
�,9�<($5�%�(���6(0(67(5�µ$¶
(&������ ��:,5(/(66�$1'�02%,/(�1(7:25.6

&2856(�287&20(6�
$W�WKH HQG�RI WKLV FRXUVH VWXGHQWV�ZLOO�GHPRQVWUDWH WKH DELOLW\ WR�

�� 8QGHUVWDQG EDVLF WHFKQRORJLHV LPSOLHG LQ �* DQG �* PRELOH QHWZRUNV�
�� /HDUQ GHYLFH WR GHYLFH DQG PLOOLPHWHU�ZDYH FRPPXQLFDWLRQ LQ �* QHWZRUNV�
�� 'HYHORS WKH EDVLF FRQFHSWV RI��ZLUHOHVV VHQVRU QHWZRUN DQG LWV SURWRFROV
�� 'HVFULEH WKH URXWLQJ PHFKDQLVP LQVLGH�ZLUHOHVV VHQVRU QHWZRUNV�
�� &ODVVLI\ WKH WHFKQRORJ\ DQG VWDQGDUGV RI 0RELOH ,3��%OXHWRRWK� =LJ%HH DQG 5),'�

8QLW�����*�	��*�0RELOH�1HWZRUNV
7KLUG� *HQHUDWLRQ� PRELOH� 7HFKQRORJ\� �*� ±8076�� 875$1� $UFKLWHFWXUH�� :&'0$�� +6'3$��
6SUHDGLQJ� DQG� 'H�6SUHDGLQJ�� 6FUDPEOLQJ�� 8VHU� (TXLSPHQW� �8(��� &6� DQG� 36� 'RPDLQ� 3URWRFRO�
$UFKLWHFWXUHV��6*61�DQG�**61�LQ�8076���*� /7(�DQG�/7(�$GYDQFH��

8QLW����(PHUJLQJ�0RELOH�1HWZRUNV�
0LOOLPHWHU�ZDYH� &RPPXQLFDWLRQV� ��*�� ± ,QWURGXFWLRQ� WR� 0,02�� %HDP�IRUPLQJ�� SK\VLFDO� OD\HU�
WHFKQLTXHV�� ,QWHUIHUHQFH� DQG�PRELOLW\�PDQDJHPHQW��0DVVLYH�0,02� � SURSDJDWLRQ� FKDQQHO�PRGHOV��
&KDQQHO�(VWLPDWLRQ��,PSHUIHFW�&6,��3LORW�&RQWDPLQDWLRQ��6SDWLDO�0RGXODWLRQ��60���'HYLFH�WR�'HYLFH�
�'�'��&RPPXQLFDWLRQ��

8QLW����:LUHOHVV�6HQVRU�1HWZRUNV��%DVLF�DQG�0$&�3URWRFROV
:LUHOHVV� VHQVRU� 1HWZRUN� $UFKLWHFWXUH�� $SSOLFDWLRQV�� 7HFKQRORJ\� IRU� VHQVRU� QRGHV� 	� QHWZRUNV��
RSHUDWLQJ� HQYLURQPHQW��0HGLXP�$FFHVV�&RQWURO� 3URWRFROV� � /RZ�GXW\� F\FOH� SURWRFROV� DQG�ZDNHXS�
FRQFHSWV��&RQWHQWLRQ�EDVHG�DQG�FRQWHQWLRQ�IUHH�SURWRFROV���6FKHGXOH�EDVHG�K\EULG�SURWRFROV�

8QLW����:LUHOHVV��6HQVRU�1HWZRUNV��5RXWLQJ�3URWRFROV
5RXWLQJ�$QG�'DWD�*DWKHULQJ� 3URWRFROV�� 5RXWLQJ�&KDOOHQJHV� DQG�'HVLJQ� ,VVXHV� LQ�:LUHOHVV� 6HQVRU�
1HWZRUNV�� 'DWD� FHQWULF� 5RXWLQJ�� (QHUJ\� DZDUH� URXWLQJ�� *UDGLHQW�EDVHG� URXWLQJ�� 5XPRU� 5RXWLQJ��
+LHUDUFKLFDO�5RXWLQJ��/RFDWLRQ�%DVHG�5RXWLQJ��

8QLW����6KRUW�5DQJH�ZLUHOHVV�QHWZRUNV
0RELOH�,3���%OXHWRRWK� 3URWRFRO�VWDFN��5),'�DQG��=LJ%HH�WHFKQRORJLHV�DQG�WKHLU�SUDFWLFDO�XVDJH��,(((�
�������VWDQGDUGV�DQG�LWV�YDULDQWV���/R:3$1���/R5D�

$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP

7(;7�%22.6�5(&200(1'('�
�� 6XPLWK�.DVHDUD��1LVKLW�1DUDQJ��³�*�1HWZRUNV�$UFKLWHFWXUH��3URWRFROV´��7DWD�0F*UDZ�+LOO
�� $ILI�2VVHLUDQ��-RVH�)�0RQVHUUDW��3DWULFN�0DUVFK��³)XQGDPHQWDOV�RI��*�0RELOH�1HWZRUNV´���

&DPEULGJH�8QLYHUVLW\�3UHVV
�� )HQJ�=KDR�DQG�/HRQLGDV�*XLEDV�± :LUHOHVV�6HQVRU�1HWZRUNV��$Q�LQIRUPDWLRQ�SURFHVVLQJ�

DSSURDFK�� 0RUJDQ�.DXIPDQQ�SXEOLFDWLRQ
�� .DYHK�3DKODYDQ��3UDVKDQW�.ULVKQDPRRUWK\�± 3ULQFLSOH�RI�ZLUHOHVV�QHWZRUNV� $�XQLWHG�

DSSURDFK� 3HDUVRQ�(GXFDWLRQ�������
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�� .D]HP�6RKUDE\��'DQLHO�0LQROL�DQG�7DLHE�=QDWL�:LUHOHVV�6HQVRU�1HWZRUNV��7HFKQRORJ\��
3URWRFROV�DQG�$SSOLFDWLRQV��:LOH\�SXEOLFDWLRQ
�� 0DUWLQ�6DXWHU�³)URP�*60�WR�/7(±$GYDQFHG�3UR�DQG��*��$Q�,QWURGXFWLRQ�WR�0RELOH�
1HWZRUNV�DQG�0RELOH�%URDGEDQG´��:LOH\�%ODFNZHOO�
�� 9LMD\�.��*DUJ�± :LUHOHVV�FRPPXQLFDWLRQ�DQG�QHWZRUNLQJ ± 0RUJDQ�.DXIPDQQ�VHULHV�LQ�
QHWZRUNLQJ� (OVHYLHU�SXEOLFDWLRQ
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&2856(�287&20(��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� 8QGHUVWDQGLQJ�WKH�VFDWWHULQJ�SDUDPHWHUV�DQG�FRUUHVSRQGLQJ�LQVWUXPHQWV�
�� ,GHQWLI\�YDULRXV�W\SHV�RI�0LFURZDYH�HOHFWURQLF�FRPSRQHQWV�DQG�V\VWHPV�
�� 6WXG\� RI� GLIIHUHQW� PRGHV� RI� RSHUDWLRQ� RI� YDULRXV� 5)� DQG� 0LFURZDYH� GHYLFHV� DQG�

FLUFXLWV��
�� 'HVLJQ�DQG�DQDO\VLV�RI�GLHOHFWULF�UHVRQDWRU�FLUFXLWV�DQG�V\VWHPV��
�� 6ROYLQJ� FRPSOH[� 5)� DPSOLILHUV� SDUDPHWHUV�� 0LFURZDYH� FRPPXQLFDWLRQ� QHWZRUN�

GHVLJQ�SUREOHPV�

7+(25<�

8QLW����)HDWXUHV�DQG�DSSOLFDWLRQV�RI�PLFURZDYHV��:DYH�SURSDJDWLRQ�LQ�VWULSOLQHV�DQG�PLFURVWULS�OLQHV��
DQG�6ORW OLQHV��/LPLWDWLRQV�RI�FRQYHQWLRQDO�YDFXXP�WXEHV��0LFURZDYH�WXEHV�OLNH�7ZR�FDYLW\�NO\VWURQ�
DQG�5HIOH[�NO\VWURQ��0DJQHWURQ��7:7��%DFNZDUG�ZDYH�RVFLOODWRU�HWF�

8QLW� ���6ROLG� VWDWH�PLFURZDYH� VRXUFHV�� WUDQVIHUUHG� HOHFWURQ� GHYLFHV��7XQQHO� GLRGH�*XQQ�GLRGH� DQG�
RVFLOODWRUV��,03$77�GLRGH��75$3$77�GLRGH��3LQ�GLRGH��9DUDFWRU�GLRGH��6FKRWWN\�GLRGH��3DUDPHWULF�
DPSOLILHUV��&U\VWDO�GLRGH��)UHTXHQF\�PXOWLSOLHUV��0LFURZDYH�%-7�	�)(7�

8QLW����6FDWWHULQJ�PDWUL[��6�SDUDPHWHUV�	�LWV�DSSOLFDWLRQV� LQ�1HWZRUN�DQDO\VLV��0DWFKLQJ 1HWZRUN��
'HWHFWRU� GLRGHV�� GHWHFWRU� PRXQWV�� GHWHFWRU� RXWSXW� LQGLFDWRU�� VORWWHG� OLQH�� PHDVXUHPHQW� RI� SRZHU��
LPSHGDQFH�	�6�SDUDPHWHU��PHDVXUHPHQW�RI�IUHTXHQF\�	�96:5�

8QLW� ��� ,PSHGDQFH� WUDQVIRUPHU��0LFURZDYH� ILOWHUV�� 3RZHU� GLYLGHUV� DQG�'LRGLUHFWLRQDO� FRXSOHUV�� (�
SODQH� 7HH�� +�SODQH� WHH�� 0DWFKHG� K\EULG� 7HH�7HQVRU� SHUPHDELOLW\�� :DYH� SURSDJDWLRQ� LQ� IHUULWH�
PHGLXP�� ,VRODWRUV�� &LUFXODWRUV�� <,*� UHVRQDWRUV�� 6LPXODWLRQ� 7HFKQLTXHV� IRU� GHVLJQ� RI� 0LFURZDYH�
&RPSRQHQWV�DQG�GHYLFHV�

8QLW� �� $QDO\VLV� DQG� GHVLJQ� RI�'LHOHFWULF� UHVRQDWRUV��'HVLJQ� RI�5)� DQG�PLFURZDYH� ORZ� QRLVH� DQG�
SRZHU� DPSOLILHUV� 	� RVFLOODWRUV� XVLQJ� 6� SDUDPHWHU� WHFKQLTXHV�� 0L[HU� DQG� FRQYHUWHU� GHVLJQ�� GLRGH�
SKDVH� VKLIWHUV�� DWWHQXDWRUV�� 'HVLJQ� RI� K\EULG� DQG� PRQROLWKLF�� PLFURZDYH� DQG� PLOOLPHWHU� ZDYH�
LQWHJUDWHG�FLUFXLWV�

$66(60(17��0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP�

�/,67�2)�(;3(5,0(176
�� 7R�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�DQG�HOHFWURQLF�WXQLQJ�UDQJH�RI�.O\VWURQ�WXEH�DPSOLILHU�
�� 7R�GHWHUPLQH� WKH� IUHTXHQF\�	�ZDYHOHQJWK� LQ� D� UHFWDQJXODU�ZDYHJXLGH�ZRUNLQJ� RQ�7(���

PRGH�(�0��SURSDJDWLRQ��
�� 7R� GHWHUPLQH� WKH� 6WDQGLQJ� :DYH� 5DWLR� DQG� 5HIOHFWLRQ� &RHIILFLHQW� LQ� D� 5HFWDQJXODU�

ZDYHJXLGH�V\VWHP�ZLWK�GLIIHUHQW�ORDGV��
�� 7R�GHWHUPLQH�DQ�XQNQRZQ�,PSHGDQFH�LQ�D�VORWWHG�OLQH�VHFWLRQ�XVLQJ�6PLWK�FKDUW�
�� 7R�PHDVXUH�9�,�FKDUDFWHULVWLFV�RI�*XQQ�'LRGH�DW�PLFURZDYH�IUHTXHQFLHV��
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�� 7R�PHDVXUH�WKH�IROORZLQJ�SDUDPHWHUV�LQ�D�PXOWL�KROH�GLUHFWLRQDO�FRXSOHU
�� 0DLQ�OLQH�DQG�DX[LOLDU\�OLQH�96:5�
�� 7KH�FRXSOLQJ�IDFWRU�DQG�GLUHFWLYLW\�
�� 7R�GHWHUPLQH�WKH�6�0DWUL[�RI�0DJLF�7HH�
��� 7R�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�,VRODWRU�DQG�&LUFXODWRUV�DW�GLIIHUHQW�PLFURZDYH�

IUHTXHQFLHV�
��� 'HVLJQ�VWXG\�RI�PLFURZDYH�DPSOLILHU�XVLQJ�PLFURZDYH�RIILFH��9LUWXDO�H[SHULPHQW�
��� 7R�GHVLJQ�PLFURZDYH�ILOWHU�VLQJ�HOHFWURPDJQHWLF�VRIWZDUH��9LUWXDO�H[SHULPHQW�

$66(60(17�
,QWHUQDO�YLYD��&RQWLQXRXV�HYDOXDWLRQ�RI�H[SHULPHQWV��-RXUQDO�ZULWH�XS��DQG�$GGLWLRQDO�
H[SHULPHQWV�FRQGXFWHG��4XL]��(QG�VHPHVWHU�H[DP�

7(;7�%22.6�5(&200(1'('�

���/LDR�6���0LFURZDYH�'HYLFHV�	�&LUFXLWV¶¶����QG�HG�������3+,�
���*XSWD�.�&���0LFURZDYH�(QJJ����UG�HG������:LOH\�(DVWHU�3XE�
���:DWVRQ��6ROLG�6WDWH�0LFURZDYH�'HYLFHV���WK�HG������:LOH\�
���'DYLG�0��3R]DU��0LFURZDYH�(QJLQHHULQJ���UG�HGLWLRQ�������:LOOH\�,QGLD�

5()(5(1&(�%22.6�5(&200(1'('�

���*DQGKL��0LFURZDYH�(QJLQHHULQJ�	�$SSOLFDWLRQ���QG�HG������0F0LOODQ�,QW��(G�
���5HLFK��0LFURZDYH�3ULQFLSOHV���WK�HG������&%6�3XEO�
���&ROOLQ��)RXQGDWLRQV�IRU�PLFURZDYH�HQJLQHHULQJ���WK�HG�������:LOH\�3XEO�



3(&��

(&�«««���$'9$1&('�$17(11$�'(6,*1

3UHUHTXLVLWH��� 3K\VLFV��(OHFWURPDJQHWLF�ILHOGV�DQG�:DYHV��7UDQVPLVVLRQ�OLQHV��$QWHQQD��
DQG�ZDYH�SURSDJDWLRQ

&RXUVH�2XWFRPH��
6WXGHQWV�VKRXOG�EH�DEOH�WR�
���/HDUQ�DSSURDFK�IRU�PDWKHPDWLFDO�PRGHOLQJ�RI�HOHFWURPDJQHWLF�DQWHQQD�SUREOHPV�
�� %DVLF�FRQFHSWV�RI�GHVLJQ�RI�DQWHQQDV
���&RQFHSWV�RI�DQWHQQD�'HVLJQ�DQG�IDEULFDWLRQ�
�� $SSOLFDWLRQ�RI�+LJK�IUHTXHQF\�DQG�QXPHULFDO�WHFKQLTXHV�LQ�$QWHQQD�'HVLJQ�
���/HDUQ�3UDFWLFDO�GHVLJQ�RI�YDULRXV�DQWHQQDV�DQG�PHDVXUHPHQW

7KHRU\�
8QLW��� )XQGDPHQWDO� &RQFHSWV�� 3K\VLFDO� FRQFHSW� RI� UDGLDWLRQ�� 5DGLDWLRQ� SDWWHUQ�� QHDU�

DQG� IDU�ILHOG� UHJLRQV�� UHFLSURFLW\�� GLUHFWLYLW\� DQG� JDLQ�� HIIHFWLYH� DSHUWXUH��
SRODUL]DWLRQ�� LQSXW� LPSHGDQFH�� HIILFLHQF\�� )ULLV� WUDQVPLVVLRQ� HTXDWLRQ�� UDGLDWLRQ�
LQWHJUDOV�DQG�DX[LOLDU\�SRWHQWLDO�IXQFWLRQV

8QLW��� 5DGLDWLRQ�IURP�:LUHV�DQG�/RRSV��,QILQLWHVLPDO�GLSROH��ILQLWH�OHQJWK�GLSROH��OLQHDU�
HOHPHQWV�QHDU�FRQGXFWRUV��GLSROHV�IRU�PRELOH�FRPPXQLFDWLRQ��VPDOO�FLUFXODU� ORRS��
$SHUWXUH�$QWHQQDV��+X\JHQV¶� 3ULQFLSOH� UDGLDWLRQ� IURP� UHFWDQJXODU� DQG� FLUFXODU�
DSHUWXUHV�� GHVLJQ� FRQVLGHUDWLRQV��%DELQHW¶V�SULQFLSOH��5DGLDWLRQ� IURP�VHFWRUDO� DQG�
S\UDPLGDO�KRUQV� OHQV�DQG�UHIOHFWRU�DQWHQQDV��GHVLJQ�FRQFHSWV��GLHOHFWULF�UHVRQDWRU�
DQWHQQD��'5$�

8QLW��� %URDGEDQG� $QWHQQDV�� %URDGEDQG� FRQFHSW�� /RJ�SHULRGLF� DQWHQQDV�� IUHTXHQF\�
LQGHSHQGHQW� DQWHQQDV� +HOLFDO� DQG�6SLUDO� DQWHQQDV�� �0LFURVWULS�$QWHQQDV��%DVLF�
FKDUDFWHULVWLFV� RI� PLFURVWULS� DQWHQQDV�� IHHGLQJ� PHWKRGV�� PHWKRGV� RI� DQDO\VLV��
GHVLJQ�RI�UHFWDQJXODU�DQG�FLUFXODU�SDWFK�DQWHQQDV�

8QLW��� $QWHQQD� $UUD\V�� $QDO\VLV� RI� XQLIRUPO\� VSDFHG� DUUD\V� ZLWK� XQLIRUP� DQG� QRQ�
XQLIRUP� H[FLWDWLRQ� DPSOLWXGHV�� H[WHQVLRQ� WR� SODQDU� DUUD\V� 6PDUW� $QWHQQDV��
&RQFHSW� DQG� EHQHILWV� RI� VPDUW� DQWHQQDV�� )L[HG� ZHLJKW� EHDP� IRUPLQJ� EDVLFV�
$GDSWLYH� EHDPIRUPLQJ�� EHDP� VWHHULQJ�� QXOOLQJ� DQG� GLUHFWLRQ� ILQGLQJ� )UHTXHQF\�
VHOHFWLYH�VXUIDFHV��)66���0HWDPDWHULDO�DQWHQQDV��'HIHFWHG�JURXQG�VWUXFWXUH��'*6��
DQWHQQD

8QLW� ��� +LJK� )UHTXHQF\� WHFKQLTXHV IRU� VFDWWHULQJ� L�H�� *7'�� 87'�� 8$7�� 37'� HWF��
&RPSXWDWLRQDO� 1XPHULFDO� WHFKQLTXHV L�H�� 0HWKRG� RI� PRPHQW� �020��� )LQLWH�
GLIIHUHQFH�WLPH�GRPDLQ��)'7'���)LQLWH�HOHPHQW�PHWKRG��)(0�����
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7H[W�%RRNV�5HFRPPHQGHG�
������&�$�%DODQLV��$QWHQQD�7KHRU\�DQG�'HVLJQ�����UG�(G���-RKQ�:LOH\�	�6RQV��������
������$QWHQQD�7KHRU\�DQG�'HVLJQ���:DUUHQ�/��6WXWVPDQ�*DU\�$��7KLHOH���:LOH\�

3XEOLFDWLRQ��
�� 0DWKHZ�1�2��6DGLNX��1XPHULFDO�7HFKQLTXHV�LQ�(OHFWURPDJQHWLF��,,��HGLWLRQ��&5&�
SUHVV��
�� 5DPHVK�*DUJ��&RPSXWDWLRQDO�PHWKRGV�LQ�(OHFWURPDJQHWLF��&5&�SUHVV��
�����5RJHU�)��+DUULQJWRQ��)LHOG�FRPSXWDWLRQ�E\�0RPHQW�0HWKRGV��2[IRUG�XQLYHUVLW\�
SUHVV�

5HIHUHQFH�%RRNV�5HFRPPHQGHG�
�� &ROOLQ�5�(���$QWHQQDV�	�:DYH�3URSDJDWLRQ���UG�HG���������0F*UDZ�+LOO�
�� 5RJHU�)��+DUULQJWRQ��,QWURGXFWLRQ�WR (OHFWURPDJQHWLF�(QJLQHHULQJ��'RYHU�3XEOLFDWLRQ�
�� 5�6�(OOLRW��$QWHQQD�7KHRU\�DQG�'HVLJQ���5HYLVHG�HGLWLRQ��:LOH\�,(((�3UHVV���������

/LVW�RI�([SHULPHQWV
6�1��������������������������������������������������������([SHULPHQWV
� 6WXG\�DQG�'HVLJQ�RI�+LJK�JDLQ��+RUQ�$QWHQQD�WKURXJK�VLPXODWRU

� 'HVLJQ�DQG�FKHFN�WKH�YDULRXV�SHUIRUPDQFH�SDUDPHWHUV�RI���E\���SDWFK�DQWHQQD�$UUD\

� (VWLPDWH�WKH�UDGLDWLRQ�SDWWHUQ�RI�(�SODQH�DQG�+�SODQH�+RUQ�DQWHQQD�WKURXJK�DQWHQQD�
WUDLQHU�NLW�

� 'HYHORS� WKH�0$7/$%�SURJUDPPH�IRU�HVWLPDWH�YDULRXV�SDUDPHWHUV�RI�DQWHQQD� OLNH
GLUHFWLYLW\��UDGLDWLRQ�SDWWHUQ�HWF��

� (VWLPDWH�WKH�UDGLDWLRQ�SDWWHUQ�RI�+HOLFDO���DQWHQQD�WKURXJK�DQWHQQD�WUDLQHU�NLW�

� (VWLPDWH�WKH�SHUIRUPDQFH�SDUDPHWHU�RI�+LJK�JDLQ�DQWHQQDV�WKURXJK��91$�

� (VWLPDWH�WKH�YDULRXV�SHUIRUPDQFH�SDUDPHWHU OLNH�JDLQ��SRODUL]DWLRQ��HIILFLHQF\�HWF��
RI�+LJK�JDLQ�DQWHQQDV L�H��KRUQ��KHOLFDO�HWF� WKURXJK��$QHFKRLF�FKDPEHU

3URMHFW�
� 7R�GHVLJQ��GHYHORS��IDEULFDWH��WHVW�	�PHDVXUH�WKH�VXLWDEOH�KLJK�JDLQ�DQWHQQDV�LQ�5)�

DQG� 0LFURZDYH� ODERUDWRU\ IRU� SDUDPHWHUV� OLNH� SRODUL]DWLRQ�� HIILFLHQF\�� JDLQ��
GLUHFWLYLW\���DQG�(��+�SODQH���G�DQG���G�UDGLDWLRQ�SDWWHUQ�
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� 8QGHUVWDQG�2SWLFDO�)LEHU�&RPPXQLFDWLRQ�6\VWHP�DQG�LWV SDUDPHWHUV�

�� $QDO\]H�WUDQVPLVVLRQ�FKDUDFWHULVWLFV�RI�RSWLFDO�ILEHU�DQG�WKHLU HIIHFWV�

�� 8QGHUVWDQG�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�YDULRXV�RSWLFDO�VRXUFHV�DQG GHWHFWRUV�

�� 'HVLJQ�DQG�VWXG\�SHUIRUPDQFH�DQDO\VLV�RI�RSWLFDO UHFHLYHUV�

�� %ULHI�LQWURGXFWLRQ�RI�RSWLFDO�ILEHU QHWZRUNV�DQG�DPSOLILHUV�

7+(25<�

8QLW�����2YHUYLHZ�RI�RSWLFDO�ILEHU�FRPPXQLFDWLRQV�V\VWHP��HOHPHQWV�RI��DQ�RSWLFDO�ILEUH�WUDQVPLVVLRQ�
OLQN��:DYH� SURSDJDWLRQ� LQ� RSWLFDO� ILEHU�� DQDO\VLV�RI�RSWLFDO�ZDYHJXLGH� XVLQJ� UD\� WKHRU\��
ZDYH�PRGHO��2SWLFDO�ILEHUV���6WUXFWXUH�	�ZDYH�JXLGLQJ�IXQGDPHQWDOV� EDVLF�RSWLFDO�ODZV��
RSWLFDO� ILEUH�PRGHV�	�FRQILJXUDWLRQ�PRGH��GLIIHUHQW�W\SHV�RI�RSWLFDO� ILEHUV��3K\VLFDO�DQG�
HOHFWULFDO�FKDUDFWHULVWLFV�RI�ILEHU�

8QLW���� �6LJQDO�GHJUDGDWLRQ� LQ�2SWLFDO�)LEHU�GXH� WR�GLVSHUVLRQ�DQG�DWWHQXDWLRQ��VLJQDO�GLVWRUWLRQ� LQ�
RSWLFDO ZDYH�JXLGHV��SXOVH�EURDGHQLQJ�LQ�JUDGHG�LQGH[�DQG�VWHS�LQGH[�ZDYH�JXLGHV��PRGH�
FRXSOLQJ��)DEULFDWLRQ�RI� ILEHUV��RYHUYLHZ�RI� ILEUH�PDWHULDOV�DQG�PHDVXUHPHQW� WHFKQLTXHV�
OLNH�27'5�

8QLW� ���2SWLFDO� VRXUFHV� DQG� GHWHFWRUV�� /('V�� /$6(5� GLRGHV�� EDVLF� SULQFLSOH�� YDULRXV� VWUXFWXUHV�
VHPLFRQGXFWRU� ODVHUV�� GLVWULEXWHG� IHHGEDFN� ODVHUV� 3KRWR�GHWHFWRUV� � SLQ�GLRGHV�� $3'V��
3K\VLFDO� SULQFLSOHV� RI� SKRWR� GLRGHV�� SKRWR� GHWHFWRU� QRLVH�1(3�� GHWHFWRU� UHVSRQVH� WLPH��
$YDODQFKH�PXOWLSOLFDWLRQ�QRLVH��SKRWR�GLRGH�PDWHULDOV�

8QLW�����2SWLFDO�UHFHLYHUV�'LUHFW�GHWHFWLRQ�DQG�FRKHUHQW�UHFHLYHUV��QRLVH�LQ�GHWHFWLRQ�SURFHVV��6\VWHP�
GHVLJQ��SRZHU�EXGJHWLQJ��ULVH�WLPH�EXGJHWLQJ��ILEUH�WR�ILEUH�MRLQWV��DQG�VSOLFLQJ�WHFKQLTXHV��
2SWLFDO� ILEUH� FRQQHFWRUV�� ,QWURGXFWLRQ� WR� RSWLFDO� DPSOLILHUV� �(')$� 62$��� RSWLFDO�
VZLWFKHV

8QLW����2SWLFDO�QHWZRUNV��%DVLF�QHWZRUNV� 621(7��6'+��:'0�QHWZRUN���%URDGFDVW�± DQG�±VHOHFW��
1HWZRUNV�� ZDYHOHQJWK� URXWHG� QHWZRUNV� ':'0�� 3DVVLYH� 2SWLFDO� $FFHVV� 1HWZRUNV�
,QWURGXFWLRQ�WR�HODVWLF�RSWLFDO�QHWZRUN�DQG�/L)L�

$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP�

35$&7,&$/6�

/LVW�RI�([SHULPHQWV
�� 7R�IDPLOLDUL]H�ZLWK�WKH�RSWLFDO�FRPPXQLFDWLRQ�NLW�DQG�LWV�VSHFLILFDWLRQV�DQG LQWHUIDFHV�

�� 7R�HVWDEOLVK�GDWD�OLQN�FRPPXQLFDWLRQ�HPSOR\LQJ�LQWHQVLW\�PRGXODWLRQ�DQG
GHPRGXODWLRQ�
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�� 7R�JHQHUDWH�IUHTXHQF\�DQG�SXOVH�ZLGWK�PRGXODWLRQ�DQG�GHPRGXODWLRQ�LQ�RSWLFDO�
FRPPXQLFDWLRQ�

�� 7R�PHDVXUH�YDULRXV�ORVVHV�LQ�RSWLFDO FRPPXQLFDWLRQ

�� 7R�PHDVXUH�WKH�HIIHFW�RI�EHQGLQJ�RQ�DWWHQXDWLRQ�LQ�RSWLFDO ILEHU�

�� 7R�PHDVXUH�WKH�RSWLFDO SDUDPHWHUV�

�� 7R�FKDUDFWHUL]H�/('�DV�RSWLFDO VRXUFH�

�� 7R�FKDUDFWHUL]H�/DVHU 'LRGH�

�� 7R�HVWDEOLVK�3&�WR�3&�FRPPXQLFDWLRQ�XVLQJ�56����LQWHUIDFH�YLD�RSWLFDO�ILEHU OLQN�

��� 3UHSDUDWLRQ�RI�ILEHU�RSWLF�FDEOH WHUPLQDWLRQ�

$66(60(17�
,QWHUQDO�YLYD��&RQWLQXRXV�HYDOXDWLRQ�RI�H[SHULPHQWV��-RXUQDO�ZULWH�XS��DQG�$GGLWLRQDO�
H[SHULPHQWV�FRQGXFWHG��4XL]��(QG�VHPHVWHU�H[DP�

7(;7�%22.6�5(&200(1'('��
�� 6HQLRU�-�0���2SWLFDO�)LEUH�&RPPXQLFDWLRQV��3ULQFLSOHV�	�3UDFWLFH���QG�HG������� 3+,�

�� $JUDZDO�*RYLQG�3���)LEUH�2SWLF�&RPPXQLFDWLRQ�6\VWHPV���WK�HG��������-RKQ�:LOH\�
	�6RQV��VWXGHQWV HG�

�� %ODFN�8\OHVV��2SWLFDO�1HWZRUNV�DQG��UG�*HQUDWLRQ�7UDQVSRUW�6\VWHPV���UG�HG�������
3HDUVRQ�

5()(5(1&(�%22.6�5(&200(1'('��
�� .HLVHU�*��2SWLFDO�)LEUH�&RPPXQLFDWLRQ���WK�HG��������0F*UDZ +LOO�

�� 0\QEDQY�DQG�6FKHLQHU��)LEUH�2SWLF�&RPPXQLFDWLRQ�7HFKQRORJ\���QG HG�������3HDUVRQ
(GX�

�� 'MIDU�.�0\QEDHY�	�6FKHLQHU��)LEUH�2SWLF�&RPPXQLFDWLRQ�7HFKQRORJ\���WK�HG�������
3HDUVRQ
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&2856(�287&20(6� $IWHU�&RPSOHWLQJ WKH�FRXUVH�VWXGHQW�VKRXOG�EH�DEOH�WR��
��� &RPSUHKHQG� WKH� ,7�LQWHUHVWLQJQHVV� RI� GDWD� DQG� XQGHUVWDQG� WKH� DWWULEXWHV� RI� GDWD�� ���
3UHSURFHVV� WKH� JLYHQ� GDWD� DQG� YLVXDOL]H� LW� IRU� D� JLYHQ� DSSOLFDWLRQ� RU� GDWD� H[SORUDWLRQ��
PLQLQJ�WDVN��
��� $SSO\� WHFKQLTXHV� RI� VXSHUYLVHG� DQG� XQVXSHUYLVHG� PDFKLQH� OHDUQLQJ� IRU� YDULRXV� GDWD�
DSSOLFDWLRQV��
��� ,PSOHPHQW� ZHE� VHDUFK� PHWKRGV� E\� SDJH� UDQNLQJ� DQG� FDQ� LPSOHPHQW� PRGHOV� RI�
LQIRUPDWLRQ�UHWULHYDO�E\�DSSO\LQJ�GLIIHUHQW�WHFKQLTXHV�RI�WH[W�PLQLQJ��

&2856(�&217(176� 7+(25<��

81,7� ��� 8QGHUVWDQGLQJ� 'DWD�� 'DWD� :UDQJOLQJ� DQG� ([SORUDWRU\� $QDO\VLV�� 'DWD�
7UDQVIRUPDWLRQ� 	� &OHDQLQJ�� )HDWXUH� ([WUDFWLRQ�� 'DWD� 9LVXDOL]DWLRQ�� ,QWURGXFWLRQ� WR�
FRQWHPSRUDU\�WRROV�DQG�SURJUDPPLQJ�ODQJXDJHV�OLNH�5��3\WKRQ�HWF��IRU�GDWD�DQDO\VLV��

81,7� �� 6WDWLVWLFDO� 	� 3UREDELOLVWLF� DQDO\VLV� RI� 'DWD�� 0XOWLSOH� K\SRWKHVLV� WHVWLQJ��
3DUDPHWHU� (VWLPDWLRQ� PHWKRGV�� &RQILGHQFH� LQWHUYDOV�� %D\HVLDQ� VWDWLVWLFV� DQG� 'DWD�
'LVWULEXWLRQV��

81,7� ��� ,QWURGXFWLRQ� WR� PDFKLQH� OHDUQLQJ�� 6XSHUYLVHG� 	� XQVXSHUYLVHG� OHDUQLQJ��
&ODVVLILFDWLRQ� 	� &OXVWHULQJ� $OJRULWKPV� OLNH� 'HFLVLRQ� 7UHH� EDVHG� FODVVLILFDWLRQ� DQG�
.0HDQV� FOXVWHULQJ�� 'LPHQVLRQDOLW\� UHGXFWLRQ�� 3&$� 	� 69'�� &RUUHODWLRQ� 	� 5HJUHVVLRQ�
DQDO\VLV��7UDLQLQJ�	�7HVWLQJ�GDWD��2YHUILWWLQJ�	�8QGHU�ILWWLQJ��

81,7� �� ,QWURGXFWLRQ� WR� ,QIRUPDWLRQ� 5HWULHYDO�� %RROHDQ� 0RGHO�� 9HFWRU� PRGHO��
3UREDELOLVWLF�0RGHO���7H[W�EDVHG�VHDUFK��7RNHQL]DWLRQ���7I�,')��VWRS�ZRUGV�DQG�QJUDPV���
V\QRQ\PV�DQG�SDUWV�RI�VSHHFK�WDJJLQJ�

81,7��� ,QWURGXFWLRQ�WR�:HE�6HDUFK�	�%LJ�'DWD��&UDZOLQJ�DQG�,QGH[HV��6HDUFK�(QJLQH�
DUFKLWHFWXUHV��/LQN�$QDO\VLV�DQG�UDQNLQJ�DOJRULWKPV�VXFK�DV�+,76�DQG�3DJH�5DQN�+DGRRS�
)LOH�V\VWHP�	�0DS�5HGXFH�3DUDGLJP�

7(;7�%22.6�5(&200(1'('��
���)LHOG�&DG\��³7KH�'DWD�6FLHQFH�+DQGERRN´�����H���������3XEOLVKHU��:LOH\�
���6LQDQ�2]GHPLU��³3ULQFLSOHV�RI�'DWD�6FLHQFH�³����H��������3DFNW�3XEOLVKLQJ�/LPLWHG�
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5()(5(1&(�%22.6��
��� 3HWHU� %UXFH�� ³3UDFWLFDO� 6WDWLVWLFV� IRU� 'DWD� 6FLHQWLVWV�� ��� (VVHQWLDO� &RQFHSWV´��
6KURII�2
5HLOO\��)LUVW�HGLWLRQ��������
���3DQJ�1LQJ�7DQ��³,QWURGXFWLRQ�WR�'DWD�0LQLQJ´��3HDUVRQ�(GX��������
��� 5LFDUGR� %DH]D�<DWHV� DQG� %HUWKLHU� 5LEHLUR�1HWR�� ³0RGHUQ� ,QIRUPDWLRQ� 5HWULHYDO´��
3HDUVRQ�(GXFDWLRQ�������

7+(25<�$66(660(17��
���,QWHUQDO�$VVHVVPHQW�IRU�FRQWLQXRXV�HYDOXDWLRQ��PLG�WHUP�WHVWV��7XWRULDOV��4XL]]HV��&ODVV�
3HUIRUPDQFH��HWF��������
���(QG�VHPHVWHU�7KHRU\�([DP�������
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

���7R�GHVFULEH�FU\VWDO�JURZWK�DQG�ZDIHU�SUHSDUDWLRQ�PHWKRGV��
���7R�GLVFXVV�OD\HULQJ�LQ�WHUPV�RI�FKLS�IDEULFDWLRQ�

���,OOXVWUDWLRQ�RI�YDULRXV�SDWWHUQLQJ�PHWKRGV�
���*DLQ�NQRZOHGJH�DERXW�OD\RXW�GHVLJQ�UXOHV��VWLFN�GLDJUDPV�HWF��

���,OOXVWUDWLRQ�RI�VXEV\VWHP�GHVLJQ�DQG�PHPRULHV�

7+(25<�

8QLW ���&U\VWDO�*URZWK�DQG�ZDIHU�SUHSDUDWLRQ��:DIHU�WHUPLQRORJ\���GLIIHUHQW��FU\VWDOOLQH�RULHQWDWLRQV��
&=� PHWKRG�� &026� ,&� 'HVLJQ� IORZ�� &U\VWDO� 'HIHFWV�� )DEULFDWLRQ� SURFHVV� RI� )(7V��
026)(7V��DQG�%,026 HWF�

8QLW� ��� � � /D\HULQJ�� (SLWD[LDO� JURZWK� PHWKRGV�� R[LGDWLRQ�� .LQHWLFV� � RI� � R[LGDWLRQ�� � WKLQ� � ILOP� �
IDEULFDWLRQ��0HWDOOL]DWLRQ��3K\VLFDO�9DSRU�'HSRVLWLRQ�DQG 6SXWWHULQJ�

8QLW�����3DWWHUQLQJ��/LWKRJUDSK\��2SWLFDO��/LWKRJUDSK\���(OHFWURQ��/LWKRJUDSK\���;� 5D\�/LWKRJUDSK\��
,RQ�/LWKRJUDSK\��3KRWR�PDVNLQJ� VWHSV��5HVLVWV��'RSLQJ��'LIIXVLRQ��'LIIXVLRQ�PRGHOV�� ,RQ�
,PSODQWDWLRQ��,PSODQWDWLRQ�(TXLSPHQW� &KDQQHOLQJ�

8QLW����9/6,�SURFHVV�WHFKQLTXHV�DQG�,QWHJUDWLRQ��)ORRU�SODQQLQJ��OD\RXW��'HVLJQ�UXOHV��VWLFN�GLDJUDPV��
7HVW� JHQHUDWLRQ�� /RJLF� 6LPXODWLRQ�� ,QWURGXFWLRQ� WR� ('$� WRROV�� &RQWDPLQDWLRQ� FRQWURO��
&OHDQ�URRPV��+(3$��8/3$�)LOWHUV�DQG�&ODVV�QXPEHUV�

8QLW� ��� 6XEV\VWHP� 'HVLJQ�� 'DWD�SDWKV�� DGGHU�� 6KLIW� UHVLVWHUV�� $/8�� 0HPRU\�� 195:0�� )ODVK�
PHPRULHV����7UDQVLVWRU�5$0V��/DWFK�XS�LQ�&026�FLUFXLWV�

$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP�

7(;7�%22.6�5(&200(1'('�

�� 6�.��*DQGKL��9/6,�)DEULFDWLRQ�3ULQFLSOHV� :LOH\�
�� 6�0��6]H��9/6,�7HFKQRORJ\��,,�HGLWLRQ��0F*UDZ +LOO�
�� 3�� 9DQ� =DQGW�� 0LFURFKLS� )DEULFDWLRQ�� $� SUDFWLFDO� *XLGH� WR� 6HPLFRQGXFWRU�

3URFHVVLQJ��7KLUG�HGLWLRQ��0F*UDZ +LOO�
5()(5(1&(�%22.6�5(&200(1'('�

�� -DPHV�'�3OXPPHU��6LOLFRQ�9/6,�7HFKQRORJ\�)XQGDPHQWDOV�3UDFWLFH�	�0RGHOLQJ
3HDUVRQ�(GXFDWLRQ�/LPLWHG

�� 6LQJK�5�.���9/6,�7HFKQRORJ\�'HVLJQ�	�%DVLFV�RI�0LFURHOHFWURQLFV��6��.DWDULD�	6RQV
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���'��1RUULV��³7KH�,QWHUQHW�RI�7KLQJV��'R�,W�<RXUVHOI�3URMHFWV�ZLWK�$UGXLQR��5DVSEHUU\�3L�
DQG�%HDJOH%RQH�%ODFN´��0F*UDZ�+LOO�(GXFDWLRQ��1HZ�'HOKL�
���3��5DM�DQG�$�&��5DPDQ��³7KH�,QWHUQHW�RI�7KLQJV´��&5&�3UHVV��7	)�*URXS���1HZ�<RUN�
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&2856(�287&20(6�

$W�WKH�HQG�RI�WKH�FRXUVH��WKH�VWXGHQW�VKRXOG�EH�DEOH�WR�
�� $QDO\]H�DQG�DSSO\�WKH�FRQFHSWV�RI�UDQGRP�SURFHVVHV�LQ�SUDFWLFDO�DSSOLFDWLRQV
�� $QDO\]H�DQG�DSSO\�OLQHDU�HVWLPDWLRQ�DQG�SUHGLFWLRQ�WHFKQLTXHV�IRU�D�JLYHQ�UDQGRP�SURFHVV
�� $QDO\]H��PDWKHPDWLFDOO\�PRGHO��PRGLI\�DQG�HQKDQFH�VSHHFK�DQG�PXVLF�VLJQDOV��
�� $QDO\]H�DQG�DSSO\�DSSURSULDWH�DGDSWLYH�DOJRULWKP�IRU�SURFHVVLQJ�QRQ�VWDWLRQDU\�VLJQDOV
�� $QDO\]H�DQG�DSSO\�ZDYHOHW�WUDQVIRUPV�IRU�VLJQDO�DQG�LPDJH�SURFHVVLQJ�EDVHG�DSSOLFDWLRQV

81,7�����'LVFUHWH�7LPH�5DQGRP�6LJQDOV
'LVFUHWH�UDQGRP�SURFHVV�± (QVHPEOH�DYHUDJHV��6WDWLRQDU\�DQG�HUJRGLF�SURFHVVHV��$XWRFRUUHODWLRQ�DQG�
$XWRFRYDULDQFH� SURSHUWLHV� DQG� PDWULFHV�� 5HVSRQVH� RI� /7,� V\VWHPV� WR� UDQGRP� SURFHVVHV��� 3RZHU�
6SHFWUDO�'HQVLW\��6RPH�XVHIXO�UDQGRP�SURFHVV�PRGHOV�

81,7����/LQHDU�(VWLPDWLRQ�DQG�3UHGLFWLRQ
(VWLPDWLRQ�RI�PHDQ��YDULDQFH�DQG�FRYDULDQFH��(VWLPDWLRQ�WKHRU\��6SHFWUXP�HVWLPDWLRQ��2SWLPXP�
/LQHDU�ILOWHUV��2SWLPDO�),5��:LHQHU��ILOWHU��([WUDFWLRQ�RI�VLJQDO�IURP�QRLVH��)RUZDUG�DQG�%DFNZDUG�
/LQHDU�SUHGLFWLRQ�DQG�DOO�SROH�VLJQDO�PRGHOLQJ�

81,7����6SHHFK�DQG�$XGLR�3URFHVVLQJ�
$XGLR�6LJQDO�&KDUDFWHULVWLFV��3URGXFWLRQ�PRGHO��+HDULQJ�DQG�$XGLWRU\�PRGHO��$FRXVWLF�FKDUDFWHULVWLF�
RI� VSHHFK�� 6SHHFK� SURGXFWLRQ�PRGHOV�� /LQHDU� 6HSDUDEOH� HTXLYDOHQW� FLUFXLW�PRGHO�� 9RFDO� 7UDFW� DQG�
9RFDO�&RUG�0RGHO��$XGLR� VLJQDO� DFTXLVLWLRQ��5HSUHVHQWDWLRQ� DQG�0RGHOLQJ��(QKDQFHPHQW� RI� DXGLR�
VLJQDOV��6SHFWUDO�6XEWUDFWLRQ��:HLQHU�EDVHG�ILOWHULQJ��1HXUDO�QHWV�

81,7����$GDSWLYH�)LOWHULQJ��
&RQFHSW� RI� DGDSWLYH� ILOWHULQJ�� 0HWKRG� RI� 6WHHSHVW� GHVFHQW�� /06� DGDSWLYH� ILOWHUV�� 6WUXFWXUH� DQG�
RSHUDWLRQ�RI�/06�DOJRULWKP��6WDWLVWLFDO�/06�WKHRU\��2WKHU�/06�EDVHG�DOJRULWKPV��5/6�DOJRULWKP�

81,7����,QWURGXFWLRQ�WR�:DYHOHWV�
3LHFHZLVH� FRQVWDQW� DSSUR[LPDWLRQ� � WKH� +DDU� ZDYHOHW�� %XLOGLQJ� XS� WKH� FRQFHSW� RI� G\DGLF�
0XOWLUHVROXWLRQ� $QDO\VLV� �05$��� 5HODWLQJ� G\DGLF� 05$� WR� ILOWHU� EDQNV�� UHYLHZ� RI� GLVFUHWH� VLJQDO�
SURFHVVLQJ��(OHPHQWV�RI�PXOWLUDWH�V\VWHPV�DQG�WZR�EDQG�ILOWHU�EDQN�GHVLJQ�IRU�G\DGLF�ZDYHOHWV��7KH�
8QFHUWDLQW\�3ULQFLSOH�DQG� LWV� LPSOLFDWLRQV�� WKH�SUREOHP�DQG� WKH�FKDOOHQJH� WKDW�1DWXUH� LPSRVHV��7KH�
LPSRUWDQFH�RI�WKH�*DXVVLDQ�IXQFWLRQ�
$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP�

7(;7�%22.6�5(&200(1'('�

�� 6LPRQ�+D\NLQ��$GDSWLYH�)LOWHU�7KHRU\��)RXUWK�(GLWLRQ��3HDUVRQ�(GXFDWLRQ��,QGLD�������
�� 9LNUDP� *DGUH DQG� $GLW\D� $EK\DQNDU�� 0XOWLUHVROXWLRQ� DQG� 0XOWLUDWH� 6LJQDO� 3URFHVVLQJ��

,QWURGXFWLRQ��3ULQFLSOHV�DQG�$SSOLFDWLRQV��0F*UDZ�+LOO�(GXFDWLRQ��)LUVW�HGLWLRQ��-XO\������
�� 6HQ�� 6RXP\D�� 'XWWD�� $QMDQ�� 'H\�� 1LODQMDQ�� $XGLR� 3URFHVVLQJ� DQG� 6SHHFK� 5HFRJQLWLRQ��VW�

HGLWLRQ��������6SULQJHU�
�� '�*�0DQRODNLV� DQG� 9�.�,QJOH� $SSOLHG� 'LJLWDO� 6LJQDO� 3URFHVVLQJ�� 7KHRU\� DQG� 3UDFWLFH��
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&DPEULGJH������8QLYHUVLW\�3UHVV�������
5()(5(1&(6�%22.6�5(&200(1'('�

�� &�:LGURZ�DQG�6�'��6WHDUQV��$GDSWLYH�VLJQDO�SURFHVVLQJ��3UHQWLFH�+DOO�������
�� 6�.�0LWUD��'LJLWDO�6LJQDO�3URFHVVLQJ��$�FRPSXWHU�EDVHG�DSSURDFK�70+
�� <�7��&KDQ��:DYHOHW�%DVLFV��.OXZHU�3XEOLVKHUV��%RVWRQ�������
�� *ROG�� %��� 0RUJDQ�� 1��� (OOLV�� '�� 6SHHFK� DQG� DXGLR� VLJQDO� SURFHVVLQJ�� SURFHVVLQJ� DQG�

SHUFHSWLRQ�RI�VSHHFK�DQG�PXVLF���QG�UHY��HG��:LOH\�%ODFNZHOO�������
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&2856(�287&20(6�
���6WXG\�RI�IXQGDPHQWDOV�RI�LPDJH�SURFHVVLQJ�DQG�LPDJH�SHUFHSWLRQ��
���,QWURGXFWLRQ�WR�LPDJH�HQKDQFHPHQW�VSDWLDO�GRPDLQ�WHFKQLTXHV�
���,QWURGXFWLRQ�WR�LPDJH�UHVWRUDWLRQ��QRLVH�GHJUDGDWLRQ�PRGHO��
���,QWURGXFWLRQ�WR�GLIIHUHQW�LPDJH�WUDQVIRUPV�
���&RQFHSWV�RI�LPDJH�DQDO\VLV��IHDWXUH�H[WUDFWLRQ�HWF�

8QLW����)XQGDPHQWDOV�RI�,PDJH�3URFHVVLQJ�DQG�,PDJH�3HUFHSWLRQ
7ZR�GLPHQVLRQDO�V\VWHPV�� OLQHDU�V\VWHPV�DQG�VKLIW�LQYDULDQFH��)RXULHU�WUDQVIRUP�� =��
WUDQVIRUP�� %ORFN�PDWULFHV��7RHSOLW]�DQG�.URQHFNHU�SURGXFW��/XPLQDQFH��EULJKWQHVV�DQG�
FRQWUDVW�� &RORU� UHSUHVHQWDWLRQ�� FRORU� PDWFKLQJ� DQG� UHSURGXFWLRQ�� FRORU� YLVLRQ� PRGHO��
,PDJH�VDPSOLQJ�DQG�TXDQWL]DWLRQ��7ZR�GLPHQVLRQDO�VDPSOLQJ�WKHRU\��UHFRQVWUXFWLRQV�RI�
LPDJHV�IURP�LWV�VDPSOHV��,PDJH�DFTXLVLWLRQ�

8QLW����,PDJH�(QKDQFHPHQW�6SDWLDO�'RPDLQ�7HFKQLTXHV
,PDJH� QHJDWLYH�� FRQWUDVW� VWUHWFKLQJ�� JUD\� OHYHO� DQG� ELW� SODQH� VOLFLQJ�� SRZHU� ODZ�
WUDQVIRUPDWLRQ��KLVWRJUDP�HTXDOL]DWLRQ�DQG�KLVWRJUDP�VSHFLILFDWLRQ�� ORFDO�HQKDQFHPHQW�
WHFKQLTXHV�� LPDJH� VXEWUDFWLRQ�� DYHUDJLQJ� DQG� ORJLFDO� RSHUDWLRQV�� 6SDWLDO� ILOWHULQJ�� ORZ�
SDVV�� KLJK� SDVV� DQG� GHULYDWLYH� ILOWHUV��PHGLDQ� ILOWHULQJ�� )UHTXHQF\� GRPDLQ� ILOWHUV�� ORZ�
SDVV��KLJK�SDVV�DQG�EXWWHUZRUWK ILOWHUV�

8QLW��� ,PDJH�5HVWRUDWLRQ
1RLVH�GHJUDGDWLRQ�PRGHO��HVWLPDWLRQ�RI�GHJUDGDWLRQ�PRGHO��5HVWRUDWLRQ� LQ�SUHVHQFH�RI�
QRLVH� VSDWLDO�ILOWHULQJ��IUHTXHQF\�GRPDLQ�ILOWHULQJ�� LQYHUVH�ILOWHU�DQG�OHDVW�PHDQ�VTXDUH�
HUURU�ZLHQHU��ILOWHULQJ�

8QLW����,PDJH�7UDQVIRUPV
��'� ))7� DQG� LWV� SURSHUWLHV��:DOVK� WUDQVIRUP�� +DGDPDUG� 7UDQVIRUP�� 'LVFUHWH� FRVLQH�
7UDQVIRUP��+DDU�WUDQVIRUP��6ODQW�WUDQVIRUP��.�/ WUDQVIRUP

8QLW��� ,PDJH�$QDO\VLV�)HDWXUH�H[WUDFWLRQ��VSDWLDO� IHDWXUHV��DPSOLWXGH�DQG�KLVWRJUDP� � IHDWXUHV��
WUDQVIRUP� IHDWXUHV�� HGJH� GHWHFWLRQ�� JUDGLHQW�� &RPSDVV� /DSODFH�� 6REHO�� 3UHZLWW�
RSHUDWRUV�� VWRFKDVWLF� JUDGLHQWV�� /LQH� DQG� VSRW� GHWHFWLRQ�� %RXQGDU\� H[WUDFWLRQ��
FRQQHFWLYLW\�DQG�FRQWRXU�IROORZLQJ�
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