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&2856(�287&20(��
6WXGHQWV�VKRXOG�EH�DEOH�WR�

���'HYHORS�PDWKHPDWLFV�PRGHOV��7)�DQG�VWDWH�VSDFH��RI�YDULRXV�SK\VLFDO�V\VWHPV�
���'HILQH�WLPH�GRPDLQ�DQG�IUHTXHQF\�GRPDLQ�VSHFLILFDWLRQV�RI�D�FRQWURO�V\VWHP�
��'HWHUPLQH� VWDELOLW\� RI� D� FRQWURO� V\VWHP� XVLQJ� WLPH� GRPDLQ� WHFKQLTXHV� DQG� GHVLJQ�

DSSURSULDWH FRQWUROOHU�IRU�D�JLYHQ�SUREOHP�
���3URSRVH�DOWHUQDWH�VROXWLRQ�YLD�FRPSHQVDWRU�GHVLJQ�WR�JHW�GHVLUHG�IUHTXHQF\�GRPDLQ
VSHFLILFDWLRQV�

���([SODLQ�FRQFHSWV�RI�FRQWUROODELOLW\�DQG�REVHUYDELOLW\�DV�ZHOO�GHVLJQ�RI�VWDWH�IHHGEDFN
FRQWUROOHU�

7+(25<��
8QLW���� 0RGHOLQJ�RI�6\VWHPV�DQG�6LPXODWLRQ��0RGHOLQJ�RI�WKHUPDO���K\GUDXOLF��SQHXPDWLF��

SURFHVVHV��PHFKDQLFDO�� HOHFWULFDO� V\VWHPV�� LPSXOVH� UHVSRQVH�� FRQFHSW� RI� WUDQVIHU�
IXQFWLRQ�� EORFN� GLDJUDP� DOJHEUD�� VLJQDO� IORZ� JUDSK�� 0DVRQ¶V� IRUPXOD�� &RQWURO�
V\VWHP� &RPSRQHQW�� (UURU� GHWHFWRUV�� VHUYRPRWRUV�� VHUYR�DPSOLILHUV�� PRGXODWRUV�
GHPRGXODWRUV��SQHXPDWLF�FRQWUROOHUV��K\GUDXOLF�FRQWUROOHU�

8QLW���� *HQHUDO�)HHGEDFN�7KHRU\� 0DWKHPDWLFDO� IHHGEDFN� WKHRU\�� � UHWXUQ� � UDWLR�� � UHWXUQ� �
GLIIHUHQFH�HIIHFWV�RI�IHHGEDFN�RQ�FORVHG�ORRS�SHUIRUPDQFH��7LPH�GRPDLQ�DQDO\VLV��
7HVW�VLJQDOV��WUDQVLHQW�EHKDYLRXU�RI�FORVHG�ORRS�V\VWHPV�VXFK�DV�SRVLWLRQ�VHUYR�DQG�
SURFHVV� VHUYR� V\VWHPV�� GHULYDWLYH� DQG� UDWH� IHHGEDFN�� FRQWURO�� VWHDG\� VWDWH�
EHKDYLRXU� RI� SRVLWLRQ� DQG� SURFHVV� VHUYRPHFKDQLVPV�� VWHDG\� HUURUV�� LQWHJUDO�
FRQWURO��VWDELOLW\�RI�5RXWK�+XUZLW]�&ULWHULRQ�

8QLW���� )UHTXHQF\�GRPDLQ�DQDO\VLV��&RQFHSW�RI�IUHTXHQF\�SRODU�LQGLFHV��SORW���ERGH��SORWV���
IUHTXHQF\�GRPDLQ�SHUIRUPDQFH��0S S HIIHFWV�RI�DGGLQJ�SROHV�DQG�]HURHV�RI�
IUHTXHQF\� GRPDLQ� SHUIRUPDQFH�� FRQIRUPDO� PDSSLQJ�� SULQFLSOH� RI� DUJXPHQW��
1\TXLVW�FULWHULRQ��WUDQVSRUWDWLRQ�ODJ��UHODWLYH�VWDELOLW\��FRQGLWLRQDOO\�VWDEOH�V\VWHP�
FRQVWDQW�0�DQG�FRQVWDQW�1�ORFL��URRW ORFL�

8QLW���� 6WDWH�VSDFH�DQDO\VLV��2SHQ�ORRS�V\VWHP��'HVFULSWLRQ��VWDWH�VSDFH��HLJHQYDOXHV�DQG�
HLJHQYHFWRUV�� PRGDO� WUDQVIRUPDWLRQ�� VROXWLRQ� RI� VWDWH� GLIIHUHQWLDO� HTXDWLRQ��
PHWKRG�RI� IHHGEDFN� LQ�VWDWH� VSDFH�FORVHG� ORRS�V\VWHP�GHVFULSWLRQ� LQ�VWDWH� VSDFH�
FRQWUROODELOLW\� DQG� REVHUYDELOLW\� LQ� WKH� VHQVH� RI� IHHGEDFN� FRQWURO�� HIIHFW� RI�
IHHGEDFN�RQ�HLJHQYDOXHV��HLJHQYHFWRUV�DQG�RQ�PRGDO� WUDQVIRUPDWLRQ�� VROXWLRQ�RI�
FORVHG�ORRS�VWDWH�GLIIHUHQWLDO�HTXDWLRQ��DQG�LQWURGXFWLRQ�RI�SKDVH�SODQH�DQDO\VLV�

8QLW� ��� &RPSHQVDWLRQ� WHFKQLTXHV�� 7\SHV� RI� FRPSHQVDWLRQ�� UHDVRQV� RI� FRPSHQVDWLRQ��
GHVLJQ�RI�FRPSHQVDWLRQ�XVLQJ�SKDVH�OHDG�QHWZRUNV��6WDELOLW\�DQDO\VLV��&RQFHSW�RI�
%,%2� VWDELOLW\�� 5RXWK�+XUZLW]� FULWHULD�� 1\TXLVW� FULWHULRQ�� UHODWLYH� VWDELOLW\��
SRVLWLYH�GHILQLWHQHVV�DQG�VHPL�GHILQLWHQHVV�RI�TXDGUDWLF�IRUPV��/\DSXQRY�VWDELOLW\�
FULWHULD�

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

�� 7R�GHWHUPLQH�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�DQ�DQJXODU�SRVLWLRQ�HUURU�GHWHFWRU�XVLQJ�
SRWHQWLRPHWHUV�

�� 7R�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�D�6\QFKUR�7UDQVPLWWHU�5HFHLYHU�SDLU�DQG�XVH�DV�D�
WRUTXH�V\QFKUR�DQG�DQJXODU�HUURU GHWHFWRU�

�� 7R�ILQG�WKH�WUDQVIHU�IXQFWLRQ�RI�DQ�$�&� 6HUYRPRWRU�
�� 7R�ILQG�WKH�WUDQVIHU�IXQFWLRQ�RI�D�'�&� 6HUYRPRWRU�
�� 7R�FRQWURO�WKH�DQJXODU�SRVLWLRQ�RI�DQ�$&�VHUYR�PRWRU�DV�D�FDUULHU�FRQWURO V\VWHP�
�� 'HWHUPLQDWLRQ�RI�WKH�WLPH�UHVSRQVH�FKDUDFWHULVWLFV�RI�D�'&�6HUYR�DQJXODU�SRVLWLRQ�FRQWURO�

V\VWHP�
�� 7R�SHUIRUP�FORVHG�ORRS�6SHHG�FRQWURO�RI�D�'�& 6HUYRPRWRU�

�� 7R�GHWHUPLQH�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�D�'&�PRWRU�VSHHG�FRQWURO�ZLWK�3:0�
W\SH�SRZHU GULYHU�

�� 7R�GHWHUPLQH�WKH�SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�D�'&�PRWRU�VSHHG�FRQWURO�ZLWK�6&5�W\SH�
SRZHU GULYHU�

��� $QDO\VLV�RI�3URSRUWLRQDO���,QWHJUDWRU���'HULYDWLYH��3,'��FRQWURO�DFWLRQV�IRU�)LUVW�DQG�
VHFRQG�RUGHU V\VWHPV�

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

7(;7�%22.6�5(&200(1'('��
�� .XR�%�&��$XWRPDWLF�&RQWURO 6\VWHP�
�� 2JDWD�.���0RGHUQ�&RQWURO (QJLQHHULQJ�
�� 1DJUDWK�,�-��DQG�*RSDO�0���&RQWURO�6\VWHPV (QJLQHHULQJ�

5()(5(1&(�%22.6�5(&200(1'('��
���0HOVD�-�/��DQG�6FKXWW]�'�*��/LQHDU�&RQWURO�6\VWHPV�
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&2856(�287&20(6�

$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
�� 8QGHUVWDQG�EDVLFV�RI�FHOOXODU�FRPPXQLFDWLRQ�DQG�LWV�YDULRXV�VWDQGDUGV�
�� 7R�NQRZ�WKH�IDGLQJ�PHFKDQLVP�DQG�HIIHFW�RI�/DUJH�6FDOH�)DGLQJ�RQ�0RELOH�FRPPXQLFDWLRQ��
�� $QDO\]H�WKH�IDGLQJ FKDQQHO�FKDUDFWHULVWLFV RQ�VPDOO�VFDOH�DQG�VWXG\�WKHLU�HIIHFWV�RQ�UDGLR�ZDYH�

SURSDJDWLRQ��
�� 'HPRQVWUDWH�NQRZOHGJH�RI�GLIIHUHQW�IDGLQJ�PLWLJDWLRQ�WHFKQLTXHV��
�� 8QGHUVWDQG IXQGDPHQWDO�FRQFHSWV�RI�YDULRXV�VSHHFK�FRGLQJ��PRGXODWLRQ�WHFKQLTXHV�DQG�

*60�DUFKLWHFWXUH�

8QLW��� 5HYLHZ�RI�FHOOXODU�DUFKLWHFWXUH��)UHTXHQF\�5H�XVH��&KDQQHO�$VVLJQPHQW�6WUDWHJLHV��
+DQGRII� 3URFHVV�� )DFWRUV� DIIHFWLQJ� +DQGRII� 3URFHVV�� +DQGRII� 6WUDWHJLHV��
,QWHUIHUHQFH� DQG� 6\VWHP� &DSDFLW\�� &R�FKDQQHO� ,QWHUIHUHQFH� �&&,��� $GMDFHQW�
&KDQQHO� ,QWHUIHUHQFH� �$&,��� &HOO� 6SOLWWLQJ�� 6HFWRULQJ�� 0LFURFHOO� =RQH� FRQFHSW��
5HSHDWHUV��7UXQNHG�5DGLR�6\VWHP��

8QLW��� /DUJH� 6FDOH� )DGLQJ�� 0XOWLSDWK� SURSDJDWLRQ� DQG� IDGLQJ�� 5HIOHFWLRQ�� 'LIIUDFWLRQ��
6FDWWHULQJ�� /DUJH� VFDOH� SDWK� ORVV� PRGHOV�� )UHH� 6SDFH� 3URSDJDWLRQ� ORVV� HTXDWLRQ��
SURSDJDWLRQ� SDWK� ORVV�� *URXQG� UHIOHFWLRQ� �7ZR�5D\�� PRGHO�� /LQN� EXGJHW� GHVLJQ��
/RJ�QRUPDO�6KDGRZLQJ��

8QLW��� 6PDOO�6FDOH�)DGLQJ� 3RZHU�GHOD\�SURILOH��FKDQQHO�SDUDPHWHUV��GHOD\�VSUHDG��'RSSOHU�
VSUHDG��FRKHUHQFH�EDQGZLGWK��FRKHUHQFH�WLPH��/&5�DQG�$')��DQG�W\SHV�RI�IDGLQJ�
FKDQQHO��5D\OHLJK�DQG�5LFHDQ�'LVWULEXWLRQV��

8QLW���� )DGLQJ� PLWLJDWLRQ� WHFKQLTXHV� &RQFHSW� RI� 'LYHUVLW\�� 5HFHLYHU� 'LYHUVLW\� PHWKRGV��
7UDQVPLWWHU� GLYHUVLW\�� SHUIRUPDQFH� DQDO\VLV� IRU� 5D\OHLJK� IDGLQJ� FKDQQHOV��
(TXDOL]DWLRQ� SULQFLSOH� DQG� DGDSWLYH� HTXDOL]DWLRQ�� &'0$� SULQFLSOH� DQG�
LPSOHPHQWDWLRQ��2)'0�

8QLW��� %DVLF�SURSHUWLHV�RI�VSHHFK��6SHHFK�FRGLQJ�IRU�ZLUHOHVV�V\VWHP�VXFK�DV�WLPH�GRPDLQ�
DQG�IUHTXHQF\�GRPDLQ�FRGHU��YRFRGHUV��SRSXODU�VSHHFK�FRGHUV�LQ�*60��0RGXODWLRQ�
WHFKQLTXHV�IRU�PRELOH�FRPPXQLFDWLRQ�DQG�WKHLU�SHUIRUPDQFH��*60�DUFKLWHFWXUH�DQG�
VSHFLILFDWLRQ�� 5DGLR� OLQN� IHDWXUHV� LQ� *60�� *60� ORJLFDO� FKDQQHOV� DQG� IUDPH�
VWUXFWXUH��

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

7(;7�%22.6�5(&200(1'('��
�� 5DSSDSRUW�7�6���:LUHOHVV�&RPPXQLFDWLRQV��3ULQFLSOHV�DQG�3UDFWLFH���QG�HG�� �����3+,�
�� $GLW\D .� -DJDQQDWKDP��3ULQFLSOHV�RI�0RGHUQ�:LUHOHVV�&RPPXQLFDWLRQV�6\VWHPV 3XEOLVKHG�E\�

0F*UDZ�+LOO�(GXFDWLRQ
�� $QGUHDV�)��0ROLVFK�:LUHOHVV�&RPPXQLFDWLRQV���QG�HG���������:LOH\�3XE�

5()(5(1&(�%22.6�5(&200(1'('��
�� :LONLV�DQG�*DUJ��3ULQFLSOHV�RI�*60�7HFKQRORJ\���QG�HG��������3+,�
�� )HKDU�.���:LUHOHVV�'LJLWDO�&RPPXQLFDWLRQ���QG�HG��������3+,�
�� 5DPML�3UDVDG�DQG�5LFKDUG�9DQ�1HH��2)'0�:LUHOHVV�0XOWLPHGLD�&RPPXQLFDWLRQ���QG�HG��������

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

�� 8QGHUVWDQG�WKH�EDVLFV�RI�&RPSXWHU�1HWZRUN�$UFKLWHFWXUH��7RSRORJ\��DQG�
1HWZRUN�0RGHO�

�� $QDO\]H WKH�GHVLJQ�LVVXHV�RI�YDULRXV�0$&�OD\HU�SURWRFROV�IRU�GHSOR\PHQW
RI�(WKHUQHW�,((( 6WDQGDUGV�

�� ,OOXVWUDWH�WKH�GHVLJQ�LVVXHV�RI�1HWZRUN�/D\HU�DQG�7UDQVSRUW�OD\HU�SURWRFROV�
LQ�&RPSXWHU�1HWZRUNV�

�� 'HYHORS�WKH�FRQFHSWV�RI�5RXWLQJ�$OJRULWKPV�DQG�5RXWLQJ�3URWRFROV�
�� 'HVFULEH�WKH�GHVLJQ�LVVXHV�RI�:$1�DQG�$GYDQFHG�&RPSXWHU�1HWZRUN $UFKLWHFWXUH�

7+(25<�

81,7� ��� �5HYLHZ� RI� FRQFHSWV� RI� OD\HULQJ� DQG� OD\HUHG� PRGHOV� � 26,� DQG� 7&3�,3�� � %DVLF�
2YHUYLHZ�RI��7&3�,3�3URWRFRO�6WDFN��&LUFXLW�6ZLWFKLQJ�DQG�3DFNHW�VZLWFKLQJ��YDULRXV�W\SHV�
RI�QHWZRUNV�� GLIIHUHQW�/$1��0$1�DQG�:$1� WRSRORJLHV��1HWZRUN�+DUGZDUH�DQG�6RIWZDUH�
&RPSRQHQWV�� 7UDQVPLVVLRQ� PHGLD�� DFFHVV GHYLFHV� OLNH� 1,&�� UHSHDWHUV�� VZLWFKHV�� URXWHUV��
SURWRFROV�

81,7� ��� �'DWD� /LQN� /D\HU� 0HGLXP $FFHVV 3URWRFROV�� /$1� WHFKQRORJ\�� 7UDQVPLVVLRQ�
PHGLXP�� WRSRORJ\� DQG�0HGLXP� $FFHVV� &RQWURO� �0$&�� WHFKQLTXHV�� /RFDO� $UHD� 1HWZRUN�
W\SHV��,(((�����[�VWDQGDUGV�± (WKHUQHW��)DVW�(WKHUQHW��*LJDELW�(WKHUQHW��6ZLWFKHG�(WKHUQHW��
7RNHQ�5LQJ�SURWRFROV��)'',�SURWRFROV�

81,7� �� 1HWZRUN� DQG� 7UDQVSRUW� OD\HU�� � ,QWHUQHWZRUNLQJ� ZLWK� 7&3�,3�� ,QWHUQHW�� ,3�
DGGUHVVLQJ� VFKHPHV� 	� YDULRXV� ,QWHUQHW� VHUYLFHV�� 1HWZRUN� /D\HU�� ,QWHUQHW� SURWRFRO� �,3��
VXLWH�LQFOXGLQJ�,39��SURWRFRO�DQG�,39��SURWRFRO��7UDQVPLVVLRQ�&RQWURO�3URWRFRO�� EDVLF�
IHDWXUHV��WUDQVSRUW�SURWRFROV�7&3�DQG�8'3��&RQQHFWLRQ�(VWDEOLVKPHQW�DQG�&ORVXUH��)ORZ�
&RQWURO�DQG�&RQJHVWLRQ�&RQWURO�DW�7UDQVSRUW�/D\HU��

81,7� ��� ,QWURGXFWLRQ WR� ,3� URXWLQJ� DQG� VHUYLFHV�� 5RXWLQJ� DOJRULWKPV�� YDULRXV� LQWHULRU�
*DWHZD\� SURWRFROV� OLNH�5,3��263)�� DQG�5RXWLQJ� DPRQJ� WKH� ,63V� XVLQJ�%*3�� ,3� 6HUYLFHV��
1HWZRUN�0DQDJHPHQW�ZLWK�6103��$53��

81,7��� :$1�WHFKQRORJ\�DQG�$SSOLFDWLRQ�/D\HU�6HUYLFHV��+773��)73��(PDLO��DQG�'16���
:$1� WHFKQRORJ\�� ,QWURGXFWLRQ� WR� ODEHO� VZLWFKLQJ� DQG� 03/6�� ,QWURGXFWLRQ� WR� 6RIWZDUH�
GHILQHG�QHWZRUNLQJ��4R6�GHVLJQ�JXLGHOLQHV��9R,3

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

�� 6WXG\�DQG�&RPSDULVRQ�RI�9DULRXV�1HWZRUN�7RSRORJLHV��7KHLU�$GYDQWDJHV��'LVDGYDQWDJHV�
DQG�$SSOLFDWLRQV

�� 6WXG\�RI�9DULRXV�1HWZRUNLQJ�'HYLFHV��7KHLU�$GYDQWDJHV��'LVDGYDQWDJHV�DQG�$SSOLFDWLRQV�	�
&DVH�6WXG\�RI�2SWLFDO�)LEHU�

�� 7R�&RQILJXUH�D�0DFKLQH�RQ�:,1'2:�3ODWIRUP�
�� 7R�&RQILJXUH�D�0DFKLQH�RQ�/,18;�3ODWIRUP�
�� 7R�6WXG\�KRZ�WR�7UDQVIHU�'DWD�)URP�2QH�0DFKLQH�WR�$QRWKHU�8VLQJ�)73�L�H��)LOH�7UDQVIHU�

3URWRFRO
�� ,QVWDOODWLRQ�RI�8EXQWX��2SHQ�6RXUFH��/,18;��RQ�D�0DFKLQH�
�� &RQILJXUDWLRQ�RI�7(/1(7�6HUYLFH�RQ�D /,18;�0DFKLQH�
�� &RQILJXUDWLRQ�RI�1)6�6HUYLFH�RQ�/,18;�0DFKLQH
�� 7R�6WXG\�6$0%$�6(59(5�

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

7(;7�%22.6�5(&200(1'('��
���&RPHU��,QWHUQHWZRUNLQJ�ZLWK�7&3�,3�9RO�����3+,�
���6WDOOLQJ�:���'DWD�DQG�&RPSXWHU�&RPPXQLFDWLRQ��3+,��
���)RURX]DQ�%���'DWD�&RPPXQLFDWLRQ�DQG�1HWZRUNLQJ��70+��
���.XURVH��5RVV��&RPSXWHU�1HWZRUNLQJ��$�7RS�'RZQ�$SSURDFK��3HDUVRQ����WK HGLWLRQ�

5()(5(1&(�%22.6�5(&200(1'('��
���7DQHQEDXP��&RPSXWHU�1HWZRUNV��3+,��
���5DGLD�3HDUOPDQ��,QWHUFRQQHFWLRQV��EULGJHV��URXWHUV��VZLWFKHV�DQG�LQWHUQHWZRUNLQJ�SURWRFRO�
���&KDUOHV�6SXUJHRQ��(WKHUQHW��7KH�'HILQLWLYH�*XLGH��2
5HLOO\�0HGLD 3XEOLFDWLRQ
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&2856(�287&20(6��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

���$SSO\�)RXULHU�DQG�]�WUDQVIRUPV�WR�UHSUHVHQW�DQG�DQDO\]H�/7,�GLVFUHWH�WLPH�V\VWHPV�
���&RPSXWH�QXPHULFDOO\�WKH�UHVSRQVH�RI�GLVFUHWH�WLPH�V\VWHPV��'76��IRU�ILQLWH�WLPH�LQSXWV��
���$QDO\]H�DQG�GHVLJQ�GLJLWDO�,,5�DQG�),5�ILOWHUV�
���,PSOHPHQW�WKH�'76�DQG�DQDO\]H�WKH�HIIHFWV�RI�ILQLWH�ZRUG�OHQJWK�DQG�HVWLPDWH�WKH�SRZHU�

VSHFWUXP��
�� $QDO\]H�DQG�GHVLJQ�PXOWLUDWH�VLJQDO�SURFHVVLQJ�V\VWHPV�DQG�XQGHUVWDQG�DSSOLFDWLRQV�RI�

'LJLWDO�6LJQDO�3URFHVVLQJ�

7+(25<�

81,7��� 'LVFUHWH�WLPH� 6HTXHQFHV�� 'LVFUHWH�WLPH� V\VWHPV� DWWULEXWHV�� ]�7UDQVIRUP�� 7UDQVIRUP�
DQDO\VLV�RI�/6,�V\VWHPV��)UHTXHQF\�DQDO\VLV��,QYHUVH�V\VWHPV��/LQHDU�SKDVH�V\VWHPV�DQG�
0LQLPXP�SKDVH�V\VWHPV�

81,7��� 'LVFUHWH� )RXULHU� 6HULHV�� 'LVFUHWH� )RXULHU� 7UDQVIRUP� �')7��� /LQHDU� FRQYROXWLRQ� XVLQJ�
')7�� )DVW� )RXULHU� 7UDQVIRUP� �))7�� $OJRULWKPV�� /LQHDU� ILOWHULQJ� DSSURDFK� IRU�
FRPSXWLQJ�')7�

81,7���� 'HVLJQ�RI�),5�'LJLWDO�ILOWHUV��:LQGRZ�PHWKRG��3DUN�0F&OHOODQ
V�PHWKRG��'HVLJQ�RI�,,5�
'LJLWDO� )LOWHUV�� %XWWHUZRUWK�� &KHE\VKHY� DQG� (OOLSWLF� $SSUR[LPDWLRQV�� /RZSDVV��
%DQGSDVV��%DQGVWRS�DQG�+LJK�SDVV�ILOWHUV�

81,7��� ,PSOHPHQWDWLRQ�RI�'LVFUHWH�7LPH�6\VWHPV��(IIHFW�RI�ILQLWH�UHJLVWHU�OHQJWK�LQ�),5�ILOWHU�
GHVLJQ��3DUDPHWULF�DQG�QRQ�SDUDPHWULF�VSHFWUDO�HVWLPDWLRQ��

81,7��� 6DPSOLQJ� DQG� UHFRQVWUXFWLRQ� RI� VLJQDOV�� 'LVFUHWH� WLPH� SURFHVVLQJ� RI� FRQWLQXRXV� WLPH�
VLJQDOV�� 6DPSOLQJ� UDWH� FRQYHUVLRQ� XVLQJ� 'LVFUHWH�WLPH� SURFHVVLQJ�� ,QWURGXFWLRQ� WR�
PXOWLUDWH�VLJQDO�SURFHVVLQJ��$SSOLFDWLRQV�RI�'63�

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

35$&7,&$/6��
/LVW�RI�([SHULPHQWV�

�� ,QWURGXFWLRQ�WR�0$7/$%

�� %DVLF�2SHUDWLRQV�RQ�0DWULFHV
�� *HQHUDWLRQ�RI�GLIIHUHQW�W\SHV�RI�6LQXVRLGDO�6LJQDOV
�� *HQHUDWLRQ�RI�GLIIHUHQW�'LVFUHWH�W\SH�VHTXHQFHV
�� 'HFLPDWLRQ�DQG�LQWHUSRODWLRQ�IRU�GLVFUHWH�WLPH�V\VWHPV�ZLWK�IUHTXHQF\�UHVSRQVHV
�� ]�7UDQVIRUP�	�FKHFNLQJ�VWDELOLW\ WKURXJK�SROH�]HUR�SORW
�� 0HWKRGV�RI�,QYHUVH�]�7UDQVIRUPV�	�FRQFHSW�RI�5HVLGXHV�DQG�SROHV
�� 5HVSRQVH�RI�/LQHDU�FRQVWDQW�FR�HIILFLHQW�GLIIHUHQFH�HTXDWLRQ�>/&&'(@
�� /LQHDU�&RQYROXWLRQ�LQ�WLPH�GRPDLQ�DQG�]�GRPDLQ
��� 7R�FDOFXODWH�'7)7�XVLQJ�GLIIHUHQW�PHWKRGV�DQG�SORW�LWV�PDJQLWXGH�DQG�SKDVH�UHVSRQVH��
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��� 3URSHUWLHV�RI�'7)7��7LPH�VKLIWLQJ��)UHTXHQF\�VKLIWLQJ��&RQYROXWLRQ��0RGXODWLRQ�DQG�7LPH�UHYHUVDO�
��� 1�SRLQW�')7�	�LWV�SURSHUWLHV�DQG�))7�RI�YDULRXV�VHTXHQFHV�
��� &LUFXODU�&RQYROXWLRQ
��� 6DPSOLQJ�DQG�$OLDVLQJ�FRQFHSW�
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�'LJLWDO�),5�DQG�,,5�/3)
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�'LJLWDO�),5�DQG�,,5�+3)
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�'LJLWDO�),5�DQG�,,5�%3)
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�'LJLWDO�),5�DQG�,,5�%5)
��� 3ORW�IUHTXHQF\�UHVSRQVH�RI�/RZ�SDVV�DQG�+LJK�SDVV�&20%�ILOWHU
��� 'HVLJQ�D�'LJLWDO�5HVRQDWRU�ZLWK�JLYHQ�VSHFLILFDWLRQV
��� 'HVLJQ�D�1RWFK�ILOWHU�ZLWK�JLYHQ�VSHFLILFDWLRQV
��� 'HVLJQ�DQ�),5�/3)�XVLQJ�D�5HFWDQJXODU�ZLQGRZ
��� 'HVLJQ�DQ�),5�/LQHDU�SKDVH�ILOWHU�XVLQJ�D�+DPPLQJ�ZLQGRZ
��� 'HVLJQ�DQ�,,5�/3)��%XWWHUZRUWK�ILOWHU�XVLQJ�%LOLQHDU�7UDQVIRUPDWLRQ
��� 'HVLJQ�DQ�,,5�/3)��%XWWHUZRUWK�ILOWHU�XVLQJ�,PSXOVH�,QYDULDQW�PHWKRG
��� ,PDJH�3URFHVVLQJ�XVLQJ�0$7/$%
��� (FKR�*HQHUDWLRQ�XVLQJ�706���&�����'63�352&(6625

��� 'HVLJQ�RI�D�%DQG�SDVV�ILOWHU�XVLQJ�706���&�����'63�352&(6625

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

7(;7�%22.6�5(&200(1'('�
�� 6�.�0LWUD��'LJLWDO�6LJQDO�3URFHVVLQJ��$�FRPSXWHU�EDVHG�DSSURDFK�70+
�� '�*�0DQRODNLV�DQG�9�.�,QJOH�$SSOLHG 'LJLWDO�6LJQDO�3URFHVVLQJ��7KHRU\�DQG�3UDFWLFH��&DPEULGJH�

8QLYHUVLW\�3UHVV�������
�� 7DUXQ�.XPDU�5DZDW��'LJLWDO�6LJQDO�3URFHVVLQJ��2[IRUG�8QLYHUVLW\�3UHVV������

5()(5(1&(�%22.6�5(&200(1'('�
�� $�9��2SSHQKHLP�DQG�6FKDIHU��'LVFUHWH�7LPH�6LJQDO�3URFHVVLQJ��3UHQWLFH�+DOO�������
�� -RKQ� *�� 3URDNLV� DQG� '�*�� 0DQRODNLV�� 'LJLWDO� 6LJQDO� 3URFHVVLQJ�� 3ULQFLSOHV�� $OJRULWKPV� DQG�

$SSOLFDWLRQV��3UHQWLFH�+DOO�������
�� /�5��5DELQHU�DQG�%��*ROG��7KHRU\�DQG�$SSOLFDWLRQ�RI�'LJLWDO�6LJQDO�3URFHVVLQJ��3UHQWLFH�+DOO�������
�� (�&�,IHDFKRU�DQG�%�:�-HUYLV��'LJLWDO�6LJQDO�3URFHVVLQJ��$�3UDFWLFDO�$SSURDFK��3HDUVRQ�
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
�� &ODVVLI\�YDULRXV�5,6&�PLFURFRQWUROOHUV�DQG�H[SODLQ $95�PLFURFRQWUROOHU
V DUFKLWHFWXUH�
�� ,GHQWLI\ WKH�IHDWXUHV�RI�$95�PLFURFRQWUROOHUV�DQG� LQWHUIDFH� WKHP�ZLWK�YDULRXV�PRGXOHV�

IRU�UHDO�WLPH�DSSOLFDWLRQ�GHVLJQV�
�� ,QWHUSUHW� WKH� DUFKLWHFWXUH� RI� PL[HG�VLJQDO� SURFHVVRUV� �063����� DQG� OHDUQ� LWV�

SURJUDPPLQJ�
�� 8QGHUVWDQG�WKH�$50�3URFHVVRU¶V�$UFKLWHFWXUH�DQG�%DVLF�&RQFHSW�RI�5726��
�� ([SODLQ� WKH�$50�FRQWUROOHU� DUFKLWHFWXUH�� LWV� SURJUDPPLQJ� DQG�PDNH� XVH� RI�5726� IRU�

DSSOLFDWLRQ�GHVLJQV�

81,7����$95�0LFURFRQWUROOHUV��
,QWURGXFWLRQ� WR� (PEHGGHG� V\VWHP� DQG� LWV� DUFKLWHFWXUH�� $95� $7PHJD� �� ELW� 0LFURFRQWUROOHU�� LWV�
DUFKLWHFWXUH��PHPRU\�PDSSLQJ��LQVWUXFWLRQ�VHW��DGGUHVVLQJ�PRGHV��DVVHPEO\�ODQJXDJH�SURJUDPPLQJ�

81,7���$95��0LFURFRQWUROOHU¶V��,QWHUIDFLQJ��	��%DVLF��,�2��3URJUDPPLQJ�
$7PHJD��,�2�SRUWV���WLPHUV�FRXQWHUV���SURJUDPPLQJ��WR��JHQHUDWH��GHOD\��DQG��ZDYH��IRUP��JHQHUDWLRQ���
,QWHUIDFLQJ�RI�$7PHJD�ZLWK�/R5D�0RGXOH��=LJ%HH�0RGXOH�DQG�:L)L�0RGXOH�

81,7������063�����0LFURFRQWUROOHU��
,QWURGXFWLRQ�WR�063�����PLFURFRQWUROOHU��$UFKLWHFWXUH�063�����PHPRU\����RUJDQL]DWLRQ���,�2��V\VWHP��
RUJDQL]DWLRQ���063�������LQVWUXFWLRQ��6HW��DQG�DVVHPEO\�ODQJXDJH�SURJUDPPLQJ�

81,7������063�������0LFURFRQWUROOHU¶V��,QWHUIDFLQJ�
%DVLF� �(OHPHQWV� �RI� � ,QWHUIDFLQJ� �RI� �063������� �6\VWHP��FORFN�� � IXQGDPHQWDO� �,QWHUUXSWV� �FRQFHSW�� �
WLPHV��DQG��HYHQW��FRXQWHU��*3,2�SRUWV��,LQWHUIDFLQJ�ZLWK�86$57��0RGHP�

81,7����$50�0LFURFRQWUROOHU�	�5726�
,QWURGXFWLRQ� WR� $50� 0LFURSURFHVVRU� EDVHG� V\VWHPV�� $UFKLWHFWXUH� RI� $50� DQG� &RUWH[� 0���
,QVWUXFWLRQ�VHWV��$VVHPEO\�DQG�HPEHGGHG�µ&¶�SURJUDPPLQJ��,QWHUIDFLQJ�IRU�DSSOLFDWLRQ�GHYHORSPHQW��
,QWURGXFWLRQ�RI�5HDO�7LPH�2SHUDWLQJ�6\VWHPV��5726���LQWHUUXSW�URXWLQHV�LQ�5726��

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

7(;7�%22.6�5(&200(1'('�
�� $50�0LFURSURFHVVRU� V\VWHPV�� &257(;�0�$UFKLWHFWXUH�� SURJUDPPLQJ�	� LQWHUIDFH�� &5&�

SUHVV��0XKDPPDG�7DKLU�	�.DVKLI�-DYHG
�� $95��0LFURFRQWUROOHU�	�(PEHGGHG�V\VWHP��3HUVRQ�(GX�� 0D]LGL
�� ,QWURGXFWLRQ�WR�(PEHGGHG�V\VWHPV�8VLQJ�PLFURFRQWUROOHU�DQG�WKH�063�����6SULQJHU��0DQXHO��������

5RJHOLR�����	����,VLGRUR�

5()(5(1&(�%22.6�5(&200(1'('�
�� 0LFURFRQWUROOHU�LQ�3UDFWLFH��6SULQJHU��/��6XVQHD��0���0LW6HFX�
�� (PEHGGHG�6\VWHPV���70+�SXEOLFDWLRQV��3URI��5DMNDPDO
�� 063�����0LFURFRQWUROOHU�%DVLFV��1HZQHV��-RKQ�'DYLHV�
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$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

&2� ([SODLQ�WKH�EDVLFV�FRQFHSWV�RI�$�,��DQG�SUREOHP�VROYLQJ�WKURXJK�VHDUFKLQJ�

&2� $SSO\�IX]]\�ORJLF�FRQFHSW�IRU�JLYHQ�VLWXDWLRQ�

&2� 'HVLJQ�WKH�QHXUDO�QHWZRUN�PRGHO�IRU�JLYHQ�UHDO�ZRUOG�VFHQDULR�

&2� 'HVFULEH�YDULRXV�PDFKLQH�OHDUQLQJ�DOJRULWKPV�WR�VROYH�UHDO�WLPH�SUREOHP�

&2� $SSO\�YDULRXV�PDFKLQH�DOJRULWKP�IRU�JLYHQ�GDWDVHW�

&2� ([SODLQ�FRQFHSW�RI�LQWHOOLJHQW�V\VWHP�DQG�DJHQWV�DQG�VLJQLILFDQW�RI�PDFKLQH�OHDUQLQJ�

81,7��� $UWLILFLDO�,QWHOOLJHQFH��

&RQFHSW� RI� $UWLILFLDO� ,QWHOOLJHQFH� DQG� LQWHOOLJHQW� DJHQWV�� $UHDV� RI� $UWLILFLDO� ,QWHOOLJHQFH�� 3UREOHP�
VROYLQJ� DQG� VHDUFK� PHWKRGV�� .QRZOHGJH�� UHDVRQLQJ�� DQG� SODQQLQJ� �.53��� 8QFHUWDLQWLHV� DQG�
SUREDELOLWLHV�LQ�.53�

81,7� �� )X]]\� 6\VWHPV� )RXQGDWLRQV� RI� )X]]\� /RJLF�� � )RXQGDWLRQV� RI� )X]]\� &RQWURO�� 7\SHV� RI�
)X]]\� &RQWUROOHUV�� )X]]\� /RJLF� 7RROER[�� &UHDWLRQ� RI� )X]]\� ,QIHUHQFH� 6\VWHP� ZLWK� )X]]\� /RJLF�
7RROER[��&UHDWLRQ�RI�)X]]\�&RQWUROOHUV�

81,7��� 1HXUDO�1HWZRUNV� 1HXURQ�0RGHO���3HUFHSWURQ�0RGHO��0RGHOLQJ�RI�%DVLF�/RJLF�)XQFWLRQV�
XVLQJ�WKH�3HUFHSWURQV��)HHGIRUZDUG�1HXUDO�1HWZRUN�ZLWK�%DFNSURSDJDWLRQ�(UURU���$SSUR[LPDWLRQ�RI�
)XQFWLRQV�E\�D�7ZR�OD\HU�)HHGIRUZDUG�HXUDO�1HWZRUN���&KDUDFWHU�5HFRJQLWLRQ�XVLQJ�7ZR�OD\HU�)HHG�
IRUZDUG1HXUDO1HWZRUN�

81,7��� 0DFKLQH�OHDUQLQJ� %DVLFV��7\SHV�DQG�$SSOLFDWLRQV�RI�0/�
6XSHUYLVHG�/HDUQLQJ� ,QWURGXFWLRQ�WR�6XSHUYLVHG�/HDUQLQJ��/LQHDU�0HWKRGV�IRU�5HJUHVVLRQ��6XSSRUW�
9HFWRU�0DFKLQHV�� 1DLYH� %D\HV�� 'HFLVLRQ� 7UHH�� (QVHPEOH� PHWKRGV�� %DJJLQJ�� ERRVWLQJ�� (YDOXDWLQJ�
OHDUQLQJ�DOJRULWKPV��&ODVVLILFDWLRQ�SUREOHPV��GHFLVLRQ�ERXQGDULHV��QHDUHVW�QHLJKERU�PHWKRGV��/RJLVWLF�
UHJUHVVLRQ��

81,7� �� 8QVXSHUYLVHG� /HDUQLQJ� ,QWURGXFWLRQ� WR� 8QVXSHUYLVHG� /HDUQLQJ�� &OXVWHU� $QDO\VLV��
&OXVWHULQJ� .�PHDQV�� KLHUDUFKLFDO� DJJORPHUDWLRQ� FOXVWHULQJ�� ([SHFWDWLRQ� 0D[LPL]DWLRQ� PHWKRG��
0L[WXUH� RI� *DXVVLDQV�� )DFWRU� DQDO\VLV�� 3&$� �3ULQFLSDO� FRPSRQHQWV� DQDO\VLV��� � 5HLQIRUFHPHQW�
/HDUQLQJ�
�
$66(60(17�0LG�WHUP�WHVW��$VVLJQPHQW��7XWRULDO��4XL]�DQG�(QG�VHPHVWHU�H[DP

7H[W�%RRNV���
���5LFK�	�.QLJKW���³$UWLILFLDO�,QWHOOLJHQFH´���QG�(GLWLRQ�7DWD�0FJUDZ�+LOO��
���5DMVHNDUDQ�DQG�3DL��³1HXUDO�1HWZRUN�DQG�)X]]\�/RJLF´���QG�(GLWLRQ�3UHQWLFH�+DOO�RI�
,QGLD��
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��7�0LWFKHOO�³0DFKLQH�/HDUQLQJ�´�0F�*UDZ�+LOO�������

5HIHUHQFH�%RRNV��
���5XVVHO�	�1RUYLJ��³$UWLILFLDO�,QWHOOLJHQFH´��QG�(GLWLRQ��3HDUVRQ (GXFDWLRQ��
���3DWWHUVRQ��³,QWURGXFWLRQ�WR�$,�DQG�H[SHUW�6\VWHP´��QG�(GLWLRQ��3UHQWLFH�+DOO�RI�,QGLD��
���6�1��6LYDQDQDGDQ�	�6�1��'HHSD��³3ULQFLSOHV�RI�6RIW�&RPSXWLQJ´���VW�(GLWLRQ�:LOH\�,QGLD�
���(WKHP�$OSD\GLQ�,QWURGXFWLRQ�WR�0DFKLQH�/HDUQLQJ´��0,7�3UHVV������
���-DFHN�0�=XUDGD��³,QWURGXFWLRQ�WR�$UWLILFLDO�1HXUDO�6\VWHP´��-$,&2�3XEOLVKLQJ�



(&��������(/(&7521,&6�'(6,*1�$1'�6,08/$7,21

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

�� 8QGHUVWDQG�YDULRXV�W\SHV�RI�0LFURFRQWUROOHUV�DQG�WKHLU�$UFKLWHFWXUH�
�� $QDO\]H�YDULRXV�6LPXODWLRQ�VRIWZDUH�IRU�0LFURFRQWUROOHUV
�� :ULWH�FRGH�DQG�VLPXODWH�YDULRXV�PLFURFRQWUROOHU�EDVHG�FLUFXLWV�
�� ,QWHUIDFH�YDULRXV�SHULSKHUDO�GHYLFHV�ZLWK�PLFURFRQWUROOHU�DQG�FDOFXODWH�SRZHU�UHTXLUHPHQW�
�� ,QVWDOO�/LQX[�EDVHG�26�IRU�0LFURFRQWUROOHUV�
�� 'HVLJQ�D�PLFURFRQWUROOHU�EDVHG�ZRUNLQJ�KDUGZDUH�SURMHFW�

�� 6WXG\�RI�9DULRXV�0LFURFRQWUROOHU�IDPLOLHV�DQG�WKHLU�FRPSDULVRQ��8QGHUVWDQGLQJ�YDULRXV�
SRUWV�RI�D�PLFURFRQWUROOHU���

�� 9DULRXV� 6LPXODWLRQ� VRIWZDUH� DQG� WKHLU� OLPLWDWLRQV�� 6LPXODWLRQ� RI� PLFURFRQWUROOHU� DQG�
WKHUH�SURJUDPPLQJ�PHWKRGRORJ\���

�� ,QWHUIDFLQJ�YDULRXV�VHQVRUV��PRWRUV�DQG�RWKHU�SHULSKHUDO�GHYLFHV�ZLWK�PLFURFRQWUROOHU���

�� 3RZHU�FDOFXODWLRQV��,QVWDOODWLRQ�RI�/LQX[�26�IRU�PLFURFRQWUROOHUV�

�� 0,125�352-(&7��6WXGHQWV�ZLOO�VXEPLW�D�PLFURFRQWUROOHU�EDVHG�SURMHFW�LQ�D�JURXS�DW�
WKH�HQG�RI�WKH�VHPHVWHU��

$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'('�

�� 0XKDPPDG� $OL 0D]LGL�� -DQLFH� *LOOLVSLH0D]LGL�� 5ROLQ� '�� 0F.LQOD\�7KH� �����
0LFURFRQWUROOHU�DQG�(PEHGGHG�6\VWHPV������H��3HDUVRQ�(GXFDWLRQ

�� 5DMNDPDO��(PEHGGHG�6\VWHPV��$UFKLWHFWXUH�3URJUDPPLQJ�DQG�'HVLJQ���H��70+�(GXFDWLRQ�

5()(5(1&(�%22.6�5(&200(1'('�

�� -HUHP\�%OXP��([SORULQJ�$UGXLQR����H��:LOH\�
�� 'DYLHV��-RKQ�+��063����0LFURFRQWUROOHU�%DVLFV���H��(OVHYLHU
�� 0XKDPPDG�$OL 0D]LGL� 5ROLQ�'��0FNLQOD\��3,&�0LFURFRQWUROOHU�DQG�(PEHGGHG�6\VWHPV���H��

3HDUVRQ�(GXFDWLRQ�,QGLD�
�� 6LPRQ�0RQN��3URJUDPPLQJ�WKH�5DVSEHUU\�3L��*HWWLQJ�VWDUWHG�ZLWK�3\WKRQ���H��0F*UDZ�+LOO�

(GXFDWLRQ�
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