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6RYLHW�$XWRPDWLF�&RQWURO
��WKHQ�
6RYLHW�-RXUQDO�RI�$XWRPDWLRQ�DQG,QIRUPDWLRQ�6FLHQFHV
�DQG�WKHQ�DV�
-RXUQDO�RI�$XWRPDWLRQ�DQG,QIRUPDWLRQ�6FLHQFHV
��*HQHUDOO\�LW�ZDV�GHYRWHG�WR�LQYHVWLJDWLRQV�LQ�*0'+�WKHRU\��6LQFH������QDPH�RI�XNUDLQLDQ�MRXUQDO�ZDV�FKDQJHG�WR�
3UREOHP\�8SUDYOHQLMD�L�,QIRUPDWLNL
��������������������������������������������������������������� ,YDNKQHQNR�$�*��7KH�*URXS�0HWKRG�RI�'DWD�+DQGOLQJ�� $�5LYDO�RIWKH�0HWKRG�RI�6WRFKDVWLF�DSSUR[LPDWLRQ��6RYLHW�$XWRPDWLF�&RQWURO��������QR����� ,YDNKQHQNR�$�*���.RQRYDOHQNR�9�%���<X�0�7XOXSFKXN��7LPFKHQNR�,�.�7KH�*URXS�0HWKRG�RI�'DWD�+DQGOLQJ�LQ�WKH�3UREOHP�RI�3DWWHUQ�5HFRJQLWLRQDQG�'HFLVLRQV�0DNLQJ��6RY�$XWRPDW�&RQWURO��������QR���

���� ,YDNKQHQNR�$�*���.RSSD�<X�6���7\PFKHQNR�,�.���,YDNKQHQNR�1�$�*URXS�+DQGOLQJ�RI�'DWD�LQ�,GHQWLILFDWLRQ�RI�WKH�6WDWLF�&KDUDFWHULVWLF�RID�0XOWLH[WUHPXP�3ODQW��6RY�$XWRPDW�&RQWURO��������YRO�����QR�����SS�������
���� IZljZlbc�B�A��Ijh]jZffZ�^ey�j_r_gby�aZ^Zq�jZkihagZ\Zgbyh[jZah\�ih�Ze]hjblfZf�fgh]hjy^ghc�l_hjbb�klZlbklbq_kdbo�j_r_gbc�:\lhfZlbdZ�� ������ 1��� k�������
���� *DERU�'��3HUVSHFWLYHV�RI�3ODQLQJ�����2UJDQL]DWLRQ�RI�(FRQRPLF&RRSHUDWLRQ�DQG�'HYHORSPHQW��(PSHULDO�&ROOHJH�RI�6FLHQFH�DQG7HFKQRORJ\��/RQGRQ�����������6RY�$XWRP�&RQWURO��YRO������������
���� 6KHOXGNR�2�-���������*0'+�$OJRULWKP�:LWK�2UWKRJRQDO&RPSOHWH�'HVFULSWLRQ��6RY�$XWRP�&RQWURO��Y�������������� 7XPDQRY�,�9���������*0'+�$OJRULWKP�:LWK�0XWXDOO\�2UWKRJRQDO&RPSOHWH�'HVFULSWLRQV��6RY�$XWRP�&RQWURO��Y������������
���� <ukhpdbc�<�G���B\Zog_gdh�:�=���Q_[_jdmk�<�B��>he]hkjhqgh_ijh]ghabjh\Zgb_�dhe_[Zl_evguo�ijhp_kkh\�k ihfhsvx�\u^_e_gby]Zjfhgbq_kdh]h�lj_g^Z�hilbfZevghc�keh`ghklb�ih�djbl_jbx�[ZeZgkZi_j_f_gguo �gZ�mdjZbgkdhf�ya���LZf�`_��� �������1���K��������� ,YDNKQHQNR�$�*��DQG�6WHSDVKNR�9�6��6HOI�2UJDQL]DWLRQ�RI�0RGHOV�DQG/RQJ�7HUP�3UHGLFWLRQ�RI�5LYHU�5XQRII�E\�WKH�%DODQFH�&ULWHULRQ�



6RY��$XWRPDWLF�&RQWURO��������YRO����QR����SS�������
���� ,KDUD�-���������&RQFHUQLQJ�2QH�9DOXHG�0RGHOV�&KRVH�E\�%DODQFHRI�9DULDEOHV�&ULWHULRQ��6RY�$XWRP�&RQWURO��9RO���������������� <XUDFKNRYVN\�<X�3��DQG�*URVKNRY�$�1����������$SSOLFDWLRQ�RI&DQRQLFDO�)RUP�RI�([WHUQDO�&ULWHULD�WR�6WXG\�7KHLU�3URSHUWLHV�6RY�$XWRP�&RQWURO��Y�������������
���� Kl_iZrdh�<�K���Abgqmd�G�:��:e]hjblfu�jZkq_lZ�]_hf_ljbq_kdh]hf_klZ�fbgbfmfh\�b^_Zevgh]h�djbl_jby���:\lhfZlbdZ�� ������ 1����k������������� .OHLQ�/�5���0vOOHU�-�$���,YDNKQHQNR�$�*���0RGHOLQJ�RI�WKH�86$(FRQRPLFV�E\�6HOIRUJDQL]DWLRQ�RI�WKH�(TXDWLRQV�6\VWHP��6RYLHW�-RXUQDORI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��YRO�������������������  �De_cg�E�J���Fxee_j�B�:���B\Zog_gdh�:�=��Fh^_ebjh\Zgb_wdhghfbdb�KR:�ijb�ihfhsb�kZfhhj]ZgbaZpbb�mjZ\g_gbc�mijZ\e_gby�:\lhfZlbdZ�����������k�������� B\Zog_gdh�:�=���Djhlh\ =�B��KZfhhj]ZgbaZpby�fh^_e_c�ki_j_f_ggufb�dhwnnbpb_glZfb�^ey�hilbfbaZpbb�ijh_dlbjh\Zgby�\h^guoh[t_dlh\��:\lhfZlbdZ��� ������� 1��� k�������
���� ,YDNKQHQNR�$�*���.URWRY�*�,���&KHEHUNXV�9�,��+DUPRQLF�DQGH[SRQHQWLDO�KDUPRQLF�*0'+�DOJRULWKPV�IRU�ORQJ�WHUP�SUHGLFWLRQ�RIRVFLOODWLQJ�SURFHVVHV��3DUW�,��6RY��-��RI�$XWRPDWLRQ�DQG,QIRUPDWLRQ�6FLHQFHV��Y�����1���������S������ �B\Zog_gdh�:�=���Djhlh\�=�B���Q_[_jdmk�<�B��=Zjfhgbq_kdb_�bwdkihg_gpbZevgh�]Zjfhgbq_kdb_�Ze]hjblfu�F=M:�^ey�^he]hkjhqguoijh]ghah\�dhe_[Zl_evguo�ijhp_kkh\��QZklv�,��:\lhfZlbdZ��1��������k��������� B\Zog_gdh�:�=���Dham[h\kdbc�K�N��Bgl_j\Ze�dhjj_eypbb�dZd�f_jZij_^_eZ�ij_^kdZam_fhklb�kemqZcgh]h�ijhp_kkZ�b ^_lZebaZpbb�yaudZfh^_ebjh\Zgby��:\lhfZlbdZ�� ������ 1����� k�����
���� ,YDNKQHQNR�$�*���DQG�2VLSHQNR�9�9���$OJRULWKPV�RI7UDQVIRUPDWLRQ�RI�3UREDELOLW\�&KDUDFWHULVWLFV�LQWR'HWHUPLQLVWLF�)RUHFDVW��6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ6FLHQFHV��������YRO������QR����SS������ �B\Zog_gdh�:�=��Hkbi_gdh�<�<��:e]hjblfu�h[jZlgh]h�jZa\_jlu\Zgby\_jhylghklguo�oZjZdl_jbklbd�\ ^_l_jfbgbjh\Zgguc�ijh]gha��:\lhfZlbdZ�� ������ 1���� k�������� B\Zog_gdh�:�=���Hkbi_gdh�<�<��H j_]meyjbaZpbb�j_r_gby�aZ^Zqb



jZa\_jlu\Zgby�fZljbp�i_j_oh^h\�\ ^_lZevguc�ijh]gha�:\lhfZlbdZ��� ������1���K�������
���� .RYDOFKXN�3�,���������7R�SUREOHP�RI�LQQHU�FRQYHUJHQFH�RI*0'+�DOJRULWKPV��6RY�$XWRP�&RQWURO��Y�����QR����������� 6WHSDVKNR�9�6��3RWHQWLDO�QRLVH�LPPXQLW\�RI�PRGHOLQJ�E\&RPELQDWRULDO�DOJRULWKP��6RY��$XWRPDWLF�&RQWURO��������Y�����QR����SS�������� ,YDNKQHQNR�$�*��)HDWXUHV�RI�WKH�*URXS�0HWKRG�RI�'DWD�+DQGOLQJ5HDOL]DEOH�LQ�DQ�$OJRULWKP�RI�7ZR�/HYHO�/RQJ�5DQJH�4XDQWLWDWLYH)RUHFDVWLQJ��6RY�$XWRPDWLF�&RQWURO��������YRO�����QR����SS������� ,YDNKQHQNR�$�*��0RGHOLQJ�RI�D�*0'+�$OJRULWKP�IRU�,GHQWLILFDWLRQDQG�7ZR�/HYHO�/RQJ�5DQJH�3UHGLFWLRQ�RI�WKH�(FRV\VWHP�RI�/DNH�%D\NDO�6RY�$XWRPDWLF�&RQWURO��������YRO�����QR����SS������
���� ,YDNKQHQNR�$�*���.URWRY�*�,��0XOWLSOLFDWLYH�DQG�$GGLWLYH1RQOLQHDU�*0'+�$OJRULWKP�ZLWK�)DFWRU�'HJUHH�2SWLPL]DWLRQ��6RY�-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��Y�����1��������S������� �B\Zog_gdh�:�=���Djhlh\�=�B��:^^blb\gh�fmevlbiebdZlb\gucg_ebg_cguc�Ze]hjblf�F=M:�k hilbfbaZpb_c�kl_i_gb�nZdlhjh\�:\lhfZlbdZ��1���������k��������� Dju`Zgh\kdZy�L�=���Kbgydh\�<�Y���Kbfhgh\�E�:��B^_glbnbdZpbyl_ogheh]bq_kdh]h�ijhp_kkZ�f_lh^hf�fgh]hjy^ghc l_hjbbklZlbklbq_kdbo�j_r_gbc���:\lhfZlbdZ�� ������1���� k��������� Kl_iZrdh�<�K��Ihf_ohmklhcqb\hklv�\u[hjZ�fh^_e_c�ih�djbl_jbx[ZeZgkZ�ijh]ghah\��:\lhfZlbdZ������]��1��k��������
���� ,YDNKQHQNR�$�*���6DU\FKHY�$�3��6HOI�2UJDQL]DWLRQ�RI�'\QDPLF

�0RGHOV�ZLWK�3HULRGLF�&RHIILFLHQWV��DV�([HPSOLILHG�E\�3UHGLFWLRQRI�6RODU�$FWLYLW\���6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ6FLHQFHV��������YRO�����QR����SS��������� XjZqdh\kdbc�X�I���FZf_^h\�F�B��H \gmlj_gg_c�koh^bfhklb�^\moZe]hjblfh\�F=M:��:\lhfZlbdZ��� ����� �1���K��������� Ijh]ghabjh\Zgb_�l_g^_gpbc�baf_g_gbc�wdhghfbq_kdbo�ihdZaZl_e_c�;�Y�;jmkbeh\kdbc��G�:�B\Zog_gdh��B�<�RZ[ZebgZ��X�I�XjZqdh\kdbc�:\lhfZlbdZ��� �������1���K��������� Kl_iZrdh�<�K���Dhq_j]Z�X�E��F_lh^u�b djbl_jbb�j_r_gby�aZ^Zqkljmdlmjghc�b^_glbnbdZpbb��:\lhfZlbdZ��� ������ 1���F���������� :dk_gh\Z�L�B��:e]hjblf�kZfhhj]ZgbaZpbb�dhjj_eypbhgguo�fh^_e_ckemqZcguo�ihe_c��:\lhfZlbdZ��� �������1���&��������� XjZqdh\kdbc�X�I���FZf_^h\�F�B��H \gmlj_gg_c�koh^bfhklb�^\moZe]hjblfh\�F=M:��:\lhfZlbdZ��� �������1���K�������



�� =he_mkh\�B�<���Dhg^jZrh\Z�K�:��Fh^_ebjh\Zgb_\aZbfhaZ\bkbfhklb�ihdZaZl_e_c�jZa\blby�gZjh^gh]h�ohayckl\Z��:\lhfZlbdZ��� ������� QR����� K��������
���� ,YDNKQHQNR�$�*��DQG�.ULWVN\�$�3���������5HVWRUDWLRQ�RI�D6LJQDO��RU�SK\VLFDO PRGHO��E\�([WUDSRODWLRQ�RI�WKH�/RFXV�RI&ULWHULD�0LQLPD��6RY�$XWRP�&RQWURO�9RO�������������� Kl_iZrdh�<�K���XjZqdh\kdbc�X�I��Kh\j_f_ggh_�khklhygb_�l_hjbbf_lh^Z�]jmiih\h]h�mq_lZ�Zj]mf_glh\��:\lhfZlbdZ��� ������� 1���K��������� ,YDNKQHQNR�$�*��DQG�0DGDOD�+�5��$SSOLFDWLRQ�RI�WKH�*URXS�0HWKRG�RI'DWD�+DQGOLQJ�WR�WKH�6ROXWLRQ�RI�0HWHRURORJLFDO�DQG�&OLPDWRORJLFDO3UREOHPV��6RY�-�RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV������QR���������SS�������
���� ,YDNKQHQNR�1�$���/X�,���6HPLQD�/�3��DQG�,YDNKQHQNR�*�$�2EMHFWLYH�&RPSXWHU�&OXVWHULVDWLRQ��3DUW�����6RY��-��RI$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��YRO�������������� <XUDFKNRYVN\�<X�3���������$SSOLFDWLRQ�RI�.DKUXQHQ�/RHYH([SDQVLRQ�WR�&RQVWUXFWLRQ�RI�9HFWRU�&ULWHULRQ�&RQYROXWLRQ��6RY�-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��YRO������������� �XjZqdh\kdbc�X�I��Ijbf_g_gb_�jZaeh`_gby�DZjmg_gZ�Ehw\Z�^eyk\_jldb�\_dlhjgh]h�djbl_jby��:\lhfZlbdZ�� ������ 1����� K��������� Ljbk__\�X�I��Ih^oh^u�d j_r_gbx�aZ^Zq�fZl_fZlbq_kdh]hijh]jZffbjh\Zgby�gZ�hkgh\_�w\jbklbq_kdhc�kZfhhj]ZgbaZpbb�:\lhfZlbdZ��1���������k������� �7ULVHHY�<X�3���$SSURDFKHV�WR�WKH�6ROXWLRQ�RI�0DWKHPDWLFDO3URJUDPPLQJ�3UREOHPV�RQ�WKH�%DVLV�RI�+HXULVWLF�6HOI�2UJDQL]DWLRQ�6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��������YRO����QR����SS��������� Ljbk__\�X�I��Fh^bnbdZpby�Ze]hjblfh\�F=M:�^ey�kbkl_fgh]hijh]ghabjh\Zgby��QR����:\lhfZlbdZ��������� Kl_iZrdh�<�K��Dhkl_gdh�X�<��:e]hjblf�F=M:�^ey�^\momjh\g_\h]hfh^_ebjh\Zgby�fgh]hf_jguo�pbdebq_kdbo�ijhp_kkh\�:\lhfZlbdZ����������1���� K�������  �6WHSDVKNR�9�6��DQG�.RVWHQNR�-X�9��*0'+�$OJRULWKP�IRU�7ZR�/HYHO0RGHOLQJ�RI�0XOWLYDULDWH�&\FOLF�3URFHVVHV��6RY��-��RI�$XWRPDWLRQDQG�,QIRUPDWLRQ�6FLHQFHV��������YRO�����QR����� <Zkbev_\�<�B��H[mq_gb_�\ l_ogbq_kdbo�kbkl_fZo��:\lhfZlbdZ�������1����k��������� Wcdohnn�I��Hp_gdZ�iZjZf_ljh\�b kljmdlmjgZy�b^_glbnbdZpby�:\lhfZlbdZ��� �������1��� K�������



���� ,YDNKQHQNR�$�*���QR�FR�DXWKRUV��0HWKRGV�IRU�2EWDLQLQJ�8QLPRGDO&KDUDFWHULVWLFV�ZLWK�/RFDWLRQ�RI�WKH�0LQLPXP�LQ�WKH�5HJLRQ�2I&RPSOH[�0RGHOV��6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV�Y��������������S��������� ,YDNKQHQNR�$�*��QR�FR�DXWKRUV��2Q�VHOHFWLQJ�D�6HW�RI�2XWSXW9DULDEOHV�$QG�8VLQJ�WKH�*0'+�IRU�3DVVLYH�DQG�$FWLYH�'HVLJQ�RI�DQ([SHULPHQW��6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV�Y���������������������� ,YDNKQHQNR�$�*��WKUHH�FR�DXWKRUV��([SHULHQFH�RI�6ROYLQJ�6RODU$FWLYLW\�)RUHFDVWLQJ�3UREOHPV�ZLWK�3UHFLVH�DQG�5REXVW�$SSURDFKHV�6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��������Y�����QR���������  �B\Zog_gdh�:�=���KZjuq_\�:�I���AZe_\kdbc�I�B���B\Zog_gdh�G�:�Hiul�j_r_gby�aZ^Zqb�ijh]ghaZ�kheg_qghc�Zdlb\ghklb�ijb�lhqghklghfb jh[Zklghf�ih^oh^Zo��:\lhfZlbdZ��QR����������k��������� ,YDNKQHQNR�$�*���6RUWLQJ�0HWKRGV�IRU�0RGHOLQJ�DQG&OXVWHULVDWLRQ��6XUYH\�RI�*0'+�3DSHUV�IRU�WKH�<HDUV�����������7KH�3UHVHQW�6WDJH�2I�*0'+�'HYHORSPHQW��6RY��-��RI�$XWRPDWLRQDQG�,QIRUPDWLRQ�6FLHQFHV��Y�����QR����������������� :dk_gh\Z�L�B��XjZqdh\kdbc�X�I��OZjZdl_jbaZpby�g_kf_s_gghc�kljmdlmjub mkeh\by�__ -�hilbfZevghklb� :\lhfZlbdZ��QR����������F�������  �$NVHQRYD�7�,��DQG�<XUDFKNRYVN\�<X�3��$�&KDUDFWHUL]DWLRQ�DW�8QELDVHG6WUXFWXUH�DQG�&RQGLWLRQV�RI�7KHLU�-�2SWLPDOLW\��6RY��-��RI�$XWRPDWLRQ�DQG,QIRUPDWLRQ�6FLHQFHV��YRO�����QR����������SS��������� .RFKHUJD�<X�/��-�2SWLPDO�5HGXFWLRQ�RI�D�0RGHO6WUXFWXUH�LQ�D�*DXVV�0DUNRY�6FKHPD��6RY��-��RI�$XWRPDWLRQDQG�,QIRUPDWLRQ�6FLHQFHV��YRO�����QR����������SS��������� 6WHSDVKNR��9�6��*0'+�$OJRULWKPV�DV�D�%DVLV�IRU�$XWRPDWLQJ�WKH3URFHVV�RI�0RGHOLQJ�IURP�(PSLULFDO�'DWD��6RY��-��RI�$XWRPDWLRQDQG�,QIRUPDWLRQ�6FLHQFHV��YRO�����QR����������SS��������� ,YDNKQHQNR�$�*���WZR�FR�DXWKRUV��6HOI�RUJDQL]DWLRQ�RI�WHQVRU0RGHOV��RQ�([DPSOH�RI�0RGHOLQJ�WKH�+\GURFKHPLFDO�6\VWHP�2I�:DWHU5HVHUYRLUV���6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV�������Y��������������  �,YDNKQHQNR�$�*��.URWRY�*�,��DQG�.RVWHQNR�<X�9����������6HOI�RUJDQL]DWLRQ�RI�7HQVRU�0RGHOV��6RY��-��RI�$XWRPDWLRQ�DQG,QIRUPDWLRQ�6FLHQFHV��9RO�����1R����� Kl_iZrdh�<�K��:kbfilhfZlbq_kdb_�k\hckl\Z�\g_rgbo�djbl_jb_\\u[hjZ�fh^_e_c��:\lhfZlbdZ����������1���� F�������
���� 6WHSDVKNR�9�6��DQG�=LQFKXN�1�$��$OJRULWKPV�IRU&DOFXODWLRQ�RI�*HRPHWULFDO�/RFXV�RI�,GHDO�&ULWHULRQ�0LQLPD�RI$FFXUDF\�7\SH��6RY�$XWRP�&RQWURO��Y�������������



�� ,YDNKQHQNR�$�*���WZR�FR�DXWKRUV��1RQSDUDPHWULF�*0'+)RUHFDVWLQJ�0RGHOV��3DUW����6RUWLQJ�WKH�%D\HV�RU�:DOG�)RUPXODV�6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��������Y������������� ,YDNKQHQNR�$�*���,YDNKQHQNR�1�$��1RQSDUDPHWULF�*0'+�3UHGLFWLQJ0RGHOV��3DUW����,QGLFDWLYH�6\VWHPV�IRU�6HOHFWLYH�0RGHOLQJ��&OXVWHULQJDQG�3DWWHUQ�5HFRJQLWLRQ��6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ6FLHQFHV��������Y�������������  �B\Zog_gdh�:�=���B\Zog_gdh�G�:��G_iZjZf_ljbq_kdb_�ijh]ghabjmxsb_

�fh^_eb�F=M:��QZklv����Bg^bdZlb\gu_�kbkl_fu�i_j_[hjgh]hfh^_ebjh\Zgby��deZkl_jbaZpbb�b jZkihagZ\Zgbu�h[jZah\��:\lhfZlbdZ������������k�������� ,YDNKQHQNR�$�*���ILYH�FR�DXWKRUV��1RQSDUDPHWULF�)RUHFDVWLQJ*0'+�0RGHOV��6RY��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV�������Y�������������  �B\Zog_gdh�:�=���KZjuq_\�:�I��b ^j��G_iZjZf_ljbq_kdb_�ijh]ghabjmxsb_fh^_eb�f_lh^Z�]jmiih\h]h�mq_lZ�Zj]mf_glh\��Fh^_eb�^eyijh]ghabjh\Zgby�ijhp_kkh\�\ wdhghfbq_kdbo�fZdjhkbkl_fZo���:\lhfZlbdZ�� Db_\�������� QR���� F�������� 6DU\FKHY�$�3���������6ROXWLRQ�RI�WKH�3DUWLWLRQ�3UREOHP�LQ�*0'+8QGHU�&RQGLWLRQV�RI�$FWLYH�([SHULPHQW��6RY�$XWRP��&RQWURO��Y������������
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�� ,YDNKQHQNR�$�*���WZR�FR�DXWKRUV��$�1RQ�3DUDPHWULF�&RPELQDWRULDO�*0'+$OJRULWKP�IRU�$QDORJXH�6HDUFK�2SHUDWRUV��6RY��-��RI�$XWRPDWLRQ�DQG,QIRUPDWLRQ�6FLHQFHV��Y��������������������
���� ,YDNKQHQNR�$�*���DQG�0XOOHU�-�$���3UREOHPV�RI�&RPSXWHU&OXVWHULQJ�RI�WKH�'DWD�6DPSOLQJ�RI�2EMHFWV�XQGHU�6WXG\��6RY�-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��������YRO������QR���SS������� �B\Zog_gdh�:�=���Fxee_j�C�:��Ijh[e_fu�h[t_dlb\ghc�dhfivxl_jghcdeZkl_jbaZpbb�\u[hjdb�^Zgguo�gZ[ex^_gbc�h[t_dlZ�bkke_^h\Zgby�:\lhfZlbdZ�� ������1���� k�������
���� ,YDNKQHQNR�$�*��DQG�=KROQDUVN\�$�$����������3RO\QRPLDOFRHIILFLHQWV�HVWLPDWHV�LQ�SDUDPHWULF�*0'+�DOJRULWKPV�E\�UHYLVHGLQVWUXPHQWDO�YDULDEOH�PHWKRG��-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ6FLHQFHV��9RO�����1R�������� �B\Zog_gdh�:�=���@hegZjkdbc�:�:��Hp_gdZ�dhwnnbpb_glh\�ihebghfh\\ iZjZf_ljbq_kdbo�Ze]hjblfZo�F=M:�ih�memqr_gghfm�f_lh^mbgkljmf_glZevguo�i_j_f_gguo��:\lhfZlbdZ�� �������1���� k��������� Puidbg�Y�A��Jh[ZklgZy�mklhcqb\hklv�ebg_cguo�kbkl_f�:\lhfZlbdZ����������F�������� .DG\URY�6K�0���0DUDVXORY�5�.K���8UD]RY�1��$SSOLFDWLRQ�RI�WKH0HWKRGV�IRU�WKH�VHOIRUJDQL]DWLRQ�DQG�OLQHDU�SURJUDPPLQJ IRURSWLPL]DWLRQ�RI�WH[WLOH�SURGXFWLRQ��-��RI�$XWRPDWLRQ�DQG,QIRUPDWLRQ�6FLHQFHV��Y�����1���������S�������  �DZ^ujh\�R�F���FZjZkmeh\�J�O���MjZah\�G��Ijbf_g_gb_�f_lh^h\kZfhhj]ZgbaZpbb�fh^_e_c�b f_lh^h\�ebg_cgh]h�ijh]jZffbjh\Zgby�^eyhilbfbaZpbb�ldZpdh]h ijhba\h^kl\Z��:\lhfZlbdZ��1���������k��������� Dmgp_\bq�<�F��Dmgp_\bq�:�<��Dham[h\kdZy�?�K��:gZeba�jh[Zklghcmklhcqb\hklb�^bkdj_lguo�kbkl_f�mijZ\e_gby�k h[jZlghc�k\yavx�:\lhfZlbdZ�1�������k ������ ,YDNKQHQNR�$�*���=KROQDUVN\�$�$���0XOOHU�-�$��$OJRULWKP�RI+DUPRQLF�5HELQDUL]DWLRQ�RI�WKH�'DWD�6DPSOLQJ��-��RI�$XWRPDWLRQDQG�,QIRUPDWLRQ�6FLHQFHV��Y�����1���������S�������  �B\Zog_gdh�:�=���@hegZjkdbc�:�:���Fxee_j�B�:��:e]hjblf]Zjfhgbq_kdhc�j_[bgZjbaZpbb�\u[hjdb�^Zgguo��:\lhfZlbdZ��QR���������k������
���� ,YDNKQHQNR�$�*���3HWXNKRYD�6�$���,YDNKQHQNR�*�$���<XGLQ�9�0��.RYEDV\XN�6�$���HW�DO��2EMHFWLYH�6HOHFWLRQ�RI�2SWLPDO�&OXVWHULQJRI�D�'DWD�6DPSOH�'XULQJ�&RPSHQVDWLRQ�RI�1RQ�5REXVW�5DQGRP�,QWHUIHUHQFH�-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV��������YRO�����QR����SS�������
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���� B\Zog_gdh�:�=���B\Zog_gdh�=�:��GhjfZlb\guc�ijh]gha�b hilbfZevgh_mijZ\e_gb_�fgh]hf_jgufb�h[t_dlZfb�ijb�ihfhsb�kZfhhj]ZgbaZpbb�kbkl_fug_nbabq_kdbo�fh^_e_c��Ijh[e_fu�mijZ\e_gby�b bgnhjfZlbdb��QR������������k������
���� ,YDNKQHQNR�$�*���%RJDFKHQNR�1�1���/L�7LDQ�0LQ(WDS\�RSWLPL]DFLL�DOJRULWPD�SURJQR]LURYDQLMD�VOXFKMQ\NK�SURFHVVRY�V�SRPRVK\XNRPSOHNVLURYDQLMD�DQDORJRY��3UREOHP\�8SUDYOHQLMD�L�,QIRUPDWLNL����������SS���������
���� ,YDNKQHQNR�$�*���.RYDOLVK\Q�9�9���7HWNR�,�9���/XLN�$�,��,YDNKQHQNR�*�$��,YDNKQHQNR�1�$��$SSOLFDWLRQ�RI�6HOI�2UJDQL]LQJ�1HXUDO�1HWZRUNV�ZLWK�$FWLYH�1HXURQVIRU�3UHGLFWLRQ�RI�%LRDFWLYLW\�RI�&KHPLFDO�&RPSRXQGV�E\�WKH�$QDORJXHV�6HDUFK�$OJRULWKP-��RI�$XWRPDWLRQ�DQG�,QIRUPDWLRQ�6FLHQFHV������QR����������SS������  �B\Zog_gdh�:�=���Dh\Zebrbg�<�<���L_ldh�B�<���Emcd�:�B���B\Zog_gdh�=�:�KZfhhj]ZgbaZpby�g_cjhk_l_c�k Zdlb\gufb�g_cjhgZfb�^ey�ij_^kdZaZgbyZdlb\ghklb�obfbq_kdbo�kh_^bg_gbc�gZ�hkgh\_�Ze]hjblfZ�ihbkdZ�ZgZeh]h\�Ijh[e_fu�mijZ\e_gby�b bgnhjfZlbdb��QR����������k�������
���(1*/,6+�OLWHUDWXUH�RI�,YDNKQHQNR�$�*������������������������������������������������������������
���%22.6�� 0DGDOD�+�5���,YDNKQHQNR�$�*��,QGXFWLYH�/HDUQLQJ�$OJRULWKPV�IRU&RPSOH[�6\VWHPV�0RGHOLQJ��&5&�3UHVV�,QF���%RFD�5DWRQ������� S������� )DUORZ�6�-��HG���6HOI�RUJDQL]LQJ�0HWKRGV�LQ�0RGHOLQJ��*0'+�7\SH$OJRULWKPV��6WDWLVWLFV��7H[WERRNV�DQG�0RQRJUDSKV��YRO������0DUFHO�'HNNHU�,QF��1HZ�<RUN�DQG�%DVHO��������� ,YDNKQHQNR��$�*��3DVW��SUHVHQW�DQG�IXWXUH�RI�*0'+��LQ�)DUORZ�6�-��(G� 6HOI�2UJDQL]LQJ�0HWKRGV�LQ�0RGHOOLQJ��*0'+�7\SH�DOJRULWKPV�0DUFHO�'HNNHU��1HZ�<RUN��������SS����������� ,YDNKQHQNR�$�*���QR�FR�DXWKRUV��6WHWLJNHLW�XQG�'LVNUHWKHLW��9HUODJ7HFKQLN��%HUOLQ��������� 0XOOHU�-�$���,YDNKQHQNR�$�*��6HOEVWRUJDQLVDWLRQ�YRQ�YRUKHUVDJHPRGHOOHQ�%HUOLQ��9(%�9HUODJ�7HFKQLN��������S������� ,YDNKQHQNR��$�*��.URWRY��*�,��DQG�9LVRWVN\��9�1���������,GHQWLILFDWLRQ�RI�WKH�PDWKHPDWLFDO�PRGHO�RI�D�FRPSOH[�V\VWHP�E\�WKH



VHOI�RUJDQL]DWLRQ�PHWKRG���LQ��(�)��.DOIRQ�(G���7KHRUHWLFDO�6\VWHPV(FRORJ\��$FDGHPLF�3UHVV��1HZ�<RUN���� $�*�,ZDFKQLHQNR�&\EHUQHW\ND�WHFKQLF]QD�3DQVWZRZH�:\GDZQLFWZR1DXNRZH��:DUV]DZD��������� $�*�,ZDFKQLHQNR��:�*�/DSD��$OJRU\WP\�L�XU]DG]HQLD�UHDOL]XMDFHSUHG\NFLH��:\GDZQLFWZD�1DXNRZR�7HFKQLF]QH��:DUV]DZD��������� $�*�,YDNKQHQNR�DQG�9�*�/DSD��&\EHUQHWLFV�DQG�)RUHFDVWLQJ7HFKQLTXHV��$PHULFDQ�(OVHYLHU�3XEOLVKLQJ�&RPSDQ\��,QF���1HZ�<RUN�������� $�*�,ZDFKQHQNR��7HFKQLVFKH�.\EHUQHWLN��(LQIXKUXQJ�LQ�GLH*UXQGODJHQ�$XWRPDWLVFKHU�$GDSWLYHU�6\VWHPH��9(%�9HUODJ�7HFKQLN�%HUOLQ��������� $�*�,YDKQHQNR��&LEHUQHWLFD�WHKQLFD��6LVWHPH�GH�UHJODUH�DXWRPDWDFLEHUQHWLFH��(GLWXUD�WHKQLFD��%XFXUHVWL�������
���7+(6,6�� ,YDNKQHQNR�$�*���RQH�FR�DXWKRU��7KHVLV�RI�(KUHQNROORTXLP�8QLYHUVLWDW�5RVWRN������������������� ,YDNKQHQNR�$�*���RQH�FR�DXWKRU��3URF��86�-DSDQ�0RGHOLQJ�&RQI��������8QLY��RI�7HQQHVVHH��.QR[YLOOH��� ,YDNKQHQNR�$�*���RQH�FR�DXWKRU��7KHVLV�RI�&RQI��LQ�+RFKVFKXOHIRU�2NRQRPLF��%HUOLQ������������ ,YDNKQHQNR�$�*���QR�FR�DXWKRUV��3URF��6LJQDO�,PDJH�3URFHVLQJDQG�3DWWHUQ�5HFRJQLWLRQ��8NU2EUD]
����.LHY������������ ,YDNKQHQNR�$�*���:XQVFK�'���,YDNKQHQNR�*�$���,QGXFWLYH�VRUWLQJ�RXW�*0'+DOJRULWKPV�ZLWK�SRO\QRPLDO�FRPSOH[LW\�IRU�DFWLYH�QHXURQV�RI�QHXUDOQHWZRUN���,QWHUQDWLRQDO�-RLQW�&RQIHUHQFH�RQ�1HXUDO�1HWZRUNV�:DVKLQJWRQ��'&��� -XO\�������������� ,YDNKQHQNR�$�*��6HOI�RUJDQL]DWLRQ�RI�7ZLFH�0XOWLOD\HUHG�1HXUDO�1HWZRUNV�86$�1,6�1(852&20387,1*�23325781,7,(6�:25.6+23��:DVKLQJWRQ��'&��-XO\������������� ,YDNKQHQNR�*�$��1RUPDWLYH�)RUHFDVWLQJ�RI�(FRQRPLF�'HPRJUDSKLF&KDUDFWHULVWLFV�E\�*0'+�1HWZRUNV��86$�1,6�1(852&20387,1*�23325781,7,(6:25.6+23��:DVKLQJWRQ��'&��-XO\�������������� ,YDNKQHQNR�*�$��,QGXFWLYH�6HOI�2UJDQL]LQJ�*0'+�$OJRULWKPV�LQ�7ZLFH�0XOWLOD\HUHG1HXUDO�1HWZRUNV�IRU�&RPSOH[�6\VWHPV�)RUHFDVWLQJ��5HSRUW�DW�WKH���WK�,QWHUQDWLRQDO6\PSRVLXP�RQ�)RUHFDVWLQJ��/LVERQ��3RUWXJDO��-XQH������������
���$127+(5�-2851$/6�� ,YDNKQHQNR�$�*��+HXULVWLF�6HOI�2UJDQL]DWLRQ�LQ�3UREOHPV�RI(QJLQHHULQJ�&\EHUQHWLFV��� $XWRPDWLFD��������YRO����QR����SS����������� ,YDNKQHQNR�$�*��3RO\QRPLDO�7KHRU\�RI�&RPSOH[�6\VWHPV��,(((7UDQVDFWLRQV�RQ�6\VWHPV�0DQ�DQG�&\EHUQHWLFV��QR����YRO�60&���������SS����������� 3DUNV�3�6���,YDNKQHQNR�$�*��HW�DO���$�6HOI�2UJDQL]DWLRQ
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�� ,YDNKQHQNR�*�$��0RGHO�IUHH�$QDORJXHV�DV�$FWLYH�1HXURQV�IRU�1HXUDO1HWZRUN�6HOI�2UJDQL]DWLRQ��LQ�SUHSDUDWLRQ�

































































����3$77(51�5(&2*1,7,21�$1'�,0$*(�$1$/<6,6���35,$����������������������������������������������������������������
�� =KXUDYOHY�<X�,���*XUHYLFK�,�%��3DWWHUQ�UHFRJQLWLRQ�DQG�LPDJHUHFRJQLWLRQ��3DWWHUQ�UHFRJQLWLRQ�DQG�LPDJH�DQDO\VLV��������YRO���QR����SS����������� =KROQDUVN\�$�$��$JJORPHUDWLYH�&OXVWHU�$QDO\VLV�3URFHGXUHV�IRU0XOWLGLPHQVLRQDO�2EMHFWV��$�7HVW�IRU�&RQYHUJHQFH�� 3DWWHUQ5HFRJQLWLRQ�DQG�,PDJH�$QDO\VLV�� ������Y����� 1���� S����������� ,YDNKQHQNR�$�*��$Q�,QGXFWLYH�6RUWLQJ�0HWKRG�IRU�WKH)RUHFDVWLQJ�RI�0XOWLGLPHQVLRQDO�5DQGRP�3URFHVVHV�DQG�(YHQWV�ZLWKWKH�+HOS�RI�$QDORJV�)RUHFDVW�&RPSOH[LQJ��3DWWHUQ�5HFRJQLWLRQ�DQG,PDJH�$QDO\VLV��������YRO�������SS���������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$��DQG�0XOOHU�-�$��6HOI�2UJDQL]DWLRQ�RI�2SWLPXP�3K\VLFDO�&OXVWHULQJ�RI�D�'DWD�6DPSOH�IRU�D:HDNHQHG�'HVFULSWLRQ�DQG�)RUHFDVWLQJ�RI�)X]]\�2EMHFWV��3DWWHUQUHFRJQLWLRQ�DQG�LPDJH�DQDO\VLV��������YRO����QR����SS����������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$��DQG�0XOOHU�-�$���6HOI�2UJDQL]DWLRQ�RI�1HXUDO�1HWZRUNV�ZLWK�$FWLYH�1HXURQV��3DWWHUQ5HFRJQLWLRQ DQG�,PDJH�$QDO\VLV��������YRO����QR����SS����������� ,YDNKQHQNR�$�*��DQG�,YDNKQHQNR�*�$��3HUFHSWURQ�6\QWKHVLV�DFFRUGLQJWR�&OXVWHUL]DWLRQ�%DODQFH�&ULWHULRQ��3DWWHUQ�5HFRJQLWLRQ�DQG�,PDJH$QDO\VLV��������YRO����QR����������SS����������� ,YDNKQHQNR�$�*� DQG�,YDNKQHQNR�*�$��7KH�5HYLHZ�RI�3UREOHPV�6ROYDEOHE\�$OJRULWKPV�RI�WKH�*URXS�0HWKRG�RI�'DWD�+DQGOLQJ��*0'+���3DWWHUQ5HFRJQLWLRQ�DQG�,PDJH�$QDO\VLV��������YRO����QR����������SS����������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$��3HUFHSWURQ�6\QWKHVLV�$FFRUGLQJ�WR&OXVWHUL]DWLRQ�%DODQFH�&ULWHULRQ��3DWWHUQ�5HFRJQLWLRQ�DQG�,PDJH$QDO\VLV��35,$���Y�������������SS����������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$��0RGHOIUHH�)RUHFDVWLQJ�RI�5DQGRP3URFHVVHV�E\�7KHLU�$QDORJXHV�&RPSOH[LQJ��35,$��Y�������������S����������� ,YDNKQHQNR�$�*���,YDNKQHQNR�'�$��,WHUDWLYH�3UREDELOLW\�$OJRULWKP�RI&RQWURO�DQG�&RUUHFWLRQ�RI�([SHUW�'HFLVLRQV��35,$��Y�������������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$���7HWNR�,�9���6DU\FKHY�$�3��



'HYHORSPHQW�RI�(IIHFWLYH�9DULDEOHV�([WDUDFWLRQ�0HWKRGV�DQG�1HXUDO�1HWZRUN6HOI�RUJDQL]DWLRQ�IRU�5HFRJQLWLRQ�RI�7ZR�1HXURQV�,QWHUDFWLRQ�7\SH�3DWWHUQ�5HFRJQLWLRQ�DQG�,PDJH�$QDO\VLV��Y������������  �B\Zog_gdh�:�=���B\Zog_gdh�=�:���L_ldh�B�<���KZjuq_\�:�I��JZajZ[hldZkihkh[h\�ihemq_gby�wnn_dlb\guo�ijbagZdh\�b kZfhhj]ZgbaZpby�g_cjhk_lb^ey�jZkihagZ\Zgby�lbiZ�\aZbfh^_ckl\by�^\mo�g_cjhgh\��3DWWHUQ5HFRJQLWLRQ�DQG�,PDJH�$QDO\VLV��Y�������������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$���7HWNR�,�9���6DU\FKHY�$�3�$SSOLFDWLRQ�RI�$QDORJ�&RRUGLQDWHV�DV�5HWDUGHG�$UJXPHQWV�RI�9LUWXDO�3URFHVVHVRI�WKH�)RUPDWLRQ�RI�5RZV�RI�D�'DWD�6DPSOH��3DWWHUQ�5HFRJQLWLRQ�DQG�,PDJH$QDO\VLV�����QR����������SS����������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$���6DYFKHQNR�(�$���:XQVFK�'�$OJHEUDLF�$SSURDFK�DQG�2SWLPDO�3K\VLFDO�&OXVWHUL]DWLRQ�LQ�,QWHUSRODWLRQ3UREOHPV�RI�$UWLILFLDO�,QWHOOLJHQFH��3DWWHUQ�5HFRJQLWLRQ�DQG�,PDJH$QDO\VLV������QR����������SS����������� ,YDNKQHQNR� $�*��� ,YDNKQHQNR� *�$�� 3UREOHPV� RI� )XUWKHU� 'HYHORSPHQW� RI� WKH� *URXS� 0HWKRG� RI� 'DWD�+DQGOLQJ$OJRULWKPV��3DUW�,��3DWWHUQ�5HFRJQLWLRQ�DQG�,PDJH�$QDO\VLV������QR����������SS������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$���7HWNR�,�9���6DU\FKHY�$�3��5HFRJQLWLRQ�RI�1HXURQV�,QWHUDFWLRQ�7\SH�E\�+LVWRJUDPV�RI�,PSXOVHV�'HOD\RI�WKHLU�$FWLYLW\��3DWWHUQ�5HFRJQLWLRQ�DQG�,PDJH�$QDO\VLV�Y���� ��������  �B\Zog_gdh�:�=���B\Zog_gdh�=�:���L_ldh�B�<���KZjuq_\�:�I�JZkihagZ\Zgb_�lbiZ�\aZbfh^_ckl\by�g_cjhgh\�ih�]bklh]jZffZf�aZ^_j`dbbfimevkh\�bo�Zdlb\ghklb��� ,YDNKQHQNR� $�*��� ,YDNKQHQNR� *�$�� 3UREOHPV� RI� )XUWKHU� 'HYHORSPHQW� RI� WKH� *URXS� 0HWKRG� RI� 'DWD�+DQGOLQJ�$OJRULWKPV��3DUW�,,��,Q�SUHVV�LQ�3DWWHUQ�5HFRJQLWLRQ�DQG�,PDJH�$QDO\VLV�





























































����6\VWHPV�$QDO\VLV��0RGHOLQJ�DQG�6LPXODWLRQ���6$06�����������������������������������������������������������������
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)XUWKHU�*0'+�'HYHORSPHQW��6\VWHP�$QDO\VLV�DQG�0RGHOLQJ�6LPXODWLRQ�6$06���������YRO�����SS�������� ,YDNKQHQNR�*�$��6HOI�2UJDQL]DWLRQ�RI�1HXURQHW�ZLWK�$FWLYH1HXURQV�IRU�(IIHFWV�RI�1XFOHDU�7HVW�([SORVLRQV�)RUHFDVWLQJV�6\VWHP�$QDO\VLV�0RGHOLQJ�6LPXODWLRQ��6$06���������YRO����SS����������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$���0vOOHU�-��$���6HOI�2UJDQL]DWLRQ�RI�1HWV�RI�$FWLYH�1HXURQV��6\VWHPV�$QDO\VLV0RGHOLQJ�6LPXODWLRQ��6$06���YRO������SS����������������� $NVHQRYD�7�,��6KHOHNKRYD�9�<X��)DVW�$OJRULWKPV�RI�'HULYDWLYH(VWLPDWLRQ�RQ�1RLV\�2EVHUYDWLRQV��6\VWHPV�$QDO\VLV�0RGHOLQJ�6LPXODWLRQ�6$06���YRO��������������� ,YDNKQHQNR�$�*���,YDNKQHQNR�*�$���$QGULHQNR�1�0�,QGXFWLYH�&RPSXWHU�$GYLVRU�IRU�&XUUHQW�)RUHFDVWLQJ�RI�8NUDLQH
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���(1*/,6+�OLWHUDWXUH�RI�DQRWKHU�DXWKRUV������������������������������������������������������
���%22.6�� %HUWDODQII\�/��$Q�RXWOLQH�RI�JHQHUDO�V\VWHP�WKHRU\��3URW�-�3KXOO�6FO�"�QR����������S����������� $VKE\�:�5��$Q�,QWURGXFWLRQ�WR�&\EHUQHWLFV��$�:LOH\�&RPSDQ\��1<��������� %HHU�6��&\EHUQHWLFV�DQG�0DQDJHPHQW��(QJOLVK�8QLY��3UHVV��/RQGRQ�������S������� *DVV�6�(��/LQHDU�SURJUDPLQJ��/RQGRQ��������S������� :LGURZ�%��*HQHUDOL]DWLRQ�DQG�LQIRUPDWLRQ�VWRUDJH�LQ�QHWZRUNVRI�DGDOLQH��QHXURQV���,Q�6HOI�2UJDQL]LQJ�V\VWHPV�������&KLFDJR�������HGV��0�&�<RYLWV��*�7�<DNREL��*�'�*ROGVWHLQ��SS���������:DVKLQJWRQ��6SDUWDQ��� 5RVHQEODWW�)��3ULQFLSOHV�RI�1HXURG\QDPLFV��6SDUWDQ�%RRNV��:DVKLQJWRQ�������S������� 5RVHQEODWW�)��'HVFULSWLRQ�RI�WKH�7REHUPRU\�SHUFHSWURQ��&RUQHOO�8QLY���������� +DUPDQ�+���0RGHUQ�)DFWRU�$QDO\VLV��7KH�8QLYHUVLW\�RI�&KLFDJR�3UHVV��������� 8VKHU�0�(��'HYHORSPHQWV�LQ�WKH�/HVOH\�PDWUL[�PRGHOV�LQ�PDWKHPDWLFDOPRGHOV�LQ�HFRORJ\��2[IRUG��������S��������� *DERU�'��3HUVSHFWLYHV�RI�3ODQLQJ�����2UJDQL]DWLRQ�RI�(FRQRPLF&RRSHUDWLRQ�DQG�'HYHORSPHQW��(PSHULDO�&ROOHJH�RI�6FLHQFH�DQG7HFKQRORJ\��/RQGRQ����������6RY�$XWRP�&RQWURO��YRO����QR����������� )RUUHVWHU�-�:��:RUOG�G\QDPLFV��&DPEULGJH��:ULJKW�$OOHQ�3UHVV�,QF���0DVVDFKXVHWWV��������� 'UDSHU�1�5�DQG�6PLWK�+���$SSOLHG�5HJUHVVLRQ�$QDO\VLV��-RKQ:LOH\�DQG�6RQV��1HZ�<RUN�������



*0'+��� )DUORZ�6�-��HG���6HOI�RUJDQL]LQJ�0HWKRGV�LQ�0RGHOLQJ��*0'+�7\SH$OJRULWKPV��6WDWLVWLFV��7H[WERRNV�DQG�0RQRJUDSKV��YRO����� 0DUFHO�'HNNHU�,QF��1HZ�<RUN�DQG�%DVHO��������� +DPSDUVXP�%R]GRJDQ��2Q�WKH�LQIRUPDWLRQ�EDVHG�PHDVXUH�RI�FRYDULDQFHFRPSOH[LW\��&RPPXQLFDWLRQ�LQ�VWDWLVWLFV�WKHRU\�PHWKRGV�������YRO�����QR����S����������� 1LHOVHQ�5�+���1HXURFRPSXWLQJ��$GGLVRQ�:HVOH\��������� 'D\KRII�-�(���1HXUDO�QHWZRUN�DUFKLWHFWXUHV��$Q�LQWURGXFWLRQ��9DQ�1RVWUDQG�5HLQKROG��������� +HU]�-�$��.URJK�$�6���3DOPHU�5�*��,QWURGXFWLRQ�WR�WKH�WKHRU\�RI�QHXUDOFRPSXWDWLRQ��$GGLVRQ�:HVOH\��������S������� 3KDP�'�7��DQG�/LX�;���1HXUDO�QHWZRUNV IRU�LGHQWLILFDWLRQ�3UHGLFWLRQ�DQG�&RQWURO��6SULQJHU�9HUODJ�/RQGRQ��������� (OGHU�,9�-�)��%URZQ�'�(��,QGXFWLRQ�DQG�3RO\QRPLDO�1HWZRUNV�LQ�)UDVHU�0�'���HG���1HWZRUNV�0RGHOV�IRU�&RQWURO�DQG�3URFHVVLQJ�,QWHOOHFW��S�����������
$11��� 0F&XOORK�:�6��%XOO��0DWK��%LRSK\V�������Y��S����� +HEE�'�2��7KH�2UJDQL]DWLRQ�RI�%HKDYLRU�:LOH\��1<������� 0LQVN\�0�3DSHUW�6��3HUFHSWURQV�0,7�3�&DPEULGJH�0DVV������� :LGURZ�%��,Q�6HOI�2UJDQD]LQJ�6\VWHPV�HG�0�&��<RYLWV�6SDUWDQ�:DVKLQJWRQ������� $PDUL�6��0DJLQX�.��1HXUDO�1HWZRUNV�������Y��S���� *URVVEHUJ�6��1HXUDO�1HWZRUNV������Y���S���� .RKRQHQ�7��6HOI�2UJDQLVDWLRQ�DQG�$VVRFLDWLYH�0HPRU\��6SULQJHU�9HUODJ��%HUOLQ������� +RSILHOG�-�-��3URF��1DWO��$FDG��6FL��86$������Y����S�������� +RSILHOG�-�-��7DQN�'�:��6FLHQFH������Y�����S���
���7+(6,6�� 5RVHQEODWW�)��7ZR�WKHRUHPV�RI�VWDWLVWLFDO�VHSDUDELOLW\�LQ�WKHSHUFHSWURQV�� 6\PS��0HFKDQLF�WKRXJKW�SURFHVVHV��7HOGLQJWRQ�������3DSHU������S�������� 5RVHQEODWW�)��7ZR�WKHRUHPV�RI�VWDWLVWLFDO�VHSDUDELOLW\�LQ�WKHSHUFHSWURQ��&RUQHO�$HURQDXWLFDO�/DERUDWRU\�5HSRUW��1R�9*������*���%XIIDOR��������� 5RVHQEODWW�)��7DEOHV�RI�4�IXQFWLRQV��&RUQHO�$HURQDXWLFDO�/DERUDWRU\5HSRUW��1R�9*������*����%XIIDOR��������� /HPNH�)���.QRZOHGJH�([WUDFWLRQ�IURP�'DWD�8VLQJ�6HOI�2UJDQL]LQJ0RGHOLQJ�7HFKQRORJLHV��3URFHHGLQJV�RI�WKH�6($0
���&RQIHUHQFH��������� .RQGR�7���*0'+�QHXUDO�QHWZRUN�DOJRULWKP�XVLQJ�WKH�KHXULVWLFVHOI�RUJDQL]DWLRQ�PHWKRG�DQG�LWV�DSSOLFDWLRQ�WR�WKH�SDWWHUQLGHQWLILFDWLRQ�SUREOHP��3URF��RI�WKH���WK�6,&(�$QQXDO&RQIHUHQFH�������



���$127+(5�-2851$/6
�� 6DZDUDJL�<��6RHGD�7��7DPXUD�+��<RVKLPXUD�7���2KH�6���&KXMR�<�DQG�,VKLKDUD�+��6WDWLVWLFDO�3UHGLFWLRQ�RI�$LU�3ROOXWLRQ�/HYHOV8VLQJ�1RQ�3K\VLFDO�0RGHOV��$XWRPDWLFD��,)$&���YRO�������������S����������� 0F&XOORFK�:�6���3LWWV�:��$�ORJLFDO�FDOFXOXV�RI�LGHDV�LPPDQHQWLQ�QHXURQV�DFWLYLW\��%XOOHWLQ�RI�0DWK��%LRSK\VLFV��QR���������S����������� /RUHQFH�(�1��3UHGLFWDELOLW\�E\�1DWXUDOO\�2FFXUULQJ�$QDORJV�-��RI�$WPRVSKHULF�6FLHQFHV��������YRO�����1R����SS������������ $NDLNH�+���$�QHZ�ORRN�DW�WKH�VWDWLVWLFDO�PRGHOLGHQWLILFDWLRQ��,(((�7UDQV��$XWRPDWLF�&RQWURO��9RO�$&�����1R���SS����������������� =XO�-�*���([SHULPHQWV�LQ�6RFLDO�(FRQRPLF�)RUHFDVWLQJ�8VLQJ,YDNKQHQNR
V�$SSURDFK��$SSOLHG�0DWKHPDWLFDO�0RGHOLQJ��9RO���SS���������������� 7DPXUD�+�DQG�.RQGR�7���+HXULVWLFV�IUHH�JURXS�PHWKRG�RI�GDWDKDQGOLQJ�DOJRULWKP�RI�JHQHUDWLQJ�RSWLPDO�SDUWLDO�SRO\QRPLDOVZLWK�DSSOLFDWLRQ�WR�DLU�SROOXWLRQ�SUHGLFWLRQ��,17�-�6<67(066&,���9RO�����1R����SS������O��O��������� )DUORZ�6���7KH�*0'+�$OJRULWKP�RI�,YDNKQHQNR��7KH�$PHULFDQ6WDWLVWLFLDQ������������� 0XOOHU�-���)XUWKHU�'HYHORSPHQW�RI�0DFURHFRQRPLF�0RGHOLQJ�E\$SSOLFDWLRQ�RI�6HOI�RUJDQL]DWLRQ�RI�0DWKHPDWLFDO�0RGHOV�(FRQRPLF�&RPSXWDWLRQ�DQG�(FRQRPLF�&\EHUQHWLFV�����SS���������������� :HOVK :�-���:DQJNDQ�/LQ��7HUVLJQL�6�+���&ROODQWHV�(���'XWD�5���&DUH\�0�6�3KDUPDFHXWLFDO�)LQJHUSULQWLQJ��(YDOXDWLRQ�RI�1HXUDO�1HWZRUNV�DQG&KHPRPHWULF�7HFKQLTXHV�IRU�'LVWLQJXLVKLQJ�DPRQJ�6RPH�3URGXFW0DQXIDFWXUHUV��$QDO\WLFDO�&KHPLVWU\��QR����������� /HPNH�)���0XHOOHU�-���6HOI�2UJDQL]LQJ�'DWD�0LQLQJ�IRU�D3RUWIROLR�7UDGLQJ�6\VWHP��-RXUQDO�IRU�&RPSXWDWLRQDO�,QWHOOLJHQFHLQ�)LQDQFH����������
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���KL:LVB
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�� $NVHQRYD�7�,��,YDNKQHQNR�$�*���,YDNKQHQNR�*�$���,YDNKQHQNR�1�$���7HWNR�,�9�2SUHGHOHQL\H�FOXVWHURY�DFWLYQRVWL�QD�SRYHUNKQRVWL�PROHNXO�Y�REODVWL]DGDQQRJR�NKLPLFKVNRJR�YR]GHLVWYL\D��.LEHUQHWLND�L�Y\FKLVO��WHNKQLND� ������Y\S����  �:dk_gh\Z�L�B���B\Zog_gdh�:�=���B\Zog_gdh�=�:���B\Zog_gdh�G�:���L_ldh�B�<�Hij_^_e_gb_� deZkl_jh\� Zdlb\ghklb� gZ� ih\_joghklb� fhe_dme� \ h[eZklb� aZ^Zggh]h� obfbq_kdh]h�\ha^_ckl\by��
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Db[_jg_lbdZ�b \uqbke��l_ogbdZ
��\ui�����
���Dhgn_j_gpbb�� I_jrZ�gZmdh\h�ijZdlbqgZ�dhgn_j_pLy a�_dhghfLqgh]hijh]gham\Zggy��?dhghfLdZ�MdjZ�gb�\ ����������jhdZo
��^hih\L^v
,g^mdlb\gL�f_lh^b�ijh]gham\Zggy�lZ�ZgZeLam�kdeZ^gbo_dhghfLqgbo�kbkl_f
��d\Ll_gv������jhdm�� B\Zog_gdh�:�=���B\Zog_gdh�=�:��:e]hjblfu�F=M:�^eyh[jZ[hldb�[hevrbo�\u[hjhd�^Zgguo��Fhkd\Z��������n_\jZey����]��Bgklblml�ijh[e_f�mijZ\e_gby�J:G�
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