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+RZ VKRXOG JHQHUDWRUV �?XQLWV�� ZLWK GL�HUHQW HQHUJ\ FRVWV� GL�HUHQW PLQLPXP DQG PD[�

LPXP OHYHOV RI RSHUDWLRQ� DQG GL�HUHQW VWDUW�XS FRVWV EH DVVLJQHG WR VDWLVI\ D WLPH SUR�OH

RI HOHFWULFLW\ GHPDQG" 7ZR YHU\ VLPSOH PRGHOV RI WKLV ?XQLW FRPPLWPHQW SUREOHP� DUH

VWXGLHG_ ERWK LQ WKH FRQWH[W RI XQFHUWDLQW\ DERXW IXWXUH GHPDQG� 7KH SUHOLPLQDU\ REMHF�

WLYH RI WKH DQDO\VLV LV WR �QG RSWLPDO FRPPLWPHQW VWUDWHJLHV IRU WKH PDQDJHU RI D V\VWHP

RI JHQHUDWRUV� 7KH PDLQ REMHFWLYH LV WR VXJJHVW PRGHOV RI SRZHU�JHQHUDWLRQ WHFKQRORJ\ VXI�

�FLHQWO\ VLPSOH WR PDNH SRVVLEOH WKH H[SORUDWLRQ RI H�FLHQW SRZHU�DXFWLRQ GHVLJQ� 6PDOO

VWHSV WRZDUG ERWK JRDOV DUH GHVFULEHG�
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%DUW 0F*XLUH

8QLYHUVLW\ RI &DOLIRUQLD (QHUJ\ ,QVWLWXWH

DQG

*UDGXDWH 6FKRRO RI 3XEOLF 3ROLF\ 8&%

+RZ VKRXOG JHQHUDWRUV ZLWK GL�HUHQW HQHUJ\ FRVWV DQG VWDUW�XS FRVWV EH DVVLJQHG WR VDWLVI\

D WLPH SUR�OH RI HOHFWULFLW\ GHPDQG" 3UREOHPV RI WKLV VRUW KDYH FRPH WR EH NQRZQ LQ

WKH SRZHU HQJLQHHULQJ OLWHUDWXUH DV ?XQLW FRPPLWPHQW SUREOHPV�� DQG PDQ\ YDULDWLRQV

KDYH EHHQ VWXGLHG� 7KLV ODUJH OLWHUDWXUH LV FKDUDFWHUL]HG E\ SURJUHVVLYHO\ PRUH GHWDLOHG

DQG UHDOLVWLF DVVXPSWLRQV DQG FRUUHVSRQGLQJO\ PRUH FRPSOH[ VROXWLRQ DOJRULWKPV�� 7KH

VFKHGXOLQJ RI XQLWV �L�H�� JHQHUDWRUV� PD\ EH FRQVWUDLQHG E\ PLQLPXP XS� DQG GRZQ�WLPHV�

VWDUW�XS FRVWV PD\ EH WLPH�GHSHQGHQW� UDPS UDWHV PD\ EH FRQVWUDLQHG� GHPDQG PD\ EH

WUHDWHG DV JLYHQ RU XQFHUWDLQ DQG LW PD\ LQFOXGH UHDFWLYH SRZHU DQG VSLQQLQJ UHVHUYH

UHTXLUHPHQWV� HWF� $OJRULWKPV W\SLFDOO\ FDOO IRU UHFXUVLRQV RI SURFHGXUHV LQYROYLQJ ERWK

QRQ�OLQHDU SURJUDPPLQJ DQG G\QDPLF SURJUDPPLQJ��

+RZHYHU XVHIXO WKHVH DGYDQFHV PD\ EH IRU GD\^WR^GD\ VFKHGXOLQJ� WKH\ GR QRW \LHOG D SRU�

WUDLW RI WHFKQRORJ\ VLPSOH HQRXJK WR FRQWULEXWH WR WKH FXUUHQW SROLF\ GLVFXVVLRQV FRQFHUQLQJ

SRZHU DXFWLRQV� &RVWV RI UXQQLQJ SRZHU V\VWHPV DUH FOHDUO\ LQWHUWHPSRUDO_ WKDW
V ZKDW

XQLW FRPPLWPHQW LV DOO DERXW� <HW IRU ODFN RI DQ\ VLPSOH PRGHO RI LQWHUWHPSRUDO FRVWV� WKH

PDLQ SRZHU DXFWLRQ SURSRVDOV DUH FRQ�LFWHG� WKH\ �UVW SUHWHQG HDFK KRXU LV LQGHSHQGHQW

RI DQ\ RWKHU� WKH\ KROG VLPXOWDQHRXV LQGHSHQGHQW DXFWLRQV IRU HDFK KRXU� DQG WKHQ DOORZ

UHYLVLRQ RI ELGV XSRQ UHYHODWLRQ RI WKH RXWFRPHV RI WKHVH SDUDOOHO DXFWLRQV�
�
, DP QRW DZDUH

� 6HH %DOGLFN������ DQG UHIHUHQFHV LQ /HH������ DQG 7VHQJ� /L� DQG 2UHQ������

� $QRWKHU OLWHUDWXUH_ HYHQ ODUJHU DQG ROGHU_ GHDOV ZLWK XQLW FRPPLWPHQW LQ D GL�HUHQW IDVKLRQ DQG XQGHU
DQRWKHU QDPH� ?SHDN�ORDG SULFLQJ�� &UHZ� )HUQDQGR� DQG .OHLQGRUIHU������ LV D XVHIXO VXUYH\ RI WKLV
HFRQRPLF OLWHUDWXUH� DQG &UHZ DQG .OHLQGRUIHU������ DQG 0F*XLUH DQG 0F*XLUH������ DUH SLHFHV WKDW WLH
LQ FORVHO\ ZLWK WKH SUHVHQW GLVFXVVLRQ�

�
7KH 9LFWRULD DXFWLRQ LV VXFK DQ H[DPSOH�

�



RI DQ\ DQDO\VLV RI WKH SHUIRUPDQFH RI WKLV SDWFKZRUN SURFHGXUH�

7KH XQLW FRPPLWPHQW PRGHO VWXGLHG KHUH LV D VLPSOH RQH� )RUJHW UHDFWLYH SRZHU DQG

VSLQQLQJ UHVHUYHV�� DQG IRUJHW UDPSLQJ FRQVWUDLQWV DQG PLQLPXP XS� DQG GRZQ�WLPHV�

,Q PRVW RI WKH OLWHUDWXUH WKH WLPH SUR�OH LV DVVXPHG WR EH NQRZQ ZLWK FHUWDLQW\_ DQ

DVVXPSWLRQ WKDW� LQ P\ YLHZ� PDNHV IRU LPPHQVH DQDO\WLFDO GL�FXOW\ ZLWKRXW FRQWULEXWLQJ

PXFK LI DQ\ UHDOLVP� +HUH ZH DVVXPH XQFHUWDLQW\� 'HPDQG LV D 0DUNRY SURFHVV� GHPDQG

WRGD\ �RU WKLV KRXU� LV D UDQGRP YDULDEOH GUDZQ IURP D GLVWULEXWLRQ FRQGLWLRQHG RQO\ E\

\HVWHUGD\
V �RU ODVW KRXU
V� GHPDQG� 3URGXFWLRQ FRVW DW HDFK JHQHUDWRU LV DVVXPHG OLQHDU�

3URGXFWLRQ LV FRQVWUDLQHG DERYH DQG EHORZ DW HDFK JHQHUDWRU� DQG VWDUW�XS FRVWV DUH YDULHG

DV GHVFULEHG EHORZ� 7KH KRSH LV WKDW WKLV VLPSOH PRGHO FDSWXUHV VRPH RI WKH HVVHQFH RI WKH

XQLW FRPPLWPHQW SUREOHP ZLWKRXW WKH GHWDLO WKDW SXWV LQWXLWLYH TXDOLWDWLYH XQGHUVWDQGLQJ

EH\RQG UHDFK�

+RZ PLJKW WKH FRVW RI VWDUWLQJ�XS D JHQHUDWRU GHSHQG RQ WKH WLPH LW KDV EHHQ GRZQ" :H

VKDOO H[DPLQH WKUHH H[WUHPH FRVW PRGHOV ZKLFK VSDQ WKH GL�HUHQW SRVVLEOH UHODWLRQVKLSV

EHWZHHQ GRZQ�WLPH DQG VWDUW�XS FRVW� ,Q WKH ?FROG�VWDUW� PRGHO VWDUW�XS FRVW LV D SRVLWLYH

TXDQWLW\ LQGHSHQGHQW RI WLPH GRZQ_ HYHU\ VWDUW LV OLNH HYHU\ RWKHU� ,Q WKH ?KRW�VWDUW�

PRGHO FRVW LV SURSRUWLRQDO WR WLPH GRZQ_ DV WKRXJK WKH ORQJHU WKH ERLOHU LV DOORZHG WR

FRRO� WKH PRUH IXHO PXVW EH EXUQHG WR EULQJ LW EDFN WR RSHUDWLQJ WHPSHUDWXUH� ,Q WKH

?LFH�EUHDNHU� PRGHO� VWDUW�XS �OLNH D ZLQWHU VKLSSLQJ FKDQQHO LQ /DNH 6XSHULRU� LV YLUWXDOO\

FRVWOHVV IRU D WLPH� DIWHU ZKLFK LW EHFRPHV H[WUHPHO\ FRVWO\��

7KH SURGXFWLRQ FRVWV RI D JHQHUDWRU FDQ SURSHUO\ EH VDLG WR EH ?LQWHUWHPSRUDO� LI WKH FRVW

RI SURGXFWLRQ LQ D JLYHQ SHULRG GHSHQGV RQ WKH OHYHOV RI SURGXFWLRQ LQ RWKHU SHULRGV� ,Q

WKLV VHQVH WKH FROG�VWDUW PRGHO JLYHV ULVH WR LQWHUWHPSRUDO SURGXFWLRQ FRVWV� D XQLW
V FRVW

�
,Q WKH SDSHUV WKDW GR LPSRVH FRQVWUDLQWV RQ PLQLPXP VSLQQLQJ UHVHUYHV� WKH DQDO\VHV RIWHQ VWULNH PH DV

KDOI�KHDUWHG� :K\ DUH WKHVH UHVHUYHV UHTXLUHG" 7R PHHW XQFHUWDLQ IXWXUH GHPDQGV� %XW IXWXUH GHPDQG LV

XVXDOO\ DVVXPHG NQRZQ VR ZK\ ���"

� ,Q DOO PRGHOV WKH FRVW RI VWDUW�XS DIWHU ]HUR GRZQ�WLPH LV DVVXPHG WR EH ]HUR� 7KLV PHDQV WKDW VWDUW�XSV

DUH DOZD\V IUHVK VWDUWV�

�



WRGD\ GHSHQGV RQ ZKHWKHU WKH XQLW ZDV XS RU GRZQ \HVWHUGD\� 7KH KRW�VWDUW PRGHO� RQ

WKH RWKHU KDQG� LV UHDOO\ QRW LQWHUWHPSRUDO� 3URGXFWLRQ WRGD\ VDYHV WKH VDPH DPRXQW RI

FXUUHQW RU IXWXUH VWDUW�XS FRVW LQGHSHQGHQWO\ RI WKH OHYHOV RI SURGXFWLRQ LQ RWKHU SHULRGV�

7KXV LI ZH WKLQN RI VWDUW�XS FRVWV DV EHLQJ SDLG SLHFHPHDO LQ HDFK SHULRG RI GRZQWLPH�

LQWHPSRUDOLW\ YDQLVKHV� 7KH LFH�EUHDNHU PRGHO LV LQWHUWHPSRUDO RQO\ LI RSHUDWHG IRROLVKO\��

,Q WKH QH[W WZR VHFWLRQV ZH H[DPLQH RSWLPDO XQLW FRPPLWPHQW IRU VHWV RI JHQHUDWRUV DOO RI

ZKLFK DUH FKDUDFWHUL]HG LQ FRPPRQ E\ HLWKHU WKH KRW�VWDUW PRGHO RU WKH FROG�VWDUW PRGHO�

�� 7KH KRW�VWDUW PRGHO

)RU JHQHUDWRU L WKH IXHO FRVW RI SURGXFLQJ SRZHU SL SHU XQLW WLPH LV EL � FLSL� 7KH VWDUW�XS

FRVW 'L RI JHQHUDWRU L LV H[DFWO\ SURSRUWLRQDO WR WKH WLPH WL WKDW LW KDV EHHQ VKXW GRZQ�

'L  WLGL� 6KXWWLQJ GRZQ D JHQHUDWRU LV XVHIXO EHFDXVH LI XS LW PXVW EH RSHUDWHG DW D OHYHO

SL � S
L
� 2XWSXW LV WRS�FRQVWUDLQHG DV ZHOO� SL � S

L
�

7KH VWDUW�XS FRVW IHDWXUH ZRXOG VHHP WR GHQ\ XV WKH RSSRUWXQLW\ RI VLPSO\ DVNLQJ KRZ EHVW

WR SURGXFH D VSHFL�HG RXWSXW� 7KH EHVW ZD\ WR PHHW GHPDQG WRGD\ JHQHUDOO\ GHSHQGV RQ

ZKLFK JHQHUDWRUV �RU ?XQLWV�� ZHUH XS \HVWHUGD\ DQG ZKDW GHPDQG ZLOO DULVH WRPRUURZ�

%XW ZLWK GRZQ�WLPH SURSRUWLRQDO VWDUW�XS FRVWV� WKH EHVW FRPPLWPHQW GHFLVLRQV WRGD\ DUH

LQGHSHQGHQW RI ERWK \HVWHUGD\
V FRPPLWPHQWV DQG WRPRUURZ
V GHPDQGV� 6WDUW�XS FRVWV IRU

JHQHUDWRU L DUH VLPSO\ SDLG SLHFHPHDO LQ DPRXQW GL �WKH IXHO FRVW RI NHHSLQJ WKH ZDWHU KRW�

LQ HDFK SHULRG RI GRZQWLPH�

)RU JLYHQ GHPDQG [ LQ D SHULRG WKH XQLW FRPPLWPHQW SUREOHP PLJKW EH SRVHG DV IROORZV�

&KRRVH D QRQ�QHJDWLYH Q�YHFWRU S RI SURGXFWLRQ OHYHOV IRU Q JHQHUDWRUV DQG D ELQDU\ Q�

YHFWRU X DVVLJQLQJ XS� RU GRZQ�VWDWXV WR PLQLPL]H

SF
�
� ��� X�G�

�
3DUDGR[LFDOO\� WKH PRGHOV ZKHUH VWDUW�XS FRVW GRHV GHSHQG RQ GRZQ�WLPH DUH QRW LQWHUWHPSRUDO DQG WKH
RQH ZKHUH LW GRHVQ
W LV�

� $QG D ]HUR LQWHUHVW UDWH� DV ZH VKDOO DVVXPH LQ WKLV VHFWLRQ RQO\

�



VXEMHFW WR WKH FRQVWUDLQWV

XLS
L
� SL � XLSL

DQG

;

L

SL � [�

7KLV IRUPXODWLRQ LV QRW VDWLVIDFWRU\ LQ WZR UHVSHFWV� ,W DVVHVVHV FKDUJHV IRU PDLQWDLQLQJ

ERLOHU WHPSHUDWXUH HYHQ WR XQLWV WKDW DUH DVVLJQHG ]HUR SURGXFWLRQ LQ DOO SHULRGV� 6HFRQG�

LW PDNHV QR XVH RI WKH FRQYHQLHQW WUXWK WKDW NHHSLQJ WKH ZDWHU KRW LQ XS SHULRGV PXVW

EH DERXW WKH VDPH DV NHHSLQJ LW KRW LQ GRZQ SHULRGV� ,I G LV WR EH FKDUJHG LQ DOO SHULRGV

IRU WKRVH JHQHUDWRUV XVHG VRPHWLPH� DQG LQ QR SHULRGV IRU WKRVH JHQHUDWRUV XVHG QHYHU�

WKHQ ZH PD\ HOLPLQDWH G IURP WKH RQH�SHULRG RSWLPL]DWLRQ� :H UHIRUPXODWH WKH SUREOHP

DV IROORZV�

'HQRWH WKH VHW RI DOO JHQHUDWRUV E\. DQG VXEVHWV RI. E\+� /HW S+
L[

GHQRWH WKH SURGXFWLRQ

DVVLJQHG WR XQLW L LQ D SHULRG ZLWK WRWDO GHPDQG [ ZKHQ + LV WKH VXEVHW RI DYDLODEOH

JHQHUDWRUV� 1RZ IRU HDFK + � . �QG X
+

L[
DQG S

+

L[
WR PLQLPL]H

���

;

[

;

L

FLS
+

L[

VXEMHFW WR

��� X
+

L[SL
� S

+

L[ � X
+

L[SL

IRU DO L DQG [ DQG� IRU DOO [�

���
;

L

S
+

L[
� [�

7KH UHOHYDQW SURGXFW RI WKLV ODUJH DUUD\ RI YHU\ VLPSOH RQH�SHULRG RSWLPL]DWLRQV LV WKH

PDWUL[ $ ZLWK HOHPHQWV

$[�+ �

;

L

FLS
+
L�[�

�



,W UHPDLQV RQO\ WR �QG WKDW XQLW VXEVHW + ZKLFK LV RSWLPDO DJDLQVW D JLYHQ VWHDG\�VWDWH

SUREDELOLW\ GLVWULEXWLRQ T�[� RI GHPDQG� ,Q RWKHU ZRUGV� GHWHUPLQH WKH OHDVW HOHPHQW RI

WKH YHFWRU

;

[

T�[�$[�+ �

;

L�+

GL�

$ VPDOO QXPHULFDO H[DPSOH IRU D JLYHQ + LV H[KLELWHG LQ $SSHQGL[ ��

�� �V�6��XQLW FRPPLWPHQW LQ WKH FROG�VWDUW PRGHO� 1RZ VXSSRVH WKDW VWDUWLQJ XS

XQLW L FRVWV D �[HG DPRXQW 'L LQGHSHQGHQW RI WKH OHQJWK RI WLPH L KDV EHHQ GRZQ� 7KH

GHFLVLRQ SUREOHP LV QRZ URXJKO\ DV IROORZV� $W WKH EHJLQQLQJ RI D SHULRG ZH LQKHULW D

ELQDU\ YHFWRU X RI XQLW FRPPLWPHQWV IURP ODVW SHULRG DQG ZH REVHUYH D QHZ �UDQGRPO\

GUDZQ� GHPDQG [ IRU WKH FXUUHQW SHULRG� :H PXVW FKRRVH D QHZ XQLW FRPPLWPHQW YHFWRU

Y DQG D SURGXFWLRQ YHFWRU S FRQVLVWHQW ZLWK Y� 7KH GL�HUHQFH IURP WKH VLWXDWLRQ LQ 6HF�

WLRQ � LV WKDW WRGD\
V FRVWV FULWLFDOO\ GHSHQG RQ WKH LQKHULWHG FRPPLWPHQW YHFWRU X DQG

WRGD\
V FRPPLWPHQW GHFLVLRQ Y FULWLFDOO\ D�HFWV WKH FRVWV WKDW ZLOO EH LQFXUUHG WRPRUURZ�

0RUHRYHU� ZH GR QRW NQRZ WRPRUURZ
V GHPDQG�

7KHUH LV DQ HDV\ SDUW RI WKH SUREOHP� 2QFH Y LV FKRVHQ� S IROORZV E\ D VLPSOH RSWLPL]DWLRQ�

'H�QH FRVW IXQFWLRQ &�Y� [� DV IROORZV
��

��� &�Y� [� � PLQ

S

;

L

FLSL

VXEMHFW WR

��� YLS
L
� SL � YLSL

IRU DOO L� DQG

���
;

L

SL � [�

� 1RWLFH WKH GL�HUHQFH IURP PLQLPL]DWLRQ SUREOHP ������ 7KHUH� + LQGLFDWHG JHQHUDWRUV WKDW ZHUH DYDLODEOH

LI GHVLUHG� +HUH Y LQGLFDWHV JHQHUDWRUV WKDW PXVW EH XVHG

�



:LWK WKDW VLPSOL�FDWLRQ� WKH FRPPLWPHQW IXQFWLRQ ZH VHHN FDQ EH ZULWWHQ DV I�X� [�  Y

RU� GLYLGLQJ WKLV PXOWL�YDOXHG IXQFWLRQ LQWR SDUWV� IL�X�� ��� XQ� [�  YL IRU L  ��� ��� Q��

:KDW IRUP LV WKLV IXQFWLRQ� LI RSWLPDO LQ PLQLPL]LQJ H[SHFWHG FRVWV� OLNHO\ WR WDNH"

)LUVW RI DOO� LV IL OLNHO\ WR EH LQGHSHQGHQW RI XM IRU M � L" 7KDW LV� FDQ ZH ZULWH

IL�X�� ��� XQ� [� DV IL�XL� [�" ,I M LV GRZQ� LW LV QRW LPSODXVLEOH WKDW ZH VKRXOG EH PRUH

UHOXFWDQW WR VKXW GRZQ L WKDQ LI M ZHUH XS_ ZH PD\ QHHG WKLV FDSDFLW\ WRPRUURZ� 'HVSLWH

WKLV FRQFHUQ ZH VKDOO DVVXPH_ VKRUW RI D SURRI_ WKDW WKH RSWLPDO I GRHV XQGHU FHUWDLQ

FRQGLWLRQV
� H[KLELW WKLV LQGHSHQGHQFH SURSHUW\� :LWK WKLV DVVXPSWLRQ ZH QHHG RQO\ H[�

DPLQH WKH EHKDYLRU RI WKH IXQFWLRQV IL�XL� [�� )RU JLYHQ L� LI GHPDQG LV VX�FLHQWO\ KLJK�

VD\ [ ! 6L IRU VRPH YDOXH 6L� XQLW L ZLOO RSWLPDOO\ EH XS �YL  �� ZKHWKHU XL  � RU

XL  �� 6LPLODUO\� LI GHPDQG LV VX�FLHQWO\ ORZ� VD\ [ � VL IRU VRPH YDOXH VL� XQLW L ZLOO

RSWLPDOO\ EH GRZQ LQGHSHQGHQWO\ RI WKH YDOXH RI XL� %HWZHHQ WKHVH YDOXHV FRPPLWPHQW RI

L GRHV GHSHQG RQ XL� 7KH DVVHUWLRQ KHUH LV WKDW LQ WKLV GHPDQG LQWHUYDO FRPPLWPHQW ZLOO

QRW FKDQJH� WKDW LV WR VD\� VL � [ � 6L LPSOLHV YL  XL� 7KH LQWHUSUHWDWLRQ RI WKH UXOH

LV WKXV� DQ XQFRPPLWWHG XQLW L UHPDLQV GRZQ XQWLO GHPDQG H[FHHGV D FULWLFDO OHYHO 6L DW

ZKLFK WLPH LW LV VWDUWHG XS� ,W UHPDLQV XS XQWLO GHPDQG IDOOV EHORZ D FULWLFDO OHYHO VL � 6L

ZKHQ LW LV VKXW GRZQ� ,W UHPDLQV GRZQ XQWLO ��� HWF� 7KH DQDORJ\ WR LQYHQWRU\ WKHRU\ LV

REYLRXV� 6R LV WKH PRWLYDWLRQ� 2QFH FRPPLWWHG� VWD\ UHOXFWDQWO\ FRPPLWWHG� RQFH GRZQ�

VWD\ UHOXFWDQWO\ GRZQ� 2SHUDWLRQDO VDYLQJV DUH VDFUL�FHG WR DYRLG VWDUW�XS FRVWV�

1H[W ZH PXVW H[DPLQH WKH UHODWLRQVKLSV DPRQJ WKH �VL� 6L� SDLUV� $Q Q�XQLW V\VWHP ZLOO

EH FDOOHG ZHOO�EHKDYHG LI XQLWV FDQ EH LQGH[HG WR PDNH WKH IROORZLQJ WZR SURSHUWLHV WUXH�

XL  �  � XM  � IRU M � L

DQG

XL  �  � XM  � IRU M ! L�

� ,QGHSHQGHQFH FOHDUO\ GRHV IDLO WR KROG XQGHU FHUWDLQ FLUFXPVWDQFHV WKDW FDQ RQO\ DULVH LI WKH V\VWHP LV LQ
D VWDWH XQUHDFKDEOH E\ RSWLPDO SROLF\� 6XSSRVH JHQHUDWRUV L DQG M DUH FORVH VXEVWLWXWHV DQG L LV VXSHULRU

WR M� %\ VRPH DFFLGHQW RI SROLF\ M LV XS DQG L LV GRZQ� &OHDUO\ ZH VKRXOG EH OHVV UHDG\ WR VWDUW XS L WKDQ
LI M ZHUH GRZQ DQG PRUH UHDG\ WR VKXW GRZQ M WKDQ LI L ZHUH XS�

�



,Q D ZHOO�EHKDYHG V\VWHP� LQ RWKHU ZRUGV� XQLWV DUH VKXW�GRZQ LQ /,)2 IDVKLRQ� DQG VWDUWHG

XS LQ /2), IDVKLRQ� 7KH VWDUW�XS DQG VKXW�GRZQ WULJJHUV WKHQ VDWLVI\ 6L � 6M �� VL � VM�

:H DVVXPH WKDW SDUDPHWHU YDOXHV DUH VXFK WKDW WKH RSWLPDO V\VWHP LV ZHOO�EHKDYHG���

7KH IXQFWLRQDO HTXDWLRQ GHVFULELQJ RSWLPDO XQLW FRPPLWPHQW FDQ EH ZULWWHQ DV IROORZV�

/HW ) �X� [� EH WKH H[SHFWHG SUHVHQW YDOXH� XQGHU RSWLPDO RSHUDWLRQ� RI WKH IXWXUH FRVW

VWUHDP RQ WKH RFFDVLRQ RI LQKHULWLQJ DQ XS�YHFWRU X IURP \HVWHUGD\ DQG IDFLQJ D GHPDQG

RI [ WRGD\� �� LV WKH RQH�SHULRG GLVFRXQW IDFWRU��

��� ) �X� [� � PLQ

S�Y�Z

>FS�
� GZ

�
� � (\�) �Y� \�M[�@

VXEMHFW WR

��� Y � S � S � Y � S

���
;

S � [

���� Z � Y � X�

ZLWK ERWK Y DQG Z FRQVWUDLQHG WR EH ELQDU\ YDULDEOHV�

7R EHJLQ ZLWK� ZH GR QRW NQRZ WKH RUGHULQJ RI XQLWV_ FDOO LW WKH JUDQG PHULW RUGHU��_

LQGLFDWLQJ WKH RSWLPDO SURJUHVVLRQ RI VWDUW�XSV XS DV GHPDQG LQFUHDVHV� :H VWDUW WKHUHIRUH

ZLWK WKH PRUH PRGHVW JRDO RI GHWHUPLQLQJ WKH �V� 6��WULJJHUV RSWLPDO IRU D JLYHQ DUELWUDU\

RUGHULQJ R�L� RI XQLWV�

R�L� � R�M�  � 6L � 6M DQG VL � VM�

��
,I V H[KLELWV D GL�HUHQW RUGHULQJ IURP 6 ZH KDYH D SKHQRPHQRQ DQDORJRXV WR K\VWHUHVLV� 7KH VKXW�GRZQ
VHTXHQFH LV QRW WKH UHYHUVH RI WKH VWDUW�XS VHTXHQFH� &DQ WKLV KDSSHQ XQGHU DQ RSWLPDO FRPPLWPHQW
UXOH" 5HVXOWV IURP WKH KRWVWDUW PRGHO VXJJHVW WKDW� ZLWK ORZ VWDUW�XS FRVWV�LQGHHG LW FDQ� &RQMHFWXUH� $
VX�FLHQW FRQGLWLRQ IRU D V\VWHP WR EH ZHOO�EHKDYHG LV FL � FM  � FLS
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M
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�� *HQHUDOO\ QRW WKH VDPH DV WKH PRUH IDPLOLDU RSHUDWLQJ�FRVW PHULW RUGHU
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6LQFH QR VWDUW�XS ZLOO RSWLPDOO\ WDNH SODFH XQWLO QHHGHG� WKH WRS WULJJHUV DUH HDVLO\ GHWHU�

PLQHG IRU WKH JLYHQ RUGHU�

���� 6L  

;

M�R�M��R�L�

SM�

/HW E[\ GHQRWH WKH FRQGLWLRQDO SUREDELOLW\ RI GHPDQG \ WRPRUURZ JLYHQ GHPDQG [ WRGD\�

GHPDQG ZLOO EH DVVXPHG WR WDNH RQO\ D �QLWH QXPEHU 1 RI LQWHJUDO YDOXHV� :LWK WKHVH

WUDQVLWLRQ SUREDELOLWLHV LQ KDQG ZH FDQ DGGUHVV WKH SUREOHP RI GHWHUPLQLQJ VL� %XW �UVW

VRPH SUHOLPLQDULHV� )RU DQ\ VWDWH �X� [� DQG D �[HG VWDUW�XS RUGHU� RSHUDWLQJ FRVW LQ WKH

FXUUHQW SHULRG LV JLYHQ E\ WKH IXQFWLRQ &�X� [�� ,Q D ZHOO�EHKDYHG V\VWHP WKH VWDWH YHFWRU

X FDQ EH ZULWWHQ PRUH FRPSDFWO\� OHW 8L � ���� ��� ��� �L� �L��� ��� �Q�� 1H[W� IRU �[HG L GH�QH

N�[� WR EH WKDW LQGH[ IRU ZKLFK

����
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�

VN�[� � [ � VN�[��� ZKHQ [ � VL�

VN�[� � [ � 6N�[��� ZKHQ VL � [ � 6L��

6N�[� � [ � 6N�[��� ZKHQ 6L�� � [�

7R VLPSOLI\ QRWDWLRQ VWLOO IXUWKHU� OHW WKH JHQHUDWRUV EH LQGH[HG LQ WKHLU RUGHU �SHUKDSV

QRW RSWLPDO� RI VWDUW�XS� /HW �V� 6� EH DQ DUELWUDU\ WULJJHU YHFWRU DQG �V��6�� WKH WULJJHU

YHFWRU RSWLPDO IRU WKH JLYHQ VWDUW�XS RUGHU�

:LWK WKHVH QRWDWLRQDO VLPSOL�FDWLRQV ZH FDQ GH�QH D IXQFWLRQ *
V
�8L� [� E\
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3
M�L SM� ZH KDYH WKH LGHQWLW\ *

V
��8L�[� � ) �8L�[�� IXQF�

WLRQDO HTXDWLRQ ��� FDQ EH ZULWWHQ ZLWKRXW WKH ?PLQ� RSHUDWRU�

1HDUO\ DOO RI WKLV GHWDLO FDQFHOV RXW RI WKH H[SUHVVLRQ IRU WKH LPSRUWDQW GL�HUHQFH
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V
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1RZ �[ L DQG VXSSRVH WKDW VM  V
�

M IRU DOO M � L� 1H[W H[DPLQH WKH EHKDYLRU RI �V�8L� V�

DV VL DORQH LV YDULHG�

,I VL ! V
�

L
JHQHUDWRU L JHWV VKXW GRZQ ZKHQ GHPDQG GURSV MXVW EHORZ V� 7KLV LV WRR TXLFN�

LQKHULWLQJ 8L LQVWHDG RI 8L�� UHGXFHV H[SHFWHG FRVWV DQG H[SDQGLQJ WKH GHPDQG LQWHUYDO

RYHU ZKLFK WKLV DGYDQWDJH SUHYDLOV ZLOO UHGXFH FRVWV IXUWKHU� ([DFWO\ WKH UHYHUVH KROGV

ZKHQ VL � V
�

L
� )RU JHQHUDWRU L WKHQ

���� �V
��8L� V�

�
�
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�
�
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7R PDNH XVH RI ���� ZH PXVW H[SDQG ���� ZLWK WKH DLG RI WKH GHPDQG WUDQVLWLRQ PDWUL[

%� $JDLQ� IRU �[HG L �DQG ZLWK WKDW H[FXVH� GURSSLQJ VRPH RI WKH L�VXEVFULSWV�� GH�QH

%P  NELMN ZLWK L DQG M  VL� ��� 6L DQG %K  NELMN ZLWK L  VL� ��� 6L DQG M  6L� ���1 �

7KHVH WZR VXEPDWULFHV RI % UHSUHVHQW� UHVSHFWLYHO\� WKH WUDQVLWLRQV RI GHPDQG IURP FORVHG

?PLGGOH� LQWHUYDO >VL�6L@ WR PLGGOH LQWHUYDO DQG IURP PLGGOH LQWHUYDO WR KDOI�RSHQ ?KLJK�

LQWHUYDO �6L� ���1 @���

/HW ]L � &�8L�[� � &�8L���[� IRU VL � [ � 6L �3RVVLEOH EHFDXVH ] LV FRQVWDQW LQ WKLV

PLGGOH LQWHUYDO�� DQG OHW  L � ��� �� �� ��� RI DSSURSULDWH OHQJWK� $W [  VL HTXDWLRQ ����

FDQ QRZ EH ZULWWHQ

���� �V�8L� V�  ]L �  
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�
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P
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7KH XVH RI ���� WR FRPSXWH V
� LV VWUDLJKIRUZDUG��� 7KH FRVW GL�HUHQFH ]L LV XVXDOO\ HTXDO

WR S
L
�FL �PD[M�L FM�� WKXV UHTXLULQJ QR RSWLPL]LQJ FRPSXWDWLRQ� 7KH PDLQ GL�FXOW\� RI

FRXUVH� LV WKDW WKH SURFHGXUHV GHVFULEHG KHUH PXVW EH UHSHDWHG IRU HDFK VWDUW�XS RUGHU RI

��
,W LV SHUKDSV ZRUWK QRWLQJ WKDW SRZHUV RI %P UHSUHVHQW PXOWL�VWDJH WUDQVLWLRQV WKDW KDYH QHYHU GHSDUWHG

IURP WKH PLGGOH GHPDQG LQWHUYDO�

�� $ QXPHULFDO H[DPSOH LV JLYHQ LQ $SSHQGL[ ��

�



WKH VHW RI . JHQHUDWRUV WR OHDUQ ZKLFK LV EHVW� 7KDW LV QRW WKH HQG RI WKH VWRU\� KRZHYHU�

6RPH RUGHULQJV DUH EHWWHU FDQGLGDWHV WKDQ RWKHUV DE LQLWLR� (DUO\ VWDUW�XSV DUH OLNHO\ WR

EH WKRVH ZLWK KLJK VWDUW�XS FRVWV DQG ORZ RSHUDWLQJ FRVWV� ODWH VWDUW�XSV WKRVH ZLWK ORZ

S
V�

�� $ 2QH�6WDJH $XFWLRQ ZLWK ?*URYHV� 5HZDUGV

6XSSRVH HDFK XQLW LQ D VHW RI FROG�VWDUW JHQHUDWRUV VXEPLWV D ��YHFWRU ELG WR FRQWULEXWH

VXSSO\ WR D V\VWHP WKDW PXVW PHHW D UDQGRP SDWWHUQ RI GHPDQG RYHU D VHTXHQFH RI 7

SHULRGV� %LGGHU L VXEPLWV D QRW�QHFHVVDULO\ WUXWKIXO FRVW�SDUDPHWHU ELG �FL�'L� S
L
� S

L
��

:LQQLQJ ELGGHUV DUH VHOHFWHG DFFRUGLQJ WR WKH SURFHGXUHV RXWOLQHG LQ 6HFWLRQ ��

7KH H[SHFWHG WRWDO RI RVWHQVLEOH FRVWV VX�HUHG E\ D VHW . RI ELGGHUV LQ VXSSO\LQJ WKLV

UDQGRP GHPDQG LV 5�.� � ([�X�����
7 �) �X� [� ZKHUH WKH�� MRLQW SUREDELOLW\ GLVWULEXWLRQ

RI X DQG [ LV WDNHQ WR EH WKH VWDWLRQDU\ GLVWULEXWLRQ� 7KH MXVWL�FDWLRQ IRU WKLV VWDWLRQDULW\

DVVXPSWLRQ LV WKDW 7 LV ODUJH DQG WKDW WKH DXFWLRQ LV VXSSRVHG WR WDNH SODFH ZHOO LQ DGYDQFH

RI DFWXDO FRPPLWPHQW� VR WKDW ZKR LV XS RU GRZQ ZKHQ EXVLQHVV VWDUWV LV D PDWWHU RI FKDQFH�

6LQFH PRVW RI WKH GLVFXVVLRQ WKDW IROORZV GRHV QRW FDOO XSRQ WKH GHWDLOV RI 6HFWLRQ �� ZH

HPSOR\ D GL�HUHQW DQG VLPSOHU QRWDWLRQ� /HW WRWDO FRVW 5�.� EH SDUWLWLRQHG LQ WZR SDUWV�

FRVWV LQFXUUHG E\ %LGGHU L DQG WKH VXP RI WKRVH LQFXUUHG E\ WKH RWKHU ELGGHUV LQ .� WKXV�

UHVS�� 5�.� � &  &L � &�L�

7KH DUJXPHQWV RI WKH & IXQFWLRQV DUH FRVW SDUDPHWHUV �WUXH RU IDOVH� DQG FRPPLWPHQW

DVVLJQPHQWV ZKLFK� LQ WXUQ� DUH IXQFWLRQV RI FRVW�SDUDPHWHU ELGV� /HW D YHFWRU RI ELGV

EH GHQRWHG E  �E
�L� EL�� ZLWK WUXH ELGV� AE� AE

�L�
AEL GLVWLQJXLVKHG E\ KDWV� 7KLV RSWLPDO

FRPPLWPHQW DVVLJQPHQW IXQFWLRQ� FDOOHG 3
�� KDV WKH REYLRXV SURSHUW\�

���� &>3 ��AE�� �AE�@ � &>3 ��E�� �AE�@�

,Q ZRUGV KDUGO\ ZRUWK VWDWLQJ� WKH WUXH FRVW RI D FRPPLWPHQW SDWWHUQ SURSHUO\ GHVLJQHG

�� ?WKH� LV D ELW VWURQJ� VLQFH WKHUH LV REYLRXV FLUFXODULW\ KHUH� 7KH GLVWULEXWLRQ GHSHQGV RQ WKH ELG SDWWHUQ�

��



IRU D IDOVH FRVW SDUDPHWHU YHFWRU FDQQRW EH OHVV WKDQ WKH FRVW RI RQH SURSHUO\ GHVLJQHG IRU

WKH WUXH FRVW SDUDPHWHU YHFWRU�

7KH WRWDO RVWHQVLEOH FRVW RI DQ RSWLPDOO\ DVVLJQHG VHW E RI DUELWUDU\ ELGV LV &>3 ��E�� E@�

ZKLOH WKH WUXH FRVW RI WKLV VDPH VHW RI ELGV LV &>3 ��E��AE@� 1RZ VXSSRVH FRVW ELGV E DUH

VXEPLWWHG E\ JHQHUDWRUV LQ D FRPSHWLWLYH DXFWLRQ IRU FRPPLWPHQW DVVLJQPHQWV� )XUWKHU

VXSSRVH WKDW E  �AE
�L� EL�� WKDW LV� WKDW DOO ELGV H[FHSW %LGGHU L
V DUH IUR]HQ DW WUXH YDOXHV�

+RZ VKRXOG %LGGHU L IRUPXODWH KLV ELG" +LV EHVW FKRLFH LQ WKLV VLWXDWLRQ GHSHQGV RQ WKH

VFKHPH IRU UHZDUGLQJ ZLQQHUV�

8QGHU D *URYHV UHZDUG VFKHPH ��
%LGGHU L UHFHLYHV D JURVV UHWXUQ FRQVLVWLQJ RI WKH GL�HUHQFH

EHWZHHQ WKH VRFLDO FRVW &� LQFXUUHG E\ WKH V\VWHP ZLWKRXW KLP OHVV WKH JHQHUDOO\ VPDOOHU

FRVW LQFXUUHG E\ KLV FRPSHWLWRUV ZKHQ WKH V\VWHP LV RSWLPL]HG DJDLQVW WKH VHW RI DOO ELGV

LQFOXGLQJ KLV RZQ� ,Q VKRUW�
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�L� EL�� �AE�L� EL�@�

+LV QHW UHWXUQ XQGHU WKH VFKHPH LV ���� PLQXV KLV RZQ WUXH FRVWV RI PHHWLQJ WKLV DVVLJQPHQW�

+LV SUREOHP WKHQ LV WR FKRRVH EL WR PD[LPL]H
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6LQFH &
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AEL�@ ���� EHFRPHV
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�L� EL�� �AE�L�
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%\ GH�QLWLRQ RI 3 � WKH VHFRQG WHUP LQ ���� LV PLQLPL]HG DW EL  
AEL� :LWK *URYHV UHZDUGV�

WUXWK�WHOOLQJ LV D 1DVK HTXLOLEULXP�

$QRWKHU V\VWHPPLJKW UHZDUG ELGGHUV LQ WHUPV RI UHDOL]HG RXWFRPHV LQVWHDG RI H[SHFWDWLRQV�

&RPPLWPHQW UXOHV �L�H�� �V� 6� WULJJHUV� ZRXOG UHPDLQ DV EHIRUH� EXW DQ XQXVXDO GHPDQG

�� *URYHV DQG /HG\DUG ������
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SDWWHUQ PLJKW FDXVH D ELGGHU
V FRQWULEXWLRQ WR EH QHJDWLYH� 7KH *URYHV LQFHQWLYH IHDWXUH

VWLOO KROGV� KRZHYHU� DQG ELGGHUV ZRXOG PDNH WKHLU R�HUV RQ WKH EDVLV RI H[SHFWHG UHDOL]HG

SD\R�V LQVWHDG RI �DV LQ WKH SUHYLRXV FDVH� DQG WR SXW LW FUXGHO\� H[SHFWHG H[SHFWHG SD\R�V�

7KH LPSRUWDQW DVSHFW RI WKLV DXFWLRQ SURSRVDO LV WKDW HYHQ LQ D FRQWH[W DV ULIH ZLWK LQ�

WHUWHPSRUDO FRVWV DV WKH FROG�VWDUW PRGHO� WKH QHHG IRU PXOWL�VWDJHG ELGGLQJ GRHV QRW

DSSHDU WR EH FRPSHOOLQJ� :LWK LQIRUPDWLYH ELG GHVLJQ� DQG HYDOXDWLRQ DQG SD\R� VFKHPHV

WKDW HQFRXUDJH WUXH FRVW UHYHODWLRQ� SHUKDSV WKH REYLRXV DQG WURXEOLQJ SUREOHPV DVVRFLDWHG

ZLWK UHSHDWHG ELG UHYLVLRQ FDQ EH DYRLGHG�

5()(5(1&(6

%DOGLFN� 5RVV ������� ?7KH *HQHUDOL]HG 8QLW &RPPLWPHQW 3UREOHP�� ,((( 7UDQVDFWLRQV

RQ 3RZHU 6\VWHPV� ������������ �)HEUXDU\�

&UHZ� 0LFKDHO $�� DQG 3DXO 5� .OHLQGRUIHU ������� ?3HDN /RDG 3ULFLQJ ZLWK D 'LYHUVH

7HFKQRORJ\�� %HOO -RXUQDO RI (FRQRPLFV� ��������� �6SULQJ�

&UHZ� 0LFKDHO $�� &KLWUX 6� )HUQDQGR� DQG 3DXO 5� .OHLQGRUIHU ������� ?7KH 7KHRU\ RI

3HDN /RDG 3ULFLQJ� $ 6XUYH\�� -RXUQDO RI 5HJXODWRU\ (FRQRPLFV� ���������

*URYHV� 7KHRGRUH� DQG -RKQ /HG\DUG ������� ?2SWLPDO $OORFDWLRQ RI 3XEOLF *RRGV� $

6ROXWLRQ WR WKH C)UHH 5LGHU
 3UREOHP�� (FRQRPHWULFD ������������

/HH� )UHG 1� ������� ?6KRUW�7HUP 7KHUPDO 8QLW &RPPLWPHQW_ $ 1HZ 0HWKRG�� ,(((

7UDQVDFWLRQV RQ 3RZHU 6\VWHPV� ���� �)HEUXDU\�

0F*XLUH� &� %DUW� DQG 3DWULFN *� 0F*XLUH ������� ?$ 6HOI�6FRULQJ 6\VWHP WR (OLFLW 7UXH�

&RVW 0XOWL�'LPHQVLRQDO %LGV LQ DQ (OHFWULF 3RZHU $XFWLRQ�� 3URFHHGLQJV RI WKH ��WK $Q�

QXDO 1RUWK $PHULFDQ &RQIHUHQFH RI WKH ,QWHUQDWLRQDO $VVRFLDWLRQ IRU (QHUJ\ (FRQRPLFV�

SS� ������� �2FWREHU �����

7VHQJ� &KXQJ�/L� &KDR�DQ /L� DQG 6KPXHO 6� 2UHQ ������� ?6ROYLQJ 8QLW &RPPLWPHQW E\

D 8QLW 'HFRPPLWPHQW 0HWKRG�� 8&(, 3RZHU :RUNLQJ 3DSHU 3:3���� �)HEUXDU\ �����
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$33(1',; �� $Q ([DPSOH RI 2SWLPL]HG +RWVWDUWV

7DEOH � JLYHV WKH LQSXW SDUDPHWHUV DQG� IRU D UDQJH RI GHPDQGV� WKH RSWLPDO FRPPLWPHQW

RXWSXWV DQG WRWDO FRVWV IRU D VLPSOH WKUHH�JHQHUDWRU KRWVWDUW V\VWHP� 7KH UHVXOWV_ HDVLO\

YHUL�HG E\ LQVSHFWLRQ��_ DUH LQWHUHVWLQJ� 1RWLFH WKDW RSHUDWLQJ�FRVW PHULW RUGHU LV QRW

IROORZHG DV GHPDQG LQFUHDVHV� 8QLW � LV VWDUWHG XS DW ORZ GHPDQGV� VKXW GRZQ DW PLGGOH�

OHYHO GHPDQGV� VWDUWHG XS DJDLQ DW KLJKHU GHPDQGV DQG WKHQ� LQ IDYRU RI 8QLW �� VKXW GRZQ

D VHFRQG WLPH DW VWLOO KLJKHU GHPDQGV� ,V WKLV DQ H[RWLF FDVH"

7DEOH �� 2XWSXWV DQG &RVWV IRU D ��*HQHUDWRU +RWVWDUW 6\VWHP
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� F SPLQ SPD[
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�� 2873876

�� &RPPLWPHQWV DW (DFK /HYHO RI 'HPDQG 	 7RWDO &RVW
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�� :KLFK VXJJHVWV� SHUKDSV� WKDW WKH FRPSXWDWLRQ SURFHGXUH GHVFULEHG LQ 6HFWLRQ � LV QRW YHU\ H�FLHQW�

7KH VROXWLRQ KHUH LV JHQHUDWHG E\ WKH LQWHJHU�SURJUDPPLQJ VROYHU &3/(; XQGHU FRQWURO RI WKH DOJHEUDLF

PRGHOLQJ ODQJXDJH $03/�
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$33(1',; �� $ 6LPXODWLRQ RI 2SWLPL]HG &ROGVWDUWV

7KH 0$7/$% SURJUDP ?0$5.29� OLVWHG EHORZ VLPXODWHV WKH SHUIRUPDQFH RI 0 FROG�

VWDUW JHQHUDWRUV RYHU 7 SHULRGV� ZLWK RSWLPDOO\ FKRVHQ XS� DQG GRZQ� WULJJHUV� EXW ZLWK DQ

DUELWUDULO\ FKRVHQ JUDQG PHULW RUGHU DQG DQ DUELWUDULO\ FKRVHQ LQLWLDO VWDWH YHFWRU� 'RZQ�

WULJJHUV DUH FRPSXWHG E\ WKH IXQFWLRQ ?6+87�� DOVR OLVWHG� ,QSXWV PXVW EH HQWHUHG GLUHFWO\

LQWR WKH WH[W OLVWLQJ�

&DOOLQJ YDULDEOH &267 \LHOGV D FRVW KLVWRU\ IRU WKH UXQ� DQG FDOOLQJ YDULDEOH $&7 \LHOGV

DQ DFWLRQ KLVWRU\� 7ULJJHUV DQG DYHUDJH VWDUW�XS DQG RSHUDWLQJ FRVWV DUH RXWSXW HDFK UXQ�

7DEOH � EHORZ� IRU LQVWDQFH� GLVSOD\V SDUW RI WKH DFWLRQ KLVWRU\ RI D UXQ ZLWK WKH SDUDPHWHUV

IRU WKH IRXU JHQHUDWRUV LQ WKH 0$5.29 OLVWLQJ� 7KH RSWLPDO WULJJHUV DUH V  ��� �� �� ���

DQG 6  ��� ��� ��� ����

� � �0$5.29���� $ 0$7/$% &2/'67$57 6,08/$7,21 352*5$0
�

� � ,1387 '$7$�                                                            
� 7 ���� � /HQJWK RI VLPXODWLRQ� 7 SHULRGV�
� 1 ��� � 'HPDQG YDOXHV UDQJH RYHU �����1�
� EHWD ��� � 'LVFRXQW IDFWRU
�

� $$ > � � � �
� ��� ��� ��� ���
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�� �� �� �� ��@� � (DFK FROXPQ LV D JHQHUDWRU�
�� � F� '� SPLQ� SPD[
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�� PHULWRUGHU >� � � � @� � $UELWUDU\� ([SHULPHQW WR ILQG WKH EHVW�
��

�� � 1RWH� 7KH 0DUNRY WUDQVLWLRQ GHPDQG SUREDELOLWLHV DUH IL[HG LQ WKH
�� � SURJUDP� DQG JHQHUDWHG �TXLWH DUELWUDULO\� EXW FKRRVH \RXU RZQ��
�� � E\ WKH 0$7/$% ELQRPLDO GLVWULEXWLRQ IXQFWLRQ %,1251'�
��

�� � (1' 2) ,1387 '$7$                                                       
��

�� F'S3 $$���PHULWRUGHU��
��

�� F  F'S3������ � 9HFWRU RI RSHUDWLQJ FRVWV SHU 0:�SHULRG
�� '  F'S3������ � 9HFWRU RI VWDUW�XS FRVWV
�� SPLQ F'S3������ � 9HFWRU RI PLQ RSHUDWLQJ OHYHOV
�� SPD[ F'S3������ � 9HFWRU RI PD[ RSHUDWLQJ OHYHOV
��

�� 0 OHQJWK�F��
��

��

�� PX ����1����
���1���� � 7R VHW XS WKH �ELQRUQG� IXQFWLRQ EHORZ�
��

�� [ IORRU�1����
�� LQ IORRU�0����
�� X >RQHV���LQ� ]HURV���0�LQ�@� � ,QLWLDO VWDWH� KDOI XS� KDOI GRZQ�
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�� � &KRRVH DQRWKHU LI \RX ZLVK�
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�� 6 FXPVXP�SPD[��
�� 6 >� 6���0���@� � 6WDUW�XS WULJJHUV
��

�� ] SPLQ�
�F�>� F���0���@�� � 7KH �SPLQ SHQDOW\� ] RQ S��
�� ='61% >]� � $UUD\ LQSXWV WR WKH �VKXW� IXQFWLRQ�
�� '�
�� 6�
�� 1
RQHV���0��
�� EHWD
RQHV���0�@�
��

�� V >@� � 8VH VKXW WR FRPSXWH VKXW�GRZQ WULJJHUV�
�� IRU L ��0�
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