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7KH�5ROH�2I�0RGHOV�,Q�/HYHUDJLQJ�,QIRUPDWLRQ

%ULDQ�:�+ROORFNV

%RXUQHPRXWK�8QLYHUVLW\�%XVLQHVV�6FKRRO

3RROH��%+����%%���8.

EKROORFN#EPWK�DF�XN

$EVWUDFW

1RWLQJ� WKH�GHILQLWLRQ�RI�.QRZOHGJH�0DQDJHPHQW

�.0��DV��WKH�SURFHVV�RI�LGHQWLI\LQJ��FDSWXULQJ�DQG

OHYHUDJLQJ�NQRZOHGJH�ZLWKLQ�DQ�RUJDQLVDWLRQ� DQG

XVLQJ� WKDW� LQIRUPDWLRQ� WR� LQFUHDVH��� WKLV� SDSHU

IRFXVHV� RQ� WKH� OHYHUDJH� DVSHFW�� � ,W� DUJXHV� WKDW� D

SRZHUIXO�WRRO�WR�DFKLHYH�OHYHUDJH�LV�WKH�FRPSXWHU

PRGHO� EXW� UHIOHFWV� WKDW� VXFK� PRGHOV� KDYH

FRPPRQO\� EHHQ� SHUFHLYHG� DV� IUHH�VWDQGLQJ� WRROV

DQG� WKH� SRWHQWLDO� LV� ODUJHO\� QHJOHFWHG� LQ� WKH

FRQWH[W�RI�.0���7KH�SDSHU�SURSRVHV�VRPH�JHQHUDO

SULQFLSOHV� IRU� WKH� DFFRPPRGDWLRQ� RI� PRGHOOLQJ

ZLWKLQ�.QRZOHGJH�0DQDJHPHQW�V\VWHPV�

�� ,QWURGXFWLRQ

.QRZOHGJH�0DQDJHPHQW��.0��KDV�EHHQ�GHILQHG�DV��WKH

SURFHVV� RI� LGHQWLI\LQJ�� FDSWXULQJ� DQG� OHYHUDJLQJ

NQRZOHGJH� ZLWKLQ� DQ� RUJDQLVDWLRQ� DQG� XVLQJ� WKDW

LQIRUPDWLRQ� WR� LQFUHDVH� SURILWDELOLW\� DQG� FRPSHWLWLYH

DGYDQWDJH�ZLWKLQ�WKH�PDUNHWSODFH����'HQVIRUG�������

7KHUH� DUH� QXPHURXV� H[WDQW� LVVXHV� UHJDUGLQJ� WKRVH� IRXU

SKDVHV�RI� LGHQWLI\LQJ��FDSWXULQJ�� OHYHUDJLQJ��XVLQJ��VXFK

DV�FRUSRUDWH�PHPRU\��6PLWK�������$EHFNHU�HW�DO�������

WKH� UHODWLRQVKLS� RI� NQRZOHGJH� WR� DGGHG�YDOXH� �YDQ� GHU

6SHFN� DQG� GH� +RRJ�� TXRWHG� E\� 0DFLQWRVK� ������� WKH

XQGHUSLQQLQJ� WHFKQRORJ\� �&RXOGZHOO� ������� DQG� EHVW

SUDFWLFH� �'HQVIRUG� ������� � 7KLV� SDSHU� IRFXVHV� RQ� WKH

LVVXH� RI� REWDLQLQJ� ³OHYHUDJH´�� WKDW� LV� RI� VHFXULQJ

PD[LPXP� XQGHUVWDQGLQJ� DQG� LQVLJKW� IURP� WKH� DYDLODEOH

LQIRUPDWLRQ�

7KH�FRS\ULJKW�RI�WKLV�SDSHU�EHORQJV�WR�WKH�SDSHU
V�DXWKRU���3HUPLVVLRQ
WR�FRS\�ZLWKRXW�IHH�DOO�RU�SDUW�RI�WKLV�PDWHULDO�LV�JUDQWHG�SURYLGHG�WKDW
WKH�FRSLHV�DUH�QRW�PDGH�RU�GLVWULEXWHG�IRU�GLUHFW�FRPPHUFLDO�DGYDQWDJH�

3URF��RI�WKH��
QG
�,QW��&RQI��RQ�3UDFWLFDO�$VSHFWV�RI

.QRZOHGJH�0DQDJHPHQW��3$.0���

%DVHO��6ZLW]HUODQG��������2FW���������8��5HLPHU��HG��
KWWS���VXQVLWH�LQIRUPDWLN�UZWK�DDFKHQ�GH�3XEOLFDWLRQV�&(85�:6�9RO����

,QIRUPDWLRQ� OHYHUDJH� LV� GLVWLQJXLVKHG� KHUH� IURP� GLUHFW

LQIRUPDWLRQ� LQWHUURJDWLRQ�� � 7R� LOOXVWUDWH�� WKH� DQVZHU� WR

³:KDW�ZHUH�WKH�PRQWKO\�VDOHV�RI�SURGXFW�;�RYHU�WKH�ODVW

\HDU"´� UHTXLUHV� LQWHUURJDWLRQ�� WR� DGGUHVV� ³)RUHFDVW� QH[W

PRQWK¶V� VDOHV� EDVHG� RQ� SDVW� SHUIRUPDQFH´� UHTXLUHV

OHYHUDJH��/HYHUDJH�PD\�EH�PRUH�FRQFHUQHG�ZLWK�VWUDWHJLF

DVSHFWV� RI� EXVLQHVV� EXW� QRW� WR� WKH� H[FOXVLRQ� RI� WKH

RSHUDWLRQDO��)XUWKHU��LW�LV�DUJXHG�WKDW�WKH�RYHUDOO�SXUSRVH

RI� DQ� LQTXLU\�� GLUHFWO\� RU� LQGLUHFWO\� DQG� EH� LW� E\

LQWHUURJDWLRQ�RU� OHYHUDJH�� LV� WR� LPSDFW� XSRQ� D� FRXUVH� RI

DFWLRQ���WKDW�LV��WR�VXSSRUW�D�GHFLVLRQ��7KH�RYHUDOO�SDWWHUQ

PLJKW�WKHUHIRUH�EH�SRUWUD\HG��IRU�D�SDUWLFXODU�LVVXH��DV�

����������������GDWD�FDSWXUH

LQIRUPDWLRQ

SURFHVVLQJ

�����������OHYHUDJH �������LQWHUURJDWLRQ ����

���������������GHFLVLRQ�PDNLQJ

)LJXUH����/HYHUDJH�a�,QWHUURJDWLRQ

����,QIRUPDWLRQ�6\VWHPV�&RQWH[W

$� ORJLFDO� LPSOLFDWLRQ� RI� WKH� SRUWUD\DO� DERYH� LV� WKH

HPSOR\PHQW� RI� LQIRUPDWLRQ� V\VWHPV� DQG� WHFKQRORJ\

�,6	7��� LW� LV� DQ� HQDEOHU� RI� .0� DV� LW� LV� RI� %XVLQHVV

3URFHVV�5H�HQJLQHHULQJ��+DPPHU�DQG�&KDPS\�������

7KH�ZLGH�UDQJH�DQG�QDWXUH�RI�WKH�FRQWULEXWLRQ�WKDW�,6	7

PD\�PDNH�ZLWKLQ�DQ�RUJDQLVDWLRQ�KDV�EHHQ�SRUWUD\HG�LQ�D

QXPEHU� RI�ZD\V�� �:DUG�	�*ULIILWKV� �������� GHYHORSLQJ

IURP�:LVHPDQ���������SURSRVH�WKUHH�LQWHU�UHODWHG�HUDV�RI

,6	7� HYROXWLRQ� LQ� DSSOLFDWLRQ� SRUWIROLR� DQG� REMHFWLYHV�

GDWD� SURFHVVLQJ�� PDQDJHPHQW� LQIRUPDWLRQ� V\VWHPV� DQG

VWUDWHJLF� LQIRUPDWLRQ� V\VWHPV�� � 2WKHU� ZULWHUV� �IRU

H[DPSOH� 'DYLV� ������ %DHFNHU� ������ 3HSSDUG� �����

6SUDJXH� DQG� :DWVRQ� ������ EURDGO\� VXSSRUW� WKLV



����

SDUDGLJP� RI� DQ� DFFXPXODWLQJ� FRQWULEXWLRQ� WR

RUJDQLVDWLRQV�IURP�,QIRUPDWLRQ�6\VWHPV�DQG�7HFKQRORJ\

RYHU� WLPH�� EXW� DGG� RWKHU� GLPHQVLRQV� LQ� WKH� W\SH� RI

FRQWULEXWLRQ�� IRU� H[DPSOH� 'HFLVLRQ� 6XSSRUW� DQG

:RUNJURXS� FRPSXWLQJ��.QRZOHGJH�0DQDJHPHQW� VKRXOG

QRZ�EH�LQFRUSRUDWHG����&ROOHFWLYHO\��WKHVH�SHUVSHFWLYHV�RI

HYROXWLRQ�PLJKW�EH�SDUDSKUDVHG�DV�

'DWD�LQSXW��VWRUDJH��PDQLSXODWLRQ��UHSRUWLQJ
Ú

'DWD�LQTXLU\�	�DQDO\VLV��IRU�LQIRUPDWLRQ�
Ú

'HFLVLRQ�VXSSRUW
Ú

:RUNJURXS�VXSSRUW
Ú

.QRZOHGJH�0DQDJHPHQW

)LJXUH����,6	7�(YROXWLRQ

,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�WKH�YDOXH�DGGLQJ�SURILOH

RU� SRWHQWLDO� RI� ,6	7� YDULHV� E\� EXVLQHVV� VHFWRU� RU

RUJDQLVDWLRQ���0F)DUODQ�DQG�0F.HQQH\��������LGHQWLILHG

WKLV�LQ�WKHLU�6WUDWHJLF�,PSRUWDQFH�0DWUL[�

6WUDWHJLF ���������7851$5281' ��675$7(*,&
,PSRUWDQFH������FRPSHWLWLYH�DGYDQWDJH������FRPSHWLWLYH�DGYDQWDJH�
RI�
3ODQQHG
6\VWHPV ������������6833257 �� �����)$&725<

������������HIILFLHQF\� ������� ���HIIHFWLYHQHVV�

���������������6WUDWHJLF�,PSRUWDQFH�RI�&XUUHQW�6\VWHPV

)LJXUH����6WUDWHJLF�,PSRUWDQFH�0DWUL[

7KH\� DUJXH� WKDW� FRPPRGLW\� LQGXVWULHV� VXFK� DV� &HPHQW

SUHVHQWO\� XVH� ,7� RQO\� WR� LQFUHDVH� EDFN�URRP� HIILFLHQF\

�6XSSRUW��DQG�DUH�XQOLNHO\� WR� �QHHG� WR��FKDQJH��ZKHUHDV

IRU�RWKHUV�� VXFK� DV� WKH�)LQDQFH� LQGXVWU\�� ,7� LV� DOUHDG\� D

NH\� FRPSHWLWLYH� �6WUDWHJLF�� WRRO� DQG�ZLOO� FRQWLQXH� WR�EH

VR���)XUWKHU�RUJDQLVDWLRQV��0F)DUODQ�	�0F.HQQH\�FLWHG

5HWDLO�� DUH� LQ� D� SURFHVV� RI� FKDQJH� �7XUQDURXQG�� WR� D

JUHDWHU� VLJQLILFDQFH� RI� ,7� LQ� WKHLU� FRPSHWLWLYH� DFWLRQV�

DQG� WKH� UHPDLQGHU�� IRU� H[DPSOH� 6WHHO� DQG� RWKHU

PDQXIDFWXULQJ�LQGXVWULHV��XVH�,7�DV�D�NH\�EXVLQHVV�WRRO�LQ

VSHFLILF�DUHDV�EXW�DUH�XQOLNHO\�WR�GHYHORS�LWV�FRQWULEXWLRQ

DV� RI� IURQW�OLQH� VWUDWHJLF� LPSRUWDQFH� �FDWHJRULVHG� DV

)DFWRU\��

����&RPSXWHU�%DVHG�0RGHOOLQJ

$� �PRGHO�� LV� D� UHSUHVHQWDWLRQ� RQ� D� FRPSXWHU� RI� WKRVH

FKDUDFWHULVWLFV�RI�VRPH�SDUW�RI�WKH�UHDO�ZRUOG�UHOHYDQW�WR

WKH� LQYHVWLJDWLRQ� WR� EH� FDUULHG� RXW�� VXFK� WKDW� XVH� RI� WKH

PRGHO�LV�D�SUHGLFWRU�RI�UHDO�ZRUOG�EHKDYLRXU�

7KH� LGHD� RULJLQDOO\� HPHUJHG� DV� SDUW� RI� 6HFRQG� :RUOG

:DU� PLOLWDU\� VXSSRUW� DQDO\VLV� �:DGGLQJWRQ� ������� EXW

VLQFH� WKDW� WLPH� ZLGHVSUHDG� DFWLYLW\� LQ� 2SHUDWLRQV

5HVHDUFK�JURXSV�DQG�RWKHUV�KDV�GHYHORSHG�D�ZLGH� UDQJH

RI�PRGHOOLQJ�WRROV��)RU�H[DPSOH�

�� /LQHDU� 3URJUDPPLQJ� �'DQW]LJ� ������ SHUPLWWLQJ� WKH

FRQVWUXFWLRQ� RI� PRGHOV� WR� VROYH� VLPXOWDQHRXV

DOORFDWLRQ�SUREOHPV�

�� '\QDPLF�3URJUDPPLQJ��%HOOPDQ�������IRU�VHTXHQWLDO

DOORFDWLRQ�SUREOHPV�

�� 6LPXODWLRQ� �7RFKHU������� IRU� WKH� VWXG\� RI� VWRFKDVWLF

TXHXLQJ�V\VWHPV�

�� ([SRQHQWLDO� VPRRWKLQJ� PHWKRGV� �VXFK� DV� 7ULJJ� DQG

/HDFK��������IRU�IRUHFDVWLQJ�

�� *HQHWLF�$OJRULWKPV��*ROGEHUJ�������SURYLGLQJ�VHDUFK

SURFHGXUHV�IRU�QRQ�OLQHDU�RSWLPLVDWLRQ�

�� 0XOWL�&ULWHULD� 'HFLVLRQ� 0HWKRGV� �%HOWRQ� ������ IRU

EDODQFLQJ�FRQIOLFWLQJ�REMHFWLYHV�

�� 'DWD� (QYHORSPHQW� $QDO\VLV� �'\VRQ� HW� DO� ������ IRU

FRPSDUDWLYH�HYDOXDWLRQ�

7KH�FRPPRQ�JURXQG�LV�WKH�QRWLRQ�RI�D�VWUXFWXUH�RQWR�ZKLFK

VRPH� YLHZ� RI� WKH� UHDO�ZRUOG�PD\� EH�PDSSHG� DV� D� YDOLG

PRGHO�� WKDW� PRGHO� WKHQ� ³VROYHG´�� DQG� WKH� RXWFRPH

WUDQVODWHG� EDFN� LQWR� UHDO�ZRUOG� WHUPV�� � *LYHQ� WKH

GHPDQGV� RI� FRQVWUXFWLQJ� DQG� SURFHVVLQJ� VXFK� PRGHOV�

,QIRUPDWLRQ�7HFKQRORJ\�LV�DJDLQ�DQ�HQDEOHU��

2UJDQLVDWLRQV� VXFK� DV� $PHULFDQ� $LUOLQHV� KDYH

GHPRQVWUDWHG� WKH� YDOXH� RI� PRGHOOLQJ� WRROV� LQ� D� KLJKO\

FRPSHWLWLYH�EXVLQHVV�DQG�WKHVH�KDYH�EHFRPH�DQ�LQWULQVLF

SDUW� RI� WKH� RUJDQLVDWLRQ¶V� RSHUDWLRQ� �&RRN� ������

+RZHYHU�� LW�PD\� UHDVRQDEO\� EH� H[SHFWHG� WKDW�0F)DUODQ

DQG�0F.HQQH\
V�DUJXPHQWV�ZLOO�DOVR�KROG�IRU�PRGHOOLQJ

DQG� WKH� QDWXUH� DQG� H[WHQW� RI� WKH� FRQWULEXWLRQ� RI� HDFK

PRGHOOLQJ� DSSURDFK� ZLOO� YDU\� E\� EXVLQHVV� VHFWRU��

(PSLULFDO�REVHUYDWLRQ�RI� OLWHUDWXUH�DQG�EXVLQHVV�SUDFWLFH

VXSSRUWV�WKLV�YLHZ�

7KH� PRVW� IUHTXHQWO\� XVHG� VXFK� PHWKRG� �H[FOXGLQJ

VSUHDGVKHHWV�� KDV� FRPPRQO\� EHHQ� REVHUYHG� WR� EH

VLPXODWLRQ� �IRU� H[DPSOH�&RUQIRUG� DQG�'RXNLGLV� �������

$�PDMRU�UHYLHZ�RI�LWV�XVH�LQ�8.�PDQXIDFWXULQJ�LQGXVWU\

�+ROORFNV� ������ UHYHDOHG� D� VDWLVIDFWLRQ� UDWH� DPRQJVW

XVHUV� RI� RYHU� ���� �� � D� YHU\� KLJK� UDWH� IRU� DSSOLFDWLRQ

VRIWZDUH���:LWKLQ�WKH�UHPDLQGHU�RI�WKLV�SDSHU��VLPXODWLRQ

ZLOO� EH� XVHG� DV� DQ� H[HPSODU� RI� PRGHOOLQJ� ZKHUH

DSSURSULDWH�

����0RGHOOLQJ�DQG�.QRZOHGJH�0DQDJHPHQW

7KH� VWXG\� RI� VLPXODWLRQ� LQ� 8.� PDQXIDFWXULQJ� �+ROORFNV

������LGHQWLILHG�WKH�IROORZLQJ����DSSOLFDWLRQ�DUHDV�
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���
$SSOLFDWLRQ�$UHD ������������������RI�5HVSRQGHQWV

���� SODQW�OD\RXW�DQG�XWLOLVDWLRQ ��
���� PDWHULDO�FRQWURO�UXOHV ��
���� PDQQLQJ�OHYHO�UHTXLUHPHQWV ��
���� SODQW�ORDGLQJ�VFKHGXOLQJ ��
���� FDSLWDO�HTXLSPHQW�DQDO\VLV ��
���� OLQH�EDODQFLQJ ��
���� LQYHQWRU\�HYDOXDWLRQ�FRQWURO ��
���� LQIRUPDWLRQ�IORZ�DQDO\VLV ��
���� SURFHVV�DQDO\VLV ��
���� HYDOXDWLQJ�DOWHUQDWLYH�WHFKQRORJ\ ��
���� WRRO�PDQDJHPHQW ��
���� DGPLQLVWUDWLRQ�SDSHUZRUN ��
���� PDLQWHQDQFH ��

)LJXUH����8.�6LPXODWLRQ�6WXG\���$SSOLFDWLRQ�$UHDV

$OO� UHIOHFW� WKH� QRWLRQ� RI� OHYHUDJLQJ� LQIRUPDWLRQ� WR

SURYLGH� DGGLWLRQDO� XQGHUVWDQGLQJ� DQG� LQVLJKW� LQ� VSHFLILF

VLWXDWLRQV���7KLV�LV�IXUWKHU�ERUQH�RXW�LQ�WKH����VLPXODWLRQ

FDVH� VWXGLHV� VXPPDULVHG� E\� +ROORFNV� ������� DQG� WKH

DFFRPSDQ\LQJ� DSSOLFDWLRQ� WD[RQRP\�� )DFLOLWLHV�

3URGXFWLYLW\�� 5HVRXUFLQJ�� 7UDLQLQJ�� DQG� 2SHUDWLRQV��

+RZHYHU�� WKH� FRPPRQ� SDUDGLJP� LV� RI� FRPSXWHU�EDVHG

PRGHOOLQJ� DV� D� IUHH�VWDQGLQJ� VROXWLRQ� WR� D� VSHFLILF

SUREOHP�� � 7KHUH� LV� QR� HYLGHQFH� RI� OLQNV� �RWKHU� WKDQ

PDQDJHULDO� RU� LQIRUPDO�� WR� WKH� ZLGHU� LQIRUPDWLRQ� RU

NQRZOHGJH�HQYLURQPHQW�

,QGHHG�QR� OLWHUDWXUH� LGHQWLILHG� WR�GDWH�GLVFXVVHV� WKH� UROH

RI� PRGHOV� ZLWKLQ� .0�� RWKHU� WKDQ� WKH� PRGHOOLQJ� RI� WKH

.0�%35� SURFHVVHV� WKHPVHOYHV�� � 7KLV� LV� GHVSLWH� WKH

OHDGLQJ� H[SHFWDWLRQ�RI� VHQLRU�PDQDJHPHQW� IURP�.0�� DV

LGHQWLILHG� LQ� DQ� (UQVW� 	� <RXQJ� VXUYH\� �&KDVH� ������

EHLQJ� WKDW� LW� ZLOO� EHQHILW� GHFLVLRQ� PDNLQJ� ����� RI

UHVSRQGHQWV��

7KH� VDPH� VXUYH\� GRHV� LPSO\� WKDW� ���� RI� UHVSRQGHQWV

UHJDUGHG�WKHLU�FRPSDQ\
V�XVH�RI�GHFLVLRQ�VXSSRUW�WRROV�DV

SDUW� RI� .0� �ZLWK� D� ZLGH� VSDQ� RI� VXFFHVV� IURP� YHU\�

HIIHFWLYH� WR� YHU\�LQHIIHFWLYH��� �8QIRUWXQDWHO\� WKHUH� LV� QR

LQIRUPDWLRQ�RQ�ZKDW�WKH�H[HFXWLYHV�UHJDUGHG�DV��GHFLVLRQ

VXSSRUW�WRROV���

,Q� WKH� 8.� VLPXODWLRQ� VWXG\� UHIHUUHG� WR� DERYH�� ���� RI

UHVSRQGHQWV� EHOLHYHG� WKDW� WKH\� QHHGHG� D� EHWWHU

XQGHUVWDQGLQJ�RI�PRGHOOLQJ���7KXV�ODFN�RI�DZDUHQHVV�PD\

EH�DQ�REVWDFOH�WR�ZLGHU�H[SORLWDWLRQ�RI�PRGHOV�

$� IXUWKHU� SHUFHLYHG� REVWDFOH� PD\� EH� UHTXLUHPHQW� WR

FRQVWUXFW�� DQG� SURSHUO\� UXQ�� PRGHOV�� +RZHYHU�� ZLWKLQ

VLPXODWLRQ� �DQG� PRVW� RI� WKH� RWKHU� PRGHOOLQJ� GRPDLQV�

WKHUH�DUH�D�QXPEHU�RI�XVHU�IULHQGO\�FRPPHUFLDO�VRIWZDUH

SDFNDJHV� DYDLODEOH� IRU� WKDW� SXUSRVH�� IRU� H[DPSOH

:,71(66��/DQQHU�*URXS���$5(1$��6\VWHPV�0RGHOLQJ

&RUSRUDWLRQ��� 0LFUR6DLQW� �0LFUR� $QDO\VLV� DQG� 'HVLJQ

,QF����1HYHU� WKH� OHVV�� D�:HE�VHDUFK� �XVLQJ� ,QIR6HHN��RQ

�PRGHO�� ZLWKLQ� �NQRZOHGJH� PDQDJHPHQW�� IRXQG� RQO\

RQH�PRGHOOLQJ�WRRO��7.�6ROYHU�� � ,W�PD\�EH� WKDW�VRIWZDUH

YHQGRUV� DOVR� XQGHUVWDWH� WKH� SRWHQWLDO� IRU� WKHLU� SURGXFWV

ZLWKLQ�.0�

,W� LV� DUJXHG� WKHUHIRUH� WKDW� WKH� SODFH� RI� PRGHOOLQJ� ZLWKLQ

.0�LQIUDVWUXFWXUHV�LV�QRW��DW�OHDVW�RYHUWO\��UHFRJQLVHG���7R

SURPRWH� IXUWKHU� GLVFXVVLRQ�� WKH� QH[W� VHFWLRQ� FRQVLGHUV

VRPH� SULQFLSOHV� UHOHYDQW� WR� WKH� H[SORLWDWLRQ� RI�PRGHOOLQJ

ZLWKLQ�D�.0�DQG�,6	7�FRQWH[W���LQ�SDUWLFXODU�WKH�QHHG�WR

IDFLOLWDWH�LQWHJUDWLRQ�

����3ULQFLSOHV�IRU�0RGHO�,PSOHPHQWDWLRQ

7KH� QRWLRQ� RI� LQWHJUDWLRQ� IRU�.0�PLJKW� EH� UHJDUGHG� DV

D[LRPDWLF�� � )RU� H[DPSOH�� D� UHFHQW� ZRUNVKRS� RQ

.QRZOHGJH�EDVHG� 6\VWHPV� IRU� .QRZOHGJH�0DQDJHPHQW

LQ� (QWHUSULVHV� �$EHFNHU� HW� DO� ������ HPSKDVLVHG� WKH

LPSRUWDQFH�RI� LQWHJUDWLRQ� LQ�SDUWLFXODU� LQ�GLIIHUHQW�NLQGV

RI� LQIRUPDWLRQ� V\VWHPV�� NQRZOHGJH�� DQG� NQRZOHGJH

UHSUHVHQWDWLRQ�� �7KH�IROORZLQJ�DUH�SURSRVHG�DV� WKH�EDVLV

RI�DQ�LQWHJUDWLRQ�IUDPHZRUN�

���� &RPSRQHQWV

7KH� DSSURDFK� DGRSWHG� WR� LQWHJUDWLQJ� PRGHOV� LQWR� D

.0�,6	7� VWUDWHJ\� VKRXOG� EH� LQGHSHQGHQW� RI� WKH� W\SH� RI

PRGHOOLQJ�WHFKQRORJ\���0DQ\�WHFKQRORJLHV�DUH�DYDLODEOH��DV

REVHUYHG� HDUOLHU�� ZLWK� GLIIHUHQW� VWUXFWXUHV� DQG� DUHDV� RI

DSSOLFDELOLW\�� $� FRPPRQ� ODQJXDJH� LV� UHTXLUHG� DFURVV

GLVVLPLODU� PRGHOOLQJ� WRROV�� � 7KH� ILUVW� VWUXFWXUDO� QRWLRQ

SURSRVHG�LV�WKDW�RI��FRPSRQHQWV��RI�D�SUREOHP�DUHD�

,Q� HVVHQFH�� LQGXVWU\� LV� WKH� XVH� RI� UHVRXUFHV� WKURXJK� D

SURFHVV� WR�PHHW�D� UHTXLUHG�SURGXFW� �RU� VHUYLFH��GHPDQG��

7KH�UHVRXUFHV�PD\�LQFOXGH�PDWHULDOV��SODQW��PDQSRZHU��DQG

XWLOLWLHV�� DV� ZHOO� DV� WLPH� DQG� PRQH\�� � 7KH� HQG

SURGXFW�VHUYLFH� PD\� EH� LQGXVWULDO�� IRU� H[DPSOH� PHWDOV�

FRPSRQHQWV��PDFKLQH�WRROV��PDLQWHQDQFH��RU�UHFUXLWLQJ��RU

EH�IRU�HQG�FRQVXPHUV���7KH�SURFHVV�LWVHOI�PD\�EH�FRPSOH[

ZLWK�DOWHUQDWLYH�SURFHVV�URXWHV�ZLWK�YDU\LQJ�FRQVXPSWLRQV

RI�UHVRXUFHV��DQG�DOVR�IHHGEDFN�ORRSV�LQWR�WKH�SURFHVV��IRU

H[DPSOH� UH�F\FOHG� VFUDS��� RU� LW� PD\� EH� VWUDLJKWIRUZDUG�

�7KHUH� DUH� DOVR� FRQFHSWXDO� FRPSRQHQWV�� IRU� H[DPSOH

FDSDFLW\� RU� FRQVWUDLQWV� RQ� SDUDPHWHUV� RI� WKH� SUREOHP�

7KHVH� FODVVHV� RI� FRPSRQHQWV� FDQ� EH� H[SORGHG� LQ� D

KLHUDUFK\�RI��GHWDLO�DQG�UHODWLRQVKLSV�

������6\VWHP�/HYHOV

,QWHJUDWLRQ�ZLWKLQ�DQ�RUJDQLVDWLRQ�PD\�EH�KHOSIXOO\�WKRXJKW

RI� DV� DFURVV� ILYH� OHYHOV�� DV� VKRZQ� LQ� WKH� GLDJUDP� EHORZ

�+ROORFNV� ������� $FFHVV� WR� WKH� GDWDEDVH� LV� WKURXJK� WKH

LQWHUIDFH� OHYHO�� LQFOXGLQJ� GDWD�PLQLQJ� DQG� WKH� LQWHUIDFLQJ

EHWZHHQ�DSSOLFDWLRQV���7KH�SXUSRVH�RI�WKH��DQDO\VLV��OHYHO

LV�WR�HYDOXDWH�GDWD�DFFHVVHG�WKURXJK�WKH�LQWHUIDFH�OHYHO��DQG

KHQFH�HQFRPSDVVHV�PRGHOOLQJ��1HYHU�WKH�OHVV��DQDO\VLV�DQG

PRGHOOLQJ�LV�QRW�REOLJDWRU\��UDZ�GDWD�PD\�EH� LQWHUURJDWHG

GLUHFWO\�
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7KH�FRPSRQHQWV�GLVFXVVHG�DERYH�ZRXOG�EH�DGRSWHG�DW�WKH

RSHUDWLRQDO� OHYHO�� ZLWK� D�PDSSLQJ� WR� WKH� UHTXLUHPHQWV� RI

WKH�VSHFLILF�PRGHOOLQJ�DSSURDFK�

����2SHUDWLRQDO LQF��JUDSKLFDO�XVHU�LQWHUIDFH��*8,�

����$QDO\VLV LQF��PRGHOOLQJ�DQG�DQDO\VLV�WRROV

����,QWHUIDFH LQF��GDWD�PLQLQJ�	�V\VWHP
LQWHUIDFLQJ

��
�'DWDEDVH LQF��GDWD�ZDUHKRXVLQJ��

����6\VWHP LQF��KDUGZDUH�	�V\VWHP�VRIWZDUH

)LJXUH����6\VWHPV�/HYHOV�

([SHULHQFH�KDV�GHPRQVWUDWHG�WKH�KLJK�YDOXH�RI�JUDSKLFV�DW

WKH� IURQW� HQG� RI� PRGHOOLQJ� DQG� LQIRUPDWLRQ� V\VWHPV� �

EH\RQG�WKH�XVH�RI�WKH�FRQYHQWLRQDO�*8,�:LQGRZV�IRUPDWV�

�7KHVH�PD\�SUHVHQW�WKH�EHKDYLRXU�RI�D�PRGHO��LWV�UHVXOWV��RU

WKH�FRQWHQWV�RI�D�FHUWDLQ�VHFWRU�RI�WKH�GDWDEDVH���7KH�DGDJH

WKDW��D�SLFWXUH� LV�ZRUWK�D� WKRXVDQG�ZRUGV�� LV�� LI�DQ\WKLQJ�

DQ�XQGHUVWDWHPHQW�� �6SHHG�DQG�FODULW\�RI�XQGHUVWDQGLQJ�RI

LQIRUPDWLRQ�LV�LPSRUWDQW�WR�VXFFHVV�

������&RQVWUXFWLRQ�3ULQFLSOHV

5HIOHFWLQJ� RQ� LQGXVWULDO� SUDFWLFH� LQ� PRGHOOLQJ� DQG� WKH

OLWHUDWXUH�� WKH� IROORZLQJ�FKDUDFWHULVWLFV� LQ� WKH� FRQVWUXFWLRQ

RI�PRGHOV�IRU�LQWHJUDWLRQ�FDQ�EH�LGHQWLILHG�

0RGHOV� ZLOO� H[LVW� DW� GLIIHUHQW� OHYHOV� RI� DEVWUDFWLRQ�� IURP

GHWDLOHG�PRGHOV�DW�WKH�LQGLYLGXDO�SURFHVV�OHYHO�WR�FRUSRUDWH

PRGHOV� ZKLFK� EULQJ� WRJHWKHU� UHSUHVHQWDWLRQV� RI� WKRVH

PRGHOV�EHORZ�WKHP���7KLV�PLJKW�EH�UHJDUGHG�DV�D�KLHUDUFK\

LQYROYLQJ� �PRGHOV� RI� PRGHOV�� DQG� D� GLVFLSOLQH� RI

UHODWLRQVKLSV� EHWZHHQ� WKH� PRGHOV� LQ� WKDW� KLHUDUFK\� LV

UHTXLUHG�� LQFOXGLQJ� WKH� UROH� RI� IRUPDO� PHWD�PRGHOV

�)ULHGPDQ��������

$�GLVWLQFWLRQ�VKRXOG�EH�PDGH�EHWZHHQ�WKH�

� SK\VLFDO� PRGHO� �� WKH� UHSUHVHQWDWLRQ� RI� WKH� UHDO

UHVRXUFHV�� LQFOXGLQJ� VSHFLILF� HTXLSPHQW

GHVFULSWLRQV� �WKLV� LV� WKH� KDUG� FRQVWUDLQWV� RI� WKH

IDFLOLWLHV��

� ORJLFDO� PRGHO� �� WKH� GHVFULSWLRQ� RI� WKH� ORJLFDO

UHODWLRQVKLSV� EHWZHHQ� WKH� SK\VLFDO� LWHPV�

LQFOXGLQJ� SURFHVV� URXWHV� �WKHVH� DUH� WKH� VRIW

FRQVWUDLQWV��

� DSSOLFDWLRQ� GHVFULSWLRQ� �� WKH� VSHFLILF

LPSOHPHQWDWLRQ� RI� WKH� KDUG� DQG� VRIW� FRQVWUDLQWV

FXUUHQWO\�LQ�XVH�

� H[SHULPHQW���D�VSHFLILF�WULDO�XVLQJ�WKH�DERYH�

+HQFH� DQ� LQYHVWLJDWLRQ� �H[SHULPHQW�� LV� FDUULHG� RXW� E\

FKDQJLQJ�LQIRUPDWLRQ�DW�DQ\�RQH�RI�WKRVH�ORJLFDO�PRGHOOLQJ

OHYHOV�DERYH��

����([DPSOHV�RI�3ULQFLSOHV�LQ�$SSOLFDWLRQV

7R� LOOXVWUDWH� WKHVH� SULQFLSOHV�� WZR� VSHFLILF� DSSOLFDWLRQV

ZLOO�EH�EULHIO\�GHVFULEHG�DLPLQJ�WR�HPSKDVLVH�WKH�ZD\�LQ

ZKLFK� LW� EULQJV� WRJHWKHU� LQIRUPDWLRQ� IURP� GLIIHUHQW

VRXUFHV� DQG� WKHUHIRUH� OHYHUDJLQJ� WKHLU� LQIRUPDWLRQ� DQG

H[SORLWLQJ�LQWHJUDWLRQ���7KHVH�LOOXVWUDWLRQV�GR�QRW�VHHN�WR

H[SORUH� DOO� WKH� SULQFLSOHV� GHVFULEHG� DERYH�� � %RWK

H[DPSOHV�XVH�VLPXODWLRQ�DV�WKH�PRGHOOLQJ�DSSURDFK�

������'HVLJQ�RI�3URGXFWLRQ�3ODQW

������1DWXUH�RI�WKH�3UREOHP

$�PDQXIDFWXULQJ�SURFHVV�LV�W\SLFDOO\�FRPSOH[��ZLWK�PDQ\

LQWHUDFWLRQV� EHWZHHQ� FRPSRQHQWV� RI� WKH� V\VWHPV� DW

GLIIHUHQW�OHYHOV�DQG�ZLWK�PDQ\�RSWLRQV�IRU�WKH�URXWLQJ�RI

SDUWV� DQG� PDWHULDOV� WKURXJK� WKH� SURFHVVHV�� � ,QGLYLGXDO

YDULDWLRQV� EHWZHHQ� HTXLSPHQW� VSHFLILFDWLRQV�� OLPLWDWLRQV

RQ� LQYHQWRU\� VSDFH�� G\QDPLF� SULRULWLHV� ZLWKLQ� D� YDU\LQJ

RUGHU�ORDG��FRQVWUDLQWV�RQ�UHVRXUFH�DYDLODELOLW\��DQG�PDQ\

RWKHU� IDFWRUV�� PDNH� WKH� GHVLJQ� RI� HQKDQFHPHQWV� WR� WKDW

SODQW�� RU� GHVLJQ� RI� D� QHZ� IDFLOLW\�� QRQ�WULYLDO��

$SSURSULDWH� IOH[LELOLW\�� LQFOXGLQJ� UHVSRQVLYHQHVV� DQG

UREXVWQHVV��DQG�WKH�FRPSXWHU�FRQWURO�V\VWHPV�ZKLFK�PD\

EH�XVHG� �DQG�ZKLFK�PD\�KDYH� DQ� LPSDFW� XSRQ� WKH�SODQW

GHVLJQ�LWVHOI���PXVW�DOVR�EH�FRQVLGHUHG���6XFK�DQ�HQTXLU\

LV�W\SLFDOO\� OHDG�E\�DQ�HQJLQHHULQJ�IXQFWLRQ�RU�E\�ZRUNV

PDQDJHPHQW� DQG� DFFRPPRGDWHV� VSHFLDOLVPV� ZLWKLQ

HQJLQHHULQJ�� WKH� FRPPHUFLDO� IXQFWLRQ� �IRU� SURGXFW

IRUHFDVWV��� SURFHVV� WHFKQRORJLVWV�� DQG� RWKHUV�� � $OO� EULQJ

LQIRUPDWLRQ�WR�WKH�VXEMHFW�

7KH� UROH� RI� WKH� FRPSXWHU�PRGHO� LV� WR� WHVW� RXW� WKH� LGHDV

DQG� RSWLRQV� LQ� DGYDQFH� RI� WKH� GHFLVLRQV�� � &RPSXWHU

VLPXODWLRQ�LV�E\�IDU�WKH�PRVW�SRZHUIXO�WRRO�WR�DGGUHVV�WKLV

�+ROORFNV�������

������7KH�&RPSXWHU�0RGHO

6XFK�D�PRGHO�LV�RSHUDWLQJ�ILUVW�RI�DOO�DW�WKH�3K\VLFDO�OHYHO�

FRQVLGHULQJ�WKH�SURGXFWLRQ�SODQW��DV�ZHOO�DV�DW�WKH�/RJLFDO

OHYHO� IRU� WKH� SODQW� UHODWLRQVKLSV�� � 6SHFLILF� $SSOLFDWLRQ

'HVFULSWLRQV�DUH�XVHG� UHODWHG� WR� WKH�SURGXFWV� WKDW� DUH� WR

EH� PDGH�� � 6LPXODWLRQ� UHIOHFWV� WKH� G\QDPLF� ORJLVWLFV� RI

PDQXIDFWXULQJ� RSHUDWLRQ� DQG� RQO\� WKRVH� DUHDV� WKDW� DUH

UHOHYDQW� WR� WKH� GHFLVLRQ� VKRXOG� EH� LQFRUSRUDWHG�� WKDW� LV

WKRVH�WR�ZKLFK�WKH�GHFLVLRQ�LV�VHQVLWLYH��7KHUHIRUH��SDUWV

RI�WKH�VLPXODWLRQ�DUH�HIIHFWLYHO\�UHSUHVHQWLQJ�DUHDV�ZKLFK

FRXOG�EH�PRGHOOHG� LQ�PRUH�GHWDLO� IRU�RWKHU�DSSOLFDWLRQV�

WKDW�LV�WKH\�LQYROYH�PRGHOV�RI�PRGHOV�

$�PRGHUQ�VLPXODWLRQ�WRRO�SHUPLWV�DQ�LWHUDWLYH�SURFHVV��QR

ORQJHU�D�EDWFK�WRRO�DV�LQ�WKH�SDVW��DQG�WKHUHIRUH�WKH�WHDP



����

PHPEHUV�FDQ�FROOHFWLYHO\�FRQVWUXFW�WKH�VLPXODWLRQ�PRGHO

WRJHWKHU�� D� SURFHVV� ZKLFK� VKDUHV� WKHLU� LQIRUPDWLRQ� DQG

LQSXWV� WR� WKH� PRGHOOLQJ� SURFHVV�� � � 7KH� RXWSXW� IURP� D

VLPXODWLRQ�LV�ILUVW� LQ�JUDSKLFDO�IRUP�DV�D�G\QDPLF�PLPLF

GLDJUDP�SHUPLWWLQJ� WKH�SDUWLFLSDQWV� LQ� WKH�GHFLVLRQ� WHDP

WR� REVHUYH� WKH� LQWHUDFWLRQV� RI� WKH� FRPSRQHQWV� RI� WKH

GHVLJQ�DQG�WKHLU�YDULRXV�LQSXWV���([SHULHQFH�GHPRQVWUDWHV

WKDW�WKLV�SHUPLWV�PLVXQGHUVWDQGLQJV�WR�EH�FODULILHG�DV�ZHOO

DV�QHZ�LGHDV�DQG�RSWLRQV�H[SORUHG���)LQDO�MXGJHPHQWV�DUH

WKHQ� RQ� WKH� EDVLV� RI� VWDWLVWLFDO� UHVXOWV� IURP� VLPXODWLRQ

UXQV���WKH�([SHULPHQW�

������3URGXFWLRQ�6FKHGXOLQJ

��������1DWXUH�RI�WKH�3UREOHP

7KH�PDQXIDFWXULQJ�SUREOHP��RQFH�UHVROYHG�DW� WKH�GHVLJQ

VWDJH��WKHQ�KDV�WR�RSHUDWH���2QH�VSHFLILF�DVSHFW�RI�WKLV�LV

WKH�GD\�E\�GD\�ORDGLQJ�DQG�VHTXHQFLQJ�RI�RUGHUV�RQWR�WKH

VKRSIORRU��7KH�ILUVW�VWHS�LQ�DQ\�SURGXFWLRQ�VFKHGXOLQJ� LV

WKH� GHFLVLRQ� PDGH� ZKHQ� DQ� RUGHU� LV� DFFHSWHG� DQG� D

GHOLYHU\� GDWH� �WKH� GXH� GDWH�� TXRWHG� DQG� FRPPLWWHG��

+RZHYHU��GD\�E\�GD\� DV�SURGXFWLRQ�SURJUHVVHV�� FKDQJHV

LQ� WKH� ZRUOG�� IRU� H[DPSOH� LQ� WKH� RUGHU� ORDG�� SODQW

DYDLODELOLW\�� RU�PDQQLQJ� DYDLODELOLW\�� ZLOO� QHFHVVLWDWH� UH�

SODQQLQJ�DQG�UHYLHZLQJ���7KH�OHDG�LQ�WKLV�ZLOO�DUHD�ZLOO�EH

WDNHQ� E\� 3URGXFWLRQ� 3ODQQLQJ�� DQG� RWKHU� IXQFWLRQDO

JURXSV� LQYROYHG� ZLOO� LQFOXGH� 3URGXFWLRQ� 0DQDJHPHQW�

&RPPHUFLDO� 'HSDUWPHQW�� 3XUFKDVLQJ� DQG� 'HVSDWFK��

$JDLQ��WKH\�DOO�EULQJ�WKHLU�LQIRUPDWLRQ�WR�WKH�VXEMHFW�

3DUW�RI� WKLV�SURFHVV�PD\�EH�PRGHOOHG� LQ�RQH� VHQVH�E\� D

FRPSDQ\
V� 053� ,,� �0DQXIDFWXULQJ� 5HVRXUFH� 3ODQQLQJ�

V\VWHP�LQ� LWV�EUHDNGRZQ�RI�FRQVWLWXHQW�SDUWV�RI�DQ�RUGHU

DQG�LWV�PDQXIDFWXULQJ�LPSOLFDWLRQV���,Q�WKDW�VHQVH�LW�LV�WKH

PRGHO� RI� WKH� GHPDQG� RQ� WKH� ZRUNV� JHQHUDWHG� E\� WKH

FXVWRPHU�RUGHU���+RZHYHU��WKH�SURGXFWLRQ�VFKHGXOHV�PXVW

UHFRJQLVH� WKH� ILQLWH� FDSDFLWLHV� RI� WKH� LQGLYLGXDO� LWHPV�RI

HTXLSPHQW� DQG� RWKHU� UHVRXUFHV� PDNLQJ� XS� WKH

PDQXIDFWXULQJ� V\VWHP�� � 7KH�PRVW� SUDFWLFDO� WRRO� IRU� WKLV

WDVN�LV�VLPXODWLRQ�

��������7KH�0RGHO

$�PRGHO� IRU� SURGXFWLRQ� VFKHGXOLQJ� XWLOLVHV� WKH� GHFLVLRQ

UXOHV� ZKLFK� JRYHUQ� WKH� SURJUHVV� RI� RUGHUV� WKURXJK� WKH

SODQW�� DQG� H[HFXWHV� WKRVH� UXOHV� WKURXJK� VLPXODWLRQ� WLPH

ZLWKLQ� WKH� ILQLWH� FRQVWUDLQWV� WKDW� DSSO\� DW� WKDW� SRLQW� LQ

WLPH���6XFK�D�PRGHO�LV�ZRUNLQJ�EHWZHHQ�WKH�([SHULPHQWDO

DQG�$SSOLFDWLRQ�'HVFULSWLRQ�OHYHOV�ZLWK�WKH�3K\VLFDO�DQG

/RJLFDO� OHYHOV� IL[HG�SRLQWV�� �$�VLPXODWLRQ�PRGHO� LV�RQO\

FRQVWUXFWHG� DW� WKH� GHVLJQ� RI� D� VFKHGXOLQJ� V\VWHP�

WKHUHDIWHU�WKH�PRGHO�LV�LQ�URXWLQH�XVH���7KH�NH\�LQWHUIDFH

LQ� WKLV� FDVH� LV� W\SLFDOO\� QRW� WKH� JUDSKLFV�PLPLF� GLDJUDP

EXW� D� EDU� FKDUW� �*DQWW� FKDUW�� GLVSOD\� PLPLFNLQJ� WKH

XELTXLWRXV� SODQQLQJ� ERDUG� DOUHDG\� ZHOO� NQRZQ� WR

SURGXFWLRQ�VFKHGXOHUV���7KH�SK\VLFDO�SODQQLQJ�ERDUG�LV�D

VWURQJ�YLVXDO� SUHVHQWDWLRQ�RI� D� VLWXDWLRQ� DQG� WKH� RSWLRQV

RSHQ� EXW� KDV� WKH� EXUGHQ� RI� VORZQHVV� DQG� GLIILFXOW\� RI

XSGDWLQJ�� � &RPSXWHULVLQJ� VXFK� D� SUHVHQWDWLRQ� SURYLGHV

HYHQ� VWURQJHU� SK\VLFDO� SUHVHQWDWLRQ�� ZLWK� WKH� DELOLW\� WR

UDSLGO\� XSGDWH� RU� LQWHUDFW� ZLWK� WKH� SODQ�� DV� JHQHUDWHG

WKURXJK�VLPXODWLRQ��DQG�VR�SUHVHQWHG��

6XFK� D� VFKHGXOLQJ� WRRO� QRUPDOO\� QHHGV� WR� EH� LQWHJUDWHG

ZLWK�RWKHU�,7�V\VWHPV��LQ�SDUWLFXODU�053�,,�RU�VDOHV�RUGHU

SURFHVVLQJ�� VKRSIORRU� GDWD� FROOHFWLRQ�� SXUFKDVLQJ� DQG

GHVSDWFK�FRQWURO��RU�RWKHUV�����7KH�VFKHGXOLQJ�WRRO�SHUPLWV

WKH� SURGXFWLRQ� VFKHGXOHU� WR� FDUU\� RXW� VKRSIORRU� RUGHU

ORDGLQJ�ZKLOVW�EULQJLQJ� LQ�RWKHU� FRQVLGHUDWLRQV� IURP� WKH

PDQXIDFWXULQJ� PDQDJHPHQW� DQG� SHUVRQQHO� IXQFWLRQV� RU

RWKHUV� ZKR� PD\� KDYH� WKHLU� RZQ� UHTXLUHPHQWV� IURP

RSHUDWLRQ�RI�WKH�PRGHO��IRU�H[DPSOH��LQ�VWXG\LQJ�PDQQLQJ

OHYHOV�

����&RQFOXVLRQV

7KH� SDSHU� KDV� DUJXHG� WKDW� FRPSXWHU� PRGHOV� RIIHU� D

SRZHUIXO� PHWKRG� RI� OHYHUDJLQJ� LQIRUPDWLRQ� ZLWKLQ

NQRZOHGJH� PDQDJHPHQW� EXW� UHPDLQ� WR� EH� ZHOO

UHFRJQLVHG��7KH�HQDEOLQJ� UROH�RI� ,6	7� WR�ERWK�.0�DQG

PRGHOOLQJ� KDV� EHHQ� QRWHG�� 6RPH� SULQFLSOHV� KDYH� EHHQ

SURSRVHG� IRU� WKH� LQWHJUDWLRQ� RI� PRGHOOLQJ� ZLWKLQ� ZLGHU

V\VWHPV��

*LYHQ� WKH� FRPSHWLWLYHQHVV� RI� LQWHUQDWLRQDO� EXVLQHVV� DQG

WKH�QHHG� IRU� D� YDOXH� HGJH��.0� LQFRUSRUDWLQJ�PRGHOOLQJ

WRROV�RIIHUV�D�FRPSHWLWLYH�RSSRUWXQLW\�

5HIHUHQFHV

$EHFNHU�$��'HFNHU�6��+LQNHOPDQQ�.��	�5HLPHU�8��(GV�

�������.QRZOHGJH�%DVHG�6\VWHPV�IRU�.QRZOHGJH

0DQDJHPHQW�LQ�(QWHUSULVHV��:RUNVKRS�KHOG�DW�WKH���VW

$QQXDO�*HUPDQ�&RQI��RQ�$,��.,������'HXWVFKHV

)RUVFKXQJV]HQWUXP�IXHU�.XHQVWOLFKH�,QWHOOLJHQ]�

'RFXPHQW�'��������6HSWHPEHU�

%HOOPDQ�5��������'\QDPLF�3URJUDPPLQJ��3ULQFHWRQ

8QLYHUVLW\�3UHVV

%HOWRQ�9��������0XOWLSOH�&ULWHULD�'HFLVLRQ�$QDO\VLV�

2SHUDWLRQDO�5HVHDUFK�3DSHUV��2SHUDWLRQDO�5HVHDUFK

6RFLHW\��������

&KDVH�5�/��������7KH�.QRZOHGJH�%DVHG�2UJDQLVDWLRQ�

-RXUQDO�RI�.QRZOHGJH�0DQDJHPHQW�������������

&RRN�7�0��������6$%5(�6RDUV�25�06�7RGD\��������

-XQH�������

&RUIRUG�7�	�'RXNLGLV�*�,��������$Q�,QYHVWLJDWLRQ�RI�WKH

8VH�RI�&RPSXWHUV�ZLWKLQ�2SHUDWLRQDO�5HVHDUFK�

(XURSHDQ�-RXUQDO�RI�,QIRUPDWLRQ�6\VWHPV���������������

&RXOGZHOO�&��������)RXQWDLQ�RI�.QRZOHGJH��&RPSXWHU

:HHNO\�



����

'DQW]LJ�� *� %�� � ������� � &RPSXWDWLRQDO� $OJRULWKP� RI� WKH

5HYLVHG�6LPSOH[�0HWKRG���5DQG�5HSRUW��50������

'DYLV�0�:��������$QDWRP\�RI�'HFLVLRQ�6XSSRUW�

'DWDPDWLRQ�����-XQH���������

'HQVIRUG�/�(��������.QRZOHGJH�PDQDJHPHQW��DQ

XQGHUXWLOL]HG�WRRO�WKDW�HQDEOHV�FRPSDQLHV�WR�NQRZ�ZKDW

WKH\�NQRZ��&RUSRUDWH�8QLYHVLW\�5HYLHZ��'HFHPEHU

'\VRQ�5�*��7KDQQDVVRXOLV�(�	�%RXVVRIUDQF�$�������

'DWD�(QYHORSPHQW�$QDO\VLV��LQ�2SHUDWLRQDO�5HVHDUFK

7XWRULDO�3DSHUV��('��+HQGU\�/�&�	�(JOHVH�5�2�

2SHUDWLRDQO�5HHDUFK�6RFLHW\��%LUPLQJKDP��8.

)ULHGPDQ��/�:��������7KH�6LPXODWLRQ�0HWDPRGHO��.OXZHU

$FDGHPLF�3XEOLVKHUV

*ROGEHUJ�'�(��������*HQHWLF�$OJRULWKPV�LQ�6HDUFK�

2SWLPLVDWLRQ�DQG�0DFKLQH�/HDUQLQJ��$GGLVRQ�:HVOH\�

5HDGLQJ��0$

+DPPHU�0�	�&KDPS\�-��������5H�(QJLQHHULQJ�WKH

&RUSRUDWLRQ��+DUSHU�&ROOLQV

+ROORFNV�%�:��������3URGXFWLRQ�0RGHOOLQJ�LV�DQ�,QWHJUDO

3DUW� RI� 'HFLVLRQ� 0DNLQJ�� � 3URFHHGLQJV� RI� WKH� ��VW

,QWHUQDWLRQDO� 6\PSRVLXP� RQ�$XWRPRWLYH� 7HFKQRORJ\� DQG

$XWRPDWLRQ��:LHVEDGHQ�

+ROORFNV� %� :� ������� 'HFLVLRQ� ,QWHJUDWLRQ� 7KURXJK
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