
University of Pennsylvania University of Pennsylvania 

ScholarlyCommons ScholarlyCommons 

Technical Reports (CIS) Department of Computer & Information Science 

November 2000 

Kweelt, the Making-of: Mistakes Made and Lessons Learned Kweelt, the Making-of: Mistakes Made and Lessons Learned 

Arnaud Sahuguet 
University of Pennsylvania 

Follow this and additional works at: https://repository.upenn.edu/cis_reports 

Recommended Citation Recommended Citation 
Arnaud Sahuguet, "Kweelt, the Making-of: Mistakes Made and Lessons Learned", . November 2000. 

University of Pennsylvania Department of Computer and Information Science Technical Report No. MS-CIS-00-23. 

This paper is posted at ScholarlyCommons. https://repository.upenn.edu/cis_reports/112 
For more information, please contact repository@pobox.upenn.edu. 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by ScholarlyCommons@Penn

https://core.ac.uk/display/76360049?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://repository.upenn.edu/
https://repository.upenn.edu/cis_reports
https://repository.upenn.edu/cis
https://repository.upenn.edu/cis_reports?utm_source=repository.upenn.edu%2Fcis_reports%2F112&utm_medium=PDF&utm_campaign=PDFCoverPages
https://repository.upenn.edu/cis_reports/112
mailto:repository@pobox.upenn.edu


Kweelt, the Making-of: Mistakes Made and Lessons Learned Kweelt, the Making-of: Mistakes Made and Lessons Learned 

Abstract Abstract 
In this paper we report our experience in building Kweelt, an open source Java framework for querying 
XML based on the recent Quilt proposal. 

Kweelt is intended to provide a reference implementation for the Quilt language but also to offer a 
framework for all kinds of experiments related to XML including storage, optimization, query language 
features, etc. And we report in this paper on the differences entailed by the use of two different storage 
managers, based respectively on character files and relational databases. 

An important design decision was to do a "direct" implementation of Quilt. Instead of relying on 
preconceptions (and misconceptions!) inherited from our database query processing background, we 
wanted this reference implementation to expose exactly what is easy and what is hard both in terms of 
expressiveness and of efficiency. The process has lead naturally to what may in hindsight be called 
mistakes, and to formulate lessons that will hopefully be used in future implementations to mix-and-
match pieces of existing technology in databases and programming languages for optimal results. 
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ü¨ç3è&üsþ]�0æhåÿç3è&æ��
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��åbè0ü¨ã	%��&åbþÿù�áhã^þbåbã^æ�ç3è�÷�øCïrùhú4���ãµô0áKæÁù�ö#ã^æhü¨áTå=�<ã�÷[øCïrùhúe�<ã��Úç]áhã��ã�û&áhã^æÁã^è�ù/ùhú#ã�þbï]è����&ï��]ãµåÿùhæÁã^þ=���
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x�¢�U8M�[TWgXZY�P�WgLG[Tf8W@[8S,£�M¤S¥b(j&¦QP/OVUKX§£iO-S3P�¨N¨�WcM^£<£©[8P�W^OV£}S¥bQP�RAj&kml�¨�SBª�f8Y_M^RTO-«G¬�R�£�f;[�[8S�W^O�S¥bFOVUDX§£[TWgXZY�P�WgL
[Tf8W@[8S,£�M^®¤X`OIP/\¯£�S_[TW¥S/°�Xa¨NMg£1±<P,£�XaªIb^PNª�XV\²X`O`XaM^£ib^S�W_Y�P/R�X³[Cf \=P/O`XaS�R�S¥b�£^O`W�XVRDh/£<®IR�f Y_±�M^W�£yP�RT¨w±�SBS/\=M<P�R"£^«²x�'*6/´,+-�
� è�ùhú&åbæ/æÁã^ü¨ùhåbç3è4���ã	!åbþbþT�Úç�ü��&æ�ç3è�ùhú#ã�è&ïNä�å]�3ïrùhåÿç3è&ï]þ(ï]æÁû<ã^ü¨ùhæ!ç/�Yùhú#ã�þbï]è"���&ï��]ã/�
v è�÷[ø@ïrùhú�è&ïNä�å]�3ïrùhåÿç3è¡ã¨õ�û&áhã^æKæhåÿç3èÉéÆï��rï�þÿç�üsïrùhåbç3è�û0ïrùhúÄòEåbæ:ï�æÁãB� �#ã^è&ü¨ã�ç/�(è&ï^ä�å=�3ïrùhåÿç3èÔæÁùÁãsû0æ�éÆï��Uï�þÿç�üsïrùhåÿç3è
æÁùÁãsû0æ®ò)æÁãsû0ïráTïrùÁã^öy� !¥ùhú#ã�µ�æc!�ýK�<ç3þa� v è&ï^ä�å=�3ïrùhåÿç3èÔæÁùÁãsû�åbæ:ö#ãsôÄè#ã^ö�� !�ï]è¦ïUõ#åbæ�æÁû<ã^üsåÿô&ãsáB��ï�è#ç�ö#ã¨íoùÁã^æÁù�ï]è&ö
æÁç3ý¥ã�ç]û&ùhåÿç3è&ï]þ<û&áKã^ö&åbüsïrùÁã^æ�éÆæÁãsãA�Cå=���#áhã�ëNò��
¶�·�¸<¹;ºa»a·^¼�½i¹,º@¾ ¿À¿*Á ¶·�¸�¹,ºa»a·^¼�½i¹;º@¾0Â3º�ÃZºI¶·�¸�¹,ºa»`·^¼�Ä4º-ÅÇÆKÈ
¶�·�¸<¹;ºa»a·^¼�Äoº-Å�Æ ¿À¿*Á ÉqÊN»-Ë^Ä8ÆDÅ^¸c»-Ì »aÅgÍ�º4Î�ÎoºIÏ_·�Ð;ÅgÑqÅ�Ë�º:¼BºJÒaº¤½GÍ�ÅgÐ;»a¸�¹,º-Å�º�Órº[¾ÇÔ
Ï�·�Ð,ÅgÑqÅ�Ë<º ¿À¿*Á ¼�¹,Õ�ÅeÖ(º�×sº~ÖBº ��ØU�]zoÙ�Ú º�Ö(º {3z;Ûr{JÙ<Ú ºmÖ(º ��Ø^Ü,Ü�zN�]{JÙ<Ú ºeÖBº �/Ý/Ø8�Nz8urur�®�]yNÞ8�T��us{�ÝNx��¨{���Ø^��Ù�Ú º

�Cå=���&áhã�ëróE÷[ø@ïrùhúÉæc!�è8ùhïUõ?�Úç]á�è&ïNä�å=�3ïrùhåbç3è�ã¨õ�û0áhã^æhæhåÿç3è0æ
p�ú#ã�ïUõ#åbæ�ö#ãsô0è#ã^æEú&ç�
ùÁç�è&ï^ä�å=�3ïrùÁã!ùhú&ã!ö#ç�ü��&ý¥ã^è�ùEùÁáhãsã/�(p�ú#ã�è&ç�ö#ãsùÁã^æhù:åbæEï�ô0þÿùÁãsá)ùÁç3�]ãsãsûÔç]áEû&á��&è#ã�è#ç�ö#ã^æ
�0ï]æÁã^öêç3èêùhú#ã^åÿá�è&ïrù��#áhãÉéÚùÁã¨õ�ù��Cã^þÿã^ý¥ã^è�ù��YïrùÁùÁáKå]���#ùÁãZò�ç]á�þbï��<ã^þ�éÚùhï��Éç]á�ïrùÁùÁáKå=���#ùÁã�è0ï]ý¥ãZò��Ôø:áhã^ö&åbüsïrùÁã^æ�ïráhã
�<ç�ç3þbã^ï]è¥÷�øCïrùhú¦ã¨õ�û0áhã^æhæhåÿç3è0æ)ùhú&ïrù�üsï]è_�<ãQ�V�&áhùhú#ãsá:ïrû&ûÄþbåÿã^ö�ùÁç�è&ç�ö#ã^æB� v è&ïNä�å=�3ïrùhåbç3è¡ã¨õ�û&áhã^æhæKåÿç3è¥áhãsù��#áTè&æEï
þbåbæhù:ç/��è#ç�ö#ã^æ��(p!ú#ã!ç]áKö&ãsá�å%æ�ö#ãsôÄè#ã^ö_� !¡ùhú&ã�ö#ç�ü��&ý¥ã^è�ù�ç]áKö#ãsáG��ç]áG�Úç]á��ïráKö�ïUõ�åbæ�ç]á/ùhú#ã�áhãsä]ãsáKæÁãcö#ç�ü��&ý¥ã^è�ù
ç]áKö#ãsá}��ç]áI�0ï]ü�� �ïráTöðïUõ#åbæ��qp�ú&ãcû'ç3æKæhå=�0þÿã[ärï]þ]�#ã^æi�Úç]á¤ßIà/XZ£�á�[�M�ª�X âFM�W�ïráhãµû&áhã^æhã^è8ùÁã^öÉåbè?�Cå=���#áhã3��2�þÿã��Úù�� v õ#åbæ
�Úç]áKý ï�û0ïráhùhåbùhåÿç3è�ç/�Cùhú#ãµö#ç�ü��&ý¥ã^è�ù��"��áhç3ý ùhú#ãµû<ç3åbè�ù�ç/�@ä�åÿã� ç/�@ùhú#ãµü��#áháhã^è�ù�è#ç�ö#ã¡éÆæÁãsã3�Cå=���&áhã3��28áKå=�3ú�ùTò��
p�ú#ãc÷[øCïrùhúðæc!�è�ùhïUõ�å%æ�ä]ãsá��<ç3æÁã�ï]è&ö�ärïráKåÿç��0æ/æc!�è�ùhï]ü¨ùhåbüµï����&áhãsä�åbïrùhåÿç3è&æ/ïráhã�ï^ärï]åbþbï��0þÿã¡éÆæhãsãy'*6/´,+Úò��

´E 8 3M�ITjrdeL^O�deVNS ãB�]J8LNS8l�dkVZS ´E 8 3M�ITjrdeL^O�deVNS ãB�]J8LNS8l�dkVZS
¼bS8V^O��8dkS3¢r¾ �¨w#�^}Z� Î�Î ~ uNz]}�ä Î�Î �NØZ�]zoÙ�Ú
| vZ{r{,Ý��gårx]{]z Î�Î ~r~ �8v;Ý]zN�]{ Î�Î �NØU�]z
Ã�Ã Ã �]z3ur�NzN�3�rvN�]{NÞ,Ø�ÝNÞ3u^zr};ä Î�Î �NØZ�rzoÙ<Ú Ã Ã O��8I/S3V]_]I�O�MRIKI�M�VrVNO

�@å]���#áhã36�ó v ���&áhãsä�åbïrùÁã^ö��8!�è�ùhïUõ
æ õ#ï]ý¥û0þbã^æ�ç/�@÷[øCïrùhú¹ã¨õ�û&áhã^æhæKåÿç3è&æ/ï]è&ö�ùhú&ã^åÿá�ï����&áhãsä�åbïrùÁã^ö¹æ�!�è�ùhïUõ¹ïráhã	�3åÿä]ã^è?�<ã^þÿç;µó
ç;è é µ8ê;ëoì�íNî5ï ï-ð�ñ ñ/òQó¥ô/õ õDöTì;ðD÷"õ8ø5ïNïÇù"ø ô/ö ú"û�ü ü è;ý µ"ê;ëCì�í�îFïNïÇõ�ì�õ8íDø
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�Cå=���&áhã3��óE÷[ø@ïrùhúÉè&ï^ä�å=�3ïrùhåÿç3èÉïUõ�å%æ
v è ÷�øCïrùhú è0ï^ä�å=�3ïrùhåÿç3è åbæ¥ï]þ]�ï�!�æ¡ãsäUï]þ]�0ïrùÁã^öu!åÿùhú&å%è»ï|ª�S�R�O@M<à�O/ùhú&ïrù�üsïráKáKåÿã^æ�æÁç3ý�ã¹åbè"�Úç]áKý�ïrùhåÿç3è ï��<ç��#ù
ùhú#ã�û&áhãsä�åÿç��&æ�è&ïNä�å=�3ïrùhåbç3è4�êî¹ç]áhã¹ü¨ç3è0ü¨áhãsùÁã^þ=!»ï¸ü¨ç3è�ùÁã¨õ�ù¡ü¨ç3è0æhåbæÁùhæ�ç/��ùhú#ã�ü��#áKáhã^è8ù�è#ç�ö#ã/�Eåÿùhæ�û<ç3æhåÿùhåÿç3è»åbè
ùhú#ã¦ùÁç]û#íPþÿãsä]ã^þ�è#ç�ö&ã^þbåbæÁùcï]è&ö»ùhú#ã¡æhå]ssã¡ç/�/ùhú#ã¡è&ç�ö#ã^þ%åbæÁù��1p�ú#ã¡è#ç�ö#ã^þbå%æÁùµü¨ç]áháhã^æÁû<ç3è&ö0æcùÁçÉùhú&ã�áhã^æ��&þbùµç/�/ùhú#ã
ãsärï]þ]�&ïrùhåÿç3èâç/��ï¸û&áKãsä�åÿç��0æ�÷[øCïrùhú ã¨õ�û&áKã^æhæhåÿç3è4� � èâùhú#ã�ã¨õ�ï]ý¥ûÄþÿãÔï��<çZä]ã/�Gô�õDõ ö�ì;ð ÷8õ"øqï ïÇù8ø8ô/ö8ú�bBûDüDü è b�åbæ
ãsärï]þ]�&ïrùÁã^öðå%è�ùhú#ãµü¨ç3è8ùÁã¨õ�ù!ç/�Cùhú#ã�ü��#áháhã^è�ù�è#ç�ö#ã/�&åa�¿ã/�)ùhú#ãµç3è&ãcáhãsù��#áKè#ã^öe�D!eµ8ê;ëoì�íNî5ï ï-ð�ñ ñ/òo�
� è¡÷[øCïrùhú4��ùhú#ã�ãB� �&ï]þbåbù@!��<ãsù@�ãsã^èÔù@�ç¥è#ç�ö&ã^æ�åbæ�ö#ãsô0è&ã^ö_� !¥ùhú#ã[è#ç]ùhåÿç3èÔç/�n£gO`WgXVRDh�°�P�\²f�M���å-�¿ã/�)ùhú#ã�ü¨ç3è0üsïrùÁã¨í
è&ïrùhåÿç3è¹ç/�@ï]þbþ(ùhú#ãcùÁã¨õ�ù�è#ç�ö#ã^æ/åbè�ùhú#ã�æ<�"�#íoùÁáhãsã/�
øEáKã^ö&åbüsïrùÁã^æ@å=�#è#ç]ùYú&ï]è0ö&þÿã^öµüsïráhã��`�&þbþ]![üsï]è�þÿã^ï]ö�ùÁç¤�0è#ã¨õ�û<ã^ü¨ùÁã^ö�áhã^æ��&þÿùhæB��#ç]á)åbè&æhùhï]è&ü¨ã(�ã�ú&ïNä]ãiµ ô5ó`ð ý ó�ê ýdc
µ ôqó�ê ý óað ýec µ ôqóað ô��"î ê ý ���&ùeµ ô5ó`ð ý ó¥û ýgfh µDô5ó¥û ý ó`ð ý � � è ùhú#ãêæÁã^ü¨ç3è&ö ç3è&ã/��ùhú&ãêþÿã���ù�ú&ï]è0ö æhåbö#ã
ã¨õ�û&áhã^æhæhåbç3è¸ý�ã^ï]è&æ[ùhú#ã�x���áKç3ý ùhú#ã¥ü��#áháhã^è�ùcè#ç�ö#ã/�Bùhú#ã¥æÁã^ü¨ç3è&ö ô¹üKú&åbþ%öm!åbùhú¸ïyð·üKú&å%þbö�x8�o!ú&åbþbã�ùhú#ã�áKå=�3ú�ù
ú&ï]è&ö�æhå%ö#ã�ý¥ã^ï]è0æix���áhç3ý*ùhú&ã[ü��&áháhã^è�ù�è#ç�ö#ã/��ùhú#ãcæÁã^ü¨ç3è&ömô¥üKú&åbþ%ö¦å=�Yåÿù/ú&ï]æ�ï	ð�üKú&å%þbö�x8�)øEáhã^ö0åbüsïrùÁã^æ/ïráhãcè#ç]ù
ü¨ç3ý�ýA�#ùhïrùhåÿä]ã/�
p�ú#ã�ï����&áhãsä�åbïrùÁã^öÔæc!�è8ùhïUõ¦üsï]èÔï]þbæÁç�þÿã^ï]ö¦ùÁç�ý¡åbæÁùhï��]ã^æ��5µ µ,ð�ñ ñ/òQóYi ý ö#ç�ã^æ�è#ç]ù�áhãsù��#áKè¦ùhú#ã!ô���ùhúy�<ç�ç/��åbè¡ùhú#ã
ö#ç�ü��&ý¥ã^è�ù�� � ù��]ãsùhæ¡ã¨õ�û0ï]è0ö#ã^ö åbè�ùÁç$µ�î8øj�Dê�ø���î8ô��"õ	kDñ�öjkj��ø8ímlFï ï���ñ�î8ø µ"êBëoìNí�î5ïDï-ð"ñ ñ/òQó;i ý �ú&åbüKúâáhãsù��&áKè&æ
ùhú#ãµô���ùhúyð�ñDñ�ò¦ç/�Cãsä]ãsá�!�ö#ã^æKü¨ã^è&ö&ï]è�ùQ��áKç3ý*ùhú#ãµáhç�ç]ù��qp�ú#ãµü¨ç]áKáhã^ü¨ù!ã¨õ�û&áhã^æhæKåÿç3è�åbæ ç µDµ�ð�ñ ñ�ò é óYi ý �
÷[ø@ïrùhú åbæ�ï�ä]ãsá<!ðû<ãsáKý�åbæKæhåÿä]ã�þbï]è����&ï��]ã�!ú#ãsáhã�ç]û<ãsáKïrùhåÿç3è&æ[ïráhã¥ö#ãsôÄè#ã^öðç3è·ï]þ%ý¥ç3æÁùcï]èN!Éù@!�û<ãA�åÿùhú6æÁç3ý¥ã
åbý¥ûÄþbåbüsåÿù)ü¨ç�ãsáKüsåÿç3èÔá<�&þÿã^æ^óYè#ç�ö#ã^æÁãsùhæ�ú&ï^ä]ãcïK�<ç�ç3þÿã^ï]è¡äUï]þ§�#ã�éÚã^ý¥û0ù@!�ãB� �&ï]þbæq�Úï]þbæhãZò n�ãB� �&ï]þbåbù@!�ï]è&öÔåbè#ãB� �&ï]þbåÿùÇ!
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�<ãsù@�ãsã^è¡è#ç�ö#ã^æÁãsùhæ:ïráhã!ö#ãsô0è&ã^ö¥åbè�ï]è¥ã¨õ#åbæÁùÁã^è�ùhåbï]þ"�ïB!/��ãsùhü�� v ��ç]áKý¡ï]þ#æÁã^ý�ï]è�ùhåbüsæ(�Úç]áE÷[ø@ïrùhúÔüsï]è��<ãi�Úç��&è&ö
åbè '*�/6�+-� � ù�åbæ!åbý¥û<ç]áhùhï]è�ù/ùÁç_�]ãsãsû6åbè¹ý�åbè0ö�ùhú&ïrù!÷[øCïrùhúÉåbæ!ï¡è&ïNä�å=�3ïrùhåbç3èðþbï]è"���0ï��]ã�ï]è&öðåbùhæ/û��#áhû<ç3æÁãµå%æ/ùÁç
åbö#ã^è�ùhå=�V!¦ï�æ<�"�0æÁãsù�ç/�Cùhú#ãµè#ç�ö#ã^æ�åbè0æhåbö#ã[ï��3åÿä]ã^è¹ö&ç�ü��&ý�ã^è8ù��
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%&�&å%þÿù�åbæ@ï[è#ã�»û0áhç]û<ç3æhï]þ8ùhú0ïrùJ2�ï]æCåÿùhæCè&ï]ý¥ã�åbý¥û0þ%åÿã^æC2��'ç]áKáhç�!æYùhú#ãG�<ã^æÁù��Úã^ïrù��#áhã^æ��Úáhç3ý æÁãsä]ãsáKï]þ#þbï]è����&ï��]ã^æ
x8XVR$PrqqP�L?XVRsq�UNX`ª�UutGf8XZ\tOid�f�M^WgX-Mg£Aª�P�R$ª<S/Y�±�XZRoM�XVRBb^S/W�Y�P/O`XaS�R0b�WcS�Y ¨�XV°�M^W�£�M_¨�P/O-P?£^S�f8Wcª�Mg£AXZRTO-SePed�f�M�W�L
W�Mg£�f8\tOvqnX`OVU�PuRCM+q £gO`Wgf�ªBO`f8WcM S¥b~XVOV£wS�qnRNx�'*)/+-� p�ú#ã¸û&áhç]û<ç3æhï]þ�ï]ö&ö#áhã^æKæÁã^æ�ï]þbþ�ùhú#ãw�D�#ãsá<! áhãB� �&åÿáhã^ý¥ã^è�ùhæ
û��"�Äþbåbæhú#ã^ö&� ! H �mw�'*�rñ/+-�©�#áKç3ý ï�ö&ïrùhï��0ï]æhã�û<ç3åbè�ù(ç/�&ä�åÿã�	�Uùhú#ã�ü¨ç]áhã�ç/�C%&�&åbþbùBáhã^ï]þbþ=!µåbæYü¨ç3ý¥û&áhã^ú&ã^è&æhåÿç3è&æF' ì/+
éÚärïráKåbï��0þÿãn�Äåbè&ö&åbè��3æ��NåÿùÁãsáKïrùÁç]áTæTò<ç3è�ùÁç]û�ç/�#÷[ø@ïrùhú�éÚç/� > ã^ü¨ù@ý�ç�ö#ã^þ-�Zè&ïNä�å=�3ïrùhåbç3èÄò���!åÿùhú&åbè[ï�ý¥ç�ö&ãsáKè&å=ssã^öK��%&#Bí
åbæhúx��ø8íDø"ê�õ	kylDö8ñ�z{k�|Dë�øNö8ø3íPþbå=�]ã[ü¨ç3è&æÁùÁá��&ü¨ùK�¤�#ç]ácï_�`�&þbþYö#ã^æhü¨áKåbû&ùhåÿç3è�ç/�Eùhú&ã�û&áKç]û'ç3æKï]þa�ÄæÁãsã?'*),+-� � èÉùhú#ã�áhã^æÁù
ç/�:ùhú&ã�æÁã^ü¨ùhåÿç3èw�ã�!åbþbþ@ï]ö&ö#áhã^æKæ�ùhú&ã�æhï]þbåÿã^è�ùcï]è&ö·ý¥ç3æÁùcåbè�ùÁãsáhã^æÁùhåbè��0�Úã^ïrù��#áhã^æµç/�:ùhú#ã�þbï]è����&ï��]ã/�J�Úáhç3ý ç��#á
åbý¥ûÄþÿã^ý¥ã^è�ùhïrùhåÿç3è�û<ç3åbè8ù�ç/�Cä�åÿã�	�
� è&æhåbö#ã�ï1%��&åbþÿù¤�D�#ãsá<!/�'ùhú&ã�ã^è�ùÁá�!ðû<ç3åbè�ù!ùÁç�ï]è6÷cîm# ùÁáKãsã�å%æ¤î8ñ�ê�÷yzTø��"õT�¤î ñ�ê�÷yzCø��"õ ç b,ì,õ"ø"z��}
;~�zCí�b é !åbþbþ
áhãsù��#áTè�ùhú&ã�áhç�ç]ù)è#ç�ö#ã�ç/�Äùhú#ã/ü¨ç]áháhã^æÁû<ç3è&ö0åbè"�!ö#ç�ü��&ý¥ã^è�ù��n�#áhç3ý ùhú#ã^è�ç3è4�]ùhú&ã�ö&ç�ü��&ý�ã^è8ùCüsï]è��<ã�è&ïNä�å]�3ïrùÁã^ö
�&æhå%è"��÷[øCïrùhú4� v æ/ï]è¦ã¨õ#ï]ý¥û0þbã/� �ã[û&áhã^æÁã^è�ùG�<ã^þÿç� ï�æÁç3þ]�#ùhåbç3è¡ùÁçstGf�M^WgLv����áKç3ý?ùhú&ã H �mw��&æÁã¨íPüsï]æhã^æ3'*�rñ�+
éÆæÁã^ü¨ùhåÿç3è���ò5!åÿùhúÔùhú#ãcæhå%ý¥û0þbåÿô0ã^ö¡ü¨ç]áháhã^æhû'ç3è0ö&åbè"���&pQ�[æµé`�@å]���#áhãcì�ò��qp�ú&ã&�0æÁã¨íPüsï]æÁãµåbþbþ§�&æÁùÁáKïrùÁã^æ�ùhú#ã	�&æhã�ç/�
%&�&å%þÿù�ùÁçy�D�#ãsá<!¦áhã^þ%ïrùhåÿç3è&ï]þ(ö&ïrùhï¡ï]è&ö�ùhú#ãµã¨õ#ï]ý¥û0þÿãµå%æG�0ï]æÁã^ö�ç3èÉï�ô0ü¨ùhåÿç3è&ï]þ(ï/�0ü¨ùhåÿç3è¹æhü¨ã^è&ïráTåÿç�!åÿùhúe�0æÁãsáKæ��
åÿùÁã^ý�æ!ï]è&ö?�0åbö0æ��

åÿùÁã^ý�æ�� ö#ùhö
�	� '&#2'&E&'&)+,��4�+�$��� �B���&�$��� �2�2���2�.�.�4�
�	� '&#2'&E&'&)+,��4�+�$��� � �&���2���B���&�$�������_�+�.�&���.�4�+���2�4�����
�	� '&#2'&E&'&)+,��4�+�$����� ��� = ��%+*&,&*��4�
�	� '&#2'&E&'&)+,��&�.�&�����$�+���2��� ��� = ��%+*&,&*��4�

�Äåbö&æ�� ö#ùhö
�	� '2#&'&E&'&)&,��"����� �W�"���.� � �&���2�.�+���
�	� '2#&'&E&'&)&,��"���.� � �&���2���_��� �2����� �B���+�$�.�����¡�"�������
�	� '2#&'&E&'&)&,��"� �2���4� ��� = ��%+*&,&*��4�
�	� '2#&'&E&'&)&,����+�$���.� ��� = ��%+*&,&*��4�
�	� '2#&'&E&'&)&,��"��� ��� = ��%+*&,&*��4�

�Cå=���#áhãcì#óF�#åbý¥û0þbåbô&ã^ö_�&pQ�[æQ�Úç]á�ùhú#ã H �mw �0æÁãµüsï]æÁã
p�ú#ã/ûT�#áhû<ç3æÁã�ç/�Äùhú&ã}�D�&ãsá�!�é`�Cå=���&áhã})3òCåbæ)ùÁç�ü¨ç3ý3�0å%è#ã�åbè"�Úç]áKý�ïrùhåÿç3è��Úáhç3ý �<ç]ùhú0ì�õ8ø�z��¢
Y~�zoí[ï]è&ö�ðCì/î��}
Y~�zoí
ô0þÿã^æB�Qp�ú#ã > ç3åbèðå%æ!û<ãsá��Úç]áKý¥ã^ö�ç3è ì�õ8ø�z ��ñ6éÆþbåbè#ã3:3ò��¤p�ú#ãA�D�#ãsá<!�æKú#ç��&þbö?�<ã�áhã^ï]öÉï]æI�Úç3þbþÿç��æ��¤£EïráKåbï��0þbã¦¥"ì
�0åbè0ö&æ�ùÁç~ì�õ8ø�z õN÷��TíDø�è#ç�ö#ã^æ¤��áhç3ý ùhú#ã0ì�õ8ø�z§
;~�zCíÔö&ç�ü��&ý�ã^è8ù¥éÆþbåbè#ã�)3ò��K�&ç]ácã^ï]üKúêåbè0æÁùhï]è&ü¨ã/�BärïráKåbï��0þÿã¨¥�ð
�0åbè0ö&æ�ùÁç�ïcþbåbæÁùCç/��ðCì/î õN÷��TíDø&��áKç3ý ðCì/î��}
Y~�zoí[æ��&üTú¥ùhú&ïrù)ùhú#ã&ì�õ"ø"z	��ñcäUï]þ]�&ã�åbæCùhú#ã�æhï]ý¥ã�ï]æEùhú#ã/ç3è#ã�ç/�'ùhú#ã
ü��#áháKã^è8ù�åbè0æÁùhï]è&ü¨ã¦éÆþbå%è#ã	:3ò��5�#ç]á�ã^ï]üKúÉåbè&æÁùhï]è&ü¨ã�ç/�©¥"ì�ï]è0öe�Úç]á�ã^ï]üKú¸åbè&æÁùhï]è0ü¨ãcç/�ª¥�ð4�&ï¥ù��#û0þÿãµå%æ�û&áhç�ö��&ü¨ã^ö4�
p©�#û0þÿã^æ[ïráhã�ùhú&ã^è6û&á<�&è#ã^ö�� !ðùhú#ã¦«�¬ y® Éüsþbï/�0æÁã¹éÆþbåbè#ã_9]ò����#ç]áµã^ï]üTúêù��#ûÄþÿã/�(ï�¯"ì,õ"ø"z õ�÷���íDø �Ôã^þÿã^ý¥ã^è�ùµåbæ
ü¨áhã^ïrùÁã^ö éÆþbåbè#ã�73ò�!åÿùhú���üTú&åbþbö#áKã^èBó[ùhú#ã?ì�õ8ø�z ��ñ éÆþ%åbè#ã�ësñ8òcï]è&ö î ø��Nê�öTì��"õ�ì�ñ�� éÆþbåbè#ã�ë]ëNòµüKú&åbþ%ö#áhã^è6ç/��ùhú#ã
è#ç�ö#ã��<ç��&è&ö¸ùÁç°¥"ìÔï]è&öêï�è&ã�Ñã^þÿã^ý¥ã^è�ù±¯,ëoì�²/ë ðoì/î ���Ap!ú#ã�ü¨ç3è8ùÁã^è�ùµç/��ùhú#ã�þbïrùÁùÁãsá�åbæ[ã^åÿùhú#ãsácùhú#ã¡ã^ý¥û&ù@!
æÁùÁáKå%è"��å=��ùhú&ãµäUï]þ§�#ãcç/��¥,ð?��ç]á�ùhú&åbæ/åbè0æÁùhï]è&ü¨ãµåbæ/ùhú&ãµã^ý¥û&ùÇ!�è&ç�ö#ãµþ%åbæÁù�ç]á!ùhú#ã�äUï]þ]�&ãcç/�@ùhú&ã�ý�ïUõ#åbýK�0ý�éÆþbåbè#ã
ëB63ò���p�ú#ã�û&áhç�ö��&ü¨ã^ös¯8ì�õ8ø�z õN÷��TíDø��¦ã^þÿã^ý�ã^è8ùhæµïráKã�æhç]áhùÁã^ö~�D! ì,õ"ø�z ��ñ·éÆþbåbè#ã�ëB�3ò�ï]è&ö6æ��#áKáhç��&è&ö#ã^öm�D!¸ï]è

ì



ç��#ùÁãsá¡¯/ö"øj��÷Tí/õj��éÆþbåbè&ã^æQ��ï]è&öêëB)3ò��
%&�#ãsá�!?6 ���Úáhç3ý H �mw �&æhãµüsï]æÁã^æ�é��[ò

³ Þ,Þs´�Ø�Ýâvr}r}~å��U�+µ��Z}Zz8u·¶�}3�Uus{ê{Uw8z �¨{3z^Üâ�rxBÜNå8z;Ý�¶��]z8ur��Ý��®�]{��BØ^�êvN�3�
¸ w��¨yUw8z8u¨{~å#�s� ÙT��ä vN��µ Ú�¶�Ø;Ý]�]z;Ý]zU��å�µ �¨{3z^Üâ�rxBÜNå8z;Ý@~AÞ,Þ
¹ º Ý3z8u¨x�}^{y»
¼ Ù
½ ´y¾.¿ÁÀ3�uÂ&Ã»�/Ø8�®x�Ü�zN�]{4Ù&ÄZ�¨{3zgÜ0u'~aÛ�Ü�}�ÄBÚ Ã�Ã �®{]z^Ü	Ås{UxU�8}Zz
Æ Ç�È�É À�å ÎBÊ �/Ø8�®x�Ü�zN�]{4Ù&Ä<å#�s�8u<~`ÛBÜ�}�Ä;Ú Ã�Ã å��¨��ÅN{UxZ��}Zz Ò �¨{3z�Ü8��Ø Ê À8� Ã �¨{]z^Ü8�NØ Ó
Ë Ì�Í È ¿ È ��ØN�r{3v��®��u�Ù$À8� Ã �rz8ur��Ý��®�r{���Ø^�@¶vÄ�Î#�Z�+µ��Z}Uz�Ä;Ú
Ï ¿ È�É"Ð ¿�Ã
Ñ º �¨{]z^Ü	ÅN{UxU��}Uz�»
³WÒ À8� Ã �¨{3z^Ü8��ØÓ¶
³�³ À8� Ã �]z8ur��Ý��®�]{��BØ^�Ô¶
³_¸ Â&´ Ù$ÀBå"Ú É Í È Ã º w#�¨yUwyÅBå#�s�m»_Ü�v;ÛJÙ]ÀBå Ã å#�¨� Ú º Ã w#�¨yUw�Å�å#�s�m» È�Ç�Õ"È Ä�Ä
³W¹ º Ã �®{3z^Ü	ÅN{Zxr��}Uz�» Õ ¾�¿ É Î�Ö ÙT�¨{]z^Ü8�NØDÚ
³ ¼ Ú
³_½ º Ã Ý3z8u¨x8}N{y»

�Cå=���#áKã�)�ói%&�#ãsá�!16

p�ú#ã�æhã^ý�ï]è8ùhå%üsæµç/��ùhú#ã¡þbï]è����&ï��]ã¡åbæcæhå%ý�åbþbïrá[ùÁçð÷cî�#Bí�%&# '³9;+-�Ø×jÙ�®�µmÚ��Ûðüsþbï/�&æhã^æ�ü¨áhã^ïrùÁãÔï]è·ç]áKö#ãsáhã^ö þbåbæÁù
ç/�)ù��#û0þbã^æ�éÚç3è#ã�ô&ã^þböe�Úç]á!ã^ï]üTú¸äUïráKå%ï��0þÿãZò n0ùhú&ãÜ«�¬��®��üsþbï/�&æhã�û&á<�0è#ã^æ�åÿù+n'ùhú#ãÜ® �ÛmÝ ®�Þ�üsþbï/�&æhãµùÁáKï]è&æc�Úç]áKý�æ�åÿù
åbè�ùÁç¥÷[î�# éÚùhú#ã�üsþbï/�&æhãµüsï]èe�<ãcæÁãsã^èðï]æ�ï�ùÁã^ý¥û0þbïrùÁãZò��
H ãF�ï]è�ùYùÁç[ý�ï��]ã�ùhú#ã5��ç3þbþbç�!åbè���áhã^ý�ïrá���æ��¢ß�ã^üsï/�0æÁã}%&�&åbþÿùJ�0æÁã^æ�÷[øCïrùhú�ï]è&ö	�<ã^üsï/�&æÁã�÷[ø@ïrùhú�åbæYï�û<ç��ãsá��`�&þ
è&ïNä�å=�3ïrùhåbç3è�þbï]è"���&ï��]ã/� �D�&ãsáKåÿã^æ)üsï]è��<ãµéÚáhãZòÇ�áTåÿùÁùÁã^è�åbè¥ý�ï]èD!�ö&åtr<ãsáhã^è8ùn�T�#ùCãB�D�&åbäUï]þÿã^è�ùn�ïB!�æ��n�#ç]á�åbè0æÁùhï]è&ü¨ã
åbè¥ý�ï]èD!¥üsï]æÁã^æ&àB��÷�øCïrùhú�û0áhã^ö&åbüsïrùÁã^æ�üsï]è��<ã/áhãsû0þbï]ü¨ã^ö��D!�%&�&åbþbù@«�¬ y® �üsþbï/�0æÁã^æEï]è&ö¥ä�åbü¨ã¨íoä]ãsáKæKï8� � �C�ã�þÿç�ç/�
ïrù3%&�&åbþbù!åbè¸ï¦û0áhç�ü¨ã^ö��#áKï]þ�éÚáKïrùhú#ãsá[ùhú&ï]è6ö#ã^üsþbïráKïrùhåbä]ãZòI�ï�!/�Bùhú&åbæ�üsï]è·ý�ï��]ã¥ïy�Äå=�Ôö0åtr'ãsáKã^è&ü¨ã�åbè¸ùÁãsáKý¡æ�ç/�
û<ãsá��Úç]áKý�ï]è&ü¨ã/�
%&�&å%þÿù5� �#ãsáKåÿã^æ�û0áhã^æÁãsáhä]ã[ç]áKö#ãsá�� � ù�åbæ�åbý�û'ç]áKùhï]è8ù�ùÁç��<ã^ïrá/åbè�ý�åbè&öÔùhú&ïrù/ç]áKö&ãsá�åbæ�è#ç]ù�ï]þ=�ïB!�æi�ã^þ%þ'ö&ãsô0è#ã^öBó
ú#ç; æhú#ç��&þ%ö1�ãµç]áTö#ãsá�è#ç�ö#ã^æ�ü¨ç3ý�åbè�����áhç3ý ù@�ç¦ö&åtr<ãsáhã^è�ù�ö#ç�ü��&ý¥ã^è�ùhæ á
%&�&å%þÿù�ç�r'ãsáKæ�ïvâ8ã�ämÛ{ã"Þ	åmÛ_�]ã�!D�ç]áKöÉùÁç�áhã^ý¥çZä]ã�ö��&û0þbåbüsïrùÁã^æ��5p�ú&åbæ�áKï]å%æÁã^æ/ù@�ç¦å%æhæ��#ã^æ��F�CåÿáKæÁù��#ùhú#ã�è#ç]ùhåÿç3è¹ç/�
è#ç�ö#ã�ãB�D�&ï]þ%åÿù@!Ôú&ï]æ�ùÁç��'ã[ö#ãsô0è&ã^ö4� v û&ûÄïráhã^è8ùhþ]!�ùhú#ã[ç3è#ã&��áKç3ý?÷[øCïrùhú¹ú&ï]æG�<ãsã^è�üKú#ç3æhã^è1!ú#ãsáhãcè#ç�ö#ã^æ�ïráhã
ü¨ç3ý¥û0ïráKã^ö¹ï��3ï]åbè&æÁù!ùhú#ã^åÿá&£gO`WgXVRDh0°,P�\Àf�M^�F��ã^ü¨ç3è&ö4�0ö��&û0þbåbüsïrùÁã[ã^þbåbý¡åbè&ïrùhåÿç3èÔö#ç�ã^æ�è#ç]ù�û&áKã^æÁãsáhä]ãµç]áKö&ãsáB�
v æ�ïÔü¨ç3è�ä]ã^è&åÿã^è�ù[æKú#ç]áhùhú&ï]è&öJ�4%&�0åbþÿù�ç�r<ãsáKæ�ùhú#ã�ïráháhç� ç]û<ãsáKïrùÁç]á�éBk���ò�ùÁç�ö#ãsáhã��Úãsáhã^è&ü¨ãrã�â�®��× éÚùhú&åbæ�åbæ�þbå=�]ã
ùhú#ã�ì/î ç�é ç]û<ãsáKïrùÁç]á!å%è¦÷[øCïrùhúÄò�� � è0�<ç]ùhú�üsï]æÁã^æ��&ùhú#ãcç]û<ãsáKïrùÁç]á�üsï]è�ç3è&þ=!_�<ã[ãsärï]þ]�&ïrùÁã^ö¹å=�YæÁç3ý¥ãµæÁùÁá<�0ü¨ù��#áKï]þ
åbè"�Úç]áKý�ïrùhåbç3è é`�&pQ�A�(÷cî�#Bí���üTú#ã^ý�ï]æ��Yãsùhü��kòâï��'ç��&ù�ùhú&ã¥÷[î�#
ö#ç�ü��&ý¥ã^è�ùcåbæcï^ärï]åbþbï��Äþÿã/�A�&ç]á�åbè&æhùhï]è&ü¨ã/�(åbè
ùhú#ãcû&áKãsä�åÿç��0æ�ã¨õ#ï]ý¥û0þbã/�&å=���ãµï]æhæ��&ý�ãcùhú&ïrùF÷8�/øNö�ì/î�åbæ/è#ç]ù�ï]èðæ��"�#íoã^þÿã^ý�ã^è8ù/ç/��ðCì/î õN÷��TíDø����#ù/ï]èæã"â�® �×
ïrùÁùÁáKå=�T�#ùÁã/�Bùhú#ã¥ã¨õ�û&áhã^æhæhåbç3èeðoì/î õN÷��TíNø8µDÿ�÷���øNöTì�î	k��¡ú&ï]æcè#ç¹ý�ã^ï]è&åbè"�0�<ã^üsï/�&æÁã¥ùhú#ã�� �#ãsá�!¹ãsärï]þ]�&ïrùÁç]á�ú&ï]æ

³�ç CYC]è ��é�ê¤��é�� ?BA � ?�ë}ì � ?BA§è � C ����9$� ?BC ���4� C ��í�î ?Bï�C2ð

)



è#çµüsþ]�&ãi!ú#ãsáhã/ùÁç�þbç�ç/�A��ç]á�� H åÿùhú�æhç3ý¥ã�æÁùÁá<�&ü¨ù��&áKï]þ#åbè"�Úç]áKý�ïrùhåÿç3èJ�]ùhú#ã�ãsärï]þ]�&ïrùÁç]áq�åbþbþ�þÿç�ç/�A�Úç]á}OVU8M	M�\=M�Y�M�R�O
ùhú&ïrù!ú0ï]æ�ï]è¹ïrùÁùÁáKå=�T�#ùÁãcç/�Cù@!�û'ãØã�â0!åÿùhú�ï¥ärï]þ]�#ãcãB� �&ï]þbæ/ùÁç¡ùhú#ãcäUï]þ§�#ãcç/�)ïrùÁùÁáKå=���#ùÁã¤÷��/ø�öTì�îT�

ñ òôó ÈEÈ:ÏÁÖ

õ��@� �·F�� � D�7 ¡¦A �;p ���,�Tö�A�

p�ú#ã3�]ç3ï]þ(ç/�(���ãsã^þÿù!åbæ!ùÁç¡û&áKçNä�åbö#ãµï�ý¥ç�ö��&þ%ïrá!ï]è&ö�ã¨õ�ùÁã^è&æhå=�Äþÿã���áTï]ý¥ã��ç]á<��ùÁçy� �#ãsá�!Ô÷[î�#(�T!ú#ãsáhã3�0æÁãsáKæ
üsï]è¹áKãsû0þbï]ü¨ãµï]è&ö�ã¨õ�ùÁã^è&ö¹ü¨ç3ý�û'ç3è&ã^è8ùhæ�ï]æ/ùhú#ã�!�æÁãsãµô&ù��
÷�ø�ù¢ú Ý ú ÛZØÚÜ·ûýü ø Û þ ø�ø û�ÿ�� ø ÝNÞ ø û��'Ø�û ø°ú û�� ÙsÛZÜ0Ý ú � ø�� Ü��	��
 ø
p�ú#ãðô&áKæÁù¡ü¨áTåÿùhåbüsï]þ!ö&ã^üsåbæhåÿç3èu�ï]æ¦ùÁçâåbæhç3þbïrùÁãðü¨ç3ý¥û0þbãsùÁã^þ=! ùhú#ã�� �#ãsá�! ã^è"�3å%è#ãe�Úáhç3ý ùhú#ã¸æÁùÁç]áKï��]ã6ý¥ç�ö��&þÿã/�
p�ú#ãK��ç]áTý¥ãsácåbæ�áhã^æhû'ç3è0æhå=�0þÿã��Úç]á[û0ïráKæhå%è"�"�Äý�ï]æKæhï��3åbè"��ï]è&öÉãsäUï]þ]�0ïrùhåbè"�y� �#ãsáKåbã^æ+nÄùhú&ã�þbïrùÁùÁãsácåbæ�åbè¸üKú&ïrá<�]ã�ç/�
ý�ï]è&åbû��&þbïrùhåbè���÷cîm#q��p�ú#ã��&áTåbö"�3åbè"�A�<ãsù@�ãsã^èe�<ç]ùhú¹åbæ/ï]üsü¨ç3ý�û0þbåbæhú&ã^ö�ä�åbï�ärïráKåÿç��0æ v ø � æB�
p�ú&å%æ�ö#ã^æKå=�3è¡û<ãsáKý¡åÿùhæ:ùÁç��&æhã[ýA�&þÿùhåbû0þÿã!æÁùÁç]áTï��]ãµý¥ç�ö��&þÿã^æ���ãsä]ã^è?!åÿùhú&å%è�ùhú#ãcæhï]ý¥ã�� �#ãsá�!/� H ã[ùhú&åbè��¥ùhú&åbæ�åbæ
ïµáKã^ï]þbåbæÁùhåbü/ï]æKæ��&ý¥û&ùhåbç3è��<ã^üsï/�&æÁã!÷cî�#Éö#ç�ü��&ý¥ã^è�ùhæ�ú&ï^ä]ã�ï]þbþ0æÁç]áKù:ç/�Bæhú&ïrû<ã^æ���æhå=ssã^æ���ö��#áKï��0å%þbåÿùhåÿã^æCï]è&ö¡ùhú#ãsáhã
åbæ�è#ç¸ç3è#ã¨íPæhå=ssã¨íoô0ùhæmíPï]þbþG�ïB! ùÁçêý¡ï]è&åÿû��&þ%ïrùÁã¡÷cîm#q�)îðç]áhãsçZä]ãsá¡û<ãsç]û0þÿã0!ú#ç6ï]þÿáhã^ï]ö"!»ú&ï^ä]ã�ùhú#ã^åbáA�Æï^ä]ç]áTåÿùÁã
ùÁç�ç3þbæ�ïráhãÔý�ç]áhãÔþ%å=�]ã^þ=!6ùÁç¸ï]ö&ç]û&ù�ï¸è#ã� ùÁã^üKú&è&ç3þÿç/�/!»å=��åbù�åbæ�è#ç3èâåbè8ùÁá��&æhåÿä]ã¡ï]è0ö»ü¨ç3ý¥ûÄïrùhå=�0þÿãy!åÿùhú»ùhú#ã^åÿá
\]M-hNPNª�LcùÁç�ç3þbæ��
p�ú&å%æ�ï]þ%æÁç¥û<ãsáKý�åÿùhæ�ùÁç�ý�ï��]ã�æhç3ý¥ãµåbý¥û&áKçNä]ã^ý¥ã^è�ùhæ/ç3è�ç3è#ãµæKåbö#ã&!åÿùhú�è#ç¥åbè�ùÁãsá��Úãsáhã^è&ü¨ãcç3è�ùhú&ãcç]ùhú#ãsáB���ã�
æÁùÁç]áKï��]ã�ý�ç�ö��0þÿã^æCüsï]è��'ã�åbý¥ûÄþÿã^ý¥ã^è�ùÁã^ö�n]ùhú#ãi�D�&ãsá�!�ã^è"�3å%è#ã�üsï]è��<ã/åbý¥û0áhçNä]ã^öA!åÿùhú�è#ã� þbï]è����&ï��]ãi��ã^ïrù��&áhã^æ
ç]á�è&ã� ç]û&ùhåbý�å]s^ïrùhåÿç3è&æ+n#ï]è&ö�ãsä]ãsá<!�ùhú&å%è"��!åbþ%þÄæÁùhå%þbþo�ç]á<�ÔæÁã^ï]ý¡þÿã^æhæhþ=!/�0û&áhçNä�åbö#ã^ö�ùhú0ïrù!ü¨ç3ý¥û<ç3è#ã^è�ùhæ!ü¨ç3ý¥û0þ]!
!åÿùhú�ùhú&ã v ø � �
�rø û ø ÝrØ��������ÀÙsÛZÜ0Ý ú � ø
� èy���ãsã^þÿùF�ãcï]ö#ä]ç�üsïrùÁãcïA�]ã^è#ãsáKåbü¤�D�&ãsá�!¥ã^è"�3åbè#ãI!åÿùhúÔï3�]ã^è&ãsáKåbü�æÁùÁç]áKï��]ãcý¥ç�ö��&þÿã/�©ßF!��]ã^è#ãsáKå%ü�� �ã[ý¥ã^ï]è
ùhú&ïrù�ùhú&ã¹æhú&ïrû<ã�ç/��ùhú#ã�÷cî�#Àåbæ¥è&ç]ù���è#ç;!è åbè ï]ö#ärï]è&ü¨ã^ö ï]è0ö ùhú#ãsáhã��Úç]áhã�ãsä]ãsá�! ö#ç�ü��&ý¥ã^è�ù�ú&ï]æ¥ùÁç��<ã
û&áhç�ü¨ã^æhæÁã^ö�ï]æ�ï�ùÁáhãsã/�qp�ú0åbæ�åbæ�ùÁç��<ãcü¨ç3è8ùÁáKï]æhùÁã^öe!åÿùhú�ïrû0û&áhç3ï]üKú&ã^æ�æ��&üTú¹ï]æI�8p . � æ � '*´,+-�T��å%þ=���!ç��#ùÁã�'tëB�,+
ç]án�<ßG6�÷cî�# æ õ�ùÁã^è&ö#ãsá���ùhú&ïrùCö#ãsô0è#ã�ï[ö#ç�ü��0ý¥ã^è8ùCæÁû<ã^üsåÿô0ü�ý�ïrû&û0å%è"�Q�Úáhç3ý ÷[î�#�ùÁç[áhã^þbïrùhåÿç3è0ï]þa� H åÿùhú�ùhú#ã
�]áhç;!åbè"�cè �&ý3�<ãsáCç/�<þbå=�3ú�ù@�ã^å=�3ú8ù��Úáhãsã�ö&ïrùhï��0ï]æhã�ý�ï]è&ï��]ã^ý¥ã^è�ùhæ:æc!�æÁùÁã^ý�æ)ï]þbáhã^ï]ö"!�ïNäUï]å%þbï��0þÿãG�Úç]áEåbè&ö&åÿä�åbö��0ï]þbæ
ï]è&ö6ü¨ç3ý¥û0ï]è0åÿã^æ��o�ã�ùhú&å%è"��åÿù�ý¡ï��]ã^æcû<ãsá���ã^ü¨ù[æÁã^è&æhã�ùÁç�þÿãsä]ãsáKï��]ã¥ç3è¸ùhú#ã^ý �Úç]á&�]ã^è#ãsáKåbü�÷cîm# û0áhç�ü¨ã^æKæhåbè"�"�
��ãsãy'*6/)�+�ï]è&ö '*6�9;+��Úç]á!ï�ö0åbæhü��&æhæKåÿç3è¦ï]è0ö¹ü¨ç3ý¥û0ïráKå%æÁç3è�ç/�@÷[î�#»æhùÁç]áKï��]ã�æÁùÁáTïrùÁã��3åÿã^æ��
��� ø ÿ�� ø ÝZÞ ø û��ÄØ�û ø�ú Ù ú û ú Ø�� ø Ø�û'Û ø Ý ù Ý ø ÛZÜ0Ý���Ü0Ý� ��YØ!
�Û
p�ú#ã[æÁã^ü¨ç3è&ö�ü¨áKåbùhåbüsï]þÄö&ã^üsåbæhåÿç3èy�ï]æ�ùÁç¥åbý¥ûÄþÿã^ý¥ã^è�ù:ùhú#ã�� �#ãsá�!¥ã^è"�3åbè&ã�åbèÔï�è&ï]åÿä]ã&�ï�!/�"�D!¦þÿç�ç/��åbè"��ïrù}%&�&åbþÿù
åbè¹ï�û&áhç�ü¨ã^ö��#áKï]þ<áKïrùhú&ãsá!ùhú&ï]è¹ö&ã^üsþbïráKïrùhåÿä]ãK�ï�!Äó�ùhú#ã�æÁùÁá<�0ü¨ù��#áhãµç/�Cùhú#ã3� �#ãsá�!0!åbþ%þ'ö0åbü¨ùhïrùÁã�åÿùhæ�ãsäUï]þ]�0ïrùhåÿç3è4�
p�ú#ã	� �#ãsá�!�åbæ�û0ïráTæÁã^ö¹åbè�ùÁç�ï�ï]è¹ï��0æhùÁáKï]ü¨ù!æc!�è8ùhïUõ�ùÁáhãsã�ï]è&ö¹åbè�ùÁãsáhû&áhãsùÁã^öðï]æ�åbæ/áKïrùhú&ãsá�ùhú&ï]è¹ü¨ç3ý¥ûÄåbþÿã^ö4�

¸#" �&�2�%$!&'&�()()(�-+*-,��4�4�.,��2�]�/&+�2�10&�1(322�+�4& �422�+2)& �&�35'&2�'6+�+� �&�.�2���'&'64���2�'6+�

:



p�ú#ã¹ý¡ï]åbè áKïrùhåÿç3è0ï]þÿã?�ï]æ¦æhåbý¥ûÄþbåbüsåÿùÇ!/� v è#ç]ùhú#ãsá¡ç3è#ãðåbæ¥ùhú0ïrù¡åÿù��ï]æ¡è#ç]ù�2 ï]è&ö åÿù�åbæ¡æÁùhåbþbþ�è#ç]ù�2 üsþÿã^ïrá
!ú&ïrù�ã^þbæhã�ü¨ç��&þ%öy�<ãcö#ç3è#ã/�(�&ç]áI��%&#(��ï��D�&ãsá�!_�ç��&þböy�<ã�ý�ïrû0û'ã^ö�åbè�ùÁç�áhã^þbïrùhåÿç3è0ï]þÄï]þ=�]ã��0áKï8�"���#ùF��ç]á/÷cî�#
� �#ãsáKåÿã^æ��)ùhú0åbæ�åbæ�æhùhåbþbþ�ç3è�í-�]ç3åbè"�6áhã^æÁã^ïráTüKú4�xß�ç]ùhú��ãsáhã�áhã^åbè���ç]áKü¨ã^ö$� ! ç��#á¥ö#ã^üsåbæKåÿç3è ùÁç·æ��&û&û<ç]áhù�ùhú#ã1�`�&þbþ
%&�&å%þÿùµû&áhç]û<ç3æhï]þ-�Cå%è&üsþ]�&ö&å%è"��áhã^ü��#áKæKåÿä]ãy�`�&è&ü¨ùhåbç3è&æ�ï]è0ö ç]û<ãsáKïrùÁç]áKæ¥þ%å=�]ã�ä�¬87�Ú�Ú	Ù�« ï]è&öu×·ã�Ú�Û��®êùhú&ïrù¥ý�ï��]ã
%&�&å%þÿù�þbç�ç/��þbå=�]ãµï��]ã^è&ãsáKï]þBû��#áKû'ç3æhã�û0áhç/�]áKï]ý�ý�å%è"�¥þbï]è"���&ï��]ã/�
9;: Û ø û�ÙNØ ü	
 ø�ú û�� � Ü��	��
 ú Ý<� ø ÙNØ��·û
p�ú#ã?�ÚáKï]ý¥ã��ç]á�� ú&ï]æ��<ãsã^è ã^è"�3åbè&ãsãsáhã^öu!åÿùhú ã¨õ�ùÁã^è&æhå]�0åbþbåÿùÇ!êåbè ý�åbè0ö4�:ïrù�ùhú#ã�ã¨õ�û<ã^è&æÁã�ç/��û<ãsá���ç]áTý�ï]è&ü¨ã/�
p�ú#ãÔï��0æÁùÁáKï]ü¨ù¥æc!�è�ùhïUõ»ý�ï��]ã^æ¥åÿù�ã^ï]æc!êùÁç·ï]ö&öâè#ã� ü¨ç3è0æÁùÁá<�&ü¨ùhæ�ïrù�ùhú#ãÔþbãsä]ã^þ�ç/�/ùhú&ã¦û0ïráTæÁãsá�ç]á�ä�åbïm�0æÁãsáÁí
ö#ãsô0è&ã^ö��`�&è&ü¨ùhåÿç3è&æB�©p�ú&ã�þbï]è"���0ï��]ã�üsï]èÔï]þbæÁçK�'ã�ã^è#áKåbüTú#ã^ö¡ö0åÿáhã^ü¨ùhþ=!�ä�åbïK�8ï^ärï�ü¨ç�ö#ã/�(p�ú#ã�ü¨ç�ö#ã[ú#ã^ïNä�åbþ]!��0æÁã^æ
ç/� > ã^ü¨ùmíoç]áKåÿã^è�ùhïrùhåÿç3è¸ï]è&ö�åbè&ú#ãsáTåÿùhï]è&ü¨ã[ùÁç¡ý�ï��]ã�ùhú#ãµö#ãsä]ã^þÿç]û0ý�ã^è8ù�ç/�Cã¨õ�ùÁã^è&æhåÿç3è0æ�ï]è&ö�è#ã� �Äï]ü��]ã^è&ö&æ!ã^ï]æc!/�
=¨ù ÛUØ � Ø�> ú ÛZØÚÜ{û?�PÜ��@��Ù ø � Ü·ûA�CB ú Û � Ý ú Û � ø Ý¡Û � ú ûD ��@Ø!
%Û
� è�ùhú#ã�ï��0æhã^è&ü¨ãµç/�)ï]è¹ï]þ=�]ã��&áTï���ç]á!ùhú#ã3� �#ãsá�!�þbï]è"���&ï��]ã/�&ç3è&ã�æhú#ç��&þ%ö�ã¨õ�û<ã^ü¨ù�ùhú#ã�ç]û&ùhåbý�å=s^ïrùhåbç3è�ùÁç_�<ãµï]ö�í
ú#ç�ü��Eî¹ç]áhãsçZä]ãsá/ç��#á�ï]æKæ��&ý¥û&ùhåbç3è¥ùÁç�ú&ïNä]ã�ýA�&þÿùhåbû0þÿãG�0ï]ü��]ã^è0ö&æ�åbè8ä]ç3þbä]ã^ö¡åbè¥ùhú&ã�æhï]ý¥ã¤�D�&ãsá�!��ç��&þ%ö¥áhãB� �&åÿáhã
ùÁç·ú&ï]è&ö&þbã¦ü¨áhç3æhæÁí-�0ï]ü��]ã^è&ö ç]û0ùhåbý�å=s^ïrùhåÿç3è$!ú#ãsáKãy�Úç]á�å%è&æÁùhï]è&ü¨ã�ï~� . î åbý¥û0þbã^ý¥ã^è8ùhïrùhåbç3è �ç��&þbö$�ç]á<� åbè
ü¨ç3è&ü¨ãsáhù��åÿùhúÉï�áKã^þbïrùhåÿç3è&ï]þCö&ïrùhï��0ï]æhã/�Kp�ú#ã�ïráKüTú&åÿùÁã^ü¨ù��#áhã�ç/�G���ãsã^þÿùcö#ç�ã^æ[è#ç]ù&�Úç]á��0åböÉùhú&åbæ[æhåbù��&ïrùhåÿç3è����#ù
áKïrùhú#ãsáG�Úç�ü��0æÁã^æ�ç3è�÷�øCïrùhú�ç]û&ùhåbý¡å=s^ïrùhåÿç3è4��åa�¿ã/�)ùÁá�!�åbè"��ùÁç¥ãsäUï]þ]�0ïrùÁã¤�Äåbè&ö&åbè��cã¨õ�û&áKã^æhæhåÿç3è&æ[é Ú��Û¡ï]è0ö ×jÙ�®&ò:ï]æ
ã�E¡üsåÿã^è�ùhþ=!�ï]æ)û<ç3æhæhå=�ÄþÿãZò�� . �&áE�!ç�ö#ãQ�&ï]ü¨ùÁç]á�! v ø � ü¨ç]áháhã^æhû'ç3è0ö&æ@ã¨õ�ï]ü¨ùhþ=!�ùÁçµ÷[øCïrùhú¡è&ïNä�å]�3ïrùhåÿç3è¥û&áKå%ý�åÿùhåÿä]ã^æ��
F ø 
 ø � ú ÛZØÚÜ·û
���ãsã^þÿù[ùÁáKåÿã^æ�ùÁç�ö#ã^þÿã��3ïrùÁã�ï]æcýA�&üKú~�ç]á��¸ï]æ�åbù[üsï]è6ùÁç�ùhú#ã��0ï]ü<�]ã^è&ö4�4���&ù�ïrùcùhú#ã�æhï]ý¥ã¥ùhå%ý¥ã�û0áhçNä�åbö#ã^æ[ï
üsï]þbþ=�Äï]ü�� ý¥ã^üTú&ï]è&åbæKý åbè»üsï]æÁã�ùhú#ã0�0ï]ü��]ã^è&ö üsï]è&è&ç]ù�û<ãsá��Úç]áKý ïm�3åÿä]ã^èâùhï]æc�C�~p�ú&åbæ3�ï�!/�:ùhú#ã¦ãsäUï]þ]�0ïrùhåÿç3è
ã^è"�3åbè&ã�üsï]è��ç]á��âæÁã^ï]ý�þÿã^æhæKþ=!�!åÿùhúâä]ãsá�!»û<ç��ãsá��V�0þ�ç]á¥ä]ãsá<!»þbåbý¡åÿùÁã^ö �Äï]ü��]ã^è&ö&æB� � ö#ã^ï]þbþ=!w�ã?�ç��&þbö þbå=�]ã
���ãsã^þÿù�ùÁç¸á��&èêç3èâã^ýK�'ã^ö0ö#ã^ö»ö&ãsä�åbü¨ã^æ�éÆþbå=�]ã�øCï]þbý ü¨ç3ý¥û��#ùÁãsáKæ®ò�!åbùhú»þbå%ý�åÿùÁã^öêáKã^æÁç��#áKü¨ã^æ�éÆý¥ã^ý¥ç]á�!âï]è&ö
w�øHG[ò��0ï]þ%þ<ùhú#ã��ç]á<�0�<ã^åbè���ö&ç3è#ã��D!Ôáhã^ý¥ç]ùÁãK�0ï]ü��]ã^è0ö&æ��
ß�ï]ü��]ã^è&ö0æ/ïráhã�å%è¡üKú0ïrá��]ã�ç/��ùhú#ã�è&ç�ö#ã^æq��áKç3ý ùhú#ã�÷cîm#·ö#ç�ü��&ý¥ã^è�ùhæ���åbè�ùÁãsáTý�æ:ç/�Yè&ï^ä�å=�3ïrùhåÿç3è4��æÁùÁáKå%è"�µärï]þ]�#ã
ü¨ç3ý¥û��&ùhïrùhåÿç3è4�(è#ç�ö#ã^þbåbæhù�ç]û<ãsáKïrùhåÿç3è&æ[ï]è&ö¸ç��#ùÁû��&ù��3���ãsã^þÿù�å%æ�áKã^æÁû<ç3è&æhå=�0þbã	��ç]á[ùhú#ã¥è#ç�ö#ã^æ[ü¨ç3è&æÁùÁá��&ü¨ùÁã^ö~�D!
ùhú#ã3� �#ãsá�!/�

õ��Z� 465N��A � G]F���G3;:53F

p�ú#ã�ïráKüKú&åbùÁã^ü¨ù��#áhã�ç/�Cùhú#ãA���ãsã^þÿù}�ÚáKï]ý¥ã��ç]á���åbæ�û0áhã^æÁã^è�ùÁã^öðåbèe�Cå=���&áhãK:�2�þÿã��Úù��ip�ú#ã�ü¨ç]áhã�ç/�)ùhú#ã�æc!�æÁùÁã^ý åbæ
ùhú#ã¤���ãsã^þbù:ã^è"�3åbè&ãQ!ú&åbüTú¥û0ïráKæhã^æ:ï]è&ö¡ãsäUï]þ]�0ïrùÁã^æG%&�0åbþÿù)ã¨õ�û&áhã^æhæhåbç3è&æ���p�ú#ã�ç]û&ùhå%ý�å=ssãsá�å%æ:è#ç]ù:å%ý¥û0þÿã^ý¥ã^è�ùÁã^ö
!]ãsù���p�ú#ã�ã^è"�3å%è#ã�üsï]èêï]þbæÁç1�<ã�ã^è#áKåbüTú#ã^ö~� !~�8ï^ärï�ã¨õ�ùÁã^è0æhåÿç3è&æ���p�ú#ã�ã^è"�3å%è#ã�üsï]èêåbè�ùÁãsáKï]ü¨ù�!åÿùhú6ùÁç]û&íPþÿãsä]ã^þ
ïrû&û0þ%åbüsïrùhåÿç3è&æ�ä�åbï¸ùhú#ãe���ãsã^þÿù v ø � ï]è&ö��åÿùhú þÿç��íPþÿãsä]ã^þ/ïrû&û0þbå%üsïrùhåÿç3è&æ�éÚ÷[î�# �Äï]ü��]ã^è&ö&æ®ò�ä�å%ïÉùhú&ãI�!ç�ö#ã
�&ï]ü¨ùÁç]á�! v ø � �
� Ü ù�J 
 ø � ø 
<K ù¢ù 
ÚØ�� ú ÛZØÚÜ·ûYÙ p�ú#ãm��áKï]ý�ã��ç]á�� ü¨ç3ý¥ã^æy!åÿùhú ù@�ç»ú&ï]è&ö�!âïrû&ûÄþbåbüsïrùhåÿç3è&æ^ó¹ïêü¨ç3ý�ý�ï]è&ö#íPþbåbè#ã
åbè�ùÁãsá��Æï]ü¨ã éBwG# � ò�ï]è&ö ùhú&ã �K��ø-û��"�0þbå%æhú&åbè"� ã^è"�3åbè#ã
é`���ãsã^þÿù���ãsáhä]ãsáðøCï��]ã^æTò�ùhú0ïrù¹û<ãsáKý�åÿùhæ�ùÁç ã^ýK�<ã^ö
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Kweelt API
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Parser

Evaluator
OptimizerKweelt

Engine

Cache

Node Factory API

CLI

Java Ext.

XML backends

��ç�ö#ãB�0ï]ü¨ùÁç]á�! v ø � éÆæhåbý¥û0þ%åÿô&ã^öÄò
Ã�ØU�rz"´3v8�s{/Ø;Ý�µ Î Ù@å8v8�4L]zN�3� Ú

Ã/ØU�]z6y3zZ{NM/Ø8�¨x�Ü�z^�]{�¿�Ø�ØN{4Ù Õ {�Ý��T�ryÉ��Ø8�+Ã3v^Ü�zDÚ
Ã�ØU�rz Î Ù@å8v8�4L]zN�3� Ú

Ã/ØU�]z Ç �Zus{wä��®�]�/O�Û��Uu�ÙT�®�]{¸v;Û��Uu�Ú
Ã/ØU�]z Ç �Zus{wä��®�]�/O�Û��Uu�ÙT�®�]{¸v;Û��Uu�¶¦Ã/ØU�]z É z3us{¸�]{8Ú
Ã/ØU�]z Ç �Zus{wä��®�]�/O�Û��Uu�ÙT�®�]{¸v;Û��Uu�¶¦Ã/ØU�]z É z3us{¸�]{�¶

P Ý3zU���Z�NvZ{3z Ò`Ó �/Ý3zZ��u/Ú
Ã�ØU�rz Ç �Uus{ Î Ù@å8v8�)L3zN�3� Ú
Ü�zZ{UwNØU�8u�{�ØmÜ�vN�#�®�Ux�}UvZ{3z��NØU�]z }8�Zus{�u

Ã�ØU�rz É z8us{ Î ÙRQZx8z�Ý�µ zN�]y��T�8zDÚ
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p�ú#ãK���ãsã^þbù!åbý¥û0þbã^ý¥ã^è8ùhïrùhåbç3è¹åbæQ�Äï]æÁã^ö¹ç3èÉï]è¹ã^ïráKþ=!m%&�0åbþÿù/û&áhç]û<ç3æhï]þ(ùhú&ïrù!áhã^þ%åÿã^ö�ú#ã^ï^ä�åbþ=!�ç3èð÷�øCïrùhú6ï]è&ö
ü¨ç3è&æhå%ö#ãsáKæ�ùhú&ïrù/ï]èN!�÷[øCïrùhú�ã¨õ�û0áhã^æhæhåÿç3èÔåbæ�ï�äUï]þbå%ö0%&�&å%þÿùEã¨õ�û&áhã^æhæhåbç3è4�D�ú&åbüKúÔý�ï��]ã^æ�ùhú#ã[þbï]è"���0ï��]ã[æKþbå=�3ú�ùhþ=!
ý¥ç]áhã�ã¨õ�û&áhã^æKæhåÿä]ã?���#ù¥ýA�&üKú
ý¥ç]áhã¹ü¨ç3ý¥û0þbã¨õâùÁç �0æÁã�ï]è&ö åbý¥ûÄþÿã^ý¥ã^è�ù���p�ú&ã�þ%ïrùÁã^æÁù0%&�&å%þÿù�û0áhç]û<ç3æhï]þ�ú&ï]æ
æÁç3ý¥ã^ú&ç� �Äï]è&åbæhú#ã^ö¸÷[øCïrùhú��Úáhç3ý åÿùhæµæc!�è�ùhïUõ·ï]è0ö6ç�r'ãsáhã^ö»æÁç3ý¥ã�áKãsû0þbï]ü¨ã^ý¥ã^è�ùhæcû&áhç/�Äï��0þ=!ðåbè0æÁû0åÿáhã^ö��Úáhç3ý
÷I%&#:óYç3è&þ]!êý�ï > ç]á¥ïUõ#åbæ�ïráhã�æ��#û&û<ç]áhùÁã^ö»ï]è&ö»æhû'ã^üsåbô0ü��`�&è&ü¨ùhåÿç3è0æ¦é!7�×�Û�y®o�����×	Ù�®�C��ãsùhü��kò ïráKã¦ç�r<ãsáhã^öâùÁç
æ��#û0û'ç]áKùBùhú#ã:ý�åbæKæhåbè"�G�Úã^ïrù��#áhã^æ���p�ú&åbæ(áhã^æÁùÁáKåbü¨ùhåbç3èµæhú#ç��&þ%öµý�ï��]ã:ùhú&ã�åbý¥ûÄþÿã^ý¥ã^è�ùhïrùhåÿç3èµï]è&öcùhú&ã:ç]û&ùhåbý¡å=s^ïrùhåÿç3è
ã^ï]æhåÿãsá��mk!ç;�ãsä]ãsáB�Äåÿù/åbæ�å%ý¥û<ç]áhùhï]è8ùF�Úç]á/ùhú#ãcþbï]è"���&ï��]ã[ùÁç¥æ��#û&û<ç]áhù(2¡åbè¡ç3è&ã¤�ïB!Ôç]á�ï]è#ç]ùhú#ãsáF2¡ï]þbþÄùhú#ãcïUõ#åbæ��
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�<ã^üsï/�&æÁãcùhú#ã�!�ïráhã�ùhú#ãµæÁû<ã^üsåÿô0üsåÿùÇ!¡ç/�C÷cîm#âï]æ�ý¥ã^è�ùhåÿç3è#ã^ö¹ï��<çZä]ãÔéÆæÁãsãA9D�bëNò��
= Û � ø Ý � ø Û ú Ø�
ÚÙ ��ç3ý¥ãe�Úã^ïrù��#áhã^æ��Úáhç3ý ùhú&ã¹û&áhç]û<ç3æhï]þ/ïráhãÉïrá����&ï��0þÿã/���#ç]áÔå%è&æÁùhï]è&ü¨ã�â8ã�ämÛ{ã"Þ	åmÛ»áhã^ý¥çZä]ã^æ
ö��#ûÄþbåbüsïrùÁã^æI�0ï]æÁã^ö¸ç3è¸ùhú#ã�æhùÁáKåbè"�¦äUï]þ]�&ã�ç/��ï¦è#ç�ö#ã]ó�ùhú0åbæ�å]�3è#ç]áhã^æ[ïrùÁùÁáKå=���&ùÁã^æ�ï]è0öðùhï��¹è&ï]ý�ã^æ�� v �/�]áhã��3ïrùÁã
�`�&è&ü¨ùhåÿç3è&æ/ïráKã�è#ç]ù/û&áhç]û<ãsáKþ]!¡ö#ãsô0è#ã^ö¹ç3è�ã^ý¥û&ùÇ!�þ%åbæÁùhæ��
. �#á�åbý¥ûÄþÿã^ý¥ã^è�ùhïrùhåÿç3è¡ç/�Yùhú#ã�û&áhç]û<ç3æhï]þ'ú&ï]æ�þÿã^ï]ö1�&æ�ùÁç�ã^è&áKåbüKú¦ùhú#ãcþbï]è"���0ï��]ã�åÿùhæhã^þ=�(åbèÔùhú#ã¤��ç3þbþbç�!åbè��3�ïB!�æ��
i û J 
ÚØ�û ø � ����� ���ãsã^þÿù�æ��#û0û'ç]áKùhæ[ùhú#ãy�&æhã�ç/�/åbè�íPþbåbè&ã^öÉ÷cî�# åbè0æhåbö#ã�ùhú#ã0�D�#ãsá<!¸åÿùhæhã^þ=�Ç�©�&æhåbè��¹ï¹æc!�è8ùhïUõ
åbè&æhû0åÿáhã^ö��Úáhç3ý ÷[î�# wG� v p v æÁã^ü¨ùhåÿç3è&æB� p�ú&åbæ_��ã^ïrù��&áhãÉåbæ¦ã¨õ�ùÁáhã^ý¥ã^þ=! ü¨ç3è�ä]ã^è&åÿã^è�ùÔï]è0ö
üsï]è ï]þ=�ïB!�æy�<ã
æhåbýA�&þbïrùÁã^öÔåbèe%&�&å%þÿù(� !¦ü¨áhã^ïrùhåbè���ï�ùÁã^ý¥û<ç]áKïrá<!¡ö#ç�ü��&ý¥ã^è�ù5!åbùhú¡ùhú#ãcü¨ç]áháKã^æÁû<ç3è&ö&åbè"��ü¨ç3è8ùÁã^è�ù��rq[ç3åbè"��ãsä]ã^è
�`�#áhùhú#ãsáB��ùhú&åbæ¥æ����/�]ã^æÁùhæ¡ùÁç$�&æÁã�ùhú#ã¹÷cî�# ö&ïrùhïUíPý¥ç�ö#ã^þ�åÿùhæÁã^þ=��ï]æ¡ïêö&ïrùhïUíoùÇ!�û<ãe�Úç]á¡ùhú&ãe�D�#ãsá<!âþbï]è����&ï��]ã/�
G�æÁãsáÁíPö#ãsô0è&ã^ö1�V�&è0ü¨ùhåÿç3è&æ/ö#ãsô0è&ã^ö¹åbèm%&�&å%þÿù�å%ý¥û0þbåbüsåbùhþ=!��&æÁãµåÿù��
s�Ù ø Ý J � øut û ø �wv ú � ú �R�@û��]ÛZØÚÜ{û�Ù ���ãsã^þbù�û<ãsáKý�åÿùhæ�ùhú#ã3�0æÁãsá/ùÁç�ã^è#áKå%üKú�ùhú#ã�þ%ï]è"���&ï��]ã�� !�å%ý¥û<ç]áhùhåbè"��è#ã�
�`�&è&ü¨ùhåÿç3è&æq�áKåÿùÁùÁã^èÔåbè0�3ï^ärï8�qp�ú0åbæEåbæ�ä]ãsá�!_�&æhã��V�&þ���ç]á�ö#ç3ý�ï]å%è¦æÁû<ã^üsåÿôÄüQ�D�&ãsáKåÿã^æ:ï]è0ö¦üsïrû0ï��Äåbþbåÿùhåÿã^æ:áhã^þbïrùÁã^ö¦ùÁç
�Úç]áKý�ïrùÁùhåbè"��ï]è&ö�ï]üsü¨ã^æhæCùÁç�æ�!�æÁùÁã^ý åbè"�Úç]áKý�ïrùhåbç3è4���8�0üKú	�`�&è&ü¨ùhåbç3è&æ�ïráhã�þÿç3ï]ö#ã^ö�ïrù@á<�&è�ùhåbý¥ã:ï]è&ö�ãsärï]þ]�&ïrùÁã^ö�ï]æ
áhã����&þ%ïrá5���0åbþÿùmíPåbè&æB��p�ú&åbæ�åbæ�ï3�]ç�ç�ö0�ïB!�ùÁç¥ö&å%æÁùhåbè"���&å%æhú��<ãsù@�ãsã^èÔü¨ç]áKã¤�`�&è&ü¨ùhåbç3è&æ�éÚùhú&ïrù/üsï]è0�<ã!ç]û&ùhå%ý�å=ssã^öÄò
ï]è&ö�ç]ùhú&ãsáKæ��
F ø Ý ø � ø Ý ø û��8Ø�û�� � Ø�û'ÛNÙ v æ�ý¥ã^è�ùhåÿç3è#ã^öðåbèe��ã^ü¨ùhåÿç3èm6 �¯6 �0å%è�ùhú#ãµï��0æÁã^è&ü¨ãcç/�)æÁç3ý�ãµæÁùÁá<�&ü¨ù��#áTï]þBåbè"�Úç]áKý�ïrùhåÿç3è
é`�&pQ�A�8��üTú#ã^ý�ï]æTòEæÁç3ý¥ã¤�D�#ãsáTåÿã^æ:ïráhã�è#ç]ùq�ã^þbþ&ö#ãsôÄè#ã^ö4��p�ú#ã}���ãsã^þÿù�æc!�è�ùhïUõ¡åbæ)ã^è&áKåbüKú&ã^ö�!åÿùhú¡ö#ãsáhã��Úãsáhã^è&ü®í
åbè"�¤UNXVR�OV£g�5k�åbè�ùhæBïráhã:æhå%ý¥û0þ=!�ûÄï]åÿáKæEéÚã^þÿã^ý¥ã^è�ù�è&ï]ý�ã/�ZïrùÁùÁáKå=�T�#ùÁã � � è0ï]ý¥ãZò���ÿ�����ñ/÷8�/ø k��%xNö�ô íNø ÿ��Tô"zTø d ×"ø�zTô íNø ÿ��Tô�zTø%y��
!åbþ%þBùÁã^þbþYùhú#ã�ãsärï]þ]�&ïrùhåbç3èðã^è"�3å%è#ã�ùhú&ïrù�ùÁç�ö#ãsáhã��Úãsáhã^è&ü¨ã�ïrùÁùÁáKå=���&ùÁãAÿ��.��ñ�÷��/ø��'åÿù�è#ãsã^ö0æ!ùÁç1�]çÔùhú#áhç��"�3ú�ö�ô íDø
ï]è&öx×8ø�zCô íDø¹ã^þÿã^ý�ã^è8ùhæ��Cþÿç�ç/��å%è"�e�Úç]á�ïðý¡ïrùhüKú»ç3è ïrùÁùÁáKå=�T�#ùÁã � � ��ô"zCø�� H ã¦ùhú0åbè"�¸ùhú&ïrù�ùhú&å%æµï]ö&ö&åÿùhåbç3èêåbæ
�&æÁã��`�&þ8�Úç]áEärïráKåÿç��&æCáhã^ï]æhç3è&æsó�émëNòCåÿùEåbæEç]û&ùhåÿç3è&ï]þ#ï]è&ö¡üsï]è��<ã�ï]ö&ö#ã^ö�� !¥ú&ï]è&ö�� !�ùhú#ãI�&æÁãsá.nÄéa63òEåÿùn�3åÿä]ã^æ�ý¥ç]áhã
áhã^ï]ö&ï��ÄåbþbåÿùÇ!¹ùÁçe�D�&ãsáKåÿã^æ¤�D!¸åbö#ã^è�ùhå=�V!�åbè��¡ùhú#ã¥ùÇ!�û<ã�ç/��ùhú&ã¥ã^þÿã^ý¥ã^è�ù�ùhú0ïrù��]ãsùhæµû<ç3åbè�ùÁã^öÉùÁç	n�éa�3ò[åÿùcö#ç�ã^æcè#ç]ù
�Úç]áKü¨ãcùhú#ãcã^è"�3åbè&ã�ùÁç�þbç�ç/�0��ç]á/ùhú&ã	�¤p}�Àç]á&��üKú#ã^ý¡ï]æ��#û0ïráKæÁãcï]è&ö?�0è&ö#ãsáKæÁùhï]è0ö¦ùhú&ã^ý�n�éÚì�ò�åÿù/åbæ/ü¨ç3ý¥ûÄïrùhå=�0þÿã
!åÿùhúÔï]èD!_��åbè&ö¦ç/�YæÁùÁá<�0ü¨ù��#áKï]þ'ö#ã^æhü¨áKåÿû0ùhåÿç3è¸é`�&pQ�A�T��üTú#ã^ý�ï]æ���ãsùhü��kò nCéa)3òEç3è&ã[üsï]è�ã^ï]æKåbþ=!¡åbý¡ï��3åbè#ã[ï�û0áhãsû&áhçrí
ü¨ã^æhæhå%è"�¦æÁùÁãsû6ùhú&ïrù¤�ç��&þbö¹áKãsùÁáKåÿãsä]ã�ùhú#ãA�&pQ��ÿ/��üTú#ã^ý�ïÔç/�Eùhú#ã�ö#ç�ü��&ý¥ã^è�ùhæI�0æÁã^öÉå%è¹ùhú#ã��D�&ãsá�!¹ï]è&öðï]ö&ç]áKè
ùhú#ãA�D�#ãsá<!0�åÿùhú¹æ��&üTúðú&å%è8ùhæ�� H ú#ã^èðùhú&ãsáhã�åbæ�è#ç¡ú&åbè�ù������ãsã^þÿù�ï]æhæ��&ý¥ã^æ!ùhú&ïrù!ùhú&ã�è&ï]ý¥ã�ç/�Cùhú#ã�ïrùÁùÁáKå]���#ùÁã
� �Ñåbæ�ã^åÿùhú#ãsávb�ã"â@b�ç]ávb;ì/î�b,�"!ú0åbüKú�ù��#áTè&æ�ç��#ù�ùÁç�ùhú&ãµüsï]æÁã�åbè�ï]þ%ý¥ç3æÁù/ãsä]ãsá�!?�&pQ�[æQ�ã�æ��#áKä]ã�!]ã^ö4�
z ø�ø ����Ü0Ý6Û®Þ ùªø Ù v æ�ï�ô0è0ï]þn�ç]áTöêü¨ç3è&ü¨ãsáKè&å%è"�¹ùhú#ã¡þ%ï]è"���&ï��]ã/�@ç��#á�ã¨õ�û<ãsáKåÿã^è&ü¨ã¥ùÁã^æÁùhå%è"�¹ùhú#ã H �mw �&æÁã`{
üsï]æÁã^æµï]è0ö6ç]ùhú#ãsáµý¥ç]áhã�ï]ö#ärï]è&ü¨ã^ö6ã¨õ#ï]ý¥û0þÿã^æcæKú#ç��ã^ö6ùhú&ïrù��áKåbùhåbè"�1%��&åbþÿù¤�D�#ãsáTåÿã^æcåbæ�û&áhç3è#ã�ùÁç¹ý�åbæhùhï��]ã^æ��
îÉåbæhæÁû<ã^þbþbå%è"�¦ï�ùhï��Éç]á�ü¨ç3è"�`�&æhåbè��¹ï�ùhï��e�Úç]á�ï]èêïrùÁùÁáKå]���#ùÁã¡þÿã^ï]ö0æcùÁçðï]èêã^ý�û&ù@!6áhã^æ��0þÿù�� v ù@!�û'ã`{Pæ�!�æÁùÁã^ý åbæ
åbý¥û<ãsáKïrùhåbä]ã^þ=!ðè#ãsã^ö#ã^ö·ú&ãsáhã/� v û&áKï]ü¨ùhå%üsï]þ)ïrû&û&áhç3ï]üTúw�ç��0þbö��'ã�ùÁç¹ý�å%ý�åbüK!ú&ïrùK��%&#*{Ç� à#T�ö#ç�ã^æ&��ç]áA��%&#(�
æ ä]ã^è6åbèðùhú#ã�ï��0æÁã^è&ü¨ã�ç/�:æÁùÁá<�0ü¨ù��#áKï]þ�å%è"��ç]áTý�ïrùhåÿç3è4�T�ã�ü¨ç��&þbö¸åbý�ï��3åbè&ãµùhú#ã�ï¡ùÇ!�û<ã`{Påbè"�Úãsáhã^è&ü¨ã�æc!�æÁùÁã^ý ùhú&ïrù
�ç��&þbö�ö#ãsùÁã^ü¨ùEæÁç3ý¥ã�üsï]è0ö&åbö&ïrùÁã�ãsáháhç]áKæ�éÆæKåbý�åbþbïráYã^þÿã^ý¥ã^è�ùEï]è&ö�ïrùÁùÁáKå=���&ùÁã�è0ï]ý¥ã^æ}|Yï]è&ö¥åbæhæ<�#ã�æhç3ý¥ãG�ïráKè0åbè"�3æ��
p�ú&å%æ/åbæ/ü¨ç3ý�ý¥ç3èm��ç]á!ý�ç�ö#ãsáTè�ü¨ç3ý¥û0åbþÿãsáTæ��
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� è·ùhú&åbæcæÁã^ü¨ùhåbç3è��ã¡ï]ö&ö#áhã^æKæµåbæhæ��&ã^æ[áhã^þbïrùÁã^ö·ùÁçÉç]û&ùhåbý�å=s^ïrùhåbç3è6ç/�F�]ã^è&ãsáKåbü�÷cîm#q�J!ú&åbüTúêåbæcö&å=r'ãsáhã^è�ù��Úáhç3ý
æhüTú#ã^ý�ï�æÁû<ã^üsåÿôÄü!ç]û&ùhå%ý�å=s^ïrùhåÿç3è&æ�û0áhã^æÁã^è�ùÁã^ö¹åbèw'*´,+(ç]áK'tëB�,+-�#ç]á!ç]û&ùhåbý�å=s^ïrùhåbç3è�áhã^þbïrùÁã^ö�ùÁç¥ùhú#ã�û��"�0þbå%üsïrùhåÿç3è¡ç/�
÷cîm#$��áKç3ý1áhã^þbïrùhåÿç3è0ï]þBö&ïrùhï��0ï]æÁã^æ�þbå=�]ãµåbè�'*6Uì/+-�
H ú#ã^è_�ã[æÁû<ã^ï���ï��'ç��&ù:ç]û&ùhåbý¡å=s^ïrùhåÿç3è4��åÿù�åbæ�åbè&æKå=�3ú8ùc�`�&þ�ùÁç¥þÿç�ç/��ïrù5�ú&ïrùq�ã�ú0ï^ä]ãcþÿã^ïráKè#ã^ö_��áKç3ý áhã^þ%ïrùhåÿç3è&ï]þ
ö&ïrùhï��0ï]æhã^æ�� æ ä]ã^è ùhú#ç��"�3ú ïâáhã^þbïrùhåÿç3è0ï]þ�ö0ïrùhï��0ï]æÁãêåbæ�ï ü¨ç3ý¥û0þÿã¨õ æc!�æÁùÁã^ý?��ùhú#ã·ü¨ç]áhã·ç/��ùhú#ã6ç]û&ùhå%ý�å=ssãsá
áhã^ý�ï]å%è&æ!áKã^þbïrùhåÿä]ã^þ=!ðæKåbý¥û0þÿãK�<ã^üsï/�&æÁã�åÿù�ý¡ï]è&åÿû��&þ%ïrùÁã^æ�ï�æhý�ï]þ%þ��ã^þbþ�{@�&è0ö#ãsáKæÁùÁç�ç�öÉþbï]è"���&ï��]ã¹éÆï]þ=�]ã��0áKï |!ùhú&ïrù
ü¨ç3è�ùhï]åbè&æ�ùhú#ã!û0áKåbý�åÿùhåbä]ã!ü¨ç3ý¥û<ç3è#ã^è�ùhæ:ç/�(ùhú&ãI� �#ãsá�!�þbï]è"���0ï��]ã�n�ï]è0ö¡ùhú#ã[æÁùÁç]áKï��]ãcý�ï]è0ï��]ãsá�ö&ã^ï]þbæq�åÿùhú�ç3è&þ]!
ï�ú&ï]è&ö"�`�&þ#ç/�(ï]üsü¨ã^æhæ/ý�ãsùhú#ç�ö0æ�� H ú#ã^è0�ã�ý�çNä]ã[ùÁç�÷cî�#(��ï]æ�å%þbþ]�&æÁùÁáTïrùÁã^ö��D!¥ùhú&ã�ùhï��0þbã}�<ã^þÿç�3��ùhú#ãsáKã�åbæ�è#ç
�ã^þbþBï]üsü¨ãsû&ùÁã^ö ÿ,�&è0ö#ãsáKæÁùÁç�ç�öðãB�D�0åÿäUï]þbã^è8ùi�Úç]á�ùhú#ãµï]þ=�]ã��0áKï�ï]è&ö�ùhú#ã�ï]üsü¨ã^æhæ!ûÄïrùhú&æ��

��ã^þbïrùhåÿç3è0ï]þ4��ïrùhï��Äï]æÁã^æ ÷cîm#
%&�&ãsá�!y#Yï]è"���&ï��]ã ��%&# %&�0åbþÿù
v þ=�]ã��&áKï áhã^þbïrùhåÿç3è&ï]þBï]þ]�]ã��&áKï á�á"á
v üsü¨ã^æhæ!øCïrùhú&æ æhüsï]è4�&åbè&ö&ã¨õb�[ü`�)�D�b���3���)�4�%�f�3��� á�á"á
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<R> //C </R>
Do we remove the parent of C?
What does it return (<R> //C </R>)/C/..
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creates some new vertices
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