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8QLYHUVLW\ RI &DOLIRUQLD DW %HUNHOH\
&ROOHJH RI (QJLQHHULQJ

'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ DQG &RPSXWHU 6FLHQFHV

((&6 ��� -� :DZU]\QHN DQG 1� :HDYHU

)DOO ���� 5HYLVHG E\ 5� )HDULQJ� .� &KR� DQG ,� 1XUL

/DE��
1DVW\�5HDOLWLHV

� 2EMHFWLYHV

,Q WKLV ODE� \RX ZLOO OHDUQ DERXW�

�� FDSDFLWLYH ORDGLQJ DQG LWV HIIHFW RQ SURSDJDWLRQ GHOD\V�

�� WUDQVPLVVLRQ OLQHV DQG WHUPLQDWLRQ IRU ORQJ ZLUHV�

�� FDSDFLWLYH FRXSOLQJ RQ ULEERQ FDEOHV�

� 3UHODE

$OO RI WKH DFWLYLW\ LQYROYHG LQ WKLV ODE WDNHV SODFH LQ URRP ���%� 1RWH WKDW WKHUH LV QR ZD\ WR ZRUN RQ WKLV ODE

LQ DGYDQFH� VR UHDG WKLV ZULWH�XS FDUHIXOO\ VR WKDW \RX ZLOO NQRZ ZKDW WR GR ZKHQ \RXU ODE VHFWLRQ EHJLQV� ,I

\RX DUH VWLOO FRQIXVHG� SOHDVH JHW KHOS IURP D 7$ EHIRUH WKH VWDUW RI \RXU ODE VHFWLRQ�

� 2YHUYLHZ

0XFK RI HQJLQHHULQJ LV NQRZLQJ ZKDW \RX FDQ LJQRUH� )RU H[DPSOH� ZH LJQRUH WKH EHKDYLRU RI HOHFWURQV LQ D

GLJLWDO FLUFXLW DQG WKLQN LQVWHDG RI �·V DQG �·V� 7KLV DSSUR[LPDWLRQ KDV SURYHQ YHU\ VXFFHVVIXO� EXW LW LV

LPSRUWDQW WR NQRZ ZKHQ ZH FDQ QR ORQJHU PDNH LW� RU ZKDW WR GR WR HQVXUH WKDW ZH FDQ PDNH LW� +HUH DUH

VRPH RI WKH DVVXPSWLRQV ZH KDYH EHHQ PDNLQJ�

• :LUHV DUH LGHDO ² DW DQ\ SRLQW LQ WLPH� WKH YROWDJH DW HYHU\ SRLQW RQ WKH ZLUH LV WKH VDPH�

• 7KHUH DUH H[DFWO\ WZR ORJLF OHYHOV ² KLJK DQG ORZ�

• 7UDQVLWLRQV RFFXU LQVWDQWDQHRXVO\ IURP RQH YROWDJH OHYHO WR WKH QH[W�

7KLV ODE LV EURNHQ LQWR WZR ODUJH H[SHULPHQWV� 6HFWLRQ � GLVFXVVHV WKH FRQFHSWV RI SURSDJDWLRQ GHOD\ DQG

FDSDFLWLYH ORDGLQJ� 6HFWLRQ ��� GHVFULEHV WKH DVVRFLDWHG H[SHULPHQW� 6HFWLRQ � GLVFXVVHV WKH QDVW\ UHDOLWLHV RI

ZLUHV� 6HFWLRQ ��� GHVFULEHV WKH DVVRFLDWHG H[SHULPHQW� 6HFWLRQ � GHVFULEHV VRPH RI WKH PLVFHOODQHRXV WKLQJV

\RX QHHG WR NQRZ LQ RUGHU WR EXLOG WKH FLUFXLWV LQ WKLV ODE�

� 'HWDLOV

��� %UHDGERDUG

:H ZLOO XVH D EUHDGERDUG WR EXLOG WKH FLUFXLWV IRU WKLV ODE� $ EUHDGERDUG LV VLPSO\ D VODE RI SODVWLF� FRYHUHG

ZLWK KROHV FRQQHFWHG E\ KLGGHQ PHWDO FRQWDFWV� %\ SXVKLQJ VWULSSHG HQGV RI ZLUHV� OHDGV RI GLVFUHWH

FRPSRQHQWV� RU ,& SLQV LQWR WKHVH KROHV� ZH FRQQHFW WKHP HOHFWULFDOO\ WR DQ\WKLQJ LQ WKH VDPH FROXPQ�
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7KH FRQQHFWLRQV LQVLGH WKH EUHDGERDUG DUH VKRZQ EHORZ LQ )LJXUH �D� 8VH WKH URZV RI FRQQHFWHG KROHV IRU

SRZHU DQG JURXQG� XVH WKH FROXPQV IRU \RXU FLUFXLW� 1RWH WKDW WKHUH LV D EUHDN LQ WKH FRQQHFWLRQ EHWZHHQ WKH

KRUL]RQWDO EXVHV� ORFDWHG H[DFWO\ KDOIZD\ DFURVV WKH ERDUG� 3XW FKLSV KRUL]RQWDOO\ LQ WKH ZLGH VSDFH

VHSDUDWLQJ WKH WZR FROXPQV RI FRQQHFWLRQV� 7KHLU SLQV VKRXOG ILW LQ WKH ORZHVW URZ RI WKH XSSHU FROXPQV DQG

WKH XSSHU URZ RI WKH ORZHU FROXPQV�

3RZHU WKH FLUFXLWV LQ WKLV ODE ZLWK WKH +3 (����$ SRZHU VXSSO\ WKDW ZH XVHG LQ /DE �� &RQQHFW LW WR

WKH EDQDQD MDFNV DWWDFKHG WR WKH EUHDGERDUG� DQG UXQ ZLUHV IURP WKH MDFNV WR WKH EUHDGERDUG·V SRZHU�JURXQG

EXVHV� &ODPS WKH ZLUHV WR WKH MDFNV E\ XQVFUHZLQJ WKH WRS RI WKH MDFN� WKUHDGLQJ D VWULSSHG ZLUH HQG LQWR WKH

H[SRVHG KROH� DQG VFUHZLQJ GRZQ WKH WRS RI WKH MDFN�

��� 5LEERQ�&DEOH

6RPH RI WKH FLUFXLWV LQ WKLV ODE XVH D ORQJ �WHQ IRRW� ULEERQ

FDEOH� ZKLFK LV D IODW VWULS RI LQVXODWHG SDUDOOHO ZLUHV� $GMDFHQW

ZLUHV LQ WKH FDEOH DOWHUQDWH EHWZHHQ FRQQHFWLQJ WR WKH WRS DQG

ERWWRP SLQV RI D ���SLQ ',3 FRQQHFWRU� VKRZQ LQ )LJXUH �E�

��� 5HVLVWRUV�DQG�&DSDFLWRUV

'LVFUHWH UHVLVWRUV� ZKLFK \RX ZLOO EH XVLQJ LQ WKLV ODE� DUH

PDUNHG ZLWK D FRGH FRQVLVWLQJ RI WKUHH FRORUHG EDQGV� (DFK

FRORU FRUUHVSRQGV WR D QXPEHU� DV OLVWHG EHORZ�

%ODFN %URZQ 5HG 2UDQJH <HOORZ *UHHQ %OXH 9LROHW *UH\ :KLWH

� � � � � � � � � �

7KH ILUVW WZR EDQGV UHSUHVHQW WKH ILUVW WZR GLJLWV RI WKH UHVLVWDQFH� DQG WKH WKLUG UHSUHVHQWV WKH QXPEHU RI

]HURHV IROORZLQJ WKH ILUVW WZR QXPEHUV� )RU H[DPSOH� D UHVLVWRU ODEHOHG \HOORZ�YLROHW�UHG ZRXOG EH

LQWHUSUHWHG DV ���� Ω� RU ��� NΩ�

)LJXUH �D %UHDGERDUG FRQQHFWLRQV

)LJXUH �E 5LEERQ FDEOH ',3 SOXJ

rows

rows

columns
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&DSDFLWRUV DUH ODEHOHG VLPLODUO\� DOWKRXJK XVXDOO\ ZLWK WKUHH GLJLWV UDWKHU WKDQ FRORUHG EDQGV� 7KH

QXPEHU \RX REWDLQ LV WKH QXPEHU RI SLFRIDUDGV �S)�� )RU H[DPSOH� D FDSDFLWRU ODEHOHG ´���µ FRUUHVSRQGV WR

������ S)� RU ��� µ)�

� 7UDQVLHQWV�DQG�'HOD\�0HDVXUHPHQW

��� 3URSDJDWLRQ�'HOD\

&RQWUDU\ WR ZKDW VLPXODWLRQ VRIWZDUH ZRXOG KDYH \RX EHOLHYH� ORJLF OHYHOV GR QRW FKDQJH LQVWDQWDQHRXVO\� ,Q

UHDOLW\� D WUDQVLWLRQ IURP � WR � 9 RU YLFH�YHUVD UHTXLUHV D JUDGXDO FKDQJH IURP RQH YROWDJH WR WKH QH[W� :KDW

KDSSHQV LV WKDW D FDSDFLWRU LV EHLQJ FKDUJHG RU GLVFKDUJHG WR SURGXFH WKH RXWSXW YROWDJH� 7KLV XQLW RI WLPH LV

FDOOHG WKH SURSDJDWLRQ GHOD\�

7KH SURSDJDWLRQ GHOD\ WS RI D JDWH GHILQHV KRZ TXLFNO\ LW UHVSRQGV WR D FKDQJH DW LWV LQSXW� 7KDW LV� WKH

SURSDJDWLRQ GHOD\ H[SUHVVHV WKH GHOD\ H[SHULHQFHG E\ D VLJQDO ZKHQ SDVVLQJ WKURXJK D JDWH� ,W LV PHDVXUHG

EHWZHHQ WKH ��� WUDQVLWLRQ SRLQWV RI WKH LQSXW DQG RXWSXW ZDYHIRUPV� %HFDXVH D JDWH XVXDOO\ GLVSOD\V

GLIIHUHQW UHVSRQVH WLPHV IRU ULVLQJ RU IDOOLQJ LQSXW ZDYHIRUPV� WZR GHILQLWLRQV RI WKH SURSDJDWLRQ GHOD\ DUH

QHFHVVDU\� 7KH WS/+ GHILQHV WKH UHVSRQVH WLPH RI WKH JDWH IRU D ORZ WR KLJK �RU SRVLWLYH� RXWSXW WUDQVLWLRQ�

ZKLOH WS+/ UHIHUV WR D KLJK WR ORZ �RU QHJDWLYH� WUDQVLWLRQ� ,Q LQWHJUDWHG FLUFXLW FODVVHV� SURSDJDWLRQ GHOD\ LV

GHILQHG DV WKH DYHUDJH RI WS/+ DQG WS+/� EXW LQ WKLV FODVV ZH ZLOO WDNH D FRQVHUYDWLYH DSSURDFK DQG GHILQH WKH

RYHUDOO SURSDJDWLRQ GHOD\ DV WKH PD[LPXP RI WKH WZR GHOD\V WS/+ DQG WS+/�

��� &DSDFLWLYH�/RDGLQJ

7KH SURSDJDWLRQ GHOD\ RI D JDWH LV ODUJHO\ GHSHQGHQW RQ WKH FDSDFLWDQFH WKDW LW PXVW GULYH� 7KLV PHDQV WKDW LI

RQH JDWH WULHV WR GULYH PDQ\ RWKHUV� LWV FDSDFLWLYH ORDG ZLOO EH ODUJH� 7KH LQFUHPHQWDO GHOD\ LV GLUHFWO\ UHODWHG

WR WKH ORDG FDSDFLWDQFH� WKDW LV� HDFK DGGLWLRQDO ORDG LQYHUWHU ZRXOG DGG D FRQVWDQW DPRXQW WR WKH RYHUDOO

GHOD\� :H XVH WKH WHUP ´IDQ�RXWµ WR UHIHU WR WKH QXPEHU RI ORDG JDWHV 1 WKDW DUH FRQQHFWHG WR WKH RXWSXW RI

WKH GULYLQJ JDWH� 7KH ODUJHU WKH IDQ�RXW� WKH ORQJHU WKH SURSDJDWLRQ GHOD\�

��� 5LQJ�2VFLOODWRU

$ VWDQGDUG FLUFXLW IRU GHOD\ PHDVXUHPHQW LV WKH ULQJ RVFLOODWRU� ZKLFK FRQVLVWV RI DQ RGG QXPEHU RI LQYHUWHUV

FRQQHFWHG LQ D FLUFXODU FKDLQ� 'XH WR WKH RGG QXPEHU RI LQYHUVLRQV� WKLV FLUFXLW GRHV QRW KDYH D VWDEOH

RSHUDWLQJ SRLQW� VR LW RVFLOODWHV� 7KH SHULRG 7 RI WKH RVFLOODWLRQ LV GHWHUPLQHG E\ WKH SURSDJDWLRQ WLPH RI D

VLQJOH WUDQVLWLRQ WKURXJK WKH FRPSOHWH FKDLQ� RU 7  � × WS × 1� ZLWK 1 EHLQJ WKH QXPEHU RI LQYHUWHUV LQ WKH

FKDLQ� 7KH IDFWRU � UHVXOWV IURP WKH REVHUYDWLRQ WKDW D IXOO F\FOH UHTXLUHV ERWK D ORZ�WR�KLJK DQG D KLJK�WR�

ORZ WUDQVLWLRQ�

��� 7R�'R

:H ZLOO EXLOG D ULQJ RVFLOODWRU DQG REVHUYH WKH RXWSXW RQ WKH RVFLOORVFRSH� HQDEOLQJ XV WR FDOFXODWH WKH WS IRU D

VLQJOH LQYHUWHU� :H ZLOO WKHQ DGG DGGLWLRQDO FDSDFLWLYH ORDGV RQ WKH LQGLYLGXDO LQYHUWHUV DQG REVHUYH WKH HIIHFW

RQ WKH ULQJ RVFLOODWRU IUHTXHQF\�

�� %XLOG WKH ULQJ RVFLOODWRU FLUFXLW LQ )LJXUH �D

RQ \RXU EUHDGERDUG� 8VH D ��)��3& KH[

LQYHUWHU FKLS� ZKRVH SLQRXW LV VKRZQ LQ

)LJXUH �E� 5HPHPEHU WR FRQQHFW SLQ �� WR

��9 DQG SLQ � WR JURXQG�

)LJXUH �D ��VWDJH ULQJ RVFLOODWRU
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�� 8VLQJ WKH RVFLOORVFRSH� REVHUYH WKH RXWSXW

DW SLQ � �DFWXDOO\� DQ\ RI WKH ILYH LQYHUWHU

RXWSXWV ZLOO GR�� 'XH WR WKH H[WUHPHO\ IDVW

WUDQVLWLRQV� \RXU RXWSXW ZDYHIRUP ZLOO QRW

ORRN OLNH D FOHDQ� VKDUS VTXDUH ZDYH DV \RX

PLJKW H[SHFW� ,QVWHDG� \RX VKRXOG VHH D YHU\

VPRRWKHG�RXW YHUVLRQ RI D VTXDUH ZDYH�

0HDVXUH WKH SHULRG 7 RI WKH ULQJ RVFLOODWRU

DQG FDOFXODWH WKH WS IRU D VLQJOH LQYHUWHU�

5HFRUG WKLV YDOXH RQ WKH FKHFNRII VKHHW DQG

VKRZ \RXU ZDYHIRUP WR WKH 7$�

�� &RQQHFW D ��� S) FDSDFLWRU IURP SLQ � WR JURXQG� :KDW HIIHFW GRHV WKLV KDYH RQ 7" 1RZ� FRQQHFW

DGGLWLRQDO ORDG FDSDFLWRUV IURP SLQ � WR JURXQG� DQG SLQ � WR JURXQG� $IWHU DGGLQJ HDFK FDSDFLWRU�

PHDVXUH WKH ULQJ RVFLOODWRU SHULRG� 5HFRUG WKHVH WKUHH YDOXHV RQ WKH FKHFNRII VKHHW� DQG VKRZ WKDW WKH

UHODWLRQVKLS EHWZHHQ ORDG FDSDFLWDQFH DQG SURSDJDWLRQ GHOD\ LV URXJKO\ OLQHDU� 6KRZ \RXU ILQDO ZDYHIRUP

WR WKH 7$�

� :LUHV

��� 1DVW\�5HDOLWLHV

7KH QDVW\ UHDOLW\ RI ZLUHV LV WKDW WKH\ KDYH ´SDUDVLWLFµ UHVLVWDQFH� FDSDFLWDQFH� DQG LQGXFWDQFH� 8VXDOO\� WKHVH

VR�FDOOHG SDUDVLWLFV DUH VPDOO HQRXJK WR LJQRUH� EXW ZKHQ D ZLUH LV YHU\ ORQJ� RU ZKHQ D YHU\ KLJK�VSHHG VLJQDO

LV EHLQJ DSSOLHG� WKHLU HIIHFWV FDQ GRPLQDWH�

)LJXUH � LV D PRGHO RI WKHVH SDUDVLWLFV� 7KH UHVLVWRUV DUH GXH WR WKH ZLUH FRQGXFWLQJ LPSHUIHFWO\� WKH

FDSDFLWRUV DUH GXH WR QHDUE\ FRQGXFWRUV� DQG WKH LQGXFWRUV DUH GXH WR FXUUHQW LQ WKH ZLUH SURGXFLQJ D

PDJQHWLF ILHOG�

7KH SDUDVLWLF FDSDFLWDQFH VORZV D ZLUH·V UHVSRQVH WR D VXGGHQ FKDQJH LQ YROWDJH� DQG WKH SDUDVLWLF

LQGXFWDQFH VORZV WKH UHVSRQVH WR D VXGGHQ FKDQJH LQ FXUUHQW� 0RVW GLJLWDO ORJLF OLQHV FRQGXFW OLWWOH FXUUHQW�

EXW UHTXLUH WKH YROWDJH WR FKDQJH IUHTXHQWO\� 3RZHU VXSSO\ OLQHV KDYH WKH RSSRVLWH SUREOHP� WKHLU YROWDJH LV

