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Abstract

Fuzzy Topographic Topological Mapping (FTTM) is a model for
solving neuromagnetic inverse problem. FTTM consists of four compo-
nents and connected by three algorithms. FTTM version 1 and FTTM
version 2 were designed to present 3D view of an unbounded single cur-
rent and bounded multicurrent sources, respectively. In 2008, Suhana
introduced some definitions on sequence of FTTM. In this paper, the
vertices of FTTM is extended. The geometrical features for some finite
vertices of FTTM; namely FKn is investigated and some new defini-
tions on sequence of FKn are introduced. A couple of new theorems are
introduced and the proof for the theorems are provided.
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1 Introduction

Fuzzy Topographic Topological Mapping (FTTM) is a model for solving neu-
romagnetic inverse problem [1]. Generally, FTTM is a 4-tuple of topological
spaces which are homeomorphic to each other [2] and can be represented as

FTTM = {(M,B, F, T ) : M ∼= B ∼= F ∼= T}

The exact arrangement for the sequential elements of FTTM [8] is presented
in Figure 1.

Figure 1: Sequence of FTTMn

FKn is developed from FTTM

2 Sequence of Finite Vertices of FTTM; FKn

This section is dedicated to expose the geometrical features of FKn and to
derive some pattern obtain from the geometrical features of FKn. A sequence
of finite vertices n of FTTM, denoted by FKn. Some of them are defined as
follows.

2.1 Sequence of F2n

Definition 2.1 A F2n is defined as

F2n = {(A1, A2) : A1
∼= A2}.
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In order to extract some geometrical features of F2n, the exact arrangement
for the sequential elements of F2n is presented in Figure 2.

Figure 2: Sequence of F2n

Consequently, some patterns for the number of vertices, edges, faces are
observed from sequences of F2n.

Definition 2.2 The number of vertices in F2n, noted as vF2n, is defined
recursively by the equation

vF2n = vF2n−1 + 2 for n ≥ 1 and vF20 = 0. (1)

The sequence of edges for F2n, namely, eF2n are 1, 4, 7, 10, 13, . . . , 3n−2.
It is an arithmetic sequence with the difference between two consecutive terms
is 3. Table 1 shows on how eF2n is obtained

Table 1: eF2n for n = 1, 2, 3, ..., 10
n eF2n eF2n = (1)eF2n−1 + 3

1 1

2 4 4 = (1)(1) + 3

3 7 7 = (1)(4) + 3

4 10 10 = (1)(7) + 3

5 13 13 = (1)(10) + 3

6 16 16 = (1)(13) + 3

7 19 19 = (1)(16) + 3

8 22 22 = (1)(19) + 3

9 25 25 = (1)(22) + 3

10 28 28 = (1)(25) + 3
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Definition 2.3 The number of edges in F2n, given by eF2n is defined re-
cursively by equation

eF2n = eF2n−1 + 3 for n > 1 and eF21 = 1. (2)

Note that there are no cubes for sequence of F2n.

2.2 Sequence of F3n.

F3 consists of three components namely A1, A2, and A3. In general F3 is
defined as follows.

Definition 2.4 F3n is a set given by

F3n = {(A1, A2, A3) : A1
∼= A2

∼= A3}

In order to extract some geometrical features of F3n, the exact arrangement
for the sequential elements of F3n is given in Figure 3.

Figure 3: Sequence of F3n

Some patterns on the number of vertices, edges, faces are observed from
sequences of F3 and the following definitions are developed.

From Figure 3, sequence of vertices for F3n namely, vF3n begins with 3, 6,
9, 12, 15,. . . , 3n. It is an arithmetic sequence with the difference between two
consecutive terms is 3.

Definition 2.5 The number of vertices in F3n which is vF3n is defined
recursively as

vF3n = vF3n−1 + 3 for n ≥ 1 and vF30 = 0. (3)
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The sequence of edges for F3n namely, eF3n begins with 3, 9, 15, 21, 27,
33,. . . , 6n − 3. It is an arithmetic sequence with the difference between two
consecutive terms is 6.

Table 2: eF3n for n = 1, 2, 3, ..., 10
n eF3n eF3n = (1)eF3n−1 + 6

1 3

2 9 9 = (1)(3) + 6

3 15 15 = (1)(9) + 6

4 21 21 = (1)(15) + 6

5 27 27 = (1)(21) + 6

6 33 33 = (1)(27) + 6

7 39 39 = (1)(33) + 6

8 45 45 = (1)(39) + 6

9 51 51 = (1)(45) + 6

10 57 57 = (1)(51) + 6

Definition 2.6 The number of edges for F3n which is eF3n is defined re-
cursively by equation

eF3n = eF3n−1 + 6 for n > 1 and eF61 = 3. (4)

The sequence of faces for F3n ; fF3n begins with 1, 5, 9, 13, 17, 21,. . . ,
4n− 3. Furthermore it is an arithmetic sequence with the difference between
two consecutive term is 4.

Definition 2.7 The number of faces in F3n which is given by fF3n is
defined recursively by the equation

fF3n = fF3n−1 + 4 for n > 1 and fF31 = 1. (5)

3 Proof on Sequence of FKn

The steps for proving sequence of FKn can be very tedious as it involves large
number of terms. One can proves a sequence of FTTM by constructive method.
However this method requires one to develop geometrical features for all se-
quence of FTTM [9]. Alternatively we can use method of difference equa-
tions [10] in order to prove them.
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Table 3: fF3n for n = 1, 2, 3, ..., 10
n fF3n fF3n = (1)fF3n−1 + 4
1 1
2 5 5 = (1)(1) + 4
3 9 9 = (1)(5) + 4
4 13 13 = (1)(9) + 4
5 17 17 = (1)(13) + 4
6 21 21 = (1)(17) + 4
7 25 25 = (1)(21) + 4
8 29 29 = (1)(25) + 4
9 33 33 = (1)(29) + 4
10 37 37 = (1)(33) + 4

3.1 Sequence of F2n.

Theorem 3.1 The sequence of number of edges in F2n; eF2n can be repre-
sented as

eF2n = 3n− 2 for n ∈ N

Proof of Theorem 3.1

Recall Eqn. (2), where the number of edges for F2n is presented as

eF2n = eF2n−1 + 3

By replacing n with n + 1, then

eF2n+1 = eF2n + 3 (6)

Eqn. (6) can be rewritten as

eF2n+1 − eF2n = 3 (7)

Eqn. (7) can also be viewed as a non-homogenous ordinary difference equation
in the form of

eF2n = An + Bn (8)

with An and Bn are the general and particular solutions, respectively. From
Table 1, the model for the general solution can be written as

An+1 − (1)An = 0
i.e An+1 − An = 0

(9)
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On the other hand, the particular solution can be written as

Bn+1 −Bn = 3 (10)

The solution for Eqn. (9) is assumed to be

An = a r (11)

with r is a root from related polynomial of Eqn. (7).It can be solved by finding
the related polynomial for Eqn. (7) . In this case, the related polynomial for
Eqn. (7) is

P (r) = r − 1 (12)

(See Example 2 of [11]; page 9). Hence using Eqn. (12) with respect to general
solution, therefore

P (r) = r − 1 = 0
∴ r = 1

(13)

Thus Eqn. (11) becomes
An = a (1)

= a
(14)

Furthermore, in order to obtain the particular solution for Eqn. (10), let

Bn = bn (15)

By substituting Eqn. 15 into Eqn. (10), therefore

Bn+1 −Bn = 3,

b(n + 1)− (bn) = 3,

b = 3

(16)

From Eqn. (15), thus Bn = 3n. Next, by using (14) and (16), the solution for
(8) can be rewritten as

eF2n = a + 3n (17)

From Table 1, the initial values for eF21 = 2; i.e when n = 1,

eF21 = a + 3(1)
1 = a + 3

∴ a = −2
(18)

Thus, in general, Eqn. (18) becomes

eF2n = −2 + 3n

or,
eF2n = 3n− 2

�
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3.2 Sequence of F3n

Similarly, we can prove for sequence of F3n as follows.

Theorem 3.2 The sequence of number of edges in F3n; eF3n can be repre-
sented as

eF3n = 6n− 3 for n ∈ N

Proof of Theorem 3.2

Recall Eqn. (4), where the number of edges for F3n is presented as

eF3n = eF3n−1 + 6

Similarly, by replacing n with n + 1, then

eF3n+1 = eF3n + 6 (19)

Eqn. (19) can be rewritten as

eF3n+1 − eF3n = 6 (20)

Equation (20) can also be viewed as a non-homogenous ordinary difference
equation in the form of

eF3n = Cn + Dn (21)

with Cn and Dn are the general and particular solutions, respectively. From
Table 2, the model for the general solution can be written as

Cn+1 − (1)Cn = 0
i.e Cn+1 − Cn = 0

(22)

On the other hand, the particular solution can be written as

Dn+1 −Dn = 6 (23)

The solution for Equation (22) is assumed to be

Cn = cr (24)

with r is a root from related polynomial of Eqn. 20. It can be solved by finding
the related polynomial for Eqn. (20). For this, the related polynomial for Eqn.
(20) is

P (r) = r − 1 (25)
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(See Example 2 of [11]; page 9). Hence using Eqn. (25) with respect to general
solution (Eqn (22)), therefore,

P (r) = r − 1 = 0
∴ r = 1

(26)

Thus Equation (24) becomes

Cn = c(1)
= c

(27)

Furthermore, in order to obtain the particular solution for (23), we let

Dn = dn (28)

By substituting Eqn. 28 into Eqn. (23), therefore

Dn+1 −Dn = 6,

d(n + 1)− (dn) = 6,

d = 6

(29)

Substitute d = 6 into Eqn. (28), thus

Dn = 6n

Next, from (27) and (29), the solution for (21) can be rewritten as

eF3n = c + 6n (30)

From Table 2, the initial values for eF31 = 3; i.e when n = 1,

eF31 = c + 6(1)
3 = c + 6

∴ c = −3
(31)

In general, Eqn. (31) become

eF3n = −3 + 6n

or,
eF3n = 6n− 3

�

Theorem 3.3 The sequence for the number of faces of F3n; fF3n is

fF3n = 4n− 3 for n ∈ N
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Proof of Theorem 3.3

Recall Eqn. (5), where the sequence of faces is defined as

fF3n = fF3n−1 + 4

Equivalently, by letting n = n + 1 will yields

fF3n+1 = fF3n + 4 (32)

Eqn (32) can be rewritten as

fF3n+1 − fF3n = 4 (33)

Eqn (33) can also be viewed as a non-homogenous ordinary difference equation
in the form of

fF3n = En + Fn (34)

with En and Fn are the general and particular solutions, respectively. From
Table 3, the model for the general solution can be written as

En+1 − (1)En = 0
i.e En+1 − En = 0

(35)

On the other hand, the particular solution can be written as

Fn+1 − Fn = 4 (36)

The solution for Eqn (35) is assumed to be

En = er (37)

with r is a root from related polynomial of Equation 33 In this case, the related
polynomial for Equation (33) is

P (r) = r − 1 (38)

(See Example 2 of [11]; page 9). Hence using (38) with respect to general
solution (see Eqn (35)), therefore

P (r) = r − 1 = 0
∴ r = 1

(39)

Thus Eqn. (37) becomes
En = e(1)

= e
(40)
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Furthermore, in order to obtain the particular solution for Eqn. (36), let

Fn = fn (41)

By substituting Eqn. 41 into Eqn. (36), therefore

Fn+1 − Fn = 4,

f(n + 1)− (fn) = 4,

f = 4

∴ fn = 4n

(42)

Using (40) and (42), the solution for (34) can be rewritten as

fF3n = e + 4n (43)

From Table 3, the initial values for fF31 = 1; i.e when n = 1,

fF31 = e + 4(1)
1 = e + 4

∴ e = −3
(44)

Thus, in general, Eqn. (44) turns to

fF3n = −3 + 4n

or,
fF3n = 4n− 3

�

4 Conclusion

This paper focussed on developing geometrical representation for sequence of
F2n and F3n. A couple of new theorems on sequence of FKn, mainly sequence
of edges and sequence of faces of FKn via ordinary difference equation. The
advantages of the theorems are, we don’t have to find the value for the pre-
vious terms in order to find the value for intended value of n. Besides, the
introduced theorem is true for all value of n.
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