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1. Introduction

The nature of music is to convey the innermostirigsl of human. People’s primary
motivation for listening to music is its emotionaffect. Most theories of music and
emotion have focused on the representational festaf music that enable listeners to
perceive emotions. Listeners have repeatedly regdtiat they experience emotional
feelings while listening to music in experimentsingy studies, diary studies and
gualitative interviews. Research on human psycholag long considered the notion of
an emotion to be a matter of degree. For Westeasnsidal symphonies, the causal
relationship between musical features and theimarhpn the emotion of the listeners are
described in terms of linguistic variables. The ified Fuzzy Associative Memories
(FAM) is the main tool which has been applied talgre the problem of assigning and
ranking emotions to the musical symphonies haviiffgrént musical features in this
paper. This is because the factors that attriboitéhé problem can be classified into
antecedent and consequent sets and the relatiobstigen them needs to be analyzed.
In this paper we propose that Triangular fuzzy nerakare associated with FAMs for
dealing with the linguistic variable terms of thelplem.
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2. Method of triangular fuzzy associative memories

The new Triangular Fuzzy Associative Memories (TKS) are more applicable when
the relationship between the antecedent and coese@fi the problem are described in
terms of linguistic terms. In this section someaibaoncepts and working method of
TrFAM are briefly explained.

2.1. Fuzzy Associative Memories (FAMs)
A fuzzy set is a map/: X - [0,1] whereX is any set called domain and [0,1] the
range. That is to every elemexit] X, i assigns membership value in the interval [0,1].

Fuzzy theorists often picture membership functiasswo- dimensional graphs with the
domainX represented as a one-dimensional axis. Its graplepresentation is given in
Figurel.

The geometry of fuzzy sets involves both dom¥ir=(x, %,,...,% ) and the
range [0,1] of mappingg/: X — [0,1]. A fuzzy subset equals the unit hyper cube
I" =[0,1]". The fuzzy set is a point in the culb@. Vertices of the cubd" define a

non-fuzzy set. Now within the unit hypercub& =[0,1]"we are interested in distance

between points, which led to measures of size amdirfess of a fuzzy set and more
fundamentally to a measure. Thus within cube thelimgctly extends to the continuous

case when the spageis a subset dR". The next step is to consider mappings between
fuzzy cubes.

A fuzzy set defines a point in a cube. A fuzzy sysidefines a mapping between
cubes. A fuzzy syster® maps fuzzy sets to fuzzy sets. Thus a fuzzy system a

transformationS: I" - |°(Figure 2) The n-dimensional unit hypercubk" houses all
the fuzzy subsets of the domain space or inputensévof discourseX = (X, %,..., X, )-

I ® houses all the fuzzy subsets of the range spaceutput universe of discourse,
Y=(Y %, ¥ ). XandY can also denote subsets Rf and R". Then the fuzzy

power setsF(2*) and F(2") replacel " and|”.
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Figurel: Figure2:

In general a fuzzy syste® maps families of fuzzy sets to families of fuzatssthus

S:1"x. . x|" 5 [ Px, . x|P Here too we can extend the definition of a fugggtem
to allow arbitrary products or arbitrary mathemaltispaces to serve as the domain or

range spaces of the fuzzy sets. We shall focusupnyfsystemsS: |I" — |Pthat map
balls of fuzzy sets id" to balls of fuzzy set id P. These continuous fuzzy systems

10



Triangular Fuzzy Associative Memories

behave as associative memories. The map closesitpetose outputs. We shall refer to
them as Fuzzy Associative Maps or FAMs.

2.2. Triangular fuzzy number
It is represented with three points as follows: fe5 &, a&). Its membership function and
graphical representation defined as follows,

0 i x<a 1
(x-a)
(b-a) ; as<xs<b

(c-x
%—b) ; bsx<c

0 ; X>C 0 a
2.3. Triangular fuzzy number for linguistic variable
The responses for the subjective questionnairegaren in terms of linguistic term
words. The values for the linguistic variables dedl in terms of triangular fuzzy
numbers are,

,UA(X) =

|
|
|
|
|
|
|
b

»
»

c

Very low Low Medium High Very high

Very low ——» (0, 0, 0.25) ]
Low —> (0,0.25,0.5)
Medium ——> (0.25,0.5,0.75) .
High —> (0.5,0.75.1)

Very high ——» (0.75,1,1)

