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$EVWUDFW

7KLV SDSHU SUHVHQWV VRPH H[SHULHQFHV LQ XVLQJ )XVLRQ DV DQ REMHFW�RULHQWHG GHYHORSPHQW
PHWKRG DQG 3DUDGLJP 3OXV DV D &$6( 7RRO VXSSRUWLQJ )XVLRQ VWHSV LQ DQ DSSOLFDWLRQ GHYHORSPHQW

SURMHFW� 7KH SDSHU DLPV WR LGHQWLI\ VRPH TXHVWLRQDEOH VHPDQWLF DVSHFWV RI )XVLRQ DQG DUHDV RI
FRQIXVLRQ LQ XVLQJ ERWK )XVLRQ DQG 3DUDGLJP 3OXV�

���,QWURGXFWLRQ

,Q ����� D JURXS RI IDFXOW\ PHPEHUV DQG UHVHDUFKHUV IURP ,QGXVWULDO (QJLQHHULQJ
'HSDUWPHQW DW %R÷D]LoL 8QLYHUVLW\ VWDUWHG D SURMHFW FDOOHG $5(026
 �$ 5(ILQHU\ 02GHOLQJ

6\VWHP�� $5(026 SUHVHQWV LWVHOI DV D SURWRW\SH LQWHUDFWLYH YLVXDO PRGHOLQJ WRRO IRU EXLOGLQJ D
YLVXDO SUHVHQWDWLRQ RI D FRPSOH[ SURFHVV LQGXVWU\ � D UHILQHU\� ZLWK DOO UHOHYDQW XQLW�VSHFLILF

SURGXFWLRQ GDWD DQG SDUDPHWHUV� :LWKRXW DQ\ LQWHUYHQWLRQ E\ WKH XVHU� WKLV YLVXDO PRGHO ZRXOG
DXWRPDWLFDOO\ FUHDWH D KLGGHQ OLQHDU SURJUDPPLQJ PRGHO IRU RSWLPL]LQJ SURGXFWLRQ GHFLVLRQ
YDULDEOHV�

$ SURMHFW WHDP GHFLGHG WR DGRSW WKH IROORZLQJ DSSOLFDWLRQ GHYHORSPHQW IUDPHZRUN�
� 2EMHFW�RULHQWHG DSSURDFK DV D GRPLQDQW SDUDGLJP LQ FRQWHPSRUDU\ VRIWZDUH

HQJLQHHULQJ
� )XVLRQ DV DQ DSSOLFDWLRQ GHYHORSPHQW PHWKRG ZKLFK VXSSRUWV REMHFW�RULHQWHG DSSURDFK
� 3ODWLQXP¶V 3DUDGLJP 3OXV DV D &$6( WRRO ZKLFK VXSSRUWV )XVLRQ PHWKRG

� +3 6RIW%HQFK DV DQ LQWHJUDWHG GHYHORSPHQW HQYLURQPHQW RQ 81,; SODWIRUP
� 9LVXDO (GJH¶V 8,0�; DV D WRRO IRU *8, GHVLJQ RQ 81,; SODWIRUP

� +3 &�� DV DQ LPSOHPHQWDWLRQ ODQJXDJH RQ 81,; SODWIRUP
� &�� %XLOGHU DV D 5$' WRRO IRU 3&�YHUVLRQ RI WKH DSSOLFDWLRQ

� %RUODQG &�� DV DQ LPSOHPHQWDWLRQ ODQJXDJH RQ 3& SODWIRUP
� &3/(; DV D VROYHU




5HVHDUFK VXSSRUWHG E\ %R÷D]LoL 8QLYHUVLW\ 5HVHDUFK )XQG� 6FLHQWLILF DQG 7HFKQLFDO 5HVHDUFK &RXQFLO RI

7XUNH\ 78%,7$.�0,6$*� DQG KDUGZDUH DQG VRIWZDUH GRQDWLRQ E\ +HZOHWW�3DFNDUG�



���)XVLRQ

,Q WKLV VHFWLRQ� ZH GHVFULEH VRPH SUREOHPV ZH HQFRXQWHUHG ZKLOH ZRUNLQJ ZLWK )XVLRQ� LQ

RUGHU WR LGHQWLI\ VKRUWFRPLQJV DQG LQFRQVLVWHQFLHV�

• 5HTXLUHPHQWV� )XVLRQ KDV QR UHTXLUHPHQWV SKDVH� 3DUDGLJP 3OXV VXSSRUWV WKH )XVLRQ

PHWKRG H[WHQGHG WR LQFOXGH UHTXLUHPHQWV FDSWXUH DQG WKH -DFREVRQ 8VH &DVH 0RGHO ����

6LQFH ZH VWDUWHG ZRUNLQJ RQ UHTXLUHPHQWV SKDVH EHIRUH VHOHFWLQJ D &$6( WRRO� LQ RXU
SURMHFW ZH KDYH XVHG VWDQGDUG GRFXPHQW GHVFULELQJ WKH UHTXLUHPHQWV DJDLQVW WKH QHZ
V\VWHP�

• 2EMHFW 0RGHO� 7KH QRWLRQ RI 2EMHFW 0RGHO LV QRW FRQVLVWHQW ZLWK LWV PHDQLQJ EHFDXVH LW

LV QRW EDVHG RQ REMHFWV� 5DWKHU� VLQFH LW UHSUHVHQWV D V\VWHP VWUXFWXUH E\ PHDQV RI
HQWLWLHV� DWWULEXWHV� DQG UHODWLRQVKLSV� LW ZRXOG EH PRUH DSSURSULDWH WR FDOO LW ³(QWLW\�

5HODWLRQVKLS �(5� PRGHO´ RU ³&ODVV 0RGHO´�

• 2EMHFW 0RGHO YV� 6\VWHP 2EMHFW 0RGHO� &RQIXVLRQ H[LVWV LQ UHODWLRQV EHWZHHQ 2EMHFW

0RGHO DQG 6\VWHP 2EMHFW 0RGHO DQG UHSUHVHQWDWLRQ RI H[WHUQDO UHDO�ZRUOG REMHFWV WKDW
UHPDLQ RXWVLGH WKH V\VWHP ERXQGDU\� 7KH FRQIXVLRQ DULVHV ZKHQ WKHUH DUH ERWK DJHQWV LQ

WKH HQYLURQPHQW DQG FODVVHV LQVLGH WKH V\VWHP WKDW UHIOHFW WKH H[WHUQDO DJHQWV�

• 5HODWLRQVKLSV� )URP (5 SHUVSHFWLYH� D VWDQGDUG UHODWLRQVKLS �DVVRFLDWLRQ W\SH RI

UHODWLRQVKLS� FDQ DOVR EH XVHG LQ PRGHOLQJ WKH FRQWDLQPHQW E\ XVLQJ ³FRQWDLQV´ RU ³LV

FRQWDLQHG E\´� 1R H[SODQDWLRQ LV JLYHQ ZKLFK DSSURDFK LV PRUH VXLWDEOH� $QRWKHU
TXHVWLRQ WKDW DULVHV KHUH LV KRZ WR UHSUHVHQW WKH ³PDQ\�WR�PDQ\´ FRQWDLQPHQW
UHODWLRQVKLS LQ ZKLFK PRUH WKDQ RQH SDUHQW �VXSHUFODVV� PD\ KDYH RQH RU PRUH FKLOGUHQ

�VXEFODVVHV�� ,W VHHPV WKDW )XVLRQ XVHV DJJUHJDWLRQ LQ WZR GLIIHUHQW PDQQHUV
LQWHUFKDQJHDEO\�

� DV D ZD\ RI FDSWXULQJ WKH FRQWDLQPHQW W\SH RI UHODWLRQVKLS
� DV D ZD\ RI �JURXSLQJ� HQWLWLHV�FODVVHV LQ 2EMHFW 'LDJUDPV

• ,QWHUDFWLRQV EHWZHHQ $JHQWV DQG 6\VWHP� $OO NLQGV RI LQWHUDFWLRQV EHWZHHQ $JHQWV DQG

WKH 6\VWHP LQ 2EMHFW 0RGHO DUH UHSUHVHQWHG ZLWK VWDQGDUG DVVRFLDWLRQ W\SH RI

UHODWLRQVKLSV� HYHQ WKRXJK WKH\ DUH QRW VR� 7KH\ VKRXOG QRW EH WUHDWHG DV UHODWLRQVKLSV
VLQFH WKH\ DUH LQ IDFW 6\VWHP 2SHUDWLRQV� 7KH VDPH DQDORJ\ DSSOLHV DOVR LQ FDVH RI WKH

DFWLRQV SHUIRUPHG E\ 6\VWHP WR $JHQWV �6\VWHP (YHQWV��

• 5HDGLQHVV RI /LIH &\FOH PRGHO� $IWHU H[SUHVVLQJ DOO VHTXHQFLQJ FRQVWUDLQWV LQ /LIH

&\FOH PRGHO� LWV UHDGLQHVV EHFRPHV D SUREOHP� 7KHUHIRUH D JUDSKLFDO UHSUHVHQWDWLRQ RI

/LIH &\FOH ZRXOG EH PRUH XVHIXO�

• 7LPHOLQH 'LDJUDPV �6FHQDULR 'LDJUDPV�� 7KHUH LV QR H[SODQDWLRQ RQ KRZ WR VKRZ

DOWHUQDWLYH FRPPXQLFDWLRQV�

• 2SHUDWLRQDO 0RGHO� 6KRZLQJ WKH RSWLRQDO HYHQWV LQ WKH 6HQG FODXVH RI WKH 2SHUDWLRQDO

0RGHO LV QRW GHVFULEHG�

• 2EMHFW 'HOHWLRQ� 'HOHWLRQ RI REMHFWV LV QRW WUHDWHG LQ WKH RSHUDWLRQ PRGHO QRU LQ 2EMHFW

,QWHUDFWLRQ *UDSKV �2,*V��

0DQ\ RI WKH SUREOHPV ZH KDYH HQFRXQWHUHG DQG OLVWHG DERYH FRPH IURP LQFRPSOHWH
GHILQLWLRQV� $V IDU DV ZH FRXOG VHH LQ D GRFXPHQW HQWLWOHG �(QJLQHHULQJ 3URFHVV 6XPPDU\� ZKLFK LV
DQQRXQFHG DV )XVLRQ � ���� PRVW RI WKHVH SUREOHPV ZLOO EH DGGUHVVHG LQ WKH QH[W YHUVLRQ�



���3DUDGLJP�3OXV

3ODWLQXP
V 3DUDGLJP 3OXV ��� LV D YHU\ FRPSUHKHQVLYH &$6( WRRO VLQFH LW LQFOXGHV VXSSRUW

IRU DOPRVW DOO ZHOO�NQRZQ REMHFW�RULHQWHG �22� PHWKRGV �5XPEDXJK�207 PHWKRG� %RRFK 22$'
PHWKRG� 80/ PHWKRG� )XVLRQ PHWKRG� 0DUWLQ�2GHOO 22,( PHWKRG� 6KODHU�0HOORU 22$ PHWKRG�
&RDG�<RXUGRQ 22$' PHWKRG� 22&/ PHWKRG� ,Q DGGLWLRQ� 3DUDGLJP 3OXV SURYLGHV VRPH PHWKRG�

LQGHSHQGHQW IHDWXUHV OLNH� 3URMHFW 0RGHO� 8VH &DVH 0RGHO DQG $UFKLWHFWXUH PRGHO�
,Q WKH VHFWLRQ WKDW IROORZV� ZH WU\ WR LGHQWLI\ VRPH SUREOHPV DQG LQFRQVLVWHQFLHV LQ

3DUDGLJP 3OXV
 )XVLRQ VXSSRUW� 7KH\ DUH OLVWHG DFFRUGLQJ WR GLIIHUHQW DVSHFWV FRYHULQJ VSHFLILF
PRGHOV �GLDJUDPV� LQ )XVLRQ�UHODWHG SKDVHV�

���� 2EMHFW 'LDJUDPV

:KLOH ZRUNLQJ ZLWK 2EMHFW 'LDJUDPV� WKH IROORZLQJ SUREOHPV RFFXUUHG�
� &DUGLQDOLW\� DJJUHJDWLRQ QDPHV DQG UROHV LQ DJJUHJDWLRQ W\SH RI UHODWLRQVKLSV DUH QRW

GRQH DXWRPDWLFDOO\ XSRQ FUHDWLQJ VRFNHW UHODWLRQVKLSV �SULPLWLYH WH[W VWULQJ LV XVHG
LQVWHDG�

� 7KHUH LV QR SURSDJDWLRQ RI DJJUHJDWLRQ FDUGLQDOLW\ DQG DJJUHJDWLRQ UROHV IURP 2EMHFW

'LDJUDP �WH[W VWULQJ�� DQ\WKLQJ GLIIHUHQW WKDQ GHIDXOW �RQH WR PDQ\� PXVW EH GRQH
WKURXJK 7DEOH (GLWRU

� 'LIIHUHQFH EHWZHHQ ³PDQ\´� ³RSWLRQDO´ DQG ³RQH RU PRUH´� RU ³]HUR RU PRUH´
PXOWLSOLFLW\ DQQRWDWLRQV LV QRW FOHDU

� /LQNV UHSUHVHQWLQJ WKH JHQHUDOL]DWLRQ W\SH RI UHODWLRQVKLS JHW EURNHQ ZKHQ VRPH

FKDQJHV DUH GRQH HLWKHU RQ SDUHQW RU FKLOG FODVVHV
� 0XOWLSOLFLW\ DQQRWDWLRQV LQ WHUQDU\ UHODWLRQVKLSV �UHODWLRQVKLS EHWZHHQ FODVV $ DQG FODVV

% WKURXJK D WHUQDU\ UHODWLRQVKLS ;� ZKLFK LV UHSUHVHQWHG DV D QHZ FODVV LQ 3DUDGLJP
3OXV� EHFRPHV D UHODWLRQVKLS EHWZHHQ $ DQG ;� DQG % DQG ;�

� 7KHUH LV QR WDEOH OLVW E\ DJJUHJDWLRQ QDPH DQG DVVRFLDWLRQ QDPH

���� /LIH &\FOH

/LIH &\FOH LV VXSSRUWHG RQO\ WKURXJK PHWDFODVV �2EMHFW %URZVHU� DQG LW LV DQ RUGLQDU\ WH[W�

EDVHG GRFXPHQW� ZLWK QR SURSDJDWLRQ ZLWK 6FHQDULR 'LDJUDPV DQG 2SHUDWLRQ 0RGHO�

���� 6FHQDULR 'LDJUDPV

6FHQDULR 'LDJUDPV KDYH QR SURSDJDWLRQ ZLWK /LIH &\FOH DQG WKDW SDUW RI 2EMHFW 'LDJUDP

ZKLFK GHILQHV $JHQWV� $OVR� UHSHWLWLRQ RI V\VWHP RSHUDWLRQV DQG V\VWHP HYHQWV DUH QRW VXSSRUWHG
�GRWWHG SRUWLRQV RI WLPH OLQH GLDJUDPV��

���� 2SHUDWLRQ 0RGHO

2SHUDWLRQ 0RGHO LV UHSUHVHQWHG E\ DQ RUGLQDU\ 1RWH3DG GRFXPHQW DQG WKHUH LV QR
SURSDJDWLRQ ZLWK 2EMHFW ,QWHUDFWLRQ *UDSKV�

���� 2EMHFW ,QWHUDFWLRQ *UDSKV

3URSDJDWLRQ RI REMHFWV LQ REMHFW UHSRVLWRU\ ZKLOH GHILQLQJ REMHFWV FUHDWHV VRPH SUREOHPV LQ
REMHFW GHILQLWLRQ� )RU H[DPSOH� LI DQ REMHFW LV GHILQHG DV D FRQWUROOHU LQ RQH 2,*� WKHQ LI LW LV XVHG LQ
DQRWKHU 2,* DV D FROODERUDWRU� LW LV DJDLQ VKRZQ DV D FRQWUROOHU� 7KH VDPH WKLQJ RFFXUV ZKHQ D QHZ



REMHFW LV FUHDWHG DQG ZKHQ WKH VDPH PHVVDJH QDPH LV XVHG EXW ZLWK GLIIHUHQW SDUDPHWHUV DQG

VHTXHQFH QXPEHUV� 2QH RI WKH PDLQ VKRUWFRPLQJV RI 3DUDGLJP 3OXV ZKHQ 2,*V DUH FRQVLGHUHG LV LQ
YHU\ SRRU VXSSRUW IRU PHWKRG GHVFULSWLRQV �DJDLQ VLPSOH WH[W PRGH�� $OVR� WKHUH LV QR SURSDJDWLRQ

EHWZHHQ PHWKRG GHVFULSWLRQV DQG &ODVV 'HVFULSWLRQV�

���� 9LVLELOLW\ *UDSKV

,Q 9LVLELOLW\ *UDSKV WKH WHUP RI ELQGLQJ LV FRQVLGHUHG DV D W\SH RI YLVLELOLW\ �UHIHUHQFH

OLIHWLPH DFFRUGLQJ WR )XVLRQ� DORQJ ZLWK SHUPDQHQW DQG G\QDPLF OLQN�

���� &ODVV 'HVFULSWLRQV DQG &RGH *HQHUDWLRQ

3DUDGLJP 3OXV VXSSRUWV FUHDWLRQ RI &ODVV 'HVFULSWLRQV DQG DXWRPDWLF FRGH JHQHUDWLRQ� &ODVV

GHVFULSWLRQ LV FUHDWHG LQ GHVLJQ SKDVH IRU HDFK FODVV WDNLQJ LQIR IURP WKH IROORZLQJ PRGHOV� 2EMHFW
0RGHOV� 2EMHFW ,QWHUDFWLRQ *UDSKV DQG 9LVLELOLW\ *UDSKV� %XW� ZKLOH JHQHUDWLQJ FODVV GHVFULSWLRQ

3DUDGLJP 3OXV WDNHV LQIR RQO\ IURP 2EMHFW 'LDJUDPV� (YHQ� LW GRHV QRW XVH DOO 2EMHFW 0RGHO
LQIRUPDWLRQ� H�J� REMHFW�YDOXHG DWWULEXWHV WKDW FRPH IURP DVVRFLDWLRQ UHODWLRQVKLSV�

3DUDGLJP 3OXV FRQYHUWV DOO DJJUHJDWLRQ UHODWLRQVKLSV GLUHFWO\ LQWR REMHFW�YDOXHG DWWULEXWHV LQ

FODVV GHVFULSWLRQ� ZLWKRXW FRQVLGHULQJ YLVLELOLW\ LQIR� $FFRUGLQJ WR )XVLRQ� �« 2EMHFW DWWULEXWHV DUH
H[WUDFWHG IURP WKH YLVLELOLW\ JUDSK IRU WKH FODVV� ��� SS� ���� �« 7KH UHDGHU PD\ EH VXUSULVHG WKDW

3XPS GRHV QRW KDYH *XQ DQG +ROVWHU FRPSRQHQWV� GHVSLWH WKHLU DSSHDULQJ RQ WKH REMHFW PRGHO LQ
VHFWLRQ ������ 7KLV LOOXVWUDWHV WKDW DJJUHJDWLRQ RQ WKH REMHFW PRGHO LV D PDWWHU RI GHVFULSWLYH
FRQYHQLHQFH UDWKHU WKDQ SK\VLFDO FRQWDLQPHQW� 2QO\ WKH VWUXFWXUH QHFHVVDU\ WR LPSOHPHQW WKH

UHIHUHQFHV RQ WKH YLVLELOLW\ JUDSK DSSHDUV LQ WKH FODVV GHVFULSWLRQ«���� SS� ����� $SDUW IURP QRQ
FRQVLGHULQJ YLVLELOLW\ LQIR� 3DUDGLJP 3OXV¶ FODVV GHVFULSWLRQV GR QRW FRQWDLQ DVVRFLDWLRQ

UHODWLRQVKLSV� 7KLV LV QRW D ELJ SUREOHP� EHFDXVH DQ DXWRPDWLF FRGH JHQHUDWLRQ XVHV ERWK REMHFW�
YDOXHG DWWULEXWHV� FRPLQJ IURP DJJUHJDWLRQ DQG DVVRFLDWLRQ UHODWLRQVKLSV�

�� &RQFOXVLRQV

$OWKRXJK� ZH� DSSUHFLDWH� )XVLRQ� DV� DQ� H[FHOOHQW� DSSOLFDWLRQ� GHYHORSPHQW� PHWKRG�
WKURXJK�RXU�ZRUN�ZH� LGHQWLILHG� VRPH�GLIILFXOWLHV� LQ�DQDO\VLV� DQG�GHVLJQ��$V� IRU�3DUDGLJP
3OXV�&$6(� WRRO�� DOWKRXJK�ZH KDYH QRW HYDOXDWHG 3DUDGLJP 3OXV ZLWK UHVSHFW WR LWV VXSSRUW IRU

RWKHU 22 PHWKRGV� EXW LQ )XVLRQ¶V FDVH� RXU H[SHULHQFH VKRZV WKDW WKH PDLQ VKRUWFRPLQJV DUH DV
IROORZV�

� 3RRU SURSDJDWLRQ EHWZHHQ DQDO\VLV DQG GHVLJQ

� ,QFRPSOHWH FRGH JHQHUDWLRQ� LW XVHV LQIRUPDWLRQ IURP 2EMHFW 'LDJUDPV RQO\
� 3RRU VXSSRUW IRU PHWKRG GHVFULSWLRQV LQ 2,*V� QR SURSDJDWLRQ ZLWK &RGH *HQHUDWLRQ

+RZHYHU� ZH KDYH XVHG 3� H[WHQVLYHO\� HVSHFLDOO\ IRU SURMHFW GHYHORSPHQW YLVXDOL]DWLRQ
DQG SURMHFW GRFXPHQWDWLRQ�

5HIHUHQFHV
>�@ 2EMHFW�2ULHQWHG 6RIWZDUH (QJLQHHULQJ �226(� E\ -DFREVRQ HW� DO�

KWWS���ZZZLV�FV�XWZHQWH�QO������GPUJ�22'2&�RRGRF�RR����KWPO

>�@ 3/$7,180 3DUDGLJP 3OXV� 0HWKRGV 0DQXDO� 3/$7,180 7HFKQRORJ\� ����

>�@ (QJLQHHULQJ 3URFHVV 6XPPDU\ �)XVLRQ ��� +HZOHWW�3DFNDUG &RPSDQ\� -DQXDU\ ����

>�@ 2EMHFW�2ULHQWHG $QDO\VLV DQG 'HVLJQ 0HWKRGV

KWWS���ZZZLV�FV�XWZHQWH�QO������GPUJ�22'2&�RRGRF�RR�&RQWHQWV�KWPO

>�@ &ROHPDQ� '�� $UQROG� 3�� %RGRII� 6�� 'ROOLQ� &�� *LOFKULVW� +�� +D\HV� )�� -HUHPDHV� 3�� 2EMHFW�2ULHQWHG 'HYHORSPHQW

7KH )XVLRQ 0HWKRG� 3UHQWLFH +DOO� ����




