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&KDSWHU���

&DVH�6WXGLHV

,Q DFFRUGDQFH ZLWK WKH PDLQ SULQFLSOH RI (0 ¤ NQRZLQJ�E\�GRLQJ ¤ WKH EHVW ZD\ WR

XQGHUVWDQG WKH LVVXHV GLVFXVVHG LQ WKH ODVW WZR FKDSWHUV LV WR XQGHUWDNH SUDFWLFDO FDVH

VWXGLHV� ,Q IDFW� VRPH SRLQWV RI YLHZ XQGHUO\LQJ '(0 ¤ VXFK DV $�PRGHOOHUV DFWLQJ DV

DJHQWV WR VKDSH DJHQF\ ¤ DQG VRPH RI WKH UHTXLUHPHQWV SURPRWLQJ WKH IHDWXUHV RI

GWNHGHQ ¤ VXFK DV V\QFKURQRXV FRPPXQLFDWLRQ� WKH YLUWXDO DJHQW� JHQHULF REVHUYDEOH�

DQG VLWXDWHG DJHQF\ ¤ DUH PRWLYDWHG E\ SUDFWLFH� ,Q WKLV UHVSHFW� FDVH VWXGLHV QRW RQO\

PDNH LW SRVVLEOH WR H[SHULHQFH DQG H[SORUH '(0 DQG GWNHGHQ� EXW DOVR VHUYH WR HQULFK

DQG H[SDQG ERWK LQ VXUSULVLQJ ZD\V�

��� 2YHUYLHZ

7KLV FKDSWHU VHHNV WR H[HPSOLI\ '(0 DQG VRPH IHDWXUHV RI GWNHGHQ WKURXJK SUDFWLFDO

UHVHDUFK� 7KUHH FDVH VWXGLHV DUH SURYLGHG�

7KH ILUVW FDVH VWXG\ ����� LQYROYHV PRGHOOLQJ D QLQHWHHQWK�FHQWXU\ UDLOZD\ DFFLGHQW�

7KH PRGHOOLQJ DLPV WR GHPRQVWUDWH '(0 GLVFXVVHG LQ &KDSWHU � ������ 6HYHUDO FRPSXWHU

PRGHOV DUH FRQVWUXFWHG DV DUWHIDFWV LQ D GLVWULEXWHG PRGHOOLQJ HQYLURQPHQW �WKDW LV�

GWNHGHQ� LQ RUGHU WR VKDSH WKH DJHQF\ RI DJHQWV DVVRFLDWHG ZLWK WKH DFFLGHQW E\ PHDQV RI

WKH VXFFHVVLYH LQWHUDFWLRQV EHWZHHQ $�PRGHOOHUV� ZKR DFW DV WKHVH DJHQWV� DQG WKHLU
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PRGHOV� 7KH FRQFHSW RI SUHWHQG SOD\ SURSRVHG LQ WKH ODVW FKDSWHU LV LOOXVWUDWHG E\ WKH

H[DPSOH RI VKDSLQJ DJHQF\ WKDW DOORZV WZR VLJQDOPHQ WR FKDQJH WKH WHOHJUDSK QHHGOH©V

SRVLWLRQ IRU FRPPXQLFDWLRQ� $OVR� LQ WKH DQLPDWLRQ RI WKLV KLVWRULF DFFLGHQW� WKH UROH RI

WKH 6�PRGHOOHU LQ VHWWLQJ GLYHUVH FRQWH[WV IRU $�PRGHOOHUV DQG DXWKRULVLQJ WKH

DFFHVVLELOLW\ RI HDFK DJHQW WR REVHUYDEOHV LV LOOXVWUDWHG E\ H[DPSOHV�

$QRWKHU FDVH VWXG\ ����� LOOXVWUDWHV WKH XVH RI WKH YLUWXDO DJHQW FRQFHSW GHVFULEHG LQ

WKH ODVW &KDSWHU ������ ,Q 6HFWLRQ ������ DQ $'0 WUDQVODWRU GHYHORSHG E\ 6� <XQJ

><XQ��@ IRU WUDQVODWLQJ DQ $'0 PRGHO WR DQ (GHQ PRGHO LV UHYLHZHG� $ SDUWLFXODU

SUREOHP FRQFHUQLQJ WKH (GHQ PRGHOV JHQHUDWHG E\ WKH WUDQVODWRU LV WKHLU UHDGDELOLW\�

EHFDXVH PDQ\ DGGLWLRQDO VWULQJ KDQGOLQJ V\PEROV DUH LQWURGXFHG LQWR WKH PRGHOV� $ QHZ

$'0 WUDQVODWRU IRU UHHQJLQHHULQJ WKLV WUDQVODWLRQ KDV EHHQ GHYHORSHG E\ WKH SUHVHQW

DXWKRU� 7KH QHZ WUDQVODWRU JHQHUDWHV (GHQ PRGHOV LQ WKH YLUWXDO DJHQW IRUP� :LWKRXW WKH

DGGLWLRQDO V\PEROV� WKH JHQHUDWHG PRGHOV DUH PXFK HDVLHU WR UHDG DQG PDLQWDLQ�

,Q DGGLWLRQ� 6HFWLRQ ����� SURYLGHV WZR H[DPSOHV RI DGDSWDEOH UHXVH� DQ LPSRUWDQW

DSSOLFDWLRQ RI WKH YLUWXDO DJHQW FRQFHSW DV GLVFXVVHG LQ 6HFWLRQ ���� :LWKLQ ERWK

H[DPSOHV� UHXVDEOH GHILQLWLYH SDWWHUQV ZLWK D YLUWXDO DJHQW DUH HVWDEOLVKHG WKURXJK WKH

JHQHUDOLVDWLRQ SURFHVV �H[SODLQHG LQ ����� 7KHVH SDWWHUQV FDQ EH SDUWLFXODULVHG WR FUHDWH

WKH UHTXLUHG GHILQLWLYH VFULSWV LQ DFFRUGDQFH ZLWK WKH FRQWH[W RI WKH VSHFLILHG YLUWXDO DJHQW

LQ UXQ WLPH� %RWK H[DPSOHV KLJKOLJKW WKH EHQHILWV RI XVLQJ WKH YLUWXDO DJHQW FRQFHSW WR

UHGXFH WKH VL]H RI WKH GHYHORSHG V\VWHPV DQG WR FUHDWH GHILQLWLYH SDWWHUQV IRU DGDSWDEOH

UHXVH G\QDPLFDOO\� ZKLOVW WKH PRGHO LV H[HFXWLQJ�

6HFWLRQ ��� LOOXVWUDWHV WKH XVH RI WKH LQWHUDFWLRQ PRGHV LPSOHPHQWHG LQ GWNHGHQ

�VHH 6HFWLRQ ����� 8QOLNH WKH WZR FDVH VWXGLHV LQ WKH SUHYLRXV VHFWLRQV� ZKLFK PDNH XVH RI

WKH QRUPDO LQWHUDFWLRQ PRGH� WKH WKLUG FDVH VWXG\ LQWURGXFHG LQ WKLV VHFWLRQ VKRZV WKH

DSSOLFDWLRQ RI WKH RWKHU WKUHH LQWHUDFWLRQ PRGHV FRPPRQO\ XVHG IRU FRQFXUUHQW PRGHOOLQJ�
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7ZR V\VWHPV WKDW KDYH EHHQ FUHDWHG E\ H[WHQGLQJ SUH�H[LVWLQJ VWDQG�DORQH YHUVLRQV LQ

WNHGHQ DUH JLYHQ DV H[DPSOHV�

��� $ 5DLOZD\ $FFLGHQW LQ WKH &OD\WRQ 7XQQHO

7DEOH ��� GHVFULEHV D UDLOZD\ DFFLGHQW WKDW RFFXUUHG LQ WKH &OD\WRQ 7XQQHO QHDU %ULJKWRQ

LQ ���� >5ROW��@� 7KH DFFLGHQW KDV EHHQ VWXGLHG E\ XVLQJ '(0 DQG GWNHGHQ LQ RUGHU WR

7KH &OD\WRQ 7XQQHO 'LVDVWHU $XJXVW ��WK ����

7KUHH KHDY\ WUDLQV OHDYH %ULJKWRQ IRU /RQGRQ 9LFWRULD RQ D ILQH 6XQGD\ PRUQLQJ�

7KH\ DUH DOO VFKHGXOHG WR SDVV WKURXJK WKH &OD\WRQ 7XQQHO���WKH ILUVW UDLOZD\ WXQQHO WR EH

SURWHFWHG E\ D WHOHJUDSK SURWRFRO GHVLJQHG WR SUHYHQW WZR WUDLQV EHLQJ LQ WKH WXQQHO DW RQFH�

(OVHZKHUH� VDIH RSHUDWLRQ LV WR EH JXDUDQWHHG E\ D WLPH LQWHUYDO V\VWHP� ZKHUHE\

FRQVHFXWLYH WUDLQV UXQ DW OHDVW � PLQXWHV DSDUW� 2Q WKLV RFFDVLRQ� WKH WLPH LQWHUYDOV EHWZHHQ
WKH WKUHH WUDLQV RQ WKHLU GHSDUWXUH IURP %ULJKWRQ DUH � DQG � PLQXWHV�

7KHUH LV D VLJQDO ER[ DW HDFK HQG RI WKH WXQQHO� 7KH 1RUWK %R[ LV RSHUDWHG E\ %URZQ DQG WKH

6RXWK E\ .LOOLFN� . KDV EHHQ ZRUNLQJ IRU �� KRXUV FRQWLQXRXVO\� ,Q KLV FDELQ� KH KDV D

FORFN� DQ DODUP EHOO� D VLQJOH QHHGOH WHOHJUDSK DQG D KDQGZKHHO ZLWK ZKLFK WR RSHUDWH D

VLJQDO ��� \DUGV GRZQ WKH OLQH� +H DOVR KDV UHG �VWRS� DQG ZKLWH �JR� IODJV IRU XVH LQ

HPHUJHQF\� 7KH WHOHJUDSK KDV D GLDO ZLWK WKUHH LQGLFDWLRQV� 1(875$/� 2&&83,(' DQG
&/($5�

:KHQ . VHQGV D WUDLQ LQWR WKH WXQQHO� KH VHQGV DQ 2&&83,(' VLJQDO WR %� %HIRUH KH VHQGV

DQRWKHU WUDLQ� KH VHQGV DQ ,6 /,1( &/($5" UHTXHVW WR %� WR ZKLFK % FDQ UHVSRQG &/($5

ZKHQ WKH QH[W WUDLQ KDV HPHUJHG IURP WKH 1RUWK HQG RI WKH WXQQHO� 7KH GLDO DW RQH HQG RI WKH

WHOHJUDSK RQO\ GLVSOD\V 2&&83,(' RU &/($5 ZKHQ WKH DSSURSULDWH NH\ LV EHLQJ SUHVVHG
DW WKH RWKHU���LW RWKHUZLVH GLVSOD\V 1(875$/�

7KH GLVWDQW VLJQDO LV WR EH LQWHUSUHWHG E\ D WUDLQ GULYHU HLWKHU DV DOO FOHDU RU DV SURFHHG ZLWK

FDXWLRQ� 7KH VLJQDO LV GHVLJQHG WR UHWXUQ WR SURFHHG ZLWK FDXWLRQ DV D WUDLQ SDVVHV LW� EXW LI
WKLV DXWRPDWLF PHFKDQLVP IDLOV� LW ULQJV WKH DODUP LQ .©V FDELQ�

7KH DFFLGHQW

:KHQ WUDLQ � SDVVHG . DQG HQWHUHG WKH WXQQHO WKH DXWRPDWLF VLJQDO IDLOHG WR ZRUN� 7KH DODUP

UDQJ LQ .©V FDELQ� . ILUVW VHQW DQ 2&&83,(' PHVVDJH WR %� EXW WKHQ IRXQG WKDW WUDLQ � KDG

SDVVHG WKH GHIHFWLYH VLJQDO EHIRUH KH PDQDJHG WR UHVHW LW� . SLFNHG XS WKH UHG IODJ DQG

GLVSOD\HG LW WR 6FRWW� WKH GULYHU RI WUDLQ �� MXVW DV KLV HQJLQH ZDV HQWHULQJ WKH WXQQHO� +H
DJDLQ VHQW DQ 2&&83,(' VLJQDO WR %�

. GLG QRW NQRZ ZKHWKHU WUDLQ � ZDV VWLOO LQ WKH WXQQHO� 1RU GLG KH NQRZ ZKHWKHU 6 KDG VHHQ

KLV UHG IODJ� +H VHQW DQ ,6 /,1( &/($5" VLJQDO WR %� $W WKDW PRPHQW� % VDZ WUDLQ �

HPHUJH IURP WKH WXQQHO� DQG UHVSRQGHG &/($5� 7UDLQ � ZDV QRZ SURFHHGLQJ ZLWK FDXWLRQ
WRZDUGV WKH WXQQHO� DQG . VLJQDOOHG DOO FOHDU WR WKH GULYHU ZLWK KLV ZKLWH IODJ�

%XW 6 KDG VHHQ WKH UHG IODJ� +H VWRSSHG LQ WKH WXQQHO DQG FDXWLRXVO\ UHYHUVHG KLV WUDLQ WR

ILQG RXW ZKDW ZDV ZURQJ IURP .�

7UDLQ � UDQ LQWR WKH UHDU RI 7UDLQ � DIWHU WUDYHOOLQJ ��� \DUGV LQWR WKH WXQQHO� SURSHOOLQJ
7UDLQ � IRUZDUGV IRU �� \DUGV� 7KH FKLPQH\ RI WKH HQJLQH RI 7UDLQ � KLW WKH URRI RI WKH

WXQQHO �� IHHW DERYH� ,Q DOO �� SDVVHQJHUV ZHUH NLOOHG DQG ��� ZHUH VHULRXVO\ LQMXUHG�

7DEOH ���� $Q DFFRXQW RI WKH &OD\WRQ 7XQQHO UDLOZD\ DFFLGHQW �IURP >%H\��@�
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LOOXVWUDWH� DQG LQ IDFW DOVR HQULFK DQG H[SDQG� '(0 DV ZHOO DV WKH IHDWXUHV RI GWNHGHQ�

7KLV VHFWLRQ ZLOO IRFXV RQ LOOXVWUDWLQJ '(0 E\ PRGHOOLQJ WKH DFFLGHQW� 7KH IHDWXUHV RI

GWNHGHQ DUH WKHQ LOOXVWUDWHG E\ RWKHU H[DPSOHV VKRZQ LQ WKH QH[W WZR VHFWLRQV �6HFWLRQ

��� DQG �����

0RGHOOLQJ WKH UDLOZD\ DFFLGHQW KDV LQYROYHG FRQVWUXFWLQJ FRPSXWHU�EDVHG DUWHIDFWV

WR UHSUHVHQW WKH SHUVSHFWLYHV RI ILYH KXPDQ DJHQWV LQYROYHG LQ WKH DFFLGHQW� 7KHVH

DUWHIDFWV DUH DOVR FR�RUGLQDWHG IURP WKH SRLQW RI UHIHUHQFH RI WKH 6�PRGHOOHU� WKDW LV� DQ

H[WHUQDO REVHUYHU ZLWK H[FHSWLRQDO VWDWH�FKDQJLQJ SULYLOHJHV� 2QH VLJQLILFDQW PRWLYDWLRQ

IRU EXLOGLQJ VXFK D PRGHO LV WR JDLQ LQVLJKW LQWR WKH LQGLYLGXDO XQGHUVWDQGLQJV RI WKH

VLJQDOPHQ DQG GULYHUV FRQFHUQLQJ WKHLU ZRUN SUDFWLFHV DW WKH WLPH� DQG WR H[SORUH KRZ

WKH\ PD\ KDYH FRQWULEXWHG WR WKH DFFLGHQW� 7KH PDLQ LQVLJKW JDLQHG FRQFHUQV WKH

LQWHUDFWLRQ EHWZHHQ DJHQWV� 7KHVH DJHQWV FRXOG LQFOXGH WKH WHOHJUDSKV� WKH DODUP� WKH

VLJQDO� WKH VLJQDOPHQ DQG WKH GULYHUV� $Q /6' DFFRXQW IRU WKHVH DJHQWV LV VKRZQ LQ

$SSHQGL[ ��$� DQG )LJXUH ��� GHSLFWV WKH GLVWULEXWHG PRGHOOLQJ HQYLURQPHQW RI

PRGHOOHUV� ,Q WHUPV RI KRZ WKH LQGLYLGXDO XQGHUVWDQGLQJV RI WKH SDUWLFLSDQWV FRQWULEXWHG

WR WKH DFFLGHQW� WKLV PRGHO WKHQ IRFXVHV RQ WKH DQLPDWLRQ RI WKH DFFLGHQW� DQG WKH

LQYROYHPHQW DQG H[SORUDWLRQ RI WKH 6�PRGHOOHU�

,Q RUGHU WR FDSWXUH WKH LQGLYLGXDO XQGHUVWDQGLQJ RI HDFK DJHQW� $�PRGHOOHUV FDQ DVN

TXHVWLRQV VXFK DV� +RZ GLG WKH VLJQDOPHQ FRPPXQLFDWH ZLWK HDFK RWKHU YLD WKH

WHOHJUDSKV" +RZ ELJ ZDV WKH UHG IODJ" )URP ZKDW GLVWDQFH FRXOG WKH GULYHU VHH WKH

VLJQDO" 2Q WKH EDVLV RI '(0� DQVZHUV WR VXFK TXHVWLRQV FDQ EH VKDSHG WKURXJK WKH

LQWHUDFWLRQ EHWZHHQ $�PRGHOOHUV E\ PHDQV RI WKH FRQFHSW RI SUHWHQG SOD\ UHIHUUHG WR LQ

VHFWLRQ ����
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)LJXUH ���� 7KH PRGHOOLQJ HQYLURQPHQW IRU WKH UDLOZD\ DFFLGHQW

'HILQLWLYH VFULSW
IRU .LOOLFN

'HILQLWLYH VFULSW

�WKH 6�PRGHOOHU
YLHZ�

'HILQLWLYH VFULSW
IRU 'ULYHU �

+DQGOH IURP

.LOOLFN

2UDFOH IRU

.LOOLFN

+DQGOH IURP
'ULYHU �

2UDFOH IRU
'ULYHU �

&RQQHFWLQJ
WR %URZQ

&RQQHFWLQJ
WR 'ULYHU �

&RQQHFWLQJ
WR 'ULYHU �

9LVXDOLVDWLRQ �VHH

)LJXUH ��� IRU

ELJJHU SLFWXUH�

9LVXDOLVDWLRQ �VHH

)LJXUH ����D� IRU
ELJJHU SLFWXUH�

9LVXDOLVDWLRQ �VHH

)LJXUH ����E� IRU
ELJJHU SLFWXUH

)LJXUH ��� �D� $ JOREDO YLHZ RI WKH &OD\WRQ 7XQQHO
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)LJXUH ��� �E� 7KH VHFRQG GULYHU©V YLHZ RI WKH &OD\WRQ 7XQQHO

)LJXUH ���� $ VLJQDOPDQ©V YLHZ RI WKH &OD\WRQ 7XQQHO
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%\ ZD\ RI LOOXVWUDWLRQ� FRQVLGHU KRZ WZR $�PRGHOOHUV DFWLQJ LQ WKH UROHV RI VLJQDOPHQ FDQ

VKDSH WKH DJHQF\ LQYROYHG LQ WHOHJUDSK XVH� ,Q UHDOLW\� WZR VLJQDOPHQ� .LOOLFN DQG %URZQ�

ZKRVH ORFDWLRQ LV LQGLFDWHG E\ WKH ER[HV ODEHOOHG . DQG % LQ )LJXUH ��� �ZKLFK UHSUHVHQWV

D YLHZ RI WKH &OD\WRQ 7XQQHO IURP WKH SHUVSHFWLYH RI WKH VLJQDOPDQ .LOOLFN��

FRPPXQLFDWH ZLWK HDFK RWKHU YLD WKH WHOHJUDSK VKRZQ LQ WKH ERWWRP�OHIW FRUQHU RI WKH

ILJXUH� 7R UHSUHVHQW WKLV DJHQF\� WZR $�PRGHOOHUV GHILQH WKHLU SULYDWH YLHZV DV IROORZV�

6LJQDOPDQ .LOOLFN�
1HHGOH3RV LV FOLFNHG�

FOLFNHG LV �FOLFNBFOHDU�"������FOLFNBQHXWUDO�"������FOLFNBRFFXSLHG�"�������
FOHDUBFOLFNHG LV .LOOLFNBFOLFNBFOHDU�
QHXWUDOBFOLFNHG LV .LOOLFNBFOLFNBQHXWUDO�
RFFXSLHGBFOLFNHG LV .LOOLFNBFOLFNBRFFXSLHG�

6LJQDOPDQ %URZQ�
1HHGOH3RVLWLRQ LV ZKLFKBFOLFNHG�
ZKLFKBFOLFNHG LV �FOHDUBFOLFNHG�"������QHXWUDOBFOLFNHG�"������RFFXSLHGBFOLFNHG�"�������
FOLFNBFOHDU LV %URZQBFOLFNBFOHDU�
FOLFNBQHXWUDO LV %URZQBFOLFNBQHXWUDO�
FOLFNBRFFXSLHG LV %URZQBFOLFNBRFFXSLHG�

'HILQLWLRQV RI WKLV QDWXUH VSHFLI\ FRPSXWDWLRQDO DUWHIDFWV WR UHSUHVHQW WKH SHUVRQDO

DJHQW SHUVSHFWLYHV� 'LIIHUHQW QDPLQJ FRQYHQWLRQV IRU REVHUYDEOHV DUH XVHG WR UHIOHFW WKH

LQGHSHQGHQFH RI WKH DJHQW©V REVHUYDWLRQ� �,W VKRXOG EH QRWHG WKDW� IRU VLPSOLFLW\� WKH

GHILQLWLRQV FRQFHUQHG ZLWK YLVXDOLVDWLRQ DUH RPLWWHG�� 7KH RUGHU LQ ZKLFK WKH YDULRXV

GHILQLWLRQV DUH LQWURGXFHG LV QRW DV LPSRUWDQW DV LQ WUDGLWLRQDO SURJUDPPLQJ EHFDXVH

GWNHGHQ DXWRPDWLFDOO\ PDLQWDLQV GHSHQGHQFLHV DPRQJVW REVHUYDEOHV� )RU H[DPSOH� LQ WKH

FDVH RI %URZQ� WKH YDOXH RI WKH REVHUYDEOH ¨QHHGOH3RV© ZLOO EH FKDQJHG ZKHQHYHU WKH

YDOXH RI WKH REVHUYDEOH ¨FOLFNHG© LV FKDQJHG� )XUWKHU GHVFULSWLRQ LV QHHGHG WR H[SUHVV WKH

ZD\ LQ ZKLFK WKH VLJQDOPHQ LQIRUP HDFK RWKHU DERXW WKH VWDWH RI WKH WXQQHO� 7KLV FRXOG EH

DV IROORZV�
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6LJQDOPDQ .LOOLFN�
)XQF VHQG�� .LOOLFNBFOLFNBFOHDU^
LI �FOLFNBFOHDU�
VHQG$JHQW�¦%URZQ§� ¦.LOOLFNBFOLFNBFOHDU 758(�§��

HOVH
VHQG$JHQW�¦%URZQ§� ¦.LOOLFNBFOLFNBFOHDU )$/6(�§��

`
)XQF VHQG�� .LOOLFNBFOLFNBQHXWUDO^
LI �FOLFNBQHXWUDO�
VHQG$JHQW�¦%URZQ§� ¦.LOOLFNBFOLFNBQHXWUDO 758(�§��

HOVH
VHQG$JHQW�¦%URZQ§� ¦.LOOLFNBFOLFNBQHXWUDO )$/6(�§��

`
)XQF VHQG�� .LOOLFNBFOLFNBRFFXSLHG^
,I �FOLFNBRFFXSLHG�
VHQG$JHQW�¦%URZQ§� ¦.LOOLFNBFOLFNBRFFXSLHG 758(�§��
HOVH
VHQG$JHQW�¦%URZQ§� ¦.LOOLFNBFOLFNBRFFXSLHG )$/6(�§��

`

6LJQDOPDQ %URZQ�
)XQF VHQG$� %URZQBFOLFNBFOHDU^

LI �FOLFNBFOHDU�
VHQG$JHQW�¦.LOOLFN§� ¦%URZQBFOLFNBFOHDU 758(�§��

HOVH
VHQG$JHQW�¦.LOOLFN§� ¦%URZQBFOLFNBFOHDU )$/6(�§��

`
)XQF VHQG%� %URZQBFOLFNBQHXWUDO^
LI �FOLFNBQHXWUDO�
VHQG$JHQW�¦.LOOLFN§� ¦%URZQBFOLFNBQHXWUDO 758(�§��

HOVH
VHQG$JHQW�¦.LOOLFN§� ¦%URZQBFOLFNBQHXWUDO )$/6(�§��

`
)XQF VHQG&� %URZQBFOLFNBRFFXSLHG^
LI �FOLFNBRFFXSLHG�
VHQG$JHQW�¦.LOOLFN§� ¦%URZQBFOLFNBRFFXSLHG 758(�§��
HOVH
VHQG$JHQW�¦.LOOLFN§� ¦%URZQBFOLFNBRFFXSLHG )$/6(�§��

`

$OWKRXJK WKH DERYH PHFKDQLVPV VHQG GHILQLWLRQV IURP RQH VLJQDOPDQ WR WKH RWKHU�

WKLV GRHV QRW RI LWVHOI HVWDEOLVK XVHIXO FRPPXQLFDWLRQ� 7R WKLV HQG� WKHUH PXVW DOVR EH D

GHSHQGHQF\ EHWZHHQ WKH GHILQLWLRQV UHFHLYHG E\ D VLJQDOPDQ DFWHG E\ DQ $�PRGHOOHU DQG

WKH SULYDWH GHILQLWLRQV ZLWKLQ LWV RZQ FRPSXWDWLRQDO DUWHIDFW� :KHQ UHGHILQLWLRQV VXFK DV

WKH IROORZLQJ DUH DGGHG WR WKHLU FRPSXWHU�EDVHG PRGHOV� WKH DJHQF\ RI FKDQJLQJ WKH

WHOHJUDSK©V VWDWHV IRU FRPPXQLFDWLRQ LV HVWDEOLVKHG�
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6LJQDOPDQ .LOOLFN�
FOHDUBFOLFNHG LV .LOOLFNBFOLFNBFOHDU RU %URZQBFOLFNBFOHDU�
QHXWUDOBFOLFNHG LV .LOOLFNBFOLFNBQHXWUDO RU %URZQBFOLFNBQHXWUDO�
RFFXSLHGBFOLFNHG LV .LOOLFNBFOLFNBRFFXSLHG RU %URZQBFOLFNBRFFXSLHG�

6LJQDOPDQ %URZQ�
FOLFNBFOHDU LV %URZQBFOLFNBFOHDU RU .LOOLFNBFOLFNBFOHDU�
FOLFNBQHXWUDO LV %URZQBFOLFNBQHXWUDO RU .LOOLFNBFOLFNBQHXWUDO�
FOLFNBRFFXSLHG LV %URZQBFOLFNBRFFXSLHG RU .LOOLFNBFOLFNBRFFXSLHG�

7KLV H[DPSOH LOOXVWUDWHV KRZ $�PRGHOOHUV RQ WKH EDVLV RI '(0 DFW DV DJHQWV WR

VKDSH WKH DJHQF\ RI DJHQWV WKURXJK WKH LQWHUDFWLRQ ZLWK HDFK RWKHU �WKDW LV� LQ WKH IRUP RI

SUHWHQG SOD\ SURSRVHG LQ 6HFWLRQ ����� ,Q WKH HDUO\ VWDJH RI PRGHOOLQJ WKLV UDLOZD\

DFFLGHQW� WKH DJHQF\ WKDW LV LOOXVWUDWHG DERYH WRRN WKH IROORZLQJ IRUP� D VLJQDOPDQ SUHVVHV

D NH\ RQ KLV WHOHJUDSK WR VHW ERWK QHHGOHV© SRVLWLRQV WR LQGLFDWH WKH VWDWH RI WKH WXQQHO�

VXFK DV ¨RFFXSLHG© DQG ¨FOHDU©� DQG WKH RWKHU VLJQDOPDQ UHVHWV WKH SRVLWLRQV� $IWHU

H[SHULPHQWV ZLWK WKH FRPSXWHU PRGHO� WKLV DJHQF\ ZDV UHYLVHG VR DV WR WDNH WKH IROORZLQJ

IRUP�� D VLJQDOPDQ KROGV WKH NH\ GRZQ WR NHHS WKH QHHGOHV DW D SRVLWLRQ IRU D ZKLOH DQG

WKHQ UHOHDVHV WKH NH\ WR UHWXUQ WKH QHHGOHV WR WKH ¨QHXWUDO© SRVLWLRQ� 7KLV HYROXWLRQ RI

DJHQF\ LQ WKLV PRGHO KLJKOLJKWV WKH VLJQLILFDQFH RI VKDSLQJ DJHQF\ WKURXJK WKH LQWHUDFWLRQ

EHWZHHQ DJHQWV DFWHG E\ $�PRGHOOHUV� )RU $�PRGHOOHUV� WKH FRQFHSW RI SUHWHQG SOD\ FDQ

KHOS QRW RQO\ WR VKDSH WKH DJHQF\ RI DJHQWV EXW DOVR WR LPSURYH WKHLU XQGHUVWDQGLQJ RI

WKHVH DJHQFLHV WKURXJK HQDEOLQJ WKHP WR JDLQ H[SHULHQFH RI WKH VWDWH FKDQJH FDXVHG E\

WKHLU LQWHUDFWLRQ IURP WKHLU FRPSXWHU�EDVHG PRGHOV�

)RU WKH SXUSRVH RI DQLPDWLQJ WKH DFFLGHQW� WKH 6�PRGHOOHU� ZKR FDQ H[HUFLVH VXSHU

DJHQF\ LQ SURYLGLQJ $�PRGHOOHUV ZLWK D SDUWLFXODU FRQWH[W� LV LQYROYHG� 7KH 6�PRGHOOHU�

IRU H[DPSOH� FDQ PDNH WKH VLJQDO GHILQLWHO\ IDLO WR ZRUN E\ UHILQLQJ WKH REVHUYDEOH

� 7KH PRGHO KDV EHHQ FRQVWUXFWHG LQ WKH DEVHQFH RI H[SOLFLW LQIRUPDWLRQ DERXW KRZ VLJQDOPHQ DW WKH &OD\WRQ
7XQQHO FRPPXQLFDWHG ZLWK HDFK RWKHU E\ XVLQJ WZR WHOHJUDSKV LQ ����� +RZHYHU� WKH UHYLVHG VFHQDULR IRU
FRPPXQLFDWLRQ UHIOHFWV RXU NQRZOHGJH RI WKH WHFKQRORJ\ RI WKH WLPH �IRU H[DPSOH� WKH IDFW WKDW HOHFWULF
FXUUHQW KDG WR EH JHQHUDWHG E\ D PDQXDOO\ RSHUDWHG G\QDPR� DQG DOORZV XV WR LQWHUSUHW WKH LQWHUDFWLRQV
EHWZHHQ WKH VLJQDOPHQ .LOOLFN DQG %URZQ� DV UHFRUGHG E\ WKH DFFLGHQW HQTXLU\ �LQ SDUWLFXODU� WKH

LQIRUPDWLRQ WKDW .LOOLFN VHQW DQ ,6 /,1( &/($5" VLJQDO WR %URZQ DQG %URZQ UHSOLHG &/($5��
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WUHDGOHBUHOLDELOLW\ HTXDO WR � �WKDW LV� WUHDGOHBUHOLDELOLW\  ��� LQ RUGHU WR H[SORUH WKH

FRQVHTXHQW LQWHUDFWLRQ EHWZHHQ $�PRGHOOHUV� ([SORUDWLRQ WKURXJK ¨ZKDW LI© H[SHULPHQWV

SURYLGHV WKH 6�PRGHOOHU ZLWK FRQWH[WXDO UHVRXUFHV WR JDLQ KLV�KHU LQVLJKW LQWR WKH

LQWHUDFWLRQ EHWZHHQ DJHQWV� 7KH 6�PRGHOOHU FDQ XQGHUWDNH PDQ\ ¨ZKDW LI© H[SHULPHQWV WR

H[SORUH WKH UHDVRQV IRU WKH DFFLGHQW� IRU H[DPSOH� VORZLQJ GRZQ WKH VSHHG RI WUDLQ ��

LQFUHDVLQJ WKH WLPH LQWHUYDO EHWZHHQ WUDLQV� HQODUJLQJ WKH GLVWDQFH EHWZHHQ .LOOLFN DQG WKH

VLJQDO� DQG VR RQ� ,W LV WR EH H[SHFWHG WKDW WKH 6�PRGHOOHU FDQ EURDGHQ KLV�KHU LQVLJKW LQWR

WKH DFFLGHQW DV D UHVXOW RI WKLV DUELWUDU\ H[SORUDWLRQ� 7KLV RSHQ�HQGHG� VLWXDWHG PRGHOOLQJ�

WKDW SURYLGHV WKH 6�PRGHOOHU ZLWK PRUH FRQWH[WXDO UHVRXUFHV� LV KDUG WR DFKLHYH E\

WUDGLWLRQDO PRGHOOLQJ PHWKRGV� ZKHUH WKH DOORZHG H[SORUDWLRQ KDV WR EH DQWLFLSDWHG�

7KH SRWHQWLDO XVHIXOQHVV RI WKH FRPSXWHU PRGHO WR DQ DFFLGHQW LQYHVWLJDWRU FDQ EH

LOOXVWUDWHG E\ D QXPEHU RI ¨ZKDW LI© H[SHULPHQWV� ,Q WKLV ZD\� WKH DXWKRU ZDV DEOH WR

LGHQWLI\ VFHQDULRV WR VKRZ WKH UHVSRQVLELOLW\ IRU WKH DFFLGHQW FDQQRW EH SLQQHG RQ DQ\ RQH

DJHQW� )RU H[DPSOH� OHW XV FRQVLGHU WKH FDVH LQ ZKLFK GULYHU 6FRWW VHHV WKH UHG IODJ DQG

MXVW VWRSV KLV WUDLQ LQ WKH WXQQHO UDWKHU WKDQ UHYHUVLQJ LW� 6LQFH .LOOLFN KDV VHHQ WKH

¨&/($5© PHVVDJH IURP %URZQ� KH GHFLGHV WR ZDYH KLV ZKLWH IODJ WR LQIRUP WUDLQ � WR

HQWHU WKH WXQQHO� :KHQ WUDLQ � HQWHUV WKH WXQQHO� WKH GULYHU GRHV QRW H[SHFW DQRWKHU WUDLQ WR

EH WKHUH �EHFDXVH WKHUH LV QR DFFHVVLELOLW\ WR REVHUYH WUDLQ �©V SRVLWLRQ� DQG WKHUH LV QR

WLPH WR VWRS KLV WUDLQ EHIRUH FUDVKLQJ LQWR WUDLQ �� ,Q WKDW FDVH� WKH DFFLGHQW RFFXUV HYHQ

WKRXJK 6FRWW IROORZV KLV SURWRFRO WR WKH OHWWHU� $V D VHFRQG H[DPSOH� FRQVLGHU WKH VFHQDULR

LQ ZKLFK .LOOLFN TXHVWLRQV WKH PHDQLQJ RI WKH ¨&/($5© PHVVDJH DQG GHFLGHV WR VWRS WUDLQ

� IURP HQWHULQJ WKH WXQQHO� 6LQFH WKH GULYHU RI WUDLQ � �6FRWW� KDV VHHQ WKH UHG IODJ� KH

GHFLGHV WR UHYHUVH KLV WUDLQ LQ RUGHU WR GLVFRYHU ZKDW LV ZURQJ� :KHQ KH LV UHYHUVLQJ WKH

WUDLQ� KH LV QRW DZDUH WKDW DQRWKHU WUDLQ KDV VWRSSHG MXVW LQ IURQW RI WKH HQWUDQFH RI WKH

WXQQHO� 7KRXJK .LOOLFN FDQ VHH WKH SRVLWLRQV RI ERWK WUDLQV� KH FDQQRW VWRS WKHP� VLQFH KH

� )RU UHDVRQV RI FRQYHQLHQFH LQ DQLPDWLQJ WKH DFFLGHQW� WKH EXWWRQV XVHG WR VHW WKH VLJQDO DV GHILQLWHO\

ZRUNLQJ RU QRW ZRUNLQJ DUH LPSOHPHQWHG LQ WKH 6�PRGHOOHU©V PRGHO DV VKRZQ LQ )LJXUH ����D�
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KDV QR GLUHFW FRQWURO RYHU WKHLU PRYHPHQWV� 7KLV KHOSV WR FODULI\ .LOOLFN©V UROH LQ WKH

DFFLGHQW� $QDO\VHV RI WKLV VRUW FDQ VKRZ WKDW QR VLQJOH DJHQW VKRXOG EH EODPHG IRU WKH

DFFLGHQW� ,W LV PRUH DFFXUDWH WR FRQFOXGH WKDW WKH DFFLGHQW LV GXH WR WKH FROODERUDWLYH

LQWHUDFWLRQ EHWZHHQ DOO WKH DJHQWV�

$QRWKHU LPSRUWDQW WDVN SHUIRUPHG E\ WKH 6�PRGHOOHUV LV WR GHWHUPLQH WKH

DFFHVVLELOLW\ RI REVHUYDEOHV E\ HDFK DJHQW �VHH 6HFWLRQ ��� IRU D PRUH GHWDLOHG

H[SODQDWLRQ�� )RU H[DPSOH� WKH IROORZLQJ /6' DFFRXQW LV JLYHQ E\ WKH 6�PRGHOOHU WR

GHVFULEH KRZ FHUWDLQ REVHUYDEOHV FDQ EH DFFHVVHG E\ WKH WZR VLJQDOPDQ DJHQWV�

�OVG
DJHQW .LOOLFN
RUDFOH B)/$*BVKRZLQJ� VKRZLQJ)ODJ&RORXU� B)/$*BIODJSROHBSRVB[� B)/$*BJR/HIW
RUDFOH B$/$50BULQJLQJ � B$/$50BIODVK� B7(/(*5$3+BQHHGOHBSRV� VLJQDO6LJQ
RUDFOH B&/2&.BKRXU� B&/2&.BPLQ� B&/2&.BVHF

KDQGOH B)/$*BVKRZLQJ� VKRZLQJ)ODJ&RORXU� B)/$*BIODJSROHBSRVB[� B)/$*BJR/HIW

KDQGOH B7(/(*5$3+BQHHGOHBSRV� VLJQDO6LJQ� B$/$50BULQJLQJ

DJHQW %URZQ
RUDFOH B7(/(*5$3+BQHHGOHBSRV
KDQGOH B7(/(*5$3+BQHHGOHBSRV

1RW DOO REVHUYDEOHV FDQ EH GHVFULEHG LQ DGYDQFH� )RU H[DPSOH� WKH REVHUYDEOH

7�B75$,1BWUDLQBSRVB[ UHSUHVHQWLQJ WKH SRVLWLRQ RI WUDLQ 7� RFFXUV RQO\ LI WUDLQ 7� VWDUWV

WR PRYH� $OVR� WKH DFFHVVLELOLW\ RI HDFK DJHQW WR WKLV REVHUYDEOH LV QRW SHUVLVWHQW� ,Q IDFW�

VLJQDOPDQ .LOOLFN KDV DFFHVV WR WKLV REVHUYDEOH ZKHQ WKH WUDLQ LV LQ D SRVLWLRQ ZKHUH LW FDQ

EH VHHQ E\ KLP� ,Q SDUWLFXODU� .LOOLFN FDQQRW DFFHVV WKLV REVHUYDEOH ZKHQ WKH WUDLQ HQWHUV

WKH WXQQHO� $Q (GHQ DFWLRQ WR LPSOHPHQW VXFK D SULYLOHJH LV JLYHQ DV IROORZV �RQO\ D SDUW

RI WKH DFWLRQ LV VKRZQ KHUH� GXH WR OLPLWDWLRQV RI VSDFH��
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SURF FKDQJH7UDLQ$JHQF\ � B75$,1BWUDLQBSRVB[� GULYHU6HH)ODJ3RV� .LOOLFN6HH7UDLQ3RV ^

DXWR WUDLQ3RV�
WUDLQ3RV �B���VWU�HYDO�aWUDLQ'ULYHU�����B75$,1BWUDLQBSRVB[��
LI �B75$,1BWUDLQBSRVB[ � aB6,7(B.LOOLFNBSRV � GULYHU6HH)ODJ3RV 		
B75$,1BWUDLQBSRVB[ ! aB6,7(BWXQQHOBUBSRV 		 �GULYHUBVHHBIODJ� ^
DGG$JHQF\��.LOOLFN�� �RUDFOH�� WUDLQ3RV��
.LOOLFNBVHHBWUDLQ  758(�

`
LI ��B75$,1BWUDLQBSRVB[ ! aB6,7(B.LOOLFNBSRV � .LOOLFN6HH7UDLQ3RV __

B75$,1BWUDLQBSRVB[ � B75$,1BWUDLQ/HQJWK � aB6,7(BWXQQHOBUBSRV� 		
.LOOLFNBVHHBWUDLQ� ^
UHPRYH$JHQF\��.LOOLFN�� �RUDFOH�� WUDLQ3RV��
VHQG&OLHQW��.LOOLFN�� WUDLQ3RV �� �  ������?Q���
.LOOLFNBVHHBWUDLQ  )$/6(�

`
`

,Q WKLV (GHQ DFWLRQ� FKDQJHV WR WKH WUDLQ©V SRVLWLRQ DQG WR WKH GLVWDQFHV DW ZKLFK

REMHFWV EHFRPH YLVLEOH VHUYH DV WULJJHUV WR UHGHILQH .LOOLFN©V SULYLOHJH WR REVHUYH WKH

WUDLQ� 7KH PRGHO DVVXPHV WKDW .LOOLFN©V IODJ ZLOO EH YLVLEOH WR WKH WUDLQ GULYHU SUHFLVHO\

ZKHQ WKH WUDLQ LV YLVLEOH WR .LOOLFN�

7KH UDLOZD\ DFFLGHQW FDVH VWXG\� LOOXVWUDWHV YHU\ ZHOO QRW RQO\ WKH SRLQWV RI YLHZ

XQGHUO\LQJ '(0 EXW DOVR WKH NH\ IHDWXUHV RI GWNHGHQ IRU VXSSRUWLQJ GLVWULEXWHG

PRGHOOLQJ� IRU H[DPSOH� V\QFKURQRXV FRPPXQLFDWLRQ �DPRQJ .LOOLFN� %URZQ DQG HDFK

GULYHU�� DQG UHXVDEOH GHILQLWLYH SDWWHUQV �VHH WKH ZD\ LQ ZKLFK WUDLQV DUH VSHFLILHG LQ

$SSHQGL[ ��% IRU H[DPSOH�� 7KH QH[W WZR VHFWLRQV LOOXVWUDWH WKHVH IHDWXUHV LQ PRUH GHWDLO�

�
0RUH GHWDLOV RI WKH DFFLGHQW DQLPDWLRQ DUH DYDLODEOH RQ WKH ZHEVLWH

KWWS���GFV�ZDUZLFN�DF�XN��PRGHOOLQJ�UDLOZD\ GHYHORSHG E\ 6� 0DDG�
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��� 7KH $SSOLFDWLRQ RI WKH 9LUWXDO $JHQW &RQFHSW

2QH RI WKH PRVW LPSRUWDQW IHDWXUHV RI GWNHGHQ LV WKH YLUWXDO DJHQW FRQFHSW� $V GHVFULEHG

LQ VHFWLRQ ���� WKH XVH RI WKH YLUWXDO DJHQW FRQFHSW HQDEOHV D PRGHOOHU QRW RQO\ WR ORFDOLVH

D GHILQLWLYH VFULSW LQ DFFRUGDQFH ZLWK D VSHFLILF FRQWH[W EXW DOVR WR JHQHUDWH VFULSWV IRU

UHXVH� 7KLV VHFWLRQ JLYHV H[DPSOHV RI XVLQJ WKH YLUWXDO DJHQW FRQFHSW�

����� 5HHQJLQHHULQJ $'0

$V GHVFULEHG HDUOLHU �������� WKH $'0 LV DQ DEVWUDFW PDFKLQH ZKLFK KDV EHHQ GHYHORSHG

WR JLYH RSHUDWLRQDO PHDQLQJ WR WKH FKDUDFWHUV RI SDUDOOHO VWDWH�FKDQJH DQG RSHQQHVV LQ DQ

/6' DFFRXQW >6OD��@� $Q /6' DFFRXQW LQWHQGHG IRU GHVFULELQJ V\VWHPV DW D KLJKHU�OHYHO

DEVWUDFWLRQ LV QRQ�H[HFXWDEOH� ,Q RUGHU WR FUHDWH D FRPSXWHU�EDVHG PRGHO WR DQLPDWH WKH

GHVFULSWLRQ LQ DQ /6' DFFRXQW� WKH GHYHORSPHQW RI DQ DEVWUDFW PDFKLQH VXFK DV WKH $'0

LV UHTXLUHG� :LWK WKH $'0� WKH PRGHOOHU FDQ DQLPDWH WKH EHKDYLRXU GHVFULEHG E\ DQ /6'

DFFRXQW DQG LQWHUYHQH LQ WKLV DQLPDWLRQ E\ �UH�GHILQLWLRQ WKURXJK GHILQLWLYH SURJUDPPLQJ�

7KH WDVN RI WUDQVODWLQJ DQ /6' DFFRXQW LQWR DQ $'0 PRGHO LV VR IDU SHUIRUPHG

PDQXDOO\� 7KH DFFRXQW RI HDFK /6' DJHQW LV SUHVHQWHG LQ WKH IRUP RI DQ HQWLW\� ZKLFK

LQFOXGHV D GHILQLWLRQ VHFWLRQ DQG DQ DFWLRQ VHFWLRQ� $ JHQHUDO UXOH IRU WKLV WUDQVODWLRQ LV

WKDW YDULDEOHV RZQHG E\ WKH DJHQW DUH SXW LQWR WKH GHILQLWLRQ VHFWLRQ DQG WKH GHVFULSWLRQ RI

SURWRFRO LV SXW LQWR WKH RWKHU VHFWLRQ LQ WKH IRUP RI DFWLRQ �)RU SUHFLVH GHWDLOV RI WKLV

WUDQVODWLRQ� VHH >6OD��@��

7KRXJK 6ODGH©V LPSOHPHQWDWLRQ RI WKH $'0 LV D VXFFHVVIXO SURRI�RI�FRQFHSW WRRO

WR GHPRQVWUDWH KRZ DQ DQLPDWLRQ FDQ EH FUHDWHG IURP DQ /6' DFFRXQW� LWV DSSOLFDWLRQV

DUH OLPLWHG� 7KLV LV EHFDXVH� LQ WKLV LPSOHPHQWDWLRQ� WKH $'0 RQO\ DFFHSWV WKH LQWHJHU

GDWD W\SH� DQG KDV QR VXSSRUW IRU YLVXDOLVDWLRQ� +HQFH� IRU PRVW DSSOLFDWLRQV� $'0

PRGHOV DUH WUDQVODWHG LQWR (GHQ PRGHOV UDWKHU WKDQ LQWHUDFWLYHO\ LQWHUSUHWHG� 7KH
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WUDQVODWLRQ FDQ EH GLYLGHG LQWR WZR SDUWV� V\VWHP DQG DSSOLFDWLRQ� 7KH V\VWHP SDUW

HPEHGGHG LQ HDFK WUDQVODWHG (GHQ PRGHO GHDOV ZLWK WKH DQLPDWLRQ RI SDUDOOHO VWDWH�FKDQJH

LQ WKH $'0� DQG WKH DSSOLFDWLRQ SDUW LV JHQHUDWHG E\ WUDQVODWLQJ HQWLWLHV LQ WKH $'0 LQWR

(GHQ QRWDWLRQ �VXFK DV GHILQLWLRQV DQG DFWLRQV��

$ WUDQVODWRU QDPHG DGP KDV EHHQ GHYHORSHG WR VXSSRUW WKH WUDQVODWLRQ ><XQ��@�

:LWK DGP� LQ DGGLWLRQ WR WKH V\VWHP SDUW� HDFK HQWLW\ GHVFULSWLRQ LV WUDQVODWHG LQWR D

SURFHGXUH �ZLWK WKH VDPH QDPH DV WKH HQWLW\� LQ ZKLFK WKH WH[WXDO IRUPV RI WKH GHILQLWLRQ

DQG WKH DFWLRQ VHFWLRQV RI WKH HQWLW\ DUH WUHDWHG DV SDUDPHWHUV WR DQ (GHQ EXLOW�LQ IXQFWLRQ

FDOOHG H[HFXWH� 2QFH WKH SURFHGXUH LV FDOOHG� (GHQ GHILQLWLRQV DQG DFWLRQV WR UHSUHVHQW WKH

RULJLQDO $'0 HQWLW\ DUH JHQHUDWHG� 7KLV VDPH SURFHGXUH FDQ EH XVHG ZKHQ WKH PRGHO LV

UXQQLQJ �ZLWK VSHFLILHG SDUDPHWHUV� LI DSSURSULDWH� LQ RUGHU WR LQVWDQWLDWH (GHQ GHILQLWLRQV

DQG DFWLRQV WR UHIOHFW WKH �VSHFLILHG� FRQWH[W RI WKH HQWLW\� )LJXUHV ��� DQG ��� LOOXVWUDWH

WKH WUDQVODWLRQ E\ DGP LQ ZKLFK DQ HQWLW\ FDOOHG SDVVHQJHU LV WUDQVODWHG LQWR D SURFHGXUH

)LJXUH ���� $ VQDSVKRW RI WKH HQWLW\ SDVVHQJHU LQ $'0
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�DOVR FDOOHG SDVVHQJHU�� $V VKRZQ LQ )LJXUH ���� WKH (GHQ VFULSWV JHQHUDWHG E\ WKH

WUDQVODWLRQ DUH GLIILFXOW WR UHDG� 7KLV LV EHFDXVH DGGLWLRQDO VWULQJ KDQGOLQJ V\PEROV IRU WKH

SDUDPHWHUV RI WKH IXQFWLRQ H[HFXWH DUH LQVHUWHG� 7KLV SUREOHP FDQ EH DOPRVW HQWLUHO\

HOLPLQDWHG E\ UH�HQJLQHHULQJ WKLV WUDQVODWLRQ�

7KH XVH RI WKH YLUWXDO DJHQW FRQFHSW� ZKLFK FDQ UHSHDWHGO\ JHQHUDWH VLPLODU

GHILQLWLYH VFULSWV IURP D GHILQLWLYH SDWWHUQ �H[SODLQHG LQ 6HFWLRQ ����� LV DEOH WR VHUYH WKH

SXUSRVH RI LQVWDQWLDWLRQ LQ DGP� 7KLV KDV PRWLYDWHG WKH DXWKRU WR GHYHORS D QHZ

WUDQVODWRU QDPHG DGP�� ,Q DGP�� HDFK HQWLW\ LV WUDQVODWHG LQWR D GHILQLWLYH SDWWHUQ ZLWK

DQ XQVSHFLILHG YLUWXDO DJHQW� DV GLVFXVVHG LQ VHFWLRQ ���� 7KH GHILQLWLYH SDWWHUQV VWRUHG LQ

LQGLYLGXDO ILOHV FDQ WKHQ EH UHXVHG WR JHQHUDWH VLPLODU VFULSWV DFFRUGLQJ WR WKH FRQWH[WV RI

WKHLU VSHFLILHG YLUWXDO DJHQWV� 7KH IXQFWLRQ H[HFXWH LV QR ORQJHU XVHG� VR WKDW DGGLWLRQDO

VWULQJ KDQGOLQJ V\PEROV DUH DOPRVW XQQHFHVVDU\� ,Q RUGHU WR PDNH LW SRVVLEOH WR UHXVH HDFK

GHILQLWLYH SDWWHUQ GHVFULELQJ DQ HQWLW\� DGP�� OLNH DGP� JHQHUDWHV D SURFHGXUH ZLWK WKH

)LJXUH ���� $ VQDSVKRW RI WKH (GHQ VFULSWV JHQHUDWHG IRU WKH HQWLW\

SDVVHQJHU E\ WKH RULJLQDO YHUVLRQ RI WKH $'0 WUDQVODWRU
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QDPH RI WKLV HQWLW\� 7KLV SURFHGXUH LV PXFK VLPSOHU WKDQ WKDW JHQHUDWHG E\ DGP� VLQFH

PRVW RI LWV FRQWHQW LV H[WUDFWHG DQG VWRUHG LQWR D ILOH DV D UHXVDEOH GHILQLWLYH SDWWHUQ� ,Q

HIIHFW� WKLV SURFHGXUH VHUYHV WR SHUIRUP WKH SURFHVV RI SDUWLFXODULVLQJ D UHXVDEOH GHILQLWLYH

SDWWHUQ DV GLVFXVVHG LQ 6HFWLRQ ���� ,W VSHFLILHV WKH FRQWH[W RI WKH YLUWXDO DJHQW DQG WKH

SDUDPHWHUV� LI DQ\� DQG WKHQ LQFOXGHV WKH ILOH RI WKLV GHILQLWLYH SDWWHUQ LQ RUGHU WR UHXVH WKH

GHILQLWLYH SDWWHUQ LQ WKH FXUUHQW FRQWH[W� )LJXUH ��� VKRZV WKH GHILQLWLYH SDWWHUQ JHQHUDWHG

E\ DGP� IRU WKH HQWLW\ SDVVHQJHU LQ )LJXUH ���� &RPSDUHG ZLWK WKH )LJXUH ���� LW LV FOHDU

WKDW WKH JHQHUDWHG (GHQ PRGHO� LQ ZKLFK WKHUH DUH QR DGGLWLRQDO VWULQJ KDQGOLQJ V\PEROV�

LV HDVLHU WR UHDG DQG PDLQWDLQ� ,Q UHVSHFW RI WKH WUDQVODWLRQ RI WKH V\VWHP SDUW� DGP� LV

H[DFWO\ WKH VDPH DV DGP�

)LJXUH ���� 7KH (GHQ VFULSWV JHQHUDWHG IRU WKH HQWLW\ SDVVHQJHU E\ WKH

DXWKRU©V UHYLVHG YHUVLRQ RI WKH $'0 WUDQVODWRU
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����� 2WKHU ([DPSOHV

,Q DGGLWLRQ WR WKH DSSOLFDWLRQ RI UHHQJLQHHULQJ WKH $'0 WUDQVODWRU� WKH XVH RI WKH YLUWXDO

DJHQW FRQFHSW IRU DGDSWDEOH UHXVH KDV EHHQ LOOXVWUDWHG LQ VHYHUDO SURMHFWV� %\ UHXVLQJ

DGDSWDEOH GHILQLWLYH SDWWHUQV� WKHVH SURMHFWV QRW RQO\ VXFFHHG LQ VLPSOLI\LQJ WKH

SURJUDPPHU©V WDVN EXW DOVR EHQHILW IURP UHGXFLQJ PRGHO VL]H DQG JHQHUDWLQJ VWUXFWXUHG

GHILQLWLYH VFULSWV� 7ZR H[DPSOHV DUH JLYHQ KHUH�

x 7KH FODVVURRP SURMHFW�

7KLV SURMHFW VHHNV WR GHYHORS DQ DQLPDWLRQ V\VWHP WR PRGHO WKH LQWHUDFWLYH

EHKDYLRXUV RI SXSLOV DQG WKH WHDFKHU LQ D FODVVURRP� 6LQFH WKH YDULDEOHV DVVRFLDWHG ZLWK D

SXSLO� VXFK DV WKRVH IRU VKRZLQJ WKH IDFH RI D SXSLO� PXVW EH GHILQHG IRU HDFK VSHFLILF

SXSLO LQ UHVSRQVH WR WKH REVHUYHG ZRUOG RI WKH PRGHOOHU� WKH VL]H RI WKH GHYHORSHG V\VWHP

�IRU � SXSLOV� LV ODUJH �DERXW ���. E\WHV LQ WRWDO�� 7KLV OHDGV WR WLPH�FRQVXPLQJ

LQFRQYHQLHQFH DQG GLIILFXOW\ LQ PDLQWDLQLQJ WKH V\VWHP� IRU H[DPSOH� WKH QHHG WR FKDQJH

VRPH REVHUYDEOHV© GHVFULSWLRQV DQG WR DGG PRUH SXSLO LFRQV LQWR WKH V\VWHP RQ�WKH�IO\� ,Q

IDFW� H[DPLQLQJ WKH V\VWHP FDUHIXOO\� LW LV IRXQG WKDW PDQ\ FKXQNV RI VFULSWV KDYH D KLJK

GHJUHH RI VLPLODULW\� IRU H[DPSOH� WKH GHVFULSWLRQ RI HDFK SXSLO©V EHKDYLRXU� WKH 6FRXW

ZLQGRZV IRU VKRZLQJ SXSLO LFRQV DQG PHDVXULQJ WKH SHUVRQDO FKDUDFWHULVWLFV RI SXSLOV�

DQG WKH GHVFULSWLRQ RI GUDZLQJ HDFK SXSLO©V IDFH LQ 'R1D/'� 7KHVH VLPLODULWLHV SRLQW WR

WKH XVH RI WKH YLUWXDO DJHQW FRQFHSW IRU UHGXFLQJ VL]H DQG PDLQWHQDQFH ORDG�

&RUUHVSRQGLQJ WR WKH PRGHOOHU©V SUDFWLFDO H[SHULHQFH� *2V �WKDW LV� JHQHULF REVHUYDEOHV�

DQG WKHLU GHILQLWLYH SDWWHUQV� IRU H[DPSOH� JLUOIDFH� ER\IDFH� SXSLO�LFRQ� FDQ EH JHQHUDOLVHG

DV UHXVDEOH SDWWHUQV� 7KHVH SDWWHUQV FDQ WKHQ EH SDUWLFXODULVHG WR FUHDWH WKH QHHGHG

GHILQLWLYH VFULSWV RQ�WKH�IO\� 7KH JHQHUDWHG VFULSWV DUH DGDSWDEOH LQ DFFRUGDQFH ZLWK WKHLU

� 7KH SURMHFW ZDV RULJLQDOO\ GHYHORSHG E\ D WKLUG�\HDU VWXGHQW LQ WKH DXWKRU©V GHSDUWPHQW� 7R GDWH� LWV
PRGLILFDWLRQ E\ XVLQJ WKH YLUWXDO DJHQW FRQFHSW KDV EHHQ GHYHORSHG FROODERUDWLYHO\ E\ WKH SUHVHQW DXWKRU

DQG DQRWKHU 3K' VWXGHQW 6� 5DVPHTXDQ�
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VSHFLILF FRQWH[WV� )RU H[DPSOH� WKH GHVFULSWLRQ RI WKH SRVLWLRQ RI HDFK SXSLO©V LFRQ FDQ EH

PRGLILHG LQ UHVSRQVH WR LWV UHDO SRVLWLRQ RQ WKH GLVSOD\HG VFUHHQ�

%\ H[SORLWLQJ WKH YLUWXDO DJHQW FRQFHSW� WKH VL]H RI WKH V\VWHP KDV EHHQ UHGXFHG E\

��� �WR DERXW ���. E\WHV�� 0RUH VLJQLILFDQWO\� WKHVH GHILQLWLYH SDWWHUQV EHFRPH UHXVDEOH

FRPSRQHQWV DQG FDQ EH FRQYHQLHQWO\ UHXVHG ZLWK RSWLPDO PRGLILFDWLRQ RQ�WKH�IO\� 1HLWKHU

ZKLWH�ER[ QRU EODFN�ER[ UHXVH SURYLGHV WKLV IHDWXUH RI DGDSWDEOH UHXVH ZKHQ WKH PRGHO LV

UXQQLQJ� VLQFH ERWK NLQGV RI UHXVDEOH FRPSRQHQW DUH ZHOO�GHILQHG LQ DGYDQFH DQG FDQQRW

EH PRGLILHG RQ�WKH�IO\� )LJXUH ��� VKRZV WKDW WKH V\VWHP KDV EHHQ H[WHQGHG WR �� SXSLOV

MXVW E\ UHXVLQJ GHILQLWLYH SDWWHUQV ZLWKRXW DGGLWLRQDO GHVFULSWLRQ�

)LJXUH ���� 7KH DSSOLFDWLRQ RI UHXVDEOH GHILQLWLYH SDWWHUQV LQ

WKH FODVVURRP VLPXODWLRQ V\VWHP
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x 7KH YLUWXDO HOHFWULFDO ODERUDWRU\ SURMHFW�

7KLV SURMHFW XVHV (0 WR GHYHORS D GLVWULEXWHG HOHFWULFDO ODERUDWRU\ V\VWHP IRU

HGXFDWLRQDO SXUSRVHV� :LWKLQ WKH GWNHGHQ HQYLURQPHQW� WKH VFHQDULRV RI WKH V\VWHP FDQ

EH FRQVLGHUHG DV IROORZV� WKH WHDFKHU DW WKH 6�QRGH GUDZV XS D FLUFXLW GLDJUDP DQG VHQGV

LW WR VWXGHQWV DW $�QRGHV� DQG HDFK VWXGHQW LQWHUDFWV ZLWK WKH UHFHLYHG GLDJUDP E\

FKDQJLQJ LWV FRPSRQHQWV DQG WKHLU YDOXHV IRU OHDUQLQJ SXUSRVHV�

,Q RUGHU WR VXSSRUW WKH IUHTXHQW LQWHUDFWLRQ EHWZHHQ WKH WHDFKHU DQG VWXGHQWV� DQG

WKHLU FRPSXWHU PRGHOV� D ODUJH QXPEHU RI LFRQV DUH XVHG� )RU H[DPSOH� D FLUFXLW GLDJUDP

FDQ EH GUDZQ E\ VHOHFWLQJ D V\PERO IURP DQ LFRQ EDU DQG SDVWLQJ WKH VHOHFWHG V\PERO LQWR

DQ LFRQ RI WKH ZRUNVSDFH FRQVLVWLQJ RI DQRWKHU ��� LFRQV ZLWK HPSW\ FRQWHQWV� ,Q IDFW� DV

VKRZQ LQ )LJXUH ���� PRUH WKDQ ��� LFRQV DUH XVHG IRU WKH LQWHUIDFH WR VXSSRUW WKH

� 7KLV 06F UHVHDUFK SURMHFW ZDV MRLQWO\ GHYHORSHG E\ +� 3� '©RUQHOODV >'RU��@ DQG &� 5� 6KHWK >6KH��@�

)LJXUH ���� $ VQDSVKRW RI YLUWXDO HOHFWURQLF ODERUDWRU\



���

LQWHUDFWLRQ DQG GLVSOD\ JUDSKLF GDWD� (DFK LFRQ LV VSHFLILHG E\ GHILQLQJ D 6FRXW ZLQGRZ WR

LQFOXGH D 'R1D/' SLFWXUH� $V FDQ EH LPDJLQHG� D KHDY\ ORDG RI PRGHOOLQJ LV LQHYLWDEOH

IRU FUHDWLQJ DQG PDLQWDLQLQJ WKHVH LFRQV LQ WNHGHQ� KRZHYHU� WKH ORDG FDQ EH UHOLHYHG E\

XVLQJ WKH YLUWXDO DJHQW FRQFHSW� )RU H[DPSOH� D *2 QDPHG ¨DJHQW�S�© SURYLGHV D

GHILQLWLYH SDWWHUQ ZKLFK FDQ EH UHXVHG IRU GHVFULELQJ LFRQV LQ WKH LFRQ EDU �PRUH GHWDLOV

DUH JLYHQ LQ >6KH��@��

%RWK WKH DERYH SURMHFWV GHPRQVWUDWH WKH DGYDQWDJHV RI DSSO\LQJ WKH YLUWXDO DJHQW

FRQFHSW WR VRIWZDUH UHXVH� LQ SDUWLFXODU IRU DGDSWDEOH UHXVH ZKHQ WKH PRGHO LV UXQQLQJ� DV

GLVFXVVHG LQ 6HFWLRQ ���� 0RUH VLJQLILFDQWO\� LW LV IRXQG WKDW WKH FUHDWLRQ RI GHILQLWLYH

SDWWHUQV IDFLOLWDWHV WKH FRQVWUXFWLRQ RI WKH KLHUDUFKLFDO VWUXFWXUH RI WKH GHYHORSHG V\VWHP�

:KHUH GHILQLWLYH SURJUDPPLQJ LV XVHG� DV LQ WNHGHQ� LW LV W\SLFDOO\ QRW QHFHVVDU\ IRU WKH

PRGHOOHU WR DGGUHVV LVVXHV DVVRFLDWHG ZLWK WKH VWUXFWXUH RI PRGHOV� +RZHYHU� D VWUXFWXUH

IRU GWNHGHQ PRGHOV FDQ EH H[SOLFLWO\ LQWURGXFHG ZKHQ UHXVDEOH GHILQLWLYH SDWWHUQV LQ

GWNHGHQ DUH VXEWO\ GHYLVHG� )RU H[DPSOH� )LJXUH ��� LOOXVWUDWHV WKH SDUWLDO VWUXFWXUH RI WKH

FODVVURRP VLPXODWLRQ V\VWHP �WKH PRGLILHG YHUVLRQ�� ,W VKRXOG EH QRWHG WKDW VXFK DQ

)LJXUH ���� 7KH SDUWLDO KLHUDUFKLFDO VWUXFWXUH RI WKH PRGLILHG

FODVVURRP VLPXODWLRQ V\VWHP

3XSLO

3XSLO�IDFH�LFRQ 3XSLO�EHKDYLRXU�LFRQ

3XSLO�DFWLRQ3XSLO�LFRQ

%R\�IDFH *LUO�IDFH :ULWLQJ�LFRQ

5HDGLQJ�LFRQ

7KLQNLQJ�LFRQ

6OHHSLQJ�LFRQ 3X]]OLQJ�LFRQ



���

DSSOLFDWLRQ RI GHILQLWLYH SDWWHUQV QHHG QRW EH UHJDUGHG DV LPSRVLQJ D IL[HG VWUXFWXUH RQ

WKH V\VWHP EHLQJ GHYHORSHG� GXH WR WKH DGDSWDELOLW\ RI WKHVH SDWWHUQV�

��� ([DPSOHV RI ,QWHUDFWLRQ 0RGHV

7KHUH DUH IRXU LQWHUDFWLRQ PRGHV LQ GWNHGHQ� 7KH H[DPSOHV LQ WKH SUHYLRXV VHFWLRQV DUH

W\SLFDOO\ LQ WKH QRUPDO PRGH� 7KLV VHFWLRQ LQFOXGHV DQRWKHU WZR H[DPSOHV GHYHORSHG E\

WKH DXWKRU WR LOOXVWUDWH GLIIHUHQW PRGHV�

x $ WZR�SOD\HU 2;2 JDPH

7KLV V\VWHP ZDV RULJLQDOO\ GHYHORSHG WR PRGHO D JHQHULF 2;2 JDPH LQ WKH WNHGHQ

HQYLURQPHQW� WKDW LV� LQ D VWDQG�DORQH HQYLURQPHQW �GHWDLOV FDQ EH IRXQG LQ >1HV��@�� 7KH

RQO\ XVHU RI WKH V\VWHP LV WKH PRGHOOHU� ZKR� EHLQJ WKH VXSHUDJHQW� LV HPSRZHUHG WR

DFFHVV DQG FKDQJH DOO YDULDEOHV RI WKH FRPSXWHU�EDVHG PRGHO� :KHQ WKH V\VWHP LV

H[WHQGHG WR D GLVWULEXWHG HQYLURQPHQW� WKHUH LV QR ORQJHU D VLQJOH VXSHU DJHQW�

,Q WKH H[WHQGHG 2;2 PRGHO� PRUH PRGHOOHUV DUH LQYROYHG� WZR IRU SOD\HUV ; DQG

2 DW $�QRGHV DQG RQH IRU WKH XPSLUH �DVVRFLDWHG ZLWK ¨WKH 6�PRGHOOHU YLHZ©� DW WKH 6�

QRGH� 7KURXJK D FRPPXQLFDWLRQ QHWZRUN� D SOD\HU ; FDQ VHQG D GHILQLWLYH VFULSW� IRU

H[DPSOH D GHILQLWLRQ V�  [ �GHVFULELQJ D FURVV LV SODFHG WR SRVLWLRQ V��� WR LQWHUDFW ZLWK

�H�J� WR SOD\ 2;2 ZLWK� DQRWKHU SOD\HU 2�� 'XH WR WKH VWDU�W\SH ORJLFDO QHWZRUN

FRQILJXUDWLRQ GHVFULEHG HDUOLHU �6HFWLRQ ����� WKH VFULSW LV ILUVW DXWRPDWLFDOO\ GLUHFWHG WR

WKH 6�QRGH� ,I WKH LQWHUDFWLRQ PRGH RI WKH 6�QRGH LV EURDGFDVW PRGH� WKH VFULSW ZLOO EH

DFFHSWHG VR DV WR DIIHFW WKH FRPSXWHU PRGHO DW WKH 6�QRGH� DQG ZLOO FRQFXUUHQWO\ EH VHQW

WR DQRWKHU SOD\HU 2� OHDGLQJ WR WKH FKDQJH RI WKH YLVXDOLVDWLRQ RI SOD\HU 2©V FRPSXWHU

� $OWKRXJK D SOD\HU FDQ DOVR LQSXW D GHILQLWLYH VFULSW ZLWKRXW VHQGLQJ LW WR WKH XPSLUH� LQ RUGHU WR LQWHUDFW ZLWK
KLV�KHU RZQ FRPSXWHU PRGHO� WKH LQWHUDFWLRQ ZLOO EH UHJDUGHG DV D VWDQG�DORQH PRGHOOLQJ LQ (0 IRU

LQGLYLGXDO FRJQLWLRQ� 7KLV LV QRW FRQVLGHUHG LQ WKLV VHFWLRQ�



���

PRGHO� )LJXUH ��� VKRZV WKH LQWHUDFWLRQ EHWZHHQ WKH WKUHH PRGHOV LQ WKLV IRUP RI

EURDGFDVWLQJ�

,I WKH LQWHUDFWLRQ PRGH LV GHFODUHG DV LQWHUIHUHQFH PRGH� VFULSWV WKDW DUH VHQW WR WKH

6�QRGH ZLOO EH GLVSOD\HG LQ WKH XPSLUH©V LQSXW ZLQGRZ SHQGLQJ IXUWKHU DFWLRQ IURP WKH

XPSLUH �DV VKRZQ LQ )LJXUH ������ $W WKLV SRLQW� WKH XPSLUH FDQ LQWHUIHUH LQ WKH LQWHUDFWLRQ

EHWZHHQ WZR SOD\HUV� IRU H[DPSOH E\ FKDQJLQJ WKH GHILQLWLRQ V�  [ �UHFHLYHG IURP SOD\HU

;� WR V�  R �VLJQLI\LQJ WKH SODFLQJ RI D QRXJKW LQ SRVLWLRQ V�� DQG VHQGLQJ LW WR WKH SOD\HU

2� $V D UHVXOW� D VXUSULVLQJ LQFRQVLVWHQF\ RFFXUV LQ WKH SOD\HUV© FRPSXWHU PRGHOV� 7KH

XQH[SHFWHG FRQWH[WV WKDW DULVH IURP LQWHUIHUHQFH DW WKH 6�QRGH FDQ HQULFK WKH

XQGHUVWDQGLQJ RI DOO WKH PRGHOOHUV LQYROYHG LQ WKH V\VWHP�

x $ PRQLWRULQJ V\VWHP IRU DQ HGXFDWLRQDO JDPH

7KH MXJV PRGHO LQ WNHGHQ LPSOHPHQWV D VLPSOH HGXFDWLRQDO JDPH LQWHQGHG WR

WHDFK SXSLOV HOHPHQWDU\ QXPEHU WKHRU\ �VHH >%H\���� %6��@ IRU GHWDLOV�� $ GWNHGHQ

V\VWHP KDV EHHQ GHYHORSHG E\ H[WHQGLQJ WKH VWDQG�DORQH YHUVLRQ RI WKH MXJV PRGHO LQ

WNHGHQ� 7KLV V\VWHP DOORZV D WHDFKHU �VLWHG DW WKH 6�QRGH� WR PRQLWRU WKH SURJUHVV RI

VHYHUDO SXSLOV ZKR DUH LQGHSHQGHQWO\ SOD\LQJ MXJV� 7KH LQWHUDFWLRQ PRGH DW WKH 6�QRGH

IRU WKLV V\VWHP LV VHW WR WKH SULYDWH PRGH VR DV WR HVWDEOLVK SULYDWH FKDQQHOV WR LQGLYLGXDO

SXSLOV IRU PRQLWRULQJ WKHLU SOD\LQJ FRQWH[W� ,Q WKLV ZD\� HDFK LQWHUDFWLRQ SHUIRUPHG E\ D

SDUWLFXODU SXSLO ZKR LV SOD\LQJ MXJV RQ KLV�KHU FRPSXWHU PRGHO LV SURSDJDWHG WR WKH

PRGHO DW WKH 6�QRGH DQG RQO\ DIIHFWV WKH SDUW RI WKH WHDFKHU©V PRGHO ZKLFK FRUUHVSRQGV WR

WKDW SXSLO©V FRQWH[W� )LJXUH ���� LOOXVWUDWHV KRZ GLIIHUHQW FRQWH[WV� FRUUHVSRQGLQJ WR WKH

PRGHOV RI GLIIHUHQW SXSLOV� FDQ EH VKRZQ LQ WKH VDPH PRGHO DW WKH 6�QRGH� WKRXJK WKHVH

PRGHOV HVVHQWLDOO\ KDYH WKH VDPH REVHUYDEOHV DQG GHSHQGHQF\ IRU HDFK SXSLO� 7KLV V\VWHP

GHPRQVWUDWHV WKH DUFKHW\SDO XVDJH RI WKH YLUWXDO DJHQW FRQFHSW� YL]� WR ORFDOLVH GHILQLWLYH

VFULSWV LQ DFFRUGDQFH ZLWK WKHLU FRQWH[WV� 7KLV FRQFHSW RI ORFDOLVDWLRQ JLYHV ULVH WR WKH

FRQFHSW RI DGDSWDEOH UHXVH�
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)LJXUH ���� ,QWHUDFWLRQ LQ WKH EURDGFDVW PRGH

6HQG�UHFHLYH

GHILQLWLYH VFULSWV
6HQG�UHFHLYH

GHILQLWLYH VFULSWV

%URDGFDVW LQWHUDFWLRQ

3OD\HU;

8PSLUH LQ WKH LQWHUIHUHQFH PRGH

�WKH 6�PRGHOOHU©V YLHZ�

3OD\HU2

7KH VFULSW VHQW

E\ ; �V� [��

$ QHZ VFULSW

FKDQJHG E\ WKH
6�PRGHOOHU

�V� R�

)LJXUH ����� ,QWHUDFWLRQ LQ WKH LQWHUIHUHQFH PRGH
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)LJXUH ����� 'LIIHUHQW FRQWH[WV RI D MXJV JDPH LQ WKH SULYDWH PRGH
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$SSHQGL[ ��$� $Q /6' $FFRXQW IRU WKH 5DLOZD\ $FFLGHQW

7KLV DSSHQGL[ SUHVHQWV DQ /6' DFFRXQW RI WKH DJHQWV LQYROYHG LQ WKH &OD\WRQ 7XQQHO

UDLOZD\ DFFLGHQW� 7KH DFFRXQW LV VXEMHFW WR FKDQJH DV PRUH NQRZOHGJH HPHUJHV IURP WKH

PRGHOOLQJ� ,Q DGGLWLRQ� IRU WKH VDNH RI FRQYHQLHQFH� HDFK RI WKH NH\ SRVLWLRQV RI D WUDLQ LQ

WKLV DFFRXQW LV UHSUHVHQWHG E\ D VLPSOH OHWWHU� 7KHVH V\PEROV DQG WKHLU PHDQLQJ DUH

H[SODLQHG DIWHU WKH /6' DFFRXQW�

DJHQW .LOOLFN ^

VWDWH

VHWBDODUPBRII

VHWBVLJQDO

VKRZLQJBIODJ

RUDFOH

FORFNBWLPH

WUDLQBSRVLWLRQ�L� �
 JHW WKLV DJHQF\ ZKHQ KH FDQ VHH WKH WUDLQ L� EXW ORVW WKLV DJHQF\ ZKHQ

WKH WUDLQ L HQWHUV WKH WXQQHO� 
�

WHOHJUDSKBQHHGOHBSRVLWLRQ

DODUPBULQJLQJ

KDQGOH

VHWBQHHGOHBSRVLWLRQ �
 VHW WHOHJUDSKBQHHGOHBSRVLWLRQ WR 2&&83,('��� 
�

VHWBVLJQDO �
 VHW VLJQDOBVLJQ WR $//B&/($5��� RU &$87,21��� 
�

VHWBDODUP �
 ZH DVVXPH DODUP ZLOO NHHS ULQJLQJ XQWLO .LOOLFN UHVHW LW 
�

VKRZLQJ)ODJ&RORXU

SURWRFRO

�
 ZKHQ WHOHJUDSK QHHGOH SRVLWLRQ LV LQ &/($5� VHW LW WR 1(875$/

DQG UHVHW VLJQDO WR $//B&/($5 
�

WHOHJUDSKBQHHGOHBSRVLWLRQ   �� �! VHWBQHHGOHBSRVLWLRQ  �� VHWBVLJQDO  �

�
 ZKHQ WUDLQ LV HQWHULQJ WKH WXQQHO� .LOOLFN ZDQWV WR VHW WHOHJUDSK



���

QHHGOH©V SRVLWLRQ WR 2&&83,(' DQG QR VKRZLQJ IODJ 
�

WUDLQBSRVLWLRQ�L� ! H �! VHWBQHHGOHBSRVLWLRQ  �� VKRZLQJBIODJ   )$/6(

�
 ZKHQ WKH DODUP LV ULQJLQJ� .LOOLFN ZDQWV WR VHW LW RII DQG VKRZ D IODJ WR LQGLFDWH VLWXDWLRQ 
�

DODUPBULQJLQJ   758( �! VHWBDODUP  2))� VKRZLQJBIODJ  758(

�
 ZKHQ .LOOLFN ZDQWV WR VKRZLQJ DQ LQGLFDWLQJ IODJ DQG D WUDLQ LV

LQ WKH WXQQHO� KH VKRZV WKH UHG IODJ� 
�

VKRZLQJBIODJ   758( 		 WHOHJUDSKBQHHGOHBSRVLWLRQ   � �! VKRZLQJ)ODJ&RORXU �5('�

�
 ZKHQ .LOOLFN ZDQWV WR VKRZLQJ DQ LQGLFDWLQJ IODJ DQG QR WUDLQ LV

LQ WKH WXQQHO� KH VKRZV WKH ZKLWH IODJ� 
�

VKRZLQJBIODJ  758( 		 WHOHJUDSKBQHHGOHBSRVLWLRQ   � �! VKRZLQJ)ODJ&RORXU �:+,7(�

`

DJHQW %URZQ ^

RUDFOH

WUDLQBSRVLWLRQ�L� �
 ZLOO JHW WKLV DJHQF\ ZKHQ WKH WUDLQ L LV OHDYLQJ WKH WXQQHO� 
�

WHOHJUDSKBQHHGOHBSRVLWLRQ

KDQGOH

VHWBQHHGOHBSRVLWLRQ �
 VHW WHOHJUDSKBQHHGOHBSRVLWLRQ WR &/($5��� 
�

SURWRFRO

WUDQVBSRVLWLRQ�L� � WUDLQBOHQJWK�L� ! I �! VHWBQHHGOHBSRVLWLRQ  ��

`

DJHQW GULYHU�L� ^

VWDWH

SHGDO$FFHOHUDWRU �
 758( RU )$/6( 
�

SHGDO%UDNH �
 758( RU )$/6( 
�

VHWBWUDLQBVSHHG �
 83� .((3� '2:1 DQG 6723 
�

LQFU$FF3RV �
 SHGDO DFFHOHUDWRU IXUWKHU���� VWLOO���� RU OHVV���� 
�

VHWBJHDU

RUDFOH

VLJQDOBVLJQ �
 WKH GULYHU JHWV WKLV DJHQF\ ZKHQ KH FDQ VHH WKH VLJQDO 
�
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VKRZLQJBIODJ �
 WKH GULYHU JHWV WKLV DJHQF\ ZKHQ KH FDQ VHH WKH IODJ VKRZLQJ E\ .LOOLFN 
�

KDQGOH

WUHDGOH3UHVVHG �
 WR VHH LI WKH WUDLQ KDV SUHVV WKH WUHDGOH 
�

VLJQDOBWUHDGOH �
 VHW VLJQDOBVLJQ WR &$87,21��� RU )$,/���� ZKHQ WKH WUDLQ SDVVHV LW 
�

EUDNH3RV �
 � a � 
�

DFF3RV �
 � a � 
�

SULYLOHJH

WUDLQBSRVLWLRQ ! E �! WUDLQBSUHVVBWUHDGOH  #

WUDLQBSRVLWLRQ � E �! WUDLQBSUHVVBWUHDGOH  758(

WUDLQBSRVLWLRQ � WUDLQBOHQJWK � E �! WUDLQBSUHVVBWUHDGOH  )$/6(

�
 ZKHQ WKH WUDLQ L SDVVHV RYHU E SRLQW DQG KDYQ©W SUHVVHG WKH WUHDGOH�

SUHVV WKH WUHDGOH DQG PDNH LW VHW WKH VLJQDO RU DODUP 
�

WUDLQBSUHVVBWUHDGOH   758( 		 WUHDGOH3UHVVHG   )$/6(

�! WUHDGOH3UHVVHG  758(� VLJQDOBWUHDGOH  21

WUDLQBSUHVVBWUHDGOH   )$/6( 		 WUHDGOH3UHVVHG   758( �! WUHDGOH3UHVVHG  )$/6(

�
 :KHQ WKH GULYHU VHH $//B&/($5 VLJQ LQGLFDWHG E\ VLJQDO RU D IODJ�

KH VSHHGV XS RU NHHSV WKH WUDLQ VSHHG 
�

VLJQDOBVLJQ   � __ VKRZLQJBIODJ   �:+,7(�

�! VHWBWUDLQBVSHHG  83 RU VHWBWUDLQBVSHHG  .((3

�
 :KHQ WKH GULYHU VHH &$87,21 VLJQ LQGLFDWHG E\ VLJQDO� KH VORZHV

GRZQ WKH WUDLQ©V VSHHG E\ UHGXFLQJ KLV DFFHOHUDWRU
�

VLJQDOBVLJQ  � �! VHWBWUDLQBVSHHG  '2:1

�
 :KHQ WKH GULYHU VHH 2&&83,(' VLJQ LQGLFDWHG E\ WKH UHG IODJ� KH

VWRS WKH WUDLQ EHKLQG WKH SRLQW G E\ XVLQJ KLV EUDNHU
�

VKRZLQJBIODJ  5(' �! VHWBWUDLQBVSHHG  6723

VHWBWUDLQBVSHHG  83 �! SHGDO$FFHOHUDWRU  758(� SHGDO%UDNH  )$/6(� LQFU$FF3RV  �

VHWBWUDLQBVSHHG  .((3 �! SHGDO$FFHOHUDWRU  758(� SHGDO%UDNH  )$/6(� LQFU$FF3RV  �

VHWBWUDLQBVSHHG  '2:1 �! SHGDO$FFHOHUDWRU  758(� SHGDO%UDNH  )$/6(� LQFU$FF3RV  ��

VHWBWUDLQBVSHHG  6723 �! SHGDO%UDNH  758(� SHGDO$FFHOHUDWRU  )$/6(
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`

DJHQW VLJQDO ^

VWDWH

VLJQDO6LJQ �
 &$87,21��� DQG $//B&/($5��� 
�

FXUUHQW6LJQDO6LJQ �
 FXUUHQW VLJQDO VLJQ 
�

VLJQDOBWUHDGOH �
 FDXVH WKH VLJQDO WR EH VHW WR &$87,21��� 
�

WUHDGOH3UHVVHG

KDQGOH

VLJQDO6LJQ

VHWBDODUP

SURWRFRO

�
 :KHQ WKH WUHDGOH LV VHW WR 21 E\ D WUDLQ DQG WKH VLJQDO GRHVQ©W IDLO�

UHVHW WKH WUHDGOH WR 2)) DQG VHW VLJQDO WR &$87,21� 
�

VLJQDOBWUHDGOH   21 		 VLJQDO)DLOXUH  )$/6( �! VLJQDOBWUHDGOH  2))� VHWBVLJQDO  �

�
 :KHQ WKH WUHDGOH LV VHW WR 21 E\ D WUDLQ DQG WKH VLJQDO GRHV IDLO�

VHW WKH DODUP WR ULQJLQJ DQG UHVHW WKH WUHDGOH WR 2))� 
�

VLJQDOBWUHDGOH   21 		 VLJQDO)DLOXUH  758(

�! VHWBDODUP  21� VLJQDOBWUHDGOH  2))� VHWBVLJQDO  ��

VHWBVLJQDO   � �! VLJQDO6LJQ  �� FXUUHQW6LJQDO6LJQ  �

VHWBVLJQDO   � �! VLJQDO6LJQ  �� FXUUHQW6LJQDO6LJQ  �

VHWBVLJQDO   �� �! VLJQDO6LJQ  FXUUHQW6LJQDO6LJQ

�
 :KHQ WKH WUHDGOH LV VHW WR 21 E\ D WUDLQ� LW ZDQWV WR VHW VLJQDO

&$87,21 E\ D JLYHQ ZD\ �KHUH , DVVXPHG LW LV UDQGRP� 
�

VLJQDOBWUHDGOH   21 �! VLJQDO6WDWH  UDQG������ VLJQDO)DLOXUH  #

VLJQDO6WDWH � VLJQDO5HOLDELOLW\ 
 ��� �! VLJQDO)DLOXUH  )$/6(

VLJQDO6WDWH ! VLJQDO5HOLDELOLW\ 
 ��� �! VLJQDO)DLOXUH   758(

`

DJHQW WHOHJUDSK ^

VWDWH
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WHOHJUDSKBQHHGOHBSRVLWLRQ �
 2&&83,('���� 1(875$/��� &/($5��� 
�

SURWRFRO

VHWBQHHGOHBSRVLWLRQ  �� �! WHOHJUDSKBQHHGOHBSRVLWLRQ  ��

VHWBQHHGOHBSRVLWLRQ  � �! WHOHJUDSKBQHHGOHBSRVLWLRQ  �

VHWBQHHGOHBSRVLWLRQ  � �! WHOHJUDSKBQHHGOHBSRVLWLRQ  �

`

DJHQW DODUP ^

VWDWH

DODUPBULQJLQJ

SURWRFRO

VHWBDODUP  21 �! DODUPBULQJLQJ  758(

VHWBDODUP  2)) �! DODUPBULQJLQJ  )$/6(

`

DJHQW WUDLQ �L� ^

VWDWH

WUDLQBSRVLWLRQ�L�

WUDLQBVSHHG�L�

WUDLQBOHQJWK�L�

JHDU)Z

GHULYDWH

PRYHG'LVWDQFH  WUDLQBVSHHG�L� 
 WLPH3HULRG � ��� 
 $FF 
 WLPH3HULRG A�

WUDLQBSRVLWLRQ�L�  _WUDLQBSRVLWLRQ�L�_ � PRYHG'LVWDQFH 
 PRYHG'LUHFWLRQ

SURWRFRO

JHDU)Z  758( �! PRYHG'LUHFWLRQ  �

JHDU)Z  )$/6( �! PRYHG'LUHFWLRQ  ��

`
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7KH IROORZLQJ VKRZV YDULRXV SRVLWLRQV RI D WUDLQ SDVVLQJ WKURXJK WKH &OD\WRQ 7XQQHO � IURP WKH

ULJKW HQG WR WKH OHIW HQG��

Å /RQGRQ

;������;���������;������;����������;������������������;�������;��

J I H G F E D

SRLQW D� VWDUW SRLQW � LW LV DVVXPHG WKDW WKH GULYHU FDQ VHH WKH VLJQDO IURP WKLV SRLQW�

SRLQW E� WKH SRVLWLRQ RI WKH VLJQDO

SRLQW F� WKH SRVLWLRQ ZKHUH .LOOLFN DQG WKH GULYHUV FDQ VHH HDFK RWKHU� WKLV LV FKDQJHDEOH

SRLQW G� WKH SRVLWLRQ RI .LOOLFN

SRLQW H� WKH HQWUDQFH RI WKH WXQQHO

SRLQW I� WKH H[LW RI WKH WXQQHO ZKHUH %URZQ VHHV WKH WUDLQ HPHUJLQJ

SRLQW J� WKH HQG SRLQW ZKHUH WKH WUDLQ GLVDSSHDUV IURP %URZQ©V YLHZ�
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$SSHQGL[ ��%� $Q ([DPSOH RI D *HQHULF 2EVHUYDEOH �*2� ¤ WUDLQ

�GRQDOG

!�WUDLQ'ULYHU

YLHZSRUW aVLWH

RSHQVKDSH 75$,1

ZLWKLQ 75$,1 ^

LQW WUDLQ/HQJWK� WUDLQ+LJK

WUDLQ+LJK  aB6,7(BVL]H� GLY ��

SRLQW WUDLQBSRV

LQW WUDLQBSRVB[� WUDLQBSRVB\

WUDLQBSRVB[  �aB6,7(BVL]H� GLY ��� � �aB6,7(BUDLO/HQ��

WUDLQBSRVB\  aB6,7(BUDLOBSRVB\�

WUDLQBSRV  ^WUDLQBSRVB[� WUDLQBSRVB\`

UHFWDQJOH WUDLQ%RG\

WUDLQ%RG\  UHFWDQJOH�WUDLQBSRV� WUDLQBSRV � ^WUDLQ/HQJWK� WUDLQ+LJK`�

ODEHO WUDLQ/DEHO

FKDU WUDLQ1R

WUDLQ/DEHO  ODEHO�WUDLQ1R� WUDLQBSRV � ^WUDLQ/HQJWK GLY �� WUDLQ+LJK GLY �`�

" C�$B� �� VWU�HYDO�aWUDLQ'ULYHU�� �� �B75$,1BWUDLQ%RG\�C  �ILOO VROLG�FRORU SXUSOH��

`

�HGHQ

B75$,1BWUDLQ/HQJWK ��� 
 aOHQBUDWLR�

B75$,1BWUDLQ1R  VWU�aWUDLQBLG��

WUDLQ6WDUW3RV  �IORDW�aB6,7(BVL]H� � IORDW����� � �aB6,7(BUDLO/HQ��

.LOOLFNBVHHBWUDLQ  )$/6(�

%URZQBVHHBWUDLQ  )$/6(�

GULYHUBVHHBVLJQDO  )$/6(�

GULYHUBVHHBIODJ  )$/6(�

GHILQH&UDVK  )$/6(�

GULYHU6HH6LJQDO3RV LV HYDO�aGULYHUBVHHBVLJQDOBSRV� 
 aOHQBUDWLR�

.LOOLFN6HH7UDLQ3RV LV HYDO�a.LOOLFNBVHHBWUDLQBSRV� 
 aOHQBUDWLR�

GULYHU6HH)ODJ3RV LV HYDO�aGULYHUBVHHBIODJBSRV� 
 aOHQBUDWLR�

SURF FKDQJH7UDLQ$JHQF\ � B75$,1BWUDLQBSRVB[ ^

DXWR WUDLQ3RV� WHPS� WHPS�� WHPS�� L�

WUDLQ3RV �B���VWU�HYDO�aWUDLQ'ULYHU�����B75$,1BWUDLQBSRVB[��

LI �B75$,1BWUDLQBSRVB[ � aB6,7(B.LOOLFNBSRV � .LOOLFN6HH7UDLQ3RV 		

B75$,1BWUDLQBSRVB[ � B75$,1BWUDLQ/HQJWK ! aB6,7(BWXQQHOBUBSRV 		



���

�.LOOLFNBVHHBWUDLQ� ^

DGG$JHQF\��.LOOLFN�� �RUDFOH�� WUDLQ3RV��

.LOOLFNBVHHBWUDLQ  758(�

`

LI ��B75$,1BWUDLQBSRVB[ ! aB6,7(B.LOOLFNBSRV � .LOOLFN6HH7UDLQ3RV __

B75$,1BWUDLQBSRVB[ � B75$,1BWUDLQ/HQJWK � aB6,7(BWXQQHOBUBSRV� 		

.LOOLFNBVHHBWUDLQ� ^

UHPRYH$JHQF\��.LOOLFN�� �RUDFOH�� WUDLQ3RV��

VHQG&OLHQW��.LOOLFN�� WUDLQ3RV �� �  ������?Q���

.LOOLFNBVHHBWUDLQ  )$/6(�

`

LI �B75$,1BWUDLQBSRVB[ � aB6,7(BWXQQHOBOBSRV 		 �%URZQBVHHBWUDLQ� ^

DGG$JHQF\��%URZQ�� �RUDFOH�� WUDLQ3RV��

%URZQBVHHBWUDLQ  758(�

VHQG&OLHQW��%URZQ���DXWR&OHDU%XWWRQ���?Q���

`

LI �B75$,1BWUDLQBSRVB[ � B75$,1BWUDLQ/HQJWK � �� ^

UHPRYH$JHQF\��%URZQ�� �RUDFOH�� WUDLQ3RV��

%URZQBVHHBWUDLQ  )$/6(�

`

LI �B75$,1BWUDLQBSRVB[ � aB6,7(BVLJQDOBSRV � GULYHU6HH6LJQDO3RV 		

B75$,1BWUDLQBSRVB[ ! aB6,7(BVLJQDOBSRV 		 �GULYHUBVHHBVLJQDO� ^

DGG$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �VLJQDO6LJQ���

DGG$JHQF\�HYDO�aWUDLQ'ULYHU�� �KDQGOH�� �VLJQDO6LJQ���

DGG$JHQF\�HYDO�aWUDLQ'ULYHU�� �KDQGOH�� �B$/$50BULQJLQJ���

VHQG&OLHQW�HYDO�aWUDLQ'ULYHU�� �VLJQDO6LJQ  ���VWU�aVLJQDO6LJQ�����?Q���

GULYHUBVHHBVLJQDO  758(�

`

LI �B75$,1BWUDLQBSRVB[ � B75$,1BWUDLQ/HQJWK � aB6,7(BVLJQDOBSRV 		

GULYHUBVHHBVLJQDO� ^

UHPRYH$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �VLJQDO6LJQ���

UHPRYH$JHQF\�HYDO�aWUDLQ'ULYHU�� �KDQGOH�� �VLJQDO6LJQ���

UHPRYH$JHQF\�HYDO�aWUDLQ'ULYHU�� �KDQGOH�� �B$/$50BULQJLQJ���

GULYHUBVHHBVLJQDO  )$/6(�

`

LI �B75$,1BWUDLQBSRVB[ � aB6,7(B.LOOLFNBSRV � GULYHU6HH)ODJ3RV 		

B75$,1BWUDLQBSRVB[ ! aB6,7(BWXQQHOBUBSRV 		 �GULYHUBVHHBIODJ� ^

DGG$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �B)/$*BVKRZLQJ���

DGG$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �VKRZLQJ)ODJ&RORXU���
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DGG$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �B)/$*BIODJSROHBSRVB[���

DGG$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �B)/$*BJR/HIW���

VHQG&OLHQW�HYDO�aWUDLQ'ULYHU�� �B)/$*BVKRZLQJ  ���VWU�aB)/$*BVKRZLQJ�����?Q���

VHQG&OLHQW�HYDO�aWUDLQ'ULYHU�� �VKRZLQJ)ODJ&RORXU  ?����VWU�aVKRZLQJ)ODJ&RORXU����?��?Q���

VHQG&OLHQW�HYDO�aWUDLQ'ULYHU�� �B)/$*BIODJSROHBSRVB[  

���VWU�aB)/$*BIODSSROHBSRVB[�����?Q���

VHQG&OLHQW�HYDO�aWUDLQ'ULYHU�� �B)/$*BJR/HIW  ���VWU�aB)/$*BJR/HIW�����?Q���

GULYHUBVHHBIODJ  758(�

`

LI �B75$,1BWUDLQBSRVB[ � aB6,7(BWXQQHOBUBSRV 		 GULYHUBVHHBIODJ� ^

UHPRYH$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �B)/$*BVKRZLQJ���

UHPRYH$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �VKRZLQJ)ODJ&RORXU���

UHPRYH$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �B)/$*BIODJSROHBSRVB[���

UHPRYH$JHQF\�HYDO�aWUDLQ'ULYHU�� �RUDFOH�� �B)/$*BJR/HIW���

GULYHUBVHHBIODJ  )$/6(�

`

LI ��GHILQH&UDVK 		 aWUDLQ/LVW� ! �� ^

IRU �L  �� L � aWUDLQ/LVW�� L��� ^

LI �VWU�aWUDLQ/LVW>L@� � HYDO�aWUDLQ'ULYHU��

aGHILQH7UDLQ&UDVK�VWU�aWUDLQ/LVW>L@�� HYDO�aWUDLQ'ULYHU���

`

GHILQH&UDVK  758(�

`

`

!!

PHVVDJH  �WUDLQBLG  ?�� �� VWU�WUDLQBLG� �� �?��?Q��

PHVVDJH  PHVVDJH �� �WUDLQ'ULYHU  ?�� �� VWU�WUDLQ'ULYHU� �� �?��?Q��

PHVVDJH  PHVVDJH �� �LQFOXGH�?��GFV�UHV�VXQ�GWNHGHQ�UDLOZD\�WUDLQ�SDQHO?���?Q��

VHQG&OLHQW��.LOOLFN�� PHVVDJH��

VHQG&OLHQW��%URZQ�� PHVVDJH��

DSSHQG WUDLQ/LVW� WUDLQ'ULYHU�


