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Online Language Model Task Adaptation for Statistical Machine Translation
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N-gram ^`_baIcedgfihkjmlbngobprqts`ubvwbx ] hyjrzr{E|}sg~i�Q����f�lrny�m�g^��m�r�}�&�� ����db�y�kf`�ehbj�lmn�oyp�q�sy�r�e�r�y� ]��m�
pb�k�����t�bf\�`�¡ �^e¢I£��\s¤�m¥¡¦¨§y©I£ª��£e«¬ �t¨��®°¯E|`±³²µ´m�b^ ]¨¶\· ¸ �`�� �¹\ºb»k�e¼½ ¦ � �E��d�f`�`¾m¿�À\s ] ¨� ¸ �°�¡ ª¹\º\»¡|ªh
jmzm{�^e¹ � �tf���`|�ÁQÂ�f°�¸ �¨�� ª¹kºb»¡s ]�ÃyÄ �¡�¨�� �^ Ã ©Å£e´romp�q
À�Æ¡f����g `ÇkÈKo\pyqE|eÉ\ÊQ�Qf�g�i¦/ËeÌ¡À�Æ
f`��Ë�Ì\�¡�`�� ��ÎÍrÏI£e´ �m�QÐ �`Ñk�y¦¨Ò�ÓQ^¤Ô
��d�f¤ÕyÖts ]°Ãy× �i�y�Qs¤Ø � À\ÆEÙ ] �m� Ð �`Ñ
�k��Â�| � �r� �r� ��f¡\�i^�Ú}Ûi� ] �°�¡ �ÇyÈ¡o
p�qt|�ÉmÊ¡��f¡¡�µ¦yÀtÜ�fe�Q£�Ý�£¤�r¦Þ� ] Í�ßg^
Ë�Ìk�k�e�� ���Í�ÏI£i´ �r�KÐ �eÑk�¡|iÒ�Ót^iàmák�
f¡\�is¤â³£����b�r�m´m�m^ ]`ã Óg�tË�Ì¡�\�°�� ��
Í�ÏH£i´ �m�gÐ �`Ñ\�Þ� ÃrÄ �k�e�� }^eä"���r�¨Ò�Ó
�`Í�ß¡Ìb� �r�KÐ �eÑk�\�¨åyæ�|ªç�ÂeÖ¡èméy���`�¡ 
ÇbÈ�obprqK|¤ÉbÊ¡�tfe¼ ½ ¦ ¸ �¨�t �¹kºk»kÀ¡Ækf°�
��gÚ ¬ ^ ] ¢\êQ���}�g }¦�ë\ìgÀ¡Æ¡feÕkÖK^\s ]
Æ���ÝÞ~¤� ¸ �`�� �¹bº\»b| � �r���`�� �ÇrÈ�omp�q
|�ÉrÊÅ£��r�gÜ ] �°dg|�uyv wyx\í hbj�zm{g^iî � �
f¡\�ª¦mÀtÜ�f`�Q£ªÝ�£i��¦/� ] �`�� y|�ÆQ��Ý�~¤�ï Ä £��m�H�e¡�µ¦yð`âQ�iÕyÖ/ñ�òA� ] ¨��Ú ¬ �iÕ
ÖQs ¶k· � ¸ �`�� �¹bº\»r�`¼ ½ | � �¡f¡\�is�ÀtÜ
�m�¨�e�y�m¢yêt�¡�`�� ¨¦¨órìg�eÕmÖg^ys ] �°�� ��ô Ä � ] ô Ä cidk´k�°�¡ �^e¢k��fª¹bºK|�õ}ök^e÷ ¬øyù ¦\Æ\fi��¨�r´r�b�i¼ ½ ¦rúKû}ü}ýtû��e�� ª¹yº
ÀkÆyfe�¤¾y¿�Àks¡°��úQû�ü}ýtû��`�� �¹\ºQ|ªh\j�z
{E�\´k�¡�°lknKo¡pmqQ^�¢&£i��¹ � �Kftt��|iÁ�Â
f`�i¾b¼ ½ À\s ] «¨þ�ÿ��Þcid�´¤zm{����¡Ý/� ] �r�
�°�¡ m| ô Ä £ ] �r�¡�e�� �^iÇmÈÅ£i´izm{HËªÌ}l�n
�¡�e�� �ÇrÈylrn�oyp�qg| � �kfk¡�µÀ ] úKû}ü�ý�û
�¨�� �¹kºQ��®}¯������E|
	tf°�

2 ��������
h\jrzr{Ks����Q^��Ecidtf¡Ú ¬ ^ ]���� ��d�´ezy{
�yl�n��rn�� e ^`¢H£ ]� �! ¦�"\ÒH���\f¤z�{³Ë�Ì¨l
n��mn#� f |
$bæ&%\f}®}¯gÀ¡Ækf°�

argmax
f

P (f |e) (1)

°�'�g^}�y�r�\s ] zr{�(EË�Ì
��n�� f sizr{�����n
� e �bÂbÀ)�Ef�¦ ]�*�+ s��¨�g  T ��,#-K��.�/I|
ÒEÜQ�102%\f°�E}� ] �¨��  T ¦}ëbìK�`ÕbÖKs T |3 ´m��4yÓ"�m£���� (1) ^65\ÿk��f¡¡�i^�ÚgÙ ] ���
¦}Ô&�µdgf°�

argmax
f

P (f |e, T ) (2)

°�'�gs�7ký98
:K| � �r�)�9�g�¡Ú ¬ ^6;EÜ=< � f\
��¦yÀQÜrf°�

argmax
f

P (f |T )P (e|f, T ) (3)

b`À ] P (e|f, T ) ¦g�¨�t iÇbÈbzb{gokprq ] p(f |T )

¦g�°�t ¤ÇbÈblyngobprqkÀ¡Ækf°�

2.1 >@?BADCE?�FHG
� (2) | � �¡fiÕbÖQs ] Æ��ªÝE~i�`¹kº�obprqQ|'IJ £`�k�)� ] ���yèLK�úNMküyýÞûª¹�ºg¦�Oy¥KÀ�Ætf
¦ ] �}�g  T s ø þI£rñªë\ìgÀ�sy�b�r�E��`Õ\ÖÞs
�°�¡  T � zm{³Ë�Ì��mn�� f |}õ�ö¡^ ô Ä ��f°®°¯ ]
�k�¨èPK¨úQû�ü}ý�ûÎ¹bº³��£ª� ] ���Q�¡Ú ¬ ^¤a¡èQc
dgf¡��e^y�¡f°�

argmax
f,T

P (f, T |e)

= argmax
f,T

P (T |e)P (f |e, T ) (4)

}���&�1� (2) �e�°ÒEÜ¨��Qg�ks ] � (4) ^r�b�y�ks
�}�t \|ea�è\�94\Ó T ¦�R¡d�4�S)�e��Û¨�k��f�t�
À�Æ¡f}�Q«y´g����Þ��T�UÞ� P (T |e) s��}�g  ô Ä¡]
P (f |e, T ) s��¨�t �¹kºÞ|¤a¡èI£¤�\��f���e^m�¡f°�
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3 ����EVXW
� (4) |ZYK´��}zm{"ËªÌ)�mn#� f |�[��kfm´m�y^ys

P (T |e) � P (f |e, T ) |�õ�ö�^�"\Òy©¡��f ømù ¦¡Æ\f`�
£�ÝK£i��¦E� ] ¤d¡s�ð°â�ÀkÆbfr´r� ]`Z�\ �m£ª�¡«
þ P (T |e) |]"\Òm©I£ ] �¨d�^�Ú�Ûe�^[g«bÛ¨´ T | �
�m� P (f |e, T ) |]"\Òm©¡��fg��� ¬ ¼�_Þ|t�`f¡k�e^
�tf`�

3.1 `DacbedNfHg
úhMmü�ýQûÎ¹\ºg�iÕyÖ ] �°�t �sjilk�m¨ ]nQ��o�p
��q�r�^iÖKÛ°´�ñ°�K��£�� ] Æ���ÝK~i��s Ä cid\�m�
f¡\�ª¦°ò��}�Q£�Ý�£¤�r¦Þ� ] ú�û}ü}ýgûÎ¹yºg�iÕmÖ
st�}�K ys9R�d�4�SA�\£`� � �Å�ªd ]�t�u ^#v9���
f ørù ñ`�r�}��¨�m´r� ] «¨þg�`�� ��m��ñ`�k|�w�x
^�s Ä £��r�Å�e\�ª¦^O�¥�À\Æbfe��°�iÕyÖt�k�°�¡ 
s ] ø þÞ£�ñ=o�p\��q�r�^¤Ö�Û°´�ñ`��À\Æ\f øyù s��
�\´�� ] �`��  T sehbj\Ìk�6y�z¡Ý/� ] � (4) |��bf{ � Ò/ÜK� ] ����è|K P (T |e) � P (f |e, T ) |r�¡f {
� ÒÞÜK��ÀQÜrf�Ú ¬ ^6s Ä �tf����¦
}E«t£i���
�kiÀ ] °� Z�\ �r£ª� ] P (f |e, T ) | P (f |T ) À�~
Ü�< � ´ P (T |e)P (f |T ) |�"bÒ�©b��fbÚ ¬ � T |Zs Ä
�\fmy�¤|�ÁkÂyf���"rÒ¨©���¢�êyÀmÆrf P (T |e)P (f |T )

s ] 7¡ý^8):K| � �r�)�9�Q��Ú ¬ ^6;EÜ=< � fk¡�µ¦
ÀQÜ�f°�

P (f |T )P (e|T )P (T )/P (e) (5)

b`À ] P (e) s T ^��P�^�tÀ¡ÆHÙ ] ct�i^ P (T ) |Ä SÅ����f Z�\ |=5\ÿk��f\¡�¤^�Ú}Ûi� ] s Ä � { Ü
�¨��  T s����tÀ}a�è�c¤dgf���e^y�¡f°�

argmax
T

P (f |T )P (e|T ) (6)

`�6�gs f � e ^i¢H£��yõ�ö¡^  �! |Z"bÒm©\��f ] �
��è2K f � e �
���Q���E|'"kÒy©��tf�Ú ¬ ^ T |'sÄ ��f���¨|'�P�/£¤�y��f°�

3.2 �j���e��b�A�a�`�L?D�
��� À)� { ´gÚ ¬ ^ ] �}�g  T �b£i��s f � e �
�����6�Þ|Z"\Òr©\��fkÚ ¬ ^'� Ä �md#��Ú`�¨��¤dks
�k�¨èhK ] f � e �`¢r{#�m¢K|)�Qû�i��#k¨��"��y©t���� ���¡^\ rü¨���h�°û) r|�÷ � ��Úi�gk�e|l����£
�b�\f`�i¾m¿�À\s ]�¡�¢ Ì¡^rs�£�¤��e¼�_�À¡ yü°���
�}û^  [1] |¤÷ ¬ ¡�e^��tf°�

1. ÆÞ�ªÝÞ~e���¨�t ]S ] �¡��è2K\ yü}�t�]S�| Ä
�m�b�³� �

2. ¥t�¡�`¢m{#�y¢�|bü¡û�¦�§¡^k bü¨�g��^�¨�~¡�
f°�

3. ©Þ bü}�g��^�ª/«¨dgfe¢m{��y¢Þ| � �y� f � e

^°¢���filmngobp�qK|r�}dh«°d ]  bü¨�g��¬��
^`ÉbÊ��tf°�

4.  bü}�t�#¬¡�e^eÉbÊ/ced¡´`lmngoyprqK| � �m�
f � e ^°¢��tf9�Kûi��&k}�¡|�[�� ] �°d��
¥
 bü}�g��^°¢���f6�E|'®2�Kûi��&k¨���ª�tf°�

5. ¥t�¡�`¢m{#�y¢kÍ\æmÍ\æ�^°¢H£¤� ] ®2�Kû�i��
k}�r¦
"��³�i�kf�Ú ¬ �k bü¨�g��¯���°�±E|�÷¬ �

6. ®2�Kû�i���k}�y��4b©yÓ�¦¡Æ��ªÝÞ~e� Ä �m�y�
�k´9²)³HÚgÙ°ñl�EcK�µ�¡fb«¨À ] �K�6´\ÉÞ|]µ
Ù·¶t�}�

3.3 b�A�a¸`h¹Hº¼»�`Da�b|F½G
��� À ] �°�� °¦
s Ä cid�´m´m� ]9¾ �y�Q¨�¡�`�
  T |�ÿ��Kc¤dk´ e ÝÞ� ô Ä ��f\k��^r�\fi�\�d¡s
�k�¨èhK P (T |e) |]"\Ò�©¡��f T |�$ræ&%bf\¡��ÀkÆ
f°� P (T |e) s^7�ý�8^:Þ| � �m� ] P (e|T )P (T )/P (e)

��;ÅÜ'< � ft��e¦kÀÞÜ ]  \ür�K���rû� }ög^ � �
´ ] P (T ) | Ä S"����f Z�\ |Z5\ÿ\�md�� ] P (e|T ) |
"\Ò�©¡�rd&�¡Ú`�g\�i^r�kfe��¤d�s¨�k�}èPK ] "��ô Ä | � ��´¨Õ\ÖE^ks e ^}¢&£e� ] "�Ò��#�/| �|�
f¡�}�Q  ] ���yè|Kk \ür�Q� T |6¿ { �gÚ}����`^
�¡f`�
��^ ô Ä c¨dt´ T | � �k�Q���Q i¹�º ] ���rèNK

P (f |e, T ) �'"bÒr©K|�	�fi� P (f |e, T ) s�7ký�8�:K| �
�y�)���K�tÚ ¬ ^�;IÜl< � f����¦bÀQÜrf°�

P (f |e, T )

= P (e|f, T )P (f, T )/P (e, T )

= P (e|f, T )P (f |T )P (T )/P (e, T ) (7)

k¨À ] e � T s}ë\ìQÀ�Æ�fy´\� ] �#�I|�"�Òb©g�
f�´��y^rs P (e|f, T )P (f |T ) |="bÒ�©k�rd#��Úi�tk�
^r�bfe�¡°�6��À ] P (e|f, T ) ¦¡�°�¡ ªÇyÈ ( �e�� µ¹
º�À ) z�{toyp�q ] P (f |T ) ¦��°�� ªÇmÈ ( �°�� ª¹\º
À ) lyngoyprqkÀ¡ÆIÙ ] idI�i�¡�¨�t �ÇbÈ�obp�qK|
ñ)K¨�r� e ÝE� f | ô Ä �¡f¡k�e|]����£��y�\f`�i¾
¿�Àbs ] ¨�k�`�� �ÇrÈ�omp�q�� ¬ K ] lmn�oyp�q��
Âk^�æk�y�}l�Á��tf���y�ª�tf°�



4 ����E�Â�ÄÃÆÅÈÇ
��É À�� { ´
Ê ½ | � �m� ]^*�+ ^k�°�� ª¹\ºK|�÷¬ ¼9_Þ|�� { f`��¨�i¼�_Q^rs ]�Ë�� ^�ÌDm�Í��m�¡Ì
^¨÷/Û°�k�)�µúNMkümýÞû�Î���Ï��H� ]�*&+ ^�z\{��
�t¦�ÿ&�Ic`dQ´mög^°÷ ¬ ú/ûrüyý�û9Î���Ïk�k¦9ª/«
dgf`�

4.1 >ÑÐ½ACE?ÓÒHÔ|ÕÖa
�}�g 6s Ä �\´y�k�¨¢m{&�\¢K�¡ \ü��g�N��û� g� ]
�y�k bü}�g��ÇmÈblyngobprqQ|¤ÉbÊ��tfe¼�_tÀ¡Ækf°�

1. zy{goyprq ] lrngobp�qt� �b� pk���°À¡Æbfe¢
{��y¢Q^°¢³£ ]  bü}�g�L�}û9 b|�÷ ¬ �

2. ©Þ bü¨�g��¬��e^ezy{��blmn ] zy{"Ë�Ì�lrn��
 bü}�g��ÇbÈylyngobprqK|¤ÉbÊ���f°�

4.2 >@?BACE?ÓÒHÔ|ÕÖa
ÿ���cid�´`zm{����g�¨dP«¨d¡^`¢³£ ] £#¤��`¼�_Þ|
÷ ¬ �

1. zy{����g^`¢³£ ] "Hñ=×g�)���Þ| �P� f\ mü}�
�y|]¿�Ø��tf`�

2. ¿�ØIcid�´k bü¨�g�}�`zm{"Ë�Ì�lmn��k bü}���
ÇbÈblyngobp�qK| � �y�}zy{/|¤÷ ¬ �

5 Ù�ÚÜÛÞÝ
5.1 ßÓàáâDã�a
¾r¼ ½ �lä9å��Q|  w �\f}´�� *^æ |�÷kÛ¤´e� ¢�ê/�
£¤´Óçéè}ýtûes'êm÷y¢9ë¡À ] � �b´ Ð �`Ñ\�bs ¸ ATR

êk÷\¢�ë � ¾ba#ìbá (BTEC) » [2] À¡Æ¡f°�rzb{\lbn
¢gs ]Ní ¾mntÝÞ�ïîmntÀ\Æ/Ù ]��y�r] �QÚ�ð6ñ�ò Ð �
Ñ��k�)ó�ý�8)nKs`a 1

] a 2 ^����I���³Ù�ÀkÆkf°�
a 1: ñ�ò *�æ¡�b��Ð �¨Ñ��

lyn ��S ®��yn�S �Q�/Ùô�yn�Sí ¾yn 162K 1,449K 18.7K

îyn 162K 1,303K 21.0K

5.2 õeö�÷jøBù
É¡Ê?£�´¨l¡n�o�pyq�s ]Óí ¾kn ] î¡n?�bñ Good-

Turing[3] À�ú�ûy©�c¤d¡´'�rn 3-gram À\Æyfe�¤ÿ��Kc

a 2: ñ�ò *�æ ñ�ò Ð �¨Ñ��
lmn ��S ®��yn�S �Q�HÙ·�yn�Sí ¾yn 1,524 13,686 2,023

îmn 1,524 12,364 1,723

d�´ í ¾mn��t^e¢I£ ] "bÒ�����| ��� fm yü°���m|Z¿
Ø��¡f + �}oyp�q/�m£ª�ks ]  yü`���ªÇrÈQ� í ¾mn��
n 3-gram |m�y�k«b« � �y�\�kf°�
Í�Ê ] ¿�ØIcid¡´k yü}�t��^e¢Å£¤� ] zm{�ö¡^ � �
��d�f]îmng�elrn�oyp�qH��£ª�ks ]  yü`�t��ÇrÈQ�6î
n��mn 3-gram �1¥t�\��îmn �y� p¡�k�m| � �m�¨ÉmÊ
£°´¡ \ü}�K�6üyÇ\È��yn 3-gram |6ý�þ�ÿPp [4] £¨´
ñ¨�b| � �\´`��¨�e�|xrs ]  yü°�t�lürÇyÈ¡oyp�qkÀ
s ]¨�y� p\�k�}�eÓ�¦¡ yü°����ÇyÈ�orp�q�^�� { ] ø� Ì\^ ã �I�Î�IÙ ] pk�\�°�}Ñ��������k�}®¨¯�|���Ü� i��Or¥b�t¦¡Ækfm´y�rÀ¡Ækf°�

5.3 b�A�a¸`	� »�
��d����
«°þ ] ¢�{���¢t^i¢I£��°÷ ¬  �ü°���P�°û
 }� + � ]
 yü`�t�ZSÞ|l4y©Eciék´�ök����� ½ �i�m¥�ñ�òÞ|�÷QÛ
´¨�]ñ�ò ��� sezr{ÅËªÌ}l�ntÀkÆbf]îrnK�]ñ�ò&Ï|m2i
^`¢\��feÑ���Î����������`ÀkÆ\fi��¨��ö ] ¢yêt��î
nbl�n�oyp}q�^���%bf ]  yü°�t�µÇmÈ�orp�qI�e yü°�
�'ümÇbÈtobprqt��ý�þ�ÿPp^��Sgs �"!$#ÎÀ�% Ä £`´}�
4k©Ic°ét´� bü��Q�6S�s ] # ]'& � ]( �ªÀ�Æ¡f¨�)+* |6	 1 ^l�k�}�]	 1 ^}�r���-,+.t��//Ë10AÙ ”Per-

plexity” ¦�Ñg��Î2�����+�	�¨À¡ÆIÙ ]  bü}�g�lSE|'4
©Ec�é¡´�ö\��³�¦�z�ý�À
�Þc¤d\�m�¡fe�b yü°���lS�¦& �¤ÕyÖgsi¹yº�|ª÷KÛi�b�y�m�eÕyÖ ] �\��èhK�7����
ü�ýgû}|]�"£��b�¡f°�43r´ ] T�.K��/HË"0?Ù ”Reduc-

tion Rate” s¤¹\º�|ª÷ ¬ ¡�¤^�Ú�Ûi���Qû�i1��k¨��¦5yã £e´'ñ�ò�ÏLmhi ���-6rÖÞ|¡£i�Q£ª��7¡fi���k�}è
K ] °��³�¦�8+9�ÀkÆ}d&� ] ñ�òPÏLm2i � & ] # (;:
�t� ¬ K ]$& ]=< #+>ï�k¦`¹\ºg^¡Ú�Ûi���gûNi��#k¨�
¦ 5rã £ ]�? Ù�� &;@ >ô�¡À\s�Ag^�BDCH£e´�\�°|l�
£¤�D7�f°�
	 1 ^��Ecidgf ¶ Ù ]FE ü¨�t�]SQ��BDC&�HGg^i¹bº
ÀK�elyngobprqt�°Ñg�#Î2�������	�rs 5bã £¤��7�f°�
�\�
³Þs E ü��Q��S ( �`�¨ÕkÖQÀ ] 7Q�y�güyý�û��(D@ !I9�Ý/� & 8J! @ ^ 5yã £ª�y�ÅÙ ] 6mÖ¡Àks�K <&ML �¤�kÛi�D7¡fe��3r´ ] ¨��ö��tû�i��#k°��¦ 5yã
£e´]ñ�ò&Ï|m2i �t�-6rÖ/ñ	8�9 L �1×?� ]°ÃmÄ ���t^N Û¨�^å * ¦9ìgd��47tf�èL%rÀ�sk��7Þt��|��)£`�
7�f`�
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5.4 OQP��R�¼»D
SUTV���
¾ 7XW�Y E�Z\[	]_^�`4a�b+c�d;E�Z;[	] ü ^�`4a�bcfe ý�þ#ÿ	g�h�iVj�kml�n;o	p�q�r e�s�t kmlIj�uv p-w4x e�y�e�EXZ;[	] ifz�{�| e ñ�}4~\�=���	���
���+����� e��m�4� p ( ���X%-�V��p\w�k�l=n�omp��
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