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Abstract: Fuzzy Topological Topographic Mapping (FTTM) is a mathematical model that consists of
a set of homeomorphic topological spaces designed to solve the neuro magnetic inverse problem. A
sequence of FTTM, denoted as FTTM,, is an extension of FITM that is arranged in a symmetrical
form. The special characteristic of FTTM, namely the homeomorphisms between its components,
allows the generation of new FTTM. Later, the FTTM, can also be viewed as a graph. Previously,
a group of researchers defined an assembly graph and utilized it to model a DNA recombination
process. Some researchers then used this to introduce the concept of tangled cords for assembly
graphs. In this paper, the tangled cord for FTT My is used to calculate the Eulerian paths. Furthermore,
it is utilized to determine the least upper bound of the Hamiltonian paths of its assembly graph.
Hence, this study verifies the conjecture made by Burns et al.

Keywords: fuzzy topographic topological mapping; assembly graph; Hamiltonian path; tangled cord

MSC: 05C45; 05C72; 05C38

1. Introduction and Motivation

Fuzzy Topographic Topological Mapping (FTTM) was introduced to solve the neuro
magnetic inverse problem, in particular, sources of electroencephalography (EEG) signals
recorded from an epileptic patient [1]. Originally, the model was a 4-tuple of topological
spaces of its respective homeomorphic mappings [1]. Unlike the works of Abbas et al. [2]
and Shukala et al. [3] on graphical metric spaces, our mappings are purely ordinary
topological mappings. The topological spaces are Magnetic Plane (MC), Base Magnetic
Plane (BM), Fuzzy Magnetic Field (FM), and Topographic Magnetic Field (TM). The FTTM
is defined formally as follows (see Figure 1).

MC = {(x,y,0),5,lx,y,8, € R}

={(%,9)0, 8, € R} T™M = {(x,y,2)|x,y € R,z € (—h,0)}

4

V i
BM = {(x,y,h), B,|%. ¥, B, € R} rrvrcreee . FM={(xyh),ulxy.heR u; € (01}
={(x %, 8, € R} ={( Y ug|x. .k € Rpg € (0,1}

Figure 1. The FTTM [4].

Definition 1 ([1]). Let FTTM = (MC,BM, FM, TM) such that MC, BM, FM, TM are topo-
logical spaces that are homeomorphics, namely, MC = BM = FM = TM. The set of FTTM,;
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is denoted by FTTM = {FTTM,; :i=1,2,3,...,n}. The sequence of nFTTM; of FTTM is
FTTM,, FTTMy, FTTMs, FTTM,, ..., FTTM,, such that MC; = MCj 1, BM; = BM;.,,
FMI‘ = PMi+1 and TMZ' = TM1'+1.

Basically FTTM, (see Figure 2) is an extension of FTTM and is illustrated in the
following Figure 2. It is arranged in a symmetrical form and can accommodate magnetoen-
cephalography (MEG) or electroencephalography (EEG) signals, as well as grey scale image
data [1,5]. This accommodative feature of FITM is due to its homeomorphic structures.

M
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e 2B
M -7 ; T % 1
n-1,” I n-1 . !
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n i n g : 1 ’,’
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! O /
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I’ ! 1,
| g8 >
L7 1.
o -
n-1
B
n Fn

Figure 2. The sequence of FTTM,,.

In 2009, a notion of an assembly graph was first introduced by Angeleska, Jonoska,
and Saito [6]. Meanwhile, Burns et al. [7] conducted a study on polynomial invariant
for the assembly graph and its properties. The authors also suggested the possibility
that only a tangled cord can achieve the upper bound in the assembly graph for every
positive integer [7]. Later, an assembly graph of FTTM, was developed by Shukor et al. [4].
The authors established the relations and determined the lower and upper bounds for the
assembly graph of FTTM, [1].

The aim of this paper is to establish an assembly graph as a tangled cord as well as to
discover the least upper bound of the assembly graph FTTMjy. In Section 2, a brief review of
the concept of the assembly graph and the tangled cord is presented, while Section 3 covers
the previous related works on the assembly graph of FTTM,,. Next, a transverse eulerian
paths for the assembly graph of FTTMjy is shown in Section 4. The results are discussed
in Section 5, where the tangled cord of FTT My is presented, in which the whole processes
involves enumerating all the Hamiltonian polygonal paths and non-consecutive vertices
Hamiltonian polygonal paths. Consequently, the proposed conjecture by Burns et al. [7] is
proven. The conclusion is drawn in Section 6.

2. Concepts of Assembly Graph and Tangled Cord

As mention in Section 1, the assembly graph was created by researchers in [6], and
then Burns et al. broadened the structure of the assembly graph as the tangled cord [7].
Some formal definitions and theorems related to the assembly graph and its properties are
as follows.

Definition 2 ([6]). An assembly graph is a finite connected graph where all vertices are rigid
vertices of valency 1 or 4. A vertex of valency 1 is called an end point. Let T = (V, E) be a finite
graph with a set of vertices, V, and a set of edges, E. The number of 4-valent vertices in I is denoted
with |T|. The assembly graph is called trivial if |T| = 0 (see Figure 3).
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Figure 3. Examples of Assembly Graphs.

Definition 3 ([6]). A transverse path in T is a sequence vy = (vg, €1,v1,€2,...,€n,Vn) if Vo, Uy
are endpoints, or (vg,e1,v1,€a,...,6en), if Vo is a 4-valent vertex and e, € E(vy), satisfying the
following conditions: (1) vy, ..., vy is a sequence of a subset of vertices I, with possible repetition
of the same vertex at most twice, (2) {ey,...,en} is a set of distinct edges, and (3) each e; is not
a neighbor of e;_q with respect to the rigid vertex v;_1,i = 2,...,n and in the case where v is a
4-valent vertex, e is not a neighbor of e, with respect to the rigid vertex vy.

Definition 4 ([6]). An assembly graph T is called simple if there is a transverse Eulerian path invy,
meaning there is a transverse path, -y, that contains every edge from I exactly once.

Theorem 1 ([6]). In a simple assembly graph, there is a unique equivalence class of transverse
Eulerian paths.

Theorem 2 ([7]). If T is a simple assembly graph with |T| = k and C is the collection of all
Hamiltonian polygonal paths of T, then

IC] < Foy1—1 @
where Fy. is the kth Fibonacci number.

Angeleska et al. also develop a convention of using words to represent simple assembly
graphs [6]. A word is an element in the free monoid, £*, and an alphabet is a finite set, X.
Let I be a simple directed assembly graph with the initial vertex i and the terminal vertex ¢
as its two end points. Subsequently, Burns et al. referred to the double-occurrence word
as an assembly word in which every symbol appears exactly twice [7]. The definition of
assembly word is given in [8] as follows.

Definition 5 ([8]). An assembly word or a double occurrence word is a word in a certain alphabet,
S = {ay, ay, ...}, such that every symbol, a;, either occurs in the word exactly twice or does not
occur at all.

Moreover, Burns et al. [7] introduced the concept of a tangled cord, and the structure
of the tangled cord (see Figure 4) is from the assembly word pattern [9]. Recall that the
assembly word is a word in which every symbol appears exactly twice, and these words
are also referred to as double occurrence words. Then, the researchers developed some
properties of tangled cord as follows.

Definition 6 ([7]). The tangled cord, T, of size n, for a positive integer, n, is an assembly graph
with assembly word:
1213243...(n—1)(n —2)n(n — 1)n )



Mathematics 2023, 11, 2613 4 of 25

Specifically, 71 = 11, T, = 1212, 73 = 121323, and 7, is obtained from 7,_; by
replacing the last letter, n(n — 1), by the subword n(n — 1)n.

€2n-4
€2n-6 Un-2 i Un-1

D.VAVA

€2n—5 €2n-3 f

Figure 4. The structure of the tangled cord.

Theorem 3 ([7]). The tangled cord, T,, has (”%1) distinct Hamiltonian polygonal paths.

Due to Theorem 2, Definition 6, and Theorem 3, Burns et al. [7] then proposed their
conjecture as follows;

Conjecture 1 ([7]). The upper bound in Theorem 2 is achieved for every positive integer, n, only
by the tangled cord T,.

3. Assembly Graph of FTTM,

A graph of FTTM, contains many subgraphs, including assembly graphs. A new
concept called maximal assembly graph for assembly subgraphs of FTTM,, is introduced.

Definition 7 ([1]). Let Gy, Gy, G3, ..., G, be subgraphs of G (V, E) whereby each G; is an assembly

graph. A maximal assembly subgraph of G; is defined as |Tc,| = max { |Tg,|, |Ta,|,---,|Tc,|}-
Now, the assembly graph for FTTM,, is given as follows.
Definition 8 ([1]). The maximal assembly graph of FTTM,, is
Trrrm, = FTTM, — [E(FTTM; ) UE(FTTM,) ] forn >3 ®)

and |Tprrm, | is the number of its 4-valent vertices.

Theorem 4 ([1]). The FTT M4 consists of an assembly subgraph.
Consider FTTMy = (V(FTTMy), E(FTTM), $grpy, ) such that iy, E —
VxV.
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The eight vertices of FTTMy (see Figure 5) that have a valency of four are My, By, F», To, Msa,
B3, F3, and T3 such that

valency(My) = |{es, es, €9, e17}| = valency(B;) = |{es, es, €10, €18} =

valency(F,) = |{es, €7, €11, e19}| = valency(T,) = |{e7, es, €12, ex}| =
valency(Ms) = [{e13, e1e, €17, eas5}| = valency(Bs) = |[{e13, €14, €15, €26 }| =
valency(Fs) = |{e14, €15, 19, ex7}| = valency(T3) = |{e15, €16, €20, €28}| =4

(4)

and My, By, Fi, T1, My, By, Fs, and Ty have a valency of one such that

valency(My) = |{e9}| = valency(B1) = |{e1n}| = valency(F1) = |{e11}|
— oalency(Ty) = [{ewo}| = valency(Ty) = [{eno}| = valency(Ma) = [{exs} o
= valency(By) = |{ex}| = valency(Fy) = |{ear}| = valency(Ts) = |{ezs}|

1.

. FTT My consists of an assembly subgraph with |Tprrp, | = 8.

M= === ===

M, B,

B2

M3 T. Fz

Fs

£

]

]

1

1

1

I

1

:

]
ST

Figure 5. Assembly Graph of FTTMy.

Furthermore, Shukor et al. [1] guaranteed that FTT My has a set of Hamiltonian paths.
Theorem 5 ([1]). The I'rrrm, consists of a set of Hamiltonian polygonal paths.

Earlier, Burns et al. [7] proved Theorem 2. Later, Shukor et al. proved the version of
Theorem 2 for FTTM, successfully as follows [1].

Theorem 6 ([1]). Let FTTM,, be a sequence of n-FI'TM for n > 3 and C is the set of all Hamilto-
nian polygonal paths of FTTM,,, then

IC| < Fgp1 — 1. (6)

4. Transverse Eulerian Paths for Assembly Graph of FTTM;,

Angeleska et al. developed a convention of using words to represent simple assembly
graphs, including transverse paths [6]. The theorems for transverse paths for the assembly
graph of FTTM,, are necessary as follows.

Theorem 7. The maximal assembly graph of FTTM,, T'rrrpm,, is a simple graph.
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Proof. Let I'rrrp, be the maximal assembly graph. Therefore, I'rrrpy;, = FITM, —
[E(FTTM;) UE(FTTM,)] for n > 3 by Definition 8. It is a simple graph because it does
not have any loops or parallel edges. [

Theorem 8. The maximal assembly graph of FTTM,, T'rrrp,, must contains a transverse path.

Proof. Let I'rrrp, be the maximal assembly graph. Therefore, I'rrrp, = FITM, —
[E(FTTM;) UE(FTTM,)] for n > 3 by Definition 8. Thus, 3 4 open vertices in the front
(M3, By, F;, T1) and at the back (M,,, By, Fy, T;;) in which all of them are end points whereby
each of them has valency of 1 (see Figure 6).

By Definition 3, 3 the path in I'rrry, that is a transverse path because it must be
in the form of (vy, ey,...,e,_1,04), such that vy € V(FTTM,), v, € V(FTTM,_1), and
e; € {FTTM, — [E(FTTM;) UE(FTTM,)]} fori€ 1,2, ..., n—1. O

M,

n
M, T,
4 -
e e
P £
p % F
If __________ - 7
Ea | - Bl
,I 1 ’I :
- h -
Mnfl 7 | T .k !
______ foisesia —
| i 37 B 1 o Fz
M. 1 T e 2 1 -
n n 27 [P
: S 1 g
1 P R et ’
I ’ 1 P
1 Pad ¥ e
1 /l 1 'l
L. I/F
S =i n—1
n-1
B
n Fn

Figure 6. Sequence of FTTM,,.

Theorem 9. The maximal assembly graph of FTTM,, Trrrazm,, contains unique equivalence
tranverse Eulerian paths.

Proof. Theorem 7 guarantees the maximal assembly graph of FTTM,, I'rrTp,, which is
a simple graph. Theorem 6 assures that, in a simple assembly graph, there is a unique
equivalence class of transverse Eulerian paths. Therefore, the maximal assembly graph of
FTTM,;, I'rrrMm,, contains unique equivalence tranverse Eulerian paths. [

Example 1. Eulerian paths with consecutive vertices for I'rrra, (see Figure 7).

Ey = (M, e5,By, e, B2, €7, T, €5, M, €9, M3, €13, B3, €14, F3, €15, T3, €16, M3);
Sg, = (1,2,3,4,1,1,2,3,4,1)

EX = (M3, e16, T3, €15, F3, €14, B, €13, M3, e9, M, €3, To, €7, >, €6, By, €5, My);
SE{Q =(1,2,3,4,1,1,2,3,4,1)

Ey = (Ba, €6, 2,67, To, €5, M, €5, By, €10, B3, €14, F3, €15, T3, €16, M3, €13, B3);
Sk, = (1,2,3,4,1,1,2,3,4,1)

E} = (Bs,e13, M3, e16, T3, €15, F3, €14, B3, 10, B, €5, My, €3, To, €7, 2, €6, B);
SE§ =1,2,3,41,1,2,3,4,1

Ez = (Fp,e7, T2, €8, M, e5, By, €6, F2, €11, F3, €15, T3, €16, M3, €13, B3, 14, F3);
Sg, = (1,2,3,4,1,1,2,3,4,1)

R )
E3 = (F3,e14, B3, e13, M3, e16, T3, €15, F3, €11, F2, €6, Ba, €5, M, €3, T, e7, > );
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SE§ =(1,2,3,4,1,1,2,3,4,1)

Ey = (Tp, 3, Mo, €5, B2, €6, F2, €7, T2, €12, T3, 16, M3, €13, B3, €14, F3, €15, T3);
Sg, = (1,2,3,4,1,1,2,3,4,1)

Ef = (T3, €15, F, e14, B3, e13, M3, €16, T3, €12, Ta, €7, 2, €6, Ba, €5, M, €3, T );
SEff =(1,2,3,4,1,1,2,3,4,1)

ES = (MZ/ es, TZ/ ez, FZ/ €6, B2, es, MZ, €9, MS/ €16, T3/ e1s, F3/ 14, B3, e13, Mg),
Ses = (1,2,3,4,1,1,2,3,4,1)

Eg = (MSI €13, B3/ €14, F3/ €15, T3/ €16, M3, €9, Mz, es, le s, FZ/ e, Tzl es, MZ)/
SE§ =(1,2,3,4,1,1,2,3,4,1)

E6 - (T2’ €7, FZ’ €6, BZ/ €5, MZ/ es, TZ/ €12, T3/ €15, FS/ €14, B3/ €13, M3/ €16, T?))/
Se, = (1,2,3,4,1,1,2,3,4,1)

Eg = (T3/ €16, M?)r €13, B?)/ €14, F?)/ €15, T?)/ €12, Tz, es, le es, Bz, ee, FZ/ ey, TZ)/
Ser = (1,2,3,4,1,1,2,3,4,1)

E7 = (Fy,e6,Ba, €5, My, €8, Ta, e7, Fae11, F3, e14, By e13, M3, e16, T3, €15, F3);
Sk, = (1,2,3,4,1,1,2,3,4,1)

E§ = <F3I €15, T3/ €16, M3/ €13, B3, €14, F?), €11, FZ/ ey, T2/68/ MZ, es, BZ/ e, FZ)/
SE§ =(1,2,3,4,1,1,2,3,4,1)

Es = (Ba, e5, My, es, T, e7, P2, e6, B2, €10, By e13, M3, 16, T3, €15, F3, €14, B3);
Sk, = (1,2,3,4,1,1,2,3,4,1)
Spr = (1,2,3,4,1,1,2,3,4,1)

E,...Eg represent the edges and Sk, ...Sg, represent the corresponding assembly words.
Clearly, (1,2,3,4,1,1,2,3,4,1) = Sg, = SE{a = Sp, = 5155 = Sp, = SE§ = S, = SEf =
Sgs = SEéa = Sp, = SEg = Sp, = SE§ = Sp, = SEé{.

M T

B.
M, ! ’e- """"" F.
8
e &
f €12
Bz A
M, ‘
2
215 Ts
€10 .
es 11
€13
B, €14 f
Mg === == == — = - T, 3
1 1
1 1
1 1
1 1
1 1
1 1
By, - ~~TTTTT°°~° Fa

Figure 7. Eulerian paths with consecutive vertices for I'rrry, -
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5. Tangled Cord of FTTM,

The upper bound is achieved in Conjecture 1 of Burns et al. [7] and refers to the sharp
upper bound (least upper bound) (https://math.stackexchange.com/questions/198579
4 /what-does-it-mean-when-a-bound-is-sharp, (accessed on 22 October 2022)). In other
words, the term sharp upper bound means when the greatest lower bound is equal to the
least upper bound.

We are now ready to introduce the sharp upper bound (least upper bound) for FTT My,
i.e., the version of proven Conjecture 1 for FTTMj.

Theorem 10. When ['rrrp, is the assembly graph of FTT My and C is the set of all its distinct
Hamiltonian polygonal paths, then |C| = Ty, whereby Ty is its tangled cord.

Proof. (by construction) Let I'rrrp, be the assembly graph of FTTM, and ‘I’FTTM4| =8
(see Section 2). The T'rrra, is a simple graph guaranteed by Theorem 7. Therefore, I'rrras,
is a simple assembly graph. Angeleska et al. developed a convention of using words to
represent simple assembly graphs [1]. Thus, I'rr7p, can be presented using words because
it is a simple assembly graph.

The T'rr7Mm, consists of a set of Hamiltonian polygonal paths represented by 71...77144
that are in [10]. These are now listed as assembly words represented by S;...5144 and
presented as follows.

Y1 = {Mz, es, Tz, ey, Fz, €6, Bz, €10, B3, €13, Mg, €16, T3, €15, F3},‘ Sl = (12344123)

72 ={My, €3, T», e7, F2, €5, By, €10, B3, ews, F3, e15, T3, €16, M3}; So = (12344321)

73 = {My, es, T, e7, F», e11, F3, e15, T3, e16, M3, €13, B3, e1o, Bo}; S3 = (12332144)

Y4 = {My, es, T», €12, T3, €16, M3, €13, B3, €10, Bo, €6, F», €11, F3}; Sa = (12213344)

75 = {My, es, T, e1a, T3, 16, M3, €13, B3, e, F3, e11, Fo, €6, By }; S5 = (12213443)

Y6 = {My, es, Tr,e12, T3, €15, F3, e11, Fo, €6, Ba, €10, Bs, e13, M3 }; Se = (12233441)

77 = {My, €5, By, 10, B3, e13, M3, e16, T3, €15, F3, e11, Fo, €7, Th}; Sy = (12213443)

8 = {My, es, By, €19, B3, e13, M3, e16, T3, €12, To, €7, F», e11, F3}; Sg = (12213344)

Y9 = {My, es5, By, €10, B3, e1a, F3,e11, B, €7, Ta, e12, T3, €16, M3 }; So = (12233441)
Y10 = {Ma, €5, Bo, €6, F», €11, F3, e1s, B3, e13, M3, e16, T3, €12, To}; S19 = (12332144)

711 = {Ma, €5, By, ¢6, F2, €7, To, €12, T3, €16, M3, €13, B3, e1s, F3}; S11 = (12344123)

Y12 = {My, es, By, e5, Fo, €7, To, €12, T3, €15, F3, €1, B3, e13, M3 }; S1o = (12344321)

713 = {My, €9, M3, e13, B3, e1s, F3, e15, Ts,e12, To, €7, Fo, €6, Bo}; S13 = (11234432)
Y14 = {Ma, e9, M3, e13, B3, e1s, Ba, €5, Fo, €7, T, €12, T3, €15, F3}; S1a4 = (11223443)
715 = {Ma, €9, M3, e13, B3 e10, Ba, €5, Fo, €11, F3, e15, T3, e, To}; S15 = (11223344)
Y16 = {Ma, €9, M3, e16, T3, €15, F3, e1s, B3, e110, Bo, €6, F2, €7, To}; S16 = (11234432)
717 = {Ma, €9, M3, e16, T3, €12, T2, €7, Fa, €5, By, €10, B3, e1s, F3}; S17 = (11223443)
118 = {Ma, €9, M3, e16, T3, €12, To, €7, o, €11, F3, e1s, B3, €10, B2 }; S1s = (11223344)

Y19 = {Ba, 5, My, e3, To, €7, Fp, €11, F3, €14, B3, e13, M3, €16, T3 }; S19 = (12344123)
Y20 = {Ba,e5, My, e, To,e7, F2, e11, F3, €15, T3, €16, M3, €13, B3 }; Spo = (12344321)

Y21 = {Ba, €5, My, e3, Tp, e12, T3, €16, M3, €13, B3, e14, F3, 11, Fo }; Sy = (12332144)
Y22 = {Ba, €5, My, €9, M3, €13, B3, e14, F3, €15, T3,¢12, T2, e7, F2 }; Spp = (12213443)
Y23 = {Ba, €5, My, €9, M3, €13, B3, e14, F3, €11, Fa, €7, To, €12, T3 }; Spz = (12213344)
Yoa = { By, es5, My, e9, M3, €14, T3, €12, To, €7, Fo, €11, F3, €14, B3 }; Spa = (12233441)

Y25 = {Ba, e, F2, €7, T2, 08, My, 9, M3, 13, B3, €14, F3, €15, T3 }; S5 = (12344123)

Y26 = {Ba, e, 2, €7, T, e8, My, 9, M3, 16, T3, €15, F3, €14, B3 }; Sog = (12344321)

Y27 = {Ba, e, 2,7, T, €12, T3, €15, F3, €14, B3, €13, M3, 9, Mo }; Sp7 = (12332144)
Y28 = {Ba, €6, F2, €11, F3, €15, T3, €12, To, €3, M, €9, M3, €13, B3 }; Sog = (12233441)
Y29 = {Ba, €6, F2, €11, F3, €14, B3, €13, M3, €9, My, 3, T2, €12, T3 }; Spo = (12213344)
Y30 = { B, €6, F2, 11, F3, €14, B3, €13, M3, €16, T3, €12, To, €3, Mo }; Sz0 = (12213443)
Y31 = {Ba,e10, B3, e13, M3, e9, My, 3, Tr, €12, T3, €15, F3,e11, B }; Sz = (11223344)
732 = {Ba, €10, B3, €13, M3, e9, My, €3, T», e7, F, e11, F3, €15, T3 }; S3p = (11223443)

733 = { B, €10, B3, €13, M3, €16, T3, €15, F3, €11, o, €7, To, €3, Mo }; Sz3 = (11234432)


https://math.stackexchange.com/questions/1985794/what-does-it-mean-when-a-bound-is-sharp
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Y34 = {Ba, €10, B3, €13, F3, €11, Fa, 7, To, €3, Mo, 9, M3, €16, T3 }; S34 = (11223443)
Y35 = {Ba, €10, B3, €13, F3, €11, F2, 7, T, €12, T3, €16, M3, €9, M }; S35 = (11223344)
736 = {Ba, €10, B3, €13, F3, €15, T3, €16, M3, 9, My, €3, T», 07, F2 }; S36 = (11234432)
Y37 = {Fa,e7, T, e8, My, e9, M3, 16, T3, €15, F3, €14, B3, €10, B2 }; S37 = (12332144)
Y38 = {F2,e7, Ta, €3, My, e5, By, €10, B3, €13, M3, €16, T3, €15, F3 }; Sag = (12344321)
739 = {F2,¢7,T», e8, M, e5, By, €10, B3, €14, F3, €15, T3, €16, M3 }; S39 = (12344123)
Va0 = {F2, €7, Ta, e12, T3, €15, F3, €14, B3, €13, M3, €9, M, €5, Bo }; S49 = (12213443)
Y41 = {F2,e7, T, e12, T3, €15, F3, €14, B3, €10, Bo, €5, Mo, e9, M3 }; Su1 = (12213344)
Yar = {F2, €7, Ts, e12, T3, €16, M3, 9, My, €5, By, €10, B3, €14, F3 }; Sap = (12233441)
Ya3 = {F2,¢6, By, 5, My, €3, T, e12, T3, €16, M3, 13, B3, €14, F3 }; Sa3 = (12344321)
Yaa = {F2,€6,By, €5, My, €3, T, €12, T3, €15, F3, €14, B3, €13, M3 }; Suq = (12344123)
Ya5 = {F>, €6, Ba, €5, Mo, 9, M3, €13, B3, €14, F3, €15, T3, €12, To }; Su5 = (12332144)
Ya6 = {F2,€6, B2, €10, B3, €13, M3, 09, My, €3, T», €12, T3, €15, F3 }; Sa6 = (12233441)
Y47 = {F2, €6, By, €10, B3, €14, F3, €15, T3, €16, M3, €9, M, €3, Tp }; Sa7 = (12213443)
Yas = {F2, €6, By, €10, B3, €14, F3, €15, T3, €12, To, €3, M, €9, M3 }; Sug = (12213344)
Va9 = {F2, €11, F3, 14, B3, €13, M3, e16, T3, €12, T2, €3, M, €5, Bo }; Sa9 = (11234432)
vs0 = {F2, e11, F3, €14, B3, €10, B, 5, M, €9, M3, €16, T3, €12, To }; Ss0 = (11223344)
51 = {Fy,e11, F3, €14, B3, e10, B2, €5, Mo, €5, Tr, €12, T3, €16, M3 }; Ss1 = (11223443)
v52 = {F2, €11, B3, €15, T3, €16, M3, €13, B3, €10, Bo, 5, My, €3, T }; Ssp = (11234432)
v53 = {2, 11, B3, €15, T3, €12, T, €8, My, €9, M3, 13, B3, €10, Bo }; Ss3 = (11223344)
vs4 = {Fy,e11, F3, €15, T3, €12, To, €3, Mo, €5, Bo, €10, B3, €13, M3 }; Ss4 = (11223443)
vs5 = {Ta, €8, M2, 9, M3, e13, B3, €10, B2, €6, F2, €11, F3, €15, T3 }; Ss5 = (12233441)
vs6 = {To, €3, M2, e9, M3, €16, T3, €15, F3, €14, B3, €10, Ba, €6, F2 }; S5 = (12213443)
vs7 = {To, €8, Ma, 9, M3, €16, T3, €15, F3, €11, F2, €6, Ba, €10, B3 }; Ss7 = (12213344)
vs8 = {To, e, Mo, e5, By, €10, B3, €13, M3, 16, T3, €15, F3, €11, Fo }; Ssg = (12332144)
v59 = {Ta,e8, M, e5, B2, e6, F2, 11, F3, €15, B3, €13, M3, €16, T3 }; Sso = (12344321)
Y60 = {To, €8, Mo, €5, By, ¢6, F2, €11, F3, €15, T3, €16, M3, €13, B3 }; Sgo = (12344123)
Y61 = {Ta, €7, F2, €6, By, €5, M2, €9, M3, €13, B3, €14, F3, €15, T3 }; Se1 = (12344321)

Y62 = {T2,e7, F2,¢6, B2, €5, My, 9, M3, 16, T3, €15, F3, €14, B3 }; Sep = (12344123)

Y63 = {Ta €7, F2, €6, B2, €10, B3, €14, F3, €15, T3, €16, M3, €9, M }; Sg3 = (12332144)
Yea = {T2,e7,F>, €11, F3, €14, B3, €10, B2, €5, Mo, €9, M3, €16, T3 }; Ses = (12233441)
Ye5 = {Ta,e7, F2, e11, F3, €15, T3, €16, M3, €13, B3, €10, B, €5, Mo }; Sg5 = (12213443)
Ye6 = {Ta,e7, F2, €11, F3, €15, T3, 16, M3, €9, My, €5, B2, €10, B3 }; Se6 = (12213344)
Yo7 = {Ta, €12, T3, €16, M3, €9, Ma, €5, By, €6, F2, €11, F3, €14, B3 }; Sg7 = (11223443)
Y8 = {Ta, €12, T3, 16, M3, €9, Mp, €5, B2, €10, B3, €14, F3, €11, F2 }; Ses = (11223344)
Y69 = {To, €12, T3, €16, M3, €13, B3, €14, F3, €11, F2, €6, Bo, €5, Mo }; Seo = (11234432)
Y70 = {Ta, €12, T3, €15, F3, €11, F2, €6, Bo, €5, M, €9, M3, €13, B3 }; Sz = (11223443)
71 = {Ta, e12, T3, €15, F3, €11, F2, €6, B2, €10, B3, €13, M3, 09, Mo }; S71 = (11223344)
Y72 = {To, €12, T3, €15, F3, €14, B3, €13, M3, €9, M, €5, B2, ¢6, F2 }; S7p = (11234432)
Y73 = {Ms,e9, M, e5, By, €6, F>, 07, T», €12, T3, €15, F3, €14, B3 }; S73 = (11234432)

Y74 = {Ms, e9, My, e5, By, €10, B3, €14, F3, €15, T3, €12, T», €7, F2 }; S7a = (11223443)
Y75 = {Ms, €9, My, e5, By, €10, B3, €14, F3, €11, Fa, €7, To, €12, T3 }; S75 = (11223344)
Y76 = {Ms,e9, M, e8, T», €7, F2, €18, B2, €10, B3, €14, F3, €15, T3 }; S76 = (11234432)
Y77 = {Ma,e9, My, e3, T, €12, T3, €15, F3, €14, B3, €10, B2, €6, F2 }; S77 = (11223443)
78 = { M3, e9, My, e3, T, €12, T3, €15, F3, €19, P2, €6, By, €10, B3 }; S7g = (11223344)
Y79 = { M3, e13, B3, e10, Bz, €5, Mp, 3, To, €7, F>, e11, F3, €15, T3 }; S79 = (12213443)
780 = { M3, €13, B3, €10, B, e5, Mo, e3, Tz, €12, T3, €15, F3, €11, F2 }; Sgo = (12213344)
781 = { M3, €13, B3, €10, B, ¢6, Fo, 11, F3, €15, T3, €12, T, 08, Mo }; Sg1 = (12233441)
Y82 = {Ms, 13, B3, €14, F3, €11, F2, €6, Bo, €5, M, €3, T, €12, T3 }; Sgp = (12332144)
Y83 = { M3, €13, B3, e14, F3, €15, T3, €12, To, €3, M, €5, B, €6, > }; Sgz = (12344123)
Y84 = { Mz, €13, B3, €14, F3,e15, T3, €12, Ta, €7, Fa, €6, B, €5, Mo }; Sga = (12344321)
785 = { M3, €16, T3, €12, T, €7, Fo, €11, F3, 14, B3, €10, B, €5, Mo }; Sgs = (12233441)
Y86 = {Ms3, e16, T3, €12, To, €3, My, €5, By, €6, Fa, €11, F3, €14, B3 }; Sge = (12213443)
Y87 = { M3, €16, T3, €12, To, 8, Ma, €5, B, €19, B3, e14, F3, €11, F2 }; Sg7 = (12213344)
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vss = { M3, e16, T3, €15, F3, €14, B3, €10, B2, €5, Ma, €3, T, 7, > }; Sgg = (12344123)
Y89 = { M3, e16, T3, €15, F3, €14, B3, €10, Ba, €6, Fo, €7, To, 8, M }; Sgo = (12344321)
Yoo = { M, e16, T3, €15, F3, 11, Fa, €7, To, €3, My, €5, By, €10, B3 }; Sop = (12332144)
Y91 = {Bs, €10, B2, €5, Mo, 9, M3, €16, T3, €15, F3, 11, Fa, €7, To }; So1 = (1122344

3)
Y92 = {Bs, €10, B2, €5, Mp, €9, M3, €16, T3, €12, Ta, €7, F2, 11, F3 }; Sop = (11223344)
Y93 = {Ba, €10, B2, €5, Mo, e8, Tp, €7, B>, €11, F3, €15, T3, €16, M3 }; So3 = (11234432)
Y94 = {Bs, €10, B2, €6, F2, €7, Ta, €3, M, €9, M3, €16, T3, €15, F3 }; Sou = (11234432)
Y95 = {Bs, €10, B2, €6, B2, €11, F3, €15, T3, €16, M3, €9, M, €3, Th }; So5 = (11223443)
Y96 = {Bs, €10, B2, €6, F2, €11, F3, €15, T3, €12, Tp, €3, Mp, €9, M3 }; So = (11223344)
Yo7 = {Ba, 13, M3, e9, M2, e5,B2,¢6, F2, €7, Tp, €12, T3, €15, F3 }; So7 = (12213443)
Y98 = {Bs, €13, M3, €9, My, e5, B2, e6,F>, €11, F3, €15, T3, €12, T }; Sog = (12213344)
Y99 = {Bs, e13, M3, e9, My, e3, Tr, €12, T3, €15, F3, €11, F2, €6, B2 }; So9 = (12233441)
Y100 = {Bs, €13, M3, e16, T3, €15, F3, €11, F2, 6, By, 5, My, 3, To }; S100 = (12344123)
Y101 = {Bs, €13, M3, €16, T3, €15, F3, 11, B2, €7, To, €3, My, €5, By }; Sy = (12344321)
Y102 = { B3, €13, M3, €16, T3, €12, To, €3, Mo, €5, By, €6, Fo, 11, F3 }; S102 = (12332144)
Y103 = {B3, €14, F3, €15, T3, €16, M3, €9, M, €5, By, €6, F2, €7, To }; S103 = (12344123)
Y104 = {Bs, e1a, F3, €15, T3, €16, M3, 9, M2, €8, Tp, €7, F2, €6, B2 }; S104 = (12344321)
Y105 = {Bs, €14, F3, €15, T3, €12, To, €7, Fa, 6, B2, €5, M, €9, M3 }; S105 = (12332144)
Y106 = { B3, €14, F3,e11, B2, €6, B2, 5, My, €3, Tr, €12, T3, 16, M3 }; S106 = (12213443)
Y107 = { B3, €14, F3,e11, B2, €6, B2, €5, My, €9, M3, 16, T3, €12, Tn }; S107 = (12213344)
Y108 = { B3, €14, F3, €11, F2, €7, To, €12, T3, €16, M3, 09, My, €5, By }; S108 = (12233441)
Y100 = {F3,€11, F2, €6, Ba, €5, M, e8, T», €12, T3, €16, M3, €13, B3 }; S109 = (11234432)
7110 = {F3, €11, F2, €6, B2, €10, B3, 13, M3, e16, T3, €12, To, 8, Ma }; S110 = (11223443)
Y111 = {F3,€11, F2, €6, Ba, €10, B3, €13, M3, 17, M, es, To, e12, T3 }; S111 = (11223344)
Y112 = {F3,e11, F2, e7, Ta, e8, My, €5, Bo, €10, B3, €13, M3, €16, T3 }; S112 = (11234432)
Y113 = {F3, €11, B, €7, To, 12, T3, €16, M3, €9, My, €5, By, €10, B3 }; S113 = (11223344)
Y114 = {F3,e11, B2, e7, Ta, e12, Ts, 16, M3, €13, B3, €10, Bo, €5, Mo }; S114 = (11223443)
Y115 = {F3, €14, B3, €13, M3, €9, My, €5, Boeg, Fa, €7, To, e12, T3 }; S115 = (12332144)
Y116 = {F3, €14, B3, €13, M3, ¢16, T3, €12, To, €3, M, €5, B, €6, > }; S116 = (12344321)
Y117 = {F3, €14, B3, €13, M3, €16, T3, €12, Ta, €7, F2, €6, By, €5, M3 }; S117 = (12344123)
Y118 = {F3, €14, B3, €10, B2, €5, My, €9, M3, 16, T3, €12, T, €7, F2 }; S118 = (12233441)
Y119 = {F3, €14, B3, €10, B2, €6, F2, €7, To, €3, M, €9, M3, €16, T3 }; S119 = (12213443)
Y120 = {F3, €14, B3, €10, Bo, 6, B2, €7, T, €12, T3, €16, M3, €9, M3 }; S120 = (12213344)
Y121 = {3, €15, T3, €16, M3, €13, B3, €10, By, 5, My, €3, T, e7, Fo }; S1p1 = (12344321)
Y122 = {F3, €15, T3, €16, M3, €13, B3, €10, Ba, 6, Fa, €7, T, €8, Mo }; S1pp = (12344123)
Y123 = {F3, €15, T3, €16, M3, €9, M, €3, T, €7, F2, €6, B2, €10, B3 }; S123 = (12332144)
Y124 = {F3, €15, T3, €12, Tp, €3, M, €9, M3, €13, B3, €10, Ba, €6, F }; S104 = (12233441)
Y125 = {F3, €15, T3, €12, T2, €7, F2, €6, B, €5, My, €9, M3, €13, B3 }; S125 = (12213443)
Y126 = {F3, €15, T3, €12, T», €7, F2, €6, Ba, €10, B3, €13, M3, €9, M }; S106 = (12213344
Y127 = { T3, 12, To, €3, My, €5, By, e, Fo, €11, F3, €14, B3, €13, M3 }; S127 = (11234432
Y128 = {T3, €12, To, €8, M2, 9, M3, 13, B3, €10, B2, €6, Fo, €11, F3 }; S108 = (11223344
Y129 = {T3, €12, T2, €3, M, €9, M3, €13, B3, €14, F3, €11, F2, €6, B2 }; S129 = (11223443
Y130 = {T3, €12, T2, €7, F2, €6, B2, €5, M, 9, M3, €13, B3, €14, F3 }; S130 = (11234432)
Y131 = {T3,€12, To, €7, B, €11, F3, €14, B3, €13, M3, 09, M, e5, B2 }; S131 = (11223443)
Y132 = {T3, €12, Ta, €7, B, €11, F3, €14, B3, €10, Ba, €5, M, €9, M3 }; S13p = (11223344)
Y133 = { T3, €16, M3, €13, B3, €14, F3, €11, F2, €6, Ba, €5, M, 3, Th }; S133 = (12344321)
Y134 = {T3, €16, M3, 13, B3, €14, F3, €11, F2, €7, Tp, €3, M, €5, By }; S134 = (12344123)
( )
( )

— — — ~—

Y135 = { T3, €16, M3, €13, B3, €10, Bo, €5, M, e8, T2, €7, Fa, 11, F3 }; S135 = (12332144
Y136 = { T3, €16, M3, €9, My, €5, By, €10, B3, €14, F3, €11, F2, €7, To }; S136 = (12233441
Y137 = { T3, €16, M3, €9, M, €3, Tr, €7, F2, €6, B2, €10, B3, €14, F3 }; S137 = (12213443)
Y138 = {T3, €16, M3, 9, My, €3, T, €7, F5, 11, F3, €14, B3, €10, B2 }; S13s = (12213344)
Y139 = { T3, €15, F3, €14, B3, €13, M3, €9, My, ¢5, B, €6, 2,07, Tn }; S139 = (12344321)
Y140 = { T3, 15, F3, €14, B3, 13, M3, €9, My, €3, Tr, €7, F», €6, Ba }; S1a0 = (12344123)
Y141 = {T3, €15, F3, €14, B3, 10, B2, €6, F2, €7, To, €3, Mo, €9, M3 }; S141 = (12332144)
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Y142 = {Ts,e15,F3, €11, F2, €7, Ty, 8, Mo, €9, M3, €13, B3, €10, B2 }; S14p = (12213344)
Y143 = {T3/ €15, F3/ ell/FZI €z, TZ/ €s, MZ/ es, BZ/ €10, B3,£’13, M3}/ 5143 = (12213443)
Y144 = {T3,e15, F3, €11, B2, €6, By, €10, B3, €13, M3, 9, My, e, T }; S1a4 = (12233441)
(12344123) = Sy = Sq1 = 519 = Sp5 = S39 = Syq = S0 = Sgp = Sg3 = Sgg = S100 = S103 = S117 = S122 = S134 = S140
1S, = 16
(12344321) = S, =2 S1p = Spp = Sp6= S33 = Sy3 = Ss9 = Sg1 = Sgy = Sgg = S101 = S104 = S116 = S121 = S133 = S139
1S,] = 16
(12332144) = S5 = 5109 =2 Sy =2 5722 S37 =2 Sy5 = Ssg = Sg3 = Sgp = Sop = S102 = S105 = S115 = S123 = S135 = S141
|Sa| =16
(12213344) = S, = Sg = Sp3 = 5p9= Sy1 = Syg = Ss57 = S = Sgo = Sg7 = Sog = S107 = S120 = S126 = S138 = S142
|S4| =16
(12213443) = S5 = S7 = Sp3 = S30= S0 = Sy7 = Ss6 = Se5 = S79 = Sgg = So7 = S106 = S119 = S125 = S137 = S143
|S5| =16
(12233441) = S =2 Sg = Spy = Spg = Syp =2 Sy = S55 = Sgy = Sg1 = Sg5 = S99 = S1p8 = S118 = S124 = S136 = S1aa
1S6| = 16
(11234432) = S13 = S33 = S35 = S49 = S5p = Sg9 = S7p =2 Sy3 = Sy = So3 = Sg4 = S1p9 = S112 = S127 = S139
1S, = 16
(11223443) = S14 = S17 = S3p = S34 = S51 = S54 = Sg7 =2 Sy9 = Syq = S77 =2 Sg1 = Sg5 = S119 = S114 = S129 = S131
|Sg| =16
(11223344) = Sy5 = Syg = S31 = S35 = S50 = Ss53 = Seg = S71 = S75 = S78 = Sgp = Sg6 = S111 = S113 = S108 = Si32
|So| =16
and there is a missing equivalence class of assembly words, S, that is
(12132434) = S,, =2 (M, B, M, F,B,T,F,T)= (M, B, M, T, B, F, T, F)
~ (M, F,M,B, F,T,B, T)= (M F, M, T, E, B, T, B)= (M, T, M, B, T, F, B, F) =
(M T, M, F, T, B, F, B) = (B, M, B,F, M, T,F,T) & (B,M,B,T,M,F,T,F)

, F,B,M, F,T,M,T)= (B, F,B, T, F, M, T, M) = (B,T,B,M, T,F,M,F)
(B,T,B, F,T,M, F,M) = (F,M,F,B ,M,T, B,T) = (F,M, F,T, M, B, T, B)

1

(F,B, F, M, B, T,M, T) = (F,B, F,T, B, M, T, M) = (F,T,F,M,T, B, M, B)
~ (F,T,F, B,T,M, B, M) = (T,M,T, B, M,F,B, F) = (T,M,T, F, M, B, F, B)
T, M, B,F,M, F) = (T,B,T, F, B, M, F,M) = (T,F,T, M, F, B, M, B) =

,B,
,F,T,B,F,M, B, M) | S, |=16
The list of the non-consecutive vertices Hamiltonian polygonal paths (see Figure 8) are
presented in Appendex A. However, S;;, was not considered in the calculated Hamiltonian
paths earlier because the vertices were non-consecutives due to the non-existence of edges
between farther vertices (not adjacent to one another), as depicted in the following figure,
FTTM,.
In that case, I'rr7a, exhibits nine sets of consecutive vertices Hamiltonian polygonal
paths, namely, S1, Sy, S3, S4, S5, S6, S13, S14, and S15, and a set with non-consecutive vertices
Hamiltonian polygonal paths, that is S;;. Hence, I'rrrym, has 10 distinct Hamiltonian
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polygonal paths, as shown earlier. But then, 10 = &) = 2514(5’2211) = 2!(55i2)! = <g) =
4 —; h - 7Ty as stated by Theorem 3. This concurs with the proposed Conjecture 1 by

Burns et al. [7].

Therefore, if C is the set of all its distinct Hamiltonian polygonal paths of the as-
sembly graph of FTTMy, namely I'rrryy,, then [C| = T4, whereby 7Ty is its tangled cord
as required. O
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Figure 8. Non-consecutive vertices Hamiltonian polygonal paths.

Example 2. A set of A3 = {A,B,C} such that A = {(A1, Az, A3) : Ay =2 Ay = A3}, B =
{(Bl,Bz, Bg) : Bl = Bz = Bg} and C = {(Cl, Cz,Cg) : C1 = Cz = C3} as depicted in
Figure 9 below.

The identified assembly graph of A3 is Ta3 = Ag — (E(A) — E(B)) = B and the set of its
Hamiltonian paths is

v =A{71,72,73, 74,75, 76}

such that

Y1 = {31,67, Bz, Eg, B3}; Sl = (123),")/2 = {B1,€9, B3, Eg, Bz};SZ = (123),‘
Y3 = {32,68, B3, E9, Bl},' 53 = (123),’ Y4 = {32,67, Bl/ Eg,B3},‘S4 = (123);
95 = {Bs,e9, By, E7,By}; S¢ = (123);76 = {Bs, es, B2, E7, B1};S7 = (123).
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Figure 9. A graph of A3 = {A, B,C}.

As a matter of fact, y1 , ¥2, Y3, Y4, ¥5 ,and ¢ are also Eulerian paths of T AT Because
the Hamiltonian and Eulerian paths are the same for I Ay each of them is just a cyclic (see
Figure 10).

Figure 10. Hamiltonian paths in Ag graph.

The A3 isa 7y, therefore it does not have distinct Hamiltonian paths because (0 —; 1) =

(;) = ﬁ = ﬁ is undefined, i.e., —2! is undefined.

Therefore, all the Hamiltonian paths in A3 are similar.

Furthermore, Ahmad et al. [9] and Shukor et al. [1] simulated and listed all Hamilto-
nian paths with consecutive vertices in the assembly graph of FTTM, for
n=23,4,...,10 as follows (see Table 1).

Table 1. Hamiltonian polygonal paths (with consecutive vertices) in the assembly graph of FTTM,,.

FTTM, Vertices 4-Valent Vertices % Hamiltonian Polygonal Paths
3 12 4 8
4 16 8 144
5 20 12 1168
6 24 16 8032
7 28 20 49,312
8 32 24 281,248
9 36 28 1,523,920
10 40 32 7,953,408

However, a similar form of a sequence of Hamiltonian polygonal paths for FTTM,, in
Table 1 has not been previously reported in the Online Encyclopedia of Integer Sequences
(OEIS) (http://oeis.org, (accessed on 22 October 2022)). The non-existence of such a
sequence in OEIS was anticipated by Burns et al. earlier [7].
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6. Conclusions

Fuzzy Topological Topographic Mapping (FTTM) is a mathematical model that con-
sists of a set of homeomorphic topological spaces designed to solve the neuro magnetic
inverse problem. A sequence of FTTM, FTTMj, is an extension of FTTM that is arranged
in a symmetrical form. The special characteristic of FTTM, namely the homeomorphisms
between its components, allows the generation of new FITM. Later, the FTTM, can also
be viewed as a graph. Angeleska et al. defined an assembly graph for modeling their DNA
recombination [6]. Then, the concept of a tangled cord for assembly graphs was introduced
by Burns et al. for the same purpose [7]. This paper has demonstrated a concept to calculate
the Eulerian paths and to determine the least upper bound of the Hamiltonian paths of the
assembly graph of FTT M.
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Abbreviations

The following abbreviations are used in this manuscript:

FITTM  Fuzzy Topographic Topological Mapping
MP Magnetic Plane

BM Base Magnetic Plane

M Fuzzy Magnetic Field

™ Topographic Magnetic Field

MEG  magnetoencephalography

EEG electroencephalography

DNA  Deoxyribonucleic acid

Appendix A. Non-Consecutive Vertices Hamiltonian Polygonal Paths

Y1 = {My, ez, By, e12, M3, €27, By, e1g, Bs, es, To, 16, F3, ex2, T3};
Yo = {Ms, e1p, Ba, €2, My, e9, F», €18, B3, exs, T2, €16, F3, €22, T3};
Y3 = {My, ez, By, e12, M3, ex7, By, e1g, Bs, e, T3, ez, F3, €16, To};
vy = {M3, e1p, By, €3, My, €9, B, €13, B, €21, T3, ez, F3, €16, To};
v5 = {My, ez, By, €1z, M3, €23, F3, 21, B, €28, T2, €4, B2, 17, T3};
Yo = {M3, e1n, By, €23, My, €25, F3, 21, B3, €28, T2, es, Fo, 17, T3};
Yy = {My, €3, By, €1z, M3, €23, F3, 21, B3, o, T3, €17, Fa, €4, To};
vy = {M3, e1p, By, e, My, €25, F3, 21, B3, €21, T3, €17, B2, es, To};
Yo = {Mp, e11, B3, ex0, M3, €27, 2, €3, Bo, e13, T2, €16, F3, €22, T3};
Y10 = {Ms3, ez, B3, e11, My, e9, By, €3, By, €13, To, €16, F3, ex2, T3};

Y117 = {My, e11, B3, ex0, M3, ez, B>, €3, By, €36, T3, €22, F3, €16, To };



Mathematics 2023, 11, 2613

15 of 25

T12r = {Ms3, ez, B3, e11, My, e9, Fa, €3, By, e, T3, 22, F3, €16, T2 };
T3 = {My, e11, B3, e0, M3, €23, F3, ews, By, e13, T, ey, B, €17, T3};
Y1 = { M3, ex, B3, e11, My, €35, F3, e1a, By, 13, To, s, o, €17, T3 };
Y15 = { My, e11, B3, ex0, M3, €23, F3, e1s, By, ex6, T3, €16, Fo, €4, T2 };
Y16 = { M3, ex0, B3, e11, My, 35, F3, e1s, Ba, €26, T, €17, Fo, €4, To};
Y177 = {Ma, ez, By, e1a, M3, e15, To, ez8, B, e1s, B, e17, T3, exn, F3};
T1g = {Ms3, e1n, By, €23, My, €1, To, 28, B3, e1s, Fo, e17, T3, ex, F3};
Yo = { M, €2, By, e1p, M3, e15, T, €28, B3, ex, F3, €22, T3, €17, B2 };
Yoo = {Ms, 12, Ba, €2, My, €1, T, es, B3, €21, F3, e, T3, €17, B> };
Yo = {My, €3, By, 12, M3, €19, T3, e, B3, e, Fa, €2, To, €16, F3};
Yoo = {Ms3, e1z, By, €23, My, €10, T3, €34, B3, e18, F2, €2, T, €16, F3};
Yoy = {Mp, €2, By, 12, M3, €19, T3, e, B3, €21, F3, €15, To, €2, B2 };
You = {Ms3, e1z, By, €23, My, €10, T3, ep4, B3, ex1, F3, e16, To, €2, B2 };
Yos = {My, e11, B3, e0, M3, e15, Ty, €13, B, €3, B, e17, T3, ex2, F3};
Ya¢ = {Ms3, ex, B3, e11, My, ey, To, e13, Ba, e3, B, e17, T3, ex, F3};
Yoy = { M, e11, B3, ex0, M3, e15, To, €13, Bo, e1s, B3, €22, T3, €17, B2 };
Yo = { M3, ez, B3, e, Mo, e1, To, e13, By, e, B3, e, T3, €17, B2 };
Yoo = {Mp, e11, B3, ex0, M3, e19, T3, €26, Bo, €3, Fo, €2, To, €16, F3};
Ya = {Ms3, ez, B3, e11, My, e1g, T3, €26, Ba, €3, Fo, €2, Ty, €16, F3};
Y31 = { My, e11, B3, e0, M3, e19, T3, e, B, €14, F3, €16, T2, €2, F2};
Ya = {Ms3, ex, B3, e11, My, €10, T3, ex, Ba, €14, F3, €16, To, €2, B2 };
Y33 = {My, e9, Fp, €27, M3, €13, By, ew, F3, e16, To, €28, B3, e, T3};
Yay = {Ms3, ez7, F2, e9, My, €3, By, e14, F3, €16, T, €28, B3, e, T3 };
Va5 = {Ma, €9, B, 27, M3, €12, Bo, e1a, F3, ex, T, €24, B3, €28, T };
Yae = {Ms, ea7, Fo, €9, My, €3, By, e1s, F3, €22, T3, €24, B3, €28, To };
Va7 = {My, ey, F», €27, M3, €20, B3, €21, F3, 16, T2, €12, Ba, €26, T3};
Yag = {Ms, €27, Fo, €9, My, €12, B3, ex1, Fs, €16, To, €12, Bo, €26, T3 };
Y30 = {My, ey, F», €27, M3, €20, B3, 21, F3, ez, T3, €36, B2, €12, T2 };
Yao = {Ms3, ez7, Fa, €9, My, €13, B3, €21, F3, exy, T3, €26, B2, €12, Ta};
Yo = {My, ez7, F3, €23, M3, €12, By, €3, Fo, €4, To, €28, B3, €24, T3};
Yoy = {Ms, ex3, F3, €27, My, €3, Bo, €3, Fo, €4, To, €38, B3, 24, T3};
Yaz = { M, €27, F3, €33, M3, €13, Ba, €3, By, e17, T3, ez, Ba, €13, To};
Yaw = {Ms, 23, F3, 27, My, €3, By, €3, Fo, e17, T3, €4, B, €28, Th};
Yas = {My, ez7, F3, €23, M3, 30, B3, 18, Fa, es, T, €38, B3, e, T3};
Yag = { M3, €23, F3, ez7, My, e13, B3, e1s, Fa, es, T, €12, Ba, €26, T3};

Yay = { M, €27, F3, ex3, M3, €20, B3, e1s, Fo, €17, Ts, €26, Bo, €13, To };
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Yag = {Ms, 23, F3, €27, My, €12, B3, e1s, Fo, €17, Ts, €26, Bo, €12, T };
Yao = {My, €9, F», €27, M3, €15, Ta, €16, F3, €14, Ba, €26, T3, €24, B3};
Y50 = {Ms, ez7, Fo, €9, My, €1, T, €16, F3, e1s, B, €26, T3, €24, B3 };
Y51 = {My, ey, F», €27, M3, e15, To, €16, F3, €1, B3, €4, T3, €26, B2 };
Vs = {Ms, €27, Fo, 9, My, €1, To, €16, F3, €21, B3, €24, T3, €26, B2 };
sy = {Ma, €9, >, 27, M3, e19, T3, e, F3, €14, By, €13, To, €23, B3};
Ysu = { M3, ez7, Fa, €9, My, €10, T3, ex, F3, €14, Ba, €13, Ta, €28, B3};
V55 = {Ma, 9, Fa, €37, M3, e19, T3, €22, F3, €1, B3, €23, T, €13, Ba};
Vs = {Ms, €27, Fo, 9, My, €10, T3, €22, F3, €1, B3, €23, T, €13, B };
Y57 = {Ma, exs, F3, e3, M3, e15, Tp, e, Fa, €3, Ba, €26, T3, €24, B3};
vss = {Ms, €23, F3, ex5, My, €1, Ty, e4, B>, €3, By, €26, T3, €24, B3};
Ys9 = {Mp, €25, F3, €23, M3, e15, To, ey, F», €3, Ba, ep4, T3, €26, Bo };
Yoo = {Ms3, €23, F3, e25, M, e1, T2, e4, Fo, 18, B3, €24, T3, €26, B2 };
Yo = {Ma, 25, F3, €23, M3, e19, T3, €17, Fo, €3, By, e13, Tp, €28, B3};
Yoo = {Ms, €23, F3, ez5, My, 1o, Ts, e17, Fa, €3, Ba, e13, Ta, €28, B3};
Yoy = {Ma, 25, F3, ex3, M3, e19, T, 17, o, e13, B3, €23, T, €13, Bo};
Yoar = { M3, €23, F3, ex5, M, e1o, T3, e17, F», e1s, B3, exs, To, €13, B2 };
Yes = {Ma, e1, T, e15, M3, e1n, By, ezs, T3, €27, Fa, €18, B3, €21, F3};
Yoo = {Ms, e15, To, e1, My, €3, By, ez6, T3, €27, Fa, €13, B3, €21, F3};
Yer = {Ma, e1, T, e15, M3, e1a, By, ezs, T3, ex2, F3, €21, B3, e1g, F2};
Yes = {Ms3, e15, To, €1, My, e, By, exs, T3, €20, F3, €1, B3, e13, B };
Yoo = { My, e1, T, e15, M3, ex, B3, e, T3, €27, Fa, €3, By, e, F3};
Y70 = {Ms3, e15, Tp, e1, Mo, e11, B3, exs, T3, €27, B2, €3, B, €14, F3};
Y711 = { M, e1, To, e15, M3, e, Bs, exs, T3, €22, F3, €14, By, €3, B };
Y7o = {Ms3, e15, Tp, e1, My, e11, Bs, ex, T3, €22, F3, €14, Bo, €3, Fr};
Y73 = {My, e1o, Ts, e19, M3, ez, By, €13, To, es, Fa, €18, B3, €21, F3};
Yoo = {Ms, e19, T3, €10, My, €2, By, e13, Tp, es, Fo, €13, B, €21, F3};
Y75 = { M, €10, T, e19, M3, e12, By, €13, To, €16, F3, ex1, Bs, e13, Fo};
Y76 = { M3, e19, T3, e10, My, €2, By, e13, Ta, €16, F3, €21, B3, e1s, F};
Y77 = {My, e1o, T3, e19, Ms, ex, B3, exs, Ta, es, B2, €3, B, €14, F3};
Y78 = {Ms3, e19, Ts, e10, My, e11, Bs, e, Ta, es, Fr, €3, By, e, F3};
Y7o = {Ma, €10, T3, €19, M3, ex, B3, ez8, Tp, 16, F3, €14, By, €3, F2};
Yso = {Ms3, e19, Ts, e1o, My, e11, Bs, exs, To, e16, F3, €14, Bo, €3, F2};
vs1 = {My, e1, T, e15, M3, ey7, B, e17, T3, €26, By, e1a, F3, €21, B3};
Vs = {Ms3, e15, To, e1, M, e9, B>, e17, T, ez, B, €1, F3, €21, Ba};

Y3 = { My, e1, To, e15, M3, ez, B>, e17, Ts, e, B3, €21, F3, e1s, Ba};
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Ysu = {Ms3, e15, To, €1, My, e, F>, e17, T3, exs, B, ex1, F3, e1a, Bo};
Y5 = {Mp, e1, To, e15, M3, ex3, F3, e, T3, €, Bo, €3, B>, €13, Bs};
Ys¢ = {Ms, e15, To, e1, My, exs, F3, e, T3, €26, By, €3, Fa, 18, B3};
Y7 = {Ma, e1, To, e15, M3, ex3, F3, e, T3, €4, B3, €13, B, €3, B };
Yss = {Ms, e15, To, e1, My, €5, F3, ex, T3, €24, B3, e, B, €3, Ba};
Yo = {Ma, e10, T3, 19, M3, ex7, F>, e, To, €13, Bo, ews, F3, €21, B3};
Yoo = {Ms3, e19, T3, 10, Ma, €9, B>, es, To, €13, Ba, €1, F3, e, Bs3};
Yor = {My, e1o, Ts, e19, Ms, ex7, Fa, ey, Tp, €28, B3, €21, F3, e1s, Bz };
Yoy = {Ms3, e19, T3, 10, Ma, €9, B>, es, To, €3, B3, ex1, F3, e1s, B2 };
Yoz = { My, e1o, Ts, e19, M3, ex3, F3, e1s, T2, €13, Bo, €3, Fa, e1g, B3};
Your = { M3, e19, T3, e10, My, exs, F3, e16, Ta, €13, By, €3, Fa, e1g, B3};
Yos' = {Ma, e10, T3, e19, M3, ex3, F3, e16, T, €28, B3, e, Fa, €3, Br};
Yo = { M3, e19, T3, €10, Mo, €35, F3, e16, T, €28, B3, 13, Fo, €3, Bo};
Yo = {Ba, €2, My, e11, B3, e1g, o, 27, M3, e15, To, e16, F3, ex, T3};
Yogr = {Bs, e11, Mo, €2, Bo, €3, B, €37, M3, e15, To, e16, F3, €20, T3};
Yoor = {Ba, €2, My, e11, B3, e1g, Fo, 27, M3, e19, T3, exy, F3, e16, T2 };
Yoo = {Bs, e11, M, ez, By, e3, F», €27, M3, €19, T3, ex, F3, e16, T2 };
Yior = {B2, 2, My, e, B3, e1z, F3, ex3, M3, e15, To, es, Fo, €17, T3};
Y102 = {B3, e11, M, ez, By, e14, F3, €23, M3, e15, To, ey, B, e17, T3};
Y103 = {B2, €2, My, e11, B3, e1z, F3, €23, M3, 19, T3, €17, B, €4, Ta};
Yioe = {B3, e11, M, ez, By, e14, F3, €23, M3, ey9, Ts, e17, Fa, e, Ta};
Y1050 = {Ba, €12, M3, ex, B3, e13, Fo, €9, My, €1, Ty, €16, F3, e, T3 };
Y1060 = {B3, €20, M3, ez, Ba, €3, Fa, €9, My, e1, T», e16, F3, €22, T3};
Y1077 = {Ba, €12, M3, ex, B3, e13, Fo, €9, My, €10, T3, ex, F3, €16, To};
Y108 = {B3, €20, M3, e12, Ba, e3, Fa, e9, Ma, 1o, T3, ex, F3, e16, T2 };
Y100 = {Ba, €12, M3, ex0, B3, ex1, F3, €25, My, 1, To, es, B>, €17, T3};
Y110 = {B3, €20, M3, e12, B, e14, F3, €25, My, e1, To, e4, B, €17, T3};
Y111 = {Ba, €12, M3, exo, B3, €21, F3, €25, M, e1o, T3, e17, B, ey, Ta};
Y1122 = {B3, ex0, M3, e12, Ba, e1s, F3, €25, M, e1o, T3, e17, Fa, €4, Ta};
Y1z = {B2, €2, My, e11, B3, ezs, Tu, e15, M3, ex7, By, e17, T3, e, F3};
Yie = {B3, e11, My, e, By, e13, To, e15, M3, ex7, B, e17, T3, ex, F3};
Y15t = {Ba, €2, My, e11, B3, exs, To, e15, M3, ex3, F3, ex, T3, e17, B2 };
Y1160 = {B3, €11, My, 2, By, e13, o, e15, M3, ex3, F3, e, T3, e17, Fa};
Y117 = {Ba2, €2, Ma, e11, Bs, exs, T3, €19, M3, ex7, F», 4, Ty, €16, F3};
Y11 = {B3, e11, My, €3, Ba, exs, T3, €19, M3, ex7, B, 4, To, e16, F3};

Y119 = {B2, €2, My, e11, B3, ezs, T3, €19, M3, ex3, F3, e16, To, €4, F2};
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Y120 = {Bs, e11, My, €3, By, €36, T3, €19, M3,
Y121 = {Ba, €12, M3, ex, Bs, ex8, To, €1, My,
Y1220 = {Bs, €20, M3, €12, By, e13, Tp, €1, My,
Y123 = {Ba, €12, M3, ex, Bs, exs, Tp, e1, My,

Y1240 = {B3/ €20, M3/ €12, BZ/ €13, TZ/ €1, MZ/

e, B3, e, To, s, B2 };
e, B2, e17, Tz, e, F3};
e, B, e17, Tz, ey, F3};
exs, B3, ex, T3, e17, B2 };

exs, B3, e, T3, €17, B2 };

Y125 = {Ba, €12, M3, ex, B, eps, T3, €19, My, €9, F», es, Ty, €16, F3};

Y126 = {B3, €20, M3, €12, Ba, ex6, T3, €10, My, €9, B, ey, To, €16, F3};

Y127 = {Ba, €12, M3, e, Bs, exs, T3, €10, M, €25, F3, e16, Tp, s, B2 };

Y128 = {B3, €20, M3, e1p, Ba, €26, T3, €10, Mo, €25, F3, €16, T2, €4, F2};

Y1290 = {Ba, €3, F2, e1g, B3, e11, My, exs, F3, €16, To, €15, M3, e19, T3 };

Y130 = {Bs, e1s, Fa, €3, By, €2, My, €25, F3, €16, T2, €15, M3, e19, T3};

Y1311 = {Ba, €3, Fa, e18, B3, e, My, exs, F3, ex, T3, €19, M3, e15, T };

Y132 = {Bs, e1s, Fa, €3, By, €2, My, €25, F3, exy, T3, €19, M3, e15, T2 };

Y133 = {B2, €3, Fa, e1s, B3, ex0, M3, ex3, F3, e1g, T, e1, My, exg, T3};

Y13e = {Bs, e1s, Fa, €3, By, €12, M, 23, F3, e16, To, €1, My, e1g, T3};

Y135 = {B2, €3, Fa, e1g, B3, €20, M, €23, F3, exp, T3, €10, M, €1, Ta};

T3¢ = {Bs, €18, F2, €3, By, e1n, M3, e3, F3, exp, T3, €10, M, e1, To};

Y137 = {Ba, e1s, F3, €21, B3, e11, M, e9, Fy, e4, T2, €15, M3, e19, T3};

Y138 = {Bs, €21, F3, €14, By, €2, My, €9, Fa, €4, Ty, €15, M3, e19, T3};

T13o = { B2, e1s, F3, €21, B3, e11, My, e9, Fy, €17, T3, e19, M3, e15, T2 };

Tao = {Bs, €21, F3, e1s, By, €2, M, ¢9, B, €17, T3, 19, M3, e15, T };

Y11 = {Ba, e1s, F3, €21, B3, €0, M3, €27, o, €4, Ty, €1, My, e1g, T3};

Y1 = {Bs, €21, F3, e1s, By, €12, M3, ex7, By, ey, To, €1, My, e1p, T3 };

Yz = {Ba, e1s, F3, €21, B3, €0, M3, 37, F2, €17, T, e1o, My, ey, Tz };

Yiae = {Bs, €21, F3, e1s, By, e1p, M3, €37, B3, 17, T3, e10, My, €1, Tr};

Yuus = {Ba, €3, Fa, e1g, B3, ex3, T2, e16, F3, €25, Ma, e1g, T3, €19, Mz };

Tae = {B3, e1s, Fa, €3, By, €13, To, e16, F3, €25, My, e1g, T3, €19, M3 };

Y17 = {Ba, €3, Fy, e18, B3, €23, To, €16, F3, €23, M3, €19, T3, €10, Mo };

T = {Bs, e1s, Fa, €3, By, €13, To, €16, F3, €23, M3, e19, T3, €19, Mz };

Yy = {Ba, €3, F2, e18, B3, exs, T3, 22, F3, €25, My, €1, Ty, €15, M3 };

Y1500 = {Bs, e1s, Fa, €3, By, €26, T3, €2, F3, €25, My, ey, Ty, e15, Mz };

Y1510 = {Ba, €3, Fa, e18, B3, exa, T3, 22, F3, €3, M3, e15, Tp, €1, Ma};

Y152 = {Bs, e1s, Fa, €3, By, 26, T3, ex2, F3, €23, M3, e15, Ta, e1, My };

Y153 = {B2, e1a, F3, ex1, Bs, ex8, To, €4, Fa, €9, My, €9, T3, €19, M3 };

Yisar = {B3, €21, F3, ew, Ba, e13, T, eq, Fa, €9, Ma, e1g, T3, e19, M3 };

Y155 = {B2, e1a, F3, €21, B3, €28, Ty, €4, Fa, €37, M3, e19, T3, €19, My };
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T15¢ = {B3, €21, F3, e1s, By, e13, Ty, €4, B2, €37, M3, e19, T3, €19, M };
Y1577 = {Ba, e1a, F3, €21, B3, exs, T3, €17, o, €9, My, e1, To, €15, M3 };
Yiss = {B3, €21, F3, ew, Ba, exs, T3, €17, Fa, €9, Ma, e1, To, e15, M3 };
Y159 = {Ba, €14, F3, €21, B3, exs, T3, €17, Fo, €27, M3, e15, T, €1, My };
Y160 = {B3, €21, F3, ews, Ba, exs, T3, e17, Fa, €27, M3, e15, T, e1, Ma};
Y161 = { B2, €13, To, €28, B3, e11, M, e1o, T3, e17, Bo, €7, M3, ex3, F3};
Y162 = {B3, exs, T, e13, By, €2, Ma, e1o, T3, e17, Fa, €27, M3, €23, F3};
Y163 = { B2, e13, To, exs, B3, e11, My, ey, T3, ex, F3, €3, M3, ez7, B2 };
Yiear = {B3, exs, To, e13, By, €2, Ma, e1o, T3, ex, F3, €23, M3, ez7, B2 };
Y165 = {B2, e13, To, exs, B3, ex0, M3, e, T3, e17, Fo, €9, My, €35, F3};
Y166 = {B3, €28, To, e13, By, e1a, M3, e19, T3, e17, Fa, €9, Ma, x5, F3};
Y167 = { B2, e13, To, es, B3, ex0, M3, e, T3, e, F3, €25, M, e9, F2};
Y168 = {B3, exs, To, e13, By, e1a, M3, e19, T3, e, F3, €25, M, e9, Fr};
Y160 = {B2, €26, T, €24, B3, €11, My, e1o, Ts, e17, Fa, €27, M3, ex3, F3};
Y170 = {B3, €24, T3, €26, Ba, €2, My, €19, T3, €17, Fa, €27, M3, €23, F3};
Y1711 = {Ba, €26, T3, €24, B3, e11, My, eqo, T3, ez, F3, €23, M3, €37, B2 };
Y1720 = {Bs, €24, T3, €26, Ba, €2, My, e19, T3, exa, F3, €23, M3, €37, B2 };
Y173 = {B2, e, T3, €24, B3, €20, M3, e19, T3, e17, Fa, €9, Ma, x5, F3};
Yi7a = {Bs, €2, T3, €2, By, €12, M3, ex9, T3, e17, B2, €9, My, €35, F3};
Y1757 = {Ba, €26, T3, €, B3, €20, M3, €19, T3, e, F3, €25, My, ¢9, Fr};
Y176 = { B3, €2, T3, €2, Ba, €12, M3, €19, T3, ez, F3, €25, M, e9, F2};
Y177 = {Ba, e13, To, exs, B3, e1s, B, e17, T, e10, My, €25, F3, ex3, Mz };
Y178 = {B3, exs, T, e13, By, €3, B, €17, T3, e10, My, €25, F3, €23, M3 };
Y179 = {Ba, e13, To, exs, B3, e1s, B, e17, T, e19, M3, €23, F3, €5, Mz };
Y1so = {B3, es, To, e13, By, €3, B, €17, T3, e19, M3, ex3, F3, €25, My };
Y181 = {Ba, €13, To, €28, B3, €21, F3, ex, T3, €10, My, e9, Fo, €27, M3};
Y1sy = {B3, exs, To, e13, By, ews, F3, e, T3, €10, My, €9, Fa, ez7, M3 };
Y183 = {B2, €13, To, €28, B3, €21, B3, ex, T3, €19, M3, €27, Fa, €9, M };
Yise = {B3, exs, To, e13, By, ews, F3, e, T3, €19, M3, ex7, Fa, €9, My };
Y185 = { B2, €2, T3, x4, B3, €13, Fa, €4, Ta, €1, My, €25, F3, €23, M3 };
Y1se = {B3, e2a, T3, €2, Bo, €3, Fo, €4, Tp, €1, My, €35, F3, €3, M3 };
Y187 = {Ba, €26, T3, €24, B3, €13, Fr, €4, T, €15, M3, €23, F3, €25, Mz };
Y18y = {B3, e2a, T3, €26, Bo, €3, F», €4, Tp, €15, M3, ex3, F3, €25, Mo };
Yiso = {B2, €26, T3, €24, B3, 21, F3, €16, To, €1, My, €9, Fa, €37, M3};
Y190 = {B3, €24, T3, €26, Bo, €14, F3, €16, T2, €1, M, €9, F>, €27, M3};

Y191 = {Ba, €26, T3, €24, B, €21, F3, €16, T2, €15, M3, €27, F2, €9, My };
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Y192 = {B3, €24, T3, €26, B, €14, F3, €16, T2, €15, M3, €27, F2, €9, My };

Y193 = {F2, €9, My, €5, F3, e1a, By, 12, M3,
Yoo = {F3, €25, M, €9, Fp, €3, By, €15, M3,
Y195 = {F2, €9, My, €35, F3, €14, Ba, €12, M3,
Y196 = {F3, €25, My, €9, F», €3, By, €10, M3,

Y197 = {F2, €9, My, ep5, F3, €21, Bs, ey, M3,

e1s, To, exs, B3, exs, T3};
e15, To, €8, B3, exs, T3};
e19, T3, ex, B, €25, To};
e19, T3, ex4, B, €28, To };

e1s, To, €13, By, €26, T3 };

Yiog = {F3, €25, My, e9, Fy, €13, B3, €20, M3, e15, To, e13, Ba, €26, T3};

Y199 = {F2, €9, My, ex5, F3, €21, B3, €20, M3, €19, T3, €26, Ba, €13, T2 };

Yoo = {F3, €25, My, e9, F, €13, B3, €29, M3,

e19, T3, e, By, €13, Th};

Yaor = {F2, €27, M3, ex3, F3, e1s, Ba, €2, My, €1, Ty, eg, B3, e, T3};

Yoo = {F3, €23, M3, a7, F», €3, By, €2, M,

e1, To, ex8, B3, o4, T3};

Ya03 = {F2, €27, M, €23, F3, e1s, By, €2, My, €10, T3, ea4, B3, ezs, Ta};

Yoow = {F3, €23, M3, 27, F», €3, Bo, €2, M,

e10, T3, e, B3, €28, o };

Yoos' = {F2, €27, M3, ex3, F3, ex1, Bs, e11, My, e1, Ta, e13, Ba, ez, T3};

Yooe = {F3, €23, M3, ez7, F2, €18, B3, e11, My, ey, T», e13, Ba, €26, T3};

Yo7 = {F2, €27, M3, €23, F3, €21, B3, e11, My, e1g, T3, e, B, €13, To};

Yaog = {F3, €23, M3, ex7, B, e18, B3, eq1, My, e1o, T3, €26, Bo, €13, To};

Yooy = {F2, €9, My, €35, F3, €16, To, €15, Ms3,
Yoo = {F3, e, My, €9, >, es, Tr, €15, M3,
Y111 = {Fa, €9, My, exs, F3, e16, To, €15, M3,
Yoy = {F3, €25, My, e9, Fo, €4, T, €15, M3,
Yy = {F2, €9, My, ex5, F3, €2, T3, €19, Ms3,
Yo = {F3, €25, Mo, e9, B, e17, T3, e19, Ms3,
Yoz = {F2, €9, My, exs, F3, €2, T3, €19, Ms3,

Yo = {F3, €25, My, e9, B, €17, T3, €19, M3,

Yu7 = {F, €7, M3, ex3, F3, 16, To, €1, My,

Yoy = {Fs, €23, M3, ez7, B, ea, Tp, €1, My,
Yoo = {F, 27, M3, ex3, Fs, e15, To, €1, M,

Yoo = {F3, €23, M3, ez7, F», es, Tn, €1, M,

e12, Ba, ezs, T3, €x4, B3};
e12, Bo, e, T3, €24, B3};
e, Ba, ex, T, €26, B2 };
€20, Ba, ex, T3, €26, B2 };
e12, Ba, e13, Ty, €28, B3};
e12, By, e13, T, €28, B3};
e, B3, e, Tp, e13, B2 };
e, B3, e, Ty, e13, B2 };
ez, Ba, exs, T, €24, B3};
ez, Ba, ez6, T3, €24, B3};
e11, Ba, exs, T3, €26, Bo};

€11, B3/ €24, T3/ €26, BZ}/

Y1 = {Fa, €27, M3, ex3, F3, exp, T3, €10, Ma, €3, By, e13, T, €28, B3};

Yoo = {F3, €23, M3, ez7, F2, e17, T, e10, My, €2, By, e13, Ta, €28, B3};

Yooz = {F2, €27, M3, €23, F3, exz, T3, €10, Mo, €1, Bs, e, To, e13, Ba};

Yoou = {F3, €23, M3, ez7, 2, e17, T3, 1o, My, €1, Bs, exs, To, e13, Ba};

Y5 = {F2, €3, By, e1s, F3, 25, My, e11, B3, exs, To, €15, M3, e19, T3 };

Y226 = {F3, e1a, Ba, €3, Fa, €9, My, e11, B, €2, T2, €15, M3, ey9, T3};

Yo7 = {F2, €3, By, ews, F3, €25, My, e11, B3, ex, T3, €19, M3, e15, Tr};
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Yaos = {F3, e1s, Ba, €3, Fa, €9, My, €11, B, ex, T3, €19, M3, e15, Ta};
Yoo = {F2, €3, Bo, e1s, F3, ex3, M, e, B3, exg, To, €1, My, e19, T3 };
Yas0 = {F3, e1s, By, €3, Fa, ea7, M, ex, B3, exs, To, €1, My, exg, T3};
Yo3v = {F2, €3, By, e1s, F3, 23, M3, e, Bs, e, T3, €10, Ma, e1, Ta};
Va3 = {F3, e1s, By, €3, B2, ea7, M, ex, B3, ezs, T3, €10, My, €1, Ta};
Yoz = {F2, €18, B3, €21, F3, €25, My, €11, By, e13, To, €15, M3, €19, T3};
Yasw = {F3, €21, B3, e1g, Fa, €9, My, €11, By, €13, To, €15, M3, eq9, T3};
Y235 = {F2, e1s, B3, €21, F3, €25, M, e11, By, ex6, T3, €19, M3, €15, To };
Y236 = {F3, €21, Bs, e1s, Fa, €9, My, en1, Bo, exs, T3, €19, M3, e15, Ta};
Y237 = {F2, e1s, B3, ex1, F3, €23, M3, ex0, By, e13, To, e1, My, eqg, T3};
Yass = {3, €21, Bs, ews, Fa, €27, M, ex, Bo, e13, T, e1, My, eng, T3};
Y23o = {F2, e1s, B3, ex1, F3, €23, M3, ex0, By, €26, To, €1, Ma, e1g, Ta};
Yoao = {F3, €21, B3, e1s, Fa, €27, M3, ex, Ba, ex6, T, €1, My, e1g, Ta};
Yaarr = {F2, €3, By, ew, F3, 16, T2, €28, B3, e11, My, e1g, T3, €19, Mz };
Yoay = {F3, e1a, B, €3, B, e4, To, e, B3, e11, My, e1o, T3, e19, M3};
Yoy = {F2, €3, By, e1s, B3, €16, T, €28, B3, €20, M3, eepy, T3, €10, M2 };
Yoaar = {F3, €14, By, €3, F», €4, T, €28, B3, €0, M3, €eyy, T3, €10, M2 };
Yoz = {F2, €3, By, ews, F3, exn, T3, €24, B3, e11, Ma, e1, To, e15, M3 };
Yo = {F3, e1s, Ba, €3, Fa, €17, Ts, €4, B3, e11, My, ey, Tp, e15, Mz };
Youy = {F2, €3, By, e1s, F3, e, T3, €24, B3, €0, M3, €15, To, €1, Mo };
Youg = {F3, e, By, €3, Fa, €17, T3, €4, B3, ex, M3, e15, Tz, e, M };
Yoao = {F2, e18, B3, ex1, B3, e16, T, e13, By, €2, Ma, 1o, T3, ey, M3 };
Yaso = {F3, €21, B3, e18, Fo, s, Ty, €13, By, €2, My, e19, T3, €y, M3};
Yosv = {Fo, e1s, B3, e21, B3, €16, Tn, €13, Ba, €12, M3, ey, T3, €10, Mo };
Yasy = {Fs, €21, B3, e1s, Fo, es, T, €13, By, €12, M3, eepy, T3, €10, M2 };
Yosy = {F2, €18, B3, €21, F3, €20, T3, €26, Ba, €2, My, €1, To, €15, M3 };
Yose = {F3, €21, B3, e1s, B, e17, Ts, ez6, Ba, €2, Ma, e1, To, e15, M3 };
Vo5 = {F2, €18, B3, ex1, F3, ex, T3, ea6, Ba, €12, M3, e15, To, €1, Ma};
Yas¢ = {F3, €21, B3, e1g Fa, 17, T3, ex6, B, €12, M3, e15, To, €1, My };
Yos7 = {F2, es, T, e16, F3, €25, M, e1g, T3, ex6, By, €12, M, ex0, B3};
Yosg = {3, e16, To, ea, Fa, €9, Ma, 10, T3, ex6, B, €12, M3, ex0, B3};
Yaso = {F2, es, T, e16, F3, €25, M, e1g, T3, exa, B3, €20, M3, €1z, Bz };
Yaso = {3, €16, To, ea, Fa, €9, Ma, 1o, T3, €24, B3, €20, M3, e12, Br};
Ya61r = {F2, ea, T, €16, F3, €23, M3, e19, T3, ex6, Ba, €2, My, e11, B3};
Yasr = {3, €16, To, ea, Fa, €27, M3, e19, T3, €26, By, €2, Ma, e11, B3};

Va3 = {F2, ea, T, e16, F3, €23, M3, e19, T3, €24, B3, €11, M, ez, Bp};
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Yoo = {F3, e16, To, €4, Fa, €27, M3, e19, T3, ex4, B3, e11, My, ez, Bz };
Yoss' = {F2, €17, T3, ex, F3, ex5, My, €1, To, €13, Ba, 12, M3, exo, Bs};
Yase' = {F3, €22, T3, e17, Fa, €9, Ma, e1, To, e13, By, €12, M3, exo, B3};
Yasr = {Fa, e17, T3, ex, F3, ex5, My, e1, Ta, ex3, B3, ex, M3, e1z, Ba};
Yaes = {F3, ez, T3, €17, Fa, 9, My, e1, Ty, €28, B3, €20, M3, €1z, Bz };
Yoo = {Fa, €17, T3, ex, F3, ex3, M3, e15, To, e13, By, €2, My, e11, Ba};
Yoro = {3, ex, T3, e17, Fa, €27, M3, e15, To, e13, By, €2, Ma, e11, Bs};
Yo = {F2, e17, Ts, ex, B3, ex3, M3, er5, Ta, ex8, B3, e11, My, ez, Bz };
Yory = {F3, €2, T3, €17, B2, €27, M, €15, T, ex8, B3, €11, My, €3, By };
Yoz = {F2, es, T, e16, F3, €14, Bo, e1s, T3, €10, My, e11, B3, ex0, M3 };
Yo = {F3, e16, To, €a, Fa, €3, Bo, e1a, T3, €10, My, e, B3, e, M3 };
Yoz = {F2, s, To, €16, F3, €14, B, €14, T3, 19, M3, e, B3, e11, My };
Yore = {F3, €16, To, ea, Fa, €3, Bo, e1a, T3, €19, M3, e, B3, e11, Ma};
Yoz = {Fo, s, To, €16, F3, €21, B3, exs, T3, €10, M, €3, By, €12, Mz };
Yory = {F3, €16, To, es, Fo, €18, B, €24, T3, €10, Mo, €2, By, €12, M3};
Yoz = {Fo, s, To, €16, F3, €21, B3, exs, T3, €19, M3, €12, By, €2, Mo };
Yoso = {3, €16, To, ea, Fr, €18, B3, e2s, T3, €19, M3, e, Ba, €2, Mp};
Yasir = {F2, e17, Ts, ex, F3, ew, Ba, e13, To, e1, My, e, B3, e, M3};
Yasy = {F3, ex, T3, e17, Fa, €3, Ba, e13, Ta, €1, My, e11, B3, exo, M3 };
Yasy = {F2, e17, T3, e, B3, e1s, By, e13, T, €15, M3, ex0, Bs, e11, M };
Yosy = {F3, ex, T, e17, Fa, €3, Ba, e13, To, €15, M3, ex0, B, e11, My };
Yass = {F2, e17, T3, ex, F3, en, B, e15, To, €1, M, €3, By, €12, M3 };
Yase = {F3, e, T3, e17, Fo, e1s, Bs, e1s5, To, e1, My, ez, By, e1n, M3 };
Yosz = {F2, e17, T3, ex, F3, en, Bs, e15, T, 15, M3, e1p, By, €2, My };
Yasg = {F3, ex2, T3, e17, Fa, exs, B3, e15, T, e15, M, ez, B, ez, Mp};
Yasor = {T2, €1, Ma, e1o, T3, ez6, Bz, €12, M3, ez7, Fr, e1s, B3, ex1, F3};
Yaoo = {T3, €10, Ma, e1, T, e13, By, 12, M3, ex7, Fa, e1s, B3, e21, F3};
Yoo1 = {To, e1, My, e1o, T3, ex6, Bz, €12, M3, 23, F3, €21, B3, e1s, F2};
Y20 = {T3, e10, My, e, Ta, e13, By, e1p, M3, 23, F3, €21, B3, e1g, F2};
Yooy = {T2, €1, My, ey, T3, €24, B3, ex0, M3, €7, Fa, e3, Ba, es, F3};
Yoo = {T3, €10, Ma, e1, T, exs, B3, €20, M3, ez7, Fa, €3, Ba, ¢, F3};
Yoos = {T2, €1, My, ey, T3, €24, B3, ex0, M3, ex3, F3, es, Bo, €3, Fa};
Y296 = {T3, €10, Ma, e1, T, exs, B3, €20, M3, ex3, F3, €5, Ba, €3, Fr};
Y207 = {To, €15, M3, e, T3, €26, Ba, €2, M, e9, F», €18, B3, €21, F3};
Yoo = {T3, €19, M3, e1s, To, e13, By, €2, My, 9, Fy, e1s, B3, ex1, F3};

Y290 = {T2, €15, M3, e19, Ts, ez6, Bz, €2, Ma, x5, F3, €21, B3, e1s, B2 };
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Ys00 = {T3, €19, M3, e1s, T, e13, By, €2, Ma, x5, F3, €21, B3, e1s, B2 };
Yaor = {Ta, e15, M3, e19, T3, €24, B3, €11, My, e9, F», €3, By, €, F3};
Ya02 = {T3, €19, M3, e15, To, eas, B3, e11, My, e9, Fa, €3, By, ¢, F3};
Y303 = {T2, e15, M3, e19, T3, ezq, B3, €11, My, exs, F3, €5, Ba, €3, Fr};
Yaoer = {T3, €19, M3, e1s, To, ezs, B3, e11, M, exs, F3, €5, Ba, €3, Fr};
Ya03 = {T2, e1, My, e1o, T3, e17, Fa, €27, M3, €1z, Bo, e1s, F3, 21, B3};
Ya06 = {T3, €10, Ma, e1, T, es, Fa, €27, M3, 1z, By, e, F3, €21, B3};
Y307 = {T2, e1, My, exo, T3, e17, Fa, ea7, M3, ex0, B3, €21, F3, e1s, Bz };
Ya0s = {T3, €10, Ma, e1, T, eq, Fa, €27, M3, ex0, B3, ex1, F3, e1s, Ba};
Ys00 = {T2, e1, My, exo, T3, exz, F3, €23, M3, e1z, By, e3, Fa, e1s, B3};
Ya10 = {T3, e, Ma, e1, T, e16, F3, ex3, M3, e1p, By, €3, B, e1g, B3};
Ya11r = {To, e1, My, exo, T3, exz, F3, €23, M3, ex0, B3, e1s, Fo, 3, Bz };
Ya122 = {T3, ewo, Mo, e1, Ta, e16, F3, €23, M3, ex0, B3, e1s, B, €3, Ba};
Y313 = {T2, e15, M3, e19, T3, e17, B2, €9, My, €3, By, €14, F3, €31, B3};
Ya1e = {T3, e19, M3, e15, To, es, Fo, €9, M, €2, By, €14, F3, e, Bs};
Y315 = {T2, e15, M3, e, T3, e17, B2, €9, My, e11, B3, ex1, F3, e1s, Bz };
Y316 = {T5, e19, M3, e15, To, es, Fa, €9, My, €11, B3, ex1, F3, e1s, Bz };
Ys177 = {Ta, e15, M3, e19, Ts, ex, F3, €25, My, €3, By, €3, Fa, e18, B3};
Ya18 = {Ts, e19, M3, e15, To, e16, F3, €25, Mo, ez, By, e3, Fa, e1g, B3};
Y319 = {Ta, e15, M3, e19, Ts, ex, F3, €25, M, e11, B3, e, B, €3, Ba};
Ya0 = {T5, e19, M3, es, To, e16, F3, €25, M, e11, B3, e1s, Fo, €3, Bz };
Ys21r = {Ta, 13, B, ez6, T3, €10, My, €11, Bs, e1s, Fa, €27, M3, ex3, F3};
Y322 = {T5, €2, B, €13, To, €1, My, e11, B3, e1s, Fa, €27, M3, €23, F3};
Y323 = {T2, €13, B, €26, T3, €10, My, e11, B3, e, F3, €23, M3, ea7, B2};
Va0 = {T3, €26, Ba, €13, To, €1, My, e, B3, €21, F3, 23, M3, ez7, 2 };
Va5 = {Ta, €13, Ba, e, T3, €19, M3, ex0, B3, e13, Fo, €9, My, €35, F3};
Y326 = {T3, €26, Ba, e13, To, e15, M3, e, B3, e1s, Fa, €9, Ma, x5, F3};
Y37 = {T2, €13, By, ezs, T3, €19, M3, ex0, B3, €21, F3, €25, M, e9, F2};
Y328 = {T3, €26, Ba, e13, T, e15, M3, ex, B3, €21, F3, €25, M, e9, Fr};
Y3200 = {To, es, B3, exs, T3, €10, Ma, €2, By, €3, Fa, €27, M3, €23, F3};
Yaso = {T3, e, B3, exs, To, €1, My, €3, By, €3, B>, €37, M3, €3, F3};
Ya31r = {To, es, B3, ex, T3, €10, M, €2, By, e1s, F3, €23, M3, €27, B2 };
Yas = {T3, e, B3, e, To, €1, My, €3, Bo, e1s, F3, 23, M3, €27, Fo};
Y333 = {To, exs, Bs, exs, T3, €19, M3, e12, Bo, e3, Fa, €9, My, €35, F3};
Yasw = {T3, e, B3, exs, To, €15, M3, 12, By, 3, Fa, €9, My, €25, F3};

Y3350 = {Ta, €28, B3, exs, T3, €19, M3, €12, By, €1y, F3, €25, M, €9, Fa};
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Y336 = {T3, €24, B3, ezs, T, e15, M3, €12, Ba, e1s, F3, €25, M, e9, Fr};
Ya37 = {Ta, e13, B, ezs, Ts, €17, Fa, €18, B3, e11, My, ex5, F3, ex3, Mz };
Ya3s = {T3, €2, Ba, e13, T, es, Fo, €18, B3, e11, My, eo5, F3, €23, M3};
Yas0 = {Ta, €13, Ba, e, T3, €17, Fo, €18, B3, €20, M3, €23, F3, €25, M> };
Yaa0 = {T3, €2, Ba, e13, T, ea, Fa, €18, B3, €0, M3, €3, F3, €25, Mp};
Va1 = {To, e13, By, e, T3, ez, F3, €21, B3, e11, M, e9, Fy, €27, M };
Yaa = {T3, ex, Ba, e13, T, e16, F3, €21, B3, e11, My, e, B, ez7, Mz };
Yaaz = {T2, e13, B, €26, T3, €2, F3, €21, B3, €0, M3, ex7, Fa, €9, Mp};
Yaaar = {T3, s, Ba, e13, T, e16, F3, €21, B3, €0, M3, €27, Fa, €9, Mp};
Yaas = {T2, exs, B3, exs, T3, €17, F2, €3, By, €2, M, 35, F3, €23, M3 };
Yaseg = {T3, e, B3, e, T, €4, Fo, €3, Bo, €2, My, €35, F3, €3, M3 };
Yaaz = {T2, e, Bs, exs, T3, €17, Fa, €3, By, €12, M3, ex3, F3, €25, Mo };
Yaay = {T3, e, B3, e, To, €4, Fo, €3, By, €12, M3, €23, F3, €25, Mo };
Yaa0 = {T2, €28, B3, €24, Ts, €2, F3, €14, By, €2, My, €9, Fa, €37, M3 };
Yaso = {T3, e, B3, exs, T, €16, F3, €14, Ba, €2, My, €9, F>, €27, M3};
Y3511 = {T2, exs, B3, e2s, Ts, ez, F3, €14, Ba, €12, M3, €27, Fa, €9, Mp};
Va5 = {T5, e, B3, exs, To, 16, F3, €14, By, €12, M, ez7, F2, €9, My };
Y353 = {T2, es, Ba, e17, T3, €10, My, €25, F3, e1s, By, e1a, M3, exo, B3};
Yase = {Ts, e17, Fa, ey, Ta, €1, My, €25, F3, ew, By, e1n, M, ex, B3};
Y355 = {Ta, es, Ba, e17, T3, €10, My, €25, F3, ex1, B, ex, M3, e1z, Ba};
Y356 = { T, e17, Fa, ey, To, €1, My, €25, F3, 21, B3, €20, M3, €1z, Bz };
Yas7 = {To, es, F», €17, Ts, €19, M3, €23, F3, e1a, By, €2, M, eq1, B3};
Yass = {Ts, e17, Fa, e4, To, €15, M3, €23, F3, e1s, By, €2, My, e11, B3};
Yaso = {To, es, F», €17, T3, 19, M3, €23, F3, €21, B3, e11, My, €3, Bo};
Va0 = {T3, €17, Fa, ea, T, e15, M, ex3, F3, €21, B3, e11, M, ez, Br};
Ya6r = {Ta, €16, F3, ex, T3, €10, Mo, €9, F, €3, By, e12, M3, e, B3};
Yaer = {T3, €22, F3, 16, T2, €1, Ma, e9, Fs, €3, By, €12, M, €30, B3};
Yae3 = {T2, 16, B3, ex2, T3, €10, My, €9, B, 1z, B3, ex, M3, e1z, Ba};
Yaeer = {Ts, ex2, B3, €16, Ta, €1, My, e9, Fy, €13, B3, €20, M3, €12, Bz };
Y365 = {T2, €16, F3, €2, T3, €19, M3, ez7, Fo, e3, By, e, My, e11, B3};
Yaes = { T3, e, F3, €16, To, €15, M3, ez7, F», €3, By, €2, My, eq1, B3 };
Y367 = {T2, €16, F3, €22, T3, €19, M3, €27, F2, €12, B3, e11, My, ez, Bz };
Yaes = {T3, e, B, e16, To, €15, M3, ex7, Fa, e1z, B3, enn, Ma, ez, Ba};
Va0 = { T2, €4, Fa, e17, T3, ex6, By, e1a, F3, €25, M, €11, B3, ex0, M3 };
Yaro = {T3, e17, B, es, T, €13, By, ens, B3, €25, My, e, B3, exo, M3};

Yarr = {To, es, B2, e17, T3, €26, By, e1a, F3, €23, M3, €30, B3, e11, My };
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Va7 = {T3, e17, Fa, es, T, e13, By, e, F3, €23, M3, e, B3, e11, Ma};
Va3 = {T2, es, Ba, e17, T3, €24, B3, €21, B3, €25, M, €2, Bo, e1n, M3 };
Yare = {T3, e17, Fa, ea, T, €28, B3, €21, F3, €25, My, €2, Bo, €12, M3 };
Ya75 = {To, es, Fa, e17, T3, exa, B3, €21, F3, €23, M3, €1z, By, €2, My };
Va6 = {T3, €17, Fa, ea, T, €28, B3, €21, F3, €23, M3, €12, Ba, ez, Mp};
Va7 = {T2, e16, B3, €22, T, €26, Bo, €14, Fo, €9, My, e11, B3, 20, M3 };
Yarg = {T3, ex, B, e16, T, €13, By, e1s, Fa, €9, My, en1, B3, exo, M3};
Yaror = {T2, €16, F3, €2, T3, €26, Ba, €14, Fa, €27, M3, ex0, B3, e11, Ma};
Yaso = {T3, e, B3, e16, To, €13, Ba, e1s, Fo, €27, M3, ex, B3, e11, Ma};
Yas1r = {To, €16, F3, €2, T3, €24, B3, €21, B, €9, My, €3, By, €12, M };
Yasy = {T3, ex, F3, e16, To, €28, B3, €21, Fa, €9, My, €3, By, €12, M3};
Yasy = {T2, €16, F3, €2, T3, €24, B3, €21, Fa, €27, M3, €1z, By, €2, My };

Yase = {Ts, ex2, B3, e, To, €28, B3, €21, Fa, €27, M3, e1p, Bo, €2, Mz }.
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