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7KLV FRXUVH DLPV WR GHYHORS WKH SURGXFWLYLW\ LPSURYHPHQW VNLOOV DPRQJ VWXGHQWV ZLWK
WKHDSSOLFDWLRQV RI PHWKRGV�DQG�WRROV RI�,QGXVWULDO�(QJLQHHULQJ DQG 0DQDJHPHQW�

&2856( 287&20(6�

&2����7R�XQGHUVWDQG�DQG�DSSO\�WKH�FRQFHSWV�RI�ZRUN�VWXG\�IRU�SURGXFWLYLW\�

LPSURYHPHQW�&2��� 7R�FRPSUHKHQG WKH�EDVLF�IXQGDPHQWDOV RI PDQDJHPHQW�DQG

RUJDQL]DWLRQ�

&2��� 7R JUDVS DQG DSSO\ WKH FRQFHSWV RI SHUVRQQHO PDQDJHPHQW DQG LGHQWLI\ WKH
SUREOHPVDVVRFLDWHG ZLWK KXPDQ�UHVRXUFH�

&2��� 7R LGHQWLI\ DQG VROYH WKH SUREOHPV UHODWHG WR TXDOLW\ PDQDJHPHQW DQG DSSO\
WKHTXDQWLWDWLYH GHFLVLRQ�PDNLQJ�LQ�PDQDJHULDO�GHFLVLRQ�PDNLQJ�

&2856( &217(176�

7KHRU\�

8QLW���� 3URGXFWLYLW\�� 0HWKRG� 6WXG\� )XQGDPHQWDOV�� 3URFHGXUH�� 3ULQFLSOHV� RI� 0RWLRQ�
(FRQRP\DQG�7KHUEOLJV� :RUN�0HDVXUHPHQW�WHFKQLTXHV��7LPH�6WXG\� )XQGDPHQWDOV��
3URFHGXUH�(TXLSPHQWV� 5DWLQJ��$OORZDQFHV�DQG�7LPH VWDQGDUGV�

8QLW���� 3ULQFLSOHV DQG )XQFWLRQV RI 0DQDJHPHQW� 2UJDQL]DWLRQ� 3ULQFLSOHV� 7\SHV DQG
6WUXFWXUHV� )RUPDO DQG ,QIRUPDO 2UJDQL]DWLRQ� 6SDQ RI &RQWURO� 'HOHJDWLRQ�
&HQWUDOL]DWLRQ DQG�'HFHQWUDOL]DWLRQ�

8QLW���� 3HUVRQQHO 0DQDJHPHQW )XQFWLRQV� &RPPXQLFDWLRQ� 0RWLYDWLRQ DQG /HDGHUVKLS
7KHRULHV�� 5HFUXLWPHQW�� 6HOHFWLRQ�� 7UDLQLQJ�� 3HUIRUPDQFH� DSSUDLVDO�� -RE� (YDOXDWLRQ��
DQG :DJH ,QFHQWLYH�6FKHPHV�

8QLW���� 4XDOLW\ &RQWURO� (FRQRPLFV RI 4XDOLW\ &RQWURO� 4XDOLW\ $VVXUDQFH DQG 740
)XQGDPHQWDOV�� 3URFHVV� &DSDELOLW\� 6WXGLHV�� &RQWURO� &KDUWV� IRU� 9DULDEOHV� DQG�

+RXUV���
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$WWULEXWHV� $FFHSWDQFH 6DPSOLQJ 3ODQV DQG (FRQRPLFV�RI $FFHSWDQFH 6DPSOLQJ�

8QLW���� 4XDQWLWDWLYH� 7HFKQLTXHV� IRU� 'HFLVLRQ� 0DNLQJ�� ,QWURGXFWLRQ� WR� 2SHUDWLRQV�
5HVHDUFK� 0RGHOV� /LQHDU 3URJUDPPLQJ� 7UDQVSRUWDWLRQ DQG $VVLJQPHQW 0RGHOV DQG
$SSOLFDWLRQV�1HWZRUN 7HFKQLTXHV DQG�DSSOLFDWLRQV�

&2856(�$66(660(17� 6WXGHQWV�ZLOO�EH�DVVHVVHG�DV�IROORZLQJ�

7KHRU\ SDSHU�
��� (QG 6HPHVWHU ([DP� ��� ZHLJKWDJH�
��� &RQWLQXRXV�DVVHVVPHQW������ZHLJKWDJH��7ZR�PLGWHUP�WHVWV������
ZHLJKWDJH�DVVLJQPHQW� ����� ZHLJKWDJH� UHJXODULW\ ����� ZHLJKWDJH�

%RRNV 	 5HIHUHQFHV 5HFRPPHQGHG �

�� 0DKDMDQ 0�,QGXVWULDO (QJJ� DQG 3URGXFWLRQ 0DQDJHPHQW� 'KDQSDW 5DL� 1HZ 'HOKL�
�� ,QWHUQDWLRQDO /DERXU 2UJDQLVDWLRQ �,� /�2��� :RUN 6WXG\� *HQHYD�
�� 7HUU\ DQG )UDQNOLQ� 3ULQFLSOHV RI 0DQDJHPHQW� ,UZLQ�
�� %DUQHV 5�0�� 7LPH DQG 0RWLRQ 6WXG\� :LOH\� 1HZ <RUN�
�� *UDQW (�/�� 6WDWLVWLFDO 4XDOLW\ &RQWURO� 0F*UDZ�+LOO� 1HZ <RUN�
�� 9RKUD 1'� 4XDQWLWDWLYH 7HFKQLTXHV LQ 0DQDJHPHQW� 70+� 1HZ 'HOKL�
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35(5(48,6,7(��%DVLF�DQG�$QDORJ�(OHFWURQLFV��%DVLF�(OHFWULFDO�(QJLQHHULQJ
&2856(�287&20(6��
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
�� 7R� SURYLGH� VWXGHQWV� D� GHHS� LQVLJKW� LQ� WR� WKH� RSHUDWLRQDO� EHKDYLRXU� RI� SUDFWLFDO� SRZHU

VZLWFKLQJ�GHYLFHV�ZLWK�UHVSHFW�WR�WKHLU�VWDWLF�DQG�G\QDPLF FKDUDFWHULVWLFV
�� 7R� OHDUQ� WKH�ZRUNLQJ�SULQFLSOH�RI�FODVVLILHG�WRSRORJLHV�RI�7K\ULVWRU�EDVHG�$&�'&��$&�$&��

'&�'&�DQG�'&�$& FRQYHUWHUV�
�� 7R�GHVLJQ�DQG�DQDO\]H�WKH�RSHUDWLRQ�RI�DERYH�FRQYHUWHUV�FRQVLGHULQJ�WKHLU DSSOLFDWLRQV�
�� 7R�XQGHUVWDQG�GHVLJQ�RI�ILULQJ�FLUFXLWV�IRU�7K\ULVWRU�EDVHG�OLQH�FRPPXWDWHG FRQYHUWHUV�

7+(25<�
8QLW �� 6WDWLF� SRZHU� GHYLFHV�� 7K\ULVWRU� IDPLO\�� WZR� WUDQVLVWRU� DQDORJ\� RI� 6&5�� FRQVWUXFWLRQ��

FKDUDFWHULVWLFV�� SDUDPHWHUV�� WXUQ� RQ� DQG� WXUQ� RII� PHWKRGV�� ILULQJ� FLUFXLWV�� LVRODWLRQ DQG�
DPSOLILHU�FLUFXLWV��V\QFKURQL]DWLRQ FLUFXLWV�

8QLW �� &RQYHUWHUV�� $&� WR� '&� FRQYHUWHUV�� VLQJOH� SKDVH� UHFWLILHU� FLUFXLWV� ZLWK� GLIIHUHQW� ORDG��
YDULRXV�TXDGUDQW�RSHUDWLRQ��EDVLF�SULQFLSOH�DQG�SRZHU�FLUFXLWV�RI�GXDO�FRQYHUWHU�DQG F\FOR�
FRQYHUWHU�

8QLW �� '&�WR�'&�FRQYHUWHU��%DVLF�SULQFLSOH�RI�FKRSSHU�FLUFXLWV��YDULRXV�FKRSSHU FLUFXLWV�DQG�WKHLU�
ZRUNLQJ��VWHS�XS�FKRSSHU��SHUIRUPDQFH DQDO\VLV�

8QLW �� ,QYHUWHUV��&6,�DQG�96,�LQYHUWHUV��VLQJOH�SKDVH�LQYHUWHUV��SULQFLSOH�RI�RSHUDWLRQ� YROWDJH�DQG�
IUHTXHQF\�FRQWURO WHFKQLTXHV�

8QLW �� ,QGXVWULDO $SSOLFDWLRQ RI 3RZHU (OHFWURQLFV� 6036� 836� $& DQG '& GULYHV� 3RZHU�
6XSSOLHV�

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

35$&7,&$/6�
/LVW�RI�([SHULPHQWV

�� 9HULILFDWLRQ�RI�VWHDG\�VWDWH�FKDUDFWHULVWLFV�RI�GLIIHUHQW�VWDWLF VZLWFKHV�
�� 3KDVH�FRQWURO�RI�75,$&�XVLQJ�',$&�DQG�5&�FLUFXLW�LQ�OLJKW�GLPPLQJ FLUFXLW�
�� )LULQJ�SXOVH�JHQHUDWLRQ�XVLQJ�8-7�EDVHG�UHOD[DWLRQ RVFLOODWRU�
�� )LULQJ�SXOVH�JHQHUDWLRQ�IRU�6&5�XVLQJ�7&$���� ,&�
�� 3HUIRUPDQFH�HYDOXDWLRQ�RI�VLQJOH�SKDVH�XQFRQWUROOHG�FRQYHUWHU�IRU�5��5/ ORDG�
�� 3HUIRUPDQFH�HYDOXDWLRQ�RI�VLQJOH�SKDVH�FRQWUROOHG�FRQYHUWHU�IRU�5��5/ ORDG�
�� 3HUIRUPDQFH�$QDO\VLV�RI�VWHS�GRZQ FKRSSHU
�� 3HUIRUPDQFH�HYDOXDWLRQ�RI�FXUUHQW�FRPPXWDWLRQ�FLUFXLW�IRU 6&5
�� 3HUIRUPDQFH�HYDOXDWLRQ�RI�YROWDJH�FRPPXWDWLRQ�FLUFXLW�IRU 6&5�
��� (IIHFW�RI�GXW\�F\FOH�RQ�WKH�RXWSXW�YROWDJH�RI�EXFN�ERRVW FRQYHUWHU�
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$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'('��
�� 6HPLFRQGXFWRU�3RZHU�(OHFWURQLFV��&�0��3DXGGDU��-DLQ�%URWKHUV�

�� 3RZHU�(OHFWURQLFV��0�+��5DVKLG�3HDUVRQ�(GXFDWLRQ�/LPLWHG
�� 3RZHU�(OHFWURQLFV��1HG�0RKDQ�-RKQ�:LOH\�	�6RQV�,QF�6HD�3YW��/WG�

5()(5(1&(�%22.6�5(&200(1'('��
�� 3RZHU�(OHFWURQLFV��3�&��6HQ��7DWD�0FJUDZ�+LOO�3XEOLVKLQJ�&R�/WG

3(&��
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&2856(�287&20(6�
�� 'HVLJQ�HIILFLHQW�VRXUFH�FRGH�IRU�GLVFUHWH�PHPRU\�OHVV�VRXUFH�DQG�VRXUFH�ZLWK�PHPRU\�
�� &DOFXODWH�WKH�FKDQQHO�FDSDFLWLHV�RI�GLVFUHWH�DQG�FRQWLQXRXV�FKDQQHO�DQG�XQGHUVWDQG�WUDGH�

RII�XVLQJ�6KDQQRQ
V�WKHRUHP�
�� &RQVWUXFW�*DORLV�ILHOG�DQG�GHVFULEH�WKHLU�SURSHUWLHV�
�� &RQVWUXFW�ELQDU\�DQG�QRQ�ELQDU\�FRGHV�IRU�HUURU�GHWHFWLRQ�DQG�FRUUHFWLRQ� LQ�WUDQVPLWWHG�

GDWD�DQG�LQYHVWLJDWH�WKHLU�SHUIRUPDQFH�

7KHRU\ �
�� ,QIRUPDWLRQ� WKHRU\� DQG�6RXUFH� � FRGLQJ��8QFHUWDLQW\�� LQIRUPDWLRQ�� HQWURS\� DQG� �

LWV� SURSHUWLHV�� HQWURS\� RI� ELQDU\�PHPRU\OHVV� VRXUFH� DQG� LWV� H[WHQVLRQ� WR� GLVFUHWH�
PHPRU\OHVV� VRXUFH�� VRXUFH� FRGLQJ� WKHRUHP�� GDWD� FRPSUHVVLRQ�� SUHIL[� FRGLQJ��
+XIIPDQ�FRGLQJ��/HPSHO�=LY�FRGLQJ��6RXUFH�ZLWK�PHPRU\�DQG�LWV HQWURS\�

�� 'LVFUHWH� FKDQQHOV�� %LQDU\� 6\PPHWULF� &KDQQHO�� PXWXDO� LQIRUPDWLRQ� 	� LWV�
SURSHUWLHV��&KDQQHO�FDSDFLW\��FKDQQHO�FRGLQJ� WKHRUHP�DQG� LWV�DSSOLFDWLRQ� WR�%6&��
6KDQQRQ¶V� WKHRUHP� RQ� FKDQQHO� FDSDFLW\�� FDSDFLW\� RI� D� FKDQQHO� RI� LQILQLWH�
EDQGZLGWK��EDQGZLGWK�� 6�1�WUDGH�RII��SUDFWLFDO�FRPPXQLFDWLRQ�V\VWHPV�LQ�OLJKW�RI�
6KDQQRQ¶V�WKHRUHP��)DGLQJ�FKDQQHO��FKDQQHOV�ZLWK PHPRU\�

�� *URXSV�� ILHOGV� DQG�/LQHDU�EORFN� FRGHV��*DORLV� ILHOG� DQG� LWV� FRQVWUXFWLRQ� LQ�*)�
��P�� DQG� LWV� EDVLF� SURSHUWLHV�� YHFWRU� VSDFHV� DQG�PDWULFHV� LQ�*)����� /LQHDU� EORFN�
FRGHV�� V\VWHPDWLF� FRGHV� DQG� LWV� HQFRGLQJ� FLUFXLW�� V\QGURPH� DQG HUURU� GHWHFWLRQ��
PLQLPXP� GLVWDQFH�� HUURU� GHWHFWLQJ� DQG� FRUUHFWLQJ� FDSDELOLWLHV� RI� EORFN� FRGH��
GHFRGLQJ� FLUFXLW�� SUREDELOLW\� RI� XQGHWHFWHG� HUURU� IRU� OLQHDU� EORFN� FRGH� LQ� %6&��
+DPPLQJ�FRGH�DQG�WKHLU�DSSOLFDWLRQV�

�� &\FOLF�FRGHV�DQG�,QWURGXFWLRQ�WR�56�FRGHV���%DVLF��SURSHUWLHV��RI��&\FOLF�FRGHV��
*HQHUDWRU�DQG�SDULW\�FKHFN�PDWUL[�RI�F\FOLF�FRGHV��HQFRGLQJ�DQG�GHFRGLQJ�FLUFXLWV��
V\QGURPH�FRPSXWDWLRQ� DQG�HUURU�GHWHFWLRQ�� F\FOLF�+DPPLQJ�FRGHV�� HQFRGLQJ�DQG�
GHFRGLQJ�RI�56�FRGHV��HUURU�ORFDWLRQ�DQG FRUUHFWLRQ�

�� &RQYROXWLRQDO� FRGHV�� ,QWURGXFWLRQ� WR� FRQYROXWLRQ� FRGH�� LWV� FRQVWUXFWLRQ� DQG�
9LWHUEL� DOJRULWKP� IRU� PD[LPXP� OLNHOLKRRG� GHFRGLQJ�� $XWRPDWLF� UHSHDW� UHTXHVW�
VWUDWHJLHV�DQG�WKHLU�WKURXJKSXW�HIILFLHQF\ FRQVLGHUDWLRQV�

7H[W�%RRNV�5HFRPPHQGHG �
�� /DWKL� %�� 3���0RGHUQ� $QDORJ� DQG� 'LJLWDO� &RPPXQLFDWLRQ� 6\VWHPV�� 2[IRUG� 8QLY��

3UHVV
�� 6KX�/LQ�DQG�&RVWHOOR��(UURU�&RQWURO�&RGLQJ���7KHRU\�DQG�$SSOLFDWLRQ� 3+�
�� 6NODU��'LJLWDO�&RPPXQLFDWLRQ��3HDUVRQ�(GXFDWLRQ $VLD�

5HIHUHQFH�%RRNV�5HFRPPHQGHG �
�� +D\NLQV�6LPRQ��'LJLWDO�&RPPXQLFDWLRQ��:LOH\ 3XEO�
�� 3URDNLV��'LJLWDO�&RPPXQLFDWLRQ��0F*UDZ +LOO
�� 6FKDXP¶V�2XWOLQH�6HULHV��$QDORJ�DQG�'LJLWDO &RPPXQLFDWLRQ�

+RXUV��3HU��:HHN 7KHRU\ 3UDFWLFDO 0D[LPXP�0DUNV
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35(�5(48,6,7(6�� &RPSXWHU�QHWZRUNV��2SWLFDO�&RPPXQLFDWLRQ�
&2856(�287&20(��
6WXGHQWV�VKRXOG�EH�DEOH�WR�
���'LVFXVV�WKH�VHFRQG�JHQHUDWLRQ�RI�'LJLWDO�WUDQVSRUW�QHWZRUN��621(7�6'+��
���$QDO\]H�WKH�DUFKLWHFWXUH�RI�2SWLFDO�7UDQVSRUW�1HWZRUN�
���8QGHUVWDQG�WKH�DUFKLWHFWXUH�DQG�RSHUDWLRQ�RI�:'0�1HWZRUN�
���'HVLJQ�RI�RSWLFDO�QHWZRUN�FRQVLVWLQJ�RI�URXWHUV�
���,QYHVWLJDWH�YDULRXV�RSWLFDO�DFFHVV�QHWZRUNV�

8QLW����621(7�6'+��5HYLHZ�RI�621(7�6'+��)UDPH�VWUXFWXUH��)XQFWLRQDO�&RPSRQHQWV��621(7�
3UREOHP�'HWHFWLRQ�

8QLW� ��� 2SWLFDO� 7UDQVSRUW� 1HWZRUN�� � � $UFKLWHFWXUH��&XUUHQW� 'LJLWDO� 7UDQVSRUW� +LHUDUFK\�� � 1HZ�
2SWLFDO� WUDQVSRUW� DQG� 'LJLWDO� 7UDQVSRUW� +LHUDUFK\�� 7KH� 271� /D\HUHG� 0RGHO�� *HQHULF� )UDPLQJ�
3URFHGXUH��*)3��

8QLW���� �:'0�QHWZRUNV�� 2SHUDWLRQ��'HQVH�:DYH�'LYLVLRQ 0XOWLSOH[LQJ� �':'0���(OHPHQWV�RI�
:'0�QHWZRUNV��$PSOLILHUV��:$'0�,QSXW�DQG�2XWSXW�3RUWV��:'0�&URVV�FRQQHFWV�

8QLW� ��� � 2SWLFDO� 5RXWHUV�� 6ZLWFKLQJ� LQ� 2SWLFDO� ,QWHUQHWV�� 2SWLFDO� 6ZLWFKLQJ� 7HFKQRORJLHV�� $Q�
2SWLFDO�5RXWHU���0LFUR�(OHFWUR�0HFKDQLFDO�6\VWHPV��0(06���2SWLFDO�FURVV�FRQQHFWV

8QLW���� 2SWLFDO�DFFHVV�QHWZRUNV���$UFKLWHFWXUH��+\EULG�ILEHU�FRD[��+)&���(QKDQFHG�+)&���3DVVLYH�
RSWLFDO�QHWZRUNV��2SWLFDO�EXUVW�VZLWFKLQJ��2SWLFDO�&'0$��%DVLF�FRQFHSW�DQG�DSSOLFDWLRQV�

7H[W�%RRNV��

�� 5DPDVZDPL�DQG�6LYUDMDQ��2SWLFDO�1HWZRUNV��$�3UDFWLFDO�3HUVSHFWLYH��3HDUVRQ�
�� 8\OHVV�%ODFN��2SWLFDO�1HWZRUNV�DQG��UG�*HQUDWLRQ�7UDQVSRUW�6\VWHPV��3HDUVRQ

�� 6HQLRU�-�0���2SWLFDO�)LEUH�&RPPXQLFDWLRQV��3ULQFLSOHV�	�3UDFWLFH��3+,�

5HIHUHQFHV�%RRNV�

�� %LVZDQDWK�0XNKHUMHH ��6SULQJHU�+DQGERRN�RI�2SWLFDO�1HWZRUNV��6SULQJHU�

+RXUV��3HU��:HHN 7KHRU\ 3UDFWLFDO 0D[LPXP�0DUNV
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�

�� 'HVFULEH�WKH�PRWLRQ�RI�D�VDWHOOLWH�LQ�RUELW�DQG�LWV�PHFKDQLVP��DQG�DSSO\�WKH�FRQFHSW�RI�
FRPPXQLFDWLRQ�V\VWHPV�LQWR�WKH�VDWHOOLWH�FRPPXQLFDWLRQ�V\VWHP�

�� 'HPRQVWUDWH�WKH�GHVLJQ�VWUDWHJLHV�IRU�WKH�VDWHOOLWH�OLQN�EXGJHW��DQG�FRPSDUH�WKH�PXOWLSOH�
DFFHVV�WHFKQLTXHV�

�� ,OOXVWUDWH�WKH�FRQFHSW�RI�*36�DQG�GLVFXVV�YDULRXV�VDWHOOLWH�DSSOLFDWLRQV�
�� ,PSOHPHQW�WHFKQLTXHV�RI�GHVLJQ�RI�VPDOO�VDWHOOLWHV�DQG�H[SODLQ�WKH�ZRUNLQJ�FRQFHSW�RI�

VDWHOOLWH�ODXQFK�YHKLFOHV�DQG�WKHLU�FODVVLILFDWLRQ�
�� 'LVFXVV�WKH�ZRUNLQJ�FRQFHSW�RI�5$'$5�V\VWHPV�ZLWK�WKHLU�DSSOLFDWLRQV�

7KHRU\��

8QLW�����%DVLFV�RI�6DWHOOLWH�6XEV\VWHPV��*HR�VWDWLRQDU\�DQG�RWKHU�6DWHOOLWH�RUELWV�DQG�LWV�ORFDWLRQ�
IURP�HDUWK��6DWHOOLWH�&RPPXQLFDWLRQ�6XEV\VWHPV��7UDQVSRQGHUV�

8QLW�����6DWHOOLWH�&KDQQHO�DQG�OLQN�GHVLJQ��0DMRU�)UHTXHQF\�DOORFDWLRQ��'HVLJQ�RI�'RZQOLQN�	�
8SOLQN��(DUWK�6WDWLRQ��0XOWLSOH�DFFHVV�7HFKQLTXHV�LQFOXGLQJ�'$0$��6&3&�

8QLW� ��� � 6DWHOOLWH� 1DYLJDWLRQ�	�*OREDO� 3RVLWLRQLQJ� 6\VWHPV�� ,QWURGXFWLRQ� WR� *36� 3RVLWLRQLQJ�
SULQFLSOHV��*36� UHFHLYHUV� DQG� FRGHV�� 6DWHOOLWH� 6LJQDO�$FTXLVLWLRQ��*36�6LJQDO�/HYHO�	�
WLPLQJ�DFFXUDF\��GLIIHUHQWLDO�*36��96$7�

8QLW�����'HVLJQ�RI�VPDOO�VDWHOOLWHV� 6PDOO�VDWHOOLWH�SRZHU�EXGJHW��DSSOLFDWLRQV��RI��VPDOO��VDWHOOLWHV��
VPDOO�VDWHOOLWH�EXV��SRZHU�VXEV\VWHPV��VWUXFWXUDO�VXEV\VWHPV��VDWHOOLWH�ODXQFK YHKLFOH�´

8QLW� ��� 5DGDU� 6\VWHPV�� +LVWRULFDO� UHYLHZ� RI� 5DGDU�� 5DQJH� HTXDWLRQ� DQG� LWV� DQDO\VLV�� 'LIIHUHQW�
'LVSOD\�6\VWHPV�OLNH�33,��(� 6FRSH�HWF��&:�	�)0�5DGDU��07,�DQG�3XOVH�'RSSOHU�UDGDU��
5DGDU�6FDQQLQJ�	� WUDFNLQJ��$SSOLFDWLRQ�RI�5DGDU� VXFK�DV�1DYLJDWLRQ�6\VWHPV�HWF�� DQG�
WKHLU�DSSOLFDWLRQV�

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

7(;7�%22.6�5(&200(1'('�
�� 7LPRWK\�3UDWW�	�&KDUOHV�%RVWDLQ��6DWHOOLWH�&RPPXQLFDWLRQ���QG�HG�������:LOH\�
�� ,�-�%DKDO�DQG�3��%KDWLD��0LFUR�VWULS�$QWHQQD���UG�HG��������1HZ�HG��$UWHFK�KRXVH,QF�
�� 7DSDQ�	�6DUNDU��6PDUW�$QWHQQD��,(((�3UHVV��&5&�3UHVV���WK HG� �����

5()(5(1&(�%22.6�5(&200(1'('��
�� 0DQXDO�RI�6DWHOOLWH�&RPPXQLFDWLRQ���UG HG�������7DWD�0F*UDZ +LOO�
�� 0�,��6NROQLN��,QWURGXFWLRQ�WR�5DGDU�6\VWHP��UG HG�������70+�
�� '��5RGG\��6DWHOOLWH�&RPPXQLFDWLRQ���WK HG�����
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$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
���7R�,QWURGXFH�GLIIHUHQW�FRQFHSWV�RI�JDPH�WKHRU\�
���7R�XQGHUVWDQG�DSSOLFDWLRQ�RI�*DPH�WKHRU\�LQ�HQJLQHHULQJ��
�� 7R�KDYH� QHFHVVDU\�EDFNJURXQG RI�*DPH�WKHRU\ WR�GHVLJQ�ZLUHOHVV�V\VWHPV��
���7R�VWXG\�YDULRXV�*DPHV�DQG�WR�LGHQWLI\�WKHLU�VXLWDELOLW\�LQ�ZLUHOHVV�FRPP�

81,7�����,QWURGXFWLRQ WR�JDPH�WKHRU\��3ULVRQHU
V�GLOHPPD� 1DVK�(TXLOLEULXP��&R�RSHUDWLYH�DQG�1RQ�
FR�RSHUDWLYH� JDPHV�� ]HUR�VXP� 	� QRQ]HUR�VXP� JDPHV�� 7\SHV� RI� VWUDWHJLHV�� 6DGGOH� SRLQW�
�(TXLOLEULXP��SRLQW��UXOHV�RI�GHWHUPLQLQJ�D�VDGGOH�SRLQW��2SWLPDO�VWUDWHJLHV�

81,7� ��� � 1RQ�FRRSHUDWLYH� *DPH� 7KHRU\�� *DPH� LQ� 1RUPDO� IRUP�� $QDO\VLQJ� *DPHV�� 3DUHWR�
RSWLPDOLW\��0D[PLQ�DQG�0LQPD[�VWUDWHJLHV��

81,7�����6WRFKDVWLF�JDPHV� %D\HVLDQ�JDPHV� &RPSXWLQJ�HTXLOLEULD�FRQFHSW�RI�6KDSHO\�YDOXH�

81,7� ��� &RDOLWLRQ� *DPH� 7KHRU\� DQG� DOJRULWKPLF� JDPH� WKHRU\�� EDVLF� FRQFHSWV� DQG� DQDO\VLV��
7UDQVIHUDEOH�8WLOLW\��$QDO\]LQJ�&RDOLWLRQDO�*DPHV�

81,7� �� $SOLFDWLRQ� LQ�:LUHOHVV� 1HWZRUNV�� 5HVRXUFH� $OORFDWLRQV�� 5RXWLQJ� LQ� 6HQVRU� DQG� $G�+RF�
1HWZRUNV �&'0$�3RZHU�&RQWURO���5DGLR�6SHFWUXP $UELWUDU\�'LVWULEXWLRQ�

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

7(;7�%22.�5(&200(1'('��

��� =KX� +DQ�� *DPH� 7KHRU\� LQ� :LUHOHVV� DQG� &RPPXQLFDWLRQ� 1HWZRUNV�� 7KHRU\�� 0RGHOV�� DQG�
$SSOLFDWLRQV��HGLWLRQ��
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&2856(�287&20(6�
$W�WKH�HQG�RI�WKLV�FRXUVH�VWXGHQWV�ZLOO�GHPRQVWUDWH�WKH�DELOLW\�WR�
���7R�XQGHUVWDQG�WKH�QHHG�RI�LQIRUPDWLRQ�VHFXULW\�DQG�FODVVLILFDWLRQ�RI�SRVVLEOH�VHFXULW\�DWWDFNV
���7R�FRQFHSWXDOL]H�EDVLF�QHWZRUN�VHFXULW\�PRGHO��DVVRFLDWHG�WUDQVIRUPDWLRQ�DQG�UHODWHG
WHUPLQRORJ\�
���'HVLJQ�RI�V\PPHWULF NH\�V\VWHPV�IRU�GDWD�FRQILGHQWLDOLW\�DQG�WKHLU�FRPSDULVRQ
���'HVLJQ�RI�DQ�DV\PPHWULF�NH\�V\VWHP��LWV�DSSOLFDWLRQ�LQ�GLJLWDO�VLJQDWXUH�DQG�FRPSDULVRQ�ZLWK�
V\PPHWULF�NH\�V\VWHPV
���9DULRXV�SUDFWLFDO�DSSOLFDWLRQV�RI�FU\SWRJUDSKLF�WHFKQLTXHV�IRU�GDWD�VHFXULW\

81,7��� 1HHG�IRU�LQIRUPDWLRQ�VHFXULW\��SRVVLEOH�VHFXULW\�YLRODWLRQV��DWWDFNV��DQG�WKHLU�FODVVLILFDWLRQ��
%DVLF� SULQFLSOHV� RI� FU\SWRJUDSK\�� 7\SLFDO� PHFKDQLVPV�� QHWZRUN� VHFXULW\� PRGHO� DQG� DVVRFLDWHG�
WHUPLQRORJ\�
81,7� �� .HUFNKRII� SULQFLSOH� RI� QHWZRUN� VHFXULW\�� &ODVVLILFDWLRQ� RI� WUDQVIRUPDWLRQ� WHFKQLTXHV��
6XEVWLWXWLRQ�WHFKQLTXHV��&DHVHU��PRQR�DOSKDEHWLF��SRO\�DOSKDEHWLF��3OD\IDLU���WUDQVSRVLWLRQ�WHFKQLTXHV�
�UDLOIHQFH��PXOWLSOH� VWDJHV��� WKHLU� FRPSDULVRQ� RQ� WKH� EDVLV� RI� FU\SWDQDO\VLV�� LQWURGXFWLRQ� WR� SURGXFW�
FLSKHU�
81,7��� $V\PPHWULF�NH\� V\VWHP�DQG� LWV� IHDWXUHV��56$�DOJRULWKP�� DSSOLFDWLRQV�RI� DV\PPHWULF�NH\�
V\VWHP��HOHPHQWV RI�NH\�JHQHUDWLRQ�DQG� LWV�PDQDJHPHQW��FRPSDULVRQ�RI�DV\PPHWULF�DQG�V\PPHWULF�
NH\�V\VWHP�
81,7��� 'LJLWDO�VLJQDWXUH�DV�GDWD�DXWKHQWLFDWLRQ��GLJLWDO�HQYHORSH��KDVK�IXQFWLRQV�DQG�WKHLU�SURSHUWLHV��
6HFXUH�+DVK�)XQFWLRQ��6+$���0HVVDJH�'LJHVW��0'���DQG�WKHLU�FRPSDULVRQ�
81,7� �� 0RGHV� RI� RSHUDWLRQV� �(OHFWURQLF� FRGH� ERRN� DQG� FRXQWHU� PRGH�� DQG� WKHLU� DSSOLFDWLRQV��
VHFXULW\� RSWLRQV� LQ� VRFLDO�PHGLD� VLWHV� �ZKDWVDSS�� JPDLO�� DQG� WKHLU� VLJQLIDQFH�� ,7� DFW� VHFWLRQ� ��� RI�
,QGLD��,QWURGXFWLRQ�WR�*HQHUDO�'DWD�3URWHFWLRQ�5HJXODWLRQV��*'35���EORFN�FKDLQ�DQG�3*3�

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

7(;7�%22.6�5(&200(1'('�
���.DKDWH�$����&U\SWRJUDSK\�DQG�QHWZRUN�VHFXULW\���7DWD�0*+�SXEO���VHFRQG�HG�
���6WDOOLQJV�:����&U\SWRJUDSK\�DQG�QHWZRUN VHFXULW\���3HDUVRQ�HGX��3XEO���6HFRQG�HG�
���%RVH�5����,QIRUPDWLRQ�WKHRU\��FRGLQJ�DQG�FU\SWRJUDSK\���7DWD�0*+�SXEO���VHFRQG�HG�

5()(5(1&(�%22.6�5(&200(1'('�
���6LPRQ�6LQJK���7KH�FRGH�ERRN���7HG�6PDUW�3XEO�
���.DXIPDQ�&��$QG�3HUOPDQ�5����1HWZRUN�VHFXULW\���3HDUVRQ�(GX��3XEO�
���=LPPHUPDQ�3����$Q�LQWURGXFWLRQ�WR�FU\SWRJUDSK\���3*3�FRUSRUDWLRQ
��9DULRXV�85/V�LQFOXGLQJ�ZZZ�>�LDFU�RUJ��,QWHUQDWLRQDO�2UJDQL]DWLRQ�RI�&U\SWRJUDSKLF�5HVHDUFK���
SJSL�RUJ���QLVW�RUJ�DHV��HSLF�RUJ��FU\SWR�RUJ��SULYDF\�RUJ� SULVP�EUHDN�RUJ��FHUWLQ�RUJ��PXOWL�
IDFWRU�WZR�VWHS�DXWKHQWLFDWLRQ�YHULILFDWLRQ@
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(&������������ $GYDQFHG 0RELOH &RPPXQLFDWLRQV

&RXUVH 2XWFRPHV�
$W WKH HQG RI WKLV FRXUVH VWXGHQWV ZLOO GHPRQVWUDWH WKH DELOLW\ WR

�� 8QGHUVWDQG WKH FXUUHQWO\�XVHG�FHOOXODU�WHFKQRORJ\��*��*
�� (YDOXDWH WKH XVH RI DGYDQFHG WHFKQLTXHV LQ FHOOXODU FRPPXQLFDWLRQV�
�� 3HUIRUP FRPSXWDWLRQV DQG VROYH QXPHULFDO SUREOHPV ZKLOH�XVLQJ�GLIIHUHQW WUDQVPLVVLRQ

WHFKQRORJLHV�
�� $VVHVV KRZ VRIWZDUL]DWLRQ RI QHWZRUN IXQFWLRQV KHOSV LQ VFDODELOLW\ DQG HDVH RI RSHUDWLRQV�
�� /HDUQ�EDVLFV�RI��* WHFKQRORJ\ DQG�VSHFWUXP�UHODWHG�LVVXHV�

+RXUV�:HHN 0D[LPXP0DUNV
7RWDO�0DUNV

&UHGLWV
7KHRU\ 3UDFWLFDO
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&RXUVH &RQWHQWV�
8QLW����0RELOH�&RPPXQLFDWLRQV�2YHUYLHZ� 5HYLHZV RI��*�7HFKQRORJ\���*�VHUYLFHV�DQG�GDWD�UDWHV�
�* 7HFKQRORJ\� /7(� /7( $GYDQFHG 3UR ��*33 5HOHDVH ����� 9R/7(� 2)'0� 0,02� ,07�
VWDQGDUGV� ,07�������,07����� DQG�,07�$GYDQFHG��
8QLW� ��� ,QWURGXFWLRQ� WR �*�&RPPXQLFDWLRQ� 2YHUYLHZ� RI�0DVVLYH�0,02� DQG EHDP� IRUPLQJ��
PLOOLPHWHU� :DYH� FRPPXQLFDWLRQ�� �*� SRWHQWLDO� DQG� DSSOLFDWLRQV�� HQKDQFHG PRELOH� EURDGEDQG�
�H0%%���XOWUD� UHOLDEOH� ORZ� ODWHQF\�FRPPXQLFDWLRQV� �85//&���PDVVLYH�PDFKLQH� W\SH FRPPXQLFDWLRQV
�007&�� '�' DQG�9�; FRPPXQLFDWLRQV�
8QLW� �� 6SHFWUXP� DQG� FRQQHFWLYLW\� LVVXHV� �*�VSHFWUXP DFFHVV�VKDULQJ�� FKDQQHOV� DQG�
VLJQDOV�ZDYHIRUPV� LQ� �*�� FDUULHU DJJUHJDWLRQ� VPDOO FHOOV� ODUJH� FHOOV�� ORZ� PRELOLW\� ODUJH� FHOOV�
�/0/&���GXDO FRQQHFWLYLW\� &RQQHFWLYLW\ LQ�UXUDO�DUHDV��%KDUDW1HW��79:6��/RQJ�UDQJH�:L)L��)62���
QRQ�WHUUHVWULDO IURQWKDXO ��EDFNKDXO�VROXWLRQV� /(2V� +$3�8$9�
8QLW�����* 1HWZRUN� 1HZ 5DGLR �15� DQG� LWV�6WDQGDORQH DQG QRQ�VWDQGDORQH PRGH� 120$� 3+<
$3, 6SHFLILFDWLRQ� UHVWIXO $3,� IOH[LEOH IUDPH VWUXFWXUH� 6HUYLFH 'DWD� $GDSWDWLRQ� 3URWRFRO� �6'$3���
FHQWUDOL]HG�5$1��RSHQ�5$1��PXOWL�DFFHVV�HGJH�FRPSXWLQJ��0(&����6'1���1)9���1HWZRUN�VOLFLQJ�
8QLW� �� &XUUHQW VWDWH DQG &KDOOHQJHV� �* SHQHWUDWLRQ LQ GHYHORSHG FRXQWULHV� GHSOR\PHQW
FKDOOHQJHVLQ ORZ�PLGGOH LQFRPH FRXQWULHV� VWURQJHU EDFNKDXO UHTXLUHPHQWV� G\QDPLF VSHFWUXP DFFHVV
DQG XVDJH RI� XQOLFHQVHG� VSHFWUXP�� FRQWUDVWLQJ� UDGLR� UHVRXUFH� UHTXLUHPHQWV�� ,QWURGXFWLRQ� WR� �*�
WHFKQRORJ\�

7H[W DQG 5HIHUHQFHV %RRNV�

�� 0RELOH�FRPPXQLFDWLRQ�GHVLJQ�)XQGDPHQWDOV E\ :LOOLDP /HH� 3XE� :LOH\ ,QGLD 3YW� /WG�
�� �*�15��7KH�1H[W�*HQHUDWLRQ�:LUHOHVV�$FFHVV�7HFKQRORJ\ 0RELOH &RPPXQLFDWLRQV 'HVLJQ� (ULN�'DKOPDQ��

6WHIDQ�3DUNYDOO��-RKDQ�6NROG��VW (GLWLRQ�������

�� :LUHOHVV &RPPXQLFDWLRQV� 3ULQFLSOHV DQG 3UDFWLFH E\ 7KHRGRUH 6� 5DSSDSRUW� 3XE� 3HDUVRQ

5HIHUHQFH %RRNV�±
�� 0RELOH &RPPXQLFDWLRQV E\ -RFKHQ 6FKLOOHU 3XE� )LQDQFLDO 7LPHV � ,PSULQW RI 3HDUVRQ�
�� 0RELOH &HOOXODU 7HOHFRPPXQLFDWLRQV� $QDORJ DQG 'LJLWDO 6\VWHPV E\ :LOOLDP /HH� 3XE� 0F*UDZ+LOO�

(GXFDWLRQ




