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Data Mining
. Temporal Sequences
Hidden Markov Model

Recognition of Musical ladders by Using Hidden Markov
Model

Abstract

This research includes an idea that takes wide cares in modern
applications through the object of Data Mining which is called
Temporal Sequences. An investment of mathematical model
known as Hidden Markov Model, of modeling Temporal
Sequences. This research deals with an application combining
between mathematics, computer and music. The problem of
recognition of musical ladders 1is studied by using Hidden
Markov Model, Some national songs are studied and modeled
through this model. After making use of the computer for the
songs under study, a result was reached to know a musical ladder
which is used in national songs.
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-2
Nominal Processes and Temporal Sequences
) :
(
Modeling Temporal Events -3
.(Dunham, 2004,P.248)
Temporal Sequence
Pattern
Modeling of Biological Recognition
Text Recognition Handwriting Sequence
.(Folerez-Larrahando, 2005)
Directed Graph (HMM)
States X={xy, Xz, ..., Xy} vertices (X, A)
A ={Gi)) |xx eX} Arcs ( )
(1)) . Transitions
.n+1 X; n Xi P;;
.(Dunham, 2004,P.250)
(Tanguay, HMMs
1995)



(Aranio,1999)A=(A, B, )

)
DA (D)
BB — B B
(2)
. (Chen et al., 2005)
(N) S:{817827"'9SN} _1
(M) V= {V13V29° .o )VM} -2
A={aj} -3
a;i=P[qw1=Silq=Si] ; =1, 2, ..., N
.t ot
B={b; ()} ] _4
bikK)=p(O=Viq=8);j=12,...,N
k=1,2,....M
.t 0,
mn= (TCi) -5

ﬂiZP[q1=Si];i=1,2,...,N
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The Basic Problems for -4
HMMs
. (Rosen et al., 2002)
P(O[A) Evaluation Problem -1
.0 A
‘Training Problem -2

. P(O[A) A=(A, B, )
Solution of the Evaluation Problem
P(O[2)
.A=(A, B, n)
:(Zhou, 2007)
Q O
P(O|Q, 1) = éP(Oi |q,,A)= bql (Ol)-qu (Oz)“'qu (O,)
...(1)

; Q
P(Q2) - Tqu aqlqzaqzqs maqT—qu
. 2)
: Q,0
(3)P(O,Q|k) = P(O|Q, L) P(Q[2)
: P(O[%)

PO2)= TP(O|Q.MPQ|Y)

> =, b, (0)a, b (0).a_ b (0) ..4)

dp-92>-47
2TN' P(O[A)
T N



N°T
. (Rabiner, 1989) 2TN"

: Forward Algorithem
01, 02, cee Ot O(,t(i)

:(Pham, 2003)
at(l) :P(Ol 02 e Ot, Jt = Sl|7\4)

. Initialization -1
al(l) = T bi (Ol) ai: 19 29 9N
: Recursion -2
N .
o1(g) = [; a,(a;]b(0,);t=1,2,...,T-1
=1,2,...,N
: Termination -3
N
PO = Xa, ()
(3)
Sl aj;
S A
’ Q\;"**Qsj
E an;j
NN
ou(1) ae1(])

. G,t+1(j) . (3)
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Backward Algorithm
B(i)
B(i) =P (Ou1 Oz ...07| q=S;, 1)
T t+1
A t S;
:(Duran,2001)
. Initialization -1
Bri)=1 ;i=1,2,...,N
: Recursion -2
. N .
B. () :E‘laij bj OB () t=T-1,T-2,...,2,1
1=1,2,...,N
: Termination -3
P(O[A)

P(O|%) =Y, ()B,(i) . foranyt

(4)

(@) Pen()
- B (4)



Solution of Training Problem
A=(A, B, )
. P(O|A)
.(Aranio, 1999) Baum-Welch
Baum-Welch (BW)
A=(A, B, n) (BW)
S; (i)
t+1 S; t
: - (A (0)
C.(,))=P(q, =S,,q,, =S,[0,%)

P(0,q, =S,,q,, =S, 1)
) P(O %)
_ o (1)a;b; (0 )P, ()

3 3o, (1)a;b,(0,.,)B,., ()

i=1 j=1

.(Folerez-Larrahando,2005) (5)
Lt t+2
a;j bj(Ou1)
au(1) Be10)

- G, (1,]) (5)
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(Folerez-v (1) € (J)
.Larrahando,2005)

v.G) = fgct(i,ﬁ

m, = (t=1)

|

P(O|L) >P(O[0)



N
>m =1
i=1
N
2a; =1 ;1=1,2,...,N
j=I1
M _
dbik)=1 ;j=12,..N
k=1
.(Rabiner, 1989)
A=(A,B,n)
. ~1/N a;~1/N b;(k)~1/M
. (Wong&Stamp,2006)
(6) (BW)
:(Aranio,1999)
A =(AB,7)
A=(AB,7)
(0)
P(O|2) (6)

. (BW)
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Scaling -5
(BW)
(BW)
t
B.() o))
.(Foler-Larrahando, 2005) B.() , &.3)
:(Hayashi, 2003)
The Forward Procedure o :
(Scaled)
: 1 . :
1. o, (1) =7b.(0,), C, =5 »0,(1)=C,0, ()
izzlal(l)
1=1,2,...,N.
: N 1
2. a,()= [Zat—l(J)aji]bi(Ot), C = )
Yo, ()
i=1

a, (1) =Ca,@);
=1,2,.,N,t=2,3,...,T
3. log[P(O [4)] = —21og(C,)
The Backward Procedure J3 :
(Scaled)
1.8, () =1, p,()=C, ;i=1,2,...,N

2. Btﬁ)=§laijbj(0t+l>ﬁt+l<j> . B)=CB.G) ; i=

1,2,..N,t=T-1,...,1
Baum-Welch
a.(a.b. (0. B, . (]
C(I,J) — _ Ntfl) .1J J( t+l)Bt-:1(J) :
Zzat(l)aijbj(OHl)BH—l (J)

i=1j=1

, vt<i>=§lct<i,j)



IS SR tz::l Yt (J)

— . — Z‘; Ct (1, J) 1 s.t.O;:Vk
ni = Yt(l) s aij = T-1 . 9 b](k) = T-1 . 9
2y, (1) 27.(J)
i,j=1,2,....N
-6
6-1
Time Axis
) t, teeeoots
h ,ti—ti_leti:h
.1
Discrete t, t, ..ol by
T= {t;, t...... o} Parameter Space

State Space

() : Sequence -1

AW
|-
N
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-2
G= = E = = C=
6-3
-1
: (1)
ey IS I = P
a3 gl A A A F G A
SEIC I RN I T T
4 4 4 4
Equally Time Axis -2
h t; — t._;=h t1, ta,..., th Space
.1=1,2...n
(1) . -3
1 3
— A = (A
L@ > @
(4) 3 (A)




(A) 3 (A)
12 (A)

(1)

{AAABAEAAAAAAAAAAAAEBFFFEGEAAAA}

(8)

(19)
(M=19)

(2)

{6,6,6,19,6,6,6,6,6,6,6,6,6,6,6,6,19,4,4,4,19,5,19,6,6,6,6}:

(3)
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aoasl) - - Y 89 i <O U A | Ay | <O

43 i) C|! G| G| G|F|G|A|G|H|C]|C

TGt T A T A S O T (T B A B

4 4 4 4 4 4

@M\ ‘;1 %) J [l «a J | a - J e

4 gil) C|G|A|F|A|G|F|E/|A]| A/|A

1

ey | 1|1 |1 | 2L 32y
; 4 4 4 4 4 4

e | ) g e g e |V | A8 e | g | e

4 g A|lC|B|A|B|A| G| H/|C C | C

Y | ] 1 é l é l 1 1 é l 1
| 4 4 4 4 ; 4 4

@E&ﬂ\ & JM u 9 E) 9 (= \ L\ O.; L”SJ

4 gil) G| A|F|A| G| F | E/|E F | G| G

pan| 1|1 | S]] ],

; 4 4 4 4 4 4

il s | V|l s |2l Sl |l le| ol

4 A|l G| F|A| A|A| G| F G | F E

a3 Y g l 2 E l E l 1 g l 2
4 4 4 4 4 4 4 4

(

{CCCBGBGGGGEGGGGGGGGEFFFEGEAAAABGGGGE
HHHH
2CCCECECCCCEGGGGEAAAAEFFFEABGGGEFEEEEEE
EEE
SAAABABEAAAABAAAABCCCCEBBBEAEBBBBEABGGG



GBEHHHHECCCECCCCBGGGGEAAAABFFFEA(GGGEFE
EEEEEEEE

SEEEEFEGGGGEGGGGEAAABGEFFFFFFFFAAABABAA
ABG EFFFFEGGGEFEEEEEEEEE}

; (2)
{1,1,1,19,5,19,5.5,5,5,19,,5,5.5,5,5.5.5,5,19,4,4,4,19.5,19..6.6,6,6
.19,5,5,5,5,19,18,,18,18,18,19,1,1,1,19,1,19,1,1,1,1,19.5,5,5,5,19,
6,6,6,6,19,4,4.4.19,5.5.5,19.4,19.3,3,3.3,3,3,3,3,19..6,6,6,19,6,19,
6,6,6,6,19.6,6,6,6,19,1,1,1,1,19,7,7,7,19,6,19,7,7,7,19,6,19,5.5,5,
5,19,,18,18,18,18,19,1,1,1,19,1,19,1,1,1,1,19,5,5.,5,5,19,6,6,6,6,1
9,4,4,4.4.19.6,19,5,5,5,5,19,4,19.3.3,3,3,3,3,3,19,3,3,3,3,19,4,19,
5,5,5,5,19.5,5,5,5,19,6,6,6,19,5,19,4,4,4,4.4.4.4.4.19,6,6,6,19,6,1
9,6,6,6,19,5,19,4,4.4.4.19.5.5,5,19,4,19,3,3,3,3,3,3,3)

#) .
(b)
#)
(b
#)
(b)
N=2) ()
230
(M=19) 19 T=230

(Wong and Stamp)
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(1/N) T
(1/M) B (1/N) A
Wong 2006) b; (k) = 1/19  a=1/2 m=l/2
A B, . (and Stamp,
AB,

n=[0.521154 0.478846]

A 0.464877 0.535123
~10.526537 0.473463

4) (19*2) B

- (B) - (4)

0.053776 0.052113
0.054562 0.050332
0.054853 0.054742
0.048884 0.047352
0.054995 0.052804
0.053686 0.054493
0.053780 0.052530
0.054958 0.053547
0.054667 0.051368
0.053759 0.054531
0.052666 0.053427
0.049699 0.048088

0.054661 0.052442
0.051777 0.051439
0.054966 0.054135
0.053999 0.053676

0.052423 0.053578

0.045222 0.054999
0.046667 0.054404




A=(A,B,T)

Baum- . A=(A,B,m)
€ m B () Welch
© o () (&)
230 490
logP(O|)) logP(O|2)
logP(O|2)
. (6) P(O[7A) A=(A, B, 1)

; logP(O|X) logP(O|A)
logP (O] L) =—-294.6838
logP(O|A)=-189.9933
(81)
(80) logP(O| L)
logP(O/L)=-181.4521

7=1[0.5285 0.4715]
7=[0.5436  0.4564]

7=[1.0000 0.0000]

10.4580  0.5420 ]

K:
10.5197  0.4803
A 10.4579  0.5421]
10.5197 0.4803
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0 2 1 B _[0:2916 07039
( ) 1.0000  0.0000
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()
(b #)
#)
b)
(b) #)
)
- (
(1) @)
| | |
9 S A L Joe b o 9
1 1 1 1 1 1 1
2 2
(7 B

A# , G# , F#, D# , C#



Bb Ab Gb Eb Db

\ \ [ T S
- oL
oo 2 ———
(1) (2)
'y = 5 lﬁ) L—A t Jsa

12

1 | 1/2 1
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‘_Qﬁ.
a -
#
(1) (2)
Jsa 'y - 5 lcf) L—A #a dsa
1 1 1/2 1 1 1 1/2

(#) B
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