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� ,QGXNDND� ,SFRZDOD� ,QVWLWXWH� RI�0DQDJHPHQW� �,�,0��� &KDURWDU� 8QLYHUVLW\

RI� 6FLHQFH�	� 7HFKQRORJ\� �&+$586$7��� &KDQJD��$QDQG� �*XMDUDW�

$EVWUDFW

$QDO\VLV� RI� KRVSLWDO� RSHUDWLRQV� DQG� SURFHVVHV� LQ� SDUWLFXODU�PDQDJLQJ� SDWLHQW

IORZV� LV� HVVHQWLDO� WR� GHYHORS� DQG� LPSURYH� SUDFWLFHV�� PHWKRGV�� SROLFLHV� DQG� GHFLVLRQ

WRROV��3DWLHQW�IORZ�PDQDJHPHQW�DQG�LWV�PRGHOOLQJ�FDQ�KHOS�WKH�GHFLVLRQ�PDNHUV�WR�WDNH

DSSURSULDWH�GHFLVLRQV�UHODWHG�WR�KRVSLWDO�SODQQLQJ��FDSDFLW\���VFKHGXOLQJ��DSSRLQWPHQWV

DQG�RSHUDWLRQV��DQG�DOORFDWLRQV��KXPDQ�UHVRXUFHV��WR�SURYLGH�WKH�TXDOLW\�KHDOWKFDUH��,Q

ODVW� IHZ� GHFDGHV�� WKH� FRQFHSW� DQG� PRGHOOLQJ� RI� SDWLHQW� IORZ� KDV� JDLQHG� UHPDUNDEOH

DWWHQWLRQ�E\�KHDOWKFDUH�PDQDJHPHQW�SURIHVVLRQDOV�DQG�UHVHDUFKHUV��7KLV�UHVHDUFK�SDSHU

DLPV� WR� SURYLGH� D� EDVLF� IUDPHZRUN� RI� SDWLHQW� IORZ� PRGHOOLQJ�� NH\� SHUIRUPDQFH

LQGLFDWRUV��'HWDLOHG�DQDO\VLV�DQG�VLPXODWLRQ�RI�SDWLHQW�IORZ�FDQ�FRQWULEXWH�WR�EHWWHU�DQG

HIILFLHQW� IXQFWLRQLQJ� RI� KHDOWKFDUH� V\VWHP�� 'XH� WR� ODFN� RI� DZDUHQHVV� DQG� WHFKQLFDO

WUDLQLQJ� RI� RSHQ� VRXUFH� VRIWZDUH� LW� LV� KDUGO\� HYHU� LQFRUSRUDWHG� LQ� UHJXODU� KHDOWKFDUH

RSHUDWLRQV�� 6LPDQWLFV� 6\VWHP� '\QDPLFV�D� IUHH� DQG� RSHQ� VRXUFH� VLPXODWLRQ� VRIWZDUH

WRRO� LV� XVHG� LQ� WKLV� UHVHDUFK� SDSHU�

.H\�:RUGV

6LPDQWLFV� 6\VWHP�'\QDPLFV�� 3DWLHQW� )ORZ��+HDOWK�&DUH��2SHQ� 6RXUFH� 6RIWZDUH

,1752'8&7,21

$� PRGHO� RI� IORZ� LV� D� VHW� RI� GLIIHUHQW� FRPSDUWPHQWV�� WKURXJK� ZKLFK

XQLQWHUUXSWHG� HQWLWLHV� PRYH�� :LWK� VSHFLDO� UHIHUHQFH� WR� KHDOWKFDUH� DSSOLFDWLRQV�



SDWLHQWV�DUH�WKH�PRVW�FRPPRQ�HQWLWLHV��$FFRUGLQJ�WR�&RÖWH����������SDWLHQW�IORZ�FDQ

EH�XQGHUVWRRG�LQ�WZR�GLIIHUHQW�YLHZSRLQWV��L�H��2SHUDWLRQDO�SHUVSHFWLYH�DQG�&OLQLFDO

SHUVSHFWLYH�

)LJXUH� ,� �� 3HUVSHFWLYHV� RI� 3DWLHQW� )ORZ

2SHUDWLRQDO

3HUVSHFWLYH

&OLQLFDO

3HUVSHFWLYH

3DWLHQW�IORZ��(QWU\��0RYHPHQW�DQG�([LW��DUH�RXWOLQHG�E\�FOLQLFDO

DQG�DGPLQLVWUDWLYH�DFWLYLWLHV���H�J��FRQVXOWLQJ�D�GRFWRU��ZDLWLQJ�IRU

VXUJHU\�

7KH� SKDVHV� UHSUHVHQW� GLIIHQW� SURFHVVHV�� �H�J�� UHJLVWUDWLRQ�

FRQVXOWDWLRQ� DQG� LQYHVWLJDWLRQ� DQG� WUHDWPHQW� �H�J�� 5DGLRORJ\�

%ORRG�7HVWV��8ULQH�7HVW�� HFW��

3DWLHQW�IORZ��(QWU\��0RYHPHQW�DQG�([LW��DUH�RXWOLQHG�E\�SKDVH�RI

WKH� SDWLHQW
V� KHDOWK�� �H�J�� ZKHWKHU� WKH� SDWLHQW� KDV� V\PSWRPDWLF

KHDUW� GLVHDVH�� RU� WKH� FOLQLFDO� VWDJH� RI� D� SDWLHQW¶V� WXPRXU�

7KH�SKDVHV�UHSUHVHQW�SDWLHQW
V�KHDOWK�VWDWXV�VWDJH���H�J��D�SDWLHQW

DGPLWWHG�LQ�D�JHQHUDO�ZDUG�IRU�UHKDELOLWDWLYH�FDUH�ZKLFK�UHTXLUH

WKHP� WR� VWD\� LQ� D� KRVSLWDO� IRU� D� ORQJHU� SHULRG�RI� WLPH�

,Q�RUGHU�WR�SUHSDUH�D�SDWLHQW�IORZ�GLDJUDP�UHODWHG�LQIRUPDWLRQ�DQG�IDFWRUV

VKRXOG�EH�LQFRUSRUDWHG��,W�ZLOO�KHOS�WR�HYDOXDWH�WKH�LQIOXHQFH�RI�YDULRXV�IDFWRUV�RQ

WKH�SDWLHQW� IORZ��7KH� OLVW�RI� IDFWRUV� DUH�DV�PHQWLRQHG� LQ� WKH� IROORZLQJ� ILJXUH� �

)LJXUH� ,,� �� )DFWRUV�$IIHFWLQJ� 3DWLHQW� )ORZ

3DWLHQW

'HPRJUDSKLF

3DWLHQW

+HDOWKFDUH

5HTXLUHPHQWV

&DSDFLW\

&RQVWUDLQWV

$YDLODELOLW\

RI� 6WDII

$YDLODELOLW\

RI�9DULRXV

5HVRXUFHV

7LPH %XGJHW
3RSXODWLRQ

RI� 3DWLHQWV

7\SHV� RI
+HDOWKFDUH
6HUYLFHV

3URYLGHG� E\
WKH� +RVSLWDO

3K\VLFLDQ
3URILOHV� �

6SHFLDOL]DWLRQV
$YDLODEOH�IRU
7UHDWPHQW

$IWHU� WDNLQJ� LQWR� FRQVLGHUDWLRQ� WKHVH� IDFWRUV�� WKH� V\VWHP
V� SHUIRUPDQFH

PD\�EH� HYDOXDWHG� LQ� WHUPV�RI� DYHUDJH� FRQVXOWLQJ� WLPH� DQG�SDWLHQW�ZDLWLQJ� WLPHV�

7KHVH�RXWFRPHV� FDQ�EH�KHOSIXO� WR� WUDFN�� REVHUYH�� DVVHVV� DQG� LPSURYH� WKH�TXDOLW\

RI�KHDOWKFDUH�GHOLYHU\��7\SLFDO�PXOWLVSHFLDOW\�KRVSLWDO� V\VWHPV�DUH�FRQVLVWLQJ�RI�D

*RYLQG�'DYH��.LUWL�0DNZDQD� �� ,QGLDQ�0DQDJHPHQW� 6WXGLHV� -RXUQDO� ��� ������� ����������



QXPEHU� RI� VXE�XQLWV� �� GHSDUWPHQWV� VXFK� DV� 2XWSDWLHQW� 'HSDUWPHQW� �23'��

(PHUJHQF\� 'HSDUWPHQW� �('��� ,QSDWLHQW� :DUG� �$GPLVVLRQ� DQG� 7UHDWPHQW��

2SHUDWLRQ�7KHDWUH� �27��� ,QWHQVLYH�&DUH�8QLW� �,&8���&ULWLFDO�&DUH�8QLW� �&&8��

/DERXU�5RRPV��1HRQDWDO�,QWHQVLYH�&DUH�8QLW��1,&8���5HYLHZ�DQG�'LDJQRVLV�8QLWV

�VXFK� DV� 6XUJHU\�� 2UWKRSDHGLF�� *\QDHFRORJ\�� 0HGLFLQH�� 2SKWKDOPRORJ\�

3DHGLDWULFV��'HQWDO��DQG�3K\VLRWKHUDS\��HWF���(DFK�GHSDUWPHQW� LV� UHVSRQVLEOH� IRU

UHODWHG� IXQFWLRQV�

3$7,(17�)/2:�1(7:25.�&20321(176�$1'�,76�&+$5$&7(5,67,&6

7DEOH� �

&RPSRQHQWV� DQG� &KDUDFWHULVWLFV� RI� 3DWLHQW� )ORZ� 1HWZRUN

(OHPHQWV� RI� D ,W� LQFOXGHV� D� VWUXFWXUH�� FRQVLVWLQJ� RI� HQWUDQFH� DQG� H[LW� SRLQWV�� QRGHV

3DWLHQW� )ORZ �VLQJOH�VHUYHU� RU� PXOWL�VHUYHU��� WKH� SDWKV� ZKLFK� FRQQHFW� WKH� QRGHV�

1HWZRUN HQWLWLHV� IORZLQJ� LQ� WKH� QHWZRUN� ±� WKH� SDWLHQWV�� DQG� WKH� KXPDQ� DQG

SK\VLFDO� UHVRXUFHV��7KH�QRGHV�JHQHUDOO\� UHSUHVHQW� WKH�KHDOWK�FRQGLWLRQ

DQG�D� ORFDWLRQ� �� GHSDUWPHQW� D�SDWLHQW� LV� DSSURDFKLQJ�� �;LH��&KDXVVDOHW

DQG�0LOODUG� �������� &RWH� DQG� 6WHLQ� ��������

3DWLHQW� )ORZ $FFRUGLQJ� WR� .RUWEHHN�� +DQV�� %DNNHU�� DQG� +XOVKRI� �������� SDWLHQW

6WDJHV IORZLV�FRQVLGHUHG�DV�PXOWLVWDJH�DQG�PXOWLSKDVH�SURFHVV���,UUHVSHFWLYH�RI

FOLQLFDO� RU� RSHUDWLRQDO�� SURFHVV� RI� FDUH� �23'�� ('�� 6XUJLFDO� FDUH� RU

,3'����9DULRXV�DFWLYLWLHV�LQYROYHG�LQ�HDFK�SKDVH�DUH���DUULYDO��ZDLWLQJ�LQ

TXHXH� ��ZDLWLQJ� DUHD�� UHYLHZ�� GLDJQRVLV�� WUHDWPHQW�VHUYLFH�� DQG� H[LW��$

YHU\� VLPSOH�SDWLHQW� IORZ�PD\�KDYH� D�YHU\� IHZ� VWDJHV��)RU� H[DPSOH�� D

SDWLHQW� YLVLWLQJ� D� KRVSLWDO� IRU� D� VHFRQG� IROORZ�XS�� MXVW� KDYH� WR� JR

WKURXJK� UHJLVWUDWLRQ� SURFHVV�FRQVXOW� D� SK\VLFLDQ�DQG� H[LW� IURP� WKH

V\VWHP�

&KDOOHQJHV�DQG 3DWLHQW� IORZV� KDYH� XQFHUWDLQWLHV� ZKLFK� DUH� DULVLQJ� EHFDXVH� RI� WKH

&RPSOLFDWLRQV XQSUHGLFWDEOH� LQWHU�DUULYDO� WLPHV�� XQVFKHGXOHG� �� VFKHGXOHG� DUULYDO� RI

RI� 3DWLHQW SDWLHQWV�� QR�VKRZ� RI� WKH� VFKHGXOHG� SDWLHQWV�� VHYHULW\� RI� LOOQHVV�

)ORZV XQFHUWDLQW\� LQ� VHUYLFH� WLPHV�� UHVRXUFH� FRQVWUDLQV�� QXPEHU� RI� VWDJHV�

SUHFHGHQFH�UXOHV��SROLF\��IRU�WKH�SDWLHQWV��IRU�VSHFLILF�GHSDUWPHQWV��H�J�

5DGLRORJ\��

02'(//,1*�3$7,(17�)/2:6

$VSHFWV��VXFK�DV�WKH�SDWLHQW�IORZ�VWUXFWXUH��FRQILJXUDWLRQ��SDWLHQW�DUULYDO�

VHUYLFH� WLPH�GLVWULEXWLRQV�DQG�WUDQVLWLRQ�SUREDELOLWLHV�QHHG�WR�EH�FRQVLGHUHG�ZKLOH

GHYHORSLQJ� D� EURDG�PRGHO� RI� SDWLHQW� IORZ� IRU� D� JLYHQ� KRVSLWDO� V\VWHP�
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$� W\SLFDO� SDWLHQW� IORZ� LQ� D� KRVSLWDO� FDQ� EH� GHVFULEHG� DV� EHORZ�

)LJXUH� ,,,� ��0RGHOOLQJ� 3DWLHQW� )ORZV

7KH� 6WUXFWXUH� RI� 0RGHO

� 1R�� RI�1RGHV� �� 6HUYHUV� �6LQJOH� 6HUYHU�0RGHO� ��0XOWL� �� 6HUYHU�0RGHO

� 6WDWHV� DQG� SUREDEOH� WUDQVLWLRQV� EHWZHHQ� WKH� VWDWHV

$UULYDO� 'LVWULEXWLRQ

� $UULYDOV� RI� SDWLHQWV� �8QVFKHGXOHG�� :LWKRXW� $SSRLQWPHQWV�� (PHUJHQF\�� �23'

DQG� ('�

� 0RGHOOHG� LQ� WKH� OLWHUDWXUH� DV� QRQ�KRPRJHQRXV� 3RLVVRQ� DUULYDOV

� ,Q�FDVH�RI�VFKHGXOHG�DUULYDOV���WKH�GLVWULEXWLRQ�RI�DJJUHJDWH�WLPH�E\�ZKLFK�SDWLHQWV

DULYH� HDUO\� RU� ODWH� IURP� WKHLU� DSSRLQWPHQWV

7UDQVLWLRQ� 3UREDELOLWLHV

� &RPPRQ� DQG� 'LIIHUQW� URXWHV� IRU� GLIIHUHQW� VHUYLFHV

� $QDO\]LQJ� SDVW� GDWD� RQ� SDWLHQW� URXWLQJV

6HUYLFH� 7LPH� 'LVWULEXWLRQ

� 7LPH� WDNHQ� IRU� 5HJLVWUDWLRQ�� %LOOLQJ� GHVN�� &RQVXOWDWLRQ� ZLWK� WKH� 'RFWRU�

8QGHUJRLQJ� ODERUDWRU\� WHVWV�� 7LPH� WDNHQ� IRU� VXUJHULHV

� 6HUYLFH�WLPHV�DUH�FRPPRQO\�DVVXPHHG�WR�IROORZ�H[SRQHQWLDO�GLVWULEXWLRQ��IRU�ERWK

23'� DQG� ,3'� 6HUYLFHV�

3DWLHQWV� ZLWK� (PHUJHQF\

7ULDJH� 5HJLVWUDWLRQ�

5HOHYDQW
'HSDUWPHQWV5HJLVWUDWLRQ� %LOOLQJ�

'LDJQRVLV
DQG�5HYLHZ ,QYHVWLJDWLRQ

&RXQVHOORU�

'LVFKDUJH�

$GPLVVLRQ
DQG

7UHDWPHQW�

6HOI�3UHVHQWLQJ��
2XW�VLGH�5HIHUHQFH

)LJXUH� ,9� �� *HQHUDO� 3DWLHQW� )ORZ� LQ� WKH� +RVSLWDO

*RYLQG�'DYH��.LUWL�0DNZDQD� �� ,QGLDQ�0DQDJHPHQW� 6WXGLHV� -RXUQDO� ��� ������� ����������



�� 5HJLVWUDWLRQ� �7\SHV� RI� FDVHV�� ��1HZ�&DVHV� _� 2OG�&DVHV� _� 3ULYLOHJH

&DVHV��%DVLF�,QIRUPDWLRQ�RI�3DWLHQW�WKURXJK�)RUP�DQG�,GHQWLILFDWLRQ

RI�5HOHYDQW�'HSDUWPHQW�V�� WKURXJK�&DVH�+LVWRU\� ��3URILOH��3DWLHQW
V

5HJLVWUDWLRQ�E\�5HODWLYH�RU�$WWHQGDQW��IRU�ROG�FDVH��WKH�LQIRUPDWLRQ

FDQ� EH� PDGH� DYDLODEOH� WKURXJK� +HDOWK� 0DQDJHPHQW� ,QIRUPDWLRQ

6\VWHP��+0,6��

�� 7ULDJH���3ULPDU\�$VVHVVPHQW�E\�&KLHI�0HGLFDO�2IILFHU

�� &RXQVHOORU� �� &RXQVHOOLQJ� DERXW� WKH� 'LVHDVH� �� 'XUDWLRQ� RI� 6WD\� �

7\SHV� RI�5RRPV�$YDLODEOH� ��&KDUJHV

�� 'LVFKDUJH���+RPH���5HIHUUDO�WR�+LJKHU�&HQWUH���*RYW��+RVSLWDO

�� $GPLVVLRQ���*HQHUDO�:DUG�_�,&8�_�&&8�_�1,&8�_�6SHFLDO�5RRPV�_�/DERU

5RRP

6,08/$7,21�02'(//,1*

9DULRXV� WHFKQLTXHV�� EDVHG� RQ� FRPSXWHU� VLPXODWLRQ� VRIWZDUH�� KDYH� EHHQ

FDWHJRULVHGWR�DGGUHVV� WKH�YDULRXV�KHDOWKFDUH� LVVXHV�� �)RQH�HW�DO�� ��������(OGDEL�HW

DO����������*XQDO�	�3LGG��������-XQ�HW�DO���������.DWVDOLDNL�	�0XVWDIHH���������7KH

FDWHJRULVDWLRQ� LV�DUH�PHQWLRQHG�EHORZ� �

'LVFUHWH�(YHQW

6LPXODWLRQ

� $QDO\VLV� RI� SDWLHQW

IORZ�RI� DQ� LQGLYLGXDO

SDWLHQW

� 2SHUDWLRQDO�/HYHO

'HFLVLRQV� �.DWVDOLDNL�	

0XVWDIHH�� �����

6\VWHP� '\QDPLFV

� 8VHG� IRU� ORQJ�WHUP

IRUHFDVWLQJ

� � 0RUH� VXLWDEOH� WR

DQDO\VH� DW� WKH� PDFUR

OHYHO

$JHQW�%DVHG� 6LPXODWLRQ

� )RFXVHV� RQ� WKH

LQGLYLGXDO� FRPSRQHQWV�

WKHLU� EHKDYLRXU� DQG

LQWHUDFWLRQV� RI�� LQ� WKH

V\VWHP

�� 1DWXUDO� VWHS� IRUZDUG� LQ

XQGHUVWDQGLQJ�DQG

PDQDJLQJ�WKH

FRPSOH[LW\� RI

KHDOWKFDUH� V\VWHP

)LJXUH� 9� �� 7\SHV� RI� 6LPXODWLRQ�0RGHOOLQJ� 7HFKQLTXHV

.(<�3(5)250$1&(�,1',&$7256

,Q� WKH� SDVW� GHFDGH�� WKH� KHDOWKFDUH� LQGXVWU\� LQ� WKH�ZRUOG� LV� XQGHUJRLQJ� D

PDMRU� SROLF\� DQG� UDGLFDO� FKDQJHV�� 7KHVH� UHIRUPV� KDYH� VWLPXODWHG� KHDOWKFDUH

RUJDQLVDWLRQV� WR� UHYLHZ� WKHLU� KHDOWKFDUH� PHWULFV� ZKLFK� DUH� FRQVLGHUHG� DV� .H\

3HUIRUPDQFH� ,QGLFDWRUV� �.3,V�� ZKLFK� GHFLGH� LI� WKH� RUJDQL]DWLRQ� LV� PHHWLQJ

*RYLQG�'DYH��.LUWL�0DNZDQD� �� ,QGLDQ�0DQDJHPHQW� 6WXGLHV� -RXUQDO� ��� ������� ������� ���



WKHVWDQGDUGV�,Q�RUGHU� WR� LPSURYH� WKH�SDWLHQW� IORZ��RQH�FDQ�GR�YDULRXV�DQDO\VHV�� ,W

FDQ�EH�GRQH�E\�LGHQWLI\LQJ�DQG�FDOFXODWLQJ�WKH�NH\�SHUIRUPDQFH�LQGLFDWRUV�RI�HDFK

VXE�±�XQLWV���GHSDUWPHQWV��7KH�OLVW�RI�NH\�SHUIRUPDQFH�LQGLFDWRUV��VXE�±�XQLW�ZLVH�

DUH�PHQWLRQHG�EHORZ��

)LJXUH� 9,� ��.H\� 3HUIRUPDQFH� ,QGLFDWRUV� RI� WKH� 3DWLHQW� )ORZ

� $YHUDJH�:DLWLQJ� WLPH� LQ� WKH� 6\VWHP� DQG�4XHXH� E\� WKH� SDWLHQWV

� $YHUDJH� ,GOH� WLPH� RI� WKH� 6\VWHP� �� =HUR� 3DWLHQW� LQ� WKH� 6\VWHP

� 8WLOL]DWLRQ� 5DWH� �� 7UDIILF� ,QWHQVLW\

� 0HGLDQ� DQG� 6WDQGDUG�'HYLDWLRQ� RI� 3DWLHQW�:DLWLQJ�7LPH

23'

� $YHUDJH� :DLWLQJ� 7LPH� �VWDUWLQJ� IURP� HQWU\� LQ� WKH� KRVSWLDO� WLOO

JHWWLQJ� WUHDWPHQW�

� 7RWDO� WLPH� VSHQW� LQ� WKH� V\VWHP� �$UULYDO� WR� ([LW�

� 5HVRXUFH� 8WLOL]DWLRQ

(PHUJHQF\

'HSDUWPHQW

� 1XPEHU�RI�RSHUDWLRQV�SHUIRUPHG��SHU�KRXU���SHU�GD\�RU�SHU�ZHHN�

� 8WLOL]DWLRQ� RI� RSHUDWLQJ� URRPV�� EHGV� DQG� RWKHU� UHVRXUFHV

� 3DWLHQW�:DLWLQJ�7LPH

� 1XPEHU� RI� 3RVWSRQHPHQWV� DQG� &DQFHOODWLRQV

2SHUDWLQJ

7KHDWUH

� 2FFXSDQF\� RI� %HG� �� %HG� � 8WLOL]DWLRQ� 5DWH

� $GPLVVLRQ� 5DWH

� /HQJWK� RI� 6WD\� LQ� WKH� +RVSLWDO

,3'

� $FFHVV� 7LPH

� 1XPEHU� RI� WHVWV� SHUIRUPHG� �SHU� KRXU� �� SHU� GD\� RU� SHU� ZHHN�

� 8WLOL]DWLRQ� RI�PDFKLQHV� DQG� RWKHU� UHVRXUFHV

,QYHVWLJDWLRQ
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$� *(1(5,&� 02'(/� 2)� 3$7,(17� )/2:� ,1� $� +263,7$/� �6(/)�

35(6(17,1*�3$7,(176�

23'� %LOOLQJ

5HJLVWUDWLRQ
&DVH�7\SH�1HZ� �
2OG� �� 3ULYLOHJHG

5HOHYDQW
'HSDUWPHQW

�6XUJ��2UWKR�*\Q�
0HG�2SWK�3DHG�
'HQWDO�3K\VLR6

S
HF
LD
OL
VW

$
G
P
LQ
LV
WU
DW
RU
�

+
HD
OW
K
�3
UR
IH
VV
LR
Q
DO

%
LO
OL
Q
J ,3'� %LOOLQJ

�%\�5HODWLYH� �
$WWHQGDQW�

,QYHVWLJDWLRQ
�5DGLR�'LDJQRVLV�

;�UD\�

$GPLVVLRQ� 	
7UHDWPHQW

�*HQHUDO�,&8�
&&8�1,&8�

/DERXU� 5RRP�

'LVFKDUJH
�+RPH� ��+LJKHU�&HQWUH� �

*RYW�� +RVSLWDO�

&RXQVHO ORU

5HYLHZ�
'LDJQRVLV

)LJXUH� 9,,� ��*HQHULF� 3DWLHQW� )ORZ� LQ� WKH� +RVSLWDO� �6HOI�3UHVHQWLQJ� 3DWLHQWV�

7KH�VDPH�PRGHO�FDQ�EH�GHYHORSHG�LQ�WKH�RSHQ�VRXUFHG���OLFHQFHG�VRIWZDUH

VXFK�DV�6LPDQWLFV�6\VWHP�'\QDPLFV���-DDP�6LP���6LPXO����7KH�SDWLHQW�IORZ�PRGHO

SUHSDUHG� LQ�6LPDQWLFV� LV�DV�PHQWLRQHG�EHORZ� �

��6LPDQWLFV�6\VWHP�'\QDPLFV�LV�DQ�RSHQ�VRXUFH�V\VWHP�G\QDPLFV�PRGHOOLQJ�DQG�VLPXODWLRQ

VRIWZDUH��ODUJH�KLHUDUFKLFDO�PRGHOV�ZLWK�PXOWLGLPHQVLRQDO�YDULDEOHV�WR�XQGHUVWDQG�YDULRXV

RUJDQL]DWLRQV�� V\VWHPV� �ZKLFK� DUH� FRPSOH[� LQ� QDWXUH�� DQG�PDUNHWV� DQG� WKHLU� EHKDYLRXU�

7KH�PRGHOV�DUH�FUHDWHG� LQFOXGLQJFDXVDO� ORRS�GLDJUDPV�DQG�VWRFN�	�IORZ�GLDJUDPV��7KH

UHVXOWV� JHQHUDWHG� WKURXJK� 6LPXODWLRQ� FDQ� EH� DQDO\VHGXVLQJ� YDULRXV� YLVXDO� WRROV�� 0RUH

GHWDLOV� RI� WKH� VRIWZDUH� FDQ� EH� DFFHVVHG� WKURXJK� ��KWWS���V\VG\Q�VLPDQWLFV�RUJ

�� -DDP� 6LP� LV� DQ� RSHQ� VRXUFH� VLPXODWLRQ� VRIWZDUH�� 7KH� PRGHOV� DUH� FUHDWHG� LQFOXGLQJ

GUDJ�DQG�GURS� XVHU� LQWHUIDFH�� LQWHUDFWLYH� �'� JUDSKLFV�� ,� �� 2� SURFHVVLQJ�� DQG� PRGHO

GHYHORSPHQW� WRROV� DQG� HGLWRUV��0RUH� GHWDLOV� RI� WKH� VRIWZDUH� FDQ� EH� DFFHVVHG� WKURXJK� �

KWWSV���MDDPVLP�FRP

��6,08/��LV�D�FRPPHUFLDO�VRIWZDUH��,W�SURYLGHV�D�YLVXDO��DQLPDWHG�DQG�LQWHUDFWLYH�DSSURDFK

WR� UHSUHVHQW� WKH� V\VWHP�� ,W� HQDEOHV� WKH� UHVHDUFKHU� WR� GHPRQVWUDWH� YDULRXV� VFHQDULRV� DQG

JHQHUDWH� WKH� LPSDFW� RI� FKDQJHV�� 0RUH� GHWDLOV� DERXW� WKH� VRIWZDUH� FDQ� EH� DFFHVVHG

WKURXJK� �� KWWSV���ZZZ�VLPXO��FRP
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,QYHVWLJDWLRQ
�5DGLR

'LDJQRVLV�
;�UD\�

$GPLVVLRQ� 	
7UHDWPHQW

�*HQHUDO�,&8�
&&8�1,&8�

/DERXU� 5RRP�

'LVFKDUJH
�+RPH� ��+LJKHU�&HQWUH� �

*RYW�� +RVSLWDO�

&RXQVHO ORU

5HYLHZ�
'LDJQRVLV

5HOHYDQW
'HSDUWPHQW

�6XUJ��2UWKR�*\Q�
0HG�2SWK�3DHG�
'HQWDO�3K\VLR�

6SHFLDOLVW
'LDJQRVLV

7ULDJH
&02

)LJXUH� ,;� ��*HQHULF� 3DWLHQW� )ORZ� LQ� WKH� +RVSLWDO� �(PHUJHQF\� 'HSDUWPHQW�
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&21&/8',1*�5(0$5.6

$V� WKH� KRVSLWDOV� DUH� RIIHULQJ� YDULHWLHV� RI� KHDOWKFDUH� VHUYLFHV�� WKHUH� DUH

VHYHUDO� SRVVLEOH� FRPELQDWLRQV� RI� FDUH� SDWKZD\V� WR� EH� FUHDWHG�� 7KH� RYHUDOO

SHUIRUPDQFH� RI� WKH� KRVSLWDO� GHSHQGV� RQ� WKH� SHUIRUPDQFH� E\� DOO� WKH� GHSDUWPHQWV�

VXE�XQLWV� �KDYLQJ� YDULRXV� LVVXHV��� 0RUHRYHU�� EHFDXVH� RI� OLPLWHG� UHVRXUFH

DYDLODELOLW\��WKHUH�DUH�SRVVLELOLWLHV�RI�IRUPLQJ�TXHXHV�DW�HDFK�VWDJH�RI�WKH�VHUYLFHV�

4XHXLQJ�QHWZRUNV�FDQ�UHSUHVHQW�WKH�SDWLHQW�IORZ��'HFLVLRQ�PDNHUV�RI�WKH�KRVSLWDO

FDQ� DQDO\VH� WKH� SHUIRUPDQFH� RI� WKHVH� TXHXLQJ� QHWZRUNV� VR� DV� WR� LPSURYH� WKH

RYHUDOO�HIILFLHQF\�RI�WKH�V\VWHP��7KLV�FDQ�EH�GRQH�XVLQJ�0DUNRY�FKDLQ�DQDO\VLV�RU

XVLQJ� YDULRXV� FRPSXWHU� EDVHG� VLPXODWLRQ� VRIWZDUH�� 7KHVH� DQDO\VHV� DQG� HIIHFWLYH

SODQQLQJ�RI�FDSDFLW\��UHVRXUFH�DOORFDWLRQ�DQG�DSSRLQWPHQW�VFKHGXOLQJ�PD\�KHOS�WR

UHGXFH�WKH�ZDLWLQJ�WLPH��LGHDO�WLPHV�RI�VHUYHUV��FRQJHVWLRQV��DYRLGLQJ��HOLPLQDWLQJ

XQQHFHVVDU\�RU�UHGXQGDQW�DFWLYLWLHV��SHUIRUPLQJ�SDUDOOHO�DFWLYLWLHV�DQG�LPSURYH�WKH

RYHUDOO�HIILFLHQF\�RI�WKH�KRVSLWDO��7KH�FKDOOHQJH�IRU�D�UHVHDUFK�LV�WR�GHILQH�DQG�WDNH

LQWR�FRQVLGHUDWLRQ�WKH�FRPSOH[�DQG�XQV\VWHPDWLF�QDWXUH�RI�KHDOWKFDUH�FRPSRQHQWV

LQ�D�SDWLHQW�IORZ�

5HIHUHQFHV

%HDQ��'��0��HW�DO����������$�3DWLHQW�)ORZ�6LPXODWRU�IRU�+HDOWKFDUH�0DQDJHPHQW�(GXFDWLRQ�

%0-� -RXUQDOV�� �����������

%KDWWDFKDUMHH�� 5D\� �������� 3DWLHQW� )ORZ� 0RGHOOLQJ� DQG� 3HUIRUPDQFH� $QDO\VLV� RI

+HDOWKFDUH� 'HOLYHU\� 3URFHVVHV� LQ� +RVSLWDOV� �� $� 5HYLHZ� DQG� 5HIOHFWLRQV�

&RPSXWHUV�	� ,QGXVWULDO� (QJLQHHULQJ� ��� �� ��������

+HPD\D��/RFNHU���������+RZ�$FFXUDWH�$UH�3UHGLFWHG�:DLWLQJ�7LPHV��'HWHUPLQHG�8SRQ�D

3DWLHQW
V�$UULYDO�LQ�WKH�(PHUJHQF\�'HSDUWPHQW"��(PHUJ�0HG�-��������������H���

.DWVDOLDNL�� 0XVWDIHH� �������� $SSOLFDWLRQV� RI� 6LPXODWLRQ� ZLWKLQ� WKH� +HDOWKFDUH� &RQWH[W�

-RXUQDO� RI� WKH�2SHUDWLRQDO�5HVHDUFK�6RFLHW\�������� �� ����������

/DNVKPL��,\HU���������$SSOLFDWLRQ�RI�4XHXHLQJ�7KHRU\�LQ�+HDOWKFDUH���$�/LWHUDWXUH�5HYLHZ�

2SHUDWLRQV� 5HVHDUFK� IRU�+HDOWK� &DUH�� �� � ������

/DQH�� 0RQHIHOGW�� DQG� +XVHPDQQ� �������� &OLHQW� ,QYROYHPHQW� LQ� 6LPXODWLRQ� 0RGHO

%XLOGLQJ� ��+LQWV� DQG� ,QVLJKWV� IURP� D�&DVH� 6WXG\� LQ� D� /RQGRQ�+RVSLWDO��+HDOWK

&DUH�0DQDJHPHQW�6FLHQFH����������

0RKLXGGLQ��6���%XVE\��-���6DYRYL��-��DQG�HW�DO���������3DWLHQW�)ORZ�:LWKLQ�8.�(PHUJHQF\

'HSDUWPHQWV� �� $� 6\VWHPDWLF� 5HYLHZ� RI� WKH� 8VH� RI� &RPSXWHU� 6LPXODWLRQ

0RGHOOLQJ� 0HWKRGV�� %0-� 2SHQ

6��3UL\DQ� ��������2SHUDWLRQV�5HVHDUFK� LQ�+HDOWKFDUH� ��$�5HYLHZ��-XQLSHU�2QOLQH� -RXUQDO

RI�3XEOLF�+HDOWK�� ����� �� �������
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