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�

���� :8&7� &KHPLVWU\ RI WKH )LYH 6HQVHV

7KLV H[DP FRQVLVWV RI � TXHVWLRQV DQG LV ZRUWK ��� SRLQWV� <RX ZLOO FRPSOHWH WKLV H[DP DV D
WHDP� <RX ZLOO KDYH � KRXU WR WDNH WKH H[DP� 7KH RQO\ DOORZHG UHVRXUFHV IRU WKLV H[DP DUH D
FDOFXODWRU DQG WKH SURYLGHG HTXDWLRQ VKHHW� <RX PD\ 127 XVH DQ\ RWKHU QRWHV RU ERRNV� <RX
PXVW VKRZ \RXU ZRUN DQG ER[ \RXU ILQDO DQVZHU WR UHFHLYH FUHGLW IRU D SUREOHP� 127(� ,I \RX
JHW WKH DQVZHU WR DQ HDUO\ SDUW RI D TXHVWLRQ LQFRUUHFW EXW ODWHU XVH WKDW DQVZHU IRU D VXEVHTXHQW
SDUW RI WKH TXHVWLRQ� \RX FDQ VWLOO HDUQ IXOO FUHGLW IRU WKRVH VXEVHTXHQW SDUWV� 3OHDVH ZULWH \RXU
DQVZHU LQ WKH GHVLJQDWHG VSDFH RQ WKH DQVZHU VKHHW� ,I \RX QHHG DGGLWLRQDO VSDFH IRU D SUREOHP�
\RX PD\ XVH WKH EODQN VFUDWFK SDJH DW WKH HQG RI WKH H[DP� 0DNH VXUH WR FOHDUO\ LQGLFDWH LQ WKH
SUREOHP¶V GHVLJQDWHG VSDFH ZKHUH WKH UHVW RI \RXU ZRUN FDQ EH IRXQG� $Q\ ZRUN DQ\ZKHUH RWKHU
WKDQ WKH H[DP RU WKH VFUDWFK SDJH ZLOO QRW EH JUDGHG� 'DUN SHQFLO RU SHQ LV SUHIHUUHG�

3UREOHP ��� ��� SRLQWV�

$ SKRWRQ LV D SDUWLFOH UHSUHVHQWLQJ OLJKW RU RWKHU HOHFWURPDJQHWLF UDGLDWLRQ� ,W FDQ EH XVHG WR
VKLQH OLJKW RQ D FRPSRXQG DQG HMHFW DQ HOHFWURQ IURP WKDW FRPSRXQG� 7KH HQHUJ\ RI D SKRWRQ FDQ
EH UHSUHVHQWHG E\ WKH IROORZLQJ HTXDWLRQ�

Գ ࡦ Ր՞� ࡦ � ՐՋƦ
ZKHUH UHSUHVHQWV IUHTXHQF\ DQG UHSUHVHQWV ZDYHOHQJWK�՞ Ʀ

D� :KDW LV WKH ZDYHOHQJWK DQG IUHTXHQF\ RI D SKRWRQ ZLWK ���� [ ����� - RI HQHUJ\" 3OHDVH
LQFOXGH XQLWV� �� SRLQWV�

E� $FFRUGLQJ WR WKH YLVLEOH OLJKW VSHFWUXP EHORZ� ZKDW FRORU OLJKW GRHV WKLV SKRWRQ HPLW" ��
SRLQW�



�

F� :LOO WKLV SKRWRQ EH DEOH WR HMHFW DQ HOHFWURQ IURP D VLQJXODU FDOFLXP DWRP� JLYHQ WKH ILUVW
LRQL]DWLRQ HQHUJ\ RI FDOFLXP LV ��� N-�PRO" ,I VR� ZKDW LV WKH NLQHWLF HQHUJ\ RI WKH HMHFWHG
HOHFWURQ" ([SODLQ \RXU DQVZHU� �� SRLQWV�

G� :LOO D SKRWRQ ZLWK ���� [ ����� - RI HQHUJ\ EH DEOH WR HMHFW DQ HOHFWURQ IURP WKH VDPH
FDOFLXP DWRP" ,I VR� ZKDW LV WKH VSHHG RI WKH HMHFWHG HOHFWURQ" ([SODLQ \RXU DQVZHU� ��
SRLQWV�



�

H� 'RHV LW WDNH PRUH RU OHVV HQHUJ\ WR UHPRYH D VHFRQG HOHFWURQ IURP &D" ([SODLQ \RXU
UHDVRQLQJ� �� SRLQWV�



�

3UREOHP ��� ��� SRLQWV�

'DYLG RUGHUV D ��� P/ JODVV RI DOFRKRO ���� HWKDQRO� ��� +�2 E\ PDVV� DW D UHVWDXUDQW EXW
ZKHQ KH GULQNV LW� KH ILQGV WKDW LW WDVWHV YHU\ VRXU� 6DP� KLV FKHPLVW IULHQG� SXOOV RXW DQ
HPHUJHQF\ FKHPLFDO WHVWLQJ NLW DQG ILQGV D WUDFH RI R[LGL]LQJ FDWDO\VW LQ 'DYLG¶V GULQN� 6DP FDOOV
��� DQG WKH DPEXODQFH UXVKHV WR EULQJ 'DYLG WR WKH HPHUJHQF\ URRP�

D� $VVXPLQJ WKH VROXWLRQ KDV D GHQVLW\ RI �J�P/� ILQG WKH PRODULW\ DQG PRODOLW\ RI HWKDQRO
LQ WKH RULJLQDO VROXWLRQ� 6KRZ \RXU ZRUN� �� SRLQWV�

E� 7KH R[LGL]LQJ FDWDO\VW FRQYHUWV WKH K\GUR[\O JURXS ��2+� LQ HWKDQRO WR D FDUER[\OLF DFLG
JURXS ��&22+�� PDLQWDLQLQJ WKH VDPH QXPEHU RI FDUERQV� &DUER[\OLF DFLGV DUH D FODVV RI
RUJDQLF FRPSRXQGV ZLWK D FDUERQ DWRP ERQGHG WR DQ R[\JHQ DWRP E\ D GRXEOH ERQG DQG
WR D K\GUR[\O JURXS E\ D VLQJOH ERQG� *LYHQ WKH VWUXFWXUH RI HWKDQRO EHORZ� GUDZ WKH
VWUXFWXUH RI WKH R[LGL]HG DFLG ZKLFK SURGXFHG WKH VRXU WDVWH RI WKH GULQN� �� SRLQWV�



�

F� *LYHQ WKDW WKH .D RI WKH DFLG PHQWLRQHG DERYH LV ��� [ ����� ZKDW LV WKH S+ RI WKH ILQDO
VROXWLRQ LQ 'DYLG¶V FXS DVVXPLQJ DOO UHDFWLRQV ZHQW WR FRPSOHWLRQ" �� SRLQWV�

G� 'UDZ WKH 96(35 VWUXFWXUH RI HWKDQRO DQG QDPH WKH JHRPHWU\ DERXW WKH WZR FHQWUDO
FDUERQ DWRPV� �� SRLQWV�



�

3UREOHP ��� ��� SRLQWV�

-RKQ LV HDWLQJ SRWDWRHV IRU 7KDQNVJLYLQJ DQG ILQGV WKDW ZKHQ KH FRQWLQXHV WR FKHZ D FKXQN RI
SRWDWR ZLWKRXW VZDOORZLQJ LW� LW VHHPV WR WDVWH VZHHWHU� -RKQ ODWHU ILQGV RXW WKDW PDQ\ RWKHU
FDUERK\GUDWHV VWDUW WR WDVWH VZHHWHU ZKHQ WKH\ DUH OHIW LQ WKH PRXWK�

D� :KDW FODVV RI PDFURPROHFXOH PRVW OLNHO\ FDXVHV WKH FDUERK\GUDWHV WR VWDUW WDVWLQJ
VZHHWHU" �� SRLQW�

E� %HORZ LV D GLDJUDP RI WKH PROHFXOH WKDW VHHPV WR PDNH FDUERK\GUDWHV µVZHHW�¶ 2Q WKLV
GLDJUDP� HDFK YHUWH[ UHSUHVHQWV D FDUERQ DWRP� 2Q WKH GLDJUDP� GUDZ�
L� $ FLUFOH DURXQG D EHQ]HQH ULQJ �� SRLQW�
LL� $ WULDQJOH DURXQG D PHWK\O JURXS �� SRLQW�
LLL� $ UHFWDQJOH DURXQG DQ HVWHU JURXS �� SRLQW�

F� 6XSSRVH WKDW WKH PROHFXOH DERYH LV VWDEOH DW D S+ UDQJH EHWZHHQ �������� ,I D VROXWLRQ LV
FUHDWHG E\ PL[LQJ � P/ RI ����0 DFHWLF DFLG �&+�&22+� �.D  ��� [ ����� DQG � P/ RI
����0 1D2+ DW ��䉝� ZLOO WKH PROHFXOH DERYH EH VWDEOH LQ WKH UHVXOWLQJ VROXWLRQ LI ZH
RQO\ FRQVLGHU WKH HIIHFWV RI S+" 6XSSRUW \RXU ZRUN ZLWK UHOHYDQW FDOFXODWLRQV� �� SRLQWV�



�

G� 6XSSRVH WKDW RQH RI WKH FDUERK\GUDWH PROHFXOHV IURP WKH SRWDWR ZHUH EURNHQ GRZQ DQG
WKH SURGXFWV DUH � PROHFXOHV RI JOXFRVH� )LUVW� ZULWH WKH FKHPLFDO IRUPXOD RI WKH RULJLQDO
FDUERK\GUDWH EHIRUH LW LV EURNHQ GRZQ� 7KHQ� GUDZ WKH VWUXFWXUH RI WKH PROHFXOH EHIRUH LW
LV EURNHQ GRZQ JLYHQ WKH VWUXFWXUH RI JOXFRVH EHORZ� �KLQW� WKH JOXFRVH PROHFXOHV ZHUH
FRQQHFWHG ZLWK RQH DQRWKHU E\ &��&� ERQGV� DQG WKH IRUPDWLRQ RI D ERQG EHWZHHQ �
JOXFRVH PROHFXOHV UHVXOWV LQ D UHOHDVH RI D VLQJOH ZDWHU PROHFXOH� &� DQG &� DUH ODEHOHG RQ
WKH JOXFRVH PROHFXOH EHORZ�� �� SRLQWV�



�

3UREOHP �� ��� SRLQWV�

7DEOH VDOW LV D FRPSRXQG UHSUHVHQWHG E\ WKH IRUPXOD 1D&O�

D� ,GHQWLI\ DQG GHVFULEH WKH VWURQJHVW W\SH RI LQWUDPROHFXODU IRUFH SUHVHQW LQ 1D&O� ��
SRLQWV�

E� 1D&O GLVVROYHV UHDGLO\ LQ ZDWHU� 'HPRQVWUDWH KRZ WKLV RFFXUV XVLQJ D VNHWFK ZLWK DW OHDVW
IRXU ZDWHU PROHFXOHV VXUURXQGLQJ HDFK LRQ� �� SRLQWV�

F� )UXFWRVH LV D VXJDU IRXQG QDWXUDOO\ LQ IUXLWV� IUXLW MXLFHV� VRPH YHJHWDEOHV DQG KRQH\� 7KH
VWUXFWXUH LV VKRZQ EHORZ� :KDW LV WKH VWURQJHVW W\SH RI LQWHUPROHFXODU IRUFH SUHVHQW LQ
IUXFWRVH" �� SRLQW�



��

G� 'HPRQVWUDWH ZKDW KDSSHQV ZKHQ IUXFWRVH LV DGGHG WR ZDWHU XVLQJ D VNHWFK ZLWK DW OHDVW
WZR ZDWHU PROHFXOHV DURXQG IUXFWRVH� 'RHV LW GLVVROYH" ([SODLQ \RXU DQVZHU� �� SRLQWV�

H� %DVHG RQ \RXU DQVZHUV WR WKH SUHYLRXV TXHVWLRQV� OLVW WZR UHDVRQV ZK\ ZDWHU LV D JRRG
VROYHQW� �� SRLQWV�



��

3UREOHP ��� ��� SRLQWV�

$IIHUHQW QHXURQV DUH UHVSRQVLEOH IRU WUDQVPLWWLQJ LQIRUPDWLRQ JDWKHUHG E\ WKH VHQVHV WR WKH EUDLQ�
7KLV LV GRQH E\ ZD\ RI DFWLRQ SRWHQWLDOV� D FRQWLQXRXV SURSDJDWLQJ FKDLQ RI WKH QHXURQ¶V UHVWLQJ
PHPEUDQH SRWHQWLDO� :KHQ DQ DFWLRQ SRWHQWLDO RFFXUV� WKH SRVLWLYHO\ FKDUJHG LRQV� 1D� DQG .��
HIIXVH WKURXJK VPDOO FKDQQHOV LQ WKH QHXURQ¶V PHPEUDQH�

D� 8VLQJ *UDKDP¶V /DZ RI (IIXVLRQ� � FDOFXODWH WKH UDWLR RIՀՉ՜Ս�ԯ
ՀՉ՜Ս� ࡦ � ԻՔՉ՚�ԻՉ՛՛�

ԻՔՉ՚�ԻՉ՛՛�ԯ

HIIXVLRQ UDWHV RI 1D� WR .�� WKH LRQV UHVSRQVLEOH IRU DFWLRQ SRWHQWLDOV SUHVHQW LQ QHXURQV�
6KRZ \RXU ZRUN� �� SRLQWV�

E� 8VLQJ 1D� DQG .� LRQV� ZH FUHDWH WKH UHGR[ UHDFWLRQ� 1D�V� � .�
�DT� 1D��DT� � .�V�ͭ

)RU WKLV UHDFWLRQ� WKH (�FHOO  ���� 9 DQG 7  ��� .� $W D FHUWDLQ SRLQW LQ WKH UHDFWLRQ�
DVVXPH >1D�@  ���� 0 DQG >.�@  ���� 0� 8VLQJ WKH 1HUQVW HTXDWLRQ� FDOFXODWH WKH FHOO
SRWHQWLDO DW WKLV SRLQW� 6KRZ \RXU ZRUN� �� SRLQWV�

F� 6XSSRVH ¨*� IRU WKLV UHDFWLRQ HTXDOV ����N-�PRO� LQ ZKLFK GLUHFWLRQ ZLOO WKLV UHDFWLRQ
SURFHHG WR UHDFK HTXLOLEULXP DW URRP WHPSHUDWXUH ����.�" -XVWLI\ \RXU DQVZHU� �� SRLQWV�



��

G� 7KH IRUPXOD IRU RVPRWLF SUHVVXUH LV  057� ZKHUH 0 LV PRODULW\� $W WKH SRLQW LQ WKHƊ
UHDFWLRQ GHVFULEHG LQ SDUW E� GHWHUPLQH ZKLFK LRQ� 1D� RU .�� ZRXOG JLYH WKH KLJKHU
RVPRWLF SUHVVXUH JLYHQ WKDW WKH\ DUH DW WKH VDPH WHPSHUDWXUH� �� SRLQWV�



��

3UREOHP ��� �� SRLQWV�

%XW\ULF DFLG KDV D VLJQDWXUH VPHOO RI VRXU PLON DQG VSRLOHG EXWWHU� ZKHUH LW ZDV ILUVW VDPSOHG
IURP UDQFLG EXWWHU E\ )UHQFK FKHPLVW 0LFKHO (XJqQH &KHYUHXO� ,WV FKHPLFDO IRUPXOD LV
&+�&+�&+�&22+�

D� 'UDZ WKH PROHFXOH¶V /HZLV VWUXFWXUH� �� SRLQW�

E� 2Q \RXU /HZLV VWUXFWXUH� FLUFOH WKH PRVW DFLGLF K\GURJHQ� 3OHDVH H[SODLQ \RXU UHDVRQLQJ�
�� SRLQWV�

F� %XW\ULF DFLG FDQ UHDFW ZLWK HWKDQRO WR IRUP HWK\O EXW\UDWH DQG ZDWHU WKURXJK D UHDFWLRQ
PHFKDQLVP FRQVLVWLQJ RI WKUHH VWHSV� 7KH ILUVW WZR VWHSV DUH LOOXVWUDWHG EHORZ� $UURZV
UHSUHVHQW WKH PRYHPHQW RI HOHFWURQV� &KHPLVWV GHILQH D QXFOHRSKLOH DV HOHFWURQ�ULFK
VSHFLHV DQG HOHFWURSKLOHV DV HOHFWURQ�GHILFLHQW VSHFLHV� ,Q VWHS �� LGHQWLI\ ZKLFK UHDFWDQW
LV WKH QXFOHRSKLOH DQG ZKLFK UHDFWDQW LV WKH HOHFWURSKLOH E\ ODEHOLQJ WKHP EHORZ� ��
SRLQWV�

6WHS ��



��

6WHS ��

G� )RU VWHS �� SOHDVH ILOO LQ WKH DUURZV WR VKRZ HOHFWURQ PRYHPHQW WKDW UHVXOWV LQ WKH WZR
SURGXFWV GHSLFWHG� �� SRLQWV�

H� ,GHQWLI\ WKH IXQFWLRQDO JURXS WKDW KDV EHHQ IRUPHG DW WKH HQG RI VWHS �� �� SRLQW�



��

3UREOHP ��� ��� SRLQWV�

7KH FKHPLFDO K\GURJHQ VXOILGH �+�6� LV NQRZQ WR VPHOO OLNH URWWHQ HJJV�
D� %DVHG RQ WKH PROHFXOH¶V JHRPHWU\� LV WKH +�6�+ DQJOH LQ +�6 JUHDWHU� OHVV� RU WKH VDPH

WKDQ WKH +�6H�+ DQJOH LQ 6H+�" -XVWLI\ \RXU DQVZHU� �� SRLQWV�

E� &DQ +�6 SDUWLFLSDWH LQ K\GURJHQ ERQGLQJ" ([SODLQ \RXU UHDVRQLQJ� �� SRLQWV�

F� 7KH GHFRPSRVLWLRQ UHDFWLRQ RI +�6 FDQ RFFXU RQ PHWDO FDWDO\VWV ZLWK WKH SURGXFWV RI WKH
UHDFWLRQ EHLQJ +� DQG 6�� ,I ����� J RI 6� JDV LV FROOHFWHG� KRZ PXFK +�6 �LQ PJ� ZDV
UHDFWHG WR EHJLQ ZLWK" �� SRLQWV�

G� *LYHQ WKH LQIRUPDWLRQ EHORZ� FDOFXODWH WKH VWDQGDUG HQWKDOS\ FKDQJH DQG VWDQGDUG
HQWURS\ FKDQJH IRU WKLV UHDFWLRQ� �� SRLQWV�

¨+IÛ 6Û

+� �J� ������ -�PRO

6� �J� ������ N-�PRO ������� -�PRO

+�6 ����� N-�PRO ������ -�PRO



��

H� ,V WKLV UHDFWLRQ VSRQWDQHRXV DW ���. XQGHU VWDQGDUG VWDWH FRQGLWLRQV" ([SODLQ \RXU
UHDVRQLQJ� �� SRLQWV�



��

3UREOHP �� ��� SRLQWV�

)OXRUHVFHLQ LV DQ RUJDQLF FRPSRXQG DQG G\H XVHG ZLGHO\ DV D IOXRUHVFHQW WUDFHU LQ PDQ\
DSSOLFDWLRQV� SDUWLFXODUO\ LQ RSKWKDOPLF SURFHGXUHV� VXFK DV FKHFNLQJ IRU DQ\ FRUQHDO RU YHVVHO
DEQRUPDOLWLHV�

)OXRUHVFHLQ FDQ EH V\QWKHVL]HG YLD )ULHGHO &UDIWV DF\ODWLRQ LQ WKH IROORZLQJ UHDFWLRQ�

D� ,I ����� J RI SKWKDOLF DQK\GULGH DQG ����� J RI UHVRUFLQRO DUH XVHG� ZKDW LV WKH H[SHFWHG
\LHOG RI WKH SURGXFW E\ PDVV" �� SRLQWV�

,Q D K\SRWKHWLFDO H[SHULPHQW� D JURXS RI VFLHQWLVWV FROOHFWHG WKH IROORZLQJ GDWD IRU WKH UHDFWLRQ�

7ULDO >SKWKDOLF DQK\GULGH@ >UHVRUFLQRO@ 5HDFWLRQ 5DWH

� ���� ���� ����� î ����0�KU

� ���� ���� ����� î ����0�KU

� ���� ��� ����� î ����0�KU

� ���� ���� ����� î ����0�KU

� ���� ���� ����� î ����0�KU



��

E� *LYHQ WKLV LQIRUPDWLRQ� ZULWH RXW WKH UDWH�ODZ H[SUHVVLRQ� :KDW LV UHDFWLRQ RUGHU" ��
SRLQWV�

F� <RX DUH FRQVWUXFWLQJ D SORW WKDW VKRZV WKH UHDFWLRQ SURJUHVV RYHU WLPH� :KDW PHDVXUH RI
UHDFWLRQ SURJUHVV ZRXOG \RX XVH WR REWDLQ D OLQHDU UHODWLRQVKLS ZKHQ SORWWHG DJDLQVW WLPH"
�� SRLQWV�

G� ,Q WKH UHDFWLRQ DERYH� =Q&O� VHUYHV DV D FDWDO\VW� 'HVFULEH KRZ =Q&O� DIIHFWV UHDFWLRQ
NLQHWLFV� �� SRLQWV�

H� *LYHQ WKH VWUXFWXUH RI WKH SURGXFW� IOXRUHVFHLQ� ZRXOG \RX H[SHFW WKH LQWHQVLW\ RI OLJKW
HPLWWHG WR EH KLJKHU RU ORZHU DW PRUH EDVLF S+ YDOXHV" ([SODLQ \RXU UHDVRQLQJ� �� SRLQWV�



��

I� *LYHQ WKDW WKH UHDFWLRQ UHTXLUHV DQ LQSXW RI HQHUJ\� DVVHVV ZKHWKHU� LQ WKH IRUZDUG
GLUHFWLRQ� WKLV UHDFWLRQ LV VSRQWDQHRXV� QRQVSRQWDQHRXV� RU LI \RX GR QRW KDYH
LQIRUPDWLRQ� �KLQW� SOHDVH UHIHUHQFH HQWKDOS\ DQG HQWURS\ LQ \RXU DQVZHU�� �� SRLQWV�



��

6FUDWFK 3DJH


