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A Combination Algorithm of Bi-directional Labeling in Identifying of

Maximal-length Noun Phrases with Hybrid Feature

LI Ye-Gang1, 2 HUANG He-Yan2 JIAN Ping2

Abstract Maximal-length noun phrase indentification is meaningful to machine translation and many other natural

language processing tasks. For the purpose of studying Chinese maximal-length noun phrases, on the basis of current

methods, starting from linguistics particularity in Chinese and characteristics of sequence labeling algorithm based on

support vector machine (SVM), we explore the adaptability of combination algorithm based on hybrid features. The

algorithm is effective, by theoretical analysis and experimental results, to identify Chinese maximal-length noun phrase

by applying hybrid unit with words and base chunk, and it is complementary in bi-directional labeling results. From

the above, a combination algorithm of bi-directional labeling based on “boundary fork” can discover complement of two

directions identification and achieve a high combination accuracy.
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á��£OÚ©ÛkX­��ïÄÚA^d�.Ç�éfäkV�5, � (d��m) � (dm��) ü����I5ÑUJøk�&E, 
�I5(JäkpÖ5. Ïd, KÜ��ü����S�I5(J, JpÙ£O�°Ý, ®�¤õ^uá�£O[1]. ©z [2−3] �ïÄ´éë�KÜ�I5S��z��I5 �?1Ý�, ¤k�Ñ� �I5|Ü/¤��I5(J, T�{�)�I5(J  ¿Ø´ë�KÜ�,�S�I5, 
´��KÜ��(J, ÏdN´�)ØÎÜI55K�ÑÑ. ©z [4] JÑÄuS��Ý��{, À�3 �?I5Ý�¥¼�ê�õ�ÿÀS��Ǒ��ÑÑ, �y
KÜ(J�Ün5. ©z [5] JÑÄu “©Ü:”�VÇKÜ�{, '5�
I5��þ1���,�I5���I5(JØÓ� �, ǑÒ´¤¢�
“©Ü:”, ±T ����VÇ�ǑT��TIPS��&?Ý, À�&?Ýp�ÿÀS��Ǒ��ÑÑ, �´T�{rz� “©Ü:” �áé�, ØUk�/?n��¶
á�üàÑk©Ü��¹.
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á�V�I5KÜ�{ 1275þã�{��Ó:´ë�KÜ�I5�.Ñ±
�ǑI5ü , ��^

Ú
5�
�¡�AÆ, ÏdAÆ8Ü'�ü�, XÚ�N5Uk�Jp. Ä�|¬ (Base chunk) �±w�´é
��?�Ú\óÚÜ¿. U Abney JÑÄ�|¬©Û�g�±5, Ä�|¬�©ÛïÄ®²��
�v�?�[6]. ©z [7−9] Ñ´kééf?1Ä�|¬£O,,�3��¶
á�£OL§¥\\Ä�|¬�AÆ, £O5U`u==�^
�¡AÆ��{. �´þã�{é
ÏÄ�|¬£O���p, Ïd§�½öæ^Äu5K��ª¼�Ä�|¬, ½ö3ÚO�{¼�Ä�|¬�, 2?1Äu5K��?n. 5K�\\Jp
Ä�|¬��þ, �XÚ�£�5Ǒü$
, Ø·Üm�+��!�5����¶
á�£O. ,	ù
�{Ǒ,æ^
Ä�|¬AÆ, �E,æ^
�ǑÄ��I5ü�, Ä�|¬�¡�AÆ=å�Ö¿�^, 5UJ,k�. ©z [10]}Á±Ä�|¬�ǑI5ü�?1Ç�õU|¬I5, ��^gÄI5�Ä�|¬�ǑI5ü��, É\uÄ�|¬�I5�Ø, õU|¬I5�.�5UØ�$u±
�ǑI5ü��õU|¬I5�.,$�$uÄ��..nÜþã, �é±Ä�|¬�ǑI5ü �Øv, ±9&?Ä�|¬AÆK\�V�I5KÜ´Ä�,U
JpXÚ�5U. ·�3ykÄ�|¬ïÄ¤J�Ä:þ, KÜÄu|±�þÅ[11]

(Support vector machine, SVM) �Ç���¶
á�
��S�I5(J, rÇ���¶
á���m>.w�k'é��N, ±�m>.���VÇ\\Ú�ǑT��¶
á�IPS��&?Ý.·Ü
ÚÄ�|¬�ǑI5ü , éup&?Ý�Ä�|¬, æ^Ä�|¬�¡�AÆ, éu$&?Ý�Ä�|¬, æ^
�¡�AÆ. AÆÀJ�, ±Ä�|¬�¡�AÆǑÌ, 
Ú
5�
�¡�AÆǑ9, l
¢y
��·ÜAÆ���¶
á�V�I5KÜ�{. 3ÿÁ8�¢�¥, KÜ���¶
á�£O� F-1 ��� 88.24 %, 'Ä��.pÑ
 2.34 %.

1 |±�þÅ�õïÄöé SVM ?1ïÄ[12−14]. SVM �Ø%g�´Ïé��÷v©a����`�²¡,3�y©a°Ý�Ó�, ��z�²¡üý��x«� (Margin), ��K~m��l>Æ��z.b½ÔöêâǑ (x1, y1), (x2, y2), · · · , (xn, yn),

x ∈ R
n
, yi ∈ {+1,−1}, �²¡ w · x + b = 0 Uòü�aO©m, �`©a¡¯KL«Ǒ�å`z¯

K:

min Φ(w) =
1

2
‖w‖2 =

1

2
(w · w)

s.t. yi[(w · xi) + b] − 1 ≥ 0
(1)²Lüa��¥l©a¡�C�:, �²1u�`©a¡��²¡�Ôö��Ò´|±�þ. ½Â Lagrange ¼ê:

L(w, b, a) =
1

2
‖w‖2 −

n
∑

i=1

ai(yi[(w · xi) + b] − 1)

(2)`z Lagrange �{���`©a¼ê:

g(x) = sgn[

n
∑

i=1

aiyi(xi · x) + b] (3)ª¥, ai L«���m�.�KF�f.éu�5Ø�©¯K, =��5¯K, Ú\SÈØ¼ê, rêâ�mN����p�AÆ�m, ÏL��5C�r��5¯K=�Ǒp��m¥��5¯K, 3ù�p�AÆ�mÏ��`©a¡. ©a¼êC�Ǒ:

g(x) = sgn[

n
∑

i=1

aiyiK(xi, x) + b] (4)Ù¥, K(xi, x) ǑØ¼ê, |^Ø¼ê¢y�$��m�p��m�N�, r��m���5©a=�Ǒp��m��5©a. 3�`©a¡¥æ^·��SÈ¼êÒ�±¢y,���5C����5©a. �^©aì�S�I5�{��þ´��(½5�.. §òS�I5w��X��©a¯K, �^©aìǑz�� �ÀJ�`I5(J, ±ü� �þ�ÛÜ�`Cq�Û�`. �½�
I5G�
c,  � i ��`ýÿ:

ŷi = argmax p(y|ci) (5)

c Ï~L«Ǒ�
I5 ���|þe©AÆ, ÏǑ�{3I5�z�ÚÑ��Ñûü, I5G�(½5/D4, �Y�ûü�±�^
¡®�)�¤k{¤I5(J, ǑÒ´`, AÆ c �±�¹�
I5 ��{¤I5(J yi−1, yi−2, · · · , y0.

2 Äu “>.©Ü”�S�I5KÜ�{3õ©aìKÜ¥, �ÿÀS�'����ÿ,�±æ^\{OK½ö�{OK�{'�VÇKÜüÑ. 3��¶
á�V�S�I5(JKÜ?Ö
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�I5(JÚ��I5(J. Ïd, �±�^\{OK?1VÇKÜ. Äu\{OK�©aìVÇKÜ�Ä�g�´�ë�KÜ�©aì�Ñ���VÇ�\Ú��.~^�©aìKÜüÑ�^ª (6) L«. Ù¥, KL«ë�KÜ�©aì��ê; w L«aO; o L«�©a�ª.

ŵ = arg max
j

K
∑

k=1

P (wj|ok) (6)�éV�S�I5KÜ?Ö,  � i ��`IP�±^ª (7) L«.

ŷi = arg max
yi=ŷid,ŷ

id̄

(P (yi|cid) + P (yi|cid̄)) (7)3V�S�I5KÜ?Ö¥, ë�KÜ�©aì�k 2 �. Ïd, �±rª (7) =�Ǒ~{�/ª,K��ü����I5(J�&?Ý�±©)Ǒª
(8) �/ª. Ù¥, ŷid Ú ŷid̄ ©OL« � i ���Ú��I5; ci L«A½���S�I5ì3 �
i �Ñ\, ���¹*ÿS��·�AÆ9ÙI5{¤�Ä�AÆ.

{

E(ŷid) = P (ŷid|cid) − P (ŷid̄|cid)

E(ŷid̄) = P (ŷid̄|cid̄) − P (ŷid|cid̄)
(8)Ù¥, E(ŷid), E(ŷid̄) L«,���©aìkõ�rºÀJ�
ÑÑaO
Ø´,����ÿÀaO.üö¥���öÒ´ � i �¼�IP.

ŷi = arg max
yi=ŷid,ŷ

id̄

E(y) (9)Äu ��S�I5KÜüÑ¥, �`S�I5(J´KÜ¥ü� �I5¼��õ�ÿÀS�.

E(y) =

n
∑

i=1

φi (10)

φi =

{

1, e ŷi = arg max E(y)

0, Ù��´, 3Äu{¤�VÇ�.¥, ���¹*ÿS��I5{¤�Ä�AÆ, ,� ��ûü  �Ù
�Ú$�
AÚ�I5{¤���', ǑÒ¿�X, ,� ��Ø�I5(J, �UÏǑÙIP�{¤IP�mäk���ÜÂ
¼��p�&?Ý, l
3 �?I5¿�¥�Ñ, E¤3Ó�� �þØÓI5ìÑÑ(J�m�{ú²¿�. 
Äu “©Ü:” �VÇKÜ�{rz� “©Ü:” �áé�, Ïd, �U¬ÑyÓ��á�¥,�I5��

�m©IP¼�, 
,	��I5���(åIP¼�, ��
3ü�ØÓ���I5(J¥, ÀJ�� “�k�U�” I5(J��©, ���Ø�ØÎÜI55K�ÑÑ. Ïd, �éþã¯K, ·�JÑ
Äu “>.©Ü” �V�S�I5KÜ�{, r��¶
á���m>.w�k'é��N, ±�m>.���VÇ\\Ú�ǑT��¶
á�IPS��&?Ý.ã 1 Ǒ��V�I5KÜ«�«¿ã, ŷd Ú ŷd̄©O´��Ú��IPS�, b L«��IPS�¥���¶
á��>., e L«m>.; b̄ L«��IPS�¥���¶
á��>., ē L«m>.;�Ú��L«��¶
á�SÜ; xÚ��L«��¶
á�	Ü. �ü������¶
á�I5«�k­U�Ø�����, U�¹¤kü�I5«����¡ä, ¡Ǒk�I5KÜ«�, Xã 1 ¥J�Ý/S�Ü©.

ã 1 Äu “>.©Ü” �KÜ«�«¿ã
Fig. 1 Diagram of combination area based on

“boundary fork”��k�«�S,��IPS��&?ÝdT����m>.�IPaO&?Ý5û½. Ïd, rª (8) U�Ǒª (11) �/ª, Ù¥, ©ÛG� c ©)Ǒ·�Ü© c′ Ú y± Ä�Ü©, Ù¥ “+” Ú “−”©OL« i �>Úm>� �.

E(ŷid) = P (ŷidb|c
′

idb, ŷ
−

īdb
) − P (ŷīdb|c

′

idb, ŷ
−

īdb
)+

P (ŷidb|c
′

ide, ŷ
−

īde
) − P (ŷīde|c

′

ide, ŷ
−

īde
)

E(ŷid̄) = P (ŷid̄b|c
′

id̄b, ŷ
+
id̄b

) − P (ŷid̄b|c
′

id̄b, ŷ
+
id̄b

)+

P (ŷid̄e|c
′

id̄e, ŷ
+
id̄e

) − P (ŷid̄e|c
′

id̄e, ŷ
+
id̄e

)

(11)Äu{¤�I5�.���¶
á�£O3��ü����5U�U¬k�½��É, �,�����ü�I55U²w�u,	�����, ·��k�U��uÀJù����(J�Ǒ�ª(J, =ÀJ&?Ýp�����. {üå�, V\��Ö�Xê ξ, ± d ��ǑÄO, =ò d ��Ö�Xê�½Ǒ 1.00, ÏLN!Ö�Xê ξ, ?� d̄ ��&
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ŷi = arg max
yi=ŷd,ŷ

d̄

ξE(yi) (12)��KÜL§�±^���%�{5£ã, X�{ 1 ¤«.�{ 1. Äu “>.©Ü”�V�S�I5KÜ�{Ñ\. Ç�éf X.ÑÑ. ¤k�ð£IP�I5(J.Ú½ 1. �^S�I5óä, ©Oé X ?1��Ú����¶
á�I5, ����ü�����©I5S� YD Ú YD̄, ¿�3I5���VÇ;Ú½ 2. �©zéf���¶
á�>.&?ÝÿÀè� S, &?Ý�O�Xª (11) ¤«;Ú½ 3. lè� S ¥ÀÑ&?Ý����, òÙ¤3��|£Ñè� S, XJÙü���I5(J�¤k®ð£IP�Àâ, Kò§�G��Ǒð£;Ú½ 4. XJè� S Ǒ�, KÊ�, ÄK=Ú½
3.

3 AÆÀJ3ÚOVÇ�.¥, �.I�lÔö��Ä�
5�AÆ¥ÆS�O¤I��£. AÆ�£ãUå±9AÆ�5�Ñ��KǑÚOVÇ�.�5U.AÆäk?Ö�'5, éuØÓ�g,�ó?n?Ö, ÙÀ��AÆǑ�Ø�Ó, ?Ö°Ä!k�é5�AÆ½ÂÚAÆ���±�ÌÝJpÚOVÇ�.�5U, ��, $�$����AÆK¬ü$ÚOVÇ�.�5U.·�Ì��éÇ���¶
á�£O?Ö, éu
�¡�AÆ!Ä�|¬�¡�AÆ±9I:ÎÒ©aAÆ?1�	, ÏL¢�5u�þãAÆ3Ç���¶
á�S�I5?Ö¥�·^5.

3.1 
�¡�AÆ
�±å��OÚ¢~z��^, 3=��á�ÚÄ�|¬£O?Ö¥, =^
�ǑAÆ, £O�.Ò�±��'���5U. �´, Ç�Ø�=���äk´L�
MÚ/�Æ&E, Ïd�5�êâDÕ�¯K��=æ^
�¡AÆ�Ç�á�ÚÄ�|¬©Û�5UéJ�ÓaO�=�?Ö'p.
5�±w�´é
��«©a, §�±�«
3éf¥��{õU±9
�
m�àÜ'X.
5AÆå�aO&EÚêâ²w��^. 
5AÆéá�ÚÄ�|¬©ÛkX�r�ýÿUå. Ó�, 
5=k 40 {«, ©aâÝ'�o, «©Ý�fu
. Ïd, æ^
Ú
5|ÜAÆ��.  �±�����5U. ���8
, �éÇ���¶
á

�£O�úm�ïÄ¤JÄ�Ñ´±
�ǑI5�Ä�ü , Ì�À�
!
5�
�¡�AÆ.±
�ǑI5�Ä�ü����¶
á�S�I5«~Xe:��/PN/O �/AD/O Ǒ/P/O I[/NN/B­:/NN/I ó§/NN/I =z/NR/I z��/NN/IU*ï/NN/I ó§/NN/I Jø/VV/O 
/AS/O

1.9 ·/CD/B {�/M/I �/DEG/I SC/NN/I ó§/NN/I �x/NN/I �æ/NN/I ./PU2/O

3.2 Ä�|¬�¡�AÆÄ�|¬´'
�âÝ��I5ü , Pk'
�´L�AÆ. ÄuÄ�|¬�I5�.=�^Ä�|¬�¡�AÆ, 'XÄ�|¬�¥%
!¥%

5!é{IP!'XIP!¤©IP!Ä�|¬��>.
Úm>.
±9>.
�
5�.©z [10] }Á±Ä�|¬�ǑI5ü�?1Ç�õU|¬ (Ì�¬!¢�¬!U�¬ÚG�¬) I5, ��^<óI5�Ä�|¬��'AÆ�, �±��õU|¬I5�5U�ÌÝJ,, oN F-1��� 89.19 %, �'u±
�ǑI5ü�, õU|¬I5�.�oN F-1 �Jp
 4.27 %. �´, ��^gÄI5�Ä�|¬��'AÆ�, dugÄ£O�Ä�|¬��vk��<óI5�YO, Ä�|¬�>.£O!a.IPÚ'XIPÑ�3�½��Ø, ù
I5�Ø3±Ä�|¬�ǑI5ü��Ù���âÝ�|¬£O©ÛL§¥?�ÚD4!��, �ªõU|¬I5�.�5U�r<¿,Ø�$u±
�ǑI5ü��õU|¬I5�.,$�$uÄ��., oN F-1 �=k 83.01 %.±Ä�|¬�ǑI5ü ��.ééf¥z�Ä�|¬����IP. ±Ä�|¬�ǑI5�Ä�ü����¶
á�S�I5«~Xe:

[� �]/NC/O [�]/AC/O Ǒ/P/O [I [­:ó §]/NC/B [=z z��]/NC/I [U*ï ó §]/NC/I [J ø 
]/VC [1.9 ·]/MC/B

[{ �]/NC/I �/DEG/I [S C ó § � x �æ]/NP/I./PU2/O

3.3 
ÚÄ�|¬·ÜAÆQ�u�Ä�|¬�ǑÄ�I5ü��`³,rÄ�|¬�¡�AÆK\���¶
á�£O�AÆ8Ü, q��þ~�gÄI5�Ä�|¬�5�Ú\�Ø. ·��)û�Y´: æ^�«
ÚÄ�|¬·Ü�I5ü�, rÄ�|¬©Ǒp&?ÝÄ�|¬Ú$&?ÝÄ�|¬, éup&?Ý�Ä�|¬, Ú\ÙÄ�|¬�¡��'AÆ, éu$&?Ý�Ä�|¬, �ïÄ�|¬AÆ, �æ^
�¡�AÆ, ±d~�gÄI5�Ä�|¬�ØI5&E
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á��£O5U.æ^Ä�|¬Ú
�ǑI5�Ä�ü����¶
á�S�I5«~Xe:

[� �]/NC/O [�]/AC/O Ǒ/P/O I[/NN/B ­:/NN/I ó§/NN/I =z/NR/Iz��/NN/I U*ï/NN/I [Jø
]/VC/O [1.9·]/MC/BS [{�]/NC/I �/DEG/I [SCó§�x�æ]/NP/I ./PU2/O|Ü©aì[15] �{��
2��ïÄùa�{Äu��b�: ë�|Ü�ü�©aì�)��Ø´Ø�'�½öÄ�Ø�'�. /�|Ü©aì�g�, ·�JÑ
�«Äuõ�I5�.�Ä�|¬&?Ý«©�{, 3Ó��Ôö8þ�EÄuØÓ�{�Ä�|¬I5�.; ,�, ©OéÇ���¶
á�I5�^��Ôö8!mu8±9ÿÁ8?1Ä�|¬£O; ��, rØÓ�Ä�|¬I5�.I5�(J?1'é, Ù¥, ��I5�.I5���Ä�|¬�Ǒp&?ÝÄ�|¬, Ù�Ä�|¬�Ǒ$&?ÝÄ�|¬.Ä�|¬´±¶
�¢
Ǒ¥%, ���äkA½�Â�
S�. 3�½�Ôö8þ, �Ì��!Øi�!SÜØ�¹Ù�aO�Ä�|¬½Â�K,·�I5
Ô«a.�Ä�|¬, ©OǑ NC (¶
|¬)!VC (Ä
|¬)!AC (/N
|¬)!DC (B
|¬)!LC (� |¬)!MC (êþ|¬)!TC (�m|¬). Ôö
n�ØÓ�Ä�|¬I5�., ©O´Äu SVM �S�I5�. ({¡ M1), Äu
CRF �S�I5�. ({¡ M2) ÚÄu MEM �S�I5�. ({¡M3), §�3ÿÁ8þI5(JXL 1 ¤«, Ù¥ Pattern L«ë�é'�I5�.; Precision L«I5���(Ç; Recall L«I5��ð£Ç.L 1 n«I5�{���5©Ù
Table 1 Consistency distribution of the three methods

Pattern Precision (%) Recall (%)

M1 84.25 86.32

M2 84.14 85.91

M3 80.63 81.61

M1&M2 94.79 76.59

M1&M3 91.53 72.45

M2&M3 91.85 71.63

M1&M2&M3 97.63 67.14dL 1 �±wÑ, 3TÿÁ8þ, �n�Ä�|¬I5�.�ÑÑ���, Ä�|¬I5��(Ç�±�� 97.63 %; �Ù¥�ü«I5�.�ÑÑ���, Ä�|¬I5�O(ÇǑ©O��

94.79 %!91.53 % Ú 91.85 %, �'ü�I5�.,O(ÇpÑ�C 10 �z©:, n�I5�.��I5�Ø�'Ç==Ǒ 2.37 %. Ïd, rI5���Ä�|¬�Ǒp&?ÝÄ�|¬, I5Ø���Ä�|¬�Ǒ$&?ÝÄ�|¬��{äk�15.

4 ¢�(J9©Û
4.1 ¢���¢��^
U²ä¥ 5.0 ¥�5#uF�6�Æ, U²ä¥�ÆØ´éf?éà�, Ǒ
Bu�Y�A^, ·�òÙ¥ 325 �¥=©�©©�?1
éféà?n, ��
 3 849 �éà�éf, Ù¥�
1 000 éé (2 850∼ 3 849) �©Ǒ�, �Ǒmu8ÚÿÁ8, Ù{�Ü©�ǑÔö8. du�¹k��
� MNP �£Ovk��ïÄd�, ¢�GØ
ü�
�MNP. ¤kmu8ÚÿÁ8þ�^�Æ¥�Ñ�IO©
Ú
5I5.¢��^� YamCha´Äu TinySVM©aì¿�µC��m
S�I5óä, Jø��ü����I5À�, �±­½Â·Ä�AÆ, 
�UÑÑaO�©. ¢�¥ SVM �^��õ�ªØ¼ê, ¨vëê c ��Ǒ 0.01. CRF I5ìæ^m
óä
CRF++ Ú PocketCRF (^up� CRF �Ôö�ÿÁ).

4.2 AÆÀJ¢�Ǒ
�y¤ã�æ^Ä�|¬Ú
�·ÜI5ü����¶
á�I5�.�5U, ©Oïá
±
�ǑI5ü��S�I5�.Ú±gÄ£O�Ä�|¬�ǑI5ü��S�I5�., ��?1é'. ¢�¥��æ^
S�I5ì�ÑÑ(J.

1) Word-unit: ±
�ǑI5ü���.. æ^
Ú
5�
�¡�Ä�AÆ, ·�AÆI��Ǒ
9, Ä�AÆ�^ 5 �{¤I5(J, =�Ä�
 ��
� 4 �{¤IP.

2) Chunk-unit: ±gÄ£O�Ä�|¬�ǑÄ�I5ü�. Ä�|¬�²þ
ê�� 2 �
�m,ë�±
�ǑI5ü���.�·�AÆI���,��·�I�Ǒ 5, æ^Ä�|¬�¡��'AÆ,Ä�AÆ�^ 4 �{¤I5(J.L 2 �Ñ
ë�é'��.�Ç� MNP £O
F-1�.Ù¥, backwardL«��I5(J; forwardL«
�I5(J; M1!M2 Ú M3 L«·ÜI5ü�¥©Oæ^Äu SVM �S�I5�.!Äu
CRF �I5�.ÚÄu MEM �I5�.gÄ£OÄ�|¬.l¢�(J5w, ±gÄ£O�Ä�|¬�ǑI5ü�� chunk-unit �.�5Uþ$u±
�
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á�V�I5KÜ�{ 1279ǑI5ü�� word-unit �., chunk-unit �.�����£O(J' word-unit �.$
 3.1 %,

chunk-unit �.�����£O(J' word-unit�.$
 3.3 %. '�n�ØÓ� chunk-unit �.�±wÑ, æ^�gÄ£O�Ä�|¬�O(Ç�p, ��¶
á�£O�5UǑ�p. ǑÒ´`, 3
chunk-unit �.¥, ��¶
á��£O5UÚÄ�|¬�£OO(Ç´���'�.L 2 ë�é'�.�5U (F-1 �)

Table 2 Performance of the model participation in

contrast (F-1 value)

Model Word-unit Chunk-unit

M1 M2 M3

Backward 84.71 81.41 81.24 80.67

Forward 82.31 79.05 79.21 78.313æ^Ä�|¬Ú
�·ÜI5ü���.¥,rõ�I5�.ÑÑ���Ä�|¬w�p&?Ý�Ä�|¬, æ^Ä�|¬�ǑÄ�I5ü�, 
éuõ�I5�.I5Ø���Ä�|¬, æ^
�ǑÄ�I5ü�. L 3 �Ñ
ØÓ��.|Ü�ªe���¶
á�£O� F-1 �, Ä�AÆ�^ 4�{¤I5, M0 L«±<óI5�Ä�|¬�ǑI5ü�.L 3 ØÓ�.|Ü���¶
á�£O(J (F-1 �)

Table 3 MNP identification result of combination of

different models (F-1 value)

Hybrid-unit Backward Forward

M0 89.38 87.21

M1&M2 86.02 83.88

M1&M3 85.81 83.67

M2&M3 85.77 83.65

M1&M2&M3 87.23 85.07l¢�(J�±wÑ, õ�I5�.���£O(J�ǑI5ü����¶
á�£O�.�5Uk'�²w�Jp. Ù¥, ��^n�Ä�|¬I5�.���£O(J�, 5U���`. �'5U���±ü��.�ÑÑ�ǑI5ü��£O(J,��£O F-1 �Jp
 5.86 %, �� F-1 �Jp

5.82 %; =B´�'±
�ǑI5ü��I5�.,��£O F-1 �Ǒk 2.76 % �J,, �� F-1 �Jp
 2.52 %. Ó�, Ǒw�, �'±<óI5�Ä�|¬�ǑI5ü����¶
á�I5�., ØØ´��I5�´��I5, Ñ�k'����å,

F-1 ����C 2 �z©:. ÄÙ�Ï, ·Üü�I5�.�5U0u±
�ǑI5ü�Ú±<óI5

�Ä�|¬�ǑI5ü��I5�.�m, õ�I5�.����{�,Jp
Ä�|¬I5�O(Ç, �Ä�|¬I5�ð£Ç%eü
 (�L 1), ùÒE¤
�ǑI5ü�Ó
���'~, ·ÜI5ü��.�±
�ǑI5ü���.��. ǑÒ¿�X, �±ÏL?�ÚJpÄ�|¬£O�O(ÇÚð£Ç, ��·ÜI5ü��I5�.�5U�C±<óI5�Ä�|¬�ǑI5ü��I5�.,���£O� F-1 �þk�� 2 �z©:�J,�m.

4.3 V�KÜ¢�·�ïÄ�­:3æ^Ä�|¬Ú
�·ÜI5ü��I5�.¥, �^Äu “>.©Ü” S�I5KÜ�{, KÜ
���I5(J, ´Ø´U?�ÚJp�.�5U. Ïd, �E
n�KÜ�..

1) Strategy-1: 3Ôö8þ­E
©z [5] �¢�, ±
�ǑÄ�I5ü�, æ^
�¡Ä�AÆ
(
Ú
5), KÜüÑæ^Äu “©Ü:” �VÇKÜ�{.

2) Strategy-2: ±
�ǑÄ�I5ü�, æ^
�¡Ä�AÆ (
Ú
5), KÜüÑæ^Äu “>.©Ü” VÇKÜ�{.

3) Strategy-3: ±
ÚÄ�|¬�ǑÄ�I5ü�, æ^
ÚÄ�|¬·ÜAÆ, KÜüÑæ^Äu “>.©Ü” VÇKÜ�{.du{¤I5¿Ø´z©�z��(, �XÄ�AÆ¤æ^�{¤I5�ê�Oõ, I5�ØD4\È¬C�î­, ��°Ýeü, ·��	æ^ 2� 6 �{¤I5�KÜ�.�5U. ±
�ǑI5ü��KÜ(JXL 4 ¤«. Ù¥, ��Ö�Xê ξ�½Ǒ 1.00, =���Ö�; N L«�^{¤I5�ê. L 4 ±
�ǑI5ü��KÜ(J
Table 4 Combination result of words unit

N Backward Forward Strategy-1 Strategy-2

2 83.75 82.40 83.94 84.07

3 84.04 82.46 84.91 84.79

4 84.39 82.35 85.79 85.92

5 84.71 82.26 84.21 85.33

6 84.12 82.33 84.52 84.79ÏLé¢�êâ�é'�±wÑ, 3±
�ǑI5ü�� Strategy-1 KÜ(J'���ü�ÑÑ(JJp
 1.08 %, �©JÑ�Äu “>.©Ü” �KÜ�{JpÌÝÑ��:, �� 1.21 %, 'Äu
“©Ü:” �KÜ�{�£O°ÝJp 0.13 %.�	3�^M1!M2 ÚM3 n��.ÑÑ��
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�·ÜI5ü����¶
á�£O�.¥, �^Äu “>.©Ü” �VÇKÜ�{KÜ
���ÑÑ´ÄU
J,���¶
á�£O5U. ¢�(JXL 5 ¤«.L 5 ·Üü����¶
á�£O�(J
Table 5 Combination result of hybrid unit

N Backward Forward Strategy-3

2 85.67 84.85 86.12

3 86.34 85.08 87.09

4 87.21 84.91 88.12

5 87.23 85.07 87.83

6 86.69 84.59 87.35l¢�(J�±wÑ, ��I5°Ý3Ä�AÆæ^ 5 �{¤I5����p, 
��I5°Ý3æ^ 3 �{¤I5����p. lKÜ(J5w�, Ǒ,æ^ 4 �{¤I5���Ú��£O°ÝÑØ´�p�, �æ^ 4 �{¤I5��KÜÑÑ%´�p�, ù`²KÜ°ÝØ�½�X,�ü�°Ý�Jp
Jp. 3æ^ 4 �{¤I5�, Ǒ,��I5�£O F-1 � (84.91 %) '��� (87.21 %)$
òC 3 �z©:, �´KÜ�� F-1 ���
88.12 %, 'Ùü�I5¥�����I5�ÑÑǑpÑ
 0.91 %, '��I5�´pÑ 3.21%. ù`², Ø�I55U�����I5é��I5ké��Ö¿�^, =�´5U�����I5Ǒ�±£OÑéõ��I5ØU�(£O���¶
á�,l
Jp��I5�5U. ¢��y
±Ä�|¬Ú
·ÜI5ü��I5�.���V�I5(JäkpÖ5, Äu “>.©Ü” �KÜ�{UÜ©/u÷ù�A5, Ó�Ǒw«ÑKÜ°Ý�,�ké��J,�m.�	3Ä�AÆæ^ 4 �{¤I5(J�, XÚ���Ö�Xê ξ éKÜ5U�KǑ. XÚ���Ö�Xê ξ ÏL3�Æ¥þ?1|¢¼�, |¢��´ 0.4∼ 2.6, m�Ǒ 0.2. ã 2 ´æ^ 4 �{¤I5�, ��Ö�Xê ξ éKÜ�J�KǑª³ã.lKÜ(J�5U­�5w, ���X��Ö�Xê�O�, KÜ5U¥yJp�ª³, ���Ö�Xê ξ ���� 1.8 �, KÜ5U����, F-1��� 88.26 %, ��X��Ö�Xê�UYO�,KÜ5U¥yeü�ª³. ��Ö�Xê�ÀJ�ü����I5°Ý��', éuü���I5°Ý��Ø���¹, ÀJÖ�XêǑ 1, Ø �?Û��, �±¿©u�§�3°Ýþ�`³, 
������ü�I55U²w`u,	�����, ·�/ÀJÖ�Xê, �KÜ(J���uÀJI5�J������(J, KÜ5U¬��.

ã 2 ��Ö�XêéKÜ�JKǑ�ª³ã
Fig. 2 Trends graph of backward compensating

coefficient effect upon the combination performanceÏLþã3mu8�¢���, V�S�I5KÜ�.3Ä�AÆæ^ 4 �{¤I5(J, ��Ö�Xê ξ ��� 1.8 �Ç���¶
á��£O��
�`�J, ·�3ÿÁ8¥æ^ù���, ¢�(JXL 6 ¤«.L 6 ÿÁ8þ���¶
á�£O�(J (F-1 �)

Table 6 MNP recognition result of test set (F-1 value)� N Strategy-1 Strategy-2 Strategy-3

1.8 4 85.90 86.07 88.243ÿÁ8�¢�¥, Strategy-3 KÜ�� F-1��� 88.24 %, ' Strategy-1 pÑ
 2.34 %, '
Strategy-2 pÑ 2.17 %. ¢�2g�y
±Ä�|¬Ú
·ÜI5ü��I5�.���V�I5(JäkpÖ5, Äu “>.©Ü” �KÜ�{k�/u÷
ù�A5, Jp
Ç���¶
á��£O°Ý.

4.4 '�¢�·��òÄu SVM ��{�Äu CRF ��{?1
'�, �ö��¶
á��ü�I5(JXL 7 ¤«. ÏǑäk��ê��Å5� CRF �Ä
��{¤ ��I5, ��uæ^
 2 �I5{¤(J, ¤±òÙ��^ 2�I5{¤� SVM�å'�. �daí, =: CRF ��ê = SVM �{¤I5�ê (N)− 1. �u CRF é´LAÆ�fÿUå, 

ã�Äu SVM �I5XÚ�^�AÆ'�{ü, ·�AOǑ CRF I5ì�O
�|�E,�AÆ (Ä�|¬�¥%
Ú¥%

5AÆ!é{IPAÆ±9>.
Ú
5AÆ�|Ü��), ¢�(JXL 7 ¤«.l��I5(J5w, Äu CRF �I5�.���I5(J (5 �) `uÄu SVM �I5�. (3�), üö�I5(J� F-1 ��� 2.21 %; l��I5(J5w, Äu SVM �I5�.ÚÄu CRF�I5�.5U��, o�5`, Äu CRF �I5�.5U3ü�I5¥Ó`. �´, lI5��Æ
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á�V�I5KÜ�{ 1281Ý5w, �'uÄu SVM �XÚ, �Û|¢�Äu
CRF �XÚÄ�Øäkü���þ��É5, ���I5�5U�ÉØ�, ÏdÄ�ØäkpÖUå,
���KÜ(J�ü�I5(J�'vkwÍ�Jp. �ª, 3ü�I5¥Ó`�Äu CRF �I5�.����KÜ(J�
'Äu SVM �I5�.�KÜ(J� F-1 �$
 0.81 %.L 7 �Äu CRF �S�I5(J'� (F-1 �)

Table 7 Comparison with the CRF results (F-1 value)

N SVM CRF

Backward Forward Combine Backward Forward Combine

2 85.67 84.85 86.12 72.32 72.28 72.35

3 86.34 85.08 87.09 83.46 83.48 83.51

4 87.21 84.91 88.12 85.29 85.32 84.62

5 87.23 85.07 87.83 86.07 86.12 85.59

6 86.69 84.59 87.35 87.18 87.29 87.31

5 (Ø�é±
�ǑI5ü AÆØv, ±Ä�|¬�ǑÄ�I5ü É�uÄ�|¬��þ�yG,�Ù3©Ûyk�{�Ä:þ, JÑ
Äu “>.©Ü” ���¶
á�V�S�I5KÜ�{. T�{±V���¶
á�¥�Ç���¶
á�£OǑïÄ?Ö, lÄu SVM �S�I5�{�A:Ñu, ��
·ÜAÆ�V�S�I5KÜ�{�·A5. ÏLnØ©ÛÚ¢�, y²
æ^
ÚÄ�|¬�·ÜI5ü��Äu SVM ©aì�(½5I5�{éÇ���¶
á��£O´k��, ¿�ÙV�(Jäk�½�pÖ5, 3dÄ:þJÑ�Äu “>.©Ü” �V�S�I5KÜ�{TUu÷����pÖ5, ¿���p�KÜ°Ý.�©JÑ�·ÜAÆ±9KÜ�{Ó�·^uÙ�äk�qA5�á� ('XõU|¬, E,0
á��) ½�ó, Ïdäk�½�ÊH¿Â.
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