aPasYs2201 = X13 P37 X72Pos Xo1 = PasZ65Y53 P37 X712
= Py Zg5X54PssYs2

P15Y53Q37 X74Qus Y32 Pog X61 = P15Y53 P37 X74Qu8Ys2Q26 X61 = P15Y53Q37 X 74 PasYs2Q26 X1

= Q15Y53 P37 X74QusYs2 Pas X61 = Q15Y53Q37X74PagYs2 Pog X61 = Q15Y53 P37 X74 PisYs0Qo26 X61
P15Y53Q37 X724 X2 Pag X1 = P15 X57 X74Qu8Ys2Pos X61 = P15Y53 P37 X714 X42Q26 X61

= P15Y53 P37 X74Qus Xs6X61 = P15Y53 P37 X74QusYs2Z21 = P15X57 X740 PasY32Q26 X1

= P15Y53Q37 X74Pis Xs6 X61 = P15Y53Q37X74PasYs2Z21 = Q15Y53 P37 X74 X 42 Pos X1

= X13 P37 X74QusYso Pas X61 = Pag Ze5 Y53 P37 X74QusYso = Q15X 57 X74Pas Y2 Pos X1

= X13Q37 X7 PasYso Pag X61 = PagZ65Y53Q37 X714 PasYso = Q15Y53 P37 X 74 Pas X6 X1

= Q15Y53 P37 X7 PisYsoZo1 = X13 P37 X74PusYs2Q26 X61 = Q26 Z65 Y53 P37 X7a PagYso

Pr5 X57X74 X420 Pos Xo1 = Pi5Ys53 P37 X74Xa2Z01 = Pi5 X57X74Pag Xs6 X61 = P15 X57X74PasYs2721

= X3 P37 X714 Xa2 Pas X1 = PogZe5 Vo3 Par X7aXa2 = Pas Z65 X57 X714 PagYso = X13 P37 X74Pas X6 X61
= X13P37 X74PasYs2Z91 = P37 X74Pas Xs6265Y53

P15Y53 P37 X72Pog Xo1 = P15 X54PagYso Pog X61 = P15Y53 P37 X74PasYso Y1

= Pa6Ye5Y53 P37 X74PasYs2

P15Y53 P37 X74QusYsa Pog Xe1 = Pi15Y53Q37 X74PasYs2 Pag X61 = Pi5Y53 P37 X74PasYs2Q26 X1

= Q15Y53 P37 X7 Pis Y32 Po X1

P15Y53 P37 X74 Xa2 Pas Xo1 = P15 X57 X74PasYsa Pag X1 = Pi5Ys3 P37 X74 Pas X6 Xe61

= Pi5Ys3 P37 X74 PisYsoZo1 = X13 P37 X74PasYs2Pos X61 = Pa6Z65Y53 P37 X740 PasYso

P15Y53 P37 X724 PasgYs2 Po X61

Table 42. The generators in terms of bifundamental chiral fields for Model 10 (Part 2).
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14 Model 11: P9 _(dP;) [dP; x P!, (29)]

Model 11 corresponds to the toric Calabi-Yau 4-fold P?_(dP;). The corresponding brane
brick model has the quiver in figure 30 and the J- and E-terms are

J E
Alg : Yes Xs1 — Xe7X71 Pi5Xs56 — Xi12P26
Al Xe7Y71 — XesXs1 Pi5Ys6 — Yi2Pas
Al XesXs7 X1 — YesXsrYr1 PisZss — Zi2Pas
Al : Y6581 — Xe7S71 X12Q26 — Q15X56
Alg XerT71 — XesSs1 Y12Q26 — Q15Y56
A¥s : XesXs7Sm1 — YesXsrTr1 Z12Q26 — Q15756
Agy : YrYie — X711 X2 Py Xe7 — Xo3Psr
A3y TrYie — St X2 X23Q37 — Q26X67
Azs: XsrX11Zi2 — Xs1Yio Py Xes — Xo4Pus
As : Xs1Xi2 — Xer¥Y71Z12 PasYes — YoaPus (14.1)
Adg: Xg7S71Z12 — Ss1Yio X04Qus — Q26Xe6s
Adg : Sg1X12 — XgrTr1Z12 Y2uQas — Q26Yss
Asy: Z12X2aXa3 — X12Xo3 P37 X711 — Q37571
A3 Y12 Xo3 — Z12Y2aXa3s Ps7Yr1 — Qs37Tn
Agr e X12Y2y — Y12Xo4 PigXg1 — QasSs1

Ai7: X11Z12X24 — Y1 Z12Yos PisXst — XaszPsr
Al7: StiZi2Xes — TriZiaYos Xa3Qsr — QusXsr
Mgt ZseXosXsr — Xs6Xer S71Q15 — X7 Pis
A3 : Ys6Xe7 — ZseYesXsr Tr1Q15 — Yr1Pis
Asgs : X56Yes — Ys6Xes Ss1Q15 — Xs1P1s

Following the forward algorithm, we obtain the brick matchings for Model 11. The
brick matchings are summarized in the P-matrix, which takes the form

P1 P2 P3 P4 P5 P6|S1 52 S3 54 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14
0000 000011100 O0O0O0O
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<
i
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Q26
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Qs

(=)

(14.2)
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Figure 30. Quiver for Model 11.

The J- and E-term charges are given by

(14.3)
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and the D-term charges are given by

(14.4)

] . (14.5)

1 000

-10 00
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The toric diagram of Model 11 is given by

1 1 112 2 2 2
001-10 0jOO0OO0OOO0CO0ODO0OOOO O O O O0|jOO0O0OO

1-10 0 0 0/0OOOO0CO0O0O0OO0OCO0OO0O O OO O0O(0OO0O0CO

S6 S7 S8 S9 S10 S11 S12 S13 814‘01 02 03 04
1
0001 1-1100000000ODO0OO0OTO0GUOOUO|L1T11

5

1 11111}j1111111111

b1 P2 P3 P4 P5 Pe ‘51 52 53 54 8

Gy = [
where figure 31 shows the toric diagram with brick matching labels.
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Figure 31. Toric diagram for Model 11.

The Hilbert series of the mesonic moduli space of Model 11 takes the form

P(ti, ys, Yo; Mi1)
1 — ysydtit3t3) (1 — ysyst5t3td) (1 — ysydtititd) (1 — ysydt5tits)
1
X )
(1 — ysyolTt3td) (1 — ysyot5tstd) (1 — ysyot Ttatd) (1 — ysyotstaty)
(14.6)

gl(tiv Ys, Yo Mll) = (

where t; are the fugacities for the extremal brick matchings p;. ys counts the brick matching
product sq ... s14 corresponding to the single internal point of the toric diagram of Model 11.
Additionally, y, counts the product of extra GLSM fields o; . ..04. The explicit numerator
P(ti,ys, Yo; M11) of the Hilbert series is given in the appendix section A.11. We note that
setting the fugacity y, = 1 does not change the overall characterization of the mesonic
moduli space by the Hilbert series, indicating that the extra GLSM fields, as expected,
correspond to an over-parameterization of the moduli space.

By setting t; = t for the fugacities of the extremal brick matchings, and all other
fugacities to ys = 1 and y, = 1, the unrefined Hilbert series takes the following form

(1-1)?
(1 —15)3(1 —¢7)3
+ 44t + 66t% 4 88t + 110¢10 4 125¢1 + 120612 4 118¢13 + 11841 4 118¢1°
+ 120610 4 125617 + 11068 + 88t + 66¢20 + 4412t + 22t22 4 9t 4 5t
+ 4% 4 3120 4 2127 128y (14.7)

g1(t,1,1,1; M) = X (14 2t + 3t 4+ 413 + 5t + 9t5 + 2215

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.

The global symmetry of Model 11 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 43. We can use the following fugacity
map,

1/2 1/2 1/2,1/2
_ 1212 h _t3 _t Tty
t= tl t2 y &= t1/2 y Y = t1/2 ) b= t6 5 (148)
2 4

— 85 —



SU(2), | SU(2), | U(1), | U(1) | fugacity
D1 +1 0 0 r1 1
P2 -1 0 0 79 to
D3 0 +1 0 r3 i3
P4 0 -1 0 T4 t4
D5 0 0 +1 5 ts5
D6 0 0 -1 T6 tg

Table 43. Global symmetry charges on the extremal brick matchings p; of Model 11.

where t3ty = tstg and t1to = tstg, in order to rewrite the Hilbert series for Model 11 in
terms of characters of irreducible representations of SU(2) x SU(2) x U(1). The character
expansion of the Hilbert series is

oo 00
gl(taxayab;Mll): Z Z {[2711+2n2;n1—|—2n2]b_2”1t5”1+6"2
n1=0n2=0

(201420 +2; 201 + 3ng+ B HHEMETAT] L (14.9)
where [m;n] = [m]SU(2)z[n]SU(2)y-

In highest weight form, the Hilbert series of Model 11 can be written as

(1 + pfp3t®)

(1 — pfped=2t°) (1 — pfp3b?t?)
where p" ~ [mlsy(e), and ph ~ [n]gy(g),- Here in highest weight form, the fugacities
and po count the highest weight of irreducible representations of SU(2), x SU(2),.

The plethystic logarithm of the Hilbert series takes the form

PL[gy (¢, x,y,b; M11)] = [2; 1]b72t° + [2; 2% + [2; 3]p%¢"

—([0; 267 4+ [2; 06710 — ([0;1]672 + [0;3]b~2 + [2;1]b2 + [2; 3]b~2

ha(t, p1, po, b; My1) =

(14.10)

4+ 4510072t 4 (14 [0; 2] + 2[0; 4] + 2[2; 2] + [2;4] + [4;0] + [4; 2]

+ [4; 4]t — ([0; 1]6* + [0; 3]b + [0; 5]6% + [2; 1]b? + [2; 3]6% + [2; 5]b?

+ [4;1]b% + [4; 3]6%)t1 — ([0; 2]6* 4 [0; 6]6* + [2; 0]b* + [2; 4]b* + [4; 2)b*) ¢4
+..., (14.11)

where [m;n] = [m]sy(2), [Plsu(e),. From the plethystic logarithm, we see that the mesonic
moduli space is a non-complete intersection.
The generators form 3 sets that transform under [2;1]672, [2;2] and [2;3]b? of the
mesonic flavor symmetry of Model 11, respectively. Using the following fugacity map
1/2
1/2 1 . l3 o gty /

tg = = =2 b= 14.12
, L t27?/ t47 g/2) ( )

i— 1/2

where t1to = tsty = tstg, the mesonic flavor charges on the gauge invariant operators become
Z-valued. The generators in terms of brick matchings and their corresponding rescaled
mesonic flavor charges are summarized in table 44. The generator lattice as shown in
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generator SU(2)z | SU(2)y | U(1);

p2papi so 1 0 -1
P1P2P3PE S0 0 0 -1
p3p3pE so -1 0 -1
P%Pw% S0 1 -1 -1
P1P2papE 50 0 -1 —1
P3pap? so -1 -1 -1
Pip3psps s0° 1 1 0
p1p2p§p5p6 50° 0 1 0
P3P3PsPe S0 -1 1 0
Pipspapspe s0° 1 0 0
P1P2P3P4P5P6 SO° 0 0 0
P3pspapsps so? | —1 0 0
PIPIPsPe 50> 1 -1 0
P1P2P3PsPe SO° 0 -1 0
P3PIPsPe 50 -1 -1 0
Pipip} so® 1 2 1
p1p2apip? so 0 2 1
Papip3 s0° -1 2 1
Pip3pap? s0° 1 1 1
P1P2P§p4p§ s0° 0 1 1
P3p3pap? so® -1 1 1
pipspip? so 1 0 1
P1p2p3pips s0° 0 0 1
PspspipE s0° -1 0 1
pipip? so® 1 -1 1
P1p2pips 50 0 -1 1
P3pip3 s0° -1 -1 1

Table 44. The generators and lattice of generators of the mesonic moduli space of Model 11 in
terms of brick matchings with the corresponding flavor charges.

generator SU(2)z | SU(2)y | U(1);
Pi5 756 X67S71 = P15256Y68S81 = 21216 X67571 = Z12 P26 Y3581 = Z12 X023 P37.571 = Z12Y24P1sSs1 1 0 -1
Pi5Z56 Xe1X11 = P152Z56Y6s Xs1 = Z12P26Xe67X11 = Z12PosYes Xs1 = Z12 X023 P37 X711 = Z12Y24Pas X1 0 0 -1
= Q15Z56X67571 = Q15Z56Y68581 = Z12Q26X67571 = 21202668581 = Z12X23Q37571 = Z12Y24Q48 551

Q15756 X67X71 = Q15256 Yos Xs1 = Z12Q26 X67X71 = Z12Q26Y6s X531 = Z12X23Q37X71 = Z12Y24Qus X1 -1 0 -1
Py5 756 X6sSs1 = Pi5Z56 X671 = Z12P26X68S581 = Z12Pag Xo7Tr1 = Z12X23 P37 T = Z12X24PasSs1 1 -1 -1
Pi5Z56 Xe7Y71 = P15 Z56 Xes Xs1 = Z12P26Xe7Y71 = Z12Po6 Xes Xs1 = Z12X23P37Yr1 = Z12 X024 Pas X1 0 -1 -1
= Q15Z56X68581 = Q15256 X671 = Z12Q26 X 68581 = Z12Q26 X671 = Z12X23Q3711 = Z12X24Q48581

Q15256 X67Y71 = Q15256 X658 X581 = Z12Q26X67Y71 = Z12Q26 X068 Xs1 = Z12X23Q37Y71 = Z12X24Qu8 X1 -1 -1 -1
P15 756Yos Xs7.571 = Z12Pa6Yes X87571 = Z12Y24 Xu3 P37571 = Z12Y24 Pig Xs7.571 = Pi5Y56 X67571 1 1 0
= P15Y56Y58 551 = Y12 Po6 X67.571 = Y12P26Y68 581 = Y12 X023 P37571 = Y12Y24 PysSs1

Table 45. The generators in terms of bifundamental chiral fields for Model 11 (Part 1).

table 44 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram of
Model 11 shown in figure 31. We also note that the 3 layers of points in the generator lattice
in table 44 corresponds to the 3 sets that transform under [2;1]b=2, [2;2] and [2; 3]b* of the
mesonic flavor symmetry. For completeness, table 45 and table 46 show the generators of
Model 11 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator SU(2)z | SU(2)y | U(1)
P15 756Yes Xs7 X711 = Z12Pa6Yes X571 X71 = Z12Y04 X3 P37 X1 = Z12Y2a Pais Xs7X71 = Q15756 o3 Xs7571 0 1 0
= Z12Q26Yes Xs7571 = Z12Y24X43Q37571 = Z12Y24Qus X57571 = P15Y56 X67X71 = P15Y56Y68 X581

= Y12 Pos X7 X71 = Y12 P26 Yes X1 = Y12 X3 P37 X71 = Y12You Pig Xg1 = Q15Y56 X67.571 = Q15Y56Y685581

= Y12Q26X67571 = Y12Q26Y68 551 = Y12 X23Q37571 = Y12Y24Qu18581

Q15756 Y3 Xs7X71 = Z12Q26Yes Xs7X71 = Z12Y24Xu43Q37X71 = Z12Y24Qus Xs7X71 = Q1556 X67 X711 -1 1 0
= Q15Y56Y6s Xs1 = Y12Q26 X67X71 = Y12Q26Y6s Xs1 = Y12 X23Q37X71 = Y12Y24Qus X1

P15 756 X6s Xs75711 = P15 Z56Yes Xs7171 = Z12P26 Xes Xs7.571 = Z12Pa6Yes XsrTr1 = Z12X24 X43P37571 1 0 0
= Z12Y24 X3 P37 T71 = Z12 X024 Pis X37S71 = Z12Y24 Pus Xs7Tr1 = P15 X56 X67.571 = P15 X56Y68581

= P15Y56 X68S81 = P15Y56 X671 = X12P26X67.571 = X12Pag Y6881 = Y12Pos X6sSs1 = Y12 Pag Xe7171

= X12Xo3P37571 = Y12 Xo3 P37 171 = X12Y24PisSs1 = Y12 X24 PisSsi

Pi5 756 Xes Xs7X71 = P15 Z56Yes Xs7Y11 = Z12Pos Xos Xs7 X711 = Z12PaYos XsrY71 = Z12 X024 X3 P3r X1 0 0 0
= Z12Y24 X3 P37Y71 = Z19X04 Pis X7 X71 = Z12Y24 Pus Xs7¥r1 = Q15256 X6 Xs7.571 = Q15756 Yes Xs7171

= Z12Q26X6s X37.571 = Z12Q26Yes Xs7T71 = Z12X24X43Q37571 = Z12Y24 Xa3Q37171 = Z12X24Qu8 X57571

= Z12Y24Qus Xs7Tr1 = P15 X56 X67X71 = P15 X56Y6s Xs1 = P15Y56 X67Y71 = P15 Y56 Xes Xs1

= X12P6Xe67X71 = X12Po6Yes X531 = Y12 Pog Xe7Y71 = YiaPo Xes X1 = X120 X023 Ps7 X71 = Y12 X03 Par¥Y71

= X12Y24Pus X1 = Y12 X204 Pus Xg1 = Q15 X56 X67571 = Q15X56Y68581 = Q1556 X68581 = Q15Y56 X67171

= X12Q26X67571 = X12Q26Y6s581 = Y12Q26 X68581 = Y12Q26 X67T71 = X12X03Q37571 = Y12 X23Q37T71

= X12Y24Q48581 = Y12 X24Qus581

Q15756 Xes X7 X71 = Q15256 Yes Xs7Yr1 = Z12Q26 X6s X537 X71 = Z12Q26Yes Xs7Y71 = Z12 X024 X43Q37X71 -1 0 0
= Z12Y24 X43Q37Y71 = Z12X24Qus X7 X71 = Z12Y24Qus Xs7Yr1 = Q15 X56 X67X71 = Q15 X56Yos Xs1

= Q15Y56X67Y71 = Q15Y56 X638 Xs1 = X12Q26 X67X71 = X12Q26Y6s Xs1 = Y12Q26 X67Y71 = Y12Q26 X658 X351

= X12X23Q37X71 = Y12 X23Q37Y71 = X12Y24Qus X51 = Y12 X24Qu5 X351

P15 756 Xes Xs7Tr1 = Z12Pas Xes Xs7T71 = Z12 X204 Xa3 P37 = Z12X04Pas Xs7Tr1 = P15 X56 X6sSs1 1 -1 0
= P15 X56X67T71 = X12Pa6X68981 = X12Pog Xo7T71 = X12 X3 P37T71 = X12 X024 P1gSs1

P157Z56 X638 Xs7Y71 = Z12P26 X68 Xs7Y71 = Z12 X024 Xu3 P37Yr1 = Z12 X204 Pus Xs7Y71 = Q15256 X6s Xs71m1 0 -1 0
= Z12Q26 X6 X571 = Z12 X204 X43Q37T71 = Z12X24Qus Xs7T71 = P15 X56X67Y71 = P15 X56 X6 Xs1

= X12 P Xe7Y71 = X12Po6 X6 X531 = X12 X203 P37Y71 = X120 X204 Pis X1 = Q15 X56 X68981 = Q15 X56 X67T71

= X12Q26X68581 = X12Q26X67171 = X12X23Q37T71 = X12X24Q48581

Q15756 Xes Xs7Yr1 = Z12Q26 Xes Xs7Yr1 = 212 X240 X43Q37Y71 = Z12X24Qus Xs7 Y71 = Q15 X56 X67Y71 -1 -1 0
= Q15 X56 X658 X581 = X12Q26 X67Y71 = X12Q26X68 Xs1 = X12X03Q37Y71 = X12X24Qus X1

Pi5Y56Y6s X87571 = Y12 PogYos Xs7.571 = Y12Y24 Xa3 P37.571 = Y1224 Pis X757 1 2 1
P15Y56Yes Xs7X71 = Y12 PopYes Xs7X71 = Y12Y24 X3 P37 X71 = Y12Y24 Pas Xg7 X71 = Q15Y56Yos Xs7571 0 2 1
= Y12Q26Y6s Xs7.571 = Y12Y24X43Q37.571 = Y12Y24Qus X37.571

Q15Y56Ye3 Xs7X71 = Y12Q26Yes Xs7 X71 = Y12Y24 Xu3Q37X71 = Y12Y24Qus X7 X71 -1 2 1
P15 X56Ye8 Xs7571 = P15Y56 X6s Xs7571 = Pi5Ys6Yes Xs7171 = X12Po6Yes Xs7.571 = Y12 Pag X6s Xs7.571 1 1 1
= Y12 PosYes Xs7Tr1 = X12Y24 Xu3 P37S71 = Y12 X024 Xu3 P37S71 = Y12Y2u Xug ParTr1 = X12Y24 Pis Xs7.571

= Y12 X024 P1s Xs7571 = Y12Yoa Pis X717

P15 X56Yos Xs7X71 = P15Y56 Xos Xs7X71 = Pi5Ys6Yes Xs7Y71 = X12Po6Yes Xs7X71 = Y12 Pop Xes Xs7X71 0 1 1
= Y12 PasYos Xs7Y71 = X12Y24 X3 P37 X711 = Y12 X04 Xy3 P37 X71 = Y12Y24 Xu3 P37Y71 = X12Y24 Pis Xer X71

= Y12 Xo4 Pis Xs7 X711 = Y12Y24 Pag Xs7Y71 = Q15 X56Yes Xs7.571 = Q1556 X6 Xs7571 = Q15Y56 Yo Xs7T1

= X12Q26Y6s X57.571 = Y12Q26 X68 Xs7571 = Y12Q26Yes Xs7Tr1 = X12Y24 X43Q37571 = Y12 X24 Xu3Q37.571

= Y12Y24 X43Q37Tn1 = X12Y24Qus X57571 = Y12 X24Qus X57571 = Y12Y24Qus Xs7T71

Q15X56Y6s Xs7X71 = Q15Y56 X68 Xs7X71 = Q15Y56 Vo8 Xs7Y71 = X12Q26 Y68 X7 X71 = Y12Q26 X6s Xs7X71 -1 1 1
= Y12Q26Yes Xs7Y71 = X12Y24 X43Q37X71 = Y12 X024 Xu3Q37X71 = Y12Y2u Xu3Q37Y71 = X12Y24Qus Xs7 X711

= Y12 X24Qus X37X71 = Y12Y24Qus Xs7Y71

P15 X56 X068 Xs7571 = P15 X56Yes Xs7171 = Pi5Ys6Xes Xs7Tm1 = X126 X6s Xs7.571 = X12Po6Yos Xs7171 1 0 1
= Y12 Pas Xes Xs7Tr1 = X12X24 Xa3P37.571 = X12Y24 Xu3 P37 = Y12 X024 Xu3 PyrTr1 = X12X04Pas Xs7571

= X12Yo4 Pus X57T71 = Y12 X024 Pus Xs711

P15 X56 X6s X7 X71 = P15 X56Yes XsrY71 = PisYs6 Xes Xs7Y71 = X12Pos Xos X7 X71 = X12P26Yes Xs7Y71 0 0 1
= Y12 Pas Xos Xs7Y71 = X12X04 Xu3 P37 X71 = X12Y24 Xu3 P37Y71 = Y12 X04 Xu3 P37 Y71 = X12X04 Pis Xs7 X71

= X12Y24 Pus Xs7Vr1 = Y12 Xoa Pis Xs7Y71 = Q15 X56 X6s Xs7.571 = Q15 X56Yes Xs7T71 = Q15Y56 Xos Xs7 171

= X12Q26 X6 Xs7571 = X12Q26Yes Xs7Tr1 = Y12Q26 X6s Xs7Tr1 = X12X24 X43Q37571 = X12Y24X43Q37T1

= Y12 X024 X43Q37T71 = X12X24Qus X751 = X12Y24Qus Xs7Tr1 = Y12 X24Qus X571

Q15 X56 X6s X7 X71 = Q15 X56Yos Xs7Y71 = Q15Y56 Xos Xs7Y71 = X12Q26 X6 X537 X71 = X12Q26Ye3 Xs7Y71 -1 0 1
= Y12Q26 X6 Xs7Y71 = X120 X024 Xu3Q37X71 = X12Y24 X43Q37Y71 = Y12 X024 X43Q37Y71 = X12X24Qus Xs7X71

= X12Y24Qus Xs7Y71 = Y12 X24Qus X7 Y71

P15 X56 Xes XsrTr1 = X12Pas Xes XsrTr1 = X12X04 Xaz P37 = X12Xoa Pas Xsr T 1 -1 1
P15 X56 Xes Xs7Y71 = X12Pog Xes Xs7Y71 = X12 X024 X3 P37Y71 = X190 X04 Pis Xs7Y71 = Q15 X56 X6s Xs7 171 0 -1 1
= X12Qo6 Xes Xs7T71 = X12X24 X43Q37T71 = X12X24Qus X717

Q15 X56 X6 Xs7Y71 = X12Q26 X63 Xs7Y71 = X12 X204 X43Q37Y71 = X12X24Qus Xs7Y71 -1 -1 1

Table 46. The generators in terms of bifundamental chiral fields for Model 11 (Part 2).
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15 Model 12: QY11/Z, [P x P! x P!, (30)]

Model 12 corresponds to the toric Calabi-Yau 4-fold Q%!! /Z,. The corresponding brane

brick model has the quiver in figure 32 and the J- and E-terms are

A}Q :
A§2 :
Aé7 :
A§7 :
A§7 :
A§7 :
Aég :
A§8 :
A§8 :
A§8 :
A}ls :
A?Ls :
Ai5 :
Ais :
AéG :
A§6 :

Ya3Y34 X1
Xo3X34Yn
X78Ys5Ys52
Y78 Xg5 X52
X78Y55552
Y75 X5 Rs2
Y35Y52 X023
Xs5X52Y23
Y5552 X023
Xg5R52Y23
X52Y23Y34
Y52 X23 X34
R52Y23Y34
S52X23 X34
Yo7Yrs X35
Xe67X78Y3s5

Xo3Y34Yn
Yo3 X34 X101
Y73Ys5 X502
X758 Xs5Y52
Y73Yss5 Rs2
X78 X385S552
Xg5Y52Y23
Y35 X52X23
Xs5552Y23
Y35 R52 Xo3
Y52Y23 X34
X52X23Y34
S52Y23 X34
R52X23Y34
Xo7Y78Y35
Yo7 X758 X85

P15 X5
P15Y50
P Xer
P»sYs7
X23Q37
Y23Q37
P37 X7g
P37Y7s
X34Qus
Y34Qus
Pys Xs5
PysYss
X11Q15
Y11 Q15
R52Q26
S52Q26

E

Q1552
Q15552
Xo3 P37
Ya3 P37

Q26X67
Q26Ys67
X34Pss
Y34 Pss

Q37X7s
QarY7s
Xa1Pris
Y41 Pis

Q48 X35
QasYss
X52 P26
Y52 Pas

(15.1)

Using the forward algorithm, we can find the brick matchings for Model 12. The

resulting brick matchings are summarized in the P-matrix, which takes the following form

P1 P2 P3 P4 P5 D6

S1 82 83 54 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14

0

0

0

0

0

0011

100

0

0 0

0

0
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Figure 32. Quiver for Model 12.

The J- and E-term charges are given by

P1 P2 P3 P4 P5 Pe| S1 S2 S3 S4 S5 S6 ST S8 S9 510 S11 S12 513 S14
ooo0o0o0O0-1-1-1-11700000 01 1 1
11-1-10 0|-1-1-1-100000O0 O 1 2 1
oo0o0o0O0O0-10-1-10100040 0 011
o000 O0O0O0(-10 0-1001000 0 0 0 1
= 15.3
@i 000 000/0-1-1-1000100 0 1 1 0 | (15.3)
o000 0000 -1-10000O0O1O0O0T1T 0O
o000 0000 0O-1-1000001 0 0 1 O
0o0-1-100;{0 O O OOOOOOO 1 0 1 0
o000 0110 0 00OOOOCODO0OO O0-10 -1
and the D-term charges are given by
P1 P2 P3 P4 P5 P6|S1 S2 83 S4 S5 S6 S7 S8 S9 S10 S11 S12 513 S14
00-1-100;{0 1 0 0O0O0OO0OO0OO0OO0O OO 1O
000 0O0OO0O[O O0O1 O0OO0O0O0ODO0ODO0ODO0OO0-100
000 0000 OO 1TO000OO0OO0OO0ODTO0OTUO0O-=-10
Q@p = (15.4)
001 100f-10 0 O0OO0OO0OO0OO0OO0ODO0OO0OO0-10
o000 0O00[O-10 000O0OO0OO0OO0OTGO0CT1TO00O0
o000 0O0O0O[O O0O-1000O0OO0OO0OO0OTO0UOT1T0O0
000 0O0OO0[]O0O O O0O~-10000O0UO0O0 0 01
The toric diagram of Model 12 is given by
P1 P2 P3 P4 P5 Ps ‘81 82 53 54 S5 S 57 58 89 510 S11 512 513 S14
1111114111111 1111 1 1 11
Gi=|1-10000[0000000000 00 0 0, (15.5)
001-10 0000000000 OO0 O O0 O
00001 -11000000O0OO0O0O0O 0 0O O0 O
where figure 33 shows the toric diagram with brick matching labels.
The Hilbert series of the mesonic moduli space of Model 12 takes the form
g1 (ti, ys: Mia) = P(ti, ys; Ma2)
7 S -
e (1 — yst$13t2) (1 — yst3t53) (1 — ystitit3) (1 — yst3titd)
1
(15.6)

X 9
(1 — yst3t565) (1 — yst3t565) (1 — ysttieg) (1 — yst3tits)
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Figure 33. Toric diagram for Model 12.

SU(2), | SU(2)y | SU(2), | U(1) | fugacity
p1 +1 0 0 1 t1
D2 -1 0 0 79 to
P3 0 +1 0 T3 t3
P4 0 -1 0 T4 ty
D5 0 0 +1 s ts
D6 0 0 -1 6 ts

Table 47. Global symmetry charges on the extremal brick matchings p; of Model 12.

where t; are the fugacities for the extremal brick matchings p;. ys counts the brick
matching product s; ... sy14 corresponding to the single internal point of the toric diagram
of Model 12. The explicit numerator P(t;,ys; Mi2) of the Hilbert series is given in the
appendix section A.12.

By setting t; =t and ys; = 1, the unrefined Hilbert series takes the following form

14+ 19t6 — 6312 + 43¢18 + 43¢2* — 63¢30 + 19¢36 + ¢42
(1—16)8 ’

gl(t,l;Mw) = (15.7)

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.

The global symmetry of Model 12 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 47. We can use the following fugacity
map,

1/2 1/2 1/2
_ 41/2,1/2 _ b _ 13 _t5
t=1""1 ’x_T/Wy_W’Z_T/W (15.8)
ty ty te
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where t1to = t3ty = tstg, in order to rewrite the Hilbert series for Model 12 in terms of
characters of irreducible representations of SU(2) x SU(2) x SU(2). The character expansion
of the Hilbert series is

g1(t,z,y, 2, Miz) = > _[2n; 2n; 2n]t%" (15.9)

n=0

where [mq;ma;ms] = [milsu(2), [me2lsu(e), [mslsu(),- In highest weight form, the Hilbert
series of Model 12 can be written as

1
ha(t, pin, pos pg; M) = ( (15.10)

1 — pipspst®)’
where 17" g2 pug*® ~ [milgu(e), [melsu(e), [Mslsu(z).- Here in highest weight form, the
fugacities u1, p2 and ps count the highest weights of irreducible representations of SU(2), x
SU(2), x SU(2)..

The plethystic logarithm of the Hilbert series takes the form

PL[g1(t, 2, y, 2; M2)] = [2;2;2]t® — (1 + [0;0;4] + [0;2;2] + [0;4; 0]
+[054;4] + [2;05 2] 4 [252; 0] + [2;2;4] + [2;4; 2] + [4;0;0] + [4; 0; 4]
4 [452;2) + [4;4; 02 + .. (15.11)

where [k;m;n] = [k|sy(2), [m]su(), [?]su(e),. From the plethystic logarithm, we see that the

mesonic moduli space is a non-complete intersection.

We note that all generators transform together in the adjoint representation of each of

the SU(2) factors of the mesonic flavor symmetry of Model 12. Using the following fugacity
map

S 1/2,1/2 th __t3 __ s

2(::1(;5 t6 ajzgay_télvz_tﬁa

(15.12)
where t1to = t3t4 = tstg, the mesonic flavor charges on the gauge invariant operators become
Z-valued. The generators in terms of brick matchings and their corresponding rescaled
mesonic flavor charges are summarized in table 48. The generator lattice as shown in
table 48 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram of
Model 12 shown in figure 33. It is also interesting to note that the generator lattice forms
layers in any of the 3 planar directions of Z3. Each layer of points in the generator lattice
forms a subset of generators that transforms under a the adjoint representations of a pair
of SU(2) factors of the mesonic flavor symmetry of Model 12. For completeness, we also
refer to table 49 and table 50 that show the generators of Model 12 in terms of chiral fields
with the corresponding mesonic flavor charges.
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generator SU(2)z | SU(2)5 | SU(2):
P3P s 1 1 1
PLP2D3PE S 0 1 1
P3D3PE s -1 1 1
Pipspapi s 1 0 1
PLP2P3PAPE § 0 0 1
P3P3PaPE s -1 0 1
PIPIPE s 1 ~1 1
PLP2DIDE $ 0 ~1 1
P3DIPE s -1 -1 1
Pip3PsPe 1 1 0
PLP2P3PsP6 S 0 1 0
P3D3PsP6 ~1 1 0
Pip3papsps s 1 0 0
D1DP2P3P4P5P6 S 0 0 0
P3pspapsps s | —1 0 0
Pipipspe 1 ~1 0
PLP2PID5D6 S 0 1 0
P3PIPsPG § ~1 ~1 0
PIPADG 5 1 1
P1P2P3DE S 0 1 1
PaDADG 5 ~1 1 1
Pipspapg s 1 0 1
PLP2P3PADG S 0 0 -1
P3p3papg S -1 0 1
PIPivG 5 1 -1 -1
PLp2piPg S 0 1 1
PaPIDG -1 -1 -1

Table 48. The generators and lattice of generators of the mesonic moduli space of Model 12 in
terms of brick matchings with the corresponding flavor charges.
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generator

P15 R52 X023 X34 X1 = Pag Xo7 X758 X85 R52 = Xo3 P37 X758 Xss R52 = X23 X34 Pag X5 Rs2

Pr5X50 X3 X34 X1 = Pas X7 X78 X5 X520 = Xog P37 X7s X5 X2 = Xo3 X34 Pas X5 X52 = Q15 R52 X023 X34 X1
= Q26X67X78 X552 = Xo23Q37 X78 X550 = X203 X34Qu8 X5 R52

Q15 X52X23 X34 X141 = Q26 X67X78 X535 X52 = X03Q37 X758 X5 X520 = X023 X34Qu8 X5 X52

P15 R52X23Y34 X41 = P15S52X23 X34 X41 = PogXo67Y78 X85 R52 = Pag X7 X78 X85552 = Xo3 P37Y75 X5 R52

= Xo3 P37 X738 Xs5552 = Xo3Y34Pas Xs5 52 = Xo3 X34 Pig Xs5552

Pi5Y50X03 X34 X101 = P15 X520 X03Y34 X141 = Pog Xe7Y78 X85 X52 = Pag Xo7X78 X85 Y52 = Xo3P37Y78 X5 X2

= Xo3P37 X758 Xs5Y50 = Xo3 X34 Pus Xs5Y52 = Xo3V34 Pas X5 X520 = Q1552 X23Y34 X1 = Q15552 X23 X34 X1
= Qa6 Xe7Y78 X552 = Q26 X67 X738 X85552 = X23Q37Y78 X5 R52 = X23Q37 X 78 Xs5.552 = X03Y34Qus X552
= X23X31Q18X385552

Q15Y52 X093 X34 X1 = Q15 X52X23Y34X41 = Q26 X67Y78 X85 X52 = Q26 X67X78 Xs5Y52 = X23Q37Y78 X35 X50
= X23Q37 X758 X552 = X23X34Qus Xs5Y52 = X23Y34Qus X5 X50

P15S50 X23Y34X41 = PagXe7Y78 X55552 = Xo3 P37Y78 Xs5552 = X23Y34 Pyg X552

Pr5Y50X23Y34X41 = Pog Xe7Y78 Xs5Y50 = Xog P37 Vrs Xs5Yso = Xo3Y34Pag Xs5Y52 = Q15552 X23Y34 X1

= Q26 X67Y78 Xs5952 = X23Q37Y78 X 85552 = Xa3Y34Qu8 X35552

Q15Y52X03Y34 Xa1 = Q26 X67Y78 Xs5 Y52 = Xo03Q37Yrs Xs5Y50 = X03Y34Qu8 Xs5Y52

Pi5R52 X093 X34Ya1 = P15 R52Y23X34 X1 = Pog X7 X78Ys5 R52 = Pag Yo7 X78 X550 = Xo3 P37 X78Y3s5 R52

= Yo3 P37 X7s Xss R52 = Xo3 X34 PasYs5 5o = Yo3 X34 Pas X5 Rp2

P15 X50X23X34Y01 = P15 X52Y23 X34 X41 = Pog Xe7X78Ys5X52 = Pag Yo7 X78 X85 X52 = Xo3 P37 X758 Y85 X550

= Yo3 P37 X78 X5 X52 = Xo3 X34 PigYss X52 = Ya3 X34 Pis X5 X52 = Q15 R52 X23X34Ya1 = Q15 R52Y23 X34 X1
= Qa6 X67X78Ys5 52 = Qa6 Yo7 X78 X5 R52 = Xo3Q37X78Ys5 R52 = Y23Q37 X718 X5 B2 = X3 X34Qu8Ys5 M52
= Y23X34Qus X552

Q15 X52X23X34Y11 = Q15 X52Y23 X34 X1 = Q26 X67X78Y85 X52 = Q26 Y67 X78 X5 X502 = X23Q37 X78Ys5 X52
= Y23Q37 X758 X5 X52 = X23X34QusYs5 X2 = Yo3X34Qu8 X5 X50

Pi5sR5a X23Y34Y01 = PisRs2Y23Y34 X1 = P15552 X203 X34Y01 = P15S52Y23 X34 X1 = Pos X67Y78Ys5 Rs2

= PysYerY78 Xss Rs2 = Pag Xe71X78Ys5552 = PagYer X7s Xs5552 = Xo3 Ps7Y78Yss Rs2 = Yo3 Ps7Y7s X5 Itso

= Xo3 P37 X78Ys5550 = Ya3 P37 X7s Xs5552 = Xo3Y34PasYss Rs2 = Yo3Y34Pus Xs5 Rsa = Xo3 X34 PagYs5552

= Ya3X34 Pis X35552

P15Y50X03X34Y01 = Pr5X50X03Y34Y1 = Pi5Y50Ya3 X34 Xa1 = P15 X52Y03Y34 X1 = Pog Xe7Y78Y35 X52

= PysYorYrs X85 X2 = Pas Xe7X78Ys5Y52 = PasYer X7 X5 Y52 = Xog Ps7Y75Ys5X50 = Xog P37 X75Ys5Y50

= Yo3 P37Y78 X55X52 = Ya3 P37 X78 X552 = Xo3 X34 PasYs5 Y2 = Xo3Y34 PugYs5 X502 = Yo3 X34 Pas Xs5Y52

= Ya3Y34 P1s X5 X52 = Q15 R52X23Y34Y11 = Q15 R52Y23Y34 Xa1 = Q15552 X23X34Yn1 = Q155952Y23 X34 Xa1
= Qa6 X67Y78Ys5 52 = Q26Y67Y78 X85 52 = Q26 X67X78Ys5552 = Q26 Y67 X78 X555 = X23Q37Y75Ys5 52
= Y23Q37Y78 Xs5 52 = X23Q37X78Ys5552 = Ya3Q37 X718 X55552 = X23Y34QusYs5 52 = Ya3Y34Qu8 X550
= X23X31Q48Y55552 = Y23 X34Qu8 X85552

Q15Y52 X023 X34Ya1 = Q15 X52X23Y34Ya1 = Q15Y52Y23 X34 X1 = Q15X52Y23Y34 X1 = Q26 X67Y78Ys5 X52

= Q26Y67Y78 X35 X592 = Qa6 X67X78Ys5Y52 = Qa6 Yer X78 Xs5Ys2 = X23Q37Y78Ys5 X520 = X23Q37 X78Ys5Y52
= Y23Q37Y78 X5 X520 = Y23Q37 X758 Xs5Y52 = X23X34QusYs5Y52 = X23Y31QusYs5 X520 = Y23 X34Qus X552
= Y23Y34Qus X35 X52

Table 49. The generators in terms of bifundamental chiral fields for Model 12 (Part 1).
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generator SU(2)z | SU(2)g | SU(2)
Pri5850X03Y34Ya1 = P15552Y23Y34 Xa1 = PagX67Y78Y35552 = PagYe7Y78 X85552 = X23P37Y78Y385552 1 -1 0
= Ya3Py7Y78 Xs5550 = Xo3Y34PasYs5552 = Yo3Y34Pas X552

Pri5Y50X03Y34 Y1 = P15Y50Y23Y34 X1 = Pas XerYrsYs5 Y50 = PogYerY7s X5 Y2 = Xo3 Pa7Y7sYs5 Y52 0 -1 0
= Yo3PyrY73 Xs5Y52 = Xo3Y34PasYs5 V52 = Ya3Y34 Pis X5 Y50 = Q15552 X23Y34Ya1 = Q15552Y23Y34 X1

= Q26 X67Y78Ys85552 = Qa6 YerY78 X85552 = X23Q37Y78Ys5552 = Y23Q037Y75 X55552 = X23Y34Q48Ys5552

= Y23Y34Qus Xs5552

Q15Y52X23Y34 Y1 = Q15Y52Y23Y34 Xa1 = Q26 X67Y78Ys5V52 = Q26Y67Y78 X85 V52 = X23Q37Y78Y55V52 -1 -1 0
= Y23Q37Y78 Xs5Y50 = X23Y34QusYs5Y52 = Y23Y34Qus X552

P15 R52Y23X34Ya1 = PosYorX78Ys5R52 = Yoz Par X7sYss5 Rso = Ya3 X34 PagYss Rso 1 1 -1
P15 X50Y23X34Ya1 = PogYe7X78Ys5 X52 = Ya3 P37 X78Ys5 X520 = Va3 X34 Pas Y5 X50 = Q15 R52Y23 X34 Y11 0 1 -1
= Q26Yo7X78Ys5 52 = Y23Q37 X78Ys5 R0 = Ya3X34QusYs5 52

Q15 X52Y23X34Ya1 = Q26Y67X78Ys5 X520 = Yo30Q037 X78Ys5 X2 = Va3 X34Qu8Ys5 X552 -1 1 -1
Pi5R52Y23Y34Y1 = Pi5S50Y23X34Ya1 = PagYerY78Yss Rs2 = PagYe7X78Y35552 = Ya3 P37Y78Ys5 R0 1 0 -1
= Ya3 P37 X78Ys5552 = Ya3Y34PasYss Roa = Ya3.X34 PasYs5.5952

Pi5Y50Yo3 X34 Y1 = P15 X5oY23Y34Ya1 = PasY7YrsYss Xso = PogYer X78YssYs2 = Yoz ParY7sYs5 X2 0 0 -1
= Yo3Pyr X78Ys5Y52 = Yo3 X34 PasYs5 Y52 = Ya3Y34 Pis V5 X520 = Q5 R52Y23Y34 Va1 = Q15552Y23 X34 Y11

= Q26Yo67Y78Ys5 R52 = Q26Y67 X78Y35552 = Y23Q37Y78Ys5 Rso = Ya3Q37 X78Ys5550 = Ya3Y34QusYs5 52

= Y23X34Qu8Y35552

Q15Y52Y23 X34 Y1 = Q15 X52Y23Y34 Va1 = Q26Y67Y78Ys5 X52 = Q26Y67 X78Ys5V52 = Ya3Q37Y78Y35 X50 -1 0 -1
= Ya3Q37X78Ys5Y52 = Y23 X34QusYs5Y52 = Ya3Y31Qu45Vs5X50

Pr15850Y23Y34Ya1 = PogYo7Y78Ys5 552 = Ya3 P37Y78Ys5550 = Ya3Y34PasYs5.552 1 -1 -1
P15Y50Y03Y34Y01 = PaeYerYrsYss Yoo = Yas ParY7sYssYso = Ya3YaaPasYss Va2 = Q15552Y23Y34 Va1 0 -1 -1
= Q26Y67Y78Ys5552 = Ya3Q37Y78Ys5552 = Y23Y34Qu8Ys5552

Q15Y52Y23Y34 Y01 = Qa6Ye7Y78Ys5 V52 = Yo3Q37Y78Ys5Y50 = Ya3Y34Qu8Y35 Y52 -1 -1 -1

Table 50. The generators in terms of bifundamental chiral fields for Model 12 (Part 2).
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16 Model 13: P!_(dP;) [dP; bundle of P', (81)]

Model 13 corresponds to the toric Calabi-Yau 4-fold P}__(dPg). The corresponding brane
brick model has the quiver in figure 34 and the J- and E-terms are

J FE

Als: XsoYorX75Q5.10X101 — Xs2QorX71 P16 Xes — X13Pss

Als: XsoYorXrsPs10X101 — XsoPar X1 X13Q38 — Q16Xos

Ao XorX71 — YorY7.10X10.1 P16X64Q10 — Q16X64Pao

Asg XeaXa2 — XosXs2 Py; X71Q16 — Q27X71Pis
A0 X101 X13X34Ya2 — X10.3X34X42 Por X75Q5.10 — Q27 X75P5.10
A3 10 X10.3Q38Xs2 — X10.1Q16X64Ya2 Py7Y710 — Ya5P5.10
A3 1o X10.3P38Xs2 — X10.1P16X64Ya2 Yo5Q5.10 — Q27Y7.10

A3 Y710X103 — X71Xa3 P33 X52Q27 — Q3sXs2FPor (16.1)

Ao : YorX75Q5.10X101 X153 — XorX75Q5.10X10.3 P3sXg9 — X34P19

Ay : YorXrsPs10X101 X138 — XorX75Ps10X10.3 X34Qu9 — Q38Xs9

Ad7: X71Q16X6a — X75Q5.10X10.3X34 Py Xo7 — Xa2Por

AZ7: X75Q5.10X10.1X13 X34 — Y7.10X10.1Q16 X64 PyoYor — Y2 Por

Adr: X711 P16 Xea — X75P5.10X10.3X34 X42Q27 — Qa9 Xo7

Al7: X75Ps510X101 X138 X34 — Y7.10X10.1 P16 Xea Yi2Qor — QaoYor

Alg XesXs9Yor X75 — X6aYa2Yos P5.10X101Q16 — Q5.10X10.1P16

Ags : Xg2Yas — Xs9Xo7X75 P5.10X10.3Q38 — @5.10X10.3F38

Using the forward algorithm, we can obtain the brick matchings for Model 13. The

brick matchings are summarized in the P-matrix, which takes the form
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Figure 34. Quiver for Model 13.

The J- and E-term charges are given by

<+
Socococooco0o0o0 o000 000000 0O
2]
MOOOOOUOOOOIOOOOOOOUOO
o~
Jdoocococoococooco~ocoococo0o0ococoo oo
Socococoococoo 0000000000000
(=1
doorocococoocoococoocococo0oococoooo
oo ococoococoocococoococoocoococococooc oo
Llococoococoocococooco0c0c0cO00O0CO0O0 o OO
Slocoococoocoocoo-~0co0cocoocoococoococoo oo
Sloocoocoo-“~ooco0oo0coco0oo0o00coco o oo
floocoo-Nooooo0o0o0oO0O0O0COoC OO OO
Soocoococoocoocooocoocococoocoocoo 0000
flocococooco0co00O0O00C0C0CO0~0O0 O OO
Slocococoocoocoocoocoocoococoocoo 000 ocoo
8
Slocococo~ocoococoococoocoococococoocoo
D= = — = = o~ — —

S eSS e e reseee
N
HiTTTeseTTTece T T Toosos
Y p— o _ _
FTTooccoco T 7777 Toocococoooo
AT T T T T T 1occocoocoocococoococoo
Slococococoocoocooc Toocooo Tooooo 7
@ | | |
floe]f oo e T T o= 77T Te7T =2
| — — — — —
SlTecofooTooToToooo Tooo
o) — o~ — —
oo T T reo e T 7o 77
M~ oocococococoocoococo T Too
MOOOOOUOOOOUOOOOOOOUlO
Plocoococoococoococoococo-“-00cocoo oo
Joocoocooooocoocoo o000 oo0 o oo
Flooco~ocoocoocooocoocococoocoocoococooc oo
foocoo- 4 40100000 —+00 ~ 0O
gooocooocoocooocoocoocooco0oo0co0o0o oo
~ — —
m11100,0111000100000,0
m0000000010.|_A01_.1111011,A0
foooocoooocoocoooocoocooocoo0co0oo0o ~0O0
m100000000000000000000
SlMoocococoocoocococoocoococoocoocoocoocooococoo

Qe

(16.3)

and the D-term charges are given by
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The toric diagram of Model 13 is given by

Gy

where figure 35 shows the toric diagram with brick matching labels.
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Figure 35. Toric diagram for Model 13.

The Hilbert series of the mesonic moduli space of Model 13 takes the form

P(ti7y87 Yo15,Yos5Yos» yO4QM13)
1—YsY2, Yoo Y Ys, 1131518 ) (1 —Ysy2, Yoo Yo, Yo, 1331515
1
1—ysyd 3,3 Yo 1113385 ) (1 —ysyd U3, U3, Yo tat 3218) (1 —Yslo, Yor U2, U3, L 3t 6t )
1

(1= YsYor Yor Y2, Ya, t3t 161 7) (1= YsYor Y2, Yos U2, 11 tat5t3) (1= YsYor Y2, Yos Y2, T3tat513)
1

T et Vo Uor 11520 (1~ s, U s o 5 T202) (16.6)
where t; are the fugacities for the extremal brick matchings p;. ys counts the brick matching
product si ... s13 corresponding to the single internal point of the toric diagram of Model 13.
Additionally, yo,, Yo,, Yos and y,, count the products of extra GLSM fields 0102, 0304 and
05 ...08 and og ... 014, respectively. The explicit numerator P(t;, Ys, Yo, s Yoo Yoss You; M13)
of the Hilbert series is given in the appendix section A.13. We note that setting the fugacities
Yo, = 1,...,90, = 1 does not change the overall characterization of the mesonic moduli
space by the Hilbert series, indicating that the extra GLSM fields, as expected, correspond
to an over-parameterization of the moduli space.

By setting ¢; = t for the fugacities of the extremal brick matchings, and all other
fugacities to 1, the unrefined Hilbert series takes the following form

(1—-t)(1—1#%)3

(1= 931 — 721 — )7
+ 1087 + 22¢% + 29¢7 + 56t° + 777 + 128¢10 + 170t + 254¢'% + 311¢"°
+ 41261 + 46441 + 56710 + 59417 4 684¢'% + 66917 + 742¢%° + 694t
+ 74277 + 669t% + 684t + 594t + 56770 + 46477 + 412¢% + 311¢%
+ 254130 + 170631 + 128432 + 77138 + 56134 + 29¢3° + 22¢%0 4+ 10637 + 10¢%

+ 439 4 4410 4 4 142) | (16.7)

91(ti,YssYor s Yoo s Yos s Yog : M13) = (

o

X

N

91(t7 ]-7 ]-7 17 17 17M13) -

x (14t + 4% + 4% 4 10t

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.

— 08 —



SU2), | U(L)p, | U(1)p, | U(1) | fugacity
p1 +1 0 0 71 t1
D2 -1 0 0 79 to
D3 0 +1 0 r3 t3
j 2 0 -1 0 T4 t4
D5 0 0 +1 rs ts
D6 0 0 —1 6 tg
D7 0 0 0 7 tr

Table 51. Global symmetry charges on the extremal brick matchings p; of Model 13.

The global symmetry of Model 13 and the charges on the extremal brick matchings under
the global symmetry are summarized in table 51. We can use the following fugacity map,

tn tn ts

t=tr, 2= L b=, by= 2, 16.8

7 T e (16.8)

where t1ty = t3ty = t5tg = t%, in order to rewrite the Hilbert series for Model 13 in terms
of characters of irreducible representations of SU(2) x U(1) x U(1).

The highest weight form of the Hilbert series of Model 13 is
1

hi(t, p, by, bo; Mi3) =
1t gt b, bas M) (1= 2y " bt) (1 — pbrb316) (1 — p3by by 47) (1 — by 5 %t8)

X m X (1 + /’L2t7 4 /Lb%bz]ﬁ + M2b1b2—1t8 . [,L4b1_1b2t13 . /ngblb%tlg . 2M4t14
- 1

4 u7b1_2b2_1t21 bt (16.9)
where ;™ ~ [m]gu(a),. Here in highest weight form, the fugacity p counts the highest weight
of irreducible representations of SU(2),. The fugacities b; and bs count charges under the

two U(1) factors of the mesonic flavor symmetry.
The plethystic logarithm of the Hilbert series takes the form

PL[g1(t, 2, b1, bo; My3)] = ([1]b163 + [2)® + ([1]b2by + [2]b1by L + [3]b53)t7
+ ([1]63 + [2]b7b5 % + [3]baby *)¢°
— (14 [1]b103) "2 — (byby* + 1303 + [1]by > + 2[1]b3ba + 2[2]b1by ' + [3]by
+ [3]b3bg + [4]b1by )3 — (267052 + b1D3 + 3[1]b% + 2[1]b1by * + [2]65°
+3[2063b5 + [2]b105 + 2(3]67 + 2(3]b1b; " + 3[4]bTy % + [5]baby 1)
— (biby "+ 3053 + bYbg + 2[1]b3b5° + 2[1)biby T + [2]b1by T+ 3[2]b3by 3
+2[3]03by° + [3)biby L+ [4]b1by T+ 2[4)b3by® + [5]b3Dy ° )t — (biby
+ [1]63b5 ¢ + [1]6565% + [2]b3b5 8 + [2]b7by * + [3]65b5 ¢ + [4]b7b, )10 + ..
(16.10)

where [m] = [m]gy(2),. From the plethystic logarithm, we see that the mesonic moduli
space is a non-complete intersection.
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generator SU(2)z | U(1)y,

<
~—~

=
=
S.‘l

2 2 2 2
P1P4ps5pP7 S01050304

2 2 9
P1P2P4PsP7 SO01050304

0

0
P3P4PsD3 501050303 0
P1P3PED? 507030304 1
1

P2P3PEP? $03050304
P3pIpepr 801020303 _1 _9
PID2pipepT 501020304 -1 -1
P1P3PAP6DT 501020304 -1 0

P3pApepr 50102030} -1 1

2 2.2 2 2
PIP3P4P5PeP7 S01050304

P1DP2P3P4P5P6ePT SO% 03 03031

0

0
P3P3papspepr 503030305 0
1

1

2,2 3.3 2
P1D3P5P6P7 807050304

2,2 3.3 2
P2D3P5P6P7 07050304

p?pgpip% so%ozogoi —1 -2 -1

PIPap3pipg 507020307 BT B
P1P3PsPiPE s0%02030] -1 0 1
P3pspipg 50102030} -1
PiP3Papspg 503050303
PLP2P3PaPsPE SO3 050303
P3P3PapsPE 503050303
p1PapEpE soto30304

3,2,2 .43 3
P2pP3P5Pg 501020304

O O O O O O O O O K ===

—_
|
—_

-1 -1

= = O O O

0
1
0
1

Table 52. The generators and lattice of generators of the mesonic moduli space of Model 13 in

terms of brick matchings with the corresponding flavor charges.

By using the following fugacity map

3 2 2
- ,1/2,1/2 . ty -~ t5t7 ~ 7
t=1""1 , =5, b= %7, =0,
5 76 tgt% ! tg/th/Q 2 tste

(16.11)

where 131312 = 33 t3t5 = tgt2 and t3t2 = t3ts, the mesonic flavor charges on the gauge in-

variant operators become Z-valued. The generators in terms of brick matchings and their cor-

responding rescaled mesonic flavor charges are summarized in table 52. The generator lattice

as shown in table 52 is a convex lattice polytope, which is reflexive. It is the dual of the toric

diagram of Model 13 shown in figure 35. For completeness, table 53 and table 54 show the

generators of Model 13 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator

SU(2)z

u(1)

ba

P16 X64Ya2 Por X171 = PrsXeaPaoYor X1 = Por X75P5.10X10.3X34Ya2 = P3s Xg9Yor X75P5.10X10.3

= X34 P19Y97X75P5.10X10.3

P16 X64Y12Q27 X711 = P16 X64Qa9Yor X71 = Q16 X64Ya2Por X711 = Q16 X64PaoYor X71

= Py X75Q5.10X10.3X34Ya2 = P3s Xs9Yor X75Q5.10X10.3 = X34 P19Y07 X75Q5.10X10.3 = Q27 X75P5.10X10.3 X34 Ya2
= Q33 X59Y97 X75P5.10X10.3 = X34Q19Yo7 X75P5.10X10.3

Q16X64Y12Q27X71 = Q16X64Q9 Y97 X71 = Q27 X75Q5.10X10.3X34Ya2 = Q38 Xs59 Y97 X75@5.10X10.3

= X34Q9Y97X75Q5.10X10.3

Pr6Xes XsoYor X1 = X13X34Ya2 Por X1 = PorY7.10X10.3X34Ya2 = X13 P33 X59Yor X71 = P X39Yo7Y7.10X10.3

= X13X34P19Yor X71 = X34 Pa9Yo7Y7.10X10.3 = Y25 P5.10X10.3 X34 Va2

Q16X68Xs9Yor X71 = X13X34Ya0 Qo7 X71 = QarY710X103X34Y12 = X13Q35 X59Yo7 X71 = Q35 Xs59Y07Y7.10X 103

= X13X34Qu9Yor X71 = X34Q19Y97Y710X103 = Y25Q5.10X10.3 X34 Y12

Po7 X75P5.10X10.3P38 X832 = P16X64Ya2Por X75P5.10 X101 = PreXeaPagYor X75P5.10X10.1

Po7 X75Q5.10X10.3 P38 Xs2 = Par X75P5.10X10.3Q38 Xs2 = Qa7 X75P5.10X10.3 P33 Xs2

= Pi6X6aYa2 Por X75Q5.10X 101 = Pi6X64PagYor X75Q5.10X10.1 = P16X64Ya2Q27 X75P5.10X10.1

= P16X61Q19Y97 X75 510X 101 = Q16X64Ya2 Por X75P5.10X10.1 = Q16 X64Pag Yor X75P5.10X10.1

Por X75Q510X103Q38 X382 = Qo7 X75Q510X103 P38 Xs2 = Q27 X75 P510X103Q38 Xs2

= P16X64Y12Q27 X75Q5.10X 101 = P16X64Q19Y07 X75Q5.10X10.1 = Q16X64Y12 P27 X75Q5.10X10.1

= Q16X64P19Yo7 X75Q5.10X 101 = Q16X64Ya2Q27X75 P5.10X 101 = Q16X64Q19Y07 X75P5.10X10.1

Q27 X75Q510X103Q38 Xs2 = Q16 X64Ya20Q27 X75Q5.10X10.1 = Q16 X64Q19Y07 X75Q5.10X10.1

P16 X6 X89Yo7X75P5.10X10.1 = X13X34Y42 Por X75 Ps10 X101 = X13 P38 X9 Yo7 X75P5.10X10.1

= X13X34P19Yo7X75P5.10X10.1 = P16 X6a X227 X71 = P16 Xes Xs2 P21 X1 = Pr6 X4 Pag Xo7 X71

= X3P Xgo Por X1 = PorY7.10X10.3 P38 Xs2 = Y25 P5.10X10.3 P33 Xs2 = P16 X64Ya2 ParY7.10 X101

= P16X64Pa9Yo7Y7.10 X101 = Pr6XeaYaoYo5 P5.10 X101 = ParX75 P10 X103 X34 X492 = Py X9 Xo7X75 P5.10X10.3

= X34 P19 Xo7 X75P5.10X10.3

P16 X6s Xs9 Yo7 X75Q5.10X10.1 = X13X34Y12 Por X75Q5.10X10.1 = X13P3s X59Yo7 X75Q5.10X10.1

= X13X34 P19 Yo7 X75Q5.10X10.1 = Q16X68X89Yor X75P5.10X10.1 = X13X34Y42Q27 X 75 P5.10X10.1

= X13Q38X89Yo7 X75P5.10X10.1 = X13X34Qu9Y97X75P5.10X10.1 = P16 X64X42Q27X71 = P16 X6 Xs32Q27X71

= P16X64Qu9Xo7X71 = Qr6XeaXa2Por X71 = Q16 Xes Xs2Por X711 = X13Q38 Xs2Por X71 = Por¥7.10X10.3Q38 Xs2
= X133 X32Q07X71 = Q27Y7.10X10.3 P38 Xs2 = Yo50Q5.10X10.3 P33 Xs2 = Q16 Xea Pag Xo7 X71 = Ya5P5.10X10.3Q38 Xs2
= P16 X64Ya2Q27Y7.10X 101 = P16X64Q19Y07Y7.10X10.1 = P16 X64Y12Y25Q5.10X10.1 = Q16X64Ya2 PorY7.10X10.1

= PrrX75Q5.10X10.3 X34 X402 = P3s X539 Xo7X75Q5.10X103 = Q16 X64Pa9Yo7Y7.10 X101 = X34 P29 X7 X75Q5.10X10.3
= Q16X64Y12Y25 510X 101 = Q27 X75 P510 X103 X34 X142 = Q38 X39 Xo7 X 755,10 X10.3 = X34Qu9 X 97 X75 P5.10X10.3
Q16X68X89Yo7 X75Q5.10X10.1 = X13X34Ya0 Q27 X75Q5.10X10.1 = X13Q38 X589 Y97 X75Q5.10X10.1

= X13X34Q19Y07 X75Q5.10X 101 = Q16 X64X12Q27X71 = Q16 X658 X52Q27X71 = Q16X64Qa9 X097 X71

= X13Q38X82Q27 X71 = Q27Y7.10X10.3Q38 X2 = Y25Q5.10X10.3Q38 Xs2 = Q16X64Y12Q27Y7.10X10.1

= Q16X64Q19Y97Y7.10X 101 = Q16X64Ya2Y250Q5.10X 101 = Q27 X75Q5.10X103 X34 X102 = Q38 X589 X97 X75@5.10X10.3
= X34Qu9 X097 X75@5.10X10.3

P16 Xos Xs9Yo7Y7.10X10.1 = X13X34Ya2 PorY7.10 X101 = X13 P33 Xs9YorY7.10X10.1 = X13 X34 P1gYo7Y7.10X10.1

= X13X34Ya2Y25 P5.10 X101 = P Xes Xso Xo7 X71 = X13X34 Xa2 Por X1 = ParY7.10X10.3 X34 Xa2

= X3P X9 Xo7 X71 = Pas X9 Xo7Y7.10X10.3 = X13 X34 Pao Xo7 X71 = X34 Py Xo7Y7.10X10.3 = Vo5 P5.10X10.3 X34 X42

Table 53. The generators in terms of bifundamental chiral fields for Model 13 (Part 1).
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generator

Q16X6s Xs59Y07Y7.10X10.1 = X13X34Y12Q27Y7.10 X101 = X13Q38 X590 Y07Y7.10X10.1 = X13X34Q19Y07Y7.10X10.1

= X13X34Y12Y25Q5.10 X101 = Q16 X638 X590 X7 X71 = X13 X34 X142Q27X71 = Qa7Y7.10X10.3 X34 X2

= X13Q38 X589 X7 X71 = Q35 Xs59X07Y710X 103 = X13X34Q29 X097 X71 = X34Q19X97Y7.10X10.3 = Y2505.10X10.3 X34 X142
Pro X6a X142 Po7 X75P5.10 X101 = P16 Xes Xs2 o7 X75P5.10 X101 = P16 X64Pao Xo7X75P5.10X10.1

= Xi13P38 X2 Por X75P5.10X10.1

P16 X61X12Po7 X75Q5.10X10.1 = ProXes Xs2 27 X75Q5.10X10.1 = ProXeaPag Xo7 X75Q5.10X10.1

= P16 X64X12Q27X75P5.10X10.1 = P16 Xe6s X52Q27X75 P5.10X10.1 = P16 X64Qa9X 97X 755,10 X10.1

= X333 Xs2 Por X75Q5.10X10.1 = Q16 X64 X142 Po7 X75P5.10 X101 = Q16X 68 Xs2 P27 X75P5.10X10.1

= X13Q38 X2 Por X75P5.10X10.1 = X13P3s X52Q27X75 P5.10 X101 = Q16X 64 Pag X o7 X75P5.10X10.1

P16X64X12Q27 X7505.10X10.1 = P16 X6 X52Q27 X75Q5.10X10.1 = P16X64Qa9 X097 X75Q5.10X10.1

= Q16 X64 X427 X75Q5.10 X101 = Q16 X6s Xs2 P27 X75Q5.10X10.1 = X13Q38 X527 X75Q5.10X10.1

= X13P3s X52Q27 X75Q5.10X10.1 = Q16X 64 P29 Xo7X75Q5.10X10.1 = Q16 X64X42Q27X75 P5.10X10.1

= Q16 X6 X52Q27 X 755,10 X101 = Q16X64Q19 X097 X75P5.10X10.1 = X13Q38 X52Q27 X75 P5.10X10.1
Q16X64X12Q27 X75Q5.10 X101 = Q16 X68 X52Q27 X75Q5.10X10.1 = Q16 X64Q19 X97X75Q5.10X710.1

= X13Q38X52Q27 X75@5.10X10.1

P16 X3 Xs9Xo7X75P5.10X10.1 = X13X34 X42 Por X75P510 X101 = X13 P38 X389 X097 X75 P5.10X10.1

= X13X34 P19 Xo7 X75P5 10 X101 = P16 X6aX12Po7Y7.10X10.1 = P16 Xes Xs227Y710 X101

= P16X64 P19 Xo7Y7.10X101 = P16 X64X42Y25 P5.10X10.1 = P16 X6s Xs2Y25P5.10X10.1 = X13 P38 Xs2 PorY7.10 X101
= Xi13P33 X52Y25 Ps10 X101

Prs X3 X9 Xo7 X75Q5.10 X101 = X13 X34 X2 P27 X75Q5.10 X101 = X13 P38 X9 Xo7 X75Q5.10X10.1

= X13X34 P19 Xo7 X75Q5.10X10.1 = Q16 X658 X59X97X75 510X 10.1 = X13X34 X42Q27X75P5.10X10.1

= X13Q38 X589 X097 X75P5.10X10.1 = X13X34Q49 X907 X 75 P5.10X 101 = P16X64X42Q27Y7.10X10.1

= P16X6sX52Q27Y7.10X10.1 = P16X64Qu9X07Y7.10X10.1 = P16 X64Xa2Y25Q5.10X10.1 = P16 Xes Xs2Y25Q5.10X10.1
= Q16X64 X2 P27Y7.10X10.1 = Q16 X638 Xs2P27Y7.10X10.1 = X13Q38 X520 P27Y7.10X10.1 = X13 P38 X52Q27Y7.10X10.1
= X13P3s X52Y250Q5.10X10.1 = Q16X64 P19 Xo7Y7.10 X101 = Q16X64X142Y25P5.10X10.1 = Q16 X658 Xs2Y25P5.10X10.1
= X13Q38X82Y25P5.10X10.1

Q16 X6 X59 X097 X75(5.10X10.1 = X13X34X02Q27 X75Q5.10X10.1 = X13Q38 X589 X097 X75Q5.10X10.1

= X13X31Q19 X097 X75Q5.10X10.1 = Q16 X64X42Q27Y7.10X 101 = Q16 X068 X52Q27Y7.10X10.1

= Q16X64Q49X97Y7.10X10.1 = Q16 X64X42Y25Q5.10X10.1 = Q16 X68 X52Y25Q5.10X10.1 = X13Q38 X82Q27Y7.10X10.1
= X13Q38X32Y250Q5.10X10.1

Prs Xe3 Xs9Xo7Y7.10X10.1 = X13 X34 X02Por Y710 X101 = X133 X589 X97Y7.10 X101 = X13 X34 Pag Xo7Y7.10X10.1
= X13X34X42Y25 P5.10X10.1

Q16X6s X59X07Y7.10X10.1 = X13X34 X42Q27Y7.10X10.1 = X13Q38 X589 X97Y7.10X10.1 = X13X34Q49X07Y7.10X10.1
= X13X34X42Y25Q5.10X 101

Table 54. The generators in terms of bifundamental chiral fields for Model 13 (Part 2).
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17 Model 14: P?_(dP;) [dP; bundle of P', (82)]

Model 14 corresponds to

the toric Calabi-Yau 4-fold P?_(dP3). The corresponding brane

brick model has the quiver in figure 36 and the J- and E-terms are

J FE
Als: Xs84QaoYorXo5X51 — XsoQorXr1 P16 Xes — X13Pss
Alg:  XsaPioYorXo5X51 — XsgoPor X7 X13Q38 — Q16X6s
Alg : X02Q27X71 — Yo2Q27Y75X51 P16 X69 — X14Pu9
Al Xoa Por X71 — Yoo PorYr5 X1 X14Q10 — Q16X69
Adg : Xe9Xog2 — XesXs2 Py7 X71Q16 — Q27X71 P16
A310: X10.6X68X54Qu9Y02 — X10.5X34Qua9 Xo2 Py7 X710 — X25P5.10
A3qo: X108Xs2 — X10.6X69Y02 Po7Y75Qs5.10 — Q27Y75Ps.10
A3 10 X10.6X6sXsaPioYo2 — X10.8Xs4PaoXoo X25Q5.10 — Q27X7.10 . (17-1)
Az Y75 X535 — X71X13 P3s X52Q27 — Q38 X352 27
Ao Y02 X25X51X13 — Xo92X25X53 P3g Xg4Quo — Q38 Xs4Pao
Al X711 X114 — X710X108X54 Py9X92Q27 — Q19Xo2 P27
Al X710X106X6sXsa — YosX51X14 PioY92Q27 — QaoYo2 Por
Abg: XesXs4QuoYo2X25 — XooYe2Q27Y7s Ps5.10X106 — X51P16
AZs . XosXsaPioYo2Xos — XeoYor PorYrs X51Q16 — @5.10X10.6
Asg : X82Q27Y75 — X84Q19X02X25 P510X108 — X53P38
As : Xsg2PorY75 — Xga P19 X92Xo5 X53Q38 — Q5.10X10.8

The brick matchings

are summarized in the P-matrix, which takes the form

P1 P2 P3 P4 P5 P6 P7|S1 S2 3 S4 S5 S6 57 Sg S9 S10 S11 S12 $13|01 02 03 04 05 0g 07 0g 09 010 011 012 013 014 015 016 017 O1s 019 O20 021 022 023 O24
P5(1000000/0000111000 0 1 0(1L1000°0 000111 11110001100
P7[1000000000000O0O0OO0O1 0O 000110000001 1 1 00O0O0O01O0T1 111
Pg|1 0000000000110000 00 10010110101 1001 1000012010
Py|1 000000 0OO0OO0OO0OOO0OO 10 O0OO010O0O0O00OOO0OO0OOOT11T 01 1 1 1 1 010 011
Pspll 0O0OO0OOO|ILOOOLIO1ILOOOOOOOOLI1IT100110 1 1110100101111
Q|01 000O0OO0OOO0OOO0OCIT1I1ITOOOTOT1OfZl1O0O0OCOO0OCIOOOT1T 111 1 1 10001100
Q7|01 0000O0O/0OOOCOOOOOT1 O OOOO110000O0O0O1 1 10O0O0OO0OO0OT1UO0T1T1T1:1
®Qwx|(01 0000OO0OB00O00O0O1I1000O0OOTO0OT1|0010110101 1001 100O0O0T1 2010
Q|01 000000O0O0OODOODOD0ODO0OCOT1T O0O0O0OLTOOODODOODOOO 1T 01 1 1 1 1 01 00 11
Q510{0 1 00000/2 000101000 00 0/{0011100110 1 1 1 1010010 1 1 11
X3|00000011/00000011000 1011010010100 1 1001 1 1000201
Xu|00OO0O100O0OO01001111000 1 120000011101 01 000O0O0O0O0O0T1T1O0O0

P - X»s|0001000O/0O1TOOODODOOT1 OO OOOOOOO1I1O00O0OOOOOUOOOOOTOTOOGO0OO0
Xs|000O0O0100/2OOCOCOOOOLIOOOOIOODILI1IT11011O0O0O0O0O0O0OO0ODO0ODO0OO0OT1UO0GO0TUO0OT171
Xs»3/0000010/200OOCOO0O1I1I1O0O0O1SO0O/0OO00O010000O1O0OO0OT1T10WO0T111 100 21 2
Xes|0OOOOO1/00000001200O0 010011110111 000O0O0O0O01O0T1 1111
Xe9|0O0O1000/0100000100 1 0100000001100 00O0OO0O0CO0OT1TO0T1TO0UO0T11
Xn1|0010010/10100000100 000000110001 0001 1 1 1 1 1 1 00 1 1
X710 001 000/(101010100000O00O00O10111000O010100O0O0O0O0O0°O0
Xgpl0OO1100/010100O00OD0OO0OO0ODT11TO0OGO0OI110O0ODO0O0OC1I1T1ITOOO0OOOOOOOUOTOTOO0OTO0OO0
X2 |0O1 O0OO0OO0O/0OLOOOOOOOO OO OfLOOOCOOOOOO 1 01 0O0OO0OO0OO0OT1UO0O0TO0OTUO0OTUO
Xe|0000101/00010000000 00111111111 1000O0O0O0D0O0O0O0C1IT1O00
X160 000100/0000010010 0 1011000110000 0001 010O0O0O0O0O0TO
X108/0000010/0000010110 01 1{0000010001 000010 1 1 01 1 1 11
Y5/001000100100000000 001100111001 0001 1 1 11010000
Y92 {0 000010/000100000O0O0O0O0OI0OOO0O00ODO0OO00OOT1O0OOOOCOOOOOT1I 1 00

(17.2)
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Figure 36. Quiver for Model 14.

The J- and E-term charges are given by
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and the D-term charges are given by
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Figure 37. Toric diagram for Model 14.

The Hilbert series of the mesonic moduli space of Model 14 takes the form

P(thym Yo1:YossYossYoyus M14)
1= YsYo, Y2, Yos 2, t1t5t5t6) (1 —YsYo, Y2, Yos Y2, t2t5t5t6)
1
1—Ys¥or Yoo 2, Y3, 113t atd) (1 = YsYo, Yoo U2, U, t3t3tald) (1 —Ysy2, Y3, Yos y2, L1 131217
1
1—ysy2, Y3, Yos Y2, b2t 3t307) (L= Ysy2 Yoo y3, yi 131382387) (1 —ysy2, Yoo Y3, vl 1315131 7)

1
: . (17.6)
1—ysyd vd,yd ya tH3t263) (1 —ysyd yd, vl va, t3t513L3)

gl(ti7y57yo17y025y03)y04;M14) - (

N

N

ol

where t; are the fugacities for the extremal brick matchings p;. ys counts the brick matching
product si ... s13 corresponding to the single internal point of the toric diagram of Model 14.
Additionally, y,, counts oj ... 06, Yo, cOUNts o7...0g, Yo, counts oqg . ..oz and y,, counts
091 ...024. The explicit numerator P(t;, Ys, Yo, s Yoy Yoss You; Mia) of the Hilbert series is
given in the appendix section A.14. We note that setting the fugacities y,, = 1,...,90, =1
does not change the overall characterization of the mesonic moduli space by the Hilbert series,
indicating that the extra GLSM fields, as expected, correspond to an over-parameterization
of the moduli space.

By setting ¢; = t for the fugacities of the extremal brick matchings, and all other
fugacities to 1, the unrefined Hilbert series takes the following form

(1-*)*
(L =)(1 —16)2(—1 4 13)2(1 — 10)2
— 383 4 6t — 4t + 115 — 4t + 20t% — 4¢° + 34410 — 6t 4 53¢12 — 14413
+ 73t — 2610 4+ 91416 — 3417 4 97418 — 341 4 91420 — 26¢%! 4 73122
— 147 4 53t — 6t + 3420 — 4427 + 20628 — 4% 4+ 11630 — 443! + 6¢32
— 333 4 331 — 135 439 (17.7)

gl(t? 1’ 17 171a 17M14) — X (]. —t —|—3t2

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.
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SU2)z | U(L)s, | U(L)p, | U(1) | fugacity
D1 +1 0 0 1 t1
D2 -1 0 0 T2 tQ
D3 0 +1 0 r3 i3
D4 0 —1 0 T4 ty
Ps 0 0 +1 Ts t5
P6 0 0 -1 Te6 tﬁ
Y %rd 0 0 0 rT t7

Table 55. Global symmetry charges on the extremal brick matchings p; of Model 14.

The global symmetry of Model 14 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 55. We can use the following fugacity

map,
tn tn ts
t=tr, x=—,b1=—, bp=—, 17.8
7 o T ey (17.8)
where t1ty = tgty = tstg = t%, in order to rewrite the Hilbert series for Model 14 in terms of
characters of irreducible representations of SU(2) x U(1) x U(1).

The character expansion of the Hilbert series of Model 14 takes the following form

g1t 2, b1, bos Mug) = 14 [1b7 %8 + (167203 + [2]b5 )% + [2]¢7 + ([2)b3 + [3]b7by )¢°
+ (316717 + ([21b7* + [3]6705)t"0 + ([2]by b5 + [3]b7 by *)t' + (12]b7 b5 + [3]b1°
+ [4]by)t" + ([3]by 205 + [4]by )t + ([3]b1 b3 + [4] + [5]b7by )™ + ([3]b;°
[4]65 + [5]b7b; *)t" + ([3]by b5 + [4]by *by ™ + [4]b3 + [5]b7 + [6]b1by *)t'C
([3]b7 %05 + [4]b7* + [5]b; 20y + [5]b705 + [6]b1b, 2)¢' + ([3]b1 °0S + [4]b; b3
51by %y + [5]b7b3 + [6]b7 + [6]b; °)t*® + ([4]b1*b5 + [5]b;  + [6]by*
6]b105)t" + ([4]1b1® + [4]b1 b3 + [5]b1 2b3 + [6]b > + [6]b1b5 + [7]bTb; )¢
(17.9)

[
[

n
+
n
+
L

where [m] = [m ]SU( 2),- The fugacities by and by count charges under the two U(1) factors
of the mesonic flavor symmetry.
The plethystic logarithm of the Hilbert series takes the form

PL{g1(t, %, b1, bo; Mua)] = [1]6, % + ([1]b7 %03 + [2]b5 *)t° + [2)¢7
+ ([2]b% 4 [3]b305 )8 + [3]b3t° + [3]b2b3t 10
— (by 103 + (167 %05 %) — (bt + 21]by % + [3]by )2 — (b3 % + 2[1]b; %03
2(2]b5 2 + [3]b7203 + [4]by '3 — (2 + [1]63b5* + [1]b7 b3 + 3[2] + [3]bTby*
+ 3[4])t1 — (b2 4 [1]202b5 2 + 3[2]b3 + 2[3]b3by 2 + 2[4]b3 + [5)b3b, 2)t?
— (b4 + 3[1]0% + [2]bTb;* + [2]b3 + 3[3]b? + [4]b4 + 2[5]p3)t'
— (biby? + 2[1]b2b3 + [2]b1b5 2 + 2[3]b3b3 + [4]b1by 2 4 [B)b202)ET 4+ ..., (17.10)

where [m] = [m]gy(2),. From the plethystic logarithm, we see that the mesonic moduli
space is a non-complete intersection.
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generator SU2)z | ULy, | U(L)g,
P1PiPsPe 501030303 0 —1 0
P2pipspe 501030303 -1 -1 0
Pipspaps 501020304 1 0 -1

P1DP2P3PaPE $01020304 0 0 -1
PaP3papg 501020304 -1 0 -1
P1PiP3pT $03030303 0 -1 1
P2pipspr 501030303 ~1 -1 1

Pipspapspepr $01030304 1 0 0
P1P2P3PaP5PePT SO105030] 0 0 0
PAP3PapPsPePT S0105030] -1 0 0
Pip3pEpr 03020304 2 1 -1

Pip2p3pepr 501020304 1 1 -1

PIP3P3PEpT 501020304 0 1 -1
PaP3pEpT 501020304 -1 1 -1

Pipspapip? s0i03030} 1 0 1

P1P2p3papip? s0t030304 0 0 1
P3p3papsp? s0103030] -1 0 1
PiP3pspep? $01030304 2 1 0
Pip2p3pspep? $0103050] 1 1 0
P1P3P3PsPepF SO7 050304 0 1 0

P3p3pspep? s0103030] —1 1 0
Pip3pip} soiodoio} 2 1 1

Pip2p3pip} s01030304 1 1 1

PLP3P3PED} s0103030] 0 1 1
Pap3pEp? soiodo3ol -1 1 1

Table 56. The generators and lattice of generators of the mesonic moduli space of Model 14 in
terms of brick matchings with the corresponding flavor charges.

By using the following fugacity map

(17.11)

where t1ty = t3ty = t5tg = t3, the mesonic flavor charges on the gauge invariant operators
become Z-valued. The generators in terms of brick matchings and their corresponding
rescaled mesonic flavor charges are summarized in table 56. The generator lattice as shown
in table 56 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram
of Model 14 shown in figure 37. For completeness, table 57 and table 58 show the generators
of Model 14 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator

PorX710X108Xs2 = Xo5 X53 P38 Xs2 = Xos Ps10 X108 Xs2 = P16X69Y02 Xo5 X51 = Par X7.10X10.6-X69 Y92

= X14P19Y92 X025 X51 = Xo5P5.10X10.6X69 Y02

Q27X7.10X108Xs2 = X5 X53Q38 X2 = X250Q5.10X10.8 X582 = Q16X 69 Y02 X25 X51 = Q27 X7.10X10.6 X069 Y02

= X14Qua9Y02 X25 X51 = X25Q5.10X10.6 X69 Yo2

P16 X69Yoa Por X71 = X14Pa9Y92 Por X71 = Par X7.10X10.8 X84 PagYo2 = Xo5 X53 P33 X54P19Yo2

= Xo5P5.10X10.8 X84 P19 Y02

P16 X69Y02Q27 X71 = Q16X69Yo2 Poar X71 = X14Qu9Y02 Por X71 = X14P19Y02Q07 X71

= P21 X7.10X10.8X84Q19Y02 = Xo5 X53 P33 X54Qu9Y02 = Q27X7.10X10.8 X84 P19Y92 = X5 X53Q38 X54Pag Yoo

= Xo95Q5.10X10.8 X84 P19Yo2 = Xo5P5.10X10.8X584Q49Y02

Q16X69Y02Q27 X711 = X14Qu9Y920Q27X71 = Q27X7.10X10.8 X540Q19Y02 = X25 X53Q35 X54Q19Y02

= X250Q5.10X10.8X81Q19Y92

Pr6Xe3 X2 X05X51 = P16 X69 X092 X025 X51 = PorX7.10X10.6 X068 Xs2 = Por X710X10.6X69 X092 = X13 P38 X2 X05X51
= X14 P19 X92 X5 X51 = Xo25P5.10X10.6 X68 Xs2 = Xo255.10X10.6 X69X02

Q16X68 X52X25 X51 = Q16 X069 X092 X25 X51 = Q27 X7.10X10.6 X68 Xs2 = Q27 X710X10.6 X69 X092 = X13Q35 X52X25 X551
= X14Qa9 X092 X25X51 = X25Q510X10.6 X68 X2 = X25Q5.10X10.6 X69 X092

P16 X6s X34 PagYo2 Xo5X51 = Par X7.10X10.6 X6 X34 PaoYo2 = X13 P38 Xga Pyo Y02 X5 X51

= Xo5P5.10X10.6 X6s X84 PagYo2 = P16 Xes Xsa P27 X71 = PreXe9Xo2Por X71 = X13P3s Xs2 Por X1

= PorY75X53 P38 Xs2 = X1 PigXoa Por X71 = PorY75P510X10.8Xs2 = Pr6X69Yo2P27Y75 X51

= X14PyoYo2 PorY75 X51 = Par X710 X108 X84 P19 X92 = ParY75 P5.10X10.6 X69 Y02 = Xa5X53 P38 Xga P19 Xo2

= Xo25P5.10X10.8 X84 P19 Xo2

P16 X658 X54Qu9Y92 X025 X51 = Par X7.10X10.6 X638 X84Qa0 Yoz = X13 P38 X54Q9Y02 X5 X51

= Q16X68 X84 P29 Y2 X5 X51 = Qa7 X7.10X10.6 X68 X84 P19Yo2 = X13Q38 X534 P1oYo2 X25 X51

= X25Q5.10X10.6X68 Xs4Pa9 Y02 = Xo5P5.10X10.6 X638 X84Qa9Y02 = P16 Xes Xs2Q27X71 = P16X69X92Q27X71

= Q6 Xes Xs2Por X711 = Q16 X69X02 P27 X71 = X13Q38 X2 P2r X1 = PorY75 X53Q38 Xs2 = X14Qa9 X2 Por X711
= PorY75Q510 X108 X582 = X13 P33 Xs2Qo7 X71 = QorY75 X53 P3s X2 = X14 P19 X92Q27 X711 = QarY75P5.10X10.8 Xs2
= P16X69Y92Q27Y75X51 = Q16 X69Y92 P27 Y75 X51 = X14Qu9Y02 Par Y75 X51 = Par X7.10X10.8 X84Q49 X 02

= ParY75Q5.10X10.6X69Yo2 = Xo5X53 P3s X84Qu9 X0z = X14P19Y02Qa7Y75 X51 = Q27 X7.10X10.8 X84 Pag Xo2

= Xo5X53Q38 X34 P19 Xz = Xo5Q5.10X10.8 X84 P19 X902 = Qa7Y75P5.10X10.6X69Y92 = X25P5.10X10.8X34Q19 X 92
Q16X 68 X840Q49Y02 X25 X51 = Q27X7.10X10.6 X68 X34 Qa9 Y02 = X13Q38 X54Q19Y02 X 25 X51

= X250Q5.10X10.6 X658 X84Q19Y02 = Q16 X658 X32Q27X71 = Q16X 69 X02Q27X71 = X13Q38 X82Q27 X711

= Q27Y75 X53Q38 Xs2 = X14Q19X02Q27 X71 = Q27Y750Q5.10X10.8 X582 = Q16 X069 Y02Q27Y75 X351

= X14Q19Y02Q27Y75 X51 = Q27 X7.10X10.8 X84Qu9 X092 = Q27Y75Q5.10X10.6 X690 Y02 = X25 X530 38 X549 X902

= X25Q5.10X10.8X84Q19 X092

Table 57. The generators in terms of bifundamental chiral fields for Model 14 (Part 1).
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generator

P16 Xes Xs54Pa9Yo2 Por X71 = X13 P38 Xga Pag Yoo Por X711 = PorY75X53 P38 X34 PagYo2

= PyrY75P5.10X10.8 X34 P19 Yo2

P16 X68 X54Q19Y02 Par X71 = P16 Xoes Xsa PaoYo2Q27 X71 = X13 P38 X54Q9Y02 Por X71

= PorY75 X553 P38 X54Qa0 Y02 = Q16 X68 X5aPagYo2 Por X71 = X13Q38 XgaPag Yoo Por X71

= PyrY75 X53Q38 X84 P1gYo2 = ParY75Q5.10X10.8 Xs4Pao Yoo = PorY75P5.10 X108 X84Q19Y02

= Xi13P38 X84 P19Y92Q27 X71 = Qa7Y75 X53 P38 X4 PagYo2 = Q27Y75P5.10X10.8 X34 Pao Yoo

P X63 X84Q19Y02Q27 X71 = Q16 X638 X84Qu9 Y02 Por X71 = X13Q38 X84Qu0 Y02 Por X71

= PyrY75 X53Q38 X84Qu0Y02 = PorYr5Q5.10 X108 X84Q19Y92 = X13 P38 X54Q19Y02Q27 X711

= Q27Y75 X53 P33 X84Q19 Y02 = Q16 X658 X84 P29Y02Q27X71 = X13Q38 X34 P19Y92Q27 X 71

= Q27Y75 X53Q38 X84 P19Y92 = Q27Y75Q5.10 X108 X84 P19 Yo2 = Q27Y75P5 10X 10.8 X84Q19 Y02

Q16X6s X81Q19Y02Q27X71 = X13Q38 X84Qu9Y02Q27X71 = Q2775 X53Q35 X84Qu9Y02

= QarY75Q5.10X10.8X84Q9 Y02

P16 Xes Xs4P19 X092 Xo5X51 = Par X7.10X10.6 X6 X34 Pag Xoz = X13 P38 X534 Pag X92 X25 X51

= Xo5P5.10X10.6X68 X84 P19 Xo2 = P16 X6 Xs227Y75X51 = P16 X69Xo2Por Y75 X51 = X13P38 Xso Par Y75 X51
= X14Pa9 Xoo PorY75X51 = PorY75P510X10.6 X68 Xs2 = PorY75P5.10X10.6 X69 X 02

Pro X3 X84Qa9 X 92 X5 X51 = Par X7.10X10.6 X68 X84Qa9 X92 = X13 P38 X54Q19 X 92 Xo5X51

= Q16 X68 X84 P19 X02X25 X51 = Q27 X7.10X10.6 X638 X84 Pao Xo2 = X13Q38 X514 Pao X2 X25 X51

= X250Q5.10X10.6 X6s X84 P9 Xo2 = X5 P5.10X10.6 X658 X84Q149 X092 = P16 X683 X52Q27Y75X51

= P16X69X02Q27Y75 X51 = Q16 X638 Xs2 P21 Y75 X51 = Q16 X609 X027 Y75X51 = X13Q38 X52 Por Y75 X51
= X14Q19X02 Par Y75 X51 = ParY75Q5.10X10.6 X6s Xs2 = PorY75Q5.10X10.6 X690 Xo02 = X13P3s X52Q27Y75 X51
= X14P19 X02Q27Y75X51 = Q27Y75 P5.10X10.6 X68 X832 = Q27Y75 P5.10X10.6 X69 X02

Q16X68 X81Q19 X2 X25 X51 = Q27 X7.10X10.6 X68 X34Q19 X092 = X13Q38 X84Q19 X92 X5 X51

= X25Q5.10X10.6 X6s X84Q19 X0z = Q16 X6 X32Q27Y75 X51 = Q16 X690 X02Q27Y75 X51 = X13Q38 X82Q27Y75 X51

= X14Q19X92Q27Y75 X51 = Qa7Y75Q5.10X10.6 X6 Xs2 = Q27Y75Q5.10X10.6 X69 X092

P16 X6 Xs4P19Yo2 Por Y75 X51 = X13P3s X4 P19 Yoo Par Y75 X51 = ParY75P5.10X10.6 X68 X84 P19 Y92

= P16 X6s X84 Pag Xoa Por X71 = X13 P38 X84 Pug X2 Por X71 = Por Y75 X53 P3g Xs4 P19 Xo2

= PorY75P510X10.8 X84 P19 Xg2

P X3 X84Qa9Y02 PorY75 X51 = P Xes XsaP19Yo2Q27Y75 X51 = X13P3s X834Qa9 Y02 Por Y75 X51

= Q16 X6 X84 P19 Yoo Por Y75 X51 = X13Q38 Xs4Pao Yoo Par Y75 X51 = ParY75Q5.10X10.6 X6 X34 Pao Yoo

= ParY75P510X10.6 X68 X84Q19 Y02 = X13 P38 X84 P1gY02Q27Y75 X51 = Q27Y75P5.10X10.6 X638 X84 P19 Y02
= P16 X6s X81Qa9 Xoa Par X71 = P16 Xes Xsa P19 X92Q27X71 = X13 P38 X84Qu9 Xoa Por X71

= PyrY75 X53 P38 X84Qa9 Xo2 = Q16 X6s Xsa P19 Xoa Por X71 = X13Q38 X84 Pag Xoa Por X71

= PorY75 X53Q38 X84 Pag Xo2 = PorY75Q5.10X10.8 X84 Pao Xo2 = PorY75P5.10X10.8 X84Qa9 X 02

= X13P33 X84 P19 X02Q27 X71 = Q2775 X53 P33 X84 P19 Xo2 = Q27Y75P5.10X10.8 X84 P19 Xo2

ProXes Xs4Q19Y02Q27Y75 X51 = Q16X 68 Xs540Q19Y02 PorY75 X51 = X13Q38 X84 Qu0Y02 Por Y75 X51

= PyrY75Q5.10X10.6 X638 X84Qa9Yo2 = X13 P38 X54Q49Y02Q27Y75X51 = Q16 X638 Xs54PaoYo2Q27Y75 X51

= X13Q38 X84 P19Y92Q27Y75 X51 = Q27Y75Q5.10 X10.6 X638 X84 Pao Yoo = QarY75P5.10X10.6 X68 X84Q19 Y92
= P16X6sX84Q19X02Q27X71 = Q16 X638 X54Q19 X092 P27 X71 = X13Q38 X84Q19 X902 Po7 X71

= PorY75X53Q38 X84Qu9 X2 = ParY75Q05.10X10.8 X84Qu9 Xo2 = X13 P38 X34Qu9 X02Q27 X71

= Q27Y75 X53 P33 X81Qu9 X0z = Q16 X68 X84 P19 X02Qo7 X71 = X13Q38 X84 P19 X02Q27 X71

= Qa7rY75 X53Q38 X34 P1o X2 = Qa7Y75Q5.10X10.8 X34 P19 Xo2 = Qa7Y75P5 10X 10.8 X84Q19 X2

Q16 X6s X81Qu9Y02Q27Y75 X51 = X13Q38 X84Qu9Y02Q27Y75 X51 = Q27Y75Q5.10 X 10.6 X638 X84Q19 Y02

= Q16X68 X84Q19X02Q27X71 = X13Q38 X84Qu9 X02Q27 X71 = Q27Y75 X53Q38 X54Q19 X92

= Qa7Y75Q5.10X10.8X84Q19 X02

P16 X68 X4 P19 Xoa Por Y75 X51 = X13P38 X84 P1g X2 PorY75X51 = PorY75P5.10X10.6 X68 X84 P19 Xo2

Pro X3 Xs4Qa9 X 92 Pa7Y75X51 = P16 Xes Xsa P19 X02Qa7Y75 X51 = X13 P38 X84Qa9 X2 P27 Y75 X51

= Q16X68Xs4 P19 X02 Por Y75 X51 = X13Q38 X84 Pag Xo2 ParY75X51 = PorY75Q5.10X10.6 X68 X84 P19 Xo2
= PyY75P5.10X10.6 X68 X84Q19X02 = X13 P38 X34 P19 X02Qa7Y75 X51 = Qa7Y75 P5.10 X10.6 X68 X84 Pao Xo2
Pro X3 Xs4Qa9X92Q27Y75 X51 = Q16 X658 X84Qu9 X02 Por Y75 X51 = X13Q38 X84Qa9 X02 Po7 Y75 X51

= PorY75Q5.10X10.6 X6s X84Qa9 Xo2 = X13 P38 X84Qa9 X02Q27Y75 X51 = Q16 X68 X84 P19 X92Q27Y75 X51
= X13Q38 X84 P19 X92Q27Y75 X51 = Q27Y75Q5.10 X 10.6 X68 X84 Pao Xo2 = Q27Y75P5.10X10.6 X68 X84Q19 X 02
Q16X6s X81Q19 X02Q27Y75 X51 = X13Q38 X84Q19 X02Q27Y75 X51 = Q27Y75Q5.10X10.6 X658 X34Q19 X02

-1

Table 58. The generators in terms of bifundamental chiral fields for Model 14 (Part 2).
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18 Model 15: P?_(dP;) [dP; bundle of P', (83)]

Model 15 corresponds to the toric Calabi-Yau 4-fold P_?;_(dPg). The corresponding brane
brick model has the quiver in figure 38 and the J- and E-terms are

J E

Alg : XgaYi2Xo5 X51 — Xg2Xo1 P16 X63Q38 — Q16X63F 38

At : Xo2X21 — YorYr5X51 P16 X64Q40 — Q16X64P1o

Ads : X64Qa9Xo02 — X63Q38Xs2 Py7X76 — X21Pis

A : X64P1oXo2 — X63P38 X352 X21Q16 — Q27X76
Aio:  X10.6X63Q38XsaVar — X10.8X54Qua9Xo2 Por X710 — Xa25P5.10
Adq1o: X108Xs2 — X10.6X64Ya2 Po7Y75Q5.10 — Q27Y75P5.10
AS10:  Xi0.6Xe3PssXsaVaz — Xi0.8Xs4PioXoo Xo5Qs5.10 — Q27 X710

Az Y75 X535 — X76Xe3 P33 Xg2Q27 — Q3sXs2Por . (18.1)

Asg : Yo7 X7.10X10.6X63 — Xo2X25X53 P3g Xg4Qao — Q38XgaPao

Aly X76X64a — X7.10X10.8Xs4 P19 X92Q27 — Qa9 Xo02P27

AZ7: X7.10X10.6X63Q38 X84 — Y75Q5.10X10.6 X4 PyoYo7r — Yaor Por

AS7: X710X10.6X63PssXsa — Y5 X51Pi6Xoa Yi2Qo7 — QaoYor

Asg X63Q38X84Y12Xo5 — X64Ya2Q27Y75 Ps10X106 — X51P16

A : Xo3 P38 XsaYa2 Xo5 — XeaPaoYo7Y75 X51Q16 — Q5.10X10.6

Alg X82Q27Y75 — X84Qu9X02X25 P510X108 — X53Ps38

A : XgoPorY7s — XsaPigXo2Xo5 X53Q38 — Q5.10X10.8

Using the forward algorithm, we are able to obtain the brick matchings for Model 15.
The brick matchings are summarized in the P-matrix, which takes the form

P1 P2 P3 P4 P5 Pe P7|S1 S2 83 84 S5 S S7 S8 S9 S10 S11|01 02 03 04 05 O 07 08 Og 010 011 012 013 014 015 016 017 018 019 020 021 022 023 024 025 026 027 028 029
Pg|l 0OOOOOO/L1TO0OO0ODOO0OO0OO Oj21111100000O0O0O0OO0OT1TT110O01O0O0O0OO0T1 2200
P71 00OO0O0OO0OO0OOO10O0O0OO0OOOOTO00O00O111111110®O0O0OT110101100011111
Pig |1 0O0OO0OO0OOOOOOLIOOOOOO O|OL11O0O0OO0O0OO0OT1 1T 1 1 0O0O0OO0OO0OT1TO0OUO0OT1IT1TO0T1O0O0T1O0
Py|l 0O0OO0OO0OOOOOODOL1IOOOOOCOOOOO1I01101O0O0OO0OO0ODLI1IO0OO0OT1O0O0OSO0OLCTI1IOT1T1T1TOV0OT1:1
Psplt 00O0OO0OOCOILOOOO1ILOOOOO|0O1LO11T1101111010O0O0OO0ODT11T1O0O0O0O0T1T1TU0O]1
Qel01 0000O0O/2100O00O0O00O0OCO0OCO0ODTO0O(ZT1T1111000O0O0O0OCO0OO0OCT1TT1T 1T 0O0T1TO0O0O0O0OT1 2200
Q7|01 00000O[0OO1TODOOCODOOOOOOO1111111100O0OT11010110O0O0T1 1111
Q|01 00000/0OOOC1TOODODOOOCO|OL11O0O0OO0O0OO0OT1 1T 1T 1 00O0OO0OO0ODT1TO0OUO0OT1T1O0T1O0O0T10
Qpw|01 0000O0O[0OOCODLOODOOOODOOOO1IO0O1101 O0O0O0OO0OT11O0O0O0O1O0OO0OO0OT1O0OT1TT1T1TU0T11

Q5100 1 00000O/2OOCOO1I00O0O0OO0O(O1TO1111011 1 101 00O0O0OT1T1100O0O0T1T1°O0°1
X»y|/0001100/0010011100O0OG0000O0O0OD0O11T11 11 100©O0O01O06121111H00 2 2
X»/0000010/00O01T0O00O00100O0O0CKO0O00O0OO0OOO0O1IO0OO0OTO0OOOOT1I 1 1T 100O0O0O0O0T1O0O0T1O0

P - Xs50/001 000000000101 00O0O(0O00O0O0OOO0O1TO0O1 1 1 1110001 1010O0O0O0O0O0T1 2

Xs3/0001 0002100010110 O0O|/0O0ODO111010O0O0O0OO0OCT1TO0UO0OO0OO0OO0OI1T1TO0UO0T1O0T1 101
X630 0OOO0OO0OO0O100000O00OO0OO0OCTO O|OOODO111110O0O0OO0OT1ITO0UO0OO0ODO0OO0OUO0ODO0ODO0OTO0OT1IO0TO0TUO0OUO0O0
Xt |0OOOOO1O0O/OOO100O0O0OO0OL 1 O|OOODOODOODOOOOOOT1TO0OUOOOT1O0OO0OO0OUOUOTOOUOUO0OO0
Xs/0001100f11000OC11100O0|L11000O00ODO0O00OO0OO0OT1TT1O0O0O0O0OT1TO0OO0OT1T1T1T1T1T1T1T1T1:1

X710/0 000010/ 0O0O00OO1100O0O0C0O1O0ODOODO0OOOTOOT1010O0O1O0T1TTUO0OUO0OO0O0O0OUO0OTOTO0OTGO0OTUO
Xg|00O1 0010/0OO00O1TO0O0OO0OO0OT1T 1{2 0000000000001 1111 100WO0O0O0O0O0T1T1TOQ0°1
X4 00001 00/0OOODOOOO0OO0O1 0O[20O0O0OD0OD0ODO0ODO0ODO0ODO0OTO0OOOOOOOOOTT1TO0O0O0O0T1T 1 01
X001 OOO1L|0OOO0ODOOCOOOO 1211101001011 11011010001 O0UO0O0T1TTO0O0

Xi06/0 01 0000/0O1T0OOO0ODCO1T0O0O0O(2O010OOO0OO0OO0OO0ODOOT11TO0O1 11 100O0OO0OO0O0O0OT1T1T1T11

X0 0O1T 000/0O1T0O1OO0ODO1T10 O0O[0ODO1TOOODODODODODOOT1TOO0OO0OOODOOOT11I1 110010
Y2|0001000/000010000O0C1{00000000O0OCO0 0 0 0 o0 0O0O0OOOT11 100000
Y75 |0 0010100000 000 Of1 11 10001 1 00O0O1O0OO0OO0O0O0ODI1T1TT1T1TO0TO0T1TF0
Yoy /OO O 1 00O0/0OO010000O0OO0O0C 100010100101 0O0O0OO0OT1O0O0OO0T11O01T00O0T1TTO0TO0

(18.2)
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Figure 38. Quiver for Model 15.

The J- and E-term charges are given by
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and the D-term charges are given by

(1J8.4)
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is given by

The toric diagram of Model 15

|

(18.5)
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ith brick matching labels.

where figure 39 shows the toric diagram w
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SU(2)z U(l)ln U(l)bz U(l) fugacity
D1 +1 0 0 1 t1
D2 -1 0 0 T2 tQ
P3 0 +1 0 T3 t3
D4 0 —1 0 T4 ty
Ps 0 0 +1 s t5
P6 0 0 -1 Te6 tﬁ
Y %rd 0 0 0 rT t7

Table 59. Global symmetry charges on the extremal brick matchings p; of Model 15.

The Hilbert series of the mesonic moduli space of Model 15 is given by

P(tza YssYo1rYos s y037y04;M15)
(1= YsYo, Yo, U2, Y2, L1t 3t 56 )

gl(tiyy57y017y02>yo3ﬂy04;M15> =

1
X
(1=Ys¥or Yoo Y2, Y2, t2t3t5t6) (L= Yslo, Y2, Yos Y2, t1t3tatd) (L= Ysyo, U2, Yos Y2, ot 3tatd)
1
X
(1= Ysy2, Yos y3,y3, 133 27) (1 —ysy2, Yoo yS, v, 13032 7) (1 — ysy2, y3, Yo, y3 131313 17)
1
X )
(1= ysy2, Y3, Yo, y3, 131337 (1 —ysyld v, yd, vl t13t243) (1 —ysyd v, y3, yB tat3t2td)

(18.6)

where t; are the fugacities for the extremal brick matchings p;. Additionally, ys counts
81...813, Yo, COUNLS 01 ...013, Yo, COUNLS 014 ...019, Yos COUNLS 09 ...024 and y,, counts
095 ... 029. The explicit numerator P(t;, Ys, Yo, s Yoy Yoss You; Mis) of the Hilbert series is
given in the appendix section A.15. We note that setting the fugacities y,, = 1,...,90, =1
does not change the overall characterization of the mesonic moduli space by the Hilbert series,
indicating that the extra GLSM fields, as expected, correspond to an over-parameterization
of the moduli space.

By setting ¢; = t for the fugacities of the extremal brick matchings, and all other
fugacities to 1, the unrefined Hilbert series takes the following form

1-t)1—t3)(1 -t

(1= P —2(1— 1)
+ 615 + 8t + 177 + 2015 + 38¢7 4 4810 4 70t 4 76¢'2 4 105¢13 + 99¢1
+124¢° 4+ 116'0 + 133¢17 + 118¢"% + 141" + 118420 + 133¢>" + 116¢>
+ 124t + 99t + 1052 + 76120 + 7027 + 482 + 382 + 20°0 + 174!

+ 8152 4 63 4 43 4 343 4 2430 4 3T 4 438 (18.7)

gl(t7 17 17 17 17 17 M15) =

5 X (L4t + 267+ 37 + 4t

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.
The global symmetry of Model 15 and the charges on the extremal brick matchings
under the global symmetry are summarized in table 59. We can use the following fugacity

map,
¢ ¢ ¢
t=tr, 2= L, b=, by=—,
t7

— 18.
L= (18.8)

- 112 —



P2

P3

Pe P1

P4

Figure 39. Toric diagram for Model 15.

where t1ty = tgty = tstg = t%, in order to rewrite the Hilbert series for Model 15 in terms of
characters of irreducible representations of SU(2) x U(1) x U(1).
The highest weight form of the Hilbert series of Model 15 is
1
(1= by %) (1 — paby *5) (1 — p2b3b5 *t7) (1 — by *b317)

hi(t, g, b1, bo; Mis) =
1
x 1272411
(1 — p2bybyt't)
+ %), (18.9)

where p™ ~ [m]SU(Q)I. Here in highest weight form, the fugacity p counts the highest weight
of irreducible representations of SU(2),. The fugacities b; and ba count charges under the
two U(1) factors of the mesonic flavor symmetry.

The plethystic logarithm of the Hilbert series takes the form

PL[g1(t, z, b1, ba; Mas)] = ([1]b5° + [1]b ) + ([2]b205% + [2] + [2]b7 05)¢7
+b_2b_2t10 4 ]b2b2t11 ([3]b5 2 4 [1]b305 % + [3]b72 + 2[1]by
+2[1]by % + [1]by “63)¢"2 — ([4]b3by * + 3[4] + 2[2]biby > + biby ! + [4]b; b3
+3[2 ]+be2 + 2[2]b7 263 + 2 4 b7 203 + by vd)t — (2[5]b7 + [3]b1by 2

+2[5]63 + 3[3]07 + [1]b1by * + 3[3]63 + 2[1]bF + [3]b1 b5 + 2[1]63
+ [ %030 4. (18.10)
where [m] = [m]sy(2),. From the plethystic logarithm, we see that the mesonic moduli

space is a non-complete intersection.
By using the following fugacity map

- 2~ oty ~  tot
f=ty, =1, b= 50, by= =", (18.11)
153 7} 73
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generator SU2)z | U(1)y, | U(1)y,
P1PiP5P6 501020303 0 —1 0
P2piPsP6 501020303 -1 -1 0
P1P3PaPs $01030303 0 0 —1
p2p3p4pé 801030302 —1 0 —1
PiPapEpT 50702030} 1 -1 1

P1P2PAPEPT 50702030 0 —1 1
PAPAPEPT $0702030} -1 -1 1
Pipspapspepr $0105050] 1 0 0
P1P2P3PaPsP6PT 01050304 0 0 0
PAP3PapsPepT $01030304 -1 0 0
PiP3papT S0705030}% 1 1 -1
P1p2p3pepT 50105030 0 1 -1
PAP3PapT S0305030} -1 1 -1
Pipspap3p; sofoso3o] 2 0 1
Pip2pspapspy 507030304 1 0 1
P1P3pspapips s07030304 0 0 1
P3pspapspy 507030304 -1 0 1
Pip3pspep sotos0304 2 1 0
PiP2p3pspepy $0705030] 1 1 0
P1P3P3Pspeps $07050304 0 1 0
P3P3Pspep; s0}050304 -1 1 0
Pip3p3p} soio3o30] 3 1 1
PipapipEp? 501050304 2 1 1
PipaP3PEPT soio3030] 1 1 1
PLP3P3PEPT 501050304 0 1 1
P3p3p3p} soio3030] -1 1 1

Table 60. The generators and lattice of generators of the mesonic moduli space of Model 15 in
terms of brick matchings with the corresponding flavor charges.

where t1ty = t3ty = t5tg = t2, the mesonic flavor charges on the gauge invariant operators
become Z-valued. The generators in terms of brick matchings and their corresponding
rescaled mesonic flavor charges are summarized in table 60. The generator lattice as shown
in table 60 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram
of Model 15 shown in figure 39. For completeness, table 61 and table 62 show the generators
of Model 15 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator

Pi6X64Yao Xo1 = Por X76X64Ya2 = PagYor X76 X64 = PorX7.10X10.8X84Ya2 = Xo5X53 P33 Xs4Vs2

= PugYy7X710X10.8 X84 = Xo5P5.10X10.8X84Y12

Q16X64Y12X21 = Q27 X76X64Y12 = QuoYor X76X64 = Q27 X7.10X10.8X84Ya2 = X5 X53Q35 X54Ya2

= QuoYo7X7.10X108 X814 = X25Q5.10X10.8X84Ya2

Por X710X108Xs2 = Xo5 X53 P38 Xso = Xo5P5.10X10.8Xs2 = P16X6aYa2 X5 X51 = Par X7.10X10.6X64Y12
= Pu9Y97X710X10.6X64 = Xo5P5.10X10.6X64Y12

Q27 X7.10X10.8X82 = Xo5X53Q38 Xs2 = X250Q5.10X10.8X82 = Q16X64Ya2 X25X51 = Q27 X7.10X10.6X64Ya2
= Qu9Y97X7.10X10.6X64 = X25@5.10X10.6 X64Y12

Pr6 X3 P3s Xs3aYao Xo1 = PorYr5 X3 Pss XsaYao = Por X7 X3 P33 XsaYaa = PorY75P510 X108 Xs4Ya2

= P33 X5aPu9Yo7Y75X53 = P3s X34 PaoYor X76 X63 = Pa9Yo7Y75P5.10X10.8 X84

P16 X63Q38 Xs4Y12X01 = PorY75 X53Q38 Xs4Yao = Par X76X63Q38 Xs4Ya2 = PorY75Q5.10X10.8 Xs4Y12

= Q16X63 P38 X54Y12 X1 = Q27Y75X53 P3s X5aYao = Qa7 X76 X3 P3s XsaYao = P3s X54Qu9Yo7Y75 X53

= P33 X34QuaoYo7 X76 X3 = Q38 X84 Pa9YorY75X53 = Q38 X4 Py9Yor X76 X63 = PagYorY75Q5.10X10.8 X34

= Q27Y75P5.10X10.8 X84Y12 = QuoYo7Y75P5 10X 10.8 Xs4

Q16X63Q38X84Y12 X1 = Q2rYr5 X53Q38 X84 Ya2 = Q27 X76 X63Q38 Xs54Ya2 = Q27Y750Q5.10X10.8X84Ya2

= Q38 X84Q19Y97Y75 X53 = Q35 X54Q19Yo7 X76 X3 = Qu9YorY75@5.10X10.8 X584

Pr6 X3 P33 X34 Va2 Xo5X51 = ParX7.10X10.6 X63 P38 X34 Ya2 = P3g X4 PygYo7 X7.10X10.6 X63

= X25P5.10X10.6 X63 P38 X34 Ya2 = P16 X63 P33 Xs2 X1 = Pr6X6aPag Xoa Xo1 = PorY75 X553 P33 X2

= PrrX76 X633 X2 = ParXr6X6aPagXoz = PorY75P5 10 X108 Xs2 = Pi6X64Ya2 Por Y75 X51

= P16 X64P19Yo7Y75X51 = P21 X7.10X10.8 X84 P9 X92 = PorY75P5.10X10.6 X64Ya2 = Xo5X53 P38 X34 Pio Xo2
= Xo5P5.10X10.8 X84 Pa9 X2 = PigYorY75P5 10X10.6 X64

P16 X63Q38 X84 Y22 X25X51 = Par X7.10X10.6 X63Q38 X54Y12 = Q16 X063 P38 X54Y12 X5 X51

= Q27 X7.10X10.6 X63 P33 X342 = P3s X54Qua9Yo7X7.10X10.6X63 = X25Q5.10X10.6 X63 P38 X34 Va2

= Q38 X84 P19Yo7 X7.10X10.6X63 = Xo25P5.10X10.6 X63Q38 X54Ya2 = P16 X63Q38 X52 X021

= P16X64Qa9 X02Xo1 = ParY75 X53Q38 Xs2 = Par X76 X63Q35 Xs2 = PorX76 X64Q19 X092

= PorY75Q5.10X10.8Xs2 = Q16 X063 P33 Xs2X21 = Q27Y75 X53 P3s X2 = Qa7 X76 X3 P33 Xs2

= Q16 X64Pa9 X02X21 = Q27 X76 X64 P19 Xo2 = Q27Y75P5.10X10.8 X382 = Pr6X64Ya2Q27Y75 X51

= P16X64Q19Yo7Y75X51 = Q16 X64Ya2PorY75X51 = PorX7.10X10.8 X84Q19 X902 = ParY75Q5.10X10.6 X64Ya2
= Xo5 X53 P38 X54Q19 X092 = Q16 X64P19YorY75X51 = Qo7 X7.10X10.8 X84 Pag Xo2 = Xo5 X530 38 X34 P19 Xo2
= Xo95Q5.10X10.8 X84 P19 X92 = PaoYo7Y75Q5.10X10.6X64 = Q27Y75P5.10X10.6 X64Ya2 = Xo5P5.10X10.8 X84Q49 X 92
= QuoYo7Y75P5.10X10.6 Xe64

Q16X63Q38X84Y12 X5 X51 = Q27X7.10X10.6 X63Q38 Xs4Y12 = Q38 X84Q19Y97X7.10X10.6 X63

= X250Q5.10X10.6X63Q38 X84Ya2 = Q16 X63Q38 Xs2X21 = Q16 X64Qu9X02 X021 = Q27Y75 X53Q38 X2

= Q21 X76X63Q38 Xs2 = Q21 X76X64Qu9X02 = Q27Y75Q5.10X10.8 X582 = Q16X64Ya2Q27Y75 X51

= Q16X64Qu9Yo7Y75X51 = Q27 X7.10X10.8 X84Qu9 X092 = Q27Y75Q5.10X10.6 X64Ya2 = X25 X530Q35 X54(Q19 X92
= X250Q5.10X10.8X84Q19X02 = Qu9Yo7Y75Q5.10X10.6 X64

P16 X3 P3s X2 X25 X51 = P16 X6aP1gXo2 X5 X51 = P27 X7.10X10.6X63 P38 Xs2 = P27 X7.10X10.6X64 P19 Xo2
= Xo5P5.10X10.6 X063 P33 Xs2 = Xo5P5.10X10.6X64 P19 Xo2

P16 X63Q38 X2 X25X51 = P16X64Qu9X02X25X51 = PorX7.10X10.6X63Q38 X82 = P27 X7.10X10.6 X64Q19 X92
= Q16X63 P33 Xs2X25X51 = Q27 X7.10X10.6 X063 P38 Xs52 = X25Q5.10X10.6 X63 P38 Xs2 = Q16X64 P19 X 92 X025 X51
= Q27X7.10X10.6X64 P19 X92 = X25Q5.10X10.6 X64 P29 Xo2 = X25P5.10X10.6X63Q38 X2 = Xo5P5.10X10.6 X64Q19 X 92
Q16X63Q38 X582 X25X51 = Q16X64Q19X02X25X51 = Q27X7.10X10.6 X63Q38Xs52 = Q27X7.10X10.6 X64Q19 X092
= X250Q5.10X10.6X63@38 X582 = X2505.10X10.6 X64Q19 X 02

P16 X3 P33 X34 P1g X2 Xo1 = PorY75 X53 P33 Xs54 P19 Xoa = PorX76X63 P38 X514 P19 Xo2

= PorY75P5.10X10.8 X84 P19 X0 = P16 X3 P38 X34 Yao Por Y75 X51 = P16 Xe3 P3s Xsa PaoYor Y75 X51

= PorY75P5 10X10.6 X63 P38 X34 Va2 = Psg X534 PigYorY75 P5.10X10.6 X63

P16 X63 P38 X84Qu9X02 X1 = P16X63Q38 X584 P19 X 92 Xo1 = PorY75X53 P38 X34Qu9 X 02

= Py7X76 X635 P33 X34Qu9 Xo2 = ParY75 X53Q38 Xs4Pag Xoo = Par X76 X63Q38 Xs54 P19 Xo2

= PorY75Q5.10X10.8 X84 P19 Xo2 = PorY75P5.10X10.8X84Q19 X 02 = Q16 X063 P38 X84 Pag X2 X1

= Q2775 X53 P33 X34 P19 Xoo = Q27X76 X63 P38 Xs4 P19 Xoo = Q27Y75 P5.10X10.8 X84 Pag Xo2

= P16X63Q38 X84Y12Por Y75 X51 = Pr6Xo3 P38 X84Y12Q27Y75 X51 = P16X63 P38 X84Qa9YorY75 X51

= P16 X63Q38 X84 PaoYor Y75 X51 = Q16 X63 P38 X54Ya2 Par Y75 X51 = ParY75Q5.10X10.6 X63 P3s X84 Ya2

= PorY75P510X10.6 X63Q38 X84 Y12 = Q16X 6338 Xs4PagYor Y75 X51 = P3s XgaPagYorY75Q5.10X10.6X63

= Q27Y75P5.10X10.6 X063 P38 Xs4Ya2 = P3s X54Q19Y07Y75P5.10X10.6X63 = Q38 X84 Pa9Y07Y75P5 10X 10.6 X63
P16 X63Q38 X84Q19 X092 X21 = PorYr5X53Q38 X34Qu0 X02 = Por X76 X630 38 X84Q19 X92

= PorY75Q5.10X10.8 X84Qu9 X02 = Q16X 63 P38 X54Q19 X902 X21 = Q2775 X53 P33 X84Q19 X02

= Q21 X76 X3 P38 X34Qa9 X2 = Q16X63Q38 X34 Pag X2 X1 = Qa7Y75 X53Q38 X34 P19 Xo2

= Q27 X76 X63Q38 X54 P19 Xo2 = Qa7Y75Q5.10X10.8 Xs4 P19 X0z = Q27Y75P5.10X10.8 X584Q19 X2

= P16X63Q38 X84Y12Q27Y75X51 = P16 X63Q38X34Qu9Y07Y75X51 = Q6 X63Q38X84Ya2 Por Y75 X51

= Pa7Y75Q5.10X10.6 X63Q38 X84Ya2 = Q16 X63 P38 X54Y12Q27Y75 X51 = Q16X 63 P38 X54Q19Y07 Y75 X51

= Q27Y75Q5.10X10.6 X63 P38 X84 Ya2 = P35 Xg4Qu9Yo7Y75Q5.10X10.6 X63 = Q16X63Q38- X84 P19 Yo7Y75 X51

= Q38 X84 P19 Yo7Y75Q5.10X10.6 X63 = Q27Y755.10X10.6 X63@38 X84 Va2 = Q38 X54Q49Y07Y75P5.10X10.6 X63

Table 61. The generators in terms of bifundamental chiral fields for Model 15 (Part 1).
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generator SU(2)z | U1);

Q16X63Q38 X84Q9 X02 X21 = Qa7Y75 X53Q38 X54Qu9 X2 = Qa7 X76 X63(Q38 X84Q19 X 02 -1 0
= Q27Y75Q5.10X10.8 X34Q19 X092 = Q16 X630 38 X84Y12Q27Y75 X51 = Q16 X63Q38 X54Q19Y07Y75X51
= Q27Y75Q5.10X10.6 X63Q38 X84Y12 = Q38 X84Q9Y07Y75Q5.10 X 10.6 X63

P16 X63P38 X34 P19 X092 Xo5X51 = Par X7.10X10.6X63 P38 X34 P19 Xo2 = Xo5P5.10X10.6 X63 P38 X84 P1g Xo2 2 1
= P16 X63 P38 Xs2Po7Y75X51 = P16 X64Pag Xo2 Por Y75 X51 = PorY75P5.10X10.6 X63 P38 X2
= PyY75P5.10X10.6 X64 P19 Xo2

P16 X3 P38 X84Q19 X092 X025 X51 = P16 X63Q38 X84 P19 X092 X5 X51 = Par X7.10X10.6 X63 P38 X81Q19 Xo2 1 1
= Py X7.10X10.6X63Q38 X34 P19 Xo2 = Q16 X63 P38 X4 P19 Xo2 X25 X51 = Q27.X7.10X10.6 X63 P38 X84 P19 Xo2

= Xo25Q5.10X10.6 X63 P38 X84 P19 Xo2 = X5 P5.10X10.6 X63 P38 X34Q19 X092 = Xo5P5.10X10.6 X630 38 X4 P19 Xo2
= P16 X63Q38 Xs2PorY75 X51 = P16 X64Qa9 X092 P27Y75 X51 = P16 Xe3 P33 Xs2Q27Y75 X51

= P16 X6a P19 X02Qa7Y75 X51 = Q16 X63 P38 Xs2 P27 Y75 X51 = ParY750Q5.10X10.6 X63 P35 Xs2

= Q16X64 P10 X2 PorY75 X51 = ParY75Q5.10X10.6 X64Pao Xo2 = ParY75P5.10X10.6 X63(Q38 Xs2

= PorY75P510X10.6 X64Qa9 Xo2 = Q27Y75P5.10X10.6 X63 P38 Xs2 = Qo27Y75P5.10X10.6 X64 P19 Xo2

P16 X63Q38 X84Qu9 X092 X25 X51 = Por X7.10X10.6 X63Q38 X34 Qa9 X02 = Q16 X063 Pss X54Q19 X 92 X25 X51 0 1
= Q27 X7.10X10.6 X63 P38 X84Q19 X2 = X250Q5.10X10.6 X63 Pss X54Qu9 X92 = Q16 X63Q38 X84 P19 X02 X205 X51

= Q27X7.10X10.6 X63Q38 X84 P19 X92 = Xo5Q5.10X10.6 X63Q38 X34 P19 X2 = X25P5.10X10.6 X63Q38 X84Q19 X2
= P16 X63Q38 X82Q27Y75X51 = P16 X64Q19X02Q27Y75 X51 = Q16 X63Q38 X2 Pa7 Y75 X51

= Q16X64Q19 X092 P27 Y75 X51 = ParY75Q5.10X10.6 X63Q38 X2 = ParY75Q5.10X10.6 X64Q19 X2

= Q16 X63 P38 X52Q27Y75 X51 = Q27Y75Q5.10X10.6 X63 P38 X2 = Q16 X649 X92Q27Y75 X51

= Q27Y75Q5.10X10.6 X64 P19 Xo2 = Q2775 P5.10X10.6 X63Q38 X2 = Q27Y75P5.10X10.6 X624 Q19 X092
Q16X63Q38 X84Qa9 X2 X25 X51 = Q27 X7.10X10.6 X63Q38 X54Q19 X092 = X25Q5.10X10.6 X63Q38 X549 X092 -1 1
= Q16X63Q38 X52Q27Y75 X51 = Q16 X64Q19 X 02Q27Y75X51 = Q27Y75Q5.10X10.6 X630 38 X582
= Qa27Y75Q5.10X10.6 X64Q19 X2

16 X63 P38 X84 Pag Xo2 Par Y75 X51 = PorYr5P5.10X10.6 X63 P38 X84 Pag Xo2 3 1
P16 X3 P38 X81Qa9 X 02 Par Y75 X51 = P16 X63Q38 Xs4 P19 X2 Pa7Y75 X51 2 1
= P16 X63 P38 X84 P19 X02Q27Y75 X51 = Q16 X63 P38 X84 P19 Xo2 Po7 Y75 X51

= PorY75Q5.10X10.6 X63 P38 X3a Pag Xo2 = ParY75 510 X10.6 X63 P33 X84Q19 Xo2
= PorY75P5.10X10.6 X63Q38 X84 Pag Xo2 = Q27Y75 P5.10X10.6 X63 P38 X34 P19 Xo2
P16 X63Q38 X84Qu9 X092 Por Y75 X51 = P16 X063 P3s X84Qu9 X92Q27Y75 X51 1 1
= P16X63Q38 X84 P19 X02Qa7Y75 X51 = Q16X 063 P38 X34 Q9 Xo2 Por Y75 X51

= PyrY75Q5.10X10.6 X63 P38 X84Q19 X 92 = Q16 X63Q38 X84 P19 X2 Po7Y75 X51

= PyrY75Q5.10X10.6 X63Q38 Xs4Pao Xo2 = ParY75P510X10.6 X630 38 X84Q19 X 02
= Q16X63 P38 Xs4 P19 X02Q27Y75 X51 = Q27Y75Q5.10X10.6 X63 P3s X34 Pao Xo2

= Q27Y75P5.10X10.6 X63 P38 X84 Q19 X902 = Q27Y75P5.10 X10.6 X63Q38 X534 P19 X2
P16 X63Q38 X34Q49 X92Q27Y75 X51 = Q16 X63Q38 X84Q19 X 02 Por Y75 X51 0 1
= PyrY75Q5.10X10.6 X63Q38 X54Qa9 Xo2 = Q16 X63 P38 X549 X92Q27Y75 X51

= Q27Y75Q5.10X10.6 X63 P38 X54Q19 Xo2 = Q16 X63Q38 X4 P19 X02Q27Y75 X51

= Qa7Y75Q5.10X10.6 X63Q38 X84 P19 Xo2 = Qa7Y75 P5.10X10.6 X63Q38 X819 X 92
Q16X63Q38 X34Qu9 X02Q27Y75 X51 = Q27Y75Q5.10X10.6 X63Q38 X584Q19 X2 -1 1

Table 62. The generators in terms of bifundamental chiral fields for Model 15 (Part 2).
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(dP2) [dP; x P, (84)]

0
+—

19 Model 16

(dP3). The corresponding brane

0
+—

brick model has the quiver in figure 40 and the J- and E-terms are

Model 16 corresponds to the toric Calabi-Yau 4-fold

E
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J
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The brick matchings are summarized in the P-matrix, which takes the form
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Figure 40. Quiver for Model 16.

The J- and E-term charges are given by

000000O0OOO0OOCOOOO0OO

0 0
0

0
0

0 0 0
0 0 0

000000O0O0OO0

10000000O0O0OO0O OO OO

10 0 0 0

0

0

000000O0O0OO0

0 0 0

00 0 0
1

00000O0O0O1O0 O

0

0
0

0

1

0000000O0ODO0OO0O 0 O O

0

0

0

1

00 0 0 O

1
0 0

0

0

0 0 0

0

0

0

0000000O0DO0OTO0O O

1/100000000O0O0CO0 OO0 O0 O

1

1
1
1

1
1
1

2
1
1

060010000000 O0~-1-10-1-11

0j0o 00OOOOOO0OOO O O O O O

00 0/000001TO0O0OO0OO0OTO0OO0O OO0 O

1
1
1
1

110000000O0O0O0

0

0 0
0

1

1/1000000000O0CO0O0 0 0O

0O 0j00OOOODOOOOO OO O O O

1

0 0

1 0-10/000000100O0 0 O0 OO0 O

1

060000001000 O0-1000-=-100

0jo 0ooo0o0O00O000OO0O0OO0-1-10 0 0

00 001 000000O0OO0OO0OO0O OO0 O

11000000000O0C OO0 0 0 O

0

0 -10

1

0
0000000O00O0O0OOO-1000UO0UO0OO0-10

0 0

0 -10

0

00 0/00O0OO0OO0DO0OO0ODO0CO0 O

0

0j00OOODOOODOO O O O O O

1

1
1

00 0001 000O0O0OO0OO0OTO0OO0O OO0 O

0j0 00OOODOOO0OOO O O O O O

1

-10{0000000O0O0O0 0 O

0

1.0 0 0

00 -10-10

o000 0-1-11

1

0-10/0000000O0T10

000000O0O0OO0

0 -1-110 0 000000O0O0CT1

1
1
1

0-10/000100000O0O0O0O0 0O
-10 0j]00OOO01T000O0OO OO OO0 O

0

-1-10/000000000O0O0 0 0 O

0

000 0 01 0 0(000O0O0O0O0OO0O
1

0

1

000000O0O0O0O

-1-10

0 0 0

0

P1 P2 P3 P4 P5 P6 P7|S1 S2 S3 S4 S5 S6 ST S8 S9 10 S11 S12 813 S14 S15 S16 S17 518 S19 $20|01 02 03 04 05 06 O7 08 09 010 O11 012 013 014 O15
000 0O00O0100000000O0O0-1-1-1-1-11

1

1-1-1000(000000000O0 0 —1-1-1-1-1

000 0000B010000000GOC O0-1-1-1-10

00-10010/000000000O0G 0-1-1-10 0

0
0

0 0000

0

0
0

0000/0OO0O1T0O00O0O0OO0O0O-1-10-10

000 0O0O0OO0CGO00O0O10000OCO-1010-1-10

000 O0O0O0OO0GOO0OO0OO0O1000OCO-1010-100

00-10 0000000000000 O0-1-10 0-11

00-10 01

00-10000000000000OCO0-1-10 0 0

000 0 00O

00-1-1010{0000000O000

00-10

010
000 0O010/0O0O0O0OOODODO0ODO0OC O O0-1-1-1-11

000 O0O0O0OO0COO0O0O0O0OO0OO0O10O0 O O0-1-1-10

00-10000C000000O0O0OO0OC OO0 O0-1-10

o000 0O0OO0OO0GOOOOOOOO0OLT O 0O O0C-1-1020 00

0Oo00 0010j0DOODOOODODO0OO0OC O O0-10-1-11

0000/0OO0OODO0OO0OO0O0CO

0
00-10010

o000 0O0O010j0ODOOOOOOOOOOOOO-1-100-10/0000000000 0 0 0

00-10010/(000000000OCO0OO0O0O0-10

00-10000C0000O00OO0O0OO0O0OC OO0 0 0 ~1

00-100000000000O0O0OCUOO-10 00

000 0010j0DO0OD0OOODO0OO0OO0OCOOOO0OO0-10

00-1-1000

00-10011{0000000000O0 0

00 0

110/00000000O00O0OOO®OOOOGOOO-1-11000000000OOO0 0 O0 0 O

0

Qe

(19.3)

and the D-term charges are given by
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The toric diagram of Model 16 is given by
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where figure 41 shows the toric diagram with brick matching labels.
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Figure 41. Toric diagram for Model 16.

The Hilbert series of the mesonic moduli space of Model 16 is

P(tiv YsyYoi 5y Yosr Yoz M16)
1 — Yslor Yoo U2, 13t3t5t6) (1 — Yslor Yoo U2, 13t t516)

gl(tiays>y01>y027y03; Mlﬁ) = (

1
X
(1 = YsY2, Yoo Yos t 131413 ) (1 — Ysy2, Yoo Yos t3tatatd) (1 — ysyio, Y2, Yo, 115130 7)
1
X
(1 — ys¥o, 2, y3, t5t32t7) (1 — ysy3, Y2, Yos 13151387 ) (1 — ys2, y2, Yoy t5t5t517)
1
X (19.6)

(1 — ysyd vt us t330263) (1 — ysyd, Yl yi, t313623)

where t; are the fugacities for the extremal brick matchings p;. Furthermore, ys counts
81...820, Yo, CcoOunts oj ...0s, Yo, counts og...o19 and y,, counts o1y ...015. The explicit
numerator P (i, Ys, Yo, Yoo Yos; Mis) of the Hilbert series is given in the appendix sec-
tion A.16. We note that setting the fugacities y,, = 1,...,¥,, = 1 does not change the
overall characterization of the mesonic moduli space by the Hilbert series, indicating that the
extra GLSM fields, as expected, correspond to an over-parameterization of the moduli space.

By setting t; = t for the fugacities of the extremal brick matchings, and all other

fugacities to 1, the unrefined Hilbert series takes the following form
(1-1)*(1 —%)

(L —5)3(1 —¢7)2(1 —¢9)?

+ 915 +16¢7 + 2265 + 33t + 47410 4 59t + 75¢12 + 83¢13 + 914 + 10515

+102¢'6 + 104617 4 116¢'® + 104¢™° 4 1026%° + 105¢2! 4 91¢22 4 83t + 75t

+ 59t2° 4 47¢20 4 33¢27 + 22628 + 16¢2° + 9130 + 3¢31 4 332 + 3133 4 3 4 %5

+139) (19.7)

g1(t,1,1,1,1,1; Myg) = X (14t +t2+3t5+ 3T+ 3t°

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.
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SU2), | U(L)p, | U(1)p, | U(1) | fugacity
p1 +1 0 0 71 t1
D2 -1 0 0 79 to
D3 0 +1 0 r3 t3
j 2 0 -1 0 T4 t4
D5 0 0 +1 rs ts
D6 0 0 —1 6 tg
D7 0 0 0 7 tr

Table 63. Global symmetry charges on the extremal brick matchings p; of Model 16.

The global symmetry of Model 16 and the charges on the extremal brick matchings under
the global symmetry are summarized in table 63. We can use the following fugacity map,

t tr ts
t=t7, x=—, b1:—7 b2:

= 19.8
5 e rat (19.8)

where t1to = t3ty = t5tg = t%, in order to rewrite the Hilbert series for Model 16 in terms
of characters of irreducible representations of SU(2) x U(1) x U(1).
The highest weight form of the Hilbert series of Model 16 is

1
(1 — b7 %19) (1 — by *10) (1 — b3y *7) (1 — pu2b; 203¢7)

hl(ta K, b17 b2a Mlﬁ) =

1
y < (1 2T L 25248 2248 _  Ap=2413 _ 4,-2,13 _ o 4,14
(1—/ﬂb%b%7t9) (14 p=t" 4 byt + p=bs o0y H0y iz
LB 2R AR AR 4 O 220 4 Oy 220 4 82

), (19.9)

where pu™ ~ [m]SU(Q)I. Here in highest weight form, the fugacity p counts the highest weight
of irreducible representations of SU(2),. The fugacities b; and by count charges under the
two U(1) factors of the mesonic flavor symmetry.

The plethystic logarithm of the Hilbert series takes the form

PL[g1(t, , b1, by; Mig)] = ([2]b5 2 + [2]b7 %)t + ([2]bTb5 % + [2] + [2]by *b3)¢
+ ([2062 + [2]3)t5 + [2]b363t7 — ([2]b7 2y 2 4 by * + b7 2by 2 + by )t
— ([4]b5 % + [2]b305 % + [4]b72 + 2[2)b5 2 4 b2by * + 2[2]b72 + 2052 + [2]b] b3
+ 2672 4 b7 03)t13 — ([4]b3b5 % 4 3[4] + 2[2)b3b5 2 + biby * + [4]by %63 + 3[2]
+ 262052 + 2[2]b; 203 + 4 + 207203 + by tbd)tt — (21417 + [2)bTby 2 + 2[4]b3
+ 3[2]b? + biby 2 + 3[2]b3 + 307 + [2]by 2bs + 3b3 + by 2b3)t'® — ([4)bT + [4]b303
+ [2]6] + [4]b5 + 2[2]b3b2 + 20T + [2]b3 + 2b3b3 + 2b3)t10 — ([2]b1b3 + [2]b305
+ b1b3 + b2bg) T — ([2]b7 2yt 4 [2]b7 by 2 + by 2by t + b ey D ..., (19.10)

where [m] = [m]gy(2),. From the plethystic logarithm, we see that the mesonic moduli
space is a non-complete intersection.

- 120 -



generator SU2)z | U(1)y, | U(L),

Pipipspe 010203t 1 1 0
P1p2pipspe S010205t° 0 -1 0
Papipspe $010205t° -1 1 0
pip3paps so7oz20st° 1 0 1
P1p2p3papi $010203t° 0 0 1
P3p3papg S010203t° -1 0 1
PipipEpr S010503t" 1 1 1
P1p2pipapT 50105057 0 1 1
P3pipspr 010503t 1 1 1
P%P3p4p5p6p7 50%0%03157 1 0 0
P1P2P3P4P5P6P7 S030503t" 0 0 0
P3P3PaPsPePT S010505t" -1 0 0
pip3pepr soio3ost” 1 1 1
P1p2p3pepT s030503t" 0 1 1
P3p3pEpr soio3ost” 1 1 1
PiP3papips soios05t? 1 0 1
P1P2P3PAPEPs 5070305t 0 0 1
P3papapip? so0i0305t" ~1 0 1
PIpipspeps sotooit® 1 1 0
P1P2p3PsPep7 SO70305L° 0 1 0
P5P3Pspep SO7 0303t ~1 1 0
PIPEPEP? sojos05t” 1 1 1
P1p2pipEp} 0703051 0 1 1
P3p3psp? soioz03t’ ~1 1 1

Table 64. The generators and lattice of generators of the mesonic moduli space of Model 16 in
terms of brick matchings with the corresponding flavor charges.

By using the following fugacity map

by = & (19.11)

where t1ty = t3ty = t5tg = t2, the mesonic flavor charges on the gauge invariant operators
become Z-valued. The generators in terms of brick matchings and their corresponding
rescaled mesonic flavor charges are summarized in table 64. The generator lattice as shown
in table 64 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram
of Model 16 shown in figure 41. For completeness, table 65 and table 66 show the generators
of Model 16 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator SU2)z | ULy, | U(L)g,
Po7R75 X53X32 = Pas XsrRr5X53 = P5.10X10.8Xs7R75 = Pi6Xe9Yor Rrs X51 = X14Ya2 Por R75 X5 1 -1 0
= X14PyoYo7R75X51 = P5.10X10.6X69 Yo7 75

Poy X75X53 X390 = Py Xs7 X5 X53 = P5.10X10.8X87X75 = QorRr5 X53X32 = Q38 Xs7 R X553 = Q510X 10.8Xs7Rrs 0 -1 0
= P16 X69Yor X75X51 = X14Yao Por X75X51 = X14P1oYo7 X75X51 = P5.10X10.6X69 Y07 X75 = Q16 X069 Yor 75 X51

= X14Y12Qo7 R75 X51 = X14Qu9Yo7R75X51 = @5.10X10.6 X69 Yo7 R75

Q21 X75X53X32 = Q38 X7 X75X53 = Q5.10X10.8 X857 X75 = Q16X69Yor X5 X51 = X14Y12Q27 X75 X5 -1 -1 0
= X14Qu9Y97X75X51 = Q5.10X10.6X69Y07X75

PrsXeoYorYr = X1aYao Por Y = X1aPagYor Y71 = Por Ry5 X535 X34Ya0 = P3g XgoYor Ry5 X538 1 0 -1
= X34 PyoYor R75 X553 = P5.10X10.8Xs59Yo7 R75

PrsXe9Yor X1 = X14Yae Por X71 = X14PyoYor X1 = Q16Xe9YorY71 = X14Ya2Q27Y71 = X14QuaeYorY71 0 0 -1
= Py X75X53X34Y10 = P3s Xg9Yor X75 X553 = X34 PagYor X75X53 = P5.10X10.8 X589 Yo7 X75 = Q27 Rr5 X553 X34Ya2

= Q38 Xs9Yo7R75X53 = X34Qa9Yo7 R75 X53 = Q5.10X10.8X89Y07 R75

Q16X69Yor X71 = X14Y12Q27 X71 = X14Qu9Y97 X71 = Q27 X75 X535 X342 = Q38 X9Yo7 X75 X553 -1 0 -1
= X34Q19Y97X75X53 = Q5.10X10.8 X589 Y07 X75

P16 Xes Xs7R75X51 = Pr6 Xe9Xo7Rr5 X51 = X13X32Po7 R75 X51 = X14 X2 Por R75 X51 = X3 Pss Xs7R75 X51 1 -1 1

= X114 Py Xo7 R75X51 = P5.10X10.6 X6s Xs7 75 = P5.10X10.6 X69 Xo7 75

Table 65. The generators in terms of bifundamental chiral fields for Model 16 (Part 1).
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generator SU(Z)i U(l)b"l U(l)b}

Pr1o X3 Xs7X75X51 = P16 Xe9 Xor X75X51 = X13X32Por X75X51 = X14 Xuo Por X75 X51 = X3 P3s X7 X75 X351 0 -1 1
= X14Pyo X7 X75X51 = P5.10X10.6 X638 Xs7X75 = P5.10X10.6 X069 X097 X75 = Q16X 68 Xs7R75X51

= Qu6Xe9Xo7 R75X51 = X13X32Q27 Rr5 X51 = X14X2Q27 Rrs X1 = X13Q38 Xs7 Rr5 X51 = X14Qu9 Xo7 Rr5 X5
= Q5.10X10.6X6s Xs7R75 = Q5.10X10.6 X69 X7 75

Q16X68 X7 X75X51 = Q16 X69Xo7X75X51 = X13X32Q27 X75 X51 = X14X49Q27 X 75 X51 = X13Q38 Xs7 X75X51 -1 -1 1
= X14Qu9Xo7 X75X51 = Q5.10X10.6 X638 X37X75 = Q5.10X10.6 X069 X097 X75
Pro X3 Xs9Yor Rrs X51 = X13X34Yao Por Ry X51 = X13 P33 Xs9Yor Rr5 X51 = X3 X34 PagYor Rr5 X51 1 0 0

= P5.10X10.6X68 Xs9Yor 75 = P16X69Yo7S75 X51 = Par R75 X535 X34 X142 = X14Y42 PorS75 X51

= P33 Xs9 Xo7rR5 X53 = X34 Pag Xo7Rr5 X553 = X14PagYo7575 X51 = P5.10X10.8 X839 Xo7R75 = Pr.10X10.6 X69Y97575
= P16 Xes Xs7Y71 = Pi6Xe9Xo7Yr1 = ParSr5X53X32 = X13X32Por Y71 = X14Xao PorY71 = P3s Xg7575 X53

= X13Pss Xs7Y71 = X14Pag Xo7Y71 = P5.10X10.8Xs7575

ProXes Xs9Yor X75 X51 = X13X34Yao Por X75X51 = X13 P33 Xs9Yor X75X51 = X13X34PagYo7 X75 X1 0 0 0
= P510X10.6X68 Xs9Yo7X75 = Q16 X658 X89Yor Rr5 X51 = X13X34Ya2Qo7 R75X51 = X13Q38 Xs9Yo7R75X51

= X13X34Qu9Yo7R75 X51 = Q5.10X10.6 X68 X589 Yor 75 = P16 X9 Yo7 V75 X51 = X14Ya2 Par Y75 X51

= Pyr X75X53 X34 X142 = P33 X9 Xo7X75X53 = X14Pa9Yo7Y75X51 = X34 Pag Xo7 X75X53 = P5.10X10.6X69Y07Y75
= P510X10.8X89Xo7X75 = Q16X69Y07575 X51 = Qo7 R75 X553 X34 X420 = X14Y42Q27575X51 = Q33 X9 Xo7R75 X53
= X34Qa9Xo7 R75X53 = X14Qa9Y07575 X51 = Q5.10X10.8 Xs89X07 75 = @5.10X10.6 X069 Y7575 = P16 Xes Xs7rX71
= P16 X69Xo7 X711 = X13 X352 Por X1 = X14Xa2 Por X71 = Por Y75 X53 X320 = X13 P33 Xs7 X711 = P3s Xs7Y75X53

= X14PyoXor X1 = P510X10.8Xs7Y75 = Q16 X6s Xs7Y71 = Q16 X69Xo7Y71 = Q27575 X53 X320 = X13X32Q27Y71
= X14X42Q27Y71 = Q38 Xs7575X53 = X13Q38 Xs7Y71 = X14Qu9Xo7Y71 = @5.10X10.8X87575

Q16X 68 Xs9Yo7 X75X51 = X13X34Y02Q27 X75X51 = X13Q38 X9 Yo7 X75X51 = X13X34Qu19Yor X75X51 -1 0 0
= Q5.10X10.6X68 X9 Yor X75 = Q16 X069 YorY75 X51 = X14Y12Q27Y75 X51 = Q27 X75 X535 X34 X a2

= Q38 X389 Xo7 X75X53 = X14Qu9YorY75 X51 = X34Qu9X07X75 X553 = @5.10X10.6 X69Yo7Y75 = @5.10X10.8 X839 X 97 X75
= Q16 X8 Xs7X71 = Q16 X690 Xo7X71 = X13X32Q27 X711 = X124 X02Q27 X711 = Qar Y75 X53 X532 = X13Q35 Xs7X71

= Q35 Xs7Y75 X353 = X14Qu9 X7 X71 = Q510X 108 Xs7Y75

ProXes XsoYorYr1 = PorSr5X53X34Ya0 = X13X34Yao PorYr1 = Psg X9 Yo7 Sr5X53 = X133 Xs9YorYn1 1 1 -1
= X34PyoYo7575 X553 = X13 X34 Pa9YorY71 = P5.10X10.8Xs89Y97575
P16 Xes Xs9Yor X71 = X13X34Yao Por X1 = PorY75 X53X34Ya2 = X3 P38 X9 Yo7 X71 = P Xs9Yo7Y75X53 0 1 -1

= X13 X34 PagYor X171 = X34 PaoYorY75X53 = P5.10X10.8 Xs9Yo7Y75 = Q16 X68 Xs9Yo7Y71 = Q27575 X53 X34Ya2
= X13X34Ya2Qo7Y71 = Q38 X89Yo7S75 X53 = X13Q38Xs0Yor Y71 = X34Qu9Y97575 X553 = X13X34Qu9YorY71
= @5.10X10.8X89Y97 575

Q16 X6s Xs9Yor X711 = X13X34Y12Qo1 X71 = QorY75X53X34Y12 = X13Q38 X39Yo7 X71 = Q38 X39Y07Y75 X53 -1 1 —1
= X13X34Qu9Yor X71 = X34Qua9Yo7Y75 X535 = Q5.10X10.8 Xs89Yo7Y75
Pro X3 Xs9 Xo7 R5 X51 = X13 X34 Xao Por Ry5 X51 = X3 P38 X9 Xo7 R75X51 = X13X34Pag Xo7 R75 X51 1 0 1

= P5.10X10.6X68 Xs9Xo7 75 = P16 X6s Xs7575X51 = P16 X69X07575 X51 = X13 X532 ParS75 X51

= X14 X2 Po7S75X51 = X13 P33 Xs7.575 X51 = X14 P19 X757 X51 = P5.10X10.6 X68X87.575 = P5.10X10.6 X69X07575
P16 Xes X9 Xor X75X51 = X13 X34 X Por X75X51 = X13 P33 X9 Xo7X75 X51 = X13X34 Pag X7 X75X51 0 0 1
= P510X10.6X68 Xs9 X097 X75 = Q16 X658 X589 Xo7 R75X51 = X13 X34 X42Q27 R75 X51 = X13Q38 X589 Xo7 R75 X351

= X13X34Qu9 Xo7 R75 X51 = Q5.10X10.6 X68 X9 Xo7R75 = P16 Xes Xs7Y75X51 = P16X69Xo7Y75X51

= X13 X320 P27 Y75 X51 = X14Xaa PorY75X51 = X13Pss Xsr Y75 X51 = X1a Py XorY75 X51 = P5.10X10.6 X638 Xs7Y75
= P510X10.6X69X07Y75 = Q16 X68X57575 X51 = Q16 X69 X 97575 X51 = X13X32Q27575 X51 = X14X42Q27575 X551
= X13Q33 X57575X51 = X14Q9X 97575 X51 = Q5.10X10.6 X638 X57575 = Q5.10X10.6X69X 97575

Q16X 68 Xs89 X097 X75X51 = X13X34 X02Q27 X75X51 = X13Q38 X589 X097 X75X51 = X13X34Q09 X097 X75X51 -1 0 1
= Q5.10X10.6X6s X589 X097 X75 = Q16 X063 X57Y75X51 = Q16 X069 X07Y75X51 = X13X52Q07Y75 X51

= X14X142Q27Y75X51 = X13Q35 X57Y75 X51 = X14Qu9X07Y75 X51 = Q5.10X10.6 X658 Xs57Y75 = @5.10X10.6 X690 X097 Y75
ProXes Xs9Yor St X51 = X13X34Yao PorS75X51 = X13 P33 Xs9Yo7575X51 = X13 X34 Pa9Yo7.S75 X51 1 1 0
= P510X10.6X68Xs9Y97575 = P16 Xes Xs9Xor¥71 = Por S5 X53 X34 Xa2 = X13 X34 X402 Por Y71

= P33 Xs59Xo7575 X553 = X13P38 Xs9XorY71 = X34 P19 Xo7.575 X53 = X13X34 P19 Xo7Y71 = Ps5.10X10.8 X839 X97575
ProXes Xs9YorYr5 X51 = X13X34Yao PorY75X51 = X13P3s X9 Yor Y75 X51 = X13X34 PagYorY75 X51 0 1 0
= P510X10.6 X068 Xs9Yo7Y75 = Q16 X638 Xs9Yo7575X51 = X13X34Ya2Q27575X51 = X13Q38 Xs89Y97575X51

= X13X34Q19Y97575X51 = @5.10X10.6 X658 X589 Y07.575 = P16 X68 X589 Xo7 X71 = X13 X34 Xa2 Por X71

= PorY75 X553 X34 Xao = X13Pss X9 Xo7 X71 = P33 X9 Xo7Y75X53 = X13X34 P09 Xo7 X71 = X34 Pug Xo7Y75 X53

= P510X10.8X89Xo7Y75 = Q16 X68 X589 Xo7Y71 = Q27575 X53 X34 Xa2 = X13 X34 X42Q27Y71 = Q38 X9 X97.575 X53
= X13Q38 Xs9Xo7Y71 = X34Qu9 X 97575 X53 = X13X34Qu9Xo7Y71 = @5.10X10.8 X589 X 97575

Q16 X638 Xs9YorY75X51 = X13X34Y12Q07Y75 X51 = X13Q38 X59Y07 Y75 X51 = X13X34Qu9Y07Y75 X51 -1 1 0
= Q5.10X10.6 X658 X89Y07Y75 = Q16 X658 X9 Xo7 X71 = X13 X34 X42Q27X71 = Qo7Y75 X53 X34 X2

= X13Q38 Xs9 X7 X71 = Q38 X9 Xo7Y75X53 = X13X34Qu9 X o7 X71 = X34Qu9 Xo7Y75X53 = Q510X 10.8 X589 Xo7Y75

P16 X6s X589 Xo7575X51 = X13X34 X492 PorS75 X51 = X13 P38 X589 X07.575 X51 = X13X34 P19 Xo7575 X51 1 1 1
= P5.10X10.6 X6 X59X97575
ProXes Xs9Xo7Y75X51 = X13X34 X4 PorVr5X51 = X13P3s X9 XorY75X51 = X13X34Pa9 Xo7Y75 X51 0 1 1

= P510X10.6X68 Xs9X07Y75 = Q16 X658 X589 X07.575 X51 = X13 X34 X42Q27575 X51 = X13Q38 X589 X 97575 X551
= X13X34Q19 X 97575 X51 = Q5.10X10.6 X658 X590 X07575

Q16X68 X390 X07Y75X51 = X13X34 X42Q27Y75X51 = X13Q38 X589 X07Y75X51 = X13X34Q49X07Y75X51 -1 1 1
= Q5.10X10.6X6s X59 X097 Y75

Table 66. The generators in terms of bifundamental chiral fields for Model 16 (Part 2).
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20 Model 17: P?_(dP3) [dP3 x P', (218)]

Model 17 corresponds to the toric Calabi-Yau 4-fold P?_(dP3). The corresponding brane
brick model has the quiver in figure 42 and the J- and E-terms are

A%.lo :
A%.m :
Aég :
A%S :

1
A3.11

A§.11 :
Aég :
A§8 :
Aé7 :
A(QW :

A(l)'.lo :

Ag.m :
A19 :
A27 :

JCRTE
A49 :

Agar:

As.12:

X10.5X52Q28 X381
X10.5P5.11X11.8 X381
X81Q17X73
Xs1P17X73

: X11.6Q6.12X12.7X73
X11.6X61P17X73
X81Q17X7.10X10.5
X81X14P110X105
X73X35Q5.11 X116
X73P39X9.11X11.6
X105@Q5.11X11.6
X105P5.11 X116
Xos Xs1

X73X32
X12.10X10.3X32
Xos Xs6X64
X11.6X6a
X12.10X105

X10.3X35 X52Q28 X86 X61
X10.3P39X9.11.X11.8 X536 X61
X86Q6.12X12.10X10.3
Xs6X64P1.10X10.3

Xll<SX86Q6.12X12A7X7.10X10.3

X11.8X86X61X14P1.10X10.3
X86Q6.12X12.7X7.10X10.3X35
Xs6X61X14P1.10X10.3X35
X7.10X10.3X35 X52Q28 X6
X7.10X10.3P39X9.11X11.8 X386
X10.3X32Q28 X586
X10.3P39 X908 Xs6
Xo0.11X11.6X61
X7.10X10.5X52
X12.7X7.10X10.3 X35 X52
X9.11X11.8 X386 X61X14
X11.8X81X14

X12.7X73 X35

X14Pys 10
Q17X7.10

P39 Xos
X32Q2s
X35P5.11
Q39X9.11
X52Pos
Q5.11X11.8
Xe1P17
Q6.12X12.7
Ps.12X12.10
X64Qa.10

P17 X73Q39

Py Xg1Q17

Q28 X56F%5.12
Q4.10X10.3 P39
Py10X105Q5.11
Ps11X11.6Q6.12

E

Pi7X710
X14Q4.10
X32Pos
Q39Xos
P39 X911
X35Q5.11
Ps11X11.8
X52Q28
Ps.12X12.7
Xe61Q17
Xe6aPa10
Qe6.12X12.10
Q17X73 P39
Q28 X381 P17
Pg X36(06.12
Py.10X10.3Q30
Q4.10X10.5P5.11
Qs5.11X11.6FP6.12
(20.1)

We can use the forward algorithm to obtain the brick matchings for Model 17. The

brick matchings are summarized in the P-matrix, which takes the form
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Figure 42. Quiver for Model 17.

The J- and E-term charges are given by
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and the D-term charges are given by
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The toric diagram of Model 17 is given by

P1 P2 P3 P4 P5 P P7 P8 ‘51 S2 53 54 S5 56 ST S8 S9 S10 S11 S12 S13 S14 15 S16 S17 518|01 02

000000O0OOCO
-10000000O0 0 O
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06 07 08 09 010 O11 012 013 014 O15 016 017 018

11111111jr1r1r1r1r1r1r1r1r1 1 1 1 1 1 1 1 1|22
Gt - 1-10 00O0O0OO0O0OOOODOOOOO0OOOOOOOOO|OO
00-11001-1j000000000O0O 0 O0O0OO0OO0OO0OO0O|L1
001-11-100j0000000000CO0O0O0OO0O0O0O0 0|00

22 2 22222 2 2
00 0 00O0O0OTOO
1-1-1-1000

where figure 43 shows the toric diagram with brick matching labels.
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Figure 43. Toric diagram for Model 17.

The Hilbert series of the mesonic moduli space of Model 17 is

P(tza Ysy Yo15 Yoo s Yoz y Yous Yos 5 Yog 5 M17)
(1 = YsY3, Yoo Vo, You Y2, Yo, ttatat3t?)

gl(ti7 YsyYoiyYossr Yoz Yous Yos 5 yoe;Ml'?) -

1

= Y2 Yoa U8 Yo 02 V2 Bt A22) (1 — Yo, Yo U2, U2, U You L2312
1

= U2 Yo Vs V205 Yos 5 t612) (1 — Yo, U2, U3 Yor Yon i, (2132t )
1

* (1 - ysygl yggyggymyos yg’et%t%tgt?tS)(l - ysyg1 ygg yo3yg4yg’5y06t%tit%t7t8)
1

= 02 V2 Yos U3 U3 Yos 2R 718) (1 — Ysbior U, U2, U2, on U E2 3t 12
1

0= Ystor Y3, U202, Yos Y3 133t 5t613) (1 — Ysor Y3, Yos U3, U2, Y2, titstalgl3)

X ! (20.6)

( 1 — YsYo, yg)g Yos yg’4 ygs yge t%t3t4t%t§) 7

where t; are the fugacities for the extremal brick matchings p;. Additionally, ys counts
S1...518, Yo, counts 010203, Yo, counts 040506, Yos counts 070809,Yo, counts 010011012, Yos
counts 013014015 and y,, counts 016017018. The explicit numerator P(t;, Ys, Yoy s - - - » Yog; M17)
of the Hilbert series is given in the appendix section A.17. We note that setting the fugacities
Yo, = 1,...,Y0s = 1 does not change the overall characterization of the mesonic moduli
space by the Hilbert series, indicating that the extra GLSM fields, as expected, correspond
to an over-parameterization of the moduli space.

By setting ¢; = t for the fugacities of the extremal brick matchings, and all other
fugacities to 1, the unrefined Hilbert series takes the following form

1+ 178 + 17¢16 4 ¢24
(1—18)4 ’

gl(t)]-)]-a]-a]-a]-a]-a]-;Ml'?) = (207)

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.
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SU2)z | UL)p, | U(L)s, | U(1) | fugacity
P1 +1 0 1 t
P2 -1 0 0 9 to
P3 0 +1 0 3 t3
j2 0 -1 0 T4 t4
D5 0 0 +1 rs ts
D6 0 0 -1 6 te
p7 0 0 0 7 tr
P8 0 0 0 T3 i3

Table 67. Global symmetry charges on the extremal brick matchings p; of Model 17.

The global symmetry of Model 17 and the charges on the extremal brick matchings under
the global symmetry are summarized in table 67. We can use the following fugacity map,

t t t
t=tr=tg, 1 =-—, b=, by=—

= 20.
» ty e (20.8)

where t1ty = t3ty = t5tg = tg, in order to rewrite the Hilbert series for Model 17 in terms
of characters of irreducible representations of SU(2) x U(1) x U(1).
The highest weight form of the Hilbert series of Model 17 is
it by by Miy) = !
AP P T 20, 20) (1 b, 289) (1 — by 70, 265) (1 — But®)

1
X
(1= Bu26) (1 — W328%)
- M4bf2b52t16 . /1,4b§t16 . M4b%b%t16 + 2,u6t24 + M6b;2t24 + M6b%t24 + u6b52t24
+ ,u,6b1_2b2_2t24 + u6b3t24 + M6b%b%t24 . M8t32 o u10t40)’ (209)

(14 2t — 2p4416 — u4bf2t16 b6 M4b52t16

where p™ ~ [m]SU(g)m. Here in highest weight form, the fugacity p counts the highest weight
of irreducible representations of SU(2),. The fugacities by and bs count charges under the
two U(1) factors of the mesonic flavor symmetry.

The plethystic logarithm of the Hilbert series is

PL{g1 (¢, 2,b1,ba; Ma7)] = ([2]4 (2001 2+ [2]b7 + 205 >+ [2]by 2by * +[2]b5 +[2]b705)t°
— (b7 442072 4202 +-bF + by by by b 20y 265 2 by by 2 4207 2by 2
+b3by 2 4203 4-by 2b3 + 20303+ b1b3+ b3 +bibs +b1bs +3[2] +2[2] by 2 +2[2)b3
+[2]b7 2by 1 4-2[2]by % + [2]by Yoy 2 +2[2]by 2by 2+ [2]b3b, % +2[2]b3 + [2]b; b3
+2[2]b3b3 4 [2]b1b3 + [2]b3b3 + 3[4] + [4]b7 2+ [4]b2 + [4]by 2+ [4]by 2by 2+ [4]b3
+[4)0302) 0+ (20.10)

where [m] = [m]gy(2),. From the plethystic logarithm, we see that the mesonic moduli
space is a non-complete intersection.
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generator SU(2)z | U(1)z, | U(1)y,
PIP3pap3p; 5030203040303 1 0 1
P1P2P3PAPEP? 8030205040203 0 0 1
P3P3pap3p; 5030203040303 -1 0 1
PIpIpspep? 5030203050306 1 -1 0
P1P2PIP5PeP? 8030203050306 0 -1 0
PAPIPsPeP? 5030203050306 -1 -1 0
pip3p3prps s0i030304050¢ 1 1 1
PLP2P3PEPTDs 5070505040504 0 1 1
P3P3P3pTDs 501050304050% -1 1 1
PiP3PaPsP6P7Ps 5070503050305 1 0 0
P1P2P3PAP5PePTDs $070503030305 | 0 0 0
P5P3PAPsP6PTPs 5070503050305 -1 0 0
PIPIDEPTPs 5070303030306 1 -1 -1
PLP2PAPEPTPs 5070503040306 0 -1 -1
PAPIDEPTPS 5070303030306 -1 -1 -1
PIP3pspepi so1030304050¢ 1 1 0
P1P2P3PsPeP; 5010303050508 0 1 0
P3P3pspepi s01030304050¢ -1 1 0
PIP3papEpi 5010303040303 1 0 -1
P1P2P3PAPEPE 5010303050202 0 0 -1
P3P3PaPEP3 5010303050203 -1 0 -1

Table 68. The generators and lattice of generators of the mesonic moduli space of Model 17 in
terms of brick matchings with the corresponding flavor charges.

By using the following fugacity map

- g~ 3~ 13
t:t7:t8’i’:t72’blzt727b2:t727 (2011)
2 4 6

where t1ty = t3ty = t5tg = t2, the mesonic flavor charges on the gauge invariant operators
become Z-valued. The generators in terms of brick matchings and their corresponding
rescaled mesonic flavor charges are summarized in table 68. The generator lattice as shown
in table 68 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram
of Model 17 shown in figure 43. For completeness, table 69 and table 70 show the generators
of Model 17 in terms of chiral fields with the corresponding mesonic flavor charges.
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generator

SU(2)s

Pr7X710R105P5.11511.6X61 = X14Pr1oR10.5P5.11511.6X61 = P511511.6P6.12X12.7X7.10 R10.5 = P17X7.10R10.3X32 P28 56 X61
= P17X7.10R10.3 P30 X093 Ss6 X61 = X14P110R10.3X32Pas Ss6 X1 = PasSs6P6.12X12.7X7.10R10.3 X532

= X14Py10R10.3 P39 XosSs6 X61 = P39 XosSs6 Ps.12X12.7X7.10 10,3

P17 X710R105Q5.11511.6X61 = X14Pr10R10.5Q5.11511.6X61 = Q17X7.10R10.5P5.11511.6 X61 = X14Q4.10R10.5P5.11511.6 X61
= P511511.6Q6.12X127X7.10R10.5 = @5.11511.6Ps.12X12.7X7.10 R10.5 = Pr7X7.10R10.3X320Q28 556 X61

= P17X7.10R10.3Q39 X098 S36 X61 = Q17X7.10R10.3 X532 P28 S36 X61 = X14Qa.10R10.3 X320 P28 536 X61

= PygSs6Q6.12X12.7X7.1010.3X32 = Q17.X7.10110.3 P39 X08 956 X61 = X14Q4.1010.3 P39 X08 S56 X 61

= P39 X93536Q6.12X12.7X7.10R10.3 = X124 P110R10.3X32Q28 586 X61 = X14P1.10R10.3Q39 X08556 X 61

= Q28586 P6.12X12.7X7.10 R10.3X32 = Q39 X08S86 Ps.12X12.7X7.10 R10.3

Q17X7.101105Q5.11511.6X61 = X14Q4.10R10.5Q5.11.511.6X61 = @5.11511.6Q6.12X12.7X7.10 105

= Q17 X7.10R10.3X32Q28 956 X61 = Q17X7.1010.3Q39 X08586 X61 = X14Q4.1010.3X32Q28 536 X61

= Q28586Q6.12X12.7X7.10R10.3X32 = X14Q4.10R10.3Q39 X098 586 X61 = Q39 X08586Q6.12X12.7X7.10R10.3
Pi7X7.10R10.3X32PasSs1 = Pr7X7.10R10.3P30 X03S81 = X14Py10R10.3X32 PasSs1 = X1aPr10R10.3 P39 Xos Ss1

= P17X7.10R10.3P39X9.11511.6 X61 = P17 X7.10R10.3 X35 P5.11.511.6 X61 = X14Pa.10R10.3P39X9.11511.6 X61

= P39X9.11511.6P6.12X12.7X7.10R10.3 = X14Pa10R10.3 X35 P5.11511.6 X61 = X35 P5.11.511.6Ps.12X12.7X7.10 R10.3
P17X7.10R10.3X32Q28Ss81 = P17 X7.10R10.3Q39 X98581 = Q17X7.10R10.3X32 Pas Ss1 = X14Q4.10R10.3X32 P2s Ss1

= Q17 X7.1010.3 P39 X93S31 = X14Qa.10R10.3 P39 Xo9sS81 = X14P110R10.3X32Q28581 = X14P1.10110.3Q39 X0 551
= P17X7.10R10.3Q39X9.11511.6X61 = P17 X7.10R103X35@5.11511.6 X61 = Q17X7.10R10.3 P39 X 9.1 511.6X61

= X14Qa.10R10.3 P39 X0.11.511.6X61 = P39 X0.11511.6Q6.12X12.7X7.10R10.3 = X14P1.10R10.3Q39 X9.11511.6 X61

= X14Ps10R10.3X35Q5.11511.6X61 = Q17X7.10R10.3 X35 P5.11511.6 X61 = X14Qa.10R10.3 X35 P5.11.511.6 X61

= X35P5.11511.6Q6.12X12.7X7.10R10.3 = Q39 X0.1511.6 P6.12 X127 X7.10 R10.3 = X35Q5.11511.6P6.12X12.7X7.10R10.3
Q17X7.10R10.3X32Q28 581 = Q17X7.10R10.3Q39 X08581 = X14Q4.10R10.3X32Q28 581 = X14Q4.10R10.3Q39 X938 551
= Q17X7.10R103Q39X0.11511.6 X61 = Q17X7.10R10.3X35Q5.11511.6 X61 = X14Q4.10R10.3Q39X0.11.511.6 X61

= @39X9.11511.6Q6.12X12.7X7.10R10.3 = X14Q4.10R10.3X35Q5.11.511.6 X61 = X35Q5.11511.6Q6.12X12.7X7.10R10.3
Pi7R73 X532 Pog Ss6 Xo1 = Pr7R73 P39 XosSs6X61 = P2sSs6%6.12X12.7R73 X352 = P39 X3 Ss6P5.12X12.7R73

= P17 X7.10R10.5X52Pas Ss6 X61 = Pr7X7.10R10.5P5.11X11.8586 X61 = X14Ps.10R10.5 X52 Pas Ss6 X1

= PygSs6 Po.12 X127 X710 105 X520 = X14Pa10R10.5P5.11 X11.8S36 X61 = P5.11X11.8986 %612 X12.7X7.10 R10.5

Table 69. The generators in terms of bifundamental chiral fields for Model 17 (Part 1).
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generator SU(2),} U(l)b‘, U(Ub}

Pi7R73X35Q28 536 X61 = Pi7Rr3Q39 X098 S86 X61 = Q1773 X32Pos S36 X61 = PagSs6Q6.12X 12,7073 X 32 0 1 1
= Q1773 P39 X0sSs6 X61 = P39 X93586Q6.12X12.71073 = Qa8Ss6%6.12X12.7R73 X320 = Q39 X08Ss36 P6.12 X 12,773
= PizX710R105X52Q28 536 X61 = Pi7X7.10R10.5Q5.11.X11.8586 X61 = Q17.X7.10R10.5 X 52285586 X1

= X14Qu.10R10.5X52 P2 Ss6 X1 = Pos S36Q6.12X12.7X7.10R10.5X52 = X14P110R10.5X52Q28 986 X1

= X14Pr10R105Q5.11X11.8556X61 = Q17 X7.10R10.5P5.11X11.8586 X61 = X14Qa.10R10.55.11 X11.8586 X61

= P11 X11.8986Q6.12X12.7 X710 R10.5 = Q2886 56,12 X 12.7X7.10 R10.5X52 = Q5.1 X11.8586 P6.12X12.7X7.10 R10.5
Q7R73X32Q28 536 X61 = Q17R73Q39 X08 S36 X1 = Qa8586Q6.12X12.7 Rr3 X352 = Q39 X08S86Q6.12X 12,773 -1 1 1
= Q17X7.10R10.5X52Q28 S36 X1 = Q17X7.10R10.5Q5.11 X11.8536 X61 = X14Q1.10R10.5X52Q28 S36 X61

= Q28586Q6.12X12.7X7.10 R10.5X52 = X14Q4.10R10.5Q5.11 X 118936 X61 = Q5.1 X11.8586Q6.12X12.7X7.10 R10.5
Pi7R73X30PygSs1 = Pi7Rr3 Pag XosSs1 = PuaoRi0.5P5.11511.6X64 = Ps.11511.6P6.12X12.10R10.5 1 0 0
= P17 X710R103X35X50Pas S36 X1 = Pr7X7.10R10.3 P39 X0.11X11.8956 X61 = P17 X7.10R103X35P5.11 X11.8 586 X61

= X14P110R103X35 X520 Pos S36 X1 = PasSs6Ps.12X12.7X7.10R10.3 X35 X52 = X14P110R10.3 P39 X0.11 X11.8 586 X61

= P39X9.11X11.8556P6.12X12.7X7.10R10.3 = X14Pa10R10.3X35 P5.11 X 118936 X61 = X35 P5.11X11.8956 Ps.12X12.7X7.10R10.3
= P17 X710R105X52P285s1 = PirR73Pyg Xo.11511.6X61 = PirR73 X35 Ps11511.6X61 = PirX7.10R10.5P5.11 X 118581

= PagSs6X61Pr10R10.3X32 = X14Pr10R10.5X52PagSs1 = PasSs6Po.12X12.10R10.3X32 = P39 XosSs6 Xea Pa1oR10.3

= P39 X9.11511.6P5.12X12.7R73 = P3gXosSsPs12X12.10R10.3 = X1aPr1oR105 P51 X11.8581 = X35P5.11511.6Ps.12X12.7R73
Pi7R73X30Q085s1 = Pi7Rr3Q39X0sSs1 = QurR73 X320 PosSs1 = Q17 R73 P39 XogSs1 = PrioR105Q5.11511.6X6a 0 0 0
= Q410R105P5.11511.6 X614 = P5.11511.6Q6.12X12.10R10.5 = Q5.11.511.6 Ps.12X12.10R10.5 = PrrX7.10R10.3 X35 X52Q28 586 X61
= P17X7.IDRIU..‘}Q(SHXQ.llel.KSKSX\‘)l = P17X7.10R1(}>1‘1X:}A>)Q5-11X11-858(iX‘i1 = Ql7X7,IURIU.SXUSXSZPZKSKGX\H

= X14Q4.lURIU.KX:SSXSZPZBSBL‘\XI)I = P28S{{GQG,IZX12.7X7 lURlU.:§X35X52 = Q17X7.10RIU.31339X9.1lel.KSKlSXﬁl

= X14Q41.10R10.3P39 X911 X11.8556 X61 = P39X0.11X11.8936Q6.12X12.7X7.10R103 = X14Pa.10R10.3X35 X52Q28586 X1

= X14P-'|.|UR10,3Q39X9,11X| |.8585X5| = X|4P4.10R10,3X35Q5,| 1X11,8585X6| = Q|7X7,|UR|U.3X35P5»| lX“»SSSﬁXfﬂ

= X14Q4.10R10.3 X35 P5.11 X11.8956 X61 = X35%5.11X11.8936Q6.12X12.7X7.10 R10.3 = Q28556 Ps.12X12.7X7.10R10.3 X35 X52

= Q39X0.11X11.85866.12X12.7X7.10R10.3 = X35Q5.11 X11.8586 56,12 X127 X7.10 R10.3 = P17 X7.10R10.5 X52Q25 581

= PirR73Q39X0.11511.6X61 = P17R73X35Q5.11511.6X61 = Pr7X7.10R10.5Q5.11 X11.8581 = Q17 X7.10R10.5X52 P2 Ss1

= PasSs6X64Q110R103X32 = X14Qu10R105X52PasSs1 = PasSs6Q6.12X12.10R10.3X32 = Q17 R73 P39 X0.11511.6X61

= P39XosS36X64Qua.1010.3 = P39X0.11511.6Q6.12 X 12.7R73 = P39 X3 Ss6Q6.12X12.10R103 = Q28536 X64Pa.10R10.3X32

= X14P110R105X52Q28 581 = Q39 X08Ss36 X6a Pa.10R10.3 = X14Pa10R10.5Q5.11 X 118581 = Q7R3 X35 P5.11511.6X61

= Q17 X7.10R10.5P5.11X11.8581 = X14Q1.10R10.5P5.11X11.8981 = X35P5.11511.6Q6.12X12.7R73 = Q28586 Po.12X12.10 R10.3X 32
= Q39X9.11511.6Ps.12X12.7R73 = Q39 X08S36 Po.12X12.10 R10.3 = X35Q5.11511.6P6.12 X127 Rrs

Q17R73X32Q28 581 = Q17 R73Q39 X 98551 = Q1.10R10.5Q5.11511.6 X614 = @5.11511.6Q6.12X12.10R10.5 -1 0 0
= Q17X7.10R10.3 X35 X52Q28586 X61 = Q17X7.10R10.3Q39 X911 X11.8586 X61 = Q17X7.10R10.3X35Q5.11.X11.8586 X61

= X14Q4.10R10.3 X35 X52Q28 586 X61 = Q28956Q6.12X12.7X7.10 R10.3 X35 X520 = X14Q4.10R10.3Q39 X9.11.X11.8586 X61

= Q39X9.11X11.8586Q6.12X12.7X7.10R10.3 = X14Q4.10R103X35Q5.11 X11.8586 X61 = X35Q5.11 X11.8586Q6.12X12.7X7.10 R10.3
= Q17X7.IURIU.5X5ZQZ8S81 = Q17R73Q39X9.1151l.ﬁX(il = Q17R73X155Q5,11S11,6X61 = Q17X7.1[)R10,5Q5.11X11.8581

= Q28536 X64Q1.10R10.3X32 = X14Q1.10R10.5X52Q28 551 = Q28556Q6.12X12.10R10.3X32 = Q39 X08Ss6 X64Q1.10R10.3

= Q39X9»| 15“»6Q6»|2X12»7R73 = QSQXQBSBGQﬁ.12X|2.|UR10,3 = X14Q4,|OR|U.5Q5.11X| |.858| = X35Q5.| 1 Sl 1.5Q6.12X|2.7R73
B50X91|S||6X64P4,|UR|0.3 :P39X9,||S|1,5P5,|2X12 |0R|U.3 :X35P5,|151|,6X64P4.|0R10,3 :X35P5.1|S||.6P6.|'ZX|Z,|DR|U3 1 -1 -1
= Pi7X710R10.3X35 X520 P23 S31 = Pr7X7.10R103 P39 X011 X11.8581 = Pi7X7.10R10.3X35 55,11 X11.8581
= X14P4. |0R10,3X35X5'2P28S8] = X14P4. |0R10 3P39X9. 1 |X|1,858| = X|4P-’1. |0R10,3X35P5. 1 |X|1,858|
P39 Xo.11511.6X64Qa.10R10.3 = P39X911511.6Q6.12X12.10R10.3 = Q39 X0.11511.6 X6a Pa10R10.3 = X35Q5.11511.6X64 Pr10R10.3 0 -1 -1
= X35P5.11511.6X61Qa.10R10.3 = X355.11511.6Q6.12X 12,00 R10.3 = Q39X0.11.511.656.12X12.10R10.3

= X35Q5.11511.6P6.12X12.10R10.3 = P17 X7.10R103X35X52Q28 581 = P17 X7.10R10.3Q30X0.11 X 11.8581

= PizX710R103X35Q5.11X11.8981 = Q17X7.10010.3 X35 X52 28581 = X14Q1.10R10.3 X35 X52 Pos Ss1

= Q17 X7.10R10.3P30X0.11 X 118581 = X14Qu.10R10.3P30X0.11 X 11.8981 = X14Ps.10R10.3X35 X52Q28 551

= X14P110R103Q390X0.11 X 118581 = X1aPs10R10.3X35Q5.11 X 11.8981 = Q17X7.10R10.3 X35 P5.11 X 118551
= X14Q4.10R10.3X35 5,11 X11.8S81

Q39X09.11511.6X64Q1.10R103 = Q39X09.11511.6Q6.12X12.10R103 = X35Q5.11511.6X64Q1.10R10.3 = X35Q5.11511.6Q6.12X12.10R10.3 -1 -1 -1
= Q17X7.10R10.3X35 X52Q28551 = Q17X7.10R10.3Q39 X9.11 X11.8581 = Q17X7.10R10.3X35Q5.1 X11.8951
= X14Q4.10R10.3 X35 X52Q28581 = X14Q4.10R10.3Q39X9.11.X11.8581 = X14Q1.10R10.3X35Q5.11.X11.8551
P)gSs6Xe6aPa10R10.5X52 = PasSs6 Po.12X12.10R10.5X52 = PaaoR10.5P5.11X11.8586 X64 = P5.11X11.895656.12X12.10R10.5 1 1 0
= Pi7R73 X35 X50 P23 Ss6 X1 = PrrRr3Psg Xo.11X11.8586X61 = PrrRr3Xss Ps.11X11.8586 X61

= PygSs6P6.12 X127 Rr3 X35 X520 = P39 X9.11X11.8586 P6.12X12.7R73 = X35 511 X11.8986 P6.12 X 12,7 Rrs
PogSs6X61Qa.10R10.5X52 = P2sS36Q6.12X12.10 R10.5X52 = Q28586 X614 Pa.10R10.5X52 = Pa.10R10.5Q5.11X11.85836 X614 0 1 0
= Q"l.lURlU.SPS.l1X11.8SS[5X6/| = P5.11X11.8586Q6.12X12.10R10.5 = QZKSKSPG lZXIZ,lURlU.SXSQ = Q5.1lel.SSSGHi,l'ZXlZ,lORlU.S
= Pi7R73 X35 X50Q28S36 X61 = P17 R73Q30X9.11 X11.8586 X61 = Pr7R73X35Q5.11X11.8956X61 = Q17R73 X35 X50P28.586 X1

= PysSs6Q6.12X12.7R73 X35 X50 = Q17 R73 P39 X 9.1 X11.8536 X61 = P39 Xo.11X11.8556Q6.12X12.7 73

= Q17 R73 X35 P51 X11.8956 X61 = X35 5.1 X11.8986Q6.12X12.7R73 = Q25536 Po.12X12.7 73 X35 X52

= Q39X0.11.X11.8586%6.12X12.7 73 = X35Q5.11 X11.8586 6,12 X 12.7R73

Q28536 X64Qua.10R10.5X52 = Q28986Q6.12X12.10R10.5X52 = Q110 R10.5Q5.11:X11.8586X61 = Q5.11X11.8586Q6.12X12.10R10.5 -1 1 0
= Q7R3 X35 X52Q28S36 X1 = Q17R73Q30X0.11X11.8586X61 = Q17 R73X35Q5.11 X11.8586 X61

= Q28586Q6.12X12.7R73 X35 X520 = Q390 X0.11X11.8986Q6.12X12.7R73 = X35Q5.11 X11.8586Q6.12 X 12.7R73
Pi7R3 X35 X50 Pos Ss1 = PirR73 P39 Xo.11X11.8581 = PrrR7sXs5P5.11 X 118981 = PasSs6XeaPrioR103X35X50 1 0 -1
= PasSsPs.12X12.10R103X35X52 = P39 X0.11X11.8586 X64P1.10R10.3 = P39 Xo.11X11.8586P6.12X12.10R10.3
= X35P5.11X11.8556X64P1.10R10.3 = X35 P51 X11.8556 Ps.12X12.10R10.3

Pi7R3 X35 X52Q08 981 = Pi7Rr3Q39X0.11 X11.8581 = PrrR73X35Q5.11X11.8581 = Q17173 X35 X352 Pag Ss1 0 0 -1
= Qu7R73P39 X011 X11.8581 = Q1773 X35 P5.11X11.8951 = PosSs6X64Qu.1010.3X35 X52 = PagSs6Q6.12X12.10 R10.3 X35 X52
= P39X9.11X11.8556X64Q1.10R10.3 = P39X0.11X11.8586Q6.12X12.10R10.3 = Q28936 X64Pa.10R10.3 X35 X52

= Q39X9.11X11.8586 X614 P1.10R10.3 = X35Q5.11 X11.8586 X6a P10 R103 = X35P5.11 X11.8586 X64Qa.10R10.3

= X35P5.11X11.8586Q6.12X12.10R10.3 = Q28586 P5.12X12.10R10.3 X35 X52 = Q39 X9.11 X11.8586 Fs.12X12.10R10.3

= X35Q5.11X11.8586 5,12 X12.10 R10.3

Q17 R73 X35 X52Q28551 = Q17 R73Q39 X911 X11.8951 = Q17 R73X35Q5.11.X11.8581 = Q28536 X61Q4.10R10.3 X35 X52 -1 0 -1
= QZBSBbQG.12X12.|UR10.3X35X52 = QK‘JXQ,IIXI 1,8S86X[51Q/\.|UR1[),3 = QKUXS),IIXI 1.8S86Qﬁ,12X|2.10R10,3
= X35Q5.11 X11.8586 X64Q.10R10.3 = X35Q5.11 X11.8556Q6.12X12.10R10.3

Table 70. The generators in terms of bifundamental chiral fields for Model 17 (Part 2).
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21 Model 18: P}_(dP3) [dP3 bundle of P', (219)]

Model 18 corresponds to the toric Calabi-Yau 4-fold P}_(dP3). The corresponding brane
brick model has the quiver in figure 44 and the J- and E-terms are

Alg :
A%.IO :
A%.m :

Ads
A;lQ :

2
Ajq2:

A§8 :
Ail*;.ll :
Aig :
Azll.ll :
Adg:
A§8 :
Aé.u :
A§.12 :
Aé7 :
A(257 :

1.
Aga0 ¢

We can use the forward algorithm to obtain the brick matchings for Model 18.

Xo5 X56X61
X10.5X52Q28 X1
X10.5P5.11 X11.8 X381
X7.10X10.5X52
X12.4Q4.10X10.3X32
X12.4P1.10X10.3X32
Alg : X5.12X12.4Q4.10X10.3
Xg.12X12.4P1.10X10.3
X11.12X12.7X73

X9 Xg.12X12.4
X11.8Xs81X14
X81Q17X7.10X10.5
X81X14P1.10X10.5

X12.7X73Q39X05
X12.7X73 P39 Xo5

X73Q39 X905 X506

X73 P39 X95 X56
X10.3X32X26

XosXs1

X10.3Q39 X095 X52 X026 X61
X10.3P390 X 95 X52 X 26 X61

X73X32

Xi12.7X7.10X10.3Q39X05 X52
X12.7X7.10X10.3 P39 X095 X52
X51Q17X73

Xs1P17X73
X11.8X8.12X12.7X7.10X10.3
Xo5X52X26X61X14
X11.12X12.4
X38.12X12.7X7.10X10.3Q39 X05
Xs.12X12.7X7.10X10.3 P390 Xo5
X12.4Q4.10X10.5
X12.4P110X10.5
X7.10X10.3Q39 X95 X52 X26
X7.10X10.3P39 X095 X52 X26
X10.5X56

E

P17 X73Q39 —
P17 X710 —
X14Q4.10 —

Prs X51Q17 —
PsXg12 —
X26Q6.12 —

P39 X9g —
X32Q2s —

P39 Xo5Q5.11 —
Py10X10.3Q30 —
Py10X105@5.11 —
Ps11X118 —
X52Q28 —
Ps11X11.12 —
X56Q6.12 —
Ps12X12.7 —
X61Q17 —
Ps.12X12.4Q4.10 —

brick matchings are summarized in the P-matrix, which takes the form

Q17 X73 P39
X14Pys 10
Q17X7.10
Q28 Xs1 P17
X26Fs.12
Q28X3.12
X32Pos
Q39Xos
Q39X05P5.11
®Q4.10X10.3P39
Qa.10X105P5.11
X2 Pos
Q5.11X11.8
X56P6.12
Q5.11X11.12
Xe1 P17
Qe6.12X12.7
Qo6.12X12.4Py.10

(21.1)
The

1 P2 P3 P1 D5 D6 P7 Ps|s1 52 53 54 85 S6 57 S S0 S10 511 512 $13 $14 S15 S16 17|01 02 03 04 05 06 07 0 09 010 011 012 013 014 015 016 017 018 Ol 020 021 022 033 021 025 03 027 025 020 O30 031 02 033 034 035 036 037 038 030
Pz [10000000/00000000000 0001 1 1[11T00000001 001 101000000O0GO0T1IT1 1111111011111
P [1LOO0O0O000[0000000000 1 1 1 100 0(1100000100 1 1000000001 1 110111 111100007111
Py [10000000/0000000001 0000000001 10000000 100000011 11110000011 10011000
Pig|{1 0000000[0000000010 000001 0[0001100010000710 1000000001001 10010011011
Piyy[10000000/0000000100 001 1000/010000100000 101 111010011001 01010001020 2
Piaa[1 00 00000[00000010000 1 01 00 1[110001100000 1 11 1000001 01 1 1 11 1 111011 1111
Q|01 000000[0000000000000 01 1 1[1100000001 001 101000000GO0CO0TLTIT1TT1TT1L111101 1111
Qs|01000000/0000000000 1 1 1 100 0{1100000100 1 10000000011 1101 111111000071 11
Q|01 000000/0000000001 000000 0[00110000000 100000011 11110000011 10011000
Q|01 000000[(000000001 0000001 0[(00011000100 00101 00000000T1001 10010011011
Q|01 000000[0000000100 00 1 1000/010000100000 101 111010011001 01010001020 2
Q12|01 000000[00000010000 1 01 00 1[110001100000 1 1 1 1000001 01 1 1 111111011 1111
Xu[00100000/00000100000 0001 0 1[11T10000001 00T10000000G00O0O0GO0O0TIL1L0O0TT10TLT100T100

P | Xs]|00010000/0000100000 101 0000[(0000000100 1 1000010001 01000000000T1000000

— | Xp|00101000[00110001010000000[001111101100000000T1100000000000O0TILT111000]/ e
X2 {00000100[0001000100 000 0000{00000110000 01 11 111 1100000000O000O0O0O0T11 1 11
Xs6/00100010/0001100100 101 0000{11111000110000001111101000000000T10T1T1111
Xe |[00001000[01000010000 1 0100 0{(0000011110000071 0000007101 00000000O0T1O0O00O00
X3 |00010100[10000100100000000{0000011100 71 1 1 111110000000000000O0O0T1IO0O0T1 11
X710{0 01 00000[000001001 0000000 0[0011100010000000000000000O00000000T100000
Xg 0000001 101001010000 000000{00111000100000 1011 111 1111000000000T1T1000
Xer2/00010000/00001010000 00000 1/000001100000 1 1 1 1100000001 000000O0T1T1 11000
Xo5 {00 000001001 0000000 000000 0[(00001000001 0000000000000 T1 11 110000000000
Xgg |00101000[0011000100 1 1 1 1000{110011111110000000000000O0T11 110001100111
Xio3/00000010(1000000000 000000 0[1100000001 00000001 00000000000000O0O0O0O0T1 1 1
Xip5/00011000[(1010000001 000000 0/0000011101 1 1000000000000O00O0O0O0O0O0O0T1100000
X1s{00000100/0001000000 1 10000 0[1000010100 1 1010000101 10001010101 0001020
X001 00010/0001101000 1 10000 1211111001 100010000101 100110101011 112020
X124{00000101/01000100000 000 1 00[0010000100 1 1 1010111 11111011001 1000007100
Xi27/00001000[(0100000000 00001 10/00000001110000000000000000000000T1000000
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Figure 44. Quiver for Model 18.

The J- and E-term charges are given by

Qe =

and the D-term charges are given by

Qp =

The

where figure 45 shows the toric diagram with brick matching labels.

P

fd

815 516

s17]01 02 03 04 05 05 07 05 09 010 011 012 013 013 O15 016 017 O1s 019 020 021 0z 033 024 O35 O3 027 O35 029 030 031 032 033 O34 O35 036 037 038 030

0

1
0
1

S5 89 810 511 $12 813 514 815 816 S

° coo s
- ccccocoo
° coo

000000000
000000000
000000000

100000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000
000000000

000000

000000000
000000001
000010000
000000100
000000000
000000000
ofooooooooo
000000000
000001000
000000000
000000000
000000000
ofooooooo0o00

21.3)

cococoo

10

0
0
0
0
0

0
0

0

0

0
-1

0
0
0

-1

0

o=l ol

==~

00

P2 Py i ps o Prps|si sa sa s sy so s7 8 o si0 50 S 1 S 815 S

cccococococoo

ofooooo00000

ofoooooo0o0o0

cococo
cocoo
scocoo

000
000
000
000

cocoo

ofooooooooo
ofooooooooo
ofooooooooo
ofoooooooo0o0
ofooooooo0o0o0

toric diagram of Model 18 is given by

(21.4)

03 0405 05_07 03 0y 010 011 012 013 014 015 016 017 018 019 020 021 022 023 021 035 02 VI O3 02 O3 031 032 033 034 035 O3 037 038 030

0 -1
0

1

1
1

1

1
000/000000000
00000000000 0000
000000000

1

11

01 02
22222 2 2 2 2
0000000000
11111 -1-1-11
111 11-1-1-100
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Figure 45. Toric diagram for Model 18.

The Hilbert series of the mesonic moduli space of Model 18 is

P(tia Ysy> Yo15y Yooz r Yoz Yoy s Yos 5 Yog » Yor s MIS)
(1 = YsYor Y3, U2, Y2, Yos Yo, Y2 t1 13t 13 6)

gl(tia Yss Yors Yoo s Yoss Yoy s Yos 5 Yog s Yor s MlS) =

1
X
(1 = YsYor Y2, Y2, Y2, Yos Yo, Y2 tatst3t2te ) (1 — ysy2, Y2, Y3, You Yos Yo, Y2, t1t5tat 2t )
1
X 2.2 .3 3.9 7 427 42 3 3.2 .2 .3 1212712
(1 — YsY2, Y2, Yo, YosYos Yoy Yo, t2t3tatst) (1 — YsYo, Yo, Yos Yo, Yas Yo Yo, tit it ststs)
1
X
(1 = YsYor Y2, Yos s, Y2 Y2 Yo 131551318 ) (1 — Ysy2, Yoo Yo, You Y2, Y2, Yo t1t5tst3tR)
1
X
(1 = Yy, Yoo U3, You Y2 Y2 Yo t5t5t512t8) (1 — Ysy2, Y2, Yos Yo, Y. Yos Yo t 1 tatatt3)
1
X
(1 — Ysy2, Y2, Yos s, Ye. Yos Y t3t4t3713) (1 — Ys2, Yoo Y2, Y2, U3, Yoo Vi titst6t5t3)
1
% (21.6)

(1 — YsY3, Yoo U2, Y2, Y2 Yos Yo t3t3t6t213) 7

where t; are the fugacities for the extremal brick matchings p;. Furthermore, we have the
fugacity ys that counts the product brick matchings of the internal toric point s ...s17. The

fugacities yo,, - ., Yos, count products of extra GLSM fields, which are o;...05, 0¢...0s,
09 ...010, 011 - - - 017, 018 - - - 034 and 035 . . . 039, respectively. We note that setting the fugaci-
ties ¥o, = 1,...,Y0s = 1 does not change the overall characterization of the mesonic moduli

space by the Hilbert series, indicating that the extra GLSM fields, as expected, correspond
to an over-parameterization of the moduli space.
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SU2)z | UL)p, | U(L)s, | U(1) | fugacity
P1 +1 0 1 t
P2 -1 0 0 9 to
P3 0 +1 0 3 t3
j2 0 -1 0 T4 t4
D5 0 0 +1 rs ts
D6 0 0 -1 6 te
p7 0 0 0 7 tr
P8 0 0 0 T3 i3

Table 71. Global symmetry charges on the extremal brick matchings p; of Model 18.

By setting t; = t for the fugacities of the extremal brick matchings, and all other
fugacities to 1, the unrefined Hilbert series takes the following form

(1-t)*
(1—t7)3(1—1%)2(1—¢%)3
+ 35t 4 56t° 4 84t° + 12147 +176t° + 263t” + 396£1° 4+ 589t 4- 856412 4 1211¢13
+ 1668t + 222815 + 2873116 + 3572417 4- 4294418 45008t + 5683t + 6288t
+ 6796t + 718873 + 7468t%* + 76361%° 4-7692t%° 4+ 763617 + 74687 + 7188¢%

+ 6796130 + 628831 + 568332 + 5008133 4- 4294131 4 3572¢35 4 287336 + 2228137
4166838 + 12113 + 85610 + 589t + 3962 + 2633 + 176t + 12115 84416
45617 + 35¢18 420419 + 10670 4- 4451 -92) | (21.7)

gl(ta171717171717171;/\418): X(1+4t+10t2+20t3

where the palindromic numerator indicates that the mesonic moduli space is Calabi-Yau.
The global symmetry of Model 18 and the charges on the extremal brick matchings under
the global symmetry are summarized in table 71. We can use the following fugacity map,

t t t
t:t7:t8,$:£,b1:£,b2:£, (218)
t ts ts
where t1to = t3ty = tstg = t%, in order to rewrite the Hilbert series for Model 18 in terms
of characters of irreducible representations of SU(2) x U(1) x U(1).

The highest weight form of the Hilbert series of Model 18 is
1— %8

hi(t, p, b1, ba; Mig) = = - —2p—
1(t, 1, b1, b2 18) (1— ,Uzbl 2758)(1 _ #2b2 2t8)(1 _ U2b1 2b2 2758)(1 — ,U2b%t8)

1 _ _
TR ey R L
2 192
T2y 20 216 Ap22416 4 9,042 4 832 (21.9)

where pu™ ~ [m]SU(z),- Here in highest weight form, the fugacity p counts the highest weight
of irreducible representations of SU(2),. The fugacities b; and by count charges under the
two U(1) factors of the mesonic flavor symmetry.
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generator SU2)z | U(1)y, | ULy,

P1IP3PIPEPG $01030303050805t 1
P2P3PIPEP6 801030303050805t 0
P1P3PapEpT 501030304050805t" 1
P2p3PapPEpPT $07030304050407t 0 0
PIPAPsPEps $01030305020805t° 1
P1P2PAP5PEPs $01030304050505t 0
PAPiPsPaps $01050303030505t° -1 -1 -1
PiP3PapsPepTPs $03050303030505t 1
P1P2P3PaP5PePTPs SO31050305030505t° | 0
P3P3PAPsP6PTPs SO1050301030505t° -1
PiP3PsPIDs 507020304030305t°
P1P2P3PsPaPs $07020304030503> 0
P3P3PsPIPs $05020504030505t° -1
Pipapepp3 s07030303050607t”
Pip2papipTPs S07030303030607t 0
P1P3P4PaPTP3 $03050304030607t” -1
PSPapEpTP3 S07030303030607t” -2
Pipspep?p3 s05020305050607t”
Pip2pspepaps $07020303030607t 0
P1P3P3PepapE $07020303030607t” -1

3 2.2 3 223 4,9
DaP3PeP7PR SO10203010506071 —2

= = = 2O O O O R = =B OO o
|
—_

Table 72. The generators and lattice of generators of the mesonic moduli space of Model 18 in
terms of brick matchings with the corresponding flavor charges.

The plethystic logarithm of the Hilbert series is

PL[gy(t, z, by, ba; Myg)] = ([1]b7 'ba + [1]b1b3)t7 + ([2] + [2]by 2y * + [2]b3bo)t®
+ ([3]b7 10y % + [3Jbaby )t” — 03¢ — (16 + 2[1]b; o + 2[1]b1b5
+ [1)b303 + [3]by tbo + [3]b162)tY® — (2 + b7ty 4 by 2by L + biby + bib3
+3[2] + 2[2]b; 2by ' + 2[2]b7by + 3[4] + [4]b1°by " + [4]b7b2)t "
— ([0 + [1]b7°b5° + 2[1)by "oy + 2[1]baby * + [3]67 + (3] %05
+ 2[3]by 1y 2 4 2[3]b1by b 4 [B]by tby 2 4 [5]biby )T — (by® + [2]b7 2by
+ [2]b5 2% 4 [2)b305 2 + [4]by )8 L (21.10)

where [m] = [m]sy(2),- From the plethystic logarithm, we see that the mesonic moduli
space is a non-complete intersection.
By using the following fugacity map

2 - tgts ~  totf

= = , === 21.11
t% ! toty 2 t4tg ( )

t=ty=tg, T =
where tty = t3ty = tstg = t2, the mesonic flavor charges on the gauge invariant operators

become Z-valued. The generators in terms of brick matchings and their corresponding
rescaled mesonic flavor charges are summarized in table 72. The generator lattice as shown
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generator SU(2)z U(Ulﬁ U(l)b}

P17 X73X32X06X61 = Pas X512 X127 X73X32 = P39 Xos X510 X127 X735 = Xo6 P12 X127 X73 X352 1 -1 0
= P17 X7.10X105X52X26 X61 = P2s Xs.12X12.7X7.10X10.5X52 = X14P1.10X105X52X26 X61 = P5.11X11.8X8.12X12.7X7.10X 10,5
= Xo6P6.12X12.7X7.10X10.5 X352

Q17X73X32 X026 X61 = Qas X512 X127 X73 X352 = Q39 X0s Xs5.12X12.7X73 = X26Q6.12X12.7X73 X32 0 -1 0
= Q17 X7.10X105X52X26 X61 = Q28 X312 X12.7X7.10X105X52 = X14Q4.10X10.5X52X26 X61 = Q5.1 X11.8X5.12X127X7.10X10.5
= X26Q6.12X12.7X7.10X10.5 X52

P17X710X105X56X61 = X14P1.10X10.5X56 X61 = P51 X11.12X12.7X7.10X10.5 = X56Ps.12X12.7X7.10X 10,5 1 0 1
= P17X7.10X103X32X26 X61 = P2s Xs.12X12.7X7.10X10.3X32 = P39 Xos X512 X12.7X7.10X10.3 = X14P1.10X10.3X 32 X26 X1
= X26P6.12X12.7X7.10X10.3X32

Q17X7.10X105X56X61 = X14Q4.10X10.5X56 X61 = @511 X11.12X12.7X7.10 X105 = X56Q6.12X12.7X7.10X10.5 0 0 1
= Q17X7.10X10.3X32X26 X61 = Q28 X5.12X12.7X7.10X10.3X32 = Q39 X08 X5.12X12.7X7.10X 103 = X14Q1.10X10.3X 32 X26 X1
= X26Q6.12X12.7X7.10X10.3X32

Pos X5.12X12.4P110X105X52 = P110X 1055511 X11.8 X812 X12.4 = Xo6Ps.12X12.4P1.10X 105 X52 1 -1 -1
= P17 X73 P39 Xo5 X520 X026 X61 = Pas X512 X12.7X73 P39 X05 X520 = P39 Xo5 P5.11.X11.8 X512 X127 X73
= Xo6Ps.12X12.7X73 P39 Xo5 X5

Prs X5.12X12.4Q4.10X105X52 = Q28 X512 X12.4P1.10X10.5X52 = P110X10.5Q5.11 X11.8 X812 X12.4 0 -1 -1
= X26Q6.12X12.4P1.10X105X52 = Q1.10X10.5P5.11 X11.8 X512 X124 = X26P6.12X12.4Q4.10X 10,5 X52

= P17X73Q39 X05 X520 X26 X61 = Pos X512 X12.7X73Q39 X095 X52 = Q17X73 P39 Xo5 X52 X6 X61

= Q28 X5.12X12.7X73 P39 X05 X52 = P39 X05Q5.11 X11.8 X812 X12.7X73 = X26Q6.12X12.7X73 P39 X095 X52
= Q39 X095 P51 X11.8X5.12X12.7X73 = X26P6.12X12.7X73Q39 X05 X52

Q28 X5.12X12.4Q4.10X10.5X52 = Q110X 1050511 X11.8Xs5.12X12.4 = X26Q6.12X12.4Q4.10X10.5X52 -1 -1 -1
= Q17X73Q39 X095 X52 X026 X61 = Qa8 X5.12X12.7X73Q30 X095 X52 = Q39 X05Q5.11 X118 X512 X12.7X73
= X26Q6.12X12.7X73Q30 X095 X552

Table 73. The generators in terms of bifundamental chiral fields for Model 18 (Part 1).

in table 72 is a convex lattice polytope, which is reflexive. It is the dual of the toric diagram
of Model 18 shown in figure 45. For completeness, table 73 and table 74 show the generators
of Model 18 in terms of chiral fields with the corresponding mesonic flavor charges.

22 Conclusions

In this work, we have studied the 18 regular reflexive polytopes in dimension 3 as toric
diagrams of Calabi-Yau 4-folds corresponding to 2d (0,2) supersymmetric gauge theories.
These 2d quiver gauge theories are realized by brane brick models. It is natural to search
for brane brick models for each of the Calabi-Yau 4-folds associated to smooth Fano 3-folds
and to investigate what detailed information about these gauge theories can be extracted
from the underlying geometries. Guided by these questions, the following comprehensive
results have been presented in this work:

e Gauge theory identification. For each of the 18 regular reflexive polytopes in 3
dimensions corresponding to toric Calabi-Yau 4-folds and smooth Fano 3-folds, we
constructed a brane brick model realizing a 2d (0, 2) supersymmetric gauge theory.
These 2d theories are worldvolume theories of D1-branes probing the Calabi-Yau
singularities.

e Moduli space computation. The toric Calabi-Yau 4-folds are the mesonic moduli
spaces of the 2d (0, 2) supersymmetric gauge theories realized by brane brick models.
For each model, the generating function of mesonic gauge invariant operators, the
Hilbert series, was calculated using the Molien integral formula. The fugacities of the
Hilbert series can be chosen to count brick matchings of the brane brick model that
correspond to GLSM fields as well as to points in the toric diagram of the Calabi-Yau
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generator

SU2)s

ULy,

U(L)g,

Pr7 X753 X0 Pog Xs1 = Pr7X73P39 X0 Xs1 = Pr10X10.5P5.11X11.12X12.4 = Pr10X10.5X56 F6.12X12.4

= P17X7.10X10.3P30 X05 X52X 26 X61 = Pas X5.12X12.7X7.10X10.3 P39 X05 X520 = X14P1.10X10.3 P30 X05 X520 X6 X61

= P39 Xo5 P51 X11.8X8.12X127X7.10X 103 = X26P6.12X12.7X7.10X10.3 P39 X05 X520 = P17.X7.10X10.5 X52P2s X1

= P17 X73P39X05X56X61 = Pr7X7.10X10.5P5.11 X11.8X81 = X14P110X10.5 X520 P28 X531 = Pasg Xg12X12.4P1.10X10.3X32

= P39 X9sXs.12X12.4P1.10X10.3 = P39 Xo5P5.11X11.12X12.7X73 = P39 X05 X56P6.12X12.7X73 = X14P110X105P5.11 X11.8 X381
= XoPs.12X12.4P1.10X10.3X32

Pr7X73X50Q08 X1 = Pr7X73Qs0Xos Xs1 = Q17 X73X30Pos X1 = Q17 X73 P39 X0 X1 = P1.10X10.5Q5.11X11.12X12.4

= P110X105X56Q6.12X12.4 = Qu.10X10.5P5.11 X11.12X12.4 = Qu10X10.5X56 Ps.12X12.4 = P17.X7.10X10.3Q39 X05 X52 X 26 X61
= Pos X5.12X12.7X7.10X10.3Q30 X5 X52 = Q17X7.10X10.3 P39 X 95 X52 X026 X61 = Q25 X5.12X12.7X7.10X10.3 P39 X 95 X52

= X14Q4.10X10.3 P39 X095 X52 X206 X1 = P39 X05Q5.11X11.8X3.12X12.7X7.10X10.3 = X26Q6.12X12.7X7.10X10.3 P39 X05 X52
= X14P1.10X10.3Q39 X095 X52 X26 X61 = Q39 X05P5.11 X11.8X8.12X12.7X7.10X10.3 = X26FP6.12X12.7X7.10X10.3Q39 X095 X52

= P17X7.10X105X50Q28 X1 = P17.X73Q39 X095 X56X61 = Pr7X7.10X105Q5.11 X11.8X81 = Q17 X7.10X10.5 X528 X51

= X14Q4.10X105X52Pos X1 = Pos X512 X12.4Q1.10X 103 X352 = Q17 X733 X 05 X56 X61 = P39 Xos X5.12X12.4Q1.10X10.3

= P39 Xo95Q5.11X11.12X12.7X73 = P39 X95X56Q6.12X12.7X73 = X14P110X10.5X52Q28 Xs1 = Q28 X5.12X12.4P110X10.3X32
= Q39 X098 X5.12X12.4P1.10X10.3 = X14P1.10X105Q5.11 X11.8Xs1 = X26Q6.12X12.4P1.10X 103 X32 = Q17X7.10X 105511 X11.8 X381
= Q39 X5 P5.11 X11.12X12.7X73 = X14Qu.10X 105511 X11.8X81 = Q39 X05 X56P65.12X12.7X73 = X26P6.12X12.4Q4.10X10.3 X 32
Q17 X73X32Q28 X531 = Q17 X73Q39 X098 X1 = Qu.10X105@5.11 X11.12X12.4 = Qu.10X10.5X56Q6.12X12.4

= Q17X7.10X10.3Q39 X 95 X52 X26 X1 = Q28 X5.12X12.7X7.10X10.3Q39 X05 X52 = X14Q1.10X10.3Q39 X 95 X52 X26 X61

= Q39 X95Q511X11.8X812X12.7X7.10X10.3 = X26Q6.12X12.7X7.10X10.3Q39 X905 X52 = Q17X7.10 X105 X52Q28 X531

= Q17 X73Q39 X095 X56 X61 = Q17X7.10X10.5Q5.11X11.8X81 = X14Q1.10X10.5X52Q28 X51 = Q28 X5.12X12.4Q1.10X10.3X32
= Q39 X098 X8.12X12.4Q4.10X10.3 = @39 X05Q5.11 X11.12X12.7X73 = Q39 X095 X56Q6.12X12.7X73 = X14Q4.10X10.5Q5.11 X11.8 X381
= X26Q6.12X12.4Q1.10X103X32

Pr7X710X103X32 P28 X1 = P17 X7.10X10.3P30 X 08 Xs1 = X14P110X10.3X32Pos Xs1 = X14P1.10X10.339 X 93 X1

= P17X710X10.3P39X05 X56 X61 = X14P1.10X10.3 30 X 95 X56 X61 = P39Xo05 511 X11.12 X127 X710 X003

= P39 Xo5X5656.12X12.7X7.10X10.3

P17X710X103X32Q28 Xs1 = P17X7.10X10.3Q30 X0 Xs51 = Q17X7.10X10.3X32 Pos X1 = X14Qa.10X10.3 X 32 Pas X1

= Q17X7.10X10.3 P39 X98 X1 = X14Q4.10X10.3 P39 Xos Xs1 = X14P1.10X10.3X32Q28 Xs1 = X14P1.10X10.3Q39 X0s X1

= P17X7.10X10.3Q39 X095 X56 X61 = Q17X7.10X10.3 P39 X05 X56 X061 = X14Q4.10X10.3 P39 X095 X56 X61

= P39 X05Q5.11X11.12X12.7X7.10X103 = P39 X5 X56Q6.12X12.7X7.10X103 = X14P1.10X10.3Q39 X05 X56 X61

= Q39 X05P5.11X11.12X12.7X7.10X10.3 = Q39 X05X56P6.12X12.7X7.10X10.3

Q17X7.10X10.3X32Q28 Xs51 = Q17X7.10X10.3Q39 X098 X1 = X124Q1.10X10.3X32Q28 X1 = X14Qu4.10X10.3Q39 X9 Xs1

= Q17X7.10X10.3Q39 X05 X56 X61 = X14Q4.10X10.3Q39 X095 X356 X61 = Q39X 95Q5.11 X11.12X12.7X7.10X710.3

= @39X095X56Q6.12X12.7X7.10X10.3

P17 X73 P39 Xo5 X528 Xs1 = Pr7X73 P30 X05P5.11 X11.8X81 = Pog X5.12X12.4P1.10X10.3 P39 X05 X52

= P39 Xo5 511 X11.8X8.12X12.4P110X10.3 = X266.12X12.4P1.10X10.3 P39 X 05 X52

P17 X73Q30 X 05 X52 Pos X1 = Pi7.X73P39 X095 X52Q28 Xs1 = P17 X73 P39 X05Q5.11 X11.8 X381

= P17 X73Q39 X05 511 X11.8X81 = Q17 X73 P39 X05 X52Pos Xs1 = Q17 X73 P39 X5 P5.11 X118 Xs1

= Pos X35.12X12.4Q4.10X10.3 P39 X95 X52 = Pog X5.12X12.4P1.10X10.3Q39 X095 X52 = Q28 X5.12X12.4P1.10X10.3 P39 X05 X52

= P39 X05Q5.11X11.8 X512 X124 P110X10.3 = X26Q6.12X12.4P1.10X10.3 P39 X05 X52 = P39 X95P5.11 X11.8X3.12X12.4Q1.10X10.3
= Xo6P6.12X12.4Q4.10X10.3 P39 X05 X520 = Q39 X05P5.11 X11.8 X812 X124 P10 X10.3 = Xo6P6.12X12.4P1.10X10.3Q39 X 05 X52
P17 X73Q39 X 05 X52Q28 X581 = P17.X73Q39 X05Q5.11 X118 Xs1 = Q17 X73Q39 X 95 X520 P28 X1

= Q17 X713 P30 X095 X52Q28 X531 = Q17 X73 P39 X05Q5.11.X11.8 X581 = Q17X73Q39 X 95511 X11.8 X581

= PrsX312X12.4Q4.10X103Q39 X095 X52 = Q28 X5.12X12.4Q4.10X10.3 P39 X05 X52 = P39 X95Q5.11 X11.8X5.12X12.4Q4.10X10.3
= X26Q6.12X12.4Q4.10X10.3 P39 X095 X52 = Q28 X5.12X12.4P1.10X10.3Q39 X095 X52 = Q39 X095Q5.1 X11.8X8.12X12.4P1.10 X103
= X26Q6.12X12.4P1.10X10.3Q39 X095 X52 = Q39 X05P5.11 X11.8 X58.12X12.4Q1.10X 103 = X266.12X12.4Q4.10X10.3Q39 X 05 X52
Q17X73Q39 X 05 X52Q28 X51 = Q17X73Q39X95Q5.11 X11.8 X581 = Q28 X8.12X12.4Q4.10X10.3Q39 X 95 X52

= Q39X05Q5.11X11.8X58.12X12.4Q1.10X 103 = X26Q6.12X12.4Q4.10X10.3Q39 X095 X52

P39 Xo5 P51 X11.12X12.4P1.10X103 = P39 X5 X56P6.12X12.4P1.10X10.3 = P17 X7.10X10.3 P30 X05 X50 P28 X351

= P17X710X10.3P39X05 P51 X11.8Xs81 = X14P4.10X10.3 P39 X95 X502 Pos X531 = X14P1.10X10.3 P59 X05 5.1 X11.8 X581

P39 X95Q5.11 X11.12X12.4P1.10 X103 = P39 X095 X56Q6.12X12.4P1.10X10.3 = P39 X05P5.11X11.12X12.4Qa.10X10.3

= P39 X95X56%.12X12.4Q4.10X10.3 = Q39X 05 P51 X11.12X12.4 P1.10X 103 = Q39 X05 X566.12X12.4Pa10X10.3

= P17X710X10.3Q30 X05 X52 Pos Xs1 = P17.X7.10X10.3 P39 X05 X52Q28 X581 = P17.X7.10X10.3 P39 X95Q5.11 X11.8 X351

= P17X7.10X10.3Q39X05 P5.11 X11.8 X581 = Q17X7.10X10.3 P39 X095 X520 P2s Xs1 = X14Q4.10X10.3 P39 X05 X52 Pos Xs1

= X14P110X103Q39 X095 X52 Pos X1 = X14P1.10X10.3 P39 X05 X52Q28 X531 = X14Pa.10X10.3 P39 X05Q5.11 X11.8 X351

= Q17X7.10X10.3P39 X5 P5.11 X11.8X81 = X14Q4.10X10.3 P39 X05 P5.11 X11.8 X581 = X14P1.10X10.3Q39 X 05 P5.11 X11.8 X1
P39 Xo5Q5.11X11.12X12.4Q4.10X10.3 = P39 X05X560Q6.12X12.4Q4.10X10.3 = Q390 X05Q5.1 X11.12X12.4P110X10.3

= Q39 X095 X560Q6.12X12.4P1.10X10.3 = Q39 X05 %511 X11.12X12.4Q4.10X10.3 = Q39 X095 X56 P6.12X12.4Q4.10X10.3

= P17X710X103Q39X05X52Q08 Xs51 = P17X7.10X10.3Q39X05Q5.11 X11.8X51 = Q17X7.10X10.3Q39 X5 X520 P25 X1

= X14Q4.10X10.3Q39 X05 X52 Pos Xs51 = Q17X7.10X10.3 P39 X095 X52Q08 Xs51 = Q17X7.10X10.3 39 X95Q5.11 X11.8 X581

= X14Q4.10X10.3 P39 X095 X52Q28 X531 = X14Q4.10X10.3 P39 X05Q5.11 X11.8 X581 = X14P1.10X10.3Q39 X05 X52Q28 X1

= X14P1.10X10.3Q39 X05@5.11 X11.8Xs1 = Q17X7.10X10.3Q39 X 05 P5.11 X11.8 X581 = X14Q4.10X10.3Q39 X 05 P5.11 X11.8X81
Q39X05@5.11X11.12X12.4Q1.10X 103 = Q39X05X56Q6.12X12.4Q1.10X 103 = Q17X7.10X10.3Q39 X05 X52Q28 X531

= Q17X7.10X10.3Q39 X05 Q5.1 X11.8X51 = X14Q4.10X10.3Q39 X 95 X52Q25 X1 = X14Q4.10X10.3Q39 X05Q5.11 X11.8 X1

Table 74. The generators in terms of bifundamental chiral fields for Model 18 (Part 2).
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4-fold. Furthermore, the fugacities also refer to charges under the global symmetry of
the 2d gauge theory.

e Moduli space characterization. For the 18 brane brick models under consideration,
we expressed the generators of the mesonic moduli space both in terms of chiral
fields of the 2d gauge theory as well as brick matchings. This is the first time the
geometry of all toric Calabi-Yau 4-folds and smooth Fano 3-folds corresponding to
the 18 regular reflexive polytopes has been associated to the moduli space generators
of supersymmetric gauge theories.

e Reflexive polytope duality. The generators of the mesonic moduli space carry mesonic
flavor symmetry charges. The mesonic charges carried by the generators can be
represented as points on a Z? lattice, similar to the points of the toric diagram As of
the Calabi-Yau 4-folds. The convex hull of all such points forms a convex polytope,
which we call as the generator lattice of the mesonic moduli space. It turns out
that for the brane brick models corresponding to the 18 toric Calabi-Yau 4-folds
with regular reflexive polytopes as their toric diagrams, the generator lattice of the
corresponding mesonic moduli spaces is another reflexive polytope. In fact, this work
verified for all 18 brane brick models that the generator lattice of the corresponding
mesonic moduli spaces is the polar reflexive dual of the toric diagram As.

Overall, this work has considerably expanded our understanding of the correspondence
between 2d (0, 2) supersymmetric gauge theories, brane brick models and toric Calabi-Yau
4-folds. At the same time, it opens several avenues of future inquiry. We expect to be able
to report on further related developments in the near future.
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A Numerators for the fully refined Hilbert series

A.1 Model 1

P(ti,ys; M1) = 1+ ystits + ystits + ystith + ystits + ystitats + ystitsts + ystots + ystits + ystitats +
Yst313 + YIS 4+ ysta 1] + ystat] + yZ2 T30 + Y2 3] 4+ yotita + ystitats + ystatita + ystita +

Ystitats + ystitotsts + ystatsts + yititatats + yet1tits + ystatita + yititatits + y titat5ta + yatita +
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Y2t tatits + y2 3565t + Y2 a3t + ystT] 4 ystitat] 4 yst3t] + y2tT55 + ystatst] + ystatst] +
yatltatsts +yititdest] +ystit] +yledtatie] +yltieoede] +yltiedent] +y2edede] +yltitatded +
YIeategts + yZt5e5e] + ystat] +yatatd + y2ee5e] + y2eTe5e] + ystat] +yltitatst] + yltititaed +

yotitstat] +y2ee3e] + yltTtatie] + yZtitdese] + ylede5ed + y2Te3e] + yltatatded + y2 5655 + y2ee3e3e]
Model 2

P(ti,ys; Ma) = 1+ ystatat] + ystTt5ts + ystitatits + ystitats — y2t1t5t5ts + ystitst] + ystatatst] +
ystatat] — yStitotst] + ystatat] — yStitatdel — y2ee3eded — yleatSefe] — yltTesede] — yleTedeNel —
y2e262eat] — Y3 336005 + yat2t3ts + ystatatits + yst2t2ts — y2t2125ts + yotitatats + ystitatatats +
Ystatatats — y2tititatats + ystitats + ystitotats + ystatats — Yy titatatots — y tatatatats — yototatatats —
Y2t2t3tatits — y3t3totstits — y2tItItots — YR ItStstots + ystitat: + ystitotats + ystatats — y2titat5td +
YstTtats + ystitataty + ystotats — y2tTe3edeats + y t1e5t5es + yleteaeieles + yStTe0e5e0e8 + yleae3e5eRes +
yotstienes — yleitstgeats — yltiedeleded — y2eTe5t3e0eE — ultiteartel — yledeSesedel — y2tTe0eqe3 —
yatdt5eseael —yStiee5eqel —ydededededed —yS et gt St el +ystitaedeRts dystitatd —yStTtat ] —y2e 5503 —

2,2,2

y2tt5tatd —y2t3e3e2tats —yS 35t eatd —y2t3¢2

2,3 3,3,3,4,2,3 2,3, ;3,3 2,2,2,3,3 2, ,3,3,3
stitatstyty —y tytotatyty —y titatyty —y titotyty —y tatotyts +

3,5, ,3,3,3 3,4,2,3,3,3 3,3,3,3,3,3 3,2,4,3,3,3 3, ,5,3,3,3 3,3,3,2,4,3 4,5,3,5,4,3
ystitatztyty +yititotatyty + ytitatatyty + yotitotatyty + yotalatztyty — yotitotstyty + ytitotstyts +

5
T R o e e A e e A U R o R G L e R L L e
YIHSS Ly — Yt titatats — YIS tgtats — yZHSER Ly — yIIISHGES — YIS ISHES + y SRSty +
Yot ts ity + yS i gIst Ly — Yl 5tatats + YIRS HIts + yStytats ity + yItitStatats — YIS Nts +
Yot LItS + yS o a s + YSRGS — yIt S tat] — yItTSHGHE — It tGtat] — YIS HGats —
YIHTES LIS — YD SIS — yItTGtRHE + Yt tSeie] — yltitdtathe] + y ItV SHSH] + St o tstie] +

Yot tits — YIS + YIS ST + yS i atSene] + y eV SeSats + yltiatSeled + yle]e3e5eges

Model 3

P(ti,ys,yo; M3) = 1+ ysydtitat] + yoyStit3t] + ysyit1tst] + yoyStitst] + ysyititatst] + ysystatitst +

YsYSt3tat] + yayStitst] + yeyStitatdt] + ysyStat3t; + yayStatit] + yayStatit] + yZyStiedtie] +
y2yStit3ests + y2yStItstit] + yoyltitats + ysyititatats + ysyZtititats + ysyltotats + ysyititstats +
ysy2titotatats +ysy2titatats +ysy2titatats +ysy tatatats +ysy2tstats +y2ySt3tdtatits +y2ySt3e2t2t5ts +
YIySt St thts + ylyStitatthts + ylyStTtotithts + Y2 ySt1t3titits + Ysyotitats + ysUotitats + Ysyotatsts —

VSt — iR it - i - uin e it - Ryl -

vttt - it - uindaie - 2t - ildddd - it -

2EBERRE — i BEEE — 2R — AR - 2R niid - iin 30ae -

2 4,3,3,2,2 2 04,2.4,2.2 2 4 4,2,2 2 4,2.4,2.2 2 4, ,5,2,2 2 4, ,5,2,2
YiYolatstits — Yy titstits — Y yotitatstits — vy, tatstity — yoystitstats — Yy, tatstits —

o s

3 7,5,3,2,4,2 3, 7,3,5,2,4,2 3, 7,5,2,3,4,2 3. 7,4,3,3,4,2 3 7,3,4,3,4,2 3, 7,2,5,3,4,2
YsYotitatstals — Y yotitatstats — Y yotitatstaty — Y yotitatstaty — Y yotitatstaty — Y yotitatstyty —

o

3, 7,3,3,4,4,2 3, 7,3,2,5,4,2 3 7,2,3,5,4,2 2 3
YoUolitatatyts — Yoy titatstyty — Yoy, titatstyts — yly

o

3,2 2 2,8 2 2,2
t3t2tatd — y2ySt25tatd — y2ySt2t2tatatd —

2 3,3,2, ,3 23,2, .2, ,3 2 3, 42,2, ,3 2 3,3,2, ,3 2 3,2,3, .3 2,3,2,3, ,3
YsYolitatats — ysyotitatstaty — yiystitatslaty — yoyotatstaly — ysy,titstats — ysy tatstaty —
3,6,5,4,3,3 3,6,4,5,3,3 3,6,5,3, ,3,3 3,6,4,4, ,3,3 3,6,3,5, ,3,3 3,6,5,2,2,3,3
YsYoltitaluts — Ysuotitatyts — Yoy titotstyty — Yoy titatstyty — Yoy titatatyty — ysystitatatyty —

3, 6,4,3,2,3,3 3,6,3,4,2,3,3 3,642,5,2,3,3 3,645, ,3,3,3 3,6,4,2,3,3,3 3,6,3,3,3,3,3
YsUotitalatyts — Yoy titatatyty — Yy, titatztyly — Yy ystitatslyts — yoyotitatytyts — 2y yttatytyty —

YoUoti tat3tts — yyot SIS — ylyS ittty — ylySitata ity — ylys s tie] — ylygtisstits —

VRS e — B — uEe e — R — o — bt -
Yoyotat3tits + ysyotitatseitd +ytynt1t5tsted + yiyotitaelefed +ylySeitatieies + ylystieleieies +

3 5,2,4,2,2,4 3,5,3,2,3,2,4 | 3 5,2,3,3,2,4 3,5,2,2,4,2,4 | 4 8,5.5,2,4,4 4, 8,5,4,3,4,4
YsYoltitalatyts + Yoy t1tatatyty + ysy t1totstyts + Yy titatstuty + ys Yo titatatyts + Y,y t1tatst,ty +

4.8,4,5,3,4,4 4 8,5,3,4,4,4 | A 8,4,4,4,4,4 | 4 8,3,5,4,4,4 , 4 8,5,2,5.4.4 | 4 8,4,3,5,.4,4
YsYolitatstats + Ysyotitotstats + U Yo titatstats + Yo yotitatstyts + Yy, titatstats + yoyotitatstats +
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viuSeteiigried + bl eeded - vtudetededd + il £ it + yhlnane +

Iyt SRS + yly tT SR + yly s t3eied + yly eSS eNe] + yly 5t tie] + vyl tstie] +

4 7,3,4,4,3,5 4,7,2,5,4,3,5 4, 7,4,2,5.3,5 4,7,3,3,5,3,5 4,7,2,4,5.3,5 5. 10545,5.5,5
YsYotitatstats + Ysustitatstits + Y y,titatstats + yoystitatstits + ¥ ystitatstyts + yoy, 0t t5t5t,ts

Model 4

P(ti,ys,Yo; Ma) = 1+ ysyotitats + Ysyolatsts — y2y2titatits + ysYotitats + ysyotatsts — y2yZtitatsts —

y2yltatatity — ylyltitatdt] — ylyltaitatst] + y.yltTtits + yeyltitatits + ysyltatits — ylyStitatits —

y2yBtit3tits + yayltitatats + yeyltitatstats + ysyltatatats — ylyStitatitats — ylyStitititats +

Ysy2t2t2ts + ysy2titot3ts + ysy2t2t3ts — y2yStitatdtIts — y2yltit3t3t3ts — y2yStitat2tSts —
yaystit3tstles + ylyotitaedtits — ylydtltatstits — ylyStitdestits + ylystitatstits — yiydtitatlts —
y2yStit3ties + ylydedeedehts + yoyStitat? + yayStdtatst? + yayStititat? + y.yltdtstd — y2yttTtatied —
VI — 2t 3036+ et + vttt e et + et — ittt -

2 4,2,2,3, .2 2 4, ,3,3, .2 2 4,4,2,2.2 2 4,3, ,2,2,2 2 4,2,2,2,2,2 2 4, ,3,2,2.2
YsYoltitatataty — Yy tatatataty + ysy,t1tatyts + Yoy titatstyts + yoy,t1tat5tyty + Yy titatstyty +
VB — ytSte — R — IRENEE — N e - vt -

24,22, 3,2 2,4, .3, 3,2 3,5,3,2,4,3,2 3,5,2,3,4,3,2 2 4,3, 4.2 2 04,2,2,4,2
Y Uotitatatyts — Yy tatatatyty + Yoy titatstyts + Yy titotstyty — Y ystitatyts — Yoy titotyty —

4 4 4 4

Pyt £ BB AR BB RRRAR — By E — PySREARE — SRR
VRSt AR + SRR + SRR + SR + et Tyt
YsUptitity — y2ygtitatits — ylyotit3ee] — ylyotitsest] — ylydtatatits + ylyotitititat] +
y2yotitatitaty — ylyotitititats — ylyotiedtStat] — ylyotitatitat] + ylyltititstit] + ylyotTtStstits —
ylyotitatstit — ylyotitststis — ylyotTeatstie] — ylydtitatits — y2ydtTeaeied — y2yoteseie] —
y2yotatatits +ylyotitatieded + ylyotitedtied + ylyottSedeied + ylySeTeatedes + ylyotat3sedel —
ylyotitatatitl — ySyotdtsedents — ylyStTentSeded + ylyltReaedtied + ylyleitiedeied + ylyl eie5t5ehes +
yeystitstgtied — ylyotitststfel — ylyStleStatled — ylyStitatatied + ylyltitaesefed + ylylt1e5t5e5ts +

4,7,3,4,4,5,3 4,7,2,5,4,5,3 2 6,3,3,2,4 3, 7,4,3,5,4 3, 7,3,4,5,4 2,6,3,3 4
YsYotitatstaly + yyotitatstyty + ysyottatsty — v yotitatsty — ylyotitatsts + y y,titotataty —

3. 7,4,3,4, 44 3. 7,3,4,4, ,4 2.6,3,3,2,4 3, 7,4,3,3,2,4 3, 7,3,4,3,2,4 3, 7,4,3,2,3,4
YsYolitalataly — Yoy titatataty + Yy y,titotits — Yoy titalatyly — Yoy, titatatyly — Yoy, titatatyty —

3, 7,3,4,2,3,4 4,8,5,3,5,3,4 4, 8,4,4,5,3 .4 4,8,3,5,5,3,4 3, 7,4,3, 44,4 3, 7,3,4, 44,4
YsYolitalatyls + Y,y tilotatyly + Y.y titatslyts + Yy titatstyts — Ysyotitatatyts — ysy,titatatyts +

s o

ST + ytuSeiedeieied 4 otuSeleReieied — oRuTeteele — uluTR e e ¢
y S + o tuSeleReeel — oPuSetededed — uySeieedard — 2yt el — uySeiedentded +

YsyotTtatatitl + ysystitatatitd — ylustitotit] + ylystitatitats + yiydt1e3eeats + yiy Ctie5e5e5es
Model 5

P(ti, ys, yo; Ms) = 1+ ysy2tStats + yoy2titatats + yoy2tititats + ysyltatats + yay>titatats +

ysy2titatatats + ysy2tatatats + ysy2titatats + ysy tatatats + ysy totats + ysyStitats + yoyStitat: +

YsYSTIEST + yeydtitat] + ysyStitst] + yeydtitatat] + ysyStititst] + yeyitatitat] + ysyStstat] +

YsUSEIERS + ysyStitatit] + yauStat3t5t] + yayStitdel + v uSti 3] + yavitatatit] + yayStatie] +

4
Ysyat1t3t] + ysystatit] — ylydtdtatatd — ylydeTtstatd — ylydtatitatd — ylyStitstat] — ylyd2eTtatstat] —
y2yS2titotatats — y2y3tdtatatd — y2ydtitatatd — y2yS2titatatats — y2ydt2totats — y2yStititatd —

YIystatitats — yIygtitat ity — ylyotitstat] — ylys i3ty — vyt atits — ylygtit3Hits — ylygtitstits —
2y ystitatstity — 2uTystitatatity — 2y7ygtt5tatits — 2yTygtatatatits — ylygtitatits — ylygtitstits —

22yt - 22yl an - 2tvinddnn - uinsid - ildddd - atitndde -
22t R0 — el — 2l - atintrd il - 2B - indgrd -

Y2yatat3t5tE + ylyatltatstat] + ylyttTt3tstat] + ylystititstatd + ylystitatitaty + ylystitititat] +

vlugtitatitats + y2uotitstits + ylugtitststits + yluotitstatits + y2yotiese5tits + y2yotie3esties +

s
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YRuStitststits + ylydtitatitits + yZudtit3tdtits + yludttededetts + ulydtitatdtits + ylydtititlts +
youStitatatits + yludtititatits + yludtatitatits + yluStatitits + yiyltitatatitd + yiyltttatied +
yiyS it tstied + y2yleedestity + ylyltatdtaties + yiuStitatdedes + oPyStie3e3e5es + ySyd 33t 65 el +
yoyotitatities + ylydtitatieies + yludtitatdeits + ylydtitdedeiey + viyS el tatstie] + ylyStatieieiel +
ySyStatatititd +y2yStitatdes +y2yStitdeded + y2ySedededed + y2uStitdeatt +y2yStie3ats + y2ySeTeseded —
yoySttatded — ylyStiededed — ylySededeatied — 2y3ylettstatied — ylyStitdtated — ylySetegedeled —
2yBydttedegeied — 2y3ydededeieded —ySydeTedeneded — ylydedtatieied — 2yPySetededeled — 292y Sededededel —

2y Yo ttatstat] — ylyghi i35 HEts — yTygtiestit] — 2ulystitatstity — 2yTysitGHatyts — 2yTygt5tatlts —

2ylystatatstits — ylygtitstits — ylygtitsties — ylystitat5eat] — ylyS IS ae] — ylygh i35S —

s o o o o o
YSUOtatSHIS — Syt Eatitts — yly titStaats — vyl el ataats — 2Tyt o gty — vy titstgeats —
YIYStTEStaAts — 20Tyt S tgtits — 2uly I st itE — ylygtTeS gty — yly e tstReats — yly i egesest —

3. 7,2,4,5,4,2 4,7,5,4, 3.5 4, 7,4,5, ,3,5 4,7,5,3,2,3,5 4, 7,4,4,2.3,5 4,7,3,5,2,3,5
YiYotitatstats + Ysustitatatits + U y,titatatits + yoystitotstits + ¥y, titatstats + v ystitatstits +
4,7,5,2,3,3,5 4,7,4,3,3,3,5 4,7,3,4,3,3,5 4.7,2.5,3,3,5 47,5, 44,35 4,7,4,2,4,3,5
YsYotrtatstats + Ysystitatstits + y sy, titatstats + yoystitatstits + Y ystitatstats + yoystitatstats +
4 7,3,3,4,3,5 4,7,2,4,4,3,5 47, 15,4,3,5 47,4, ,5,3,5 4. 7,3,2,5,3,5 4,7,2,3,5,3,5
YsYotitatstyts +yyotitatstyts + ysystitatstyts + yoystitatstyts + Yoy titatstyts + yoy titotstyts +

s

47, 44,5,3,5 4. 8,5,5,2,4,4 4.8,5,4,3,4,4 4 8,4,5,3,4,4 4. 8,5,3,4,4,4 4 8,4,4,4,4,4
YoUol1tatstyts + ysyotitotstyty + Yoy, titotstats + yoyotitatstyty + Yoy, titotstyts + yoyotitatgtyts +

4,8,3,5,4,4,4 | 4 8,5,2.5.4,4 | 4 8,4.3,5,4,4 | 4 834,544 | 4 82,5544 5 10,5,5,55,5
YsYolitalatyls + Yoy, tilatatyls + Y.y titotslyts + Y yotitatstyts + Y,y titatatyts + yoy, titatstyts,
Model 6

P(tisYss Yoy s Yogs Me) = L+ YsyS Yop t11584t3 + Yoy, Yoo t2t5384t2 + ysyd, Yo t1tatits + ysyl, yoptatatit? —
Y2yo, vl titatitaty — y2yld yl tatatstits — y2yl vl tatatftlts —y2yd vl tatatitits —y2yS vl titatatits +
Ys¥o, Yoy tTt5tste + Ysyo, Yo titatitste + Ysyo, Yoy tatatste + Ysyo, Yo, titatatsts + ysyo, Yo, titatatatste +
Ysyd, Yo, tatatatsts + ysys Yo, i thtste + ysyd, v, titatitste + ysyl, vo, t5ttste — y2yd, vo, titat5edte —
y2yd, vl tat3t3tite — y2ud ul, thtatstatite — y2ud yl, tit3titatite — y2ud yl, titatititite —
Yo, vs, ttatititite — ylyd, vl  titatititdte — ylyd, yl, 115ttt te — ylyo, v, tTtatatitite —

Y2ys vh, titdtstitite — ylud, vb, i tatitite — y2yd yi 1315t te + y3yS vl 15555t +
YSo, Yoy LT3 15EGE5 e + Y2us, yo, 11355 6 + Ysvoy YD, it2tatd + Ysloy YD, L1th sty + Ysyoy U, tTtataty +
YsYoy Yoy t1tataty — y2ys, va, titatstdtd — y2yd yd 315650263 — y2ul i, trt565345 — y2ul, vl tit5tatded —
2y2y5, Yoo titatitatits — vy, vo, 118585 tat3ts — 2u2y5, vo, t1t5t3tat3e] — ylys, yo, tatitatity —

YaYs, Yo, LR LEERLE — y2ys, vo, 131253303 + y2us vo, (11515054345 — y2yd, vi, tit5t5t5eEeE —

Y2y, Yo tatatatats — ylys, ya, titatitdts — 2y2y) yl thtatateded — y2yl yl tTt5tatieded —

202y, e, trtatatitZtd —ylys o, tatatitato—y2y, va, thtatitZti—ylys o, 113ttt — Y2y, va, tithtatitg+
Y3yl yl, titatitatits + ylyl vl tritatSeatded + y3yl yl titatititied — ylyl vl 33505607 —

Y3yl uS, et tStitats + ySul vl titdeleieaed + 2u3yl ol titatdededed + oSyl ol t3e3e5e5e0e3 +

Yyl yd, TR aed + 2u2yT wd, titstededed + 23yl yl, tleatideded + uSyl vl thesedededed +

Yyl yl TR ats el + 2yl S, tatsedenent] + ylyl ul, titatitieded — yiyl vl tHe5e5eheded —

Yoyl vo, TSRS tatE + ylyl vh, et eReded + ySul vl titatateded + ylyl yd, t1t5tatesed +

Yayo Yo, t1 5515 tE + yiyo s, i35St 6368 + ylus yo, t1t5t5e5t8t5 — ylyd, vo, 15 tatst] —

Y2uS Yo, titatitatst — y2ud yd t5t3t5tatstd — y2ud yd tititdtatstd — y2ul yd tatgtitatstd —
Yoy, Yo, tatatatsty — Y2yl yo, thtatitstd — yiyl vl  titatatitstd — y2yul vl tit5tatitstd —

Y2y, Yo, thtatat tsty — yZyl, yd trtatatitstd — ylyl yd, thtatitstd — ylyl uo, the5e5eded +

YIS, Yo, 1t t5tat3ed + yiyS uS, 1165t tatded — yluS yo, 33 e5eatded + y2yd, vl (T e5t5tatded +

y2yS, yS, trtdtitatded + ylyl uS, thtatieieded + y3yS oS tieseaeiied — y2yS oS, P35t eled +

3.6 6 12,4,4,2,3,3 3,6 6 5,4.2,3,3 3,6 6 ;16,3,3,3.3 3,6 .6 15, 43,3,3,3
YsYoq yozt1t2t3t4t5te + Yoy y02t1t2t3t4t5t6 “ YsYoq 902t1t3t4t5t6 ~ YsYoy yozti)tﬂstﬂsts -

s
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Yus, us, t1tatatatdts — 3ulys, vl, tit3e5e5e3ed — ylyo, v, t1tat3t3t3e] — yius, vo, trt5t5tReit] —
y3uS, uS, t5teiedtd + ylud, vl 1ot eeded + ySyd oyl t13e5¢5e3e3 — y3yS yd te3e5ie3ed +
y3yS, uS, tTeaedeatdtd + ylul uS, titdedeieded + uSyd vl titatatleded + ydyS yd t1t3ts15e343 —
yyS, us, 15 tatitdtd + ylyl, ul, 1 tstatieded + ylul, v, trttateded — ylyd yo, te5e5e2ed +
YayS, vo, 10ttt e28 + yiyl, vl 10 5e5e5e3e8 + 2u3yd, vl t1e3eSee3ed + 2ytyd, yl, t15t5e53e563 +
YiyS vl TSSO + yiyd, vi, i tSegeeded — yiyd, vl 13e5e5ede3ed + yiyd, yl, t1e3e5ee3ed +
Yays, Yo, 1T t5tAt3t] — yiyl, vl tTe5e5tae3eE — yiyd i e35e5e563t] + iy, vl , t1e5t55e5ed +
Yayo, Yo, tItatatatats — ysyo, uo, tTtatatitstd + yiyo, vs, 1 tat3ee3e] + ylyg, vl t35t5e3e5¢5 +
2yayo, Yo, ttSt5SE5 T + 2y5yD, vo, 135t 302 + ysud, vo, 1T E5t0t3S + yiyd, vl t1t5t3ege5e] —
YU s, TR tatatite — Yo, UG, T atatatEtd — ylysTys, t1tatStaeed — ylyotyl, t15t5t5t5t] —
YoUS Y, Tttt e e — YDyl Yo, thtatatats —ySyl, yo, t1t5tatatg —ySyl yo, t3t5tatatg —ylyl yo, tTt5tatats —
Y2us, Yo, titatatats + ylyl yl t5tatstatieg + ylyd vyl t7t5t5tat3ts + 2ylys i t1t3ttatits +
2y3y5 yl thtatataties + ydyd i, tTt3tatatitd + ylud vl titStitatity — uSyd ul 13563656348 +
y3yS yl tiestatatled + ySyl ul, thtatdeeled — ySud yl t3e3ede5eRes — 2yl ul, thedtdeieRed +
y3ud vl treedeists + ydud ul, thededeiedeg — uSyd ul 13e3e5ededed + ydyd yl t5tatstieled +
VYo, Yo, 1t tat it + 2y2y] yo t1t5tstedes + 23yl yl 115 tst t3eg + ylyl, vl tTt5tatedes +
YIyo, Yo, tListat S ts — yiyS, uS, t1e5titatdts + yius yS, 1S5 e5eR5ts + yiyS, vs, 1355558 —
Ysls, Yo, t1tatatitsts + ysus, uh, 111585t 1t5ts + ysys, Yo, 1151583855 + Yoyl yo, tTt5t5tt5tG +
YsUs, Yo, tTEatata5ts — USUs, Vo, t1TattE5ts + YSys, Yo, t1Eat5t3t58G + Yoy, yo, 155ttt —
Ysys, Yo, T t2t3thtsts — UsUs, Vo, 1o tot3tat5ts — Yiys, Yo, thtatstitsts — 3yays, o, t1tatatatsts —
Ysus, Yo, tIE5tatatsts — USUS, Vo, trtot3titats — UsUs, Vo, T1EST3EIE5EE + ysyd, yo, tTt5t5t5t585 +
yius uS, ttdtSeStats — yiul, vl titsedelente + ulyd, vl 11063650l + ylyd ud 131563456008 +
yius uS, 1035 tStats + yius uS, t0ee5eStats — ylyd, vl titaeseeded + ylyS ud 1156565 eed +
Yays, Yo, tr L3t St5 T — yays, us, t1tatatitsts — ydys o, t1tatstqtdts — yoys, yo, 1 t5t5t5eSts —

9

5,11, 9 ,5,4,6,5,6,4 5,11, 9 ,4,5,6,5,6,4 5,11 3,6,6,5,6,4 5,1
y:yoly tytotgtatsts — y:yoly trtatgtatsts — y:yol y02t1t2t3t2t5t6 — Yo

1,9 42,7,6,5,6,4
o o Yo, t1tatstytsts —

1
Yoyor Yo, t1 a3t 5t — ylusy vh, (0555568 — yluayyo, 3t5t5e5t3ts — ylystvo, t1t5t55eSts —
Yoyor Yo, 1155515t — ylysy vl (TS5t eStE + ylys S, 635 e5 Tt + ylys, vs, 1155t E5 13 +
YIys, Yo, 155t Tt g + yiyl, uo, 156515 at3] + yiyl yd, tTe5e5eat3e] + ylyl vd, 19e5e5e5 e3¢5 —
Yyl Yo, 1R RE30E — yiyl, vl (1556368 + vyl yd, TS e5eRe2eG + 2yt ud, 165 e5e 03] +
Yyl yo, R 3eE + yiyl vl (155t e3e] + 2yl yd, TS5 eRe30E + 2yt ] vd, 455003 +
yiyl yo, ARG + yiy ], vl (153t eded + 2ylyl yd, TS eAe3eE + yiy ], vl (9655150308 —
yiyl vyl et 3essts — yiul vl el esteded + ulyl v, t1eSe5e5eded + ylyl y) t5e3tst5e3t] +
yil uo, t3t5tst ity — ySuatyaoteselededed — ySyloylotteseledeled — y2ylt0ylo e Sttt e] —
YU Yoatltatatatate — 2udy, yaatstatStatdtd — yly dysotitstStaeses — 2ydyldylo t1t5t5t5t5ts —

5,10, 10,3,7,6,4,5,5 5,10, 10,7,3,5,5,5,5 5,10, 10 ,6,4,5,5,5,5 5,10, 10,5,5.5,5,5,5
YaUoy You t1t2tatatsls — YoUoy Ugyt1totatatsts — UiUo, Yoy titalstatsls + YoYs, Ysy titatstitsts —

s
YUy Yoy t1TRtSER3L8 — YIUo) Yoo EESEEEI0E — YZys) Yog t1tat5tqtots — 2y2y,  yag t1tt5t 5158 —
VSRS UAD TSR] — 202yl SIS — 2y OuA B3] — uSuA0 A A ieS —
YZUo! Yoo t1E2L3EATELE — YY) Yo E1TSLRLITILE + UyoT Uay tTSLEIEELE + ylyoT yay t1SLETETLE +

Yool Yoy tTESLSEALELE + YUt Yoy tTESLSEILILE + Yiyg, Yoo tTESESTILELE + Yoyl Yon tTERE5EILELS +

S10t5t5t5t5t8 —
S10t5t5t5t5t8 —

4.6 10,5,5,2,4,2,6 5,0 11,6,5,7,2,4,6 5,0 11,5,6,7,2,4,6 5.9 1
YsYor Yoo t1tatatalsts — YsYoy Yoo trtatstitste — Yo, Yo titatatalsts — Ys¥o, Yo
5,9 11,5,6,6,3,4,6 5,9  11,6,5,5,4,4,6 5,9  11,5,6,5,4,4,6 5.9 1
YsYoy Yoo titatatilsts — YsUoy Yop titatalatsts — Ys¥o, Yor titatatatste — YsYo, Yo
5,9 ,11,5,6,4,5,4,6 5,9 ,11,6,5,3,6,4,6 5,9 ,11,5,6,3,6,4,6 5,9 ) 11,6,5,2,7,4,6
ysyoly02t1t2t3t4t5t6 - ysyoly02t1t2t3t4t5t6 - ysyoly02t1t2t3t4t5t6 - ysy01y02t1t2t3t4t5t6 -

5,9 ,11,5,6,2,7,4,6 | 6 12, 12,7,5,7,5,6,6 6, 12 12,6,6,7,5,6,6 | 6 12 12,5,7,7,5,6,6
YsYoy Yoy t1tat3tatsts + Ys¥oy Yoo titatstatsts + Uy, Yoy titatstatsts + Ys¥oy Yog trtatstytsts +
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6,12 12,7,5,6,6,6,6 6,12 12,6,6,6,6,6,6 6,12 12,5,7,6,6,6,6 6,12 12,7,5,5,7,6,6
YsYor Yo t1tatatytsts T Ys¥ol Yoo trlatstatsts T U Us] Yos titatatatsts + Yoy Yoy t1tatstatsts +
6,12, 12 ,6,6.5,7,6.6 6,12 12,5,7.5,7,6,6 5,8 ,12,6,6.6,2,3,7 5,8 ,12,6,6.5,3,3,7
YsYoq y02t1t2t3t4t5t6 + YsYor yo2t1t2t3t4t5t6 T YsYoy yo2t1t2t3t4t5t6 “ YsYoy yo2t1t2t3t4t5t6 -
5,8 ,12,6,6,4,4,3.7 5,8 ,12,6,6,3,5,3,7 5,8 ,12,6.6,2,6,3,7 6,11, 13,7,6.6,5.5,7
y.;)yol yozt1t2t3t4t5te - y.;)yol y02t1t2t3t4t5t6 - y:yol y02t1t2t3t4t5t6 + YsYoy yo2t1t2t3t2t5t6 +

6,11, 13,6,7,6,5,5,7 6,11, 13,7,6,5,6,5,7 6,11, 13,6,7,5,6,5,7 7,14, 14,7, T, T, 7,77
YsYoy yo2t1t2t3tit5t6 + YsYo, 902t1t2t3t4t§t6 t YsYo, y02t1t2t§t4t5t6 F YsYoy Yoo t1tatstatsts

where ys counts H}ll:l Sa, Yo, CcOunts 0102 and y,, counts 0304.

Model 7

P(ti,Yss Yoy s Yoo » Yogs Mz) = 1+ 4oyl y2, y5 t1t2t3t5 + youd, ul, vi 613387 + yovl vl y2 i tatatats +
YsYs, Yoy Vag t1tatatits — Y2y, yo, Yol thtatitits + Ysys, Ya, Vg tatatits — y2us o, yb t1t5t5t0ts —
Yoy, Yo, Yo, 1ttt ts + ysyl yD, vestatitat? — vyl yl va thtatitat? — 2y2y) v ya tit5t5e5tE —

2.5 5 4 ,3,3,2,3,2 2.6 6 4 ,2,4,2,4,2 2.7 7 4 5,2,5,2 2.3 4 3 ,4,2 3
2ysyol Yoo Yoz t1t2t3t4ts — YsUoy Yoo You t1tatstats — Ui¥o, yozyogtlt3t3t4t5 = YsYor Yoo Yog titatataty —

2,4 ,5 3 ;3,3, ,2.3 3,5 5 6 17,2,3,2.3 2,5 6 .3 2,4, ;3.3 3,6 ,6 6 16,3,3,3,3

Y5 Yoy Yoo You t1t2t3tats + UsUo, Yo, Yos t1tat3tats — YSUO, Yo, You t1t2tatats + Us¥o, Yo, Yoy t1totatats +

3.7 7 .6 15,4,3,4,3 3,6 7 .5 15,4,2,3.4 4,90 9 8 ,7,5,4,5,4 4,10, 10,8 ,6,6,4,6,4

YsYor Yoo Yoz trtatstats + ¥sys, 902903tit2t3t4t5 t YsYo, Yoo, y03t1t3t3t4t5 F YsYoy Yoo Yog t1tatstals +
2 3 42,2 3 .2 3 2,2 4 .3 3 ,2,2,3 2 42

YsYoy Yoo Yog t1tatate + YsYo, Yo, Yos t1t2tstyte + Ys¥o, Yo, Yo tatstite + YsYor Yoo Yo, titstste +

2 2 2 2,3 2 5 ;543 3 3 2 4,2 2 2,4 3 5 44 342
YsYoy Yoo Yog t1t2tatalste — YSUo, Yo, Yos titslalste + YsYy, Yo, Yos tatatalsle — USUs, Yo, Yo titatslitste —

2,5 4 5 43;,2,3,3 2 2 2 3 2 2 2,3 3 4 44 2 2
YsYoy Yoo Yos t1tatalutsts + YsYoy Yo, Yogtitatsle + YsYo, Yo, Yogtatalste — 205U, Yo, Yos titatzlalste —

2Y2 Yy, Yoy Yog titatatatato — YoUs, Yoy Yoy t1tatatatat6 — YSYG, Yoo Yoy t115t5E4t5 6 —

YSUs, Yo, Yoy ttatatat e — Yo UL, UL, Uy tat3thtEte — YTyl yd, yd, titatatdte — yIud, o, o, tTt5tatatite +
Yo, Yay Yo b1 t2titatte — ySyd, o, ys 113ttt te + ylyd, yo, yo, 1 tat5t5t3te + ySys, ys, yo, tItatst o te +
YiyS Y, U L tat5t s te + yiud ud, ul 1055t e + yays ) ubdyS, 13555t ate + Ys Ul Yor Yoy 115 LAt +
YsUS, Yo, Yo tat3tats + ylyS yl, yS tTIEEtE + Yolor Yor Yoy titststy + Yoyl yo, Yo, tatatatsty —

2.3 .2 5 44,3 2 2.4 3 .5 4,3 3,2, 4,2 2,5 4 5 4,2,2,3,3; ,2 3,7 .5 8 ;5,2,5,4, ;2
YsYor Yoo Yoy t1138al5ts — UiUoy Yoo Yog t112t384T5ts - USUoy Yoo Yos t112t384T5ts — UiUoy Yoo Yog t1tatstststs —

2.3 3 4 ,3, 42, ;2,2 2 4 4 4 ,2,2,2,2,2,2 2 5 5 4 3,2,3,2,2 3.6 5 7 ,5,2,4,3,2,2
zysyoly02903t1t2t3t4t5t6*ysyolyogy03t1t2tst4t5t6*ysyzly%yogtltz%tﬂste*ysyolyzzyog,titztstﬂste*

2,6 ,6 .4 ;4,2,4,2.2 3,7 6 .7 ;4,3,4,4,2,2 3,9 8 .7 ;2,5,4,6,2,2 2,2 3 .3 .3 3,2
Y5Yo1Yor Yog tatalatsle — 2Ys¥o, Yoy Yogtitatstatsts — YsYo, 902903t1t3t3t4t5t6 ~ YsYoy Yoo Yoz titatalsts —

2,3 4 3 ,2,2 3,2, 3.4 4 6 6, 3, 3,2 24 5 3, .3, 2392, 35 5 6 ,52,3,23,.2
YsYo1 Yoo You t1tatalatsts +YsYo, Yoo Yos titalatalsls — Yso, Yoo You t1l2t3tit5ts + YsYs, Yo, Yos titatatatsls —

YIS, uS, uo, tatatTtitd + ylul vl v 1Tttt ded + ylul, vl v, tiees e eded — ylyd ul, v, t713e515e3e% +

Yy Yo, Yos S5 3tE +ud s, yo, uS, 1055 tattE +2u0yS ul yd, TS5 ERERtE +yty, vl us, TRt EatE +
YYD Y, Yo TSI E +uluS uS, uS, 1O RSt ALEE +yh D, uS, uS, T3R5 EE + 2yt y s v ys, 1S t5e5taes +
YU, Yoy Yag thtatati st +ySys, ys, vo, t1t5tattts — yiyl yS yl t05t5t5e0t8 — yiyS, o, vl tItat5tatets +

4,9 10 7 ,4,6,3,5,5,2 5 11 11 10,7,6,5,6,5,2 4 7 =9 6 ,5,5,2,3,6,2 5 10, 11 9 ,7,6,4,5,6,2
YsYoy Yoo Yoz t1talalutsts — YsYo, Yoo Yos Litatstalsls — Ys Yoy Yoo You t1latatatsts — YsUo, Yoo Yog titatatatsts —

511,12, 9 ,6,7,4,6,6,2 2,3 ,2 .5 ;3,3 3 2,4 .3 5 ;2 3,2 3 2,5 ,4 .5 2,3,3 3
Yooy Yoo Yos t1tat3tatsts — YsUoy Yoo Yoy t1tatatsts — YU, Yo, Yo, trt2tstitsly — YSUs, Yoy Yo t1tatstytsty —
2.6 .5 .5 ;3,3,4 3 3,8 ,6 ,8 ;3,3,5,5 3 2.3 .3 4 ,2 2 2,3 2. 4 4 4 2,2,2,2,3
YsYoy Yoo Yos tatslalsts +UsYs, Yoy Yos t1tatstylsls — 25Uy, Yoo, You trt2tatatsty — 2U5Ys, Yo, Yoq t1tatstytsty +

YU, Yoo Yoy 1Tttt EE5E — 2y2y0 o, Uo, 1315151580 + y2ua, vo, uo, 1135t 3E51E + y2ud vl uo, tT5t5t5t5tE —
Y2Ua, Yoy Uy tTtatatdts — y2ul yo, ub, titatstatStg + 2u2ys vo, vo, 125 tat 3ty — ylyg o, vl t5tstitity +

2y2Y3, Yoy Yoy L1t t5 T30 H3Y2Y0 U0, v, 1T IRE5 6305 Hulyl i, vo, 115t SIS Ty sl yo, vo, t15t5 530 +
Y2, Yoo Yoy P15 Tatatate +yS YD Yo, Ul 1TSS R 560 +20 00yl uo, ER SRRt + 2y D yo, vo, tHESESESESt0+
2y Yo Yoy Yy tTSEATSEREE — Y2yt Uog Yoy t1 515t t0 —y2ysT vy uay 1Y 55t h e +ySud, vi, va, 1T t5tat]e3t] —
2YLYT Yoy Yoy Lt tR Sty yl Ul Ul t SRS te Fy LD, yaS yl, 11533030 — 22y yo o ya) Tt t5 5310 —
2Y2Y01 Yos Yoy 11T E515308 —y2yD oo ul, t13t5EAt0t0 — YTyl yas ul, 1T E5t5 5058 —ylyhl vhs D, 15 t55e5t0 —

23 2 5 ,2,3, , 4 _ 24 3 5 3,2, 44 2.5 .4 5 12,3,3, ,4 2.3 3 4 2, 42,4
Y5Yo, Yoo y33t1t3t4t5t6 — YsYoy Yoo Yoz t1tatstitsty — Yoo, Yo, Yo, tatstytsts — 2y2 Yoq Yoo Yog t1t2tstatsts —

204 4 4 ,2,2,2,24 35 4 7 ,4, ,4,2,2,4 36 5 7 ,3,2,4,3,2.4 3,7 6 7 ,2,3,4,4,2,4
2YS Yo, Yoo Yoz t2tatitsts + YsUo, Yoo You trt2tatitsts + Ys¥Uo, Yoo, Yos t1t2t3tat5te — 2U5U5, Yoo Yo t1tatstytsts +
YauD vl ys Sttt SRts — yiul vl ub titatstdte — ylyd yl vl t3tstatded + 2y3yd yd yd titatdtatded +
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3.5 .5 .6 ,3,2,3,2,3,4 4.8 7 .90 ,5,3,5,4,3,4, 4 9 8 0 ,4,4,5,5,3,4, 4 10,9 O ,3,5,5,6,3,4
22!52!01 yZZyo3t1t2t3t4t5t6+2ysyoly02y03t;t2t3t4t5t6+ysyoly02y03t1t2t§t4t5t6+ysyol Yoo Yo titatslatsts +
3.4 5 5 ,3,2,2, 4,4, 47 7 8 ,5,3,4,3,4,4 4.8 8 8 ,4,4,4,4,4.4 4.9 09 8 ,3,5.4,5,4.4
YsYoy Yoo Yos 11121514t 5t6HUSUs, Yoo Yos t1tatalutste+3Us Yo, Yoy Yos t1tatatalste+2Ys Yo, Yoo Yoy trtatatytsts—
5,109 11,7,4,6,5,4,4 410,10, 8 ;2,6,4,6,4,4 5 11,10, 11,6,5,6,6,4,4 5 12 11_11,5,6,6,7,4,4
YsYoy Yoo Yos t1tatstatsts +2Us¥s) Yoo Yoy t1tatstatsts —Ui¥o) Yoo Yos trtatstatsts — UsYo) Yoy Yo trtatstitsts +

Yag Ua, Yo, TRt tR RS +ylyS, yo, yl, 554t 85 — 2u0y D, v, vonti tat a3t +ulyd, vyl 1TSS tat2ts —
2y0y Yy TSRSt — 2yl vy voatTtatatStRts + yivS uh, us, t1t5t5t5tots —

YOS Vo, Yo, ] tatatitots — yud vioys, tTtatatatSts —ylyltyll yd, 35t5t5e5t5 — yly iy, titststgeStE —
Y2Uo, Yoy Yoy titatatsts — Y2y Yo, Uo, t2t5t5tsts — iU Yo, Yo, tTE5E5ats G — Y2yl Uh, Yo, tatitatdtd +
YSUD, Yoo Yog tt2t3t3t380 — ylyo, yo o 1338585823t — ySyl o, yo t1tatstatite + ysys yS, vsats tatStitits +
YSY, Yoy Yoa t1E3E5E50285 + 2y, Yo, yo, 1 t2t5tat3te +ydyl, yd, yo, 111335310 +ydyg, o, Yo, t1Eat5t3tts +
YSul, Yo, Yoy 1 tat5tt3t5 + ySyl yl yo tatitatdtl + 2ulyl, i yd t1t5e5eae3es + yiyylyd, yd, 7151565365 +
YU, Yo Yoy t1E5t5tatts — yiys, Yo, YS, tU IS5t + yoyS, yh, Yo, tatatitate + yayl, Yo, ys, t1tatsttats —
Yoyl uS, yeat e tgtatats +ylyd vl S 55ttt —yluidyd, yot t55tSteae] + yly oyl ys t1tSe5e5eae] —

yoysrys oyt edtgtStaty —ySysTyst yst et SeSe e el —utyd v, vl 10t eatded — 293yl Syl t3ededededes —
YIS Y, et S5t eEeE —ylyS yd, vl TS5 eEeE —ylyd yd yhoeSeatseieded —ylylOyloylo et e5egiGeded —
2y Y YL Y TSRSt — Yyl Yo, Yo, ISRt HuSyD, Ve Ut ISttt —yus yls Ul TS5t 5 t0ts —
Y2Ya Yoo Yog LIRS ESESLE + ySylTya2 yb 115 t5t5t0 18 + ySysT vadyat 10 tatS ISt + ydys, voovo, (13151555 +
YoUor Yoo Yoy L1 ESE53E5LE + ySydTys yor tS 5565018 + ydys, vo, uo, tTtattatdtd + ulyd, yd, vl tit3t5tIe3eg +
YSUS, Yoo Yo tatataE310 + YSUS, Yo, Yoy tTE3E5E4E5E0 + US U, Yo, Yoy t18585858580 — ySystyo, yosty tatSt5t5tg +

Y Yoo Uy 15E5SERLE — Yoy  vaoyes t13L5E5E5tS — y2ysTyst uss tSSISLIEtE — ySul i, yont] 555318 —

4,7 8 7 12,4,3,3,5,6_ 5 8 8 10,6,3,5,3,5,6_ 5 9 9 10,5,4,5,4,5,6 5,10,10, 10 ;4,5,5,5,5,6
ysyolyo2y03t1t2t3t4t5t5_ysyuly02y03t1t2t3t4t5t6_ysy01y02y03t1t2t3t4t5t6_2y§y01 Yoo Yog titatatatsts —

5,11, 11,10,3,6,5,6,5,6 6 12 11, 13,7,5,7,6,5,6 6, 13, 12 13,6,6,7,7,5,6_ 5 9 10 90 ,4,5,4,4,6,6
2Y Yo, Yoo You titatalatste +Ualol Yoo Yoy titatalatste +Ualoy Yoo Yoy t1tatatitste —YiYo, Yoo Yoy t1tatatststs —

5,10, 11,9 ;3.6,4,5.,6,6 6,11, 11, 12,7,5,6,5,6,6 5,11, 12 9 ,2,7,4,6,6,6 6,12 12 12.6,6,6.6,6,6
YeYor Yoo Yoy t1tatslatste T Ys¥oy Yoo Yoq t1tatstatste — YUy Yoo You trtatstatste T Ys¥ol Yoo Yoq trtatstatste +

6,13, 13, 12,5,7,6,7,6,6 | 6 10, 11 11,7,5,5,4,7,6 | 6 11,12 11,6,6,5,5,7,6 4 6 12, 13 11,5,7,5,6,7,6
YsYo, Yoo Yog trtatatatsts + Ui¥o) Yoo Yos titatstitsts + UsUso, Voo Yog trtatstatsts + Ys¥oy Yoo Yostitatstatsts +

3.4 4 6 3, 43,7 3,5 .5 .6 12,3,2,3,7 4,8 7 .9 12,3,5.4,3,7 4,7 7 8 12,3,4,3,4,7
YsYo, Yoo Yog trtatztatsts + ysygl Yoo Yog t2t3tatste + Ys Yoy Yoo Yoi t1t2tstatste + Ys Yo, Yo, Yoy trtatstatste +

YUy Yoo Yoy L1ESTEALSEE — Y2U0, Yo, Vag (TESTSEALSEE + ylu0, Vo, Uoy 13USHTESEE — U2yo) Uo, Uoy IR LSHTESEE —

YU Vs ISttt atE — YDyl il yos RSt —yDul, Ui, vant tat5t 3 tE —2y0yd ud, yi ot tatstatdtg —
202950 Yoy Yoy L1123 EA LG —UZ Yoy Yoy Yoo 11 5t GILE + S YoT Yoy Uos 313 E5EAE2E — Y2, Yo, Yo, t1E5t5E5E0L5 —
Y2Uo Yoy Yoo T ESESEATELG +USU0] Uon Uos 11 E2tGEATEEE — U2U8] Yoy Yoy tTES 55100 +USu0] Vo, Uo) T3 15E5E50G +

6,12 12 12,5,6,6,6,6,7 6 10, 11 11,6,5,5,4,7,7 | 6 11 12 11,5,6,5,5,7,7 | 7 14 14 14,7,7,7,7,7,7
YsYo1 Yoo Yog t1tatalatste T Ys Yoy Yoo Yoz titatalatsle T Ys Yoy Yoo Yoz trtatalatsle T Ys Yoy Yoo Yog titatatatsts s
Model 8

P(ti,Ys: Yor s Yo » Yoz i Ms) = 1+ Ys¥o Yoo Yoy titatats + Ysloq Yoo Yog t1tatats + ysys, yo, yo titstatsts +

YsyZ, Yo, Yoy titatatatste + ysyl, vl, uo, tatatatsts — y2yd vl yh tltatitste — vyl vl vl (T3t tste —
Y2yd, vl ub titStitste + yeyd yl, vl tititatite + vy, vd, ul tatitatite — ylylh vl ul thtstitite —
2925 Yo, ub, thtatatitite — 2y2yd vl yl tit3tstitite — ylyl uld, vl 3tstitite + vyl vl vl titatdte —
YIS, Vi, Yoy tTEA e — 2020 vi, v titati it — ylyd, vk, vl 1515t t3 0 + ylyd, yd, yl, tTtatatitdte +
YIyS, va, Vi, 15 tatitite + ySyS va, va, titStatitite — ylul, v, vl itdtdtdte — y2yd yd, ul, tatititite +
Y3yl yl, Ve titat3titite + ylul vl yh titdtdtitite + ylud, uS, vl trtatititite + Yoo, vl ul, ttatat] +

YsYoy Yoy Yoa 15315 + YsYoy Yo, Yog t1EaEats + Ysys, Yo, Yo, 13158515 + ysyl yl, v, titatitsts +

YsYo, Yoy Yo t1tatatsts + ysyl Yo, v, tatststy — y2yd yd, ysatitatitsty — 2y2yd yl s titatatitstd —
2y25 Yo, Yoy titatatitsty — 2ylyl o, vo Tt tatitstg —2y2yl vo, vo, titatstitsty — Y2yl vo, ya, totatitsty +
YU, Voo Yo, tTESEREE + yeyd Ya, Ui trtatitats + yeud vl yl 1385620 — 292y3 yl vl 1e3t5eRe0 —
3YZYa, Yoy Yag thtatatitdtd — 2y2yh yl yd tTe3t3e5e2e8 — 3ylyl yi vs t1t3t5t5e3t5 —
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2y2Y5, Yoy Yog tatatatats + YSUS, Yo, Yo, 11 t2tatitsts + ySul, Vs, Vo, t1t5tatitits + ySul, vo, Vb, tttatitats +
Y3y, vl ud thtatatit2td 4yl yl vl tat3tat el + el v3 vl tat5e3td + ysul yd, vl tatiedtl —

202y0, Uo, Ve thtatatits —2ulys o uh tTtat3t5t2E — 2u2yD yd, yo t1t3t5e5e3tE — 2y2y) yl v thtititded +
YIS, Yo, v TR AS e +3y2yS D, vl i tat5ti e+ 2u3yS ul vh 355 eded +2y3y0 vl vl (TS5 +
BySys, Yo, o, t1tat5tatats + yius vl uo, tt5tatEts — ylul, ul, vl tTEtREEtE — 2uly, v, v, titati el eded —
YIS, US, Ui, tatatitats + ylul v, v titsttded + 2y3yl ul, vl 1T tatdededed + ylyl yl, ul, tT15e5e4t5 63 +
293yl Yo, o, ttStRAtats + ySyl, yo, v, tatatatAtE — yiul, ul, v, 1ttt eE — ylyd S, us, 135 5tats —
yiyS yo vl i tatsteaed — ylyd S yS tat3edeSeaed — ylyl ul vl tat5eeRed — vyl iyl tatitities +
YU, Yo, Yoyttt tattE + ySys, yl yo, t1t3t5t4t0tE — yiyd, Yo, Yo, t1tat3t5E3t8 — yiys, yl, yo t1tat5tGtRts +
YSY, Yo, Yog t1t2tsttts — ylyl yd yo t0tatataty — ylyl o o tit5tstaty — y2yl yd yo,tititataty —
Y2yZ, vo,ub, ttatataty — y2ul vl vl  tTStatatd — ylul vl vb, titStatatd — ylyl yd, vl t5t5tatst] —

YIS Ya, Ug i tatitatstd —y2yd yl vh 1155 tatstd — y2yd ylh, vh (355 tats td — vyl yld, vl 1T tattatstd —
Y2Yo, Yoo Yoy t11315tatsts — Y20, Yo, Yo, 515 tatsts + y2us, Yo, Yo, t1tatatitsts + ylyg vo, uo, (5 tatitstg +
25205, Yoy Yoy 11 tatatitsts + 2y2y5 Yo, U0y ttatatitsty + 2y2ys Yo, Yoy 11 13tatdtsty +

ylyd, vl uS i tStatitstd + ylyd yk, uS titltstitst] — y2yd vl ud S tatde] — 2yl vl ul thtatdtatied —
Y2yl yl, v titatitatied — y2yl ud ul t3e5tatZed + ylyd vl uS 165t e2ed + 203u0 yd, vl 0tat3eeRed +
203Y5, Vo, Yoy L1t t5t 3G + 3YSYD Yo, Yo, tISSLIELE + Bylus, wo, vo, titat5ttieg +

2020, Yo, Vo, Lo t5aT3 LG +202u0, U0, vo, it tRItats +ylud vo, Yo, totAtattE — yiud u, vo, titatat titg —
YeUo, Yoo Yoy t1tatstit3ts — y2uo, yo, vo, t115Latsts + yiyg, vo, vo, 115 tstat ity — y2yg wo,uo, tatstatits +
YU, Yo, Yoy ITERTILSES + 20200 yo, yo, 112t tRIELE + ylyg, ws, o tHRSEIESL] + ylud, vo, vo, t1Et5It5E +

3.6 .6 .6 12,4,3,3,3,3 3.6 .6 6 5,3,3,3,3 3,6 .6 6 16,3,3,3,3 4,7 6 T 4T, 42,5,3,3
YsYo1 Yoo Yoq t1tatstatsts + 2ysy01 Yoo Yos L1tat3titsls + Yi¥oy Yoo Yo tatatatsts — Ys¥o, y02y03t1t2t3t2t5t6 -

s

Yaul, Yo, Yo, 10155858383 — 2ylyl yo I Vt3e5¢5e3t8 — 3ylyl S vyl t1t5t5t5edtd —

293yl vo yl s tatReded — ylyl yl yl 7656565633 — ylyl yl yl t1t3e3eeded + ydyl yl yS tTegededed +
Y2YG, Yoy Yoy Lit2t5t 5t — y2ug yo, v, (TS USERL50G — ylyl, uo, vo, 1R I5t5 05t + ylug yi, v, titat5t sty +
YUG, Yoy Yoy Tatatatats — Uiy, Yo, Yo, IVt IS5 — yius, Yo, Yo, R tSt5I5E8 — yiys, vo, uo, t1tSt5155tg —
YRS Vo, Yoy It ERSTE — YayS, U, U B 5t tRtE — ylyd, yl vl trtSe5eeded +ylyd yl, ul, 15t t5 ] +
Y2 Yoy Yo, Yog SEREIESES — YZUS, Vo, Yoy T BLSEIIRES — yivD, U0, o, titat5tRt3HE + ylug, uo, vo, 35 —
YS Yo, Yoy Yos MIEREIEIEEES + yZudy UG, Vo, 12 StSHE + yluo) o, uoy HIESEELAISLE + Tyl vo, o, IEIEHE +
Y2 Yoy Yoo Yoy H1E2t3t s ts + UlYo, Vo, Voy 11E5E3 LSt + U2 Yo, UG, Yoy F1E5E513EG — VIVS, Vo, Vo, IS E5HIE3EG +
YSUD, Yoo Yoy 11155151285 — Yoyl Yoyl BT S35t ts — yiys, yS, us, trtatstatits + ylys i, yS, titat5tits +
Y2U, YD, Yo, ttat5t3ts — ylyd yl yl t0tatstitdts — ylyd, iyl tTtatstit3ts — ylyS vl ul t1t3tstitdts —
Y20, Yon Yog 11 Eat3 A5G — VU0, Yo, Vo tTESES TG — yIys, Vo, Vos St titats + ylul, uo, Uog T35 ALStS +
YaUg, Yoy Yoo PR ESTRERLSLG — Ylud vl Yo, 1T EStSEES S — yly], uo, vo, IS ESLGHSS + ylyl, vo, o, 1TSS ERL3EG +
YSUoy Yoo Yoy LIS LS — yIYE, U0, U, WIS EALS LG — ylyl, yo, vog (T2 t5HIESHS — 2uTyg, y5, uo, LIS HSHILSLE —
BYZYS, Yo, Yo LIRS EALSHS — 202y0, U5, uoy (RUSHSHIERE — y2yl, yo, Uog b SLSHILSEE — ylyl, vo, uoy tot5Latste +
Y2 Yoy Yoo Yog L1113 G + 25205, U0, Yoy (TS LS HITEEE +U2Y5, Vo, Uog 1B EGHILSHE +U2Ys, Vo, Uo, LS5t ita s +
Y3 Yoy Yoo Yog ST G + 25205, U0, Yoy BT ESESEITSE +U2U5, Vo, Yoy b ETESHITSEE —ylyg, Uh, vo, TS5 HItE s +
Y2 Yoy Yoo Yoy L1ESEIEIES S — Y3V, Vo, Voy HERT3EAE5 s — Y2UG, Vo, Vo, tISH5EAE5 G — VIV, Yo, Ui, IS5 AE5ts +
Ys Yoy Yoo Yoy L35 + 2V SV, Yo, Vo, tT215aE5 LG + 2510, Vo, Yoy TS ESEIEEEE +3Y0Yg, Vo, Yoy 111315¢ 415 +
BY2Yo, Yoo Yos 125 LIS +2Y510, Yo, Yog b1 E315EALE LG +250y0, Vo, Vo, S tSEI IS +Y2y0, Vo, Vog tat5at3ts —
YS Yoy Yoy Yo T EAEAEIEEE — UZUaY U0, Vos 1SS IETES — uluo) yo, vog TSt RS ts — yluo vo, vo, tTE 5t +
Y Yoy Yon Yo TESEIRES + Uluo) yog Uog tTt2t54015 15 + 2w yag uog 1345 EAEHs + 2uTu wag G, t135 A5 +

410,10, 8 ,2,4,6,4,6,4 | 4 10 10,8 , ,5,6,4,6,4 4 10,10 8 ,6,6,4,6,4 _ 5 11,10, 0 ,7, ,5,6,6,4
2Ys Yo, Yoo Yoz t1tatatalsls + YsUoy Yoo You trtatatatsts + UsUo, Yoo Yos tatatalsls — Yo, Yoo Yoy trtatstytsty —
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YU Yoo Yoy LSRG LE — y2yll yl oD (RS 5e S tE — ylull yloyd, (1 a5t eEtE — vyl yioyl, 13 e55eGeSeE —
YousTyi s T tat5tSSts — vyl lytdyd t1t15t5t5ts —ylyltyllyd t5tatSe el e —ySytyllyd 13e5¢5e5eTed —
yoystyba s tredttStles — ySudtyltud t3edeeeles — ySyltyllyd 13e5e5e5eled —y2ylTyllyd t1t5e5e5eT el +
YIS, Yo, Yoy 1085t R ste — ySyD, Ui, Ub, 1 5 tatatEtd — ylyd yl, ul, 115t tatd el +ylyd, yl, ud, 13565t e5 00 +
YRS Ul Yo, 1St EREts — YDyl i, yiott5t5t5t3t0 —ylyl, yl, yon tT 553t ts — ylys, ul, v, 115154t 3tE —
YIyS, Us, Us, 155 Eat2t] — ylyl, uh, uh, 1155 tatdtd — ylyd, ul, ul, 1115ttt ed + ylyl yd ud, ¢T3t 56365 +
2ylyl uS, o, SRRt + vl uS, uo, tTEStRtSERt] + 2yly] uS, uo, TS tat5t3t] +

Yyl Ye, Vos 1553508 —yyS S, yoot]e5e5e5e365 — 2y0ys uS, yoo tS5e5e562tG —yTyl, vh, vo 15t 53 +

4,8 9 0 ,7,2,5,3,4,5 4,8 9 0 ,6,3,5,3,4,5 4,8 09 9 ,5,4,5,3,4,5
YsYoy Yoo Yoz t1tatalutsts + 3YUs¥Uo, Yo, Yoy t1talslutsts + 205 Yo, Yo, Yoy titatslatsts +

02
4,8 0 9 44,5,5,3,4,5 4,8 0 9 ;3,6,5,3,4,5 4,8 0 9 12,7,5,3,4,5
styol Yoo Yog titatatytsts + 3ysyol Yoo Yos t1tatatatsls + YsYo, Yoo Yog titatatitsts —

5,9 9 10,7,4,4,5,4,5 5,9 9 ,10,6,5,4,5,4,5 5,9 0 10,5,6,4,5,4,5
2YYor Yoy Yoz t1tatatatste — 2Us¥oq Yoo 903t1t§t3t4t5t3 = 2Y3Y0y Yoy Yo titatstatsts —

5.9 09 10,4,7,4,5,4,5 | 6 10,0  11,7,6,3,7,4,5 6 10,9 ~11,6,7,3,7,4,5 4 9 10,9 ,6,2,6,3,5,5
2Y Yo, Yoo Yo t1t2t5tatste T UsUoy Yoo Yos t1tat5titsts T UoUor Yoo You t1tatstitsts +UsYo, Yoo Yo trtatstatsts +

4.9 10,9 ,5,3,6,3,5,5 4 9 10,9 ,;4,4,6,3,5,5 4 9 10,9 ,3,5.6,3,5,5 4 9 10,0 ,2,6,6,3,5,5
YsYo, Yoo Yos t1tot3tatsts +Ys¥o, Yoo Yog t1tatstitsts + UsUo, Yoo Yos ttatstitsts + YsUo, Yoo Yoy titatstitsts —

5,10, 10, 10,7,3,5,5,5,5 5,10,10,10,6,4,5,5,5,5 5,10,10,10,5,5,5,5,5,5
2Y Yoy Yoo Yog t1tatstalsts — BYUoy Yoy Yoy t1tatstitsls — 2Ui¥oy Yoy Yos titatstatsts —

5 10,10, ,10,4,6,5,5,5,5 5 10,10,,10,3,7,5,5,5,5 6,11, 10, 11,7,5,4,7,5,5
3Y<Yoy Yoo Yoy t1l2t3tatsts — 2UlYoy Yoy Yoo trtatatatsls + Usyo) Yo, You t1tatatatsts +

6,11, 10, 11,6,6,4,7,5,5 6,11, 10, 11,5,7,4,7,5,5 5,11,11,10,7,2,6,5,6,5 5,11,11, 10,6,3,6,5,6,5
YsYo1 Yoo Yoz t1tatatatste +Us Yoy Yoo Yoz t1lalslalsls —YiUo) Yoo Yos trtatstitsts —2UsYs; Yoo Yos trtatstatsts —

5,11,11,10,5,4,6,5,6,5 5,11,11,10,4,5,6,5,6,5 5,11,11,10,3,6,6,5,6,5
2Y3 Yoy Yoo You t1tatatalsls — 2UiYs) Yoo Yos titatstalsls — 2U0Ys  Yos Yos titatstatsts —

YoUor Yon Yog i1 t5tS3E5tE + ySydtyst yor t1t5e5¢ 0518 + ySysylt vor tSE515E 56568 + ySysTyol vos 1S5 13 +
YoUsTYaa Yas LTSS IES S + ySyd b yd 2yt 1S5St ReTeE + ySysyituos (15Ut Tts + yS st yoyo s tHStSI g +
YiYS Y, e tOS SR e +ydyl yd, vaa S35t e30E +ylyl v, vba S5t edeg — y2yS v, vistT S5t eded —
YoUS Y0, Vs LSSt e +ylyS yioyh S es S ed +ylyd yiouho iS55 ed +ylyd wiouho eSS eded —
YyS vaoyantTests it —2y2y0 yi0ult St ededed —ylyd widyli 5 leseedtd 4y Syl Oyl Oy 2t e ats —
youstyor ot tTeaeSeiests — 2y2y 0yl ylle0e5eSeittd — 2ylyl Oyl ylle7e5e5e et —

YoUoy Yor Yoy L1EtSEIRLE T YoUST Yos Yon L LSS E3EE +YSUST Yo You L1 E555 368 — YD UL, Yon yoy 11553105 —
Y2Uo Yo Yoy LTRSS — U2Us Yos Yoy LTISTREATS LG + ySyas Uod yos 1] 13ES5E5S + ylyoT yas vos (11515151510 +

6,12, 12, 12,5,7,6,6,6,6 |, 6, 13, 13 12 ,6,5,7,6,7,6 | 6 13, 13, 12,5,6,7,6,7,6 | 7 14 14 14,7,7,7,7,7,7
YsYor Yoo Yog t1tatatatste +UsYol Yoo Yos trtatalalsle T YU Uol Voo Yoy titatatalsle +YsUo; Yoy Yoy t1tatatatste s

Model 9

P(tisYss Yoy » Yoo s Mo) = L+ysyd yo, 13028382 + syl vo, t1t56562 +ysyd vo, 135¢at2 +ysyl, yo, tTtat3tatl +

YsYo, Yop t1t5t5tat3 + ysyd Yo, t5t50atE + ysyd, vo, a3t + yayd vo, tTtatsted + yayd yo, t1t3tatitd +

Yso, Yap tatstits + ysys, vo, 1128583 + ysyd v, t1t5tit3 — ylyd, us, 196515 0ats — ylyl o, t1t5t5t5e5 —

Yous, ya, thtatitity —y2yS s t1t5e3thts — ylyd, v, 1363656t — vyl vl titatithes —vlys S, tit3eseles —
2, 6 8

3,3,2,4,4 26 8 ,3,3, 5,4 _ 3 9 12,5,4,5,4,6_ 3 9 12,4,5,5,4,6 3 9 12,5,4,4,5,6
YsYoy Yoo t1121584t5 — UsUo, Yoo t1t5t3E4Ts — YsUo, Yop trtatstats — UUo Yoy t1tatstits — UiYo, Yo, titatstyts —

3.9 12,4,5,4,5,6 2 3 42,2 2 3 2 2 3 42,2 2 3 42
Yo, Yoy t1talstats + Ys¥s Yo, titstste + YsUs, Yo, t1tatitste + Ysys, Yo, tatstste + Ysysy, Yo, titstatste +

Yoyl Yo, titatstatste + Ysyl, o, tatatatste + Ysyl, yo, titatste + ysyl, Yo, t1tatitste + ysyl, yo, tatitste —
yluS vttt ei et te — ylyl, yileteatitedee — ylud wiledideiedelee — ylud yll e edegtietes —

YIyS, yortitatatitste — ylys, vas t3t5t5tit3te — ylus ot t3t3e5e5e3te — ylyd, yortitstitiedte —
Y2Us, Yop titatatatate — Yiug, vo, titatstits — ylug, vo, tt5tst3ts — ylug, vo, titatgtatd —

Youo, Yo, t1t5tatits — 3ylys, vo, titattatdel — 3ylyg, vo, tTt5t5tat3ts — 3yly,, o, trtatitatit] —

2.4 6 44,3, ,2,2 2.4 .6 4;4,2,2,2,2 2.4 )6 43, 12,2,2,2 2.4 06 42,2,2,2,2,2
YsYor Yoo tatalatsls — Yo, Yo, t1tatitsts — 3ysyul Yoo trt2t3titsts — 3ysyol Yoo t1tot3tytsts —

BYZy,, Yo, titatat tEtE — vy, yo, tat5tit2tE — ylys vyl titatitits — 3ylys vl titatatitits —

3Y2y,, vo, titatatitZts — 3yly, yo tatatatitZed — vy, vyl totatitZtd — ylyl vl titatit2td —

2.4 6 ,2,2,4,2.2 2 4 6 , ,3,4,2,2 | 3 7 10,4,3,6, 4,2 | 3 7 10,3,4,6, 4,2
YsYor Yoou 11t2tat5ts — YsYoy Yoo t1E2tatsls + Yo, Yo, t1totstalsts + YiUs, Yoo trtatstatsts +
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3,7 0 10,4,3,5,2,4,2 3,7 . 10,3,4,5,2,4,2 3.7 10,6, ,4,3,4,2 3,7 . 10,5,2,4,3,4,2
YsYor Yoo t1t2t3tatsts T YsYoy Yoo t1latstatsts + Us¥o, Yoo titatatytsls + Yoo, Yo, t1tatstytsts +

2y2yl yadetedtstieied + 23yl yiotitsesedtaty + ylyl wideTedestieied + ylul yliotatSeseieiey +
vyl uidtStatdtitded + 3yl wiOtTededeieded + 203yl yl0rtedeSededed + 20yl yl0eeseSegeded +
Y3yl vl el edtatied + yiyl widtatSeededed + y3yl ylotiededeieied + o3yl wlidttat3eledel +
Y3yl yioti e tat§tied + yiyl widtitatateded + yiylOylitSededtansed + 2ytylOylatiSeseedel +
ylylOylatteSeqeieed + 2ytyldylaeeaes el edel + 3ylylOylit e ed i el el + 2ytylyls eitSe5 el el +
ylylOylateseae§eled + 2ytyldyla i st eedel + ylylOylitteSeqeSeed — y2yd vl titattstd —

y2yd vyl titgtitstd — 2yl yd t3t5tatstd — Bylyd yl tTtatitatstd — 3ylyd vyl t1t3t3tatstd —

2yl vl tit3tatstd — y2yl ul, thtatitstd — 3y2yd ul, thtatstitst] — 3y2yl u, tit3tatitst] —

2.3 5 43, ;2, .3 2.3 5 ,2, .3, 3 23 5, 2,3, ;3 36 0 ,3,3,6,3,3 36 0 ,3,3,5 ;3,3
YsVo, Yoo tatstitsts —Ysys, Yo, titatitsly —YiUs, Yo, tatatilats —USUo, Yo, t1tatatsts —Ys U, Yo, tTtotatalyty —

3,6 .9 ;3,3,4,2,3,3 3,6 ,9 ;6,3,3,3,3 3,6 9 45, ;3,3,3,3 3,6 9 ,4,2,3,3,3,3
YsYor Yoo L1tat3talsts — Ys¥oy Yoo t1t3talsls — Ys¥oy Yoo titatstilsts — Ys¥o, Yo, titatstitsts —

3,6 ,9 ;3,3,3,3,3.,3 3,6 ,9 ;2,4,3,3,3,3 3,6 .9 5,3,3,3,3 3,6 ,9 ,6,3,3,3.3
3ysyol y02t1t2t3t4t5t6 “YsYoy y02t1t2t3t4t5t6 “YsYoy 902t1t2t3t4t5t6 “YsYoy 902t2t3t4t5t6 -

3,6 ,9 ;3,3,2,4,3,3 3,6 ,9 3,3, ,5,3,3 3,6 .9 13,3,6,3,3 4,9 13,6,3,6,3,5,3
YsYoy Yoo t1tat5tatEts — Yslo, Yoo t1tatatats5ts — Ys¥o, Yoo t1t2tatsts + 205U, Yoy trtatstytsts +

4,9 . 13,5,4,6,3,5,3 4,9 13,4,5,6,3,5,3 4,9 13,3,6,6,3,5,3 4,9 13,6,3,5,4,5,3

2ysyol Yoo t1tatstytsts + 2@13901 y22t1t§t3t4t5t6 + 295901 yi2t1t2t3t4t5t6 + 2ysyol y02t1t2t§t4t5t6 +
3
2

3

4.9 1 5,4,5,4,5,3 4.9 13
3YsUo, Yoo b1 tatstytsty + 3U5Ys, U,

4,5,5,4,5,3 4,9 13,3,6,5,4,5,3 4,9 13,6,3,4,5,5,3
2t1t§t§t4tgt6 + 29590, Yo titatstytsts + 2Y:Y0, Yo tytotattsts +

2
4,9  13,5,4,4,5,5,3 4,9  13,4,5,4,5,5,3 4,9 . 13,3,6,4,5,5,3 4,9 13,6,3,3,6,5,3
3YsYoy Yoo t1latatatsls + 3Y Yo, Yoo t1talalitsts + 2U5 Yo, Yoo t1tatstalts + 2U5Y,, Yo, titatztytyls +

4,9 13,5,4,3,6,5,3 4,9 13,4,5,3,6,5,3 4,9 13,3,6,3,6,5,3 _ 5 12 17 ,6,6,6,6,7,3
2Y5Yoy Yoo titatztalsts + 2Us Yo, Yoo titatsztatsts + 2Ys Y, Yo, titatatalsts — YsYo) Yo, titatstitsts —

YoUs, Yo titatatats + 2ySyl yl, titatatatdes + 2y3yd ul, tTt5tatatdts + 2y3y] vl tTt5t5tatdtg +
2y3y0 S, titatatat3tg + 2ySyd uS, t1tat G525 + 3yyd, uh, 1T e5e5e2eE + 3ylyl, vl 1136305038 +
29395 S, titatSt3aes + 23yl S, titat3tiRtd + 3ydyd vS, t5e3e3 535 + 3ylyd uS, 1Tt e5 el s +
29395 S, titat3tatats + 2yl S, titatst 2ty + 2yyd vS t5e3tat 3] + 2u3y5 uS, Tt tat titg +
2395 S, tatatstitats — yiyS yiletedeltatatg — yiyd vattiseSeneied — ylyS yi2ei5e5eeled —
yiyS it tatatitits — yiyS pi2eSedestieded — yiyd ylletededeneits — 3ylyS yileiedegtitied —
yiyS yi2tieleatities — yiyS wi2eteSeseieded — ylyd yliZtatledeneis — yiyS yl2eiededeieed —
YIS, vea Tt atStats — yis, vastitatatitdts — ylyl yastitdeiedesed — ylyllylS e35t5eiedts —
1

5,11, 16,7,4,6,5,6,4 5,11,16,6,5,6,5,6,4 5,11, 16,5,6,6,5,6,4 _ 5 11 16,4,7,6,5,6,4
Yooy Yoo t1tatslalsts — 3USUoy Yo, titatslylsts — 3U Yo, Yo, trtatztylsts — Youo) Yo, titatstylsts —

5,11, 16,7,4,5,6,6,4 5,11,16,6,5,5,6,6,4 5,11, 16,5,6,5,6,6,4 _ 5 11, 16,4,7,5,6,6,4
Yooy Yoo t1tatslalsts — 3YSUo, Yo, titatslylsts — 3U Yo, Yo, trtatstylsts — YouUo) Yo, titatstytsts —

Yoy Yoy t1tatatitots — USUa, Yog thtatstitoty + yly,, yg, titatitatsty + 2ulyy o, tTt5t5tats5 +
Yyo, Yoa t1t5titatsts + 2ylyg yo, ttatStdtstd + 3ydys, yo, 11555t 18 + 2yy; vo, titStSedtstg +

Y2 Yo, Yop titatatitstd + 225, yo, 13t tits s + Yy, o, titstatitsty + ylyg, vo, Lt 5 Latits +

LeStotstdedes +

4,7 11,3,4,6, 13,5 4,7 11,4,3,5,2,3,5 4,7 11,3,4,5,2,3,5 4,7 1
YsYoq Yoo t1tatatalsts + Ys¥s, Yoo trtatstutsts + Ys¥o, Yoo titatatytsts + YsYo, Yoo

2 2
4.7 11,5,2,4,3,3,5 4,7 11,4,3,4,3,3,5 4.7 11,3,4,4,3,3,5 | 4 7 11,2,5,4,3,3,5
Ys Yoy Yoo t1tatstylsts + 2U5Ys, Yoo trtatstytsls + 2U Yo, Yo, trlatatytsls + UsYo, Yo, titatatytsts +

ydeSedededed +

4.7 11, 46,4,3,3,5 | 4 T 11,6, ,3,4,3,5 4 7 11,5,2,3,4,3,5 4,7
YsVoy You t1tatatitsls + YsUs, Yoy trtatstatsts + Usvs, Yo, t1tatstatsts + 2Us Yo, Yo,

2ytyl yas S eatdtaeded + ydyl yile3tSedenede] + ylyl ylitaeStitieled + ulyl ylleitde3elede +
yiyl yostSededeledes + yiyl viltttdesteded + ylyl yiteltdesteded — y2yl0ylteSeatleele] —
yRylOylsedeSegedeled — o yl0yloedeSeledel el — yyl0y o e eSehesed — 3yPyl0ylo eSeseSsele] —
Bylystyso tTeatgtataty — 3y yssttseatitdtd — ylultylotitieSededed — yluldylo¢] 55656565 —

5,10, 15,6,4,5,5,5,5 5,10, 15,5,5,5,5,5,5 5,10, 15,4,6,5,5,5,5 5,10, 15,3,7,5,5,5,5
3YYoy Yoo trtatslatsts — BYys, Yoo titalatytsts — 3YiYs, Yoo trlatstatsty — Yo, Yoo titatatytsts —

YUY Yoy L1EESEELEEE — BYTYLY Yon 1SS LAIEES — Byly, yos TESESIELS — Bylus) oy t11515L45EE —
Y20 Yoy 1ESEILEEE — YYo) Yos TR ESEILELG — yZyo] Yo IVESISHIEEES — y2us) yon L1TSH5LAEEEE —
YsUoy Yop ESESEALELE — YU, Yog T ESESEILELG — YIUS, Yog IRESHIEEES — YSUG, Yop LTSSEAEEES —
VSO, Voo T ESTIEALEE — YIUS, Uog B 2 t3EATEE — YZYQ, Uop E1ESSEATEEE — yIYg, Yop H1ESEELITELE —

4.6 010,2,4,2,4,2,6 | 6, 12 18,7,5,7,5,6,6 | 6 12 18,6,6,7,5,6,6 , A 6, 12 18,5,7,7,5,6,6
YsYoy Yoo t1t2t3tat5te + Ys¥oy Yoo t1tatstatsts + UsUol Yoo t1tatstatsts + Ys¥oy Yoo trtatstytsts +
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6,12 18,7,5,6,6,6,6 6,12, 18 ,6,6,6,6,6,6 6,12 18,5,7,6,6,6,6 6,12, 18,7,5,5,7,6,6
YsYor Yog t1tatatytsts + Ys¥ol Yoo trlatstatsts T UsUs] Yoo titatatatsts + Yoy Yo, t1tatstststs +

6,12, 18,6,6,5,7,6,6 6,12, 18 ,5,7,5,7,6,6 4,5 .9 ;3,2,3,2, .7 4,5 .9 42,3,3,2, .7
YeYor Yoo t1talatatsts T Ys¥ol Yoo t1latztatsts — Ys¥Uo Yoo t1talatytsts — Ys¥o, Yoo trtatstatsts —

yiys yd, it tdthtsth — yiyl, vl 1153 testl — ylud yittitseSeede] — y2yS yltiededeielel —
y2uS was s tatatdel — ySyS widebedegeiedel — ylud yiteiesedenede] — y2yS yldeiedeatiedel —
YOS, Vs tTEStatatetg — yius, vastitsedeiedes — ylyd, vidtitatsededed + yoyl yor ¢55¢5e4t3eE +
yoys yan s gt tdtg + ySys  valt1t5e5eRe3tE + ySyl yaT 133t e5e3eE + yoyl yor 3515454345 +

6, 11 17 14,7 ,6,5,5,7 6,11, 17,7,4,5,6,5,7 6, 11, 17 16,55 ,6,5,7 6,11, 17,5,6,5,6,5,7
YsYor Yo titalatalsts + YsYoy Yoo trlatstatsts + Ys¥o) Yoo titatatatsle + YsYo, Yoy titatatytsts +

6, 11, 17 44,7,5,6,5,7 6,11, 17 ,6,5,4,7,5,7 6, 11, 17 ,5,6,4,7,5,7 714, 21,7 T, T 77,7
YsYoy Yo t1latstytsts + Ys¥sol Yoo tilatstatsts + Ys¥o) Yogtilatstatsts + Ys¥so, Yoy trtatstststs

A.10 Model 10

P(tis Yss Yoy » Yogs M10) = 1+ syl Yoy trtatat] + ysyld y2, t3t5tats + ysyd vl titatitats +
Ysy, v, tit5t5tats + ysyd v2, 1315 ats — vyl ud 3156505 s — y2yd y3, 31365 e5 s + ysyl, vd, tHtat3eE +
sy, Vo, ETESREE + ysvl vS, 1131582 — y2yl i thtatitiel — u2uS vl t13t5e5e2 — y2uS ul, t3t3ese3e2 —
YIS, Vo, t1tatatits —yluS vi, titstatits — ulud, ul, 10e5e5e5ed — ulyl, oS, 115 e5eRed — u2ul, vl i tatatite —
Yays, Yo, titatatite + ysys, yo, titatatste + ysys, yo, titatatatste + ysys, yo, thtstatste —

Y2ue, yo titatitsts — 2y2yl, yb thtatititsts — 3ylyl yl tit3t5thtste — 2y2ul yl tat5t5titsts —

Y2ye, v, tatatitste + ylus v, titatititste + 2y5uS vl T35 thtste + ylyS i, tTt3t3t5tste +
YsUs, U, B tatate + ysys, Y3, tTtat it te + ysyl vl titatatite + Yoy, Y3, t3t3tite — ylyl, v, tithtitite —

292y5, va, titatititite — 3ylyl, v, tht5t5t5t3te — 3ylyl, v, t1t5t5t5t3te — 2y2y], v, titatititdte —

Y2UD, Yo tatatatate + ySyl yo, thtatatitite + 23yl vl tht5tatatEte + 2y3y] vl t1t5t5tat3te +

2y3y] v, thtatatatite + 2y3y] vl tTtatatatite + 3yl vl 15553 te + ylyS vl tTt3t5tatIte —

y3yS, uS, 1t tititite — ylyl, vl titatdtliedte — ylud uS, the3eledtite + ylyllul, tieatStielte +

2y5Yo0 Uo, t 555t te +yTya) yo, 151553 te +Ysyor y5, trtatsts +ysyoy Yo, tatatsty —yiyd, vl titstitsts —
292y3, vl thtatstitsty — 2y2yl ul tat3tatitstd — y2yl ul t5tstitstd + ylul vyl titat5titstE +

2y3y5 o, s tatatsts + 2yyd vi, 11550515 + yud, va, 1 t5t5tRts ] — yiyl, ul, tit 5t tstE —

YRyl uo, tS st htst] + ysyl yS, tTtat3] + ysul yl, titatstdty + ysyl S, t3tatdty — ylulk vl tit5ee3eE —
2y2y5, Yo, t1tat3t5e35 — 3yys v, 11515056315 — 2y2ys v, ttSt5e5e3tE — y2y) v, tat5t3e3E +

Y3yo, vo, et itieaed + 2y3yl o, tie3e5tdeded + 3ySys, yl, TS 3eae3e5 + 2u3ys, vl tT5e5 5345 +

Y3y, vo, trtst5tieaed — iy, vS, e33e5e5e3eE — yly, vS, t1t5eat§e3ed — ylyd S, t13e5e5e3ed +

2y, vo, (55 tatdtd + 2yl vo, e e5tatded — 3yl vS 315653 e3ed — 293y wo t1ede5eeded —

3,7 .6 ;3,4,4,3,3,2 3,7 .6 ;2,5,4,3,3,2 4.0 7 16,3,5,5,3,2 4.9 7 15,4,5,5,3,2
23!53/01 Yoo t112t3tat5t6 = Yoy Yoo t1talatytsts + YsYo, Yo, trtatstatsts + 2y Yoy Yoo t1tatatatsts +

s

4,9 7 44,5.5,5,3,2 4.9 7 13,6.5,5,3,2 5,11 8 ,6.5,6,7,3,2 5,11, 8 ,5.6,6,7,3,2
2ysyol y02t1t2t§t4t5t6 + YsYoq y02t1t2t3t4t5t6 - yiyol y02t1t2t3t4t5t6 - yiyol yOQt1t2t3t4t5t6 +

2,6 ,6 ;3,3,4,4,2 3,8 7 ;5,3,5,2,4,2 3,8 7 44,4,5,2,4,2 3,8 7 ;3,5,5,2,4,2
YsYoq y02t1t2t3t5t6 “ YsYoy 902t1t2t§t4t5t6 “ YsYoq y02t1t2t§t4t5t6 “ YsYoq y02t1t2t§t4t5t6 +
4,10, 8 16,4,6,4,4,2 4,10, 8 ;5,5,6,4,4,2 4,10, 8 14,6,6,4,4,2 5,12, 0 ,6,6,7,6.4,2
YsYor Yoo t1tatstalsts + Ys¥o, 902t1t3t3t4t5t6 T YsYo, Yop trtatstatsts — Ys¥oi Yoy titatatatsts —
2.2 3 3, 43 3,4 .4 43, 4 .5, .3 3,4 4 4 13, 45, .3 4,6 .5 13,3,2,7, .3
YiUso, Yoy t1tatytsty + ysyolya2t1t2t3t2t5t6 + ysy01yo2t1t2t3t2t5t6 — ysy01y:2t1t2t3t4t5t6 —
2,3 4 43, ,2,2,3 2,3 4 ,2 2,2,3 2,3 4 2, 42,2,3 2,3 4 43, ,2,2.3
Ys¥or Yoo t18315L516 — YUY, Yo, Lit2tatylsly — 3YSY,, Yo, L1latatytsly — Uiy, Yo, tatatytsls +

3,5 .5 44, ,2,4,2.3 3,5 .5 ;13,2,2,4,2.3 3,5 ,5 42,3,2,4,2,3 3,5 5 4,2,4,2,3
YsYoy Yop tit2tatatsts + 2U5Yo, Yo, titatatatsts + 2U5Ys, Yo, titatatatsts + Ysvo, Yo, titatstytsts —

4,7 6 44,3,3,6,2,3 4,7 6 43,4,3,6,2,3 2.4 .5 4,3, ,2, ;3,3 2.4 .5 ,2,2,2, ;3,3

YsYoy Yoo t1t2t3tatsts — YsYo, Yoo t1lat3talsts — YsUo, Yo, trtatatalsty — YSU,, Yo, trtatatatsts —

2.4 5 3,2, ,3,3 3,6 ,6 16,3,3,3,3 3,6 ,6 4,5, ,3,3,3,3 3,6 ,6 ;4,2,3,3,3,3

YsYoy Yoo t1tatslalsty — Yo, Yo, t1tstalsts — Yoo, Yo, t1tatslytsts — 2U5Yg, Yo, t1tatstytsts —
3,6 ,6

3,6 .6 ;13,3,3,3,3,3 3,6 .6 ;2,4,3,3,3,3 3,6 .6 5,3,3,3,3 6,3,3,3,3
YsYor Yoo t1tatatststs — styol Yoo t1t2t3tat5ts — Yoy Yoo t1tatatiytsls — YsYs, Yo, talatytsts +

2y3Y0, Yo, SIS EE + 20505, wo, TESEREREEHE + BySus, vo, IEatatitsts + 2ulyg, v, S5 tIH5tE +
4,8 7 12,6,4,5,3,3 5,10, 8 16,4,5,7,3,3 5,10, 8 15,5.5,7,3,3 5,10, 8 44,6.5,7,3,3
2y Yoy y02t1t2t3t4t5t6 “YsYoy y02t1t2t§t4t5t6 “YsYoy y02t1t2t§t4t5t6 “YsYoy y02t1t2t§t4t5t6 -

s

2.5 6 44, ,3,4,3 25 6 ,3,2,3,4,3 25 6 ,2,3,3,4,3 2 5 6 , ,4,3,4,3
YsYo, Yoo t1t2t3t5ts — Uslo, Yoo t112t5t5ts — Ys¥o, Yoo t1tatststs — YsUs, Yo, trtatststs +
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Y2yg, Yo, tit2tatatatd + ylug, vo, RRtSRESE + ylyg yo, 1Rt5 st + ylyg vo, titats gty +
4.9 8 16,3,5,4,4,3 4.0 8 5,4,5,4,4,3 4.0 8 ,4,5,5,4,4,3 | 4 0 8 ,3,6,5,4,4,3
YsYoy Yoo t1tatstatsts + 2UsYo, Yoy t1tatstatsts + 2UsUs, Yoy t1tatstatsts + Ysvo, Yo, trtatstiytsts —
5,11, 9 46,5,6,6,4,3 5,11,9 ,5,6,6,6,4,3 _ 3 8 8 ,4,4,5, ,5,3 4,10, 9 16,4,6,3,5,3
YsYol Yogt1tatstatsts — YdUo, Yoo trtatatatsts — YsUo, Yoy titatstatsty + 2U Y, Yo, titatstitsty +
3,5 7.5,5

4,10,9 45,5,6,3,5.3 4,10, 9 ,4,6,6 3 _ 5,12 10,6,6 3_,2,2 4 2,24
2Y5 Yoy Yo Pitatatatsts + 205y, U, ttotstatsts — YU, Yoy trtatatitsts — Ysys, Yo, ttatitsts +

2y3ys, o, thtatat it + 2yul vl 175 tat 5305 + 2uys vl trt5tatitdts — yivl, vl, tit3t5e5e3eE —
Y2ys uo, ttatatatdts — y2ul, v, it tatatitd + ylyd, v, titat3ededed + 293y yl, t3565¢543 65 +
2y3y0 yo, TSR IRt + ylud uS, titatithtdts + viv] vl t0tateiedts + vl vl 10556538 +
VYo, Yot 5e3tE + yiyl, vl t1tSt5e5e3es — ylud v, t5e3e5eTedts — yly, vs, 155t It3eE —
Yous, Yo, LAt At3tE — ylyl, uS, (355 T 38 — ylus o, tTtatiedts — ylyl vo, it5e5tats —

Y2 Yoy Yop E3ESES LG + 20500, g, 10213 L5 tG + 2y2y0, yo, SSRGS + Bylys, vi, ISt tItS s +

3,6 .7 ;2,4,3,2,4,4 3,6 7 5,3,2,4,4 4,8 8 47, ,4,4,4,4 4,8 8 46,2,4,4,4,4
23!53/01 Yoo, t1tat3tytsts + 23/53/01 Yoo t112t5T5t5T6 — YsYoy Yooy t1t2latytsts — YsUoy Yoo trtatstatsts —

4.8 8 ,5,3,4,4,4,4 4.8 8 ,4,4,4,4,4,4 4.8 8 13,5,4,4,4,4 4.8 8 12,6,4,4,4,4
2ysyol Yoo t112t3tat5t6 = YsUoy Yoy titalatytsts — 2ysyol Yoo t1tat3tatsts — YsUoy Yoy t1talztststs —
4.8 8 7,4,4,4,4 5,10, 9 ,6,4,5,6,4,4 5,10, 9 ,5,5,5.6,4,4 5,10, 9 14,6,5,6,4,4
YsYoy Yoo t1talztytsts — y;)yol Yoo t1latstytsts — y:yol Yoo t1lotstststs — y:yol Yop t1tatstytsts —

3,7 8 ;4,3,4, 5,4 3,7 8 ;3,4,4, 5,4 4,9 .9 ,6,3,5,3,5.4 4,9 9 ;5,4,5,3,5.4
Ys Yoy Yoo t1tatatatsts — Ys¥o, Yo, trtatstatsts + Ysyo, 902t1t2t3t4t§t6 + 2?!57!01 yozt‘{t2t3t4t§t6 +

4,9 9 ,4,5,5,3,5,4 4,9 9 13,6,5,3,5,4 5,11 10,7,4,6,5,5,4 5,11, 10,6,5,6,5,5,4
2Y5Y0, y02t1t§t§t4t§t6 T YsYo, yo2t1t2t§t4t§t6 - y:yol yo2t1t2t3t2t§t6 - 39:901 yGQtlté)tstZtgts -

5,11,10,5,6,6,5,5,4 _ 5 11, 10,4,7,6,5,5,4 _ 3 8 0 ,4,4,5,6,4 | 4 10 10,6,4,6,2,6,4
3Ys Yoy Yoo titatatalsls — Ys¥oy Yos titatatatsts — Ys¥oy Yos titatststs + YsYo, Yoo titatstatsts +

Yayosyantitstgtatsts — ylystusl t9e55taedts — yiul yd, trtatatdty + ylyd, vl ttatstite] +
YIys, Yo, 15 tatit3tg + ylys, uS, titdtstdeded — ylyS vl t15e3e5e2tg — yiyd, vl t1e5e55e3e5 —
Ysyo, Yo, et tRttE + ySus, v, t1tatathtts — yiyl yo, tTtatatstd — y2ul v, trtstatstd +
Yoyl titat3e5AeE + 2y2yd, ul, tH5ee5eEed + 2y3yd, ul, 353308 + vl vl titstesede] —
Yiyl ys, 1R AtAeE — 2yty] uS 1e3eedede] — 2utyl yS, 115 e5eRaeE — ylyl, vh, 1T 5650l ed +
Yoyl uo, o tatatStaty + ydul vl tiedtatitatd — ylyd vl titaedeatded — y3yS yS t33e3tatle] —
YIS, uS, tTttitatdtd + yiul vl 10 e3e3ede3ed + 20ty v, 13e3e5e3e3 0% + 3ylyl, yd t15t5e3e5 6] +
2ytyS 0, TS5 ETe0eE + ylud ud, S5 eele] — ylul 0yl eSS elele] — 2yl 0yl e eaesetele] —
BySyLT Yot tatatatats — 2yl ysatitatatataty — vl vagtitstlededed + ySylZyl tTe3e5ee3ed +
Yoyst Yo tSIStStRtstg + ylystyss t3t5t51e3ts — ylyl o, t1t3e5t3ts — vyl v, t1tat5e3t +
Yays, Yoo tS I35 EG + 2ylyl, yod tTE5t5E5 058 + 2ydyd, yontit5e5e3eSt] + yiyy, vaottSt5esede] —
Yoyor Yortitatatatsty — 2ylystyal t965t5e30568 — 2uyst yot t7e5e5¢5e8t5 — ylygy vas t1t5t5tIeSeE +
YoysTyaot1 5t t5tStE + yoy Sy S5l ede] + ylys, yl, tltatat33eg + 2y2y, ul, 5t tiedtd +
YISyl Lt tatitatg — yiyg, vh, 115654 edeE — yiyS S, (35 eeded — ylyS yl, 1T e5eaaeE +
YouS, Yo, SRS + yiyl vl (9tat3ede3ed + 2ylyl yd, 125565308 + 2yt vl (155003l +
2ysy], vo, thtatatiedts + 2ylyl vl tTtat5tRedte + vyl vy t1t5t5e5e2tE — ylud wiot]tatstiedtd —
2y3y0, vaottdtstieled — Sylyd yiotitaeaeieltd — 3ylyd waotiedtatieled — 20000 yi0titSesedeitd —
YoUS, Voo titatatitdtd + uSysy vastitattitdtd + ylys var t3t5e5e5e3e8 + yoysl yos t15t5¢5t5t0 +

6,11 11,4,7,5,7,5,6 4.8 10,5,3,4,2,6,6 4.8 10,4,4,4,2,6,6 4.8
YsYoy y02t1t2t§t4tgt6 + YsYo, ?/o2t‘1)t2t3t4t5t6 F2U5Yo, Yoo titatstalste + ¥sYs, ¥

SECEELEE
VLTt — 20l vl e — sty lh e ededed — 202l ulleleded el -
O L B G L PR C Lt PO e
VRS — Syl el — il o, e tortede] — ol ebrerded ] -
20 USR] — S, wIS R RaSeT — 2w ] — il uiS eSS
R L G R L R CE Ut R L e
208, iR — 200w eSe] St TS T S ST

6,11, 12,5.6,5,6,6,7 6,11, 12,4,7,5,6,6,7 6,12 13,6,6,6,5.7,7 7,14, 14,7, 7,7, 7,77
YeYor Yo t1tatatalsts T YsUsol Yop trtatstatste + YsUsl Yoy titatatytsts + YsYor Yoo trtatstatsts
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A.11 Model 11

P(ti, ys, Yo; M11) = 1 + ysyStitatit? + ysyStititat? + yoyStitatitat? + yoyStitatat? + yoydtitsties +

YsyStitatatitd + ysyStatatit + ysyStitatits — y2yStitdtitats — y2yStititatits — y2yStitatitits —

2 6,2,2,3,3,4 2 6, ,3,3,3,4 2 6,2,2,2,4,4 2. 6,2,2, ;5,4 3,9,3,3,5,4,6 3,9,3,3,4,5,6
YoUotitatstyts — Yy tatatytyty — Yoy t1tatstyts — Y y,titotat ity — Yy titotstyts — Y y,titatstyts +

o
YsY2t3totste + ysyotitatatsts + ysyotatatsts + YsyYotitstatste + ysyotitatatatste + ysy2tatatatstes +
Ysystititste + ysyotitatitste + ysyltititste — y2ystit3ttite — ylyStitdtitatite — ylyStit3titielte —
yayot tatstitdte — ylystititatitite — ylydtitseltite — ylySelt3tStdedte — ylystiedestitdts —

Y3y t3t3t5t5t3te + ysyotitatsty + ysyotitatats — yiyttStotitied — y2ydeTtieatied — y2yttttatied —

o

yryttltstatitl — 292yt tatStat2td — Sy yttdeatStatits — 2ylyttititatatit: — g ytestSeat2td —

VSR - iR -3 - i - -l -

2ylystitatatitdty — 3ylyotTtatatitdey — 2ylyitathtatede — ylystatatiedty — ylystitatitdey —

s s o

2 04,2,2,4,2,2 2 4, ,3,4,2,2 | 3 7,4,2,6, ;4,2 | 3 7,2,4,6, 4,2 | 3 7,4,2,5,2,4,2 3 7,3,3,5,2,4,2
YsYotitatatsts —ysy,titotatsts +ysy titatstatsts ty yotitatstatsts +y y titatstitsts — v Yo titotstitsts+
3 7,2,4,5,2,4,2 37,5, ,4,3,4,2 3 7,4,2,4,3,4,2 3,7,3,3,4,3,4,2 3
YsYotitatstitsts + Y ystitatstitsty + 2y yot1tatstytsts + Yy titatstytsts + 2y

7,2,4,4,3,4,2
SYotitatstytsts +

3.7, ,5,4,3,4,2 | 3 7,5, ,3,4,4.2 3 7,4,2,8,4,4,2 | 3.7
YoUolitatatytsts + Y yotitatstytsts + 2y y titotstytsts + yoy

o

3,3,3,4,4,2 3,712,4,3,4,4,2
titotstytsty + 2y ystitatst sty +

3.7, ,5,3,4,4,2 | 3 7,4,2,2,5,4,2 3 7,3,3,2,5.4,2 | 3 7,2,4,2,5,4,2 | 3 7T.4,2, ;6,42
YsYolitalatytsts + ysy titatstytsts — Yoy titatatytsts + ysystitatstytsts + Yoy, titatat sty +

4 4
VRIS 4yt S + y RS 0eE 1 20y OS2 4y O SeGE +
20O SHSHS + yty LSS IO SEE — vyl et] — vyttt —

2yl t3tat2tatstd =3y yS 122t 2tatstd —y2yB i t3t3tatstd —y2y

2 Stotatatsts —ylyStitatitste—y2yStitatatitsts—

o

stubedrdtaitont —2uin tatitord —2utitortiord 2ot dedtard — St atauded et -

oYt tE sty + ylys it tatitd + ylygtitStstints — ylyotiStatiestg + ylyS it tieges —

3 6,6,3,3,3,3 3 6,5, ,3,3,3,3 3 6,4,2,3,3,3,3 3 6,3,3,3,3,3,3 3 6,2,4,3,3,3,3
YsUot1tatytsts — Ysyotitatstytsty — y ystitatstytsty — 3y yotitatstytsty — Y ystitatst sty —
3 6, ,5,3,3,3,3 3 6,6,3,3,3,3 3 6,4,2,2,4,3,3 3 6,3,3,2,4,3,3 3.6,2,4,2,4,3,3
YsYol1talatytsts — Y yotatatytsts + ysystitatatytsts — yoy titatstytsts + vy, titatatytsts +

3.6,4,2, 15,3,3 3,6,3,3, ;5,3,3 3.6,2,4, ;15,3,3 3,6,3,3,6,3,3 4.9,6,2,6,3,5,3
YsYotitatatitsty — Y yotitatstytsty + Y uotitatatytsts — yoystitatytsts + ysy,titatstytsts +

4.9,5,3,6,3,5,3 4.9,4,4,6,3,5,3 4.9,3,5,6,3,5,3 4.9,2,6,6,3,5,3 4.9,5,3,5,4,5,3
2y yotitatstytsty + 2y Y titatatytsty + 2y Y, titotgtytaty + Yoy titatstytsty + 2y y titotstytsty +

4.9,4,4,5,4,5,3 4,9,3,5,5,4,5,3 4,0,5,3,4,5,5,3 | 4 0,4,4,4,55,3 4.0,3,5,4,5,5,3
YsYolitalatytsts + 2y y,titatatytsty + 2y Yy titotatytsts + Yoy titatstytsts + 2y y,titatstytsts +

4.9,6,2,3,6,5,3 4,9,5,3,3,6,5,3 4,0,4,4,3,6,5,3 4
YsYolitalatytsts + 2y, y,titotst sty + 2y, ytitatstytsts + 2y,

9,3,5,3,6,5,3 | 4 0,2,6,3,6,5,3
o s Yotilatslytsts + ysYotitatatytsts —

VS - Sl ST atard — e sttt u2ut o tart

Y3yt tatatatts + 2y3yStititatatite + 2y3yS 33t atatits + 2y3ySt2totstatty + yiyStithtstatits +

s s s

2ttt + St + 2SS e + Sl e+ ot eteded +

s s s

2y ySe2e5t2t5t2t5 + ySydtitatatitits + 2y ot titat it + 2y3y 3 t5tat 2 te 4+ 2y3y Sttt tits +

s
Yoyt t3tatitity — ylystitatitatyts + ySygtTEStgtitsts — ylysttatStitsts + yiysttseSeitats +

4,8,5,3,5,3,4,4 4,8,4,4,5,3,4,4 4.8,3,5,5,3,4,4 4,8,7, ,4,4,4,4 4.8,6,2,4,4,4,4
YsYotitatstitsts — Ysuotitatstitsts + Ysuotitatstitsts — ysystitatstytsts — Yoy titatstytsts —

4 8,5,3,4,4,4,4 4 8,4,4,4,4,4,4 4. 8,3,5,4,4,4,4 4,8,2,6,4,4,4,4 4 8, ,7,4,4,4.4
YsYotitatstatsts — By ystitatstytsts — ysy,titatstatsts — ysyotitatstytsts — ysyotitatstytsts +

s o o

4,8,5,3,3,5,4,4 4.8
YsYstitatstytsts — Yoy

o

8

o

8

4,4,3.5,4,4 4 8,3,5,3,5,4,4 4.8,5,3,2,6,4,4 4 8,4,4,2,6,4,4
11t5t5t4t5tG + Yo yotitatstytsts + Y Y, titot5tytsty — Yo ytitatstytsts +

4, 8,3,5,2,6,4,4 4 84,4, 7,44 5 11,5,5,7,4,6,4 5 11,7,3,6,5,6,4 5 11,6,4,6,5,6,4
YsYolitalatytsts — Yoy titatslytsts — Yy, titatatytsls — Yoy, titatatylsts — Yoy, titotgtytsts —

o o

3ylystt3e5e5e5e0t8 — ylulte1eSeSe5e0ed — vyl eTegeSe5esed — vyl e e3e5e5e0es — vyl eTt5t5e5e5t5 —
3ySy tht5t5t5tts — yly, t15t5t5tSts — yoys el 5 e5e8eSt — yly 175ttt ts + ylyotitatitatsty +
Pyt ededtatstd + 23yt 22434513 + 2yt e3 30263543 + 203y 20203545 + 3yttt deatdtstd +

s s

Yoo ti tatatitsty + Yy I EatTEE + yly SIS atEts + Yoy TSRS tg — vy tatstiedes +
oYt SIS LS + Yy TGS RESES + 2yly TS ERESHE + yly tI S TS + 2uSy TS HNHE +
YSYtTESEIEIES LS + Yy TS EAETE] + 2yly (S EIETHT + yly St tSHITS + 2uSy ST TG +

s s

4,7,2,6,3,4,3,5 , 4 7,5,3,2,5.3,5 4, 7,4,4,2,5,3,5 4,7,3,5,2,5,3,5 , 4 7,5,3, ,6,3,5
YsYotitatstatsts + ysyotitatstytsty — Yoy titatstytsts + y ystitatstitsts + v yotitotst tyts +
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Yoyt t3tat sty — yly PSS — yly VSIS g — yly PSS LitEg — yluyo T tSHGHats g —
22y, 15 atEtG — Byly, CtVStSHInts — 2uly, "t eSegtitses — ylu IS atRes — ylyo "t SR —
Yoo 1Y at5t 5 tg — 3yly T3S Rests — yly MeneSeStieses — ylu S eReges — ylyo "R egHats g —
R e L o T e e R T T L Lo R T e A e TR P B DU
TR U R T e A TR T O R TN e G D R N P e

R e o e e T ot e R I o U e TR M DU R I MG o

5,0,5,5,4,5,4,6 5 0,5.5.3.6,4,6 5 0.5,5,2,7,4,6 | 6, 12,7,5,7,5,6,6 | 6 12,6,6,7,5,6,6
YsYolitalatytsts — Y U titatstytsts — YsyYotitatatytsts + Yy, " titatatytsts + Y,y titatatytst +

YoUS TSRS G + ylyo HIESESLATSHG + ySu, NS LG + ylys IS GHTHE + Yy, TS EGIS G +

YoU ETISIREIES LG + ylys IS LINSHG — ySugt ottty — Yyt tatEtitstl — yIygtTESIGHIIG —

YIUStTISHREIES LG — yIys ot tatdts — yIygtT St attg — ylys s tatsts — ylygtTestgtists —

VRSB EE + o2l RS T + 0l TSRS Sl eSS 4 o2l RS +

ySys T e3e5eGe0tg + yoyl eTe5e5e5e3eE + youyt T ege5eel el + ySyl 0ttt e0t + yly el eseseLeleE
A.12 Model 12

P(ti,ys; Mi2) = 1+ ystitotat? + ystitatat? + ystitatstats + ystatstat? + ystitotits — y2t3t5tStats —
230120243 — y2te2e2e368 — g2 t3t202t8 — y2e2e2tat3td — yS 3336545 4 yot2t2tste + ystatatitsts +
Yst3totsto + ystitatatste + ystitatstatsts + ystatstatsts + ystitatsts + ystitatitste + ystatitste —
y2t2t2t5t3te — y2tItatotatite — y2titstitite — Y titatitatate — Sy2titatatatote — y2titotatitote —
y2t5t2tat3te — y2tItotatatote — y2tatatitote + yStitatstitite + yStItotstItite — Y titatatitate +

Y3t t2tdtitite + ySt2t5tatitote — y e tststitite + ystitotits 4+ ystitatats + ystitatstats + ystatatats +
ystitotits — y2titotatits — y2t2t3t5t2t2 — y it titatitd — yititatatit: — y2t3totStatits — 3y tItItitatits —
yotitieitatity — yotatitatitg — yleteienedes — yStitatieiedeg — 3yleTe5e5taie] — Byttatdedededes —
yRtsestitded — yltitstititg — yititatateled — 3yltititstitieg — yltatdtattit] — yltitatities —
Y23 tat t2t2 — Y2t st 2t — y2tatStit2td + yStitaeStatatd + y3eTtotitatats + y it tatstitat +

2y ttt2tat2tae? + 2y3e3t3t512 02 + 2yt tatat3 a2 4 yStatStstIeied + 2P ete2 el — oSt ideSeSede2 +
2y3 12651515002 4 yStStatde a2 + 2ySt edede it i + 2333020002 + 293034502000t 4 St tSede e +
yatTtstat3 el + yStTegtatqeged + yste5e5edesed + yitde3e5edede] — yleiestseede] + y e estiededes +
yre3eSeS 5512 — y2t2tot5tsts — y2tItotitatsts — Y2t tItatsts — yititatatatsty — Sy2tItototItsts —
yrtitstatatsts — y2totatatsts — y2titotatitsty — y2titatitsty — yotitstStity — o3 tdtntatied +
2yleiesestitstg — yotitdesededed + 2y0eTene5eede] — y2e0eReRede] — yltttatededed — yleqeReReRede] —
3ySedeaeieiests — yitttatdededed — yleae5ededeied — yleSelededed + 20007005 ee3ed — ol ePeRe5eaede] +
2ySeTeaedeatde] — yStittatleded — yPeedeSeded + yleledeeieded + yleTedeS e el ed + y oSG 550043 +
2yt 5e5t512t8 + 2yt ey tatieeded + 293355528 + yleTeSe5edene] + 2yl tT 55038 — Yt tae5eieae] +
2yt e3e5tatatded + yttSe3eSe5e2ed + 2y S eSeSe5e2ed + 2yteteseSeieded + 2y e3 5545022 + oyt eSe3 5545 +
y2Se3e2eS e3¢5 4 ye3e5e24512e8 — ySt5e5eSe el e — yPeSeaeSt5eTed — yStSedeSeSeltd — yPt eStSe5tTtd —
yot2t5tatStled — y2t2t2tdtats — y2t5tat2tIts — y2t22t2e3ts — y2tititat3ts — y2t2t2tat3es + yStititSeatts +
yatTt5t5tatdeg + yStdtatyt 3 ed + 2y t3 056550308 + 290020345503 08 + 2927 5550308 + ySt1 e3¢5 5505 +
2yt tatatitlts — o3t it es + 2y 255525 + yStStatSt tits + 2ySt 12ttt 2 e + 29333t 5 e 35 +
2yt tatatatits + yitithtatitaty + yitititatitity + y tTtotatitits — yrtitatitatats — yrtitatStaitats +

2y T35t Rt5ts — ystitatselests + 2ystTeSestitseg — yatl atstitsts — ySISEot3Eaests — yStTtStstatsts —
Bystitatstitsts — ystitotsttsts — yotTeStstitsts — yatittsthtsts + 2ustitateeses — yaeTtatititsts +
2y tt5e5t5t5ts — yltitatieledtg — yititatatitats — yot t3estieSts — yltieaegeedes — yot tat5tiedts —

5,6,4,5,5,6,4 5,5,5,5,5,6,4 514,6,5,5,6,4 5,3,7,5,5,6,4 5,5,5,4,6,6,4 5.5,5,3,7,6,4
yotitatstytsts — 3y titatstatsts — ystitatstatsts — ystitatstytsts — Y titotstytsts — Yy titotstitsts +
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yatitatstitstd +yStteststitstd — yStie3edtdtste + yltitaedeitsty + yStTtatdeltstd + yatititSeieded +
4,3.,5,6,2,3,5 4,6,2,5,3,3,5 4,5,3,5,3,3,5 4,4,4,5,3,3.5 4,3,5,5,3,3,5 | 4,2,6,5,3,3,5
ystitatstitsts + ystitatstitsts + 2y titatstitste + 2y titatstytyts + 2y ttatstatsts + ystitatstatsts +
4,5,3,4,4,3,5 4,4,4,4,4,3,5 4,3,5,4,4,3,5 4,6,2,3.5,3,5 4,5,3,3,5,3,5 4,4,4,3,5,3.5
2y titatatatsts — Yo titatstatsts + 2y titotstatsts + y titatst tsts + 2y titatst st + 2yt totst tsts +
4,3,5,3,5,3,5 4,2,6,3,5,3,5 4,5,3,2,6,3,5 4,3.5,2,6,3,5 5,6,4,7,3,5,5 5,5,5,7,3.5,5
2y titatstytyts + ystitatstytsts + Y titatstytsty + yotitotstitsts — ytitatstytsty — yotitotstytsty —
5,4,6,7,3,5,5 5,7,3,6,4,5.5 5,6,4,6,4,5,5 5,5,5,6,4.5,5 5,4,6,6,4,5,5 5,3,7,6,4,5,5
y:t1t2t3t4t3t2 - y:tlt2t3t4tgt8 - y:t1t2t3t4tgté - 3y:t“{t§t3t4t“gt§ - y:t1t2t3t4t§t§ - y:t1t2t3t4t;t5 -
5,7,3,5,5,5,5 5,6,4,5,5,5,5 5,5,5,5,5,5.5 5,4,6,5,5,5.5 5,3,7,5,5,5,5 5,7,3,4,6,5,5

yolitatatytsts — 3ystitatstytsts — 3y tylotatytsty — 3y titatstytsts — yolitatstytsts — yot tylatytsty —
5,6,4,4,6,5,5 5,5,5,4,6,5.5 5,4,6,4,6,5,5 5,3,7,4,6,5.5 5,6,4,3,7,5,5 5,5,5,3,7,5.5
Yolitatatytyts — ystitotytytsty — ytytatatytsts — yotilatat tyty — yotitatytytsty — yotitotytytsty —
VESEANTRE + US G S TSSO + VG + o -
yatdt5t5edeg + yste3e5e5eseg + ystTeoededeRe] — yientatseieded +yieitstdeledes +yiede5eSeleded —
VRGBS — uE St — ST o — sy — e e
yotTt5t5testd — yStentstitgeg — y R e3e3elestg + y titoegtqeSts + y tTtStieRedt + yitTtitielests +
6,7,5,6,6,6,6 |  6,6,6,6.6,6,6 6,5,7,6,6,6.6 6,7,5,5,7,6.6 6,6,6,5,7,6.6 6,5,7,5,7,6,6
Ystrtatatytstes + ystitatat sty + y titotstytsts + y titotstytgts + y titatatytsts + ytitatstytsts —
44,444, 7 5.5,5,6,4,3,7 5,6,4,5,5,3,7 _  5.,5,5,5,5,3,7 5,4,6,5,5,3,7 5,5,5,4,6,3,7
ystitatstytsts — Y titotatatsts — yotitotst tsts — Y titatstatsts — Y titatstatsts — yotitatsttste +

616,6,7,5,5,7 6,7,5,6,6,5,7 6,6,6,6,6,5,7 645,7,6,6,5,7 6,6,6,5,7,5,7 TT T T T T T
Ystitatstytsts + yotitatstatsts +y titatstytst + yotitatstytats + y tytotstitsts +ystitatstitsts,

A.13 Model 13

P(tisYss Yoy s Yoo s Yog s Yous M13) = 14 Ys¥s Yoo Yoy, tTt2tat3tE + Ysyd Yoo U, yi, t1t5tat ity +
YsUS, Yoy Uoa Yo, 115 atsts + vsyd, yl, yi, vl titatitatstd + yoyd vl vl vl 1515 tatstd —
Y2YS, Yoy Yoy Yo, 111285525 — Y2YS Yo, U0, Yo, tatatatTtats — Y2uS Uo, Yo, Y, titatathtats —
YoYU, Yo Yos s, B 2t atdty — y2yl o,y vl trtstitatdts — vyl ul vl v, tht5e5e5e368 +
YsYoy Yoo Vg Yoy 1112851617 + YsYoy Yoo Yoy Ui, t1tatatets + Ysys, Yo, Yog ya, titatatstets +
YsYo, Yoy Yy Yoy trtatatatstets + syl ul, o, vo, tatatatstets + ysys, vo, Uo, Yoy trtt5tetr +

Yo, Yoy Vas You tatititets — y2yd yl yd yS, thtatstitdts — y2yd vl yo yl, t1t5tatitits —

y2yS yl, v, s, S itstitdts — vyl yZ vl S, tatatitdts — vyl yl vl s, tatdtstitdty —

YIS Ye, U us, 3 sty — w2yl yd vl vl tltatdeltstit — y2yd vl ud vl 15 e5 s tGtr —
Y2a, Yo, Yoy Yo, LTSRS s et — Y2yl yS, U0, o, titatithtstats — ylys vS, uo,us, 15t ts ety —
YYD, Vi, Yoy Yo, LTESERERtat — 202Y0 Wh, U0, us, et T2t 3t — y2yd i, ud, vl tTtE SRt —
22Y0 Yo, Yo, Ve, SRSttty — y2ud vl uo, ud, tatatatatdtr — ylyS wd,ud S, tTtatstatItit —
Yoy, Yo, Yoy Yo, t1tatstatdtaty — y2yl o, yo, uh, titatStstdty + ylyl yl us,ul tStatstitZtdtr +
YoYDL Yo, Yaa Y, 1ttt toty + 2ySyT o us s t1t5t5tatEtdty + 2ySyl yo b vl thtatatitdtgtr +
YSul, Yo, YS, s, Bttt taty + ySyl o, uS vl t1tSt5titRtdty + ylyS yS uh vl thtatithtdtdtr +
YU, Yo, Yoy s, t1Ea St s toty — y2yS S, uh ul trtststhtdtdtr + ylud vl v v, tTtathttdtdtr +
YU, Yo, Yo, Us, 1S5t S toty + ylyd i S vl titat§titstdty + ylyd yl ub vl tatatgtitatits +
Yeoy Yoy Yoy Yo, 312t SIS3EGT + yLua Ud, Yoy Yo, tTESISIIERGEtr — Yiyo) Vo, Yoy Yo, t1tat5tat5t5tr +
YsYoy Yoy Yo Yoy titatatsts — y2yd vyl us, o, ttatitstats — 2y2yd vl vl o, ttatatitstits —

2y2yS o, vi, vl sttt tgt? — 2y2yd yd yd uld t1t3tatdtstded — 2y2y3 yl yd ul, tititatitstded —
Y2YS US, U, Yo, tatatitstats — 2ulyn ya, va us, tHAtEEEtEET — ByTyl, Ui, Vg s, 1 b2ttt 25 —

2,4 .4 4 4 32,2,2,2,2,2,2 2,4 4 4 4 342,2,2,2,2 2.4 4 4 4 44,2,2,2,2,2
3ys Yo, Y0, y03 yo4t1t2t3t4t5t6t7 - 3ys Yo, Y0, y03 yo4t1t2t3t4t5t6t7 - 2ys Yo, Y09 y03 Yoy tatatytststy

YU, Yoo Yoy Yo, T t3tat3tats — 3y2yd o yo ul titatitatdtde? — 3yZyl v, ya v, t1t5thtatdtgts —

25 5 4 3 ,3,3; ,3,2,2 2.6 6 4 2 4,4,2,2 3,5 4 7 8 ;5,3,2,5, ;4,2
YsYoy Yoy y03y04t2t3t4t5t5t7 “YsYoy y02y03y04t1t2t3t5t6t7 + YsYoq y02y03y04t1t2t3t4t5t5t7 +
3.5 4 7 8 ,4,4,2,5, 14,2 3.5 4 7 8 13,5,2,5, ;4,2 3.6 5 7 7 15,2,3,4,2,4,2
YsYo1 Yoo Yoz Yo, trtalatatstels + UsYs Yoy Yos Yo, titatstulststs — YsYo Yoo Yog Yo, titatstatslets +
3.6 5 7 7 14;3,3,4,2.4,2 3,6 ,5 7 7 13,4,3,4,2,4,2 3,6 .5 7 7 12,5,3,4,2,4,2
YsYo, Yoo Yos y04t1t2t3t4t5t6t7 + Y5Yo, 902y03904t1t2t3t4t5t6t7 T YsYo, Yoo y03y04t1t2t3t4t5t6t7 +

3,7 .6 .7 6 5, ;4,3,3,4,2 3,7 .6 7 6 14,2,4,3,3,4,2 3,7 ,6 .7 6 13,3,4,3,3,4,2
2y Yo1 Yoo Yoz Yo, t1t2tstytststy + 2y Yo1 Yoo Yoz Yo, t1t2t3tat5t6T7 + YsYoy Yoo Yoy Yo, t1t2tstatststy +
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3,7 .6 T .6 12,4,4,3,3,4,2 3,7 .6 .7 6 5,4,3,3,4,2 3,8 .7 7 .5 44, 15,2,4,4,2
2Y Yoy Yoo Yoz Yo, t1tatstatstets + 2YsUoy Yoy Yog Yo, trtatatytstets + 3YsYo, Yoo Yos Yo, trtatstatststs +

2y3ys, Yo, Yog Yot tatatitststs + 2uSys, yo yo, vo, tTEStStIStGT + 3ydyS ul, vo vo, t1tatSehtststs +
YIUD, Yay Yoy s, tt2t5tat 5t + 2y2yd yS yl vl t7t5t5¢at2t5t7 + ulyd S ul i tat5t5tatdtgts +
Yio, Yoo Yoy Yoy t1tat5tSI3EGT + UTuD, U0, Yoy Yo, IOSISIIESELT — Yiys, Ul Yoo Vo, 1112t 5E513 157 —
yiyd yl uhoud, e1e5e5 e ededes + ylyd ul ullyd TSR3 iGeE + yluluS, uln s, (05 5eiededel +
2y2yl0us, uidyS e tatate e — ylylyS, uloul, theaeSitdedel + 2utyl0yS wloyS, 5eSeteatdes +
YsUoy Yoo Yoo Yoy 11 I5tSLALSLGET + UaUo) Yo, Yoy Yo, L2t ERE2tGEE + YLyg U0, Yog Uo 11 L5 t5 LT3 LGHT —
YZUo) Yoo Yoy Yoy 15 LEAILGET — U2Ua) Yoy Yoy Yoy 1 L tSEALS G LT — U2ULT Yo, Yog Vo, LTSS LGS GET —
YU, Yoy Yoy Yo, titatitstoty — y2ul yi ub, vo, t1t5thtstety — y2yl vo, ub, o, titat ittty —
Yoo, Yo, Yoy Yo, titatitstets — YoUS Vo, U, Vs, t1tatitatets — 2u5y3, vl, Ul Us, T tatatitEtet] —

2 3 4 3 4 42,2 2,2 3 2.3 4 3 4 3 2,2 3 2.3 4 3 4 44 2,2 3
3YS Yoy Yoo Yos Yo, L1tatatilstets — 2U5UG, Yoo Yoqu Yo, t1totatitstets — USYs Yoy Yos Yo, tatatitslety —

Y2y vS, uS s, 5 tatdtetd — 2y2yl vl vyl vl tTtatdtatdtetd — 2u2ul vl vl vl trt3tdtatitet? —
Y2y uS,uS S, t5tdtatdtet — y2ud vl vl vl titatititets + ylul vl uS S, tTtatstitstitd +

ylud ye, v us, 515 tatits 13l + 2u3yl wi uS ul eStstitstded + 203yl yd vl uS, 15t tits it +
2y2yd v, uS,us 5 tatitst3ed + ylul ul ud uS, T tStatiestded + ylud yl vl S i tTtatits 13l +
YYD, U, U s, tTEREAEEEES + 2y D wd, uS, vl 10tat SRR 3E + Bydyd vl uS, vl 55 ARt +
Ay3y3, uS, v, o LIRS ETERE S + ySyd yo, Yo, vs, 1T 55t 3] + 3ydyd yl, uS vl ¢TS5 e5e5 5t +
2y YD, Yoy Yog Y, t1E5t5 4200t + yDy, Yo Yo, s, totStatI ety + ylyo, yo, Yo, us, 1 t5tatatat +
BYS S, Yoy Yos Yo, 1ttt 33583 + 3ylyd, yo, yo, s, t1tat3t5t3t3t + 3ylyd vS, ul, vl tTtat5thedede} +
BYSYS, Yo, Yo Yo, 11t 335t + Bylyd, yo, yo, us, trts 333 edtd + ylyd yS, uS, ul, 155525} +
Byl Ul Yo Yo, t1t2t3tat5 5t + 2y2yl yl yS yo t1t3e5t5t5t3t + 2ulyl iyl vl tTtatstTeatde} +
3yl vl Yol Yo, t1tat3 a5 tat + ylyl, yS yo vs, titat5tati 3t + ylyS S vyl vl tTt5t5tatdtde} +
YU, Yo, Yoy Us, 1 T35 L4t t0tS + ylyl o S wi0tTt5e3t5e257 — ylyd wl vyl vyl titatstiedeged —
Yays, Yo, Yos Yo, t1at5tt3t5t5 — ylyd vl yb vo 1S3 E5tRe3t5ES — 2uTys, vyl yo, vh, 1 t5t5t5ta 5] —
2ylyS o, Yo, vo, TSRSt tats — yiud i, o, vo, tHStatStS 0t — yiud vl uo,vo, 555ttt —
y2yS, vl uh s, S tatsededed — 2ytyd ul S ul, tTtatdeitaeded — 2ytyd S vl v 19 e3eSetededed —
YRYS Vs, U, S, ET SRR — Bylyd uS, uS, uS, tTtatatatatatd — ylyd i, uo,us, th5t5t5tatgt —
2y YD, U, Yo Y, t1Ettat50E5 — 2u5yd Y5 Yo s, tiEStStatstets — yiys s,y ua, thtatatitdtgtd —
Yy Yo, Vg vo, (1555020585 — yly Oyl ud vl Rt eRe2e5eS — yiyl VD, o, vl i tGegtReseged —

YU Yy Yna Yoo tSISIS TGS — Y2yl yl, voa yor T3t IStRtEES — 2ydyl ud yotys 15555 eEes —
2y3Y o Y, Yoo Yer RIS LSRG — y2yldtyd, yotys TSGR Ees — yluiTyloya Ty ST 5t es 3 eges —
YU Yo Yoyttt tats — yly Tyl Syt ya tr st st a el gt} — ylys Tyl ylZy el egegeelegtd —

Yo us Yoy Ottt it — y2yd o, vl ul titatatatity — ylyd vl vl yd tit3tstatdel +

YIS, Yo, Yoy o, 1 tatatatetats + ydus uo, vo, uo, titatat i tats + y3us, vo, vo, ue, t1tatat i tats +
y2yd, vl vl S tat 2 edtd + ylyd yl, vl vl 105 eded e + 32y S, ud S, et heded s +
4y3yd, yo, vo, vo, LAt ER + ySyd yS, yo, vS, TS 5tTR 3T + dydyd vl vl vo, tTtat5 el eges +
3YSyo, Yo, Uos Yo, t1t3t5t5 et + ylyd o, ud v, 15515t t5 % + 2y3yd yl yd ul, titatteed et +
293y, Vo, Yoy Yo, L1 Ea 3RSt + 2uyS iy, vh, (TSR3 e3 T + 2y3yS yl, vd o, trtatSeTea et +
293y] U, Yog Yo, titatatatdtgts + 2ySyl yS yo ys, tTt5t5tat3titT + 2ySyl s, vo, v, trtatstatdtity —
YSY, Yoy Yoy You tL IS5 LSR5 T + ySyl Yo, Ys, Uh, t1Eatatatatats — Yyl vyl ub vy, thtatatititats —
Yaul, Yl Ys, Yo, tIES SRR tatT + yiyl vl yS ud tT5tatRtRtats + ylyd S,y us, titatatatats +
YRS Y, U us, bt ta gty + 2ytyS uS S vl 1055t ated et + BylyS yS, ub, us, (ISt eR gt +

4,8 .8 8 8 13,5,4,4,4,4,4 4.8 8 8 8 ,2,6,4,4,4,4,4 4.8 8 8 8 7,4,4,4,4,4
3y Y01 Y05 Y03 904t1t§t3t4t5t6t7 + 2y; Yo1 Yoo Yoz Yo, t1t2t3talstels + YsYoy Yoo Yoy Yo, t1tatstatststy +
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4,8 8 8 8 ,8,4,4,4,4,4 4,9 9 8 7 .6, ,5,3,5,4,4 4,9 9 8 7 15,2,5,3,5,4,4
YsYo1 Yoo Yo3 Yoy t2t3ats5t6t7 = 2Us Yoy Yoo Yoy Yo, t1t2tatatstots — 2Ys¥Uo; Yoo Yos Yo, t1tatstatstets —

Byl Vo, Yng Vs, t1Eat5E3 08587 — Bylyd o uS vl t1t5t5t5t2t5t7 — 2ylyd vl vh. yl, tTt5e5eRedeges —
2ytyd ul, uS, yl SRS tg et — ylyllyldyS, vl 11553 eseder — yiyldyloys, vS, th s iR el gty —
YU YoaYn, Yo, tTEat St Itotats — Yiul vy Us, Yo, 15t tat sty — ylys vy us, Yo, 15t s tat 5ty —
YIS Y vasusatests e ededts — y2yd vl yilul2eSeSedelededer — ylyd vl ullyl2 el egel 3 eg el —
2Y3Y oY YD, Yor Yor LIRSS 0L — Y2y Us, Yos Yoy L1 5t S5 tGtT — BYSUs Yo, Yoy Yo, LESE5EGE5E5ET —
3YSYas Yo, Yos Yor LIS ESERER LT — Y2ys) US, Yos Yoy L1555 EGET — 2000 Yo, vy vo, t1ESE5E5E5E5ET —
Yo Uor Yoo Yoy Yoy LIRS ETE2E0LT — 290y S yaoyst Yoo tTER SRR LT — y2ys) Yoo Yos Yoy s tat5t5tatGtT —
293y o) Ya Yo You LrER G ERERGET — Y2yt UoS Yos Yoy LTSS EGET — 2yl Yoo yss vas tE5L5E51365tT —
YU Yoo Yna Yos (TS5 E5E205LT — y2ylyaubsyd, titat3eqtSedet — 2y2ya Pyl yotyl, te5t5e5es g7 —
BySysyasusyd 1S5 tatSeG e — aySydtyllyltyd R e5eSegiS gty — dyyllyllyd s, (1e5eTeededes —
BYSyaT yaryasys, tht5t5tat0t0t7 — 2ySy 2yl yllyd tTeleltitltdt — ylyllyllyalyld, tathtititstats —
yousdystystyS, t1estS el egts + yly 2yl 0yl iyl it eSeSeitataty + ylyl Tyl oyliyl S tstgtieatats +
Yoyt yl iyl gl s el e o3 g + 2y0yltyl  yl iyl e T eS oS et + 2ySy Pyt yl iyl e T e e R gt +
6,13 87,7

11,14 13,5 5,8,4 6,14 12 14 12,8,4,8,6,6,8,4 6,14 12 14 12,7,5,8,6,6,8,4
YsYo) Yoo Yos Yoy t1tatalalstets + Yo, Yoo Yoy Yoy t1tatatatstols + 2USus] Yo, Yoy Yoy titatstatststy +

6,14, 12 14 12,6,6,8,6,6,8,4 6,14, 12 14 12,5,7,8,6,6,8,4 | 6 14 12 14 12,4,8,8,6,6,8,4
2Y3Yo1 Yoo Yoz Yoy Litatztalslots + 20 Yo Uos Yos Yo, t1talalatstels + Yo Yoy Yoo Yos Yoy Litatatstslsty +

3,4 .6 .4 .6 ,5 3,34 45 3,4 ,6 ,4 .6 ;4,2 3.3, 45 3,4 ,6 4 6 ;3,3 3,3, 45
YsYoy Yoo Yoz Yo, trt2tatatstels + 2Y Yo, Yo, Yoy Yo, Litatatatslets + 2U Y,y Yo, Yoy Yo, titatatytstety +

293 Y5, Yoy Yog Yo, t1tatat3t3t6ts + Yoyl Yo, Yo, Uo, t1tatatititet? + ydyd i, uo, uh, titatititstet? +

2930, YD, Yas Yo, t1t5t5 5 6t + 2y0yS YT, Yo, Yo, tatatstatstets + ySys yl, Yoy, titatatitatets +
YU, Yoy Vg Yo, B t2t5tattets + ySyo, Y5, Yo, Us, t1tat5tat tet] — yiyd vyl ul yidtTt5tat tZedes —
Yayo, Yl Yo, s, T2t t5 35t — 2ytyd i vyl oyl tTt5t5thtdeder — 3ylyl vl yl yo, 10t5t5e5e3e5ts —
dysys yl yo s, st tat3tats — dylyd vl ul vl titst5tgededed — 3ylyl vl yl v, t1t5e3e5e3e5es —
2ylyS oyl yo, 5ttt — ylyS Tyl ud, tat5t3tieedel — ylyl Syl uS, t1tatStitieded —
202yl S, Ul vt Rt et t) — yiyl uS T S, ee3edeiededed — 2ytyl oS 0l oS tlededeiededed —
yiyl ys, vl s, st eea gt — 2ytyT oS T yS 1ReSeReaaeded — ylyl uS D vl titleiieedel —
2y2yS Yo, Yo, ye tTtatS Rt — ylyS oyl ul, 55t t0t0 — Bylyd o, i, v, s t5titst5t) —
BYyS Yo, Yo, Yo, SRRttt — yiyS o, i, ul, 155150 t000 — 2ylyd vl vyl ul, tit5t5t5e3t5t0 —
YaYs, Yoo Yoy Yo, (1S5 E5E26510 — ylyd vooyl vo, T3S e] — yiyl vidyl, uo, 155515 e5e3 —
YoYs Yoy Vg Yos tTESEREREEE5LS — 2yl ul v Syss tS a3 ERGEs — y2ys, uS, vosysat] tht5tIe3e5ts —
YUS Yy Vg Yos tSISERLTEEERLS — y2uS, uh, vboyes Lot R IERGEE — 2y2yD ud, yooys, 1555557 —

2y3Y 0, Yo, Yoo Yer LTSRS ERLGES — BySyd ud, uooya IS5 E5tS 3ty — BySyd yd, vaoub ) (Te5t5e5 e85t —
2950, Yo, Yaoyes t1tatstatstats — 2yTyd o iyl tTt5t5t5t5t3t2 + ylyldyldusoya thtat i tdtgt? +
Yo ua Yooy Sy Ot 355 tats + 2u2y yl 0yl Sy Ot t5e5t5t2t5t7 + Bylyl Syl oyl yl tStatgtRedtat] +
3yZystyd oyl yso S eSS eG S + 2yl yl dyl oyl oy ST e5 e 3 ed e + y2y Oyl oyl Syl 38553 el +
YU U Yoa Yo tItSERtRESat + Yoyt ybs yiays, 5 tStIS ety — ylus  ubs yia Y, 15t 5t Ittt —
YoUor Yon Yog Yo, LIEBESETLSERL + ydyst vas vooys, 11 tat TS5 tS — yly Py 2yl ys, t1e5tititiige? +
2YSYo) Yoo Yo Yos tr IS5 ERESEES + 2uSyst yady ot yst tT eSS 3e6E7 + 2y0ys  yoo vas o, T5E5E5E55E0 +

6,12, 11, 13, 13 ,8,5,6,7,5,7,5 6,12, 11, 13, 13 ,7,6,6,7,5,7,5 6,12, 11, 13 13 ,6,7,6,7,5,7,5
2Y2Y0] Yoo Yoy Yoy t1tatstatstetsy + 2990, Yoo You Yoy titatatatstets + 29301 Yooy You Yoy titatatatstets +

6,12 11 13, 13,5,8,6,7,5,7,5 6,13, 12 13 12,9,3,7,6,6,7,5 6,13, 12 13 12,8,4,7,6,6,7,5
2Y3 Yoy Yoo You Yoy Litatstalstets + YJUo) Yoo Yoy Yoy, trlatatatstels + 3Y Yol Yon Yoy Yoy Litatatslslets +

6,13, 12 13 12,7,5,7,6,6,7,5 6,13, 12 13, 12,6,6,7,6,6,7,5 6,13, 12 13, 12,5,7,7,6,6,7,5
dyg Yol Yos Yog Yoy t1tatatststets + 4y Yoy Yoo Yoy Yoy t1tatatststety + 4y, Yo Yoo Yoy Yoy t1tatststststs +

6,13 12 13, 12,4,8,7,6,6,7,5 6,13, 12 13, 12,3,9,7,6,6,7,5 6,14 13 13, 11,7,4,8,5,7,7,5
3Y Yot Yop Yoz Yoy t1tatstatstets + UsYol Yoo Yos Yoy t1tatalalslels + Ys¥Uor Yoo Yoy Yo, t1tatstatststs +
6,14, 13 13 11,6,5,8.5,7,7.5 6,14, 13 13 11,5,6,8,5,7,7.5 6,14, 13,13 11,4,7,8,5,7,7,5
YsYoy You Yos Yo, t1tatstatstots + Yslo, Yoo Yoy Yoy trtatatatstols + UsUol Yoy You Yo, titatstatstety —

7,15,13, 16, 15,8,7,8,8,6,9,5 7,15,13, 16, 15,7,8,8,8,6,9,5 4,6 8 6 8 ,6,2,2,4,4,2,6
YsYo, Yoo Yos y04t1t2t3t4t5t6t; = YsYoy Yoo Yoz Yo, t1t2t3tatstels = YsYo, Yoo Yos Yo, trtatatatststy —
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4,6 .8 6 ,8 ,5,3,2,4,4,2,6 4,6 .8 6 .8 ,4,4,2,4,4,2,6 4,6 8 6 .8 ,3,5,2,4,4,2,6
YsYoq1Yoq yO3y04ti)t2t3t4t5t6t7 = Ys5Yor Yooy Yoz Yo, t1talatatstels — ¥sys, y02y03y04t1t§t3t4t5t5t7 -

4,6 .8 6 8 12,6,2,4,4,2.6 4,7 9 6 7 16, 13,3,5,2.6 4,7 .9 6 7 14,3,3,3,5,2.6
YsYo1 Yoo Yoz Yo, t1t2t384t5t6T7 — YsYoy Yoo You Yo, t1t2t3tatstsls — 2ysyol Yoo y03y04t1t2t3t4t§t6t7 -

4,7 .9 6 7 13,4,3,3,5,2,6 4,7 .9 6 7 6,3,3,5,2.6 4,8 10 6 6 13,3,4,2,6,2,6
2y, Yo1 Yoo Yoz Yo, t1t2t3tat5t6t7 — YsUoy Yoo Yoy Yo, t1tat3talstsls — YU, Yoo Yoz Yo, t1tatstatstsls —

58 ,9 9 _11,8,3,3,6,4,4.,6 58 ,9 .9 11,7,4,3,6,4,4,6 58 ,9 ,9 _11,4,7,3,6,4,4,6
Y5Yo1 Yoo Yoz Yo, t1talatatstels — Uo¥o, Yoo Yoy Yo, titalalatstets — YsYoy Yoo Yos Yoy titatstalststs —

5,8 ,9 .9  11,3,8,3,6,4,4,6 5,9 10,9 10,8,2,4,5,5,4,6 5,9 10,9 10,7,3,4,5,5,4,6
y:yol Yoo Yos Yo, trtatstatstets — 274:7401 902903904t1t2t3t2t§t6t7 - 2y:y01 y02yo3ya4tlt2t3tztgt6t7 -
5,9 .10, 9 _10,6,4,4,5,5,4,6 5,0 10 9 10,5,5,4,5,5,4,6 5.9 10 0 10 ,4,6,4,5,5,4,6
YoYo1 Yoo Yoz You t1lalatatstels = SYsYe, Yoo Yos Yo, t1tatslalstots = YiYo, Yoo Yoy Yo, Litatztalsloty —

5,9 10,9 10,3,7,4,5,5,4,6 5,0 10,0 10,2,8,4,5,5,4,6 _ 5 10 11,9 9 ,8, ,5,4,6,4,6
2Y Y01 Yon Yoz You L1tatatalstots — 2USUo, Yoo You Yo, t1talatatstels — UsYo, Yoo Yos Yo, titatslatststs —

VR U U, TS  — o200l 0, RS ded — 202 o e et
20230 uEh g 8, SIS — St RS eS — o2l ulL S 2, T e
VR U, SRS 4yl vt S, PSR SRSt e el +

VO UV TS S + ol S 300l S S ¢

6,11 11, 12 13,7,6,5,7,5,6,6 6,11, 11,12, 13 16,7 ,5,7,5,6,6 6,11, 11,12 13 ,5,8 5,75 ,6,6
2Y Yo, Yoo Yog Yoy t1tatstatstets + 2USUs) Voo Yos Yoy trtatstatstets + 3USUs, Yoo Yoy Yoy titatstatststy +

6,12 12 12 12,9,3,6,6,6,6,6 6,12 12 12 12,8,4,6,6,6,6,6 6,12, 12 12, 12,7,5,6,6,6,6,6
YsYo) Yoo Yos Yo, t1t2t3tatstels + 3YSUo] Yon Yoy Yo, Litatstatslets + 3Y Yo, Yon Yos Yo, titatstatstety +

BUCYs: Uos Yos Yoy 11 1S EGLS TGS + BySyTysduas vod 1t SLGISLS + 3ySuoTuosua vas 1t tSIqIStets +
YSUST Yon Yos Yoy YIS LSEILSLGET + ySyot uad vas voy tISEELSET0LS + 20y Ty S ya] va IV IS LS LTTLGLS +
BYSUoT Yoy Yoy Yoy 11 1o t5ELE LGS + AySyoTuod yod vo, tVESLSILTEGHT + AySugTuod vad va tTESEESLTEGT +
BYSUoT Yoy Yoy Yoy L1t LSS LGS + 20SuoT uod yos yo TS ERLTEAT + ydyg S yod yo s vy 1SS LEETEOLT +
Y2 Yoy Yoo Yog Yoy L EBESEITSEAET + UYL Uog Uos Uoy HERESEALSLGED + 20000 Uay Uos Yoy tIERESLALTEGHT +
2Y3Y5) Yoy Yos Yoy 11 ESEALEGLT + 2000y Uog Yos Uoy TIESESEALSLGED + yduot yosuad voy t1HSE5EIEEELT +
Y Yoy Yoo Yog Yoy t1 135 EITEELT — UIUoT Uon Uon Yoy PTESESEIETEES — Yly yas Uos yay HSEELALSEGET —
25010} Yoy Yoq Yoy 11 1T AtS 61T — 20T Yoy Yon Uos Yoy 11 13 E5ATSTGET — UIULY Yoy Yos Uay TS5 ERESLGET —
YUy Yoo Yoq Yoy 1 E3t5tat5 a0 — 2000 U0y uas Uoy t1ESTSEIETLELT — BYTysy Uog Yog Vo, 1l tat5 L5 LGET —
25757 Yon Yog Yoy 11T TALE 61T — YIULT Yoy Uas Uoy 1TESTSEIESLELT — UIUoTUa) Uas oy Y ESESEIHSTET —
Yyt Syl ylyl S e TeSe8eeSe§es — gyl Syl yllylt S et edeGes el — ylyloyllyllyl3 e e5e5e5e5e5eS —
Yayo, Yo, Yog Yo, LIBT3t 3 86T — yiyd, vl yo vo, tTtat5t 3 te s — yiyg, vanyo, ya, 1t t5t Tt tety +
YUl Yo, Uy SRSt td T + y2yl vl uS it eSS tad el + ylud wi0yS vad s S R edel +

5,8 10,8 10,6,4,3,5,5,3,7 5 8 10 8  10,5,5,3,5,5,3,7 5,8 10,8 10,4,6,3,5,5,3,7
2Y: Y01 Yon Yoz You L1tat3talstots — YiUo, Yoo Yoy Yo, L1latatatslsls + 2UYe Yoy Yoy Yo, titatstatststs +

5,8 10,8  10,3,7,3,5,5,3,7 5,9 11,8 9 ,6,3,4,4,6,3,7 5,0 11,8 9 ,5,4,4,4,6,3,7
YsYo1 Yoo Yoz You t1t2t3tatststs + Ysi¥o, Yoo Yog You t1tataztalststs — Ys¥oy Yoo Yog Yoy titatatalststs —

5,9 11,8 O ,4,5,4,4,6,3,7 5,0 11 8 9 13,6,4,4,6,3,7 5,10, 12, 8 8 14,4,5,3,7,3,7
YsYo1 Yoo Yoz You t1tatztalstsls + Yo, Yoo Yog Yo, titatatalststs + Yo, Yoo Yos Yoy titatatatststs +
6,0 10, 11 14,8,6,3,8,4,5,7 6,9 .10, 11 14,7,7,3,8,4,5,7 6,0 10, 11 14,6,8,3,8,4,5,7
YsYo1 Yoo Yoz Yoy t1tatatatststs + 2yg Yoy Yoo Yoz You titalatatstets + Yo, Yoo Yos Yo, titatatatststs +

6,10, 11 11,13 ,8,5,4,7,5,5,7 6,10, 11 11,13 ,7,6,4,7,5,5,7 6,10, 11 11,13 ,6,7,4,7,5,5,7

3Y Yoy Yoo Yoz Yoy t1tatstatstets + 2Y Uoy Yoo Yoz Yo, trtatatatstets + 2Us Yoy Yoo Yoz Yo, trtatstatststs +
6,10, 11 11,13 ,5,8,4,7,5,5,7 6,11, 12 11 12,8,4,5,6,6.5,7 6,11 12 11 12,7,5.5,6,6.5,7

BYsYoy Yoo Yoz Yoy t1tatstatstots + 2UsUs) Voo Yos Yoy trtatstatstots + 2Us¥s) Yoo Yoy Yoy titatstatststs +

6,11, 12 11, 12,6,6,5,6,6,5,7 6, 11,12 11, 12,5,7,5,6,6,5,7 6,11, 12 11,12 ,4,8,5,6,6,5,7
YsYo) Yoy Yoz Yoy t1tatstatstots + 20 Yo] Yor Yos Yoy t1tatstatstets + 2UsYo] Yoy Yoo Yoy t1tatstatstety —

6,12 13, 11 6.5,7

6,12 13 11, 11,7,4,6,5,7,5,7 6,12, 13 11 11,6,5,6,5,7,5,7 11,5,6 5,7
titatstytstgty + YsYoy yozyo3yo4t1t2t3titstet7 + YsYo yo2yo3y04t1t2t3t4t5tgt7 -

YsYo, Yoo Yos Yoy

6,12 13 11 11,4,7,6,5,7,5,7 6,13 14 11 10,6,4,7,4,8,5,7 6,13, 14 11_10,5,5,7,4,8,5,7
YsYo) Yoo Yos Yo, t1t2tstatstets + Yo, Yoo Yoy Yoy t1tatatatstily + UsUo| Yo, Yoo Yo, t1tatstatstety +

6,13, 14 _ 11, 10,4,6,7,4,8,5,7 7,12, 12 14,16 ,8,8.,5,9,5,7,7 7,13,13,14_15,9,6,6,8,6,7,7
YsYo) Yoo Yoz You t1talatatstely — Us¥oi Yoo Yoy Yo, t1talalatstels — YsYo) Yoo Yos Yoy titatslalstets —

7,13,13 14 15,8,7,6,8,6,7,7
t5e0t5t5e5tTer

7,18, 13, 14,15 ,7,8,6,8,6,7,7 7,13, 13, 14, 15,6,9,6,8,6,7,7
3YsYo) Yoo Yoz Yoy 3 titotgtytststy titotstytstety —

= 3Y5Yo, Yoo Yoz You ~ Y5Yo) Yoo Yoy Yo,

2YL Yo Yoo Yoy Yoy t1Eatatatatats — BYIUsT Yoy Yoy Yoy 115545 6t — BYIYULT Yoo Yoy Yoyt totstststaty —
BYLYoy Yoo Yoy Yoy tatatatatatots — 2ULYa Yoy Yoy Yoy t1atatatstots — YiUss Yoo Yoy Yoo t1tat5t t5tety —
2y Yor Yoo Yoy You t1tot5Gt5 TGt — 2l Yo Yoo Yo You t1t9T5E4t5EGET — 2YL YL Yoo Yoq Yos tstotstqtstgty —
2Y Yo Yoo Yoy You ttot5 SIS0 — YLUos Yoo Yoy Yoo t1Eat5t S50t + YSUsr Yoo You You t1t5t5t3t5 5t —
YoYUl Yeoyn Yoot S5t tats + ylyS, yos yl vl 1SR tRtatetats + ylyd yilul vl tTe5t5tatgtEes +

6,9 .11 10, 13,8,5,3,7,5,4,8 6,9 .11 10 13,5,8,3,7,5,4,8 6,10, 12,10 12,8,4,4,6,6,4,8
YsYor Yoo Yoz Yoy t1tat3talstels + Yo, Yoo Yos Yo, t1tatatalststs + Yo Yoo Yoy Yoy t1tatatatststy +
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6,10,12 10 12

6,10,12_ 10, 12
YsYor Yoy Yoz Yoy

T,5,4,6,6,4,8 6,6,4,6,6,4,8 6,10, 12 10 12,5,7,4,6,6,4,8
titotatytstots — YUy Yoo Yog Yoy titatatatstets T UsUo, Yoo Yos Yo, titatatstststs +

6,10, 12 10 12 6, 11,13, 10,11 6, 11 10,11

Youa Y2y Sy el ettt tats + ylyll yidyl oyl 1T R t5t5tTtats + ylyll yliysoya tltatgtitltats +
290y vas Yoy s tt5 ettt egts + 2ySylly Syl 0yl e7 Sttt t5tS + ylyll yl Syl oyl t1tTt5thtItgts +
yoys yssyboybt e i5e5 e eleded — yTyltyl 2yl Syl S et eBedefedeed — yTyl 2yttt e efefeeGed —
ylysZyl Syl ylt e Te5e5elededed — yTyldyl iyl Syttt eBeeleleged — 2yTyldylty Syl e e egeT T el —
YiYos Yon Youlos Lottt 60t — 2y Ty Pyt yn Sy 0ttt TtTegts — ylysyanyon yos 1o tat5IL 63 —
VYo Yon YouYos 15t 558018 — ylyotyoyadyot t3 5t eGtstets — ylystusd ooy, ity t5e5tSeSegts —
Yot Yoo YonYos 155 SE5E0LT — ylyotysuatyo t3 5t eGtstts — ylystuad ooyt egege§iseges —
Y Yoo Uaayoa (5t 15e265t — yly S ys Syt yo2 e T3 e5e5e2tG e} — ylysSuisysys a5t 5eseges —
YIS yas yays 555265t — yly S ys oyt 2 e e5eRe2eded + ySy st ubsyiSys T st gelig e} +
Yy Y sy (SISt Tegts + ySyl S yh sy S y S TS eG e} + ySudSulSylSyaS iS5 e eSige; +
YSyaSylS Syl Ot e3e5 RS tats + uSyl T yor yi oyt it eRtets + ySyll yil yaSylTt 55l edtgts —

6,9 12,9 12,6,6,3,6,6,3,9 7,11_13_ 12 15,8,7,4,8,6,5,9 7,11_13_ 12 15,7,8,4,8,6,5,9
YsYo1 Yoo Yoz Yoy t1t2t3t4t5t6T7 — YsYoy Yoo Yoz Yo, t1tatztalstels = YsYoy Yoo Yos Yo, trtatstatststy —
7,12 14 12 14 ,8,6,5,7,7,5,9 7,12 14 12 14 ,7,7,5,7,7,5,9 7,12 14 12 14 ,6,8,5,7,7,5,9
YaYoy Yoo Yos Yoy L1tat3t4tstals — Ysloy Yoo Yoy Yoy Litatatitsloly — Yilo| Yoy Yoy Yoy L1 tatatststety +
8 15 16 15 16,9,7,7,8,8,7,9 8 15 16 15 16 ,8,8,7,8,8,7,9 8 15 16,15 16 ,7,9,7,8,8,7,9
YsYor Yoo You Yo, t1t2talalstets + Yo Yoo Yoy Yo, trtatatatstels + USYol Yoy Yoo Yo, t1tatslytststy +

8, 16,17 15 15

8, 16, 17 15_ 15
YsYor Yoy Yos Yo,

9,18 18 18 18
t YsYoy Yoo Yo3 You

8,7,8,7,9,7,9 7,8,8,7,9,7,9 9,9,9,9,9,9,9
titatgtytstsly Litatatatslots + YsYoy Yoo Yos Yo, titatatatstety s

A.14 Model 14

P(tisYss Yoy s Yoo s Yogs Yogs M1a) = 1+ Ys¥o, Yop Yag ¥, trtatatats — y2ys, yd o yo, 11 tatatitsty —
YU, Y Yoy Yo, 1Tttt + Ys s, Yo, Yo, Y, ttstatstety + ysyl, Yo, Yo, Y, titatatatstety +
YsYo, Yoy Yog Yoy tatatatstets — y2ys o, o, Yo, t1tatititets + Ysyl, Yoo Yo, Vo, t1t2t5t5t7 +

YsYa, Yoo Yoy Yoy t1tatatats — y2yd yo ud o, titstitdtdts — 3ylyd yi, ud vo, titatstltdtity —

2,3 .4 .3 .5 2 32,2 2.3 .4 .3 .5 ,3 3,2,2 2,3 ,3 ,4 .6 ;4,2,2 3
BYS Yoy Yoo Yoz Yo, t1tat3tat 55t — YSUG, Yoy Yoo Yo, tatstitstets — Yilo, Yoo Yoy Yo, t1tstatstgts —

2,3 ,3 .4 .6 ,3;, 2,2, ,3 2,3 ,3 ,4 6 ;2,2,2,2, ,3 2,3 ,3 ,4 .6 342,22, .3
2y3yol Yoo yo3yo4t1t2t3t4t5t6t7 - 3ysyol yo2yo3ya4t1t2t3t4t5t6t7 - 2ysyol Yoy Yoz yo4t1t2t3t4t5t6t7 -

2.8 3 4 6 ,4;2,2, ,3 3.4 6 4 7T ,3 5,3,3 3.4 6 4 T 42,2, ;5,3,3
Y:Yor Yoo Yos Yo, tat3talststs + 2U Yo, Yoy Yoy Yo, t1t2t3talststr + 2U Yo, Yoy Yoy Yo, t1tatattststy +
3.4 6 4 T , 13, ;5,3,3 2.3 2 5 T ,4, .3, ,4 2.8 2 5 7 ,3,2,3, ,4
2Y5Yo1 Yoo Yoz Yo, L1tatalylstotr — YU, Yoo Yos Yo, titatztalsly — YSYG UG, Yos Yo, t1tatalatstr —
2,3 2 5 7 ,2,3,3, ,4 2.3 2 5 7 , 44,3, ,4 3,4 5 5 8 4, ;2,4,2,4
YsYo1 Yoo Yoz You t1t2t3talotr — YSUG, Yoo Yoy Yo, t1tatatatels + YsYs, Yo, Yos Yo, trt2tstatstsls +

3

270, Yoo Yog Yo, 1135 EALS LG + 2000, U0, U0, Vo, IS 4TS Gty + Y25, U0, Yoy Yo, b Eat3tats tgte +

Yoo, Yoo Yoy Yo, trt2tatitstoty + 2uSys, o, yo, us, t1tat5tatstdty + 2y3ys vo, yo, vl 155t R tst5tr +
293y, Yoy Yo Yo, 11ttt 50ty + Yoy, Yo, Yo, Us, t1Ea 3t tstets — yiys vl yo val thtat5tgtdtgtr —

YSUD, Yoo Yoy Yo, t1ERE3E3E3 80t — yiyd Yo, yl vy tT5t55 308t + ysyd, 3, vl s, ttstatts +
3 3 2 3 2,2 3 3 2 3 42 2,2 3 2 3 4 43,2 2

YsYor Yoo Yoz Yo, t1tatatalsls + YsYy Yo, Yos Yo, tatatalsls + Ys Yy, Yo, Yos Yo, titatslels +
3 2 3 4 42 2 2 3 2 3 4 2,2 2 3 2 3 4 43,2 2

YsYo1 Yoo Yoz Yo, trt2tststels + YsYs, Yoo Yog Yo, t1talslslels + YsYo, Yo, Yog Yo, talslslels —

2, 4 5 3 5 .3 3,3 2 2 4 5 3 5 42 3,3 2 2,4 5 3 5 2 3,3 2
YsYo, Yoo Yoq y;4t1t3t4t5t6t7 = 3Y5Y0, Yoo Yoy Yo, titatatylytets — 3ysy,, y;2y03y34t1t2t3t4t5t6t7 -

4,2,2,2,2,2 2,2,2,2

2 4 5 3 5 3 3,3 2 2, 4 4 4 6
YsYor Yoo Yos Yo, tatatilstets — 2U Yo Yo, Yos Yo, t

2

5y; 2

4 4 4 6 12
Yo1 Yoo Yoz Yoy tita

3,5 7 4 7 43 544.,2,2 3,5 7 4 7
2Y Yoy Yoo Yoz Yo, L1t2tatalstets + 3USYg, Yoy Yos Yo, tl

YIS Yo U un it tatst ity — y2yl yd vl vl titatdtats it — 2y2

2y}
3.5 .6 5 8 ,5,2,4,3,3,2 3
YsYoy Yoo Yoz Yo, t1t5tat5tets + Sy

6y3

s

5,6 .5 ,8 ;2,3,2,4,3,3,2
Yoy Yoo Yoy Yo, titatatatststs + Sy

3

1t3tyt5tsty
3

2

Yo, Yoy YngUny titatstatdtdts + 6yd

t2tsthtatats + 2y

3

5 7 4
s yol y02 yo3

2

2.4 4 4 6,3, 2
— AYSYoy Yoy Yog Yo, t1t2t3tat5t5t7 —

2

2,2,2,2.2 2,4 4 4 6 2,2,2,2.2 2,04 4 4 6 4,222,232
L3tytstsls — 4YSYoy Yoo Yos Yo, L1tat3lalstets — 2Y5Uo, Yoo Yoy Yo, talalatststy +

Yo, t1t3tstytitats —

Yo, Yoy Yna Yo, titatatatstit? —
Yo, Yoy Yo Yoy titatatatstdts — y2ys ul yd yo, t1tatitatstats — ylys o yo o t5t5tatstgts +
5 6 5 8 3;2,2,4,3,3,2
Yoy Yoy Yog Yo, titatstatststs +

5.6 5 8 4,2,4,3,3,2 3,5 ,6 5 8 ;5,2,4,3,3,2
Yo1 Yoo Yoz Yo, t1tatatytststy + Y y;’l Yoo Yoz Yoy tatatatststs —

4,6 .9 5 9 13,2, 7,532 4,6 .9 5 9 12,3, 7,532 3,5 .5 6 9 16,3,3,2,4,2
YsYo1 Yoo Yoz Yo, 118213845617 — YsUoy Yoo Yoy Yo, t1121384T5t6T7 + Yoy Yoo Yoy Yo, t1t3tatstetr +

3y?

Yo, Yo, Yosuo, tatatitit2egt? + 5y

3

5,5 ,6 ,9 44,2,3,3,2,4,2
Yo, Yoo Yoz Yo, t1tatstitstets + 6y

— 156 —

3

5 .5 ,6 9 ,3,3,3,3,2,4,2
Yo, yZQyOS ?/04t1t2t3t4t5t6t7 +



3,5 .5 6 9 12,4,3,3,2,4,2 3,5 .5 .6 9 5,3,3,2,4,2 3,5 .5 6 9 16,3,3,2,4,2
5y Yo1 Yoo Yoz Yo, t1tatatstststy + 3y Yoy 1132 Yos Yo, t1tatatytststs + g y;’l Yoo Yoz Yoy, tatatatststs —

4,6 .8 6 10,5, ;2.6,4,4,2 4.6 8 6 ,10,4,2,2,6,4,4,2 4.6 8 6  10,3,3,2,6,4,4,2

YsYo1 Yoo Yoz Yo, t1t2t3tstststy — 2ysyol Yoo Yo3 Yo, t1tatstatstets — 3?/5?/01 Yoo Yos Yo, t1tatstatstets —
4.6 8 6 10,2,4,2,6,4,4,2 4.6 8 6 10, ;5,2,6,4,4,2 3,5 4 7 10,5,2,4,2, ;5,2

2y, Yo1 Yoo Yoz Yo, t1t2t3t4t5t6t7 — YsUoy Yoo Yoy Yo, t1tat3tytstsls + Ys¥o, Yoo Yoq yo4tft2t3t4t5t6t7 +

3,5 4 7 10,4,3,4,2, 5.2 3.5 4 7 10,3,4,4,2, ;5,2 3,5 4 7 10,2,5,4,2, ;5,2
YsYo1 Yoy Yoz yo4t1t2t3t4t5tgt7 + ysygl Yoo Yo3 Yo, t1tatstitststsy + ysyil yo2y03yo4t1t§t3t4t5t3t7 -

2Y3Ye, Yo, Yoy Yor 11 L2t 3588517 — BySyl yl Yo, voy L5 ESt5E3 657 — 6ysyd, o, v, vo, (TES5E36365¢20 —
6YIYS, Yo, Ul Vos tTEatat SR et — BytyS vl ul yii tTtS 5533t — 2ytyS vl vl yll tit5t55e3e5t2 —
Yalo, Yoy Yoy Yo 112t atat3E0T — ULUS Yo, Vo, Yos T tatstat tets — yiud, U0, Yo, Vo) t1tat5t5t51Gt7 —
i, Yoo Yoy Yo t1tatatat3tats — YIS Yo, Yoy Yor t1ES5EAtS007 + YSUD Yo, Yoy Yoy thtatatit5tgts +
2U3Y0 Yoo Yoy Yoy t1tat3tatatets + YSUL, Yo, Yog Yos Lot 3tA5 G T + YSU Yo, Yo, Yoy s totstatatts +
YT e, Yoy Yea tSt St SEItIE — y2ul yl ybQysS TSRS + yeyd, iyl vl 1itat3e2 e +
YsYo, Yoy Yog Yo, 115555 — Y2ud yS, yo, v, ttatatitsts — y2ud uS, vl us, trtatatitsts —

YIS, YD, Vg US, T3R5 6 tS — B2yl yl, va S, htatdeitdtetd — 3yZyd vl vl vl 555t te ] —
Y2y, Yo, Yog Yo  t1Eat5t 06t — y2yD yd yo yo, tat3tititets + ylyl uS yo vs, 1l tatstitStot? +
2y3yS, S, Yo, v, titatatitstets + ylyd S, vo, ul, t1t5tatititet — vyl o, yo,ul, t1t5tat3 5t —
292Y3, Yo, Yoy Yo titatitatBtgt — 2u2yd oyl oyl t1e5t5tatd iG] — 2y2yd ya, v, vo, (155 tat3gt —
2y2Y0 Yo, Yo, Ve, t1tatatatitats — y2lyd i, yd, ul, t5t5tat3tgtd + 3ydyd vl yd, v, titatitititged +
Aydye, v, uo, s, SRS ta S + dySyl yl yd uS, (T SESEIS 5] + 3yud, yl, vo, us, titst5titatgt —
YSUD, Yoa Yo Yo, t1tatat totats — yiyl yidys yh, titatatltdt5td — 2yl ui, uo. uh, tht5tatstdt] +
YU, Yoy Yog Yo, tR3ERES LT + dylyl wo, ul, v 1T 2t 533655 + 5ylyg vl yo, vo, (555365t +
BYSYS, Yoy Yoy Yo, t1 53351587 + 5ySyg, yo, yo, vo, 12t 35365t + dylyd, vl vo, vo, 155t 53 57 +
YU, Yoo Yoy Yo, tOT3ERE3 AT — yiyl S, yS yaotitatstGt2tdts — 3ylyl yl vo yiotitatstqtdedt] —
BYSYG, Yon Yoy Yoy T tat3tatatats — 3ylyl, vo, yo, vos t1tat 35156587 — iyl vo, ul, voy t1t5t5t5e3tats +
YYo, Yoy Yog You tatatstatststs + 2yly vl yo yotitStst s egtd + 2ySyd yd, vl vel 115t tht5tsts +
YISyl ul vt e sts e ed gt — 2ytyT uS T ylliStatiehideged — Sylyl oSyl vit i3S ededed —
ytyl, ub, ul yer it eiestatged — sylyl Syl viieteaeleiededed — sytyl yS vl wllee5edeleded e —
2ylyl yS, o, vos t1tSt3 5ttt 4+ yluS vl vyl usat3e5e5ees g el + ylyS yiiyl yidtie3e5egeseged +

YOS Uba o Voo thtat5tatStat + yus vyl yiatTtat5t5tS 5t + y3ud vl vl vos 155 atst5t] +
YSUS, Yoy Yo Yo, trtatatatstots — yiyl o us, va ttStatstatdtdtd — 2yl yl oy yaatitatatatdtat) —
Ay s Yo, Yoy Yo t1tatatatstats — 2U5u0 Yo, Yo, Yo t1tatatatstats — Ysus vo, Yo, Yor t1tatstatitats +
YSUs, Yoy Yoy Yoo t1t5tatAtot0 TS + 2U0US, Yoo Yo, Yoo trtatatatatats + 3YSys, Yoo Vo, Yoo t1tatststotots +
2YSY5, Yoo Yoy You t1Eat54T0 0TS + YSUS, Yoo Yo, Yoo t 119545 t087 — YUl Yo, Vo, Yoo t1tatatitstats —
YaUl, Yo, Yoy Yoo tU 5533 E0ES — yiyl S,y yattitst5tReZedtd — vyl vyl yottiegeiededeged +
YU, Yo Yoy Yoy tL I35 SR E0ES + ylyS o yd wi i tst5tGtatdts + ylyd vyl vyl viititatstleatetd +

58 ,9 .9 14,3,6,4,6,4,6,3 6,9 12,9 15,5,4,3,9,6,6,3 6,9 12,9 15,4,5,3,9,6,6,3
YaYor Yoo Yos You L1tatalatstels — Ys¥o, Yoo You Yoy L1tatslatslely — YsUo, Yon Yoy Yoy t1tatatatstety —

4,7 .5 ,10,14,5,5,6,2, ,7,8 | .5 8 ,8 10, 15.6,4,5,5,3,7.3 5 8 8  10,15,5.5,5,5,3,7,3
YsYoy Yoy Yoz Yoy b1tatatitstelts + Yol Yoy Yos Yo, t1talatatslets — YsUo, Yoo Yos Yo, trlatatalststy

+ o+

5,8 8 10, 15,4,6,5,5,3,7,3 | 58 7 11 16,6,5,6,4,2,8,3 . 5 8 7 11 16,5,6,6,4,2,8,3
YsYo1 Yoo Yoz You t1tatsztalstels + Ys¥o Yoo Yoy Yo titatatalstets + Yoy Yoo Yog Yo, titalatalststy

6,9 10, 11, 17,6,5,5,7,4,8,3 . 6 9 10 11, 17,5,6,5,7,4,8,3 _ 6,9 9 12 18,6,6,6,6,3,9,3
YsYo1 Yoo Yoz Yo, t1lalatatstels + UsYo, Yoo Yos Yo, t1tatstalstets — YU, Yoo Yoy Yo, trtatztalslety —

Y2 Yoy Yoo Yoy Yo, it2 55T — VIUS, Vo, Yoy Vo, IS EAE5ET — YIVG, Yo, Vo, Vo, L1E313E1H5T +

23y], U, Yo Y, t1t2t5tat ety + 2uSy ] yS o us, 1T tat5t5t3tetT + 2yS Yl S, yo, uh, titat5tat ety +
293y], U, Yos Y, t1t3t5 4t ety — YSYS, Yo, Yo, Us, trtatstataty — y2yS o uo vl tit5tat 25t —
YoYU, Yoy Yos Us, TL 35307 — Y2 Yo, Ys, yS Us, titatst et et — y2uS va, veLys, tithtstEtEts +

293yl ul, uS,ud, 1t t 3R EatG e + 2y ] T yS, vl 1SS eE T + ydyl yl vl S, eSeSeededes +

3,7 .7 .6 9 12,4,3,3,4,2.4 3.7 .7 .6 .9 5,3,3,4,2,4 4.8 10 6 , 10,4,2,2,6,6,2,4
2y, Yo1 Yoo Yoz Yo, t1t2t3tstststy + 2y Yo1 Yoo Yoz Yo, t1t2t3t5t5t6T7 — YU, Yoo Yos Yo, t1t2t3tatstsly —
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4,8 10,6 10,3,3,2,6,6,2,4 4.8 10,6 10,2,4,2,6,6,2,4 3,7 6 7 10,6, ;4,2,3,3,4
YsYo1 Yoo Yoz Yo, t182384T5t6T7 — YsYoy Yoo Yoz Yo, t1t2t3tats5t6t7 T Yoy Yoo Yoy Yo, t1t2tstatststy +

3,7 .6 7 10,5,2,4,2,3,3.4 3,7 ,6 7 .10,4,3,4,2,3,3.4 3,7 6 7 10,3,4,4,2,3,3,4
YsYo1 Yoo Yoz Yo, t1tatatstststs + 2y; Yo, Yoo Yoz Yo, t1tatatstststy + 2y Yo1 Yoo Yoz Yo, t1tatatstststy +

YIUL, Yo, Yo Yoo TS5t t5 T + yiyl oyl yi ittt tdts — 2ylyd ud ul vlltStatitiededes —
Bylys, U, Ul Yer LTSS R LG — BytyS wd yl vl et eSes et eder — Bytyd vl ul vllheaideledede] —
BYyS, Vo, Yo, Yo 1ottt 0t — 2ylyS o, yl yor trt5t5t5t3t5t7 4+ ylyl o, yd, oy tltatStatItts +
YYG Yo, Yog Yos t5t5tat3tsts + 2y2y ]yl yS yo 1Rt t5tattgtT + 2yyl yd, vh, vo, L5t atEtstT +
2y3y] Yo, S, Yo i35 tatd et + ylyl yo,yS, yor t15t5tat gt + ylyl yd yl, yot t1t5t5tategel +
Yo, Yoo Yo Yoo L1 ESEATStatT + YSYS, S, Yo, Uss b1 t2t5tat5tatT + YSys, Yo, Uos Vs tatatatatatats +
2YSY5 Yo, Yoy Yar LSS EIEALELT + 2y2yS uS ulS yiZ TGt a e s + ylyS ul, vS, vas TSt tLtatE T +
YRy, US, U Vs Sttt E T + ylyS uS, uS, uas st tets + ylyd yas s, it ots e el eg et +

5,9 11,8  13,5,3,3,7,6,4,4 5,0 11 8  13,4,4,3,7,6,4,4 5,9 11,8  13,3,5,3,7,6,4,4
YsYo, Yoy Y03 Y0, ttatstytstety + yg Yo1 Yoo Yoz Yoy t1tatatalstets + Yo, Yoo Yos Yo, t1tatatstststy +

5,9 11,8  13,2,6,3,7,6,4,4 4,8 7 .9 13,8, 5,3,3,5.4 4,8 7 .9 13,7,2,5,3,3,5.4

YeYor Yoo Yoz Yoy t1t2t3t4t5t6T7 — YUy Yoo Yoy Yo, t1t2t3tat5tsty — Yo, y02y03y04t1t2t§t4t5t6t7 -
4,8 .7 9 13,6,3,5,3,3,5.4 4,8 7 .9 13,5,4,5,3,3,5.4 4,8 7 9 13,4,5.5,3,3,5.4

2ysyol Yoo y03y04t1t2t3t4t5t3t7 - Sysyol yo2903904tft2t3t4t5t6t7 — 3y, Yo, Yoo Y03 y04t1t2t§t4t5t6t7 -

4,8 7 9 13,3,6,5,3,3,5.4 4,8 7 9 13,2,7,5,3,3,5.4 4,8 7 .9 13, ,8,5,3,3,5.4
2ysyol Yoq yo3yo4tlt2t§t4t5t6t7 = YsYoy Yoo Yos You t1t2t3tutstels — YsYo, Yoo Yos Yo, t1tatstatstets —

59 10, 9 14,8 4,6,5,5,4 5,9 10,9 14 ,7,2,4,6,5,5,4 5,9 10,9 14 ,6,3,4,6,5,5,4
YYor Yoo Yos Yo, t1128314t5t6E7 — YUo, Yoo Yoy Yoy t1t2t5tatst6l7 — YlYo, Yoo Yoq Yo, t1tatalatstets —

5,9 10,9 14 ,5,4.,4,6,5,5,4 5,9 10,9 14 ,4,5,4,6,5,5,4 5,9 10,9 14,3,6,4.,6,5,5,4
YoYo1 Yoo Yoz You t1t2latatstels — USYs, Yoo Yoy Yo, t1talalatstels — YsYey Yoo Yos Yo, titatslalststy —

5,0 10,9  14,2,7,4,6,5,5,4 5 0 10,9 14, 8,4,6,5,5,4 4 8 6 10, 14,5,5,6,2,2,6,4
YsYo1 Yoo Yoz You t1tataztalstels = Ys¥o, Yoo Yog Yo, t1tatztylstels — YsYo, Yoo Yos Yo, titatstitstels —

5,9 .9 10, 15,8,2,5,5,4,6,4 5,9 .9 10, 15,7,3,5,5,4,6,4 5,9 .9 10, 15,5,5,5,5,4,6,4
YsYo1 Yoo Yoz You t1tatztalstels — Ys¥oy Yoo Yog Yo, trtatstitstsls — 3Y2Yoq Yoo Yos Yoy titatatatstets —

5,9 .9 10, 15,3,7,5,5,4,6,4 5,9 .9 10,15,2,8,5,5,4,6,4 6,10, 12,10, 16,55 ,4,8,6,6,4

YsYo1 Yoo Yoz Yo, t1t2tztalstels = Ys¥oy Yoo Yog Yo, t1tatztalstels = YsYo, Yoo Yos Yoy, titatstatstely +
5,9 8 11, 16,6,5,6,4,3,7,4 59,8 11 1
YsYo1 Yoo Yoz Yoy t1tatztatstets + Yo, Yoo Yos Yo

6,5,6,6,4,3,7,4 6,10, 11 11 17 18,3,5,7,5,7,4
LT tatstatstels + YsYo, Yo, Yos Yo, trtatstatstely +

6,10, 11 11, 17 ,7,4,5,7,5,7,4 6,10 11 11 17,6,5,5,7,5,7,4 6,10 11 11 17,5,6,5,7,5,7,4
YsYoy Yoo y03y04t1t2t3t4tgt6t7 + 2ysy01 Yoo Y03 yo4t1t§)t3t4t5t6t7 + 2ysyol Yoo Yoz You t1tatstatstely +
6,10, 11 11, 17 ,4,7,5,7,5,7,4 6,10, 11 11, 17,3,8,5,7,5,7,4 6,10, 10 12 18,6,6,6,6,4,8 .4
YsYo, Yoo Yos y04t1t2t3t4t5t6t7 + YsYo, 902903904t1t2t3t4t5t6t7 T YsYo, Yoo y03yo4t1t2t3t4t5t6t7 -
7,11, 13,12 19,6,6,5,9,6,8,4 2,7 .5 ,6 .8 ;3,3,4,3, .5 3,8 8 6 ,9 13,3.3,3,5, .5
YeYo) Yoo Yog Yoy t1tatstatstets — YsUs, Yoo Yoy Yo, t1tatststets — YsUo, Yoo Yoy Yo, titatstitstety +

10,542 7

3,8 7 7 10,6, ;4,2,4,2,5 3,8 7 7 4,2,4,2,5 3.8 7 10,4,3,4,2,4,2,5
YsYo1 Yoo Yoz Yo, t1t2t3t4t5t6T7 + Ys¥s, Yoo Yoy yo4t1t2t3t4t5t6t; + 2y Yor Yoo Yoz Yo, t1tatstatststsy +

2ySY5, Yo, Yoy Yoy L1 Eat3tatata 15 + ylys, vl vl s tTE3 35151360 + ySys, vl vl vod tiiSt3teates +
yiyd yaoul ub i3 eededel + ylyd widul it el ededes S el el — yPul wS, vl vl et eatitatdedel —
YeUD, Yo, Vo Vba b tat 3R t3 5T — ylyd, ud, uS, va 1T 5t eSed — 3ylyd vl vl viltiestieiedege; —
YauD, VD, Vb, VoS RS EAEALRE] — vy v, us, vor titatstieS gt — yluloyllyl vt etegtieleleges —

4,9 8 O 13,8, ,5,3,4,4,5 4,9 8 9 . 13,7,2,5,3,4,4,5 4,9 8 9 13,6,3,5,3,4,4,5
YsYo1 Yoo Yoz Yoy t1t2t3tal5t6ts — YsYoy Yoo Yog Yoy, t1t2t3talstsls = YsYoy Yoo Yos Yoy trtatstatstels —

4,0 8 9 13,5,4,5,3,4,4,5 4,0 8 9 13,4,5,5,3,4,4,5 4.9 8 9 13,3,6,5,3,4,4,5
YsYo1 Yoo Yoz Yoy t1t2t3talstets — YsYoy Yoo Yog Yoy, t1tatztalstsls = YsYoy Yoo Yos Yoy t1tatstatstsls —

4,9 8 O 13,2,7,5,3,4,4,5 4,9 8 9 13, ,8,5,3,4,4,5 5,10 11,0 14,8, 14,6,6,4,5
YsYo1 Yoo Yoz Yo, trtalatitstels — Ys¥o, Yo, Yos Yo, t1tatalitstets — YsYoy Yoo Yos Yoy tit2tstitstets —

5,10 11 9 14,7,2,4,6,6,4,5 510,11 9  14,6,3,4,6,6,4,5 5,10, 11 9  14,5,4,4,6,6,4,5
Y<Yoq Yoo Yoz Yo, t1tatstatststs — 2ysyol Yoo Yo3 Yo, t1tatstatstets — 3?/5?/01 YoyY03Y0 titytstytstgty —

4 4 4
5,10, 11 9 14,4,5,4,6,6,4,5 5,10 11,9 14,3,6,4,6,6,4,5 5,10, 11 9 14,2,7.4,6,6,4,5
?’ysyol Yoo y03yo4t1t§t3t4t5t6t7 - styol yo2903904t1t2t3t4t5t6t7 “YsYoq y02yo3yo4tlt2t3t4t5t6t7 -

510,11, 9 14 8,4,6,6,4.,5 4,9 7 ,10,14,7,3,6,2,3,5,5 4.9 7 10,14,6,4,6,2,3,5,5
YaYor Yoo Yos Yoy L1tatalytstols + Uil Yo, You Yoy ttalstatslets + Yilo, Yo, Yoy Yo, trtatatilststy +

YRS Ul Yoo yos tTESESEREREIE + yiud vl yio i  tTtS SIS tats + yiud vl visyortitst§titd el +

YoUoy Yoo Yoy Yoy 128585836515 + yZystyaoyad ot tT 33525 E3 + ySus ) yoo Yan Yoy L1 L5 L3ET +

2y3Y o) Yon You Yoy 1L tat3ERERa LS + 2y yl yso Yoo yat tTESEIITSEREY + yus Yoo vao Yoo LESE5EE3E5ET +

YoYoy Yoo Yog You t1E5E5E5626515 + yZystyb o yss ol ti st t5tRtatS + ySult yos Yoo vos LT3t 130 +

Yoo Yoo YnaYos LESERETETERLS + 2y 0y ya S yoo s SIS RSt T 3 ts + 2y ylt yoSyao vl 1553 T5t5 +

2y Yo Ya U Yo LTS EAEELTLG LS + yoyst ub Sy s S GRS 3 s + ySult yosyao vso 155t eT 3t —
5,10, 9

11,16 18,3,6,4,4,6,5 5,10, 9 11 16,7,4,6,4,4,6,5 5,10, 9 11 16,6,5,6,4,4,6,5
23!53/01 Yoo Yoz You t1tatstatstets — 3ysy01 Yoo Yos Yo, t1tatatatstety — Sysyol Yoo Yoz Yo, trtatstatstets —
5,10,9 11, 16.5,6,6,4,4.6,5 5,10,9 _11,16,4,7.6,4,4,6,5 5,10, 9 11 16,3,8.6,4,4,6,5
3ysyol Yoo y03y04tft2t3t4t5t6t7 - 395901 yo2y03yo4tlt2t3t4t5t6t7 - 295901 Yoy Y03 yo4t1t2t3t4t5t6t7 +

6,11, 12 11 17,8,3,5,7,6,6,5 , 6,11, 12 11, 17,7,4,5,7,6,6.5 6,11, 12 11,17 16,5,5,7,6,6,5
YsYo) Yoy Yos Yo, t1tatstatstots + Uslo, Yoo Yos Yoy t1tatstitstols + 20 Us, Yoo Yog Yoy trtatstitstety +

— 158 —



6,11,12 11 17,5,6,5,7,6,6.5 6,11, 12, 11 17,4,7,5,7,6,6.5 6,11, 12 11 17,3,8,.5.7,6,6.5

2YYoi Yoo Yoz Yoy t1tatstatstets + UsYo Yoo Yoz Yo, t1tatalalstels + Ys¥or Yon Yos Yo, t1tatstatststs —
5,10 8 12 17,7,5,.7,3,3,7,5 5,10, 8 12 17.6,6,7,3,3,7,5 5,10 8 12 17,5,7,7,3,3,7,5

YsYo, Yoo Yos y04t1t3t3t4t5t6t7 T YsYo1 Yoy Yog y04t1t2t3t4t5t6t7 - yjyol y02y03y04t1t2t3t4t5t6t; +
6,11

11,12 18,8,4,6,6,5,7,5 6,11, 11,12, 18 ,7,5,6,6,5,7,5 | 6 11,11 12 18 ,6,6,6,6,5,7,5
2Y Yo, Yoo Yoz Yoy trtatstatststs + 2UsUs) Voo Yo Yo, t1tatstatstets + UiUo) Yoo Yog Yo, t1tatstatstets +

2ySyl ya yb 2y S e R el + 2ySyltyll y 2yl et eSe§e a3 g s — ylylylayl iyl e ege5edeleles —
YlysTylayl 2yl eTese5edeledel — yTy 2yl iyl 2yt eS e el e el edel — yTyl 2yl 2yl et eR el el el —
YLUos Yoy Yon Yoy 11ttt 5t Gts + 2uS Yl oo yas Uos (VLRSS IELT + 2USy0  Yos Uon Yoy 11 tatstststts +
2YS YL Yoo Uos Yeu LU RS EIEate LS + 2y Sy STy o ys s ybs 15t Rt5td ety — ylylly 2 ylayZ i eStieiedtge) —
YIYs Ty s ysvoy b1t atat ety — ylyl Tyl 2 ylayZ i t0tS IS tged — ylyd, vl o, vo, (TSRS 0 +
Y3y, Yo, Yl Vs S5 336 1S + ySyD u, vl an titatstitStetS + vyt yblyl vl 3 e5 5T tet] +

4,10 11,7 11,3,4,3,5,7, ,6 4,10,10 8  12,5,3,4,4,6,2,6 4,10,10 8  12,4,4,4,4,6,2,6
YsYoy Yoo Yogs y04t1t2t3t2t5t5t7 F YsYor Yoo Yoz Yoy trlatstatstels — YsYo, Yoo Yos Yo, t1tatstatststs +

4.10,10 8 12,3,5,4,4,6,2,6 5,11 13 8  13,4,4,3,7,8,2,6 3,9 6 9 12,5,4,6,3,3,6
YsYoy Yoo Yoz Yo, t1talatatstels — Ys¥o Yoo Yog Yo, t1tatalatstets — YsYoy Yoo Yos Yoy titatstslets —
3,0 6 9 12,4,5,6,3,3,6 4,10, 9 9 13,6,3,5.3,5,3.6 4,10,9 9 13,5,4,5,3,5,3.6
YeYor Yoo Yos Yoy t1tatstststs + Ys¥o, Yoo Yog Yoy t1tatstitstols + UsUoy Yoo Yoo Yoy t1tatstitststy +
4,10, 9 9 13,4,5,5.3,5,3,6 4,10,9 9 13,3,6,5,3,5,3.6 5,11, 12 9 14,6,3,4,6,7,3,6
YsYo, Yoo Yos y04t1t2t§t4t5t6t7 T YsYoq Yoy y03y04t1t2t3t4t5t6t7 T YsYo, Yoo yO3yo4t1t2t3t4t5tet7 -

511,12, 9 14 ,5,4,4,6,7,3,6 511,12, 9 14 ,4,5,4,6,7,3,6 5,11, 12 9 14 ,3,6,4,6,7,3,6
YaYor Yoo Yos Yoy t1tatalatstols = YlUo Yoo You Yoy Litatalatsloly — YoUo| Yon Yoy Yoy Ltitatatatststy +

yiuldyS uhaubieTe3egeieaedes + 2utyl Vs uloyl il eaegeiededed + 3ylyl0yS vl yli et eseSetededes +
2y Sy Y, Yoa Yes LHESISIRERLELS + vyl ys, voo vos (TSGR 85 — oyt yitusoyss tt5t5t5e5t5tT —
2YS YL Yon YoaYay 1 tat5t et tets — 4ySyl yblyao vt t35e5e5e0 185 — 2ySylt sty ysstieseseledtged —
Y2Ya Yo YagUos L1555 tStEES + ySy T ys iyl ys S to st Testts + ylyltyls oo yio t1tS 555 tdts +
Yeys ul, e v 1t tat3tdts + ylyl Yyl ul s o5l tatSged + vyt yl yatyli e3eSeTtatdedes +
Yeys yl, ey it tatdedts — 2ySyllyl oyl yl S eSS eG s — 3ylylyldys ybs TG tEedes —

5,11,10, 11, 16 ,6,5,6,4,5,5,6 5,11,10, 11 16,5,6,6,4,5,5,6 511,10, 11 16 ,4,7,6,4,5,5,6
51/21/01 Yoo Yoz Yo t1tatstatstety — 5ysy01 Yoo Yoz Yo, t1tatstatstets — 33/51/01 Yoo Yoz Yo, t1tatstatstets —

5,11, 10, 11 16,3,8,6,4,5,5,6 6,12 13 11,17 ,7,4,5,7,7,5,6 6,12 13 11,17 16,5,5,7,7,5,6

2Y Yo, Yoo Yoz You trtatstatstols + UsUol Yoo Yoz Yo, t1tatstitstets + 20 U0] Yoy Yoz Yo, trtatstitstets +
6,12 13 11,17 ,5,6,5,7,7,5,6 6,12 13 11,17 14,7,5,7,745,6 5,11, 9 12, 17 18,4,7,3,4,6,6

2ysyol Yoo y03904t1t2t3t4t5t8t7 + YsYoq yo2903904t1t2t3t4t5t6t7 “YsYoq y02yo3yo4tlt2t3t4t5t6t7 -

5 11_9 12, 17 ,7,5,7,3,4,6,6 5,119 12, 17 ,6,6,7,3,4,6,6 511, 9 12,17 ,5,7,7,3,4,6,6
3YaYor Yoo Yos Yo, t1latstilstels — BYIYo, Yoo Yos Yo, trtatstalstets — 3YSYo) Yo, Yoy Yo, titatstalstets —

Yoys YD uhtut st eatdes + ylyl 2yl yl2y S e eG eSS eC S + aySyllyl2y L2yl e eneSuGededes +
5ySyblys 2y ys eSS eedeed + 5ylyl 2yl 2yl 2yl S S eSegeeSedes + sySyltyl 2yl 2yl eh e eSS edes +
aySyl2yl 2yl 2yl S et ee el e el + o0yl yl 2yl 2yl S e eegeS el el — yTylSyll yl2yl o TGt e5edts —
youstyS vasyt St TeSeSe el it — y2yll ol yiSylS St et il el el + BySuyllyll yldyl e ege el el el +
aySyl 2yl yd Syl 0TS et el eled + aySyl 2yl yltyl Ot eTeT 5 el el ed + 3ySyl Tyl ydtylt 55 eT el eReTeS —
ylys Syl syl y20 el st edeleles — 2yTylyltylPy20 el e iel el el — 2Tyl byt yl Syl e e Gt e el e TS —

7,13 14,13, 20 ,6,7,6,8,7,7,6 7,13, 1413 20,5,8,6,8,7,7,6 7,13, 1413, 2014,9,6,8,7,7,6
23!53/01 Yoo Yos You t1tatstatstets — 2ysyol Yoo Yos Yo, t1tatalatstets — YsUol Yoo Yoy Yo, titatatatstets +

6,12 10 14, 20,8,6,8,4,4,8,6 6,12,10, 14, 20,7,7,8,4,4,8,6 | 6 12 10 14 20,6,8,8,4,4,8,6
YsYo) Yoo Yos Yo, t1tatatatstels + 2YU U] Yoy Yos Yo, t1tatatalstets + YUol Yoo Yoy Yo, t1tatatststels —
718,13, 14, 21,9 ,5,7,7,6,8,6 7,13, 13, 14, 21 ,8.,6,7,7,6,8,6 7,18 18 14, 21,7 ,7,7,7,6,8,6
YsYo) Yoo Yoy Yo, trtatatatstels — 3YUsUs) Yon Yos Yo, titatatalstets — 3YsUo| Yoy Yon Yo, trtatatatststy —
713,13, 14, 21 ,6,8,7,7,6,8.6 713,13, 14, 21 ,5,9,7,7,6,8,6 713,12, 15,22 ,8,7,8,6,5,9.6
3ysyol Yoo Yo3 Yo, t1tatstatstels — Ys¥ol Yo, y03y04tit2t3t4t5t6t7 T YsYoy Yoy yo;yo4t1t2t3t4tgt6t7 -

23,8 T49,7

7,13 12 15 22,7,8,8,6,5,9.6 , 8 14 15 15 7 3
YeYoy Yoo Yos Yoy t1tatalatstets + Yo, Yoo Yoy Yoy trtatstats

39 + Syt yl oyl y2d e 15 eT e qeTeges —
yiyblyltub ulieeseseteltet] + ylyllulud uld 03 ei et S el el + ylult ul0yd vad et egs e e edel +
VYot Yo, YogYos 35 ETE3E5ET + 2yty T ud yo st S tSEISEIT + yi o) Yo, Yoy Yoq LSS EREREEET —
YoYor Yon Yg You tESS R TEOtT — y2yo 2y 2y yos tS st Rt itgtr — 2y Pyl ooy St 555t ege] —
YoYo Yan Yng Yoy IESESERETEELT — y2ysys 2yl yos 1 ta 3R eIty — 2ySys Pyl  yos yo S tS 3G eiedede] —
BYSYa T Yan Yos Yo b1t L5 EALELG LT — GySya Pyl yotya St i3 e§tatstde] — 6ySuiTyoiys i ubo T e5eSedtdede] —
BYSYs Y Yos Yoo 1S UGEAS LT — 2uSydylt y i yd S eSS SRS ede] + ylydyl iy yt 15 eSS tgLT +
Yoy y eyt yb eSSt e taty + yoy Pyl syl tyd T eSSt ltstat] + ylyltylyalydTtitstgtlestat] —

5,12, 10,12, 17 ,8,4,7,3,5,5,7 5,12,10 12, 17 17,5,7,3,5,5,7 5,12 10,12, 17 16,6,7,3,5,5,7
y.;)yol Yoy Y03 y04t1t2t3t4t5t6t7 - 2ysyol Yoo y03y04tlt§t3t4t5t8t7 - 3?!5?!01 902903904t1t2t3t4t§t6t7 -
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5,12 10,12 17,5,7,7,3,5,5,7 _ 5 12 10 12 17 ,4,8,7,3,5,5,7 | 6 13 13, 12 18,9,3,6,6,7,5,7
2y Yo1 Yoo Yoz Yo t1tatatatstets — YiUol Yoo Yoy Yo t1tatatalstels + Ys¥ol Yos Yoy Yo, t1t2tstatststs +
6,13, 13, 12, 18 ,8,4,6,6,7,5,7 6,13, 13, 12, 18 7,5 ,6,6,7,5,7 6,13, 13, 1218 16,6 ,6,6,7,5,7
BYsYoy Yoo Yoz Yoy trtatstatstots + SUSYsy Yoy Yos Yo, t1tatstatststs + 6USYsT Yoy Yoy Yo, trtatstatstgty +
6,13, 13 12 18 ,5,7,6,6,7,5,7 6,13, 13, 12, 18 ,4,8,6,6,7,5,7 | 6 13, 13 12 18,3,9,6,6,7,5,7
5YsYoy Yoo Yoy Yoy t1tatstatstots + BUSYsy Voo Yoy Yo, trtatstalstets + UsUo) Yoo Yoy Yo, t1tatstatstots —

5,12 9 13 18tztgt§ti 4,6,7 5,12, 9 13 18t?

7.8,2,4,6,7 | 6 13,12 13, 19,9,4,7,5,6,6,7
Y5Yo1 Yoo Yoz Yo, t5tets = YdUoy Yoo Yoz Yoy trtatslatstely + YsUo| Uon Yoy Yo, t1tatatatstets +

6,13 12 13 19,8,5,7,5,6,6,7 6,13 12 13 19,7,6,7,5,6,6,7 6,13 12 13 19,6,7,7,5,6,6,7
5Y< Yo, Yoo Yoy Yoy trtatatalstety + 06U Y, Yoy Yoy Yoy titatatatstety + 06U Yo, Yos Yoy Yoy trtatatatststy +

6,13, 12 13 19t5t8 745
1

12,13 9,745 7,14,15_ 13 20
5Y Y01 Yoo Yoz Yoy

Statatototy +ySudulZullyld eteseiesedtdt] — ylustudsuduld e esegeRtstdt] —
YIYa Yo e o 15 tStRtetT — 2ylyl Yl yls yo g tTe5tS RS tGe] — 2yTy syl yadyso 15t 5eseStgt] —
YIys v sy eSS e ] — ylydty oyt y2 et egeSeeStge] + 2y0y Syl yo iyl TS5 tatsege] +
By Y Yon Uba Vaa t tatstatStat] + 2y y sty yltyso eSS eseiedele] — 2ylyltyl iyl sy 2 e0e5 e el eGe] —
dylystyaysaylt STt Teg el — sylyltybay i ay i eTen e el — aylyltyltylay 2 e0eseieielege] —

7,14, 14 14 21 ,5,9,7,7,7,7,7 7,14, 13,15 22,9,6,8,6,6,8,7 7,14, 13 15 22,8,7,8,6,6,8,7
23!53/01 Yoo Yoz You t1tatstatstels — YsYol Yon Yos Yo, t1tatstatstets — 31/51101 Yoo Yoz You t1tatstatstels —

Byt Ve yeoyortltteatdtats — ylyltyldyl 2 y2 Sttt Gelt5t] + Syl ylsya Syt TS egeqestat] +
YSyaysSy Dyt et TSty e tT + ySy Ty Syl ya Tt tRtstgt] + ySyl yl syl ylt S ege st estat] +
Yyt YLyl y2 TS e Teg el + ySy Lyl yl Syt RS T e el + ySulyl syl Syl TGS e T gl —
Yoy yl 2yl iyt S eSesuSeneleded — w2yt y L2yl ylS et eSeSeieleded — ylyllyllyl2yl e e et ed ] +
YoUs T YonYos Yoy L3t E5t5 515 + 2y 0y Tyt o2y oSt 5t eS 353 + 2y ys T yos von voy 151515 E5E5ES +
2y Yo VoaYoa Yoy trtatStStStatS + ySustyss yan vas t1 5SS S tES + youstysvasyon 5t 15¢5t5t5 +
2y Yo Yo Yo You t1 SRRt LS + 2uSya byl d y t Yl Y Ot E RS + y s Yoo v vos LTS5 TEEESET —
YIS Yas vanyag 135515626515 — yly S ya Syt y2o TSt ege2egt] — yly S uisyssyan 1ot tGt5ise5es —
YIS yss yasyag 13 5t5 15026505 + 2y0y sty 2yt yl 1RGSR G es + 2ySylty 2 yan yid 55t eEegts +
2ySystysybaylo 1S5 eaeStges — ylydutlyityl iSRS gty — 2ylyl y o yatyl )l (S5t e edeges —
BYlya yayaayas ittt ttats — 2yly S yloyl iy 10ttt t5 05 — ylyltylyatyZl e3e5estLestats —
Yoy Y yeoyaa t0 St t5ts — Bylyl yl iyl yl et enestGeleges — 3ylylyliyloya e e5e5eqeLegts —
Ylys ylayby22 e§3e5eeTeges + ySyl oyl Tyl oyt R eT e el S + ySul Syl Tyl yR TS T e e3 TS —

7,15, 13 16,6 23,8,8,9,5,6,8,8 8 16 16 16, 24,9,7,8,8,8,8,8 8 16,16, 16 24 ,8,8,8,8,8,8,8
YeYor Yoo Yos Yoy t1tatslalstets + Yo, Yoo Von Yoy t1tatatatstols + USUoy Yoo Yoo Vo, titatstytstety +

8 16,16, 16, 24,7,9,8,8,8,8,8 _ 7 16 15,615 22,8,7,8,6,8,6,9 _ 7 16, 15 15 22,7,8,8,6,8,6,9
YsYoq1 Yoo Yoz You t1tatztalstels = YsYoi Yoo Yos Yo, titatztalstels = YsYo, Yoo Yos Yo, trtatstatstsls +

8,17, 17 16,24,8,8,8,8,9,7,9 | 9 18 18,18, 27,9,9.9,9,9.9,9
YsYo1YoqYos Yoy titatalalstels + YsUoy Yoo Yog Yo, titatstatststy »

A.15 Model 15

P(t;, Ysy Yoy Yoo Yoz Yoys Mls) =

L= g2yl yl, uhys, titatatitsty + Yoyl Yoo yo uh trtatititr + ysyl vl vyl titatatstets +
2 2 2 3 2 2 2 3 42 2,3 2 5 5 42 4,3

YsYoq Yoo Yog Yo, titatatatsletr + YsYy, Uo, Yoo Yo, tatatatstets — YUy, Yoo Yoy Yo, t1t2tatstetr —

2.3 2 5 5 2,4,3 2 3 3 2,2 2.3 .3 ,4 .5 .3 312,2
Y5Yo1 Yoo Yoz Yo, t1tatatstetr + Ys¥o, Yo, Yoz Yo, t1t2tatets — Uiy, Yoo Yos Yo, trtatatslsts —

2,3 3 4 5 42 32,2 2,3 3 4 5 2 32,2 2,3 3 4 5 43 3,2,2
3Y Yoy Yoo Yoy Yo, t1t2t3t 05517 — YU, Yoo Yoy Yo, t1tat3titstats — YU, Yo, Yoo Yo, tatatitststr —

YIS Ye, v s, 3 tstity — Bylyd yd vl vl Ttatdeits it — 3ylyd vl vl vl titdtititstdts —
YIS Y, Yo, Yo, tatatatstaty + 2yl vi, uS, vl 1 tatat iR tdty + 2yyl vl uS, ul, 5 tat5t3 ety +
2U2Y5, Yoy Yoy Yo, t1tatatitStotr — Y2yl uo, o, vo, titatitatsts — Y2yl yo, Yo, vo, trtatitatstr +
293y, Yoy Yog Yo, tt2t5tatt5tr + 3ySys, Yo yo, uo, B tat5tatetsty + 2yS Yo yo, v, ul, tatatatatitgty +
293 Y5, Yoy Yas Yo, tit2tatts 0ty + 2u3y5 Yo, Yo, ys, 1 tat5t5tstety + 2y5ys, yS, v, ul trtaththtstdty —
YsUo, Yo Yoy Yo, t1 51553 t0tr — ySyd Yo, yl ub, trtat5tSt2tetr — Yyl vl uoLy, tht5t5t5t2tGt, —
YaUoy Yoy Yoy Yo, tTESEREAIREET + Ysyd, Yo, Yo, Vo, thtatatsts + ysyl, v, ul, Us, 11 tatatat3t] +
YsYoy Yo Yoy Yo t1tatatatsts + ysyd v, v, vs, t5tatat3t? + yeul vl vl vs, 111551617 +

3.3 .2 4 42, 12, , 2 3,3 .2 4 4 42,2, , 2 3,3 .2 .4 43,2, 4 42
YsYo1 Yoo Yoz Yo, trt2tstslets + YsYs, Yoo Yog Yo, t1talslslels + YsYo, Yo, Yog Yo, talslslels —
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2 4 3 5 6 14 3,3 2 2 4 3 5 6 43 3,3 2 2, 4 3 5 6 42,2 343 2
YsYo1 Yoo Yos Yo, t11380T58617 — 2U Yo, Yoy Yoy Yo, trtatstytstets — 3Y Yo, Yo, Yo, Yo, trtatatatstets —

2y2ys yS, uo yo tatatatititets — vyl S, Sy, tatstititets — 2ylyl i, yd yS, tH3tI35t2 —
BYZYs, Yay Yag Yo, trtatitititat? — 5y2yl yd yl yl 131565651232 — 5ylyl i, va v, titststiedede? —
2y2Y5 Yo, Yoy Yo, tatatatatats + yous, Yo, Yo, us, titatatitstats + 2ySyd iyl vl t1t5tatt5e5e7 +
2085 ya, Ul us S tat e te 2 + y2yd vi T ud, tattatidedes — 2yl vl vl uS titdtatstdts —
25215, Yoy Yoy Yoo T t2t3tatstats — 3y2ys yo, uo, vo, t1t5t5tats 3ty — 2u2y5, 5, uh, Yo, tit5t5tatstgts —
Y2 Yo, U, S, tatatatstdts + ySyd vl uS, s, tTtatatEtdts + 5yl vl uS,us, t1tatititdtded +
TYS YD, Yoy Yos Ya, t1E5t5tat3 012 + TySys Yo Yo, s, 11 tat5t5t3t5t7 + BySys yo, uo, uh, trtatstatdtde? +
YU, Yoy Yoy s, tat3AtItas — yLyS Yo, U, Yay titatatit2tdts + ylys uS, v, uh, thtathtEtets +

BYS YD, Yoy Yos Y, t1t2t3t 323682 + TySyd yo o, us, 1T E5t5t5t2¢5t7 + Tylyd yS, yo, uh, t1tatathtatets +
5y YD, Yoy Yos Y, t1tatatiti et + ydyd yo yd uS, (33325t — yiyd o, us, vagtitattitststy —
2YYS, Vo, Yns Yoo t1t5 50ttt — Bylyd o S yaotit3t5tGtat5ts — 2ylyd vl vl yititatiegtstgt? —
VAU, Yo, Yoy Yoo 135555t + ylyd yl s vs, tltatstitst3t? + 2ulys yl i vl 11555537 +
2y3y0 Yo, Vo, Y, 15t T tstats + ylyd, i, ya, ul, t1tatsttstats — 3ylyd, vl yl oo titatdtedeae] —
BYLYS, Yoy Yo Yoo t1t5t5t5838515 — Tylyd yl yl i t3t3e5e3e365e3 — sylyd, yl yl,viotitat5e5ede5e3 —
BYYS Yo, Yoy Yo t1t3E5E5E5 087 — ylud S, o, uos t1tat5t B tat? — 2yyd S, yo, yoo t1tat5titiegts —
BYys, US, o, Voo ta5t5t5t 017 — 2ylyd S, yo, yoo 15ttt 0t — yiud S, vo, voo t1t3t5t5t3t0t7 +
YoUs, Yoy Yos Yor tIESESLIEALSLE + yZyl uh, ub, Yoo tHERELERL L3 + ySul uS, yo, vos tH SR IE 15T +
YoYh, Yoy Yog Yor tTESERLTEALES — ylyd vl uo, voo 1355t 502 + youyl ud, S, vo s 15553157 +
YYD Yoy Yag Yor TSR SEELELE + y2yT vl uS, yo TRt IREEE3 + ySul ud, ys, vos LTS5 EELES +
Ysla, Yoy Yo Yo, trt2t 3285 + ysys vl yo v #5525 + ysys, vS, vyl 15 t5t2s —

YoYU, Yoo Yoy Yo, B3ttt tS — y2yd S S ] tht5tatitats — vyl i, vl yl, thtathtdtet] —
292y], Ve, Yog Yo, t1tat3tat3t6ts — ByZyd yo yo vl 115635363 — 3yZyd i, vo yl, tit5t5t s tet] —
2y2y0 Yo, Yo, Yo, 1ttt a6t — y2yd ya, oyl 151513t t6th + ylys, yi, b, v, titatattitets +
2085 yd, ud, v, S tatitltetd + y2yS vl S vl Tt tati el ety — 2yl vl vl vl 17t5tat2edt) —
2y2Y0 Yo, Vo Yo, titatitatd gt — 3ylyd yd vl ul 1165t tatdeded — 3y2yd yd yd ul t1t3e5tatdeded —
2y2y0 Yo, Vaa v, trtatitatd gt — y2yd yd vl yl t565tateged + ylyd vl yl v, thtat5titdeded +
BYSYS, Yo, Yas Yo, t1t5t5tat5 5t + BySyg, yo o ys, tTEat5tat5t5tS + 3ySys yo, uo. vl titatatatstat] +
YU, Yo Yoy Yo, LESESEATSEaLT — ySyl Yo, yhaysy t1tatat itStEt] — yiul Yl vaye, titataty ittt —
Y2UD, Yoa Yog Yo, Bt E5EstatS — y2yd yS, yd ul titatatstdts + ylyS vyl uo vl t5e5tRedede] +

4yy, Yo, Yo, s, T t2t5 335t + 6y2yS S, yS ul, t1tat5thtdtd e} + TylyS vl vo vy, theseReededed +
62y, Yo, Yo, Us, T tat5t3t3tat3 + dyByd S yS ul, trt5t5t5e2tded + ylyS vl v vyl t5t5eRededed —
Yaul, Yo, Yo, yos US55t — dylyl Syl wiititststgedtded — dylyl v yd yiitltat3eeeded —
YSUS, Yoy Yoo Yoy b1 E5E3 L30T + ylue, vl ub, vo, tt2t3 505587 + 3ySyd ul,uo, o, tHSt5 SR EGET +
BYSYS, Yoy Uoa Yo, ittt 585 + Bylyd, yl yd vl 115t e3 6563 + ylyd, yl, v, vl trtsts e ededed —
VYo, Yo, Yog Yos (2t E5t55t3 — 3yTyl vl uS Yo YIS 3ERS LS — GyTyl Yo, Yo, Yo, L1ESERIE5LGES —
6YLY], Yo, Yoy Yos trtatatatatsts — Bydyl vyl us, ub, tTEStERtatatS — yivl vl uS, ub) titStatstatsts +

5,8 7 .11, 13,5,3,2,8,6,4,3 5,8 7 .11, 13,4,4,2,8,6,4,3 5,8 .7 11, 13,3,5,2,8,6,4,3
YsYo1 Yoo Yoz Yoy t1tatatatststy + 2Y2Y0, Yoo Yoz Yoy titalatatstets + Ys¥o, Yoo Yog Yoy titatatatststs +

YU, Yoy Yo Yo, t1E5E5 ats et + 2y5y0, yS, yo, ub, E15t5tats 3] + y3ud us, v,y titatstats gt —
4,7 8 7 11,6, ,4,4,3,5,3 4,7 8 7 11,5,2,4,4,3,5,3 4,7 8 7 11,4,3,4,4,3,5,3
YsYo1 Yoo Yoz Yo, t1t2tstytststy — 3ysyol Yoo Yoz You trtatstatstets — 6y3y01 Yoo Yo Yoy t1tatstatststy —

4,7 8 7 11,3,4,4,4,3,5,3 4,7 8 7 . 11,2,5,4,4,3,5,3 4,7 08 7 11, ,6,4,4,3,5,3

Gysyol Yoo Yoz Yo, t1tatstatstets — 3ysy01 yozyo3904t1t§t3t4t5t6t7 = YsYoy Yoo Yoz Yo, t1tatstatststy +
5,8 8 10,13,5,3,3,7,5,5,3 5,8 8 10, 13,4,4,3,7,5,5,3 5,8 8 ,10,13,3,5,3,7,5,5,3

2Y Yo, Yoo Yog Yoy t1t2t3tat 51687 + BYUSYo, Yoo Yog Yoy trtatstatstety + 2U Ys, Yoy Yoy Yo, titatstatstoty —

4.7 .9 6 ,11,5,2,5,3,2.6,3 4,7 9 6 ,11,4,3,5,3,2,6,3 4,7 9 6 ,11,3,4,5.3,2,6,3
YsYo, Yoo Yos y04t1t2t§t4t5t6t7 - 4ysyol Yoo y03y04t1t2t3t4t5t6t7 - 4?!5?!01 y02y03y04t1t2t3t4t5t6t7 -
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4.7 9 6  11,2,5,5,3,2,6,3 , 58 9 9  13,6,2,4,6,4,6,3 5.8 .0 0 13,5,3,4,6,4,6,3
YsYo1 Yoo Yoz Yo, t1t2t3tat5t6t7 + Yoy Yoo Yoy Yo, t1tatstatststy + 2y Yo1 Yoo Yoz Yo, t1t2t3tatststy +
5.8 .9 0  13,4,4,4,6,4,6,3 5,8 09 9 13,3,5,4,6,4,6,3 | 5 8 0 9 13,2,6,4,6,4,6,3
2Y Yo, Yoo Yoz Yoy t1tatstatstets + 2UlUs, Voo Yoy Yoy trtatstatstets + Uilo, Yoo Yog Yoy titatstatstets —
6,9 .9 12 15,5,4,3,9,6,6,3 _ 6 0 9 12 15,4,5,3,9,6,6,3 _ 4 7 10 5  11,4,3,6,2, ,7,3
YsYo1 Yoo Yoz Yo, t1t2t3t4t5t617 — YiUoy Yoo Yoz Yo, t1t2t3tat5t6l7 — YsYo, Yoo Yos Yo, t1tatstatstsly —

4. 7 10,5 [ 11,3,4,6,2 743 5. 8 10, 8 13,5,3,5,5,3,7,3 5,8 10, 8 13 ,4,4,5,5,3,7,3
YsVYor Yoo Yos Yo, L1tatslitstels + 200, Yoo Yos Yoy L1tatalatstely + 3UsUo, Yoo Yos Yoy Litatslatstely +

2y0YS YogyS, Yo 55ttt tS + ylyS yiiyl, uoSt3e3t5tqte5 e} + 2y0yS yilyl yidtitaeeiededed +
YoUS, Yon Yog Yoo L1ESESETE3E5ES — ylyd yo2yd vos t3t5ee2t3tE — ylyl vaZyd, yostit5egeqtdege} —
YIS, Vi, U, s, 1 tat5tRtats — ylyl vi,uS,us, tH5 55 tatT — y2ul, vi, vl uh, 155t AT —
YU, Yoy You Vo, t1E2T5 35 LT — Y2YS, Yo, Yoy Us, t1E0t5 3587 + Y3YS ¥0, U, Ub, thtatatat tets +
3yl v, uS, St ettt ety + 203y ] S vl yi0tiEe3dtitets + 20 yT w5, vl vl tt3edieltett +
2937 U0, Yo Yoo ttat5tatotets + 2y0yl Yo uS ya tTtat5t 0t tets + Syl Yo, U, vay t1t5t5tatEtetT —
YoYU, Yoo Yoy Us, T t2t5t3 07 — y2ys, yS, ya, us, t1tatatatets — y2iuS vl va vyl thtststEtEts —
YoYU, Yo, Yos S, B 5Tt t5 T — y2yS, yS, yao us, t1t5t5tataty + ylyl yS ul vyl tStatitlentdes +
293y] vo yl yes e edesegts + ylyl yo vyl vyl tlea el esedes + ulyl S, vl viltTtstititaties +
2y3Y] Yo, Yo, Yo tTESS It tats + ySul Yo, Yo, Yoo bS5t t5 s — ylud vo, voayea t1tat5t5tS et —
yiS yo uhautietestsedededs — ylyS vl uiu2 et edeSedege + ulyl ul Syl tatgtiededed +
2y3y] Yl Yo, Ve BT ta 5t tats 4+ ylyl i, yo, veo 55ttt + ylyl i yo, yoo titststiededet +
2y3y] Yl Yo, Ve 35ttt + ylyl i o, yeo t1t5t5t5t3 5t — ylud vl vd uiat tat3t3edt5ts —
2y Sy, Yoy Yoy Yo 1S ER LR EREREIET — AySys Ul Yo, Vor R ESERESEEEET — Bydyd i, v, ves ttat5t5e3t5t7 —
AY2yS, U, Vo, Yos tTBERIRE2E5LT — 2yTyS vl yo, ua T TSt t3eT — yiuS vl yo, vos tits st e5 gty +
YSYG, Yoy Yog Yog trtatstatitsts + 2y3yl yo yo yol tht5t5tatItts + 2ySyl yo, vl vol t1t5t5tatEtsty +
2y3y] Y5, Yo, You titatatattsts + 2ySyl yS, o, oo t15t5at3t5tT + Syl U, Vo, Yoy 115858483857 +
YRS Y, Y Yo VISR E T + ylyS u, ub ubs T tat st i gty + ylyS, vh, uS, uoT 1S I LA thtatG Lt +
2YLYS, Uy Yas Yoo t1ESE3E4ESE5ET + vy, yS, yS y Pt IS5 tat5t5tT + viyS S, ub vattatitstitatety +
YiyS yS, vyt ts st e ed s + ulud ud vitubieSi3ed el gt + 2y0y uS ullyli e el el et +
2535, Yo, Yoy Yoy 11SREILS 6T + U200, Yo, Yoy Voy 1 SESIISELT — YIug, Vo, yo o st tat3E5H3151T —
2555, Yoo Yoy Yoy LEREILEEELT — AY2Y5, U0, Yog Yoy LIRS EALEHEET — BYTUG, U0, Uiy Vol H1ERL5EIIEEGET —
4ylys Yo, Ul Yot tRISR0tT — 2ytys uS, Ul Yea TSRSt — ylyS ud, Ul ubd tit SRRt —
YU, Yo You Yoy L1285 5E3E0T — YT YD YO, Yo Yoy t1tatat t2tets — YSUS U, Uoa Yoy titatatatstats —

1

5,9 .9 10,14, 8,4,6,5,5,4 4,8 10,6 ,12,5,3,6,2,2,6,4 4,8 10,6 ,12,4,4,6,2,2,6,4
YsYo1 Yoo Yoz Yo, t1tatztylstels — YsYoi Yoo Yog Yoy, t1t2t3talstels — YsYoy Yoo Yos Yoy trtatstatstels —

4,8 10,6 12,3,5,6,2,2,6,4 5,9 10,90 14,8, ,5,5,4,6,4 5,9 10,0 14,7,2,5,5,4,6,4
YsYor Yoo Yoz Yoy, t1t2t3talstets — Yoy Yoo Yog Yo, t1t2t3tatstels — YsYo, Yoo Yos Yo, trtatstatstely —

5,9 10,90  14,2,7,5,5,4,6,4 5,9 10,90 14, 18,5,5,4,6,4 6,10 10,12, 16 ,6,4,4,8,6,6,4
YsYor Yoo Yoz Yo, trtalatatstels — Ys¥o, Yoo, Yo Yo, t1tatalutstets — YsYoy Yoo Yos Yo, titatstalstets —

6,10, 10 12 16,5,5,4,8,6,6,4 6,10, 10 12 16,4,6,4,8,6,6,4 5.9 11 8  14,6,3,6,4,3,7,4
YsYo, Yoo Yos y04t1t3t3t4t5t6t7 = YeYor Yoo Yoz Yo, t1tatztatstels + Uil Yo, Yoy Yo, t1tatstatststy +
5

9 11,8 | 14,5,4,6,4,3,7,4 5,9 11,8  14,4,5,6,4,3,7,4 | 5 9 11,8  14,3,6,6,4,3,7,4
2Y Yo, Yoo Yoz Yoy t1tatstatstets + 2UlYs, Voo Yoy Yoy trtatstatstets + UiUo, Yoo Yog Yo, t1tatstatstets +

Y Yoy Yoy Yoy Yog Y EBESELSEELT + Uy Uoy Yoy Vol TTESESLALITELT + ylusl yoy Vog val 1S5S LEET +
Yoyt yl iyl iyt s es e el gt + ylyllyll ylt g S et eRe TR el et + ySuyldully iyl et S eeR el s +
YoYay Yo Yoy Yos L3 t5tAt3t5ts — Yoyl ys 2yl ys St tatSttate et — yoysylyao ys 1t t5t5ts gty —
YoYay Voo Yag Yos LSESESAtEET — ySus o, vh, vos tr 53t t36tS — y3uS, ul, uS, vol t15t5 55 t6t7 —
YSUs, Yoo Yo Yo, t1 ot 30 t6 s + Yo yS, Yo, Yo, vay b tatstatstaty + ySys yl, ul vor tSt5tat tgtats +

YIS YT, Vg Yoy TSR TEAEELS + ydyS vl ul yor LIS ERERLE LS + yDus vl Lyl vos 1555135 +
YIS YT, Vg Yoy TISERTAELS + yByS vl Lyl yor SRR LS + yiyd vl Yoo s ISR eS 13 +
2y 2y, U, Yoo Yo TSRS ISE LS + 2utyd yl yloydB eSS eE ey + ylyd yl vao vl (S5 eE3e5 —
YU, Yoo Yoy Yoyttt tatd ety — ylyS ul vyl yaititatitatdtde? — yluS vl uo yo tht5t5tatdedel —

4,0 8 9 13,8, ,4.4,5,3,5 4,9 8 9 13,7,2,4,4,5,3,5 4,9 8 9 13,2,7,4,4,5,3.,5
YsYo1 Y05 Y03 y04t1t2t3t4t5t6t; = YsYor Yoo Yoz Yo, 11121384t 5t617 — YsYo, Yoo Yos Yo, trtatztatststy —
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4,9 8 O 13, ,8,4,4,5,3,5 5,10 8 12 15,6,4,3,7,7,3,5 5,10 8 12, 15,5,5,3,7,7,3,5
YsYoq1 Yoy yO3y04t1t2t3t4t§t6t7 = Y5Yoy Yooy Yog Yo, t1talatatstels — ¥sys, yozyo3yozt1t§t3t4t5tat7 -

5,10 8 12 15,4,6,3,7,7,3,5 4,9 9 8 13,8, ,5,3,4,4,5 4,9 9 8 13,7,2,5,3,4,4,5
YsYo, Y05 Y03 yozt1t2t3t4t5t6t7 = YsYor Yoo Yoz Yo, t1t2t3tatstsls — Ysys, y02y03y04t1t2t§t4t5t6t; -
4,9 9 8 13,2,7,5,3,4,4,5 4,9 9 8 13, ,8,5,3,4,4,5 5,10 9 11, 15,8,2,4,6,6,4,5

YsYoy Yoo Yos Yoy t1tatstitstots — Ys¥o, Yoo Yos Yoy t1tatstitstols — UiUol Yoy Yoo Yo, t1tatstatstets —

5 10,9 11,15,7,3,4,6,6,4,5 5,10, 9 11,15 ,6,4,4,6,6,4,5 5,10, 9 11,15,5,5,4,6,6,4,5
2Y Yo, Yoo Yos Yo, t1tatatalstels — AU Yo, Yoo Yoy Yoy, t1tatatalstets — 3YSYoy Yoy Yoy Yo, L1tatstalststs —

5,10, 9 11,,15,4,6,4,6,6,4,5 5,10, 9 11,15 ,3,7,4,6,6,4,5 5,10, 9 11,15,2,8,4,6,6,4,5
AY Yoy Yoo Yoy Yoy trtatatalstols — 2UiUo, Yoo You Yoy t1tatstatstelts — Yoo, Yoo Yoy Yoy t1tatstatststs +
4.9 10, 7 13,6,3,6,2,3,5,5 4.9 10,7 13,5,4,6,2,3,5,5 4.9 10,7 13,4,5,6,2,3,5,5
Y5Yo1 Yoo Yoz Yoy t1t2tstat5t6t7 + 2U5Y0 Yoo Yoy Yoy t1tatstitstets + 205 Yo, Yoo Yoy Yo, titatstitstats +

Yayo, Yoo Yoy Yoo t1ESE5 536515 + yZystya o yod yos 1 t2t 352583 + yus ) yooyan vos 15555150 +
YoUoy Yoo Yng You t1E5E5E5¢26585 + 2y2y Yy 0 s s oS IT RSt SE3 52 + yua Yoo Yan Yoy L5535 +
YUy Yoo Yg Yos LTSS ERE265L5 + yZyst ub o usoyos Lt tR 2GS + ySul L yoyaa ys, LTS5 13T +

2y Yo Y Yo Yon b1 L3 LALELELGES + 2uSyd tyl Sy Tyl T eSS tS R T iRy + 2ySyl oo v ys 35E5 15 T5L0 +
2y Sy YA Ye e LS ERITE LS + ySyd y Sy st yd eSS 5t RT3ty — yluldystyd, val (S5 e5 e edeges —
290y yar Yo, Yoo tE5t5t4t5t0t0 — dylylOyll yd yiBtttStitatdts — 3ySyllyalud yll i tsegtatatatd —

5,10, 11 9 15.4,6.6,4,4,6,5 5,10, 11,9 _15,3,7,6,4,4,6,5 5,10, 11,9 15,2,8.6,4,4,6,5
4.7!5?:/01 yo2903904t1t2t3t4t5t6t7 - 2y.;)yol Yoy Y03 904t1t2t3t4t5t6t; T YsYo1 Yoy Yog yo4t1t2t3t4t5t6t7 +

6,11 11 12 17,8,3,5,7,6,6,5 6,11 11,212 17 ,7,4,5,7,6,6,5 6,11,11_ 12 17,6,5,5,7,6,6,5
YsYor Yoo Yoy Yoy t1tatstatstets + 295901 y02y03y04t1t2t§t4t5t6t7 T YsYoy Yoo Yo3 Yo, trtatstatstets +
6,11 11 12 17,5,6,5,7,6,6,5 6,11, 11,12 17 ,4,7,5,7,6,6,5 6,11 11 _ 12 17,3,8,5,7,6,6,5
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6y, v,, y32y03t1t2t3t4t5t6t7 + AU Yo, Yoo Yoo Litatstatstely + 6y, v,, y32y03t1t2t3t4t5t6t7 +

3.5 .5 6 , 15,2,4,3,3,2 35 5 6 ,6,2,4,3,3,2 45 6 90 ,dd, ,7,5,3,2

2Y Yo, Yoo Yoy 1112t5 L4557 + YlUs, Yoo Yoy t2lalatststs — YsUe, Yoo Yoy t1tatstitstts +

3.6 .5 5 16,3,3,2,4,2 3.6 ,5 5 15, ,3,3,2,4,2 3,6 ,5 .5 14,2,3,3,2,4,2

YsYor Yoo Yoz t1t3talststs + 2U5¥o, Yo, Yos titalzlutststs + 6Y g, Yo, You trlatatatstsly +
3,6 .5 5 3,3,3,3,2.4.2 3,6 .5 5 12,4,3,3,2,4,2 3,6 .5 5 . 5.3,3,2,4.2

Y5 Yoy Yoo Yoy t1t2t3talslels + 6Y Yo, Yoo Yog titalalulstels + 2U5Ys, Yo, Yog titatstatststs +

3,6 ,5 .5 16,3,3,2,4,2 4,6 .6 .8 16,2,2,6,4,4,2 4,6 .6 .8 44,4,2,6,4,4,2
YsYo1 Yoo Yoqy t2t3talstets — YsYoy Yoo You trtatstatstets — 3Ys¥o, Yoo Yoz titatatatststs —

4,6 6 8 42,6,2,6,4,4,2 3,7 5 4 ,4,2,4,2, ;5,2 3,7 5 4 ,3,3,4,2, ;5,2
YsYoy Yoo Yos t1talalatstets + 2U5 Yo, Yo, Yos trlatatitstels + Uiy, Yo, Yos titatstitststy +

3,7 5 .4 12,4,4,2, ,5,2 4,7 6 T 4T, 43,5,3,5,2 4,7 6 7 16,2,3,5,3,5,2
styol Yoo Yog t1talatatstets — YsUo, Yoo Yoz trt2tztatststy — 33/51101 Yoo Yogt1tatatstststs —

4,7 6 7 15,3,3,5,3,5,2 4,7 6 7 14,4,3,5,3,5,2 4,7 6 7 13,5,3,5,3,5,2
33!53/01 yogyog,ti)tztstz;%ttst? - 73!53/01 Yoo Yog t1tatatstststs — 33!53/01 Yoo Yog t1tatatstststs —

4,7 6 7 42.6,3,5,3,5,2 4.7 6 7 7.3.5,3,5,2 5,7 .7 10,5.5,2,8,5,5,2
3ysyol Yoo y03t1t2t3t4t5t3t7 “ YsYoq y02y03t1t2t3t2t5t6t7 “YsYoy yo2y03tlt2t3t4t5t6t7 -
4,8 6 6 ,6,2,4,4,2,6,2 4,8 6 6 ,4,4,4,4,2,6,2 4.8 6 6 12,6,4,4,2,6,2
YsYo, Yoy 903t1t2t3t4t5t6t7 - 31‘/52‘/01 Yoo 903t1t2t3t4t5t6t7 T YsYoy y02903t1t2t3t4t5t6t7 +
5,8 .7 9 16,4,3,7,4,6,2 5,8 .7 ;9 14,6,3,7,4,6,2 4.9 6 5 ,4,4,5,3, 7.2
YsYor Yoo Yoy t1t2t3tatstels + YsYo, Yo, Yog titatstatstets — Ys¥o, yo2yo3tlt2t§t4t5t6t7 +

59 .7 8 ,6,4,4,6,3,7,2 59 7 8 ,4,6,4,6,3,7,2 5,10, 7 7 45;,5,5,5,2,8,2
y:yol Yoo y03t1t2t3t4t5t6t7 + y:yol Yoo y03t1t2t3t4t5t6t7 - y:yal 902903tft;t§t2t5t6t7 +

3,4 .3 2,2,3 2,3 .5 ,6 ;2,2 3,4.3 2,4 .5 5 ;4,2,2,3 3 2,4 .5 5 ;3 2,2,3 3
YsYor Yoo Yos 118283517 —USYG Yoo Yos 11803 talsts =Y Yo, Yoo, You t1latatstets —2YS Y, Yo, Yo, Lit2tatytstely —
2.4 5 5 ;2,2,2,2,3 3 2,4 .5 .5 3,2,2,3 3 2,4 .5 5 ;4,2,2,3 3
3YSYoy Yoo Yos titatatatslots — 2U5Ys, Yo, Yos titatslitstets — YSYs, Yo, Yoy tatatitstety +

Y2 Yoy Yoo Yoy 11t5tat 15617 + YU, UG, Vo, tltatat 5 tety — yIug, Vo, Vo, t1t3t5 ST —
2Y2Y], Yoy Yog trtetitattdtd — 3ylyd yd yo t3t3t5tat3t5t] — 2y2yS yo, v trthtitatitgty —
Y20, Yoo Vos tat3LatB gt + 3ySug, vo, vo, tTES5ERE5H5T + ylyD, ul, vo, TS5 5E55 05 +
YU, Yoo You LTRSS LG — Y20, Vo, Yoy ttatst St L5 — y2ug o, uo, tTH5t5tstt5 +

3,6 ,6 6 16,3,3,3,3,3 3.6 .6 .6 45, ;3,3,3,3,3 3,6 ,6 .6 ,4,2,3,3,3,3,3
YsYoy Yoo Yos t1t3tat5tet7 + 2U5U0, Yo, Yoy t1tatstutststy + 6YL Yo, Yo, You trtatatatststy +

3.6 .6 ,6 43,3,3,3,3,3,3 3,6 ,6 .6 ;2,4,3,3,3,3,3 3.6 .6 ,6 4 15,3,3,3,3,3
3YsYo, Yoo Yoz t1tatatatslts + 60U Ys Yoy Yo, titatstytststs + 20 Ys, Yo, Yo trtatstytststy +

o9 s
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3.6 .6 6 16,3,3,3,3,3 4,6 7 9 16,2,2,6,5,3,3 4,6 7 9 414,4,2,6,5,3,3
YsYo1 Yoo Yoq tatatatststs — Ys¥o, y02y03t1t2t3t4tgt6t7 - 31/53/01 Yoo Yog t1tatatstststy —

YsUoy Yoo You b1 IS EEET + ByTul, v0, vos I35 tAtE et + ylul, vo, uo 3 tat IS tets +
3yl ve, yo titatatitd et — 2ylyl yl yS e0e3e3e5e5t5t — 6ylyl yl uS t1t5t3thtatsts —
2ytyl D, uS, SRSt td ) + ylul S, viieStaeseSeSeded + ylyl S vl etSeaefeSeded +
YIS, US, Uay 1155 tats ot + ylus uS, vl 1155 tats ot — 2utys vl vl 1015 t5tat25t5 —

4 4 1

8 7 o7 44,4,4,4,3.5.3 8 7 o7 4246,4,4,3.5.3 5,8 .8 ,10,6,4,3,7,55,3
6Ys Yoy Yoo Yoz t1talalalslels — 2U5Yo, Yoo Yog titatatatstolts + 2Ys¥o, Yo, Yoz titatstatststs —

YoUS, Yo, Yog 1551330 + 290y, vl voo t1E5t5E5e365t7 — yiyd yl S, 1955t e3e8e2 —

3YSYo, Vo, Yoy 115156536587 — ylyd vyl uS tTe5t5e3e365t7 — y2yd ul, ub, tTt5t5t5ed 8 +

293y, vh, Yo, 1155 1SEAL5ES — 2y2yD S, o, e3E3e505E5t5EY + 2y2y], wS, v, t1tSE5t5t5LgtS —

YUS, Yy Yog L5553 16ES — ySud yd, uat SISt geEiee} — yluddyl, ul, tit 5Tt 5t} +

2y2ys0 s, uS, (1555305 — y2yllyh, us, (5 e5e5eEe5eT + 292y 0SS, e1eSe5eRedeged +

ySyadyd yortTe5ttd et + ylyl0yd yil eVttt s it + ylyliys, vl 105ttt tgtd +

Yo UL, Yo, Yoy 111585t t585 + yOyllyd yl0tTe3e5eitstts + ylyllyo, vt titstt5tgts —

Yoyos Yo, Yos 1SSt t382 —ylys vl uS, thtatStdestr —ylys, vo, us, tTtat5 a5t —y2yd, ul, vl trtS it 5T —
YIS, U, Yo, 15t tat ety + ylyd vl us, 1 tatitit ety + 2yyd i, S, 1555t ety +

2y3y5 o, us, tH a5t at tets + 2y5yd o,y 15155ttt + y2ud, vl ul, tit5t5t 515 tets —

YaYo, Yo, Yoy 1 tat5t3 5t —y2yS yS ya 15336517 —y2yd, yo, voy trtStsta it +uyyS vyl yl 1t e5t3 5t +
Y3y, Vo, Yo, L3355 ET + y2yd vl vl 3 e3e3e5e5 07 + BySyl ul, v, titst5eRtstgts +

Y20y Yoo Yog FLESIEILSEGLT — YSUG, Yo, Yog 111215 EILELGET + YDYg, UG, Vo, tta 5t 5 LT +

3 032
3,7 7 6 14,2,4,2,3,3,4 3,7 7 6 ;3,3,4,2,3,3,4 3,7 7T .6 ;2,4,4,2,3,3,4
3y Yo1 Yoo Yoz t1tatstatstots + YsYo, Yo, Yos t1tatatatststs + 3y; Yoy Yoo Yog t1tatstatststy +

3.7 .7 .6 5,4,2,3,3,4 4,7 8 9 7, ,3,5,5,3,4 4,7 8 9 ,6,2,3,5,5,3,4
YsYor Yoo Yoq t1tatstatststs — Ysys, y02y03t1t2t3t2t5t6t7 - 295901 Yoo Yog t1t2t3tytststy —

s

4,7 .8 9 15,3,3,5,5,3.4 4,7 8 9 14,4,3,5.5,3.4 4,7 ;8 .9 ;3,5,3,5.5,3,4
YsYo1 Yoo Yoy t1tatstatststy — 5y Yo1 Yoo Yoy t1tatslatstets — Ys¥s, y02y03t1t2t3t4t3t6t7 -

4,7 8 9 ,2.6,3,5,5,3.4 4.7 8 9 7,315,534 3.8 7 5 45, 45, 12,44
2ysyol Yoo y03t1t2t3t4t5t6t7 “YsYoq 902y03t1t2t3t4t3t6t7 + YY1 Yoo yostTt2t3t4t5t6t7 +
3.8 7 5 44,2,5, ;2,44 3,8 7 .5 13,3,5, ,2,4,4 3.8 7
2Y Yo, Yoo Yoy t1tatstatstaly + 20500, Yo, Yos titatstatststy + 2y5y,, v

5 42,4,5, 2,44
0o Yoz titatslatststs +

3.8 7 5 4 45,5, 12,44 | A8 8 8 ,8.4,4,4,4,4 | 48 8 8 7, ,4,4,4.4.4
YsYor Yoo Yog t1tatstatstols + U Uo, Yo, Yoo t1tatatstsls + UsYo, Yo, Yoo t1tatstytststy +

4.8 8 8 ,6,2,4,4,4,4,4 408 8 8 ,5,3,4,4,4,4,4 4.8 8 08 ,d,d,d4,d.4,4,4

YsYor Yoo Yoz t1tatatatstots + 4UsUo, Yoy Yos titatatatststs — 2Us o, Yo, Yoy trtatstytststy +
408 08 8 3,544,444 , 48 8 8 2,6,4,4,4,4,4 | 48 8 8 , ,7,d,d,4,4,4

Y5 Yoy Yoo Yoy t1tatatalslels + YsUo, Yoo Yog titatatatstots + YsYo, Yoo Yog trtatatatststy +

Ys Yo, Yoy You L3S EGT + UIUG, U0, Uog tTEREELALSLGET — YZUS, yo, oy tIRHELGHGT +
YSYo, Yoy Yoy ILISEIESEEET — Uiv0, Yo, Uog 1 t2tSHALSE5HT — 200y, vG, yog 1S5RS 5T —

Y Yo, Yoy Yos TIEIREIETEOET — BYSYS, U0, Ui, IEAREIETET — wiv, G, uog TS5 HAESE5ET —
250, Yoy Yog FISEREIESLEET — UIUS, U, Vi SESIE ST — ylug, VD, Uog 35557 —
2520, Yoo Yos 11 tat5tTRGET — BYSUG, Yo, Yog tTESESEALE LG — 2070, Vo, Yoyt LAETEGET —
Y20, Yon Yog b1 3t RS T — USUoy UG, Uog tIERtSEILELGET — YY) U0, Vo tTESLSHIESLGET —
253050 U0, Vog PTISESLRL5 31T — BYSug) vo, yoy 1135515 t7 — 2u2yg]uo, yo, YT ESHTES1GT —
Y2 Yoy Voo Yoy (USRS LG LT + ySuo o yas L1355 LT — ydug) oo uas 11 13t51 551517 +
YSYoy Yon Yos TR + yZuoy yo, Uoy VSIS HALSLSHT — yug uo, o SRS EGT +

Y2 Yoy Yoo Yog FTSEREALELELT + YTU0) Yo Vog tEEIEELEET + BySys, yog yog tTESE5EIIELGT +

Y Yoy Yog Yoy ILIEIEEET + BUCYs, Uopyog tIEISEIEEELT + ylus) vog Uog IS LT +
YSYor Yog Yoo L EISEIESEGET — UIU0Y og Uog T ESISLALSLGET + ulyoT voy yog HESLGHILSEGET —
YYor Yoy You L EIEREIEEEET — UIGY Yoy Uon 11 ESESHALSHGET — y2UG, UE, U, tH3E5A5EE —
Yoy, Yl Yo, 155t tets + ylyl, yS, ys, 11155t tets — ylyd, yS, us, 113ttt tets +
YIYS, Ys, Yo, 15ttt tets + ydyl yS yl 0ttt t5t5ts + Bylyl yS, yl t1t3tstestgts +

3,7 .8 7 13,3,4,2,4,2,5 3,7 8 .7 ;2,4,4,2,4,2,5 3,7 8 7 5,4,2,4,2,5
YsYoy Yoo Yoz trtatstatststy + 3y; Yo Yoo Yog t1tatstatstets + YsYs, Yo, 903t1t§t3t4t5t6t7 +
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4,7 9 10,5,3,3,5,6,2,5 4,7 9 10,4,4,3,5,6,2,5 4,7 9 10,3,5,3,5,6,2,5
YsYo1 Yoo Yoy t1t2t3tat5t6t7 — YUsUoy Yoo y03t1t2t3t2t5t6t7 T YsYoq Yoo Yog t1tatstytststy +

YU, Yo, Yo t1tat5tat3 3t — ylyS yS yS t7t3t5tatdtdtd + ylyS S uS tTt5t5tattgt —
YA, Yo, Yo, tTtatti s tdts — 2ytyS yd ud t0t5t5t1t3t3t0 — Bylyd vl y titatstitdtdts —
2ylyS, o, Yo, tTISTSTITSatD — Yius o, o, tit5t5tats ety — yous vooysatitatatititaty —
YRS Yo, Uny t] tat RS t5t — 2utyd S, us, 10155555t — Bylyd vl ub, 155t htat5t0 —
2ylyd o, Yo, (TSRS — yiud o, S, tit5t3tatatst — yud vidyla tit5t5t5eSt5ts —
293y, Voo Yo t1ESE5 1S5S — YTy, von voy tTE5E5E5E5E5ET — Bylyd, vooyos t15t515t55t —
YoUo, Yoo Yog L1ESERSESEEED — 2y0y0 yolys iS55GS tats — ydud Yoo,y 11555t tat7 +
Yy Yo, Yag LTSRS UGS — yiyldyd, ul LTSSt 057 + yiuldyd, vl 15553657 +
YoYU Yoo Yag t ot SR I3 Y + yylYy oo ya PSSR eE 3T + ylyl Yy oo yaa tT 555135 +
42y ys oyt t5t5t5 337 — 292y 0 ya oy S5 55133 t7 + 4yTyl yhyd t15e5e5e25e5 +
Yoya Yoo yat St t3ti s tats + ylyldyld yi ot es 5ttty + yly Yyl yl ot 5ttt tts +
ySusdyltyd el s et el et + 290y 0yl yl B e eSes e el etd + 200yl Yyl )yl 0ttt el e3ed +
2y Y Yo Yo TSR tRtEtatD + Yo yLT Yo yos 15 5tRtEtats — Yoyl  yooye, 155t tstats —
2y Y Y Yo, tI SIS EITEtaty — Yoy Yo us, 1 tatatatatety — byl yaoys, 1O t5t5tItatet —
YoUor Yoo Yo LTESESEAS LY — 2y0yslyoo yo tTHGtStIES 6T — ylyst yoo yo, 155 It510L7 +
YoUor Yor Yoa Lo EatSEIES LD + 3ySyst yot van tEStSEIEEEES + yoyst vot vana tE55E1E5E5E0 +
3YSYsy Yos Yos 55 TtEE5L + ySys vt yoa t1t5e5e 5365t — yly Pyao s, t3e5t5eedegts +
YOS Yo vas IS5 tSG LGS + 3ySy T yst ua s tTESS T35S + Yoy ysl vos 1S5t E5 1357 +
BYSysyan Yos TGS SE2LELS + ySyl Pyt yst (1e5e5e5e265t5 — yly 2yl 2yla te5e5eqeTeges —
YlysTyssyaa TS ig ey — ylyb Ty 2 ysa SR eeger + ySuldyll i gt s esiges +
29y yatysdtlestgtiegtdel + 290yl yll yl0e0eSeseletqts + 2y0y Pyl yl St ts et tstgts +
ySusyltyl e eSeseestts — yly P yl2yl e sttt egtd — ylyltyl 2yl 2t St el gt —
YU Yoaoa bl tatat it taty — ylystuas usa st titdtdty — ylyd, ul, v, titatseiests +
YYs, Yo, Yos L1555 t6tS + ydyl yd, ub 11555 t6tS + Yyl yoo vy 055t 5 L6t +
VYo, Yoo Yos LSR5 LGS + ydyS yd, vi t1E5t5Eat5 30 + ylyd yd vl 1Te5t5tatd it +
2Y5YS, VogYos 53 EESE5ES — YTy, vooye t15t5teSt5tS + 2yt yidyll t3t5esegedeges —

YoUS, Yor You 155151585 — ydyd yd, vyl t3e53e3eT — yiud widyo, 1S5 e5t55t5e5 +
293y, vaa o, (35650365t — 2ytyd yidyd, ¢15e5ee25e0 + 2ytyD vl vy, 15 e5 55 e5e] —
YRS Yooy, LT SESTEE L3S — yDyd ot ust e e5tSeTedes — 3ySyd yotus 2R3 e5tSeTeded —
YouS, Yo yas (355t edeS + 22yl 0yl S S5 eSeReedeS — ylyldylo s, 1155 ededes +
20y yaoys, thtstatata et — 2ylyl0yllyll T e3e5e5e et — 6ylylyll u i tTt5t5t5td 5t —
2ySyatyatyst edegenelegeded + ySyldylty i el esegedededtd + ySyldylty i et egegeededed +

4 11,10, 7 ;5,3,7 3,546 4 11,10, 7 ;3,5,7 3,5,6 511,11, 10,7,3,6,4,5,5,6

YsYo1 Yoy y03t1t2t3t4t5t§t7 t YsYo, Yoo y03t1t5t3t4t5t§t7 = 2Y Y01 Yoo y03t1t2t3t4t§tgt7 -
5,11, 11, 10,5,5,6,4,5,5,6 5,11, 11, 10,3,7,6,4,5,5,6 6,11 12 13,7,5,5,7,7,5,6

6Y Yoy Yoo Yoy t1tatstatstets — 2U Yo) Yoo Yoq trbatatatstily + 3Usuo Yo, Yoy t1tatstatstety +

YoUor Yoo You Lo LSESEIEE LSS + 3ySyst yotysd iS55 e tdts — yoystyslyb TS5t e5egS —
3YSYas yas Yoy 115t t5801S — yly Pyt ud te5tsedededtS + yly Pyl tys 2 7 e5t5eGe35tS +
2ySys 2 ysayoa tit5t5e5tStets + 6yly Ty 2 o2 t1t5e5e5t2tt] + 3ySyitysty 25 e5e5e5eSeg s +
6YSYos Yan Yo (5551555 + 290y 2y 2yl 214515 e5e265tS + ySy Py 2ys2 e3 5156515 e5eS —
YiysTyssyan tTts 58 tets — ylyldy it yl DS 5 3R eEeS + 3ySyty 2 ys T e5 505 eEes +
yoysdynzys OS5t e3 gt + 3ySy Syl tyb b5 e e3eges — ylyldyldyia e e5eedeTeged —
2ylysys Sy s tiestgeieleged — 3ylyldyloyl e eseSe el et — 2ylyl Syl lyl i eSe5eeielegt —

7,13, 13, 14,5,9,6,8,7,7,6 6,14, 12 10,7,5,8,4,4,8.6 6,14, 12 10,5,7,8,4,4,8.6
YsYoy Yoo Yog trtatatatslets + YsYol Yop Yo titalatylstots + UUs] Yoo Yos trtatstatststy —
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Ylystyasyss Qs g eSeges — 2yTylty Sy B eSS e eges — 3ylyltyltyddeTeq T e edeges —
2ylyatvasy S ttestgtiegtet — ylyllyloyl o edeeledegts — yly S yloyl 2t ese5eestges +
YS vy ylaysotesttd it — ylyS yilyllelesestititet] + yiyd il yl ol e3 et egel +
YaYo, Yor Yog L a5 LEET — YSuyd Yonyoa tL 5SS 5tT + yays Yor Yog trtatat It t5tT +
ey Yoy Yoo LSS RS EGET — y2uoyaysd t1t3e5t5¢T 57 — Byluslyatyas 35 t5t5eTegtT —
YoUoy Yoo Yoa L LAt EEET — Yayst Yor U, LTSt 5tatstats — ydys Yoo yas 155 1tS 507 —
3Y3Yay VoaYos L1555 t5t 5T — 3ySyst vz yot ¢S5t eaeStsty — Tydysl vz yol t3t5e5e5eStgtT —
3YSYay Yoa Yoy LS5 E4ESE5ET — ByZys i vaZyst (35t e5eSt5ts — ylyo vt oy t5t5E4 S5t +
2y Yoy Yo Yoy tIESESLRESEELT + yoyst vadyos 5SS TeS ety + 2y0y)  yad yos titot5 L5 tgtT —
YoYU T Y s s LTS IE T — Bylyl 2y 2 ya iR tS SR g ] — ySy Ty Sy oot S R3] +
Yoy T yssyas OS5t ege] + 2y y 2yl Sy S5t ee TR ] + 6ySy Pyl ylS ee5eGeGeleg ey +
4ySys2y Syt e0e5eeelegtr + 6ySylPy Syt v etededeltgty + 2y0y 2y Dyl B el e5 et el ety +
ySusZylsyteegeSedelegts — ylyldyl2yd Vet ettt + yly Pyl yl 2 a0 e eseeSee] +
240yl ylSy 2 g ed e ededel + 6ySylylSyl2 e u5 e efed el + aySyliyldyl2eGe5e5e5 e iG] +
6YSYss Yoo on tatatstatatdt] + 2yly Sy dy 25t eeSt5ts + ylysdyayaa 3 e5esedededty —
Yo Yon Yog LI5S tEET — ylys S yony, o 1TSS tGtT — 3ylysd yosyooti tatgtitsegty —
Yo Yo Yog t SR tEtT — ylysdyoay ottt St tatT + 2ySystysyss iS5t 4e5eg] +
YoUs T Yoo uag IOtSESEAESLEET + 2y yo ystyas 135t e3e5tT — 2yly o yotyan (55 eLtgtT —
BYlyo vsa oy (IS ERLRETEGLT — Byly tydayl st st eieltgty — 3ylystysayoatStaeseieieger —
29Ty st yaaya TSRt Tegty — yly S yat y eSS e eR gty — vyt ystyS tBe5e5egegege] —
3ylysysaysstTegeSeSedtgty — yly S ystubde5e8egedege] — ylyloyltydd e egeegedege] +

8,15, 15, 16,9,7,7,9,8,8,7 | 8 15 15, 16,8,8,7,9,8,8,7 | 8 15 15 16,7,9,7,9,8,8,7
YsYoq Yoo Yoq trtatatatstets + YsYol Yo, Yos titatatatstets + UsUs Yoo Yos trtatstatststs +

YSYos Yoo Yoy L1 ot SRttty + YSyss Yoo yan tTEStSIRELtatT + ySys S Yoo yoo tT o5t t5 gty —
Y2Uoy Yoy Yoq T ESTSLATILGES — yuoT yod voy tRESESEILSLGET + yuss vas vy LTt LSS L5t LE +
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YiYos Yoo Yoa L EotSIS LGS + YSyLs yon yar ELESEREIEEEET — ylye S Yoo v, ot ot 5t tstats —
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YsYoq Yoo Yo3 Yo, Yog Yo t1t2tatst7ls — YSYs, Yoo Yos Yo, Yog Yog t1t2t5tatstrts —
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2. 5 3 5 3 4 4 ,2,2,2,2,3 3 2,5 3 5 3 4 4 34:2,2,3 3
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2YsYoy Yoo Yoy Yoy Yo Yog t1t2tatatstotzts + YsYoy Yoo Yoz Yo, Yos Yog t1tatatatststzts —

Y2 Yoy Yoo Yoy You Yos Yog LT3 tIEIIELE T s — Y201 U0, U0, U0, Yoo Vog tTa AL LG TEs +
YsYor Yoy Yoy Yoy Yo Yog L1215 E51615 + YsYor Yo, Yog Y, Yo Yo titatatatdty —

YIS Ve U S, Yo bt tatattet3t] — 202yS yd vl vl i vl tltatitatdtatIt] —
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4,10,6 .9 .7 .9 7 ,4,4,3,5,5,3,6,2 4,10,6 .9 .7 .9 .7 ,3,5,3,5,5,3,6,2
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Yo us Syl uba s, yss S S s it st — y2ultyl yilylOyldyl 13e5e5e5e3 635} —
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4,0 7 10,6 7 .9 .7, ;5,3,6,2,5,3 4,9 7 10,6 ,7 .9 16,2,5,3,6,2,5,3
YsYoy Yoo Yoz You Yos Yog L1t2tatalstetztys — 3YsUo, Yoo You Yo, Yog Yo t1tatstatstststy —

4,9 7 10,6 7 .9 5,3,5,3,6,2,5,3 4,9 7 10,6 ,7 .9 ,4,4,5,3,6,2,5,3
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5,11, 9 10,10, 11,9 ,9, ,4,6,5,5,6,4 5, 11,9 10,10, 11,9 ,8,2,4,6,5,5,6,4
YY1 Yoo Yoz You Yoi Yog t1t2t3tat5tstrts + 2ysy01 Yoo Yos Yo, Yog Yog t1tatatatstetrts +
5,11,9 10 10 11,9 ;7,3,4,6,5,5,6,4 5,11,9 10 10 11,9 ,6,4,4,6,5,5,6,4
YsYo1 Yoo Yo3 Yo, Yos y06t1t2t3t4t5t6t7t8 + 10ysy01 Yo5Y03Y0, Y05 906t1t2t3t4t5t6t7t8 -
5,11 9 10,10 11 O ,5,5,4,6,5,5,6,4 5,11, 0 10,10 11 O ,4,6,4,6,5,5,6,4
y.;)yol Yoy Y0390, Y05 yo6tft2t3t4t§t6t7ts + loy:yol YoyY03Y0, Y05 yo6t1t2t3t4t5t6t7t8 +
5,11, 9 10 10 11,9 ;3,7,4,6,5,5,6,4 5,110 10,10 11 9 ,2,8,4,6,5,5,6,4
YaYor Yoo Yos Yoy Yos You L1t2tatalsletrts + 2U Uo) Yoo Yos Yoy Yoi Yog t1talstatsletrts +
5,11, 9 10,10 11 9 9,4,6,5,5,6,4 5,110 9 11 12 8 ,7,3,3,7,4,6,6,4
YaYo1 Yoy Yos Yoy Yos Yog t1t2lstatstetzts — Yoy Yoy Yoz Yoy Yos Yog t1tatstalststzts +
5,11,9 9 11 12 8 ,6,4,3,7,4,6,6,4 5,11, 9 9 11 12 8 ,5,5,3,7,4,6,6,4
3YSYo1 Yoo Yoz You Yos Yog t1tatatatstetzts — 3YUoi Yoo Yoy Yoy Yo Yog t1tatatatstatrts +
5 11,9 9 11 12 8 ,4,6,3,7,4,6,6,4 511,90 .0 11 12,8 ,3,7,3,7,4,6,6,4
3Y Vo1 Yoo Yoy Yos Yos Yog t1tatatatstetrts — UeYoy Yoo Yos Yoy Yoy Yog t1tatstatstetrts +
511, 9 8 12 13 7 ,6,4,2,8,3,7,6,4 5 11,9 8 12 13 7 ,4,6,2,8,3,7,6,4
Y5Yo1 Yoo Yoz Yoy Yog Yogt1tatatalstetrts T YsYol Yoo Yos You Yog Yog t1tatslatstetzts +
6,14, 10, 15,0 11, 13,7,5,7,5,9,3 8 4 6,14, 10 15,9 11 13,5,7,7,5,9,3,8 4
Y5 Yoq1 Yoo Yoz Yoy Yog Yog t1t2tatalststzts T YsYor Yoo Yos You Yog Yog t1tatslatststzts +
6,14, 10, 14,10, 12 12,7,5,6,6,8,4,8 4 6,14, 10, 14,10, 12, 12,6,6,6,6,8,4,8 4
3Y<Yoy Yoy Yoz Yoy Yos Yog t1tatatatstelrls — YsUoy Yoo You Yoy Yo Yog Litatatstststzts +
6,14, 10, 14,10 12 12,5,7,6,6,8,4,8 4 6,14, 10, 13, 11 13, 11,8,4,5,7,7,5,8 4
3Y<Yoy Yoy Yoz Yoy Yos Yog t1tatatatstelrls — YSUoy Yoo You Yo, Yor Yog Litatatststetzts +

6,14 10 13 11 13 11,7,5,5,7,7,5,8,4 6,14,10 13,11 13, 11,6,6,5,7,7.5,8.4
3ysyol YopY03Y0,Yog y06t1t2t3t4t5t6t7t8 - 395%1 yo2y03yo4yo5y06t1t2t3t4t5t6t7t8 +

6,14, 10, 13 11 13 11,5,7,5,7,7,5,8,4 _ 6 14 10 13, 11, 13, 11,4,8,5,7,7,5,8,4
3Y<Yoy Yoo Yoz Yoy Yoi Yog t1t2tatatstelrls — UsUol Voo You Yo, Yor Yog Litatatatstetzts +
6,14,10 12 12 14 10,7,5,4,8,6,6,8,4 _ 6 14 10 12 12 14 10,6,6,4,8,6,6,8,4
3Ys Yoy Yoo Yos Yoy Yog Yog t112t3tat5 6t 7t — YsUoy Yoo Yo Yoy Yos Yog L1 tatstatstolsts +
6,14,10, 12, 12 14 10,5,7,4,8,6,6,8,4 | 6 14 10, 11 13 15 9 ,7,5,3,9,5,7,8,4
3YsYoy Yoo Yos Yoy Yog Yog L1tatstatstetrts + UsUoy YonYos Yoy Yoy Yogt1tatstatstetzts +

6,614 10 11 13 15 9 ,5,7,3,9,5,7,8,4 7, 17,11, 16,12 15_13,7,7,6,8,9,5,10,4
YsYo1 Yoo Yoz Yoy Yog Yog t1t2tstalsletrls — YsUoi Yoo Yos Yoy You Yog t1tatstatstats ts —
7,17,11, 15, 13, 16,12 ,7,7,5,9,8,6,10,4 3,4 .8 .6 ,6 4 8 .5 5 3,3 5
YsYo1 Yoo Yoz Yoy Yog Yogt1tatztalstels ts + Ys¥o, Yoo Yoy Yo, Yog Yog tit2tatatststrls +

2y3YS YD, Yo, Yo, Vs Vg L1315 tatttrtd + 2u3yd vl vl vl va uh 1T t5 5 tatd it el +

2Y3 Y5, Uy Yos Yo, Yos Yog L1 tatstatStatrtd + ydys ys, U0 U, Yos Yos t1t5t5tat3totrt3 +

3,4 .8 5 7 .5 7 ;4,2,4,2,2,4 5 3,4 .8 5 7 .5 7 ;3;,3,4,2,2,4 5
2Y5 Yoy Yoo Yoz Yo Yos Yog t1t2t3tat5 61788 + YsUoy Yoo Yoz You Yos Yog t1t2tatatstetrts +

3,4 8 5 7 5 7T 42,4,4,2,2,4 5 3.4 8 4 8 6 6 45 3,43 5 5
2Y5 Yo, Yoo Yoz Yoy Yos Yog t1t2t3tat5tet7ls + USUs, Yoo Yos Yo, You Yog t1t2tatststglrts +
3,4 .8 .4 8 6 6 ,4,2,3,3;, ,5; 45 3,4 ,8 4 8 6 6 ,3,3,3,3; 15, 5
2Y5 Yo, Yoo Yoz Yoy Yog Yo t1t2t3tatstetrls + 2USYs, Yoy Yos Yo, Yog Yo t1t2tatatstgtrts +

3,4 8 4 8 6 6 ;2,4,3,3 5 5 3,4 8 4 8 6 6 54:3.3 5 5
2Y5 Yo, Yoo Yoz Yoy Yog Yo t1t2t3tatstetrls + UsUs, Yoo Yos Yo, Yo Yog t1latatytstglrty —

4,7 9 10,6 5 11,4,4,7, 16,2,3,56 4 7 9 9 T 6 10,7, 16,2,5,3,35
YsYor Yoo Yos Yoy Yos Yog t1tat3tatstst ol — YsUs Yoo Yo Yo, Yoy Yog t1t2tstitstotrts —

4.7 09 .9 7 6  10,6,2,6,2,5,3,3,5 4,7 09 9 7 .6 10,5,3,6,2,5,3.3,5
Y5 Yoy Yoo Yoz Yoy Yoi Yog b1 t2tatatstatrts — BUs¥o, Yoo Yos Yo, Yos Yog t1tatatatstststs —
4,7 ,9 .9 7 6 10,4,4,6,2,5,3,3,5 4.7 ,9 ,9 7 6 ,10,3,5,6,2,5,3,3,5
TYs Yoy Yoo Yoz You Yos Yog t1tatatatstetzts — 3YsUo, Yoo Yoy Yo, Yos Yo t1tatstatstatrts —
4,7 ,9 .9 7 .6 10,2,6,6,2,5,3,3,5 4,7 ,9 .9 7 .6 ,10 74642,5,3,3,5
3Ys Yoy Yoo Yoy You Yos Yog t1t2tatatstet7ts — UsYo, Yoo Yos Yo, Yos Yog trtatatitststrts —

47 09 08 8 7T .9 .7, ,5,3,4,4,3,5 47 09 8 8 7T .9 ,6,2,5,3,4,4,3,5
Y5 Yoy Yoo Yoz You Yos Yog L1t2t3talstotzts — SYsUoy Yoo Yoy Yo, Yog Yo t1tatslatststzty —

4,7 ,9 .8 8 7 9 ,5,3,5,3,4,4,3,5 4,7 ,9 .8 8 7 9 ,4,4,5,3,4,4,3,5
3Y5 Yoy Yoo Yoy You Yo Yog L1 tatstatstolsts — 12UU0, Yoy Yoo Yo, Yos Yo t1tatstilstetrts —
4,7 ,9 .8 8 7 9 ;3,5,5,3,4,4,3,5 4,7 ,9 .8 8 7 9 ;,2,6,5,3,4,4,3,5
3YsYo,Yog Yoz Yoy Yog Yo t1t2tatatstelrzls — SYUsYs, Yoo Yos Yo, Yo Yog t1latatatstelrts —

4.7 0 8 8 7 9 7,5.3,4,4,3,5 4.7 9 7 9 8 8 ,T, ;4,4,3,5,3,5

YsYo1 Yoo Yoz You Yog Yog t1t2t3tat5t6t7t8 — YsUoy Yoo Yos Yo, Yog Yog t1t2tstatststrts —
4,7 .9 7 9 8 8 16,2,4,4,3,5,3.5 4,7 .9 .7 9 8 8 15,3,4,4,3,5,3,5

5?/5?401 yo2y03yo4y05y06t1t2t3t4t5t6t7t8 - 3?/5.%1 y02yogyo4y05y06tit2t3t4t5t6t7t8 -

4,7 .9 7 9 8 8 14,4,4,4,3,5,3.5 4,7 .9 7 .9 8 8 ,3,5,4,4,3,5,3,5
1295.%1 yo2y03904yo5y06t1t2t3t4t5t3t7ts - 3?/5?/01 1‘102yog904yo5yDGt1t§t3t4t5t3t7t8 -

BYLYg, Yoo Yoy Yoy Yos Yog LTESTSLALEIGITE] — UL Yoo Yoy Yo, Yog Yog 111354515173 —
Y2, Yoo Yoy Yoy Yoy Yo 111285153633 — BYLUT Yo, Yoy Yoy Yoy Yo 1113551551563 —
Y2yl 0, U, Vel ud, ul Tttt 2 gt} — Tytyl vl uS iyl yl tHtatd 2t —
BY Y] Yoy Yo Yoo Yos Yoo t1 10ttt 01548 — Bytyl yd uo va vy vl 1T e5e5e5e2 6833 —
Yalo, Yoy Yoy Yog Yos Yoo t1ERESEIIR LGS — YaUT, U0, Yo, Yoy Yoo Yo t1tat5t3E5tGtHS —
Yoyl yloylyl T uadeheiS el edese] + 3ylylluloullyl vl ulleStatleeltd e} —

5,10,10, 12, 8 8  12,5,5,7,3,7,3,5,5 5,10,10, 12 8 8  12,4,6,7,3,7,3,5,5
YY1 Yoo Yoz You Yoi Yog t1tatatatstststs + 3y3y01 y02yogyo4y05y05t1t2t3t4t5t6t;t8 +

5,10,10 11,9 9 11,9, ,6,4,6,4,5,5 5,10,10 11,9 0  11,8,2,6,4,6,4,5,5
YeYoy Yoo Yos Yo, Yog Yog t1t2tstatstetots + 2UUo, Yoo Yoz Yo, Yos Yog t1tatstatstetrts +

5,10,10, 11,9 9 _11,7,3,6,4,6,4,5.5 5,10,10, 11,9 O _11,6,4,6,4,6,4,5.5
YY1 Yoo Yoz Yoy Yoi Yog t1t2tstatststrts + 10ysy01 YoyY03Y0, Y0y y06t1t2t3t4t5t6t;t8 -

5,10,10, 11,9 9 _11,5,5,6,4,6,4,5,5 5,10,10,11 9 O _11,4.6,6,4,6,4,5,5
y.;)yol Yoo Y03Y0,4 Y05 yo6tft2t3t4t5t6t7ts + 10y;)y01 YoyY03Y0, Yoy y06t1t2t3t4t5t6t7t§ +
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5,10,10, 11,9 9 _11,3,7,6,4,6,4,5,5
YYo1 Yoo Yos Yo, Yog Yog t1tatstatstetsts
5,10,10,_ 11,9 11

9 9.6,4,6,4,5,5
Y<Yoq1 Yoo Yoz Yoy Yo Yog t1t2tstatststrts

510,10, 10,610, 10,10,9 545:5,5,5,5
YoVo, Yoo Yos Yoy Yo Yog t1t2t5tatstet 13

5,10, 10,10, 10, 10, 10,7,3,5,5,5,5,5,5 5,10,10, 10, 10, 10 10
dy2y titatgtytstgtoty + 8y

01 Yoo Yoy You Yos Yog

5,10
8y Yo, 6

5,10,10,10,10, 10

1043,7,5,5,5,5,5,5
4Y Yoy Yoo Yoy Yo, Yoy Yog t1tatatatstetrts

5,10,10, 101010, 10, 19,5,5,5,5,5,5
Y5 Y01 Y00 Yog Yoy Yog Yog t1t2tstitstslrls

5,10,10,9 11,11,9 49 4,6,4,6,5,5
Yooy Yoo Yoz Yo, Yos Yog Lit2tatslstetsts

10,1010, 10, 10 45,555 ,5,5,5,5 5,10,10, 10, 10
Yoo Yoz You Yo Yog t1tatstatststrts + 8YJy

5,10,10, 11,9 0  11,2,8,6,4,6,4,5,5
+ 29 Yoy Yoo Yoz Yo, Yos Yog t1tatstatststzts +
10,10

5 10
— YoYo Yoo

10,10, 10 1045,5.5,5.5,5

y03y04y05yo6t1 tytytstetzts —
5,10,10,10,10 10,10 ,8,2,5,5.5.5,5.5

T YsYoq 1‘102yog904905906t1t2t3t4t5t3t7t8 -

6,4,5,5,5,5,5,5
Yoy Yoo Yoy Yoy Yoy Yog t1tatstatstotsts —

10,10

P
1Yo Yo Yoy Yos Yog t1tatatatstlsts —

5,10,10,10,10,10, 10 ,2,8,5,5,5,5,5,5
~ YsY0, Yoo Yoz Yoy Yoy Yog t1tatatatstetsts —
5,10,10,10,10,10,10,10,5,5,5,5,5,5
— Y3Y0, Yoo Yoz Yo, Yog Yog b2 tatatstetzts +

5,10,10,9 11, 11,9 ,8,2,4,6,4,6,5,5
+ 2U0Yo, Yoo Yos Yoy Yoi Yog t1latatatstelrts +

Yo Yoy Yoo Yoy Yoy Yor Yoo L1 L35S LR LGETES + 10yZy s ydoud, yor vl uos 1515151551515 —
Yoyl yloyl ylhyltud R a e i el se] + 1005yl Vyloud vl vl ud titSeaeStats e} +
Yoy yloud yhylt u e ea e et h el + 2u0y 0wl 0us ull vl ud tTt5 et i St} +
Yo ua Yty sy ytyd tatdt5tStatot2e] + 3ySytdyloyS yilylZyS 155t et T3] —
YUy Sy ys s S St i s el 2e] + 3ySytdyloyS yi2yltyS t1eSe e edeTe0e] —
Y2 Yo Yoy Yoy Yoy You Yo L1 12t AEEGI0] + USUoT Yoy Uon Yo, Yoo Yog b1 tat3tat5 L5 TES +
Yoo Yo Yoy Yoy You Yog L1123t A SEGTT — YSULT Uos Yoy Yoy Yos Yoy L1 tal5t5L5GETES +
BY YL Yo Yos Yoo Yon Yoo t1t5t5 385 t51 748 — BySy Syl yliyloyllylBeeSegedededeled +

6,13, 11

14,10, 11,13 ,5,7,7,5,8,4,7,5
3YsYo) Yoo Yoz Yoy Yog Yog L1 talatatstslrly

6,13,11, 13 11

12,12 ,10,2,6,6,7,5,7,5
ySus Syl ut Syl yt 2y 2 103 egeeedtTel + 2ySyl Syt yt Syl ylZyl?

6,13,11,13 11,12 12,8,4,6,6,7,5,7,5
YsYo) Yoo Yos Yo, Yos Yog t1tatstalstetrts

6,13,11 13 11, 12 12,6,6.6,6,7,5,7,5
YsYo) Yoo Yo Yo, Yoz Yog titatstatsletrts

6,13,11,13_ 11, 12 12,4,8,6,6,7,5,7,5
YsYoy Yoo Yos Yo, Yog Yog t1tatstatstetrts
6,13 13,11

Yoo,

6,13, 11 12 _ 12 _ 13 11
2Y5Yo) Yoo Yos Yoy Yo Yog

12,12 13,11

6,13 11 T4545,746,6,7,5
10Y Yoy Yoo Yos Yoy You Yoo L talatatsletrts — Ys¥o) Yoo,

6,13 11_12_ 12 13 11
10Y5Y01 Yoo Yoo Yos Yos Yog

6,13

12,13, 11
29590,

11,12
Yoy Yoy Yoy Yoi Yog

6,13,11_ 11 13 14, 10,8,4,4,8,5,7,7.,5
Y5 Y01 Yoo Yo Yoy Yog Yog t1tatatalslelrls

6,13, 11
3YYo| Yoo

6,13
ysyol

o4 yog, yOG

11,11,13, 14,10 ,4,8,4,8,5,7,7,5
Yoo Yo Yo, Yo Yog Litatstatsletrts
6,13,11 10, 14, 15,9 ,5,7,3,9,4,8,7,5
YsYo) Yoo Yoz Yo, Yo Yog L1tatstatslstrts
7,16,12,16, 12, 14 14,9,5,7,7,9,5,9.5
YsYor Yoo Yos Yoy Yos Yog t1tatatatstetrts

716,12 16 12 14 14,5,9,7,7,9,5,9,5
ysyoly02y03y04yo5yo6t1t2t3t4t5t6t7t8

7,16,12 15 13 15, 13,9,5,6,8,8,6,9,5
titotatytstgt-t
1tatglalslelrls

3YsYoy Yoo Yos Yoy Yos Yog
7,16,12 15

13,15, 13 ,7,7,6,8,8,6,9,5
7YYoy You Yor Yoy Yop You t1tatatatstelyts

7,16,12 15 13 15

13,5,9,6,8,8,6,9,5
3Y Yoy Yoo Yor Yoy Yop Yoy b1 tatatatstslyts

7,16, 12 14 14, 16,12
YeYo) Yoo Yog Yoy Yog Yog

7,16,12, 141416, 12,5,9,5,9,7,7,9.5
Y5 Y01 Yoo Yog Yoy Yog Yog t1t2tstalslelrls

9,5,5,9,7,7,9.5
St Iti0s

4,6 10,9 7 5 11,4,4,7, ,5,3,2,6
YsYo1 Yoo Yoz You Yog Yog t1tatatalstststs

4

3ys 10,8

6
Yoy Yoo

10,7

4.6 9 7 .9 474 15,3,3,5,2,6
ysyoly02y03yo4y05y06t1t2t3t4t5t5t7t8

11 12,12,2,10,6,6,7,5,7,5 | 6 13
Yoo Yos Yo, Yos Yog t1ta tatalstetrts + Ys¥o,
9,3,5,7,6,6,7,5
titotgtytstetsty

5,7,5,7,6,6,7,5
et tntStoerts

VU +

8 6 ,10,4,4,6,2,4,4,2,6
Yoz Yoy Yos Yog trtatstatstetrts

6,13,11 14 10, 11,613 ,4,8,7,5,8,4,7.,5
— Y5 Yoy Yoo Yoz Yoy Yos Yog L1 tatatatststrts +

6,13, 11,13 11 12 12

9,3,6,6,7,5,7,5
titotatytstgtoty +

6,13, 11 13 11,12, 12,7,5,6,6,7,5,7,5
+ 10y Y01 Yoo Yoy You Yos Yog t1tatatatstelzts —

6,13, 11,13, 11,12, 12,5,7,6,6,7,5,7,5
+ 10Y5 Y51 Yoo Yoy You Yos Yog t1tatatatstslsts +

6,13 11 13 11 12 12,3,9,6,6,7,5,7,5
+ 2Y5 Yo} Yoo Yon Yoy Yos Yog t1tatstalstetrts +
11,12 12,13 11,10,2,5,7,6,6,7,5

YosY03Y0, Y05 yo6t1 tatstytstetsts +

6,13 11,12 12 13, 11,8,4,5,7,6,6,7,5
+ YYol Yoo Yog Yoy Yoy Yog t1tatstatstetrts +

6,13 11 12,13, 11

12 6645,7,6,6,7.5
Yoz Yoy Yoy Yogt1tatstatstetrts +

6,13, 11,12, 12, 13 11 ,4,8,5,7,6,6,7,5
+ Ys¥Yo, Yoo Yos Yoy Yog Yog t1tatstatstetrts +

12,12 13, 11 7

3,9,5,7,6,6,7,5 . 6 13 11 2,10,5,7,6,6,7,5
titatstatstetrly + YsYoy Yoo Yog You Yog Yogt1la tatatstelzrts —

6,13, 11, 11,13, 14 10,7,5,4,8,5,7,7,5
+3Y Yo, Yoo Yosy You Yor Yog brlatatatslelsty —

Yoy Yoy Yog Yog titatatatstgtyty —
T YSYos Yoy Yoo Yoy Yoo Yoo L1 totatatstatrtd +
—yly Syt yl T ys syl e e i e —
— By Yoy Yon Yoo Yo Yoa Yogt1tatsthtatetsts —

7,16,12 15 13 15,13 ,10,4,6,8,8,6,9,5
T YsYoq y02y03904yo;y06t1 totgtytstetzsty —

7,16 ,12
= 3YsYor Yoy

15,13 15,13 ,8,6,6,8,8.6,9.5
y03yo4905906t1t2t3t4t5t6t7t8 -

7,16,12 15 13 15, 13
— 3YsY0o1 Yos Yoz Yoy, Yoy Yog

t$t5t5t551512¢3

7,16,12 15

13
— Yo, Yoo Yo,

13,15,13,4,10,6,8,8,6,9,5
Yoy Yos Yog L1tz tatatststrts

716,12, 14 14 16,12
_ 3ys Yo, Y09 y03 You 905 yoﬁ

7,16,12 13 15 17 11,7,7,4,10,6,8,9,5
~ YsYoy Yoo Yoz Yoy Yos Yog t1tatsts tstetrts —

tTentStqtTtitdes —

4,6 i0,8 .8 6 ,10,6,2,6,2,4,4,2,6
— YsYo, Yoo Yoz Yo, Yos Yog t1tatatatstetsts —

4,6 0,8 .8 .6 ,10,2,6,6,2,4,4,2,6
— Y5 Yo, Yoo Yoy Yoy Yos Yog b1 tatatatststrts —

4,6 10,7 9 7 9 ;6,2,5,3,3,5,2,6
= 3YsYoy Yoy Yos Yo, Yog Yog t1tatatatstetzts —

4.6 10 7 9 7 9 ,5,3,5,3,3,5,2,6 4.6 10 7 O 7 O ,4,4,5,3,3,5,2,6
3YsYo, Yoy Yoz Yoy Yog Yog t1t2tatatstetrls — TUSYo, Yoo Yos Yo, You Yog t1latatststelrts —
4,6 10 7 ,9 7 .9 13,5,5.3,3,5,2.6 4,6 10, 7 ,9 7 .9 12,6.5,3,3,5,2.6
3ysyol YopY03Y0, Yo y06t1t2t3t4t5t6t7t8 - 395%1 yo2y03yo4y05y06t1t2t3t4t5t6t7t8 -
4.6 10 7 .9 7 .9 7.5.3,3.5,2.6 4.6 .10 6 .10, 8 8 ,6,2,4,4,2,6,2,6
YsYo, Yoo Yo3Y0,Yos yo6t1t2t3t4t5t6t7ts “ YsYoq 1‘102yog904905906t1t2t3t4t5t6t7t8 -

- 173 -



4,6 10,6 ,10 8 8 ,4,4,4,4,2,6,2.6 _ 4,6 10,6 ,10,8 8 ,2,6,4,4,2,6,2,6
3YsYo, Yog Yoz Yoy Yog Yo t1t2t3tat5telrls — UsUo, Yoo Yoy Yoy Yoi Yog Litatatstsletzts —

4,6 10,5 11,9 7 ,4,4,3,5, 7,26 | 5 9 11,12 8 7  13,6,4,8,2,7,3,4,6
YsYo1 Yoo Yoz Yoy Yoi Yogt1t2t3tatstetrts T YsYs, Yoo Yoz Yo, Yog Yog t1tatstatststzts +

5,9 .11, 12 8 7 _13,4,6,8,2,7,3,4,6 5,9 11,11,9 8  12,7,3,7,3,6,4,4.6
y.;)yol Yoy Y03Y0, Y05 yo6t1t2t3t4t5t6t7ts T YsYoy 1‘102yog904905906t1t2t3t4t5t6t7t8 +

5,9 .11 11,9 8  12,6,4,7,3,6,4,4,6 5,9 11,11 9 8  12,5.5,7,3,6,4,4,6
3Y3Yo1 Yoo Yoz Yo, Yos Yog t1tatstatstslsts — 3y:yal yo2yo3yo4yo5yo6t\l)t2t3t4t5t6t7t8 +

5,9 11,11, 9 '8  12,4,6,7,3,6,4,4,6 _ 5 9 11 11,9 8  12,3,7,7,3,6,4,4,6
3YsYo1 Yoo Yos Yoy Yoi Yog t1tatstatsletrts — UdUo, Yoo Yos Yoy Yos Yog t1tatatatststrts +
5,9 11,10 10,9 11,9, ,6,4,5,5,4,6 5,9 ,11,10,10,9  11,8,2,6,4,5,5,4,6

YsYoy Yoo Yoz You Yos Yog t1t2tatalstetrts + 2Us¥o, Yo, Yoz Yo, Yos Yog titatatatstetrts +

5,0 11,10,10,9  11,7,3,6,4,5,5,4,6 5,9 11,10,10,9 11,6,4,6,4,5,5,4,6
YoYo1 Yoo Yoz You Yog Yog Litatstalstetzts + 10USY5, Uos Yo Yo, You Yog t1latatstslslsts —

5,9 11,10, 10,9 11,5,5,6,4,5,5,4,6 5,9 11,10, 10,9 11,4,6,6,4,5,5,4,6
Y2Yo1 Yoo Yoz Yoy Yog Yog b1 t2tatatstetrts + 10 U0, Uos Uos Yo, Yos Yo t1tatatatststrts +

5,9 ,11,10,10,9  11,3,7,6,4,5,5,4,6 5,9 ,11,10,10,9  11,2,8,6,4,5,5,4,6
YoYoy Yoo Yoz You Yos Yog Litatstalstotrts + 2YSUo, Yoo Yos Yo, Yog Yog titatstatststrts +

5,9 11,10,10,9 11 9,6,4,5,5,4,6 5,9 11,9 11,10,10,9 545,4,6,4,6
YsYoy Yoy Yoz Yoyu Yos y06t1t2t3t4t5t6t7t8 + YsYo1 Yoy Yo3Yoyu Yos y06t1t2t3t4t5t5t7t8 +

5,9 11,9 11, 10,10,8,2,5,5,4,6,4,6 , 5 9 11,9 , 11,10, 10,7,3,5,5,4,6,4,6
2Y Yo, Yoo Yoy Yoy Yog Yog t1tatstatsttrts + Yo, Yoo Yoy Yo, Yog Yog t1tatstatstetzts +

L0YS S U Yo Yo Yoo Yoot tatSEIESEEETES — YTYS Yot Yos Yt Yoo Yoo trtatathtat011ES +
10YS S Yasyd Yos Yoo Yoo titSE555t8t7tS + ydyd yos yo vat s yo titstitltit0eTed +
2000 Yo UD, Ve yboya TSRt A et + ylud yityd ultuidylo t el Attt —
YZUo, Yos Yoy Yos Yoy Yoo 1112t tSETEGETE] + BYTYD, Ual Yo, Yos Yoy Yog 15 tatat§ 5t 5718 —
BYSYS, Yo Vg Yoo Yor Yoo L1 15t S LS EETEE + BYSyd, Uas U, Vs UsL US, t1 55t 5215 TES —
vy, uisyS ublyllyS gt e eted + y2yd wllyl ulByl2 S tStaedtl e eSeied +
YoYU, Yo Yos Yoo Yo Yo LSRRt EEETEE — YoULT Yom Ysa Yo, Yo You s tot3 355523 +
BYoYor Yoo Yoy Yoy You Yog t1Eat3t TS E6E0tE — YoUSZ Yom Yot Yoy Yon Yoy 15 tot3t4t5EGE0EE +

6,12, 12 14, 10,10, 14,5,7,8,4,8,4,6,6 , 6,12 12 13 11, 11, 13,10,2,7,5,7,5,6,6
3Y<Yoy Yoo Yoz Yoy Yos Yo t1talatatstelrls + Ui¥o, Yoo Yos Yo, Yos You b1 Latatstslslzts +

2Y Yo Yo Yoo Yoy You Yoo 11 tatatatstatote + Uoys Uon Uan Uy Vos Vautitat 5ttt gt ot +

10YSY02 Yoy Yog Yoy Yos Yoy 11 1ot 5t ALE LGEIR — USUL: Yoy Yos Yoy Yoy Yog L1 tat5tatEtGLF1E +
10U Y82 Yo You Yoy Yos Yoy L1 a3t atE LGETTR + YSULS Uos Uos Yoy Yos Yoy L1tat5tats tGEFE] +
20357 Yog Yoy Yoy Yos Yo L1 LS LIEELR TS + YoYUt Yos Yoy Yoy Yo Yoy L1 b2 t3t5315 L0118 —
YoUor Yo Yoy Yo Yon Yog b1 L2t IS tGtI] — yS s Uoo Yo Ut Yor Uog t1 3155 LTS —
YoYaT Yoo Yan Yo Yar Yoo L1 E3tSESISLETE — 4yCy Pyl 2 ys 2yl 2y s yh o ti 55§ eStgtoes +

By YTy ysys sty t 5t 5t5tSt0 et — 8ySyl Tyl iyt y 2y 2y 215ttt eSegeoed +

6,12, 12 12, 12, 12, 12,5,7,6,6,6,6,6,6 6,12,12 12, 12 12, 12,4,8,6,6,6,6,6,6
8YsYoy Yoo Yoz Yoy Yor Yog t1tatatatslelrts — 4USYo  Yos Yos Yoy Yor Yog t1latatatstelsty —

6,12, 12 12 12 12 12,3,9,6,6,6,6,6,6 _ 6,12 12 12 12 12 12,2,10,6,6,6,6,6,6
Y5 Yo Yoo Yoz Yoy Yos Yog t1t2tztalstelzts — Ys¥Uol Yoo Yoz Yoy Yog Yogtita tatalstetzts —
6,12, 12 12 12 12 12, ,11,6,6,6,6,6,6 | 6, 12 12 11, 13, 13 11,10,2,5,7,5,7,6,6

YsYoq1 Yoo Yog Yoy Yog Yog t1ta tatatstelots + YsUol Yon Yos Yoy Yoi Yog b1 tatatatstetzts +

6,12, 12 11,13 13, 11,9,3,5,7,5,7,6,6 , 6, 12 12, 11, 13,613, 11,8,4,5,7,5,7,6,6
2Y3 Yoy Yoo Yoz Yoy Yos Yog t1t2tatatstelrls + UiUo, Yoo Yos Yoy Yor Yog t1tatatstststzts +

6,12 12 11 13 13 11,7,5,5,7,5,7,6,6 6,12, 12 11,13 13, 11,6,6,5,7,5,7,6.,6
1095901 y02yo3yo4yo5y06tlt2t3t4tgt6t7t8 T YsYo1 Yoo Yoz Y0, Yoy y06t1t2t3t4t5t6t7t8 +

6,12 12 11 13 13 11,5,7,5,7,5,7,6,6 6,12 12 11,13 13, 11,4,8.5,7.5,7,6.6
10?!5.%1 y02y03yo4y05y06t1t2t3t4t5t6t7t8 + YsYoq 1‘102yog904905yDGt1t2t3t4t5tet7t8 +

6,12, 12 11 13 13 11,3,9,5,7,5,7,6,6 | 6 12 12 11 13, 13 11,2,10,5,7,5,7,6,6
23 Yoy Yoo Yos Yoy Yog Yog t1t2t3tat5t6t7ts + YsUoy Yoo Yoy Yoy Yoy Yog b1tz tatitststzts +

6,12 12 10 14 14 10,7,5,4,8,4,8,6,6 _ 6 12 12 10, 14,14 10,6,6,4,8,4,8,6,6
3YsYo1 Yos Yos Yoy Yog Yog t1tatstatstetrts — UsUoi Yoy Yos Yoy Yos Yog t1talstatststrts +

6,12 12 10 14 14 10,5,7,4,8,4,8,6,6 _ 6 12 12 9 15 15 9 ,6,6,3,9,3,9,6,6
3YsYo1 Yoo Yoz Yoy Yog Yo t1talatatstelrly — UsUol Yoo Yoy Yo, You Yog Litataztalslslsty —

7,15, 13, 17, 11,12, 16 ,7,7,9,5,10,4,8,6 7,15, 13 16, 12, 13, 15,10,4,8,6,9,5,8.6
YsYo1Yos Yoz Yoy Yog Yog t1t2tztals telots — Ys¥ol Yoo Yoy Yoy Yos Yog 1 talatatststzls

7,15,13,16, 12 13, 15,9,5,8,6,9,5,8,6 7,15,13, 16,12, 13, 15,8,6,8 ,6,9 5,86
3YsYoy Yon You Yoy Yog Yog t1talatatstelrly = 3YsYs! Yon Yos Yoy Yos Yog t1talatatststrls

7,15, 13, 16,12 13 15,7,7,8,6,9,5,8,6
t1t2t3t4t5t6t7t8

7,15, 13 16 12 13 15,6,8,8,6,9,5,8,6
7ysyol Yoo Yo3Y0,Yo5Yog titotatytstgtst

= 3Ys Yoy Yoo Yoz Yo, Yo5 Yog 5

7,15,13,16, 12 13, 15,5,9,8,6,9,5,8,6 _ 7 15, 13 16,12 13, 15,4,10,8,6,9,5,8,6
3YsYo, Yon Yon Yoy Yos Yog t1talatatstelrls = Ys¥ol Yoo Yoo Yoy Yo Yog L1tz tatytslstzts —

7,15,13, 15 13 14 14,10,4,7,7,8,6,8,6
t2t3t4t5t6t7t8

7,15,13 15 13 14, 614,9,5,7,7,8,6,8.6
YsY0q1 Yoo Yos Yoy Yog Yog t1 . I tStititatotots

= 5Ys Yoy Yoo Yoz Yoy Yos Yog

715,13 15 13 14 14,8,6,7,7,8,6,8,6 7,15, 13,15 13 14,14 ,7,7,7,7,8.6,8.6
3y5y01 Yoo yogy%yos y06t1t2t3t4t5t6t7t8 — 12y, yo;yo2 Yos yo4yo5yo6t1t2t3t4t5t6t7t8 -

7,15, 13,15 13 14, 14 ,6,8,7,7,8,6,8,6
titatstytstatsty

7,15,13 15,13 14, 14,5,9,7,7,8.6,8.6
3y5y01 Yoo,Y03Y0,Yo5Yog titatstytstatsty —

= 3YeY0o! Yoo Yoz Yoy, Yos Yog
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7,15, 13, 15 13 14 14,4,10,7,7,8,6,8,6 _ 7 15 13 14 14, 15 13,10,4,6,8,7,7,8,6
YsYoqr Yoo Yoz Yoy Yoi Yogt1tz t3tatstelrts — Ys¥Uol Yon Yos Yo, You Yogtl tatztalstetrts —

7,15,13 14,14 15, 13,9,5,6,8,7,7,8.6 7,15,13 14,14 15,13 ,8,6,6,8,7,.7,8.6
5y5y01 .%2yO3yo4905906t1t3t3t4t5t6t7t8 - 3?/5.%1 y02yogyo4y05y06t1t2t3t4t5t6t7t8 -

7,15,13 14,14 15,13 ,7,7,6,8,7,7,8.6 7,15, 13 14, 14 15,13 ,6,8.6,8,7,.7,8.6
1295901 y02y03yo4y05y06t1t2t3t4t5t6t7t8 - 3?/5?/01 1‘102yog904905yDGt1t2t3t4t5tet7t8 -

7,15,13, 14 14 _15_ 13 ,5,9,6,8,7,7,8,6 7,15,13 14 14 15, 13,4,10,6,8,7,7,8,6
5Y Yoy Yoo Yos Yoy Yog Yog t1t2talatsltrls — YiUo, Yoo Yo Yoy Yop Yog t1ta tatalstslzts

7,15, 13,13, 15,16, 12,10,4,5,9,6,8 8,6
1 tatztytststytg

7,15,13 13 15, 16,12,9,5,5,9,6,8,8.6
YaYoyrYou Yos Yoy Yos Yog t 1 s titatstatststyty

= 3Y Yo You You Yoq You Yoq

715,13 13 15,16, 12,8 ,6,5,9,6 8,8 ,6 715,13 13 15,16, 12,775,946 8,8 ,6
3Ys oy Yoo Yoy Yoy Yos Yog t1tatatatstetzts — TYsUo) Yon Yoy Yo, Yos Yog t1tatstatstatzts —

7,15,13 13, 15 16 612,6,8,5,9,6,8,8,6
S350t t5e54S

7,15,13, 13 15 16, ,12,5,9,5,9,6,8,8,6
3y5y01 Yoo Yo3Y0,Yo5Yog titotstytetstoty

= 3YsY0, Yon Yos Yoy Yor Yog

7,15,13, 13,15 16, 12,4,10,5,9,6,8,8,6 _ 7, 15 13, 12 16,17, 11,7,7,4,10,5,9,8,6
YsYoq, Yos Yog You Yog Yogtita tatatstelots — Ys¥ol Yoo Yoy Yo, Yos Yogtitatats tstetrts +

s 18 14 18 14, 16,16,10,6,8,8,10,6,10,6 8, 18 14, 18, 14 16,16,9,7,8,8,10,6,10,6
Y5 Yoy Yoo Yoz Yo, Yor Yog b1 tatztals tet7 tg + 2U o) Yoo You Yo, Yor Yog t1tatslals tety tg +

20355 Yoy Yoy Yoy Yoo Yog t1 tatatits tatr te + 2uuoT Yos vos Uay Yoo Yoo 11 tatatats tatr g +
YSUoy Yoy You Yoy Yog Yog 112 t3tats  tatr ta + 20500} Yoy You Yog Yor og t1tatatatatatr tg +
YSus Syt yt Tyt yl Ty o a5 0l er 0t + 20y i Syt iy Tyl y Tyt D e e 5270t +
USR0S Yoy Yog Yoy Vos Yoy 11 ES LS L IS5 17018 + 2USU0T Uag Voo Yot Yo Vo 1 E5 1515 t5 1517 1S +

8,18 14 16,16 18 14,8,8,6,10,8,8,10.6 8,18 14, 16,16 18, 14,7,9,6,10,8,8,10,6
2Y Yoy Yoo Yoy Yoy Yoy Yog t1tatata tatets t8 + 2Us¥o) Yon You You Yor Yog t1t2tsls tstety s +

8, 18, 14 16 16 18 14.,6,10,6,10,8,8,10,6 4,5 1,7 ,9 .6 _10,4,4,6,2,3,5 7
YsYo1 Yoo Yoz You Yog Yogt1ta tats tstely tg — ysygl Yoo Yo3Y0, Yoy y06t1t2t3t4t5t§t7t8 -
4,5 11,6 10,7 9 ,4,4,5,3,2,6, ,7 5,8 12 11,9 7 _13,6,4,8,2,6,4,3,7
YsYo1Yos Yoz You Yog Yogt1tatztalstetts + YsYo, Yoo Yos You Yos Yog t1tatstitstetzts +

5,8 ,12,11,9 7  13,4,6,8,2,6,4,3,7 5,8 12,10, 10,8  12,6,4,7,3,5,5,3,7
Y2Yo1 Yoo Yoz Yoy Yog Yog t1t2t5tatst6trts + BUSYs, Yoo Yos Yoy Yos Yog b1 tatstststetrts —

5,8 1210, 10,8  12,5,5,7,3,5,5,3,7 5,8 .12 10,10, 8  12,4,6,7,3,5,5,3,7
YoYoy Yoo Yoz You Yos Yog Ltatatalstotzts + 3YSUo, Yoo Yos Yo, Yog Yog Litatatalststzty —
5,8 12,9 11,9  11,7,3,6,4,4,6,3,7 5,8 12,9 11,9  11,6,4,6,4,4,6,3,7

YoYoy Yoo Yoz You Yos Yog Litatatalstetzts + 3YSUo, Yoo Yos Yo, Yog Yog titatstslstetzty —

5,8 12,9 11,9 11,5,5,6,4,4,6,3,7 5,8 12,9 11,9  11,4,6,6,4,4,6,3,7
3Y<Yo, Yoo Yoz Yoy Yos Yog t1t2tatatstelrls + 3YYo, Yon Yos Yoy Yos Yo t1tatstatstelsts —

5,8 12,9 11,9  11,3,7,6,4,4,6,3,7 5,8 12,8 1210, 10,6,4,5,5,3,7,3,7
YeYor Yoy Yos Yo, Yog Yog t1tatstatstetrts + 3UsUo, Yoy Yos Yoy Yos Yog t1tatstatstetrts —

5,8 12,8 12 10,10,5,5.5,5,3,7,3.7 5,8 .12 8 12 10, 10,4,6.5,5,3,7,3,7
YsYo, Yoo Yo3Y0,s Yos y06t1t2t3t4t5t6t7t8 + 3?/5.%1 y02y03yo4y05y06t1t2t3t4t5t6t7t8 +
5.8 12,7 13 11,9 ,6,4,4,6,2,8,3,7 5,8 12 7 13 11,9 14,6,4,6,2,8,3,7

y.;)yol Yoo Y0390, Y05 yo6t1t2t3t4t5t6t7ts T YsYo1 Yoo Yoz Yoy Yos y06t1t2t3t4t5t6t7t8 +

6,11,13, 14 10 9  15,7,5,9,3,8,4,5,7 | 6 11, 13 14, 10,9 15 ,5,7,9,3,8,4,5.7
Ys Yoy Yoo Yog Yoy Yog Yog t112t3T 5516718 + YsUoy Yoy Yor Yoy Yos Yog t1t2tstatstlzts —

6,11 13 13 11 10, 14 ,8,4,8,4,7,5,5,7 6,11 13 13 11,10, 14,7,5,8,4,7,5,5,7
YsYoy Yog Yos Yoy Yos Yog t1tatstatstetzts + 3UsUo Yoo Yoy Yoy Yor Yog ttatstatstetrts —

ySystubdyadyl iyl yba S eSS et T e edel + 3ySuyllyliy L3yl yl 0yl edeTeSedeled sl —
Yoo Yoo Yoy Yoy Yoo Yo 12t 34t EGtotE + USUGL Uod Yos Yos Yor Yoy b1 tatstatStatsty +
29 Yy You Yoo Yo Yos Youta tatstat Sttty + YUl Yoo UaaUas Yon You ttatstatototots +
10YSYo1 Yoo Yoo Yoo Yos You T tot s tatatat oty — YSUoT UosUon Yoy Yo Yoo tetatatatatotots +

6,11, 13 12 12 11,13 ,5,7,7,5,6,6,5,7 | 6, 11, 13 12 12, 11, 13,4,8,7,5,6,6,5,7
10U Y01 Yoo Yo You Yog Yog Ltatatalsletrts + YsUol Yon Yoy Yoy Yog Yog t1tatstatstetsts +

2Y Yo Yoo Yoo Yoo Yon Yoo 1 totA TS t0EtE + YoUot Yoo Yo Yo Yos Youtita t5t3totatots +
YoUN Yoo sy ystystt1 O3t es s totg + 2uSy  y Syl tydty s 2y R eY R egeGedeg el +
ySystyi Syt ys Syt y 2 e gt SeSeR e a2l 4+ 10y 0yt y Syt y 3y 2yt 2 e a5 a5t 12 454 ] —
YoUor YouYog Yoo You Yon Lo Lot tatotE + 10y Sy oy d ol yoys2ys2 ¢35 5t g3t to % +
Yooy Yo Yoy Yoy Yoo Yo 112t SIS ETEGIIEE + 20 U0 UaD Yoy Uas Vo Yog 11 12 tSTS 3G ILE +
Yoyl u Syl y Syl 2y 2 0§ aReTe0eT — ySuyllyl Syl Oyl tyl Syl gt ed el o] +
By Y Yo Yoo Yor Yo Yo t1tat5tatatt0tE — BySylly Sy oyl tyldys S eSeSe el egedt] +
Yo Yo, Yoo You Yoy You Yo L1 tot3tat5t0E7tE — YoUot Yoo Yoo Yoy Yoo Yog t1tatatt5tatoty +

6,11,13,9 15, 14, 10,7,5,4,8,3,9,5,7 6, 11 13,9 15, 14, 10,5,7,4,8,3,9,5,7
YsYoq1 Yoo Yoz Yoy Yo Yog t1tatztalstetrts T Ys¥ol Yoo Yos You Yos Yog t1tatslatstetzts —

7,14, 14,1612, 12 16,9,5,9,5,9,5,7,7 7,14, 1416 12, 12, 16,7,7,9,5,9,5,7,7
titotztytstetsts — 3y titotathtatotott —

YsYoyYosY03Y0,Yo5Y0g sYo1YoaYo3Y04Yo5Yog
7,14, 14,16,12 12, 16,5,9,9,5,9,5,7,7 _ 7 14, 14 15 13 13 15,10,4,8,6,8,6,7,7
YsYoq1 Yoo Yoz Yoy Yoi Yog t1t2t3tat5t6trts — Ys¥Uol Yoo Yos Yoy Yor Yog b1 tatatatstetrts —

7,14 14 15 13 13 15,9,5,8,6,8,6,7,7 7,14,14 15,13 13, 15,8,6,8,6,8.6,7.7
5y5y01 .7/02yO3yo4yo5yogt1t3t3t4t5t6t7ts - 395901 y02y03y04yo5y06tlt2t3t4t5t6t7t8 -

7,14 14 15 13 13 15,7,7,8,6,8,6,7,7 7,14, 14 15, 13 13,15 .6,8,8,6,8.6,7.7
1295.%1 y02yo;yo4y05y06t1t2t3t4t5t6t7t8 - 3?/5?/01 y02yogyo4yo5yogtlt2t3t4t5t6t7t8 -
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7,14 14 15 13 13 15,5,9,8,6,8,6,7,7
5Y< Yoy Yoo Yor Yoy Yor Yoo t1tatatatstetrts
7,14, 14, 14,1414 14 11,3, 7,7, 7, 7,77
ysy01y02y03yo4yo5yo6tl tatztytstetyts

7,14 14 14 14 14 14,95, 77,77 ,7,7
10?!5.%1 y02y03yo4y05y06t1t2t3t4t5t6t7t8

7,14, 14 1414 14, 14,7,7.7
20ysyoly02y03y04yo5y06t1t2t3t4t5t6

10y7 14,14 14 14

14,14,5,9,7,7,7,7,7,7
Yoy Yoo Yos Yo, Yog Yog L1tatstatststrts

7,14, 14 14 1 14,14

4 Bu11 7,7, 7,7,7,7
Y5Yo1 Yoo Yos Yoy Yog Yog t1ta t

statstetrts
7,14, 14 13 15 15, 13
5Y Yoy Yoo Yos Yoy Yor Yog

7,14,14 13 15, 15
129,951 Yoo Yoy You Yo

7,14, 14 13 15 15, 13
5Y Yoy Yoo You You Yor Yog

6

CULOURAH

7T T
trtg

13,747 ,6,8,6,8,7,7 7,14 14 13 15 15
Yogt1tatatalstelrls — 3YsYoy Yoo Yoy Yo, Yo

7,14, 14 15 13 13, 15,4,10,8.6,8,6,7,7
— YeYo) Yoo Yon Yoy Yos Yog t1ta tatatstelrts —

7,14, 14 14 14 14 14,310,477 ,7,7,7,7
- 4ysy01 YopY03Y0, Y05 yo6t1 tatgtytstetrty —

7,14 14 14 14 14 14
= 8Y Yoy Yoy Yoz Yo, Yor Yog

7,14 14 14 14 14 14
= 8Y5Yo1 Yoy Yog Yoy Yos Yog

S¢Sttt TTeTeT —

S5ttt el —

7,14, 14 14 14 14 14,4,10,7,7

4 TT47
— 4Ys Yo, Yoo Yoz Yo, Yos Yog L1tz tata

7
tstgtrts —

7,14,14 13, 15, 15,13 ,10,4,6,8,6,8,7,7
= YsYoy You Yoz Yoy Yog Yog t1 tatstatstelzts —

9,5,6,8,6,8,7,7 7,14, 14 13 15 15 13,8,6,6,8,6,8,7,7
titatatytstototys — 3Y Yoy Yoo Yoy Yo, Yor Yog Litatstalstetrty —

13,6,8,6,8,6,8,7,7

Yog trlatstatstelsts —
7,14, 14,13 15 15,13 ,4,10,6,8,6,8,7,7
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YY1 Yoo Yoz Yoy Yog Yog Yor t1tatatatstotrts + Yo, Yoo Yos Yoy Yo Yog Yor t1tatslatstetrts —

6,9 15,9 15 12 12 18,6,6,3,9,6,9,3,6 _ 4 8 8 6 10,10 6 ,h 14,5,5,2,4,2,6,4,6
YsYo1 Yoo Yoz Yo, Yog Yog Yor t1t2t3atst6t7t8 — Ys Yoy Yoo You You Yog Yog Yor t1tatatatsletrts —

5,9 11,8 12 11,9 _16,8.3,3,6,4,7,.4,6 5,9 11,8 12 11,9 _16,7,4,3,6,4,7,4,6
YsYo1 Yoy Y03Y0,Yo5Y0g yo7t1t2t3t4t5t6t7t8 T YsY01Y00Y03Y04Yo5Yog yo7t1t2t3t4t5t6t7t8 -

5,9 11,8 12, 11, 9 _16,4,7,3,6,4,7,4,6 5,9 11,8 12,11 9 16,3,8,3,6,4,7,4.6
y.;)yol YoyY03Y0,Y05Y0g 907t1t2t3t4t5t6t7t8 - y:yol YoyY03Y0,Y05Y0g 907t1t2t3t4t5t6t7t8 +
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6,10 14 10, 14, 12 12, 18,8,4,4,8,6,8,4,6 6,10 14 10, 14, 12 12, 18,7,5,4,8,6,8,4,6
Y5 Yoy Yoo Yoz Yo, Yos Yog Yor t1tatslatstetsls + 2UUo) Yoo Yoy Yo, Yog Yog Yor t1talstatstelslsy —
6,10, 14,10, 14 12 12 18,6,6,4,8,6,8,4,6 6,10, 14,10, 14 12 12 18,5,7,4,8,6,8,4,6
YsYo, Yoy Y03Y0,Yo5Yog yo7t1t2t3t4t5t6t7t8 + 2ysy01 Yoo Y03Y0,Y05Y0g 907t1t2t3t4t5t6t7t8 +
6,10, 14 10,14 12 12 18,4,8,4,8,6,8,4,6 _ 4 9 7 7 9 10 6 , 14,9, ,3,3,2,5,5,6
YsYoy Yoo Yos Yo, Yog Yog Yor t1tatstitstolrts — UsUo, Yoy Yos Yo, Yog Yog Yor t1tatstitstgtsts —
4090 7 7 .9 10,6  14,8,2,3,3,2,5,5,6 4.9 7 7 9 10,6 ,14,7,3,3,3,2,5,5,6
YsVor Yoo Yos Yoy Yog Yog Yor t1tatstatstotsts — BYsUo, Yoy Yoy Yo, Yoy Yog Yos t1tatstatstotsty —
49 7 7 9 10,6 ,14,6,4,3,3,2,5,5,6 40 7 7 9 10,6 ,14,5,5,3,3,2,5,5,6
3Y Yoy Yoo Yos Yoy Yog Yog You t1Eat3tat5ttots — BYsYo, Yoo Yoy Yo, Yog Yog Yos t1tatstitstotsty —
4.9 7 7 9 10,6 ,14,4,6,3,3,2,5,5,6 40 7 7 9 10,6 ,14,3,7,3,3,2,5,5,6
3Y Yoy Yoo Yoz Yoy Yos Yog Yor L1tatatatstetrts — 3YsUs, Yoo Yoy Yoy Yos Yo Yoy L1latstatstststs —
4.9 7 7 0 10,6 ,14,2,8,3,3,2,5,5,6 _ 4 9 7T 7 9 10,6 14, 19,3,3,2,5,5,6
YsYoy Yoo Yoz You Yos Yog Yor titatslutstetsts — YsYo, Yoo Yoz Yo, Yos Yog Yor t1latstststslsts +
5,10,10,9 11, 11,9 16,10, ,4,5,4,6,5,6 | 5 10 10,9 11, 11,9  16,9,2,4,5,4,6,5,6
YsYo1 Yoo Yoz You Yos Yog Yor t1 t2tatatstetzls + YsYoy Yoo Yos Yo, Yog Yog Yor t1tatatatstetzts +
5,10,10,9 _11,11,9  16,8,3,4,5,4,6,5,6 5,10,10,9 11, 11,9  16,7,4,4,5,4,6,5,6
YoYoy Yoo Yoz You Yog Yog Yor t1tatslatstetsls T 4YYo) Yoo Yos Yoy Yos Yog Yoq t1talatatstslsls +

5,10,10,9 11, 11,9 , 16,6,5,4,5,4,6,5,6 5,10,10,9 11, 11,9 , 16,5,6,4,5,4,6,5,6
2YY0, Yoy Yoz Yoy Yog Yog Yor t1t2tatatstelrts + 2U Yo, Yoo Yos Yoy Yos Yog Yoy t1latatatstelrts +

5,10,10,9 11, 11,9  16,4,7,4,5,4,6,5,6 , 5 10, 10,9 11, 11,9  16,3,8,4,5,4,6,5,6
Y Yo, Yoo Yos Yoy Yos Yog Yor t1tatatilstetrts + YsUo, Yoo Yoy Yoy Yos Yo Yo t1tatstatstetrts +

510,10 9 11 11 9  16,2,9,4,5,4,6,5,6 5,10,10 9 11 11,9 16, ,10,4,5,4,6,5,6
YsYo1 Yoy Y03Y0,Yo5Yog yo7t1t2t3t4t5t6t7t8 + YsYoy yo2y03yo4y05y06yo7t1t2 t3tytstgtsts +

6 11 13 11 13 12 12 18,10,2,5,7,6,7,5,6 6,11 13, 11 13 12 12 18,9,3,5,7,.6,7.5,6
YsYo1 Yoy Y03Y0,Yo5Yog yO7t1 tatztytstetsts + 2ysyol Yoy Y03 .7!04yo5y06907t1t2t3t4t5t6t7t8 +
6, 11 13 11, 13 12 12 18,8,4,5,7,6,7,5,6 6,11,13 11,13 12, 12 18,7,5,5,7.6,7.5,6
3YaYor Yoo Yos Yoy Yos Yog Yoo L1 tatstitstelots + 6YYs, Yoy Yos Yoy Yog Yog Yor Lilatatalstetsls +

6,11 13 11 13 12 12 18,6,6,5,7,6,7,5,6 6,11,13_ 11 13 12 12 18,5,7,5,7,6,7,5,6
3YaYor Yoo Yos Yoy Yog Yog Yoo L1 tatstitstelots + 6YYs, Yoy Yoy Yoy Yog Yog Yor t1tatstalstetsly +

6,11,13, 11,13 12 12 18 ,4,8,5,7,6,7,5,6 6,11,13, 11,13 12 12 18,3,9,5,7,6,7,5,6
3YsYo1 Yon Yoz Yoy Yos Yog Yoy L1tatatatstetrts + 2U ¥o, Yon Yoy Yoy Yog Yog Yoy t1talslatslslrts +
6,11,13 11 13,12 12 18,2,10,5,7,6,7,5,6 7,12, 16, 13 15, 13, 15, 620,10,3,6,9,8,8,5,6
Y5Y01Yos Yoz Yoy Yog Yog Yor tita tatatstetrts — Ys¥oy Yoo Yoz You Yoi Yog Yoy t1 tatstatstslzts

7,12 16 13,15 13 15, 20,9,4,6,9,8,8,5,6
t1t2t3t4t5t6t7t8

7,12, 16,13 15 13, 15,6 20,8,5,6,9,8,8,5,6
2Y s Y01 Yoo Yos Yoq Yoi Yoq Yor t543¢55 545543

= 3YiYo, Yoo Yos You Yos Yog Yor
7,12 16,13, 15,13, 15 20,7,6,6,9,8,8,5,6
Y Yo, Yoo Yos Yoy Yos Yog Yor Litatstalstetzts
7,12 16,13, 15,13, 15, 20,5,8,6,9,8,8 5,6
3YsYoy Yoo Yos Yoy Yos Yog Yor t1latstststelrts

7,12 16,13 15,13, 15 20,6,7,6,9,8,8 5,6
—4YYo, Yoo Yos Yoy Yos Yog Yor L1tatststslslzts

7,12 16,13, 15 13, 15 20,4,9,6,9,8,8,5,6
3y01y02y03yo4yusyosyo7t1tzt3t4t5t5t7t8

7,12_16_ 13 15,13 15, 20,3,10,6,9,8,8,5,6 4,10, 6 8 8 10, 6 14 ,5,5,4,2,2,4,6,6
YsYoy Yoo Yos Yoy Yos Yog Yor Lt tatatstetrts = VsV, Yoo Yos Yoy Yos Yog Yor t1tatstitstststs +

5.11,9 10,10,11,9 16,10 5,4,4,5,6,6 5,11, 9 10,,10,11,_9 16 49,2,5,4,4,5,6,6
YsYo) Yoo Yos Yo, Yog Yog Yor t1 t2tstitstelzts + UiUol Yoo Yos Yo, Yoi Yog Yor trtatstytstststy +

5,11, 9 10,10, 11, 9 _16,8,3,5,4,4,5,6,6 5,119 10 10,11 9 _16,7,4,5,4,4,5.6.6
y.;)yol YooY03Y0,Y05Y0g 907t1t2t3t4t5t6t7t8 + 41‘/;)901 YooY03Y0,Y05Y0g ?!07t1t2t3t4t5t6t7t8 +

5 11_9 10,10, 11,9 16 ,6,5,5,4,4,5,6,6 5 11,9 10,10, 11,9 16 ,5,6,5,4,4,5,6,6
2Y2 Yoy Yoo Yos Yoy Yog Yog Yoo L1 tatatatstelrts + 2USUs) Yoy Yoy Yo, Yog Yog Yor L1latstalstetrls +

5,11, 9 10,,10,,11,_9 16 ,4,7,5,4.,4,5,6,6 5,11_9 10,110,119 16 ,3,8,5,4,4,5,6,6
4Y2 Yo\ Yoo Yor Yo, Yos Yog Yo L1 tatstalstelrts + YoUo) Yoo Yoy Yo, Yog Yog Yoo L1 tatstatstslsty +
5,11,9 10,10,11_ 9 16 ,2,9,5,4,4,5,6,6 5,11, 9 10,10, 11 _9 16 10,5,4,4.,5,6,6
Y2Yo1 Yoo Yoz Yoy Yoz Yog Yoy t1t2t3tatstet7ts + UoUoi Yoo Yoz Yoy Yog Yog Yor b1t t3tylslglzty —
6,12 12 12 12 12 12 18,11 6,6,6,6,6,6 6,12 12 12 12 12 12 18,10,2,6,6,6,6,6,6
Ys5Y01 Yoo Yoz Yoy Yoz Yog Yor 11 t2tstatstetrts — YsYoy Yoy Yoz Yoy Yog Yog Yor t1 tatstatstetrts —

6,12 12 12 12 12 12 18,9,3,6,6,6,6,6,6 6,12 12 12 12 12 12 18,8,4,6,6,6,6,6,6
Y5 Y01 Yoo Yo3 Yoy Yog Yog Yor t1tatstatstetrts — 2UsYol Yoo Yoz Yoy Yog Yog Yor t1tatstatstetrts +

6,12, 12 12, 12 12, 12, 18,7,5,6,6,6,6,6,6 6,12, 12, 12, 12 12, 12, 18,5,7,6,6,6,6,6,6
2Y3Y01 Yoo You Yoy Yog Yog Yor trlatatatstelrts + 2U Yol Yoo Yos Yoy Yos Yoo Yor L1latstatslelsts —

6,12 12 12, 12 12 12 18,4,8,6,6,6,6,6,6 _ 6 12 12 12 12 12 12, 18,3,9,6,6,6,6,6,6
2Y<Yo1 Yoo Yoz Yoy Yos Yog Yor t1t2tatatslelrts — YsUol Yoo You Yoy Yog Yog Yor t1tatslatststrls —

6, 12 12 12 12 12 12 18,2,10,6,6,6,6,6,6 6, 12 12 12 12 12 12 18, ,11,6,6,6,6,6,6
YsYo1 Yoo Yos Yoy Yog Yog Yoy L1t t3tatstetrts = YsUoy Yoo Yos Yoy Yog Yog Yoy t1ta tatatstetrts —
7,13,15, 14 14 13 15 20,10,3,7,8,8,7,6.6 7,13,15, 14 14,13 15 20,9,4,7,8,8,7.6,6

YsYo1 Yoy Y03Y0,Yo5Yog y07t1 totstytstelsty — 27457%1 YopY03Y0,Yog yo;yo7tlt2t3t4t5t6t7t8 -

7,18,15 14 1413, 15,20 ,8,5,7,8,8,7,6,6
titatatytstatsty

7,13 15 14, 14 13 15 20,7,6,7,8.8,7.6,6
?’ysyol YoyY03Y0,4Yo5YogYor o titatatytstetsty —

= 6Y.Y0, Yoo Yoz Yoy, Yos Yog Yor
7,13 15, 14 14,1315, 20 58,7 ,8,8,7,6 6
= BYs Yo, You Yos Yoy Yos Yog Yor L1talstytststyts —
7,13,15_ 14 14 _ 13 15, 20,4,9,7,8,8,7,6,6 7,13,15_ 14 _ 14 _ 13 15 20,3,10,7,8,8,7.6,6
2Y5Yoy Yoo Yos Yoy Yor Yog Yor L1tatstatstelrts — YsYol Yoo Yos Yoy Yoy Yoo Yoy t1ta tatatstsizts +

8,14 18, 16,16, 14, 18 22,10,4,8,10,10,8,6,6 , 8 14, 18 16, 16,14 18,6 22,9,5,8,10,10,8,6,6
YsYoy Yoo Yoz You Yos Yog Yor b1 tatala L5 tetrls T YsYo, Yoo Yoy Yoy Yog Yoo Yor tilatsty t5 telrts +

7,13, 15 14 1413, 1520 16,7 ,7,8,8,7,6,6
6Y5 Yoy Yoo Yog Yoy Yoy Yog Yo b1 tatstatstilzts

8,14 18 _16,16,14, 18 22,8,6,8,10,10,8,6,6 8,14 18 16,616, 14 18 22,7,7,8,10,10,8,6,6
2Y5Y01 Yoo You Yoy Yog Yog Yor t1tatats ts Lttty + 2U Yo Yoo Yos Yo, Yos Yog Yor Litatats ts Letrts +
8, 14 18 16,16, 614 18 22,6,8,8,10,10,8,6,6 814,18 16,16, 614 18 22,5,9,8,10,10,8,6,6
2YY01 Yoo You Yoy Yog Yog Yor t1latats ts tlrts + YsUol Yoo Yon Yo, Yog Yo Yor titatsls t5 tetrls +
8, 14 18 16,616, 14 18 _ 22,4,10,8,10,10,8,6,6 4,115 9 7 10,6 14 ,5,5,5 2,3,7,6
Y5 Y01 Yoo Yos Yoy Yog Yog Yor L1t t3ta t5 tetrts = YsYoy Yoo Yoz Yoy Yos Yog Yoy t1tatstatststrts —

5,12,8 11,9 11,9  16,8,3,6,3,4,4,7,6 _ 5 12,8 11,9 11,9  16,7,4,6,3,4,4,7,6
Y$Yo01 Yoo Yoz Yoy Yog Yog Yor t1tatatatstotrls — Yi¥ol Yoo Yoz You Yoi Yog Yor t1tatatatststrts —

5,12 8 11 9 11 90  16,4,7,6,3,4,4,7,6 5,12 8 11 9 11 90  16,3,8,6,3,4,4,7,6
Y$Yo01 Yoo Yoz Yoy Yoi Yog Yor t1tatatatstotrls — YUl Yoo Yoz You Yos Yog Yor t1tatatitststrts +
6,13, 11 13 11 12 12 18,10,2,7,5,6,5,7,6 6,13, 11,13 11 12 12 18,9,3,7.5.6,5,7,6
YsYo1 Yoy Y03Y0,Yo5Yog y07t1 tatstytstetzts + 2ysyol Yoy Y03 904yo5y06907t1t2t3t4t5t6t7t8 +

6,13 11 13 11 12 12 18,8,4,7,5,6,5,7,6 6,13, 11 13,11 12, 12 18,7,5,7,5.6,5.7.6
?’ysyol YoyY03Y0,Y0g yoey07t1t2t3t4t5t8t7ts + Gysyol YoyY03Y0, Yo y06y07t1t2t3t4t5t6t7t8 +
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6,13, 11,13 11,12 12 18
3Y<Yo, Yoo Yos Yoy Yos Yog Yor

6,13, 11,13 11_12_ 12 18
3Y Yot Yoo Yoz Yoy Yos Yog Yor

6,13, 11 13,11 12,12 18,2,10,7,5,6,5,7,6
YsYo) Yoo Yo Yo, Yos Yog Yo tita talalststrts

616,7,5,6,5,7.6 6,13,11 13 11
titatatatststrts + 06U Y,) Yoy Yoy Yoy Yos Yog Yor

448,7,5,6,5,7,6 6,13,11 13 11
t1totat tstetots + 2U Y0 Yoo Yo Yoy

12,12 18

12,12 18
Yos Yog Yor

7,14 14 15 13 13 15

5,74745,6,5,7,6
t1t2t3t4t5t6t7t8 +

349,7,5,6,5,7,6
titatstytstatsts +

20,10,3,8,7,8,6,7,6
T YsYo1 Yoy Yog 9041‘/051‘/06907751 tatgtytstetsty —

7,14 14 15, 13 13 15, 20,9,4,8,7,8.,6,7,6 7,14 14 15 13 13, 15, 20,8,5,8,7,8,6,7.6
2y, Yo, Y09 yo; Yoy Yoy yog Yor L1tatztytstststy — 3y, Yo1YosY03Y0,4Y05Y0¢ yo7t1t§t3t4t5t6t7t8
7,14, 14 15 13 13, 15, 20,7,6,8,7,8,6,7,6 7,14, 14 15, 13 13 15,20,6,7,8,7,8,6,7.6
6YsYo, Yoo yo; Yoy Yoy y(,; Yort1tatstytstelsts — 6Y.Yo, Yoo ya; Yoy Yos yoé Yo, titatztatstetsts

7,14, 14

13,1315 20
3Ys¥ol Yoo

15
You Yoy Yos Yog Yor

7,14,14, 15 13 13 15,6 20,3,10,8,7,8,6,7 .6
Y5 Y01 Yoo Yos Yoy Yog Yog Yor t1ta tatalstelrls
8,15, 17, 17, 15, 14, 18, 22,7,7,9,9,10,7,7 .6
YsYo1Yos Yoz Yoy Yo Yog Yor titatatats tetrls
5,13, 7 12,8 11, 9  16,6,5,7,2,4,3,8,6
Y5Y01 Yoo Yoz You Yog Yog Yor titatatatststzts

6,14 10, 14 10, 12 12 18
YsYo1Y05Y03Y04Yo5YogYor

6,14 10,14 10_ 12 12 18
YsYoy Yog Yos Yoy Yos Yog Yor

LA
(91550318 e5e51e
YU Y Yea Yoy ys Y st st st atata R
29Ty o ya Syt y 2yl yl b y2l

7,15
Y Yo, Yoo Yon Yoy Yoy Yog Yor 1

7,15,13 16 12 13, 15

20,5,8,9,6,8,5.8,6
3YsYoy Yos Yos Yoy Yoy Yog Yor L1 tatalatstslsts

7,15, 13, 16,12 13 15 20
YaYos Yoo Yos Yoy Yog Yog Yor

8, 16,16 18 14 14 18 22
ysy01y02y03yo4y05y06y07

t330t5t5t5t5t54S

8, 16,16, 18 14 14, 618 22

7,7,10,8,10,6,8,6
2Y Yo, Yoo You Yoy Yo Yog Yoy titats tats totzts + 2Us¥o) Yoo You Yoy Yog Yog Yor

8, 16,16, 18 14 14 18 22
YsYoy Yoo You Yoy Yos Yog Yor

6,15, 9 15,9 12,12 18
ysy01y02y03y04y05y06y07

6,10, 14
YsYoy Yoy

6,6,9,3,6,3,9,6
t1t2t3t4t5t5t7t8

9 13,1119

15 5,8,3,8,5,9,4,7
yo3yo4y05y06y07t1t2t3t4t5t6t7t8

6, 11

13,10,14, 13 11,19 ,8,5,4,7,5,8,5,7
2Y Yo, Yoo Yog Yoy Yoy Yog Yoy t1tatstitstetrts + Usys,

6,11,13 10,14 13,11 19 ,6,7,4,7.5,8,5,7
ysyolyDQyogy04yo5UOGyO7t1t2t3t4t5t6t;ts

7,12 16 12 16, 14 14 21

9.5,5,9,7,9,5,7
YiYoy Yoo Yos Yoy Yog Yog Yor t1tatatatstetzts

5,8,8,7,8,6,7,6
eSS o tStotrts

RSt LE e S

13,16, 12, 13, 15, 20,7,6,9,6,8,5,8,6
tatztytstetsts

945,10,8,10,6,8,6 8 16,16, 18 14 14 18 22
t1t2t3 t4t5 t6t7t8 +2y5y01y02y03y04y05y06y07

t515t2015¢2015¢545

7,14, 14,15, 13 13 15, 20
= 2Y5Yoy Yoy Yoz Yoy Yo Yog Yor

8,15, 17, 17 15 14 18 22
t YsYoq1 Yoo Yos You Yog Yog Yor

8,15, 17, 17,15, 14 18 22
+ Vs Yoy Yoo Yos You Yos Yog Yor

5,137 12,8 11,9 | 16,5,6,7,2,4,3,8,6
T YsYoy Yoo Yoz You Yog Yog Yoy titatatatststrls

6,14, 10 14 10 12 12, 18
+ 29U Yo, Yoo Yos Yoy Yos Yog Yor

6,14 10, 14 10,612 12 18
+ 2Y3Yo) Yoo Yoy Yo, Yos Yog Yor

7,15 13 16 12

t1e9t5tTt8t3tT s

+

846,9,9,10,7,7,6
t5e5t5t9t0tgtTS +

6,8,9,9,10,7,7,6
titotatyts tetotg +

ETE3IEEALS GRS —

5,7,8,4,6,4,8,6
t1t2t3t4t5t6t7t8 +

13,15 20,10,3,9.6,8,5,8,6
T YsYo1Y05Y03Y04Yo5Yog y07t1 tatztatstetzty —

7,15, 13, 16 12 13 15 _ 20
= 3Y5Yo1 Yoo Yos Yoy Yor Yog Yor
7,15

13,16, 12 13 15

7,15 13 16, 12 13
= 2Y Yo, Yoo Yoy Yoy Yos

16,18, 14 14 18 22,10

816 4,10,8,10,6
t YsYo1 Yoo Yo3 You Yog Yog Yoy b1 Lotz tal

5 te
8,6,10,8,10
1845410454

5
8, 16,16, 18 14 14 18 22

8, 16,16, 18 14 14 18 22

F YsYor Yoo Yoz Yo, Yog Yog Yor

6,10,14, 9 15,13, 11
+ Ys Yo, Yoo Yoz Yo, Yor Yog

5,10,10
~ YaYo, Yoy

19,8,5,3,8,5,9,4,7
Yor trtatstytstststs
8 12 12 8 17,6,6,3,5,3,7,5,7
y03y04y05y06y07t1t2t3t4t5t6t7t8

6, 11 10,14 13,11

6,11, 13 10 14 13 11

+ 2y

7,12 16 12 16 14 14 21

86,5,9,7,9,5,7
— YY1 Yoo Yos Yoy Yog Yog Yoy trtatstalslslyrls

8,519,6,8,5,8,6
titatztatstststs

20 ,6,7,9,6,8,5,8,6
— Y Yo, Yop Yor Yoy You Yog Yor L1t2tatalstetrls

15,20 ,4,9,9,6,8,5,8,6
Yog Yor t1tatatatstetzts

+
+

+

8,6
t7tg +
6,8,6
tgtrtg +
t915¢201512015¢845 +

t1t30t30t5¢20t5e5eS —

13 19,7,6,4,7.5,8.5,7
yOQyog904yo5yo6y07t1t2t3t4tst6t;t8 +

19,5,8,4,7,5,8.5,7
sYo1 Yoo Yo3Y0,Yo5Y0g ?!07t1t2t3t4t5t6t7t8 -

VYo Yoo Yon Yo You You Yoy L1 E53EALLEEIEE — ylys2ystys 2 yoSy tysay 2t t5t5e5e0¢5tg e3¢
Yyl 2yl Syl 2yl Syl ybdy 2t e e e T e e5e] — ylullyd, vl vl tudZ S v e e aeEe 0]
YU YD, Yoy Yoy Yoo Ung Yor trtatstatatotots — Yoyl yd, yo, yorystys, vartt3t5t4t3t5t5]
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9 18,18, 19, 17 17,19, 26,6,11,10,9,10,8,9,8 _ 7, 17, 11,616, 12 15 13 22,8,7,9,4,6,5,10,8
YsYoq Yoo Yoz Yoy Yog Yog Yor b1t ta tals tetrls — Ys¥o, Yoo Yos You Yor Yog Yor t1tatatatststs tg —
7,17, 11,16, 12 15 13, 22,7,8,9,4,6,5,10,8 | 8 18 14 18 14 16,16, 24,10,6,10,6,8,6,10,8

YsYo1 Yoo Yoz Yoy Yo Yog Yor t1tatatatstots ts + YsUoy Yoo Yos Yoy Yor Yog Yor t1 Lotz tatstety tg +

8, 18 14 18 14 16, 16, 24,9,7,10,6,8,6,10,8 8, 18,14 18, 14 16,16, 24,8,8,10,6,8,6,10,8
2ysyoly02y03yo4y05y06y07t1t2t3 tatstets tg +2ysy01y02y03yo4yo5yo6yo7tlt2t3 tatstets tg +

8,18 14 18 14 16,16, 24,7,9,10,6,8,6,10,8 | 8 18 14 18 14 16 16 24,6,10,10,6,8,6,10,8
2Y< Yo, Yoo Yoz Yoy Yop Yog Yor t1t2t3 tatstels ts + UsUol Yoo You Yo, Yor Yog Yor tita ts tatstely g —
919,17 20 16, 17,619, 26,10,7,11,8,10,7,10,8 _ 9 19 17 20, 16,617,619 26,9,8,11,8,10,7,10,8
ysyolyo2y03yo4y05ya6yo7t1 tatz tyts tety tg — YsUo, y02y03yo4yo5yo6yo7t1t2t3 tats ety tg —
919 17, 20 16, 17,619, 26,8,9,11,8,10,7,10,8 9,19 17 20,16, 17,19, 26 ,7,10,11,8,10,7,10,8
YsYo1 Yoo Yoz You Yog Yog Yoy titats tats tetr 13 — Ys¥o) Yoo Yos Yo, Yog Yog Yoy t1ta t3 tats ety tg —

7,13, 15 11,17, 16,12 23,8,8,4,8,5,10,6,9 6,13,11, 10,14 15, 9 21,9,6,4,5,3,8,7,9
YY1 Yoo Yoz Yoy Yog Yog Yor t1tatstatsts t7ts + Yo¥o, Yoo Yoz Yoy Yos Yog Yoy t1tatstitslslrts +
6,13, 11 10,614 15,69 21,8,7,4,5,3,8,7,9 6,13, 11, 10,14 15 9 21,7,8,4,5,3,8,7,9
YsY01 Yoo Yog Yoy Yog Yog Yor t1tatatatstetrls + YsUoy Yoo Yog Yoy Yog Yog Yor trtatatalsletrts +
6,13,11,10,14 15 9 21,6,9,4,5,3,8,7,9 7,14,14 12 16,16, 12 23,10,6,5,7,5,9,7,9
Y5 Y01 Yoo Yog Yoy Yog Yog Yor t1tatatatstelrls — YsYoy Yoo Yoy Yoy Yog Yog Yor b1 tatzlitstelzts —

7,14 14 12 16, 16 612 23,9,7,5,7,5,9,7,9 7,14, 14 12 16 16,12 23,8,8,5,7,5,9,7,9
2YsYo1 Yoy Yos You Yos Yog Yor L1tatalalsteltrts — 3Ys¥Uoi Yoo Yoy Yoy Yos Yog Yor L1tatatatstslsts —

7,14, 14,12 16,16, 12, 23,7,9,5,7,5,9,7,9 _ 7 14 14 12, 16, 16,12, 23,6,10,5,7,5,9,7,9
2Y:Y01 Yoo Yoz You Yop Yog Yor b1l2tatatslelots — Ys¥Uol Yoo Yos Yo, Yor Yog Yor tita talatststsls +

8 15,17 14 18 17 15 25,10,7,6,9,7,10,7,9 8,15 17 14 18 17 15 25,9,8,6,9,7,10,7,9
YsYor Yoy Yos Yoy Yog Yog Yor t1 tatstitste trts + 2USYs) Yoo Yoy Yo, Yo Yog Yos t1tatstatsts trts +
8, 15 17 14 18 17 15 25,8,9,6,9,7,10,7,9 8,15, 17 14,18 17,15 25,7,10,6,9,7,10,7.9
2ysyoly02y03y04y05y06yo7tlt2t3t4t5t6 trty +ysyoly02y03y04y05y06y07t1t2 t3tytsts trtg +

6,14, 10, 11 13 15 9  21,9,6,5,4,3,7,8,9 6,14,10 11,13 15,69  21,8,7,5,4,3,7,8.9
YsYo, Yoo Yos y04yo;?=106 907t1t2t3t4t5t6t7t8 + YsYoy y02yo3yo4yo5y06y07t1t2t3t4t5t6t7t8 +
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6,14, 10 11, 13 15 9 21,7,8,5,4,3,7,8,9 6,14 10 11 13 15 9  21,6,9,5,4,3,7,8,9
YsYo) Yoo Yos Yoy Yog Yog Yoy t1tatatitstolots + UsUol Yoo Yos Yoy Yos Yog Yor t1tatstststslsty —
7,15 13,13 15,616, 12 23,10,6,6,6,5,8,8,9 7,15, 13 13,15 16,12 23,9,7,6,6.5,8,8,9
3ysyol YopY03Y0, Yo y06y07t1 tatztytstelsty — 5?/5?/01 y02y03yo4y05y06yo7tlt2t3t4t5t6t7t8 -
7,15 13,13 15,16, 12 23,8,8,6.6,5,8,8,9 7,15 13 13, 15 16,12 23,7,9,6,6,5,8,8,9
7ysyoiy02 yo3yozy05 yoey07t1t2t3t4t5tet7ts - 5?/5?/01 yOQyog904905yo6907t1t2t3t4t5t6t7t8 -

7,15,13 13 15 16, 12 23,6,10,6,6,5,8,8,9 | 8 16 16 15 617 17,15 25,11,6,7,8,7,9,8,9
3YaYoy Yoo Yoy Yo, Yog Yog Yoy L1t talatslolots + UslUo) Yoo You Yoy Yos Yog Yor b1 talstatsletsts +

8 16, 16, 15 17 17, 15 25,10,7,7,8,7,9,8,9 8 16, 16,15 17 17 15 25,9,8,7,8,7,9,8,9
6Y.Yo, y0290;y04y05yo;yo;t1 tytatytststyty + 7ysyol yazy();yn‘ly(]s yogyo;t1t2t3t4t5t6t7t8 +

8 16,16 15 17 17, 15 25,8,9,7,8,7,9,8,9 8 16,16 15 17 17, 15 25,7,10,7,8,7,9,8,9
Yoy Yoo Yoy Yoy Yos Yog Yor t1tatalalstelzts + 60U Yo Yoo Yos Yoy Yog Yoo Yor trta tatatstetzts +
8, 16,16 15 17, 17 15 25,6,11,7,8,7,9,8,9 9, 617,19 17 19 18 18 27,11,7,8,10,9,10,8,9
Y5Yor Yoo Yos Yoy Yog Yog Yor b1t tatatstelrts = YsUoi Yoo Yoy Yoy Yos Yog Yor b1 talsty tste t7tg —

9,17,19 17,19 18 18 27,10,8,8,10,9,10,8,9 9,17,19 17 19 18 18, 627,9,9,8,10,9,10,8,9
2Y Yoy Yog Yos Yoy Yos Yog Yor b1 tatats tsle t7ts = 3YsYsi Yoo Yog Yoy Yos Yog Yor t1tataty tste t7ts —

9,17,19 17,19 18 18 27,8,10,8,10,9,10,8,9 9, 17,19 17,19 18 18 27,7,11,8,10,9,10,8,9
2Y Yoy Yoo Yos Yoy Yos Yog Yor t1ta tala tsle L7l = YsUoy Yoo Yos Yoy Yo Yog Yor tita tats tsts trtsg —

7,16, 12 14 14 16,12, 23,10,6,7,5,5,7,9,9 716,12, 14,14, 16,12, 23,9,7,7,5,5,7,9,9
Y5 Yoy Yoo Yos Yo, Yos Yog Yor b1 tatalatstetsls — 2Ys¥o, Yoo Yon Yoy Yop Yog Yor t1latatatstelsts —

7,16, 12, 14 14,16, 12, 23 ,8,8,7,5,5,7,9,9 7,16, 12, 14,14, 16,12 23 ,7,9,7,5,5,7,9,9
3YsYo, Yoo Yoz Yoy Yop Yog Yor t1t2tatatstelrts — 2Ui¥o Yoo Yoo Yo, Yos Yog Yor Litatatstslstzts —

716,12 14 14 16 12 23,6,10,7,5,5,7,9,9 8,17,15 16,16 17,15 25,11,6,8,7,7,8.9,9
ysyoly02y03yo4yo5yo6yo7t1t2 t3tatstetzly t YsYoy y02y03y04y05y02yo7t1 totstytstetzty +
8,17,15 16,16 17,15 25,10,7,8,7,7,8,9,9 8,17,15 16,16 17, 15 25,9,8,8,7,.7,8.9,9
Gysyol yo2yO3yo4yo5yOGyo;t1 tatztytstetsts + 7ysyol YoyY03Y0, Yo yoey07t1t2t3t4t5t6t7ts +
8,17,15 16,16 17, 15 25,8,9,8,7,7,8.9,9 8, 17,15 16,16 17, 15 25,7,10,8,7,7,8,9,9
7YYoy Yoo Yos Yoy Yoy Yog Yor L1 tatstitstelaty + 6Y Yoy Yoy You Yo, Yor Yog Yos b1l tatitstalzly +

Yoy Yog Yoy Yos Yoy Yog Yas Lta t5UALTta TR — 2u0Uo T Uas Vot Yoy Yoy Yog Yoy 11 L3t5E3E5LL7LE —

5YZUay Yoo Yoy Yoy You Yoo Yoy 11" E3tEILSLGEIES — BUZYLT Uad Yoy Yoy Yon Yog Yo H1 L3S LGETES —

BYYSs Yos Yo Yos Yoo oo yan i t501515631389¢3 — 2y 2yl S ylsy oy Sy Sy Sy 2T e 451512451063 +
U20UaT Yoy Yag oy Vos Vog Yo 11 tat5 1 65 60125 + y0uo ud, uon vl vas vog von 11t t50 15 05 160 15H5 —
YUTUS Yoy Yoy Yoy Vos Yog You L1 at5 L4130 1013 + USULT Ua) Uos Yoy Yor Yog Uog ti t3t3t5tE LGt 1R +

2U Y0} Yoy Yoy Yoy Yos Yog Yoy t1 23t SEE LTI + 2U5Y0T Yoy Yor Uoy Yoy Yog Yan t1 at5tt5tgt: tg +

LS o P N e T R VR A R P S A A 2 e T i VI RS I T S i I R S L e

2Y2 Yoy Yoo Yoy Yoy Yon Yog Yoq 11 tata tatatets ts — BUSUoY Uos Uos Yoy Vos Yog Yoy t1tats tatatets ty —
292Uy Yoy Yoy Yoy You Yoo You 11t t3 t5t5 0118 — U2ULT Uor Uos Yoy Yos Yo Yoy b1tz 15 t5t5 517 1] +

Y2 U2 Yo Yoy Yo Vos Yoy Yo 11 tats 13 15 1512015 + y i ug ) ud L ual uag vog van 1112t 3015 1517015 —
YTUaT Yoy Yos Yog Vos Yoy Yor L1133 LGS LR 8" — Uy U Uas Uss Yol Uog Uog LY L5 15155 L5150 +

8, 16

16,14 18 18 14 26 ,10,8,6,8,6,10,8,10 8,16, 16,14 18 18 14, 26,9,9,6,8,6,10,8,10
2Y5Y01, Yoo Yoz You Yog Yog Yor L1 Latatatsls Loty + 2U Yo Yoo Yos Yo, Yo Yog Yor Litatstalsls trty +
8, 16,16 14 18 18 14 26,8,10,6,8,6,10,8,10 9,17,19 16, 20,19 17 28,10,9,7,10,8,11,8,10
2Y Yoy Yoo Yoz Yoy Yos Yog Yor t1ta talalsls t7ls — YsUoi Yoo Yos Yoy Yos Yog Yor b1 tolsty tstg trtg —
9,17,19 16,20, 19 17 28,9,10,7,10,8,11,8,10 7,16, 12 13 15 17, 11, 624,9,8,6,5,4,8,9,10
YsY01 Y00 Yos Yoy Yog Yog Yor t1ta taty tsts trts — YUsYoy Yoo Yog Yoy Yog Yog Yor t1tatstatstetrts —

YLUos Yoy Yoo Yoy Yon Yog Yor LTS ERRL6 78" + 2050 T VoD Yo Yor Yoo Uog Uog 11 tatatstatetsts’ +

BYS Yo Yo Yoy Yoy Yos Yog Yoy L1 2t atatate t7ts” + 2U00T Yoo Uad Yol Yon Yog Yo tita" titstotgtrts’ —
Y2Uos Yoy You Yoy You Yoy Yo 11 at5tat5 6 7180 — BYlyoUos val Uas Yoo Yoy Yo t1 - tatstatsts tots’ —
BUZY0y Uon Yos Yoy Yoo Yog Yop 11 12 L3t at5 6 12t8" — w2us S uoo o vl Von Vag voy tita t51515t6 715" +

Y ot Yor Yoa Yog Yos YauYon t1 s 1585 650t 1950 + 298y oS yon vo S Uos von voa Yoo t1 t5t5tatatgts Otg” +
25305} Yoy Yoy Yoy Yog Yog Yo t1 12550 a 11 18" + 205007 Yoy Yoy Yoy Yos Yog You t1ta 151415157 15" —

9,19, 17 18, 18 19 17 28,11,8,9.8,8,9,10,10 9,19, 17 18,18 19 17, 28,10,9,9,8,8,9,10,10
YsYo1 Yoo Yoz Yo, Yog Yog Yor b1 talalalstsls ty = 3YsYs Yon Yos Yo, Yog Yog Yor L1 Latatalslels ty™ —

L u U s R SO — S S RO +
e R L L e L R
O e L T R A B L
T L e R AR e T
P v O B s e e
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