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*U TFFNT MJLF UIF NPTU OFXTXPSUIZ TDJFOUJĕD TUVEJFT BSF UIF MFBTU USVTUXPSUIZ� ćF NPSF
MJLFMZ JU JT UP LJMM ZPV JG USVF UIF MFTT MJLFMZ JU JT UP CF USVF� ćF NPSF CPSJOH UIF UPQJD UIF
NPSF SJHPSPVT UIF SFTVMUT� )PX DPVME UIJT XJEFMZ CFMJFWFE OFHBUJWF DPSSFMBUJPO FYJTU ćFSF
EPFTO�U TFFN UP CF BOZ SFBTPO GPS TUVEJFT PG UPQJDT UIBU QFPQMF DBSF BCPVU UP QSPEVDF MFTT
SFMJBCMF SFTVMUT� .BZCF QPQVMBS UPQJDT BUUSBDU NPSF BOE XPSTF SFTFBSDIFST MJLF ĘJFT ESBXO UP
UIF TNFMM PG IPOFZ 

"DUVBMMZ BMM UIBU JT OFDFTTBSZ GPS TVDI B OFHBUJWF DPSSFMBUJPO UP BSJTF JT UIBU QFFS SFWJFXFST
DBSF BCPVU CPUI OFXTXPSUIJOFTT BOE USVTUXPSUIJOFTT� 8IFUIFS JU JT HSBOU SFWJFX PS KPVSOBM
SFWJFX JG FEJUPST BOE SFWJFXFST DBSF BCPVU CPUI UIFO UIF BDU PG TFMFDUJPO JUTFMG JT FOPVHI UP
NBLF UIF NPTU OFXTXPSUIZ TUVEJFT UIF MFBTU USVTUXPSUIZ� *O GBDU JU�T IBSE UP JNBHJOF IPX
TDJFOUJĕD QFFS SFWJFX DPVME BWPJE DSFBUJOH UIJT OFHBUJWF DPSSFMBUJPO� "OE EFBS SFBEFS UIJT
GBDU XJMM IFMQ VT VOEFSTUBOE UIF QFSJMT PG NVMUJQMF SFHSFTTJPO�

)FSF�T B TJNQMF TJNVMBUJPO UP JMMVTUSBUF UIF QPJOU��� 4VQQPTF B HSBOU SFWJFX QBOFM SFDFJWFT
��� QSPQPTBMT GPS TDJFOUJĕD SFTFBSDI� "NPOH UIFTF QSPQPTBMT UIFSF JT OP DPSSFMBUJPO BU BMM
CFUXFFO USVTUXPSUIJOFTT 	SJHPS TDIPMBSTIJQ QMBVTJCJMJUZ PG TVDDFTT
 BOE OFXTXPSUIJOFTT 	TP�
DJBM XFMGBSF WBMVF QVCMJD JOUFSFTU
� ćF QBOFM XFJHIT USVTUXPSUIJOFTT BOE OFXTXPSUIJOFTT
FRVBMMZ� ćFO UIFZ SBOL UIF QSPQPTBMT CZ UIFJS DPNCJOFE TDPSFT BOE TFMFDU UIF UPQ ��� GPS
GVOEJOH�

"U UIF FOE PG UIJT TFDUJPO * TIPX UIF DPEF UP TJNVMBUF UIJT UIPVHIU FYQFSJNFOU� 'ĶĴ�
łĿĲ Ǝ�Ɖ EJTQMBZT UIF GVMM TBNQMF PG TJNVMBUFE QSPQPTBMT XJUI UIPTF TFMFDUFE JO CMVF� *�WF
ESBXO B TJNQMF MJOFBS SFHSFTTJPO MJOF UISPVHI UIF TFMFDUFE QSPQPTBMT� ćFSF�T UIF OFHBUJWF
DPSSFMBUJPO −�.�� JO UIJT FYBNQMF� 4USPOH TFMFDUJPO JOEVDFT B OFHBUJWF DPSSFMBUJPO BNPOH
UIF DSJUFSJB VTFE JO TFMFDUJPO� 8IZ *G UIF POMZ XBZ UP DSPTT UIF UISFTIPME JT UP TDPSF IJHI JU JT
NPSF DPNNPO UP TDPSF IJHI PO POF JUFN UIBO PO CPUI� ćFSFGPSF BNPOH GVOEFE QSPQPTBMT
UIF NPTU OFXTXPSUIZ TUVEJFT DBO BDUVBMMZ IBWF MFTT UIBO BWFSBHF USVTUXPSUIJOFTT 	MFTT UIBO
� JO UIF ĕHVSF
� 4JNJMBSMZ UIF NPTU USVTUXPSUIZ TUVEJFT DBO BDUVBMMZ CF MFTT OFXTXPSUIZ UIBO
BWFSBHF�

ćJT HFOFSBM QIFOPNFOPO IBT CFFO SFDPHOJ[FE GPS B MPOH UJNF� *U JT TPNFUJNFT DBMMFE
#ĲĿĸŀļĻ�ŀ ĽĮĿĮıļŅ��� #VU JU JT FBTJFS UP SFNFNCFS JG XF DBMM JU UIF TFMFDUJPO�EJTUPSUJPO
FČFDU� 0ODF ZPV BQQSFDJBUF UIJT FČFDU ZPV�MM TFF JU FWFSZXIFSF� 8IZ EP TP NBOZ SFTUBVSBOUT
JO HPPE MPDBUJPOT IBWF CBE GPPE ćF POMZ XBZ B SFTUBVSBOU XJUI MFTT�UIBO�HPPE GPPE DBO
TVSWJWF JT JG JU JT JO B OJDF MPDBUJPO� 4JNJMBSMZ SFTUBVSBOUT XJUI FYDFMMFOU GPPE DBO TVSWJWF FWFO
JO CBE MPDBUJPOT� 4FMFDUJPO�EJTUPSUJPO SVJOT ZPVS DJUZ�

8IBU EPFT UIJT IBWF UP EP XJUI NVMUJQMF SFHSFTTJPO 6OGPSUVOBUFMZ FWFSZUIJOH� ćF
QSFWJPVT DIBQUFS EFNPOTUSBUFE TPNF BNB[JOH QPXFST PG NVMUJQMF SFHSFTTJPO� *U DBO TNPLF
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'ĶĴłĿĲ Ǝ�Ɖ� 8IZ UIF NPTU OFXTXPSUIZ TUVE�
JFT NJHIU CF UIF MFBTU USVTUXPSUIZ� ��� SF�
TFBSDI QSPQPTBMT BSF SBOLFE CZ DPNCJOFE
USVTUXPSUIJOFTT BOE OFXTXPSUIJOFTT� ćF UPQ
��� BSF TFMFDUFE GPS GVOEJOH� 8IJMF UIFSF JT
OP DPSSFMBUJPO CFGPSF TFMFDUJPO UIF UXP DSJUF�
SJB BSF TUSPOHMZ OFHBUJWFMZ DPSSFMBUFE BęFS TF�
MFDUJPO� ćF DPSSFMBUJPO IFSF JT−�.���

PVU TQVSJPVT DPSSFMBUJPOT BOE DMFBS VQ NBTLJOH FČFDUT� ćJT NBZ FODPVSBHF UIF WJFX UIBU
XIFO JO EPVCU KVTU BEE FWFSZUIJOH UP UIF NPEFM BOE MFU UIF PSBDMF PG SFHSFTTJPO TPSU JU PVU�

3FHSFTTJPO XJMM OPU TPSU JU PVU� 3FHSFTTJPO JT JOEFFE BO PSBDMF CVU B DSVFM POF� *U TQFBLT
JO SJEEMFT BOE EFMJHIUT JO QVOJTIJOH VT GPS BTLJOH CBE RVFTUJPOT� ćF TFMFDUJPO�EJTUPSUJPO
FČFDU DBO IBQQFO JOTJEF PG B NVMUJQMF SFHSFTTJPO CFDBVTF UIF BDU PG BEEJOH B QSFEJDUPS JO�
EVDFT TUBUJTUJDBM TFMFDUJPO XJUIJO UIF NPEFM B QIFOPNFOPO UIBU HPFT CZ UIF VOIFMQGVM OBNF
İļĹĹĶıĲĿ įĶĮŀ� ćJT DBO NJTMFBE VT JOUP CFMJFWJOH GPS FYBNQMF UIBU UIFSF JT B OFHBUJWF BT�
TPDJBUJPO CFUXFFO OFXTXPSUIJOFTT BOE USVTUXPSUIJOFTT JO HFOFSBM XIFO JO GBDU JU JT KVTU B
DPOTFRVFODF PG DPOEJUJPOJOH PO TPNF WBSJBCMF� ćJT JT CPUI B EFFQMZ DPOGVTJOH GBDU BOE POF
UIBU JT JNQPSUBOU UP VOEFSTUBOE JO PSEFS UP SFHSFTT SFTQPOTJCMZ�

ćJT DIBQUFS BOE UIF OFYU BSF CPUI BCPVU UFSSJCMF UIJOHT UIBU DBO IBQQFO XIFO XF TJNQMZ
BEE WBSJBCMFT UP B SFHSFTTJPO XJUIPVU B DMFBS JEFB PG B DBVTBM NPEFM� *O UIJT DIBQUFS XF�MM FY�
QMPSF UISFF EJČFSFOU IB[BSET� NVMUJDPMMJOFBSJUZ QPTU�USFBUNFOU CJBT BOE DPMMJEFS CJBT� 8F�MM
FOE CZ UZJOH BMM PG UIFTF FYBNQMFT UPHFUIFS JO B GSBNFXPSL UIBU DBO UFMM VT XIJDI WBSJBCMFT XF
NVTU BOE NVTU OPU BEE UP B NPEFM JO PSEFS UP BSSJWF BU WBMJE JOGFSFODFT� #VU UIJT GSBNFXPSL
EPFT OPU EP UIF NPTU JNQPSUBOU TUFQ GPS VT� *U XJMM OPU HJWF VT B WBMJE NPEFM�

0WFSUIJOLJOH� 4JNVMBUFE TDJFODF EJTUPSUJPO� 4JNVMBUJPOT MJLF UIJT POF BSF FBTZ UP EP JO 3 PS JO BOZ
PUIFS TDSJQUJOH MBOHVBHF PODF ZPV IBWF TFFO B GFX FYBNQMFT� *O UIJT TJNVMBUJPO XF KVTU ESBX TPNF
SBOEPN (BVTTJBO DSJUFSJB GPS B TBNQMF PG QSPQPTBMT BOE UIFO TFMFDU UIF UPQ ��� DPNCJOFE TDPSFT�
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* DIPTF B TQFDJĕD TFFE TP ZPV DBO SFQMJDBUF UIF SFTVMU JO 'ĶĴłĿĲ Ǝ�Ɖ CVU JG ZPV SFSVO UIF TJNVMBUJPO
XJUIPVU UIF . /ǡ.  � MJOF ZPV�MM TFF UIFSF JT OPUIJOH TQFDJBM BCPVU UIF TFFE * VTFE�

���� .VMUJDPMMJOFBSJUZ
*U JT DPNNPOMZ USVF UIBU UIFSF BSF NBOZ QPUFOUJBM QSFEJDUPS WBSJBCMFT UP BEE UP B SFHSFT�

TJPO NPEFM� *O UIF DBTF PG UIF QSJNBUF NJML EBUB GPS FYBNQMF UIFSF BSF � WBSJBCMFT BWBJMBCMF
UP QSFEJDU BOZ DPMVNO XF DIPPTF BT BO PVUDPNF� 8IZ OPU KVTU ĕU B NPEFM UIBU JODMVEFT BMM
� ćFSF BSF TFWFSBM IB[BSET� ćF POF XF�MM GPDVT PO IFSF JT ĺłĹŁĶİļĹĹĶĻĲĮĿĶŁņ� .VM�
UJDPMMJOFBSJUZ NFBOT WFSZ TUSPOH DPSSFMBUJPO CFUXFFO UXP PS NPSF QSFEJDUPS WBSJBCMFT� ćF
DPOTFRVFODF PG JU JT UIBU UIF QPTUFSJPS EJTUSJCVUJPO XJMM TFFN UP TVHHFTU UIBU OPOF PG UIF WBSJ�
BCMFT JT SFMJBCMZ BTTPDJBUFE XJUI UIF PVUDPNF FWFO JG BMM PG UIF WBSJBCMFT BSF JO SFBMJUZ TUSPOHMZ
BTTPDJBUFE XJUI UIF PVUDPNF� ćJT GSVTUSBUJOH QIFOPNFOPO BSJTFT GSPN UIF EFUBJMT PG IPX
NVMUJQMF SFHSFTTJPO XPSLT� *O GBDU UIFSF JT OPUIJOH XSPOH XJUI NVMUJDPMMJOFBSJUZ� ćF NPEFM
XJMM XPSL ĕOF GPS QSFEJDUJPO� :PV XJMM KVTU CF GSVTUSBUFE USZJOH UP VOEFSTUBOE JU� ćF IPQF JT
UIBU PODF ZPV VOEFSTUBOE NVMUJDPMMJOFBSJUZ ZPV XJMM CFUUFS VOEFSTUBOE SFHSFTTJPO NPEFMT JO
HFOFSBM�

-FU�T CFHJO XJUI B TJNQMF TJNVMBUJPO� ćFO XF�MM UVSO UP UIF QSJNBUF NJML EBUB BHBJO BOE
TFF NVMUJDPMMJOFBSJUZ JO B SFBM EBUB TFU�

������ .VMUJDPMMJOFBS MFHT� ćF TJNVMBUJPO FYBNQMF JT QSFEJDUJOH BO JOEJWJEVBM�T IFJHIU VT�
JOH UIF MFOHUI PG IJT PS IFS MFHT BT QSFEJDUPS WBSJBCMFT� 4VSFMZ IFJHIU JT QPTJUJWFMZ BTTPDJBUFE
XJUI MFH MFOHUI PS BU MFBTU UIF TJNVMBUJPO XJMM BTTVNF JU JT� /FWFSUIFMFTT PODF ZPV QVU CPUI
MFH MFOHUIT JOUP UIF NPEFM TPNFUIJOH WFYJOH XJMM IBQQFO�

ćF DPEF CFMPX XJMM TJNVMBUF UIF IFJHIUT BOE MFH MFOHUIT PG ��� JOEJWJEVBMT� 'PS FBDI
ĕSTU B IFJHIU JT TJNVMBUFE GSPNB(BVTTJBO EJTUSJCVUJPO� ćFO FBDI JOEJWJEVBM HFUT B TJNVMBUFE
QSPQPSUJPO PG IFJHIU GPS UIFJS MFHT SBOHJOH GSPN ��� UP ���� 'JOBMMZ FBDI MFH JT TBMUFE XJUI B
MJUUMF NFBTVSFNFOU PS EFWFMPQNFOUBM FSSPS TP UIF MFę BOE SJHIU MFHT BSF OPU FYBDUMZ UIF TBNF
MFOHUI BT JT UZQJDBM JO SFBM QPQVMBUJPOT� "U UIF FOE UIF DPEF QVUT IFJHIU BOE UIF UXP MFH
MFOHUIT JOUP B DPNNPO EBUB GSBNF�
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/PX MFU�T BOBMZ[F UIFTF EBUB QSFEJDUJOH UIF PVUDPNF # $"#/XJUI CPUI QSFEJDUPST ' "Ǿ' !/
BOE ' "Ǿ-$"#/� #FGPSF BQQSPYJNBUJOH UIF QPTUFSJPS IPXFWFS DPOTJEFS XIBU XF FYQFDU� 0O
BWFSBHF BO JOEJWJEVBM�T MFHT BSF ��� PG UIFJS IFJHIU 	JO UIFTF TJNVMBUFE EBUB
� 4P XF TIPVME
FYQFDU UIF CFUB DPFďDJFOU UIBUNFBTVSFT UIF BTTPDJBUJPO PG B MFH XJUI IFJHIU UP FOE VQ BSPVOE
UIF BWFSBHF IFJHIU 	��
 EJWJEFE CZ ��� PG UIF BWFSBHF IFJHIU 	���
� ćJT JT ��/�.� ≈ �.�� /PX
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MFU�T TFF XIBU IBQQFOT JOTUFBE� *�MM VTF WFSZ WBHVF CBE QSJPST IFSF KVTU TP XF DBO CF TVSF UIBU
UIF QSJPST BSFO�U SFTQPOTJCMF GPS XIBU JT BCPVU UP IBQQFO�
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�- ǎǡǔǕ Ǐǡǒǐ ǶǏǡǏǓ ǒǡǕǐ
.$"(� ǍǡǓǏ ǍǡǍǑ Ǎǡǒǒ ǍǡǓǖ

ćPTF QPTUFSJPSNFBOT BOE TUBOEBSE EFWJBUJPOT MPPL DSB[Z� ćJT JT B DBTF JO XIJDI B HSBQIJDBM
WJFX PG UIF +- �$. PVUQVU JT NPSF VTFGVM CFDBVTF JU EJTQMBZT UIF QPTUFSJPS NFBOT BOE ���
JOUFSWBMT JO B XBZ UIBU BMMPXT VT XJUI B HMBODF UP TFF UIBU TPNFUIJOH IBT HPOF XSPOH IFSF�

3 DPEF
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Value

(P BIFBE BOE USZ UIF TJNVMBUF B GFX NPSF UJNFT PNJUUJOH UIF . /ǡ.  � MJOF� *G CPUI MFHT
IBWF BMNPTU JEFOUJDBM MFOHUIT BOE IFJHIU JT TP TUSPOHMZ BTTPDJBUFE XJUI MFH MFOHUI UIFO XIZ
JT UIJT QPTUFSJPS EJTUSJCVUJPO TP XFJSE %JE UIF QPTUFSJPS BQQSPYJNBUJPO XPSL DPSSFDUMZ 

*U EJE XPSL DPSSFDUMZ BOE UIF QPTUFSJPS EJTUSJCVUJPO IFSF JT UIF SJHIU BOTXFS UP UIF RVFT�
UJPO XF BTLFE� ćF QSPCMFN JT UIF RVFTUJPO� 3FDBMM UIBU B NVMUJQMF MJOFBS SFHSFTTJPO BOTXFST
UIF RVFTUJPO� 8IBU JT UIF WBMVF PG LOPXJOH FBDI QSFEJDUPS BęFS BMSFBEZ LOPXJOH BMM PG UIF
PUIFS QSFEJDUPST 4P JO UIJT DBTF UIF RVFTUJPO CFDPNFT� 8IBU JT UIF WBMVF PG LOPXJOH FBDI
MFH�T MFOHUI BęFS BMSFBEZ LOPXJOH UIF PUIFS MFH�T MFOHUI 

ćF BOTXFS UP UIJT XFJSE RVFTUJPO JT FRVBMMZ XFJSE CVU QFSGFDUMZ MPHJDBM� ćF QPTUFSJPS
EJTUSJCVUJPO JT UIF BOTXFS UP UIJT RVFTUJPO DPOTJEFSJOH FWFSZ QPTTJCMF DPNCJOBUJPO PG UIF
QBSBNFUFST BOE BTTJHOJOH SFMBUJWF QMBVTJCJMJUJFT UP FWFSZ DPNCJOBUJPO DPOEJUJPOBM PO UIJT
NPEFM BOE UIFTF EBUB� *U NJHIU IFMQ UP MPPL BU UIF CJWBSJBUF QPTUFSJPS EJTUSJCVUJPO GPS �' BOE
�-�
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'ĶĴłĿĲ Ǝ�Ɗ� -Fę� 1PTUFSJPS EJTUSJCVUJPO PG UIF BTTPDJBUJPO PG FBDI MFH XJUI
IFJHIU GSPN NPEFM (Ǔǡǎ� 4JODF CPUI WBSJBCMFT DPOUBJO BMNPTU JEFOUJDBM JO�
GPSNBUJPO UIF QPTUFSJPS JT B OBSSPX SJEHF PG OFHBUJWFMZ DPSSFMBUFE WBMVFT�
3JHIU� ćF QPTUFSJPS EJTUSJCVUJPO PG UIF TVN PG UIF UXP QBSBNFUFST JT DFO�
UFSFE PO UIF QSPQFS BTTPDJBUJPO PG FJUIFS MFH XJUI IFJHIU�

3 DPEF
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ćF SFTVMUJOH QMPU JT TIPXO PO UIF MFę PG 'ĶĴłĿĲ Ǝ�Ɗ� ćF QPTUFSJPS EJTUSJCVUJPO GPS UIFTF
UXP QBSBNFUFST JT WFSZ IJHIMZ DPSSFMBUFE XJUI BMM PG UIF QMBVTJCMF WBMVFT PG �' BOE �- MZJOH
BMPOH B OBSSPX SJEHF� 8IFO �' JT MBSHF UIFO �- NVTU CF TNBMM� 8IBU IBT IBQQFOFE IFSF
JT UIBU TJODF CPUI MFH WBSJBCMFT DPOUBJO BMNPTU FYBDUMZ UIF TBNF JOGPSNBUJPO JG ZPV JOTJTU PO
JODMVEJOH CPUI JO B NPEFM UIFO UIFSF XJMM CF B QSBDUJDBMMZ JOĕOJUF OVNCFS PG DPNCJOBUJPOT
PG �' BOE �- UIBU QSPEVDF UIF TBNF QSFEJDUJPOT�

0OF XBZ UP UIJOL PG UIJT QIFOPNFOPO JT UIBU ZPV IBWF BQQSPYJNBUFE UIJT NPEFM�
ZJ ∼ /PSNBM(µJ,σ)

µJ = α+ β�YJ + β�YJ

ćFWBSJBCMF Z JT UIF PVUDPNF MJLF IFJHIU JO UIF FYBNQMF BOE Y JT B TJOHMF QSFEJDUPS MJLF UIF MFH
MFOHUIT JO UIF FYBNQMF� )FSF Y JT VTFE UXJDF XIJDI JT B QFSGFDU FYBNQMF PG UIF QSPCMFNDBVTFE
CZ VTJOH UIF BMNPTU�JEFOUJDBM MFH MFOHUIT� 'SPN UIF DPNQVUFS�T QFSTQFDUJWF UIJT NPEFM JT
TJNQMZ�

ZJ ∼ /PSNBM(µJ,σ)

µJ = α+ (β� + β�)YJ

"MM *�WF EPOF JT GBDUPS YJ PVU PG FBDI UFSN� ćF QBSBNFUFST β� BOE β� DBOOPU CF QVMMFE BQBSU
CFDBVTF UIFZ OFWFS TFQBSBUFMZ JOĘVFODF UIFNFBOµ� 0OMZ UIFJS TVN β�+β� JOĘVFODFTµ� 4P
UIJT NFBOT UIF QPTUFSJPS EJTUSJCVUJPO FOET VQ SFQPSUJOH UIF WFSZ MBSHF SBOHF PG DPNCJOBUJPOT
PG β� BOE β� UIBU NBLF UIFJS TVN DMPTF UP UIF BDUVBM BTTPDJBUJPO PG Y XJUI Z�
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"OE UIF QPTUFSJPS EJTUSJCVUJPO JO UIJT TJNVMBUFE FYBNQMF IBT EPOF FYBDUMZ UIBU� *U IBT
QSPEVDFE B HPPE FTUJNBUF PG UIF TVNPG �' BOE �-� )FSF�T IPX ZPV DBO DPNQVUF UIF QPTUFSJPS
EJTUSJCVUJPO PG UIFJS TVN BOE UIFO QMPU JU�
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"OE UIF SFTVMUJOH EFOTJUZ QMPU JT TIPXO PO UIF SJHIU�IBOE TJEF PG 'ĶĴłĿĲ Ǝ�Ɗ� ćF QPTUFSJPS
NFBO JT JO UIF SJHIU OFJHICPSIPPE B MJUUMF PWFS � BOE UIF TUBOEBSE EFWJBUJPO JT NVDI TNBMMFS
UIBO JU JT GPS FJUIFS DPNQPOFOU PG UIF TVN �' PS �-� *G ZPV ĕU B SFHSFTTJPO XJUI POMZ POF PG
UIF MFH MFOHUI WBSJBCMFT ZPV�MM HFU BQQSPYJNBUFMZ UIF TBNF QPTUFSJPS NFBO�

3 DPEF
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( �) .� ǒǡǒʉ ǖǑǡǒʉ
� ǎǡǍǍ ǍǡǏǕ ǍǡǒǑ ǎǡǑǒ
�' ǎǡǖǖ ǍǡǍǓ ǎǡǕǖ ǏǡǍǖ
.$"(� ǍǡǓǏ ǍǡǍǑ Ǎǡǒǒ ǍǡǓǖ

ćBU ���� JT BMNPTU JEFOUJDBM UP UIF NFBO WBMVF PG .0(Ǿ�'�-�
:PV�MM HFU TMJHIUMZ EJČFSFOU SFTVMUT JO ZPVS PXO TJNVMBUJPO EVF UP SBOEPN WBSJBUJPO

BDSPTT TJNVMBUJPOT� #VU UIF CBTJD MFTTPO SFNBJOT JOUBDU BDSPTT EJČFSFOU TJNVMBUJPOT� 8IFO
UXP QSFEJDUPS WBSJBCMFT BSF WFSZ TUSPOHMZ DPSSFMBUFE JODMVEJOH CPUI JO B NPEFM NBZ MFBE UP DPO�
GVTJPO� ćF QPTUFSJPS EJTUSJCVUJPO JTO�U XSPOH JO TVDI DBTFT� *U�T UFMMJOH ZPV UIBU UIF RVFTUJPO
ZPV BTLFE DBOOPU CF BOTXFSFE XJUI UIFTF EBUB� "OE UIBU�T B HSFBU UIJOH GPS B NPEFM UP TBZ
UIBU JU DBOOPU BOTXFS ZPVS RVFTUJPO� "OE JG ZPV BSF KVTU JOUFSFTUFE JO QSFEJDUJPO ZPV�MM ĕOE
UIBU UIJT MFH NPEFM NBLFT ĕOF QSFEJDUJPOT� *U KVTU EPFTO�U NBLF BOZ DMBJNT BCPVU XIJDI MFH
JT NPSF JNQPSUBOU�

ćJT MFH FYBNQMF JT DMFBS BOE DVUF� #VU JU JT BMTP QVSFMZ TUBUJTUJDBM� 8F BSFO�U BTLJOH BOZ
TFSJPVT DBVTBM RVFTUJPOT IFSF� -FU�T USZ B NPSF DBVTBMMZ JOUFSFTUJOH FYBNQMF OFYU�

������ .VMUJDPMMJOFBSNJML� *O UIF MFH MFOHUI FYBNQMF JU�T FBTZ UP TFF UIBU JODMVEJOH CPUI MFHT
JO UIF NPEFM JT B MJUUMF TJMMZ� #VU UIF QSPCMFN UIBU BSJTFT JO SFBM EBUB TFUT JT UIBU XF NBZ OPU
BOUJDJQBUF B DMBTI CFUXFFO IJHIMZ DPSSFMBUFE QSFEJDUPST� "OE UIFSFGPSF XF NBZ NJTUBLFOMZ
SFBE UIF QPTUFSJPS EJTUSJCVUJPO UP TBZ UIBU OFJUIFS QSFEJDUPS JT JNQPSUBOU� *O UIJT TFDUJPO XF
MPPL BU BO FYBNQMF PG UIJT JTTVF XJUI SFBM EBUB�

-FU�T SFUVSO UP UIF QSJNBUFNJML EBUB GSPN FBSMJFS JO UIF DIBQUFS� -FU�T HFU CBDL UIF PSJHJOBM
EBUB BHBJO�
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*O UIJT FYBNQMF XF BSF DPODFSOFEXJUI UIF WBSJBCMFT+ -�ǡ!�/ 	QFSDFOU GBU
 BOE+ -�ǡ'��/*. 
	QFSDFOU MBDUPTF
 UIBU XFNJHIU VTF UPNPEFM UIF UPUBM FOFSHZ DPOUFOU &��'ǡ+ -ǡ"� ćF DPEF
BCPWF IBT BMSFBEZ TUBOEBSEJ[FE UIFTF UISFF WBSJBCMFT� :PV�SF HPJOH UP VTF UIFTF UISFF WBSJBCMFT
UP FYQMPSF B OBUVSBM DBTF PG NVMUJDPMMJOFBSJUZ� /PUF UIBU UIFSF BSF OP NJTTJOH WBMVFT �� JO
UIFTF DPMVNOT TP UIFSF�T OP OFFE IFSF UP FYUSBDU DPNQMFUF DBTFT� #VU ZPV DBO SFTU BTTVSFE
UIBU ,0�+ VOMJLF SFDLMFTT GVODUJPOT MJLF '( XPVME OFWFS TJMFOUMZ ESPQ DBTFT�

4UBSU CZ NPEFMJOH &��'ǡ+ -ǡ" BT B GVODUJPO PG + -�ǡ!�/ BOE + -�ǡ'��/*.  CVU JO
UXP CJWBSJBUF SFHSFTTJPOT� -PPL CBDL JO $IBQUFS � 	QBHF ���
 GPS B EJTDVTTJPO PG UIFTF QSJPST�
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'ĶĴłĿĲ Ǝ�Ƌ� " QBJST QMPU PG UIF UPUBM FO�
FSHZ QFSDFOU GBU BOE QFSDFOU MBDUPTF WBSJ�
BCMFT GSPN UIF QSJNBUF NJML EBUB� 1FSDFOU
GBU BOE QFSDFOU MBDUPTF BSF TUSPOHMZ OFHB�
UJWFMZ DPSSFMBUFE XJUI POF BOPUIFS QSPWJE�
JOH NPTUMZ UIF TBNF JOGPSNBUJPO�

ćF QPTUFSJPS EJTUSJCVUJPOT GPS �� BOE � BSF FTTFOUJBMMZ NJSSPS JNBHFT PG POF BOPUIFS� ćF
QPTUFSJPS NFBO PG �� JT BT QPTJUJWF BT UIF NFBO PG � JT OFHBUJWF� #PUI BSF OBSSPX QPTUFSJPS
EJTUSJCVUJPOT UIBU MJF BMNPTU FOUJSFMZ PO POF TJEF PS UIF PUIFS PG [FSP� (JWFO UIF TUSPOH BTTPDJ�
BUJPO PG FBDI QSFEJDUPS XJUI UIF PVUDPNF XF NJHIU DPODMVEF UIBU CPUI WBSJBCMFT BSF SFMJBCMF
QSFEJDUPST PG UPUBM FOFSHZ JO NJML BDSPTT TQFDJFT� ćF NPSF GBU UIF NPSF LJMPDBMPSJFT JO UIF
NJML� ćF NPSF MBDUPTF UIF GFXFS LJMPDBMPSJFT JO NJML� #VU XBUDI XIBU IBQQFOT XIFO XF
QMBDF CPUI QSFEJDUPS WBSJBCMFT JO UIF TBNF SFHSFTTJPO NPEFM�
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/PX UIF QPTUFSJPS NFBOT PG CPUI �� BOE � BSF DMPTFS UP [FSP� "OE UIF TUBOEBSE EFWJBUJPOT
GPS CPUI QBSBNFUFST BSF UXJDF BT MBSHF BT JO UIF CJWBSJBUF NPEFMT 	(Ǔǡǐ BOE (ǓǡǑ
�

ćJT JT UIF TBNF TUBUJTUJDBM QIFOPNFOPO BT JO UIF MFH MFOHUI FYBNQMF� 8IBU IBT IBQQFOFE
JT UIBU UIF WBSJBCMFT + -�ǡ!�/ BOE + -�ǡ'��/*. DPOUBJO NVDI PG UIF TBNF JOGPSNBUJPO�
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ćFZ BSF BMNPTU TVCTUJUVUFT GPS POF BOPUIFS� "T B SFTVMU XIFO ZPV JODMVEF CPUI JO B SFHSFT�
TJPO UIF QPTUFSJPS EJTUSJCVUJPO FOET VQ EFTDSJCJOH B MPOH SJEHF PG DPNCJOBUJPOT PG �� BOE
� UIBU BSF FRVBMMZ QMBVTJCMF� *O UIF DBTF PG UIF GBU BOE MBDUPTF UIFTF UXP WBSJBCMFT GPSN
FTTFOUJBMMZ B TJOHMF BYJT PG WBSJBUJPO� ćF FBTJFTU XBZ UP TFF UIJT JT UP VTF B QBJST QMPU�

3 DPEF
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* EJTQMBZ UIJT QMPU JO 'ĶĴłĿĲ Ǝ�Ƌ� "MPOH UIF EJBHPOBM UIF WBSJBCMFT BSF MBCFMFE� *O FBDI TDBU�
UFSQMPU PČ UIF EJBHPOBM UIF WFSUJDBM BYJT WBSJBCMF JT UIF WBSJBCMF MBCFMFE PO UIF TBNF SPX BOE
UIF IPSJ[POUBM BYJT WBSJBCMF JT UIF WBSJBCMF MBCFMFE JO UIF TBNF DPMVNO� 'PS FYBNQMF UIF
UXP TDBUUFSQMPUT JO UIF ĕSTU SPX JO 'ĶĴłĿĲ Ǝ�Ƌ BSF &��'ǡ+ -ǡ" 	WFSUJDBM
 BHBJOTU + -�ǡ!�/
	IPSJ[POUBM
 BOE UIFO &��'ǡ+ -ǡ" 	WFSUJDBM
 BHBJOTU + -�ǡ'��/*. 	IPSJ[POUBM
� /PUJDF
UIBU QFSDFOU GBU JT QPTJUJWFMZ DPSSFMBUFE XJUI UIF PVUDPNF XIJMF QFSDFOU MBDUPTF JT OFHBUJWFMZ
DPSSFMBUFE XJUI JU� /PX MPPL BU UIF SJHIU�NPTU TDBUUFSQMPU JO UIF NJEEMF SPX� ćJT QMPU JT UIF
TDBUUFS PG QFSDFOU GBU 	WFSUJDBM
 BHBJOTU QFSDFOU MBDUPTF 	IPSJ[POUBM
� /PUJDF UIBU UIF QPJOUT
MJOF VQ BMNPTU FOUJSFMZ BMPOH B TUSBJHIU MJOF� ćFTF UXP WBSJBCMFT BSF OFHBUJWFMZ DPSSFMBUFE
BOE TP TUSPOHMZ TP UIBU UIFZ BSF OFBSMZ SFEVOEBOU� &JUIFS IFMQT JO QSFEJDUJOH &��'ǡ+ -ǡ"
CVU OFJUIFS IFMQT NVDI PODF ZPV BMSFBEZ LOPX UIF PUIFS�

*O UIF TDJFOUJĕD MJUFSBUVSF ZPV NJHIU FODPVOUFS B WBSJFUZ PG EPEHZ XBZT PG DPQJOH XJUI
NVMUJDPMMJOFBSJUZ� 'FX PG UIFN UBLF B DBVTBM QFSTQFDUJWF� 4PNF ĕFMET BDUVBMMZ UFBDI TUVEFOUT
UP JOTQFDU QBJSXJTF DPSSFMBUJPOT CFGPSF ĕUUJOH B NPEFM UP JEFOUJGZ BOE ESPQ IJHIMZ DPSSFMBUFE
QSFEJDUPST� ćJT JT B NJTUBLF� 1BJSXJTF DPSSFMBUJPOT BSF OPU UIF QSPCMFN� *U JT UIF DPOEJUJPOBM
BTTPDJBUJPOT�OPU DPSSFMBUJPOT�UIBU NBUUFS� "OE FWFO UIFO UIF SJHIU UIJOH UP EP XJMM EF�
QFOE VQPO XIBU JT DBVTJOH UIF DPMMJOFBSJUZ� ćF BTTPDJBUJPOT XJUIJO UIF EBUB BMPOF BSF OPU
FOPVHI UP EFDJEF XIBU UP EP�

8IBU JT MJLFMZ HPJOH PO JO UIF NJML FYBNQMF JT UIBU UIFSF JT B DPSF USBEFPČ JO NJML DPN�
QPTJUJPO UIBU NBNNBM NPUIFST NVTU PCFZ� *G B TQFDJFT OVSTFT PęFO UIFO UIF NJML UFOET UP
CF XBUFSZ BOE MPX JO FOFSHZ� 4VDI NJML JT IJHI JO TVHBS 	MBDUPTF
� *G JOTUFBE B TQFDJFT OVSTFT
SBSFMZ JO TIPSU CPVUT UIFO UIF NJML OFFET UP CF IJHIFS JO FOFSHZ� 4VDI NJML JT WFSZ IJHI JO
GBU� ćJT JNQMJFT B DBVTBM NPEFM TPNFUIJOH MJLF UIJT�

D F

K

L

ćF DFOUSBM USBEFPČ EFDJEFT IPX EFOTF % UIF NJML OFFET UP CF� 8F IBWFO�U PCTFSWFE UIJT
WBSJBCMF TP JU�T TIPXO DJSDMFE� ćFO GBU ' BOE MBDUPTF - BSF EFUFSNJOFE� 'JOBMMZ UIF DPN�
QPTJUJPO PG ' BOE - EFUFSNJOFT UIF LJMPDBMPSJFT ,� *G XF DPVME NFBTVSF % PS IBE BO FWPMV�
UJPOBSZ BOE FDPOPNJD NPEFM UP QSFEJDU JU CBTFE VQPO PUIFS BTQFDUT PG B TQFDJFT UIBU XPVME
CF CFUUFS UIBO TUVNCMJOH UISPVHI SFHSFTTJPOT� 8F�E KVTU SFHSFTTJPO , PO % JHOPSJOH UIF
NFEJBUJOH - BOE ' UP FTUJNBUF UIF DBVTBM JOĘVFODF PG EFOTJUZ PO FOFSHZ�

ćFQSPCMFNPGNVMUJDPMMJOFBSJUZ JT BNFNCFS PG B GBNJMZ PG QSPCMFNTXJUI ĕUUJOHNPEFMT
B GBNJMZ TPNFUJNFT LOPXO BTĻļĻ�ĶıĲĻŁĶĳĶĮįĶĹĶŁņ� 8IFO B QBSBNFUFS JT OPO�JEFOUJĕBCMF
JU NFBOT UIBU UIF TUSVDUVSF PG UIF EBUB BOE NPEFM EP OPU NBLF JU QPTTJCMF UP FTUJNBUF UIF
QBSBNFUFS�T WBMVF� 4PNFUJNFT UIJT QSPCMFN BSJTFT GSPN NJTUBLFT JO DPEJOH B NPEFM CVU
NBOZ JNQPSUBOU UZQFT PG NPEFMT QSFTFOU OPO�JEFOUJĕBCMF PS XFBLMZ JEFOUJĕBCMF QBSBNFUFST
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FWFO XIFO DPEFE DPNQMFUFMZ DPSSFDUMZ� /BUVSF EPFT OPU PXF VT FBTZ JOGFSFODF FWFO XIFO
UIF NPEFM JT DPSSFDU�

*O HFOFSBM UIFSF�T OP HVBSBOUFF UIBU UIF BWBJMBCMF EBUB DPOUBJO NVDI JOGPSNBUJPO BCPVU
B QBSBNFUFS PG JOUFSFTU� 8IFO UIBU�T USVF ZPVS #BZFTJBO NBDIJOF XJMM SFUVSO B QPTUFSJPS
EJTUSJCVUJPO WFSZ TJNJMBS UP UIF QSJPS� $PNQBSJOH UIF QPTUFSJPS UP UIF QSJPS DBO UIFSFGPSF
CF B HPPE JEFB B XBZ PG TFFJOH IPX NVDI JOGPSNBUJPO UIF NPEFM FYUSBDUFE GSPN UIF EBUB�
8IFO UIF QPTUFSJPS BOE QSJPS BSF TJNJMBS JU EPFTO�U NFBO UIF DBMDVMBUJPOT BSF XSPOH�ZPV
HPU UIF SJHIU BOTXFS UP UIF RVFTUJPO ZPV BTLFE� #VU JU NJHIU MFBE ZPV UP BTL B CFUUFS RVFTUJPO�

3FUIJOLJOH� *EFOUJĕDBUJPO HVBSBOUFFE� DPNQSFIFOTJPO VQ UP ZPV� 5FDIOJDBMMZ TQFBLJOH JEFOUJĕB�
CJMJUZ JT OPU B DPODFSO GPS #BZFTJBO NPEFMT� ćF SFBTPO JT UIBU BT MPOH BT UIF QPTUFSJPS EJTUSJCVUJPO JT
QSPQFS�XIJDI KVTU NFBOT UIBU JU JOUFHSBUFT UP ��UIFO BMM PG UIF QBSBNFUFST BSF JEFOUJĕFE� #VU UIJT
UFDIOJDBM GBDU EPFTO�U BMTPNFBO UIBU ZPV DBONBLF TFOTF PG UIF QPTUFSJPS EJTUSJCVUJPO� 4P JU�T QSPCBCMZ
CFUUFS UP TQFBL PG XFBLMZ JEFOUJĕFE QBSBNFUFST JO B #BZFTJBO DPOUFYU� ćFSF XJMM CF TFWFSBM FYBNQMFT
BT UIF CPPL QSPHSFTTFT�

0WFSUIJOLJOH� 4JNVMBUJOH DPMMJOFBSJUZ� ćF DPEF UP QSPEVDF 'ĶĴłĿĲ   JOWPMWFT XSJUJOH B GVODUJPO
UIBU HFOFSBUFT DPSSFMBUFE QSFEJDUPST ĕUT B NPEFM BOE SFUVSOT UIF TUBOEBSE EFWJBUJPO PG UIF QPTUFSJPS
EJTUSJCVUJPO GPS UIF TMPQF SFMBUJOH + -�ǡ!�/ UP &��'ǡ+ -ǡ"� ćFO UIF DPEF SFQFBUFEMZ DBMMT UIJT
GVODUJPO XJUI EJČFSFOU EFHSFFT PG DPSSFMBUJPO BT JOQVU BOE DPMMFDUT UIF SFTVMUT�
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4P GPS FBDI DPSSFMBUJPO WBMVF JO -ǡ. , UIF DPEF HFOFSBUFT ��� SFHSFTTJPOT BOE SFUVSOT UIF BWFSBHF
TUBOEBSE EFWJBUJPO GSPN UIFN� ćJT DPEF VTFT JNQMJDJU ĘBU QSJPST XIJDI BSF CBE QSJPST� 4P JU EPFT
FYBHHFSBUF UIF FČFDU PG DPMMJOFBS WBSJBCMFT� 8IFO ZPV VTF JOGPSNBUJWF QSJPST UIF JOĘBUJPO JO TUBOEBSE
EFWJBUJPO DBO CF NVDI TMPXFS�

���� 1PTU�USFBUNFOU CJBT
*U JT SPVUJOF UP XPSSZ BCPVU NJTUBLFO JOGFSFODFT UIBU BSJTF GSPN PNJUUJOH QSFEJDUPS WBSJ�

BCMFT� 4VDI NJTUBLFT BSF PęFO DBMMFE ļĺĶŁŁĲı ŃĮĿĶĮįĹĲ įĶĮŀ BOE UIF FYBNQMFT GSPN UIF
QSFWJPVT DIBQUFS JMMVTUSBUF JU� *U JT NVDI MFTT SPVUJOF UP XPSSZ BCPVU NJTUBLFO JOGFSFODFT BSJT�
JOH GSPN JODMVEJOH WBSJBCMFT UIBU BSF DPOTFRVFODFT PG PUIFS WBSJBCMFT� 8F�MM DBMM UIJT ĽļŀŁ�
ŁĿĲĮŁĺĲĻŁ įĶĮŀ��� #FJOH BXBSF PG QPTU�USFBUNFOU CJBT JT JNQPSUBOU JO BMM UZQFT PG TUVEJFT�
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$BSFGVMMZ DPOUSPMMFE FYQFSJNFOUT DBO CF SVJOFE KVTU BT FBTJMZ BT VODPOUSPMMFE PCTFSWBUJPOBM
TUVEJFT� #MJOEMZ UPTTJOH WBSJBCMFT JOUP UIF DBVTBM TBMBE JT OFWFS B HPPE JEFB OP NBUUFS IPX
UIF EBUB XFSF DPMMFDUFE�

ćF MBOHVBHF iQPTU�USFBUNFOUw DPNFT JO GBDU GSPN UIJOLJOH BCPVU FYQFSJNFOUBM EFTJHOT�
4VQQPTF GPS FYBNQMF UIBU ZPV BSF HSPXJOH TPNF QMBOUT JO B HSFFOIPVTF� :PV XBOU UP LOPX
UIF EJČFSFODF JO HSPXUI VOEFS EJČFSFOU BOUJ�GVOHBM TPJM USFBUNFOUT CFDBVTF GVOHVT PO UIF
QMBOUT UFOET UP SFEVDF UIFJS HSPXUI� 1MBOUT BSF JOJUJBMMZ TFFEFE BOE TQSPVU� ćFJS IFJHIUT BSF
NFBTVSFE� ćFO EJČFSFOU TPJM USFBUNFOUT BSF BQQMJFE� 'JOBM NFBTVSFT BSF UIF IFJHIU PG UIF
QMBOU BOE UIF QSFTFODF PG GVOHVT� ćFSF BSF GPVS WBSJBCMFT PG JOUFSFTU IFSF� JOJUJBM IFJHIU ĕOBM
IFJHIU USFBUNFOU BOE QSFTFODF PG GVOHVT� 'JOBM IFJHIU JT UIF PVUDPNF PG JOUFSFTU� #VU XIJDI
PG UIF PUIFS WBSJBCMFT TIPVME CF JO UIFNPEFM *G ZPVS HPBM JT UPNBLF B DBVTBM JOGFSFODF BCPVU
UIF USFBUNFOU ZPV TIPVMEO�U JODMVEF UIF QSFTFODF PG GVOHVT CFDBVTF JU JT B QPTU�USFBUNFOU
FČFDU�

-FU�T TJNVMBUF TPNF EBUB UP NBLF UIF FYBNQMF NPSF USBOTQBSFOU BOE TFF XIBU FYBDUMZ
HPFT XSPOH XIFO XF JODMVEF B QPTU�USFBUNFOU WBSJBCMF�

3 DPEF
����. /ǡ.  �ǿǔǎȀ

ȕ )0(� - *! +'�)/.
� ʚǶ ǎǍǍ

ȕ .$(0'�/ $)$/$�' # $"#/.
#Ǎ ʚǶ -)*-(ǿ�ǢǎǍǢǏȀ

ȕ �..$") /- �/( )/. �)� .$(0'�/ !0)"0. �)� "-*2/#
/- �/( )/ ʚǶ - +ǿ Ǎǣǎ Ǣ  ��#ʙ�ȅǏ Ȁ
!0)"0. ʚǶ -�$)*(ǿ � Ǣ .$5 ʙǎ Ǣ +-*�ʙǍǡǒ Ƕ /- �/( )/ȉǍǡǑ Ȁ
#ǎ ʚǶ #Ǎ ʔ -)*-(ǿ�Ǣ ǒ Ƕ ǐȉ!0)"0.Ȁ

ȕ �*(+*. � �' �) ��/� !-�( 
� ʚǶ ��/�ǡ!-�( ǿ #Ǎʙ#Ǎ Ǣ #ǎʙ#ǎ Ǣ /- �/( )/ʙ/- �/( )/ Ǣ !0)"0.ʙ!0)"0. Ȁ
+- �$.ǿ�Ȁ

( �) .� ǒǡǒʉ ǖǑǡǒʉ #$./*"-�(
#Ǎ ǖǡǖǓ ǏǡǎǍ Ǔǡǒǔ ǎǐǡǍǕ ΤΥΥΥΪΦΥΦΤΤΤΤ
#ǎ ǎǑǡǑǍ ǏǡǓǖ ǎǍǡǓǏ ǎǔǡǖǐ ΤΤΦΪΪΪΤΤ
/- �/( )/ ǍǡǒǍ ǍǡǒǍ ǍǡǍǍ ǎǡǍǍ ΪΤΤΤΤΤΤΤΤΪ
!0)"0. ǍǡǏǐ ǍǡǑǏ ǍǡǍǍ ǎǡǍǍ ΪΤΤΤΤΤΤΤΤΥ

/PX ZPV TIPVME IBWF B EBUB GSBNF � XJUI UIF TJNVMBUFE QMBOU FYQFSJNFOU EBUB�

������ " QSJPS JT CPSO� 8IFO EFTJHOJOH UIF NPEFM JU IFMQT UP QSFUFOE ZPV EPO�U IBWF UIF
EBUB HFOFSBUJOH QSPDFTT KVTU BCPWF� *O SFBM SFTFBSDI ZPV XJMM OPU LOPX UIF SFBM EBUB HFOFS�
BUJOH QSPDFTT� #VU ZPV XJMM IBWF B MPU PG TDJFOUJĕD JOGPSNBUJPO UP HVJEF NPEFM DPOTUSVDUJPO�
4P MFU�T TQFOE TPNF UJNF UBLJOH UIJT NPDL BOBMZTJT TFSJPVTMZ�

8F LOPX UIBU UIF QMBOUT BU UJNF U = � TIPVME CF UBMMFS UIBO BU UJNF U = � XIBUFWFS TDBMF
UIFZ BSF NFBTVSFE PO� 4P JG XF QVU UIF QBSBNFUFST PO B TDBMF PG QSPQPSUJPO PG IFJHIU BU UJNF
U = � SBUIFS UIBO PO UIF BCTPMVUF TDBMF PG UIF EBUB XF DBO TFU UIF QSJPST NPSF FBTJMZ� 5P
NBLF UIJT TJNQMFS MFU�T GPDVT SJHIU OPX POMZ PO UIF IFJHIU WBSJBCMFT JHOPSJOH UIF QSFEJDUPS
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WBSJBCMFT� 8F NJHIU IBWF B MJOFBS NPEFM MJLF�

I�,J ∼ /PSNBM(µJ,σ)

µJ = I�,J × Q

XIFSF I�,J JT QMBOU J�T IFJHIU BU UJNF U = � I�,J JT JUT IFJHIU BU UJNF U = � BOE Q JT B QBSBNFUFS
NFBTVSJOH UIF QSPQPSUJPO PG I�,J UIBU I�,J JT� .PSF QSFDJTFMZ Q = I�,J/I�,J� *G Q = � UIF QMBOU
IBTO�U DIBOHFE BU BMM GSPN UJNF U = � UP UJNF U = �� *G Q = � JU IBT EPVCMFE JO IFJHIU� 4P
JG XF DFOUFS PVS QSJPS GPS Q PO � UIBU JNQMJFT BO FYQFDUBUJPO PG OP DIBOHF JO IFJHIU� ćBU
JT MFTT UIBO XF LOPX� #VU XF TIPVME BMMPX Q UP CF MFTT UIBO � JO DBTF UIF FYQFSJNFOU HPFT
IPSSJCMZ XSPOH BOE XF LJMM BMM UIF QMBOUT� 8F BMTP IBWF UP FOTVSF UIBU Q > � CFDBVTF JU JT B
QSPQPSUJPO� #BDL JO $IBQUFS � 	QBHF �������
 XF VTFE B -PH�/PSNBM EJTUSJCVUJPO CFDBVTF
JU JT BMXBZT QPTJUJWF� -FU�T VTF POF BHBJO� *G XF VTF Q ∼ -PH�/PSNBM(�, �.��) UIF QSJPS
EJTUSJCVUJPO MPPLT MJLF�

3 DPEF
���� .$(Ǿ+ ʚǶ -')*-(ǿ ǎ Ǒ Ǣ Ǎ Ǣ ǍǡǏǒ Ȁ

+- �$.ǿ ��/�ǡ!-�( ǿ.$(Ǿ+Ȁ Ȁ

Ǫ��/�ǡ!-�( Ǫǣ ǎǍǍǍǍ *�.ǡ *! ǎ 1�-$��' .ǣ
( �) .� ǒǡǒʉ ǖǑǡǒʉ #$./*"-�(

.$(Ǿ+ ǎǡǍǐ ǍǡǏǓ ǍǡǓǔ ǎǡǑǕ ΤΦΪΪΦΤΤΤΤΤΤ

4P UIJT QSJPS FYQFDUT BOZUIJOH GSPN ��� TISJOLBHF VQ UP ��� HSPXUI� -FU�T ĕU UIJT NPEFM TP
ZPV DBO TFF IPX JU KVTU NFBTVSFT UIF BWFSBHF HSPXUI JO UIF FYQFSJNFOU�

3 DPEF
���� (ǓǡǓ ʚǶ ,0�+ǿ

�'$./ǿ
#ǎ ʡ �)*-(ǿ (0 Ǣ .$"(� ȀǢ
(0 ʚǶ #Ǎȉ+Ǣ
+ ʡ �')*-(ǿ Ǎ Ǣ ǍǡǏǒ ȀǢ
.$"(� ʡ � 3+ǿ ǎ Ȁ

ȀǢ ��/�ʙ� Ȁ
+- �$.ǿ(ǓǡǓȀ

( �) .� ǒǡǒʉ ǖǑǡǒʉ
+ ǎǡǑǐ ǍǡǍǏ ǎǡǑǍ ǎǡǑǒ
.$"(� ǎǡǔǖ Ǎǡǎǐ ǎǡǒǖ ǎǡǖǖ

"CPVU ��� HSPXUI PO BWFSBHF� /PX UP JODMVEF UIF USFBUNFOU BOE GVOHVT WBSJBCMFT� 8F�MM
JODMVEF CPUI PG UIFN GPMMPXJOH UIF OPUJPO UIBU XF�E MJLF UP NFBTVSF UIF JNQBDU PG CPUI UIF
USFBUNFOU BOE UIF GVOHVT JUTFMG� ćF QBSBNFUFST GPS UIFTF WBSJBCMFT XJMM BMTP CF PO UIF QSP�
QPSUJPO TDBMF� ćFZ XJMM CF DIBOHFT JO QSPQPSUJPO HSPXUI� 4P XF�SF HPJOH UP NBLF B MJOFBS
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NPEFM PG Q OPX�

I�,J ∼ /PSNBM(µJ,σ)

µJ = I�,J × Q
Q = α+ β55J + β''J

α ∼ -PH�/PSNBM(�, �.��)
β5 ∼ /PSNBM(�, �.�)
β' ∼ /PSNBM(�, �.�)
σ ∼ &YQPOFOUJBM(�)

ćF QSPQPSUJPO PG HSPXUI Q JT OPX B GVODUJPO PG UIF QSFEJDUPS WBSJBCMFT� *U MPPLT MJLF BOZ
PUIFS MJOFBS NPEFM� ćF QSJPST PO UIF TMPQFT BSF BMNPTU DFSUBJOMZ UPP ĘBU� ćFZ QMBDF ��� PG
UIF QSJPS NBTT CFUXFFO−� 	���� SFEVDUJPO
 BOE+� 	���� JODSFBTF
 BOE UXP�UIJSET PG UIF
QSJPS NBTT CFUXFFO−�.� BOE +�.�� "ęFS XF ĕOJTI UIJT TFDUJPO ZPV NBZ XBOU UP MPPQ CBDL
BOE USZ TJNVMBUJOH GSPN UIFTF QSJPST� )FSF�T UIF DPEF UP BQQSPYJNBUF UIF QPTUFSJPS�

3 DPEF
����(Ǔǡǔ ʚǶ ,0�+ǿ

�'$./ǿ
#ǎ ʡ �)*-(ǿ (0 Ǣ .$"(� ȀǢ
(0 ʚǶ #Ǎ ȉ +Ǣ
+ ʚǶ � ʔ �/ȉ/- �/( )/ ʔ �!ȉ!0)"0.Ǣ
� ʡ �')*-(ǿ Ǎ Ǣ ǍǡǏ Ȁ Ǣ
�/ ʡ �)*-(ǿ Ǎ Ǣ Ǎǡǒ ȀǢ
�! ʡ �)*-(ǿ Ǎ Ǣ Ǎǡǒ ȀǢ
.$"(� ʡ � 3+ǿ ǎ Ȁ

ȀǢ ��/�ʙ� Ȁ
+- �$.ǿ(ǓǡǔȀ

( �) .� ǒǡǒʉ ǖǑǡǒʉ
� ǎǡǑǕ ǍǡǍǏ ǎǡǑǑ ǎǡǒǏ
�/ ǍǡǍǍ ǍǡǍǐ ǶǍǡǍǒ ǍǡǍǒ
�! ǶǍǡǏǔ ǍǡǍǑ ǶǍǡǐǐ ǶǍǡǏǎ
.$"(� ǎǡǑǎ ǍǡǎǍ ǎǡǏǒ ǎǡǒǔ

ćBU � QBSBNFUFS JT UIF TBNF BT + CFGPSF� "OE JU IBT OFBSMZ UIF TBNF QPTUFSJPS� ćF NBSHJOBM
QPTUFSJPS GPS �/ UIF FČFDU PG USFBUNFOU JT TPMJEMZ [FSP XJUI B UJHIU JOUFSWBM� ćF USFBUNFOU JT
OPU BTTPDJBUFE XJUI HSPXUI� ćF GVOHVT TFFNT UP IBWF IVSU HSPXUI IPXFWFS� (JWFO UIBU XF
LOPX UIF USFBUNFOU NBUUFST CFDBVTF XF CVJMU UIF TJNVMBUJPO UIBU XBZ XIBU IBQQFOFE IFSF 

������ #MPDLFE CZ DPOTFRVFODF� ćF QSPCMFN JT UIBU !0)"0. JT NPTUMZ B DPOTFRVFODF PG
/- �/( )/� ćJT JT UP TBZ UIBU !0)"0. JT B QPTU�USFBUNFOU WBSJBCMF� 4P XIFO XF DPOUSPM
GPS !0)"0. UIF NPEFM JT JNQMJDJUMZ BOTXFSJOH UIF RVFTUJPO� 0ODF XF BMSFBEZ LOPX XIFUIFS
PS OPU B QMBOU EFWFMPQFE GVOHVT EPFT TPJM USFBUNFOU NBUUFS ćF BOTXFS JT iOPw CFDBVTF TPJM
USFBUNFOU IBT JUT FČFDUT PO HSPXUI UISPVHI SFEVDJOH GVOHVT� #VU XF BDUVBMMZ XBOU UP LOPX
CBTFE PO UIF EFTJHO PG UIF FYQFSJNFOU JT UIF JNQBDU PG USFBUNFOU PO HSPXUI� 5P NFBTVSF
UIJT QSPQFSMZ XF TIPVME PNJU UIF QPTU�USFBUNFOU WBSJBCMF !0)"0.� )FSF�T XIBU UIF JOGFSFODF
MPPLT MJLF JO UIBU DBTF�
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3 DPEF
���� (ǓǡǕ ʚǶ ,0�+ǿ

�'$./ǿ
#ǎ ʡ �)*-(ǿ (0 Ǣ .$"(� ȀǢ
(0 ʚǶ #Ǎ ȉ +Ǣ
+ ʚǶ � ʔ �/ȉ/- �/( )/Ǣ
� ʡ �')*-(ǿ Ǎ Ǣ ǍǡǏ ȀǢ
�/ ʡ �)*-(ǿ Ǎ Ǣ Ǎǡǒ ȀǢ
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ȀǢ ��/�ʙ� Ȁ
+- �$.ǿ(ǓǡǕȀ

( �) .� ǒǡǒʉ ǖǑǡǒʉ
� ǎǡǐǕ ǍǡǍǐ ǎǡǐǑ ǎǡǑǏ
�/ ǍǡǍǕ ǍǡǍǐ ǍǡǍǐ ǍǡǎǑ
.$"(� ǎǡǔǒ ǍǡǎǏ ǎǡǒǒ ǎǡǖǑ
/PX UIF JNQBDU PG USFBUNFOU JT DMFBSMZ QPTJUJWF BT JU TIPVME CF� *U NBLFT TFOTF UP DPOUSPM
GPS QSF�USFBUNFOU EJČFSFODFT MJLF UIF JOJUJBM IFJHIU #Ǎ UIBU NJHIU NBTL UIF DBVTBM JOĘVFODF
PG USFBUNFOU� #VU JODMVEJOH QPTU�USFBUNFOU WBSJBCMFT DBO BDUVBMMZ NBTL UIF USFBUNFOU JUTFMG�
ćJT EPFTO�U NFBO ZPV EPO�U XBOU UIF NPEFM UIBU JODMVEFT CPUI USFBUNFOU BOE GVOHVT� ćF
GBDU UIBU JODMVEJOH !0)"0. [FSPT UIF DPFďDJFOU GPS /- �/( )/ TVHHFTUT UIBU UIF USFBUNFOU
XPSLT GPS FYBDUMZ UIF BOUJDJQBUFE SFBTPOT� *U UFMMT VT BCPVUNFDIBOJTN� #VU B DPSSFDU JOGFSFODF
BCPVU UIF USFBUNFOU TUJMM EFQFOET VQPO PNJUUJOH UIF QPTU�USFBUNFOU WBSJBCMF�

������ 'VOHVT BOE E�TFQBSBUJPO� *U IFMQT UP MPPL BU UIJT QSPCMFN JO UFSNT PG B %"(� *O UIJT
DBTF *�MM TIPX ZPV IPX UP ESBX JU VTJOH UIF ��"$//4 3 QBDLBHF CFDBVTF XF BSF HPJOH UP VTF
UIBU QBDLBHF OPX UP EP TPNF HSBQI BOBMZTJT�

3 DPEF
���� '$�-�-4ǿ��"$//4Ȁ

+'�)/Ǿ��" ʚǶ ��"$//4ǿ ǫ��" ȃ
	ǾǍ Ƕʛ 	Ǿǎ
� Ƕʛ 	Ǿǎ
� Ƕʛ �

ȄǫȀ
�**-�$)�/ .ǿ +'�)/Ǿ��" Ȁ ʚǶ '$./ǿ 3ʙ�ǿ	ǾǍʙǍǢ�ʙǏǢ�ʙǎǡǒǢ	ǾǎʙǎȀ Ǣ

4ʙ�ǿ	ǾǍʙǍǢ�ʙǍǢ�ʙǍǢ	ǾǎʙǍȀ Ȁ
�-�2��"ǿ +'�)/Ǿ��" Ȁ

FH0 H1 T

4P UIF USFBUNFOU 5 JOĘVFODFT UIF QSFTFODF PG GVOHVT ' XIJDI JOĘVFODFT QMBOU IFJHIU BU UJNF
� )�� 1MBOU IFJHIU BU UJNF � JT BMTP JOĘVFODFE CZ QMBOU IFJHIU BU UJNF � )�� ćBU�T PVS
%"(� 8IFO XF JODMVEF ' UIF QPTU�USFBUNFOU FČFDU JO UIF NPEFM XF FOE VQ CMPDLJOH UIF
QBUI GSPN UIF USFBUNFOU UP UIF PVUDPNF� ćJT JT UIF %"( XBZ PG TBZJOH UIBU MFBSOJOH UIF
USFBUNFOU UFMMT VT OPUIJOH BCPVU UIF PVUDPNF PODF XF LOPX UIF GVOHVT TUBUVT�

"O FWFONPSF%"(XBZ UP TBZ UIJT JT UIBU DPOEJUJPOJOH PO' JOEVDFTı�ŀĲĽĮĿĮŁĶļĻ� ćF
iEw TUBOET GPS EJSFDUJPOBM��� E�TFQBSBUJPO NFBOT UIBU TPNF WBSJBCMFT PO B EJSFDUFE HSBQI BSF
JOEFQFOEFOU PG PUIFST� ćFSF JT OP QBUI DPOOFDUJOH UIFN� *O UIJT DBTF)� JTE�TFQBSBUFE GSPN
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5 CVU POMZ XIFO XF DPOEJUJPO PO '� $POEJUJPOJOH PO ' FČFDUJWFMZ CMPDLT UIF EJSFDUFE QBUI
5→ '→ )� NBLJOH5 BOE)� JOEFQFOEFOU 	E�TFQBSBUFE
� *O UIF QSFWJPVT DIBQUFS ZPV TBX
UIF OPUBUJPO)� ⊥⊥ 5|' GPS UIJT LJOE PG TUBUFNFOU XIFOXF EJTDVTTFE JNQMJFE İļĻıĶŁĶļĻĮĹ
ĶĻıĲĽĲĻıĲĻİĶĲŀ� 8IZ EPFT UIJT IBQQFO ćFSF JT OP JOGPSNBUJPO JO 5 BCPVU )� UIBU JT OPU
BMTP JO '� 4P PODF XF LOPX ' MFBSOJOH 5 QSPWJEFT OP BEEJUJPOBM JOGPSNBUJPO BCPVU )�� :PV
DBO RVFSZ UIF JNQMJFE DPOEJUJPOBM JOEFQFOEFODJFT GPS UIJT %"(�

3 DPEF
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� ǾȆȆǾ 	Ǎ
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ćFSF BSF UISFF� ćF UIJSE POF JT UIF GPDVT PG PVS EJTDVTTJPO� #VU UIF PUIFS UXP JNQMJDBUJPOT
QSPWJEF XBZT UP UFTU UIF %"(� 8IBU ' ⊥⊥ )� BOE )� ⊥⊥ 5 TBZ JT UIBU UIF PSJHJOBM QMBOU
IFJHIU )� TIPVME OPU CF BTTPDJBUFE XJUI UIF USFBUNFOU 5 PS GVOHVT ' QSPWJEFE XF EP OPU
DPOEJUJPO PO BOZUIJOH�

0CWJPVTMZ UIF QSPCMFN PG QPTU�USFBUNFOU WBSJBCMFT BQQMJFT KVTU BT XFMM UP PCTFSWBUJPOBM
TUVEJFT BT JU EPFT UP FYQFSJNFOUT� #VU JO FYQFSJNFOUT JU DBO CF FBTJFS UP UFMM XIJDI WBSJBCMFT
BSF QSF�USFBUNFOU MJLF #Ǎ BOE XIJDI BSF QPTU�USFBUNFOU MJLF !0)"0.� *O PCTFSWBUJPOBM TUVE�
JFT JU JT IBSEFS UP LOPX� #VU UIFSF BSF TPNF TVCUMF USBQT JO FYQFSJNFOUT BT XFMM�

'PS FYBNQMF DPOEJUJPOJOH PO B QPTU�USFBUNFOU WBSJBCMF DBO OPU POMZ GPPM ZPV JOUP UIJOL�
JOH UIF USFBUNFOU EPFTO�U XPSL� *U DBO BMTP GPPM ZPV JOUP UIJOLJOH JU EPFT XPSL� $POTJEFS UIF
%"( CFMPX�

FH0 H1

M

T

*O UIJT HSBQI UIF USFBUNFOU5 JOĘVFODFT GVOHVT ' CVU GVOHVT EPFTO�U JOĘVFODF QMBOU HSPXUI�
.BZCF UIF QMBOU TQFDJFT KVTU JTO�U CPUIFSFE CZ UIJT QBSUJDVMBS GVOHVT� ćF OFX WBSJBCMF . JT
NPJTUVSF� *U JOĘVFODFT CPUI )� BOE '� . JT DJSDMFE UP JOEJDBUF UIBU JU JT VOPCTFSWFE� "OZ
VOPCTFSWFE DPNNPO DBVTF PG )� BOE ' XJMM EP�JU EPFTO�U IBWF UP CF NPJTUVSF PG DPVSTF�
" SFHSFTTJPO PG )� PO 5 XJMM TIPX OP BTTPDJBUJPO CFUXFFO UIF USFBUNFOU BOE QMBOU HSPXUI�
#VU JG XF JODMVEF ' JO UIF NPEFM TVEEFOMZ UIFSF XJMM CF BO BTTPDJBUJPO� -FU�T USZ JU� *�MM KVTU
NPEJGZ UIF QMBOU HSPXUI TJNVMBUJPO TP UIBU GVOHVT IBT OP JOĘVFODF PO HSPXUI CVU NPJTUVSF
. JOĘVFODFT CPUI )� BOE '�

3 DPEF
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3FSVO UIF NPEFMT GSPN FBSMJFS NPEFMT (Ǔǡǔ BOE (ǓǡǕ VTJOH UIF EBUB JO �Ǐ OPX� :PV�MM TFF
UIBU JODMVEJOH GVOHVT BHBJO DPOGPVOET JOGFSFODF BCPVU UIF USFBUNFOU UIJT UJNF CZ NBLJOH
JU TFFN MJLF JU IFMQFE UIF QMBOUT FWFO UIPVHI JU IBE OP FČFDU�

ćJT SFTVMU JT SBUIFS NZTUFSJPVT� 8IZ TIPVME . IBWF UIJT FČFDU ćF OFYU TFDUJPO JT BMM
BCPVU FČFDUT MJLF UIJT�

3FUIJOLJOH� .PEFM TFMFDUJPO EPFTO�U IFMQ� *O UIF OFYU DIBQUFS ZPV�MM MFBSO BCPVU NPEFM TFMFDUJPO
VTJOH JOGPSNBUJPO DSJUFSJB� -JLF PUIFSNPEFM DPNQBSJTPO BOE TFMFDUJPO TDIFNFT UIFTF DSJUFSJB IFMQ JO
DPOUSBTUJOH BOE DIPPTJOHNPEFM TUSVDUVSF� #VU TVDI BQQSPBDIFT BSF OP IFMQ JO UIF FYBNQMF QSFTFOUFE
KVTU BCPWF TJODF UIF NPEFM UIBU JODMVEFT !0)"0. CPUI ĕUT UIF TBNQMF CFUUFS BOE XPVME NBLF CFUUFS
PVU�PG�TBNQMF QSFEJDUJPOT� .PEFM (Ǔǡǔ NJTMFBET CFDBVTF JU BTLT UIF XSPOH RVFTUJPO OPU CFDBVTF JU
XPVME NBLF QPPS QSFEJDUJPOT� "T BSHVFE JO $IBQUFS � QSFEJDUJPO BOE DBVTBM JOGFSFODF BSF KVTU OPU
UIF TBNF UBTL� /P TUBUJTUJDBM QSPDFEVSF DBO TVCTUJUVUF GPS TDJFOUJĕD LOPXMFEHF BOE BUUFOUJPO UP JU� 8F
OFFE NVMUJQMF NPEFMT CFDBVTF UIFZ IFMQ VT VOEFSTUBOE DBVTBM QBUIT OPU KVTU TP XF DBO DIPPTF POF PS
BOPUIFS GPS QSFEJDUJPO�

���� $PMMJEFS CJBT
"U UIF TUBSU PG UIF DIBQUFS * BSHVFE UIBU BMM UIBU JT OFDFTTBSZ GPS TDJFOUJĕD TUVEJFT UP

TIPX B OFHBUJWF BTTPDJBUJPO CFUXFFO USVTUXPSUIJOFTT BOE OFXTXPSUIJOFTT JT UIBU TFMFDUJPO
QSPDFTTFT�HSBOU BOE KPVSOBM SFWJFX�DBSF BCPVU CPUI� /PX * XBOU UP FYQMBJO IPX UIJT TBNF
TFMFDUJPO QIFOPNFOPO DBO IBQQFO JOTJEF B TUBUJTUJDBM NPEFM� 8IFO JU EPFT JU DBO TFSJPVTMZ
EJTUPSU PVS JOGFSFODFT B QIFOPNFOPO LOPXO BT İļĹĹĶıĲĿ įĶĮŀ�

-FU�T DPOTJEFS B %"( GPS UIJT FYBNQMF� ćF NPEFM JT UIBU USVTUXPSUIJOFTT 	5
 BOE OFXT�
XPSUIJOFTT 	/
 BSF TUBUJTUJDBMMZ JOEFQFOEFOU JO UIF QPQVMBUJPO SFTFBSDI QSPQPTBMT TVCNJUUFE
UP HSBOU SFWJFX QBOFMT� #PUI PG UIFN JOĘVFODF TFMFDUJPO 	4
 GPS GVOEJOH� ćJT JT UIF HSBQI�

NST

ćF GBDU UIBU UXP BSSPXT FOUFS 4 NFBOT JU JT B İļĹĹĶıĲĿ� ćF DPSF DPODFQU JT FBTZ UP VOEFS�
TUBOE� 8IFO ZPV DPOEJUJPO PO B DPMMJEFS JU DSFBUFT TUBUJTUJDBM�CVU OPU OFDFTTBSJMZ DBVTBM�
BTTPDJBUJPOT BNPOH JUT DBVTFT� *O UIJT DBTF PODF ZPV MFBSO UIBU B QSPQPTBM IBT CFFO TFMFDUFE
	4
 UIFO MFBSOJOH JUT USVTUXPSUIJOFTT 	5
 BMTP QSPWJEFT JOGPSNBUJPO BCPVU JUT OFXTXPSUIJOFTT
	/
� 8IZ #FDBVTF JG GPS FYBNQMF B TFMFDUFE QSPQPTBM IBT MPX USVTUXPSUIJOFTT UIFO JU NVTU
IBWF IJHI OFXTXPSUIJOFTT� 0UIFSXJTF JU XPVMEO�U IBWF CFFO GVOEFE� ćF TBNF XPSLT JO SF�
WFSTF� *G B QSPQPTBM IBT MPX OFXTXPSUIJOFTT XF�E JOGFS UIBU JU NVTU IBWF IJHIFS UIBO BWFSBHF
USVTUXPSUIJOFTT� 0UIFSXJTF JU XPVME OPU IBWF CFFO TFMFDUFE GPS GVOEJOH�

ćJT JT UIF JOGPSNBUJPOBM QIFOPNFOPO UIBU HFOFSBUFT UIF OFHBUJWF BTTPDJBUJPO CFUXFFO5
BOE / JO UIF QPQVMBUJPO PG TFMFDUFE QSPQPTBMT� "OE JU NFBOT XF IBWF UP QBZ BUUFOUJPO UP QSP�
DFTTFT UIBU TFMFDU PVS TBNQMF PG PCTFSWBUJPOT BOE NBZ EJTUPSU BTTPDJBUJPOT BNPOH WBSJBCMFT�
#VU UIF TBNF QIFOPNFOPO XJMM BMTP HFOFSBUF B NJTMFBEJOH BTTPDJBUJPO JOTJEF B TUBUJTUJDBM
NPEFM XIFO ZPV JODMVEF UIF DPMMJEFS BT B QSFEJDUPS WBSJBCMF� *G ZPV BSF OPU DBSFGVM ZPV DBO
NBLF BO FSSPOFPVT DBVTBM JOGFSFODF� -FU�T DPOTJEFS BO FYUFOEFE FYBNQMF�

������ $PMMJEFS PG GBMTF TPSSPX� $POTJEFS UIF RVFTUJPO PG IPX BHJOH JOĘVFODFT IBQQJOFTT� *G
XF IBWF B MBSHF TVSWFZ PG QFPQMF SBUJOH IPX IBQQZ UIFZ BSF JT BHF BTTPDJBUFE XJUI IBQQJOFTT 
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*G TP JT UIBU BTTPDJBUJPO DBVTBM )FSF * XBOU UP TIPX ZPV IPX DPOUSPMMJOH GPS B QMBVTJCMF
DPOGPVOE PG IBQQJOFTT DBO BDUVBMMZ CJBT JOGFSFODF BCPVU UIF JOĘVFODF PG BHF���

4VQQPTF KVTU UP CF QSPWPDBUJWF UIBU BO JOEJWJEVBM�T BWFSBHF IBQQJOFTT JT B USBJU UIBU JT
EFUFSNJOFE BU CJSUI BOE EPFT OPU DIBOHF XJUI BHF� )PXFWFS IBQQJOFTT EPFT JOĘVFODF FWFOUT
JO POF�T MJGF� 0OF PG UIPTF FWFOUT JT NBSSJBHF� )BQQJFS QFPQMF BSF NPSF MJLFMZ UP HFU NBSSJFE�
"OPUIFS WBSJBCMF UIBU DBVTBMMZ JOĘVFODFT NBSSJBHF JT BHF� ćF NPSF ZFBST ZPV BSF BMJWF UIF
NPSF MJLFMZ ZPV BSF UP FWFOUVBMMZ HFU NBSSJFE� 1VUUJOH UIFTF UISFF WBSJBCMFT UPHFUIFS UIJT JT
UIF DBVTBM NPEFM�

AH M

)BQQJOFTT 	)
 BOE BHF 	"
 CPUI DBVTF NBSSJBHF 	.
� .BSSJBHF JT UIFSFGPSF B DPMMJEFS� &WFO
UIPVHI UIFSF JT OP DBVTBM BTTPDJBUJPO CFUXFFOIBQQJOFTT BOE BHF JG XF DPOEJUJPO PONBSSJBHF�
XIJDI NFBOT IFSF JG XF JODMVEF JU BT B QSFEJDUPS JO B SFHSFTTJPO�UIFO JU XJMM JOEVDF B TUBUJT�
UJDBM BTTPDJBUJPO CFUXFFO BHF BOE IBQQJOFTT� "OE UIJT DBONJTMFBE VT UP UIJOL UIBU IBQQJOFTT
DIBOHFT XJUI BHF XIFO JO GBDU JU JT DPOTUBOU�

5P DPOWJODF ZPV PG UIJT MFU�T EP BOPUIFS TJNVMBUJPO� 4JNVMBUJPOT BSF VTFGVM JO UIFTF FY�
BNQMFT CFDBVTF UIFTF BSF UIF POMZ UJNFT XIFOXF LOPX UIF USVF DBVTBMNPEFM� *G B QSPDFEVSF
DBOOPU ĕHVSF PVU UIF USVUI JO B TJNVMBUFE FYBNQMF XF TIPVMEO�U USVTU JU JO B SFBM POF� 8F�SF
HPJOH UP EP B GBODJFS TJNVMBUJPO UIJT UJNF VTJOH BO BHFOU�CBTFENPEFM PG BHJOH BOENBSSJBHF
UP QSPEVDF B TJNVMBUFE EBUB TFU UP VTF JO B SFHSFTTJPO� )FSF JT UIF TJNVMBUJPO EFTJHO�

	�
 &BDI ZFBS �� QFPQMF BSF CPSO XJUI VOJGPSNMZ EJTUSJCVUFE IBQQJOFTT WBMVFT�
	�
 &BDI ZFBS FBDI QFSTPO BHFT POF ZFBS� )BQQJOFTT EPFT OPU DIBOHF�
	�
 "U BHF �� JOEJWJEVBMT DBO CFDPNF NBSSJFE� ćF PEET PG NBSSJBHF FBDI ZFBS BSF

QSPQPSUJPOBM UP BO JOEJWJEVBM�T IBQQJOFTT�
	�
 0ODF NBSSJFE BO JOEJWJEVBM SFNBJOT NBSSJFE�
	�
 "ęFS BHF �� JOEJWJEVBMT MFBWF UIF TBNQMF� 	ćFZ NPWF UP 4QBJO�


*�WF XSJUUFO UIJT BMHPSJUIN JOUP UIF - /#$)&$)" QBDLBHF� :PV DBO SVO JU PVU GPS ���� ZFBST
BOE DPMMFDU UIF SFTVMUJOH EBUB�
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ćFTF EBUB DPNQSJTF ���� QFPQMF PG BMM BHFT GSPN CJSUI UP �� ZFBST PME� ćF WBSJBCMFT DPSSF�
TQPOE UP UIF WBSJBCMFT JO UIF %"( BCPWF BOE UIF TJNVMBUJPO JUTFMG PCFZT UIF %"(�

*�WF QMPUUFE UIFTF EBUB JO 'ĶĴłĿĲ Ǝ�ƌ TIPXJOH FBDI JOEJWJEVBM BT B QPJOU� 'JMMFE QPJOUT
BSF NBSSJFE JOEJWJEVBMT� "HF JT PO UIF IPSJ[POUBM BOE IBQQJOFTT UIF WFSUJDBM XJUI UIF IBQ�
QJFTU JOEJWJEVBMT BU UIF UPQ� "U BHF �� UIFZ CFDPNF BCMF UP NBSSZ BOE UIFO HSBEVBMMZ NPSF
JOEJWJEVBMT BSF NBSSJFE FBDI ZFBS� 4P BU PMEFS BHFT NPSF JOEJWJEVBMT BSF NBSSJFE� #VU BU BMM
BHFT UIF IBQQJFTU JOEJWJEVBMT BSF NPSF MJLFMZ UP CF NBSSJFE�
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'ĶĴłĿĲ Ǝ�ƌ� 4JNVMBUFE EBUB BTTVNJOH UIBU IBQQJOFTT JT VOJGPSNMZ EJT�
USJCVUFE BOE OFWFS DIBOHFT� &BDI QPJOU JT B QFSTPO� .BSSJFE JOEJWJEVBMT
BSF TIPXO XJUI ĕMMFE CMVF QPJOUT� "U FBDI BHF BęFS �� UIF IBQQJFTU JOEJWJE�
VBMT BSF NPSF MJLFMZ UP CFNBSSJFE� "U MBUFS BHFT NPSF JOEJWJEVBMT UFOE UP CF
NBSSJFE� .BSSJBHF TUBUVT JT B DPMMJEFS PG BHF BOE IBQQJOFTT� " → . ← )�
*G XF DPOEJUJPO PO NBSSJBHF JO B SFHSFTTJPO JU XJMM NJTMFBE VT UP CFMJFWF UIBU
IBQQJOFTT EFDMJOFT XJUI BHF�

4VQQPTF ZPV DPNF BDSPTT UIFTF EBUB BOE XBOU UP BTL XIFUIFS BHF JT SFMBUFE UP IBQQJOFTT�
:PV EPO�U LOPX UIF USVF DBVTBM NPEFM� #VU ZPV SFBTPO SFBTPOBCMZ UIBU NBSSJBHF TUBUVT
NJHIU CF BO JNQPSUBOU DPOGPVOE� *G NBSSJFE QFPQMF BSF NPSF PS MFTT IBQQZ PO BWFSBHF UIFO
ZPV OFFE UP DPOEJUJPO PO NBSSJBHF TUBUVT JO PSEFS UP JOGFS UIF SFMBUJPOTIJQ CFUXFFO BHF BOE
IBQQJOFTT�

4P MFU�T DPOTJEFS B NVMUJQMF SFHSFTTJPO NPEFM BJNFE BU JOGFSSJOH UIF JOĘVFODF PG BHF PO
IBQQJOFTT XIJMF DPOUSPMMJOH GPS NBSSJBHF TUBUVT� ćJT JT KVTU B QMBJO NVMUJQMF SFHSFTTJPO MJLF
UIF PUIFST JO UIJT BOE UIF QSFWJPVT DIBQUFS� ćF MJOFBS NPEFM JT UIJT�

µJ = αĺĶı[J] + β""J

XIFSF ĺĶı[J] JT BO JOEFY GPS UIF NBSSJBHF TUBUVT PG JOEJWJEVBM J XJUI � NFBOJOH TJOHMF BOE
� NFBOJOH NBSSJFE� ćJT JT KVTU UIF DBUFHPSJDBM WBSJBCMF TUSBUFHZ GSPN $IBQUFS �� *U�T FBTJFS
UP NBLF QSJPST XIFO XF VTF NVMUJQMF JOUFSDFQUT POF GPS FBDI DBUFHPSZ UIBO XIFO XF VTF
JOEJDBUPS WBSJBCMFT�

/PX XF TIPVME EP PVS EVUZ BOE UIJOL BCPVU UIF QSJPST� -FU�T DPOTJEFS UIF TMPQF β" ĕSTU
CFDBVTF IPX XF TDBMF UIF QSFEJDUPS " XJMM EFUFSNJOF UIF NFBOJOH PG UIF JOUFSDFQU� 8F�MM
GPDVT POMZ PO UIF BEVMU TBNQMF UIPTF �� PS PWFS� *NBHJOF B WFSZ TUSPOH SFMBUJPOTIJQ CFUXFFO
BHF BOE IBQQJOFTT TVDI UIBU IBQQJOFTT JT BU JUT NBYJNVN BU BHF �� BOE JUT NJOJNVN BU BHF
��� *U�MM CF FBTJFS JG XF SFTDBMF BHF TP UIBU UIF SBOHF GSPN �� UP �� JT POF VOJU� ćJT XJMM EP JU�
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/PX UIJT OFX WBSJBCMF � SBOHFT GSPN � UP � XIFSF � JT BHF �� BOE � JT BHF ��� )BQQJOFTT
JT PO BO BSCJUSBSZ TDBMF JO UIFTF EBUB GSPN −� UP +�� 4P PVS JNBHJOBSZ TUSPOHFTU SFMB�
UJPOTIJQ UBLJOH IBQQJOFTT GSPN NBYJNVN UP NJOJNVN IBT B TMPQF XJUI SJTF PWFS SVO PG
(� − (−�))/� = �� 3FNFNCFS UIBU ��� PG UIF NBTT PG B OPSNBM EJTUSJCVUJPO JT DPOUBJOFE
XJUIJO � TUBOEBSE EFWJBUJPOT� 4P JG XF TFU UIF TUBOEBSE EFWJBUJPO PG UIF QSJPS UP IBMG PG � XF
BSF TBZJOH UIBU XF FYQFDU ��� PG QMBVTJCMF TMPQFT UP CF MFTT UIBO NBYJNBMMZ TUSPOH� ćBU JTO�U
B WFSZ TUSPOH QSJPS CVU BHBJO JU BU MFBTU IFMQT CPVOE JOGFSFODF UP SFBMJTUJD SBOHFT� /PX GPS
UIF JOUFSDFQUT� &BDI α JT UIF WBMVF PG µJ XIFO "J = �� *O UIJT DBTF UIBU NFBOT BU BHF ��� 4P
XF OFFE UP BMMPX α UP DPWFS UIF GVMM SBOHF PG IBQQJOFTT TDPSFT� /PSNBM(�, �) XJMM QVU ��� PG
UIF NBTT JO UIF−� UP +� JOUFSWBM�

'JOBMMZ MFU�T BQQSPYJNBUF UIF QPTUFSJPS� 8F OFFE UP DPOTUSVDU UIF NBSSJBHF TUBUVT JOEFY
WBSJBCMF BT XFMM� *�MM EP UIBU BOE UIFO JNNFEJBUF QSFTFOU UIF ,0�+ DPEF�
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ćFNPEFM JT RVJUF TVSF UIBU BHF JT OFHBUJWFMZ BTTPDJBUFE XJUI IBQQJOFTT� 8F�E MJLF UP DPNQBSF
UIF JOGFSFODFT GSPN UIJT NPEFM UP B NPEFM UIBU PNJUT NBSSJBHF TUBUVT� )FSF JU JT GPMMPXFE CZ
B DPNQBSJTPO PG UIF NBSHJOBM QPTUFSJPS EJTUSJCVUJPOT�
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ćJT NPEFM JO DPOUSBTU ĕOET OP BTTPDJBUJPO CFUXFFO BHF BOE IBQQJOFTT�
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ćF QBUUFSO BCPWF JT FYBDUMZ XIBU XF TIPVME FYQFDU XIFO XF DPOEJUJPO PO B DPMMJEFS�
ćF DPMMJEFS JT NBSSJBHF TUBUVT� *U B DPNNPO DPOTFRVFODF PG BHF BOE IBQQJOFTT� "T B SFTVMU
XIFO XF DPOEJUJPO PO JU XF JOEVDF B TQVSJPVT BTTPDJBUJPO CFUXFFO UIF UXP DBVTFT� 4P JU
MPPLT MJLF UP NPEFM (Ǔǡǖ UIBU BHF JT OFHBUJWFMZ BTTPDJBUFE XJUI IBQQJOFTT� #VU UIJT JT KVTU B
TUBUJTUJDBM BTTPDJBUJPO OPU B DBVTBM BTTPDJBUJPO� 0ODF XF LOPX XIFUIFS TPNFPOF JT NBSSJFE
PS OPU UIFO UIFJS BHF EPFT QSPWJEF JOGPSNBUJPO BCPVU IPX IBQQZ UIFZ BSF�

:PV DBO TFF UIJT JO 'ĶĴłĿĲ Ǝ�ƌ� $POTJEFS POMZ UIF CMVF QPJOUT UIF NBSSJFE QFPQMF�
"NPOH POMZ UIF CMVF QPJOUT PMEFS JOEJWJEVBMT IBWF MPXFS BWFSBHF IBQQJOFTT� ćJT JT CFDBVTF
NPSF QFPQMF HFU NBSSJBHF BU UJNF HPFT PO TP UIF NFBO IBQQJOFTT BNPOH NBSSJFE QFPQMF BQ�
QSPBDIFT UIF QPQVMBUJPO BWFSBHF PG [FSP� /PX DPOTJEFS POMZ UIF PQFO QPJOUT UIF VONBSSJFE
QFPQMF� )FSF JU JT BMTP USVF UIBU NFBO IBQQJOFTT EFDMJOFT XJUI BHF� ćJT JT CFDBVTF IBQQJFS
JOEJWJEVBMT NJHSBUF PWFS UJNF JOUP UIF NBSSJFE TVC�QPQVMBUJPO� 4P JO CPUI UIF NBSSJFE BOE
VONBSSJFE TVC�QPQVMBUJPOT UIFSF JT B OFHBUJWF SFMBUJPOTIJQ CFUXFFO BHF BOE IBQQJOFTT� #VU
JO OFJUIFS TVC�QPQVMBUJPO EPFT UIJT BDDVSBUFMZ SFĘFDU DBVTBUJPO�

*U�T FBTZ UP QMFBE XJUI UIJT FYBNQMF� 4IPVMEO�U NBSSJBHF BMTP JOĘVFODF IBQQJOFTT 8IBU
JG IBQQJOFTT EPFT DIBOHF XJUI BHF #VU UIJT NJTTFT UIF QPJOU� *G ZPV EPO�U IBWF B DBVTBM
NPEFM ZPV DBO�U NBLF JOGFSFODFT GSPN B NVMUJQMF SFHSFTTJPO� "OE UIF SFHSFTTJPO JUTFMG EPFT
OPU QSPWJEF UIF FWJEFODF ZPV OFFE UP KVTUJGZ B DBVTBM NPEFM� *OTUFBE ZPV OFFE TPNF TDJFODF�

������ ćFIBVOUFE%"(� $PMMJEFS CJBT BSJTFT GSPNDPOEJUJPOJOH PO B DPNNPODPOTFRVFODF
BT JO UIF QSFWJPVT FYBNQMF� *G XF DBO KVTU HFU PVS HSBQI TPSUFE XF DBO BWPJE JU� #VU JU JTO�U
BMXBZT TP FBTZ UP TFF B QPUFOUJBM DPMMJEFS CFDBVTF UIFSF NBZ CF VONFBTVSFE DBVTFT� 6ONFB�
TVSFE DBVTFT DBO TUJMM JOEVDF DPMMJEFS CJBT� 4P *�N TPSSZ UP TBZ UIBU XF BMTP IBWF UP DPOTJEFS
UIF QPTTJCJMJUZ UIBU PVS %"( NBZ CF IBVOUFE�

4VQQPTF GPS FYBNQMF UIBU XF BSF JOUFSFTUFE JO JOGFSSJOH UIF EJSFDU JOĘVFODF PG CPUI QBS�
FOUT 	1
 BOE HSBOEQBSFOUT 	(
 PO UIF FEVDBUJPOBM BDIJFWFNFOU PG DIJMESFO 	$
��� 4JODF HSBOE�
QBSFOUT BMTP QSFTVNBCMZ JOĘVFODF UIFJS PXO DIJMESFO�T FEVDBUJPO UIFSF JT BO BSSPX (→ 1�
ćJT TPVOET QSFUUZ FBTZ TP GBS� *U�T TJNJMBS JO TUSVDUVSF UP PVS EJWPSDF SBUF FYBNQMF GSPN MBTU
DIBQUFS�

C

G P

U

#VU TVQQPTF UIFSF BSF VONFBTVSFE DPNNPO JOĘVFODFT PO QBSFOUT BOE UIFJS DIJMESFO TVDI
BT OFJHICPSIPPET UIBU BSF OPU TIBSFE CZ HSBOEQBSFOUT 	XIP MJWF PO UIF TPVUI DPBTU PG 4QBJO
OPX
� ćFO PVS %"( CFDPNFT IBVOUFE CZ UIF VOPCTFSWFE 6�

C

G P

U
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/PX 1 JT B DPNNPO DPOTFRVFODF PG ( BOE 6 TP JG XF DPOEJUJPO PO 1 JU XJMM CJBT JOGFSFODF
BCPVU ( → $ FWFO JG XF OFWFS HFU UP NFBTVSF 6� * EPO�U FYQFDU UIBU GBDU UP CF JNNFEJBUFMZ
PCWJPVT� 4P MFU�T DSBXM UISPVHI B RVBOUJUBUJWF FYBNQMF�

'JSTU MFU�T TJNVMBUF ��� USJBET PG HSBOEQBSFOUT QBSFOUT BOE DIJMESFO� ćJT TJNVMBUJPO
XJMM CF TJNQMF� 8F�MM KVTU QSPKFDU PVS %"( BT B TFSJFT PG JNQMJFE GVODUJPOBM SFMBUJPOTIJQT� ćF
%"( BCPWF JNQMJFT UIBU�

	�
 1 JT TPNF GVODUJPO PG ( BOE 6
	�
 $ JT TPNF GVODUJPO PG ( 1 BOE 6
	�
 ( BOE 6 BSF OPU GVODUJPOT PG BOZ PUIFS LOPXO WBSJBCMFT

8F DBO NBLF UIFTF JNQMJDBUJPOT JOUP B TJNQMF TJNVMBUJPO VTJOH -)*-( UP HFOFSBUF TJNVMBUFE
PCTFSWBUJPOT� #VU UP EP UIJT XF OFFE UP CF B CJU NPSF QSFDJTF UIBO iTPNF GVODUJPO PG�w 4P *�MM
JOWFOU TPNF TUSFOHUI PG BTTPDJBUJPO�

3 DPEF
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ćFTF QBSBNFUFST BSF MJLF TMPQFT JO B SFHSFTTJPO NPEFM� /PUJDF UIBU *�WF BTTVNFE UIBU HSBOE�
QBSFOUT ( IBWF [FSP FČFDU PO UIFJS HSBOELJET $� ćF FYBNQMF EPFTO�U EFQFOE VQPO UIBU
FČFDU CFJOH FYBDUMZ [FSP CVU JU XJMM NBLF UIF MFTTPO DMFBSFS� /PX XF VTF UIFTF TMPQFT UP ESBX
SBOEPN PCTFSWBUJPOT�

3 DPEF
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� ʚǶ Ǐȉ-� -)ǿ � Ǣ Ǎǡǒ Ȁ Ƕ ǎ
� ʚǶ -)*-(ǿ � Ȁ
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� ʚǶ ��/�ǡ!-�( ǿ �ʙ� Ǣ �ʙ� Ǣ �ʙ� Ǣ �ʙ� Ȁ

*�WF NBEF UIF OFJHICPSIPPE FČFDU 6 CJOBSZ� ćJT XJMM NBLF UIF FYBNQMF FBTJFS UP VOEFS�
TUBOE� #VU UIF FYBNQMF EPFTO�U EFQFOE VQPO UIBU BTTVNQUJPO� ćF PUIFS MJOFT BSF KVTU MJOFBS
NPEFMT FNCFEEFE JO -)*-(�

/PX XIBU IBQQFOT XIFO XF USZ UP JOGFS UIF JOĘVFODF PG HSBOEQBSFOUT 4JODF TPNF PG
UIF UPUBM FČFDU PG HSBOEQBSFOUT QBTTFT UISPVHI QBSFOUT XF SFBMJ[F XF OFFE UP DPOUSPM GPS
QBSFOUT� )FSF JT B TJNQMF SFHSFTTJPO PG $ PO 1 BOE (� /PSNBMMZ * XPVME BEWJTF TUBOEBSEJ[JOH
UIF WBSJBCMFT CFDBVTF JU NBLFT FTUBCMJTIJOH TFOTJCMF QSJPST B MPU FBTJFS� #VU *�N HPJOH UP LFFQ
UIF TJNVMBUFE EBUB PO JUT PSJHJOBM TDBMF TP ZPV DBO TFF XIBU IBQQFOT UP JOGFSFODF BCPVU UIF
TMPQFT BCPWF� *G XF DIBOHFE UIF TDBMF XF TIPVMEO�U FYQFDU UP HFU UIPTF WBMVFT CBDL� #VU JG
XF MFBWF UIF TDBMF BMPOF XF TIPVME CF BCMF UP SFDPWFS TPNFUIJOH DMPTF UP UIPTF WBMVFT� 4P *
BQPMPHJ[F GPS VTJOH WBHVF QSJPST IFSF KVTU UP QVTI GPSXBSE JO UIF FYBNQMF�

3 DPEF
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Parents in 45th to 60th centiles

'ĶĴłĿĲ Ǝ�ƍ� 6OPCTFSWFE DPOGPVOET BOE DPM�
MJEFS CJBT� *O UIJT FYBNQMF HSBOEQBSFOUT JOĘV�
FODF HSBOELJET POMZ JOEJSFDUMZ UISPVHI QBS�
FOUT� )PXFWFS VOPCTFSWFE OFJHICPSIPPE FG�
GFDUT PO QBSFOUT BOE UIFJS DIJMESFO DSFBUF UIF
JMMVTJPO UIBU HSBOEQBSFOUT IBSN UIFJS HSBOE�
LJET FEVDBUJPO� 1BSFOUBM FEVDBUJPO JT B DPM�
MJEFS� 0ODF XF DPOEJUJPO PO JU HSBOEQBSFOUBM
FEVDBUJPO CFDPNFT OFHBUJWFMZ BTTPDJBUFE XJUI
HSBOEDIJME FEVDBUJPO�

� ʡ �)*-(ǿ Ǎ Ǣ ǎ ȀǢ
�ǿ�Ǿ��Ǣ�Ǿ��Ȁ ʡ �)*-(ǿ Ǎ Ǣ ǎ ȀǢ
.$"(� ʡ � 3+ǿ ǎ Ȁ

ȀǢ ��/�ʙ� Ȁ
+- �$.ǿ(ǓǡǎǎȀ

( �) .� ǒǡǒʉ ǖǑǡǒʉ
� ǶǍǡǎǏ ǍǡǎǍ ǶǍǡǏǕ ǍǡǍǑ
�Ǿ�� ǎǡǔǖ ǍǡǍǑ ǎǡǔǏ ǎǡǕǓ
�Ǿ�� ǶǍǡǕǑ Ǎǡǎǎ ǶǎǡǍǎ ǶǍǡǓǔ
.$"(� ǎǡǑǎ ǍǡǍǔ ǎǡǐǍ ǎǡǒǏ

ćF JOGFSSFE FČFDU PG QBSFOUT MPPLT UPP CJH BMNPTU UXJDF BT MBSHF BT JU TIPVME CF� ćBU JTO�U
TVSQSJTJOH� 4PNF PG UIF DPSSFMBUJPO CFUXFFO 1 BOE$ JT EVF UP6 BOE UIFNPEFM EPFTO�U LOPX
BCPVU 6� ćBU�T B TJNQMF DPOGPVOE� .PSF TVSQSJTJOH JT UIBU UIF NPEFM JT DPOĕEFOU UIBU UIF
EJSFDU FČFDU PG HSBOEQBSFOUT JT UP IVSU UIFJS HSBOELJET� ćF SFHSFTTJPO JT OPU XSPOH� #VU B
DBVTBM JOUFSQSFUBUJPO PG UIBU BTTPDJBUJPO XPVME CF�

)PX EPFT DPMMJEFS CJBT BSJTF JO UIJT DBTF $POTJEFS 'ĶĴłĿĲ Ǝ�ƍ� /PUF UIBU * EJE TUBO�
EBSEJ[F UIF WBSJBCMFT UP NBLF UIJT QMPU� 4P UIF VOJUT PO UIF BYFT BSF TUBOEBSE EFWJBUJPOT� ćF
IPSJ[POUBM BYJT JT HSBOEQBSFOU FEVDBUJPO� ćF WFSUJDBM JT HSBOEDIJME FEVDBUJPO� ćFSF BSF
UXP DMPVET PG QPJOUT� ćF CMVF DMPVE DPNQSJTFT DIJMESFO XIP MJWF JO HPPE OFJHICPSIPPET
	6 = �
� ćF CMBDL DMPVE DPNQSJTFT DIJMESFO XIP MJWF JO CBE OFJHICPSIPPET 	6 = −�
� /P�
UJDF UIBU CPUI DMPVET PG QPJOUT TIPX QPTJUJWF BTTPDJBUJPOT CFUXFFO ( BOE $� .PSF FEVDBUFE
HSBOEQBSFOUT IBWF NPSF FEVDBUFE HSBOELJET CVU UIJT FČFDU BSJTFT FOUJSFMZ UISPVHI QBSFOUT�
8IZ #FDBVTF XF BTTVNFE JU JT TP� ćF EJSFDU FČFDU PG ( JO UIF TJNVMBUJPO JT [FSP�

4P IPXEPFT UIF OFHBUJWF BTTPDJBUJPO BSJTF XIFOXF DPOEJUJPO PO QBSFOUT $POEJUJPOJOH
PO QBSFOUT JT MJLF MPPLJOH XJUIJO TVC�QPQVMBUJPOT PG QBSFOUT XJUI TJNJMBS FEVDBUJPO� 4P MFU�T
USZ UIBU� *O 'ĶĴłĿĲ Ǝ�ƍ *�WF IJHIMJHIUFE JO ĕMMFE QPJOUT UIPTF QBSFOUT CFUXFFO UIF ��UI BOE
��UI DFOUJMFT PG FEVDBUJPO� ćFSF JT OPUIJOH TQFDJBM PG UIJT SBOHF� *U KVTU NBLFT UIF QIFOPN�
FOPO FBTJFS UP TFF� /PX JG XF ESBX B SFHSFTTJPO MJOF UISPVHI POMZ UIFTF QPJOUT SFHSFTTJOH
$ PO ( UIF TMPQF JT OFHBUJWF� ćFSF JT UIF OFHBUJWF BTTPDJBUJPO UIBU PVS NVMUJQMF SFHSFTTJPO
ĕOET� #VU XIZ EPFT JU FYJTU 
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*U FYJTUT CFDBVTF PODF XF LOPX 1 MFBSOJOH ( JOWJTJCMZ UFMMT VT BCPVU UIF OFJHICPSIPPE
6 BOE 6 JT BTTPDJBUFE XJUI UIF PVUDPNF $� * LOPX UIJT JT DPOGVTJOH� "T * LFFQ TBZJOH JG ZPV
BSF DPOGVTFE JU JT POMZ CFDBVTF ZPV BSF QBZJOH BUUFOUJPO� 4P DPOTJEFS UXP EJČFSFOU QBSFOUT
XJUI UIF TBNF FEVDBUJPO MFWFM TBZ GPS FYBNQMF BU UIF NFEJBO ��UI DFOUJMF� 0OF PG UIFTF
QBSFOUT IBT B IJHIMZ FEVDBUFE HSBOEQBSFOU� ćF PUIFS IBT B QPPSMZ FEVDBUFE HSBOEQBSFOU�
ćF POMZ QSPCBCMF XBZ JO UIJT FYBNQMF GPS UIFTF QBSFOUT UP IBWF UIF TBNF FEVDBUJPO JT JG
UIFZ MJWF JO EJČFSFOU UZQFT PG OFJHICPSIPPET� 8F DBO�U TFF UIFTF OFJHICPSIPPE FČFDUT�XF
IBWFO�U NFBTVSFE UIFN SFDBMM�CVU UIF JOĘVFODF PG OFJHICPSIPPE JT TUJMM USBOTNJUUFE UP UIF
DIJMESFO$� 4P GPS PVSNZUIJDBM UXP QBSFOUT XJUI UIF TBNF FEVDBUJPO UIF POF XJUI UIF IJHIMZ
FEVDBUFE HSBOEQBSFOU FOET VQ XJUI B MFTT XFMM FEVDBUFE DIJME� ćF POF XJUI UIF MFTT FEVDBUFE
HSBOEQBSFOU FOET VQ XJUI UIF CFUUFS FEVDBUFE DIJME� ( QSFEJDUT MPXFS $�

ćF VONFBTVSFE 6 NBLFT 1 B DPMMJEFS BOE DPOEJUJPOJOH PO 1 QSPEVDFT DPMMJEFS CJBT� 4P
XIBU DBO XF EP BCPVU UIJT :PV IBWF UP NFBTVSF 6� )FSF�T UIF SFHSFTTJPO UIBU DPOEJUJPOT
BMTP PO 6�

3 DPEF
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� ǶǍǡǎǏ ǍǡǍǔ ǶǍǡǏǑ ǶǍǡǍǎ
�Ǿ�� ǎǡǍǎ ǍǡǍǔ Ǎǡǖǎ ǎǡǎǏ
�Ǿ�� ǶǍǡǍǑ ǍǡǎǍ ǶǍǡǏǍ Ǎǡǎǎ
�Ǿ� ǏǡǍǍ Ǎǡǎǒ ǎǡǔǓ ǏǡǏǐ
.$"(� ǎǡǍǏ ǍǡǍǒ ǍǡǖǑ ǎǡǎǍ

"OE UIPTF BSF UIF TMPQFT XF TJNVMBUFE XJUI�

3FUIJOLJOH� 4UBUJTUJDBM QBSBEPYFT BOE DBVTBM FYQMBOBUJPOT� ćF HSBOEQBSFOUT FYBNQMF TFSWFT BT
BO FYBNQMF PG 4ĶĺĽŀļĻ�ŀ ĽĮĿĮıļŅ� *ODMVEJOH BOPUIFS QSFEJDUPS 	1 JO UIJT DBTF
 DBO SFWFSTF UIF
EJSFDUJPO PG BTTPDJBUJPO CFUXFFO TPNF PUIFS QSFEJDUPS 	(
 BOE UIF PVUDPNF 	$
� 6TVBMMZ 4JNQTPO�T
QBSBEPY JT QSFTFOUFE JO DBTFT XIFSF BEEJOH UIF OFX QSFEJDUPS IFMQT VT� #VU JO UIJT DBTF JU NJTMFBET
VT� 4JNQTPO�T QBSBEPY JT B TUBUJTUJDBM QIFOPNFOPO� 5P LOPX XIFUIFS UIF SFWFSTBM PG UIF BTTPDJBUJPO
DPSSFDUMZ SFĘFDUT DBVTBUJPO XF OFFE TPNFUIJOH NPSF UIBO KVTU B TUBUJTUJDBM NPEFM���

���� $POGSPOUJOH DPOGPVOEJOH
*O UIJT DIBQUFS BOE JO UIF QSFWJPVT POF UIFSF IBWF CFFO TFWFSBM FYBNQMFT PG IPX XF DBO

VTFNVMUJQMF SFHSFTTJPO UP EFBM XJUI DPOGPVOEJOH� #VU XF IBWF BMTP TFFO IPXNVMUJQMF SFHSFT�
TJPO DBO DBVTF DPOGPVOEJOH�DPOUSPMMJOH GPS UIF XSPOH WBSJBCMFT SVJOT JOGFSFODF� )PQFGVMMZ
* IBWF TVDDFFEFE JO TDBSJOH ZPV BXBSF GSPN KVTU BEEJOH FWFSZUIJOH UP B NPEFM BOE IPQJOH
SFHSFTTJPO XJMM TPSU JU PVU BT XFMM BT JOTQJSFE ZPV UP CFMJFWF UIBU FČFDUJWF JOGFSFODF JT QPTTJCMF
JG XF BSF DBSFGVM FOPVHI BOE LOPXMFEHBCMF FOPVHI�
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#VUXIJDI QSJODJQMFT FYQMBJOXIZ TPNFUJNFT MFBWJOH PVU WBSJBCMFT BOE TPNFUJNFT BEEJOH
UIFN DBO QSPEVDF UIF TBNF QIFOPNFOPO "SF UIFSF PUIFS DBVTBMNPOTUFST MVSLJOH PVU UIFSF
IBVOUJOH PVS HSBQIT 8F SFRVJSF TPNF DPIFSFODF�

-FU�T EFĕOF İļĻĳļłĻıĶĻĴ BT BOZ DPOUFYU JO XIJDI UIF BTTPDJBUJPO CFUXFFO BO PVUDPNF
: BOE B QSFEJDUPS PG JOUFSFTU 9 JT OPU UIF TBNF BT JU XPVME CF JG XF IBE FYQFSJNFOUBMMZ EFUFS�
NJOFE UIF WBMVFT PG 9��� 'PS FYBNQMF TVQQPTF XF BSF JOUFSFTUFE JO UIF BTTPDJBUJPO CFUXFFO
FEVDBUJPO & BOE XBHFT 8� ćF QSPCMFN JT UIBU JO B UZQJDBM QPQVMBUJPO UIFSF BSF NBOZ VO�
PCTFSWFE WBSJBCMFT 6 UIBU JOĘVFODF CPUI & BOE 8� &YBNQMFT JODMVEF XIFSF B QFSTPO MJWFT
XIP UIFJS QBSFOUT BSF BOE XIP UIFJS GSJFOET BSF� ćJT JT XIBU UIF %"( MPPLT MJLF�

E

U

W

*G XF SFHSFTT 8 PO & UIF FTUJNBUF PG UIF DBVTBM FČFDU XJMM CF DPOGPVOEFE CZ 6� *U JT DPO�
GPVOEFE CFDBVTF UIFSF BSF UXP QBUIT DPOOFDUJOH & BOE8� 	�
 &→8 BOE 	�
 &← 6→8�
" iQBUIw IFSF KVTU NFBOT BOZ TFSJFT PG WBSJBCMFT ZPV DPVME XBML UISPVHI UP HFU GSPN POF WBSJ�
BCMF UP BOPUIFS JHOPSJOH UIF EJSFDUJPOT PG UIF BSSPXT� #PUI PG UIFTF QBUIT DSFBUF B TUBUJTUJDBM
BTTPDJBUJPO CFUXFFO& BOE8� #VU POMZ UIF ĕSTU QBUI JT DBVTBM� ćF TFDPOE QBUI JT OPO�DBVTBM�
8IZ #FDBVTF JG POMZ UIF TFDPOE QBUI FYJTUFE BOE XF DIBOHFE & JU XPVME OPU DIBOHF 8�
"OZ DBVTBM JOĘVFODF PG & PO 8 PQFSBUFT POMZ PO UIF ĕSTU QBUI�

)PX DBO XF JTPMBUF UIF DBVTBM QBUI ćF NPTU GBNPVT TPMVUJPO JT UP SVO BO FYQFSJNFOU�
*G XF DPVME BTTJHO FEVDBUJPO MFWFMT BU SBOEPN JU DIBOHFT UIF HSBQI�

E

U

W

.BOJQVMBUJPO SFNPWFT UIF JOĘVFODF PG 6 PO &� ćF VOPCTFSWFE WBSJBCMFT EP OPU JOĘVFODF
FEVDBUJPO XIFO XF PVSTFMWFT EFUFSNJOF FEVDBUJPO� 8JUI UIF JOĘVFODF PG 6 SFNPWFE GSPN
& UIJT UIFO SFNPWFT UIF QBUI & ← 6 → 8� *U CMPDLT UIF TFDPOE QBUI� 0ODF UIF QBUI JT
CMPDLFE UIFSF JT POMZ POF XBZ GPS JOGPSNBUJPO UP HP CFUXFFO & BOE 8 BOE UIFO NFBTVSJOH
UIF BTTPDJBUJPO CFUXFFO & BOE 8 XPVME ZJFME B VTFGVM NFBTVSF PG DBVTBM JOĘVFODF� .BOJQV�
MBUJPO SFNPWFT UIF DPOGPVOEJOH CFDBVTF JU CMPDLT UIF PUIFS QBUI CFUXFFO & BOE 8�

-VDLJMZ UIFSF BSF TUBUJTUJDBM XBZT UP BDIJFWF UIF TBNF SFTVMU XJUIPVU BDUVBMMZ NBOJQVMBU�
JOH &� )PX ćF NPTU PCWJPVT JT UP BEE 6 UP UIF NPEFM UP DPOEJUJPO PO 6� 8IZ EPFT UIJT
BMTP SFNPWF UIF DPOGPVOEJOH #FDBVTF JU BMTP CMPDLT UIF ĘPX PG JOGPSNBUJPO CFUXFFO & BOE
8 UISPVHI 6� *U CMPDLT UIF TFDPOE QBUI�

5P VOEFSTUBOEXIZ DPOEJUJPOJOH PO6 CMPDLT UIF QBUI&← 6→8 UIJOL PG UIJT QBUI JO
JTPMBUJPO BT B DPNQMFUF NPEFM� 0ODF ZPV MFBSO 6 BMTP MFBSOJOH & XJMM HJWF ZPV OP BEEJUJPOBM
JOGPSNBUJPO BCPVU 8� 4VQQPTF GPS FYBNQMF UIBU 6 JT UIF BWFSBHF XFBMUI JO B SFHJPO� 3FHJPOT
XJUI IJHI XFBMUI IBWF CFUUFS TDIPPMT SFTVMUJOH JO NPSF FEVDBUJPO & BT XFMM BT CFUUFS QBZJOH
KPCT SFTVMUJOH JO IJHIFS XBHFT 8� *G ZPV EPO�U LOPX UIF SFHJPO B QFSTPO MJWFT JO MFBSOJOH
UIF QFSTPO�T FEVDBUJPO & XJMM QSPWJEF JOGPSNBUJPO BCPVU UIFJS XBHFT 8 CFDBVTF & BOE 8 BSF
DPSSFMBUFE BDSPTT SFHJPOT� #VU BęFS ZPV MFBSO XIJDI SFHJPO B QFSTPO MJWFT JO BTTVNJOH UIFSF
JT OP PUIFS QBUI CFUXFFO & BOE 8 UIFO MFBSOJOH & UFMMT ZPV OPUIJOH BCPVU 8� ćJT JT UIF
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ćF 'PSL ćF 1JQF ćF $PMMJEFS ćF %FTDFOEBOU
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'ĶĴłĿĲ Ǝ�Ǝ� ćF GPVS FMFNFOUBM DPOGPVOET� "OZ EJSFDUFE BDZDMJD HSBQI JT
CVJMU GSPN UIFTF FMFNFOUBSZ SFMBUJPOTIJQT�

TFOTF JO XIJDI DPOEJUJPO PO 6 CMPDLT UIF QBUI�JU NBLFT & BOE 8 JOEFQFOEFOU DPOEJUJPOBM
PO 6�

������ 4IVUUJOH UIF CBDLEPPS� #MPDLJOH BMM DPOGPVOEJOH QBUIT CFUXFFO TPNF QSFEJDUPS 9
BOE TPNF PVUDPNF : JT LOPXO BT TIVUUJOH UIF įĮİĸıļļĿ� ćF NFUBQIPS JO QMBZ JT UIBU XF
EPO�U XBOU BOZ TQVSJPVT DPSSFMBUJPO TOFBLJOH JO UISPVHI B OPO�DBVTBM QBUI XIJDI JT POF UIBU
FOUFST UIF CBDL PG UIF QSFEJDUPS9� *O UIF FYBNQMF BCPWF UIF QBUI &← 6→8 JT B CBDLEPPS
QBUI CFDBVTF JU FOUFST & XJUI BO BSSPX BOE BMTP DPOOFDUT & UP 8� ćJT QBUI JT DPOGPVOEJOH�
/PX GPS TPNF HPPE OFXT� (JWFO B DBVTBM %"( JU JT BMXBZT QPTTJCMF UP TBZ XIJDI JG BOZ
WBSJBCMFT POF NVTU DPOUSPM GPS JO PSEFS UP TIVU BMM UIF CBDLEPPS QBUIT� *U JT BMTP QPTTJCMF UP
TBZ XIJDI WBSJBCMFT POF NVTU OPU DPOUSPM GPS JO PSEFS UP MFBWF UIF QBUI PG JOUFSFTU PQFO�

"OE�TPNF NPSF HPPE OFXT�UIFSF BSF POMZ GPVS UZQFT PG WBSJBCMF SFMBUJPOT UIBU DPN�
CJOF UP GPSN BMM QPTTJCMF QBUIT� 4P ZPV SFBMMZ POMZ OFFE UP VOEFSTUBOE GPVS UIJOHT BOE IPX
JOGPSNBUJPO ĘPXT JO FBDI PG UIFN� *�MM EFĕOF UIF GPVS UZQFT PG SFMBUJPOT� ćFO XF�MM XPSL
UISPVHI TPNF FYBNQMFT�

'ĶĴłĿĲ Ǝ�Ǝ TIPXT %"(T GPS FBDI FMFNFOUBM SFMBUJPO� &WFSZ %"( OPNBUUFS IPX CJH BOE
DPNQMJDBUFE JT CVJMU PVU PG UIFTF GPVS SFMBUJPOT� -FU�T DPOTJEFS FBDI HPJOH MFę UP SJHIU�

	�
 ćFĕSTU UZQF PG SFMBUJPO JT UIF POFXFXPSLFEXJUI KVTU BCPWF B ĳļĿĸ� 9← ;→ :�
ćJT JT UIF DMBTTJD DPOGPVOEFS� *O B GPSL TPNF WBSJBCMF ; JT B DPNNPO DBVTF PG 9
BOE : HFOFSBUJOH B DPSSFMBUJPO CFUXFFO UIFN� *G XF DPOEJUJPO PO ; UIFO MFBSOJOH
9 UFMMT VT OPUIJOH BCPVU :� 9 BOE : BSF JOEFQFOEFOU DPOEJUJPOBM PO ;�

	�
 ćF TFDPOE UZQF PG SFMBUJPO JT B ĽĶĽĲ� 9→ ;→ :� 8F TBX UIJT XIFO XF EJTDVTTFE
UIF QMBOU HSPXUI FYBNQMF BOE QPTU�USFBUNFOU CJBT� ćF USFBUNFOU 9 JOĘVFODFT GVO�
HVT ; XIJDI JOĘVFODFT HSPXUI :� *G XF DPOEJUJPO PO ; OPX XF BMTP CMPDL UIF QBUI
GSPN 9 UP :� 4P JO CPUI B GPSL BOE B QJQF DPOEJUJPOJOH PG UIF NJEEMF WBSJBCMF
CMPDLT UIF QBUI�

	�
 ćF UIJSE UZQF PG SFMBUJPO JT B İļĹĹĶıĲĿ� 9 → ; ← :� :PV NFU DPMMJEFST FBSMJFS
JO UIJT DIBQUFS� 6OMJLF UIF PUIFS UXP UZQFT PG SFMBUJPOT JO B DPMMJEFS UIFSF JT OP
BTTPDJBUJPO CFUXFFO 9 BOE : VOMFTT ZPV DPOEJUJPO PO ;� $POEJUJPOJOH PO ; UIF
DPMMJEFS WBSJBCMF PQFOT UIF QBUI� 0ODF UIF QBUI JT PQFO JOGPSNBUJPO ĘPXT CFUXFFO
9 BOE :�

	�
 ćF GPVSUI CJU PG LOPXMFEHF ZPV OFFE JT UIBU DPOEJUJPOJOH PO B ıĲŀİĲĻıĲĻŁ WBSJ�
BCMF JT MJLF DPOEJUJPOJOH PO UIF WBSJBCMF JUTFMG CVUXFBLFS� " EFTDFOEFOU JT B WBSJBCMF
JOĘVFODFE CZ BOPUIFS WBSJBCMF� *O UIF GBS SJHIU %"( JO 'ĶĴłĿĲ Ǝ�Ǝ DPOUSPMMJOH GPS
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% XJMM BMTP DPOUSPM UP B MFTTFS FYUFOU GPS ;� ćF SFBTPO JT UIBU % IBT TPNF JOGPSNB�
UJPO BCPVU ;� ćJT XJMM 	QBSUJBMMZ
 PQFO UIF QBUI GSPN 9 UP : CFDBVTF ; JT B DPMMJEFS�
ćF TBNF IPMET GPS OPO�DPMMJEFST� *G ZPV DPOEJUJPO PO B EFTDFOEFOU PG; JO UIF QJQF
JU�MM TUJMM CF MJLF 	XFBLMZ
 DMPTJOH UIF QJQF�

/P NBUUFS IPX DPNQMJDBUFE B DBVTBM %"( BQQFBST JU JT BMXBZT CVJMU PVU PG UIFTF GPVS
UZQFT PG SFMBUJPOT� "OE TJODF ZPV LOPX IPX UP PQFO BOE DMPTF FBDI ZPV 	PS ZPVS DPNQVUFS

DBO ĕHVSF PVU XIJDI WBSJBCMFT ZPV OFFE UP DPOUSPM�PS OPU�JO PSEFS UP TIVU UIF CBDLEPPS�
)FSF�T UIF SFDJQF�

	�
 -JTU BMM PG UIF QBUIT DPOOFDUJOH 9 	UIF QPUFOUJBM DBVTF PG JOUFSFTU
 BOE : 	UIF PVU�
DPNF
�

	�
 $MBTTJGZ FBDI QBUI CZ XIFUIFS JU JT PQFO PS DMPTFE� " QBUI JT PQFO VOMFTT JU DPOUBJOT
B DPMMJEFS�

	�
 $MBTTJGZ FBDI QBUI CZ XIFUIFS JU JT B CBDLEPPS QBUI� " CBDLEPPS QBUI IBT BO BSSPX
FOUFSJOH 9�

	�
 *G UIFSF BSF BOZ CBDLEPPS QBUIT UIBU BSF BMTP PQFO EFDJEF XIJDI WBSJBCMF	T
 UP DPO�
EJUJPO PO UP DMPTF JU�

-FU�T DPOTJEFS TPNF FYBNQMFT�

������ 5XP SPBET� ćF%"(CFMPX DPOUBJOT BO FYQPTVSF PG JOUFSFTU9 BO PVUDPNFPG JOUFSFTU
: BO VOPCTFSWFE WBSJBCMF 6 BOE UISFF PCTFSWFE DPWBSJBUFT 	" # BOE $
�

A

B

CU

X Y

8F BSF JOUFSFTUFE JO UIF CMVF QBUI UIF DBVTBM FČFDU PG 9 PO :� 8IJDI PG UIF PCTFSWFE DPWBSJ�
BUFT EP XF OFFE UP BEE UP UIF NPEFM JO PSEFS UP DPSSFDUMZ JOGFS JU 5P ĕHVSF UIJT PVU MPPL
GPS CBDLEPPS QBUIT� "TJEF GSPN UIF EJSFDU QBUI UIFSF BSF UXP QBUIT GSPN 9 UP :�

	�
 9← 6← "→ $→ :
	�
 9← 6→ #← $→ :

ćFTF BSF CPUI CBDLEPPS QBUIT UIBU DPVME DPOGPVOE JOGFSFODF� /PX BTL XIJDI PG UIFTF QBUIT
JT PQFO� *G B CBDLEPPS QBUI JT PQFO UIFOXFNVTU DMPTF JU� *G B CBDLEPPS QBUI JT DMPTFE BMSFBEZ
UIFO XF NVTU OPU BDDJEFOUBMMZ PQFO JU BOE DSFBUF B DPOGPVOE�

$POTJEFS UIF ĕSTU QBUI QBTTJOH UISPVHI"� ćJT QBUI JT PQFO CFDBVTF UIFSF JT OP DPMMJEFS
XJUIJO JU� ćFSF JT KVTU B GPSL BU UIF UPQ BOE UXP QJQFT POF PO FBDI TJEF� *OGPSNBUJPO XJMM
ĘPX UISPVHI UIJT QBUI DPOGPVOEJOH 9 → :� *U JT B CBDLEPPS� 5P TIVU UIJT CBDLEPPS XF
OFFE UP DPOEJUJPO PO POF PG JUT WBSJBCMFT� 8F DBO�U DPOEJUJPO PO 6 TJODF JU JT VOPCTFSWFE�
ćBU MFBWFT " PS $� &JUIFS XJMM TIVU UIF CBDLEPPS� :PV DBO BTL ZPVS DPNQVUFS UP SFQSPEVDF
UIJT BOBMZTJT UP BOBMZ[F UIF HSBQI BOE ĕOE UIF OFDFTTBSZ WBSJBCMFT UP DPOUSPM GPS JO PSEFS UP
CMPDL UIF CBDLEPPS� ćF ��"$//4 3 QBDLBHF QSPWJEFT ��%0./( )/� /. GPS UIJT QVSQPTF�

3 DPEF
���� '$�-�-4ǿ��"$//4Ȁ

��"ǾǓǡǎ ʚǶ ��"$//4ǿ ǫ��" ȃ
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$POEJUJPOJOH PO FJUIFS $ PS " XPVME TVďDF� $POEJUJPOJOH PO $ JT UIF CFUUFS JEFB GSPN
UIF QFSTQFDUJWF PG FďDJFODZ TJODF JU DPVME BMTP IFMQ XJUI UIF QSFDJTJPO PG UIF FTUJNBUF PG
9 → :� /PUJDF UIBU DPOEJUJPOJOH PO 6 XPVME BMTP XPSL� #VU TJODF XF UPME ��"$//4 UIBU 6
JT VOPCTFSWFE 	TFF UIF DPEF BCPWF
 JU EJEO�U TVHHFTU JU JO UIF BEKVTUNFOU TFUT�

/PXDPOTJEFS UIF TFDPOEQBUI QBTTJOH UISPVHI#� ćJT QBUI EPFT DPOUBJO B DPMMJEFS6→
#← $� *U JT UIFSFGPSF BMSFBEZ DMPTFE� *U JT OPU B CBDLEPPS BOE UIBU JT XIZ ��%0./( )/� /.
BCPWF EJE OPUNFOUJPO#� :PV EPO�U OFFE UP DPOUSPM GPS#� #VU JG XF EP DPOEJUJPO PO# JU JT OPU
IBSNMFTT� *U XJMM PQFO UIF QBUI DSFBUJOH B DPOGPVOE� ćFO PVS JOGFSFODF BCPVU 9 → : XJMM
DIBOHF CVU XJUIPVU UIF %"( XF XPO�U LOPX XIFUIFS UIBU DIBOHF JT IFMQJOH VT PS SBUIFS
NJTMFBEJOH VT� ćF GBDU UIBU JODMVEJOH B WBSJBCMF DIBOHFT UIF 9 → : DPFďDJFOU EPFT OPU
BMXBZT NFBO UIBU UIF DPFďDJFOU JT CFUUFS OPX� :PV DPVME IBWF KVTU DPOEJUJPOFE PO B DPMMJEFS�

������ #BDLEPPSXBĒFT� "T B ĕOBM FYBNQMF MFU�T SFUVSO UP UIF8BĒF)PVTF BOE EJWPSDF SBUF
DPSSFMBUJPO GSPN UIF JOUSPEVDUJPO UP $IBQUFS �� 8F�MM NBLF B %"( VTF JU UP ĕOE B NJOJNBM
TFU PG DPWBSJBUFT BOE VTF JU BT XFMM UP EFSJWF UIF UFTUBCMF JNQMJDBUJPOT PG UIF %"(� ćJT JT
JNQPSUBOU CFDBVTF TPNFUJNFT ZPV SFBMMZ DBO UFTU XIFUIFS ZPVS %"( JT DPOTJTUFOU XJUI UIF
FWJEFODF� ćF EBUB BMPOF DBO OFWFS UFMM VT XIFO B %"( JT SJHIU� #VU UIF EBUB DBO UFMM VT XIFO
B %"( JT XSPOH�

8F�SF JOUFSFTUFE JO UIF UPUBM DBVTBM FČFDU PG UIF OVNCFS PG 8BĒF )PVTFT PO EJWPSDF SBUF
JO FBDI 4UBUF� 1SFTVNBCMZ UIF OBJWF DPSSFMBUJPO CFUXFFO UIFTF UXP WBSJBCMFT JT TQVSJPVT�
8IBU JT UIF NJOJNBM BEKVTUNFOU TFU UIBU XJMM CMPDL CBDLEPPS QBUIT GSPN 8BĒF )PVTF UP
EJWPSDF -FU�T NBLF B HSBQI�

A D

M

S W

*O UIJT HSBQI 4 JT XIFUIFS PS OPU B 4UBUF JT JO UIF TPVUIFSO 6OJUFE 4UBUFT " JT NFEJBO BHF
BU NBSSJBHF . JT NBSSJBHF SBUF 8 JT OVNCFS PG 8BĒF )PVTFT BOE % JT EJWPSDF SBUF� ćJT
HSBQI BTTVNFT UIBU TPVUIFSO 4UBUFT IBWF MPXFS BHFT PG NBSSJBHF 	4 → "
 IJHIFS SBUFT PG
NBSSJBHF CPUI EJSFDUMZ 	4 → .
 BOE NFEJBUFE UISPVHI BHF PG NBSSJBHF 	4 → " → .
 BT
XFMM BT NPSF XBĒFT 	4→8
� "HF PG NBSSJBHF BOE NBSSJBHF SBUF CPUI JOĘVFODF EJWPSDF�

ćFSF BSF UISFF PQFO CBDLEPPS QBUIT CFUXFFO 8 BOE %� +VTU USBDF CBDLXBSET TUBSUJOH
BU 8 BOE FOEJOH VQ BU %� #VU OPUJDF UIBU BMM PG UIFN QBTT ĕSTU UISPVHI 4� 4P XF DBO DMPTF
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UIFN BMM CZ DPOEJUJPOJOH PO 4� ćBU�T BMM UIFSF JT UP JU� :PV DBO HFU ZPVS DPNQVUFS UP DPOĕSN
UIJT BOTXFS�

3 DPEF
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8F DPVME DPOUSPM GPS FJUIFS " BOE . PS GPS 4 BMPOF� *G ZPV EPO�U IBWF UP BEE TPNFUIJOH UP
UIF NPEFM UIFO EPO�U�

ćJT %"( JT PCWJPVTMZ OPU TBUJTGBDUPSZ�JU BTTVNFT UIFSF BSF OP VOPCTFSWFE DPOGPVOET
XIJDI JT WFSZ VOMJLFMZ GPS UIJT TPSU PG EBUB� #VU XF DBO TUJMM MFBSO TPNFUIJOH CZ BOBMZ[JOH
JU� 8IJMF UIF EBUB DBOOPU UFMM VT XIFUIFS B HSBQI JT DPSSFDU JU DBO TPNFUJNFT TVHHFTU IPX B
HSBQI JT XSPOH� &BSMJFS JO DIBQUFS XF EJTDVTTFE İļĻıĶŁĶļĻĮĹ ĶĻıĲĽĲĻıĲĻİĶĲŀ XIJDI BSF
TPNF PG B NPEFM�T UFTUBCMF JNQMJDBUJPOT� $POEJUJPO JOEFQFOEFODJFT BSF QBJST PG WBSJBCMFT UIBU
BSF OPU BTTPDJBUFE PODF XF DPOEJUJPO PO TPNF TFU PG PUIFS WBSJBCMFT� #Z MJTUJOH UIFTF JNQMJFE
DPOEJUJPOBM JOEFQFOEFODJFT BOE BTTFTTJOH FBDI XF DBO BU MFBTU UFTU TPNF PG UIF GFBUVSFT PG B
HSBQI�

/PX UIBU ZPV LOPX UIF FMFNFOUBM DPOGPVOET ZPV BSF SFBEZ UP EFSJWF BOZ %"(�T DPO�
EJUJPOBM JOEFQFOEFODJFT PO ZPVS PXO� :PV DBO ĕOE DPOEJUJPOBM JOEFQFOEFODJFT VTJOH UIF
TBNF QBUI MPHJD ZPV MFBSOFE GPS ĕOEJOH BOE DMPTJOH CBDLEPPST� :PV KVTU IBWF UP GPDVT PO B
QBJS PG WBSJBCMFT ĕOE BMM QBUIT DPOOFDUJOH UIFN BOE ĕHVSF PVU JG UIFSF JT BOZ TFU PG WBSJBCMFT
ZPV DPVME DPOEJUJPO PO UP DMPTF UIFN BMM� *O B MBSHF HSBQI UIJT JT RVJUF B DIPSF CFDBVTF UIFSF
BSF NBOZ QBJST PG WBSJBCMFT BOE QPTTJCMZ NBOZ QBUIT� #VU ZPVS DPNQVUFS JT HPPE BU TVDI
DIPSFT� *O UIJT DBTF UIFSF BSF UISFF JNQMJFE DPOEJUJPOBM JOEFQFOEFODJFT�

3 DPEF
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3FBE UIF ĕSTU BT iNFEJBO BHF PG NBSSJBHF TIPVME CF JOEFQFOEFOU PG 	ǾȆȆǾ
 8BĒF )PVTFT
DPOEJUJPOJOH PO 	Ȇ
 B 4UBUF CFJOH JO UIF TPVUI�w *O UIF TFDPOE EJWPSDF BOE CFJOH JO UIF
TPVUI TIPVME CF JOEFQFOEFOU XIFO XF TJNVMUBOFPVTMZ DPOEJUJPO PO BMM PG NFEJBO BHF PG
NBSSJBHF NBSSJBHF SBUF BOE8BĒF)PVTFT� 'JOBMMZ NBSSJBHF SBUF BOE8BĒF)PVTFT TIPVME
CF JOEFQFOEFOU DPOEJUJPOJOH PO CFJOH JO UIF TPVUI�

*O UIF QSPCMFNT BU UIF FOE PG UIJT DIBQUFS *�MM BTL ZPV UP FWBMVBUF UIFTF JNQMJDBUJPOT BT
XFMM BT USZ UP BTTFTT UIF DBVTBM JOĘVFODF PG 8BĒF )PVTFT PO EJWPSDF�

3FUIJOLJOH� %"(T BSF OPU FOPVHI� *G ZPV EPO�U IBWF B SFBM NFDIBOJTUJDNPEFM PG ZPVS TZTUFN %"(T
BSF GBOUBTUJD UPPMT� *G OPUIJOH FMTF UIFZ DBVUJPO BHBJOTU UIF DPNNPOQMBDF BQQSPBDI PG VTJOH NVMUJQMF
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SFHSFTTJPO BT B TVCTUJUVUF GPS UIFPSZ� #VU %"(T BSF OPU B EFTUJOBUJPO� 0ODF ZPV IBWF B EZOBNJDBM
NPEFM PG ZPVS TZTUFN ZPV EPO�U OFFE B %"(� *O GBDU NBOZ EZOBNJDBM TZTUFNT DBOOPU CF VTFGVMMZ
SFQSFTFOUFE CZ %"(T CFDBVTF UIFZ IBWF DPNQMFY CFIBWJPS UIBU JT TFOTJUJWF UP JOJUJBM DPOEJUJPOT� #VU
UIFTF NPEFMT DBO TUJMM CF BOBMZ[FE BOE DBVTBM JOUFSWFOUJPOT EFTJHOFE GSPN UIFN� ćF GBDU UIBU %"(T
BSF OPU VTFGVM GPS FWFSZUIJOH JT OP BSHVNFOU BHBJOTU UIFN� "MM UIFPSZ UPPMT IBWF MJNJUBUJPOT� * IBWF
ZFU UP TFF B CFUUFS UPPM UIBO %"(T GPS UFBDIJOH UIF NFDIBOJDT PG BOE PCTUBDMFT UP DBVTBM JOGFSFODF�

0WFSUIJOLJOH� " TNPPUI PQFSBUPS� 5P EFĕOF DPOGPVOEJOH XJUI QSFDJTF OPUBUJPO XF OFFE UP BEPQU
TPNFUIJOH DBMMFE UIF ıļ�ļĽĲĿĮŁļĿ��� $POGPVOEJOH PDDVST XIFO�

1S(:|9) (= 1S(:|EP(9))
ćBU EP(9)NFBOT UP DVU BMM PG UIF CBDLEPPS QBUIT JOUP 9 BT JG XF EJE BNBOJQVMBUJWF FYQFSJNFOU� ćF
EP�PQFSBUPS DIBOHFT UIF HSBQI DMPTJOH UIF CBDLEPPST� ćF EP�PQFSBUPS EFĕOFT B DBVTBM SFMBUJPOTIJQ
CFDBVTF 1S(:|EP(9)) UFMMT VT UIF FYQFDUFE SFTVMU PG NBOJQVMBUJOH 9 PO : HJWFO B DBVTBM HSBQI� 8F
NJHIU TBZ UIBU TPNF WBSJBCMF 9 JT B DBVTF PG : XIFO 1S(:|EP(9)) > 1S(:|EP(OPU�9))� ćF PSEJOBSZ
DPOEJUJPOBM QSPCBCJMJUZ DPNQBSJTPO 1S(:|9) > 1S(:|OPU�9) JT OPU UIF TBNF� *U EPFT OPU DMPTF UIF
CBDLEPPS� /PUF UIBU XIBU UIF EP�PQFSBUPS HJWFT ZPV JT OPU KVTU UIF EJSFDU DBVTBM FČFDU� *U JT UIF UPUBM
DBVTBM FČFDU UISPVHI BMM GPSXBSE QBUIT� 5P HFU B EJSFDU DBVTBM FČFDU ZPV NJHIU IBWF UP DMPTF NPSF
EPPST� ćF EP�PQFSBUPS DBO BMTP CF VTFE UP EFSJWF DBVTBM JOGFSFODF TUSBUFHJFT FWFO XIFO TPNF CBDL
EPPST DBOOPU CF DMPTFE� 8F�MM MPPL BU B DPVQMF JO B MBUFS DIBQUFS�

���� 4VNNBSZ
.VMUJQMF SFHSFTTJPO JT OP PSBDMF� *U JT MPHJDBM CVU UIF SFMBUJPOTIJQT JU EFTDSJCFT BSF DPOEJ�

UJPOBM BTTPDJBUJPOT OPU DBVTBM JOĘVFODFT� ćFSFGPSF BEEJUJPOBM JOGPSNBUJPO GSPNPVUTJEF UIF
NPEFM JT OFFEFE UP NBLF TFOTF PG JU� ćJT DIBQUFS QSFTFOUFE JOUSPEVDUPSZ FYBNQMFT PG TPNF
DPNNPO GSVTUSBUJPOT� NVMUJDPMMJOFBSJUZ QPTU�USFBUNFOU CJBT BOE DPMMJEFS CJBT� 4PMVUJPOT
UP UIFTF GSVTUSBUJPOT DBO CF PSHBOJ[FE VOEFS B DPIFSFOU GSBNFXPSL JO XIJDI IZQPUIFUJDBM
DBVTBM SFMBUJPOT BNPOH WBSJBCMFT BSF BOBMZ[FE UP MPDBUF BOE DPQF XJUI DPOGPVOEJOH� *O BMM
DBTFT DBVTBM NPEFMT FYJTU PVUTJEF UIF TUBUJTUJDBM NPEFM BOE DBO CF EJďDVMU UP UFTU� )PXFWFS
JU JT QPTTJCMF UP SFBDI WBMJE DBVTBM JOGFSFODFT JO UIF BCTFODF PG FYQFSJNFOUT� ćJT JT HPPE
OFXT CFDBVTF XF PęFO DBOOPU QFSGPSN FYQFSJNFOUT CPUI GPS QSBDUJDBM BOE FUIJDBM SFBTPOT�

���� 1SBDUJDF
&BTZ� Y

.FEJVN�

�.�� .PEJGZ UIF %"( PO QBHF ��� UP JODMVEF UIF WBSJBCMF 7 BO VOPCTFSWFE DBVTF PG $ BOE :�
$← 7→ :� 3FBOBMZ[F UIF %"(� )PX NBOZ QBUIT DPOOFDU 9 UP : 8IJDI NVTU CF DMPTFE 8IJDI
WBSJBCMFT TIPVME ZPV DPOEJUJPO PO OPX 

)BSE�

�)�� 6TF UIF 8BĒF )PVTF EBUB ��/�ǿ��!!' �$1*-� Ȁ UP ĕOE UIF UPUBM DBVTBM JOĘVFODF PG OVN�
CFS PG 8BĒF )PVTFT PO EJWPSDF SBUF� +VTUJGZ ZPVS NPEFM PS NPEFMT XJUI B DBVTBM HSBQI�
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�)�� #VJME B TFSJFT PG NPEFMT UP UFTU UIF JNQMJFE DPOEJUJPOBM JOEFQFOEFODJFT PG UIF DBVTBM HSBQI
ZPV VTFE JO UIF QSFWJPVT QSPCMFN� *G BOZ PG UIF UFTUT GBJM IPX EP ZPV UIJOL UIF HSBQI OFFET UP CF
BNFOEFE %PFT UIF HSBQI OFFE NPSF PS GFXFS BSSPXT 'FFM GSFF UP OPNJOBUF WBSJBCMFT UIBU BSFO�U JO
UIF EBUB�

�)�� Y


