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: ?�@�ACBED�FCGEH , A�I DNA J�KCL 3 M�N�OCPEQ�R , S�T�UCV�W DNA

JXKXYXZX[X\^]X_XLa`XbXc^daeXfXg^Wah^iajlkXA^BnmXo^LlpaqXrlsXt^dvuxwXy
A�z�{ , |C}E~��CWEA�I����C]E������[��������CL SNR ������������o , �����
������L�����h�������������WE���C]�� , i�������W SNR ����L�������� . w��� J�K�D�F�{ , |�}�@�����L EPND �� �c�d�¡�¢�W�£�¡ , ¤�¥�£�¡�L EPND c�d
@�����������������¡�¢�ACBED�F , ¦�§�¨�©�ª�«�O�k�ACBED�F���o�¬�­�®�¯CLEA
BED�F�QC° , _E±�²�³�´�¤�¥�A�I���µC¶C· DFT L EPND D�F�cCdEw�¸�¹��»º<�
¯�Q�¼�½�¾�¿�À�{�ÁCÂ�W 2%-12% Ã�Ä .

Å�Æ�Ç
: ACBED�F ; ����È�É ; ]E����� ; EPND; Ê�Ë ; \C]�_
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DNA ï�ð ��E�F�G , "�H�I�î�	 /�0�1 .

3 àÎáKJKLKMKNKO
3.1

ä�å�æ�P�Q
3.1.1 R�S�T�U�V�W�X�Y�Z�[�\�]
é�ê Voss

ô�������� ��	 � ��^ �
�Xï�ð
_�`Xê DFT ë�ì�a�b ��ò�ó � õ�ö^÷E� í
î ,
��c ��d�e�f�g

O
(

N2
)

, è���h�i � DNA ï�ð�é�ê DFT
� í�î�ø )�j h�ú , k���l�m

nporq=s
: 20 -00-00tpupvrw
:
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����� í�î d�e�f�� ��	
��éXê c �
d�e
f
g O (N log N)

�����
Fourier ��� (FFT)[Ref]�����

DFT ë�ì�a�b�í�î .
& ���

, è�� N/3
��ò�������ñ�ò � õ�öC÷ l 2��
� c ��d
ef�������g

O (N)
����� î�	 .

1) VOSS
����


N/3
��ò�������ñ�ò���� î�	)��������

b ∈ I = {A, T, G, C} ��7�����ï�ð � 0,3,6,· · · , N − 3



1,4,7, · · ·N − 2
2

3
2,5,8,· · · , N − 1 ������� ����� ����� g xb, yb � zb, � N

3

������ñ�ò�ó � g �
P [

N

3
] =

∑

b∈I

∣

∣

∣

∣

Ub[
N

3
]

∣

∣

∣

∣

2

=
∑

b∈I

∣

∣

∣

∣

∣

N−1
∑

n=0

ub[n] · e−j
2πn·

N
3

N

∣

∣

∣

∣

∣

2

=
∑

b∈I

(x2
b + y2

b + z2
b − xbyb − xbzb − ybzb)

=
∑

b∈I

(xb, yb, zb)







1 −1/2 −1/2

−1/2 1 −1/2

−1/2 −1/2 1













xb

yb

zb






=

XT
b MXb
∑

b∈I

2) VOSS
����


N/3
��ò�������õ�öC÷'��� î�	¡ 9 DNA ï�ð � i f¢g N, DNA ï�ð �¢£ � �¢�¢� A, C, T, G

� �¢7¢¤ �¢g NANCNG

� NT . ��¥�¦�§�ï�ð ub(n)
��ñ�ò�ó�g �

|Ub|
2

=

N−1
∑

k=0

|Ub[k]|
2

= N · Nb (1)

¨ 2 Ö�© ï�ð ����ñ�ò E
g �

E =
∑

b∈I

|Ub| = N · NA + N · NC + N · NG + N · NT = N2 (2)

ª�«
Parseval ë�¬ , l 2�­��

N−1
∑

n=0

|ub[n]|
2

=
1

N

N−1
∑

k=0

|Ub[k]|
2

(3)

®�¯ ��° , ± ­ ��¥���° ��²�³ ��� Nb, ´ �
|Ub|

2
=

N−1
∑

k=0

|Ub[k]|
2

= N · Nb (4)

