








0DQ\�RI�XV�PHW�IRU�WKH�ILUVW�WLPH�LQ�WKH�GD\V�EHIRUH�ZH�VDW�GRZQ�WR�ZULWH�WKLV�ERRN�
:KLOH� RQO\� ILIWHHQ� LQGLYLGXDOV�� ZH� UHSUHVHQW� ILHOGV� DV� GLYHUVH� DV� HQJLQHHULQJ�
FRPSXWHU� VFLHQFH�� DQWKURSRORJ\�� DQG� HFRORJ\�� ZLWK� SURIHVVLRQDO� EDFNJURXQGV� LQ
UHVHDUFK��SXEOLF�SROLF\��RUJDQL]DWLRQDO�FKDQJH��GHVLJQ��DQG�FRQVHUYDWLRQ��6RPH�RI
XV�KDYH�ORQJ�FRQVLGHUHG�RXUVHOYHV�µV\VWHPV�WKLQNHUV¶�ZKLOH�RWKHUV�DUH�DW�WKH�VWDUW
RI�D�SHUVRQDO�MRXUQH\�LQWR�WKH�SULQFLSOHV�DQG�SUDFWLFH�RI�V\VWHPV�FKDQJH��:H�DUH�
KRZHYHU�� XQLWHG� E\� RXU� H[SHULHQFHV� ZUHVWOLQJ� ZLWK� VRPH� RI� WKH� ZRUOG¶V� PRVW
LQWUDFWDEOH� SUREOHPV�� DQG� RXU� GHHSO\� KHOG� FRQYLFWLRQ� WKDW� ZH� FDQ� RQO\� DFKLHYH
WUDQVIRUPDWLYH�FKDQJH�E\�HPEUDFLQJ��UDWKHU�WKDQ�LJQRULQJ��FRPSOH[LW\�

,Q� DQ� LQFUHDVLQJO\� WXUEXOHQW� ZRUOG�� ZH� IHOW� LW� ZDV� LPSRUWDQW�� DQG� LQFUHDVLQJO\
XUJHQW��IRU�XV�WR�VWHS�RXW�RI�RXU�GDLO\�SURIHVVLRQDO�OLYHV�DQG�UHIOHFW�RQ�KRZ�ZH�DQG
WKH� JOREDO� FRPPXQLW\� FDQ� FUHDWH� WKH� WUDQVIRUPDWLYH� FKDQJH� QHHGHG� IRU� D
VXVWDLQDEOH�DQG�HTXLWDEOH�IXWXUH�

&KDQJLQJ�V\VWHPV�UHTXLUHV�QHZ�ZD\V�RI�ZRUNLQJ��DQG�D�FRPPLWPHQW�WR�ORQJ�WHUP
FKDQJH��:H�� DQG� WKLV� ERRN�� GR� QRW� KDYH� DOO� WKH� DQVZHUV��:H� DUH� DOO� ZRUNLQJ� WR
PDVWHU�WKH�DUW�RI�V\VWHPV�FKDQJH��DQG�ZH�KRSH�WKDW�E\�VKDULQJ�RXU�H[SHULHQFH��ZH
FDQ�SURSHO�RWKHUV�WR�WDNH�WKH�ILUVW�VWHSV�RQ�WKHLU�RZQ�V\VWHPV�FKDQJH�MRXUQH\�

7KLV�ERRN�HPHUJHG�IURP�WKUHH�ORQJ�GD\V�LQ�WKH�GDUN�RI�D�:DVKLQJWRQ��'&�ZLQWHU
GXULQJ�ZKLFK�ZH� GLVWLOOHG� RXU� H[SHULHQFH� WKLQNLQJ� DERXW� DQG� FKDQJLQJ� FRPSOH[
V\VWHPV� WR� VKDUH� ZLWK� RWKHUV� SDVVLRQDWH� DERXW� GULYLQJ� FKDQJH�� $V� RXU� ERRN
GHPRQVWUDWHV�� V\VWHPV� FKDQJH� LV� D� MRXUQH\�� :H� KRSH� WKLV� ERRN� SLTXHV� \RXU
FXULRVLW\��DQG�SURYLGHV�WDQJLEOH�VWHSV�WKDW�\RX�FDQ�WDNH�IRUZDUG�LQ�\RXU�ZRUN�

)LQDOO\�� ZH� ZRXOG� OLNH� WR� DFNQRZOHGJH� DOO� WKRVH� WKDW� KHOSHG�PDNH� WKLV� KDSSHQ�
LQFOXGLQJ� %DUEDUD� 5XHKOLQJ�� 5DHZ\Q� :K\WH�� $JDWKH� %Ds]� DQG� +HQULN� YDQ
/HHXZHQ� IURP� %RRN� 6SULQWV� /WG� ZKR� IDFLOLWDWHG� WKLV� %RRN� 6SULQW�� LOOXVWUDWHG�
GHVLJQHG�� DQG� FRS\HGLWHG� WKH� ERRN�� $OH[� %DNWD� DQG� 0DWWKHZ� 7ZRPEO\� IRU



DGGLWLRQDO� LOOXVWUDWLRQV�� DQG� .DWH� *UDYHV�� 6WHSKDQLH� +HUQDQGH]�� .LPEHUOH\
0DUFKDQW�� DQG�$OH[DQGHU�1LFRODV�ZKR� VXSSRUWHG�XV�GXULQJ� WKH�ZULWLQJ�SURFHVV�
$QG�WKDQNV�WR�&KULVWR�)DEULFLXV��1DVVHU�2OZHUR��&KULV�:HEHU��'DQLHOOH�&XUULH�DQG
-XVWLQ�&RQQROO\�IRU�KHOSIXO�IHHGEDFN��:H�ZHUH�LQVSLUHG�E\�WKH�FRQWULEXWRUV�WR�WKH
�����::)�)XOOHU�6FLHQFH�IRU�1DWXUH�6\PSRVLXP��LQFOXGLQJ�$UXQ�$JUDZDO��0ROO\
%DOGZLQ�� (PPD� &DUUDVFR�� /HVOLH� &UXWFKILHOG�� 3DROR� *DXGLDQR�� <RODQGD
.DNDEDGVH�� 0DQPHHW� .DXU�� .DYLWD� 3UDNDVK�0DQL�� 1LN� 6HNKUDQ�� /LQGD� %RRWK
6ZHHQ\�DQG�'DUUHQ�:DONHU�

7KH�)XOOHU�6\VWHPV�7UDQVIRUPDWLRQ�&ROODERUDWLYH
$OO�DXWKRUV�DUH�OLVWHG�DOSKDEHWLFDOO\�

%DQQ\�%DQHUMHH��6WDQIRUG�&KDQJH/DEV
.HOO\�&ODERUQ��*OREDO�6FLHQFH��::)
/\GLD�*DVNHOO��::)�,QWHUQDWLRQDO
/RXLVH�*OHZ��*OREDO�6FLHQFH��::)
-RKQ�*ULIILQ��7KUHH�0RXQWDLQ�*URXS
3HWHU�+RYPDQG��6RFLDO�6\VWHP�'HVLJQ�/DE��:DVKLQJWRQ�8QLYHUVLW\
6KDXQD�/�0DKDMDQ��*OREDO�6FLHQFH��::)
'DQ�0F&OXUH��3UDFWLFDO�&ODULW\�//&
/XLV�*HUPDQ�1DUDQMR��::)�&RORPELD�
/DXUD�3HUHLUD��&HQWUH�IRU�)RRG�3ROLF\��&LW\�8QLYHUVLW\�RI�/RQGRQ
(ULFD�5LHGHU��:LOGOLIH�&RQVHUYDWLRQ��::)�86
0HODQLH�5\DQ��/XF�+RIIPDQ�,QVWLWXWH
$QGL�6KDUPD��1RUWKHUQ�+HDOWK\�)RRGV�,QLWLDWLYH��*RYHUQPHQW�RI�0DQLWRED
5HEHFFD�6KDZ��*OREDO�6FLHQFH��::)
$QQHWWH�=RX��6WDQIRUG�&KDQJH/DEV

&LWH�DV�

)XOOHU� 7UDQVIRUPDWLRQ� &ROODERUDWLYH�� ������� ³7KH� DUW� RI� V\VWHPV� FKDQJH�� (LJKW
JXLGLQJ�SULQFLSOHV� IRU� D� JUHHQ�DQG� IDLU� IXWXUH�´�:DVKLQJWRQ��'&��:RUOG�:LOGOLIH
)XQG�



³7KHUH�FRPHV�D�WLPH�ZKHQ�KXPDQLW\�LV�FDOOHG�WR�VKLIW�WR�D�QHZ�OHYHO�RI
FRQVFLRXVQHVV«�WKDW�WLPH�LV�QRZ�´���:DQJDUL�0DDWKDL

1RWKLQJ�UHPDLQV�FRQVWDQW�H[FHSW�FKDQJH�LWVHOI��+DUQHVVLQJ�WKLV�ZLVGRP�LV�FULWLFDO
WR� WDNLQJ� DGYDQWDJH� RI� QHZ� RSSRUWXQLWLHV� DV� WKH\� DULVH�� DQG� WR� DQWLFLSDWLQJ� DQG
UHVSRQGLQJ� WR� WKH� DFFHOHUDWLRQ� RI� HQYLURQPHQWDO� DQG� VRFLDO� FKDQJH�� 7KH� JOREDO
KXPDQ�SRSXODWLRQ� LV�SURMHFWHG� WR�FRQWLQXH�ULVLQJ� WR�DURXQG����ELOOLRQ�SHRSOH�E\
�����DQG����ELOOLRQ�E\�������81�'(6$���������FUHDWLQJ�PRUH�XUJHQF\�WKDQ�HYHU
EHIRUH� WR� ILJXUH� RXW� D� ZD\� WR� LQFUHDVH� WKH� ZHOO�EHLQJ� RI� D� JURZLQJ� QXPEHU� RI
SHRSOH�ZLWKRXW�FRPSURPLVLQJ�WKH�QDWXUDO�ZRUOG�DQG�FOLPDWH�RQ�ZKLFK�ZH�GHSHQG�
<HW�� LQ� MXVW� RYHU� ��� \HDUV�� ZLOGOLIH� SRSXODWLRQV� KDYH� GHFOLQHG� E\� ���� �::)�
�������ZKLOH� JOREDO� HPLVVLRQV�RI� JUHHQKRXVH�JDVHV�KDYH� LQFUHDVHG�E\�PRUH� WKDQ
���� �,3&&�� ������� 7KH� 8QLWHG� 1DWLRQV¶� ����� *OREDO� (QYLURQPHQWDO� 2XWORRN
SURYLGHV� PRUH� FRQWH[W� WR� WKLV� XUJHQF\�� KLJKOLJKWLQJ� WKDW� PRUH� WKDQ� ���� RI� DOO
SHRSOH�QRZ�OLYH�LQ�XUEDQ�DUHDV�ZLWK�WKH�QXPEHU�SURMHFWHG�WR�LQFUHDVH�WR�����E\
������ 7KLV� XSWLFN� LQ� XUEDQ� OLYLQJ� EULQJV� ZLWK� LW� QHZ� ORJLVWLFDO�� LQIUDVWUXFWXUDO�
SROLWLFDO�� DQG� VRFLDO� FKDOOHQJHV� DQG�RSSRUWXQLWLHV� IRU� VXVWDLQDELOLW\� DQG� V\VWHPLF
FKDQJH��)XUWKHUPRUH��WKH�SDVW�GHFDGHV�KDYH�VHHQ�H[SRQHQWLDO�JURZWK�LQ�WKH�XVH�RI�
DQG�DGYDQFHPHQW�LQ��WHFKQRORJ\�LQ�HYHU\�IDFHW�RI�VRFLHW\��ZKLFK�FDQ�KDYH�PDVVLYH
HIIHFWV�RQ�VRFLHW\�DQG�WKH�HQYLURQPHQW�²�ERWK�SRVLWLYH�DQG�QHJDWLYH��:KHQ�SXW�DOO
WRJHWKHU��WKH�FRPSRQHQWV�RI�JOREDO�FKDQJH�²�DQG�WKHLU�LQFUHDVLQJ�UDWH�RI�FKDQJH
²�FDQ�DSSHDU�VWDUN�DQG�RYHUZKHOPLQJ�

7KLV� DODUPLQJ� UDWH� RI� QHJDWLYH� JOREDO� FKDQJH� LQYLWHV� D� PRPHQW� RI� FROOHFWLYH
UHIOHFWLRQ�� ZLWK� DOO� RXU� HIIRUWV�� ZK\� KDYH� ZH� QRW� \HW� UHYHUVHG� WKH� WUDMHFWRU\� RI
JOREDO�FKDQJH"�7KHUH¶V�QR�HDV\�DQVZHU��EXW�LW�VWDUWV�E\�DFFHSWLQJ�WKDW�WKH�ZRUOG�LV
FRPSOH[�²�FRPSULVHG�RI�P\ULDG�LQWHUOLQNHG�FRPSRQHQWV��(QDEOLQJ�ODVWLQJ�FKDQJH



UHTXLUHV�HPEUDFLQJ�WKLV�UHDOLW\��DQG�ZRUNLQJ�ZLWK�JUHDWHU�LQWHQW�WR�WUDQVIRUP�WKH
DFWXDO�V\VWHPV�WKDW�SHUSHWXDWH�RXU�SHUFHLYHG�SUREOHPV�

7KH� RQJRLQJ� KXPDQLWDULDQ� DQG� HQYLURQPHQWDO� FULVHV� RI� WRGD\� KDYH� OHG� WR� WKH
UHDOL]DWLRQ� WKDW� RXU� EXVLQHVV�DV�XVXDO� DSSURDFKHV� WR� SUREOHP� VROYLQJ� PD\� QR
ORQJHU� EH� VHUYLQJ� XV� �81� (QYLURQPHQW�� ������� 5HIOHFWLQJ� RQ� RXU� FROOHFWLYH
SUDFWLFHV�LQ�GLIIHUHQW�FKDQJH�VHFWRUV��ZH�FDQ�VWDUW�WR�VHH�PRUH�FOHDUO\�VRPH�RI�WKH
FRQVHTXHQFHV�RI�RXU�DFWLRQV�

� :H�KDYH� ORRNHG�DW� VRFLHW\¶V�SUREOHPV� LQ� VLORV�� DQG�QRW�DOZD\V� FRQVLGHUHG
WKH�LQWHUUHODWHG�V\VWHPV�WKDW�FUHDWH�SUREOHPV�

� :H� KDYH� SHUFHLYHG� RXUVHOYHV� DV� RXWVLGH� FKDQJH�PDNHUV�� DQG� QRW� DFWRUV
HPEHGGHG�LQ�WKH�FRPSOH[�ZRUOG�ZH�VWULYH�WR�FKDQJH�

� :H� KDYH� SULYLOHJHG� WKH� TXLFN� ZLQV� LQVWHDG� RI� WKH� ORQJ�WHUP� JDLQV�
XQGHUPLQLQJ�RXU�RZQ�HIIRUWV�WR�FUHDWH�FKDQJH�LQ�WKH�ORQJ�WHUP�

:KLOH�WKH�URRW�FDXVHV�RI�WKHVH�PLVWDNHV�DUH�FRPSOH[�DQG�FKDOOHQJLQJ�WR�DGGUHVV�
ZH� FDQ� EHJLQ� WR� UHFRJQL]H� WKDW�PDQ\� RI� WKH� WRROV� XVHG� IRU� SODQQLQJ� DQG� DFWLRQ
DFWXDOO\� SHUSHWXDWH� RXU� KDELWV� �9HUYRRUW� 	� *XSWD�� ������� 0DQ\� RI� RXU� WRROV
HQFRXUDJH�XV� WR� UHGXFH�RXU� VFRSH�RI� IRFXV�DQG�SODQ� LQ�D� OLQHDU� FDXVH�DQG�HIIHFW
ZD\��<HW�E\�GHFRXSOLQJ�RXU�DFWLRQV�IURP�WKH�V\VWHPV�LQ�ZKLFK�WKH\�DUH�HPEHGGHG�
WKHVH� WRROV� FDQ� HQFRXUDJH� XV� WR� RYHUVLPSOLI\� WKH� FRPSOH[LWLHV� DQG� G\QDPLFV� RI
V\VWHPV��0DQ\�WLPHV��RYHUVLPSOLILFDWLRQ�FDQ�OHDG�XV�WR�DFWLRQV�WKDW� LQDGHTXDWHO\
DGGUHVV�WKH�VSHFLILF�FRQFHUQV�RI�D�GLYHUVLW\�RI�VWDNHKROGHUV��RU�OHDG�WR�XQLQWHQGHG
FRQVHTXHQFHV�WKDW�PD\�XQGHUPLQH�RXU�FDSDFLW\�WR�UHDFK�RXU�JRDOV�

7LPHV� DUH� FKDQJLQJ�� WKHUH� LV� JURZLQJ� UHFRJQLWLRQ� WKDW� QDWXUH� LV� D� IXQGDPHQWDO
VRXUFH�RI�KXPDQ�ZHOO�EHLQJ�DQG�DQ�LUUHSODFHDEOH�EDVH�IRU�HFRQRPLF�GHYHORSPHQW
�,3%(6���������7KLV�SURYLGHV�XV�ZLWK�DQ�RSSRUWXQLW\�WR�UHWKLQN�KRZ�ZH�GHVLJQ�RXU
DFWLRQV�WKDW�FDQ�VDIHJXDUG�DQG�UHVWRUH�QRW�MXVW�HFRV\VWHPV��EXW�DOVR�SHRSOH¶V�OLYHV�
7KH�ELJJHVW�H[DPSOH�RI�WKLV�LV�HYLGHQW�LQ�WKH�SDUWLFLSDWRU\�IRUPXODWLRQ�DQG�JOREDO
DGRSWLRQ�RI�WKH�8QLWHG�1DWLRQV¶�6XVWDLQDEOH�'HYHORSPHQW�*RDOV��7KHVH�DPELWLRXV
JOREDO� JRDOV� DLP� WR� DGGUHVV�� LQ� DQ� LQWHJUDWHG� DQG� HTXLWDEOH� PDQQHU�� WKH� JUHDW
DFFHOHUDWLRQ� RI� WKUHDWV� WR� WKH� ZRUOG�� UHIOHFWLQJ� WKH� XUJHQF\� DQG� VFDOHV� DW� ZKLFK
FKDQJH�PXVW�WDNH�SODFH�



³7KH�QDWXUH�FRQVHUYDWLRQ�DJHQGD�LV�QRW�RQO\�DERXW�VHFXULQJ�WKH�IXWXUH�RI�WLJHUV�
SDQGDV��ZKDOHV�DQG�DOO�WKH�DPD]LQJ�GLYHUVLW\�RI�OLIH�ZH�ORYH�DQG�FKHULVK�RQ
(DUWK��,W¶V�ELJJHU�WKDQ�WKDW��7KHUH�FDQQRW�EH�D�KHDOWK\��KDSS\�DQG�SURVSHURXV
IXWXUH�IRU�SHRSOH�RQ�D�SODQHW�ZLWK�D�GHVWDELOL]HG�FOLPDWH��GHSOHWHG�RFHDQV�DQG
ULYHUV��GHJUDGHG�ODQG�DQG�HPSW\�IRUHVWV��DOO�VWULSSHG�RI�ELRGLYHUVLW\��WKH�ZHE�RI
OLIH�WKDW�VXVWDLQV�XV�DOO�´���0DUFR�/DPEHUWLQL��/LYLQJ�3ODQHW�5HSRUW�������::)

$�YLVXDOL]DWLRQ�RI�WKH�6'*V�WKDW�LPSOLHV�WKDW�HFRQRPLHV�DQG�VRFLHWLHV�DUH�VHHQ�DV

HPEHGGHG�SDUWV�RI�WKH�ELRVSKHUH��

,PDJH�&UHGLW��$]RWH�IRU�6WRFNKROP�5HVLOLHQFH�&HQWUH��6WRFNKROP�8QLYHUVLW\



)RU� WKRVH� ZKR� KDYH� PDGH� FDUHHUV� RXW� RI� DGGUHVVLQJ� HQYLURQPHQWDO� RU� VRFLHWDO
SUREOHPV�� WKH� LGHD� RI� ZRUNLQJ� LQ� V\VWHPV� LV� QRW� QHZ�� 1DWXUH� LV� FRPSULVHG� RI
HFRV\VWHPV��+XPDQV�OLYH�LQ�VRFLDO�V\VWHPV��KDYH�GHYHORSHG�FXOWXUDO�V\VWHPV��DQG
GHSHQG�RQ�KHDOWK�V\VWHPV��<HW�PRVW�RI�RXU�V\VWHPLF�FKDOOHQJHV�DUH�EHLQJ�WDFNOHG
RQ�XQHYHQ�WHUPV��7KH�HQYLURQPHQWDO�DQG�VRFLDO�FKDOOHQJHV�DUH�ZRYHQ�LQWR�V\VWHPV
WKDW�RIIHU�OLWWOH�KRSH�RI�DFKLHYLQJ�FKDQJH�WKURXJK�LQFUHPHQWDO�RU�QDUURZ�DFWLRQV��$
ELJJHU�LPSDFW�UHTXLUHV�VWHSSLQJ�EDFN�WR�H[SDQG�WKH�YLHZ�RI�WKH�SUREOHPV�ZH�KRSH
WR�VROYH��KHDULQJ�PRUH�YRLFHV��VHHLQJ�PRUH�FRQQHFWLRQV��DQG�EHWWHU�XQGHUVWDQGLQJ
KRZ�FRPSOH[�V\VWHPV�ZRUN�

:H�QHHG� WR�DSSURDFK�FKDQJH�GLIIHUHQWO\��:H�VWDUW�E\� ORRNLQJ� IDUWKHU�RXW�� VHHLQJ
QRW�MXVW�WKH�LPPHGLDWH�IL[��EXW�ORQJHU�WHUP��IXQGDPHQWDO�VKLIWV��:H�OHW�RXUVHOYHV
LPDJLQH�ZKDW�PLJKW�EH�SRVVLEOH� LI�ZH�FRXOG�FKDQJH�WKH�UXOHV�WKDW�GHILQH�WKH�ZD\
WKLQJV�ZRUN��:H�WKLQN�DERXW�WKH�ZRUOG�LQ�WHUPV�RI�GLYHUVH�DFWRUV��ZKR�HDFK�KDYH
WKHLU� RZQ� GHVLUHV� DQG� QHHGV�� DQG� ZKR� XOWLPDWHO\� QHHG� WR� EH� LQFOXGHG� LQ� WKH
VROXWLRQ�

7KH�YLVLRQ�RI�D�QHZ�ZD\�RI�ZRUNLQJ�LQVSLUHV�DQG�JXLGHV�D�GLIIHUHQW�NLQG�RI�FKDQJH�
,QVWHDG� RI� SURMHFWV� IRFXVHG� RQ� PDNLQJ� D� VSHFLILF� IL[�� ZH� FDQ� KHOS� JXLGH� D
WUDQVIRUPDWLRQ� IURP� WKH� ZD\� WKH� V\VWHPV� ZRUN� WRGD\� WR� WKH� ZD\� ZH� KRSH� WKH\
FRXOG�ZRUN�LQ�WKH�IXWXUH��,W¶V�D�SURFHVV�RI�FR�OHDUQLQJ�WKDW�HQJDJHV�GLYHUVH�SHRSOH
²�HYHQ�SHRSOH�WKDW�VRPH�PLJKW�FRQVLGHU�WR�EH�RSSRQHQWV��8QOLNH�WKH�WKRURXJKO\
SODQQHG� SURMHFW�� WKLV� FKDQJH� LQHYLWDEO\� LQYROYHV� XQFHUWDLQWLHV� ZLWK� PDQ\
XQH[SHFWHG�WZLVWV�DQG�WXUQV��:H�FDQ�KHOS�JXLGH�WKH�GLVFRYHULHV�DQG�SLYRWV�QHHGHG
WR�NHHS�PRYLQJ�LQ�WKH�ULJKW�GLUHFWLRQ�

7KLV� LVQ¶W� MXVW�D�EHWWHU�RXWFRPH� IRU�RQH�QDUURZ�SDUW�RI� WKH� V\VWHP��EXW� LGHDOO\�D
EHWWHU� ZD\� RI� EHLQJ� LQ� WKH�ZRUOG� IRU� HYHU\RQH�� ,W� LV� RXU� MRE� WR� ORRN� EH\RQG� WKH
FRQVWUDLQWV� RI� WKH� FXUUHQW� V\VWHP� DQG� ILQG� VROXWLRQV� WKDW� FDQ� HQGXUH� LQ� DQ
XQFHUWDLQ�IXWXUH�





2YHU� WKH� ODVW� GHFDGHV�� WKHUH� KDYH� EHHQ� PDQ\� LQIOXHQWLDO� WKLQNHUV� DQG� FKDQJH�
PDNHUV�ZULWLQJ�DERXW�DQG�SUDFWLFLQJ�WKH�DUW�RI�V\VWHPV�FKDQJH��0DQ\�IRXQGDWLRQDO
WH[WV�H[LVW�DERXW�V\VWHPV�WKLQNLQJ��V\VWHP�G\QDPLFV��DQG�V\VWHPV�FKDQJH�DFURVV�D
UDQJH�RI�VHFWRUV�DQG�GLVFLSOLQHV��7KURXJKRXW�WKLV�ERRN��ZH�GUDZ�RQ�DQG�V\QWKHVL]H
PDQ\� LGHDV�DQG�FRQFHSWV� WKDW�ZHUH� ILUVW� LQWURGXFHG�E\�V\VWHPV� WKLQNHUV� VXFK�DV
&DUO� )RONH�� %X]]� +ROOLQJ�� 'RQHOOD� 0HDGRZV�� (OLQRU� 2VWURP�� 3HWHU� 6HQJH�� DQG
'DYLG�6WURK�� ,Q�$QQH[� ��ZH�KDYH�SURYLGHG�D� OLVW�RI� WKH�NH\� UHIHUHQFHV� WKDW�KDYH
LQIRUPHG� WKH� FRQWHQW� RI� WKLV� ERRN�� DV� ZHOO� DV� DGGLWLRQDO� VXJJHVWHG� UHDGLQJ� IRU
WKRVH�NHHQ�WR�OHDUQ�PRUH�DERXW�WKH�DUW�DQG�SUDFWLFH�RI�V\VWHPV�FKDQJH�

7KLV� ERRN� KDV� EHHQ� GHVLJQHG� WR� VSHDN� WR� FKDQJH�PDNHUV� LQ� DOO� VWDJHV� RI� WKH
V\VWHPV�MRXUQH\��3DUW���RXWOLQHV�WKH�IXQGDPHQWDO�WHQHWV�RI�V\VWHPV�WKLQNLQJ��DQG
GHVFULEHV� WKHLU� LPSOLFDWLRQV� IRU� RXU� XQGHUVWDQGLQJ� RI� WKH�ZRUOG��$V�PRVW� RI� WKH
VXVWDLQDELOLW\�FKDOOHQJHV�ZH�WDFNOH�DUH�FRPSOH[�SUREOHPV�WKDW�DULVH�IURP�FRPSOH[
V\VWHPV�� OHDUQLQJ�WKH�IRXQGDWLRQDO�FRQFHSWV�RI�V\VWHPV�WKLQNLQJ�LV�D�FULWLFDO� ILUVW
VWHS�WR�GHYHORSLQJ�WKH�FDSDFLWLHV�QHHGHG�WR�DGGUHVV�WKH�FKDOOHQJHV�RI�WRGD\�

3DUW���LQWURGXFHV�D�VHW�RI�SULQFLSOHV�IRU�ZRUNLQJ�WR�DFKLHYH�ORQJ�ODVWLQJ�VROXWLRQV
WR� WDFNOH� RXU� PRVW� SUHVVLQJ� FKDOOHQJHV�� %XLOW� RQ� WKH� FROOHFWLYH� ZLVGRP� RI
LQIOXHQWLDO� V\VWHP� WKLQNHUV� DQG� WKH� FR�DXWKRUV� RI� WKLV� ERRN�� WKH� HLJKW�PXWXDOO\
UHLQIRUFLQJ�SULQFLSOHV�V\QWKHVL]H�NH\�FRQFHSWV�DQG�FDSDFLWLHV�WKDW�FKDQJH�PDNHUV
DFURVV�VHFWRUV�FDQ�GHYHORS�WR�WDQJLEO\�LQWHJUDWH�V\VWHPV�WKLQNLQJ�LQWR�SUDFWLFH��,Q
HDFK� FKDSWHU��ZH� LQWURGXFH�D�SULQFLSOH��ZK\� LW¶V� LPSRUWDQW��KRZ� WR�ZRUN�ZLWK� LW�
DQG�SURYLGH�VLPSOH�µGDLO\�SUDFWLFH¶�SURPSWV�WKDW�FDQ�KHOS�\RX�FXOWLYDWH�ERWK�\RXU
LQGLYLGXDO�DQG�LQVWLWXWLRQDO�FDSDFLW\�IRU�FKDQJLQJ�V\VWHPV�



7KURXJKRXW�ERWK�3DUWV��ZH�VKDUH�VWRULHV�DQG�H[DPSOHV�RI�ERWK�FRPSOH[�V\VWHPV
DQG� SUREOHPV� WKDW� DULVH� IURP� V\VWHP� VWUXFWXUHV� DQG� EHKDYLRUV�� :H� DOVR� VKDUH
LQVLJKWV� RQ� PHWKRGV� DQG� DSSURDFKHV� IRU� ZRUNLQJ� HIIHFWLYHO\� ZLWKLQ� FRPSOH[
V\VWHPV��$QG� ILQDOO\��ZH� FRQFOXGH�ZLWK� D� YLVLRQ� IRU� WKH� URDG� DKHDG�� DQG� IRU� WKH
MRXUQH\�HDFK�RI�XV�LV�HPEDUNLQJ�RQ�





³,Q�QDWXUH��QRWKLQJ�OLYHV�DORQH´���5DFKHO�&DUVRQ

:H� DOO� OLYH� DQG�ZRUN�ZLWKLQ� V\VWHPV�� 6RPHWLPHV�ZH� UHFRJQL]H� WKLV��ZKLOH� RWKHU
WLPHV�ZH�GR�QRW��:H�XQGHUVWDQG�WKH�ZRUOG�LV�G\QDPLF�DQG�FKDQJLQJ�²�WKDW�LW�ZLOO
WDNH� WLPH� WR� VHW� XS� D� QHZ� SURFHVV� RU� UHVROYH� D� FRQIOLFW�� RU� WKDW� HQDFWLQJ� D� QHZ
SROLF\�PD\�KDYH�IDU�UHDFKLQJ�LPSDFWV�RYHU�PDQ\�\HDUV��<HW�V\VWHPV�RIWHQ�EHKDYH
LQ�ZD\V�ZH�ZRXOGQ¶W�H[SHFW��DQG�WKH�IXOO�LPSDFWV�RI�RXU�DFWLRQV�FDQ�EH�GLIILFXOW�WR
VHH��%HLQJ�PRUH�NQRZOHGJHDEOH�DERXW� V\VWHPV� FKDUDFWHULVWLFV� DQG�EHKDYLRU�� DQG
PRUH� LQWHQWLRQDO� DERXW� RXU� DSSURDFK�� FDQ� KHOS� XV�PDNH� EHWWHU� GHFLVLRQV�� DYRLG
XQLQWHQGHG�QHJDWLYH�FRQVHTXHQFHV��DQG�DFKLHYH�RXU�JRDOV�

7KH�DLP�RI�WKLV�FKDSWHU�LV�WR�SURYLGH�D�IRXQGDWLRQ�RU�UHYLHZ�RI�EDVLF�FRQFHSWV�IRU
VHHLQJ�DQG�XQGHUVWDQGLQJ�FRPSOH[�V\VWHPV��0DQ\�RI�WKH�LGHDV�V\QWKHVL]HG�LQ�WKLV
FKDSWHU� ZHUH� ILUVW� LQWURGXFHG� DQG� FRPPXQLFDWHG� E\� D� QXPEHU� RI� V\VWHPV
WKLQNHUV�� OLVWHG� LQ� $SSHQGL[� ��� $OVR� LQFOXGHG� LQ� $SSHQGL[� �� LV� D� ORQJHU� OLVW� RI
UHVRXUFHV�ZKLFK�H[SORUH�V\VWHPV�WKLQNLQJ��VWUXFWXUH�DQG�EHKDYLRU�LQ�PRUH�GHSWK�

0HDGRZV� GHILQHG� D� V\VWHP� DV� D� VHW� RI� WKLQJV� ²� SHRSOH�� FHOOV�� PROHFXOHV�� RU
DQ\WKLQJ�²�LQWHUFRQQHFWHG�LQ�VXFK�D�ZD\�WKDW�WKH\�SURGXFH�WKHLU�RZQ�SDWWHUQ�RI
EHKDYLRU�RYHU�WLPH��$�V\VWHP�LV�PRUH�WKDQ�WKH�VXP�RI� LWV�SDUWV��,WV�HOHPHQWV�DUH
RUJDQL]HG�LQ�D�ZD\�WKDW�DFKLHYHV�VRPHWKLQJ�

7KH�HDUWK�LV�PDGH�RI�PDQ\�V\VWHPV��ZLWK�ODUJHU�PRUH�FRPSOH[�V\VWHPV�FRQWDLQLQJ
PDQ\�QHVWHG� VXEV\VWHPV��$W� WKH� VDPH� WLPH�� WKH� VLWXDWLRQV� WKDW� UHVXOW� IURP�KRZ
V\VWHPV� EHKDYH� SURGXFH� SUREOHPV� WKDW� VLW� DORQJ� WKLV� VDPH� VSHFWUXP�� 6\VWHPV



�DQG�WKH�SUREOHPV�WKDW�WKH\�SURGXFH��FDQ�EH�GHVFULEHG�DV�VLPSOH��FRPSOLFDWHG��RU
FRPSOH[�

$�ELF\FOH�LV�D�VLPSOH�V\VWHP��7DNH�D�ZKHHO�RII�RI�D�ELF\FOH�DQG�LW�ZRQ¶W�IXQFWLRQ
DV� LQWHQGHG� WR� WDNH� D� SHUVRQ� IURP� SRLQW� $� WR� SRLQW� %�� )L[LQJ� WKH� SUREOHP� RI� D
EURNHQ�ELF\FOH� LV� UHODWLYHO\� VWUDLJKW� IRUZDUG��\RX�FDQ� IROORZ� LQVWUXFWLRQV�ZLWKRXW
\HDUV�RI� H[SHULHQFH�DQG� OLNHO\�JHW� WKH�RXWFRPH�\RX�H[SHFW��$� VSDFH� VKXWWOH� LV�DQ
H[DPSOH� RI� D� FRPSOLFDWHG� V\VWHP�� FRPSULVHG� RI� LQWULFDWH� UHODWLRQVKLSV� WKDW
PXVW� DOO� ZRUN� WR� EH� VXFFHVVIXO�� )L[LQJ� WKH� SUREOHP� RI� D� EURNHQ� VSDFH� VKXWWOH
UHTXLUHV� VLJQLILFDQW� SUHSDUDWLRQ�� H[SHULPHQWDWLRQ�� WUDLQLQJ�� DQG� VSHFLDOL]HG
HTXLSPHQW��:KHQ�D�FRPSOLFDWHG�V\VWHP�EHFRPHV�SUREOHPDWLF�� LW�FDQ�EH�IL[HG�E\
GLDJQRVLQJ�ZKDW�LV�ZURQJ�DQG�DGMXVWLQJ�RU�UHSODFLQJ�D�FRPSRQHQW�ZLWK�UHODWLYHO\
SUHGLFWDEOH�UHVXOWV�

$�IRUHVW�LV�DQ�H[DPSOH�RI�D�FRPSOH[�V\VWHP��,PDJH���6KDXQD�0DKDMDQ

$� FRPSOH[� V\VWHP� LV� D� V\VWHP� ZLWK� EHKDYLRU� WKDW� FDQ� EH� PRUH� GLIILFXOW� WR
SUHGLFW�� ,WV� FRPSOH[LW\� HPHUJHV� IURP� WKH� V\VWHP¶V� XQGHUO\LQJ� VWUXFWXUHV� DQG
UHODWLRQVKLSV��&RPSOH[�V\VWHPV�DUH�G\QDPLF��EHKDYH�LQ�QRQ�OLQHDU�ZD\V��DQG�DUH
PDGH�XS�RI�FRPSRQHQWV�WKDW�OHDUQ�IURP�HDFK�RWKHU��([DPSOHV�RI�FRPSOH[�V\VWHPV



LQFOXGH� D� KXPDQ�� D� IDPLO\�� D� IRUHVW�� RU� HYHQ� D� QDWLRQDO� HFRQRP\�� 8QOLNH� ZLWK
VLPSOH�RU�FRPSOLFDWHG�V\VWHPV��\RX�FDQQRW�DFW�ZLWKLQ�D�FRPSOH[�V\VWHP�WKH�VDPH
ZD\�RYHU�DQG�RYHU�DQG�DFKLHYH�WKH�VDPH�UHVXOWV��6RPHWLPHV��VROYLQJ�SUREOHPV�LQ
FRPSOH[�V\VWHPV�FDQ�EH�UHODWLYHO\�VWUDLJKWIRUZDUG��)RU�H[DPSOH��UHOLHYLQJ�D�FKLOG¶V
KHDGDFKH� PD\� EH� DV� VLPSOH� DV� JLYLQJ� D� PHGLFDWLRQ�� <HW�� WKDW� VDPH� FKLOG� PD\
VXGGHQO\�GHYHORS�DQ�DOOHUJ\�WR�FDWV��ZKLFK�LV�QHDU�LPSRVVLEOH�WR�SUHGLFW��)RU�WKLV
UHDVRQ��ZH�QHHG�D�QHZ�ZD\�RI�DSSURDFKLQJ�RXU�ZRUN�DQG�ZRUOG�

:KHQ�DGGUHVVLQJ�VRFLDO�DQG�HQYLURQPHQWDO�FKDOOHQJHV��ZH�QHHG�WR�UHFRJQL]H�WKDW
ZH� DUH�ZRUNLQJ�ZLWKLQ� H[WUHPHO\� FRPSOH[� DQG�G\QDPLF� V\VWHPV��7KHVH� DUH� DOVR
WKH� W\SHV�RI� V\VWHPV�ZH�DUH� OHDVW�HTXLSSHG� WR�GHDO�ZLWK��+RZHYHU�ZLWK� WKH�ULJKW
PLQGVHW�DQG�WRROV��XQGHUVWDQGLQJ�WKHP�LV�SRVVLEOH�



7R�H[SORUH�ZKDW�PDNHV�DQ\�RQH�FRPSRQHQW�RI�D�V\VWHP
FRPSOH[��DQG�KRZ�LW�FRQWULEXWHV�WR�D�FRPSOH[�V\VWHP��ZH
PXVW� ORRN� EHORZ� WKH� VXUIDFH��0DQ\� WLPHV� WKH� HYHQWV� RU
DFWLRQV� ZH� VHH� DUH� WKH� UHVXOW� RI� XQGHUO\LQJ� VWUXFWXUHV�
UHODWLRQVKLSV� DQG� EHOLHIV�� )RU� WKLV� UHDVRQ�� D� FRPPRQ
PHWDSKRU� XVHG� WR� XQGHUVWDQG� FRPSOH[� V\VWHPV� LV� WKH
,FHEHUJ�0RGHO��*RRGPDQ��������

7KH� µHYHQWV¶� DUH� WKH� HDVLHVW� WKLQJV� WR� VHH�� ULJKW� DW� WKH
VXUIDFH��:H�FDQ�DVN�DQG�DQVZHU�WKH�TXHVWLRQV�³ZKDW�MXVW
KDSSHQHG"�ZKDW�LV�RXU�FXUUHQW�SUREOHP"´

� $�PLQH�LV�SROOXWLQJ�D�ORFDO�ULYHU�
� ,¶YH�EHHQ�HDWLQJ�D�ORW�RI�LFH�FUHDP�

-XVW�XQGHU� WKH�VXUIDFH�DUH� WUHQGV�DQG�SDWWHUQV� RI� WKRVH
HYHQWV�WKURXJK�WLPH�²�ZH�DVN�³ZKDW�SDWWHUQV�KDYH�EHHQ
KDSSHQLQJ�RYHU�WLPH"´

� $Q�LQFUHDVLQJ�QXPEHU�RI�PLQHV�KDYH�EHHQ�RSHQHG�DORQJ�WKH�ULYHU�
� ,¶YH�VWDUWHG�HDWLQJ�PRUH�LFH�FUHDP�VLQFH�,¶YH�EHHQ�ELNLQJ�WR�ZRUN�

&UHDWLQJ� WKHVH� SDWWHUQV� DUH� WKH� VWUXFWXUHV� DQG� UHODWLRQVKLSV� WKDW� OHDG� WR� WKRVH� WUHQGV��²
³ZKDW�IRUFHV�RU�VWUXFWXUHV�DUH�LQ�SODFH�WKDW�FUHDWHG�WKHVH�EHKDYLRUV"´

� 7D[� UDWHV� RQ� H[WUDFWLYH� EXVLQHVVHV� KDYH� VWHDGLO\� GHFOLQHG� IRU� WKH� ODVW� IRXU� \HDUV�
FUHDWLQJ� DQ� LQFHQWLYH� IRU� PLQLQJ�� ,Q� DGGLWLRQ�� WKH� QHZHVW� PHWKRG� RI� PLQHUDO
H[WUDFWLRQ�UHOLHV�RQ�ODUJH�TXDQWLWLHV�RI�ZDWHU�IRU�FRROLQJ�HTXLSPHQW���PDNLQJ�PLQLQJ
FORVH�WR�ULYHUV�D�JRRG�EXVLQHVV�GHFLVLRQ�

� :KHQ�,�ELNH�WR�ZRUN��,�ELNH�SDVW�P\�IDYRULWH�LFH�FUHDP�SDUORU�

)LQDOO\�� DW� WKH� EDVH� RI� WKH� LFHEHUJ� DUH� WKH� XQGHUO\LQJ�PHQWDO�PRGHOV�� EHOLHIV� DQG� FXOWXUH
DERXW�KRZ�WKH�V\VWHP�ZRUNV

� (FRQRPLF�GHYHORSPHQW�LV�WKH�PRVW�LPSRUWDQW�FRQVLGHUDWLRQ�IRU�D�FRXQWU\��0LQLQJ�LV
WKH�EHVW�RSWLRQ�IRU�WKLV�ODQG��0LQLQJ�FRPSDQLHV�FDQ¶W�EH�UHVSRQVLEOH�IRU�DFFLGHQWV�

� %HFDXVH�,¶YH�H[HUFLVHG�E\�ELNLQJ�WR�ZRUN��VXUHO\�,�GHVHUYH�D�OLWWOH�WUHDW�

8VLQJ� WKH� LFHEHUJ� PRGHO� FDQ� KHOS� XQFRYHU� GLIIHUHQFHV� LQ� WKH� ZD\V� SHRSOH� SHUFHLYH
SUREOHPV��DQG�WKH�XQGHUO\LQJ�FDXVHV�RI�WKHP��7KH�IXUWKHU�GRZQ�ZH�ZRUN�RQ�WKH�LFHEHUJ��WKH
PRUH�WUDQVIRUPDWLRQDO�FKDQJH�ZLOO�EH�



,Q�RUGHU�WR�VWDUW�WR�XQGHUVWDQG�DQG�ZRUN�HIIHFWLYHO\�ZLWKLQ�V\VWHPV��LW¶V�LPSRUWDQW
WR� KDYH� D� FRPPRQ� ODQJXDJH� IRU� WKH� IHDWXUHV� RI� V\VWHPV� WKDW� HDFK� RI� XV�PD\� EH
IDPLOLDU�ZLWK��EXW�ODFN�ZRUGV�WR�GHVFULEH��7R�LQWURGXFH�VRPH�FRPPRQ�WHUPV�DQG
FRQFHSWV�XVHG� WR�GHVFULEH� FRPSOH[� V\VWHP� VWUXFWXUHV� DQG�EHKDYLRUV�� OHW¶V� WDNH� D
ORRN�DW�D�K\SRWKHWLFDO�H[DPSOH�±�FR\RWHV�DQG�KDUHV�LQ�WKH�8QLWHG�6WDWHV��&R\RWHV
�&DQLV� ODWUDQV�� DUH� VPDOO� SUHGDWRUV� QDWLYH� WR� 1RUWK� $PHULFD�� 7KH\� DUH� YHU\
WROHUDQW�RI�GLVWXUEDQFH�DQG�HDW�D�GLYHUVH�GLHW��)RU�WKH�SXUSRVH�RI�WKLV�ERRN��ZH�ZLOO
XVH�KDUHV��/HSXV�VS���DV�WKHLU�PDLQ�SUH\�

$�FDXVDO�ORRS�GLDJUDP��&/'��LOOXVWUDWHV�WKH�G\QDPLF�UHODWLRQVKLS�EHWZHHQ�FR\RWHV

DQG�KDUHV

6\VWHPV� DUH� PDGH� RI� HOHPHQWV� ZKLFK� FDQ� EH� GLYLGHG� LQWR� VWRFNV� DQG� IORZV�
6WRFNV�DUH�HDV\�WR�VSRW��EHFDXVH�WKH\�DUH�DOZD\V�QRXQV�±�SHRSOH��URDGV��HWF��)ORZV
DUH�ODEHOHG�DV�UDWHV�RI�FKDQJH�RU�DFWLYLW\�±�VSHHG��ELUWK�UDWH��HWF��/HW¶V�H[SORUH�WKLV



WKURXJK�WKH�FR\RWH�DQG�KDUH�H[DPSOH��+DUH�ELUWKV�RYHU�WLPH��D�IORZ���LQFUHDVH�WKH
KDUH�SRSXODWLRQ��D�VWRFN���/LNHZLVH��GHDWKV�RI�KDUHV��D�IORZ��GHFUHDVH�WKH�VWRFN�RI
KDUHV�LQ�WKH�ZRUOG��7KLV�LV�LPSRUWDQW�EHFDXVH�VWRFNV�RQO\�FKDQJH�DV�D�UHVXOW�RI�LQ�
DQG�RXW��IORZV�

7KH� EHKDYLRU� RI� DQ\� V\VWHP� FDQ� EH� VHHQ� LQ� SDWWHUQV� RI� VWRFNV� RYHU� WLPH�
5HFRJQL]LQJ� WKH� GLIIHUHQFH� EHWZHHQ� VWRFNV� DQG� IORZV� LV� DOVR� LPSRUWDQW�� EHFDXVH
WKHUH� LV� DQ� LQWULQVLF�GHOD\�EHWZHHQ� WKH� FKDQJHV� LQ� VWRFNV�� -XVW� EHFDXVH� WKHUH� LV
QRZ�PRUH� IRRG� IRU� FR\RWHV�� DQ� LQFUHDVH� LQ� KDUHV� ZLOO� QRW� LQVWDQWO\� LQFUHDVH� WKH
QXPEHU� RI� FR\RWHV��(DFK� VWRFN� LV� LPSDFWHG� E\�PXOWLSOH� LQ�� DQG� RXW�� IORZV�� $QG
OLNHZLVH�� HYHQ� WKRXJK� SUHGDWLRQ� SUHVVXUH� LQFUHDVHV� ZLWK� PRUH� FR\RWHV�� WKLV
LQFUHDVH� ZRQ¶W� LPPHGLDWHO\� UHGXFH� WKH� KDUH� SRSXODWLRQ�� 7KH� LPSDFW� RI� WLPH
GHOD\V�LQ�FRPSOH[�V\VWHPV�DIIHFWV�WKH�UHVXOWV�RI�DQ\�DFWLRQ�ZLWKLQ�WKH�V\VWHP�DQG
RXU�DELOLW\�WR�VHH�DQG�UHFRJQL]H�WKRVH�UHVXOWV�

6\VWHPV�DUH�FRPSRVHG�RI�HOHPHQWV�DQG�LQWHUUHODWLRQVKLSV��5HODWLRQVKLSV�EHWZHHQ
HOHPHQWV�RIWHQ�FUHDWH�IHHGEDFN� ORRSV��:KHQ� D� FR\RWH� HDWV� D� KDUH�� WKDW�PHDQV
IHZHU� KDUHV�ZLOO� EH� ERUQ� ODWHU� LQ� WLPH�� $� ODUJH� FR\RWH� SRSXODWLRQ� OHDGV� WR�PRUH
FR\RWHV�EHLQJ�ERUQ��DQG�ZKHQ�WKHUH�DUH�PRUH�FR\RWHV��WKHUH�DUH�IHZHU�KDUHV��VLQFH
WKH\�DUH�EHLQJ�HDWHQ�E\�WKH�PDQ\�PRUH�FR\RWHV��)HZHU�KDUHV�PHDQV�OHVV�IRRG�IRU
WKH�FR\RWHV��ZKLFK�³IHHGV�EDFN´�WR�OLPLW�WKH�FR\RWH�SRSXODWLRQ��7KLV�LV�DQ�H[DPSOH
RI� D�EDODQFLQJ� IHHGEDFN� ORRS� FRUUHFWLQJ� WKH� FKDQJH� LQ� WKH� V\VWHP�� $� UHODWHG
ORRS� H[LVWV� LI� QDWXUDO� SUHGDWRUV� DUH� UHPRYHG� IURP� WKH� HQYLURQPHQW�� :LWKRXW
SUHGDWRUV�� KDUHV� UHSURGXFH�PRUH� TXLFNO\�� WKH� SRSXODWLRQ� JURZV�� DQG� LW� OHDGV� WR
HYHQ�PRUH�KDUHV�EHLQJ�ERUQ�²�FUHDWLQJ�D�UHLQIRUFLQJ�IHHGEDFN�ORRS�DPSOLI\LQJ
WKH�DFWLYLW\�LQ�WKH�V\VWHP�

:KLOH�QRW�D�GLUHFW�FRPSRQHQW�RI�D�FRPSOH[�V\VWHP��KRZ�ZH�GHILQH�DQG�XQGHUVWDQG
WKH�SUREOHPV�ZH�DUH�DGGUHVVLQJ�GHSHQGV�YHU\�PXFK�RQ�WKH�ERXQGDU\�RU�IUDPH
ZH�DUH�XVLQJ��*LYHQ�WKDW�WKH�ZRUOG�LV�LQWHUFRQQHFWHG��ZH�PXVW�GUDZ�D�FRQFHSWXDO
ERXQGDU\�VRPHZKHUH�LQ�WKH�JUHDWHU�V\VWHP�WR�PDNH�LW�SRVVLEOH�WR�XQGHUVWDQG�DQG
VROYH�D�SUREOHP��:H�FRXOGQ¶W� IXOO\�PDQDJH�D�SRSXODWLRQ�RI� FR\RWHV�DQG�KDUHV� LQ



WKH� UHDO� ZRUOG� ZLWKRXW� FRQVLGHULQJ� RWKHU� ³RXWVLGH´� LQIOXHQFHV� VXFK� DV� GLVHDVH�
KXQWLQJ� SUHVVXUH�� RU� RWKHU� IRUPV� RI� PRUWDOLW\�� +RZ� ZH� GHILQH� RXU� ERXQGDU\
PDWWHUV��DQG�LV�RIWHQ�VXEMHFWLYH�

6\VWHP�VWUXFWXUH�LV�WKH�VRXUFH�RI�V\VWHP�EHKDYLRU��6\VWHP�EHKDYLRU�UHYHDOV�LWVHOI
DV� D� VHULHV� RI� HYHQWV� RYHU� WLPH�� :KLOH� LQGLYLGXDO� YDULDWLRQV� DQG� FKRLFHV� PLJKW
LQIOXHQFH�WKH�WLPLQJ�RU�IUHTXHQF\�RI�VSHFLILF�HYHQWV��WKH�RYHUDOO�SDWWHUQ�RI�EHKDYLRU
LV�GHWHUPLQHG�E\� WKH�VWUXFWXUH�±� WKH� LQWHUUHODWLRQVKLSV��HOHPHQWV�� IHHGEDFNV�DQG
WLPH��$�FKDQJH�LQ�WKH�VRFLDO�WLHV�LQ�D�QHWZRUN��D�WLQ\�PRGLILFDWLRQ�WR�D�UXOH��RU�WKH
DGGLWLRQ�RU�UHPRYDO�RI�D�IHHGEDFN�PHFKDQLVP�RIWHQ�OHDGV�WR�FKDQJHV�LQ�SDWWHUQV�RI
EHKDYLRU��5HWXUQLQJ�WR�RXU�H[DPSOH��LI�\RX�ZHUH�VWXG\LQJ�WKH�SRSXODWLRQ�RI�WKHVH
FR\RWHV� DQG� KDUHV�� \RX� FRXOG� VHH� WKHLU� QXPEHUV� RVFLOODWH� DV� D� UHVXOW� RI� WKH
UHLQIRUFLQJ�DQG�EDODQFLQJ�IHHGEDFN�ORRSV�PHQWLRQHG�HDUOLHU��:LWKRXW�RWKHU�PDMRU
FKDQJHV� LQ� WKH� V\VWHP�� WKH� SRSXODWLRQV� RI� FR\RWHV� DQG� KDUHV� ZRXOG� UHDFK� D
G\QDPLF�HTXLOLEULXP��RU�VWHDG\�VWDWH�LQ�ELRORJLFDO�WHUPV�

,GHQWLI\LQJ� UHODWLRQVKLSV� DQG� IHHGEDFN� ORRSV� DUH� FULWLFDO� WR� XQGHUVWDQGLQJ�QRQ�
OLQHDU� SDWWHUQV� RI� EHKDYLRU�� 1RQ�OLQHDULW\� UHIHUV� WR� RXWSXWV� WKDW� DUH� QRW
SURSRUWLRQDO� WR� WKH� LQSXWV�� %HFDXVH� RI� IHHGEDFNV� RU� PXOWLSOLFDWLYH� HIIHFWV�
VHHPLQJO\� VOLJKW� FKDQJHV� WR� LQLWLDO� FRQGLWLRQV� FDQ� GLVSURSRUWLRQDWHO\� DIIHFW� WKH
V\VWHP��5HWXUQLQJ�WR�RXU�FR\RWH�DQG�KDUH�H[DPSOH��LI�WKH�SRSXODWLRQ�RI�FR\RWHV�LV
UHPRYHG�� WKH� QXPEHU� KDUHV� ZLOO� JURZ� H[SRQHQWLDOO\�²� WKHLU� UDWH� RI� SRSXODWLRQ
JURZWK�LQFUHDVLQJ�RYHU�WLPH�

%HFDXVH�RI� WKHLU�G\QDPLF�EHKDYLRU�� V\VWHPV�FDQ�FKDQJH�RU�VKLIW�RYHU� WLPH��RIWHQ
KLWWLQJ�WKUHVKROGV��$�WKUHVKROG�LV�D�SRLQW�RU�D�FRQGLWLRQ�LQ�D�V\VWHP�WKDW�ZKHQ
FURVVHG��WULJJHUV�VRPH�NLQG�RI�FKDQJH��)RU�H[DPSOH��WKH�KDUH�SRSXODWLRQ�PD\�JURZ
XQWLO� D� SRLQW� ZKHUH� DOO� WKH� KDUH¶V� IRRG� LV� HDWHQ� DQG� WKH� SRSXODWLRQ� FROODSVHV�
6RPHWLPHV�D�WKUHVKROG�LV�FURVVHG�WKDW�FDXVHV�D�ODUJHU��PRUH�SHUPDQHQW�FKDQJH�LQ
WKH�V\VWHP��DOVR�NQRZQ�DV�D�UHJLPH�VKLIW��$�UHJLPH�VKLIW�LV�RIWHQ�XVHG�LQ�HFRORJ\
WR�GHVFULEH�D�UHODWLYHO\�VKDUS�FKDQJH�IURP�RQH�UHJLPH�WR�D�FRQWUDVWLQJ�RQH��ZLWK
LQWHUQDO�G\QDPLFV�DQG�IHHGEDFNV�WKDW�RIWHQ�SUHYHQW�LW�IURP�UHWXUQLQJ�WR�D�SUHYLRXV
UHJLPH��%LJJV�HW�DO���������6FKHIIHU���������RU�FDQ�KDYH�FDVFDGLQJ�HIIHFWV�DFURVV
VFDOHV��5RFKD�HW�DO���������



'\QDPLF� V\VWHPV� DUH� DOO� DURXQG� XV�� :H� XVH� D� VWRU\� DQG� D� FDXVDO� ORRS� PRGHO�� �D
TXDOLWDWLYH� PRGHO� WKDW� FRQWDLQ� YDULDEOHV� DQG� FDXVDO� UHODWLRQVKLSV� LQ� D� V\VWHP�� WR
GLVDJJUHJDWH�YDULDEOHV�DQG�VKRZ�LQWHUUHODWLRQVKLSV� LQ�WKH�1DPLELDQ�VDUGLQH� ILVKHU\�� ,Q� WKLV
FKDSWHU��ZH�DOVR� UHYLVLW� WHUPV� WKDW�DUH� IUHTXHQWO\�XVHG�ZKHQ�GHVFULELQJ�FRPSOH[�V\VWHPV
DQG�FRPSOH[�SUREOHPV�

)RFXVLQJ� RXU� ERXQGDU\� �RU� IUDPH�� RII� WKH� FRDVW� RI� 1DPLELD�� VDUGLQHV� GRPLQDWHG� LQ� WKH
1RUWKHUQ�%HQJXHOD�PDULQH� V\VWHP�XS�XQWLO� WKH� ODWH� ����V��)URP� WKH�����V�XQWLO� WKH�PLG�
����V�� WKH� VDUGLQH� ILVK�VWRFN� VWDUWHG� WR� GHFOLQH� IURP� ILVKLQJ� SUHVVXUH�� DQG� E\� ������ WKH
VWRFN� KDG� FROODSVHG� �&XU\�	�6KDQQRQ�� �������7KH� V\VWHP�KDG� FURVVHG� D� NH\� WKUHVKROG
ZKHUH�VDUGLQH�SRSXODWLRQV�UHDFKHG�D�QXPEHU�VR� ORZ�WKH\�FRXOG�QR� ORQJHU�UHSURGXFH��7KH
HFRORJLFDO�UHJLPH�VKLIW� WKDW� RFFXUUHG� DV� D� UHVXOW� OHG� WR� WKH� FROODSVH� RI� ERWK� WKH� VDUGLQH
ILVKHU\�DQG�RWKHU�SHODJLF�ILVK�VWRFNV�

:LWK�QR�RWKHU� VSHFLHV�ZLWK�D� VLPLODU�HFRORJLFDO� UROH� WR� WKH�VDUGLQH�DFWLQJ�DV�DQ�DGHTXDWH
UHSODFHPHQW�� UHSHUFXVVLRQV� HFKRHG� WKURXJK� WKH� IRRG� FKDLQ�� $IWHU� WKH� FROODSVH�� ILVKLQJ
SUHVVXUH�VKLIWHG�WR�RWKHU�SHODJLF�ILVK��)OXFWXDWLRQV�LQ�WKHVH�VWRFNV�RFFXUUHG�WKURXJKRXW�WKH
����V��5RX[�	�6KDQQRQ��������

$QG�ILQDOO\��WKH�EHKDYLRU�RI�D�V\VWHP�FDQ�DOVR�EH�HPHUJHQW��(PHUJHQW�EHKDYLRUV
DULVH� IURP� WKH� LQWHUDFWLRQV� EHWZHHQ� FRPSRQHQWV�� ZKHUH� WKRVH� EHKDYLRUV� DQG
SURSHUWLHV�ZRXOG�QRW�H[LVW�LQ�LVRODWLRQ��7KH\�HPHUJH�IURP�WKH�LQWHU�UHODWLRQVKLSV
DQG� GHSHQGHQFLHV� WKDW� H[LVW�ZLWKLQ� WKH� EURDGHU� V\VWHP��$� FODVVLF� H[DPSOH� IURP
HFRORJ\�LV�ULVN�UHGXFWLRQ�DQG�HQKDQFHPHQW�EHKDYLRU��)RU�H[DPSOH��D�SUH\�VSHFLHV
�IRU� H[DPSOH�� D� KDUH�� PD\� DGRSW� D� EHKDYLRU� WR� DYRLG� EHLQJ� HDWHQ� E\� D� PDLQ
SUHGDWRU��IRU�H[DPSOH��D�FR\RWH���7KLV�EHKDYLRU�FRXOG�LQFUHDVH�RU�GHFUHDVH�WKH�ULVN
WKDW� D� KDUH� LV� FRQVXPHG� E\� DQRWKHU� SUHGDWRU� LQ� WKH� V\VWHP�� DQG� FUHDWH� D� QHZ
SDWWHUQ�RI�SUHGDWRU�SUH\�UHODWLRQV�LQ�WKH�HFRV\VWHP��6LK�HW�DO��������

$QRWKHU�H[DPSOH�RI�HPHUJHQW�EHKDYLRU� LV�D�WUDIILF� MDP��%RQDEHDX�HW�DO���������$
WUDIILF� MDP�PD\� IRUP�ZKHQ�D� ODUJH�QXPEHU�RI� LQGLYLGXDOV��ZLWK�VOLJKWO\�GLIIHUHQW
VSHHG�DQG�VWRSSLQJ�GLVWDQFH�SUHIHUHQFHV��GULYH�WKHLU�FDUV�WR�ZRUN�DW�WKH�VDPH�WLPH
RI� GD\�� 1R� VLQJOH� FDU� FDQ� FDXVH� WKH� WUDIILF� MDP�� \HW� LW� HPHUJHV� WKURXJK� WKH
LQWHUDFWLRQV�EHWZHHQ�LQGLYLGXDO�FDUV�



7KH� EDODQFH� RI� WKLV� V\VWHP� FDQ� EH� XQGHUVWRRG� E\� ORRNLQJ� DW� WKH� IHHGEDFN� ORRSV� WKDW
VXUURXQG� SHODJLF� ILVK�� )RU� H[DPSOH�� SHODJLF� ILVK� IHHG� RQ� SODQNWRQ� ELRPDVV�� :KHQ� ILVK
ELRPDVV� LV� ORZ�� SODQNWRQ� ELRPDVV� LQFUHDVHV�� :KHQ� SODQNWRQ� ELRPDVV� LV� KLJK�� WKHUH� DUH
PRUH�IRRG�UHVRXUFHV�DYDLODEOH�IRU�ILVK��,Q�WKLV�UHJLPH��WKHUH�LV�D�QDWXUDO�IOXFWXDWLRQ�EHWZHHQ
SODQNWRQ�DQG�ILVK�ELRPDVV��NHHSLQJ�WKH�V\VWHP�LQ�EDODQFH��&XU\�	�6KDQQRQ��������

0DQ\� UDSLG� DQG� VORZ� FKDQJHV� RYHU� WLPH�� LQFOXGLQJ� IRU� H[DPSOH�� ILVKLQJ� SUHVVXUH� DQG� D
K\SR[LF�HYHQW�DQG�D�VORZO\�FKDQJLQJ�FOLPDWH��OHG�WKH�V\VWHP¶V�G\QDPLFV�WR�VKLIW�RYHU�WLPH�
7KLV� OHG� WR� WKH� HYHQWXDO� FROODSVH� RI�PDQ\� RWKHU� SHODJLF� ILVK� VWRFNV� LQ� WKH� UHJLRQ� DQG� DQ
LQFUHDVLQJO\�VWDEOH�DQG�ODUJH�MHOO\ILVK�SRSXODWLRQ��7LPH�GHOD\V�DUH�SUHVHQW� LQ�WKH�V\VWHP�±
VRPH�RI�WKH�GULYHUV�VXFK�DV�FOLPDWH�FKDQJH�DQG�ILVKLQJ�SUHVVXUH�GLG�QRW�FKDQJH�WKH�V\VWHP
VWDWH� IRU� VHYHUDO� GHFDGHV�� EXW� RQFH� VKLIWHG�� WKH� V\VWHP� EHFDPH� µORFNHG¶� LQ� D� QHZ� VWDWH
ZKHUH�ORZ�ILVK�ELRPDVV�ZDV�UHLQIRUFHG�E\�WKH�VXUURXQGLQJ�HFRORJLFDO�FRQGLWLRQV�

7KH� QHZ� VWDWH� ZDV� QRW� GHVLUDEOH� IURP� D� VRFLDO� SHUVSHFWLYH�� DV� ILVK� VWRFNV� KDG� UDSLGO\
GHFOLQHG�� LPSDFWLQJ� WKH� ILVKLQJ� LQGXVWU\�� 7R� LQWHUYHQH� LQ� WKH� V\VWHP�� RQH� FRXOG� ORRN� IRU
GLIIHUHQW� OHYHUDJH� SRLQWV�� NH\� SRLQWV� LQ� WKH� V\VWHP�� WKDW� LI� FKDQJHG�� FRXOG� DOWHU� WKH
G\QDPLFV�DQG�VKLIW�WKH�V\VWHP�LQWR�D�QHZ�UHJLPH��6SHFXODWLYH�OHYHUDJH�SRLQWV�LQ�WKLV�V\VWHP
FRXOG�LQFOXGH�UHGXFLQJ�ILVKLQJ�HIIRUW�DQG�UHPRYLQJ�MHOO\ILVK�WR�UHRSHQ�WKH�HFRORJLFDO�QLFKH�IRU
SHODJLF�ILVK�VSHFLHV�

([DPSOH� DGDSWHG� IURP�� 6RSKLH� %HOWRQ�� &DUROLQD� +ROPEHUJ�� &DWDULQD� /DUVVRQ�� 6KDXQD
0DKDMDQ�� -XDQ�3DXO� 5RX[�� -XDQ� &DUORV� 5RFKD�� 1RUWKHUQ� %HQJXHOD� 0DULQH� 6\VWHP�� ,Q�
5HJLPH�6KLIWV�'DWDEDVH��ZZZ�UHJLPHVKLIWV�RUJZZZ�UHJLPHVKLIWV�RUJZZZ�UHJLPHVKLIWV�RUJ��/DVW�UHYLVHG���������������������*07�
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+RZ�FDXVH�DQG�HIIHFW�ZRUN�LQ�D�FRPSOH[�V\VWHP�LV�GLIIHUHQW�FRPSDUHG�ZLWK�VLPSOH
DQG�FRPSOLFDWHG�V\VWHPV��:H� W\SLFDOO\�ZRXOG�DVVXPH� WKDW�;�FDXVHV�<��RU� LQ�RXU
H[DPSOH�� IHZHU�FR\RWHV�FDXVHV�PRUH�KDUHV��7KHUHIRUH�� LI�ZH�ZDQWHG� WR�DFKLHYH�<
�PRUH�KDUHV���ZH�ZRXOG�VWULYH�WR�DFKLHYH�;��IHZHU�FR\RWHV���ZLWKRXW�FRQVLGHUDWLRQ
RI�KRZ�DFKLHYLQJ�<�PLJKW�LPSDFW�WKH�UHVW�RI�WKH�V\VWHP��,I�ZH�GR�QRW�VXFFHHG�DW�;�
HLWKHU�ZH�DUH�QRW� WU\LQJ�KDUG�HQRXJK�RU��ZH�DVVXPH��ZH�QHHG� WR� ILQG�VRPHWKLQJ
HOVH� WKDW�ZLOO�GLUHFWO\� FDXVH�<��&DXVH�DQG�HIIHFW� DUH� LPSRUWDQW��EXW� LQ�D� FRPSOH[
ZRUOG��WKLQJV�DUH�QRW�WKLV�VLPSOH�

,Q� VLPSOH�RU� FRPSOLFDWHG� V\VWHPV�� DVVRFLDWLRQV� FDQ�EH� OHDUQHG�RYHU� WLPH��ZKHUH
UHSHDWHG� H[SHULPHQWV� FDQ� EH� FRQGXFWHG� WR� DUULYH� DW� VRPH� REMHFWLYH� DQVZHU��:H
FDQ� OHDUQ� WKURXJK� H[SHULHQFH� RU� PRUH� IRUPDO� VWXG\� WKDW� D� PDWHULDO� KDV� VRPH
SURSHUWLHV�WKDW�PDNH�LW�DQ�HIIHFWLYH�JOXH��RU�WKDW�HDWLQJ�D�SODQW�FXUHV�DQ�DLOPHQW�
:H�GRQ¶W�QHHG�WR�NQRZ�WKH�XQGHUO\LQJ�PHFKDQLVP�IRU� WKLV� W\SH�RI�NQRZOHGJH�WR
GHYHORS��ZH�MXVW�QHHG�WR�XQGHUVWDQG�DQG�HVWDEOLVK�WKDW�WKH�DVVRFLDWLRQ�H[LVWV�DQG
LV�SUHGLFWLYH�RI�RXWFRPHV�

0DQ\�RI�WKH�PRVW�FRPSHOOLQJ�LQVLJKWV�IURP�WKH�IRUPDO�VWXG\�RI�FRPSOH[�V\VWHPV
KLJKOLJKW� WKDW� VHHPLQJO\� VLPSOH� V\VWHPV� FDQ� GHYHORS� XQH[SHFWHG� SDWWHUQV� RI
EHKDYLRU��)RU�H[DPSOH��ZKHQ�(GZDUG�/RUHQ]�GHFLGHG�WR�UH�HQWHU�WKH�QXPEHUV�IRU
DQ� HDUO\� FOLPDWH� PRGHO� DQG� H[FOXGH� WKH� ODVW� VHYHUDO� GLJLWV� WR� VDYH� WLPH� RQ� WKH
FRPSXWHU��KH�H[SHFWHG�WKDW�KLV�HVWLPDWHV�ZRXOG�FRQYHUJH�RQ�KLV�SULRU�VLPXODWLRQV�
:KDW�KH�IRXQG�LQVWHDG�ZDV�WKDW�YHU\�VPDOO�FKDQJHV�LQ�GDWD�OHDG�WR�YHU\�GLIIHUHQW
ZHDWKHU�SDWWHUQV�²�D�WHUP�KH�FRLQHG�µWKH�EXWWHUIO\�HIIHFW¶��/RUHQ]��������

8OWLPDWHO\�VXFK�UHVXOWV�OHG�WR�G\QDPLF�WKHRULHV�RI�FRPSOH[�V\VWHPV�ODWHU�UHIHUUHG
WR� DV� FKDRV� WKHRU\� �2HVWUHLFKHU�� ������� :KLOH� WKH� WHUP� µFKDRV¶� VXJJHVWV
UDQGRPQHVV�RU�GLVRUGHU��WKH�EDVLF�LGHD�LV�WKDW�VPDOO�FKDQJHV�LQ�FRPSOH[�V\VWHPV
FDQ�OHDG�WR�GLYHUJHQW�UHVXOWV�RYHU�WLPH��6PDOO�FKDQJHV�WR�WKH�VWUXFWXUH�RI�V\VWHPV
FDQ�UHVXOW�LQ�HYHQ�PRUH�SURIRXQG�FKDQJHV��)RU�H[DPSOH��WKH�EDVLF�PHFKDQLVPV�RI
D�GLVHDVH�PD\�EH�ZHOO� XQGHUVWRRG� DQG�PD\�EH�XVHG� WR�SUHGLFW�ZKHWKHU� RU�QRW� D
GLVHDVH�RXWEUHDN�ZLOO�EHFRPH�DQ�HSLGHPLF��LQIRUPLQJ�DFWLRQ�VXFK�DV�LPPXQL]DWLRQ
RU� FORVLQJ� RI� VFKRROV�� +RZHYHU�� VPDOO� GLIIHUHQFHV� LQ� WKH� VWUXFWXUH� RI� D� VRFLDO



QHWZRUN� FDQ�PDNH� DQ� HYHQ� ODUJHU� GLIIHUHQFH�� UHJDUGOHVV� RI� WKH� LQLWLDO� YDOXHV� RU
SDUDPHWHUV�XVHG�WR�GHVFULEH�D�SDUWLFXODU�FDXVH�HIIHFW�UHODWLRQVKLS�

$�FRPPRQ�SLHFH�RI�ZLVGRP�VKDUHG�E\�V\VWHP�WKLQNHUV�LV�WKDW�WKH�V\VWHPV�ZH�OLYH
LQ� DQG� VWULYH� WR� LQIOXHQFH� DUH� RIWHQ� GHVLJQHG� WR� GR� H[DFWO\�ZKDW� WKH\� DUH� GRLQJ�
0HDQLQJ��WKH�SUREOHPV�ZH�SHUFHLYH�UHVXOW�IURP�V\VWHPV�WKDW�KDYH�EHHQ�VWUXFWXUHG
WR�JHQHUDWH�FHUWDLQ�EHKDYLRUV��,W�LV�WKHVH�VWUXFWXUHV�DQG�EHKDYLRUV�WKDW�VRPHWLPHV
LQWHQWLRQDOO\�� RU� XQLQWHQWLRQDOO\�� FUHDWH� WKH� SUREOHPV�ZH� VWULYH� WR� VROYH�� 7KLV� LV
ZK\�VROYLQJ�FRPSOH[�SUREOHPV�LV�VXFK�D�JUHDW�FKDOOHQJH��<HW�E\�DFFHSWLQJ�WKLV��ZH
LQFUHDVH� RXU� DELOLW\� WR� LGHQWLI\� DFWLRQV� WKDW� EHWWHU� ILW� WKH� SUREOHPV� WKDW� HPHUJH
IURP�V\VWHP�VWUXFWXUHV�DQG�EHKDYLRUV��7KLV�DFFHSWDQFH�KHOSV�XV�DGMXVW�RXU�DFWLRQV
DV�WKH�SUREOHP�LWVHOI�FRQWLQXHV�WR�HYROYH�

5HWXUQLQJ� WR� WKH�KDUH� DQG� FR\RWH� H[DPSOH�� WKH� UHODWLYH�QXPEHUV� RI� FR\RWHV� DQG
KDUHV� LV� DOZD\V� IOXFWXDWLQJ�� VOLJKWO\� DOWHULQJ�RXU� YLHZ�RI� WKH� V\VWHP�DW� DQ\�JLYHQ
WLPH��%\�XQGHUVWDQGLQJ�WKDW�PDQ\�V\VWHPV�ZRUN�LQ�F\FOHV�ZLWK�VSDWLDO�RU�WHPSRUDO
SDWWHUQV�� ZH� FDQ� EHWWHU� VHQVH� KRZ�� ZKHQ�� DQG� ZK\� ZH� VKRXOG� LQWHUYHQH� LQ
PDQDJLQJ� WKHVH� VSHFLHV�� '\QDPLF� V\VWHPV� DUH� KDUGHU� WR� IXOO\� SUHGLFW� DQG� ZLWK
ORQJ�GHOD\V�DQG�QRQOLQHDU�UHODWLRQVKLSV��DQG�DFWLRQV�RQ�RQH�SDUW�RI�D�V\VWHP�RIWHQ
OHDG� WR�XQLQWHQGHG� FRQVHTXHQFHV� IURP� IHHGEDFN� HIIHFWV��7KRXJK� IDLUO\� FRPPRQ�
XQLQWHQGHG� FRQVHTXHQFHV� XVXDOO\� UHVXOW� IURP� D� SRRUO\� XQGHUVWRRG� SUREOHP� RU
RSHUDWLRQDO�PLVWDNHV�

:KHQ�VROYLQJ�FRPSOH[�SUREOHPV��ZH�QHHG�WR�SD\�FORVHU�DWWHQWLRQ�WR�WKH�VWUXFWXUH�
EHKDYLRU�� DQG� FDXVH� DQG� HIIHFW� UHODWLRQVKLSV� WKDW� ZH� REVHUYH� LQ� V\VWHPV��:KLOH
PDQ\� WLPHV� LW¶V� LPSRVVLEOH� WR� SURYH� D� UHODWLRQVKLS� H[LVWV�� ZH� QHHG� WR�PDNH� RXU
DVVXPSWLRQV� H[SOLFLW� DERXW� KRZ� VRPHWKLQJ� KDSSHQV�� 7KLV� ZD\�� ZH� FDQ� EHWWHU
XQGHUVWDQG� WKH� V\VWHP� VWUXFWXUH�� WHVW� RXU� DVVXPSWLRQV�� DQG� VROYH� FKDOOHQJLQJ
SUREOHPV�E\� LGHQWLI\LQJ�RQH�RU�PDQ\� OHYHUDJH�SRLQWV��7KHVH�DUH�SODFHV� LQ� WKH
V\VWHP�ZKHUH�D�VPDOO�FKDQJH�FRXOG�OHDG�WR�D�ODUJH�VKLIW�LQ�EHKDYLRU�



³:H�FDQ
W�VROYH�SUREOHPV�E\�XVLQJ�WKH�VDPH�NLQG�RI�WKLQNLQJ�ZH�XVHG�ZKHQ�ZH
FUHDWHG�WKHP�´���$OEHUW�(LQVWHLQ

1RZ�WKDW�ZH¶UH�WKLQNLQJ�RI�WKH�ZRUOG�DURXQG�XV�LQ�D�GLIIHUHQW�ZD\��ZKDW�GR�ZH�GR
DERXW�LW"

:KLOH� LW� PD\� EH� KDUG� �DQG� XQVHWWOLQJ�� WR� OHW� JR� RI� PHWKRGV� DQG� WRROV� ZH� IHHO
FRPIRUWDEOH� ZLWK� DQG� WR� WKLQN� LQ� QHZ� ZD\V�� WKH� SRWHQWLDO� SD\RII� LQ� WHUPV� RI
FUHDWLQJ�UHDO�UHVXOWV�ZLOO�EH�ZRUWK�LW��7KH�FKDOOHQJHV�ZH�IDFH�EXLOGLQJ�D�VXVWDLQDEOH
VRFLHW\�UHTXLUH�XV�WR�HPEUDFH�WKH�FRPSOH[LW\�RI�V\VWHPV��)RU�WKLV�ZH�QHHG�WR�HTXLS
RXUVHOYHV�ZLWK�WKH�NQRZOHGJH��WRROV��DQG�DSSURDFKHV�VXLWHG�WR�WKH�FKDOOHQJH�

,Q�WKLV�ERRN��ZH�SUHVHQW�WZR�ZD\V�WR�KHOS�QDYLJDWH�V\VWHPV�FKDQJH��7KH�ILUVW�DUH
IRXU� UHFRJQL]HG�SKDVHV�RI� V\VWHPV�FKDQJH�� LQWURGXFHG� LQ� WKLV� FKDSWHU��7KHUH�DUH
PDQ\�WRROV�RQH�FRXOG�XVH�GXULQJ�WKHVH�IRXU�SKDVHV�RI�FKDQJH��D�IHZ�ZH�LQWURGXFH
EHORZ� DQG� EXLOG� XSRQ� LQ� WKH� DQQH[� RI� WRROV�� 7KH� VHFRQG� LQYROYHV� D� VHW� RI� HLJKW
JXLGLQJ�SULQFLSOHV�RI�SUDFWLFH� WKDW�ZH�� WKH� DXWKRUV��EHOLHYH� DUH� LPSRUWDQW�ZLWKLQ
WKH�SKDVHV� RI� V\VWHPV� FKDQJH� �VHH�3DUW� ���� ,W� LV� E\� VHHLQJ� WKH�SKDVHV� RI� FKDQJH�
DGRSWLQJ�WKH�SULQFLSOHV�RI�SUDFWLFH��DQG�RSHQLQJ�RXU�PLQGV�WR�QHZ�ZD\V�RI�EHLQJ
DQG�ZRUNLQJ�LQ�V\VWHPV�WKDW�ZLOO�JHW�XV�RQ�WKH�SDWK�WR�ORQJ�WHUP�FKDQJH�

7KH� )RXU� 3KDVHV� RI� 6\VWHPV� &KDQJH� LV� D� IUDPHZRUN� DGDSWHG� E\� 'DYLG� 6WURK
������� IURP� WKH� µFUHDWLYH� WHQVLRQ¶�PRGHO� �)ULW]�� ������6HQJH�� �������:KLOH�RWKHU
IUDPHZRUNV� H[LVW� �H�J��� WKH� 3URVFL� $'.$5� 0RGHO�� 3URVFL�� ������ 7KHRU\� 8�
6FKDUPHU�� ������� ZH� ILQG� WKH� IRXU� SKDVHV� DSSURDFK� FOHDU� DQG� XVHIXO� IRU� WKH



SXUSRVH� RI� WKLV� ERRN�� 7KHVH� SKDVHV� VHUYH� DV� D� FRPSDVV� WR� RULHQW� DQG� JXLGH� WKH
SURFHVV�RI�V\VWHPV�FKDQJH��,Q�DQ\�FRQWH[W��WKHVH�SKDVHV�PD\�EH�LWHUDWLYH��ZLWK�DQ
LQLWLDWLYH� PRYLQJ� F\FOLFDOO\� WKURXJK� WKH� SKDVHV�� RU� GLSSLQJ� LQWR� RQH� DQG� WKHQ
MXPSLQJ�IRUZDUG�

)RU� FKDQJH� WR� KDSSHQ�� HVSHFLDOO\� GHHS� ORQJ�WHUP� V\VWHPLF� FKDQJH�� SHRSOH� DQG
RUJDQL]DWLRQV�QHHG�WR�EH�LQWHUHVWHG�LQ�FUHDWLQJ�FKDQJH��7KH\�QHHG�WR�EH�DZDUH�WKDW
VRPHWKLQJ� LVQ¶W� ZRUNLQJ� DQG� WKDW� VRPHWKLQJ� GLIIHUHQW� QHHGV� WR� EH� GRQH��:K\
DUHQ¶W�ZH�VROYLQJ�WKH�SUREOHP�ZH¶YH�EHHQ�ZRUNLQJ� IRU�VR�PDQ\�\HDUV� WR�VROYH"
:K\� DUHQ¶W� RXU� LQWHUYHQWLRQV� ZRUNLQJ� WKH� ZD\� ZH� H[SHFW"� :K\� GRHV� WKLV
SUREOHP� NHHS� FRPLQJ� EDFN"� 7KHVH� PLJKW� EH� WKH� W\SHV� RI� TXHVWLRQV� SHRSOH� DUH
DVNLQJ��$ZDUHQHVV� WKDW� FKDQJH� LV� QHHGHG�� GHVLUH� IURP�DFWRUV� WR� ILQDOO\� VROYH� WKH
SUREOHP�DW�KDQG��DQG�D�UHDGLQHVV�WR�GHYRWH�WLPH�DQG�UHVRXUFHV�WR�WKH�SURFHVV�DUH
FULWLFDO�

3KDVH� �� LV� HVVHQWLDO� LQ� OD\LQJ�GRZQ� WKH� IRXQGDWLRQ� IRU� FKDQJH� WKURXJK� OLVWHQLQJ�
EXLOGLQJ� WUXVW�� D� FROODERUDWLYH� PLQGVHW�� DQG� D� VKDUHG�PLVVLRQ� IRU� KRZ� WR� PRYH
IRUZDUG�� WRJHWKHU�� 7KLV� SURFHVV� FDQ� EH� D� GHHSO\� SHUVRQDO� RQH�� DQG� EXLOGLQJ� D
FRDOLWLRQ�RI�VWDNHKROGHUV�ZLOOLQJ�DQG�DEOH�WR�GULYH�FKDQJH�²�ZKLOH�DOVR�EHLQJ�RSHQ
WR�WKH�SRVVLELOLW\�RI�SHUVRQDO�WUDQVIRUPDWLRQ�DQG�FKDQJH�²�LV�HVVHQWLDO��3DJH�HW�DO��
�������'XULQJ�WKLV�SKDVH��LW�LV�FULWLFDO�WR�FXOWLYDWH�DQ�RSHQ��ZHOFRPLQJ�VSDFH�ZKHUH
GLIIHUHQW�RSLQLRQV�DQG�SHUVSHFWLYHV�DUH�DFNQRZOHGJHG�DQG�HQFRXUDJHG�� ,W� LV�DOVR
LPSRUWDQW�IRU�WKRVH�LQYROYHG�WR�DFFHSW�WKDW�PRYLQJ�WKURXJK�WKLV�SURFHVV�ZLOO�QRW
EH�HDV\��/D\LQJ�RXW�WKH�SKDVHV�RI�FKDQJH��DQG�EXLOGLQJ�FRPPLWPHQW�IRU�ZKHQ�WKH
SURFHVV�EHFRPHV�FRQIXVLQJ�DQG�XQFHUWDLQ��ZLOO�HQVXUH�WKDW�FKDQJH�FDQ�KDSSHQ�

7KURXJK�EXLOGLQJ�WKH�IRXQGDWLRQ�IRU�FKDQJH��LW�PD\�EHFRPH�FOHDU�WKDW�HYHU\�DFWRU
KDV� D� VOLJKWO\� GLIIHUHQW� SHUFHSWLRQ� RI� WKH� FXUUHQW� V\VWHP� ²� HYHQ� LI� WKH\� DUH
JHQHUDOO\�XVLQJ� WKH�VDPH� WHUPV�DQG� ODQJXDJH��$�VXUH�VLJQ�RI�SHRSOH�QRW� VKDULQJ
WKH� VDPH� XQGHUVWDQGLQJ� RI� WKH� G\QDPLFV� EHKLQG� D� SUREOHP�� LV� EHLQJ� FRQYLQFHG
WKDW�WKH\�KDYH�WKH�VROXWLRQ�²�ZKLOH�RWKHUV�DUH�HTXDOO\�FRQYLQFHG�RI�WKHLU�VROXWLRQ�



7KH�SULPDU\�IRFXV�RI�WKLV�SKDVH�LV�WR�GHYHORS�DV�FRPSOHWH�D�SLFWXUH�DV�SRVVLEOH�RI
WKH� SUREOHP� EHLQJ� WDFNOHG�� %XLOGLQJ� VXSSRUW� IRU� WKLV� SKDVH� FDQ� EH� FKDOOHQJLQJ�
ZLWK�SHRSOH�VRPHWLPHV�IHHOLQJ�WLUHG�RI�SODQQLQJ�DQG�DQDO\VLV��7KHUH�FDQ�DOVR�EH�D
VWURQJ� WHPSWDWLRQ� WR� FXUWDLO� WKLV� LQLWLDO� H[SORUDWRU\� SKDVH� LQ� RUGHU� WR� MXPS� WR
FRQYHUVDWLRQV�DERXW�WKH�IXWXUH�V\VWHP��RU�DERXW�KRZ�FKDQJH�PD\�RFFXU��+RZHYHU�
D� VXSHUILFLDO� XQGHUVWDQGLQJ� LV� XQOLNHO\� WR� \LHOG� QHZ� LQVLJKWV� DERXW� WKH
IXQGDPHQWDO�G\QDPLFV�GULYLQJ�WKH�HPHUJHQW�SURSHUWLHV�RI�D�V\VWHP��1RW�KDYLQJ�D
VKDUHG�XQGHUVWDQGLQJ�RI�WKH�XQGHUO\LQJ�G\QDPLFV�RI�WKH�SUREOHP�LV�RQH�UHDVRQ�LW¶V
VWLOO�D�SUREOHP�

(YHU\RQH� FDUULHV� LQWHUQDO� DVVXPSWLRQV� DQG� EHOLHIV� DERXW� WKH� ZRUOG� DQG� KRZ� LW
ZRUNV�²� VKDSHG�E\� RXU� NQRZOHGJH� DQG� H[SHULHQFHV�� 7KH� WHQGHQF\� LV� WR� DVVXPH
WKDW�RWKHUV�WKLQN�WKH�VDPH�ZD\��,Q�RUGHU�WR�GHYHORS�D�VKDUHG�XQGHUVWDQGLQJ��LW�LV
LPSRUWDQW� WR�H[WHUQDOL]H�RXU�PHQWDO�PRGHOV�DQG�PDNH�RXU�DVVXPSWLRQV�H[SOLFLW�
0DNLQJ� RXU� DVVXPSWLRQV� H[SOLFLW� FDQ� PHDQ� H[SRVLQJ� EHOLHIV� DQG� DVVXPSWLRQV
DERXW� FDXVH� DQG� HIIHFW� WKDW� PD\� EH� LQYDOLG�� RU� UHYHDOLQJ� KLGGHQ� ELDVHV�� 7KLV
SURFHVV� RI� GHYHORSLQJ� D� FRPPRQ� ODQJXDJH� DQG� VKDUHG� XQGHUVWDQGLQJ� RI� WKH
V\VWHP�DOVR�DFWV�DV�D�FUXFLDO�WLPH�IRU�WKH�FRDOLWLRQ�RI�VWDNHKROGHUV�WR�DGGUHVV�DQG
ZRUN�WKURXJK�XQVSRNHQ�KLHUDUFKLHV�DQG�SRZHU�G\QDPLFV��HVSHFLDOO\�DV�WKH\�UHODWH
WR�NQRZOHGJH��L�H���ZKRVH�NQRZOHGJH�FRXQWV�RU�µFRXQWV�PRUH¶��0RVHU��������

%HLQJ�DEOH�WR�HYDOXDWH�WKH�ORJLFDO�LPSOLFDWLRQV�RI�D�SURSRVHG�FKDQJH�RIWHQ�UHTXLUHV
XV�WR�FUHDWH�D�YLVXDO�PRGHO�RI�WKH�V\VWHP�ZH�DUH�ZRUNLQJ�ZLWKLQ��ZKHWKHU�ZLWK�SHQ
DQG� SDSHU� RU�ZLWK� D� FRPSXWHU�� 7RROV� FDQ� KHOS� XV� GR� WKLV�� 7RROV� VXFK� DV� VSDWLDO
PDSV��VRFLDO�QHWZRUN�JUDSKV��FDXVDO�ORRS�GLDJUDPV��VWRFN�DQG�IORZ�GLDJUDPV��VHH
7RROV� $QQH[� IRU� PRUH� GHWDLOV�� FDQ� KHOS� XV� XQGHUVWDQG� WKH� UHODWLRQVKLSV� DQG
IHHGEDFNV�ZLWKLQ�D�V\VWHP��DQG�LGHQWLI\�EDUULHUV�RU�RSSRUWXQLWLHV�IRU�DFWLRQ��.LP�
������

2QFH�\RX�DUH�FRPPLWWHG�WR�FKDQJH�DQG�KDYH�D�VROLG�V\VWHPV�EDVHG�SLFWXUH�RI�WKH
SUREOHP� \RX� DUH� WDFNOLQJ�� LW¶V� WLPH� WR� HQYLVLRQ� D� IXWXUH� RU� JRDO�� :LWK� GLYHUVH
VWDNHKROGHUV�� LW¶V� LPSRUWDQW� WKDW� HIIRUWV� FDQ� EH� DOLJQHG� WRZDUG� D� VKDUHG� JRDO�²
HYHQ�WKRXJK�HDFK�DFWRU�PD\�EH�ZRUNLQJ�GLIIHUHQWO\�



6RPHWLPHV�ZH�FDQ�LQWXLW�WKURXJK�H[SHULHQFH�RI� OHDUQLQJ�IURP�PDQ\�IDLOXUHV��EXW
LQ� D� FRPSOH[� V\VWHP�� WKRVH� OHVVRQV� DUH� RIWHQ� URRWHG� LQ� WKH� SDVW� VWUXFWXUH� RI� D
V\VWHP�WKDW�KDV�DOUHDG\�HYROYHG��'ULPLH�HW�DO����������)RU�H[DPSOH��ZH�PD\�ZDQW
WR�UHVWRUH�D�V\VWHP�WR�D�SUHYLRXV�VWDWH��EXW�SDWK�GHSHQGHQFH�LQ�D�FRPSOH[�V\VWHP
RIWHQ�PHDQV� WKDW�ZH� FDQQRW� JHW� EDFN� WR� WKH� VDPH�SODFH� E\� JRLQJ� EDFNZDUGV� �DW
OHDVW�� QRW� GLUHFWO\��� 7RROV� WKDW� SURYLGH� LQVLJKWV� IURP� DQDO\VLV� KHOS� XV� RYHUFRPH
PDQ\� RI� RXU� SHUVRQDO� ELDVHV� DQG� IDOODFLHV�� DQG� XQFRYHU� WKH� UDQJH� RI� OHYHUDJH
SRLQWV�WKDW�DUH�DFWXDOO\�DFFHVVLEOH�WR�XV�

7KHUH� DUH� D� YDULHW\� RI� IXWXUHV� WRROV�� VXFK� DV� VFHQDULRV� �.DKDQH�� ������� WR� KHOS
WKLQN� DERXW� D� PRUH� GHVLUDEOH� IXWXUH� IURP� D� V\VWHPV� SHUVSHFWLYH�� 7KH� 7KUHH
+RUL]RQV�)UDPHZRUN� LV� D� XVHIXO� KHXULVWLF� GHYLFH� WR� HQDEOH� SDUWLFLSDQWV� WR�PRYH
IURP�WKH�SUHVHQW�WRZDUGV�D�UDGLFDOO\�GLIIHUHQW�IXWXUH��VHH�$QQH[����DQG�6KDUSH�HW
DO����������2WKHU�H[SHULHQWLDO�IXWXUHV�WHFKQLTXHV�LQFOXGH�FRQYHQLQJ�SRVLWLYH�µVHHGV¶
RI�FKDQJH�WKDW�H[LVW�DW�WKH�PDUJLQV�RI�VRFLHW\�WRGD\��EXW�ZKLFK�RIIHU�VRPH�JOLPSVHV
RI� D� PRUH� SRVLWLYH� IXWXUH�� RU� HQYLVLRQLQJ� ZKDW� GLVWDQW� IXWXUHV� FRXOG� ORRN� OLNH
�NQRZQ�DV�WKH�0DQRD�0DVK�XS�0HWKRG��3HUHLUD�HW�DO���������

)LQDOO\��ZLWK�WKH�SUREOHPV�ZH�DUH�WU\LQJ�WR�VROYH�DQG�KRZ�FRPSOH[�WKH�ZRUOG�LV��LW
LV�LPSRVVLEOH�WR�IXOO\�SUHGLFW�WKH�IXWXUH��1RU�ZRXOG�ZH�ZDQW�WR��:KDW�LI�RXU�DFWLRQV
FUHDWH� DQ� HYHQ� EHWWHU� IXWXUH� WKDQ� ZH� FRXOG� DQWLFLSDWH"�:H� ZDQW� WR� EH� RSHQ� WR
HPHUJLQJ�IXWXUHV�ZH�FRXOGQ¶W�SUHGLFW��$GGLWLRQDOO\�� LW¶V�SRVVLEOH��DQG�HYHQ�OLNHO\�
WKDW� ZH� GLGQ¶W� IXOO\� XQGHUVWDQG� RXU� V\VWHP�� DQG� ZH� ZDQW� WR� PDNH� VXUH� ZH� DUH
DGDSWLQJ�WR�RXU�HYROYLQJ�XQGHUVWDQGLQJ�

&ORVLQJ�WKH�JDS�EHWZHHQ�ZKHUH�\RX�DUH�DQG�ZKHUH�\RX�ZDQW�WR�EH�UHTXLUHV�DFWRUV
LQ� WKH� FKDQJH� SURFHVV� WR� KDYH� WKH� GHVLUH�� FRPPLWPHQW�� DELOLW\�� DQG� FDSDFLW\� WR
PDNH� WKH� FKDQJHV� QHHGHG�� ,W� LV� DOVR� LPSRUWDQW� WR� FKRRVH� LQWHUYHQWLRQ� SRLQWV
FDUHIXOO\� WR� UHDFK� ORQJ�WHUP� V\VWHPV� FKDQJH�� /HYHUDJH� SRLQWV� DUH� SODFHV� LQ� D
V\VWHP�WR�LQWHUYHQH�ZKHUH�VPDOO�FKDQJHV�FDQ�KDYH�ELJ�HIIHFWV��/HYHUDJH�SRLQWV��E\
WKHLU�QDWXUH��DUH�QRW�LQWXLWLYH��0HDGRZV���������:H�FDQ�EHJLQ�WR�XQFRYHU�OHYHUDJH
SRLQWV� DV� ZH� VKLIW� RXU� XQGHUVWDQGLQJ� IURP� VXSHUILFLDO� HYHQWV� DQG� SDWWHUQV�� WR
XQGHUVWDQGLQJ�WKH�VWUXFWXUHV��UHODWLRQVKLSV�DQG�QRUPV�WKDW�JHQHUDWH�WKRVH�HYHQWV



DQG�SDWWHUQV��7KHUH�DUH�PDQ\�W\SHV�RI�OHYHUDJH�SRLQWV�ZKLFK�YDU\�LQ�WKHLU�RYHUDOO
SRWHQWLDO�IRU�LPSDFW��6KDOORZ�OHYHUDJH�SRLQWV�DUH�RIWHQ�PRUH�REYLRXV�DQG�LQYROYH
VLPSO\�FKDQJLQJ�WKH�SDUDPHWHUV�RI�D�V\VWHP�²�VXFK�DV�WKURXJK�WD[HV��VXEVLGLHV��RU
VWDQGDUGV��,W� LV� W\SLFDOO\�HDVLHU�WR�DGGUHVV�VKDOORZ�OHYHUDJH�SRLQWV��EXW� LQ�UHDOLW\�
RYHU�WKH�ORQJ�WHUP��WKHVH�VKDOORZ�SRLQWV�GR�QRW�GUDPDWLFDOO\�FKDQJH�WKH�VWUXFWXUHV
WKDW�DUH�GULYLQJ�D�V\VWHP�JHQHUDWLQJ�XQZDQWHG�EHKDYLRU��$EVRQ�HW�DO����������7R
DFKLHYH� HQGXULQJ� FKDQJH�� ZH� QHHG� WR� WDNH� WKH� WLPH� WR� XQFRYHU� GHHSHU� OHYHUDJH
SRLQWV�²�SRLQWV�WKDW�EHJLQ�WR�DGGUHVV�WKH�XQGHUO\LQJ�UXOHV�RU�JRDOV�RI�WKH�V\VWHP�
RU� WKH� PLQGVHWV�SDUDGLJPV� WKDW� PDGH� WKH� V\VWHP� DULVH� LQ� WKH� ILUVW� SODFH
�0HDGRZV��������

1RW�HYHU\�SHUVRQ�RU�RUJDQL]DWLRQ�QHHGV�WR��RU�VKRXOG��WDNH�WKH�VDPH�UROH�RU�VDPH
DFWLRQ�� (DFK� DFWRU� KDV� D� QLFKH�� DQG� WKDW� LV� LPSRUWDQW� WR� LGHQWLI\� DQG� VXSSRUW�
%ULGJLQJ�WKH�JDS�WDNHV�FRPPLWPHQW�WR�WKH�SURFHVV��XQGHUVWDQGLQJ�RI�WKH�SUREOHP�
DQG� UHJXODU� VSDFH� DQG� WLPH� IRU� UHIOHFWLRQ� DQG� VWURQJ� FRPPXQLFDWLRQ� EHWZHHQ
DFWRUV��3HUHLUD�HW�DO����������7R�DFKLHYH�ORQJ�WHUP�FKDQJH�LQ�V\VWHPV�RIWHQ�WDNHV�D
UHSHDWHG� HQJDJHPHQW� RYHU� WLPH�� HVSHFLDOO\� IRU� WKH� PRUH� FRPSOH[� SUREOHPV� ZH
DGGUHVV�

:KHQ� ZH� WDON� DERXW� µWRROV¶� IRU� V\VWHPV� SUDFWLFH�� ZH� DUH� W\SLFDOO\� UHIHUULQJ� WR
VSHFLILF� PHWKRGV� DQG� DSSURDFKHV� WKDW� FDQ� VXSSRUW� FRDOLWLRQV� GXULQJ� WKH� IRXU
SKDVHV�RI�V\VWHPV�FKDQJH��0DQ\�WRROV�H[LVW�DQG�WRRONLWV�KDYH�EHJXQ�WR�HPHUJH�WKDW
FRQWDLQ�FROOHFWLRQV�RI�PHWKRGV� WKDW�FDQ�KHOS�JXLGH�V\VWHPV�WUDQVIRUPDWLRQ��H�J��
(QIRUV�.DXWVN\�HW�DO���������

7RROV� FDQ� KHOS� LQ� PDQ\� ZD\V� WKURXJKRXW� WKH� SKDVHV� RI� V\VWHPV� FKDQJH�� )RU
H[DPSOH��WKH\�FDQ�KHOS�XV�WHVW�RXU�RZQ�LQGLYLGXDO�DVVXPSWLRQV�DERXW�V\VWHPV�RU
EROVWHU�RXU�XQGHUVWDQGLQJ�DERXW� UHODWLRQVKLSV� LQ�D�V\VWHP��7KH\�FDQ�KHOS�FUHDWH
WUDQVIRUPDWLYH�VSDFHV�DQG�D�SODFH�IRU�GLDORJXH�DERXW�V\VWHPV��PRGHO�KRZ�FKDQJH
PLJKW�SOD\�RXW�LQ�WKH�IXWXUH��DQG�KHOS�XV�WKLQN�UDGLFDOO\�GLIIHUHQWO\�DERXW�IXWXUHV�
2QH� WKLQJ�PDQ\� WRROV�KDYH� LQ� FRPPRQ� LV� WKH� FDSDFLW\� WR� WHOO� VWRULHV��1R�PDWWHU
ZKLFK�SKDVH�\RX�DUH� LQ�� WKH� LQVLJKWV� IURP�DQ\�HIIRUW� WR�XQGHUVWDQG�D� V\VWHP��RU



FKDQJH� LW�� PXVW� EH� VKDUHG�� 6WRULHV� SURYLGH� D� XQLYHUVDO� DQG� FRPSHOOLQJ� ZD\� WR
XQGHUVWDQG� D� V\VWHP�� DQG� OHDUQLQJ� KRZ� WR� ³WHOO� WKH� VWRU\´� RI� D� V\VWHP� DQG
FRPPXQLFDWH� WR� RWKHU� DFWRUV� RU� VWDNHKROGHUV� LV� IXQGDPHQWDO� WR� GULYLQJ� FKDQJH
�*DODIDVVL�HW�DO���������

:KLOH�WRROV�FDQ�VXSSRUW�XV�WKURXJKRXW�DOO�WKH�SKDVHV�RI�V\VWHPV�FKDQJH��LW¶V�DOVR
LPSRUWDQW�WR�UHPHPEHU�WKDW�QR�VLQJOH�WRRO�ZLOO�SURYLGH�XV�ZLWK�D�FRPSOHWH�SLFWXUH
RI�D�V\VWHP��$QG�HYHQ�PRUH�LPSRUWDQW��GLIIHUHQW�WRROV�ZLOO�EH�VXLWDEOH�IRU�GLIIHUHQW
W\SHV�RI�SHRSOH��6\VWHPV�WRROV�YDU\� LQ�KRZ�PXFK�RQH�KDV�WR�NQRZ��)RU�H[DPSOH�
EXLOGLQJ� D� FDXVDO� ORRS� GLDJUDP� UHTXLUHV� VSHFLILF� VNLOOV�� ZKLOH� VNHWFKLQJ� PHQWDO
PRGHOV�RI�V\VWHPV�LV�D�IDLUO\�VLPSOH�WDVN�WR�PDVWHU��(DFK�WRRO�KHOSV�XV�VHH�FRPSOH[
V\VWHPV�LQ�D�SDUWLFXODU�ZD\�E\�FDOOLQJ�DWWHQWLRQ�WR�D�VSHFLILF� IHDWXUH�RI�D�V\VWHP�
%XW��LQ�GRLQJ�VR��HDFK�WRRO�DOVR�LQWURGXFHV�D�ELDV�LQ�LQWHUSUHWDWLRQ�RU�H[SODQDWLRQ
RI�D� FRPSOH[� V\VWHP��%ULQJLQJ� V\VWHPV� WRROV� LQWR�D� VHWWLQJ�FDUHOHVVO\� FDQ� MXVW�DV
HDVLO\�UHLQIRUFH�VWDWXV�TXR�DSSURDFKHV� LI� WKH\�DUH�QRW� IDFLOLWDWHG�RU� LPSOHPHQWHG
ZLWK�FDUH�DQG�DWWHQWLRQ�WR�SRZHU��LQFHQWLYHV��XQGHUO\LQJ�ZRUOG�YLHZV��DQG�KLGGHQ
DJHQGDV��0DUVKDOO�HW�DO���������0RRUH��HW�DO����������$OZD\V�SXW�WKH�SUREOHP�DQG
WKH�FRQWH[W�ILUVW��DQG�WKHQ�DVVHVV�ZKDW�WRRO�PLJKW�EH�D�JRRG�ILW�

,Q�WKLV�ERRN�ZH�GR�QRW�SURYLGH�D�FRPSUHKHQVLYH�RYHUYLHZ�RQ�KRZ�WR�DSSO\�WRROV�WR
V\VWHP�FKDQJH�SURFHVVHV��%XW� WR�KHOS� \RX� VWDUW� WKLQNLQJ�DERXW� WRROV� IRU� V\VWHPV
SUDFWLFH�� ZH� KDYH� SURYLGHG� D� VKRUW� VHULHV� RI� SUDFWLFDO� KRZ�WR� JXLGHV� IRU� VHOHFW
V\VWHPV�WRROV�LQ�$QQH[���





:RUNLQJ� ZLWKLQ� FRPSOH[� V\VWHPV� WR� FUHDWH� FKDQJH� LQYROYHV� ILUVW� GHYHORSLQJ
OLWHUDF\�RQ�WKH�EDVLFV�RI�V\VWHPV�WKLQNLQJ��LQWURGXFHG�LQ�3DUW����DQG�EXLOGLQJ�WKH
FDSDFLWLHV� UHTXLUHG� WR� HQDFW� ODVWLQJ� FKDQJH� LQ� V\VWHPV�� *LYHQ� WKH� FRPSOH[LW\� RI
V\VWHPV�� WKH� VSHFLILF� RSHUDWLRQDO� WRROV� UHOHYDQW� IRU� GHVLJQLQJ� DQG� LPSOHPHQWLQJ
µV\VWHPV�DZDUH¶� LQWHUYHQWLRQV�ZLOO�YDU\�PDUNHGO\�ZLWK�FRQWH[W��7KXV�� IROORZLQJ�D
SUHVFULEHG�VHTXHQFH�RI�VWHSV��IDFLOLWDWHG�E\�ULJLG�WRRONLWV��FDQ�DFWLYHO\�XQGHUPLQH
RXU�DWWHPSWV�WR�LQFRUSRUDWH�V\VWHPV�WKLQNLQJ�LQWR�RXU�ZRUN��,QVWHDG��HDFK�RI�WKH
SULQFLSOHV� RXWOLQHG� EHORZ� UHSUHVHQWV� DQ� HVVHQWLDO� LGHD� IRU� KRZ� WR� LQFRUSRUDWH
V\VWHPV�FRQFHSWV�LQWR�SUDFWLFH�

7KH� SULQFLSOHV� DUH� DUUDQJHG� EURDGO\� VHTXHQWLDOO\�� PLUURULQJ� WKH� GHVLJQ�
LPSOHPHQWDWLRQ��DQG�PRQLWRULQJ�RI�DQ�LQWHUYHQWLRQ��7R�FUHDWH�FKDQJH�LQ�V\VWHPV�
ZH� PXVW� EOHQG� WKH� EHKDYLRUV� GHVFULEHG� LQ� WKHVH� SULQFLSOHV� VR� WKDW� WKH\� DUH
PXWXDOO\�UHLQIRUFLQJ��QR�PDWWHU�ZKHUH�ZH�PD\�EH�RQ�WKH�V\VWHPV�MRXUQH\�



3ULQFLSOH����6HH�RXUVHOYHV�LQ�WKH�V\VWHP

:H� DUH� DOO� SDUW� RI� WKH� V\VWHPV� ZH� VWULYH� WR� FKDQJH�� %\
VHHLQJ� WKLV�� ZH� FDQ� VKDUSHQ� RXU� DZDUHQHVV� DQG� DWWXQH
RXUVHOYHV� WR� WKH� IHHGEDFNV� DQG� UHODWLRQVKLSV� WKDW� RFFXU
EHWZHHQ� RXU� LQGLYLGXDO� DQG� FROOHFWLYH� DFWLRQV� DQG� WKH
EURDGHU�V\VWHPV�ZH�H[LVW�ZLWKLQ��&XOWLYDWLQJ�PLQGIXOQHVV�
KXPLOLW\�� DQG� DFFHSWDQFH� RI� WKH� FRPSOH[LW\� ZH� H[LVW
ZLWKLQ� SURYLGHV� VSDFH� IRU� UHIOHFWLRQ�� ZKLFK� FDQ� LQ� WXUQ
PDNH�XV�VWURQJ�DQG�UHVLOLHQW�DJHQWV�RI�FKDQJH�

3ULQFLSOH����,GHQWLI\�RXU�IUDPHV

+RZ�ZH� GHILQH� SUREOHPV� VKDSHV� KRZ�ZH� ILQG� VROXWLRQV�
2XU� SHUFHSWLRQV� RI� SUREOHPV� DUH� RIWHQ� OLPLWHG� E\� RXU
H[SHULHQFH�� YDOXHV�� DQG� EHOLHIV�� )DLOLQJ� WR� UHFRJQL]H� WKLV
FDQ�LQFUHDVH�WKH�ULVN�RI�PLVGLDJQRVLQJ�SUREOHPV�EDVHG�RQ
LQFRPSOHWH�XQGHUVWDQGLQJV�RI�V\VWHPV��%\�GHYHORSLQJ�WKH
DELOLW\� WR� LGHQWLI\�� VWUHWFK�� DQG� UHGXFH� RXU� IUDPHV� ZKHQ
QHHGHG��ZH� LQFUHDVH�RXU�FDSDFLW\� WR� VHH�SUREOHPV� LQ� WKH
FRQWH[W�RI�WKH�V\VWHPV�WKDW�JHQHUDWH�WKHP��LQFUHDVLQJ�WKH
VHW�RI�VROXWLRQV�ZH�FDQ�SHUFHLYH�

3ULQFLSOH����&R�FUHDWH�ZLWK�LQWHQWLRQ

&UHDWLQJ�VRFLDO�DQG�HQYLURQPHQWDO�FKDQJH�WKDW�ODVWV�UHOLHV
RQ�WKH�EHKDYLRUV�RI�DOO�DFWRUV�LQ�D�V\VWHP��,QWHQWLRQDO�FR�
FUHDWLRQ� LQYROYHV� GHILQLQJ� SUREOHPV� DQG� VROXWLRQV
WRJHWKHU�ZLWK�DFWRUV�LQ�D�V\VWHP��DQG�LQFOXGHV�FUHDWLQJ�D
VDIH�VSDFH�ZKHUH�WKH�GLYHUVLW\�RI�YLHZV�DQG�YLVLRQV�IRU�WKH
IXWXUH�FDQ�FR�H[LVW��1RW�RQO\�LV�FR�FUHDWLRQ�DQ�HWKLFDO�ZD\
WR�GULYH�FKDQJH�� LW� LV�HVVHQWLDO� IRU�EXLOGLQJ�D�FRDOLWLRQ�RI
DFWRUV�ZLWK�WKH�FDSDFLW\�IRU�HQDFWLQJ�FKDQJH�



3ULQFLSOH����([SORUH�WLPH�DQG�VFDOH

:H�DUH�RIWHQ� WDFNOLQJ�SUREOHPV�ZLWK� OLPLWHG� WLPH�DW� WRR
VPDOO� D� VFDOH�� 'HYHORSLQJ� D� VHQVLWLYLW\� WR� ERWK� WLPH� DQG
VFDOH� FDQ� KHOS� XV� EHFRPH� DWWXQHG� WR� WKH� XQGHUO\LQJ
SDWWHUQV� DQG� WUDMHFWRU\� RI� V\VWHPV� FKDQJH�� :LWK� WKLV
DWWHQWLRQ��ZH�FDQ�GHVLJQ�DFWLRQV� LQ�ZD\V�WKDW�KDUPRQL]H
WLPH�DQG�VFDOH��DQG�EXLOG�VROXWLRQV�WKDW�ZRUN�ZLWK���DQG
QRW�DJDLQVW���V\VWHPV�

3ULQFLSOH����)LQG�VLPSOLFLW\�LQ�FRPSOH[LW\

7KH�EHOLHI�WKDW�WKHUH�H[LVWV�D�VLPSOH�VROXWLRQ�DPLGVW�JUHDW
FRPSOH[LW\� LV� LPSRUWDQW� IRU� WKRVH� ZUHVWOLQJ� ZLWK
LQWUDFWDEOH�SUREOHPV��%\�ZRUNLQJ�WR�WUXO\�XQGHUVWDQG�DQG
QDYLJDWH�FRPSOH[LW\��ZH�WUDLQ�RXUVHOYHV�WR�GLVFHUQ�SRLQWV
RI� OHYHUDJH� WKDW� RIIHU� RSSRUWXQLWLHV� WR� WUDQVIRUP� V\VWHP
VWUXFWXUHV��SDWWHUQV��DQG�EHKDYLRUV��%\�LGHQWLI\LQJ�VLPSOH
VROXWLRQV��ZH¶UH�HTXLSSHG�WR�FRPPXQLFDWH�WKH�HOHJDQFH�RI
V\VWHPV� FKDQJH�� DQG� EXLOG� VWURQJHU� IRXQGDWLRQV� DQG
FRDOLWLRQV�IRU�FKDQJH�

3ULQFLSOH����([SHULPHQW�LWHUDWLYHO\

'HVFULEHG� PRVW� VLPSO\� DV� µOHDUQLQJ� E\� GRLQJ�¶
H[SHULPHQWLQJ�LWHUDWLYHO\�EXLOGV�RXU�FDSDFLW\�WR�WKLQN�DQG
DFW�ERWK�TXLFNO\�DQG�VORZO\��6\VWHPV�DUH�DOZD\V�FKDQJLQJ�
DQG�WR�HQVXUH�RXU�DFWLRQV�DUH� ILW� IRU�SXUSRVH� LQ�DQ�HYHU�
FKDQJLQJ� ZRUOG�� ZH� QHHG� WR� EXLOG� WKH� HWKRV� RI� OHDUQLQJ
DQG� H[SHULPHQWDWLRQ� LQWR� RXUVHOYHV�� RXU� RUJDQL]DWLRQV�
DQG� WKH� V\VWHPV� ZH� LQKDELW�� ([SHULPHQWLQJ� LWHUDWLYHO\
RIIHUV�XV�D�ZD\�WR�XVH�RXU�H[SHULHQFHV�DV�RSSRUWXQLWLHV�WR
OHDUQ��LQWHJUDWH��DQG�DGDSW�



3ULQFLSOH����$OLJQ�VWUXFWXUH�ZLWK�FKDQJH

7KH�FKDUDFWHULVWLFV�RI�WKH�IRUPDO�LQVWLWXWLRQV�WKDW�JRYHUQ
RXU� ZRUN� WR� FKDQJH� V\VWHPV� KDYH� WKH� SRZHU� WR� HLWKHU
LQKLELW� RU� DGYDQFH� RXU� FDSDFLW\� WR� GULYH� FKDQJH�� 7KH
HQYLURQPHQWDO� DQG� VRFLDO� V\VWHPV�ZH� VWULYH� WR� LQIOXHQFH
DUH�FRPSOH[�DQG�DGDSWLYH�� WKHUHIRUH� WKH� LQVWLWXWLRQV�DQG
SURJUDPV�WKDW�DGGUHVV�WKHVH�SUREOHPV�PXVW�DOVR�KDYH�WKH
FDSDFLW\�WR�DGDSW�DQG�UHVSRQG�WR�FKDQJLQJ�FRQGLWLRQV�

3ULQFLSOH����$FW�EDVHG�RQ�HYLGHQFH

$FWLQJ� ZLWK� HYLGHQFH� HQFRXUDJHV� HYLGHQFH�EDVHG
UHIOHFWLRQ�� ZKLFK� DOLJQV� PRQLWRULQJ� ZLWK� WKH� NQRZOHGJH
QHHGV� DQG� DFWLRQV� RI� DOO� DFWRUV� LQ� D� V\VWHP��0RQLWRULQJ
FKDQJH� LQ� FRPSOH[� V\VWHPV� JRHV� EH\RQG�PHDVXULQJ� WKH
ILQLWH� LPSDFW� RI� RXU� DFWLRQV� DQG� LQFOXGHV� XQGHUVWDQGLQJ
WKH�G\QDPLFV�RXU�DFWLRQV�LQIOXHQFH��WKH�UHODWLRQVKLSV�WKDW
H[LVW��DQG�WKH�WUDMHFWRU\�RI�VWUXFWXUDO�FKDQJH�

3DUW���RI�WKLV�ERRN�LV�GHVLJQHG�WR�EH�D�SUDFWLFDO�JXLGH�WR�VXSSRUW�WKH�LQWHJUDWLRQ�RI
V\VWHPV� WKLQNLQJ� LQWR� SUDFWLFH�� :H� LQWURGXFH� HDFK� RI� WKH� HLJKW� SULQFLSOHV� IRU
FUHDWLQJ� V\VWHPV� FKDQJH� DQG� GHVFULEH� WKH� IXQGDPHQWDO� LQGLYLGXDO� DQG�RU
FROOHFWLYH�EHKDYLRU�WKH�SULQFLSOHV�HPSKDVL]H��:H�LQWURGXFH�ZK\�HDFK�SULQFLSOH�LV
LPSRUWDQW�IRU�ZRUNLQJ�LQ�V\VWHPV��DQG�RIIHU�µGDLO\�SUDFWLFHV¶�IRU�HDFK�

7KH�GDLO\�SUDFWLFHV�DUH�GHVLJQHG�WR�EH�VLPSOH�H[HUFLVHV�RU�WDVNV�WKDW�FDQ�KHOS�EXLOG
FRPSHWHQFH�DQG�FRPIRUW�LQ�WKH�DUW�RI�V\VWHPV�SUDFWLFH��SUHSDULQJ�IRU�D�GHHSHU�GLYH
LQWR� VRPH� RI� WKH�PRUH� FRPSOH[� WRROV� IRU� V\VWHPV� FKDQJH�� 7KH� SUDFWLFHV� FDQ� EH
ZRYHQ� LQWR� ZRUN�� RU� DPSOLILHG� WR� VHUYH� D� SURMHFW� WHDP� RU� RUJDQL]DWLRQ�� ,Q� WKH
DQQH[�RI�WKLV�ERRN��ZH�KDYH�LQWURGXFHG�VDPSOHV�RI�WKHVH�WRROV�WKDW�FDQ�WDNH�\RXU
LQGLYLGXDO�SUDFWLFH�WR�WKH�QH[W�OHYHO�



3ULQFLSOH����6HH

RXUVHOYHV�LQ�WKH

V\VWHP

:H�DUH�SDUW�RI�WKH�FRPSOH[�DGDSWLYH�V\VWHPV�ZH�WU\�WR�FKDQJH��7KHUH�DUH

IHHGEDFNV�DQG�IRUFHV�JHQHUDWHG�E\�RXU�DFWLRQV���DQG�WKRVH�RI�RWKHUV���DFWLQJ

RQ�XV�WKDW�ZH�DUH�QRW�QRUPDOO\�DZDUH�RI�

3ULQFLSOH���

,GHQWLI\�RXU

IUDPHV

6\VWHPV�FURVV�PXOWLSOH�VFDOHV��ZKLOH�RXU�LQGLYLGXDO�DQG�LQVWLWXWLRQDO�IUDPHV

DUH�RIWHQ�PRUH�OLPLWHG��KRZ�ZH�IUDPH�RXU�SUREOHPV�GHWHUPLQHV�WKH�VROXWLRQV

ZH�VHHN�

3ULQFLSOH����

&R�FUHDWH�ZLWK

LQWHQWLRQ

$Q\�RQH�SHUVRQ¶V�NQRZOHGJH�RI�D�V\VWHP�LV�LQFRPSOHWH��FR�FUHDWLRQ�KHOSV

FUHDWH�D�PRUH�FRPSOHWH�XQGHUVWDQGLQJ�RI�WKH�UHODWLRQVKLSV�DQG�VWUXFWXUH�RI�D

V\VWHP�WR�WDFNOH�V\VWHPLF�SUREOHPV�

3ULQFLSOH���

([SORUH�WLPH�DQG

VFDOH

7KHUH�DUH�LQWULQVLF�WLPH�GHOD\V�EHWZHHQ�DFWLRQ�DQG�UHVSRQVH��ZKLFK�LPSDFW

WKH�UHVXOWV�ZH�VHH�DQG�ZKHQ�ZH�VHH�WKHP��6\VWHPV�FURVV�PXOWLSOH�VFDOHV��DQG

FRPSOH[�V\VWHPV�DUH�QHVWHG�ZLWKLQ�HDFK�RWKHU�DW�GLIIHUHQW�VFDOHV�

3ULQFLSOH����)LQG

VLPSOLFLW\�LQ

FRPSOH[LW\

:KLOH�FRPSOH[��V\VWHPV�FDQ�EH�XQGHUVWRRG�E\�GLVWLOOLQJ�SDWWHUQV��WUHQGV��RU

SULQFLSOHV�WKDW�UHIOHFW�XQGHUO\LQJ�VWUXFWXUHV�DQG�EHKDYLRUV��DQG�OHYHUDJH

SRLQWV�FDQ�EH�IRFXVHG�RQ�WR�FUHDWH�ORQJHU�WHUP�FKDQJH�

3ULQFLSOH���

([SHULPHQW

LWHUDWLYHO\

:H�XVXDOO\�KDYH�WR�DFW�ZLWK�LQFRPSOHWH�XQGHUVWDQGLQJ�RI�FRPSOH[�V\VWHPV

DQG�WKHLU�G\QDPLFV��LWHUDWLYH�H[SHULPHQWDWLRQ�DOORZV�XV�WR�DGDSW�RXU

SURJUDPV�DV�ZH�DFW�DQG�OHDUQ�

3ULQFLSOH����$OLJQ

VWUXFWXUH�ZLWK

FKDQJH

7KH�VWUXFWXUHV�RI�IRUPDO�RUJDQL]DWLRQV�DQG�LQVWLWXWLRQV�FDQ�HLWKHU�IRVWHU�RU

LQKLELW�ZRUNLQJ�ZLWK�WKH�G\QDPLFV�DQG�WUDMHFWRULHV�RI�FRPSOH[�V\VWHPV�

3ULQFLSOH����$FW

EDVHG�RQ

HYLGHQFH

:RUNLQJ�ZLWK�FRPSOH[�V\VWHPV�UHTXLUHV�XV�WR�EH�PRUH�LQWHQWLRQDO�LQ�ZKDW

ZH¶UH�PHDVXULQJ�DQG�ZK\��DQG�KRZ�LQIRUPDWLRQ�LV�XVHG�E\�SHRSOH�DQG

RUJDQL]DWLRQV�DW�GLIIHUHQW�VFDOHV�

3ULQFLSOHV�DQG�UHODWHG�G\QDPLFV�RI�FRPSOH[�V\VWHPV��7KLV�WDEOH�SUHVHQWV�KRZ�HDFK
SULQFLSOH�IRU�FUHDWLQJ�V\VWHPV�FKDQJH��LQWURGXFHG�LQ�3DUW����HPERGLHV�WKH�HOHPHQWV�RI
FRPSOH[�DGDSWLYH�V\VWHPV�LQWURGXFHG�LQ�3DUW���



³<RX�DUH�QRW�VWXFN�LQ�WUDIILF��<RX�DUH�WUDIILF�´���7RP7RP

6LQFH�WKH� ODWH�����V��:HVWHUQ�VRFLHW\�KDV�HPEUDFHG�D�UHGXFWLRQLVW�ZD\�RI�VHHLQJ
WKH�ZRUOG�WKDW�EUHDNV�FRPSOH[�SUREOHPV�GRZQ�LQWR�VPDOOHU�SDUWV��7KLV�DSSURDFK
KDV�OHG�WR�JUHDW�HIILFLHQF\�DQG�D�UHYROXWLRQ�LQ�RXU�XQGHUVWDQGLQJ�RI�KRZ�RXU�ZRUOG
ZRUNV��%XW�LW�KDV�DOVR�LQDGYHUWHQWO\�FUHDWHG�VLORV�LQ�RXU�XQGHUVWDQGLQJ�DURXQG�WKH
SUREOHPV�ZH�VHHN�WR�VROYH��*DOODJKHU�	�$SSHQ]HOOHU���������:KLOH�ZH�KDYH�EHFRPH
YHU\�JRRG�DW�VSHFLILF�WKLQJV��ZH�KDYH�ORVW�RXU�DELOLW\�WR�VHH�V\VWHPV�²�ZH�FDQ�VHH
WKH�ZRRG�QRZ��EXW�QRW�WKH�WUHHV�IURP�ZKLFK�LW�FDPH�

7KLV�KDV�DOVR�DIIHFWHG�KRZ�KXPDQV�WKLQN�RI�WKHPVHOYHV�LQ�QDWXUH��7KH�VHSDUDWLRQ
RI� VRFLHW\� IURP�QDWXUH� �0XUGRFK�� ������*ROGPDQ�	� 6FKXUPDQQ�� ������ KDV� OHIW
KXPDQNLQG�ZLWK�DQ�LPSUHVVLRQ�WKDW�QDWXUH�LV�VRPHWKLQJ�WKDW�ZH�FDQ�FRQWURO�DQG
PDQDJH�� HVSHFLDOO\� DV� WHFKQRORJLFDO� LQQRYDWLRQ� KDV� SURJUHVVHG� �5RJHUV�� �����
=LPPHUPDQ�� ������� +RZHYHU�� ZLWK� WKH� PDJQLILFDWLRQ� RI� DQWKURSRJHQLF� FOLPDWH
FKDQJH��,3&&�������� WKHUH� LV�DQ� LQFUHDVLQJ�UHFRJQLWLRQ� WKDW� WKH�DVVXPSWLRQ� WKDW
KXPDQV�FDQ�FRQWURO�QDWXUH� LV� IODZHG�� ,W� LV� WKLV�DVVXPSWLRQ� WKDW�KDV�SHUSHWXDWHG
WKH�SHUFHLYHG�GLFKRWRP\�RI�µXV¶�YHUVXV�µWKH�V\VWHP�¶



0DQ\� FXOWXUHV� DURXQG� WKH� ZRUOG� GR� QRW� VHH� D� VHSDUDWLRQ� EHWZHHQ� QDWXUH� DQG
VRFLHW\�²� WKH\� VHH� WKH�ZRUOG� IURP�D� V\VWHPV�SHUVSHFWLYH�� ,Q� LQGLJHQRXV�$QGHDQ
FXOWXUHV��QRWLRQV� VXFK�DV� µ%XHQ�9LYLU�¶� µ6XPDN�.DZVD\�¶� RU� µ/LYLQJ�ZHOO¶� WDON�RI� D
V\VWHPV�DSSURDFK�RI�VHHLQJ�DOO�OLIH�DV�LQWHUFRQQHFWHG�DQG�LQWHUGHSHQGHQW��$FRVWD
	�0DUWLQH]���������7KHVH�GLYHUVH��PRUH�V\VWHPLF�DSSURDFKHV� WR�QDWXUH�DQG�KRZ
KXPDQV�UHODWH�WR�WKH�HQYLURQPHQW�KDYH�EHHQ�LQFRUSRUDWHG�LQWR�JOREDO�DVVHVVPHQW
SURFHVVHV��HPSKDVL]LQJ�WKH�QHHG�WR�UHFRJQL]H�GLYHUVH�SHUVSHFWLYHV�DV�D�ZD\�WR�KHOS
XV�WKLQN�PRUH�V\VWHPLFDOO\�DERXW�JOREDO�FKDOOHQJHV��'LD]�HW�DO���������

$�IXQGDPHQWDO� OHVVRQ�ZH�FDQ�WDNH�DZD\�IURP�DQFLHQW�VRFLHWLHV��DQG�WKH�SHULOV�RI
WRGD\�� LV� WKDW�ZH�²� LQFOXGLQJ� WKH� LQGLYLGXDOV�DQG�RUJDQL]DWLRQV� WU\LQJ� WR�FKDQJH
WKH� ZRUOG� IRU� JRRG� ²� DUH� SDUW� RI� WKH� OLQNHG� VRFLDO�� FXOWXUDO�� SROLWLFDO�� DQG
HQYLURQPHQWDO�V\VWHPV�ZH�VHHN�WR�FKDQJH��:H�EULQJ�ZLWK�XV�RXU�RZQ�ZRUOG�YLHZV
DQG� ZD\V� RI� VHHLQJ� DQG� LQWHUDFWLQJ� ZLWK� WKH� V\VWHP�� 2XU� SUHVHQFH� DQG� DFWLRQV
ZLWKLQ� V\VWHPV� FDQ� LQIOXHQFH� WKH� G\QDPLFV� RI� V\VWHPV�� WKURXJK� FUHDWLQJ
IHHGEDFNV�� VKLIWLQJ� V\VWHP� UHODWLRQVKLSV� RU� SRZHU� G\QDPLFV�� RU� SXVKLQJ� FHUWDLQ



VWRFNV� RYHU� D� WKUHVKROG�� DQG� FKDQJH� V\VWHP� EHKDYLRU� DOWRJHWKHU� ²� HYHQ� LI
LQQRFXRXV� RU� RQ� D� PLFUR�VFDOH�� ,Q� UHWXUQ�� ZH� DUH� OLNHZLVH� LQIOXHQFHG� E\� WKH
V\VWHPV�ZH�DUH�ZLWKLQ��ZKLFK�HYROYHV�KRZ�ZH�YLHZ�DQG�LQWHUDFW�ZLWK�WKH�V\VWHP�LQ
IXWXUH�²�DQ�HWHUQDO�IHHGEDFN�ORRS�RI�VHOI�ZLWKLQ�V\VWHP�

,Q� DQ\� FRQWH[W� RI� HQDFWLQJ� FKDQJH�� LW� LV� HDV\� WR� IDOO� LQWR� WKH�PHQWDOLW\� WKDW� LW� LV
µWKHP¶�RU�µVRPHWKLQJ�HOVH¶�WKDW�QHHGV�WR�FKDQJH��<HW��ZH�DOO�KDYH�D�GHJUHH�RI�DJHQF\
LQ�LQIOXHQFLQJ�V\VWHPV�DURXQG�XV�²�EH�WKDW�RXU�IDPLOLHV��FRPPXQLWLHV��RU�JOREDO
HQYLURQPHQWDO� V\VWHPV�� :LWK� WKLV� DJHQF\� FRPHV� DQ� REOLJDWLRQ� DQG� D� PRUDO
UHVSRQVLELOLW\� WR� UHIOHFW� RQ� KRZ� RXU� DFWLRQV� LQIOXHQFH� WKH� V\VWHPV� DURXQG� XV�
LQWHQWLRQDOO\� RU� XQLQWHQWLRQDOO\��:KHQ�ZH� JHW� FDXJKW� XS� LQ� WKH� EXVLQHVV� RI� RXU
HYHU\GD\�ZRUN�� RXU� IUDPH� FDQ� QDUURZ� DQG�ZH� FDQ�PLVMXGJH� WKH� UROH�ZH� SOD\� LQ
V\VWHPV�ZH�DUH�VWULYLQJ�WR�LQIOXHQFH��:H�FDQ�RYHUHVWLPDWH�RXU�SRZHU�LQ�D�VLWXDWLRQ
DQG� H[HUW� HIIRUW� ZKHUH� ZH� KDYH� OLWWOH� FRQWURO�� RU� XQGHUHVWLPDWH� WKH� SRZHU� RXU
DFWLRQV�FDQ�KDYH��7R�EH�HIIHFWLYH�DW�GULYLQJ�FKDQJH��ZH�PXVW�EH�DZDUH�RI�KRZ�RXU
DFWLRQV�FKDQJH�V\VWHPV�QHDU�DQG�IDU��ZKLOH�VLPXOWDQHRXVO\�UHIOHFWLQJ�RQ�KRZ�WKH
V\VWHP�PD\�EH�FKDQJLQJ�XV�

6\VWHPV�SUDFWLFH�HQFRXUDJHV�XV�WR�VLWXDWH�RXUVHOYHV�DQG�RXU�RUJDQL]DWLRQV�ZLWKLQ
V\VWHPV�� QRW� VHSDUDWH� IURP� WKHP�� DQG� WR� UHFRJQL]H� WKDW� DFWLQJ� ZLWKLQ� V\VWHPV
FRPHV� ZLWK� D� UHVSRQVLELOLW\� WR� HDFK� RWKHU� DQG� WR� HYHU\� OLYLQJ� RUJDQLVP� RQ� WKH
SODQHW�� 7KHUH� DUH� DW� OHDVW� WKUHH� ZD\V� IRU� VHHLQJ� RXUVHOYHV� EHWWHU� LQ� WKH� V\VWHP�
HPEUDFLQJ�PLQGIXOQHVV��EHLQJ�KXPEOH��DQG�H[SHFWLQJ�WKH�XQH[SHFWHG�

%HLQJ� PRUH� DZDUH� RI� RXU� UROH� LQ� V\VWHPV� FDQ� HPHUJH� IURP� VLPSO\� EHLQJ� PRUH
PLQGIXO��0LQGIXOQHVV�FDQ�EH�PRVW�VLPSO\�GHVFULEHG�DV�D�ZD\�RI�EHLQJ�DZDUH�WKDW
LV� VWXGLHG�� SUDFWLFHG�� DQG� GHILQHG� LQ� PDQ\� GLIIHUHQW� ZD\V� DFURVV� FXOWXUHV� DQG
VRFLHWLHV�DURXQG�WKH�ZRUOG��&KLHVD���������3UDFWLFLQJ�PLQGIXOQHVV�FDQ�EH�DV�VLPSOH
DV�WDNLQJ�D�SDXVH�WR�UHIOHFW�RQ�DQG�FXOWLYDWH�HPSDWK\�IRU�VRPHRQH�ZKR�H[SUHVVHV�D
GLIIHUHQW�RSLQLRQ��$W�DQ�RUJDQL]DWLRQDO�OHYHO��LW�FDQ�PHDQ�WDNLQJ�GHOLEHUDWH�WLPH�WR



FRQVLGHU�ERWK� WKH� VXFFHVVHV� DQG� IDLOXUHV�RI� D�SDUWLFXODU�ZHHN��PRQWK��RU� \HDU�²
SURYLGLQJ� VSDFH� IRU� WHDPV� WR� FROOHFWLYHO\� WKLQN� GHHSO\� DERXW� TXHVWLRQV� VXFK� DV�
:K\�GLG�WKDW�RXWFRPH�KDSSHQ"�+RZ�GLG�P\��RU�RXU��DFWLRQV�LQIOXHQFH�SHRSOH�RU
V\VWHPV� DURXQG� XV�� LQWHQWLRQDOO\� RU� QRW"� ,Q� ZKDW� ZD\V� KDYH� ,� �RU� ZH�� EHHQ
DIIHFWHG�E\�SHRSOH�RU�WKH�V\VWHP�DURXQG�PH��RU�XV�"

6HHLQJ�RXUVHOYHV� LQ� WKH� V\VWHP�UHTXLUHV�PLQGIXOQHVV�RQ�ERWK�DQ� LQGLYLGXDO� OHYHO
DQG� WKH� RUJDQL]DWLRQDO� OHYHO�� ,W� FDOOV� IRU� DFFHSWDQFH� WKDW� VRPHWLPHV� ZH�PD\� EH
ZURQJ��DQG�WKDW�RXU�DFWLRQV�KDYH�FRQVHTXHQFHV�IRU�ERWK�RXUVHOYHV�DQG�WKH�ZRUOG�
%\� SUDFWLFLQJ� PLQGIXOQHVV� LQ� RXU� HYHU\GD\� OLYHV�� ZH� FDQ� VKDUSHQ� RXU� DELOLW\� WR
UHIOHFW�RQ�LQGLYLGXDO�UROHV�ZLWKLQ�RXU�WHDPV��RUJDQL]DWLRQV��DQG�LQ�WKH�V\VWHPV�ZH
VHHN�WR�FKDQJH��(YHQ�KRZ�ZH�VKRZ�XS��SUHVHQW�RXUVHOYHV��DQG�PDNH�FKRLFHV�FDQ�EH
V\VWHP� LQWHUYHQWLRQV� LQ� WKHLU� RZQ� ULJKW�� 7R� DFKLHYH� D� PLQG�VKLIW� DW� WKH
RUJDQL]DWLRQDO�OHYHO��WKH�FKDQJH�PXVW�ILUVW�EHJLQ�ZLWK�LQGLYLGXDOV��,W�LV�XS�WR�WKRVH
LQGLYLGXDOV� WR� FUHDWH� WKH� VSDFH� IRU� FROOHFWLYH� UHIOHFWLRQ�� IRVWHULQJ� WUXVW� LQ�RQHVHOI
DQG�WKH�V\VWHPV�DURXQG�XV��VR�RUJDQL]DWLRQV�FDQ�DOVR�KDYH�WKH�VSDFH�WR�VWHS�EDFN�
UHIOHFW�� DQG� VKLIW� DJHQGDV� DQG� LGHQWLWLHV� DV� QHHGHG� WR� NHHS� XS� ZLWK� DQ� HYHU�
FKDQJLQJ�ZRUOG�

+HLJKWHQHG� DZDUHQHVV� DOVR� WHDFKHV� XV� WR� EH� KXPEOH�� +XPLOLW\� FDQ� VHUYH� DV� D
XVHIXO�UHDOLW\�FKHFN��UHPLQGLQJ�XV�ZH�DUH�DOO�DFWRUV�LQ�D�ODUJH�FRPSOH[�ZRUOG��7KLV
UHDOLW\�FKHFN�LV�HPSRZHULQJ�DV�LW�DOORZV�XV�WR�DFFHSW�ZKHQ�RXU�LGHDV�IDLO�RU�ZKHQ
ZH�DUH�ZURQJ��7KLV�JLYHV�XV�WKH�IUHHGRP�WR�EH�PRUH�LQWHQWLRQDO�ZLWK�RXU�DFWLRQV
DQG�WR�FKDQJH�FRXUVH�DV�RIWHQ�DV�QHHGHG�ZLWKRXW�UHPRUVH��VWULYLQJ�WRZDUGV�DFWLRQV
WKDW�KDYH�WKH�FDSDFLW\�WR�GULYH�ODVWLQJ�FKDQJH�LQ�WKH�RXWFRPHV�ZH�FDUH�DERXW�

5HIOHFWLQJ�RQ�RXU�SRVLWLRQ�ZLWKLQ�D�V\VWHP�DOVR�EULQJV�ZLWK�LW�DQ�HPSDWK\�ZKHUHE\
ZH�DUH�DEOH�WR�VHH�WKH�SHUVSHFWLYHV�RI�RWKHUV��7KLV�DOORZV�XV�WR�VHH�RXU�RZQ�ELDVHV
DQG� DSSUHFLDWH� WKDW� WKH� DVVXPSWLRQV� WKDW� ZH� PDNH� DERXW� WKH� V\VWHP� DUH� QRW
QHFHVVDULO\�WKH�VDPH�IRU�RWKHU�SHRSOH��:H�FDQ�EHJLQ�WR�UHFRJQL]H�WKH�OLPLWV�RI�RXU
RZQ�H[SHUWLVH��DV�QR�RQH�SHUVRQ�FDQ�HYHU�EH�DQ�H[SHUW�RQ�DQ�HQWLUH�V\VWHP��,W� LV
YLWDO�WR�DFNQRZOHGJH�WKHVH�OLPLWV�DQG�WR�VHHN�JXLGDQFH�IURP�RWKHUV�WR�FRPSOHPHQW
RXU�RZQ�NQRZOHGJH�EDVH�²�ZKHWKHU�LW�LV�DV�DQ�LQGLYLGXDO��DQ�RUJDQL]DWLRQ��RU�HYHQ
D�QHWZRUN�



$� ULFK� UHWXUQ� IURP� VHHLQJ� RXUVHOYHV� ZLWKLQ� WKH� V\VWHP� LV� WKDW� DV� ZH� VWDUW� WR
UHFRJQL]H�RXU�ELDVHV�DQG�ZRUN�DW�WKH�PDUJLQV�RI�RXU�H[SHUWLVH��2XU�WKHRULHV�DERXW
KRZ�FKDQJH�KDSSHQV�VWDUW�WR�IUD\��DQG�ZH�IRUPXODWH�QHZ�ZD\V�RI�HQDFWLQJ�FKDQJH
WKDW�PD\�EH�PRUH�SRZHUIXO��$V�WKHVH�QHZ�DYHQXHV�RSHQ�XS��LW�LV�LPSRUWDQW�WR�NHHS
WDNLQJ� D� SDXVH� WR� FKHFN�LQ�ZLWK� RXUVHOYHV� DQG� WKH� V\VWHP�� 7KLV�ZLOO� DOORZ� XV� WR
FDWFK�RXUVHOYHV�EHIRUH�IDOOLQJ�EDFN�LQWR�ROG�KDELWV��DQG�WR�HYDOXDWH�ZKHUH�ZH�KDYH
VKDSHG�DQG�EHHQ�VKDSHG�E\�WKH�V\VWHP�

,QVLJKWV� IURP�V\VWHPV� WKLQNLQJ�GHPRQVWUDWH� WKDW� LW� LV�QRW� DOZD\V� FOHDU�ZKDW� WKH
H[DFW�RXWFRPHV�RI�D�SDUWLFXODU�DFWLRQ�DUH�JRLQJ�WR�EH�ZLWKLQ�D�V\VWHP��/RQJVWDII�
������� 0RYLQJ� DZD\� IURP� D� VLQJOH� FDXVH�DQG�HIIHFW� PHQWDOLW\� DQG� WRZDUGV� DQ
DSSUHFLDWLRQ� RI� KRZ� DFWLQJ� LQ� RQH� DVSHFW� RI� D� V\VWHP� FRXOG� KDYH� XQIRUHVHHQ
LPSOLFDWLRQV�HOVHZKHUH�LV�DQRWKHU�ZD\�WR�UHFRJQL]H�RXU�UHODWLYH�SRVLWLRQ�ZLWKLQ�D
V\VWHP��7KLV�UHTXLUHV�XV�WR�EHFRPH�FRPIRUWDEOH�ZLWK�DFWLQJ�ZKHQ�ZH�DUH�XQVXUH�RI
WKH�VSHFLILF�RXWFRPHV�RI�RXU�DFWLRQV��DQG�HQFRXUDJLQJ�D�PLQGIXO�DFFHSWDQFH�RI�WKH
UHVXOWV��EH�WKH\�ULJKW�RU�ZURQJ�

&KDQJH�FDQQRW�KDSSHQ�ZLWKRXW�GLVUXSWLRQ��6RPHWLPHV�WKLV�FDQ�EH�XQFRPIRUWDEOH�
EXW� LW� LV�D�QHFHVVDU\�SDUW�RI�HQDFWLQJ�WUDQVIRUPDWLYH�FKDQJH��7KHUH� LV�D�SRZHU�WR
GLVUXSWLRQ��EXW�ZLWK�WKLV�SRZHU�FRPHV�D�UHVSRQVLELOLW\�WR�DFW�ZLWK�D�FOHDU�H\H�WR�WKH
FRQVHTXHQFHV� RI� RXU� DFWLRQV�� HYHQ� LI� WKHVH� DUH� XQIRUHVHHDEOH�� $� FRQFRPLWDQW
DVSHFW�RI�DSSUHFLDWLQJ�XQLQWHQGHG�FRQVHTXHQFHV� LV�EXLOGLQJ�XS�D�FHUWDLQ� OHYHO�RI
FRPIRUW� ZLWK� XQFHUWDLQW\�� &RSLQJ� ZLWK� VXUSULVH� RU� WKH� XQH[SHFWHG� LV� D� FDSDFLW\
WKDW� LV�QHFHVVDU\� IRU�HIIHFWLYHO\�HPSOR\LQJ�D�V\VWHPV�DSSURDFK�²�DQG�RQH�ZKLFK
FDQ�VWUHQJWKHQ�RXU�DZDUHQHVV�RI�RXU�SODFH�ZLWKLQ�WKDW�V\VWHP�



� 7KLQN�RI�D�SUREOHP�\RX�DUH�WU\LQJ�WR�VROYH��ELJ�RU�VPDOO��:KDW�UROH�GR�\RX
SOD\� LQ� WKH�SUREOHP"�$UH�WKHUH�DVVXPSWLRQV�\RX¶UH�PDNLQJ�WKDW�NHHS�WKH
SUREOHP�JRLQJ"

� 2QH� GD\� D� ZHHN�� GRFXPHQW� DW� OHDVW� ILYH� UHDFWLRQV� �SRVLWLYH�� QHJDWLYH� RU
QHXWUDO��\RX�KDYH�WR�VLWXDWLRQV�\RX�HQFRXQWHU��6LWXDWLRQV�FDQ�EH�DV�VLPSOH
DV� HPDLOV� \RX� UHFHLYH�� LQIRUPDO� FRQYHUVDWLRQV� \RX�KDYH�� RU�PHHWLQJV� \RX
DWWHQG��:KDW�G\QDPLFV�DUH�EHKLQG�WKHVH�VLWXDWLRQV"�2EVHUYH�RYHU�D�SHULRG
RI�RQH�WR�WZR�PRQWKV�KRZ�\RXU�UHDFWLRQV�HYROYH�



³+H�ZKR�IUDPHV�WKH�TXHVWLRQ�GHWHUPLQHV�WKH�DQVZHU�´���'RQHOOD�0HDGRZV

:H�DUH�DOZD\V�WKLQNLQJ�ZLWKLQ�D�VSHFLILF�IUDPH�²�ERXQGLQJ�WKH�ZRUOG�DURXQG�XV
E\�DQ\�PXOWLWXGH�RI�IDFWRUV��,W�PD\�VHHP�WKDW�WKH�IRUHVW�HQGV�ZKHUH�WKH�WUHHV�VWRS
JURZLQJ��EXW�ZKDW�DERXW�WKH�URRWV"�2U�WKH�VHHGV�WKDW�KDYH�IORZQ�RXW�RI�WKH�IRUHVW�
RQ�WKH�ZLQG��DQG�LQWR�WKH�QHLJKERULQJ�ILHOGV"�:KDW�DERXW�WKH�SHRSOH�ZKR�HQWHUHG
WKH�IRUHVW��JDWKHUHG�EHUULHV��DQG�VKDUHG�WKHP�ZLWK�WKHLU�ORYHG�RQHV�DURXQG�WKH�ILUH
EXLOW�IURP�WKH�IDOOHQ�IRUHVW�WUHH�OLPEV"�+RZ�PXFK�FDUERQ�JHWV�DEVRUEHG�IURP�WKH
DWPRVSKHUH� LQWR� WKH� WUHHV� WKDW� PDNH� XS� WKLV� IRUHVW"� ,W¶V� LPSRUWDQW� WR� ERWK� EH
FRQVFLRXV�RI�ZKDW�LV�PLVVLQJ�LQ�RXU�YLHZ��DQG�\HW�UHFRJQL]H�WKH�QHHG�WR�GHILQH�DQG
ERXQG�D�SUREOHP�DUHD�ZH�FKRRVH�WR�ZRUN�RQ�

:H� DOO� OLPLW�ZKDW�ZH� IRFXV� RQ� EDVHG� RQ� DZDUHQHVV�� GHVLUH�� RSSRUWXQLW\� RU� SXUH
QHFHVVLW\��)UDPHV�FDQ�EH�ORRNHG�DW�LQ�WZR�ZD\V��7KH�ILUVW�LV�WKH�OHQV�WKURXJK�ZKLFK
ZH�VHH�WKH�ZRUOG��RIWHQ�GHVFULEHG�DV�RXU�µPHQWDO�PRGHO¶��0RRQ�HW�DO����������7KH
VHFRQG���ZKLOH�RIWHQ�LQIOXHQFHG�E\�WKH�ILUVW���LV�WKH�ERXQGDU\�ZH�XVH�LQ�GHILQLQJ�WKH
SUREOHP�ZH�DUH�WU\LQJ�WR�VROYH��)UDPHV�FDQ�EH�OLPLWHG�E\�JHRJUDSK\��LQVWLWXWLRQDO
GHSDUWPHQW�� RUJDQL]DWLRQ�� VHFWRU�� RU� E\� RXU� LQGLYLGXDO� YDOXHV�� EHOLHIV�� DQG
H[SHULHQFH��7KH�IUDPHV�WKURXJK�ZKLFK�ZH�VHH�WKH�ZRUOG�GHILQH�RXU�SHUFHSWLRQ�RI
HYHQWV��SDWWHUQV��DQG�V\VWHP�EHKDYLRUV�DQG�VWUXFWXUHV�ZH�H[SHULHQFH��6RPH�RI�WKH
FRPPRQ�GRPDLQV�ZH�XVH�WR�QDUURZ�RXU�IUDPH�DUH�



� *HRJUDSK\�� ,I�D�SURMHFW� LV� IRFXVHG�RQ�SURWHFWLQJ�D�IRUHVWHG�UHJLRQ�LQ�WKH
$PD]RQ��WKHQ�WKH�IUDPH�KDV�QHFHVVDULO\�EHHQ�QDUURZHG�WR�RQH�VSHFLILF�W\SH
RI�QDWXUDO�ODQGVFDSH��<HW�FRQVLGHULQJ�D�EURDGHU�JHRJUDSKLFDO�FRQWH[W�PD\
SURYLGH� LQVLJKWV� LQWR� WKH� IRUFHV� DIIHFWLQJ� WKH� WDUJHWV� RI� WKH� FRQVHUYDWLRQ
LQWHUYHQWLRQ��VXFK�DV�WKH�HFRQRPLF�GULYHUV�PRYLQJ�LQWR�WKH�UHJLRQ�IURP�WKH
QHLJKERULQJ�$QGHDQ�PRXQWDLQV�

� &XOWXUH�RU�KLVWRU\�� ,QGLYLGXDOV� DQG� JURXSV�ZLOO� XQGHUVWDQG� D� SUREOHP
EDVHG� RQ� WKH� LQIRUPDWLRQ� WKH\� KDYH�� ZKLFK� LV� RIWHQ� URRWHG� LQ� FXOWXUH� RU
SHUVRQDO� RU� FROOHFWLYH� KLVWRULFDO� H[SHULHQFH�� )RU� H[DPSOH�� FRPPXQLW\�
EDVHG�LQWHUYHQWLRQV�PD\�EH�IUDXJKW�ZLWK�IDLOXUH��QRW�EHFDXVH�WKH�FRQFHSW�LV
IODZHG��EXW�WKH�IUDPH�RI�WKH�LPSOHPHQWHUV�PD\�IDLO�WR�FRQVLGHU�WKH�QRUPV�
YDOXHV��DQG�WUDGLWLRQV�WKDW�GHWHUPLQH�SULRULW\�VHWWLQJ�DPRQJ�WKH�LQWHQGHG
EHQHILFLDULHV�RI�WKH�LQWHUYHQWLRQ��/XELOR�	�&KLOG��������

� )LHOG� RU� VHFWRU�� 3URMHFWV� HPEHGGHG� ZLWKLQ� LQGLYLGXDO� LQVWLWXWLRQV� DUH
RIWHQ�IUDPHG�E\�WKH�JRDOV�RI�DQ�LQVWLWXWLRQ��WKH�VHFWRU�WKH\�DUH�LQ��DQG�RU
WKH� HGXFDWLRQDO� EDFNJURXQG� RI� VWDII�� )RU� H[DPSOH�� D� FRQVHUYDWLRQ� JURXS
PD\�GHHP�D�SURMHFW�VXFFHVVIXO�LI�GLUHFW�WKUHDWV�RQ�ZLOGOLIH�DUH�HOLPLQDWHG�
<HW�� E\� LJQRULQJ� RWKHUV¶� IUDPHV�� WKH� FRQVHUYDWLRQ� SURMHFW� PD\� FDXVH� D
IHHGEDFN�RI� LQFUHDVHG�DWWDFNV�RQ� OLYHVWRFN�E\�ZLOGOLIH��6XEVHTXHQW� ORVV�RI
LQFRPH� LQ�QHLJKERULQJ� LPSRYHULVKHG� IDUPLQJ�FRPPXQLWLHV�PD\�SURPRWH
UHWDOLDWLRQ�DQG�XQGHUPLQH�WKH�VXFFHVV�RI�WKH�SURJUDP�

� (FRV\VWHP�� ,QVWLWXWLRQDO� VWUXFWXUHV�� IRU� H[DPSOH� ZLWKLQ� QDWLRQDO
JRYHUQPHQWV�� RIWHQ� GLYLGH� WKH�PDQDJHPHQW� UHVSRQVLELOLWLHV� IRU� GLIIHUHQW
HFRV\VWHPV��0DQJURYH�PDQDJHPHQW�PD\� IDOO� XQGHU� WKH� MXULVGLFWLRQ� RI� D
IRUHVW� GHSDUWPHQW�� GHVSLWH� WKH� GHHS� HFRORJLFDO� DQG� VRFLDO� OLQNDJHV� ZLWK
FRUDO�UHHI�V\VWHPV�PDQDJHG�E\�D�ILVKHULHV�GHSDUWPHQW�

6RPHWLPHV�V\VWHPV�RU�SUREOHPV�FDQ�EH�H[SORUHG�E\�FRQVLGHULQJ�PXOWLSOH�OHYHOV�RI
D� IUDPH�GHPRQVWUDWHG� LQ�DSSOLHG�UHVHDUFK��$XGRXLQ�HW�DO���������²�IRU�H[DPSOH�
VWDUWLQJ�ZLWK�DQ�H[SORUDWLRQ�RI�WKH�PDFUR�OHYHO�SURFHVVHV��DQG�WKHQ�]RRPLQJ�LQWR�D
VXE�VHFWLRQ�RI� WKH� V\VWHP�WR�GHOYH� LQWR�PRUH�GHWDLOV��6WUHWFKLQJ�RU�FKDQJLQJ�RXU



IUDPHV�PLJKW�PDNH� RXU�ZRUOG� WHPSRUDULO\�PRUH� GLIILFXOW� DQG� FRQIXVLQJ�� \HW� WKH
VFRSH� DQG� SRVVLELOLWLHV� RI� WKH� VROXWLRQ� JURZ� E\� FKRRVLQJ� WKH� ULJKW� IUDPH� DW� WKH
ULJKW� WLPH�� ([SDQGLQJ� RU� UH�HYDOXDWLQJ� WKH� IUDPH� PD\� LQFUHDVH� RSSRUWXQLWLHV�
XQFRYHU�QHZ�WDOHQWV�DQG�UHVRXUFHV�� LQFUHDVH�XQGHUVWDQGLQJ�RI� WKH�URRW�FDXVHV�RI
SUREOHPV��EURDGHQ�WKH�SHUVSHFWLYH��DQG�H[SDQG�WKH�QXPEHU�RI�SLHFHV�DYDLODEOH�WR
FUHDWH�D�QHZ�V\VWHP�VROXWLRQ�

7KH� IUDPHV�ZH�ZRUN� LQ� LPSDFW� KRZ�ZH�GHILQH� WKH� SUREOHPV�ZH� DUH� VROYLQJ�� WKH
RSSRUWXQLWLHV�ZH� DUH� WDNLQJ�� WKH�SHRSOH� DQG�RUJDQL]DWLRQV�ZH� DUH�ZRUNLQJ�ZLWK�
DQG�WKH�LPSDFW�ZH�DUH�KDYLQJ��:H�PD\�EH�FDXVLQJ�XQDQWLFLSDWHG�RXWFRPHV�WKDW�ZH
QHYHU�UHDOL]H�²�PDNLQJ�D�WDVN�KDUGHU�IRU�VRPHRQH�RXWVLGH�RI�RXU�IUDPH��:H�PLJKW
EH�FUHDWLQJ�VROXWLRQV�WKDW�GRQ¶W�ODVW�EHFDXVH�ZH�GLGQ¶W�FRQVLGHU�RWKHU�LPSDFWV��RU
WKH� SDVVDJH� RI� WLPH�� :H� PD\� KDYH� FKRVHQ� WKH� ZURQJ� IUDPH� RU� PLVVHG� WKH
RSSRUWXQLW\�WR�VHH�OHYHUDJH�SRLQWV��V\QHUJLHV��RU�QRYHO�VROXWLRQV�

:KLOH�D�IRFXV�DOORZV�XV�WR�DFW��QDUURZLQJ�RXU�IUDPH�WRR�PXFK�FDQ�PHDQ�ZH�PD\
IDLO� WR� VHH� LQWHUDFWLRQV� LQ� WKH� EURDGHU� V\VWHP� WKDW� FRXOG� LQIOXHQFH� RXU� DELOLW\� WR
DFKLHYH�RXU�JRDOV�



3DUWLFLSDQWV�LQ�WKH�7�/DE�SUHSDUH�IRRG�WRJHWKHU�

,PDJH���0HJDQ�/LQGRZ

:K\�DUH�GLVFXVVLRQV�DERXW�WKH�IRRG
V\VWHP� LQ� 6RXWK� $IULFD� VR
FKDOOHQJLQJ"� 1RW� RQO\� LV� RQH
GHDOLQJ� ZLWK� FRPSOH[� VRFLDO� DQG
HFRORJLFDO� V\VWHPV� FRPSULVHG� RI
PDQ\� GLYHUVH� DFWRUV� DQG� ORJLVWLFV
WKDW�VSUHDG�DFURVV�WLPH�DQG�VSDFH�
EXW� IRU� IRRG� LQ� 6RXWK� $IULFD�� WKH
RXWFRPH� RI� µVXFFHVV¶� LV� WKH
SURYLVLRQ� RI� D� EDVLF� QHHG� DQG� D
KXPDQ� ULJKW�� ,Q� WKH� 6RXWK� $IULFDQ
FRQWH[W�� LW� LV� LPSRVVLEOH� ±� DQG� LQ
IDFW� LUUHVSRQVLEOH� ±� QRW� WR� HQJDJH
ZLWK� WKH� OHJDF\� RI� DSDUWKHLG�� UDFH�
LQHTXDOLW\��ODQG��DQG�HYHQ�FXOWXUH�

5HVHDUFKHUV�LQ�6RXWK�$IULFD�IDFLOLWDWHG�D�SURFHVV�FDOOHG�D�³7UDQVIRUPDWLRQ�/DE´��RU�D�7�/DE�
GHVLJQHG� WR� LQWHUURJDWH� DQG� VWUHQJWKHQ� DQ� DOWHUQDWLYH� IRRG� V\VWHP� LQ� WKH�:HVWHUQ�&DSH�
6RXWK�$IULFD�� 7KH� WHDP� FRQYHQHG� JURXSV� RI� SHRSOH� ZRUNLQJ� RQ� IRRG� WR� VHH� WKH� V\VWHP
GLIIHUHQWO\��UH�IUDPH�SUREOHPV�DQG�LGHQWLI\�RSSRUWXQLWLHV�IRU�LQQRYDWLRQV�WR�PDNH�D�GLIIHUHQFH�
7R�GR� WKLV�� IURP� WKH�EHJLQQLQJ�� WKH� WHDP�QHHGHG� WR� IUDPH� WKH�SUREOHP�EURDGO\�HQRXJK� WR
DFFRXQW�IRU�WKH�PDQ\�LQWHUDFWLRQ�V\VWHPV�WKDW�FRQWULEXWH�WR�IRRG�LQVHFXULW\� LQ�6RXWK�$IULFD�
EXW�QDUURZO\�HQRXJK�WR�VHW�LQ�PRWLRQ�D�SURFHVV�WR�GULYH�FKDQJH��7KH�SDUWLFLSDQWV�WKH�WHDP
VHOHFWHG�WR�HQJDJH�LQ�WKH�7�/DE�ZHUH�GLYHUVH�HQRXJK�WR�LQFOXGH�GLIIHUHQW�IUDPHV�RI�WKH�IRRG
SUREOHP�� EXW� QDUURZ� HQRXJK� WKDW� SDUWLFLSDQWV� FRXOG� WUXVW� RQH� DQRWKHU� DQG� HQJDJH� LQ
GLDORJXH�WKDW�FRXOG�OHDG�WR�WDQJLEOH�DFWLRQ��$QG�WKH�UH�IUDPLQJ�GLGQ¶W�VWRS�WKHUH��'XULQJ�WKH
ZKROH� µ7�/DE¶� SURFHVV�� WKURXJK� YDULRXV� DFWLYLWLHV� OLNH� FRRNLQJ� WRJHWKHU�� OHFWXUHV�� DQG
REVHUYLQJ� HGLEOH� SODQWV� LQ� WUDGLWLRQDO� ODQGVFDSHV�� SDUWLFLSDQWV� EURDGHQHG� WKHLU� LQGLYLGXDO
IUDPHV�WR�LQFRUSRUDWH�QHZ�LQVLJKWV�RI�WKH�IRRG�SUREOHP���DQG�SRWHQWLDO�VROXWLRQV�

7KH�SURFHVV�HPERGLHG�PDQ\�RI�WKH�SULQFLSOHV�RI�V\VWHPV�SUDFWLFH��LQFOXGLQJ�FR�FUHDWLRQ�DQG
H[SHULPHQWDWLRQ�� DQG� UHVXOWHG� LQ� WDQJLEOH� FKDQJH� RQ� WKH� JURXQG�� )RU� H[DPSOH�� WKH� FKHIV
IURP� D� ZHOO�NQRZQ� UHVWDXUDQW� SODQQHG� WR� ZRUN� WRJHWKHU� ZLWK� WKH� ORFDO� IRRG� LQQRYDWRU� WR
LQFRUSRUDWH�D� ORFDO�PHQX�DW� WKH�+RWHO¶V� UHVWDXUDQW��$Q�DUWLVDQ�EDNHU�SURPLVHG� WR�EXLOG�DQ
RYHQ�DW�D�FRPPXQLW\�JDUGHQ�LQ�DQ�LQIRUPDO�VHWWOHPHQW��7KH�ODWWHU�KDV�EHHQ�D�KXJH�VXFFHVV
LQ� JURZLQJ� WKH� FRPPXQLW\� JDUGHQ� DV� D� VSDFH� IRU� LQQRYDWLRQ� DQG� HGXFDWLRQ� DERXW� DJUR�
HFRORJLFDO�IDUPLQJ��QXWULWLRQ��DQG�WKH�LPSRUWDQFH�RI�KHDOWK\�GLHWV�LQ�WKH�FRPPXQLW\�

$GDSWHG� IURP� 3HUHLUD�� /�� �������� &RPLQJ� WR� WHUPV� ZLWK� PHVVLQHVV�� :KDW� LV� D
³7UDQVIRUPDWLRQ�/DE´"�67(36�&HQWUH�%ORJ�6HULHV��KWWS���VWHSV�FHQWUH�RUJ�EORJ



7LSV�IRU�IUDPLQJ�DQG�UH�IUDPLQJ

� 8VH�FOHDU�SUREOHP�VWDWHPHQWV�WR�JURXQG�IUDPHV
� 8VH�D�WRRO�VXFK�DV�D�FDXVDO�ORRS�GLDJUDP�WR�XQGHUVWDQG�WKH�UHODWLRQVKLSV�ZLWKLQ�WKH

SUREOHP�DQG�WKH�HGJHV�RI�WKH�IUDPH
� %H�IOH[LEOH���IUDPH��UH�IUDPH��UHSHDW
� 8VH� PXOWLSOH� IUDPHV� LI� QHHGHG��$� KLJK�OHYHO� IUDPLQJ� RI� ODUJH� SURFHVVHV� FDQ� KHOS

FODULI\� D� WKHRU\� RI� FKDQJH�� DQG� \HW� DQRWKHU� IUDPH� PD\� QHHG� WR� EH� XVHG� WR
XQGHUVWDQG�RQH�SDUW�RI�WKH�V\VWHP�ZKHUH�WKH�ZRUN�ZLOO�IRFXV

&KDQJLQJ� V\VWHPV� GRHV� QRW� UHTXLUH� SHUIHFW� NQRZOHGJH�� EXW� WKH� DFWLRQV� ZH� WDNH
PXVW�EH�URRWHG�LQ�DQ�XQGHUVWDQGLQJ�RI�WKH�HOHPHQWV�LQFOXGHG�ZLWKLQ�RXU�IUDPH��$
ILUVW� VWHS� LQYROYHV� VWHSSLQJ� EDFN� DQG� VHHLQJ� ERWK� RXU� RZQ� SHUVRQDO� IUDPHV� �RU�
KRZ�ZH�VHH�WKH�ZRUOG��DQG�DOVR�WKH�IUDPHV�ZH�XVH�WR�GHILQH�WKH�V\VWHPV�ZH�ZRUN
LQ��RU��KRZ�ZH�GHILQH�RXU�SUREOHPV��

2QFH�ZH�UHFRJQL]H�WKH�IUDPHV�ZH�DUH�XVLQJ��ZH�FDQ�WHVW�GLIIHUHQW�VFDOHV�DQG�OHQVHV
WKURXJK�ZKLFK�ZH¶UH�VHHLQJ�WKH�ZRUOG�DQG�IUDPLQJ�SUREOHPV��2XU�IUDPHV�VKRXOG
DOVR�EH�FDOLEUDWHG�WR�PDWFK�WKH�VFDOH�RI�DFWLRQ�ZH�RU�RXU�QHWZRUNV�DUH�SUHSDUHG�WR
WDNH�� )RU� H[DPSOH�� LI� ZH� HPEUDFH� D� SUREOHP� WKDW� FDQ� RQO\� EH� FKDQJHG� WKURXJK
JOREDO�DFWLRQ��WKHQ�ZH�PXVW�EH�DEOH�WR�DFW�DW�WKDW�OHYHO��3UREOHPV�GRQ¶W�VKULQN�LQ
VL]H� DQG� FRPSOH[LW\� MXVW� EHFDXVH� ZH� ODFN� UHVRXUFHV� WR� VROYH� WKHP�� &UHDWLQJ� D
GHOLEHUDWH�SURFHVV�RI�LGHQWLI\LQJ�IUDPH��DQG�UHYLVLWLQJ�RXU�IUDPHV��FDQ�HQVXUH�WKDW
ZH�DUH�DOZD\V�ZRUNLQJ�ZLWK�WKH�ULJKW�IUDPH�DW�WKH�ULJKW�WLPH�

� )RU�RQH�ZHHN��VSHQG�DW�OHDVW���PLQXWHV�UHYLHZLQJ�KHDGOLQHV�RU�UHDGLQJ�DQ
DUWLFOH� IURP� D� QHZVSDSHU� RU�PDJD]LQH� RQ� D� GLIIHUHQW� HQG� RI� WKH� SROLWLFDO
VSHFWUXP�WR�WKDW�\RX�VHH�\RXUVHOI�RQ��5HIOHFW�RQ�WKH�IUDPH�\RX�XVH��DQG�WKH
IUDPH�WKH�DXWKRU�XVHV��,PDJLQH�LI�\RX�VKLIWHG�\RXU�IUDPH�WR�HLWKHU�D�OHYHO
DERYH�RU�EHORZ�WKH�FXUUHQW�IUDPH��KRZ�ZRXOG�WKH�SUREOHP�EH�GLIIHUHQW"

� ,Q�\RXU�QH[W�WHDP�PHHWLQJ�ZKHQ�GLVFXVVLQJ�KRZ�WR�DGGUHVV�D�QHZ�SUREOHP�
DVN� \RXUVHOI� WZR� TXHVWLRQV�� ����+RZ� DP� ,� GHILQLQJ� WKH� ERXQGDU\� RI� WKLV
SUREOHP�DQG�����:KR�HOVH�PLJKW�GHILQH�WKLV�SUREOHP�GLIIHUHQWO\"



³:LVGRP�LV�OLNH�D�EDREDE�WUHH��QR�RQH�LQGLYLGXDO�FDQ�HPEUDFH�LW�´�
²�$NDQ�SURYHUE

:H� RIWHQ� WKLQN� ZH� KDYH� WKH� VROXWLRQV� WR� WKH� SUREOHPV� ZH� VHH�� DQG� IHHO� IDLUO\
FRQILGHQW�ZH�XQGHUVWDQG� WKH�V\VWHPV��DQG�ZRUOG��ZH¶UH�ZRUNLQJ� LQ�� ,W�FDQ�VHHP
IUXVWUDWLQJ�ZKHQ�RWKHU�SHRSOH�EULQJ�GLIIHUHQW�VROXWLRQV�WR�WKH�WDEOH�WKDW�ZH�GRQ¶W
IHHO�DUH�³FRUUHFW´�RU�WKH�PRVW�LPSRUWDQW�WR�VROYLQJ�WKH�SUREOHP��2U��PD\EH�ZH�DUH
VXUSULVHG�WKDW�RWKHUV�GRQ¶W�MXPS�WR�MRLQ�WKH�SURJUDPV�ZH�KDYH�DOUHDG\�GHYHORSHG�
,Q� UHDOLW\�� IRU� DQ\� SUREOHP�� WKHUH� DUH� RIWHQ� P\ULDG� XQGHUVWDQGLQJV� DQG
SHUVSHFWLYHV�� ZLWK� HDFK� SHUVRQ� KDYLQJ� D� GLIIHUHQW� XQGHUVWDQGLQJ� RI� WKH� V\VWHPV
XQGHUO\LQJ� WKH� SUREOHP� DQG� OLNHO\� D� GLIIHUHQW�ZD\� RI� VSHDNLQJ� DERXW� LW��:H� FDQ
ILQG� WZR� SHRSOH� RU� RUJDQL]DWLRQV� XVLQJ� WKH� VDPH� ZRUGV�� EXW� PHDQLQJ� GLIIHUHQW
WKLQJV�� )RU� WKHVH� UHDVRQV�� LW¶V� YLWDO� WR� EULQJ� RWKHUV� LQWR� D� VKDUHG� SURFHVV� RI� FR�
FUHDWLRQ�WR�DGGUHVV�FRPSOH[�SUREOHPV�RYHU�WKH�ORQJ�WHUP�

7UXH�FR�FUHDWLRQ�LV�D�FROODERUDWLYH�SURFHVV�WKDW�HQVXUHV�WKH�DFWLYH�HQJDJHPHQW�DQG
UHSUHVHQWDWLRQ�RI�D�GLYHUVH�VHW�RI�V\VWHP�DFWRUV�DQG�WKHLU�GLYHUVH�SHUVSHFWLYHV�LQ�D
FKDQJH�SURFHVV��%DQHUMHH�	�&HUL���������,Q�WKH�SURFHVV��DOO�FR�FUHDWRUV�JHW�D�VD\�LQ
GHILQLQJ� WKH� SUREOHP� WKH� SURFHVV� DLPV� WR� DGGUHVV�� :KLOH� HDFK� DFWRU� ZLOO� KDYH
VSHFLILF� QHHGV�� DJHQGDV�� RU� RXWFRPHV� WKDW� WKH\� DUH� VWULYLQJ� IRU� DQG� LQYHVWHG� LQ
SURWHFWLQJ�� WKH�EDFN�DQG�IRUWK�GLDORJXH�EHWZHHQ�DFWRUV�HQDEOHG�E\�D� FR�FUHDWLRQ



���&ROODERUDWLRQ�RU�FRQVXOWDWLRQ�GRHV�QRW�HTXDO�FR�FUHDWLRQ

0DQ\�LQLWLDWLYHV�DUH�GHVLJQHG�ZLWK�LQSXW�IURP�FRQVXOWDWLRQV�ZLWK�RWKHU�DFWRUV�LQ�WKH�V\VWHP
DERXW�WKH�VSHFLILF�LQLWLDWLYH�DQG�LQWHUYHQWLRQ�SRLQWV��:KLOH�WKHVH�FRQVXOWDWLRQ�SURFHVVHV�FDQ
KHOS�WR�JHQHUDWH�EX\�LQ�IURP�RWKHU�VWDNHKROGHUV��WKH\�RIWHQ�IDLO�WR�DFKLHYH�WKH�RXWFRPHV�RI
DQ� LQWHQWLRQDO� FR�FUHDWLRQ� SURFHVV�� &R�FUHDWLRQ� LVQ¶W� ORRNLQJ� IRU� DSSURYDO� RI� DQ� DOUHDG\
GHVLJQHG�LQLWLDWLYH��LW�LV�FUHDWLQJ�VRPHWKLQJ�VKDUHG�WKDW�LQFOXGHV�RWKHU�SHUVSHFWLYHV�IURP�WKH
EHJLQQLQJ�� 1RU� LV� LW� H[SHUWV� SXOOLQJ� LQ� IHHGEDFN� IURP� RWKHUV� LQWR� D� VWUDWHJ\� GHYHORSHG� LQ
LVRODWLRQ�

SURFHVV� DOORZV� LQGLYLGXDOV� WR� FODULI\� DQG� VKDUH� WKHLU� SHUVSHFWLYH�� UH�H[DPLQH
XQGHUO\LQJ�PRWLYDWLRQV�DQG�DVVXPSWLRQV��DQG�EHWWHU�DOLJQ�DFWLYLWLHV�WRZDUG�VKDUHG
REMHFWLYHV��:LWK�D� IXOO�FR�FUHDWLRQ�SURFHVV��FKDQJH�FDQ�EH�GULYHQ� LQ�DOO�SDUWV�RI�D
V\VWHP�E\�SDUWQHUV�ZLWK�D�VWURQJ�FRPPLWPHQW�WR�VHHLQJ�ORQJ�WHUP�FKDQJH��'ULPLH
HW�DO���������

$� GHOLEHUDWH� FR�FUHDWLRQ� SURFHVV� UHOLHV� RQ� WKH� LQFOXVLRQ� RI� GLYHUVH� DFWRUV� LQ� WKH
V\VWHP�DV�HDUO\�DV�SRVVLEOH��UDWKHU�WKDQ�LQ�D�ODWH�VWDJH�SURMHFW�FRQVXOWDWLRQ�ZKHUH
PDMRU�GHFLVLRQV�KDYH� DOUHDG\�EHHQ�PDGH��&R�FUHDWLRQ� FDQ�EH� UHDOL]HG� WKURXJK� D
UDQJH�RI�PHWKRGV�DQG�SURFHVVHV��LQFOXGLQJ�IRFXV�JURXSV��VWUXFWXUHG�EUDLQVWRUPV�
WRZQ�KDOO�PHHWLQJV�� GHOLEHUDWLYH� SROOLQJ�� FRQIHUHQFHV�� DQG� VR� RQ��8QOLNH� D�PRUH
IDPLOLDU�NLQG�RI�FROODERUDWLRQ��LQ�FR�FUHDWLRQ��SDUWLFLSDQWV�ZRUN�WRJHWKHU�WR�FUHDWH
D�QHZ�XQGHUVWDQGLQJ�RU�SRVLWLRQ�ZKLFK�UHIOHFWV�ODUJHU�PRUH�GLYHUVH�SHUVSHFWLYHV�

&R�FUHDWLRQ�HQDEOHV�D�PRUH�KROLVWLF�YLHZ�RI�KRZ�D�V\VWHP�FXUUHQWO\�ZRUNV�WKDQ�FDQ
EH�DFKLHYHG�E\�D�VLQJOH�DFWRU��RU�W\SH�RI�DFWRU��ZRUNLQJ�DORQH��$�VLQJOH�SHUVSHFWLYH
LQWR�D�FRPSOH[�V\VWHP�LV�W\SLFDOO\�LQFRPSOHWH�DQG�ELDVHG��$FWRUV�LQ�D�FR�FUHDWLRQ
SURFHVV� VKRXOG� UHSUHVHQW� GLIIHUHQW� SDUWV� RI� WKH� V\VWHP�� LQFOXGLQJ� ³DW�ULVN
VWDNHKROGHUV´� DQG� ³SRZHU� SOD\HUV´�� GLYHUVH� DFWRUV� IURP� ZLWKLQ� FRPPXQLWLHV�
IRUPDO� DQG� LQIRUPDO� LQVWLWXWLRQV�� DQG� QDWXUDO� HOHPHQWV� RI� V\VWHPV�� 7KHVH�PRUH
KROLVWLF�YLHZV�RI�KRZ�WKH�ZRUOG�ZRUNV�UHGXFH�WKH�ULVNV�WKDW�D�VLORHG� LQWHUYHQWLRQ
ZLOO�IDLO�WR�GHOLYHU�²�RU�ZRUVH��GHOLYHU�QHJDWLYH�LPSDFWV�²�GXH�WR�D�PLVFRQFHSWLRQ
RQ�KRZ�D�V\VWHP�ZRUNV�



���&R�FUHDWLRQ�LVQ¶W�D�SURFHVV�WR�YDOLGDWH�\RXU�PRGHO

$�FR�FUHDWLRQ�SURFHVV�LV�QRW�PHDQW�PHUHO\�WR�YHW�DQ�H[LVWLQJ�PRGHO��,W�LV�XVHG�WR�FROOHFWLYHO\
EXLOG� D� VKDUHG� DQG� KROLVWLF� XQGHUVWDQGLQJ� RI� D� V\VWHP�� LWV� EHKDYLRUV�� DQG� WKH� XQGHUO\LQJ
G\QDPLFV��(YHQ�LI�\RX�FUHDWH�WKH�EHVW�PRGHO��ZLWKRXW�RWKHUV�LQYHVWHG�LQ�FUHDWLQJ�LW��\RX�RIWHQ
ZRQ¶W�KDYH�WKH�VXSSRUW�RU�XQGHUVWDQGLQJ�QHFHVVDU\�WR�FUHDWH�FKDQJH�

7KH� PHDQLQJIXO� GLDORJXH� DPRQJ� DFWRUV� HQDEOHG� E\� VWUXFWXUHG� FR�FUHDWLRQ
SURFHVVHV� LV� LPSRUWDQW� IRU� D�QXPEHU�RI� UHDVRQV�� ,QWHQWLRQDO� FR�FUHDWLRQ� UHGXFHV
PLVXQGHUVWDQGLQJV� EHWZHHQ� DFWRUV�� FUHDWHV� D� VKDUHG� KROLVWLF� XQGHUVWDQGLQJ� RI� D
SUREOHP�� DQG� KHOSV� SHRSOH� DQG� JURXSV� DOLJQ� WKHLU� ZRUN� DQG� DYRLG� GXSOLFDWLRQ�
7KLV� LV� HVSHFLDOO\� LPSRUWDQW� ZKHQ� ILQGLQJ� V\VWHPV�EDVHG� VROXWLRQV� WR� FRPSOH[
SUREOHPV��2QH�DFWRU�ZRUNLQJ�LQ�LVRODWLRQ�ZRQ¶W�EH�DEOH�WR�VHH�WKH�LPSDFW�RI�WKHLU
DFWLRQV�� \HW� ZLWK� PRUH� DFWRUV� DW� WKH� WDEOH� WKH� HOHPHQWV�� UHODWLRQVKLSV� DQG
IHHGEDFNV�FDQ�EH�EHWWHU�XQGHUVWRRG�E\�WKH�JURXS�

:LWK� GLIIHUHQW� SHUVSHFWLYHV� RQ� WKH� SUREOHPV� EHLQJ� DGGUHVVHG� DQG� WKH� VROXWLRQV
QHHGHG��LW�LV�YLWDO�WR�VSHQG�WLPH�JHWWLQJ�WR�D�VKDUHG�XQGHUVWDQGLQJ�RI�WKH�V\VWHP�VR
WKDW� HIIRUWV� DUH� DOLJQHG� DQG� ZRUNLQJ� WRJHWKHU� LQVWHDG� RI� SXOOLQJ� LQ� GLIIHUHQW
GLUHFWLRQV�� ,I� SHRSOH� DUH� XVLQJ� WKH� VDPH�ZRUGV�� ZH� DVVXPH� WKDW� WKH\� DOO� KDYH� D
VKDUHG�XQGHUVWDQGLQJ��\HW�WKLV�LV�RIWHQ�QRW�WKH�FDVH��$�FR�FUHDWLRQ�SURFHVV�DOORZV
DFWRUV� WR� FKDOOHQJH� HDFK� RWKHUV¶� GHILQLWLRQV�� DVVXPSWLRQV�� DQG� SHUVSHFWLYHV�
2SSRVLQJ� YLHZV�� YDOXHV�� DQG� LQWHUSUHWDWLRQV� DUH� VHHQ� DV� RSSRUWXQLWLHV� WR
LQWHUURJDWH�WKH�V\VWHP�IURP�PXOWLSOH�VLGHV�

0HDQLQJIXO� FR�FUHDWLRQ� FDQ� EXLOG� VWUXFWXUHV� DQG� FUHDWH� SURFHVVHV� WKDW� DOLJQ
HIIRUWV��UHGXFH�GXSOLFDWLRQ�DQG�FKDQQHO�WHQVLRQV�IURP�FRPSHWLWLRQ�DQG�RSSRVLWLRQ
LQWR�QHZ�RSSRUWXQLWLHV��(DUO\�LQ�WKH�SURFHVV��LW�FDQ�DOVR�LGHQWLI\�µTXLFN�ZLQV¶�ZKHUH
RQH� DFWRU� LV� DEOH� WR� LPPHGLDWHO\� DQG� GLUHFWO\� DGGUHVV� D� FRQFHUQ� RU� FRQVWUDLQW
UDLVHG� E\� DQRWKHU� DFWRU�� 7HQVLRQ�� FRPSHWLWLRQ�� DQG� RSSRVLWLRQ� FDQ� DFWXDOO\� EH
XVHIXO�LQ�FR�FUHDWLRQ�ZKHQ�VWHZDUGHG�FDUHIXOO\�DQG�QDYLJDWHG�ZLWK�D�VHQVLWLYLW\�WR
SRZHU��)RU�H[DPSOH��D�FROODERUDWLYH�SURFHVV�VXFK�DV�V\VWHPV�PDSSLQJ�FDQ�EH�XVHG
WR�GLIIXVH�RSSRVLWLRQ�E\�HQFRXUDJLQJ�SDUWLFLSDQWV� WR� FRQWULEXWH� VLGH�E\�VLGH� WR�D
EURDGHU� XQGHUVWDQGLQJ� RI� WKH� V\VWHP�ZKLOH� JDLQLQJ� HPSDWK\� DERXW� HDFK� RWKHU¶V



SRLQWV�RI�YLHZ��7RJHWKHU��WKH�DFWRUV�FDQ�XVH�WKHLU�YDULRXV�VWUDWHJLF�RU�RSHUDWLRQDO
SRVLWLRQV�WR�GULYH�WKH�V\VWHP�WRZDUG�WKH�GHVLUHG�EHKDYLRU�

:LWK�GLYHUVH�DFWRUV�DW�WKH�WDEOH��LQWHUYHQWLRQV�FDQ�EH�EHWWHU�GHVLJQHG�WR�PHHW�WKH
UDQJH�RI�QHHGV�DQG�PRWLYDWLRQV�RI�YDULRXV�V\VWHP�DFWRUV�DQG�HQFRXUDJH�ORQJ�WHUP
VXSSRUW� DQG� RZQHUVKLS� RI� WKH� LQLWLDWLYH�� LQFUHDVLQJ� SUREDELOLW\� RI� VXFFHVV�� 7KH
LQFOXVLRQ� RI� HQG�XVHUV� RU� EHQHILFLDULHV� LQ� D� FR�GHVLJQ� SURFHVV� DOVR� KHOSV� WR
FDOLEUDWH� H[SHFWDWLRQV� DERXW� WKH� OLNHO\� W\SH� DQG� PDJQLWXGH� RI� RXWFRPHV� DQ
LQLWLDWLYH�FDQ�GHOLYHU��DV�ZHOO�DV�WKH�WLPH�VFDOHV�RYHU�ZKLFK�WKHVH�RXWFRPHV�FDQ�EH
H[SHFWHG�WR�RFFXU��7KLV�UHGXFHV�WKH�ULVN�RI�UHDOL]HG�RXWFRPHV�IDOOLQJ�VXEVWDQWLDOO\
VKRUW�RI�DUWLILFLDOO\�LQIODWHG�H[SHFWDWLRQV��*LODQL�HW�DO���������

$QG� ILQDOO\�� WKH� DFW� RI� FR�FUHDWLRQ� LWVHOI� EHJLQV� WR� DFWLYDWH� V\VWHPV� FKDQJH�
WUDQVIRUPLQJ� SHRSOH� WUDQVIRUPV� V\VWHPV�� %ULQJLQJ� WRJHWKHU� GLYHUVH� YRLFHV�
RUJDQL]DWLRQV�� DQG� LGHDV� KHOSV� WR� HVWDEOLVK� QHZ� QHWZRUNV�� FKDQJH� WKH� IORZ� DQG
VKDSH� RI� LQIRUPDWLRQ�� XQGHUVWDQGLQJ�� DQG� NQRZOHGJH�� DV� ZHOO� DV� EXLOG� QHZ�
GXUDEOH�IRUPV�RI�UHODWLRQVKLSV��'ULPLH�HW�DO��������0RVHU���������:KHQ�ZH�VHH�FR�
FUHDWLRQ�DV�HPEHGGHG�DQG�HPHUJLQJ�IURP�ZLWKLQ�V\VWHPV��WKLV�KLJKOLJKWV�WKH�IDFW
WKDW� DQ\� VLQJOH� DFWRU�� RUJDQL]DWLRQ�� RU� LGHD� LV� QHFHVVDU\� EXW� QRW� FRPSOHWH� RQ� LWV
RZQ�

6WUXFWXUHG�FR�FUHDWLRQ�SURFHVVHV�UHTXLUH�GLYHUVH�SDUWLFLSDWLRQ�DQG�SHUVSHFWLYHV�WR
JHQHUDWH� DQ�KROLVWLF�XQGHUVWDQGLQJ�RI�KRZ� WKH� V\VWHP�FXUUHQWO\�ZRUNV�� D� VKDUHG
YLVLRQ�RI� D�PRUH� VXVWDLQDEOH� IXWXUH� V\VWHP��DQG� WR� LGHQWLI\�SODXVLEOH�SRLQWV� WKDW
PD\� FDWDO\]H� WUDQVIRUPDWLRQ� WR� D� IXWXUH� V\VWHP�� 6LPSO\� JHWWLQJ� HYHU\RQH� LQ� WKH
VDPH�URRP�GRHV�QRW�HTXDWH�WR�FR�FUHDWLRQ��2IWHQ�D�FR�FUHDWLRQ�SURFHVV�VWDUWV�ORQJ
EHIRUH�DFWRUV�FRQYHQH��DQG�FRQWLQXHV�ORQJ�DIWHU�



�

(QVXULQJ� D� FR�FUHDWLRQ� SURFHVV� LV� PHDQLQJIXO� DQG� HIIHFWLYH�� WKHUH� DUH� ILYH
GLPHQVLRQV�WR�NHHS�LQ�PLQG�

'LYHUVLW\�DQG�SRZHU
)URP�WKH�VWDUW�� LW� LV� LPSRUWDQW�WR�FRQVLGHU�GLIIHUHQW�W\SHV�RI�GLYHUVLW\��IRU
H[DPSOH�� WKH� JHQGHU�� HWKQLFLW\�� HFRQRPLF� VWDWXV�� DQG�DJH�RI�SDUWLFLSDQWV�
0DQ\�RI�RXU�PRVW�SUHVVLQJ�VXVWDLQDELOLW\�FKDOOHQJHV�DUH�GHHSO\�URRWHG� LQ
V\VWHPV� ZLWK� FRPSOH[� KLVWRULFDO� FRQWH[WV�� RIWHQ� GHHSO\� URRWHG� LQ� SRZHU
DQG� SROLWLFV�� (IIHFWLYH� FR�FUHDWLRQ� SURFHVVHV� VKRXOG� GUDZ� WRJHWKHU
LQGLYLGXDOV� ZKR� VSDQ� D� UDQJH� RI� GLVFLSOLQHV�� SHUVSHFWLYHV�� DQG� OHYHOV� RI
SRZHU� WR� FDSWXUH� WKH� IXOO� UDQJH� QHHGHG� WR� JHQHUDWH� DQ� KROLVWLF
XQGHUVWDQGLQJ�RI�D�V\VWHP�ZKLOH�DOVR�HQVXULQJ�WKH�VDIHW\�DQG�VHFXULW\�RI�DOO
SDUWLFLSDQWV�LQYROYHG��7HQJ|�HW�DO���������3HUHLUD�HW�DO����������7KH\�VKRXOG
UHIOHFW�ERWK�µLQVLGHU¶�DQG�µRXWVLGHU¶�SHUVSHFWLYHV��DQG�DFW�RQ�GLIIHUHQW�VFDOHV
LQ�WKH�V\VWHP�

7DNH�IRU�H[DPSOH��D�VLWXDWLRQ�ZKHUH�DFWRUV�LQ�D�V\VWHP�DUH�VWULYLQJ�IRU�ERWK
IRRG� VHFXULW\� DQG� IRUHVW� SURWHFWLRQ�� ,W� LV� LPSRUWDQW� WR� KDYH� WKH� YRLFH� RI
PDUJLQDO�IDUPHUV�� ODQG�VSHFXODWRUV��DQG�WKH�ODUJH�IRRG�FRPSDQLHV�DPRQJ
WKH� RWKHUV� DOO� KHDUG� WRJHWKHU�� WR� XQUDYHO� WKH�PXOWLSOH� GLPHQVLRQV� RI� WKH
SUREOHP�DQG�SRVVLEOH�VROXWLRQV��$�GHOLEHUDWH�FR�FUHDWLRQ�SURFHVV�HQVXUHV
WKDW� OHVV� SRZHUIXO� YRLFHV� DUH� KHDUG� DORQJVLGH� PRUH� SRZHUIXO� RQHV�� 7KLV
PLJKW� LQYROYH� HQJDJLQJ� GLIIHUHQW� VWDNHKROGHUV� LQ� VPDOOHU� JURXSV� DW
GLIIHUHQW�WLPHV�GXULQJ�D�FR�FUHDWLRQ�SURFHVV�WR�HQVXUH�SRZHU�G\QDPLFV�DUH
NHSW�LQ�FKHFN��DQG�IROORZLQJ�XS�DIWHU�WKH�SURFHVV�WR�HQVXUH�WKH�ZHOO�EHLQJ
RI�DOO�SDUWLFLSDQWV�



�

�

,Q�RXU�H[SHULHQFH��LW�GHSHQGV�

� $SSUR[LPDWHO\�������IRU�WKH�FRUH�UHSUHVHQWDWLYH�JURXS
� 8S�WR����IRU�WKH�ODUJHU�JURXS�IDFH�WR�IDFH�PHHWLQJV�VXFK�DV�OHDUQLQJ�WULSV
� $V�IHZ�DV���DQG�XS�WR���IRU�VPDOO�ZRUNLQJ�JURXSV�ZLWK�VSHFLILF�WDVNV

7UXVW
7UXVW� LV� WKH� IRXQGDWLRQ� WR� VXFFHVVIXOO\� LPSOHPHQW� V\VWHPV� FKDQJH�� <HW
WKHUH�DUH�QR�VKRUWFXWV� WR�GHYHORSLQJ�WUXVW�²�LW� WDNHV�WLPH��7RR�RIWHQ�� WKH
WHUP�FR�FUHDWLRQ�LV�LPSOHPHQWHG�LQ�D�VKDOORZ�DQG�OLPLWHG�ZD\�WR�VDYH�WLPH�
DYRLGLQJ�WKH�SURFHVV�RI�JHQXLQH�HQJDJHPHQW�ZLWK�DOO�V\VWHP�DFWRUV��:KHQ
WKLV� KDSSHQV�� D� FOHDU� SLFWXUH� RI� WKH� V\VWHP� LV� QRW� VKDUHG� E\� DOO�� DQG� WKH
DELOLW\� WR� HIIHFW� FKDQJH� DFURVV� WKH� V\VWHP� LV� ORVW�� %XW�PRUH� LPSRUWDQWO\�
DFWRUV� DUHQ¶W� IXOO\� HQJDJHG� LQ� WKH� SURFHVV� �DQG� VROXWLRQV��� EHFDXVH� WKH\
KDYHQ¶W�EHHQ�KHDUG�DQG�WUXVW�KDVQ¶W�EHHQ�JDLQHG��,Q�D�FR�FUHDWLRQ�SURFHVV�
LW�LV�FULWLFDO�WR�NHHS�LQ�PLQG�KRZ�DQG�LI�SRZHU�G\QDPLFV�LQWHUVHFW�ZLWK�RU
LQIOXHQFH�WUXVW�EHWZHHQ�VWDNHKROGHUV�

&ODULW\�RI�SXUSRVH
7KH�SURFHVV�� WRROV��DQG�QDWXUH�RI�FR�FUHDWLRQ�QHHG� WR�EH�DOLJQHG�ZLWK� WKH
SXUSRVH� RI� WKH� LQLWLDWLYH�� 7KH� SXUSRVH� PD\� YDU\�� DQG� FRXOG� EH� WR
XQGHUVWDQG� WKH� G\QDPLFV� RI� D� V\VWHP�� HYDOXDWH� FULWLFDO� IDLOXUH� PRGHV�
LGHQWLI\� RSSRUWXQLWLHV� IRU� LQWHUYHQWLRQ�� IOHVK� RXW� D� VLQJOH� LQWHUYHQWLRQ
VWUDWHJ\��RU�VRPHWKLQJ�HOVH��(DFK�SXUSRVH�ZLOO�UHTXLUH�D�GLIIHUHQW�SURFHVV
IRU�FR�FUHDWLRQ�



�

�

(PSDWK\
7KH� DELOLW\� WR� XQGHUVWDQG� DQG� DFNQRZOHGJH� DQRWKHU¶V� SHUVSHFWLYH� DV
OHJLWLPDWH�LV�NH\�WR�JHQHUDWLQJ�D�QXDQFHG�XQGHUVWDQGLQJ�RI�WKH�V\VWHP�DQG
GHYHORSLQJ� VROXWLRQV� WKDW� DOLJQ� ZLWK� WKH� PRUH� LQYLVLEOH� OD\HUV� RI� WKH
XQGHUO\LQJ� QHHGV�� 'HHSO\� HQWUHQFKHG� PLVWUXVW� FDQ� EH� GLIIXVHG� ZLWK� WKH
ULJKW�NLQG�RI�IDFLOLWDWLRQ�DQG�SURFHVV��$Q\�FR�FUHDWLRQ�SURFHVV�WKDW�IDLOV�WR
FUHDWH� D� VDIH� VSDFH� IRU� RSHQ�� FROOHFWLYH� VKDULQJ� RI� LGHDV�� FRQFHUQV�� DQG
PRWLYDWLRQV�²�DQG�IDLOV�WR�LQFUHDVH�WKH�OHYHOV�RI�WUXVW�²�KDV�IDLOHG�LQ�RQH�RI
WKH�PRVW�HVVHQWLDO�GLPHQVLRQV�RI�VWUXFWXUHG�FR�FUHDWLRQ�

,WHUDWH�DQG�FRPPLW�WR�FR�FUHDWLRQ
&R�FUHDWLRQ� FUHDWHV� D� FRPPXQLW\� ZLWK� DQ� LQFUHDVLQJO\� GHHS� VHQVH� RI
VKDUHG� FRQYLFWLRQV�� LGHQWLWLHV�� VHQVH� RI� SXUSRVH�� DQG� FRQQHFWLRQ� ZLWK
RWKHUV�� $� JRRG� FR�FUHDWLRQ� SURFHVV� UHVXOWV� LQ� D� VKDUHG� LGHQWLW\�� VWURQJ
UHODWLRQVKLSV�� PXWXDO� VXSSRUW�� HPSDWK\�� IULHQGVKLSV�� DQG� PXWXDO
DGYRFDF\�� 7KXV� LWHUDWLQJ� RQ� WKH� SURFHVV� LV� HVVHQWLDO� WR� HQVXUH� WKH
FRPPXQLW\�FDQ�VXVWDLQ�LWVHOI�

)RU� H[DPSOH�� LQ� HDUO\� VWDJHV� RI� FR�FUHDWLRQ�� LQGLYLGXDOV� ZKR� FDQ� RIIHU
GLYHUVH�SHUVSHFWLYHV�RQ�WKH�V\VWHP�PD\�EH�WKH�PRVW�LPSRUWDQW�WR�HQJDJH�
1HZ�PHPEHUV�PD\�EH� LQFOXGHG� ODWHU�DV� WKH�XQGHUVWDQGLQJ�RI� WKH�V\VWHP
H[SDQGV� DQG� GHHSHQV�� ,W� LV� LPSRUWDQW� WKDW� LQGLYLGXDOV� EURXJKW� LQWR� WKH
VWUXFWXUHG�FR�FUHDWLRQ�SURFHVV�DUH�ZLOOLQJ�WR�FR�FUHDWH�²�LQGLYLGXDOV�ZKR
DUH�UHVLVWDQW�WR�WKH�LGHD�RI�FR�FUHDWLRQ�PD\�GLVUXSW�RU�REVWUXFW�WKH�SURFHVV�

&R�FUHDWLRQ�QHYHU�HQGV��7KH�IDFLOLWDWRU�RI�D�FR�FUHDWLRQ�SURFHVV�ZLOO�DOZD\V�UHPDLQ
WKH�FXVWRGLDQ�RI�WKH�WUXVW�EXLOW�LQ�WKH�SURFHVV��7KLV�SURFHVV�DVNV�SDUWLFLSDQWV�WR�EH
JHQHURXV� ZLWK� WKHLU� WLPH�� WUXVW�� DQG� LQVLJKWV�� 7KLV� FRQWULEXWLRQ� QHHGV� WR� EH
UHVSHFWHG�� DQG� WKH�SURFHVV� VKRXOG�HQVXUH�D�KLJK�GHJUHH�RI� YDOXH� FUHDWLRQ�DFURVV
PXOWLSOH� IURQWV� ²� EH� LW� WR� WKH� V\VWHP� XQGHUVWDQGLQJ�� FODULW\� RU� DOLJQPHQW� RI
SXUSRVH��RU�IRVWHULQJ�RI�UHODWLRQVKLSV�RU�WUXVW�



� ,Q�\RXU�QH[W�PHHWLQJ�RU�ZRUNVKRS�� LGHQWLI\� WKH�GLIIHUHQW�JURXSV�RI�DFWRUV
SUHVHQW� DQG� UDQN� RQ� D� VFDOH� RI� ���� WKH� OHYHO� RI� SRZHU� HDFK� JURXS� KDV� WR
PDNH�FKDQJH�LQ�D�V\VWHP��$UH�WKHUH�DQ\�UDGLFDO�LPEDODQFHV"�$UH�WKHUH�DQ\
DFWLRQV�WKDW�\RX�SHUVRQDOO\�FDQ�WDNH�WR�FKDQJH�DQ\�SRZHU�LPEDODQFH"

� 7DNH� D� OXQFK� EUHDN� ZLWK� VRPHRQH� \RX� GRQ¶W� XVXDOO\� VSHQG� WLPH� ZLWK�
(QVXULQJ�WKDW�WLPH�DQG�VSDFH�LV�JLYHQ�IRU�FRQQHFWLRQV�WR�RFFXU�WR�IRVWHU�FR�
FUHDWLRQ�LV�UHDOO\�LPSRUWDQW�DQG�LW¶V�QRW�WKDW�KDUG�WR�GR�²�LW�FDQ�FRPH�IURP
VLPSO\� VKDULQJ� D� PHDO� ZLWK� VRPHRQH�� 2YHU� WLPH�� ZDWFK� KRZ� \RXU
UHODWLRQVKLS�HYROYHV�ZLWK�WKLV�SHUVRQ�



³2QH�PXVW�ZRUN�ZLWK�WLPH��QRW�DJDLQVW�LW�´���8UVXOD�.��/H�*XLQ

$V� KXPDQ� EHLQJV�� ZH� H[SHULHQFH� WLPH� RQH� GD\� DW� D� WLPH�� 2XU� ILUVW�KDQG
H[SHULHQFHV�DQG�KRUL]RQV�DUH�RIWHQ�VKDSHG�E\�WKLV�VHHPLQJO\�RUGHUHG�SURJUHVVLRQ
IRUZDUG��,Q�PDQ\�ZD\V��WKH�ULFKQHVV�RI�RXU�OLYHV�DUH�UHDOL]HG�WKURXJK�H[SHULHQFHV
RI�DQWLFLSDWLRQ��UHOLYLQJ�VZHHW�PHPRULHV��DQG�ILQGLQJ�ZD\V�WR�HQMR\�RXU�LPPHGLDWH
PRPHQWV� DQG� LQWHUDFWLRQV� �3ROL���������:LWK� WKH� DGYHQW� RI� WHFKQRORJ\�� VRPH� RI
WKHVH� H[SHULHQFHV� RI� WLPH� FDQ�EH� H[WHQGHG� DQG� UH�LPDJLQHG�� ,Q� WKH�SDVW� D� OHWWHU
ZRXOG�KDYH�KDG�WR�WUDYHO�ORQJ�GLVWDQFHV�YLD�VKLS��ZKHUHDV�QRZ�D�WH[W�PHVVDJH�RU
HPDLO�EULGJHV� WLPH��DQG�VSDFH�� LQ�PRPHQWV��$�YDULHW\�RI� WRROV�DQG� WHFKQRORJLHV�
VXFK� DV� YLUWXDO� UHDOLW\�� QRZ� H[LVW� WKDW� DOORZ� XV� WR� VHH� DQG� FRQWHPSODWH� WKH
LPSOLFDWLRQV�RI�WLPH�DQG�RXU�SODFH�LQ�LW�

(YHU\WKLQJ� LQ� WKH�XQLYHUVH� WUDQVIRUPV�RYHU� WLPH�DW�GLIIHUHQW� UDWHV� DQG� VFDOHV��$
UHVWDXUDQW� PLJKW� EH� HVWDEOLVKHG� DQG� FROODSVH� LQ� WZR� \HDUV�� ZKLOH� VRPH� SODVWLFV
PLJKW� ODVW� IRU� KXQGUHGV� RU� HYHQ� WKRXVDQGV� RI� \HDUV�� &XOWXUDO� IUDPHV� VXFK� DV
SDWULDUFK\�� VRFLHWDO� SDUDGLJPV� VXFK� DV� UHOLJLRQ�� DQG� LQVWLWXWLRQV� VXFK� DV
GHPRFUDF\��PLJKW�EH�VORZ�WR�FKDQJH��ZKLOH�WHFKQRORJ\�UHJLPHV�DQG�FRQVXPSWLRQ
SDWWHUQV�PLJKW� HYROYH� LQ�PXFK� VKRUWHU� WLPH� IUDPHV�� 7KHUH� DUH� DOVR� WLPH� GHOD\V
EHWZHHQ�DFWLRQ�DQG�FKDQJH���IRU�H[DPSOH��D�JRYHUQPHQW�PD\�HQDFW�D�SROLF\��EXW�LW



PD\� EH� PRQWKV� RU� HYHQ� \HDUV� EHIRUH� FKDQJH� LV� VHHQ� RQ� WKH� JURXQG�� 7KH
GHYHORSPHQW� RI� ³WLPH� VHQVLWLYLW\´�� RU� DQ� DZDUHQHVV� RI� KRZ� WLPH� LPSDFWV� RXU
SUREOHPV�DQG�VROXWLRQV��LV�YLWDO�WR�FUHDWLQJ�WKH�LPSDFW�ZH�GHVLUH�

,Q�DGGLWLRQ�WR�WKH�UROH�RI�WLPH��PDQ\�RI�WRGD\¶V�VXVWDLQDELOLW\�FKDOOHQJHV�FDQ�DOVR
EH� WUDFHG� EDFN� WR� PLVPDWFKHV� LQ� VFDOH� EHWZHHQ� RXU� SUREOHPV� DQG� SURSRVHG
VROXWLRQV��&XPPLQJ�HW�DO����������)RU�H[DPSOH��LI�D�VHW�RI�DFWLRQV�LV�WDNHQ�DW�D�ORFDO
OHYHO� LQ�D�FRQWH[W�ZLWK�KLJKO\�GLYHUVH�JURXQG�UHDOLWLHV�� WKH�FKDQFHV� WKDW� WKH\�ZLOO
KDYH� WKH� FDSDFLW\� WR� DGGUHVV� LVVXHV� DW� D� KLJKHU� VFDOH� DUH� TXLWH� ORZ�� 7KXV� WR
VXFFHVVIXOO\� LQWHUYHQH� LQ�D� V\VWHP��ZH�DOVR�QHHG�³VFDOH� VHQVLWLYLW\´� WKDW� FDQ�KHOS
H[SORUH�KRZ�VFDOH�LQIOXHQFHV�RXU�GHILQLWLRQ�RI�D�V\VWHP��D�SUREOHP��DQG�SURSRVHG
VROXWLRQV�

7KH�HQYLURQPHQWDO�DQG�VRFLDO�FKDOOHQJH�ZH�IDFH�DUH�RIWHQ�DW�UHJLRQDO�RU�SODQHWDU\
VFDOH��DQG�KDYH�EHHQ�LQ�WKH�PDNLQJ�IRU�GHFDGHV�RU�HYHQ�FHQWXULHV��&UXW]HQ�������
5RFNVWU|P�HW�DO����������<HW�WLPH�ODJV�LQ�RXU�JOREDO�V\VWHP�KDYH�SUHYHQWHG�ODUJH
SRUWLRQV� RI� VRFLHW\� IURP� IHHOLQJ� WKH� HIIHFWV� RI� RXU� GHJUDGHG� HQYLURQPHQW
�5DXGVHSS�+HDUQH�HW�DO����������ZKLFK�KDV�OHIW�XV�ZLWK�D�QHHG�WR�UHVSRQG�WR�WKHVH
FKDOOHQJHV� LQ� H[WUHPHO\� VKRUW� SHULRGV� RI� WLPH��1RW� XQGHUVWDQGLQJ� WKH� UROH� WLPH
SOD\V� LQ� RXU� DFWLRQV� DQG� WKH� UHVXOWV� ZH� VHH�� LQFUHDVHV� WKH� ULVN� RI� PLVVHG
RSSRUWXQLWLHV�RU�XQLQWHQGHG�FRQVHTXHQFHV�

6FDOH� DQG� WLPH� DUH� LQWULFDWHO\� LQWHUWZLQHG�� *LYHQ� WKDW� ZH� DUH� DOPRVW� DOZD\V
ZRUNLQJ�ZLWKRXW�HQRXJK�WLPH�RU�DW�D�VFDOH�WRR�VPDOO� IRU�WKH�SUREOHPV�ZH�IDFH��D
FRQWLQXDO� TXHVW� IRU� LPSDFW� DW� ODUJHU� VFDOHV� LQ� OHVV� WLPH� LV� WR� EH� ORRNHG� DW� DV� DQ
LQQRYDWLRQ� FKDOOHQJH�� :H� QHHG� WR� XVH� VFDOH� DQG� WLPH� DV� OHQVHV� ERWK� ZKHQ
XQUDYHOLQJ�D�SUREOHP�RU� FKDOOHQJH�� DQG�ZKHQ� LGHQWLI\LQJ� VROXWLRQV�� ,Q�GRLQJ� VR�
ZH�PD\�WKHQ�GLVFRYHU�GLVSURSRUWLRQDWHO\�OHYHUDJHG�RSSRUWXQLWLHV�

2IWHQ�ZH�KDYH�DVVXPSWLRQV�RI�KRZ�WLPH�DQG�VFDOH�LQIOXHQFH�WKH�SUREOHPV�ZH�WU\
DQG�VROYH��\HW�ZLWK�FRPSOH[�V\VWHPV�LW�LV�KDUG�WR�IXOO\�XQGHUVWDQG�WKH�LPSOLFDWLRQV
RI�WKHVH�IDFWRUV�LQ�RXU�ZRUN��7KH�JUHDWHU�RXU�DZDUHQHVV�DQG�XQGHUVWDQGLQJ�RI�WLPH



6\VWHPV�FKDQJH�RYHU�WLPH��2XU�YLHZ�RI�RXU�HQYLURQPHQW�ULJKW�QRZ�LV�D�VQDSVKRW�LQ�WLPH�
:KDW�ZH�VHH�KDV�EHHQ�GHHSO\�LQIOXHQFHG�E\�WKLQJV�WKDW�KDYH�KDSSHQHG�LQ�WKH�SDVW��DQG�LV
RQ� VRPH� NLQG� RI� WUDMHFWRU\� WR� DQ� HYROYHG� VWDWH� LQ� WKH� IXWXUH�� )XUWKHU�� WKH� V\VWHP� ZLOO� EH
FKDQJHG�E\�RXU�DFWLRQV�DQG�WKH�DFWLRQV�RI�RWKHUV�

&KDQJH�KDSSHQV�IDVW�DQG�VORZ��6\VWHPV�GR�QRW�RIWHQ�FKDQJH�LQ�SUHGLFWDEOH�ZD\V��:KDW
PLJKW�VWDUW�RII�DV�VWHDG\�PD\�VXGGHQO\�EHFRPH�UDQGRP��IDVW��DQG�FKDRWLF��6\VWHPV�FRQVLVW
RI�ERWK�VORZ�DQG�IDVW�YDULDEOHV��:DONHU�HW�DO����������VR�LW�LV�LPSRUWDQW�WR�EH�ERWK�SDWLHQW�DQG
RQ�WKH�ORRNRXW�IRU�WLSSLQJ�SRLQWV��H[SRQHQWLDO�JURZWK��UHVRXUFH�OLPLWV��IHHGEDFNV��FROODSVHV�
DQG�UHJLPH�VKLIWV��5RFKD�HW�DO���������

&RQQHFWLRQ� LV�HYHU\ZKHUH��1RW�PXFK� H[LVWV� LQ� LVRODWLRQ� LQ� QDWXUDO� DQG� KXPDQ� V\VWHPV�
7KH�FODVVLF�H[DPSOH�LV�WKDW�RI�D�EXWWHUIO\�IODSSLQJ�LWV�ZLQJV�LQ�0H[LFR��FDXVLQJ�D�KXUULFDQH�LQ
%HLMLQJ� �/RUHQ]�� ������� 6LPLODUO\�� WKH� UHFRYHU\� RI� (XURSHDQ� IRUHVWV� KDV� UHVXOWHG� LQ� D
GHFUHDVH�LQ�IRUHVWV�LQ�6RXWK�(DVW�$VLD�DV�WLPEHU�SURGXFWLRQ�LV�PRYHG��/DPELQ�	�0H\IURLGW�
�������:H�FDQ¶W�DOZD\V�SUHGLFW�LPSDFWV�DFURVV�VFDOHV�DQG�WLPHV��\HW�FRQVLGHULQJ�VFDOH�DQG
WLPH�KRUL]RQV�ZKHQ�DGGUHVVLQJ�D�SUREOHP�FDQ�KHOS�XV�WR�EXLOG�PRUH�UHVLOLHQW�VWUDWHJLHV�DQG
PLWLJDWH�XQLQWHQGHG�FRQVHTXHQFHV�

6\VWHP�VWUXFWXUHV�XQGHUOLH�WLPH�DQG�VFDOH��7KH�G\QDPLFV�RI�D�V\VWHP�DFURVV�WLPH�DUH�D
UHVXOW�RI�WKH�VWUXFWXUHV�XQGHUQHDWK�WKHP��7KLV�FUHDWHV�SDWWHUQV�DQG�F\FOHV�RI�EHKDYLRU�DQG
GLIIHUHQW� IUHTXHQFLHV� RI� RFFXUUHQFH�� )RU� H[DPSOH�� LI� ZH� FRQVLGHU� D� KHUG� RI� ELVRQ�� WKH
FKDUDFWHULVWLFV�RI�WKDW�KHUG�DUH�GHWHUPLQHG�E\�IDFWRUV�VXFK�DV�JHVWDWLRQ�SHULRG��OLIHVSDQ��DQG
UHSURGXFWLYH� DJH�� 7KHVH� IDFWRUV� FUHDWH� WKH� VWUXFWXUH� WKDW� GHWHUPLQHV� WKH� EHKDYLRU� RI� WKH
KHUG�DQG�KRZ�IDVW� WKH�KHUG�FDQ�FKDQJH��/LNHZLVH�� LI�DQ�RUJDQL]DWLRQ¶V�EXGJHW� LV�VHW�HYHU\
\HDU�RU�WZR�\HDUV��FHUWDLQ�EHKDYLRUV�DQG�G\QDPLFV�ZLOO�HPHUJH�LQ�UHVSRQVH�WKDW�FRXOG�HLWKHU
OLPLW�RU�HQKDQFH�FDSDFLW\�WR�FKDQJH��2OVRQ�	�(R\DQJ��������

,QWHUDFWLQJ� F\FOHV� DQG� IUHTXHQFLHV�� 'LIIHULQJ� F\FOHV� DQG� IUHTXHQFLHV� DUH� LQKHUHQW� LQ
QDWXUDO� DQG� VRFLDO� V\VWHPV�� )RU� H[DPSOH�� WKH� FLFDGDV� HPHUJH� IURP� WKH� JURXQG� LQ� F\FOHV
FORVHO\� DVVRFLDWHG� ZLWK� SULPH� QXPEHUV� �HYHU\� ��� \HDUV� RU� ��� \HDUV�� :LOOLDPV� 	� 6LPRQ�
�������2YHUODSSLQJ�F\FOHV�FDQ� LQWHUDFW� LQ�ZD\V�WR�DWWHQXDWH��DPSOLI\��RU�SDVV� WKURXJK�RQO\
FHUWDLQ�IUHTXHQFLHV��8QGHUVWDQGLQJ�WKH�QDWXUDO�RU�UHVRQDQFH�IUHTXHQFLHV�RI�D�V\VWHP�FDQ�EH
LPSRUWDQW� LQ�RUGHU� WR�XQGHUVWDQG�ZKHUH�DQG�KRZ�WR�VFDOH�FKDQJH��0RYH� WRR� IDVW�RU�DW� WRR
KLJK�D�IUHTXHQF\��DQG�HQHUJ\�WHQGV�WR�EH�DEVRUEHG�ZLWKLQ�WKH�V\VWHP��0RYH�WRR�VORZ�RU�DW
WRR� ORZ�D� IUHTXHQF\��DQG� WKH� V\VWHP�GLVVLSDWHV�EHIRUH� LW� FDQ�DFFXPXODWH� LQ�D�PHDQLQJIXO
ZD\��6HOHFW�WKH�ULJKW�IUHTXHQF\��KRZHYHU��DQG�HYHQ�VPDOO�FKDQJHV�LQ�WHUPV�RI�DPSOLWXGH�FDQ
KDYH�GUDPDWLF�HIIHFWV�

DQG�VFDOH��WKH�PRUH�HIIHFWLYH�ZH�ZLOO�EH��,I�ZH�EHWWHU�XQGHUVWDQG�WKH�HYHQWV�ZH�VHH�
DQG� KRZ� RXU� DFWLRQV� PLJKW� UHYHUEHUDWH� WKURXJK� WLPH� DQG� VSDFH�� ZH� DUH� EHWWHU
HTXLSSHG�WR�FUHDWH�ODVWLQJ�FKDQJH�



$YRLGLQJ�SHUYHUVH�RXWFRPHV��7KH�7DFRPD�1DUURZV�EULGJH��ORFDWHG�LQ�WKH

QRUWKZHVWHUQ�SDUW�RI�WKH�8QLWHG�6WDWHV��FROODSVHG�EHFDXVH�VPDOO�YLEUDWLRQV�LQ�WKH

ZLQG�UHVRQDWHG�ZLWK�WKH�EULGJH¶V�QDWXUDO�IUHTXHQF\��7KLV�FUHDWHG�DQ�DPSOLI\LQJ

RVFLOODWLRQ�WKDW�XOWLPDWHO\�OHG�WR�D�FDWDVWURSKLF�FROODSVH���3KRWR��$VVRFLDWHG�3UHVV�

1<7�-XO\�����������

,Q�PDQ\�ZD\V�ZH�KDYH�EHFRPH�PDVWHUV�RI�FROODSVLQJ� WLPH�DQG�EHQGLQJ� LW� WR�RXU
ZLOO��%XW� WKHUH¶V�URRP�WR� LPSURYH��7LPH�LV� LQKHUHQW� LQ�DFWLRQ��(YHU\�DFWLRQ�WDNHV
WLPH��5HFRJQL]LQJ�WKLV� LV� LPSRUWDQW�ZKHQ�ZH�WU\�DQG�XQGHUVWDQG�WKH�V\VWHPV�ZH
OLYH� DQG�ZRUN� ZLWKLQ�� (DFK� LQWHUYHQWLRQ� WDNHV� WLPH� WR� VHW� XS�� EXLOG�� JURZ�� JDLQ



�

PRPHQWXP�� ORVH�PRPHQWXP��7KH� VHTXHQFLQJ� DQG� WLPLQJ� RI� GLIIHUHQW� DFWLRQV� LV
DOVR�LPSRUWDQW�

:RUNLQJ�ZLWK�WLPH�DQG�VFDOH�LV�FORVHO\�WLHG�WR�RWKHU�SULQFLSOHV�RI�V\VWHPV�SUDFWLFH�
VXFK�DV�LGHQWLI\LQJ�IUDPHV��H[SHULPHQWLQJ�LWHUDWLYHO\��DQG�VHHLQJ�RXUVHOYHV�LQ�WKH
V\VWHP��%\�GHYHORSLQJ�D�WLPH�DQG�VFDOH�VHQVLWLYLW\��ZH�EHFRPH�EHWWHU�HTXLSSHG�WR
IUDPH� DQG� UHIUDPH� SUREOHPV� DQG� SRWHQWLDO� VROXWLRQV�� :H� FDQ� XVH� WRROV� WR
XQGHUVWDQG�WKH�UDWH�RI�FKDQJH�DQG�WKH�SRWHQWLDO�WLPH�ODJV�EHWZHHQ�DFWLRQV�DQG�DQG
FKDQJH�LQ�WKH�ZRUOG��$QG�ZH�FDQ�H[SHULPHQW��OHDUQ��DQG�DGDSW�RXU�HIIRUWV�WR�WDNH
DGYDQWDJH�RI�RSSRUWXQLWLHV�WR�DFFHOHUDWH�FKDQJH�RU�VORZ�GRZQ�WR�PLWLJDWH�KDUP�

%\�SD\LQJ�DWWHQWLRQ�WR�WKH�IUHTXHQF\�RU�UK\WKP�RI�FKDQJH�WKDW�LV�DOUHDG\�RFFXUULQJ
ZLWKLQ�D�V\VWHP��DFWLRQV�FDQ�EH�GHVLJQHG�WR�EHWWHU�MRLQ�LQ�KDUPRQ\�ZLWK�D�V\VWHP¶V
H[LVWLQJ�SDWWHUQV�� IHHGEDFNV��DQG�WUDMHFWRU\�RI�FKDQJH� LQVWHDG�RI�SXVKLQJ�DJDLQVW
LQJUDLQHG� SDWWHUQV� RI� WLPH� DQG� VFDOH� �2OVVRQ� HW� DO��� ������� ,I� WHFKQRORJLHV� DUH
HPHUJLQJ� DQG� VSUHDGLQJ� WKDW� \RX� FDQ� WDNH� DGYDQWDJH� RI�� JHW� LQ� V\QF� ZLWK� WKHLU
GHYHORSPHQW�� ,I�PRYHPHQWV� DUH� IRUPLQJ�� DQWLFLSDWH� DQG� SODQ� WR� EH� LQ� WKH� ULJKW
SODFH�DW� WKH�ULJKW� WLPH��8OWLPDWHO\��PRYLQJ� LQ�UK\WKP�LV� OHDUQLQJ�WR� OLVWHQ�WR� WKH
V\VWHP� DURXQG� XV�� %\� H[SORULQJ� ZKDW� LV� DOUHDG\� KDSSHQLQJ� LQ� WKH� V\VWHP�� LW
EHFRPHV�SRVVLEOH� WR� WDNH�DGYDQWDJH�RI�H[LVWLQJ�PRPHQWXP�IURP�WLPH�DQG�VFDOH�
IDFLOLWDWLQJ�IDVWHU�DQG�PRUH�HIILFLHQW�FKDQJH��7KLV�FDQ�DOVR�KHOS�XV�DWWXQH�RXUVHOYHV
WR�GHSHQGHQFLHV�EHWZHHQ�RXUVHOYHV��RXU�DFWLRQV��DQG�V\VWHPV�ZKLFK�PD\�FKDQJH
RYHU�WLPH�

:KLOH� WKLQNLQJ� DERXW� KRZ� WLPH� DQG� VFDOH� FDQ� KHOS� XQGHUVWDQG� SUREOHPV� DQG
GHYHORS�VROXWLRQV��WKHUH�DUH�IRXU�WKLQJV�WR�NHHS�LQ�PLQG�

7LPHOLQHVV� RI� WLPLQJ�� 2IWHQ� SUREOHPV� DUH� QRW� SHUFHLYHG� DV� XUJHQW� RU
UHOHYDQW� WR�GLIIHUHQW�JURXSV�RI� DFWRUV�RU� VWDNHKROGHUV��$Q� LPSRUWDQW� ILUVW
VWHS� LV� XQGHUVWDQGLQJ� LI� WKH� LPSHWXV� WR� DFW� DOUHDG\� H[LVWV�� RU� LI� LW� ZRXOG
KDYH�WR�EH�JHQHUDWHG��,QGLYLGXDOV�DQG�LQVWLWXWLRQV�RIWHQ�SHUFHLYH�DQG�ZRUN
ZLWK� WLPH� GLIIHUHQWO\�� LQIOXHQFHG� E\� WKLQJV� VXFK� DV� FXOWXUH� RU� ILHOG� RI
SUDFWLFH�� 2QH� RI� WKH� DGYDQWDJHV� RI� DGRSWLQJ� D� FR�FUHDWLRQ� DSSURDFK� WR
GHVLJQLQJ� FKDQJH� LV� WKDW� \RX� FDQ�EXLOG�GHVLUH� DQG�PRWLYDWLRQ� IRU� FKDQJH
DQG�EHWWHU�XQGHUVWDQG�WKH�WLPH�DQG�VFDOHV�RWKHUV�DUH�ZRUNLQJ�RQ�



�

�

�

2SSRUWXQLW\�FRVW�� 6RPHWLPHV�SHRSOH� WKLQN� WKDW� LI� LW¶V�QRW� FOHDU�KRZ� WR
WDFNOH�D�SUREOHP�LQ�D�FRPSOH[�V\VWHP��ZH�VKRXOG�WU\�DQG�DGGUHVV�WKH�ZKROH
V\VWHP� DOO� DW� RQFH�� <HW� GRLQJ� RQH� WKLQJ� PHDQV� FDSDFLW\� LV� ORVW� WR� GR
VRPHWKLQJ�HOVH��:H�KDYH�OLPLWHG�UHVRXUFHV��DQG�WKDW�LQFOXGHV�OLPLWHG�WLPH�
,W�WKXV�EHFRPHV�LPSRUWDQW�WR�DVN���ZKDW� LV�WKH�WUDMHFWRU\�RI�WKH�SUREOHP�
DQG�KRZ�LV�LW�FKDQJLQJ�DFURVV�WLPH�DQG�VFDOH"�:KDW�ZRXOG�ZH�ORVH�RU�JDLQ
E\�DFWLQJ�QRZ�LQVWHDG�RI�RQH��ILYH��RU�WHQ�\HDUV�LQ�WKH�IXWXUH"�:KHUH�VKRXOG
ZH� FKRRVH� WR� SODFH� RXU� OLPLWHG� WLPH�� DWWHQWLRQ�� DQG� UHVRXUFHV"
$OWHUQDWLYHO\��FRXOG�DFWLQJ�GR�PRUH�KDUP�WKDQ�JRRG"

6ORZ�GRZQ�WR�DFFHOHUDWH��$UH�WKHUH�PRPHQWV�LQ�WLPH�ZKHQ�ZH�VKRXOG
GHOLEHUDWHO\� FKRRVH� WR� VORZ� GRZQ� FHUWDLQ� UHODWLRQVKLSV�� GHFLVLRQ� SRLQWV�
SURFHVVHV�RU�IORZV"�,W�PD\�VHHP�FRXQWHU�LQWXLWLYH��EXW�GHOD\LQJ�D�GHFLVLRQ
RU� DQ� LQWHUYHQWLRQ�PLJKW� WULJJHU� IDVWHU�� JUHDWHU�� RU� ORQJHU�ODVWLQJ� FKDQJH
WKURXJK�DOLJQLQJ�LQLWLDWLYHV�RU�SDWWHUQV�RI�EHKDYLRU��6HLMJHU�HW�DO����������%\
XQGHUVWDQGLQJ� WKH�G\QDPLFV�RI�V\VWHPV�� LW�EHFRPHV�HDVLHU� WR�XQGHUVWDQG
ZKHQ� LV� LW�EHVW� WR�VORZ�GRZQ�DQG�ZKHQ� LV� LW�EHVW� WR�VSHHG�XS��'LVUXSWLQJ
H[LVWLQJ�SDWWHUQV�PD\�LQ�IDFW�KHOS�XV�HVWDEOLVK�QHZ�RQHV�

$OLJQ�DFWLRQ�WR�VFDOH��,I�D�JRDO� LV�WR�SUHYHQW�VSHFLHV�IURP�JRLQJ�H[WLQFW
WKDW�UDQJH�RYHU�D�ODUJH�ODQG�DUHD��ZRUNLQJ�DW�D�VPDOO�VFDOH�ZLOO�OLNHO\�QRW�EH
VXIILFLHQW�� 2Q� WKH� RWKHU� KDQG�� LI� DQ� HQGHPLF� VSHFLHV� H[LVWV� LQ� RQH� VPDOO
ORFDWLRQ�� \RXU� VFDOH� RI� LQWHUYHQWLRQ� PLJKW� EH� YHU\� GLIIHUHQW�� 5HPHPEHU
WKDW� VFDOHV� FDQ� EH� GLIIHUHQW� LQ� UHODWLRQ� WR� FRPPXQLWLHV�� LQVWLWXWLRQV�
HFRQRPLHV�� VSHFLHV�� DQG� JHRJUDSKLHV�� ,W� PD\� EH� LPSRUWDQW� WR� WDLORU
LQWHUYHQWLRQV�WR�PXOWLSOH�VFDOHV��RU�QHVW�SURJUDPV�LQ�PXOWLSOH�FRQQHFWLQJ
VFDOHV�²�VXFK�DV�FRQQHFWLQJ�DFWLRQV�LQ�PXOWLSOH�ORFDWLRQV�DFURVV�D�FRXQWU\�

� )RU� RQH�PRQWK�� ZULWH� GRZQ� LQ� D� QRWHERRN� D� GDLO\� REVHUYDWLRQ� DERXW� WKH
V\VWHP� LQ� ZKLFK� \RX¶UH� ZRUNLQJ�� (YHU\� GD\�� PDNH� DQRWKHU� REVHUYDWLRQ
DERXW� WKH� VDPH� V\VWHP�� EXW� KDYH� LW� IRFXV� RQ� D� GLIIHUHQW� DVSHFW� RI� WKH
V\VWHP��2EVHUYH� RYHU� WLPH�KRZ� WKH� REVHUYDWLRQV� RI� \RXU� V\VWHP�DGG�XS�
$QG�LI�\RX�OLNH�WKH�SUDFWLFH��NHHS�LW�JRLQJ�



� ,PDJLQH�WKH�SUREOHP�\RX¶UH�ZRUNLQJ�RQ�RQH�\HDU�IURP�WRGD\��,GHQWLI\�RQH
WKLQJ�WKDW�KDV�FKDQJHG��7KHQ��ZULWH�GRZQ�KRZ�WKDW�FKDQJHV�WKH�SUREOHP�RU
WKH�FXUUHQW�VROXWLRQ��7U\�LW�IRU�D�ORQJHU�WLPH�KRUL]RQ�²���\HDUV�IURP�QRZ�
DQG����\HDUV�IURP�QRZ�



:H�DUH�FRQWLQXDOO\�RQ�WKH�TXHVW�IRU�³VLPSOLFLW\�RQ�WKH�IDU�VLGH�RI�FRPSOH[LW\�´��
2OLYHU�:HQGHOO�+ROPHV��-U��$VVRFLDWH�-XVWLFH�RI�WKH�86�6XSUHPH�&RXUW����������

6RPH� SDUWV� RI� FRPSOH[LW\� DUH� LQHVFDSDEOH� LQ� WKHLU� FRPSOH[LW\� DQG� FDQQRW� EH
UHGXFHG�WR�VLPSOLFLW\��6ROXWLRQV�WR�FRPSOH[�FKDOOHQJHV��KRZHYHU��FDQ�WKHRUHWLFDOO\
EH�VLPSOH��7KH�LGHD�RI�ILQGLQJ�VLPSOLFLW\�LQ�FRPSOH[LW\�GHEXQNV�WKH�DVVXPSWLRQV
WKDW�FRPSOH[�VROXWLRQV�UHTXLUH�JUHDWHU�UHVRXUFHV�WR�DGGUHVV�WKDQ�OHVV�FRPSOH[�RU
FRPSOLFDWHG�FKDOOHQJHV�

0DQ\�SHRSOH�DOVR�KDYH�DQ�DYHUVLRQ�WR�FRPSOH[LW\�²�DFFHSWLQJ�FRPSOH[LW\�LQYROYHV
RSHQLQJ� WKH� GRRUV� WR� XQFHUWDLQW\��ZKLFK� EULQJV� D� UDQJH� RI� SRWHQWLDO� ULVNV�� 7KXV
ILQGLQJ� VLPSOLFLW\� LQ� FRPSOH[LW\� LV� ERWK� D� FULWLFDO� DQG� LQKHUHQW� SDUW� RI� V\VWHPV
FKDQJH�ZRUN�

7KH� FKDQFHV� RI� ILQGLQJ� VROXWLRQV� WKDW� DUH� ERWK� SUDFWLFDO� DQG� FDSDEOH� RI
WUDQVIRUPLQJ�FRPSOH[�V\VWHPV�OLH�LQ�HPEUDFLQJ�WKHLU�FRPSOH[LW\�²�DQG�IURP�WKDW�
JDLQLQJ�QHZ�FODULW\�DERXW�WKH�SDWKZD\V�RI�FKDQJH��7KH�LGHD�RI�OHYHUDJH�SRLQWV��RU
SODFHV� LQ� WKH� V\VWHP�ZKHUH� D� VPDOO� FKDQJH� FRXOG� OHDG� WR� D� ODUJH� VKLIW� LQ� V\VWHP
EHKDYLRU� �0HDGRZV�� ������ KDV� SLTXHG� WKH� LQWHUHVW� RI� VRFLDO� DQG� HQYLURQPHQWDO
FKDQJH�PDNHUV� DOLNH�� <HW� OHYHUDJH� SRLQWV� DUH� UDUHO\� LQWXLWLYH�� ,W� LV� WKURXJK� WKLV



HPEUDFH�RI�FRPSOH[LW\�WKDW�DOORZV�IRU�WKH�GLVFRYHU\�RI�VLPSOHU�VROXWLRQV�WKDW�ZRUN
ZLWK�WKH�V\VWHP�WR�FUHDWH�FKDQJH�

7KDW�ZH�FDQ�ILQG�VLPSOH�H[SODQDWLRQV�IRU�FRPSOH[�EHKDYLRU�LQ�WKH�DUFKLWHFWXUH�RI�D
V\VWHP� LV� D� WUXO\� IDVFLQDWLQJ� DQG�ZRQGHUIXO� DVSHFW� RI� OLYLQJ� V\VWHPV�� VRPHWKLQJ
WKDW�DQ\�REVHUYHU�RI�QDWXUDO�DQG�VRFLDO� V\VWHPV�FDQ� ILQG�DQ\ZKHUH� LQ� WKH�ZRUOG�
(DFK�ILQGLQJ�RI�VLPSOLFLW\�LV�D�GLVFRYHU\�WKDW�LV�FR�FUHDWHG�DQG�UH�FUHDWHG�WKURXJK
HQJDJHPHQW�ZLWK�SHRSOH�DQG�QDWXUH�IRU�D�GHILQHG�SXUSRVH��,W¶V�WKH�VLPSOLFLW\�WKDW
DOORZV�XV�WR�WHDFK�RXU�FKLOGUHQ�WR�YDOXH�QDWXUH��KHOS�VRPHRQH�VHH�D�GLIIHUHQW�VLGH
WR�D�IDPLO\�FRQIOLFW��RU�SURPSW�D�SROLWLFDO�OHDGHU�WR�EHOLHYH�LQ�WKH�FKDQJHV�QHFHVVDU\
IRU�OLYLQJ�V\VWHPV�

0RVW� RI� XV� KDYH� D� GHVLUH� WR� VLPSOLI\� WKH� ZRUOG� DURXQG� XV� DQG� WR� ILQG� ZD\V� WR
FRQWURO�WKH�ZRUOG�ZH�OLYH�LQ��,W�LV�DOVR�QDWXUDO�WR�IHHO�RYHUZKHOPHG�ZLWK�FRPSOH[LW\
RU�WR�EUXVK�LW�DVLGH�DV�D�EURDG�FRQFHSW�WKDW�FDQ�EH�LJQRUHG�LQ�IDYRU�RI�LPPHGLDWH
DFWLRQV�� :H� VLPXOWDQHRXVO\� QHHG� WDQJLEOH� DFWLRQV� ZH� FDQ� WDNH� DPLGVW� WKH
FRPSOH[LW\�� ZKLOH� QRW� EHLQJ� QDLYH� DERXW� ZK\� RXU� SUREOHPV� DUH� VWLOO� SHUVLVWLQJ
GHVSLWH�RXU�EHVW� HIIRUWV� WR� IL[� WKHP��7KH�GHVLJQ� ILHOG� LQ�SDUWLFXODU� FHOHEUDWHV� WKH
TXHVW� IRU� D� PLQLPDOLVW� VROXWLRQ� WKDW� JLYHV� PD[LPDO� HIIHFW� ²� DQG� FRQWLQXRXVO\
LWHUDWHV�LGHDV�XQWLO�VXFK�D�VROXWLRQ�LV�IRXQG��7R�HTXLS�RQHVHOI�ZLWK�WKH�NQRZOHGJH
DQG�WRROV�WR�QDYLJDWH�WKURXJK�FRPSOH[LW\�DQG�LGHQWLI\�LQWHUYHQWLRQV��RQH�PXVW�ILUVW
DFFHSW�DQG�HPEUDFH�WKH�FKDOOHQJH�

,I�D�SUREOHP�GRPDLQ�LV�FRPSOH[��DQG�ZH�LJQRUH�WKDW�FRPSOH[LW\��WKH�VROXWLRQV�ZH
FRPH� XS� ZLWK� ZLOO� OLNHO\� RQO\� DGGUHVV� VXUIDFH� OHYHO� LVVXHV� DQG� QRW� FUHDWH� WKH
WUDQVIRUPDWLYH�FKDQJH�ZH�VHHN��$�IRXQGDWLRQ�IRU� ILQGLQJ�VLPSOLFLW\� LV�HPEUDFLQJ
WKH� IRXU� SKDVHV� RI� V\VWHP� FKDQJH�� 7DNLQJ� WKH� WLPH� WR� EXLOG� VXSSRUW� IRU� FKDQJH
�L�H���µ/D\�WKH�IRXQGDWLRQ¶���DQG�XQGHUVWDQG�ZKHUH�ZH�DUH��µ8QGHUVWDQG�WKH�FXUUHQW
V\VWHP¶��EHIRUH�ZH�FKRRVH�KRZ�WR�DFW��2QO\�ZLWK� WKLV� IRXQGDWLRQ�GRHV� LW�EHFRPH
SRVVLEOH� WR� JDLQ� VLPSOH� LQVLJKWV� RQ� WKH� SDWK� WR� FKDQJH�� ZKLFK� FDQ� EH� XVHG� WR
LPDJLQH�IXWXUHV��µ(QYLVLRQ�WKH�IXWXUH¶���DQG�LGHQWLI\�OHYHUDJH�SRLQWV�WKDW�FDQ�OHDG
WR�ODVWLQJ�FKDQJH��µ%ULGJH�WKH�JDS¶��6WURK��������



,W�LV�LPSRUWDQW�WR�EHOLHYH�WKDW�WKHUH�DUH�VLPSOH�DFWLRQV�ZH�FDQ�WDNH�RQ�WKH�IDU�VLGH
RI� FRPSOH[LW\� WKDW� FDQ� WUXO\�PDNH� D� GLIIHUHQFH��:H� VKRXOG� VWULYH� WR� ILQG� WKHVH�
UDWKHU�WKDQ�VHWWOH�IRU�FRPSOLFDWHG�RU�LPSUDFWLFDO�VROXWLRQV�WKDW�VHHP�HDVLHU�

)LQGLQJ� VLPSOLFLW\� LQ� FRPSOH[LW\� LQYROYHV� PRUH� WKDQ� DQ\WKLQJ�� OHWWLQJ� JR�
5HFRJQL]LQJ�WKDW�FKDQJH�KDSSHQV���ZLWK�RU�ZLWKRXW�\RXU�HIIRUWV���LV�D�IXQGDPHQWDO
ILUVW� VWHS� WR� DFFHSWLQJ� FRPSOH[LW\�� $OVR� UHFRJQL]LQJ� WKDW� LI� ZH� DUH� WDNLQJ� DFWLRQ
DJDLQVW�ODUJHU�IRUFHV�RI�D�G\QDPLF�LQ�D�V\VWHP��LW�ZLOO�EH�OLNH�VZLPPLQJ�XSVWUHDP�
2QO\� ZKHQ� ZH� UHFRJQL]H� WKLV� UHDOLW\� FDQ� ZH� VWDUW� WR� DWWXQH� RXUVHOYHV� WR� WKH
PRPHQWV�RI�VLPSOLFLW\�WKDW�KDSSHQV�DORQJ�RXU�V\VWHPV�MRXUQH\�

7DNH�IRU�H[DPSOH��WKH�FRQFHSW�RI�QDWXUDO�UHVRXUFH�JRYHUQDQFH��,W�LV�ZLOGO\�FRPSOH[
��LQ�LWV�IRUPDO�VWUXFWXUHV��SURFHVVHV��DQG�SRZHU�G\QDPLFV��%XW�WKHUH�DUH�ZD\V�ZH
FDQ�PDNH� VHQVH� RI� WKHVH� FRPSOH[�� DQG� RIWHQ� DEVWUDFW� FRQFHSWV�� (OLQRU� 2VWURP�
ZLQQHU�RI�WKH�1REHO�3UL]H�LQ�(FRQRPLFV�LQ�������GLVWLOOHG�HLJKW�GHVLJQ�SULQFLSOHV
IRU� QDWXUDO� UHVRXUFH� JRYHUQDQFH� IURP� HPEUDFLQJ�� VWXG\LQJ�� DQG� XQSDFNLQJ� WKH
FRPSOH[LW\� RI� VRFLDO�HFRORJLFDO� V\VWHPV� �2VWURP� ������� 7KURXJK� HPSLULFDOO\
VWXG\LQJ� FRPPXQLWLHV� DURXQG� WKH� ZRUOG�� 2VWURP¶V� HLJKW� SULQFLSOHV� KDYH� EHHQ
H[WUHPHO\�LQIOXHQWLDO�LQ�EXLOGLQJ�FRPPXQLW\�JRYHUQDQFH�VWUXFWXUHV�ZKLFK�VXSSRUW
FROOHFWLYH�PDQDJHPHQW� RI� QDWXUDO� UHVRXUFHV��'HYHORSLQJ� DQG� DGKHULQJ� WR� VLPSOH
SULQFLSOHV�GHVLJQHG�WR�KRQRU�WKH�FRPSOH[LW\�RI�WKH�UHDO�ZRUOG�LV�D�SRZHUIXO�ZD\�WR
ILQG�VLPSOLFLW\�LQ�FRPSOH[LW\�

7KHUH� DUH� DOVR� PRUH� VSHFLILF� ZD\V� ZH� FDQ� ILQG� VLPSOLFLW\� WKURXJKRXW� WKH� IRXU
SKDVHV�RI�V\VWHPV�FKDQJH��)RU�H[DPSOH��WKURXJK�ILQGLQJ�OHYHUDJH�SRLQWV��/HYHUDJH
SRLQWV�DUH�SODFHV�LQ�D�V\VWHP�WR�LQWHUYHQH�ZKHUH�VPDOO�FKDQJHV�FDQ�KDYH�ELJ�HIIHFWV
�0HDGRZV���������0RUH�RIWHQ� WKDQ�QRW��QR�RQH� OHYHUDJH�SRLQW�ZLOO�EH�D�SDQDFHD
VROXWLRQ� WR� D� SUREOHP�� 7KDW� VDLG�� ILQGLQJ� WKH� ULJKW� OHYHUDJH� SRLQW� LQ� WKH� ULJKW
FRQWH[W�LV�WUXO\�ILQGLQJ�VLPSOLFLW\�LQ�FRPSOH[LW\�

7KHUH�DUH�ERWK�GHHS�DQG�VKDOORZ�OHYHUDJH�SRLQWV��6KDOORZ�OHYHUDJH�SRLQWV�DUH�RIWHQ
PRUH� REYLRXV�� DQG� LW� LV� W\SLFDOO\� HDVLHU� WR� WDFNOH� WKHVH� SRLQWV�� 6KDOORZ� OHYHUDJH
SRLQWV�PD\� LQFOXGH� WKLQJV� OLNH� WD[HV�� VXEVLGLHV�DQG� VWDQGDUGV��<HW�RYHU� WKH� ORQJ



WHUP�� WKHVH� VKDOORZ� SRLQWV� GR� QRW� GUDPDWLFDOO\� FKDQJH� WKH� VWUXFWXUHV� WKDW� DUH
GULYLQJ�D� V\VWHP�JHQHUDWLQJ�XQZDQWHG�EHKDYLRU� �$EVRQ�HW� DO��� �������7R�DFKLHYH
HQGXULQJ� FKDQJH�� ZH� QHHG� WR� WDNH� WKH� WLPH� WR� XQFRYHU� GHHSHU� OHYHUDJH� SRLQWV�
FDSDEOH�RI�GHOLYHULQJ�JUHDWHU�LPSDFW��'RQHOOD�0HDGRZV��������LGHQWLILHG����SODFHV
WR� LQWHUYHQH� LQ� V\VWHPV� �VHH� WKH� ILJXUH� EHORZ�� UHSULQWHG� ZLWK� SHUPLVVLRQ� IURP
$EVRQ�HW�DO�������� WKDW� UDQJH� IURP�PRUH�VKDOORZ�SRLQWV�RI� OHYHUDJH� LQ�D� V\VWHP�
VXFK�DV� WD[HV�RU� VXEVLGLHV� IRU�D�SDUWLFXODU�FRPPRGLW\�� WR�GHHSHU� OHYHUDJH�SRLQWV
WKDW� LQYROYH� VKLIWLQJ� WKH� PLQGVHWV� RI� SDUDGLJPV� WKDW� XQGHUSLQ� D� V\VWHP�� IRU
H[DPSOH�� WKH� YDOXHV� ZH� DVFULEH� WR� QDWXUH�� ,W� LV� WKURXJK� DGGUHVVLQJ� WKHVH� GHHS
OHYHUDJH�SRLQWV�WKDW�ZH�PD\�ILQG�WKH�KLJKHVW�SRWHQWLDO�IRU�UHWXUQ�

���OHYHUDJH�SRLQWV�IRU�V\VWHPV�FKDQJH��UHSURGXFHG�ZLWK�SHUPLVVLRQ�IURP�$EVRQ�HW

DO��������

7R�ILQG�VLPSOLFLW\��ZH�FDQ�DVN�RXUVHOYHV�TXHVWLRQV�VXFK�DV�ZKDW�DUH�WKH�FRPPRQ
HOHPHQWV� WKDW� DSSHDU� DFURVV� VFDOHV� LQ� RXU� V\VWHP"�$UH� WKHUH� FRPSRQHQWV� RI� WKH
V\VWHP�� VXFK� DV� IHHGEDFN� ORRSV� DQG� VWRFNV�� WKDW� VHHP� LQIOXHQWLDO"� $UH� WKHUH
SDUWLFXODU�WKUHVKROGV�RU�QRQ�OLQHDULWLHV�LQ�RSHUDWLRQ"�$QG�GR�HOHPHQWV�RU�IHHGEDFN
ORRSV� JHQHUDWH� FDVFDGLQJ� HIIHFWV"� 7KHVH� TXHVWLRQV� EULQJ� XV� EDFN� WR� WKH
IXQGDPHQWDO� G\QDPLFV� GULYLQJ� D� V\VWHP��:H�PD\� DOVR� ILQG� WKDW� VRPH�G\QDPLFV
DUH� NQRZQ� DFURVV� V\VWHPV� DQG� UHSHDW� LQ� GLIIHUHQW� VHFWRUV� DQG� FRQWH[WV�� 7KHVH



)LQGLQJ�WKH�ULJKW�OHYHUDJH�SRLQW

(DFK� \HDU�� DW� OHDVW� ������� $IULFDQ
HOHSKDQWV� DUH� LOOHJDOO\� NLOOHG� IRU� WKHLU� WXVNV
�&,7(6�� ������� $� UHFHQW� UHVXUJHQFH� LQ
GHPDQG�IRU�LYRU\��SDUWLFXODUO\�LQ�&KLQD��IXHOV
WKLV�SRDFKLQJ�HSLGHPLF��7KH�HOHSKDQW� LYRU\
WUDGH�QRW�RQO\�WKUHDWHQV�WKH�YHU\�VXUYLYDO�RI
HOHSKDQW� SRSXODWLRQV� DQG� FDXVHV� EURDGHU
HFRORJLFDO� FRQVHTXHQFHV�� EXW� DOVR
HQGDQJHUV�WKH�OLYHV�DQG�OLYHOLKRRGV�RI�ORFDO
SHRSOH� DQG� XQGHUPLQHV� QDWLRQDO� DQG
UHJLRQDO� VHFXULW\�� )RU� GHFDGHV�
FRQVHUYDWLRQ�JURXSV�KDYH�IRFXVHG�HIIRUWV�WR
FRPEDW�LOOHJDO�LYRU\�WUDGH�RQ�VXSSRUWLQJ�ODZ

HQIRUFHPHQW� HIIRUWV� DQG� JRYHUQLQJ� WUDGH��:KLOH� WKHVH� DUH� OHYHUDJH� SRLQWV� LQ� WKH� V\VWHP�
WKH\�GR�QRW� QHFHVVDULO\� DGGUHVV� WKH� YDOXHV�DQG�EHOLHIV� WKDW� SHUSHWXDWH� WKH� F\FOH� RI� LYRU\
WUDIILFNLQJ�DQG�FRQVXPSWLRQ�

<HW�FKDQJH�LV�FRPLQJ��&KLQD�FORVHG�LWV�OHJDO�PDUNHWV�LQ�������+RQJ�.RQJ�LQ�������DQG�RWKHU
$VLDQ� FRXQWULHV� ZLWK� RSHQ� LYRU\� WUDGH� DQG� DUH� XQGHU� VXEVWDQWLDO� SUHVVXUH� WR� WDNH� DFWLRQ�
:LWKLQ� WKLV� FRQWH[W�RI�SROLF\� FKDQJH��::)�KDV� UHFRJQL]HG� WKH� LPSRUWDQFH�RI� WDFNOLQJ� WKH
GHHSHU� OHYHUDJH� SRLQW�� WKH� EHKDYLRUV� RI� LQGLYLGXDOV�ZKR� SXUFKDVH� LYRU\� SURGXFWV� DQG� WKH
DVVRFLDWHG� VRFLHWDO� QRUPV�� %\� XQGHUVWDQGLQJ� WKH� XQGHUO\LQJ� PRWLYDWLRQV� RI� LYRU\� EX\HUV�
EHKDYLRUDO�VWUDWHJLHV�WDUJHWLQJ�GLYHUVH�FRQVXPHUV�RI�LYRU\�VHHN�WR�EXLOG�D�QHZ�VRFLDO�QRUP
DURXQG� LYRU\�FRQVXPSWLRQ��%\�DOLJQLQJ� WDFWLFV�RQ�KXPDQ�EHKDYLRU�ZLWK�VKLIWV�DFURVV�VFDOH
DQG� WLPH� LQ� WKH� QDWLRQDO� UHJXODWLRQ�� WUDQVIRUPLQJ� WKH� V\VWHP� VWUXFWXUHV� WKDW� SHUSHWXDWH
GHPDQG�DQG�FRQVXPSWLRQ�RI�LYRU\�EHFRPHV�SRVVLEOH�

,PDJH�FRS\ULJKW����::)���0LNH�*ROGZDWHU

UHSHDWLQJ� UHODWLRQVKLSV� DUH� FRPPRQO\� UHIHUUHG� WR� DV� 6\VWHP�$UFKHW\SHV� �6HQJH�
������� $UFKHW\SHV� FDQ� KHOS� LGHQWLI\� FRPPRQ� EHKDYLRUV� LQ� KXPDQ� V\VWHPV� DQG
KHOS�XV�VHH�SRWHQWLDO�OHYHUDJH�SRLQWV�ZKLFK�KDYH�EHHQ�ZLWQHVVHG�LQ�RWKHU�V\VWHPV
EHIRUH��/HDUQLQJ�WR�VHH�SDWWHUQV�LQ�V\VWHPV�KHOSV�XV�DYRLG�UHLQYHQWLQJ�WKH�ZKHHO�



� 5HYLHZ� D� VHW� RI� SURMHFWV� RU� SURJUDPV� LQ� \RXU� RUJDQL]DWLRQ�� 8VLQJ� WKH� ��
OHYHUDJH�SRLQWV��FDQ�\RX�LGHQWLI\�ZKDW�NLQGV�RI�OHYHUDJH�SRLQWV�WKH�SURMHFWV
DUH�WU\LQJ�WR�DGGUHVV�LQ�\RXU�ZRUN"

� 'UDZ� D� VLPSOH� SLFWXUH� RI� \RXU� SUREOHP� WKDW� \RX� FRXOG� XVH� WR� H[SODLQ� WR
VRPHRQH�ZKR�GRHVQ¶W�NQRZ�DQ\WKLQJ�DERXW�LW�



³,�QHYHU�ORVH��,�HLWKHU�ZLQ�RU�OHDUQ�´���1HOVRQ�0DQGHOD

6\VWHPV� DUH� G\QDPLF�� OLYLQJ�� VWUXFWXUHV� WKDW� FKDQJH� DQG� HYROYH�� 6\VWHPV� RIWHQ
KDYH�HPHUJHQW�SURSHUWLHV��ZKLFK�PDNHV�LW�GLIILFXOW�SUHGLFWLQJ�KRZ�RXU�DFWLRQV�PD\
LQIOXHQFH�FKDQJH�LQ�WKH�ZRUOG��7R�WDNH�DFWLRQ�LQ�D�ZD\�WKDW�FDQ�GULYH�PHDQLQJIXO
FKDQJH�LQ�D�V\VWHP��LW�LV�LPSRUWDQW�WR�FRQWLQXRXVO\�H[SHULPHQW��OHDUQ��DQG�LWHUDWH�

([SHULPHQWLQJ� LWHUDWLYHO\� FDQ� VLPSO\� EH� GHVFULEHG� DV� µOHDUQLQJ� E\� GRLQJ�¶� 7KH
SURFHVV� RI� WHVWLQJ� DQG� OHDUQLQJ� LQ� LWHUDWLYH� ORRSV� HQFRXUDJHV� DQ� HWKRV� RI
H[SORUDWLRQ�DQG�GLVFRYHU\��ZKLFK�VXSSRUWV�XV�LQ�LGHQWLI\LQJ�ZKDW�DFWLRQV�WR�WDNH�
,W�DOORZV�XV�WR�XVH�LQVLJKWV�IURP�VXFFHVVHV�DQG�IDLOXUHV�WR�UDSLGO\� LQWHJUDWH�WKHP
LQWR�RXU�RZQ�XQGHUVWDQGLQJ�RI�KRZ�V\VWHPV�ZRUN��DQG�ZD\V�WR�GULYH�SRVLWLYH�DQG
ODVWLQJ�FKDQJH��7R�YHQWXUH�EH\RQG�RXU�XVXDO�UHSHUWRLUH�RI�UHVSRQVHV�WR�D�VLWXDWLRQ�
ZH� FDQ� H[SHULPHQW� DQG� H[SORUH� GLIIHUHQW� SDWKZD\V� WR� FKDQJH� ²� JUDQWLQJ� WKH
PHQWDO�DQG�SK\VLFDO�VSDFH�WR�WU\�QHZ�WKLQJV�ZLWKRXW�MXGJHPHQW�DQG�H[SHFWDWLRQV�

,WHUDWLYH� H[SHULPHQWDWLRQ� LQYROYHV� RVFLOODWLQJ� EHWZHHQ� SHULRGV� RI� DFWLRQ� DQG
SHULRGV�RI�UHIOHFWLRQ��WR�HQVXUH�WKDW�WHVWLQJ�DQG�OHDUQLQJ�LV�EXLOW�LQWR�WKH�SURFHVV�
7KH� SHULRG� RI� DFWLRQ� LQYROYHV� UDSLG� WHVWLQJ�� LPSOHPHQWDWLRQ�� DQG� EXLOGLQJ� RI
PRPHQWXP��DQG�WKH�SHULRG�RI�UHIOHFWLRQ�LQYROYHV�VORZLQJ�GRZQ��OHDUQLQJ�IURP�WKH
SUHYLRXV�DFWLRQV��DQG�UH�DGMXVWLQJ�LQWHQW�DQG�FRXUVH�RI�DFWLRQ�DV�QHHGHG��7KLV�W\SH



RI�H[SHULPHQWDWLRQ�KDV�EHHQ�XVHG�LQ�D�YDULHW\�RI�FRQWH[WV�²�IURP�WKH�/HDQ�6WDUWXS
PHWKRGRORJ\� �GHVFULEHG� DV� D� %XLOG�0HDVXUH�/HDUQ� ORRS�� 5LHV�� ������� WR� GHVLJQ
WKLQNLQJ��%URZQ���������WR�GHYHORSPHQWDO�HYDOXDWLRQ��3DWWRQ��������

:H� NQRZ� WKDW� WKH� V\VWHPV� ZH� ZRUN� LQ� DUH� FRPSOH[� DQG� HYHU�FKDQJLQJ�� DQG
WKHUHIRUH��ZH�PD\�QRW�LPSOLFLWO\�NQRZ�WKH�VSHFLILF�GHWDLOV�RU�H[DFW�FRXUVH�RI�DFWLRQ
WR�DFKLHYLQJ�ORQJ�ODVWLQJ�FKDQJH��7KHUH�H[LVWV�D�WHQVLRQ�KHUH��GHVSLWH�QRW�NQRZLQJ
HYHU\�GHWDLO�UHTXLUHG�WR�FKDQJH�D�V\VWHP��ZH�FDQQRW�ZDLW�XQWLO�ZH�KDYH�WKRXJKW�RI
HYHU\� SRVVLEOH� FRXUVH� RI� DFWLRQ� DQG� RXWFRPH� EHIRUH� ZH� DFW�� :H� KDYH� WR� DFW
NQRZLQJ� WKDW� ZH� KDYH� LQFRPSOHWH� NQRZOHGJH� RI� D� V\VWHP�� UHFRJQL]LQJ� WKDW� RXU
XQGHUVWDQGLQJ�RI�WKH�V\VWHP�ZLOO�FKDQJH�WKURXJK�WLPH�²�DV�WKH�V\VWHP�LWVHOI�ZLOO
EH�FKDQJLQJ�WKURXJK�WLPH��,Q�HVVHQFH��DSSO\LQJ�UHVLOLHQFH�WKLQNLQJ�WR�D�SUREOHP�
ZH�QHHG�WR�GHYHORS�
VDIH�WR�IDLO
�LQWHUYHQWLRQV�IURP�ZKLFK�ZH�FDQ�OHDUQ��DGDSW�DQG
UHSHDW��$KHUQ��������/RQJ�WHUP��ULJLG�SODQV�IRU�FKDQJH�RIWHQ�GR�QRW�EXLOG�SHULRGV
RI� UHIOHFWLRQ�� VORZLQJ� GRZQ� HQRXJK� WR� OHW� DQ\� QHZ� FKDQJHV� LQ� WKH� V\VWHP
PDWHULDOL]H� EHIRUH�PDNLQJ� WKH�QH[W�PRYH��:H� H[SHULPHQW� LWHUDWLYHO\� WR� WHVW� DQG
LPSOHPHQW�DFWLRQV��REVHUYH�DQG�OHDUQ�KRZ�WKH\�DIIHFW�WKH�V\VWHP��DQG�DGDSW�RXU
LQWHQW�DQG�SDWK�IRUZDUG�

3URJUHVV�RQ�PDQ\�V\VWHP�FKDOOHQJHV�PD\�UHTXLUH�FKDQJHV�WR�WKLQJV�WKDW�DUH�GHHSO\
HPEHGGHG� ²� VXFK� DV� FRUH� LQGLYLGXDO� DQG� RUJDQL]DWLRQDO� YDOXHV�� EHOLHIV�� DQG
DWWLWXGHV�²� WKHVH� FDQ� EH� GLIILFXOW� �DQG� VRPHWLPHV�� LPSRVVLEOH�� WR� LQIOXHQFH�� ,Q
DGGLWLRQ�� RXU� DFWLRQV� PD\� OHDG� WR� XQDQWLFLSDWHG� IHHGEDFNV� RU� HPHUJHQW� V\VWHP
EHKDYLRUV�WKDW�FRXOG�OHDG�XV�DZD\�IURP�WKH�GHVLUHG�RXWFRPHV��&RQVWDQWO\�WHVWLQJ



K\SRWKHVHV�RI�ZKDW�ZLOO�ZRUN�LV�WKH�RQO\�ZD\�WR�DGGUHVV�WKHVH�GHHSO\�HQWUHQFKHG
DVSHFWV�RI�FKDQJH��HQVXULQJ� WKDW�ZH�DUH�FRQWLQXLQJ� WR�PRYH� WRZDUG�RXU�JRDOV�²
DQG�DOORZLQJ�VSDFH�IRU�RXU�JRDOV�WR�FKDQJH�DV�WKH�V\VWHP�FKDQJHV�

6WDUW� E\� VHWWLQJ� \RXU� LQWHQWLRQ�� 7KH� LQWHQWLRQ� VKRXOG� EH� EDVHG� RQ� D
FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH�V\VWHP¶V�FXUUHQW�VWDWH��DQG�D�YLVLRQ�IRU�ZKDW
WKH� GHVLUHG� IXWXUH� FRXOG� EH�� 7KLV� LQWHQWLRQ� SURYLGHV� D� VLPSOH� DQFKRU� DQG
DOLJQPHQW� WR� ZRUN� WRZDUGV�� 7KHUH� ZLOO� QHYHU� EH� FRPSOHWH� FODULW\� DERXW� ZKDW� LV
µULJKW¶�� VR�SODQ� IRU� WDNLQJ� WKH�QH[W�DFWLRQ��$�JXLGLQJ�TXHVWLRQ�FRXOG�EH�ZKDW� DUH
\RX�DLPLQJ�WR�DFKLHYH�LQ�XQGHUWDNLQJ�WKH�SURFHHGLQJ�DFWLYLWLHV"

7KHQ�� WDNH� DFWLRQ�� (YHU\� DFWLRQ� WDNHQ� LV� D� VWHS� WRZDUGV� \RXU� GHVLUHG� IXWXUH�
7DNLQJ�DQ\�DFWLRQ��HYHQ�RQH�EDVHG�RQ�RQO\�DQ�LQLWLDO�XQGHUVWDQGLQJ�RI�WKH�FRQWH[W�
ZLOO� SURYLGH�PRPHQWXP� DQG� D� EDVLV� IRU� OHDUQLQJ�� (YHU\� RSSRUWXQLW\� WR� DFW� ZLOO
SURYLGH�YDOXDEOH�OHDUQLQJ�WKDW�H[SDQGV�\RXU�YLHZ�RI�WKH�EURDGHU�V\VWHP��$�JXLGLQJ
TXHVWLRQ�FRXOG�EH�ZKDW�ZLOO�\RX�GR�DQG�ZKDW�LPSDFW�ZLOO�LW�KDYH�RQ�WKH�V\VWHP"

6WDUW� WR� VORZ� GRZQ�� REVHUYH� DQG� OHDUQ�� $FWLRQ� JHQHUDWHV� QHZ� LQVLJKW�
SDUWLFXODUO\�LI�WKHUH�DUH�XQH[SHFWHG�RU�HPHUJHQW�HIIHFWV�WKDW�HPHUJH��2EVHUYH�ZLWK
D� OHDUQHU¶V�PLQG�DQG�DFWLYH�FXULRVLW\��,QWHUURJDWH�\RXU�DVVXPSWLRQV��DQG�FDSWXUH
OHDUQLQJ� DQG� LQVLJKWV� WKURXJK� REVHUYLQJ� DQG� GRFXPHQWLQJ� IHHGEDFNV�� 7KHVH
LQVLJKWV� ZLOO� LQIRUP� \RXU� QH[W� DFWLRQV� DQG�� LPSRUWDQWO\�� VKRXOG� DOVR� VHUYH� WR
LQFUHDVH�\RXU�YLHZ�RI� WKH�HQWLUH� V\VWHP�DQG� LWV�G\QDPLFV��$FWLYH� FXULRVLW\�DQG�D
QRQ�MXGJPHQWDO� DWWLWXGH� ZLOO� VHUYH� WR� SURPRWH� DQ� XQFRPSURPLVLQJ� VWDQFH� DQG
FRPPLWPHQW� WR� DQG� GLDORJXH� ZLWK� FXULRVLW\�� LQTXLU\�� DQG� ZRQGHU� ZLWK� DQG
EHWZHHQ� SDUWV� LQ� WKH� V\VWHP�� $� JXLGLQJ� TXHVWLRQ� FRXOG� EH�ZKDW� LV� WKH� V\VWHP
GRLQJ"

$QG�VSHHG�XS���DGDSW�DQG�LWHUDWH��%DVHG�RQ�DFWLRQ�DQG�OHDUQLQJ��WKH�RULJLQDO
LQWHQWLRQ�LV�HYROYHG�DQG�DGDSWHG��7KLV�VHUYHV�DV�D�QHZ�EDVLV�IRU�IXUWKHU�DFWLRQ�DQG
DQRWKHU� LWHUDWLRQ� EHJLQV�� $� JXLGLQJ� TXHVWLRQ� IRU� WKLV� LV� KRZ� KDV� D� QHZ
XQGHUVWDQGLQJ�RI�WKH�V\VWHP�FKDQJHG�WKH�GLUHFWLRQ�RI�\RXU�LQWHQWLRQ"



³2QH� RI� WKH� ELJJHVW� FKDOOHQJHV
IDFLQJ� FRQVHUYDWLRQ� WRGD\� LV� RXU
FKDQJLQJ� FOLPDWH�� 7KH� UHDO� WHVW� RQ
::)�V� DELOLW\� WR� WDFNOH� FOLPDWH
DGDSWDWLRQ�LV�QRW�PHUHO\�DERXW�KRZ
ZHOO� ZH� XQGHUVWDQG� WKH� JHQHUDO
SULQFLSOHV�RU�FRQFHSWXDO�IUDPHZRUNV
WKDW� JRYHUQ� YXOQHUDELOLW\�� ULVN� RU
UHVLOLHQFH�� EXW� KRZ� ZH� FDQ� EULQJ
WKLV� WR� EHDU� LQ� RXU� SUDFWLFH�� ,Q� WKDW
FRQWH[W�� WKH� FOLPDWH� DGDSWDWLRQ
IUDPHZRUN� LQ� &RORPELD� LV
FRQVWDQWO\� HYROYLQJ�� PRVWO\� DV� D

UHVXOW�RI�³LQVWLWXWLRQDO�H[SHULPHQWLQJ´�²�KRZ�WR��IRU�H[DPSOH��H[SHULPHQW�DQG�WHVW�RXU�ZD\V
RI� DVVHVVLQJ� YXOQHUDELOLW\�� RQ� WKH� ZD\V� ZH� DVVHVV� DGDSWDWLRQ� SULRULW\� DFWLRQV�� DQG� PRVW
UHFHQWO\�� KRZ� WR� WUDQVLWLRQ� WR� VXSSRUWLQJ� UHVLOLHQW� ODQGVFDSHV�´�²� 6LOYLD� 9HMDUDQR�� ::)�
&RORPELD

,PDJH�FRS\ULJKW����0HULGLWK�.RKXW�::)�86

7KH�IRFXV�RI�LWHUDWLYH�H[SHULPHQWDWLRQ�LV�DOVR�WR�WU\�DQG�EUHDN�RU�EXLOG�RQ�KDELWXDO
ZD\V�RI�DFWLQJ�WKDW�KDYH�DSSHDUHG�WR�ZRUN�ZHOO�LQ�WKH�SDVW��WR�VWULYH�WRZDUGV�QHZ
DQG�LQQRYDWLYH�ZD\V�RI�PDNLQJ�PHDQLQJ�DQG�WDNLQJ�LPSDFWIXO�DFWLRQ�LQ�WKH�ZRUOG�
7KHUH�LV�QR�QHHG�WR�EH�DQ�H[SHUW�WR�VWDUW�H[SHULPHQWLQJ��,Q�IDFW�KDYLQJ�D�EHJLQQHU¶V
PLQG� FDQ� RIWHQ� EH� D� XVHIXO� VWDUWLQJ� SRLQW� IRU� PRUH� FUHDWLYH� WKLQNLQJ� DERXW� D
SUREOHP��.HOOH\���������&XOWLYDWLQJ� WKLV�FXULRVLW\�DQG�D�ZLOOLQJQHVV� WR� WU\� WKLQJV
RXW�LV�DQ�HVVHQWLDO�FRPSRQHQW�RI�V\VWHPV�H[SHULPHQWDWLRQ�

6WDUW� VPDOO� DQG� WKHQ� EXLOG� WR� VFDOH�� ([SHULPHQWDO� LWHUDWLRQ� FDQ� RFFXU� RQ� WKH
LQGLYLGXDO�OHYHO��DQ�RUJDQL]DWLRQDO�OHYHO��DQG�HYHQ�DW�D�V\VWHPV�OHYHO��%XW�WR�EHJLQ�
ZH�VWDUW�ZLWK�VPDOO�H[SHULPHQWV�WKDW�DOORZ�LQGLYLGXDOV�WR�OHDUQ�



:KHQ�H[SHULPHQWV� IDLO� WR�GHOLYHU� WKHLU� LQWHQGHG�RXWFRPHV�� LW� LV�DQ�RSSRUWXQLW\� WR�ZRUN�RXW
ZK\�WKLV�KDSSHQHG��WR�FKDOOHQJH�WKH�DVVXPSWLRQV�WKDW�HQDEOHG�RXU�H[SHFWDWLRQV��DQG�WKHQ
WR�OHDUQ�IURP�WKLV�DV�ZH�UHFRQILJXUH�KRZ�ZH�ZLOO�DFW�WKH�QH[W�WLPH��0DNLQJ�FRQVWUXFWLYH�XVH
RI�QHJDWLYH� IHHGEDFN�DQG� IDLOXUH� UHVXOWV� LQ�DQ� LQFUHDVH�RI� LQGLYLGXDO�RU�RUJDQL]DWLRQDO�VHOI�
NQRZOHGJH�DQG�VXSSRUWV�VXVWDLQDEOH�OHDUQLQJ�DQG�FKDQJH��$SSUHFLDWLYH�LQTXLU\�LV�D�PHWKRG
WKDW� LQYROYHV�VWDUWLQJ�ZLWK�D�VHW�RI�SUREOHPV�DQG�� WKURXJK�GLVFXVVLRQ��UH�IUDPLQJ�WKHP�LQWR
VRPHWKLQJ�SRVLWLYH�

$Q�DSSUHFLDWLYH�RU�SRVLWLYH�VWDQFH�LV�DQ�DSSURDFK�IRU�ILQGLQJ�WKH�OHDUQLQJ�DQG�LQWULQVLF�YDOXH
LQ�WKH�IXOO�UDQJH�RI�KXPDQ�H[SHULHQFH��,W�LV�D�VWDQFH�RU�SHUVSHFWLYH�WKDW�EHOLHYHV�WKDW��DW�WKHLU
FRUH�� LQGLYLGXDOV� DQG� LQVWLWXWLRQV� DUH� KHDOWK\�� UHVRXUFHIXO�� DQG� FDSDEOH� RI� FKDQJH�� ,Q� DQ\
JLYHQ�PRPHQW�� WKH\�DUH�GRLQJ� WKH�EHVW� WKH\�FDQ�ZLWK�ZKR� WKH\�DUH��DQG�� WKURXJK� LWHUDWLYH
H[SHULPHQWDWLRQ��WKH\�FDQ�OHYHUDJH�WKHLU�PRUH�GHYHORSHG�DWWULEXWHV�DQG�DWWHQG�WR�WKHLU�OHVV
GHYHORSHG�DVSHFWV�LQ�VHUYLFH�RI�JURZWK�DQG�GHYHORSPHQW�

6RXUFH��:KLWQH\�	�&RRSHUULGHU������

� 2QFH�D�PRQWK��PDNH�D�VPDOO�FKDQJH�LQ�\RXU�GDLO\�URXWLQH��,W�PD\�EH�VPDOO�
VXFK� DV� FKDQJLQJ� KRZ� \RX� UXQ� \RXU� ZHHNO\� PHHWLQJ�� KRZ� \RX� VHW� \RXU
WDVNV�IRU�WKH�GD\��WKH�SRLQW�LV�WR�SODQ��WU\��H[SHULHQFH��JHW�IHHGEDFN��PDNH�D
FKRLFH�WR�GR�LW�DJDLQ��DEDQGRQ�LW�RU�LPSURYH�LW�IRU�QH[W�PRQWK�

� ,WHUDWH� RQ� VRPHWKLQJ� IRU� DW� OHDVW� ���� KRXUV�� *R� WKURXJK� DW� OHDVW� WKUHH
µLWHUDWLRQV�¶�7DNH�IRU�H[DPSOH��D�WDON�\RX�DUH�SUHSDULQJ��7DNH����PLQXWHV�WR
SUHSDUH�� DQG� WKHQ� SUDFWLFH� ULJKW� DZD\� �RXW� ORXG�� WR� D� VPDOO� JURXS� RI
FROOHDJXHV�RU�IULHQGV��5HILQH��DQG�WKHQ�JLYH�WKH�WDON�DJDLQ��$QG�GR�LW�RQFH
PRUH�



³'RQ
W�VSHQG�WLPH�EHDWLQJ�RQ�D�ZDOO��KRSLQJ�WR�WUDQVIRUP�LW�LQWR�D�GRRU�´�
��&RFR�&KDQHO

,Q�RXU�GDLO\�OLYHV��ZH�PRYH�EHWZHHQ�PDQ\�NLQGV�RI�UROHV��6RPHWLPHV�ZH�DUH�DFWLQJ
HQWLUHO\� RQ� EHKDOI� RI� RXUVHOYHV�� RWKHU� WLPHV�ZH� DUH� VXSSRUWLQJ� RU� QXUWXULQJ� RXU
IDPLOLHV��SDUWLFLSDWLQJ�LQ�RU�OHDGLQJ�WHDPV��FROODERUDWLQJ�ZLWK�RWKHUV�RQ�WKH�VSRUWV
ILHOG�RU�LQ�D�EDQG��6RPH�GD\V�ZH�DUH�FRQVXPHUV�LQ�WKH�HFRQRP\��RU�VHH�RXUVHOYHV
DV�SDUW� RI� D�SODFH�� D� UHJLRQ�� RU� D� JOREDO�QHWZRUN�RI� SHRSOH��:H�PRYH� VHDPOHVVO\
EHWZHHQ� WKHVH� UROHV� LQWHUQDOL]LQJ� WKH� UXOHV�� H[SHFWDWLRQV�� DQG� IXQFWLRQV� WKDW�ZH
SHUIRUP� �%LGGOH�� ������� 7KLV� LV� QHFHVVDU\�� ,I�ZH� KDG� WR� FRQVFLRXVO\� WKLQN� DERXW
KRZ�WR�DFW�IRU�HYHU\�XQLTXH�UROH�ZH�ILOO��ZH�ZRXOG�EHFRPH�SDUDO\]HG�DQG�VORZ�WR
UHVSRQG�WR�FKRLFHV�DQG�GHFLVLRQV�

$W�WKH�VDPH�WLPH��ZH�DOO�DFW�DQG�H[LVW�LQ�FROOHFWLYH�ZD\V��:H�EXLOG�RUJDQL]DWLRQV�RU
QHWZRUNV�RU�FRPPXQLWLHV�WKDW�KDQJ�WRJHWKHU�DURXQG�VKDUHG�YLVLRQV��LGHDV�RI�ZKDW
LV�µJRRG¶�LQ�WKH�ZRUOG��NLQGV�RI�WKLQJV�ZH�ZRXOG�OLNH�WR�DFKLHYH��RU�SDUWLFXODU�UXOHV
WKDW� LQIRUP�DQG�RUGHU�RXU�GDLO\� OLYHV��7KHVH� FROOHFWLYH� DFWLRQV� VRPHWLPHV� WDNH� D
ZKLOH� WR� JHW� VWDUWHG�� ,W� WDNHV� D� ORW� RI� HQHUJ\� DQG� HQWKXVLDVP� WR� EXLOG� D� QHZ
EXVLQHVV�RU�FHQWHU�IURP�WKH�JURXQG�XS��ZLWK�FDUHIXO�WKRXJKW�JRLQJ�LQWR�ZKR�GRHV
ZKDW� DQG� ZK\�� DQG� LQ� ZKDW� ZD\V� WR� FRPPXQLFDWH� ZLWKLQ� DQG� RXWVLGH� RI� WKH



FROOHFWLYH�� (TXDOO\�� WKRXJKW�PXVW� DOVR� JR� LQWR�ZKDW� SURFHGXUHV�� JXLGDQFH�� UXOHV�
DQG�LQFHQWLYHV�VKRXOG�H[LVW�WR�UHPRYH�PDQ\�RI�WKH�WLQ\�EXW�FRPSOLFDWHG�GHFLVLRQV
\RX�ZRXOG�KDYH� WR�PDNH� LI� \RX�GLGQ¶W�NQRZ�KRZ�WR� µEHORQJ¶�RU�FRQWULEXWH� WR� WKH
ELJJHU�JRDOV�

,Q� DQ� LGHDO� ZRUOG�� WKHVH� LQGLYLGXDO� DFWLRQV� DQG� FROOHFWLYH� VWUXFWXUHV� ZRXOG
UHLQIRUFH�D�VHW�RI�UHODWLRQVKLSV�WKDW�OHDG�XV�WR�D�VXVWDLQDEOH�IXWXUH��+RZHYHU��RXU
VWUXFWXUHV� DOVR� UHSUHVHQW� WKH� UHDO� ZRUOG� RXWFRPHV� RI� RXU� LQWHUQDO� DVVXPSWLRQV�
LGHDV�� ZRUOG�YLHZV� DQG� WKH� ZD\V� ZH� WKLQN� WKDW� WKLQJV� µVKRXOG¶� EH� GRQH� ²� IRU
H[DPSOH��WKH�ZD\V�RUJDQL]DWLRQV�DUH�VHW�XS�IRU�HLWKHU�FROODERUDWLRQ�RU�FRPSHWLWLRQ�
,I� RXU� QHWZRUNV�� RUJDQL]DWLRQV�� RU� FRPPXQLWLHV� ZHUH� HVWDEOLVKHG� DW� D� GLIIHUHQW
SRLQW� LQ� WLPH�� WKH\�PLJKW� EH� LQIRUPHG�E\� WKLQNLQJ� DQG�ZRUOG�YLHZV� WKDW� GR�QRW
UHIOHFW�FXUUHQW�NQRZOHGJH�RU�YLVLRQV�IRU�WKH�IXWXUH��7KHUHIRUH��ZH�JHW�D�PLVPDWFK�
2QH�WKDW�FDQ�EH�KDUG�WR�UHFRQFLOH��$QG��HYHQ�LI�ZH�FDQ�JHW�RXW�RI�LW�²�DQG�PRGLI\
RXU� UXOHV�� SURFHGXUHV�� JXLGDQFH�� VKDUHG� YLVLRQV�� RU� LGHDV�²� LW� FDQ� WDNH� WLPH� WR
NQRZ�LI�WKH�QHZ�VWUXFWXUH�LV�ZRUNLQJ�EHWWHU��,Q�VRPH�FDVHV��WKLQJV�PD\�JHW�ZRUVH
ILUVW�EHIRUH�WKH\�JHW�EHWWHU�

,I�ZH�DUH�WU\LQJ�WR�JHQHUDWH�QHZ�LGHDV�DQG�GHVLJQ�QHZ�NLQGV�RI�LQWHUYHQWLRQV��ZH
QHHG�WR�PDNH�VXUH�WKDW�RXU�IRUP�PDWFKHV�RXU�IXQFWLRQ�²�RU��WKDW�ZH�DUH�ZRUNLQJ
LQ�ZD\V�WKDW�DUH�µILW�IRU�SXUSRVH¶��+RZ�FDQ�ZH�PDNH�VXUH�WKDW�ZH��RXU�RUJDQL]DWLRQV
DQG�RXU�SURFHVVHV��DUH�ILW�IRU�GHDOLQJ�ZLWK�WULFN\��FRQQHFWHG�SUREOHPV�DQG�VXSSRUW
XV� LQ� WKH� TXHVW� IRU� HIIHFWLYH� DQG� HIILFLHQW� VROXWLRQV"� -XVW� DV� WKH� OLRQ� LV� QRW
IXQGDPHQWDOO\�HTXLSSHG�WR�HDW�OHDYHV�IURP�WDOO�WUHHV��DQG�JLUDIIHV�FDQ¶W�NLOO�DQG�HDW
SUH\��VR�WRR��QRW�HYHU\�SHUVRQ��RUJDQL]DWLRQ��RU�QHWZRUN�FDQ�SOD\�WKH�VDPH�UROH�

0DQ\�RI�XV�KDYH�VDW�LQ�SURMHFW�GHVLJQ�DQG�LQFHSWLRQ�PHHWLQJV�ZKHUH�D�ZKROH�UDQJH
RI�UXOHV��SURFHGXUHV�� IRUPV��DQG�PLVPDWFKHG�WLPH�IUDPHV�DUH�H[DPLQHG�LQ�RUGHU
WR� JHQHUDWH� VRPHWKLQJ� LPSDFWIXO� RU� XVHIXO�� 8QGHUO\LQJ� WKH� PLVPDWFK� EHWZHHQ
WKHVH�WKLQJV�DQG�WKH�SUREOHPV�ZH�WDFNOH�LV�WKH�LGHD�WKDW�WKH�ZRUOG�LV�FRPSOLFDWHG�
UDWKHU� WKDQ� FRPSOH[�� 3URFHGXUHV� WKDW�ZRUN� LQ� RQH�SODFH�� GRQ¶W� FRPSOHWHO\� ILW� LQ



DQRWKHU��7KLV�LV�VRPHWLPHV�YHU\�REYLRXV�ZKHQ�ZRUNLQJ�EHWZHHQ�GLIIHUHQW�FXOWXUHV�
JHRJUDSKLHV��SRLQWV�LQ�WLPH��RU�GHYHORSHG�DQG�GHYHORSLQJ�FRXQWULHV�

)RU�H[DPSOH��LW�PD\�EH�FRPSOLFDWHG�WR�RYHUVHH�WKH�EXGJHWLQJ�DQG�ILQDQFLDO�SURFHVV
IRU� D� FROODERUDWLYH� SURMHFW� ZLWK� GLIIHUHQW� DJHQFLHV� DQG� FRQVXOWDQWV�� DQG� DPRQJ
GLIIHUHQW� FRXQWULHV�� 7KHUH� DUH� PDQ\� SROLFLHV�� UXOHV�� IRUPV�� LQGLYLGXDOV�� EDQN
DFFRXQWV��DQG�FXUUHQFLHV�WR�KDUPRQL]H��,W�FDQ�EH�FKDOOHQJLQJ�WR�ILQG�ZD\V�WR�PDNH
OLQNDJHV� WR�VDWLVI\� WKH�QHHGV�RI� WKH� IXQGLQJ�SURYLGHU�DV�ZHOO�DV�PDNH�WKH�SURMHFW
YLDEOH� WR� LPSOHPHQW�� )XUWKHUPRUH�� ZLWKLQ� WKDW� VDPH� SURMHFW�� WKHUH� PD\� EH
UHTXLUHPHQWV� IRU� µVDIHJXDUGLQJ¶� DQG� D� QHHG� WR� VWDQGDUGL]H� ZKDW� WKLV� ORRNV� OLNH
EHWZHHQ�GLIIHUHQW� FRQWH[WV�²� WKLV� LV� FRPSOH[�� 7KH� GHVLJQ� RI�PDQ\� VDIHJXDUGLQJ
SURFHGXUHV�DQG�SURFHVVHV�DVVXPHV�WKDW�WKH�ZRUOG�LV�FRPSOLFDWHG��WKDW�ZH�KDYH�D
VKDUHG� VHW� RI� YDOXHV�� PRUDOV�� DQG� UXOHV� RI� ODZ�� DQG� WKDW� SHRSOH� FDQ� EHKDYH� LQ
SUHGLFWDEOH�ZD\V��+RZHYHU�� WKHVH� IXQGDPHQWDO�SLHFHV�YDU\�JUHDWO\� IURP�SODFH� WR
SODFH� DQG� RYHU� WLPH�� ,QIOXHQFLQJ� IDFWRUV� LQFOXGH� SODFHV� RI� VRFLHWDO� FRQIOLFW�
GLIIHUHQW� JHQGHU� QRUPV�� DOWHUQDWLYH� SROLWLFDO� UHJLPHV�� IUDJLOH� FLUFXPVWDQFHV� RI
SHDFH��KLJKO\�GHJUDGHG�HQYLURQPHQWV��OHYHOV�RI�GHYHORSPHQW��KHDOWK�SUREOHPV��RU
ODFN�RI� LQIUDVWUXFWXUH�DQG�SXEOLF�VHUYLFHV��,Q�UHDOLW\�� WKH�SUHPLVH�RI�VDIHJXDUGLQJ
KDV�WR�PHHW�ZLWK�UHDO�ZRUOG�FRPSOH[LW\��7KH�DQVZHU�WR�HDFK�TXHVWLRQ�EHFRPHV��LW
GHSHQGV��+HUH��WKH�VWUXFWXUHV��SURFHGXUHV��UXOHV��DQG�DGYLFH�ZRXOG�QHHG�D�UHWKLQN
IURP�SODFH�WR�SODFH��,Q�VLWXDWLRQV�RI�FRPSOH[�SUREOHPV��ULJLG�SURMHFWV�RU�V\VWHPV
DQG�JHQHUDOL]DWLRQV�UDSLGO\�GHFD\�RU�HYHQ�PDNH�WKH�VLWXDWLRQ�ZRUVH��:KDW�ZRUNHG
LQ� RQH� SODFH� GRHVQ¶W� ZRUN� LQ� DQRWKHU� �%DU�<DP� ������ )XQQHOO� 	� 5RJHUV� ������
7KLV� LV� ZK\� LW� LV� IXQGDPHQWDOO\� LPSRUWDQW� WR� JHW� RXU� IUDPLQJ� FRUUHFW� DQG
XQGHUVWDQG� WKH� LPSOLFDWLRQV� RI� FRPSOLFDWHG� YHUVXV� FRPSOH[� SUREOHPV� DQG
VROXWLRQV�

$�IXQGDPHQWDO�ILUVW�VWHS�LQ�DOLJQLQJ�VWUXFWXUH�ZLWK�FKDQJH�LV�EXLOGLQJ�RXU�FDSDFLW\
WR�VHH�WKH�VWUXFWXUHV�WKDW�H[LVW�DURXQG�XV�²�ERWK�IRUPDO�DQG�LQIRUPDO��:H�FDQ�IDOO
LQWR� WKH� WUDS� RI� VHHLQJ� HDFK� UROH� ZH� SOD\� LQ� VRFLHW\� RU� LQ� RXU� V\VWHPV� DV� EHLQJ
ERXQG� E\� WKHVH� ULJLG� UXOHV�� SROLF\�� UHODWLRQVKLSV�� DQG� SURFHVVHV��:H� DOORZ� WKHVH
WKLQJV�WR�GHILQH�WKH�ZD\�ZH�DFW�RU�PDNH�FKRLFHV��6RPHWLPHV�LW�LV�WUXH�WKDW�ZH�KDYH
OLPLWHG�GLUHFW�SRZHU�WR�FKDQJH�RU�UHZULWH�WKHVH�WKLQJV��%XW�WKLV�LV�RQO\�SDUW�RI�WKH
HTXDWLRQ�� *LYHQ� WKDW� V\VWHPV� DUH� PDGH� RI� PDQ\� LQWHUUHODWHG� SDUWV� DQG



FRQQHFWLRQV�� LW� LV� DOVR� SRVVLEOH� WKDW� ZH� FDQ� UHFRPELQH�� DEVRUE�� VWHS� DURXQG�� RU
WHDP� XS� ZLWK� RWKHUV� WR� IRUP� QHZ� FRPELQDWLRQV� RI� VWUXFWXUHV� DQG� SURFHVVHV
�&OHDYHU��������

7KHUH� DUH� IRXU� ZD\V� ZH� FDQ� VWDUW� WR� DOLJQ� VWUXFWXUH� ZLWK� FKDQJH�� (PEUDFH� RXU
LQGLYLGXDO� FDSDFLWLHV�� VHH� DQG� FKDQJH� VWUXFWXUH� LQ� RUJDQL]DWLRQV�� IRVWHU� FXOWXUH
DOLJQHG�ZLWK�FKDQJH��DQG�VXSSRUW�VWUXFWXUHV�WKDW�IRVWHU�V\VWHPV�OHYHO�FKDQJH�

(PEUDFH��DQG�XVH��LQGLYLGXDO�FDSDFLWLHV
6RPHWLPHV� ZH� WKLQN� WKDW� ZH� KDYH� WR� IRUPDOO\� EH� D� µPDQDJHU¶� WR� LQIOXHQFH� RU
FKDQJH�SROLFLHV�RU�WHDPV��RU�WR�PDNH�GHFLVLRQV��2QH�RI�WKH�PRVW�FULWLFDO�WKLQJV�WKDW
ZH�KDYH�FRQWURO�RYHU�LV�RXUVHOYHV�DQG�KRZ�ZH�ZRUN�WR�LQIOXHQFH��LQIRUP��TXHVWLRQ�
RU� HQJDJH� ZLWK� RWKHU� SHRSOH�� 7KLV� LV� WUXH� DW� DOO� OHYHOV�� :H� FDQ� PRGHO� QHZ
EHKDYLRUV��SURYLGH�UHLQIRUFHPHQW�WR�QHZ�LGHDV��PDNH�VXJJHVWLRQV��RU�DGYRFDWH�IRU
FKDQJH�ZLWKLQ�RXU�QHWZRUNV�

$IWHU�UHYLHZLQJ�KXQGUHGV�RI�VRFLDO�FKDQJH�SURFHVVHV��UHVHDUFKHUV�LGHQWLILHG�WKUHH
UROHV�WKDW�LQGLYLGXDOV�WHQG�WR�SOD\�ZKHQ�SDUWLFLSDWLQJ�LQ�SHULRGV�RI�VRFLDO�FKDQJH�
$JLWDWRUV�� LQQRYDWRUV�� DQG� RUFKHVWUDWRUV��$JLWDWRUV� EULQJ� SUREOHPV� LQWR� SXEOLF
DZDUHQHVV�� LQQRYDWRUV� FUHDWH� VROXWLRQV� WR� DGGUHVV� SUREOHPV�� DQG� RUFKHVWUDWRUV
FRRUGLQDWH�DFWLRQ�DFURVV�JURXSV��RUJDQL]DWLRQV��DQG�VHFWRUV�WR�VFDOH�VROXWLRQV��$Q\
SDWKZD\� WR� FKDQJH� UHTXLUHV� DOO� WKUHH� �%DWWLODQD�	�.LPVH\� �������$�ZD\� WR� DOLJQ
VWUXFWXUH�ZLWK�FKDQJH� LQYROYHV�NQRZLQJ�ZKDW�UROH�\RX�KDYH� WKH�FDSDFLW\� WR�SOD\�
DQG�ZKHQ�DQG�KRZ�WR�SOD\�LW�

)RU�H[DPSOH��LI�D�SURMHFW�IXQGLQJ�F\FOH�LV�GLVUXSWLQJ�WKH�DELOLW\�WR�GULYH�FKDQJH�RQ
WKH� JURXQG� GXH� WR� KHDY\� UHSRUWLQJ� EXUGHQ�� RU� ULJLG� VSHQGLQJ� UXOHV�� D� JUDQW
PDQDJHU�PD\� EH� ZHOO�SRVLWLRQHG� WR� UDLVH� FRQFHUQV� ZLWK� D� GRQRU� GXULQJ� DQQXDO
JUDQW� UHSRUWLQJ�� 6RPHRQH� IURP� D� GLIIHUHQW� VHFWRU� OLNH� ILQDQFH� RU� EXVLQHVV� PD\
KDYH�LGHDV�RQ�QRYHO�IXQGLQJ�VWUXFWXUHV�WKDW�FRXOG�EH�WHVWHG��$QG�D�VHQLRU�H[HFXWLYH
PD\�KDYH�WKH�SRZHU�WR�PDQGDWH�DQ�H[SHULPHQW�ZLWK�ZLOOLQJ�VWDII�WR�IRVWHU�OHDUQLQJ
DFURVV� OHYHOV�� 7KLV� QHWZRUN� RI� LQGLYLGXDOV� ZRUNLQJ� WKH� HGJHV� RI� WKHLU� FDSDFLWLHV
DOORZV� IRU� WUDQVSDUHQW� OHDUQLQJ� DFURVV� VLORV� ERWK� ZLWKLQ� DQ� RUJDQL]DWLRQ� DQG
SDUWQHU�QHWZRUN��,W�LV�WKLV�FRPELQDWLRQ�RI�UROHV�DQG�DFWRUV�ZKR�SXVK�DW�WKH�HGJHV
RI�RXU�VSKHUH�RI�LQIOXHQFH�WKDW�FDQ�EUHDN�GRZQ�DQG�EXLOG�QHZ�VWUXFWXUHV�WR�DOLJQ
ZLWK�FKDQJH��:HVWOH\�HW�DO���������



6HH�DQG�FKDQJH�VWUXFWXUHV
:KHQ�SODQQLQJ�DFWLRQV��ZH�QHHG�WR�ILUVW�EH�DZDUH�RI�WKH�VWUXFWXUHV��SROLFLHV��DQG
LQVWLWXWLRQV�WKDW�ZLOO�VXSSRUW�DFWLYLWLHV�RYHU�WKH�ORQJ�WHUP��DQG�KRZ�WKHLU�SDWWHUQV
RYHU�WLPH�LQIOXHQFH�RXU�DELOLW\�WR�PDNH�HIIHFWLYH�FKDQJH��6WUXFWXUHV�WKDW�LQIOXHQFH
RXU� DFWLRQV� VRPHWLPHV� REYLRXV�� IRU� H[DPSOH�� RXU� WHDP� VWUXFWXUHV� DQG� UHSRUWLQJ
OLQHV��ZKLOH�RWKHUV�DUH�OHVV�REYLRXV��IRU�H[DPSOH��WKH�VXEWOH�VKLIWV�WKDW�UHVXOW�IURP
OHDGHUVKLS�WUDQVLWLRQV��RU�WKH�EHKDYLRUDO�SDWWHUQV�FUHDWHG�DQG�SHUSHWXDWHG�E\�VWDII
SHU�GLHPV�

/HW¶V� UHWXUQ� WR�RXU� ILQDQFLDO�H[DPSOH�� ,Q�PDQ\�VRFLDO�DQG�HQYLURQPHQWDO�FKDQJH
RUJDQL]DWLRQV�� GRQRU� IXQGLQJ� IURP� JRYHUQPHQWV�� IRXQGDWLRQV�� DQG� LQGLYLGXDO
VXSSRUWHUV� ILQDQFLDOO\� VXSSRUWV� HIIRUWV� WR�PDNH� FKDQJH� LQ� WKH� ZRUOG�� 7R� VHFXUH
IXQGV�� SURMHFW� WHDPV� DUH� RIWHQ� UHTXLUHG� WR� RXWOLQH� VSHFLILF� DFWLYLWLHV� WKDW�ZLOO� EH
FDUULHG�RXW�HDFK�\HDU�RI�D�JUDQW��ZLWK� UHSRUWLQJ�GRQH�DQ�DQ�DQQXDO�RU�EL�DQQXDO
EDVLV�WR�SURPRWH�WUDQVSDUHQF\��DQG�UHDVVXUDQFH�WKDW�IXQGV�DUH�EHLQJ�XVHG�ZLVHO\�
$V�D�UHVXOW��SURMHFW�WHDPV�DUH�RIWHQ�PDGH�WR�DUWLFXODWH�D�YLVLRQ�RI�WKH�SURMHFW�DQG
OLQHDU� SDWKZD\V� WKURXJK� ZKLFK� WKH\� ZLOO� DFKLHYH� WKDW� YLVLRQ�� +RZHYHU�� WKLV
VWUXFWXUH� GRHV� QRW� DOZD\V� SURYLGH� WKH� VSDFH� RU� HQFRXUDJH� FR�FUHDWLRQ�
H[SHULPHQWLQJ�LWHUDWLYHO\��DQG�DGDSWLQJ�ZLWK�WLPH�DQG�VFDOH��)XQGLQJ�PHFKDQLVPV
VKRXOG�EH�GHVLJQHG�WR�VXSSRUW�DQG�UHZDUG�QXDQFHG�IRUPV�RI�LPSDFW��DQG�EXLOGLQJ
WKH�ULJKW�LQGLYLGXDO�DQG�RUJDQL]DWLRQDO�FDSDFLWLHV��,Q�WKH�VSLULW�RI�DGDSWDWLRQ�DQG
OHDUQLQJ��WKH\�VKRXOG�EH�OHVV�ULJLG�LQ�WHUPV�RI�DFWLYLWLHV��QXPEHU�RI�IRUPV��OHYHO�RI
GHWDLO�RU�NLQGV�RI�OHYHO�RI�DFFHSWDEOH�ULVNV�

:KHQ� LPSOHPHQWLQJ� FKDQJH� LQ� H[LVWLQJ� VWUXFWXUHV�� DOORZ� HQRXJK� WLPH� IRU� WKH
WUDQVLWLRQ�EHWZHHQ�WKH�ROG�DQG�QHZ�ZD\V�RI�RSHUDWLQJ��6RPHWLPHV�WKLQJV�ZLOO�JHW
ZRUVH� ILUVW� EHIRUH� FKDQJH� DULVHV�� <RX� FDQ� VWDUW�ZLWK� VPDOO� H[SHULPHQWV� �� WHVWLQJ
QHZ� ZD\V� RI� ZRUNLQJ� ZLWKLQ� RQH� ZRUN� VWUHDP�� WKHPH�� RU� RSSRUWXQLW\�� :KHQ
H[SHULPHQWLQJ�� HQVXUH� WKH� H[SHULPHQW� VSDQV� GLIIHUHQW� VFDOHV� DQG� SHUVSHFWLYHV
ZLWKLQ� D� V\VWHP�� ,Q� DQ� RUJDQL]DWLRQ� WKLV� FRXOG�PHDQ� DQ� H[HFXWLYH� WHDP�� SURMHFW
OHDGV�� WKH� VWDNHKROGHUV�� DQG� XOWLPDWHO\� WKH� HYDOXDWRUV�� 7KLV� FDQ� KHOS� HQVXUH
OHVVRQV�OHDUQHG�GRQ¶W�VWD\�KLGGHQ�ZLWKLQ�µLQQRYDWLRQ�KXEV¶�RI�DQ�RUJDQL]DWLRQ��DQG
UDWKHU�� FKDQJH� SHUPHDWHV� WKH� V\VWHP� DV� D� ZKROH�� IRVWHULQJ� D� VKLIW� LQ� V\VWHP
EHKDYLRU��DQG�SHUKDSV�HYHQWXDOO\��YDOXHV��DWWLWXGHV��DQG�QRUPV�



6HH�FXOWXUH�DV�SDUW�RI�VWUXFWXUH���DQG�FKDQJH�WKDW�WRR�
6WUXFWXUH� LVQ¶W� MXVW� UHSRUWLQJ� OLQHV� RU� EXLOGLQJ� DUFKLWHFWXUH�� $V� WKH� VD\LQJ� JRHV
³FXOWXUH� HDWV� VWUDWHJ\� IRU� EUHDNIDVW´� �'UXFNHU�� ������� $QG� VLPLODU� WR� IRUPDO
VWUXFWXUH��D�FULWLFDO�ILUVW�VWHS�LV�LQFUHDVLQJ�RXU�DZDUHQHVV�RQ�FXOWXUH��DQG�KRZ�WKH
SDWWHUQV� WKDW�VWHP�IURP�RUJDQL]DWLRQDO�FXOWXUDO�YDOXHV��QRUPV��DQG�EHOLHIV�VKDSH
RXU�FDSDFLW\�WR�DFW�

:LWK� WKH� LPSRUWDQFH� RI� GLYHUVLW\� DQG� VRFLDO� LQFOXVLRQ� LQ� WKH� ZRUNSODFH� QRZ� D
PDLQVWUHDP� FRQFHSW��PDQ\� RUJDQL]DWLRQV� DUH� SXWWLQJ� HIIRUWV� LQWR� SROLFLHV� LQ� WKH
ZRUNSODFH��$GGLQJ�PRUH�IRUPDO�VWUXFWXUHV�ZRQ¶W�QHFHVVDULO\�FKDQJH�FXOWXUH�RQ�LWV
RZQ���FKDQJH�ZLOO�UHTXLUH�FDUHIXO�FRQVLGHUDWLRQ�RI�XQGHUO\LQJ�YDOXHV�DQG�QRUPV�

3UDFWLFLQJ�µVHHLQJ�RXUVHOYHV�LQ�WKH�V\VWHP¶�FDQ�HQFRXUDJH�WKH�UHIOHFWLRQ�QHHGHG�DW
DQ� LQGLYLGXDO� OHYHO� WR� XQGHUVWDQG� RUJDQL]DWLRQ� QRUPV� DQG� FXOWXUH�� DQG� WUDLQLQJ
RXUVHOYHV� WR� VHH� WKH� V\PSWRPV� RI� FXOWXUH�� )RU� H[DPSOH�� PDQ\� RUJDQL]DWLRQV
HPSKDVLV�WKH�LPSRUWDQFH�RI�µVSHDNLQJ�ZLWK�RQH�YRLFH¶�RQ�LVVXHV��<HW�LW�LV�UDUH�WKDW
DOO�LQGLYLGXDOV�ZLOO�VKDUH�WKH�H[DFW�YDOXH�RU�SHUFHSWLRQ�RI�DQ�LVVXH��VR�RIWHQ�WKH�µRQH
YRLFH¶�LV�WUXO\�WKH�µORXGHVW�YRLFH�¶�(QFRXUDJLQJ�D�GLYHUVLW\�RI�YRLFHV�WKDW�UHIOHFWV�WKH
GLYHUVH� YDOXHV� WKDW� PDNHV� XS� RUJDQL]DWLRQV� FUHDWHV� D� KHDOWK\�� KRQHVW� FXOWXUH
IRFXVHG�RQ�OLVWHQLQJ�DQG�OHDUQLQJ��7KH�VDPH�JRHV�IRU�DWWLWXGHV�WRZDUGV�IDLOXUH��)RU
PDQ\�RUJDQL]DWLRQV��GHPRQVWUDWLQJ�RXU�VXFFHVVHV�LV�D�IXQGDPHQWDO�SDUW�RI�FXOWXUH
IRU�JRRG�UHDVRQ��EXLOGLQJ�WUXVW�ZLWK�WKRVH�ZKR�VXSSRUW�RXU�ZRUN��DQG�PRUDOH�LQ�DQ
RUJDQL]DWLRQ�� %XW� FUHDWLQJ� D� µVDIH� WR� IDLO¶� FXOWXUH� LV� FULWLFDO� IRU� SUDFWLFLQJ
µH[SHULPHQWDO� LWHUDWLRQ�¶�DQG�HQFRXUDJLQJ� WKLV�PLQGVHW�RI� OHDUQLQJ��:KLOH� IRUPDO
VWUXFWXUHV� FDQ� KHOS� IDFLOLWDWH� WKH� VSDFH� IRU� GLYHUVLW\� DQG� OHDUQLQJ�� LW¶V� RIWHQ� WKH
PRUH� VXEWOH� VKLIW� LQ� WKH� DWWLWXGHV� DQG� EHKDYLRUV� RI� VWDII� DFURVV� OHYHOV� RI
RUJDQL]DWLRQ�WKDW�KDV�WKH�SRZHU�WR�EXLOG�WKH�QHZ�QRUPV�DQG�YDOXHV�

$OLJQ�VWUXFWXUHV�DFURVV�V\VWHPV
$V�ZH�OHDUQHG�LQ�3DUW����V\VWHP�VWUXFWXUHV�VKDSH�V\VWHP�EHKDYLRU��$V�D�UHVXOW��WKH
EURDGHU�VWUXFWXUHV�LQ�WKH�VRFLDO��SROLWLFDO��DQG�HFRORJLFDO�V\VWHPV�RXU�RUJDQL]DWLRQV
H[LVW� ZLWKLQ�� KDYH� WKH� FDSDFLW\� WR� HLWKHU� DGYDQFH� RU� KLQGHU� RXU� DELOLW\� WR�PDNH
FKDQJH��/LNH�HFRV\VWHPV�� VRPH�RI�XV�DQG�RXU�RUJDQL]DWLRQV�DUH�VHW�XS�EHWWHU� IRU
SHUIRUPDQFH�RI�RQH�NLQG�RI�D� IXQFWLRQ�RU�DQRWKHU�� ,W¶V�QRW� WKDW�RXU�RUJDQL]DWLRQ
KDV�WR��RU�FDQ��WDFNOH�KDUG�SUREOHPV�DORQH�



&ROOHFWLYH� LPSDFW� LQLWLDWLYHV� DUH� KLJKO\� VWUXFWXUHG� PXOWL�VWDNHKROGHU� HIIRUWV� GHVLJQHG� WR
DFKLHYH�PDMRU�DQG� ODVWLQJ� LPSDFWV�RQ�D�VRFLDO�RU�HQYLURQPHQWDO�SUREOHP��+DQOH\EURZQ�HW
DO����������7KHVH�LQLWLDWLYHV�DUH�FKDUDFWHUL]HG�E\�D�FRPPRQ�DJHQGD��VKDUHG�PHDVXUHPHQW
V\VWHPV��D�SRUWIROLR�RI�PXWXDOO\� UHLQIRUFLQJ�DFWLYLWLHV��PDQDJHG�YLD�D�GHGLFDWHG� µEDFNERQH¶
RUJDQL]DWLRQ� ZKLFK� IDFLOLWDWHV� FRQWLQXRXV� FRPPXQLFDWLRQ� DPRQJ� WKH� VWDNHKROGHUV
�+DQOH\EURZQ�HW�DO���������

7KH�&ROOHFWLYH� ,PSDFW� )RUXP�� D� FRPPXQLW\� RI� SUDFWLFH� IRU� FROOHFWLYH� LPSDFW� SUDFWLWLRQHUV�
LGHQWLILHG�WKH�IROORZLQJ�SULQFLSOHV�IRU�KRZ�WR�DOLJQ�VWUXFWXUHV�WR�DFKLHYH�FKDQJH�

� 3ULRULWL]H�HTXLW\�LQ�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�WKH�FROOHFWLYH�LPSDFW�LQLWLDWLYH�
� ,QQRYDWH�ZLWK�WKH�LQYROYHPHQW�RI�FURVV�VHFWRUDO�SDUWQHUVKLSV�ZLWKLQ�WKH�LQLWLDWLYH�
� (QVXUH�FRPPXQLW\�PHPEHUV�DUH�LQYROYHG�LQ�WKH�LQLWLDWLYH�
� &ROOHFWHG�GDWD�LV�FRQWLQXRXVO\�HPSOR\HG�WR�OHDUQ��DGDSW�DQG�LPSURYH�
� 5HFUXLW�DQG�GHYHORS�OHDGHUV�ZLWK�XQLTXH�V\VWHP�OHDGHUVKLS�VNLOOV�
� 0DLQWDLQ�D�IRFXV�RQ�SURJUDP�DQG�V\VWHPV�VWUDWHJLHV�
� 1XUWXUH�D�FXOWXUH�RI�VWURQJ�UHODWLRQVKLSV��WUXVW��DQG�UHVSHFW�EHWZHHQ�SDUWLFLSDQWV�
� &XVWRPL]H�WKH�LQLWLDWLYH�WR�WKH�ORFDO�FRQWH[W�

$GDSWHG�IURP��&ROOHFWLYH�,PSDFW�)RUXP�������

5HWXUQLQJ�DJDLQ� WR�RXU�GRQRU�H[DPSOH��$�GRQRU�PD\�EH� LQWHUHVWHG� LQ� WDFNOLQJ�D
SDUWLFXODU�VRFLHWDO�SUREOHP��EH�LW�WKH�FOLPDWH�LPSDFWV�RI�RXU�IRRG�FRQVXPSWLRQ��RU
ZLOGOLIH� WUDIILFNLQJ�� $� WKHPDWLF� FDOO� IRU� SURSRVDOV� PLJKW� EH� VHW� XS� WR� VSXU� WKH
LQWHUHVW� DQG� DFWLRQ� RI� LPSOHPHQWLQJ� RUJDQL]DWLRQV�� KRZHYHU� DV�PDQ\� QRQ�SURILW
RUJDQL]DWLRQV�DUH�NHHQ�WR�VXSSRUW�WKHLU�IXQGLQJ�UHYHQXHV��LQGLYLGXDO�RUJDQL]DWLRQV
PD\�EH�PRUH�LQFHQWLYL]HG�WR�SLWFK�WR�EH�WKH�RUJDQL]DWLRQ�EHVW�SRVLWLRQHG�WR�WDFNOH
WKH� SUREOHP�� 7KLV� FRXOG� GLV�LQFHQWLYL]H� FROODERUDWLYH� DSSURDFKHV� WR� WDFNOLQJ
SUREOHPV� WKDW� GUDZ� RQ� GLIIHUHQW� FDSDFLWLHV� LQ� GLIIHUHQW� RUJDQL]DWLRQV�� DQG
LQDGYHUWHQWO\� ZHDNHQ� WKH� FDSDFLW\� IRU� RWKHU� RUJDQL]DWLRQV� DQG� LQVWLWXWLRQV� WR
VXSSRUW�FKDQJH�PDNLQJ�HIIRUWV�

7KHUH� LV�QR�RQH�VL]H�ILWV�DOO� WR� WKHVH�NLQGV�RI� V\VWHPLF�GLOHPPDV��EXW�DV�ZLWK�DOO
OHYHOV�RI�DOLJQLQJ�VWUXFWXUH�ZLWK�FKDQJH��WKH�ILUVW�VWHS�LV�DFNQRZOHGJLQJ�WKDW�WKH\
H[LVW��/HVVRQV�IURP�VRFLDO�FKDQJH�ZRUN�WKURXJK�DSSURDFKHV�OLNH�&ROOHFWLYH�,PSDFW
KDYH� GLVWLOOHG� SULQFLSOHV� RI� SUDFWLFH� >VHH� %R[� EHORZ@� WKDW� HPSKDVL]H� WKH
LPSRUWDQFH�RI�ZRUNLQJ�DFURVV�V\VWHPV�



� ,GHQWLI\�D�EDUULHU�LQ�\RXU�RUJDQL]DWLRQDO�VWUXFWXUH��LGHQWLI\�WKH�FDSDFLW\�\RX
QHHG�WR�RYHUFRPH�LW�

� 7U\� EHLQJ� D� FRQQHFWRU�� %ULQJ� WRJHWKHU� WZR� SHRSOH� ZKR� GRQ¶W� NQRZ� HDFK
RWKHU� IURP� GLIIHUHQW� GLYLVLRQV� LQ� \RXU� RUJDQL]DWLRQ�� ZKR� PLJKW� QRW
QRUPDOO\� HQJDJH�� -RLQ� WKHP� IRU� FRIIHH�� RU� OXQFK�� DQG� RYHU� WLPH�� REVHUYH
KRZ�DQG�LI�WKHLU�UHODWLRQVKLS�FKDQJHV�RYHU�WLPH�



³$�OLWWOH�NQRZOHGJH�WKDW�DFWV�LV�ZRUWK�LQILQLWHO\�PRUH�WKDQ�PXFK�NQRZOHGJH�WKDW
LV�LGOH�´�±�.KDOLO�*LEUDQ

2IWHQ� H[WUHPHO\� XUJHQW� DFWLRQ� LV� JDWHG� E\� WKH� DEVHQFH� RI� VXIILFLHQW� HYLGHQFH�
6\VWHPV�ZRUN�LQYROYHV�FUHDWLQJ�D�EDVLV�IRU�QHZ�HYLGHQFH�DV�RQH�WDNHV�DFWLRQ�EDVHG
RQ� V\VWHPV� LQVLJKWV�� *HQHUDWLQJ� DQG� XVLQJ� V\VWHPV�EDVHG� HYLGHQFH� LPSOLHV
LQVWUXPHQWLQJ�WKH�V\VWHP�WR�JHQHUDWH�LQIRUPDWLRQ�DQG�HYLGHQFH�DERXW�WKH�IDFWRUV
DQG�RU� VWDWHV� WKDW� FRXOG� DIIHFW� GHVLUHG� RXWFRPHV�� DQG� LGHQWLI\LQJ� XQH[SHFWHG
FKDQJHV�RU�XQLQWHQGHG�FRQVHTXHQFHV�

6WDQGDUG� DSSURDFKHV� WR� PRQLWRULQJ�� HYDOXDWLRQ�� DQG� OHDUQLQJ� �0(/�� UDUHO\
VXSSRUW� V\VWHPV�FKDOOHQJHV��HPHUJHQFH��DQG�XQNQRZQ�XQNQRZQV�ZHOO��)RU�0(/
WR� EH� HIIHFWLYH�� LW� QHHGV� WR� LQIRUP�� DQG� DFWLYHO\� VSDUN�� LQGLYLGXDO� UHIOH[LYH
EHKDYLRUV�DQG�WKH�UHODWLRQVKLSV�EHWZHHQ�SDUWQHUV��7KH�SURFHVV�RI�0(/�DOORZV�IRU
WKH�WUDFNLQJ�RI�SURJUHVV�DQG�RXWFRPHV��KHDOWK�RI�UHODWLRQVKLSV�EHWZHHQ�DFWRUV��DQG
XOWLPDWHO\�FRQWULEXWHV�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�FRPSOH[�V\VWHPV�LQ�ZKLFK
ZH�ZRUN�

:HOO�GHVLJQHG�0(/�VKRXOG�EOHQG�LQIRUPDWLRQ��TXDQWLWDWLYH��TXDOLWDWLYH��REMHFWLYH
RU�VXEMHFWLYH��IURP�DQ�DUUD\�RI�VRXUFHV�LQWR�WKH�GD\�WR�GD\�FRQYHUVDWLRQV�EHWZHHQ
DFWRUV��VKDSLQJ�WKH�HYROYLQJ�XQGHUVWDQGLQJ�RI�WKH�V\VWHP�DQG�WULJJHULQJ�LPSURYHG
DFWLRQV�DQG�VWUDWHJLHV��8VLQJ�D� V\VWHPV�DSSURDFK�HQDEOHV�PRQLWRULQJ� WR�DFW�DV�D



�

�

�

µUDGDU¶�� UHGXFLQJ� WKH� FKDQFHV�RI�XQLQWHQGHG�FRQVHTXHQFHV�� DQG� VFDQQLQJ� IRU�NH\
FKDQJHV�LQ�V\VWHP�EHKDYLRU�

3XW�VLPSO\��\RX�FDQ¶W�PDQDJH�ZKDW�\RX�FDQ¶W�PHDVXUH��7KH�VSHFLILF�LQGLFDWRUV�ZH
FKRRVH� WR� PHDVXUH� DUH�� E\� GHVLJQ�� WKH� \DUGVWLFN� DJDLQVW� ZKLFK� ZH� XQGHUVWDQG
SURJUHVV� DQG� MXGJH� VXFFHVV� RU� IDLOXUH�� &RQVHTXHQWO\�� LI� ZH� IRFXV� RQ� LQDGHTXDWH
PHDVXUHV�RI�SURJUHVV��ZH�PD\�KHDG�GRZQ�WKH�ZURQJ�SDWK��REOLYLRXV�WR�LPSRUWDQW
G\QDPLFV�WKDW�ZLOO�LQIOXHQFH�RXU�XOWLPDWH�LPSDFW��3UHVVH\�HW�DO����������+RZHYHU�
DOO�WRR�IUHTXHQWO\��PRQLWRULQJ�HIIRUWV�VWDUW�DQG�HQG�ZLWK�WKH�VHOHFWLRQ�RI�D�ORQJ�OLVW
RI�LQGLFDWRUV�GHVLJQHG�WR�WUDFN�WKH�VWDWXV�RI�VSHFLILF�FRPSRQHQWV�RI�D�V\VWHP��RU�WR
LGHQWLI\� ZKHWKHU� RU� QRW� D� VSHFLILF� UHVXOW� KDV� EHHQ� DFKLHYHG�� :LWK� WKHVH� HIIRUWV
FRPHV� WKH� ULVN� RI� HQGLQJ� XS� ZLWK� RYHUZKHOPLQJ� TXDQWLWLHV� RI� LQIRUPDWLRQ�� RU
LQIRUPDWLRQ�LOO�VXLWHG�IRU�WKH�GHFLVLRQV�WKDW�QHHG�WR�EH�WDNHQ�

(IIHFWLYH�PRQLWRULQJ�UHTXLUHV�WUDFNLQJ�QRW�RQO\�WKH�DFWRUV�ZLWKLQ�DQG�G\QDPLFV�RI
WKH� V\VWHP� LQ� ZKLFK� D� SURJUDP� RU� SURMHFW� WDNHV� SODFH�� EXW� DOVR� WKH� HOHPHQWV
UHOHYDQW�WR�WKH�VSHFLILF�FKDQJHV�LPSOHPHQWHG�E\�WKRVH�DFWRUV��0RQLWRULQJ�ZLWKLQ�D
JLYHQ�V\VWHP�FDQ�EH�WKRXJKW�RI�DW�KDSSHQLQJ�DW�WKUHH�QHVWHG�OHYHOV��3UHVNLOO�HW�DO��
������

6\VWHP�OHYHO��D�FROOHFWLYH�PHDVXUHPHQW�V\VWHP��L�H���RQH�WKDW�LV�FR�FUHDWHG
E\�� DQG� DFFHVVLEOH� WR� DOO� V\VWHP� DFWRUV�� DOORZV� GLIIHUHQW� DFWRUV� WR� KDYH� D
FRPPRQ�XQGHUVWDQGLQJ�RI�NH\� WUHQGV� LQ� WKH�V\VWHP��RU� WUDFN�SURJUHVV�RI
VSHFLILF�DFWLRQV�

2UJDQL]DWLRQDO� OHYHO�� RUJDQL]DWLRQ�VSHFLILF� PRQLWRULQJ� WKDW� WUDFNV
DWWULEXWHV�RI�LQWHUHVW�WR�D�VSHFLILF�RUJDQL]DWLRQ�DQG�LWV�UROH�LQ�WKH�V\VWHP�

3URMHFW�OHYHO��PHDVXUHPHQW�V\VWHPV�VSHFLILF�WR�WKH�LQGLYLGXDO�LQWHUYHQWLRQV
RU�SURMHFWV�WKDW�DFWRUV�HPSOR\�WR�DFKLHYH�V\VWHPV�FKDQJH�

:KLOH� WKHVH� OHYHOV� DUH� QRW� QHFHVVDULO\� PXWXDOO\� H[FOXVLYH� �LQ� IDFW� WKH\� FDQ� EH
PXWXDOO\�UHLQIRUFLQJ���LW�LV�LPSRUWDQW�WR�DOORZ�PRQLWRULQJ�DW�HDFK�RI�WKHVH�OHYHOV�WR
EH� WDLORUHG� WR� WKH� VSHFLILF�GHFLVLRQV� WKDW�QHHG� WR�EH� WDNHQ�� UDWKHU� WKDQ� IRUFLQJ� D



VLQJOH�� XQLILHG� SURWRFRO� DFURVV� DOO� OD\HUV� LQ� WKH� V\VWHP�� :H� PXVW� UHVSHFW� WKH
GLIIHUHQW�LQIRUPDWLRQ�GHVLUHG�²�DQG�QHHGHG�²�E\�GLIIHUHQW�DFWRUV�DQG�DW�HDFK�OHYHO
RI�RSHUDWLRQ�DW�GLIIHUHQW�WLPHV��$V�ZH�DOVR�ZRUN�WR�VHH�RXUVHOYHV�LQ�WKH�V\VWHP��ZH
QHHG�WR�EH�DZDUH�RI�KRZ�WKH�DFW�RI�FROOHFWLQJ�LQIRUPDWLRQ�²�DQG�WKH�HIIRUW�UHTXLUHG
²�ZLOO�KDYH� LWV�RZQ�LPSDFW�RQ�RXU�SURMHFWV�� LQ�RXU�RUJDQL]DWLRQV��DQG�ZLWKLQ�WKH
EURDGHU�ZRUOG�

0RVW� LPSRUWDQWO\�� DV�ZH�GHFLGH�ZKDW�WR�PHDVXUH�� ZH� QHHG� WR� IRFXV� RQ�ZK\�ZH
ZDQW�WR�PHDVXUH� LW��DQG�KRZ�WKH� LQIRUPDWLRQ� LW�SURYLGHV�ZLOO�EH�XVHG�WR�VXSSRUW
HYLGHQFH�EDVHG�UHIOHFWLRQ�DQG�LWHUDWLRQ�

$� JRRG� LQGLFDWRU� SURYLGHV� LQIRUPDWLRQ�QHHGHG� WR� WDNH� DFWLRQ� RQ� DQ� DSSURSULDWH
WLPH�DQG�VSDWLDO�VFDOH��LQ�DQ�DFFHVVLEOH�IRUPDW��DQG�ZLWK�WKH�DSSURSULDWH�OHYHOV�RI
SUHFLVLRQ�� ,W� FDQ� EH� TXDQWLWDWLYH�� TXDOLWDWLYH�� REMHFWLYH�� RU� VXEMHFWLYH�� DQG� LWV
DSSURSULDWHQHVV�LV�GHILQHG�E\�ZKHWKHU�LW�WHOOV�XV�WKH�GHVLUHG�LQIRUPDWLRQ�DERXW�WKH
VSHFLILF�V\VWHP�FRPSRQHQW��UHODWLRQVKLS��RU�EHKDYLRU�

3RRUO\�GHVLJQHG�LQGLFDWRUV�IDLO�WR�GR�RQH�RU�PRUH�RI�WKHVH�WKLQJV��$W�EHVW��WKH\�DUH
VLPSO\� QRW� XVHIXO� WR� GHFLVLRQ�PDNLQJ�� ZKLOH� DW� ZRUVW�� FRXOG� OHDG� WR� ZURQJ
GHFLVLRQV�DQG�HYHQWXDOO\��WR�SHUYHUVH�RXWFRPHV��3UHVVH\�HW�DO���������%DUQHV�HW�DO��
������� :KHUH� DQ� LQGLFDWRU� GRHV� QRW� FORVHO\� WUDFN� WKH� SKHQRPHQRQ� RI� LQWHUHVW�
LPSOHPHQWDWLRQ� FDQ� VKLIW� WRZDUG�PD[LPL]LQJ� WKH� YDOXH� RI� WKDW� LQGLFDWRU�� UDWKHU
WKDQ� FUHDWLQJ� WKH� GHVLUHG� IXWXUH� V\VWHP� �NQRZQ� DV� *RRGKDUW¶V� /DZ�� *RRGKDUW�
������



)RU� GHFDGHV�� D� PDMRU� VWUDWHJ\� LQ
FRQVHUYDWLRQ� KDV� EHHQ� VHWWLQJ� ODQG� RU
RFHDQ�DVLGH�IRU�QDWXUH��$URXQG�WKH�ZRUOG� LW
LV�QRZ�FRPPRQ�SUDFWLFH�WR�VLPSO\�FRXQW�WKH
WRWDO� KHFWDUHV� RU� VTXDUH� NLORPHWHUV� WKDW
KDYH�EHHQ�VHW�DVLGH�IRU�FRQVHUYDWLRQ��DV�D
SUR[\� IRU� WKH� SURWHFWLRQ� RI� QDWXUH� LPSOLFLWO\
DVVXPHG� WR� RFFXU� �3UHVVH\� HW� DO��� ������
<HW�� UHVHDUFK� KDV� VKRZQ� WKDW� DV� WKH� WRWDO
TXDQWLW\� RI� ODQG� VHW� DVLGH� IRU� QDWXUH� KDV
LQFUHDVHG� VXEVWDQWLDOO\�� ELRGLYHUVLW\
GHFOLQHV� FRQWLQXH� WR� DFFHOHUDWH� �*UHHQ� HW
DO��� ������� (QVXULQJ� D� ELRGLYHUVH� ZRUOG
UHOLHV� RQ�PXFK�PRUH� WKDQ� WRWDO� TXDQWLW\� RI
VSDFH�� DQG� DQ� LQGLFDWRU� RQO\� ORRNLQJ� DW
TXDQWLW\� RI� VSDFH� LQFHQWLYL]HV� WKH� FUHDWLRQ
RI� ODUJHU� SURWHFWHG� DUHDV�� UDWKHU� WKDQ
SURWHFWHG� DUHDV� WKDW� KDYH� PD[LPXP
FRQVHUYDWLRQ�LPSDFW��%DUQHV�HW�DO���������

,PDJH���6KDXQD�0DKDMDQ

0HDVXULQJ�VWRFNV�DQG�IORZV
,W� LV� LPSRUWDQW�WR�FRQVLGHU�WKH�UHODWLRQVKLSV�DQG�G\QDPLFV�LQ�RXU�FRPSOH[�ZRUOG
ZKHQ�FKRRVLQJ�ZKDW�WR�PRQLWRU��7KH�LGHD�RI�VWRFNV�DQG�IORZV�PD\�VHHP�DEVWUDFW�
\HW� WKH\� DUH� LPSRUWDQW� FRQFHSWV�ZKHQ� ORRNLQJ� DW� DQG� VHOHFWLQJ�GDWD��7R� UHIUHVK�
VWRFNV� DUH� DFFXPXODWLRQV� RI� ³WKLQJV´� ZLWKLQ� D� V\VWHP� ²� ZKLFK� FRXOG� EH�� IRU
H[DPSOH��HOHSKDQWV��ZDWHU��WUXVW��RU�FDUERQ��)ORZV�DUH�ZKDW�LQFUHDVH�RU�GHFUHDVH�D
VWRFN�DQG�WKH\�DUH�PHDVXUHG�DV�UDWHV�RI�FKDQJH�RYHU�WLPH��,Q�WKH�8QLWHG�6WDWHV�DQG
PDQ\�FRXQWULHV�DURXQG�WKH�ZRUOG��*URVV�'RPHVWLF�3URGXFW��*'3��KDV�EHHQ�XVHG
DV�D� VLJQ�RI�KHDOWK�DQG�JURZWK�RI� DQ�HFRQRP\� �&RVWDQ]D�HW� DO��� �������*'3� LV� D
PHDVXUH�RI�SURGXFWV�DQG�VHUYLFHV�SURGXFHG�RYHU�WLPH�²�D�IORZ��7DNLQJ�DQ�H[WUHPH
H[DPSOH��LI�PRUH�FDVNHWV�DUH�SURGXFHG�DQG�PRUH�IXQHUDOV�SDLG�IRU�DQG�KHOG��*'3
ZLOO�ULVH��<HW�WKDW�GRHVQ¶W�WHOO�WKH�ZKROH�SLFWXUH�RI�KXPDQ�OLIH�RU�KXPDQ�ZHOO�EHLQJ�
ZKLFK�DUH�ERWK�VWRFNV�



:H� VHH� VLPLODU� SDWWHUQV�ZKHQ�ZH� FRQVLGHU� IRUHVW� FRQVHUYDWLRQ��'HIRUHVWDWLRQ� LV
RIWHQ� PHDVXUHG� DV� WKH� UDWH� DW� ZKLFK� WKH� IRUHVW� LV� EHLQJ� FXW� GRZQ�� EXW� GRHVQ¶W
LQFOXGH� KRZ� PXFK� IRUHVW� WKHUH� LV�� &RQVHTXHQWO\�� LI� ZH� RQO\� PRQLWRU� WUHH� ORVV�
ZLWKRXW�DOVR�XQGHUVWDQGLQJ�IRUHVW�H[WHQW��L�H��� WKH�VWRFN���ZH�DUH�EOLQG�WR�WLSSLQJ
SRLQWV�LQ�ZKLFK�IRUHVWV�PD\�XQGHUJR�D�UHJLPH�VKLIW�WR�RWKHU�KDELWDW�W\SHV��'DNRV
HW� DO��� ������� /LNHZLVH� LW�PD\� EH� LPSRUWDQW� WR� FRQVLGHU� ZKDW� JRHV� LQWR� FUHDWLQJ
PRUH� IRUHVW�� VXFK� DV� UDWH� RI� UHSODQWLQJ� RU� WUHH� IRUHVW� UHFRYHU\� UDWHV�� :H� RIWHQ
PHDVXUH�UDWHV�RI�FKDQJH��ZLWKRXW�EHLQJ� LQWHQWLRQDO�DERXW�KRZ�WKLV�UHODWHV� WR� WKH
DFFXPXODWLRQ� LQ�VWRFNV�� IHHGEDFNV�DQG�WKUHVKROGV�� ,I�ZH�SODFH� WRR�PXFK�UHOLDQFH
RQ� RQO\� RQH� W\SH� RI� YDULDEOH�� ZH�PD\�PLVV� VRPH� LPSRUWDQW� WLSSLQJ� SRLQWV� DQG
WKUHVKROGV�ZKHUH�V\VWHPV�ZLOO�VKLIW��'DNRV�HW�DO���������

$QG�ILQDOO\��LW¶V�DOVR�LPSRUWDQW�WR�SD\�DWWHQWLRQ�WR�WKH�UHODWLRQVKLSV�DQG�VWUXFWXUHV
WKDW� FKDQJH� WKRVH� YDULDEOHV�� ,Q� D� FRPSOH[� ZRUOG�� UHODWLRQVKLSV� FKDQJH� ²� WKH\
FRXOG�VKLIW�FRPSOHWHO\�RU�JURZ�RU�ZHDNHQ� LQ�VWUHQJWK��:HOO�GHVLJQHG�PRQLWRULQJ
PD\� KHOS� XV� WUDFN� WKHVH� FKDQJLQJ� UHODWLRQVKLSV� GLUHFWO\�� RU� LQWXLW� WKH� FKDQJHV
EDVHG�RQ�XQXVXDO�RU�XQH[SHFWHG�UXQV�RI�HYHQWV�

0HDVXUH�EHWWHU�LQGLFDWRUV��QRW�PRUH�LQGLFDWRUV
7\SLFDO� SURMHFW� RU� SURJUDP�PHDVXUHPHQW� WHQGV� WR� IRFXV� RQ� JDWKHULQJ� DV� PXFK
GDWD� LQ� VSUHDGVKHHWV� DV� SRVVLEOH�� 7KLV� LJQRUHV� WKH� UHODWLRQVKLSV� EHKLQG� WKH
FKDQJHV� LQ� WKRVH� GDWD� SRLQWV�� LW� PLVVHV� ZKDW� FDXVHV� WKRVH� QXPEHUV�� DQG� ZKDW
UHODWLRQVKLSV� DUH� FKDQJLQJ� EHFDXVH� RI� DFWLRQ�� $� IRFXV� RQ� µVSUHDGVKHHW� YDULDEOHV¶
FDQ�OHDYH�KLGGHQ�KLGGHQ�IURP�GLVFXVVLRQ�DQG�DWWHQWLRQ�DVVXPSWLRQV�DERXW�ZKDW¶V
FKDQJLQJ� WKHVH� YDULDEOHV� DQG�KRZ� WKH\¶UH� UHODWHG� WR� WKH� ODUJHU� V\VWHP��7KLV� LV� D
VHULRXV� RYHUVLJKW� �+HQQHVV\�� ������� 6\QWKHVL]LQJ� GDWD� LQWR� HYLGHQFH� WKDW� FDQ
LQIRUP� UHIOHFWLRQ� DQG� LWHUDWLRQ� LV� FULWLFDO�� 0HDVXULQJ� µEHWWHU¶� LQGLFDWRUV� PD\
LQYROYH� GHGLFDWLQJ� PRUH� UHVRXUFHV� WR� D� VPDOOHU� VHW� RI� LQGLFDWRUV� WKDW� SURYLGH
KLJKO\�UHOHYDQW�LQIRUPDWLRQ�DERXW�D�V\VWHP�FRPSDUHG�WR�GLOXWLQJ�UHVRXUFHV�DFURVV
GR]HQV�RI�SRRUO\�GHVLJQHG�LQGLFDWRUV�ZLWK�ORZ�LQIRUPDWLYH�YDOXH�

2QH�ZD\�WR�WKLQN�DERXW�PHDVXULQJ�µEHWWHU¶�LQGLFDWRUV�LV�WKURXJK�WKH�IUDPH�RI�
OHDG
DQG�ODJ¶�LQGLFDWRUV��ZKLFK�SURYLGH�LQIRUPDWLRQ�RQ�ERWK�WKH�RXWFRPHV�ZH�VHHN�DQG
KRZ� ZH� JHW� WKHUH� �.DSODQ� 	� 1RUWRQ�������� $� ODJJLQJ� LQGLFDWRU� PHDVXUHV� WKH
XOWLPDWH� JRDO� RU� RXWFRPH� ZH� DUH� WU\LQJ� WR� DFFRPSOLVK�� VXFK� DV� QXPEHU� RI



HOHSKDQWV�RU�WUHHV�LQ�D�IRUHVW�²�\HW�LW�WDNHV�D�ORQJ�WLPH�WR�EHJLQ�GHWHFWLQJ�FKDQJH
LQ� WKH�PHDVXUH��/HDGLQJ� LQGLFDWRUV�DUH�DFWLRQDEOH�DQG�SUHGLFWLYH�� DQG�DUH� VHW� DV
DFWLRQV�ZKLFK�ZLOO�FUHDWH�FKDQJH�LQ�WKDW�ODJ�PHDVXUH��/HDGLQJ�LQGLFDWRUV�DUHQ¶W�DV
HDV\�WR�GHWHUPLQH�DV�WKH�ODJ�LQGLFDWRU��EXW�ZLWKRXW�OHDG�LQGLFDWRUV��LW¶V�GLIILFXOW�WR
NQRZ� KRZ� WR� LQIOXHQFH� \RXU� ORQJ�WHUP� JRDO�� 'HYHORSLQJ� JRRG� OHDG� DQG� ODJ
LQGLFDWRUV� UHTXLUHV� D� FRPSUHKHQVLYH� XQGHUVWDQGLQJ� RI� WKH� V\VWHP¶V� VWDWH�
UHODWLRQVKLSV�DQG�IHHGEDFNV��DQG�SRWHQWLDO�WUDMHFWRULHV�RI�FKDQJH�

$V� WLPH� JRHV� RQ�� WKH� UHOHYDQFH� RI� VSHFLILF� LQGLFDWRUV� PD\� ZD[� DQG� ZDQH�� ,W� LV
LPSRUWDQW�WR�UHFRJQL]H�ZKHQ�VSHFLILF�LQGLFDWRUV�DUH�QR�ORQJHU�XVHIXO��DQG�OHW�WKHP
JR��2WKHU�WLPHV��LW¶V�DERXW�UHDOL]LQJ�WKDW�DQ�LQGLFDWRU¶V�LPSRUWDQFH�KDV�LQFUHDVHG�
LQ�ZKLFK�FDVH�ZH�ZRXOG�FKRRVH�WR�VWLFN�WR�LW��)RU�LQVWDQFH��GDWD�WKDW�VSDQV�VHYHUDO
GHFDGHV�PD\�H[LVW�D�SDUWLFXODU�YDULDEOH��FROOHFWHG��IRU�H[DPSOH��WKURXJK�D�QDWLRQDO
SRSXODWLRQ�FHQVXV��$V�WLPH�JRHV�RQ��ZH�PD\�LPSURYH�RXU�DELOLW\�WR�PHDVXUH�WKDW
YDULDEOH��6ZLWFKLQJ�WR�WKH�QHZ��EHWWHU�PHWKRG�RI�GDWD�FROOHFWLRQ�PD\�VHHP�OLNH�WKH
EHVW�FKRLFH��EXW� LI�ZH�GR�WKLV��ZH�ORVH�RXU�DELOLW\�WR�FRPSDUH�RXU� µQHZ¶�GDWD�ZLWK
WKH�ROG��5DWKHU� WKDQ� WKURZ�RXW� WKH�ROG� LQGLFDWRU�HQWLUHO\��ZH�PD\�ZDQW� WR� VHH� LI
WKHUH�LV�D�ZD\�WR�UHWDLQ�WKH�DELOLW\�WR�XVH�RXU�H[LVWLQJ�GDWD�WR�PHDVXUH�ORQJ�WHUP
WUHQGV²�HYHQ�LI�ZH�LQFOXGH�D�ZD\�WR�PHDVXUH�WKDW�YDULDEOH�

$�PRUH�PHDQLQJIXO�ZD\�WR�LGHQWLI\�WKH�NQRZOHGJH�QHHGV�RI�DOO�DFWRUV�LQ�D�V\VWHP�LV
E\� XQGHUVWDQGLQJ� ZKDW� WKHLU� NH\� TXHVWLRQV� RU�PRWLYDWLRQV� DUH�� RU� E\� H[SORULQJ
XSFRPLQJ�RSSRUWXQLWLHV� WR� DFW��*DLQLQJ� WKLV�SHUVSHFWLYH� IURP�GLIIHUHQW� DFWRUV� LQ
WKH� V\VWHP� FDQ� KHOS� LGHQWLI\� ZKHUH� WKH� V\QHUJLHV� DUH� IRU� LQIRUPDWLRQ� DFURVV
GLIIHUHQW� SDUWV� RI� WKH� V\VWHP�� DQG� LW� LQIRUPV� D� FROODERUDWLYH�� FRRUGLQDWHG
PRQLWRULQJ�HIIRUW�WKDW�PHHWV�WKH�QHHGV�RI�PDQ\�

7KH�EOHQG�RI�PRQLWRULQJ��HYDOXDWLRQ��DQG� OHDUQLQJ�DSSURDFKHV�QHHGHG� WR� LQIRUP
GHFLVLRQ�PDNLQJ�ZLOO�HYROYH�RYHU�WLPH��,Q�WKH�HDUO\�VWDJHV�RI�D�FKDQJH�SURFHVV��WKH
IRFXV� FRXOG� EH� RQ� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� YDULRXV� DFWRUV� LQYROYHG� LQ� WKH
HIIRUW��3UHVNLOO�HW�DO����������DQG�RQ�D�SURJUDP�RU�LQLWLDWLYH¶V�JRYHUQDQFH��3DWWRQ�
������� 7KHVH� PD\� EH� VXSSRUWHG� E\� D� KDQGIXO� RI� FRDUVH� VFDOH� LQGLFDWRUV�� PRUH
TXDOLWDWLYH� LQ� QDWXUH�� $V� WKH� HIIRUWV�PDWXUH�� WKH� HPSKDVLV� VKLIWV� WRZDUG� SURFHVV
LQGLFDWRUV�ZKLFK�FDSWXUH� WKH�G\QDPLFV�� LQWHU�UHODWLRQVKLSV��DQG� IHHGEDFNV� LQ� WKH



0DQ\�PRQLWRULQJ�DSSURDFKHV�FRPH�IURP�D�UHGXFWLRQLVW�VWDQGSRLQW�DQG�VHHN�WR�VLPSOLI\�WKH
FRPSOH[LW\� RI� V\VWHPV� LQWR� VLPSOHU� RU� PRUH� IXQGDPHQWDO� EXLOGLQJ� EORFNV�� 5HGXFWLRQLVW
DSSURDFKHV�FDQ�VWLOO�SOD\�DQ� LPSRUWDQW� UROH� LQ� WUDFNLQJ�V\VWHPV�FKDQJH�HIIRUWV��DV� ORQJ�DV
LPSOHPHQWDWLRQ�WHDPV�DUH�DZDUH�RI�WKH�DVVXPSWLRQV�XQGHUSLQQLQJ�HDFK�DSSURDFK�

,PSDFW�HYDOXDWLRQ��IRU�H[DPSOH��VHHNV�WR�XQGHUVWDQG�WKH�FDXVH�DQG�HIIHFW�UHODWLRQVKLSV�WKDW
H[LVW�EHWZHHQ�DQ� LQWHUYHQWLRQ�DQG�DQ�RXWFRPH� �*HUWOHU�HW�DO����������8QOHVV� LPSOHPHQWHG
ZLWK� FRQVLGHUDEOH� FDUH�� LPSDFW� HYDOXDWLRQ� WHQGV� WR� RYHUVLPSOLI\� V\VWHPV� FRPSOH[LW\� DQG
LJQRUH�WKH�GLIIHULQJ�SHUVSHFWLYHV�RI�DFWRUV�LQ�D�V\VWHP��+RZHYHU��LPSDFW�HYDOXDWLRQ�FDQ�VWLOO
SOD\�DQ�LPSRUWDQW�UROH�LQ�WUDFNLQJ�KRZ�V\VWHPV�FKDQJH�LQWHUYHQWLRQV��LI�WKH�HYDOXDWLRQ�WHDP
XQGHUVWDQGV� V\VWHP� G\QDPLFV�� GUDZV� RQ� PXOWLSOH� SHUVSHFWLYHV� DQG� WDNHV� D� QXDQFHG
DSSURDFK� WR� GHOLQHDWLQJ� V\VWHP� ERXQGDULHV� �:LOOLDPV�� ������� 6LPLODUO\�� TXDOLWDWLYH� LPSDFW
HYDOXDWLRQ� PHWKRGV�� VXFK� DV� %D\HVLDQ� &RQWULEXWLRQ� 7UDFLQJ� �%HIDQL� 	� 6WHGPDQ�%U\FH�
������ FDQ� EH� HDVLO\� HPSOR\HG� LQ� D� V\VWHPV� FRQWH[W�� DV� WKHLU� RULJLQV� OLH� LQ� JHQHUDWLYH
DSSURDFKHV�WR�FDXVDO�LQIHUHQFH�

V\VWHP��WDUJHWLQJ�WKRVH� LQIOXHQFHG�E\�WKH�VSHFLILF�DFWLRQV�XQGHUWDNHQ��3UHVNLOO�HW
DO����������7KH�LQFOXVLRQ�RI�³RXWFRPH´�LQGLFDWRUV��ZKLFK�WUDFN�ZKHWKHU�RU�QRW�WKH
V\VWHP�LV�SURGXFLQJ�WKH�GHVLUHG�UHVXOWV��LV�LPSRUWDQW��DOWKRXJK�FKDQJH�PD\�WDNH�D
ORQJ�WLPH�WR�EH�VHHQ�

7KH�PRVW�LPSRUWDQW�FRPSRQHQW�RI�PRQLWRULQJ�IRU�V\VWHPV�FKDQJH�LV�WKH�FUHDWLRQ
RI�UHJXODU�RSSRUWXQLWLHV�WR�V\QWKHVL]H�DQG�UHIOHFW�RQ�WKH�LQIRUPDWLRQ�JDWKHUHG��LQ
DFFHVVLEOH� IRUPV��� LQFOXVLYH� RI� DOO� DFWRUV� LQ� D� V\VWHP� �3DWWRQ�� ������� 7KHVH
HYLGHQFH�EDVHG� GLVFXVVLRQV� DOORZ� LQGLYLGXDOV� WR� XQGHUVWDQG� FXUUHQW� V\VWHP
G\QDPLFV��DQG�WUDFN�WKH�SURJUHVV�RI�V\VWHPV�FKDQJH��,QGLYLGXDO�UHIOHFWLRQ��SULRU�WR
JURXS� GLVFXVVLRQ�� DOORZV� IRU� GLYHUJLQJ� GLVFLSOLQDU\� SHUVSHFWLYHV� WR� HPHUJH� DQG
ODWHU�EH�GLVFXVVHG�DQG�GHEDWHG��,Q�VRPH�FDVHV��GLYHUJLQJ�SHUVSHFWLYHV�RQ�ZKDW�WKH
GDWD� PHDQ�PD\� EH� UHFRQFLODEOH�� DQG� LQ� RWKHUV� QRW��:KLOH� GLYHUJHQW� YLHZV�PD\
SHUVLVW��DJUHHPHQW�GRHV�QHHG�WR�EH�UHDFKHG�RQ�DSSURSULDWH�SDWKV�IRUZDUG��:LWKRXW
WKH� RSSRUWXQLW\� WR� V\QWKHVL]H�� UHIOHFW�� DQG� UHILQH� D� FRXUVH� RI� DFWLRQ� EDVHG� RQ
NQRZOHGJH��WKH�DFW�RI�PRQLWRULQJ�KDV�OLWWOH�YDOXH�



� /RRN�DW�D�VHW�RI�REMHFWLYHV�IRU�D�SURMHFW�RU�SURJUDP�\RX�DUH�LQYROYHG�LQ��$VN
\RXUVHOI�VRPH�TXHVWLRQV��:KDW�DVVXPSWLRQV�KDYH�EHHQ�PDGH�DERXW�FDXVH
DQG� HIIHFW"� $QG� ZKDW� HYLGHQFH� KDV� EHHQ� XVHG� �RU� QRW� XVHG�� WR� EDFN� XS
WKHVH�DVVXPSWLRQV"�$QG�RQFH�\RX
YH�FKDOOHQJHG�\RXU�DVVXPSWLRQV��DVN�²
ZKDW�HYLGHQFH�ZRXOG�VKRZ�\RX¶YH�UHDFKHG�\RXU�JRDO"�$QG�KRZ�ORQJ�ZRXOG
LW�WDNH�WR�FKDQJH�WKHVH�YDULDEOHV"

� 3LFN�D�VWDNHKROGHU�LQ�\RXU�V\VWHP�DQG�DVN�\RXUVHOI�²�ZKDW�NLQG�RI�HYLGHQFH
ZRXOG� DFWXDOO\� LQIOXHQFH� WKHP� WR� FKDQJH� WKH� FRXUVH� RI� DFWLRQ"� :KDW
LQIRUPDWLRQ� GR� WKH\� QHHG� WR� PDNH� GHFLVLRQV"� :KDW� IDFWRUV� OLPLW� WKHLU
DFWLRQV�DQG�GHFLVLRQV"





³/HDYH�WKH�GRRU�RSHQ�IRU�WKH�XQNQRZQ«WKDW¶V�ZKHUH�WKH�PRVW�LPSRUWDQW�WKLQJV
FRPH�IURP��ZKHUH�\RX�\RXUVHOI�FDPH�IURP��DQG�ZKHUH�\RX�ZLOO�JR�´
��5HEHFFD�6ROQLW

$V�ZH� VWULYH� WR� FUHDWH� D� IXWXUH� LQ� OLQH�ZLWK� RXU� KRSHV� DQG� DVSLUDWLRQV��ZH�PXVW
ERWK�VHH�DQG�FUHDWH�RXU�SDWK�IRUZDUG��0DQ\�RI�WKH�SKLORVRSKLHV��LGHDV��DQG�WRROV
LQ�WKLV�ERRN�PD\�QRW�EH�HQWLUHO\�QHZ�WR�\RX�RU�\RXU�VHFWRUV�RI�SUDFWLFH��:KDW�ZLOO
EH� QHZ� LV� SUDFWLFLQJ� WKHVH� SULQFLSOHV� ZLWK� FROOHFWLYH� LQWHQW�� ,W� LV� WKLV� FROOHFWLYH
LQWHQW�DQG�FRPPLWPHQW�WR�VHHLQJ�DQG�ZRUNLQJ�ZLWK�V\VWHPV�WKDW�ZLOO�DOORZ�XV�WR
WUDQVIRUP��:KDW�WKLV�DGGV�XS�WR�LV�RXU�ILUVW�SKDVH�RI�FKDQJH�²�D�QHZ�IRXQGDWLRQ�

)RU�RXU�SODQHW�WR�VXUYLYH��ZH�PXVW�FUHDWH�V\VWHPV�WKDW�RSHUDWH�GLIIHUHQWO\��UHZDUG
GLIIHUHQW�EHKDYLRUV��DQG�SURGXFH�GXUDEOH��µEHWWHU¶�RXWFRPHV�IRU�SHRSOH�DQG�QDWXUH�
,Q�RUGHU�WR�GR�WKLV��ZH�PXVW�ILUVW�KRQHVWO\�DVVHVV��ZRUN�WR�XQGHUVWDQG��DQG�DFFHSW
WKH�ZRUOG� DV� LW� LV� WRGD\�²� LQFOXGLQJ� RXU� RZQ� UROH� LQ� LW�� 7KLV�PD\�PHDQ� ERWK� D
FROOHFWLYH�DQG�SHUVRQDO� MRXUQH\� WRZDUGV�QHZ�ZD\V�RI� VHHLQJ�� IDFLOLWDWHG�E\� WRROV�
PHWKRGV�� DQG� D� FRPPXQLW\� RI� V\VWHPV�IRFXVHG� SURIHVVLRQDOV�ZKR� DOUHDG\� H[LVW�
:LWKLQ�XQGHUVWDQGLQJ�DQG�DFFHSWLQJ�V\VWHPV�²�SKDVH�WZR�RI�FKDQJH�²�ZLOO�OLH�WKH
XQWDSSHG� SRWHQWLDO� IRU� QHZ� H[SHULPHQWV�� LQQRYDWLRQV�� FRPELQDWLRQV� RI� QHZ
FKRLFHV�� DQG� D� EURDGHU� UDQJH� RI� OHYHUDJH� SRLQWV� WKDQ� PD\� KDYH� EHHQ� DYDLODEOH
EHIRUH�

:KLOH�ZH�ILQG�RXU�ZD\�WKURXJK�WKLV�SKDVH��ZH�ZLOO�VHH�WKDW�RXU�IUDPHV�PDWWHU�²
ZKDW�ZH�LQFOXGH�DQG�H[FOXGH�ZLOO�VKDSH�RXU�SUREOHP�IRUPXODWLRQ�DQG�WKH�NLQGV�RI
VROXWLRQV�WKDW�HPHUJH��%ULQJLQJ�DQ�RSHQ�DQG�OHDUQLQJ�PLQGVHW�WR�WKLV�SKDVH��DQG
DOO�RI�WKHP��RSHQV�XS�ZKR�LV�DW�WKH�WDEOH�DQG�WKH�NLQGV�RI�TXHVWLRQV�DQG�VROXWLRQV
WKDW�EHFRPH�DYDLODEOH�WR�XV��+RZHYHU��WKLV�ZRQ¶W�KDSSHQ�E\�PDJLF��7KH�SURFHVV�RI
GHVLJQLQJ� WKH�ZD\V� LQ�ZKLFK�ZH� FR�FUHDWH� V\VWHPV�XQGHUVWDQGLQJ�� H[SORUH� VSDFH



DQG�WLPH��DQG�ORRN�IRU�VLPSOLFLW\�ZLWKLQ�WKH�FRPSOH[LW\��QHHG�WR�EH�GHOLEHUDWH�DFWV�
HPSRZHUHG�E\�VNLOOHG��FRPPLWWHG�SHRSOH��D�VXLWH�RI�ILW�IRU�SXUSRVH�WRROV��DQG�WKH
VWUXFWXUHV� DQG� RUJDQL]DWLRQDO� PDQGDWHV� WKDW� VXSSRUW� SHRSOH� RQ� WKHLU
XQGHUWDNLQJV�

$V� ZH� FDOO� IRU� FKDQJH� LQ� RXU� ZD\V� RI� WKLQNLQJ� DQG� GRLQJ�� LW¶V� LPSRUWDQW� WR
UHPHPEHU� WKDW�ZH� GRQ¶W� QHHG� WR� VWRS� DQG� VWDUW� RYHU��2XU� MRXUQH\� FDQ� EHJLQ� E\
VLPSO\� VKDUSHQLQJ� RXU� DZDUHQHVV� RI� ZKDW� EHKDYLRUV�� DFWLRQV�� DQG� DSSURDFKHV
VHUYH�RXU�JRDO�LQ�FKDQJLQJ�V\VWHPV�²�DQG�ZKLFK�GR�QRW��2QFH�ZH�RSHQ�RXU�H\HV�WR
KRZ�ZH�VKRXOG�EH�DQG�DFW��ZH�FDQ�OHW�JR�RI�ROG�SUDFWLFHV�DQG�EXLOG�QHZ�FDSDFLWLHV
WKDW�FDQ�KHOS�XV� µVHH�ZKROHV�¶�ZRUN�HWKLFDOO\�� OHDUQ�FROODERUDWLYHO\��DQG� LWHUDWH� WR
GULYH�FKDQJH��$V�ZH�VKDUSHQ�RXU�LQWHUQDO�FDSDFLWLHV��ZH�ZLOO�EH�EHWWHU�HTXLSSHG�WR
FKDQJH� WKH� V\VWHPV� DURXQG� XV� ²� RXU� FRPPXQLWLHV�� RUJDQL]DWLRQV�� HFRV\VWHPV�
,PSRUWDQWO\��ZH�ZLOO� QRW� DFW� RQFH�� EXW� RYHU� DQG� RYHU� DJDLQ��%HLQJ� SDUW� RI� OLYLQJ
V\VWHPV�PHDQV�WKDW�ZH�PXVW�EH�RSHQ�WR�DQ�HYROYLQJ�MRXUQH\�ZKHUH�RXU�YLVLRQ�IRU
WKH�IXWXUH�LV�LQIRUPHG�E\�FRQWLQXDO�OHDUQLQJ��RXU�H[SHULHQFHV��QHZ�HYLGHQFH��DQG
HQKDQFHG�FR�FUHDWLRQ��7KH�PHWKRGV�DQG�VNLOOV�WKDW�ZH�EULQJ�WR�HQYLVLRQLQJ�D�QHZ
IXWXUH�²�RXU�WKLUG�SKDVH�RI�FKDQJH�²�DUH�MXVW�WKH�EHJLQQLQJ��2XU�FRPPLWPHQW�LV
QRW�WR�D�SDUWLFXODU�SURMHFW�F\FOH�RU�VKRUW�WHUP�RUJDQL]DWLRQDO�VWUDWHJ\��LW� LV�WR�WKH
HQG�JRDO�RI�D�IORXULVKLQJ�ZRUOG�ZKHUH�QHZ�SDWWHUQV�RI�EHKDYLRUV�EHWZHHQ�VRFLHW\
DQG�QDWXUH�UHVXOW�LQ�VXVWDLQDEOH�OLIH�

:KLOH�WKH�IRXUWK�SKDVH�RI�RXU�V\VWHPV�HIIRUWV�²�DFWLYDWLQJ�FKDQJH�²�ZLOO�EH�EHVW
DFKLHYHG�LI�ZH�GHVLJQ�WKH�ILUVW�WKUHH�ZLWK�LQWHQWLRQ��LW�LV�DOVR�WKH�IRXQGDWLRQ�IRU�RXU
HIIRUWV��DQG�UHWXUQV�XV�WR�WKH�EHJLQQLQJ��,W�LV�RXU�ZK\��:K\�WKLQN�DERXW�RXU�ZRUN
GLIIHUHQWO\"�1RW�RQO\�WR�LGHQWLI\�ZKHUH�ZH�ZDQW�WR�JR��EXW�DOVR�ZKDW�LV�QRW�ZRUNLQJ
IRU�XV�QRZ��DQG�KRZ�WR�KDYH�WKH�ULJKW�PL[�RI�KXPDQ�WDOHQW�DQG�UHVRXUFHV�WR�JHW�XV
WKHUH�²�WKHVH�DUH�QHFHVVDU\�LQ�RUGHU�WR�PRYH�XV�IRUZDUG�ULJKW�QRZ��:H�OLYH�LQ�D
SDUWLFXODU�PRPHQW�LQ�WLPH�ZKHQ�ZH�NQRZ�HQRXJK��ZKHUH�LGHDV�DURXQG�HPSDWK\�
KXPLOLW\� DQG� OHDUQLQJ� DUH�GUDZLQJ�DWWHQWLRQ� WR�KRZ�ZH� FDQ�DFW� FROOHFWLYHO\�� DQG
ZKHUH�WKHUH�LV�VWLOO�WLPH�WR�DFWLYDWH�FKDQJH��:H�PXVW�UHPDLQ�LQ�ORYH�ZLWK�RXU�µZK\¶
DQG�QRW�WKH�SDUWLFXODU�PHDQV�RI�JHWWLQJ�WKHUH��7KH�ZRUOG�RI�V\VWHPV�SUDFWLFH�ZLOO
FRQWLQXH�WR�PRYH�RQ��DQG�DV�ZH�LWHUDWLYHO\�ZRUN�WRJHWKHU��QHZ�WRROV��NQRZOHGJH�
HYLGHQFH��DQG�SHRSOH�ZLOO�KHOS�XV�GR�EHWWHU�� ,PSRUWDQWO\��ZH�PXVW�SOD\�ERWK� WKH
ORQJ�DQG�VKRUW�JDPH�LQ�WKLV�SKDVH�²�WDNLQJ�PHDVXUHV�WR�FKDQJH�VWUXFWXUHV�WKDW�QR
ORQJHU�VHUYH�WKH�IXWXUH�ZH�LPDJLQH�LV�D�ORQJ�WHUP�JRDO��7KLV�LV�FRXSOHG�ZLWK�ILQGLQJ



WKH� VKRUW� WHUP�PHFKDQLVPV� WKDW� DOORZ� VRFLHW\� DQG�QDWXUH� WR� DEVRUE� WKH� FRVWV�RI
V\VWHPV�FKDQJH�

+HUHLQ�OLHV�WKH�DUW�RI�V\VWHPV�SUDFWLFH�IRU�D�VXVWDLQDEOH�IXWXUH��$FFHSWLQJ�FHUWDLQ
GLOHPPDV�DQG�WUDGH�RIIV��FKRLFHV�EHWZHHQ�VKRUW��DQG�ORQJ�WHUP�LQYHVWPHQWV�ZLWK
OLPLWHG� UHVRXUFHV��� HPEUDFLQJ�SDUDGR[HV� �VHHLQJ�RXUVHOYHV� LQ� V\VWHPV�ZKLOH�DOVR
WU\LQJ� WR� GHVFULEH� WKHP� DQG� DFW� RXWVLGH� WKHP��� DQG� SDUWLFLSDWLQJ� LQ� FRQWLQXDO
OHDUQLQJ�DQG�FKDQJH�ZKLOH�VHHNLQJ�HYLGHQFH�WKDW�LV�UHOHYDQW�QRZ�DQG�UHIOHFWLYH�RI
GLYHUVH�ZD\V�RI�NQRZLQJ��$QG�ILQDOO\��NQRZLQJ�WKDW�WKH�VXVWDLQDEOH�IXWXUH�ZH�ZDQW
LV�D�QHZ�VHW�RI�SDWWHUQV�RI�QDWXUH�DQG�VRFLHW\��UDWKHU�WKDQ�D�KDUG��IL[HG��ILQDO�VWDWH�
,W�LV�DV�VLPSOH�DQG�DV�FRPSOH[�DV�WKDW�

)LUVW��EHJLQ��7KHQ��SHUVLVW�

:H�FDQ�QR� ORQJHU� LJQRUH� WKDW� WKH� IXWXUH�RI�KXPDQLW\�DQG� WKH�SODQHW�DUH�DW� ULVN�
+RZ�ZH�JR�DERXW�RXU�ZRUN�PXVW�EH�LQ�LQWHQWLRQDO�VHUYLFH�RI�WKH�ODVWLQJ�FKDQJH�ZH
VHHN�WR�PDNH�

:HOFRPH�WR�WKH�V\VWHPV�MRXUQH\�





%DODQFLQJ� IHHGEDFN� ORRS�� D� ORRS� RI� FDXVH�DQG�HIIHFW� WKDW� ZLOO� FRXQWHU� DQ\
FKDQJH�LQ�WKH�V\VWHP�ZLWK�D�SXVK�LQ�WKH�RSSRVLWH�GLUHFWLRQ��DOVR�FDOOHG�D�QHJDWLYH
IHHGEDFN�ORRS��UHVLVWLQJ�FKDQJH�RYHU�WLPH�

%D\HVLDQ�XSGDWLQJ��D�PHWKRG�RI�VWDWLVWLFDO�LQIHUHQFH�LQ�ZKLFK�%D\HV
�WKHRUHP�LV
XVHG�WR�XSGDWH�WKH�SUREDELOLW\� IRU�D�K\SRWKHVLV�DV�PRUH�HYLGHQFH�RU� LQIRUPDWLRQ
EHFRPHV�DYDLODEOH��,Q�OD\PDQ�WHUPV��LW
V�D�ZD\�RI�XSGDWLQJ�\RXU�EHOLHIV�RU�JXHVVHV
EDVHG�RQ�REVHUYDWLRQV�

&DXVDO� ORRS�GLDJUDP�� D� FDXVDO� GLDJUDP� WKDW� DLGV� LQ� YLVXDOL]LQJ�KRZ�GLIIHUHQW
YDULDEOHV�LQ�D�V\VWHP�DUH�LQWHUUHODWHG��7KH�GLDJUDP�FRQVLVWV�RI�D�VHW�RI�QRGHV�DQG
UHODWLRQVKLSV� �UHSUHVHQWHG� E\� DUURZV� EHWZHHQ� QRGHV��� 1RGHV� UHSUHVHQW� WKH
YDULDEOHV� �RIWHQ� VWRFNV�� DQG� DUURZV� EHWZHHQ� WKHP� UHSUHVHQW� WKH� FDXVDO
UHODWLRQVKLS�EHWZHHQ�WKH�WZR�YDULDEOHV�

&DXVDOLW\��ZKDW�FRQQHFWV�RQH�SURFHVV��WKH�FDXVH��ZLWK�DQRWKHU�SURFHVV�RU�VWDWH
�WKH�HIIHFW���ZKHUH�WKH�ILUVW�LV�SDUWO\�UHVSRQVLEOH�IRU�WKH�VHFRQG��DQG�WKH�VHFRQG�LV
SDUWO\�GHSHQGHQW�RQ�WKH�ILUVW�

&ROOHFWLYH�,PSDFW��&ROOHFWLYH�,PSDFW�UHIHUV�WR�D�VSHFLILF�DSSURDFK�FKDUDFWHUL]HG
E\�KLJKO\�VWUXFWXUHG��PXOWL�VWDNHKROGHU�HIIRUWV�WKDW�DUH�GHVLJQHG�WR�DFKLHYH�PDMRU�
DQG� ODVWLQJ� LPSDFWV� RQ� D� VRFLDO� RU� HQYLURQPHQWDO� SUREOHP�� &ROOHFWLYH� ,PSDFW
LQLWLDWLYHV� KDYH� D� FRPPRQ� DJHQGD�� VKDUHG�PHDVXUHPHQW� V\VWHPV�� D� SRUWIROLR� RI
PXWXDOO\� UHLQIRUFLQJ�DFWLYLWLHV��PDQDJHG�YLD�D�GHGLFDWHG� µEDFNERQH¶�RUJDQL]DWLRQ
ZKLFK�IDFLOLWDWHV�FRQWLQXRXV�FRPPXQLFDWLRQ�DPRQJ�WKH�VWDNHKROGHUV�

&RQWULEXWLRQ� WUDFLQJ�� D� PHWKRG� RI� VWDWLVWLFDO� LQIHUHQFH�� EDVHG� RQ� %D\HV¶
WKHRUHP�� XVHG� WR� TXDQWLI\� WKH� GHJUHH� RI� FRQILGHQFH� WKDW� DQ� LQWHUYHQWLRQ� KDV
FRQWULEXWHG�WR�DQ�RXWFRPH�



'\QDPLF� HTXLOLEULXP�� GHILQHG� GLIIHUHQWO\� DFURVV� GLVFLSOLQHV�� G\QDPLF
HTXLOLEULXP�LQ�HFRORJ\�RIWHQ�UHIHUV�WR�DQ�HFRORJLFDO�EDODQFH�ZLWKLQ�D�FRPPXQLW\�RI
RUJDQLVPV� LQ� ZKLFK� JHQHWLF�� VSHFLHV� DQG� HFRV\VWHP� GLYHUVLW\� UHPDLQ� UHODWLYHO\
VWDEOH��VXEMHFW�WR�JUDGXDO�FKDQJHV�WKURXJK�QDWXUDO�VXFFHVVLRQ�

(PHUJHQFH��LQ�V\VWHPV��HPHUJHQFH�W\SLFDOO\�UHIHUV�WR�HPHUJHQW�EHKDYLRUV�ZKLFK
DUH�V\VWHP�EHKDYLRUV�WKDW�DULVH�IURP�WKH�LQWHUDFWLRQV�EHWZHHQ�FRPSRQHQWV��ZKHUH
WKRVH�EHKDYLRUV�DQG�SURSHUWLHV�ZRXOG�QRW�H[LVW�LQ�LVRODWLRQ�

)HHGEDFN� ORRSV�� D� FORVHG� FKDLQ� �RU� ORRS�� RI� FDXVH�DQG�HIIHFW� WKDW� FUHDWHV
FRXSOLQJ�EHWZHHQ�FRPSRQHQWV�RI�D�V\VWHP�

)ORZ��WKH�UDWH�RI�FKDQJH�RU�DFWLYLW\�EHWZHHQ�FRPSRQHQWV�RI�D�V\VWHP�

)UDPHV��IUDPHV�FDQ�EH�GHILQHG�LQ�WZR�ZD\V��7KH�ILUVW�LV�DV�WKH�OHQV�WKURXJK�ZKLFK
ZH�VHH�WKH�ZRUOG��RIWHQ�GHVFULEHG�DV�RXU�µPHQWDO�PRGHOV�¶�7KH�VHFRQG���ZKLOH�RIWHQ
LQIOXHQFHG�E\�WKH�ILUVW���LV�DV�WKH�ERXQGDU\�ZH�XVH�LQ�GHILQLQJ�WKH�SUREOHP�ZH�DUH
WU\LQJ�WR�VROYH�

,QWHQWLRQDOLW\��VRPHWKLQJ�GRQH�GHOLEHUDWHO\��E\�LQWHQWLRQ�RU�GHVLJQ�

/HYHUDJH�SRLQWV��SODFHV�LQ�D�V\VWHP�ZKHUH�D�VPDOO�FKDQJH�FRXOG�OHDG�WR�D�ODUJH
VKLIW�LQ�V\VWHP�EHKDYLRU�

0(/��PRQLWRULQJ��HYDOXDWLRQ�DQG�OHDUQLQJ�

0HQWDO� PRGHO�� $� PRGHO� WKDW� H[LVWV� LQ� VRPHRQH
V� PLQG� DV� D� VPDOO VFDOH
XQGHUVWDQGLQJ�RI�KRZ��D�SDUW�RI��WKH�ZRUOG�ZRUNV�

1RQOLQHDU�� D� VHTXHQFH� WKDW� GRHV� QRW� SURJUHVV� RU� GHYHORS� VPRRWKO\� IURP� RQH
VWDJH�WR�WKH�QH[W�LQ�D�ORJLFDO�ZD\��,Q�PDWKHPDWLFV�DQG�VFLHQFH��D�QRQOLQHDU�V\VWHP
LV�D�V\VWHP�LQ�ZKLFK�WKH�FKDQJH�RI�WKH�RXWSXW�LV�QRW�SURSRUWLRQDO�WR�WKH�FKDQJH�RI
WKH�LQSXW�



4XDOLWDWLYH� LPSDFW� HYDOXDWLRQ�� DQ� LPSDFW� HYDOXDWLRQ� WKDW� XVHV� QDUUDWLYH
FDXVDO�VWDWHPHQWV�HOLFLWHG�GLUHFWO\�IURP�LQWHQGHG�SURMHFW�EHQHILFLDULHV�

5HGXFWLRQLVP�� WKH� SURFHVV� RU� DSSURDFK� WR� DQDO\]H� DQG� GHVFULEH� D� FRPSOH[
SKHQRPHQRQ�LQ�WHUPV�RI�LWV�VLPSOH�RU�IXQGDPHQWDO�FRQVWLWXHQWV�

5HIOH[LYLW\��DQ�DFWRU
V�DZDUHQHVV�RI�DQ�DQDO\WLF�IRFXV�RQ�KLV�RU�KHU�UHODWLRQVKLS
WR� WKH� V\VWHP�� WKH� ZD\V� WKDW� FXOWXUDO� SUDFWLFHV� LQYROYH� FRQVFLRXVQHVV� DQG
FRPPHQWDU\�RQ�WKHPVHOYHV�

5HJLPH�VKLIW�� ODUJH�� SHUVLVWHQW�� DQG�XVXDOO\�XQH[SHFWHG� FKDQJHV� LQ� HFRV\VWHPV
DQG�VRFLDO�HFRORJLFDO�V\VWHPV�

5HLQIRUFLQJ� IHHGEDFN� ORRS�� D� ORRS� RI� FDXVH�DQG�HIIHFW� LQ�ZKLFK� DQ� DFWLRQ� LQ
WKH� V\VWHP� LQIOXHQFHV� PRUH� RI� WKH� VDPH� DFWLRQ�� DFFHOHUDWLQJ� HLWKHU� JURZWK� RU
GHFOLQH��WKH�RSSRVLWH�RI�D�EDODQFLQJ�IHHGEDFN��

5HVLOLHQFH��WKH�FDSDFLW\�RI�D�V\VWHP�WR�DEVRUE�GLVWXUEDQFH�DQG�UHRUJDQL]H�ZKLOH
XQGHUJRLQJ� FKDQJH� VR� DV� WR� VWLOO� UHWDLQ� HVVHQWLDOO\� WKH� VDPH� IXQFWLRQ�� VWUXFWXUH�
LGHQWLW\��DQG�IHHGEDFNV�

6FHQDULR�SODQQLQJ��DQ�DSSURDFK�WKDW�HQFRXUDJHV�WKH�IUDPLQJ�DQG�UH�IUDPLQJ�RI
SRVVLEOH�IXWXUHV�WR�VKDSH�WKH�XQGHUVWDQGLQJ�DQG�DFWLRQV�RI�LQGLYLGXDOV�RU�JURXSV�

6'*V��WKH�8QLWHG�1DWLRQV¶�6XVWDLQDEOH�'HYHORSPHQW�*RDOV�

6RFLDO�QHWZRUN�JUDSK��D�JUDSKLF�UHSUHVHQWDWLRQ�RI�DFWRUV�LQ�D�V\VWHP�DQG�KRZ
WKH\�DUH�UHODWHG�WKURXJK�VRFLDO�WLHV�

6SDWLDO�PDS��D�YLVXDO�UHSUHVHQWDWLRQ�RI�KRZ�D�V\VWHP�LV�RU�FDQ�EH�RUJDQL]HG� LQ
VSDFH�

6WRFN��D�TXDQWLW\�RI�VRPHWKLQJ��PHDVXUHG�DW�RQH�SRLQW�LQ�WLPH�



6WRFN�DQG�)ORZ� 'LDJUDP�� D� YLVXDO� UHSUHVHQWDWLRQ� RI� WKH� IORZV� DQG
DFFXPXODWLRQV� LQ� D� V\VWHP�� DQG� KRZ� WKH\� DUH� UHODWHG� WKURXJK� RQH� RU� PRUH
IHHGEDFN�ORRSV�

6\VWHP��$�VHW�RI�WKLQJV�²�SHRSOH��FHOOV��PROHFXOHV��RU�DQ\WKLQJ�²�LQWHUFRQQHFWHG
LQ�VXFK�D�ZD\�WKDW�WKH\�SURGXFH�WKHLU�RZQ�SDWWHUQ�RI�EHKDYLRU�RYHU�WLPH�

7KHRU\�RI�&KDQJH� �7R&���D�FRPSUHKHQVLYH�GHVFULSWLRQ�DQG� LOOXVWUDWLRQ�RI�KRZ
DQG�ZK\�D�GHVLUHG�FKDQJH�LV�H[SHFWHG�WR�KDSSHQ�LQ�D�SDUWLFXODU�FRQWH[W�

7KUHVKROG�� WKH�FULWLFDO�SRLQW� LQ�D� VLWXDWLRQ��SURFHVV��RU� V\VWHP�EH\RQG�ZKLFK�D
VLJQLILFDQW� DQG� RIWHQ� XQVWRSSDEOH� HIIHFW� RU� FKDQJH� WDNHV� SODFH�� $� VLWXDWLRQ� LQ
ZKLFK�DQ�HFRV\VWHP�H[SHULHQFHV�D�VKLIW�WR�D�QHZ�VWDWH��ZLWK�VLJQLILFDQW�FKDQJHV�WR
ELRGLYHUVLW\�DQG�WKH�VHUYLFHV�WR�SHRSOH�LW�XQGHUSLQV��DW�D�UHJLRQDO�RU�JOREDO�VFDOH�

7LPH�GHOD\��D�ODJ�EHWZHHQ�D�FKDQJH�LQ�RQH�VWRFN�DQG�D�UHODWHG�VWRFN��RU�LQ�RWKHU
ZRUGV��WKH�GHOD\�EHWZHHQ�µFDXVH¶�DQG�µHIIHFW¶�

7UDQVIRUPDWLYH�VSDFH��WKH�H[SHULHQFH�RI�VSDFH�LQ�FRQWUDVW�WR�GHILQLQJ�VSDFH�DV
VWDWLF�VKDSH�RU�EXLOW�HQFORVXUH�

8QLQWHQGHG�FRQVHTXHQFHV��D�UHVXOW�WKDW�ZDV�QRW�LQWHQGHG�DV�DQ�RXWFRPH�

::)��WKH�:RUOG�:LOGOLIH�)XQG��DOVR�NQRZQ�DV�WKH�:RUOG�:LGH�)XQG�IRU�1DWXUH�



,3%(6��,QWHUJRYHUQPHQWDO�6FLHQFH�3ROLF\�3ODWIRUP�RQ�%LRGLYHUVLW\�DQG�(FRV\VWHP
6HUYLFHV���������6XPPDU\� IRU�SROLF\PDNHUV�RI� WKH�JOREDO�DVVHVVPHQW� UHSRUW�RQ
ELRGLYHUVLW\�DQG�HFRV\VWHP�VHUYLFHV�� ,QWHUJRYHUQPHQWDO� 6FLHQFH�3ROLF\�3ODWIRUP
RQ�%LRGLYHUVLW\�DQG�(FRV\VWHP�6HUYLFHV��5HWULHYHG�IURP�KWWSV���ZZZ�LSEHV�QHW�VLWH�KWWSV���ZZZ�LSEHV�QHW�VLWH�KWWSV���ZZZ�LSEHV�QHW�VLWH
V�GHIDXOW�ILOHV�GRZQORDGV�VSPBXQHGLWHGBDGYDQFHBIRUBSRVWLQJBKWQ�SGIV�GHIDXOW�ILOHV�GRZQORDGV�VSPBXQHGLWHGBDGYDQFHBIRUBSRVWLQJBKWQ�SGIV�GHIDXOW�ILOHV�GRZQORDGV�VSPBXQHGLWHGBDGYDQFHBIRUBSRVWLQJBKWQ�SGI

,3&&�� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� �������� 6XPPDU\� IRU
3ROLF\PDNHUV�� ,Q�� *OREDO� :DUPLQJ� RI� ����&�� $Q� ,3&&� 6SHFLDO� 5HSRUW� RQ� WKH
LPSDFWV� RI� JOREDO� ZDUPLQJ� RI� ����&� DERYH� SUH�LQGXVWULDO� OHYHOV� DQG� UHODWHG
JOREDO� JUHHQKRXVH� JDV� HPLVVLRQ� SDWKZD\V�� LQ� WKH� FRQWH[W� RI� VWUHQJWKHQLQJ� WKH
JOREDO� UHVSRQVH� WR� WKH� WKUHDW� RI� FOLPDWH� FKDQJH�� VXVWDLQDEOH� GHYHORSPHQW�� DQG
HIIRUWV� WR� HUDGLFDWH� SRYHUW\�� 0DVVRQ�'HOPRWWH�� 9��� 3�� =KDL�� +��2�� 3|UWQHU�� '�
5REHUWV��-��6NHD��3�5��6KXNOD��$��3LUDQL��:��0RXIRXPD�2NLD��&��3pDQ��5��3LGFRFN�
6�� &RQQRUV�� -�%�5�� 0DWWKHZV�� <�� &KHQ�� ;�� =KRX�� 0�,�� *RPLV�� (�� /RQQR\�� 7�
0D\FRFN�� 0�� 7LJQRU�� DQG� 7�� :DWHUILHOG� �(GV���� :RUOG� 0HWHRURORJLFDO
2UJDQL]DWLRQ��*HQHYD��6ZLW]HUODQG�����SS�

81�(QYLURQPHQW���������*OREDO�(QYLURQPHQW�2XWORRN�±�*(2����+HDOWK\�3ODQHW�
+HDOWK\�3HRSOH��1DLUREL��'2,�����������������������

81� '(6$�� 8QLWHG� 1DWLRQV� 'HSDUWPHQW� RI� (FRQRPLF� DQG� 6RFLDO� $IIDLUV�
3RSXODWLRQ�'LYLVLRQ���������:RUOG�3RSXODWLRQ�3URVSHFWV��7KH������5HYLVLRQ��.H\
)LQGLQJV�DQG�$GYDQFH�7DEOHV��:RUNLQJ�3DSHU�1R��(6$�3�:3�����

9HUYRRW��-��DQG�*XSWD��$����������$QWLFLSDWLQJ�FOLPDWH�IXWXUHV�LQ�D������&�HUD��WKH
OLQN� EHWZHHQ� IRUHVLJKW� DQG� JRYHUQDQFH�� &XUUHQW� 2SLQLRQ� LQ� (QYLURQPHQWDO
6XVWDLQDELOLW\��������������

https://www.ipbes.net/sites/default/files/downloads/spm_unedited_advance_for_posting_htn.pdf


::)� �������� /LYLQJ� 3ODQHW� 5HSRUW� �� ������ $LPLQJ� +LJKHU�� *URRWHQ�� 0�� DQG
$OPRQG��5�(�$���(GV���::)��*ODQG��6ZLW]HUODQG�

%LJJV��5���&DUSHQWHU��6��5���	�%URFN��:��$����������7XUQLQJ�EDFN�IURP�WKH�EULQN�
'HWHFWLQJ� DQ� LPSHQGLQJ� UHJLPH� VKLIW� LQ� WLPH� WR� DYHUW� LW�� 3URFHHGLQJV� RI� WKH
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�������������±�����KWWSV���GRL�RUJ���������SQDV�����KWWSV���GRL�RUJ���������SQDV�����KWWSV���GRL�RUJ���������SQDV����
���������������������

%RQDEHDX��(���'HVVDOOHV�� -��/���	�*UXPEDFK��$�� ��������&KDUDFWHUL]LQJ� HPHUJHQW
SKHQRPHQD������D�FULWLFDO�UHYLHZ��5HYXH�,QWHUQDWLRQDOH�GH�6\VWpPLTXH�����������±
����

*RRGPDQ��0�� �������� 6\VWHPV� 7KLQNLQJ��:KDW��:K\��:KHQ��:KHUH�� DQG�+RZ"
7KH�6\VWHPV�7KLQNHU�������

&XU\��3��	�6KDQQRQ��/����������5HJLPH�VKLIWV�LQ�XSZHOOLQJ�HFRV\VWHPV��REVHUYHG
FKDQJHV� DQG� SRVVLEOH� PHFKDQLVPV� LQ� WKH� QRUWKHUQ� DQG� VRXWKHUQ� %HQJXHOD�
3URJUHVV�LQ�2FHDQRJUDSK\��������������� KWWSV���GRL�RUJ���������M�SRFHDQ�������� KWWSV���GRL�RUJ���������M�SRFHDQ�������� KWWSV���GRL�RUJ���������M�SRFHDQ�������
���������������

/RUHQ]��(��1����������7KH�(VVHQFH�2I�&KDRV��8QLYHUVLW\�RI�:DVKLQJWRQ�3UHVV�

0HDGRZV��'�+�� ��������7KLQNLQJ� LQ� 6\VWHPV�� $� 3ULPHU��:KLWH� 5LYHU� -XQFWLRQ�
97��&KHOVHD�*UHHQ�3XEOLVKLQJ�

2HVWUHLFKHU�� &�� �������� $� KLVWRU\� RI� FKDRV� WKHRU\�� 'LDORJXHV� LQ� &OLQLFDO
1HXURVFLHQFH�����������±����

5RFKD��-��&���3HWHUVRQ��*���%RGLQ��g��DQG�/HYLQ��6����������&DVFDGLQJ�UHJLPH�VKLIWV
ZLWKLQ�DQG�DFURVV�VFDOHV��6FLHQFH������������������������

https://doi.org/10.1073/pnas.0811729106
https://doi.org/10.1016/j.pocean.2004.02.007


5RX[��-�3�	�6KDQQRQ��/�-����������(FRV\VWHP�DSSURDFK�WR�ILVKHULHV�PDQDJHPHQW
LQ� WKH�QRUWKHUQ�%HQJXHOD�� WKH�1DPLELDQ� H[SHULHQFH��$IULFDQ� -RXUQDO� RI�0DULQH
6FLHQFH����������������KWWSV���GRL�RUJ���������������������������KWWSV���GRL�RUJ���������������������������KWWSV���GRL�RUJ��������������������������

6FKHIIHU��0����������&ULWLFDO�7UDQVLWLRQV� LQ�1DWXUH�DQG�6RFLHW\��86$��3ULQFHWRQ
8QLYHUVLW\�3UHVV�

6LK�� $��� (QJOXQG�� *��� 	� :RRVWHU�� '�� �������� (PHUJHQW� LPSDFWV� RI� PXOWLSOH
SUHGDWRUV�RQ�SUH\��7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ������������±�����KWWSV���GRL�RUJ��KWWSV���GRL�RUJ��KWWSV���GRL�RUJ�
��������6����������������������������6����������������������������6��������������������

$EVRQ��'��-���)LVFKHU��-���/HYHQWRQ��-���1HZLJ��-���6FKRPHUXV��7���9LOVPDLHU��8���«
/DQJ�� '�� -�� �������� /HYHUDJH� SRLQWV� IRU� VXVWDLQDELOLW\� WUDQVIRUPDWLRQ�� $PELR�
���������±����KWWSV���GRL�RUJ���������V���������������\�KWWSV���GRL�RUJ���������V���������������\�KWWSV���GRL�RUJ���������V���������������\

'ULPLH��6���+DPDQQ��5���0DQGHUVRQ��$��3�� DQG�1��0ORQGRER]L�� ��������&UHDWLQJ
WUDQVIRUPDWLYH�VSDFHV�IRU�GLDORJXH�DQG�DFWLRQ��UHIOHFWLQJ�RQ�WKH�H[SHULHQFH�RI�WKH
6RXWKHUQ�$IULFD�)RRG�/DE��(FRORJ\�DQG�6RFLHW\���������

(QIRUV�.DXWVN\�� (��� -lUQEHUJ�� /��� 4XLQODQ�� $��� 5\DQ�� 3�� ��������:D\ILQGHU�� D
UHVLOLHQFH�JXLGH�IRU�QDYLJDWLQJ�WRZDUGV�VXVWDLQDEOH�IXWXUHV��*5$,'��6WRFNKROP
5HVLOLHQFH�&HQWHU��KWWSV���ZD\ILQGHU�HDUWK��KWWSV���ZD\ILQGHU�HDUWK��KWWSV���ZD\ILQGHU�HDUWK�

)ULW]��5����������3DWK�RI�/HDVW�5HVLVWDQFH��/HDUQLQJ�WR�%HFRPH�WKH�&UHDWLYH�)RUFH
LQ�<RXU�2ZQ�/LIH��1HZ�<RUN��)DZFHWW�&ROXPELQH�

*DODIDVVL��'���'DZ��7��0���7K\UHVVRQ��0���5RVHQGR��6���&KDLJQHDX��7���%DQGHLUD��6��
0XQ\L�� /��� *DEULHOVVRQ�� ,��� DQG� %URZQ�� .�� �������� 6WRULHV� LQ� VRFLDO�HFRORJLFDO
NQRZOHGJH�FR�FUHDWLRQ��(FRORJ\�DQG�6RFLHW\����������

https://doi.org/10.2989/18142320409504051
https://doi.org/10.1016/S0169-5347(98)01437-2
https://doi.org/10.1007/s13280-016-0800-y
https://wayfinder.earth/


.DKDQH�� $�� �������� 7UDQVIRUPDWLYH� 6FHQDULR� 3ODQQLQJ�� :RUNLQJ� 7RJHWKHU� 7R
&KDQJH�7KH�)XWXUH��%HUUHWW�.RHKOHU�3XEOLVKHUV�

.LP��'��+����������6\VWHPV�7KLQNLQJ�7RROV��$�8VHU¶V�5HIHUHQFH�*XLGH���QG�HG���
:DOWKDP��0$��3HJDVXV�&RPPXQLFDWLRQV�

0DUVKDOO�� )��� 'ROOH\�� -��� DQG� 3UL\D�� 5�� �������� 7UDQVGLVFLSOLQDU\� UHVHDUFK� DV
WUDQVIRUPDWLYH� VSDFH� PDNLQJ� IRU� VXVWDLQDELOLW\�� HQKDQFLQJ� SUR�SRRU
WUDQVIRUPDWLYH�DJHQF\� LQ�SHUL�XUEDQ�FRQWH[WV��(FRORJ\�DQG�6RFLHW\����������KWWSKWWSKWWS
V���GRL�RUJ���������(6�������������V���GRL�RUJ���������(6�������������V���GRL�RUJ���������(6�������������

0HDGRZV��'�+�� ��������7KLQNLQJ� LQ� 6\VWHPV�� $� 3ULPHU��:KLWH� 5LYHU� -XQFWLRQ�
97��&KHOVHD�*UHHQ�3XEOLVKLQJ�

0RRUH�� 0��/��� 2OVVRQ�� 3��� 1LOVVRQ�� :��� 5RVH�� /��� DQG� :HVWOH\�� )�5�� �������
1DYLJDWLQJ� HPHUJHQFH� DQG� V\VWHP� UHIOH[LYLW\� DV� NH\� WUDQVIRUPDWLYH� FDSDFLWLHV�
H[SHULHQFHV�IURP�D�*OREDO�)HOORZVKLS�SURJUDP��(FRORJ\�DQG�6RFLHW\����������KWWSKWWSKWWS
V���GRL�RUJ���������(6��������������V���GRL�RUJ���������(6��������������V���GRL�RUJ���������(6��������������

0RVHU�� 6�� &�� �������� &DQ� VFLHQFH� RQ� WUDQVIRUPDWLRQ� WUDQVIRUP� VFLHQFH"� /HVVRQV
IURP�FR�GHVLJQ��&XUUHQW�2SLQLRQ�LQ�(QYLURQPHQWDO�6XVWDLQDELOLW\���������±�����K�K�K
WWSV���GRL�RUJ���������M�FRVXVW������������WWSV���GRL�RUJ���������M�FRVXVW������������WWSV���GRL�RUJ���������M�FRVXVW������������

3DJH��*��*���:LVH��5��0��� /LQGHQIHOG�� /���0RXJ�� 3���+RGJVRQ��$���:\ERUQ��&���	
)D]H\�� ,�� �������� &R�GHVLJQLQJ� WUDQVIRUPDWLRQ� UHVHDUFK�� OHVVRQV� OHDUQHG� IURP
UHVHDUFK� RQ� GHOLEHUDWH� SUDFWLFHV� IRU� WUDQVIRUPDWLRQ�� &XUUHQW� 2SLQLRQ� LQ
(QYLURQPHQWDO�6XVWDLQDELOLW\��������±����KWWSV���GRL�RUJ���������M�FRVXVW��������KWWSV���GRL�RUJ���������M�FRVXVW��������KWWSV���GRL�RUJ���������M�FRVXVW�������
���������������

3HUHLUD�� /��� .DUSRX]RJORX�� 7��� )UDQW]HVNDNL�� 1��� 	� 2OVVRQ�� 3�� �������� 'HVLJQLQJ
WUDQVIRUPDWLYH�VSDFHV�IRU�VXVWDLQDELOLW\�LQ�VRFLDO�HFRORJLFDO�V\VWHPV��(FRORJ\�DQG
6RFLHW\���������KWWSV���GRL�RUJ���������(6��������������KWWSV���GRL�RUJ���������(6��������������KWWSV���GRL�RUJ���������(6�������������

3URVFL���������3URVFL�$'.$5�0RGHO��5HWULHYHG�IURP�KWWSV���HPSRZHU�SURVFL�FRP�W�KWWSV���HPSRZHU�SURVFL�FRP�W�KWWSV���HPSRZHU�SURVFL�FRP�W
KH�SURVFL�DGNDU�PRGHO�HERRN�EXQGOHKH�SURVFL�DGNDU�PRGHO�HERRN�EXQGOHKH�SURVFL�DGNDU�PRGHO�HERRN�EXQGOH

https://doi.org/10.5751/ES-10249-230308
https://doi.org/10.5751/ES-10166-230238
https://doi.org/10.1016/j.cosust.2016.10.007
https://doi.org/10.1016/j.cosust.2016.09.001
https://doi.org/10.5751/ES-10607-230432
https://empower.prosci.com/the-prosci-adkar-model-ebook-bundle


6HQJH�� 3�� ������� 7KH� )LIWK� 'LVFLSOLQH�� 7KH� DUW� RI� SUDFWLFH� RI� WKH� OHDUQLQJ
RUJDQL]DWLRQ��86$��'RXEOHGD\�

6KDUSH�� %��� +RGJVRQ�� $��� /HFHLVWHU�� *��� /\RQ�� $��� 	� )D]H\�� ,�� �������� 7KUHH
KRUL]RQV��D�SDWKZD\V�SUDFWLFH�IRU�WUDQVIRUPDWLRQ��(FRORJ\�DQG�6RFLHW\���������KWWSKWWSKWWS
V���GRL�RUJ����V���GRL�RUJ����V���GRL�RUJ���������(6������������������(6������������������(6�������������

6WURK�� '�3�� ��������6\VWHPV� 7KLQNLQJ� IRU� 6RFLDO� &KDQJH�� $� 3UDFWLFDO� *XLGH� WR
6ROYLQJ�&RPSOH[�3UREOHPV��$YRLGLQJ�8QLQWHQGHG�&RQVHTXHQFHV��DQG�$FKLHYLQJ
/DVWLQJ�5HVXOWV��:KLWH�5LYHU�-XQFWLRQ��97��&KHOVHD�*UHHQ�3XEOLVKLQJ�

$FRVWD�� $��� 	� 0DUWtQH]�� (�� �(GV��� ������� (O� %XHQ� 9LYLU�� 8QD� YtD� SDUD� HO
GHVDUUROOR��4XLWR��$E\D�<DOD�

&KLHVD��$�� ��������7KH�'LIILFXOW\� RI�'HILQLQJ�0LQGIXOQHVV��&XUUHQW�7KRXJKW� DQG
&ULWLFDO�,VVXHV��0LQGIXOQHVV�����������±�����KWWSV���GRL�RUJ���������V������������KWWSV���GRL�RUJ���������V������������KWWSV���GRL�RUJ���������V�����������
���������������

'tD]��6���'HPLVVHZ��6���&DUDELDV��-���-RO\��&���/RQVGDOH��0���$VK��1���«�=ODWDQRYD�
'�� �������� 7KH� ,3%(6� &RQFHSWXDO� )UDPHZRUN�²� FRQQHFWLQJ� QDWXUH� DQG� SHRSOH�
&XUUHQW�2SLQLRQ�LQ�(QYLURQPHQWDO�6XVWDLQDELOLW\�������±����KWWSV���GRL�RUJ��������KWWSV���GRL�RUJ��������KWWSV���GRL�RUJ�������
��M�FRVXVW��������������M�FRVXVW��������������M�FRVXVW������������

*DOODJKHU��5���	�$SSHQ]HOOHU��7����������%H\RQG�5HGXFWLRQLVP��6FLHQFH������������
����KWWSV���GRL�RUJ���������VFLHQFH�������������KWWSV���GRL�RUJ���������VFLHQFH�������������KWWSV���GRL�RUJ���������VFLHQFH������������

*ROGPDQ��0���	�6FKXUPDQ��5��$����������&ORVLQJ�WKH�³*UHDW�'LYLGH´��1HZ�6RFLDO
7KHRU\�RQ�6RFLHW\�DQG�1DWXUH��$QQXDO�5HYLHZ�RI�6RFLRORJ\������������±�����KWWS�KWWS�KWWS
V���GRL�RUJ���������DQQXUHY�VRF���������V���GRL�RUJ���������DQQXUHY�VRF���������V���GRL�RUJ���������DQQXUHY�VRF���������

https://doi.org/10.1007/s12671-012-0123-4
https://doi.org/10.5751/ES-08388-210247
https://doi.org/10.1007/s12671-012-0123-4
https://doi.org/10.1016/j.cosust.2014.11.002
https://doi.org/10.1126/science.284.5411.79
https://doi.org/10.1146/annurev.soc.26.1.563


,3&&�� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� �������� 6XPPDU\� IRU
3ROLF\PDNHUV�� ,Q�� *OREDO� :DUPLQJ� RI� ����&�� $Q� ,3&&� 6SHFLDO� 5HSRUW� RQ� WKH
LPSDFWV� RI� JOREDO� ZDUPLQJ� RI� ����&� DERYH� SUH�LQGXVWULDO� OHYHOV� DQG� UHODWHG
JOREDO� JUHHQKRXVH� JDV� HPLVVLRQ� SDWKZD\V�� LQ� WKH� FRQWH[W� RI� VWUHQJWKHQLQJ� WKH
JOREDO� UHVSRQVH� WR� WKH� WKUHDW� RI� FOLPDWH� FKDQJH�� VXVWDLQDEOH� GHYHORSPHQW�� DQG
HIIRUWV� WR� HUDGLFDWH� SRYHUW\�� 0DVVRQ�'HOPRWWH�� 9��� 3�� =KDL�� +��2�� 3|UWQHU�� '�
5REHUWV��-��6NHD��3�5��6KXNOD��$��3LUDQL��:��0RXIRXPD�2NLD��&��3pDQ��5��3LGFRFN�
6�� &RQQRUV�� -�%�5�� 0DWWKHZV�� <�� &KHQ�� ;�� =KRX�� 0�,�� *RPLV�� (�� /RQQR\�� 7�
0D\FRFN�� 0�� 7LJQRU�� DQG� 7�� :DWHUILHOG� �(GV���� :RUOG� 0HWHRURORJLFDO
2UJDQL]DWLRQ��*HQHYD��6ZLW]HUODQG�����SS�

/RQJVWDII�� 3�� +�� �������� 0DQDJLQJ� 6XUSULVHV� LQ� &RPSOH[� 6\VWHPV�
0XOWLGLVFLSOLQDU\�3HUVSHFWLYHV�RQ�5HVLOLHQFH��(FRORJ\�DQG�6RFLHW\���������KWWSV���G�KWWSV���G�KWWSV���G
RL�RUJ���������(6�������������RL�RUJ���������(6�������������RL�RUJ���������(6�������������

0XUGRFK�� -�� �������� ,QKXPDQ�1RQKXPDQ�+XPDQ�� $FWRU�1HWZRUN� 7KHRU\� DQG
WKH� 3URVSHFWV� IRU� D� 1RQGXDOLVWLF� DQG� 6\PPHWULFDO� 3HUVSHFWLYH� RQ� 1DWXUH� DQG
6RFLHW\��(QYLURQPHQW�DQG�3ODQQLQJ�'��6RFLHW\�DQG�6SDFH������������±�����KWWSV����KWWSV����KWWSV���
GRL�RUJ���������G������GRL�RUJ���������G������GRL�RUJ���������G������

5RJHUV�� 5�� �������� 1DWXUH� DQG� WKH� FULVLV� RI� PRGHUQLW\�� $� FULWLTXH� RI
FRQWHPSRUDU\�GLVFRXUVH�RQ�PDQDJLQJ�WKH�HDUWK��86$��%ODFN�5RVH�%RRNV�/LPLWHG�

=LPPHUPDQ��0����������0DU[�DQG�+HLGHJJHU�RQ�WKH�7HFKQRORJLFDO�'RPLQDWLRQ�RI
1DWXUH��3KLORVRSK\�7RGD\�����������±�����KWWSV���GRL�RUJ���������SKLOWRGD\������KWWSV���GRL�RUJ���������SKLOWRGD\������KWWSV���GRL�RUJ���������SKLOWRGD\�����
������������

$XGRXLQ�� 0��� 3UHLVHU�� 5��� 1LHQDEHU�� 6��� 'RZQVERURXJK�� /��� /DQ]�� -��� 	
0DYHQJDKDPD��6����������([SORULQJ�WKH�LPSOLFDWLRQV�RI�FULWLFDO�FRPSOH[LW\�IRU�WKH
VWXG\�RI�VRFLDO�HFRORJLFDO�V\VWHPV��(FRORJ\�DQG�6RFLHW\���������KWWSV���GRL�RUJ������KWWSV���GRL�RUJ������KWWSV���GRL�RUJ�����
����(6�����������������(6�����������������(6�������������

https://doi.org/10.5751/ES-02738-140149
https://doi.org/10.1068/d150731
https://doi.org/10.5840/philtoday197923221
https://doi.org/10.5751/ES-05434-180312


/XELOR�� 5��� 	� &KLOG�� %�� �������� 7KH� ULVH� DQG� IDOO� RI� FRPPXQLW\�EDVHG� QDWXUDO
UHVRXUFH�PDQDJHPHQW� LQ�=DPELD¶V�/XDQJZD�9DOOH\�� DQ� LOOXVWUDWLRQ�RI�PLFUR�DQG
PDFUR�JRYHUQDQFH�LVVXHV��&RPPXQLW\�5LJKWV��&RQVHUYDWLRQ�DQG�&RQWHVWHG�/DQG�
7KH�3ROLWLFV�RI�1DWXUDO�5HVRXUFH�*RYHUQDQFH�LQ�$IULFD���������

0RRQ��.���*XHUUHUR��$��0���$GDPV��9��0���%LJJV��'���%ODFNPDQ��'��$���&UDYHQ��/��
«� 5RVV�� +�� �������� 0HQWDO� PRGHOV� IRU� FRQVHUYDWLRQ� UHVHDUFK� DQG� SUDFWLFH�
&RQVHUYDWLRQ�/HWWHUV��H�������KWWSV���GRL�RUJ���������FRQO�������KWWSV���GRL�RUJ���������FRQO�������KWWSV���GRL�RUJ���������FRQO������

3HUHLUD��/����������&RPLQJ�WR�WHUPV�ZLWK�PHVVLQHVV��:KDW�LV�D�³7UDQVIRUPDWLRQ
/DE´"�5HWULHYHG�IURP�67(36�&HQWUH�ZHEVLWH��KWWSV���VWHSV�FHQWUH�RUJ�EORJ�FRPLQJ��KWWSV���VWHSV�FHQWUH�RUJ�EORJ�FRPLQJ��KWWSV���VWHSV�FHQWUH�RUJ�EORJ�FRPLQJ�
WHUPV�PHVVLQHVV�WUDQVIRUPDWLRQ�ODE�WHUPV�PHVVLQHVV�WUDQVIRUPDWLRQ�ODE�WHUPV�PHVVLQHVV�WUDQVIRUPDWLRQ�ODE�

%DQHUMHH�� %��� 	� &HUL�� 6�� �(GV���� ��������&UHDWLQJ� ,QQRYDWLRQ� /HDGHUV�� $� *OREDO
3HUVSHFWLYH��6SULQJHU�,QWHUQDWLRQDO�3XEOLVKLQJ�

'ULPLH��6���+DPDQQ��5���0DQGHUVRQ��$��3�� DQG�1��0ORQGRER]L�� ��������&UHDWLQJ
WUDQVIRUPDWLYH�VSDFHV�IRU�GLDORJXH�DQG�DFWLRQ��UHIOHFWLQJ�RQ�WKH�H[SHULHQFH�RI�WKH
6RXWKHUQ�$IULFD�)RRG�/DE��(FRORJ\�DQG�6RFLHW\���������

*LODQL�� +�� 5��� <RVKLGD�� 7��� 	� ,QQHV�� -�� /�� �������� $� &ROODERUDWLYH� )RUHVW
0DQDJHPHQW� XVHU� JURXS¶V� SHUFHSWLRQV� DQG� H[SHFWDWLRQV� RQ� 5(''�� LQ� 1HSDO�
)RUHVW�3ROLF\�DQG�(FRQRPLFV��������±����KWWSV���GRL�RUJ���������M�IRUSRO����������KWWSV���GRL�RUJ���������M�IRUSRO����������KWWSV���GRL�RUJ���������M�IRUSRO���������
���������

0RVHU�� 6�� &�� �������� &DQ� VFLHQFH� RQ� WUDQVIRUPDWLRQ� WUDQVIRUP� VFLHQFH"� /HVVRQV
IURP�FR�GHVLJQ��&XUUHQW�2SLQLRQ�LQ�(QYLURQPHQWDO�6XVWDLQDELOLW\���������±�����K�K�K
WWSV���GRL�RUJ���������M�FRVXVW������������WWSV���GRL�RUJ���������M�FRVXVW������������WWSV���GRL�RUJ���������M�FRVXVW������������

3HUHLUD�� /��� .DUSRX]RJORX�� 7��� )UDQW]HVNDNL�� 1��� 	� 2OVVRQ�� 3�� �������� 'HVLJQLQJ
WUDQVIRUPDWLYH�VSDFHV�IRU�VXVWDLQDELOLW\�LQ�VRFLDO�HFRORJLFDO�V\VWHPV��(FRORJ\�DQG

https://doi.org/10.1111/conl.12642
https://steps-centre.org/blog/coming-terms-messiness-transformation-lab/
https://doi.org/10.1016/j.forpol.2017.03.004
https://doi.org/10.1016/j.cosust.2016.10.007


6RFLHW\���������KWWSV���GRL�RUJ���������(6��������������KWWSV���GRL�RUJ���������(6��������������KWWSV���GRL�RUJ���������(6�������������

7HQJ|��0���%URQGL]LR��(��6���(OPTYLVW��7���0DOPHU��3���	�6SLHUHQEXUJ��0���������
&RQQHFWLQJ� 'LYHUVH� .QRZOHGJH� 6\VWHPV� IRU� (QKDQFHG� (FRV\VWHP� *RYHUQDQFH�
7KH�0XOWLSOH�(YLGHQFH�%DVH�$SSURDFK��$0%,2������������±�����KWWSV���GRL�RUJ�����KWWSV���GRL�RUJ�����KWWSV���GRL�RUJ����
�����V���������������������V���������������������V����������������

&UXW]HQ��3��-����������7KH�³DQWKURSRFHQH´��-RXUQDO�GH�3K\VLTXH�,9��3URFHHGLQJV��
�������������KWWSV���GRL�RUJ���������MS�����������KWWSV���GRL�RUJ���������MS�����������KWWSV���GRL�RUJ���������MS����������

&XPPLQJ��*�6���&XPPLQJ��'��+��0���	�5HGPDQ��&��/����������6FDOH�0LVPDWFKHV
LQ�6RFLDO�(FRORJLFDO�6\VWHPV��&DXVHV��&RQVHTXHQFHV��DQG�6ROXWLRQV��(FRORJ\� DQG
6RFLHW\������������

/DPELQ�� (�� )��� 	� 0H\IURLGW�� 3�� �������� *OREDO� ODQG� XVH� FKDQJH�� HFRQRPLF
JOREDOL]DWLRQ�� DQG� WKH� ORRPLQJ� ODQG� VFDUFLW\�� 3URFHHGLQJV� RI� WKH� 1DWLRQDO
$FDGHP\�RI�6FLHQFHV����������������KWWSV���GRL�RUJ���������SQDV������������KWWSV���GRL�RUJ���������SQDV������������KWWSV���GRL�RUJ���������SQDV�����������

/RUHQ]��(�1����������'HWHUPLQLVWLF�1RQSHULRGLF�)ORZ��-RXUQDO�RI�WKH�$WPRVSKHULF
6FLHQFHV��������������

2OVRQ��(���	�(R\DQJ��*����������)DFLOLWDWLQJ�2UJDQL]DWLRQ�&KDQJH��/HVVRQV�IURP
&RPSOH[LW\�6FLHQFH��6DQ�)UDQFLVFR��&$��-RVVH\�%DVV�3IHLIIHU�

3ROL�� 5�� �������� ,QWURGXFWLRQ� WR� $QWLFLSDWLRQ� 6WXGLHV� ��VW� HG���� 6SULQJHU
,QWHUQDWLRQDO�3XEOLVKLQJ�

https://doi.org/10.5751/ES-10607-230432
https://doi.org/10.1007/s13280-014-0501-3
https://doi.org/10.1051/jp4:20020447
https://doi.org/10.1073/pnas.1100480108


2OVVRQ��3���*XQGHUVRQ��/�+���&DUSHQWHU�� 6�5���5\DQ��3��� /HEHO�� /��� )RONH��&��� DQG
+ROOLQJ�� &�6�� �������� 6KRRWLQJ� WKH� UDSLGV�� QDYLJDWLQJ� WUDQVLWLRQV� WR� DGDSWLYH
JRYHUQDQFH�RI�VRFLDO�HFRORJLFDO�V\VWHPV��(FRORJ\�DQG�6RFLHW\������������

5DXGVHSS�+HDUQH�� &��� %HQQHWW�� (�� 0��� 3HWHUVRQ�� *�� '��� 0DF'RQDOG�� *�� .��
%HQHVVDLDK�� .��� 3IHLIHU�� /��� «� +ROODQG�� 7�� �������� 8QWDQJOLQJ� WKH
(QYLURQPHQWDOLVW¶V�3DUDGR[��:K\�,V�+XPDQ�:HOO�EHLQJ�,QFUHDVLQJ�DV�(FRV\VWHP
6HUYLFHV�'HJUDGH"�%LR6FLHQFH������������±�����KWWSV���GRL�RUJ���������ELR��������KWWSV���GRL�RUJ���������ELR��������KWWSV���GRL�RUJ���������ELR�������
���������������

5RFKD�� -�&��� 3HWHUVRQ�� *�'��� 	� %LJJV�� 5�� �������� 5HJLPH� 6KLIWV� LQ� WKH
$QWKURSRFHQH��'ULYHUV��5LVNV��DQG�5HVLOLHQFH��3/26�21(���������H��������� KWWS� KWWS� KWWS
V���GRL�RUJ���������MRXUQDO�SRQH��������V���GRL�RUJ���������MRXUQDO�SRQH��������V���GRL�RUJ���������MRXUQDO�SRQH��������

5RFNVWU|P��-���6WHIIHQ��:���1RRQH��.���3HUVVRQ��c���&KDSLQ��)��6��,���/DPELQ��(���«
)ROH\�� -�� �������� 3ODQHWDU\�%RXQGDULHV�� ([SORULQJ� WKH� 6DIH�2SHUDWLQJ� 6SDFH� IRU
+XPDQLW\��(FRORJ\�DQG�6RFLHW\���������KWWSV���GRL�RUJ���������(6��������������KWWSV���GRL�RUJ���������(6��������������KWWSV���GRL�RUJ���������(6�������������

6HLMJHU�� &��� 'HZXOI�� *��� 9DQ� 7DWHQKRYH�� -��� 	� 2WWHU�� +�� 6�� �������� 7RZDUGV
SUDFWLWLRQHU�LQLWLDWHG� LQWHUDFWLYH� NQRZOHGJH� GHYHORSPHQW� IRU� VXVWDLQDEOH
GHYHORSPHQW�� $� FURVV�FDVH� DQDO\VLV� RI� WKUHH� FRDVWDO� SURMHFWV�� *OREDO
(QYLURQPHQWDO�&KDQJH�� ���� ���±����� KWWSV���GRL�RUJ���������M�JORHQYFKD�������� KWWSV���GRL�RUJ���������M�JORHQYFKD�������� KWWSV���GRL�RUJ���������M�JORHQYFKD�������
���������������

:DONHU�� %��+��� &DUSHQWHU�� 6��5���5RFNVWURP�� -��� &UpSLQ�� $��6���	� 3HWHUVRQ��*��'�
�������� 'ULYHUV�� ³6ORZ´� 9DULDEOHV�� ³)DVW´� 9DULDEOHV�� 6KRFNV�� DQG� 5HVLOLHQFH�
(FRORJ\�DQG�6RFLHW\���������5HWULHYHG�IURP�KWWSV���ZZZ�MVWRU�RUJ�VWDEOH����������KWWSV���ZZZ�MVWRU�RUJ�VWDEOH����������KWWSV���ZZZ�MVWRU�RUJ�VWDEOH���������

:LOOLDPV�� .�� 6��� 	� 6LPRQ�� &�� �������� 7KH� HFRORJ\�� EHKDYLRU�� DQG� HYROXWLRQ� RI
SHULRGLFDO�FLFDGDV��$QQXDO�5HYLHZV�RI�(QWRPRORJ\���������±�����KWWSV���GRL�RUJ���KWWSV���GRL�RUJ���KWWSV���GRL�RUJ��
�������DQQXUHY�HQ������������������������DQQXUHY�HQ������������������������DQQXUHY�HQ�����������������

https://doi.org/10.1525/bio.2010.60.8.4
https://doi.org/10.1371/journal.pone.0134639
https://doi.org/10.5751/ES-03180-140232
https://doi.org/10.1016/j.gloenvcha.2015.07.004
https://www.jstor.org/stable/26269094
https://doi.org/10.1146/annurev.en.40.010195.001413


$EVRQ��'��-���)LVFKHU��-���/HYHQWRQ��-���1HZLJ��-���6FKRPHUXV��7���9LOVPDLHU��8���«
/DQJ�� '�� -�� �������� /HYHUDJH� SRLQWV� IRU� VXVWDLQDELOLW\� WUDQVIRUPDWLRQ�� $PELR�
���������±���
KWWSV���GRL�RUJ���������V���������������\KWWSV���GRL�RUJ���������V���������������\KWWSV���GRL�RUJ���������V���������������\

&,7(6��&RQYHQWLRQ�RQ�,QWHUQDWLRQDO�7UDGH�LQ�(QGDQJHUHG�6SHFLHV�RI�:LOG�)DXQD
DQG�)ORUD��������(OHSKDQW�SRDFKLQJ�DQG�LYRU\�VPXJJOLQJ�ILJXUHV�UHOHDVHG�WRGD\�
5HWULHYHG� IURP��KWWSV���ZZZ�FLWHV�RUJ�HQJ�HOHSKDQWBSRDFKLQJBDQGBLYRU\BVPXJJOLKWWSV���ZZZ�FLWHV�RUJ�HQJ�HOHSKDQWBSRDFKLQJBDQGBLYRU\BVPXJJOLKWWSV���ZZZ�FLWHV�RUJ�HQJ�HOHSKDQWBSRDFKLQJBDQGBLYRU\BVPXJJOL
QJBILJXUHVBIRUB����BUHOHDVHGQJBILJXUHVBIRUB����BUHOHDVHGQJBILJXUHVBIRUB����BUHOHDVHG

0HDGRZV�� '�+�� �������� /HYHUDJH� SRLQWV�� 3ODFHV� WR� LQWHUYHQH� LQ� D� V\VWHP�
+DUWODQG��7KH�6XVWDLQDELOLW\�,QVWLWXWH�

0HDGRZV��'�+�� ��������7KLQNLQJ� LQ� 6\VWHPV�� $� 3ULPHU��:KLWH� 5LYHU� -XQFWLRQ�
97��&KHOVHD�*UHHQ�3XEOLVKLQJ�

2VWURP� (�� ��������*RYHUQLQJ� WKH� &RPPRQV�� 7KH� (YROXWLRQ� RI� ,QVWLWXWLRQV� IRU
&ROOHFWLYH�$FWLRQ��&DPEULGJH��8.��&DPEULGJH�8QLYHUVLW\�3UHVV�

6HQJH�� 3�� ������� 7KH� )LIWK� 'LVFLSOLQH�� 7KH� DUW� RI� SUDFWLFH� RI� WKH� OHDUQLQJ
RUJDQL]DWLRQ��86$��'RXEOHGD\�

6WURK�� '�3�� ��������6\VWHPV� 7KLQNLQJ� IRU� 6RFLDO� &KDQJH�� $� 3UDFWLFDO� *XLGH� WR
6ROYLQJ�&RPSOH[�3UREOHPV��$YRLGLQJ�8QLQWHQGHG�&RQVHTXHQFHV��DQG�$FKLHYLQJ
/DVWLQJ�5HVXOWV��:KLWH�5LYHU�-XQFWLRQ��97��&KHOVHD�*UHHQ�3XEOLVKLQJ�

$KHUQ��-����������)URP�IDLO�VDIH�WR�VDIH�WR�IDLO��6XVWDLQDELOLW\�DQG�UHVLOLHQFH�LQ�WKH
QHZ� XUEDQ� ZRUOG�� /DQGVFDSH� DQG� 8UEDQ� 3ODQQLQJ�� ���� ����� ��������� ,VVXH� ��
$SULO�������KWWSV���GRL�RUJ���������M�ODQGXUESODQ������������KWWSV���GRL�RUJ���������M�ODQGXUESODQ������������KWWSV���GRL�RUJ���������M�ODQGXUESODQ�������������

https://doi.org/10.1007/s13280-016-0800-y
https://www.cites.org/eng/elephant_poaching_and_ivory_smuggling_figures_for_2013_released
https://doi.org/10.1016/j.landurbplan.2011.02.021


%URZQ��7����������'HVLJQ�WKLQNLQJ��+DUYDUG�%XVLQHVV�5HYLHZ����������

.HOOH\��7����������7KH�7HQ�)DFHV�RI�,QQRYDWLRQ��,GHR¶V�6WUDWHJLHV�)RU�%HDWLQJ�7KH
'HYLO¶V� $GYRFDWH� 	� 'ULYLQJ� &UHDWLYLW\� 7KURXJKRXW� <RXU� 2UJDQL]DWLRQ�
&XUUHQF\�'RXEOHGD\�

3DWWRQ��0��4����������'HYHORSPHQWDO�(YDOXDWLRQ��$SSO\LQJ�&RPSOH[LW\�&RQFHSWV
WR�(QKDQFH�,QQRYDWLRQ�DQG�8VH��*XLOIRUG�3UHVV�

5LHV��(����������7KH�/HDQ�6WDUWXS��+RZ�7RGD\¶V�(QWUHSUHQHXUV�8VH�&RQWLQXRXV
,QQRYDWLRQ�WR�&UHDWH�5DGLFDOO\�6XFFHVVIXO�%XVLQHVVHV��&URZQ�%XVLQHVV�

:KLWQH\�� '��� 	� &RRSHUULGHU�� '�� �������� $SSUHFLDWLYH� LQTXLU\�� $� SRVLWLYH
UHYROXWLRQ�LQ�FKDQJH��5HDG+RZ<RX:DQW�FRP�

%DU�<DP�� <�� �������� 0DNLQJ� WKLQJV� ZRUN�� 6ROYLQJ� FRPSOH[� SUREOHPV� LQ� D
FRPSOH[�ZRUOG���VW�HG����.QRZOHGJH�3UHVV�

%DWWLODQD��-���	�.LPVH\��0����������6KRXOG�<RX�$JLWDWH��,QQRYDWH��RU�2UFKHVWUDWH"
6WDQIRUG�6RFLDO�,QQRYDWLRQ�5HYLHZ��5HWULHYHG�IURP�KWWSV���VVLU�RUJ�DUWLFOHV�HQWU\�V�KWWSV���VVLU�RUJ�DUWLFOHV�HQWU\�V�KWWSV���VVLU�RUJ�DUWLFOHV�HQWU\�V
KRXOGB\RXBDJLWDWHBLQQRYDWHBRUBRUFKHVWUDWHKRXOGB\RXBDJLWDWHBLQQRYDWHBRUBRUFKHVWUDWHKRXOGB\RXBDJLWDWHBLQQRYDWHBRUBRUFKHVWUDWH

%LGGOH�� %�� -�� �������� 5HFHQW� 'HYHORSPHQWV� LQ� 5ROH� 7KHRU\�� $QQXDO� 5HYLHZ� RI
6RFLRORJ\��������±���

&OHDYHU�� )�� ������� 5HLQYHQWLQJ� ,QVWLWXWLRQV�� %ULFRODJH� DQG� WKH� 6RFLDO
(PEHGGHGQHVV�RI�1DWXUDO�5HVRXUFH�0DQDJHPHQW��-RXUQDO�7KH�(XURSHDQ�-RXUQDO
RI�'HYHORSPHQW�5HVHDUFK��������

&ROOHFWLYH� ,PSDFW� )RUXP� ������� &ROOHFWLYH� ,PSDFW� 3ULQFLSOHV� RI� 3UDFWLFH�
5HWULHYHG�IURP��KWWSV���ZZZ�FROOHFWLYHLPSDFWIRUXP�RUJ�UHVRXUFHV�FROOHFWLYH�LPSDFWKWWSV���ZZZ�FROOHFWLYHLPSDFWIRUXP�RUJ�UHVRXUFHV�FROOHFWLYH�LPSDFWKWWSV���ZZZ�FROOHFWLYHLPSDFWIRUXP�RUJ�UHVRXUFHV�FROOHFWLYH�LPSDFW
�SULQFLSOHV�SUDFWLFH�SULQFLSOHV�SUDFWLFH�SULQFLSOHV�SUDFWLFH

https://ssir.org/articles/entry/should_you_agitate_innovate_or_orchestrate
http://www.collectiveimpactforum.org/resources/collective-impact-principles-practice


'UXFNHU� 3�� )�� �������� 7KH� (VVHQWLDO� 'UXFNHU�� 7KH� %HVW� RI� 6L[W\� <HDUV� RI� 3HWHU
'UXFNHU
V� (VVHQWLDO� :ULWLQJV� RQ� 0DQDJHPHQW�� 1HZ� <RUN�� +DUSHU&ROOLQV
3XEOLVKHUV�

)XQQHO��6��&���	�5RJHUV��3�-����������3XUSRVHIXO�SURJUDP�WKHRU\��(IIHFWLYH�XVH�RI
WKHRULHV�RI�FKDQJH�DQG�ORJLF�PRGHOV��6DQ�)UDQFLVFR��&$��-RKQ�:LOH\�	�6RQV�

+DQOH\�%URZQ� )��� .DQLD�� -�� 	� .UDPHU� 0�� ������� &KDQQHOLQJ� &KDQJH�� 0DNLQJ
&ROOHFWLYH�,PSDFW�:RUN��6WDQIRUG�6RFLDO�,QQRYDWLRQ�5HYLHZ��5HWULHYHG�IURP��KWWSKWWSKWWS
V���VVLU�RUJ�DUWLFOHV�HQWU\�FKDQQHOLQJBFKDQJHBPDNLQJBFROOHFWLYHBLPSDFWBZRUNV���VVLU�RUJ�DUWLFOHV�HQWU\�FKDQQHOLQJBFKDQJHBPDNLQJBFROOHFWLYHBLPSDFWBZRUNV���VVLU�RUJ�DUWLFOHV�HQWU\�FKDQQHOLQJBFKDQJHBPDNLQJBFROOHFWLYHBLPSDFWBZRUN

:HVWOH\�� )��� 2OVVRQ�� 3��� )RONH�� &��� +RPHU�'L[RQ�� 7��� 9UHGHQEXUJ��+��� /RRUEDFK�
'������	�%DQHUMHH��%����������7LSSLQJ�WRZDUG�VXVWDLQDELOLW\��HPHUJLQJ�SDWKZD\V�RI
WUDQVIRUPDWLRQ��$PELR������������

%DUQHV�� 0�� '��� *OHZ�� /��� :\ERUQ�� &��� 	� &UDLJLH�� ,�� '�� �������� 3UHYHQW� SHUYHUVH
RXWFRPHV� IURP� JOREDO� SURWHFWHG� DUHD� SROLF\��1DWXUH� HFRORJ\� 	� HYROXWLRQ�������
����

%HIDQL��%���	�6WHGPDQ�%U\FH��*�� ��������3URFHVV�7UDFLQJ�DQG�%D\HVLDQ�8SGDWLQJ
IRU�LPSDFW�HYDOXDWLRQ��(YDOXDWLRQ���������������

&RVWDQ]D��5���+DUW��0���3RVQHU��6���	�7DOEHUWK��-����������%H\RQG�*'3��7KH�1HHG
IRU�1HZ�0HDVXUHV�RI�3URJUHVV��3DUGHH�3DSHU�1R�����%RVWRQ��3DUGHH�&HQWHU�IRU�WKH
6WXG\�RI�WKH�/RQJHU�5DQJH�)XWXUH�

'DNRV�� 9��� &DUSHQWHU�� 6�� 5��� YDQ� 1HV�� (�� +��� 	� 6FKHIIHU�� 0�� �������� 5HVLOLHQFH
LQGLFDWRUV�� SURVSHFWV� DQG� OLPLWDWLRQV� IRU� HDUO\� ZDUQLQJV� RI� UHJLPH� VKLIWV�
3KLORVRSKLFDO� 7UDQVDFWLRQV� RI� WKH� 5R\DO� 6RFLHW\� %�� %LRORJLFDO� 6FLHQFHV�
���������������������KWWSV���GRL�RUJ���������UVWE�����������KWWSV���GRL�RUJ���������UVWE�����������KWWSV���GRL�RUJ���������UVWE����������

https://ssir.org/articles/entry/channeling_change_making_collective_impact_work
https://doi.org/10.1098/rstb.2013.0263


*HUWOHU�� 3�� -���0DUWLQH]�� 6��� 3UHPDQG�� 3��� 5DZOLQJV�� /�� %��� 	� 9HUPHHUVFK�� &��0�
��������,PSDFW�HYDOXDWLRQ�LQ�SUDFWLFH��7KH�:RUOG�%DQN�

*RRGKDUW��&��$��(����������0RQHWDU\�7KHRU\�DQG�3UDFWLFH��7KH�8�.�([SHULHQFH�
0DFPLOODQ�,QWHUQDWLRQDO�+LJKHU�(GXFDWLRQ�

*UHHQ��(��-���%XFKDQDQ��*��0���%XWFKDUW��6��+���&KDQGOHU��*��0���%XUJHVV��1��'��
+LOO��6��/���	�*UHJRU\��5��'����������5HODWLQJ�FKDUDFWHULVWLFV�RI�JOREDO�ELRGLYHUVLW\
WDUJHWV�WR�UHSRUWHG�SURJUHVV��&RQVHUYDWLRQ�%LRORJ\�

+HQQHVV\��*����������)URP�6SUHDGVKHHWV�WR�6\VWHP�'\QDPLFV�0RGHOV��5HWULHYHG
$SULO�����������IURP�7KH�6\VWHPV�7KLQNHU�ZHEVLWH��KWWSV���WKHV\VWHPVWKLQNHU�FRP�I�KWWSV���WKHV\VWHPVWKLQNHU�FRP�I�KWWSV���WKHV\VWHPVWKLQNHU�FRP�I
URP�VSUHDGVKHHWV�WR�V\VWHP�G\QDPLFV�PRGHOV�URP�VSUHDGVKHHWV�WR�V\VWHP�G\QDPLFV�PRGHOV�URP�VSUHDGVKHHWV�WR�V\VWHP�G\QDPLFV�PRGHOV�

.DSODQ��5��6���	�1RUWRQ��'��3����������/LQNLQJ�WKH�%DODQFHG�6FRUHFDUG�WR�6WUDWHJ\�
&DOLIRUQLD�0DQDJHPHQW�5HYLHZ�����������±����KWWSV���GRL�RUJ������������������KWWSV���GRL�RUJ������������������KWWSV���GRL�RUJ�����������������

3DWWRQ��0��4����������'HYHORSPHQWDO�(YDOXDWLRQ��$SSO\LQJ�&RPSOH[LW\�&RQFHSWV
WR�(QKDQFH�,QQRYDWLRQ�DQG�8VH��*XLOIRUG�3UHVV�

3UHVNLOO�� +��� 3DUNKXUVW�� 0� 	� 6SODQVN\� -XVWHU� -�� ������� *XLGH� WR� HYDOXDWLQJ
FROOHFWLYH� LPSDFW�� /HDUQLQJ� DQG� HYDOXDWLRQ� LQ� WKH� FROOHFWLYH� LPSDFW� FRQWH[W�
:DVKLQJWRQ�'&��)6*�

3UHVVH\�� 5�� /��� 9LVFRQWL�� 3��� 	� )HUUDUR�� 3�� -�� �������� 0DNLQJ� SDUNV� PDNH� D
GLIIHUHQFH��SRRU� DOLJQPHQW�RI�SROLF\��SODQQLQJ�DQG�PDQDJHPHQW�ZLWK�SURWHFWHG�
DUHD� LPSDFW��DQG�ZD\V�IRUZDUG��3KLORVRSKLFDO�7UDQVDFWLRQV�RI� WKH�5R\DO�6RFLHW\
%��%LRORJLFDO�6FLHQFHV�����������������������KWWSV���GRL�RUJ���������UVWE��������KWWSV���GRL�RUJ���������UVWE��������KWWSV���GRL�RUJ���������UVWE��������
������

3UHVVH\��5��/���:HHNV��5���	�*XUQH\��*��*����������)URP�GLVSODFHPHQW�DFWLYLWLHV�WR
HYLGHQFH�LQIRUPHG�GHFLVLRQV�LQ�FRQVHUYDWLRQ��%LRORJLFDO�&RQVHUYDWLRQ����������±
�����KWWSV���GRL�RUJ���������M�ELRFRQ�������������KWWSV���GRL�RUJ���������M�ELRFRQ�������������KWWSV���GRL�RUJ���������M�ELRFRQ������������

https://thesystemsthinker.com/from-spreadsheets-to-system-dynamics-models/
https://doi.org/10.2307/41165876
https://doi.org/10.1098/rstb.2014.0280
https://doi.org/10.1016/j.biocon.2017.06.009


:LOOLDPV�� %�� �������� 3URVDLF� RU� SURIRXQG"� 7KH� DGRSWLRQ� RI� V\VWHPV� LGHDV� E\
LPSDFW�HYDOXDWLRQ��,'6�%XOOHWLQ�������������



7KH�IROORZLQJ�WH[WV�ZH�FRQVLGHU�WR�EH�µVHPLQDO¶�UHDGLQJ�RQ�V\VWHPV�WKLQNLQJ�DQG
V\VWHPV�FKDQJH��7KHVH�WH[WV�ZHUH�IRXQGDWLRQDO�LQVSLUDWLRQ�IRU�WKLV�ERRN�

*XQGHUVRQ� /� DQG� +ROOLQJ� &�� 6�� �������� 3DQDUFK\�� 8QGHUVWDQGLQJ
7UDQVIRUPDWLRQV�LQ�+XPDQ�DQG�1DWXUDO�6\VWHPV��:DVKLQJWRQ��'&��,VODQG�3UHVV

%HUNHV�� )��� -�� &ROGLQJ�� DQG� &�� )RONH�� �������� 1DYLJDWLQJ� VRFLDO�HFRORJLFDO
V\VWHPV�� EXLOGLQJ� UHVLOLHQFH� IRU� FRPSOH[LW\� DQG� FKDQJH�� &DPEULGJH� 8QLYHUVLW\
3UHVV��&DPEULGJH��8.�

0HDGRZV�� '�� +�� �������� 7KLQNLQJ� LQ� V\VWHPV�� $� SULPHU�� �'�� :ULJKW�� (G���
(DUWKVFDQ�

6HQJH�� 3�� �������� 7KH� )LIWK� 'LVFLSOLQH�� 7KH� $UW� DQG� 3UDFWLFH� RI� WKH� /HDUQLQJ
2UJDQL]DWLRQ��1HZ�<RUN��'RXEOHGD\�%XVLQHVV�

6WHUPDQ�� -�� ������%XVLQHVV� '\QDPLFV�� 6\VWHPV� 7KLQNLQJ� DQG� 0RGHOLQJ� IRU� D
&RPSOH[�:RUOG��&DPEULGJH�0$��0F*UDZ�+LOO

6WURK��'�� 3�� ��������6\VWHPV� 7KLQNLQJ� IRU� 6RFLDO� &KDQJH�� $� 3UDFWLFDO�*XLGH� WR
6ROYLQJ�&RPSOH[�3UREOHPV��$YRLGLQJ�8QLQWHQGHG�&RQVHTXHQFHV��DQG�$FKLHYLQJ
/DVWLQJ�5HVXOWV��:KLWH�5LYHU�-XQFWLRQ��97��&KHOVHD�*UHHQ�3XEOLVKLQJ�



7KH� IROORZLQJ� WH[WV� DUH� VXJJHVWHG� UHDGLQJ� WKDW� GHPRQVWUDWH� ZHOO� WKH� LGHD� RI
µV\VWHPV� FKDQJH� LQ� SUDFWLFH�¶� JURXQGHG� LQ� UHDO�ZRUOG� H[DPSOHV� IURP� DFURVV
VHFWRUV�

&OHDUILHOG��&��DQG�7LOFVLN��$���������0HOWGRZQ��:K\�2XU�6\VWHPV�)DLO�DQG�:KDW
:H�&DQ�'R�$ERXW�,W��3HQJXLQ�3UHVV��,6%1�������������������

&UXWFKILHOG��/���������+RZ�&KDQJH�+DSSHQV��:LOH\��,6%1�������������������

*UHHQ��'���������+RZ�&KDQJH�+DSSHQV��2[IRUG��8.��2[IRUG�8QLYHUVLW\�3UHVV

+DUIRUG�� 7�� �������0HVV\�� 7KH� 3RZHU� RI� 'LVRUGHU� WR� 7UDQVIRUP� 2XU� /LYHV�
5LYHUKHDG�%RRNV��,6%1�������������������

3DWWRQ��0�� �������'HYHORSPHQWDO�(YDOXDWLRQ��$SSO\LQJ�&RPSOH[LW\�&RQFHSWV� WR
(QKDQFH� ,QQRYDWLRQ�DQG�8VH��1HZ�<RUN��1<��7KH�*XLOIRUG�3UHVV�� ,6%1��������
����������

6FKDUPHU�� 2�� ������� 7KHRU\� 8�� /HDGLQJ� IURP� WKH� )XWXUH� DV� ,W� (PHUJHV�
&DPEULGJH��0$��6RFLHW\�IRU�2UJDQL]DWLRQDO�/HDUQLQJ��,6%1������������

:HVW�� *�� ������� 6FDOH�� 7KH� 8QLYHUVDO� /DZV� RI� *URZWK�� ,QQRYDWLRQ�
6XVWDLQDELOLW\�� DQG� WKH� 3DFH� RI� /LIH� LQ� 2UJDQLVPV�� &LWLHV�� (FRQRPLHV�� DQG
&RPSDQLHV��3HQJXLQ�3UHVV��,6%1������������������

:HVWO\��)��=LPPHUPDQ��%���DQG�3DWWRQ��0�4���������*HWWLQJ�WR�0D\EH��+RZ�WKH
:RUOG�,V�&KDQJHG��9LQWDJH�&DQDGD��,6%1�������������������



µ7RROV¶� IRU� V\VWHPV� SUDFWLFH� DUH� W\SLFDOO\� PHWKRGV� DQG� DSSURDFKHV� WKDW� VXSSRUW
JURXSV� GXULQJ� D� V\VWHPV� FKDQJH� SURFHVV�� 7RROV� FDQ� KHOS�� IRU� H[DPSOH�� WHVW� RXU
LQGLYLGXDO�DQG�FROOHFWLYH�DVVXPSWLRQV�DERXW�V\VWHPV�RU�EROVWHU�RXU�XQGHUVWDQGLQJ
DERXW�UHODWLRQVKLSV�LQ�D�V\VWHP��7KH\�FDQ�KHOS�FUHDWH�WUDQVIRUPDWLYH�VSDFHV�DQG�D
SODFH�IRU�GLDORJXH�DERXW�V\VWHPV��PRGHO�KRZ�FKDQJH�PLJKW�SOD\�RXW�LQ�WKH�IXWXUH�
DQG�KHOS�XV�WKLQN�UDGLFDOO\�GLIIHUHQWO\�DERXW�IXWXUHV�²�MXVW�WR�QDPH�D�IHZ�

+HUH�ZH�SURYLGH�VLPSOH�µKRZ�WR¶�JXLGHV�IRU�D�VPDOO�VDPSOH�RI�WRROV�WKDW�\RX�PD\
FKRRVH� WR� XVH� RQ� \RXU� V\VWHPV� MRXUQH\�� 7KLV� VDPSOH� RI� WRROV� LV� E\� QR� PHDQV
FRPSUHKHQVLYH��6RPH� WRROV� OLVWHG�KHUH� DUH�PRUH�EURDG��ZKLOH�RWKHUV� DUH�QDUURZ
DQG�VSHFLILF��6RPH�UHTXLUH�DGYDQFHG�FDSDFLWLHV�RU�VNLOOV��ZKLOH�RWKHUV�DUH�HDV\�WR
SLFN�XS�DQG�WU\��$QG�VRPH�RI�WKHVH�WRROV�PD\�QRW�EH�HQWLUHO\�QHZ�WR�\RX��EXW�ZKHQ
XVHG�ZLVHO\��FDQ�HQFRXUDJH�D�VXEWOH�VKLIW�WR�WKLV�QHZ�ZD\�RI�ZRUNLQJ�ZLWK�V\VWHPV
WR�IRVWHU�FKDQJH�

)RU�HDFK�WRRO��ZH�LQWURGXFH�ZKDW�LW�LV��ZKDW�WKH�WRRO�FDQ�KHOS�\RX�DFKLHYH��KRZ�WR
XVH� LW��KRZ� ORQJ� LW� WDNHV��KRZ� WR�XVH� LW�� WLSV� IURP�RXU�H[SHULHQFH�� DQG�VXJJHVWHG
UHDGLQJ�RU�UHVRXUFHV�



7KH� ,FHEHUJ�0RGHO� �LQWURGXFHG
LQ�:KDW�LV�D�FRPSOH[�V\VWHP��LV
D� PHWDSKRU� WKDW� FDQ� EH� WXUQHG
LQWR� D� VKRUW�� SDUWLFLSDWRU\
H[HUFLVH��7KH�LFHEHUJ�PRGHO�FDQ
EH� XVHG� LQ� D� JURXS� VHWWLQJ� WR
LGHQWLI\� SDWWHUQV� UHODWHG� WR� D
SUREOHP��WKH�V\VWHPV�VWUXFWXUHV
UHODWHG� WR� WKRVH� SDWWHUQV�� DQG
WKH� LQJUDLQHG� WKLQNLQJ� WKDW
FUHDWHV�WKH�VWUXFWXUHV�

7KH� LFHEHUJ� H[HUFLVH� KHOSV
RXUVHOYHV� DQG� RWKHUV� LGHQWLI\
ZKDW� FDXVHV� WKH� HYHQWV� ZH� VHH

DURXQG�XV�� LQFOXGLQJ�RXU�RZQ�PHQWDO�PRGHOV��%\�FKDQJLQJ�WKH�ZD\�ZH�WKLQN��ZH
FKDQJH�WKH�ZD\�ZH�DFW��DQG�WKHUHIRUH�FDQ�FUHDWH�WKH�V\VWHPV�WUDQVIRUPDWLRQ�WKDW
ZH�VHHN��7KH� LFHEHUJ�PRGHO�FDQ�EH�VLPSO\�XVHG� WR� LQWURGXFH� LGHDV� IURP�V\VWHPV
WKLQNLQJ�� RU� LW� FDQ� EH� XVHG� LQ� D� VWUDWHJ\� RI� SODQQLQJ� VHVVLRQ� WR� H[SORUH� WKH
XQGHUO\LQJ�SDWWHUQV��VWUXFWXUHV��DQG�PHQWDO�PRGHOV�RI�D�SUREOHP�

%HIRUH�XVLQJ�WKH�,FHEHUJ�0RGHO��LW�LV�LPSRUWDQW�WKDW�D�FOHDU�SUREOHP�VWDWHPHQW�LV
LGHQWLILHG��,W� LV�DOVR� LPSRUWDQW�WKDW�WKH�VWDNHKROGHUV� LQ�WKH�URRP�SDUWLFLSDWLQJ�LQ
WKH�LFHEHUJ�PRGHO�H[HUFLVH�KDYH�D�JRRG�XQGHUVWDQGLQJ�RI�WKH�SUREOHP�



%DVLF�LQVWUXFWLRQV�
:ULWH�WKH�FDWHJRULHV�³(YHQWV�´�³3DWWHUQV�´�³6WUXFWXUHV�´�DQG�³0HQWDO�0RGHOV´�RQ�D
ODUJH�SLHFH�RI�SDSHU��ZLWK�³(YHQWV´�DW�WKH�WRS�DQG�³0HQWDO�0RGHOV´�DW�WKH�ERWWRP�
'HVFULEH� HDFK� RI� WKHVH� FDWHJRULHV� DV� VKRZQ� EHORZ�� 7KHQ� DVN� JURXS�PHPEHUV� WR
ZULWH�LGHDV�IRU�LWHPV�WKDW�ILW�LQWR�HDFK�RI�WKHVH�FDWHJRULHV�RQ�3RVW�,W�QRWHV�DQG�DGG
WKHP�WR�WKH�DSSURSULDWH�VHFWLRQV�RQ�WKH�SLHFH�RI�SDSHU�

� (YHQWV�� $Q� HYHQW� LV� D� GLVFUHWH� DFWLRQ�� ,W� FRXOG� VKRZ� XS� DV� D� QHZVSDSHU
KHDGOLQH��(YHQWV�DQVZHU�WKH�TXHVWLRQ��ZKDW�KDSSHQHG"

� 3DWWHUQV�� 3DWWHUQV� DUH� HVVHQWLDOO\� WUHQGV²HYHQWV� WKDW� UHSHDW� RYHU� WLPH�
3DWWHUQV� DQVZHU� WKH� TXHVWLRQV�� ZKDW¶V� EHHQ� KDSSHQLQJ"� 2U�� ZKDW¶V� EHHQ
FKDQJLQJ"

� 6WUXFWXUHV�� 6WUXFWXUHV� DUH� UXOHV�� QRUPV�� SROLFLHV�� JXLGHOLQHV�� SRZHU
VWUXFWXUHV�� UHVRXUFH� GLVWULEXWLRQ�� HWF�� WKDW� LQIOXHQFH� EHKDYLRUV�� 7KH\
DQVZHU�WKH�TXHVWLRQ��ZKDW�PLJKW�H[SODLQ�WKHVH�SDWWHUQV"

� 0HQWDO�0RGHOV��0HQWDO�PRGHOV�DUH� WKH� LGHDV��GRJPDV��DQG�ZRUOG�YLHZV
WKDW� VXSSRUW� D� V\VWHP¶V� VWUXFWXUHV�� 7KHVH� GHHSO\� KHOG� DVVXPSWLRQV� DQG
EHOLHIV�GULYH�EHKDYLRU�

7LS�IRU�SDUWLFLSDQWV�
7KH�PRUH�ZH�FDQ�XQGHUVWDQG�ZKDW�LV�KDSSHQLQJ�XQGHU�WKH�VXUIDFH�LQ�D�V\VWHP�DQG
PDNH� LW� H[SOLFLW� RU� YLVLEOH� �� HVSHFLDOO\� ZKHUH� LW� UHODWHV� WR� VWUXFWXUHV� DQG�PHQWDO
PRGHOV���WKH�PRUH�OLNHO\�ZH�ZLOO�EH�DEOH�WR�LQIOXHQFH�KRZ�LW�ZRUNV�

���PLQXWHV�WR���KRXU

7KH�,FHEHUJ�0RGHO�E\�0��*RRGPDQ��������+RSNLQWRQ��0$��,QQRYDWLRQ�$VVRFLDWHV
2UJDQL]DWLRQDO�/HDUQLQJ�



6FHQDULR�SODQQLQJ�LV�DQ�DSSURDFK�WKDW�HQFRXUDJHV�WKH�IUDPLQJ�DQG�UH�IUDPLQJ�RI
SRVVLEOH�IXWXUHV�WR�VKDSH�WKH�XQGHUVWDQGLQJ�DQG�DFWLRQV�RI�LQGLYLGXDOV�RU�JURXSV�
6FHQDULRV� KDYH� EHHQ� XVHG� E\� PDMRU� FRPSDQLHV�� JRYHUQPHQWV�� DQG� RWKHUV� WR
H[SORUH� SRVVLEOH� IXWXUHV� XQGHU� FRQGLWLRQV� RI� VXEVWDQWLDO� XQFHUWDLQW\�� :KLOH
GLIIHUHQW�PHWKRGV�DQG�WRROV�H[LVW�IRU�VFHQDULR�SODQQLQJ��PRVW�VKDUH�WKH�FRPPRQ
HOHPHQWV�RI�GHILQLQJ� LVVXHV�� LGHQWLI\LQJ�GULYHUV��VWDNHKROGHUV�� WUHQGV��FRQVWUDLQWV
DQG� RWKHU� LPSRUWDQW� LVVXHV� DQG� UDQNLQJ� RI� WKHVH� LWHPV� E\� LPSRUWDQFH� DQG
XQFHUWDLQW\��DQG�XVLQJ�WKLV�LQIRUPDWLRQ�WR�LQIRUP�GLIIHUHQW�XQGHUVWDQGLQJV�RI�WKH
IXWXUH��$PHU�HW�DO����������6FHQDULR�SURFHVVHV�DUH�GHVLJQHG�WR�HQFRXUDJH�OHDUQLQJ�
DQG�ZKHQ�GRQH�ZHOO�� IRFXV�RQ�SODFLQJ� WKH� µOHDUQHUV¶� DW� WKH� FHQWHU�RI� WKH�SURFHVV
�5DPLUH]�DQG�:LONLQVRQ��������

6FHQDULRV� FDQ� EH� IDFLOLWDWHG� RQ�GLIIHUHQW� VFDOHV� IRU� GLIIHUHQW� SXUSRVHV�� 6FHQDULRV
FDQ��IRU�H[DPSOH��FRQYHQH�GLYHUVH�VWDNHKROGHUV�WR�H[SORUH�SRWHQWLDO�WUDMHFWRULHV�RI
FKDQJH� DFURVV� D� EURDG� V\VWHP� �H�J�� ,3%(6�� ������ RU� KHOS� VWDII� ZLWKLQ� DQ
RUJDQL]DWLRQV�PDNH�GHFLVLRQV�DW�FULWLFDO�SRLQWV�LQ�WLPH��H�J��5DPLUH]�	�:LONLQVRQ�
������6FHQDULRV� FDQ� DOVR�EH�XVHG� WR� FRQVLGHU� WKH�SRWHQWLDO� LPSDFWV� RI� D� VSHFLILF
DFWLRQ�RU�SURFHVV��IRU�H[DPSOH��WKH�LPSDFWV�RI�FOLPDWH�FKDQJH��,3&&��������

)RU�WKH�SXUSRVH�RI�WKH�ERRN��ZH�IRFXV�RQ�WZR�EURDG�FDWHJRULHV�RI�VFHQDULRV�� µWRS
GRZQ¶� �� UHIHUULQJ� WR� WKH� XVH� RI� H[LVWLQJ� VFHQDULRV� DQG�PRGHOV� WR� IUDPH� SRVVLEOH
IXWXUHV�IRU�D�SUREOHP�RU�V\VWHP��DQG�µERWWRP�XS¶���FUHDWLQJ�VFHQDULRV�WDLORUHG�WR�D
SDUWLFXODU�SUREOHP�RU�V\VWHP�



µ7RS�GRZQ¶�VFHQDULRV�
7KH�XVH�RI�ODUJH�VFDOH�VFHQDULRV�WR�LQVSLUH�WKLQNLQJ�DERXW�WKH�IXWXUH�FDQ�EH�WUDFHG
EDFN�WR�WKH�����V��\HW�HPHUJHG�ZLWK�D�JUHDWHU�GLYHUVLW\�RI�DSSURDFKHV�LQ�WKH�����V
�5DVNLQ���������0DQ\�RI�WKH�ODUJH�VFDOH��JOREDO�VFHQDULRV�EOHQG�DSSURDFKHV��XVLQJ
TXDQWLWDWLYH� PRGHOLQJ� DSSURDFKHV� DORQJVLGH� TXDOLWDWLYH� QDUUDWLYHV� �H�J�� 0($�
������,3%(6��������� µ7RS�GRZQ¶�VFHQDULRV�FDQ�DGGUHVV�D�UDQJH�RI�GLYHUVH�LVVXHV�
7ZR�FRPPRQ�LVVXHV�WKDW�VFHQDULRV�DGGUHVV�LQFOXGH�EURDG�JOREDO�FKDQJH�DQG�PRUH
VSHFLILFDOO\��FOLPDWH�FKDQJH�

� *OREDO� VFHQDULRV� 0DQ\� JOREDO� VFHQDULRV� XVHG� WR� XQGHUVWDQG� JHQHUDO
VRFLHWDO�FKDQJH�IURP�WKH�ODVW�VHYHUDO�GHFDGHV�FRQYHUJH�DURXQG�IRXU�GLVWLQFW
DUFKHW\SHV�� )XWXUHV� VKDSHG� SUHGRPLQDWHO\� E\� SROLF\� UHIRUP�� PDUNHW
IRUFHV�� IRUWUHVV� ZRUOG� �LVRODWLRQLVP��� DQG� D� QHZ� VXVWDLQDELOLW\� SDUDGLJP�
(DFK�DUFKHW\SHV�GLIIHUV�LQ�KRZ�WKH\�GHVFULEH�µ67((3¶�FKDQJH��RU�FKDQJH�LQ
VRFLDO�� WHFKQRORJLFDO�� HFRQRPLF�� HQYLURQPHQWDO� DQG� SROLWLFDO� �67((3�
GULYHUV� �+XQW� HW� DO��� ������� 7KH� ODWHVW� VHW� RI� JOREDO� VFHQDULRV� IURP� WKH
,QWHUJRYHUQPHQWDO�3DQHO�RQ�%LRGLYHUVLW\�DQG�(FRV\VWHP�6HUYLFHV��,3%(6�
H[SORUHG�PXOWLSOH� IXWXUHV��D�SURFHVV�ZKLFK�GHPRQVWUDWHG� WKH� LPSRUWDQFH
WUDQVIRUPDWLYH� FKDQJH� LQ� SROLF\� DQG� LQGLYLGXDO� DFWLRQ� WR� PLWLJDWH� WKH
WKUHDWV�WR�ERWK�SHRSOH�DQG�ELRGLYHUVLW\��,3%(6��������

� &OLPDWH�VFHQDULRV��6FHQDULRV�XVHG�WR�XQGHUVWDQG�SRVVLEOH�IXWXUHV�XQGHU
FOLPDWH�FKDQJH�RIWHQ�XVH�JOREDO�FOLPDWH�PRGHOV�WR�H[SORUH�KRZ�YDULDEOHV�RI
LQWHUHVW� PLJKW� EH� LPSDFWHG� XQGHU� GLIIHUHQW� FOLPDWH� SURMHFWLRQV� �,3&&�
������� %XW� VLPLODU� WR�PRUH� JHQHUDO� VFHQDULRV�� FOLPDWH� VFHQDULRV� FDQ� DOVR
H[SORUH� GLIIHUHQW� SDWKZD\V� RI� FKDQJH� �� DQVZHULQJ� KRZ� GLIIHUHQW� KXPDQ
DFWLRQV�PLJKW�FUHDWH�GLIIHUHQW�FOLPDWH�IXWXUHV�

µ%RWWRP�XS¶�VFHQDULRV
'HYHORSLQJ�FRQWH[W�VSHFLILF�VFHQDULRV���UHIHUUHG�WR�KHUH�DV�µERWWRP�XS¶�VFHQDULRV��
KDV�EHHQ�XVHG�WR�JXLGH�VWUDWHJLF�GHFLVLRQ�PDNLQJ�XQGHU�FRQGLWLRQV�RI�XQFHUWDLQW\
IRU� GHFDGHV�� E\�� IRU� H[DPSOH�� WKH� PLOLWDU\� DQG� SULYDWH� VHFWRU� DFWRUV�� %\� DVNLQJ
VWUDWHJLF�TXHVWLRQV�DERXW�KRZ� WUHQGV�DQG�SDWWHUQV�PD\�FKDQJH� LQ� WKH� IXWXUH��DQ
RUJDQL]DWLRQ� LV� DEOH� WR� WDLORU� LWV� SODQQLQJ� WR� DFFRXQW� IRU� IXWXUH� XQFHUWDLQW\�
µ%RWWRP�XS¶� VFHQDULRV� SODFH� D� VLPLODU� HPSKDVL]H� RQ� EURDG� µ67((3¶� WUHQGV� DQG
SDWWHUQV� LQ� WKH�ZRUOG��EXW� OHDYH� WKH� FUHDWLRQ�RI�PRGHOV� DQG�QDUUDWLYHV�XS� WR� WKH



VFHQDULR� WHDP��'HYHORSLQJ� µERWWRP�XS¶� VFHQDULRV� LV� RIWHQ� OHG� E\� D� IDFLOLWDWRU� �RU
IDFLOLWDWRUV�� RYHU� D� VHW� SHULRG� RI� WLPH�� DQG� W\SLFDOO\� LQYROYHV� FROODERUDWLYH
ZRUNVKRSV� ZKHUH� VFHQDULRV� DUH� LGHQWLILHG�� FR�GHYHORSHG�� DQG� XVHG� WR
FROODERUDWLYHO\�LQIRUP�GHFLVLRQ�PDNLQJ�

'HSHQGLQJ�RQ�WKH�PHWKRG��D�VFHQDULR�SURFHVV�FDQ�XS�WR�DQ\ZKHUH�IURP�D�IHZ�GD\V�
WR�D�IHZ�PRQWKV��WR�LQ�VRPH�FDVHV��D�IHZ�\HDUV��7\SLFDOO\�µWRS�GRZQ¶�VFHQDULRV�WDNH
OHVV� WLPH�� DV� D� WHDP¶V� ZRUN� LV� IRFXVHG� RQ� ILWWLQJ� HLWKHU� VFHQDULR� QDUUDWLYHV� RU
PRGHOV�WR�D�SDUWLFXODU�VXE�V\VWHP��µ%RWWRP�XS¶�VFHQDULRV�FDQ�RIWHQ�WDNH�ORQJHU��DV
WKH\�UHTXLUH�FUHDWLQJ�QHZ�PRGHOV�RU�QDUUDWLYHV�WKDW�KHOS�DQ�RUJDQL]DWLRQ��WHDP��RU
JURXS�RI�LQGLYLGXDOV�XQGHUVWDQG�D�VLWXDWLRQ�DQG�SRWHQWLDO�SDWKV�IRUZDUG�

6FHQDULR� SODQQLQJ� UHTXLUHV� VSHFLDOL]HG� VNLOOV�� &RQVXOWLQJ� ZLWK� DQ� H[SHULHQFHG
VFHQDULR�IDFLOLWDWRU�FDQ�KHOS�HQVXUH�WKH�ULJKW�PHWKRG�LV�FKRVHQ�WR�ILW�WKH�SUREOHP�
WKH� µOHDUQHUV¶� WKDW� WKH� VFHQDULR� SURFHVV� LV� GHVLJQHG� WR� VXSSRUW�� DQG� WKH� W\SHV� RI
GHFLVLRQV�D�JURXS�PLJKW�ZDQW�WR�PDNH��7KH�ULJKW�PHWKRG�ZLOO�DOVR�GHSHQG�RQ�WKH
DPRXQW�RI�WLPH�DQG�UHVRXUFHV�D�WHDP�KDV�WR�SXW�WRZDUGV�D�SURFHVV�

$PHU�� 0��� 7XJUXO�� 7�8��� DQG� -HWWHU�� $�� �������� $� UHYLHZ� RI� VFHQDULR� SODQQLQJ�
)XWXUHV�����������

$XHU�� &�� &OLPDWH� &KDQJH� 6FHQDULR� 3ULPHU�� 3RWVGDP� ,QVWLWXW� I�U
.OLPDIROJHQIRUVFKXQJ��3,.���$FFHVVHG�0D\����������DW�KWWSV���ZZZ�FOLPDWHVFHQDULKWWSV���ZZZ�FOLPDWHVFHQDULKWWSV���ZZZ�FOLPDWHVFHQDUL
RV�RUJ�RV�RUJ�RV�RUJ�

,3%(6��,QWHUJRYHUQPHQWDO�6FLHQFH�3ROLF\�3ODWIRUP�RQ�%LRGLYHUVLW\�DQG�(FRV\VWHP
6HUYLFHV� �������� 6XPPDU\ɾ IRUɾ SROLF\PDNHUVɾ RIɾ WKHɾ JOREDOɾ DVVHVVPHQWɾ UHSRUWɾ RQ
ELRGLYHUVLW\ɾ DQGɾ HFRV\VWHPɾ VHUYLFHV�� ,QWHUJRYHUQPHQWDO� 6FLHQFH�3ROLF\� 3ODWIRUP
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RQ�%LRGLYHUVLW\�DQG�(FRV\VWHP�6HUYLFHV��5HWULHYHG�IURPɾKWWSV���ZZZ�LSEHV�QHW�VLWHKWWSV���ZZZ�LSEHV�QHW�VLWHKWWSV���ZZZ�LSEHV�QHW�VLWH
V�GHIDXOW�ILOHV�GRZQORDGV�VSPBXQHGLWHGBDGYDQFHBIRUBSRVWLQJBKWQ�SGIV�GHIDXOW�ILOHV�GRZQORDGV�VSPBXQHGLWHGBDGYDQFHBIRUBSRVWLQJBKWQ�SGIV�GHIDXOW�ILOHV�GRZQORDGV�VSPBXQHGLWHGBDGYDQFHBIRUBSRVWLQJBKWQ�SGI

,3%(6� �������� 6XPPDU\� IRU� SROLF\PDNHUV� RI� WKH�PHWKRGRORJLFDO� DVVHVVPHQW� RI
VFHQDULRV� DQG� PRGHOV� RI� ELRGLYHUVLW\� DQG� HFRV\VWHP� VHUYLFHV� RI� WKH
,QWHUJRYHUQPHQWDO� 6FLHQFH�3ROLF\� 3ODWIRUP� RQ� %LRGLYHUVLW\� DQG� (FRV\VWHP
6HUYLFHV�� 6�� )HUULHU�� .�� 1�� 1LQDQ�� 3�� /HDGOH\�� 5�� $ONHPDGH�� /�$�� $FRVWD�� +�� 5�
$NoDND\D�� /�� %URWRQV�� :�� &KHXQJ�� 9�� &KULVWHQVHQ�� .�� $�� +DUKDVK�� -�� .DEXER�
0DULDUD�� &�� /XQGTXLVW�� 0�� 2EHUVWHLQHU�� +�� 3HUHLUD�� *�� 3HWHUVRQ�� 5�� 3LFKV�
0DGUXJD��1��+��5DYLQGUDQDWK��&��5RQGLQLQL��%��:LQWOH� �HGV���� 6HFUHWDULDW� RI� WKH
,QWHUJRYHUQPHQWDO� 6FLHQFH�3ROLF\� 3ODWIRUP� RQ� %LRGLYHUVLW\� DQG� (FRV\VWHP
6HUYLFHV��%RQQ��*HUPDQ\�����SDJHV�

,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� �������� 6\QWKHVLV� UHSRUW�
&RQWULEXWLRQ�RI�ZRUNLQJ�JURXSV�,��,,�DQG�,,,�WR�WKH�ILIWK�DVVHVVPHQW�UHSRUW�RI�WKH
LQWHUJRYHUQPHQWDO�SDQHO�RQ�FOLPDWH�FKDQJH��*HQHYD��6ZLW]HUODQG��,3&&

.DKDQH�� $�� �������� 7UDQVIRUPDWLYH� 6FHQDULR� 3ODQQLQJ�� :RUNLQJ� 7RJHWKHU� WR
&KDQJH�WKH�)XWXUH��%HUUHWW�.RHKOHU�3XEOLVKHUV��,QF��6DQ�)UDQFLVFR��86$�

5DPLUH]��5��DQG�:LONLQVRQ��$����������6WUDWHJLF�5HIUDPLQJ��7KH�2[IRUG�6FHQDULR
3ODQQLQJ�$SSURDFK��2[IRUG�8QLYHUVLW\�3UHVV��1<��86$�

5DVNLQ��3��'����������*OREDO�6FHQDULRV��%DFNJURXQG�5HYLHZ�IRU�WKH�0LOOHQQLXP
(FRV\VWHP�$VVHVVPHQW��(FRV\VWHPV������±����
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$�FDXVDO�ORRS�GLDJUDP��&/'��LV�D�YLVXDO�WRRO�WKDW�FDQ�KHOS�GLVDJJUHJDWH�DQG�PDNH
H[SOLFLW� WKH� LQWHUUHODWLRQVKLSV� DQG� IHHGEDFN� VWUXFWXUHV� EHWZHHQ� YDULDEOHV� LQ� D
V\VWHP� �6WHUPDQ�� ������� &/'V� DUH� PDGH� XS� RI� V\VWHP� YDULDEOHV�� WKH� FDXVDO
UHODWLRQVKLSV� EHWZHHQ� WKHP�� WKH� UHODWLRQVKLS� W\SHV�� DQG� WKH� IHHGEDFN� ORRSV� WKH
UHODWLRQVKLSV�FUHDWH��/DQQRQ��QG���7KH�IHHGEDFN�ORRSV�FUHDWHG�E\�WKH�YDULDEOHV�DQG
FDXVDO� UHODWLRQVKLSV� LQGLFDWH� WKH� EHKDYLRU� WKH� V\VWHP�ZLOO� SURGXFH�� 7KH\� FDQ� EH
µUHLQIRUFLQJ¶��DV�RQH�YDULDEOH�LQFUHDVHV��LW�FDXVHV�D�FKDLQ�RI�UHDFWLRQV�ZKLFK�FDXVH
WKH�VWDUWLQJ�YDULDEOH� WR� LQFUHDVH�PRUH��RU� µEDODQFLQJ¶� �LI�RQH�YDULDEOH� LQ� WKH� ORRS
LQFUHDVHV�� WKH� UHODWHG� FKDQJHV� WKURXJK� WKH� ORRS� FDXVH� D�GHFUHDVH� LQ� WKH� VWDUWLQJ
YDULDEOH���6HH�SDJH����LQ�:KDW�LV�D�FRPSOH[�V\VWHP�IRU�PRUH�RQ�IHHGEDFN�ORRSV�

&/'V� KHOS� XQSDFN� WKH� YDULDEOHV� DQG� UHODWLRQVKLSV� ZLWKLQ� D� FRPSOH[� SUREOHP�
FKDOOHQJLQJ�DVVXPSWLRQV�DERXW�V\VWHPV�DQG�ZK\�FHUWDLQ�HYHQWV�DQG�SDWWHUQV�DUH
REVHUYHG��%\�GUDZLQJ� WKH�SHUFHLYHG�YDULDEOHV�DQG�UHODWLRQVKLSV�ZLWKLQ�D� V\VWHP�
WKH�DVVXPSWLRQV�PDGH�DERXW�D� V\VWHP�� LWV� UHODWLRQVKLSV�� DQG� IHHGEDFN�DUH�PDGH
H[SOLFLW��7KLV�WRRO�LPSURYHV�XQGHUVWDQGLQJ��FKDOOHQJHV�DVVXPSWLRQV��DQG�FDQ�KHOS
LGHQWLI\� OHYHUDJH� SRLQWV�� &/'V� FDQ� DOVR� VHUYH� DV� WKH� EDVLV� IRU� FRPSXWDWLRQDO
PRGHOV�� VXFK� DV� VWRFN�IORZ�PRGHOV�� WKDW� FDQ� H[SORUH� EHKDYLRU� RYHU� WLPH� LQ� WKH
V\VWHP�DQG�WHVW�KRZ�GLIIHUHQW�SROLFLHV�PLJKW�FKDQJH�RXWFRPHV�



�

$Q�H[DPSOH�RI�D�EDODQFLQJ��%��DQG�UHLQIRUFLQJ��5��IHHGEDFN�ORRS��SURGXFHG�LQ�9(16,0

3/([���VRIWZDUH��7KLV�VLPSOH�UHODWLRQVKLS�LV�DQ�H[FHUSW�IURP�D�&/'�LOOXVWUDWLQJ�D

UHJLPH�VKLIW�IURP�KLJK�ILVK�ELRPDVV�WR�ORZ�ILVK�ELRPDVV�LQ�WKH�1RUWKHUQ�%HQJXHOD

0DULQH�6\VWHP��VHH�SDJH����IRU�PRUH�GHWDLOV�

+HUH�ZH�RXWOLQH�WKH�EDVLF�VWHSV�IRU�GUDZLQJ�D�FDXVDO�ORRS�GLDJUDP��,W�ZLOO�DOVR�EH
LPSRUWDQW�WR�FRQVLGHU�ZKR�LV�HQJDJHG�LQ�WKH�SURFHVV�RI�GUDZLQJ�WKH�&/'��DV�WKLV
SURFHVV�FRXOG�EH�UHSHDWHG�ZLWK� LQGLYLGXDOV�RU�JURXSV��'LIIHUHQW�SHRSOH�ZLOO�KDYH
GLIIHUHQW� XQGHUVWDQGLQJV� RI� WKH� V\VWHP�� VR� LW� LV� LPSRUWDQW� WR� EH�PLQGIXO� RI� WKH
IUDPH�\RX�DQG�RWKHUV�KROG�

'HYHORS�D� FOHDU�SUREOHP�VWDWHPHQW�� 7KH� EHVW�ZD\� WR� VWDUW� D� FDXVDO
ORRS�GLDJUDP�LV�E\�GHYHORSLQJ�D�FOHDU�SUREOHP�VWDWHPHQW��$�FOHDU�SUREOHP
VWDWHPHQW� KHOSV� VHW� ERXQG� WKH� IUDPH� RI� WKH� GLDJUDP�� DQG� H[SOLFLWO\
UHFRJQL]LQJ� WKH� VFDOH� LQ� ZKLFK� WKH� GLDJUDP� GHSLFWV� WKH� SUREOHP�� )RU
H[DPSOH�� WKH�SUREOHP�VWDWHPHQW�IRU�WKH�VDUGLQH�FDXVDO� ORRS�GLDJUDP�ZDV
³WKH�1DPLELDQ� VDUGLQH� ILVKHU\� H[SHULHQFHG� D� UHJLPH� VKLIW� IURP�KLJK� ILVK
ELRPDVV� WR� ORZ� ILVK� ELRPDVV�´� $V� D� UHVXOW�� WKH� &/'� ZDV� GHYHORSHG� WR
XQGHUVWDQG�DQG�FRPPXQLFDWH�KRZ�WKH�UHODWLRQVKLSV�DQG�IHHGEDFNV�LQ�WKH
V\VWHP�FRQWULEXWHG�WR�WKH�UHJLPH�VKLIW�



�

�

�

,GHQWLI\� \RXU� YDULDEOHV��2QFH� WKH� ERXQGV� RI� WKH� SUREOHP� KDYH� EHHQ
GHILQHG��WKH�YDULDEOHV�LQ�WKH�V\VWHP�FDQ�EH�LGHQWLILHG��9DULDEOHV�DUH�QRXQV
UHSUHVHQWLQJ�VWRFNV�LQ�WKH�V\VWHP�²�WKLQJV�WKDW�PRYH�XS�DQG�GRZQ��,Q�WKH
VDUGLQH� H[DPSOH�� ILVK� ELRPDVV� ZDV� WKH�PRVW� LPSRUWDQW� YDULDEOH� WR� VWDUW
ZLWK�� DQG� IURP� WKHUH� RWKHU� YDULDEOHV� WKDW� DIIHFW� ILVK� ELRPDVV� ZHUH
LGHQWLILHG��VXFK�DV�ILVK�FDWFK��DQG�SODQNWRQ��3KUDVH�YDULDEOHV� LQ�D�QHXWUDO
ZD\�ZLWKRXW�D�GLUHFWLRQ��)RU�H[DPSOH��ILVK�ELRPDVV�LV�D�JRRG�YDULDEOH��EXW
³KLJK�ILVK�ELRPDVV´�ZRXOG�QRW�EH��0RUH�TXDOLWDWLYH�YDULDEOHV�VXFK�DV�WUXVW�
IHDU��RU�GHPDQG��FDQ�DOVR�EH�FDSWXUHG�LQ�D�&/'�

'UDZ� UHODWLRQVKLSV�� $IWHU� YDULDEOHV� DUH� LGHQWLILHG�� WKH� GLIIHUHQW
UHODWLRQVKLSV� EHWZHHQ� WKHP� FDQ� EH� GUDZQ�� 7KLQN� RI� WKH� UHODWLRQVKLSV� DV
WKH� IORZV� EHWZHHQ� VWRFNV� �RIWHQ� GHVFULEHG� DV� D� YHUE��� ZKLFK� FDXVH� D
YDULDEOH�WR�ULVH�RU�IDOO��(DFK�UHODWLRQVKLS�LV�GHSLFWHG�DV�DQ�DUURZ�IURP�RQH
QRGH� WR� DQRWKHU��5HLQIRUFLQJ� UHODWLRQVKLSV� DUH� W\SLFDOO\� LQGLFDWHG�ZLWK� D
³�´�V\PERO��ZKLOH�EDODQFLQJ�UHODWLRQVKLS�LV�LQGLFDWHG�ZLWK�D�³�´�V\PERO��,Q
WKH�VDUGLQH�H[DPSOH��DQ�LQFUHDVH�LQ�ILVK��³ILVK�ELRPDVV´��LQ�WKH�RFHDQ�ZLOO
GHFUHDVH� WKH� DPRXQW� RI� SODQNWRQ� DQG� LV� ODEHOHG� ZLWK� D� ³�´�� 7R� VWDUW� WR
FUHDWH�WKHVH�OLQNV��LW�PD\�EH�KHOSIXO�WR�SLFN�D�YDULDEOH�DQG�ZRUN�EDFNZDUG�
DVNLQJ� ³ZKDW� FDXVHV� WKLV"´� 7KH� SURFHVV� RI� LGHQWLI\LQJ� YDULDEOHV� DQG
UHODWLRQVKLSV�ZLOO� DOVR� VWDUW� WR� EHFRPH� LWHUDWLYH�� DV� QHZ� FRQQHFWLRQV� DQG
YDULDEOHV�DUH�LGHQWLILHG�DQG�PDGH�

)LQG� ORRSV�� $V� UHODWLRQVKLSV� DUH� GUDZQ�� IHHGEDFN� ORRSV� ZLOO� HPHUJH�� $
IHHGEDFN�ORRS�LV�ZKHQ�VHYHUDO�UHODWLRQVKLSV�FRQQHFW�WR�FUHDWH�D�µORRS¶�WKDW
IHHGV�EDFN�RQ� LWVHOI��/DEHOLQJ� WKHVH� ORRSV�DV�EDODQFLQJ�RU� UHLQIRUFLQJ�FDQ
KHOS�SURYLGH�D�FOHDUHU�SLFWXUH�RI�KRZ�WKH�V\VWHP�EHKDYHV�RYHU�WLPH��/RRSV
FDQ�DOVR�EH�WKRXJKW�RI�DV�VPDOO�VWRULHV�ZLWKLQ�WKH�V\VWHP��,W�PD\�EH�KHOSIXO
WR�DVN�ZKDW�ORRSV�PLJKW�H[LVW�LQ�WKH�V\VWHP��WR�HQVXUH�DOO�DUH�DFFRXQWHG�IRU�



� 8VH� \RXU�&/'��:KLOH� WKH� SURFHVV� RI� FUHDWLQJ� D� &/'� LWVHOI� LV� D� KHOSIXO
H[HUFLVH� IRU� XQGHUVWDQGLQJ� D� SUREOHP� DQG� UHODWHG� V\VWHPV�� D� VLPSOLILHG
&/'� FDQ� EH� D� XVHIXO� WRRO� IRU� FRPPXQLFDWLQJ� FRPSOH[LW\� WR� GLIIHUHQW
VWDNHKROGHUV��$�IXQGDPHQWDO�ILUVW�VWHS�LV�OHDUQLQJ�KRZ�WR�WHOO�WKH�µVWRU\¶�RI
WKH�FDXVDO�ORRS�GLDJUDP��DQG�WDON�WKURXJK�KRZ�WKH�GLIIHUHQW�UHODWLRQVKLSV
DQG� IHHGEDFNV� OLQN� WRJHWKHU�� 6WDQGDUG� SUHVHQWDWLRQ� WRROV� VXFK� DV
3RZHU3RLQW� RU� RQOLQH� SODWIRUPV� VXFK� DV� .XPX�LR� FDQ� EH� XVHG� WR� FUHDWH
YLUWXDO� ZDON�WKURXJKV� RI� WKH� &/'� WKDW� EUHDN� GRZQ� WKH� GLIIHUHQW
UHODWLRQVKLSV��DQG�H[SODLQ�KRZ�WKH\�DOO�ILW�WRJHWKHU�

$�FRPSOHWH�&/'�LOOXVWUDWLQJ�WKH�G\QDPLFV�RI�D�FRPSOH[�VRFLDO�HFRORJLFDO�V\VWHP

VWDWH�VKLIW��)RU�PRUH�VHH�FKDSWHU�:KDW�LV�D�FRPSOH[�V\VWHP

$�FRDUVH�VNHWFK�RI�D�&/'�FDQ�EH�GRQH�LQ�MXVW�����KRXUV��+RZHYHU��UHILQLQJ�D�PRGHO
WDNHV�PRUH�WLPH��&/'V�FDQ�EH�UHYLVLWHG�DQG�XSGDWHG�DV�NQRZOHGJH�DERXW�D�V\VWHP
HYROYHV�� ,W� LV� KHOSIXO� WR� ERXQG� WKH� DPRXQW� RI� WLPH� RQH� VSHQGV� RQ� GHYHORSLQJ� D
&/'��EDVHG�RQ�LWV�LQWHQGHG�SXUSRVH�



+DYLQJ� DQ� XQGHUVWDQGLQJ� RI� WKH� EDVLF� FRQFHSWV� RI� V\VWHPV� WKLQNLQJ� LV� DQ
LPSRUWDQW�FDSDFLW\�IRU�GHYHORSLQJ�D�FDXVDO�ORRS�GLDJUDP��+DYLQJ�NQRZOHGJH�DERXW
WKH�SUREOHP�DQG�WKH�V\VWHP�LW�LV�HPEHGGHG�ZLWKLQ�ZLOO�DOVR�HQVXUH�WKDW�WKH�PRGHO
LV�JRRG�UHSUHVHQWDWLRQ�RI�WKH�UHDO�ZRUOG�G\QDPLFV��,W�PD\�EH�KHOSIXO�WR�JHW�RXWVLGH
H[SHUWLVH� WR�FUHDWH�D�&/'�ZLWK�D�JURXS��DV�GHYHORSLQJ�WKH�DUW�RI�DVNLQJ�WKH�ULJKW
TXHVWLRQV�DQG�IUDPLQJ�YDULDEOHV�DQG�UHODWLRQVKLSV�GRHV�WDNH�VRPH�WLPH�

'HSHQGLQJ�RQ�WKH�LQWHQGHG�XVH��DGGLWLRQDO�FDSDFLWLHV�PD\�EH�UHTXLUHG�WR�EXLOG�RII
RI�D�&/'�WR�D�ODUJHU�PRGHO��)RU�H[DPSOH��LI�UXQQLQJ�VLPXODWLRQV�RQ�KRZ�G\QDPLFV
PLJKW� FKDQJH� RYHU� WLPH�� JLYHQ� VKLIWV� LQ� V\VWHP� VWUXFWXUH� DQG� UHODWLRQVKLSV�
FRPSXWDWLRQDO�VNLOOV�LQ�V\VWHP�PRGHOLQJ�ZLOO�EH�UHTXLUHG�

/DQQRQ�� &�� &DXVDO� /RRS� &RQVWUXFWLRQ�� 7KH� %DVLFV�� ,Q� 7KH� 6\VWHPV� 7KLQNHU�
$FFHVVHG�0D\����������DW�KWWSV���WKHV\VWHPVWKLQNHU�FRP�FDXVDO�ORRS�FRQVWUXFWLRQ�WKWWSV���WKHV\VWHPVWKLQNHU�FRP�FDXVDO�ORRS�FRQVWUXFWLRQ�WKWWSV���WKHV\VWHPVWKLQNHU�FRP�FDXVDO�ORRS�FRQVWUXFWLRQ�W
KH�EDVLFV�KH�EDVLFV�KH�EDVLFV�

6WHUPDQ��-�� ��������%XVLQHVV�'\QDPLFV��6\VWHPV�7KLQNLQJ�DQG�0RGHOLQJ� IRU�D
&RPSOH[�:RUOG��&DPEULGJH�0$��0F*UDZ�+LOO

https://thesystemsthinker.com/causal-loop-construction-the-basics/


0LQGIXOQHVV�SUDFWLFH�FDQ�EH�GHVFULEHG�DV�DQ�DSSURDFK�WKDW�XVHV�DZDUHQHVV�RI�ERG\
DQG�EUHDWK�WR�KHOS�TXLHW�WKH�PLQG��0LQGIXOQHVV�FDQ�EH�SUDFWLFHG�LQ�D�QXPEHU�RI
ZD\V��DQG� W\SLFDOO\� LQYROYHV�SHULRGV�RI�TXLHW�� LQZDUG�ORRNLQJ�UHIOHFWLRQ�� W\SLFDOO\
VWUXFWXUHG�E\�JXLGLQJ�SURPSWV�

0LQGIXOQHVV� SUDFWLFHV� KDYH� EHHQ� DURXQG� IRU� FHQWXULHV�� PDQLIHVWLQJ� GLIIHUHQWO\
DFURVV�FXOWXUHV�DQG�WUDGLWLRQV��0LQGIXOQHVV�SUDFWLFH�KDV�PDQ\�LQGLYLGXDO�EHQHILWV
±�LQFOXGLQJ�KHOSLQJ�WR�UHGXFH�VWUHVV��DQ[LHW\��DQG�LPSURYH�IRFXV��,Q�V\VWHPV�ZRUN�
LQGLYLGXDO� PLQGIXOQHVV� SUDFWLFH� FDQ� KHOS� SHRSOH� GHYHORS� DQ� DZDUHQHVV� RQ� KRZ
LQGLYLGXDO� WKRXJKWV� DQG� DFWLRQV� LPSDFW� DQG� UHYHUEHUDWH� WKURXJK� WKH� V\VWHPV
DURXQG� WKHP�� 3UDFWLFHV� VXFK� DV� \RJD�� PHGLWDWLRQ�� 7DL� &KL�� DQG� 4LJRQJ� DOO� LQ
YDULRXV�ZD\V�� WDS� LQWR� WKH� ERG\� DQG� EUHDWK� WR� FRQQHFW� EHWWHU� WR� WKH�PLQG�� 7KLV
KHOSV�XV�EHWWHU�OLQN�µKHDUW�DQG�JXW¶�ZLVGRP�WR�RXU�DFWLRQV��PDNLQJ�XV�PRUH�SUHVHQW
DQG�DYDLODEOH�WR�WKRVH�DURXQG�XV�

,Q�D�JURXS�VHWWLQJ�� VXFK�DV�D�ZRUNVKRS�RU�PHHWLQJ��PLQGIXOQHVV�SUDFWLFH� FDQ�EH
XVHG�WR�JHW�D�JURXS�FRQQHFW�DW�WKH�VWDUW�RI�D�GD\��RU�DV�D�EUHDN�LQ�WKH�PLGGOH�RI�WKH
GD\��7\SLFDOO\��DQ�H[SHULHQFHG�IDFLOLWDWRU�RU�LQGLYLGXDO�JXLGHV�WKH�PHGLWDWLRQ�DQG
³KROGV�WKH�VSDFH´�IRU�WKH�SURFHVV�

%DVLF�LQVWUXFWLRQV�IRU�PLQGIXOQHVV�H[HUFLVH�

� 7KHVH�LQVWUXFWLRQV�DUH�IRU�D�VLPSOH���PLQXWH�JXLGHG�PHGLWDWLRQ�WKDW�FDQ�EH
JLYHQ�E\�D�IDFLOLWDWRU�WR�D�JURXS�

� %HIRUH� \RX� VWDUW� WKH�PLQGIXOQHVV� H[HUFLVH� LQVWUXFWLRQV�� WDNH� D�PRPHQW� WR
UHOD[�DQG�EUHDWKH�\RXUVHOI�VR�WKDW�\RX�DUH�SUHSDUHG�WR�JXLGH�WKH�SURFHVV�



,QVWUXFWLRQV�IRU�IDFLOLWDWRU�WR�UHDG�WR�D�JURXS�

6LW�RU�VWDQG�LQ�D�FRPIRUWDEOH�SODFH�LQ�WKH�URRP�WKDW�LV�SHDFHIXO�IRU�\RX�
2QFH�\RX�KDYH�IRXQG�WKLV�SODFH�EHJLQ�WR�VHWWOH�LQ�
<RX�PD\�RIIHU�WKDW�SDUWLFLSDQWV�PD\�NHHS�WKHLU�H\HV�RSHQ�RU�FORVH�ZKDWHYHU�LV�PRUH�UHOD[LQJ
RU�FRPIRUWDEOH�
6LPSO\�WDNH�D�IHZ�GHHS�EUHDWKV«�QRWLFLQJ�\RXU�ORQJ�VORZ�H[KDOHV�
)HHO�\RXU�IHHW�VROLGO\�RQ�WKH�IORRU��DQG�LI�VHDWHG��\RXU�EHKLQG�LQ�WKH�VHDW�
1RWLFH�\RXU�VKRXOGHUV�VRIWHQLQJ�GRZQ�
1R�QHHG�IRU�\RX�WR�PDNH�DQ\�HIIRUW��MXVW�UHOD[�DQ\�SDUW�RI�\RXU�ERG\�QRW�UHTXLUHG�IRU�KROGLQJ
\RXUVHOI�XS�
/HW�WKDW�SDUW�RI�\RXU�ERG\�UHVW�DQG�UHOD[�
/HQJWKHQ�WKH�EDFN�RI�\RXU�VSLQH��ILQG�WKH�SRLQW�EHWZHHQ�ZLOO�DQG�VXUUHQGHU�
7DNH�LQ�\RXU�VSDFH�WKURXJK�\RXU�H\HV«�HDUV�«��DQG�QRVH�
7DNH�D�PRPHQW�WR�QRWLFH�\RXU�VXUURXQGLQJV�
7DNH�D�PRPHQW�WR�QRWLFH�\RXU�ERG\�
$V�\RX�DUH�VORZLQJ�GRZQ��ZKDW�DUH�\RX�QRWLFLQJ�DERXW��
<RXUVHOI"�
<RXU�EUHDWKLQJ"�
<RXU�ERG\"�
:KHUH�LV�\RXU�PLQG"�
:KDW�LV�\RXU�HQHUJ\�OHYHO"�
:KHUH�LV�\RXU�DWWHQWLRQ"�
:KDW�DUH�\RX�REVHUYLQJ"�
7DNH�D�IHZ�PRPHQWV�WR�UHOD[�DQG�MXVW�EH�
7R�HQG� WKH�PHGLWDWLRQ�� LQVWUXFW� SDUWLFLSDQWV� WKDW� WKH\� VORZO\� RSHQ� WKHLU� H\HV� �LI� WKH\�ZHUH
FORVHG��DQG�WDNH�WKHLU�WLPH�RQ�³UH�HQWU\´�EDFN�WR�WKH�URRP�

� $V� \RX� JLYH� WKH� LQVWUXFWLRQV� EHORZ�� WDNH� \RXU� WLPH� WR� SDXVH� DV� IHHOV
DSSURSULDWH�

� $W� WKH� HQG� RI� WKH� LQVWUXFWLRQV�� JLYH� SDUWLFLSDQWV� D� IHZ�PLQXWHV� WR� MXVW� EH
DQG� VLW� LQ� VLOHQFH�� EHIRUH� DVNLQJ� WKHP� WR� RSHQ� WKHLU� H\HV� DQG� UHWXUQ
DWWHQWLRQ�WR�WKH�JURXS�

� 'HSHQGLQJ� RQ� VHWWLQJ�� WKH� IDFLOLWDWRU� FRXOG� GHFLGH� WR� DGG� PRUH� WR� WKH
PHGLWDWLRQ�WR�WLH�LW�EDFN�WR�WKH�JURXS¶V�SXUSRVH��E\�DVNLQJ�SDUWLFLSDQWV�WR
DWWHQG�WR�WKRVH�LQ�WKH�URRP�ZLWK�\RX�RU�OLJKWO\�UHIOHFW�RQ�WKH�SXUSRVH�RI�WKH
JDWKHULQJ�



0LQGIXOQHVV�H[HUFLVHV�FDQ�WDNH�DV�OLWWOH�DV���PLQXWHV�RU�FDQ�EH�H[WHQGHG�WR�VHUYH
WKH�QHHGV�RI� WKH�JURXS��0LQGIXOQHVV�H[HUFLVHV�FDQ�EH�GRQH�DG�KRF��RU�ZHHNO\��RU
HYHQ�GDLO\�

0LQGIXOQHVV�SUDFWLFHV�DUH�EHVW�OHG�E\�DQ�H[SHULHQFHG�IDFLOLWDWRU�ZLWK�WUDLQLQJ�LQ�D
IRUP�RI�PLQGIXOQHVV�SUDFWLFH��2IWHQ�WLPHV�� LQQHU�UHIOHFWLRQ�FDQ�SURPSW�HPRWLRQV
RU� VHQVDWLRQV� WKDW� FDQ� EH� RYHUZKHOPLQJ� IRU� LQGLYLGXDOV�� VR� ZRUNLQJ� ZLWK� DQ
H[SHULHQFHG� IDFLOLWDWRU� RU� WHDFKHU� FDQ� KHOS� HQVXUH� WKH� FRPIRUW� DQG�ZHOOEHLQJ� RI
SDUWLFLSDQWV�DUH�DWWHQGHG�WR�

.DEDW�=LQQ��-����������)XOO�&DWDVWURSKH�/LYLQJ��'HOWD��5HSULQW�(GLWLRQ

.DEDW�=LQQ�� -�� �������� :KHUHYHU� \RX� JR�� WKHUH� \RX� DUH�� +DFKHWWH� %RRNV�� ��WK
HGLWLRQ



2WWR� 6FKDUPHU� ������� LGHQWLILHV� IRXU� GLVWLQFW� FRQYHUVDWLRQDO�PRGHV� WKDW� JURXSV
HQWHU��GRZQORDGLQJ��GHEDWLQJ�� UHIOHFWLYH�GLDORJXH�DQG�JHQHUDWLYH�GLDORJXH��7KHVH
FDWHJRULHV�KHOS�XV�XQGHUVWDQG�KRZ�ZH�FRPPXQLFDWH�ZLWKLQ�DQG�EHWZHHQ�JURXSV�

'RZQORDGLQJ��7KLV�UHIHUV�WR�VD\LQJ�ZKDW�LV�H[SHFWHG�DQG�SROLWH��7KLV�LV�DOPRVW�DQ
DXWRPDWLF�SURFHVV�ZKHUH�³ZH�PHUHO\�UHSHDW�WKH�VWRU\�WKDW¶V�DOUHDG\�LQ�RXU�KHDGV�
OLNH� GRZQORDGLQJ� D� ILOH� IURP� WKH� ,QWHUQHW� ZLWKRXW� PDNLQJ� DQ\� FKDQJH� WR� LW´
�.DKDQH��������

'HEDWLQJ�� ,Q� WKLV� PRGH�� WKH� OLVWHQHU� LV� MXGJLQJ� ZKHWKHU� WKH\� DJUHH� ZLWK� WKH
VSHDNHU�� 7KH\� DUH� DFWLYHO\� VHHNLQJ� RXW� IDFWV� WKDW� UXQ� FRXQWHU� WR� WKHLU� RZQ
QDUUDWLYH��GLIIHUHQW�SHUVSHFWLYHV�DQG�D�YDULHW\�RI�RSWLRQV�FDQ�EH�JHQHUDWHG�LQ�WKLV
FRQYHUVDWLRQDO�PRGH��7KH�VSHDNHU�ZLOO�HPERG\�D�JHQHUDO�ZLOOLQJQHVV�WR�FKDOOHQJH
WKH�LGHDV�ZLWKLQ�WKH�JURXS�DQG�IHHO�HPSRZHUHG�WR�µVSHDN�WKHLU�PLQGV¶�

5HIOHFWLYH� 'LDORJXH��/LVWHQLQJ� DQG� VSHDNLQJ� IURP� D� SODFH� RI� HPSDWK\� DQG� VHOI�
UHIOHFWLRQ�� .DKDQH� ������� EHOLHYHV� WKLV� FRQYHUVDWLRQDO�PRGH� LV� ³WKH� URRW� RI� WKH
SRWHQWLDO�IRU�FKDQJH�DQG�FUHDWLYLW\´��7KH�OLVWHQHU�LV�WU\LQJ�WR�XQGHUVWDQG�ZKHUH�WKH
VSHDNHU�LV�FRPLQJ�IURP��ZKLOH�WKH�VSHDNHU�LV�WU\LQJ�WR�FRPPXQLFDWH�DXWKHQWLFDOO\
WR�WKH�EHVW�RI�WKHLU�DELOLW\�

3UHVHQFLQJ��'HILQHG�E\�D�PRPHQW�RI�GHHS�� VKDUHG�XQGHUVWDQGLQJ�RI� WKH�JURXS¶V
KLJKHU�SXUSRVH��WKLV�FRQYHUVDWLRQDO�PRGH�UHTXLUHV�WKH�IXOO�SUHVHQFH�RI�WKH�JURXS
WR� XQORFN� D� VWDWH� RI� ³IORZ´� ZKHUHLQ� JHQHUDWLYH� GLDORJXH� PDNHV� VSDFH� IRU
³ZHOFRPLQJ�WKH�QHZ�DQG�WUDQVIRUPLQJ�WKH�ROG´�



.DKDQH� ������� DUJXHV� WKDW� LI� \RX� ZDQW� WR� VROYH� FRPSOH[� SUREOHPV� DQG� DIIHFW
V\VWHPLF�FKDQJH��\RX�QHHG�ERWK�WKH�³DZDUHQHVV�RI�WKHVH�GLIIHUHQW�ZD\V�RI�WDONLQJ
DQG�OLVWHQLQJ�DQG�WKH�FDSDFLW\�WR�PRYH�DPRQJ�WKHP´��,Q�RUGHU�WR�RUJDQL]H�DFURVV�D
V\VWHP�� LW� LV� LPSRUWDQW� WR�DXWKHQWLFDOO\�HQJDJH�ZLWK�GLYHUVH�VWDNHKROGHUV�DQG�ZH
GR� WKLV� WKURXJK� FRQYHUVDWLRQV�� 7KHVH� FRQYHUVDWLRQV� FDQ� EH� GLIILFXOW� WR� QDYLJDWH�
EXW� XQGHUVWDQGLQJ� DOO� WKH� PRGHV� KHOSV� EULQJ� FODULW\� WR� WKH� TXDOLW\� RI� WKH
FRQYHUVDWLRQV�� ,I� D� JURXS� LV� VWXFN� LQ� RQH� PRGH�� LW� FDQ� VHYHUHO\� OLPLW� WKH
HIIHFWLYHQHVV� RI� WKH� JURXS� VR� WKH� DELOLW\� WR� UHFRJQL]H� WKH� GLIIHUHQW�PRGDOLWLHV� LV
FULWLFDO� WR� PRYLQJ� FRQYHUVDWLRQV� IRUZDUG� WR� D� SODFH� ZKHUH� VLQJXODULW\� RI
XQGHUVWDQGLQJ�DQG�SXUSRVH�EUHHGV�LQQRYDWLRQ�DQG�FRKHUHQFH�

.QRZLQJ� WKH� GLIIHUHQW� FRQYHUVDWLRQDO� PRGHV� LV� WKH� ILUVW� VWHS� WR� XVLQJ� WKLV� WRRO�
$FFRUGLQJ� WR� 6FKDUPHU� ������� WKHUH� DUH� FRQYHUVDWLRQDO� PRGHV� IRU� LQGLYLGXDOV�
JURXSV��LQVWLWXWLRQV�DQG�JOREDO�V\VWHPV��2QFH�\RX�DUH�DUPHG�ZLWK�WKH�NQRZOHGJH
WKDW�WKH\�H[LVW��LW�LV�SRVVLEOH�WR�LGHQWLI\�WKH�PRGHV�DQG�IDFLOLWDWH�D�JURXS�WKURXJK
WKHP�LQ�D�GHOLEHUDWH�PDQQHU�

µ6HQWHQFH�VWDUWHUV¶�FDQ�EH�XVHG�WR�VHQVH�ZKDW�LW�IHHOV�OLNH�WR�EH�LQ�WKH�IRXU�GLIIHUHQW
ZD\V� RI� WDONLQJ� DQG� OLVWHQLQJ�� 7KHVH� FDQ� EH� SUDFWLFHG� RQ� \RXU� RZQ�� RU� XVH� DV
SURPSWV�LQ�PHHWLQJV�WR�H[SORUH�WKH���GLIIHUHQW�ZD\V�RI�WDONLQJ�DQG�OLVWHQLQJ�

� 'RZQORDGLQJ��³7KH�WUXWK�LV���´

� 'HEDWLQJ���,Q�P\�RSLQLRQ����

� 'LDORJXLQJ���,Q�P\�H[SHULHQFH����

� 3UHVHQWLQJ��³:KDW�,�DP�QRWLFLQJ�KHUH�DQG�QRZ�LV���´



7KLV� GHSHQGV� HQWLUHO\� RQ� WKH� JURXS�� *URXS� G\QDPLFV� DUH� VKLIWLQJ� DQG� XQLTXH
WKLQJV� WKDW� GHSHQG� RQ� D� QXPEHU� RI� IDFWRUV� VXFK� DV� FXOWXUH�� WUXVW� DQG� FRKHVLRQ
�5XWDQ� HW� DO��� ������� 6FKDUPHU� ������� ���� DOVR� QRWHV� WKDW� WKH� IXUWKHU� DORQJ� KLV
FRQWLQXXP� �LQGLYLGXDO�� JURXS�� LQVWLWXWLRQV�� JOREDO�� WKH�PRUH� WLPH� LW�ZLOO� WDNH� WR
PRYH� WKURXJK� WKH� PRGHV�� 7KLV� PDNHV� VHQVH� ZKHQ� \RX� WKLQN� RI� DQ� LQGLYLGXDO¶V
DELOLW\�WR�UHFRJQL]H�DQG�SLYRW�WKHLU�FRQYHUVDWLRQDO�PRGH��FRPSDUHG�WR�VKLIWLQJ�WKH
KXONLQJ�PDVV�RI�DQ�LQVWLWXWLRQ�

$�VNLOOHG�IDFLOLWDWRU�FDQ�PRYH�D�JURXS�WKURXJK�WKH�PRGHV�DQG�UHFRJQL]H�ZKHQ�WKH
JURXS�KDV�VWDOOHG�

6NLOO�IDFLOLWDWLRQ�LV�QHHGHG�WR�JXLGH�D�JURXS�WKURXJK�WKH�IRXU�ZD\V�RI�WDONLQJ�DQG
OLVWHQLQJ�WR�HQVXUH�D�VDIH�VSDFH�LV�FUHDWHG��DQG�SRZHU�G\QDPLFV�DQG�LVVXHV�DURXQG
HTXLW\�DUH�JLYHQ�DWWHQWLRQ��3DUWLFLSDQWV�DOVR�PXVW�HQJDJH�LQ�DFWLYH�OLVWHQLQJ�

.DKDQH��$����������6ROYLQJ�7RXJK�3UREOHPV��$Q�2SHQ�:D\�RI�7DONLQJ��/LVWHQLQJ�
DQG�&UHDWLQJ�1HZ�5HDOLWLHV��6DQ�)UDQFLVFR��&$��%HUUHWW�.RHKOHU�

5XWDP�� -�6��� 6WRQH�� :�1��� 6KD\�� -�-�� �������� 3V\FKRG\QDPLF� *URXS
3V\FKRWKHUDS\��)RXUWK�(GLWLRQ��*XLOIRUG�3XEOLFDWLRQV�

6FKDUPHU�� &�2�� �������� $GGUHVVLQJ� WKH� EOLQG� VSRW� RI� RXU� WLPH�� DQ� H[HFXWLYH
VXPPDU\�RI�WKH�QHZ�ERRN�E\�2WWR�6FKDUPHU��7KHRU\�8��OHDGLQJ�IURP�WKH�IXWXUH
DV�LW�HPHUJHV���6RFLDO�7HFKQRORJ\�RI�3UHVHQFLQJ�



7KH� 7KUHH�+RUL]RQV� )UDPHZRUN� ��+)�� LV� D� VLPSOH� DQG� LQWXLWLYH� IUDPHZRUN� IRU
WKLQNLQJ�DERXW�WKH�IXWXUH��&XUU\�	�+RGJVRQ��������6KDUSH���������:KHQ�DSSOLHG�
WKH�SUDFWLFH�W\SLFDOO\�LQYROYHV�D�IDFLOLWDWHG�FRQYHUVDWLRQ�ZLWK�GLYHUVH�VWDNHKROGHUV
WR�DVVLVW�VHQVH�PDNLQJ�DQG�VWUDWHJLF�DFWLRQ��6KDUSH�HW�DO���������

7KH�ILUVW�KRUL]RQ�±�+��±�LV�WKH�GRPLQDQW�V\VWHP�DW�SUHVHQW��,W�LV�WKH�V\VWHP�WKDW
ZH�ZDQW� WR� WUDQVIRUP� IURP�DQG� UHSUHVHQWV� µEXVLQHVV� DV�XVXDO¶�� ,W� LV� RXU� VWDUWLQJ
SRLQW�RQ�WKH�URDGPDS�WR�WUDQVIRUPDWLRQDO�FKDQJH�

7KH�VHFRQG�KRUL]RQ�±�+��±�DUH�WKH�QHFHVVDU\�FKDQJHV�WR��L��EUHDN�WKH�FXUUHQW
GRPLQDQW� SDWWHUQV� RI� WKH� V\VWHP� ZH� ZDQW� WR� WUDQVIRUP� IURP� DQG� �LL�� VXSSRUW
EHJLQQLQJV�RI�WKH�V\VWHP�ZH�ZDQW�WR�WUDQVIRUP�LQWR�

7KH�WKLUG�KRUL]RQ�±�+��±�UHSUHVHQWV�WKH�V\VWHP�WKDW�ZH�ZDQW�WR�WUDQVIRUP�LQWR�
,W�GHYHORSV�IURP�GLVUXSWLYH� LQQRYDWLRQV� LQ�WKH�SUHVHQW�WKDW� LQWURGXFH�FRPSOHWHO\
QHZ�ZD\V�RI�GRLQJ�WKLQJV�DQG�WKDW�DUH�PXFK�EHWWHU�GHVLJQHG� IRU�DGDSWLQJ� WR� WKH
V\VWHP�ZH�ZDQW�WR�WUDQVIRUP�LQWR���$JXLDU�HW�DO��������



$Q�LOOXVWUDWLRQ�RI�WKH���+RUL]RQV�IUDPHZRUN��UHSULQWHG�IURP�6KDUSH�HW�DO�������

7KH�SULPDU\�IXQFWLRQ�RI� WKH��+)�LV� WR�VKRZ�SDUWLFLSDQWV�KRZ�WKH�WKUHH�KRUL]RQV
H[LVW�VLPXOWDQHRXVO\� LQ�WKH�SUHVHQW�PRPHQW��0HDQLQJ�±�HYLGHQFH�DERXW�KRZ�WKH
IXWXUH�PD\�XQIROG� LV� DYDLODEOH� WKURXJK�REVHUYLQJ� WKH�EHKDYLRU�RI� V\VWHPV� LQ� WKH
SUHVHQW��6KDUSH���������:KLOH�JURXQGHG�LQ�WKHRU\��WKH�7KUHH�+RUL]RQV�)UDPHZRUN
LWVHOI�LV�FRQVLGHUHG�PRUH�RI�D�SUDFWLFH�WR�JXLGH�DFWLRQ��6KDUSH�HW�DO��������

7KH� 7KUHH� +RUL]RQV� )UDPHZRUN� KHOSV� LQGLYLGXDOV� GHYHORS� D� EHWWHU� VHQVH� RI
FRPSOH[LW\� E\� VHHLQJ� PRUH� FOHDUO\� KRZ� SDWWHUQV� LQ� WKH� ZRUOG� UHODWH� WR� WKHLU
LQGLYLGXDO�FRQFHUQV�DQG�DVSLUDWLRQV�IRU�FKDQJH��,W�DOVR�DOORZV�SDUWLFLSDQWV�WR�VHH
WKHPVHOYHV�LQ�WKH�V\VWHP�DQG�XQGHUVWDQG�WKHLU�LQGLYLGXDO�UROH�LQ�FKDQJLQJ�HLWKHU
RWKHU�DFWRUV�RU�WKH�V\VWHP�LWVHOI��LW�FDQ�HQFRXUDJH�FRQYHUVDWLRQV�WKDW�IRFXV�RQ�WKH
IXWXUH�EHWZHHQ�WKRVH�ZKR�DUH�UHVSRQVLEOH�IRU�WKH�SDWWHUQV�RI�RXU�µFXUUHQW¶�V\VWHP
DQG�WKRVH�ZKR�ZDQW�D�GLIIHUHQW�IXWXUH��6KDUSH�HW�DO����������7KH�IUDPHZRUN�LWVHOI
VHUYHV� DV� D� URDGPDS� WKDW� JXLGHV� D� SDUWLFLSDWRU\� SURFHVV� VWULYLQJ� IRU� FKDQJH
�$JXLDU�HW�DO���������



7KH��+)�LQWURGXFHV�WKH�KRUL]RQV�LQ�WKLV�RUGHU��+��±�+��±�+���EXW�+��DQG�+��DUH
LQWHUFKDQJHDEOH�LQ�VHTXHQFH��,W�LV�SUHVHQWHG�LQ�WKLV�ZD\�DV�LW�LV�W\SLFDOO\�HDVLHU�WR
ILUVW� LGHQWLI\� WKH� FKDOOHQJHV� DQG� EDUULHUV� WKDW� GHILQH� WKH� FXUUHQW� V\VWHP� �+���
EHIRUH�HQYLVLRQLQJ�D� IXWXUH�V\VWHP�WKDW�DGGUHVVHV� WKH�FKDOOHQJHV�DQG�EDUULHUV� WR
FKDQJH�ZH�IDFH�WRGD\��+����7KH�ODVW�VWHS�LV�WR�LGHQWLI\�WKH�WUDQVIRUPDWLRQDO�FKDQJH
QHHGHG� �+��� WR� PRYH� IURP� WKH� FXUUHQW� V\VWHP� WR� WKH� LGHDO� IXWXUH� V\VWHP�
+RZHYHU�� VRPHWLPHV� LW� FDQ� EH� SUHIHUDEOH� WR� VWDUW� ZLWK� +�� LQ� RUGHU� WR� JHW
SDUWLFLSDQWV�WR�HQJDJH�ZLWK�WKH�IXWXUH� LQ�D�ZD\�WKDW� LV�QRW�GLUHFWO\�UHODWHG�WR�WKH
SUHVHQW�ZD\�RI�GRLQJ�WKLQJV��3HUHLUD�HW�DO���������

7KH� �+)� LV� GHVLJQHG� WR� XQIROG� ZLWKLQ� D� VKRUW� DPRXQW� RI� WLPH� DQG� ZLWK� D
FRQVLGHUDEO\� ODUJH� JURXS� RI� GLYHUVH� VWDNHKROGHUV�� 7KH� IUDPHZRUN� LWVHOI� FDQ� EH
H[SODLQHG�LQ�MXVW�D�IHZ�PLQXWHV��6KDUSH�HW�DO����������$SSO\LQJ�WKH�IUDPHZRUN�LQ�D
GLYHUVH�JURXS�FRQWH[W� FRXOG� WDNH�DQ\ZKHUH� IURP�D� IHZ�KRXUV�� WR�D�GD\��RU�XS� WR
WKUHH�GD\V��7KH��+�IUDPHZRUN�LV�DOPRVW�DOZD\V�XVHG�LQ�D�IDFLOLWDWHG�ZRUNVKRS�RU
PHHWLQJ�VHWWLQJ��6KDUSH��������

7KH�7KUHH�+RUL]RQV�)UDPHZRUN�UHTXLUHV�D�VNLOOHG�IDFLOLWDWRU�NQRZOHGJHDEOH�DERXW
WKH� IUDPHZRUN��ZKR�KDV� WKH� FDSDFLW\� WR� JXLGH� ODUJH��GLYHUVH� JURXSV� WKURXJK� WKH
HQWLUH� SURFHVV�� ZKR� FDQ� HQVXUH� OHVV� SRZHUIXO� YRLFHV� DUH� KHDUG� DORQJVLGH� PRUH
SRZHUIXO� YRLFHV�� ,W� LV� DQ� H[WUHPHO\� DGDSWDEOH� WRRO� WR� WKLQN� DERXW� WUDQVIRUPDWLYH
FKDQJH�DQG�KRZ�WR�HQJDJH�DFWLRQ�WRZDUGV�D�PRUH�GHVLUDEOH�IXWXUH�

$JXLDU��$3'��&ROOVWH��'��*DODIDVVL��'��+DUPDFNRYD��=��+RXQJEHGML��.��0HVILQ��0�
1GDKLUR�� '�� 3HUHLUD�� /�� 6HORPDQH�� 2�� YDQ� GHU� /HHXZ�� 6� �������� 7KH� 6HFRQG
$IULFDQ� 'LDORJXH� RQ� WKH� :RUOG� ,Q� ������ +RZ� WR� DWWDLQ� WKH� 6'*V� ZLWKLQ
SODQHWDU\� ERXQGDULHV�� $JULFXOWXUH� DQG� IRRG� V\VWHPV�� 5HSRUW� RQ� D�0XOWL�$FWRU



'LDORJXH� IRU� 7:,������ ��±��� 2FWREHU� ������ .LJDOL�� 5ZDQGD�� 6XVWDLQDEOH
'HYHORSPHQW�*RDOV�&HQWHU� IRU�$IULFD�DQG�6ZHG%LR�6WRFNKROP�5HVLOLHQFH�&HQWUH
DW�6WRFNKROP�8QLYHUVLW\�

&XUU\�� $��� 	� +RGJVRQ�� $�� �������� ³6HHLQJ� LQ� 0XOWLSOH� +RUL]RQV�� &RQQHFWLQJ
)XWXUHV�WR�6WUDWHJ\�´�-RXUQDO�RI�)XWXUHV�6WXGLHV����������±���

,QWHUQDWLRQDO�)XWXUHV�)RUXP�2QOLQH�7RRONLW��$FFHVVHG�0D\����������DW�KWWS���ZZZ�KWWS���ZZZ�KWWS���ZZZ�
LIISUD[LV�FRP��K�DSSURDFKLIISUD[LV�FRP��K�DSSURDFKLIISUD[LV�FRP��K�DSSURDFK

6KDUSH��%����������7KUHH�+RUL]RQV��7ULDUFK\�3UHVV�

6KDUSH�� %��� +RGJVRQ�� $��� /HLFHVWHU�� *��� /\RQ�� $��� 	� )D]H\�� ,�� �������� 7KUHH
KRUL]RQV��D�SDWKZD\V�SUDFWLFH�IRU�WUDQVIRUPDWLRQ��(FRORJ\�DQG�6RFLHW\����������
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