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Legged animals exhibit diverse locomotion patterns known as
gaits, which are capable of robustly traversing terrains of variable
grade, roughness, and compliance. Despite the success of legs in
nature, wheeled solutions still dominate the field of robotics. State-
of-the-art humanoid robots have not yet demonstrated locomo-
tion behaviors that are as robust or varied as their biological coun-
terparts. While humans use a wide range of dynamic motions to
ensure stable locomotion, most bipedal robots either reject exter-
nal disturbances without changing gait or fall. Modern model-
based control schemes often target individual gaits rather than re-
alizing multiple behaviors within a single framework. Recently,
researchers have proposed using the spring mass model as a com-
pliant locomotion paradigm to create unified controllers for walk-
ing and running on bipedal systems. Although initial studies have
revealed policies capable of transitioning through different gaits,
most of these control laws are designed empirically using heuris-
tics. Furthermore, these controllers have not yet been demon-
strated on physical hardware, and thus their utility for real-world
machines remains unclear.

This thesis investigates the optimal control of simplified bipedal
point-mass models for designing unified walking and running con-
trol policies. We examine the theoretically maximum performance
these models can achieve and evaluate their utility for controlling
higher-order robot hardware. We hypothesize that it is not neces-
sary to hand design these policies using heuristics. Instead, exist-
ing numerical optimization tools can generate approximate glob-
ally optimal policies, which can be used to find parametric control
laws. We then attempt to transfer these low-dimensional plans
onto a physical bipedal robot using a model-based controller to
embed the underlying simplified model. We show that this con-
trol methodology leads to stable locomotion across several differ-
ent gaits on the ATRIAS biped robot.
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#BSSJFST UP QSPHSFTT

-FHHFE BOJNBMT BSF DBQBCMF PG FYFDVUJOH BO FYUSFNFMZ EJ)\
OBNJD MPDPNPUJPO CFIBWJPSTBDSPTTBNZSIJBEPG EJUFSFOU FC
FYBNQMF NBOZ CJQFEBM CJSET TVDIBT UIF *OEJBO SVOOFS EVI
UIFJS MFHT UP XBML SVO KVNQ BOE TXJN PWFS CPUI MBOE BOE
-FYJCIMJUZ PG MFHT JO OBUVSF XIFFMFE TPMVUJPOT BSF NVDI
BNPOH NPUPSJ[FENPCIMJUZ QMBUGPSNT UPEBZ PXJOHUP UIFJS
DJFODzZBDSPTT DPOUJOVPVT -BUTVSGBDFT BOE IJHI SFMJBCJMJI
DPOTVNFTMFTT FOFSHZQFSVOJUEJTUBODF SJEJOHB CJDZDMF L
OJOH EPXO B SPBE *UJT SFBTPOBCMF UIFO UP RVFTUJPO UIF VU
DBM MFHHFE QMBUGPSNT BOE QFSIBQT FWFO XPOEFS XIZ XIFFMFE
QSFWBMFOU 8F DBO BTTVBHF UIFTF DPODFSOT CZ DPOTJEFSJOL!
MPDPNPUJPO FOWJSPONFOUT XIJDIDBO GBWPS MFHT PWFS XIFFM
QMIJBODF PG BHSPVOETVSGBDF IBTBEJSFDUJNQBDU PO UIF SPM
XIFFM 4PO DPNQMJBOU TVSGBDFT BSF JOF,DJFOU GPS SPMMJOH
UFSSBJOT TVDIBT SPBE QBWFNFOU BSFIJHIMZF DJFOU 4FDPOE
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'JHVSF *OEJBO 3VOOFS EVDLT EJTQMBZ WBSJPVT NPUJPO (
DPNPUJOH JODMVEJOH XBMLJOH SVOOJOH KVNQJOH BOET
BEFQU BU NPWJOH UISPVHI VOTUSVDUVSFE UFSSBJOT POFO G
UPHSBQI BWBJMBCMF BU < >VOEFSB $SFBUJWF $PNNPOT MJL

WFSUJDBMIFJHIU XI1JDIDBOCFUSBWFSTFECZB SJHJE XIFFM J
SBEJVT 5I1JT NBLFTJU FYDFQUJPOBMMZ EJ,DVMU GPS TNBMM
DMINCTUBJSTPSTUSFFUDVSCT 5I1JSE UIFNJOJNVNUVSOJOF
EFUFSNJOFECZUIFHFPNFUSZPGJUTXIFFMCBTF 5ZQJDBM XI
FYDFQUJPOBMMZ UJHIU UVSOT UIBUBSF POFO SFRVJSFE JO D
TVDI BT BEFOTF GPSFTUPSNFTTZIBMMXBZ -FHT PuFS B TVJU
UJPO XIFO UIFTF UISFF UFSSBJO GFBUVSFT QSPWF MJNJUJOH
GPPUQSJOUJT EFTJSBCMF 5I1JTJT POFO UIFDBTFJOIVNBO F
DBOOPU BMXBZT CF QSFBSSBOHFE GPS SPCPUT BOE NVTU CF
USBSIMZBSSBOHFE PCTUBDMFT

(JWFO UIF JODSFBTFE EJWFSTJUZ PG GFBTJCMF UFSSBJOT ¢
NBZ DPNF BT TPNF TVSQSJTF UIBU MFHT BSF OPUDPNNPOMZ C
DPNNFSDJBM SPCPUT /BUVSFIBT NBOBHFE UP QSPEVDF SPCV
TPMVUIJPOT CVUIVNBO FOHJOFFSJOHJT TUJMM DBUDIJOH VC
CVIMEJOH SPCPUJD MFHHFE QMBUGPSNT FYDFFEJOHMZ EJ, D)\
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uJBM TFOTPST PuFS I JHIMZ BDDVSBUF NFBTVSFNFOUT CVU GBS
CIPMPHIJDBM QSPQSJPDFQUJPOTZTUFENT 4UBUF PG UIF BSUFMF
ESBVMJD BDUVBUPST IBWF POMZ SFDFOUMZ CFHVO UP QSPWJEF |
UP XFJHIU SBUJPT GPS FYFDVUJOH EZOBNJD NPWFNFOUT PO IVNE
5lIF DPOUSPM TJEF PG UIFQSPCMFNJTOSUBOZFBTJFS MFHTJOU
IJHIFS DPNQMFYJUZ UIBO XIFFMT 3BUIFSUIBO KVTUPOF SPUBUJC
EPN UIFBWFSBHF BSUJDVMBUFE MFHQPTTFTTFT TFWFSBM -FHH
UIFSDPNQMJDBUFECZUIF SFQFBUFE GPPU HSPVOEJNQBDUT OFD
GPSXBSE NPUJPO OOF PG UIF NPTU DPNQMFY GFBUVSFT IPXFWF
CIMJUZ PG MFHHFE TZTUFNT UP FYIJCJU EJTUJODU EZOBNJD NPU
QlzTJbBM TZTUFN 5IF HBJU PG B MFHHFE TZTUFN DBO CF BMUF.
UIF DZDMJDBM QBUUFSO PG DFSUBJO TZTUFN WBSJBCMFT POFO
QIBTFTPSUIFSFMBUJPOTIJQ CFUXFFO QPUFOUJBM BOE LJOFUJD
EVDFT B MBSHF OVNCFS PG EJuUFSFOU CFIBWJPST XI1JDI DBO CF TX.
BTEFTJSFE 4FWFSBMIZQPUIFTFTIBWFCFFO TUVEJFEJO PSEFS U
PMPHIDBM TZTUFNTDIPPTFUPUSBOTJUJPO CFUXFFOHBJUT $PN
GBDUPST JODMVEF PQUJNJ[BUJPO PG FOFSHZ VTBHF <

NVTDMF FYFSUJPO < > TUPSBHF PG NFDIBOJDBM FOFSHZ <
QSFWFOUJPO < > )PXFWFS JUJTNPTUMILFMZUIBU OP TJOHMI
HFSTHBJU USBOTJUJPOT CVU SBUIFSBDPNCJOBUJPO PG TFWFSB
SIFBCIMJUZUP QFSGPSN EJUuFSFOUHBJUTJTBOFTTFOUJBM DPNC
UP MPDPNPUF BDSPTT B XJEF SBOHF PG TQFFET BOE FOWJSPONFC

SIF TVDDFTT PG IJHIMZ WBSJFE HBJUT PO CJPMPHJDBM TZTUFN
PWFSJOUPUIFXPSMEPGCJQFEBMSPCPUT 4UBUF PG UIF BSUIVN
CFFO VOBCMF UP NBUDI UIF TBNF MFWFMT PG HBJU SPCVTUOFT
EFNPOTUSBUFE CZIVNBOT BOE BOJNBMT 8IJMF IVNBOT BSF DBQ
JPVT IJHIMZ EZOBNJD SFDPWFSZ NBOFVWFST NPTU MFHHFE SPC
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JNNFEJBUFMZ SFKFDU BO FYUFSOBM EJTUVSCBODF PS GBMM
NPEFM CBTFEDPOUSPMTDIFNFTUZQJDBMMZUBSHFU JOEJW
QBUUFSOT XIJDINBLFT TXJUDIJOHCFUXFFO UIFNEJ, DVMU BO
IFVSJTUJDT *OPSEFSUPNBUDIUIFQFSGPSNBODFPG CJPMPF
SPCPUT NVTU CF DBQBCMF PG OBUVSBMMZ UBSHFUJOH OVNF:
XJulJo B TIOHMF DPOUSPMMFS 5IF TQSJOH NBTT NPEFM 4..
GFSSFEUP BT UIFTQSJOH MPBEFE JOWFSUFE QFOEVMVN 4-*
GSBNFXPSLGPSTUVEZJOH CPUI XBMLJOH BOE SVOOJOH VTJO
NPEFM 5I1JT DPNQMJBOU MPDPNPUJPO QBSBEJHN IBT CFFO
PWFSUIFMBTU ZFBSTUPEFTJHO SPCVTUSVOOJOHBOE XBML
JFT IBWF SFWFBMFE UIBU UIF 4.. DBO FYIJCJU BO FYDFFEJOH
HBJUT BLJO UP CIJPMPHJDBM TZTUFNT 5IVT SFTFBSDIFST IB
VOJYFEDPOUSPMMFSTGPSUIF4.. UIBUDBOHFOFSBUF XBMLJC
USBOTJUJPO CFIBWJPST

(BJU USBOTJUJPO QPMJDJFT UIBU IBWF CFFO QSPQPTFE G
IFVSJTUJDT BOE FNQJSJDBM EFTIJHO UP TINQMJGZ UIF QSPCM
DMFBS UP XIBU FYUFOU UIFTF DVSSFOU DPOUSPMMFST NBYJN
PUIFSPQUJIJNBMJUZDSJUFSJB "EEJUJPOBMMZ UIFTFHBJUUS
QSPHSFTTFE CFZPOE TINVMBUJPO BOE IBWF OPU ZFU CFFO FVW
IBSEXBSF S5IF VUIJMJUZ PG UIF 4.. GPS USBOTJUJPOJOH CFUX
XPSME NBDIJOFTJT DVSSFOUMZ VODFSUBJO

A4VNNBSZPG (PBMTBOE"QQSPBDI

SIF HPBMT GPS UIJT UIFTJT fU CSPBEMZ JOUP UXP DBAPFHPSJF
SFUJDBM MJNPGBBWIFPOQIQFEBM TQSJOH NBTT NPEFM@BSBIDFWBM
uJbBMve6GMIUIUZ NPEFM GPSDPOUSPMMJOH NVMUJQMF HBJUT |
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spcPU "UBIJHIMFWFM XFBJNUP VOEFSTUBOE UIF NBYJNVN MP
CVTUOFTT BUUBJOBCMF CZUIF CIJQFEBM TQSJOH NBTT NPEFM BO
CFUSBOTGFSSFE UP B SFBM XPSME SPCPU 5I1JT CPIMT EPXO UP |
MPXJOH RVFTUJPOT

8IBUJT UIFDPOUJOVPVT UIJNF PQUJNBM DPOUSPM GPS B CJQF
NPEFM XIFOUIFTZTUFENIBT GFXDPOTUSBJOUT

JPXEPFTUIFQFSGPSNBODFPGUIJTDPOUJOVPVT UINFDPOUS
FYJTUJOH IFVSJTUJD QBSBNFUSJD QPMJDJFT

%P UIFTF PQUJNBM TINQMJYFE NPEFM DPOUSPMMFST USBOTG
XPSME CIJQFEBM SPCPU IBSEXBSF
#Z BOTXFSJOHUIFTF RVFTUJPOT XFFYQFDUUPJIJNQSPWF UIFDVSS
JOHPGHBJUUSBOTJUJPOT XJUIJOUIF CIQFEBM TQSJOH NBTT NP|
UIFFYUFOUPGUIFJS QSBDUJDBM VUJIJMJUZ

$PNQVUJOHBO OQUJNBM $POUSPM -BX

"QQSPBDIFT UP TPMWJOH B DPOUJOVPVT UINF PQUJNBM DPOUSP
UXP DBUFHPSJFT #FMMNBOST FRVBUJPO PG PQUJNBMJUZPS 1PO
QSJODJQMF "UBNBUIFNBUJDBM MFWFM #FMMNBO TUZMFBQQSP
BOPOMJOFBS fSTU PSEFSIZQFSCPMJD QBSUJBM EJUFSFOUJBM F/|
UIF) BNJMUPO +BDPCJ #FMMNBO )+# FRVBUJPO 1POUSZBHJO TL
PO UIF PUIFSIBOE BJN UP YTOE B TQFDJTD DIBSBDUFSJTUJD DVSV
)+# FRVBUJPO "MUIPVHI CPUI SPVUFT QPTF UIF TBNF PQUJNJ[BU,
UIJT XPSL GPDVTFT PO UIF #FMMNBO BQQSPBDI UP DPNQVUF DPOI
UIBO UIJNF CBTFE USBKFDUPSJFT O6MUJNBUFMZ UIJT NFBOT PVES
SBUIFSEJ,DVMU QBSUJBM EJuFSFOUJBM FRVBUJPO

*O B QFSGFDU XPSME PVS BIJN XPVME CF UP fOE BO BOBMZUJD
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TQPOEJOH UP UIF HMPCBMMZ PQUJIJNBM DPOUSPM GPS PVS TC(
EFTJSF GPS DPOUJOVPVT UIJNF BOBMZUJDBM SFQSFTFOUBUJ
1POUSZBHJOST QSJODJQMF XIJDI DBO TPMWF EBDBEFNJD T
USPM QSPCMFNT < > )PXFWFS OFBSMZ BMM QSPCMFENT PG N
JUZPNJUBOBOBMZUJDBM TPMVUJPO POFO EVF UP OPO JOUF
SIJIOHOFXCSFBLUISPVHITJONBUIFNBUJDT XFBSFSFTJHOFE U
UFDIOJRVFT GPSBQQSPYJIJNBUJOHUIFTPMVUJPO 8IJMFJO B T
DPOUFYUUIFTFUFDIOJRVFT SFTVMUJOBTVCPQUJIJNBMDPOUS
HSFFPGBQQSPYIJNBUJPOBOEFSSPSCPVOETPOUIFTPMVUJP (
MINJUT UIF DPNQMFYJUZ PG QSPCMFENT XI1JDI XF DBO TBUJTGB
JOUSPEVDJOH MBSHF BQQSPYJNBUJPO FSSPST "T XF JODSFB
PGBTZTUFNSTTUBUFBOEBDUJPOTQBDF XFNVTUVTFTQBSTF
UPSTJOPSEFSUPLFFQUIFQSPCMFNDPNQVUBUJPOBMMZ USB
UIF TIJ[F PG UIFTF TQBDFT BOE UIFSFGPSF SFRVJSFE DPNQV
FYQPOFOUJBMMZ XJUI QSPCMFN EJNFOTJPOBMJUZ 'JH *
UP TPMWF B MPX EJNFOTJPOBM CPVOEFEBQQSPYJNBUJPO PG
DPOUSPMVTJOHBTFNJ -BHSBOHJBO EZOBNJD QSPHSBNNJOH
BNPVOUT PG EBUB

$PNQBSJOH 1FSGPSNBODF .FUSJDT

OvVS BOBMZTJT PG DPOUSPMMFS QFSGPSNBODF BIJNT UP FWBNMN
UIFVOEFSMZJOHTIJNQMIJYFENPEFMBOEIPXXFMMJUXJMM PQI
GPSN *EFBMMZ XF XJTI UP NFBTVSF SPCVTUOFTT PG UIF CJ
NPEFM BU CPUI UIFPSFUJDBM BOE QSBDUJDBM MFWFMT 8F B
BSFFBTIJIMZ RVBOUJYFE BOE SFBEIJMZBQQMJDBCMF UP BOZ DF

5IF DPOUSPM QPMJDJFT JO UIJT XPSL BSF QSFTFOUFE BT H
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1SPCMFN %JNFOTJPOBMJUZ
'JHVSF *O HFOFSBM UIF DPNQVUBUJPO UJNF SFRVJSFE UP TF

DPOUSPM VTJOH OVNFSJDBM NFUIPET JODSFBTFT FYQPOFOUJBN
EJNFOTJPOBMJUZ 51JTJT EVF UP UIF JODSFBTFE TJ[F PG TUBUF '
OPXCFDPOTJEFSFE S5IJTIJTTVFDBOCFNJUJHBUFE CZJODSFBTJC
PG GVODUJPOBQQSPYJNBUJPO CVUBUUIFDPTU PG JODSFBTFE T

USPMMFST XIJDI NBQ BOZ HIWFO TUBUF PG UIF TZTUFN UP B DP(
UIJT SFBTPO UIF fSTUNFBTVSFPGUIFPSFUJDBM SPCVTUOFTT XF
PG UIF TFU PG TUBUFT XIJDI DBO CF TUBCJMJ[FE UP B VOJRVF UB
POFO SFGFSSFEUPBTUIFCBDLXBSE SFBDIBCMFTFU BT JU JODM\
DBO SFBDI B UBSHFU TUBUF VTJOH BENJTCBCW®G PEBUSBHEDURS U I
XIFODPOTJEFSJOHBEZOBNJDBM TZTUFN 51JTNFUSJDJTFBTZUP
CJUSBSZ QPMJDJFT BOEJT B OBUVSBM PVUDPNF PG TPMWJOH NJ¢
QSPCMFNTe *G UIF CBDLXBSE SFBDIBCMF TFU IBQQFOT UP JODNM
TOQBDF UIFOUIFDPOUSPM DBO UIFPSFUJDBMMZ SFKFDU BOZ TUB
FWFS QSBDUJDBMMZ TQFBLJOH UIFTF TFUT BOE DPOUSPM MBXT
B CPVOEFE BSFB PG TUBUF TQBDF *O UIF DPOUFYU PG HBJU USE
FYUFOTJPO PG UIJT NFBTVSFNFOU JT UIF PWFSMBQ CFUXFFO CB~
GPS UXP EJUFSFOU HBJU DPOUSPMMFST 'PS FYBNQMF XF DBO R\
PG TUBUF TQBDF JT DBQBCMF PG TQPOUBOFPVTMZ USBOTJUJPO.
BSVOOJOHDPOUSPMMFS 'JH 5IF MBSHFS UIF JOUFSTFDUJP ¢
BCMF XBMLJOH TUBUFT BOE TUBCJMJ[BCMF SVOOJOH TUBUFT UI
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'JHVSF SIFPWFSMBQ CFUXFFO NVMUJQMF SFBDIBCMF TFUT
UJPO SFQSFTFOUTBVTFGVMSPCVTUOFTTNFBTVSFGPSHBJU
JT BIZQPUIFUJDBM FYBNQMF JO TUBUF TQBDF JMMVTUSBUJO
GPS XBMRJOBDE SVORJOKBDI QPMJDZ IBT B EJTUJODUPWBBSHFU
Tsvn S5IF MBSHFS UIF PWFSMBQQJOH SFHJPO UIF NPTU SPCVTU
HBJU USBOTJUJPO QPMJDZ

DPOTJEFS UIF QPMJDZ

&WBMVBUJOHUIFQSBDUJDBM QFSGPSNBODF PGB UIFPSFUJ
RVIJSFT VT UPDPOTJEFS EJTUVSCBODFT UIBUBSFJIJNQPSUBOL
SIFTF CSFBL EPXO JOUP UISFF QSINBTSRZOOPSBEZHRIJIVFT JOUF S
NPEFMT BOE DPOUSPM MPHRATEPEMB-BTVSFNFOU OPJTF JT B DF
PDDVSSFODF PO BOZ SFBM TZTUFN BOE IBT B EJSFDU JNQBDU
UJPO OFDFTTBSZ GPS GFFECBDL DPOUSPM 'PSB TIJNVMBUFE -
EJTUVSCBODF DBO CF SFQSFTFOUFE BT FSSPSTJO UIFJOQVU
*OUFSOBM NPEFM VODFSUBJOUZ IBT B TIHOJYIDBOU FuFDU P!
DPOUSPM CFDBVTF JU JT POFO SFRVJSFE GPS CPUI TUBUF FT
MJOH TZTUFN EZOBNJDT QSFEJDUBCMZ 5I1JT DBO CF FBTJIJMZ
VMBUFE TZTUFN CZ BMUFSJOH B NPEFMST JOFSUJBM QBSBNF
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DPOUSPM MPPQ EFMBZJT FOEFNJD UP EJHIJUBM DPOUSPM TZTUFN’
BMMNPEFSO SPCPUT "DPNCJOBUJPOPG MPPQ GSFRVFODZ EJHJI
EZOBNJDT IBWF B EJSFDUJNQBDU PO UIF BWBJMBCMF BDUVBUJPC
PVUUIJTEJTUVSCBODF BNPEFMSTDPOUSPMJOQVUTDBO CFDIB(
SIJTDBOCFTIJNVMBUFECZFJUIFSJOUSPEVDJOHJOUFOUJPOBM U
DPOUSPM MPPQ PS QBTTJOH UIF DPOUSPM UISPVHI B MPX QBTT {I
UISFF EJTUVSCBODFT JT JNQPSUBOU GPS VOEFSTUBOEJOH UIF Q
UIFPSFUJDBM DPOUSPMMFS GPS B QIZTJDBM SPCPU

5SBOTGFSSJOHUP 3FBM XPSME #JQFEBM 3PCPU )

5IF fOBM PCKFDUIJWFPGUIJTUIFTITJTUPUSBOTGFSUIFDPNQVU
NBM DPOUSPMT POUP B QIZTJDBM CJQFEBM SPCPU 5IFIBSEXBSF (
UIJTINQMFNFOUBUJPO XJMM CF $.6ST "53*"4 'JH BIVNBO T1J
SPCPUEFWFMPQFE CZUIF %ZOBNJD 3PCPUJDT -BCPSBUPSZBUO0S
WFSTJUZ < > *O PSEFS UP USBOTMBUF TINQMJYFE NPEFM CFIBYV
DIJOF XF VTF B NPEFM CBTFE DPOUSPM NBQQJOH BQQSPBDI UIE
MPX EJNFOTJPOBM NPEFM PO BIJHIFSPSEFSTZTUFN S5I1JTBQQSP
OBMMZ EFWFMPQFE GPS TQSJOH NBTT NPEFM SVOOJOH PO "53*"4
QBOEFE IFSF UP JODMVEF HBJUT XJUI EPVCMF TVQQPSU QIBTFT B
XFLFFQUIFBQQSPBDIHFOFSBM FOPVHIUP CFVTFE PO PUIFS CJQ|
MIJHIU MFHT TFWFSBM TQFDJYD EFDJTIJPOT XJMM CF NPUJWBUFE
XBSF 5P UIJT FOE UIJTUIFTJT DPOUBJOT B NJYUVSF PG JEFBM D
DJTJPOT BMPOH XJUI QSBDUJDBM DPOTJEFSBUJPOT GPS SFBM TZ’
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'JHVSF 8FVTFUIF"53*"4 CJQFEBTBUBSHFUIBSEXBSF QMBL
BUJOHPVSDPOUSPMBMHPSJUINT 51JTSPCPUSPVHIMZBQQSP
PGBTIJNQMIJYFENPEFM EVFUPJUT MJHIUMFHT BOE DPODFOU