2.4. Synaptic connection matrix for TrFAMs

Let Ay, 1A, 1As,..., A andr,Cy, 1Cy, 7/Cs,..., 1:Cp be the antecedeft and consequent
F, nodes of the TrFAMs respectively. The relationen these nodes in different level
(linguistic variable) of experiences is given imts of number of responses in each level.
The membership values for the different level eiqrere matrices are calculated with
normalization then defined as follows:

NELG—Leve[l) :(b(ijl)) ! NELG—Leve(Z) :(b(ijZ)) prena NELG—Leve(B :(b(i;()) where i =12,.n and
i=1,2,...p which represent the opinions &sdifferent linguistic levels of experience of
a group about causal relationship between the neuifield F, with n-neuron and the
neuron fieldF, with p-neurons. Then these matrices are combined as yoraptE

connection matrixM = (g) where g =max|evel( ma>( [sRNN RN ,...ﬁlﬁk))) and

maxlevel= max(inguistic variable(1,2,3,...k 0i=1,2,..n and j=1,2,..p. ThenM is
converted into a dynamical systefn(M) by giving triangular fuzzy numbers for the
corresponding linguistic variables .

2.5. Equilibrium state of dynamical system

If the equilibrium state of a dynamical system is @um state vector in both, andF,

sets, then it is called a fixed point. ConsiderRFAM with /A, /A2 TAs,..., A, and
C1, Ca 1Cs,..., wCp @s nodes of the two sets. For example let us thtartlynamical
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system by switching oRA;. Let us assume that the TrFAM settles down wigh and
Ay ON in F, and,C, and+,C,, ON in F, respectively i.e., in the state vector remains as
fixed point inF, andF,.

2.6. Limit cycle

If the TrFAM settles down with a state vector repeptim the form A—
A—Ag—..—»A—A; andB;—B,—Bs;—...—Bj—B; then this equilibrium is called a limit
cycle.

2.7. Method of determining the hidden pattern of triangular fuzzy associative
memories (TrFAMS)

Step 1: Let Tr(M) be the associated adjacency matrix formed bycthesal relationship
between the nodegA andr,C; 0i=1,2,...n and j=1,2,...p using the above procedure.

Step 2: Let us find the hidden pattern wheh, is switchedON. This is done by fixing
the state vectof; =(1, 0, 0 ,... , OYinstead ofrA; =(1, O, O, ..., Q) When an input is
given as the vectoA;, the data should pass through the relation makriM) by
multiplying A; with the triangular matriXr(M).

Step 3: Let A, Tr(M) = (ay, a ..., a,) be a triangular vector. Now we have to find the
average of triangular fuzzy numbers in each entryAglr(M) and we call it as
A Tr(M)avg It gives the triangular weights of the consequatributes.

Step 4: Then we threshol@, Tr(M),,g by finding A; Tr(M)max. That is by replacing; by 1

if & is the maximum weight iA, Tr(M)a.,4, Otherwisea by 0. This operation is denoted
by () and call the thresholded vectoris

Step 5: Find B, Tr(M)" by multiplying B, with Tr(M)". Let B,Tr(M)" =(b,b,, ..., by) be a
triangular vector and find;Tr(M)., for B; as instep 3. B1T(M)"., gives the
triangular weights of the antecedent attributes.

Step 6: The threshold operation is done BYTr(M) s by finding B, Tr(M) . @s instep
4, The thresholded vector is now called?as

Step 7: Find A, Tr(M) = (ay, &, ..., &,) and perform theteps 3 and4 for A,. By finding B,
after thresholding, perform trsteps 5 and6 to find Ag from B, Tr(M)".

Step 8: If the ATr(M) max = ATr(M)max @t certain stage for ¢ j) and B.Tr(M)Tmax =
BnTr(M) ax @t certain stage fot ¢ m), then the dynamical system end otherwise repeat
the above procedure.

Step 9: This procedure is repeated till we get a limitleyor a fixed point in both andB
vectors. In general, this procedure can be repdatexhy vectorA;i=1,2,..., n

2.8. Ranking of TrFAMsusing weight

The triangular weights of the fixed points are take evaluate the ranking process. Here
we have considered two different category modesywiphonies. So, first three attributes
in the domain space are taken to prepare rankinghfgor mode and another three for
minor mode. The last attribute is not consideredabse the mode is changing from
major to minor.

3. Adaptation of TrFAMsto the problem

We have considered the thirteen music excerptsnfadifferent features from the
Western Classical Symphonies of L.V. Beethoven, [Bynie-6, Pastorale and George
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Friedrich Handel as the node#\, tA; 1As,...., A7 and nine major musical emotion
factors described by Zentner et al., as the nadées +C, «Cs,..., nCo . We have
interviewed 35 students from the age group rangatween 21 and 25 and recorded their
opinions while listening to those musical excerp¥& choose the following attributes as

Triangular Fuzzy Associative Memories

the nodes in the domain space of TrFAM.

Combi| T.No.| Excerpt |Time Segment|Scale | Rhythm| Tempo Instrument _ |Dynamics| Harmony |[Comp
A | 1 Track2 | 02.50-04.17| M 3/4 | Andante | String, Violin, mf - f Full LVB
Cellos, Flute
2 Track3 [00.00-01.38 M 6/8 |Allegro [String, Oboe solo Unison
A2 Clarinet solo, mf - ff to LVB
Trombone solo Harmony
7 Track8 [00.00-01.49| M 6/8 Vivace Piano Quintet f Full LVB
Az | 8 |[Track1(a)|00.59-03.10 | M 2/4 | Vivace Strings f Full GFH
Wood Wind
5 |Track 7(a)| 00.50 - 02.59| m 2/4 |Andante Piano solo,
A4 String Quintet mf Full LVB
Cello solo
Violin solo
9 |Track1(b)| 03.13-04.25| m 3/4 |Largo |Oboe solo, Strings mp  |Punctuated| GFH
Wood Wind
11 | Track5 | 00.52-02.07 m 3/4 |Moderato Strings mf Full GFH
mAs | 12 [ Track11 | 00.59-01.59] m 3/4 [Moderato Wood Wind f Full GFH
Strings
13 | Track13 | 06.34-07.33| m 3/4 | Largo String Quintet mf GFH
14 | Track 16 | 00.00 - 00.59| m 3/4 |Andante Wood Wind mf - GFH
Strings
4 | Track 6 0448 - 06.25| m 4/4 | Allegro Piano mf Total LVB
A6 Strings Quintet
10 | Track 2 02.29 - 04.39| m 4/4 |Moderato| Strings, Bassoon mf Full GFH
Wood Wind
A7 | 6 |[Track 7(b)| 03.00-05.30) M-m| 2/4 |Andante | Piano Quintet mf Full LVB
Viola solo

The following are the attributes as the nodes énréimge space of TrFAM.

R Emotion Sub-attributes

wC1| Wonder Happy, Allured, Amazed, Moved, Dazzled

1:C2| Transcendence | Inspired, Transcendence, Spirituality, Thrills
1:C3| Tenderness Love, Tender, Affectionate, Sensual, Softened-up
1:C4| Nostalgia Sentimental, Dreamy, Nostalgic, Melancholic
1:Cs| Peacefulness Calm, Serene, Relaxed, Soothed, Meditative

1C¢| Power Energetic, Triumphant, Fiery, Strong, Heroic
1:C7| Joyful activation | Stimulated, Joyful, Animated, Dancing, Amused
1+Cg| Tension Agitated, Nervous, Tense, Impatient, Irritated
1Co| Sadness Sorrowful, Depressed

The fuzzy relation in five different levels of exfances of the group between these

attributes of the problem is given by the followimgtrices.

0 0 © 0 1 0 0 © 0.31 0.38 0.46 023 1 0.23 0.15 023 0

05 05 05 05 1 05 0 05 02 04 1 04 1 06 08 02

o 0o o 0 o0 0 o0 1 1 0 0 067 067 067 067 0.33
Ngew={0O 0 0 0 0 0 0 O N&e =013 025 013 038 063 0 038 0.251

0O 0 033 033 033 0 033 1 | 0.88 0.75 0.88 0.88 1 075 1 05 o0

10 0 O 1 0 0 1 033 033 033 067 1 033 033 067 0

0 0 0 0O 1 0 05 05 0 05 1 1 025 05 025 05075
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058 017 1 1 092 025 0.67 017 0 0.18 055 045 045 1 018 064 0.181
041 024 1 053 035 1 094 012 O. 0.62 024 029 029 033 0291 029 d.
045 018 036 055 036 0451 009 03 06 02 02 06 07 1 0 o
NSsw=/009 009 1 073 064 009 0 018 0] New=/025 0 013 075 1 0 013 0131
054 021 05 1 05 036 057 025 O, 059 0.47 0.76 065 0.82 1 071 035 Of
055 027 055 091 0.82 0551 018 0 0.64 027 091 1 055 0.82 055 0.64 O
01 02 06 1 07 02 03 01 O 038 0 05 1 025 0 @5 038 0.8

025 025 025 1 1 025 075 05 0}
011 0 011 0 011 011 1 0 0
1 0 0 0 05 1 05 0 0
N%w= 0 o0 0 1 067 03 0 0 1
05 033 05 067 033 0.33 017 0.171
033 0 08 1 0 033 033 05 1
0 0 025 1 0 05 0 05 02

Now we give the synaptic connection matrix of TrFANI terms of linguistic
variables using the above method in 2.4.

M H M VH VH VH VH VH H
H VLM M L M VH VL H
VH HM L L VW H VL H
M=H L M VH H VH L L H
L L L M L H L VL VH
VL L HVH L H M VL VH

H L L VH VL VH VL VH H
Now we give the synaptic connection matrix of TrFAMerms of triangular fuzzy
numbers for the corresponding linguistic varialieabove matrix.

(0.25,05,0.75 (050.751) (02505075 (03511 (0.7511)  (0.7511) ©78) (07511 (05075
(050751 (00025 (02505075 (0.25050.{%0.2505) (02505075 (0.7511) 0,025 (05,0.75
(07511 (050751 (02505075 (0,02505),02605 (07511 (0507 (0,0,025) (05,0.75,
Tr(M)=| (050751 (002505 (02505075 (07511 50051 (07511 (02505 (0,02505) (0751
(002505 (002505 (002505 (0.25050@0.2505 (050751 (04505 (00025 (0751
00,025 (002505 (050751 (07511 (0,08 (05051 (02505075 (00025 (0.75,
(050751 (002505 (002505  (0751) (@  (0.7511) 00025 (@GL) (050751

Attribute /A; isON,i.e.,AA=(1 00 0 00 0)

A;=(1000000)

ATr(M) = ((0.25,0.5,0.75) , (0.5,0.75,1) , (0.25,0.55).7 (0.75,1,1) , (0.75,1,1) ,
(0.75,1,1) , (0.75,1,1), (0.75,1,1) , (0.5,0.75,1)

ATr(M)ayy = (0.5, 0.75 , 0.5 , 0.91667 , 0.916@791667 , 0.91667 , 0.91667 ,
0.75)

ATM)pxo (0,0, 0, 1, 1,1,1,,10) =B,

B,Tr(M)" = ((3.75,5,5) , (1.25,2.25,3.25) , (1.25,2.25,3.22,3.25,4) , (0.75,1.75,3) , (1.
5,2.5,3.5), (2.25,3,3.5))

BiTr(M) ayg = (4.58333, 2.25 , 2.25 , 3.08333 , 18335, 2.91667)
BiTr(M) x> (1,0, 0 ,0 , 0, 0, O5)A (= A)
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ATHM) = ((0.25,0.5,0.75) , (0.5,0.75,1) , (0.25,0.580.7 (0.75,1,1) , (0.75,1,1) ,
(0.75,1,1) , (0.75,1,1) , (0.75,1,1) , (0.5,0.75,1)

A Tr(M)ayg = (0.5, 0.75 , 0.5 , 0.91667 , 0.9166791667 , 0.91667 , 0.91667 ,
0.75)

A2Tr(M)max“>( 0 ’ 0 ’ 0 ’ 1 ) 1, 1 ’ 1 ’ -10!) =BZ (:Bl)

Similarly we do this procedure for all the othetribtites Az, 1As,..., /A7 in ON
state. The following table gives the different lipoints of their corresponding input
vectors inON state.

Table 1: Limit points for different input vectors

Input Limit points
(100000 0) (1000000P00111110)
(010000 0) (1100000Pp00000100)
(0010000) (00100000, 00001000)
(0001000) (0O001000P0P00101001)
(0000100) (0001110p00000001)
(0000010) (0001010p00100001)
(0000001) (1000001p,00101010)

The limit points are given as the combination ofteaedent and consequent
attributes for each attribute @N state in the above table.

Triangular Weights of the musical features and @nofactors are shown in the
following tables for evaluating the effect of Majecale and minor scale musical
symphonies on the emotion factors.

