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FWFMPQNFOU PG 0CTUBDMF WP EBODF VUPOPNPVT .PC MF 3PCPU

6T OH FFQ 3F OGPSDFNFOU -FBSO OH 2 UI 304

4JSJOBSU )BOTV BO ,JBUUJTBL 4SJUSBLVMDIBJ

CTUSBDU

VSSFOUM NPCJMF SPCPUT VTJOH IFFMT BOE BVUPNBUFE PQFSBUJOH T TUFNT BSF

JEFM VTFE JO NBO JOEVTUSJBM BQQMJDBUJPOT UP TVQQPSU IVNBO PQFSBUPS )P FWFS UIFSF

JT TUJMM MBDL PG GMFYJCJMJU IFO UIF FOWJSPONFOU DIBOHFT 'PS FYBNQMF IFO B SPCPU

NPWFT GPS BSE JUI DIBOHJOH PCTUBDMFT PS UIF EFTUJOBUJPO QPTJUJPO IBT DIBOHFE 5IJT

DBVTJOH UIF FYJTUJOH BVUPNBUJPO T TUFN IBT UP CF VQEBUFE UP DPNQM JUI JUT VTBHF UIBU

SFRVJSFT B MPU PG DPTU BOE UJNF DDPSEJOHM UIJT SFTFBSDI BJNT UP TPMWF UIF QSPCMFN PG

NPCJMF SPCPU VTJOH IFFMT DBO BWPJE PCTUBDMFT C EFFQ SFJOGPSDFNFOU MFBSOJOH 8F IBWF

EFWFMPQFE UIF PCTUBDMF BWPJEBODF T TUFN C VTJOH EFFQ SFJOGPSDFNFOU MFBSOJOH FFQ

2 /FU PSL JU JT B U QF PG SFJOGPSDFNFOU MFBSOJOH 304 3PCPU 0QFSBUJOH 4 TUFN JT BO

JNQPSUBOU DPNQPOFOU PG CVJMEJOH SPCPUJD DPOUSPM T TUFNT O BEEJUJPO UIF MFBSOJOH

T TUFN JMM CF DSFBUFE JO TJNVMBUJPO FOWJSPONFOU NPEFM O PSEFS UP GJOE UIF TVJUBCMF

QBSBNFUFS GPS EFDJTJPO NBLJOH PG SPCPU DPOUSPM T TUFN CFGPSF BQQM JOH UP SFBM SPCPUT

F PSET .PCJMF SPCPU 0CTUBDMF BWPJEBODF 2/ FFQ SFJOGPSDFNFOU MFBSOJOH

BDLHSPVOE BOE QSPCMFN TUBUFNFOU

5PEB BSUJGJDJBM JOUFMMJHFODF DPOUJOVFT UP CF B TVCKFDU PG TUVE UP QSPWJEF

NBDIJOFT JUI MFBSOJOH BCJMJUJFT U JT JNQPSUBOU UP VOEFSTUBOE UIF OBUVSF PG MFBSOJOH JO

PSEFS UP BDIJFWF UIF HPBM PG JOUFMMJHFOU NBDIJOFT MUIPVHI UIFSF JT B HSFBU OVNCFS PG

BMHPSJUINT UIBU FSF EFWFMPQFE BT TVQFSWJTFE BOE VOTVQFSWJTFE MFBSOJOH NFUIPET JO UIF

�������������������������������������������������������
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.- GJFME UIF GVOEBNFOUBM JEFB PG SFJOGPSDFNFOU MFBSOJOH 3- VTBHF JT UIBU PG MFBSOJOH

GSPN JOUFSBDUJPO JO PSEFS UP PCUBJO JOUFSBDUJPO BCJMJU 3FJOGPSDFNFOU MFBSOJOH CBTFE

NPCJMF SPCPU OBWJHBUJPO

O UIF SFDFOU FBST SFTFBSDI BOE JOEVTUSJBM JOUFSFTUT BSF GPDVTFE PO EFWFMPQJOH

TNBSU NBDIJOFT TVDI BT SPCPUT UIBU BSF BCMF UP PSL VOEFS DFSUBJO DPOEJUJPOT GPS B WFS

MPOH UJNF BOE JUIPVU BO IVNBO JOUFSWFOUJPO 5IJT JODMVEFT EPJOH TQFDJGJD UBTLT JO

IB[BSEPVT BOE IPTUJMF FOWJSPONFOUT 5IF NPCJMF SPCPU TIPVME CF BCMF UP NPWF BMPOH

UIF QBUI GSPN B HJWFO TUBSUJOH QPJOU UP UIF UBSHFU QPJOU JO B DPNQMJDBUFE E OBNJD

FOWJSPONFOU BOE DPOEVDU SFBM UJNF MPDBM USBKFDUPS QMBOOJOH UP BWPJE PCTUBDMFT IFO

FODPVOUFSJOH E OBNJD PCTUBDMFT #VU JG UIF SPCPU BDRVJSFT MPDBM FOWJSPONFOUBM

JOGPSNBUJPO C SFM JOH PO TFOTPST JUI MJNJUFE QFSDFQUJPO IFO UIFSF JT OP QSJPS

JOGPSNBUJPO JO UIF E OBNJD FOWJSPONFOU JOBDDVSBD JMM CF JOFWJUBCM DBVTFE UP UIF

FOWJSPONFOUBM NBQ NPEFM FTUBCMJTIFE -PDBM USBKFDUPS QMBOOJOH EFQFOEJOH PO VODFSUBJO

FOWJSPONFOUBM NPEFM JMM DFSUBJOM SFTVMU JO VODFSUBJOU PG USBOTNJTTJCJMJU

5IJT SFTFBSDI BJNT UP TPMWF UIF PCTUBDMF BWPJEBODF QSPCMFN VTJOH FFQ

3FJOGPSDFNFOU -FBSOJOH O QSFWJPVT PSL WBSJPVT NBUIFNBUJDBM NPEFMT IBWF CFFO

EFWFMPQFE UP QMBO DPMMJTJPO GSFF QBUIT GPS TVDI SPCPUT O DPOUSBTU PVS NFUIPE FOBCMFT

UIF SPCPU UP MFBSO C JUTFMG GSPN JUT FYQFSJFODFT BOE UIFO GJU B NBUIFNBUJDBM NPEFM C

VQEBUJOH UIF QBSBNFUFST PG B OFVSBM OFU PSL 5IF EFSJWFE NBUIFNBUJDBM NPEFM JT

DBQBCMF PG DIPPTJOH BO BDUJPO EJSFDUM BDDPSEJOH UP UIF JOQVU TFOTPS EBUB GSPN -J 3

GPS UIF NPCJMF SPCPU O UIJT SFTFBSDI F EFWFMPQ BO PCTUBDMF BWPJEBODF GSBNF PSL

CBTFE PO EFFQ SFJOGPSDFNFOU MFBSOJOH 5IF FTTFOUJBM DPNQPOFOUT PG SPCPUT BSF

QSPHSBNNFE VOEFS B 304 T TUFN TJNVMBUPS (B[FCP JT EFTJHOFE UP QSPWJEF UIF

USBJOJOH BOE UFTUJOH FOWJSPONFOUT JO PSEFS UP TPMWF UIF QSPCMFNPG DPOUSPM GPS UIF SPCPU T

JOUFMMJHFOU EFDJTJPOT JO B DPNQMJDBUFE E OBNJD FOWJSPONFOU
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0CKFDU WF PG SFTFBSDI

5P EFWFMPQ BO BVUPOPNPVT NPCJMF SPCPU PCTUBDMF BWPJEBODF T TUFN VTJOH 304

BOE EFFQ SFJOGPSDFNFOU MFBSOJOH

5IFPS BOE BMHPS UINT PG 3F OGPSDFNFOU -FBSO OH

3FJOGPSDFNFOU MFBSOJOH 3- JT BO BSFB PG NBDIJOF MFBSOJOH UIBU JT JOTQJSFE C

QT DIPMPHJDBM BOE OFVSPTDJFOUJGJD QFSTQFDUJWFT PO BOJNBM CFIBWJPS U JT UIF QSPCMFN PG

HFUUJOH BO BHFOU UP BDU JO BO FOWJSPONFOU JO TVDI B B BT UP NBYJNJ[F JUT SF BSET C

QSFEJDUJOH UIF MPOH UFSN JNQBDU PG JUT BDUJPOT

.VDI PG SFJOGPSDFNFOU MFBSOJOH SFTFBSDI TUFNT GSPN .BSLPW EFDJTJPO QSPDFTTFT

IJDI BSF B MP MFWFM BQQSPBDI UP SFQSFTFOUJOH TUPDIBTUJD FOWJSPONFOUT .BSLPW

EFDJTJPO QSPDFTT DPOTJTUT PG TUBUFT BOE USBOTJUJPOT CFU FFO UIPTF TUBUFT DUJPOT UIBU BO

BHFOU JT BCMF UP UBLF BSF PGUFO SFQSFTFOUFE BT USBOTJUJPOT 0OF QPJOU PG OPUF JT UIBU BO

BDUJPO JT OPU HVBSBOUFFE UP SFTVMU JO B QBSUJDVMBS TUBUF JOTUFBE UIFSF BSF NVMUJQMF QPTTJCMF

TUBUFT UIBU NB GPMMP BO BDUJPO DIBSBDUFSJ[FE C B QSPCBCJMJU EJTUSJCVUJPO 5IJT BDDPVOUT

GPS QBSUJBM PCTFSWBCJMJU BOE TUPDIBTUJD GBDUPST IJDI NB CF JNQPTTJCMF UP QSFEJDU

BDDVSBUFM 8F JMM OPU EFMWF PO B GPSNBM EFGJOJUJPO PG .BSLPW QSPDFTTFT BT JU JT OPU VTFE

EJSFDUM JO UIJT SFTFBSDI #VU JU JT JNQPSUBOU UP OPUF UIBU UIF TFSWF BT B GPVOEBUJPO GPS

NVDI PG UIF UIFPS CFIJOE NBDIJOF MFBSOJOH

.PTU SFJOGPSDFNFOU MFBSOJOH BMHPSJUINT TIBSF B CBTJD DPNNPO TUSVDUVSF

0CTFSWF UIF FOWJSPONFOU

1FSGPSN BO BDUJPO CBTFE PO PCTFSWBUJPO

0CTFSWF B TDBMBS SF BSE QVOJTINFOU TJHOBM

.PEJG JUT CFIBWJPS JO MJHIU PG UIF OF LOP MFEHF

�
MFNFOUT PG 3F OGPSDFNFOU -FBSO OH

3FJOGPSDFNFOU MFBSOJOH DBO CF VOEFSTUPPE VTJOH UIF DPODFQUT PG BHFOUT

FOWJSPONFOUT TUBUFT BDUJPOT BOE SF BSET BMM PG IJDI BSF FYQMBJOFE CFMP JO GJHVSF
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UIBU TIP O B .BSLPW EFDJTJPO QSPDFTT BQJUBM MFUUFST UFOE UP EFOPUF TFUT PG UIJOHT BOE

MP FS DBTF MFUUFST EFOPUF B TQFDJGJD JOTUBODF PG UIBU UIJOH F H JT BMM QPTTJCMF BDUJPOT

IJMF B JT B TQFDJGJD BDUJPO DPOUBJOFE JO UIF TFU CEVMMBI

HFOU O BHFOU UBLFT BDUJPOT GPS FYBNQMF B ESPOF NBLJOH B EFMJWFS PS 4VQFS

.BSJP OBWJHBUJOH B WJEFP HBNF 5IF BMHPSJUIN JT UIF BHFOU U NB CF IFMQGVM UP DPOTJEFS

UIBU JO MJGF UIF BHFOU JT PV

DU PO JT UIF TFU PG BMM QPTTJCMF NPWFT UIF BHFOU DBO NBLF O BDUJPO JT

BMNPTU TFMG FYQMBOBUPS CVU JU TIPVME CF OPUFE UIBU BHFOUT VTVBMM DIPPTF GSPN B MJTU PG

EJTDSFUF QPTTJCMF BDUJPOT

TDPVOU GBDUPS 5IF EJTDPVOU GBDUPS JT NVMUJQMJFE C GVUVSF SF BSET BT EJTDPWFSFE

C UIF BHFOU JO PSEFS UP EBNQFO UIFTF SF BSET FGGFDU PO UIF BHFOU T DIPJDF PG BDUJPO

0GUFO FYQSFTTFE JUI UIF MP FS DBTF (SFFL MFUUFS HBNNB γ G γ JT BOE UIFSF T B

SF BSE PG QPJOUT BGUFS UJNF TUFQT UIF QSFTFOU WBMVF PG UIBU SF BSE JT u Y

EJTDPVOU GBDUPS PG PVME NBLF GVUVSF SF BSET PSUI KVTU BTNVDI BT JNNFEJBUF SF BSET

8F SF GJHIUJOH BHBJOTU EFMB FE HSBUJGJDBUJPO IFSF

OW SPONFOU 5IF PSME UISPVHI IJDI UIF BHFOU NPWFT BOE IJDI SFTQPOET UP

UIF BHFOU 5IF FOWJSPONFOU UBLFT UIF BHFOU T DVSSFOU TUBUF BOE BDUJPO BT JOQVU BOE

SFUVSOT BT PVUQVU UIF BHFOU T SF BSE BOE JUT OFYU TUBUF

'JHVSF 5IF BHFOU FOWJSPONFOU JOUFSBDUJPO JO B .BSLPW EFDJTJPO QSPDFTT

'SPN 3FJOGPSDFNFOU MFBSOJOH Q C 3JDIBSE 4 4VUUPO BOE OESF ( #BSUP
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4UBUF 4 TUBUF JT B DPODSFUF BOE JNNFEJBUF TJUVBUJPO JO IJDI UIF BHFOU GJOET

JUTFMG J F B TQFDJGJD QMBDF BOE NPNFOU BO JOTUBOUBOFPVT DPOGJHVSBUJPO UIBU QVUT UIF BHFOU

JO SFMBUJPO UP PUIFS TJHOJGJDBOU UIJOHT TVDI BT UPPMT PCTUBDMFT FOFNJFT PS QSJ[FT U DBO

UIF DVSSFOU TJUVBUJPO SFUVSOFE C UIF FOWJSPONFOU PS BO GVUVSF TJUVBUJPO

3F BSE 3 SF BSE JT UIF GFFECBDL C IJDI F NFBTVSF UIF TVDDFTT PS GBJMVSF

PG BO BHFOU T BDUJPOT JO B HJWFO TUBUF 3F BSET DBO CF JNNFEJBUF PS EFMB FE 5IF

FGGFDUJWFM FWBMVBUF UIF BHFOU T BDUJPO

1PM D π 5IF QPMJD JT UIF TUSBUFH UIBU UIF BHFOU FNQMP T UP EFUFSNJOF UIF

OFYU BDUJPO CBTFE PO UIF DVSSFOU TUBUF U NBQT TUBUFT UP BDUJPOT UIF BDUJPOT UIBU QSPNJTF

UIF IJHIFTU SF BSE

7BMVF 7 5IF FYQFDUFE MPOH UFSN SFUVSO JUI EJTDPVOU BT PQQPTFE UP UIF TIPSU

UFSN SF BSE 3 7π T JT EFGJOFE BT UIF FYQFDUFE MPOH UFSN SFUVSO PG UIF DVSSFOU TUBUF

VOEFS QPMJD π 8F EJTDPVOU SF BSET PS MP FS UIFJS FTUJNBUFE WBMVF UIF GVSUIFS JOUP UIF

GVUVSF UIF PDDVS

2 WBMVF PS BDU PO WBMVF 2 2 WBMVF JT TJNJMBS UP 7BMVF FYDFQU UIBU JU UBLFT BO

FYUSB QBSBNFUFS UIF DVSSFOU BDUJPO B 2π T B SFGFST UP UIF MPOH UFSN SFUVSO PG BO BDUJPO

UBLJOH BDUJPO B VOEFS QPMJD π GSPN UIF DVSSFOU TUBUF T 2 NBQT TUBUF BDUJPO QBJST UP

SF BSET /PUF UIF EJGGFSFODF CFU FFO 2 BOE QPMJD

5IF BHFOU BOE FOWJSPONFOU JOUFSBDU BU FBDI PG B TFRVFODF PG EJTDSFUF UJNF TUFQT

U FBDI UJNF TUFQ UIF BHFOU SFDFJWFT TPNF SFQSFTFOUBUJPO PG

UIF FOWJSPONFOU T TUBUF

ϵ 4 BOE PO UIBU CBTJT TFMFDUT BO BDUJPO ϵ 0OF UJNF TUFQ MBUFS JO QBSU

BT B DPOTFRVFODF PG JUT BDUJPO UIF BHFOU SFDFJWFT B OVNFSJDBM SF BSE 3 ϵ 3 ⊂ 3

BOE GJOET JUTFMG JO B OF TUBUF 5IF . 1 BOE BHFOU UPHFUIFS UIFSFC HJWF SJTF UP B

TFRVFODF PS USBKFDUPS UIBU CFHJOT MJLF UIJT
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3 3 3
BU UJNF TUFQ U

3 3 3
�

2 -FBSO OH

2 JT UIF WBMVF PG FWFS QPTTJCMF TUBUF F DBO BSSJWF BU C QFSGPSNJOH BO BWBJMBCMF

BDUJPO G F LOP UIF WBMVF PG UIF TUBUF TVDDFFEJOH FBDI BDUJPO F DBO EFUFSNJOF UIF

PQUJNBM BDUJPO UP UBLF C DIPPTJOH UIF POF UIBU SFTVMUT JO UIF IJHIFTU WBMVF 5SBEJUJPOBM

2 -FBSOJOH JT CBTFE PO TUPSJOH B UBCMF UIBU NBQT TUBUF BDUJPO QBJST UP BO FYQFDUFE WBMVF

GPS UIBU BDUJPO 5IJT UBCMF SFQSFTFOUT 2 BOE JT VQEBUFE JUFSBUJWFM VTJOH UIF GPMMP JOH

BTTJHONFOU SVMF UIBU QSFTFOUFE JO GJHVSF UIF TBNF BT FRVBUJPO PG GJHVSF

U UFSNJOBM TUBUF 2 S

U OPO UFSNJOBM TUBUF

'JHVSF 2 -FBSOJOH VQEBUF SVMF

'SPN IUUQT LEOVHHFUT DPN UIJOHT SFJOGPSDFNFOU MFBSOJOH IUNM

PS�

'JHVSF &RVBUJPO PG 2 -FBSOJOH VQEBUF SVMF

'SPN IUUQT NFEJVN DPN NJOECPBSE R NBUSJY VQEBUF UP USBJO EFFQ SFDVSSFOU R

OFU PSL NPSF FGGFDUJWFM EF F D GB

�
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5IF QSPDFTT PG 2 -FBSOJOH DSFBUFT BO FYBDU NBUSJY GPS UIF PSLJOH BHFOU IJDI JU

DBO SFGFS UP UP NBYJNJ[F JUT SF BSE JO UIF MPOH SVO MUIPVHI UIJT BQQSPBDI JT OPU SPOH

JO JUTFMG UIJT JT POM QSBDUJDBM GPS WFS TNBMM FOWJSPONFOUT BOE RVJDLM MPTFT JUT GFBTJCJMJU

IFO UIF OVNCFS PG TUBUFT BOE BDUJPOT JO UIF FOWJSPONFOU JODSFBTFT

5IF TPMVUJPO GPS UIF BCPWF QSPCMFN DPNFT GSPN UIF SFBMJ[BUJPO UIBU UIF WBMVFT

JO UIF NBUSJY POM IBWF SFMBUJWF JNQPSUBODF J F UIF WBMVFT POM IBWF JNQPSUBODF JUI

SFTQFDU UP UIF PUIFS WBMVFT 5IVT UIJT UIJOLJOH MFBET VT UP FFQ 2 -FBSOJOH IJDI VTFT

B EFFQ OFVSBM OFU PSL UP BQQSPYJNBUF UIF WBMVFT 5IJT BQQSPYJNBUJPO PG WBMVFT EPFT OPU

IVSU BT MPOH BT UIF SFMBUJWF JNQPSUBODF JT QSFTFSWFE

5IF CBTJD PSLJOH TUFQ GPS FFQ 2 -FBSOJOH JT UIBU UIF JOJUJBM TUBUF JT GFE JOUP UIF

OFVSBM OFU PSL BOE JU SFUVSOT UIF 2 WBMVF PG BMM QPTTJCMF BDUJPOT BT PO PVUQVU (VQUB

0OF NPEJGJDBUJPO UP UIF BMHPSJUIN JT UIBU B TJNQMJGJFE VQEBUF SVMF JT VTFE

�
3PCPU D 0QFSBU OH 4 TUFN 304

5IF 3PCPU 0QFSBUJOH 4 TUFN 304 JT OPU BO BDUVBM PQFSBUJOH T TUFN CVU B

GSBNF PSL BOE TFU PG UPPMT UIBU QSPWJEF GVODUJPOBMJU PG BO PQFSBUJOH T TUFN PO B

IFUFSPHFOFPVT DPNQVUFS DMVTUFS UT VTFGVMOFTT JT OPU MJNJUFE UP SPCPUT CVU UIF NBKPSJU

PG UPPMT QSPWJEFE BSF GPDVTFE PO PSLJOH JUI QFSJQIFSBM IBSE BSF EFNPWJD O E

'PS 304 T PSLJOH DPOTJTUT PG B NBTUFS TFDUJPO B QSJNBS OPEF UIBU DPOUSPMT BMM

PUIFS OPEFT JO UIF T TUFN TVDI BT SFHJTUFSJOH UP QVCMJTIFS OPEF TVCTDSJCFS OPEF BT

GJHVSF IJDI PSLT JO UIJT B DBO CF TBJE UP CF QFFS UP QFFS OBNFM FBDI OPEF

DPNNVOJDBUFT JUI FBDI OPEF JU DBO TFOE NFTTBHF UP FBDI PUIFS VTJOH UIF 5 1 1

QSPUPDPM 5IF .BTUFS T GVODUJPO JT OPU JOWPMWFE JO DPNNVOJDBUJOH CFU FFO OPEFT CVU

POM BT DPPSEJOBUPST OBNFM UIF TUPSBHF PG DPNNVOJDBUJPO SFMBUFE JOGPSNBUJPO

�
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'JHVSF 304 DPNNVOJDBUJPO TUSVDUVSF

'SPN IUUQT USPKSPCFSU HJUIVC JP IBOET PO JOUSPEVUJPO UP SPCPU PQFSBUJOH

T TUFN SPT

4 NVMBU PO (B FCP

3PCPU TJNVMBUJPO JT BO FTTFOUJBM UPPM JO FWFS SPCPUJDJTU T UPPMCPY FMM EFTJHOFE

TJNVMBUPS NBLFT JU QPTTJCMF UP SBQJEM UFTU BMHPSJUINT EFTJHO SPCPUT QFSGPSN SFHSFTTJPO

UFTUJOH BOE USBJO T TUFN VTJOH SFBMJTUJD TDFOBSJPT (B[FCP PGGFST UIF BCJMJU UP BDDVSBUFM

BOE FGGJDJFOUM TJNVMBUF QPQVMBUJPOT PG SPCPUT JO DPNQMFY JOEPPS BOE PVUEPPS

FOWJSPONFOUT 5IFSF BSF QI TJDT FOHJOF IJHI RVBMJU HSBQIJDT BOE DPOWFOJFOU

QSPHSBNNBUJD BOE HSBQIJDBM JOUFSGBDFT 8I (B[FCP O E

5VSUMF#PU TVQQPSUT EFWFMPQNFOU FOWJSPONFOU UIBU DBO CF QSPHSBNNFE BOE

EFWFMPQFE JUI B WJSUVBM SPCPU JO UIF TJNVMBUJPO 5IFSF BSF U P EFWFMPQNFOU

FOWJSPONFOUT UP EP UIJT POF JT VTJOH GBLF OPEF BOE WJTVBMJ[BUJPO UPPM 37J[ BOE UIF

PUIFS JT VTJOH UIF SPCPU TJNVMBUPS (B[FCP 5IF GBLF OPEF NFUIPE JT TVJUBCMF GPS UFTUJOH

JUI UIF SPCPU NPEFM BOE NPWFNFOU 4- . BOE OBWJHBUJPO IJDI DBO VTF TFOTPST TVDI

BT .6 - 4 BOE DBNFSB JO UIF TJNVMBUJPO 5VSUMF#PU TJNVMBUJPO O E

3FTFBSDI NFUIPEPMPH

'SPN UIF FWBMVBUJOH PG BMUFSOBUJWFT UIF DPODFQU EFTJHO DPOTJTUT PG GVODUJPOT

'JSTU JOQVU EBUB PG SPCPU QPTJUJPO GSPN -J 3 5IFO JU TFOET UIF EBUB IJDI SFDFJWFE
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UISPVHI OFU PSL EFFQ SFJOGPSDFNFOU MFBSOJOH GPS NBLJOH B EFDJTJPO UP UIF OFYU QPTJUJPO

5IJT QSPDFTT PSLFE PO 3PCPUJD 0QFSBUJOH 4 TUFN 304 UIF TJNVMBUJPO PG NPCJMF SPCPU

IBT TIP O JO (B[FCP 5IF SPCPU JMM BMTP MFBSO UP BWPJE PCTUBDMFT BOE SFBDI UIF HPBM JO

(B[FCP GUFS BSET F JMM HFU UIF GJU QBSBNFUFS PG SPCPU MFBSOJOH GPS UFTUJOH JO SFBM

PSME 5IF DPODFQUVBM EFTJHO PG QSPDFTT JT TIP O JO 'JHVSF

�

�

�

�

�

�

'JHVSF PODFQUVBM EFTJHO

4FUVQ BOE NQMFNFOUBU PO

5IF FRVJQNFOU PG NPCJMF SPCPU JT DIPTFO UP BUUBDI JUI B SPCPU JT TIP O JO

'JHVSF BOE UIF QSPQPTFE USBKFDUPS QMBOFS JT PQFSBUJOH BDDPSEJOH UP IJT GMP DIBSU

QSFTFOUFE JO GJHVSF

OQVU EBUB GSPN -J 3

FFQ 3FJOGPSDFNFOU -FBSOJOH NPEFM

3PCPUJD 0QFSBUJOH 4 TUFN 304

4JNVMBUJPO JO (B[FCP

3FBM UFTU
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'JHVSF 5SBKFDUPS QMBOOFS TUSVDUVSF

'JHVSF 5SBKFDUPS QMBOOFS BMHPSJUIN GMP DIBSU

4UBSU OF JUFSBUJPO

3FDFJWF EBUB GSPN -JEBS

4BGF TUBUF
IBOHF PSJFOUBUJPO

BOE NPWF GPS BSE

PMMJTJPO 

/FVSBM /FU PSL

IPPTF BDUJPO

3FBDI HPBM 

-BTU JUFSBUJPO 

3FBDI HPBM

FQPDI MJNJU 

&OE

:FT

:FT

/P

/P

:FT

:FT

:FT

BMDVMBUF UIF DVSSFOU TUBUF 2 WBMVF

/P

/P

OQVU EBUB GSPN -JEBS

3PCPU

PMMJTJPO FUFDUJPO2 5BCMF 2 WBMVF

/FVSBM /FU PSL 0VUQVU DUJPO
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.BUIFNBU DBM NPEFMT

.BUIFNBUJDBM NPEFM PG UIF PCTUBDMF BWPJEBODF NPCJMF SPCPU JT EFTJHO GPS VTJOH

JO NBLJOH EFDJTJPO PG UIF NPWFNFOU PG SPCPU UP UIF EFTJSFE UBSHFU 5IFSFGPSF EFTJHOJOH

NBUIFNBUJDBM NPEFM GPS QSPHSBNNJOH JT TFQBSBUFE JOUP QBSUT FFQ 2 /FU PSL GPS

SPCPU TNPWFNFOU EFDJTJPO NBLJOH BOE SF BSE GVODUJPO IFO SPCPU DIPPTF TPNF BDUJPO

FFQ 2 FU PSL

5IJT SFTFBSDI JT UP USBJO B 2/ BHFOU UIBU MFBSOT BO PQUJNBM QPMJD UP OBWJHBUF UIF

SPCPU GSPN QPJOU B UP QPJOU C JUI NJOJNVN FGGPSU MHPSJUIN JT UIBU B TJNQMJGJFE VQEBUF

SVMF JT VTFE ��

4UBUF

4UBUF JT BO PCTFSWBUJPO PG FOWJSPONFOU BOE EFTDSJCFT UIF DVSSFOU TJUVBUJPO 5IJT

JT WJUBM GPS UIF BHFOU CFDBVTF JU PVME DBMDVMBUF BOE BDU EFQFOEJOH PO UIF TUBUF 5IF

TUBUF TJ[F JT BOE - 4 -BTFS JTUBODF 4FOTPS WBMVFT 5IF PUIFS U P BSF EJTUBODFT

UP HPBM BOE BOHMF UP HPBM NBUIFNBUJDBM BQQSPBDI GPS UIJT JT BT GPMMP

4UBUF - 4 WBMVFT JTUBODF OHMF

- 4 EFOPUFT UIF WBMVFT UIBU UIF MJEBS TFOTPS FNJUT JTUBODF SFQSFTFOUT UIF

EJTUBODF UP UIF HPBM BOE OHMF JT UIF BOHMF CFU FFO UIF SPCPU IFBEJOH BOE WFDUPS UP UIF

HPBM

DU PO FHSFFT PG SFFEPN

5IF SPCPU IBT UISFF BDUJPOT IJDI DBO BDU PO EFQFOEJOH PO UIF U QF PG TUBUF O

IFSF UIF SPCPU IBT B GJYFE MJOFBS WFMPDJU PG N T BOE UIF BOHVMBS WFMPDJU JT

EFUFSNJOFE C BDUJPO TIP O JO GJHVSF



�

�

'JHVSF 5ISFF BDUJPOT PG SPCPU

5BCMF DUJPOT BOE BOHVMBS WFMPDJU PG SPCPU

DUJPO OHVMBS WFMPDJU SBE T

DUJPO JUI BOHVMBS WFMPDJU PG SPCPU JT TIP O JO 5BCMF

3F BSE VODU PO

8IFO UVSUMFCPU UBLFT BO BDUJPO JO B TUBUF JU SFDFJWFT B SF BSE 5IF SF BSE EFTJHO

JT WFS JNQPSUBOU GPS MFBSOJOH SF BSE DBO CF QPTJUJWF PS OFHBUJWF 8IFO UVSUMFCPU HFUT

UP UIF HPBM JU HFUT CJH QPTJUJWF SF BSE 8IFO UVSUMFCPU DPMMJEFT JUI BO PCTUBDMF JU HFUT

CJH OFHBUJWF SF BSE

#FGPSF HJWJOH UIF SF BSE GVODUJPO POF FOWJSPONFOU TUBUF JT DMBTTJGJFE JOUP GPVS

EJGGFSFOU QSPQFSUJFT DBMMFE UIF TUBUF QSPQFSU

�4BGF 4UBUF 44 B TUBUF IFSF UIF SPCPU IBT B MP PS OP QPTTJCJMJU PG DPMMJTJPO

JUI TVSSPVOEJOH PCTUBDMFT

�/PO 4BGF 4UBUF /4 B TUBUF IFSF UIF SPCPU IBT B IJHI QPTTJCJMJU PG DPMMJTJPO

JUI TPNF PCTUBDMFT JO UIF FOWJSPONFOU

-FGU 3JHIU�

'PS BSE�
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�8JOOJOH 4UBUF 84 POF PG UIF UFSNJOBUF TUBUFT IFO UIF SPCPU SFBDIFT JUT

HPBM

�'BJMVSF 4UBUF '4 POF PG UIF UFSNJOBUF TUBUFT IFO UIF SPCPU DPMMJEFT JUI

PCTUBDMFT

YQFS NFOU 4FUVQ

OTUBMMBU PO

OTUBMM 5FOTPSGMP ,FSBT BOE OBDPOEB JUI 6CVOUV BOE 304 LJOFUJD

OBDPOEB GPS 1 UIPO WFSTJPO 5P VTF 304 BOE OBDPOEB UPHFUIFS F NVTU

BEEJUJPOBMM JOTUBMM 304 EFQFOEFOD QBDLBHFT GUFS UIBU JOTUBMM ,FSBT JT B IJHI MFWFM

OFVSBM OFU PSLT 1 SJUUFO JO 1 UIPO BOE DBQBCMF PG SVOOJOH PO UPQ PG 5FOTPS'MP OE

UIFO JOTUBMM .BDIJOF -FBSOJOH QBDLBHFT

4FU 4UBUF

TBNQMF EFHSFFT NPEJG JU UP SFHJPOT (O O ∈ ሾͳǡͺሿ BSF TIP O JO GJHVSF

BOE GJHVSF TIP UIF EJTUBODFT CFU FFO 5VSUMF#PU SPCPU BOE PCTUBDMF BOE

BOPUIFS POF CFU FFO UIF SPCPU BOE HPBM EFUFSNJOF UIF USBOTJUJPO TUBUF PG UIF SPCPU

�

'JHVSF &JHIU SFHJPOT GPS FBDI BOHMF

(

((

(

(

( (

(

—�

—�

Ὠ �
Ὠ �
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'JHVSF .BJO EJTUBODF GPS EFUFSNJOJOH 5VSUMF#PU TUBUF

4FU 3F BSE

5IF SF BSE GVODUJPO JT FYBDUM BT UIF POF QSPQPTFE C +BSBEBU

ὶ ൌ

⎩
⎪
⎨

⎪
⎧

ʹǡ ���→ ���
ͳǡ��� → ��

Ͳǡ��� → ���ǡ �ROሺ�  ͳሻ ��ROሺ�ሻ
−ͳǡ ��� → ��

−ͳǡ��� → ��ǡ �ROሺ�  ͳሻ ൏ ��ROሺ�ሻ�
−ʹǡ ��� → 	�

�

4UBHFT PG FOW SPONFOU

'JHVSF TIP UIF TUBHFT PG FBDI FOWJSPONFOU 4UBHF JT B Y NBQ JUI OP

PCTUBDMFT TUBHF JT B Y NBQ JUI GPVS D MJOEFST PG TUBUJD PCTUBDMFT TUBHF JT B Y

NBQ JUI GPVS D MJOEFST PG NPWJOH PCTUBDMFT BOE TUBHF JT B Y NBQ JUI BMMT BOE U P

D MJOEFST PG NPWJOH PCTUBDMFT

�
—�

Ὠ �

Ὠ �
(PBM

0CTUBDMF
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4UBHF /P 0CTUBDMF 4UBHF 4UBUJD 0CTUBDMF

4UBHF .PWJOH 0CTUBDMF 4UBHF PNCJOBUJPO 0CTUBDMF

'JHVSF 'PVS TUBHFT PG FOWJSPONFOU

'SPN IUUQT FNBOVBM SPCPUJT DPN EPDT FO QMBUGPSN UVSUMFCPU NBDIJOF

MFBSOJOH TFU QBSBNFUFST

�
PODMVT PO

5IJT SFTFBSDI BJNT UP TPMWF UIF QSPCMFN PG NPCJMF SPCPU VTJOH IFFMT DBO BWPJE

PCTUBDMFT C EFFQ SFJOGPSDFNFOU MFBSOJOH 8F IBWF EFWFMPQFE UIF PCTUBDMF BWPJEBODF

T TUFN C VTJOH EFFQ SFJOGPSDFNFOU MFBSOJOH FFQ 2 /FU PSL JU JT B U QF PG

SFJOGPSDFNFOU MFBSOJOH 304 3PCPU 0QFSBUJOH 4 TUFN JT BO JNQPSUBOU DPNQPOFOU PG

CVJMEJOH SPCPUJD DPOUSPM T TUFNT O BEEJUJPO UIF MFBSOJOH T TUFN JMM CF DSFBUFE JO

TJNVMBUJPO FOWJSPONFOU NPEFM (B[FCP O UIF QBSU PG TJNVMBUJPO UIF SPCPU JT EFTJHOFE

UP QSPWJEF UIF USBJOJOH BOE UFTUJOH FOWJSPONFOUT JO PSEFS UP TPMWF UIF QSPCMFN PG DPOUSPM

GPS UIF SPCPU T JOUFMMJHFOU EFDJTJPOT JO B DPNQMJDBUFE E OBNJD FOWJSPONFOU 8F IBWF KVTU

UFTUFE JU JO TUBHF UIF SPCPU MFBSO BCPVU NPWJOH IFO UIFSF BSF OP PCTUBDMF O TUBHF
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UIF SPCPU MFBSO BCPVU NPWJOH BOE US JOH UP BWPJE TUBUJD PCTUBDMF F GPVOE UIBU JO UIJT

TUBHF UIF SPCPU DBOOPU BWPJE PCTUBDMF 5IF SPCPU NPWF GSPN TUBSUJOH QPJOU BOE IJU

PCTUBDMFT NBO UJNFT BOE UIFO JU NPWFT SFQFBUFEM BSPVOE PCTUBDMFT 4P F IBWF UP

QSPWJEF NPSF USBJOJOH BOE UFTUJOH BOE GJOE PVU UIF TVJUBCMF QBSBNFUFS GPS UIJT SFTFBSDI

GUFS F HFU TVJUBCMF QBSBNFUFS BOE SFTVMU GSPN TJNVMBUJPO GPS EFDJTJPO NBLJOH PG SPCPU

DPOUSPM T TUFN F JMM BQQM UP SFBM SPCPUT JO SFBM FOWJSPONFOU

�
3FGFSFODF

CEVMMBI )BN[B .BDI OF MFBSO OH TUSBUFH UP MFBSO BOE VOEFSTUBOE

IBQUFS 1BSU 3F OGPSDFNFOU -FBSO OH 0OMJOF WBJMBCMF

IUUQT NFEJVN DPN UIF TU DFOUVS NBDIJOF MFBSOJOH B TUSBUFH UP MFBSO BOE

VOEFSTUBOEQBSU SFJOGPSDFNFOU MFBSOJOH E F C .BSDI

EFNPWJD EOBO O E O OUSPEVDU PO UP 3PCPU 0QFSBU OH 4 TUFN 5IF 6MU NBUF

3PCPU QQM DBU PO SBNF PSL 0OMJOF WBJMBCMF

IUUQT UPQUBM DPN SPCPUJDT JOUSPEVDUJPO UP SPCPU PQFSBUJOH T TUFN

'FCSVBS

#IBUU 4I FUB 5I OHT :PV FFE UP OP BCPVU 3F OGPSDFNFOU -FBSO OH

0OMJOF WBJMBCMF

IUUQT LEOVHHFUT DPN UIJOHT SFJOGPSDFNFOU MFBSOJOH IUNM

.BSDI

VHVMFBOB .JIBJ .PHBO (IFPSHIF +VOF /FVSBM OFU PSLT CBTFE SFJOGPSDFNFOU

MFBSOJOH GPS NPCJMF SPCPUT PCTUBDMF BWPJEBODF YQFSU 4 TUFNT 8 UI

QQM DBU POT O Q

(VQUB MJOE FFQ 2 -FBSO OH 0OMJOF WBJMBCMF

IUUQT HFFLTGPSHFFLT PSH EFFQ R MFBSOJOH 'FCSVBS

+BSBEBU .PIBNNBE CEFM ,BSFFN M 3PVTBO .PIBNNBE 2VBEBO -BSB +VOF

3FJOGPSDFNFOU CBTFE NPCJMF SPCPU OBWJHBUJPO JO E OBNJD FOWJSPONFOU

3PCPU DT BOE PNQVUFS OUFHSBUFE .BOVGBDUVS OH O Q
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.BDI OF -FBSO OH 0OMJOF WBJMBCMF

IUUQT FNBOVBM SPCPUJT DPN EPDT FO QMBUGPSN UVSUMFCPU NBDIJOF MFBSOJOH TF

U QBSBNFUFST .BSDI

3PCFSU +PIO )BOET 0O OUSPEVDU PO UP 3PCPU 0QFSBU OH 4 TUFN 304

0OMJOF WBJMBCMF IUUQT USPKSPCFSU HJUIVC JP IBOET PO JOUSPEVUJPO UP SPCPU

PQFSBUJOH T TUFN SPT +VM

4 4VUUPO 3JDIBSE ( #BSUP OESF 3F OGPSDFNFOU -FBSO OH O

OUSPEVDU PO TFDPOE FE U PO 0OMJOF WBJMBCMF

IUUQ JODPNQMFUFJEFBT OFU TVUUPO CPPL 3-CPPL QEG .BSDI

5VSUMF PU 4 NVMBU PO 0OMJOF WBJMBCMF

IUUQT FNBOVBM SPCPUJT DPN EPDT FO QMBUGPSN UVSUMFCPU TJNVMBUJPO HB[FCP

TJNVMBUJPO .BSDI

8I (B FCP 0OMJOF WBJMBCMF IUUQ HB[FCPTJN PSH .BSDI

�


