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7KLV�SDSHU�GHDOV�ZLWK�SURFHGXUDO�WHFKQLTXHV�RI�SDWWHUQ�JHQHUDWLRQ��,W�GHVFULEHV�HYROXWLRQDO�WH[WXUHV�
ZKLFK� DUH�EDVHG�RQ� WKH� FHOOXODU�GHYHORSPHQWDO�PRGHOV��(YROXWLRQDO� WH[WXUHV� FRYHU�PXFK�RI�ZHOO�
NQRZQ�WH[WXUH�JHQHUDWLRQ�WHFKQLTXHV��([FHSW�RI� WKDW�� WKH\�DUH�D�VWURQJ�EDVH�IRU�FUHDWLQJ�D�NLQG�RI
UDQGRP� WH[WXUH� JHQHUDWRU� DOJRULWKP�� ,� XVH� FHOO� SURJUDPV� IRU� FRQWUROOLQJ� WKHLU� EHKDYLRXU�� 7KHVH
SURJUDPV� FDQ� EH� JHQHUDWHG� VWRFKDVWLFDOO\� DQG� V\VWHP� HYROXWLRQ� FDQ� OHDG� WR� FRPSOH[� SDWWHUQ�
,PSOHPHQWDWLRQ�IRU�ELQDU\�GRPDLQ�ZLOO�EH�LQWURGXFHG��&UHDWLRQ�RI�LQWXLWLYHO\�QLFH�DEVWUDFW�SLFWXUHV
ZLOO�EH�GLVFXVVHG��,�PDGH�D�ODQJXDJH�IRU�KHOSLQJ�WH[WXUH�GHYHORSHUV�WR�FUHDWH�LQWHUHVWLQJ�SDWWHUQV��,W
LV�FDSDEOH�WR�VLPXODWH�PRVW�RI�IDPRXV�WH[WXUH�JHQHUDWLRQ�WHFKQLTXHV�

.H\ZRUGV��SDWWHUQ�JHQHUDWLRQ��SURFHGXUDO�WH[WXUHV��FHOOXODU�V\VWHPV��HYROXWLRQ�

��� ,QWURGXFWLRQ

,I� VRPHRQH��ZKR� LV� LQWHUHVWHG� LQ� JUDSKLFV�� ZDQWV� WR� DSSO\� D� QDWXUDO�OLNH� SDWWHUQ� IRU� WKH�PRGHOHG
YLUWXDO�REMHFW��KH�QHHGV�VRPH�VRIWZDUH�RIIHULQJ�D�VHW�RI�UHDO�LPDJHV�DQG�RU�FRQWUROODEOH�SURFHGXUDO
WH[WXUHV��7KLV�VRIWZDUH�FDQ�EH�LQ�WKH�IRUP�RI�D�SDFNDJH�EXLOW�LQWR�D�UHQGHULQJ�V\VWHP�RU�LW�FDQ�EH�D
VWDQGDORQH�DSSOLFDWLRQ�ZLWK�SRVVLELOLW\�WR�H[SRUW�WKH�UHVXOWV��1R�PDWWHU�WKH�IRUP��LWV�XVHU�LQWHUIDFH�LV
EDVHG�RQ�GLYLGLQJ�WKH�WH[WXUHV�LQWR�WKH�UHDVRQDEOH�FDWHJRULHV�KDYLQJ�VSHFLILF�IHDWXUHV��5HFHQWO\��DQ
LPSRUWDQFH� RI� SURFHGXUDO� DFFHVV� JUHZ�� 7KHUHIRUH��PRUH� DQG�PRUH� SDUDPHWHUV� IRU� FRQWUROOLQJ� WKH
SURFHVV� RI� WH[WXUH� FUHDWLRQ� EHFDPH� QHHGHG�� *UDSKLFLDQ� KDV� WR� NQRZ� PXFK� PRUH� DERXW� WKRVH
FDWHJRULHV�DQG�SDUDPHWHUV�WKDQ�EHIRUH��/D\PDQ�FRXOG�EH�ORVW�

,V� WKHUH� DQ\� HDVLHU�ZD\� WR� LQSXW�RXU� UHTXLUHPHQWV�RQ� WKH� ILQDO�SDWWHUQ�SURSHUWLHV� WKDQ� VHWWLQJ� D
KHDS�RI�QXPEHUV�ZLWK�QRW�VR�FOHDU� LQWHUSUHWDWLRQ"� ,PDJLQH� WKH�RSWLPDO� VLWXDWLRQ��XVHU�FDPH� WR�KLV
FRPSXWHU�� LQSXWV� D� UHTXHVW� OLNH� ³QDUURZ� VWUDLJKW� \HOORZ� VWULSHV� RQ� WKH� UHG� IX]]\� EDFNJURXQG´�
FRPSXWHU�WKHQ�DVNV�KLP�IRU�WKH�VWULSHV�GLUHFWLRQ�DQG�VKRZ�ILYH�RU�VL[�WHPSRUDU\�UHVXOWV��8VHU�ZLOO
KDYH�WR�FKRRVH�WKH�SLFWXUH�WKDW�EHVW�UHVHPEOHV�KLV�LGHDO�DQG�VSHFLI\�QH[W�UHTXLUHPHQWV��H�J��³UDQGRP
GLVWDQFHV�EHWZHHQ�WKH�VWULSHV��VPRRWKHU�HGJHV´��$IWHU�IHZ�VWHSV�KH�JHWV�ZKDW�KH�ZDQWHG��7R�GHYHORS
VXFK� D� VPDUW� DSSOLFDWLRQ� ZH� QHHG� WR� NQRZ� ZKDW� PD\� EH� FRQVLGHUHG� DV� D� JRRG�ORRNLQJ� DEVWUDFW
SLFWXUH��:H�VKRXOG�GHILQH�WKH�ERUGHUOLQH�EHWZHHQ�QLFH�DEVWUDFW�SLFWXUHV�DQG�WKH�RWKHUV��WUDVK��LQ�WKH
ODQJXDJH�RI�PDWKHPDWLFV��6RXQGV� OLNH� WR�GHVFULEH� WKH�EHDXW\�RI�RXU�ZRUOG�E\�JURXS�RI�HTXDWLRQV�
7KDW� LV� LPSRVVLEOH��'HVSLWH�RI� WKDW�� ,�ZLOO�XVH� WKH� WHUP�³QLFH� DEVWUDFW� SLFWXUH´�ZLWKRXW�GHILQLQJ� LW
H[SOLFLWO\��7KH� LQWHUSUHWDWLRQ�RI� WKLV� WHUP�ZRXOG� EH� ±�ZKDW� WKH�PDMRU� UHFRJQLVH� DV� GLIIHUHQW� IURP
VRPH�UDQGRP�PL[WXUH�LPDJH�



,�ZDV�ZRUNLQJ�ZLWK�ZLGH�VFDOH�RI�SURFHGXUDO�WH[WXUH�JHQHUDWLRQ�WHFKQLTXHV�WKDW�ZHUH�VXLWDEOH�IRU
VLPXODWLQJ�QDWXUDO� SKHQRPHQD��$IWHU� D� WLPH�� WKHUH�ZDV� D�TXHVWLRQ�� LV� LW� SRVVLEOH� WR� LPSOHPHQW� DQ
DOJRULWKP�\LHOGLQJ� WKH�QLFH� DEVWUDFW� SLFWXUHV� LQFOXGLQJ� VRPH� WKDW�PLJKW� EH� FUHDWHG� E\� WKRVH�ZHOO�
NQRZQ�WHFKQLTXHV"�,W�PHDQV��WR�FUHDWH�D�³EODFN�ER[´�ZLWK�QRWKLQJ�RQ�LQSXW�DQG�D�VXUSULVLQJ�LPDJH
RQ�RXWSXW��,�ZDV�VHDUFKLQJ�IRU�D�SODWIRUP�DQG�OLPLWDWLRQV�RQ�WKH�WH[WXUH�VSDFH��ZKHUH�,�ZRXOG�EH�DEOH
WR�GR�WKDW��6R�WKH�TXHVWLRQ�VWD\V��LV�WKHUH�DQ\�DOJRULWKP�WKDW�FDQ�\LHOG�UHOHYDQW�VXEVHW�RI�QLFH�DEVWUDFW
SLFWXUHV"

���� 3URFHGXUDO�WHFKQLTXHV�RXWOLQH

7KHUH�DUH�PDQ\�WHFKQLTXHV�IRU�FUHDWLQJ�DQ�DPD]LQJ�FRORU�SDWWHUQV��,�ZLOO�EULHIO\�PHQWLRQ�PDLQ�RQHV�
ZKLFK�,�VXSSRVHG��DUH�PRVW�IDPRXV��([DPSOHV�LQ�IRUP�RI�WKH�LPDJHV�,�JRW�DIWHU�H[SHULPHQWLQJ�ZLWK
WKHP�IROORZ�

([SOLFLW� IXQFWLRQV�ZHUH� XVHG� DOUHDG\�ZLWK� ILUVW� WH[WXUHV� LQ� ������ 7KH\� DUH� VWLOO�PRVW� IUHTXHQW�
EHFDXVH� RI� WKHLU� VLPSOLFLW\�� (YHQ� D� FKHVVERDUG� SDWWHUQ� LV� H[SOLFLW� IXQFWLRQ�� ,Q� ������0DQGHOEURW
SXEOLVKHG� KLV� ILUVW� ERRN� RQ� IUDFWDOV�� 7KH\� DUH� VR� SRSXODU� WKDW� SHRSOH� RIWHQ� WHQG� WR� OLQN� WKH� WHUP
SURFHGXUDO�WH[WXUH�ZLWK�IUDFWDOV��:LGH�VFDOH�RI�QLFH�DEVWUDFW�SLFWXUHV�FDQ�EH�GRQH�XVLQJ�QRLVHV�DQG
WXUEXOHQFHV��.HQ�3HUOLQ� H[DPLQHG� ILUVW� QRLVH� LQ� ������ ,W� FDQ� EH� VDG� WKDW� QRLVH� LV�ZKDW� EULQJV� WKH
LUUHJXODULW\�LQWR�WH[WXUHV��,Q�QLQHWLHV��>�@��>�@���WKHUH�ZDV�D�ERRP�RI�UHDFWLRQ�GLIIXVLRQ�WH[WXUHV��7KH\
ZHUH�LQYHQWHG�WR�VLPXODWH�QDWXUDO�SKHQRPHQD�OLNH�PDPPDOLDQ�FRDW�SDWWHUQV��0DQ\�RWKHU�WHFKQLTXHV
ZHUH�GHYHORSHG��XS�WR�QRZ�

)LJXUH����WZR�H[SOLFLW�IXQFWLRQV��JRW�DIWHU�SOD\LQJ�ZLWK�VLQ�I�[�\���

)LJXUH����$SSOLFDWLRQV�RI��'�PLGSRLQW�IUDFWDO�DOJRULWKP�



)LJXUH����$YHUDJH�QRLVH��,W�LV�RQH�IURP�ODWWLFH�FRQYROXWLRQ�QRLVH�FDWHJRU\��$OJRULWKP�EHJLQV�E\
GLVWULEXWLQJ�UDQGRP�QXPEHUV�RQ�WKH�JULG�DQG�WKHQ��QHLJKERULQJ�YDOXHV�DUH�DYHUDJHG�XQWLO�UHTXLUHG

HIIHFW�LV�JDLQHG��7KHUH�DUH�WKUHH�SLFWXUHV�FRPLQJ�IURP�GLIIHUHQW�SKDVHV�RI�QRLVH�HYROXWLRQ�

)LJXUH����'LIIHUHQW�W\SHV�RI�UHDFWLRQ�GLIIXVLRQ�WH[WXUHV�

)LJXUH����([DPSOH�RI�PLQRU�WHFKQLTXH��7KLV�LV�EDVHG�RQ�GLVWULEXWLQJ�JLYHQ�SRLQWV�LQWR�SODQH�DQG
GLVSOD\LQJ�WKH�GLVWDQFH�EHWZHHQ�DQ\�SODFH�DQG�WKH�VHW�RI�JLYHQ�SRLQWV��2Q�WKH�OHIW�WKHUH�DUH�WZR
YLVXDOLVDWLRQV�RI�GLVWDQFH�WR�WKH�QHDUHVW�SRLQW��RQ�WKH�ULJKW�WKHUH�LV�PRUH�VRSKLVWLFDWHG�WH[WXUH�

���� 3URFHGXUDO�WH[WXUH�ODQJXDJHV

,Q�HLJKWLHV�PRVW�RI�WH[WXUH�GHYHORSHUV�KDG�WR�ZRUN�ZLWK�FRPPRQ�SURJUDPPLQJ�ODQJXDJHV�WR�PDNH�D
UHTXLUHG�HIIHFW��7KH\�ZHUH�WRR�JHQHUDO�IRU�JUDSKLFDO�SXUSRVHV��6RXUFH�FRGH�ZULWWHQ�WR�GLVSOD\�HYHQ�D
VLPSOH�SDWWHUQ�PLJKW�EH�KXQGUHGWKV�OLQHV�ORQJ��%LJ�HIIRUW�ZDV�WDNHQ�LQWR�EXLOGLQJ�VXLWDEOH�OLEUDULHV
KHOSLQJ�WR�VKRUWHQ�GHVLJQ�WLPH��3L[DU�WKHQ�FDPH�ZLWK�LWV�5HQGHU0DQ�6KDGLQJ�/DQJXDJH�>�@��ZKLFK
LV� VWLOO�SHUKDSV� WKH�PRVW�SRSXODU� WRRO� IRU�ZULWLQJ�FRPSOH[�SDWWHUQV�� ,W� LV� EDVHG�RQ� WKH�&� ODQJXDJH
V\QWD[�DQG�LW�LV�VWURQJO\�LQIOXHQFHG�E\�LWV�XVDJH�LQ�WKH�UREXVW�UHQGHU�V\VWHP��,W�JRW�ULG�RI�XQQHFHVVDU\



LPSOHPHQWDWLRQ�GHWDLOV��:ULWLQJ�VKDGHU��WH[WXUH�FRPSXWDWLRQ�SURFHGXUH��IRU�5HQGHU0DQ�LV�HDV\�DQG
WKHUHIRUH�DFFHVVLEOH�IRU�PDQ\�SHRSOH�

'DUZ\Q�3HDFKH\� LQ�>�@�GHDOV�ZLWK�H[SOLFLW� IXQFWLRQV� WR� UHDFK� LQWHUHVWLQJ�UHVXOWV��+H� LQWURGXFHG
WKH�EDVH�VWRQHV��VLPSOH�ZHOO�GHILQHG�IXQFWLRQV��DQG�FRPELQLQJ�WHFKQLTXH��OD\HULQJ�RU�FRPSRVLWLRQ�
��VRPHWKLQJ�WKDW�KH�FDOOV�³IXQFWLRQDO�WRRONLW´��3HDFKH\�ZULWHV�VKDGHUV�LQ�5HQGHU0DQ��EXW�KLV� LGHDV
DUH� SRUWDEOH� WR� DQ\� RWKHU� SODWIRUP�� EHFDXVH� WH[WXUHV� KH� JRW� DUH� GHVFULEHG� LQ� WKH� ODQJXDJH� RI
PDWKHPDWLFV�

.XUW�)OHLVKHU�LQ�>�@�EURXJKW�DQ�LGHD�RI�WH[WXUH�HOHPHQWV�FDOOHG�FHOOV�LQWHUDFWLQJ�ZLWK�HDFK�RWKHU�
7KHUH�LV�D�SURJUDP�DVVRFLDWHG�WR�WKH�FHOO��ZKLFK�FRQWUROV�LWV�EHKDYLRXU��&HOOV�DUH�GLVWULEXWHG�LQ�WKH
VSDFH�FDUU\LQJ� WKHLU�RZQ�LQIRUPDWLRQ��VWDWH�YDULDEOHV���7KH\�DUH�DEOH� WR�PRYH�DQG� WR�FKDQJH� WKHLU
LQQHU� VWDWHV�� $IWHU� DQ� HYROXWLRQ� RI� ZKROH� V\VWHP�� UHVXOWLQJ� SDWWHUQ� FDQ� EH� VHHQ�� 6RPH� ROGHU
SURFHGXUDO� WHFKQLTXHV� FRXOG� EH� VLPXODWHG� WKLV� ZD\�� 1HYHUWKHOHVV�� )OHLVKHU� XVHV� MXVW� ILUVW� RUGHU
GLIIHUHQWLDO�HTXDWLRQV�DV�WKH�FHOO�SURJUDPV��ZKLFK�,�WKLQN�LV�QRW�VXIILFLHQW�

3UHYLRXV�DFFHVVHV�ZHUH�VXLWDEOH�IRU� WKRVH�GHHSO\�LQWHUHVWHG�LQ�WKH�SURFHGXUDO� WH[WXUH�JHQHUDWLRQ
WHFKQLTXHV��1RZ��PDQ\�RWKHU�SHRSOH�ZDQW�WR�WU\�PDNLQJ�QLFH�DEVWUDFW�SLFWXUHV��$SSOLFDWLRQV�PDUNHG
DV� WH[WXUH�FUHDWRUV� DUH�QRZ�DYDLODEOH� IRU� DQ\RQH��%XW� HDFK�RQH� LV� IRFXVLQJ�RQO\�RQ� VRPH�SRSXODU
SURFHGXUDO� WHFKQLTXHV� DQG� WKHLU� SRVVLELOLWLHV� DUH� YHU\� OLPLWHG�� 6RPHZKHUH� EHWZHHQ� FRPPHUFLDO
DSSOLFDWLRQV� DQG� WKHRUHWLF� DFFHVV� ZH� FDQ� IRXQG� 'DUNWUHH� 7H[WXUHV� VRIWZDUH�� 0DLQ� LGHD� RI� WKLV
DSSOLFDWLRQ� LV� WR� OHW� WKH� XVHU� SOD\�ZLWK� ³EODFN�ER[HV´� DQG� WR� OLQN� WKHP� WRJHWKHU�� (DFK� EODFN�ER[
UHSUHVHQWV�D�IXQFWLRQ�RU�DQ�RSHUDWLRQ�DQG�FRXOG�EH�SDUDPHWHULVHG��5HVXOW�PD\�EH�SDVVHG�WR�DQRWKHU
EODFN�ER[�DV�LQSXW��3URJUDP�RIIHUV�ULFK�YDULHW\�RI�EODFN�ER[HV�

��� (YROXWLRQDO�7H[WXUHV

$V� WKH� WHUP� HYROXWLRQDO� WH[WXUH� ,� GHILQH� WKH� SDWWHUQ� WKDW� LV� D� UHVXOW� RI� HYROXWLRQDO� SURFHVV� LQ� WKH
V\VWHP�FRQVLVWLQJ�RI�WKH�WH[WXUH�GRPDLQ��LQLWLDO�VWDWH�DQG�GHYHORSPHQWDO�UXOHV��,�ZLOO�QRW�JR�GHHSHU
LQWR�GHILQLWLRQV��6KRUWO\�� WH[WXUH�GRPDLQ� LV� WKH� VSDFH�ZKHUH� WH[WXUH� VKDOO� EH� SURFHVVHG�� LW�PD\� EH
VRPH�UHJXODU�JULG�RU�DQ\�DUELWUDU\�PHVK�EXLOW� IURP�WKH�HOHPHQWV��ZKLFK�FDUU\� WH[WXUH� LQIRUPDWLRQ�
,QLWLDO�VWDWH�LV�WKH�HYROXWLRQDO�WULJJHU��,W�ILOOV�WKH�WH[WXUH�GRPDLQ�ZLWK�LQLWLDO�YDOXHV��'HYHORSPHQWDO
UXOHV� DUH� UHVSRQVLEOH� IRU� V\VWHP� EHKDYLRU�� (YROXWLRQ� LWVHOI� LV� D� SURFHVV� WKDW� EHJLQV� DW� LQLWLDO� WLPH
�ZKHQ�LQLWLDO�VWDWH�LV�VHW��DQG�FRQWLQXHV�LQ�GLVFUHWH�WLPH�VWHSV�E\�DSSOLFDWLQJ�WKH�GHYHORSPHQWDO�UXOHV�

���� 5HDFWLRQ�'LIIXVLRQ�7H[WXUHV

$ODQ� 7XULQJ� LQWURGXFHG� UHDFWLRQ�GLIIXVLRQ� WH[WXUHV� LQ� ����� DV� D�PRGHO� IRU�PRUSKRJHQHVLV�� 7KH\
ZHUH� UHLQYHQWHG� LQ� HLJKWLHV� DQG� SULPDULO\� XVHG� IRU� VLPXODWLQJ� WKH� PDPPDOLDQ� FRDW� SDWWHUQV� >�@�
5HDFWLRQ�GLIIXVLRQ�WHFKQLTXH�LV�DQ�H[DPSOH�RI�HYROXWLRQDO�DSSURDFK�

)LJXUH����2QH�GLPHQVLRQDO�UHDFWLRQ�GLIIXVLRQ��)RXU�PRUSKRJHQV�FRQFHQWUDWLRQ�LQ�����FHOOV�LV
VKRZQ�



,W� LV� EDVHG� RQ� LQWHUDFWLRQ� RI� FKHPLFDOV� ±� FDOOHG� PRUSKRJHQV� ±� RYHU� WKH� VSDFH�� 7XULQJ� GHVFULEHG
UHDFWLRQ�GLIIXVLRQ�E\�FRQWLQXRXV�HTXDWLRQV��1RZ��WKH\�DUH�XVHG�LQ�GLVFUHWH�GRPDLQ��VSDFH�FRQVLVWV�RI
GLVFUHWH� FHOOV� DQG� WKH� V\VWHP� HYROXWLRQ� LV� SHUIRUPHG� LQ� GLVFUHWH� WLPH� VWHSV�� &RQFHQWUDWLRQV� RI
PRUSKRJHQV�LQ�WKH�FHOOV�DUH�GLVSOD\HG��'HSHQGLQJ�RQ�SDUWLFXODU�HTXDWLRQV�WKH\�IRUP�DUUDQJHPHQWV�RI
VSRWV��VWULSHV��VSLUDOV�� OHRSDUG�SDWWHUQV��VDQG��]HEUD�KDXQFK��HWF��(YHQ�FKDQJLQJ�RQH�SDUDPHWHU�FDQ
FKDQJH�SDWWHUQ�SURSHUWLHV��)LJXUH���VKRZV�IRXU�VDPSOHV�IURP�P\�ZRUN�

&RPSXWLQJ�RI�PRUSKRJHQ�FRQFHQWUDWLRQ�LQ�RQH�FHOO�LV�GRQH�LQ�WZR�SKDVHV�LQ�HDFK�WLPH�VWHS��$W
ILUVW��PRUSKRJHQ�UHDFWV�ZLWK�RWKHU�PRUSKRJHQV�LQ�WKH�FHOO��1H[W��PRUSKRJHQ�GLIIXVHV�IURP�WKH�FHOO�
7KDW� PHDQV�� LI� FRQGLWLRQV� DOORZ�� LWV� SDUWV� DUH� GLVWULEXWHG� LQWR� QHLJKERXULQJ� FHOOV�� 7KLV� ZD\� WKH
LQWHUDFWLRQ� EHWZHHQ� FHOOV� LV� HQVXUHG�� 1RZDGD\V�� WKH� UHDO�WLPH� FRPSXWDWLRQ� DQG� DQLPDWLRQ� RI
HYROXWLRQ�SURFHVV�LV�SRVVLEOH�

���� 3UDFWLFDO�GHVLJQ

,� FKRRVH� WKH� HYROXWLRQDO� WH[WXUHV� DV� D� IXQGDPHQW� EHFDXVH� WKH\� FDQ� VLPXODWH� DOO� NQRZQ� WH[WXUH
JHQHUDWLRQ� WHFKQLTXHV� �HDFK� DOJRULWKP� UXQV� LQ�GLVFUHWH� WLPH���%XW�KRZ�FDQ�RQH� ILQG� DQ\� FRPPRQ
IHDWXUH� IRU� VR� YDULRXV� WHFKQLTXHV"� 0\� DPELWLRQ� LV� WR� UDQGRPO\� JHQHUDWH� GHYHORSPHQWDO� UXOHV�
7KHUHIRUH�� ,� KDYH� WR� FKRRVH� D� VXLWDEOH� VXEVHW� RI� WKHP� E\� GHILQLQJ� WKHLU� GRPDLQ�� LQLWLDO� VWDWH� DQG
UXOHV�

&RPSXWHU�JUDSKLFLDQV�ZULWH�WKH�SURJUDPV�GLVSOD\LQJ�WKHLU�UHVXOWV�LQ�D�UDVWHU��,�ZLOO�FRQVLGHU� WKH
UHJXODU�JULG�GHULYHG� IURP�UHFWDQJXODU� UDVWHU�EHFDXVH�RI� LWV� VLPSOH� WRSRORJ\��%DVLF�JULG� HOHPHQW� LV
FDOOHG� FHOO�� ,W� KDV� D� VPDOO� QXPEHU�RI�YDULDEOHV�GHWHUPLQLQJ� LWV� VWDWH�� ,� XVH� GHYHORSPHQWDO� UXOHV� LQ
IRUP�RI�WKH�SURJUDPV�DVVRFLDWHG�WR�WKH�FHOOV��&HOO�SURJUDP�RSHUDWHV�ZLWK�LWV�YDULDEOHV��LW�FDQ�FKDQJH
WKHLU�YDOXHV��DQG� UHDGV�DOVR�YDULDEOHV�RI�RWKHU�FHOOV��(DFK�FHOO�KDV�DVVLJQHG� WKH� VDPH�SURJUDP�IRU
VLPSOLFLW\��7KDW�PHDQV��FHOOV�GLIIHU�RQO\�LQ�WKHLU�SRVLWLRQ�DQG� LQLWLDO�VWDWH��$QG�ILQDOO\�� ,�DOORZ�WKH
FHOO�SURJUDPV�WR�DFFHVV�RQO\�WKH�YDULDEOHV�RI�QHLJKERXULQJ�FHOOV��H[FHSW�RI�WKHLU�RZQ��

)LJXUH����&HOO�QHLJKERXUKRRG�H[DPSOH�LQ�WKH�JULG��UHG�FHOO�PD\�UHDG�WKH�YDULDEOHV�RI�IRXU�DGMDFHQW
JUHHQ�FHOOV�

:LGH� UDQJH� RI� LPSOHPHQWDWLRQV�PD\� EH� FRQVWUXFWHG� IROORZLQJ� WKHVH� UHVWULFWLRQV��:KDW� VKRXOG� EH
QRWLFHG�LV�WKDW�,�ZLOO�FUHDWH�RQO\���GLPHQVLRQDO�WH[WXUHV��7KH�EHVW�WH[WXUH�GRPDLQ��VKDSH��IRU�PH�LV�D
WRUXV�� ,W� LV� VLPSO\� D� UHFWDQJXODU� ODWWLFH� RI� VL]H�P�Q��ZKHUH� HDFK� FHOO� SRVLWLRQ� LV� JLYHQ� E\� LQWHJHU
FRRUGLQDWHV� >L�M@� ��ÊL�P���ÊM�Q��� ,Q�DGGLWLRQ�� LW�KDV�HGJHV�³JOXHG´� WRJHWKHU�� L�H�� FHOOV� IURP� WKH� WRS
URZ�DUH�DGMDFHQW� WR�ERWWRP�URZ�FHOOV�DQG�FHOOV� IURP�WKH�ULJKW�HGJH�DUH�DGMDFHQW� WR� OHIW�HGJH�FHOOV�
+HQFH��OHIW�QHLJKERXU�RI�WKH�FHOO�ZLWK�FRRUGLQDWHV�>L�M@�LV�WKH�FHOO�ZLWK�FRRUGLQDWHV�>�L�P����PRG�P�
M@�� ULJKW�QHLJKERXU�KDV�FRRUGLQDWHV� >�L����PRG�P�� M@��XSSHU�RQH� >L�� �M�Q����PRG�Q@�� ORZHU� >L�� �M���
PRG�Q@��HWF��$GYDQWDJH�RI�WKH�WRUXV�JULG�LV�KRPRJHQLW\���LW�KDV�QR�HGJHV�DQG�WKHUHIRUH�D�VHDPOHVV
WH[WXUH�FDQ�EH�HDVLO\�PDGH�RQ�LW�



��� %LQDU\�7H[WXUHV

,�ZDV�VHHNLQJ�IRU�HYROXWLRQDO�WH[WXUH�FODVV�LQ�ZKLFK�,�ZRXOG�EH�DEOH�WR�JHQHUDWH�GHYHORSPHQWDO�UXOHV
VWRFKDVWLFDOO\��0RVW�VLPSOH�VHHPV�WR�EH�ELQDU\�WH[WXUH�FDWHJRU\�GHILQHG�RQ�WKH�WRUXV�JULG��6XSSRVH
WKH�FHOO�KDV�RQO\�RQH�ELQDU\�YDULDEOH��������/HW�LW�DOORZ�WR�FRPPXQLFDWH�ZLWK���QHLJKERXUV��RQ�WKH
OHIW��ULJKW��XSSHU�DQG�ORZHU�VLGH��&HOO�FDQ�UHDG�WKHLUV�YDULDEOHV�

)LJXUH����%LQDU\�WH[WXUH�±�FHOO�DQG�LWV�QHLJKERXUKRRG�

%LQDU\� HYROXWLRQDO� V\VWHP� FRQVLVWV� RI� P�Q� FHOOV� ZLWK� RQH� SURJUDP� DVVRFLDWHG�� 7KLV� SURJUDP� LV
HYRNHG�PQ�WLPHV�LQ�RQH�WLPH�VWHS�WR�UHFRPSXWH�VWDWH�RI�HDFK�FHOO��,WV�LQSXW�LV�WKH�FHOO�YDULDEOH�DQG
WKH� FHOO� QHLJKERXUV� YDULDEOHV�� RXWSXW� LV� WKH� FHOO� YDULDEOH� QHZ� YDOXH�� 3URJUDP� LV� WKHQ� D� ELQDU\
IXQFWLRQ� GHILQHG� RQ� ILYH� YDULDEOHV�� VFKHPDWLFDOO\� �OHIW�� ULJKW�� XSSHU�� ORZHU�� YDUL���� YDUL���� 7KDW
PHDQV�����ELWV���LWV�RXWSXW�YHFWRU��PD\�UHSUHVHQW�LW�

6RPHRQH�ZRXOG�ZRQGHU��ZKDW�LV�SRVVLEOH�WR�JHW�ZLWK�VR�VPDOO�SURJUDP�VHW��2PLWWLQJ�WKH�LQLWLDO
VWDWHV��WKH\�GHVFULEH����� �������SDWWHUQV��+DYLQJ����ELWV�ZH�DUH�DEOH�WR�PDNH�IRU�H[DPSOH�VLPSOH
ELQDU\�UHDFWLRQ�GLIIXVLRQ�WH[WXUHV��SDWWHUQV�OLNH�FKHVVERDUG��VWULSH�IRUPDWLRQV�RU�SLFWXUH�RI�DUWLILFLDO
VHDVKRUH��,W�LV�QRW�YHU\�GLIILFXOW�WR�SURYH�WKHVH�VWDWHV��$VVLJQLQJ�UDQGRP�ELQDU\�YDOXH�DW�LQLW�VWDWH�LV
VXIILFLHQW�WR�EULQJ�LUUHJXODULW\�WR�WKH�V\VWHP�

6XSSRVH� KDYLQJ� WKDW� UDQGRP� LQLW� VWDWH�� 7KHQ�� DQ\� DUELWUDU\� ���ELW� YHFWRU� UHSUHVHQWV� D� WH[WXUH
�VWDWLVWLFDOO\� VLPLODU� WH[WXUHV��� ,Q� WKH� RWKHU� ZRUGV�� ,� IRXQG� WKH� ZD\� WR� VWRFKDVWLFDOO\� JHQHUDWH
GHYHORSPHQWDO� UXOH� RI� ELQDU\� WH[WXUH� ±� UDQGRP� VHWWLQJ� RI� ��� ELWV�� 2QO\� D� SDUW� RI� ���ELW� YHFWRUV
UHSUHVHQWV� QLFH� DEVWUDFW� SLFWXUHV��PDMRU� SDUW� LV� D� WUDVK�� +RZ� RIWHQ� GRHV� WKH� QLFH� DEVWUDFW� SLFWXUH
SURJUDPV�RFFXU�LQ�WKH�VHTXHQFH�RI�UDQGRPO\�JHQHUDWHG�SURJUDPV"�,�PDGH�DQ�DSSOLFDWLRQ�IRU�ILQGLQJ
DQ�DQVZHU��,W�VHWV� WKH�V\VWHP�LQLW�VWDWH�DQG����ELW�SURJUDP��GHYHORSPHQWDO�UXOH��VWRFKDVWLFDOO\�DQG
WKHQ�PDNHV�DQ�HYROXWLRQ��GLVSOD\LQJ�LW�RQ�WKH�VFUHHQ��8VHU�FDQ�VWRS�WKH�HYROXWLRQ��VHH�LWV�UHVXOW�DQG
JR�WR�DQRWKHU�DWWHPSW�

,�GLG�QRW�H[SHFW�DQ\�VXFFHVV��%XW�DIWHU�RQO\�D�IHZ�PLQXWHV�RI�H[SHULPHQWLQJ�ZLWK�UHDG\�SURJUDP�,
VDZ� PDQ\� LQWHUHVWLQJ� ELQDU\� SDWWHUQV� ±� SDWWHUQV� WKDW� DUH� QRW� MXVW� UDQGRP� PL[WXUH� ELQDU\
DUUDQJHPHQWV�



)LJXUH����%LQDU\�WH[WXUHV�FUHDWHG�E\�UDQGRP�FHOO�SURJUDP�JHQHUDWLRQ�

,�ZDV�VXUSULVHG��DOPRVW�RQH�IURP�ILYH�WH[WXUH�PLJKW�EH�PDUNHG�DV�D�QLFH�DEVWUDFW�SLFWXUH��,�VDZ�WKH
IDPLOLDU�ORRNLQJ� SDWWHUQV� DQG� DOVR� DPD]LQJ� IRUPDWLRQV� ,� KDYH� QHYHU� VHHQ� EHIRUH�� ,I� ,� ZDQWHG� WR
FRPSDUH� WKH� VLWXDWLRQ� ZLWK� H[SOLFLW� ELQDU\� SLFWXUHV� �LW� LV� QRW� H[DFWO\� FRUUHFW��� KRZ� JUHDW� DUH� P\
FKDQFHV�WR�VHH�DQ\�LQWHUHVWLQJ�WKLQJ�LQ�WKH�VWUDLJKWIRUZDUG�UDQGRP�JHQHUDWHG�ELQDU\�SLFWXUH"

:KDW� DERXW� PDNLQJ� QLFH� DEVWUDFW� ELQDU\� SLFWXUH� ZLWKRXW� XVHU� LQWHUDFWLYLW\"� ,� VWDUWHG� WR� VWXG\
ELQDU\�WH[WXUHV�EHKDYLRXU�DQG�IRFXVHG�RQ�WKHLU�FRQYHUJHQFH��,�QRWLFHG�WKDW�HDFK�FRQYHUJHQW�V\VWHP
IRUPV�DQ�LQWHUHVWLQJ�SDWWHUQ��7KHUH�ZHUH�DOVR�ELQDU\�V\VWHPV�WKDW�HYROXWHG�LQWR�LQWHUHVWLQJ�LPDJH�DQG
WKHQ� EHJDQ� WR� UHSHDW� SDUW� RI� WKHLU� ³OLIH�F\FOH´�� H�J�� WKH� V\VWHP� FRXOG� EH� VWDEOH� EXW� WKHUH� ZHUH
LQGHSHQGHQW�FHOOV�VZLWFKLQJ�YDULDEOH�YDOXHV�WR�RSSRVLWH�WKDQ�LQ�WKH�SUHYLRXV�VWHS��7KHVH�V\VWHPV�DUH
VWDEOH�LQ�IDFW�±�WKH\�IXOILO�³ZHDN�FRQGLWLRQ�RI�VWDELOLW\´��V\VWHP�LV�VWDEOH�LI�LWV�VWDWH�KLVWRU\�LV�ILQLWH
VWDWH�VHTXHQFH�UHSHWLWLRQ��,Q�FRPSXWHU�VFLHQFH�D�³VWURQJ�FRQGLWLRQ�RI�VWDELOLW\´�LV�SUHIHUUHG��V\VWHP
LV� VWDEOH� LI� LWV� KLVWRU\� LV� RQH� VWDWH� UHSHWLWLRQ� �ZH�ZLOO� XVH� WKLV� GHILQLWLRQ��� 6\VWHP� FRQYHUJHV� LI� LW
EHFRPHV� VWDEOH� DQG� GLYHUJHV� LQ� DOO� RWKHU� FDVHV�� %LQDU\� HYROXWLRQDO� WH[WXUH� V\VWHP� FRQYHUJHQFH
GHSHQGV�RQ�WKH�PHVK�VKDSH�DQG�LQLWLDO�VWDWH�

,� GHYHORSHG� DQ� DOJRULWKP� GHWHUPLQLQJ� ELQDU\� HYROXWLRQDO� WH[WXUH� V\VWHP� FRQYHUJHQFH� ZLWKRXW
FRQVLGHULQJ� LQLW� VWDWH�� 2Q� LQSXW�� WKHUH� LV� D� ���ELW� SURJUDP� �GHYHORSPHQWDO� UXOH�� DQG� D� PHVK�
$OJRULWKP�LV�VHHNLQJ�IRU�WKH�VWDEOH�VWDWH�RI�HYROXWLRQDO�V\VWHP�UHSUHVHQWHG�E\�WKLV�SURJUDP��7KLV�LV
GRQH� E\� UHYHUVH� SDWWHUQ� �VWDWHV�� FRPSOHWLQJ� ±� LQ� HDFK� VWHS� RQH� FHOO� DQG� LWV� IRXU� QHLJKERXUV� DUH
H[DPLQHG�WR�ILW�LQ�WKH�SDWWHUQ�

)LJXUH�����5HYHUVH�SDWWHUQ�FRPSOHWLQJ�

5DWKHU� WKDQ� GHVFULEH� WKH� DOJRULWKP� IRUPDOO\� ,� ZLOO� GLVFXVV� H[DPSOH� RI� RQH� VWHS�� 6XSSRVH� WKDW
DOJRULWKP� OHG� WR� WKH� VLWXDWLRQ�RQ� WKH�)LJXUH�����7KHUH� DUH� FHOOV�ZLWK�SUHVHW� VWDWH� ���RU���� DQG� WKH



ZKLWH�FHOOV�±�WKH\�KDYHQ¶W�VHW� WKHLU�VWDWH��\HW��$OJRULWKP�ZDQWV� WR�H[DPLQH�FHOOV�ERXQGHG�E\� WKLFN
OLQHV�� ,W�ZLOO� VHDUFK� WURXJK� WKH� ���ELW� ERROHDQ� IXQFWLRQ� �SURJUDP� JLYHQ� RQ� LQSXW�� WR� ILQG� VXLWDEOH
DVVLJQPHQW�RI�DUJXPHQWV�WR�WKH�IXQFWLRQ�YDOXH��,W�PXVW�KDYH�WKH�IRUP��OHIW��ULJKW��XSSHU��ORZHU��YDU�
�� YDU�� LQ� JHQHUDO� �VWDELOLW\� FRQGLWLRQ��� ,Q� RXU� FDVH�� ���� "�� ��� "�� ����� ��� 4XHVWLRQ�PDUNV� DUH
VXEVWLWXWHG� E\� ELQDU\� YDOXHV�� ,I� QR� VXEVWLWXWLRQ� HTXDO� WR� IXQFWLRQ� DVVLJQPHQW� LV� IRXQG� DOJRULWKP
NQRZV� WKH� V\VWHP� FRQILJXUHG� DV� )LJXUH� ��� VKRZV� LV� QRW� VWDEOH�� ,I� VXFK� VXEVWLWXWLRQ� LV� IRXQG
DOJRULWKP�VKRXOG�VHW�FHOO�VWDWHV�PDUNHG�E\�³"´�WR�DSSURSULDWH�YDOXHV��7RJHWKHU�ZLWK�SUHVHWV�WKH�QHZ
WZR�FHOOV�IRUP�D�VWDEOH�DUUDQJHPHQW�

$OJRULWKP�PDNHV�UHFXUVLYH�VWHSV��,I�LW�UHDFKHV�WKH�XQVWDEOH�VLWXDWLRQ�LW�ZLOO�JR�RQH�VWHS�EDFN�DQG
WULHV�DQRWKHU�VXEVWLWXWLRQ��,W�VXFFHHGV��LI�ZKROH�PHVK�LV�ILOOHG�E\�FHOOV�ZLWK�VHW�YDOXHV��7KLV�VLWXDWLRQ
LV�VKRZQ�RQ�RXWSXW��,W�LV�WKH�LQLW�VWDWH�DQG�LW�ZLOO�QHYHU�FKDQJH�DIWHU�DQ�HYROXWLRQ��$OJRULWKP�NQRZV
WKHUH�LV�QR�VWDEOH�DUUDQJHPHQW�DIWHU�WU\LQJ�DOO�SRVVLEOH�VLWXDWLRQV�ZLWKRXW�PHVK�IXOILOPHQW��,�XVH�DQ
RSWLPDOL]DWLRQ�QRW� WR�ZDVWH�ORW�RI� WLPH�LQ�WKH�SKDVH�RI�FKRRVLQJ�WKH�SODFH�ZKHUH�QHZ�VWHS�ZLOO�EH
GRQH��VPDOOHU�WKH�QXPEHU�RI�XQH[SORUHG�FHOOV��PDUNHG�E\�³"´�LQ�WKH�H[DPSOH��LQ�WKH�QHLJKERXUKRRG
LV�� VPDOOHU� WKH� HIIRUW� WR� ILQG� VXLWDEOH� VXEVWLWXWLRQ� LQ� RQH� VWHS� LV� QHHGHG�� +RZHYHU�� DOJRULWKP
FRPSOH[LW\� LV� YHU\� KLJK� �EHFDXVH� RI� EDFNWUDFNLQJ��� ,� GHYHORSHG� D� VLPSOH� DSSOLFDWLRQ� XVLQJ
FRQYHUJHQFH�GHWHUPLQDWLRQ�DOJRULWKP�IRU�3&�FDSDEOH�RI�UXQQLQJ�LQ�'26�PRGH��8VHU�FDQ�GHILQH�VL]H
RI� UHFWDQJXODU� JULG�� FRPSXWHU� JHQHUDWHV� UDQGRP� GHYHORSPHQWDO� SURJUDP� DQG� GHWHUPLQHV� LWV
FRQYHUJHQFH�� ,I� LW� GRHVQ¶W� FRQYHUJH� �QR� LQLWLDO� VWDWH� OHDGV� WR� VWDEOH� VWDWH��� XVHU� LV� DQQRXQFHG�� ,I� LW
FRQYHUJHV��WKH�UHVXOW��LQLWLDO�VWDWH��LV�GLVSOD\HG��$SSOLFDWLRQ�UXQV�IDVW��WDNLQJ�WKH�WLPH�IURP�IUDFWLRQ
RI� VHFRQG� WR� RQH� PLQXWH� RQ� WKH� 3HQWLXP� ,,,� ���� 0+]� SURFHVVRU�� RQO\� ZRUNLQJ� ZLWK� XS� WR
DSSUR[LPDWHO\����FHOOV�LQ�WKH�VTXDUH�

8VLQJ� DOJRULWKP� PHQWLRQHG� DERYH� WKHUH� LV� QR� SUREOHP� WR� FUHDWH� D� WH[WXUH� JHQHUDWRU� \LHOGLQJ
YDULRXV�QLFH�DEVWUDFW�SLFWXUHV�LQ�WKH�ELQDU\�GRPDLQ�����ELW�SURJUDPV�DUH�UDQGRPO\�JHQHUDWHG�XQOHVV
RQH� WKDW� FRQYHUJHV� RQ� WKH� JLYHQ� PHVK� LV� IRXQG� DQG� V\VWHP¶V� VWDEOH� LQLW� VWDWH� LV� REWDLQHG�
'LVDGYDQWDJH� RI� WKLV� DSSURDFK� LV� WKH� OLPLWDWLRQ� ,� XVH� IRU� ELQDU\� HYROXWLRQ� WH[WXUHV�� RQO\� RQH� FHOO
YDULDEOH�LV�XVHG�DQG�RQO\�IRXU�FHOO�QHLJKERXUV�DUH�WDNHQ�LQWR�FRQVLGHUDWLRQ��,QFUHDVLQJ�WKHVH�QXPEHUV
PDNHV�FRPSXWDWLRQ�RI�HYROXWLRQ�YHU\�VORZ�

��� /DQJXDJH�IRU�(YROXWLRQDO�7H[WXUHV

:H� FDQ� FRPELQH� SL[HOV� IURP� D� ELQDU\� WH[WXUH� WR� UHDFK�PRUH� WKDQ� �� FRORUV��:LGHU� FRORU� VFDOH� LV
QHHGHG� IRU� SDWWHUQV� UHVHPEOLQJ� RULJLQDOV� LQ� QDWXUH�� 7KHUHIRUH� ZH�PXVW� H[WHQG� ELQDU\� HYROXWLRQDO
WH[WXUHV�WR�PRUH�FRPSOH[�PRGHO��)LUVW��D�FHOO�YDULDEOH�VKRXOG�EH�UHDO�QXPEHU��1H[W��WKHUH�RXJKW�WR
EH�PRUH�WKDQ�RQH�YDULDEOH�LQ�WKH�FHOO��0RUHRYHU��YDULDEOHV�PD\�EH�IRUPHG�LQWR�VWUXFWXUHV��0HPRU\
VSDFH�PD\�EH�DVVRFLDWHG�WR�WKH�FHOO��$OVR�QXPEHU�RI�QHLJKERUV�FHOO�FDQ�DFFHVV�FRXOG�EH�LQFUHDVHG�
7RUXV�JULG�PD\�EH�XSJUDGHG�WR�DQ\�RWKHU�PHVK�VWUXFWXUH��HYHQ�PRUH�WKDQ�WZR�GLPHQVLRQDO��

,Q� JHQHUDO�� ZH� FDQ� WKLQN� DERXW� WKH� FHOO� OLNH� DERXW� QRGH� HQFDSVXODWLQJ� PHPRU\� VSDFH� DQG� D
GLVWULEXWHG� SURJUDP�� ,W� FRRSHUDWHV� ZLWK� RWKHU� QRGHV� LQ� WKH� QHW� E\� PHVVDJH� FRPPXQLFDWLRQ�� 7KLV
SODWIRUP�LV�UREXVW�HQRXJK�WR�ZULWH�SURJUDP�PDNLQJ�DQ\�UHDVRQDEOH�WH[WXUH��EXW�LW�LV�KDUG�WR�PDQDJH�
SURJUDP� FRGLQJ� ZRXOG� WDNH� ORW� RI� WLPH�� HYROXWLRQ� RQ� GLVWULEXWHG� V\VWHP� ZRXOG� EH� VORZ�� LW� LV
XVHOHVVO\� FRPSOH[�� /HW¶V� JR� EDFN� WR� VLPSOHU� SODWIRUP�� 'HYHORSPHQWDO� UXOH� FDQ� EH� YLHZHG� DV� DQ
DVVLJQPHQW�f�[ � �[ � �����[ � �� ��[ � �[ � �����[ � ���ZKHUH�P�LV�QXPEHU�RI�FHOO�YDULDEOHV��PHPRU\�VL]H��DQG�Q�LV
QXPEHU�RI�DOO�YDULDEOHV�WKDW�FHOO�LV�DEOH�WR�UHDG�LQFOXGLQJ�LWV�RZQ��PÊQ���6SOLWWLQJ�LW�LQWR�P�IXQFWLRQV
ZH�KDYH�f � �[ � �[ � �����[ � �� �[ � ���ÊLÊP��ZKHUH�f � �LV�UXOH�IRU�YDULDEOH�[ � ��+RZ�FDQ�EH�WKLV�UXOH�GHVFULEHG"
7KHUH� DUH� WZR� DFFHVVHV�� )LUVW� LV� EDVHG� RQ� IXQFWLRQDO� FRPSRVLWLRQ�� f � �[ � �[ � �����[ � ��  
I � �[ � �[ � �����[ � ��I � �[ � �[ � �����[ � ���,W�LV�VXLWDEOH�LQ�VRPH�FDVHV��H�J��.XUW�)OHLVFKHU�>�@�XVHV�ILUVW�RUGHU�OLQHDU
HTXDWLRQV�DV�WKH�UXOHV��1HYHUWKHOHVV��LW�LV�KDUG�WR�ZULWH�±�DQG�DOVR�UHDG�±�PRUH�FRPSOH[�UXOH�LQ�WKDW



ZD\��7KHUHIRUH�,�SUHIHU�ZULWLQJ�WKH�UXOHV�LQ�FRQGLWLRQDO�IRUP��f � �[ � �[ � �����[ � �� �LI�ERRO�[ � �[ � �����[ � ��WKHQ
H[S � �[ � �[ � �����[ � ��HOVH�H[S � �[ � �[ � �����[ � ��

���� 7H[WXUH�ODQJXDJH

7KHUH�LV�RQH�LPSRUWDQW� WKLQJ�DERXW�H[WHQGLQJ�ELQDU\� WH[WXUHV�� ,�GRQ¶W�NQRZ��KRZ�WR�VWRFKDVWLFDOO\
JHQHUDWH� GHYHORSPHQWDO� UXOHV� IRU� WKHP�� ,PDJLQH� D� FHOO� RQO\� ZLWK� RQH� UHDO�QXPEHU� YDULDEOH�� ,W� LV
LPSRVVLEOH� IRU�XVHU� WR� OLVW�GRZQ�DOO� FHOO� VWDWHV�DQG�DVVLJQ� D�YDOXH� WR� HDFK�RQH� DV� LW�ZDV� LQ�ELQDU\
WH[WXUHV�� ,�ZDV� WU\LQJ� WR�FUHDWH�D� VLPSOH� ODQJXDJH� LQ�ZKLFK�GHYHORSPHQWDO� UXOHV�FRXOG�EH�ZULWWHQ�
6LPSOH� LQ� WKH� ZD\� WKDW� RQH� FRXOG� HDVLO\� ZULWH� D� ³SURJUDP´� �GHYHORSPHQWDO� UXOH�� XVLQJ� LW�� WKH
SURJUDP�FRXOG�EH�TXLFNO\�LQWHUSUHWHG��IDVW�HYROXWLRQ��DQG�PD\EH�UDQGRP�SURJUDP�JHQHUDWRU�FDQ�EH
IRXQG�IRU�WKH�ODQJXDJH��,�GHYHORSHG�RQH�DQG�FDOO�LW�7H[WXUH�/DQJXDJH�

,�DP�VWLOO�XVLQJ�WRUXV�JULG�DV�D�VWUXFWXUH�IRU�WH[WXUH�GRPDLQ��,Q�7H[WXUH�/DQJXDJH�FHOO�FRQVLVW�RI
OLQHDU� DUUD\� RI� UHDO�QXPEHU� YDULDEOHV�� ,� IRXQG� RXW� WKDW� �� YDULDEOHV� DUH� HQRXJK� IRU� FUHDWLQJ� ODUJH
DPRXQW�RI�IDPLOLDU�SDWWHUQV��7KHUH�LV�D�SRVVLELOLW\�WR�DOORFDWH�XS�WR���YDULDEOHV��7KH\�DUH�DFFHVVHG�E\
LQGH[�QXPEHUV��3URJUDP�LQ�WKH�7H[WXUH�/DQJXDJH�FRQVLVWV�RI�UXOHV��RQH�IRU�HDFK�YDULDEOH��5XOHV�DUH
LGHQWLILHG�E\�KHDGHU�LQ�WKHLU�EHJLQQLQJV��DIWHU�WRNHQ�>L@�UXOH�IRU�YDULDEOH�L�LV�H[SHFWHG��(DFK�UXOH�LV�D
FRQGLWLRQDO��,W�KDV�WUXH�DQG�IDOVH�EUDQFKHV��ZKLFK�PD\�EH�DJDLQ�FRQGLWLRQDOV�RU�UHDG\�YDOXHV��7R�JDLQ
IDVWHU�LQWHUSUHWDWLRQ�WKHUH�LV�RQH�GLIIHUHQFH�WR�FRPPRQ�FRQGLWLRQDO�VHPDQWLFV�LQ�7H[WXUH�/DQJXDJH�
,Q�WKH�HYDOXDWLRQ�SKDVH��DV�LQWHUSUHWHU�JRHV�DORQJ�WKH�WUXH�IDOVH�EUDQFKHV�ZLWK�UHJDUG�WR�FRQGLWLRQV��LW
QHYHU�UHWXUQV�EDFN��HYHQ�DIWHU�QR�YDOXH�LV�DVVLJQHG�WR�WKH�SDUWLFXODU�YDULDEOH�DW�WKH�EUDQFK�HQG��&HOO
LV�DEOH�WR�DFFHVV���QHLJKERXUV��XSSHU�OHIW��XSSHU�ULJKW��ORZHU�OHIW�DQG�ORZHU�ULJKW�DGMDFHQW�FHOOV�ZHUH
DGGHG� LQWR� QHLJKERXUKRRG�� 1HLJKERXU� FHOO� YDULDEOHV� FDQ� EH� UHDG� XVLQJ� WRNHQV� OHIW>L@�� ULJKW>L@�
XSSHU>L@��ORZHU>L@��XO>L@��XSSHU�OHIW�QHLJKERXU���XU>L@��OO>L@��OU>L@��ZKHUH�L�LV�YDULDEOH�LQGH[�QXPEHU�

)LJXUH�����7H[WXUH�/DQJXDJH�V\QWD[�GLDJUDP�

,� KDYH� GHYHORSHG� WKH� 7H[WXUH� /DQJXDJH� LQWHUSUHWHU� DSSOLFDWLRQ� UXQQLQJ� DV� 06�'26� UHDO� PRGH
H[HFXWDEOH�FDSDEOH�RI�VKRZLQJ�WKH�UHVXOWV�LQ�9*$�JUDSKLFV��,W�H[SHFWV�7H[WXUH�/DQJXDJH�ILOH�QDPH
RQ�WKH�LQSXW��FRPPDQG�OLQH���3URJUDP�VKRXOG�EH���ELW�$6&,,�WH[W�ILOH�ZLWK��WOD�H[WHQVLRQ��7H[W�OLQHV
DQG� ZRUGV� WKDW� DUH� QRW� UHFRJQLVHG� DV� WKH� SDUWV� RI� UXOHV� DUH� VXSSRVHG� WR� EH� XVHU� UHPDUNV�� ,I� WKH
DSSOLFDWLRQ� GRHVQ¶W� NQRZ� KRZ� WR� LQWHUSUHW� WKH� SURJUDP�� LW� UHSRUWV� HUURU� PHVVDJH� DFFRUGLQJ� WR



VLWXDWLRQ�DQG�H[LWV��2WKHUZLVH��HYROXWLRQ�LV�WULJJHUHG��7KHUH�LV�QR�LQLWLDO�VWDWH�SUHVHW��SURJUDP�VKRXOG
GR� WKDW��� HYROXWLRQ� EHJLQV� E\� WLPH� ��� 5HVXOWV� DUH� GLVSOD\HG� LQ� IRUP� RI� OD\HUV� ±� HDFK� OD\HU� LV� D
UHFWDQJOH�VKRZLQJ�WKH�VWDWH�RI�DOO�YDULDEOHV�ZLWK�VDPH�LQGH[��RQH�SL[HO�SHU�RQH�FHOO���,�XVH����GHJUHH
ZKLWH�WR�EODFN�SDOHWWH�ZKHUH�EODFN�FRORU�UHSUHVHQWV�PLQLPDO�DFWXDO�YDOXH�IURP�WKH�OD\HU�DQG�ZKLWH
UHSUHVHQWV�WKH�PD[LPDO�RQH�

)LJXUH�����7H[WXUH�/DQJXDJH�SURJUDP�DQG�UHVXOWLQJ�LPDJH�H[DPSOH�

,Q�ILJXUH����WKHUH�LV�D�SURJUDP�PDNLQJ�DQ�³DYHUDJH�QRLVH´��,W�ILOOV�RQO\�WKH�ILUVW�OD\HU�RI�HYROXWLRQDO
V\VWHP��5XOH�IRU�YDULDEOH���VHWV�LW�D�UDQGRP�YDOXH��EHWZHHQ���DQG����ZKLOH�WLPH����8S�WR�WLPH����D
SURFHVV�RI�DYHUDJLQJ�QHLJKERXULQJ�YDULDEOHV�EHJLQV��YDOXHV� IURP�OHIW�DQG�XS�QHLJKERXUV�DQG� IURP
WKH�FHOO�LWVHOI��FHQWHU>�@��DUH�DYHUDJHG�DQG�WKH�UHVXOW�LV�VWRUHG�LQWR�YDULDEOH����,W�FDXVHV�DQ�HIIHFW�RI
VPRRWKLQJ�D�UDQGRP�SDWWHUQ�ZKLOH� LW�VOLJKWO\�UROOV� LQ�WKH�ORZHU�ULJKW�GLUHFWLRQ��$OO�GHVFULEHG�ZRUN
FDQ�EH�GRQH�E\�ZULWLQJ�IRXU�OLQHV��1R�LQLWLDOLVDWLRQ��QR�FDUH�RI�WKH�RXWSXW��8VHU�PD\�FRQFHQWUDWH�RQ
WKH�DOJRULWKP¶V�FRUH�LQ�SKDVH�RI�FRGLQJ�LW�LQWR�WKH�7H[WXUH�/DQJXDJH�

1RW�DOO� WH[WXUH�JHQHUDWLRQ� WHFKQLTXHV�DUH�VR�HDVLO\� WUDQVIHUDEOH��RI�FRXUVH��7H[WXUH�/DQJXDJH� LV
PRVW� VXLWDEOH� IRU� LPSOLFLW� UDVWHU� WHFKQLTXHV��:KDW� DUH� LWV� SRVVLELOLWLHV"� )RUPDOO\�� KRZ� ODUJH� LV� D
WH[WXUH�VHW�LW�GHVFULEHV��DQG�ZKLFK�WH[WXUH�FODVVHV�LW�LQFOXGHV"�,W�LV�FOHDU�WKDW�ELQDU\�WH[WXUHV�EHORQJ
WKHUH�� %HFDXVH� RI� VLPLODU� QDWXUH�� LW� LV� SRVVLEOH� WR� VLPXODWH� VLPSOH� FHOOXODU� DXWRPDWD� E\� 7H[WXUH
/DQJXDJH��.XUW� )OHLVFKHU¶V� FHOOXODU� SURJUDPV� FDQ� EH�ZULWWHQ� LQ� LW�� $V� LW� ZDV� VKRZQ��PDQ\� QRLVH
GHVFHQGDQWV�DUH�HDV\�WR�ZULWH��7H[WXUH�/DQJXDJH�LV�YHU\�VXLWDEOH�IRU�UHDFWLRQ�GLIIXVLRQ�WHFKQLTXH�±
DOJRULWKPV�PD\�EH�VWUDLJKWIRUZDUG�WUDQVFULSW�IURP�WKH�HTXDWLRQV�

)LJXUH�����7KLV�SLFWXUH�VKRZV�WZR�IURP�WKUHH�OD\HUV�RI�D�VLPSOH�UHDFWLRQ�GLIIXVLRQ�V\VWHP�ZULWWHQ�LQ
7H[WXUH�/DQJXDJH�



)LJXUH�����2Q�WKH�OHIW��WKHUH�LV�YLVXDOLVDWLRQ�RI�DQ�DOJRULWKP�WKDW�XVHV�I%P�LQ��'��)LUVW�OD\HU�LV�DQ
LQWHJUDWLRQ�RI�VHFRQG�RQH��3URJUDP�KDV����OLQHV��2Q�WKH�ULJKW��UHVXOW�RI�DQ�ROGHU�SURJUDP�ZULWWHQ�LQ

3DVFDO�LV�VKRZQ��,W�LV��VWDWLVWLFDOO\��WKH�VDPH�DV�WKH�VHFRQG�OD\HU�IURP�WKH�OHIW�VLGH�

7H[WXUH�/DQJXDJH�LV�GHVLJQHG�IRU�WH[WXUH�GHYHORSHUV��WKDW�PHDQV�RQH�PXVW�NQRZ�WKH�WHFKQLTXH��DW
OHDVW�KDYH� LWV� IRUPXODV��EHIRUH�FRGLQJ� LW�� ,Q�DGGLWLRQ�� WKH� VHQVH�RI�GLVWULEXWHG�V\VWHPV� LV� UHTXLUHG�
6RPH�IHDWXUHV�DUH� VSHFLILF� IRU� WKH� ODWWLFHG�EDVHG�QHWV�� ,W� LV�PDLQO\� WKH�PHWULFV� �URXWLQJ�� WUDYHUVLQJ
DQG�RWKHU� VLPLODU� SUREOHPV��� ,W� LV� YHU\� HDV\� WR� H[DPLQH� KRZ� LV� WKH� FRPPXQLFDWLRQ� EHWZHHQ� FHOOV
SHUIRUPHG��)RU�H[DPSOH��EURDGFDVWLQJ�WKH�PHVVDJH�IURP�WKH�SODQH�FHQWUH�WR�RWKHU�FHOOV��,QIOXHQFH�RI
0DQKDWWDQ�PHWULFV� FDQ� EH� IRXQG��<RX� FDQ� XVH� WKH�(XFOLGHDQ�� RI� FRXUVH�� (DFK� FHOO� FDQ� DFFHVV� LWV
FRRUGLQDWHV� �[�� \� V\PEROV�� DQG� UHDO�QXPEHU� DULWKPHWLF� LV� DOVR� VXSSRUWHG� �H�J�� VTUW�� VLQ�� FRV��
([SUHVVLRQV� DUH� ZULWWHQ� OLNH� LQ� $16,� &� VWDQGDUG�� QHVWHG� EUDFNHWV� FDQ� EH� XVHG�� 7KHUHIRUH�� DOVR
H[SOLFLW�IXQFWLRQ�YLVXDOLVDWLRQ�PD\�EH�ZULWWHQ�

)LJXUH�����5DGLDO�WXUEXOHQFH��DWWHPSW�WR�VLPXODWH�ZRRG��6HFRQG�OD\HU�SHUWXUEV�VLPSOH�IXQFWLRQ�LQ
WKH�ILUVW�OD\HU��7KHUH�ZDV�D�SURFHVV�RI�EURDGFDVWLQJ�WKH�LQIRUPDWLRQ�IURP�WKH�PLGGOH�WR�WKH�HGJHV��,W

LV�YLVLEOH�RQ�WKH�WKLUG�OD\HU��6HFRQG�OD\HU�LV�SRVWSURFHVVHG�WR�JHW�ULG�RII�0DQKDWWDQ�PHWULFV�

)LJXUH�����)UDFWDO�GLDPRQG�DOJRULWKP�VLPXODWLRQ��RQ�WKH�OHIW��DFFRPSOLVKHG�E\�DOPRVW�����OLQH
SURJUDP��(YHQ�LW�LV�SRVVLEOH�WR�PDNH�VR�SDWWHUQV��7H[WXUH�/DQJXDJH�LV�QRW�VXLWDEOH�IRU�IUDFWDOV�
&RPSXWLQJ�RI�WKH�LPDJH�WRRN�FRXSOH�RI�PLQXWHV��RULJLQDO�RQ�WKH�ULJKW�ZDV�WDNHQ�LPPHGLDWHO\�



��� &RQFOXVLRQV

0DQ\� WH[WXUHV� PD\� EH� SURGXFHG� XVLQJ� HYROXWLRQDO� V\VWHPV�� 2Q� WKH� RWKHU� VLGH�� WKHUH� DUH� ORW� RI
WH[WXUHV�GHYHORSHG�E\�FHUWDLQ�WHFKQLTXHV��WKDW�DUH�PXFK�PRUH�IDVWHU��*HRPHWU\�EDVHG�WH[WXUHV��H�J�
IUDFWDO� VQRZIODNH�� DUH� KDUG� WR� GHVFULEH� E\� DQ� HYROXWLRQ�� HYHQ� WKHUH� LV� QR� SUREOHP� WR� FRGH
LQFUHPHQWDO�OLQH�GUDZLQJ�DOJRULWKP�LQ�WKDW�ZD\��SURFHVVLQJ�WKLV�LQ�WKH�7H[WXUH�/DQJXDJH�LV�ZDVWLQJ
RI�LWV�SRZHU��)LJXUH����LV�DQ�H[DPSOH�RI�XQQHIHFWLYH�WH[WXUH�/DQJXDJH�DSSSOLFDWLRQ��$OJRULWKPV�RI
H[SOLFLW�QDWXUH�FDQ�EH�VLPXODWHG��EXW�WKLV�LV�QRW�ZKDW�7H[WXUH�/DQJXDJH�ZDV�GHYHORSHG�IRU��,�IRFXVHG
RQ� WKH� WHFKQLTXHV� JHQHUDWLQJ� WH[WXUHV� RQ� VRPH� PHVK�� EHFDXVH� WKH\� DUH� DEOH� WR� KDQGOH� FRPSOH[
SDWWHUQV�RFFXUULQJ�LQ�RXU�QDWXUH��,�XVHG�RQO\�SODLQ�JULG�ZLWK�UHJXODU�WRSRORJ\��EXW�WKH�PHVK�FDQ�EH
GLUHFWO\�FUHDWHG�RQ�WKH�REMHFW¶V�VXUIDFH�±�FDW�FRDW�ZLWK�LWV�LUUHJXODULWLHV�FDQ�EH�DFFRPSOLVKHG�LQ�WKLV
ZD\�

1RZ��ZH�DUH� UHDG\� WR�DQVZHU� WKH�TXHVWLRQ� IURP� WKH�EHJJLQLQJ� �LV� WKHUH�DQ\�DOJRULWKP� WKDW�FDQ
\LHOG� UHOHYDQW�VXEVHW�RI�QLFH�DEVWUDFW�SLFWXUHV"��� ,I� WKH�ELQDU\�GRPDLQ� LV� VDWLVI\LQJ��ZH�DUH�DEOH� WR
FRQVWUXFW� JHQHULF� WH[WXUH� DOJRULWKP�� 1RW� DOO� ELQDU\� WH[WXUHV� FDQ� EH� IRXQG� RQ� LWV� RXWSXW�� EXW� WKH
WHFKQLTXH� GHVFULEHG� LQ� WKLV� SDSHU� VXEVXPHV� PDQ\� RI� WKHP�� 3UREOHP� RI� GHILQLQJ� ³QLFH� DEVWUDFW
SLFWXUHV´�PD\�EH�VROYHG�RQ�WKH�LGHD�WKDW�DOO�SDWWHUQV�JHQHULF�WH[WXUH�DOJRULWKP�JLYHV�DUH�QLFH�DEVWUDFW
WH[WXUHV��,I�D�SRZHUIXO�JHQHULF�WH[WXUH�DOJRULWKP�ZRXOG�EH�FRQVWUXFWHG��ZH�FDQ�VD\�DOVR�WKDW�QR�RWKHU
SDWWHUQ�LV�QLFH�DEVWUDFW�SLFWXUH��+RZHYHU��ZH�FDQQRW�UHDOO\�GHILQH�ZKDW�LV�DQG�ZKDW�LV�QRW�QLFH�

7H[WXUH� /DQJXDJH�� ,� GHYHORSHG�� LV� OLWWOH� ELW� D� KHOSHU� IRU� WH[WXUH� GHYHORSHUV�� ,W� KDV� VRPH
GUDZEDFNV�� RI� FRXUVH� �RQH� RI� WKHP� LV� WKDW� SURJUDP� FDQQRW� FKDQJH� WKH� JULG� VL]H� ±� SURJUDP
LQLWLDOLVDWLRQ� VHFWLRQ� VKDOO� EH� VXSSRUWHG� ODWHU��� ,� GRQ¶W�ZDQW� WR� FRPSDUH� LW�ZLWK� VKDGHU� ODQJXDJHV�
EHFDXVH� LWV� RULJLQ� LV� VRPHZKHUH� HOVH�� ,W� LV� D� ODQJXDJH�� ZKLFK� ³SURJUDPV´� ,� WKRXJKW�� FRXOG� EH
JHQHUDWHG�VWRFKDVWLFDOO\��,I�VRPHRQH�LV�DEOH�WR�HQVXUH�UDQGRP�SURJUDP�JHQHUDWLRQ�LQ�WKLV�ZD\��OHW�PH
NQRZ��SOHDVH�
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