��¥ , DNA ï�ð ����ñ�ò�ó E m@µ 2�
 ° G�­�� �
E =

∑

b∈I

|Ub|
2

= N · NA + N · NC + N · NG + N · NT = N2 (5)

µ'° 3-8 ��ß·¶'¸'¹�� ��õ�öC÷ ë�ì�°�l ­ :

R =
P [N

3 ]

Ē
=

P [N
3 ]

E / N
=

∑

b∈I

XT
b MXb

N
(6)

3)
��������


N/3
��ò�������ñ�ò���� î�	 (

.�º � Voss
���

)

P [
N

3
] == (xb, yb, zb)







1 −1/2 −1/2

−1/2 1 −1/2

−1/2 −1/2 1













xb

yb

zb






= XT

b MXb

� ¸ xb =
u(i)
∑

i∈position1

, yb =
u(i)
∑

i∈position2

, zb =
u(i)
∑

i∈position3

(Position1
�
0,3, 6 , · · ·



Position2

�
1,4,7,· · ·

3
Position3

�
2,5,8,· · · ).
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N/3
��ò�������õ�öC÷'��� î�	 (

.�º � Voss
���

)

R =
P [N

3 ]

Ē
=

P [N
3 ]

E / N
=

∑

b∈I

XT
b MXb

NC + 4NG + 9NT

NC , NG, NT

��� ��É
C, G, T Ê�� ����� � DNA ï�ð@¸'��7 ����� .

3.1.2 Ë�Ì�Í�Î (Voss Í�Î�U Z-curve Í�Î ) Ï�R�S (V�W�X ) Ð�Ñ Å�Ò
1)
õ�öC÷'���

è���Ó���Ô 1��������






x[n]

y[n]

z[n]






=







a11 a12 a13 a14

a21 a22 a23 a24

a31 a32 a33 a34

















uA[n]

uC [n]

uG[n]

uT [n]











=
(

β1 β2 β3 β4

)











uA[n]

uC [n]

uG[n]

uT [n]











βi
g ðÖÕnø ª×«lý×Ø [2] ¸ÚÙÖÛÚÜ : ( Ý×¬ ) Þ ! ðÖÕnø βi ß 8 2×
 Ó×à×á (i)∀i(1 ≤ i ≤

4), ‖βi‖
2
≡ c1, c1

g×â ø u (ii)∀i, j(1 ≤ i, j ≤ 4, i 6= j), ãÚä 〈βi, βj〉 ≡ c2 c2
g×â ø . �

x[n], y[n], z[n] ï�ð õ�öC÷ RZ



ui[n] ï�ð õ�öC÷ RI ß 8 ��� RS = c1−c2

c1

RI

µ Voss
��� ï�ð 
 Z-curve

��� ï�ð � Ô 1����






∆x[n]

∆y[n]

∆z[n]






=







1 −1 1 −1

1 1 −1 −1

1 −1 −1 1

















uA[n]

uC [n]

uG[n]

uT [n]





























β1 = {1, 1, 1}

β2 = {−1, 1− 1}

β3 = {1,−1,−1}

β4 = {−1,−1, 1}

± Ò (i)∀i(1 ≤ i ≤ 4) ‖βi‖
2
≡ 3 = c1, ´ ß 8×�×å ¡ 9 (i);(ii)∀i, j(1 ≤ i, j ≤ 4, i 6= j),

〈βi, βj〉 ≡ −1 = c2 ´ ß 8¢�¢å ¡ 9 (ii). æ¢çèµéÝ¢¬¢l ­ Z-curve
�¢� ï�ð õ�ö�÷ RZ



Voss��� ï�ð õ�öC÷ RI

����ê � ÷'ë���� :

RZ =
4

3
RI (7)

2)
��ó����

¡ 9�k�à DNA ï�ð u(n) i f�g N, u(n)
��ì�í�î@ï

, M
�

DFT ë�ì g �
U(m, k)

∆
=

M−1
∑

n=0

u(n + m)e−j2πnk/M (8)

î@ï'ð�ñ���� 9 m = 0, P, · · · , (N − 1)/P (ò (N − 1)/P ó � , u(n) ô 0), P
g�î@ï'ì�í

� ¤ � , Þ ! P = 1, � î@ï'õ ¤ ì�í k�à �
���X�
ö�÷ , ç�Þ ! P = 3, � î@ïE� ��ø���ù+
GX� � � .
g Ü
ú
û u(n) ü
ý 3

�
þ
ÿ
, ���
9 M = 3L(L

g�� ó � ) �
_
9 �Xò k
g

L = M/3, ����° (3-14) l���� g �

U(m)
∆
= U(m, L) =

M−1
∑

n=0

u(n + m)e−j2πn/3 (9)

��� è�����°�a�b P=3
��	�
���ð

, é u(m + n) ≡ um(n) ����m���: ­�� U(m)
� É


 °
U(m) =

2
∑

r=0

[N−1

3 ]
∑

n=r,r+3,···

um(3n + r)e−j2πr/3 ∆
=

2
∑

r=0

Umr
e−j2πr/3 (10)
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��� í�î Voss

�����
DNA

��ó
PS , ��� ��� 4 à Voss DFT ï�ð ��	���� û , Þ 
 ¨ § �

Ubm
∆
= Ubm0 + Ubm1e

−j2π/3 + Ubm2e
−j4π/3, b ∈ I (11)ª�« � ý � ¡ 9�á�� , DNA

����ó
PS

É 
 ° g �
PS = |UAm|2 + |UTm|2 + |UGm|2 + |UCm|2 (12)

µ'� |Ubm|
2

= UbmU∗

bm, *
É § d�� . l 2�� � :

|Ubm|
2

= 1/2
∑2

r=0
[Ubmr

− Ubmq
]2) ��å���°���� (12), PS

� í�î���° g �
PS = 1/2

∑

b∈I

2
∑

r=0

[Ubmr
− Ubmq

]2 (q = (r + 1) mod 3) (13)

è�� Z-curve
���

, ��� ��� ��� x(n), y(n)
2�3

z(n) è�� ��	�� É 
 ° ,
2

x(n)
g�ë

,

����m���û �

Um =

M−1
∑

n=0

x(n)e−j2πn/3 = 2

M−1
∑

n=0

[xA(n) + xG(n)]e−j2πn/3 −

M−1
∑

n=0

e−j2πn/3 (14)

µ'� M = 3L, ��° (3-20) ¸ � Ó�� à � � g 0, ��� 	�� É 
 ° , ����m ­��

Um = 2

2
∑

r=0

(UAmr
+ UGmr

)e−j2πr/3 (15)

µ'� |Ubm|
2

= UbmU∗

bm, m ­��

|U(m)|
2

= 2

2
∑

r=0

[UAmr
+ UGmr

− UAmq
− UAmq

]2

� ¸ q = (r + 1) mod 3, ��¬�l ­ y(n) � z(n)
����ó

. � Z-curve DNA
��ó É 
 ° g �

PZ = 2

2
∑

r=0

[UAmr +Ubmr−UAmq−Ubmq ]2

∑

b∈I1

(16)

� ¸ q = (r + 1) mod 3, I1 � ��������� I
��G��

, ´ I1 = {C, G, T} ⊂ I , ��:�ó�¬ / :

PZ = 4PS + 4

2
∑

r=0

(UAmr
− UAmq

)
∑

b∈I

(UAmr
− UAmq

) (17)

��� ®�¯ , l 2�­�� è�� r ∈ {0, 1, 2}, [UAr + UGr + UCr + UTr] ��� � � î@ï ¸ � Ó r

à
ù +
G �
� ¨��� �! �
��" ! � � . #
�
� g
� � î�ï ¸ ! õ à
ù +
G ,
Ó

r à
�
��$�%& ��B�k�à ������' « ! , #�à�" � ��à â ø�ç�(���� î@ï i f ! 1/3, µ'¥�l ­ :

PZ = 4PS (18)

3.2
ä�å���) Ë�Ì�*�+�,�-�.�/�Y�0�1�2�3
1) 4�5�6�7 !�8�9�:�;<�=�>�?�@ !�A�BDCFE�GDHFI�J

R0, K R ≥ R0 L J�M�N�O�P 4�5 , R < R0 L JDQFRO�P 4�5 . S�T HUI 4�5 M�N�O�VWQUR�O�P 6�7�X�Y�Z�[�\�]�^�_�`�a�b :�;�c�d�e :

Z�[�\ : Sn = TP

TP +FN
^�_�` : Sp = TN

TN+FP

f�g�h�i
AC = (Sn + Sp)/2 Tp

d�e�j g�h
4 J�M�N�O�P�k�lnm TN

d�e�j g�h 4 JDQFR�O�P�k�lnm FN

d�e�j�o�p�q 4 JDQFR�O�P�klrm
FP

d�e�j�o�p�q 4 J�M�N�O�P�k�l .



s tvuvw
, x : yvzv{v|v}v~v�v���v� 5

2)
A�BWC�HUI�P h @����

������@ P�����l��
,
=�>�� M�N�O�P�A�BDCF��I�J

m1,
>�� QFR�O�P�A�BDCF��I�J

m2,
=�>�� M�N�O�P�A�BWCU;�����J

σ1,
>�� QUR�O�P�A�BWCU;�����J

σ2.

A � ��I���� �r� R0 = (m1 + m2) /2

B ��� i ��� �r������� � ������@ ����l���M�N�O ] QUR�O�A�BWCU����������� g��E���P <�=
.
HUI

R0

P�����I XW� (19)   ��¡ :

R0 =
(m1.σ2 + m2.σ1)

(σ1 + σ2)
(19)

C �£¢�`�4�5 E�G�¤ ���r����¥�¦ Y Ho-Kashyap § � .

3)
HUI h @���� P�8�9�V�E�¨

©
3.1 ªv«v¬v­v®v¯v°v±�²�°v³�´�µ�®�¶ ( ·v¸v¹»º�¼ A ½v¾v¿ Genes100, genes200)

yvzvÀvÁ
ÂvÃvÄvÂ � ÅvÆ ÄvÂ � ÇvÈvÉv|vÊvÁvËvÌv� R0=2

R0 AC R0 AC R0 AC AC

Homosapiens 1.8858 0.7375 1.1577 0.7750 1.0039 0.7750 0.7250

Musmusculus 1.6065 0.7712 1.0884 0.8058 1.0402 0.8136 0.7199

Mammal 1.6957 0.7789 0.8161 0.7778 1.2582 0.8166 0.7481

� d
3-1 Í P�l���E�¨ X�Î �

a�b ��I § � ]�¢�` E�G�¤ ��� P 4�5 CUÏ�I 2
JWHUI�Ð�Ñ 4�5�Ò P g�h�i�Ó .

� i ��� � P g�h�i CU��I���� � P 6�7�Ô�Õ �WC ¢�` E�G�¤ ��� P 4�5 � .����Ö�× l��
, Ø�b�§ � P�A�BWC�HUI��WCUÙÛÚ Í ��¡ P�Ï�lWHFI 2 Ü ,

��Ý�Þ
2
J�A

BWC�HUI�c 4�5 M�N�O ] QUR�O�ß�à f�á�â�ã P .

3)
M�N�O 4�5 g�h�i V�M�N�O�ä�å�æ \ P�ç�è�é�ê

� d 3-2 X�ë �ì��� Mammal ] Musmusculus
����ä�å

, í�î M�N�O�æ \ P�ï�ð ,
M�N

O�ä�å�P�A�BWC ]�4�5 g�h�i�ñ í�ò ï�ð , ó M�N�O�P 4�5 g�h�i CUô�õ .

©
3-2 öv÷vøvùvúvûv³v´vü�ý�þ ( ·v¸v¹»º A ½v¾v¿ gene200 ÿ gene100)

����� Á�� Mammal Musmusculus

R0 AC R0 AC� �����
¡100 1.0532 0.7037 1.0231 0.7046� x���� ����� ¿=100 && ¡300 1.6141 0.9078 1.1914 0.8735	 � ����� ¿=300 && ¡500 1.7544 0.9472 2.0834 0.9465

� ����� ¿=500 2.8271 0.9953 2.7664 0.9907

3)
A�BWC�HUI�V�
 b G���ç�è�é�ê

� d 3-3 X Þ�
 ¡ Þ�����ê �à���
 b�� 
 ,
A�BWC�HUI á à���P

,
��Ý�A�BWC�HUI���������� � 
 b G��rm

DNA
ä�å�����P � 
 ,

A�BWC�HUI���� ñ�� �
, ����� G�� �"! ]�#�$�% 
rmÓ�& � 
�A�BWC�HUI S Ï�' � Ó � õ & � 
rm
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©

3.3 ªv«�2�3�4�5v°v±v²7678�³�´�µ
yvzvÀvÁ

ÂvÃvÄvÂ �
R0 AC

genes100, Homo sapiens 1.8858 0.7375

genes100, Musmusculus 1.6065 0.7712

genes200, Mammal 1.6957 0.77899�:�;
2.0765 0.7553<�=�>
4.6758 0.7843

Ç�?�@ 12.0872 0.7555

(�A�BDC A E�F�G genes200 Hv} <�=�> ,
9�:�;�I�J ÁvÇ�?�@7+ DNA K�L

3.3 M�N�O�P�Q�R�S�T�U�V�W�X
DNA Y�Z�[�\�]�U�V�^�_
DNA `�a ������b b ,

� à�� `�a ��� Ð�Ñ DFT, c�� P�d�e X�f�g � DNA h�i ä�åPkj Ö � 7klkm àk��Pknko ,
��Ýkp _kqkrksktku h @�� DNA

ä�å�Ð�Ñ `ka P ��� ,
��¥

Í , v�u � C Voss `�a , Z-curve `�a ,
Þ�w�x�l `�a � ����j Ö P 6�7 .

¥zy
[3] Í : ¡ x l `za Í Bz{�|�}�~z� , � �z� � 4 5 M N O P��z� . � 6 7�� N à �

Voss ] Z-curve `�a P 6�7 . � p _�������X�Î Z-curve ] Voss � � ����P�d�e .
��Ý

, � �¥ Í ¦�� P�l�I `�a �   á Voss `�a .

�����"� V�^�_
��� 3-6 X Þk� ¡ , ��Y�ók����� dkek�k��ðk� , �kgk�k� b QFR�O�ä�å�j�o�p 4 @ JM N O ä å

. �z� Y æ ��� , ó P M N O Kz� �z�z  .
� Ý _ k â ã Pz¡ %z��� æ \ K � ���¢ 5�c�� CUô�£�P�n�o ,

� â�¤�¥ P�l��
,
��¥�¦�¡ a k�§ ¥ ` P�¡ %��"� æ \ ?�¨�©�ª .

©�ª _ ��=�@ ¡ %��"� æ \ M
J

L/2-L ò�« P _ k�I ,L
J�����M�N�O�æ \ .

©�ª�¬r� ��Y à�� �"� æ \ Ð�Ñ�¡ % DFT
d�e

, ­�® � d�e�Ð�Ñ�ð�¯���� .

°�±�²�³
´ � °�±
¡ %��"� d�e"µ ¢�� (

Þ�A�BWC
SNR

J�¶�·
) ¸�¹ Ó d�º�� ,

��»�¼ d ¹ J�d�e�P “ ½¾
”, ��K�g n�o ò�® ����¢ 5�§ � P 4�¿ , ��À���Y ��¡�Á�Â�j�Ã�Ä .

��¡�j�Ã�Ä § � X ÞÅ�Æ�Ç�È m ��� ¡ %��"� d�e"µ ¢ P�É _�Ê���Y�� ��Ë K Ê ( Ì�Í � Ê )
P�A�BWC

(R)
P��

I�Î�Ï�J�� Ê P�A�BWC .

¡ %z��� dze J : R(n; M
3 ) n = 1, · · ·N M

Jz¡ %z��� æ \ . � Y �z¡zÃzÄ Pz¡ %z���
P�d�e"µUJ �

R(n; M
3 ) =

n+ k−1

2
∑

i=n− k−1

2

R(i; M
3 )/K n = 1, · · · , N
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Ð
3-6 Ñ�Ò�Ó�Ô�ÕDÖ ����+ DNA ×�Ø�+ DFT Ù�Ú Ð

( (�A�BDC Û A E�F�G Gene100, C Ü�Ý�Þ�Ó�Õ��7��Ê�|7ß L/10, L/6,L/2,4L.8L
I

L,L ß ÄvÂ ���� ��� )

Ð
3-7 DNA ×�Ø�Ó�Ô�ÕDÖ Ù�ÚDà�Ç Ä Ó7á�â7ã7ä

� 3-7
á�å ��æ�ç

Genes100
p _ k DNA è�é l���P�¡ %��"� d�e"µ ¢ ��¡�Ã�Ä�� 7 ,

K
� àz� I Pz� 7 � C . X ë ¡ % �z¡zÁzÂ � Ô q ��¡�êzd�e"µ ¢ , ëzì êzdze ½ ¾ ,

â ã P
K
I

( ��� K=21)
à Õ���Ô q ë�ì ê�d�e�P ½ ¾ ,

ñ ��Ô P�í�î�ê�d�e�P�õ�d�ï�ð . ��K �
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����¢ 5�§ � P�� h `�c���ñ�ò�ó�ô .õ�ö�÷�ø�ù�ú

� � DNA
ä�å íkû Bk{�Pknko ,

dke�Pküký g àk�kþ \ ¼ jkÿ�������� .
� �������� B�{ X Þ m J ¦ Ó ��� § � � h�i P _�b � 6
	�é ,

��¥�¦�¡ _�b Á�Â § � �
� ä�å í�ûB�{�Þ�ï
��d�e�ü�ý
.� ó�
 M�N�O � N/3

¡ ¹ dke���I � QFR�O�� � ��� Pküký ,
� �k� ¡ %k��� dke�µ

¢�� ¡ � ¡ %

 M�N�O
�
� Ò ��� g ¡ ¹ SNR
��I

.
� � �
� P
� ¤ , ��7 �
� k DNA

P
N/3 Í�� d i Ð Ñ��zÂzÃzÄ , K X Þ���� ¡ Bz{ ä å . � � DNA

ä å ] Bz{ ä å Ð Ñz¡ %z�
� DFT,

> 

SNR

� 7�ò � X Þ
��J á �
� B�{ ® P�A
�
� i P�A�BWC . § �
� þ � � .

Ð
3-8 �! !"!#!$!%v�v�!&('

§ � Í P��kÂkÁkÂ�¤ X Þ ��Y ¬�) Notch
ÁkÂ�¤

,
å �kækç

Genes100
p _ k DNA è

é l���P í�û B�{ �
� � 7�� � .� � 3-9
á

Genes100
p _ k DNA è�é l���d�e�� 7 , *�¢
+ J�M�N�O���� , � 3-9 Í

� 1
J
,
-�¡ %��"� DFT

d�e � ( �"� £ Ü = ��J 200), � 2
J �
� B�{ § � Ã�Ä ® P�¡

%��"� DFT
d�e � , � 3

J � 2
§���¡�Ã�Ä ® P�d�e � .

��� 3-9 X Þk� ¡ ,
� â ¡ %k��� æ \ P â Ä ?k� Þkw��k¡kÃkÄ ,

� § ��� 6���� ê �� B�{
,
ß�í/. ê

SNR
��I�ü�ý

, ��K J ®
0 P�����¢ 5�§ ��¦
1 ê
2 � Ð�Ñ�� h ¢ 5 P�de
.

Ð
3-9 DNA ×�Ø�(�A�Ù�Ú�ã�ä (

Ð
1,
Ð

2,
Ð

3 ß Ð �!3!4!5 Ü!6�Þ7+ 3 7 � Ð )
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P�Q�R�S�T�U?k¨ â�ã P�ä�å `ka � â�ã Pk¡ %k��� æ \ ß�Ð�Ñ�B { ��� Á Â ] ¡ % �k¡ òk® K 


 CUô Ô P X 1 Ð�Ñ����k¢ 5 P § � P SNR

d�e
.
����¢ 5�§ � K
8 ��
 
 P�dkek¢ 5 ¡� ��P�M�N�O ] QUR�O
�
� . S Ï ��Y EPND § � [7]( � Yin ] Yau

�
2007 9 ¦�¡ ).

� � EPND § ��� æ DNA
ä�å�j Ö g�h�i à Ó

, :�� á
; _ k�M�N�O
< î�_�é�� æ�MN O P Ò�= ,
M N O ä åz�z� à f j � Ô qzj Ö . > � Ý � ¥ � EPND § � Ð Ñzê _zÊ�? Ð ,

? Ð ® P EPND § � j ¤�¥
@ �UX Þ
A�� h q�j Ö M�N�O ] QUR�O .B
C
D
EPND E
F

K DNA
ä�å�E
G m 2000bp

P�O�ä�å
.

K É _ k 2000bp
P�O�ä�å & E m k é , ��K�c�� k+1

k
H Ê P1, P2, · · · , P K+1.� O ä åzÉ _zé [Pi, PK+1]i = 1, · · · , K � Y EPND § � m Æ k�I�J�K K j b
L � § , �
7�� £ b l�P�� §WÍ , M�_ k����
I
J
K�j�j Ö J
N � M�N�O
�
�
O K �
I
J
K
P
Q�J�M�NO
I
J
K

, R�ò P
Q�JWQUR�O
I
J
K .J/SUô�à��
k
I
T
U�� ? Ð�P EPND

P
V
W
, ��Y ��¥�¦�¡ P § ��� Genes100 Í Ì RP

92
k

Mus musculus
P

DNA
ä å Ð Ñzj Ö

,
ß � j Ö ��W � � � Sn,

� �
Sp ] � � AC.

©
3-4 X!Yv° EPND û EPND °v¶!Z

yvzv{v|v�v� ÄvÂ
Sn

ÄvÂ
SP

ÄvÂ
AC

DFT1 +EPND 69.37% 95.06% 82.21%

DFT+ [!\�+ EPND(k=2) 68.56% 94.17% 79.36%

DFT+ [!\�+ EPND(k=4) 72.54% 95.22% 83.88%

DFT+ [!\�+ EPND(k=6) 69.60% 94.54% 82.07%

DFT+ [!\�+ EPND(k=8) 67.80% 94.20% 81.00%

� d 3-4
l�� X Þ�
 
 Þ�����ê �

? Ð
] EPND
S

EPND
]
V
W u�Ô .

� k=4
]
T
U��

, ? Ð
] EPND
]
V
W
^ Ô .

T�U
_
`
a

3-5 Genes100 b 92 c Mus musculus d DNA e!f!g!h!i!j!k!l!d(m(n(op!q!r!s!t!u v!w
Sn
v!w

SP
v!w

AC

DFT+EPND 69.37% 95.06% 82.21%

DFT+ [!\!x EPND 72.54% 95.22% 83.88%

DFT+ y!z + [!\!x EPND 81.25% 96.30% 88.77%

{
|
}
~
�
� ]
�
�
�
�
�
�
�
Genes100 ���
�
� 92 � Mus musculus � DNA �
��
� �
�

, � �
�
�
�
�
�
�
� Sn,
�
�

Sp,
�
�

AC, �
� 3-5 �
� :� � 3-5 �������� �¡�¢ ��£ DFT ¤�¥�¦�§�¨�©�ª�«�¬�­�® {�|�¯ � � EPND � ��
�
�
°
±
²
³ � �
´ �
�
�
� �
µ
¶
· , ¸
¹
º °
± �
» �
�
�
� �
¼
½
¾ .¿
À
Á
Â
Ã
Ä
Å
Æ
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{
|
}
~
�
� � �
�
Ð
Ñ
�
�
�
� DNA �
�
Ò
Ó
Ô
�
Õ
Ö
�
×
Ø 3-10 �
�ÚÙ

Û
3-10 Ü!Ý p!q!r!s!t!u!r(s(p(q(Þ!ß

5 àâáâãâä
��å�æ�ç ©�ª�«�¬�è�é � ��ê�ë ,

{�ì�í�î ����Ð�Ñ�����ï�ð�ñ�ò�ó
,
}�~�ô�õ � � å

©
ª
«
¬
§
¨
ö
÷
ø ��ù � SNR ÷
ø �
ú
û
ü
ý , þ
ÿ �
ú
û�� �
÷
ø���������·�§
¨��
©
ª
«
¬ , ¸
¹��
	�� SNR ÷
ø
� ü�� ¼�
 .

£ Ò
Ó
�
� Ð
Ñ ¤ ,
}
~ � þ��
� EPND

�
�
�
� �
� � ¯ � ,

{
|
¯ � � EPND
�
�
� þ
ÿ �
ú
û�� ÷
ø �
� �
�
Ð
Ñ , ��� �
�
² ���� �
�
Ð
Ñ
ü
ý������ ½
� �
�
Ð
Ñ ¾ ° .
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