$POUSJCVUJIPOT

SIFHPBM PG UIJTUIFTIJTJITUXPGPME 'JSTU XFBIJNUP YOEBU
HBJU USBOTJUJPO QPMJDZ GPS UIF CIQFEBM TQSJOH NBTT NI
DBM PQUJNJ[BUJPO 4FDPOE XF BJN UP FWBMVBUF IPX UIJT (
SFBM XPSME MFHHFE TZTUFNT S5I1JT QSPDFTT XJMM BEESFTT |
RVFTUJPO 8IBU BSF UIF MIJNJUT PG UIFPSFUJDBM SPCVTUOF"
PG UIFCIQFEBM TQSJOH NBTT NPEFM GPS XBMLJOH BOE SVOC
JORVISZ XFDPOTJEFSUIFGPMMPXJOH UXP IZQPUIFTFT
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1BSU OQUIJNBM $POUSPM PG 4JNQMJYFE .PEFMT

JZQPUIFTIOJT OPU OFDFTTBSZUP IBOE EFTJHO MPX EJNFOTJPOBI

DPOUSPMMFST VTJOH IFVSJTUJDT &YJTUJOH OVNFSJDBM PQUJN.
FSBUFBQQSPYJNBUF HMPCBMMZ PQUJIJNBM QPMJDJFT XIJDIDBO C
NFUSJD DPOUSPM MBXT

.BKPS $PNQPOFOUT

OQUIJNBM DPOUSPM PG B CJQFEBM QPJOU NBTT NPEFM XJUI DF
TUBUF BOEBDUJPOVTJOHEZOBNJD QSPHSBNNJOH NFUIPET U
HFOFSBUF BQQSPYIJNBUF HMPCBMMZ PQUJIJNBM QPMJDJFT

%FTJHO PG B MPX EJNFOTJPOBM 1PJODBSF DPOUSPMMFS BCM
CFUXFFO -JHIU TIOHMFTVQQPSU BOEEPVCMFTVQQPSUQIBT
JOHBOE SVOOJOH HBJUT XJUIPVU FYQMJDJU VTFS JOQVU

"QFSGPSNBODFDPNQBSJTPOPG EJUFSFOUDPOUSPMMFST HFC(
OBNJD QSPHSBNNJOH JODMVEJOH CPUI EJTDSFUFMZ BOE DP
QMIJFE DPOUSPM

1BSU *NQMFNFOUBUJPO PO 3PCPU )BSEXBSF

JZQPUIFTOQUJINBM DPOUSPM MBXT GPS UIFCJQFEBM TQSJOH NBTI1

USBOTGFSSFE UP SPCPU IBSEXBSFVTJOHB NPEFM CBTFE DPOUSH
VOEFSMZJOH TINQMJTFE NPEFM 51JT XJMM MFBE UP TUBCMF XBWN
HBJU USBOTJUJPOT CFUXFFO GPS UIF "53*"4 CJQFE SPCPU

.BKPS $PNQPOFOUT

*NQMFNFOUBUJPOBOEFYQFSINFOUBM FWBMVBUJPOPG TQSJ(
CFBU SVOOJOH PO UIF "53*"4 CJQFE VTJOH B NPEFM CBTFE DP(

&YUFOTJPO PG UIF NPEFM CBTFE DPOUSPMMFS UP GPMMPX H
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NBTT QMBOT GPS NVMUJQMF HBJUT JODMVEJOH XBMLJOH
UJPOT CFUXFFO

*NQMFNFOUBUJPOBOEFYQFSINFOUBMFWBMVBUJPOPG TC
JOHBOE SVOOJOH HBJUT PO UIF "53*"4 VTJOH PQUJNBM DF

EZOBNJD QSPHSBNNJOH



$IBQUFS

#BDLHSPVOE

S5IF4QSJOH .BTT .PEFM

OWFSUIFMBTU ZFBSTUIFTQSJOHNBTT NPEFMIBT FWPMWFE GSF
EJDUPS PG IVNBO SVOOJOH NFDIBOJDT UP B VOJYFE DPOUSPM G
WBSJFUZ PG CJQFEBM HBJUT "MUIPVHIUIFSF FYJTU OVNFSPVT G
J[BUJPOT GPS XBMLJOH BOE SVOOJOH UIF TQSJOH NBTT NPEFM .
DBVTF JU PUuFST B TIOHMF MPX EJNFOTJPOBM EFTDSJQUPS PG F1
GSFFEPN GPS MFHHFE MPDPNPUJPO 'VSUIFSNPSF DPOUSPM QP
JEFOUJYFE XJUIJO UIJT GSBNFXPSL UIBU BSF CPUI TVQFSTUBCM
CMJOEMZ USBWFSTJOH GSFRVFOU BOE MBSHF HSPVOE IFJHIU DI
UVSFT IBWF UXPJNQPSUBOU JNQMJDBUJPOT 'JSTU UIFTQSJOHT
QMF FOPVHI UIBU JU DBO TFSWF BT B MPDPNPUJPO UFNQMBUF GF
GSFFEPN SPCPU NPSQIPMPHJFT XJUIPVU MIJNJUJOH FYUFOTJCJIM
MFWFM HPBMT 4FDPOE UIF GSBNFXPSL MFOET JUTFMG XFMM UF
NJ[BUJPO BQQSPBDIFT UIBU TDBMF QPPSMZ XJUI UIF TJ[F PG TUBL
*OUIJT TEDUJPO XF XJMM EJTDVTT UIF IJTUPSZ PG SFTEBSDI PC
NPEFM JO PSEFSUP EFTDSJCF UIF DVSSFOU TUBUF PG UIF BSU BC
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SFTFBSDIUIBU SFNBJOT UP CF EPOF

&BSMZ #JPNFDIBOJDBM 4UVEJFT

$PNQMJBOU FMFNFOUT IBWF B MPOH IJTUPSZ PG QSPWJEJOF
DPNQMFY NFDIBOJDBM QIFOPNFOB TVDI BT BUPNJD GPSDFT B
JDT &YQFSJIJNFOUBM FWJEFODF UIBU UIF DFOUFS PG NBTT NF
SVOOJOH DPVMEBMTP CF EFTDSJCFE VTJOH FMBTUJD NFDIBO
JO UIF T BOE T $BWBHOB BOE DPMMFBHVFT NFBTVSFE |
XPSLQFSGPSNFEEVSJOHIVNBO XBMLJOHBOE SVOOJOHGPSN
VTJOH GPSDF QMBUFT BOE DBNFSBT < > S5IFTF TUVEJFT
WBSJBUJPOTJO QPUFOUJBMBOE LJOFUJD FOFSHZPG UIFDFOL
uJBMMzZ JO QIBTF EVSJOH SVOOJOH TJNJMBS UP UIPTF PG B
51 JT DPODMVTIJPO MFE UP GVSUIFS IZQPUIFTFT BCPVU UIF NF|
FOFSHZTUPSBHFJO UIFIVNBO CPEZ< > $PODVSSFOUMZ UIF
UFOEFE UP JODMVEF CIJQFEBM BOE RVBESVQFEBM BOJNBMT <
FOFSHZ TUPSBHF BT B GVOEBNFOUBM DPODFQU GPS MFHHFE S

&BSMZ BUUFNQUT UP QSPEVDF B NBUIFNBUJDBM NPEFM PG (
OJOHGPDVTFEPOVTIOHTQSJOHMBXTUPSFQSFTFOUWFSUJD
EVSJOH TUBODF "MFYBOEFS BOE DPMMFBHVFT CFHBO UIJT .
NPEFMJOHUIFSVOOJOHNPUJPOTPGLBOHBSPPT< >BOEIVNB
QMFY DPTJOF FRVBUJPOT XIJDI DPVME DPSSFTQPOE UP TQSJC
UIJNF .D.BIPO BOE (SFFOF QSFTFOUFE B TQSJOH EBNQFS NPE
WFSUJDBM MFH CFIBWJPS EVSJOH SVOOJOH < > .D.BIPO TJN
TFWFSBMZFBSTMBUFSCZVTIJOHBTIJOHMFTQSJOHNBTT TZTU]|
DBMDFOUFSPGNBTTNPUJPOTEVSJOHNBNNBMJBO SVOOJOH
TQSJOH NPEFM XBT TIPXOUPCFBHPPEQSFEJDUPS PG WFSUJ



$IBQUFS #BDLHSPVOE

CPUI CIJQFEBM BOE RVBESVQFEBM HBJUT )PXFWFS OPOF PG UIF
CBTFENPEFMTBUUFNQUFE UP EFTDSJCF IPSJ[POUBM SVOOJOH E.

*UXBTOSU VOUJM UIF MBUF TUIBUTQSJOH NBTT NPEFMT XF
QSFEJDUPST PG CPUI IPSJ[POUBM BOE WFSUJDBM MPDPNPUJPO E
OPUXJEFMZLOPXOBUUIFUJNF WBO (VSQBOEDPMMFBHVFT XFSF
MIJTITVDIBTQSJOHNBTTNPEFM GPSEFTDSJCIJOHUIFIJOEMJNC N
JOHIPSTF < > 5I1JT XBT TIPSUMZ GPMMPXFE CZ UXP JOEFQFOEF
QSFTFOUFEUIFNPEFSOEBZQMBOBSTQSJOHNBTTNPEFMBTBQSF
SVOOJOH EZOBNJDT #MJDLIBO < >JOWFTUJHBUFE XIJDI NPEFM
UupPp CJPMPHIJIDBMMZ QMBVTJCMF SVOOJOHHBJUT .D.BIPOBOE $I1F(
IPXTQSJOH TUJUOFTT WBSJFE XJUI EJUFSFOU HBJU GFBUVSFT 51
USPEVDFE UIF UXP EJNFOTJPOBM TQSJOH NBTT NPEFM GPS SVOO.
B EFDBEF PG CIPNFDIBOJDBM TUVEJFT DPOTYSNJOH JUT QSFEJDU
XJEF TQFDUSVN PG BOJNBMT < >

$POUSPM PG 5IF4QSJOH .BTT .PEFM GPS 3VOOJOH

#FGPSFEJTDVTTJOH SVOOJOH DPOUSPMT UIBU IBWF CFFO EFWFM
NBTT NPEFM XF XJMM NPSF GPSNBMMZ JOUSPEVDF UIF NPEFM 511
NBTT NPEFM GPS SVOOJOH 'JHVSF B DPOMBUURKB BR)PBBU NBT
NBTTMFTTTQSJOH MFH KBOIETIRTO MFOMEBIOH UIF -JHIU QIBTF
UIFQPJOUNBTT GPMMPXTB QVSFMZCBMMJTUJD USBKFDUPSZ 5SIF
FSOJOH UIF DFOUFS PG NBTT NPUJPO BSF

mx=0

mg= mg
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m m

K;lo K;lo

B 5IF TQSJOH NBTT NPEFM GPS5IBEVQSJOH NBTT NPEFM GPS XBM
OJOH JOH

XIFSE;2 EFTDSJCFT UIF $BSUFTJBO DPPSEJOBUFT RGIUIF QP.
UIFBDDFMFSBUJPO EVF UP HSBWJUZ 5IFTZTUFNJOTUBOUBO
TUBODF XIFOUIFGPPUQPJOUUPVDIFTUIFHSPVOE UIFNPEFM
BOZTMJQQJOH PG UIF GPPU OODFJO TUBODF UIFTZTUFEN CF
QFOEVMVN XJUIBOFNCFEEFETQSJOH S5IJT SFTVMUT JO UIF NI
UFS PG NBTT TUBODF EZOBNJDT

h i
mx=Kk lo(0®*+2Z2) ¥ 1 x

h i
me=klo(x*+2) ¥ 12z mg

5|F NPEFM FYJUT TUBODF BOE SFUVSOT UP -JHIU BOFS SFCPV(
GVMMZ FYUFOEFECBDLUPJUT SFTU MFOHUI

"MUIPVHIUIFVTF PG UIFTQSJOH NBTT NPEFM BT B QSFEJDU
EZOBNJDT IBT JUT SPPUT JO CJPNFDIBOJDT UIF NPEFM IBT G
VTFJO SPCPUJDT BT B UFNQMBUF GPS EFTJHOJOH BOE DPOU S
3BJCFSU XBT UIF STU UP SFDPHOJ[F UIBU TQSJOHZ NFDIBOJ
uP DPOTUSVDU MFHHFE SPCPUT DBQBCMF PG SVOOJOH BOE IF
PVUUIF T I1JTMBC QSPEVDFE B OVNCFS PG TVDDFTTGVM NP
BOEFWFORVBESVQFEBM SPCPUT VTJOH QOFVNBUJD TQSJOH |
TUVEJFEUIFTFNBDIJOFTJO TINVMBUJPOVTJOHCPUIDPNQMF
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SIJHJE CPEZ NPEFMT BOE UIF TINQMF QMBOBS TQSJOH NBTT NPEF
UIFTF TINVMBUJPO TUVEJFT BMM PG 3BJCFSUST SPCPUT VUJMJ
Uspm QpMJDZ CBTFE PO MFHHFE MPDPNPUJPO JOTJHIUT 5I1JT DI
DVTFE PO SFHVMBUJOH UISFF FTTFOUJBM SVOOJOH HBJU RVBOU
UJPO BQFY IFJHIU BOE GPSXBSE WFMPDJUZ #PEZ PSJFOUBUJPO
BQSPQPSUJPOBM EFSIWBUIJWFDPOUSPMMFSUPTFSWPUIFUPST|
XBT SFHVMBUFE CZBQQMZJOH B ITYFEJNQVMTF BMPOH UIF MFH E
GPSXBSE WFMPDJUZ XBT IBOEMFE VTJOH B IFVSJTUJD GPPU QMB
IPSJ[POUBM GPPU QPTJUJPO

XgpruXorvudeh(X X)

XIFSK XBT BO FNQJSJDBMMZ W XBFEJHB3SOCPUST GPSXBSE WFMPD
BOEoryusBT UIF OFVUSBM GPPU QPJOU UIBU XPVME HFOFSBUF [F¢€
BDDFMFSBUJPO 51JT MBTU RVBOUJUZ XBT FTUIJNBUFE BT IBMG P
UJNF NVMUJQMJIFE CZ UIF GPSXBSE TQFFE XIJDIBQQSPYJNBUFM:?
J[POUBM NJEQPJOU EVSJOH B TZNNFUSJD SVOOJOH TUBODF

5/F TVDDFTT PG 3BJCFSUST MFHHFE NBDIJOFT XBT TIPSUMZ GP N
CFS PG TUVEJFT UISPVHIPVU UIF TUIBU GPSNBMMZ JOWFTUJH
BOE TUBCIJMJUZ PG TQSJOH NBTT NPEFM SVOOJOH 51JT CFHBO X,
BOBMZ[FE B UISFF MJOL SJHJE CPEZ CJQFE NPEFM XJUI TQSJOH
KPJOUT )F GPVOE XIJDI NFDIBOJDBM QBSBNFUFST MFE UP QBTTJ
OJOHBOEXIJDINFDIBOJDBM QBSBNFUFSTDPVMECFBDUJWFMZ TL
UPSRVFBOE MFH UISVTU < > 51JT BOBMZTJT JOWPMWFE BEKVTU
UFBXIJMF OVNFSJDBMMZ DBMDVMBUJOH UIF UBLFB(s;pP)P UBLFPuU S
PG UIFTZTUFN VTJOH B TWF EJNFOTJ$ GB M TWHDJ B WRADRUPG B O
BMZ[JOHBTZTUFNST SFUVSONBQ JTPOFO SFGFSSFEUPBT 1PJOD
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B DPNNPO NFUIPE PG TUVEZJOH UIF TUBCIJMJUZ PG QFSJPEJD
HBJUT #Z EF{OJOH B 1PJODBS® TFDUJPO BT B TIOHMF FWFO
DPSSFTQPOEJOH SFUVSONBQ FYQMBJOTIPXUIFEZOBNJDBM T
DZDMF UP DZDMF 'JYFE QPJOUT PO UIF SFUVSO NBQ DPOYSN L
CMFQFSJPEJD CFIBWJPS XIIJMFQPJOUTPOUIFSFUVSO NBQ XI
WBMVFMJFT XJUIJOUIFVOJUDJSDMFDPOYSNMPDBMBTZNQUF
UIF TIBQF PGB SFUVSONBQJT EFUFSNJOFECZCPUI TRBUJD N
BOE DIBOHJOH DPOUGBPMS$O®I®VYURZ BOE #VSEJDL VTFE UIJT UFI
UPFWBMVBUFUIFTUBCIJMJUZPG3BJCFSUSTQMBOBSIPQQFSC
TZTUFN XJUI B OPOMJOFBS BJS TQSJOH BMPOH XJUI 3BJCFSU
UJPO BOE GPPU QMBDFNFOU BMHPSJUIN < > 4DIXJOE BOE ,PE
POUIJTBOBMZTIJT CZIJOWFTUJHBUJOHUIFTZTUFEN XJUI POMZ
HPSJUIN< > 5IFZDIPTFUIFNPNFOUPGBQFYEVSJOH -JHIUB
TFDUJPO XI1JDI DBO CF GVMMZ EFTDSJCFE XJUI KVTU UXP TUI
IFJHIU BOE GPSXBSE TQFFE 5I1JT TUVEZ JEFOUJYFE B NFUIPE
DPOUSPMMFSSTCBTJO PG BUUSBDUJPO VTJOH B NPEJYTFE MFF

IVNFSPVT DPOUSPM QPMJDJFT GPS UIFTQSJOH NBTT NPEFM
HBUFE VTJOH 1PJODBS© BOBMZTJT CVUUIPTF XIJDI DBO CF GP
NBMDPOUSPMBSFPG QBSUJDVMBS JOUFSFTU 8IFO BSUBSHFU
JT TQFDJYFE HIWFO B DVSSF®UUNFDWPIPOSPWBWHS DBO CF GP SN
BTBO PQUJNJ[BUJPO QSPCMFEN

u= BSHNJ® 3(s;p;u)
u

XI1JDI BUUFNQUT UP YOE UIF DEQUBBNMJIOINMF UIF EJTUBODF
UXFFO UIFUBSHFUBOEDVSSFOU TUBUFBOFSPOFDZDMF *O L
TQSIJOHNBTTNPEFM XJUIGPPUQMBDFNFOUBTJOQVU DPOUSHE
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JEFOUJTFE XIJDI CSJOH UIJT EJTUBODF UP [FSP BOFS POF TUFQ
GFSSFEUP BT EFBECFBU DPOUSPM BOE IBT CFFO VTFE UP DSFBU|
DPOUSPMMFST GPS UIF TQSJOH NBTT NPEFM < > (FOFSBMJ[BUJ
IBWF MFE UP TXJOH MFH SFUSBDUJPO QPMJDJFT XI1JDI SFEFNBJO EFI
QSFTFODF PG VOPCTFSWFE HSPVOE IFJHIU DIBOHFT < > S51F7
IBWF BMTP CFFO FYUFOEFE CFZPOE UIF TBHJUUBM QMBOF UP DP!I
UVSOJOH GPS UIF % TQSJOH NBTT NPEFM < >

60JYDBUJPO XJUI8BMLJOHBOE (BJUS5SBOTJUJPO

5IFFTQSIJOHNBTT NPEFMDBOBMTP CFVUJMIJ[FEUPEFTDSJCF XBM
BTFDPOENBTTMFTT TQSJOH MFH 'JHVSF C 8IJMFUIF -JHIUBO
QIBTFEZOBNJDT SFNBJOJEFOUJDBM UPUIPTFPGUIFSVOOJOHTAQ
BO BEEJUJPOBM TFU PG EZOBNJDT FRVBUJPOT JT OFFEFE UP SFQ

é’ﬂxgz lefl %2 (o |1)2 0

me i (|O |2)

XIFSEF SFQSFTFOUT UIF MFOHUIT PG UIF UXP SRGISPHFOEHTUBB E

TUBODF QIBTF

Z
I2

IPSJ[POUBM QPTJUJPO PG UIF UXP GPPU QPJOUT 5I1JT FYUFOTJPC
NBTT NPEFMUP FYIJCJU CPUI SVOOJOHBOE XBMLJOHHBJUT XJUIJ
NFDIBOJDBM TZTUFN

%FTQJUF FBSMZEFNPOTUSBUJPOTPG XBMLJOHPO 3BJCFSUSTC
SPCPUT < > TQSJOH NBTT NPEFM XBMLJOH XBT OPU GPSNBMMZ |
UIF NJE T .PUIJWBUFECZUIFJOBCIMJUZPG TUIJUWMFHNPEFMT L
XBMLIJOHEZOBNJDT< > (FZFSBOEDPMMFBHVFTFYBNJOFE IPXB (
NBTT NPEFM DPVME CF VTFEJOTUFBE < > 5IFZGPVOE UIBU UIJT
TZTUFNDPVME EFNPOTUSBUF B XJEF SBOHF PG HBJUT JODMVEJOI
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SVOOJOH "MBUFS FYQFSJNFOUBM TUVEZ GPVOE UIBU UIJT NF
DVSBUFMZ EFTDSJCJOH IVNBO XBMLJOH BUNPEFSBUF TQFFET
BOE GBTU TQFFET < >

3FDFOUMZ UIF BCJMJUZ PG UIF TQSJOH NBTT NPEFM UP HF¢
BOE SVOOJOH CFIBWJPST IBT TQBSLFE JOUFSFTU JO IPX JU [
TUVEZ USBOTJUJPOT CFUXFFO UIFTF HBJUT 4BMB[BS BOE $B
WFTUJHBUF JG UIFTF USBOTJUJPOT FYJTUFE BU B YYFE FOFS
QMBDFNFOU DPOUSPMT < > 5IFZEFNPOTUSBUFE UIBU HBJU
EFFE CFBDIJFWFE PWFS UIF DPVSTF PG TFWFSBM TUFQT CVU
CFTUUPEFTJHOBHBJUUSBOTJUJPODPOUSPMMFS 51JT TUVE
PG UIFTFUSBOTJUJPOT QPMJDJFT SFRVJSFE UIF TZTUFN UP FC
B HBJU PCTFSWFE JO IVNBOT BOE BOJNBMT < > 4I1BICB[J
GVSUIFS FYBNJOFE IPX HBJU USBOTJUJPOT DPVME CF BDIJFW
TQSJOH NBTT NPEFM XBT BMTP BMMPXFE UP DIBOHF TUJUOFT"
UIFHBJU DZDMF < > 5/FZVUJMJ[FE PQUJNBM DPOUSPM BI
NBQT UP TFMFDU TQSJOH TUJUOFTTFTBOE GPPU QPTJUJPOT U
TJSFE HBJU USBOTJUJPOT )PXFWFS TFWFSBM CJPMPHJDBMM
NBUIFNBUJDBM BQQSPYJNBUJPOT XFSF FNQMPZFE UP TINQMJ
QSPCMEN

OQUJNBM $POUSPM GPS -FHHFE -PDPNP

SIFFYUFOTIJWF VTF PG 1PJODBS® SFUVSO NBQT UP EFWFMPQ F
DJFT GPS UIF TQSJOH NBTT NPEFM DBO CF BUUSJCVUFE UP C
BOE SFQFBUFEMZ TVDDFTTGVMBQQMJIDBUJPO )PXFWFS UIF C
OJRVFTJT MINJUFE CZ UXP GBDUPST 'JSTU VOMFTT B DMPT|
SFUVSONBQJTLOPXO BOFYIBVTUIJWF TUBUFBOEBDUJPO TQE
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"T B SFTVMU UIF NFUIPE FYUFOET QPPSMZ UP TZTUFNT XJUI IJH
TUBUFT PS TFWFSBM DPOUSPM JOQVUT 4FDPOE BMUIPVHI DIPPT
uJPO DPMMBQTFT POF PG UIF TUBUF EJNFOTJPOT JU VMUJNBUF
QPMJDJFT UIBU DBO CF HFOFSBUFE 'PS FYBNQMF XIFO NJETUBC
UIFQPJOU PG BOBMZTJT UIF SFTVMUJOH DPOUSPM XJMM OFWFS L
GFSFOUUJNFTJO UIFHBJU DZDMF 51JTJT BDDFQUBCMF JO TPNF
OJOH XIFSFEFBECFBU TPMVUJPOT FYJTUGPSNBOZTUBUFT CVU
DPOUSPMMFS QFSGPSNBODF XIFOOP TIOHMF TUFQ TPMVUJPOT F

*EFBMMZ XFXJTIUP TPMWF TQSJOHNBTT NPEFM DPOUSPM BT B
QSPCMFNVTJOHUPPMTUIBUDPOTJEFSBMM PG TUBUF TQBDF BOE
MFN EJNFOTJPOBMJUZ 3FJOGPSDFNFOU MFBSOJOHJT POF UPPM
B HPBM EJSFDUFE BHFOU DBO JOUFSBDU XJUI JUT FOWJSPONFOI
NFSJDBM SFXBSE *OHFOFSBMUIFTFNFUIPET JOWPMWFDPNQVUJ
PO B DPOUJOVBM SFXBSE TIHOBM JO PSEFS UP NBYJNJ[F UIF SFX
SVO SFQSFTFOUFE BT B WBMVF GVODUJPO 5IFTF UFDIOJRVFT IB
GVM XJUIJO UIF DPNQVUFS HSBQIJDT DPNNVOJUZ FWFO XJUI IJH]
TUBUFBOEBDUJPO TQBDFT < > *OUIJTTFDUJPO XF XJMM BEES
NFOUMFBSOJOHDBOCFVUIJMIJ[FEUPEFWFMPQPQUJIJNBMDPOUSPI
NPEFM

$PNQBSJTPO PG "QQSPBDIFT

"MUIPVHI SFJOGPSDFNFOU MFBSOJOH IBT CFDPNF QPQVMBS JO S
FSBMPUIFSBQQSPBDIFTDBOBMTPCFVTFEGPSBUUFNQUJOHUP 9
QPMIDIJFT %VFUPUIFMPOHIJTUPSZPG SFIJOGPSDFNFOU MFBSOJ
BSuJiTbJBM JOUFMMJHFODF UIF DMBTTJIDBUJPO PG NBOZ PQUJN
OPUXFMMEFYOFE 5IVT BXJEFSBOHFPGPQUJIJNBMDPOUSPM NFU
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TIJEFSFEBT QBSU PG SFIOGPSDFNFOU MFBSOJOH 5IF DPNNP!
NFUIPETJTUIFJOUSPEVDUJPOPGUIF#FMMNBO PQUJNBMJUZ
CzZ3JDIBSE#FMMNBO "MHPSJUINT TVJUBCMF GPS TPMWJOH D!
UIJT FRVBUJPO CFDBNF LOPXO BT EZOBNJD QSPHSBNNJOH BMt
OBNJD QSPHSBNNJOHJT XJEFMZVTFEGPSTPMWJIOHHFOFSBM
MFNT CVUJU TVUFST GSPN XIBU #FMMNBO DBMMFE UIF EDVS"
CFDBVTFJUTDPNQVUBUJPOBMDPNQMFYJUZHSPXTFYQPOFO!I
PG TUBUF EJNFOTJPOT /FWFSUIFMFTT EZOBNJD QSPHSBNNJ(
FYUFOTIJWFMZ BMPOH XJUI NBOZ UFDIOJRVFT UP BWPJE UIJT |
%ZOBNJD QSPHSBNNJOH BOE SFJOGPSDFNFOU MFBSOJOH TP N
QSPCMFENT XIJDI NBLFTJUEJ,DVMUUPDPOTIJEFS UIFNBT TFQ

%ZOBNJD 1SPHSBNNJOH

#FGPSF DPOTJEFSJOHIPXEZOBNJD QSPHSBNNJOH DPVME CF
TFETQSJOHNBTT NPEFM DPOUSPM XFXJMM {YSTUBEESFTT UII
GPSDF TFBSDI 5IF CJQFEBM TQSJOH NBTT NPEFM 'JHVSF C
f{OFEBUBOZQPJOUJOUIFHBJUDZDMFVTJOHB TIXELRKOLYP O
XIFSK,;x;, EFTDSJCF UIF IPSJ[POUBM GPPU QPTJUJPOT SFMBU.
NBTT OOFBEEJUJPOBM WBSJBCMFJT OFFEFEUP TUPSF UIF HE
TUBODF PSEPVCMFTUBODF 5IFSFBSFNBOZBDUJPO QBSBNI
CFVTFE CVUPOFFYBNQMFUIBUIBT XPSLFEXFMMGPSHBJU U¥
EJNFOTJPOBMWFDUPSEFIOJOHUIFUXPTQSJOH TUJUOFTTFT |
NFOU BOHMF *G FBDI PG UIFTF TUBUF BOE BDUJPO WFDUPS R
EJTDSFUJ[FE JOUP CJOT UIF TEFWENN ¥ BWWATKEBVQE DPO
USPM BDUJPOT 5I1JT DPSSFTQRUOETUPRBPFIBMVAFGQPMIDJIFT L
XPVME OFFEUP CF FWBMVBUFE

'PSUVOBUFMZ EZOBNJD QSPHSBNNJOHBMMPXTVTUPTPMW
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OFOUJBMMZ GBTUFS UIBO BO FYIBVTUJWF TFBSDI 1PQVMBS NFU|I
JUFSBUJPO PS WBMVF JUFSBUJPO DBO JUFSBUJWFMZ TOE BQQSHF
UJPOTJO QPMZOPNJBM UJNF < > 'PSJOTUBODF UIF DPNQVUBU
PG WBMVF JUFQFK IJPFSIJIUFSBUIJPO %FTQJUF UIJT SFNBSLBCMF E
DPNQMFYJUZ DPOWFOUJPOBMEZOBNJD QSPHSBNNJOH NFUIPET |
TICMFJO NBOZDBTFTEVF UP UIF OFFEUP JUFSBUF PWFS FWFSZ T
FYUFOTJPOJTUPVTFBTZODISPOPVT NFUIPET XIJDIWJTJUUIF TUE
5IJT bBOCF OPUJDFBCMZ NPSF F,DJFOU XIFO UIF PQUJNBM TPMVL
BTNBMM TVCTFU PG UIFTUBUF TQBDF

2 MFBSOJOHBQQSPBDIFT

5BCVMBS SFIJIOGPSDFNFOU MFBSOJOH NFUIPET TVDI BT DPOWEFO
2 MFBSOJOH DBOBMTP CF VTFE UP TPMWF UIJT QSPCMFN F DJFO
SBMEJuUyFSFODFMFBSOJOH S5IFTFBMHPSJUINT TJNJMBSUPEZOB
JUFSBUIJWFMZ JNQSPWF UIFJS TPMVUJPOT CZVTJOH QSFWJPVT F
OFXTPMVUJPOT B GFBUVSF LOPXO BT CPPUTUSBQQJOH 5S5IFTF U
SFRVIJSF B NPEFM BOE DBO CF JNQMFNFOUFE POMJOF JO BO JOD
JPO 5IFTFUBCVMBS BMHPSJUINT BSF QSPWBCMZ DPOWFSHFOU C
DBMMZ PQUJNBM POMZ GPS USVMZ EJTDSFUF TZTUFENT < > 8
DPOUJOVPVT UJNF TZTUFN UIFTF NFUIPET QSPEVDF BO BQQSPY.
USVF PQUJNBM TPMVUJPO

OOF QFSUJOFOU EJTBEWBOUBHF PG UIF NFUIPET EJTDVTTFE TP
EPOPUFYUFOEXFMMUPDPOUJOVPVTTUBUFBOEBDUJPOTQBDFT
NJOHDBOCFJIJNQSPWFEJOUIJTDBTFCZSBOEPNMZTBNQMJOH BD
UJOVPVT TQBDF < > "MUFSOBUJWFMZ BQQSPYIJNBUF EZOBNJD Q¢
PET TVvVDIBT fUUFEWBMVFJUFSBUJPO PuUFSDPNQBDUNFNPSZ F,
uBuJPOT PG UIF WBMVF GVODUJPO PS QPMJDZ VTJOH GVODUJPO
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'VODUJPO BQQSPYJNBUPST BMMPX WBMVF GVODUJPOT UP HF
BDSPTTNVMUJQMF TUBUFT CVU DBO JOUSPEVDF B CJBT BOE F
PG DPOWFSHFODF /FWFSUIFMFTT GVODUJPO BQQSPYJNBUI
VTIFEUPBEESFTTDPOUJOVPVT TZTUFNTBOE IBWFEFNPOTUSB
GPSNBODF JO QSBDUJDF

7BMVF GVODUJPOBQQSPYJNBUJPOJTPOFOBDDPNQMJITIFE
EJFOU EFTDFOU NFUIPET UP NJOJNJ[F UIF NFBO TRVBSFE WBM
8IFOBTIJNQMF MJOFBS GVODUJPO BQQSPYJNBUPSJTVTFE UIJ
PQUJNVN "UZQJDBM MJOFBS GVODUJPOSOQSEY IXIFSES JT
SFQSFTFOUT UIF XFJHIU (¢FDUBSGEGEHVSF WFDU®SS5EPS TUBL
TINQMF TUPDIBTUJD HSBEJFOU EFTDFOU VQEBUF SVME DBO C

v = i+ (U VsV s

XIFSFJT UIF MFBSOJOHWBUDWH IBFOEFX GVODUJPO FOUJINB®WF *C
VOCJBTFE FTUJNBUF PG UIF USVF WBMVF GVODUJPO BOE UIF
upsSJT MJOFBS UIFO UIJT BMHPSJUIN JT HVBSBOUFFE UP DP
QSPCMFNST HMPCBM PQUJNVN < > 60GPSUVOBUFMZ CPPUT
CIJBTFECFDBVTFUIFZEFQFOE PO UIF DVSSROBXBFNIQUPEBMU P
EJUFSFODF NFUIPET BSF VTFE XJUI B MJOFBS GVODUJPO BQQ
EJFOU EFTDFOU BMHPSJUIN JOTUFBE DPOWFSHFT UP UIF 5%
XJUIJOBCPVOEPG UIFPQUJNVN< >

1PMIJIDZHSBEJFOUT

i1PMIJDZ HSBEJFOUBMHPSJUINTBMTP MFWFSBHF HSBEJFOU EF
B GVODUJPOBM BQQSPYJNBUJPO PG UIF QPMJDZ CBTFE PO U
GPSNBODF NFUSJD < > 0O0OF TUSPOH CFOFTU PG UIFTF
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UIFZBMMPX DPOUJOVPVT QPMJDJFT BOE BDUJPO TQBDFT UP CF V
BMHPSJUINT BSJTF XIFO QPMJDZ HSBEJFOUT BSF DPNCJOFE XJUI
JNBUJPOT PG UIF QFSGPSNBODF NFUSJD 5IF QPMJDZ JT SFGFSSH
XIJMFUIF QFSGPSNBODF NFUSJDJTUIFDSJUJD 5IJTIBTUIFCFOF
SFEVDJOH WBSJBODF PG UIF HSBEJFOU FTUJNBUF DPNQBSFE UP
TBNQMFT

0OOF MBTU SFJOGPSDFNFOU MFBSOJOH BMHPSJUIN UIBU JT XPS
UIFDPOUFYU PG MFHHFE MPDPNPUJPO JTUIF DPOUJOVPVT BDUP S
UPNBUPO $"$-" < > 5IJTBMHPSJUIN IBT CFFO QBSUJDVMBSMZ
EFNPOTUSBUJOH EZOBNJD MFHHFE MPDPNPUJPO CFIBWJPST JO T.
$"$-"PQFSBUFT TINJMBS UP QPMJDZ HSBEJFOU BDUPS DSJUJD NI
UIBO VQEBUJOH UIF BDUPS JO QPMJDZ TQBDF JU VQEBUFT UIF BD!I
*O BEEJUJPO BDUPSVQEBUFTBSFPOMZQFSGPSNFE XIFO UIF TBN
QSPWFT UIF QFSGPSNBODF NFUSJD 51JT QSFWFOUT UIF BDUPS ¢
XBSET VOTBNQMFE BDUJPOT

"QQMIFE UP #JQFEBM 3PCPU )BSEXBSF

3FJOGPSDFNFOU MFBSOJOHIBT CFFOBQQMJFE UP CPUI TINVMBU
TZTUENT GPS TPMWJOH B WBSJFUZ DPNQMFY EZOBNJD UBTLT -F
CIJIQFEBM SPCPU IBSEXBSFIBT CFFO EFNPOTUSBUFE OVNFSPVT U
WFOUJPOBM SFJOGPSDFNFOU MFBSOJOH UFDIOJRVFT "MUIPVHI |
JOUIJT UIFTIJT GPDVTFT PO P*JOF DPNQVUBUJPO PG DPOUSPM QF
DFTTGVM XBMLJOHDPOUSPMMFSTIBWFCFFOMFBSOFEPOMJOF CZ
GSFFBCIMJUZ PG SFIJOGPSDFNFOU MFBSOJOH BMHPSJUINT
#FOCSBIJN XBT POF PG UIF FBSMJFTU UP EFNPOTUSBUF VTJOH
GPSDFNFOU MFBSOJOH NFUIPET UP XBML PO B QIZTJDBM CJQFE <
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EJTTFSUBUJPO JOWPMWFE JNQMFNFOUJOH BO BDUPS DSJUJD
OFUXPSLT PO B TNBMM CJQFE EVSJOH UIF NJE T )F SFEVD
TIJIPOBMJUZ PG UIF QSPCMFN VTJOH DFOUSBM QBUUFSO HFOF!
UIF SPCPUIF XPSLFEPO VUJMJ[FE XFBLFMFDUSJD BDUVBUPST
XBMLFS JUEFNPOTUSBUFEB T TMPXXBMLJOHHBJUBOFSUISFF
JOH

$1(T IBWF CFFO VTFE TFWFSBM UJNFT XJUI SFJOGPSDFNFO
PET PO CJQFE IBSEXBSF < > 3FTFBSDIFSTIBWF VUJMJ[F
UP EFNPOTUSBUF TMPX TUBCMF XBMLJOH HBJUT PO TNBMM 1V
DBOU OVNCFST PG USJBMT 5FESBLF BOEDPMMFBHVFT EFNPO
BDUPS DSJUJD SFJOGPSDFNFOU MFBSOJOH PO CJQFE IBSEXE
$1(T CVUPOBTNBMMQBTTIJWF EZOBNJD XBMLFS PVUJUUFE X.
PGBDUVBUJPO< > .PSINPUPBOE"ULFTPOEFNPOTUSBUFE Q
TNBMM fWF MJOLCJQFEVTJOH SFJOGPSDFNFOU MFBSOJOH Ul
NBQT BOE WBMVF GVODUJPOT < > 5IJT TZTUFN XBT DBQBCM
XJulJo USJBMT

"OPUBCMF SFDFOU FYBNQMF PG HBJU PQUJNJ[BUJPO PO SF
XPSLCZ$BMBOESBBOEDPMMFBHVFTVTJOH#BZFTIJBO PQUJNJ
PQUJIJNJ[BUJPO JT BO BMUFSOBUJWF CMBDL CPY PQUJNJ[FS U
DJFOU XIFO QPMJDZ FWBMVBUJPOT BSF FYQFOTJWF TVDI BT
USJBMT 5I1JTXPSLIJTQFSUJOFOUUPUIJTUIFTIJTCFDBVTF JUE
PQUJINJ[BUJPO PO B TNBMM QMBOBS CJQFE XJUI TQSJOH MFH"
UJPO NBZ QPUFOUJBMMZ MFBSO NPSF F, DJFOUMZ UIBO SFJOG
IBSEXBSF CVU UIF TVDDFTTGVM QFSGPSNBODF JO UIJT XPSL
HBJU PQUJNJ[BUJPO PO TQSJOHZ SPCPUT
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$POUSPM 3FBMJ[BUJPO PO )BSEXBSF

S5IF SFBMJUZ PG EFWFMPQJOH DPOUSPM QPMJDJFT GPS B WJSUVB
OPUEJSFDUMZUSBOTGFSUPIBSEXBSF 11ZTJDBM MFHHFE SPCPU"
EFHSFFT PG GSFFEPNBOENPSFEZOBNJDT XIJDIDBO SFRVJSF BE!
FMT BOE MBZFST PG DPOUSPM 5IJTTFDUJPO XJMM BEESFTT IPX D
CFFO SFBMJ[FE PO IVNBOPJE SPCPUT JO UIF DPOUFYU PG TINQMJ
HBJU USBOTJUJPOT

.FUIPET PG &NCFEEJOH $FOUFS PG .BTT #FIBWJPS

JFVSJTUJD TUSBUFHJFTBSFTPNFPGUIFMFBTUDPNQMFY ZFUCFT
PET GPS USBOTMBUJOH B HFOFSBM DFOUFS PG NBTT CFIBWJPS
3BJCFSUST SVOOJOH NBDIJOFT< >SFHVMBUFUIFJSIPQQJOHIFJ
FSHZ VTJOH B {YFE MFH UISVTU GPSDF EVSJOH TUBODF DPVQMF
DPOUSPMMFS UP TUBCJMJ[F CPEZ QJUDI 4JNJMBSMZ 4JBWBTI
TFOUFEB CIJIQFEBM XBMLJOH DPOUSPMMFS PO "53*"4 VTJOHBTQS
BCMF SFTU MFOHUI GPS FOFSHZ SFHVMBUJPO BOE B TFQBSBUF P
DPOUSPMMFS < > 5IF TINQMF CIQFE DPOUSPM 4* #*$0/ GSBNF
BOPUIFS IFVSJTUJD TUSBUFHZ GPS XBMLJOH BOE SVOOJOH UIBU
EFNPOTUSBUF B WBSJFUZPG HBJUT PO TINVMBUFE TZTUFNT 51731
CJOFT EFDPVQMFE DPOUSPMMFST GPS GPPU QMBDFNFOU UPSTP
MFWFM QPTJUJPO GFFECBDL

%FTQJUF UIF TVDDFTT PG IFVSJTUJD DPOUSPMMFST UIFZ EP O
QVUF UIF NPUJPO PG UIF DFOUFS PG NBTT OQFSBUJPOBM TQBDF
GFSSFEUPBTUBTLTQBDFDPOUSPM VTFTBGVMM PSEFSNPEFMP
JDT UP YfOE UIF DPOUSPM JOQVUT XI1JDI CFTU BDIJFWF EFTJSFE B
SIJTBQQSPBDIBMMPXTDFOUFSPGNBTTNPUJPOHPBMTUPCFEFT
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JOHBDDFMFSBUJPOT XJUIPVUIBWJOHUPEFJIOFJOEJWJEVBM |
QSPHSBNNJOH 21 JT B QPQVMBS BOE FUFDUJWF XBZ UP GPS
DPOUSPM GPS IJHI EFHSFF PG GSFFEPN IVNBOPJE SPCPUT 5
OVNFSJDBM PQUJNJ[BUJPO UP DPNQVUF KPJOU UPSRVFT HIWF
QSJPSJUJ[FE GPS MFHHFE MPDPNPUJPO 'FOH BOE DPMMFBH)\
UP USBDL TQFDJTD DFOUFS PG NBTT NPUJPOT BOE DFOUSPJE
"5-"4 SPCPU< > 4FWFSBM PUIFS HSPVQT IBWF BMTP VTFE 21
USPM PO "5-"4 SPCPUT UP USBDL RVBOUJUJFT TVDI BT UIF JOT
QPJOU < >BOE EFTJSFE CPEZDPPSEJOBUF GSBNFT < > 5I1JT
DPOUSPMMFSTIBT FWFOCFFO VUJMJ[FEGPSUSBDLJOHTQSJO
NFOUUBSHFUT PO TINVMBUFE % IVNBOPJE SPCPUT < >

5|F PQUJIJNJ[BUJPO JOWPMWFE JO GVMM CPEZ 21 UBTL TQBELC
IBT IJHI DPNQVUBUJPOBM DPTUT BOE UIVTJT POMZBQQMJFE
TUFQ 5S5IF EJTBEWBOUBHF PG UIJT BQQSPBDI JT UIBU JU OFH
JDT PG UIFTZTUFN UIBU DPVME CF MFWFSBHFE OOF UFDIOJR
QSPCMFNJTUPVTFBMFTTDPNQMFY JOUFSNFEJBUF NPEFM X.
PG GSFFEPNUIBUDBO CF F,DJFOUMZ TINVMBUFE 'PSJOTUBC
DPMMFBHVFT QSFDFEFUIFJSGVMMCPEZUBTLTQBDFDPOUSP|I
FBSRVBESBUJD SFHVMBUPS -23 UPTUBCJMJ[FBTJIJNQMJTFE
EZOBNJDT NPEFMT < >BSF BO BUUSBDUJWF DIPJDF PG TJ
DBQUVSJOH UIF SPUBUJPOBM EZOBNJDT PG IVNBOPJE SPCPU"
QSPWIJEF HSFBUFS DPOUSPM PWFS UIFBOHVMBS NPNFOUVN P

5|IF-BDLPG$POUSPMMFE (BJUS5SBOTJUJPOT GPF

SFMBUJWFMZ GFX CJQFEBM SPCPUT IBWF EFNPOTUSBUFE DPO
CFUXFFO XBMLJOH BOE SVOOJOH )PEHJOT QSFTFOUFE UIF F
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DPOUSPMMFE HBJU USBOTJUJPOT PO B QMBOBS UXP MFHHFE NBD
BEPQUFEBOFWFOU CBTFEIFVSJTUIJD TUSBUFHZGPSTXJUDIJOHC
SVOOJOH HBJUT %VSJOH UIF NJEEMF PG UIF TIOHMF TUBODF Q
FIJUIFS MFOHUIFOFE PS TIPSUFOFE UP USBOTGPSN CFUXFFO WFS
SVOOJOH NPUJPOT 3VOOJOH XBTDPOUSPMMFE VTIJOHUIFDMBTT
BQQASPBDI XIJMF XBMLJOH VTFEDPOTUBOU MFOHUI MFHT BOE DP
NFOU XJUIPVUWFMPDJUZ GFFECBDL

YPOEBST IVNBOPJE "4*.0 SPCPU QMBUGPSN IBT EFNPOTUSBUFE
JOH SVOOJOH BOE USBOTJUJPOT CFUXFFO VTJOH B NPEFM CBT

> 5BLFOBLBBOEDPMMFBHVFT EFTJHOFE "4*.0ST XBMLJOH BOE
BT DZDMJD USBKFDUPSJFT GPS UIF [FSP NPNFOU QPJOU GFFU B
JOHTINQMJYFE EZOBNJDT NPEFMT 51JT BQQSPBDI SFMJFT PO NB
CPVOEBSZDPOEJUJPOT CFUXFFO DZDMFT UP DIBOHF HBJU QBUUF
BMTP EFNPOTUSBUFE NPEFM CBTFE HBJU USBOTJUJPOT PO UIF
3"##*5 < > QMBOBS CIJQFET VTJOH IZCSJE [FSP EZOBNJD GSBNFX
UuP SVOUSBOTJUJPOTBSFBDDPNQMJTIFECZCMFOEJOH UIFWJSU
FOEPGUIFXBMLJOHHBJU XJUIUIFWJSUVBMDPOTUSBJOUBUUIFC
OJOHHBJU 3VO UP XBMLUSBOTJUJPOTSFMZPOEJTDSFUFMZ TXJ
DPOUSPMMFS NPEJTFE XJUIBWJSUVBMDPNQMJBOU FMFENFOU 5IF
JOHBJUUSBOTJUJPOT XJUIJO POFPSUXP TUFQT

(BJUUSBOTJUJPOTIBWFBMTPCFFOTIPXOJO % VTJOHUIF"53*"
GPSN< > 3FTFBSDIFSTBUOSFHPO 4UBUF60JWFSTJUZEFWFMPQI
USPM TUSBUFHZ UIBU DBO USBOTJUJPO GSPN XBMLJOH UP SVOO.
GPSXBSE WFMPDJUZ JT JODSFBTFE CFZPOE N T 5I1JT DPOUSP
TNPPUI DPOUJOVPVT USBOTJUJPO CFUXFFO XBMLJOH BOE SVOOJ
OPUFYQMJIDIJUMZDIPPTF XIFUIFS JU XBMLT PS SVOT

%FTQJUFUIJTIBOEGVM PG HBJU USBOTJUJPO FYBNQMFT UIFSF
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OVNCFS PG IVNBOPJE SPCPUT UIBU POMZUBSHFU TIOHMF HB.
UJPOT IBWFCFFO TVDDFTTGVMMZ EFNPOTUSBUFE PO CJQFET
X1ZHBJUUSBOTJUJPOT DPOUSPMMFST BSF OPU NPSFDPNNPO
OBUJPO JT UIBU NBOZ CJQFE QMBUGPSNT EP OPU ZFU IBWF U
EFOTJUZUP SVO 'PSFYBNQMF UIF"5-"4 SPCPUUIBU XBT VTFE
%"31"3PCPUJDT $IBMMFOHF XFJHIT LH *OPSEFSUPHFOFSB
UJPOT TINJMBS UP B IVNBO JU OFFET UP DSFBUF QFBL WFSLU
GPSDFTBQQSPYIJNBUFMZUISFFUJIJNFTJUTCPEZXFJHIU 51JTX
uilBo /| PG GPSDFUPCFHFOFSBUFE XJUIJO GSBDUJPOT PGB
WFSTIJPOPGUIJT SPCPUGSPN#PTUPO %ZOBNJDTJT TJHOJYDB
KVTU LH EVFUP % QSJOUJOH UFDIOJRVFT < > 5I1JT SPCPU
SVOOJOH BOE KVNQJOH XJUI MPOH -JHIU QIBTFT #JQFEBM S
BMJLF NVTUDSFBUF WFSZ MBSHF HSPVOE SFBDUJPO GPSDFT J



$IBQUFS

OQUIJNBM -PDPNPUJPO 1PMJDJF
1PJOU .BTT .PEFMT

4DJFOUJYDBEWBODFTJO MFHHFE SPCPU MPDPNPUJPO IBWF MFE U
GPSVOEFSTUBOEJOHIPXMFHHFETZTUFNT USBOTJUJPO CFUXFFC
UFSOT "MUIPVHIB TJHOJYDBOU BNPVOU PG XPSLIBT BOBMZ[FE U
MPDBM DPOUSPMMFST OFBS JOEJWJEVBM HBJUT < > MF-
UIFDBQBCIMIJUZPGHMPCBMDPOUSPMMFSTTQBOOJOHBMMHBJU"
PDDVST XIJMF USBOTJUJPOJOH CFUXFFO TUFBEZ TUBUF HBJUT D
BOE VMUJNBUFMZ MIJNJUT XIJDIUSBOTJUJPOT BSF GFBTJCMF GP¢
*UJTUIFSFGPSFINQPSUBOUUPBTLUXP  TDJFOUJID RVFTUJPOTB
‘JSTU XIBUBSF UIFUIFPSFUJDBM MJNJUT PG USBOTJUJPO DPOU S
WFTUJHBUFT XIJDI HBJUT DBO CF BUUBJOFE BOE XI1JDI EJTUVSCB
BUFE XJUIPVU GBIJMVSF 4FDPOE XIBU BSF UIF GVOEBNFOUBM S
UIFDPOUSPM 5IJT RVFTUJPO JEFOUJYFTIPX GFBUVSFT PG UIF TZ
MBUF JOUP UIFDPOUSPM QPMJDZ "EWBODFNFOUTJO QBSBMMFM |
BQQSPBDICPUIPGUIFTF RVFTUIJPOT VTJOH UFDIOJRVFT GSPN OV
BOEPQUJNBM DPOUSPM
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-FHHFETZTUFNTBSFDBQBCMFPGBEIJWFSTF SBOHF PG EZOE
UFSOT EVSJOH MPDPNPUJPO 5PEBZST CJQFEBM SPCPUT IBWF
PGUIFTFHBJUTBOEUSBOTJUJPOT CFUXFFOUIFNVTJOHJOUF:
DPNQMFYJUZ < > %FTQJUF UIFBCIJMJUZ PG Ul
DPOUSPMMFST UP USBOTJUJPO CFUXFFO XBMLJOH BOE SVOO.
WFTUJHBUFE UIF SPCVTUOFTT PG UIFTFUSBOTJUJPOT UP EJT
JUJT OPUZFUDMFBS HMPCBMMZ X1JDI SPCPU TUBUFT DBO SFB
EFSTUBOEJOH CPUI PG UIFTF MINJUBUJPOT XJMM IJNQSPWF Ul
SPCPUMPDPNPUJPOBDSPTT NVMUJQMF HBJUT CZJODSFBTJO
UJPOT

&WBMVBUJOHUIFHMPCBM TFUPG SFBDIBCMFHBJUT GPS B M
QMFYJUZ JTTVFT GPS IJHI EIJNFOTJPOBM SPCPU IBSEXBSF "
UP NBLF HMPCBM BOBMZTJT DPNQVUBUJPOBMMZ GFBTJCMF J°
SFQSFTFOUBUJWF NPEFMT PG UIFTZTUFN< > #JQFEBMSPCP
VTIJOHNVMUIQMF TINQMJYFE EZOBNJDT NPEFMT TVDIBT UIF I
EVMVN -*1. GPS XBMLJOH < >BOEUIFTQSJOH NBTT NPEFM
OJOH < > "UUFNQUJOH UP USBOTJUJPO CFUXFFO EJUFSFOU
TIBSQ EJTDPOUJOVJUZJO UIFEZOBNJDT 51JT MIJNJUT UIF SBC
UJPOTBOEJODSFBTFTUIFDPNQMFYJUZPG EFTJHOJOH SPCVT
4.. IPXFWFS JT BMTP DBQBCMF PG EFTDSJCJOH XBMLJOH <
UusBOTJUJPOT VTJOH GPPU QMBDFNFOU < > 3FDFOUMZ 4IB
IBWF QSFTFOUFE B VOJTFE 4.. DPOUSPMMFS DBQBCMF PG SB
UXFFO XBMLJOH BOE SVOOJOH < > #Z BMUFSJOH MFH T
QPJOUT EVSJOH UIF HBJU DZDMF BT XFMM BT GPPU QMBDFNF
CMFPGUSBOTJUJPOJOH CFUXFFO HBJUT XJUI EJUFSFOU FOFS

SIFSF BSF UXP QSIJNBSZ MJNJUBUJPOT UP FYJTUJOH 4.. HBJ
DJFT 5IFT1STUJTUIBUUIFZSFMZPOBOVNCFSPGIFVSJTUJDE
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JOHUIFEFTIJHO QSPDFTT XI1JDI DPOTUSBJO UIFTFU PG DPOUSPM -
CFNBEF S5IFTFEFDJTIJPOTJODMVEFXIFOUPBQQMZBDUJPOT EVS.
BOE XIBUJOUFSNFEJBUF UBSHFUT TIPVME CF SFBDIFE CFGPSF Ul
SFEVDFT UIF QPMJDZ TFBSDI TQBDF TP CIJPNFDIBOJDBM PCTFS\
VTFE UP NPUJWBUF EFTJHO DIPJDFT 5IF TFDPOE MJIJNJUBUJPO P
TJUJPO QPMJDJFTJT EVF UP UIF DIPTFO DPOUSPM QBSBNFUFSJJE
WBSZJOH UIF MJOFBS TQSJOH TUJUOFTT SFQSFTFOUT POMZ B TNB
QSPITMFT UIBU BSF QPUFOUJBMMZ VTFGVM EVSJOH HBJU USBOTJU
JOHUP NPSFHFOFSBM MFH GPSDF QPMJDJFT JUJT EJ,DVMU UP L
QBSBNFUFSJ[BUJPO BuFDUT SPCVTUOFTT BOE TUBUF TQBDF DPW
PVS HPBMJT UP FWBMVBUF 4.. HBJU USBOTJUJPO QPMJDJFT UIBU
JOHDPOUSPMBTTVNQUJPOTBOEUIVT DPSSFTQPOE UP UIF MBSHF
BUUSBDUJPO GPS B CJQFEBM QPJOU NBTT TZTUFN

*O UIJT XPSL XF HMPCBMMZ BOBMZ[F DPOUSPMMFST GPS PQUJ
CFUXFFO XBMLJOH BOE SVOOJOH PO B TIJNQMF CIJQFEBM QPJOU N
DPNQMJBOU MFHT 8F GPDVT PO UIF 4.. CVU HFOFSBMJ[F UIF DPC
GPSDPOUJOVPVTMZWBSIJBCMFMFHTUJPOFTTFT XIJMFNBJOUBJO
NFOTJPOBMJUZ 8F OVNFSIJDBMMZ HFOFSBUF BQQSPYJNBUF HMPC
DJFTUIBUDBO BDIJFWF USBOTJUJPOTJO PSEFSUP BOBMZ[F UIFJ
BOE SPCVTUOFTTUPEJTUVSCBODFT 8FDPNQBSFUIFTFQPMJDJF
SBNFUFSJ[FE DPOUSPM MBXT UIBU DBO CF NPSF DPOWFOJFOUMZ
SPCPU IBSEXBSF

$IPPTIJOHB %ZOBNJDT .PEFM

#JPNFDIBOJDBM TUVEJFT IBWF TIPXO UIBU CIQFEBM XBMLJOH B
CPUIDIBSBDUFSJ[FECZQFSJPEJD WFSUJDBM FYDVSTJPOT PG UIF
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TfTFENPEFMT DBQBCMF PG CPUI HBJUT NVTU FODPEF UIFTF PTI
EZOBNJDT MFH DPNQMJBODF PuUFST B DPNQBDU SFQSFTFOU
4. VTFT DPNQMJBODF UP SFQSPEVDF B XJEF SBOHF PG CBTJD
UJPO NFDIBOJDT < > XJUI B MPX EJNFOTJPOBM TUBUF SFQSF
UFN JT NPEFMFE BT B QPJOU NBTT XJUI NBTTMFTT TQSJOH MF
QFOEFOUMZ PO UIF $P. EVSJOHUIF TUBODF QIBTF $POWFOUJI
JT DPOTFSWBUJWF BOE NBJOUBJOT B DPOTUBOU NFDIBOJDBN
JOH JUT GPPU QMBDFNFOU BU FBDI GPPUTUFQ 5I1JT SFTUSJELC
BUBYTYFEFOFSHZ MFWFM BOE UIFSFGPSF MIJNJUT UIF SBOHF F
SFTFBSDIFSTIBWFJOWFTUJHBUFEBMMPXJOHUIFTZTUFN FOF.
JOHJUTTQSJOHGPSDFT XJUIWBSJBCMFTUJuUOFTT BOE EBNQJ
DPOUSPM EJNFOTJPOBMJUZDBO HSFBUMZ JODSFBTF UIF TJ[F
QPUFOUJBMMZ UIF QPMJDZ QFSGPSNBODF BU UIF FYQFOTF |
DPNQMFYJUZ 3BUIFS UIBO VTF IFVSJTUJDT UP SFEVDF DPNC
UlJT XPSLJTUP FYBNJOFB MBSHF VODPOTUSBJOFE QPMJDZ T
BXJEF SBOHFPGHBJUUSBOTJUJPOT S5IFSFGPSF XF GPDVT P(
VPVTMZWBSJIJBCMF TQSJOH TUJUOFTTFT UIBU DBO QSPEVDF B!

8F QBSBNFUFSJ[F UIF CJQFEBM 4.. XJBOB WBH NBTTMFTT MF
PG SFTU MFOHIBIDPPSEJOBUFT PG UIF QPJOU NBT(XBSFHFEFOPL
EFTDSJCFJUT IPSJ[POUBM BOE WFSUJDBM QPTJUJPO 8F BOB
-JHIUVTJOHB EJNFOTJPOBMZIxB ENVEFOMWBEF TIOHMF BOE EP
TVQQPSUQIBTFT UIJTTUBUFJTJODSFBTFEUP PS EJNFOTJI
GPPU QPTJIWIBOEX, 'JH SIFEZOBNJDT PG UIJT NPEFM BSF

i 1

z |
1
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'JHVSF "QPJOU NBTT CIJQFE NPEFM XJUI TQSJOH MFHT FODB(
EJTUJODUHBJUQIBTFT -JHIU TIJOHMFTVQQPSU BOE EPVCMF TV!
IBWF TUBUF WFDUPS EJNFOTJPOBMJUJFT PG BOE SFTQFDUJ
QPJOUT PGBQQMIFE HSPVOE GPSDF DIBOHF EJTDPOUJOVPVTMZE
UJPO UIFDFOUFSPGNBTTTUBUF USBKFDUPSZSFNBJOTDPOUJOWV
MFTT MINCTBOE GFFU *G UIF MFH GPSDF QSPTMFT BSF DPOTUSB.
BU[FSP TVDIBT XJUIJEFBM MJOFBS TQSJOHT UIFTZTUFN BDDFM
DPOUJOVPVT EVSJOHQIBTF USBOTJUJPOT

XIFSE=98IN T JT UIF HSBWJUBUJPOBM, 80 D&VHSBRIIP O IF

MFH MFOHURFT=BIQIE ;) BSF UIF TQSJOH MFH GPSDKERP&SIDWHIUOFTT
TUBODF BOE [FSP PUIFSXJTF OVS BOBMZTJT DPOTJEFST MFH QP
MBOEJOHBOHMFEVSJOHTXJOHBOEDPOUJOVPVTMZWBSZMFHTU
SIF TZTUFN JT BMMPXFE UP USBOTJUJPO CFUXFFO JUT UISFF EJ°
-JHIU TIJOHMF TVQQPSU BOE EPVCMF TVQQPSU CBTFE PO TQFELC
FWFOUT DPSSFTQPOEJOHUP UPVDIEPXO BOE UBLFPp S5IFUBLFPU
HFSFECZUIF WBMV# BBXIIJMF UIFUPVDIEPXO FWFOUTBSF USJHHF
UIFWBMV\LHBG z XIFSFJTBDIPTFO MFH MBOEJOH BOHMF 5IF UPM
PG UIFTF[FSPDSPTTJOH FWFOUIOST DIPTFO UP CF

5P TVNNBSJ[F UIF BCPWF TFDUJPO GPS B TQSJOH NBTT NPEFM
SBOHF PG QPTTJCMF BDUJPOT TVDI BT WJSUVBM TUJuOFTT MFH
MFOHUI XFDIPPTFUIFGPMMPXJOH

7JSUVBM MFH TUJpPOFTT *OTQJSFE GSPN CJPMPHJDBM TZTUF
OFTT DBOCF VTFE UP SFHVMBUF UIF FOFSHZ PG UIF TZTUFN J
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GBTIJPO
-FHBOHMF 5IF MBOEJOH MFHBOHMF PG BUUBDL BU UIF FC

%BNQJOH *OTPNFFYQFSIJNFOUT XFBMTPJODMVEF B MJ(
EBNQJOHUFSNUIBUBMTP IFMQT SFHVMBUF UIF FOFSHZ PC

'PSUIFTUBUFSFQSFTFOUBUJPO XFDIPPTFUIFGPMMPXJOH
QFOEJOH PO UIFQIBTFPGUIFTZTUFN

'MJHIU QIBTF )FJHIU GPSXBSE WFMPDJUZBQ& WFSUJDBM

4JOHMF TVQQPSU QIBTF )FJHIU GPSXBSE WFMPDJUZ W]
IPSJ[POUBM GPPU QPTJUJPO XJUI SFTQFD(IzYRB WF DFOUFS

%PVCMF TVQQPSU QIBTF )FJHIU GPSXBSE WFMPDJUZ WEF
IPSJ[POUBMGPPUQPTIJUJPOTXJUISFTQFDZAKZPXJI BIPFOUF S

$IPPTJOH 1SPCMFN #PVOEBSJFT

5IF EZOBNJDT PG UIF CIJQFEBM 4.. FRVBUJPO GPSN B TFU
FRVBUJPOT XIJDIDPOTUSBJO UIF TFBSDI GPS PQUJNBM QPMJL
RVJSFTB OPO DPOWFY PQUJNJ[BUJPO PWFS B DPOUJOVPVT TlL
*UJTUIFSFGPSFOFDFTTBSZUP CPVOEUIFTFBSDI EPNBJO XJU
CPVOETBSFUPP MBSHF UIFQSPCMFNNBZCFDPNFDPNQVUBU.
JG UIF CPVOET BSF UPP TNBMM UIF QSPCMFN NBZ JHOPSF JN
5IvT JuJT bsvbJBM UP DIPPTF UIFTF CPVOET DBSFGVMMZ U
UJPOTPGUIFTZTUFNUIBUBSFQFSUJOFOUUP CJQFEBM MPDP
JOFIPXTUBUFBOEBDUJPO CPVOET XFSFDIPTFOJO UIJT XPSL
GSPN CJPMPHZ "MUIPVHIUIFVTFPG CIPMPHIJDBM JOTJHIUT UL
TPNFXIBU BOUJUIFUJDBM UP BIFVSJTUJD GSFF BQQSPBDI XF
UP TFMFDU HFOFSPVT SBOHFT DPWFSJOH NPTUIVNBO XBMLJO



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .PEF

7JSUVBM -FH 4UJuOFTT

"LFZ QBSBNFUFS PG UIF TQSJOH NBTT NPEKMPLTI WIFFWUSU®BWT
TQSJOH MFH DPOOFDUJOH UIF GPPU QPJOU UP UIF DFOUFS PG N
JO UIFPSFUJDBM TIJNVMBUJPO TUVEJFT PG UIF NPEFM BOE CJPN|
NFOUT BUUFNQUJOHUP fUUPUIFNPEFM )PXFWFS UIFSFBSF UISH
XJUIVTJOHUIJTEBUB 'JSTU UIFNBKPSJUZPGUIFTFXPSLTPOMZ
HBJUT BOEEP OPUDPOTJEFSB XBMLJOH4.. 4FDPOE UIF SBOHF P
VFTWBSJFTTIJHOJIDBOUMZ CFUXFFO EJUFSFOU TUVEJFT JUJT UI
DPNQBSF EJNFOTJPOMFTT TUJuOHTT F5T IOHB MRE ICAFTT JT DPN
NPOMZ QSFTFOUFE BT FJUIFSBWFSUJDBMMZ BMJHOFE TQSJOH N
GPPU UP $P. BMJHOFE TQSJOH TP TPNFDBSFNVTUCFUBLFO UP V
UIFTF WBMVFT SFMBUF UP UIF 4..

#MJDLIBO TINVMBUFE 4.. TUJUOFTTFTmMBT, JWW BFTUJNBUFE
IVNBO SVOOJOH TUJUOFTTFT UP CF CHWAFXIFO BWEOJOH BU
IPSJ[POUBM TQFFET PG <UP ND.BIPO BOE $IFOH FYBNJOFE UIF
PSFUJDBM MFH TUJuUOFMJIc GPQ BPUSFNF WFMPDJUJFT CVU FTUJN
NVDI MPXFS TUJuUOFmMFIPGPS UZQJDBM IVNBO SVOOJOH < > 'BSMF
(PO[BMF[QFSGPSNFEIVNBO SVOOJOHFYQFBIMNNBEMBWBGSZJQOH
TUSJEF GSFRVFODZBOE GPVOE MFH TUJuUOFTTFT SBOHJOH GSPN E

mglo < > "SBNQBU[JT FUBM QFSGPSNFE EFUBJMFE IVNBO SV
TVSFNFOUT UP 1OE TMJHIUMZ IJHIFS TUJPUOFTTFT SBOHJOH GSPN
UP mdlo GPS IPSJ[POUBM TQFFET CFUXFFQ < BOBEOBMMZ BM
UIPVHI GFX TUVEJFT SFQPSU XBMLJOH TUJUOFTTFT -JQGFSU FU E
NPEFMT UP XBMLJOH EBUB BOE GPVOE TUNhgQBIUTFQPEET B8

UpP NT < > $PNCJOJOHBMM PG UIFTF SFTVMUT TIPXT UIBU N
IVNBO HBJUT JOWPMWF WJSUVBM MFH TUJUORgNFFT CFUXFFO BO
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/JSUVBM -FHS5PVDIEPXO "OHMF

S5SIFUPVDIEPXOBOMMBUUIFWJSUVBM MFHNBLFTXJUIUIFIPSJI[F
TPNFUIJNFT SFGFSSFEUP BT UIFBOHMF PG BUUBDL IBT B MBSt
FWPMVUJPO PG 4.. EZOBNJDT 8IFO FYBNJOJOH CJPNFDIBOJD
EBUB UIJT RVBOUJUZTIPVME OPUCFDPOGVTFE XJUIUIF GPP
JTPOFOTMJHIUMZ NPSFPCMJRVF HIWFOBO VQSJHIUUPSTP |
UlJT RVBOUJUZ CFUXFFO EFHSFFT J F GPPUEJSFDUMZ JO C
EFHSFFT J F GPPUEJSFDUMZ CFIJOE UIF $P. " CSJFG TVSW
TINVMBUF UIF 4.. GPS SVOOJOH < > BOE GPS XBMLJOH <
OFBSMZBMM GPSXBSE MPDPNPUJPO TPMVUJPOT VTF UPVDIEP

EFHSFFT *G XF GVSUIFSDPOTUSBJO UIF SBOHF VTJOH CJP
BOE XBMLJOH EBUB GSPN < > XFTFF UIBU OFBSMZ BMM SFQPF
HMFT BSF HSFBUFS UIBO EFHSFFT $IPPTJOHUIFVQQFSCPV
CPVOE SF-FDUFEBCPVUUIFWFSUJDBM BMMPXT GPS TZNNFUS
BOE GPSXBSET *G XFEFDSFBTFUIFVQQFSCPVOEUPCFDMPT
FMINJOBUF UIF TPMVUJPOT XIJDITUFQ CBDLXBSET PS BDDFMI

7JSUVBM -FH $PNQSFTTJPO

5IF TUBUF PG UIF 4.. DBO CF DPOWFOJFOUMZ SFQSFTFOUFE J
DPPSEJOBUFT VTJOH IPSJ[POUBM BOE WFSUJDBM GPPU QPT
OBUFT VTJOHMFHMFOHUITBOEMFHBOHMFT "MUIPVHICPUI (
JOHUIBULJOFNBUJD DPOTUSBJOUT BSFPCFZFE EVSJOH TUBO
XBSE XIFO EJSFDUMZ TUPSJOH MFH MFOHUIT 51JT BWPJET IBW
QPTJUJPOT XI1JDI NBZ FYDFFE UIF NPERMSTFSF TV MWFEJOWI EJT
DSFUJ[FETUBUF TQBDF HSJET 51JT RVBOUJUZDBO CF CPVOE
NVN MFHDPNQSFTTJPO -FFBOE 'BSMFZQSFTFOUFEDFOUFSP
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GPSIVNBO XBMLJOH BOE SVOOJOH XIJDIJOEJDBUFE WFSUJDBM |
BQQSPYJNBUFMZ DN EVSJOH SVOOJOHBOE DNEVSJOH XBMLJO|
BM BMTP SFDPSEFEDFOUFSPGNBTT USBKFDUPSJFT EVSJOH XBM
DBMFYDVSTIPOTPGBQQSPYJNBUFMZ UP DN < > S5IFTFWFSUJL
QSPWJEF B SFBTPOBCMF VQQFS CPVOE GPSUIFFYQFDUFE MFH DP
UuzQJbBM CJQFEBM HBJUT

)PSJ[POUBM BOE 7TFSUJDBM $FOUFS PG .BTT 7FMPI

S5SIFUSBOTMBUJPO BXWWIFMBDRIIDEOUFS PG NBTTJTBOJNQPSUBOUR
GPSDMBTTJGZJOH HBJUT CFDBVTF JU EFTOFT B QPJOU NBTT TZT
"MUIPVHIUIFQSFTFODFPG -JHIUPSEPVCMFTVQQPSUQIBTFTDBO
HBJUT BT SVOOJOH PS XBMLJOH UIJT EFTOJUJPO JODPSSFDUMZ N
OJOH TPNFUJNFTDBMMFE (SPVDIP SVOOJOH < > XIJDIIBTUIFTB
GBDUPSDIBSBDUFSJTUJDT BT XBMLJOH< > "EZOBNJDBM EJTUJC
SFTPMWFUIJTCZFYBNJOJOHUIF -VDUVBUJPOT PG QPUFOUJBM BC
BCIJQFESTDFOUFSPGNBTT fJHVSF 3VOOJOH PDDVST XIFO CP
JOQIBTF XJUIlI FBDI PUIFS TVDIBT XJUIBCPVODJOH SVCCFS CBM
PDDVST XIFO CPUI FOFSHJFT BSF PVU PG QIBTF XJUI FBDI PUIFS
SPMMJOH FHH < > 5IJT EFTOJUJPO FWFO IPMET VQ EVSJOH NVMU
UJPOT XIFSFUIF SFMBUJWF FOFSHZ QIBTFT TVEEFOMZ TXJUDI <
#PVOEJOHUIF4.. USBOTMBUJPOBM WFMPDJUJFTUP TFBSDI PWF
UFSPGEFDJEJOHIPXGBTUHBIJUTTIPVME NPWFBOEIPXIJHIUIF TZ
NBTT TIPVME SJTF "SFBTPOBCMF TUBSUJOH QPJOU GPS FYQFDUF
JUZ JT UIF QSFGFSSFE IVNBO XBMLJOH TQFFE PGTBRQSPYJNBUFN
BOE UIF QSFGFSSFE IVNBO SVO UP XBML USBOTJUJPO TQFFE PG
N T < > 3VOOJOH VQ UPT JNPOFO DPOTJEFSFE B TMPX KP#}
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'JHVSF SIFEZOBNJDBMDMBTTJYDBUJPOPG SVOOJOHBOE X
PO -VDUVBUJPOT JO UIF LJOFUJD ,& BOE QPUFOUJBM 1& FO
DFOUFSPGNBTT "CJQFEBMTZTUFNJT SVOOJOHXIFOUIFTF F(
BOE XBMLJOH XIFOUIFTF FOFSHJFT BSF PVU PG QIBTF *O UIJ
BDIBSBDUFSJTUJD TUBUF BU UIF TUBSUPG TIOHMF TVQQPSU
HBJU 5BSHFU TUBUFT XIJDIBSF SJTJOHBUUIFPOTFUPG TJOHI
FSFEUPCF XBMLJOH XIJMF UBSHFU TUBUFT XIJDIBSF GBMMJ(
TVQQPSUBSFDPOTJEFSFEUP CF SVOOJOH

HIOH QBDF BOE SVOOJOH BUB GBTU SVOOJOH QBDF < > 5IF M
WFSUJDBM WFMPDJUZ DBO CFCBTFE PO UIFFYQFDUFE BQFY E
CBMMJTUJD FRVBUJPOT "QPJOU NBTT XJUI VQXBSE WFMPDJL
UFSOBM GPSDFT XJMM S WHRE GPBFCEOFFYG *G XF DPNCJOF UIJ
DFOUFS PG NBTTUSBKFDUPSZ EBUB < > XFTFFUIBUNPTU
OPUFYDFFE T N

4UFQ -FOHUI

SIFTOBM QBSBNFUFSXFNVTUDPOTJEFSJTIPXGBSBQBSUUIF
QMBDFEEVSJOHUIFEPVCMFTVQQPSUQIBTF 5IFGFFUMPDBU
CFTUPSFEBT TFQBSBUF WBSJBCMFT IPXFWFS UIBU PQUJPO X
BOEJOGFBTJCMF TUBUFT PG UIF TZTUFN &ODPEJOH UIF TUBI
TVSFT EJTUJODU GPPU IPMET BOE DPOTJTUFOU PSEFSJOH PG
EPVCMFTVQQPSU 4.. TUBUFDBOUIFOCFGVMMZEFUFSNJOFE
MFOHUI XJUI FBDI MFH MFOHUI UP GPSNB USJBOHMF /PUF UIB
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4ZNCPM 5ZQJDBM )VNBO 4FBSDI#PVOET 60JU

-FH 4UJuOFTT k UpP UP md lo
SPVDIEPXO "OHMF Up UP EFH
-FH$PNQSFTTJPO | UpP Up DN
)PSJ[POUBM 7FMPRJIUZ UP UP N T
7TFSUJDBM 7FMPDJA Z Up up N T
4UFQ -FOHUI d UP upP N

DBSFGVMMZTFU UPPCFZUIFUSIJBOHMFJOFRVBMJUZ TP UIBU OP
PSFRVBMUPBUIJSE TJEF

S5IFSF BSF TFWFSBM CJPNFDIBOJDBM TUVEJFT JOWPMWJOH IV
4FLJZBFUBM DPOEVDUFEFYQFSIJNFOUTUPNFBTVSFUIFWBSJBC
EVSJOHIVNBO XBMLJOHBOE GPVOEMFOHUITSBOHJOHGSPNBQQS

N< > %POFMBO FUBM NFBTVSFE NFDIBOJDBM XPSL EVSJOH
JOH XIJIMF UFTUJOH TUFQ MFOHUIT GSPN UP N< > 4FHFST
TUFQ MFOHUIT EVSJOH XBML UP SVO BOE SVO UP XBML USBOTJU.
MFOHUIT PG BQQSPYJNBUFMZ N< > 8F DBODPNCJIJOF UIFTF S
TFSWFUIBUUZQJDBM IVNBO EPVCMF TVQQPSU QIBTFT EP OPU FYI
PG N

$IPPTJOHBOOQUJINJ[BUJPO 'SBNFXPSL

SIF PQUIJNBM DPOUSPMT TUVEJFE JO UIJT XPSL GBMM JOUP B DM
QSPCMFNT JOWPMWJOH DPOUJOVPVT UINF DPOUSPM USBKFDUPS
FBSTZTUFNT UISPVHIPVU DPOUJOVPVT TUBUF TQBDF .PSF HFOF
TFOUT B OPO DPOWFY PQUJNJ[BUJPO PWFS B DPOUJOVPVT EPNBJ
DPOTUSBJOUT OVS TFBSDI GPSUIFTF DPOUSPMTJT GVSUIFS DPN
TJSF UP DPNQVUF HMPCBMMZ PQUJNBM TPMVUJPOT SBUIFS UIBO
BCMF MPDBMMZ PQUJNBM TPMVUJPOT (MPCBM PQUJINVNT SFQSFT
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DPOUSPM TUSBUFHJFT UIBUDBO CFVTFECZPVS TQFDJTD NPE
MPOH UFSN HPBMT EFTOFE CZ B DPTU GVODUJPO 60TVSQSJT
UIWFMZ GFX HVBSBOUFFT TVSSPVOEJOH UIF TFBSDI GPS UIJT
IBTOPUEJTDPVSBHFEUIFfFMEPGEZOBNJD PQUJNJ[BUJPO XI
QMFUIPSBPG OVNFSJDBM NFUIPET BIJNJOHUPDPNQVUFPQUJN
JOHBDDVSBDZ 8IJMF NBOZBQQSPBDIFTDBO HVBSBOUFF DPO
PQUJNVN GBS GFXFS bBO HVBSBOUFF B HMPCBMMZ PQUJNBI
UIFO POMZ CZNBLJOHDFSUBJO BTTVNQUJPOT XJUIJO B CPVO

$BOEJEBUF OQUJNJ[BUJPO .FUIPET

"OJEFBM TPMVUJPO UPPVS PQUJNJ[BUJPO QSPCMFN XPVME C
BMMZ PQUIJNBM DPOUSPM HFOFSBUFE CZTPMWJOH SFRVJTJUF
UuJPOT *OEFFE JG UIF VOEFSMZJOH )BNJMUPO +BDPCJ #FM|
TINQMF FOPVHI XF DPVME BUUFNQU BO BOBMZUJDBM TPMVU.
QSJODJQMF 4BEMZ NPEFSONBUIFNBUJDBMBQQSPBDIFT IBW
BMZUJD JOUFHSBUJPOTPGPVSNPEFMSTOPOMJOFBS EZOBNJ|
UlJT PDDVST XFBSFSFTIJHOFEUP OVNFSJDBM NFUIPET XI1JDI I
DPNQVUF UIFTF DPOUSPM MBXT

5SBKFDUPSZPQUJNJ[BUJPO

S5SBKFDUPSZPQUJINJ[BUJPOJTBDPNNPOBQQSPBDIUPHFOFSE
OVNFSJDBM TPMVUJPOT GPS OPOMJOFBS TZTUFENT *G UIF PQ
WFSZ DMPTF UP UIF HMPCBM PQUJNVN UIJT DMBTT PG JUFSB
QSPEVDF HMPCBMMZ PQUJNBM USBKFDUPSJFT )PXFWFS UIJ
VMBSMZVTFGVM BT UIF HMPCBM TPMVUJPO JU OPU UZQJDBMN
SFTVMUJOHTPMVUJPOTBSFBMTPJOUIFGPSNPGBUJNF CBTF
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UPSZ SBUIFSUIBO B GVODUJPOBM NBQQJOH GSPN BSCJUSBSZ TUE
SFTUSJDUJPO DPVQMFE XJUI MPDBMMZ PQUJNBM SFTVMUT NBLFT
uJPOBO VOJEFBM DBOEJEBUF JO UIF TFBSDI GPS HMPCBMMZ PQU.

3FJOGPSDFNFOU -FBSOJOH

3FJOGPSDFNFOUMFBSOJOH 3- JTBQPXFSGVMPQUJNJ[BUJPOBQ
VTFE GPS IJHI EIJNFOTJPOBM DPOUSPM QSPCMFNT *U DBO BDIJ
HFODF BOE HPPE SFTVMUT GPS DPNQMFY QSPCMFNT XJUIPVU BO
XJUIUIFIFMQ PG GVODUJPO BQQSPYIJNBUPST TVDI BT OFVSBM OF
TIJBO QSPDFTTFT )PXFWFS FYDFQU JO TQFDJBM DBTFT UIF TPM\
3- XJUI GVODUJPO BQQSPYIJNBUJPO B MPDBM PQUJNVN .PSFPWEFS
UuJrPpoOJT OPU HVBSBOUFFE UP DPOWFSHF PS NJHIU DPOWFSHF B¢
GSPNUIFHMPCBM PQUJNVN

%ZOBNJD 1SPHSBNNJOH

4JODF XF IBWF B NPEFM PG PVS TZTUFN XF DPOTJEFS PUIFS BQ(
NJHIU SFRVJSF NPSF TBNQMFT CVUDBO NBJOUBJO HMPCBM DPO\
UFFT OOF TVDINFUIPEJT 'BTUNBSDIJOHNFUIPET BMTP LOPXO B
PS PSEFSFE VQXJOE NFUIPET 5IFTF NFUIPET NPEFM UIF WBMVF |
UIF PQUIJNBM QPMJDZ CZ EZOBNJD QSPHSBNNJOH SFRVJSJOH B
MBSHF BNPVOU PG EBUB 8JUlI B CPVOEFE TUBUF TQBDF BOE EJT|
BOE TUBUF TQBDF UIFTF BQQSPBDIFT DBO HVBSBOUFF DPOWFSH
TPMVUJPO PG UIFBQQSPYJIJNBUF EJTDSFUJ[FE QSPCMFN 5IF GP
CFNBEFBSCJUSBSIMZDMPTFUPUIFHMPCBM PQUJNVNCZNBLJOH
HSJE TOFS

"TQFDJBM DBTF PG QSPCMFNT SFQSFTFOUFE CZ UIF &JLPOBM
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uJBM FRVBUJPOT DBO CF TPMWFE WFSZ F,DJFOUMZ XJUI B T
TUBUF TQBDF S5IFTF QSPCMFENT DBO CF TPMWFE XJUI GBTU N|
PSEFSFE VQXJOE NFUIPET CZ MFWFSBHJOH UIF QSPQFSUZ Ul
UIF1%& MJF BMPOH TPNF DIBSBDUFSJTUJD DVSWFT )PXFWFS
UIFTF DIBSBDUFSJTUJD DVSWFT BSF OPU LOPXO BOE IFODF |
UIFTF BQQSPBDIFT $POWFSHFODF TQFFE PG EZOBNJD QSPH
CFINQSPWFE GPS DFSUBJO QSPCMFENT GPS XI1JDI UIF DIBSBD
CPVOEFE XJUIJOBDFSUBJO EJTUBODF PG UIFTUBUF )PXFWFS
DBTF POF IBT UP SFWFSU UP DMBTTJDBM EZOBNJD QSPHSBN
TFWFSBM QBTTFTUISPVHIUIFTUBUF TQBDF UPDPOWFSHF UP |
uJrPpoO 8IJMFUIJT NJHIUCFWFSZTMPX JUJTTUJMM HVBSBOUF
PQUJNBM TPMVUJPO GPSWFSZHFOFSBM QSPCMFN

4FNJ -BHSBOHJBO %ZOBNJD 1SPHSBNNJOH

"MUIPVHI OVNFSJDBM PQUJNBM DPOUSPM TDIFNFT XI1JDI SFM.
VMUIJNBUFMZ DPNQVUF TVCPQUJNBM TPMVUJPOT GPS DPOUJC
EFTIJHOFS DBO CBMBODF TPMVUJPO BDDVSBDZ XJUI DPNQVUE
DJEJOH GBDUPS JT UIF QSPCMFN EJNFOTJPOBMJUZ EFYOFE C
TQBDFT "T EJNFOTJPOBMJUZ JODSFBTFT DPNQVUBUJPOBM
FYQPOFOUJBMMZ EVF UP UIF EDVSTF PG EJNFOTJPOBMJUZ-
UJPONFUIPETDPNQFOTBUF GPS UIJTJOIJHIEJNFOTJPOTCZJ
GVODUJPO BQQSPYIJNBUPSTBUUIFDPTU PG JOUSPEVDJOH MF
MFN EJNFOTJPOBMJUZJT MPX FOPVHI BT JT UIF DBTF XJUI Ul
MJOFBSMZJOUFSQPMBUFE HSJET DBO CF VTFE UP FOTVSF BO
UJNVN 51JT TPMVUIJPO JT TVCPQUJINBM JO B TUSJDU NBUIFNE
XJUlJOBCPVOEPG UIFUSVF PQUJNBM DPOUSPM < >



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .PEF

OVS TFBSDI GPS UIF UIFPSFUJDBM MJNJUT PG CJQFEBM HBJU U
TOEJOH XIJDI TUBUFT BSF BCMF UP SFBDI EJUFSFOU UBSHFU TUBL

UPEJTUJODUHBJUT THVSF UlJT SFHIPOPG TUBUFTQBDFJT U
GPSBTQFDJID QPMJDZ YHVSF 1SFWJIJPVT XPSLPOUIF4..IBTB
DSFUF DPOUSPM JOQVUTUP fOE POF TUFQ < >BOE NVMUJ TLU

CFBUQPMJDJFT DBQBCMF PG SFBDIJOH B UBSHFU TUBUF JO UIF G
bDBMDVMBUJPO PG HMPCBMMZ PQUJIJNBM EFBECFBU QPMJDJFT SFW
UJPOGPSBUBSHRUTHBJTJOPGTUBUFTDBO CFXSJUUFOKPSNBMMZ
EJTDSFUF CBDLXBSET SFBDIBCMF TFU

Rg=fs2S:N(s) nyeg

XIFSBJT UIF TFU PG BNM@®) TUBUGYODUJPO UIBU SFUVSOT UIF NJOJ
OVNCFS PG GPPU TUFQTGEPS FBBMilygyJT UIF NBYJNVN OVNCEFES

PG DPOTJEFSFE TUFQT *O DPNQBSJTPO PVS BOBMZTJT fOET UIF
UBSHFU TUBUFT VTJOH DPOUJOVPVT UJNF DPOUSPM JOQVU 51JT
UFOTJPO SFRVJSFT BDPOUJOVPVT UINF CBDLXBSET SFBDIBCMFE

R.=1fs2S:T(s)<+1g

XIFSFOHRK) EFfOFTUIFNJOIJNVN UIJNFIUGPSPRBDIE UIFIPSJ[PO

JT FYUFOEFE UP JODMVEF BMM TUBUFT SFBDIBCMF JO TOJUF UJI
XFMM EFTOFE PQUJNBM DPOUSPM QSPCMIRY UP F MW?WH WHBSVWDVMB
DPTU PWFSBMMPGTUBUF TQBDF UP EFUFSNJOF UIF SFBDIBCMF T
PQUJIJNBM DPOUSPM MBX

*OPSEFSUPTPMMWKERSTU EFTOFBGVODUJPOUIBUNBQTGSPN



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .1

'JHVSF 5IF PQUIJNBM DPOUSPM UBSHFUJOH B TQFDJTD TUE
SFWFBMT XIJDRTUBWBFITQBIBRSF BCMF UP SFBDIUIFUBSHFU 51J°
SFGFSSFEUPBTUIFCBDLXBSET SFBDIBCMFTFUPS CBTJO PG

QPMIDZ QBJSTUPUIFJS {STUUBSHFUBSSJWBM UJNF

8
%NJO(S; 2T Jat 0:f(s; ;0)2T;
t(S, ):§ t

+1 PUIFSXJTF

XIFSF(s; ;) SFUVSOT UIF TUBUF PG UIF TZTUBRUBOH) GI$S® N TUBU
BOE GPMMPXJOH GPAVWBKIVF GVODUJPO DBO UIFO CF EFTOFE B

T(s)= 106 )

XIFSF UIF TRBFQSFTFOUT BMM BENJTTJCMF QPMJDJFT *O PS|
T(s) JT DPOUJOVPVT BSPVOE UIF UBSHFU XF NVTU BMTP BTTVN



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .PEF

DPOUSPMMBCIMUNXZWBISPIFMPOEJUJPO
Jzot@; 1) n(s) <0 8s2@

XIFSA(S) JTUIFFYUFSJPS O B6BMEIUP FOTVSFT UIF WBMVF GVODUJ
JT -JQTDIJU[ DPOUJOVPVT IPXFWFS UIF TDIFNF VTFE IFSF XJMM ~
SFBTPOBCMFBQQSPYJNBUJPO FWFOJG UIJT DPOEJUJPOJT OPU T

%FUFSNJOJOH UIF WBMVF GVODUJPO JT OFDFTTBSZUP DBMDVM
FRVBUJPO CVUUIJT SFRVIJSFTTPMWJOHB OPO DPOWFY DPO"
UJPO QSPCMFN HMPCBMMZ 'PSUVOBUFMZ UIF MPX EJNFOTJPOBI
NBLFT JU GFBTJCMF UPBQQMZ UIF %ZOBNJD 1SPHSBNNJOH 1SJOD
fOE BEJSFDU OVNFSJDBM TPMVUJPO 5IF %11 GPS UIF NJOJNVN L
QSPWJEFTB SFDVSSFODF SFMBUJPO GPS UIF WBMVF GVODUJPO B
UP CF
T(s)= JOG T(f(s; ;1)

51 JTSFMBUJPOMFBETEJSFDUMZUPBOPOMJIOFBS YfSTUPSEFS QB
UJPO LOPXOBTUIF)BNIJMUPO +BDPCJ #FMMNBO FRVBUJPO XIPT!
WBMVF GVODUJPO PG JOUFSFTU 8F DBO VTF UIJT FRVBUJPO UP E
WBMVF QSPCMEN

gTVQ T(s) f(s; ;t)=1; s2RnT,;
2

§T(s):0; s2T;
_SMSJNS) =+1; 8sg 2 @R:

S5IJT QSPCMFN DBO CF USBOTGPSNFE JOUP B CPVOEFE EPNBJO XJ



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .1

EFODFPOUIF SFBDIBCMFTFU VTJOH UIF ,SV[LPW DIBOHF PG W
8
%v(s)=1 e’ JE((s)<+1;

%v(s):l JGB(s)=+1;

JOPSEFSUP 1OBMMZBSSJWF BU UIFCPVOEBSZWBMVF QSPCM

8
%v(s)+ TVQ v(s) f(s; ;t)=1; s2SnT,;
2

gv(s):o; s2@:

*OPSEFSUPTPMWFUIJT QSPCMFNVTJOHTFENJ -BHSBOHJBO O\
UJPO XFBQQMZ UIJNF BOE TQBDF EJTDSFUJ[BUJPO BMPOH XJ
GPSNBTEFTDSJCFEJO < > 51JT SFTVMUTJO UIFJUFSBUJWF

8
%\/J*l—e tNJG)(V' f(s; ; t)+1 e % s;2SnT;

SjZ@

XIFS#* OPX SFQSFTFOUT UIF WBM ViFP G PSFESIFDBFV JEFE TUBL
BOE(V;f(s; ; t)) SFQSFTFOUT BO JOUFSQPMBUJPO GVODUJPO XI
EJTDSFUF WBMW\VEFOEBCIMEJTDSFUJ[BUJP® WONFSBIDRLJDFE MJOF
JOUFSQPMBUJPO JT POFO VTFE JO DPNCJOBUJPO XJUI B EJTC
BT &/MFS PS 3VOHF ,VUUB < > 'JOBMMZ XF NVTU SFETUSJD
CPVOEFE TFU BOE JOUSPEVDF BDPSSFTQPOEJOH CPVOEBSZTC

\/ij-"l =1 J @(S; ; t) < Syounded

XIFSBounded JT POFO EFTOFEBTBIZQFSDVCF 51JT FUFDUJWFMZE
BSSIWBM UJNF UP QPMJDJFT XI1JDI FYJUUIF CPVOEFE EPNBJO



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .PEF

(VBSBOUFFEDPOWFSHFODFPGUIJT OVNFSJDBM BQQSPYJNBUJ
VOEFSMZJOH WBMVF GVODUJPO IBT CFFO TIPXO CZ#BSMFT BOE 4

> 5IFNJOIJNVNUJIJNFTDIFNFVTFEIFSFXBTJOUSPEVDFECZ#BSE
DPOFBMPOH XJUIFSSPSBOEDPOWFSHFODF SBUF FTUJNBUFT <
FSSPSFTUJNBUFT DBO CF PCUBJOFE BT

|
p—él s'zi
VEsspsC  tHL+ — ;

XIFSEJTBQPTJUIJWF DPOSUBOQUFBIOEBDJIJOH CFUXFFO EJTDSFUF TL

"MHPSJUIN*NQMFNFOUBUJPO %FUBJMT

81 JMF TFNJ MBHSBOHJBO EZOBNJD QSPHSBNNJOH JT B WFSZ HFO
GPS PCUBJOJOH HMPCBMMZ PQUJNBM WBMVF GVODUJPOT UIFSF
TQFDJYD EFUBJMT UIBU OFFE UP CF UBLFO DBSF PG 'PS FYBNQ!
GPS HFOFSBUJOH UIF WBMVF GVODUJPO DBO IBWF B IVHF JNQBD
PG UIF PQUJNBM QPMJDZ 8F IJHIMJHIU TPNF PG UIF EFUBJMT XF |
GPMMPXJOH TFDUJPOT

$PTU'VODUJPOT

BFFYQFSINFOUFE XJUIEJUFSFOUDPTUTUIBUXFSFVTFEGPSHFOF
GVODUJPOJOUIF DPOUJOVPVT UIJNF BOE EJTDSFUF FWFOU TFUU.

$POUJOVPVT UIJNF TFUUJOH

*OUIFDPOUJOVPVTUJNFTFUUJOH XFFYQFSINFOUFE XJUIUISFF
UBOFPVTDPTUT NJOJNVNUJNF NJOJNVNGPSDFBOENJOJNVN QF



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .1

DIBOJDBM QPXFS &R

costme=1 FYQ ¢ )
COStorce = ( r(F1 + FZ))2 + ( &(&jesired )9)2

COSﬁ)ower = ( power( N B YF1|+; 0) + NB YFZLZQ O)))2 + ( L(&Jesired )9)2

JFSFi ¢ xBOEowe BSFUIFTDBMJOHDPF DJFOUTGPSFBDIDPT
NVNUJIJNFDPTUQFOBMJ[FTUIFUIJNFPGUIFUSBKFDUPSZTQFO
51 JTbPTUDBO MFBE UPWFSZBHHSFTTIJWF NBOFVWFST BOE N
GPSINQMFNFOUJOHUIF HFOFSBUFE QPMJDFT PO B SFBM SPCH

5[F NJOIJNVN GPSDFDPTU QFOBM FBBIOELRIGHFBMAMFH XIJMF
UsZzJOHUP BDIJFWF UIF UBSHF O WFMFEBETAUP MFTT BHHSFTTJ
UIBO UIF NJOIJNVN UJNF QPMJDZ

.JOJIJNVN QPTIJUJWF NFDIBOJDBM QPXFS DPTU XBT EFTJHOF
MPHJIJDBM TZTUFNT QFOBMJ[JOH UIF UPUBM QPTJUJWF XPSL E
DBMDVMBUFEBTUIFQSPEVDU R® O EFMVFFHGPSNDFED3UIZr DPTU MF
TNPPUIHBJUT UIBUDBO CFJIJNQMFNFOUFE PO SFBM TZTUFNT

*OUIFDBTF PGEJTDSFUF FWFOUT UIFDPTU EFTIJHO CFDPN
PG QFS UJNFJOTUBOU 5IJTJTUIFO TVNNFE VQ PWFS UIF EJTI
USBKFDUPSZ UP HFU UIF MPOH UFSN DPTU *O UIJT DBTF UIF
UuP UIF EJTDSFUF FWFOU CFJOH DPOTJEFSFE 8F DPOTJEFS N
BWFSBHF MFH GPSDF BOE XPSL &R



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .PEF

CC)Stmpulse: impulse (Fltl"’ I:2'[2)24' X (&jesired )92

Costegforce: Rimpulse (Fl + F2)2 + X (&jesired )92

COSlyork = (mg d)

S5IF NJOIJNVNINQVMTFDPTU QFOBMJ[FT UIFUPUBM JNQVMTF QF
HSBUJOHUIF BWFSBHF MFH GP:SB® &, FOMESDU MFTFUBODF EVSBUJP O™
tt BORE *UBMTP QFOBMJ[FT EJTUBODF GSPN B UBSKFBIEPSXBSE W
NJOJNVNMFHGPSDFDPTUQFOBMJ[FTUIFUPUBM BWFSBHF MFH GP
GSPNBEFTIJSFEGPSXBSETQFFE 5IFNJOJNVNXPSLEPOFDPTU NJ
UPUBM QPTJUJWF XPSL EPOF JO POF TUFQ OPRINBMB[GESCZ UIF XF
XBSE EJTUBOD®PWFSFE JO UIF TUFQ

"DPNNPO QSPCMFN XJUI EJTDSFUF FWFOUT CBTFE DPOUSPM JT
JOH DPOUSPM GSPN EZOBNJD QSPHSBNNJOH BUUFNQUT UP TXJU
IJHI GSFRVFODZ "TBSFTVMU PVSDPTUJOUIJTDBTF USJFT UP N
UBDU UJNF PG FBDI MFH XIJMF USZJOH UP NJOJNJ[F B EFTJSFE DF
JOTUFBE PG NJOJNJ[JOH UIF ddsi¥M DRFDPFUOU JT OPSNBMJ[FE CZ

UIFUINFTQFOU JO DPOUBDU
Costmpulse

ttcontact

cost=

$POUJOVPVT 5JNF"MHPSJUIN

8F DPNCJOF UIF DIPJDFT NBEF JO QSFWJPVT TFDUJPOT UP BSSJW
WBMVF JUFSBUJPO BMHPSJUIN GPS fOEJOH PQUJNBM MFHHFE HB
JUFSBUJWF TDIFNF FRVBUJPO SFRVISFTTPMWJOHBTVCTUBO
PQUJNJ[BUJPOT PWFSBENJTTJCMF DPOUSPM BDUJPOT 8F QFSGP



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .1

UJPOT CZ SBOEPN TBNQMJOH PG BDUJPOT TJIJNJMBS UP < > J
DPNQVUBUJPOBM SFRVJSFNFOUT PG FBDIJUFSBUJPO 51JTJO
EPNTQSJOH TUJpOFTT GPSFBDITUBODF MFHBOETFMFDUJOH
GPS FBDI TXJOH MFH *G UIF TFMFDUFE BDUJPO SFTVMUT JO [
DPTU UIFTUPSFE QPMJDZBOE WBMVF BSF VQEBUFE

%VSJOH FBDIJUFSBUJPO UIFTF PQUJNJ[BUJPOTBSF DBSSJ
TUBUFTBOEQIBTFT XIJDIBSFSFQSFTFOUFEBTEJTDSFUJ[FE
EPNBJO S5IFTZTUFN EZOBNJDT FRVBUJPO BSF TINVMBUFE
IPSJ[POVTJOH 3VOHF ,vUUB GPS OVNFSJDBM JOUFHSBUJPO
JTUIFOFWBMVBUFEVTJOHUIFCBDLVQPQFSBUJPOJO FRVBUJ
UIMJOFBSJOUFSQPMBUJPO PG UIFDVSSFOUMZTUPSFE WBMYV
VOUJM UIF OFU DIBOHF DIBOHF JO TUPSFE DPTUT GBMMT CFI
1TFVEPDPEF GPS UIJTJIJNQMFNFOUBUJPOJT EFTDSJCFE JO BM
"TINQMF QSPPG PG DPODFQU FYBNQMFJT TIPXO JO THVSF
QMF BO BQFY UP BQFY IFJHIU CBTFE TXJOH MFH QPMJDZJT S
EZOBNJD QSPHSBNNJOH NFUIPEEFTDSJCFEJOBMHPSJUIN 5
JTHFOFSBUFE VTJOH UIF UFDIOJRVF EFTDSJCFE JO < > GPS/|
N T POBUZQJDBM TQSJOH NBTT NPEFM 5IF SFTVMUJOH BW
SPSIJT EFHSFFT XJUI B TUBOEBSE EFWJBUJPO PG EFHS
EFDSFBTFE GVSUIFS CZ SFEVDJOHUIF UJNF BOE TQBDF EJTDS

%JTDSFUF (BJU &WFOU "MHPSJUIN

*OTUFBE PG B bDPOUJOVPVT UIJNF DPOUSPM XIFSF UIF DPOU!
DIBOHFEBU FBDIUJNFJOTUBODF BOEBMUFSOBUJWF DPVME ¢
USPMTBUEJTDSFUFHBJUFWFOUT 51JTJTBMFTTHFOFSBMGP
TDSIJCFEBCPWF CVUDBO MFBEUPQIZTJDBMMZ SFBMJ[BCMF T



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .PEF

"MHPSJUIMNBMVF *UFSBUJPO GPS #JQFEBM -PDPNPUJPO

GPS FBRAIlStatese P
cost@oddgs) 1.0

FOE GPS

cost@oddtargef) 0.0

SFQFBU

GPS FBRAIStates P

a 3BOEPN"DUJPO
£ 4INVMB&Ft

c 1 FYQ 1l $PTYH)
J G< cost@odds) UIFO
cost@odds) ¢
action@odds) a
FOE JG

FOE GPS

GP S F BR BtatesWithSwingLeg P
t 3BOEPO t)
a "DUJ®O
¥ 4IJNVMBUF5IFO1MB&F'PPU
c 1 FYQNH@A $PTH)
J G< cost@odds) UIFO
cost@odds) ¢
FOE JG
FOE GPS
VOUOMU DIBOHF JO DPI &pSIGhEF T




$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .1

90

HSPVOE USVUI
x WBMVFJUFSBUJPO

80—

BMQIB EFH

70

60~

T T
0:8 1 1:2 14 1:6 1:8 2 2:2
IFJHIU N

'JHVSF $PNQBSJTPOPGUIFWBMVFJUFSBUJPOBQQSPBDI U
USPM MBX < > QSPEVDFE VTJOH SPPU JYOEJOH 5IF QPMJDZ I
IFJHIU PG UIF TQSJOH NBTT NPEFM UP MFH MBOEJOH BOHMFT
SVOOJOH BUI XJUIBOBQFY IFIJHIUPG N 5IF NPEFM QBSBNFU
BSH=80 LHI,=1.0 N BOE=20 L/ N

5SIFSFDBOCFEJuUFSFOUHBJUFWFOUTUIBUDBOCFVTFEUPDIB
BCMFT TVDI BT BQFY UPVDI EPXO NJOJNVNDFOUFS PG NBTT
WFSUJDBM MFH PSJFOUBUJPO BOE NJOJNVN PS NBYJNVN MFFE
HBJU FWFOUT TIPVME CF DIPTFO JO B XBZ UIBU UIFZDBO TFBN
HPSJUIN UP TXJUDI CFUXFFO HBJUT XJUIPVU BuFDUJOH UIF P
QSPDFTT 8F DIPPTF UIF TUBSU PG TIOHMF TVQQPSU --JHIU B
QPSUBQFY BT UIF HBJU FWFOUT JO PVS XPSL 4UBSU PG TJO
BUUIF FOE PG -JHIU BT XFMM BT FOE PG EPVCMF TVQQPSU 'l
-JHIU BOE TIOHMF TVQQPSUBQFYJO TIJOHMF TVQQPSU

$PNNPO 1JUGBMMT BOE "DDFMFSBUJPO .FUIPE

*OUIJTTFDUJPO XFXJMMEFTDSJCFTPNFPGUIFFSSPST UIBU
QJUGBMMT POF NJHIUFYQFSJFODF XIFOEPJOHEZOBNJD QSPH



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .PEF

TZTUFENT 8F BMTP EFTDSJCF NFUIPET XF VTFE GPS BDDFMFSBUJC
UJPOT

"WPJEJOH %VQMIDBUF 4UBUFT

4JODF EZOBNJD QSPHSBNNJOH EFQFOET PO WJTJUJOH FWFSZ TUB
UJPO BWFSZMBSHF TUBUF TQBDFDBO CFQSPIJCJUIJWFMZ UJNF D
BSFTVMU B MBSHFDPNQVUBUJPOBM PWFSIFBEDBO CF BWPJEFE
SFNPWFBOZEVQMJDBUF TUBUFT UIBU NJHIU PDDVS JO UIF TUBUF

"OFYBNQMF XIFSFTVDIBTJUVBUJPO PDDVSTJO MFHHFE MPDPN
EPVCMFTUBODF *GVTJOHGPPUEJTUBODFT GSPNUIFDFOUFS PC
UIF TBNF TUBUF DBO SFQSFTFOU UXP EJUFSFOU TUBUFT FODPEJO
DPEJOH DBO CF OPO VOJRVF #PUI UIF TJUVBUJPOT BSF VOEFTJS
UIF TUBUF FODPEJOH TIPVME CF DIPTFO UP BWPJE UIFN *O PVS
MFBEJOH MFH MFOHUI BOE TUFQ MFOHUI BT UIF FODPEJOH GPS TU
CPVOET UPLFFQJU VOJRVF

*OUFSMFBWJOH 1PMJDZ *UFSBUJPO -PPQT

4JODF EZOBNJD QSPHSBNNJOH GSPN TDSBUDI DBO UBLF NBOZ JU
TJPOBM QPMJDZ FWBMVBUJPOT CBTFE PO UIF DVSSFOU CFTU QP
IFMQBDIJFWFGBTUFSDPOWFSHFODF 5IFGSFRVFODZPGUIFTFFW
UJDBMMZ EFDJEFE CBTFE PO UIF TJ[F PG UIF TUBUF TQBDF 8IJMF
TQFFEVQDPNQVUBUJPOT JUEPFT OPUUBLFBXBZBOZHMPCBM D
BOUFFT PG UIFPWFSBMM BQQSPBDI



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .1

.BTTIWF 1BSBMMFMJ[BUJPO VTJOH (16T

SFDFOUMZ (SBQIJDT 1SPDFTTJOH 60JUT (16T IBWF CFDPNF
SFIJOGPSDFNFOU MFBSOJOH DPNQVUBUJPOT (16T BMMPX UP
DPNQVUBUJPOT XIJDI XPVME UBLF NVDI MPOHFS UP TOJTI PO $
DPNQVUFST 4JODF EZOBNJD QSPHSBNNJOHJT FTTFOUJBMMZ
UuJPO PWFS NVMUJQMF TUBUFT XJUI BWFSZ TINQMF JOUFHSB
VTF (16T GPS UIJT DPNQVUBUJPO 5I1JT NBTTJWFMZ CSJOHT E
UINF OFFEFE UP YfOE UIF PQUJNBM QPMJDJFT GPS PVS QSPCMF

4JODF (16T DPNF XJUI MINJUFE NFNPSZ XFDIBOHF UIF TUBU
SFXBSETUP TJOHMF -PBUJOH QSFDJTIJPO UP TBWF TQBDF BOE

"WPJEJOH (SPVOE $POUBDU $IBUUFS

*EFBMMZ UIF DPOUSPM EFDJTJPO PG FOUFSJOH BOE MFBWJO
UPNBUJDBMMZ EFDJEFE CBTFE PO UIF SFMBUJWF WBMVF GVC
QIBTFT 'PS FYBNQMF JG UIF MPOH UFSN DPTU PG FYJUJOH I
FOUFSJOH TIOHMF TVQQPSU JT MFTT UIBO UIBU PG TUBZJOH
BMHPSJUIN TIPVME BVUPNBUJDBMMZ DIPPTF UP FYJU EPVCM
QSBbuUuJDBMMZ EVF UP B EJTDSFUJ[FE TUBUF TQBDF BOE OVNI
UFDUJOH UIJT DIBOHF JO UIF TIHO PG UIF SFMBUJWF WBMVFT
DBOCFIBSEBOE MFBE UP B DIBUUFS JO HSPVOE DPOUBDU 3
FOUFSTTJOHMFTVQQPSUGSPNEPVCMFTVQQPSU JUNJHIUD
CMFTVQQPSU BOETP PO

4JODF TVDIDIBUUFSNBLFTUIFDPOUSPMIBSE BOEJOGFBT.
XFIJODPSQPSBUFTPNFDPOTUSBJOUTJOUPUIFPQUJNJ[BUJPO
PGUIFNPDDVSSJOH 'JSTU JOTUFBEPG MPPLJOHGPSBI[FSP I
WBMVF XF DIFDL JG UIF WBMVF BOFS UIF USBOTJUJPO JT IJH



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .PEF

WBMVF CZ TPNF UISFTIPME 4FDPOEMZ XFBMTP SFTUSJDU UIF TI
QIBTF USBOTJUJPO UP CF BOFS TPNF NJOJNVN TQFDJYFE UJNF E
UIFTZTUFN BOE QIBTFT DPODFSOFE

SFTVMUT PO 1PJOU .BTT .PEFMT

$POUJOVPVT 5 IJNFOQUJIJNBM $POUSPM 4PMVUJPOT

SIFBQQSPYIJNBUIJPOTPGUIFDPOUJOVPVT UINFPQUJIJNBMDPOUSF
VTFBEJTDSFUF UIJNFFDWORQTB®E B [FSP DSPTTJOH URKNMFSBODF PC
106 T GPS EFUFDUJOH FWFOUT TVDI BT MFH UBLFPu 5IF TJ[F PG
EJTDSFUF MPPLVQ UBCMF XBT DIPTFO UP CBMBODF CFUXFFO TPM
BWBIJMBCMF DPNQVUBUJPOBM SFTPVSDFT "T UIF UBCMF HSPXT ¢
RVIJSFNFOUT JODSFBTF BMPOH XJUI UIF UINJOHT GPS BMHPSJUIN
QPMJIDZ MPPLVQ S5IFTQFDJYD CPVOETBOE EJTDSFUF EJWJTJPOT
UBCMF BOEDPWFSBXJEF SBOHFPGQPTTICMFTUBUF WFDUPST
JNBUFMZ NIJMMJPO TUBUF WFDUPST DBO CF TUPSFE JO H PG
VTIJOHTIJOHMF QSFDJTJPO -PBUJOH QPJOU TUPSBHF 51JT BMMPX"
POJOEJWJEVBM HSBQIJD QSPDFTTJOH VOJUT (16T XIJDIPuUFS Q
JOTUSVDUJPO NVMUJQMF EBUB 4*.% QSPDFTTJOH CVU POFO IB
"MUIPVHI (16T PUFS B QFSGPSNBODF BEWBOUBHF IFSF UIJT JT B (
DJID PCTFSWBUJPOBOE SFRVJSFTCFODINBSLJOHBHBJOTU $16 J
5IFTF QPMJDJFT SFRVJSFE BIDOYSBNOQWBFUFOFZGPSF DPOWFSHJOH
*MMVTUSBUJWF FYBNQMF USBKFDUPSJFT HFOFSBUFE VTJOH H
BSFTIPXO JO fHVSF 5SBOTJUJPOT PDDVS WFSZ RVJDLMZ XJUI.
OFBSMZBMMDBTFT EVFUP UIF NJOIJNVN UJNFPCKFDUJWF 1PMJIL
NVMUIJMJOFBSJOUFSQPMBUJPOPGUIFTUPSFEBDUJPOTUP EFUFS



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .1

SBCMF 4UBUF TQBDF CPVOEBSJFT GPS HFOFSBM IVNBO MJ
OJOH HBJUT

EPNBJO MPXFSCPVOE VQQFSCPVOE VOJUT EJWJ-

— -

DPOUJOVPVT

XIN X o —
©
o_lchZZZ

CJUSBSZTUBUFT XJUIJOUIFCPVOEFE EPNBJO 'PPUQMBDFNF
TFBSDIJOH GPS UIF UIJNF PG WBMVF GVODUJPO DSPTTJOH CFU
QIBTFT 5I1JT SFRVJSFT OVNFSJDBM SPPU JYOEJOH XI1JDI DBO
BMMZ JOUFOTJWF BOE TFOTJUJWF UP DPOUBDU DIBUUFSJOH
MBSHF 5IFCBTJOT PG BUUSBDUJPO BU WFSWIPBHVSMFH KIS O
UIFTF QPMJDJFT BSF TIPXO JO fHVSFT BOE SIFTF CBTJC
BOE TINJMBS UP XIBUDBO CFHFOFSBUFE VTJOH FYJTUJOH EJ
)PXFWFS UIFDPOUJOVPVT UIJNFTPMVUJPOTBMTP GFBUVSF E
TUBUFT XI1JDI MJF JO CFUXFFO EJTDSFUF FWFOUT 5I1JT MFBET
QMFY QPMJDJFT X1JDI DBO HFOFSBUF PQUJNBM BDUJPOT GPS
PGUIFTZTUFN

%JTDSFUF (BJU &WFOU OQUJNBM $POUSPM 4PM

"MUIPVHI DPOUJOVPVT UJNF TPMVUJPOT PuUFS QPXFSGVM DPC
MBSHF QPMJDZ TQBDF UIFZSFRVJSFTIJHOJIDBOUDPNQVUBU.
QPMJDZ SPMMPVUT &WFO JG FOPVHI DPNQVUBUJPOBM SFTP\
SFTUSBJOFE QPJOU NBTT NPEFM USBKFDUPSJFT BSF OPU OFLC
CJUSBSZ IBSEXBSF QMBUGPSNT 5IF CIJQFE SPCPU "53*"4 VT
DBQBCMF PG IJHIMZ EZOBNJD NBOFVWFST EVF UP JUT MJHIU |



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .PEF

'JHVSF &YBNQMFHBJUUSBOTJUJPOT CFUXFFO XBMLJOHBOE S
VTJOH DPOUJOVPVT UJNF PQUJNBM DPOUSPM 5IF WFSUJDBM EB
XIFO UIF UBSHFU TUBUF JT SFBDIFE -FO 3VO UP XBML USBOTJUJ
UP SVOUSBOTJUJPO

UPST CVUIBT CPUI LJOFNBUJD BOE BDUVBUJPO CBOEXJEUI MJNJ
UIFTZTUFN GSPN GPMMPXJOH FYUSFNFDFOUFS PG NBTT NPUJPOT
DPOTUSBJOJOHUIFTQBDF PG PQUJNBM DPOUSPM TPMVUJPOT

*OUIJTTFDUJPOXFQSFTFOUBQPJOU NBTTNPEFM1PJODBSO® TlU
XPSLUIBU SFMJFT PO EJTDSFUF HBJU FWFOUT BOE DBO CF NPSF S
UP UIF"53*"4 IBSEXBSF 4JNJMBS UP NBOZTQSJOH NBTT NPEFM DF
MJUFSBUVSF XF DIPPTF UP QBSBNFUFSJ[F UIF NPEFMST MFH GPS
UIFTF QBSBNFUFS WBMVFT POMZBU TQFDJYTD EJTDSFUF HBJU FWF
DPOUJOVPVT UJNF SFTVMUT CZVTJOH UIFJS MFH GPSDF QSPTMF
DSFUF DPOUSPM EFTJHO 51JT DPOTUSBJOT UIF QSPCMFN UP B NV



$IBQUFS OQUJIJNBM -PDPNPUJPO 1PMJDJFT GPS 1PJOU .BTT .1

'JHVSF $PNQBSJTPO PG NJOJNVN UJNF CBTJOT PG BUUSB
VTJOH UIFEJTDSFUF FWFOU TDIFNF EFTDSJCFEJO < > MFO
UJINFBQQSPBDIEFTDSJCFEIFSF SJHIU S5IFWJTVBMJ[FE TUBL
UP WFSUJDBM MFH PSJPCEFEHSIFFTO $PMPST DPSSFTQPOE UP |
SFRVJSFE UP SFBDI B UBSHFU SVQGJIDHNTUBUYE X35 IN

z= LON T "MUIPVHI CPUI QPMJDJFT IBWF MBSHF CBTJOT PG
DPOUJOVPVT UJNF QPMJDZ JT BCMF UP BDIJFWF B MPXFS DPT
QPMJDZ TQBDF

'JHVSF .JOJNVN UIJNF CBTJO PG BUUSBDUJPO HFOFSE
DPOUJOVPVT UIJNF BQQSPBDI 5IFWJTVBMJ[FE TUBUF TQBDF
UJDBM MFH PSIFOUBBBBEGFT $PMPSTDPSSFTQPOE UP UIF UJN
UP SFBDIBUBSHFU XBMLXGCHZNBUREZXFIN z=04 N T

TQBDF CVU TUJMM QSPEVDFT NPUJPOT QMBOT DMPTF UP UIF
UJPOT

5Z2QJDBM TQSJOH NBTT NPEFM DPOUSPMMFST UIBU VTF 1PJ
B QFSJPEJD PSCJU PG TUBUF UIBU JOUFSTFDUT B TIOHMF TV.
TQFDJYD HBJU FWFOU TVDI BT WFSUJDBM BQFY EVSJOH UIF -
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SBCMF 4UBUF TQBDF CPVOEBSJFT GPS EJTDSFUF E"53*"4 TB(
SVOOJOH HBJUT

EPNBJO MPXFSCPVOE VQQFSCPVOE VOJUT
Y

X |IN |><
sigzz2Z
_|

MFH PSJFOUBUJPO EVSJOH UIF TIJIOHMF TVQQPSU QIBTF $POUSI
CPUI XBMLJOH BOE SVOOJOH HBJUT TPNFUJNFT JODMVEF NVMUJC
JODSFBTF UIF EJWFSTJUZ PG UBSHFU TUBUFT )PXFWFS UIJT SFR
UJUZ TVDIBTUIFVTFSPSTFDPOEPQUJNJ[BUJPO UPEFDJEF XIJD
UBSHFUBUFBDITUFQ 5IJTNBOVBM TFMFDUJPOJTOPUJEFBM CFI
NJ[BUJPO QSPDFTTJTVOBCMF UP DSFBUF TPMVUJPOT XIJDI NPWF
HFOFSBUFE NBQT *O DPOUSBTU PVS BQQSPBDI JOET UIF PQUJNE
BMM FWFOU TVSGBDFT XIJDIBSFTFMFDUFE UP FOBCMF USBKFEDU!
TJOHMEF TVQQPSU BOE EPVCMF TVQQPSU QIBTFT

OVS EFTJHO JTCBTFE PO UISFF TUBUF TQBDF TVSGBDFT TIPXO J
SFTQPOEJOH UP UIF HBJU FWFOUT PG -JHIU BQFY '™ JOJUJBM TJ
BOE TJOHMF TVQQPSU BQFY 44" 5|F NPEFM MFH GPSDFT BSF D
B OPOMJOFBS TQSJOH EBNQFS QBSBNIEUFS b(BUYP &1JIDI
SFRVJSFT B TQSJOK HOH EBNIQJOH DPFRDSF®BQQMZ UIF TBNF
EZOBNJD QSPHSBNNJOH NFUIPE BMHPSJUIN UP fOE UIF PQUJ
GPS UIJT GSBNFXPSL 8F BMTP TJHOJYDBOUMZ SFEVDF UIF TUBUF
CMF UP FOGPSDF UIF LJOFNBUJD BOE BDUVBUJPO MJNJUT PG
XBSF 5IF SFTVMUJOH DPOUSPM MBXT BSF DBQBCMF PG SVOOJOl!
XJUI TINJMBS QFSGPSNBODF DPNQBSFE UP UIFDPOUJOVPVT UJN
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'JHVSF S5IF EJTDSFUF BQQSPBDI MPPLT VQ B OFX DPOUSEF
NPEFM SFBDIFT POF PG UISFF EJTUJODU HBJU FWFOUT 5IF F\
UIBUUIF TZTUFN DBO NPWF GSFFMZ CFUXFFO -JHIU TJOHMF T
QIBTFT 4UBUFTBU'"BOE44"BSFPOMZBMMPXFEUPUSBOTJUJ
BU44*DBO DIPPTFUP USBOTJUJPO UP FJUIFS '"PS 44"

$PNQBSJTPOT XJUICBTFMJOFT

8F DPNQBSF PVS DPOUJOVPVT UJNF DPOUSPM BQQSPBDI EFT
WJPVT TFDUJPO UP B EJTDSFUF FWFOU TDIFNF EFTDSJCFE JC
EJTDSFUFHBJUFWFOUTUP TXJUDIDPOUSPMWBSJBCMFT JOT
JOH UIFN PWFS UIF USBKFDUPSZ 5IFTF FWFOUT BSF BQFY W
UJPO NBYJNVN WJSUVBM MFH DPNQSFTTJPO JO EPVCMF TVQ
DPNQSFTTJPO PG TJOHMF TVQQPSU MFH 5IFDIPTFO DPOUSPI
TUJUOFTTBOE MBOEJOHBOHMF 5IFSFTVMUTPGUIJTDPNQBS
VSF SIF PSJHJOBM JNQMFNFOUBUJPO JO < > EFQFOETP
TFRVFODF PG HBJU USBOTJUJPOT XIJDI MINJUT UIF BQQMJDE
UP HFOFSBM HBJU USBOTJUJPOT XJUIPVU IVNBO JOQVU 8F T
UJPO QSPCMFN VTJOH B EZOBNJD QSPHSBNNJOH BQQSPBDI T
EFTDSJCFEJO UIFMBTU TFDUJPO XIJMF TUBZJOH USVF UP UII
uJPO PG HBJU FWFOUT BOE DPOUSPM WBSJBCMFT

"TDBOCFTFFOJO "JHVSF XIIJMFCPUI QPMJDJFT IBWF WF.
BUUSBDUJPO JOUP UIF EFTJSFEXS\BOG §0HOTOBMB2H+ R:QM s
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UIFDPTUT JODVSSFE XIJMF GPMMPXJOH UIF CBTFMJOF BSF NVDI |
GSPN B DPOUJOVPVT BQQSPBDI S5IJTIIJHIMIJHIUT UIF BEWBOUBHF
UJOVPVTMZ WBSZJOH DPOUSPM NFDIBOJTN XIJDI BMMPXT GPS N
USPMMFST BOE IFODF TPMVUJPOT UIBU IBWF B MPXFSDPTU
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$IBQUFS

1BSBNFUSJD *OTJHIUT JOUP 0Q
-PDPNPUJPO 1PMJDJFT

IVNFSJDBMMZDBMDVMBUJOHPQUJNBMDPOUSPMTVTJOHEZOBNJI
PET HFOFSBUFT MBSHF HSJET PG DPOUSPM BDUJPO WBMVFT TQB
UIPVHI UIF SFTVMUJOH QPMJDJFT DBO CF EJSFDUMZ JNQMFNFOU
WJIJTVBMJ[F UIFJS CFIBWJPS EVF UP IJHI QSPCMFN EJNFOTJPOBM
JuQBSUJDVvMBSMZ DIBMMFOHJOH UP VOEFSTUBOE BOE IZQPUIFT.
NFOUBM QSPDFTTFT XI1JDI HPWFSO UIFN %FUFSNJOJOH UIF QSJ
OFOUT PG PQUIJNBM QPMJIDIJFTIJTJINQPSUBOU GPSEJSFDUJOH GV
EJTDPWFSJOH XIJDI GFBUVSFT PG TUBUF IBWF TIJHOJIDBOU JIJNQE
8F FYQFDUUIF QPMJDJFT JOWFTUJHBUFE JO UIJT XPSL UP SFMZ P (
PG CIJQFEBM MPDPNPUJPO CFDBVTF UIFZ BSF HFOFSBUFE VTJOFH
QPJOU NBTT NPEFM XJUlI SFMBUJWFMZ GFX QBSBNFUFST )PXFWF
UP OPUF UIBUUIFDPTU GVODUJPOT VTFE IFSF SFTVMU JO TQFDJY
HPBMT XI1JDI NBZ EJuFS GSPN UIPTF PG CJPMPHJIJDBM TZTUFNT [/F
TQFDUJOHUIFTF QPMJDJFTJT XPSUIXIIJMFBTUIFZBSFDBQBCMF F
XBMLJOHBOE SVOOJOH HBJUT GPS CJQFEBM SPCPUT



$IBQUFS 1BSBNFUSJD *OTJHIUT JOUP OQUJNBM -PDPNPUJPC

‘'JUUJOH 1BSBNFUSJD -JOFBS .PEFMT

*OBO BUUFNQU UP HFUBO JOUVJUJWF FYQMBOBUJPO GPS UIF
BUFECZEZOBNJD QSPHSBNNJOH XFBUUFNQUFE UP TU QBSBN
FMT UP UIF DPSSFTQPOEJOH WBMVF GVODUJPOT 5IFTF NPEF
BCPVUUIFVOEFSMZJOHFTTFOUJBM DPNQPOFOUT UIBU UPHFL
UJNBM DPOUSPM BDUJPOT 8IJMF XFEP OPUFYQFDU UP U PO
HBJUT XF FYQFDU DPSSFMBUJPOT CFUXFFO TQFDJYD TUBUF
MPOH UFSNDPTUTEFTDSJCFECZUIFDPNQVUFEWBMVF GVOD!
CPIMTEPXOJOUPBOVNFSIJDBM SFHSFTTJPO QSPCMFEN XIJDI B
EIJNFOTJPOBM IZQFSQMBOF UP B QSFDPNQVUFE TFU PG EBUB
UPPMTBSFBQQSPQSJBUFGPSQFSGPSNJOHUIJTDBMDVMBUJF
PSEJOBSZ MFBTU TRVBSFT SFHSFTTJPO UP NJOJNJ[F UIF TVN
JOUIF fUNPEFM

OSEJOBSZMFBTU TRVBSFTJT B XJEFMZVTFE NFUIPE GPS TP
SBNFUFST JO B MJOFBS NPEFM S5IF FYQSFTTIJWFOFTT BOE B
NPEFMHFOFSBUFEUIJT XBZJTEFQFOEFOUPO QSPWJEJOH SFNM
UIBU EFTDSJCF UIF EBUB TFU 5I1JTJT VTFGVM XIFO EPNBJO L
BCMF CVUBQPUFOUJBM QSPCMFN XIFOVTFGVM CBTJT GVOD
*OUIFTF DBTFT NPSF QPXFSGVM GVODUJPO BQQSPYJIJNBUPST
XPSLTPS (BVTTJBO QSPDFTTFT NBZCF SFRVJSFEUP DPNQVU
8F PQU GPS UIF MFTT DPNQMFY MJOFBS MFBTU TRVBSFT BQQ S
FWBMVBUF UIF BDDVSBDZPG NPEFMT CVJMU XJUI EJUFSFOU G|

(JIWFOBTFUPGCBTJDSWORUDHPOEWBMVBUFE BU TPNHTUBUF
TfUUIF DPNQVUFE WBMVF GVODUJPO EBUB UP B NPEFM PG UIF (

Os = wiby + wobo + i+ Wby, + ¢
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X1FS®H =[wi Wy wy] BSF MJOFBS XFJHIUT PG UIFINPEFM 8SES GP S
UBSHFUEBU@CEHNMOJNHFUIFTVNPGTRVBSFE@FEYEVBMT
CZTPMWJOH UIF OPSNBM FRVBUJPOT 51JTJT POFO FYQSFTTFE J
w=(B™B)!BTv XIFSF OBXDPOUBJOT UIF TFU PG DIPTFO CBTJT GVO
FWBMVBUFE BU BMM EBWB QB WADUPGEDPOUBJOJOH UIF DPSSFTQ
UBSHFU WBMVFT 8IJMF UIJT SEFMBUJPOTIJQ IPMET NBUIFNBUJDE
TVFT DBO BSJTF XIJMF QFSGPSNJOH UIF NBUSJY JOWFSTJPO PO
NBOZ DBTFT UIF OPSNBM FRVBUJPOT DBO CF WFSZ DMPTF UP TJC
NPOMZ IBQQFOT XIFO UXP EJUFSFOUCBTJT GVODUJPOT QSPWJEF°
EBUB "UUFNQUJOHUP OVNFSJDBMMZ JOWFSUBNBUSJY UIBUJT DI
QSPWJEF FSSPOFPVT SFTVMUT EVF UP SPVOEPU FSSPST 8F BWPJ
VTJOH TJOHVMBS WBMVF EFDPNQPTJUJPO 47% PG UIFCBTJT GVC
BMMPXT VT UP XSJUF UIF NBUSJY EFDPNQPTJUJPO

B = uwV'
BOE TPMWF UIF OPSNBM FRVBUJPOT XJU
w=VWUTv

XIFSFJOEJDBUFT UIFQTVFEPJOWEFSTF 51JT XJMM QSPEVDFB TPM
CFTUMFBTU TRVBSFT fUFWFOJO UIF QSFTFODF PGB OFBSMZ TJC

SFDIPPTFUPTYUBEJUFSFOUNPEFM UP FBDIQIBTF TQFDJITD WBM
PSEFSUPUBLFBEWBOUBHFPGUIFEJUFSFOUTUBUFWFDUPSTGPS
BOE EPVCMF TVQQPSU QIBTFT 4JODF UIF OVNCFS PG EBUB QPJOL
FBDIQIBTF EJUFSTTIJHOJYDBOUMZ -JHIU TIOHMFTVQQPSU
CMFTVQQPSU XF MINJUUIF OVNCFS PG EBUB QPJOUT V
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HSFTTJPO UP CZSBOEPNMZ TFMFDUJOH QPJOUT 'VSUIFS
PVUMJFST JO UIF EBUBTFU VTJOH SPCVTU DPWBSJBODF FTUJ
POBMJ[FE (OBOBEFTJLBO ,FUUFOSJOH O0(, NFUIPE 5I1JT QSF
VTJOH QPJOUT XJUIWFSZIJHIDPTUTUIBUBSFPOFO PVUTJEF
BWFSBHF UIJT DPSSFTQPOET UP CFUXFFO BOE QFSDFOU F
BQQMZIJOH UIFTF fMUFST XF BUUFNQU UP TOE UIF NPEFMT XJL
DJFOU PG EFUFSNJOBUJPO

P
_ D i(Vi 0i)2
R=1 P NFEO)?

GPSBITYFEDPNQMFYJUZEFTOFEBTUIFUPUBM OVNCFS PG VU.
8F BQQSPBDI UIJT UBTLCZCJOBSZUFTUJOH FBDI QPTTJCMEF LC
EJEBUF CBTJT GVODUJPOT 5I1JT SFRVJISET T BPHNTIJOBUJIIRBP®V I
GPSOPNJOBUFE CBTJT GVODUJPOT

$IPIJIDFPGCBTJT GVODUJPOT

SIFCBTJTGVODUJPOTDIPTFOGPSPVSFYQFSINFOUT XFSFCBT
TJCIMJUZ 'PSFYBNQMF TZTUFN FOFSHZBOE EJSFDUJPO PG
QFSUJOFOU RVBOUJUJFT XIFO DPOUSPMMJOH B SVOOJOH HBJ
UIFTFUPEFTIJHOCBTJT GVODUJPOTEFTDSJCJOHQPJOUNBTT
GBMMJOUPUXPDBUFHPSJFT UIPTFXIJDIPOMZJOWPMWF UIF |
BOE UIPTF XI1JDI JOWPMWF UIF GPPU QPJOU MPDBUJPOT 'MJ
VTFTDFOUFSPGNBTT GVODUJPOT TJOHMFTVQQPSU QIBTF St
XJul gGvopbuJrPOT JOWPMWJIOH POF GPPU QPTJUJPO BOE EPVI(
JODMVEFTBTZNNFUSJD TFUPG GVODUJPOT GPS UIFTFDPOE C



$IBQUFS 1BSBNFUSJD *OTJHIUT JOUP OQUJNBM -PDPNPUJPO 1P

SBCMF SIFTFUPGCBTJT GVODUJPOT JOWFTUJHBUFE GPS fUU

%FTDSJQUJPO 4ZNCPM

$FOUFSPGNBTTCBTJT GVODUJPOT
7FSUJDBM )FJHIU

)PSJ[POUBM WFMPDJUZ

7FSUJDBM WEMPDJUZ

7FSUJDBM IFJHIU TRVBSFE
)PSJ[POUBM WFMPDJUZ TRVBSFE
7FSUJDBM WEMPDJUZ TRVBSFE
7FSUJDBM IFIRBUPOUBM WFMPDJUZ
7FSUJDBM IFWHBWUJDBM WFMPDJUZ
)PSJ[POUBM WFWFEBUJUDBM WFMPDJU
5PUBM WFMPDJUZ NBHOJUVEF
7EMPDJUZ BOHME (ZXBSDUBO
-BOEJOH BOHMEF (ZB)SDTJO

KONCON N PG N IN XN
|><

N IN

ol

x

2+Z_2

-FHCBTJT GVODUJPOT
-FH MFOHUI |
-FHWFMPDJUZ L
YPSJ[POUBM WFMFBIMRZOHUI xl
7FSUJDBM WFMPIB MFOHU I zl

7FSUJDBM IFIRBU[POUBM QPTJUJPO RGu&PPU
YPSJ[POUBM WFMPI]BDUBM QPTIJUJROGRG GPPU
7FSUJDBM WFNPBDJRIGUBM QPTJUJPOZPGSPPU
-FH BOHMF RZ5x.4) B O
-FH MFOHBSDIP ) | BSDIP %)
-FH MFOHUI TRVBSFE |2
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-JOFBS WBMVF GVODUJPO NPEFMT

OVSJOWFTUJHBUJPO GPDVTFT PO UXP OPNJOBM HBJU DPOUSHF
BU N TBOESVOOJOHBU NT 8FFYBNJOFUISFFEJUFSFOU
TQBOOJOHNJOJNVN UJIJNF NJOIJNVN GPSDF BOENJOJNVNQPT
JDBM QPXFS

SFTVMUT

SIFGPMMPXJOHUBCMFTEJTQMBZUIFNBYJNVNDPF DJFOUTPC
XFSF GPVOE VTJOH EJUFSFOU OVNCFSTPG CBTJT GVODUJPOT
XI1JDI HFOFSBUF UIFTF TDPSFT BSF NBSLFE XJUI OPO [FSP XFJ
OPUJODMVEFEBSFNBSLFEBT[FSP *OHFOFSBM BTUIFDPNQI
DSFBTFT OVNCFSPGCBTJT GVODUJPOTJODSFBTFT UIFNPE
NPSF BDDVSBUF BU QSFEJDUJOHUIF PQUJNBM QRMDPEGBT JM|
T1DJFOUT 5BCMFT EJTQMBZ SFTVMUT GPS SVOOJOH B
JNJ[JOH UJNF MFH GPSDF BOE QPTJUJWF NFDIBOJDBM QPXF
EJTQMBZ QBSBMMFM SFTVMUT GPS XBMLJOH BU N T

%JTDVTTJIPO

8F DBO BOBMZ[F UIF JNQPSUBODF PG EJuUFSFOU CBTJT GVODL
PCKFDUJWF CZ FYBNJOJOH XIJDI GVODUJPOT NBYJNJ[F UIF DF
NJOBUJBOXIFO NPEFM DPNQMFYJUZ JT MPX "T UIF OVNCFS P(
SBNFUFSTJT JORSIKEDIFEBTFT JO HFOFSBM )PXFWFS UIFSF BS
JOH SFUVSOT CFZPOE B QPJOU EFQFOEJOH PO UIFTQFDJTD Q
"EEJOH NPSFCBTJT GVODUJPOT TUPQT JNQSPWJOH UIF BDDVZ
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SBCMF .JOJNVN UJNF 3VOOJOH BU N T

#BTJT GVODUJPO XFJHIUDPNCJOBUJPOT XJUIUIFIJHIFTUDPF, DJF
OBUJPO TPSUFE CZJODSFBTJOH NPEFM DPNQMFYJUZ

"MJHIU
P
R z x z 2 2 Z x z Xz X+ 2Z UBbBZx  TIO(ZIo)
F
F F
F
F
F F
F F
F F F
F F
F F F
F F F F
F F F F F
4JOHMF 4VQQPSU
R? L xl 2 2% 00t XXfoot ZXG00t tan 1(Z Xjoo) | cost@ Zl) 12
F
F
F
%PVCMF 4VQQPSU
R2 L Xl zl ZXfoot XXfoot ZXfoot tan 1 (2 Xtoor) I cost(1 71 12
F
F F
F F
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SBCMF .JOJNVN UJNF 8BMLJOH BU N T
#BTJT GVODUJPO XFIJHIUDPNCJOBUJPOT XJUIUIFIJHIFTUDPF
OBUJPO TPSUFE CZJODSFBTJOH NPEFM DPNQMFYJUZ

'MJHIU

R? z X z 2 ® z x z X PEFZ  usbzn  TIdI)

F F
F
F
F F
F F
F F
F F F
F F F F
F F F F
4JOHMF 4VQQPSU
R? L Xl 2 Z%00t  XXfoot ZXfoot tan 3(Z xfo) | cost@ 1) 12
F
F
F F
F F
F F F
F F F F
F F F F
F F F F
F F F F
F F F F F
%PVCMF 4VQQPSU
R? I L xl 2 2% 0ot XXfoot  ZXfoot tan (7 xfoo) | cost(@ zZl) 12
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SBCMF

.JOJNVN MFH GPSDF 3VOOJOH BU

N T

#BTJT GVODUJPO XFJHIUDPNCJOBUJPOT XJUIUIFIJHIFTUDPF, DJF
OBUJPO TPSUFE CZJODSFBTJOH NPEFM DPNQMFYJUZ

"MJHIU
R z x z 2 ® Z x z ed ¥+ Z UBbHZx TIOZI)
F
F F
F F
F F
F F
F F
F F F
F F F F
F F F F
F F F F
F F F F
F F F F
4JOHMF 4VQQPSU
R L Xl z ZX00t XXfoot ZXfoot  tan 1(Z xjo) | cosl@ ZI) 12
F
F
F
F F F F
F F F F
F F F F
F F F
F F F F
F F F F F F
F F F F F F
%PVCMF 4VQQPSU
R L Xl 2 2% 0ot XXfoot  D%oot  tan 1(Z Xpe) | cosi(@ Al 12
F
F F
F F F
F F F F
F F F F F
F F F F F F
F F F F F F
F F F F F F
F F F F F F
F F F F F F
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SBCMF .JOIJNVN MFH GPSDF 8BMLJOH BU N T
#BTJT GVODUJPO XFIJHIUDPNCJOBUJPOT XJUIUIFIJHIFTUDPF
OBUJPO TPSUFE CZJODSFBTJOH NPEFM DPNQMFYJUZ

‘MIHIU

R2 z x z 2 e z zx z xz PETZ  usbxw  Tid@l)
F F F
F £ F
F F F
F F F
F F F
F F F
F F F
F F F
F F F

4JOHMF 4VQQPSU

R? I L Xl z 2% 00t XXfoot  ZXfoot  tan 1(Z Xfee) | cosl@ Zl) 12
F F F
F F F

%PVCMF 4VQQPSU

R? [ L Xl zl ZX% oot XXfoot ZXfoot tan 1 (2 Xtoor) I cost(1 71 12

M m M M

m m m m m m M m m
m
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SBCMF .JOJNVN QPTJUIJWF NFDIBOJDBM QPXFS 3VOOJOH BU
#BTJT GVODUJPO XFJHIUDPNCJOBUJPOT XJUIUIFIJHIFTUDPF, DJF
OBUJPO TPSUFE CZJODSFBTJOH NPEFM DPNQMFYJUZ

"MJHIU
R z x z 2 g z zx z ed PETZ  usbzn  TIdl)
F F
F F F
F F F F
F F F F F
F F F F F F
F F F F F F F
F F F F F F F F
F F F F F F F F F
F F F F F F F F F
F F F F F F F F F
F F F F F F F F F F
F F F F F F F F F F
4JOHMF 4VQQPSU
R L Xl z ZX 00t XXfoot ZXfoot tan 1(Z xtoo) | cost(@ ZI) 12
F F
F F F
F F F F
F F F F F
F F F F F F
F F F F F F F
F F F F F F F F
F F F F F F F F F
F F F F F F F F F F
F F F F F F F F F F F
%PVCMF 4VQQPSU
R L Xl z 2% 00t XXfoot ZXfo0t tan 1(Z xroo) | cost@ zZl) 12
F F
F F F
F F F F
F F F F F
F F F F F F
F F F F F F F
F F F F F F F F
F F F F F F F F F
F F F F F F F F F F
F F F F F F F F F F F
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SBCMF .JOJNVN QPTJUIJWF NFDIBOJDBM QPXFS 8BMLJOH B
#BTJT GVODUJPO XFIJHIUDPNCJOBUJPOT XJUIUIFIJHIFTUDPF
OBUJPO TPSUFE CZJODSFBTJOH NPEFM DPNQMFYJUZ

‘MJHIU
R? z x z 2 © z 2 z X PEFZ  usbwn  TId)
F F
F F
F F F
F F F F
F F F F
F F F F F F
F F F F F F F
F F F F F F F
F F F F F F F F F
F F F F F F F F F F
F F F F F F F F F F
F F F F F F F F F F F
4JOHMF 4VQQPSU
R? L xl 2 2% 00t XXfoot ZXoot tan 3(Z xfoo) | cosi(@ ZIl) 12
F F
F F F
F F F F
F F F F F
F F F F F F
F F F F F F F
F F F F F F F F
F F F F F F F F F
F F F F F F F F F
F F F F F F F F F F
%PVCMF 4VQQPSU
R? L Xl 2 2% 00t XXfoot ZXfo0t tan 1(Z Xfoo) | cost(@ A1) 12
F F
F F F
F F F F
F F F F F
F F F F F F
F F F F F F F
F F F F F F F F
F F F F F F F F F
F F F F F F F F F F
F F F F F F F F F F F
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"NPOHTUUIFCBTJT GVODUJPOT UIBU XF DPOTJEFSFE JO PVS TL
B NPSFINQPSUBOU SPMF UIBO PUIFST EFQFOEJOH PO UIF HBJU (
EFTDSJCFUIF SFMBUIJWFJIJNQPSUBODF PG EJUFSFOUCBTJT GVOD
DJFT

.JOJNVN UJINF

3VOOJOH

'‘PSUIF -JHIUQIBTFPGBSVOOJOHUBSHFU UIF NJOJNVN UJNF DPC
TUSPOHMZ DPSSFMBUFE XJUI UIF DFOUFS PG NBTT WFSUJDBM IFJ
PGWFSUJDBMIFJHIUBOE WFSUJDBM WFMPDJUZ 5IF TRVBSF PG Ul
QMBZT BO JNQPSUBOU SPMF JO NPEFMT PG PS MFTT CBTJT GVOI
QMBDFE CZ UIF TRVBSF PG UIF WFSUJDBM WFMPDJUZ CFZPOE NPE
HSFBUFS UIBO

*OUIF TIOHMF TVQQPSU QIBTF UIF NJOJNVN UJNF DPOUSPM QI
OBUFECZUIF MFHBOHMF CBTJT GVODUJPO BOE UIF QSPEVDU PG
IPSJ[POUBM GPPUQPTJUJPO 5IFQSPEVDUPGWFSUJDBMWFMPDJ
BSPMFJONPEFMT PG DPNQMFYJUZHSFBUFS UIBO

*OUIF EPVCMF TVQQPSU QIBTF UIF MFHWFMPDJUZJT BO JNQP
BMM NPEFMT 00O UIF PUIFS IBOE UIFSF JT OP DMFBS DPSSFMBU
DPOUSPMBOE PUIFSGFBUVSFT GPS NPEFM DPNQMFYJUZMFTT UIB
BOEHSFBUFS UIFQSPEVDUPG MFHMFOHUIBOEIPSJ[POUBM WFN
QSPEVDU PG WFSUJDBM WFMPDJUZBOE IPSJ[POUBM GPPU QPTJU.
GFBUVSFT S5IFTF SFTVMUTDBO CFTFFO JO 5SBCMF
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8BMLJOH

'‘PS UIF NJOJNVN UIJNF XBMLJOH UBSHFU UIF CBTJT GVODUJP((
GFSFOUMZ UIBO UIF SVOOJOHDBTF XIJDIJT FYQFDUFE BT UIF
TIHOJYDBOUMZ EJuUFSFOU *O -JHIU CPUIUIF QSPEVDU PG WF
uJbBM WFMPDJUZ BT XFMM BT TRVBSFE IPSJ[POUBM WFMPDJ
DPOUSPM QPMJDJFT 5IFTF BSFOFBUMZ GPMMPXFE CZWFSUJI
[POUBM WFMPDJUZ 5IF SFNBJOJOHCBTJT GVODUJPOT EP OPU

'PSUIFTIOHMFTVQQPSUQIBTF UIFMFHBOHMFJT EPNJOBO
OJOHUBSHFU 5IFOFYUNPTUBDUJWF GFBUVSFT JODMVEF UIF
WFMPDJUZBOEIPSJ[POUBM GPPUQPTJUJPO BOEUIFQSPEVDL
IPSJ[POUBM GPPU QPTJUJPO

*O EPVCMF TVQQPSU UIF MFH WFMPDJUZJT IJHIMZ DPSSFN
GPS BMM NPEFM DPNQMFYJUJFT " TFDPOE GFBUVSF UIBU QM
UIFQSPEVDUPGUIFMFHMFOHUIBOEUIFDVSWRBFXD®PICFE C.
JT SFMBUFE UP BDZDMPJE S5IFTF SFTVMUT DBOCF TFFO JO 5B

.JOIJNVN MFH GPSDF

3VOOJOH

.JOIJNVN MFH GPSDF SVOOJOH TIPXT TMJHIUMZ EJuUFSFOU USH
JNVN UJNF DBTF 5IF -JHIU QIBTF TIPXT B TUSPOH DPSSFMBU.
IFJHIUBOEIPSJ[POUBM WFMPDJUZ 4RVBSFEIPSJ[POUBM WFM
TIHOJYDBODF 5IF TIOHMF TVQQPSU QIBTF BHBJO JT IJHIMZ ¢
CVU EPFT OPU TIPX TUSPOH DPSSFMBUJPO XJUI UIF PUIFS CB
CMFTVQQPSU SFTVMUT TIPXEFQFOEFODF PO MFH MFOHUI BO
SIFTF SFTVMUT DBO CF TFFO JO5BCMF
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8BMLJOH

5IF XBMLJOH TPMVUJPO -JHIU QIBTF GFBUVSFT UIF IPSJ[POUBM
TRVBSFE RVBOUJUZ QSPNJOFOUMZJO UIF NPEFMT 7FSUJDBM IFJI
XJUIlIIPSJ[POUBM GPPU QPTJUJPOBMTP QMBZB MBSHF SPMF JO UI
TVQQPSU QIBTF TIPXT MFTT DMFBS SFMBUJPOTIJQT BTJEF GSPN
JODMVEFEJOBMMNPEFM %PVCMFTVQQPSUNPEFMT IBWF B DMFE
MFH MFOHUI UIF QSPEVDU PG WFSUJDBM IFJHIU BOE IPSJ[POUBN
UIFQSPEVDU PG WFSUJDBM WFMPDJUZ BOE MFH MFOHUI 5IFTF SI
SBCMF

JOJIJNVN QPTIJUIJWF NFDIBOJDBM QPXFS
3VOOJOH

.JOJNJ[JOH UIF QPTJUJWF NFDIBOJDBM QPXFS PG UIF TZTUFN ZJF
TFU PG QBSBNFUSJD NREFBDIFSKHTFGPS UIJT SVOOJOH UBSHFU DPT
UuJPOBSFBMTP OPUJDFBCMZ IJHIFS JOEJDBUJOH CFUUFS MJOFB?
QIBTF UIFNPEFMTBSFEPNJOBUFECZWFSUJDBMIFJHIU IPSJ[PO
WFSUJDBM WFMPDJUZ 4JOHMF TVQQPSU NPEFMT POMZ TIPX B TL
DZDMPJEBM UFSN CVU EPVCMF TVQQPSU TIPXT B DMFBSFS PSEF:
MFOHUIIBTUIFIJHIFTUGSFRVFODZ GPMMPXFECZMFHWFMPDJUZ
VDU PG IPSJ[POUBM WFMPDJUZBOE IPSJ[POUBM GPPU QPTJUJPO
TFFO JO 5S5BCMF

8BMLJOH

S5IF XBMLJOH SFTVMUT TIPX TINJMBS USFOET 5IF :JHIU QIBTF NI
UP XFBLMZ GBWPS IPSJ[POUBM WFMPDJUZ WFSUJDBM IFJHIU BO
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WFMPDJUZ 5IF TIOHMF TVQQPSU NPEFMT EP OPUTIPX BT NBO
CvU EP GSFRVFOUMZ VTF UIF TRVBSFE MFH MFOHUI 'JOBMM.
QIBTFSFTVMUTTIPXNPSFPSEFS -FHMFOHUIBOE MFHWFMPD.
SFMBUJPOTIJQT BT XBTUIFDBTF XJUIUIF SVOOJOHUBSHFU 5
WFMPDJUZBOE IPSJ[POUBM GPPU QPTJUJPO GPMMPX UIFTF R\

OVS BOBMZTJT TIPXT UIBU QBSUT PG UIF HBJU DZDMF GPS T
FYQMBIJOFECZEJuUFSFOUHBJU GFBUVSFT 51JTHJWFT B XBZ P(
EJNFOTJPOBM QPMJDJFT GSPN EZOBNJD QSPHSBNNJOH JO B L
NBOOFS 51JTDBOGVSUIFSCFVTFEUPSFBTPOBCPVUUIFOBU)\
HFOFSBUFE BOE QSPWJEF JOTJHIUT BCPVU UIFN



$IBQUFS

““FBECFBU 4QSJOH .BTT .PEFM
3VOOJOH PO "53*"4

SIFTINQMFTQSJOHNBTT NPEFM 4.. EFTDSIJCFTBQPJOUNBTT SF
NBTTMFTT TQSJOH MFHT 3FTFBSDIPOUIJT NPEFMIBT MFE UP EFB
NFOUTUSBUFHJFT UIBU QSPEVDF IJHIMZ SPCVTU 4.. SVOOJOH JO |
MBSHF BOE GSFRVFOU VOFYQFDUFE HBJU EJTUVSCBODEFT <
PSFUJDBM QFSGPSNBODF HPFT GBS CFZPOE XIBU IBT CFFO EFNPC
OJOH SPCPUT < > )PXFWFS UIFTF SPCPUT BSFDMFBSMZ
TZTUFENT UIBO UIF DPODFQUVBM 4.. S5IFZQPTTFTT NPSF EFHSFFT
MFBEJOHUPBEEJUJPOBMEZOBNJDT BSFMJIJNJUFECZBDUVBUPS
SIJFODF TFOTPSZOPJTF UIBU QSPEVDFT VODFSUBJOUZ BCPVU UIF
TZTUFEN "T B SFTVMU UIF VUIJMJUZ PG 4.. UIFPSJFT GPS UIF DPOL
SVOOJOH SPCPUT SFNBJOT MBSHFMZ VODMFBS

"EESFTTJOH UIJT HBQ JO VOEFSTUBOEJOH TFWFSBM SFTFBSD
HBUFEUIFGPPUQMBDFNFOU TUSBUFHIJFTPGUIF4.. PONPSF TIJNC
SspPCPUT 'PS BO FBSMZ FYBNQMF ;FHMJO < > JOWFTUJHBUFE 1
OJOH BMHPSJUINT CBTFE PO UIF 4.. GPS B CPX MFHHFE IPQQFS X
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'JHVSF $.6ST "53*"4 CJQFE TIPXO JO UIF CPPN UFTUCFE E
HSPVOE EJTUVSCBODF FYQFSIJNFOUT XJUIVOFYQFDWDMNE IFJHI
EJTDVTTFEJO TFDUJPO

QSFTTIJCMF TQSJOHBOE QBTTJWFMZ TUBCJMJ[FE USVOL .PS
%FHBOJ < >JOWFTUJHBUFE EFBECFBU IPQQJOH QPMJIDJFT G
SPCPU XJUI B HZSPTDPQJDBMMZ TUBCJMJ[FE USVOL JO B MPX
5IFZVTFE BO BOBMZUJDBM BQQSPYJNBUJPO PG UIF 4.. UP DP
PG DPOTUBOU EFBECFBU JNQBDU BOHMFT UP TXJOH MFH SFUE
6ZBOiAL BOE DPMMFBHVFT < > RVBOUJYFE UIF QSFEJDUJWF C
MZUJDBM BQQSPYJNBUJPOT PG UIF 4.. JOBDIJFWJOH EFBECF!
NPOPQFEBM TQSJOH MFH XJUI OP BUUBDIFEUSVOL "MMUIFTF
NPO UIBUUIFZ XFSF QFSGPSNFE XJUI TNBMM BOE TQFDJBMJI[F
GPSNT DIBSBDUFSJ[FECZQSJTNBUJD MFHT QBTTJWFMZ TUB
TUBODF BOE FYUFSOBM TFOTPS NFBTVSFNFOUT *O DPOUSBT
VOEFSTUBOEJOHJGUIF4.. MFHQMBDFNFOUUIFPSJFTDBO CF L
IVNBOPJE SPCPUTBOEBUUFNQUUIFUSBOTGFS PO "53*"4 BCJ
IVNBO TDBMF BOE XFJHIU XJUIBOBDUJWFMZDPOUSPMMFE US\
OBM TFOTJOH 'JH
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'PSUIFUSBOTGFS XF GPDVT PO SFOEFSJOHUIFCFTU QPTTJCM
CFUXFFOUIF 4.. BOE "53*"4 5P BDIJFWF UIJT HPBM XF VTF B NPEF
GPSDF DPOUSPM BQQSPBDI EVSJOH UIF TUBODF QIBTF PG SVOOJ
UIJT UZQF IBWF CFFO JNQMFNFOUFE TVDDFTTGVMMZ PO MFHHFE
JOH EFTJSFE GPSDFT EVSJOH MPDPNPUJPO < > $PNCJOFE
UIF EFBECFBU GPPU QMBDFNFOUT PG UIF 4.. JO -JHIU "53*"4 TIPV
UIFCFIBWIJPSBOE SPCVTUOFTTPCTFSWFEJO UIFTINQMJYTFE NPE
FYQFDU EFWJBUJPOT GSPN UIJT JEFBM CFIBWJPS EVF UP UIF SFB
GBDFE CZUIF NBDIJOF 8F QFSGPSN QMBOBS SVOOJOH FYQFSJNF(
UIFTFEFWJBUJPOT BOEUIVT UIFVUIMIJUZPGUIF4.. UIFPSJFT GP
SPCPUT

5F SFNBJOEFS PG UIJT TFDUJPOJT PSHBOJ[FEJO GPVS QBSUT
BHFOFSBM PWFSWIJFX PG PVSDPOUSPMBQQSPBDIJOTFDUJPO
JNQMFNFOUBUJPO PO "53*"4 JO TFDUJPO 8F UIFO QSFTFOU UI
UIF SVOOJOH FYQFSIJNFOUT JO TFDUJPO XI1IJDI TIPX UIBU UIF S
USPMMFSBDIJFWFTWFMPDJUZUSBDLJOHUIBUJTDPOTJTUFOU XJ
UIFVOEFSMZJOH NPEFM GPSWFMPDXNUZDI'PSHBISHES WFMPDJUZ
DIBOHFTBOEHSPVOEIFJHIUEJTUVSEBODFDVQUBPMMFS QFSGPS
NBODF EFHSBEFT BMUIPVHIUIF SPCPUNBJOUBJOT SVOOJOH 8F E
TPOT GPS UIJT EFHSBEBUJPO BOE IJHIMJHIU JO TFDUJPO EJSFI
POUIFTFJOJUJBM SFTVMUT BCPVU 4.. CBTFEDPOUSPM GPS HFOF
WFSTBUJMF CFIBWJPS JO SVOOJOH SPCPUT

$POUSPM"QQSPBDI

SIF4.. DPOTJTUT PGB QPIWGWFANBVDODEJOH POBNBTTMFTT TQSJOH M
TUJUOKBOE SFTU MFOGHIUN TZTUFEN CFIBWFT BT B QVSFMZCBMMJTUJ
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UJMF EVSJOH -JHIU BOE BT B TQSJOH MPBEFE JOWFSUFE QFO
XJUI h i
mx=k lo(6¢+2Z) ¥ 1 x

h i
me=Kklo(x*+2) ¥ 1z mg

XIFS&2 BSFUIFDPPSEJOBUFT PG UIFQPJOUNBTTJOUIFIPSI]
DBM EJNFOTJPOT 5IF NPEFM EPFT OPUDPOTJEFS TMJEJOH E\
PDDVST XIFO UIF GPPU QPJOU TUSJLFT UIF HSPVOE BOE -JHIU
MFHMFOHUI $FB\DSFOH SFCPVOE 5IF NPEFMSTUSBKFDUPSZ JC
EFUFSNJOFE CZ UIF IPSJ[POBBHN OIFFFETUFN EOQOFRSHIZI JT B
DPOTUBOU QBSBNFUFS PG UIF NPEFM (JWFO UIF TQFFE JO P
NPEFM CFIBWJPS JO UIF FOTVJOH TUBODF BOE -JHIU QIBTFT J
MFHBOHMBU UPVDIEPXO < > 5|1JTJO-VFODF PG UIF MBOEJOH
NPEFM CFIBWJPS DBO CF DBQUVSFE XJUI UDEBQRY, SRLYVSO NB
X1IJDI SFMBUFT UIF TUBUF PG UIF NPEFM CFUXFFO UIF BQFYFT
-JHIUQIBTBDODH1 *OWFSUJOHUIJTGVODUJPOZJFMETBEFBEC
BOHMF UIBUUBLFTUIFTZTUFN GSPN UIF DVSSRH®PWBEHFIIBBEE W
GPSXBSE WEMPDJUD B TIOHMF TUFQ

soi = T (% %)

%FBECFBU DPOUSPMMFSTCBTFE PO UIJT UIFPSZIBWF CFFO JE
SPCVTUOFTT UP VOPCTFSWFE SPVHI UFSSBJO GPS UIF 4..JO T

>

OVSUBSHFU QMBUGPSNGPSUSBOTMBUJOHUIJTUIFPSZJT $
POF PG UISFFJEFOUJDBM DPQJFT PG BIVNBO TJ[FE CIQFEBM
UIF %ZO0OBNJD 3PCPUJDT -BCPSBUPSZBUOSFHPO 4UBUF 60JWF
USPJEBM EZOBNJDT PG "53*"4 IBT JOFSUJBM QSPQFSUJFT TJN.
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MPDPNPUJPO 5IF SPCPU XFJHIT BCPVU LH XJUI JUT NBTT DPO
UIF USVQL N BCPWF UIF QFMWJT 5IF USVOLST SPUBUJPOBM JOF
LHN &BDIMFHPGUIJTCIJQFEBMSPCPUJTDPOTUSVDUFE GSPN
DBSCPO TCFS TFHNFOUT 5IF QSPYJNBM TFHNFOUT BSF ESJWFO
QMBOF CZTFSJFT FMBTUJD BDUVBUPST 4&" DPNQPTFE PG B TCF
BOEBHFBSFEFMFDUSJD %% NPUPS 5IF SF-FDUFEJOFSUJB PG UIF
NPUPST JT BCPVWIN BOFS HFBSJOH 8JUI B QPXFS TVQQMZ TUBC
CzB: '"FMFDUSPMZUJD DBQBDJUPS UIFTF NPUPST DBO ESBX QF
"FBDI XIJDIUSBOTMBUFT JOUP QFBLUPSRMRKIFE@BORBU /
UPS BUUIF KPJOU MFWFM *O BEEJUJPO GSPOUBM QMBOF BCEVD
FBDIIJQJT QSPWJEFE CZB UIJSE %$ NPUPS NPVOUFE PO UIF USVC
"53*"4JTDBQBCMF PG VOUFUIFSFE % MPDPNPUJPO UIJT QBQFS (
OBSDPOUSPMUIFPSZPGUIF4.. IFODF UIFUSVOLJT BUUBDIFE UF
GSFFUPQJUDIJOUIFTBHJUUBM QMBOF 5IFCPPNDPOTUSBJOT UI
BTQIFSFBOEIBT OFHMJHJCMF NBTT BOE JOFSUJB 5IF CPPN QJW
GSFFMZ XJUIUIF SPCPU BOEUIVT EPFTOPUUSBOTNJUBOZTJHOJ
TBHJUUBM QMBOF UIBU DPVME TUBCJMJ[F UIFUSVOLST QJUDI

*NQMJIJDJU SFHVMBUJPO PG TZTUEFEN FOFSHZ

SXP QPJOUT DPNQMJDBUF UIF USBOTGFS PG DPOUSPM UIFPSJFT
4. POUP MFHHFE SPCPUT TVDI BT "53*"4 5IF {STU QPJOU JT UIBU
FOFSHZJT DPOTUBOU JOUIF NPEFM CVU XJMM DIBOHF JO B SPCPL
UP BDDFMFSBUF BOECSBLF BT XFMM BT JOUFSOBM GSJDUJPO 060
FSHZJOUIF4..JTUPJOUSPEVDFBOPUIFSDPOUSPMJOQVU TVDI I
TUJUOFTT EVSJOH TUBODF < > )PXFWFS XF BEPQU B EJUFSFOL
BQQSPYJIJNBUF UIF 4.. EZOBNJDT BSPVOE Wt W@ESZ)IDBM QPTF
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XJUzd <lo CZ

mx = K(z, z)lz(

me=k(z 2 mg

SIJT BQQSPYJIJNBUF 4..JT TINJMBS UP UIF POF VTFE JO < > JL
WFSUJDBM EZOBNJDT XIJDI FOBCMFT JOEFQFOEFOU DPOUSF
IPSJ[POUBM TQFFEBDIJFWFE EVSJOH -JHIU JNQMJDJUMZ SFH
XJUI NPSF OBUVSBM HBJU WBSJBCMFT 4QFDJYDBMMZ XF VTF
TISFE WFSUJDBM)NPRSP®3*"4 XJUI BQFY 4FBABBJMBOEJOH BOE
UBLFPUIFZHTUH (JIWFOUIJT SFGFSFODF XFDPNQVUF UIF I
JOHSFUVSONBQPGUIFIPSJ[POUBMNPUJPO GSPN SIVT U
CFBUDPOUSPM MBX GPS MFH QMBDFNFOU JO -JHIU CFDPNFT

506 — fBlQQs(ﬁ_(MXa;Z (1)

X1IJDI SFHVMBUFT SVOOJOH TQFFE PO "53*"4

#FTJEFT JNQMJDJU SFHVMBUJPO PG TZTUFN FOFSHZ UIF B
4.. XJUI BOE BMMPXT VT UP FBTJMZ HFOFSBMJ[F UIJ1
QPJOUNBTTUP B SJHJE CPEZ XIJDI XFBEESFTTJO UIFOFYUT

&YQMJIJDJU TUBCIJMIJ[BUJPO PG USVOLPSJFOUB

"TFDPOE QPJOU DPNQMJDBUJOH UIF USBOTGFS PG 4.. UIFPS
SPCPUTJTUIBUUIFZSFRVIJSFTUBCIJMJ[BUJPOPGUSVOLPSJF(
JOUIF4.. 51 JTJTBDPNNPO QSPCMFNJO IVNBOPJE XBMLJOH D
PO UIF MJOFBS JOWFSUFE QFOEVMVN NPEFM *UJT POFO TPMYV
RVBESBUJD QSPHSBN GPS B GVMM PSEFSEZOBNJDT NPEFM PG
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-JHIU TUBODF -JHIU

z,=1:12-

z,=1:09+

WFSUJDBM QPTJUJPO N

T T
ttp =78 tro = 369
UJNF NT

'JHVSF 1SFTDSJCFE WFSYJDBMUXFBOPWXP BQFYFT 5IF NP
UJPOJT EFSJWFE GSPN m =B T T Y NBIQ&+ L/ N EFUBJMT PO
UIF DIPIJDK ®6PWJEFE JO 4FD SIF NPUJPO JT VTFE CZ UIF "&
DPOUSPMMFS BT BUBSHFU CFIBWJPS BOE SF JOJUJBUFE JO FWFS

51 JT PQUJNJ[BUJPO CBMBODFT EJUFSFOU HPBMT TVDIBTUIFDFO
CFIBWJPS USVOLPSJFOUBUJPO BOEPUIFSDPOTUSBJOUT PO UIF
UPDPNQVUBUJPOBMDPTUT UIFPQUJNJ[BUJPOUZQJDBMMZBQQM
UJNF TUFQ XJUIPVU UBLJOH BEWBOUBHF PG GVUVSF EZOBNJDT
BQQASPBDI XFJOUSPEVDFBO JOUFSNFEJBUF NPEFM PG SFEVDFE
UulBU BMMPXT VT UP DPOTJEFS UIF GVUVSF EZOBNJDT PG B -PBUJC
PSJFOUBUJBBSIUBB®OE EZOBNJDT

mx = Fy;
me=F, mg

I* = zk+ xF;

VTJOH TOJUF IPSJ[PO MJOFBS RVBESBUJD SFHVMBUJPO -23 BT
UuJprpoO )F.SBEOE, BSF UIFHSPVOE SFBDUJPO GPSDFT PG UIF BQQ.
4. NPEFM NPEJYFECZB TUBCJMJ[JOH DPOUSPM GPS UIFUSVOL PS¢
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UBJMFE JO TFDUJPO CFMPX FRVBUJPO 8F BTTVNF UIE
JOFSUPB® "53*"4 JT DPOTUBOU SBUIFS UIBO DPOTHVSBUJPO E
DBVTF UIF SPCPUST MFHT BSF MJHIU SFMBUJWF UP JUT CPEZ

OWFSWIJFX PG DPOUSPM -PX

(JWFO UIF BQQSPYJNBUF TQSJOH NBTT NPEFM UIF JOUFSNF
NPEFMEJTUSJCVUFTUSBOTMBUJPOBMBOE SPUBUJPOBM NPU.
PGNPEFMDPNQMFYJUZJT SFRVISFEUPUSBOTMBUFUIJTDFOU
DPOUSPM OWFSBMMUIJT MFBET UP B UISFF MBZFS DPOUSPM T

'JHVSF TVNNBSJ[FTUIF-PXPGUIJTDPOUSPMTUSVDUVSF
4. DPOUSPMUIFPSZPOUPUIF"53*"4CJQFE "UUIFIJHIFTU MFYV
TQSJOHNBTTHBJUCBTFEPOEFTIJSFETQFFEBOEEFTJSFE BQF
TQPOEJOHBQQSPYJNBUF 4.. QSPWJEFT UIF EFTJSFE $P. USBK
BOE UIF EFTJSFE EFBECFBU BOHMF JO -JHIU 'JH B *O TUE
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