Table 2: Triangular weights of Musical features

Tri. Wgts Musical Features Triangular Weight
ON states M-3/4 M-6/8 M-2/4 m-2/4 m-3/4 m-4/4 M-rf2
. 4.58333 225 2.25 3.08333 | 1.83333 25 2.91667
Major scale
excerptsin | 0.91667 0.91667 0.75 0.25 0.25 05 0.08333
ON state 1.41667 1.25 1.83333 | 1.66667 1 0.83333 1.66667
Total wgt. 6.91667 441667 | 4.83333 5 3.08333 | 3.83333 4.66667
Ranking (M) 1 5 3 2 7 6 4
. 258333 175 1.91667 2.75 216667 | 2.58333 2.58333
Minor scale
excerpts in 075 0.75 0.75 0.91667 | 091667 | 0.91667 0.75
ON state 1.66667 1.25 1 183333 | 141667 | 1.83333 1.66667
Total wgt. 5 3.75 3.66667 5.5 450001 | 5.33333 5
Ranking (m) 3 5 6 1 4 2 3
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Table 3: Triangular weights of Emotion factors

Tri. Wgts Triangular weight of Emotion Factors
ON states Wondeff Transcgn Tender  Nosfal Peageful werPq a‘(]:?i\);e Tension| Sadnes
. 0.5 0.75 0.5 0.91667 | 0.91667 | 0.91667 | 0.91667 | 0.91667 0.75
Major scale
excerpts in ON 1.25 0.8333 1 1.41667 | 1.16667 | 1.41667 | 1.83333 1 1.5
state
0.91667 0.75 0.5 0.25 0.25 0.91667 0.75 0.08333 0.75
Total wgt. 2.66667 2.3333 2 2.58334 | 2.33334 | 3.25001 3.5 2 3
Ranking (M) 4 7 8 5 6 2 1 8 3
. 0.75 0.25 0.5 0.91667 0.75 0.91667 0.25 0.25 0.91667
Minor scale
excerpts in ON| 1.08333 0.75 1.5 2.3333 1.25 2.41667 1 0.41667 2.75
state
0.83333 0.5 1.25 1.83333 1 1.66667 0.75 0.3333 1.83333
Total wgt. 2.66666 1.5 3.25 5.0833 3 5.00001 2 0.99997 5.5
Ranking (m) 6 8 4 2 5 3 7 9 1
4. Conclusion

We infer from the tables above that the Triang&l&M brings out the factors of musical
features which affect the emotion factors in thalysis. The result derived here are the
combined levels of experience of a group.

From the table 1, we observe that when the Majalesexcerpts having 3/4, 6/8 and
2/4 rhythms attributes i@N state, we have the emotion factors {NostalgiacEr#ness,
Power, Joyful activation, Tension}, {Joyful actii@i} and {Wonder, Power} attributes
respectively are inON state for the attributes {(M,3/4)}, {(M,3/4),(M,8)} and
{(M,2/4)} induced by A1, 1A, andAs respectively. When the minor scale excerpts
having 2/4, 3/4 and 4/4 rhythms attributesOMN state, we have the emotion factors
{Nostalgia, Power, Sadness}, {Sadness} and {Nostal§adness} attributes respectively
in ON state for the attributes {(m,2/4)}, {(m,2/4),(m43/(m,4/4)} and {(m,2/4),(m,4/4)}
induced byrA4, 1/As and1As respectively. When the excerpt sequence changorg f
Major to minor scale with 2/4 rhythm attribute@N state, we have the emotion factors
{Nostalgia, Power, Tension} i@N state for the attributes {(M,3/4),(M-m,2/4)} inded
by +/A;.

From the tables 2 and 3, we observe that the emdéctor Joyful activation is
mostly induced by Major scale excerpts. Also Sasliesnduced mostly by minor scale
excerpts. The ranking of the emotion factors far Major scale excerpts is given as
Joyful activation (3.5), Power (3.25001), Sadne3s Wonder (2.66667), Nostalgia
(2.58334), Peacefulness (2.33334), Transcenden883® and {Tenderness, Tension}
(2) by triangular weight of the attributes. Thekiaug of the emotion factors for the minor
scale excerpts is given as Sadness (5.5), Nos{&l§i@33), Power (5.00001), Tenderness
(3.25), Peacefulness (3), Wonder (2.6666), Joydtivation (2), Transcendence (1.5) and
Tension (0.99997) by triangular weight of the btites.
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