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3UREOHP�
3ODVPD :RUNV� LV FXUUHQWO\ ZRUNLQJ RQ D JDPH� QDPHG 6WRUP 6DJD� ZKLFK UHTXLUHV D WKUHH�

GLPHQVLRQDO REMHFW UHQGHULQJ HQJLQH ��' HQJLQH�� 7KH SURMHFW LV LQ LWV PLG�GHVLJQ SKDVH DQG
3ODVPD :RUNV KDV EHHQ SODQQLQJ WR OLFHQVH D WKLUG SDUW\ �' HQJLQH� +RZHYHU� WKH FRPSDQ\ LV

LQWHUHVWHG LQ DQ DQDO\VLV RI WKH YDOXH DQG IHDVLELOLW\ RI WKH V\VWHP DQG LQ KDYLQJ H[SHULPHQWDO
VSKHULFDO FRRUGLQDWH �' WHFKQRORJ\ GHYHORSHG LQWR D UHQGHULQJ HQJLQH� 7R WKH NQRZOHGJH RI

3ODVPD :RUNV� D VSKHULFDO FRRUGLQDWH V\VWHP KDV QRW EHHQ LPSOHPHQWHG LQ WKH FRPPHUFLDO
ZRUOG� $ IHZ H[DPSOHV RI ZK\ SHRSOH KDYH QRW FUHDWHG D VSKHULFDO �' HQJLQH DUH�

x 0DWKHPDWLFLDQV KDYH GHILQHG PDWULFHV WR GHDO ZLWK &DUWHVLDQ FRRUGLQDWHV IRU D ZKLOH VR DOO PDWUL[

WUDQVIRUPDWLRQV DUH GRQH XVLQJ &DUWHVLDQ FRRUGLQDWHV� &DUWHVLDQ FRRUGLQDWHV DUH QRW QHFHVVDU\�

EXW LQ RUGHU WR XVH VSKHULFDO FRRUGLQDWHV \RX ZRXOG KDYH WR UHZULWH WKH PDWULFHV�

x &DUWHVLDQ FRRUGLQDWHV DUH PRUH LQWXLWLYH DQG HDV\ WR XVH� 3HRSOH DUH XVHG WR WKLQNLQJ LQ [�\�]

ORFDWLRQV LQ VSDFH� UDWKHU WKHQ GLVWDQFH DQG DQJOH IRU WKH RULJLQ�

x 7UDQVODWLRQV DUH GLIILFXOW ZLWK VSKHULFDO FRRUGLQDWHV� ,W LQYROYHV ORWV RI WULJRQRPHWU\ WR WUDQVODWH D

VSKHULFDO FRRUGLQDWH FRPSDUHG ZLWK WKH VLPSOH DGGLWLRQ RI WKH &DUWHVLDQ FRRUGLQDWHV�

3URSRVHG 6ROXWLRQ�
7KH 3ODVPD:RUNV �' (QJLQH ZLOO EH GHYHORSHG IRU $EH 3UDOOH WKDW ZLOO VHUYH DV D WHVW RI WKH

6SKHULFDO &RRUGLQDWH YV� &DUWHVLDQ &RRUGLQDWH UHVHDUFK LGHDV� ,W ZLOO FRQWDLQ DOO RI WKH

IXQFWLRQDOLW\ 3ODVPD :RUNV KDV UHTXHVWHG DQG EH GHOLYHUHG RQ $SULO ��� ����� 7KH �' HQJLQH

ZLOO KDYH DQ XQGHUVWDQGDEOH LQWHUIDFH DQG XVH WKH ODWHVW KDUGZDUH DFFHOHUDWLRQ SURYLGHG WKURXJK
WKH 'LUHFW; DQG 2SHQ*/ JUDSKLFV OLEUDULHV�
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&DSDELOLWLHV�
7KH IROORZLQJ IXQFWLRQDOLW\ ZLOO EH DYDLODEOH IRU WKH �' (QJLQH�

,WHP � 5HTXLUHPHQW ,PSRUWDQFH 'LIILFXOW\

�� &RPSLEOH XQGHU:LQGRZV ����� � �

�� 'LUHFW�G RSWLPL]HG � �

�� 6SRW OLJKWLQJ � �

�� %XOE OLJKWLQJ � �

�� 'LUHFWLRQDO �VXQOLJKW� OLJKWLQJ � �

�� 6WDQGDUG WH[WXULQJ � �

�� :UDSSLQJ WH[WXULQJ � �

�� 0DSSHG �WLOHG� 7H[WXULQJ � �

�� :HLJKWHG YHUWLFHV � �

��� 0HVK EDVHG PRGHO DQLPDWLRQ � �

��� .H\IDPH EDVHG DQLPDWLRQV � �

��� 0RGHO WUDQVODWLRQ�URWDWLRQ�VFDOLQJ � �

��� *HQHULF 'UDZ2EMHFW$W�6FUHHQ&RRUGV� IXQFWLRQ � �

��� )UHH IORDWLQJ FDPHUD � �

��� 6SKHULFDO FRRUGLQDWH V\VWHP � �

��� &DUWHVLDQ FRRUGLQDWH V\VWHP � �

��� 2EMHFW�SRO\JRQ FXOOLQJ � �

��� /HQV IODUH � �

��� )LUH HIIHFWV � �

��� �' %LOO�ERDUGLQJ � �

��� )RJJLQJ � �

��� &RORUHG OLJKWLQJ � �

��� 5HDOLVWLF VKDGRZV � �

��� )DVW VKDGRZV � �

��� 3DQRUDPLF VN\ WH[WXUH � �

��� 7UDQVSDUHQF\ � �

��� &XVWRP �' PRGHOHU � �

��� 7H[WXUH HGLWRU�DSSOLHU � �

��� 'HPRQVWUDWLRQ PRYLH H[KLELWLQJ HQJLQH DELOLWLHV � �
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$UFKLWHFWXUH� 'DWD 9LHZ

9HUWLFHV DUH PDGH XS RI [� \� ] FRRUGLQDWHV� DQ Q[� Q\� Q] QRUPDO YHFWRU� DQG D FRORU�

7ULDQJOHV DUH PDGH XS RI YHUWH[ LQGLFHV� � SHU WULDQJOH�
7H[WXUH &RRUGV DUH PDGH XS RI WX� WY YDOXHV IRU HDFK LQGLFH RI HDFK WULDQJOH�

)UDPHV DUH PDGH XS RI 9HUWH[ RIIVHW YDOXHV �L�H� KRZ IDU HDFK YHUWH[ PRYHV HDFK IUDPH��
7H[WXUH 1XPEHU LV D VLQJOH LQWHJHU YDOXH WR LGHQWLI\ ZKDW WH[WXUH LV EHLQJ XVHG IRU WKH REMHFW�

3RVLWLRQ LV PDGH XS RI DQ [� \� ] FRRUGLQDWH�

'LUHFWLRQ LV PDGH XS RI DQ [� \� ] YHFWRU�
,QWHQVLW\ LV D VLQJOH IORDWLQJ SRLQW IURP ��� WR ����

&RORU LV PDGH XS RI � U� J� E YDOXHV IURP ��� WR ��� HDFK�

&ODVV

9HUWH[

[� \� ]
ORFDWLRQ

IORDW

U� J� E
FRORU

IORDW

��� �� ���

Q[� Q\� Q]

QRUPDO

IORDW

&ODVV

/LJKW

[� \� ]

SRVLWLRQ

IORDW

U� J� E
FRORU

IORDW

��� �� ���

G[� G\� G]
GLUHFWLRQ

IORDW

LQWHQVLW\
EULJKWQHVV

IORDW

��� �� ���
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3RVLWLRQ LV PDGH XS RI DQ [� \� ] FRRUGLQDWH�

'LUHFWLRQ LV PDGH XS RI DQ [� \� ] YHFWRU�
$VSHFW WHOOV KRZ WKH FDPHUD OHQV ZRUNV �Z� UHVSHFW WR WKH VFUHHQ UHVROXWLRQ��

&OLS 3ODQHV DUH WKH IURQW DQG UHDU FOLSSLQJ SODQHV RI WKH FDPHUD¶V YLHZLQJ YROXPH�

&DPHUD LV WKH FDPHUD WKH �' UHQGHUHU XVHV WR UHQGHU WKURXJK�

7H[WXUHV DUH WKH DFWXDO LPDJH GDWD ZLWK FRUUHVSRQGLQJ ,' FRGHV�
2EMHFWV DUH WKH SRLQWHUV WR DOO WKH REMHFWV LQ WKH UHQGHULQJ SLSHOLQH�

/LJKWV DUH WKH OLVW RI OLJKWV WR EH XVHG WR LOOXPLQDWH WKH VFHQH�

&ODVV

5HQGHUHU

FDPHUD

FDPHUD

&DPHUD


WH[WXUHV

WH[WXUH OLVW

7H[WXUH 


REMHFWV
REMHFW OLVW

2EMHFW 


OLJKWV
OLJKW OLVW

/LJKW 


&ODVV

&DPHUD

[� \� ]
SRVLWLRQ

IORDW

DVSHFW
DVSHFW

IORDW

G[� G\� G]
GLUHFWLRQ

IORDW

FOLS SODQHV
YLHZLQJ YROXPH

IORDW
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&RORU LV WKH DUUD\ RI FRORUV WKDW PDNH XS WKH WH[WXUH�
'LPHQVLRQ LV WKH ZLGWK DQG KHLJKW RI WKH WH[WXUH�

7H[WXUH ,' LV WKH LQWHJHU LGHQWLILHU XVHG WR UHIHU WR WKH WH[WXUH E\ RXWVLGH FODVVHV�

0HVK LV WKH DUUD\ RI YHUWLFHV WKDW PDNH XS WKH REMHFW�

7UDQVIRUP LV WKH DUUD\ RI YHUWLFHV WUDQVIRUPHG WR ZRUOG�VSDFH�
7H[WXUH &RRUGV LV WKH DUUD\ RI WH[WXUH FRRUGLQDWHV IRU HDFK WULDQJOH�

7ULDQJOHV LV WKH DUUD\ RI WULDQJOHV WKDW GHILQH WKH VXUIDFH RI WKH REMHFW�
$QLPDWLRQV LV WKH DUUD\ RI DQLPDWLRQV WKH REMHFW LV FDSDEOH RI�

7UDQVSDUHQF\ PHDVXUHV WKH RSDFLW\ RI WKH REMHFW�
;� <� = LV WKH REMHFW¶V ORFDWLRQ LQ ZRUOG�VSDFH�

3L� <D� 5R LV WKH RULHQWDWLRQ RI WKH REMHFW LQ ZRUOG�VSDFH�

&ODVV

7H[WXUH

ZLGWK� KHLJKW
GLPHQVLRQ

LQW

WH[WXUHLG

,' FRGH

LQW

U� J� E
LPDJH GDWD

XQVLJQHG FKDU 


&ODVV

2EMHFW

[�\�]
ORFDWLRQ

IORDW

SL�\D�UR
RULHQWDWLRQ

IORDW

[V�\V�]V

VFDOH

IORDW

WH[WXUHQXP

WH[WXUH LG

LQW

PHVK

YHUWH[ PHVK

9HUWH[ 


WUDQVIRUP

WUDQVIRUPHG

YHUWLFHV

9HUWH[ 


WH[WXUHFRRUGV

7H[WXUH

&RRUGLQDWHV

7&RRUG 



WULDQJOHV
2EMHFW 7ULDQJOHV

,QW 



WUDQVSDUHQF\
RSDFLW\ RI REMHFW

IORDW

��� �� ���

DQLPDWLRQV

2EMHFW

$QLPDWLRQV

$QLPDWLRQ 
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;6� <6� =6 LV WKH REMHFW¶V VFDOH LQ ZRUOG VSDFH�

7H[WXUH 1XP LV WKH WH[WXUH WKDW WKH REMHFW LV XVLQJ�

0HVK 2IIVHW LV WKH GLVWDQFH HDFK YHUWH[ PXVW PRYH IRU WKLV IUDPH RI DQLPDWLRQ�

.H\)UDPHV LV WKH DUUD\ RI NH\IUDPHV WKDW PDNH XS WKH DQLPDWLRQ�
$QLPDWLRQ7LPH LV WKH WLPH LW WDNHV IRU RQH NH\IUDPH RI WKH DQLPDWLRQ WR EH GLVSOD\HG�

&XUUHQW 2IIVHW LV WKH DUUD\ RI YHUWLFHV UHSUHVHQWLQJ WKH FXUUHQW NH\IUDPH RIIVHW EHLQJ GLVSOD\HG�

&ODVV

.H\)UDPH

PHVK RIIVHW
YHUWH[ RIIVHWV

9HUWH[ 


&ODVV

$QLPDWLRQ

.H\)UDPHV

.H\ IUDPHV RI
DQLPDWLRQ

.H\)UDPH 


&XUUHQW 2IIVHW

&XUUHQW 9HUWH[

2IIVHWV

9HUWH[ 


$QLPDWLRQ7LPH

7LPH IRU D NH\IUDPH
WR H[HFXWH

LQW
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$UFKLWHFWXUH� ([WHUQDO ,QWHUIDFH

,QLWLDOL]H WKH 5HQGHUHU

/RDG 2EMHFWV

%

7

/RDG 7H[WXUHV
,QLW /LJKWV

HJLQ 0DLQ /RRS

3

U

3

&OHDU 6FUHHQ
&KHFN ,QSXWV

OD\ $QLPDWLRQV

DQVIRUP 2EMHFWV
'UDZ 6KDGRZV
/LJKW 2EMHFWV

URMHFW 2EMHFWV
8SGDWH 6FUHHQ
3DJH � ��������
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$UFKLWHFWXUH� 'DWD )ORZ 'LDJUDPV

3L[HO 'DWD

2EMHFW 


&OLHQW &RGH

2EMHFW 5HQGHUHU

6FUHHQ /LJKWV

&RPPDQGV &RPPDQGV

2EMHFW 
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$UFKLWHFWXUH� &ODVV 7DVN /LVWV

9HUWH[�

x &RQVWUXFWRU ZLWK GHIDXOWV LQLWLDOL]HV ORFDWLRQ WR ���� QRUPDOV WR ���� DQG FRORU WR ZKLWH

x &RQVWUXFWRU ZLWK YDOXHV IRU ORFDWLRQ WKHQ FRORU

x 5HWXUQ ORFDWLRQV� QRUPDOV� DQG FRORU YDOXHV

x 6HW ORFDWLRQV� QRUPDOV� DQG FRORU YDOXHV

/LJKW�
x 'HIDXOW FRQVWUXFWRU LQLWLDOL]HV DOO YDOXHV WR ���

x /LJKW DQ REMHFW
 YHUWLFHV

x 6HW OLJKW FRORU� LQWHQVLW\� SRVLWLRQ� RU GLUHFWLRQ GHSHQGLQJ RQ OLJKW W\SH�
x 5HWXUQ OLJKW FRORU� LQWHQVLW\� SRVLWLRQ� RU GLUHFWLRQ GHSHQGLQJ RQ OLJKW W\SH�

&DPHUD�

x 'HIDXOW FRQVWUXFWRU VWDUWV WKH FDPHUD DW �� �� � SRLQWLQJ DW �� �� �

x 6HW WKH FDPHUD SRVLWLRQ� GLUHFWLRQ� DQG DVSHFW �YLHZLQJ IUXVWXP�
x 5HWXUQ WKH FDPHUD SRVLWLRQ� GLUHFWLRQ� DQG DVSHFW

x 0RYH WKH FDPHUD OHIW� ULJKW� XS� GRZQ� IRUZDUG DQG EDFNZDUG�
x 3DQ WKH FDPHUD OHIW� ULJKW� XS DQG GRZQ

x 5RWDWH WKH FDPHUD DURXQG D SRLQW

5HQGHUHU�

x 6HWXS WKH GLVSOD\ KDUGZDUH GHSHQGLQJ RQ LQSXW SDUDPHWHUV
x 6HW WKH VFUHHQ UHVROXWLRQ

x $GG DQ REMHFW WR WKH UHQGHU SLSHOLQH
x 5HQGHU DQ REMHFW LQ VKDGRZ PRGH�EODFN ZLWK VHW WUDQVSDUHQF\�

x 5HQGHU DOO REMHFWV LQ WKH SLSHOLQH
x 5HQGHU REMHFWV LQ OLQH PRGH

x 5HQGHU REMHFWV LQ SRLQW PRGH
x 5HQGHU REMHFWV LQ WH[WXUHG PRGH

x /LJKW REMHFWV LQ WKH UHQGHU SLSHOLQH
x 'LVDEOH�(QDEOH WUDQVSDUHQF\

x 'LVDEOH�(QDEOH DQWL�DOLDVLQJ

7H[WXUH�

x 'HIDXOW FRQVWUXFWRU LQLWLDOL]HV DOO DUUD\V WR 18//
x /RDG WH[WXUH IURP �%03 ILOH

x 6HW 7H[WXUH ,'

x *HW LPDJH LQIRUPDWLRQ

2EMHFW�
x 0RYH�5RWDWH�6FDOH WKH REMHFW LQ ZRUOG�VSDFH
x &KDQJH REMHFW RSDFLW\
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x 7UDQVIRUP YHUWLFHV WR ZRUOG�VSDFH

x 3URMHFW YHUWLFHV WR D VSHFLILHG SODQH
x 3OD\�6WRS $QLPDWLRQV

x &RPSXWH WKH QRUPDOV RI LWV YHUWLFHV�
x :ULWH REMHFW PDNHXS WR D ILOH�

.H\)UDPH�
x /RDG LQ D FROOHFWLRQ RI RIIVHW 9HUWLFHV�

x 5HWXUQ WKH VHW RI RIIVHW YHUWLFHV

$QLPDWLRQ�

x /RDG LQ .H\IUDPHV IURP D ILOH�
x 3OD\ DQ DQLPDWLRQ

x 5HWXUQ WKH WLPH IRU RQH IUDPH RU RQH DQLPDWLRQ�
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$UFKLWHFWXUH� &ODVV 'HVFULSWLRQV

9HUWH[�

9HUWLFHV DUH WKH EDVLF EXLOGLQJ EORFNV RI WKH �' (QJLQH� 7KH\ FRQWDLQ D FRRUGLQDWH ORFDWLRQ LQ ��

VSDFH� D QRUPDO YHFWRU IRU OLJKWLQJ� DQG D FRORU IRU WKH OLJKWV WR PRGLI\� $OO REMHFWV DUH PDGH XS
RI D FROOHFWLRQ RI YHUWLFHV WKDW DUH FRQQHFWHG WR IRUP VROLG VXUIDFHV�

/LJKW�
/LJKWV KHOS LOOXPLQDWH WKH �' VFHQHV FUHDWHG E\ WKH &OLHQW FRGH� 7KHUH DUH � W\SHV RI OLJKWV�

DPELHQW� GLUHFWLRQDO� VSRW� DQG EXOE� $OO OLJKWV KDYH D FRORU DQG WKH DELOLW\ WR OLJKW XS WKH YHUWLFHV
RI DQ REMHFW GHSHQGLQJ RQ WKH REMHFW ORFDWLRQ�RULHQWDWLRQ DQG WKH OLJKW SDUDPHWHUV�

$PELHQW OLJKWV OLJKW XS WKH VFHQH UHJDUGOHVV RI REMHFW ORFDWLRQ� 'LUHFWLRQDO OLJKWV DUH OLNH WKH VXQ�

WKH\ KDYH D GLUHFWLRQ� EXW DUH FRQVLGHUHG LQILQLWHO\ GLVWDQW DQG WKHUHIRUH OLJKW DOO REMHFWV HTXDOO\�
6SRW OLJKWV DUH OLJKWV ZLWK ERWK D GLUHFWLRQ DQG D SRVLWLRQ� %XOE OLJKWV KDYH RQO\ D SRVLWLRQ� WKH\

OLJKW HTXDOO\ LQ DOO GLUHFWLRQV�

&DPHUD�

7KH FDPHUD GHWHUPLQHV ZKHUH DQG KRZ WKH �' VFHQH LV YLHZHG E\ WKH SOD\HU� 7KH FDPHUD FDQ EH
PRYHG DURXQG DQ\ZKHUH LQ WKH VFHQH �LW LV ³IUHH IORDWLQJ´� DQG SRLQWHG LQ DQ\ GLUHFWLRQ�

'HSHQGLQJ RQ WKH SRVLWLRQ DQG GLUHFWLRQ RI WKH FDPHUD� WKH REMHFWV YLHZHG E\ WKH SOD\HU FKDQJH�
7KH FDPHUD DOVR KDV DQ DVSHFW� 7KH DVSHFW RI WKH FDPHUD GHWHUPLQHV KRZ WKH FDPHUD YLHZLQJ

DUHD FKDQJHV ZLWK UHVSHFW WR ZLGWK DQG KHLJKW� )LQDOO\� WKH FDPHUD KDV D YLHZLQJ IUXVWXP� 7KH
YLHZLQJ IUXVWXP KDV D IURQW FOLSSLQJ SODQH DQG D EDFN FOLSSLQJ SODQH� 7KLV PDNHV XS LW¶V

YLHZLQJ YROXPH� $Q\ REMHFW QRW ZLWKLQ WKH YLHZLQJ YROXPH LV FOLSSHG�

5HQGHUHU�

7KH 5HQGHUHU LV WKH FDW¶V SDMDPDV� 7ZR YHUVLRQV ZLOO EH LQFOXGHG ZLWK WKH �' HQJLQH� D 'LUHFW;
YHUVLRQ DQG DQ 2SHQ*/ YHUVLRQ� :H ZLOO FRQFHQWUDWH RQ WKH 2SHQ*/ YHUVLRQ LQLWLDOO\� DQG

SURFHHG WR FUHDWH WKH 'LUHFW; YHUVLRQ DV WLPH SHUPLWV� %RWK YHUVLRQV ZLOO EH HTXDOO\ FDSDEOH�
7KH 5HQGHUHU VHWV XS WKH KDUGZDUH EHKLQG WKH VFHQHV WR EH UHDG\ WR GUDZ �' REMHFWV� ,W GRHV WKH
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GUDZLQJ RI WKH �' REMHFWV WR WKH VFUHHQ� ,W FRQWDLQV DOO RI WKH OLJKWV DQG LV UHVSRQVLEOH IRU SDVVLQJ

SRLQWHUV RI WKH REMHFWV WR WKH OLJKW FODVVHV IRU OLJKWLQJ�

7KH 5HQGHUHU FDQ GUDZ REMHFWV LQ OLQH� SRLQW� WH[WXUHG PRGH� RU DQ\ FRPELQDWLRQ RI WKH WKUHH� ,W
LV FDSDEOH RI GUDZLQJ REMHFWV LQ VKDGRZHG PRGH DV ZHOO� 7KLV FRQVLVWV RI GUDZLQJ WKH REMHFWV DV

WKH FRORU EODFN� ZLWK QR WH[WXUHV� DQG DW D VHW OHYHO RI WUDQVSDUHQF\�

7H[WXUH�

7KH WH[WXUH FODVV KROGV D ELWPDS LPDJH WKDW WKH 5HQGHUHU ZLOO XVH WR WH[WXUH WKH REMHFWV LQ WKH

SLSHOLQH� ,W LV FDSDEOH RI UHDGLQJ �%03 ILOHV DQG ORDGLQJ LQ LPDJH GDWD� ,W LV SULPDULO\ XVHG IRU
VWRULQJ GDWD�

2EMHFW�
7KH 2EMHFW FODVV LV UHDOO\ ZKHUH WKH IXQ EHJLQV� 2EMHFWV DUH WKH WKLQJV WKDW DFWXDOO\ JHW GUDZQ WR

WKH VFUHHQ� PRYHG DURXQG� H[SORGHG� LQIODWHG� HWF� 7KH\ DUH WKH OLIH RI WKH �' HQJLQH SDUW\�
2EMHFWV FDQ EH PRYHG DURXQG� DQLPDWHG� URWDWHG� DQG JHQHUDOO\ PDQLSXODWHG DV \RX ZRXOG DQ

REMHFW LQ UHDOLW\�

.H\)UDPH�
$ .H\IUDPH LV RQH SRLQW RI DQ DQLPDWLRQ� $ .H\)UDPH GHILQHV D VHW RI YHUWH[ RIIVHWV WHOOLQJ
KRZ IDU HDFK YHUWH[ VKRXOG PRYH IURP ZKHUH WKH\ DUH WR UHDFK WKH FXUUHQW .H\)UDPH� (DFK WLPH

DQ DQLPDWLRQ LV SOD\HG� LW ORRNV DW WKH ODVW .H\)UDPH DQG JHQHUDWHV DOO WKH LQ EHWZHHQ SRLQWV WR
WKH QH[W .H\)UDPH�

$QLPDWLRQ�

$Q DQLPDWLRQ LV D VHTXHQFH RI .H\)UDPHV WKDW DUH DOO EOHQGHG WRJHWKHU LQWR D VPRRWK PRYHPHQW�

WKHUHE\ EULQJLQJ WKH PRGHOV WR OLIH� $QLPDWLRQV FRQWDLQ D VHULHV RI .H\)UDPHV� DQG ZKHQ WKH
DQLPDWLRQ LV SOD\HG WKH\ JHQHUDWH WKH SURSHU RIIVHWV IURP WKH ILUVW .H\)UDPH WR WKH ODVW�
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+HDGHU )LOHV� 9HUWH[
�













































































)LOH � YHUWH[�K
9HUVLRQ � ��
3URJUDPPHU � &UDLJ 3RVW
&RS\ULJKW � �F� 3ODVPD :RUNV
3XUSRVH � 'HILQLWLRQ IRU WKH 9(57(; &ODVV�
'HVFULSWLRQ � 7KH YHUWH[ LV WKH EDVLF EXLOGLQJ EORFN RI WKH PRGHOV

LQ WKH �' HQJLQH�

0RGLILFDWLRQ 5HFRUG�
��������� 2ULJLQDO 5HOHDVH &UDLJ 3RVW
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3XEOLF 9DULDEOHV�

IORDW PBI;� PBI<� PBI=�
� 7KHVH YDULDEOHV FRQWDLQ WKH ORFDWLRQ LQ

��VSDFH RI WKH YHUWH[ LQ TXHVWLRQ�

IORDW PBI1;� PBI1<� PBI1=�
� 7KHVH YDULDEOHV GHILQH WKH QRUPDO YHFWRU FRPLQJ RII

RI WKH YHUWH[� 7KLV LV XVHG LQ OLJKWLQJ�

IORDW PBI5HG� PBI*UHHQ� PBI%OXH�
� 7KH UHG� JUHHQ� DQG EOXH YDOXHV IRU FRORU DUH XVHG LQ

VKDGLQJ WKH YHUWH[�
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3XEOLF )XQFWLRQV�

9HUWH[���
� 'HIDXOW FRQVWUXFWRU� $OO YDOXHV DUH LQLWLDOL]HG WR ]HUR�

H[FHSW FRORU� ZKLFK LV LQLWLDOL]HG WR ����

9HUWH[�IORDW [O� IORDW \O� IORDW ]O��
� 7KLV FRQVWUXFWRU LQLWLDOL]HV WKH ORFDWLRQ RI WKH YHUWH[

WR [O� \O� ]O�

YRLG 6HW/RF�IORDW [O� IORDW \O� IORDW ]O��
� 7KLV IXQFLWRQ VHWV WKH

ORFDWLRQ RI WKH YHUWH[ WR [O� \O� ]O�

YRLG 6HW&RORU�IORDW UHG� IORDW JUH� IORDW EOX��
� 7KLV IXQFLWRQ VHWV WKH FRORU RI WKH YHUWH[ WR UHG� JUH� DQG

EOX IRU U�J�E UHVSHFWLYHO\�

YRLG 6HW1RUPDO�IORDW [Q� IORDW \Q� IORDW ]Q��
� 7KLV IXQFWLRQ VHWV WKH QRUPDO YHFWRU Q[�Q\�Q] WR

[Q�\Q�]Q UHVSHFWLYHO\�

IORDW *HW;���
� 5HWXUQV WKH [ ORFDWLRQ�

IORDW *HW<���
� 5HWXUQV WKH \ ORFDWLRQ�

IORDW *HW=���
� 5HWXUQV WKH ] ORFDWLRQ�
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�LIQGHI 3/$60$B9(57(;BB+
�GHILQH 3/$60$B9(57(;BB+

FODVV 9HUWH[
^
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SXEOLF�

��ORFDWLRQ
IORDW PBI;� PBI<� PBI=�
��QRUPDO YHFWRU
IORDW PBI1;� PBI1<� PBI1=�
��FRORU YDOXHV
IORDW PBI5HG� PBI*UHHQ� PBI%OXH�

��GHIDXOW FRQVWUXFWRU
9HUWH[���

��FRQVWUXFWRU ZLWK ORFDWLRQ GHILQHG
9HUWH[�IORDW [O� IORDW \O� IORDW ]O��

��FKDQJH WKH ORFDWLRQ RI WKH YHUWH[
YRLG 6HW/RF�IORDW [O� IORDW \O� IORDW ]O��

��FKDQJH WKH FRORU RI WKH YHUWH[
YRLG 6HW&RORU�IORDW UHG� IORDW JUH� IORDW EOX��

��FKDQJH WKH QRUPDO RI WKH YHUWH[
YRLG 6HW1RUPDO�IORDW [Q� IORDW \Q� IORDW ]Q��

��UHWXUQ WKH [ ORFDWLRQ
IORDW *HW;���

��UHWXUQ WKH \ ORFDWLRQ
IORDW *HW<���

��UHWXUQ WKH ] ORFDWLRQ
IORDW *HW=���

`�

�HQGLI
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7HUUD)RUP �' 3DJH �� ��������

+HDGHU )LOHV� /LJKW
�















































































)LOH � OLJKW�K

9HUVLRQ � ��

3URJUDPPHU � &UDLJ 3RVW

&RS\ULJKW � �F� 3ODVPD :RUNV

3XUSRVH � 'HILQLWLRQ IRU WKH /,*+7 &ODVV�

'HVFULSWLRQ � 7KH LQLWLDO OLJKW FODVV� $OO OLJKWV DUH GHULYHG IURP FODVV

/LJKW� ZKLFK FRQWDLQV FRORU DQG ,QWHQVLW\� 7KH GHULYHG /,*+7

FODVVHV DUH� %8/%/,*+7� ',5(&7,21$//,*+7� 6327/,*+7�

DQG $0%,(17/,*+7�

0RGLILFDWLRQ 5HFRUG�

��������� 2ULJLQDO 5HOHDVH &UDLJ 3RVW
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IRU &ODVV /,*+7�

/LJKW�LQW U� LQW J� LQW E��

� 7KH EDVH OLJKW FRQVWUXFWRU WDNHV LQ WKH FRORU RI WKH OLJKW DV

SDUDPHWHUV�

/LJKW���

� 7KH GHIDXOW FRQVWUXFWRU LQLWLDOL]HV WKH OLJKW WR D ZKLWH

OLJKW ����� ���� �����

YRLG 6HW&RORUV�LQW U� LQW J� LQW E��

� 6HW WKH FRORU RI WKH OLJKW WR U� J� DQG E�

LQW *HW5HG���

� 5HWXUQ WKH UHG SDUW RI WKH OLJKW FRORU�

LQW *HW*UHHQ���

� 5HWXUQ WKH JUHHQ SDUW RI WKH OLJKW FRORU�

LQW *HW%OXH���

� 5HWXUQ WKH EOXH SDUW RI WKH OLJKW FRORU�

IRU &ODVV %8/%/,*+7�

%XOE/LJKW�LQW U� LQW J� LQW E��

� 7KH EXOE OLJKW WDNHV LQ D FRORU DQG DQ LQWHQVLW\ DV SDUDPHWHUV�

%XOE/LJKW�LQW U� LQW J� LQW E� IORDW [O� IORDW \O� IORDW ]O��

� 7KLV FRQVWUXFWRU WDNHV WKH FRORU RI WKH EXOE� WKH SRVLWLRQ RI WKH

EXOE DQG WKH LQWHQVLW\�

%XOE/LJKW�IORDW [O� IORDW \O� IORDW ]O��

� 7KLV FRQVWUXFWRU WDNHV WKH SRVLWLRQ DQG LQWHQVLW\ RI WKH

OLJKW DV SDUDPHWHUV� &RORU LV LQLWLDOL]HG WR ZKLWH�

%XOE/LJKW���

� 7KH GHIDXOW OLJKW DSSHDUV DW ����� ZLWK FRORU RI ZKLWH DQG

LQWHQVLW\ RI ��

YRLG 0RYH/LJKW%\�IORDW [RII� IORDW \RII� IORDW ]RII��

� 0RYH WKH EXOE E\ D SRVLWLRQ RIIVHW�

YRLG 0RYH/LJKW7R�IORDW [RII� IORDW \RII� IORDW ]RII�

� 0RYH WKH EXOE WR D SRVLWLRQ LQ ZRUOG VSDFH�

IRU &ODVV ',5(&7,21$//,*+7�
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'LUHFWLRQDO/LJKW�LQW U� LQW J� LQW E��

� 7KLV FRQVWUXFWRU WDNHV WKH FRORU DV LWV SDUDPHWHUV�

'LUHFWLRQDO/LJKW�LQW U� LQW J� LQW E� IORDW

[G� IORDW \G� IORDW ]G��

� 7KLV FRQVWUXFWRU WDNHV LQ WKH FRORU DQG WKH GLUHFWLRQ

RI WKH GLUHFWLRQDO OLJKW�

'LUHFWLRQDO/LJKW�IORDW [G� IORDW \G� IORDW ]G��

� 7KLV FRQVWUXFWRU WDNHV LQ WKH GLUHFWLRQ RI WKH OLJKW DQG

LQLWLDOL]HV WKH FRORU WR ZKLWH�

'LUHFWLRQDO/LJKW���

� 7KH GHIDXOW FRQVWUXFWRU SRLQWV WKH OLJKW LQ WKH GLUHFWLRQ

����� ZLWK D FRORU RI ZKLWH�

YRLG 1RUPDOL]H���

� 1RUPDOL]HV WKH GLUHFWLRQ �PDNLQJ LW D XQLW YHFWRU��

YRLG 6HW'LUHFWLRQ�IORDW [G� IORDW \G� IORDW ]G�

� 6HWV WKH GLUHFWLRQ RI WKH OLJKW WR [�\�]�

IRU &ODVV $0%,(17/,*+7�

$PELHQW/LJKW�LQW U� LQW J� LQW E��

� ,QLWLDOL]H WKH OLJKW WR FRORU U�J�E�

$PELHQW/LJKW���

� ,QLWLDOL]H WKH OLJKW WR FRORU ZKLWH�

IRU &ODVV 6327/,*+7�

6SRW/LJKW�LQW U� LQW J� LQW E��

� ,QLWLDOL]H WKH OLJKW WR WKH FRORU SDVVHG LQ DQG GLUHFWLRQ

DQG SRVLWLRQ DUH LQLWLDOL]HG WR ����� HDFK�

6SRW/LJKW�LQW U� LQW J� LQW E� IORDW [� IORDW \� IORDW ]�

IORDW [G� IORDW \G� IORDW ]G��

� 7KLV FRQVWUXFWRU LQLWLDOL]HV DOO YDULDEOHV WR WKH SDVVHG

LQ SDUDPHWHUV�

6SRW/LJKW�IORDW [� IORDW \� IORDW ]� IORDW [G� IORDW \G� IORDW ]G��

� 7KH FRORU LV LQLWLDOL]HG WR ZKLWH� ZKLOH WKH RWKHU YDUDLEOHV DUH

LQLWLDOL]HG WR WKH SDVVHG LQ D SDUDPHWHUV�

6SRW/LJKW���

� 7KH GHIDXOW FRQVWUXFWRU LQLWLDOL]HV WKH FRORU WR ZKLWH

DQG WKH RWKHU YDULDEOHV WR ��

YRLG 1RUPDOL]H���

� 7XUQ WKH GLUHFWLRQ RI WKH OLJKW LQWR D XQLW YHFWRU�RI OHQJWK ���

YRLG 6HW'LUHFWLRQ�IORDW [G� IORDW \G� IORDW ]G��

� 6HW WKH GLUHFWLRQ RI WKH OLJKW�

YRLG 6HW3RVLWLRQ�IORDW [� IORDW \� IORDW ]��

� 6HW WKH SRVLWLRQ RI WKH OLJKW�

38%/,& 0(0%(5 9$5,$%/(6�

IRU &ODVV /,*+7�

HQXP /LJKW7\SH�

� GHILQHV IRXU GLIIHUHQW W\SHV RI OLJKW�

LQW PBI5HG� PBI*UHHQ� PBI%OXH�

� KROGV D IORDW YDOXH ��� WR ����

IORDW PBI,QWHQVLW\�

� GHILQHV OLJKW EULJKWQHVV DV ��� WR ���

IRU &ODVV %8/%/,*+7�

IORDW PBI;� PBI<� PBI=�
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� ORFDWLRQ RI WKH OLJKW VRXUFH

IRU &ODVV ',5(&7,21$//,*+7�
IORDW PBI;'� PBI<'� PBI='�

� GLUHFWLRQ RI WKH OLJKW VRXUFH

IRU &ODVV 6327/,*+7�
IORDW PBI;� PBI<� PBI=�

� ORFDWLRQ RI WKH OLJKW VRXUFH
IORDW PBI;'� PBI<'� PBI='�

� GLUHFWLRQ RI WKH OLJKW VRXUFH

IRU &ODVV $0%,(17/,*+7�
QRQH
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�LIQGHI 3/$60$B/,*+7BB+
�GHILQH 3/$60$B/,*+7BB+

�LQFOXGH �PDWK�K!

��7KLV HQXPHUDWHG W\SH KROGV WKH GLIIHUHQW W\SHV RI OLJKWV�
HQXP /LJKW7\SH ^ EXOE� GLU� VSRW� DPE `�

FODVV /LJKW
^
SXEOLF�

��7KH FRORU RI WKH OLJKW�
IORDW PBI5HG� PBI*UHHQ� PBI%OXH�

��7KH EULJKWQHVV RI WKH OLJKW�
IORDW PBI,QWHQVLW\�

��7KH W\SH RI OLJKW WKLV RQH LV�
/LJKW7\SH PBOW7\SH�

��&RQVWUXFWRUV
/LJKW���
/LJKW�LQW U� LQW J� LQW E��

��5HWXUQ WKH LQGLYLGXDO FRORU FRPSRQHQWV RI WKH OLJKW�
LQW *HW5HG���
LQW *HW*UHHQ���
LQW *HW%OXH���

��6HW WKH OLJKW FRORU�
YRLG 6HW&RORUV�LQW U� LQW J� LQW E��

`�

FODVV %XOE/LJKW � SXEOLF /LJKW
^
SXEOLF�

��7KH EXOE
V SRVLWLRQ
IORDW PBI;� PBI<� PBI=�

��&RQVWUXFWRUV
%XOE/LJKW�LQW U� LQW J� LQW E� IORDW LQWHQVLW\�
%XOE/LJKW�LQW U� LQW J� LQW E� IORDW [O� IORDW \O� IORDW ]O� IORDW LQWHQVLW\�
%XOE/LJKW�IORDW [O� IORDW \O� IORDW ]O� IORDW LQWHQVLW\�
%XOE/LJKW��

��$FWLRQ IXQFWLRQV
YRLG 0RYH/LJKW%\�IORDW [RII� IORDW \RII� IORDW ]RII�
YRLG 0RYH/LJKW7R�IORDW [RII� IORDW \RII� IORDW ]RII�

`�

FODVV 'LUHFWLRQDO/LJKW � SXEOLF /LJKW
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^

SXEOLF�

��7KH OLJKW
V GLUHFWLRQ�

IORDW PBI;'� PBI<'� PBI='�

��&RQVWUXFWRUV
'LUHFWLRQDO/LJKW�LQW U� LQW J� LQW E��
'LUHFWLRQDO/LJKW�LQW U� LQW J� LQW E� IORDW [G� IORDW \G� IORDW ]G��
'LUHFWLRQDO/LJKW�IORDW [G� IORDW \G� IORDW ]G��
'LUHFWLRQDO/LJKW���

��7XUQ WKH GLUHFWLRQ LQWR D XQLW YHFWRU�
YRLG 1RUPDOL]H���

��6HW WKH GLUHFWLRQ RI WKH OLJKW�
YRLG 6HW'LUHFWLRQ�IORDW [G� IORDW \G� IORDW ]G��

`�

FODVV $PELHQW/LJKW � SXEOLF /LJKW
^
SXEOLF�

��&RQVWUXFWRUV
$PELHQW/LJKW�LQW U� LQW J� LQW E��
$PELHQW/LJKW���

`�

FODVV 6SRW/LJKW� SXEOLF /LJKW
^
SXEOLF�

��7KH SRVLWLRQ RI WKH VSRW OLJKW�
IORDW PBI;� PBI<� PBI=�

��7KH GLUHFWLRQ RI WKH VSRW OLJKW�
IORDW PBI;'� PBI<'� PBI='�

��&RQVWUXFWRUV�
6SRW/LJKW�LQW U� LQW J� LQW E��
6SRW/LJKW�LQW U� LQW J� LQW E� IORDW [� IORDW \� IORDW ]�

IORDW [G� IORDW \G� IORDW ]G��
6SRW/LJKW�IORDW [� IORDW \� IORDW ]� IORDW [G� IORDW \G� IORDW ]G��
6SRW/LJKW���

��7XUQ WKH OLJKWV GLUHFWLRQ LQWR D XQLW YHFWRU�
YRLG 1RUPDOL]H���

��6HW WKH GLUHFWLRQ RI WKH OLJKW�
YRLG 6HW'LUHFWLRQ�IORDW [G� IORDW \G� IORDW ]G��

��6HW WKH SRVLWLRQ RI WKH OLJKW�
YRLG 6HW'LUHFWLRQ�IORDW [� IORDW \� IORDW ]��

`�

�HQGLI
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7HUUD)RUP �' 3DJH �� ��������

+HDGHU )LOHV� &DPHUD
�















































































)LOH � FDPHUD�K

9HUVLRQ � ��

3URJUDPPHU � &UDLJ 3RVW

&RS\ULJKW � �F� 3ODVPD :RUNV

3XUSRVH � 'HILQLWLRQ IRU WKH &$0(5$ &ODVV�

'HVFULSWLRQ � $ FDPHUD REMHFW FRQWDLQV WKH FDPHUD WKDW YLHZV WKH

�' VFHQH VHW XS E\ WKH FOLHQW FRGH� ,W FDQ EH PRYHG

DURXQG WKH �' ZRUOG OLNH MHOO\ WKURXJK UDLQ�

0RGLILFDWLRQ 5HFRUG�

��������� 2ULJLQDO 5HOHDVH &UDLJ 3RVW
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&DPHUD���

� 7KH GHIDXOW FDPHUD LV FRQVWUXFWHG SRLQWLQJ DW WKH

RULJLQ DQG SRVLWLRQHG DW � EDFN RQ WKH ] D[LV�

&DPHUD�IORDW [O� IORDW \O� IORDW ]O�

IORDW SLWFK� IORDW \DZ� IORDW UROO��

� ,QLWLDOL]H WKH FDPHUD WR D ORFDWLRQ DQG DQ RULHQWDWLRQ�

YRLG 0RYH%\�IORDW [RII� IORDW \RII� IORDW ]RII��

� 0RYH WKH FDPHUD E\ DQ RIIVHW�

YRLG 0RYH7R�IORDW [RII� IORDW \RII� IORDW ]RII��

� 0RYH WKH FDPHUD WR D ORFDWLRQ�

YRLG 5RWDWH%\�IORDW SLWFK� IORDW \DZ� IORDW UROO��

� 5RWDWH WKH\ FDPHUD E\ DQ RIIVHW�

YRLG 5RWDWH7R�IORDW SLWFK� IORDW \DZ� IORDW UROO��

� 5RWDWH WKH FDPHUD E\ DQ RIIVHW�

YRLG 0RYH)RUZDUG�IORDW GLVW��

� 0RYH WKH FDPHUD IRUZDUG E\ GLVW�

YRLG 0RYH%DFNZDUG�IORDW GLVW��

� 0RYH WKH FDPHUD IRUZDUG E\ GLVW�

YRLG 0RYH5LJKW�IORDW GLVW��

� 0RYH WKH FDPHUD ULJKW E\ GLVW�

YRLG 0RYH/HIW�IORDW GLVW��

� 0RYH WKH FDPHUD OHIW E\ GLVW�

YRLG 0RYH8S�IORDW GLVW��

� 0RYH WKH FDPHUD XS E\ GLVW�

YRLG 0RYH'RZQ�IORDW GLVW��

� 0RYH WKH FDPHUD GRZQ E\ GLVW�

IORDW *HW;���

� 5HWXUQ WKH ; SRVLWLRQ RI WKH FDPHUD�

IORDW *HW<���

� 5HWXUQ WKH < SRVLWLRQ RI WKH FDPHUD�

IORDW *HW=���

� 5HWXUQ WKH = SRVLWLRQ RI WKH FDPHUD�

IORDW *HW3LWFK���

� 5HWXUQ WKH 3LWFK RI WKH FDPHUD
V URWDWLRQ�
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IORDW *HW<DZ���

� 5HWXUQ WKH <DZ RI WKH FDPHUD
V URWDWLRQ�

IORDW *HW5ROO���
� 5HWXUQ WKH 5ROO RI WKH FDPHUD
V URWDWLRQ�

38%/,& 0(0%(5 9$5,$%/(6�
QRQH�
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QRQH�
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IORDW PBI;� PBI<� PBI=�

� 7KH ORFDWLRQ RI WKH FDPHUD�

IORDW PBI3LWFK� PBI<DZ� PBI5ROO�
� 7KH RULHQWDWLRQ RI WKH FDPHUD�

IORDW PBI$VSHFW�
� 7KH DVSHFW RI WKH YLHZSRUW� 7KLV LV WKH UDWLR RI WKH

YLHZSRUW ZLGWK WR WKH YLHZSRUW KHLJKW�

IORDW PBI)URQW&OLSSLQJ3ODQH�
� 7KH IURQW FOLSSLQJ SODQH� $Q\ REMHFWV EHIRUH WKLV

SODQH WKH FDPHUD ZLOO UHPRYH�

IORDW PBI5HDU&OLSSLQJ3ODQH�
� 7KH UHDU FOLSSLQJ SODQH� $Q\ REMHFWV EH\RQG WKLV SODQH

ZLOO EH FOLSSHG E\ WKH SODQH�












































































�
�LIQGHI 3/$60$B&$0(5$BB+
�GHILQH 3/$60$B&$0(5$BB+

FODVV &DPHUD
^
SULYDWH�

��SRVLWLRQ DQG RULHQWDWLRQ�
IORDW PBI;� PBI<� PBI=�
IORDW PBI3LWFK� PBI<DZ� PBI5ROO�

��:LHUG FDPHUD VKLW�
IORDW PBI$VSHFW�
IORDW PBI)URQW&OLSSLQJ3ODQH�
IORDW PBI5HDU&OLSSLQJ3ODQH�

SXEOLF�
��&RQVWUXFWRUV�
&DPHUD���
&DPHUD�IORDW [O� IORDW \O� IORDW ]O�

IORDW SLWFK� IORDW \DZ� IORDW UROO��

��&DPHUD WUDQVODWLRQ�URWDWLRQ IXQFWLRQV�
YRLG 0RYH%\�IORDW [RII� IORDW \RII� IORDW ]RII��
YRLG 0RYH7R�IORDW [RII� IORDW \RII� IORDW ]RII��
YRLG 5RWDWH%\�IORDW SLWFK� IORDW \DZ� IORDW UROO��
YRLG 5RWDWH7R�IORDW SLWFK� IORDW \DZ� IORDW UROO��
YRLG 0RYH)RUZDUG�IORDW GLVW��
YRLG 0RYH%DFNZDUG�IORDW GLVW��
YRLG 0RYH5LJKW�IORDW GLVW��
YRLG 0RYH/HIW�IORDW GLVW��
YRLG 0RYH'RZQ�IORDW GLVW��
YRLG 0RYH8S�IORDW GLVW��

��*HW IXQFWLRQV�
IORDW *HW;���
IORDW *HW<���
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IORDW *HW=���

IORDW *HW3LWFK���

IORDW *HW<DZ���

IORDW *HW5ROO���

`�

�HQGLI
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+HDGHU )LOHV� 5HQGHUHU
�















































































)LOH � UHQGHUHU�K

9HUVLRQ � ��

3URJUDPPHU � &UDLJ 3RVW

&RS\ULJKW � �F� 3ODVPD :RUNV

3XUSRVH � 'HILQLWLRQ IRU WKH 5(1'(5(5 &ODVV�

'HVFULSWLRQ � 7KLV ILOH GHILQHV WKH 5HQGHUHU FODVV ZKLFK LV XVHG IRU

DOO RI WKH GLUHFW KDUGZDUH VWXII� 5LJKW QRZ LW
V RQO\

*DPH.LW� 6RRQ LW VKRXOG EH 2SHQ*/ DEOH

0RGLILFDWLRQ 5HFRUG�

��������� 2ULJLQDO 5HOHDVH &UDLJ 3RVW
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LQW $3,(175< :LQ0DLQ�+,167$1&( K&XUUHQW,QVW�

+,167$1&( K3UHYLRXV,QVW�

/3675 OSV]&PG/LQH�

LQW Q&PG6KRZ��

� HQDEOHV ZLQGRZV�VSHFLILF IXQFWLRQ FDOOV E\ WKH RSHUDWLQJ V\VWHP

/21* :,1$3, :LQGRZ3URF�+:1' K:QG� 8,17 X0VJ�

:3$5$0 Z3DUDP� /3$5$0 O3DUDP��

� HQDEOHV ZLQGRZV WR EXLOG D SURJUDP�GHILQDEOH ZLQGRZ

+:1' &UHDWH2SHQ*/:LQGRZ�FKDU
 WLWOH�

LQW [� LQW \�

LQW ZLGWK� LQW KHLJKW��

� HQDEOHV ZLQGRZV WR EXLOG D ZLQGRZ LQ ZKLFK 2SHQ*/ IXQFWLRQV

FDQ EH XVHG WR GUDZ�

YRLG 5HVL]H�LQW Z� LQW K��

� ZLQGRZV IXQFWLRQ FDOO WR FKDQJH WKH ZLQGRZ VL]H DQG UHGUDZ

WKH ZLQGRZ

LQW SZ�'0DLQ���

� FDOOHG E\ �' HQJLQH DQG XVHG E\ WKH FOLHQW WR FRQWLQXDOO\

XSGDWH GUDZLQJ VSDFH GHWDLOV� WKLV LV ZKHUH WKH PDLQ JDPH

FRGH ZLOO JR�

38%/,& 0(0%(5 )81&7,216�

5HQGHUHU���

� GHIDXOW FRQVWUXFWRU

5HQGHUHU�LQW VZ� LQW VK��

� FRQVWUXFWRU ZKLFK DFFHSWV GHVLUHG �VFUHHQ ZLGWK� DQG �VFUHHQ KHLJKW� DV

SDUDPHWHUV

YRLG ,QLW5HQGHUHU�LQW VZ� LQW VK��

� UH�LQLWLDOL]HV WKH UHQGHUHU ZLWK QHZ VFUHHQ KHLJKW DQG VFUHHQ ZLGWK

SDUDPHWHUV

YRLG 6HW'UDZ3RLQWV�ERRO GSRLQWV��

� LI GSRLQWV LV WUXH� GUDZ WKH YHUWLFHV RI WKH REMHFW

YRLG 6HW'UDZ7H[WXUH�ERRO GWH[W��

� LI GWH[W LV WUXH� GUDZ WKH WH[WXUHV ZKLFK DUH PDSSHG WR WKH

VXUIDFHV RI WKH REMHFW

YRLG 6HW'UDZ/LQHV�ERRO GOLQHV��
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� LI GOLQHV LV WUXH� GUDZ WKH �RXWOLQH� RI WKH WULDQJOHV ZKLFK PDNH

XS WKH REMHFW

YRLG $GG2EMHFW7R3LSHOLQH�2EMHFW 
 REM� LQW WH[WXUHQXP��

� DGGV WKH REMHFW WR WKH TXHXH RI REMHFWV WR EH GUDZQ

YRLG 5HQGHU���

� GUDZV HYHU\WKLQJ LQ WKH SLSHOLQH WR WKH VFUHHQ

YRLG 5HQGHU$V6KDGRZV�IORDW UHG� IORDW JUHHQ� IORDW EOXH�

IORDW WUDQVSDUHQF\��

� GUDZV HYH\WKLQJ LQ WKH SLSHOLQH DV D �VKDGRZ�� LH� DW D FRQVWDQW

FRORU DQG D FRQVWDQW WUDQVSDUHQF\

YRLG &OHDU6FUHHQ���

� FOHDUV WKH GUDZLQJ DUHD RQ WKH VFUHHQ�

YRLG 6FUHHQ6ZDS���

� GUDZ ZKDW LV ORDGHG LQWR WKH YLGHR EXIIHU WR WKH VFUHHQ�

�GHFUHDVHV IOLFNHU�

YRLG *HW7H[WXUH�FKDU 
 EPSQDPH� LQW ZLGWK� LQW KHLJKW� LQW WH[WXUHQXP��

� ORDGV D WH[WXUH LQWR YLGHR PHPRU\ IRU IDVWHU DFFHVVLQJ

YRLG 3ULQW7H[W�FKDU 
 WH[W� LQW [� LQW \��

� GUDZV D FKDUDFWHU VWULQJ DW D GHVLUHG [ DQG \ ORFDWLRQ�

YRLG 6HW+'&�+'& KGF�

� LQOLQH IXQFWLRQ ZKLFK DVVLJQV D JOREDO KDQGOH WR WKH GHYLFH FRQWH[W

YRLG 6HW+:1'�+:1' KZQG�

� LQOLQH IXQFWLRQ ZKLFK DVVLJQV D JOREDO KDQGOH WR WKH ZLQGRZ

YRLG &KHFN(YHQWV���

� XSGDWHV WKH PHVVDJH TXHXH IRU ZLQGRZV� EDVFLDOO\ ORRNV IRU

NH\ERDUG LQSXW

ERRO $OLYH��

� LQOLQH IXQFWLRQ ZKLFK ORRNV WR VHH LI WKH ZLQGRZ KDV EHHQ NLOOHG

YRLG 3DQ&DPHUD7R�IORDW UDGLDQV��

� DLP FDPHUD DW D QHZ SRLQW� LH� LPPHGLDWHO\ FKDQJHV WKH YLHZLQJ

DUHD RQ WKH VFUHHQ�

YRLG 3DQ&DPHUD%\�IORDW UDGLDQV��

� PRYH WKH FDPHUD WR D QHZ SRLQW� VORZO\ FKDQJH WKH YLHZLQJ DUHD WR

WKH QHZ SRLVLWLRQ E\ PRYLQJ WKH FDPHUD E\ DQ RIIVHW DQG GLVSOD\LQJ

WKH QHZ YLHZ� ORNNV OLNH D ILOP FDPHUD �SDQQLQJ� DFURVV D YLHZ IURP

RQH SRLQW WR DQRWKHU

YRLG 3RLQW&DPHUD$W�IORDW [� IORDW \� IORDW ]��

� LPPHGLDWHO\ SRLQW WKH FDPHUD DW D QHZ SRLQW DQG GLVSOD\ WKH QHZ YLHZ

YRLG 0RYH&DPHUD%\�IORDW [� IORDW \� IORDW ]��

� VORZO\ PRYH WKH FDPHUD WR WKH QHZ SRVLWLRQ E\ LQFUHPHQWV

YRLG 0RYH&DPHUD7R�IORDW [� IORDW \� IORDW ]��

� PRYH WKH FDPHUD WR D QHZ SRVLWLRQ

YRLG 0RYH&DPHUD)RUZDUG�IORDW GLVW��

� PRYH WKH FDPHUD LQ WKH GLUHFWLRQ LW
V SRLQWLQJ E\ GLVW�

YRLG 0RYH&DPHUD%DFNZDUG�IORDW GLVW��

� PRYH WKH FDPHUD DZD\ IURP WKH GLUHFWLRQ LW
V SRLQWLQJ E\ GLVW�

YRLG 0RYH&DPHUD/HIW�IORDW GLVW��

� VLGHVWHS WKH FDPHUD WR WKH OHIW E\ GLVW�

YRLG 0RYH&DPHUD5LJKW�IORDW GLVW��
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� VLGHVWHS WKH FDPHUD WR WKH ULJKW E\ GLVW�

YRLG 0RYH&DPHUD8S�IORDW GLVW��
� VLGHVWHS WKH FDPHUD XS E\ GLVW�

YRLG 0RYH&DPHUD'RZQ�IORDW GLVW��
� VLGHVWHS WKH FDPHUD GRZQ E\ GLVW�

35,9$7( 0(0%(5 )81&7,216�

YRLG 'UDZ2EMHFW�2EMHFW 
 REM� LQW WH[WXUHQXP��
� GUDZV WKH GHVLUHG REMHFW LQ WKH ZLQGRZ DQG DGGV WKH GHVLUHG
WH[WXUH WR LW�

YRLG 'UDZ2EMHFW$V6KDGRZ�2EMHFW 
 REM� IORDW UHG� IORDW JUHHQ� IORDW EOXH�
IORDW WUDQVSDUHQF\��

� GUDZV DQ REMHFW DV D XQLIRUP FRORU ZLWK D XQLIRUP
WUDQVSDUHQF\ OHYHO















































































�
�LIQGHI 3/$60$B5(1'(5(5BB+
�GHILQH 3/$60$B5(1'(5(5BB+

�� :LQGRZV LQFOXGHV
�LQFOXGH �ZLQGRZV�K!
�LQFOXGH �ZLQJGL�K!
�LQFOXGH �ZLQXVHU�K!

