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This thesis describes an unsupervised system to learn natural language morphology, specifically suffix 
identification from unannotated text. The system is language independent, so that is can learn the 
morphology of any human language. For English this means identifying “-s”, “-ing”, “-ed”, “-tion” and many 
other suffixes, in addition to learning which stems they attach to. The system uses no prior knowledge, 
such as part of speech tags, and learns the morphology by simply reading in a body of unannotated text. 
The system consists of a generative probabilistic model which is used to evaluate hypotheses, and a 
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�G�\md�DHG1IKdF\]d9Z�IUdF^KTF\ @ IKdzCSO{[1O�dF[1YNIUT3Q�\]dFIKZ|d A d3DHIUq}DFP~h]I�CSTbO{OgCkDH[�THCSh8hmCSO1l_[1CSl_I�quP_T3�
Y1G1PShmP_l A VidFYNIU^U\pog^�Ckhmh A db[��M�e\mZ1IKOsDF\]og^UCkDH\]P_O2VgacTFPSq�[1OgCSO1O�PSDfCkDFIUZ-DFIx��D�L�
�G1Ijd A dbDFIUq�\md�hnCSO��
l_[gCkl_I�\mO�Z1IUYNIUO1Z�IUOBD�VgdbP�DFGgCkD�\pD%^UCSO`hmI�CkTFO�DHG�I�qrP_TbY1G1P_h]P_l A PSa�CSO A G�[�q�CSO`hmCSO1l_[gCkl_ISL�!gP_T
��O1l_h]\mdFG�DFG1\md�quI�CSO1d�\]Z1IUOBDH\pa A \mO1l��k��dF�1Vg�k��\mO1lS�1V��k��IUZ1��V?V�����DH\]P_O1��CSO�ZeqrCSO A PSDFG1IUT�dF[��M��IUdKV
\mO`CkZ1Z1\]DF\mP_O�DFPMhmIUCSTFO1\]O1l�J�G1\]^fG~d3DHIKqrd�DHG�I A CkDbDfCS^fG�DFP1L�
�G1I�d A dbDFIUq�[1dbIUd�O1P�Y1Tb\mP_T%�sO1PRJ�h��
IUZ�l_ISVidF[�^fG�CSd�YgCSTbD�PSa+dFYNIUIK^fG=DfCSl_dKVNCSO1Z~hmI�CkTFO1d�DHG�IjquP_TFY�G1P_hmPSl A�@BA dF\]qrY1h A TbI�CSZ1\]O1l�\mOeC
@ P�Z A PSa%[1O1CSO1O1PSDHCkDHIKZ�DFIx��D�Lr
�G1Ird A dbDHIKq�^KP_O1db\mdbDFdjPka%C`l_IUO�IUTHCEDH\]QSIrY�TFP @ C @ \mh]\mdbDF\m^�quP�Z1IUh
J�G1\]^fGr\]d$[�dFIUZuDHP�IKQkCSh][gCkDFI�G A YNPSDHG�IUdFIKdUV�CSO1ZrC9Z1\]TFIK^KDHIKZrdbI�CSTb^fG�CSO�Z�C�G1\]hmhp��^Uh]\mq @ \]O1l�dFI�CkTF^fG
J�G1\]^fG�CSTbIe[1dbIUZ�\]O�^KP_OE�b[1O�^KDH\]P_O�DFP�ogO�Z�C�G�\ml_G1h A Y1TbP @ C @ hmI~G A YNPSDHG�IUdF\]dUL��+��Y*IKTF\]qrIKOsDFd
CSY1Y�h A \mO1l�DFG1I�d A dbDFIUq�DHPu��O1l_h]\mdbGeCkO1Z-)'P_hm\]dFG`CSTbI�Z1IUdb^UTF\ @ IKZ2L



� �������5���>�

�$�¡ K¢u£i¤�¥�¦1§�¨ª©�  «j«9«j«9«9«j«�«9«j«9«j«9«9«j«9«j«9«�«j«9«9«j«9«j«9«9«j«9«�«j«9«j«9«9« �­¬
�$�¡ K¢u£i¤�®��ª¯N°6±²©�  «9«j«9«9«j«�«9«j«9«j«9«9«j«9«j«9«�«j«9«9«j«9«j«9«9«j«9«�«j«9«j«9«9« ¬
³ ´Uµ ¢R±²£?¶�°'·S¢²�c£ µ «9«j«9«9«j«�«9«j«9«j«9«9«j«9«j«9«�«j«9«9«j«9«j«9«9«j«9«�«j«9«j«9«9« ³
¸ L ¸ ��GgCkD�\]d�,eP_TFY�G1P_hmPSl A�¹ LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸
¸ LXv 	�IKIUZe!iPST���O1db[1Y*IKTbQ�\mdbIUZ-&6IUCSTFO�\mO1l LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L v
¸ L»º 
�G1Ij��P_CSh LjL9L9LjL�L9LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L v
¸ L½¼ )�TFIKQ�\]P_[1d��|PSTF� LjL�L9LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L º

¸ L½¼1L ¸ ��[1Y*IKTbQ�\mdbIUZ-&6IUCSTFO�\mO1l L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L º
¸ L½¼1L¾v ��O1dF[�Y*IKTbQ�\mdbIUZ=&?IUCSTFO1\]O1l0LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L º

¸ LX¿ )�TFIKQ�\]IKJ L9LjL9L9LjL�L9LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¿
À ÁÃÂ © µ ©s±²¦�¢²�­¬N©-Ä9±E£i§'¦1§��¡¨ª�¡ x¢²�¡·�Å�£2¶'©�¨%£i¤�Æz£ µ ·_¦�¢R© µ ¦�¢²�­¬*©=Å�£i±²Ç�È'£N¨c£N¯gÉ7« Ê
v�L ¸ 	�CS\pQ_I9,eP�Z1IKh�L9L9LjL�L9LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L Ë
v�LXv ��\mquY1h]I�,eP�Z1IUh L9LjL�L9LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L Ì
v�L»º )+CSTFCSZ1\]l_q�,eP�Z1IKh L�L9LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸ w

Í Äj±²£i§'¦1§+�ª¨ª�c¢ÎÉÏÅ.¦�Ð6�ªÑ>�cÒB¦�¢²�c£ µ «j«9«9«j«9«j«9«�«j«9«9«j«9«j«9«9«j«9«�«j«9«j«9«9« ³BÓ
º�L ¸ &6CkDFDF\m^UI�!gP_Tbq�[1hmCkDH\]P_O=L9LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸ ¼
º�LXv ��\]hmh?#�h]\mq @ \mO1l���I�CSTb^fG LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸ Ë

º�LXv�L ¸ 
�G�I9��O�\]DH\mCSh2� A Y*PSDFG1IUdb\md�LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸ Ë
º�LXv�L¾v ��I�CSTb^fG=��YNIUTHCEDHP_Tbd5LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸ Ë
º�LXv�LXº ��I�CSTb^fGe��hml_P_Tb\]DFG1q LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸RÔ
º�LXv�L»¼ ��[��M�-��TbZ1IUTb\mO1l���IU[1Tb\md3DH\m^{L9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸RÕ
º�LXv�L¾¿ ��I�CSTb^fG-&?\mqu\]DHCkDH\]P_O1dÖL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸RÕ

º�L»º ��qrY�TFPRQ_IKZe��O1\pDH\mCSh2� A YNPSDFG1IUdb\md���db\mO1lrC�(�\mTFIK^KDFIUZe��I�CkTF^fG LjL9L�LjL9LjL9L9L vSw
º�L»º�L ¸ ��CSO1�s\]O1lr��[ @ ��� A Y*PkDHG1IKdFIUd`L9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L vSw

\]\



º�L»º�L¾v #�PSq @ \mO�\mO1lu��[ @ �
� A YNPSDFG1IUdbIUd L9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L v ¸
Ó × Ñ|Ç��ª±E�ª·_¦g¨�Ø�©� �°'¨c¢²  «j«�«9«j«9«j«9«9«j«9«j«9«�«j«9«9«j«9«j«9«9«j«9«�«j«9«j«9«9« ÀiÀ
¼1L ¸ ��O1Y1[�D�&?Ix��\]^UP_O1d LjL�L9LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L v_v
¼1LXv �8QSCkhm[gCkDF\mP_O�
�IK^fG1O1\mts[1IKdÙL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L vSº

¼1LXv�L ¸ (�\p�u^U[1hpDH\mIKd%PSa+�8QSCkhm[gCkDF\mP_OÚL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L vSº
¼1LXv�L¾v �sDHIUqÛ��IKhnCkDF\mP_O�LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L vSº
¼1LXv�LXº ��[��M�~��Z1IUOBDH\pog^�CEDH\mPSO L9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L vk¼
¼1LXv�L»¼ �+��CSquY1hmI��8QkCSh][gCkDH\]P_O L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L v_¿

¼1L»º �+��YNIUTb\mquIUOBDfCkh6#�P_quYgCSTF\]dFP_O�duL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L v_Ì
¼1L»º�L ¸ #�PSqrYgCkTF\mdbP_O�PSa8,eP�Z1IUh2�$CSTb\nCSOBDFdzL�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L v_Ì
¼1L»º�L¾v #�PSqrYgCkTF\mdbP_O�PSa8��I�CkTF^fGe�$CkTF\nCkOsDFd LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L º_w
¼1L»º�LXº #�PSqrYgCkTF\mdbP_O�J�\]DFG-&?\]O1l_[1\]dbDH\]^�C�L9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L º_º

Ü Æj£ µ ·B¨ª°� ��c£ µ  �«9«j«9«9«j«�«9«j«9«j«9«9«j«9«j«9«�«j«9«9«j«9«j«9«9«j«9«�«j«9«j«9«9« Í Ê
¿�L ¸ !g[�DH[1TbI�(�IKQSIUhmPSY1qrIKOBD LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ºBÌ

Ø�©s¤�©s±²© µ ·_©� e«9«9«j«9«j«9«9«j«�«9«j«9«j«9«9«j«9«j«9«�«j«9«9«j«9«j«9«9«j«9«�«j«9«j«9«9« ÍiÝ
Þ~�­¢R¦ß«j«�«9«j«9«9«j«9«j«9«9«j«�«9«j«9«j«9«9«j«9«j«9«�«j«9«9«j«9«j«9«9«j«9«�«j«9«j«9«9« Ó'³

\]\m\



à á �e� ��â ã äæå ç��è�

¸ L ¸ ��CSquY1hmI���O1Y1[�D�CSO1Z-��[�DHY�[�DÙL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L º
¼1L ¸ #�P_TFTbIU^xD�	�[1q @ IUT�PSa8��DHIKq���IUhnCEDH\mPSO1d L9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L vk¼
¼1LXv #�P_TFTbIU^xD�	�[1q @ IUT�PSa8��[��M��IUd�L9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L v_¿
¼1L»º �+�1CkqrY1h]I�� A YNPSDHG1IKdF\]d LjL9LjL9L9LjL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L vSË
¼1L½¼ �8QSCkhm[gCkDF\mP_O�PSa��+��CSquY1hmI�� A YNPSDFG1IUdb\md L9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L vSË

\]Q



à á �e� ��â é á�ê�ë ì �è�

º�L ¸ �0��\mquY1h]I�&6CkDFDF\m^UI���IUY�TFIUdbIUOBDfCEDH\mPSOeL9LjL9L�LjL9L9LjL9LjL9L9LjL9L�LjL9LjL9L9L ¸ ¿
¼1L ¸ 	�[1q @ IKT�PSa���[��M��IKd�)�TFIKZ1\m^xDHIKZ @BA ,eP�Z1IUh2�$CkTF\nCkOsDFd�LjL9L9LjL9L�LjL9LjL9L9L v Ô
¼1LXv ��O1l_hm\]dFG~��DFIUqí��IUhmCkDH\]P_O���^K^U[1TFCS^ A Ck^UTFPSdFd�,eP�Z�IUh2�$CSTb\nCSOBDHd�L9L�LjL9LjL9L9L v Ô
¼1L»º )�P_h]\mdbG-�sDHIUqÛ��IKhnCkDF\mP_O���^U^K[1THCS^ A CS^UTbP_dFd�,eP�Z1IUh2�$CkTF\nCkOsDFd`LjL9L�LjL9LjL9L9L v Õ
¼1L½¼ ��O1l_hm\]dFG~��[����~��^U^K[1THCS^ A CS^UTbP_dFd�,eP�Z1IUh2�$CkTF\nCkOsDFd-L9LjL9L9LjL9L�LjL9LjL9L9L v Õ
¼1LX¿ )�P_h]\mdbG-��[��M�`��^K^U[1TFCS^ A CS^KTFP_dbd�,~P�Z1IKh2�$CSTF\mCSOBDHdîLjL9LjL9L9LjL9L�LjL9LjL9L9L v Õ
¼1L»Ë 	�[1q @ IKT�PSa���[��M��IKd�)�TFIKZ1\m^xDHIKZ @BA ��IUCSTF^fG`�$CSTF\mCSOBDHd�LjL9L9LjL9L�LjL9LjL9L9L º_w
¼1LXÌ ��O1l_hm\]dFG~��DFIUqí��IUhmCkDH\]P_O���^K^U[1TFCS^ A Ck^UTFPSdFd���I�CSTb^fG~�$CkTF\nCkOsDFd|L9L�LjL9LjL9L9L º ¸
¼1L Ô )�P_h]\mdbG-�sDHIUqÛ��IKhnCkDF\mP_O���^U^K[1THCS^ A CS^UTbP_dFd���IUCSTF^fG`�$CSTF\mCSOBDHd�LjL9L�LjL9LjL9L9L º ¸
¼1L Õ ��O1l_hm\]dFG~��[����~��^U^K[1THCS^ A CS^UTbP_dFd���IUCSTF^fG`�$CSTF\mCSOBDHd�L9LjL9L9LjL9L�LjL9LjL9L9L ºBv
¼1L ¸ wß)�P_h]\mdbG-��[��M�`��^K^U[1TFCS^ A CS^KTFP_dbd���I�CSTb^fG~�$CSTb\nCSOBDFd L9LjL9L9LjL9L�LjL9LjL9L9L ºBv
¼1L ¸_¸ 	�[1q @ IKT�PSa���[��M��IKd�)�TFIKZ1\m^xDHIKZe\]Oe&?\]O1l_[1\]dbDH\]^�C�#�P_quYgCSTb\mdbP_O L�LjL9LjL9L9L ºS¼
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#�G1CSY�DHIKT�ºuZ1\mdb^U[1dbdFIUd�CShmlSP_TF\pDHG1qud%[1dbIUZ-DFP�dFIUCSTF^fGeDHG1I9G A YNPSDFG1IUdb\md�dbYgCS^KI�CSO1Zeq�C²���
\mqu\��KIuDFG1I�Y1TbP @ C @ \]hm\pDH\mIKd�Z1IUdb^UTF\ @ IKZÏ\mOÏ#�GgCkY�DHIKTuv�L{�ÛhnCkDbDH\]^UI�TbIUY1TbIUdbIUOBDfCkDF\mP_O"Pka�DFG1I�G A �
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�G1IUTbI�CSTFIjO1P�dF[�����IKd�\mOeDFG1I�ZgCEDfCrDFGgCkD�J�IKTFIMO1PSD�\mZ1IKOBDH\]o1IUZ=\]O
DHG�IuG A YNPSDHG1IKdF\]dUV'dFP`DHG1IKTFIuCSTFIr¿�^UPSTFTFIK^KD9dF[����ïlSTFP_[1Y�dUL�
�G1I�Os[1q @ IUT�PSa%^KP_TFTbIU^xDjdb[��M��IUd
acP_[1O�Zï\]d9¿�CSO1Z�DHG�IuOs[1q @ IKT�PSa�\]O1^UPSTFTFIK^KD�db[��M��IKdj\]Z1IUOBDF\]ogIKZï\]d�º�L�
�G�IuG A YNPSDHG1IKdF\]d�DFGs[1d
GgCSd�CMdF[����~Y�TFIU^K\mdb\mP_O`PSa+w�L»ËBv_¿MCSO1ZeCMdF[��M�~TFIK^�CSh]h2PSa ¸ L»w�V1l_\pQ�\]O1l�CSO`acdF^KP_TFI�PSa+w�LXÌSË Õ L

	�PjG A YNPSDHG1IKdF\]d�acPST8DHG1\]d�dFIKD$PSaNJîP_TFZ1d�JîP_[1hmZ�IxQ_IUT$TFIKdF[1hpD�\mOuC�Y*IKTbacIK^KD$dF^KP_TFI�acP_T�d3DHIUq
TFIKhnCkDF\mP_O�dUVNZ1[1IzDFP	79��:;�=<SV#79��:;�=<A:;�@BSV CSO1ZÔ79�@:;�=<A:;�@BDCxL�
'P�l_IKD�C�Y*IKTbacIK^KD�d3DHIUq�TFIKhnCkDF\mP_OedF^KP_TFIkV79�@:;�=<rCSO1Z�79�@:;�=<A:;�@B�JîP_[1hmZïGgC�Q_IuDHP~GgC�Q_IuDHG1I�dHCkqrIudbDFIUq~V 79�@:;�=<A:;�@BuCkO1Z 79�@:;�=<A:;�@BDC�JîP_[1h]Z
GgC�Q_I�DFPïG1CRQSI�DHG1I`dHCkqrI�d3DHIUq~V$CSO1Zá79�@:;�=<~CSO�Z¡79�@:;�=<A:;�@BDC9J�PS[1hmZÏGgC�Q_I`DHP�G1CRQSIeZ�\zs*IUTFIKOBD
dbDFIUqudULz��PRJ�IxQ_IKTj\pa$CSO A D�JîP~Pka$DFG1P_dbIMTFIUhmCkDH\]P_O1dbG1\mY1d�G1P_hmZeDHG1IKO{DFG1I�DHG�\mTFZ�qz[1dbD @ IzaªCSh]dFISV
dF\]O1^UI�O1PuCSq @ \ml_[�\]D A \md�CShmh]PRJ�IKZ2L

��Z1Z1\pDH\mPSOgCShmh A \]a �0�����U�A�o� CSO�Z �0�����U�A� :;�@B=CSTFI�^KP_TFTbIU^xDHh A acP_[1O1ZßDFP"GgC�Q_I�DHG1I�dFCSquI
dbDFIUq<DHG�IUO�PSO1I�Pka DHG�I�JîP_TFZ�dîq�[�dbDîGgC�Q_I�CkOr\]O1^UP_TbTFIK^KDîdF[��M�*V1CSd 

:;�@B�GgCSd$P_O1h A PSO1I�^UP_TbTFIU^xD
dF[�TbaªCS^KI�acPSTFqÖCkO1Z 
 � \md�O�PSD9C�^UP_TbTFIU^xD9dF[��M�*Lr��O�h A C�d A d3DHIKqÖDHGgCkD�^KP_[1h]Zïh]I�CSTbO{dFYNIUhmh]\mO1l
^fGgCSO�l_I�Tb[1hmIKd9JîP_[1h]Z @ Irdb[1^U^KIUIUZ/CkDzC`Y*IKTbacIU^xD�db^UP_TbIrJ�\]DFG�DFG1IUdbIrD�JîP-J�PSTFZ1dKL~� @ CShmCSO1^KI
@ IKD�JîIUIUOeDHG1I�D�JîPrIxQSCkhm[gCkDF\mP_O�quIKDFG1P�Z1d�q�[1d3D @ I�TFIUCS^fG1IUZ~acP_T�P_Y�DF\mqrCShNY*IKTbacP_Tbq�CSO�^UISL

H=÷0/ ý²ü8�%���$ü9� �& �û8ú+��~ ÿN� �=úZ��ü�ý+ÿ� �ý
S?Qc� QUP ö��¯³ÝX�dL[f_I`�� e±� ��� � a&Y?���ÓdL[f_Id�e+�n`
#�P_quYgCSTb\mdFPSO1d�PSa�TFIKdF[1hpDHdM[1db\mO1l=DFG1I`	�Ck\]Q_I~,~P�Z1IKh�acTFPSq�dbIU^KDF\mP_O/v�L ¸ V�DFG1I~��\mquY1h]I�,eP�Z1IKh
acTFPSq dbIU^xDH\mPSO�v�LXv�V�CSO1Z7DFG1I=)�CSTHCkZ1\ml_q ,eP�Z1IKh�acTbP_q dFIU^xDH\]P_O�v�L»º�L;
�G�I=dFIUCSTF^fG�DFG1TFP_[�l_G
DHG�I�Y1TFP @ C @ \]hm\]D A dbYgCS^KIzJ%Ckd�CS^U^KP_qrY�hm\mdbG1IUZ @BA ogTbdbD�ogO�Z1\mO1l�C�l_P�P�Z=G A YNPSDHG1IKdF\]d�[1dF\]O1l�DHG�I
Z1\]TFIU^xDHIKZ|\mO�\]DH\mCSh+G A YNPSDHG1IKdF\]dzCSh]l_P_Tb\]DHG�q�Z1IKdF^UTb\ @ IUZ�\mOïdFIU^xDH\]P_O>º�L»º�V�CSO1Z{DHG1IKO>qrCE��\mqu\��U\]O1l
DHG�I9Y�TFP @ C @ \mh]\]D A J�\]DHG�DFG1I�G1\mh]h ^Uh]\mq @ \mO1l�dbI�CSTb^fGeacTbP_qædbIU^KDF\mP_Oeº�LXv�L
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!+\ml_[�TFI�¼1L ¸ y�	�[�q @ IKT�PSa���[��M��IKd�)�TbIUZ1\]^KDHIKZ @BA ,eP�Z1IKh2�$CSTF\mCSOBDHd
!�\ml_[1TbI�¼1L ¸ dbG1PRJ�d�DFG1I�Os[1q @ IUT�PSa�dF[��M��IUd�Y1TFIKZ1\m^xDHIUZ @BA DHG�I9Z�\zs*IUTFIKOBD�quP�Z1IUh QkCSTb\p�

CSOBDHd�\mO @ PSDHGe��O1l_h]\mdFG~CSO�Z-)'P_hm\]dFG2L�
�G1\]d�\]d�DHG1I�Os[1q @ IUT�PSa�dF[1T3aªCS^UI�acP_TFqud�PSa+dF[��M��IUdKV*O1PkD
DHG�I�Os[1q @ IUT%Pka?dF[��M��l_TFPS[1Y1d�Y�TFIUZ�\m^KDFIUZ2L�
�G�I�	�CS\pQ_I�,eP�Z�IUhNY1TFIKZ1\m^xDHd�aªCST$quP_TFI�dF[��M��IUd�CED
hnCkTFl_IKT�^UPSTFY1[1d�db\��KIUd%DHG1CSO`CSO A PSa6DFG1I�PSDFG1IUT�quP�Z�IUhmdKV�Z�[1I�qrPSdbDHh A DHP�DHG�I�dFqrCShmhN^UP_O�dbDHTFCS\mOBDFd
P_O`DHG1I�db[��M�-dbIKDULî
�G1Iz��\]qrY1h]I�,eP�Z1IUh?\]d�DHG1I�quP_dbD�^KP_O1dFIKTbQkCkDF\]Q_I9Z1[1I�DHP�DHG�I9G�\ml_G`^UPSdbD�PSa
YgCS\]TF\]O1l�C�dF[��M��J�\pDHGuC�dbDHIKqeL+
�G1I�Z1\zs*IUTbIUO1^KI @ IKD�JîIUIKO�DHG�I%D�J�P�Q_IKTFdF\]P_O1d$PSaNDHG1I�)�CSTHCSZ�\ml_q
,eP�Z1IUhN\md�aªCS\]TFh A dFqrCSh]h1DHG1P_[�l_G�\pD�CkY1Y*IUCSTFd$DHGgCEDîDFG1I�[�O1\]acP_Tbq<Y1TF\]P_T�Z1\md3DHTb\ @ [�DF\mP_O�^UCS[1dFIKd�DHG�I
quP�Z1IKh DHP @ I�dFhm\]l_GBDHh A quP_TFI�h]\ @ IUTFCSh \]O�Y1TFIKZ1\m^xDH\mO�luO�IKJ.db[��M��IKdUL
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!+\]l_[1TbI�¼1LXv�y$��O�l_hm\]dFG~��DFIUqí��IUhnCEDH\mPSO���^K^U[1TFCS^ A CS^KTFP_dbd�,~P�Z1IKh2�$CSTF\mCSOBDHd
!�\ml_[1TbI-¼1LXv>CSO1Z�o1l_[1TFI-¼1LXº>dbG1PRJ�DFG1I=d3DHIUq TFIKhnCkDF\mP_O7CS^U^K[1THCS^ A acP_TuDHG1I�Z�\zs*IUTFIKOBD

quP�Z1IKhmd�\]O ��O1lShm\mdbG CSO1Z )'P_hm\]dFG2V�TFIKdFYNIU^KDF\]QSIUh A Læ
�G1IïY1TbIU^U\]dF\]P_OßacP_T~CShmh�DFG1I{qrP�Z1IKhmd`CSTbI
TFIKhnCkDF\]QSIUh A IUts[gCSh¡VNqrCS�s\mO�lu\pD�\mquY*P_dbdF\ @ hmI�DFP��b[�Z1l_I�J�G1\m^fG=\]d @ IxDFDHIKTUL%
�G�IzTFIK^�CSh]h?\md�dFh]\ml_GBDHh A
quP_TFI�\]O�acP_TFqrCkDF\]Q_IkVBCSd�\pD�dFG1PRJ�d�DHG1I�^UPSO1dF\]dbDHIKOBDHh A J�P_TbdFI�Y*IKTbacP_Tbq�CkO1^UI�PSaNDHG1I�	�CS\]QSI�,eP�Z�IUh L

�G1I�PkDHG1IKT�quP�Z�IUhmd�CSTbIjd3DH\mh]h?DHP�Prdb\mqu\mhnCkT%DHP�Z�\zs*IUTFIKOBDH\nCEDHISL�
�G1IzY*IKTbacP_Tbq�CSO�^UIjCS^UTbP_dFd @ PSDFG
hnCkO1l_[gCSlSIUd�\md�TbIUhmCkDH\pQ_IUh A ^KP_O1db\mdbDFIUOBD�L
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!�\ml_[1TbI�¼1L½¼1y���O1l_h]\mdFGe��[����~��^U^K[1THCS^ A CS^UTbP_dFd�,eP�Z1IKh2�$CSTF\mCSOBDHd
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!+\mlS[1TFI�¼1LX¿�y�)'P_hm\]dFG~��[��M�~��^U^U[�THCS^ A CS^UTbP_dFd�,eP�Z1IUh2�$CSTb\nCSOBDFd
!�\ml_[1TbI�¼1L½¼rCkO1Z~o1l_[1TFI�¼1LX¿�dFG1PRJ DFG1I�dF[��M�~\]Z1IUOBDH\pog^�CEDH\mPSO`CS^U^K[1THCS^ A acP_T%DHG�I9quP�Z1IUh

QkCSTF\mCSOBDHd6\mOj��O1l_h]\mdFGjCSO1Zz)�P_h]\mdbG2V²TFIUdbY*IK^KDF\]Q_IKh A L8
�G1I���\mquY1hmI$,~P�Z1IKhsGgCSd6Q_IUT A G�\ml_G9Y1TFIK^U\]dF\mPSO
\mO @ PSDHGj��O1l_h]\mdFGjCSO1Zj)�PShm\mdbG9CkD6DHG1I$Ix��YNIUO1dbI�PSa�\]DHd6TbIU^�Ckhmh L6
�G1\]d6\md6TFIUCSdFP_O1C @ hmI$CSd?DFG1I%��\mquY1hmI
,eP�Z1IUh?Y�TFIUZ�\m^KDFd�CMQSIUT A dFqrCShmh*dFIKD�PSa�dF[��M��IUdKVNDFG1P_[1lSG`DFG1P_dbI9db[��M��IUd�DFGgCkD�\pD�Z1P�IKd�Y1TFIKZ1\m^xD
CSTbI�Q_IUT A CS^U^K[1THCEDHISL�W�PSDHG�QSIUTFdb\mP_O�d9PkaîDFG1I�)+CSTFCSZ1\]l_q},eP�Z1IKh8GgC�Q_I�Q_IKT A db\mqu\mhnCkT�!+db^UP_TbIUdKL

�G1I @ \nCkdFIUZrYgCSTFCSZ1\mlSq Y1Tb\mP_T�^UCS[1dFIKd%C�dFh]\ml_GBDHh A G1\]l_G1IKT$Y�TFIU^K\mdb\mP_O2V @ CShnCSO�^UIUZ @BA C9TbIUZ1[1^xDH\]P_O
\mO�TbIU^�Ckhmh L8��\mO�^UI�P_[1T�l_PBCkh1\md�DHP9l_IKO1IUTFCkDHI�C�^UP_O1dbIUT3QSCEDH\]QSI�quP�Z1IUh1DFGgCkD�GgCSd$G1\]l_G1IUT�Y�TFIU^K\mdb\mP_O2V
\]D�\]d%aªCS\mTîDHP�dHC A DHG1CkD�DHG1I @ \mCSdFIKZeY�TF\mPST%dFh]\ml_GBDHh A PS[�DHYNIUT3acP_TFqud%DHG1I�[1O�\]acP_TbqæY1Tb\mP_TKL



º_w
��QSIUTHCkhmh1DHG�I�Y1TFIK^U\mdb\mP_O�\]O�)�P_h]\mdFGMJ�CSd�q�[1^fGuG1\mlSG1IUT8DFGgCSO�\mO���O1l_h]\mdbG2L+
�G1\]d�\md8Z1[�I�DFP

Os[1q @ IUT�Pkaîdb[��M��IUd�Y1TFIKZ1\m^xDHIKZ{CSO1Z�DHG1IzqrP_TbY1G1P_h]P_l_\]^�CSh?TbIUl_[1hmCSTF\pD A PSa�DHG1IMhmCSO1l_[1CSl_ISL�
�G1I
Os[1q @ IUT%Pka�db[��M��IUd�Y1TFIKZ1\m^xDHIKZ @BA DHG1I�QkCSTb\mP_[�d%qrP�Z1IKhmdUVsJ�\]DFG�DHG1I�Ix��^UIKY�DH\]P_O`PSa?DHG1I9��\mquY1hmI
,eP�Z1IUh¡V?J%CSdjC @ P_[�D�D�J�\m^KI�Ckd9G�\ml_G{\mO���O1l_h]\mdFGïCSd9\mOï)'P_hm\]dFG2Lu
�G1\md�\]d9dbhm\]l_GBDHh A \mTbP_O1\]^�CSh�Ckd
)�PShm\mdbGM\md�quP_TFY�G1P_hmPSl_\m^UCShmh A TF\]^fG1IUT8DFGgCSOu��O1l_hm\]dFG2V_CSO1ZrCS^KDF[gCShmh A GgCSd�qrPSTFI%db[��M��IKdUL$)�PShm\mdbG�v½d
quP_TFY1G�P_hmP_lS\m^�Ckh TF\]^fG1O1IKdFd�\]d�DFG1IzdbP_[1Tb^UIzPka+DHG�IzZ1\p�r^K[1h]D A DFG1P_[1lSG2VNCSd�DFG1IzC�QSIUTHCkl_Izdb[��M�=\]O
)�PShm\mdbGMP�^K^U[1Tbd�hmIKdFd8acTFIKts[1IUOBDHh A DHG1CSO�DHG1I�C�QSIUTHCkl_I�dF[��M��\]O���O�l_hm\]dFG2L'
�G1IUTbIKacP_TbI�DHG1IKTFI�\md�h]IUdbd
IKQ�\]Z1IUO1^KIzDHG1CkD�DFG1I�dF[����-P�^U^U[�TFd�CSO�Z=qrPSTFI�J�P_TbZ1d�CSTbI�TFIKts[1\mTbIUZ-acP_T�DHG1IjqrP�Z1IKhmd�DHP�aªC�Q_PST
DHG�Ij\]OsDFTFP�Z1[1^xDH\mPSO~Pka8O1IxJ�dF[��M��IUdKL��%D�q�[�^fG-hnCkTFl_IKT�h]Ix��\m^KP_O`dF\z�UIUd�DHG1I9Os[1q @ IUT�PSa8db[��M��IUd
Z1IxDHIU^xDHIKZ=\mOe)�P_h]\mdbG~dbG1P_[1h]ZeIÎ��^UIUIKZ=DHG1I9Os[1q @ IUT�Z1IxDHIU^xDHIKZ=\mOe��O1l_hm\]dFG2L$
�G1\]d�Y�G1IUO1PSqrIKO1P_O
^�CkO-CSh]dFP @ I�dFIUIKO-\]O`DFG1I�hmPRJîIUT�TFIK^�CSh]h2PSa'DHG1I�quP�Z1IKhmd%\]O~)�P_h]\mdFG L


�G�IM)+CSTFCSZ1\]l_q�,eP�Z1IUh'J�\]DHG-C @ \mCSdFIKZ=YgCSTFCSZ1\]l_q�Y1TF\]P_T�GgCSd�DFG1I @ IUd3D�YNIUT3acP_TFqrCSO1^KI
CSO1Z @ CShnCkO1^UI @ IxD�J�IKIUO @ PkDHG=d3DHIUq�TFIKhnCkDF\mP_O~\mZ�IUOBDH\pog^�CkDF\mP_O-CSO1Z=db[��M�=\]Z1IUOBDF\]og^UCkDH\]P_O2L�
�G1I
)+CkTHCSZ1\]l_q ,eP�Z1IUhiJ�\]DFG�C9[1O1\]acPSTFq<YgCSTFCSZ1\]l_q5Y1Tb\mP_T$GgCSdîP_O1h A dbhm\]l_GBDHh A J�PSTFdFI�Y*IKTbacP_Tbq�CSO�^UISV
\mO�Z1\m^UCkDH\]O1l�DHGgCkD9DHG�IrY1Tb\mP_T9[1dbIUZ|acP_T�DHG1CkDzZ�\mdbDFTF\ @ [�DH\]P_O{P_O1h A ^�CS[1dbIUdjdFhm\]l_GBD9Z1\zs*IUTbIUO1^KIUd�\]O
YNIUTbacPSTFqrCSO1^UI�J�\pDHG�DHG1I9dFIUCSTF^fG�IUd�[�dFIUZ L�
�G1IKTFIKacPSTFI�DHG1Ij)+CSTFCSZ1\]l_q�,eP�Z1IKh6J�\pDHG�DHG�I @ \mCSdFIKZ
YgCSTFCSZ1\]l_qæY1Tb\mP_T�GgCSd @ I�[1dbIUZ`acP_T�DHG1I�ac[�DF[1TFI�IÎ��Y*IKTF\mquIUOBDFd�\]O�DHG1\]d�^fG1CSY�DHIKTUL

S?Qc� Q
k ö��¯³ÝX�dL[f_I`�� e±� � V Y\dL[_�3���ÓdL[f_Id�e+�n`

�G1\]d~dbIU^xDH\mPSO J�\]hmh�^KP_qrY1CSTFI=DFG1I�dbI�CSTb^fG;d3DfCST3DH\mO�lÏacTbP_q DFG1I{P_TF\]l_\mOgCkh�\mO�\]DH\mCSh�G A YNPSDHG�IUdF\]d
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