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Generalized Finite Sequence of Fuzzy Topographic Topological M apping
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Abstract: Problem statement: Fuzzy Topographic Topological Mapping (FTTM) wasveloped to
solve the neuromagnetic inverse problem. FTTM abeadiof four topological spaces and connected by
three homeomorphisms. FTTM 1 and FTTM 2 were deeloto present 3-D view of an unbounded
single current source and bounded multicurrent cesyrrespectively. FTTM 1 and FTTM 2 were
homeomorphic and this homeomorphism will generatgteer 14 FTTM. We conjectured if there exist n
elements of FTTM, then the numbers of new elemaresi-n. Approach: In this study, the conjecture
was proven by viewing FTTMs as sequence and usingeiometrical featureResults: In the process,
several definitions were developed, geometrical alggtbraic properties of FTTM were discovered.
Conclusion: The conjecture was proven and some features aEitpgence appear in Pascal Triangle.
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INTRODUCTION

intracellular
current
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The human brain (Fig. 1a) is the most important
structure in our body. It is also the most complex
organized structure known to exist. There are fobes
in both halves of the cortex: Frontal, parientainporal
and occipital. The outermost layer of the braisa#ied
the cerebral cortex. The cerebral cortex has al tota
surface area of about 2500 Grfolded in a complicated
way, so that it fits into the cranial cavity formbg the
skull of the brain. There are at least 1010 neuiorke
cerebral cortex (Ahmaet al., 2008).

These neurons are the active units in a vast Isigna FTIM 1
handling network. When information is being proeekss M = T
small currents flow in the neural system and predac
weak magnetic field (Fig. 1b), which can be measure
non-invasively by a SQUID (Hamalainext al., 1993)
(Superconducting Quantum Interference Device)
magnetometer.

Magnetic field readings obtained from SQUID give
information for the process to determine location,
direction and magnitude of a current source. This i
called neuromagnetic inverse problem. Currentlyethe
only a method for solving this problem, namely Bage
that needs a priori information (data based moalad) it FTTM 2
is time consuming (Tarantola and Vallete, 1982)ti@n
other hand, FTTM is a novel model for solving Fig. 2: Homeomorphisms between FTTM 1 and FTTM
neuromagnetic inverse problem (Ahmetdal., 2008). 2

Corresponding Author: Tahir Ahmad, Faculty of Science, ESciNano ReseAttance,
Ibnu Sina Institute for Fundamental Science Stydissversity Technology Malaysia, 81310 Skudai,
Johor, Malaysia

(b)

Fig. 1: (a): Human brain (b): Neuron magnetic field
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In order to extract some geometrical features of

consuming. The development of FTTM has beerFTTM, we need to define on how our FTTMs will be

reported in sequentially. Its mathematical striegur

algorithms and its initial performance is reported
extensively in (Ahmadt al., 2005; 2008). FTTM 1 as

well as FTTM 2 are specially designed to have
equivalent  topological  structures  between its
components. In other words, each component of FITM
and 2 is homeomorphic (Fig. 2) (Ahmeidal., 2005).

MATERIALSAND METHODS

Sequence of FTTM: Generally, FTTM can be

represented as follows:
FTTM={M,B,F, T):MUB UF U}

(M, B', F', T)UFTTM means that it satisfy the
conditions of M, B, F and T respectively as given i
(Ahmadet al., 2005) and M-B', B'UF" and FU 1.

We (Ahmad et al., 2005; 2008) proposed the
following conjecture with regards in generating AT

Conjecture: If there exist n elements of FTTM
illustrated as then the numbers of new elementsctira
be generated aré-n elements.

Even though it seems mathematical induction is

most likely can be used to prove the conjecture
unfortunately it didn’t work. This is due to thecfahat
Fig. 3 is a geometrical object whilé-n is an algebraic
expression. Because of this reason, we need tocdedu
some geometrical features of FTTM in order to eetat
the algebraic expression. The idea of deducing suc
features came from the study of Wu (1997) on
Fibonacci Cubes.
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Fig. 3: FTTM,
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arranged (Fig. 4).

Definition 1: Sequence of FTTM.

Let FTTM = (MC;, BM,, FM;, TM;) such that MG
BM,, FM;, TM,; are topological space with MCBM; [
FM; O TM;. Set of FTTMi denoted by FTTM
{FTTM;, i =1, 2, 3, ..., n}. Sequence of n FTTMi of
FTTM is FTTM1, FTTM2, FTTM3,..., FTTMn such
that L MG O MCiy, BM; 00 BMiyy, FM, O FM;, TM; O
TM;.

As a start, let us look at FTTMFTTM,, FTTM;
and FTTM, respectively in Fig. 5.

FTTM; can be viewed generally as a square and
without loss of generality we can think MC, BM, FM
and TM as vertices and the homeomorphism, i.e.,[IMC
BM, BM OFM, FM OTM and MCO TM, as edges.
FTTM 1 has 4 vertices and 4 edges.

Similarly FTTM, contains 8 vertices, 12 edges, 6
faces and 1 cube. Generally a cube is a combinafion
2 FTTM.

FTTM; consists of 12 vertices, 24 edges, 15 faces
and 3 cubes.

FTTM, has 16 vertices, 28 edges, 16 faces and 6
cubes.

Consequently, we can observe some patterns of
Vertices, edges, faces and cubes emerging from
sequences of FTTM as listed in the Table 1.

Definition 2: k-FTTM,.

h k-FTTM, is the k-th FTTM of a sequence of
FTTM, for n>k. For example, 1-FTTM 2-FTTM; and
3-FTTM; are given as follows (Fig. 6).

s
BMy _____ , FM,

Fig. 4: Sequence of FTTM
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Fig.5: (a): FTTM, (b): FTTM, (c): FTTM;, (d):
FTTM,

Definition 3: Sequence of Vertices of FTTM

The sequence of vertices for FTTMwhich is
VFTTM,;, VFTTM,, VFTTMg,... are given recursively
by equation VFTTM= 4n for re1l.

The sequence of edges begins with the integers 4,
12, 20, 28, 36,... and furthermore it is an arithmeti
sequence with the difference between two consezsitiv
term is 8. We can define formally the sequencedgks
as follows.

Definition 4: Sequence of Edges of FTTM

The sequence of edges for FTJMvhich is
eFTTM,, eFTTM,, eFTTM;,... are given recursively by
equation eFTTM= 4+(n-1)8 for 1.

The sequence of faces begins with the integes 1,
11, 16, 21, 26, 31, 36, 41, 46,... and furthermorg &n
arithmetic sequence with the difference between two
consecutives term is 5. We can define formally the
sequence of faces as follows.

Definition 5: Sequence of Faces of FTTM

The sequence of faces in FTJMs fFTTM,
fFTTM,, fFTTMs,... are defined recursively by the
equation fFTTM = 1+(n-1)5 for e1.

The sequence of cubes begins with the integers 0,
1, 3,6, 10, 15, 21,... and so on. We can define &tlym
the sequence of cubes as follows.

TN

Fig. 6: 1-FTTM, 2-FTTM; and 3-FTTM

By defining sequence of FTTMs as given in theTable 1: Vertices, edges, faces and cubes for segusf FTTM

Definition 1, considering Table 1 and invoking to FTTM, Vertices Edges Faces Cubes
arithmetic sequence, we can have the following! 4 4 1 0
definition 3-6 which are analogous to the defimitiof 13 23 ﬁ é
Fibonacci sequence given in (Ahmadil., 2005). 4 16 28 16 6
The sequence of vertices begins with the integers 5 20 36 21 10
8, 12, 16, 20, 24,... and furthermore it is an arghim 6 24 44 26 15
sequence with the difference between two consezwsitiv gg 23 gé gé
terms is 4. We can define formally the sequence 08 36 68 41 36
vertices as follows. 10 40 76 46 45
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Table 2: Sequence of FTTM Table 4: Sequence of FTTM

FTTM, FTTMasn 14 FTTMopn FTTM, FTTMan 24FT TN,
FTTM, 0 0 FTTM; 0 0
FTTM, 1 14 FTTM, 0 0
FTTM; 3 42 FTTM; 0 0
FTTM, 6 84 FTTM, 1 24
FTTMs 10 140 FTTMs 5 120
FTTMs 15 210 FTTMe 15 360
FTTM; 21 294 FTTM; 35 840
FTTMs 28 392 FTTMs 70 1680
FTTM, 36 504 FTTM, 126 3024
FTTMyo 45 630 FTTMyo 210 5040

Table 3: Sequence of FTTM

We have introduced that two and three terms

FTTM FTTM 36 FTT . i
ETT T 5 Mo ETTM in FTTM, can produce cubes. By extending the
1 " .
FTTM, 0 0 number of combination terms of FTTM to four, cube
FTTM; 1 36 can also be produced and 24 new elements will be
FTTM, 4 144 generated. Therefore, Definition 9 can be develoged
Ems %8 328 following and Table 4 shows Sequence of FT;}énd
6 .
FTTM; 35 1260 its new elements.
FTTMg 56 2016
FTTM, 84 3024 Definition 9: Sequence of FTTM,
FTTMso 120 4320

FTTM,, means the number of cubes produced by

Definition 6: Sequence of Cubes of FTTM th_e combination of any four terms FTTM in FT{M
The sequence of cubes for FTHMvhich is With FTTMay = FTTMs, = FTTMys= 0. Hence,
FTTMya, FTTMy, FTTMyps,... are given recursively FTTM‘”“; =1, FTTMys = 5, FTTMye = 15 and in
by equation FTTM, = FTTMyy, +(n-1) for re1. general:
By examining cube in FTTM, we can realize that
cube inst from tge combination of two terms of BT T 11 Man= FTTMsn.-FTTMgp.sfor all n>1
in FTTM, which in turn will generate another 14 new
elements of FTTM. Therefore, Definiton 6 can be RESULTS AND DISCUSSION
rewritten as follows.
It is impossible to continuing develop cube from
Definition 7: Sequence of FTTh,. the combination of five or more terms FTTM.
FTTMz, (Table 2)means the number of cubes Consequently, the number of generating FTTM in a
produced by the combination of any two terms FTTMsequence of FTTMis the summation of the three
in FTTM, with FTTM1= 0, FTTMy2= 1, FTTMy3=3,  versions of cubes; i.e., FTTM FTTMzmand FTTMy.

FTTMg,= 6 and in general: The coefficients for each version are 14, 36 and 24
respectively. The equation which represents thebaum
FTTMzn= FTTMyp.s+(n-1) for all n>1 of new elements of FTTM can be written as below:

Cube in FTTM can also be produced from the _ _
o N . FTTM,= 14FTTM,+36FTTM;,, = 24FTTM,, for n>1
combination of three terms or three different vamnsiof My M M

FTTM in FTTM, The combination will generate -
another 36 new elements of FTTM. Follows is theW'th'

general definition and Table 3 demonstrates seguenc

of FTTMs,and its new elements. FTTMy+FTTMgy = 24FTTM,1 = 0 1)

Definition 8: Sequence of FTTM, Table 5 shows our generating FTTMThe

FTTMs;, means the number of cubes produced byhighlighted columns clearly show that calculated
the combination of any three terms FTTM in FTJM generating FTTM using Eg. 1 is equal to Li Yun's
with FTTM3,= 0 FTTM3= 0. Hence, FTTMz; = 1,  conjecture for FTTMuntil FTTMy.

FTTMs;= 4, FTTMgs= 10 and in general: Therefore, we need to write FTHM FTTMs,and
FTTMy, of Eq. 1 into algebraic expressions so that
FTTMgpn= FTTMgn.tFTTMyn.1for all n>1 generating FTTMcan be used to prove the conjecture.
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Table 5: Comparison between generating FTTM to Lun formulae of sequence of FTTM FTTMs, and

conjecture FTTMy,respectively as illustrated in Fig. 8. In short:
14 FTTMyn +
36 FTTMyn +
FTTM, 14FTTMyn 36FTTMyy  24FTTMy, 24 FTTMy,  r-n n ni
FTTM, 14(0) 36(0) 24(0) 0 0 FTTM ( J
FTTM, 14(1)  36(0) 24(0) 14 14 [n 2
FTTM; 14(3)  36(1) 24(0) 78 78 a(n-1(n-21
FTTM, 14(6)  36(4) 24(1) 252 252 _hn=JAn=J9° )
FTTMs 14(10)  36(10) 24(5) 620 620 21(n-2)!
FTTMs 14(15)  36(20) 24(15) 1290 1290
FTTM; 14(21)  36(35) 24(35) 2394 2394 _n(n-1
FTTM, 14(28)  36(56) 24(70) 4088 4088 Ry
FTTM, 14(36)  36(84) 24(126) 6552 6552 :
FTTMyo 14(45)  36(120) 24(210) 9990 9990
n n!
FTTM ( J
o) @@
EEISE _n(n=3(n-3(n- 3! @)
FONNE O]
NGRS RSS
Je) ) (5] e n(n-1(n- 2
FORORORSNSNGE 3
(e) () (%) () () (%)
L) ) ) L Gy ) and
(s) (3] (%) () (3 (2) () (3)
n!
Fig. 7: Pascal triangle FTTM, ( J (4 l[n ]'

i I e , 4!(n—4)

a=1|=—t—r——T—T1—1"1[1 1 FITM =FITM. ~fel)

n=2—r—TrTTT1TTI1 2 1| | A FTTM;, =FTTMyoFTTM, _ n(n—])(n— a( n— 3

n=3 1 3 3 o~ FTTMyy =FTTMy 7 FTT M0y 4|

n=4 1 4 4 1

=1 T e T By replacing Eq. 2-4 to Eq. 1, the conjecture is

actloE P18 = BB L finally proven:

n=_8 1 8 2 70 56 2 B 1

FTTM, :14[n(n_])}+ 3{ n(n=3( ﬂ
Fig. 8: Sequence of FTTM, FTTMg;, and FTTM, in 2! 3!
Pascal triangle +24[n(n_])(r:| 2)( n ﬂ
Interestingly, nonzero sequence of FTFM _ _ '

FTTMa, and FTTMy, are presented in the third main =7n(n-J+6r(m ) 2+ ()1
diagonal (highlighted by red color), the fourth mai (n-2)(n-3
diagonal (highlighted by green color) the fifth mai =n _])[7+ g 3+(n X n )3]
diagonal (highlighted by blue color) of Pascal figke
respectively as shown in Fig. 7. =n(n-J[ 7+ 6n- 12+ Ai- 3m 2n b

Each binomial coefficient in Fig. 7 can be

] =n2—n[n2+n+:l]
calculated and represented as another version of

Pascal’s Triangle as showed in Fig. 8. =n*+n*+n’-n’-nf-n
=n‘-n
The proof: As mentioned earlier, the problem in
proving the conjecture is that the statement isotaily CONCLUSION
an algebraic statement. By revealing the geométrica
features of FTTM and defining their characteristies The aim of this study is to prove the conjecture

produced in Eq. 1. Moreover the third, fourth aifthf proposed by (Yun, 2006). We highlighted that the le
of the main diagonal of Pascal’s Triangle represeat hand side of the conjecture is a ‘geometrical dbjec
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nature while the right hand side is an algebraicHamalainen, M., J.I. Hari, J.K. llmoniemi nca

expression. Such characteristics of geometricalifea O.V. Lounasmaa, 1993. Magnetoencephalography-
that have been produced are sequence of vertices, theory, instrument and application to non-invasive
sequence of edges, sequence of faces and sequence o studies of the networking human brain. Rev.

cubes. These characteristics appeared in Paseaiglei Modern Phys., 65: 413-497.
and were used to prove the conjecture. Tarantola, A. and B. Vallete, 1982. Inverse proldem
Quest for information. J. Geophys., 50: 159-170.
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