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ORFN 7KHVLYV
QRW VXEPLWWHG LQ IXOILOOPHQW RI WKH UHTXLUHPH
DW 8QLYHUVLW\RI3DQGRUD
E\WKHDXWKRULW\RIWKHS5HFWRU ODJQLILFX
3URI 'U8 ,URK
LQ WKH SUHVHQFH RI WKH
7KHVLV &RPPLWWHH DSSRLQWHG E\WKH $FDGHP
WR EH GHIHQGHG LQ SXEOLF
RQ:HGQHVGD\ -XO\
DW SP LQWKH7KURQH5RRP



$QQH &DWHULQD ORUEDFK

7KH OD\RXW RI\RXU 3K'WKHVLVY +$ERRNIXOO RIH[DPSOHYV
SDJHV

3K WKHVLY 8QLYHUVLW\RI3DQGRUD 3DQGRUD 2XWHU 6SDFH

'LWKPRFNUHIHUHQFHYVY ZLWKRXW VXPPDU\LQ (QJOLVK

'2, OLQN KWWSV GRL RUJ

,6%1



$ERXW WKH FRYHU

,QVHFWYVY FDQ ORRN YHU\ GLIITHUHQW GHVSLWHDOO IROORZI
WZHHQLQVHFWVSHFLHVOLHLQWKHGHWDLOV ,QDVLPLODL
VWUXFWXUHEXWGLIITHUJUHDWO\LQ WKHLU GHWDLOV 7KH J
VI\PEROL]J]HV WKH GLJLWL]DWLRQ RI WKH WA\SHVHWWLQJ SURH
PHWDO SLHFHV ZLWK FDUYHG OHWWHUYV ZHUH DUUDQJHG LC
7TRGD\ W\SHVHWWLQJV\VWHPV VXFKDV /D7H; GRWKHVDPH M






&RQWHQWYV

&KDSWHUHQHUDO ,QWURGXFWLRQ

&KDSWHULPHV 1HZ 5RPDQ

&KDSWHWBDODWLQR /LQRW\SH

&KDSWHWDPEULD

&KDSWHWDOLEUL

SHIHUHQFHV






&KDSWHU

*HQHUDO ,QWURG >

$QQH & ORUEDFK



&KDSWHU

+RZWR XVH WKLV ERRN

, PDGH WKLV ERRNVR\RXFRXOGJHWDQLGHDRIKRZ GLIITHUHQ\
ELEOLRJUDSK\ VW\OHV HWR KIRRRMWHIBEXDFDQ DO WKH/AYOHSDJIH
LQ7LPHV 1HZ 5RPDQ LQ GLIITHUHQW IRQW VLIHRKDQWHUWK GLI
WKH VDPH LV GRQH ZLWK BEDSD/WHIRRSDQRWVSHV LQ &DPEULD :K
IRUPHUO\PHQWLRQHG IR QKMD/SINGHUP RQWWMUDWMRQ WR/DW D GRF XF
DVDQV VHULIIRQW QDPHO\&DOLEUL ORRNVOLNH )LQDOO\
6HFWLRQ

&KDSWHU WLWOH SDJHV

(DFKSDLURIFKDSWHU WLWOHSDJHV WKHGRXEOHSDJHZLWK V
ORRNV GLIITHUHQW WR VKRZ\RX WKH SRVVLELOLWLHV RI VW\OL
SDJHV XVXDOO\DOO ORRN WKH VDPH

+HDGLQJV

, ZLOOJLYHDQ H[DPSOH RIHDFK W\SH RI KHDGLQJ ,Q PRVW WK
KLHUDUFK\ WKDW DUH QXPEHUHG FKDSWHU L H VHFWLRQV
VXEVXEVVHFWLRQV L H 7TKHILIWK RUGHU RI KLHUDU FK!
QXPEHUHG MXVWKDYHDEROG IDFHKHDGLQJ +RZHYHU LI \RX
DQG HYHQ VXESDUDJUDSKV IRU\RX .HHS LQ PLQG WKDW WKH |
QXPEHULQJLI\RXQXPEHUWRRPDQ\RUGHUV RI KLHUDUFK\

+HDGLQJIRQWYV

, ZLOO VKRZFDVH GLIITHUHQW IRQWV IRUWKHDIRUHPHQWLRQHC
WKLY ERRNDUH)UDQNOLQ *RWKLF )XWXUD *LOO 6DQV DQG 9H

7KH WH[WLQHDFK  FKDSWHU RI WKLV ERRN

,QHDFK FKDSWHU WKHUH ZLOO EH VHYHUDO VHFWLRQV (DFK"
ILUVW SDUDJUDSKRIHDFKVHFWLRQ ,ZLOOH[SODLQ WKH OD\R.
RIWKHWH[WLV MXVWILOOHU WH[W VRQRQHHG WRWU\DQG Ul
WDEOHDQGWZRPDWKHPDWLFDO HTXDWLRQV



*HQHUDO ,QWURGXFW

6HULI YV VDQV VHULI IRQWYV

,QDVHULIIRQW WKHOHWWHUV KDYHOLWWOH OLQHVIDW D
LQ WKLV WH[W 6DQV VHULIIRQWY GRQTW KDYH WKRVHOLQH
KHDGHUV RQ WKLV SDJH 6HULIITRQWYVY PDNHORQJHU VWUHWEF
WKHH\HVD OLQHWRIROORZ +HQFH ,UHFRPPHQG WKH XVHF
ZLWK D UHJXODU RUKLJKDPRXQW RI WH[W 7KHVHV ZLWK OL
DOVREHVHWLQDVDQV VHULIIRQW DOWKRXJK WKLV ZLOOF
PRUHOLNHDEURFKXUH

,QDQ\FDVH VDQV VHULIIRQWY ORRNQLFHDV WLWOHYV KHD

6SDFH EHWZHHQ SDUDJUDSKYV

, ZLOO VKRZ GLITHUHQW SDUDJUDSK VSDFLQJV 2QH WZR D
SOHDVH QWHKBHIEHKDDQN OLQHV EHWZHHQ SDUDJUDSKV WKHVH
EH VWUHWFKHG RU VKUXQN LQ RUGHU WR ILOO WKH SDJH L(
SDUDJUDSKV RQ WKHVDPH SDJHDV PXFKDV SRVVLEOH

JWKHUHDUHD KLIKHUQXPEHURIILIXUHVY WDEOHV DQG RU
TXLWHIDUDSDUW IURP HDFKRWKHUDQG D ORW RIZKLWH VS|
WKHWH[W DERYH RU E#HIORZLMRIQHP VHH H J

:KDWGR,PHDQE\ ' ILOOWKHSDIJHLQDQDHVWKHWLFPDQQH!L
WKH WRS DQG RUERWWRP PDUJLQV 7KLV ZD\ ZKHQ \RX KDY
XSSHUDQG RUORZHUHQG RI WKHWH[WIRUPV D FRQWLQXRX

+HQFH LI\RXKDYHORWVRIILIXUHVY WDEOHVRUHTXDWLRQ\
WKDW KHOS UHGXFH ZKLWH VSDFH

f FKRRVHD QDUURZPDLQIRQW L H 7LPHV1HZ5RPDQ

+f FKRRVHD VPDOOIRQW VL]H SwW

¥ FKRRVHD VPDOO OLQH VSDFLQJ RU

¥ FKRRVHIRUSDUDJUDSKLQGHQWDWLRQV IS(IVFWHBQ RI VS

7TKDW EHLQJVDLG \RXPLJKWVWLOO VHHVRPH ZKLWH VSDFF

+ \RXU WKHYH@ORDYHQXPEHU RI ILJXUHV RUWDEOHV PRU
ZRUGV DQG RU

+ \RXUWKHVLV KDV D ODUJHQXPEHURIPDWKHPDWLFDO H
ZRUGV DQG RU

+ \RXUHTXDWLRQVDUH YHU\ORQJDQG FRPSOH]

,ZLOODOZD\VWU\WRILQGDJRRGEDODQFHRIZKLWHVSDFH
DGMXVWPHQWV DQG WKHUHIRUH WLPH

ID\RXW RYHUYLHZ

7TKHIROORZLQJSDJHVIJLYHDQRYHUYLHZRYHU WKH OD\RXW



&KDSWHU

7TDEOH 6XPPDU\RIOD\RXW RSWLRQV LQ &KDSWHU

7LPHV 1HZ5RPDQ

OD\RXW RSWLF

PDLQ IRQW 715 715 715 715 715 715 715 715 715
IRQW VL]H
OLQH VSDFLQJ
SDUDJU VSDFL
SDUDJU LQGHQWDWLRQ" QR QR \HV QR QR \HV QR e
KHDGLQJV IRQ' )XW O0G )UD*R *LOO 9HUG 715 *LOO0  )UD*R 9HUG )XW %l
FDSWLRQV
IRQW VL]H
OLQH VSDFLQJ
ODEHO IRQW WKLFNQHVYV EROG EROG UHJ EROG EROG UHJ EF
LOQGHQWHG" \HV QR QR \HV QR QR QR \HV \HV
KHDGHU IRRW
OHIW KHDGHU WH[W &K QRRRN WMKWIXRH QRQH ERRBK WRWOH @RZQ&K &K QR
WLWOH WLWOH QR LWDOLFV
ULJKW KHDGHL &K WLV 6HF QR &K QR QRQH 6HF QR &K QR ORZ &K &K WLV &K WLWOH
WLWOH WLWOH WLWOH WLWOH WLWOH LWDOL
VHSDUDWLRQ OLQH EODFN JUD\ QRQH QRQH JUD\ QRQH EODF
SDJH QR SRVL RXWHU RXWHU RXWHU FHQWH RXWHU RXWHU FHQWH RXWHU RXWHU
OLQH

FLWDWLRQV
W\SH QXP DXW \HDU DXW \HDU DXW \HDU DXW \HDU DXW \HDU Q
QR RIDXWKRU Q D QD QD
‘DQG"RU” " QD DQG QD DQG QD QD QD QD
FRPPD EMI'DO Q D QR \HV \HV QR \HV QD \HV QD
WKXPE LQGH]
VKDSH UHFW UHFW UHFW QRQH VHPLFLUF UHFW VTXD
FRORU JUD\ JUD\ EODFN Q D JUD\ EODFN EODFN Q D JUD\ GDUN

RXWOLQH
QXPEHU RULHQWDWLRQ URW QU XSMSU XSU URW D XSU
FRORURIQXPE ZKLWH ZKLWH ZKLWH Q D ZKLWH ZKLWH JUD\ QD ZKLWH
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&KDSWHU

7TDEOH 6XPPDU\RI OD\RXWRSWLRQV LQ &KDSWHU &DPEULD
OD\RXW RSWLF
PDLQ IRQW &DP &DP &DP &DP &DP &DP &DP &DP &
IRQW VL]H
OLQH VSDFLQJ
SDUDJU VSDFL
SDUDJU LQGHQWDWLRQ" QR QR \HV QR QR \HV QR e
KHDGLQJV IRQ' )XW O0G )UD*R *LOO 9HUG  &DP *LOO0  )UD*R 9HUG )XW %l
FDSWLRQV
IRQW VL]H
OLQH VSDFLQJ
ODEHO IRQW WKLFNQHVYV PHGLXP EROG EROG EROG EROG UHJ E
LOQGHQWHG" \HV QR QR \HV QR QR QR \HV \HV
KHDGHU IRRW
OHIW KHDGHU WH[W &K QRWKHVIBKWQRRVOH QRQHERRNMKMLOFOH @RZQ&\K &K QR
WLWOH WLWOH QR LWDOLFV
ULJKW KHDGHL &K WLV 6HF QF &K QR QRQH 6HF QR &K QR ORZ &K &K WLV &K WLWOH
WLWOH WLWOH WLWOH WLWOH WLWOH LWDOL
VHSDUDWLRQ OLQH EODFN JUD\ QRQH QRQH JUD\ QRQH EODF
SDJH QR SRVL RXWHU RXWHU RXWHU FHQWH RXWHU RXWHU FHQWH RXWHU RXWHU
OLQH

FLWDWLRQV
W\SH QXP DXW \HDU DXW \HDU DXW \HDU DXW \HDU DXW \HDU Q
QR RIDXWKRU Q D QD QD
‘DQG"RU” " QD DQG DQG DQGQ D QD QD QD
FRPPD EMI'DO Q D QR \HV \HV QR \HV QD \HV QD
WKXPE LQGH]
VKDSH UHFW UHFW UHFW QRQH VHPLFLUF UHFW VTXD
FRORU JUD\ JUD\ EODFN Q D JUD\ EODFN EODFN Q D JUD\ GDUN

RXWOLQH
QXPEHU RULHQWDWLRQ URW QU XSMSU XSU URW D XSU
FRORURIQXPE ZKLWH ZKLWH ZKLWH Q D ZKLWH ZKLWH JUD\ QD ZKLWH









&KDSWHU

/LPHV 1HZ 5RPDQ

$QQH & ORUEDFK
-DQ * -DQVHQ
3XNYDQ GH 3HWWH

7KLV FKDSWHU KDV EHHQ SX

ORUEDFK $ & -DQVHQ -* DQGYDQ GH 3H\
$WKHVLV VHW LQ 7LPRIXUGZG RPD\G R JUBSK\



&KDSWHU

7LPHV 1HZ 5RPDQ SWZLWK VLQJOH VSDFLQJDQC
)XWXUD OHGLXP

7TKLV6HFWLRQLVVHWLQ7LPHV1IHZ5RPDQ 715 VL]H SW ZLW
UHODWLYHO\QDUURZIRQW ,I\RXKDYHD ORWRIWH[WDQGIHZ
IRQW FDQ ORRND OLWWOH FUDPPHG HVSHFLDOO\DWD VPDOO
\RXKDYHORWVRIILIXUHVY WDEOHV RUHTXDWLRQV 715DW S

$OO0OKHDGLQJY FDSWLRQODEHOV WKXPELQGH[DQG SDJH QXPI
WHU WLWOH SDJHLVDOVRLQ )XWXUD OHGLXP

7TKHUHLVRQHEODQNOLQHEHWZHHQ SDUDJUDSKYV

7TKHILIXUHDQG WDEOH FDSWLRQVDUH WKHVDPHVL]HDV WKHYV
FDSWLRQ WH[WLVLQGHQWHG DW WKHFDSWLRQ ODEHO WKH FI
7TKHFDSWLRQ ODEHO LV EROG

<RXPD\KDYH QRWLFHG WKHKHDGHU WKDW LV WKHDUHD EHW?Z
WKH SDJH ,Q WKLV VHFWLRQ WKHKHDGHULVVHSDUDWHG E\D ¢
QXPEHU LV JLYHQ 2Q HDFK ULJKW RGG SDJH \RX FDQ ILQG W
VHFWLRQV ,ZLOO VKRZ\RXVRPHRWKHU H[DPSOHV IRUKHDGH

7TKH QXPEHU LQ WKH WKXPELQGH[LVURWDWHGDQG RIUHJXOD!

,Q WHIWFLWDWLRQVDUHJILYHQDVQXPEHUVLQEUDFNHWYV +R?Z
FDQEHSULQWHG DV ZHOO VHH WKH FDSWLRQ RI7DEOH

&EXUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHU DGLSLVFLQJH
DF DGLSLVFLQJYLWDH IHOLV &XUDELWXU GLFWXPJUDYLGDF
FROQVHFWHWXHU LG YXOSXWDWHD PDJQD 'RQHF YHKLFXOD C
PRUELWULVWLTXHVHQHFWXV HW QHWXV HW PDOHVXDGD IDPH
YLYHUUD PHWXV UKRQFXV VHP 1XOOD HW OHFWXV YHVWLEXO
WHOOXV VLWDPHW WRUWRUJUDYLGD SODFHUDW > @

1DP GXL OLJXOD I1ULQJLOOD D HXLVPRG VRGDOHV VROOLFLW
MXVWR 1DP ODFXVOLEHUR SUHWLXPDW ORERUWLV YLWDH X
DFFXPVDQELEHQGXP HUDWOLJXOD DOLTXHW PDJQD YLWDHR
QLVO KHQGUHULW PROOLV 6XVSHQGLVVH XW PDVVD &UDV QHI
QDWRTXH SHQDWLEXV HW PDJQLV GLV SDUWXULHQW PRQWHYV (
XUQD 1XOOD XOODPFRUSHU YHVWLEXOXP WXUSLVY 3HOOHQWH

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHFIHOLVY HUDW FRQ
OLEHUR 9LYDPXV YLYHUUD IHUPHQWXP IHOLVY 'RQHF QRQXPP\
LVFLQJ VHPSHU HOLW 3URLQIHUPHQWXP PDVVD DF TXDP 6HG (
D PROHVWLHQHF OHR ODHFHQDV ODFLQLD 1DPLSVXPOLJXOCL
LSVXP ORUELEODQGLWOLJXOD IHXJLDW PDJQD 1XQF HOHLIHC
YLWDHHQLP 3HOOHQWHVTXHWLQFLGXQW SXUXVYHOPDJQD |,



7LPHV 1HZ 5RPDQ
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JLIXUH 1DP GXL OLJXOD IULQJLOODD HXLVPRG VRGDOHV V
ORUHP QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXP DV
$GDSWHG IURPASE/@UNHQ

HX SXUXV 'RQHF ELEHQGXP TXDPLQ WHOOXV 1XOODP FXUV
YXOSXWDWHPHWXV HXHQLP 9HVWLEXOXP SHOOHQWHVTXH

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK ORUE
/IRUHP LSVXP GRORU VLW DPHW FRQVHFWHWXHU DGLSLVFL
,QWHJHU WHPSXV FRQYDOOLY DXJXH (WLDP IDFLOLVLV 1X
SODFHUDW 8W LPSHUGLHW HQLP VHGJUDYLGD VROOLFLWX
SXUXVHIHWHQLP 1XQF YLWDH WRUWRU 3URLQ WHPSXV QLI
ULVXV SRUWD YHKLFXOD > + @

,Q KDF KDELWDVVH SODWHD GLFWXPVW

JXVFH PDXULV 9HVWLEXOXP OXFWXV QLEK DW OHFWXV 6HG
YHOLW XOWULFLHVY WHOOXV DFYHQHQDWLYVY DUFX ZLVL YHO
DXJXH TXLV VDIJLWWLYVY SRVXHUH WXUSLV ODFXV FRQJXH TX
ODHFHQDV HIJHWHUDWLQ VDSLHQ PDWWLYV SRUWWLWRU 9H\
HX ODFXV FRPPRGR IDFLOLVLYVY ORUELIULQJLOOD ZLVL LQC
GXL HW YHKLFXOD OLEHUR GXL FXUVXV GXL

6 XVSHQGLVVHYHO IHOLY 8WORUHP ORUHP LQWHUGXP HX

QHDQ IDXFLEXVY SHGH HXDQWH 3UDHVHQW HQLP HOLW UXMW

8W OHFWXV HURV PDOHVXDGD VLW DPHW [IHUPHQWXP HX V

4XLVTXH YHKLFXOD XUQD VHG XOWULFLHY DXFWRU SHGH O

QXOOD 'RQHF OXFWXV &XUDELWXUHW QXQF $OLTXDP GRO!

SKDUHWUD LQ YHOLW ,QWHJHU DUFX HVW QRQXPP\LQ IHI
@



&KDSWHU

7TDEOH7KHODERUDWRU\ QSHIBDKNG DO OMOHIHROQXPEHU RI SKHQR\
$GDSWHG |URPNMR/@UNHQ

BWUDLQV 7UDLW . Q W H,GYHIQONG HIVWHHEE W H G
QDWK Joe FBE&YDLOJHQH
1 [%2 JLIHVSDQ \HV
2[LGDWLYH VWUHVV UHVSRQVH \HV
1 [&% $JH DW PDWXULW\ \HV
1 [&% %RG\ PD& V \HV
%RG\ PD V& \HV
1[5 'DXHU IRUP KLX3K IRRG \HV
'DXHU IRUP IRRG SODVWLFLW\ \HV
1 [&% 3DWKRJHQ VXVFHSWLELOLW\ Qsu \HV
1 [&% JLIHVSDQ \HV
1 [&% &XSVKEIGR2QVKLIW \HVJOBHVQSU
&2 GRZQVK XISW KL IW \HV JOEHV QSU
1 [&% 2VHQVLQJDQG UHVSRQVH JOE\HQSU\HV
1Y[&% ODOH WDLO SEHQRW\SHY

,QFDVHWKHVHLQWHUYDOV DUH QRW GHWHFWHG LWFDQEH
LQ WKH WUDLW RUWHFKQLFDO UHDVRQV SUHVHQFHRIPDUN
Y 7KH VWUDLQ XVHG IRU FRQVWUXFWLQJWKHUHFRPELQDQW L
FRQWD L @IUPI WBIH¥Q G MRIOH PXWDWLRQVLQDQ1 EDFNJURXQG

6HG FRPPRGR SRVXHUH SHGH ODXULV XW HVW > @ 8W TXLV S
KHQGUHULW VHP 'XLV QRQ RGLR ORUEL XW GXL 6HG DFFXPVD
SODWHD GLFWXPVW 3HOOHQWHVTXH QRQ HOLW )XVFH VHG M
RGLR VROOLFLWXGLQ VHG YROXWSDWD RUQDUHDF HUDW >

3HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW
'RQHF RGLRHOLW GLFWXPLQ KHQGUHULWVLWDPHW HJHVWD
RGLR > @ , QWHJIJHU YLWDH MXVWR $OLTXDP YHVWLEXOXP Il
VHFWHWXHU DW FRQVHFWHWXHU VHG HOHLIHQGDF OHFWXV
SURLQHXPHWXV 6HG SRUWWLWRU ,Q KDF KDELWDVVH SODWH

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXV SUHWLXP QLEK HVW S
HIHW TXDP 4XLVTXH OLEHUR MXVWR FRQVHFWHWXHU D [IHXJ
SHQGLVVH VHG PDXULVY YLWDH HOLW VROOLFLWXGLQ PDOHVXLEL
8W YHQHQDWLY YHOLW ODHFHQDV VHG PLHJHW GXLYDULXV HX
IHVWLEXOXP DQWH LSVXP SULPLV LQ IDXFLEXV RUFL OXFWXYV F
OHQWHVTXHVLWDPHW SHGHDF VHP HOHLIHQG FRQVHFWHWXH
VRGDOHYV HOLW LSVXP SKDUHWUD OLJXOD DF SUHWLXP DQWH
PHWXV 9HVWLEXOXP OHFWXV 3URLQPDXULV > = @



7LPHV 1HZ 5RPDQ

(WLDP DW QLVL VHP

6XVSHQGLVVH YLWDHHOLW $OLTXDPDUFX QHTXH RUQDUH
)XVFH vVDJLWWLY HUDW DW HUDW WULVWLTXH PROOLYV ODH
VRGDOHVY HIHW GXL ORUEL XOWULFHV UXWUXP ORUHP 1DP
$OLTXDPVDIJLWWLYV 1XQF SODFHUDW 3HOOHQWHVTXHWUL\
YHOLW &UDV QRQXUQD ORUELHURV SHGH VXVFLSLWDEFE YL
VXDGD GLDPLG SUHWLXP HOHPHQWXP HURV VHP GLFWXP W
> @

9LYDPXV YHO UKRQFXV QXOOD
6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXV HW PDJQLYV
OXV PXV 8WSHOOHQWHVTXHDXJXHVHG XUQD 9HVWLEXOXTF
QRQXPP\LG VDSLHQ 1XOODPDWOHFWXV ,QVDJLWWLYV XOV
DPHWPDVVD )XVFHEODQGLW $OLTXDP HUDW YROXWSDW $
LPSHUGLHW MXVWR QHF GRORU

(WLDP HXLVPRG )XVFH IDFLOLVLY ODFLQLD GXL 6XVSHQGL
XPP\VHG XOODPFRUSHU HJHW VDSLHQ 3UDHVHQW SUHWL)>
SUHWLXP ORUHP TXLVFRQVHFWHWXHUWRUWRUVDSLHQ IDF
VFHOHULVTXHLPSHUGLHW $OLTXDP QRQ TXDP $OLTXDP SR
XWWRUWRU FXUVXV YROXWSDW ,QYLWDHSHGH TXLV GLDP I
OOLVQHTXH 6HG GRORU RUFL VFHOHULVTXHDF GDSLEXV
VDIJLWWLYV FRPPRBW ®HORP 'HZL

0 q —— 1
Y2 2 ( +3) “cos + 2k ( 3)A
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$OLTXDP OHFWXV 9LYDPXVOHR 4XLVTXHRUQDUHWHOOXYV X
WUD WRUWRU 6HG IULQJLOOD MXVWR VHG PDXULV ODXULV \
PDIJQDLQ FXUVXV VRGDOHYVY DXJXHHVWVFHOHULVTXHVDSLI
VXVFLSLWHQLP YHOVDSLHQ 'RQHFFRQJXH ODHFHQDV XUQI
XW PDVVD )XVFH XOWULFHWQXED@E®D HW QLVO )URP 'HZL

(WLDPDFOHRDULVXVWULVWLTXHQRQXPP\ '"RQHFGLJQLVYV
PROHVWLHRGLR 6HGORERUWLY MXVWRHWSUHWLXPORER!
WULFLHV QLEKDUFX SUHWLXPHQLP 1XQFSXUXV QHTXH SOCL
QLVO 9HVWLEXOXP LPSHUGLHW QHTXHQRQ VHPDFFXPVDQC
(WLDPFRQGLPHQWXPIDFLOLVLVOLEHUR 6XVSHQGLVVHLQ'



&KDSWHU

DXFWRUVDSLHQ 6HGHJHVWDV VDSLHQ QHF OHFWXV 3HOOHQW
$OLTXDP SRUWWLWRU QLVO QHF SHGH 3URLQ PDWWLVY OLEHUR
SURLQ HXLVPRG SRUWD IHOLV 1DP ORERUWLYV PHWXV TXLV HC
PHQWXP PDXULYV HIHW YXOSXWDWHOLJXOD WHOOXV HX QHTXF

1XOODLQLSVXP 3UDHVHQW HURV QXOOD FRQJXHYLWDH HXL)
KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW QHWXYV HW PDOH"
XPP\PDJQD QRQ OHR 6HGIHOLVHUDW XOODPFRUSHULQ GLFW
DUFXDRGLRORERUWLY HXLVPRG 9HVWLEXOXP DQWH LSVXP S|
SRVXHUH FXELOLD &XUDH 3URLQ XWHVW $OLTXDP RGLR 3HO!
LVPRG QHF WHPSRUFRQJXH QXOOD 'XLVYLYHUUDJUDYLGDP
OLIJXOD YDULXV XW SXOYLQDULQ FXUVXVIDXFLEXV DXJXH



7LPHV 1HZ5RPDQ SW ZLWK OLQHVSDFLQJDQG KHDG

7LPHV 1HZ5RPDQ SW ZLWK OLQH V¢
KHDGLQJVLQ)UDQNOLQ *RWKLF

7KLY GRFXPHQW LV VHW LQ 7LPHV 1HZ 5RPDQ VL]H SWZLkW
FDSWLRQV WKXPELQGH[DQG SDJH QXPEHUV DUH LQ )UDQN
EHWZHHQ SDUDJUDSKYV

TKHILIJIXUHDQGWDEOHFDSWLRQVDUHVPDOOHUWKDQWKHV
WH[WLVY QRWLQGHQWHG 7KHFDSWLRQ ODEHO LV EROG

7KH KHDGHU LV VHSDUDWHG E\D OLQH ZKLFKLQ WKLV H[DPS
FKDSWHU QXPEHUDQG WLWOHLV JLYHQ 2Q HDFK ULJKW RG
DQG WLWOH

7TKHQXPEHULQ WKHWKXPELQGH[LV XSULJKWDQG EROG

,Q WH[WFLWDWLRQVDUHJLYHQ ZLWK DXWKRUDQG\HDU IV
DXWKRUVDUHJLYHQLQ WKHFLWDWLRQ 7KHZRUG 'DQG” VH¢
RWKHU QDPHYV ,I D SDSHU KDV PFIRWUWHAVKX® QHGKW R KV B X VQHRRUH VR
DXWKRU

&XUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSLVFLQ
DF DGLSLVFLQJYLWDH IHOLV &XUDELWXU GLFWXPJUDYLG
FRQVHFWHWXHU LG YXOSXWDWHD PDJQD 'RQHF YHKLFXO
PRUELWULVWLTXHVHQHFWXV HWQHWXYV HW PDOHNVXD®D ID|

ODXULVY XWOHR &UDV YLYHUUD PHWXV UKRQFXV VHP 1XC
XOWULFHV 3KDVHOOXV HX WHOOXYV V IHW IDRCH W I RIBAWVIRQ J UL

1DP GXL OLJXOD 1ULQJLOOD D HXLVPRG VRGDOHVY VROOLF
MXVWR 1DP ODFXV OLEHUR SUHWLXP DW ORERUWLV YLWDF
DFFXPVDQELEHQGXP HUDWOLJXOD DOLTXHW PDJQD YLWD!
QLVO KHQGUHULW PROOLY 6XVSHQGLVVH XW PDVVD &UDV |
QDWRTXH SHQDWLEXVHWPDJQLVY GLVY SDUWXULHQW PRQWH
XUuQD 1XOOD XOODPFRUSHU YHVWLEXOXP WXUSLV 3HOOHQ
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JLIXUH1DP GXL OLJXOD IULQJLOOD D HXLVPRG VRGDOHV VROOLFLWXGLQ YH(
ODFXVOLEHUR SUHWLXPDW ORERUWLYV YLWHDW DXAOWULFLHVY HW WHOOXV $GELC

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHF IHOLV HUDW FRQ
OLEHUR 9LYDPXV YLYHUUD IHUPHQWXP IHOLV 'RQHF QRQXPP\
LVFLQJVHPSHUHOLW 3URLQIHUPHQWXP PDVVD DF TXDP 6HG (
D PROHVWLHQHF OHR ODHFHQDV ODFLQLD 1DPLSVXPOLJXOCL
LSVXP ORUELEODQGLWOLJXOD IHXJLDWPDJQD 1XQF HOHLIHC
YLWDHHQLP 3HOOHQWHVTXHWLQFLGXQW SXUXV YHOPDJQD
HX SXUXV 'RQHF ELEHQGXP TXDPLQ WHOOXV 1XOODP FXUVXV
YXOSXWDWHPHWXVHXHQLP 9HVWLEXOXP SHOOHQWHVTXH IH(

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK ORUELY
/IRUHP LSVXP GRORU VLW DPHW FRQVHFWHWXHU DGLSLVFLQJ
,QWHJHU WHPSXV FRQYDOOLV DXJXH (WLDP IDFLOLVLV 1XQF
SODFHUDW 8W LPSHUGLHW HQLP VHG JUDYLGD VROOLFLWXG]|
HOLW SXUXV HIHW HQLP 1XQF YLWDH WRUWRU 3URLQ WHPSXV
YLWDHULVXVY SRUWD YHKLFXOD +XVVRWRDMWINHKIBDVIINODQG /H

,Q KDF KDELWDVVH SODWHD GLFWXPVW

JXVFH PDXULV 9HVWLEXOXP OXFWXV QLEK DW OHFWXV 6HG EL
YHOLW XOWULFLHVY WHOOXV DF YHQHQDWLV DUFX ZLVL YHO QL
DXJXHTXLV VDIJLWWLY SRVXHUH WXUSLVODFXVFRQJXHTXDP
DQG +DOO ODHFHQDVHJHWHUDWLQ VDSLHQ PDWWLV SRUW



7LPHV 1HZ5RPDQ SW ZLWK OLQHVSDFLQJDQG KHDG

7DEOH7KH ODERUDWRU\ QBEWDMMHDN CHOH RIQXPEHU RI SKHQRW\SLF HIITHF\
HW DO

6WUDLQV 7UDLW . Q W H,IBY-IONG. HIVHHGF W
QDWK Jjoe FBEYPLOJIJHQH
1 [%2 ILIHVSDQ \HV
2[LGDWLYH VWUHVV UHVSRQVH \HV
1 [&% $JH DW PDWXULW\ \HV
1 [&% %RG\ PD&V \HV
%R G\ PD V& \HV
11['s5 'DXHU IRUP KLXK IRRG \HV
'DXHU IRUP IRRG SODVWLFLW\ \HV
1[&% 3DWKRJHQ VXVFHSWLELOLW\ Qsu \H
1 (&% /ILIHVSDQ \HV
1 [&% &XSVKEIGR2QVKLIW \HVJOBHVQSU
&2 GRZQVKXISW KL IW \HV JOEHV QSU
1 (&% 2VHQVLQJDQG UHVSRQVH JOE\HQSU\HV
1Y[&% ODOH WDLO SEHQRW\SH

,Q FDVHWKHVHLQWHUYDOVDUHQRWGHWHFWHG LWFDQ I
LQWKHWUDLW RUWHFKQLFDO UHDVRQV SUHVHQFHRIPD
Y 7KH VWUDLQ XVHG IRUFRQVWUXFWLQJWKHUHFRPELQDQ\
FRQWD L @IUDI WBIQ G MRIOH PXWDWLRQV LQDQ1 EDFNJURX

LVL 6HG D WXUSLVHXODFXV FRPPRGRIDFLOLVLY ORUEL UL
OHFWXV VDJLWWLY GXL HW YHKLFXOD OLEHUR GXL FXUVXYV (

6XVSHQGLVVHYHO IHOLY 8WORUHP ORUHP LQWHUGXP HX
QHDQ IDXFLEXVY SHGH HX DQWH 3UDHVHQW HQLP HOLW UXMW
8W OHFWXV HURV PDOHVXDGD VLW DPHW IHUPHQWXP HX
AXLVTXH YHKLFXOD XUQD VHG XOWULFLHY DXFWRU SHGH O
QXOOD 'RQHF OXFWXV &XUDELWXUHW QXQF $OLTXDP GRO!
SKDUHWUDLQ YHOLW ,QWHJHUDUFXHVW QRQXPP\LQ IHUF
HWDO 7LMVWHWPBDQ



&KDSWHU 7LPHV 1HZ5RPDQ

6HG FRPPRGR SRVXHUH SHGH WDOQJ BWXVWKHY EXUXVYH6HG DF R(
6HG YHKLFXOD KHQGUHULW VHP 'XLV QRQ RGLR ORUEL XW GXI
KDF KDELWDVVH SODWHD GLFWXPVW 3HOOHQWHVTXH QRQ HO|
ODXULVIHOLVY RGLR VROOLFLWXGLQ VHGHW RDROXWMIFXWODRUQD!
DQGOF(QWHJDUWW DOHEHU

3HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW
'RQHF RGLR HOLW GLFWXP LQ KHQGUHULW VLW DPHW HJHVW
TXHW RGLR 16/0 D Q PROWNGH O L QWSRO VA HIJHU YLWDH MXVWR $
YHVWLEXOXP IULQJLOOD ORUHP 6HG QHTXH OHFWXV FRQVHF
OHFWXV %DWHV 1XOOD IDFLOLVL 3HOOHQWHVTXHHJIHW (
KDF KDELWDVVH SODWHD GLFWXPVWWBX®SHQGLVVH HX OHFW X'

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXV SUHWLXP QLEK HVW S
HIHW TXDP 4XLVTXH OLEHUR MXVWR FRQVHFWHWXHW D IHXJ
DO 6XVSHQGLVVH VHG PDXULVY YLWDH HOLW VROOLFLWXGLC
VLWDPHWDQWH 8W YHQHQDWLY YHOLW ODHFHQDV VHG PL HJI
YROXWSDWRGLR 9HVWLEXOXP DQWH LSVXP SULPLVLQIDXFLE?
&XUDH 3HOOHQWHVTXH VLWDPHW SHGHDF VHP HOHLIHQG FRQ
LPSHUGLHW VRGDOHYV HOLWLSVXP SKDUHWUD OLJXOD DF SUH
DUFX HX PHWXV 9HVWLEXOXP OHFWXWVDOURQRHRND ROLY 7KRPS
5RFNPDQDQG .UXJO\DN

(WLDP DW QLVL VHP

6XVSHQGLVVH YLWDH HOLW $OLTXDP DUFX QHTXH RUQDUHLQ
JXVFH VDJLWWLY HUDW DW HUDW WULVWLTXH PROOLYV ODHFH(
VRGDOHVY HIHW GXL ORUEL XOWULFHV UXWUXP ORUHP 1DP HC
$OLTXDPVDILWWLYV 1XQF SODFHUDW 3HOOHQWHVTXHWULVWIL
YHOLW &UDV QRQ XUQD ORUELHURYV SHGH VXVFLSLWDF YDUL
VXDGD GLDPLG SUHWLXPHOHPHQWXP HURVVHP GLFWXP WRU\
% HQGHWNM\O

9LYDPXV YHO UKRQFXV QXOOD

6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXV HW PDJQLYV Gl
OXVPXV 8WSHOOHQWHVTXHDXJXHVHG XUQD 9HVWLEXOXP G|
QRQXPP\LG VDSLHQ 1XOODPDWOHFWXV ,QVDJLWWLY XOWUL



7LPHV 1HZ5RPDQ SW ZLWK OLQHVSDFLQJDQG KHDG

DPHW PDVVD )XVFHEODQGLW $OLTXDPHUDW YROXWSDW $
LPSHUGLHW MXVWR QHF GRORU

(WLDP HXLVPRG )XVFH IDFLOLVLY ODFLQLD GXL 6XVSHQGL
XPP\VHG XOODPFRUSHUHJHW VDSLHQ 3UDHVHQW SUHW.L)
SUHWLXP ORUHP TXLVFRQVHFWHWXHUWRUWRUVDSLHQ IDF
VFHOHULVTXHLPSHUGLHW $OLTXDP QRQ TXDP $OLTXDP SR
XWWRUWRU FXUVXV YROXWSDW ,QYLWDHSHGH TXLV GLDP I
OOLVQHTXH 6HG GRORU RUFL VFHOHULVTXHDF GDSLEXV ¢
VDILWWLYV FRPPRBW DORP 'HZL

0 q — ) 1
Y2 2 ( +3) cos + gk ( 3)
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k=0

$OLTXDP OHFWXV 9LYDPXV OHR 4XLVTXHRUQDUHWHOOXYV X
wWuD WRUWRU 6HG IULQJLOOD MXVWR VHG WD LK OOXR LV
HOHPHQWXP PDJQDLQFXUVXVVRGDOHY DXJXHHVWVFHOH
HWSHGH 8WVXVFLSLWHQLP YHOVDSLHQ 'RQHFFRQJXH 0D
YHVWLEXOXP XW PDVVD )XVFH XOWWLIF®IY QXOOD HW QLVO

(WLDPDFOHRDULVXVWULVWLTXHQRQXPP\ '"RQHFGLJQLVYV
PROHVWLHRGLR 6HGORERUWLY MXVWRHWSUHWLXPORER!
WULFLHV QLEKDUFXSUHWLXPHQLP 1XQFSXUXV QHTXH SOL
QLVO 9HVWLEXOXP LPSHUGLHW QHTXHQRQ VHPDFFXPVDQ C
(WLDPFRQGLPHQWXPIDFLOLVLVOLEHUR 6XVSHQGLVVHLQ'
DXFWRUVDSLHQ 6HG HIJHVWDV VDSLHQ QHF OHFWXV 3HOOH
$OLTXDP SRUWWLWRU QLVO QHF SHGH 3URLQ PDWWLV OLEH
URLQ HXLVPRG SRUWD IHOLV 1DP ORERUWLYVY PHWXV TXLV
PHOQWXP PDXULV HIJHW YXOSXWDWHOLJXOD WHOOXV HX QHT

1XOODLQLSVXP B3UDHVHQW HURV QXOOD FRQJXHYLWDH H
KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW QHWXV HW PD
XPP\PDJQD QRQOHR 6HGIHOLVHUDW XOODPFRUSHULQ Gl



&KDSWHU 7LPHV 1HZ5RPDQ

DUFXDRGLRORERUWLY HXLVPRG 9HVWLEXOXP DQWH LSVXP S|
SRVXHUH FXELOLD &XUDH 3URLQ XWHVW $OLTXDP RGLR 3HO!
LVPRG QHF WHPSRUFRQJXH QXOOD 'XLVYLYHUUDJUDYLGDP
OLIJXOD YDULXV XW SXOYLQDULQ FXUVXVIDXFLEXV DXJXH



&KDSWHU 7LPHV 1HZ 5RPL

7LPHV 1HZ5RPDQ SW ZLWK OLQHVSDFLQJD
*LOO 6DQV

7KLV VHFWLRQ LV VHW LQ 7LPHV 1HZ5RPDQ VL]H SW ZLWK
WLRQV WKXPELQGH[DQG SDJHQXPEHUVDUHLQ *LOO
,QVWHDG HDFK QHZ SDUDJUDSK VWDUWYV ZLWK DQ LQ
WKH LQ@R@¥WHGWLQ WKH YHU\ ILUVW OLQH RI D VHFWLR
SDUDJUDSKDERYH LW IURP ZKLFK LV KDV WR EH GLVWL
7KH ILJXUH DQG WDEOH FDSWLRQV DUH VPDOOHU
FDSWLRQ WH[W LV QRWLQGHQWHG 7KHFDSWLRQ ODEHO LV
7KH KHDGRAMHSWUDWHG E\D OLQH 2Q HDFK OHIW HYHQ S
JLYHQ 2Q HDFKULJKW RGG SDJH \RXFDQILQG WKH FKDSW
7KH WKXPELQGH[LVEODFNDQG WKHQXPEHULQ WKH WK
,Q WH[W FLWDWLRQV DUH JLYHQ ZLWK DXWKRU DQG \HD
DXWKRW DY DGGHG WR WKH QDPH Rl WKH ILUVW DXWKRU ,Q
EHIRHWHD O

&EXUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSLVFLQ
DF DGLSLVFLQJYLWDH IHOLV &XUDELWXUGLFWXPJUDYLG
FRQVHFWHWXHU LG YXOSXWDWHD PDJQD 'RQHF YHKLFXO
PRUELWULVWLTXHVHQHFWXV HWQHWXV HW PBOHN\OXDGD IDF
ODXULV XWOHR &UDV YLYHUUD PHWXV UKRQFXV VHP 1XOO|
WULFHVY 3KDVHOOXV HX WHOOXV VLWHOZ B® VBRI U MRUDI DY L

1DP GXLOLJXOD IULQJLOODD HXLVPRG VRGDOHV VROC
QRQ MXVWR 1DP ODFXVOLEHUR SUHWLXPDW ORERUWLV YL
VHGDFFXPVDQELEHQGXP HUDWOLJXODDOLTXHWPDJQD Yl
HWQLVO KHQGUHULW PROOLY 6XVSHQGLVVH XWPDVVD &UI
QDWRTXH SHQDWLEXVHWPDJQLY GLVY SDUWXULHQW PRQWH
XUQD 1XOOD XOODPFRUSHU YHVWLEXOXP WXUSLVY 3HOOHQ

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHFIHOLV HUD\
WLTXH OLEHUR 9LYDPXV YLYHUUD IHUPHQWXP IHOLV 'RQHF
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JLIXUHLDP GXL OLJXOD IULQJLOOD D HXLVPRG VRGDOHV VROOLFLWXGLQ YHC
ODFXVOLEHUR SUHWLXPDW ORERUWLVYLWBW XOWULFLHVY HW WHOOXV $GELC

DGLSLVFLQJVHPSHUHOLW 3URLQIHUPHQWXP PDVVD DF TXDP
HUDWD PROHVWLHQHF OHR ODHFHQDV ODFLQLD 1DPLSVXPC
FLSLWD LSVXP ORUELEODQGLWOLJXODIHXJLDWPDJQD 1XQF
QXOODYLWDHHQLP 3HOOHQWHVTXHWLQFLGXQW SXUXVYHOP
QXQF HX SXUXV 'RQHFELEHQGXP TXDPLQ WHOOXV 1XOODP FX
I1DP YXOSXWDWHPHWXVHXHQLP 9HVWLEXOXP SHOOHQWHVTX

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK ORU
XOWULFHYV /RUHPLSVXP GRORUVLWDPHW FRQVHFWHWXHU DC(
WXPVW ,QWHJHU WHPSXV FRQYDOOLV DXJXH (WLDPIDFLOLVL)\
QHDQ SODFHUDW 8WLPSHUGLHW HQLPVHGJUDYLGD VROOLFL'
HOLW SXUXV HIHW HQLP 1XQF YLWDH WRUWRU 3URLQ WHPSXV
YLWDH ULVXV SRUWD YHKLFXOD +XVVRQHWD®VEXBDOW DQG /
HwW DO

,Q KDF KDELWDVVH SODWHD GLFWXPVW

JXVFH PDXULV 9HVWLEXOXP OXFWXV QLEK DW OHFWXV 6HG EL
YHOLW XOWULFLHY WHOOXV DF YHQHQDWLVY DUFX ZLVL YHO QL
DXJXHTXLVVDIJLWWLY SRVXHUH WXUSLVODFXVFRQJXHTXDP
DQG +DOO ODHFHQDVHJIJHWHUDWLQ VDSLHQ PDWWLV SRUW



&KDSWHU 7LPHV 1HZ 5RPL

7TDEOH/ KH ODERUDWRU\ QB WDMMHANDOCHOHRIQXPEHU RI SKHQRW\SLF HITHFW
HW DO

6WUDLQV 7UDLW , Q W H,IBY-IONG. HIVAKGE W
QDWK Joe FB&YDLOJ
1 [%2 /LIHVSDQ \HV
2[LGDWLYH VWUHVV UHVSRQVH \
1[&% $JH DW PDWXULW\ \HV
1 (&% %RG\ PD& V \HV
%R G\ PD V& \HV
11['s 'DXHU IRUP KLX3K IRRG \HV
'DXHU IRUP IRRG SODVWLFLW\ \HV
1 (&% 3DWKRJHQ VXVFHSWLELOLW\ Qsu \H
1 [&% ILIHVSDQ \HV
1 [&% &XSVKEIGR2QVKLIW \HVJOBHVQSU
&2 GRZQVEKXISW KL IW \HV JOEHV QSU
1 (&% 2VHQVLQJDQG UHVSRQVH JOE\HQSU\HV
1Y[&% ODOH WDLO SEHQRWWHY

,QFDVHWKHVHLQWHUYDOVDUH QRW GHWHFWHG LWFDQ I
LQ WKH WUDLW RUWHFKQLFDO UHDVRQV SUHVHQFHRIPD
Y 7KH VWUDLQ XVHG IRU FRQVWUXFWLQJWKHUHFRPELQDQ)
FRQWD L @IWUPI WBIH¥Q G MRIOH PXWDWLRQV LQDQ1 EDFNJURX(

LVL 6HG D WXUSLVHXODFXV FRPPRGRIDFLOLVLYVY ORUEL IUL
OHFWXV VDJLWWLY GXL HW YHKLFXOD OLEHUR GXL FXUVXYV (

6XVSHQGLVVHYHOIHOLY 8WORUHPORUHP LQWHUGXPH
$HQHDQ IDXFLEXVY SHGHHXDQWH 3UDHVHQW HQLP HOLW UX
8W OHFWXV HURV PDOHVXDGD VLW DPHW IHUPHQWXP HX V
4AXLVTXH YHKLFXOD XUQD VHG XOWULFLHY DXFWRU SHGH O
QXOOD 'RQHF OXFWXV &XUDELWXUHWQXQF $OLTXDP GRO|



7KH OD\RXW RI\RXU 3K' WKHVLYV

SKDUHWUDLQ YHOLW ,QWHJHUDUFXHVW QRQXPP\LQ IHUPHC
HW DO 7LMVWHW DDQ

6HG FRPPRGR SRVXHUH SHGHHWDIXQ LYW WXHVVBE X YXWVHE6HG D
RGLR 6HG YHKLFXOD KHQGUHULW VHP 'XLVQRQRGLR ORUELX
,QKDFKDELWDVVH SODWHD GLFWXPVW 3HOOHQWHVTXHQRQH
ODXULVIHOLVRGLR VROOLFLWXGLQ VHCHW DOXWISER D DR/UQD L
DQGOF(QWHJDUWHW DOGHEHU

SHOOHQWHVTXHKDELWDQWPRUELWULVWLTXHVHQHFWXYV F
WDV 'RQHF RGLR HOLW GLFWXP LQ KHQGUHULW VLW DPHW H
DOLTXHW RGLRHWMMDD® *HKRDOWBOLDRO ,QWHJIJHU YLWDH MXVWR §
YHVWLEXOXP IULQJLOOD ORUHP 6HG QHTXH OHFWXV FRQVHF
OHFWXV %DWHYV 1XOOD IDFLOLVL BHOOHQWHVTXH HIHW (
KDF KDELWDVVH SODWHD GLFWXPVWWRWSHQGLVVH HX OHFWX"

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXV SUHWLXP QLEK HV
HQLP HJHW TXDP 4XLVTXHOLEHURMXVWR FRQVHFWHWXHU D
HW DO 6XVSHQGLVVHVHGPDXULV YLWDHHOLW VROOLFLWXGL
VLW DPHW DQWH 8W YHQHQDWLYV YHOLW ODHFHQDV VHG PL HJI
YROXWSDW RGLR 9HVWLEXOXP DQWH LSVXP SULPLV LQ IDXFLE:
&XUDH 3HOOHQWHVTXH VLW DPHW SHGH DF VHP HOHLIHQG FRQ
LPSHUGLHW VRGDOHY HOLW LSVXP SKDUHWUD OLJXOD DF SUH
DUFX HX PHWXV 9HVWLEXOXP OHFWYVDGURBRQRHWPWOWLY 7KRPS\
5RFNPDQ DQG .UXJO\DN

(WLDP DW QLVL VHP

6XVSHQGLVVH YLWDH HOLW $OLTXDPDUFX QHTXH RUQDUHLQ
)XVFH VDJLWWLY HUDW DW HUDW WULVWLTXH PROOLYV ODHFH(
VRGDOHV HIJHW GXL ORUEL XOWULFHV UXWUXP ORUHP 1DP HC
$OLTXDP VDJLWWLYV 1XQF SODFHUDW 3HOOHQWHVTXHWULVWIL
YHOLW &UDV QRQ XUQD ORUELHURV SHGH VXVFLSLWDF YDUL
VXDGD GLDPLG SUHWLXP HOHPHQWXP HURV VHP GLFWXP WR U\
% HQGHWNDO



&KDSWHU 7LPHV 1HZ 5RPL

9LYDPXV YHO UKRQFXV QXOOD
6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXV HW PDJQLYV
OXVPXV 8WSHOOHQWHVTXHDXJXHVHG XUQD 9HVWLEXOXF
QRQQXPP\LG VDSLHQ 1XOODPDWOHFWXV ,QVDJLWWLY XOV
DPHW PDVVD )XVFHEODQGLW $OLTXDPHUDW YROXWS
LPSHUGLHW MXVWR QHF GRORU

(WLDP HXLVPRG )XVFH IDFLOLVLYV ODFLQLD GXL 6
QRQXPP\VHG XOODPFRUSHU HJHW VDSLHQ 3UDHVH
SHGH SUHWLXP ORUHP TXLVFRQVHFWHWXHU WRUWRU VDSL
QXOOD VFHOHULVTXHLPSHUGLHW $OLTXDP QRQ TXDP $OLT
DUFX XW WRUWRU FXUVXV YROXWSDW ,Q YLWDH SHGH TXLYV
FRQYDOOLV QHTXH 6HG GRORURUFL VFHOHULVTXHDF GDS
OHR VDJLWWLV FRPRR\GRO)URP 'HZL
0 [ 1
Y2 2 ( +3) Z“cos + 2k ( 3)

@, 3¢ 0 A=0

k=0

$OLTXDP OHFWXV 9LYDPXV OHR 4XLVTXHRUQDUH WHOO
SKDUHWUD WRUWRU 6HG IULQJLOOD MXVWR WAVGDRID XULV 0
1XOODP HOHPHQWXP PDJOQOD LQ FXUVXV VRGDOHYV DXJXHHYV
QXOODDUFXHWSHGH 8WVXVFLSLWHQLP YHO VDSLHQ 'RQF
SODFHUDW XW YHVWLEXOXP XW PDVVBWR®OFH XOWULFHV Q

(WLDP DF OHR D ULVXV WULVWLTXH QRQXPP\ '"RQHF GLJ(
UKRQFXV PROHVWLHRGLR 6HG ORERUWLY MXVWR HW SUHW
JXH QHF XOWULFLHV QLEKDUFXSUHWLXPHQLP 1XQF SXUXV
WHVTXHQHF QLVO 9HVWLEXOXPLPSHUGLHWQHTXHQRQ VHI
GLFWXPVW (WLDP FRQGLPHQWXP IDFLOLVLY OLEHUR 6XVS
SHOOHQWHVTXHDXFWRUVDSLHQ 6HGHJHVWDV VDSLHQ QHF
GXPYLYHUUD $OLTXDP SRUWWLWRUQLVOQHFSHGH 3URLQ



7KH OD\RXW RI\RXU 3K' WKHVLYV

ULVHW OLEHUR 3URLQ HXLVPRG SRUWD IHOLV 1DP ORERUWLYV
OHFWXV HOHPHQWXP PDXULV HJHW YXOSXWDWH OLIJXOD WHOC
1XOODLQLSVXP 3UDHVHQW HURV QXOOD FRQJXHYLWDH H
WHVTXHKDELWDQW PRUEL WULVWLTXHVHQHFWXV HW QHWXV H
QRQXPP\PDJQD QRQ OHR 6HG IHOLVHUDW XOODPFRUSHULQ ¢
YHO DUFX D RGLR ORERUWLY HXLVPRG 9HVWLEXOXP DQWH LSV
WULFHV SRVXHUH FXELOLD &XUDH 3URLQ XWHVW $OLTXDPRG
HXLVPRG QHF WHPSRUFRQJXH QXOOD 'XLVYLYHUUDJUDYLGD
OLJXOD YDULXV XW SXOYLQDULQ FXUVXVIDXFLEXV DXJXH



7LPHV 1HZ 5RPDQ SW ZLWK OLQH VSDFLQJ L
KHDGLQJV LQ 9HUGDQD

7KLV VHFWLRQ LV VHWLQ 7LPHV1HZ5RPDQ VL]H SW ZLWK
WLRQV WKXPE LQGH[DQG SDJH QXPEHUV DUH LQ 9HUGDQD
VDPHVLIHDVWKHWH[WDQGKDYH OLQHVSDFLQJ 7KHFDS
LVEROG

7KHSDJH QXPEHULVLQWKHPLGGOHRIWKHIRRWHU 7KHUH

,Q WH[W FLWDWLRQV DUHJLYHQ ZLWK DXWKRU DQG \HDU IV
DXWKRUV DUHJLYHQLQ WKHFLWDWLRQ $QDPSHUVDQG V
WKH RWKHU QDPHV ,I D SDSHU KDHMWP RO HDW & B G W R UMKHDQXIP
ILUVW DXWKRU $OVR LQ WKLV H[DHF8 0B WKHUH LV D FRPPD E

&EXUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSLVFLQ
DF DGLSLVFLQJYLWDH IHOLV &XUDELWXUGLFWXPJUDYLG
FRQVHFWHWXHU LG YXOSXWDWHD PDJQD 'RQHF YHKLFXO
PRUELWULVWLTXHVHQHFWXV HWQHWXV HWPDOHWXDGD IDF

ODXULVY XWOHR &UDV YLYHUUD PHWXV UKRQFXV VHP 1XC
XOWULFHY 3KDVHOOXV HX WHOOXV VHW DROHWHLRANWWERO JUD

1DP GXL OLJXOD 1ULQJLOOD D HXLVPRG VRGDOHV VROOLF
MXVWR 1DP ODFXV OLEHUR SUHWLXPDW ORERUWLV YLWDF
DFFXPVDQELEHQGXP HUDWOLJXOD DOLTXHWPDJQD YLWD!
QLVO KHQGUHULW PROOLV 6XVSHQGLVVH XW PDVVD &UDV ¢
QDWRTXH SHQDWLEXVHWPDJQLYVY GLVY SDUWXULHQW PRQWH
XUQD 1XOOD XOODPFRUSHU YHVWLEXOXP WXUSLVY 3HOOHQ

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHF IHOLVY HUDW F
OLEHUR 9LYDPXV YLYHUUD IHUPHQWXP IHOLVY 'RQHF QRQXP
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I[ULQJLOODD HXLVPRGVRGDOHV VRC
ORUHP QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXPDW

$GDSWHG IURIPVWBAUNHQ

LVFLQJVHPSHUHOLW 3URLQIHUPHQWXP PDVVD DF TXDP 6HG (
D PROHVWLHQHF OHR ODHFHQDV ODFLQLD 1DPLSVXPOLJXOCL
LSVXP ORUELEODQGLWOLJXODIHXJLDW PDJQD 1XQF HOHLIHC
YLWDHHQLP 3HOOHQWHVTXHWLQFLGXQW SXUXV YHOPDJQD
HX SXUXV 'RQHF ELEHQGXP TXDPLQ WHOOXV 1XOODP FXUVXYV
YXOSXWDWHPHWXVHXHQLP 9HVWLEXOXP SHOOHQWHVTXH IH(

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK ORUELY
/IRUHP LSVXP GRORU VLW DPHW FRQVHFWHWXHU DGLSLVFLQJ
,QWHJHU WHPSXV FRQYDOOLYV DXJXH (WLDP IDFLOLVLV 1XQF
SODFHUDW 8WLPSHUGLHW HQLPVHGJUDYLGD VROOLFLWXGL:
SXUXV HIHWHQLP 1XQF YLWDH WRUWRU 3URLQ WHPSXV QLEK
ULVXV SRUWD YHKLFXOD +XVVRQ *RWWDPKEXINHW IDIOHU



7DEOH 7KH ODERUDWRU\ QIURLYX\GH/ODOGDUWIRIQXPEHU RI SK
IHFWV $GDSWHGHWMPRE6WHUNHQ

6WUDLQV 7UDLW . Q W H,IGYHIONG. HIVHIGE W
QDWK Joe FBEYPOJIHQH
1 [%2 /ILIHVSDQ \HV
2[LGDWLYH VWUHVYV UHVSRQVH \HV
1 [&% $JH DW PDWXULW\ \HV
1 (&% %RG\ PD& V \HV
%RG\ PD V& \HV
11['5 '‘DXHU IRUP KLJXK IRRG \HV
'DXHU IRUP IRRG SODVWLFLW\ \HV
1 (&% 3DWKRJHQ VXVFHSWLELOLW\ QSU \H
1 (&% /ILIHVSDQ \HV
1 [&% &XSVKEIGR2QVKLIW \HVJOBHVQSU
&2 GRZQVEKXISW KL IW \HV JOEYV QSU
1 (&% 2VHQVLQJDQG UHVSRQVH JOE\HQSU\HV
1Y[&% ODOH WDLO SEHQRWW\HY

,Q FDVHWKHVHLQWHUYDOVDUHQRW GHWHFWHG LWFDQ I
LQWKHWUDLW RUWHFKQLFDO UHDVRQV SUHVHQFHRIPD
Y 7KH VWUDLQ XVHG IRUFRQVWUXFWLQJWKHUHFRPELQDQ)\
FRQWDL@IUDI] WBIQ G MRIOH PXWDWLRQVLQDQ1 EDFNJURX

,Q KDF KDELWDVVH SODWHD GLFWXPVW

)XVFH PDXULV 9HVWLEXOXP OXFWXV QLEK DW OHFWXV 6HG
YHOLW XOWULFLHVY WHOOXV DFYHQHQDWLY DUFX ZLVL YHO
DXJXHTXLVVDIJLWWLY SRVXHUH WXUSLV ODFXV FRQJXH TXL
+DOO ODHFHQDVHIJHWHUDWLQ VDSLHQ PDWWLY SRUWV
6HG D WXUSLVY HX ODFXV FRPPRGR IDFLOLVLY ORUEL IULQJI
OHFWXV VDJLWWLY GXL HW YHKLFXOD OLEHUR GXL FXUVXYV (



6XVSHQGLVVH YHOIHOLVY 8WORUHP ORUHP LQWHUGXP HX WL
QHDQ IDXFLEXVY SHGHHX DQWH 3UDHVHQW HQLP HOLW UXWU X
8W OHFWXV HURV PDOHVXDGD VLW DPHW IHUPHQWXP HX VRCG
4XLVTXH YHKLFXOD XUQD VHG XOWULFLHVY DXFWRU SHGH ORU
QXOOD 'RQHF OXFWXV &XUDELWXUHW QXQF $OLTXDP GRORU
SKDUHWUDLQ YHOLW ,QWHJHUDUFXHVW QRQXPP\LQ IHUPHC
HW DO 7LMVWHW MBI

6HG FRPPRGR SRVXHUH SHGHHWDIXQ L&WK WXHVV8 X Y IXWH6HG DF R (
6HG YHKLFXOD KHQGUHULW VHP 'XLV QRQ RGLR ORUEL XW GXI
KDF KDELWDVVH SODWHD GLFWXPVW 3HOOHQWHVTXH QRQ HOI
ODXULV IHOLV RGLR VROOLFLWXGLQ VHGHWR®XWISFKR D DR/UQ D L
OF(QWHJDUW HWHEHU

3HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW
'RQHF RGLRHOLW GLFWXPLQ KHQGUHULW VLWDPHW HJHVWD
RGLR %OBRQFEKOUGKWWHOLQRWSDRVH@WHIHU YLWDH MXVWR $
YHVWLEXOXP IULQJLOOD ORUHP 6HG QHTXH OHFWXV FRQVHF
OHFWXV %DWHYV 1XOOD IDFLOLVL B3HOOHQWHVTXH HIHW (
KDF KDELWDVVH SODWHD GLFWXPVWWRWSHQGLVVHHX OHFWX"

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXV SUHWLXP QLEK HVW S
HIHW TXDP 4XLVTXH OLEHUR MXVWR FRQVHFWHWXHW D IHXJI
DO 6XVSHQGLVVH VHG PDXULVY YLWDH HOLW VROOLFLWXGLC
VLW DPHWDQWH 8W YHQHQDWLY YHOLW ODHFHQDV VHG PL HJI
YROXWSDWRGLR 9HVWLEXOXP DQWH LSVXP SULPLVLQIDXFLE?
&XUDH 3HOOHQWHVTXH VLWDPHW SHGHDF VHP HOHLIHQG FRQ
LPSHUGLHW VRGDOHYVY HOLWLSVXP SKDUHWUD OLJXOD DF SUH
DUFXHXPHWXV 9HVWLEXOXP OHFWXVDOURQHWWOWLY 7KRPS\
5RFNPDQ .UXJO\DN



(WLDP DW QLVL VHP

6XVSHQGLVVH YLWDHHOLW $OLTXDPDUFX QHTXH RUQDUH
)XVFH VDJLWWLY HUDW DW HUDW WULVWLTXH PROOLV ODH
VRGDOHVY HIHW GXL ORUEL XOWULFHV UXWUXP ORUHP 1DP
$OLTXDPVDIJLWWLY 1XQFSODFHUDW 3HOOHQWHVTXHWUL\
YHOLW &UDV QRQ XUQD ORUELHURV SHGH VXVFLSLWDF YL
VXDGD GLDPLG SUHWLXPHOHPHQWXP HURV VHP GLFWXP WI
%HQGHWNDO

9LYDPXV YHO UKRQFXV QXOOD

6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXV HW PDJQLYV
OXV PXV 8WSHOOHQWHVTXHDXJXHVHG XUQD 9HVWLEXOXF
QRQXPP\LG VDSLHQ 1XOODPDWOHFWXV ,QVDJLWWLYV XOV
DPHW PDVVD )XVFHEODQGLW $OLTXDPHUDW YROXWSDW $
LPSHUGLHW MXVWR QHF GRORU

(WLDP HXLVPRG )XVFH IDFLOLVLY ODFLQLD GXL 6XVSHQGL
XPP\VHG XOODPFRUSHUHJHW VDSLHQ 3UDHVHQW SUHWL)>
SUHWLXP ORUHP TXLVFRQVHFWHWXHUWRUWRUVDSLHQ IDF
VFHOHULVTXHLPSHUGLHW $OLTXDP QRQ TXDP $OLTXDP SR
XWWRUWRU FXUVXV YROXWSDW ,QYLWDHSHGHTXLV GLDP E
OOLVQHTXH 6HG GRORU RUFL VFHOHULVTXHDF GDSLEXV {
VDIJLWWLYV FRPPPROGR 'HZL

Y2 ° 2q ( +3) 2 2k ( 3)1
+ cos + 3
O 3( 1 A

k=0

1
o

$OLTXDP OHFWXV 9LYDPXV OHR 4XLVTXHRUQDUHWHOOXYV X
WUD WRUWRU 6HG IULQJLOOD MXVWR VHG WIDXWU LNXOORBLYV \
HOHPHQWXP PDJOQDLQFXUVXVVRGDOHYV DXJXHHVWVFHOH



HWSHGH 8WVXVFLSLWHQLP YHOVDSLHQ 'RQHFFRQJXH ODHF
YHVWLEXOXP XW PDVVD )XVFH HOWWOLFHY QXOOD HW QLVO 'H:

(WLDP DFOHRDULVXVWULVWLTXHQRQXPP\ '"RQHF GLJQLVVLP
PROHVWLHRGLR 6HGORERUWLY MXVWRHWSUHWLXPORERUW
WULFLHV QLEKDUFXSUHWLXP HQLP 1XQF SXUXVQHTXH SODFH
QLVO 9HVWLEXOXP LPSHUGLHW QHTXHQRQVHPDFFXPVDQ ODR
(WLDPFRQGLPHQWXPIDFLOLVLVOLEHUR 6XVSHQGLVVHLQHOL
DXFWRUVDSLHQ 6HGHJHVWDV VDSLHQ QHF OHFWXV 3HOOHQW
$OLTXDP SRUWWLWRU QLVO QHF SHGH 3URLQ PDWWLV OLEHUR
BURLQ HXLVPRG SRUWD IHOLV 1DP ORERUWLYV PHWXV TXLV HC
PHQWXP PDXULV HIHW YXOSXWDWHOLJXOD WHOOXV HX QHTXF

1XOODLQLSVXP 3UDHVHQW HURV QXOOD FRQJXHYLWDH HXL)
KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW QHWXV HW PDOH"'
XPP\PDJQD QRQ OHR 6HGIHOLVHUDW XOODPFRUSHULQ GLFW
DUFXDRGLRORERUWLY HXLVPRG 9HVWLEXOXP DQWH LSVXP S|
SRVXHUH FXELOLD &XUDH 3URLQ XW HVW $OLTXDP RGLR 3HO
LVPRG QHF WHPSRU FRQJXH QXOOD 'XLVYLYHUUDJUDYLGDP
OLJXOD YDULXV XW SXOYLQDULQ FXUVXVIDXFLEXV DXJXH



7LPHV 1HZ5RPDQ SWZLWK OLQHVSDFLQJDQG KHDG

7LPHV 1HZ5RPDQ SWZLWK OLQHVSDFLQJD
1HZ5RPDQ

7KLY GRFXPHQW LV VHW LQ 7LPHV 1HZ 5RPDQ VL]H SW ZLW
FDSWLRQV WKXPELQGH[DQG SDJHQXPEHUVDUHDOVRLQ 7

7TKHWKXPELQGH[LVDVHPLFLUFOH (WHEWLIRL@JI HOVH LV WK

&EXUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSLVFLQ
DF DGLSLVFLQJYLWDH IHOLV &XUDELWXUGLFWXPJUDYLG
FRQVHFWHWXHU LG YXOSXWDWHD PDJQD 'RQHF YHKLFXO
PRUEL WULVWLTXH VHQHFWXV HW QHWXV HW PBWHMNOXDGD ID
ODXULV XWOHR &UDV YLYHUUD PHWXV UKRQFXV VHP 1XOOLC
FHYV 3KDVHOOXV HXWHOOXV VLW DHPW\WAOVEBHWRWWDODYLGD S
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JLIXUH1DP GXL OLJXOD IULQJLOOD D HXLVPRG VRGDOHV VROOLFLWXGLQ
ODFXVOLEHUR SUHWLXPDW ORERUWLV YLWHDW DMOWULFLHV HW WHOOXV

1DP GXL OLJXOD 1ULQJLOOD D HXLVPRG VRGDOHYVY VROOLF
MXVWR 1DP ODFXVOLEHUR SUHWLXPDW ORERUWLV YLWDF
DFFXPVDQELEHQGXP HUDWOLJXODDOLTXHWPDJQD YLWD!
QLVO KHQGUHULW PROOLY 6XVSHQGLVVH XW PDVVD &UDV
QDWRTXH SHQDWLEXVHWPDJQLVY GLVY SDUWXULHQW PRQWH
XUuQD 1XOOD XOODPFRUSHU YHVWLEXOXP WXUSLV 3HOOHQ



&KDSWHU 7LPHV 1HZ5RPDQ

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHF IHOLV HUDW FRQ
OLEHUR 9LYDPXV YLYHUUD IHUPHQWXP IHOLV 'RQHF QRQXPP\
LVFLQJVHPSHUHOLW 3URLQIHUPHQWXP PDVVD DF TXDP 6HG ¢
D PROHVWLHQHF OHR ODHFHQDV ODFLQLD 1DPLSVXPOLJXOCL
LSVXP ORUEL EODQGLW OLJXOD IHXJLDW PDJQD 1XQF HOHLIHC
YLWDHHQLP 3HOOHQWHVTXHWLQFLGXQW SXUXVYHOPDJQD |,
HX SXUXV '"RQHF ELEHQGXP TXDPLQ WHOOXV 1XOODP FXUVXYV
YXOSXWDWHPHWXVHXHQLP 9HVWLEXOXP SHOOHQWHVTXH IH(

7TDEOH7KH ODERUDWRU\ QB UWDMMHY OCOHOH RIQXPEHU RI SKHQRW\SLF HIITHFWV
HW DO

6WUDLQV 7UDLW , Q W H,\BYIONG HVHIGE W H G
QDWK JoE FB&YDLOJHQH
1 [%2 JLIHVSDQ \HV
2[LGDWLYH VWUHVV UHVSRQVH \HV
1 [&% $JH DW PDWXULW\ \HV
1 [&% %RG\ PD& V \HV
%RG\ PDV&/ \HV
11['s5 'DXHU IRUP KLXK IRRG \HV
'DXHU IRUP IRRG SODVWLFLW\ \HV
1 [&% 3DWKRJHQ VXVFHSWLELOLW\ Qsu \HV
1 [&% JLIHVSDQ \HV
1 [&% &XSVKEIGR2QVKLIW \HVJOBHVQSU
&2 GRZQVK XISW KL W \HV JOEHV QSU
1 [&% 2VHQVLQJDQG UHVSRQVH JOE\HQSU\HV
1Y[8&% ODOH WDLO SEHQRW\SH

,QFDVHWKHVHLQWHUYDOV DUH QRW GHWHFWHG LWFDQEH
LQ WKH WUDLW RUWHFKQLFDO UHDVRQV SUHVHQFHRIPDUN
Y 7KH VWUDLQ XVHG IRU FRQVWUXFWLQJWKHUHFRPELQDQW L
FRQWD L @IUPI WBIH¥Q G MRIOH PXWDWLRQVLQDQ1 EDFNJURXQG

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK ORUELY
/IRUHP LSVXP GRORU VLW DPHW FRQVHFWHWXHU DGLSLVFLQJ



7LPHV 1HZ5RPDQ SWZLWK OLQHVSDFLQJDQG KHDG

,QWHJHU WHPSXV FRQYDOOLY DXJXH (WLDP IDFLOLVLV 1X
SODFHUDW 8W LPSHUGLHW HQLP VHG JUDYLGD VROOLFLW
HOLW SXUXV HIHW HQLP 1XQF YLWDH WRUWRU 3URLQ WHPE
YLWDHULVXV SRUWD YHKLFXOD +XVVRHWRDNDOWIWAHKBVIINO D Q G

,QKDF KDELWDVVH SODWHD GLFWXPVW

)XVFH PDXULV 9HVWLEXOXP OXFWXV QLEK DW OHFWXV 6HG
YHOLW XOWULFLHVY WHOOXV DFYHQHQDWLY DUFX ZLVL YHO
DXJXHTXLVVDIJLWWLY SRVXHUH WXUSLVODFXVFRQJXH TXL
DQG +DOO ODHFHQDVHJHWHUDWLQ VDSLHQ PDWWLYV SR
LVL 6HG D WXUSLVHXODFXV FRPPRGRIDFLOLVLYVY ORUEL UL
OHFWXV VDJLWWLY GXL HW YHKLFXOD OLEHUR GXL FXUVXYV (

6XVSHQGLVVHYHO IHOLY 8WORUHP ORUHP LQWHUGXP HX
QHDQ IDXFLEXVY SHGH HX DQWH 3UDHVHQW HQLP HOLW UXMW
8W OHFWXV HURV PDOHVXDGD VLW DPHW IHUPHQWXP HX
AXLVTXH YHKLFXOD XUQD VHG XOWULFLHY DXFWRU SHGH O
QXOOD 'RQHF OXFWXV &XUDELWXUHW QXQF $OLTXDP GRO|
SKDUHWUDLQ YHOLW ,QWHJHUDUFXHVW QRQXPP\LQ IHUF
HWDO 7LMVWHWBDQ

6HG FRPPRGR SRVXHUH SHGH WDQJ BWXWKHWY WXUXVH6HG DF
6HG YHKLFXOD KHQGUHULW VHP 'XLV QRQ RGLR ORUEL XW ¢
KDF KDELWDVVH SODWHD GLFWXPVW 3HOOHQWHVTXH QRQ |
ODXULVIHOLVY RGLR VROOLFLWXGLQ VHGE W ROXWMIFAKW ODR U (
DQGOF(QWHJDUWW DOHEHU

SHOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFWXV
'RQHF RGLRHOLW GLFWXPLQ KHQGUHULW VLWDPHW HJHV
RGLR %OPWHEKDUBWWHYLLDX ,QWHJHU YLWDH MXVWR $OLT
IULQJLOOD ORUHP 6HG QHTXHOHFWXV FRQVHFWHWXHU DW
1XOOD IDFLOLVL 3HOOHQWHVTXH HIHW OHFWXV 3URLQ
SODWHD GLFWXPVW 6XVSHRWIDW/HHXOHFWXYV +DQVHQ

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXVY SUHWLXP QLEK HV'
HIHW TXDP 4XLVTXH OLEHUR MXVWR FRQVHFWHWXHW D IH
DO 6XVSHQGLVVH VHG PDXULV YLWDH HOLW VROOLFLWXC
VLW DPHWDQWH 8W YHQHQDWLY YHOLW ODHFHQDV VHG PL
YROXWSDWRGLR 9HVWLEXOXPDQWHLSVXP SULPLVLQIDXF
&XUDH 3HOOHQWHVTXHVLWDPHW SHGH DF VHP HOHLIHQG F



&KDSWHU 7LPHV 1HZ5RPDQ

LPSHUGLHW VRGDOHYVY HOLWLSVXP SKDUHWUD OLJXOD DF SUH
DUFX HX PHWXV 9HVWLEXOXP OHFWXWDOURQRHRNDROLY 7KRPS
5RFNPDQDQG .UXJO\DN

(WLDP DW QLVL VHP

6XVSHQGLVVH YLWDH HOLW $OLTXDP DUFX QHTXH RUQDUHLQ
YXVFH VDJLWWLY HUDW DW HUDW WULVWLTXH PROOLV ODHFH(
VRGDOHYV HIJHW GXL ORUEL XOWULFHV UXWUXP ORUHP 1DP HC
$OLTXDP VDIJLWWLY 1XQF SODFHUDW 3HOOHQWHVTXHWULVWIL
YHOLW &UDV QRQ XUQD ORUELHURV SHGH VXVFLSLWDF YDUL
VXDGD GLDPLG SUHWLXPHOHPHQWXP HURV VHP GLFWXP WRU\
% HQ GHWN\O

9LYDPXV YHO UKRQFXV QXOOD

6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXV HW PDJQLYV Gl
OXVPXV 8WSHOOHQWHVTXHDXJXHVHG XUQD 9HVWLEXOXP G
QRQXPP\LG VDSLHQ 1XOODPDWOHFWXV ,QVDJLWWLY XOWUL
DPHW PDVVD )XVFHEODQGLW $OLTXDPHUDW YROXWSDW $OL"-
LPSHUGLHW MXVWR QHF GRORU

(WLDP HXLVPRG )XVFH IDFLOLVLY ODFLQLD GXL 6XVSHQGLVYV
XPP\VHG XOODPFRUSHUHJHW VDSLHQ 3UDHVHQW SUHWLXP
SUHWLXPORUHP TXLVFRQVHFWHWXHU WRUWRUVDSLHQIDFLO
VFHOHULVTXHLPSHUGLHW $OLTXDP QRQ TXDP $OLTXDP SRUW
XWWRUWRU FXUVXV YROXWSDW ,Q YLWDHSHGHTXLV GLDP ELE
OOLVQHTXH 6HG GRORU RUFL VFHOHULVTXH DF GDSLEXV QH|
VDIJLWWLV FRRPRDBA 'HZL

o

q —— 1
Y2 2 ( +3) 2cos + 2k ( S)A

3( 1

$OLTXDP OHFWXV 9LYDPXV OHR 4XLVTXHRUQDUHWHOOXV XOC
WubD WRUWRU 6HG IULQJLOOD MXVWR VHG WD UK OODXR LYV WH
HOHPHQWXP PDJQDLQFXUVXVVRGDOHY DXJXHHVWVFHOHUL)
HWSHGH 8W VXVFLSLWHQLP YHOVDSLHQ 'RQHFFRQJXH ODHF
YHVWLEXOXP XW PDVVD )XVFHEKWWOLFHY QXOOD HW QLVO 'H:



7LPHV 1HZ5RPDQ SWZLWK OLQHVSDFLQJDQG KHDG

(WLDPDFOHRDULVXVWULVWLTXHQRQXPP\ 'RQHFGLJQLVYV
PROHVWLHRGLR 6HGORERUWLY MXVWRHWSUHWLXPORER!
WULFLHV QLEKDUFX SUHWLXP HQLP 1XQF SXUXVQHTXH SOL
QLVO 9HVWLEXOXP LPSHUGLHW QHTXHQRQ VHPDFFXPVDQ C
(WLDPFRQGLPHQWXPIDFLOLVLVOLEHUR 6XVSHQGLVVHLQ'
DXFWRUVDSLHQ 6HGHJHVWDV VDSLHQ QHF OHFWXV 3HOOH
$OLTXDP SRUWWLWRU QLVO QHF SHGH 3URLQ PDWWLV OLEH
SURLQ HXLVPRG SRUWD IHOLV 1DP ORERUWLY PHWXV TXLV
PHQWXP PDXULV HIHW YXOSXWDWHOLJXOD WHOOXV HX QHT

1XOODLQLSVXP 3UDHVHQW HURV QXOOD FRQJXHYLWDH H
KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW QHWXV HW PD
XPP\PDJQD QRQ OHR 6HGIHOLVHUDW XOODPFRUSHULQ Gl
DUFXDRGLRORERUWLY HXLVPRG 9HVWLEXOXP DQWH LSVXTH
SRVXHUH FXELOLD &XUDH 3URLQ XWHVW $OLTXDP RGLR 3|
LVPRG QHF WHPSRUFRQJXH QXOOD 'XLVYLYHUUDJUDYLG
OLIJXOD YDULXV XW SXOYLQDULQ FXUVXVIDXFLEXV DXJX}



7KH OD\RXW RI\RXU 3K' WKHVLV

7LPHV 1HZ5RPDQ
*LOO 6DQV

SW ZLWK OLQH VSDFLQJDQC

7KLV VHFWLRQ LV VHW LQ 7LPHV 1HZ5RPDQ VL]H
BHFWLRQ

SW (YF

&EXUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSLVF
SODFHUDW DF DGLSLVFLQJYLWDH IHOLV &XUDELWXU GI
QRQAXPP\HIHW FRQVHFWHWXHULG YXOSXWDWHD PDJQ
SHOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFW X
HIHVWDV $#HQWGBIOWVBFULY XW OHR &UDV YLYHUUD PHWXV |
HWOHFWXV YHVWLEXOXP XUQD IULQJLOOD XOWULFHV 3K
SODFHUDHAW DbiDJ HBWKH L GIRMWUD O
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JLIXUHLDP GXL OLJXOD

Larval stage

Time mid-log phase (h)

I[ULQJLOOD D HXLVPRG VRGDOHV VROOLFLW)

MXVWR 1DPODFXVOLEHUR SUHWLXPDW ORERUWLWWDWDH XOWULFI

I1DP GXLOLJXOD IULQJLOODD HXLVPRGVRGDOHV VR
ORUHP QRQ MXVWR 1DP ODFXVOLEHUR SUHWLXPDW ORE
DOLTXHW WRUWRU VHG DFFXPVDQ ELEHQGXP HUDW OLJ
PHWXVDPL ORUELDFRUFLHWQLVOKHQGUHULWPROOLYV



&KDSWHU 7LPHV 1HZ 5RP

SHOOHQWHVTXHD QXOOD &XP VRFLLY QDWRTXH SHQD
QDVFHWXU ULGLFXOXV PXV $OLTXDP WLQFLGXQW XUQ
SHOOHQWHVTXH FXUVXV OXFWXV PDXULV

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHF
FLGXQW WULVWLTXH OLEHUR 9LYDPXV YLYHUUD
WHVTXH DQWH 3KDVHOOXV DGLSLVFLQJ VHPSHU
GLDP WXUSLV PROHVWLH YLWDH SODFHUDW D P
VXP OLJXOD HOHLIHQG DW DFFXPVDQ QHF VXVFLSLW
PDJQD 1XQFHOHLIHQG FRQVHTXDW ORUHP 6HG ODFLQ
FLGXQW SXUXV YHO PDJQD ,QWHJHU QRQ HQLP 3UDHV
ELEHQGXP TXDPLQ WHOOXV 1XOODP FXUVXV SXOYLQD
PHWXV HX HQLP 9HVWLEXOXP SHOOHQWHVTXH IHOLV H

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QL
FLGXQW XOWULFHYVY /RUHPLSVXPGRORUVLWDPHW FRC
SODWHD GLFWXPVW ,OQOWHJHU WHPSXV FRQYDOOLV DXJ
PHQWXP zZLVL $HQHDQ SODFHUDW 8W LPSHUGLHW HQI
SODFHUDW TXDP DF SXOYLQDU HOLW SXUXV HIHW HQL
VLW DPHW QLVO 9LYDPXV TXLV WRUWRU YLWDH ULVXV
/IHLIHU *H\M D@ <YHHW DO

,QKDF KDELWDVVH SODWHD GLFWXPVW

JXVFHPDXULV 9HVWLEXOXP OXFWXV QLEKDW OHFWXV
OHR YHOLW XOWULFLHY WHOOXV DF YHQHQDWLY DUF’
SHOOHQWHVTXH DXJXHTXLVVDIJLWWLY SRVXHUH WXL
HURV HJHW IHOLV $OWXQ DQG +DOO ODHFHQDYV H.
9HVWLEXOXP SRUWWLWRU 1XOOD IDFLOLVL 6HG D WX
I[ULQJLOOD ZLVLLQ GLIJIQLVVLP LQWHUGXP MXVWR OH
FXUVXV GXL



7KH OD\RXW RI\RXU 3K' WKHVLV

7TDEOH/KH ODERUDWRU\ @B ULXYX\GHV@MOMMKHIRIQXPEHU RI SKHQRW\SLF |
IURP 6 WH WNMH®m

6WUDLQV 7UDLW L QWHGN QW GIHWGE FW H
obwk Joe FR%YPOJHQH

1[%2 /LIHVSDQ \HV

2[LGDWLYH VWUHVV UHVSRQVH \HV
1 [&% $JHDW PDWXULW\ \HV
1 [&% %R G\ PD&V \HV

%RG\ PD V& \HV
11['s 'DXHU IRUP KLXK IRRG \HV

'DXHU IRUP IRRG SODVWLFLW\ \HV
1 [&% 3DWKRJHQ VXVFHSWLELOLW\ QsuU \HV
1 [&% JLIHVSDQ \HV
1 [&% &XSVKEIGR2QVKLIW \HYOE\H\WQ S U

&2 GRZQVK XISW KL IW \HVJOEHV QS U
1 [&% »VHQVLQJDQG UHVSRQVH JOE \HQSU\HV

1Y[&% ODOH WDLO SEHQRWASH

,Q FDVH WKHVHLQWHUYDOV DUH QRW GHWHFWHG LW FDQ EH GXH W
WUDLW RUWHFKQLFDOUHDVRQV SUHVHQFH RIPDUNHUV VWDWLVYV

Y 7TKHVWUDLQ XVHGIRUFRQVWUXFWLQJWKHUHFRPELQDQW LQEUHG
WKHUD DQG WRIOH PXWDWLRQVLQDQ1 EDFNJURXQG

6XVSHQGLVVH YHO IHOLV 8W ORUHP ORUHP LQWHUG)’
YLWDH DUFX $HQHDQIDXFLEXV SHGHHXDQWH 3UDHVHQ
QRQAXPP\YHO QLVO 8WOHFWXV HURYV PDOHVXDGD VLWD
PDJQD '"ROQHFHXSXUXV 4XLVTXHYHKLFXOD XUQD VHG XC
WDV GXL HWFRQYDOOLVHOLWHUDWVHG QXOOD 'RQHF O



&KDSWHU 7LPHV 1HZ 5RP

RGLR FRPPRGRSUHWLXP XOWULFLHVQRQ SKDUHWUD
IHUPHQWXP IDXFLEXV HJHWWIDWOY HOMRKN @/HRY PEIQD Q J
6HG FRPPRGR SRVXHUH SHGHHWDXW L¥ WK WXHVVE X Y XU
6HG DF RGLR 6HG YHKLFXOD KHQGUHULW VHP 'XL
ULVXVHIJHWRGLR ,Q KDF KDELWDVVH SODWHD GL
HX XUQD SRUWD WLQFLGXQW ODXULV IHOLV RGLR
SHWHHWH® 1LFKRODVDQGOF(QWHIW bW "HE
SHOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHC
WXUSLVHIHVWDV 'RQHF RGLRHOLW GLFWXPLQ KHQG
IHXJLDW VDSLHQ DOLTHKWVD R GLRV WIHMLOEBEIK PQMEHIHU YL
WDH MXVWR $OLTXDP YHVWLEXOXP IULQJLOOD ORUHP

VHFWHWXHU VHG HOHLIHQG DF OHFWXV %DWHYV 1
B3URLQHXPHWXV 6HG SRUWWLWRU ,Q KDF KDELWDVVH
+DQWHQDO

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXV SUHWLXP
PRGR ZLVLHQLP HIJHW TXDP 4XLVTXHOLEHUR MXVWR |
WRUHX OLEMWM®O-BXWSHQGLVVHVHG PDXULV YLWDH
VXDGD ODHFHQDV XOWULFLHV HURV VLW DPHW DQWH ¢
GXL YDULXV HXLVPRG 3KDVHOOXV DOLTXHW YROXWSD
IDXFLEXV RUFL OXFWXV HW XOWULFHV SRVXHUH FXELC
VHP HOHLIHQG FRQVHFWHWXHU 1XOODP HOHPHQWXP
SKDUHWUD OLJXOD DFSUHWLXPDQWHMXVWRDQXOOD
OXP OHFWXV 3URLQ PBWWLY 6DKRABPRQ5RFNPDQ DQG
.UXJO\DN

(WLDP DW QLVL VHP

6XVSHQGLVVHYLWDHHOLW $OLTXDPDUFXQHTXH RUQ
OLEHUR )XVFHVDJLWWLV HUDWDW HUDW WULVWLTXH
ORERUWLVLQ VRGDOHVHIJHW GXL ORUEL XOWULFHV L



7KH OD\RXW RI\RXU 3K' WKHVLV

SHUOHR ORUEL GXL $OLTXDP VDJIJLWWLY 1XQF SODFHUD)
ODHFHQDV LPSHUGLHW ODFLQLD YHOLW &UDV QRQ XUQD
LXVYHO HIHVWDV QRQ HURY 3UDHVHQW PDOHVXDGD G
GLFWXP WRUWRU YHO FRQVHFWHWEKWWDRGLR VHP VHG ZL\

9LYDPXV YHO UKRQFXV QXOOD

6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXYVY HW PDJ(
WXUULGLFXOXV PXV 8W SHOOHQWHVTXHDXJXHVHG XUQ
FRQVHFWHWXHUHX QRQXPP\LG VDSLHQ 1XOODPDW OHF
DELWXU PDOHVXDGD HUDW VLW DPHW PDVVD )XVFH EODC
HXLVPRG $HQHDQ YHO OHFWXV 1XQFLPSHUGLHW MXVWR

(WLDPHXLVPRG )XVFHIDFLOLVLVODFLQLD GXL 6XVSFH
LG QRQXPP\VHG XOODPFRUSHUHJHW VDSLHQ 3UDHVHC
WDV SHGH SHGH SUHWLXP ORUHP TXLVFRQVHFWHWXHU
TXLVY PDJQD YDULXY QXOOD VFHOHULVTXH LPSHUGLHW $
WRU TXDP D ODFXV 3UDHVHQW YHO DUFX XW WRUWRU FXL
ELEHQGXP SODFHUDW )XVFH HOHPHQWXP FRQYDOOLYV QH
GDSLEXV QHF XOWULFLHV XW PL 'XLVQHF GXIHWLY OHR
DO

\& ° Zq( +3)  2cos + 2k ( 3)1
@x, 3 A
3( 1)

k=0
$OLTXDP OHFWXV 9LYDPXV OHR 4XLVTXH RUQDUH WHOO
WLWRU SKDUHWUD WRUWRU 6HG IULQJLOOD MXWWR VHG |
DO I1XOODP HOHPHQWXP PDJQDLQ FXUVXV VRGDOHYV I
YHQHQDWLVY FRQJXHQXOODDUFXHWSHGH 8WVXVFLSLW
FHQODV XUQD PL VXVFLSLWLQ SODFHUDW XW YHVWLEXC
QLVO )URRWHIZO

1
o



&KDSWHU 7LPHV 1HZ 5RP

B

niM;
M, = L;
. ni
i=1
(WLDP DF OHR D ULVXV WULVWLTXH QRQXPP\ 'RQH
UKRQFXV PROHVWLH RGLR 6HG ORERUWLV MXV
PHQWXP DXJXH QHF XOWULFLHV QLEK DUFX SUH
LPSHUGLHW VHG SHOOHQWHVTXH QHF QLVO 9HVWLEX
ODRUHHW ,Q KDF KDELWDVVH SODWHD GLEWXPVW (W
SHQGLVVH LQ HOLW TXLV QLVO DOLTXDP GDSLEXV 3HC
VDSLHQ QHF OHFWXV 3HOOHQWHVTXH YHO GXL YHO QF
WRU QLVO QHF SHGH 3URLQ PDWWLY OLEHUR YHO WXU:
HXLVPRG SRUWD IHOLV 1DP ORERUWLY PHWXV TXLV H¢
PHQWXP PDXULV HJHW YXOSXWDWHOLJXOD WHOOXV H
1XOODLQLSVXP 3UDHVHQW HURV QXOOD FRQJXHY
3HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHF
HIHVWDV $HQHDQ QRQXPP\PDJQD QRQ OHR 6HG IHOLV
XOWULFLHV XW OHFWXV 3URLQ YHO DUFX D RGLR ORI
SULPLV LQIDXFLEXV RUFL OXFWXV HW XOWULFHV SRVX
RGLR 3HOOHQWHVTXHPDVVD WXUSLV FXUVXV HX HXL
YLYHUUD JUDYLGD PDXULV &UDV WLQFLGXQW &XUDEI

FXUVXV IDXFLEXV DXJXH




& KD SWHU

7LPHV 1HZ5RPDQ SW ZLWK OLQH VSD
KHDGLQJVLQ)UDQNOLQ *RWKLF

7KLY GRFXPHQW LV VHW LQ 7LPHV 1HZ 5RPDQ VL]H SW
KHDGLQJY FDSWLRQV WKXPE LQGH[DQG SDJH QXPEHUYV
RQHEODQNOLQHEHWZHHQ SDUDJUDSKYV

7KHILIXUHDQG WDEOH FDSWLRQV DUH WKH VDPH VL]H DV
7KH FDSWLRQ WH[W LV QRW LQGHQWHG 7KHFDSWLRQ ODE

7KH KHDGHU WH[WLVORZHUHG VR WKDW LWLV RQH WKH V
OHIW HYHQ SDJH WKHFKDSWHU QXPEHULVJLYHQ 2Q HI
WKHFKDSWHU WLWOH 7KH SDJH QXPEHULVDW WKHFHQW

7TKHWKXPELQGH[LVDEODFNVTXDUH 7KHQXPEHU LV URV

,Q WH[W FLWDWLRQV DUHJLYHQ ZLWK QXPEHUYV

&EXUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSLVF
SODFHUDW DF DGLSLVFLQJYLWDH IHOLV &XUDELWXU GI
QRQAXPP\HIJHW FRQVHFWHWXHULG YXOSXWDWHD PDJQ
SHOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFW X
HIHVWDV > @ ODXULV XWOHR &UDV YLYHUUD PHWXV UKR
XUQD IULQJLOOD XOWULFHYVY 3KDVHOOXV HX WHOOXV VLW

I1DPGXLOLJXOD I1ULQJLOODD HXLVPRGVRGDOHYV VROOL
QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXP DW ORERUWL
TXHW WRUWRUVHGDFFXPVDQ ELEHQGXP HUDW OLJXOD
WXV DPL ORUELDFRUFLHWQLVO KHQGUHULW PROOLV 6
SHOOHQWHVTXH D QXOOD &XP VRFLLVY QDWRTXH SHQDWL
QDVFHWXU ULGLFXOXV PXV $OLTXDP WLQFLGXQW XUQD

SBHOOHQWHVTXH FXUVXV OXFWXV PDXULYV

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHF IHOLV HUD\
WULVWLTXH OLEHUR 9LYDPXVYLYHUUDIHUPHQWXPIHOL
3KDVHOOXV DGLSLVFLQJ VHPSHU HOLW 3URLQ IHUPHQW?



7LPHV 1HZ5RPDQ
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JLIXUH1DP GXL OLJXOD I1ULQJLOODD HXLVPRGVRGDO
DXFWRUORUHP QRQ MXVWR 1DPODFXV OLEHUR SUHW|
$GDSWHG |URPNMR/@UNHQ

PROHVWLH YLWDH SODFHUDW D PROHVWLH QHF OHR
HOHLIHQG DW DFFXPVDQ QHF VXVFLSLWD LSVXP ORU
HOHLIHQG FRQVHTXDW ORUHP 6HG ODFLQLD QXOOD YL
YHOPDJQD ,QWHJHUQRQHQLP 3UDHVHQWHXLVPRG Q:
LQWHOOXV 1XOODP FXUVXV SXOYLQDU OHFWXV 'RQHI
9HVWLEXOXP SHOOHQWHVTXH IHOLV HX PDVVD

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK
XOWULFHV /RUHP LSVXP GRORU VLW DPHW FRQVHFWI
SODWHD GLFWXPVW ,QWHJHU WHPSXV FRQYDOOLV DXJ
PHQWXP ZLVL $HQHDQ SODFHUDW 8W LPSHUGLHW HQI
SODFHUDW TXDP DF SXOYLQDU HOLW SXUXV HIHW HQL
VLWDPHWQLVO 9LYDPXV TXLVWRUWRUYLWDHULVXYV

,Q KDF KDELWDVVH SODWHD GLFWXPVW

J)XVFHPDXULV 9HVWLEXOXP OXFWXV QLEK DW OHFWXYV
SHU OHRYHOLW XOWULFLHVWHOOXV DFYHQHQDWLVI
SHOOHQWHVTXH DXJXHTXLVVDIJLWWLY SRVXHUH WXL



& KD SWHU

7TDEOH7KHODERUDWRU\ GHWDYHG VOO®HDAWHRQXPEHU RI SK
HITHFWV $GDSWHHBWWRIP 6 WHUNHQ

6WUDLQV 7UDLW  QWHGNQ® GIH WG FW H
- obwK JoE FB%Y,POJHQH
1 [%2  /LIHVSDQ \HV
2[LGDWLYH VWUHVV UHVSRQVH \HV
1 [&% $JHDW PDWXULW\ \HV
1 [&% %R G\ PD& V \HV
%R G\ PD V& \HV
11['s5 'DXHU IRUP KLXK IRRG \HV
'DXHU IRUP IRRG SODVWLFLW\ \HV
1 [&% 3DWKRJHQ VXVFHSWLELOLW\ Qsu \HV
1 [&% JLIHVSDQ \HV
1 [&% &XSVKEI®R2QVKLIW \HYOE\HW S U
&2 GRZQVK XISW KL I W \HVJOEHV QSU
1[&% 2VHQVLQJDQG UHVSRQVH JOE \HQSU\HV

1Y[&% ODOH WDLO SEHQRWHSH

,Q FDVHWKHVHLQWHUYDOV DUH QRW GHWHFWHG LW FI
LQYROYHG LQ WKH WUDLW RUWHFKQLFDO UHDVRQV Sl
HWF

Y 7KHVWUDLQ XVHG IRUFRQVWUXFWLQJWKHUHFRPELQD
VWUDLQ FRQWDL QDIJG\ROH PXWDWLRQVLQDQ1 EDFN.

HURV HIHW IHOLVY > @ ODHFHQDV HJHW HUDW LQ VDSLHQ |
1XOODIDFLOLVL 6HG D WXUSLVHXODFXV FRPPRGRIDFLO
VLPLQWHUGXP MXVWR OHFWXV VDJLWWLYV GXL HW YHKLI



7LPHV 1HZ5RPDQ

6XVSHQGLVVH YHO IHOLV 8W ORUHP ORUHP LQWHUGX
DUFX $HQHDQ IDXFLEXVY SHGHHXDQWH 3UDHVHQW HQ
XPP\'YHO QLVO 8W OHFWXV HURV PDOHVXDGD VLW D
PDJQD '"'RQHF HX SXUXV 4XLVTXHYHKLFXOD XUQDVHG
WDV GXL HWFRQYDOOLVHOLWHUDWVHG QXOOD
RGLR FRPPRGR SUHWLXP XOWULFLHV QRQ SKD
LQ IHUPHQWXP IDXFLEXVY HIJHVWDV YHO RGLR >

6HG FRPPRGR SRVXHUH SHGH ODXULV XWHVW > @ 8W
KLFXOD KHQGUHULW VHP 'XLV QRQ RGLR ORUEL XW GX
KDF KDELWDVVH SODWHD GLFWXPVW 3HOOHQWHVTXH |
FLGXQW ODXULVIHOLV RGLR VROOLFLWXGLQ VHG YR(

HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHF
HIHVWDV 'RQHFRGLRHOLW GLFWXPLQ KHQGUHULWYV
VDSLHQ DOLTXHW RGLR > @ QWHJHU YLWDH MXVW
6HG QHTXHOHFWXV FRQVHFWHWXHU DW FRQVHFWHW
FLOLVL 3HOOHQWHVTXH HIHW OHFWXV 3URLQ HX PHW
GLFWXPVW 6XVSHQGLVVHHXOHFWXV > @

ORUELOXFWXV ZLVLYLYHUUDIDXFLEXV SUHWLXP QLE
HQLPHIHWTXDP 4XLVTXHOLEHURMXVWR FRQVHFWHYV
> @ 6XVSHQGLVVH VHG PDXULV YLWDHHOLW VROOLFLYV
VLWDPHWDQWH 8W YHQHQDWLY YHOLW ODHFHQDYV VH
DOLTXHW YROXWSDW RGLR 9HVWLEXOXP DQWH LSVXP
FHVY SRVXHUH FXELOLD &XUDH 3HOOHQWHVTXH VLW DF
1XOODP HOHPHQWXP XUQD YHOLPSHUGLHW VRGDOHYV
DQWH MXVWR D QXOOD &XUDELWXU WULVWLTXHDUFX
> + @

(WLDP DW QLVL VHP

6XVSHQGLVVHYLWDHHOLW $OLTXDPDUFXQHTXH RUQ
OLEHUR )XVFHVDJLWWLV HUDWDW HUDW WULVWLTXH
ORERUWLVLQ VRGDOHVHJIJHW GXL ORUEL XOWULFHYV L
SHUOHR ORUELGXL $OLTXDP VDJLWWLY 1XQF SODFHL



& KD SWHU

ODHFHQDV LPSHUGLHW ODFLQLD YHOLW &UDV QRQ XUQD
LXVYHO HIJHVWDV QRQ HURV 3UDHVHQW PDOHVXDGD G
GLFWXP WRUWRU YHO FRQVHFWHWXHU RGLR VHP VHG ZL\

9LYDPXV YHO UKRQFXV QXOOD

6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXYVY HW PDJ(
WXUULGLFXOXV PXV 8W SHOOHQWHVTXHDXJXHVHG XUQ
FRQVHFWHWXHUHX QRQXPP\LG VDSLHQ 1XOODPDW OHF
DELWXU PDOHVXDGD HUDW VLW DPHW PDVVD )XVFH EODC
HXLVPRG $HQHDQ YHO OHFWXV 1XQFLPSHUGLHW MXVWR

(WLDP HXLVPRG )XVFHIDFLOLVLVY ODFLQLD GXL 6XVSHQ
QRQAXPP\VHG XOODPFRUSHUHJHW VDSLHQ 3UDHVHQW S
SHGH SHGH SUHWLXP ORUHP TXLVFRQVHFWHWXHU WRUW
PDJQD YDULXVQXOODVFHOHULVTXHLPSHUGLHW $OLTXD
DODFXV 3UDHVHQW YHODUFX XW WRUWRU FXUVXV YROX"
SODFHUDW )XVFH HOHPHQWXP FRQYDOOLV QHTXH 6HG (
QHF XOWULFLHV XW PL '"XLVQHF GXL TXHWOHGRY DIJLWW L

" 0 q — ) 1
2 ( +3) cos + gk ( 3)
A =
@x 3( 0 0

k=0

$OLTXDPOHFWXV 9LYDPXVOHR 4XLVTXHRUQDUHWHOOX
SKDUHWUD WRUWRU 6HGIULQJLOOD MXVWR VHG PDXULYV
HOHPHQWXP PDJQD LQ FXUVXV VRGDOHYV DXJXHHVW VFF
QXOOD DUFX HW SHGH 8W VXVFLSLW HQLP YHO VDSLHQ

VXVFLSLWLQ SODFHUDW XW YHVWLEXOXP XWWHDO/VD )X
> @



7LPHV 1HZ5RPDQ

(WLDP DFOHR D ULVXV WULVWLTXHQRQXPP\ "RQHF GLJ
UKRQFXVY PROHVWLH RGLR 6HG ORERUWLVY MXVWR HW
PHQWXP DXJXH QHF XOWULFLHY QLEKDUFX SUHWLXP
LPSHUGLHW VHG SHOOHQWHVTXHQHF QLVO 9HVWLEX
ODRUHHW ,Q KDF KDELWDVVH SODWHD GLFWXP
SHQGLVVH LQ HOLW TXLVY QLVO DOLTXDP GDSLE
VDSLHQ QHF OHFWXV 3HOOHQWHVTXH YHO GXL
WRU QLVO QHF SHGH 3URLQ PDWWLY OLEHUR YHO WXU.
HXLVPRG SRUWD IHOLY 1DP ORERUWLY PHWXV TXLV H(
PHQWXP PDXULV HIHW YXOSXWDWHOLJXOD WHOOXV H

1XOODLQLSVXP 3UDHVHQW HURV QXOOD FRQJXHYLW
OHQWHVTXHKDELWDQW PRUELWULVWLTXHVHQHFWXV
WDV $HQHDQ QRQXPP\PDJQD QRQ OHR 6HG IHOLV HUD
WULFLHV XW OHFWXV 3URLQYHODUFXDRGLRORERUW
LQ IDXFLEXV RUFL OXFWXV HW XOWULFHV SRVXHUH FXI
3HOOHQWHVTXHPDVVD WXUSLV FXUVXVHX HXLVPRG C
JUDYLGD PDXULV &UDV WLQFLGXQW &XUDELWXU HUR
IDXFLEXV DXJXH



&KDSWHU

7LPHV 1HZ 5RPDQ SW ZLWK OLQH VSDFLQJDQ
KHDGLQJV LQ 9HUGDQD

7KLV VHFWLRQLV VHWLQ7LPHV 1HZ5RPDQ VL]H SW ZLV

7TKHIRQW VKDSHLQ WKHKHDGHU LY LWDOLFVDQG WKHUH

(YHU\WKLQJ HEHWFWIL\RRQV L Q

&XUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSLVF
SODFHUDW DF DGLSLVFLQJYLWDH IHOLV &XUDELWXU GI
QRAXPP\HIJHW FRQVHFWHWXHULG YXOSXWDWHD PDJQ
SHOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFW X
HIHVWDV $QGHU WODXULY XW OHR &UDV YLYHUUD PHWXV
HW OHFWXV YHVWLEXOXP XUQD IULQJLOOD XOWULFHV 3K
SODFHUDMMW BJ KW L BIMUD O

IDPGXLOLJXOD I1ULQJLOODD HXLVPRGVRGDOHYV VROOL
QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXP DW ORERUWL
TXHW WRUWRUVHGDFFXPVDQ ELEHQGXP HUDW OLJXOD
WXV DPL ORUELDFRUFLHWQLVO KHQGUHULW PROOLV 6
SHOOHQWHVTXH D QXOOD &XP VRFLLVY QDWRTXH SHQDWL
QDVFHWXU ULGLFXOXV PXV $OLTXDP WLQFLGXQW XUQD

SHOOHQWHVTXH FXUVXV OXFWXV PDXULV
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JLIXUH 1DP GXL OLJXOD IULQJLOOD D HXLVPRG VRGDOHV VROOI
QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXP DW ORERUWLYV
6 W H UH\W Q O

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHF IHOLV HL
WULVWLTXH OLEHUR 9LYDPXVYLYHUUDIHUPHQWXP IH
3KDVHOOXV DGLSLVFLQJ VHPSHU HOLW 3URLQ IHUPHQ
PROHVWLH YLWDH SODFHUDW D PROHVWLH QHF OHR
HOHLIHQGDW DFFXPVDQ QHF VXVFLSLWD LSVXP ORU
HOHLIHQG FRQVHTXDW ORUHP 6HG ODFLQLD QXOOD Yl
YHOPDJQD ,QWHJHUQRQHQLP 3UDHVHQWHXLVPRG Q’
LOQWHOOXV 1XOODP FXUVXV SXOYLQDUOHFWXV '"RQHI
9HVWLEXOXP SHOOHQWHVTXHIHOLVHXPDVVD

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK
XOWULFHV /RUHP LSVXP GRORU VLW DPHW FRQVHFWI
SODWHD GLFWXPVW ,QWHJHU WHPSXV FRQYDOOLV DXJ
PHQWXP ZLVL $HQHDQ SODFHUDW 8W LPSHUGLHW HQI
SODFHUDW TXDP DF SXOYLQDU HOLW SXUXV HIHW HQL




&KDSWHU

7TDEOH 7KHODERUDWRU\ GHWDWNG O OHDOHIRQXPEHU RISKHQRW\SLF |

IURP 6 W H WNMH®

6WUDLQV 7TUDLW , QWHGNQ®W IGIHWGE FWH

obwKk JoeE FB%Y,POJHQH

1 [%2 ILIHVSDQ \HV
2[LGDWLYH VWUHVV UHVSRQVH \HV
1 [&% $JH DW PDWXULW\ \HV
1 [&% %RG\ PD& V \HV
%RG\ PD V& \HV
11['5 'DXHU IRUP KLXK IRRG \HV
'DXHU IRUP IRRG SODVWLFLW\ \HV
1 [&% 3DWKRJHQ VXVFHSWLELOLW\ QSu \HV
1 [&% JLIHVSDQ \HV
1 [&% &KX SVKLIGWR2QVKLIW \HYOE\HWSU
&2 GRZQVEKIXISW KRLIW \HVJOEHV QSU
1 [&% 2VHQVLQJIJDQG UHVSRQVH JOE \HQSU\HV

1Y[&% ODOH WDLO SEHQRWASH

,QFDVHWKHVHLQWHUYDOV DUH QRW GHWHFWHG LW FI
LOQYROYHG LQ WKH WUDLW RUWHFKQLFDO UHDVRQV SL

HWF

Y 7KHVWUDLQ XVHG IRUFRQVWUXFWLQJWKHUHFRPELQD
VWUDLQ FRQWDL QDHJG\ROH PXWDWLRQVLQDQ1 EDFN.

VLW DPHW QLVO 9LYDPXV TXLV WRUWRUHKWWIMDH ULVXV S|

*UHHHQV DO <YHHW DO
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,Q KDF KDELWDVVH SODWHD GLFWXPVW

JXVFHPDXULV 9HVWLEXOXP OXFWXV QLEKDW OHFWXYV
OHRYHOLW XOWULFLHVWHOOXYV DFYHQHQDWLV DUFX
OHQWHVTXH DXJXHTXLVVDIJLWWLY SRVXHUH WXUSLV
HIHW IHOLNW POWKXDHFHQDYV HIHW HUDW LQ VDSLHQ PD
OXP SRUWWLWRU 1XOOD IDFLOLVL 6HG D WXUSLV HX O
ZLVLLQGLIJQLVVLPLQWHUGXP MXVWROHFWXVVDJLWYV

6XVSHQGLVVH YHO IHOLV 8W ORUHP ORUHP LQWHUGX
DUFX $HQHDQ IDXFLEXV SHGHHX DQWH 3UDHVHQW HQ
XPP\ YHO QLVO 8W OHFWXV HURV PDOHVXDGD VLW D
PDJQD 'RQHF HX SXUXV 4XLVTXHYHKLFXOD XUQD VHG
WDV GXL HWFRQYDOOLVY HOLW HUDW VHG QXOOD 'RQH
RGLR FRPPRGRSUHWLXP XOWULFLHVQRQ SKDUHWUD
IHUPHQWXP IDXFLEXV HJHNWDWY HM R\GH® PBRD Q J

6HG FRPPRGR SRVXHUH SHGH W D)XU IBWXVX HW ®/X U)X H6 H
RGLR 6HG YHKLFXOD KHQGUHULW VHP 'XLV QRQ RGLR
HIHW RGLR ,Q KDF KDELWDVVH SODWHD GLFWXPVW 3F
XUQD SRUWD WLQFLGXQW ODXULV IHOLVY RGLR VROOL
SHWHHWH@® 1LFKRODOMO HEHW DO

3HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHF
HJHVWDV 'RQHFRGLRHOLW GLFWXPLQ KHQGUHULW YV
VDSLHQ DOLTXHW R®LRO %ONDWQH &G ,QWHJIJHU YLWDH |
$OLTXDP YHVWLEXOXP IULQJLOOD ORUHP 6HG QHTXH
VHG HOHLIHQG DF OHFWXV %DWHYV 1XOOD IDFLOL
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PHWXVY 6HG SRUWWLWRU ,QKDFKDELWDVVHSODWHD GLF
HwW DO

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXV SUHWLXP QLEK
ZLVL HQLP HJHW TXDP 4XLVTXH OLEHUR MXVWR FRQVHF
HX OLEHURW-DOHBXVSHQGLVVH VHG PDXULV YLWDH HOL
VXDGD ODHFHQDV XOWULFLHV HURV VLW DPHWDQWH 8W
GXL YDULXV HXLVPRG 3KDVHOOXV DOLTXHW YROXWSDW F
IDXFLEXV RUFL OXFWXV HW XOWULFHYV SRVXHUH FXELOLE
VHP HOHLIHQG FRQVHFWHWXHU 1XOODP HOHPHQWXP XU
SKDUHWUD OLJXOD DFSUHWLXPDQWHMXVWRDQXOOD &:
OXP OHFWXV 3URLQ PBWULY 6TKRPYE \DROQ 5R F N PHW

DO

(WLDP DW QLVL VHP

6XVSHQGLVVH YLWDHHOLW $OLTXDPDUFXQHTXH RUQDL
OLEHUR )XVFH VDJLWWLVY HUDW DW HUDW WULVWLTXH PR
ORERUWLVLQ VRGDOHV HJHW GXL ORUEL XOWULFHV UX\
SHUOHR ORUEL GXL $OLTXDP VDJLWWLYV 1XQF SODFHUD\
ODHFHQDV LPSHUGLHW ODFLQLD YHOLW &UDV QRQ XUQD
LXVYHO HJHVWDV QRQ HURV 3UDHVHQW PDOHVXDGD G
GLFWXP WRUWRU YHO FRQVHFWHWHKWDRGLR VHP VHG ZL\

9LYDPXV YHO UKRQFXV QXOOD
6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXYVY HW PDJ(
WXUULGLFXOXV PXV 8W SHOOHQWHVTXHDXJXHVHG XUQ
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FRQVHFWHWXHUHX QRQXPP\LG VDSLHQ 1XOODPDWUC
DELWXU PDOHVXDGD HUDW VLW DPHW PDVVD )XVFH EO
HXLVPRG $HQHDQ YHO OHFWXV 1XQFLPSHUGLHW MXV

(WLDP HXLVPRG )XVFHIDFLOLVLV ODFLQLD GXL 6XVStFt
QRQXPP\VHG XOODPFRUSHUHJHW VDSLHQ 3UDHVHQ!'
SHGH SHGH SUHWLXP ORUHP TXLVFRQVHFWHWXHU WR
PDJQD YDULXV QXOODVFHOHULVTXHLPSHUGLHW $OLT
DODFXV 3UDHVHQW YHODUFX XWWRUWRU FXUVXV YR(
SODFHUDW )XVFHHOHPHQWXPFRQYDOOLVQHTXH 6HG
XOWULFLHV XW PL 'XLVQHF GXLTXLV HWMRD/MJILWWLYV F

o

q—— 1
YZ@X 2 ( +3) “Zcos + 2k ( 3)A

3( 1)

k=0

$OLTXDP OHFWXV 9LYDPXV OHR 4XLVTXH RUQDUH WHC(
WLWRU SKDUHWUD WRUWRU 6HGIULQJLOOD MXMWR VH
DO 1XOODP HOHPHQWXP PDJQDLQ FXUVXV VRGDOH
YHQHQDWLVY FRQJXHQXOODDUFXHWSHGH 8W VXVFLSI
FHQDV XUQD PL VXVFLSLWLQ SODFHUDW XW YHVWLE
QLVO )URRWHIZO
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(WLDP DFOHR D ULVXV WULVWLTXHQRQXPP\ "RQHF GLJQL
UKRQFXVY PROHVWLH RGLR 6HG ORERUWLY MXVWR HW S
PHOQWXP DXJXH QHF XOWULFLHYVY QLEK DUFX SUHWLXP HQ
LPSHUGLHW VHG SHOOHQWHVTXHQHF QLVO 9HVWLEXO X
ODRUHHW ,Q KDF KDELWDVVH SODWHD GLFWXPVW (WLD
SHQGLVVH LQ HOLW TXLV QLVO DOLTXDP GDSLEXV 3HOO
VDSLHQ QHF OHFWXV 3HOOHQWHVTXH YHO GXL YHO QHTX
WRU QLVO QHF SHGH 3URLQ PDWWLV OLEHUR YHO WXUSL)
HXLVPRG SRUWD IHOLYV 1DP ORERUWLY PHWXV TXLV HOH
PHQWXP PDXULY HIHW YXOSXWDWHOLJXOD WHOOXV HX C

1XOODLQLSVXP 3UDHVHQW HURV QXOOD FRQJXH YLWDH
OHQWHVTXHKDELWDQW PRUELWULVWLTXHVHQHFWXV HW
WDV $HQHDQ QRQXPP\PDJQD QRQ OHR 6HG IHOLV HUDW
WULFLHV XW OHFWXV 3URLQ YHODUFXDRGLRORERUWL\
LQ IDXFLEXV RUFL OXFWXV HW XOWULFHV SRVXHUH FXELC
3HOOHQWHVTXHPDVVD WXUSLV FXUVXVHX HXLVPRG QHI
JUDYLGD PDXULV &UDV WLQFLGXQW &XUDELWXU HURV
IDXFLEXV DXJXH




7LPHV 1HZ 5RPDQ

7LPHV 1HZ 5SRPDQ SW ZLWK VLQJOH VSDFLQJD
KHDGLQJV LQ )XWXUD %ROG

7KLV 6HFWLRQ LV VHW LQ 7LPHV 1HZ5RPDQ VL]H SW Z
$00 KHDGLQJV FDSWLRQ ODEHOV WKXPELQGH[DQG S

7KH WKXPE LQGH[LV DJUD\ VHPLFLUFOH ZLWK D GDUN
QXPEHU

(YHU\WKLQJ HEOMWHWIL\RDV L Q

&XUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSL
SODFHUDWDF DGLSLVFLQJYLWDH IHOLV &XUDELWXU
QRAXPP\HIJHW FRQVHFWHWXHULG YXOSXWDWHD PD
SHOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHF
HIHVWDV > @O0ODXULVXWOHR &UDVYLYHUUDPHWXV U
XU@QDIULQJLOOD XOWULFHY 3KDVHOOXV HXWHOOXV YV
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JLIXUH 1DP GXL OLJXOD IULQJLOODD HXLVPRG VRGDO|
DXFWRU ORUHP QRQ MXVWR 1DP ODFXV OLEHUF
WULFLHV HW WHOOXVHNGD&®WHG IURP 6WHUNHQ

I1DPGXLOLJXOD IULQJLOODD HXLVPRGVRGDOHV VRO
QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXP DW ORERL
DOLTXHW WRUWRU VHG DFFXPVDQ ELEHQGXP HUDW O
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PHWXVDPL ORUELDFRUFLHWQLVOKHQGUHULWPROOLYV
SHOOHQWHVTXH D QXOOD &XP VRFLLY QDWRTXH SHQDWL
QDVFHWXU ULGLFXOXV PXV $OLTXDP WLQFLGXQW XUQD

SHOOHQWHVTXH FXUVXV OXFWXV PDXULV

1X0OOD PDOHVXDGD SRUWWLWRU GLDP 'RQHF IHOLV HUD)
WULVWLTXH OLEHUR O9LYDPXV YLYHUUD IHUPHQWXP IHC
DQWH 3KDVHOOXV DGLSLVFLQJVHPSHU HOLW 3URLQ IH
WXUSLV PROHVWLH YLWDH SODFHUDW D PROHVWLH QH
OLJXOD HOHLIHQG DW DFFXPVDQ QHF VXVFLSLW D LS\
PDJQD 1XQF HOHLIHQG FRQVHTXDW ORUHP 6HG ODFLQL
WLQFLGXQW SXUXVYHOPDJQD ,QWHJHUQRQHQLP 3UDH
ELEHQGXP TXDPLQWHOOXV 1XOODPFXUVXV SXOYLQDUC
PHWXV HX HQLP 9HVWLEXOXP SHOOHQWHVTXH IHOLV HX F

7DEOH 7TKHODERUDWRU\ GSHUWDYHGVOMDAHRQXPEHU RI SK
HITHFWV $GDSWHKWWRIP 6 WHUNHQ

6WUDLQV 7UDLW QWHGNOQW GIHWGE FW H
obwK JoE FB%Y,POJHQH
1 [%2 /LIHVSDOQ \HV
2[LGDWLYH VWUHVV UHVSRQVH \HV
1 [&% $JH DW PDWXULW\ \HV
1 [&% %RG\ PD&V \HV
%RG\ PDV&/ \HV
11['s 'DXHU IRUP KLXEK IRRG \HV
'DXHU IRUP IRRG SODVWLFLW\ \HV
1 [&% 3DWKRJIJHQ VXVFHSWLELOLW\ QsU \HV
1 [&% JLIHVSDQ \HV
1 [&% &XSVKEIGR2QVKLIW \HYOE\H\Q SU
&2 GRZQVK XISW KL IW \HVJOEHV QS U
1 [&%  2VHQVLQJDQG UHVSRQVH JOE \HMSU\HV

1Y[&% ODOHWDLO SEHQRWAS H

,Q FDVH WKHVH LQWHUYDOV DUH QRW GHWHFWHG LW FI
LQYROYHG LQ WKH WUDLW RUWHFKQLFDO UHDVRQV SL
HWF

Y 7KHVWUDLQ XVHG IRUFRQVWUXFWLQJWKHUHFRPELQD
VWUDLQ FRQWDL QDIJGMROH PXWDWLRQVLQDQ1 EDFN.
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4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK
XOWULFHV /RUHP LSVXP GRORU VLW DPHW FRQVHFWI
SODWHD GLFWXPVW ,QWHJHU WHPSXV FRQYDOOLV DX
IHUPHQWXP ZLVL $HQHDQ SODFHUDW 8W LPSHUGLHW
RGLR SODFHUDW TXDP DF SXOYLQDU HOLW SXUXV HJHYV
QLEKVLWDPHW QLVO 9LYDPXV TXLVWRUWRUYLWDH U

,Q KDF KDELWDVVH SODWHD GLFWXPVW

J)XVFHPDXULV 9HVWLEXOXP OXFWXV QLEKDW OHFWXYV
SHU OHRYHOLW XOWULFLHVWHOOXYVY DFYHQHQDWLVL
SHOOHQWHVTXH DXJXHTXLVVDIJLWWLY SRVXHUH WXL
HURV HJHW IHOLV > @ ODHFHQDV HIJHW HUDW LQ VDSL
WRU 1XOOD IDFLOLVL 6HG D WXUSLV HX ODFXV FRPPF
GLIQLVVLPLQWHUGXP MXVWROHFWXV VDJLWWLV GXL

6XVSHQGLVVH YHO IHOLV 8W ORUHP ORUHP LQWHUGX
DUFX $HQHDQ IDXFLEXV SHGHHXDQWH 3UDHVHQW HQ
XPP\YHO QLVO 8W OHFWXV HURV PDOHVXDGD VLW D
PDJQD 'RQHFHXSXUXV 4XLVTXHYHKLFXOD XUQD VHG
WDV GXL HWFRQYDOOLVHOLWHUDWVHGQXOOD 'RQH
RGLR FRPPRGR SUHWLXP XOWULFLHY QRQ SKDUHWUI
LQ IHUPHQWXP IDXFLEXYVY HJHVWDV YHO RGLR > @

6HG FRPPRGR SRVXHUH SHGH ODXULV XW HVW > @ 8
YHKLFXOD KHQGUHULW VHP 'XLV QRQ RGLR ORUEL XW
,Q KDF KDELWDVVH SODWHD GLFWXPVW 3HOOHQWHVT)]
WLQFLGXQW ODXULVIHOLVRGLR VROOLFLWXGLQ VHG

SHOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHF
HIHVWDYV 'RQHF RGLR HOLW GLFWXP LQ KHQGUHULW
IHXJLDW VDSLHQ DOLTXHW RGLR > @ ,QWHJHU YLW|
ORUHP 6HG QHTXH OHFWXV FRQVHFWHWXHU DW FRQ
1XOODIDFLOLVL 3HOOHQWHVTXHHJHW OHFWXV 3URL
SODWHD GLFWXPVW 6XVSHQGLVVHHXOHFWXV > @

ORUELOXFWXV ZLVLYLYHUUDIDXFLEXV SUHWLXP QLE
HQLPHIJHWTXDP 4XLVTXHOLEHURMXVWR FRQVHFWHYV
> @ 6XVSHQGLVVH VHG PDXULVY YLWDH HOLW VROOLFLV
VLWDPHWDQWH 8WYHQHQDWLYVY YHOLW ODHFHQDYV VH
DOLTXHW YROXWSDW RGLR 9HVWLEXOXP DQWH LSVXP
FHVY SRVXHUH FXELOLD &XUDH 3HOOHQWHVTXH VLW DF
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I1XOODP HOHPHQWXP XUQD YHOLPSHUGLHW VRGDOHV H(
DQWH MXVWR D QXOOD &XUDELWXUWULVWLTXHDUFXHX
> = @

(WLDP DW QLVL VHP

6XVSHQGLVVHYLWDHHOLW $OLTXDPDUFXQHTXH RUQDL
OLEHUR )XVFHVDJLWWLVY HUDWDW HUDW WULVWLTXH PR
ORERUWLV LQ VRGDOHVY HIJHW GXL ORUEL XOWULFHYV UX
FRUSHUOHR ORUELGXL $OLTXDPVDJLWWLYV 1XQF SODF!
HvW ODHFHQDV LPSHUGLHW ODFLQLD YHOLW &UDV QRQ
YDULXV YHO HIJHVWDV QRQ HURV 3UDHVHQW PDOHVXDC
VHP GLFWXP WRUWRU YHO FRQVHFWHWXHU RGLR VHP VH(

9LYDPXV YHO UKRQFXV QXOOD

6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXV HW PDJ!
WXU ULGLFXOXV PXV 8W SHOOHQWHVTXH DXJXH VHG XU
HW FRQVHFWHWXHU HX QRQXPP\LG VDSLHQ 1XOODPD
uLv &XUDELWXUPDOHVXDGD HUDW VLW DPHW PDVVD )X
$OLTXDP HXLVPRG $HQHDQ YHO OHFWXV 1XQFLPSHUGLF

(WLDP HXLVPRG )XVFHIDFLOLVLV ODFLQLD GXL 6XVSHQ!
QRQXPP\VHG XOODPFRUSHUHJHW VDSLHQ 3UDHVHQW S
SHGH SHGH SUHWLXP ORUHP TXLVFRQVHFWHWXHU WRUW
PDJQD YDULXVQXOODVFHOHULVTXHLPSHUGLHW $OLTXD
DODFXV 3UDHVHQW YHO DUFX XW WRUWRU FXUVXV YROX'
SODFHUDW )XVFH HOHPHQWXP FRQYDOOLVY QHTXH 6HG
QHF XOWULFLHV XW PL 'XLVQHF GXL TXIHWOEHGRY DJLWW L

0 qiz ) 1
Y2 @ 2 ( +3) cos + sk ( S)A

3( 1)

k=0

$OLTXDP OHFWXV 9LYDPXV OHR 4XLVTXHRUQDUH WHOO
WLWRU SKDUHWUD WRUWRU 6HGIULQJLOOD MXVWR VHG
1XOODP HOHPHQWXP PDJQDLQ FXUVXV VRGDOHYV DXJXH
FRQIJXHQXOODDUFXHWSHGH 8WVXVFLSLWHQLPYHOVD
PL VXVFLSLWLQ SODFHUDW XW YHVWLEXOXP XW PDVV
'"HZHW B 0@
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(WLDPDFOHRDULVXV WULVWLTXHQRQXPP\ "RQHF GLJ
UKRQFXVY PROHVWLH RGLR 6HG ORERUWLV MXVWR HW
PHQWXP DXJXH QHF XOWULFLHV QLEKDUFX SUHWLXP F
LPSHUGLHW VHG SHOOHQWHVTXHQHF QLVO 9HVWLEX
ODRUHHW ,Q KDF KDELWDVVH SODWHD GLFWXPVW (W
SHQGLVVH LQ HOLW TXLV QLVO DOLTXDP GDSLEXV 3H(
VDSLHQ QHF OHFWXV 3HOOHQWHVTXHYHOGXLYHOQH
QLVO QHF SHGH 3URLQ PDWWLY OLEHUR YHO WXUSLV
HXLVPRG SRUWD IHOLY 1DP ORERUWLV PHWXV TXLV H(
PHQWXP PDXULV HIHW YXOSXWDWHOLJXOD WHOOXV H

1XOOD LQ LSVXP 3UDHVHQW HURV QXOOD FRQJXH YL
3HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHF
HIJHVWDV $HQHDQ QRQXPP\PDJQD QRQ OHR 6HG IHOL)\
XOWULFLHV XW OHFWXV 3URLQ YHO DUFX D RGLR ORE
SULPLVLQIDXFLEXV RUFLOXFWXV HW XOWULFHV SRVX
RGLR 3HOOHQWHVTXHPDVVD WXUSLV FXUVXV HX HXL
YLYHUUD JUDYLGD PDXULV &UDV WLQFLGXQW &XUDE
FXUVXV IDXFLEXV DXJXH
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3DODWLQR/LQR
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3DODWLQR/LQRW\SH SW ZLWK OLQH
KHDGLQJV LQ)UDQNOLQ *RWKLF
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3DODWLQR /LQRW\S

SDODWLQR /LQRW\SH SW ZLWK VLQJOH VSDFL¢
)XWXUD OHGLXP

7KLV 6HFWLRQ LV VHW LQ 3DODWLQR /LQRW\SH VL]H SW ZL
(YHU\WKLQJ HEOMFWILRDV L Q

&XUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORU VLW DPHW FRQVHFWHWXHUDGLSLVFLQ
DF DGLSLVFLQJYLWDH IHOLV &XUDELWXUGLFWXPJUDYLG
FRQVHFWHWXHU LG YXOSXWDWHD PDJQD 'RQHF YHKLEXO
PRUELWULVWLTXHVHQHFWXV HW QHWXV HW PDOHVXDGD ID!
YLYHUUD PHWXV UKRQFXV VHP 1XOOD HW OHFWXV YHVWLE
WHOOXVVLWDPHW WRUWRUJUDYLGD SODFHUDW > @

JLIXUH 1DP GXL OLJXOD IULQJLOODD HXLVPRG VRGDOHV V
ORUHP QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXP DV
$GDSWHG |URPMR/@UNHQ

1DP GXL OLJXOD IULQJLOOD D HXLVPRG VRGDOHV VROOLF
MXVWR 1DP ODFXV OLEHUR SUHWLXPDW ORERUWLV YLWDF
DFFXPVDQELEHQGXP HUDWOLJXOD DOLTXHW PDJQD YLWD!
QLVO KHQGUHULW PROOLY 6XVSHQGLVVH XW PDVVD &UDV |
QDWRTXH SHQDWLEXVHWPDJQLVY GLVY SDUWXULHQW PRQWH
XUuQD 1XOOD XOODPFRUSHU YHVWLEXOXP WXUSLV 3HOOHQ

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHF IHOLVY HUDW F
OLEHUR 9LYDPXV YLYHUUD IHUPHQWXP IHOLVY 'RQHF QRQXP
LVFLQJVHPSHU HOLW 3URLQIHUPHQWXP PDVVD DF TXDP 6F



&KDSWHU

D PROHVWLHQHF OHR ODHFHQDV ODFLQLD 1DPLSVXPOLJXOD
LSVXP ORUELEODQGLWOLJXODIHXJLDW PDJQD 1XQF HOHLIHC
YLWDHHQLP 3HOOHQWHVTXHWLQFLGXQW SXUXV YHOPDJQD
HX SXUXV 'RQHF ELEHQGXP TXDPLQ WHOOXYV 1XOODP FXUVXYV
YXOSXWDWHPHWXVHXHQLP 9HVWLEXOXP SHOOHQWHVTXH IH(

7TDEOH 7TKHODERUDWRU\ GHIEDKNG DO OBDOPIHROQXPEHU RI SKHQR\
$GDSWHG |URPAMR/@UNHQ

6WUDLQV 7UDLW . Q W H,GYHDOONG HIVWHEE W H G
QDWK Joe FBEYDLOJHQH
1 [%2 JLIHVSDOQ \HV
2[LGDWLYH VWUHVV UHVSRQVH \HV
1 [&% $JH DW PDWXULW\ \HV
1 [&% %RG\ PD&V \HV
%RG\ PDVa/ \HV
11['s 'DXHU IRUP KLXK IRRG \HV
'DXHU IRUP IRRG SODVWLFLW\ \HV
1 [&% 3DWKRJHQ VXVFHSWLELOLW\ QsuU \HV
1 [&% JLIHVSDQ \HV
1 [&% &XSVKEIGR2QVKLIW \HVJOBHVQSU
&2 GRZQVK IXISW KL IW \HV JOEYV QSU
1 [&% 2VHOVLQJDQG UHVSRQVH JOE\HQSU\HV
1Y[&% ODOH WDLO SEHQRWW\HY

,QFDVHWKHVHLQWHUYDOVDUHQRW GHWHFWHG LW FDQEH
LQ WKHWUDLW RUWHFKQLFDO UHDVRQV SUHVHQFHRIPDUN
Y 7KH VWUDLQ XVHG IRUFRQVWUXFWLQJWKH UHFRPELQDQW L
FRQWDL QWD WHIQ G MRIOH PXWDWLRQV LQDQ1 EDFNJURXQG

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK ORUELY
/IRUHP LSVXP GRORU VLW DPHW FRQVHFWHWXHU DGLSLVFLQJ
,QWHJHU WHPSXV FRQYDOOLYV DXJXH (WLDP IDFLOLVLV 1XQF
SODFHUDW 8W LPSHUGLHW HQLPVHGJUDYLGD VROOLFLWXGL!
SXUXVHIJHWHQLP 1XQF YLWDH WRUWRU 3URLQ WHPSXV QLEK"
ULVXV SRUWD YHKLFXOD > + @

,Q KDF KDELWDVVH SODWHD GLFWXPVW

)XVFH PDXULV 9HVWLEXOXP OXFWXV QLEK DW OHFWXV 6HG EL
YHOLW XOWULFLHVY WHOOXV DF YHQHQDWLY DUFX ZLVL YHO QL
DXJXH TXLV VDIJLWWLY SRVXHUH WXUSLVY ODFXV FRQJXH TXDP
ODHFHQDV HIHW HUDW LQ VDSLHQ PDWWLY SRUWWLWRU 9HVWI



3DODWLQR /LQRW\S

HX ODFXV FRPPRGR IDFLOLVLYVY ORUELIULQJLOOD ZLVL LQUC
GXL HWYHKLFXOD OLEHUR GXL FXUVXV GXL

6 XVSHQGLVVHYHO IHOLY 8WORUHP ORUHP LQWHUGXP HX

QHDQ IDXFLEXV SHGHHXDQWH 3UDHVHQW HQLP HOLW UXMW

8W OHFWXV HURV PDOHVXDGD VLW DPHW IHUPHQWXP HX V

AXLVTXH YHKLFXOD XUQD VHG XOWULFLHVY DXFWRU SHGH O

QXOOD 'RQHF OXFWXV &XUDELWXUHW QXQF $OLTXDP GRO|

SKDUHWUD LQ YHOLW ,QWHJHU DUFX HVW QRQXPP\LQ IH!
@

6HG FRPPRGR SRVXHUH SHGH ODXULV XW HVW > @ 8W TXL
KHQGUHULW VHP 'XLV QRQ RGLR ORUEL XW GXL 6HG DFEXP
SODWHD GLFWXPVW 3HOOHQWHVTXH QRQ HOLW )XVFH VHC
RGLR VROOLFLWXGLQ VHG YROXWSDWD RUQDUHDF HUDW

SHOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFWXV
'RQHF RGLRHOLW GLFWXPLQ KHQGUHULW VLWDPHW HJHV
RGLR > @ , QWHJIJHU YLWDH MXVWR $OLTXDP YHVWLEXOX
VHFWHWXHU DW FRQVHFWHWXHU VHG HOHLIHQGDF OHFW)
SURLQHXPHWXVY 6HG SRUWWLWRU ,Q KDF KDELWDVVH SOD\

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXVY SUHWLXP QLEK HV'
HIHW TXDP 4XLVTXH OLEHUR MXVWR FRQVHFWHWXHU D IF
SHQGLVVH VHG PDXULV YLWDH HOLW VROOLFLWXGLQ PDOH\
8WYHQHQDWLY YHOLW ODHFHQDV VHG PLHJHW GXLYDULXV
IHVWLEXOXP DQWH LSVXP SULPLV LQ IDXFLEXV RUFL OXFWX
OHQWHVTXH VLWDPHW SHGHDF VHP HOHLIHQG FRQVHFWHW
VRGDOHY HOLW LSVXP SKDUHWUD OLJXOD DF SUHWLXP DQ
PHWXV 9HVWLEXOXP OHFWXV 3URLQPDXULV > = @

(WLDP DW QLVL VHP

6XVSHQGLVVH YLWDHHOLW $OLTXDPDUFX QHTXH RUQDUH
)XVFH vVDJLWWLY HUDW DW HUDW WULVWLTXH PROOLYV ODH
VRGDOHVY HIHW GXL ORUEL XOWULFHV UXWUXP ORUHP 1DP
$OLTXDPVDIJLWWLYV 1XQF SODFHUDW 3HOOHQWHVTXHWUL\
YHOLW &UDV QRQXUQD ORUELHURV SHGH VXVFLSLWDF YL
VXDGD GLDPLG SUHWLXPHOHPHQWXP HURV VHP GLFWXP W
> @

9LYDPXV YHO UKRQFXV QXOOD
6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXV HW PDJQLYV
OXVPXV 8WSHOOHQWHVTXHDXJXHVHG XUQD 9HVWLEXOXF
QRQXPP\LG VDSLHQ 1XOODPDWOHFWXV ,QVDJLWWLYVY XOV
DPHWPDVVD )XVFHEODQGLW $OLTXDP HUDW YROXWSDW $
LPSHUGLHW MXVWR QHF GRORU
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(WLDP HXLVPRG )XVFH IDFLOLVLY ODFLQLD GXL 6XVSHQGLVYV
XPP\VHG XOODPFRUSHUHJHW VDSLHQ 3UDHVHQW SUHWLXP
SUHWLXPORUHP TXLVFRQVHFWHWXHUWRUWRUVDSLHQIDFLO
VFHOHULVTXHLPSHUGLHW $OLTXDP QRQ TXDP $OLTXDP SRUW
XWWRUWRU FXUVXV YROXWSDW ,QYLWDHSHGHTXLV GLDP ELE
OOLVQHTXH 6HG GRORU RUFL VFHOHULVTXH DF GDSLEXV QH|
VDIJLWWLYVY FRPPRBW ®O0®P 'HZL

> 0 q — , 1
2 ( +3) cos + 3K ( 3)
A =
@, 30 0 0

k=0

$OLTXDP OHFWXV 9LYDPXV OHR 4XLVTXHRUQDUHWHOOXV XOC
WuUbD WRUWRU 6HG IULQJLOOD MXVWR VHG PDXULV ODXULV WH
PDIJQDLQFXUVXV VRGDOHYVY DXJXHHVWVFHOHULVTXHVDSLHQ
VXVFLSLWHQLP YHOVDSLHQ 'RQHFFRQJXH ODHFHQDV XUQD P
XW PDVVD )XVFH XOWULFHW@®XED@@®D HW QLVO )URP 'HZL

(WLDP DFOHRDULVXVWULVWLTXHQRQXPP\ 'RQHF GLJQLVVLP
PROHVWLHRGLR 6HGORERUWLY MXVWRHWSUHWLXPORERUW
WULFLHVQLEKDUFX SUHWLXPHQLP 1XQF SXUXV QHTXH SODFH
QLVO 9HVWLEXOXP LPSHUGLHW QHTXHQRQVHPDFFXPVDQ ODR
(WLDPFRQGLPHQWXPIDFLOLVLVOLEHUR 6XVSHQGLVVHLQHOL
DXFWRUVDSLHQ 6HGHJHVWDV VDSLHQ QHF OHFWXV 3HOOHQW
$OLTXDP SRUWWLWRU QLVO QHF SHGH 3URLQ PDWWLVY OLEHUR
3URLQ HXLVPRG SRUWD IHOLV 1DP ORERUWLYVY PHWXV TXLV HC
PHQWXP PDXULV HIHW YXOSXWDWHOLJXOD WHOOXV HX QHTXF

1XOODLQLSVXP B3UDHVHQW HURV QXOOD FRQJXHYLWDH HXL)
KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW QHWXV HW PDOH
XPP\PDIJQD QRQ OHR 6HGIHOLVHUDW XOODPFRUSHULQ GLFW
DUFXDRGLRORERUWLY HXLVPRG 9HVWLEXOXP DQWH LSVXP S|
SRVXHUH FXELOLD &XUDH 3URLQ XW HVW $OLTXDP RGLR 3HO
LVPRG QHF WHPSRU FRQJXH QXOOD 'XLVYLYHUUDJUDYLGDP
OLJXOD YDULXV XW SXOYLQDULQ FXUVXVIDXFLEXV DXJXH
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SDODWLQR /LQRW\SH

3DODWLQR /LQRW\SH SW ZLWK OLQH VSDFL
KHDGLQJV LQ 9HUGDQD

7KLV VHFWLRQ LV VHW LQ 3DODWLQR/LQRW\SH VL]H S

7TKHIRQW VKDSHLQ WKHKHDGHULV LWDOLFVDQG WKH!

(YHU\WKLQJ HEHFWLL\RRQV L Q

&XUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSL
SODFHUDWDF DGLSLVFLQJYLWDH IHOLV &XUDELWXU
QRAXPP\HIJHW FRQVHFWHWXHULG YXOSXWDWHD PD
HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHF
HIHVWDV $QGHWBQ "ODXNHY XW OHR &UDV YLYHUUI
VHP 1XOOD HW OHFWXV YHVWLEXOXP XUQD IULQJLOO
WRUWRU JUDY LG MBSO HHUHDLVHAMID OH U

I1DPGXLOLJXOD IULQJLOODD HXLVPRGVRGDOHV VRO
QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXP DW ORERU\
TXHW WRUWRUVHG DFFXPVDQ ELEHQGXP HUDW OLJXC
WXV DPL ORUELDFRUFLHWQLVO KHQGUHULW PROOLYV
SHOOHQWHVTXHD QXOOD &XP VRFLLY QDWRTXH SHQD
QDVFHWXU ULGLFXOXV PXV $OLTXDP WLQFLGXQW XUQ
SHOOHQWHVTXH FXUVXV OXFWXV PDXULYV




&KDSWHU

JLIJXUH 1DP GXL OLJXOD IULQJLOOD D HXLVPRG VRGDOHV VROOLFL
QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXP DW ORERUWLV YL
6 W H U\ Q O

1XOOD PDOHVXDGD SRUWWLWRU GLDP "'RQHF IHOLV HUD\
WULVWLTXH OLEHUR 9LYDPXVYLYHUUDIHUPHQWXPIHOL
3KDVHOOXV DGLSLVFLQJ VHPSHU HOLW 3URLQ IHUPHQW?)
PROHVWLH YLWDH SODFHUDW D PROHVWLH QHF OHR O
HOHLIHQGDW DFFXPVDQQHF VXVFLSLWD LSVXP ORUEL
HOHLIHQG FRQVHTXDW ORUHP 6HG ODFLQLD QXOOD YLW!|
YHOPDJQD ,QWHJHUQRQHQLP 3UDHVHQWHXLVPRG QXQ
LQWHOOXV 1XOODP FXUVXV SXOYLQDUOHFWXV 'RQHFH
9HVWLEXOXP SHOOHQWHVTXHIHOLVHXPDVVD

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK OR
XOWULFHV /RUHP LSVXP GRORU VLW DPHW FRQVHFWHW
SODWHD GLFWXPVW S QWHJHU WHPSXV FRQYDOOLV DXJXH
PHQWXP zZLVL $HQHDQ SODFHUDW 8W LPSHUGLHW HQLP
SODFHUDW TXDP DF SXOYLQDU HOLW SXUXV HIHW HQLP
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7DEOH 7KHODERUDWRU\ GEHWDWNVG B O OHUHARQYXPEHU RI SKHQRW\S

I[URP 6 W H WNMH®

6WUDLQV 7UDLW ,QWHEN QW IGIH WG F

obwK JOE TB%Y,POJHQH

1 [%2

1 [&%
1 [&%

11['5
1 [&%
1 [&%

1 [&%

1 [&%
1Y[&%

JLIHVSDQ \HV

2[LGDWLYH VWUHVV UHVSRQVH \HV
$JHDW PDWXULW\ \HV

%RG\ PD& V \HV

%RG\ PD V& \HV

'DXHU IRUP KLXK IRRG \HV

'DXHU IRUP IRRG SODVWLFLW\ \H
3DWKRJHQ VXVFHSWLELOLW\ QSU
JLIHVSDQ \HV
&XSVKLIG\R2QVKLIW \HYOE\HW SU

&2 GRZQVHKIXISW KRL W \HVJOEHV QSU
2VHQVLQJDQG UHVSRQVH JOE \HQSU\HV

ODOHWDLO SEHQRWA®H

,QFDVHWKHVHLQWHUYDOV DUH QRW GHWHFWHG LW
LOYROYHG LQ WKH WUDLW RUWHFKQLFDO UHDVRQV

HWF

Y 7KHVWUDLQ XVHG IRUFRQVWUXFWLQJWKHUHFRPEL
VWUDLQ FRQWDL QDIJGMROH PXWDWLRQVLQDQ1 EDF

VLW DPHW QLVO 9LYDPXV TXLV WRUWRUHKWWIOH ULV XYV
*UHHHQV DO <YHHW DO




&KDSWHU

,Q KDF KDELWDVVH SODWHD GLFWXPVW

JXVFHPDXULV 9HVWLEXOXP OXFWXV QLEKDW OHFWXV 6H
OHR YHOLW XOWULFLHY WHOOXV DF YHQHQDWLY DUFX Z
SHOOHQWHVTXH DXJXHTXLV VDIJLWWLY SRVXHUH WXUSL
HURV HIJHW IHOLV $OWXQ DQG +DOO ODHFHQDV HJHV
9HVWLEXOXP SRUWWLWRU 1XOOD IDFLOLVL 6HG D WXUS
I[ULQJLOOD ZLVL LQ GLIJQLVVLP LQWHUGXP MXVWR OHFW
FXUVXV GXL

6XVSHQGLVVH YHO IHOLY 8W ORUHP ORUHP LQWHUGXP F
DUFX $HQHDQ IDXFLEXV SHGHHXDQWH 3UDHVHQW HQLP
XPP\' YHO QLVO 8W OHFWXV HURV PDOHVXDGD VLW DPH
PDJQD '"RQHFHXSXUXV 4XLVTXHYHKLFXOD XUQD VHG XC
WDV GXL HWFRQYDOOLVHOLWHUDWVHG QXOOD 'RQHF O
RGLR FRPPRGR SUHWLXP XOWULFLHVY QRQ SKDUHWUD LC
IHUPHQWXP IDXFLEXV HIJHNWDWYYHM RGHE PEBRD QJ

6HG FRPPRGR SRVXHUH SHGH Vo DXOU IBWXIVK HW B/ X UXVUHEHG L
RGLR 6HG YHKLFXOD KHQGUHULW VHP 'XLV QRQ RGLR Ol
HIJHW RGLR ,Q KDF KDELWDVVH SODWHD GLFWXPVW 3HO(
XUQD SRUWD WLQFLGXQW ODXULV IHOLVY RGLR VROOLFL
SHWHHWH®@ 1LFKROODMO HEHW DO

3HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFW X
HJHVWDV 'RQHFRGLRHOLW GLFWXPLQ KHQGUHULW VLW
VDSLHQ DOLTXHW RIGLBRO % W @/FHCLOEWSD & VHDWHJIH U

YLWDHMXVWR $OLTXDP YHVWLEXOXPIULQJLOOD ORUHP
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VHFWHWXHUVHG HOHLIHQGDF OHFWXV %DWHYV 1
SURLQ HXPHWXYV 6HG SRUWWLWRU ,QKDFKDELWDVVH

+DQWHQDO

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXV SUHWLXP QL
ZLVL HQLP HIHW TXDP 4XLVTXH OLEHUR MXVWR FRQ\
HX OLEHURW-DOHBXVSHQGLVVH VHG PDXULV YLWDH H
VXDGD ODHFHQDV XOWULFLHVHURV VLWDPHWDQWH ¢
GXLYDULXV HXLVPRG 3KDVHOOXV DOLTXHW YROXWSD
IDXFLEXV RUFL OXFWXV HW XOWULFHY SRVXHUH FXELC
VHP HOHLIHQG FRQVHFWHWXHU 1XOODP HOHPHQWXP
SKDUHWUDOLJXOD DFSUHWLXPDQWHMXVWRDQ@XOOD
OXP OHFWXV 3URLQ PBWULY 6PN DROQ 5RFN PHDW

DO

(WLDP DW QLVL VHP

6XVSHQGLVVHYLWDHHOLW $OLTXDPDUFXQHTXH RUQ
OLEHUR )XVFHVDJLWWLV HUDWDW HUDW WULVWLTXH
ORERUWLVLQ VRGDOHVHJIJHW GXL ORUEL XOWULFHV L
SHUOHR ORUELGXL $OLTXDP VDJIJLWWLYV 1XQF SODFHL
ODHFHQDYV LPSHUGLHW ODFLQLD YHOLW &UDV QRQ XU
LXVYHO HIJHVWDV QRQ HURYV 3UDHVHQW PDOHVXDGD
GLFWXP WRUWRU YHO FRQVHFWHWHKWWDRGLR VHP VHG -

9LYDPXV YHO UKRQFXV QXOOD
6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXYVY HW P
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WXU ULGLFXOXVPXV 8WSHOOHQWHVTXHDXJXHVHG XUQ
FRQVHFWHWXHUHX QRQXPP\LG VDSLHQ 1XOODPDW OHF
DELWXU PDOHVXDGD HUDW VLW DPHW PDVVD )XVFH EODC
HXLVPRG $HQHDQ YHO OHFWXV 1XQFLPSHUGLHW MXVWR

(WLDP HXLVPRG )XVFHIDFLOLVLVY ODFLQLD GXL 6XVSHQ
QRQAXPP\VHG XOODPFRUSHUHJHW VDSLHQ 3UDHVHQW S
SHGH SHGH SUHWLXP ORUHP TXLVFRQVHFWHWXHU WRUMW
PDJQD YDULXVQXOODVFHOHULVTXHLPSHUGLHW $OLTXD
DODFXV 3UDHVHQW YHODUFX XW WRUWRU FXUVXV YROX'
SODFHUDW )XVFHHOHPHQWXPFRQYDOOLVQHTXH 6HG GF
XOWULFLHV XW PL 'XLVQHF GXL TXLV GHWRD/DJILWWLYV FRF

o

q_—— 1
YZ@X 2 ( +3) “Zcos + 2k ( 3)A

3( 1)

k=0

$OLTXDP OHFWXV 9LYDPXV OHR 4XLVTXH RUQDUH WHOO
WLWRU SKDUHWUD WRUWRU 6HG IULQJLOOD MXWWR VHG |
DO 1XOODP HOHPHQWXP PDJQDLQ FXUVXV VRGDOHYV I
YHQHQDWLY FRQJXHQXOODDUFXHWSHGH 8WVXVFLSLW
FHOQDV XUQD PL VXVFLSLWLQ SODFHUDW XW YHVWLEXC
QLVO )URHAWHIZO
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(WLDP DFOHR D ULVXV WULVWLTXHQRQXPP\ "RQHF GLJ
UKRQFXVY PROHVWLH RGLR 6HG ORERUWLVY MXVWR HW
PHQWXP DXJXH QHF XOWULFLHY QLEKDUFX SUHWLXP
LPSHUGLHW VHG SHOOHQWHVTXHQHF QLVO 9HVWLEX
ODRUHHW ,Q KDF KDELWDVVH SODWHD GLFWXPVW (W
SHQGLVVH LQ HOLW TXLV QLVO DOLTXDP GDSLEXV 3H(
VDSLHQ QHF OHFWXV 3HOOHQWHVTXH YHO GXL YHO QF
WRU QLVO QHF SHGH 3URLQ PDWWLY OLEHUR YHO WXU.
HXLVPRG SRUWD IHOLY 1DP ORERUWLY PHWXV TXLV H(
PHQWXP PDXULV HIHW YXOSXWDWHOLJXOD WHOOXV H

1XOODLQLSVXP 3UDHVHQW HURV QXOOD FRQJXH YLW
OHQWHVTXHKDELWDQW PRUELWULVWLTXHVHQHFWXV
WDV $HQHDQ QRQXPP\PDJQD QRQ OHR 6HG IHOLV HUD
WULFLHV XW OHFWXV 3URLQ YHODUFXDRGLRORERUW
LQ IDXFLEXV RUFL OXFWXV HW XOWULFHV SRVXHUH FXI
BHOOHQWHVTXHPDVVD WXUSLV FXUVXVHX HXLVPRG C
JUDYLGD PDXULV &UDV WLQFLGXQW &XUDELWXU HUR
IDXFLEXV DXJXH
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SDODWLQR /LQRW\SH SW ZLWK VLQJOH VSDFLQJ
LQ)XWXUD %ROG
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&DPEULD SW ZLWK VLQJOH OLQH VSDFLQJDQG )}

7KLY 6HFWLRQ LV VHW LQ &DPEULD &DP VL]H SW ZLWK VLQ.
PHGLXP ZLGWK ,WLVDJRRGFRPSURPLVHLI\RXKDYHRFFDVLF
DYHUDJHDPRXQWRIILIXUHV WDEOHV RUHTXDWLRQV

(YHU\WKLQJ HEHFWIL\RDV L Q

&XUDELWXU WULVWLTXH MXVWR OHR

/IRUHP LSVXP GRORUVLWDPHW FRQVHFWHWXHUDGLSLVFLQJH
DF DGLSLVFLQJYLWDH IHOLV &XUDELWXUGLFWXPJUDYLGDP
FRQVHFWHWXHU LG YXOSXWDWHD PDJQD 'RQHF YHKLFXODC
PRUELWULVWLTXHVHQHFWXV HW QHWXV HW PDOHVXDGD IDPH
YLYHUUD PHWXV UKRQFXV VHP 1XOOD HW OHFWXV YHVWLEXO
WHOOXVVLWDPHW WRUWRUJUDYLGD SODFHUDW > @

JLIXUH 1DP GXL OLJXOD I1ULQJLOODD HXLVPRG VRGDOHV VRO
ORUHP QRQ MXVWR 1DP ODFXV OLEHUR SUHWLXP DW C(
$GDSWHG IURPAME/@UNHQ

1DP GXL OLJXOD I1ULQJLOOD D HXLVPRG VRGDOHV VROOLFLW
MXVWR 1DP ODFXVOLEHUR SUHWLXPDW ORERUWLV YLWDH X
DFFXPVDQELEHQGXP HUDWOLJXOD DOLTXHW PDJQD YLWDHR
QLVO KHQGUHULW PROOLV 6XVSHQGLVVH XW PDVVD &UDV QHI
QDWRTXH SHQDWLEXV HW PDJQLV GLV SDUWXULHQW PRQWHYV (
XUQD 1XOOD XOODPFRUSHU YHVWLEXOXP WXUSLVY 3HOOHQWH

1XOOD PDOHVXDGD SRUWWLWRU GLDP 'RQHF IHOLVY HUDW FRQ
OLEHUR 9LYDPXV YLYHUUD IHUPHQWXP IHOLV 'RQHF QRQXPP\
LVFLQJVHPSHU HOLW 3URLQIHUPHQWXP PDVVD DF TXDP 6HG ¢
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D PROHVWLHQHF OHR ODHFHQDV ODFLQLD 1DPLSVXPOLJX
LSVXP ORUELEODQGLWOLJXOD IHXJLDW PDJQD 1XQF HOHL
YLWDHHQLP 3HOOHQWHVTXHWLQFLGXQW SXUXV YHO PDJQI
HX SXUXV 'RQHF ELEHQGXP TXDPLQ WHOOXV 1XOODP FXUV
YXOSXWDWHPHWXV HXHQLP 9HVWLEXOXP SHOOHQWHVTXH

7TDEOH 7KHODERUDWRU\ GHUEBEDXNG VO OBDOPBHROQXPEHU RI SKH(
$GDSWHG |URPAMR/@UNHQ

6WUDLQV 7UDLW . Q W H,GYHDONG HIVHHEFE W F
QDWK Joe FBEYDOJHQH

1 [%2 /LIHVSDOQ \HV

2[LGDWLYH VWUHVV UHVSRQVH \HV
1 [&% $JH DW PDWXULW\ \HV
1 [&% %RG\ PD&V \HV

%RG\ PDVa/ \HV
11['s 'DXHU IRUP KLXX IRRG \HV

'DXHU IRUP IRRG SODVWLFLW\ \HV
1 [&% 3DWKRJHQ VXVFHSWLELOLW\ QsuU \H
1 [&% /LIHVSDQ \HV
1 [&% &XSVKEIGR2QVKLIW \HVJOBHVQSU

&2 GRZQVKXISW KRL W \HV JOEYV QSU
1[&% 2VHOVLQJDQG UHVSRQVH JOE\HQSU\HV
1Y[&% ODOH WDLO SEHQRWW\HY

,QFDVHWKHVHLQWHUYDOV DUHQRW GHWHFWHG LW FDQ |
LQ WKHWUDLW RUWHFKQLFDO UHDVRQV SUHVHQFHRIPD
Y 7KH VWUDLQ XVHG IRUFRQVWUXFWLQJWKH UHFRPELQDQ\
FRQWDL@IUPJ WHIQ G fRIOH PXWDWLRQV LQDQ1 EDFNJURX

4XLVTXH XOODPFRUSHU SODFHUDW LSVXP &UDV QLEK ORUE
/IRUHP LSVXP GRORU VLW DPHW FRQVHFWHWXHU DGLSLVFL
,QWHJHU WHPSXV FRQYDOOLY DXJXH (WLDP IDFLOLVLV 1X
SODFHUDW 8W LPSHUGLHW HQLP VHGJUDYLGD VROOLFLWX
SXUXVHIJHWHQLP 1XQF YLWDH WRUWRU 3URLQ WHPSXV QLI
ULVXV SRUWD YHKLFXOD > + @

,Q KDF KDELWDVVH SODWHD GLFWXPVW

J)XVFH PDXULV 9HVWLEXOXP OXFWXV QLEK DW OHFWXV 6HG
YHOLW XOWULFLHVY WHOOXV DFYHQHQDWLYVY DUFX ZLVL YHO
DXJXH TXLV VDIJLWWLY SRVXHUH WXUSLV ODFXV FRQJXH TX
ODHFHQDV HIJHWHUDWLQ VDSLHQ PDWWLYVY SRUWWLWRU 9H\
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HX ODFXV FRPPRGR IDFLOLVLVY ORUELIULQJLOOD ZLVL LQ GLJ
GXL HWYHKLFXOD OLEHUR GXL FXUVXV GXL

6XVSHQGLVVHYHO IHOLY 8WORUHP ORUHP LQWHUGXP HX WL!
QHDQ IDXFLEXV SHGHHXDQWH 3UDHVHQW HQLP HOLW UXWU X
8W OHFWXV HURVY PDOHVXDGD VLW DPHW IHUPHQWXP HX VRC
4XLVTXH YHKLFXOD XUQD VHG XOWULFLHVY DXFWRU SHGH ORU
QXOOD 'RQHF OXFWXV &XUDELWXUHW QXQF $OLTXDP GRORU
SKDUHWUD LQ YHOLW ,QWHJHU DUFX HVW QRQXPP\LQ IHUPI
@

6HG FRPPRGR SRVXHUH SHGH ODXULV XW HVW > @ 8W TXLV S
KHQGUHULW VHP 'XLV QRQ RGLR ORUEL XW GXL 6HG DFFXPVD
SODWHD GLFWXPVW 3HOOHQWHVTXH QRQ HOLW )XVFH VHG M
RGLR VROOLFLWXGLQ VHG YROXWSDWD RUQDUHDF HUDW >

3HOOHQWHVTXH KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW
'RQHF RGLRHOLW GLFWXPLQ KHQGUHULW VLWDPHW HJHVWD
RGLR > @ , QWHJIJHU YLWDH MXVWR $OLTXDP YHVWLEXOXP Il
VHFWHWXHU DW FRQVHFWHWXHU VHG HOHLIHQGDF OHFWXV
SURLQHXPHWXYV 6HG SRUWWLWRU ,Q KDF KDELWDVVH SODWH

ORUEL OXFWXV ZLVL YLYHUUD IDXFLEXV SUHWLXP QLEK HVW S
HIHW TXDP 4XLVTXH OLEHUR MXVWR FRQVHFWHWXHU D [IHXJ
SHQGLVVH VHG PDXULVY YLWDH HOLW VROOLFLWXGLQ PDOHVXLEL
8WYHQHQDWLY YHOLW ODHFHQDV VHG PLHJHWGXL YDULXV HX
OHVWLEXOXP DQWH LSVXP SULPLV LQ IDXFLEXV RUFL OXFWXYV F
OHQWHVTXHVLWDPHW SHGHDF VHP HOHLIHQG FRQVHFWHWXH
VRGDOHVY HOLW LSVXP SKDUHWUD OLJXOD DF SUHWLXP DQWH
PHWXV 9HVWLEXOXP OHFWXV 3URLQPDXULV > == @

(WLDP DW QLVL VHP

6XVSHQGLVVH YLWDH HOLW $OLTXDPDUFX QHTXH RUQDUHLQ
JXVFH VDJLWWLY HUDW DW HUDW WULVWLTXH PROOLY ODHFH(«
VRGDOHVY HIHW GXL ORUEL XOWULFHV UXWUXP ORUHP 1DP HC
$OLTXDPVDIJLWWLYV 1XQFSODFHUDW 3HOOHQWHVTXHWULVWI
YHOLW &UDV QRQ XUQD ORUELHURYV SHGH VXVFLSLWDF YDUL
VXDGD GLDPLG SUHWLXPHOHPHQWXP HURVVHPGLFWXP WRU\

> @

9LYDPXV YHO UKRQFXV QXOOD
6HG IHXJLDW &XP VRFLLY QDWRTXH SHQDWLEXV HW PDJQLV Gl
OXVPXV 8WSHOOHQWHVTXHDXJXHVHG XUQD 9HVWLEXOXP G|
QRQXPP\LG VDSLHQ 1XOODPDWOHFWXV ,QVDJLWWLY XOWUL
DPHWPDVVD )XVFHEODQGLW $OLTXDPHUDW YROXWSDW $0OL"
LPSHUGLHW MXVWR QHF GRORU
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(WLDP HXLVPRG )XVFH IDFLOLVLY ODFLQLD GXL 6XVSHQGL
XPP\VHG XOODPFRUSHU HJHW VDSLHQ 3UDHVHQW SUHWL)>
SUHWLXP ORUHP TXLVFRQVHFWHWXHUWRUWRUVDSLHQ IDF
VFHOHULVTXHLPSHUGLHW $OLTXDP QRQ TXDP $OLTXDP SR
XWWRUWRU FXUVXV YROXWSDW ,QYLWDHSHGH TXLV GLDP
OOLVQHTXH 6HG GRORU RUFL VFHOHULVTXHDF GDSLEXV
VDIJLWWLYV FRPPRBW ®»HORP 'HZL

> 0 qiz . 1
2 ( +3) cos + 3k ( 3)
A =
@x, 3¢ 0 0

k=0

$OLTXDP OHFWXV 9LYDPXVOHR 4XLVTXHRUQDUHWHOOXYV X
WUD WRUWRU 6HG IULQJLOOD MXVWR VHG PDXULV ODXULV \
PDIJQDLQ FXUVXV VRGDOHYVY DXJXHHVWVFHOHULVTXHVDSLI
VXVFLSLWHQLP YHOVDSLHQ 'RQHFFRQJXH ODHFHQDV XUQI
XW PDVVD )XVFH XOWULFHWQXED@E®D HW QLVO )URP 'HZL

(WLDPDFOHRDULVXVWULVWLTXHQRQXPP\ '"RQHFGLJQLVYV
PROHVWLHRGLR 6HGORERUWLY MXVWRHWSUHWLXPORER!
WULFLHV QLEKDUFX SUHWLXPHQLP 1XQFSXUXV QHTXH SOL
QLVO 9HVWLEXOXP LPSHUGLHWQHTXHQRQ VHPDFFXPVDQC
(WLDPFRQGLPHQWXPIDFLOLVLVOLEHUR 6XVSHQGLVVHLQ'}
DXFWRUVDSLHQ 6HG HIJIHVWDV VDSLHQ QHF OHFWXV 3HOOH
$OLTXDP SRUWWLWRU QLVO QHF SHGH 3URLQ PDWWLV OLEH
SURLQ HXLVPRG SRUWD IHOLV 1DP ORERUWLY PHWXV TXLV
PHQWXP PDXULV HIHW YXOSXWDWHOLJXOD WHOOXV HX QHT

1XOODLQLSVXP B3UDHVHQW HURV QXOOD FRQJXHYLWDH H
KDELWDQW PRUEL WULVWLTXH VHQHFWXV HW QHWXV HW PD
XPP\PDIJQD QRQ OHR 6HGIHOLVHUDW XOODPFRUSHULQ Gl
DUFXDRGLRORERUWLY HXLVPRG 9HVWLEXOXP DQWH LSVXF
SRVXHUH FXELOLD &XUDH 3URLQ XWHVW $OLTXDP RGLR 3|
LVPRG QHF WHPSRUFRQJXH QXOOD 'XLVYLYHUUDJUDYLG
OLJXOD YDULXV XW SXOYLQDULQ FXUVXVIDXFLEXV DXJX}
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SHIHUHQFHYV



2Q WKH QH[W SDJHV \RX ZLOO ILQG GLIITHUHQW H[DPSOHV IRUV
SDJHV SHU OD\RXW 7DEOH GHWDLOV WKH OD\RXW RSWLRQV
DXWKRU \HDU 7DEOH GRHV WKHVDPHIRUWKHH[DPSOHV ZLV

,Q 7DEOH \RX ZLOO ILQG WKH HQWU\ 'KDQJ LQGHQW"" $KDQ.
WKH ILUVW EHJLQ D OLWWOH IXUWKHU WR WKH ULJKW VHH )LJX
LQGLYLGXDO UHIHUHQFHHQWULHYV ,W LV QRW VWULFWO\ QHFF
LQEROG EXW,VWLOO VKRZ WKLV QRQHWKHOHVYV

'KHQ XVLQJQXPHULFDO FLWDWLRQV KDQJLQJLQGHQWV DUH Q|
FOHDUO\ GLIIHUHQWLDWH HQWULHV IURP RQH DQRWKHU DQG E
PDUJLQ WKH WH[W RIWKHHQWU\DOUHDG\DSSHDUV LQGHQWH
DGGLQJDQRWKHU KDQJLQJ LQGHQW ,WPDNHV WKHS5HIHUHQF

30HDVH QRWH WKDW , GLG QRW DGG KHDGHUV RUD WKXPE LQGH
EHHDVLO\DGGHG WR\RXU WKHVLV WKRXJK

)LIXUH D +DQJLQJLQGHQW LQ D 5HIHUHQFHV 6HFWLRQ ZLWK VW
SDJHLVVKRZQ WRLOOOXVWUDWH WKHFRQWLQXLW\ RI \
PDUNHG ZLWK D PDJHQWD OLQH DQG WKH KDQJLQJ LQGH!
E1HJDWLYHLQGHQWDWLRQ RI WKH QXPEHUV LQ D 5HIHL
VW\OH 7KH OHIW PDUJLQ LV PDUNHG ZLWK D PDJHQWD C
PDUNHG LQ \HOORZ



7TDEOH /D\RXWRSWLRQVIRUS5HIHUHQFHVY 6HFWLRQ ZLWK FLW

OD\RXW SDJH SDJH SDJH SDJH
IRQW 715 SW )UI715 SW 9HL3/ SW 9HU(&DP SW *LOO
DOSK FDWHJ " QR QR \HV QR
QDPHRU('RH - DQG:'RH - DQG6 'RH - DQG¢'RH - DQG = 6LQJ
DQGRU " DQG DQG

QDPHV EROG UHJXODU UHJXODU UHJXODU
MRXUQDO LWDOLFV LWDOLFV UHJXODU
YROXPH LWDOLFV UHJXODU UHJXODU UHJXODU

KDQJ LQGHQW" QR \HV \HV QR

7DEOH /D\RXWRSWLRQVIRUS5HIHUHQFHVY 6HFWLRQ ZLWK QXP

OD\RXW SDJH SDJH SDJH

IRQW 3/ SW *LOO &DP SW )XWO0C&DO SW 9HUG

QXPEHU VW\OH ZLWK GRW EUDFNHWYV QRC
QDPHRUGHU'RH - DQG = 61'RH - DQG6LQ - 'RHDQG = 6LQJ
DQGRU " DQG DQG

QDPHYV EROG UHJXODU EROG

MRXUQDO LWDOLFV LWDOLFV LWDO

YROXPH UHJXODU UHJXODU LWDOLFV




SHIHUHQFHV

$OWXQ = DQG' +DROP$WODV ,Q FKDS $OLPHQWDU\V\VWHP LQWHVWLQH

$OWXQ = / +HUQGRQ & :RONRZ & &URFNHU 5 /LRWPSWQBYV KWOW®B Z2ZZ ZR|

PDWODV RUJ

$QGHUVHQ ( & - 6 %ORRP - 3 *HUNH BQOULNEWALQPWKH QHXURSHSWLGH U}t

DPDMRU GHWHUPLQDQW RI &DHQRUKDE GURNV. YHODHWIBIQV JURZWK DQG SK\VLROT

$QGHUVHQ ( & - 3 *HUNH - $ 6KDSLUR - 5 &ULVVPDQ 5 *KRVK - 6 %ORRP
&KURPRVRPH VFDOHVHOHFWLYHVZHHSVVKDSHBRWHARHWOEGEWLYV HOHJIL

$QNHQ\ 5 $ 7KHQDWXUDO KLVWRU\ RI &D H QR WKIHEYGHHDUSMH OHIDQV UHVHDUF
$VKH $ 7 %pOLFDUG - /H3HQ 3 6DUNLHV / )Up]DO 1 - /HKUEDSFK 0 $ )pOl
GHOHWLRQ SRO\PRUSKLVP LQ WKH &DHQRUKDEGLWLYV HOHJDQV 5,* , KRPRORJ (
QLWILIHH

%DWHV ' 0 6WDWLVWLFDO ORGHOKIDPEHQVH® EV5RXWOWGEHH &KDS 1RQOLQE
ORGHOV

%HQGHVN\ $ 0 7VXQR]DNL 0 9 5REFNPDQ / .UXJO\DE DOVHGE ER,0BPIUIR DOGHS\
SRO\PRUSKLVPV DIIHFW GHFLVLRWXRIMNLQBLQ & HOHJIDQV

%ODQFKDUG ' 3 3DUDPHVZDUDQ - /RSH] OROLQD - *HDAWWK ) ® D VDXWNH BRQ GG
YLYRUHTXLUHPHQWY IRUUGH LQ51$LDQG GHYH®RBOMHQWDRO SDWKZD\V LQ &
&KDQJ $ - 1 &KURQLV ' 6 .DURZ 0 $ ODUOHWWD$ ®Q\GWU | E% IVHIP PIQMP RV H Q
FLUFXLW IRUR[\JHQ SUHIHBEQRIRDB & HOHJIDQV

&KRL 6 0 &KDW]JLJHRUJLRX . 3 7D\ORU : 5 6FKD#EDODYIG/-RO 135S ODHY HDOV
FLUFXLW PHFKDQLVP IRUEHKDYLRUWXOR®LIVFHOFHLQ & HOHJDQV

‘DYLHV $ * - & %HWWLQJHU 7 5 7KLHOH 0 ( -XTDWXU®6 YDOFLQWLEB LQ WK
JHQH PRGLILHY HWKDQRO UHVSRQVHIXRIRZQ 08 VWWDLQV RI & HOHJDQV

'"HZL % 3 & ( YDQ GHU /LQGHQ $ %RW EHFRQGIRQBPD YLULDO FRHIILFLHQW
GLDJURMRG +\GURFRO®RLGV
"RURVI]XN $ / % 6QRHN ( JUDGLQ - 5LNVHQ$ DIQGRPHOEPPERDORLEUDU\RI &%

LOQWURJUHVVLRQ OLQHV R1X D6 RRAUKMDIEDBLHHW HOHIDQV

‘'XYHDX ) DQG O $ )pCGBHOH RI SOHLRWURS\LQ WKH HYROXWLRQ RI D FU\SWLTF
&DHQRUKD E G BYWRLOVIHLCROI BIQ V

(OYLQ 0 / % 6QRHN 0O )UHMQR 8 .OHPVWHLQ - ( .DPBHOQVQHDY®YWD\IRXO|
FRPSDULQJ51$L HIIHFWV DFURVV P OISR ELBYHIDQV JHQRW\SHYV

JLUH $ 6 ;X 0 . ORQWJRPHU\ 6 $ .RVWDV 6 ( 'ULIRWHGRERQ& OSHORLRLF JHQ
LOQOWHUIHUHQFH E\GRXEOH VWUDQGH® %WDI$UH) &DBQRUKDEGLWLY HOHJDQV
JUDQ] & - + 5HQVKDZ / )UH]DO < -LDQJ 0 $ )RQVMDD@BOWB®ELO DQG /H %O
YLUXVHY SULPDULO\LQIHFW LQWHVWLQDORMRIGY LE&DHQRUKDEGLWLY QHPD!

*UHHQ - : 0 - - BWDVWQD + ( 2UELGDQV PIQ&6\SRMUMBLF YDULDWLRQ LQ

PHQWDO SHUFHSWLRQ GHWHUPLQHY GDXHU ODUYDH IRUPDWAREQRIQHIURZLQJ S
H

*XWWHOLQJ ( : $ 'RURV]XN - $ * 5LNVHQ = 3URNRS - 5K YND RIQPGI-Q W DIP P

LQIOXHQFH RQ WKH IJHQHWLF FRUUHODWLRQV EHW ZHHHUHGILW\BLVWRU\ WUDLW

*XWWHOLQJ (: - $ * 5LNVHQ - %DNNHU DQ@® S L QD PFHIUMW\SLF SODVWLF
JHQRW\SH HQYLURQPHQW LQWHUDFWLRQV DIIHFWRBU IOGLAVYSLVWRU\ WUDLWV
+DEHU 0 0 6FKeQJHO $ 3XW] 6 0+00HU % +DVHUyY RIDXGY & REKM KH.Y BXRU
&DHQRUKDEGLWLY HOHJDQV LQIHUUHG IURP PLFURVDWHOOLWHY HYLGHQFH I
WKH RFFXUUH Q F HORICR% WHE® HYRSL Q J+



+DQVHQ (/ ( <DUZRRG : 1LFKRODV'DIHUHEOMIMO 1XWULWLRQDO 5HTXLU
WLRQRI7ZR6WUDLQV RI &DHQRUKDEGHWDW RIDHRIDLED L $[HQLF &XOWXUH
+DUYH\ 6 & $ 6KRUWR DQG 0! XDQLWHWDWLYHJHQHWLFDQDO\WVLVRIOLIH K
HOHJDQV LQ VW UH V% DR ¥R Z4SR@P HQ W V

+XVVRQ 6 - $ *RWWVFKDON DQBSWRIJHQHWLF PDQLSXODWLRQ RI QHXUD
IURP VIQDSVH WR FLUF%LWY RBG@EHKD¥ LRXU

-DFNVRQ % 0 DQG' 0 (LVH@PMIMDQFDWHQLQ GHSHQGHQW :QW VLJQDOLQJ L
GRJD QHZBROGFASULQJ +DUERU 3HVSHFW %LRO

-DJHU 7 2 $ EOYDUH] - .DPPHQJD DQGRG HRORLIMPID@HPDWRGH OLIH F\FOH
HQHUJ\ EXGQAWYFROS t
.DPPHQJD - ( $ 'RURV]XN - $ * 5LNVHQ ( +D]JHQGRQN / 6SLULGRQ $

5 + $ 30DVWHUN DQG - $%HONNGRUKDEGLWLY HOHJDQV ZLOG W\SH GHILHV W

WR D VLQJOH QXFOHRWLGB/RROHRUWEKLVP LQ WUD

.DPPHQJD - ( 3 & 3KLOOLSV 0 'H%RQR DQOBQBRURGXMHG PXWDQWV XV

VWXG\ QDWXUDO YD UL D WLRHQLEV HHH@HSBN.F SDWKZD\V

.HQ\RQ & - 7KH JHQHWLRWRXIWHLQJIS +

/H1IRYQUH 1 0(/7,1* FRPSXWLQJWKHPHOWLQJWH P 4L XRBIFRD @ XFO H L F

s +

/L <HW DO O0DSSLQJGHWHUPLQDQWYV RIJHQH H[SUHVVLRQ SOBNRWLFLW\ E

*HQHW H

1LFKRODV : / DQGO * OF(QVRIMAKOLTXH IRUREWDLQLQJD[HQLFFXOWXUHl

+HOPLQWKRD
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* 6PDQW $ 5 &RVVLQV DQG$UDSRBFAHIEPDVVLYH JHQHH[SUHVVLRQ VK
WUDQVLWLRQ6FQ &HSOHJI®QV

5REFNPDQ 0 9 DQG/ .AMHRRRENQDWLRQDO ODQGVFDSHDQG SRSXODWLR
HOHJDI®V *HQHW H

%HQGHVN\ $ 0 7VXQR]JDNL 0 9 5RFNPDQ / .UXXDWNFER QG RZP | Q4DWH P
SRO\PRUSKLVPV DIIHFW GHFLVLRWXRHNLQJ LQ & HOHJIDQV

'"HZL % 3 & ( YDQGHU/LQGHQ $ BRMRO® 8 BGHHOQWHIPLDLDO FRHIILFLHQ\
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SODVWLFLW\ E\JHQHWLFDG/RVQORPIHW LQ &HHOHJIDQV
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HOHJDQV LQ VW UH V% DR ¥R Z4LAR@FSH Q W V

.HQ\RQ &7KH JHQHWLFVDR¥ DUHLQJ s +

'RURVI]XN $ / % B6QRHN ( JUDGLQ - 5LNVIH® FORHGZL@DPOHBUDU\ RI &%
LQWURJUHVVLRQ OLQHV RLXDEBRUKDIEBLIHW HOHJIDQV

3HUVVRQ $ ( *URVV 3 /DXUHQW . ( %XVFK LDWXWIWHYDDQTGVOL RO XJ

JORELQWXQHV R[\JHQ VHQVLQJLQIMWEWDHQRUKIBEGLWLY HOHJDQV

6WA\HU . / 9 6LQJK ( ODFRVNR 6 ( 6WHHOH &,Q @%DW BRPE R QR /G I Q$EDH
GLWLV HOHJDQV LV UHJXODWHG E\ QBHFUHRQFHH[SUHV\BLQJ#A 35 *3&5

=DQWHQ 0 YDQ / % 6QRHN 0 & * 3URYHQEKM ¥ DINQ GXQ FVOL RBNRH (B &
7UHQGV 30DQW 6FLS +
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3DWKRJ H
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9HUJDUD , $ $ . ODK - & +XDQJ 0O 7DUDLOR *UDRYDF 5 & -RKQVHQ
BRO\PRUSKLFVHIJPHQWDO GXSOLFDWLRQ L QWKHH@QHRPLWRGB &DHQRUKD

(OYLQ O / % 6QRHN O )UHMQR 8 .OHPVWHLQ - ($.RVPHQIDDD § B\*| R
FRPSDULQJ51$LHIIHFWV DFURVYV PXOOLIFHQHRELAOHID QV JHQRW\SHYV

3DUULVK 6 DQG$WILQHW UROHV IRU 5'( DQG 5'( GXULQJ51$ LQWHUI
H O H JDIGV s +

5HFKDYL 2 * OLQHYLFK DQBQ@VIMHREMWOWLRQDO LQKHULWDQFH RIDQ |
DQWLYLUDO UHVSR®WVHLQ & HBHJIDQV

'XYHDX ) DQG 0 $$RPELHI SOHLRWURS\ LQ WKH HYROXWLRQ RI D FU\S\
&DHQRUKDEGBWRONHBIARHIDQV H

)UDQ] & - + 5HQVKDZ / )UH]DO < -LDQJ 0 28VPOBDQOWBXLM®RQG /H
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*XWWHOLQJ (: $ 'RURV]XN - $ * 5LNVHQ = 3URNRS(Q YsIHM R B HQ\D-O
LQIOXHQFHRQWKHJIJHQHWLFFRUUHODWLRQV  EHWZHUIQ®OUWH KLVWRU\W
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> @ $QGHUVHQ ( & *HUNH - 3 6KDSLUR - $ &ULVVPDQ - 5 *KRVK 5 %OF
/ &KURPRVRPH VFDOH VHOHFWLYH VZHHSY VKDSH EDWQRQKREGLWLYV HO|

s +
> @ -DJHU 7 EOYDUH] 2 $ .DPPHQJD - DQG.RRLMPDQ 6 ORGHOOLQJ QI
HQHUJ\ EXGSQRAWYFRO s +
> @ 5HLQHU ' - $LOLRQ 0 7KRPDV - + DQGOH\HU % - & HOHJDQV DQD
6&' FRQWUROV GDXHU IRUPDWLRQ E\ PSRGMOPMRA J 7*)SEHWH VLIQDOLQJ
> @ 6WHUNHQ 0 * 6QRHN / % .DPPHQJD - ( DQG$QGHUVHQ ( & 7KHODE

GLWLV HOHIIAM*HQHW S +

> @ +XVVRQ 6 - *RWWVFKDON $ DQG /HLIHU $ 0 2SWRJHQHWLF PDQLSX
IURP VIQDSVH WR FLUF%LWUY RRBGEHKDS' LR XU

>@ *UHHQ - : 0 B6WDVWQD - - 2UELGDQV + ( DQG+DUYH\ 6 & +LJKO\SF
SHUFHSWLRQ GHWHUPLQHY GDXHU ODUYDH IRUPDWLRQ3RBIZRHALQJI SRS XC
H
> @ <YHUW * %UHP 5 % :KLWWOH - $NH\ - 0 )RVV ( 6PLWK (1 ODFN
7UDQV DFWLQJUHJXODWRU\YDULDWLRQLQ 6DFFKDURPABDMA*FHIQBIMWLVLDH |
S %
> @ $OWXQ = DQG+DOO ' :RUP$WODV ,Q &KDS $OLPHQWDU\ VI\VWHP |

\Y

@ &KDQJ $ - &KURQLV 1 .DURZ ' 6 ODUOHWWD 0 $ DQG %DUJPDQQ
FLUFXLWIRUR[\JHQ SUHI3/RIE @RHRDQ & HHOHJIDQV

> @ 7LMVWHUPDQ 0O .HWWLQJ 5 ) 2NLKDUD ./ 6LMHQ 7 DQG3ODVWHUN
JHQH VLOHQFLQJWULJJHUHG LQ & HOMFIJMD@WHE\ VKRUBM DQWLVHQVH 518%V

> @ )LUH $ ;X 6 ORQWJRPHU\ 0 . .RVWDV 6 $ 'ULYHU 6 ( DQGOHOOR ¢
LQWHUIHUHQFH E\GRXEOH VWUDQGH®®DI$UH) & DHQRBKDEGLWLY HOHJDQV

@ 3HWHUVHQ & 'LUNVHQ 3 3UDKO 6 6WUDWKPDQQ ($ DQG BFKXOHC
GLWLV HOHJDQV DFURVYV \HDUV LQ VHOHFWHG 1RUWK *HUPDQ ORFDWLR
SDUDPHWHUV DQG &DH Q RAUKDERIOWLY BRPSHWLWRUV

> @ 1LFKRODV :/ DQGOF(QWHJDUW 0 * $WHFKQLTXHIRUREWDLQLQJDIH
+HOPLQWKRO S +

> @ :HEHU . 3 'H 6 .R]JDUHZD , 7XUQHU ' - %DEX 0 0 DQG %RQR 0 GH
KLIKOLJKWV JHQHWLF FKDQJHV DVVRFLDWHG ZBWKE6QREHRUDWRU\ GRPHVW
H

@ %ODQFKDUG ' 3DUDPHVZDUDQ 3 /RSH] OROLQD - *HQW - 6D\QXN -
YLYRUHTXLUHPHQWVIRUUGH LQ51$LDQG GHINYHROIRRSPHQWH O SOWKZD\V L
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> @ *XWWHOLQJ ( : 5LNVHQ - $ * %DNNHU - DQG.DPPHQJD - ( 0ODSSLQJ
HQYLURQPHQW LQWHUDFWLRQV DIIHFWLQJ OEHUKGYWRU\ WUDLBWV LQ &DH

> @ %DWHV ' 0 6WDWLVWLFDOORGHOVLQ6 ,Q HG E\- 0 &KDPEHUVDQG?7
OLQHDUORGHOV

@ +DQVHQ (/ <DUZRRG ( 1LFKRODV : DQGG6D\UH ) 'LITHUHQWLDO 1XW
WLRQRI7ZR 6WUDLQV RI &DHQRUKDEGHWDWRDRIIDEGVD L@ $[HQLF &XOWXUH

> @ 7KRPSVRQ 2 (GJOH\ 0 G6WUDVERXUJHU 3 )OLERWWH 6 (ZLQJ % $G
/ +XWWHU + .LHIIHU $ /DX - /HH 1 OLOOHU $ 5D\PDQW * BKHQ %
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> @ 6QRHN / % 6WHUNHQ 0 * 9RONHUV 5 - 0 .ODWWHU 0 %RVPDQ . -
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WUDQVLWLRQBFL &HEOHJI®QV
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@ 5RFNPDQ 0 9 DQG .UXJO\DN / 5HFRPELQDWLRQDO ODQGVFDSH DQ
HOHJDA&V *HQHW H
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@ $OWXQ = +HUQGRQ / :RONRZ & &URFNHU & /LQWV 5 DQG +DC
ODV RUJ
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@ .HQ\RQ & - 7KHJHQBWKBWRIDJHL®I =

@ 'RURV]XN $ 6QRHN / % )UDGLQ ( 5LNVHQ - DQG.DPPHQJD - $
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@ 3HUVVRQ $ *URVV ( /DXUHQW 3 %XVFK . ( %UHWHV + DQG %F

JORELQ WXQHV R[\JHQ VHQVLQJLQIMWERDHQRUKIBEGLWLY HOHJDQV

@ 6W\HU ./ 6LQJK 9 ODFRVNR ( 6WHHOH 6 ( %DUJPDQQ & , DQG ¢
GLWLV HOHJDQV LV UHJXODWHG E\ QEHPUHRIFHH[SUHV\BLQJ# 35 *3&5

@ =DQWHQ 0 YDQ 6QRHN / % 3URYHQLHUV 0 & * DQG 3HHWHUV $
7UHQGV 30DQW 6FLS +

@ 3XMRO 1 =XJDVWL 2 :RQJ ' &RXLOODXOW & .XU] & / B6FKXOHQ
LQQDWH LPPXQLW\LQ & HOHJDQV LV HQKDQFHG E\ HYROXS/RBQDU\ GL
3DWKRJ H

@ &KRL 6 &KDW]JLJHRUJLRX 0 7D\ORU . 3 6FKDIHU : 5 DQG .DSOD
FLUFXLW PHFKDQLVPIRUEHKDYLRUBXORQLHVFHQFH4LQ & HOHJDQV

@ 9HUJDUD , $ ODK $ . +XDQJ - & 7DUDLOR *UDRYDF 0 -RKQVHQ
SBRO\PRUSKLFVHIJPHQWDO GXSOLFDWLRQ L@ WMKHQRPDLW\RGH &DHQRUKI

@ (OYLQ 0 6QRHN / % )JUHMQR 0O .OHPVWHLQ 8 .DPPHQJD - ( D¢
FRPSDULQJ51$L HIIHFWV DFURVYV P XO0&L*SIQRELABHIDQV JHQRW\SHV

@ 3DUULVK 6 DQG)LUH $ 'LVWLQFW UROHVIRUS5'( DQG5'( GXULQJ
JDQU$ s +

@ BS5HFKDYL 2 OLQHYLFK * DQG+REHUW 2 7UDQVJHQHUDWLRQDO L
DQWLYLUDO UHVSR®WVHLQ & HBHJIDQV

@ 'XYHDX ) DQG )pOL[ 0 $ 5ROH RI SOHLRWURS\LQ WKH HYROXWLR
&DHQRUKDEGBWOVWHIARDIDQV H

@ )UDQ] & - 5HQVKDZ + )UH]DO / -LDQJ < )pOL[ 0 $ DQG :DQJ
YLUXVHY SULPDULO\LQIHFW LQWHVWL @DORGRIOV LG &DHQRUKDEGLWL
@ *XWWHOLQJ ( : 'RURV]XN $ B5LNVHQ - $ * 3URNRS = B5HV]ND -

LQIOXHQFH RQ WKH JHQHWLF FRUUHODWLRQV EHWZHHQHAUW\XKLVWRU
S +

@ $QNHQ\ 5 $ 7KHQDWXUDO KLVWRU\ RIBWEHRRUKQEWLWLY HOHJDQV L

@ +DEHU 0 B6FK+QJHO 0 3XW] $ 0:.OOHU 6 +DVHUW % DQGGBFKXOHC
GLWLV HOHJDQV LQIHUUHG IURP PLFURVDWHOOLWHY HYLGHQFH IRU V
RFFXUUHQFH RICROMEIURGI RO S +

@ -DFNVRQ % 0 DQG (LVHQPDQQ ' 0 %HWD FDWHQLQ GHSHQGHQW :C
GRJD QHZ\RODGFASULQJ +DUERU 3HUVSBIFW %LRO
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