�LQFOXGH �VWGOLE�K!
�LQFOXGH �VWGLR�K!

�� 2SHQ*/ LQFOXGHV
�LQFOXGH �*/�JO�K!
�LQFOXGH �*/�JOX�K!
�LQFOXGH �*/�JODX[�K!

LQW $3,(175< :LQ0DLQ�+,167$1&( K&XUUHQW,QVW�
+,167$1&( K3UHYLRXV,QVW�
/3675 OSV]&PG/LQH�
LQW Q&PG6KRZ��

/21* :,1$3, :LQGRZ3URF�+:1' K:QG� 8,17 X0VJ�
:3$5$0 Z3DUDP� /3$5$0 O3DUDP��

+:1' &UHDWH2SHQ*/:LQGRZ�FKDU
 WLWOH�
LQW [� LQW \�
LQW ZLGWK� LQW KHLJKW��

YRLG 5HVL]H�LQW Z� LQW K��
LQW SZ�'0DLQ���

�� GLVDEOH XVHOHVV FRQYHUVLRQ ZDUQLQJV
�SUDJPD ZDUQLQJ �GLVDEOH������
�SUDJPD ZDUQLQJ �GLVDEOH������

�LQFOXGH �2EMHFW�K�

�GHILQH 0$;2%-(&76 ���
�GHILQH 0$;75,$1*/(6 �����

FODVV 5HQGHUHU
^
SULYDWH�

�� VFUHHQ GLPHQVLRQV
LQW PBQ6FUHHQ:LGWK�
LQW PBQ6FUHHQ+HLJKW�
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7HUUD)RUP �' 3DJH �� ��������

�� �ZKDW WR GUDZ� IODJV
ERRO PBE'UDZ3RLQWV�
ERRO PBE'UDZ7H[WXUHG�
ERRO PBE'UDZ/LQHV�

�� SRLQWHUV WR REMHFWV DQG WH[WXUHV
2EMHFW 

 PBRS2EMHFW/LVW�
LQW 
 PBQS7H[WXUH/LVW�

�� WRWDO QXPEHU RI GUDZDEOH RMHFWV
LQW PBQ&XUUHQW1XP2EMHFWV�

�� ZLQGRZV KDQGOHV
+'& PBK'&�
+:1' PBK:QG�

�� ZLQGRZV �DSSOLFDWLRQ DOLYH� IODJ
ERRO PBE.LOO$SS�

�� FDPHUD VWXII
IORDW PBI&DPHUDSDQDQJOH�
IORDW PBI&DPHUDSDQGLVW�

IORDW PBI&DPHUD[�
IORDW PBI&DPHUD\�
IORDW PBI&DPHUD]�

IORDW PBI&DPHUD$W[�
IORDW PBI&DPHUD$W\�
IORDW PBI&DPHUD$W]�

IORDW PBI&DPHUD8S[�
IORDW PBI&DPHUD8S\�
IORDW PBI&DPHUD8S]�

�� SULYDWH GUDZLQJ IXQFWLRQV
YRLG 'UDZ2EMHFW�2EMHFW 
 REM� LQW WH[WXUHQXP��
YRLG 'UDZ2EMHFW$V6KDGRZ�2EMHFW 
 REM� IORDW UHG� IORDW JUHHQ� IORDW EOXH� IORDW

WUDQVSDUHQF\��

SXEOLF�

�� GUDZLQJ IXQFWLRQV
5HQGHUHU���
5HQGHUHU�LQW VZ� LQW VK��
YRLG ,QLW5HQGHUHU�LQW VZ� LQW VK��
YRLG 6HW'UDZ3RLQWV�ERRO GSRLQWV��
YRLG 6HW'UDZ7H[WXUH�ERRO GWH[W��
YRLG 6HW'UDZ/LQHV�ERRO GOLQHV��
YRLG $GG2EMHFW7R3LSHOLQH�2EMHFW 
 REM� LQW WH[WXUHQXP��
YRLG 5HQGHU���
YRLG 5HQGHU$V6KDGRZV�IORDW UHG� IORDW JUHHQ� IORDW EOXH� IORDW WUDQVSDUHQF\��
YRLG &OHDU9LHZSRUW���
YRLG 6FUHHQ6ZDS���
YRLG *HW7H[WXUH�FKDU 
 EPSQDPH� LQW ZLGWK� LQW KHLJKW� LQW WH[WXUHQXP��
YRLG 3ULQW7H[W�FKDU 
 WH[W� LQW [� LQW \��

�� IXQFWLRQV WR UHWXUQ KDQGOHV
YRLG 6HW+'&�+'& KGF� ^ K'&  KGF� `
YRLG 6HW+:1'�+:1' KZQG� ^ K:QG  KZQG� `

�� FKHFN IRU NH\ERDUG LQSXW
YRLG &KHFN(YHQWV���

�� FKHFN ZLQGRZ �DOLYH� VWDWXV
ERRO $OLYH�� ^ UHWXUQ �.LOO$SS� `

�� SXEOLF FDPHUD PRWLRQ IXQFWLRQV
YRLG 3DQ&DPHUD7R�IORDW UDGLDQV��
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YRLG 3DQ&DPHUD%\�IORDW UDGLDQV��

YRLG 3RLQW&DPHUD$W�IORDW [� IORDW \� IORDW ]��

YRLG 0RYH&DPHUD%\�IORDW [� IORDW \� IORDW ]��

YRLG 0RYH&DPHUD7R�IORDW [� IORDW \� IORDW ]��

YRLG 0RYH&DPHUD)RUZDUG�IORDW GLVW��

YRLG 0RYH&DPHUD%DFNZDUG�IORDW GLVW��

YRLG 0RYH&DPHUD/HIW�IORDW GLVW��

YRLG 0RYH&DPHUD5LJKW�IORDW GLVW��

YRLG 0RYH&DPHUD8S�IORDW GLVW��

YRLG 0RYH&DPHUD'RZQ�IORDW GLVW��

`�

H[WHUQ 5HQGHUHU UHQGHU�

�HQGLI
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7HUUD)RUP �' 3DJH �� ��������

+HDGHU )LOHV� 7H[WXUH
�















































































)LOH � WH[WXUH�K
9HUVLRQ � ��
3URJUDPPHU � &UDLJ 3RVW
&RS\ULJKW � �F� 3ODVPD :RUNV
3XUSRVH � 'HILQLWLRQ IRU WKH 7(;785( &ODVV�
'HVFULSWLRQ � 3URYLGHV D YHKLFOH IRU LPSRUWLQJ DQG XWLOL]LQJ WH[WXUHV

ZLWK �' REMHFWV�

0RGLILFDWLRQ 5HFRUG�
��������� 2ULJLQDO 5HOHDVH &UDLJ 3RVW
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7H[WXUH���
� 7KH GHIDXOW FRQVWUXFWRU LQLWLDOL]HV WKH DUUD\V DQG YDULDEOHV WR

18//�

YRLG /RDG%LWPDS7H[WXUH�FKDU 
ILOHQDPH� ERRO &RORU,V$YJ� ERRO $OSKD,V$YJ�
ERRO 5HYHUVHG��

� /RDG D ELWPDS ILOH LQWR WKH WH[XWUH FODVV�

YRLG 6HWXS7H[WXUH���
� 6HWXS WKH WH[WXUH FODVV�

YRLG 5H6HWXS7H[WXUH���
� 5H�ORDG WKH WH[WXUH�

38%/,& 0(0%(5 9$5,$%/(6�

�� WKHVH WKUHH DUH FRQVWDQW YDOXHV ZKLFK DUH JOREDO WR WKH FODVV�
FRQVW LQW 7)B121(  ��
FRQVW LQW 7)B%,/,1($5  ��
FRQVW LQW 7)B75,/,1($5  ��

XQVLJQHG FKDU 
PBXFS,PDJH'DWD�
� 7KH DFWXDO FKXQN RI SL[HO GDWD� LQ E\WHV� RI WKH WH[WXUH�

LQW PBQ:LGWK�
� 7KH ZLGWK� LQ SL[HOV� RI WKH WH[WXUH PDS�

LQW PBQ+HLJKW�
� 7KH KHLJKW� LQ SL[HOV� RI WKH WH[WXUH PDS�

LQW PBQ,G�
� 7KH XQLTXH LGHQWLILHU WKLV WH[WXUH XVHV�
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QRQH















































































�
�LIQGHI 3/$60$B7(;785(BB+
�GHILQH 3/$60$B7(;785(BB+

�LQFOXGH �5HQGHUHU�K�
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FRQVW LQW 7)B121(  ��

FRQVW LQW 7)B%,/,1($5  ��
FRQVW LQW 7)B75,/,1($5  ��

FODVV 7H[WXUH

^
SXEOLF�

��7KH UDZ LPDJH GDWD RI WKH WH[WXUH�
XQVLJQHG FKDU 
PBXFS,PDJH'DWD�

��7KH WH[WXUH GLPHQVLRQV LQ SL[HOV�
LQW PBQ:LGWK�
LQW PBQ+HLJKW�

��WKH WH[WXUH LGHQWLILHU�
LQW PBQ,G�

��&RQVWUXFWRU
7H[WXUH���

��/RDGV D ELWPDS LQWR WKH WH[WXUH FODVV�
YRLG /RDG%LWPDS7H[WXUH�FKDU 
ILOHQDPH�

ERRO &RORU,V$YJ� ERRO $OSKD,V$YJ� ERRO 5HYHUVHG��

��VHW XS WKH WH[WXUH GDWD IRU WKH FODVV�
YRLG 6HWXS7H[WXUH���

��5H�LQLWLDOL]H WKH WH[WXUH GDWD IRU WKLV WH[WXUH�
YRLG 5H6HWXS7H[WXUH���

`�

�HQGLI



3ODVPD :RUNV �' (QJLQH

7HUUD)RUP �' 3DJH �� ��������

+HDGHU )LOHV� 2EMHFW
�















































































)LOH � REMHFW�K

9HUVLRQ � ��

3URJUDPPHU � &UDLJ 3RVW

&RS\ULJKW � �F� 3ODVPD :RUNV

3XUSRVH � 'HILQLWLRQ IRU WKH 2%-(&7 &ODVV�

'HVFULSWLRQ � 9HUVLRQ � RI WKH REMHFW IRUPDW EUDLQVWRUPHG E\ $EH DQG

&UDLJ�

0RGLILFDWLRQ 5HFRUG�

��������� 2ULJLQDO 5HOHDVH &UDLJ 3RVW
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2EMHFW�LQW QXPYHUWV� LQW QXPWULV� 9HUWH[ 
 P� LQW 

 WUL�

7&RRUG 

 WFRRUGV� LQW QXPDQLPV� $QLPDWLRQ 

 DQLPV��

� 7KH REMHFW FRQVWUXFWRU WDNHV D ODUJH VHULHV RI SDUDPHWHUV

LQ RUGHU WR FUHDWH DQ REMHFW� 7KH QXPEHU RI YHUWLFHV� WKH

QXPEHU RI WULDQJOHV� WKH DUUD\ RI YHUWLFHV� WKH DUUD\ RI

WULDQJOHV� WKH DUUD\ RI WH[WXUH FRRUGLQDWHV� QXPEHU RI

DQLPLDWLRQV� DQG WKH DUUD\ RI DQLPDWLRQV�

a2EMHFW���

� 7KH GHVWUXFWRU GHDOORFDWHV DOO RI WKH G\QDPLFDOO\

DOORFDWHG DUUD\V�

YRLG 0RYH%\�IORDW [RII� IORDW \RII� IORDW ]RII��

� 0RYH WKH REMHFW E\ D FHUWDLQ RIIVHW�

YRLG 5RWDWH%\�IORDW SLWFK� IORDW \DZ� IORDW UROO��

� 5RWDWH WKH REMHFW E\ D FHUWDLQ RIIVHW�

YRLG 0RYH7R�IORDW [RII� IORDW \RII� IORDW ]RII��

� 0RYH WKH REMHFW WR D FHUWDLQ ORFDWLRQ�

YRLG 5RWDWH7R�IORDW SLWFK� IORDW \DZ� IORDW UROO��

� 5RWDWH WKH REMHFW WR D FHUWDLQ URWDWLRQ�

YRLG 6FDOH7R�IORDW [VRII� IORDW \VRII� IORDW ]VRII��

� 6FDOH WKH REMHFW WR D FHUWDLQ VFDOH�

YRLG 6FDOH%\�IORDW [VRII� IORDW \VRII� IORDW ]VRII��

� 6FDOH WKH REMHFW E\ D FHUWDLQ DPPRXQW�

LQW 

 *HW7ULDQJOHV���

� 5HWXUQV D SRLQWHU WR WKH WKH WULDQJOH DUUUD\�

7&RRUG 

 *HW7H[WXUH&RRUGV���

� 5HWXUQV D SRLQWHU WR WKH WH[WXUH FRRUGLQDWHV IRU DOO RI

WKH WULDQJOHV�

9HUWH[ 
 *HW7UDQV9HUWV��

� 5HWXUQV D SRLQWHU WR WKH WUDQVIRUPHG YHUWLFHV

9HUWH[ 
 *HW0HVK���

� 5HWXUQV D SRLQWHU WR WKH XQWUDQVIRUPHG REMHFW PHVK�

LQW *HW1XP7ULDQJOHV���

� 5HWXUQV WKH QXPEHU RI WULDQJOHV WKDW PDNH XS WKH REMHFW�

LQW *HW1XP9HUWLFHV���

� 5HWXUQV WKH QXPEHU RI YHUWLFHV PDNLQJ XS WKH REMHFWV�

YRLG &RPSXWH1RUPDOV���

� &RPSXWH WKH QRUPDO YHFWRUV IRU HDFK YHUWH[ LQ WKH PHVK�



3ODVPD :RUNV �' (QJLQH

7HUUD)RUP �' 3DJH �� ��������

YRLG 7UDQVIRUP���

� 7UDQVIURP DOO RI WKH YHUWLFHV RXW RI ORFDO VSDFH DQG LQWR

ZRUOG VSDFH� �1RWH� 7KH 9HUWH[ 
 WUDQVIRUP DUUD\ LV

XSGDWHG ZKHQ FDOOLQJ WKLV IXQFWLRQ�

YRLG 3URMHFW2EMHFW�&DPHUD 
 FDP��

� 3URMHFW WKH REMHFW
V YHUWLFHV WR WKH VFUHHQ ZLWK UHVSHFW

WR WKH FDPHUD SDVVHG LQ�

YRLG :ULWH2EMHFW�FKDU 
 SREILOH��

� :ULWH WKH REMHFW WR D �32% IRUPDW�

IORDW *HW=���

� 5HWXUQV WKH REMHFWV = FRRUGLQDWH�

YRLG 6HW7H[WXUH1XP�LQW WQXP��

� 6HW WKH WH[WXUH WKH REMHFW ZLOO XVH LQ UHQGHULQJ�

LQW *HW7H[WXUH1XP���

� 5HWXUQ WKH WH[WXUH WKH REMHFW LV XVLQJ�

YRLG 6HW7UDQVSDUHQF\�IORDW WUDQV��

� 6HW WKH WUDQVSDUHQF\ RI WKH REMHFW �EHWZHHQ ��� DQG �����

IORDW *HW7UDQVSDUHQF\���

� 5HWXUQV WKH WUDQVSDUHQF\ VHWWLQJ RI WKH REMHFW�

YRLG 3URMHFW7R3ODQH�IORDW D� IORDW E� IORDW F� IORDW G�

IORDW G[� IORDW G\� IORDW G]��

� 3URMHFW WKH REMHFWV YHUWLFHV WR D SODQH GHILQHG E\

D[ � E\ � F] � G  ��

7KLV LV XVHG LQ VKDGRZLQJ�

YRLG 3OD\$QLPDWLRQ�LQW DQLPQXP��

� 6WDUW SOD\LQJ WKH DQLPDWLRQ �DQLPQXP�

YRLG 6WRS$QLPDWLRQ���

� 6WRS WKH FXUUHQWO\ SOD\LQJ DQLPDWLRQ�

38%/,& 0(0%(5 9$5,$%/(6�

QRQH�
















































































35,9$7( 0(0%(5 )81&7,216�

YRLG &RS\9HUWLFHV���

� 5HVHW WKH WUDQVIRUP YHUWLFHV WR WKH PHVK YHUWLFHV�

YRLG 5RWDWH9HUWLFHV���

� 5RWDWH WKH YHUWLFHV WR WKHLU ZRUOG�VSDFH RULHQWDWLRQ�

YRLG 7UDQVODWH9HUWLFHV���

� 0RYH WKH YHUWLFHV WR WKHLU ZRUOG�VSDFH ORFDWLRQ�

YRLG 6FDOH9HUWLFHV���

� 6FDOH WKH YHUWLFHV WR WKHLU ZRUOG�VSDFH VFDOH�

35,9$7( 0(0%(5 9$5,$%/(6�

9HUWH[ 
 PBYS0HVK�

� 7KH PHVK RI YHUWLFHV WKDW PDNH XS WKH REMHFW�

9HUWH[ 
 PBYS7UDQVIRUP�

� 7KH WUDQVIRUPHG YHUWLFHV RI WKH PHVK�

LQW 

 PBQSS7ULDQJOHV�

� 7KH DUUD\ RI WULDQJOHV WKDW PDNH XS WKH VXUIDFH RI WKH REMHFW�

7&RRUG 

 PBWFSS7H[WXUH&RRUGV�

� 7KH DUUD\ RI WH[WXUH FRRUGLQDWHV WKDW VKRZ KRZ WH[WXUHV

DUH PDSSHG RQWR WKH REMHFW�
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LQW PBQ1XP9HUWLFHV�

� 7KH QXPEHU RI YHUWLFHV PDNLQJ XS WKH REMHFW�

LQW PBQ1XP7ULDQJOHV�
� 7KH QXPEHU RI WULDQJOHV PDNLQJ XS WKH REMHFW�

IORDW PBI;� PBI<� PBI=�
� 7KH [�\�] ORFDWLRQ RI WKH REMHFW LQ ZRUOG VSDFH�

IORDW PBI3LWFK� PBI<DZ� PBI5ROO�
� 7KH RULHQWDWLRQ�SLWFK� \DZ� UROO� RI WKH REMHFW LQ ZRUOG VSDFH�

IORDW PBI;V� PBI<V� PBI=V�
� 7KH VFDOH RI WKH REMHFW LQ ZRUOG VSDFH�

LQW PBQ7H[WXUH1XP�
� 7KH WH[WXUH QXPEHU EHLQJ XVHG E\ WKH REMHFW�

IORDW PBI7UDQVSDUHQF\�
� 7KH WUDQVSDUHQF\ OHYHO RI WKH REMHFW�

$QLPDWLRQ 

 PBDSS$QLPDWLRQV�
� 7KH DUUD\ RI DQLPDWLRQV RI WKH REMHFW�

LQW PBQ1XP$QLPDWLRQV�
� 7KH QXPEHU RI DQLPDWLRQV WKH REMHFW LV FDSDEOH RI�

LQW PBQ&XUUHQW$QLPDWLRQ�
� 7KH FXUUHQW DQLPDWLRQ EHLQJ SOD\HG�















































































�
�LIQGHI 3/$60$B2%-(&7BB+
�GHILQH 3/$60$B2%-(&7BB+

�LQFOXGH �YHUWH[�K�
�LQFOXGH �OLJKW�K�
�LQFOXGH �FDPHUD�K�
�LQFOXGH �DQLPDWLRQ�K�

FODVV 2EMHFW
^
SULYDWH�

��7KH PHVK RI YHUWLFHV
9HUWH[ 
 PBYS0HVK�

��7KH WUDQVIRUPHG YHUWLFHV
9HUWH[ 
 PBYS7UDQVIRUP�

��7KH WULDQJOHV PDNLQJ XS WKH VXUIDFH RI WKH WULDQJOH�
LQW 

 PBQSS7ULDQJOHV�

��7KH WH[WXUH FRRUGLQDWHV RI WKH REMHFW�
7&RRUG 

 PBWFSS7H[WXUH&RRUGV�

��7KH QXPEHU RI YHUWLFHV PDNLQJ XS WKH REMHFW�
LQW PBQ1XP9HUWLFHV�

��7KH QXPEHU RI WULDQJOHV PDNLQJ XS WKH REMHFW�
LQW PBQ1XP7ULDQJOHV�

��7KH REMHFW SRVLWLRQ LQ ZRUOG�VSDFH�
IORDW PBI;� PBI<� PBI=�

��7KH REMHFW RULHQWDWLRQ LQ ZRUOG�VSDFH�
IORDW PBI3LWFK� PBI<DZ� PBI5ROO�

��7KH REMHFW VFDOH LQ ZRUOG�VSDFH�
IORDW PBI;V� PBI<V� PBI=V�



3ODVPD :RUNV �' (QJLQH

7HUUD)RUP �' 3DJH �� ��������

��7KH WH[WXUH WKH REMHFW LV XVLQJ�
LQW PBQ7H[WXUH1XP�

��7KH WUDQVSDUHQF\ RI WKH REMHFW�
IORDW PBI7UDQVSDUHQF\�

��7KH DUUD\ RI DQLPDWLRQV WKH REMHFW FRQWDLQV�
$QLPDWLRQ 

 PBDSS$QLPDWLRQV�

��7KH QXPEHU RI DQLPDWLRQV WKH REMHFW FRQWDLQV�
LQW PBQ1XP$QLPDWLRQV�

��7KH FXUUHQWO\ SOD\LQJ DQLPDWLRQ�
LQW PBQ&XUUHQW$QLPDWLRQ�

��5HVHW WKH WUDQVIRUPHG YHUWLFHV WR WKH PHVK�
YRLG &RS\9HUWLFHV���

��5RWDWH DOO RI WKH YHUWLFHV WR ZRUOG�VSDFH RULHQWDWLRQ�
YRLG 5RWDWH9HUWLFHV���

��0RYH DOO RI WKH YHUWLFHV WR ZRUOG�VSDFH SRVLWLRQ�
YRLG 7UDQVODWH9HUWLFHV���

��6FDOH WKH YHUWLFHV WR WKH ZRUOG�VSDFH VFDOH�
YRLG 6FDOH9HUWLFHV���

SXEOLF�
��WKH FRQVWUXFWRU WDNHV LQ SUH�FUHDWHG DUUD\V IRU YHUWLFHV�
��WULDQJOHV� WH[WXUH FRRUGV� DQG DQLPDWLRQV�
2EMHFW�LQW QXPYHUWV� LQW QXPWULV� 9HUWH[ 
 P� LQW 

 WUL�

7&RRUG 

 WFRRUGV� LQW QXPDQLPV� $QLPDWLRQ 

 DQLPV��

��'HVWUXFWLRQ��� <($+���
a2EMHFW���

��0RYH WKH REMHFW E\ DQ RIIVHW�
YRLG 0RYH%\�IORDW [RII� IORDW \RII� IORDW ]RII��

��5RWDWH WKH REMHFW E\ DQ RIIVHW�
YRLG 5RWDWH%\�IORDW SLWFK� IORDW \DZ� IORDW UROO��

��0RYH WKH REMHFW WR D SRVLWLRQ�
YRLG 0RYH7R�IORDW [RII� IORDW \RII� IORDW ]RII��

��5RWDWH WKH REMHFW WR DQ RULHQWDWLRQ�
YRLG 5RWDWH7R�IORDW SLWFK� IORDW \DZ� IORDW UROO��

��6FDOH WKH REMHFW WR D VHW VFDOH�
YRLG 6FDOH7R�IORDW [VRII� IORDW \VRII� IORDW ]VRII��

��6FDOH WKH REMHFW E\ D FHUWDLQ DPPRXQW�
YRLG 6FDOH%\�IORDW [VRII� IORDW \VRII� IORDW ]VRII��

��5HWXUQ WKH WULDQJOH DUUD\�
LQW 

 *HW7ULDQJOHV���

��5HWXUQ WKH WH[WXUH FRRUGV DUUD\�
7&RRUG 

 *HW7H[WXUH&RRUGV���

��5HWXUQ WKH WUDQVIRUPHG YHUWLFHV�
9HUWH[ 
 *HW7UDQV9HUWV���

��5HWXUQ WKH YHUWH[ PHVK�
9HUWH[ 
 *HW0HVK���

��5HWXUQ WKH QXPEHU RI WULDQJOHV�
LQW *HW1XP7ULDQJOHV���

��5HWXUQ WKH QXPEHU RI YHUWLFHV�
LQW *HW1XP9HUWLFHV���
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7HUUD)RUP �' 3DJH �� ��������

��&RPSXWH WKH QRUPDOV IRU HDFK YHUWH[ LQ WKH PHVK�

YRLG &RPSXWH1RUPDOV���

��7UDQVIRUP WKH YHUWLFHV IURP ORFDO VSDFH WR ZRUOG VSDFH�

YRLG 7UDQVIRUP���

��3URMHFW WKH YHUWLFHV WR VFUHHQ FRRUGV�

YRLG 3URMHFW2EMHFW�&DPHUD 
 FDP��

��:ULWH WKH REMHFW WR D �32% ILOH�

YRLG :ULWH2EMHFW�FKDU 
 SREILOH��

��5HWXUQ WKH = YDOXH�

IORDW *HW=���

��6HW WKH WH[WXUH QXPEHU�

YRLG 6HW7H[WXUH1XP�LQW WQXP��

��5HWXUQ WKH REMHFWV WH[WXUH QXPEHU�

LQW *HW7H[WXUH1XP���

��6HW WKH WUDQVSDUHQF\ OHYHO RI WKH REMHFW ���� WR ����

YRLG 6HW7UDQVSDUHQF\�IORDW WUDQV��

��5HWXUQ WKH REMHFW WUDQVSDUHQF\ OHYHO�

IORDW *HW7UDQVSDUHQF\���

��3URMHFW WKH REMHFW WR D SODQH �IRU VKDGRZLQJ�

YRLG 3URMHFW7R3ODQH�IORDW D� IORDW E� IORDW F� IORDW G�

IORDW G[� IORDW G\� IORDW G]��

��6WDUW SOD\LQJ WKH DQLPDWLRQ �DQLPQXP�

YRLG 3OD\$QLPDWLRQ�LQW DQLPQXP��

��6WRS SOD\LQJ WKH FXUUHQW DQLPDWLRQ�

YRLG 6WRS$QLPDWLRQ���

`�

�HQGLI
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7HUUD)RUP �' 3DJH �� ��������

+HDGHU )LOHV� .H\)UDPH
�















































































)LOH � NH\IUDPH�K
9HUVLRQ � ��
3URJUDPPHU � &UDLJ 3RVW
&RS\ULJKW � �F� 3ODVPD :RUNV
3XUSRVH � 'HILQLWLRQ IRU WKH )5$0( &ODVV�
'HVFULSWLRQ � $ �IUDPH� REMHFW FRQWDLQV LQIRUPDWLRQ IRU RQH IUDPH

RI DQLPDWLRQ

0RGLILFDWLRQ 5HFRUG�
��������� 2ULJLQDO 5HOHDVH &UDLJ 3RVW
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.H\)UDPH�LQW QXPRIIYHUWV� 9HUWH[ 
 VPHVK��
� FRQVWUXFWRU FUHDWHV WKH DQLPDWLRQ IUDPH XVLQJ WKH LQGLFDWHG PHVK

a.H\)UDPH���
� GHVWUXFWRU

LQW *HW1XP9HUWLFHV��
� LQOLQH IXQWLRQ ZKLFK UHWXUQV WKH QXPEHU RI YHUWLFHV

LQ WKH PHVK

9HUWH[ 
*HW0HVK2IIVHW��
� LQOLQH IXQFWLRQ ZKLFK UHWXUQV WKH DUUD\ RI YHUWH[ RIIVHWV

IRU WKH PHVK

38%/,& 0(0%(5 9$5,$%/(6�
QRQH












































































�
�LIQGHI 3/$60$B)5$0(BB+
�GHILQH 3/$60$B)5$0(BB+

�LQFOXGH �YHUWH[�K�

FODVV .H\)UDPH
^
SULYDWH�

�� DPRXQW HDFK YHUWH[ VKRXOG PRYH LQ WKLV IUDPH
9HUWH[ 
 PBYS0HVK2IIVHW�

�� QXPEHU RI YHUWLFHV LQ WKH PHVK
LQW PBQ1XP9HUWLFHV�

SXEOLF�

�� FRQVWUXFWRU
.H\)UDPH�LQW QXPVXEYHUWV� 9HUWH[ 
 VPHVK��

�� GHVWUXFWRU
a.H\)UDPH���

�� IXQFWLRQV WR UHWULHYH YHUWH[ DQG PHVK RIIVHW LQIR
LQW *HW1XP9HUWLFHV�� ^ UHWXUQ 1XP6XE9HUWLFHV� `
9HUWH[ 
*HW0HVK2IIHVW�� ^ UHWXUQ VXEPHVK� `

`�

�HQGLI
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+HDGHU )LOHV� $QLPDWLRQ
�















































































)LOH � DQLPDWLRQ�K

9HUVLRQ � ��

3URJUDPPHU � &UDLJ 3RVW

&RS\ULJKW � �F� 3ODVPD :RUNV

3XUSRVH � 'HILQLWLRQ IRU WKH $1,0$7,21 &ODVV�

'HVFULSWLRQ � $Q �DQLPDWLRQ� LV D VHTXHQFH RI �NH\IUDPHV�

ZLWK LQWHUSRODWDWHG GUDZLQJV GLVSOD\HG EHWZHHQ WKHP�

�ZKLFK DUH GHILQHG LQ WKH .(<)5$0( FODVV�

0RGLILFDWLRQ 5HFRUG�

��������� 2ULJLQDO 5HOHDVH &UDLJ 3RVW
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$QLPDWLRQ�LQW WLPHIRUDQLP� LQW WLPHIRURQHIUDPH��

� FRQVWUXFWRU� FUHDWHV DQ DQLPDWLRQ ZKLFK UXQV DW WKH

LQGLFDWHG VSHHGV

a$QLPDWLRQ���

� GHVWUXFWRU

YRLG /RDG.H\)UDPHV)URP)LOH�FKDU 
 IUDPHILOH��

� ORDGV WKH UHTXHVWHG NH\ IUDPH LQIRUPDWLRQ LQWR PHPRU\

YRLG 3OD\$QLPDWLRQ�9HUWH[ 
 WUDQVIRUP��

� GLVSOD\V WKH UHTXHVWHG DQLPDWLRQ VHTXHQFH

LQW *HW7LPH)RU$QLPDWLRQ�� ^ UHWXUQ 7LPH)RU$QLPDWLRQ� `

� LQOLQH IXQFWLRQ ZKLFK UHWXUQV WKH OHQJWK RI WLPH WR

UXQ WKH DQLPDWLRQ

LQW *HW7LPH)RU2QH.H\)UDPH�� ^ UHWXUQ 7LPH)RU2QH.H\)UDPH� `

� LQOLQH IXQFWLRQ ZKLFK UHWXUQV WKH OHQJWK RI WLPH WR

GLVSOD\ D VLQJOH IUDPH RI WKH UHTXHVWHG DQLPDWLRQ

38%/,& 0(0%(5 9$5,$%/(6�

QRQH
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�LIQGHI 3/$60$B$1,0$7,21BB+

�GHILQH 3/$60$B$1,0$7,21BB+

�LQFOXGH �IUDPH�K�

�LQFOXGH �YHUWH[�K�
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FODVV $QLPDWLRQ

^

SULYDWH�

�� DUUD\ RI NH\IUDPHV LQ WKH DQLPDWLRQ

.H\)UDPH 

 PBNISS.H\)UDPHV�

�� QXPEHU RI IUDPHV LQ WKH DQLPDWLRQ

LQW PBQ1XP.H\)UDPHV�

�� OHQJWK RI WLPH WR UXQ WKH DQLPDWLRQ

LQW PBQ7LPH)RU$QLPDWLRQ�

�� OHQJWK RI WLPH WR GLVSOD\ RQH IUDPH RI WKH DQLPDWLRQ

LQW PBQ7LPH)RU2QH.H\)UDPH�

�� QXPEHU IUDPHV GLVSOD\HG VLQFH WKH ODVW NH\IUDPH ZDV GUDZQ

LQW PBQ&XUUHQW7LPH�

�� LQGH[ RI WKH �QH[W� WR EH GUDZQ� WKLV LV WKH NH\IUDPH WKDW LV

�� FXUUHQWO\ EHLQJ LQWHUSRODWHG �WR� VLQFH WKH GUDZLQJ RI WKH

�� PRVW UHFHQW NH\IUDPH

LQW PBQ&XUUHQW.H\)UDPH�

�� FXUUHQW RIIVHW IURP WKH GUDZLQJ RI WKH ODVW NH\IUDPH

9HUWH[ 
 PBS&XUUHQW2IIVHW�

�� WRWDO QXPEHU RI YHUWLFHV LQ WKH DERYH DUUD\

LQW PBQ1XP9HUWLFHV�

SXEOLF�

�� FRQVWUXFWRU

$QLPDWLRQ�LQW WLPHIRUDQLP� LQW WLPHIRURQHIUDPH��

��GHVWUXFWRU

a$QLPDWLRQ���

�� ORDGV WKH DQLPDWLRQ IUDPHV LQWR PHPRU\

YRLG /RDG.H\)UDPHV)URP)LOH�FKDU 
 IUDPHILOH��

�� GLVSOD\V WKH DQLPDWLRQ VHTXHQFH

YRLG 3OD\$QLPDWLRQ�9HUWH[ 
 WUDQVIRUP��

�� UHWXUQV WKH OHQJWK RI WLPH WR UXQ WKH DQLPDWLRQ

LQW *HW7LPH)RU$QLPDWLRQ�� ^ UHWXUQ 7LPH)RU$QLPDWLRQ� `

�� UHWXUQV WKH OHQJWK RI WLPH WR GLVSOD\ D VLQJOH DQLPDWLRQ IUDPH

LQW *HW7LPH)RU2QH.H\)UDPH�� ^ UHWXUQ 7LPH)RU2QH.H\)UDPH� `

`�

�HQGLI
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