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"O FWPMVUJPOBSZ CBTJT GPS QSPUFJO EFTJHO BOE TUSVDUVSF QSFEJDUJPO�

"CTUSBDU

ɨF TFRVFODF EJWFSTJUZ PG QSPUFJO GBNJMJFT JT B SFTVMU PG UIF CJPQIZTJDBM TFMFDUJPO QSFTTVSFT UIBU TIBQFE UIFJS FWPM�
VUJPOBSZ IJTUPSZ� "NPOH UIF EPNJOBOU QSFTTVSFT JT TFMFDUJPO GPS QSPUFJO UIFSNPTUBCJMJUZ XIJDI JO JUTFMG JT BO
BUUSBDUJWF UBSHFU JO QSPUFJO FOHJOFFSJOH CFDBVTF PG JUT JNQPSUBODF GPS WBSJPVT CJPQIBSNBDFVUJDBM QSPQFSUJFT UIF
QFSGPSNBODF PG JOEVTUSJBM FO[ZNFT BOE UIF BCJMJUZ UP EFTJHO OFX QSPUFJO GVODUJPOT�

*O UIF mSTU QBSU PG UIJT UIFTJT XF VTF NPEFMT PG FWPMVUJPOBSZ EZOBNJDT BOE CJPQIZTJDBM mUOFTT GVODUJPOT UP EFSJWF
UIF SFMBUJPOTIJQ CFUXFFO BNJOP BDJE GSFRVFODJFT JO TJUFT PG QSPUFJOT BOE UIF TUBCJMJUZ FĊFDUT PG NVUBUJPOT� ɨJT
BOBMZTJT TVHHFTUT UIBU B DPNNPOMZ BQQMJFE BTTVNQUJPO 	UIBU BNJOP BDJET GSFRVFODJFT BSF #PMU[NBOO EJTUSJCVUFE

JT JOBDDVSBUF BOE XF QSPWJEF B OFX SFMBUJPO DPOTJTUFOU XJUI UIF DVSSFOU VOEFSTUBOEJOH PG FWPMVUJPOBSZ EZOBNJDT
BOE QSPUFJO mUOFTT� /FYU XF TUVEZ UIF FYUFOU UP XIJDI UIF FWPMVUJPOBSZ QBUUFSO PG BNJOP BDJE TVCTUJUVUJPOT DBO CF
FYQMBJOFE CZ QSPUFJO TUBCJMJUZ BT QSFEJDUFE VTJOH BMM�BUPN NPEFMT PG QSPUFJO FOFSHFUJDT� 8F TIPX UIBU BU MFBTU õôǷ
PG UIF TVCTUJUVUJPO QBUUFSO DBO CF FYQMBJOFE CZ UIFSNPTUBCJMJUZ� 8JUI UIF TBNF NPEFM XF TIPX UIBU GVODUJPOBM TJUFT
	F�H� BDUJWF TJUFT PS CJOEJOH TJUFT
 DBO CF QSFEJDUFE XIFO UIF BQQBSFOU FWPMVUJPOBSZ TJUF�SBUF EFWJBUFT TJHOJmDBOUMZ
GSPN UIBU PG B TUBCJMJUZ�POMZ OVMM�NPEFM PG FWPMVUJPO� 'JOBMMZ XF TUVEZ IPX UIF TUSFOHUI PG TFMFDUJWF QSFTTVSF
BĊFDUT UIF FWPMVUJPOBSZ CFIBWJPS PG QSPUFJOT BHBJO VTJOH UIF TBNF NPEFMT CVU UIJT UJNF HFOFSBUJOH FWPMVUJPOBSZ
USBKFDUPSJFT� 8F mOE UIBU FOFSHFUJD DPVQMJOH CFUXFFO BNJOP BDJET 	DPFWPMVUJPO
 BOE UIF EFUSJNFOU PG NVUBUJPO
JODSFBTFT BT UIF TUSFOHUI PG TFMFDUJPO JODSFBTFT�

"OUJCPEJFT BSF B LFZ NPMFDVMBS DPNQPOFOU PG UIF BEBQUJWF JNNVOF TZTUFN PG WFSUFCSBUFT BOE BO JNQPSUBOU
CJPQIBSNBDFVUJDBM NPMFDVMF� *O UIF TFDPOE QBSU PG UIF UIFTJT XF QSFEJDU BOE EFTJHO UIF TUSVDUVSF PG BOUJCPEJFT CZ
VTJOH FOFSHFUJDT EFSJWFE GSPN TFRVFODF BMJHONFOUT BOE GPMMPXJOH UIF FWPMVUJPOBSZ FODPEFE NPEVMBS TFHNFOUBUJPO
PG UIF NPMFDVMF� ɨSPVHI NVMUJQMF EFTJHO BOE UFTU JUFSBUJPOT XF XFSF BCMF UP EFTJHO BOUJCPEJFT XIJDI FYQSFTT
TUBCMZ BOE JO TPNF DBTFT CJOE UBSHFU BOUJHFOT� ɨF EFWFMPQFE TUSVDUVSF QSFEJDUJPO BMHPSJUIN QFSGPSNT BT XFMM
BT PUIFS NFUIPET JT JO TPNF DBTFT NPSF BDDVSBUF BOE QSPEVDFT NPEFMT XJUI MPXFS DIFNJDBM TUSBJO� 8F VTF UIF
TUSVDUVSF QSFEJDUJPO NFUIPE UP TUVEZ B UVNPS�BTTPDJBUFE DBSCPIZESBUF CJOEJOH BOUJCPEZ�

'JOBMMZ XF BMTP SFWJFX UIF MJUFSBUVSF PO EFTJHO PG TZNNFUSJDBM QSPUFJO TFMG�BTTFNCMZ BOE TUVEZ UIF EZOBNJDBM
QSPQFSUJFT PG B QBSUJBMMZ EJTPSEFSFE DIBQFSPOF QSPUFJO DBMSFUJDVMJO�

,FZ XPSET

1SPUFJO FWPMVUJPO CJPQIZTJDT QSPUFJO EFTJHO QSPUFJO TUSVDUVSF QSFEJDUJPO

$MBTTJmDBUJPO TZTUFN BOE�PS JOEFY UFSNT 	JG BOZ
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3FDJQJFOU�T OPUFT /VNCFS PG QBHFT

ñóö
1SJDF

4FDVSJUZ DMBTTJmDBUJPO

* UIF VOEFSTJHOFE CFJOH UIF DPQZSJHIU PXOFS PG UIF BCTUSBDU PG UIF BCPWF�NFOUJPOFE EJTTFSUBUJPO IFSFCZ HSBOU UP
BMM SFGFSFODF TPVSDFT UIF QFSNJTTJPO UP QVCMJTI BOE EJTTFNJOBUF UIF BCTUSBDU PG UIF BCPWF�NFOUJPOFE EJTTFSUBUJPO�
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ħĚĚĚ " DPNCJOFE DPNQVUBUJPOBM�FYQFSJNFOUBM BQQSPBDI UP EFmOF UIF TUSVD�
UVSBM PSJHJO PG BOUJCPEZ SFDPHOJUJPO PG TJBMZM�5O B UVNPS�BTTPDJBUFE DBS�
CPIZESBUF BOUJHFO
"NPO 3� (SBOU 0�$� -FWJBUBO #FO�"SZF 4� .BLFOFOJ 4� /JWFEIB
"�,� .BSTIBOTLJ 5� /PSO $� :V )� (MVTILB +�/� 'MFJTINBO 4�+�
$IFO 9� 8PPET 3�+� 1BEMFS�,BSBWBOJ 7� 	ñïð÷

1SPUFJOT ÷ò ðò÷ôoðóïõ

Ěĩ .BQQJOH UIF $Bñ� JOEVDFE TUSVDUVSBM DIBOHF JO DBMSFUJDVMJO

#PFMU 4�(� /PSO $� 3BTNVTTFO .�*� "OESÏ *� ſJQMZT &� 4MJCJOTLBT
3� )PVFO (� BOE )�KSVQ 1� 	ñïðõ

+� 1SPUFPNJDT ðóñ ðò÷oðó÷

1VCMJDBUJPOT OPU JODMVEFE JO UIJT UIFTJT�
.FUIPE PG DPNQVUBUJPOBM QSPUFJO EFTJHO

'MFJTINBO 4� -BQJEPUI (� 1T[PMMB .�(� /PSO $�)
1BUFOU� 80ñïðõïïôøõø"ð

"MM QBQFST BSF SFQSPEVDFE XJUI QFSNJTTJPO PG UIFJS SFTQFDUJWF QVCMJTIFST�



"DLOPXMFEHFNFOUT W

"DLOPXMFEHFNFOUT

*G ZPV BSF OFX UP TDJFODF PS IBWF GPSHPUUFO UIF GFFMJOH PG IBWJOH TFU TBJMT UPXBSET
B TDJFOUJmD EFTUJOBUJPO POMZ UP HFU MPTU JO B GPH PG VODFSUBJOUZ * DBO UFMM ZPV JU JT B
EBVOUJOH FYQFSJFODF JOTVSNPVOUBCMF XJUIPVU HSFBU DPNQBOZ BOE HPPE BEWJDF�

.Z 1I�%� TUBSUFE XJUI NZ TVQFSWJTPS *OHFNBS XIP JO NZ QVSTVJU PG FWPMVUJPOBSZ�
CBTFE QSPUFJO�EFTJHO PG BOUJCPEJFT IFMQFE NF KPJO BO *TSBFMJ WFTTFM BMSFBEZ UBSHFUJOH
UIBU EFTUJOBUJPO� 4BSFM ZPV UBVHIU NF UIF CFBVUJGVM NFDIBOJDT PG UIF CPBU�FOHJOF
	3PTFUUB
 XIBU NBEF JU SVO IPX UP NBLF JU HP UISPVHI XBUFST VTVBMMZ JOUSBDUBCMF
BOE UIF QSJODJQMFT PG TUSVDUVSF� ɨBOL ZPV GPS UIF NBOZ UIPVHIUGVM QFSTQFDUJWFT BOE
UIF XBMLT PO UIF EFDL� * BMTP UIBOL "TTBG 4IJSB 3BWJU BOE "EJ XIP IBWF CFFO TPNF
PG UIF NPTU XFMDPNJOH QFPQMF *�WF FODPVOUFSFE�

#FGPSF UIF EFTUJOBUJPO XBT SFBDIFE * DIBOHFE CPBUT� 3FUVSOJOH UP 4XFEFO BOE
*OHFNBS * GPVOE NZTFMG PO B EJĊFSFOU CPBU XIJDI BMUIPVHI FRVJQQFE XJUI B TJNJMBS
FOHJOF BMTP BQQFBSFE UP IBWF B NBTU BOE B TBJM� 5P CFHJO XF UIPVHIU XF IBE B
XFMM�EFmOFE EFTUJOBUJPO CVU JU LFQU FMVEJOH VT VOUJM JU EJTBQQFBSFE FOUJSFMZ� "OPUIFS
EFTUJOBUJPO XBT TFU CVU BMTP UIBU XBT FMVTJWF� "U TPNF QPJOU MPTU JO UIF GPH XF
TUBSUFE UP TUVEZ UIF TBJM BOE UIF XJOE UIBU CMFX JU� 8JUIPVU QSJPS LOPXMFEHF PG XJOE
EZOBNJDT XF XFSF DIBMMFOHFE� * UIBOL ZPV *OHFNBS GPS UIF NBOZ IPVST PG IFMQGVM
EJTDVTTJPO ZPVS QBUJFODF GPS CFJOH DVSJPVT XJUI NF USVTUJOH UIBU TUVEZJOH UIF XJOE
JUTFMG DPVME CF B EFTUJOBUJPO PO JUT PXO BOE GPS ZPVS LJOEOFTT� "MTP WFSZ JNQPSUBOU
UIBOL ZPV GPS BHSFFJOH UIBU TLÌOFSPTU IBE OP QMBDF PO PVS CPBU BOE UIBU XF EFTFSWFE
CFUUFS�

* UIBOL ZPV %PVHMBT GPS QSPWJEJOH DMBSJUZ JO GPHHZ XFBUIFS ZPVS IPTQJUBMJUZ BOE
BMXBZT DIFDLJOH UIBU UIF GPVOEBUJPOT QFSTPOBM BOE PUIFSXJTF XFSF HPPE� "OEFST *
UIBOL ZPV GPS JOUSPEVDJOH NF UP QIZMPHFOZ BOE BODFTUSBM TFRVFODF SFDPOTUSVDUJPO�
,SFTUFO BOE "NFMJF * UIBOL ZPV CPUI GPS ZPVS DPOUJOVFE JOUFSFTUFE JO NZ EPJOHT
GPS BMXBZT CFJOH VQ GPS EJTDVTTJPOT BOE GPS ZPVS BQQBSFOU FODZDMPQFEJD LOPXMFEHF PG
BMM UIJOHT JNQPSUBOU� $IBSMPUUF GPS SFBEJOH UIF FOUJSF UIFTJT BOE EJTDVTTJOH UIF QSPKFDUT
BT UIFZ CPUI EF� BOE FWPMWFE�

5P UIF BMXBZT LJOE QFPQMF BU UIF "OESÏ MBC� 8PKUFL FTQFDJBMMZ GPS CFJOH PG BTTJTU�
BODF TDJFOUJmDBMMZ BOE FNPUJPOBMMZ� 4JHOF *�N TP TPSSZ BCPVU UIF DPĊFF� .BET GPS
GVO XJUI NFUBM�CJOEJOH QFQUJEFT� 'JMJQ GPS UIF XFMM�PSEFSFE HSPVQ NFFUJOHT 3ZBO GPS
DPNGPSUJOH NF UIBU QPMJUJDJBOT BSF OPU GPSFWFS BOE $BNJMMF BOE $BSPMJOF GPS NBLJOH
UIF HSPVQ NFFUJOHT UBTUJFS�

*�N BMTP EFFQMZ HSBUFGVM UP UIF #PFISJOHFS *OHFMIFJN 'POET BOE UIF QFPQMF XIP
SVO JU� ɨFZ TVQQPSUFE QBSU PG NZ 1I�%� XJUI B TDIPMBSTIJQ NVMUJQMF DPOGFSFODFT
DPVSTFT BOE HBWF FYDFMMFOU DBSSJFS BEWJDF PO UIF XBZ�

"LPT "TMBL $IBSMPUUF %BNJBO )BSJTI +FBO +FTQFS 5BCJUIB BOE 5PCJBT� NZ
BMXBZT TVQQPSUJWF GBNJMZ� NZ EFBS 5BOJB 7JHHP BOE 0UUP� ɨJT IBE OFFEMFTT UP TBZ
OPU CFFO QPTTJCMF XJUIPVU ZPV�





1PQVMBS TVNNBSZ JO &OHMJTI WJJ

1PQVMBS TVNNBSZ JO &OHMJTI

4PNF ó CJMMJPO ZFBST BHP OBUVSF CFHBO UIF FYQFSJNFOU UIBU MFE UP ZPV UIBU CJSE PO
UIF CSBODI UIBU CSBODI BOE FWFSZUIJOH FMTF XIJDI JT BMJWF UIBU ZPV TFF BSPVOE ZPV�
ɨF HFOFSBUJOH QSPDFTT PG BMM UIJT TQMFOEJE MJGF JT PG DPVSTF FWPMVUJPO� &WPMVUJPO
XPSLT OPU POMZ PO UIF NBDSPTDPQJD TDBMF 	UIJOL FZFT NVTDMFT XJOHT
 CVU BMTP PO
UIF NPMFDVMBS TDBMF 	UIJOL NPMFDVMBS BOUFOOBT OBOPTDBMF NVTDMFT OBOPTDBMF NPUPST
�
0O UIF NPMFDVMBS TDBMF BMNPTU FWFSZUIJOH XJUI B GVODUJPO JT NBEF PG QSPUFJOT BOE
CZ QSPUFJOT� 6OEFSTUBOEJOH IPX QSPUFJOT XPSL JT UIFSFGPSF B NBKPS HPBM JO TDJFODF�
ɨFZ BMTP QMBZ B DSVDJBM SPMF JO TPDJFUZ� 0VS BCJMJUZ UP FOHJOFFS BOE EFTJHO UIFN JT B
LFZ SFBTPO XIZ NBOZ DBODFST BSF OP MPOHFS B EFBUI TFOUFODF XIZ XF DBO DPME�XBTI
ZPVS MBVOESZ 	ZFBSMZ TBWJOH UIF FOWJSPONFOU GSPN NJMMJPOT PG UPOOFT PG $0�
 BOE
JU QSPWJEFT FTTFOUJBM SFTFBSDI UPPMT GPS VOEFSTUBOEJOH UIF NFDIBOJDT PG MJGF� )PXFWFS
QSPUFJOT BSF OPU FBTJMZ FOHJOFFSFE� ɨFZ EP OPU IBWF UIF TBNF FMFHBODF BT UIF GBNPVT
%/" EPVCMF�IFMJY� *OTUFBE UIFSF BSF JO UIF XPSET PG POF PG UIF EJTDPWFSFST PG UIF
IFNPHMPCJO TUSVDUVSF 	UIF QSPUFJO UIBU USBOTQPSUT PYZHFO UISPVHIPVU ZPVS CPEZ

wIJEFPVT BOE WJTDFSBM�MPPLJOHw� PCKFDUT�

5P JNQSPWF PVS BCJMJUZ UP EFTJHO QSPUFJOT XF MPPLFE UP OBUVSF GPS BEWJDF� *NB�
HJOF WJTJUJOH UIF CVUUFSnZ DPMMFDUJPO BU UIF (FPMPHJDBM .VTFVN BU UIF 6OJWFSTJUZ PG
$PQFOIBHFO XJUI UIF HPBM PG BMUFSJOH UIF XJOH PG B CVUUFSnZ UP JNQSPWF JUT nJHIU DBQ�
BCJMJUJFT� :PV BSF NFU XJUI B NFOBHFSJF PG UIPVTBOET PG XJOH TIBQFT BOE CPEZ TJ[FT�
8IJDI TIBQF HJWFT UIF GBTUFTU nJHIU %P ZPV KVTU wBWFSBHFw UIF XJOH�TIBQF PS EP ZPV
UBLF UIF NPTU DPNNPO TIBQF /FJUIFS� :PV OFFE UP LOPX IPX nJHIU DBQBCJMJUZ BG�
GFDUT TVSWJWBM BOE B NPEFM PG IPX TVSWJWBM BĊFDUT UIF PCTFSWFE CVUUFSnZ EJWFSTJUZ� *O
UIJT UIFTJT XF QVSTVFE B TJNJMBS QBUI CVU GPS QSPUFJOT� ɨFZ BSF OPU LFQU BU EJTQMBZ
JO B USBEJUJPOBM NVTFVNT CVU BSF TUPSFE JO EJHJUBM MJCSBSJFT BDDFTTJCMF UP BOZPOF XJUI
BO JOUFSOFU DPOOFDUJPO� 8F GPVOE UIBU NPTU PG UIF WBSJBUJPO JO QSPUFJOT DPVME CF
FYQMBJOFE CZ UIFJS TUBCJMJUZ 	JO UIF CVUUFSnZ BOBMPHZ UIBU nJHIU DBQBCJMJUZ JT B NBKPS
EFUFSNJOBOU PG TVSWJWBM
� 4UBCJMJUZ JT BO FTTFOUJBM QSPQFSUZ GPS UIBU QSPUFJO FOHJOFFST
TFFL UP PQUJNJ[F� 8F GVSUIFS GPVOE UIBU TUBCJMJUZ DPVME CF QSFEJDUFE GSPN UIF PCTFSWFE
EJWFSTJUZ�

6TJOH UIF BCPWF LOPXMFEHF BOE TUSVDUVSF CBTFE NPEFMT PG QSPUFJO TUBCJMJUZ XF
EFTJHOFE B UZQF PG QSPUFJO DBMMFE BOUJCPEJFT� "OUJCPEJFT BSF UIF SFBTPO UIBU ZPVS
CPEZ NPTU PG UIF UJNF DBO EFGFOE JUTFMG BHBJOTU UIF GFTUFSJOH PG CBDUFSJB WJSVT GVOHJ
BOE DBODFST� ɨFZ BSF BMTP UIF SFBTPO UIBU UIF CJPQIBSNBDFVUJDBM JOEVTUSZ FBSOT TPNF
ñïï CJMMJPO EPMMBST FBDI ZFBS� 8F EFTJHOFE OFX BOUJCPEJFT UIBU DPVME CJOE UXP QSPUFJO
UBSHFUT BOE EFWFMPQFE B OFX NFUIPE XIJDI DPVME QSFEJDU UIF TUSVDUVSF PG BOUJCPEJFT�

�.BY 1FSVU[





$IBQUFS ð

*OUSPEVDUJPO

/PUIJOH JO #JPMPHZ .BLFT 4FOTF &YDFQU JO UIF -JHIU PG &WPMVUJPO�

4PNF ó CJMMJPO ZFBST BHP MJGF FNFSHFE PO &BSUI <ñ> NBSLJOH UIF CFHJOOJOH PG
POF PG UIF HSFBUFTU OBUVSBM FYQFSJNFOUT PG BMM � FWPMVUJPO� 1SPUFJOT TPPO CFDBNF UIF
NBJO DPNQPOFOU PG UIF NPMFDVMBS NBDIJOFSZ PG MJGF BOE SFNBJOFE TP FWFS TJODF� "TJEF
GSPN CFJOH FTTFOUJBM UP BMM MJGF GPSNT QSPUFJOT XFSF BMTP DP�PQUFE CZ VT IVNBOT GPS
NFEJDBM BOE UFDIOPMPHJDBM QVSQPTFT� 8F VTF UIFN JO WBDDJOFT UP FWPMWF PVS JNNVOF
TZTUFN UP SFTJTU QBUIPHFOJD JOWBTJPOT JO CJPQIBSNBDFVUJDBMT UP UBSHFU DBODFST BOE JO
JOEVTUSZ UP NBLF NPSF FOWJSPONFOUBMMZ GSJFOEMZ QSPDFTTFT� 0WFS UIF QBTU DFOUVSZ XF
JOUFSSPHBUFE UIF FYQBOTF PG OBUVSBM QSPUFJO EJWFSTJUZ BOE XF LOPX UPEBZ UIF TFRVFODF
TUSVDUVSF BOE GVODUJPO PG NJMMJPOT PG QSPUFJOT BMM DPOOFDUFE UISPVHI UIF QSPDFTT PG
FWPMVUJPO UIBU CVJMU UIF USFF PG MJGF� )PX DBO XF VTF UIJT JOGPSNBUJPO UP VOEFSTUBOE
FWPMVUJPO BOE JNQSPWF PS FOBCMF OFX NFEJDBM BOE UFDIOPMPHJDBM QSPUFJO BQQMJDBUJPOT 

*O UIJT UIFTJT XF TUVEJFE UIF PSJHJO PG QBUUFSOT JO QSPUFJO FWPMVUJPO 	QBQFS *
� &O�
DPVSBHFE CZ UIF BQQBSFOU TJNQMJDJUZ XF EFWFMPQFE B OFX NFUIPE UP TJNVMBUF QSPUFJO
FWPMVUJPO 	QBQFS **
� 8F BTLFE IPX POF CFTU JOUFSQSFUT OBUVSBM QSPUFJO EJWFSTJUZ UP
JNQSPWF QSPUFJO UIFSNPTUBCJMJUZ 	QBQFS ***
 � BO FTTFOUJBM QBSBNFUFS CPUI JO OBUVSBM
FWPMVUJPO BOE JO JOEVTUSZ� 8F EFWFMPQFE B OFX FWPMVUJPOBSJMZ�DPOTJTUFOU NFUIPE UP
QSFEJDU UIF TUSVDUVSF PG BOUJCPEJFT B UZQF PG JNNVOF TZTUFN QSPUFJOT 	QBQFS *7
� 8F
BQQMJFE UIF QSFEJDUJPO NFUIPE UP VOEFSTUBOE UIF NPMFDVMBS EFUBJMT PG BO BOUJCPEZ
XJUI SFMFWBODF GPS DBODFS UIFSBQFVUJDT 	QBQFS 7
� 6TJOH UIF FWPMVUJPOBSZ MFTTPOT XF
IBE ZFU UP GVMMZ VOEFSTUBOE 	QBQFS ***
 XF VTFE UIF OBUVSBM TFRVFODF BOE TUSVDUVSF EJ�
WFSTJUZ PG BOUJCPEJFT UP EFWFMPQ BO BOUJCPEZ EFTJHO BMHPSJUIN 	QBQFS 7*
 UIBU QSPWFE
TVDDFTTGVM JO DSFBUJOH OFX QSPUFJO�CJOEJOH BOUJCPEJFT 	QBQFS 7**
�

�$ISJTUJBO ɨFPEPTJVT %PC[IBOTLZ <ð>�

ð





$IBQUFS ñ

&WPMVUJPO BOE FWPMVUJPOBSZ
EZOBNJDT

"MM NPEFMT BSF XSPOH CVU TPNF BSF VTFGVM �

4JODF $IBSMFT %BSXJO JO ð÷ôø EFTDSJCFE IJT UIFPSZ PG CJPMPHJDBM FWPMVUJPO <ô> 	BMTP
TFF <õ>
 XIJDI FYQMBJOT IPX TQFDJFT BSJTF UISPVHI OBUVSBM TFMFDUJPO CFUXFFO WBSZJOH
JOEJWJEVBMT XJUI JOIFSJUBCMF USBJUT NVDI QSPHSFTT IBT CFFO NBEF� *O UIF ðøñïT BOE
ðøòïT UIF UIFPSZ XBT NBSSJFE UP .FOEFMJBO HFOFUJDT CZ 3PMBOE 'JTIFS +� #� 4� )BMEBOF
BOE 4FXBMM 8SJHIU BOE GVSUIFS FYQBOEFE CZ .PUPP ,JNVSB JO UIF ðøôïT XIP SFBMJ[FE
UIBU NPTU PCTFSWFE NVUBUJPOT BSF UIF SFTVMU PG SBOEPN HFOFUJD ESJGU <ö ÷>� *O ðøôò
XJUI UIF TUSVDUVSF PG %/" CZ 3PTBMJOE 'SBOLMJO +BNFT 8BUTPO BOE 'SBODJT $SJDL
UIF QIZTJDBM CBTJT PG UIF UIFPSZ XBT FTUBCMJTIFE <ø>� &WPMVUJPO IBT NPSQIFE GSPN
CFJOH B RVBMJUBUJWF UIFPSZ UP B RVBOUJUBUJWF UIFPSZ XIJDI JT FYQMBJOFE JO UIF MBOHVBHF
PG CJPMPHZ NBUIFNBUJDT BOE CJPQIZTJDT�

ɨJT DIBQUFS UPVDIFT PO UIF GPVOEBUJPOT PG UIF UIFPSZ BQQMJFE JO QBQFS *�***�
8F EJTDVTT UIF PSJHJO BOE DPOTFRVFODF PG NVUBUJPOT UIF GBUF PG NVUBUJPOT BOE UIF
EJTUSJCVUJPO PG EJWFSTJUZ�

ñ�ð ɧF PSJHJO PG NVUBUJPOT BOE FĊFDU PG NVUBUJPO

ɨF UISFF CBTJD CVJMEJOH CMPDLT PG FWPMVUJPO BSF NVUBUJPO SFQMJDBUJPO BOE TFMFDUJPO�
.BUJOH 	SFDPNCJOBUJPO
 EPFT OPU SFTVMU JO OFX 	PS BT %BSXJO IBE TUSVHHMFE MPTT
PG 
 HFOFUJD WBSJBUJPO <ðï ðð>� *OTUFBE NVUBUJPOT BSF UIF VMUJNBUF TPVSDF PG JOOPWB�
UJPO PO XIJDI FWPMVUJPO DBO BDU� .VUBUJPOT PDDVS JO HFOFUJD NBUFSJBM EVF UP JOUSJOTJD

�<ò ó> (FPSHF #PY� *O DPOTUSVDUJOH NPEFMT PG FWPMVUJPO JU JT DMFBS UIBU UIF DPNQMFUF wUSVFw NPEFM
JT JNQPTTJCMZ DPNQMJDBUFE BOE XPVME CF BT IFMQGVM BT B ð�ð NBQ PG OBWJHBUJOH UIF -POEPO 6OEFSHSPVOE
	UIBU JT OPU BU BMM
� ɨF RVFTUJPO XIFUIFS VTFGVM NPEFMT UIBU DBQUVSF UIF FTTFOUJBM QBUUFSOT PG FWPMVUJPO
DBO CF DPOTUSVDUFE 

ò



ó &WPMVUJPO BOE FWPMVUJPOBSZ EZOBNJDT

JOTUBCJMJUZ PG UIF OVDMFPUJEFT FOWJSPONFOUBM GBDUPST JODMVEJOH SBEJBUJPO EBNBHF BOE
DIFNJDBMT BOE UIF mOJUF mEFMJUZ PG UIF SFQMJDBUJPO NBDIJOFSZ� (FOFUJDBMMZ UIFSF DBO
CF TFWFSBM DPOTFRVFODFT PG B NVUBUJPO FWFOU� " MBSHF QSPQPSUJPO PG NVUBUJPOT BSF
QPJOU NVUBUJPOT XIFSF B TJOHMF CBTF�QBJS JT BMUFSFE JO UIF %/" <ðñ> CVU NVUBUJPOT
DBO BMTP CF UBOEFN TVCTUJUVUJPOT <ðò ðó> PS JOTFSUJPOT�EFMFUJPOT PG POF PS NPSF OVD�
MFPUJEFT�

.VUBUJPOT BĊFDU UIF PSHBOJTNBM mUOFTT BOE JU JT PO UIFTF mUOFTT EJĊFSFODFT UIBU
TFMFDUJPO DBO BDU� #JPMPHJTUT PĊFS OP TJOHMF EFmOJUJPO PG mUOFTT <ðô> BOE UIFPSFUJDJBOT
EFCBUF IPX JU JT CFTU EFTDSJCFE <ðõ>� 8F QSPDFFE XJUI B TJNQMF EFmOJUJPO UIBU BC�
TPMVUF mUOFTT EFTDSJCFT UIF FYQFDUFE SFQSPEVDUJWF TVDDFTT PG UIF PSHBOJTN� /FYU BOE
IFODFGPSUI XF EJTSFHBSE UIF BCTPMVUF EFmOJUJPO BOE JOTUFBE VTFT B SFMBUJWF mUOFTT ω
XIFSF mUOFTT JT OPSNBMJ[FE CZ UIF mUOFTT PG UIF mUUFTU UZQF TP ω ∈ [�, �]� 3FMBU�
JWF mUOFTT JT UZQJDBMMZ VTFE TJODF JO OFBSMZ BMM DBTFT POMZ mUOFTT EJĊFSFODFT NBUUFS UP
TFMFDUJPO <ðô>�

ñ�ñ ɧF GBUF PG NVUBUJPOT JT TUPDIBTUJD

.VDI JOTJHIU DBO CF EFSJWFE GSPN TUVEZJOH UIF EFUFSNJOJTUJD EJĊFSFOUJBM FRVBUJPOT
UIBU EFTDSJCFT UIF HSPXUI CFIBWJPS PG DPNQFUJOH TQFDJFT <ðö> CVU UIBU BQQSPBDI DBO�
OPU EFTDSJCF UIF JNQPSUBOU FĊFDUT UIBU TUPDIBTUJDJUZ IBT JO OBUVSBM FWPMVUJPO� *OTUFBE
BOE PG SFMFWBODF GPS QBQFS *�*** XF XJMM BOBMZ[F UIF FWPMVUJPOBSZ EZOBNJDT JO QPQVMB�
UJPOT PG DPOTUBOU TJ[F SFTVMUJOH GSPN TUPDIBTUJD CJSUI�EFBUI QSPDFTTFT� 5XP CJSUI�EFBUI
QSPDFTTFT BSF PG TQFDJBM QSPNJOFODF� ɨF .PSBO QSPDFTT BOE UIF 8SJHIU�'JTIFS QSP�
DFTT� *O UIF GPMMPXJOH XF TJNVMBUF FWPMVUJPO VTJOH UIF 8SJHIU�'JTIFS QSPDFTT XIJDI
JT BT GPMMPXT� $POTJEFS B QPQVMBUJPO XJUI DPOTUBOU TJ[F /� ɨF QPQVMBUJPO IBT BU MFBTU
UXP UZQFT " BOE # XJUI mUOFTTFT ω" BOE ω# BOE JOJUJBM GSFRVFODJFT G� (") BOE G� (#)�
"U FBDI UJNF TUFQ BMM JOEJWJEVBMT SFQSPEVDF XJUI B QSPCBCJMJUZ QSPQPSUJPOBM UP UIFJS
SFMBUJWF mUOFTT BOE UIFSFBGUFS BMM JOEJWJEVBMT PG UIF QBSFOU HFOFSBUJPO EJF� ɨJT CJSUI�
EFBUI CFIBWJPS JT TJNJMBS PG UIBU PG GPS JOTUBODF BOOVBM QMBOUT�

5P JMMVTUSBUF UIF CFIBWJPS PG UIF 8SJHIU�'JTIFS QSPDFTT XF TUBSU CZ DPOTJEFSJOH
UIF FWPMVUJPOBSZ EZOBNJDT XIFO UZQF " BOE # IBT UIF TBNF mUOFTT BOE OP NVUBUJPOT
PDDVS� *O mHVSF ñ�ð XF GPMMPX ôï USBKFDUPSJFT PG G (") GPS WBSJPVT / BOE JOJUJBM GSF�
RVFODJFT G� (")� 8F TFF UIBU B TQFDJBM TJUVBUJPO PDDVST XIFOFWFS B UZQF PWFSUBLFT UIF
QPQVMBUJPO BDIJFWJOH TP DBMMFE mYBUJPO� "U UIJT QPJOU OP GVSUIFS FWPMVUJPO IBQQFOT
VOUJM OFX NVUBUJPOT PDDVS� "T B SFTVMU XJUIPVU NVUBUJPO TFMFDUJPO BDUT UP QVSHF
QPQVMBUJPOT PG EJWFSTJUZ� 8F DBO BMTP PCTFSWF UIBU nVDUVBUJPOT BSF NVDI NPSF SBQJE
XIFO UIF QPQVMBUJPO TJ[F JT TNBMM XIJDI SFTVMU JO CPUI IJHIFS mYBUJPO QSPCBCJMJUZ BOE
BT TIPSUFS UJNF UP mYBUJPO� ɨF SBOEPN nVDUVBUJPOT 	ESJGU
 JO HFOFUJD WBSJBUJPO BMTP
NFBOT UIBU OFX FYBDUMZ mUOFTT OFVUSBM NVUBUJPOT DBO BUUBJO mYBUJPO�



í�í ǲF GBUF PG NVUBUJPOT JT TUPDIBTUJD ô

N
=50

f0(A)=0.02

Generation

f(A
)

f0(A)=0.10 f0(A)=0.50

N
=500

N
=5000

'JHVSF ���� 4UPDIBTUJD TJNVMBUJPOT PG DPOTUBOU TJ[F 	/
 QPQVMBUJPOT FWPMWJOH UISPVHI ��� HFOFSBUJPOT VOEFS UIF 8SJHIU�
'JTIFS QSPDFTT� 5IF JOJUJBM QPQVMBUJPO DPOTJTUT PG G�(") ∗ / JOTUBODFT PG UZQF " BOE (� − G�(")) ∗ / PG UZQF
# XIFSF G� JT UIF JOJUJBM GSFRVFODZ� #PUI UZQFT IBWF UIF TBNF mUOFTT�

/FYU XF DPOTJEFS XIBU IBQQFOT XIFO UZQF " BOE # IBWF EJĊFSFOU mUOFTTFT� 0G
TQFDJBM JOUFSFTU JT UIF TJUVBUJPO XIFSF B OPWFM NVUBOU # BSJTF JO BO PUIFSXJTF IPNP�
HFOFPVT QPQVMBUJPO PG UZQF "� *U JT VTFGVM UP EFmOF UIF TFMFDUJPO DPFċDJFOU 	FR� ñ�ð

T XIJDI NFBTVSFT IPX NVDI mUUFS # JT DPNQBSFE UP "�

T"→# =
ω#

ω"
− � 	ñ�ð


*O mHVSF ñ�ñ XF GPMMPX QPTTJCMF USBKFDUPSJFT PG GSFRVFODZ G (") TUBSUJOH GSPN POF
JOEJWJEVBM JO QPQVMBUJPOT PG WBSJPVT TJ[FT BOE XJUI WBSZJOH TFMFDUJPO DPFċDJFOUT� 8F
TFF UIBU TFMFDUJPO JT OPU PNOJQPUFOU � BEWBOUBHFPVT NVUBUJPOT DBO CF MPTU EVF UP
HFOFUJD ESJGU BOE TMJHIUMZ EFUSJNFOUBM NVUBUJPOT DBO BUUBJO mYBUJPO�



õ &WPMVUJPO BOE FWPMVUJPOBSZ EZOBNJDT

N
=50

s=-0.001

Generation

f(A
)

s=0.000 s=0.005

N
=500

N
=5000

'JHVSF ���� 4UPDIBTUJD TJNVMBUJPOT PG DPOTUBOU TJ[F 	/
 QPQVMBUJPOT FWPMWJOH UISPVHI ��� HFOFSBUJPOT VOEFS UIF 8SJHIU�
'JTIFS QSPDFTT XJUI EJGGFSFOU TFMFDUJPO DPFGmDJFOUT 	T
� &WFSZ TJNVMBUJPO TUBSU XJUI POF JOTUBODF PG UIF NVUBOU
	"
 JO B QPQVMBUJPO PG 	/��
 JOEJWJEVBMT PG UZQF #

5P VOEFSTUBOE UIF EZOBNJDT RVBOUJUBUJWFMZ XF TJNVMBUFE ôï�ïïï JOEFQFOEFOU
USBKFDUPSJFT BOE DBMDVMBUFE UIF NFBO mYBUJPO QSPCBCJMJUZ GPS EJĊFSFOU QPQVMBUJPO TJ[FT
BOE TFMFDUJPO DPFċDJFOUT 	'JH� ñ�ò
� 8F TFF UIBU B SBOHF PG TFMFDUJPO DPFċDJFOUT BSF
OFBSMZ OFVUSBM 	IBWF mYBUJPO QSPCBCJMJUJFT FRVBM �//
 XIFO T ∈ [−�/�/, �/�/]�
"O FYBDU BOBMZUJDBM EFTDSJQUJPO PG UIF FYQFDUFE mYBUJPO QSPCBCJMJUZ PG OFX NVUBUJPOT
VOEFS UIF 8SJHIU�'JTIFS NPEFM JT OPU LOPXO� .PUPP ,JNVSB <ð÷> EFSJWFE B WFSZ
HPPE BQQSPYJNBUJPO 	FR� ñ�ñ
 XIJDI JT TIPXO BT MJOFT JO 'JH� ñ�ò�

1,JNVSB
"→# =

� − exp(−�T)
� − exp(−�/T)

	ñ�ñ


" TMJHIUMZ NPSF BDDVSBUF BQQSPYJNBUJPO XBT SFDFOUMZ EFSJWFE CZ 4FMMB BOE )JSTI
<ðø>�

14FMMB&)JSTI
"→# =

� − (ω"/ω#)�

� − (ω"/ω#)�/ 	ñ�ò




í�î ǲF FRVJMJCSJVN EJTUSJCVUJPO PG TUBUFT ö

-- - - -

'JHVSF ���� 5IF SFMBUJPO CFUXFFO mYBUJPO QSPCBCJMJUZ BOE TFMFDUJPO DPFGmDJFOU GPS QPQVMBUJPO TJ[F �� �� BOE ���� &BDI
EPU SFQSFTFOUT UIFNFBO mYBUJPO QSPCBCJMJUZ BDSPTT ������8SJHIU�'JTIFS TJNVMBUJPOT� 5IF FSSPS CBS SFQSFTFOUT
UIF TUBOEBSE FSSPS PG UIF NFBO� 5IF HSFZ MJOFT TIPXT ,JNVSB�T mYBUJPO QSPCBCJMJUZ FRVBUJPO�

ɨF .PSBO QSPDFTT JT JEFOUJDBM UP UIF 8SJHIU�'JTIFS CJSUI�EFBUI QSPDFTT XJUI UIF
FYDFQUJPO UIBU JU NPEFMT PWFSMBQQJOH HFOFSBUJPOT BT POMZ POF JOEJWJEVBM JT TFMFDUFE
GPS SFQSPEVDUJPO BOE POF GPS EFBUI BU FBDI UJNF TUFQ� ɨJT SFTVMU JO HFOFUJD ESJGU UIBU
JT UXJDF BT TUSPOH BT VOEFS UIF 8SJHIU�'JTIFS QSPDFTT CVU RVBMJUBUJWFMZ UIF EZOBNJDT
BSF TJNJMBS�

ɨSPVHIPVU UIJT XPSL XF BTTVNF UIBU NVUBUJPO�mYBUJPO FWFOUT PDDVS BDDPSE�
JOH UP UIF 8SJHIU�'JTIFS QSPDFTT JO B DPOTUBOU FOWJSPONFOU BT EFTDSJCFE CZ ,JNVSB�T
FRVBUJPO� "MUIPVHI UIF 8SJHIU�'JTIFS QSPDFTT JT SPCVTU UP DIBOHFT JO UIF CJSUI�EFBUI
QSPDFTT JU EPFT OPU DBQUVSF BMM BTQFDUT PG SFBMJUZ� *O OBUVSF QPQVMBUJPO TJ[FT BOE TF�
MFDUJPO QSFTTVSFT nVDUVBUF SFTVMUJOH JO PĊ�FRVJMJCSJVN FĊFDUT XIJDI CSPBEFOT UIF
SBOHF PG OFVUSBMJUZ BOE NPEJmFT UIF mYBUJPO QSPCBCJMJUZ JO TQFDJmD XBZT EFQFOEJOH
PO UIF FYBDU nVDUVBUJPO CFIBWJPS <ñï>� #Z BQQMZJOH ,JNVSB�T mYBUJPO FRVBUJPO XF
BMTP BTTVNF UIBU OFX NVUBUJPOT BSJTF JO PUIFSXJTF NPOPNPSQIJD QPQVMBUJPOT� ɨJT JT
POMZ USVF VOEFS DPOEJUJPOT XIFSF UIF NVUBUJPO SBUF JT MPX BOE TFMFDUJPO JT TUSPOH� *U
JT LOPXO UIBU IFUFSPHFOFJUZ SFRVJSFT TQFDJBM DPOTJEFSBUJPOT <ñð ññ>� -JLFXJTF TQFDJBM
DPOTJEFSBUJPOT NVTU CF UBLFO XIFO UIF QPQVMBUJPO JT TVCEJWJEFE <ñò>� ɨF EFHSFF CZ
XIJDI TVCEJWJTJPO IFUFSPHFOFJUZ BOE nVDUVBUJPOT BĊFDU UIF NFBO CFIBWJPS PG FWPM�
VUJPO JO HFOFSBM JT VODMFBS�

ñ�ò ɧF FRVJMJCSJVN EJTUSJCVUJPO PG TUBUFT

'PS B HJWFO FMFNFOU CF JU B QBSUJDVMBS HFOF B TJOHMF QPTJUJPO JO B QSPUFJO PS B IJHIFS�
MFWFM QIFOPUZQF POF DBO EFTDSJCF JU BT TJUVBUFE JO B mOJUF TUBUF�TQBDF� 'PS QSPUFJOT
+PIO .BZOBSE 4NJUI QJDUVSFE UIF WBTU TFRVFODF�TQBDF BOE IZQPUIFTJ[FE UIBU BMM QSP�
UFJOT XFSF QBSU PG UIF TBNF DPOUJOVPVT OFUXPSL FBDI TFRVFODF DPOOFDUFE UP BMM PUIFS
UISPVHI NVUBUJPOBM QBUIT <ñó>� ɨF USBOTJUJPOT CFUXFFO TUBUFT DBO CF EFTDSJCFE CZ B
.BSLPW QSPDFTT XJUI SBUF NBUSJY Q�



÷ &WPMVUJPO BOE FWPMVUJPOBSZ EZOBNJDT

Q =

(
−V"#1"# V"#1"#
V#"1#" −V#"1#"

)
	ñ�ó


XIFSF V"# SFQSFTFOUT UIF QSPQPTBM SBUF PG NVUBUJPO CFUXFFO TUBUF " BOE # XIJMF
1"# JT UIF mYBUJPO QSPCBCJMJUZ PG UIF NVUBUJPO� "TTVNJOH UIBU BMM TUBUFT BSF DPOOFDUFE
	BMM TUBUFT DBO NVUBUF UP BMM PUIFS TUBUFT UISPVHI TPNF QPTTJCMZ NVMUJ�TUBUF QBUI

BOE UIBU EFUBJMFE�CBMBODF JT TBUJTmFE¤ UIF .BSLPW QSPDFTT IBT B VOJRVF FRVJMJCSJVN
EJTUSJCVUJPO XIJDI BTTVNJOH UIBU T ≪ � JO FR� ñ�ñ JT HJWFO CZ

ŻJ =
θJ exp(�/ωJ)∑
K θK exp(�/ωK)

	ñ�ô


XIFSF θJ JT UIF EFHFOFSBDZ PG UIF TUBUF / JT UIF QPQVMBUJPO TJ[F BOEω JT UIF SFMBUJWF
mUOFTT PG UIF TUBUF <ðø ñõ>� 4FMMB BOE )JSTI OPUFE UIBU UIJT JT BOBMPHPVT UP UIF EJT�
USJCVUJPO PG TUBUFT 	DPOGPSNBUJPO
 JO B UIFSNPEZOBNJD FOTFNCMF XIJDI JT EFTDSJCFE
CZ UIF #PMU[NBOO EJTUSJCVUJPO <ðø> CVU XIFSF QIZTJDBM FOTFNCMFT EFQFOET PO FOFSHZ
BOE UFNQFSBUVSF FWPMVUJPOBSZ FOTFNCMFT EFQFOET PO mUOFTT BOE ESJGU�

!A ! B

uAB !PAB

uBA !PBA

! A ! B

'JHVSF ���� " TJNQMF .BSLPW QSPDFTT XIFSF USBOTJUJPOT IBQQFO CFUXFFO UXP TUBUFT� &WPMVUJPOBSZ USBOTJUJPO SBUFT BSF
EFUFSNJOFE CZ UIF NVUBUJPO QSPQPTBM SBUF (V) BOE UIF mYBUJPO QSPCBCJMJUZ (1)� 5IF FRVJMJCSJVN GSFRVFODZ PG
FBDI TUBUF JT HJWFO CZ ����

ɨF nVY CFUXFFO BOZ UXP TUBUFT JT Φ"# = Ż"2"# BOE UIF FYDIBOHFBCJMJUZ JT
S"# = 2"#/Ż#� *O QBQFS ** XF TFFL UP SFQSPEVDF UIF FYDIBOHFBCJMJUZ BOE TUBUJPOBSZ
GSFRVFODJFT CFUXFFO BNJOP BDJET JO FWPMVUJPO�

ñ�ó ɧF SBUF PG FWPMVUJPO

ɨF SBUF PG FWPMVUJPO JT PG TQFDJBM JOUFSFTU BOE BHBJO JT POMZ FYBNJOFE VOEFS FRVJMJC�
SJVN DPOEJUJPOT� "MTP IFSF .BSLPW QSPDFTTFT QSPWJEF BO BQU NBUIFNBUJD GSBNFXPSL

¤ɨF .PSBO CJSUI�EFBUI QSPDFTT XJUI NVUBUJPO BOE TFMFDUJPO TBUJTmFT UIF EFUBJMFE CBMBODF DPOEJUJPO
QJ"2"# = QJ#2#" GPS BMM ",# XIJMF UIF 8SJHIU�'JTIFS QSPDFTT POMZ TBUJTmFT JU JO DFSUBJO MJNJUT <ñô>�



í�ð *OGFSSJOH QSPUFJO QSPQFSUJFT GSPN TFRVFODF BMJHONFOUT ø

UP EFTDSJCF JU� ɨF SBUF PG B .BSLPW QSPDFTT JT UIF TVN PG nVYFT MFBWJOH BMM TUBUFT�
ɨF nVY PVU PG POF TUBUF JT TJNQMZ JU FRVJMJCSJVN GSFRVFODZ NVMUJQMJFE CZ JUT SBUF UP
BMM PUIFS TUBUFT XIFSF SBUF JO FWPMVUJPOBSZ EZOBNJDT JT EFTDSJCFE BT UIF QSPEVDU PG
NVUBUJPO SBUF BOE UIF mYBUJPO SBUF�

� =
∑

J

∑

K̸=J

ŻJ2J→K 	ñ�õ


5P HFU BO JOUVJUJWF VOEFSTUBOEJOH PG UIF USBEF�PĊ CFUXFFO TFMFDUJPO QSFTTVSF 	4 =
/T
 BOE SBUF XF DPOTJEFS UIF TJNQMF TJUVBUJPO JMMVTUSBUJPO JO 'JH� ñ�ó� 8F TFU UIF
NVUBUJPO QSPQPTBM QSPCBCJMJUZ FRVBM JO CPUI EJSFDUJPOT V = � BOE EFUFSNJOF UIF SBUF
BT HJWFO CZ FR� ñ�õ ñ�ð BOE ñ�ô� 'JHVSF ñ�ô TIPXT IPX UIF SBUF EFDSFBTFT BT UIF TFMFDUJWF
QSFTTVSF JODSFBTFT�

'JHVSF ���� 5IF SBUF PG FWPMVUJPO BU POF TJUF EFDSFBTFT XJUI JODSFBTJOH TFMFDUJPO QSFTTVSF� 5IF SBUF JT DBMDVMBUFE SFMBUJWF UP
UIF SBUF PG OFVUSBM NVUBUJPOT CZ OVNFSJDBM FWBMVBUJPO PG FRVBUJPO ��� ��� BOE ��� GPS UIF .BSLPW QSPDFTT
TIPXO JO mH� ����

ñ�ô *OGFSSJOH QSPUFJO QSPQFSUJFT GSPN TFRVFODF BMJHONFOUT

*O UIF TFDUJPOT BCPWF XF IBWF EJTDVTTFE BNJOP BDJE GSFRVFODJFT TJUF�SBUFT BOE TVCTUJ�
UVUJPO SBUFT CFUXFFO BNJOP BDJE BT JG UIFZ XFSF NFBTVSBCMF RVBOUJUJFT� ɨFZ BSF OPU�
/P PCTFSWBCMF EBUB FYJTUT XIJDI EJSFDUMZ EFTDSJCFT UIFN� :FU BT XJUI UIF NBTT PG
BO VOPCTFSWBCMF QMBOFU DBVTJOH B TMJHIU XPCCMF JO UIF MJHIU GSPN B EJTUBOU TUBS UIFTF
IJEEFO WBSJBCMFT DBO CF JOGFSSFE GSPN PUIFS PCTFSWBUJPOT JOUFSQSFUFE UISPVHI NPEFMT
PG UIF TJHOBM HFOFSBUJOH QSPDFTT� *O UIJT UIFTJT XPSL XF IBWF OPU BUUFNQUFE UP JNQSPWF
PO UIPTF TUBUJTUJDBM NPEFMT CVU IBWF VTFE UIFN BT HJWFO� 'PS UIJT SFBTPO XF TIBMM OPU
EFUBJM UIF TUBUJTUJDBM BOE QIZMPHFOFUJD NFUIPET IFSF CVU SFGFS UP 'FMTFOTUFJO�T CPPL PO
QIZMPHFOZ GPS UIBU QVSQPTF <ñö>� *OTUFBE XF BJN QSPWJEF B TFOTF GPS UIF IJHI�MFWFM
MPHJD UIBU HPFT JOUP UIFN�

1SPUFJO QSPQFSUJFT BSF PGUFO JOGFSSFE JO CJPJOGPSNBUJDT BOE QIZMPHFOFUJDT VTJOH
UIF .BSLPW NPEFMT EFTDSJCFE BCPWF� "TTVNJOH TJUF�JOEFQFOEFODZ B TJOHMF TJUF DBO
CF EFTDSJCFE CZ UIF SBUF NBUSJY GPS TJUF - Q- XJUI UIF TJUF�SBUF � 	FR� ñ�õ
� "U UIJT



ðï &WPMVUJPO BOE FWPMVUJPOBSZ EZOBNJDT

BMSFBEZ BQQSPYJNBUF MFWFM PG EFTDSJQUJPO UIF NPEFM DPOUBJOT ñïø GSFF QBSBNFUFST 	ðøï
FYDIBOHBCJMJUJFT BOE ðø TUBUJPOBSZ GSFRVFODJFT
 QFS TJUF JO UIF NPEFMFE QSPUFJO� .PTU
TFRVFODF BMJHONFOUT EP OPU DPOUBJO TVċDJFOU BNPVOU PG JOGPSNBUJPO UP SFBTPOBCMZ
BMMPX QBSBNFUFSJ[BUJPO PG UIBU NBOZ QBSBNFUFST� *OTUFBE GVSUIFS BQQSPYJNBUJPOT BSF
NBEF� *U JT PGUFO BTTVNFE UIBU B TJOHMF TVCTUJUVUJPO SBUF NBUSJY 	Q
 JT SFMFWBOU GPS BMM
TJUFT©� ɨJT NBUSJY JT UZQJDBMMZ TDBMFE TP UIBU � = � XIJDI DPSSFTQPOET UP UIBU POF
UJNF TUFQ ZJFMET ð FYQFDUFE BNJOP BDJE TVCTUJUVUJPO QFS TJUF�

" NBKPS WBSJBUJPO JO FWPMVUJPOBSZ CFIBWJPS BDSPTT TJUFT JT UIF TJUF�TQFDJmD SBUF�
ɨFSFGPSF XIJMF NBJOUBJOJOH BO JOWBSJBOU SFMBUJWF TVCTUJUVUJPO QBUUFSO Q JT UZQJDBMMZ
TDBMFE CZ B TJUF�TQFDJmD SBUF QBSBNFUFS �- UIF MJLFMJIPPE PG XIJDI JT UZQJDBMMZ EF�
TDSJCFE CZ B HBNNB�EJTUSJCVUJPO� 6TJOH TJUF�TQFDJmD SBUFT TJUF�TQFDJmD SBUF NBUSJDFT
BSF DBMDVMBUFE BT QL = Q�-� ɨF QSPCBCJMJUZ NBUSJY GPS TVCTUJUVUJPO CFUXFFO BOZ
UXP BNJOP BDJET PWFS B HJWFO FYQFDUFE OVNCFS PG TVCTUJUVUJPOT 	UIPVHIU PG BT QSP�
QPSUJPOBM UP UJNF
 JT�

P = exp(Q-U) 	ñ�ö


UIF SJHIU UFSN EFOPUFT UIF NBUSJY FYQPOFOUJBM� 'PS B HJWFO QIZMPHFOFUJD USFF 5
EFTDSJCJOH UIF FWPMVUJPOBSZ IJTUPSZ PG UIF EBUB 	BMJHONFOU PG TFRVFODFT
 % B TFU PG
TJUF�TQFDJmD SBUFT � B TVCTUJUVUJPO NBUSJY 2 B MJLFMJIPPE DBO UIFO CF DBMDVMBUFE BT�

L =
∏

-
L(%|Q, �-,5) 	ñ�÷


XIFSF UIF QSPEVDU SVOT PWFS TFRVFODF EBUB GPS BMM TJUFT - BOE L(%|Q, �-,5)
JT UIF MJLFMJIPPE PG UIF EBUB HJWFO UIF QBSBNFUFST� ɨF VOLOPXO QBSBNFUFST IFSF
UIF TVCTUJUVUJPO NBUSJY 	Q
 TJUF�SBUFT 	�
 BOE UIF USFF 	5
 DBO UIFO CF JOGFSSFE CZ
mOEJOH UIF QBSBNFUFST XIJDI NBYJNJ[F UIF MJLFMJIPPE PG ñ�÷� .PSF HFOFSBMMZ UIF
VTF PG TVDI NBYJNVN MJLFMJIPPE NPEFMT JT IPX QSPUFJO QSPQFSUJFT BSF PGUFO JOGFSSFE
GSPN TFRVFODF BMJHONFOUT BOE NFUIPET BSF BWBJMBCMF UP JOGFS TJUF�SBUFT TVCTUJUVUJPO
NBUSJDFT TJUF�TQFDJmD FRVBUJPO GSFRVFODJFT PG BNJOP BDJET USFFT BOE NPSF� 4FOTJCMF
#BZFTJBO BQQSPBDIFT XIJDI UBLFT QSJPS QSPCBCJMJUJFT PG QBSBNFUFST JOUP BDDPVOU IBT
BMTP CFFO EFWFMPQFE BOE XFSF VTFE JO UIF JOGFSFODF PG SBUFT JO QBQFS ** <ñ÷>�

8F mOBMMZ OPUF UIBU UIF TFRVFODF BMJHONFOU JT OPU PCTFSWBCMF CVU TIPVME JO QSJO�
DJQMF CF QBSU PG UIF QBSBNFUFS TFU UIBU JT CFJOH JOGFSSFE <ñø>� ɨSPVHI UIJT XPSL XF
IBWF UBLFO TFRVFODF BMJHONFOUT 	UZQJDBMMZ HFOFSBUFE XJUI ."''5 <òï>
 BT HJWFO QPJOU
FTUJNBUFT�

©(JWFO UP UIF DIFNJDBM BOE GVODUJPOBM IFUFSPHFOFJUZ CFUXFFO TJUFT JO QSPUFJOT UIJT BTTVNQUJPO JT
DMFBSMZ BCTVSE� )PXFWFS JU XPSLT TVċDJFOUMZ XFMM PO BWFSBHF UIBU JU QSBDUJDF QSPWJEFT B HPPE TUBSUJOH
QPJOU GPS JOGFSSJOH QIZMPHFOJFT�



$IBQUFS ò

ɧF FWPMVUJPO PG QSPUFJOT

-JGF JT UIF NPEF PG BDUJPO PG QSPUFJOT �

*O UIJT DIBQUFS XF GPDVT TQFDJmDBMMZ PO UIF FWPMVUJPO PG QSPUFJOT� 8F EJTDVTT
UIF NBOZ XBZT %/" NVUBUJPOT DBO DIBOHF UIF TFRVFODF PG B QSPUFJO EJTUSJCVUJPO
PG mUOFTT BOE FOFSHFUJD FĊFDUT PG NVUBUJPOT BOE IPX UIF QSPUFJO TFRVFODF SFMBUFT UP
mUOFTT BOE QSPUFJO GVODUJPO�

ò�ð .VUBUJPOT DBO DIBOHF QSPUFJOT JO WBSJPVT XBZT

1SPUFJOT BSF QSPEVDFE CZ USBOTMBUJOH 3/" UIBU IBT CFFO USBOTDSJCFE GSPN %/"� &BDI
BNJOP BDJE JT FODPEFE CZ ð UP õ EJĊFSFOU DPEPOT 	CBTF USJQMFU
� .VUBUJPOT JO UIF %/"
DBO DIBOHF UIF QSPUFJO TFRVFODF JO TFWFSBM XBZT� *OTFSUJPO BOE EFMFUJPOT 	JOEFMT
 PG
QJFDFT PG %/" UIBU JT OPU EJWJTJCMF CZ UISFF SFTVMU JO GSBNFTIJGU NVUBUJPOT� ɨFZ DBO
DIBOHF UIF FOUJSF QSPUFJO TFRVFODF EPXOTUSFBN PG UIF NVUBUJPO TJUF BOE BSF UZQJDBMMZ
EFUSJNFOUBM UP UIF GVODUJPO PG UIF QSPUFJO� *OEFM NVUBUJPOT XJUI B MFOHUI EJWJTJCMF
CZ UISFF DIBOHF UIF MFOHUI PG UIF QSPUFJO BOE NJHIU OPU CF EFUSJNFOUBM� 0UIFS
NVUBUJPOT POMZ DIBOHF B TJOHMF CBTF PS DPEPO JO UIF %/"� %VF UP UIF SFEVOEBOU
OBUVSF PG UIF HFOFUJD DPEF TVDI NVUBUJPOT DBO CF TZOPOZNPVT JO UIBU UIFZ FODPEF
UIF TBNF BNJOP BDJE� )PXFWFS TZOPOZNPVT NVUBUJPOT BSF OP HVBSBOUFF UIBU mUOFTT
JT OPU BĊFDUFE BT TPNF DPEPOT BSF USBOTMBUFE NPSF FċDJFOUMZ BOE�PS BDDVSBUFMZ UIBO
PUIFST <òñ òò>� /PO�TZOPOZNPVT NVUBUJPOT SFTVMU JO TVCTUJUVUJPOT UP PUIFS BNJOP
BDJET 	NJTTFOTF NVUBUJPOT
 PS NJHIU QSFNBUVSFMZ TUPQ USBOTMBUJPO JG SFTVMUJOH JO B TUPQ
DPEPO 	OPOTFOTF NVUBUJPO
 PS DIBOHFT UP UIF TUBSU DPEPO� 'JOBMMZ NJTTFOTF TVCTUJUV�
UJPOT DBO BMTP CF JOUSPEVDFE EVSJOH QSPUFJO TZOUIFTJT BOE JU IBT CFFO FTUJNBUFE UIBU
BSPVOE ð÷Ƿ PG BMM BWFSBHF�MFOHUI QSPUFJO NPMFDVMFT DPOUBJO BU MFBTU POF USBOTMBUJPOBM�
NJTTFOTF FSSPS <òó>� *O UIJT UIFTJT XPSL XF IBWF DPOTJEFSFE UIF mUOFTT FĊFDUT PG NJT�
TFOTF NVUBUJPOT�

�'SJFESJDI &OHFMT BDDPSEJOH UP 8JMMJBN )FOSZ #SBHH <òð>

ðð



ðñ ǲF FWPMVUJPO PG QSPUFJOT

ò�ñ 8IBU EFUFSNJOFT UIF mUOFTT PG B QSPUFJO 

&BDI QSPUFJO JO BO PSHBOJTN DBO CF UIPVHIU PG BT NVMUJQMJDBUJWFMZ DPOUSJCVUJOH UP
UIF PSHBOJTNBM mUOFTT� 3FUVSOJOH UP UIF SFMBUJWF mUOFTT EFmOJUJPO FBDI QSPUFJO DBO
BU NPTU DPOUSJCVUF XJUI ωNBY = � BOE BU MFBTU XJUI ωNJO = � JG UIF QSPUFJO JT
FTTFOUJBM 	OPO�FTTFOUJBM QSPUFJOT XPVME IBWF B ωNJO > �
� 'PS CSFWJUZ XF EFmOF
UIF NVMUJQMJDBUJWF mUOFTT DPOUSJCVUJPO PG B QSPUFJO UP UIF PSHBOJTN TJNQMZ BT QSPUFJO
mUOFTT�

ò�ñ�ð 'JUOFTT CFOFmUT

1SPUFJO mUOFTT JT UIF QSPEVDU PG NBOZ CJPQIZTJDBM QSPQFSUJFT� 6MUJNBUFMZ UIF CF�
OFmU PG B QSPUFJO DPNFT GSPN JUT GVODUJPO XIJDI JT BDIJFWFE CZ FOFSHFUJDBMMZ GBWPS�
BCMF JOUFSBDUJPOT� ɨSPVHI UIFTF JOUFSBDUJPOT QSPUFJOT DBUBMZ[F DIFNJDBM SFBDUJPOT
CJOE MJHBOET USBOTEVDF TJHOBMT PS QFSGPSN PUIFS FTTFOUJBM GVODUJPOT PG MJGF� 8JUI UIF
QPTTJCMF FYDFQUJPO PG JOUSJOTJDBMMZ EJTPSEFSFE QSPUFJOT UIF GPMEJOH PG UIF BNJOP BDJE
DIBJO JT B QSFSFRVJTJUF UP DPSSFDUMZ GPSN B UISFF�EJNFOTJPOBM DIFNJDBM FOWJSPONFOU
DPNQBUJCMF XJUI GVODUJPO� *U JT UIFSFGPSF OPU TVSQSJTJOH UIBU NBOZ NPEFMT PG QSP�
UFJO mUOFTT IBWF VTFE UIF QSPCBCJMJUZ PG UIF GPMEFE TUBUF BT B QSPYZ GPS QSPUFJO mUOFTT
	<òô>
� *U GPMMPXT GSPN TUBUJTUJDBM UIFSNPEZOBNJDT UIBU B QSPUFJO XJUI GPMEJOH GSFF FO�
FSHZ ǈ( = (GPMEFE − (VOGPMEFE IBT B QSPCBCJMJUZ PG CFJOH GPMEFE 	1GPMEFE
 BT TIPXO JO
mHVSF ò�ð BOE HJWFO CZ

1GPMEFE = ωGPMEFE =
�

� + exp(ǈ(/35)
	ò�ð


XIFSF 3 JT UIF HBT DPOTUBOU BOE 5 JT UIF BCTPMVUF UFNQFSBUVSF� 'PS QMPUT UISPVHI�
PVU UIJT UIFTJT XPSL XF VTFE 35 = �.� LDBM�NPM DPSSFTQPOEJOH UP B UFNQFSBUVSF PG
5 = ���K� *O JUTFMG BOE GPS QSPUFJOT UIBU BSF BDUJWF JO UIFJS GPMEFE TUBUFT FR� ò�ð DBO
CF JOUFSQSFUFE BT NVMUJQMJDBUJWFMZ DPOUSJCVUJOH UP QSPUFJO mUOFTT� ɨF GSBDUJPO GPMEFE
mUOFTT FYQSFTTJPO JT BMTP DPNNPOMZ VTFE UISPVHI UIF MJUFSBUVSF JO TPNF DBTFT JO UIF
GPSN PG B TJNQMF TUFQ�NPEFM 	UIF UISFTIPME NPEFM
 XIFSF 35 = ∞ <òô>�

.PSF SFBMJTUJDBMMZ JU JT OPU BMXBZT TVċDJFOU GPS GVODUJPO UIBU UIF QSPUFJO JT GPMEFE
BT UIF UIFSNBM KJUUFS PG BNJOP BDJET PS MPPQT SFTVMUT JO NBOZ OPO�GVODUJPOBM GPMEFE
TUBUFT� (JWFO NVMUJQMF DPNQFUJOH TUBUFT UIF QSPCBCJMJUZ PG POF 	BDUJWF
 JT EFTDSJCFE
CZ UIF #PMU[NBOO EJTUSJCVUJPO

1BDUJWF =
exp(&BDUJWF/35)∑

J exp(&J/35)
	ò�ñ


ɨF wDPNQFUJUJPOw CFUXFFO GVODUJPOBM BOE BMUFSOBUJWF TUBUFT IBT JNQPSUBOU DPO�
TFRVFODFT JO OBUVSBM QSPUFJOT� 'PS JOTUBODF JU BQQFBST UIBU FWPMVUJPO SFTUSJDUT UIF
TJEF�DIBJO DPOGPSNBUJPOT PG BNJOP BDJET JO CJOEJOH�JOUFSGBDFT <òõ> QPTTJCMZ UP BWPJE



î�í 8IBU EFUFSNJOFT UIF mUOFTT PG B QSPUFJO ðò

OPO�TQFDJmD JOUFSBDUJPOT CVU BMTP UP MPXFS UIF FOUSPQZ�DPTU PG CJOEJOH� ɨF OFDFT�
TJUZ UP EFTJHO BHBJOTU BMUFSOBUJWF TUBUFT JT QFSIBQT NPTU DMFBSMZ EFNPOTUSBUFE CZ UIF
NBOZ DBTFT PG DPNQVUBUJPOBM QSPUFJO EFTJHO XIFSF SFBMJUZ GPVOE BMUFSOBUJWF XBZT UP
GPSN JOUFSGBDFT <òö> PSHBOJ[F MPPQT <ò÷> PSHBOJ[F DBUBMZUJD TJUF SFTJEVFT UIBO XIBU
XBT JOUFOEFE CZ UIF EFTJHOFS 	GPS NPSF FYBNQMFT TFF <òø>
�

ò�ñ�ñ 'JUOFTT DPTUT

%SVNNPOE FU BM� EFNPOTUSBUFE UIBU BOPUIFS mUOFTT GVODUJPO UIBO ωGPMEFE NVTU CF
DPOUSPMMJOH UIF FWPMVUJPO PG NBOZ FTQFDJBMMZ IJHIMZ FYQSFTTFE QSPUFJOT <óï>� ɨFZ
TBX FNQJSJDBMMZ UIBU UIF SBUF PG FWPMVUJPO EFDSFBTFE XJUI QSPUFJO BCVOEBODF 	"
 BOE
IZQPUIFTJ[FE UIBU UIF DZUPUPYJDJUZ CVSEFO PG NJTGPMEFE QSPUFJOT JNQPTFE B TJHOJmDBOU
TFMFDUJWF QSFTTVSF JO FWPMVUJPO� "TTVNJOH UIF EJTUSJCVUJPO PG NVUBUJPOBM FĊFDU PO GSFF
FOFSHZ JT (BVTTJBO 	ǈǈ(NFBO = �.�,ǈǈ(σ = �.�LDBM�NPM
 <óð> BOE UIBU ð÷Ƿ PG BMM
QSPUFJOT DBSSZ B NJTUSBOTMBUJPO FSSPS JU JT DMFBS UIBU UIF NBKPSJUZ PG NJTGPMEFE QSPUFJO
JO UIF DFMM NVTU CF DPNJOH GSPN USBOTMBUJPO FSSPST BMNPTU JOEFQFOEFOU PG ǈ(OBUJWF BT
TIPXO JO mHVSF ò�ñ� $BQUVSJOH UIFTF FĊFDUT UIFZ QSPQPTFE UIF DZUPUPYJDJUZ mUOFTT
GVODUJPO�

ωUPYJDJUZ = exp

(
−D"

� + exp(−ǈ(/35)

)
	ò�ò


"T TIPXO JO mHVSF ò�ð BOE NBUIFNBUJDBMMZ JO TVQQPSUJOH JOGPSNBUJPO PG QBQFS **
FR� ò�ò TJNQMZ PĊTFUT ǈ( JO UIF GSBDUJPO GPMEFE mUOFTT GVODUJPO 	FR� ò�ð
 CZ log(D")
XIFO UIF QSPUFJO JT TUBCMF 	ǈ(/35 < −�
� ɨFZ DBO UIFSFGPSF CF VTFE TZOPOZNPVTMZ
JO NBOZ BQQMJDBUJPOT PG FWPMVUJPOBSZ EZOBNJDT�

log(cA)

A B

'JHVSF ���� 5XP CJPQIZTJDBM NPEFMT PG QSPUFJO mUOFTT� *O POF NPEFM mUOFTT JT BTTVNFE QSPQPSUJPOBM UP UIF GSBDUJPO PG
GPMEFE QSPUFJO� *O UIF PUIFS NPEFM mUOFTT JT BTTVNFE UP CF B GVODUJPO PG UIF BNPVOU 	"
 UPYJDJUZ 	D
 BOE
UIF GSBDUJPO PG VOGPMEFE QSPUFJO� *O UIF QMPU 35���� BOE D"����

4FSPIJKPT FU BM� GVSUIFS BOBMZ[FE UIF FWPMVUJPOBSZ EZOBNJDT VOEFS UIF DZUPUPY�
JDJUZ mUOFTT GVODUJPO BOE GPVOE UIBU UIF DPSSFMBUJPO CFUXFFO FWPMVUJPOBSZ SBUF BOE



ðó ǲF FWPMVUJPO PG QSPUFJOT

QSPUFJO BCVOEBODF POMZ IPMET XIFO UIF NFBO FĊFDU PG NVUBUJPO CFDPNFT JODSFBT�
JOHMZ EFUSJNFOUBM GPS NPSF TUBCMF QSPUFJOT <óñ>� #BTFE PO NVUBUJPOBM FĊFDUT SFDPS�
EFE GPS SFBM QSPUFJOT JO UIF 1SPɨFSN EBUBCBTF <óò> UIFZ TIPXFE UIBU ǈǈ(NFBO =
−�.�� (ǈ() + �.�� LDBM�NPM� ɨJT DPSSFTQPOET UP B TVQFS�FYQPOFOUJBM HSPXUI PG
UIF TFRVFODF TQBDF XJUI EFDSFBTJOH TUBCJMJUZ XIJDI JT BMTP FYQFDUFE GSPN JOGPSNBUJDT�
CBTFE TFRVFODF TUVEJFT <óó>�

'JHVSF ���� .PTU NJTGPMEFE QSPUFJO JO DFMMT JT UIF SFTVMU PG USBOTMBUJPO FSSPS� 5IF GSBDUJPO PG NJTGPMEFE QSPUFJO UIBU SFTVMUT
GSPN USBOTMBUJPO FSSPS XBT DBMDVMBUFE BTTVNJOH UIBU ��� 	DPSSFTQPOEJOH UP BO FSSPS SBUF PG ��−� BOE B
QSPUFJO XJUI MFOHUI ���
 PG BMM QSPUFJO IBT POF USBOTMBUJPO FSSPS BOE TBNQMJOH NVUBUJPOBM FGGFDUT PO δ( GSPN
B (BVTTJBO XJUI QBSBNFUFST � = �.�,σ = �.�LDBM/NPM <��>� 5IF Y�BYJT TIPXT UIF GPMEJOH GSFF FOFSHZ PG UIF
VONVUBUFE OBUJWF QSPUFJO�

#FTJEFT NJTGPMEJOH DZUPUPYJDJUZ QSPUFJOT DBO BMTP JNQPTF PUIFS mUOFTT DPTUT PO
PSHBOJTNBM mUOFTT� 'PS JOTUBODF JU BQQFBST UIBU TFMFDUJPO BHBJOTU NJTJOUFSBDUJPOT JN�
QPTFT B TJHOJmDBOU TFMFDUJWF QSFTTVSF BOE FTQFDJBMMZ TP JO IJHIMZ FYQSFTTFE QSPUFJOT
<óô>� -FWZ FU BM� EFNPOTUSBUFE UIBU UIF TVSGBDF PG IJHIMZ FYQSFTTFE QSPUFJOT UFOET UP
CF EFDPSBUFE XJUI wOPO�TUJDLZw BNJOP BDJET <óõ>� *O BEEJUJPO UP DIBOHJOH UIFJS TVS�
GBDF QSPQFSUJFT QSPUFJOT BMTP VTF OPO�JEFBM TFDPOEBSZ TUSVDUVSFT 	JSSFHVMBS FEHF TUBOET
JO β TIFFU
 UP BWPJE NJTJOUFSBDUJPOT 	TUBOE QBJSJOH
 BOE BHHSFHBUJPO XJUI PUIFS QSP�
UFJOT <óö ó÷>� 'JOBMMZ UIF FOFSHFUJD DPTU JOWPMWFE JO UIF TZOUIFTJT PG IJHIMZ FYQSFTTFE
QSPUFJOT BMTP JNQPTFT B mUOFTT DPTU <óø> QPTTJCMZ FYQMBJOJOH UIF QSFGFSFOUJBM VTF PG
"51�DIFBQ BNJOP BDJET JO IJHIMZ FYQSFTTFE QSPUFJOT <ôï>�

ò�ñ�ò #BMBODJOH CFOFmUT BOE DPTU MFBET UP GSVTUSBUJPO

"MUIPVHI TUBCJMJUZ BOE NJTGPMEJOH�BWPJEBODF BSF BMJHOFE JO UFSNT PG TFMFDUJWF EJSFD�
UJPOBMJUZ 	CPUI XPSL UP JODSFBTF QSPUFJO TUBCJMJUZ
 JU JT OPU BMXBZT TP� 'PS JOTUBODF
JU BQQFBST PGUFO JNQPTTJCMF UP TFMFDU BO BNJOP BDJE UIBU JT PQUJNBM GPS CPUI TUBCJMJUZ
BOE GVODUJPO� 4IPJDIFU FU BM� mSTU IZQPUIFTJ[FE BOE EFNPOTUSBUFE UIBU TJHOJmDBOU
JNQSPWFNFOUT JO TUBCJMJUZ DPVME CF HBJOFE CZ NVUBUJOH DBUBMZUJD PS MJHBOE CJOEJOH
SFTJEVFT JO 5ó MZTP[ZNF <ôð>� 4JNJMBS FĊFDUT IBWF CFFO EFUFSNJOFE JO β�MBDUBNBTF
<ôñ>� ɨF GVODUJPO�TUBCJMJUZ USBEF�PĊ JT TVċDJFOUMZ TUSPOH UIBU JU BMMPXT QSFEJDUJPO PG
GVODUJPOBM TJUFT GSPN TUSVDUVSF�CBTFE QSFEJDUJPOT PG FOFSHFUJD GSVTUSBUJPO <ôòoôõ>�



î�î ǲF FąFDU PG NVUBUJPOT ðô

ò�ñ�ó 'SBDUJPO GPMEFE mUOFTT GVODUJPOT SFTVMUT JO NBSHJOBM TUBCJMJUZ

&YQFSJNFOUBMMZ JU JT LOPXO UIBU NPTU QSPUFJOT BSF NBSHJOBMMZ TUBCMF 	UIF NFBO TUBCJMJUZ
PG QSPUFJO JO &� DPMJ JT −�.� LDBM�NPM <ôö>
� %F1SFTUP FU BM� UPPL UIJT UP NFBO UIBU UIF
mUOFTT PG QSPUFJOT EPFT OPU GPMMPX UIF GSBDUJPO GPMEFE mUOFTT FRVBUJPO 	FR� ò�ð
 CVU
JOTUFBE UIBU mUOFTT IBE UP EFDSFBTF XIFO QSPUFJO TUBCJMJUZ JODSFBTFE CFZPOE B DFSUBJO
QPJOU BSHVJOH UIBU B UPP TUBCMF QSPUFJO XPVME CF IBSEFS UP SFHVMBUF 	CF QSPUFBTF�
SFTJTUBOU
 BOE IBWF MPXFS BDUJWJUZ <ô÷>� (PMETUFJO FU BM� UPPL B EJĊFSFOU BQQSPBDI JO
FYQMBJOJOH UIF NBSHJOBM TUBCJMJUZ PG QSPUFJOT� 6TJOH CPUI MBUUJDF NPEFMT <ôø õï> BOE
MBUFS NPSF EFUBJMFE NPEFMT PG QSPUFJO FOFSHFUJDT <õð> UIFZ EFNPOTUSBUFE UIBU NBSHJOBM
TUBCJMJUZ BSJTFT EJSFDUMZ GSPN 	J
 B GSBDUJPO GPMEFE mUOFTT GVODUJPO 	JJ
 HFOFUJD ESJGU BOE
	JJJ
 UIF TIBQF PG UIF TFRVFODF TQBDF�

ò�ò ɧF FĊFDU PG NVUBUJPOT

8IBU IBQQFOT XIFO BNJOP BDJE BMUFSJOH NVUBUJPOT BSJTF JO QSPUFJO DPEJOH TFRVFODFT 
)FSF XF FYBNJOF UIF FĊFDU PO QSPUFJO mUOFTT BT XFMM BT PO QSPUFJO TUBCJMJUZ�

ò�ò�ð ɧF EJTUSJCVUJPO PG mUOFTT FĊFDUT

.PUPP ,JNVSB NBEF UIFPSFUJDBM JOTJHIUT JOUP UIF EJTUSJCVUJPO PG mUOFTT FĊFDUT� 4FFJOH
UIBU UIF SBUF PG FWPMVUJPO NVTU EFQFOE PO UIF SBUF PG NVUBUJPO QFS SFQMJDBUJPO 	V
 UIF
QPQVMBUJPO TJ[F 	/
 BOE UIF SBUF PG mYBUJPO 	1GJY
 UIF UPUBM SBUF PG FWPMVUJPO 	UPUBM
OVNCFS PG NVUBUJPOT UIBU mY
 JT 3 = /V1GJY� 'PS OFVUSBM NVUBUJPOT XIFSF T ∈
[−�/�/, �/�/] XF TBX UIBU UIF mYBUJPO QSPCBCJMJUZ 1GJY XBT �// 	FR� ñ�ñ
 BOE
UIVT GPS UIPTF 3 = V� ɨF mYBUJPO QSPCBCJMJUZ PG EFUSJNFOUBM NVUBUJPOT EFQFOE
PO UIF QPQVMBUJPO TJ[F CVU XPVME OPU BĊFDU UIF PCTFSWFE SBUF PG FWPMVUJPO BT UIFZ
OFWFS mY 	DPOTJEFS UIF TIBSQ EFDSFBTF JO mYBUJPO QSPCBCJMJUZ JO 'JH� ñ�ñ
� ɨF mYBUJPO
QSPCBCJMJUZ PG CFOFmDJBM NVUBUJPOT BMTP EFQFOE PO UIF QPQVMBUJPO TJ[F BOE XPVME
CF QSFEJDUFE UP BĊFDU UIF SBUF PG FWPMVUJPO JG TJHOJmDBOUMZ QSFTFOU JO UIF EJTUSJCVUJPO
PG mUOFTT FĊFDUT 	%'&
� )PXFWFS JG CFOFmDJBM NVUBUJPOT BSF WFSZ SBSF DPNQBSFE UP
OFVUSBM NVUBUJPO BOE JG UIF GSBDUJPO PG OFVUSBM NVUBUJPOT JT DPOTUBOU ,JNVSB�T UIFPSZ
QSFEJDUT UIBU UIF SBUF PG FWPMVUJPO JT DPOTUBOU� ɨJT JT DPOTJTUFOU XJUI UIF PCTFSWFE
DPOTUBOU SBUF PG FWPMVUJPO BOE QSPWJEFE UIF UIFPSFUJDBM FYQMBOBUJPO GPS UIF NPMFDVMBS
DMPDL <÷> XIJDI MJFT BU UIF GPVOEBUJPO PG NPMFDVMBS QIZMPHFOFUJDT�

&YQFSJNFOUBM EBUB BSF OPX BWBJMBCMF GSPN TFWFSBM PSHBOJTNT BOE HFOFT XIJDI
TVQQPSU ,JNVSB�T UIFPSFUJDBM QSFEJDUJPO PG UIF %'&� .VUBUJPOBM TUVEJFT PG )TQøï 	B
ZFBTU DIBQFSPOF
 <õñ> PG BO 3/" WJSVT <õò> 	TFF 'JH� ò�ò
 PG β�MBDUBNBTF JO &� DPMJ <õó>
BMM EFNPOTUSBUFT UIBU UIF WBTU NBKPSJUZ PG NVUBUJPOT BSF FJUIFS OFVUSBM PS EFUSJNFOUBM�



ðõ ǲF FWPMVUJPO PG QSPUFJOT

'JHVSF ���� %JTUSJCVUJPO PG mUOFTT FGGFDU GPS SBOEPN NVUBUJPOT JO BO 3/" WJSVT� " MBSHF QSPQPSUJPO PG NVUBUJPOBM FGGFDUT
BSF EFUSJNFOUBM 	mUOFTT��
 PS OFVUSBM 	mUOFTT��
� 0OMZ WFSZ GFX NVUBUJPOT BSF CFOFmDJBM 	mUOFTT � �
 %BUB
BEBQUFE GSPN 4BOKVBO FU BM� <��>�

ò�ò�ñ ɧF EJTUSJCVUJPO PG TUBCJMJUZ FĊFDUT

(JWFO UIBU BMM QPTJUJPOT JO QSPUFJOT BSF VOEFS TFMFDUJWF QSFTTVSF UP DPOUSJCVUF UP UIF
GPME�TUBCJMJUZ XF OFYU DPOTJEFS UIF EJTUSJCVUJPO PG FOFSHFUJD FĊFDUT PG NVUBUJPOT 	%&&
�
5PLVSJLJ FU BM� TUVEJFE UIF %&& VTJOH SFTFBSDIFS�SFDPSEFE NVUBUJPOBM FĊFDU PG XIJDI
UIPVTBOET IBWF BSF TUPSFE JO UIF 1SPɨFSN EBUBCBTF <õô>� ɨFZ GPVOE UIBU UIF EJT�
USJCVUJPO EJE OPU BQQFBS UP EFQFOE PO UIF GPME CVU XBT TJHOJmDBOUMZ EJĊFSFOU GPS
CVSJFE BOE FYQPTFE TJUFT� ɨF TUBCJMJUZ FĊFDUT BU TVSGBDF FYQPTFE TJUFT XFSF HFOFSBMMZ
MPXFS UIBO NVUBUJOH B CVSJFE TJUF� ɨF EJTUSJCVUJPO PG FOFSHFUJD FĊFDUT JT TIPXO JO
mHVSF ò�ó� 8ZMJF BOE 4IBLIOPWJDI TIPXFE UIBU UIF %&& DPVME FYQMBJO UIF %'& JO
TUPDIBTUJD TJNVMBUJPOT PG QPQVMBUJPOT UIBU BMMPXFE GPS HFOFUJD ESJGU BOE QPMZDMPOBMJUZ
	IJHI NVUBUJPOBM MPBE
 <óð>�

'JHVSF ���� %JTUSJCVUJPO PG FOFSHFUJD FGGFDU PG BNJOP BDJE TVCTUJUVUJPOT JO QSPUFJOT� %BUB BEBQUFE GSPN 1SP5IFSN <��> BT
TVNNBSJ[FE CZ 5PLVSJLJ FU BM� <��>�



î�ï &OFSHFUJD BOE mUOFTT FQJTUBTJT ðö

ò�ó &OFSHFUJD BOE mUOFTT FQJTUBTJT

*O SFBM QSPUFJOT BNJOP BDJET JOUFSBDU� ɨBU JT UIF FOFSHZ DPOUSJCVUJPO PG B TJUF UP UIF
UPUBM FOFSHZ PG UIF QSPUFJO EFQFOET PO UIF FYBDU DIFNJDBM FOWJSPONFOU UIBU UIF TJUF
TJUT JO� ɨF OPO�BEEJUJWF JOUFSBDUJPO CFUXFFO EJĊFSFOU NVUBUJPOT JT DBMMFE FQJTUBTJT�
ɨF FĊFDU JT TVċDJFOUMZ TUSPOH UIBU DPWBSJBUJPO CFUXFFO BNJOP BDJET JT PCTFSWFE JO
TFRVFODF BMJHONFOUT PG IPNPMPHPVT QSPUFJOT BOE BMMPXT GPS UIF QSFEJDUJPO PG OFJHI�
CPSJOH QPTJUJPOT JO QSPUFJO TUSVDUVSF 	TFF GPS FYBNQMF <õõ õö>
� $VSJPVTMZ UIFTF
NFUIPET XPSL XJUIPVU DPOTJEFSJOH UIF QIZMPHFOFUJD SFMBUJPOTIJQ CFUXFFO TFRVFODFT
BOE EPFT OPU BUUFNQU UP NPEFM FWPMVUJPO XIJDI DPVME JO QSJODJQMF MFBE UP TQVSJPVT
DPWBSJBUJPO TJHOBMT <õ÷>� *OTUFBE UIFZ JEFOUJGZ DPVQMFE QPTJUJPOT CZ mOEJOH UIF NBY�
JNVN MJLFMJIPPE PG FOFSHFUJD QBSBNFUFST JO B HMPCBM TUBUJTUJDBM NPEFM UIBU EFTDSJCFT
UIF TFRVFODF BMJHONFOU� 4QFDJmDBMMZ UIF FOFSHZ PG B TFRVFODF JT EFUFSNJOFE BT

&B�,B�,...BO =
∑

J<K
wJK(BJ, BK) +

∑

J
vJ(BJ) 	ò�ó


XIFSF wJK JT BO ��Y�� NBUSJY SFQSFTFOUJOH UIF FOFSHFUJD DPVQMJOHT CFUXFFO TJUF J
BOE K BOE vJ JT B ñï MPOH WFDUPS XJUI OPO�DPVQMFE FOFSHJFT GPS BNJOP BDJET BU TJUF J�
ɨF FOFSHZ PG UIF TFRVFODF JT UIFO DPOWFSUFE UP B QSPCBCJMJUZ UISPVHI UIF #PMU[NBOO
EJTUSJCVUJPO FRVBUJPO 1 = exp(&)/; XIFSF ; JT MJLFMJIPPE OPSNBMJ[FE PWFS BMM TF�
RVFODFT� ɨF MPH�QSPCBCJMJUZ PG UIF BMJHONFOU XIJDI JT XIBU JT CFJOH NBYJNJ[FE JT
DPNQVUFE BT UIF TVN PWFS BMM TFRVFODF MPH�MJLFMJIPPET�

'JUOFTT FQJTUBTJT NJHIU BMTP BSJTF XJUIPVU EJSFDU JOUFSBDUJPO CFUXFFO SFTJEVFT BT
DBO CF TFFO JO mHVSF ò�ô CZ DPNCJOJOH FR� ò�ð BOE ñ�ð BOE BTTVNJOH UIBU ǈ(J ≪ �
BOE ǈ(K ≪ ��

T = expǈ(/35(� − exp(ǈǈ(/35)) 	ò�ô


'JHVSF ���� 5IF TFMFDUJPO DPFGmDJFOU PG POF NVUBUJPO SFTVMUJOH JO ǈǈ( EFQFOET PO UIF FOFSHZ PG TFRVFODF ǈ( JU PDDVST
JO�



ð÷ ǲF FWPMVUJPO PG QSPUFJOT

*O FĊFDU BMM QPTJUJPOT JOUFSBDU XJUI BMM PUIFS QPTJUJPOT CZ CFJOH DPVQMFE UISPVHI
UIF UPUBM TUBCJMJUZ PG UIF QSPUFJO� )PXFWFS BT ǈ( nVDUVBUFT NVDI NPSF SBQJEMZ
UIBO TJOHMF QPTJUJPOT NVUBUFT UIJT FĊFDU JT VOMJLFMZ UP SFTVMU JO PCTFSWBCMF DPWBSJBUJPO
CFUXFFO BNJOP BDJET JO IPNPMPHPVT QSPUFJOT� *OTUFBE UIF DPFWPMVUJPO CFUXFFO QP�
TJUJPOT JO QSPUFJO PSJHJOBUF GSPN QPTJUJPOT UIBU BSF DPVQMFE UISPVHI SFDJQSPDBM TJHO
FQJTUBTJT <õø> JMMVTUSBUFE JO 'JH� ò�õ�

!
fit
ne

ss
AA

AB

BA

BB

'JHVSF ���� 5IF mUOFTT�TFRVFODF TQBDF PG B CJOBSZ UXP�TJUF TZTUFN FYIJCJUJOH SFDJQSPDBM TJHO�FQJTUBTJT� 5IF FGGFDU PG
DPNCJOFE NVUBUJPOT IBT UIF PQQPTJUF FGGFDU PG XIBU XPVME CF FYQFDUFE GSPN BEEJUJWJUZ PG UIF JOEJWJEVBM
NVUBUJPOT�

5BMBWFSB FU BM� <õ÷> RVFTUJPOFE XIFUIFS UIF PCTFSWFE DPWBSJBUJPO DPVME CF UIF SFT�
VMU PG mUOFTT FQJTUBTJT CFUXFFO TJUFT� 6OEFS UIF mUOFTT�TFRVFODF MBOETDBQF JMMVTUSBUFE
JO 'JH� ò�õ BOE UIF UIFPSZ EFTDSJCFE JO DIBQUFS ñ UIFZ GPVOE UIBU PCTFSWBCMF FQJTUBTJT
XPVME POMZ BSJTF VOEFS WFSZ IJHI TFMFDUJWF QSFTTVSF BOE UIBU BT XF BMTP TBX JO 'JH�
ñ�ô UIJT XPVME SFTVMU JO FYUSFNFMZ TMPX FWPMVUJPOBSZ SBUFT� ɨFZ DBMMFE UIF EJTDSFQBODZ
CFUXFFO PCTFSWFE DPWBSJBUJPO BOE FYQFDUFE DPWBSJBUJPO wUIF DPFWPMVUJPO QBSBEPYw�
*O QBQFS ** XF BEESFTT UIJT QBSBEPY�

'SPN B TJUF�DFOUSJD QPJOU PG WJFX FQJTUBTJT SFTVMUT JO nVDUVBUJPOT PG FRVJMJCSJVN
GSFRVFODJFT PG BNJOP BDJET� 1PMMPDL BOE (PMETUFJO <öï> TIPXFE VTJOH UIF FWPMV�
UJPOBSZ EZOBNJDT GSBNFXPSL PG DIBQUFS ñ UIBU nVDUVBUJPOT GPMMPXT DFSUBJO QBUUFSOT�
8IFOFWFS NVUBUJPOT EP OPU RVJDLMZ SFWFSU <öð> UIF FOWJSPONFOU CFDPNFT JODSFBT�
JOHMZ NPSF DPNQBUJCMF XJUI UIF NVUBOU JEFOUJUZ o SFTVMUJOH JO B UZQF PG FOUSFODI�
NFOU XIFSF SFWFSTJPO CFDPNFT JODSFBTJOHMZ NPSF VOMJLFMZ� 3FBM QSPUFJOT BMTP EJTQMBZ
FOUSFODINFOU <öñ öò>�

ò�ô %FUFSNJOBOUT PG FWPMVUJPOBSZ SBUFT JO QSPUFJOT

4P GBS XF IBWF DPOTJEFSFE HFOFSBM QSPQFSUJFT PG QSPUFJO FWPMVUJPO� 8F TBX UIBU
GSBDUJPO�GPMEFE mUOFTT GVODUJPOT FYQMBJOFE CPUI UIF NBSHJOBM TUBCJMJUZ PG QSPUFJOT BOE
UIF BCVOEBODF�SBUF DPSSFMBUJPO� 'VSUIFS XF TBX UIBU UIF EJTUSJCVUJPO PG FOFSHFUJD
FĊFDUT BQQMJFE VTJOH B GSBDUJPO GPMEFE mUOFTT GVODUJPO XBT DPOTJTUFOU XJUI UIF EJTUSJ�
CVUJPO PG mUOFTT FĊFDUT� *O TVN XF FYQMBJOFE TPNF PG UIF LFZ QSPQFSUJFT PG QSPUFJOT�



î�ð %FUFSNJOBOUT PG FWPMVUJPOBSZ SBUFT JO QSPUFJOT ðø

5P HFU BO FWFO NPSF EFUBJMFE VOEFSTUBOEJOH PG UIF FWPMVUJPOBSZ GPSDFT UIBU BDU PO
QSPUFJOT XF OPX UVSO UP UIF EFUFSNJOBOUT PG UIF FWPMVUJPOBSZ SBUF BU TQFDJmD TJUFT JO
QSPUFJOT BT XFMM BT UIF TVCTUJUVUJPO SBUF CFUXFFO EJĊFSFOU BNJOP BDJET�

*O TFDUJPO ñ�ó XF TBX UIBU UIF SBUF PG FWPMVUJPO EFDSFBTFT BT mUOFTT EJĊFSFODFT
CFUXFFO UZQFT CFDPNFT JODSFBTJOHMZ NPSF QSPOPVODFE� "T TVDI UIF FWPMVUJPOBSZ SBUFT
QSPWJEFT B TJUF�TQFDJmD BMUIPVHI OPO�MJOFBS HMJNQTF JOUP UIF TUSFOHUI PG FWPMVUJPO�
BSZ QSFTTVSF� 8IBU BSF UIF LOPXO EFUFSNJOBOUT PG TJUF�TJUFT 	BOE UIVT FWPMVUJPOBSZ
QSFTTVSF
 XJUIJO QSPUFJOT 

ò�ô�ð 4USVDUVSBM EFUFSNJOBOUT PG SBUF WBSJBCJMJUZ

4UBSUJOH GSPN UIF EJTUSJCVUJPO PG FOFSHFUJD FĊFDUT EJTDVTTFE JO TFDUJPO ò�ò�ñ XIFSF 5BX�
mL FU BM� GPVOE UIBU DPSF TJUFT XFSF MFTT UPMFSBCMF UP NVUBUJPOT UIBO TVSGBDF TJUFT XF
DBO NBLF UIF HFOFSBM QSFEJDUJPO UIBU TVSGBDF TJUFT FWPMWF GBTUFS UIBO DPSF TJUFT� 4VDI
B QBUUFSO XBT BMSFBEZ OPUFE CZ 1FSVU[ FU BM� JO ðøõô <öó> BOE DPOmSNFE NPSF HFOFS�
BMMZ JO POF PG UIF FBSMZ TUVEJFT PG TUSVDUVSBM SBUF EFUFSNJOBOUT XIFSF (PMENBO FU BM�
GPVOE UIBU TVSGBDF TJUFT BQQFBST UP FWPMWF BQQSPYJNBUFMZ UXJDF BT GBTU BT CVSJFE TJUFT
<öô>� -BUFS 8PSUI FU BM� SFWJFXFE TUSVDUVSBM SBUF EFUFSNJOBOUT CVU PO BO BUPNJDBMMZ�
SFTPMWFE TDBMF� 8IJMF UIFZ DPOmSNFE UIF JNQPSUBODF PG TPMWFOU BDDFTTJCJMJUZ UIFZ BMTP
OPUFE UIBU CVSJFE IZESPHFO CPOET UIBU TUBCJMJ[F UIF QSPUFJO BSDIJUFDUVSF GPS JOTUBODF
CZ DBQQJOH UIF α�IFMJDFT PS SJHJEJGZJOH MPPQT SFTVMUFE JO TJHOJmDBOU FWPMVUJPOBSZ DPO�
TUSBJOUT <öõ>�

4FWFSBM QIFOPNFOPMPHJDBM EFTDSJQUPST IBWF CFFO EFWFMPQFE UP QSFEJDU UIF FWPMV�
UJPOBSZ SBUF HJWFO B QSPUFJO TUSVDUVSF� ɨF QIFOPNFOPMPHJDBM NPEFMT UZQJDBMMZ OFH�
MFDUT UIF BUPNJD�EFUBJMT MJLF UIPTF JEFOUJmFE CZ 8PSUI FU BM� BOE JOTUFBE TUBSUT GSPN
DPBSTF TUSVDUVSF EFTDSJQUPST� *O MJOF XJUI UIF mOEJOH CZ (PMENBO FU BM� UIF SFMBUJWF
TVSGBDF FYQPTVSF 	34"
 XBT BQQMJFE UP JOWFTUJHBUF UIF EFQFOEFODZ BDSPTT UIPVTBOET PG
ZFBTU QSPUFJOT <öö> BOE BO BMNPTU MJOFBS 	BMUIPVHI OPJTZ
 DPSSFMBUJPO XBT GPVOE� ɨF
XFJHIUFE DPOUBDU OVNCFS 	8$/
 BOPUIFS QIFOPNFOPMPHJDBM EFTDSJQUPS PG FWPMV�
UJPOBSZ SBUFT IBT TVQFSTFEFE UIF QSFEJDUJWF QFSGPSNBODF PG 34" 	GPS BO FYDFMMFOU SF�
WJFX PO UIF NBOZ QBQFST VTJOH 8$/ TFF <ö÷>
� ɨF 8$/ JT EFUFSNJOFE BT UIF
TRVBSF EJTUBODF XFJHIUFE OVNCFS PG SFTJEVFT PG BMM PUIFS SFTJEVFT JO UIF QSPUFJO� *O
FĊFDU 8$/ FNQIBTJ[FT UIF MPDBM FOWJSPONFOU MJLF 34" CVU JO FĊFDU JU BMTP BDDPVOUT
UIF PWFSBMM TIBQF PG UIF QSPUFJO� *U BQQFBST MJLFMZ UIBU UIF BEEJUJPOBM QFSGPSNBODF PG
UIF 8$/ JT KVTU B DPOTFRVFODF PG UIF GBDU UIBU NBOZ GVODUJPOBM TJUFT 	XJUI WFSZ IJHI
TFMFDUJWF DPOTUSBJOUT BOE UIVT MPX SBUFT
 BSF TJUVBUFE JO UPQPMPHJDBMMZ DPODBWF SFHJPOT
PG UIF QSPUFJO TUSVDUVSF�

.PEFMT UIBU QSFEJDU TJUF�SBUFT GSPN UIF mSTU QSJODJQMFT PG FWPMVUJPOBSZ EZOBNJDT
UIFPSZ BT EFTDSJCFE JO DIBQUFS ñ BOE CJPQIZTJDBM NPEFMT PG QSPUFJO TUBCJMJUZ IBWF BMTP
CFFO EFWFMPQFE� +JBOH FU BM� HFOFSBUFE FWPMVUJPOBSZ USBKFDUPSJFT GPS ò÷ OBUVSBM QSPUFJOT
BOE DPNQBSFE UIF SFTVMUJOH TJUF�WBSJBUJPO UP FNQJSJDBM TJUF�WBSJBUJPO <öø>� ɨF TJUF�
WBSJBUJPO QSFEJDUFE CZ UIF NPEFM XBT QPPSMZ DPSSFMBUFE 	S� = �.��
 UP UIF FNQJSJDBM
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WBSJBUJPO� "O BMUFSOBUJWF BQQSPBDI XBT UBLFO CZ &DIBWF FU BM� <÷ï> XIP DPNCJOFE
UIF .BSLPW DIBJO GPSNBMJTN JMMVTUSBUFE JO mHVSF ñ�ó XJUI B NFBO�mFME BQQSPYJNBUJPO
<÷ð> UP HFOFSBMJ[F UIF TUBCJMJUZ FĊFDUT PG NVUBUJPOT DPOEJUJPOFE PO B TJOHMF TUSVDUVSF
GPS TJUF�SBUF QSFEJDUJPO� "MUIPVHI JODBQBCMF PG HFOFSBUJOH FWPMVUJPOBSZ USBKFDUPSJFT
UIJT BQQSPBDI ZJFMEFE TJUF�SBUF DPSSFMBUJPOT PG S� = �.�� PO QBS XJUI UIPTF DBMDVMBUFE
VTJOH TUSVDUVSBM QSFEJDUPST TVDI BT 8$/ �

*O TVN CPUI QIFOPNFOPMPHJDBM BOE CJPQIZTJDBM FWPMVUJPOBSZ EZOBNJDT�CBTFE
NPEFMT QSFEJDU TJUF�SBUFT SBUIFS QPPSMZ� 8IZ BSF mSTU QSJODJQMF NPEFMT OPU PVU�QFSGPSNJOH
UIF DPBSTF QIFOPNFOPMPHJDBM NPEFMT 0OF QPTTJCJMJUZ JT UIBU UIF CJPQIZTJDBM NPEFMT
PG QSPUFJO FOFSHFUJDT BSF JOBDDVSBUF XIJDI JOEFFE UIFZ BSF 	TFF DIBQUFS ó
 CVU BT XF
TIPX JO QBQFS *** UIJT EPFT OPU BQQFBS UP CF UIF SFBTPO� "OPUIFS QPTTJCJMJUZ JT UIBU
SBUFT EVF UP FQJTUBTJT nVDUVBUF TJHOJmDBOUMZ PWFS FWPMVUJPOBSZ UJNF�TDBMFT BT QBQFS
** JOEJDBUFT BOE UIBU UBLJOH B TJOHMF TUSVDUVSF BT SFQSFTFOUBUJWF GPS BMM TFRVFODF FO�
WJSPONFOUT JT OPU B HPPE BQQSPYJNBUJPO� 8F JOUFOE UP TUVEZ UIJT JO UIF GVUVSF� "
UIJSE PQUJPO JT UIBU OPO�TUSVDUVSBM 	OPO�TUBCJMJUZ
 TFMFDUJPO QSFTTVSFT TJHOJmDBOUMZ BG�
GFDU SBUFT� 8F CFMJFWF UIJT JT MFTT MJLFMZ BT GVODUJPOBM TJUFT POMZ NBLF VQ BSPVOE ðïǷ
PG BMM SFTJEVFT <÷ñ>

ò�ô�ñ 'VODUJPOBM EFUFSNJOBOUT PG TJUF�SBUF WBSJBCJMJUZ

'VODUJPOBM TJUFT TVDI BT BDUJWF TJUF SFTJEVFT JO FO[ZNFT BOE CJOEJOH SFTJEVFT JO MJH�
BOE PS QSPUFJO�QSPUFJO JOUFSBDUJPOT BSF VOEFS TUSPOH TFMFDUJWF QSFTTVSF BOE UIFSFGPSF
IBWF TFWFSFMZ EFQSFTTFE FWPMVUJPOBSZ SBUFT <÷ò>� ɨF NBHOJUVEF PG UIF SBUF EFQSFTTJPO
EFQFOET PO UIF UZQF PG GVODUJPO � BMMPTUFSJD TJUFT BOE OPO�PCMJHBUF QSPUFJO�QSPUFJO
JOUFSBDUJPOT IBWF GPS JOTUBODF IJHIFS SBUFT UIBO DBUBMZUJD SFTJEVF CVU TFF UIF SFWJFX PG
&DIBWF FU BM� 	ñïðõ
 GPS B NPSF DPNQMFUFMZ SFWJFX PO UIF FĊFDU PG GVODUJPO�UZQF PO
SBUF EFQSFTTJPO <ö÷>�

ɨF QSFEJDUJPO PG GVODUJPOBM TJUFT GSPN QSPUFJO TUSVDUVSFT JT BO JNQPSUBOU QSPC�
MFN JO CJPDIFNJTUSZ BT SFTFBSDIFST PGUFO TFFL UP VOEFSTUBOE UIF NFDIBOJTN PG OPWFM
QSPUFJOT� "MUIPVHI UIF SBUF�EFQSFTTJPO SFTVMUJOH GSPN GVODUJPOBM TFMFDUJPO DPOTUSBJOUT
JT TVċDJFOUMZ IJHI BOE DPOTJTUFOU UP FOBCMF QSFEJDUJPO PG GVODUJPOBM TJUFT GSPN SBUFT
BMPOF <÷ó ÷ô> JU JT OPU B QFSGFDU NFBTVSF BT TUBCJMJUZ DPOTUSBJOUT BMTP EFQSFTTFT TJUF�
SBUFT� *O QBQFS *** XF EFWFMPQ B NFUIPE UP QSFEJDU GVODUJPOBM TJUFT GSPN SBUFT XIJMF
UBLJOH UIF FYQFDU SBUF�EFQSFTTJPO GSPN TUBCJMJUZ JOUP BDDPVOU�

ò�ô�ò %FUFSNJOBOUT PG UIF TVCTUJUVUJPO SBUF CFUXFFO BNJOP BDJET

"WFSBHJOH BDSPTT TJUFT BOPUIFS NFBTVSF UIBU JOGPSNT PO HFOFSBM FWPMVUJPOBSZ QSFTTVSFT
CFDPNFT BQQBSFOU� ɨF SBUF CZ XIJDI EJĊFSFOU BNJOP BDJET TVCTUJUVUJPO XJUI POF BO�
PUIFS� ɨJT TVCTUJUVUJPO CFIBWJPS JT DPSOFSTUPOF JO CJPJOGPSNBUJD BOE QIZMPHFOZ BOE
IBT CFFO QIFOPNFOPMPHJDBMMZ EFTDSJCFE XJUI UXP EJĊFSFOU BQQSPBDIFT� 1SPCBCJMJUZ
NBUSJDFT TVDI BT UIF #-046. <÷õ> IBWF CFFO IJHIMZ VTFGVM GPS TFRVFODF BMJHONFOUT
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BOE IPNPMPHZ TFBSDI CVU BSF OPU CBTFE PO BO VOEFSMZJOH NPEFM PG FWPMVUJPO <÷ö>�
*O DPOUSBTU NPEFMT UIBU FYQMJDJUMZ EFTDSJCF UIF QSPDFTT PG FWPMVUJPO IBWF CFFO VTFGVM
GPS DPNQBSBUJWF TFRVFODF BOBMZTJT� ɨFTF NPEFMT EFTDSJCF UIF TVCTUJUVUJPO QBUUFSO BT
BO BHHSFHBUFE .BSLPW QSPDFTT XIFSF TJUFT FWPMWF JOEFQFOEFOUMZ GSPN FBDI PUIFS BOE
XJUI UIF TBNF TVCTUJUVUJPO SBUFT UIBU EFQFOET PO UIF JEFOUJUZ PG UIF DVSSFOU BNJOP
BDJE 	8"( NBUSJY <÷÷>
 BOE QPTTJCMZ XJUI B TJUF�TQFDJmD SBUF QBSBNFUFS 	-( NBUSJY
<÷ø>
� 5P VOEFSTUBOE UIF PSJHJO PG UIF WBSJBUJPO JO TVCTUJUVUJPO SBUFT TFWFSBM TUVEJFT
IBWF FTUBCMJTIFE TUBUJTUJDBM DPSSFMBUJPOT CFUXFFO CJPQIZTJDBM BNJOP BDJE EFTDSJQUPST
	TVDI BT TFDPOEBSZ TUSVDUVSF QSPQFOTJUZ DIBSHF DPEPO DPVOU FDU�
 BOE UIF FNQJSJDBM
SBUF WBSJBUJPO <øïoøñ>� *U IBT BMTP CFFO EFNPOTUSBUFE UIBU TJHOJmDBOUMZ CFUUFS EF�
TDSJQUJPO PG UIF FWPMVUJPOBSZ QSPDFTT DBO CF BDIJFWFE JG NVMUJQMF TFDPOEBSZ TUSVDUVSF�
PS TJUF�SBUF�EFQFOEFOU NBUSJDFT BSF VTFE <øò øó>� #PUI BQQSPBDIFT IBWF ZJFMEFE BO
VOEFSTUBOEJOH PG UIF GBDUPST JNQPSUBOU CVU JU SFNBJOT BO PVUTUBOEJOH RVFTUJPO XIJDI
VOEFSMZJOH mUOFTT QSFTTVSFT DBVTFT UIFTF TVCTUJUVUJPO QBUUFSOT� 8F JOWFTUJHBUF UIJT JT
JO QBQFS ***�

ò�õ ɧF FWPMVUJPO PG QSPUFJO GVODUJPO BOE BOUJCPEJFT

*U JT DVSJPVT UP OPUF UIBU KVTU B TNBMM TVCTFU PG QSPUFJO GPMET BSF TP JOOPWBUJWF UIBU
UIFZ DBO FODPNQBTT UIF NBKPSJUZ PG BMM FO[ZNF BDUJWJUJFT� 4JNJMBSMZ UIBU PVS JNNVOF
TZTUFN JT DBQBCMF PG SFDPHOJ[JOH BMNPTU BOZ GPSFJHO BOUJHFO JT UIBOLT UP UIF JOOPWBC�
JMJUZ PG KVTU B TJOHMF GPME o UIF JNNVOPHMPCVMJO GPME 	UIF TVCKFDU PG QBQFS 7 UP 7***
�
%FMMVT�(VS FU BM� IZQPUIFTJ[FE UIBU UIF LFZ UP JOOPWBCJMJUZ JT NPEVMBSJUZ 	JO UIFJS
XPSET wQPMBSJUZw
� ɨBU UIF GVODUJPOBM TJUF JT DPNQPTFE PG nFYJCMF MPPQT BUUBDIFE UP
JOEFQFOEFOU TUBCMF TDBĊPMEJOH FMFNFOUT <øô>� /PXIFSF JT NPEVMBSJUZ NPSF FWJEFOU
UIBO JO UIF JNNVOF NPMFDVMFT IFSF JMMVTUSBUFE CZ BOUJCPEJFT 	UIF EFTJHO BOE QSFEJD�
UJPO PG XIJDI JT QVSTVFE JO QBQFS 7�7***
 BT UIFZ FWPMWF VOEFS DPOTUBOU FWPMVUJPOBSZ
QSFTTVSF UP CF VOJWFSTBMMZ NPEVMBS�

ɨF BEBQUJWF JNNVOF TZTUFN PG WFSUFCSBUFT XIJDI BSPTF BQQSPYJNBUF ôïï NJMMJPO
ZFBST BHP <øõ> JT POF PG UIF NPTU BTUPVOEJOH NPMFDVMBS NBSWFMT PG FWPMVUJPO� 'SPN
mWF BMNPTU VOJWFSTBMMZ NPEVMBS QBSUT FBDI FODPEFE CZ MFTT UIBO ðïï HFOFT UIF JN�
NVOF TZTUFN JT DBQBCMF PG HFOFSBUJOH BMNPTU ���� EJĊFSFOU NPMFDVMFT <øö>� &BDI QBSU
	B HFOF TFHNFOU
 FODPEFT B TQFDJmD TUSVDUVSBM FMFNFOU JO UIF JNNVOPHMPCVMJO QSPUFJO
BT JMMVTUSBUFE JO mHVSF ò�ö� 'VODUJPO 	BOUJHFO�CJOEJOH
 UZQJDBMMZ EFSJWFT GSPN B MJN�
JUFE QPSUJPO PG UIF BOUJCPEZ TUSVDUVSF DBMMFE UIF DPNQMFNFOUBSJUZ EFUFSNJOJOH SFHJPO
	$%3
 XIJDI TQBOT UXP JOUFSBDUJOH JNNVOPHMPCVMJO EPNBJOT 	UIF MJHIU BOE UIF
IFBWZ DIBJO
 UIF SFMBUJWF SFMBUJWF PSJFOUBUJPO PG XIJDI DBO WBSZ CBTFE PO UIF SFTJEVFT
JO UIF EPNBJO JOUFSGBDF� &BDI JNNVOPHMPCVMJO EPNBJO QSFTFOUT UISFF $%3 MPPQT�
ɨF mSTU UXP MPPQT BSF FODPEFE CZ B TJOHMF HFOF TFHNFOU XIJMF UIF MBTU MPPQ EFSJWFT
GSPN BO FSSPS�QSPOF SFDPNCJOBUJPO FWFOU CFUXFFO FJUIFS UXP PS UISFF HFOF TFHNFOUT�
%FTQJUF UIFJS TFRVFODF EJWFSTJUZ UIF CBDLCPOF DPOGPSNBUJPO PG NPTU $%3T FYDFQU
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IFBWZ DIBJO $%3 ò GBMMT JOUP B IBOEGVM PG EJTUJODU DBOPOJDBM DPOGPSNBUJPOT� 'PS
JOTUBODF MJHIU DIBJO $%3 ð BEPQUT POMZ BQQSPYJNBUFMZ mWF DPOGPSNBUJPO BDSPTT BMM
ðïïï TPMWFE BOUJCPEZ TUSVDUVSFT <ø÷>� ɨF SFDPNCJOBUJPO JT OPU EPOF XJUI B TQF�
DJmD UBSHFU wJO NJOEw CVU JOTUFBE CJOEJOH BOUJCPEJFT BSF TFMFDUFE GSPN B SFQFSUPJSF
PG HFSNMJOF BOUJCPEJFT <øø>� +BNFT FU BM� <ðïï> GPVOE UIBU TPNF HFSNMJOF BOUJCPE�
JFT EJTQMBZ DPOTJEFSBCMF DPOGPSNBUJPOBM EJWFSTJUZ BMMPXJOH GPS JOJUJBM NVMUJ�TQFDJmDJUZ�
ɨBU DPOGPSNBUJPOBM EZOBNJTN FOBCMFT NVMUJ�TQFDJmDJUZ JT BO JNQPSUBOU QSJODJQMF JO
UIF FWPMVUJPO PG GVODUJPO BOE IBT BMTP CFFO EFNPOTUSBUFE GPS FO[ZNFT <ðïð> XIFSF B
EVQMJDBUJPO FWFOU DBO GSFF UIF SFEVOEBOU DPQZ GSPN TFMFDUJPO PO UIF OBUJWF GVODUJPO
BOE BMMPX GVSUIFS PQUJNJ[BUJPO GPS OFX GVODUJPOT�

'JHVSF ���� 5IF TUSVDUVSBMMZ NPEVMBS BOUJCPEZ� 5IF WBSJBCMF EPNBJO PG BOUJCPEJFT JT DSFBUFE CZ HFOFUJD SFDPNCJOBUJPO PG
mWF EJGGFSFOU HFOF TFHNFOUT� 5IF MJHIU DIBJO JT NBEF UISPVHI UIF SFDPNCJOBUJPO PG 7 BOE + HFOF TFHNFOUT
XIJMF UIF IFBWZ DIBJO JT DSFBUFE CZ SFDPNCJOJOH 7 % BOE + HFOF TFHNFOUT� $POTUBOU EPNBJOT BSF OPU TIPXO�
5IJT mHVSF PSJHJOBMMZ DSFBUFE CZ UIF QSFTFOU BVUIPS GPS B QSFTFOUBUJPO BU UIF 8FJ[NBOO *OTUJUVUF PG 4DJFODF
XBT SFQSPEVDFE QSFWJPVTMZ JO UIF UIFTJT XPSL PG -BQJEPUI <���>�



$IBQUFS ó

1SFEJDUJPO BOE EFTJHO PG QSPUFJO
TUSVDUVSFT

8IBU * DBOOPU DSFBUF * EP OPU VOEFSTUBOE �

1SPUFJO EFTJHO PĊFST JNNFOTF PQQPSUVOJUJFT GPS NFEJDJOF BOE UIF DIFNJDBM JO�
EVTUSZ BOE BMTP QSPWJEFT UIF VMUJNBUF UFTU PG PVS VOEFSTUBOEJOH PG NPMFDVMBS ESJW�
JOH GPSDFT BOE UIF QSJODJQMFT UIBU TIBQF OBUVSBM QSPUFJO EJWFSTJUZ� 1SPUFJO TUSVDUVSF
QSFEJDUJPO TFSWFT BT BO FTTFOUJBM UPPM JO QSPUFJO EFTJHO BOE JT BMTP BO JOWBMVBCMF UPPM
JO CJPDIFNJTUSZ� *O UIJT DIBQUFS XF EJTDVTT UIF NBQQJOH CFUXFFO QSPUFJO TUSVDUVSF
BOE FOFSHZ IPX TVDI FOFSHZ GVODUJPOT BSF EFSJWFE UIFJS TIPSUDPNJOHT BOE IPX UIF
EZOBNJDT PG OBUVSBM FWPMVUJPO JNQBDUT UIF XPSL PG QSPUFJO EFTJHO BOE TUSVDUVSF QSF�
EJDUJPO�

ó�ð .BDSPNPMFDVMBS FOFSHZ GVODUJPOT

"O FOFSHZ GVODUJPO JT B NBUIFNBUJDBM GVODUJPO UIBU GPS B HJWFO TFU PG ò% DPPSEJOBUFT
PG B NPMFDVMF DPNQVUFT JUT DPSSFTQPOEJOH FOFSHZ� ɨSPVHIPVU UIJT UIFTJT XPSL XF
IBWF VTFE UIF FOFSHZ GVODUJPO PG UIF NBDSPNPMFDVMBS NPEFMJOH TVJUF 3PTFUUB <ðïò>�
ɨF FOFSHZ GVODUJPO JT OFDFTTBSJMZ BQQSPYJNBUF BT UIF VOEFSMZJOH QIZTJDT JT RVBOUVN
NFDIBOJDBM BOE DVSSFOUMZ JOUSBDUBCMF UP DPNQVUF GPS EFTJHO BQQMJDBUJPOT� *OTUFBE
3PTFUUB DPNQVUFT UIF FOFSHZ BT B MJOFBS DPNCJOBUJPO PG UFSNT UIBU UPHFUIFS BQQSPY�
JNBUFT UIF FOFSHZ PG UIF TUSVDUVSF JO RVFTUJPO

&UPUBM =
∑

J
XJ&J(Θ, BB) 	ó�ð
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ñó 1SFEJDUJPO BOE EFTJHO PG QSPUFJO TUSVDUVSFT

XIFSF X JT UIF XFJHIU PG FBDI FOFSHZ UFSN Θ UIF DPPSEJOBUFT PG UIF TUSVDUVSF BOE
BB UIF TFRVFODF� ɨF FOFSHZ GVODUJPO JT PQUJNJ[FE BHBJOTU WBSJPVT TUSVDUVSF QSFEJDUJPO
BOE TFRVFODF EFTJHO UBTLT XIJDI XF EJTDVTT JO UIF GPMMPXJOH�

ó�ð�ð 1BSBNFUFSJ[JOH UIF FOFSHZ GVODUJPO GPS TUSVDUVSF QSFEJDUJPO

1BSU PG UIF FOFSHZ GVODUJPO JT QBSBNFUFSJ[FE GPMMPXJOH "OmOTFO�T UIFSNPEZOBNJD
QSJODJQMF PG QSPUFJO GPMEJOH <ðïó>� ɨF OBUJWF DPOGPSNBUJPO PG UIF QSPUFJO BUUBJOT UIF
DPOGPSNBUJPO XIFSF UIF (JCCT GSFF FOFSHZ JT UIF MPXFTU¤� ɨBU QSPUFJOT GPME UIJT XBZ
BMMPXT QSFEJDUJPO PG QSPUFJO TUSVDUVSFT LOPXJOH POMZ UIFJS TFRVFODF� ɨF QSJODJQMF
BMTP QSPWJEFT B UBSHFU GVODUJPO GPS FOFSHZ GVODUJPO QBSBNFUFSJ[BUJPO� ɨF XFJHIUT PG
UIF FOFSHZ UFSNT BOE QBSBNFUFSJ[BUJPO PG BUPNT BOE BNJOP BDJET TIPVME CF TVDI UIBU
UIF FOFSHZ GVODUJPO XIFO DPNCJOFE XJUI TBNQMJOH PG TUSVDUVSBM EFHSFFT PG GSFFEPN
SFQSPEVDF UIF BUPNJD�EFUBJMT PG LOPXO QSPUFJO TUSVDUVSFT 	TJEF�DIBJO QBDLJOH IZESP�
HFO CPOET WBO EFS 8BBMT JOUFSBDUJPOT BOE NPSF
 BOE JEFOUJmFT UIF DPSSFDU TUSVDUVSF
GSPN B TFU PG EFDPZT <ðïõ>� 4JQQM UPPL UIF UIFSNPEZOBNJD QSJODJQMF POF TUFQ GVSUIFS
BOE QPTJUFE UIBU OPU POMZ XPVME UIF DPOGPSNBUJPOBM FOTFNCMF PG UIF QSPUFJO JUTFMG
CF #PMU[NBOO EJTUSJCVUFE CVU TP XPVME UIF EJTUSJCVUJPO PG TQFDJmD TVC�HFPNFUSJFT
PCTFSWFE JO QSPUFJO TUSVDUVSFT <ðïö>� ɨJT XBT MBUFS KVTUJmFE GSPN B #BZFTJBO QPJOU PG
WJFX CZ 4JNPOT FU BM� <ðï÷> BOE GPSNBMJ[FE CZ )BNFMSZDL FU BM� <ðïø>� 5PEBZ NBOZ PG
UIF UFSNT JO 3PTFUUB BSF JOEJWJEVBMMZ QBSBNFUFSJ[FE GSPN EJTUSJCVUJPOT PG HFPNFUSJFT JO
QSPUFJO TUSVDUVSFT� 'PS JOTUBODF UIF CBDLCPOF QPUFOUJBM JO 3PTFUUB EFSJWFT GSPN BNJOP
BDJE EFQFOEFOU QSPCBCJMJUZ EJTUSJCVUJPOT PG CBDLCPOF BOHMFT 1 (φ,ψ|BB) CBTFE PO
BQQSPYJNBUFMZ IBMG B NJMMJPO IJHI�SFTPMVUJPO QSPUFJO TUSVDUVSFT XIJDI BSF UIFO DPO�
WFSUFE UP BO FOFSHZ QPUFOUJBM WJB UIF JOWFSUFE #PMU[NBOO SFMBUJPO & = − ln (1)�
0UIFS JOUFSBDUJPOT UZQFT TVDI BT 7BO EFS 8BBMT IBWF B NPSF QIZTJDT�CBTFE PSJHJO BQ�
QMZJOH B -FOOBSE�+POFT õ�ðñ QPUFOUJBM XJUI GVSUIFS BQQSPYJNBUJPOT GPS DPNQVUBUJPOBM
FċDJFODZ <ðïò>�

ó�ð�ñ 1BSBNFUFSJ[JOH UIF FOFSHZ GVODUJPO GPS QSPUFJO EFTJHO

"OPUIFS QBSU PG UIF FOFSHZ GVODUJPO JT QBSBNFUFSJ[FE CBTFE PO BTTVNQUJPOT BCPVU UIF
FWPMVUJPOBSZ QSPDFTT BOE JT OFDFTTBSZ GPS QSPUFJO EFTJHO� ɨF OFDFTTJUZ BSJTFT TJODF
UIFSF DPOUSBSZ UP TUSVDUVSF QSFEJDUJPO JT OP HVBSBOUFF UIBU UIF UBSHFU TUSVDUVSF XJMM
GPME UP BOZ TQFDJmD DPOGPSNBUJPO� *OTUFBE JU CFDPNFT OFDFTTBSZ UP FOHJOFFS BO FOFSHZ
HBQ TVDI UIBU UIF UBSHFU TUSVDUVSF JT FOFSHFUJDBMMZ XFMM�TFQBSBUFE GSPN BMM BMUFSOBUJWF
DPOGPSNBUJPOT BOE UIVT IJHIMZ QPQVMBUFE BDDPSEJOH UP UIF #PMU[NBOO EJTUSJCVUJPO�

¤8F OPUF UIBU UIJT JT OPU BO PCWJPVT DPOTFRVFODF PG QIZTJDT PS GPS UIBU TBLF FWPMVUJPO� 1SPUFJOT DPVME
BMTP IBWF CFFO VOEFS LJOFUJD DPOUSPM TVDI UIBU OBUJWF TUBUFT BSF OPU JO UIF HMPCBM FOFSHFUJD NJOJNVN�
*OUFSFTUJOHMZ IPXFWFS (PWJOBSBKBO BOE (PMETUFJO EFNPOTUSBUFE XJUI TJNQMF MBUUJDF NPEFMT UIBU FWFO
JG QSPUFJO GPMEJOH JT VOEFS LJOFUJD DPOUSPM UIF OBUJWF TUBUF XJMM NPTU PGUFO BMTP CF UIF HMPCBM NJOJNVN
<ðïô>



ï�í %FTJHOJOH FOFSHZ HBQT XJUI JNQFSGFDU FOFSHZ GVODUJPOT ñô

4FRVFODF EFTJHO TUSBUFHJFT UP BWPJE BMUFSOBUJWF TUBUFT BSF DBMMFE wOFHBUJWF EFTJHOw BOE
TQBOT CPUI IFVSJTUJD BOE FYQMJDJU TUSBUFHJFT <òø>� ɨF TJNQMFTU OFHBUJWF EFTJHO TUSBUFHZ
CVJMU EJSFDUMZ JOUP UIF FOFSHZ GVODUJPO PG 3PTFUUB JT UP BQQSPYJNBUF UIF FOFSHZ PG UIF
VOGPMEFE TUBUF BT B TVN PG BNJOP BDJE�TQFDJmD SFGFSFODF FOFSHJFT PWFS BMM QPTJUJPOT
JO UIF TFRVFODF� *G BDDVSBUF UIJT FOTVSFT UIF FODPEJOH PG BO FOFSHZ HBQ CFUXFFO
UIF UBSHFU BOE UIF VOGPMEFE TUBUFT� 5P FOTVSF BO FOFSHZ HBQ UP BMUFSOBUJWF GPMEFE
DPOGPSNBUJPOT PUIFS TUSBUFHJFT NVTU CF FNQMPZFE 	TFF OFYU TFDUJPO
� 5P QBSBNFUFS�
J[F UIF SFGFSFODF FOFSHJFT PG UIF FOFSHZ GVODUJPO JU JT BMTP BTTVNFE UIBU UIF BNJOP
BDJE GSFRVFODJFT BU QPTJUJPOT JO QSPUFJO BMJHONFOUT BSF EJTUSJCVUFE BDDPSEJOH UP UIF
#PMU[NBOO EJTUSJCVUJPO <ððï>� ɨJT BTTVNQUJPO USBDFT CBDL UP XPSL CZ 4UFJQF FU BM�
<ððð> XIP JOTQJSFE CZ 4JQQM <ðïö> BQQMJFE UIF #PMU[NBOO BTTVNQUJPO UP BQQSPYJN�
BUF UIF TUBCJMJUZ FĊFDUT PG NVUBUJPOT JO BOUJCPEJFT� )PXFWFS BT TIPVME CF DMFBS GSPN
DIBQUFS ñ BOE ò PS TJNQMZ CZ DPNQBSJTPO PG UIF #PMU[NBOO EJTUSJCVUJPO 	FR� ò�ñ
 BOE
UIF EJTUSJCVUJPO PG HFOPUZQFT HJWFO mUOFTTFT 	FR� ñ�ô
 UIF BTTVNQUJPO JT OPU TUSJDUMZ
DPSSFDU� ɨF DPOTFRVFODF PG UIJT BOE B QPTTJCMF SPVUF GPS JNQSPWFNFOU JT FYQMPSFE JO
1BQFS *�

ó�ñ %FTJHOJOH FOFSHZ HBQT XJUI JNQFSGFDU FOFSHZ GVODUJPOT

*O QSBDUJDF BOE JO UIFPSZ QBSUJDVMBS EFTJHO BOE TUSVDUVSF QSFEJDUJPO QSPCMFNT BSF QBS�
UJDVMBSMZ IBSE� 0OF DBO UIJOL PG UIF EJċDVMUMZ BT CFJOH EFQFOEFOU PO IPX IBSE UIF
FOFSHZ HBQ JT UP EFTJHO PS SFBMJ[F� 1SPCMFNT XJUI TNBMM FOFSHZ HBQT BDIJFWFE UISPVHI
JOUFSBDUJPOT UIBU BSF IBSE UP NFBTVSF BDDVSBUFMZ BSF UIF IBSEFTU� 4PNFXIBU DPVO�
UFSJOUVJUJWFMZ UIJT NBLFT UIF EFTJHO 	QSFEJDUJPO
 PG HMPCVMBS QSPUFJO TUSVDUVSFT XJUI
MBSHF IZESPQIPCJD DPSFT BOE MBSHF FOFSHZ HBQT UP BMUFSOBUJWF DPOGPSNBUJPOT BO wFBTZw
QSPCMFN XIJMF UIF EFTJHO 	QSFEJDUJPO
 PG MPPQ DPOGPSNBUJPOT PS UIF PSHBOJ[BUJPO PG
BDUJWF TJUF SFTJEVFT JT GBS NPSF EJċDVMU UP HFU SJHIU <òø>� *O UIF GPMMPXJOH XF SFWJFX
TUSBUFHJFT VTFE UP PWFSDPNF EJċDVMU�UP�EFTJHO FOFSHZ HBQT�

ó�ñ�ð *EFBMJ[FE QSPUFJO EFTJHO NBLFT BMUFSOBUJWF TUBUFT VOMJLFMZ

)JTUPSJDBMMZ QSPUFJO EFTJHO IBT CFFO VOEFSUBLFO TUBSUJOH GSPN UIF QSPUFJO GPMET PG
OBUVSF� "T XF TBX JO TFDUJPO ò�ñ�ó UIFSF BSF OP TFMFDUJPO QSFTTVSFT UIBU XJMM PQUJNJ[F
UIFSNPTUBCJMJUZ PG QSPUFJOT CFZPOE XIBU JT OFDFTTBSZ UP BDIJFWF GVODUJPO BOE NJOJNJ[F
DZUPUPYJDJUZ BOE DPOTFRVFOUMZ NPTU QSPUFJO BSF NBSHJOBMMZ TUBCMF PS wOPO�JEFBMJ[FEw�
ɨJT QSPQFSUZ JT BMTP SFnFDUFE JO UIFJS TUSVDUVSFT XIJDI PGUFO IBWF IPMFT PS PUIFS TUSVD�
UVSBM EFGFDUT XIJDI FODPVSBHF SFQBDLJOH JOUP BMUFSOBUJWF DPOGPSNBUJPOT� 0OF SFDFOU
BQQSPBDI IBT CFFO UP EJTSFHBSE UIF OBUVSF�HJWFO TDBĊPMET BOE UP EFTJHO JEFBMJ[FE QSP�
UFJO TUSVDUVSFT� ɨJT IBT SFTVMUFE JO EFTJHOFE QSPUFJOT XJUI TUBCJMJUJFT GBS FYDFFEJOH UIBU
PG BOZ OBUVSBM QSPUFJO SFNBJOJOH GPMEFE BU ��◦$ JO ö . HVBOJEJOF IZESPDIMPSJEF 	B
EFOBUVSBOU
 <ððñ>� .PSF SFDFOUMZ UIJT BQQSPBDI FOBCMFE UIF HFOFSBUJPO PG CBSSFM�TIBQF



ñõ 1SFEJDUJPO BOE EFTJHO PG QSPUFJO TUSVDUVSFT

UPQPMPHJFT UIBU QSFDJTFMZ mU UIF HFPNFUSJFT PG UBSHFU TNBMM�NPMFDVMFT <ððò ððó>� )PX�
FWFS GPS VOEFSTUBOEJOH UIF QSPQFSUJFT PG OBUVSBM QSPUFJO TUSVDUVSFT PS SFFOHJOFFSJOH
UIFN GPS OFX QVSQPTFT QSPUFJO JEFBMJUZ DBOOPU CF UIF XBZ GPSXBSE�

ó�ñ�ñ 4ZNNFUSJDBM EFTJHONVMUJQMJFT UIF FOFSHZ MBOETDBQF BOE MFBET UP IJHIFS
TFQBSBUJPO PG TUBUFT

"OPUIFS BQQSPBDI XIJDI IBT CFFO JNNFOTFMZ TVDDFTTGVM IBT CFFO UP EFTJHO TZNNFU�
SJDBM QSPUFJO TUSVDUVSFT TVDI BT JDPTBIFESBM DBQTJET� ɨF NVMUJWBMFODZ PG TZNNFUSJDBM
QSPUFJO JOUFSBDUJPOT FĊFDUJWFMZ SFTVMUT JO B NVMUJQMJDBUJPO PG UIF FOFSHZ MBOETDBQF SFT�
VMUJOH JO B GBS CFUUFS TFQBSBUJPO PG TUBUFT� *O QBQFS 7** XF SFWJFX UIF CJPQIZTJDBM
QSJODJQMFT PG QSPUFJO TFMG�BTTFNCMZ JO EFUBJM <ððô>� 5P JMMVTUSBUF XF SFGFS UP mHVSF ó�ð
XIJDI TIPXT UIF FOFSHZ MBOETDBQF PG BTTPDJBUJPO PG TVCVOJUT PG UIF JDPTBIFESBM DBQTJE
-VNB[JOF TZOUIBTF BT NBQQFE PVU CZ B HMPCBM EPDLJOH TJNVMBUJPO XJUI 3PTFUUB� 'JH�
VSF ó�ð" TIPXT UIBU UIF EJNFSJD BOE USJNFSJD JOUFSGBDF BSF OPU XFMM�TFQBSBUFE GSPN BM�
UFSOBUJWF PSJFOUBUJPOT XIFO GPSNJOH JOEFQFOEFOUMZ� )PXFWFS XIFO GPSNJOH BDSPTT
UIF JOUFSGBDF PG QFOUBNFSJD VOJUT UIF FOFSHZ HBQ JT TJHOJmDBOU�

'JHVSF ���� &OFSHZ MBOETDBQF PG -VNB[JOF TZOUIBTF B QSPUFJO UIBU GPSN DBQTJET XJUI JDPTBIFESBM TZNNFUSZ� (MPCBM EPDL�
JOH TJNVMBUJPOT VTJOH 3PTFUUB XBT EPOF PG FJUIFS 	"
 NPOPNFSJD TVCVOJUT PS 	#
 DPSSFDUMZ GPSNFE QFOUBNFSJD
TVCVOJUT� 3PPU�NFBO�TRVBSF EFWJBUJPOT 	3.4%
 UP OBUJWF EJNFST GPSNFE BDSPTT UIF QFOUBNFSJD JOUFSGBDF XFSF
DBMDVMBUFE GPS BMM HFOFSBUFE EPDLJOH DPOGPSNBUJPOT� $POGPSNBUJPOT XJUIJO � ¯ PG UIF OBUJWF QFOUBNFS USJ�
NFS BOE EJNFS PSJFOUBUJPO BSF DPMPSFE JO CMVF SFE BOE HSFFO SFTQFDUJWFMZ� $PSSFDUMZ GPSNFE QFOUBNFSJD
EJNFST 	��ø¯
 BSF DPMPSFE JO TQMJU SFE�HSFFO� 5IF FOFSHZ MBOETDBQF XBT POMZ GVOOFMFE GPS UIF USJ� BOE EJNFSJD
JOUFSGBDF XIFO GPSNFE TJNVMUBOFPVTMZ BDSPTT QFOUBNFSJD TVCVOJUT�



ï�í %FTJHOJOH FOFSHZ HBQT XJUI JNQFSGFDU FOFSHZ GVODUJPOT ñö

ó�ñ�ò &YQMJDJU DPOTJEFSBUJPO PG BMUFSOBUJWF TUBUFT

&OVNFSBUJOH BMM BMUFSOBUJWF TUBUFT JT JOUSBDUBCMF FYDFQU GPS UIF TJNQMFTU PG TZTUFNT
BT UIF DPOGPSNBUJPOBM TQBDF JODSFBTFT FYQPOFOUJBMMZ XJUI UIF OVNCFS PG EFHSFFT PG
GSFFEPN 	SPUBUBCMF CPVOET
� )PXFWFS GPS TJNQMF TZTUFNT TVDI BT IFMJDBM CVOEMFT TPNF
QSPHSFTT IBT CFFO NBEF <ððõ>� *O TJUVBUJPOT XIFSF UIF BMUFSOBUJWF TUBUFT DBO CF JTPMBUFE
UP EJĊFSFOU 	FOVNFSBCMF
 BMUFSOBUJWF JOUFSBDUJPOT FYQMJDJU OFHBUJWF EFTJHO IBT CFFO
VTFE UP EFTJHO PSUIPMPHPVT QBJST PG CPUI EF OPWP BOE OBUVSBM QSPUFJOT <ððö ðð÷>�

ó�ñ�ó )FVSJTUJD EFTJHO BHBJOTU BMUFSOBUJWF TUBUFT

*NQMJDJU TFRVFODF EFTJHO BHBJOTU BMUFSOBUJWF TUBUFT DBO CF DPOEVDUFE JO NVMUJQMF XBZT�
'PS QSPUFJO�QSPUFJO JOUFSGBDF EFTJHO POF BQQSPBDI IBT CFFO UP FOTVSF UIBU UIF JOUFS�
BDUJOH SFTJEVFT XPVME PDDVQZ IJHI�QSPCBCJMJUZ DPOTUFMMBUJPOT SFEVDJOH UIF DPOGPSN�
BUJPOBM QMBTUJDJUZ PG UIF JOUFSBDUJOH TVSGBDF QBUDI <ððø ðñï>� .PSF HFOFSBMMZ GPS EFTJHO
PG TVSGBDF BOE DPSF QPTJUJPOT XJUI OP QBSUJDVMBS GVODUJPO PUIFS UIBO FOTVSJOH TUSVD�
UVSBM TUBCJMJUZ BOPUIFS BQQSPBDI JT UP MJNJU UIF BNJOP BDJE DIPJDFT UP XIBU JT HFOFSBMMZ
PCTFSWFE JO OBUVSBM QSPUFJOT GPS QPTJUJPOT PG DPNQBSBCMF TVSGBDF FYQPTVSF BOE TFD�
POEBSZ TUSVDUVSF 	TFF GPS JOTUBODF <ðñð>
� *O QBQFS *7 7* BOE 7*** XF UPPL B NPSF
RVBOUJUBUJWF BQQSPBDI BOE GPMMPXJOH QSFWJPVT XPSL <ððð ðññ> XF DPOTUSVDUFE BMJHO�
NFOUT PG TFRVFODFT UIBU FODPEFE B TJNJMBS TUSVDUVSF BT UIF UBSHFU GPS TFRVFODF EFTJHO
	'JH� ó�ñ
 BOE VTFE MPH�PEET�SBUJPT PG UIF PCTFSWFE BNJOP BDJE GSFRVFODJFT DPN�
QBSFE UP CBDLHSPVOE GSFRVFODJFT UP CJBT UIF FOFSHZ GVODUJPO BOE UP FOUJSFMZ SFTUSJDU
BNJOP BDJET BWBJMBCMF GPS EFTJHO UP UIPTF PCTFSWFE� *O QBQFS * XF RVFTUJPO XIFUIFS
UIF MPH�PEET�SBUJPT EFTDSJCF UIF VOEFSMZJOH DPOOFDUJPO CFUXFFO PCTFSWFE GSFRVFODJFT
BOE GPMEJOH FOFSHFUJDT� /POFUIFMFTT UIJT BQQSPBDI IBT OPX CFFO TVDDFTTGVM BMTP CFZ�
POE UIF DPOEJUJPOBMMZ NPEVMBS BOUJCPEZ TDBĊPME XIFSF JU IBT CFFO BQQMJFE UP JNQSPWF
UIFSNPTUBCJMJUZ <ðñò> EFTJHO 5*.�CBSSFMT <ðïñ ðñó> BOE QSPUFJO�QSPUFJO EJNFST <ðð÷>�



ñ÷ 1SFEJDUJPO BOE EFTJHO PG QSPUFJO TUSVDUVSFT

'JHVSF ���� &WPMVUJPO�CBTFE IFVSJTUJD OFHBUJWF EFTJHO BQQSPBDI GPS EFTJHOJOH BO BOUJCPEZ MPPQ� 4JODF NPSF UIBO B
���� BOUJCPEZ TUSVDUVSFT IBWF CFFO EFQPTJUFE JO UIF QSPUFJO EBUBCBOL BOE TJODF NPTU BOUJCPEZ MPPQT IBWF
EJTUJODU DBOPOJDBM DPOGPSNBUJPOT UIF BMMPXBCMF TFRVFODF EJWFSTJUZ BU FBDI QPTJUJPO JO BO BOUJCPEZ MPPQ DBO
CF HBVHFE BDDVSBUFMZ� 5IJT JO UVSO DBO CF DPOWFSUFE JOUP B QPTJUJPO TQFDJmD CJBT GVODUJPO XIJDI TUFFST
DPNQVUBUJPOBM EFTJHO BXBZ GSPN TFRVFODFT XJUI NBOZ VOXBOUFE BMUFSOBUJWF TUBUFT 	OPU TIPXO
� *O UIJT
FYBNQMF UIF OBJWF FOFSHZ GVODUJPO IBT B UFOEFODZ UP JOTFSU B IZESPQIPCJD BNJOP BDJE JOTUFBE PG UIF IJHIMZ
HFPNFUSZ DPOTUSBJOJOH HMVUBNJOF BU UIF mSTU QPTJUJPO JO UIF MPPQ�

ó�ò (VJEJOH TBNQMJOH PG EFHSFF PG GSFFEPN JO TUSVDUVSF BOE
TFRVFODF TQBDF

ó�ò�ð 7BTU CVU EJTDSFUF TFRVFODF�TUSVDUVSF TQBDFT

#PUI JO TUSVDUVSF QSFEJDUJPO BOE QSPUFJO EFTJHO POF NVTU TBNQMF B TQBDF PG DPO�
GPSNBUJPOT BOE�PS TFRVFODFT UP mOE MPX FOFSHZ TPMVUJPOT� ɨF MBSHFS UIF TFRVFODF�
TUSVDUVSF TQBDF JT UIF NPSF EJċDVMU JU CFDPNFT UP mOE UIF CFTU TPMVUJPO BOE UIF MBSHFS
UIF SJTL CFDPNFT UIBU UIF FOFSHZ GVODUJPO XJMM NBLF NJTUBLFT UIBU XJMM CF EFUSJNFOUBM
UP QSPUFJO TUBCJMJUZ PS PCTDVSF UIF FOFSHZ HBQ XIJDI TIPVME CF PCTFSWFE GPS DPOmE�
FOU TUSVDUVSF QSFEJDUJPO� *O TFDUJPO ó�ñ�ó XF EJTDVTTFE XBZT UP MJNJU UIF TFRVFODF
TQBDF CBTFE PO PCTFSWFE TFRVFODFT� 4JNJMBS BQQSPBDIFT IBWF CFFO UBLFO JO EF OPWP
TUSVDUVSF QSFEJDUJPO XIFSF TIPSU TFRVFODF�TJNJMBS TUSVDUVSF�GSBHNFOUT XJUI MFOHUI
ò PS ø SFTJEVFT GSPN LOPXO QSPUFJOT IBWF CFFO VTFE UP MJNJU BOE HVJEF DPOGPSNB�
UJPOBM TBNQMJOH <ðï÷>� 5PEBZ GPS EF OPWP TUSVDUVSF QSFEJDUJPO UIF TFBSDI TQBDF JT
UZQJDBMMZ FWFO GVSUIFS SFTUSJDUFE CBTFE PO SFTJEVF�SFTJEVF DPOUBDU DPOTUSBJOUT EFSJWFE
GSPN TUBUJTUJDBM NPEFMT PWFS TFRVFODF BMJHONFOUT BT EJTDVTTFE JO TFDUJPO ò�ó� "U UIF
SFTJEVF MFWFM UIF TFBSDI TQBDF DBO BMTP CF SFTUSJDUFE BOE EJTDSFUJ[FE� %VF UP UIF CBDL�
CPOF EFQFOEFOU JOUSB�SFTJEVF FOFSHFUJDT MBSHF CBSSJFST FYJTUT CFUXFFO EJĊFSFOU BNJOP
BDJE TJEF�DIBJO DPOGPSNBUJPOT <ðñô>� 8IFO EJTDSFUJ[FE UP IJHI�QSPCBCJMJUZ QFBLT JO
UIF DPSSFTQPOEJOH MJLFMJIPPE GVODUJPOT JOGFSSFE GSPN PCTFSWFE TUSVDUVSFT UIFTF DPO�
GPSNBUJPOT BSF DBMMFE SPUBNFST <ðñõ>�

'PS BOUJCPEJFT JO QBSUJDVMBS UIF HVJEJOH PG DPOGPSNBUJPOBM TFBSDI DBO CF FY�
USFNFMZ TQFDJmD UP UIF JNNVOPHMPCVMJO GPME CFDBVTF PG UIF WBTU OVNCFS PG TPMWFE



ï�î (VJEJOH TBNQMJOH PG EFHSFF PG GSFFEPN JO TUSVDUVSF BOE TFRVFODF TQBDF ñø

BOUJCPEZ TUSVDUVSFT� *O QBQFS 7 XF EJTSFHBSE UIF ò�ø�GSBHNFOU BTTFNCMZ BQQSPBDI
BOE JOTUFBE VTF GSBHNFOUT DPSSFTQPOEJOH UP UIF TQMJDF QPJOUT PG HFOF TFHNFOU SFDPN�
CJOBUJPO 	TFF TFDUJPO ò�ö
� "EEJUJPOBMMZ UIF MBSHF OVNCFS PG LOPXO TUSVDUVSFT BMTP
BMMPXT UIF TBNQMJOH PG SJHJE�CPEZ PSJFOUBUJPO CFUXFFO UIF MJHIU BOE IFBWZ DIBJO GSPN
B EJTDSFUJ[FE MJCSBSZ� *U JT XPSUI OPUJOH UIBU UIF BQQSPBDI JT EJTTJNJMBS UP USBEJUJPOBM
IPNPMPHZ NPEFMJOH BT TFRVFODF JEFOUJUZ JT OPU VTFE UP HVJEF UIF TFMFDUJPO PG TUSVD�
UVSF GSBHNFOUT�

ó�ò�ñ 4FBSDI NFUIPET

(JWFO B TFU PG QPTTJCMF HFPNFUSJFT 	CBDLCPOFT DPOGPSNBUJPOT SPUBNFST PS SJHJE�CPEZ
PSJFOUBUJPOT CFUXFFO TVCVOJUT
 PS BNJOP BDJE JEFOUJUJFT UIF TQBDF NVTU CF TFBSDIFE
XJUI UIF HPBM PG mOEJOH UIF NJOJNVN FOFSHZ TFRVFODF TUSVDUVSF PS CPUI� ɨF EJT�
DSFUF OBUVSF PG UIF TFBSDI TQBDF MFOET JUTFMG XFMM UP B .POUF $BSMP TJNVMBUFE BOOFBMJOH
	.$4"
 PQUJNJ[BUJPO BQQSPBDI CPUI GPS TFRVFODF EFTJHO <ðñö> BOE TUSVDUVSF QSF�
EJDUJPO <ðï÷>� *O UIJT BQQSPBDI DIBOHFT BSF BDDFQUFE XJUI min(�, 1(YJ+�)/1(YJ))
XIFSF 1 JT UIF #PMU[NBOO GBDUPS exp(&(Φ, BB)/5)� ɨJT BQQSPBDI SFQSPEVDFT UIF
#PMU[NBOO EJTUSJCVUJPO GPS BOZ HJWFO UFNQFSBUVSF PG UIF TZTUFN <ðñ÷>�

ɨF TUSVDUVSF TQBDF JT IPXFWFS DPOUJOVPVT JO SFBMJUZ TP PGUFO CFUXFFO UIF EJTDSFUF
NPWFT XJUI GSBHNFOUT TFRVFODF PS SJHJE�CPEZ PSJFOUBUJPOT DPOUJOVPVT FYQMPSBUJPO
PG UIF TUSVDUVSF TQBDF JT QVSTVFE VTJOH HSBEJFOU�CBTFE NJOJNJ[BUJPO NFUIPET� "U UIJT
QPJOU UIF QSPUFJO TUSVDUVSF DBO CF NPEFMMFE BU EJĊFSFOU MFWFMT PG HSBOVMBSJUZ� 'SFF[JOH
CPOE MFOHUI BOE NJOJNJ[JOH UIF QSPUFJO POMZ JO UPSTJPO TQBDF JT IJHIMZ FċDJFOU BT JU
TJHOJmDBOUMZ SFEVDFT EJNFOTJPOBMJUZ <ðñø> IPXFWFS UIF TQFFE DPNFT BU B DPTU BDDVSBDZ
XIJDI NJHIU PCTDVSF UIF FOFSHZ HBQ JO OBUJWF QSPUFJOT <ðòï>�





$IBQUFS ô

4VNNBSZ PG UIFTJT XPSL

*O UIJT DIBQUFS XF TVNNBSJ[F UIF mOEJOHT PG UIF QBQFST�

ô�ð 1BQFS *

*O QBQFS * XF TPVHIU UP QSFEJDU TUBCJMJUZ FĊFDUT VTJOH POMZ UIF FWPMVUJPOBSZ TFRVFODF
EJWFSTJUZ PG QSPUFJO BMJHONFOUT BT B TPVSDF PG JOGPSNBUJPO� ɨF BCJMJUZ UP QSFEJDU UIF
FĊFDU NVUBUJPOT IBWF PO QSPUFJO UIFSNPTUBCJMJUZ JT JNQPSUBOU JO QSPUFJO FOHJOFFSJOH
BT JU DPSSFMBUFT XJUI MPOHFS TIFMG�MJGF IJHIFS PQFSBUJOH UFNQFSBUVSFT 	BOE UIVT IJHIFS
BDUJWJUZ nVY JO FO[ZNFT
 MPOHFS JO WJWP IBMG�MJGF BOE QSPWJEFT B NPSF SPCVTU TUBSU�
JOH QPJOU GPS JO WJUSP FWPMVUJPO PS FOHJOFFSJOH OFX GVODUJPOT JOUP B QSPUFJO TDBĊPME�
1SFEJDUJPO PG TUBCJMJUZ FĊFDUT JT BMTP JNQPSUBOU NFEJDBMMZ BT JU DBO CF VTFE UP QSFEJDU
EJTFBTF WBSJBOUT�

.FUIPET UIBU SFMBUF QSPUFJO TUBCJMJUZ UP PCTFSWFE BNJOP BDJE GSFRVFODJFT IBWF
B MPOH USBEJUJPO JO QSPUFJO FOHJOFFSJOH BOE NPTU NFUIPET CVJME PO XPSL EPOF CZ
4UFJQF FU BM� JO ðøøó XIP XJUI OP CBTJT JO FWPMVUJPOBSZ EZOBNJDT UIFPSZ BTTVNFE
UIBU UIF SFMBUJPOTIJQ CFUXFFO QSPUFJO TUBCJMJUZ BOE BNJOP BDJE GSFRVFODJFT XPVME CF
UIF #PMU[NBOO EJTUSJCVUJPO� ɨJT BTTVNQUJPO JT UPEBZ FNCFEEFE JO B QPQVMBS FO�
HJOFFSJOH NFUIPE DBMMFE DPOTFOTVT EFTJHO JO DPNQVUBUJPOBM QSPUFJO EFTJHO NFUIPET
	JODMVEJOH QBQFS 7* BOE 7***
 BOE JT BQQMJFE XIFO PQUJNJ[JOH UIF FOFSHZ GVODUJPOT�
*O QBQFS * XF UPPL B EJĊFSFOU BQQSPBDI BOE USJFE UP DPOOFDU BNJOP BDJE GSFRVFODJFT
UP QSPUFJO TUBCJMJUZ VTJOH UIF mSTU�QSJODJQMFT UIFPSZ PG FWPMVUJPOBSZ EZOBNJDT BOE FY�
QMJDJU BTTVNQUJPOT BCPVU UIF DPOOFDUJPO CFUXFFO QSPUFJO TUBCJMJUZ BOE mUOFTT� 4FWFSBM
JNQPSUBOU DPODMVTJPOT XFSF NBEF�

'JSTU XF TIPXFE UIBU UIF #PMU[NBOO EJTUSJCVUJPO BTTVNQUJPO DBO CF VOEFSTUPPE
XJUIJO UIF UIFPSZ PG FWPMVUJPOBSZ EZOBNJDT� *O GBDU JU HJWFT SJTF UP UIF TBNF SFMBUJPO�
TIJQ CFUXFFO TUBCJMJUZ BOE GSFRVFODZ 	BMCFJU XJUI B TDBMF GBDUPS
 XIFO QSPUFJO mUOFTT JT
EJSFDUMZ QSPQPSUJPOBM UP QSPUFJO TUBCJMJUZ� )PXFWFS JU JT IJHIMZ JNQMBVTJCMF UIBU UIJT
XPVME CF UIF DBTF� *OTUFBE SFWJFXJOH UIF MJUFSBUVSF JU BQQFBST GBS NPSF MJLFMZ UIBU

òð



òñ ð 4VNNBSZ PG UIFTJT XPSL

UIF mUOFTT�GVODUJPO PWFS QSPUFJO TUBCJMJUZ JT TJHNPJEBM DPSSFTQPOEJOH UP mUOFTT CFJOH
QSPQPSUJPOBM UP UIF GSBDUJPO PG GPMEFE QSPUFJO 	BOE BOUJ�DPSSFMBUFE XJUI UIF BNPVOU
PG VOGPMEFE QSPUFJO
�

4FDPOE VTJOH FWPMVUJPOBSZ EZOBNJDT TJNVMBUJPOT CBTFE PO UIF EJTUSJCVUJPO PG
NVUBUJPOBM FĊFDUT JO SFBM QSPUFJOT BOE UIF GSBDUJPO�GPMEFE mUOFTT GVODUJPO XF TIPXFE
UIBU UIF #PMU[NBOO BTTVNQUJPO TUJMM QSPWJEFE B HPPE BQQSPYJNBUJPO BOE B QFSGFDU
SBOLJOH PG UIF FOFSHFUJDT XJUIJO TJUFT� 8F XFSF GVSUIFS BCMF UP SBUJPOBMJ[F JUT SFBTPOBCMF
QFSGPSNBODF BOBMZUJDBMMZ� )PXFWFS XIFO DPNQBSJOH TUBCJMJUZ FĊFDUT CFUXFFO TJUFT
UIF #PMU[NBOO BTTVNQUJPO EPFT OPU HVBSBOUFF DPSSFDU SBOLJOH CFUXFFO BNJOP BDJE
DIPJDFT BT UIF FWPMVUJPOBSZ EZOBNJDBM QBSUJUJPO GVODUJPO JT FYQFDUFE UP WBSZ�

ɨJSE XF QSPWJEFE BO BQQSPYJNBUJPO PG UIF FWPMVUJPOBSZ EZOBNJDBM QBSUJUJPO
GVODUJPO XIJDI UFOUBUJWFMZ BQQFBST UP JNQSPWF EFUFDUJPO PG TUBCJMJ[JOH NVUBUJPOT
XJUIJO QSPUFJOT� )PXFWFS NPSF XPSL OFFET UP CF EPOF UP FTUBCMJTI TUBUJTUJDBM TJHOJ�
mDBODF�

ô�ñ 1BQFS **

ɨF FWPMVUJPOBSZ CFIBWJPS PG QSPUFJOT JT PG LFZ JOUFSFTU UP TFWFSBM mFMET JODMVEJOH
CJPJOGPSNBUJDT QIZMPHFOFUJDT BOE CJPDIFNJTUSZ� *O UIJT NBOVTDSJQU XF EFWFMPQ B
OPWFM mSTU�QSJODJQMF CJPQIZTJDBM NPEFM PG QSPUFJO FWPMVUJPO UIBU EFTDSJCFT UIF mUOFTT PG
QSPUFJOT BDDPSEJOH UP UIFJS QSFEJDUFE UIFSNPEZOBNJD TUBCJMJUZ� 8F BQQMZ UIF NPEFM UP
BOTXFS UISFF VOBOTXFSFE RVFTUJPOT� 	J
 8IJDI mUOFTT QSFTTVSFT DPOUSPM UIF PCTFSWFE
QBUUFSOT PG BNJOP BDJE TVCTUJUVUJPOT BOE 	JJ
 UIF TJUF�TQFDJmD SBUF PG TVCTUJUVUJPO 	JJJ

$BO B UIFSNPEZOBNJD�TUBCJMJUZ OVMM�NPEFM PG FWPMVUJPOBSZ SBUFT JEFOUJGZ TJUFT VOEFS
GVODUJPOBM mUOFTT DPOTUSBJOUT 

5PEBZ CJPJOGPSNBUJDT BOE QIZMPHFOFUJDT SFMZ PO FNQJSJDBM EFTDSJQUJPOT PG UIF TVC�
TUJUVUJPO CFIBWJPS BT TVNNBSJ[FE JO NBUSJDFT TVDI BT #-046. PS -( XIJDI EFTDSJCF
FWPMVUJPO PG BMM QPTJUJPOT JO QSPUFJOT JEFOUJDBMMZ� " DPOTJEFSBCMF QVTI IBT CFFO NBEF
UP EFWFMPQ B TNBMM TFU PG FNQJSJDBM NBUSJDFT UIBU UBLF UIF MPDBM FOWJSPONFOU PG FBDI
TJUF 	TFDPOEBSZ TUSVDUVSF GPS JOTUBODF
 JOUP BDDPVOU� 6MUJNBUFMZ TVDI NBUSJDFT TIPVME
EFQFOE PO UIF FYBDU DIFNJDBM FOWJSPONFOU BOE FWPMVUJPOBSZ EZOBNJDT� 0VS NPEFM
EPFT FYBDUMZ UIBU BOE GVSUIFS BMMPX VT GPS UIF mSTU UJNF UP JOWFTUJHBUF IPX NVDI PG
UIF NFBO TVCTUJUVUJPO CFIBWJPS UIBU DBO CF FYQMBJOFE CZ UIFSNPEZOBNJDT BMPOF 	BU
MFBTU õôǷ
�

"U B TJUF�TQFDJmD MFWFM XF JOWFTUJHBUFE IPX UIFSNPEZOBNJD mUOFTT DPOTUSBJOUT
BĊFDU UIF TJUF�TQFDJmD SBUF PG FWPMVUJPO JO QSPUFJOT XIJDI JT DSJUJDBMMZ JNQPSUBOU JO
QIZMPHFOFUJD JOGFSFODF� 8F mOE UIBU PVS NPEFM JT GBS CFUUFS UIBO DVSSFOU TUSVDUVSF�
CBTFE NFUIPET JO QSFEJDUJOH DPOTFSWFE TJUFT� ɨJT QSPQFSUZ BMMPXT VT UP UFTU B DFOU�
SBM VOBOTXFSFE IZQPUIFTJT SFDFOUMZ QSPQPTFE CZ &DIBWF 4QJFMNBO BOE 8JMLF < >
OBNFMZ UIBU EJTDSFQBODZ CFUXFFO FNQJSJDBM SBUFT BOE SBUFT QSFEJDUFE XJUI B UIFSNP�
EZOBNJD OVMM�NPEFM PG FWPMVUJPO DPVME CF QSFEJDUJWF PG GVODUJPOBM TJUFT� 8F WBMJEBUF



ð�î 1BQFS *** òò

UIJT IZQPUIFTJT TIPXJOH UIBU UIF NFUSJD DBO QSFEJDU VQ UP UXJDF BT NBOZ GVODUJPOBM
TJUFT BT FNQJSJDBM SBUFT BMPOF� 4USVDUVSF�CBTFE QSFEJDUJPO PG GVODUJPOBM TJUFT JT BO JN�
QPSUBOU UPPM JO CJPDIFNJTUSZ BT JMMVTUSBUFE CZ UIF ðñïï DJUBUJPOT BDDVNVMBUFE CZ UIF
$PO4VSG TFSWFS XIJDI POMZ BQQMJFT FNQJSJDBM SBUFT GPS QSFEJDUJPO PG GVODUJPOBM TJUFT�

0VS mOEJOHT DPVME CF PG JOUFSFTU GPS TDJFOUJTUT JO FWPMVUJPOBSZ CJPMPHZ QSPUFJO
TDJFODF BOE CJPJOGPSNBUJDT� 8F QSPWJEF B NPEFM UIBU HJWFT JOTJHIU JOUP UIF mUOFTT QSFT�
TVSFT UIBU DPOUSPM UIF FWPMVUJPO PG QSPUFJOT TIPX IPX QSPUFJO FOFSHFUJDT JOnVFODFT
OBUVSBM TFRVFODF EJWFSTJUZ BOE QSPWJEF B mSTU�QSJODJQMF BQQSPBDI UP QSFEJDU GVODUJPOBM
TJUFT JO QSPUFJOT�

ô�ò 1BQFS ***

*O TJMJDP TJNVMBUJPOT PG TFRVFODF FWPMVUJPO PO QSPUFJO TUSVDUVSF IBT QSPWJEFE TFWFSBM
JNQPSUBOU JOTJHIUT DPODFSOJOH QSPQFSUJFT PG SFBM QSPUFJO FWPMVUJPO� 4P GBS NPTU JO
TJMJDP TJNVMBUPST PG QSPUFJO FWPMVUJPO IBWF CFFO CBTFE PO MBUUJDF NPEFMT PG QSPUFJOT PS
TJNQMF DPOUBDU�CBTFE QPUFOUJBMT UIBU EP OPU NPEFM UIF BUPNJD�EFUBJMT PG JOUFSBDUJPOT�
*U JT QPTTJCMF UIBU BMM�BUPN NPEFMT PG QSPUFJO FWPMVUJPO DPVME SFWFBM OFX QSPQFSUJFT PS
IFMQ HBVHF UIF NBHOJUVEF PG WBSJPVT FĊFDUT� *O UIJT NBOVTDSJQU XF FTUBCMJTI POF TVDI
NPEFM�

'PMMPXJOH QSFWJPVT XPSL XF NPEFM QSPUFJO mUOFTT BT B TJHNPJEBM GVODUJPO PG UIF
GSFF FOFSHZ PG GPMEJOH

ω =
�

� + exp(ǈ(/35 + 0)
	ô�ð


XIFSF 0 PĊTFUT UIF IBMG�NBYJNBM mUOFTT QPJOU PG UIF GVODUJPO� *G UIF GSBDUJPO PG
GPMEFE QSPUFJO JT UIF POMZ EFUFSNJOBOU PG mUOFTT 0 = �� )PXFWFS PUIFS TFMFDUJPO
QSFTTVSF QSFTTVSFT JODMVEJOH UIF UPYJDJUZ PG NJTGPMEFE QSPUFJOT SFTVMU JO 0 > � BOE
UIVT SFRVJSF NPSF TUBCJMJUZ GPS FRVBM mUOFTT� "EEJUJPOBMMZ UIF TUSFOHUI PG NVUBUJPOBM
ESJGU EFUFSNJOFE CZ UIF QPQVMBUJPO TJ[F IBT UIF TBNF FĊFDU BT JU PĊTFUT UIF EJTUSJCV�
UJPO PG TBNQMFE QSPUFJO TUBCJMJUJFT CZ B GBDUPS QSPQPSUJPOBM UP − log(/) <óð õð>� )FSF
XF JOWFTUJHBUF IPX UIF PĊTFU PG TJHNPJEBM mUOFTT GVODUJPOT JOnVFODF UIF CFIBWJPS PG
QSPUFJO FWPMVUJPO�

8F CFHBO CZ JNQMFNFOUJOH BO FWPMVUJPOBSZ EZOBNJDT GSBNFXPSL XJUIJO UIF NBDSP
NPMFDVMBS NPEFMJOH TVJUF 3PTFUUB� .VUBUJPOT XFSF QSPQPTFE BU UIF OVDMFPUJEF MFWFM
TUSVDUVSF BOE FOFSHFUJD FĊFDUT XFSF FWBMVBUFE VTJOH UIF FTUBCMJTIFE TUSVDUVSBM NPEFM�
JOH UPPMT JO 3PTFUUB mUOFTT XBT DBMDVMBUFE XJUI B TJHNPJEBM GVODUJPO BOE UIF GBUF PG
NVUBUJPOT EFUFSNJOFE BDDPSEJOH UP ,JNVSB�T mYBUJPO QSPCBCJMJUZ� 6TJOH UIJT GSBNF�
XPSL XF TJNVMBUFE FWPMVUJPO VTJOH WBSJPVT PĊTFUT PG UIF mUOFTT GVODUJPO�

8F NBLF NVMUJQMF DPODMVTJPOT� 'JSTU XF mOE UIBU FĊFDU PG NVUBUJPOT CFDPNFT
JODSFBTJOHMZ NPSF EFUSJNFOUBM BT MPXFS PĊTFUT SFTVMUT JO NPSF TUBCMF QSPUFJOT� ɨJT
FĊFDU JT BMTP PCTFSWFE JO SFBM QSPUFJOT BT SFDPSEFE JO 1SPɨFSN <óñ> BMUIPVHI XF



òó ð 4VNNBSZ PG UIFTJT XPSL

PCTFSWFE B ðï�GPME XFBLFS FĊFDU� 4FDPOE XF EFNPOTUSBUF UIBU B TUSPOH DPFWPMVUJPO
TJHOBM BSJTFT JO PVS NPEFM GSPN EJSFDU FOFSHFUJD DPVQMJOH CFUXFFO OFJHICPSJOH BNJOP
BDJET BOE UIBU UIF DPFWPMVUJPO TJHOBM JT NPSF QSPOPVODFE XJUI MPXFS mUOFTT GVODUJPO
PĊTFUT�

ɨF XPSL JT TUJMM QSFMJNJOBSZ BOE FYQMPSBUPSZ JO OBUVSF BOE UIF BOBMZTJT JT TP GBS
CBTFE PO B TJOHMF QSPUFJO�

ô�ó 1BQFS *7

0OF PG UIF LFZ QSJODJQMFT UIBU OBUVSF GPMMPXT UP HFOFSBUF DPNQMFY TUSVDUVSFT JT TZN�
NFUSJDBM TFMG�BTTFNCMZ� 0WFS UIF QBTU EFDBEF UIJT TUSBUFHZ IBT BMTP CFFO IBSOFTTFE CZ
QSPUFJO FOHJOFFST BOE IBT QSPWFO POF PG UIF NPTU TVDDFTTGVM BWFOVFT JO QSPUFJO EFTJHO�
*O UIJT QBQFS XF SFWJFX UIF DVSSFOU MJUFSBUVSF BOE EJTDVTT UIF CJPQIZTJDBM QSJODJQMFT
PG TFMG�BTTFNCMZ�

ô�ô 1BQFS 7�7***

"OUJCPEZ NPMFDVMFT EJTQMBZ B XJEF�SBOHF PG TFRVFODF BOE TUSVDUVSF EJWFSTJUZ CFDBVTF
PG FWPMVUJPOBSZ TFMFDUJPO QSFTTVSFT UIBU FOBCMF SFBDUJWJUZ BHBJOTU BMNPTU BOZ UBSHFU BO�
UJHFO� "EEJUJPOBMMZ BOUJCPEJFT BSF FYUSFNFMZ XFMM�DIBSBDUFSJ[FE OPU POMZ CFDBVTF PG
UIFJS JNQPSUBODF UP WFSUFCSBUF MJGF CVU BMTP CFDBVTF PG UIFJS FYUSFNF VUJMJUZ JO UIF
CJPQIBSNBDFVUJDBM JOEVTUSZ� 1BQFS 7�7*** UBLFT BEWBOUBHF PG UIJT BOE EFWFMPQ B OFX
NFUIPE UP QSFEJDU 	QBQFS 7
 EFTJHO 	QBQFS 7* BOE 7***
 BOE TUVEZ 	7**
 BOUJCPEJFT�

ô�ô�ð 1BQFS 7

$PNQVUBUJPOBM NPEFMJOH JT BO FTTFOUJBM TUFQ JO NBOZ BOUJCPEZ�FOHJOFFSJOH XPSL�
nPXT� 0WFS UIF QBTU ñï ZFBST UIF TUBUF PG UIF BSU IBT SFMJFE PO IPNPMPHZ NPEFMJOH
FYQFSU SVMFT BOE JO TPNF DBTFT BC JOJUJP NPEFMJOH PG UIF NPTU TUSVDUVSBMMZ EJWFSTF MPPQ
PG UIF DPNQMFNFOUBSJUZ EFUFSNJOJOH SFHJPO 	$%3 )ò
� 3FDFOU CMJOE CFODINBSLT PG
BOUJCPEZ NPEFMJOH TUSBUFHJFT TIPXFE UIBU FYJTUJOH NFUIPET TUJMM FYIJCJU NPEFMJOH JO�
BDDVSBDJFT JO UIF $%3T BOE UIBU NPEFMT PGUFO TVĊFS GSPN TUFSFP�DIFNJDBM TUSBJO� *O
UIJT QBQFS XF QSFTFOU B OFX NFUIPE "C1SFEJDU GPS TUSVDUVSF QSFEJDUJPO UIBU UBLFT
BEWBOUBHF PG UIF OBUVSBM HFOF TFHNFOUBUJPO PG UIF BOUJCPEZ TUSVDUVSF BOE UIF WBTU
OVNCFS PG LOPXO BOE EJWFSTF BOUJCPEZ TUSVDUVSFT�

8F CFHJO CZ FYUSBDUJOH UIF SJHJE CPEZ PSJFOUBUJPO 	3#0
 CFUXFFO BOE UIF UPSTJPO
BOHMFT PG UIF MJHIU BOE UIF IFBWZ DIBJO PG BMM BOUJCPEJFT JO UIF 1SPUFJO %BUB #BOL�
/FYU XF VTF 3PTFUUB UP DBSSZ PVU B TJNVMBUFE BOOFBMJOH .POUF $BSMP TFBSDI PWFS
BOUJCPEZ CBDLCPOF GSBHNFOUT DPSSFTQPOEJOH UP UIF OBUVSBM HFOF TFHNFOUBUJPO BOE
3#0T JO PSEFS UP JEFOUJGZ UIF MPXFTU�FOFSHZ DPOGPSNBUJPO 	'JH� ô�ð
� ɨF NFUIPE JT



ð�ð 1BQFS 7�7*** òô

GVMMZ BVUPNBUFE VTFT OP FYQFSU SVMFT BOE EPFT OPU SFMZ PO TFRVFODF IPNPMPHZ� "M�
UIPVHI "C1SFEJDU JT DPODFQUVBMMZ TJNQMF JU QFSGPSNT BT XFMM BT PUIFS NFUIPET BOE JT
JO TPNF DBTFT NPSF BDDVSBUF� 8IFO XF JOWFTUJHBUFE UIF SFBTPOT GPS "C1SFEJDU�T TVQFS�
JPS QFSGPSNBODF XF GPVOE TFWFSBM DBTFT XIFSF UIF IJHIFTU TFRVFODF�JEFOUJUZ UFNQMBUF
o XIJDI XPVME CF UIF DIPJDF PG FYJTUJOH NFUIPET o FYIJCJUT IJHI SPPU�NFBO�TRVBSF
EFWJBUJPO UP UIF FYQFSJNFOUBM TUSVDUVSF� "C1SFEJDU JOTUFBE TFMFDUT UFNQMBUFT PG MPX
TFRVFODF JEFOUJUZ 	TPNFUJNFT �ðïǷ
 UIBU BSF NPSF DPOGPSNBUJPOBMMZ BDDVSBUF� *O FG�
GFDU JEFOUJDBM PS IJHIMZ TJNJMBS TFRVFODFT BEPQU EJĊFSFOU DPOGPSNBUJPOT EFQFOEJOH
PO UIFJS TUSVDUVSBM DPOUFYU� DPOWFSTFMZ MPX�IPNPMPHZ TFRVFODFT NBZ DPOWFSHF PO
WFSZ TJNJMBS DPOGPSNBUJPOT BOE "C1SFEJDU DBO DPSSFDUMZ JEFOUJGZ UIFTF DBTFT� 'VSUIFS�
NPSF XF GPVOE UIBU UIF NPEFMT� TUFSFP�DIFNJDBM QSPQFSUJFT BSF VOJGPSNMZ HPPE XJUI
UIF XPSTU NPEFM IBWJOH DIFNJDBM RVBMJUZ 	.PM1SPCJUZ
 TDPSF PG ð�ø DPNQBSFE UP �ò GPS
PUIFS NFUIPET� %VF UP UIF IJHI BDDVSBDZ BOE MPX TUSBJO PG "C1SFEJDU�T NPEFMT UIFZ
TIPVME TFSWF BT VTFGVM TUBSUJOH QPJOUT GPS EFTJHO BOE NPMFDVMBS EZOBNJDT TJNVMBUJPOT�

0 1 2
-300

-280

-260

-240

-220

rmsd

R
o

se
tt

a 
en

er
g

y

vH H3 RBO

1300 Fv structures

L3 vL

Input
sequence

Initialize with random 
same length templates

vHH3

RBO

L3

vL

Biased SA-MC sampling

p=10%

x150 trials

p=15%p=10%

p=40% p=25%
0 1 2

-300

-280

-260

-240

-220

rmsd

R
o

se
tt

a 
en

er
g

y

AbPre
dict jef cc

g
mmt

joa
pig sc

h
ac

c
0

1

2

3

Antibody structure prediction
methods

H
3 

rm
sd

 [Å
]

CDR H3
Benchmark target: 4KMT

rmsd =
Seq id = 
PDB id:

2.7 Å
100%
3QOT

rmsd =
Seq id = 
PDB id:

H1 H2
H3

0.9 Å
9%
3O2W

A B D

C

Benchmark target: 4KMT

'JHVSF ���� "C1SFEJDU " NFUIPE GPS DPNCJOBUPSJBM CBDLCPOF NPEFMJOH PG BOUJCPEJFT� 	"
 5IF "C1SFEJDU BMHPSJUIN VTFT B
QSF�DPNQVUFE EBUBCBTF PG FYQFSJNFOUBM DPOGPSNBUJPOT PG BOUJCPEZ TUSVDUVSFT TFHNFOUFE UP SFnFDU HFOFUJD 7
BOE 	%
+ SFDPNCJOBUJPO� 	#
 $PNCJOBUPSJBM TBNQMJOH PG TFHNFOUT NBQT PVU UIF FOFSHZ MBOETDBQF GPS B UBSHFU
TFRVFODF� 	$
 5IF MPXFTU FOFSHZ NPEFMT BSF TPNFUJNFT NPSF BDDVSBUF UIBO CPUI EF OPWP MPPQ QSFEJDUJPO
NFUIPET 	HSFFO
 BOE TFRVFODF�IPNPMPHZ CBTFE NFUIPET 	CSPXO
� 	%
 0GUFO UIJT JT EVF UP DIBOHFT JO UIF
TUSVDUVSBM DPOUFYU� 5BSHFU TUSVDUVSF 	PSBOHF
� IJHIFTU�JEFOUJUZ UFNQMBUF 	QJOL
� "C1SFEJDU UFNQMBUF 	CMVF
�

ô�ô�ñ 1BQFS 7* BOE 7**

5PEBZ OFX BOUJCPEZ NPMFDVMFT BSF UZQJDBMMZ HFOFSBUFE CZ BOJNBM JNNVOPHFOJ[BUJPO
XIJDI JT B UFEJPVT QSPDFTT UIBU QSPWJEFT OP DPOUSPM PWFS UIF CJOEJOH TJUF BOE PGUFO
ZJFMET QSPUFJOT UPP GSBHJMF GPS UIF SFBMJUZ PG JOEVTUSJBM FYQSFTTJPO BOE DMJOJDBM VTF� "O
PVUTUBOEJOH HPBM IBT CFFO UP CVJME BOUJCPEJFT GSPN mSTU QSJODJQMFT <ðòð>� ɨJT JT XIBU
XF TFFL UP EP JO QBQFS 7* BOE 7**�

"OUJCPEJFT CJOE NPMFDVMFT UISPVHI MPPQT XIJDI IJTUPSJDBMMZ IBWF CFFO FYUSFNFMZ
EJċDVMU UP BDDVSBUFMZ EFTJHO BT UIF FOFSHFUJD TFQBSBUJPO CFUXFFO UIF UBSHFU MPPQ DPO�
GPSNBUJPO BOE BMUFSOBUJWF DPOGPSNBUJPOT JT UZQJDBMMZ TNBMM BOE EPNJOBUFE CZ FOFS�
HFUJD DPOUSJCVUJPOT UIBU BSF OPUPSJPVTMZ EJċDVMU UP NPEFM BDDVSBUFMZ 	XBUFS IZESPHFO
CPOET BOE CBDLCPOF UPSTJPOT
� *OJUJBMMZ XF SFMJFE IFBWJMZ PO UIF FOFSHZ GVODUJPO PG
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3PTFUUB UP EFTJHO UIF TFRVFODF CVU UIJT SFTVMUFE JO BOUJCPEJFT XIJDI CBSFMZ FYQSFTTFE
	'JH� ô�ñ
� *NQMFNFOUJOH wFYQFSU SVMFTw XF XFSF BCMF UP JODSFBTF FYQSFTTJPO�MFWFM
TMJHIUMZ 	DZDMF ñ BOE ò
� /FYU XF JNQMFNFOUFE BO FWPMVUJPO�CBTFE CJBT PG UIF FO�
FSHFUJDT GPMMPXJOH UIF DPNNPO BTTVNQUJPO PG B #PMU[NBOO EJTUSJCVUFE SFMBUJPOTIJQ
CFUXFFO BNJOP BDJE GSFRVFODJFT JO BMJHONFOUT BOE UIFJS FĊFDU PO TUBCJMJUZ�� *O UIF
mOBM JUFSBUJPO CFUXFFO DPNQVUBUJPOBM EFTJHO BOE FYQFSJNFOUBM UFTUJOH XF JNQMFNFO�
UFE B OFX TFHNFOUBUJPO NFUIPE XIJDI JOTUFBE PG USFBUJOH FBDI MPPQ JOEJWJEVBMMZ
GPMMPXFE UIF OBUVSBM HFOF TFHNFOUBUJPO PG BOUJCPEJFT� ɨJT MBTU TUFQ JODSFBTFE UIF
FYQSFTTJPO�MFWFM 	B QSPYZ GPS QSPUFJO TUBCJMJUZ
 UP BOE JO TPNF DBTFT CFZPOE UIF MFWFM
PG BO BOUJCPEZ XIJDI IBE CFFO FWPMWFE JO WJUSP GPS IJHI�FYQSFTTJPO� ɨF BOUJCPEZ
EFTJHO QSPUPDPM JT EFTDSJCFE JO EFUBJM JO QBQFS 7**�

ɨF BOUJCPEJFT XFSF OPU POMZ EFTJHOFE UP CF TUBCMF 	IJHIMZ�FYQSFTTFE
 UIFZ XFSF
BMTP EFTJHOFE UP CJOE IVNBO JOTVMJO PS JO PUIFS DBTFT .ZDPCBDUFSJVN UVCFSDVMPTJT BDZM�
DBSSJFS QSPUFJO ñ� 0VU PG BQQSPYJNBUFMZ ðïï TDSFFOFE BOUJCPEJFT XF GPVOE ò CJOEJOH
NPMFDVMFT� *U XBT OPU QPTTJCMF UP PCUBJO DSZTUBM TUSVDUVSFT PG BOZ PG UIF CJOEJOH DPN�
QMFYFT TP JU JT VODMFBS XIFUIFS CJOEJOH XBT BDIJFWFE XJUI SFTQFDU UP UIF JOUFOEFE
QBSU PG UIF BOUJHFO� )PXFWFS VOCPVOE TUSVDUVSFT XFSF PCUBJOFE PG UIF UXP CJOE�
JOH BOUJCPEJFT PG UIF �th EFTJHO JUFSBUJPO BOE BMUIPVHI IJHIMZ BDDVSBUF EFTJHO XBT
BDIJFWFE UISPVHIPVU NPTU PG UIF QSPUFJO UIF GVODUJPOBM CJOEJOH MPPQT EFWJBUFE� ɨJT
XBT FTQFDJBMMZ USVF PG $%3 )ò GPS XIJDI TUSVDUVSF�TQFDJmD FWPMVUJPOBSZ JOGPSNBUJPO
JT TQBSTF BT JU EPFT OPU IBWF UIF UZQJDBM QBUUFSO PG DBOPOJDBM DPOGPSNBUJPOT XIJDI
UIF PUIFS $%3T QPTTFTT�

ɨFSF DBO CF NVMUJQMF SFBTPOT GPS UIF VOJOUFOEFE SFPSHBOJ[BUJPO� 'JSTU UIF QSP�
UPDPM EJE OPU TBNQMF UIF SJHJE�CPEZ PSJFOUBUJPO CFUXFFO UIF MJHIU BOE IFBWZ JNNVO�
PHMPCVMJO EPNBJO PG UIF BOUJCPEZ � BO JNQPSUBOU EFHSFF PG GSFFEPN XIJDI XF
MBUFS JNQMFNFOUFE JO QBQFS 7� 4FDPOE UIF VTF PG BO BOUJCPEZ TUSVDUVSF QSFEJDUJPO
BMHPSJUIN NJHIU IBWF SFWFBMFE UIBU DPOGPSNBUJPOBM SJHJEJUZ PG )ò XBT OPU QSPQFSMZ
FODPEFE� "T TVHHFTUFE CZ UIF mOEJOHT PG QBQFS 7 UIF TBNF TFRVFODF PG $%3 )ò
NJHIU BEPQU XJEFMZ EJĊFSFOU DPOGPSNBUJPOT EFQFOEJOH PO JUT TUSVDUVSBM FOWJSPONFOU�
ɨJSE QSPCMFNT XJUI UIF #PMU[NBOO BTTVNQUJPO 	TFF 1BQFS *
 VTFE UP EFSJWFE UIF
FWPMVUJPOBSZ FOFSHZ CJBT NJHIU IBWF NJTMFE UIF EFTJHO BMHPSJUIN� 'JOBMMZ UIF OFDFT�
TBSJMZ BQQSPYJNBUF OBUVSF PG UIF FOFSHZ GVODUJPO NJHIU IBWF SFTVMUFE JO NJTUBLFT�

�UIF SFTFBSDI JO QBQFS * SFMBUFE UP UIJT XBT QFSGPSNFE BGUFS QBQFS 7*
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Evolution
based

design bias

Evolution
based

segmentation
Basic

protocol
Sequence 

bias 1
Sequence 

bias 2

'JHVSF ���� *UFSBUJWF DZDMF PG BMHPSJUIN EFWFMPQNFOU BOE FYQFSJNFOUBM UFTUJOH� &YQSFTTJPO JT OPSNBMJ[FE SFMBUJWF UP BO
BOUJCPEZ FWPMWFE JO WJUSP GPS IJHI FYQSFTTJPO MFWFMT� 'JHVSF BEBQUFE GSPN <���>�

ô�ô�ò 1BQFS 7***

ǲF QSFTFOU BVUIPS�T DPOUSJCVUJPOT UP UIJT XPSL XBT NJOJNBM BOE POMZ BNPVOUFE UP HFO�
FSBUJOH BOE TFMFDUJOH TUSVDUVSFT XJUI UIF BMHPSJUIN EFWFMPQFE JO 1BQFS 7� ǲFSFGPSF UIF
mOEJOHT PG UIF QBQFS JT POMZ EJTDVTTFE JO SFMBUJPO UP QBQFS 7�

4USVDUVSBM NPEFMJOH PG LOPXO BOUJCPEJFT JT JNQPSUBOU BOE DBO QSPWJEF CJPDIFN�
JDBM JOTJHIU OFDFTTBSZ GPS GVSUIFS FOHJOFFSJOH� *O QBQFS 7** BO BOUJCPEZ UBSHFUJOH B
UVNPS�BTTPDJBUFE DBSCPIZESBUF BOUJHFO JT TUVEJFE� 0OF PG UIF TBMJFOU RVBMJUJFT PG UIF
"C1SFEJDU BMHPSJUIN PG QBQFS 7 JT UIF IJHI DIFNJDBM RVBMJUZ PG UIF SFTVMUJOH TUSVDUVSFT
XIJDI TIPVME NBLF UIFN QBSUJDVMBSMZ VTFGVM GPS NPMFDVMBS EZOBNJDT TJNVMBUJPOT� *O
QBQFS 7** BO "C1SFEJDU BOUJCPEZ NPEFM JT TVCKFDUFE UP B ôïï OT NPMFDVMBS EZOBNJDT
TJNVMBUJPO BOE UIF TUSVDUVSBM nVDUVBUJPO BSF GPVOE UP CF TJNJMBS UP UIBU PG BO BOUJ�
CPEZ DSZTUBM TUSVDUVSF� (JWFO UIBU POMZ B TJOHMF NPEFM XBT TJNVMBUFE UIJT POMZ TFSWFT
BT B MJNJUFE EFNPOTUSBUJPO PG UIF VUJMJUZ PG "C1SFEJDU�

ô�õ 1BQFS *9

ǲJT QBQFS DPODFSOT EBUB�ESJWFO NPEFMJOH PG B QSPUFJO TUSVDUVSF� *U JT VODPOOFDUFE GSPN
UIF FWPMVUJPOBSZ UIFNF NBOZ PG UIF PUIFS QBQFST IBWF GPMMPXFE��
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4PNF QSPUFJOT DPOUBJO SFHJPOT TP nFYJCMF BOE EJTPSEFSFE UIBU UIFSF JT OP SFBTPO�
BCMF IPQF UIBU UIFZ DPVME FWFS CF DIBSBDUFSJ[FE BT B TJOHMF DPOGPSNBUJPO PS GPS UIBU
TBLF DSZTUBMMJ[FE� $BMSFUJDVMJO JT POF TVDI QSPUFJO XIJDI JO BO PUIFSXJTF XFMM�TUSVDUVSF
DPSF IBT B MPOH QSPMJOF�SJDI SFHJPO 	1�EPNBJO
 BOE B $�UFSNJOBM 	$�EPNBJO
 UBJM
XIJDI CPUI BQQFBS MBSHFMZ EJTPSEFSFE BOE UPHFUIFS DPOTUJUVUF NPSF UIBO IBMG PG UIF
óïï SFTJEVFT MPOH QSPUFJO� $BMSFUJDVMJO JT DSVDJBM GPS DIBQFSPOJOH HMZDPQSPUFJOT BOE
NBJOUBJOJOH JOUSBDFMMVMBS $B�+ IPNFPTUBTJT� 8F TPVHIU UP VOEFSTUBOE IPX UIF DIBOHFT
JO DBMDJVN DPODFOUSBUJPO DPVME BĊFDU UIF BDDFTTJCJMJUZ PG UIF DBSCPIZESBUF�CJOEJOH SF�
HJPO PG DBMSFUJDVMJO 	UIF MFDUJO TJUF
�

5P HBJO JOGPSNBUJPO BCPVU UIF QPTJUJPO PG UIF 1 BOE UIF $ EPNBJO DIFNJDBM
DSPTT�MJOLJOH EBUB XBT HBUIFSFE� 4QFDJmDBMMZ B MZTJOF�SFBDUJWF DSPTT�MJOLFS XBT SBO�
EPNMZ SFBDUFE XJUI MZTJOF XIFSFBGUFS UIF QSPUFJO XBT EJHFTUFE XJUI QSPUFBTFT BOE
UIF SFTVMUJOH GSBHNFOUT BOBMZ[FE XJUI NBTT TQFDUSPNFUSZ� 'SBHNFOUT UIBU XFSF CPVOE
XJUI UIF DSPTT�MJOLFS SFWFBMFE MZTJOF TJUVBUFE BU NPTU ñð�ó ¯ BQBSU 	UIF MFOHUI PG UIF
DSPTT�MJOLFS BT XFMM BT UXP FYUFOEFE MZTJOFT
� "T TVDI DSPTT�MJOLT QSPWJEF RVJUF JO�
BDDVSBUF FTUJNBUFT PG DPOUBDU MFOHUIT� 6TJOH B TPGU�UISFTIPME DMBTTJmDBUJPO GPS XIFO
DSPTT�MJOLT XFSF CSPLFO XF HFOFSBUFE BOE BOBMZ[FE B TUSVDUVSBM FOTFNCMF PG DBMSF�
UJDVMJO XJUI 3PTFUUB�

8F GPVOE UIBU UIF SFTVMUJOH NPEFMT BQQFBSFE UP EFWJBUF EFQFOEJOH PO XIFUIFS
DSPTT�MJOLT XFSF DPMMFDUFE JO UIF QSFTFODF PS BCTFODF PG DBMDJVN� *O UIF QSFTFODF PG
DBMDJVN UIF SFTVMUJOH TUSVDUVSBM FOTFNCMF PG UIF 1�MPPQ UFOEFE UP DPWFS UIF MFDUJO�
CJOEJOH TJUF� ɨF mOEJOHT TVHHFTU UIBU UIF SPMF PG DBMDJVN CJOEJOH JO DBMSFUJDVMJO
JT OPU POMZ SFMBUFE UP DBMDJVN TUPSBHF CVU NJHIU BMTP CF JOWPMWFE JO SFHVMBUJOH UIF
DIBQFSPOJOH BDUJWJUZ�



3FGFSFODFT

<ð> %PC[IBOTLZ 5� /PUIJOH JO #JPMPHZ .BLFT TFOTF FYDFQU JO UIF -JHIU PG &WPMV�
UJPO� "N� #JPM� 5FBDI� ðøöò îð ðñôoðñø�

<ñ> %PEE .� 4�� 1BQJOFBV %�� (SFOOF 5�� 4MBDL +� '�� 3JUUOFS .�� 1JSBKOP '��
0�/FJM +�� -JUUMF $� 5� &WJEFODF GPS FBSMZ MJGF JO &BSUI�T PMEFTU IZESPUIFSNBM
WFOU QSFDJQJUBUFT� /BUVSF ñïðö ðïî õïoõó�

<ò> #PY (� 3PCVTUOFTT 4UBU�� "DBEFNJD 1SFTT *OD� ðøöø� QQ ñïðoñòõ�

<ó> #PY (� 4DJFODF BOE 4UBUJTUJDT� +� "N� 4UBU� "TTPD� ðøöõ òì öøðoöøø�

<ô> %BSXJO $� 0SJH� 4QFDJFT CZ .FBOT /BU� 4FM� PS 1SFTFSW� 'BWPVSFE 3BDFT 4USVHHM�
-JGF�� +PIO .VSSBZ ð÷ôø� Q ò÷õ�

<õ> %BSXJO $�� 8BMMBDF "� 0O UIF 5FOEFODZ PG 4QFDJFT UP GPSN 7BSJFUJFT� BOE PO
UIF 1FSQFUVBUJPO PG 7BSJFUJFT BOE 4QFDJFT CZ /BUVSBM .FBOT PG 4FMFDUJPO� +� 1SPD�
-JOO� 4PD� -POEPO ð÷ô÷ î óôoõñ�

<ö> ,JNVSB .� 4PNF 1SPCMFNT PG 4UPDIBTUJD 1SPDFTTFT JO (FOFUJDT� "OO� .BUI�
4UBU� ðøôö íó ÷÷ñoøïð�

<÷> ,JNVSB .� &WPMVUJPOBSZ 3BUF BU UIF .PMFDVMBS -FWFM� /BUVSF ðøõ÷ íìò õñóo
õñõ�

<ø> 8BUTPO +�� $SJDL '� .PFMDVMBS TUSVDUVSF PG OVDMFJD BDJET� /BUVSF ðøôò ìòì ñôõo
ñôö�

<ðï> )BSEZ (� .FOEFMJBO QSPQPSUJPOT JO B NJYFE QPQVMBUJPO� 4DJFODF ðøï÷ 997***
óøoôï�

<ðð> .BZ 3� 6TFT BOE "CVTFT PG .BUIFNBUJDT JO #JPMPHZ� 4DJFODF ñïïó îëî öøïo
öøò�

<ðñ> -FF )�� 1PQPEJ &�� 5BOH )�� 'PTUFS 1� -� 3BUF BOE NPMFDVMBS TQFDUSVN
PG TQPOUBOFPVT NVUBUJPOT JO UIF CBDUFSJVN &TDIFSJDIJB DPMJ BT EFUFSNJOFE CZ
XIPMF�HFOPNF TFRVFODJOH� 1/"4 ñïðñ ìëô ñööóoñö÷ò�

òø
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<ðò> 3FJE 5� .�� -PFCU -� "�� (PUUTUFJO +� 5BOEFN EPVCMF $$�� 55 NVUBUJPOT
BSF QSPEVDFE CZ SFBDUJWF PYZHFO TQFDJFT� 1SPD� /BUM� "DBE� 4DJ� 64" ðøøò ôë
òøïóoòøïö�

<ðó> )BSSJT ,�� /JFMTFO 3� &SSPS�QSPOF QPMZNFSBTF BDUJWJUZ DBVTFT NVMUJOVDMFPUJEF
NVUBUJPOT JO IVNBOT� (FOPNF 3FT� ñïðó íï ðóóôoðóôó�

<ðô> 0SS )� "� 'JUOFTT BOE JUT SPMF JO FWPMVUJPOBSZ HFOFUJDT� /BU� 3FW� (FOFU� ñïïø
ìë ôòðoôòø�

<ðõ> /PXBL .�� 5BSOJUB $�� 8JMTPO &� ɨF FWPMVUJPO PG FVTPDJBMJUZ� /BUVSF ñïðï
ïïñ ðïôöoðïõñ�

<ðö> /PXBL .� #FMLO� 1SFTT )BSWBSE 6OJW� 1SFTT� ñïïõ� 7PM� ð�

<ð÷> ,JNVSB .� 0O UIF QSPCBCJMJUZ PG mYBUJPO PG NVUBOU HFOOFT JO B QPQVMBUJPO�
(FOFUJDT ðøõñ ïò öðòoöðø�

<ðø> 4FMMB (�� )JSTI "� ɨF BQQMJDBUJPO PG TUBUJTUJDBM QIZTJDT UP FWPMVUJPOBSZ CJPMPHZ�
1/"4 ñïïô ìëí ðñõøïoðñõøò�

<ñï> $WJKPWJƥ *�� (PPE #� )�� +FSJTPO &� 3�� %FTBJ .� .� 'BUF PG B NVUBUJPO JO B
nVDUVBUJOH FOWJSPONFOU� 1SPD� /BUM� "DBE� 4DJ� ñïðô ììí &ôïñðo&ôïñ÷�

<ñð> )BVTFS 0� 1�� 5SBVMTFO "�� /PXBL .� "� )FUFSPHFOFJUZ JO CBDLHSPVOE mUOFTT
BDUT BT B TVQQSFTTPS PG TFMFDUJPO� +� ǲFPS� #JPM� ñïðó îïî ðö÷oð÷ô�

<ññ> 8IJUMPDL .� $�� (PNVMLJFXJD[ 3� 1SPCBCJMJUZ PG mYBUJPO JO B IFUFSPHFOFPVT
FOWJSPONFOU� (FOFUJDT ñïïô ìòì ðóïöoðóðö�

<ñò> 8IJUMPDL .� $� 'JYBUJPO QSPCBCJMJUZ BOE UJNF JO TVCEJWJEFE QPQVMBUJPOT� (F�
OFUJDT ñïïò ìñï öõöoööø�

<ñó> 4NJUI +� /BUVSBM 4FMFDUJPO BOE UIF $PODFQU PG B 1SPUFJO 4QBDF� /BUVSF ðøöï
ííð ôõòoôõó�

<ñô> 5BZMPS $�� *XBTB :�� /PXBL .� "� " TZNNFUSZ PG mYBUJPO UJNFT JO FWPVMUJPO�
BSZ EZOBNJDT� +� ǲFPS� #JPM� ñïïõ íïî ñóôoñôð�

<ñõ> *XBTB :� 'SFF 'JUOFTT UIBU "MXBZT *ODSFBTFT JO &WPMVUJPO� + ǲFPS #JPM ðø÷÷ ìîð
ñõôoñ÷ð�

<ñö> 'FMTFOTUFJO +� *OGFSSJOH 1IZMPHFOJFT� 0YGPSE 6OJWFSTJUZ 1SFTT ñïïò� Q ô÷ï�

<ñ÷> .BZSPTF *�� (SBVS %�� #FO�5BM /�� 1VQLP 5� $PNQBSJTPO PG TJUF�TQFDJmD
SBUF�JOGFSFODF NFUIPET GPS QSPUFJO TFRVFODFT� &NQJSJDBM #BZFTJBO NFUIPET BSF
TVQFSJPS� .PM� #JPM� &WPM� ñïïó íì ðö÷ðoðöøð�
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<ñø> -VOUFS (�� .JLMØT *�� %SVNNPOE "�� +FOTFO +� -�� )FJO +� #BZFTJBO DPFT�
UJNBUJPO PG QIZMPHFOZ BOE TFRVFODF BMJHONFOU� #.$ #JPJOGPSNBUJDT ñïïô ñ
ðoðï�

<òï> ,BUPI ,�� .JTBXB ,�� ,VNB ,��J�� .JZBUB 5� ."''5� B OPWFM NFUIPE GPS
SBQJE NVMUJQMF TFRVFODF BMJHONFOU CBTFE PO GBTU 'PVSJFS USBOTGPSN� /VDMFJD
"DJET 3FT� ñïïñ îë òïôøoòïõõ�

<òð> #SPXO "� +�%� #FSOBM� ǲF 4BHF PG 4DJFODF� 0YGPSE 6OJWFSTJUZ 1SFTT ñïïô� Q
òóò�

<òñ> )FSTICFSH 3�� 1FUSPW %� "� 4FMFDUJPO PO $PEPO #JBT� "OOV� 3FW� (FOFU� ñïï÷
ïí ñ÷öoñøø�

<òò> 1MPULJO +� #�� ,VEMB (� 4ZOPOZNPVT CVU OPU UIF TBNF� ɨF DBVTFT BOE DPO�
TFRVFODFT PG DPEPO CJBT� /BU� 3FW� (FOFU� ñïðð ìí òñoóñ�

<òó> "MMBO %SVNNPOE %�� 8JMLF $� 0� ɨF FWPMVUJPOBSZ DPOTFRVFODFT PG FSSP�
OFPVT QSPUFJO TZOUIFTJT� /BU� 3FW� (FOFU� ñïïø ìë öðôoöñó�

<òô> &DIBWF +�� 8JMLF $� 0� #JPQIZTJDBM .PEFMT PG 1SPUFJO &WPMVUJPO� 6OEFS�
TUBOEJOH UIF 1BUUFSOT PG &WPMVUJPOBSZ 4FRVFODF %JWFSHFODF� "OOV� 3FW� #JPQIZT�
ñïðö ïñ ÷ôoðïò�

<òõ> 'MFJTINBO 4� +�� ,IBSF 4� %�� ,PHB /�� #BLFS %� 3FTUSJDUFE TJEFDIBJO QMBT�
UJDJUZ JO UIF TUSVDUVSFT PG OBUJWF QSPUFJOT BOE DPNQMFYFT� 1SPUFJO 4DJ� ñïðð íë
öôòoöôö�

<òö> ,BSBOJDPMBT +�� $PSO +� &�� $IFO *�� +PBDIJNJBL -� B�� %ZN 0�� 1FDL 4� )��
"MCFDL 4�� 6OHFS 5�� )V 8�� -JV (�� %FMCFDR 4�� .POUFMJPOF (� 5��
4QJFHFM $� 1�� -JV %� 3�� #BLFS %� " EF OPWP QSPUFJO CJOEJOH QBJS CZ DPN�
QVUBUJPOBM EFTJHO BOE EJSFDUFE FWPMVUJPO� .PM� $FMM ñïðð ïí ñôïoõï�

<ò÷> )V 9�� 8BOH )�� ,F )�� ,VIMNBO #� )JHI�SFTPMVUJPO EFTJHO PG B QSPUFJO
MPPQ� 1SPD� /BUM� "DBE� 4DJ� 6� 4� "� ñïïö ìëï ðöõõ÷oöò�

<òø> 'MFJTINBO 4� +�� #BLFS %� 3PMF PG UIF #JPNPMFDVMBS &OFSHZ (BQ JO 1SPUFJO
%FTJHO 4USVDUVSF BOE &WPMVUJPO� $FMM ñïðñ ìïô ñõñoñöò�

<óï> %SVNNPOE %� "�� #MPPN +� %�� "EBNJ $�� 8JMLF $� 0�� "SOPME '� )�
8IZ IJHIMZ FYQSFTTFE QSPUFJOT FWPMWF TMPXMZ� 1SPD� /BUM� "DBE� 4DJ� ñïïô ìëí
ðóòò÷oðóòóò�

<óð> 8ZMJF $� 4�� 4IBLIOPWJDI &� *� " CJPQIZTJDBM QSPUFJO GPMEJOH NPEFM BDDPVOUT
GPS NPTU NVUBUJPOBM mUOFTT JO WJSVTFT� 1SPD� /BUM� "DBE� 4DJ� ñïðð ìëó øøðõoøøñð�
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<óñ> 4FSPIJKPT "� 8� 3�� 3JNBT ;�� 4IBLIOPWJDI &� *� 1SPUFJO #JPQIZTJDT &YQMBJOT
8IZ )JHIMZ "CVOEBOU 1SPUFJOT &WPMWF 4MPXMZ� $FMM 3FQ� ñïðñ í ñóøoñôõ�

<óò> ,VNBS .� %� 4� 1SPɨFSN BOE 1SP/*5� UIFSNPEZOBNJD EBUBCBTFT GPS QSPUFJOT
BOE QSPUFJO�OVDMFJD BDJE JOUFSBDUJPOT� /VDMFJD "DJET 3FT� ñïïõ îï %ñïóo%ñïõ�

<óó> 5JBO 1�� #FTU 3� #� )PX .BOZ 1SPUFJO 4FRVFODFT 'PME UP B (JWFO 4USVDUVSF 
" $PFWPMVUJPOBSZ "OBMZTJT� #JPQIZT� +� ñïðö ììî ðöðøoðöòï�

<óô> :BOH +��3�� -JBP #��:�� ;IVBOH 4��.�� ;IBOH +� 1SPUFJO NJTJOUFSBDUJPO BWPJE�
BODF DBVTFT IJHIMZ FYQSFTTFE QSPUFJOT UP FWPMWF TMPXMZ� 1SPD� /BUM� "DBE� 4DJ�
ñïðñ ìëô &÷òðo&÷óï�

<óõ> -FWZ &� %�� %F 4�� 5FJDINBOO 4� "� $FMMVMBS DSPXEJOH JNQPTFT HMPCBM DPO�
TUSBJOUT PO UIF DIFNJTUSZ BOE FWPMVUJPO PG QSPUFPNFT� 1SPD� /BUM� "DBE� 4DJ�
ñïðñ ìëô ñïóõðoñïóõõ�

<óö> 3JDIBSETPO +� 4�� 3JDIBSETPO %� $�� 5XFFEZ /� #�� (FSOFSU ,� .��
2VJOO 5� 1�� )FDIU .� )�� &SJDLTPO #� 8�� :BO :�� .DDMBJO 3� %�� %PO�
MBO .� &�� 4VSMFT .� $� -PPLJOH BU QSPUFJOT� SFQSFTFOUBUJPOT GPMEJOH QBDLJOH
BOE EFTJHO� #JPQIZT� + ðøøñ ñî ðð÷õoðñïø�

<ó÷> 3JDIBSETPO +� 4�� 3JDIBSETPO %� $� /BUVSBM CFUB�TIFFU QSPUFJOT VTF OFHBUJWF
EFTJHO UP BWPJE FEHF�UP�FEHF BHHSFHBUJPO� 1SPD� /BUM� "DBE� 4DJ� 6� 4� "� ñïïñ
ôô ñöôóoø�

<óø> %FLFM &�� "MPO 6� 0QUJNBMJUZ BOE FWPMVUJPOBSZ UVOJOH PG UIF FYQSFTTJPO MFWFM
PG B QSPUFJO� /BUVSF ñïïô ïîñ ô÷÷oôøñ�

<ôï> "LBTIJ )�� (PKPCPSJ 5� .FUBCPMJD FċDJFODZ BOE BNJOP BDJE DPNQPTJUJPO JO
UIF QSPUFPNFT PG &TDIFSJDIJB DPMJ BOE #BDJMMVT TVCUJMJT� 1SPD� /BUM� "DBE� 4DJ� 6�
4� "� ñïïñ ôô òõøôoòöïï�

<ôð> 4IPJDIFU #� ,�� #BBTF 8� "�� ,VSPLJ 3�� .BUUIFXT #� 8� " SFMBUJPOTIJQ
CFUXFFO QSPUFJO TUBCJMJUZ BOE QSPUFJO GVODUJPO� 1SPD� /BUM� "DBE� 4DJ� ðøøô ôí
óôñoóôõ�

<ôñ> #FBEMF #� .�� 4IPJDIFU #� ,� 4USVDUVSBM CBTFT PG TUBCJMJUZ�GVODUJPO USBEFPĊT JO
FO[ZNFT� +� .PM� #JPM� ñïïñ îíì ñ÷ôoñøõ�

<ôò> &MDPDL "� )� 1SFEJDUJPO PG GVODUJPOBMMZ JNQPSUBOU SFTJEVFT CBTFE TPMFMZ PO UIF
DPNQVUFE FOFSHFUJDT PG QSPUFJO TUSVDUVSF� +� .PM� #JPM� ñïïð îìí ÷÷ôo÷øõ�

<ôó> 1FJ +�� %PLIPMZBO /� 7�� 4IBLIOPWJDI &� *�� (SJTIJO /� 7� 6TJOH QSPUFJO
EFTJHO GPS IPNPMPHZ EFUFDUJPO BOE BDUJWF TJUF TFBSDIFT� 1SPD� /BUM� "DBE� 4DJ�
ñïïò ìëë ððòõðoððòõõ�



ð�ñ 1BQFS *9 óò

<ôô> $IFMMJBI 7�� $IFO -�� #MVOEFMM 5� -�� -PWFMM 4� $� %JTUJOHVJTIJOH TUSVDUVSBM
BOE GVODUJPOBM SFTUSBJOUT JO FWPMVUJPO JO PSEFS UP JEFOUJGZ JOUFSBDUJPO TJUFT� +�
.PM� #JPM� ñïïó îïí ðó÷öoðôïó�

<ôõ> $IFOH (�� 2JBO #�� 4BNVESBMB 3�� #BLFS %� *NQSPWFNFOU JO QSPUFJO GVOD�
UJPOBM TJUF QSFEJDUJPO CZ EJTUJOHVJTIJOH TUSVDUVSBM BOE GVODUJPOBM DPOTUSBJOUT PO
QSPUFJO GBNJMZ FWPMVUJPO VTJOH DPNQVUBUJPOBM EFTJHO� /VDMFJD "DJET 3FT� ñïïô
îî ô÷õðoô÷õö�

<ôö> (IPTI ,�� %JMM ,� $FMMVMBS QSPUFPNFT IBWF CSPBE EJTUSJCVUJPOT PG QSPUFJO TUB�
CJMJUZ� #JPQIZT� +� ñïðï ôô òøøõoóïïñ�

<ô÷> %F1SJTUP .� B�� 8FJOSFJDI %� .�� )BSUM %� -� .JTTFOTF NFBOEFSJOHT JO TF�
RVFODF TQBDF� B CJPQIZTJDBM WJFX PG QSPUFJO FWPMVUJPO� /BU� 3FW� (FOFU� ñïïô
ñ õö÷o÷ö�

<ôø> 5BWFSOB %� .�� (PMETUFJO 3� "� 8IZ BSF QSPUFJOT NBSHJOBMMZ TUBCMF 1SPUFJOT
4USVDU� 'VODU� (FOFU� ñïïñ ïñ ðïôoðïø�

<õï> 8JMMJBNT 1� %�� 1PMMPDL %� %�� (PMETUFJO 3� B� 'VODUJPOBMJUZ BOE UIF FWPMV�
UJPO PG NBSHJOBM TUBCJMJUZ JO QSPUFJOT� JOGFSFODFT GSPN MBUUJDF TJNVMBUJPOT� &WPM�
#JPJOGPSN� 0OMJOF ñïïõ í øðoðïð�

<õð> (PMETUFJO 3� "� ɨF FWPMVUJPO BOE FWPMVUJPOBSZ DPOTFRVFODFT PG NBSHJOBM UIFS�
NPTUBCJMJUZ JO QSPUFJOT� 1SPUFJOT 4USVDU� 'VODU� #JPJOGPSNB� ñïðð òô ðòøõoðóïö�

<õñ> )JFUQBT 3� 5�� +FOTFO +� %�� #PMPO %� /� "� &YQFSJNFOUBM JMMVNJOBUJPO PG B
mUOFTT MBOETDBQF� 1SPD� /BUM� "DBE� 4DJ� ñïðð ìëó ö÷øõoöøïð�

<õò> 4BOKVBO 3�� .PZB "�� &MFOB 4� ɨF EJTUSJCVUJPO PG mUOFTT FĊFDUT DBVTFE CZ
TJOHMF�OVDMFPUJEF TVCTUJUVUJPOT JO BO 3/" WJSVT� ñïïó

<õó> 'JSOCFSH &�� -BCPOUF +� 8�� (SBZ +� +�� 0TUFSNFJFS .� " DPNQSFIFOTJWF IJHI�
SFTPMVUJPO NBQ PG B (FOF�T mUOFTT MBOETDBQF� .PM� #JPM� &WPM� ñïðó îì ðô÷ðoðôøñ�

<õô> 5PLVSJLJ /�� 4USJDIFS '�� 4DIZNLPXJU[ +�� 4FSSBOP -�� 5BXmL %� 4� ɨF 4UB�
CJMJUZ &ĊFDUT PG 1SPUFJO .VUBUJPOT "QQFBS UP CF 6OJWFSTBMMZ %JTUSJCVUFE� +� .PM�
#JPM� ñïïö îñô ðòð÷oðòòñ�

<õõ> #BMBLSJTIOBO 4�� ,BNJTFUUZ )�� $BSCPOFMM +� (�� -FF 4� *�� -BOHNFBE $� +�
-FBSOJOH HFOFSBUJWF NPEFMT GPS QSPUFJO GPME GBNJMJFT� 1SPUFJOT 4USVDU� 'VODU�
#JPJOGPSNB� ñïðð òô ðïõðoðïö÷�

<õö> 0WDIJOOJLPW 4�� ,BNJTFUUZ )�� #BLFS %� 3PCVTU BOE BDDVSBUF QSFEJDUJPO PG
SFTJEVF�SFTJEVF JOUFSBDUJPOT BDSPTT QSPUFJO JOUFSGBDFT VTJOH FWPMVUJPOBSZ JOGPSN�
BUJPO� &MJGF ñïðó íëìï ðoñð�



óó ð 4VNNBSZ PG UIFTJT XPSL

<õ÷> 5BMBWFSB %�� -PWFMM 4� $�� 8IFMBO 4� $PWBSJBUJPO JT B QPPS NFBTVSF PG NP�
MFDVMBS DPFWPMVUJPO� .PM� #JPM� &WPM� ñïðô îí ñóôõoñóõ÷�

<õø> 1PFMXJKL '� +�� 5�OBTF�/JDPMB 4�� ,JWJFU %� +�� 5BOT 4� +� 3FDJQSPDBM TJHO FQJ�
TUBTJT JT B OFDFTTBSZ DPOEJUJPO GPS NVMUJ�QFBLFE mUOFTT MBOETDBQFT� +� ǲFPS� #JPM�
ñïðð íòí ðóðoðóó�

<öï> 1PMMPDL %� %�� ɨJMUHFO (�� (PMETUFJO 3� B� "NJOP BDJE DPFWPMVUJPO JOEVDFT
BO FWPMVUJPOBSZ 4UPLFT TIJGU� 1SPD� /BUM� "DBE� 4DJ� ñïðñ ìëô &ðòôño&ðòôø�

<öð> 4IBI 1�� .D$BOEMJTI %� .�� 1MPULJO +� #� $POUJOHFODZ BOE FOUSFODINFOU
JO QSPUFJO FWPMVUJPO VOEFS QVSJGZJOH TFMFDUJPO� 1SPD� /BUM� "DBE� 4DJ� ñïðô ììí
&òññõo&òñòô�

<öñ> /BVNFOLP 4� "�� ,POESBTIPW "� 4�� #B[ZLJO (� "� 'JUOFTT DPOGFSSFE CZ SF�
QMBDFE BNJOP BDJET EFDMJOFT XJUI UJNF� #JPM� -FUU� ñïðñ ó ÷ñôo÷ñ÷�

<öò> (PMETUFJO 3� "�� 1PMMBSE 4� 5�� 4IBI 4� %�� 1PMMPDL %� %� /POBEBQUJWF BNJOP
BDJE DPOWFSHFODF SBUFT EFDSFBTF PWFS UJNF� .PM� #JPM� &WPM� ñïðô îí ðòöòoðò÷ð�

<öó> 1FSVU[ .� '�� ,FOESFX +� $�� 8BUTPO )� $� 4USVDUVSF BOE GVODUJPO PG IBFNP�
HMPCJO� **� 4PNF SFMBUJPOT CFUXFFO QPMZQFQUJEF DIBJO DPOmHVSBUJPO BOE BNJOP
BDJE TFRVFODF� +� .PM� #JPM� ðøõô ìî õõøoõö÷�

<öô> (PMENBO /�� ɨPSOF +� -�� +POFT %� 5� "TTFTTJOH UIF JNQBDU PG TFDPOEBSZ
TUSVDUVSF BOE TPMWFOU BDDFTTJCJMJUZ PO QSPUFJO FWPMVUJPO� (FOFUJDT ðøø÷ ìïô óóôo
óô÷�

<öõ> 8PSUI $� -�� (POH 4�� #MVOEFMM 5� -� 4USVDUVSBM BOE GVODUJPOBM DPOTUSBJOUT JO
UIF FWPMVUJPO PG QSPUFJO GBNJMJFT� /BU� 3FW� .PM� $FMM #JPM� ñïïø ìë öïøoöñï�

<öö> 'SBO[PTB &� "�� 9JB :� 4USVDUVSBM EFUFSNJOBOUT PG QSPUFJO FWPMVUJPO BSF DPOUFYU�
TFOTJUJWF BU UIF SFTJEVF MFWFM� .PM� #JPM� &WPM� ñïïø íñ ñò÷öoñòøô�

<ö÷> &DIBWF +�� 4QJFMNBO 4� +�� 8JMLF $� 0� $BVTFT PG FWPMVUJPOBSZ SBUF WBSJBUJPO
BNPOH QSPUFJO TJUFT� /BU� 3FW� (FOFU� ñïðõ ìò ðïøoðñð�

<öø> +JBOH 2�� 5FVGFM "�� +BDLTPO &�� 8JMLF $� #FZPOE ɨFSNPEZOBNJD $PO�
TUSBJOUT� &WPMVUJPOBSZ 4BNQMJOH (FOFSBUFT 3FBMJTUJD 1SPUFJO 4FRVFODF 7BSJ�
BUJPO� (FOFUJDT ñïð÷ íëó ðò÷öoðòøô�

<÷ï> &DIBWF +�� +BDLTPO &� -�� 8JMLF $� 0� 3FMBUJPOTIJQ CFUXFFO QSPUFJO UIFSNP�
EZOBNJD DPOTUSBJOUT BOE WBSJBUJPO PG FWPMVUJPOBSZ SBUFT BNPOH TJUFT� 1IZT� #JPM�
ñïðô ìí�



ð�ñ 1BQFS *9 óô

<÷ð> #MPPN +� %�� (MBTTNBO .� +� *OGFSSJOH 4UBCJMJ[JOH .VUBUJPOT GSPN 1SPUFJO
1IZMPHFOJFT� "QQMJDBUJPO UP *OnVFO[B )FNBHHMVUJOJO� 1-P4 $PNQVU� #JPM�
ñïïø ð Fðïïïòóø�

<÷ñ> %FTTBJMMZ #� )�� -FOTJOL .� '�� 8PEBL 4� +� 3FMBUJOH EFTUBCJMJ[JOH SFHJPOT UP
LOPXO GVODUJPOBM TJUFT JO QSPUFJOT� #.$ #JPJOGPSNBUJDT ñïïö ó ðoññ�

<÷ò> #BSUMFUU (� +�� 1PSUFS $� 5�� #PSLBLPUJ /�� ɨPSOUPO +� .� "OBMZTJT PG $BUB�
MZUJD 3FTJEVFT JO &O[ZNF "DUJWF 4JUFT� +� .PM� #JPM� ñïïñ îíï ðïôoðñð�

<÷ó> 1VQLP 5�� #FMM 3� &�� .BZSPTF *�� (MBTFS '�� #FO�5BM /� 3BUFó4JUF� "O BM�
HPSJUINJD UPPM GPS UIF JEFOUJmDBUJPO PG GVODUJPOBM SFHJPOT JO QSPUFJOT CZ TVSGBDF
NBQQJOH PG FWPMVUJPOBSZ EFUFSNJOBOUT XJUIJO UIFJS IPNPMPHVFT� #JPJOGPSNBUJDT
ñïïñ ìó öðoöö�

<÷ô> $FMOJLFS (�� /JNSPE (�� "TILFOB[Z )�� (MBTFS '�� .BSU[ &�� .BZSPTF *��
1VQLP 5�� #FO�5BM /� $PO4VSG� 6TJOH FWPMVUJPOBSZ EBUB UP SBJTF UFTUBCMF IZ�
QPUIFTFT BCPVU QSPUFJO GVODUJPO� *TS� +� $IFN� ñïðò ðî ðøøoñïõ�

<÷õ> )FOJLPĊ 4�� )FOJLPĊ +� (� "NJOP BDJE TVCTUJUVUJPO NBUSJDFT GSPN QSPUFJO
CMPDLT� 1SPD� /BUM� "DBE� 4DJ� ðøøñ óô ðïøðôoðïøðø�

<÷ö> ,PTJPM $�� )PMNFT *�� (PMENBO /� "O FNQJSJDBM DPEPO NPEFM GPS QSPUFJO
TFRVFODF FWPMVUJPO� .PM� #JPM� &WPM� ñïïö íï ðóõóoðóöø�

<÷÷> 8IFMBO 4�� (PMENBO /� " HFOFSBM FNQJSJDBM NPEFM PG QSPUFJO FWPMVUJPO EF�
SJWFE GSPN NVMUJQMF QSPUFJO GBNJMJFT VTJOH B NBYJNVN�MJLFMJIPPE BQQSPBDI�
.PM� #JPM� &WPM� ñïïð ìó õøðoõøø�

<÷ø> -F 4� 2�� (BTDVFM 0� "O JNQSPWFE HFOFSBM BNJOP BDJE SFQMBDFNFOU NBUSJY�
.PM� #JPM� &WPM� ñïï÷ íð ðòïöoðòñï�

<øï> "UDIMFZ 8� 3�� ;IBP +�� 'FSOBOEFT "� %�� %SVLF 5� 4PMWJOH UIF QSPUFJO TF�
RVFODF NFUSJD QSPCMFN� 1SPD� /BUM� "DBE� 4DJ� ñïïô ìëí õòøôoõóïï�

<øð> 5PNJJ ,�� ,BOFIJTB .� "OBMZTJT PG BNJOP BDJE JOEJDFT BOE NVUBUJPO NBUSJDFT
GPS TFRVFODF DPNQBSJTPO BOE TUSVDUVSF QSFEJDUJPO PG QSPUFJOT� 1SPUFJO &OH� ðøøõ
ô ñöoòõ�

<øñ> 7FOLBUBSBKBO .�� #SBVO 8� /FX RVBOUJUBUJWF EFTDSJQUPST PG BNJOP BDJET CBTFE
PO NVMUJEJNFOTJPOBM TDBMJOH PG B MBSHF OVNCFS PG QIZTJDBM�DIFNJDBM QSPQFSUJFT�
+� .PM� .PEFM� ñïïð ò óóôoóôò�

<øò> 0WFSJOHUPO +�� %POOFMMZ %�� +PIOTPO .�� 4BMJ "�� #MVOEFMM 5� &OWJSPONFOU�
TQFDJmD BNJOP BDJE TVCTUJUVUJPO UBCMFT� 5FSUJBSZ UFNQMBUFT BOE QSFEJDUJPO PG
QSPUFJO GPMET� 1SPUFJO 4DJ� ðøøñ ì ñðõoññõ�



óõ ð 4VNNBSZ PG UIFTJT XPSL

<øó> -F 4� 2�� %BOH $� $�� (BTDVFM 0� .PEFMJOH QSPUFJO FWPMVUJPO XJUI TFWFSBM
BNJOP BDJE SFQMBDFNFOU NBUSJDFT EFQFOEJOH PO TJUF SBUFT� .PM� #JPM� &WPM� ñïðñ
íô ñøñðoñøòõ�

<øô> %FMMVT�(VS &�� 5PUI�1FUSPD[Z "�� &MJBT .�� 5BXmL %� 4� 8IBU NBLFT B QSP�
UFJO GPME BNFOBCMF UP GVODUJPOBM JOOPWBUJPO GPME QPMBSJUZ BOE TUBCJMJUZ USBEF�
PĊT� +� .PM� #JPM� ñïðò ïíð ñõïøoñõñð�

<øõ> )JSBOP .�� %BT 4�� (VP 1�� $PPQFS .� %� "EW� *NNVOPM� ðTU FE�� &MTFWJFS
JOD� ñïðð� 7PM� ðïø� QQ ðñôoðôö�

<øö> (MBOWJMMF +�� ;IBJ 8�� #FSLB +�� 5FMNBO %�� )VFSUB (�� .FIUB (� 3�� /J *��
.FJ -�� 4VOEBS 1� %�� %BZ (� .� 3�� $PY %�� 3BKQBM "�� 1POT +� 1SFDJTF
EFUFSNJOBUJPO PG UIF EJWFSTJUZ PG B DPNCJOBUPSJBM BOUJCPEZ MJCSBSZ HJWFT JOTJHIU
JOUP UIF IVNBO JNNVOPHMPCVMJO SFQFSUPJSF� 1SPD� /BUM� "DBE� 4DJ� ñïïø ìëñ
ñïñðõoñïññð�

<ø÷> "M�-B[JLBOJ #�� -FTL "�� $IPUIJB $� 4UBOEBSE DPOGPSNBUJPOT GPS UIF DBOPOJDBM
TUSVDUVSFT PG JNNVOPHMPCVMJOT� +� .PM� #JPM� ðøøö íòî øñöoó÷�

<øø> 0XFO +�� 1VOU +�� 4USBOEGPSE 4� *NNVOPMPHZ� 8� )�� 'SFFNBO ñïðò� Q ôöó�

<ðïï> +BNFT -� $�� 3PWFSTJ 1�� 5BXmL %� 4� "OUJCPEZ NVMUJTQFDJmDJUZ NFEJBUFE CZ
DPOGPSNBUJPOBM EJWFSTJUZ� 4DJFODF ñïïò íôô ðòõñoö�

<ðïð> 5PLVSJLJ /�� 5BXmL %� 4� 4UBCJMJUZ FĊFDUT PG NVUBUJPOT BOE QSPUFJO FWPMWBC�
JMJUZ� $VSS� 0QJO� 4USVDU� #JPM� ñïïø ìô ôøõoõïó�

<ðïñ> -BQJEPUI (� $PNQVUBUJPOBM %FTJHO PG 1SPUFJO 'VODUJPO 6T�
JOH .PEVMBS #BDLCPOF "TTFNCMZ IUUQ���EPDT�XJYTUBUJD�DPN�VHE�
ððDïðñ@F÷òCGBĊCFðóóCðø÷øDøCðñïDïððöDGö�QEG� ñïð÷�

<ðïò> "MGPSE 3� '� FU BM� ɨF 3PTFUUB "MM�"UPN &OFSHZ 'VODUJPO GPS .BDSPNPMFDVMBS
.PEFMJOH BOE %FTJHO� +� $IFN� ǲFPSZ $PNQVU� ñïðö ìî òïòðoòïó÷�

<ðïó> "OmOTFO $� #� 1SJODJQMFT UIBU (PWFSO UIF 'PMEJOH PG 1SPUFJO $IBJOT� 4DJFODF
ðøöò ìóì ññòoñòï�

<ðïô> (PWJOEBSBKBO 4�� (PMETUFJO 3� "� 0O UIF UIFSNPEZOBNJD IZQPUIFTJT PG QSP�
UFJO GPMEJOH� 1SPD� /BUM� "DBE� 4DJ� ðøø÷ ôð ôôóôoôôóø�

<ðïõ> 1BSL )�� #SBEMFZ 1�� (SFJTFO 1�� -JV :�� .VMMJHBO 7� ,�� ,JN %� &��
#BLFS %�� %JNBJP '� 4JNVMUBOFPVT 0QUJNJ[BUJPO PG #JPNPMFDVMBS &OFSHZ
'VODUJPOT PO 'FBUVSFT GSPN 4NBMM .PMFDVMFT BOE .BDSPNPMFDVMFT� +� $IFN�
ǲFPSZ $PNQVU� ñïðõ ìí õñïðoõñðñ�



ð�ñ 1BQFS *9 óö

<ðïö> 4JQQM .� +� $BMDVMBUJPO PG DPOGPSNBUJPOBM FOTFNCMFT GSPN QPUFOUJBMT PG NFOB
GPSDF� "O BQQSPBDI UP UIF LOPXMFEHF�CBTFE QSFEJDUJPO PG MPDBM TUSVDUVSFT JO
HMPCVMBS QSPUFJOT� +� .PM� #JPM� ðøøï íìî ÷ôøo÷÷ò�

<ðï÷> 4JNPOT ,� 5�� ,PPQFSCFSH $�� )VBOH &�� #BLFS %� "TTFNCMZ PG QSPUFJO
UFSUJBSZ TUSVDUVSFT GSPN GSBHNFOUT XJUI TJNJMBS MPDBM TFRVFODFT VTJOH TJNVMBUFE
BOOFBMJOH BOE #BZFTJBO TDPSJOH GVODUJPOT� +� .PM� #JPM� ðøøö íñó ñïøoñô�

<ðïø> )BNFMSZDL 5�� #PSH .�� 1BMVT[FXTLJ .�� 1BVMTFO +�� 'SFMMTFO +�� "O�
ESFFUUB $�� #PPNTNB 8�� #PUUBSP 4�� 'FSLJOHIPĊ�#PSH +� 1PUFOUJBMT PG NFBO
GPSDF GPS QSPUFJO TUSVDUVSF QSFEJDUJPO WJOEJDBUFE GPSNBMJ[FE BOE HFOFSBMJ[FE�
1-P4 0OF ñïðï ð Fðòöðó�

<ððï> ,VIMNBO #�� %BOUBT (�� *SFUPO (�� 7BSBOJ (�� 4UPEEBSE #�� #BLFS %�
%FTJHO PG B OPWFM HMPCVMBS QSPUFJO GPME XJUI BUPNJD�MFWFM BDDVSBDZ� 4DJFODF ñïïò
îëí ðòõóo÷�

<ððð> 4UFJQF #�� 4DIJMMFS #�� 1MàDLUIVO "�� 4UFJOCBDIFS 4� 4FRVFODF TUBUJTUJDT SFMJBCMZ
QSFEJDU TUBCJMJ[JOH NVUBUJPOT JO B QSPUFJO EPNBJO� +� .PM� #JPM� ðøøó íïë ð÷÷o
ðøñ�

<ððñ> )VBOH 1� 4�� #PZLFO 4� &�� #BLFS %� ɨF DPNJOH PG BHF PG EF OPWP QSPUFJO
EFTJHO� /BUVSF ñïðõ ðîò òñïoòñö�

<ððò> .BSDPT &� FU BM� 1SJODJQMFT GPS EFTJHOJOH QSPUFJOT XJUI DBWJUJFT GPSNFE CZ DVSWFE
β TIFFUT� 4DJFODF ñïðö îðð ñïðoñïõ�

<ððó> %PV +� FU BM� %F OPWP EFTJHO PG B nVPSFTDFODF�BDUJWBUJOH β�CBSSFM� /BUVSF ñïð÷
ðñì ó÷ôoóøð�

<ððô> /PSO $� )�� "OESÏ *� $PNQVUBUJPOBM EFTJHO PG QSPUFJO TFMG�BTTFNCMZ� $VSS�
0QJO� 4USVDU� #JPM� ñïðõ îô òøoóô�

<ððõ> )BWSBOFL +�� )BSCVSZ 1� "VUPNBUFE EFTJHO PG TQFDJmDJUZ JO NPMFDVMBS SFDPH�
OJUJPO� /BU� 4USVDU� #JPM� ñïïò ìë óôoôñ�

<ððö> -FBWFS�'BZ "�� 'SPOJOH ,� +�� "UXFMM 4�� "MEB[ )�� 1VTUJMOJL "�� -V '��
)VBOH '�� :VBO 3�� )BTTBOBMJ 4�� $IBNCFSMBJO "� ,�� 'JUDIFUU +� 3�� %F�
NBSFTU 4� +�� ,VIMNBO #� $PNQVUBUJPOBMMZ %FTJHOFE #JTQFDJmD "OUJCPEJFT
VTJOH /FHBUJWF 4UBUF 3FQFSUPJSFT� 4USVDUVSF ñïðõ íï õóðoõôð�

<ðð÷> /FU[FS 3�� -JTUPW %�� -JQTI 3�� %ZN 0�� "MCFDL 4�� ,OPQ 0�� ,MF�
BOUIPVT $�� 'MFJTINBO 4� +� 6MUSBIJHI TQFDJmDJUZ JO B OFUXPSL PG DPNQVUB�
UJPOBMMZ EFTJHOFE QSPUFJO�JOUFSBDUJPO QBJST� /BU� $PNNVO� ñïð÷ ô ôñ÷õ�



ó÷ ð 4VNNBSZ PG UIFTJT XPSL

<ððø> 'MFJTINBO 4�� $PSO +�� 4USBVDI &�� 8IJUFIFBE 5�� ,BSBOJDPMBT +�� #BLFS %�
)PUTQPU�DFOUSJD EF OPWP EFTJHO PG QSPUFJO CJOEFST� +� .PM� #JPM� ñïðð ïìî ðïóöo
õñ�

<ðñï> 'MFJTINBO 4� +�� 8IJUFIFBE 5� B�� &LJFSU %� $�� %SFZGVT $�� $PSO +� &��
4USBVDI &��.�� 8JMTPO *� B�� #BLFS %� $PNQVUBUJPOBM EFTJHO PG QSPUFJOT UBS�
HFUJOH UIF DPOTFSWFE TUFN SFHJPO PG JOnVFO[B IFNBHHMVUJOJO� 4DJFODF ñïðð îîí
÷ðõoñð�

<ðñð> #PZLFO 4� &�� $IFO ;�� (SPWFT #�� -BOHBO 3� "�� 0CFSEPSGFS (�� 'PSE "��
(JMNPSF +� .�� 9V $�� %J.BJP '�� 1FSFJSB +� )�� 4BOLBSBO #�� 4FFMJH (��
;XBSU 1� )�� #BLFS %� %F OPWP EFTJHO PG QSPUFJO IPNP�PMJHPNFST XJUI NPE�
VMBS IZESPHFO�CPOE OFUXPSL�NFEJBUFE TQFDJmDJUZ� 4DJFODF ñïðõ îðí õ÷ïoõ÷ö�

<ðññ> ,PNPS 3� 4�� 3PNFSP 1� "�� 9JF $� #�� "SOPME '� )� )JHIMZ UIFSNPTUBCMF
GVOHBM DFMMPCJPIZESPMBTF J 	$FMö"
 FOHJOFFSFE VTJOH QSFEJDUJWF NFUIPET� 1SPUFJO
&OH� %FT� 4FM� ñïðñ íð ÷ñöo÷òò�

<ðñò> (PMEFO[XFJH "� FU BM� "VUPNBUFE 4USVDUVSF� BOE 4FRVFODF�#BTFE %FTJHO PG
1SPUFJOT GPS )JHI #BDUFSJBM &YQSFTTJPO BOE 4UBCJMJUZ� .PM� $FMM ñïðõ ñî òòöo
òóõ�

<ðñó> ,IFSTPOTLZ 0�� -JQTI 3�� "WJ[FNFS ;�� "TIBOJ :�� (PMETNJUI .��
-FBEFS )�� %ZN 0�� 3PHPUOFS 4�� 5SVEFBV %� -�� 1SJMVTLZ +�� "NFOHVBM�
3JHP 1�� (VBMMBS 7�� 5BXmL %� 4�� 'MFJTINBO 4� +� "VUPNBUFE %FTJHO PG
&ċDJFOU BOE 'VODUJPOBMMZ %JWFSTF &O[ZNF 3FQFSUPJSFT� .PM� $FMM ñïð÷ òí ðö÷o
ð÷õ�Fô�

<ðñô> %VOCSBDL 3�� ,BSQMVT .� #BDLCPOF�EFQFOEFOU SPUBNFS MJCSBSZ GPS QSPUFJOT�
+� ðøøò íîë ôóòoôöò�

<ðñõ> 4IBQPWBMPW .� 7�� %VOCSBDL 3� -� " TNPPUIFE CBDLCPOF�EFQFOEFOU SPUBNFS
MJCSBSZ GPS QSPUFJOT EFSJWFE GSPN BEBQUJWF LFSOFM EFOTJUZ FTUJNBUFT BOE SFHSFT�
TJPOT� 4USVDUVSF ñïðð ìô ÷óóo÷ô÷�

<ðñö> ,VIMNBO #�� #BLFS %� /BUJWF QSPUFJO TFRVFODFT BSF DMPTF UP PQUJNBM GPS UIFJS
TUSVDUVSFT� 1SPD� /BUM� "DBE� 4DJ� ñïïï ôò ðïò÷òoðïò÷÷�

<ðñ÷> .FUSPQPMJT /�� 3PTFOCMVUI "� 8�� 3PTFOCMVUI .� /�� 5FMMFS "� )�� 5FMMFS &�
&RVBUJPO PG TUBUF DBMDVMBUJPOT CZ GBTU DPNQVUJOH NBDIJOFT� +� $IFN� 1IZT� ðøôò
íì ðï÷öoðïøñ�

<ðñø> "CBHZBO 3�� ,V[OFUTPW %�� 5PUSPW .� *$. � /FX .FUIPE GPS 1SPUFJO .PE�
FMJOH BOE %FTJHO� "QQMJDBUJPOT UP %PDLJOH BOE 4USVDUVSF 1SFEJDUJPO GSPN� +�
$PNQVU� $IFN� ðøøó ìð ó÷÷oôïõ�



ð�ñ 1BQFS *9 óø

<ðòï> $POXBZ 1�� 5ZLB .� %�� %J.BJP '�� ,POFSEJOH %� &�� #BLFS %� 3FMBYBUJPO PG
CBDLCPOF CPOE HFPNFUSZ JNQSPWFT QSPUFJO FOFSHZ MBOETDBQF NPEFMJOH� 1SPUFJO
4DJ� ñïðó íî óöoôô�

<ðòð> 8JOUFS (�� .JMTUFJO $� .BO�NBEF BOUJCPEJFT� /BUVSF ðøøð îïô ñøòoñøø�

<ðòñ> #BSBO %�� 1T[PMMB .� (�� -BQJEPUI (� %�� /PSO $�� %ZN 0�� 6OHFS 5��
"MCFDL 4�� 5ZLB .� %�� 'MFJTINBO 4� +� 1SJODJQMFT GPS DPNQVUBUJPOBM EFTJHO
PG CJOEJOH BOUJCPEJFT� 1SPD� /BUM� "DBE� 4DJ� ñïðö ììï ðïøïïoðïøïô�





$IBQUFS õ

4DJFOUJmD QVCMJDBUJPOT

"VUIPS DPOUSJCVUJPOT

1BQFS Ě� " CJPQIZTJDBM NPEFM PG QSPUFJO FWPMVUJPO SFMBUFT BNJOP BDJE GSF�
RVFODJFT BOE QSPUFJO TUBCJMJUZ

* UPPL QBSU JO DPODFJWJOH BOE EFTJHOJOH UIF SFTFBSDI BOBMZTJT BOE EFSJWJOH UIF NBUI�
FNBUJDBM GSBNFXPSL� * XSPUF UIF JOJUJBM ESBGU PG UIF NBOVTDSJQU BOE UPPL QBSU JO
SFWJTJPOT�

1BQFS ĚĚ� " UIFSNPEZOBNJD NPEFM PG QSPUFJO TUSVDUVSF FWPMVUJPO FYQMBJOT
BNJOP BDJE SBUF NBUSJDFT BOE QSFEJDUT GVODUJPOBM TJUFT

* UPPL QBSU JO DPODFJWJOH BOE EFTJHOJOH UIF QSPKFDU EFSJWBUJPO PG UIF NBUIFNBUJDBM
GSBNFXPSL BOE EBUB HFOFSBUJPO BOE BOBMZTJT� * XSPUF UIF JOJUJBM ESBGU PG UIF NBOV�
TDSJQU BOE UPPL QBSU JO SFWJTJPOT�

1BQFS ĚĚĚ� 1SPQFSUJFT PG BMM�BUPN TJNVMBUJPOT PG QSPUFJO FWPMVUJPO

* JNQMFNFOUFE UIF FWPMVUJPOBSZ NPEFM UIF USFF QPQVMBUJPO BMHPSJUIN BOE TFWFSBM PG
UIF NFUIPET GPS BOBMZ[JOH UIF USBKFDUPSJFT� * UPPL QBSU JO BOBMZ[JOH UIF EBUB�

1BQFS Ěħ� $PNQVUBUJPOBM EFTJHO PG QSPUFJO TFMG�BTTFNCMZ

* UPPL QBSU JO SFWJFXJOH UIF MJUFSBUVSF BOE XSJUJOH UIF QBQFS�

ôð



ôñ 4DJFOUJmD QVCMJDBUJPOT

1BQFS ħ� )JHI�BDDVSBDZ NPEFMJOH PG BOUJCPEZ TUSVDUVSFT CZ B TFBSDI GPS
NJOJNVN�FOFSHZ SFDPNCJOBUJPO PG CBDLCPOF GSBHNFOUT

* UPPL QBSU JO DPODFJWJOH BOE EFTJHOJOH UIF SFTFBSDI BOE JO EFWFMPQJOH UIF NFUIPE�
* HFOFSBUFE UIF EBUB� * UPPL QBSU JO EBUB BOBMZTJT BOE JO XSJUJOH UIF QBQFS�

1BQFS ħĚ� 1SJODJQMFT GPS DPNQVUBUJPOBM EFTJHO PG CJOEJOH BOUJCPEJFT

* DPOUSJCVUFE UP BMHPSJUIN EFWFMPQNFOU EFWFMPQFE UPPMT GPS SBQJE TUSVDUVSF WJTVBMJ[�
BUJPO BOE BOBMZTJT BOE EFTJHOFE BOE FYQFSJNFOUBMMZ TDSFFOFE B TVCTFU PG BOUJCPEJFT�

1BQFS ħĚĚ� " DPNCJOFE DPNQVUBUJPOBM�FYQFSJNFOUBM BQQSPBDI UP EFmOF UIF
TUSVDUVSBM PSJHJO PG BOUJCPEZ SFDPHOJUJPO PG TJBMZM�5O B UVNPS�BTTPDJBUFE
DBSCPIZESBUF BOUJHFO

* DPOUSJCVUFE UP BMHPSJUIN EFWFMPQNFOU EBUB BOBMZTJT BOE UP UIF JEFB PG 7�	%
+
TFHNFOUBUJPO�

1BQFS ħĚĚĚ� "C%FTJHO� "O BMHPSJUIN GPS DPNCJOBUPSJBM CBDLCPOF EFTJHO
HVJEFE CZ OBUVSBM DPOGPSNBUJPOT BOE TFRVFODFT

* HFOFSBUFE TUSVDUVSFT XJUI "C1SFEJDU BOE UPPL QBSU JO UIF BOBMZTJT PG EJUUP�

1BQFS Ěĩ� .BQQJOH UIF $Bñ� JOEVDFE TUSVDUVSBM DIBOHF JO DBMSFUJDVMJO

* EFTJHOFE BOE DBSSJFE PVU UIF TUSVDUVSBM BOBMZTJT BOE XSPUF QBSUT PG UIF NBOVTDSJQU�
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