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299Manning The segmentation problem in morphology learning

In D.M.W. Powers (ed.) The segmentation problem in morphology learning. Christopher D. Manning (1998)  
ACL, pp 299-305.NeMLaP3/CoNLL98 Workshop on Paradigms and Grounding in Language Learning, 
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m�x0o�v � x�r]�_m	�U�[qsv_mQo�w��0z�zs�_ws�2�2�,oKq¯�U�5q�Á����Uw±���0wsm	�ªm�x�¼
qs�ywsmHz��§�ª�0w±m�Ã_x����_r]mQx � x�r]�_m��ª�UwnmHxUo�v@o�xUzsm�xUpy�@pj�y��¼
{Om�w	o��U��{y��pyx�qs�]�Up,¡�²Æ p~o��0���_r�m�qs�]�Up~����xUp~x�p,x�r]t§zs��z��U�%qsv_��z�z.�0w.qH��qsvym
v_��z�q��Uw�tQ���_q�v_m����0ws�_vym���m�z.qsw����y�_��py���0w��2m�w�o�x�p�{Om±wsm�¼
o��0pyz.qsw��yoKq�m���q����U� � m%qsv_m����0ws�yv_m���m	�0w��_m�w¯�]p«Á±�Uw��_z�²
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Î	�y�2�kq����0pyx�r]r]t�qsv_mQ�_w��U�0w�xU�×p_�UqsmHz¯Ánv_m�qsv_m�w­m�xUo�v|�ªm�x�¼
qs�ywsm�x��_�Om�xUw�z	qs�Y{Om�o��U���_�_r�zs�Uw���r]t�m�Ã2�_w�m�z�z.mH���UwQ�U�_¼
qs�]�Up,x�r­��p~qsvym�Á��0w��_z�qsv,x¿q��kq�vyx0z�{,m�m�p~qsw�x��]p_m����Up5²
é%�Y���Uw�m�zs�_{2q�r�m��0w��2m�ws�]p_�«�]p2�ª�0ws��x¿q����0p�q�vyx�p´qsv_��z��]z
o��ywsw�m�pjqsr]t«r]m�xUwsp_mH�[²Ç ¯E¶�»½±)²N³�È�²CÉt¿�Ê3º�±,¯E²NË9ÌW­dÌ)Ë9¸�¸�¿1¸ Æ­v_m�x�{O� � mT�U� � mHz
x��_r�x��,z.�]{_r]m�Ñyw�z�qYx¿q.q�m����2q�x¿qYx½���2�2m�r	q�vyx¿q�o�v_�U�,z
Á±�Uw��_z±��pjqs�����Uw��_v_m���m�z�²T°±�2q%mHx�w�r��]m�wH�j·±xUws�0�_m��«qsvyx�q
qsvym�o��Uw�w�m�oKq�o�v_�U�7�O�U�]p0q«o�x�p_p_�Uq«x�r]Á±x©t2z�{,m��2��zso�� � ¼
m�w�m��uÁnvy��r]m�r]�j�0®§��p_�½x�q#Ï��yz.q@x½zs��py�Ur]m�Á��0w��§¼Ëzs�,mHo���Ñ,o
�yxUw�x0�2���0��²×��t£�_w��U�0w�xU�ùx�q.qsm����2q�z@qs�7z.�0r � m�zs�yo�v
�_w��U{_r]m���z�{§t�x«�_ws�2o�m�z�z	�U�!��p2Ê,m�oKq����0pyx�rTo�r�xUz�zn�ª�0ws��x�¼
qs�]�UpR²½În�cqsm�w�x�zsm�o��0py�½z.qsm���¼Ëzs�,mHo���Ñ,o|�,x�w�xU�2�]�U�èvyx0z
{Om�m�p�xUpyx�r]t§î�m��5�¿qsv_mn���2�2m�r2m�Ã_x����]p_m�z�q�v_m­q�Á��&zsm�q�zT���
m�p,�2��py�0zTq�vyx¿q¯v,x � mn{Om�m�p��0m�p_m�w�x�qsmH�[�Ux�p,���_m�qsm�ws���]p_m�z
Ánv_m�qsv_m�wQqsv_m�t�x�w�m�zs�]���]r�x�wH² Í ·É��q�v_m�m�py�2�]p_�jz&x��_�Om�xUw
zs�����]r]xUw��2q�v_m�xUpyx�r]t2z.��z­�_w��§o�m��2�ywsm&�2mHzso�ws�]{,mH��x�{O� � mQ�]z
qsvym�p�x��_�_r]�]m��|qs��Á��0w��_z�{Om�r]�Up_�0��p_��qs��{O��q�vYz.qsm���znzs��¼
���yrkq�x�p_m��U�yzsr�t0²�·É�Rqsv_��z­x�pyxUr�t2zs�]z�z.�yo�o�m�m��_z��ª�_w��U�O�0zs�]p_�
x¿q����0z.q�q�v_m�zsxU��m@x����0�_pjq��U�%�ª�yzs���0p7x0z�Ánv_m�p~m�Ã§¼
x����]p_�]p_��q�v_mÒz�q�m���¼Ézs�Om�o���Ñ,o´�yx�w�xU�_���0��z�¡K�%qsv_m�p q�v_�]z
w�m�x�p,x�r]t§zs��z	�ª�0w&qsvym�q�Á���Á±�Uw��_zQ��z&w�m�o��0w��_m��[²@Ì2�yo�v�x
w�m�x�p,x�r]t§zs��zno�x�p���� � m&qsv_m����0ws�yv_m���m#{O�U�_p,�_x�w���mHz%�]p
o�x0z.mHz�zs�yo�v�xUz�qsvymnÄ�w�m�m�®#o��0pyz.�0pyx�pjqTz�q�m�� �2mHo�r]m�pyzs�]�Up
�2��zso��yz�z.mH�@xU{,� � m���¶j¡K²Î ¿�Ë¬¶�²N±)²N³µ°N®N¯E²N¯^Ì)¯^³E±,ÊbË9ÌÏÊb¯^²L·N±�º�±)¯^²L±,²L³ Æ pyo�m
Á±�Uw��_z½x�w�m9�ªvy�U�Om��ª�_r]r�t�o��Uw�wsmHoKqsr]t_¡Òz.m��U��m�pjq�m��Ö��pjq��
���Uw��_v_m���mHz��§q�v_m�w�m&��x©t|z.qs�]r�r5{Om#zsm � m�w�xUr[x�r]r��0���0ws�yvyz
����x����Uw��_v_m���mU�_x�p,��qsvym�w�m�w�m���x��]pyz¯qsv_mQ�_w��U{yr�m������
�2m�qsm�w�����py��p_�)Ánv_��o�v~xUr�r]�U���Uw��_v½�2o�o��_w�z�Ánvym�p5²�Æ­vym
���2�2m�rQxUz�z.�y��mHz«q�Á±�½�O�0z�z.�]{_r]m��ª�0ws��z@����x�r]r]�U���Uw��_v
o��0py�2��qs�]�Up_�]p_�,�%�_v_�0p_�Ur]�U�0�]o�x�r�o��Upy�_�kq����0p_��py��x�py� r�m�Ã§¼
��o�x�r�o��0py�2��qs�]�Up_�]p_� ��Ánv_m�w�m�q�v_m�z.qsm��ír]m�Ã2m���m)�2m�q�m�ws¼
����pym�z�Ánv_��o�v¾xUr�r]�U���0ws�_v}�2o�o��yw�z�¡K�Qx�py�}�yzsm�z�x7�2m�¼
o���zs���0pÒqsw�m�m|{,xUzsm��Òr]m�x�w�p_�]p_��zst§z.qsm�� �ªÁn��qsv½�_w��_p_�]p_�§¡
qsv,x¿q�o�x�p�v,x�py�2r]m�py�U��z.t��]p_�_�2q&x�py���2�]z�Ï��_pyo�qs� � m�o�r�xUz�z
�2mHzso�ws�]�2qs�]�Up,z���z�m����_r]�¿tUmH�[²�ÆR� �U�Om�w�x¿qsm0�&qsvym�·�¸�µ
x�r]�U�0ws��qsvy� p_m�m��_z´x£r���z.q������O�0z�z.�]{_r]m��ªm�x�qs�_w�m�z�qsvyx�q
o�xUp½o��0py�2��qs�]�Up½o�vyxUp_�UmHz�²�Æ­v_m«r]�]z.q��,z.mH�Òv_m�w�m«��z&qsvym
�ª�Ur]r]�¿Án��p_�,ëMx�pÕx�r]r]�U���Uw��_vðo�x�pð{Om½o��0py�2��qs�]�Up_mH�}{§t
x�p§t×�_v_�Upy�Ur]�U�U��o�xUr��ªm�x�qs�_w�m9��o��Upyz��@zs�Up5�Yx�pjq��@m�q�o�²»¡
���#xUpjt~���Qqsvym��_w�m�o�mH�2�]p_���Uw��ª�0r�r]�¿Án�]p_�½z.m��U��m�pjq«�0w
qsvym@�_w�m�o�m��2�]p_�´�Uw��ª�Ur]r��¿Án�]p_�Ðj@Ñ%o��0pyz#k­�UwÒj@Ñ%z.t§r@k­zsm��U¼
��m�pjq�² Æ­v_��z)o�x��_qs�_w�m�z)x��2q��0zsm��0��m�pjq�x�r�¼É�_v_�Upy�Ur]�U�Utj¼
r]��®0mQx��OmHoKq�z��_zs��p,o�mQÁ�m&xUwsmQx�r]r��¿Án�]p_��qsv_m&pym�x�w�m�z.qno��Up_¼
zs�UpyxUp0q¯xUpy� � �¿Á±m�r2q��#x�r�z.�&{OmÓ;»xU�©Ï.x0o�m�p0q�=¿�ª�Uw!qsv_m��_�_ws¼
�O�0zsm�z%�U�¯o��0py�2��qs�]�Up_�]p_�y²�·É�!qsvym��2mHo���z.�]�Up�q�wsm�m&��x��]r�z%q��Ô Õt�*�v�Ó�3�b�&�t�1�~� �Ó���Ö�1� �*�#�q�	�#� � �Ó�����~�*�#����×f�~�q�Ó�q�����~��h�Ø�d�#�����¢×Ù� � �1�~�&�§���Ú�#�1�HÛ �3� � �q�&�*�&Ü���×L�Ó���#�1�*�&�Ó�&�&¤�Õt�1����q�&�¢�*�*�Ú�#�Ò�Ó�q�	����ÝJ�&�Ó�q���~� ���Ó�&�������#�q���E�{�#�1�v�m���#���q�*����×�Ó���#�*�1�&�Ó� �H�m�&�Ò�t� ���¢�¬�Ú�b�hÞ9� �#�&�����t�*�*�ª�h×f�#�*� �Ò�#�����q�q��¬�&�q���*�Y�#���#�*���#���Ó���q�*ß�� � �#�q������� � �����~�&�3�#�*� �H�~�*���*�@�Ó�1�%���� � ���Ó�Ó��� � ���#��¤

Ñypy�Y�_vy�Up_�0r��0�U��o�x�r[o��Upy�2��qs�]�Upy��p_���ªmHx¿qs�ywsmHz��§q�v_m�p�r]m�Ã2�k¼
o�xUr5o��0py�2��qs�]�Up_�]p_���]z	xUz�z.�_��mH�[²
Æ­v_m	�0�2qs�_�_q­�2mHo���z.�]�Up«qsw�m�m�z�x�w�m%q�v_m�p|o��Up � m�w.q�m���q��
zs�U��m�q�v_��py�#���Uw�m	z.�]����r�x�w¯qs��o��Up � m�pjqs�]�UpyxUr_�_v_�0p_�Ur]�U�U¼
��o�x�r�w��_r�mHz�²ÖÀ%�¿Á±m � m�wH�±�]pMq�v_��z|���2�2m�râ��xUr�r�m�p � �]ws�0p2¼
��m�pjq�z�x�w�m«z.�yw.��x0o�m|o��Upy�2��qs�]�Up,z��Tz.��Á±m|o�x�p_p_�Uq�o��0��¼
�yx0oKq­ws�_r]m�zst2z�q�m���z±{§t��,z.�]p_��ws�_r]m��Uw��2m�w���py�|�cq���zsm�r]m�o�¼
qs� � m�r�tY{_r]m�mH�,¹H�ªm�m�� � x�w����0�yznw��_r�mHz�¡�²�·Ëp,z�q�m�xU��x�zst2z�q�m��
����ws�_r]m��_ws�]�Uw���qs�]m�z±Á±x0z¯�]���_r]m���m�pjqsmH�[�_zs��q�vyx¿q­�Uw��U�_�,z
����ws�_r]m�z@�ª�0ws�àa0Û)6�à�û2çißv8§á�Û�åsà�å�c 82á�ÛKÚ���À	�Ur]r]xUpy�Mm�q�xUrC²
���0�U j¡K²RÆ­v_��z�p_��q����0p���z5q�v_m±z�x���m±xUz�vyx � ��p_�	m�r�z.m�Ánv_m�w�m
o��0py�2��qs�]�Upyz«�Up7ws�_r]m�z��nxUz��]puqsv_m�py��qs�]�Upu�U�Q�2��z�Ï��_pyoK¼
qs� � m�w��_r]m«�Uw��2m�ws�]p_�y²YÌ§�y��w�x�qsv_m�wQqsvyxUp�vyx � ��py�Ym��kq�v_m�w
qsvym��2m�o��]zs�]�Up~qsw�m�m��]p9���H³Ux0¡��Uw«qsv_m�m Ó �y� � x�r]m�pjq«w��_r]m
zsm�q%�]p½���H³�{,¡K�_qsv_m&�yzsm&����x��2m���x��_r�q	v_�]m�w�x�w�o�v§t�r�m�q�zn�yz
�yzsmQqsv_m�wsm��_wsmHz.m�pjq�x¿q����0pYzsv_�¿ÁnpY��p½�.�H³Uo�¡K²�ln�_r]m�z%�ywsm�¼
o�mH�2m��){§t´x�p§�_��{,m�w&vyx � m�x�v_�]�Uvym�w#�_w��]�Uw��kq�t½��m Ó �yx�r
qs�´qsv,x¿q�p§�_��{Om�wK¡�x�py��Án��r]r%x��_�yr�t½�]p��ywsm��ªm�w�m�pyo�m|q��
��q�v_m�w����yz.�,x�r]r�t�{_�_q«p_��q�p_m�o�m�z�zsxUws�]r]t)���0wsmY�Um�p_m�w�x�rc¡
w��_r�mHz�²�ln�yr�mHznp_��qn�_w�m�o�m��2mH�|{§t|x�p§�_��{,m�w%o�x�pY{Om&wsm�¼
�0xUw��_m���x0z	vyx � �]p_�«�_w��]�Uw��kq�tÒ�U²&Æ­v§�yz�x|Á±�Uw���m�p,�2��py�
�]p�x�j@Ñ%o��0pjq��^á�o��UwH�Eá�x�pjq�kRzs�U�_p,�@Án�]r]r[q�xU®UmQqsvym#x�r]r��U¼
���Uw��_v�j â��¬kâ�2Ánv_�]r]m�xUr�rE��q�v_m�wnzs�U�_p,�_z±Án��r]r[wsmHo�m�� � m%qsvym
x�r]r]�U���Uw��_v�j q�kÉ²
���©³U¡ x_² Åã i K g R ä i K g R

q ÑSi KC¥ ã i KL¥
q Ñ�[Cg R ã [Cg R

q â��
{R²mj q�m�pyzsmUë��yx0z�q�kNåùq�¹ æç ã i K g REèj q�m�pyzsmUë��yx0z�q�kNåùq�¹ æé Ñ i K g RÑ i KL¥Âêj q�m�pyzsmUë��yx0z�q�kNåùq�¹ æëìí Ñ i K g Rã i KL¥Ñ [Cg Rïî�ðñj q�m�pyzsmUë��yx0z�q�kNåòâ���¹ æëìí Ñ i K g Rã i KC¥ã [Cg R î�ðñ
oU²mj q�m�pyzsmUë��yx0z�q�kNåùq
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³2ëYj q�m�pyzsmUë��,xUz.q�kNåòâH��¹ æëìí Ñ i K g Rã i KL¥ã [Cg Róî�ðñ
Ù��]pyxUr�r]t q�v_m ���2�2m�r ��p,o�r]�y�2m�z x
zs�����_r]m��yx�w�zsm�w�¹©�Um�p_m�w�x¿q��Uw#Ánvy�]o�v£o�xUp~�,z.m�q�v_m�ws�yr�mHz
r]m�x�w�p_mH�½{§t�qsvymY�ywsmHo�m��_��p_�)�_w��2o�m�z�zsm�z�qs�)�yx�w�zsmYxUpy�
�Um�p_m�w�x¿q�m����0ws�_vy�Ur]�U�U��o�xUrO�ª�Uw���z�²ôvõ�ö�÷^ø1ù	úû÷^üNýbþLÿ�� ÷�����ÿ,ý��
·�= � mÒ�2�Up_m)z.��xUr�r&z.qs�y�2�]m�zYÁn��qsv¾��t£���2�2m�rQ�0p �O�Uws¼
qs�]�Up,z����Qqsvym����Uw��_v_�Ur]�U�0�]o�x�rnzst§z.qsm���z«���&xÒp§�_��{Om�w
���nr�x�p_�0�yx��0m�z�²|¬!w�� � �]�_m���qsv_m«r�x�py�U�yxU�Um��_v_m�p_�U��m�pyx
z.q�x©t£Án��qsv_�]p¾qsv_m�{O�U�_p,�_z�����Ánvyx¿q�q�v_m����§�_m�r#o�xUp
o��0�,m�Án�kq�v~���C² mU²]�[x � �U���2�]p_�«zsm����kq��]o�x�p,��z.�]����r�x�w	qsm���¼
�_r�x¿q��]o@r]xUp_�U�,x��UmHz�¡��T�kq��]z�x���x��]wsr]t�ws�0{_�yz.q�r]m�xUwsp_m�w�²)·
xUz�zs�_wsmYq�v_m�w�m�xU�_m�w�q�vyx¿q|��t����2�2m�r�o�xUpuxUr]zs��r]m�x�w�p
qsvym�Å!p_�0r���zsv}�yx0z�q�q�m�pyzsmÒÂ mHzszsm�pjqs��x�r]r]t �2�_�_r]��o�x¿q���py�
¥5�]p_�E= zRwsmHz.�_r�q�z��H{_�2q�x0oKq��yx�r]r�tQ�2�0��p_�­q�v_m�zsm��0��m�pjq�x�qs�]�Up
Á±�Uw�®�w�x�qsv_m�w�q�vyx�p�Ï��yz.q	x�o�r�xUz�z.��Ñ,o�x¿qs�]�Up|q�x0z.®E²�À%m�wsmQ·
Án�]r�r��_w�m�zsm�pjq�x«zs��x�r]r�z.qs�,�2t�����qsvym#qsm�pyzsm�m�p,�2��py�0z����
Î%py��x�Ï�m�w�m � m�ws{yz|��Î%py��x�Ï�m�w�m«��z�x�p�Î	�yz�q�w�xUr���x�p�r�x�p_¼
�U�,x��Um0êO�yx¿q�x«�]z	�ªws�0� Î � m�wst�Î%p,�2wsm�Á%z����5² oU²��T�H�U�U�j¡.¡�²
·ËpÕxU�_�_�kq����0p5�#z.��xUr�r�z.qs�,�2��mHz�vyx � mÒzsv_�¿Ánp}qsvyx�q�qsvym
���2�2m�r	o�x�pur]m�x�w�p7qsv_m��ª�0r�r]�¿Án�]p_�Òm�Ã_x����_r]m�z�Ánvy�]o�vu·
vyx � m���m�pjq����0p_m��Y�_w�m � �]�U�yzsr�tEëÅ ¥Rx¿q���p�p_�0�_pyz%�ªqsv_��z!�]p � �0r � m�zTr]m�x�w�p_�]p_���ª�yzs���0pyx�ryo�xUzsm
x�py�@p§�_��{Om�w%���0ws�_vym���m�z�¡Å Ä�wsm�m�®~o��Upyzs�Up,x�pjq«z�q�m���z��ªqsv_��z«�]p � �Ur � mHz�r�mHx�w�p_�]p_�
�yx�w�xU�2�]�U��w�m�xUpyx�r]t2z.mHz��ª�Uw%�_x�q�x�z.�,o�vYx0z&�ª¶j¡Å l0xU�yx�p_mHz.m � m�w�{ ���Uw��_v_�Ur]�U�0t ��Á��0w�� �]pjqsm�w�pyxUr
zsxUpy�2v_�[�0{yzso��_w�m�z­���Uw��_v_m���m&zs��î�mH¡Å À%�_p_�jx�w��]xUp�p_�U�_p,z%���j¡�Â#qsv_��z!w�m Ó �_�]w�m�zTq�v_m	z.qsw�m�q�o�v_¼
��p_���U����m�r]�2�2�]m�z

Ù��]�U�ywsm����Õzsv_�¿Á%z � m�w�{9�ª�Uw���z��ªw��U� Î	p_��x¿Ï�m�wsm0²
Æ­v_m��2�]�Uw�x��yvyz�åKå§�QåKçË��åKÞ¾x�py�¾å�a~w�m��_w�m�zsm�pjq«x�zs��p2¼
�Ur]m&z.�0�_py�Ò��x�q�ws�]r]r[�ª�Uw&åKå§�2q�v_m#w�m�z.qnxUwsm&xU�_�]o�x�r[w�m�Êym�Ã§¼
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