FRQVWDQW� EXW ZKHQ PDQ\ WKLQJV FKDQJH VXGGHQO\ �L�H� ZKHQ WKH FORFN ULVHV�� D VXGGHQ EXUVW RI FXUUHQW LV

UHTXLUHG�

7RJHWKHU� LQGXFWDQFH DQG FDSDFLWDQFH PDNH WKH ZLUH EHKDYH DV D WUDQVPLVVLRQ OLQH� PDNLQJ VLJQDOV WUDYHO

DORQJ WKH ZLUH UDWKHU WKDQ EHLQJ LQVWDQWO\ EURDGFDVW� 7KLV LV XQLPSRUWDQW DW ORZ IUHTXHQFLHV� EXW FDQ EHFRPH

D SUREOHP DW KLJK IUHTXHQFLHV� 7KH VSHHG RI OLJKW� MXVW XQGHU D IRRW SHU QDQRVHFRQG� LV D IXQGDPHQWDO

OLPLWDWLRQ ² WKH FORFN SHULRG RI WRGD\·V ��� 0+] GLJLWDO FLUFXLWV LV MXVW �� QV�

7KH UHVLVWDQFH LV GXH WR WKH ZLUH EHLQJ DQ LPSHUIHFW FRQGXFWRU� $W KLJK FXUUHQWV� VXFK DV WKRVH RQ

SRZHU ZLUHV� WKLV FDQ EHFRPH D SUREOHP� $W KLJK IUHTXHQFLHV� WKH UHVLVWDQFH FRXSOHG ZLWK WKH LQGXFWDQFH DQG

FDSDFLWDQFH IRUPV D ILOWHU� FDXVLQJ WKH VLJQDO WR ´VPHDUµ DV LW WUDYHOV DORQJ WKH ZLUH�

)LJXUH �E ��)��3& KH[ LQYHUWHU SLQRXWV

)LJXUH � 0RUH UHDOLVWLF PRGHO RI D ZLUH
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��� 7HUPLQDWLRQ

5HIOHFWLRQV DUH D ELJ SUREOHP LQ WUDQVPLVVLRQ OLQHV� 6LJQDOV WUDYHOLQJ DORQJ D WUDQVPLVVLRQ OLQH FDQ UHIOHFW DW

WKH HQG RI D ZLUH DQG LQWHUIHUH FRQVWUXFWLYHO\� FDXVLQJ ODUJH YROWDJH VSLNHV� :KHQ D WUDQVPLVVLRQ OLQH LV VKRUW�

UHIOHFWLRQ GRHV QRW SOD\ D PDMRU UROH� +RZHYHU� ZKHQ WKH OLQH LV VXIILFLHQWO\ ORQJ� IDVW WUDQVLWLRQV RQ WKH LQSXW

FDXVH WKH WUDYHOLQJ ZDYH WR ´ERXQFH EDFNµ IURP WKH RSSRVLWH HQG�

3URSHU WHUPLQDWLRQ FDQ HOLPLQDWH UHIOHFWLRQV� &RQQHFWLQJ D UHVLVWRU ZLWK D YDOXH HTXDO WR WKH

FKDUDFWHULVWLF LPSHGDQFH RI WKH WUDQVPLVVLRQ OLQH LV WKH VLPSOHVW IRUP RI WHUPLQDWLRQ� 7KLV FDXVHV VLJQDOV

WUDYHOLQJ DORQJ WKH WUDQVPLVVLRQ OLQH WR GLVVLSDWH LQ WKH UHVLVWRU� WKXV� UHIOHFWLRQ LV HOLPLQDWHG� 5LEERQ FDEOH

�ZKDW \RX ZLOO XVH LQ WRGD\·V ODE� DQG WZLVWHG SDLU KDYH D FKDUDFWHULVWLF LPSHGDQFH RI DERXW ��� Ω� 5*���

FRD[LDO FDEOH� ZKLFK ZH XVHG WR FRQQHFW WKH VLJQDO JHQHUDWRU WR WKH RVFLOORVFRSH LQ /DE �� KDV D FKDUDFWHULVWLF

LPSHGDQFH RI �� Ω ² LQFLGHQWDOO\� WKLV LV ZKDW WKH SXOVH JHQHUDWRU H[SHFWV WR EH GULYLQJ�

��� &DSDFLWLYH�&RXSOLQJ

7KHUH LV FDSDFLWDQFH EHWZHHQ DQ\ WZR FRQGXFWRUV�

DQG ZLUHV UXQQLQJ QHDU HDFK RWKHU DUH QR H[FHSWLRQ�

)LJXUH � VKRZV D PRGHO RI FDSDFLWLYH FRXSOLQJ

DPRQJ WKUHH ZLUHV� &ORVHU ZLUHV� LQ JHQHUDO� KDYH

PRUH FDSDFLWDQFH WKDQ ZLUHV IXUWKHU DSDUW�

&DSDFLWRUV WHQG WR NHHS WKH YROWDJH EHWZHHQ

WKHLU WHUPLQDOV FRQVWDQW� 7KLV HIIHFW FDQ LQGXFH D

YROWDJH�FXUUHQW VSLNH RQ DQ\WKLQJ FDSDFLWLYHO\

FRXSOHG ZKHQ WKH YROWDJH RQ D ZLUH FKDQJHV

VXGGHQO\�

7KH FDSDFLWDQFH EHWZHHQ WZR FRQGXFWRUV

LQFUHDVHV DV WKH\ JURZ QHDUHU DQG WKHLU FRPPRQ DUHD LQFUHDVHV� 7KXV� WZR ORQJ ZLUHV UXQQLQJ SDUDOOHO KDYH

PRUH FDSDFLWLYH FRXSOLQJ WKDQ WZR VKRUW ZLUHV UXQQLQJ RUWKRJRQDOO\� 7KLV LV XQIRUWXQDWH� VLQFH ZH RIWHQ

ZDQW WR UXQ PDQ\ ORQJ ZLUHV QHDU HDFK RWKHU ² PRVW FDEOHV DUH OLNH WKLV�

��� 6KLHOGLQJ

6KLHOGLQJ� RU VXUURXQGLQJ D ZLUH ZLWK D JURXQGHG FRQGXFWRU� HOLPLQDWHV FDSDFLWLYH FRXSOLQJ� &RD[LDO FDEOH LV

IXOO\ VKLHOGHG� LW FRQVLVWV RI D FHQWUDO FRQGXFWRU IRU WKH VLJQDO� VXUURXQGHG E\ DQ LQVXODWRU FRPSOHWHO\

VXUURXQGHG E\ D FRQGXFWRU ² WKH VKLHOG� 7KH SUREOHP ZLWK XVLQJ FRD[LDO FDEOHV IRU HYHU\WKLQJ LV WKDW WKH\ DUH

ELJ DQG H[SHQVLYH�

)RUWXQDWHO\� LQFRPSOHWH VKLHOGLQJ LV RIWHQ HQRXJK� 3ODFLQJ D JURXQGHG ZLUH EHWZHHQ WZR VLJQDO�

FDUU\LQJ ZLUHV LV D VLPSOH IRUP RI LQFRPSOHWH VKLHOGLQJ WKDW ZRUNV ZHOO LQ SUDFWLFH�

)LJXUH � &DSDFLWLYH &RXSOLQJ
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��� 7R�'R

�� 'LVFRQQHFW \RXU ULQJ RVFLOODWRU FLUFXLW DQG KRRN XS D � 0+] ���9 VTXDUH ZDYH IURP WKH ����$ SXOVH

JHQHUDWRU WR WKH SLQ � RI WKH KH[ LQYHUWHU �DFWXDOO\� DQ\ LQYHUWHU LQSXW ZLOO GR�� +RRN XS �� Ω IURP WKLV

SLQ WR JURXQG ² WKLV SUHVHQWV WKH SURSHU ORDG WR WKH SXOVH JHQHUDWRU VR WKDW WKH YROWDJH \RX VHW LV WKH

YROWDJH \RX JHW� 8VH IRXU ��� Ω UHVLVWRUV LQ SDUDOOHO UDWKHU WKDQ D VLQJOH �� Ω UHVLVWRU� &RQQHFW WKH

RXWSXW RI WKH LQYHUWHU WR RQH RI WKH ZLUHV RQ WKH ULEERQ FDEOH� 5HIHU WR )LJXUH � IRU VFKHPDWLF�

�� 8VLQJ WKH RVFLOORVFRSH� PHDVXUH WKH VLJQDO DW WKH LQYHUWHU LQSXW RQ FKDQQHO �� DQG PHDVXUH WKH VLJQDO DW

WKH RSSRVLWH HQG RI WKH ULEERQ FDEOH RQ FKDQQHO �� 8VH WKH PHWDO EDVH RI WKH EUHDGERDUG DV D FRPPRQ

JURXQG IRU ERWK \RXU RVFLOORVFRSH SUREHV DQG WKH SXOVH JHQHUDWRU� &RPSDUH WKH WZR VLJQDOV ² LGHDOO\� WKH

VLJQDO DW WKH HQG RI WKH ULEERQ FDEOH ZRXOG EH D SHUIHFW LQYHUVLRQ RI WKH VTXDUH ZDYH� ,V WKLV WKH FDVH"

:K\ RU ZK\ QRW"
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�� 0HDVXUH WKH SHDN�WR�SHDN YROWDJH 9SS �LQFOXGLQJ DQ\ RYHUVKRRW�� RQ ERWK WKH KLJK�WR�ORZ DQG ORZ�WR�
KLJK WUDQVLWLRQV RQ FKDQQHO �� *LYHQ WKDW WKH RXWSXW UDQJH RI WKH ��)�� LV DSSUR[LPDWHO\ ���9�
FRPPHQW RQ WKH 9SS PHDVXUHG DW WKH HQG RI WKH WUDQVPLVVLRQ OLQH� 5HFRUG \RXU PHDVXUHPHQWV RQ WKH
FKHFNRII VKHHW DQG VKRZ WKH ZDYHIRUP WR WKH 7$�

�� 7HUPLQDWH WKH WUDQVPLVVLRQ OLQH E\ SODFLQJ WZR UHVLVWRUV DW WKH HQG RI WKH ULEERQ FDEOH ² ��� Ω WR 9&&

DQG ��� Ω WR JURXQG� 6LQFH WKHVH UHVLVWRUV DUH EHLQJ SODFHG LQ SDUDOOHO ZLWK UHVSHFW WR WKH WUDQVPLVVLRQ
OLQH� WKH RYHUDOO UHVLVWDQFH LV DERXW ��� Ω� 7KLV YDOXH LV VXIILFLHQWO\ FORVH WR WKH FKDUDFWHULVWLF LPSHGDQFH
RI WKH ULEERQ FDEOH ���� Ω� IRU RXU SXUSRVHV� +RZ GRHV WKLV WHUPLQDWLRQ DIIHFW WKH ZDYHIRUP" 0HDVXUH
WKH QHZ 9SS� UHFRUG LW RQ WKH FKHFNRII VKHHW� DQG VKRZ WKH ZDYHIRUP WR WKH 7$� 5HIHU WR )LUJXUH � IRU
VFKHPDWLF�
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�� /HDYLQJ WKH UHVW RI WKH FLUFXLW LQWDFW� VHOHFW DQ XQXVHG LQYHUWHU DQG FRQQHFW LWV LQSXW WR JURXQG� 7KHQ
FRQQHFW LWV RXWSXW� ZKLFK VKRXOG EH 9&& �D '& VLJQDO�� WR WKH LQSXW RI D ZLUH WZR VWHSV RYHU �UHIHU WR
)LJXUH �E WR VHH KRZ WKH SLQV FRUUHVSRQG WR WKH SK\VLFDO OD\RXW RI WKH ZLUHV�� <RX ZLOO QRZ KDYH D
VTXDUH ZDYH RQ RQH ZLUH DQG 9&& RQ DQRWKHU� ZLWK RQH ZLUH EHWZHHQ WKHP FDUU\LQJ QR VLJQDO� 2Q WKH
RVFLOORVFRSH� VLPXOWDQHRXVO\ GLVSOD\ WKH 9&& VLJQDO DW HDFK HQG RI WKH FDEOH �XVH HLWKHU D �9 RU �9 VFDOH
RQ ERWK FKDQQHOV�� <RXU VRXUFH ZDYHIRUP VKRXOG EH D IDLUO\ FOHDQ �9 VLJQDO� EXW WKH VLJQDO DW WKH RWKHU
HQG VKRXOG GLVSOD\ VRPH RVFLOODWLRQ� ([SODLQ ZK\ WKLV KDSSHQV� 5HIHU WR )LJXUH � IRU VFKHPDWLF�



�

�� )LQDOO\� FRQQHFW WKH ZLUH FDUU\LQJ QR VLJQDO WR JURXQG� WKXV LQWURGXFLQJ D VKLHOG EHWZHHQ WKH WZR
VLJQDOV� +RZ GRHV WKLV DIIHFW WKH VHWWOLQJ WLPH DQG RYHUVKRRW RI WKH 9&& VLJQDO·V RVFLOODWLRQ" 6KRZ WKH 7$
WKH GLIIHUHQFH LQ WKH WZR ZDYHIRUPV DQG H[SODLQ ZKDW LV KDSSHQLQJ� 5HIHU WR )LJXUH � IRU VFKHPDWLF�



��

1DPH� 1DPH�

/DE 6HFWLRQ �FKHFN RQH�

0� � $0 � 30 7� � $0 � 30 :� � $0 � 30 7K� � 30

� &KHFNRII

�� 5LQJ RVFLOODWRU EXLOW �XQORDGHG�� ZDYHIRUP GLVSOD\HG RQ RVFLOORVFRSH 7$� �����

WS  

�� &DSDFLWLYH ORDGV DGGHG WR ULQJ RVFLOODWRU� ILQDO ZDYHIRUP GLVSOD\HG RQ

RVFLOORVFRSH

��� S)� 7RYHUDOO  

��� S)� 7RYHUDOO  

��� S)� 7RYHUDOO  7$� �����

�� 6TXDUH ZDYH PHDVXUHG DW HQG RI ULEERQ FDEOH

9SS �KLJK�WR�ORZ WUDQVLWLRQ�  

9SS �ORZ�WR�KLJK WUDQVLWLRQ�  

([SODQDWLRQ" 7$� �����

�� 6TXDUH ZDYH PHDVXUHG DW HQG RI WHUPLQDWHG ULEERQ FDEOH� ZDYHIRUP GLVSOD\HG

RQ RVFLOORVFRSH

9SS  7$� �����

�� :DYHIRUPV RI 9&& ZLWK DQG ZLWKRXW VKLHOGLQJ GLVSOD\HG RQ RVFLOORVFRSH

([SODQDWLRQ" 7$� �����

�� 7XUQHG LQ GXULQJ ODE 7$� �H[WUD ����

�� 7XUQHG LQ RQ WLPH 7$� �IXOO FUHGLW�

�� 7XUQHG LQ XS WR RQH ZHHN ODWH 7$� �KDOI FUHGLW�


