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'\QDPLF�5HSUHVHQWDWLRQ�RI�6\VWHPV�

6\VWHPV�$WWULEXWHV��&DXVDOLW\�OLQHDULW\��6WDELOLW\��7LPH�LQYDULDQFH��6SHFLDO�6LJQDOV��&RPSOH[�

H[SRQHQWLDOV��6LQJXODULW\�IXQFWLRQV�� ,PSXOVH�DQG�6WHS�IXQFWLRQV��/LQHDU�7LPH� LQYDULDQW�6\VWHPV��

'LIIHUHQWLDO�HTXDWLRQ�UHSUHVHQWDWLRQ��&RQYROXWLRQ�LQWHJUDO��'LVFUHWH�IRUP�RI�VSHFLDO�IXQFWLRQV�� GLVFUHWH�

FRQYROXWLRQ�DQG�LWV�SURSHUWLHV��5HDOL]DWLRQ�RI�/7,� 'LIIHUHQWLDO�DQG�'LIIHUHQFH�HTXDWLRQV�

)RXULHU�$QDO\VLV�RI�&RQWLQXRXV�7LPH�6LJQDOV�DQG�6\VWHPV

)RXULHU� VHULHV�� )RXULHU� 7UDQVIRUP� DQG� SURSHUWLHV�� 3DUVHYDO
V� WKHRUHP�� )UHTXHQF\� UHVSRQVH� RI�

/7,�V\VWHPV��6DPSOLQJ�WKHRUHP�

)RXULHU�$QDO\VLV�RI�'LVFUHWH�7LPH�6LJQDOV�DQG�6\VWHPV

'LVFUHWH�7LPH�)RXULHU�7UDQVIRUP��DQG�SURSHUWLHV��)UHTXHQF\�UHVSRQVH�RI�GLVFUHWH�WLPH�/7,�

V\VWHPV���������������������������������������������������������������������������������������������

/DSODFH�7UDQVIRUP

/DSODFH� 7UDQVIRUP� DQG� LWV� LQYHUVH��'HILQLWLRQ�� H[LVWHQFH� FRQGLWLRQV�� 5HJLRQ� RI� &RQYHUJHQFH�

DQG� SURSHUWLHV�� $SSOLFDWLRQ� RI� /DSODFH� WUDQVIRUP� IRU� WKH� DQDO\VLV� RI� FRQWLQXRXV� WLPH� /7,� V\VWHP��

6LJQLILFDQFH�RI�3ROHV�DQG�=HURV�

=�7UDQVIRUP

=�7UDQVIRUP� DQG� LWV� LQYHUVH�� 'HILQLWLRQ�� H[LVWHQFH� FRQGLWLRQV�� 5HJLRQ� RI� &RQYHUJHQFH� DQG�

SURSHUWLHV��$SSOLFDWLRQ�RI�=�7UDQVIRUP�IRU�WKH�DQDO\VLV�RI�GLVFUHWH�WLPH�/7,�V\VWHPV��6LJQLILFDQFH�RI�

3ROHV�DQG�=HURV�

5DQGRP�6LJQDOV

,QWURGXFWLRQ� WR� SUREDELOLW\�� %D\FV� &RQFHSW� RI� UDQGRP YDULDEOH�� 3UREDELOL]\GHQVLW\� DQG�

GLVWULEXWLRQ�IXQFWLRQV��)XQFWLRQ�RI�D�UDQGRP�YDULDEOH��0RPHQWV��,QGHSHQGHQFH�RI�D�UDQGRP�YDULDEOH��

,QWURGXFWLRQ� WR� UDQGRP� SURFHVV�� $XWR� DQG� FURVV� FRUUHODWLRQ�� 3RZHU� VSHFWUDO� GHQVLW\�� :KLWH� QRLVH��

5DQGRP�VLJQDO�DQDO\VLV���

6XJJHVWHG�%RRNV�	�5HIHUHQFHV�

2SSHQKHLP�$ODQ��9���:LOOVN\�$ODQ��6���DQG�1DZDE��+���6LJQDOV�DQG�6\VWHPV���3UHQWLFH�+DOO��

�����

+D\NLQ�6\PRQ���&RPPXQLFDWLRQ�6\VWHPV������(GLWLRQ��-RKQ�:LOH\������
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$UFKLWHFWXUH�RI������0LFURSURFHVVRU

)XQFWLRQDO�%ORFN�'LDJUDP� 5HJLVWHUV��$/8��%XV�V\VWHPV��7LPLQJ�DQG�FRQWURO�VLJQDOV��

0DFKLQH�F\FOHV�DQG�WLPLQJ�GLDJUDPV�

3URJUDPPLQJ�RI�����

,QVWUXFWLRQ�IRUPDWV��$GGUHVVLQJ�PRGHV��,QVWUXFWLRQ�VHW��1HHG�IRU�$VVHPEO\�ODQJXDJH�

'HYHORSPHQW�RI�$VVHPEO\�ODQJXDJH�SURJUDPV�

0HPRU\�,QWHUIDFLQJ

,QWHUIDFH� UHTXLUHPHQWV� $GGUHVV� VSDFH� SDUWLWLRQLQJ� %XIIHUHLQJ� RI� %XVHV� WLPLQJ�

FRQVWUDLQWV��0HPRU\�FRQWURO�VLJQDOV��5HDG� DQG�ZULWH�F\FOHV��,QWHUGDFLQJ�65$0��(3520�DQG�'5$0�

VHFWLRQV�

,�2�,QWHUIDFLQJ

0HPRU\�PDSSHG� ,�2� VFKHPH�� ,�2�PDSSHG� ,�2� VFKHPH�� ,QSXW� DQG�2XWSXW� F\FOHV�� 6LPSOH� ,�2�

SRUWV�� 3URJUDPPDEOH� 3HULSKHUDO� ,QWHUIDFH� �������� 'DWD� 7UDQVIHU� 6FKHPH�� 3URJUDPPDEOH� 'DWD�

7UDQVIHU��'0$�GDWD�WUDQVIHU��6\QFKURQRXV��$V\QFKURQRXV�DQG�LQWHUUXSW�GULYHQ�'DWD�7UDQVIHU�6FKHPH��

,QWHUIDFLQJ��6LPSOH�.H\ERDUGV�DQG�/('�GLVSOD\V�

,QWHUUXSWV�DQG�'0$

,QWHUUXSW� IHDWXUH�� 1HHG� IRU� LQWHUUXSWV�� &KDUDFWHULVWLFV� RI� ,QWHUUXSWV�� 7\SHV� RI� ,QWHUUXSWV��

,QWHUUXSW� VWUXFWXUH�� 0HWKRGV� RI� VHUYLFLQJ� LQWHUUXSWV�� 'HYHORSPHQWV� RI� LQWHUUXSW� VHUYLFH� VXEURXWLQHV��

0XOWLSOH�LQWHUUXSW�UHTXHVWV�DQG�WKHLU�KDQGOLQJ��1HHG�IRU�'LUHFW�0HPRU\�$FFHVV���'HYLFHV�IRU�KDQGOLQJ

'0$��3URJUDPPDEOH�'0$�FRQWUROOHU������

$SSOLFDWLRQV

,QWHUIDFLQJ�RI�$,'�FRQYHUWHUV��$'&������$'&�������$'&��������,QWHUIDFLQJ�RI '�$�

FRQYHUWHUV��'$&������
�:DYHIRUP�JHQHUDWRUV��0XOWLSOH[HG 6HYHQ�6HJPHQW�/('�GLVSOD\�V\VWHPV��

0HDVXUHPHQW�RI�IUHTXHQF\��3KDVH�DQJOH��DQG�3RZHU�)DFWRU��7UDIILF�/LJKW�&RQWUROOHU��6WHSSHU 0RWRU�

&RQWURO�

,QWHO������0LFURFRQWUROOHU

$UFKLWHFWXUH�RI�������0HPRU\�2UJDQL]DWLRQ��$GGUHVVLQJ�0RGHV��,QVWUXFWLRQ�VHW��%RROHDQ�SURFHVVLQJ��

6LPSOH�SURJUDPV�

�����3HULSKHUDO�)XQFWLRQV

�����LQWHUUXSW�VWUXFWXUHV��7LPHU�DQG�VHULDO�IXQFWLRQV��3DUDOOHO�SRUW�IHDWXUHV��0RGHV�RI�

RSHUDWLRQ��3RZHU�FRQWURO��,QWHUIDFLQJ�RI�������W\SLFDO�DSSOLFDWLRQV��0&6�IDPLO\�IHDWXUHV

���������������
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3URJUDPPLQJ�WR�DGG��L��WZR���ELW�QXPEHUV���LL��WZR����ELW�QXPEHUV�

3URJUDPPLQJ�WR�ILQG�WKH�VPDOOHVW�QXPEHU�LQ�D�GDWD�HQWU\�

7R�ILQG�ODUJHU�RI�WZR�QXPEHUV�

7R�ILQG�ODUJHVW�QXPEHU�IURP�D�VHULHV�RI�QXPEHUV

7R�DUUDQJH�D�VHULHV�RI�QXPEHU�LQ�GHVFHQGLQJ�RUGHU�

7R�ILQG�O
V�FRPSOHPHQW�RI�D����ELW���ELW��

7R�ILQG��
V�FRPSOHPHQW�RI�D ���ELW���ELW�

3URJUDPPLQJ�WR�ILQG�PXOWLSOLFDWLRQ�RI�WZR���ELW�QXPEHUV�

3URJUDPPLQJ�WR�ILQG�D�VTXDUH�URRW�RI�D�QXPEHU�

3URJUDPPLQJ�DQG�YHULILFDWLRQ�RI�VSHHG�FRQWURO�RI�VWHSSHU�PRWRU�

3URJUDPPLQJ�DQG�YHULILFDWLRQ�RI�6HYHQ�VHJPHQW�GLVSOD\

6XJJHVWHG�%RRNV�	�5HIHUHQFHV�

*DRQNDU��5��6����0LFURSURFHVVRU�$UFKLWHFWXUH�3URJUDPPLQJ�DQG�$SSOLFDWLRQV�ZLWK�WKH�

���������$����WK�(GLWLRQ��3HQUDP�,QWHUQDWLRQDO�3XEOLVKLQJ�+RXVH�������

6LQJK��,��3����0LFURSURFHVVRU�6\VWHPV���0RGXOH�����0LFURFRQWUROOHUV�DQG�WKHLU�$SSOLFDWLRQV���

,03$&7�/HDUQLQJ�0DWHULDO�6HULHV��,,7��1HZ�'HOKL�������

'RXJODV��9��+DOO���0LFURSURFHVVRUV�DQG�,QWHUIDFLQJ�3URJUDPPLQJ�DQG�+DUGZDUH���QG�(GLWLRQ��

0F*UDZ�+LOO�,QF��������

.HQQHWK��/��6KRUW����0LFURSURFHVVRUV�DQG�3URJUDPPHG�/RJLF��3UHQWLFH�+DOO�RI�,QGLD���QG�

(GLWLRQ�������

0LFURFRQWUROOHU�+DQG�%RRN��,17(/�������
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5HYLHZ����

5HYLHZ�RI�IUHTXHQF\�%DQG��)RXULHU�7UDQVIRUP�DQG�)RXULHU�VHULHV�

$PSOLWXGH�0RGXODWLRQ�6\VWHPV

1HHG�IRU�PRGXODWLRQ��QRUPDO�$0��*HQHUDWLRQ�DQG�GHPRGXODWLRQ� HQYHORS�DQG�V\QFKURQRXV�

GHWHFWLRQ��0RGXODWLRQ� LQGH[��'6%6&��*HQHUDWLRQ� DQG� GHPRGXODWLRQ�� (IIHFW� RI� SKDVH� DQG� IUHTXHQF\�

RIIVHW� RQ� GHPRGXODWLRQ�� 66%�� *HQHUDWLRQ� XVLQJ� ILOWHU� DQG� SKDVLQJ� PHWKRG�� GHWHFWLRQ�� )UHTXHQF\�

GLYLVLRQ�PXOWLSOH[LQJ�V\VWHPV�XVLQJ�66%�

$QJOH�0RGXODWLRQ�6\VWHPV

&RQFHSW�RI�IUHTXHQF\�DQG�SKDVH�PRGXODWLRQ��IUHTXHQF\�GHYLDWLRQ�DQG�PRGXODWLRQ�LQGH[��)0�

VSHFWUD��&DUVRQ
V�5XOH��1DUURZEDQG�)0��*HQHUDWLRQ�RI�:LGHEDQG��)0� $UPVWURQJ�PHWKRG��'LUHFW�)0�

JHQHUDWLRQ��'HPRGXODWLRQ�RI�)0�GLVFULPLQDWRU��3//�

6DPSOLQJ�DQG�'LVFUHWH�WLPH�0RGXODWLRQV

6DPSOLQJ�7KHRUHP� /RZ�3DVV� DQG�%DQG�3DVV�� 3XOVH�$PSOLWXGH�0RGXODWLRQ� �3$0���3XOVH�

:LGWK�0RGXODWLRQ��3:0���3XOVH�3RVLWLRQ�0RGXODWLRQ��330�� WKHLU�JHQHUDWLRQ�DQG�GHWHFWLRQ��3KDVH�

WLPH�GLYLVLRQ�PXOWLSO\LQJ�

'LJLWDO�&RPPXQLFDWLRQ

3&0��4XDQWL]DWLRQ�QRLVH��%DQGZLGWK��$GYDQWDJHV�RYHU�DQDORJ�FRPPXQLFDWLRQ��3&0�V\VWHP��

'LIIHUHQWLDO� 3&0�� 'HOWD� 0RGXODWLRQ�� 'LJLWDO� 0RGXODWLRQ� $6.�� )6.�� 36.�� '36.�� 'LJLWDO�

PXOWLSOH[LQJ�

3RZHU�/LQH�&DUULHU

,QWHUIDFLQJ�ZLWK�SRZHU�OLQH��'HVFULSWLRQ�RI�D�W\SLFDO�V\VWHP

0LFURZDYH�&RPPXQLFDWLRQ

7UDQVLW�DQG�5HFHLYH�$QWHQQDV��/LQJ�%XGJHW��/LQH�RI�6LJKW�6\VWHPV��6DWHOOLWH�/LLOJ� *7�UDWLR�

RI�HDUWK�VWDWLRQ��96$76�DQG�*366��)'0$��7'0$��&'0$�

2SWLFDO�&RPPXQLFDWLRQ�6\VWHPV

7\SHV� RI� RSWLFDO� ILEHUV� VWHS� LQGH[� DQG� JUDGHG� LQGH[�� PXOWLPRGH� DQG� VLQJOH� PRGH��

$WWHQXDWLRQ� DQG� 'LVSHUVLRQ� LQ� ILEHUV�� 2SWLFDO� WUDQVPLWWHUV� /('V� DQG� /DVHU� 'LRGH�� 2SWLFDO�

5HFHLYHUV� 3,1�DQG�$3'V��)LEHU�RSWLF�OLQNV�������������������

6XJJHVWHG�%RRNV�	�5HIHUHQFHV�

�&RPPXQLFDWLRQ�6\VWHPV����UG�(GLWLRQ��-RKQ�:LOH\��6LQJDSRUH�������



��

&RXFK�/HRQ��:����0RGHUQ�&RPPXQLFDWLRQ�6\VWHPV���3UHQWLFH�+DOO��,QGLD�������

.HLVHU�*HUG���2SWLFDO�)LEHU�&RPPXQLFDWLRQV����
G (GLWLRQ��0F*UDZ�+LOO�������

/DWKL���0RGHUQ�'LJLWDO�DQG�$QDORJ�&RPPXQLFDWLRQ�6\VWHP���2[IRUG�8QLYHUVLW\�3UHVV�
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3RZHU�6HPLFRQGXFWRU�'HYLFHV

+LVWRU\�RI�GHYHORSPHQW�RI�3RZHU�(OHFWURQLF�GHYLFHV��&RQVWUXFWLRQDO� IHDWXUHV��&KDUDFWHULVWLFV��

UDWLQJ� DQG� VSHFLILFDWLRQ�� JDWH�EDVH� GULYH� FLUFXLWV�� 3URWHFWLRQ� LQFOXGLQJ� FRROLQJ� DQG� DSSOLFDWLRQ� RI�

GLRGHV��6&5V��*7�V��%-7V��0&7��026)(7�DQG�,*%7��(OHFWURPDJQHWLF�LQWHUIHUHQFH�

$&�WR�'&�&RQYHUWHUV

2SHUDWLRQ�DQG�DQDO\VLV�RI�6LQJOH�SKDVH�DQG�PXOWL�SKDVH�XQFRQWUROOHG�DQG�FRQWUROOHG� UHFWLILHUV�

ZLWK�5��� 5�/�� DQG� EDFN� (0)� ORDG�� HIIHFW� RI� VRXUFH� LQGXFWDQFH�� )UHHZKHHOLQJ� HIIHFW�� 
3RZHU� )DFWRU�

,PSURYHPHQW�PHWKRGV�IRU�3KDVH�&RQWUROOHG�UHFWLILHUV��)LOWHUV�

$&�WR�$&�9ROWDJH�&RQYHUWHU

2SHUDWLRQ�DQG�DQDO\VLV�RI�VLQJOH�SKDVH�LQWHJUDO�F\FOH�DQG�SKDVH�FRQWUROOHG�FRQYHUWHUV��

&RQILJXUDWLRQ�RI�WKUHH�SKDVH�FRQWUROOHUV�

'&�WR�'&�&RQYHUWHUV

6LQJOH�SKDVH�DQG�WKUHH�SKDVH�EULGJH�LQYHUWHUV��96,�DQG�&6,��9ROWDJH�FRQWURO� 3:0 DQG�

6TXDUH�ZDYH�RSHUDWLRQ��+DUPRQLFV�DQG�WKHLU�UHGXFWLRQ�WHFKQLTXHV��

&\FOR�FRQYHUWHUV�

6LQJOH�SKDVH�DQG�WKUHH�SKDVH�FRQILJXUDWLRQV�DQG�RSHUDWLQJ�3ULQFLSOH�

35$&7,&$/� ((������3�32:(5�(/(&7521,&6�/$% ��� �� ��

/LVW�RI�([SHULPHQWV�

6WXG\�RI�9�, FKDUDFWHULVWLFV�RI�6&5��7ULDF�DQG�'LDF

6WXG\�RI�%-7�DQG�,*%7��*72�DQG�026)(7��

6WXG\�RI�D�8-7�ILULQJ�FLUFXLW�IRU�WKH�FRQWURO�RI�6&5V�

7R�JHQHUDWH�DQG�VWXG\�WKH�3:0�FRQWURO�VLJQDO�IRU�VLQJOH�SKDVH�'&�WR�'&�LQYHUWHU�

7R�VWXG\�DQG�XVH RI�WKH�VLQJOH�SKDVH�KDOI�FRQWUROOHG�DQG�IXOO\�FRQWUROOHG�$&�WR�'&�

&RQYHUWHU�DQG�HIIHFW�RI�ILULQJ�DQJOH�FRQWURO�RQ�ORDG�YROWDJH�DQG�ZDYHIRUPV�

7R�VWXG\�DQG�XVH�RI�EDFN�WR�EDFN�FRQQHFWHG�6&5 � 7ULDF�FRQWUROOHG�$&�9ROWDJH�

FRQWUROOHU�DQG�LWV�ZDYH�IRUPV�ZLWK�9DULDWLRQ�RI�ILULQJ�DQJOH�



��

6WXG\�DQG�XVH�RI�&KRSSHU�FLUFXLW�IRU�WKH�FRQWURO�RI�'&�YROWDJH�XVLQJ��L��3XOVH�:LGWK�

0RGXODWLRQ���LL��)UHTXHQF\�&RQWURO���LLL��&XUUHQW�OLPLW�&RQWURO�

6WXG\�RI�6LQJOH�SKDVH�LQYHUWHU�DQG�LWV�ZDYHIRUP�

6WXG\�RI�WKUHH�SKDVH�ILULQJ�FLUFXLW�ZLWK�V\QFKURQL]DWLRQ��DQG�WHVWLQJ�ZLWK�WUHH�SKDVH�$&�WR�'&�

EULGJH�FRQYHUWHU�

7HVWLQJ�RI�ZDYHIRUPV�RI�GLJLWDO�ILULQJ�PRGXOHV�

6WXG\�DQG�7HVWLQJ�RI�D�WKUHH�SKDVH�EULGJH�LQYHUWHU�ZLWK�GLIIHUHQW�W\SHV�RI�ORDGV�

7R�VWXG\�WKH�KDUPRQLFV�DQG�UHDFWLYH�SRZHU�PHDVXUHPHQW�LQ�$&�PDLQV�ZLWK�UHFWLILHU�DQG�$&�

9ROWDJH�&RQWUROOHU�ORDGV�

6XJJHVWHG�%RRNV�	�5HIHUHQFHV�

5DVKLG�0XKDPPDG��+����3RZHU�(OHFWURQLFV��'HYLFHV�DQG�$SSOLFDWLRQV����QG�(GLWLRQ��3UHQWLFH�

+DOO�������

0RKDQ�1HG��8QGHODQG�7RUH��0��DQG�5REELQV�:LOOLDP��3� �3RZHU�(OHFWURQLFV��&RQYHUHU��

$SSOLFDWLRQV�DQG�'HVLJQ���-RKQ�:LOH\�	�6RQV�������

/DQGHO�&\ULOO��:����3RZHU�(OHFWURQLFV���0F*UDZ�+LOO��/RQGRQ�������

'HZDQ��6��%��DQG�6DWUXJKDQ�$����3RZHU�6HPLFRQGXFWRU�&LUFXLWV���-RKQ�:LOH\�	�6RQV�������

'XEH\��*��.���'RUDGOOD��6��5����7K\ULVWRULVHG�3RZHU�&RQWUROOHUV���:LOH\�(DVWHUQ�������
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,QWURGXFWLRQ

6\VWHP�0RGHOLQJ�DQG�'\QDPLFV�RI�6\QFKURQRXV�*HQHUDWRU��

6PDOO�6LJQDO�6WDELOLW\�$QDO\VLV��/RZ�)UHTXHQF\�2VFLOODWLRQV�

$QDO\VLV�RI�6LQJOH�0DFKLQH�6\VWHP�

$SSOLFDWLRQ�RI�3��6��6WDELOL]HUV�

$QDO\VLV�RI�0XOWL�PDFKLQH�6\VWHP�

6PDOO�6LJQDO�6WDELOLW\�$QDO\VLV��6\QFKURQRXV�)UHTXHQF\�2VFLOODWLRQV�

7UDQVLHQW�6WDELOLW\�$QDO\VLV�

'\QDPLF�6WDELOLW\�$QDO\VLV�

'\QDPLF�(TXLYDOHQFH�

9ROWDJH�6WDELOLW\�$QDO\VLV�

6WDWLF�9$5�FRQWURO�DQG�ORDGV�

'LUHFW�6WDELOLW\�HYDOXDWLRQ /\SQRU�DQG�3RSRU
V�FULWHULD�
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'HEDWH�� (ORFXWLRQ�� ([WHPSRUH�� *URXS� 'LVFXVVLRQ�� 3DQHO� 'LVFXVVLRQ�� 3UHVHQWDWLRQ� �3DSHU� 	�
RUDO��$OOHJDWLRQ�	�FODULILFDWLRQ��4XL]��� %UDLQ�7HDVHU��6XUYH\ 5HSRUW� ��3URMHFW�5HSRUW� ��&DVH�6WXG\��
'LVVHUWDWLRQ��0RFN�,QWHUYLHZ��([SRVLWRU\���$UJXPHQWDWLYH�5HSRUW�	�1DWLRQDO�6HUYLFH�6FKHPH��166�


